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1 Executive Summary 
The primary purpose of this report which was to establish a European Common Model 
for a Control Centre which meets the requirements of the Numericanal Partners was 
achieved. 

The model was driven by the functional requirements of the Control Centre along with 
the legal framework particularly that of the River Information Services (RIS) Directive. 
The requirements are diverse with some Partners needing to comply with RIS Directive 
and others not. With a constantly changing technological landscape, and in order to 
futureproof the model it necessitated an open and flexible model which is outcome 
based and top level. 

Along with the RIS directives the other applicable legislation that may be required for a 
Control Centre was discussed and this covered four additional groups: Data Protection; 
Equality; Technology; and Environmental. 

The report, feedback form and contact details were available on a webpage of the 
Numericanal website. This was not linked to the home page or the site map and 
therefore was not found by any members of the public.  

The purpose of a Common Model for a 
Control Centre is to improve safety and 
efficiency for users and management of 
inland waterways by having a centralised 
contact and delivery point.  It can be 
considered as an interrelated set of 
components in order to deliver the Inland 
Waterway Management: Requirements; 
Legislation, Functions and Technology.  

Functions and technology were further 
described. High Level Control Centre 
Design was described along with the 
Technology Resources required within the 
Control Centre. 

 

 

Key to producing the model was cost effective stakeholder engagement, firstly with the 
Partners who will benefit directly from the model along with other interested 
organisations who would also likely benefit from its outputs. 

All Partners were contacted individually and given four weeks to ask any questions and 
provide feedback.  Each week they were sent a reminder.  All but one of the Partners 
provided feedback. Those that commented, stated that the report was good and met 
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their requirements. No negative feedback was received. All comments were 
incorporated into the report. 

Other interested organisations were also emailed by Canal and River Trust and given 
the opportunity to comment. Perhaps not unsurprisingly due to the technical nature of 
the document only one response was received out of 61 email addressees. 

An extensive list of previous reports was included as part of this report as an Appendix. 
An example list of functions, processes and technology based on CRT’s requirement 
was supplied as an Appendix, along with example Bandwidth and Storage 
Requirements and Considerations. The stakeholder feedback returned forms were also 
included as an Appendix. 
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2 Introduction 
2.1 The primary purpose of this report is to establish a European Common Model for a 

Control Centre which meets the requirements of the Numericanal Stakeholders in 
north-west Europe.  

2.2 The model is driven by the functional requirements of the Control Centre along with the 
legal framework. The requirements are diverse and along with the need to futureproof 
necessitate an open and flexible model which is outcome based and top level. 

2.3 The report looks at the system level hardware architecture of the Control Centre, the 
directives that are applicable to the Control Centre and those associated with it. 

2.4  The report details the feedback from the Stakeholders, Numericanal, other interested 
organisations and members of the public. 

 

3 Methodology 
3.1 The methodology in creating this report was based on the original brief modified to 

meet the budgetary and time constraints. 

3.2 It is recognised that the waterways looked after by the Numericanal Partners are varied 
and different from one another and therefore the functions they need to achieve will 
also be varied. Therefore a Common Model of a Control Centre needs to be flexible to 
allow for this varied functionality. For example some Partners may be subject to the 
River Information Services (RIS) Directive and require inclusion of some or all the 
functionality of a Vessel Traffic Service / RIS centre into their Control Centre. The 
methodology in the research into this report does not differentiate between a Control 
Centre’s functions and whether RIS technology is required or not, and therefore RIS is 
largely not referenced in the report apart from the section on EU Directives and 
Regulations. Indeed RIS is not a requirement of the brief. 

3.3 The initial draft was based on the documents provided by the Canal & River Trust, the 
lead partner in Numericanal and on discussions at a meeting held at their offices in 
Hatton on 14th July 2015. The draft report was then sent to all the Numericanal 
Partners for comment and added to the website for public feedback. Following this it 
was updated for the final version.     

4 EU Directives and Regulations  

4.1 Introduction 

4.1.1 The applicable legislation that may be required for a Control Centre has been 
separated into four groups: (a) Data Protection; (b) Equality; (c) Technology; (d) 
Environmental;  and (e) RIS. 
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4.2 Data Protection 

4.2.1 The following Directives and Regulations are applicable to Data Protection within the 
Control Centre: 

Directive 95/46/EC of the European Parliament and of the Council of 24 October 1995 
(the Data Protection Directive) harmonises national laws which require high-quality 
data management practices on the part of the “data controllers” and the guarantees of 
a series of rights for individuals. 

Directive 2002/58/EC on privacy and electronic communications of 12 July 2002 
guarantees the processing of personal data and the protection of privacy in the 
electronic communications sector. 

Regulation 45/2001 on the protection of individuals with regard to the processing of 
personal data by the Community institutions and bodies and on the free movement of 
such data of 18 December 2000 regulates the processing of individuals' personal data 
when the processing is taking place by Community institutions and bodies. 

Council Framework Decision 2008/977/JHA of 27 November 2008 on the protection of 
personal data processed in the framework of police and judicial cooperation in criminal 
matters. 

4.2.2 These Directives and Regulations are likely to affect the storage and security 
requirements of data in accordance to the organisations policy on data protection. 
Typically, this will affect voice, video, email and social media. Methods of redaction will 
likely be required for video, voice and emails. It might also affect the quality of data 
stored, for example for CCTV recordings it may not be permissible to identify 
individuals and therefore storing at lower quality might be a requirement. The 
organisations policy on data protection and associated processes will relate to the 
requirements. 

4.3 Equality 

4.3.1 The following Directives and Regulations are applicable to Equality within the Control 
Centre and those wanting to communicate with the Control Centre: 

The European Commission's European Disability Strategy 2010-2020, adopted in 
2010, builds on the United Nations Convention on the Rights of Persons with 
Disabilities (UNCRPD) and takes into account the experience of the Disability Action 
Plan (2004-2010). 

Council Directive 2000/78/EC of 27 November 2000 establishing a general framework 
for equal treatment in employment and occupation 

4.3.2 Reasonable adjustment is required to be made to ensure a disabled person has the 
same access to everything that is involved in doing a job as a non-disabled person. For 
example, a disabled person working in a Control Centre may have difference access 
requirements to a computer than a non-disabled person. The disabled person 
contacting the Control Centre would also require access. For example, an audio help 
point that connects to a Control Centre would need to have alternative methods of 
communication for those who have speech impediments or who are hard of hearing. 
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The organisation’s policy on equality and associated processes will relate to the 
requirements.      

 

4.4 Technology 

4.4.1 The following Directives and Regulations are applicable to Technology within the 
Control Centre: 

The Low Voltage (LVD) Directive 2006/95/EC, to be replaced by the new Low Voltage 
(LVD) Directive 2014/35/EU which will be applicable from 20 April 2016. 

The Electromagnetic Compatibility (EMC) Directive 2004/108/EC, to be replaced by the 
new Electromagnetic Compatibility (EMC) Directive 2014/30/EU which will be 
applicable from 20 April 2016. 

4.4.2 The European Parliament and Council Directive on Radio and Telecommunication 
Terminal Equipment (1999/5/EC) was revised in 2014 to become the Radio Equipment 
Directive 2014/53/EU. This new directive will be applicable from 13 June 2016 and 
aligns the previous directive with the New Legislative Framework for the marketing of 
products. 

4.4.3 Components with and input or output in the range specified in the LVD shall conform to 
the LVD. The Directive covers all risks arising from the use of electrical equipment, 
including not just electrical ones but also mechanical, chemical (such as, in particular, 
emission of aggressive substances) and all other risks. The component shall be CE 
marked. 

The Control Centre is likely to be viewed as a fixed installation under the EMC 
directive. Two basic requirements relating to the use of components and to good 
engineering practice shall be employed as part of the installation and these can be 
summarised as follows:  

Intended use of components - This means the manufacturer’s EMC instructions shall 
be followed. For example, these instructions may concern: 

(a) the specified environment (especially the EMC environment), 

(b) the required use of additional auxiliary devices (protection devices, filters 
etc.), 

(c) the specifications and length of the cables required for external connections, 

(d) the conditions for use, 

(e) any special precautions for EMC (equipotential earthing etc.). 

Good engineering practice - Good engineering practice comprises of suitable technical 
behaviour taking account recognised standards and codes of practice applicable to the 
installation. 

4.4.4 Telecommunications terminal equipment is defined as a product enabling 
communication or a relevant component thereof which is intended to be connected 
directly or indirectly by any means whatsoever to interfaces of public 
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telecommunications networks. An interface means a network termination point at which 
a user is provided with access to a public telecommunications network and/or an air 
interface specifying the radio path between radio equipment and their technical 
specifications. 

4.4.5 Radio equipment is defined as a product or relevant component thereof capable of 
communication by means of the emission and/or reception of radio waves utilising the 
spectrum allocated to terrestrial/space radio communications. 

4.4.6 The exact design of the Control Centre shall determine whether R&TTE specifically 
applies. If a component falls within the definition of telecommunication terminal or radio 
then this shall comply with R&TTE. For example a standalone Control Centre might 
well have its own PBX and therefore the Control Centre design will need to take into 
account R&TTE, but a Control Centre within an organisation might use the organisation 
existing PBX and therefore the Control Centre design is not likely to need to comply 
with R&TTE based on the PBX alone. 

4.4.7 Mobile phones are both terminal equipment and radio equipment but are not 
considered here although they may be used within a Control Centre. 

4.4.8 The components of the installation shall have CE marking. 

4.4.9 Any CE marked item that is subsequently modified and that modification is not part of 
the manufacture’s / supplier’s declaration of conformity will invalidate any such 
compliance. 

4.4.10 The organisation’s policy on procurement and associated processes will relate to the 
requirements. 

4.5 Environmental 

4.5.1 The following Directives and Regulations are associated with technology within the 
Control Centre and applicable to the Environment:  

Directive 2006/66/EC of the European Parliament and of the Council of 6 September 
2006 on batteries and accumulators and waste batteries and accumulators and 
repealing Directive 91/157/EEC. 

Directive 2012/19/EU of the European Parliament and of the Council of 4 July 2012 on 
waste electrical and electronic equipment (WEEE). 

4.5.2 The batteries directive will primarily affect the way the Control Centre disposes of 
batteries in accordance to its environmental policy and associated processes. Batteries 
are likely to be found in mobile devices such as phones, mice, keyboards and UPS. 

4.5.3 The WEEE directive is likely to affect the way the Control Centre disposes of its 
technology equipment in accordance to its environmental policy and associated 
processes. 

4.5.4 The organisation’s policy on the environment and associated processes will relate to 
the disposal requirements. 
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4.6 River Information Services 

4.6.1 The following Directives and Regulations are applicable to River Information Services 
within the Control Centre: 

EU Directive 2005/44/EC of the European Parliament and of the Council of 7 
September 2005 on harmonised river information services (RIS) on inland waterways 
in the Community OJ L 255, 30.09.2005) 

Commission Regulation (EC) No 414/2007 of 13 March 2007 concerning the technical 
guidelines for the planning, implementation and operational use of River Information 
Services (OJL L 105, 23/04/2007) 

Commission Regulation (EC) No 415/2007 of 13 March 2007 concerning the technical 
specifications for vessel tracking and tracing systems (OJ L 105/35, 23/02/2007) 

Commission Regulation (EC) No 416/2007 of 22 March 2007 concerning the technical 
specifications for Notices to Skippers (OJ L 105/35, 23/02/2007) 

Commission Regulation (EU) No 164/2010 of 25 January 2010 on the technical 
specifications for Electronic Reporting in inland navigation (OJ L057, 06/03/2010) 

Commission Regulation (EC) No 689/2012 of 27 July 2012 on Vessel Tracking and 
Tracing (OJ L202 of 28.07.2012) 

COMMISSION IMPLEMENTING REGULATION (EU) No 909/2013 of 10 September 
2013 on the technical specifications for the electronic chart display and information 
system for inland navigation (Inland ECDIS) referred to in Directive 2005/44/EC of the 
European Parliament and of the Council. 

4.6.2 COMMISSION DIRECTIVE 2013/49/EU of 11 October 2013 amending Annex II to 
Directive 2006/87/EC of the European Parliament and of the Council laying down 
technical requirements for inland waterway vessels. 

4.6.3 This directive establishes a European Union (EU) framework for the implementation 
and use of harmonised river information services (RIS) in order to enhance the safety, 
efficiency and environmental friendliness of inland waterway transport as well as to 
ensure compatibility and interoperability with other modes of transport. This directive 
applies to all waterways of classification IV or above across the EU. 

Class IV for Motor vessels and barges is defined: 

(a) Designation: Johann Welker, 

(b) Maximum Length: 80 – 85m, 

(c) Draught: 2.5, 

(d) Tonnage: 1000-1500, 

(e) Minimum height under bridges: 5.25-7.00. 

In the Netherlands since 1st December 2014 AIS is required on the Rhine. Certain 
small craft are exempt from this obligation. The AIS-duty will be soon on other 
waterways in Netherlands, but without mandatory attachment to an electronic chart. 
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For the Eindhoven situation: the Beatrixcanal is limited CEMT Class III, almost all 
freight ships have the AIS enabled. 

4.6.4 RIS comprises a number of services such as: 

(a) fairway information for example systems containing geographical, hydrological and 
administrative data that are used by boat masters and fleet managers to plan, execute 
and monitor a voyage (e.g. water levels, traffic signs, opening hours of locks and 
bridges). 

(b) traffic information services consisting of tactical traffic information (display of the 
present vessel characteristics and movements on a limited part of the waterway) and 
strategic traffic information (display of vessels and their characteristics over a larger 
geographical area, including forecasts and analyses of future traffic situations). 

(c) traffic management aimed at optimising the use of the infrastructure as well as 
facilitating safe navigation.  

(d) calamity abatement services responsible for registering vessels and their transport 
data at the beginning of a trip and updating the data during the voyage with the help of 
a vessel reporting system. In the event of an accident, the responsible authorities are 
capable of providing the data immediately to the rescue and emergency services. 

(e) transport management information including estimated times of arrival (ETAs) 
provided by boat masters and fleet managers based on fairway information making it 
possible to plan resources for port and terminal processes. The information on cargo 
and fleet management contains information on the vessels and the fleet and detailed 
information on the cargo transported. 

(f) statistical and customs services to improve and facilitate the collection of inland 
waterway statistical data. 

(g) waterway charges and port dues can automatically calculate the charge and initiate 
the invoicing procedure based on the travel data of the vessel. 

4.6.5 EU countries must take the necessary measures to implement RIS and the principles 
for their development. EU countries must therefore: 

(a) supply to RIS users all relevant data concerning navigation on the inland waterways 
referred to in the previous paragraph, 

(b) ensure that electronic charts suitable for navigational purposes are available to RIS 
users, 

(c) enable, as far as ship reporting is required by national or international regulations, 
the competent authorities to receive electronic ship reports on the voyage and cargo 
data of ships, 

(d) ensure that notices to boat masters, including water level and ice reports for the 
inland waterways, are provided as standardised, encoded and downloadable 
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messages; the standard message must contain at least the information needed for safe 
navigation, 

(e) establish RIS centres according to regional necessities, 

(f) make available the VHF channels for the purposes of automatic identification 
systems as determined in the Basel agreement, 

(g) encourage boat masters, operators or agents of vessels navigating on their 
waterways, shippers or owners of goods carried on board such vessels to make full 
use of these new services. 

4.6.6 The organisation’s policy on River Information Services and associated processes will 
relate to the requirements. 

5 Stakeholders 
5.1 Three groups of stakeholders were identified. These were the Numericanal Partners, 

other interested organisations, and members of the public. 

5.2 The feedback period ran from 9th September to the 8th October 2015. 

5.3 The report was available on one webpage of the Numericanal website:  

http://numericanal.eu/control-centre-european-common-model 
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5.4 The Numericanal Partners are listed below:  

Canal & River Trust (Lead Partner), UK 

Voies Navigables de France (VNF), FRANCE 

Gemeente Eiijsden-Margraten, NETHERLANDS 

Waterrecreatie Nederland (formerly SRN), NETHERLANDS 

Gemeente Eindhoven, NETHERLANDS 

Centre d'Excellence en Technologies de l'Information et de la Communication (CETIC), 
BELGIUM 

The Numericanal Partners were contacted directly by ourselves via email on the 9th 
September 2015. They were provide with both the Word and PDF version of the draft 
version (D14) of this report along with a Feedback Form. They were sent emailed 
reminders each week thereafter. 

The feedback form allowed stakeholders to be anonymous should they wish by not 
completing the contact detail section. However Numericanal Partners’ feedback is 
shown in this report by organisation. 

5.5 On the 17th September 2015 CRT emailed 61 other interested organisations asking for 
their feedback on the report. The email addresses were to 40 separate domain names 
which included a few generic email addresses (e.g. gmail.com). 

5.6 Members of the public were free to comment should they come across the webpage on 
the internet. 

6 Stakeholder Feedback 

6.1 Numericanal Partners 

6.1.1 The CRT project team reviewed an early draft of the report and their comments 
incorporated prior to it being available for general feedback. Other CRT staff were 
included in the Interested Organisations group. 

6.1.2 Voies Navigables de France reported a duplicate of the visit in Cambrai (page 308-
313). This has been deleted in subsequent versions of the report. 

6.1.3 The City of Eindhoven responded, via email, with a completed feedback form. The 
feedback form contained two proposals both of which have been accepted. The City of 
Eindhoven stated in their email that “It’s a very good report about a common model.” 
They also made the suggestion: “to attend more that a control centre is also build for 
users and other stakeholders”. 

6.1.4 Gemeente Eiijsden-Margraten responded via email and stated: “From our perspective 
the outlines in the report are in order.” 

6.1.5 Waterrecreatie Nederland (who forwarded it to Rijkswaterstaat for comment) 
responded via email and provided a report from two exchange visits (VOLUNTEERS 
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Exchange, transfer and knowledge visits CRT - WRN) which has been added to 
Appendix A. They stated they had no further comments. 

6.1.6 CETIC did not respond. 

6.2 Interested Organisations 

6.2.1 We received one response from the Interested Organisations. This is shown in 
Appendix C. 

6.2.2 Feedback from interested organisations highlighted a number of typographical errors in 
the draft report which have been addressed in subsequent versions of the report. It 
also included a typographical error in the Appendix A b - 0004-UA005767-UT21R-02 
Feasibility Study as well as in illustrations of an early development of the Smart Phone 
App referred to “Keep to the left…” which should be “Keep to the right…” These will be 
addressed if and when the report is up issued. CRT has been contacted to check if the 
illustration error is in the current version of the App and if required to correct it. 

6.2.3 The feedback from Interested Organisations equated to a response of 1.6% of the total 
contacted and 2.5% of domain names contacted. 

6.3 Members of the Public 

6.3.1 No feedback was received from members of the public. 

6.3.2 The feedback from Members of the Public equated to a response rate of 0%.   

6.3.3 In investigating the reasons for this we found that there were no links to the webpage 
from the homepage or site map. At the close of the feedback period (8th October) using 
the site: and link: operators via Google no results were found. A Google search on the 
words Control Centre European Common Model did not find the page. A google 
advanced search with site or domain selected as http://numericanal.eu/ and words 
Control Centre European Common Model did not find the page either. 

6.4 Summary of Stakeholder Feedback 

6.4.1 Overall the report was well received with no negative feedback. 

6.4.2 A number of proposed amendments were made by the stakeholders and all of them 
have been incorporated into the report. 

6.4.3 A low feedback was obtained from other interested parties. 

6.4.4 No feedback was obtained from members of the public as they were unlikely to have 
found the webpage it was on.  

6.4.5 Two Feedback / Questionnaire forms were returned both with Proposed Changes 
worksheet completed but neither with Feedback worksheet completed. 
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7 Common Model 

7.1 Purpose & Functions 

7.1.1 The purpose of the Control Centre is to improve safety and efficiency for users and 
management of inland waterways by having a centralised contact and delivery point.  It 
can be considered as an interrelated set of components as shown below: 

 



        
Hyder Consulting (UK) Limited-2212959 Page 13
 

 

7.1.2 The Control Centre may provide any number of functions in order to meet the purpose 
of the Control Centre, and the model allows the individual organisations to select only 
those functions required to meet its needs. Key functions of a Common Model of a 
European Control Centre are: 

(a) fairway information services, 

(b) traffic information services,  

(c) traffic management services, 

(e) transport management information, 

(f) information for transport logistics, 

(g) statistical services, 

(h) waterway charges, licensing, tolling and port dues, 

(i) asset management, 

(j) health and safety management, 

(k) environmental management, 

(l) security management, 

(m) law enforcement and customs services, 

(n) contact handling services, 

(o) data storage, protection and handling, 

(p) data processing and fusion. 

7.1.3 Fairway Information Services. 

Fairway Information Services contain geographical, hydrological and administrative 
data that is used by skippers and fleet managers to plan, execute and monitor 
journeys. Fairway Information Services provide dynamic information as well as static 
information about the use and status of the inland waterway and its associated 
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infrastructure. Thus support is provided for both tactical and strategic navigation 
decision-making. 

Fairway information Services covers but is not limited to items such as: 

(a) geography of the navigation area and their updates, 

(b) location of locks, bridges, ports, harbours, wharfs, quays etc, 

(c) navigation aids and traffic signs; warning beacons, 

(d) water depths contours in the navigation channel, 

(e) Least sounded depth / lowest water depth, 

(f) meteorological information, 

(g) obstructions in the fairway (short and long term), 

(h) danger zones, 

(i) present and future (predicted) water levels (inc high and low water), 

(j) current including water supply, discharge, 

(k) barrage information, 

(l) tidal information, 

(m) state of the rivers, canals, locks and bridges,  

(n) closure and maintenance information, 

(o) flood and ice information, 

(p) malfunctions of aids to navigation, 

(q) lock and bridge operating times (regular and changes to), 

(r) short term changes of aids to navigation, 

(s) physical limitations on waterways, bridges and locks,   

(t) navigational rules and regulations (commercial and pleasure),  

(u) rates of waterway infrastructure and other charges, 

(v) shipping notifications, 

(w) event areas including swimming areas. 

Fairway Information Services are typically provided by Electronic Navigational Charts 
(ENC) and standardised Notices to Skippers (NtS) as well as the internet, for example  
vaarweginformatie.nl.  
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7.1.4 Traffic information services 

Traffic information services may contain both tactical traffic information (short term 
related) and strategic traffic information (medium and long term related). 

Tactical traffic information is used by skippers and is based on vessels speed, heading, 
Automatic Identification System number and other specific information typically covered 
by one vessel’s radar: 

(a) skipper’s own vessel’s position, 

(b) other vessels´ positions. 

 

Strategic traffic information typically covers a wider areas and provides information on 
a vessel’s voyage: 

(c) fairway information,  

(d) vessel’s positions in large surroundings, 

(e) medium and long term assessment of traffic situation, 

(f) vessel’s characteristics, 

(g) vessel’s cargo characteristics, 

(h)  intended destination, 

(i) information on incidents/accidents in the coverage area, 

(j) organisation and regulation of traffic flow, 

(k) information on the amount of vessel traffic, 

(l) information on the usage of structures (locks / bridges), 

(m) forecast on the use of structures and the forecast of the waiting time for passing 
structures. 
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7.1.5 Traffic Management Services 

Traffic Management Services include management of vessels to improve the efficiency 
of vessel traffic, safety and protection of the environment. Vessel traffic services as well 
as navigation support include: 

(a) vessel’s position, speed, heading and identification in large scale, 

(b) monitoring of passing and manoeuvring arrangements warning on dangerous 
situations like collision threat or over-speeding, 

(c) assessment of traffic situation, 

(d) organisation and regulation of traffic flow, 

(e) information to pilots, tug boats and service support boats.  

It also includes the operation and planning of structures such as bridges, locks and 
barrages: 

(f) monitoring and control of structure,  

(g) planning of structure openings inc estimated time of arrival (ETA) and required time 
of arrival (RTA). 

7.1.6 Transport Management Information 

Transport Management Information includes information on the voyage and the 
reliability of it. It allows for improvements to be made. Transport Management 
Information includes: 

(a) ETA´s of vessels, 

(b) voyage plans of vessels, 

(c) information on free loading space, 

(d) monitoring of the performance of contracted transports and terminals, 

(e) monitoring and improving of reliability of voyage and transport, 

(f) Monitoring threats likely to affect the reliability of voyage and transport, 

(g) transport and terminal performance with service levels agreed on, 

(h) define adjustments to methods for voyage planning, 

(i) information on hazardous cargo. 
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7.1.7 Information for Transport Logistics 

Information for Transport Logistics is a combined subset of information from fairway, 
transport and traffic to enable efficient logistics covering:  

(a) voyage planning, 

(b) transport management, 

(c) terminal status (port, harbour, quay wharf),  

(d) terminal planning (port, harbour, quay wharf), 

(e) Cargo and fleet management, 

(f) planning of operation of locks /bridges, 

(g) timetables for land traffic (e.g. trains, busses) on bridges, 

(h) reservation of terminal times. 

7.1.8 Statistical Services 

Statistical Services allows for the provision of data to and from third parties as well as 
specialist sub sets. 

7.1.9 Waterway Charges, Licensing, Tolling and Port Dues 

Waterway Charges, Licensing, Tolling and Port Dues allows for the payment, 
monitoring and enforcement of charges and dues. 

7.1.10 Asset Management 

Asset Management information contains details of such things as the description, 
status (e.g. working / failure), value, diagnostics and location, as well as associated 
work instructions to inspect, repair and replace them. Assets cover a wide range of 
items from structures (locks, bridges, boats to IT components).  

7.1.11 Health and Safety Management 

Health and Safety Management information encompasses information necessary for a 
safe voyage (including cargoes). It also includes information for future construction, 
maintenance, refurbishment or demolition of structures to be carried out safely. 

7.1.12 Environmental Management 

Environmental Management includes the monitoring and control of the environment. 
Monitoring include water, air and soil quality. Measures to control will include water flow 
and containment and associated processes including information flow to and from third 
parties. 

7.1.13 Security Management 

Security management involves ensuring people and assets are free from criminal 
danger or threat.  Assets in this context, covers a diverse range of items ranging from 
structures, buildings, waterways, boats through to information technology (e.g. 
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networks, components and data). Measures to control security will include information 
flow to and from third parties.  

7.1.14 Law Enforcement and Customs Services  

Law Enforcement and Customs Services includes:  

(a) Cross-border management (immigration service, customs), 

(b) Compliance with requirements for traffic safety including speed enforcement, 

(c) Compliance with environmental requirements, 

(d) Information flow (including security and environmental) to third parties such as law 
enforcement agencies (e.g. police and customs). 

7.1.15 Contact Handling Services 

Contact Handling Services covers traditional call handling associated with the functions 
of the Control Centre as well as other unrelated functions. This includes emergency call 
handling, incident handling, management of staff either directly or indirectly for asset 
management work packages (e.g. contacting operatives / contractors),  customer 
enquiries, waterway charges, licensing, tolling & port dues, marketing, press enquiries, 
online shop, compliments & complaints, and via social media. Apart from transitional 
voice contacts other forms may also be handled: email, messaging, help points, text, 
SMS, video and social media. 

7.1.16 Data Storage, Protection and Handling 

Data storage includes the management of data which is stored on site as well as that 
which is stored off site. It includes the security of that data and how it is handled, in 
accordance with the organisations Data Protection policy. The storage of data may be 
temporary or long term. 

7.1.17 Data Processing and Fusion 

Data Processing and Fusion includes the merging of different sources of data either for 
specific applications or third party needs. Typically this would be in a database format. 
For example a specific application might be the use of data for asset performance and 
failure analysis to inform asset management strategies and plans. Data Processing and 
Fusion also includes provision for raw data from local sources to the Control Centre 
e.g. video or radar. A fully integrated system would allow all data in the Control Centre 
to be accessed, managed and updated from a single storage source. However the 
system should allow for multiple data sources being used by multiple applications to 
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deliver the functionality required by the Control Centre. A typical high level view is 
shown in the figure below. 

 

  

7.2 High Level Control Centre Design  

7.2.1 The traditional design of a control centre utilises a single building or a number of rooms 
in a building in which resources (people, equipment and other assets) are used to 
perform the various functions of the Control Centre. This model allows for resources to 
be located in multiple locations. Staff can therefore be deployed in various locations as 
well as the hosting of data and running of software applications etc. Thus a virtual 
environment and / or the use of shared resources for the Control Centre can be 
achieved required. 

7.2.2 The system design of the Control Centre can be broken down into a number of 
components: 

(a) Control Centre functions. This is a bespoke list of functions from the list previously 
described. Functions on this list may be undertaken by other areas from within the 
organisation and as such may not fall within the list of Control Centre functions. 

(b) Resources needed to deliver functions. Resources include: people, equipment, 
data and other assets. Software applications that deliver these services can be 
commercial, off-the-shelf or bespoke. These will influence the operating system 
environment and hardware platform as well as storage requirements. The people 
required to operate and maintain the control centre will be driven by the degree of 
automation in the processes to deliver the services as well as the availability 
requirements. 

(c) Resource locations (people, equipment and other assets). The location of 
resources needs to be determined. The model allows for a completely flexible 
staffing arrangement including a single building, rooms within a building / several 
buildings or homeworking for example. Data processing and storage can be done 
within the Control Centre itself (if a physical building) or in any other location or 
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locations (distributed)  including third party hosting (virtual environments) allowing 
minimal technology interfacing with staff if required (thin client).  The exact design 
will depend on many interrelated factors including existing resources and current 
and future organisational programmes.  

(d) Shared resources. Resources may be shared with other non - Control Centre 
functions. It is important to identify and prioritise resources correctly to ensure the 
system capacity is always available. Shared resources are more likely to have more 
complex security access arrangements. Examples of shared resources include 
operating manuals, safety procedures, Geographic Information System (GIS), 
organisation and emergency service contact details.  

7.3 Technology Resources within Control Centres 

7.3.1 Hardware technology resources required for Control Centres can be broadly grouped 
into a number of items: 

(a) Human machine interfaces, 

(b) Processing, 

(c) Storage, 

(d) Peripheral & Connectivity Equipment. 

7.3.2 Human Machine Interfaces  

Human Machine Interfaces comprise: displays, control / input devices, output devices 
and small storage devices. In order to meet the legislation on Equality these devices 
must be accessible for all users meeting their individual needs regarding visibility, 
speech, hearing and restrictive movement. For example, it would be reasonable for a 
person with limited hearing to have a headset that meets their specific hearing needs 
and that headset works with equipment within the Control Centre.  

Displays shall be described in terms of a number of requirements including:  quantity 
per operator /desk, shared (e.g. video wall, display table, projector) or not, screen size, 
resolution, frame rate, aspect ratio, viewing angle, contrast ratio, touchscreen and pen 
display. Connectivity may be via: Keyboard, Mouse, Switches and/or extenders. 
Interfaces should be industry standards (e.g. DVI, Display Port, VGA, HDMI, wireless 
proprietary).  

Control / Input devices shall be typically described by description and interface and 
include items such as:  keyboard / programmable keyboard, mouse / tracker ball, pen 
tablet, touchpad/ trackpad, stylus, joystick, handset, headset, microphone (inc uses 
such as voice activation), motion sensing, biometric sensing, remote control, pointing 
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devices, touchscreen and webcam. Interfaces will be industry standards (e.g. wireless, 
USB). 

Output Devices shall be typically described by description and interface and include 
such items as: speakers, handset, headset and printers. Interfaces will be industry 
standards (e.g. wireless, USB, networked). 

Small storage devices include: memory cards and sticks, portable hard drives, and 
optical storage media (DVD etc).  

7.3.3 Processing 

Data processing may be achieved in a number of ways within a Control Centre. The 
model is open and some examples are shown below:   

(a) Single computing device (server / PC etc): in very small control rooms it may be 
possible to operate with a single device.  

(b) Two or more computing devices networked or partially networked or standalone. 
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(c) Two or more computing devices (thin client) networked with a central server(s) 
(thick client). 

(d) Two or more computing devices (thin client) and or server(s) (thick client) 
networked to external cloud. 

 

 

7.3.4 Storage 

Storage of data may be achieved in a number of ways. Consideration should always be 
given to the backup of the data to ensure it is not lost, corrupted, is secure from 
unauthorised access, and complies to the organisations data protection policy (which 
should comply with national and EU legislation on data protection). Synchronising and 
updating of data will also be required. Storage will normal be protected from power 
failure, for example via an uninterruptible power supply (UPS). 

7.3.5 Peripheral and Connectivity Equipment 

Peripheral and Connectivity Equipment in the context of the Common Model of a 
Control Centre is defined as a hardware device that has a more specific use than a 
computing device. For example this might be: a telephony component, integrated 
command and control standalone system, local area network component (e.g. router, 
switch, wireless access point, firewall), CCTV graphics processor and wireless 
receiver/ transmitter (VHF radio, satellite television receiver). 

Peripheral Equipment may be required to transcode video or audio, compress for 
efficient storage or redact information to comply with data protection policies. It might 
be required to monitor & control peripheral equipment associated with the Control 
Centre. For example Control Centres that are physically next to rivers might have radar 
mounted on them, environmental monitors and weather monitors. Control Centres 
might have CCTV for security and access control purposes. A Control Centre next to a 
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bridge or lock might directly house the supervisory control and data acquisition 
(SCADA) to monitor and control the opening and closing of them. 

If the Control Centre has a contact handling service function it may require access to 
television (e.g. cable, satellite, and terrestrial) and or radio services (e.g. FM, DAB) and 
thus require appropriate receivers and media streamers. 

The Common Model for a Control Centre allows for either a standalone telephony 
solution or an integrated one (i.e. IP based). 

7.3.6 System Bandwidth 

In designing the system the architect should ensure that sufficient bandwidth is 
available between all components particularly those with shared resources and network 
connectivity. 

7.3.7 System Security 

Access to the Control Centre is likely to be restricted within the Organisation. As such 
consideration should be given to isolating the equipment from the Organisation’s own 
intranet /network either entirely or partially via a firewall. 

Data should ideally be encrypted, particularly removal storage and computer devices 
(e.g. tablets, laptops). 

Accounts shall be secure. This can be achieved by standard means (e.g. active 
directory, multi factor authentication) and various technologies such as keyboard 
password, biometric (e.g. face, iris, fingerprint), and access via IP address /device 
authentication / Trusted Platform Module. 
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7.4 Common Model of Control Centre Exclusions 

7.4.1 The Common Model of a Control Centre does not cover certain aspects of the design: 

(a) Detailed design, 

(b) Software architecture including operating systems and applications; connectivity 
with external organisations such as emergency services, environmental agencies, 
contractors, and other service providers, 

(c) Programme and project management and associated processes, 

(d) Detailed costs associated with design, implementation, operating and maintenance 
costs of the Control Centre that are likely to affect the need for a Control Centre, 

(e) Staffing, 

(f) Building and facilities, backup generators / uninterruptible power supplies, 

(g) Ergonomics and human factors engineering, 

(h) Technology for controlling the Control Room Environment (e.g. temperature control, 
air conditioning, lighting). 
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1 INTRODUCTION 

1.1 Purpose of Document 

1.1.1 This document is intended to: 

 benchmark the core requirements of Canal & River Trust for a remote operation system 
that may be fitted to existing power-operated structures and to inform the development of 
a feasibility study into remote operation; 

 provide a basis for discussion with system integrators, to validate or otherwise the 
requirements and the design concept as being practical and achievable; 

 provide a basis for determining the success or otherwise of a Proof of Concept (PoC) task 
which will ensure that the proposed design philosophy is based on an appropriate choice 
of technology. 

1.2 Contents 

1.2.1 To clarify the requirements expressed in this instruction, statements are expressed as either: 

 mandatory requirements, denoted by “M”; 

 desirable requirements, denoted by “D”; 

 optional requirement, denoted by “O”; 

 information statements, denoted by “I”; and 

 enhancements, denoted by “E” 

1.2.2 Mandatory requirements are those which must be met in full. They represent the minimum 
necessary subset of the requirements which, if not fulfilled, would make it impossible for the 
Remote Operation Equipment to integrate with the existing powered locks and mechanised 
moveable powered bridges and fulfil the goals of remote operation in compliance with CRT 
standards. Desirable requirements are those which are less crucial, and need not be met on a 
specific procurement. Optional requirements are those that would be included only at CRT’s 
option; they may be required at all sites, some sites or may not be required at all.  Information 
statements provide additional information for clarification purposes or to support the 
requirements; they do not constitute a requirement. Enhancements are possible future 
enhancements which shall be allowed for in the Remote Operation Equipment. These will 
generally appear at the start of the requirement statements. 

1.2.3 The document is split up into the following structure: 

 section 1 (this section) – provides an introduction to the document; 

 section 2 – describes what the system should do for its users; 

 section 3 – describes how the system should perform, including its reliability and security; 

 section 4 – describes the general standards requirements that will apply to the design 
and implementation of the system. 
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1.3 Related documents 

1.3.1 This user requirements document is intended to be used with the following documents:  

 CRT Mandatory Standard; Fundamentals of Safety Design for Mechanised Assets, dated 
Dec 2012 

 Rail Standards and Safety Board Research Report T522; Research into obstacle 
detection at level crossings, dated 2006 
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2 SYSTEM FUNCTIONALITY 

2.1 General requirements 

2.1.1 M The remote operation system shall provide additional technology on top of the existing 
control system to convert standard power-operated structures to remote operation and 
implement active automation.  Standard power-operated structures are defined in sections 
2.2 and 2.2.2 below. 

2.1.2 M The remote operation system shall interface with existing power-operated structures; that 
is, power-operated bridges and power-operated locks.  In this document, a “site” is a 
power-operated structure fitted with a remote operating system to enable active 
automation. 

2.1.3 I The number of structures which require remote operation is [under review – approximately 
20 locks and 35 bridges].   

2.1.4 M The design solution for the remote operation system and, in particular, the Remote OID 
must be scalable to a national roll-out, noting that there are currently some 30,000 boats 
using CRT waterways.   

2.1.5 D The remote operation system shall speed up the passage of commercial boats through 
sites.  

2.1.6 I Prior to any move to remote operation, the structure will always have a local operation 
position which will currently be used by an operator (either a keeper or user) with direct 
sight of the structure under control. This will be semi-automatic control with the operator 
making decisions on when to initiate parts of the sequence (but with parts of the sequence 
automated on a “push to run” basis). The control intelligence is local to the structure 
(generally using a mix of hard wired and PLC based logic), and the system includes all 
mitigations CRT deem necessary for the foreseeable level of safety risk. 

2.1.7 M The move to remote operation shall not change any of the control provision described in 
paragraph 2.1.6; the control shall remain local with no change to the sequencing or 
interlocking of the structure. A means of local operation of the structure shall be retained. 

2.1.8 M The decision to start the active automation sequence shall be made by a user.  The prime 
method of starting the sequence shall be available to boaters via a communication system.  
A secondary method shall be available to CRT staff from a remote operations centre. Once 
the sequence has been initiated, the remote operation system shall allow the sequence to 
proceed to its logical conclusion without need for further user intervention. 

2.1.9 I The approach to obstacle detection within the remote operation system is to be based on 
principles used by Network Rail for obstacle detection at level crossings.  The background 
to these principles is set out in Rail Standards and Safety Board Research Report T522; 
Research into obstacle detection at level crossings, dated 2006.  A combination of radar 
(for larger objects such as road vehicles) and LIDAR (laser radar detection - for smaller 
objects such as persons) is used. 

2.1.10 M The type, number and location of sensors shall be sufficient to satisfy the user 
requirements. 

2.1.11 M Detectors shall not be mounted directly above the canal to avoid causing an obstruction (to 
boats with masts, for example). 
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2.1.12 O CCTV may be required for remote monitoring / incident investigation. 

2.1.13 I CCTV would not be directly used as part of the active automation of control of structures 
and would have no safety criticality. 

2.1.14 M Faults detected within the remote operation system shall be reported through the SCADA 
system.  

2.1.15 I It is anticipated that, as a national system develops, CRT staff will be available to monitor 
the operation of structures through the SCADA system and, on that basis, will decide the 
appropriate response to faults (whether raised through the SCADA system or user 
telephone contact). 

2.1.16 M It shall be possible both to initiate and to disable the active automation sequence via 
SCADA connection (for example, for preventing operation of structures at peak times or for 
initiating operation of a structure in the event of failure of the user initiation system). 

2.1.17 M The remote operating system shall include the provision of all signage necessary to 
provide users with site-specific information on the use of the system and safety signs and 
any necessary modifications to existing signage. 

2.2 Bridges 

2.2.1 I “Standard” bridges, to which the remote operation system shall be installed, will comprise: 

 wig-wag traffic lights, 

 powered road barriers, 

 hydraulic / electric bridge actuation, 

 canal traffic lights (giving proceed / stop indication to boats), and 

 appropriate signage (warning of automatic operation). 

2.2.2 M Table 2-1 below describes the outline active automation sequence for bridges.  Items in 
grey boxes form part of the existing semi-automatic control sequence based on SCADA 
and local PLCs. 

2.2.3 M Detection zones shall be as shown in Drawing DM-0113B Sheet 1 (see Appendix A).  The 
size of zones (and Zone B in particular) will vary considerably according to actual site 
conditions. 

2.2.4 I The size of Zone B, and the associated positioning of canal traffic lights, should be 
adequate to ensure that a boat passing a proceed indication on the canal traffic light will be 
reliably sensed in Zone B before closing (to canal) of the bridge commences. 

Step Description Requirements 

1 Canal user initiates 
system  

A remote operation initiation signal is received. 

2 Wig-wags sequence 
starts 

 

3 Confirmation of “wig-
wags at red” is 
received  

If not received within a pre-set period, the local control system 
shall switch the wig-wags off, raise a fault via SCADA and 
leave the road open. 



National Remote Operation Task - User Requirements Document 
Hyder Consulting Page 7 
 

 

Step Description Requirements 

4 Detector(s) check 
Zone A 

Radar / Laser detector(s) check and confirm bridge operating 
area (Zone A) is clear of unexpected objects. 

If the detectors cannot confirm that the bridge is clear then 
they shall retry after a pre-set period.  If still not clear, the wig-
wags shall be switched off, a fault raised to SCADA via the 
local control system and the road left open. 

5 Road barriers 
lowered and 
confirmed down  

If the local control system cannot confirm that the barriers 
have fully lowered after a pre-set period then it shall raise a 
fault via SCADA and instruct the barriers to rise.  If the local 
control system can then confirm that the barriers have risen, it 
shall switch the wig-wags off and leave the road left open.  
Otherwise the local control system shall raise another fault. 

6 Detector(s) re-check 
Zone A 

Radar / Laser detector(s) checks barriers are in lowered 
position and bridge operating area remains clear (Zone A) – 
confirmation of bridge deck clear given.  

The requirement to check that barriers are fully lowered is 
“Desirable” rather than “Mandatory” as the local control system 
already does this using hard-wired interlock. 

If the detectors cannot confirm that the bridge is clear then 
they shall retry after a pre-set period.  If still not clear, the 
sequence shall stop and a fault shall be raised by the local 
control system to SCADA. 

7 For swing bridges 
only; Zone B 
confirmed clear of 
boats 

Zone B (or that part of where potential boat collision could 
occur) shall be confirmed clear of boats.  

If, before the bridge swings or lifts, the detectors cannot 
confirm that Zone B is clear then they shall retry after a pre-set 
period.  If still not clear, a fault shall be raised to SCADA via 
the local control system and the road shall be automatically re-
opened to traffic through the barrier raising / wig-wag 
extinguishing sequence. 

8 Bridge swings / lifts 
(to full extent) 

If the local control system cannot confirm that the bridge has 
fully opened after a pre-set period then it shall raise a fault to 
SCADA and proceed directly to step 12. 

9 Canal traffic lights 
show “GO” 

Canal traffic lights indicate that boat(s) may proceed 

10 Boat passes 

 

The sequence will continue only (i) after a pre-determined time 
or (ii) after the radar / LIDAR detector(s) detect one object 
entering and exiting Zone B, whichever happens first.  

At a predetermined point in the process the system shall carry-
forward operation requests to the next bridge-opening 
sequence.  

Users shall be given feedback (i) that their request has been 
accepted and (ii) if they will have to wait for the next bridge 
operation sequence. 

11 Canal traffic lights 
show “STOP” 

Canal traffic lights indicate that approaching boat(s) should 
stop. 
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Step Description Requirements 

12 Zone B confirmed 
clear of boats 

The bridge closure area shall be confirmed clear of boats 
(Zone B should be clear of objects) for a configurable time 
period.  

Canal traffic lights will continue to show a stop aspect to any 
approaching boats.  

If the detectors cannot confirm that Zone B is clear within a 
predetermined period then a fault shall be raised by the local 
control system to SCADA and the sequence suspended, with 
bridge open to canal traffic, canal traffic lights at red, road 
barriers lowered and wig-ways at red. If the detectors 
eventually confirm that Zone B is clear, before CRT staff can 
intervene, then the sequence shall resume. 

13 Bridge closes  (Two hard wired interlocks detect that the bridge is back in 
road position as per existing practice) 

14 Barriers raise Barriers raise and are confirmed raised 

15 Wig-wags extinguish 
– sequence ends 

 

16 Bridge open to road 
traffic 

Time delay before another operation request is accepted 

Table 2-1 Active automation sequence for bridges 

2.2.5 I With reference to Step 10 above, and depending on both canal traffic density and site 
layout, the site-specific design will specify whether the bridge should remain open longer 
and / or the detectors should count more objects if additional operation signals are received 
from different boats. 

2.2.6 I Users will be instructed that if the bridge does not automatically open when expected they 
should telephone and report the fault.  CRT staff will then make a decision based on the 
SCADA information on how to deal with the issue. 

2.3 Locks 

2.3.1 I “Standard” locks, to which the remote operation system shall be installed, will comprise: 

 two pairs of gates,  

 four sluices, 

 lock chamber level monitoring (will need to be added where not currently fitted), 

 a means of securing the boat within the lock chamber without the boater having to 
disembark (will need to be added where not currently fitted). 

2.3.2 M The remote operation system shall be capable of operating locks with up to four pairs of 
gates and up to 16 sluices. 

2.3.3 M Table 2-2 below describes the outline active automation sequence for locks.  Items in grey 
boxes form part of the existing semi-automatic control sequence based on SCADA and 
local PLCs with standard interlocks implemented. 
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2.3.4 I The sequence of events in Table 2-2 assumes that the lock will be in a starting position of 
all gates and sluices closed, with water level at that left by the last user. 

2.3.5 D It is desirable for the remote operating system to determine whether there is room in 
Zone 1 for another boat.  If there is not, the sequence shall continue immediately. 

2.3.6 M Detection zones shall be as shown in Drawing DM-0113B Sheet 3 (see Appendix C).  The 
size of zones will vary between sites according to actual site conditions. 

Step Description Requirements 

1 Canal user 
initiates 
system 

 

Remote operation signal received, which also indicates the approach 
direction of the boat.  

Once activated, the system shall react to subsequent activations 
from the opposite end by giving feedback that the lock is in use. 

The system shall store subsequent activations and use them if the 
on-going operating sequence is unused (times-out in step 4). 

2 Water level is 
set 

Water level is set by sluice opening, 
as appropriate to the boat approach 
direction. 

The system will assume that 
there are no objects (boats) in 
Zone 1, following step 11 of 
the previous operation. 

3 Gates opened; 
sluices closed 

Gates are opened appropriate to boat approach direction and sluices 
are closed.  

(The hydraulic actuation of gates will be insufficient to damage boats 
in the event of collision, as per CRT standard practice). 

4 Boat moves 
into lock 

 

Radar / laser detector(s) confirm presence of boat in Zone 1.   

If a second initiation signal is received from the same direction the 
system shall wait for second boat to enter and the system shall 
detect its entry into Zone 1. It is desirable for the remote operating 
system to determine whether there is room in Zone 1 for another 
boat.  If there is not, the sequence shall continue immediately.  

If detectors do not confirm the presence of a boat in the chamber 
within a predetermined period the issue shall be logged via the local 
control system to SCADA (not as a fault) and the operating sequence 
cancelled. 

5 Gates close The boater will secure their boat if required. 

6 Detectors 
check Zones 1 
& 2 

After a suitable delay detector(s) check boat still in Zone 1, and that 
Zone 2 areas are clear.  

If no boat is detected in Zones 1 and 2 then the system shall retry 
after a pre-set period.  If still no boat is detected in either zone, the 
issue shall be logged to SCADA (not as a fault) via the local control 
system and the operating sequence cancelled.  

If a boat is detected in Zone 2, the detectors shall continue to scan 
Zone 2 and shall commence the cycle after it has been continuously 
clear for a pre-determined period.   

If the detectors continue to detect a boat in zone 2 after a pre-
determined period, the system shall report a fault to SCADA via the 
local control system and shall shut down pending intervention from 
CRT staff. 
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Step Description Requirements 

7 Sluices open Sluices operate to change water level 

8 Zone 2 
checked 
regularly 

Either continuously during the fill / empty cycle or at predetermined 
stages of the empty / fill (based on the level sensing) Zone 2 shall be 
confirmed clear of objects (note that Zone 2 needs to vary in size as 
the water level alters). Should an object of sufficient size be detected 
in Zone 2 the lock emergency shutdown shall be initiated 

The depth of Zone 2 will change according to water level, while the 
area (in “plan” view) will remain unchanged. 

After shutdown, the detectors shall continue to scan Zone 2 and shall 
recommence the cycle after it has been continuously clear for a pre-
determined period.   

If the detectors continue to detect a boat in Zone 2 after a pre-
determined period, the system shall report a fault to SCADA via the 
local control system and shall shut down pending intervention from 
CRT staff. 

9 Exit gates 
open 

On water level reaching the desired state, the exit gates open. 

10 Boat leaves 
lock 

Radar / laser detector(s) confirm that the lock chamber is empty 
(Zones 1 & 2). 

The gates do not close until the detectors confirm the lock to be 
empty. 

If the detectors continue to detect a boat in Zone 2 after a pre-
determined period, the system shall report a fault to SCADA via the 
local control system and shall shut down pending intervention from 
CRT staff. 

11 Gates close  

Table 2-2 Active automation sequence for locks 

2.3.7 I Users will be instructed that if the lock gates do not automatically close after the boat has 
entered, they should telephone and report the fault to CRT.  CRT staff will then make a 
decision based on the SCADA information on how to deal with the issue. 

2.3.8 I Depending on canal traffic density and site layout, the site-specific design will specify 
whether the bridge should remain open longer and / or the detectors should count more 
objects if additional operation signals are received from different boats. 

2.3.9 I Depending on canal traffic density and availability of suitable communications links to the 
CRT control room, the site-specific design will specify whether loudspeakers and CCTV 
shall be provided.  Note: loudspeakers would allow CRT staff to communicate with boaters 
whose boats are positioned such that the process has shut-down. CCTV would allow CRT 
staff to view either snapshots or video clips (depending on available transmission 
bandwidth) to help determine the cause of faults raised by SCADA and the most 
appropriate course of action to resolve the issue. 
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2.4 Initiating operation 

General 

2.4.1 M The remote operating system shall provide both boaters and CRT staff with the ability to 
initiate the active automation sequence of power-operated structures.  Operation by 
boaters shall be via a Remote Operation Initiation Device (Remote OID).  Operation by 
CRT staff shall be via SCADA user interfaces. 

2.4.2 M Users shall receive feedback from the remote operating system, on the device used to 
initiate the request, to communicate (i) that the system has received the request, (ii) 
whether the user must wait until an on-going process is completed, (iii) when the system is 
processing the initiation request and (iv) system faults.  Boaters shall additionally be 
advised to contact CRT in the event of faults.    

Remote OID - Boaters 

2.4.3 M It shall be possible to initiate operation of the remote operation system from boats using a 
Remote Operation Initiation Device (Remote OID). 

2.4.4 M The remote operating system shall enable users to use their smartphone as a Remote 
OID.  A smartphone shall be defined as a mobile telephone with touchscreen and web 
browser; location services (GPS navigation unit) and / or configuration to connect to Wi-Fi 
networks may also be necessary depending on design solution. 

2.4.5 M The remote operating system shall include the development of bespoke software to provide 
the necessary application or website developed for use on smartphones. 

2.4.6 M The system shall reliably allow users to initiate operation of each site from boats in a 
relevant activation zone.  Each site will have one upstream activation zone and one 
downstream activation zone. The upstream activation zones from one site may overlap 
with the downstream activation zone of an adjacent site. 

2.4.7 M Site-specific activation zones will be defined, but shall be assumed to be within line of sight 
of the control structure and no more than 500m away. 

2.4.8 M The Remote OID must have some means of determining that a boat is in the activation 
zone when the initiation request is received (or not allow an activation request to be sent 
until the initiating device is within the zone). 

2.4.9 M The Remote OID shall present appropriate options to the user and, noting that activation 
zones may overlap, shall identify the sites that can be operated from any one location.  

2.4.10 M There shall be no appreciable risk of false or malicious activation of the remote devices.  
Remote OIDs shall only be available to boaters who have pre-registered online with details 
of their boat licence and SIM card number. 

2.4.11 M The system shall ignore more than a pre-determined number of requests for operation from 
the same OID within the same activation zone in a pre-determined period. 

2.4.12 I Requirements for feedback to users are given in item 2.4.2. 

2.4.13 M With reference to item 2.2.5 the Remote OID shall facilitate the reporting, by smartphone 
users, of OID or site operation faults to CRT staff. 
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2.4.14 M The Remote OID shall be developed for use on all models of smartphone supplied in the 
last three years that use the operating systems listed in Table 2-3.   

Developer Operating System 

Apple iOS 

Google Android 

Microsoft Windows Phone / 8 

Table 2-3 Smartphone operating systems applicable to the CRT application 

2.4.15 M All software shall be developed and documented to ensure that the work involved in 
updates and maintenance is minimised. 

2.4.16 I Not all boaters will have a smartphone and those that do may, from time to time, have 
difficulties which prevent its use; discharged batteries for example. Boaters will need some 
other means of initiating operation. 

2.4.17 I The secondary means of operation by boaters shall be by contacting the CRT control room 
using either: 

 a standard mobile phone; 

 a fixed phone accessed by leaving the boat; 

 a CRT help-point accessed by leaving the boat. 

Remote initiation – CRT  

2.4.18 M The remote operating system shall allow CRT staff to initiate operate of all sites from the 
CRT control room via the SCADA system.    

2.4.19 I This CRT control capability is primarily intended for use by CRT staff in fault situations or at 
periods of high usage (for example, during special events).  A secondary purpose is to 
operate sites at the request of boaters who are unable, for whatever reason, to use the 
smartphone Remote OID. 

2.4.20 M Depending on canal traffic density and availability of suitable communications links to the 
CRT control room, the site-specific design will specify whether CRT help-points shall be 
provided.   

2.4.21 M Where specified, one help-point shall be provided on each side of every power-operated 
structure to allow users to ask CRT to initiate operation of the remote operating system. 

2.4.22 M Help-points shall be located and positioned to ensure that they cannot be operated from an 
unsafe position.  Help-points shall not be operable by a user on board a boat. 

2.4.23 I Help-points will generally be located within 30m of the structure (possibly located in the 
existing control panel). 



National Remote Operation Task - User Requirements Document 
Hyder Consulting Page 13 
 

 

3 QUALITY OF SERVICE  

3.1 Reliability and availability 

3.1.1 I A high level of system performance is important to minimise disruption to canal users 
(including commercial users), to road users and to CRT staff handling faults and 
incomplete site operations.  Increased performance can be achieved by providing more 
reliable or duplicate equipment, and is normally related to an increase in capital cost.  It is 
therefore important to balance the performance requirements with benefits to users and to 
CRT.  

3.1.2 I The level of disruption caused by incomplete or faulty operation of the system will be 
affected by the frequency of site operation and the number of both road and canal users, 
as well as by the time taken to return the site to normal operation. 

3.1.3 I Incomplete site operation is likely to result from the object detectors generating nuisance 
alerts and false alerts. Performance requirements for these parameters are included in 
Section 3.2. 

3.1.4 I Depending on the density of road and canal traffic at a particular site, the performance 
requirements may, in the detailed design requirements, be reduced for that site.  

Nuisance alerts 

3.1.5 I Detectors for use in Zones A and B should identify when an object, which matches 
predefined criteria, intrudes into the detection zone.  Nuisance alerts occurs when the 
object detected matches the predefined criteria but is not the intended target of detection (it 
is a “nuisance object”).  For example, in order to detect a kayak a detector might be 
configured to identify floating objects of a certain size:  a nuisance alert would occur if the 
detector then identified a log that met the detection criteria. 

3.1.6 I The impact of nuisance alerts will be to require manual intervention from CRT staff, 
incurring time and cost. 

3.1.7 I Nuisance alerts occurs when detectors are operating correctly.   The nuisance alert rate 
can be reduced by: 

 Choosing detectors that can more easily discriminate between target objects and 
nuisance objects 

 Avoiding the requirement to detect target objects that have attributes which are 
similar to the most common nuisance objects 

 Reducing the occurrence of objects in the detection zone which match the criteria for 
target objects (for example only, traps to catch floating logs) 

False alerts 

3.1.8 I “False alerts” indicate falsely that an object, matching the criteria of the target object, is 
present in the detection zone. 
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3.2 Performance 

Objects to be detected 

3.2.1 M In Zone A the system must detect large objects including road vehicles (including 
motorbikes) and large animals.  The system must also detect smaller objects including 
people standing on the bridge surface and bicycles. The size of people to be detected shall 
be a 5 percentile person aged 9 or older and persons bigger than this.  The detection of 
large objects is to be performed at a different safety than the detection of smaller objects 
(see Section 5). 

3.2.2 M In Zone B the system must detect the presence of boats (excluding portable boats) that 
would not safely pass underneath a bridge when closed to canal traffic.  The term “portable 
boat” includes rowing boats, dinghies, canoes or light inflatable boats which shall measure 
no less than 1.6m long x 0.6m wide. 

3.2.3 M In Zone 1 (the lock chamber) the system must detect boats including portable boats.   

3.2.4 D In Zone 1 it is additionally desirable for the system to determine when the chamber has 
room for another boat.   

3.2.5 M In Zone 2 (each end of the lock chamber) the system must detect boats and people in the 
zone for a continuous predetermined period (provisionally 10 seconds).  The size of object 
to be detected shall be greater than 0.5m diameter and greater than 0.5m above the water 
level. 

3.2.6 M The mandatory [M] requirements in 3.2.1 to 3.2.5 (inclusive) above should be met by a 
system that is equivalent to a keeper performing this task in respect of not detecting a 
target that should be detected. 

Detection performance 

3.2.7 M The remote operation systems shall meet the performance requirements given in Table 3-4 
below. 

3.2.8 I The detection rates and the timings for the system’s speed of response in Table 3-4 are 
draft pending Proof of Concept study and HAZOP analysis.  The calculation of success 
rate values is shown in Appendix D. 

 Sub-system Activity Description Success 
rate (draft) 

Speed of 
response 
(draft) 

1 Bridge Zone A Detector 
operations 

Returns a valid and timely 
response to a detection request 

>99.994% 3 seconds 

2 Bridge Zone B Detector 
operations 

Returns a valid and timely 
response to a detection request 

>99.994% Duration of 
bridge 
operation 

3 Lock Zone 1 Detector 
operations 

Target object detected >99.996% 3 seconds 
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 Sub-system Activity Description Success 
rate (draft) 

Speed of 
response 
(draft) 

4 Lock Zone 2 Detector 
operations 

Returns a valid and timely 
response to a detection request 

>99.9995% Duration of 
sluice 
operation 

5 Remote OID Boat location 
correctly detected 

 >99% 6 seconds 

6 Remote OID Valid request 
accepted 

 >95% 3 seconds 

7 Remote OID Invalid request 
rejected 

 >95% 3 seconds 

8 Remote OID Valid user 
feedback 
provided 

Feedback via smartphone >95% 3 seconds 

Table 3-4 Draft performance requirements for remote operation systems 

3.3 Security 

Security of bridge operation 

3.3.1 M The system must protect against unauthorised operation of bridges including: 

 requests for operation of the Remote OID by an unauthorised user 

 multiple requests for operation of the Remote OID by an authorised user 

Security of personal data 

3.3.2 M The remote operation system shall advise Remote OID users, during their online 
registration, of CRT’s data protection and privacy policy and ensure that users agree to 
relevant terms and conditions of use.  

3.3.3 M The system must ensure that personal data are: 

 obtained only for specified purposes  

 accurate and up-to-date 

 adequate, relevant and not excessive in relation to the purpose for which the data 
are required. 

 kept secure against unlawful or unauthorised processing, or accidental loss or 
erasure 

 kept no longer than necessary 

 fairly and lawfully processed  

 not transferred to a country outside the European Economic Area unless that 
country ensures an adequate level of protection 
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Security of the CRT network 

3.3.4 M The remote operation system shall resist infection from malware to ensure its own security 
and that of the CRT network. The security shall be updated promptly when security issues 
and vulnerabilities have been identified and fixes have been issued. 
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4 GENERAL CONSTRAINTS 

4.1 System interfaces 

4.1.1 M The remote operating system shall be suitable for application to powered structures 
nationally.  

4.1.2 D The remote operating system shall be capable of retrofit to an existing control structure 
without major reworking (or significant control panel space requirements). 

4.1.3 M The remote operating system shall initiate operation of the canal structures.  At the local 
level this should be assumed to be via inputs to the site PLC either from SCADA or from 
the Remote OID. 

4.1.4 M Local operation shall be retained, as described in item 2.1.7, and shall over-ride commands 
from the remote operation system. 

4.1.5 I The existing site PLCs may need to be extended to accommodate the additional inputs and 
outputs for the remote operating system.  Details will be provided in the site-specific 
detailed design. 

4.1.6 I The availability of existing cabinet capacity and the space available for new cabinets (to 
house the remote operation system’s control equipment) will be described in the site-
specific detailed design. 

4.1.7 M Electrical connections between equipment cabinets and the system’s detectors shall be at 
Extra Low Voltage (ELV). 

4.1.8 M The remote operating system shall connect to the PLC(s) at each site to provide data for 
remote monitoring, fault diagnosis and for remote initiation or inhibiting of the structure (e.g. 
emergency services request, users without activation device, etc.). 

4.1.9 M Any failure of any detector shall be reported via a local indication and a single failure alarm 
to the PLC. 

4.1.10 D The remote operation system shall be designed to facilitate “intelligent” control being added 
in future to manage process flexible timings based on real-time data from adjacent sites 
and historical data, noting potential energy / water savings (particularly at locks) and 
improvements in flow of road or canal traffic (or both). 

4.2 Infrastructure standards 

4.2.1 M The fundamental design principles specified in CRT mandatory standard “Fundamentals of 
Safety Design for Mechanised Assets” shall be applied to the remote operation system. 

4.2.2 I Power-operated structures (whether existing or powered as part of any remote operation 
project) will conform to current CRT standards. 

4.2.3 M The remote operation system shall be suited to the canal / river environment and able to 
reliably cope with reasonably foreseeable weather conditions. 

4.2.4 M The remote operating system must be resistant to vandalism and theft of its components. 
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4.2.5 M The remote operating system must be protected against accidental damage from passing 
canal boats and road vehicles. 
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5 SAFETY AND RISK 

5.1 Safety and working requirements 

5.1.1 M The technology shall provide an equivalent level of safety to that of an on-site user with 
direct sight of the structure under control. 

5.1.2 M Failure of the technology used for remote operation shall not lead to a dangerous condition.  
Suppliers shall provide evidence, including risk assessments, to evidence their compliance 
with this requirement. 

5.1.3 M In general terms CRTs HAZOP / risk assessment process categorises the safety related 
functions of  moving bridges and lock control systems at BS EN13849 performance level C 
(equivalent to BS EN 61508 SIL1). The remote operation system shall not compromise this 
performance level. 

5.1.4 M That part of the remote operating system that detects large objects (as defined in 3.2.1) in 
bridge Zone A, before swinging the bridge open to canal traffic, shall be a SIL1 device. 

5.1.5 I There is no requirement for the lowering of the barriers to be controlled by a failsafe system 
and the SIL1 requirement does not apply to the initial check of Zone A before the road 
barriers are lowered. 

5.1.6 I CRT will conduct a HAZOP / risk assessment of the remote operating system.  During the 
process of drafting this document, the following issues have been identified for 
consideration during the HAZOP 

 Consider failure of Zone A detectors on lifting bridges 

 Consider wig-wags for canal users, placed next to bridges, to warn of imminent 
bridge closure (boats leaving their mooring may not see the canal traffic lights).  
Alternatively, consider preventing mooring between canal traffic lights and the 
bridge. 

 Consider fitting sounders / beacons to warn of imminent automatic gate operation 
at locks (only for sites that allow people to access that area for whatever reason) 

 Consider whether to check for the presence of boats in the lock chamber before 
operation of sluices (may have entered the lock before asking CRT staff to initiate 
operation) 

 Consider requirements for signage to warn of automated operation 

 Consider improving the specification of fencing to prevent people from accessing 
hazardous areas 
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6 ABBREVIATIONS 
Abbreviation Description 

3G / HSDPA High-Speed Downlink Packet Access (HSDPA) - an enhanced 3G 
(third generation) mobile telephony communications protocol 

CRT Canal & River Trust 

CCTV Closed Circuit Television 

LIDAR Light Detection and Ranging or Laser Imaging Detection and 
Ranging 

Local OID Local Operation Initiation Device – canal-side device to manually 
initiate operation of the bridge or lock  

PLC Programmable Logic Controller 

POC Proof of Concept 

Remote OID Remote Operation Initiation Device– remote device to manually 
initiate operation of the bridge or lock 

SCADA Supervisory Control and Data Acquisition 

SSID Service Set Identifier:  an SSID is the public name of a wireless 
network. All of the wireless devices on a WLAN must employ the 
same SSID in order to communicate with each other 

MTTR Mean Time to Repair 

Wi-Fi Wireless local area network (WLAN) products that are based on 
the Institute of Electrical and Electronics Engineers' (IEEE) 
802.11 standards (also spelled Wifi or WiFi). 

 

 



 

 

Appendix A – General Layout: Swingbridge 
 

 



 

 

 Appendix B – General Layout: Operation Zones for System Initiation 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Appendix C – General Layout: Lock 

 

 





 

 

Appendix D – Calculation of Detection Success Rate 
 

General Requirement 

CRT will accept one false / nuisance alert per site per 2 months.  The busiest bridges can operate up 
to 70 times per day in peak season.   

Bridges 

In each operation, Zone A is checked twice and Zone B is checked twice. Four checks made 70 
times per day for two months = 4 checks x 70 operations x 60 days = 16,800.  One false or nuisance 
alarm for both zones per 16,800 operations would represent 99.994% reliability of operation.  
Assume that this reliability level is equally applied to both Zone A and Zone B detectors so each 
zone should have 99.994% reliability of operation. 

Locks 

In each operation, Zone 1 is checked three times and Zone 2 is checked many times, depending on 
the time taken for the lock to operate.   

For Zone 1 only, three checks made 70 times per day for 60 days = 3 x 70 x 60 days = 12,000.  As 
Zone 1 is only half of the zones to be detected, 2 x 12,600 = 25,200 reliable operations would be 
required for every false or nuisance detection.  One false or nuisance alarm for Zone 1 per 25,200 
operations would represent 99.996% reliability of operation. 

Assuming that Zone 2 is checked once for every 500mm change in water level in the lock chamber 
and assuming a 5m head of water, then Zone 2 will be checked 20 times plus a check at the 
beginning and end of the process making 22 x Zone 2 checks in all. For Zone 2 only, 22 checks 
made 70 times per day for 60 days = 22 x 70 x 60 days = 92,400.  As Zone 2 is only half of the 
zones to be detected, 2 x 92,400 = 184,800 reliable operations would be required for every false or 
nuisance detection.  One false or nuisance alarm for Zone 1 per 25,200 operations would represent 
99.9995% reliability of operation. 
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1 EXECUTIVE SUMMARY 
This study looks at the feasibility of using technology to operate locks and swing bridges 
remotely and the associated costs over a 25 year period that could be used as an input to a 
business case. This includes the detection of objects in the various zones around the structures, 
and the initiation of the operation of the structures. It specifically investigates the detectors 
employed in the rail industry and the use of Smartphones for the initiation process. It also 
provides a scope for a proof of concept to investigate the performance capabilities of the 
detectors. 

Consideration was given to value for money and off the shelf items that would  require little or 
no development and have obtained all the necessary European approvals. The availability of 
the equipment for a PoC trail was also considered. 

The detector equipment recommended for PoC and included in the costing are laser-based. 
These units are the Sick Laser-based sensor and the TEW LIDAR scanner. Another suitable 
unit from IHI will not be available for the PoC 

Remote operation would be initiated by a Smartphone via a Wi-Fi access point that 
communicates to the PLC. 

The PoC costs are detailed within this study and give CRT a number of options with a range of 
costs. The cost of the equipment and support from suppliers, but excluding CRT, May Gurney 
and Hyder’s costs, is likely to be about £40,000.  The PoC trial is planned to take place during 
the summer within a tight timescale. 

Based on the results from the PoC trial CRT will be able to access whether the technology 
meets their requirements, including from the HAZOP perspective. 

On the basis that the detectors perform in line with CRTs requirements and the remote 
operation proposal of Smartphone Access point, we estimate the budget 25 year whole life cost 
to be £4,478,000 at today’s prices for 25 locks and 15 swing bridges. The initial upfront costs 
would be £1,889,000. 
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2 INTRODUCTION 

2.1 Purpose of Document 

2.1.1 This report is intended to: 

 describe the study into the viability of a remote operation system that may be fitted to 
existing power-operated structures 

 present results which will allow Canal & River Trust to decide whether there is a business 
case to proceed to the next stage of the project 

 propose  how any innovative concepts in the proposed system design could be proved in 
a Proof of Concept (PoC) task 

 provide a structure for a Proof of Concept (PoC) task to validate any innovative choice of 
technology and the performance requirements  

2.2 Background 

2.2.1 CRT have developed a concept for a remote operation system which would primarily allow 
boaters to initiate automatic operation of automated swing-bridges and locks.  The remote 
operation system would provide additional technology on top of the existing control system to 
convert standard power-operated structures to remote operation.  CRT are considering the 
application of remote operation to approximately 20 locks and 35 bridges.   

2.2.2 The proposed process of operation is described in CRT’s document “Radar-Laser Principles of 
Operation - Rev 2”.  The process described was augmented and revised in the User 
Requirements Document, prepared by Hyder Consulting (document reference 0001-UA005767-
UT21R-02).  The process outlined the requirements of sensors to detect obstacles in zones 
around the structures.  Drawings describing these zones are included as Appendices A, B 
and C to this document.   

2.2.3 CRTs approach to obstacle detection within the remote operation system is based on principles 
used by Network Rail for obstacle detection at level crossings.  A combination of radar (for 
larger objects such as road vehicles) and LIDAR (laser radar detection - for smaller objects such 
as people) is used. 

2.2.4 Hyder Consulting were tasked to review LIDAR (laser radar detection) and radar detectors that 
are available on the market to meet the requirements of the remote operation process without 
significant development.  Hyder were also required to develop an outline design for the system 
and proposals for a Proof of Concept (PoC). 

2.2.5 CRT have defined the outline design for the Remote Operation Initiation Device (ROID) to be 
used by boaters to initiate operation of the swing-bridge or lock (see Appendix D).  As part of 
this study, CRT asked Hyder to consider the feasibility of this ROID design. 

2.3 Contents 

2.3.1 The document is split up into the following structure: 

 section 2 (this section) – provides an introduction to the document; 

 section 3 – describes the equipment that was identified and considered for the 
application; 
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 section 4 – provides alternative outline designs with recommended options ; 

 section 5 – provides budgetary costs for project’s business case and for the PoC; 

 section 6 – describes how a PoC could be performed; 

 section 7 – presents the recommendations of this feasibility study; 

 section 8 – a glossary of the abbreviations used in this document. 

2.4 Related documents 

2.4.1 This feasibility study document is intended to be used with reference to the following 
documents:  

 National Remote Operation Task: User Requirements Document, 0001-UA005767-
UT21R-02 

 Radar-Laser Principles of Operation - Rev 2 

 Remote Operation – Bridge Detection Zones (see Appendix A) 

 Remote Operation – OID Detection Zones (see Appendix B) 

 Remote Operation – Lock Detection Zones (see Appendix C) 

 CRT Outline Design of ROID (see Appendix D) 

 CRT Mandatory Standard; Fundamentals of Safety Design for Mechanised Assets, dated 
Dec 2012 

The following documents are referred to in this document: 

 Rail Standards and Safety Board Research Report T522; Research into obstacle 
detection at level crossings, dated 2006  
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3 SUPPLIER IDENTIFICATION 
3.1.1 As described in 2.2.4, Hyder has reviewed the market for LIDAR and radar object detectors that 

might suit the remote operation application.  Equipment used internationally to detect obstacles 
on rail / road level crossings was considered, as was the market for traffic detection and 
categorisation equipment used on roads.  Noting the limited budget in the business case for the 
project, high-end equipment available on the military market was avoided. 

3.1.2 Before commencing the market review, Hyder held an internal workshop to consider the 
technical and safety risks and environmental issues that are raised by the proposed remote 
operation concept.  The output from this workshop is included in Appendix E. 

3.2 LIDAR 

3.2.1 LIDAR (Light Detection and Ranging or Laser 
Imaging Detection and Ranging) is an optical 
remote sensing technology that can measure the 
distance to, or other properties of, targets by 
illuminating the target with laser light and analysing 
the backscattered light.  The market for object 
detectors uses the terms “LIDAR” and “laser 
scanner” interchangeably. 

3.2.2 LIDAR object detectors can operate close to 
ground level. As for radar, the range of detection 
increases with the size of object to be detected.  
LIDAR can be affected by heavy rain or water / dirt on the front window and many suppliers 
have developed methods to enhance their products’ performance in such conditions. 

TEW Plus / Redscan 

3.2.3 TEW Plus supply a solid-state laser scan detector, trialled and approved by Network Rail to 
meet its specification as a Complementary Obstacle Detector (COD) for detection of people at 
level crossings.  It is based on the Redscan RLS-3060SH device and sets up a two-dimensional 
detection zone with a 190° arc and a radius of up to 30m (10m radius for the obstacle size 
defined by Network Rail).  The laser scan detector is equipped with a Class 1 infrared laser and 
operates using the time-of-flight principle and a rotating mirror. 

3.2.4 To meet Network Rail performance requirements for 
use in very heavy rain the unit is configured with a 
2m non-detection zone around the detector.  This 
could be reduced or removed for the CRT application 
if false detections in very heavy rain were 
acceptable. The detector’s enclosure is rated for 
ingress protection at IP 66.  TEW have developed a 
housing for the detector that minimises spray 
reaching the detection window.  More recent 
versions have shutters that keep the detection 
window clean and which open only when detection is 
required. 

3.2.5 A datasheet for the Redscan laser scanner is included in Appendix F. 
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IHI 

3.2.6 IHI supply scanning laser devices for object detection, including detection of vehicles and 
pedestrians.  IHI’s range includes a detector to meet Japanese rail requirements, specifically 
tuned to detect vehicles on level crossings and reject other obstacles.  A datasheet for the IHI 
laser scanner is included in Appendix F. 

3.2.7 The scanner can be pole mounted, scanning from a corner of the detection zone. It has a three-
dimensional detection field; up to 90° horizontally and up to 60° vertically from the device with a 
maximum range of 200m (all depending on target object size).  It has low susceptibility to 
environmental effects. 

Sick 

3.2.8 Sick is a Swiss company and is a major producer of sensors 
and sensor solutions for industrial applications.  Their Laser 
Measurement System may suit the CRT requirements.  It has a 
“pencil beam” which measures distance between the sensor 
and objects across an angle and range specific to individual 
models (see below).  There are two versions: LMS500 and 
LMS100.  A rain hood is an optional extra which would be 
necessary for CRT applications. The sensor is small (185mm 
high) and is rated at IP67 for ingress-protection.  The sensor 
can easily be pole-mounted.  Data sheets for the LMS1xx and 
LMS5xx are included in Appendix F. 

3.2.9 The LMS unit’s output is serial or Ethernet.  The controller to which the device is connected can 
be used simply to determine the presence of an object and reject objects below a predefined 
size.  Alternatively, the controller could analyse the raw data (which provides location data for 
the object) to build up a profile for the object or track its movement.  This latter capability would 
involve a developer to meet a particular requirement. 

3.2.10 The LMS500 has a 190° scan with an 80m radius (max).  It can detect objects down to a 
minimum angular resolution of 0.166° (35m range for 100mm objects, 100m range for 300mm 
objects).   It uses a “5-stage echo” system for resilience to poor weather conditions.  The 
LMS100 has a 270° scan with a 25m radius (max).  It uses a “2-stage echo” system for 
resilience to poor weather conditions.   

Jenoptik 

3.2.11 Jenoptic manufacture and market a laser scanner used for speed enforcement on roads.  We 
discussed CRT’s requirements with them.  They believed their equipment could be used in the 
CRT application, but noted that some product development may be required.  They did not 
express interest in joining the PoC. 

Dual-laser vehicle classification 
system  

3.2.12 Laser curtains are used at road toll plazas to 
classify approaching vehicles.  A pair of these 
devices could be located at a bridge or lock (one at 
each end of the canal zone) mounted either above 
or to the side of the route of traffic and could 
determine the speed and size of passing objects.   
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3.2.13 Each device emits two laser fields and the device would compare the time between individual 
beam detections to determine the boat’s speed and direction of travel and the approximate boat 
length.  The output of these devices would allow a processor to determine whether there were 
any boats in the zone or not.  This latter capability would involve a developer to meet a 
particular requirement. 

3.2.14 A datasheet for a typical laser curtain used for vehicle classification is included in Appendix F.  
They are designed to be located on gantries above road traffic lanes, but may be suitable for 
mounting to one side of a canal (noting that CRT will not permit equipment to be mounted over 
the canal itself). 

3.3 Radar 

3.3.1 Metal objects can readily be detected by radar; humans and other animals are detected less 
readily and objects such as dry wood not at all.  Radar is largely unaffected by environmental 
conditions such as rain, snow, dust, smoke and fog.  Some radar products may have problems 
detecting slow-moving vehicles.  Radar object detectors must generally be mounted more than 
0.5m above ground level.  The range of detection increases with the size of object to be 
detected.  

Honeywell 

3.3.2 The Honeywell radar scanner has been trialled by Network Rail and is understood to meet their 
specification for detection of vehicles and other large objects capable of causing a derailment at 
level crossings (see datasheet in Appendix G).  It includes a rotating radar platform to generate 
horizontal (two-dimensional) detection zone with a maximum detection area of 20m x 40m.  The 
scanner meets the requirements of EN 50129 safety integrity level 3 (SIL3). 

3.3.3 The Honeywell scanner must be mounted level and at the height of the area to be scanned. 

Wavetronix 

3.3.4 The Wavetronix SmartSensor model WX-SS-300 has been developed for railway crossing 
obstacle detection applications.  It uses a solid-state radar with a 90° field of view and a radius 
of 42.7m and can be pole mounted, scanning from a corner of the detection zone.  The unit is 
not currently approved for use in the EU however, with CE certification not expected before 
mid-2014.  Wavetronix are not able to offer this product for inclusion in a trial during summer 
2013. 

3.3.5 A datasheet for the Wavetronix radar sensor is included in Appendix G. 

Navtech Clearway TS 350-X 

3.3.6 The Clearway is typically used to detect objects on the hard shoulder of motorways or in 
tunnels.  Navtech claim that the unit detects stopped vehicles, pedestrians and debris such as 
an exhaust, bumper or spare wheel on the road.  By identifying unusual traffic flow patterns it 
can also detect traffic incidents.  The unit includes a rotating radar platform and has a 360° field 
of view, up to 500m radius. 

3.3.7 A datasheet for the Clearway radar scanner is included in Appendix G. 
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AGD 

3.3.8 AGD produce solid-state radar detectors for vehicle and pedestrian detection at signalled road 
traffic junctions and at signalled pedestrian crossings.  Individual products are available for 
specific detection requirements including: 

 Vehicles stopped within a zone 

 Speed of approaching vehicle 

 Vehicle speed and range in multiple traffic lanes 

 Pedestrian / cyclists on a crossing  

3.3.9 A combination of detectors would be needed to detect both moving and static obstacles.  
Additionally, all but the “stopped vehicle detector” require the object to be moving faster than a 
given minimum speed for detection to occur, and canal boats approaching a lock or bridge may 
move at or below this minimum speed.   

3.4 Other Detection Technology 

Dual-beam optical sensors  

3.4.1 Optical sensors could be installed so that their beams cross 
the canal, to detect boats as they move into and out of each 
end of a zone.  By simple processing the system could 
determine whether the zone contains a boat.   

3.4.2 Dual-beam optical sensors are a mature technology used, for 
example, to detect over-height vehicles (object size = 100mm 
vertical cylinder travelling at motorway speeds) and in external 
perimeter intruder detection systems.  They are specified by 
the Department for Transport for safety-related purposes in all 
weather conditions, including warning vehicles of the 
likelihood of collision with a low bridge. A typical twin-beam 
sensor is the over-height vehicle detection system produced 
by Coeval, type-approved to UK Highway Agency 
specification TR2515. 

3.4.3 Dual beam sensors can be obscured, so that a static or slow moving boat lying across the 
beams would prevent detection of any other boat movement at that point.  This would need to 
be mitigated by educating boaters (using signage, for example) not to moor or wait in the area 
of the sensors.  The issue of beam obscuration means that this method of detection may not 
produce results that fully meet CRTs requirement for reliability.  The frequency with which 
beams would be obscured at any particular site could be studied as part of a PoC, without 
necessarily installing the equipment itself.  

Infra-red stereo vision  

3.4.4 AGD offer a pedestrian detection unit for the detection and monitoring of pedestrians waiting at 
pedestrian crossings.  It uses stereo vision technology in the near infra-red spectrum and 
detects pedestrians by their contract with the background and associated context. It delivers a 
detection zone (3m x 2m) which is too small to be of use for this application. 

CCTV with video content analysis (VCA) 

3.4.5 VCA is widely available on the security surveillance market.  The software works on commonly 
available hardware, is simple to configure and is relatively inexpensive.   
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3.4.6 VCA is most effective when used internally under controlled lighting conditions.  When used 
externally, the system is affected by varying light levels, bad weather and shadows.  This can 
lead to high nuisance alarm rates (relative to the user requirements for this application).  The 
technology available on the security surveillance market is useful to prompt an operator action 
but its nuisance alarm rate currently makes it unsuitable for use in a fully automated system. 

3.5 Initiating Operation 

3.5.1 Since Initiating Operation is not required for proof of concept a specific manufacturer for the 
components has not been identified. These will be determined at the design and procurement 
stages. The requirement is to use a smartphone with two Wi-Fi access points, one for each 
direction of approach. The components for this element of the design are available as off the 
shelf items. More details can be found in section 4.8. 
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4 OUTLINE DESIGN  

4.1 Selection of Equipment 

4.1.1 Outline design options have been produced for the detection of obstacles in each of the four 
detection zones identified in Appendices A and C.  These options are described in sections 4.3 
to 4.6 inclusive.  The options are summarised in section 4.7.  The feasibility of the CRT design 
for the Remote Operation Initiation Device is discussed in section 4.8.  In section 4.8.19 some 
additional design options are described. 

4.1.2 Noting the limited budget for the feasibility study, it has been necessary to select the equipment 
most likely to fulfil the requirements of the task before discussing the application with suppliers.  
Early in the study Wavetronix kindly offered to conduct a short trial of radar equipment at Old 
Ford Lock.  The equipment trialled is known to be reliable at detecting motorway traffic, but it 
suffered from reflections and ghost signals when used next to the canal.  Radar is also known to 
have difficulties detecting slow moving and non-metal objects.  Based on our review of the 
devices available and their stated capabilities Hyder took the decision to focus the study on 
laser equipment.  Liaison with suppliers included formal meetings with IHI, TEW Plus and Sick. 

4.2 Control System  

4.2.1 The existing local Programmable Logic Controller (PLC) will continue to be used to control the 
operation of the structures.  The PLC’s logic will need to be enhanced to demand and assess 
status reports from the chosen detectors at key stages in the operation process.  The operation 
processes for swing bridges and for locks  is described in more detail in the User Requirements 
Document.  

4.2.2 PLCs will need to be provided with additional I/O ports where appropriate, depending on the 
number and type of detectors used.   

4.2.3 Low voltage (24v) power for detectors may be available from the PLC power supply, although 
this would need to be determined on a site-by-site basis. 

4.2.4 Some detectors will need separate controllers to process the raw data before a response is 
presented to the local PLC.  More detail is provided in the following sections. 

4.2.5 By using the local PLCs to control the remote operating system, SCADA traffic on the CRT LAN 
(including 3G connections) would increase.  However, no significant additional bandwidth would 
be required for basic operation.  Any addition of audio channels for help-points or video 
channels for CCTV would need to be assessed on a case-by-case basis. 

Future expansion / enhancement 

4.2.6 In future, CRT may require the concept of the remote operating system to be expanded to 
include some “intelligence” in the way the system manages operation of the structures.  By 
reference to both real-time data from adjacent sites and to historical data, the system could 
realise benefits from: 

 speeding the flow of commercial boat traffic and 

 saving energy and water, particularly at locks. 

The system could also allow some bridges to be available to road traffic for longer periods 
during the roads’ peak hours, so reducing the impact of bridge operation on road users. 
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4.2.7 By continuing to use the local PLC to control the operation of the structure, it would be relatively 
straightforward to expand and enhance this outline design in future. 

4.2.8 By continuing to use the local PLC to control the operation of the structure, we consider that it 
would be eminently possible to expand and enhance this outline design in future to take account 
of these or other similar enhancements. 

4.3 Options for Bridge Zone A Detection 

IHI 3D Laser Scanner 

4.3.1 IHI believe that their 3D laser scanner could detect objects of all relevant sizes on the bridge 
deck.  The scanner would be mounted on a pole.  Depending on the location of the pole, the 
railings may create a detection blind-spot.  It is likely that a 6m pole would be sufficient to 
minimise the blind-spot:  the height would need to be confirmed in the PoC. 

Figure 4-1:  Detection in Zone A using IHI 3D laser scanner 

 
4.3.2 The scanner is connected to a controller which would need to be housed nearby.  

4.3.3 The equipment’s published power supply requirements are for the Japanese model and would 
be changed to suit UK requirements.  At this stage, we will assume that a 230V supply at the 
controller will be sufficient infrastructure for CRT to provide, and that subsequent low voltage 
supplies will be managed internally. 

Sick laser measurement sensor 

4.3.4 Sick proposed the use of two LMS100 sensors; at opposite corners of the bridge.  These could 
be pole mounted just outside and above the top corner of the railings, angled down to the foot of 
the detector pole in the opposite corner. The scanned area slopes away from the sensor so, to 
detect people, the minimum object size may need to be as small as the width of an ankle. 
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Figure 4-2:  Detection in Zone A using Sick laser measurement sensor 

 
4.3.5 No separate controller would be needed as, for this application, there is no need to perform any 

additional analysis on the raw data from the sensors. 

4.3.6 The sensors require 22w of power at 24v, plus 50w for a heater to demist the lens.  The sensors 
connect to the controller by either serial data or Ethernet.  Assuming the use of Cat-5e Ethernet 
cable, the maximum cable distance would be 100m.  The sensors would need to be mounted on 
poles, approximately two to three metres above ground level.  

Figure 4-3:  Weather hood for Sick sensor 

 
 

TEW LIDAR scanner 

4.3.7 TEW were concerned that, if the scanner were mounted in Zone A, it would be vulnerable to 
damage from vehicles or from the public (on level crossings the public do not have access to 
the area where the scanner is located).   Also, if mounted outside Zone A, the railings would 
obscure detection of objects.  A compromise solution is to locate two scanners outside Zone A 
with overlapping detection areas, to minimise the chance of objects being obscured.  
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Figure 4-4:  Detection in Zone A using TEW lidar scanner 

 
4.3.8 The TEW scanners can easily be configured on-site to limit their detection area to Zone A. 

4.3.9 If the scanners are located 2m away from any part of Zone A then they could achieve the same 
performance in extreme weather (downpour) as demonstrated in tests for Network Rail.  Note:   
Network Rail has not yet published its functional requirements for level crossing obstacle 
detectors but extreme rainfall is typically 50mm per hour.  

4.3.10 The detector operates from an AC or DC power source rated within the range of 24 volts AC or 
DC ± 10%, and draws a maximum of 400mA at 24 volts DC or 600mA at 24 volts AC.  In 
addition, the detector has a heating unit which requires 24 volts AC or DC ± 10% that draws a 
maximum of 400mA at 24 volts DC or AC. 

4.3.11 Outputs are digital 28V DC and include alarm, fault and tamper outputs.  The unit also has an IP 
connection for alarm outputs and for configuration purposes.  No additional controller is required 
for the sensor to operate. 

4.3.12 The scanners would need to be mounted on a secure pedestal (concrete plinth) and aligned to 
scan between the horizontal railings.  As the railings on swing bridges are often not horizontal, 
some ability to adjust the mounting / beam alignment would be required. 

4.4 Options for Bridge Zone B Detection 

IHI 3D laser scanner 

4.4.1 IHI believe that the same detector used to scan Zone A (described in 4.3.1 above) can be used 
to scan Zone B also.  A separate detection profile would need to be configured for this second 
zone.   
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Figure 4-5:  Detection in Zone B using IHI 3D laser scanner 

 
4.4.2 The bridge, when closed to canal traffic, would obscure part of Zone B.  This may reduce the 

sensor’s effectiveness in detecting boats approaching the bridge and IHI believe that the 
scanner may need to be mounted higher than their usual 4 - 6m.  IHI recommends determining 
an optimum mounting height (up to 10m) in the PoC. 

Laser sensor 

4.4.3 For Zone B detection, either the TEW laser scanner or a Sick sensor could be mounted 
between the canal and the under-side of the bridge.  Mounted in this position, the scanner could 
sense the full length of boats so minimising the rate of nuisance alarms. 

Figure 4-6:  Detection in Zone B using laser measurement sensor 

 

4.4.4 In this location, the 2m non-detection zone around the sensor would need to be reduced.  This 
should not affect the sensor’s ability to operate in heavy rain as the sensor can be 
“desensitised” slightly noting that the target object size in Zone B is significantly larger than the 
Zone A requirement.  The infrastructure requirements for the TEW sensor are described in 
paragraphs 4.3.10 and 4.3.12. 
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4.4.5 Sick propose the use of one LMS500 sensor in this location.  The infrastructure requirements of 
the Sick sensor and its controller would be as described in paragraphs 4.3.5 and 4.3.6. 

4.5 Options for Lock Zone 1 Detection 

IHI 3D laser scanner 

4.5.1 IHI have proposed their 3D laser scanner to detect boats in zone 1.  The scanner would need to 
be mounted close to the edge of the lock chamber to minimise “blind spots” in order to detect 
boats on the chamber’s nearside edge.  It is likely that a 6m mounting height would be sufficient 
to minimise the “blind spot”: the height would need to be confirmed in the PoC.  In principle, one 
scanner could provide detection over a 100m range.  IHI noted that a second scanner may be 
needed to eliminate “blind spots” entirely.  Another way to eliminate the blind spot would be to 
cantilever the scanner from the mast to the edge of the lock. 

Figure 4-7:  Detection in Zone 1 using IHI 3D laser scanner 

 
4.5.2 Noting CRT’s desirable system requirement to detect whether or not there is space in the lock 

for a second boat, IHI believe that the scanner’s controller may be able to provide this 
functionality by modifying existing software.  The functionality is not currently available in the 
controller’s configuration options. 

4.5.3 Outline installation requirements are given in paragraphs 4.3.2 and 4.3.3. 

Sick laser measuring sensor 

4.5.4 For Zone 1 detection, Sick propose either two or four LMS500 scanners pole-mounted at 
opposite corners of the lock, with their beams angled into the chamber.  These crossing 
“curtains” would need to be carefully set-up (ideally modelled in 3D beforehand) to detect boats 
greater than a certain size at both high and low water levels.  Each scanner would be assigned 
either to the high or to the low water level. 

Figure 4-8:  Detection in Zone 1 using Sick LMS 
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4.5.5 Using this approach, there would be two detection “curtains” for each water level.  The angle of 
the beam, particularly when water in the chamber is at the lower level, would be quite steep.  
Unlike the horizontal beam proposed to detect boats in bridge Zone B, this steep angle will 
increase the likelihood of nuisance alarms or non-detection of target objects. 

Figure 4-9:  Detection in Zone 1 using Sick LMS 

 
4.5.6 It may be possible to reduce the number of scanners, or use all scanners at both water levels, if 

different detection profiles were developed for each water level. 

4.5.7 Bespoke software would need to be developed if these scanners were to be used to detect 
whether or not there is space in the lock for a second boat.  Additionally, it is likely that more 
scanners would be required if this function were to be reliable. 

4.5.8 No separate controller would be needed as, for this application, there is no need to perform any 
additional analysis on the raw data from the sensors. 

4.5.9 The infrastructure requirements of the Sick sensor would be as described in paragraphs 4.3.6. 

4.6 Options for Lock Zone 2 Detection 

IHI 3D laser scanner 

4.6.1 IHI believe that the same 3D laser scanner used to detect boats in Zone 1 could be re-used to 
detect boats in Zone 2.  The device does not detect water, so detection of boats at different 
water levels in Zone 2 would be straightforward in principle although IHI would need to 
reconfigure their detection software.  It is likely that the scanner could be configured also to 
detect people in Zone 2 (a desirable user requirement) though the target size and detection 
period are currently undefined and this functionality would increase the equipment’s nuisance 
alarm rate. 
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Figure 4-10:  Detection in Zone 2 using IHI 3D laser scanner 

 
4.6.2 In principle, one detector could cover a lock up to 100m long but two may be needed to avoid 

blind spots and obtain reliable detection in Zone 2 at each end of the lock.  This issue could be 
mitigated by increasing the detector’s mounting height or installing a second detector (in the 
opposite corner to the first).  IHI recommended investigating the issue further during the PoC. 

4.6.3 Installation details for the IHI 3D laser scanner are provided in paragraphs 4.3.2 and 4.3.3. 

Sick laser measuring sensor 

4.6.4 Sick have recommended their LMS100 sensor, mounted vertically on poles, to provide a pencil-
width curtain across the end of each lock gate.  This would address the core requirement of 
detecting boats entering the zone, but would not detect people in the zone.   

Figure 4-11:  Detection in Zone 2 using Sick LMS 

 
4.6.5 The Zone 2 scanners would need to use different calibration profiles at different water levels, so 

the scanners’ controller would need feedback from the CRT water level (pressure) sensor via 
the local PLC. 

4.6.6 The infrastructure requirements of the Sick sensor are described in paragraph 4.3.6.  The 
controller would be nominally an industrial PC or a processor within the PLC.  Further details 
are awaited from the supplier / system integrator.  

Dual-laser vehicle classification system 

4.6.7 With development, a pair of Sick laser measurement sensors at each end of the lock could be 
used to determine whether there is a boat in Zone 1.  With the sensors in pairs, it may be cost-
effective to develop software to measure direction and speed of boats passing into and out of 
the lock (the software would need to manage there being more than one object under the 
curtain at a time). Laser sensors are already used in this way to classify road vehicles, for 
example on the approach to toll plazas as described in paragraphs 3.2.12 to 3.2.14. 
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4.6.8 The sensors could also measure each boat’s cross-sectional area and, from the data on boat 
speed, estimate its length.  Simple processing would then allow the system to determine when 
the lock is full or empty and when there is space for another boat.  The same lasers might also 
be used for Zone 2 detection.   

4.6.9 The scanners would be connected to a controller (an industrial PC) which would run bespoke 
software to analyse their raw data output.  The controller would provide the local PLC with a 
simple presence / no presence output for the zone, along with fault and tamper alerts. 

4.7 Design Recommendations for Zone Detection 

Bridges 

4.7.1 From the options in sections 4.3 and 4.4 there are three supplier-based options for detection in 
bridge zones A and B, as outlined below. 

 One IHI 3D scanner mounted high on a pole could be used to detect objects in both 
zones.  We are told that there would be minimal software development required for the 
detector to operate using two distinct configuration profiles, one for each zone. 

 Two TEW sensors mounted near ground level scanning bridge zone A horizontally 
through the railings and a third mounted under the bridge to scan zone B. 

 Two Sick (2D) laser sensors mounted about 2m high scanning bridge zone A at an angle 
from above the railings and a third mounted under the bridge to scan zone B.  

4.7.2 Table 4-1 presents a rough guide to the options based on product literature, our discussions 
with sales engineers and our engineering judgement at this early stage in assessing the 
products (it is not intended to pre-judge the result of a Proof of Concept trial). 

Table 4-1 Comparison of Options for Bridges 

Comparison of 
options 

IHI 3D laser scanner TEW 2D laser Sick 2D laser 

Detecting target 
objects in Zone A 

 

Meets Japanese rail 
standards 

 

Meets UK rail 
standards 

 

Meets Swedish rail 
standards 

Rejecting nuisance 
alarms in Zone A 

   

Detecting target 
objects in Zone B 

   

Rejecting nuisance 
alarms in Zone B 

   

State of development Needs two separate 
detection profiles 

  

Proven performance 
in heavy rain 

   

Ease of maintenance No UK support 

Configuration may 
need support 

  

Low visual impact May need high pole   
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Comparison of 
options 

IHI 3D laser scanner TEW 2D laser Sick 2D laser 

Capital cost (approx.) £65k per sensor  £5,000 per sensor 1 x LMS111 = £2,500 

1 x LMS511 = £5,000

Annual maintenance 
cost (% of capital cost) 

£20k every 5 years None – allow 10% for 
replacement spares 

None – allow 10% for 
replacement spares 

4.7.3 At this stage, both the TEW and Sick 2D laser scanners would seem to offer the most cost-
effective solution with relatively low whole-life costs when compared to the IHI radar.  However, 
the IHI unit seems likely to have the lowest nuisance alarm rate.  On the assumption that 
commercial conditions can be satisfied and costs agreed, we would recommend taking all three 
options forward to PoC. 

4.7.4 In the final stage of this Feasibility Study, IHI stated that they would be unable to take part in a 
CRT PoC in summer 2013.  We therefore recommend taking the Sick and TEW options forward 
to PoC. 

Locks 

4.7.5 From the options in sections 4.5 and 4.6 there are two supplier-based options for detection in 
bridge zones A and B.  Both involve a small amount of software development.  There is also a 
third option which would involve a greater amount of software development and, as such, CRT 
would need to decide whether it is worthy of further assessment. 

 One IHI 3D scanner mounted high on a pole (6m or more) to detect objects in both Zones 
1 and 2.  We are told that there would be minimal software development required for the 
detector to operate using two distinct configuration profiles, one for each zone. 

 Six Sick (2D) laser sensors pole mounted about 3m high at opposite corners of the lock 
(three sensors per pole), four to scan zone 1 and two to scan zone 2. 

 Two pairs of laser sensors, pole mounted about 3m high at each end of the lock scanning 
lock zone 2 and processing the raw data to classify objects by size and direction.  

4.7.6 Table 4-2 presents a rough guide to the options based on product literature, our discussions 
with sales engineers and our engineering judgement at this early stage in assessing the 
products (it is not intended to pre-judge the result of a Proof of Concept trial). 

Table 4-2 Comparison of Options for Locks 

Comparison of 
options 

IHI 3D laser scanner Sick 2D laser Dual Sick 2D lasers 
+ processing 

Detecting target 
objects in Zone 1 

 May have blind spots Feasible in principle 

Rejecting nuisance 
alarms in Zone 1 

  Feasible in principle 

Detecting additional 
space in Zone 1 

Feasible in principle  Feasible in principle 

Detecting target 
objects in Zone 2 

   

Rejecting nuisance 
alarms in Zone 2 
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Comparison of 
options 

IHI 3D laser scanner Sick 2D laser Dual Sick 2D lasers 
+ processing 

Detecting people in 
Zone 2 (desirable) 

Feasible in principle   

State of development 
Needs two separate 

detection profiles 

Needs multiple 
profiles and 

connection to water 
level sensor 

Needs object tracking, 
multiple profiles and 
connection to water 

level sensor 

Proven performance 
in heavy rain 

   

Ease of maintenance No UK support 

Configuration may 
need support 

  

Low visual impact May need high pole   

Capital cost (approx.) £65k per sensor  £5,000 per sensor + 
£2,000 for industrial 

PC at each site + 
software 

1 x LMS111 = £2,500 

1 x LMS511 = £5,000 

+ £2,000 for industrial 
PC at each site + 

software 

Annual maintenance 
cost (% of capital cost) 

£20k every 5 years None – allow 10% for 
replacement spares 

None – allow 10% for 
replacement spares 

 

4.7.7 We do not propose to investigate the dual laser “classification system” approach to detection in 
Zone 1 described in paragraph 4.6.7 as part of the PoC. This is because software development 
would be required and neither the time nor the funding for speculative development is currently 
available.  A supplier may wish to develop this solution at a later stage in the project, as it may 
give them a competitive advantage in any tender for provision of equipment for the National 
Remote Operation project. 

4.7.8 At this stage, the Sick 2D laser scanners would seem to offer the most cost-effective solution 
with relatively low whole-life costs when compared to the IHI radar.  The IHI unit seems likely to 
have the most reliable detection / nuisance alarm rate with minimal development work required.  
However, the most all-round effective solution would seem to be to develop software to allow 
Sick sensors to assess and classify boats in Zone 1 by analysis of data from laser curtains at 
each end of the lock chamber and for the same sensors to be used to monitor Zone 2.   

4.7.9 In the final stage of this Feasibility Study, IHI stated that they would be unable to take part in a 
CRT PoC in summer 2013.  On the assumption that commercial conditions can be satisfied and 
costs agreed, we would recommend taking the Sick 2D options, for detection at locks, forward 
to the PoC. 

4.8 Remote Operation Initiation Device 

4.8.1 The requirement is to use a smartphone to initiate operation of the swing bridge or lock. Other 
methods were initially investigated.  These included the use of an automated voice service for 
mobile phones (2G) and separate remote “zappers”. 
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4.8.2 It should be noted that some users may not have a Smartphone available to them and thus will 
require manual operation of the swing bridge or lock.  The availability of a Smartphone to a user 
is determined by the number of passengers on the boat and their demographics, and is beyond 
the requirement of this study. Appendix H shows a number of studies.  It can be seen that many 
people currently do not have a smartphone. To ascertain more precise figures research would 
be required on CRTs boating clients. 

4.8.3 Whilst there are a number of operating systems for smartphones it is a requirement to work only 
with iOS, Android & Windows 8. 

                         

4.8.4 Smartphones have a number of wireless options 2, 3 & 4G, Wireless (802.11), Bluetooth and 
Near Field Communications. By the nature of the application this study has considered in detail 
only 2, 3 & 4 G and Wireless as these give the required range. 

4.8.5 The availability of 2, 3 & 4G at the sites has yet to be clarified, but we are advised that not all 
sites have at least one of these services.  It is recommended however to survey the sites to 
ascertain the availability of signals following an initial check of location coverage as this method 
would be more cost effective than a local Wi-Fi network.  A mixture of both may be a viable 
alternative.  It is noted that the licence of 4G requires that coverage is better than 3G, in that the 
“operator is obliged to provide a mobile broadband service for indoor reception to at least 98% 
of the UK population (expected to cover at least 99% when outdoors) and at least 95% of the 
population of each of the UK nations – England, Northern Ireland, Scotland and Wales – by the 
end of 2017 at the latest.” (Source Ofcom Feb 2013).  However the location of the structures is 
more often in rural locations so coverage might be limited. A signal survey would be a 
consideration for a technology refresh and any future review of the business case. 

4.8.6 It is noted that the original requirement was for initiating operation at up to 500m line of sight.  
The use of 2.4GHz Wireless with the correct antenna will obtain this distance, however it is 
highly susceptible to local interference from equipment that may be in the boat or in the general 
vicinity.  It is recommended to do a wireless signal site survey to ascertain what the effects of 
interference is i.e. the range in normal operation of a Smartphone.  However this is no indication 
of future changes or mobile sources of interference so sufficient tolerance should be applied to 
the results of a survey to allow for variations.  The operation of the smartphone without clear line 
of site (e.g. inside the boat) and at a significant range will be limited and in many cases not 
possible.  This would be a consideration for a technology refresh and any future review of the 
business case.  To improve the perceived signal strength to the user for weak signal strength 
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areas it is recommended that data transfer between the Smartphone and the Wi-Fi Access Point 
is kept to a minimum. CRT have acknowledged that 500m range of operation is not required but 
that the exact distance has not been defined. Wireless surveys are not part of the PoC but such 
surveys would give an indication of typical distances. 

4.8.7 The Wi-Fi frequency options are 2.4GHz and 5GHz each with advantages and disadvantages. 
5GHz has better scatter (non line of site) and no abnormal absorption by water and dampness, 
but a number of disadvantages including less popular and the need for dynamic frequency 
selection (DFS) and transmit power selection (TPS). For 5 GHz, the access point would be 
802.11h. The use of 2.4GHz is considered in the outline design. 

4.8.8 To better improve the performance and range the use of Wi-Fi extenders and wireless mesh 
was initially considered. However the requirement is to use two Wi-Fi access points with 
appropriate antennas. The user selects the direction which selects the appropriate access point. 
Another option considered was a single access point with an omnidirectional antenna. The 
direction of travel (access point) could be determined by the smartphone’s locations services. 

4.8.9 The choice of antenna for the access point will be down to a number of factors. An 
omnidirectional antenna is likely to be slightly more aesthetically pleasing than a directional 
antenna particularly for high gain. The directional antenna will provide a greater range but will 
require two, one for each direction. However it is a requirement that the access point will be 
mounted at the traffic lights which may be between 50 and 100m from the structure. The 
directional antenna will be pointing away from the structure and thus boats that have not 
initiated operation by the time they have passed the traffic signal may not be able to. The 
requirement of a separate antenna will be in part down to the access point and general 
environment and can be optional. 
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4.8.10 Interface to the structures PLC will be via a serial or I/O embedded Network or Wi-Fi module. 
The exact interface will be down to the PLC, whether Power over Ethernet (PoE) is required to 
supply power to the access point, and the availability (strength) of the wireless signal. 

 

4.8.11 Power for the access point will be via the Traffic Signal or via PoE (the power source being up 
to 100m from the access point).  

4.8.12 The required software solution for the smartphone is an app.  However the use of a web-based 
solution using the smartphone’s browser would minimise the need for the design of apps across 
platforms and the associated maintenance costs for both operating system and hardware 
changes, as well as testing.  It is likely therefore that a considerable cost saving would be 
obtained in overall software costs. It would allow for other devices with a browser including other 
phones, tablets and laptops to be used. 

4.8.13 The use of a separate sever will be required for the registration process.  The requirement is 
that the App would be free to download and would not be operable until the boat is registered 
and locked to the SIM of the smartphone.  This would prevent misuse by people who do not 
have a licensed boat.  During the registration process it is envisaged that SSID and passwords 
for the various structures will also be downloaded.  This will ensure that the LAN associated with 
each structure will be able to operate without a permanent link to the main registration server. 

4.8.14 The app itself would initiate the control of the operation of the swing bridge or lock.  The use of 
an embedding network I/O controller is used as the interface between the access point and the 
PLC. 

4.8.15 The App would signal to the user that they are approaching a structure confirmed by the SSID 
of the Access Point.  Signage would also be provided to advise the user they are approaching a 
structure.  

4.8.16 The App would provide feedback and advice during the negotiation of the lock or swing bridge. 

4.8.17 CRT have provided a proposal: “Smartphone/App – Remote Operation initiation device” (see 
Appendix D).  It is recommended that this is expanded and forms part of the requirement 
specification which should detail the various screens to be made available to the use of the App. 

4.8.18 A Schematic for Remote Operation Initiation is shown in Figure 4-11. 
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Figure 4-12:  Remote Operation 

 

4.8.19 For information on related technology Appendix I describes a recent similar application to the 
remote operation initiation whereby it is proposed a Smartphone operates traffic signals. 

4.9 Additional Design Options 

4.9.1 From time to time, CRT staff will want to operate the structures remotely via the CRT SCADA 
system.  Additional equipment installed on site could help facilitate this remote operation.  The 
outline design and costing of such equipment is outside the scope of this feasibility study, but 
we have briefly summarised some options for possible future consideration by CRT.  

CCTV 

4.9.2 The operation process for both bridges and locks, described in the User Requirements 
Document, requires the remote operation system to alert CRT staff (via SCADA) of faulty 
operation.  Such alerts are to include “nuisance alarms” where the system is not faulty but the 
detectors are unable to confirm that a zone is clear (perhaps because their sensor has been 
temporarily obscured).  If the CRT staff receiving the alerts were provided with CCTV images of 
the detection zone, they would quickly be able to decide whether it was safe to reset the system 
and allow operation to proceed.  

4.9.3 A technical restriction to the provision of CCTV is the high bandwidth required for high quality 
video.  In areas with 3G signal coverage, a limited quality video signal can normally be 
transmitted with ease.  Alternatively, still images can be transmitted at an even lower bandwidth.  
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Help points 

4.9.4 Some boaters may be unable to use a smartphone to initiate 
operation.  Help points could be provided at structures to 
allow:  

 boaters to contact CRT staff to request bridge operation 

 boaters and road users to report system faults 

 anyone to report incidents to CRT staff or to request 
information. 

4.9.5 Help points would not necessarily need a landline or other 
cabled connection as GSM variants are available “off-the-
shelf”.  

Loudspeakers 

4.9.6 It may be appropriate for CRT staff in a remote control room to 
be provided with two-way audio communication either with 
boaters or with members of the public at automated structures.  
Typical uses would be to communicate with:  

 people standing on the bridge, 

 boaters loitering in bridge Zone B, 

 boaters loitering in the lock and 

 boaters whose boats are continually encroaching in 
Zone 2. 

4.9.7 Loudspeakers would be provided in association with CCTV.  The 
need for such functionality may be developed in the site-specific 
design, following guidance derived from the system HAZOP or 
from the system’s operating procedures. 

4.9.8 Loudspeakers already exist at some sites, connected to nearby 
control positions.  These could be connected to a more central 
CRT control room. 
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5 PROOF OF CONCEPT 

5.1 Technical Approach 

What could be achieved in a PoC? 

5.1.1 During the project progress meeting on 20th May 2013, CRT defined the following PoC 
requirements and exclusions. 

5.1.2 The PoC is required to address the following: 

 reliability of detection – data must be gathered to allow CRT to assess the level of 
reliability of detection (on the basis that non-detection would not, in itself, lead to a 
hazardous situation) 

 nuisance alarm rate – data must be gathered to allow CRT to assess the likely burden on 
remote CRT staff responding to faults in system operation 

 equipment reliability – this will not be tested on site; instead manufacturers will be asked 
to provide evidence of equipment reliability gained from records of existing installations 

5.1.3 Evidence to prove the detectors’ ability to perform at the performance level defined in the User 
Requirements Document would need an extended PoC (typically three months).  There is 
insufficient time in the CRT project programme for such extended testing. 

5.1.4 Data from 1000 events is seen as a target minimum quantity for each test, although this should 
not be seen as a minimum quantity for a successful PoC.  The time available for the PoC is 
limited and CRT wish to retain flexibility over the amount of information gathered.  The aim is to 
provide evidence to inform the business case for the project. 

5.1.5 The following items are excluded from the PoC: 

 operation process – the process will be operated by the PLC.  The PLCs ability to operate 
the automated operation process is not in doubt.   

 process timings – the process timings would be developed in the initial (pilot) installation. 

 software that automatically changes the profile of the detector’s configuration to an 
alternative pre-defined setting – excluded where the manufacturer has recommended the 
development, on the basis that the manufacturer understands the software capabilities of 
the device 

5.1.6 PoC Stage 1:  In the first stage of the PoC (typically one week at each location) evidence would 
be gathered to demonstrate functionality in the following areas: 

 Ability to detect target objects of various sizes 

 Ability to reject objects smaller than target size 

 Mounting requirements (height / position / stability) 

 The range (distance) of detection, and so the quantity of devices needed at different sites 

 Time to detect (e.g. should detectors be permanently energised or only when required) 

5.1.7 PoC Stage 2:  Data to provide evidence of performance in the following areas would be 
gathered in the second PoC stage (up to four additional weeks): 

 Success rate for detecting target objects of various sizes. 

 Success rate for detecting objects smaller than target size. 
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 Rate for raising nuisance alarms 

 Environmental suitability (e.g. reflected sunlight, dew, rain, etc.) 

General technical issues 

5.1.8 Each time the detectors are asked to scan for an object, it will be necessary to record the time 
of the detection request, the size and position of any objects in the detection zone and the 
results presented by each detector. It will also be necessary to record local events that may 
have affected operation of the devices (e.g. weather, wet road surface). 

5.1.9 The options for recording the results are: 

 manually record operation of detector outputs (not applicable to PoC stages 2 or 3) or  

 connect detector outputs to PLC and record on SCADA 

 additionally, record activities on CCTV (provides a backup recording of events and 
provides evidence to support any analysis of unexpected results) 

If the PoC is to be limited to the first stage only, then manual recording is a cost-saving option 
although it would provide a less reliable audit trail of the results.  Hyder recommends both 
connecting detectors to the local PLC and video recording using CCTV for all PoC tests. 

5.1.10 Testing all detectors at the same time would reduce time spent on site, but would raise some 
potential issues.  It would be necessary to: 

 Ensure equipment and specialists can be available at the same time 

 Ensure that suppliers can provide enough equipment to support simultaneous tests.   

 Ensure there are enough PLC I/Os (if recording outputs) 

 Confirm with suppliers that interference between sensors is not an issue before testing 
simultaneously    

5.1.11 As target objects on the canal, a boat of the smallest size to be detected should be used and 
ideally a variety of other sizes of boats that are typically used on the canal.  Smaller objects 
(less than minimum target size) should also be presented to test the systems. For these smaller 
objects, consider using inflatable objects on “rod and line” from the bank. 

PoC Stage 1 - Bridges 

5.1.12 It is technically feasible to test all three detection options using the same methodology and to 
test all detectors at the same time (see paragraph 5.1.10).   

5.1.13 Outline Test Methodology for Zone A:  Place dummy objects on the bridge including vehicles 
and dummy people. Attempt to detect objects many times in different positions.  Attempt to 
confuse the detectors with multiple / moving objects.  Determine detector’s reaction to 
obscuration due to objects between the detector and the zone.  Adjust configuration of sensors 
and mounting positions and repeat until optimal results are obtained. 

5.1.14 Typically for each test the barriers would need to be closed, a target object placed in the zone, 
the test engineer to leave the zone, check detector output, re-enter the zone and remove the 
target object, raise the barriers.  Road traffic would need to be released between tests.  We 
estimate that four or five tests could be made per hour and that each change of position and/or 
configuration to optimise the setup would take approximately one hour to complete. 

5.1.15 To minimise delays to road traffic (generally local residents) and to boaters it has been 
suggested that it may be appropriate to avoid commissioning and performing Stage 1 tests in 
Zone A during the day and instead test in the early morning and early evening.  On 20th July, 
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there would be sufficient daylight to perform almost 2 hours of testing in the early morning 
before 7.00am and another 2½ hours in the evening after 6.30pm.  However, this reduces to 45 
minutes (am) and 80 minutes (pm) by the end of August.  Noting the number of specialists who 
need to be on site during the tests the optimum approach may be to test both during the 
daytime (albeit at a reduced rate) and in the evening.  

5.1.16 Hyder recommends checking whether a road traffic order is needed to close the road 
intermittently for the purposes of PoC testing. 

5.1.17 Outline Test Methodology for Zone B:  Move target (boat or a smaller “nuisance object”) into 
detection zone and request detection as the target reaches different distances from the bridge. 
Repeat at different target speeds and sizes (including both boat and “nuisance object” sizes).  
Request detection with the target stationary in different locations.  Adjust configuration of 
sensors and mounting positions and repeat until optimal results are obtained. 

5.1.18 For the Stage 1 of the PoC, setting-up and testing detection in Zone B could take place during 
normal working hours because it would not be necessary to close the bridge to road traffic for 
testing to take place. 

5.1.19 After the PoC equipment has been installed on site, we estimate that testing of Zones A and B 
combined could be completed in three (extended) working days.  Noting that all parties may not 
be available at all times during these tests, we would budget at least a week for the event.  

PoC Stage 1 - Locks 

5.1.20 The proposed options require posts (approximately 3m high) at the corners of the lock, just 
inside the lock gates.  The same posts could be used for both the Zone 1 and Zone 2 detectors.  
Additional posts and detectors may be required at larger locks, but four should be sufficient at 
the designated PoC site, Old Ford Lock (lock chamber approximately 25m x 5m).  Depending 
on the number of detectors available for the PoC, the PoC could use between one and four 
posts.  If there are insufficient sensors available to detect boats across the whole lock chamber 
(Zone 1), the PoC should focus on a fraction of the lock and determine how many sensors 
would be required to provide full coverage. 

5.1.21 The outline design for Zone 2 detection described in 4.6.4 is based on sensors with software 
developed to re-configure the sensor’s profiles as the lock’s water level changes.  On the basis 
that the manufacturer understands the software capabilities of the device, the PoC should focus 
on proving the sensor’s ability to detect target objects successfully at different water levels. 

5.1.22 Outline Test Methodology for Zone 1:  Position and configure sensors to view a section of the 
lock chamber at high water level.  Move target (boat or a smaller “nuisance object”) into 
detection zone and request detection with the target in different positions.  Repeat for moving 
and static targets and for different target sizes.  Adjust configuration of sensors and mounting 
positions and repeat until optimal results are obtained.  Change configuration to simulate 
different water levels and determine the effect on detection results.  Repeat all tests for the 
lower water level. 

5.1.23 Outline Test Methodology for Zone 2:  As for Zone 1.  Repeat all tests for lower water levels 
including chamber 1/3 full and 2/3 full. 

5.1.24 Canal traffic should be unaffected by testing at the lock and there is no road traffic to be 
affected.  Testing during PoC Stage 1 should therefore be relatively uninterrupted and testing 
could take place at any time during daylight hours. 
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5.1.25 After the PoC equipment has been installed on site, we estimate that testing of Zones 1 and 2 
combined would take 3 working days, during which time some 70 tests could have been 
completed for each zone (assumes testing of both zones takes place in parallel). 

PoC Stage 2 

5.1.26 General Approach:  Leave sensors switched on and connected to PLC.  Record movements of 
road and canal traffic (as applicable) on CCTV. Weekly, obtain recorded data from SCADA and 
CCTV and compare the records to validate the feedback from the detectors.  Investigate the 
possibility of Hyder remotely downloading SCADA data (alternatively CRT obtain SCADA data 
and forward to Hyder). 

5.1.27 Attend site weekly to: 

 check operation and physical condition of PoC equipment,  

 reconfigure or reposition detectors if necessary,  

 check synchronicity between CCTV and PLC / SCADA clocks, and 

 download CCTV recordings for removal to Hyder office. 

5.1.28 Analyse data weekly by: 

 Viewing each zone on CCTV and, for each target entering the zone record entry and exit 
time, direction of travel and object size (by category) 

 Reviewing each SCADA log.  For bridge Zone A, identify and discard detection events 
associated with movement (operation) of the swing bridge.  Record time of remaining 
detection events. 

 Correlating data obtained from CCTV and SCADA.  Check that events noted on CCTV 
are simultaneously recorded on SCADA.  Investigate events recorded on SCADA that 
were not noted in the initial CCTV analysis, by reviewing the CCTV recordings.  Report 
quantity of valid and in-valid detections by time, zone, object size and direction. 

5.1.29 Analyse results weekly and decide whether to adjust equipment configuration or position.  
Report results and any special requirements to the engineer attending site the following week. 

5.1.30 Data Quantity (bridges):  Assuming a minimum of 20 road vehicles per hour over a 12 hour 
period, the Stage 2 test might record over 240 events per day in Zone A.  Assuming a minimum 
of 5 boats per hour over a 12 hour period, the test might record over 60 events per day in 
Zone B.  At this rate, to obtain results from 1000 events in Zone B, Stage 2 would need to  
extend over 16 days (during which time some 3800 events would have been recorded in Zone 
A)  [Note: CRT are looking to provide historic data for Sandfield Bridge canal traffic over the 
Summer period in 2012, to help assumptions of canal traffic in Zone B] 

5.1.31 Data Quantity (locks):  Canal traffic is expected to be significantly lighter at Old Ford Lock than 
at Sandfield Bridge.  The tests at Old Ford Lock will record results at a significantly lower rate 
than at Sandfield Bridge.   Assuming an average of 1 boat per hour over a 12 hour period, the 
Stage 2 test would record about 12 events per day in Zones 1 and 2.  At that rate it would take 
12 weeks to obtain 1000 results.  It may be appropriate to extend the Stage 1 tests at the lock in 
order to collect a sufficient total number of results. 
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5.2 Draft PoC Programme 

Table 5-3 Draft PoC Programme 

 

5.2.1 A site survey, with the systems integrators and May Gurney, will be required at the start of the 
PoC stage to inform the infrastructure design task. 

5.2.2 The tests at the two sites are programmed sequentially noting that (i) there may not be sufficient 
equipment and (ii) there may be insufficient specialist expertise available (noting the distance 
between the two sites) to support parallel tests. 

5.2.3 The PoC stage completes five weeks before CRT’s deadline for delivery of the PoC report (end 
of October 2013).  If the PoC is delayed and the period on site is extended, it should be noted 
that canal traffic will reduce rapidly after mid-September so fewer results will be obtained during 
PoC Stage 2 tests in this period. 

5.3 Commercial Approach 

5.3.1 A number of approaches are available to engage potential suppliers in the PoC.  This ranges 
from the supplier loaning the equipment for free in essentially an informal manner for the period 
of the trial to paying for the supplier to participate in the trial via a contract and payment.  One 
consideration is to ensure support from the supplier during the proof of concept service levels 
can be described.  For example should the unit need repairing this would need to be done 
promptly in a short trial.  If the component was on loan on an informal basis the supplier could 
not be expected to respond immediately. However the opportunity presented to suppliers might 
encourage them to demonstrate their quality of service.  

5.3.2 Since one object of the POC is to ensure that the technology is given the best chance to show 
how well it performs the supplier should be given every assistance and encouragement to 
demonstrate this.  This method rather than a set of requirements with fixed pass fail criteria 
would be employed. 

5.3.3 Potential risks for the trial as per CRT’s programme is the availability of the detectors (and 
spares), the quantity and the support staff from the suppliers needed to operate and maintain 
them. 
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5.3.4 It is the intention that May Gurney would employ the suppliers directly.  There would require 
setting up the suppliers on their system and arranging a sub contract agreement. May Gurney 
have been given contact details of TEW+, Sick and Smart CCTV.  In order for a sub-contract 
agreement to be in place they would need a scope of works from CRT.  This process is possible 
in the programme timeframe but typically it takes longer than the programme allows.  

5.3.5 Since May Gurney are contracted to CRT and the suppliers would be contracted to May Gurney 
instructions from CRT would follow the contractual route which may create additional expenses 
and delay so it is recommended that some formal authority is given to Hyder to simplify this. 

5.3.6 Another availability issue that could jeopardise the proof of concept is if any of the equipment 
was stolen or vandalised.  Whilst compensation methods could be evaluated should an event 
occur it does not address the issue that should this happen it could ruin the trial and so 
therefore methods of prevention including a security guard should be considered. 

5.3.7 Where possible a single supplier should be chosen for a system or sub system to avoid any 
potential conflicts over responsibilities and performance issues e.g. one supplier blaming the 
other for a non-conformance or failure. 

5.4 Temporary Infrastructure 

5.4.1 The site survey at the start of the PoC will confirm the location and quantities of infrastructure.  
This section outlines the likely requirements and associated issues.  

5.4.2 Drawings of the two proposed sites have been marked-up to show the locations of PoC 
equipment (see Appendix G). 

5.4.3 All detectors and cameras will be mounted above ground level except the detector for Zone B, 
the location for which is shown below.  May Gurney will need to consider how to fix the detector 
in this position, noting that it may be inappropriate to drill into the concrete face. 

Figure 6-13:  Proposed location for Zone B detector 

 

Poles / masts 

5.4.4 At Sandfield Bridge it may be acceptable for the Zone A detectors to be mounted on the existing 
CCTV poles.  However, the site survey may show that separate mounting positions are 
required.  For budgetary purposes we recommend allowing for two temporary poles.   
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5.4.5 At Old Ford Lock, the detectors and CCTV cameras will need to be mounted at one or more 
corners of the lock, depending on the quantity of detectors available for the trial.  For budgetary 
purposes we recommend allowing for two mounting positions (e.g. poles or ladder scaffolding).  

5.4.6 Frequent access will be needed to the equipment that is mounted at height for the PoC.  Safe 
access is essential, especially noting the proximity to water and the falling distance when the 
lock chamber is at low water level.  It may be helpful for poles to be demountable.  However 
detectors will need to be aligned with the pole in the upright position so ladder access may be 
necessary.  Ladder scaffolding or similar is an option, although there are both security and 
safety issues with leaving this in place unattended.   

5.4.7 For the PoC, adjustable brackets will need to be available to allow adjustment of detectors’ 
mounting positions.  We should allow for poles to be fitted with ladder brackets or similar 
devices for safe access. 

5.4.8 Poles / scaffolding should allow detectors to be mounted up to 4m above ground level. The 
structure should be stable to avoid the detectors raising false alarms - at this stage assume 
equivalent stability to that of a lighting column.  

5.4.9 It may be appropriate to provide an access tower during Stage 1 tests as there is likely to be a 
more frequent need to reposition the detectors than during Stage 2 tests. 

CCTV 

5.4.10 Video recordings will be required at both sites during all stages of the PoC, to record all activity 
in the detection zones during the hours of daylight.  The recordings must be of sufficient quality 
to validate alarms raised by detectors and to identify objects that have caused nuisance alarms. 

5.4.11 For budgetary purposes assume that two CCTV cameras will be needed at each site and that 
the two existing cameras at Sandfield Bridge are not of sufficient quality for the PoC.  Assume 
also that the cameras can be fitted to the same poles / masts as the detectors.  The actual 
requirement will be agreed at the site survey.   

5.4.12 Noting that data recorded by both the CCTV and PLC will be analysed after the event, both 
must record time and date.  It is important that both the time of both records is synchronised.  
Ideally, both CCTV and PLC should synchronise to a standard clock.  The camera system must 
allow recordings to be downloaded by an engineer at ground level. 

5.4.13 CCTV recordings should be divided into files (typically one hour each) to help minimise loss of 
data in case of file corruption.  Recordings should be in a format that is easy to review.  
Software should be provided to provide the reviewer with fluid control over video playback 
speed when searching for events.  Ideally, the format should be suitable to test the performance 
of Video Content Analysis software in future if required. 

Ducts and cables 

5.4.14 At the familiarisation survey on 1st May, May Gurney identified that cable ducts across the canal 
at both sites may be full.  New ducts may be needed for the PoC unless spare cores in existing 
cables can be used. 

5.4.15 At this stage it is appropriate to budget for spare pairs and Ethernet cables to be installed to 
each detector location, because suppliers may want to connect some additional detectors for 
the PoC (that is, detectors not considered in this document).  For budgetary costing, assume 
that 20 pairs and three Ethernet cables are installed to each detector location.  Ethernet cables 
for CCTV should be taken to the keeper’s hut.  All other cables should be taken to the PLC 
cabinet. 
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Connections to PLC 

5.4.16 Sick detectors require an Ethernet connection.  I/O and power requirements are described in 
paragraph 4.3.6. 

5.4.17 The TEW detectors require a multicore cable connection to the PLC.  I/O and power 
requirements are described in paragraphs 4.3.10 and 4.3.11. 

Cabinets 

5.4.18 The proposed PoC detectors do not need separate control equipment. The CCTV cameras may 
require a separate video recorder, but this could also be an integral part of the camera. If a 
video recorder is provided, it could be located in the keeper’s hut.  We have assumed that the 
keeper’s hut at both sites is lockable and secure.   

Signage 

5.4.19 Signage may be required to advise of risks from CCTV recording in progress, security patrols, 
danger of climbing scaffolding, etc.  A small contingency sum should be allowed for PoC 
signage. 

Security of Equipment 

5.4.20 Theft / damage to PoC equipment as well as the consequent loss of data could have significant 
impact on the success of the PoC.  As discussed at the familiarisation survey on 1st May, it may 
be appropriate to employ a security guard to ensure the equipment is not tampered with when 
the sites are unmanned.  This is most appropriate at Old Ford Lock due to the urban 
environment.  A budgetary sum should be allowed for PoC security. 

Key PoC Technical Risks 

Table 5-4 Key PoC Technical Risks 

Risk Impact Mitigation 

Faulty / damaged detectors Loss of data Connect detectors fault output to SCADA 

Appoint someone to react to fault reports 

Ensure technical support available from suppliers 

Vandalised / stolen equipment Loss of data Ensure security of PoC equipment 

No boat traffic to detect Insufficient data PoC during summer, create events using CRT boat 

and dummy targets 

Faulty infrastructure Loss of data Ensure support available from May Gurney 

Unable to position detectors 

appropriately 

Incorrect data Allow for significant adjustment of detector positions 

(e.g. brackets on poles) 

Corruption of video files Loss of data Collect video data in discrete files of limited size 

Video files difficult to replay Loss of data Use open-standard types for video files 

Incomparable results  Incorrect data Synchronise SCADA log and CCTV recordings 

Little variance in weather 

conditions 

Insufficient data  
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Key PoC Health and Safety Risks 

5.4.21 The following key health and safety risks must be managed as part of the PoC.  A full risk 
assessment involving the key parties must take place in the early stage of the PoC, so that risks 
can be mitigated in the design and selection of infrastructure as well as subsequent planning 
and on-site activities: 

 Working at height 

 Working next to open water 

 Working on open roads 

 Working in space open to the public 

 Manoeuvring boats (and other “target objects”) on a canal 

 Lone working 

 Public climbing temporary structures 

 Working on safety-related control equipment 

 

Key PoC Commercial Risks 

5.4.22 The following key health and safety risks must be managed as part of the PoC.   

 Increased costs from suppliers 

 Suppliers require hire charges for units 

 Availability of units, leading to delays 

 Increased costs of insurance 

 Increased costs for security 

 Delay due to road conditions 

 Delay due to weather  
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6 EVALUATION OF COSTS 

Proof of Concept Costs 

6.1.1 Estimated costs for the proof of concept trial excluding CRT, May Gurney and Hyder costs 
range from approximately £22k (low typical) to £90k (maximum) as shown in Table 6-5 and 
Table 6-6.  Key points with associated commercial risks are shown in 0 to 6.1.10.   

Table 6-5 Estimated (low typical) PoC Costs 

Description Unit Cost Qty Total 

Supplier costs £50 200 £10,000 

Detectors loan hire £1,000 0 £0 

CCTV £1,000 2 £2,000 

Security £20 500 £10,000 

Total   £22,000 

 

Table 6-6 Estimated (maximum) PoC Costs 

Description Unit Cost Qty Total 

Supplier costs £50 200 £10,000 

Detectors £6,000 10 £60,000 

CCTV £1,000 2 £2,000 

Security £20 900 £18,000 

Total   £90,000 

 

6.1.2 It is envisaged that 2 suppliers may be engaged in the POC subcontracted to May Gurney. On a 
basis of a 10 hour day, 3 days at the start of PoC Stage 1 and 2 days supporting the trials of 
both structures this equates to 100 hours / supplier. That is 200 hours at £50 / hour equal to 
£10k. 

6.1.3 The detector equipment may be supplied free of charge or with a loan charge.  We are currently 
awaiting a proposal including costs for Sick equipment.  Detectors would cost up to £6k to 
purchase.  This could feasibly amount to £60k include provision for spares if purchased outright.   

6.1.4 The cost shown for CCTV includes the loan, installation and removal from each site of two 
cameras and recording equipment. 

6.1.5 Our estimate includes for a contract security guards for a 16 hour period each day (assuming 
lock keeper on site for 8 hours per day) for a four week period at each site.  This mitigates the 
risk of loss of PoC data and loss of equipment.  Based on a rate of £20 / hour would equate to 
~£9k per site or £18k in total. 

6.1.6 Cost of May Gurney, Hyder and CRT will also need to be included in the overall cost of the PoC. 

6.1.7 Insurances costs will either be direct via a policy or indirect i.e. by writing off the cost of the 
equipment should it be damaged (or stolen) including paying the supplier if it is on loan.  The 
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worst case scenario this would be all the equipment would need to be replaced in full.  For the 
lock this could amount to around approximately £40k. 

6.1.8 An element of cost will be required following a Health and Safety risk assessment for signage 
and restrictive access as well as during the installation stage.  This figure will be required at 
PoC survey of sites. 

6.1.9 IHI were unable to provide the equipment or support within the PoC timeframe.  The budgetary 
price quoted by IHI for their equipment’s lifetime costs is available on request. 

6.1.10 The OID and Wi-Fi Access Points were agreed not to be part of the PoC and therefore have not 
been costed for. 

Summary of Capital and Whole Life Cost 

6.1.11 The estimated costs over a 25 year period at 2013 prices are shown in Table 6-7 and 
Appendix F.  

Table 6-7 25 year estimated costs 

Description Unit Cost Qty Total 

Swing Bridge £28,316 15 £424,733 

Lock £51,666 25 £1291,638 

R&D £172,200 1 £172,200 

Maintenance £701,000 1 £701,000 

Technology Refresh £1,888,570 1 £1,888,570 

Total   £4,478,141 

NB: No allowance for inflation has been included in these costings. 

6.1.12 The estimated costs cover the development costs, installation and capital costs of equipment.  It 
does not cover items such as site specific de-manning costs (keepers buildings and added 
security requirements for an unmanned structure). 

6.1.13 Whilst the life cycle of civil and structural works can be identified to some degree of accuracy for 
a 25 year period other items will be extremely difficult to predict.  Notably the technology 
advances in Smartphones and radio communications along with licencing arrangements 
develop at a rate that it is not possible to predict with any certainty in a 25 year period. 
Therefore a complete technology refresh has been allowed for. 

6.1.14 The costs of off the shelf items such as detectors, access points and antennas are readily 
available and have been included as typical of such items. 

6.1.15 The cost of the App development is based on a typical App but the actual cost will be highly 
dependent on a requirements specification, CRT branding requirements, and integration both to 
the wireless access points and overall server for registration.  It is recommended that a single 
software developer is engaged to develop all the software.  Key to a successful software project 
is a detailed specification with a storyboard of screenshots clearly showing what is required. 

6.1.16 Cross platform support for the different App operating systems is likely to decrease the overall 
software development costs for the three App operating systems required to be supported. 

6.1.17 It is also important to recognise specify branding requirements of CRT and to show this and the 
purpose of the App in (for example) the App icons. Thus it is recommended that all of CRTs 
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Apps follow the same guidelines.  The cost of branding has not been included or the costs of 
making changes at a later date. 

6.1.18 The unit swing bridge and lock costings are based on 3 and 6 detectors respectively. However it 
may be necessary on some sites to have more.  These extra elements have not been including 
in the costing. 

6.1.19 It may be the case that during site survey or at a later date there is too high a level of wireless 
interference that would warrant the use of wireless extenders to improve the signal strength.  
This has not been included in the costing. 

6.1.20 CCTV, Help Points and speakers have not been included in the costing for and are beyond the 
scope of this document. 

6.1.21 Individual site environmental and heritage assessments, health and safety risk assessments, 
licensing (wireless) requirements (if required for a bespoke site e.g. some 5Ghz bands), and 
planning permission needs (if required) have not been included in the costing. 
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7 CONCLUSIONS & RECOMMENDATIONS 

Conclusions 

7.1.1 CRT’s concept for a remote operating system is technically feasible, subject to a PoC being 
performed to validate the innovative use of laser detectors. 

7.1.2 The use of a Smartphone is technically feasible but not all users will have access to 
Smartphones and CRT staff  will therefore be routinely required for remote operation. 

7.1.3 The use of a single Wi-Fi Access Point and a directional antenna is feasible for a line of sight 
operation providing interference is not present.  At those sites where there is significant 
interference, the operating distance of the OID will be reduced. 

Recommendations 

7.1.4 CRT should assess how costs affect the project’s business case and, if it continues to show 
sufficient whole-life benefit, CRT should proceed with the PoC. 

7.1.5 The PoC should be based on the designs recommended in section 4 of this document 
(paragraphs 4.7.4 and 4.7.9 refer). 

7.1.6 CRT should appoint Hyder to act as their engineer for the PoC (to specify infrastructure and 
involvement of May Gurney, specify requirements of specialist suppliers, witness the on-site 
PoC, collate and analyse results and deliver the PoC report). 

7.1.7 CRT should task May Gurney to install infrastructure for the PoC and provide on-going support 
during the PoC. 

7.1.8 CRT should require May Gurney to contract with suppliers to ensure availability of support 
during the PoC.  Involve TEW Plus Ltd to integrate the Redscan laser scanner.  Involve an 
integrator for the Sick LMS equipment. 

7.1.9 An all-party risk assessment should be conducted early in the PoC. 

7.1.10 CRT should check whether a road traffic order is needed to close the road intermittently for the 
purposes of PoC testing 

7.1.11 While CRT have excluded the operation initiation device from the PoC, we would recommend 
that CRT consider a survey of wireless signal interference to ascertain the typical operation 
distance of Smartphone to Wi-Fi Antenna. 

7.1.12 While CRT have excluded the use of mobile networks as part of the solution, if the overall cost 
of the solution becomes an issue or Wi-Fi interference at a site is high, CRT should consider the 
use of 2G and of 3G / 4G at all sites as an alternative to Wi-Fi (and as part of this firstly 
undertake a desktop study of coverage). 

7.1.13 The cost of the Application should be validated following further development of the operating 
process (which would include performing a HAZOP).  In particular the Remote Operation 
initiation device proposal (see Appendix D) should be expanded to form part of the requirement 
specification by detailing the various screens to be made available to the use of the App.  This 
would allow a more accurate costing of this element for the business case. 
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8 ABBREVIATIONS 
Abbreviation Description 

3G / HSDPA High-Speed Downlink Packet Access (HSDPA) - an enhanced 3G 
(third generation) mobile telephony communications protocol 

COD Complementary Obstacle Detector 

CRT Canal & River Trust 

CCTV Closed Circuit Television 

LAN Local Area Network 

LIDAR Light Detection and Ranging or Laser Imaging Detection and 
Ranging 

PLC Programmable Logic Controller 

PoC Proof of Concept 

Remote OID Remote Operation Initiation Device– remote device to manually 
initiate operation of the bridge or lock 

SCADA Supervisory Control and Data Acquisition 

SSID Service Set Identifier:  an SSID is the public name of a wireless 
network. All of the wireless devices on a WLAN must employ the 
same SSID in order to communicate with each other 

MTTR Mean Time to Repair 

VCA Video Content Analysis 

Wi-Fi Wireless local area network (WLAN) products that are based on 
the Institute of Electrical and Electronics Engineers' (IEEE) 
802.11 standards (also spelled Wifi or WiFi). 
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Appendix A – General Layout: Swingbridge 
 

 



 

 

 Appendix B – General Layout: Operation Zones for System Initiation 

 

 



 

 

 

 

 

 

 Appendix C – General Layout: Lock 

 

 



 

 

 

 



 

 

 

Appendix D – Remote Operation Initiation Device 

  

 



 

 

 
 

  



 

 

 
 

  



 

 

 
  



 

 

Appendix E – Design Issues Workshop 

Issue date 11 April 2013 

Issued by Robert Lynch 

Subject CRT National Remote Operation Task – Initial Design Workshop 

Reference 0002-UA005767-UT21U-01 

Client Canal & River Trust 

Meeting date 5 April 2013 

Time 10:00am 

Location Office Communicator 

Present Hyder: Philip Gardner, Carl Cochrane, David Threlfall, Robert Lynch 

Copies CRT: Hayley Harper, Darren Parkinson, Darren Martin 

This records an internal workshop held for the purpose of identifying design issues at task commencement.  

Item Comments Action  

1 Design Issues - Bridges  

 General  

1.1 Detectors will need to be located where they are safe from damage by passing boats / vehicles, 

noting that Zones A and B do not have equivalent “un-trafficked areas” to level crossings 

 

1.2 False / nuisance detection could cause bridge operation to halt preventing canal movements, 

road movements or both.  The impact of this will vary according to road and canal usage at 

each site and the MTTR. It is currently proposed that CRT staff will use SCADA to assess how 

to deal with the issue.  The options for dealing with the issue and their impact on both road and 

canal users should be considered. 

Discuss 

with CRT 

1.3 It is currently proposed that users will alert CRT staff by telephone if the bridge does not 

automatically open when expected.  However, users may not always ensure that bridges have 

fully opened to road traffic before moving on. 

Discuss 

with CRT 

1.4 While scanning the canal, detection of small boats like kayaks may be seen as desirable, while 

detection of logs, ducks or swans is not. Also, while scanning the road, detection of objects like 

children lying on the bridge surface may be seen as desirable while detection of litter or wildfowl 

is not. To minimise “nuisance detections”, the objects that are to be detected should be 

significantly different from those objects that should be ignored 

Discuss 

with CRT 

 Detection in Zone A (the road over the bridge)  

1.5 The detector would need to ignore relative movement of surroundings if required to operate 

during bridge movement 

 

1.6 Some detectors may not work well if they were fixed to a moving bridge. For example, they may 

contain parts rotating parts that could be affected by movement of the body of the detector. 

 

1.7 If the detection zone covers the road barriers (to detect when they are closed) then the detector 

will need to discriminate between closed barriers (a normal occurrence) and the presence of 

objects (an abnormal occurrence). 

 

1.8 If the detection zone covers the road barriers, detecting when they are closed, the barriers will 

appear to move as the bridge opens to canal traffic.  The detector may therefore need to 

discriminate between the relative movement of the barriers and the presence of other objects. 

 

1.9 Detectors on bridges would need flexible connections.  



 

 

 Detection in Zone B (the canal around and beneath the bridge)  

1.10 Changes in water level – detectors must not detect higher water level or flotsam as an object / 

boat.  Detectors may need to self-adjust to take account of higher water levels in order to detect 

boats accurately. 

 

1.11 Boats currently moor between the canal traffic lights and the bridge.  These moored boats could 

block detection of travelling boats. 

 

1.12 Boats currently moor between the canal traffic lights and the bridge. Zone B will need to be a 

restricted area around the bridge in which no boats moor; otherwise detectors would need to 

discriminate between moored and travelling boats. 

Discuss 

with CRT 

1.13 This zone may have to be small to avoid detecting moored boats; it may be too small for timely 

detection of approaching boats before closing the bridge to canal traffic.  Additional detectors 

may be required at the canal traffic lights / on the approaches to zone B. 

 

1.14 It may be impractical to extend Zone B  to the canal traffic lights each side due to the cost of 

additional radar / LIDAR detectors. 

 

2 Design Issues - Locks  

 General  

2.1 Radar or LIDAR units would need to be within the lock and would be vulnerable to damage. 

They would need significant protection. The protection may affect the detectors’ ability to 

operate e.g. by attenuating the signal or creating “dead zones”. 

 

2.2 To avoid boats colliding with closing gates, consider adding signals where not already fitted. Discuss 

with CRT 

2.3 To avoid unexpected operation of the lock and potentially unsafe consequences, consider fitting 

sounders / beacons. 

Discuss 

with CRT 

2.4 If boats do not leave the lock, operation will shut down.  Consider adding loudspeakers and 

CCTV to help CRT staff manage the issue 

Discuss 

with CRT 

2.5 Why do powered locks need to remain powered? Discuss 

with CRT 

 Detection in Zone 1 (main body of the lock chamber)   

2.6 Detection is required before sluice opening at both high and low water levels with lock gates 

closed.  Radar or LIDAR units will need to be within the lock.  Units will need either to be raised 

or lowered with the water or multiple units will be required, some of which will be submerged.  A 

Radar or LIDAR solution would seem to require some development of its physical containment / 

support. 

 

2.7 While detection of additional space within a lock (that already contains a boat) is seen as 

desirable, the size of waiting boats will vary significantly.  A lock keeper can easily assess 

whether there is space for an additional waiting boat, but (subject to PoC) a radar / LIDAR 

detector alone may not achieve this reliably in practice.  Hence, the remote operated system 

may not be able to achieve the throughput of boats of a lock operated by a keeper. 

Discuss 

with CRT 

 Detection in Zone 2 (ends of the lock chamber)  

2.8 Boats will rise or fall during the detection period. Radar and LIDAR detect within a swept area 

(not volume) so detection will be required at different heights within the lock during operation of 

the sluices.  Units would need to be raised or lowered with the water or multiple units will be 

required, some of which will be submerged.  A Radar or LIDAR solution would seem to require 

some development of its physical containment / support. 

 

3 Design Issues – Operation Initiation Devices  



 

 

3.1 Why has 500m distance been chosen for Wi-Fi range? Discuss 

with CRT 

 Remote OID  

3.2 Apps would need to work on a variety of smartphone OSs, all of which have several versions 

current at any one time. Significant effort would be needed to keep these up-to-date for the life 

of the system. 

 

3.3 Wi-Fi infrastructure may have a negative effect on the environmental scene.  

3.4 There is a benefit in designs that avoid collecting data on users and so avoid data protection 

issues.   

 

3.5 Do we need to know a boat’s direction?  Is it sufficient to know the boat’s location?  Discuss 

with CRT 

3.6 Significant Wi-Fi infrastructure (using repeaters) may be required to provide sufficient signal 

strength to achieve the necessary system performance. 

 

3.7 If Remote OID requests were to include the boat size in their transmission, this could help 

determine whether locks have additional space for waiting boats.  

 

3.8 Users will not want to repeatedly enter passwords / accept connection requests as they move 

between Wi-Fi zones / sites. 

 

3.9 Wi-Fi routers will need connection to CRT network, so must be secured.  Boaters may try to use 

the Wi Fi to access the internet. 

 

3.10 System security will need to be maintained throughout its life.  

 Local OID  

3.11 Having to entering the boat licence number in order to operate the site may feel to some users 

like “big brother”, noting that there may be no other way for a boat to pass through the site.  

 

3.12 A call-point could be included to allow two-way communication with CRT staff.  

4 Other Design Issues  

4.1 Sites with high usage may justify higher reliability / duplicate equipment.  

4.2 In future, the system could be given some “intelligence” to manage requests for operation based 

on data on real-time from adjacent sites and historical data, noting potential energy / water 

savings particularly at locks.  The system may also allow some bridges to be available to road 

traffic for longer periods during the roads’ peak hours. 

 

4.3 CCTV may help CRT staff manage fault reports.  

4.4 Flooding could cause severe damage to the sensors.   

4.5 The remote operating system could help CRT identify boats for which registration/ licences have 

lapsed. 

 

 

 
 



 

 

  



 

 

 
 

Appendix F – Laser Obstacle Detector Product Sheets 

Redscan: RLS-3060L Laser Scanner 

IHI: 3D Laser Scanner  

Sick: Laser Measurement Sensor LMS1xx  

Sick: Laser Measurement Sensor LMS5xx  

OSI LaserScan: AutoSense Vehicle Detector & Classifier 
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The AS 825 operates by emitting two laser fields beneath the sensor 
to scan both the roadway and the vehicles passing through the eye-
safe laser. The AS825 scan rate is 360 scans per second. The AS825 
is normally used for open road toll applications and is sensitive enough 
to detect tow bars and motorcycles. Classification is determined by the 
vehicle’s dimensional characteristics as well as detection of tow bars.

Multi Lane – Overhead Vehicle Detection, Separation, Classification 
and Camera triggering

The AS 825 provides comprehensive vehicle classification information, 
which ensures appropriate application of toll rates. The device is 
designed to identify background noise due to poor weather conditions 
and automatically change from its normal operating mode to a bad 
weather mode when conditions deteriorate. 

The AS 825 is designed to be mounted 
overhead in order to provide tolling 
and traffic management agencies with 
vehicle detection, separation, speed, 
and classification information over 
several lanes of traffic. In addition, the 
AS 825 can be configured to trigger 
enforcement cameras.

AutoSense – Beam shape matters!

AutoSense

825

Mounting Kit1 
19471122-9

Power Cable2,4 
9291111-9-XYZ
(for AS825-EDH)

Power Cable2,3 
9291011-9-XYZ
(for AS825-UDH)

Beam Finder
9301000-9

Surge Suppressor6

81000143-9

Accessories

A
S 

82
5

Notes:
1. The Mounting Kit consists of a Mounting Plate (19476122-1) and Mounting Hardware (19471023-9)
2. Cables are offered in lengths of 50 ft, 100 ft, 125 ft, 150 ft and 200 ft. Part no. for e.g. 150 ft Power Cable becomes: 9291011-9-150
3. This cable is equipped with the PW06P12-3S connector
4. This cable is equipped with the PW06P12-3SY connector
5. This cable is equipped with the PT06P14-19S connector
6. Replacement Sponge for the Surge Suppressor is part no. 22NX

Comms. Cable2,5 
9291009-9



AutoSense technology
The highly dynamic toll operation environment continues to demand 
very precise data collection systems which are flexible, upgradable, 
and able to work in tandem with legacy elements as well. With millions 
in revenue on the line every day, AutoSense delivers the level of 
precision and functionality you require.

AutoSense products are developed to provide a highly sophisticated, 
noninvasive solution to track and analyze traffic across a wide range 
of applications, including toll collection, traffic flow analysis, bridge/
tunnel clearance verification, as well as traffic control and surveillance. 

AutoSense products are also commonly used as highly accurate trigger 
sensors for enforcement cameras.

Concessionaires that employ AutoSense have realized substantially 
lower life cycle costs when compared to other technologies, due to 
ease of maintenance, extreme reliability and all-weather performance 
with advanced Multi-Pulse™ Logic and automatic switching between 
normal operation and bad weather mode operation. AutoSense 
products include transparent window heating technology to ensure 
reliable operation in environments down to – 40 degrees.

AutoSense products provide extremely accurate information via 
patented, eye-safe laser scanning technology that continuously self-
tests to feature vehicle detection accuracy exceeding 99%.

AutoSense technology features unique continuous line pixel 
technology that allows accurate measurement of vehicle volumetric 
dimensions, vehicle speed and direction of travel.

AutoSense – Beam shape matters! www.osilaserscan.com

Standards and Certifications
• IEC 60825-1 2007 (Class 1 Laser product)  • UL 60950-1:2007 ED:2  • IEC 60950-1:2005 ED:2  • CAN/CSA C22.2  • 21 CFR 1040.10 & 1040.11

This product is manufactured in a facility certified to  • AS9100B / ISO 9001:2008  • US Patent 5,546,188

OSI LaserScan
12525 Chadron Avenue, Hawthorne, 90250, CA
Tel : +310-978-0516   Fax : +310-644-1727

Sales : sales@osilaserscan.com
Customer Service : customerservice@osilaserscan.com

Specifications
PERFORMANCE AS825-UDH (120V) AS825-EDH (240V)
Use, MultiLane MultiLane – Open Road to achieve vehicle detection, separation, classification and camera trigger alone or when 

integrated with additional AS825’s
Typical mounting location Overhead: 25 Ft – 30 Ft Overhead: 7.6m – 9.2m
Field of View 60 degrees 60 degrees
Angular resolution 0.67 degree 0.67 degree
Scan rate 360 scans per second per beam 360 scans per second per beam
Vehicle Classification Categories 11 standard classes, plus 20 user-definable categories 11 standard classes, plus 20 user-definable categories
Vehicle Detection Accuracy >99% (ORT) >99% (ORT)
Vehicle Classification Accuracy >95% (into 6 vehicle classes) >95% (into 6 vehicle classes)
Vehicle Speed Accuracy ± 10% ± 10%
Vehicle Length Accuracy ± 10% ± 10%
Vehicle Height Accuracy ± 3 inches ± 76 mm
PHYSICAL
Power Input 90-140 V, 50-60 Hz, 1.5 A 200-264 V, 50-60 Hz, 1.0 A
Power Consumption 40 W nominal, 160 W maximum 40 W nominal, 160 W maximum
Dimensions (L x W x H) 16 x 13.5 x 5 inches 406 x 343 x 127 mm
Weight 29 pounds 13.1 kg
DATA INTERFACE
RS-422 19.2, 38.4, 57.6 Kbaud (User selectable) 8 data bits, 1 start, 1 stop, no parity
ENVIRONMENTAL
Temperature (with sun loading) -40 to +160 degrees F -40 to +70 degrees C
Thermal Shock 60 degrees F/minute 15.5 degrees C/minute
Humidity 0 to 100% condensing 0 to 100% condensing
Rain 0.8 inches/hour operating,

4 inches/hour maximum
20 mm/hour operating,
100 mm/hour maximum

Snow Loading 20 lb./ft2 98 kg/m2

Wind Loading 43 knots steady, 73 knots gusts 22 m/s steady, 37 m/s gusts
Reliability (MTBF) >35,000 hours >35,000 hours
Maintainability 15 minutes (Mean Time to Replace) 15 minutes (Mean Time to Replace)
ACCESSORIES
Mounting Kit 19476122-9 19476122-9
Power Cable 9291011-9 (50, 100, 125, 150 or 200 ft) 9291111-9 (15, 30, 38, 45 or 60 m)
Communications Cable 9291009-9 (50, 100, 125, 150 or 200 ft) 9291009-9 (15, 30, 38, 45 or 60 m)
Surge Suppressor (RS-422) 81000143-9 81000143-9
Beam Finder 9301000-9 9301000-9

3.5m1m 1m3.6m 3.6m 3.6m

AutoSense 825
Mounting height 7.65m

Width cover on ground: 8.83m



 

 

 

  



 

 

 

Appendix G – Radar Obstacle Detector Product Sheets 

Honeywell: Radar Scanner  

Wavetronix: Radar Sensor  

Clearway: Radar Scanner 

 

 







SmartSensor Rail™

 ˿ Accurate vehicle detection for four-quadrant gate 
warning systems

 ˿ Detects moving and stopped vehicles
 ˿ Non-embedded system mounts above and outside 

the crossing island 
 ˿ Multiple, user-configured detection zones cover the 

entire crossing island
 ˿ Full, multiple redundancy – 16 radar beams per sen-

sor cover every square foot of the island
 ˿ Continuous self-checking and cross-checking, fail-

safe operation

Introducing The Island RadarTM

The Island Radar provides reliable vehicle detection without the maintenance problems and train delay consequences of buried loop 
sensors.  It uses SmartSensor Matrix radar technology from Wavetronix to implement Dynamic Exit Gate Clearance Time in four-
quadrant gate-crossing warning systems, and once it is configured, there is no required periodic maintenance, no batteries to replace 
and no calibration to perform.  

Non-Roadway Installation
Radar sensors may be mounted on entrance gate masts or on 
stand-alone poles adjacent to the track right-of-way, at the 
edge of the Minimum Track Clearance Distance zone.  The 
sensors work together to provide fully redundant vehicle detec-
tions, and each unit continuously self-checks and cross-checks 
the other(s).  Each sensors’ 90-degree, 100-foot detection range 
completely covers most crossings, recognizing lanes of traffic 
and detecting the presence of moving or stopped vehicles in up 
to eight lanes.  For larger or irregularly-shaped crossings, mul-
tiple sensors – up to eight – may be used without interference.  

Established Technology
Wavetronix is the world leader in non-embedded, radar-based vehicle detection for traffic intersection control and intelligent trans-
portation applications. Proven in thousands of highway and intersection control applications worldwide, the Wavetronix SmartSensor 
technology is unaffected by conditions that interfere with video detection systems, including rain, snow, dust and fog.  Highly intui-
tive configuration tools automatically discover lanes of traffic, stop bars, and crossing island dimensions; lanes and individual detection 
zones can be set up in any shape or size, on a configuration screen that shows detected vehicles traversing the island in real time. 

Crossing Controller Interfaces
The Island Radar solution features optical, relay, and IP-based XML interface options for any make, model, or vintage of crossing 
controllers.  Electrical surge protection and isolation meet or exceed the requirements of IEC 61000-4-5 class 4 and AREMA 11.3.3 
Class C, respectively.

Fitness For Use
The Island Radar is an application-specific optimization of the Wavetronix SmartSensor Matrix, specifically designed for detecting 
vehicles at crossings and influencing exit gate behavior.  The solution inherits years of technology and proven application experience, 
packaged in a weatherproof unit and conformed to the strict interface, isolation, and performance requirements of the railroad industry.



SmartSensor Rail™          Model WX-SS-300

Non-embedded vehicle detection for four quadrant gate 
warning systems and blocked crossing detection

© 2011 Wavetronix.  All rights reserved. Protected by U.S. Patent 
Nos. 6,556,916; 6,693,557; 6,426,450; and 7,427,930. Other U.S. and 
international patents pending.
Wavetronix, Smart Sensor, Click!, and all associated logos are trade-
marks of Wavetronix LLC. Island Radar is a trademark of The Island 
Radar Company. All other product or brand names as they appear are 
trademarks or registered trademarks of their respective holders.
Product specifications are subject to change without notice. This mate-
rial is provided for informational purposes only; Wavetronix and the 
Island Radar Company assume no liability related to its use.

Authorized Dealer:

Phone: (816) 256-4499
Fax: (816) 256-4454
E-mail: info@islandradar.com
Website: www.islandradar.com

Technical Specifications
Environmental

 ˿ Operating frequency 24.0-24.5GHz (K Band)
 ˿ Operating (Radar) -40°F to 165°F (-40°C to 74°C), 0 to 95% RH (non-condensing)
 ˿ Storage temperature -49°F (-45°C) to 185°F (85°C)
 ˿ Operating (Electronics) -40°C to +70°C, 0-95% RH, non-condensing per AREMA 11.5.1 Class C

Electrical
 ˿ 9-30VDC AREMA-Compliant Power Supply (Class C Equipment)
 ˿ Power consumption (2 sensors, electronics modules) 20W
 ˿ Surge protected RS-485 communication ports to radar sensor

Physical
 ˿ Weight: 4.2 lbs. (1.9 kg)
 ˿ Physical dimensions: 13.2 in. × 10.6 in. × 3.3 in. (33.5 cm x 26.9 cm x 8.4 cm)
 ˿ Resistant to corrosion, fungus, moisture deterioration, and ultraviolet rays
 ˿ Lexan EXL polycarbonate enclosure, outdoor weatherability: UL 746C
 ˿ NEMA 250 compliance:

 ̀ Watertight per NEMA 250
 ̀ External icing (clause 5.6), hose down (clause 5.7) 
 ̀ 4X corrosion protection (clause 5.10)
 ̀ Gasket (clause 5.14)

 ̀ Withstands 5-ft. (1.5-m) drop
 ̀ MIL-C-26482 Connector
 ̀ Rotational backplate for 360° of roll

Regulatory and Certification Testing, Other
 ˿ FCC part 15.249
 ˿ MTBF Prediction and temperature-based margin analysis per MIL-HDBK-217F, FN2, >10 Years
 ˿ Surge Protection per IEC 61000-4-5 class 4
 ˿ Two-year warranty against material and workmanship defects

January 2011











 

 

  



 

 

Appendix H – Smartphone Usage 

In April 2012, eMarketer estimated that smartphone penetration in the UK would stand at 30% of the general 
population by the end of the year. By 2015, more than half the population will use a smartphone. 
 
http://www.newmediatrendwatch.com/markets-by-country/18-uk/154-mobile-devices 

 

 

 

http://www.emarketer.com/Article/UK-Will-Mobile-Payments-Go-Mainstream/1009641 

 

In their Quarter One 2013 brochure, Ipsos provide the following statistics: 

 

 

 

http://www.ipsos-
mori.com/_assets/mediact/techtracker/mar2013/index.html?utm_campaign=TechTracker_Q1_2013_&utm_m
edium=Website&utm_source=General&utm_content=TechTracker_Q1_2013_Brochure 

The 53% statistic above is based on 1024 adults. 

 

 

 



 

 

 

Ipsos believe the current top three platforms to be iPhone, Blackberry and Android: 

 

  



 

 

Appendix I – iPhone App that Operates Traffic Signals 

 

 



 

 

  



 

 

Appendix J – Breakdown of Budgetary Costs  

Per Site Costs (Swing Bridge) 

  
Unit 
Price  Qty  Units  Total  Assumption 

Site Drawing  £25 30 hrs  £750 location  

Wi FI fixings & cable  £75 2    £150 fixed on traffic signals 

WiFi AP and Antenna  £1,000 2    £2,000 both directions 

Detector column, fixings and cable  £200 3    £600   

Detector  £6,000 3    £18,000 inc housing 

Installation ‐ Detector  £50 20 hrs  £1,000   

Installation ‐WiFi  £40 15 hrs  £600   

Testing & Commissioning  £50 40 hrs  £2,000   

Other Materials  £100 1    £100   

Control Unit / PLC adapter  £250 1    £250   

Modifications to control panel  £50 7.5 hrs  £375   

Signage  £500 2    £1,000   

Survey  £65 10    £650   

Administration  £841 1    £841 10% unit price totals 

Total  £28,316

 

Per Site Costs (Lock) 

  
Unit 
Price  Qty  units  Total  Assumption 

Site Drawing  £25 30 hrs  £750 location  

Wi FI fixings & cable  £75 2    £150 fixed on traffic signals 

WiFi AP and Antenna  £1,000 2    £2,000 both directions 

Detector column, fixings and cable  £200 6    £1,200   

Detector  £6,000 6    £36,000 inc housing 

Installation ‐ Detector  £50 40 hrs  £2,000   

Installation ‐WiFi  £40 15 hrs  £600   

Testing & Commissioning  £50 60 hrs  £3,000   

Other Materials  £100 1    £100   

Control Unit / PLC adapter  £250 1    £250   

Industrial PC & housing  £2,500 1    £2,500   

Modifications to control panel  £50 7.5 hrs  £375   

Signage  £500 2    £1,000   

Survey  £65 10    £650   

Administration  £1,091 1    £1,091 10% unit price totals 

Total  £51,666

 



 

 

Development costs 

   Cost  Assumption 

Specification  £22,500   

User Manuals / Guides  £15,000   

Drawings  £7,500   

iOS s/w  £35,000   

Android s/w  £35,000   

Windows 8 s/w  £35,000   

control panel s/w  £1,000   

server h/w and os s/w licence  £0 s/w will reside on existing servers 

Server s/w  £10,000 will use existing database 

CRT website changes  £1,200   

Pilot Trial costs  £10,000 additional to basic swing bridge / lock costs 

Total  £172,200 

Excludes procurement costs 

 

Maintenance costs 

  
Unit 
price  Qty  Cost  Assumption 

Spares holding  126000  1 £126,000 10%   

registration of apps  £250  1 £250      

iOS s/w (2 /yr)  6125  50 £306,250 17.5% original dev  

Android s/w (2/yr)  1225  50 £61,250 3.5%
original dev; x platform support 
factor 0.2; limited testing 

Windows 8 s/w (2/yr)  1225  50 £61,250 3.5%
original dev; x platform support 
factor 0.2; limited testing 

control panel s/w  100  25 £2,500 10.0% original dev  

o/s hotfixes & h/w etc  225  0 £0 15.0%
original dev ; inc antivirus – use 
of existing server therefore £0 

server s/w  1500  25 £37,500 15.0% original dev  

CRT website  240  25 £6,000 20.0%   

Hardware repairs  1000  75 £75,000      

Structural Repairs  1000  25 £25,000   

Some sites may require 
additional due to salty 
environment 

Total  £701,000

Excludes insurance and electricity 
  



 

 

Appendix K – Location of PoC Equipment (draft NTS) 
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1 EXECUTIVE SUMMARY 
This document captures the testing for the Proof-of-Concept (PoC) of using scanning technology to initiate 

the operation of locks and swing bridges remotely based on the detection of objects in various zones 

around the structures. The tests were carried out at Sandfield Bridge, Gloucester & Sharpness canal and 

at Old Ford lock, River Lee navigation. 

The scanners used for the PoC are laser-based. These units are two SICK scanners supplied by Smart 

CCTV and an Optex Redscan scanner supplied TEWPlus. At each site the scanners were set up to 

monitor two zones and two stages of testing were carried out. At the Lock these two zones were the lock 

chamber and in front of the gates, and for the bridge these were under the bridge and on the deck. The 

first stage testing consisted of a series of tests to determine the scanners ability to detect objects of 

various sizes, their mounting requirements, range and quantity of scanners required and time to detect. 

The second stage was to provide data in real world settings to determine the scanners performance. The 

testing was undertaken during the months of September, October and November 2013.  

The results of the testing lead to a number of findings and associated recommendations to minimise false 

alarms and improve accuracy of object detection. Providing the recommendations are followed and subject 

to a satisfactory Pilot Trial the laser technology will be suitable for the detection of objects in the zones 

required at sufficient accuracy. The PoC Trial data was in itself insufficient to recommend full 

implementation without a further Pilot Trial with revised scanner positions and configurations  

2 SUMMARY FINDINGS 

2.1 Sandfield Bridge Summary Findings 

The suppliers did not attend the Stage 1 testing and as such were not always available to make the 

required adjustments. 

Zone A 

Zone A covers the roadway on top of the bridge. 

The combination of all three scanners detected people and vehicles crossing the bridge at greater than 

99.9% of all objects based on a days detailed analysis – one car failed to trigger out of over 1000 objects 

in a day crossing the bridge. The detailed analysis matching system triggers with simultaneous video 

recording showed that the one vehicle that was not detected was crossing the bridge on its own, and that 

this was on a bright sunny day with heavy sunlight reflection. 

During the initial PoC test stage 1 one of the SICK scanners was permanently alarmed during the day and 

also triggered more than 25 times over night. The supplier Smart CCTV came out and adjusted this on the 

last day (Friday). The Smart CCTV engineer found that the target area on the Road Bridge (Zone A) 

contained a notch and so he adjusted the scanner to redefine the coverage area as well as adjusting the 

position of the scanner on the pole. This stopped the permanent alarm condition and tests were conducted 

with this scanner. However over the second stage testing, false alarms were high amongst all scanners. 

The total number of combined false triggers when no object was present was greater than 82% (858 in 

1036 objects) 

The bridge was found to have dead coverage areas. We believe this is due to angle of the scanners and 

that they scan in only 2 dimensions. The mannequin was found to be detected in some areas but not all 

especially nearer to the scanners. Cars, adults, cyclists were accurately detected by each scanner as they 

crossed the bridge. In some cases, such as two vehicles closely following each other the following vehicle 

was not reliably triggered. Our small test boxes (610mm in height) were not detected. There was also a 
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dead zone directly in front of the scanners of between 1 and 2m. We found that the exact area of these 

zones moved over the period of testing such that objects at a position on the periphery of the zone might 

alarm one day and not on another day. This may be due to weather conditions, as on the Friday of the 

stage 1 testing (overcast with some rain) the results were different from Thursday (bright and sunny).   

The exact causes of the false alarms were not established but areas to consider include the orientation of 

objects, sunlight, swaying scanner poles, movement of scanner, objects close to bridge railings, dirt / 

objects on scanner window. We also found that water spray caused the system to alarm.  

The results show that the approach of looking into the zone from above was problematic and coupled with 

the limitations of the scanners gave an unacceptable level of false alarms and undetected objects. We 

recommend repeating the trial with two sensors positioned at the middle of the bridge, one either side at 

differing heights to ensure objects at a range of heights are accurately detected. 

Zone B 

Zone B covers the waterway under the bridge. The Redscan waterside scanner mounted to monitor zone 

B accurately detected large boats. There was however issues with glare from the water and material 

reflectivity that caused some smaller objects not to be detected reliably, particularly in bright and sunny 

conditions. 

During stage 1 testing it was found that some waterfowl (e.g. swans) appeared and disappeared within the 

alarm zone (i.e. toggled between detected and not detected).  

The results suggested that Redscan scanner was probably not mounted level. Objects that were not as tall 

as the scanner height triggered the device. This was further emphasised with the stage 2 testing results 

where comparison of total objects detected in specific parts of the zone (sub zones) suggested the 

scanner was not level. The supplier was asked to adjust their scanners but did not verbally stating that it 

would require to be done from a boat in the canal to ensure the outer reaches of the laser beam were the 

same height above the water. 

Groups of objects such as swans individually smaller than the threshold size, but together larger tended to 

trigger the Redscan scanner. Saturation of the signal may also have contributed to the variability of 

triggering by such objects. Consideration should be given to calibrating the scanner to minimise the effects 

of signal saturation and surface texture of feathers in relation to reflections (e.g. white adult swans as 

opposed to grey juveniles). 

There was a high level of false alarms notably in some subzones on the night of the 14th / 15th September, 

a night of storms, high wind and rain. There were a number of possible contributing factors why the storm 

would have influenced the false alarms including movement of scanner caused by wind, higher waves, 

scanner not level, calibration of the scanner, object size setting, close groupings of birds, birds perching on 

the scanner, and dirt or otherwise masking of the scanner window. These factors need to be taken into 

consideration when mounting and calibrating the scanner. 

The water level changed considerably even over a two day period equating to 24% of the 1m object 

height. Since the scanner should be at a parallel plane to the water, the height of the scanner from the 

water determines the minimum object height detected. Therefore any change in water level will change the 

height of objects that are detected. So consideration should be given to referencing to the underside of the 

bridge. 

2.2 Old Ford Lock Summary Findings 

The suppliers did not attend the Stage 1 testing and as such were not always available to make the 

required adjustments. 
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Zone 1 

Zone 1 monitored the length of the lock chamber. The SICK scanner reliably covered the entire length of 

the lock and was able to detect objects at the water level it was adjusted for. Large boats including barges 

and cruisers were reliably detected in this zone. 

The Redscan scanner with adaptive software reliably detected large boats while they were moving in the 

zone. However, the adaptive software caused objects to not be detected after becoming stationary as the 

software reacted.  

The Redscan scanner detected the object size 1m x 1m x 2.5m at orientations that presented a large area 

to the scanner. It did not in all cases alarm when a smaller area was presented. This would be as expected 

at the setting of 2m. This is shown in a similar example below: 

 

As expected the orientation and distance of objects from the scanner can cause larger objects not to 

trigger when far away or presenting as a small aspect The Redscan scanner did not reach the full length of 

the lock. The Redscan scanner was also not able to differentiate two objects close together and required 

cleaning to avoid masking. Both scanners moved in high winds, altering their reliability of detection of 

objects. More permanent purpose designed fixings might mitigate this movement. 

Zone 2 

Zone 2 covered the immediate area in front of the lock gates. The SICK scanner was able to detect objects 

at the water level it was set for and objects as large as boats were reliably detected. The SICK Scanner 

moved in high winds due to its raised mounting position on scaffolding. 

The Redscan Scanner with adaptive software was able to detect boats reliably but failed to alarm on test 

objects on occasions when debris / pond weed was also moved into the zone. This would likely have a 

similar effect if a boat was moved into the zone in a similar manner.   

Simulated small objects placed directly on the RedScan window did not alarm, but did cause “tamper” 

alarm after 5 mins (configurable). 
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3 INTRODUCTION 

3.1 Purpose and Scope 

3.1.1 This report describes the Proof of Concept (PoC) trial of laser scanners to be used as part of the 

technology to control the operation of powered swing bridges and locks.  

The PoC covers: 

 reliability of detection – to allow Canal & River Trust (CRT) to assess the level of reliability of 

detection (on the basis that non-detection would not, in itself, lead to a hazardous situation) 

 nuisance alarm rate –  to allow CRT to assess the likely burden on remote CRT staff responding to 

faults in system operation 

The PoC does not cover: 

 operation process – the process will be operated by the Programmable logic controller PLC.  
The PLCs ability to operate the automated operation process is not in doubt.   

 process timings – the process timings would be developed in the initial (pilot) installation. 

 software that automatically changes the profile of the scanner’s configuration to an alternative pre-

defined setting  

Supplementary testing however did look at aspects of adaptive software provided by Optex for use in the 

lock environment (both zones). 

The PoC testing comprised two stages.  

Stage 1 consisted of running a series of controlled tests including known object sizes and profiles, with 

known textures and surfaces as well as environmental conditions (i.e. water spray). The alarms states 

were recorded for each test. Data was recorded to provide evidence of performance in the following areas: 

 Ability to reliably detect target objects of various sizes larger than a target size 

 Ability to reject objects smaller than target size 

 Mounting requirements (height / position / stability) 

 The range (distance) of detection, and so the quantity of devices needed at different sites 

 Time to detect (e.g. should scanners be permanently energised or only when required) 

Stage 2 consisted of three weeks of real world testing, with the bridge or lock in normal operation, 

monitoring the alarms of the laser scanners and relating them to CCTV footage and SCADA data. Results 

were  

 Success rate for detecting target objects of various sizes. 

 Success rate for not detecting objects smaller than target size. 

 Rate for raising nuisance alarms 

 Environmental suitability (e.g. reflected sunlight, dew, rain, etc.) 
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The table below shows the dates during which the testing took place. 

 

Site and Stage From To 

Sandfield Bridge Stage 1 2/9/13 6/9/13 

Sandfield Bridge Stage 2 9/9/13 27/9/13 

Old Ford Lock Stage 1 7/10/13 11/10/13 

Old Ford Lock Stage 2 14/10/13 1/11/13 

Old Ford Lock Supplementary 7/11/13 7/11/13 

 

The positions of the scanners are as per the PoC Technical Requirements document and illustrated below: 

 

                SICK LMS111 scanner covering bridge Zone A from upstream mounting position 
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SICK LMS511 scanner and Redscan covering bridge Zone A from downstream mounting position 

(Only one coverage shown) 

 

Redscan scanner covering bridge Zone B 
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SICK LMS511 scanner covering part of lock Zone 1 

(Also supplementary testing position of Redscan) 

 

SICK LMS111 scanner covering lock Zone 2 
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Redscan scanners at downstream gate 
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3.2 Related documents 

Details of the Technical Requirements for the PoC are contained in:  Proof of Concept (PoC) Technical 

Requirements 11th July 2013 0008-UA005767-UT21R. 
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4 BRIDGE STAGE 1 TESTS & RESULTS 

4.1 Bridge – Zone A Methodology 

Two Zones are to be tested, Zone A and Zone B. 

Outline Test Methodology for Zone A:  Various known sized objects were placed on the bridge including 

vehicles and dummy people to assess reliability and accuracy of detection. Repeat the test many times 

with different sized objects in different positions to assess the reliability of detection across the whole zone 

area...  Attempt to confuse the scanners with multiple / moving objects to assess the reliability of detection.  

Determine scanner’s reaction to obscuration due to objects between the scanner and the zone. During all 

testing monitor and record the zone with a CCTV camera to provide cross reference for the analysis. 

 

Figure 1-1:  Detection in Zone A using SICK laser measurement scanners 

 
A Redscan scanner was installed to gather additional data in Zone A which was attached to one of the 

poles overlooking Zone A (right hand pole facing East to the bridge, hut side of canal). This is the lower of 

the two, a silver coloured scanner as seen in the photographs below.  
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The pictures above show the positions of two of the scanners covering Zone A. At the top of the pole is a 

CCTV camera. Below that is the SICK LMS511 scanner referred to as SICK 2 scanner below that the 

Redscan scanner. The other SICK scanner, LMS111 referred to as SICK 1 mounted on the left pole is 

shown below: 
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The positions of the scanners are shown in the diagram in Appendix D 

The objects used to test the scanners included various boxes as defined in the Technical Requirements 

document as well as vehicles, a dummy child (mannequin) and passing wildlife. These are shown below: 

Images of typical test objects 
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Other objects such as general passing public on foot and on bikes were noted to see the effect on the 

scanners monitors. 

Passing swans were also observed to see the effect on the scanners. Mute Swans are the largest birds 

likely to be encountered typically in the environment specified.  Adults of this swan typically range from 140 

to 160 cm (55 to 63 in) long, although can range in extreme cases from 125 to 170 cm (49 to 67 in), with a 

200 to 240 cm (79 to 94 in) wingspan 1. The wintering Whooper Swan can be larger but distribution is 

confined to the north. So this represents a worse case large sized natural wildlife object that the scanners 

need to, ideally, ignore. 

The mannequin is based on a 9 year old child. The 5 percentile for a 9 year old girl is 123cm in height. The 

test mannequin is 130cm (on stand) in height equivalent to approx. 25 percentile. 

The following setup was required for the PoC Tests: 

 Ensure all testers have appropriate PPE (e.g. life jackets), 

 Infrastructure: posts (approximately 3m high) were installed at the corners of the bridge, 

just outside the bridge barrier gates onto which the scanners were mounted, 

 Monitor equipment for both scanner types was set up and tested, 

 CCTV camera and recording equipment with hard drives was set up and tested, 

 Connectivity of scanners to the CRT’s PLC SCADA system was set up and tested, 

Configuration was done by the scanner suppliers for monitoring and detection in Zone A. 

The scanners were set up to be always-on to scan for an object. For each test event a record of the time of 

that a detection was requested, the size and position of the objects in the detection zone and the results 

presented by each scanner were recorded. A record of local events that may have affected operation of 

the devices (e.g. weather, wet road surface) was also noted. 

 

                                                      

1 Reference from http://en.wikipedia.org/wiki/Mute_swan 
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Results Captured 

The aim of the testing is to determine the accuracy of the scanners to detect objects on the bridge and 

therefore the coverage. Objects were placed at defined points on the Bridge on a grid as shown below: 

 

The X and Y positions on the bridge together with the orientation of the object (flat facing and angled) is 

recorded. Results are observed on the scanners monitors (an example shown below) and the output of the 

scanners is also captured on the CRT’s PLC for subsequent analysis.  

We found that it was necessary to have two people to undertake the stationary tests; one to place and 

remove objects on the bridge or water while the other person monitored the two scanners monitors. 
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4.1.1 Zone A Redscan Scanner Zone 

Below is a typical screen shot of the Redscan software showing Zone A in amber  

 

4.1.2 Zone A Scanner Detection 

Below is a typical snap shot of one of the SICK scanner monitor. The rectangular area is the bridge (Zone 

A) and is normally yellow when not in triggered state. When an object is detected and triggers the alarm 

the rectangular area turns green. This was used as a guide to determine if the scanners detected and 

triggered the alarm in the presence of an object. 
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Typical snap shot of the Redscan scanner monitor 
 

 
 
 
The black rectangular area represents the bridge (Zone A).  Small blue circles appear on the screen when 
an object is detected. The scanners are adjusted so that only certain size objects within the required area 
not only are detected but also trigger the alarm. When the scanner is triggered the circles change from 
blue to red. 
 
This was used as a guide to determine if the Redscan scanner detected and triggered the alarm in the 
presence of an object   
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4.2 Bridge – Zone A Test Results (Sunny & Dry) 

Sandfield Bridge – Dates: 2nd, 4th and 5th September 2013 

As the road and boating traffic were higher than first expected we were not able to measure exactly all the 

positions but rather we used the bridge railing pillars as reference points. Where measurements were 

taken these are included in the results tables below. 

Test Objects Test Comments / Results 

         

Pass/ 

Fail2 

Vehicles (car) 

A car was driven onto 

the bridge, stopped and 

then continued. 

Both scanners triggered 

PASS 

People 
People walked across 

the bridge 
Both scanners triggered 

PASS 

People 

People positioned 

stationary in various 

positions on bridge  

Dead area immediately in front 

of scanners (<2m) and some 

dead areas on bridge (detailed 

investigation via mannequin – 

see below) 

FAIL 

Box: 610mm(h) x 457mm x 

457mm 

 

Placed object at 1/3 

distance, ½ distance 

and ¾ distance from 

bridge barrier in the 

middle of the bridge. 

Redscan or SICK scanners did 

not detect the objects based 

on width. This was too low in 

height to be detected. 

FAIL 

Geese 

 

Observed as geese 

walk across the bridge. 

Trigger the Redscan and SICK 

scanners. 

Geese lower than 610mm 

height box which did not 

trigger.  

PASS 

9 yr old child mannequin. 

(130cm in height) 
Placed at various 

positions on bridge to 

test Redscan scanner 

as an initial test. 

Redscan scanner failed to 

detect object in the 0m to 

13.7m area in the middle of 

the bridge. Beyond 13.7m the 

Redscan did detect the object. 

FAIL 

                                                      

2  This is a fail or pass based on being able to detect and trigger in the whole Zone. 
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Placed at specific 

positions on the bridge 

to test the SICK 

scanner. 

The left SICK was in a 

permanent trigger state so 

could not be tested. The right 

SICK scanner failed to detect 

the whole Zone A coverage 

area. See the following 

diagram below of captured 

results. 

FAIL 
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4.2.1 Mannequin In Zone A – Dry & Sunny (SICK scanner) 

 

Mannequin Test Results (key:  tick=pass, x =fail) 

 

post  post 

12  x    12  Conditions 

11  x    11  Right side SICK Scanner 

10  x    10  Dry & Sunny 

9  x    9  Test Object: Mannequin 130cm high. 

8  x   x  8  Date: 5.9.13 

7  x  x  x  7 

6  x  x  x  6 

5   x  x  5 

4   x  x  4 

3   3 

2   2 

1   1 

Bridge Control Hut 
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4.3 Bridge – Zone A Test Results (Overcast with 
Occasional Rain) 

 

Test Objects Test Comments / Results 

          

Pass/ 

Fail3 

Box: 610mm(h) x 457mm x 

457mm 

Placed object at 1/3 

distance, ½ distance and ¾ 

distance from barrier. 

Redscan or SICK 

scanners did not detect 

the objects. 

FAIL 

(profile 

larger than 

child) 

9 yr old child mannequin. (130cm 

in height) 

.  

Overcast day. Not raining 

at the time but water spay 

was used to confuse the 

scanners. 

Dummy placed on 

detection/ trigger borders 

on the bridge. (Post 8 on 

bridge is a border line 

trigger point). 

Not complete coverage. 

When water spayed 

when dummy is at post 

8, the Redscan was 

triggered. 

With dummy removed, 

water spray triggered 

Redscan and SICK 

scanners. 

See the following 

diagrams below of 

captured results. 

 

FAIL 

                                                      

3  This is a fail or pass based on being able to detect and trigger in the whole Zone. 
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4.3.1 Mannequin In Zone A – Overcast with Occasional Rain (Redscan scanner) 

Mannequin Test Results: Test results of placing the mannequin at various points on the bridge 
 

post  post 

12  x    12  Conditions 

11  x    11  Redscan Scanner 

10  x    10  Overcast, some rain, Simulated rain. 

9  x    9  Test Object: Mannequin 130cm high. 

8  x    8  Date: 6.9.13 

7  x  x   7 

6   x  x  6  Visible, not triggered.  

5   x  x  5 
But triggered with spray in front of 
scanner. 

4   x  x  4 

3      3  Spray triggered without test object. 

2      2 

1         1 

Bridge Control Hut 

        

 
 

4.3.2 Mannequin In Zone A – Overcast with Occasional Rain (Right SICK scanner) 

Mannequin Test Results 
 

post  post 

12  x    12  Conditions 

11  x    11  Right SICK Scanner 

10  x    10  Overcast, some rain. Simulated rain with spray. 

9  x    9  Test Object: Mannequin 130cm high. 

8  x    8  Date: 6.9.13 

7  x  x   7 

6   x  x  6  Visible, not triggered.  

5   x  x  5  Triggered with spray in front of scanner. 

4   x  x  4  Spray triggered without test object. 

3   3 

2   2  Changed compared to in a sunny day 

1   1 

Bridge Control Hut 
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4.3.3 Mannequin In Zone A – Overcast with Occasional Rain (Left SICK scanner) 

Mannequin Test Results 
 

post  post 

12  x    12  Conditions 

11  x    11  Left SICK Scanner 

10  x    10  Overcast, some rain. Simulated rain with spray. 

9  x    9  Test Object: Mannequin 130cm high. 

8  x    8  Date: 6.9.13 

7  x  x   7 

6  x  x   6  Visible, not triggered.  

5   x   5  Triggered with spray in front of scanner. 

4   x   4  Spray triggered without test object. 

3   3 

2   2   or  x  Changed compared to in a sunny day 

1   1 

Bridge Control Hut 
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4.4 Bridge – Zone B Methodology 

4.4.1 Outline Test Methodology for Zone B:  Move target (boat or a smaller “nuisance object”) into detection 

zone at different distances from the scanner. Repeat at different target speeds and sizes (including both 

boat and “nuisance object” sizes).  Request detection with the target stationary in different locations. 

                         Figure 1-2:  Detection in Zone B using Redscan laser scanner 

 

 

4.4.2 One Redscan scanner was mounted just above the water level a shown below: 

 

Redscan Scanner in Zone B 

                                  

: 
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4.4.3 Zone B Redscan Scanner Zone 

Below is the defined area for the Redscan scanner: 

The detection area was split into four segments or sub zones labelled as B2, B1, A1 A2 as shown in the 

diagram below: 

 

 

B2 is the Gloucester side of the canal and A2 is in the Sharpness direction. 

 

Tests for Zone B:  Objects were lowered over the bridge railings at various heights in front of the Rescan 

scanner. The CRT boat was used to pull the various objects such as boxes and balloons of two different 

sizes. An initial object was used as pre-test then more detailed tests were done. 
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Test objects such as boxes and balls were used in Zone B as shown in the following images: 
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4.5 Bridge – Zone B Test Results (Sunny & Dry) 

Sandfield Bridge – Dates: 2nd, 4th and 5th September 2013. 

Test Details 

Test Objects Test Comments / Results 
Pass/ 

Fail 

Over the bridge test 

with a small and large 

balloon. 0.6m and 

0.2m in diameters 

Balloons dropped 

individually over 

the middle of the 

bridge to water 

level and raised 

slowly noting 

scanner alarm 

trigger point / 

cross section 

profile. This was 

an initial test prior 

to further tests. 

Redscan scanner was triggered when object 

was at certain heights based on scanner 

settings. 

PASS 

Small bucket: 

170mm diameter x 

180mm high. 

Date: 5.9.13 

Time: 14:15hrs 

Placed object over 

the bridge at four 

distances from 

barrier looking at 

cross section 

profile. 

Redscan scanner detected top of object at: 

2.43m from barrier (east) = 520mm 

Middle of bridge = 540mm 

0.9m from barrier (hut side) = 800mm 

0.3m from barrier (hut side) = 640mm 

Top of object not detected at same height. 

Redscan scanner may not be horizontal. 

PASS 

Large box (610mm x 

457mm x 457mm) 

Placed object over 

the bridge at 1/3 

distance, middle 

and ¾ distance 

from barrier. 

1/3 distance from barrier (hut side): Trigger at 

430mm and stopped at 1.1m 

½ distance on bridge: Trigger at 330mm and 

stopped at 960mm. 

1/3 distance from eat side barrier: 330mm and 

stopped at 780mm. 

Top of object not detected at same height. 

Redscan scanner may be slightly angled.  

PASS 
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Test Objects Test Comments / Results Pass/ Fail 

Swan Random wildlife. 

Redscan triggered. 

As swan can be large, this is most likely 

the reason why the Redscan scanner was 

triggered. 

The size of a swan flying will likely trigger 

the scanner as it is larger than the 1m x 

1m x 2.5m scanner object size. 

PASS/FAIL(whilst 

the swan was 

likely to be larger 

than the object 

size a swan 

causing a trigger 

would not be 

ideal) 

Boat pulling large 

balloon (1m 

diameter) 

An initial test to 

see if scanner 

detects balloon 

in middle of 

canal. 

Balloon did trigger the scanner. PASS 
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4.6 Bridge – Zone B Test Results (Raining) 

More detailed tests were done with the CRT boat pulling various objects. A number of passes were made 

so that the object could appear on the left, middle and then right side of the canal. 

The results are captured in the following table. 

Test Objects Test Comments / Results 
Pass/ 

Fail 

6.9.13, 09:54 hrs. 

A large balloon (1m 

diameter) 

Pull balloon in the 

middle of the 

canal in 

Sharpness 

direction. 

The object was not detected until it was almost 

parallel with the CRT hut. So it was not 

detected immediately under the bridge. 

FAIL 

6.9.13, 10:10hrs. 

A large balloon (1m 

diameter). 

Pull balloon in hut 

side of canal 

close to bank in 

Sharpness 

direction. 

Object was detected just passed the scanner. It 

triggered the alarm (circle went red) then 

became blue then red again and stayed red 

until it went out of range. 

PASS 

6.9.13, 10:37hrs. 

A large box made up 

of smaller boxes that 

became distorted in 

the water (initial 

>1.2m profile). 

Pull box in the 

middle of the 

canal in 

Gloucester 

direction. 

Object was detected (blue circle) and changed 

to red circle shortly afterwards and stayed 

mainly triggered (red) with occasional changed 

to blue state until under and past the bridge. 

PASS 

6.9.13, 10:46hrs. 

Repeat of A large box 

made up of smaller 

boxes that became 

distorted in the water 

(initial > 1.2m 

profile). 

Pull box in the 

middle of the 

canal in 

Sharpness 

direction. 

Object only became detected about halfway 

way (opposite the CRT hut) and until out of 

range. This is in areas A1 and A2. The scanner 

never triggered i.e. we never saw a red circle. 

FAIL 

6.9.13, 12:19hrs. 

A larger balloon 

(1.2m diameter). 

Pull balloon in the 

middle of the 

canal in 

Gloucester 

direction. 

Object was detected and triggered (red circle) 

and stayed triggered until it reached the bridge. 

Triggered in A2, A1 and B1 then disappeared. 

PASS 
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6.9.13, 12:26hrs. 

A larger balloon 

(1.2m diameter). 

Pull balloon in the 

hut side of canal 

in Sharpness 

direction. 

Object was detected (blue circle) in B1 just 

passed the bridge, then vanished then 

detected. Became triggered (red circle) 

opposite scanner before entering into A1 

segment. Stayed triggered until out of range 

passed A2. 

Note: the sun reflection form water surface was 

strong 

FAIL 

6.9.13, 12:36hrs. 

A larger balloon 

(1.2m diameter). 

Pull balloon in the 

middle of the 

canal in 

Gloucester 

direction. 

Object appear and was detected and triggered 

(red circle) in A2 up to the bridge where it then 

disappeared. Stayed invisible under the bridge 

until passed B2 segment. 

Note: overcast, not strong sun and no rain. 

FAIL 

6.9.13, 12:44hrs 

A larger balloon 

(1.2m diameter). 

Repeat: Pull 

balloon in the hut 

side of canal in 

Sharpness 

direction. 

Object was invisible until just passed the bridge 

(B1) where it became triggered (red circle) and 

stayed triggered until out of range (in A2). 

FAIL 

 

Example of the Redscan monitor 
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The larger red circle is the edge of the CRT boat and creates a shadow in A1 and A2. The second smaller 

blue circle to the right in A1 shows that the balloon was detected but not triggered.  
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5 BRIDGE STAGE 2 - ANALYSIS & RESULTS 

5.1 Bridge – Zone A & B Methodology 

The scanners were left running together with the CCTV. The data from the Scanners was sent to the 

CRT’s SCADA PLC system. The data was analysed by noting objects that came into the Zones on the 

CCTV footage that triggered the alarms at certain times of the day.  

The results were reviewed weekly to help decide whether to adjust equipment configurations or position. If 

required the suppliers were contacted to adjust the scanners but did not always do so. 

 

Discussion with the Scanner suppliers to understand our findings were done as well as requesting 

changes to the configuration for the subsequent week of data capture and analysis. 

The captured data that showed scanner triggers and traffic were analysed. The alarms recorded are 

transitions to the alarm state. Due to multiple objects moving across the bridge, different combinations of 

objects at any one time, and the high number of scanner false alarms, a summary view of the data is 

provided. More detailed results are in Appendix E. 

 

5.2 Bridge – Zone A & B Test Results 

The CCTV and SCADA PLC times were found to be out of synchronisation by approx. 3.27 minutes. A 

correction factor was put in to allow for this as well as the 1 hr BST shift.  

During the weekend commencing Saturday 21st September the PC crashed resulting in a loss of CCTV 

footage from midday on Saturday until the 24th when the supplier Smart CCTV rebooted the PC. 

Heavy wind increased the false alarms on the 14th & 15th (particularly during the night 14th to 15th). This 

could be for a number of reasons, including high waves and wind moving the scanner 

Zone A 

Vehicles and people crossing the bridge were reliably detected (>95%). However large false alarms were 

generated. 

For Zone A vehicles and people crossing the bridge were detected by at least one scanner. On detailed 

analysis however it was found that on one occasion a car was not picked up by any scanner and it was 

noted this was on a sunny day with light reflecting strongly from the car onto the CCTV video. It was 

observed that vehicles following closely one another sometimes caused the SICK scanners to toggle the 

alarm state on and off rather than remain continuous. There were also periods of time where individual 

scanners toggled false alarms when no objects were present. Possible causes for this included scanner 

movement and temporarily obscured scanner windows.  

On other occasions birds flying then landing and sitting on the Bridge railings triggered the scanner. Small 

animals such as wildfowl and cats also incorrectly triggered the scanners. 

The tables in Appendix E show figures of total alarm transitions for the period 7/9/13 to 26/9/13 as well as 

for the daylight hours (7am to 7pm). Appendix E also shows tables for the number of objects that passed 

over the bridge and should have been detected, detailed by type, for the 7th & 8th September between 7am 

and 7pm 
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Comparing the totals from the tables can give an indication of the reliability: 

   SICK1  SICK2  Redscan
Objects that should 
have been detected

07/09/2013  765  1024  1070 1036

08/09/2013  777  629  1096 1050

 

The tables show the transitions from not alarmed to alarmed state for the scanners. Thus a scanner that is 

permanently alarmed for a period of time will give a count of 1 even though it may be alarmed on several 

objects. A scanner with hysteresis on its transitions from states might not pick up for example an object 

entering the zone just after another object leaves the zone.  A scanner that alarms falsely will of course 

add to its total counts.   

It can be seen that the Sick 2 sensor was inconstant in its reporting over the two days (a change of 39% on 

its totals) and the Sick 1 sensor recorded consistently fewer alarms over both days (74% of total objects) 

than the other sensors. The Redscan was consistently over by 3 to 4% on the total objects. 

The following table shows the false alarms for the 7th September (7am to 7pm) where the sensor triggered 

with no object present. It also breaks it down for AM (7am to 1pm) and PM (1pm to 7pm). The total shows 

the number of cases where any one scanner triggered and no object was present and as in certain cases 

scanners triggered at the same time the total shown is not the individual sum of the scanner triggers. 

   Total  AM PM

nil (Total)  858  767 91

Redscan  353  263 90

Sick 1  2  1 1

Sick 2  548  547 1

 

This table clearly shows a difference between the morning and the afternoon and may well be down to a 

number of factors including the movement of the sun and thus glare on the detectors or movement of the 

pole. 

Breaking the totals down by hour gives: 

Time  Nil 

7.00‐8.00  243 

8.00‐9.00  321 

9.00‐10.00  127 

10.00‐11.00  44 

11.00‐12.00  22 

12.00‐13.00  10 

13.00‐14.00  35 

14.00‐15.00  10 

15.00‐16.00  25 

16.00‐17.00  16 
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17.00‐18.00  0 

18.00‐19.00  5 

 

The exact angle of the sun in relation to the scanners or reflecting objects was not determined but judging 

by the CCTV mounted on the same post as SICK 2 & Redscan scanners (which had no sun protection 

cowling) glare from the sun should be considered as the likely primary cause of the scanners triggering 

without any object being present. 

The following table shows where an object was present and an individual scanner failed to trigger (or was 

already triggered / false alarming): 

   Total  AM PM

Redscan No 
Alarms  53  23 30

Sick 1 No Alarms  105  46 59

Sick 2 No Alarms  101  29 72

 

In this case the scanners failed to trigger on objects more in the afternoon.  

Zone B 

Boats were reliably detected in Zone B. Large boats were detected in all sub zones, but canoeists were 

picked up only in sub zones A1 & A2. 

Looking at the total alarms for the sub zones and the approximate relative areas a bias was seen for the 

sub zones suggesting a tilt (B2 to A2 totals getting progressively larger) i.e the ratio of alarms to sub zone 

area increased progressively across the whole zone. However it should be stressed that on a daily basis 

this was not always the case. 

False alarms were noticed and were very high in strong winds (15/9/13), although not all sub zones had 

high figures. High waves were also noticed during the day. 

The tables in Appendix E give totals of Alarms per subzone per day and 12 hours between 7am and 7pm 

(daylight). They also show the count of objects for the period 7am to 7pm and the number of groups. For 

example a group of 4 barges on the 12/9/13 a figure of 1 is shown. The total shows the total number of 

objects including those within a group. 
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Taking the highest number from the 4 sub-groups and comparing with the total objects gives an indication 

of the number of true alarms as a percentage of total alarms. This method shows a wide variance on 

individual days but gives an indication that 60% of alarms are true and that 40% of alarms are false. 

Ensuring a level scanner at a set height would eliminate false alarms from waterfowl which was 26% of the 

objects detected and improve the accuracy by a similar amount.  Note this excludes the high level of false 

alarms due to strong winds occurring outside the 12 hours. 

Objects 
Detected 

Max 
Alarms  % 

07/09/2013  43  59  73 

08/09/2013  43  66  65 

09/09/2013  25  54  46 

10/09/2013  23  40  58 

11/09/2013  43  53  81 

12/09/2013  59  65  91 

13/09/2013  28  47  60 

14/09/2013  46  96  48 

15/09/2013  21  32  66 

16/09/2013  16  37  43 

17/09/2013  16  41  39 

18/09/2013  38  64  59 

19/09/2013  23  55  42 

20/09/2013  19  32  59 

Total  443  741  60 
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6 LOCK STAGE 1 TESTS & RESULTS 
Various test objects were built as shown below: These were used to test the scanners’ responses to 

objects above and below the sizes that should trigger the scanners 

 

 

 
 

 

6.1 Lock – Zone 1 Methodology 

 

Objects 

Objects were introduced into the Zone 1 (the Chamber) so as to determine if the SICK scanner detected 

and triggered an alarm. The objects were placed along the chamber wall at various heights with the 

chamber empty and full. The SICK scanner was mounted 3m from the canal maximum water level. Tests 
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were done to determine where objects triggered an alarm. A water spay was used to see the effect of 

simulated rain/ fog in front of the scanners. 

A CRT supplied boat was used in Zone 1 as another test object. The CRT boat dimensions were 12.8m in 

length, 1.63m high and 3m wide. The CRT boat has a plinth on the bow that protrudes by 1.8m. The CRT 

test boat is shown below: 

 

Lock Chamber Dimensions 

 

The Old Ford Lock chamber measures 29m in length x 5.65m width as shown below: 

 

CRT Boat Test 
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The boat was sent “uphill” to pass through the Lock and into the various scanners beams. With the boat in 

the Chamber, the boat was positioned near side, middle and then far side of the Chamber to determine if 

the SICK scanner was triggered. 

The CRT test boat was also positioned in the Chamber with the water level at full, about 4/5 full and then 

at a lower water levels until the scanner lost coverage to determine the boundary threshold. 

Small Boat 

After discussions with the CRT project manager on site, it was requested to test with a small boat.  The 

test boat was a small dingy (3m x 1.5m) lent to us by a local social workshop. This was used to float 

various test box objects at various heights. 
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6.2 Lock – Zone 2 Methodology 

Two types of scanner were installed for Zone 2. The SICK and TEWPlus Redscan as depicted below: 

 

 

Redscan Scanners 

The TEWPlus Supplied Redscan Scanners were mounted either side of the downstream lock gates as 

shown below: 
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The laser beams were aligned to point to the other side of the lock. Red paint marks provided a guide to 

where the beams were aimed at as shown below: 

 

SICK Scanners 

The SICK scanners were mounted on scaffolding at the upstream lock gates side as shown below: 

   

The laser beams were aligned to point to the other side of the lock. 

The SICK scanners are mounted for Zone 1 (Chamber) and Zone 2 (lock gate) tests. 
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6.3 Lock – Zone 1 Test Results 

SICK Scanner – Zone 1 (in Chamber) 

Test Objects Test Comments / Results 
Pass/ 

Fail 

Boxes: 610mm x 457mm x 457mm 

 

 

Boxes dropped in 

chamber: near and 

far sides and in the 

middle. 

Repeated with larger 

stacked box (>1m 

high). 

Weather: overcast. 

SICK scanner did not trigger. This is due 

to the scanner configuration set at 

triggering over 1m sized objects. 

Scanner adjusted to trigger on 50cm and 

the scanner was triggered along the 

length of the chamber at empty chamber 

level. Repeated at top of chamber level 

which triggered the scanner alarm. 

Scanner re-adjusted back to >1m object 

size. 

PASS 
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Test Objects Test Comments / Results 
Pass/ 

Fail 

Boat Test: 

 

Boat was sent into the 

middle of the chamber from 

downstream side. 

The boat was slowly pushed 

from the near side to the far 

side to detect the scan width 

to determine the coverage 

cut-off point. 

The SICK scanner was triggered while boat was 

in the chamber. 

The SICK scanner was triggered in the chamber. 

There was a no coverage area from the lock far 

side wall to the boat of 0.75m and 0.5m. 

PASS 

Spay test: 

 

Fine spray of water. 

(test not quantifiable – inc 

spray density, direction & 

pressure, water particle size) 

Water spayed in front of the SICK scanner (not 

on the scanner) to simulate fine rain and mist. 

Scanner did not detect or trigger. 

PASS 
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Test Objects Test Comments / Results 
Pass/ 

Fail 

Small boat with objects: 

 

Pulled the dingy along the far 

side canal wall with an object 

height over 1m as the 

scanner was set for > 1m 

objects. 

This was repeated in the 

middle and near side of the 

chamber. 

This was done with the 

chamber full, about half full 

and empty. 

The object was not always detected or triggered 

the scanner. This was the case for all water 

levels. It was detected more often on the far side 

with the water level low. 

We believe as the trigger was set to > 1m then 

the dingy length was being picked up at certain 

points in the chamber. 

FAIL 

  



National Remote Operation Task – PoC Test Results 
Hyder Consulting  Page 44
 

 

Test Objects Test Comments / Results 
Pass/ 

Fail 

Repeated with small boat: 

 

Scanner was adjusted to 

detect objects > 50cm. 

Pulled the dingy along the far 

side canal wall.  This was 

repeated in the middle and 

near side of the chamber. 

This was done with the 

chamber full, about half full 

and empty. 

The object was detected and triggered the 

scanner. This was the case for the water level 

when chamber was empty. The detection area 

was only on the far side of the chamber. 

We believe that as the scanner is angled into the 

Lock chamber focussed on the bottom edge of 

the water level when the chamber is empty, the 

object then breaks the beam and is triggered 

when the beam’s cross section is broken across 

the trigger size (50cm or > 1m as set). 

 

Duck Weed and Debris: 

 

Observations on the effect of 

debris on the canal water 

surface. 

 

On the Redscan snapshot below, a square 

indent can be seen (bottom right) showing that 

the debris appears to be detected as an object. 
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6.4 Lock – Zone 2 Test Results 

6.4.1 TEWPlus Redscan Scanners in Zone 2. 

Test Objects Test Comments / Results 
Pass/ 

Fail 

Balloon. 0.4m in diameter. 

 

Balloons dropped in front of 

chamber side Redscan 

scanner. 

Weather: 

sunny spells 

Redscan scanner did not detect the balloon as 

scanner was configured for objects greater than 

1m in width. 

PASS 
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Test Objects Test Comments / Results 
Pass/ 

Fail 

Box. 610mm (l) x 457mm (h) x 457mm (w) 

. 

Box floated in front of 

chamber side Redscan 

scanner. 

Redscan scanner did not detect the object as 

the scanner was configured for objects greater 

than 1m in width. 

PASS 
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Test Objects Test Comments / Results 
Pass/ 

Fail 

Stacked boxes: 

610(h) x 457 x 457 on top of box 457(h) x 610(w) x 457(l) 

 

Boxes floated in front of 

chamber side Redscan 

scanner and moved slowly 

from the far side to the near 

side. 

Redscan scanner did detect the object and 

triggered as scanner configured for objects 

greater than 1m in width. 

With the object close to the far side lock wall the 

scanner did not trigger. This it is understood to 

be due to the scanner zone being defined to 

start 1.5m from the far side lock wall. 

PASS 
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Test Objects Test Comments / Results 
Pass/ 

Fail 

Test box: 

610mm (l) x 457mm (h) x 457mm (w). 

 

Swung in front of Redscan 

scanner outside of chamber 

lock gates. 

A white and black box was 

used to determine if there 

was a difference with box 

colour changes especially in 

bright sun light. 

 

Weather: sunny. 

No difference detected. 

Boxes created a trigger from the water level to 

around half way up. Above half way the boxes 

were not detected. 

Not triggered within 1m from the far side lock 

wall as expected. 

Triggered half way down and to the water level 

in middle of lock. 

Detected and not triggered at water level on 

near side. Triggers at 320mm off water level on 

near side. 

Scanner alignment created a non-coverage zone 

above half way and nearside of lock. 

A triangular shape of laser curtain is the 

configuration causing a dead-area directly below 

the scanner on the near side, 

PASS 
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Test Objects Test Comments / Results 
Pass/ 

Fail 

Black and White Flat Cards: 

 

 

 

Dropped pure black and pure 

white cards in front of 

Redscan scanner outside of 

chamber lock gates in the 

middle of lock. 

Weather: sunny. 

Same result as box test. PASS 
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Test Objects Test Comments / Results 
Pass/ 

Fail 

Small box 

610(l) x 457 (h) x 457 (w) 

 

Box placed on the lock gates 

concrete plinth. This is to 

simulate a boat that has 

grounded on the lock gates 

plinth when the chamber is 

empty. 

Weather: Overcast. 

SICK scanner detected and triggered the object. PASS 

  



National Remote Operation Task – PoC Test Results 
Hyder Consulting Page 51
 

 

Test Objects Test Comments / Results 
Pass/ 

Fail 

CRT Boat. 

 

 

 

The boat was positioned 

near the upstream lock gates 

with the chamber water 

empty to simulate a boat 

getting stuck on the lock 

gates as warned by the 

notices. 

This was repeated with the 

chamber half full and full. 

 

The SICK scanner did trigger as the plinth of 

the boat crossed the laser beam at all water 

levels. 

 

Pass 
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Test Objects Test Comments / Results 
Pass/ 

Fail 

Spray Test: 

 

Water spayed in front of the 

Redscan scanner (not on the 

scanner) outside of the gates 

of the Chamber to simulate 

fine rain and mist. 

(test not quantifiable – inc 

spray density, direction & 

pressure, water particle size) 

 

Spray triggered the scanner. Fail 

Spray Test: 

 

Fine spray of water. 

Water spayed in front of the 

Redscan scanner (not on the 

scanner) inside of the gates 

to simulate fine rain and 

mist. 

Sun was out hence the small 

rainbow. 

(test not quantifiable – inc 

spray density, direction & 

pressure, water particle size) 

Scanner detected and triggered the scanner. 

 

FAIL 
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6.5 Lock – Close range tests 

TEWPlus originally believed that the Redscan scanner would alarm with objects against the window of the scanner. This test showed that this was not the case and that 

a separate “tamper” alarm was produced and no ordinary alarm was produced.  

The test employed wet compressed tissue paper of no more than 1cm across stuck to the window using water. 

 

  



National Remote Operation Task – PoC Test Results 
Hyder Consulting Page 54
 

 

7 LOCK STAGE 2 - ANALYSIS & RESULTS 

7.1 Lock – Zone A & B Methodology 

The scanners were left running together with the CCTV. The data from the scanners was sent to the CRT’s 

SCADA PLC system. The data was subsequently analysed by noting what objects came into the Zones on 

the CCTV footage that triggered the alarms at certain times of day. 

The results were reviewed to help decide whether to adjust equipment configurations or position.  

The captured scanner triggers and traffic data from the CCTV footage were analysed to assess accuracy 

of detection and triggering.  

7.2 Lock – Zone A & B Test Results 

Video Analysis for Old Ford Lock for period 10/10/13 to 7/11/13 (excluding 18th October when the Redscan 

scanner was repositioned) 

Small Barge Barge Large Barge Small Boat Boat 2 boats / barges Total Uses Total 

3 54 12 1 7 5 82 87 

 

All craft were detected at zone 2 and at the appropriate levels of zone 1 (low water) when the scanners 

were correctly positioned and fully operational. However during the period there were high levels of false 

alarms. These were predominantly caused by high winds moving and loosening the brackets securing all 

three scanners to the scaffold tower. 

It was observed that no canoes used the Lock during the testing period. 

Sensor Data from PLC for Old Ford Lock for period 10/10/13 to 7/11/13 (excluding 18th October when the 

Redscan scanner was repositioned) 

  Alarms 

Redscan Sensor 1 (in lock) Detection 258 

Redscan Sensor 1 (in lock) Detection B1 Full 117 

Redscan Sensor 1 (in lock) Detection B2 Empty 232 

Redscan Sensor 2 (Downstream) Detection 188 

Redscan Sensor 2 (Repositioned) Detection 8104 

Sick Sensor 1 4361 

Sick Sensor 2 1535 
 

Redscan Additional Data from PLC for period 10/10/13 to 7/11/13  

  

 

  

  
 Occurred on or after 18th October when scanner was repositioned. 

   Alarms

Redscan Sensor 1 (in lock) Fault  8435

Redscan Sensor 1 (in lock) Environmental  0

Redscan Sensor 2 (Downstream) Fault  112

Redscan Sensor 2 (Downstream) Environmental  147*
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 Supplementary Tests 

 
Additional tests were undertaken on 7th November to assess the Redscan scanner performance 

repositioned to Zone 1 of the lock chamber. The software used to operate the scanner was a development 

version intended to adapt to changes in the water level.  

 

  

 

 

 

 

 

 

 

 

 

 

 

The objects used for the test were two 1m x 1m x 2.5m polystyrene cuboids. Vine eyes were fitted to a top 

board and four lines provided two each for two people on opposite sides of the lock. This gave a degree of 

control over the positioning of the objects. The photo above shows the two test objects alongside the 

empty lock chamber wall.  

Testing was undertaken to check whether or not they caused the scanner to alarm at various positions in 

the lock including orientations to the scanner, and at different water levels. 

Both scanners were found to have moved significantly from their original mounting positions. This was 

likely to be due to high winds that occurred earlier in the week. The suppliers Smart CCTV of the SICK 

scanner were unable to get an engineer out in time so no tests were undertaken with it. TEWPLus 

configured their scanners for the object size 1m x 1m x 2.5m. 

On the day during the testing there was no rain. 

The nature of the adaptive software meant that once stationary an object did not alarm. Testing consisted 

of moving the object from a stationary non-alarmed condition until it triggered an alarm. Inherent in this 

method is the hysteresis in the overall system and this reflected in accuracy of the measurements. 

Generally measurements consisted of moving the object parallel to the lock chamber wall stopping when 

an alarm occurred, recording the position, and starting when the software had adapted and stopped 

alarming. 
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Test 1 Methodology and Results 
 

The lock chamber was allowed to empty and a single object moved along the far side (from the scanner) 

lock wall. The diagram below shows the position of the object at the point it alarmed. The green rectangle 

shows the first alarm point and for clarity other positions are marked with a cross (“x”) at the centre of the 

object. The S shows the scanner source and the red line an arbitrary point in time where the scanner hits 

an object. The maximum reach along the lock wall was 20m. The test was repeated keeping the object 

approximately 1m from the lock wall. The maximum reach achieved was 22.5m. Thus the scanner was not 

effective for the complete length of the lock zone. Other distances tested from the lock wall did not trigger 

an alarm. 

 
 

Test 2 Methodology and Results 
 

Test 1 was repeated, but at a water level of approximately 1 m from empty. The diagram below shows the 

position of the object at the point it alarmed. The green rectangle shows the first alarm point and for clarity 

other positions are marked with a cross (“x”) at the centre of the object. Other distances tested from the lock 

wall did not trigger an alarm. 

 
 
Test 3 Methodology and Results 
 

Test 2 was repeated at the 1m water level with the test object orientated at 90 degrees. The diagram 

below shows the position of the object at the point it alarmed. The green rectangle shows the first alarm 

point and for clarity other positions are marked with a cross (“x”) at the centre of the object. Other 

distances from the lock wall did not trigger an alarm. 
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Test 4 Methodology and Results 
 

Whilst the lock was empty the test object was rotated about its centre (i.e. changing its profile to the 

scanner) to ascertain at what angle from its initial 90 degree position it would trigger. This was found to be 

approximately 30 degrees. The diagram below shows the position of the object at the point it alarmed. The 

green rectangle shows the point an angle it alarmed at. 

 
 

Test 5 Methodology and Results 
 

Test 3 was repeated when the lock was full. The diagram shows the position of the object at the point it 

alarmed. The green rectangle shows the first alarm point and for clarity other positions are marked with a 

cross (“x”) at the centre of the object. Other distances from the lock wall did not trigger an alarm. 
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Test 6 Methodology and Results 
 

Two test objects were used to determine the separation distance between them that was required to see 

them as separate objects. This was tested at 90 degrees because of the settings of the scanner. The tests 

were conducted at both ends of the lock chamber.  It was found that at the end closest to the scanner a 

distance of 0.75m was required and this increased to 2m at the extend of the range of the scanner. The 

diagram shows the position of the objects at the point separation occurred at the closest and furthest 

points from the scanner. 

 
 
Test 7 Methodology and Results 
 

During the course of tests 1 to 6 the boat was monitored and was detected by the scanner as would be 

expected within the zones. Small areas were noted at the edge of the zone (to be expected) that did not 

produce an alarm. 

 
Test 8 Methodology and Results 
 

Test 8 was a repeat of the main tests (and listed here only) involving the scanner curtain in front of the lock 

gate incorporating the adaptive software. With the lock water level at full, floating weed was moved in front 

of the lock gates and the area of detection. The test object was then moved into the detection zone. The 

object did not cause an alarm (i.e. below object size) but was detected as an object. 

 
Summary of key results tests 1 to 6 
 

Testing was conducted with a single object size and thus it could not be determined whether a smaller 

object would or would not trigger an alarm. 

The scanner did not reach the entire length of the lock chamber. This was not unexpected as the scanner 

was at the extent of its range. 

The height and orientation of the object produced different profiles (sizes) to the scanner which was 

predicted to be the outcome. The settings of the scanner were incorrect to detect the object at all 

orientations.  

Objects close together were seen as a single object as was predicted, and was dependant on the position 

of the objects in relation to the angle of the laser. 
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8 MEASUREMENT RELIABILITY 
CCTV & PLC 

The measurement reliability of the system was sufficient for the purposes of the PoC. However some data 

was lost through unreliability of the equipment. The reliability of measurements was affected by a number 

of factors which should be considered for any future trials. 

The CCTV coverage provided good definition images. However the relatively low dynamic range meant 

sharply contrasting images were often difficult to see. This was compensated for by using multiple 

cameras. There was no provision for a fisheye lens which would have been particularly useful at the 

Sandfield waterside location. It would have also been beneficial to have the CCTV mounted at and with the 

same field of view as the scanners to enable an easy comparison. No CCTV was deployed close up to see 

whether dirt or insects were on the scanner. The CCTV, PC and Camera clocks were not synced at 

Sandfield and were typically out by up to 3 min 30 secs. In addition times drifted between the PC and 

CCTV clocks typically by about 30 seconds. There was no specific reference to the PLC data apart from 

using the raising of barriers and moving of the bridge. It was difficult to precisely determine the scanner 

detection zones in the video footage, although in the case of Old Ford Lock some markers were 

successfully deployed. The precise position and object size (e.g. waterfowl) was not possible with the 

video. The PLC data at Sandfield was limited in that it provided only alarms of objects within the zones 

whereas objects detected outside of the alarm zone or smaller than object size and tamper alarms (close 

field) were not recorded. Exclusions included night time data and no formal weather data. PLC data at Old 

Ford lock included Fault & Environmental for the RedScan scanners.  

Object Benefits & Reliability 

Real world objects provided real world data, but they were difficult to classify (e.g. size, shape, profile and 

texture) and difficult to measure (speed and position). Test objects were easier to classify (e.g. size, 

shape, profile and texture). Lighter objects were difficult to control in water and required a long line to avoid 

the boat masking them while being towed. 

Scanner Settings 

The suppliers calibrated their scanners to meet the requirements as set in the approved Technical 

Requirement specification. The scanner object size settings, as confirmed by the suppliers are as follows: 

Position Redscan SICK
Sandfield Zone A 35cm min (5m max) 30cm
Sandfield Zone B 50cm min (5m max) 30cm
Old Ford Lock Zone 1 2m 70cm then 15cm 
Old Ford Lock Zone 2 2m unconfirmed 60cm
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9 DISCUSSION & CONCLUSIONS 
We found that in general the laser scanners do detect and trigger the alarm when various objects are in 

particular areas. However, for this Proof-of-Concept (PoC) Application for Swing Bridges and Canal Locks 

it was found that there are dead areas where the scanners cannot detect objects. Furthermore, random 

appearances of objects like birds landing on the bridge rails for example and swans are also detected and 

often trigger the scanners alarm thresholds. Other environmental factors such as simulated rain falsely 

trigger the scanners and can mask real objects. Strong sunlight too under certain conditions appeared to 

have an effect on the scanners. 

How the Scanners Work and Dead Areas in the Zones 
 

The technology principles deployed in the laser scanners is based on a rotating beam of light in the near 

infra-red light electromagnetic spectrum. An infra-red pulse is transmitted and reflected back from an 

object. The distance from the scanner can be calculated based on the time it takes for the beam to travel. 

As the beam rotates each pulse helps to produce an overall image of objects in the scan. Since the 

distance from the scanner and the number of consecutive pulses are know the size of an object can be 

determined. At least two consecutive reflections will be required to determine an object size.  

An angular resolution (or tolerance) is based on the frequency that the beam rotates and the number of 

pulses per second. A static object close to the scanner will produce more reflections than the same object 

at a greater distance away from the scanner. An object 20m from a scanner with an angular frequency of 1 

degree will produce a tolerance of 35cm.  

The selected scanners use a rotating laser beam which is orientated along one plane only producing a 

slice. Using three scanners will produce three planes and the biggest tolerance (source of inaccuracy) is 

the separation of these slices. If the slices are at different angles to each other this will produce a varying 

distance between the slices, and as a result produce dead areas. This is why we believe that the 

mannequin cannot be seen at all places on the Swing Bridge and that smaller objects can be detected 

more readily in certain areas on the bridge.    

In the case of a non-level scanner as was suspected at the waterside of the bridge the laser slice will cut 

through some objects at only in certain areas in the zones. For example a scanner that is level and 1m 

above the water should not detect an object that is 90cm high. However if this laser is tilted such that one 

side of the slice is 50 cm above the water and the other side  is 1.5m above the water the laser will detect 

the  90cm object as it hits it at 50cm height. 

Dependant on the object size setting of the scanner objects close together may be seen as one object. 

This was demonstrated during the controlled testing and was seen during the stage 2 testing where groups 

of waterfowl were triggered.   

The quality of the reflection is dependent on the laser power (the distance of the object from the laser), the 

media it travels through, and the reflective surface as well as sources of interference. Manufactures specify 

the lasers typically at 10% reflection. Water is also known to significantly absorb infra-red and this is one 

difference in the comparison of infra-red to visible light. But just like visible light, when an object is placed 

in front of the scanner and second object behind the first will not be seen, that is it’s masked. 
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The single beam around the Lock gates performed well. The Lock’s beams protecting the lock gates (Zone 

2) is in effect a curtain in front of the gates and when the beam is broken with an object over a certain size 

then the scanner triggers an alarm event. Nevertheless, even the curtain scanners have limitations due to 

the build-up of debris and duck-weed on the canal water surface. When duck-weed begins to cluster the 

Redscan scanners detect it as an object if it is within the defined alarm zone. On the basis of one alarm 

zone at high water and low water this should work well.  The adaptive software made use of the duck weed 

and debris on the water and did not work in all cases when it could not differentiate between the water 

debris and object as it was adapting to an incorrect water level. As the scanners are a short distance from 

the canal side then the immediate area (near-side to the scanner) will not be scanned. So a triangular 

shape dead area occurs near to the lock side wall. This should not affect detection of real world objects, 

but this consideration should be part of determining the exact positioning. 

Further Limitations 

Another limitation is the need to trade-off the tolerance on object size vs. sensitivity. Small slippage or 

wobble of the scanners on the poles will cause errors. If an object is at a large distance from the scanner a 

small change of the scanner position will be exaggerated (based on mathematical trigonometry). Thus the 

fixing of the scanner is key and scanners on poles for example would not be recommended. 

The scanners scan on a single plane (i.e. in 2 dimensions). An object is of course three dimensional. So 

when a scanner hits an object it measures the dimension of the object where it hits the object. A conical 

object will produce a dramatically different object size if the scanner intersects the top of the cone 

compared to the bottom. So the scanner is effectively observing an objects cross section. An additional 

scanner will give an additional 3rd dimension but the tolerance will be the distance separating the two 

scanners (if they are on the same plane). When the object’s orientation cannot be predicted the tolerance 

(or accuracy) of the system will always be the distance between the two scanners. Similarly more complex 

objects will produce different objects sizes. In the illustration below the object size measured is shown in 

green on the scan shown in red. 

Three 2D Laser Scans Orientations 
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Environmental  

Simulated rain affects the sensitivity of the Redscan scanners it was found causing false alarms. Insects, 

spiders and leaves or debris on the scanner screen were likely to mask real objects, as demonstrated 

when scanners were tested by partially covering small areas of the sensor window.  

Both scanners tested had a mechanism to stop false alarms close to the scanner. SICK has a 4cm dead 

zone in front of the scanner whilst Redscan looked for things directly on the glass and raised a separate 

alarm. In both cases the PoC did not record whether an object was on the scanner window. If an object 

was on the scanner window it could mask genuine objects and therefore not detect them. It was noted that 

the CCTV footage showed insects in front of the camera.  

It is unknown what vandalism the scanners may have to tolerate. For example, paint sprayed over the 

scanners or if the scanner windows were being scratched would prevent them from operating correctly. 

Liaison with the scanners suppliers was necessary to adjust various parameters. It was found that 

changing one parameter e.g. sensitivity caused other effects such as nuisance alarms. Therefore there are 

a number of “levers” available that need to be adjusted to optimise the scanners for this particular 

application. 

 

9.1 Key Findings 

The PoC produced many findings that addressed the reliability of detection and nuisance alarm rate of the 

laser scanners. The results and nature of the test environment meant that the explanations of the results 

were not always clear cut so a number of possibilities have been included. The key findings are as follows: 

1. The scanners detected accurately the size of objects that they were set to alarm on within the 

manufacturer’s specifications and under normal environmental conditions. However the settings 

applied to the scanners may not have been ideal for the defined object sizes under test. It must also 

be remembered that the size was as presented by the object orientation to the scanner. 

2. The scanners produced a high number of false alarms. 

3. The Redscan waterside scanner (Zone B Sandfield) produced a considerable number of false 

alarms on objects that appeared to be below the level of the infrared curtain. This was often 

observed to be when a group of waterfowl such as ducks were present. Their height should have 

been below the level of the scanner. It was also found that there was an imbalance of alarms in the 

4 alarm sub-zones. Both these factors would suggest that the scanner was not level.  If indeed the 

scanner was at an angle the ducks should still not have been detected because of their size. It 

might be that more than one duck created a larger object to the scanner. Other factors could have 

been the wrong size setting of the scanner (TEWPlus used a setting of 50cm for the object size), 

changing water levels (average and instantaneous through waves), the reflective surface of the 

object, and environmental factors such as sunlight and rain. 

4.  It was noted that over two days of testing at Sandfield there was a water level change of 240 mm. 

On an object height of 1m this is a significant tolerance. 

5. Objects close to the scanner produced, as expected, a dead zone behind them. Thus a waterfowl 

flapping such as a swan could mask boats. 

6. Large birds such as swans or groups of swans were detected when they should not have been 

increasing the false alarm rate. 
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7. All the scanners on the poles moved from their initial positions which resulting in moving the alarms 

zones and hence creating false alarms. In addition general movement of the pole was suspected of 

creating false alarms for example in high winds. 

8. The scanners (zone A Sandfield) alarms combined provided a high degree of reliability of detection 

of vehicles and people crossing the bridge. However individually the scanners produced a high 

number of false and nuisance alarms i.e. failed to alarm when they should and alarmed when they 

should not.  

9. The use of laser scanners looking down into the bridge zone A and lock zone 2 from above to 

determine the presence of objects was problematical both in determining where the scan slice went 

in three dimensions and positioning the scanners such that there was complete coverage. In the 

case of the bridge there were dead areas directly in front of the scanners and at a number of 

locations on the bridge. Since the scanners were at an angle, in some case small objects caused 

alarms and larger objects failed to cause alarms. Since the object sizes are different for the bridge 

and the lock the problem was far greater on the bridge. 

10. During the stage 1 testing at Sandfield it was noted that the position where the mannequin was 

placed such that it was just being detected changed over the two days. It was noted that on the first 

day the sun was intense with no cloud whilst on the second overcast without sun. The mannequin 

was close to the white railings, which was heavily saturated with sun light on the first day. Similarly 

looking at the data on the 7th the number of false alarms changed notably as the sun changed its 

position. Other possible causes could be movement of the scanners for example by the wind. 

11. Birds caused alarms as they flew from the railings on one side of Sandfield Bridge to the other. 

12. Vehicles closely following one another on the bridge were not always detected. This may be 

because there is hysteresis in toggling from one state to another. 

13. The SICK scanner looking into the Lock successfully covered the whole length of zone 2 and 

successfully picked up the large boat under test at the water level intended. However a smaller real 

object such as a dingy with a box in it was more problematical. The Redscan sensor did not reach 

the entire length of the lock. 

14. In the lock it was observed that a number of items changed local water level including debris, weed, 

waves from wash and sluice areas. This caused the scanners to false alarm. 

15. Whilst we did not see small boats such as canoes we were informed that some canoeists do use 

the lock on their own.  

16. The Adaptive software deployed by Optex in the Redscan scanners relies on a certain amount of 

debris on or near the surface of the water to define the alarm zone above the water. Optex have not 

revealed the algorithm employed. However it was noted that for zone 2 this failed to provide alarms 

in certain circumstances.  

17. Both scanner types tested deployed a mechanism to stop false alarms close to the scanner. SICK 

has a 4cm dead zone in front of the scanner whilst Redscan looked for things directly on the glass 

and raised a separate alarm. In both cases the PoC did not record whether an object was on the 

scanner window. If an object was on the scanner window it would mask genuine objects and 

therefore not detect them. It was noted that the CCTV footage showed insects in front of the 

camera. 

18. By the nature of the environments (objects on the water and traffic on the bridge) it was difficult to 

accurately determine the location and positioning of the objects in relation to the infrared beam 

during the testing. This included objects in the water and on the bridge, particularly with respect to 
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the orientation of the objects. Thus accuracy and tolerance of the scanner measurements could not 

be accurately determined. 

19. The scanners were susceptible to the spray produced by the jet washer causing false alarms. 

However it was not conclusive as to whether heavy rain was directly the cause of false alarms as 

opposed to high winds or water on the scanner window. It was not clear what the difference in 

orientation had on the sensitivity to rain. 

9.2 Recommendations 

We have used the above key findings to develop to a number of recommendations for any trial installation. 

These should be incorporated and used in a further trial. 

1. We recommend that CRT revisit the definition of the object size to be detected from a basic 6 sided 

shape to a more complex shape, taking into account the build-up of tolerances of the system and 

use it with a 2D or 3D model and speed of travel to ascertain the number of scanners required (see 

also section 10). Any specification should clearly take into account the speed, size, and orientation 

of the object and associated tolerances of the system. Tolerances include but not limited to: 

 Object size; 

 Object speed; 

 Groups of objects (likely to present as large object to scanner) 

 Object surface finish; 

 Water level; 

 Wave / wash size of canal / river; 

 Flatness of bridge (changes of road surface height); 

 Zone tolerance; 

 Scanner tolerance (Angular resolution and scanning frequency) 

 Environmental tolerances (inc rain and lighting); 

 Installation tolerance; 

 Mounting structure tolerance 

However we recommend CRT should adopt a more outcome based specifications as an alternative 

method of any procurement process. A supplier may adapt a specific version of software for the 

environment and utilise the outputs of more than one scanner to improve performance. 

2. The position and mounting of the scanner depends on coverage, number of scanners required, 

their accuracy and reliability and therefore we recommend the position and mounting is covered in 

any specification. The scanner should not be mounted on thin poles that would sway. It should be 

mounted at the middle of the edge of a zone giving a 180 degree sweep. 

3. To avoid false alarms caused by movement of the scanners we recommend that any final design 

minimises or prevents movement through general accidental knocks, deliberate movement 

(including vandalism) and through vibration and the effects of the weather.  

4. To avoid false alarms from movement of the scanner alarm zones we recommend the benefits of 

each set up method and its associated accuracy is assessed against the practicalities and 

associated costs of defining them for each site. For example the chamber of a lock may require a 

boat in order to place the sensor to check the exact position of the scanner’s beam, whereas the 

laser itself can work out the distance to the wall. The Redscan software already offers this feature. 

5. We recommend that the effects of sunshine are researched and tested in a controlled environment 

both on the object being detected and directly on the scanner in order to ascertain false alarm 

rates.  
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6. We recommend that the effects of rain, mist and fog are researched and tested in a controlled 

environment both on the object and on the window of the scanner. Orientation of the scanner 

should be defined to minimise the effects of rain, mist and fog.  

7. We recommend that masking of the scanner window should be adopted where the full specified 

field of view of the laser beam is not required. 

8. We believe that detection of objects in Zone A of a bridge using scanners at a height and looking 

into the zone will not work as intended. We would recommend positioning two scanners in the 

middle of the bridge, one on either side, mounted horizontally and at two different heights. The 

positioning of the height of the scanners would be such that a standing child would be detected 

whilst a bird is not. The two scanners results could be combined to provide a wider coverage and 

improve accuracy. Measures to minimise risk of the scanners being knocked or vandalised should 

be adopted. 

9. We recommend that any scanners used to detect objects at Zone B of a bridge should be 

referenced to the underside of the bridge rather than the ground to minimise effects of changes in 

water level on the height of an object. 

10. We recommend that a maintenance regime is defined to ensure that the scanner window is kept 

sufficiently clean to meet the requirements of the system. 

11. We recommend that a physical method of protecting the window and immediate area of the 

scanner such as an automatic shutter that would be raised only when scanner is required i.e. when 

the bridge or lock is being operated. 

12. We recommend that pairs of scanners are adopted to improve reliability. For example on zone B of 

a bridge a scanner on either side of the bridge will reduce the effects of possible insects masking 

real objects, and sun and rain. 

13. We recommend that objects with profiles that are the same in a number of orientations (e.g. 

cylinders and spheres) could be tested in a controlled environment as part of any further testing to 

give more accurate results i.e. their position but not orientation will only need to be measured. 

14. We recommend the system does not try and detect small boats such as canoes and that alternative 

provision including signage should be considered for them. 

15. To determine the number of scanners required for lock chambers we recommend that a simple 2D 

or 3D model is used. 

16. We recommend that the adaptive software should not be deployed without further development and 

testing. We recommend providing only high and low (empty) water levels need be considered that 

the existing (non-adaptive) software should be adopted to provide alarms for both static and moving 

objects. This should be used with water level sensors to indicate when to switch between the high 

and low water level alarm zones.  

17. For the bridge zone B we recommend to the scanners should be set not to detect flying and 

flapping swans or close groups of waterfowl as objects.             

18. For locks we recommend that in defining the alarm zones account is taken of debris and weed 

along with wave height in determining the lower level detection threshold. 

19. We recommend for bridge zone A various permutations of objects crossing the bridge such as 

vehicles following one another and any associated hysteresis in retriggering should be tested as 

part of compliance to the specification.   
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10 NUMBER OF SCANNERS REQUIRED 
Based on the results for Sandfield Bridge and Old Ford Lock the estimated minimum number of scanners 

required are shown in the table below. 

 
Structure Zone Quantity Notes 

Sandfield Bridge A 2 
Positioned at two different heights at the centre of the 

bridge allowing 180 degree scanners capturing two slices of 
a child 

Sandfield Bridge B 2 

Positioned in reference to the underside of the bridge and 
one on each side of the back. Consideration needs to be 

given to the exact and differing heights of scanners in 
relation to object sizes 

Old Ford Lock 1 6 

Based on half a lock (test conditions) and high and low level 
waters only (see diagram). It may be possible to achieve 
minimum coverage with 5 scanners dependent on object 

size tolerance. 
Old Ford Lock 2 2 1 for each lock gate 

 
 

The figures do not take into account the accuracies of the scanner and associated tolerances or the exact 

positions of the scanners. Additional scanners may be required to improve accuracy and performance.  We 

recommend that allowances are made for additional scanners in any business case and a full model 

undertake prior to any beta / pilot trial tests. These sites as well as other sites will require formal surveys 

and associated modelling to establish more accurately the number of scanners required. 

 

 
 

Diagram shows three scanners against extremes of object positions. 
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Appendix A – Suppliers Comments & Feedback 
 

Supplier Comment 

TEWPlus (email 19/9/13): 
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Supplier Feedback 

Both suppliers were asked for their feedback on the trial. 

TEWPlus (email Re: CRT Trial Feedback 21/11/13): 
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SmartCCTV (email attachment CRT Laser Scanner Feedback SmartCCTV) 25/11/13): 
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Appendix B – Detection of People (Rail Industry) 
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Appendix C – Meeting Presentation Slides 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Canal & River Trust

National Remote Operation PoC Findings Meeting



Agenda Topics

Laser Theory

Testing Methodology

Measurement reliability

Object Benefits & Reliability

Key Findings

Tolerances

Scanner Quantities

Suppliers

Specifications



LASER THEORY

Basic Laser: Perfect reflective object in vacuum

Laser

Distance (d)
Object

Object
Distance

Speed of Light x Time Light travels from laser to object and back____________________________________

2

=

d = c x t___

2 



LASER THEORY

Basic Laser:  Real World Example

Laser Object

3. Scattering1. Dispersion 2. Absorption

% reflected back



LASER THEORY

Rotation:  Laser on a Simple Plane (1)

a. Rotation speed 
b. Number of pulses per rotation

Accuracy depends on:

rotation



LASER THEORY

Rotation:  Laser on a Single Plane (2)

Object Moving
Laser detects as one  larger object 

ObjectLaser

Laser

Laser does not detect the object



LASER THEORY

Rotation:  Laser on a Single Plane (3a)

Short distance of object from laser = larger dead zone

Dead Zone

ObjectLaser



LASER THEORY

Rotation:  Laser on a Single Plane (3b)

Laser

Long distance of object from laser = smaller dead zone

Dead Zone
Object



LASER SCANNER SOFTWARE

If the type and size of the object to be 
detected is known including its speed then 

software can be developed specifically for the 
environment it is in. 



Testing Methodology

Real world testing: people, vehicles, boats and animals;

environmental (e.g. rain, wind, sunlight)

Controlled testing: known objects sizes and profiles;

better defined positions;

known textures and reflective surfaces;

water spray

and Flexibility to further  
investigate results



Measurement reliability: CCTV & PLC

CCTV provided good definition image capturing 

CCTV low dynamic range meant sharply contrasting images including direct sunlight 
difficult to see. Compensated by multiple units. 

No provision of fisheye lens to cover wide angle (e.g. waterside)

No CCTV simulating view of scanner

No close-up CCTV of scanner to observe movement, insects & dirt

CCTV / PLC / PC time not synced / inaccurate and changing

No precise visual reference for PLC data

No reference of zones in CCTV images – use of markers as aids

Precise reference and size of objects e.g. waterfowl not possible with video

PLC scanner data limited – alarms only (no object detected no alarm; no close field) 

Other exclusions : No night time results & no formal weather data



Object Benefits & Reliability

Real World Objects:

difficult to quantify (size, shape, profile & texture)

difficult to measure (speed & position)

real world!

Test Objects

easy to quantify (size, shape, profile & texture)

lighter objects difficult to control in water – requires long line 
to avoid boat shadowing 



Key Findings Sandfield Zone A

Sandfield bridge scanners (Zone A): 

Detected accurately people and vehicles crossing the bridge

A number of dead alarms zones that missed people and nuisance alarm zones that triggered small 
objects (waterfowl). Thus use of scanners looking into a bridge is not going to be cost effective in 
differentiating different sized objects

Dead zone 1 to 2m in front of scanners – people walking onto bridge and then back not detected

Birds flying from railing to railing created nuisance alarm

Scanners sensitive to water spray

SICK scanner moved creating permanent alarm (railings entered alarm zone)

Dead zones moved from one day to the next

Possible causes to investigate and consider further

Positioning of two sensors at the middle of the bridge either side at differing heights to detect people inc children. 
Consideration given to child’s profile at different heights and orientations.

Movement of sensors inc swaying, bracketry, birds perching

Over saturation of signal objects close to railings 

Railings forming part of a larger object



Key Findings Sandfield Zone B

Sandfield waterside scanner (Zone B): Redscan

Detected accurately large boats

Inconsistency of waterside scanner:

Sometimes detected canoes / waterfowls and sometimes not

(system is not required to detect waterfowl)

Sometimes detected small objects rather than slightly larger objects

Possible causes to investigate further:

Scanner not level

Scanner object size setting too small @ 50cm (TewPlus choose this on 1m x 1m x 2.5m spec) / other 
settings

Groups forming larger objects

Saturation of signal (white waterfowl)

Texture of surface (waterfowl feathers)

Movement of scanner (wind / birds perching)

Dirt on scanner

Masking by insects



Key Findings Old Ford Zone 1

SICK scanner reached the entire length of the lock and was able to detect objects at 
the water level it was set to. Large boats were reliably detected.

Redscan scanner with adaptive software reliably detected large boats 

The Redscan scanner detected the object size 1m x 1m x 2.5m at orientations 
presented a large area to the scanner. It did not in all cases alarm when a smaller area 
was presented. This would be as expected at the setting of 2m 

The Redscan scanner did not reach the full length of the lock

The Redscan as expected was not able to differentiate two objects close together.

Redscan sensor required cleaning

Both scanners moved in high winds

Consideration to be given reliability of adaptive vs no adaptive software particularly if 
monitoring will occur at only high and low water levels



Key Findings Old Ford Zone 1

Object orientation and separation



Key Findings Old Ford Zone 2

SICK scanner was able to detect objects at the water level it was set to. Large boats 
were reliably detected.

Sick Scanner moved due to high winds.

Redscan Scanner (adaptive software) was able to detect boats reliably.

Redscan Scanner (adaptive software) failed to alarm an object on occasions when 
debris / pond weed was also moved into the zone.

Consideration to be given reliability of adaptive vs no adaptive software particularly if 
monitoring will occur at only high and low water levels

Simulated small objects directly on the RedScan window did not alarm (but did cause 
“tamper” alarm after 5 mins (configurable). 



Minimum number of scanners required 1

Structure Zone Quantity Notes

Sandfield Bridge A 2 Positioned at two different heights at the centre of
the bridge allowing 180 degree scanners
capturing two slices of a child

Sandfield Bridge B 2 Positioned in reference to the underside of the
bridge and one on each side of the back.
Consideration needs to be given to the exact and
differing heights of scanners in relation to object
sizes

Old Ford Lock 1 6 Based on half a lock and high and low level
waters only (see diagram). It may be possible to
achieve minimum coverage with 5 scanners.

Old Ford Lock 2 2 1 for each lock gate



Minimum number of scanners required 2



Tolerances

Object size;

Object speed;

Groups of objects (likely to present as large object to scanner)

Object surface finish;

Water level;

Wave / wash size of canal / river;

Flatness of bridge (changes of road surface height);

Zone tolerance;

Scanner tolerance (Angular resolution and scanning frequency)

Environmental tolerances (inc rain and lighting);

Installation tolerance;

Mounting structure tolerance (movement of 5cm on 3m pole equates to 33cm on 20m 
range)



Suppliers & Manufacturers

TEWPlus sell Optex and SmartCCTV sell SICK

TEWPlus approach “It works!” ; Asks Japan

SmartCCTV and Optex approach “known limitations to technology”

Manufacturer to Supplier working relationship

Software (set up software, adaptive)

Physical Design (fine adjustment, hood, (no) shutter)

Range at 10% reflectivity:

LMS111 = 18m

LMS511 = 40m

LS-3060SH = 60m



Other Findings & Considerations

Important to position the scanner correctly to maximise its potential 
e.g. using full 180 degree scan reduces tolerance on object size 
giving greater accuracy

Positioning on bridge allows potential of detection during swing

No signal strength (of reflection) recorded

Night time usage in Lock. Consider as part of HAZOP

Boats not fixed in lock chamber

Small craft in lock chamber

Height of scanners on bridge in relation to cross section e.g. legs of 
child and adult



Next Stages

Incorporation of feedback from today

Technical Review on Report and Data Analysis Validation

Final Draft Report CRT 

Feedback on Report

Final Report



Specification type

Requirements Based Specification? 

Or

Outcome Based Specification?



End

Any Questions?
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Appendix D – Location of PoC Scanners 
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Appendix E – Stage 2 Results 

Sandfield Zone A Total Alarms 
 

  SICK1 SICK2 Redscan 

07/09/2013  839 1858 1197 

08/09/2013  829 674 1229 

09/09/2013 691 568 948 

10/09/2013  740 619 1064 

11/09/2013  669 555 708 

12/09/2013  824 684 802 

13/09/2013  691 567 827 

14/09/2013  767 608 805 

15/09/2013  568 341 612 

16/09/2013  740 285 1086 

17/09/2013  629 296 925 

18/09/2013  740 393 812 

19/09/2013  724 384 766 

20/09/2013  795 558 854 

21/09/2013  738 599 737 

22/09/2013  835 721 720 

23/09/2013  315 169 416 

24/09/2013  166 104 378 

25/09/2013 161 146 471 

26/09/2013  160 49 311 

        

Total 12621 10178 15668 
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Sandfield Zone A Total Alarms 7am to 7pm 
 

   SICK1 SICK2 Redscan

07/09/2013  765 1024 1070

08/09/2013  777 629 1096

09/09/2013  620 505 856

10/09/2013  653 544 942

11/09/2013  577 482 604

12/09/2013  735 598 677

13/09/2013  620 514 709

14/09/2013  694 551 689

15/09/2013  533 306 543

16/09/2013  660 273 977

17/09/2013  548 264 805

18/09/2013  648 359 707

19/09/2013  645 363 655

20/09/2013  753 543 799

21/09/2013  701 575 681

22/09/2013  798 696 657

23/09/2013  276 145 346

24/09/2013  153 101 331

25/09/2013  147 133 405

26/09/2013  141 43 267

           

Total  11444 8648 13816
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Sandfield Zone A showing the number of objects that passed over the bridge and should have been detected, detailed by 

type, for the 7th & 8th September between 7am and 7pm.  

07/09/2013  Car  Other Vehicle  Motorbike  Bicycle  Adult  Child  Person & Dog  Person &Horse  Total 

7.00 to 8.00  6  7     2  4           19 

8.00 to 9.00  23  7     3  2           35 

9.00 to 10.00  37  14  1  8  8     8     76 

10.00 to 11.00  42  11  1  16  17  7  7  2  103 

11.00 to 12.00  54  21  2  15  12  5  9  2  120 

12.00 to 13.00  50  9  3  15  9     2     88 

13.00 to 14.00  56  16  1  14  14  2  2     105 

14.00 to 15.00  55  12  1  10  18  7  2     105 

15.00 to 16.00  69  13  1  22  27  6  5  4  147 

16.00 to 17.00  61  17     15  1     2  1  97 

17.00 to 18.00  45  8     10  12     3     78 

18.00 to 19.00  39  13  1  3  4     3     63 

Total  537  148  11  133  128  27  43  9  1036 

 
 

 

08/09/2013  Car  Other Vehicle  Motorbike  Bicycle  Adult  Child  Person & Dog  Person &Horse  Total 

7:00 to 8:00  7  2     4  3           16 

8:00 to 9:00  30  9     5  5     2     51 

9:00 to 10:00  26  11     13  4  2  5     61 

10:00 to 11:00  48  12  11  21  12     2     106 

11:00 to 12;00  61  11  12  13  10  2  3     112 

12:00 to 13:00  62  6  1  13  13  2  1     98 

13:00 to 14:00  64  15  2  3  21  1  2     108 

14:00 to 15:00  56  25     8  18           107 

15:00 to 16:00  78  11  1  3  10     1     104 

16:00 to 17:00  76  10     11  17     1  1  116 

17:00 to 18:00  44  16  1  8  13  4  1     87 

18:00 to 19:00  45  15     10  8  1  5     84 

Total  597  143  28  112  134  12  23  1  1050 
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Sandfield  Zone B (Redscan) Total Alarms 

 
 
 
 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  B2 B1 A1 A2 

07/09/2013  34 94 134 65 

08/09/2013  44 63 89 63 

09/09/2013  36 44 59 56 

10/09/2013  27 35 46 42 

11/09/2013  36 43 56 59 

12/09/2013  48 51 67 63 

13/09/2013  27 31 42 77 

14/09/2013  48 96 150 142 

15/09/2013  33 482 628 53 

16/09/2013  19 20 47 45 

17/09/2013  23 36 46 58 

18/09/2013  34 50 65 79 

19/09/2013  36 40 50 63 

20/09/2013  26 31 35 45 

21/09/2013  57 57 74 85 

22/09/2013  51 57 67 59 

23/09/2013  40 35 30 36 

24/09/2013  16 16 15 29 

25/09/2013 16 29 39 31 

26/09/2013 24 20 28 43 

Total 675 1330 1767 1193 
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Sandfield Zone B (Redscan) Total Alarms 7am to 7pm 

 

  B2 B1 A1 A2 

07/09/2013  33 46 59 43 

08/09/2013  42 53 66 53 

09/09/2013  33 44 54 43 

10/09/2013  27 35 40 39 

11/09/2013  31 42 53 51 

12/09/2013  46 49 65 55 

13/09/2013  21 27 37 47 

14/09/2013  45 55 74 96 

15/09/2013  32 26 30 32 

16/09/2013  15 18 37 26 

17/09/2013  19 32 41 33 

18/09/2013  33 49 64 51 

19/09/2013  31 36 44 55 

20/09/2013  25 27 32 30 

21/09/2013  51 55 73 76 

22/09/2013  51 57 65 52 

23/09/2013  33 33 27 27 

24/09/2013  16 15 15 23 

25/09/2013  16 17 32 22 

26/09/2013  24 20 25 32 

          

Total 624 736 933 886 

 

Sandfield Zone B Objects Detected (Alarmed) 7am to 7pm 

Date 
Barge (Groups) Cruiser (Groups) Canoe (Groups) Waterfowl 

Total 
1 2 3 4 Total 1 2 Total 1 2 Total 1 

07/09/2013 21 0 0 0 21 11 0 11 2 0 2 9 43 

08/09/2013 25 1 1 0 30 8 0 8 4 0 4 1 43 

09/09/2013 19 1 0 0 21 4 0 4 0 0 0 0 25 

10/09/2013 18 0 1 0 21 2 0 2 0 0 0 0 23 

11/09/2013 12 2 0 0 16 7 1 9 0 0 0 18 43 

12/09/2013 9 2 1 1 20 9 2 13 0 0 0 26 59 

13/09/2013 12 2 0 0 16 3 0 3 0 0 0 9 28 

14/09/2013 17 8 0 0 33 5 0 5 1 0 1 7 46 

15/09/2013 8 0 0 0 8 3 0 3 0 0 0 10 21 

16/09/2013 8 0 0 0 8 0 0 0 0 0 0 8 16 

17/09/2013 11 1 0 0 13 0 0 0 0 0 0 3 16 

18/09/2013 14 2 1 0 21 4 1 6 0 1 2 9 38 

19/09/2013 16 0 0 0 16 0 0 0 0 0 0 7 23 

20/09/2013 7 1 0 0 9 4 0 4 0 0 0 6 19 

Totals 197 20 4 1 253 60 4 68 7 1 9 113 443 
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1 PoC DESCRIPTION 

1.1 Introduction 

1.1.1 This document describes the technical requirements for the Proof of Concept (PoC) trial of laser 

scanners to be used as part of the technology to control the operation of powered swing bridges and 

locks.  

1.2 Background 

1.2.1 CRT are looking at the feasibility of initiating the operation of powered swing bridges and locks by 

the user. Once initiated by the user additional technology will be needed to monitor the operation 

without the need for further user intervention. The technology is to provide an equivalent level of 

safety to that existing currently. CRT are keen to assess off the shelf laser technology for the 

purpose of detecting objects within zones around the swing bridges and locks as part of the 

additional technology requirements. 

1.3 Purpose and Scope 

1.3.1 The PoC will address the following: 

 reliability of detection – data must be gathered to allow CRT to assess the level of reliability of 

detection (on the basis that non-detection would not, in itself, lead to a hazardous situation) 

 nuisance alarm rate – data must be gathered to allow CRT to assess the likely burden on 

remote CRT staff responding to faults in system operation 

 equipment reliability – this will not be tested on site; instead manufacturers will be asked to 

provide evidence of equipment reliability gained from records of existing installations 

1.3.2 Evidence to prove the detectors’ ability to perform at the performance level defined in the User 

Requirements Document would need an extended PoC (typically three months).  There is insufficient 

time in the CRT project programme for such extended testing. 

1.3.3 Data from 1000 events is seen as a target minimum quantity for each test, although this should not 

be seen as a minimum quantity for a successful PoC.  The time available for the PoC is limited and 

CRT wish to retain flexibility over the amount of information gathered.  The aim is to provide 

evidence to inform the business case for the project. 

1.3.4 The following items are excluded from the PoC: 

 operation process – the process will be operated by the PLC.  The PLCs ability to operate the 

automated operation process is not in doubt.   

 process timings – the process timings would be developed in the initial (pilot) installation. 

 software that automatically changes the profile of the detector’s configuration to an alternative 

pre-defined setting – excluded where the manufacturer has recommended the development, 

on the basis that the manufacturer understands the software capabilities of the device 

1.3.5 PoC Stage 1:  In the first stage of the PoC (typically one week at each location, comprising set-up, 

three days of testing and then removal of equipment) evidence will be gathered to demonstrate 

functionality in the following areas: 

 Ability to detect target objects of various sizes 

 Ability to reject objects smaller than target size 
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 Mounting requirements (height / position / stability) 

 The range (distance) of detection, and so the quantity of devices needed at different sites 

 Time to detect (e.g. should detectors be permanently energised or only when required) 

1.3.6 PoC Stage 2:  Data to provide evidence of performance in the following areas will be gathered in the 

second PoC stage (up to three additional weeks): 

 Success rate for detecting target objects of various sizes. 

 Success rate for not detecting objects smaller than target size. 

 Rate for raising nuisance alarms 

 Environmental suitability (e.g. reflected sunlight, dew, rain, etc.) 

1.3.7 Object size: Target size is defined as 1m x 1m x 2.5m. Testing will make the use of real objects 

(boats, vehicles and people) and test objects specifically designed for testing. Test objects will 

comprise cuboids and spheres of various sizes up to 1m in size. For all PoC Stage 1 tests, CRT will 

provide a boat and crew at both sites and Hyder will provide test objects. 

1.4 Methodology - PoC Stage 1 - Bridges 

1.4.1 Outline Test Methodology for Zone A:  Place objects on the bridge including vehicles and test 

objects. Attempt to detect objects many times in different positions.  Attempt to confuse the detectors 

with multiple / moving objects.  Determine detector’s reaction to obscuration due to objects between 

the detector and the zone.  Adjust configuration of sensors and mounting positions and repeat until 

optimal results are obtained. 

Figure 1-1:  Detection in Zone A using Sick laser measurement sensors 

 
1.4.2 A Redscan sensor shall also be deployed to gather additional data in Zone A attached to one of the 

poles overlooking Zone A. 

1.4.3 Typically for each test the barriers will need to be closed, a target object placed in the zone, the test 

engineer to leave the zone, check detector output, re-enter the zone and remove the target object, 

raise the barriers.  Road traffic will need to be released between tests.  We estimate that four or five 

tests could be made per hour and that each change of position and/or configuration to optimise the 

setup would take approximately one hour to complete. 

1.4.4 To minimise delays to road traffic (generally local residents) and to boaters it has been suggested 

that it may be appropriate to avoid commissioning and performing Stage 1 tests in Zone A during the 

day and instead test in the early morning and early evening.  On 12th August, there would be 

sufficient daylight to perform about 70 minutes of testing in the early morning before 7.00am and 
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about another 130 minutes in the evening after 6.30pm.  However, this reduces to 45 minutes (am) 

and 80 minutes (pm) by the end of August. The amount of bridge swings at this time of year is 

heavily weather dependant and therefore it may not be possible to undertake tests between late 

morning and early evening but it may be possible to align tests with these swings. Noting the number 

of specialists who need to be on site during the tests the optimum approach it is proposed to test 

both during the daytime (albeit at a reduced rate) and in the evening.  

1.4.5 Outline Test Methodology for Zone B:  Move target (boat or a smaller “nuisance object”) into 

detection zone and request detection as the target reaches different distances from the bridge. 

Repeat at different target speeds and sizes (including both boat and “nuisance object” sizes).  

Request detection with the target stationary in different locations.  Adjust configuration of sensors 

and mounting positions and repeat until optimal results are obtained. 

Figure 1-2:  Detection in Zone B using Redscan laser sensor 

 

1.4.6 For the Stage 1 of the PoC, setting-up and testing detection in Zone B could take place during 

normal working hours because it would not be necessary to close the bridge to road traffic for testing 

to take place. In good weather it is expected that there will be a lot of boat traffic. 

1.4.7 After the PoC equipment has been installed on site, testing of Zones A and B combined is planned to 

be completed in three (extended) working days. 

1.5 PoC Stage 1 - Locks 

1.5.1 As there will be insufficient sensors available to detect boats across the whole lock chamber 

(Zone 1), the PoC will focus on a fraction of the lock and determine how many sensors would be 

required to provide full coverage. 

1.5.2 The outline design for Zone 2 detection described in the feasibility study report is based on sensors 

with software developed to re-configure the sensor’s profiles as the lock’s water level changes.  On 

the basis that the manufacturer understands the software capabilities of the device, the PoC should 

focus on proving the sensor’s ability to detect target objects successfully at different water levels. 

1.5.3 Outline Test Methodology for Zone 1:  Position and configure sensors to view a section of the lock 

chamber at high water level (upstream gates open).  Move target (boat or a smaller “nuisance 

object”) into detection zone and request detection with the target in different positions.  Repeat for 

moving and static targets and for different target sizes.  Adjust configuration of sensors and mounting 

positions and repeat until optimal results are obtained.  Change configuration to simulate different 

water levels and determine the effect on detection results.  Repeat all tests for the lower water level 

(downstream gates open). 
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Figure 1-3:  Detection in Zone 1 using Sick LMS 

 

1.5.4 Outline Test Methodology for Zone 2:  As for Zone 1.  Repeat all tests for lower water levels 

including chamber 1/3 full and 2/3 full. 

Figure 1-4:  Detection in Zone 2 using laser curtains 

 

1.5.5 In addition a second Redscan sensor will be deployed to provide an additional line of detection 2m 

downstream from the one shown. 

1.5.6 Canal traffic should be unaffected by testing at the lock and there is no road traffic to be affected.  

Testing during PoC Stage 1 should therefore be relatively uninterrupted and testing could take place 

at any time during daylight hours. 

1.5.7 After the PoC equipment has been installed on site, testing of Zones 1 and 2 combined is planned to 

be completed in 3 working days, during which time some 70 tests should have been completed for 

each zone (assumes testing of both zones takes place in parallel). 

1.6 PoC Stage 2 

1.6.1 General Approach:  Leave sensors switched on and connected to PLC.  Record movements of 

road and canal traffic (as applicable) on CCTV. Weekly, obtain recorded data from SCADA and 

CCTV and compare the records to validate the feedback from the detectors.  Hyder to remotely 

download SCADA data. 

1.6.2 Hyder and May Gurney (and one or more specialist suppliers as required) will attend site weekly to: 

 check operation and physical condition of PoC equipment,  

 reconfigure or reposition detectors if necessary,  
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 check synchronicity between CCTV and PLC / SCADA clocks, and 

 collect CCTV recordings for removal to Hyder office. 

1.6.3 Hyder will analyse results weekly and decide whether equipment configuration or position needs 

adjustment.  Hyder will report results and any special requirements to those who would need to 

attend site the following week. 
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2 GENERAL REQUIREMENTS 

2.1 Roles and Responsibilities 

2.1.1 CRT is the client for this PoC and will act as the Engineer. 

2.1.2 May Gurney (the Contractor), as CRT’s framework maintenance contractor, will be responsible for 

the PoC infrastructure, site security, health and safety on site (including CDM Principle Contractor’s 

responsibilities), support during the PoC and the supply, installation, commissioning, maintenance, 

de-commissioning and removal of PoC equipment as described below.   

2.1.3 This specification defines the functional requirements of PoC infrastructure and equipment.  The 

Contractor shall be responsible for ensuring that any necessary design and workmanship is to a level 

of quality acceptable to CRT, satisfies all applicable legislation and follows best practice.  Any 

conflict between this requirement and the requirements of this specification shall be resolved by the 

Engineer. 

2.1.4 May Gurney shall employ Specialist Subcontractor(s) who will supply, install, commission and 

maintain the specialist PoC equipment and provide support during the PoC to obtain and optimise 

results from the equipment under test. 

2.2 Programme 

 

2.3 PoC support 

2.3.1 The Contractor shall provide their own H&S risk assessment / method statement.  

2.3.2 The Contractor shall provide a call-out service to remove items causing false alarms, maintain the 

integrity of the infrastructure and reposition infrastructure as required by the Engineer.   

2.3.3 The maximum time for a site engineer or specialist supplier’s engineer to attend site following a 

service request = 15 normal working hours (for discussion). 
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0
3
/0

6
/1

3

1
0
/0

6
/1

3

1
7
/0

6
/1

3

2
4
/0

6
/1

3

0
1
/0

7
/1

3

0
8
/0

7
/1

3

1
5
/0

7
/1

3

2
2
/0

7
/1

3

2
9
/0

7
/1

3

0
5
/0

8
/1

3

1
2
/0

8
/1

3

1
9
/0

8
/1

3

2
6
/0

8
/1

3

0
2
/0

9
/1

3

0
9
/0

9
/1

3

1
6
/0

9
/1

3

2
3
/0

9
/1

3

3
0
/0

9
/1

3

0
7
/1

0
/1

3

1
4
/1

0
/1

3

2
1
/1

0
/1

3

2
8
/1

0
/1

3

0
4
/1

1
/1

3

CRT instruct PoC task to commence u

Progress meetings

H&S MS

Develop PoC infrastructure design 

CRT procure work from May Gurney

CRT instruct May Gurney works t u

Prepare for PoC

Start of PoC t u

Sandfield Bridge - Stage 1 PoC tests

Sandfield Bridge - Stage 2 PoC tests

Old Ford Lock - Stage 1 PoC Tests

Old Ford Lock - Stage 2 PoC Tests

Off-site PoC analysis

Final PoC Report

End of PoC Stage t u



 

National Remote Operation Task - Proof of Concept (PoC) Technical Requirements  

Hyder Consulting Page 9 
  

 

2.4 Equipment security 

2.4.1 The Contractor shall ensure that the security of the PoC equipment and infrastructure at Old Ford 

Lock is monitored 24 hours per day whenever there are no members of the PoC team on site.  The 

security shall be provided for the duration of the PoC by providing a security guard and / or by 

agreement with the lock-side café owner.   

2.4.2 CRT does not require security guarding to be provided at Sandfield Bridge.  

2.4.3 CRT takes no responsibility for the actions of third parties in relation to the PoC equipment and 

infrastructure including theft, damage or tampering.  
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3 INFRASTRUCTURE 

3.1 General 

3.1.1 The Contractor shall provide extra power sockets in both Old Ford and Sandfield Bridge keeper’s hut 

(extension sockets). 

3.1.2 The Contractor shall clear vegetation / debris from scan of detector beams 

3.1.3 At completion of PoC at each site remove equipment (detectors, CCTV etc). Cabling and mounting 

brackets should be left in place (unless specifically required for Old Ford Lock) should a prototype 

installation be required following completion of the PoC. Where necessary, restore site to previous 

condition.   

3.1.4 At completion of PoC at Sandfield Bridge, pack and transport PoC equipment to Old Ford Lock. 

3.1.5 At completion of PoC at Old Ford Lock (and after Hyder has removed data from the DVR’s), pack 

and ship PoC equipment to suppliers. 

3.2 Sandfield Bridge 

3.2.1 Install temporary scaffold-pole supports for detectors and CCTV cameras.  

 Two “Zone A poles”, 3m high, to be fixed either side of road on keeper’s side of the bridge and 

clamped to existing upright ironwork (see photo) 

 One “Zone B pole” to be fixed to pile at edge of canal.  To be as tall as possible without 

obstructing the underside of the swing bridge (see photo) 

3.2.2 Install temporary cabling from the keeper’s hut to the PLC (20 pair).  Install a cable junction box with 

termination blocks in the keeper’s hut.  Terminate cables within the junction box and the PLC cabinet 

as necessary. 

3.3 Old Ford Lock 

3.3.1 Supply and install a temporary scaffold tower 4m high (to top guide rail) onto which the Sick 

detectors and related CCTV cameras with any necessary brackets to allow equipment (in particular, 

the Sick Zone 2 curtain) to be fixed directly above the edge of the lock.  Install any necessary safety 

notices.  Fix or ballast (with sand bags) the tower to ensure it will not move under any foreseeable 

circumstances. The scaffold tower shall be set back a minimum of 600mm from the edge of the lock. 

The SICK Zone 1 sensor shall be mounted on the scaffold tower. The SICK Zone 2 sensor shall be 

mounted on a long-arm bracket fixed to the scaffold tower. The bracket shall allow the Zone 2 sensor 

to be positioned above the edge of the lock, at the location shown in Figs 8 and 9 (and in the new 

drawing). The bracket shall allow a minimum clearance of 2.2m from ground level. The bracket shall 

permit the sensors to be swung back towards the scaffold tower to allow their adjustment from the 

tower. 

3.3.2 Install a back-board on which a Redscan detector can be mounted temporarily at lock side (see 

photo) to monitor Zone 2 

3.3.3 Install a mounting back-board for a Redscan detector and associated CCTV camera to act as a 

second curtain immediately downstream of the lock gates fixed to the underside of the footbridge. 
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3.3.4 Install a bracket onto the roof of the keeper’s hut onto which one camera can be fixed to view the 

beam of the Redscan Zone 2 sensor.  The bracket is to be fitted with adjustable mounting plates to 

allow manual adjustment of the direction of the camera’s view.  

3.3.5 Cabling from the keeper’s hut to the detectors as follows: 

From sensor From position To  Cable type Quantity 

Sick zone 1 sensor Scaffold tower PLC in hut Cat 5e 1 

Sick zone 1 sensor Scaffold tower PC (for Sick 

sensors) in hut 

Cat 5e 1 

Sick upstream zone 

2 sensor 

Scaffold tower PLC in hut Cat 5e 1 

Sick upstream zone 

2 sensor 

Scaffold tower PC (for Sick 

sensors) in hut 

Cat 5e 1 

2 x CCTV cameras 

for Sick sensor 

zones 

Scaffold tower PC (for Sick 

sensors) in hut 

Cat 5e 2 

Redscan 

downstream zone 2 

sensor 

Edge of lock PLC in hut Cat 5e 2 

CCTV camera (Hut) Hut roof PC (for Sick 

sensors) in hut 

Cat 5e 1 

CCTV camera 

(footbridge) 

Underneath 

footbridge 

PC (for Sick 

sensors) in hut 

Cat 5e 1 

Redscan 

downstream sensor 

~2m 

downstream of 

Redscan zone 

2 sensor 

PLC in hut Cat 5e 2 
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4 SICK EQUIPMENT 

4.1 General 

4.1.1 The supplier of the Sick sensors (Specialist Subcontractor) shall provide the following equipment and 

services in support of the PoC. 

4.1.2 The Specialist Subcontractor shall: 

 co-ordinate their PoC-related activities with the Contractor, other Specialist Subcontractors 

and Engineer in accordance with the programme, as updated from time to time by the 

Engineer 

 liaise with CRT SCADA team to ensure PLC I/O is suited to sensors 

 test and calibrate all equipment provided for the PoC before delivery to site. 

 provide, on loan, equipment for the PoC and deliver the equipment to Sandfield Bridge  

 install, configure and commission the equipment and any necessary cabling on site. 

 provide technical support on site for the full duration of PoC Stage 1 at both sites 

 provide technical support to maintain, adjust and reconfigure the equipment during PoC Stage 

2 at both sites, with a two working day (maximum) response to requests from the Engineer 

4.1.3 Provide two copies of software (one for the Engineer and one for the Engineer’s Representative) to 

permit CCTV images to be reviewed on PC, licensed for use to end October 2013. 

4.1.4 Supply and install a PC and DVR with UPS in the keeper’s hut (noting that the PLC already has a 

UPS) driving volt-free (relay) alarm outputs to the PLC and recording causes of detection in video 

files.  The PC will also run the sensor software.  The DVR shall record minimum 1 week of video 

from each camera. Recordings to be removable for analysis off-site via a USB port. Supply sufficient 

USB hard drives for all data – one per week plus spare (minimum 5 off) 

4.1.5 Not used. 

4.1.6 Link the video output from the cameras to the DVR. 

4.1.7 Supply one spare detector to be available on site in case one goes faulty. This item must be quoted 

as a separate option. 

4.2 Sandfield Bridge 

4.2.1 Supply and install Sick LMS detectors temporarily on poles at approx. 2m high. Provide swivel mount 

to permit the detectors to be rotated in both vertical and horizontal planes and tilted. 

4.2.2 Supply and install one camera temporarily on each pole, one to view upstream from the bridge and 

the other to view downstream.  Provide swivel mount to allow cameras to be adjusted to the required 

fixed view.  Cameras to provide wide angle view of scanner detection area (bridge between barriers) 

and approaching boats. 

4.2.3 Equipment locations are shown in Illustrations 3 to 6 inclusive. 

4.2.4 Supply and install a third camera to view the bridge deck. 
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4.2.5 Supply and install a fourth camera to view that part of the detection zone of the Redscan detector 

underneath the bridge that is obscured from the view of the other three cameras. 

4.2.6 Supply and install cabling between the devices (detectors and cameras) and the keeper’s hut.  

Terminate and connect cables to the PC / DVR. 

4.3 Old Ford Lock 

4.3.1 Install two Sick LMS detectors temporarily on scaffold tower approximately 3m above ground level.   

 One detector type LMS111 to detect objects in Zone 2 (curtain across the lock in line with 

the cill markings).  

 One detector type LMS511 to detect in the area between the detector and a line parallel to 

the low water level line on the opposite lock wall (see photo). 

4.3.2 Provide swivel mounts to permit the detectors to be rotated in both vertical and horizontal planes and 

tilted. 

4.3.3 Install cameras temporarily at top of scaffold tower.  Provide swivel mount to allow cameras to be 

adjusted to the required fixed view.  Cameras to provide wide angle view of scanner detection area 

and approaching boats. 

4.3.4 Install one camera to a bracket fixed to the roof of the keeper’s hut to view upstream Zone 2 and one 

co-located with the Redscan sensor detecting presence on the outside of the downstream lock gate.  

4.3.5 Equipment locations are shown in Illustrations 7 to 10 inclusive. 

4.3.6 Terminate and connect cables in the keeper’s hut (installed by May Gurney) to the PC / DVR. 
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5 REDSCAN EQUIPMENT 

5.1 General 

5.1.1 The supplier of the Redscan sensors (Specialist Subcontractor) shall provide the following 

equipment and services in support of the PoC. 

5.1.2 The Specialist Subcontractor shall: 

 co-ordinate their PoC-related activities with the Contractor, other Specialist Subcontractors 

and Engineer in accordance with the programme, as updated from time to time by the 

Engineer 

 liaise with CRT SCADA team to ensure PLC I/O is suited to sensors 

 test and calibrate all equipment provided for the PoC before delivery to site. 

 Provide, on loan, equipment for the PoC and deliver the equipment to Sandfield Bridge  

 install, configure and commission the equipment and any necessary cabling on site. 

 provide technical support on site for the full duration of PoC Stage 1 at both sites 

5.1.3 Provide technical support to maintain, adjust and reconfigure the equipment during PoC Stage 2 at 

both sites, with a two working day (maximum) response to requests from the Engineer 

5.1.4 Not used. 

5.1.5 Not used. 

5.1.6 Not used. 

5.1.7 Not used. 

5.1.8 Supply one spare detector to be available on site in case one goes faulty. This item must be quoted 

as a separate option. 

5.2 Sandfield Bridge 

5.2.1 Install Redscan detector temporarily on pole to monitor Zone B.  Equipment location is shown in 

Illustrations 1 and 2. 

5.2.2 Supply, install and terminate power and data wiring from the cameras and sensors to the keeper’s 

hut. 

5.2.3 Install second Redscan detector on one of the two poles overlooking bridge Zone A, to duplicate one 

of the Sick sensor detection zones and provide additional data. 

5.3 Old Ford Lock 

5.3.1 Install Redscan detector at lock side (see Illustration 10) with vertical detection beam to monitor the 

downstream Zone 2. 

5.3.2 Install second Redscan sensor to a back-board immediately downstream of the lock gates (for 

example, fixed to the underside of the footbridge) to act as a second curtain.   

5.3.3 Not used.  
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6 PLC EQUIPMENT 

6.1 Sandfield Bridge 

6.1.1 There are 9 spare inputs at the Sandfield Bridge PLC.  Provisional allocation: 

1. Sick sensor 1 

2. Sick sensor 2 

3. Redscan sensor 1 (detection) 

4. Redscan sensor 1 (fault) 

5. Redscan sensor 1 (environmental) 

6. Redscan sensor 2 (detection) 

7. Redscan sensor 2 (fault) 

8. Redscan sensor 2 (environmental) 

9. Spare 

6.1.2 PLC to provide 24v dc supply to cameras covering both Redscan and Sick sensors 

6.1.3 PLC to provide 24v dc supply for both Redscan and Sick sensors 

6.2 Old Ford Lock 

6.2.1 The following PLC inputs are required: 

1. Sick sensor 1 

2. Sick sensor 2 

3. Redscan sensor 1 (detection) 

4. Redscan sensor 1 (fault) 

5. Redscan sensor 1 (environmental) 

6. Redscan sensor 1 (first zone) 

7. Redscan sensor 1 (second zone) 

8. Redscan sensor 2 (detection)  

9. Redscan sensor 2 (fault)  

10. Redscan sensor 2 (environmental)  

 

6.2.2 PLC to provide 24v dc supply to cameras covering both Redscan and Sick sensors 

6.2.3 PLC to provide 24v dc supply for both Redscan and Sick sensors 
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Appendix A – Illustrations & Drawings 

 

Illustration 1  Detail of mounting position for the bridge Zone B sensor 

 

 

Illustration 2  Redscan sensor covering bridge Zone B 
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Illustration 3  Detail of mounting position for the upstream bridge Zone A sensor 

 

 

Illustration 4  Sick LMS111 sensor covering bridge Zone A from upstream mounting position 
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Illustration 5  Detail of mounting position for the downstream bridge Zone A sensor 

 

 

Illustration 6  Sick LMS511 sensor covering bridge Zone A from downstream mounting position 
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Illustration 7  Sick LMS511 sensor covering part of lock Zone 1 

 

Illustration 8  Sick LMS111 sensor covering lock Zone 2 
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Illustration 9  Detail of mounting position for the Sick sensors at upstream end of lock 

 

 

Illustration 10 Redscan sensors at downstream gate 
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Drawing 1 Old ford Lock Equipment Locations (refer to illustrations for further detail) 
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 Drawing 2 Old Ford Lock Cable Connections 
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Drawing 3 Sandfield Bridge Equipment Locations (refer to illustrations for further detail) 
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Drawing 4 Sandfield Bridge Cable Connections 
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1 Summary 
This report details the findings of additional testing of laser scanners as detection devices at 
Sandfield Bridge. This follows the implementation of some of the recommendations following 
testing undertaken in 2013.  

As a result the changes made to the scanner software, scanner positions and number of 
scanners deployed the reliability of detection on the bridge deck has improved such that the key 
safety aspects of the system for the bridge deck have been achieved. 

The latest software has had a number of key improvements notably the 100% accurate 
detection of the mannequin and vehicles (a key safety requirement). Small static objects (not a 
safety requirement) caused false alarms and as such were not to specification. Objects entering 
the bridge deck at less than 15mph (not a key safety requirement) were not detected reliably 
within 1 second and as such were not to specification. 

In the canal space large objects were generally detected but not to 100% accuracy as required 
by the specification. Small objects caused false alarms and as such were not to specification. 

The failures are most likely due to configuration settings / software issues of the scanners and 
we have provided further recommendations to address this and other issues. Detailed design of 
individual sites should address these issues. 
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2 Introduction 
The report details the findings of the testing undertaken to our proposal “Remote Operation of 
Gloucester & Sharpness Bridges - Additional Testing” dated 18th August 2014 which conforms 
to the Canal & River Trust (CRT) Brief “National Remote Operation (Additional Testing)”, CRT 
Project Number: P08665. 

Specific clauses from the brief are shown in bold italics. 

We also undertook additional tests and these are shown in italics. The results for the additional 
tests are summarised only. 

The testing was undertaken at Sandfield Bridge between the 22nd to 24th October 2014, and 
22nd December. 

The Hyder staff on site were Philip Gardner, Scott Esnouf and Jake Mason (22nd to 24th 
October) and Philip Gardner and Jake Mason (22nd December). 

Following the results of the testing in October the software was modified to improve the 
performance for the Road Deck. This was tested on the 22nd December. We selectively tested 
using the old software first to ensure the previous failures were repeatable. The most recent 
tests are shown in the main body of this document. Historical results are shown in Appendix B in 
order to show the development and improvement in the scanner software. 
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3 Testing Methodology & Results 

3.1  General 
Before any testing the laser scanner mountings shall be checked and confirmed as 
securely fixed and undamaged.  

One scanner on the bridge and one scanner on the waterside were found to be loose. These 
were secured by packing material prior to the commencements of the relevant tests. 

The laser scanner windows shall be cleaned; any significant amount of dirt found shall 
be recorded. 

The photo below shows a waterside scanner at the start of the testing prior to cleaning. General 
dirt, cobwebs and insects were found on all 4 scanners. The relevant scanners were cleaned at 
the commencement of each day of testing with a damp tissue paper. 

 

The weather conditions shall be noted at the start and end of the testing period, along 
with any significant weather event during the testing.  

The weather observed on each day is listed below: 

Tuesday 21st October: Generally sunshine and clouds, with high winds. In the morning a few 
spots of rain. 

Wednesday 22nd October: Sunshine in the morning becoming overcast in the afternoon. The 
wind was noticeably reduced on the previous day, the water in the canal being still / calm. 

Thursday 23rd October: Generally overcast skies with some early light rain. 

Monday 22nd December: Strong wind with occasional light drizzle. 

 

3.2  Road Deck (Zone A) 
3.2.1  Scanner Height 

Confirmation that the two road deck scanners (in combination) provide a scan beam 
height of between 0.5 and 1m above the road surface at all points in the defined area. 

We tested each scanner’s height at 6 points in the testing zone: at each of the four corners of 
the test zone (being the lowest point of the deck arch) and directly in front of the scanner on the 
boundary of the test zone (either side of the deck). We used a meter stick with a Laser Area 
Checker (LAC) attached. Whilst we measured one scanner we covered up the other scanner. 
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We recorded the upper and lower limits of the beam divergence at each point. The results for 
the December are shown below. 

 

 

All points were covered by at least part of the full divergence beam. The incline on the north 
west side of the bridge accounted for the higher height above the deck on that side. It is not 
known what portion of the divergent beam needs to hit the object in order to detect the object. 
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3.2.2  Detection Speed 

Any object on the road deck (including the area up to the road barriers) greater than (or 
equal to) the scanner beam height, and 0.25m wide and 0.25m depth at any orientation to 
the scanner, and moving at a speed up to 15mph, shall be detected within 1 second. 

For this test we used traffic entering the bridge deck on the northern side (The Stables Café 
side). A camera was mounted in line with the boundary of the test zone parallel to the road 
barrier on the side of the road closest to the bridge keepers hut. On the other side of the road at 
the same height as the camera along with a market pole were two optical devices, one for each 
scanner output from the PLC. These lit when an object was detected. Objects defined in this 
test are vehicles, people or bicycles. The video camera was set to pre-record of 3 sec and at the 
approximate entre of the object the camera was set to record. When an object entered the 
testing zone the time taken to the scanner triggering may be worked out by counting the number 
of frames of video from crossing the maker post to the time the optical device lights. To ensure 
the speed of the vehicle is below 15 mph we used our own vehicles (2 off) and used the 
speedometer. We assumed foot traffic will always be travelling at less than 15 mph. The results 
are shown below as two tables one for vehicular traffic and one for all other traffic (foot etc.). 
The tables show the response time for each scanner as tested in December. It shows the time 
from one scanner to detect to the other one detecting. Where a scanner detects in one second 
or less it is highlighted in green. The top scanner (and top LED indicator) is the north side of the 
bridge and the bottom scanner (and bottom LED indicator) the south side of the bridge. 

 

 

 

 

 

 

 

 

 

 



 

 Remote Operation of Gloucester & Sharpness Bridges - Additional testing
Page 6 Hyder Consulting (UK) Limited 2212959
 
 

Vehicular Traffic (Tested in October) 

 

Video Start Top Bottom Time top Time bottom Difference

MVI_0017 3.25 5 4.88 1.75 1.63 0.12

MVI_0018 3.1 5.15 4.68 2.05 1.58 0.47

MVI_0019 3.35 5.35 4.48 2 1.13 0.87

MVI_0020 3.4 5 4.48 1.6 1.08 0.52

MVI_0022 3.75 5.6 5.05 1.85 1.3 0.55

MVI_0023 3.28 4.2 4.4 0.92 1.12 ‐0.2

MVI_0024 3.65 5.08 5.1 1.43 1.45 ‐0.02

MVI_0025 4 8.1 6.2 4.1 2.2 1.9

MVI_0029 3.48 4.53 4.8 1.05 1.32 ‐0.27

MVI_0031 2.35 5.05 4.75 2.7 2.4 0.3

MVI_0032 3.38 4.25 4.48 0.87 1.1 ‐0.23

MVI_0033 3.98 5.05 4.98 1.07 1 0.07

MVI_0034 3.23 4.97 4.7 1.74 1.47 0.27

MVI_0036 3.37 4.47 4.97 1.1 1.6 ‐0.5

MVI_0038 3.33 4.3 4.57 0.97 1.24 ‐0.27

MVI_0040 3.37 4.33 4.93 0.96 1.56 ‐0.6

MVI_0044 3.53 5.17 4.73 1.64 1.2 0.44

MVI_0047 3.2 4.17 4.37 0.97 1.17 ‐0.2

MVI_0069 3.77 5.03 5.33 1.26 1.56 ‐0.3

MVI_0071 3.07 4.3 4.73 1.23 1.66 ‐0.43

MVI_0073 3.53 4.87 4.93 1.34 1.4 ‐0.06

MVI_0113 3.43 4.33 5.03 0.9 1.6 ‐0.7

MVI_0114 3.3 4.67 6.1 1.37 2.8 ‐1.43

MVI_0115 3.83 5.3 5.33 1.47 1.5 ‐0.03

MVI_0116 3.3 4.17 4.13 0.87 0.83 0.04

MVI_0117 3 4.27 4.47 1.27 1.47 ‐0.2

MVI_0118 2.63 3.77 4.27 1.14 1.64 ‐0.5

MVI_0128 3.63 6.23 4.5 2.6 0.87 1.73

MVI_0129 3.13 5.03 4.57 1.9 1.44 0.46

MVI_0130 3.53 5.03 4.87 1.5 1.34 0.16

MVI_0131 3.43 7.03 4.17 3.6 0.74 2.86

MVI_0135 3.43 5 4.83 1.57 1.4 0.17

MVI_0136 3.37 4.77 4.73 1.4 1.36 0.04

MVI_0138 3.6 5.3 4.63 1.7 1.03 0.67

MVI_0139 3.43 4.77 4.97 1.34 1.54 ‐0.2

MVI_0140 3.2 4.07 3.9 0.87 0.7 0.17

MVI_0141 3.53 5.4 4.67 1.87 1.14 0.73

MVI_0142 3.17 6.37 5.03 3.2 1.86 1.34

MVI_0143 3.4 5.97 4.5 2.57 1.1 1.47

MVI_0144 3.23 5.67 4.07 2.44 0.84 1.6

MVI_0145 3.27 4.7 4.83 1.43 1.56 ‐0.13

MVI_0149 3.2 4.83 4.1 1.63 0.9 0.73

MVI_0150 3.23 4.03 4.03 0.8 0.8 0

MVI_0162 3.13 4.13 4.33 1 1.2 ‐0.2

MVI_0166 3.77 5.57 5.7 1.8 1.93 ‐0.13

MVI_0169 4.07 9.77 8.37 5.7 4.3 1.4

MVI_0177 4.07 5.13 5.17 1.06 1.1 ‐0.04

MVI_0185 3.37 4.27 4.23 0.9 0.86 0.04

MVI_0189 3.4 5.47 4.13 2.07 0.73 1.34

MVI_0205 3.7 5.9 5.37 2.2 1.67 0.53
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It can be seen that in 14 cases out of 50 that at least one scanner has detected the object in 1 
second or less i.e. 28%. The tolerance is estimated to be approx. 4% (2% measurement frame 
rate accuracy, 2% sample data). 

In December we repeated the test at with a vehicle travelling at 15mph with the latest software 
version. Because of time constraints we did this three times only. The time taken from the 
vehicle entering the test zone to the first scanner triggering was an average of 1.3 seconds (all 
results: 1.33, 1.30 and 1.27). It can be seen that in three cases out of three that no scanner 
detected the object in 1 second or less i.e. 100% failure. The tolerance is estimated to be 
approx. 4% (4% measurement frame rate accuracy, 33% sample data). The results showed no 
real improvement over the previous results. 
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Other traffic (Tested in October) 

 

It can be seen that for people and other slow moving traffic 50 out of 50 times that at least one 
scanner has detected the object in 1 second or less i.e. 100%. The tolerance is estimated to be 
approx. 4% (2% measurement frame rate accuracy, 2% sample data). 

 

 

Video Start Top Bottom Time top Time bottom Difference

MVI_0050 3.15 5.8 3.15 2.65 0 2.65

MVI_0051 4.3 7.21 4.4 2.91 0.1 2.81

MVI_0052 5.35 9.15 5.35 3.8 0 3.8

MVI_0053 5.53 9.17 5.53 3.64 0 3.64

MVI_0054 4.73 8.1 4.73 3.37 0 3.37

MVI_0055 4.07 9.57 4.07 5.5 0 5.5

MVI_0056 3.4 7.68 3.4 4.28 0 4.28

MVI_0057 4.07 7.9 4.4 3.83 0.33 3.5

MVI_0059 3.5 7.93 3.5 4.43 0 4.43

MVI_0060 3.53 4.47 4.33 0.94 0.8 0.14

MVI_0061 4.17 4.8 4.57 0.63 0.4 0.23

MVI_0063 3.9 4.3 5.28 0.4 1.38 ‐0.98

MVI_0064 3.8 3.8 9.33 0 5.53 ‐5.53

MVI_0151 1.57 1.83 3.13 0.26 1.56 ‐1.3

MVI_0152 3.8 4.1 4.77 0.3 0.97 ‐0.67

MVI_0153 3.53 4.17 6.67 0.64 3.14 ‐2.5

MVI_0154 3.93 4.07 8.8 0.14 4.87 ‐4.73

MVI_0155 3.07 3.23 5.53 0.16 2.46 ‐2.3

MVI_0156 3.5 3.6 5.03 0.1 1.53 ‐1.43

MVI_0157 3.8 4 5.67 0.2 1.87 ‐1.67

MVI_0158 3.77 4.1 5.37 0.33 1.6 ‐1.27

MVI_0159 3.4 3.53 5.73 0.13 2.33 ‐2.2

MVI_0160 3.1 6.72 3.1 3.62 0 3.62

MVI_0163 3.63 8.63 3.63 5 0 5

MVI_0164 3.47 3.67 12.8 0.2 9.33 ‐9.13

MVI_0167 3.17 3.3 16.07 0.13 12.9 ‐12.77

MVI_0171 2.67 3.23 4.43 0.56 1.76 ‐1.2

MVI_0173 2.97 3.93 3.13 0.96 0.16 0.8

MVI_0174 3.37 10.47 3.73 7.1 0.36 6.74

MVI_0175 3.1 13.1 3.4 10 0.3 9.7

MVI_0176 3.27 4.17 15.87 0.9 12.6 ‐11.7

MVI_0179 3.7 4.63 9.33 0.93 5.63 ‐4.7

MVI_0180 4.2 4.37 12.57 0.17 8.37 ‐8.2

MVI_0181 1.4 1.4 9.67 0 8.27 ‐8.27

MVI_0182 3.33 4.07 3.6 0.74 0.27 0.47

MVI_0184 3.5 3.87 6.13 0.37 2.63 ‐2.26

MVI_0186 3.57 11.53 3.7 7.96 0.13 7.83

MVI_0187 3.47 3.93 4.73 0.46 1.26 ‐0.8

MVI_0188 3.57 4.03 5.37 0.46 1.8 ‐1.34

MVI_0190 3.47 4.13 4.27 0.66 0.8 ‐0.14

MVI_0191 3.63 4.47 4.23 0.84 0.6 0.24

MVI_0193 2.97 3.87 3.03 0.9 0.06 0.84

MVI_0196 3.37 3.97 4.5 0.6 1.13 ‐0.53

MVI_0197 2.4 2.4 9.07 0 6.67 ‐6.67

MVI_0201 3.9 4.33 12.5 0.43 8.6 ‐8.17

MVI_0202 3 3.6 4.3 0.6 1.3 ‐0.7

MVI_0203 2.83 3.37 4.8 0.54 1.97 ‐1.43

MVI_0204 3.43 3.9 13.3 0.47 9.87 ‐9.4

MVI_0207 3.97 4.3 4.3 0.33 0.33 0

MVI_0208 3.27 3.33 3.33 0.06 0.06 0
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3.2.3  Static Large Object – Mannequin  

That one or both of the scanners raised an alarm in each position; the alarmed 
scanner(s) noted. 

We placed the mannequin in each of the 20 test points (yellow circles) marked by CRT and 
checked in each place that either one or both scanners triggered. We ensured that no part of 
the mannequin was outside the test zone. We repeated the test 3 times rotating the mannequin 
each time. When necessary a weight (in the photo below, a bucket of water) was used to stop 
the mannequin toppling over in the wind. 
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The results for December are shown pictorially below: 

 

 

Detailed results are shown in the following table: 

 

 

The scanners detected the mannequin at least once in all locations. In total the combination of 
both scanners detected the mannequin 60 times in 60 positions i.e. 100% with a tolerance (data 
sample) of approx. 2%.  

This test passed and was an improvement over the previous October test results. 
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3.2.4  Static Small Object  

Confirmation of non-detection of objects smaller than the specified size at each of the 20 
test points. 

We placed the small object, a tube of diameter 100mm, in each of the 20 test points (yellow 
circles) marked by CRT and checked in each place that neither of the scanners triggered. The 
results for December are shown pictorially below: 

 

 

Detailed results are shown in the following table: 

 

 

 

 

 



 

 Remote Operation of Gloucester & Sharpness Bridges - Additional testing
Page 12 Hyder Consulting (UK) Limited 2212959
 
 

 

The photo above shows an example of one of the small test objects used in the testing in 
October and December. 

The scanners incorrectly detected the small object at least once in ten locations. In total the 
scanners detected the small object ten times in 20 positions i.e. 50% failure with a tolerance 
(data sample) of approx. 2%. 

During this test it was windy and therefore the object was moving. In addition it was not totally 
perpendicular. These could well have contributed to creating a slightly larger object profile.  In 
some instances the scanners toggled indicating the position was close to the limit.  

The results showed no real improvement over the October results. 

 

3.2.5  Other tests and General Observations (December) 

We parked a car on the bridge (northern side just within the test zone) and both scanners 
triggered. This test passed and was an improvement over the previous test results undertaken 
in October (with an older version of software).   

Due to time constraints it was not possible to monitor objects crossing the bridge to see if they 
toggled on off on as observed in the October tests. The software, following a trigger, was noted 
to delay going off by 3 seconds. Anecdotally we did not notice any toggling. 
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Due to time constraints it was not possible to monitor the bridge to see whether there were any 
false triggers when no objects were present as observed in October. Anecdotally we did not 
notice any false triggers. 

 

3.2.6  PoC Report Recommendations  

Confirmation, or otherwise comment, that the following recommendations (made in the 
Hyder PoC report) have been addressed in the trial installation: 

Recommendation 2; location of scanners 

The location of the scanners was offset from the centre of the bridge.  A 180 degree sweep was 
not obtained such that all objects were detected, in part because of the scanner being set back 
from the test zone (to avoid damage).  Repositioning, for example to the middle of the bridge, or 
additional scanners are likely to address this issue. 

Recommendation 3; fixings of scanners (within the constraints allowed by the temporary 
installation) 

Whilst one of the road deck scanners was loose this was in the constraint of the temporary 
installation and a more secure permanent fixing could be found. No signs of vandalisation was 
observed during the testing period. However at locations prone to vandals it is unlikely that the 
scanners installed in a similar manner would not be vandalised. 

Recommendations 5 & 6 as applicable to the weather conditions at the time of test. 

We did not determine if sunshine was a factor on the failure / false triggers shown by the 
system. We did do an additional test wrapping the pipe in newspaper to minimise reflections. 
We do not believe that the small amount of rain experienced during the testing has any effect on 
the results. 

Recommendation 8; location of scanners 

The scanners were mounted at the same height (2cm average laser height difference) and as 
such objects of small height such as large birds might well still be detected. Part of the 
recommendation was to have the scanners at different height and this was not done.  

Recommendation 12; multiple scanners 

The use of multiple scanners has improved the accuracy. 

Recommendation 19; response of system to various permutations of objects; notes 
should be made of the various conditions seen during the testing period 

We observed vehicles that follow closely one another and toggling of the scanner trigger 
occurred on 3 occasions within an hour during the October testing. However this may be related 
to the overall reliability of the equipment and configuration settings (minimum / maximum object 
size, speed etc.).   
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3.3  CANAL-SPACE (ZONE B) 
3.3.1  Scanner Height 

Confirmation that the two canal-space scanners (in combination) provide a scan beam 
height of between 0.5 and 0.75m above the water surface (on the day of the test) at all 
points in the defined area. 

We recorded the height above water at the 4 corners of the detection zone. We used a clear 
tube with a measure next to it and the Laser Area Checker (LAC). The height was measured 
from the water level inside the tube.  

Whilst we measured one scanner we covered up the other scanner. We recorded the upper and 
lower limits of the beam divergence at each point. The results are shown below. 

Not all points were covered by at least part of the full divergence beam. It is not known what 
portion of the divergent beam needs to hit the object in order to detect the object. The scanners 
were not level and the southern scanner on the northern side were greater than the upper limit 
of the specification (0.75m). However the combination of both scanners were within the range. 
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3.3.2  Large & Small Objects 

The testing shall use a boat (of approx. 2.5m x 1.5m) 

 We used a dingy (262cm x 157cm x 42cm) as the base for the test object. For the large test 
object we used 4 off 20 x 20 x 20 inch cardboard boxes fixed together and sitting on top of the 
dingy. The boxes created a 40 x 40 x 20 i.e. a 1016mm x 1016mm cross section.  

 

For the small test object we created a column diameter approx. 750mm using a vinyl material. 

 

We used string from a boat (kept outside the detection area) pulling the dingy and object 
through the test zone, and boat hooks from the bridge deck to control the position of the dingy in 
the test areas.  

Confirmation of correct detection of objects 

For the large test object we moved the dingy in all areas within the test zone and recorded any 
area in the 3 x 3 grid if either one of the scanners failed to trigger. The results are shown below. 
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There was one area where both scanners failed to detect the object and this was the area in 
front of the northern scanner. It was estimated that this occurred within 5 to 10% of the test area 
with a measurement tolerance of 5%. It occurred on the overlap of two zones i.e. 2 out of 9 
zones (22%). 

Confirmation of non-detection of objects smaller than the specified size 

For the small test object we moved the dingy in all areas within the test zone and recorded any 
area in the 3 x 3 grid if either one of the scanners failed to trigger. The results are shown below. 

 

The small object was detected as a large object in multiple areas and thus the test failed. It was 
estimated that this occurred in 30%of the test area with a measurement tolerance of 5%. It 
occurred in 8 out 9 zones (89%) 

We did additional tests one with the dingy on its own and the scanners correctly did not trigger 
(the dingy was below the height of the scanners). 
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We also did the test with a smaller object (44cm diameter) and this still caused the scanners to 
falsely trigger. This occurred in all 9 test zones. 

 

3.3.3  PoC Report Recommendations 

Confirmation, or otherwise comment, that the following recommendations (made in the 
Hyder PoC report) have been addressed in the trial installation: 

Recommendation 2; location of scanners 

It was noted that for the large object there was an area in front of the northern scanner were 
neither scanner detected the object. This scanner was not set back from the water like the 
southern one and it may be that the scanners have been set to not detect objects immediately 
in front of the scanner.  Nonetheless the southern scanner failed to detect the object too and 
thus did not give a successful 180 degree sweep. 

Recommendation 3; fixings of scanners (within the constraints allowed by the temporary 
installation) 
 
Whilst one of the scanners was loose this was in the constraint of the temporary installation and 
a more secure fixing could be found. No signs of vandalisation was observed during the testing 
period, and the location of them would deter would be vandals. 
 
Recommendations 5 & 6 as applicable to the weather conditions at the time of test. 

 

We did not determine if sunshine was a factor on the failure / false triggers shown by the 
system. We do not believe that the weather during the testing has any effect on the results. 
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Recommendation 14 (note that boats below minimum object size are not required to be 
detected and it is intended that canoes in some orientations would not be detected). 

The system incorrectly detected small objects as large objects. 

Recommendation 17; scanners are not set to detect swans and wildfowl. 
 
We observed swans and wildfowl in the test zone when no boats were present. We periodically 
introduced bait to encourage birds into the area. It was found that small wildfowl which were 
below the scanner height did not trigger the scanners. Flying swans did trigger the scanner. 
Floating swans occasionally triggered the scanner. Flying seagulls occasionally triggered the 
scanner. This test whilst considered a fail should be considered in light of the findings of the 
small object. The results can be found in Appendix A.  
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4 Recommendations 
4.1  From the results it can be concluded that the scanners are not set up accurately enough to 

reliably detect the required small object. It is recommended that the object size is discussed with 
the client and a range of values obtained for the distances (next to the scanner and at the 
extremities of the zones) of the zones. 

4.2 It is recommended that the slow response time of the scanners is discussed with the supplier in 
relation to objects entering the bridge deck within 1 second.  

4.3 We recommend that any further testing of object sizes could be cost effectively tested outside of 
the CRT environment first before any further site testing.  

4.4  It was found that the canal space test zone was smaller than the detection area. For ease of any 
future testing it is recommended that the detection area be set to be the same as the test zone. 

4.5 We recommend that scanners for the Canal Space (Zone B) should be placed on both sides of 
the canal.  

4.6 We recommend that before any further formal testing is undertaken, the suppliers undertake the 
same set of tests and provide documentary evidence of the results to CRT. 

4.7 The supplier’s response for the reason neither scanner picked up larger object in the canal 
space (zone B) was:  

 “There is a non detect area right in front of the scanner to reduce false alarms from fog / heavy 
rain etc. The scanner may require to be rotated sideways or located further back from the canal 
edge. This was observed much earlier on in the trial, and would be eliminated by placing 
additional sensors on the opposite side of the canal.” 

 See also recommendation 4.5.  We would recommend that any further testing undertaken 
should take into account any non detect areas (in front of the scanner).  
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5 Appendix A – Bird Detection Results 

 

  

% of Large bird entry event that 

resulted in trigger

% of Small bird entry event that resulted in trigger (inclusive of 

bait tests)

% of Small bird entry event that resulted in trigger 

(exclusive of bait tests)

33.3 18.6 4.7

Large bird (Swan/Goose) Small Bird (Duck, Seagull etc.) Triggered Sensor Zone Notes Bait

1 4

6

12 YES South Seagulls mass flight

3

1 YES Centre Flying swan beneath bridge

1 YES Centre Flying swan beneath bridge

2

2 YES South Two swans  swimming together in front of south sensor

1 20 YES South

20 seagulls  swimming across south zone and swan swimming 

in front of south sensor

3

1

3

1

1

1

2

4

2

2

1

1

1

1

2

1

5 YES North

Swans swimming close together triggered for 2 seconds  in 

north zone, did not trigger in south zone as they passed in front 

of south sensor

1

1

1

2

3

2

1 YES South Flying swan over bridge and dropped lower into south zone

1

2

4

Swam in a line indivdually a swans  length apart in front of 

south sensor and did not trigger

2

3

3

4

1

3

1

20 YES Northeast Seagulls mass flight Small bread bait input to northeast zone 13:00

1 Lone flying seagull in northeast zone did not trigger

1

3

4 Ducks  swimming did not trigger

Small bread bait input to northeast and centre zone 

13:25

1

1

2 YES South

6 YES South Seagulls flight

4

4

20 YES South Seagulls mass flight

1 YES South Lone flying seagull in south zone

1 YES South Lone flying seagull in south zone

3

4

Small bread bait input to south zone 13:40

Large bread bait input to south zone 12:00

Entry Event Count
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6 Appendix B – Historical Testing Results 
6.1 This Appendix details the results of Bridge Deck (Zone A) testing undertaken in October that 

has been superseded by testing in December with improved software as part of the 
development process. It also details recommendations that were made after the testing in 
October that were implemented in December. 

6.2 The tests undertaken were on the Static Large Object (Mannequin); Static Small Object (a 
tube); a car parked just onto bridge deck; and the detection speed of a vehicle entering the 
bridge.  

6.3 Both scanners on the Bridge Deck were cleaned prior to testing. The bottom scanner was 
observed to be securely fixed whilst the top scanner was slightly loose. The top scanner was 
adjusted with packing to ensure it was made secure prior to testing. 

6.4 We tested each scanner’s height at 6 points in the testing zone and the results for October are 
shown below. All points were covered by at least part of the full divergence beam. 
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6.5 We placed the mannequin in each of the 20 test points (yellow circles) marked by CRT and 
checked in each place that either one or both scanners triggered. The results are shown 
pictorially below: 

 

 

 

 

 

Detailed results are shown in the following table: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The scanners failed to detect the mannequin at least once in two locations. In total the 
combination of both scanners failed to detect the mannequin two times in 60 positions i.e. 
approx. 4% with a tolerance (data sample) of approx. 2%. 
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6.6 We placed the small object, a soil pipe of diameter 110mm height 750mm, in each of the 20 test 
points (yellow circles) marked by CRT and checked in each place that neither scanner triggered. 
We ensured that no part of the object was outside the test zone. We repeated the test 3 times. 
The results are shown pictorially below: 

 

 

 

 

 

 

Detailed results are shown in the following table: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The scanners incorrectly detected the small object at least once in thirteen locations. In total the 
scanners detected the small object twenty two times in 60 positions i.e. approx. 37% failure with 
a tolerance (data sample) of approx. 2%. 

During this test the sun was occasionally shining. We therefore undertook an additional test, 
repeating the test with the pipe covered in newspaper to see if there was an effect of the 
surface material.  The results yielded similar findings as before. 
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6. 7 General Observations  

During the testing period in October we made the following observations: 

(a) Occasionally a scanner would trigger with no object being on the bridge at all. 

(b) On Thursday 23rd October the scanners were triggering many times (more on than off) 
with no object being on the bridge. This was reported to CRT and the problem was fixed by the 
suppliers. 

(c) A car could park stationary on the bridge (northern side just within the test zone) and 
neither scanner would trigger. This was also seen by real vehicle typically turning onto the 
bridge from the Café road. 

 

 

 

 

 

 

 

 

 

(d) A scanner might toggle (on and off) whilst a vehicle was on the bridge 

6.8  A number of recommendations were made following the testing in October and the ones 
actioned are as follows:  

(a) We recommended CRT write to the supplier with a number of questions to explain the 
results and observations made during the October testing. As a result the supplier responded on 
the 10th November 2014. 

(b) We recommended that the explanation for the false triggering with no objects present should 
be discussed with supplier (see (a) above). Any explanation and solution that is configuration / 
software based should be proved by first reproducing the failure scenario with the configuration 
/software used in this trial and then the solution using the new configuration / software in the 
original failure scenario. As a result the testing undertaken in December followed this testing 
methodology. 

(c) We recommended that testing should be done to ensure that some results are not due to the 
reliability of the PLC. CRT checked and confirmed that the PLC was functioning correctly.  

 



Numericanal observation visit report – 21st  Sept  2013 

Ecluse ( Lock )  27 – Frourd on the Canal de la Rhin Est 

Work package 1 

Analysis of ICT solutions for managing Waterways and providing services 

Research undertaken to inform and steer decisions for work package 4 

Observation 

CRT Enterprise Manager European Projects ( EMEUP ) established links with VNF 
waterway operational management to identify that Ecluse ( Lock )  27 – Frourd on the Canal 
de la Rhin Est is the best example of CCTV / Remote operation the French Canal system – 
EMEUP has observed this operation 

This lock is operated remotely using CCTV, loud speakers and traffic lights.  

Whilst on site I observed no one was in the control tower and no VNF operatives were on 
site. 

During my observation two boats used the lock – one up and one down. 

Lock operation – see slides on PowerPoint presentation. 

Slides, in order, as follows: 

o Boat enters lock 
o Gates close, lock starts to fill 
o Lock fills 
o Lock full, top end gate opens 
o Boat exits lock 
o CCTV observing operation 
o Close up of CCTV, light and speaker 
o Boat waits for lights to signal entry into the lock 
o Boat enters lock 
o CCTV observes gates closing 
o Gates closing 
o Boat in lock 
o Lock empties 
o Gates open – boat awaits green light 
o Green light 
o Boat exits 

During the operation I observed both captains of the vessel go to the control tower, try the 
door, look through the window and ask members of the public where were the lock keepers. 

I witnessed no use of the loudspeaker system. 

The CCTV cameras appeared to be static. 



All operations observed at all times were safe and no risks were evident when both boats 
used the lock. 

 

 

 



Canal & River Trust 
England and Wales  

 



  

 

Remotely operated structure 

 

Ecluse ( Lock )  27 – Frourd on the Canal de la 
Rhin Est is the best example of CCTV / Remote 

operation the French Canal system  



Empty Lock 

 



Boat enters Lock 

 



Lock starts filling  

 



Lock nearly full 

 



Lock full – gates open 

 



Boat leaves Lock 

 



CCTV observing operation 

 



CCTV 

 



Boat leaves lock and boat on lock approach prepares to enter the 
lock 

 



Boat enters lock 

 



CCTV checks gates are clear 

 



Gates close 

 



Gates fully closed , boat in lock 

 



Lock empties and gates start to open 

 



Lock empties , gates open , lights still on red – boat waiting to 
proceed 

 



Lights change to green – boat leaves lock 

 



Lock ready for next boat 
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3rd June 2014 

 

 



 

 

Canal & River Trust and City of Eindhoven Transnational exchange 

Overview and technical presentations 

Jos Westveer ( JW ) – City of Eindhoven 

Robert Beekvelt (RB ) - City of Eindhoven 

Chris Bailey (CB ) – Canal & River Trust ( CRT ) – Enterprise Manager , European 

Projects 

 

Overview Presentation 

Nick Worthington , Waterway Manager , CRT  - South Wales & Severn 

Presentation of Canal & River Trust vision and strategic goals followed by the project 

details in local and community context 

Link to presentation  

Technical Presentation 

Darren Parkinson - Group SCADA  / ICA Manager 

SCADA (supervisory control and data acquisition) 

ICA (instrumentation, control and automation) 

Presentation of CRT current automated structures that could be converted to mobile 

device ( remote ) operation and analysis of structures to be recommended for remote 

operation 

Link to presentation  

Technical Presentation of pilot projects to test systems – laser beam operated 

control systems operated by mobile device application 

Link to presentation  

Discussion between partners 

• JW - Eindhoven could use the technologies to track boat movements and 

speed to inform leisure users of commercial craft whereabouts on the Beatrix 



Canal, this could be linked to Eindhoven’s Control Centre website to show 

real-time movements 

 

• DP – Costs are reduced when the automated structures have the 

infrastructure – such as hydraulic rams , CCTV and traffic lights in place  

 

• CB – above is exactly what parts of the French inland waterway system have 

in place – converting the French waterways would be relatively cost effective 

 

• CB – Dutch waterways similarly 

 

• RB  – Future maintenance liabilities? DP suggests less onerous than 

expected , but normal maintenance schedules for such systems would be 

expected  ( not withstanding technological advances )  

 

Site visit – Saul , Gloucestershire – Bridge Number 9 , Sandfield Bridge , 

Gloucester and Sharpness Canal 

Jos Westveer 

Robert Beekvelt 

Chris Bailey 

Darren Parkinson 

Dilwyn Parry – CRT – Project Manager  

Sue Campbell  – CRT , Bridge Keeper 

Dave Farman - Director, TEW Plus Ltd, UK supplier for Optex laser 

Demonstration 

Normal operation – activated by CRT Bridge keeper 

Test without a boat on approaches 

• Boat approaches – VHF communication between boat and Bridge keeper 

• Bridge keeper checks no one on bridge nor boats to close to bridge opening 

• Bridge keeper presses start of bridge opening button 

• Wig wags start flashing and barriers descend 

• Wedges disengage ( about 30 seconds delay ) and bridge is ready to swing 

• Bridge swings  - Bridge keeper checking boat movement 

• Bridge full open and boat passage  

• Bridge keeper checks boat clear and begins closing sequence 



• Bridge closes  

• Barriers open  

• Road traffic , cyclists and pedestrians able to cross 

Link to video 

Mobile device app operation 

Again tested without a boat present 

• Mobile device app pressed once ( from as far away as 350m ) 

• Laser beams checks no one on bridge nor boats to close to bridge opening 

• Wig wags start flashing and barriers descend 

• Wedges disengage ( about 30 seconds delay ) and bridge is ready to swing 

• Bridge swings  - Laser beams checking boat movement 

• Bridge full open and boat passage  

• Laser beams checks boat clear and begins closing sequence 

• Bridge closes  

• Barriers open  

• Road traffic , cyclists and pedestrians able to cross 

Link to video 

Demonstration of mobile device app with person on bridge 

Again no boats passing 

• Mobile device app pressed once ( from as far away as 350m ) 

• Laser beams checks no one on bridge nor boats to close to bridge opening 

• Wig wags start flashing  

• Laser beams detect person on bridge 

• Wig wags stop flashing and operation stops 

• Person moves away from bridge 

• After a determined length of time – wig wags start flashing 

• Wig wags flashing and barrier descends  

• Wedges disengage ( about 30 seconds delay ) and bridge is ready to swing 

• Bridge swings  - Laser beams checking boat movement 

• Bridge full open and boat passage  

• Laser beams checks boat clear and begins closing sequence 

• Bridge closes  

• Barriers open  

• Road traffic , cyclists and pedestrians able to cross 

Link to video 

 



 

 

 

The above demonstrations were followed by Dave Farman - Director, TEW Plus Ltd, 

UK supplier for Optex laser giving a technical explanation of how the laser beam 

equipment on site was set up and how it operates 

Then how that is linked to a laptop , on site in this case but could well be in a remote 

control centre , and how it detects and monitors movement and how that is linked to 

fail safes in the bridge operation 

The above demonstration package will be offered to partners and stakeholders at the 

mid-term event 

Links to the presentations and videos will be set up after the mid-term event 
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CRT/VNF January 20/21st 2015 – Le Canal de Saint-Quentin  

 Cambrai / Crevecoeur-sur-Escaut / Les-Rues-des- Vignes 
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Meeting held VNF offices Cambrai before site visits 

Attendees  

Dilwyn Parry – Canal & River Trust ( CRT ) Project Manager  
Darren Martin - CRT Principle electrical engineer   
Darren Parkinson CRT National SCADA/ICA Manager  
Chris Bailey – CRT – Enterprise Manager, EU Projects 
 
Pierre-Emmanuel FLIPPE , French National Waterway Authority - Voies Navigables de 
France ( VNF ) technical engineer 
Jérôme CARLIER,-VNF - Waterway Manager   
Alain LEFEBVRE – VNF -  Maintenance engineer   
Alaric Blakeway – VNF - Numericanal ,Project Manager 
Guillaume DELAIRE- VNF - Technical assistant   
 
Discussion and Presentations 
 
CRT question – why do VNF have remotely operated locks in France 
 
VNF answer – VNF have long recognised that the riskiest element of boating is getting on 
and off the boat – so where Lock Keepers do not operate we have / will introduce remotely 
operated structures 
 
All high gauge Waterways have Lock Keepers of the other Waterways we operate 1000 
locks remotely with a further 80 planned 
 
CRT Presentation – Darren Martin / Darren Parkinson 
 
CRT Remote Operation presentation  
 
CRT explanation of how we operate Sandfield Bridge using laser beam technology 
 
VNF Presentation - Pierre-Emmanuel FLIPPE 
 
Le canal de Saint-Quentin – remote operations 

Facts to note 

VNF choose infrared because 

• No mobile coverage everywhere 

• Ensuring only boaters have units 

• Secured link with high performance – no interference 

Notwithstanding the above VNF do like CRT mobile app solution 

Infrared unit are 500 euros each 

The units have been improved greatly over time – the demonstration is with the latest 

version 

The unit has a 300/700 M range  
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Site visit and detailed report 

 
These notes relate to a presentation and site visit made to VNF in the Cambrai area of 

Northern France; 21st January 2015. 

 

Background: 

There are three existing technologies for “remote operation” of locks in France: 

• Pull chains or levers – Pull chains, suspended over the canal, used to request entry 

to locks. Within the lock two levers run down the lock wall – blue for operating (water 

level change, followed by gate opening) and red for emergency stop (see photograph 

below). 

• Radar – little was said about this (apart from a brief reference to unreliability); 

believed this may be used to detect presence of oncoming boats to prepare lock for 

operation (effectively replacing the pull chain method). 

• Remote operation using hand held devices (more detail below). 

 

The first two methods are not suitable for use on CRT assets, primarily because of the very 

different nature of our boating traffic (CRT having a much higher proportion of leisure craft 

with more diverse usage of the network). The remainder of this document covers the third 

method. 

Remote Operation using Hand-held Devices: 

 

The reason for moving to remote operation using hand held devices was essentially a safety 

upgrade; the pull lever method of initiating emergency stop is not seen as ideal. Multiple 

boats may be in the lock with no-one on board able to reach the levers. (There are also 
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many other scenarios where it would be of little use, and it is also suspected that they are 

difficult to maintain). 

The remote operation system has been through several phases. Starting with simple “garage 

door” type technology, and evolving into the device now being trialled.  

 

The new unit (right) is a bespoke device, 

designed specifically for VNF. This unit uses 

VHF communications for a distance of around 

300-700m from the structure (i.e the initiation 

request). It then goes to WIFI within around 50m 

of the lock. The hand held units are around 500 

euro each. 

 

VNF had considered using mobile phone 

technology but discounted it because of: 

• limited mobile coverage in many areas 

• the difficulty of determining the exact 

location of the boat 

• And the lack of a secure link to provide 

the emergency stop functions (see 

below). 

VNF did like the fact that CRT will not have to 

issue devices to boaters. (From the practical 

demonstration it was also apparent that there 

were problems with battery charging and charge retention). 

 

At the moment the system is in the trial stage; deployed on two canals with a view to national 

roll out. 2 locks in the Cambrai area, with one operation centre and 50 remote controls.  10 

locks elsewhere with 2 operation centres and 200 remote controls. Over 2000 operations 

have been carried out across the sites. 

 

As the photograph shows, the unit has buttons for boats ascending and descending the lock; 

the skipper using these on the approach to set the lock ready for entry and use. The central 

black button will initiate the water level change, and would operate when the boat is within 

the lock chamber. The lock traffic signals (triangular lights) are repeated on the unit, with the 

red emergency button to the right. The display provides feedback to the user, and can be 

selected to display in one of four languages (French, Dutch, German and English); the 

selection being made by the lower buttons on powering up the unit. 

 

Currently the system is being used only to initiate lock preparation; the levers remain in use 

to operate the lock once the boat is in the chamber (the SIL 2 safety feature described below 

is therefore not currently used). 
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SAFETY FEATURES:  

 

There was much discussion 

on the safety features 

required. It is a basic safety 

principle in France that 

Skippers do not leave their 

boat at locks. Therefore 

VNF’s consultants had 

determined that a SIL2 

safety system was required 

to replicate the level of 

safety provided by the 

emergency lever system 

(the red lever on the right in 

the photograph). This was 

stated as providing 

protection for both people 

falling in the water (from 

boats) and for boat damage. 

 

On the hand held unit SIL 2 integrity for the emergency button is provided by continuous 

handshaking through the WiFi system; this holding in physical relays on the receiver unit. If 

the signal is lost the relays drop out and the emergency stop initiates. (This is exactly the 

same system used in CRT for the radio pedestal at Ivy House Bridge, where SIL 1 was 

specified – There is some surprise that VNF’s consultants are able to rate the relays at SIL2, 

as those shown were standard miniature relays). 

 

This SIL 2 feature only applies while the boat was within the lock chamber.  At this stage of 

the operation the emergency stop feature (both the physical lever and that on the remote 

controller) is enabled. The emergency stop will stop gate movement (if moving) or will stop 

water flow by closing sluices.  (Apparently the emergency stop function is also initiated if the 

handheld unit is dropped in the canal; although it wasn’t explained how this actually 

operated). 

 

VNF don’t appear to have considered other ways of mitigating the risks (e.g. laser scanning 

for boats in dangerous positions, or slowing water flow to remove danger to anyone in the 

water – possibly the latter would add unacceptable delay to commercial traffic?). 
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Although there was some discussion about de-marking lock areas using vegetation to deter 

public access, it was clear from the site visits that VHF do not really consider the risk to the 

general public as their responsibility. The lack of fencing, warning signage and audible / 

visual warnings of imminent movement was very noticeable at the sites visited (see 

photograph on title page).  

 

In particular the lack of protection and absence of warning, on the lock gate walkways was 

noted. The lock sides are open to the public, including unimpeded access across the gate 

walkways (for which there was actually no need for public access at the sites visited). The 

walkways have no warning signage, and the gates will open on request from an approaching 

boat (which may be out of sight) without obvious warning. Trip hazards also affected the 

area in which people may need to move to avoid the opening gates (see photograph below). 

 

 
 

The EU Machinery Directive had been mentioned while discussing the SIL 2 stop feature – 

but VNF didn’t appear to be applying any of the measures we would consider essential in the 

UK to protect people from moving equipment. There is a strong contrast between the safety 

provisions being made for persons on boats compared to that provided for anyone on the 

side. 
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OPERATIONAL DEMONSTRATION 

 

The demonstration showed operation of the lock from a boat approaching from either 

direction. The operator interface was good and clear, and the boater gets an audible alert 

whenever action is required on their part. 

 

The boat is detected by IR beams at the lock entrances (visible in the previous photograph). 

These work very well, but surprisingly are accessible to persons on the lock side and can 

easily be triggered by walking in from of them. It was stated that software could determine 

nuisance detection by persons – but this didn’t appear to be the case in practice. (On CRT 

we would have to conceal them to prevent nuisance triggers). 

 

The system worked very well for a single boat in the system. It also worked well for multiple 

boats requesting operation; allowing them into the lock in the order in which they requested 

access. However the system did rely heavily on boaters following the instructions they’d 

been given. If a boater requested operation but then didn’t move into or out of the lock when 

requested the system would effectively stall – wait 15 minutes then raise a fault requiring 

attendance by VNF. This was inadvertently demonstrated when a real boat arrived partway 

through the demo; the lock having to be manually operated as there wasn’t time to get our 

“virtual” boats out of the lock before the real boat came in! 

 

 

 

 

CONCLUSIONS RELEVANT TO CRT DESIGN PROCESS: 

 

1. The basic technology is little different to our choice for the initiation signal – both use 

WiFi, and both are “single-press” to initiate the action. 

2. The use of a bespoke unit may be of benefit to heavy users of the system, but 

otherwise adds significant cost. May be of benefit to CRT to offer to hire boat 

companies and / or those who don’t want smart-phones. However we could use the 

much simpler “garage-door” type as we don’t need the safety integrity. 

3. There are some interesting differences in approach to safety assessment – which are 

probably more related to cultural differences between the UK and France rather than 

any technical issues. It is probably fair to conclude that, if they consider their system 

to be safe, then CRT’s proposed system exceeds that level of safety provision. 

4. CRTs original proposed design for remote operation of locks (with scanners to detect 

boats in the chamber) is probably over complicated. A much simpler system using IR 

beams for boats entering  and leaving, with scanning reserved for the safety curtain 

down the inside of the gates will achieve the same aim at lower cost and much less 

system complexity (but no reduction in safety aspects). There is probably a need for 

the project to have an extended trial for this type of design (or use the relatively 

lightly used lock at Tees as the trial)? 

 

 



REMOTE OPERATION 
 
Active Automation of Structures Using Radar and / or Laser Detection 
Technology 
 
 
 
1. Definitions: 
To ensure clarity in definition of terms, the definitions used in section 6.1 of PIANC Report Number 96-2008 
(“Developments in the Automation and Remote Operation of Locks and Bridges”) have generally been 
adopted. Terms defined in that document are shown in italics throughout this document. The definitions are: 
 
1.1 Active Automation – all decisions during the lock or bridge sequence are made by relay circuitry or 
computer logic, but the sequence must be set in motion by the manual decision of a user. 
 
1.2 Control – the system which regulates the machinery that moves the structure (by definition this will always 
be located local to the structure). 
 
1.3 Keeper – person employed by the waterway authority to operate the navigation structure 
 
1.4 Local Operation – where powered locks or bridges are operated from a position near the site and 
generally with a direct view of the structure 
 
1.5 Passive Automation – the fully automatic mode in which all decisions during the lock or bridge sequence, 
including initiation of the first action (based on sensor input), are made by the control system 
 
1.6 Power-operated – structure includes electric or hydraulic motors to provide the driving force for operating 
the lock or bridge 
 
1.7 Remote Operation – The initiation of a structure by a user or keeper transmitting commands from a 
location not necessarily within sight of the structure under control. (NOTE: This definition differs from that 
given in the PIANC document). 
 
1.8 Semi-automatic control – some decisions during the lock or bridge sequence are made manually by a 
human and some are made automatically by relay circuitry or computer logic 
 
1.9 User – any person (other than a keeper) who has reason to operate a navigation structure 
 
1.10 In this document the term “radar and / or laser detection technology” refers to any appropriate sensor or 
combination of sensors based on these principles of operation, including relevant programming / software for 
the sensor(s) to satisfy the requirements given here. Tables 5&6 of the RSSB report (referred to in paragraph 
3.1 below) give an indication of manufacturers of such sensors, but any other manufacturer of similar 
equipment, suited to the canal environment, should be considered. (Note that, with particular relevance to lock 
operation, radar / laser detection as used here is intended for detecting the presence of objects (boats) in the 
chamber – not the use of radar sensors for water level measurement). 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
2. Basic Parameters: 
 
2.1 It is assumed that power-operated structures (whether existing or powered as part of any remote operation 
project) will conform to current CRT standards (in particular Mandatory Standard: Fundamentals of safety 
design for mechanised assets).  
 
2.2 Prior to any move to remote operation, the structure will always have a local operation position which will 
currently be used by an operator (either a keeper or user) with direct sight of the structure under control. This 
will be semi-automatic control with the operator making decisions on when to initiate parts of the sequence 
(but with parts of the sequence automated on a “push to run” basis). The control intelligence is local to the 
structure (generally using a mix of hard wired and PLC based logic), and the system includes all mitigations 
CRT deem necessary for the foreseeable level of safety risk. 
 
2.3 The move to remote operation will not change any of the above control provision; the control will remain 
local with no change to the sequencing or interlocking of the structure. A means of local operation of the 
structure will always be retained.  
 
2.4 Whatever technology is used, conversion to remote operation will require additional technology on top of 
the existing control system to implement active automation. The decision to start the sequence will always be 
made by a user (either in a remote operations centre or a boater via a communication system to be decided). 
Once the decision has been made to initiate the sequence the remote operation aspect of the technology may 
allow the sequence to proceed without further user intervention. The technology will provide an equivalent 
level of safety to that of an on-site user with direct vision. 
 
2.5 The technology used to allow remote operation must be suited to the canal / river environment and able to 
reliably cope with reasonably foreseeable weather conditions. 
 
2.6 In general terms CRTs HAZOP / risk assessment process categorises the safety related functions of  
moving bridges and lock control systems at BS EN13849 performance level c (equivalent to BS EN 61508 
SIL1). The means of remote operation must not compromise this performance level. The technology used for 
remote operation must itself be risk assessed to ensure its own failure cannot lead to a dangerous condition. 
 
2.7 The number of structures which may require remote operation is under review, but should be assumed to 
comprise of “standard” bridges and locks with the features and operating sequence given below. The 
technology used must be capable of application to powered structures nationally. The practicality of retro-
fitting the suggested technology to existing control systems should be considered with any requirements 
noted. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3. Remote Operation using Radar and / or Laser Detection: 
 
3.1 The principle to be considered is based on that now being used by Network Rail for obstacle detection at 
level crossings (The background to which is set out in Rail Standards and Safety Board Research Report 
T522; Research into obstacle detection at level crossings, dated 2006). The rail system is passive automation; 
an approaching train triggers the sequence which, in ordinary circumstances, will not require intervention of an 
operator. A combination of radar (for larger objects, i.e.road vehicles) and Lidar (laser detection - for smaller 
objects, i.e. persons) is used. CCTV may be used for remote monitoring / incident investigation, but is not 
directly used for control in this system and has no safety criticality. 
 
3.2 The level of redundancy and safety integrity in the rail application is thought likely to be higher than that 
required for canal structures. Similarly passive automation is not expected to be required; the canal structures 
will be initiated by a user through a means to be confirmed (at the local level this should be assumed to be an 
input to the site PLC).  
 
3.3 The type(s), number and location of sensor(s) which are appropriate to the requirements here is to be 
determined by this study. The option of local CCTV recording for incident investigation should be considered, 
as should the use of SCADA reporting for the same purpose.  In all cases it is envisaged that initiation (or 
disabling) of the active automation sequence should be possible via SCADA connection (for example, for 
preventing operation of structures at peak times or for initiating operation of a structure in the event of failure 
of the user initiation system).  
 
3.4 It is anticipated that (as a national system develops) CRT staff will be available to monitor the operation of 
structures through the SCADA system and, on that basis, will decide the appropriate response to faults 
(whether raised through the SCADA system or user telephone contact). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
4. Active Automation sequence for a swing or lift bridge: 
 
 
4.1 The following is an outline active automation sequence. This is intended as a guide and may be varied to 
suit the detection technologies available. Items underlined form part of the existing semi-automatic control 
sequence. 
 
4.2 Based on a “standard” bridge installation fitted with wig-wag traffic lights, powered road barriers, hydraulic 
/ electric bridge actuation. Canal traffic lights giving proceed / stop indication to boats, and appropriate 
signage (warning of automatic operation) is also assumed fitted. 
 
4.3 For layout of detection zones refer to drawing DM-0113B; sheet 1. The size of Zone B (in terms of the 
distance it covers along the canal from the bridge) may vary considerably according to actual site conditions. 
This size of this zone, and the associated positioning of canal traffic lights, should be assumed adequate to 
ensure that a boat passing a proceed indication on the canal traffic light will be reliably sensed in zone B 
before closing (to canal) of the bridge commences. 
  
 
4.4 

 Canal user initiates system (remote operation signal received) 
 Wig-wags sequence starts 
 Confirmation of “wig-wags at red” is received  
 Radar / Laser detector(s) check and confirms bridge operating area (Zone A) is clear of unexpected 

objects 
 Road barriers lowered and confirmed down  
 Radar / Laser detector(s) checks barriers are in lowered position and bridge operating area remains 

clear (Zone A) – confirmation of bridge deck clear given. 
 For swing bridges only; zone B (or that part of where potential boat collision could occur) confirmed 

clear of boats.  
 Bridge swings / lifts (to full extent) 
 Canal traffic lights will indicate boat(s) may proceed 
 Boat passes – the radar / laser detector(s) detect the passage of the boat; Zone B should detect 

presence of object. (Should the boat not be seen within zone B within a pre-determined time the 
sequence continues) 

 Canal traffic lights will indicate approaching boats should stop 
 The bridge closure area to be confirmed clear of boats (Zone B should be clear of objects) for a 

configurable time period. (Canal traffic lights will continue to show a stop aspect to any approaching 
boats) 

 Bridge closes (two hard wired interlocks to detect back in road position as per existing practice) 
 Barriers raise and confirmed raised 
 Wig-wags extinguish – sequence ends. 
 (Time delay before another operation request is accepted). 

 
4.5 In the event of the radar / laser detector(s) not giving the appropriate confirmation at the correct time (i.e. 
object present or sensor failure) the system should automatically retry detection after a short period to see if 
the object has cleared. On second attempt, if still not confirmed, the sequence should halt. At the first stage 
(before barriers come down) the wig-wags would be extinguished after a short delay to leave the road open. 
At the second stage (barriers down) the sequence should stop and raise a fault by SCADA. Users should be 
instructed that if the bridge does not automatically open when expected they should telephone and report the 
fault (CRT staff will then make a decision based on the SCADA information on how to deal with the issue). 

 

 

 

 



5. Active Automation sequence for a lock 
 
5.1 Based on a “standard” lock with two pairs of gates, four sluices. Lock chamber level monitoring will need 
to be added where not currently fitted. 
 
5.2 Where not currently fitted, a means of securing the boat within the lock chamber (without the boater 
having to disembark) will need to be installed. 
 
5.3 For layout of detection zones refer to drawing DM-0113B; sheet 3. 
 
5.4 The lock is assumed to be in a starting position of all gates and sluices closed, with water level at that left 
by the last user. The standard interlocks are assumed implemented in the existing control system.  
 
5.5 

 Canal user initiates system (remote operation signal received). Note that the initiation signal will need 
to be able to differentiate the approach direction of the boat. Once activated, activation from the 
opposite end should be ignored. 

 Water level, by sluice opening, is set; as appropriate to the boat approach direction. 

 Gates (appropriate to boat approach direction) opened; sluices closed. (Hydraulic actuation of gates 
will be insufficient to damage boats in the event of collision, as per CRT standard practice). 

 (Boat moves into lock). Radar / laser detector(s) confirm presence of boat in chamber (Zone 1) – If a 
second initiation signal is received from the same direction the lock should wait for second boat to 
enter; zone 1 to detect entry. (The possibility of using the detectors to determine that zone 1 is 
sufficiently occupied that room is not available to allow a second boat to enter should be 
considered; in which case the sequence will continue immediately). 

 Gates close. The boater will secure their boat if required.  

 After a suitable delay detector(s) check boat still in zone 1, and that zone 2 areas are clear. 

 Sluices operate to change water level.  

 Either continuously during the fill / empty cycle or at predetermined stages of the empty / fill (based 
on the level sensing) zone 2 will be confirmed clear of objects (note that zone 2 needs to vary in size 
as the water level alters). Should an object of sufficient size be detected in zone 2 the lock 
emergency shutdown will be initiated. 

 On water level reaching the desired state, exit gates open. 

 (Boat leaves lock) Radar / laser detector(s) confirm lock chamber empty (zones 1 & 2) 

 Gates close. 
 
5.6 In the event of the radar / laser detector(s) not detecting the presence of a boat on entry the gates will not 
close. The user should then report the fault by telephone to CRT. In the event of radar / laser detection not 
detecting lock chamber empty when the boat should have left (after a time delay), a fault should be indicated 
through SCADA.  

 
 
 



Numericanal 

Stakeholder consultation  

UK Harbour Masters meeting – Docklands , London 

Meeting 2nd October 2013 

Chris Bailey – Canal & River Trust – Lead Partner ( CB )  

Tony Stammers – Head of Health and Safety 

Nick Worthington – Waterway Manager 

Stephen Hames – Senior Engineer , Safety 

Andrew Goudie – Harbour Master , Liverpool 

Gareth Stephens – Harbour Master & Waterspace Manager , London Docklands 

Stuart McKenzie – Freight Operations Planner / Harbour Master , North West UK 

Apologies – Nick Smith – Nation waste & contamination surveyor  

Work Package 1 

Output 1.1.4 Local & transnational stakeholder group meetings / consultation (to be 
determined as appropriate by each partner) 
 
CB made a presentation to the group regarding the objectives and outputs from the 
Numericanal project 
 
Detailed projects managed by  

 VNF 
 Eindhoven 
 Eijsden-Margraten 
 CRT 

 
SRN – explained in full SRN’s role in nautical safety and went through “Varen doe je samen” 
and the risks to small craft in danger zones and in particular in the “Blijf uit de dode hoek” – 
stay out of the blind spot  
 
Asked for support in compiling UK danger zones and hot spots 
 
All very supportive and volunteered to assist 
 
Current measure were discussed  

 Strong stream warning system ( CB to get further info ) 
 Webcam 24/7 on the River Severn 
 Selby ID Control ( CB to find out more )  

 
 
 
 



Partner visit – Numericanal 

Gemeente Eijsden-Margraten 

Municipality of Eijsden-Margraten 

Meeting 24rd Sept 2013 

Chris Bailey – Canal & River Trust – Lead Partner ( CB )  

Gerry Jacobs – Alderman of Eijsden-Margraten 

Hein Luth – Spatial Policies Eijsden-Margraten 

Denise Katzchner – Water Management  Eijsden-Margraten 

Jos Ernsenst – Financial consultant  

Luc Vanderboorn – Project Leader ( LV )  

Work Package 2 , 3 , 4 and 5 – Actions 3 , 4 , 5 and 13 

Group visited site to understand the geography , connectivity , community engagement , 
navigational issues , water control elements of the project  

Outline project area description ( LV will design a graphic to explain this ) 

Eijsden sits in the middle of a large loop comprising the River Maas and the Albert Canal. It 
is cut off from the Navigation , both sides of the town by an impounding weir at Vise and the 
physical depth of water from the Maastricht side. 

Eijsden is not accessible by powered leisure craft  

A high capacity lock is currently under construction to allow bigger craft ( 200m long instead 
of 100 m long ) into Maastricht – this high capacity lock connects the Albert with the Maas at 
a junction used by local small leisure , powered and unpowered , craft. 

Eijsden-Margraten objectives are 

 Feasibility of a lock in the impounding weir and dredgeing to allow connectivity with 
Vise and Maastricht 

 ICT solutions to craft movement at the junction of the high capacity lock and the 
River Maas 

Discussion 

Eijsden-Margraten ( EM ) would like to see if they could use some of the underspend by 
Eindhoven to do a greater in depth feasibility study for the leisure craft lock in the weir – 
investment 1 has 31,000 Euros for a study but it is believed that will only establish whether it 
is feasible to Engineer in a lock 

Further studies would include economic impact data , type of design i.e. potential boat lift 
and visitor attraction etc 



Eijsden-Margraten asked to clarify the budget in investment 1 and the relationship between 
SRN / VNF / CETIC and EM 

Action – CB and CB to arrange a meeting with all partners to agree who does what and 
when 

Next steering group meeting – EM agreed to host the next steering group meeting , likely to 
be in April. At the same time organise a mid-project technical conference 

 

We looked at the budget and EM have 9,100 in their budget to organize this 

I was asked if it was appropriate to pay for key note speakers expenses – i believe this to be 
an appropriate expense to get the right people at the conference 

I agreed to send LV my holiday dates so these did not clash 

Actioned 

We agreed to have the communication plan in place before the conference 

 

 

  

  

 

 

 



Numericanal observation visit report – 18th / 19th Sept  2013 

Castet en Dorthe 

 

Work package 1 

Analysis of ICT solutions for managing Waterways and providing services 

Research undertaken to inform and steer decisions for work package 4 

 

Observation 

Castet en Dorthe is the village that the first lock joining the River Gavonne to the 
Canal du Midi. 

 

 

The lock is operated by Voies Navigables de France (VNF). 

It is a wide lock, in UK terminology, and is operated electronically using hydraulics by 
VNF staff. 



 

There is an operational building, like a lock keepers cottage, on site and an 
observation tower for the VNF operative. 

The gates are operated with hydraulic rams and boats proceed using a traffic light 
system. 

Lock landings are in very poor condition. 

Lock 52 (second lock from the Gavonne). 

 

 

 

 



Lock 51 (third lock from the Gavonne). 

 

VNF operative uses a small van to travel between locks to operate them. 

 

Basically the same operation used on many of the UK canal systems. 

 



Operations were also observed at 

 Montech – Ecluse Bis de Noalhac 
First lock on the Montech to Montauban Canal (Canal de Gavonne) 
This was operated from the lock side rather than a control tower. 

 
Same engineering solution. 
 

 Pente d’eau Montech 
Same as above 

 
 

 Pont Ecluse des Peyrets 
Same as above 



 
 Montauban 

This is a double lock ( 2locks, 3 sets of gates) and takes the canal under a 
railway. 

 

 
 
 
 
 
 
 
 
 



It also has an interesting sliding bridge over the top end gate to allow level 
pedestrian access and then it can slide out of the way to allow boats into the  
lock. 

 
 

 Montech Water Slope 
Disused boat lift. 
 

 



 



Numericanal 
Lead Partner – Partner Visit  

Fact finding and familiarisation tour 

8th to 11th July 2013 
 

Meeting 09/07/2013 

Canal & River Trust (CRT) and Stichting Recreatietoevaart Nederland (SRN) 

Attendees 

Chris Bailey  CRT 

Simon McGarraghy CRT 

Manon Vanmeer SRN 

Hylke Steenma SRN 

 

Synopsis of the Fundamental Objective of WP3 

Whilst we visited Partners, two young adults died when their recreational boat was crushed by a 
large commercial vessel. 

WP3 is to deliver an ICT preferred warning system to prevent such tragedies. 

ICT System ,may be, satellite navigation system or mobile device applications based or even both. 

The illustrations below highlight the Blijf uit de dode hoek! Stay out of the blind spot! 

 



 

http://www.varendoejesamen.nl/sites/default/files/folders/3%20Friesland%2C%20Groningen%20en
%20Drenthe%202013.pdf 

Budget and Financial Control 

Some adjustment needed to some of the budget lines. 

First level controller – SRN have applied to Brussels. 

 Project Detail 

 Nautical safety is largely based on the concept and experience of the Dutch Project Varen 
Doen Je Samen – WP3 will build on this 

 A local stakeholder group is needed, this will feed with the transnational stakeholder group 
 An inventory of “Danger Zones” will be produced 
 WP2 & 3 will be designed to be wholly transferrable between any EU country 
 Volunteering & competencies – SRN have such networks currently – this needs to be linked 

to the appropriate accredited training to gain appropriate qualifications 

Agreed Actions 

 SRN to create a “Facebook Page” to start off communication 
 CRT to provide training for on line claims system 
 SRN will consider invites to ICOMIA & EBA to take part in the transnational stakeholder 

group 
 CETIC to produce framework for analysis of predictive network coverage and potential ICT 

solutions 
 SRN to use CETIC as advisors for the technical ICT aspects 
 CRT will lead communications 
 SRN to provide a revised budget 
 SRN to assist CRT in visits to remotely controlled structures 

 

 

 

 



Meeting 10/07/2013 

CRT & City of Eindhoven 

Attendees 

Chris Bailey   CRT 

Simon McGarraghy  CRT 

Hayley Harper   CRT 

Jos Westveer   Eindhoven 

Martin Verschuren  Eindhoven 

Miriam van Dommelen Eindhoven 

 

Synopsis of Fundamental Objectives of Eindhoven’s Part in WP4 

With the infrastructure improvement of the Eindhoven Canal, commercial traffic will increase. 

Leisure users of the canal are at risk when the commercial traffic is operating. 

An ICT solution is sought for vessel tracking and recognition, monitoring and controlling vessel 
movements to ensure safe mixed vessel usage. 

More boat movements will increase the necessity for administrative tasks – ICT solutions are being 
sought to deal with this. 

Budget and Financial Control 

Budget has been adjusted and submitted to the Lead Partner. 

FLC has been appointed. 

Stakeholder Group 

A discussion concluded that because the Eindhoven Canal is only 8km long and has relatively few 
users – a city of Eindhoven representative would be part of and represent the thoughts of 
Eindhoven the stakeholder group. 

Project Detail 

 Logo – solution and outcome discussed 
 Eindhoven confident about on-line claims system – training not required, some training for 

project reporting required 
 WP1 and WP4 will inform the end solution 
 Issue with dual navigation seen at first hand 



 

 

Agreed Action 

 CRT to look at logo design 
 Information from other work packages will inform the decision for a preferred solution 

 

 

 

Meeting 11/07/2013 

CRT & Voies Navigable de France (VNF) 

Attendees 

Chris Bailey   CRT 

Simon McGarraghy  CRT 

Chris Barnett    CRT 

Veronique Verges  VNF 

Pierre-Antoine Troubat VNF  

 

Synopsis of Fundamental Objective of WP2 

There is a plethora of ways that user information is collated and disseminated. 

WP2 will pilot the gathering of such information and make it accessible through mobile devices. 

Pilot Locations 

Since submitting the application things have changed and the pilot in France is no longer 
appropriate for the Sambre or Oise. 



VNF will decide shortly on the location being on either the Canal de la Marne au Rhin or the 
Lys/Leie. 

The Netherlands will remain at the high capacity lock at the junction of the River Mass & Albert 
Canal. 

 

 

 

Budget and Financial Control 

No budget adjustments needed currently. 

FLC to be appointed. 

Project Detail 

 Currently accessing different electronic formats for information – mobile devices, apps, 
websites, Coyat (apps used for traffic) WAZE– social networking GPS 

 VNF are consulting with stakeholders, gathering information about what information is 
available to their users. 

Agreed Action 

 VNF to decide on Pilot Area 
 SRN/CRT to contact VNF about a current app/tom-tom initiative on the River Seine 
 CRT to ask SRN for a programme update as a model for VNF 



 CRT to contact VRN about remotely operated structures and payment devices on the Canal 
du Midi and the River Rhone 

 VNF to organise the next Numericanal Steering Group meeting 
 VNF to work closely with SRN to ensure WP2 & 3 are wholly transferrable to any EU 

country on completion 

 

 

 

 

Numericanal - Other overall project update 

Eijsden-Margraten 

Familiarisation visit 

Work has commenced on the at the high capacity lock on the Junction of the River Mass and the 
Albert Canal 

 

CRT has arranged to meet Eijsden-Margraten 17th September 2013. 

CETIC 

CETIC have drafted the framework for the analysis of predictive network coverage and potential ICT 
solutions 

CRT will arrange to meet CETIC in the same week. 

 



 

 

 

Exchange visit CRT/WRN on Nautical safety and ICT on waterways 

On 06-03-2014 CRT visited WRN for a exchange visit about the Blue Wave. The blue wave is a 
system which allows boaters to go though a number of locks and bridges without having to wait. 
All bridges and locks were remotely operated. The idea is to pass the bridges and locks by a large 
numer of recreational boats or for professional skippers to pass these obstacles without having to 
wait. The Blue Wave was a pilot  of the province of North-Holland and was very successful. 

 

 
Transver Visit WRN and CRT – 4 september 2014 volunteers 

CRT had brought colleagues during the partner meeting in Amsterdam for a transfer visit. They 
were taken on a volunteers trip during the HISWA Boat show event. They were shown how we are 
setting up our volunteers system. After this meeting we were invited to come to the UK and see 
how the volunteer system of CRT works. 

 

Transfer and knowledge exchange visit CRT/WRN 

 

 Visiting partner’s number, name: Waterways Netherlands (WRN) 

 Hosting partner’s number, name: Canal and River Trust (CRT) 

 Date and place of the visit: 21 – 22 May 2015, Birmingham and Gloucester 

 

The visit was hosted by Canal and River Trust.  

Gloucester 



 

 

In a meeting a presentation was held about the volunteering system of CRT with the staff that 
worked with the volunteers on different level. Also a volunteer was present who later became a 
staff member. The presentation is attached.  

The meeting was organised during the Gloucester Tall ship event. During this event a lot of 
volunteers are active and we were taken on a fieldtrip, which showed what they had done and do 
on different levels. 

Volunteers do maintenance, operate locks and bridges, give tours and presentations, go boating 
with visitors, etc. But volunteers also help in the office, train new volunteers and a lot more. It has 
shown us a lot is possible and it can easily be implemented if you turn it into a growth model. 

 

The Volunteer journey – following the process from start to finish 

(Supporting information for CRT presentation May 2015)  

Clarity, transparency, effective systems & processes and good communication are key to working with 

volunteers.  

 

Planning: in preparation for working with volunteers  

 Recruit a volunteer coordinator 

 the audience – what are the demographics of the local community  

 the volunteering opportunity – what are you offering / what are your needs / what are the needs of the 

potential volunteers / will it appeal to the local audience  

 time commitments  

 what are the benefits to the volunteer / what are the benefits to the organisation 

 what equipment / resources do they need to carry out the tasks  

 what training needs to be undertaken 

 who will manage the volunteers 

 what systems and processes need to be in place – volunteer data base / expenses system / how you 

record the volunteer hours e.g. a rota – paper or online version 

 protecting your volunteers – have you got insurance  

 how will you advertise your volunteering opportunities – website /FB/twitter/posters /fliers/ adverts in 

the paper/ local magazines/ recruitment events /word of mouth (volunteers spreading the word)  

 create role profiles in a user friendly format that are consistent across the organisation 

 equality and diversity ‐ provision for people with disabilities  

 

Recruiting: the process, induction, training 

 create a flow chart outlining the recruitment process  ‐ could include 

initial contact by email or phone call / registration form / informal interview / take up of references / 

induction / taster session / buddying up with experienced volunteer / training  

 



 

 

Managing: supporting the volunteer in an informal way  

 identify who will line manage the volunteers on an operational level and who the volunteer will report 

to / who will they go to for pastoral care 

 have a clear structure for dealing with difficult situations and a process for dealing with performance 

issues that is appropriate for volunteers  

 provide training for staff that manage volunteers so that they are competent in dealing with difficult 

situations, understand the systems and processes in place and can support the volunteers in all their 

needs 

 provide ongoing training for volunteers 

 communication – keeping volunteers in the loop – newsletters/ blogs/ social media 

 volunteer room / lockers / provision of tea / coffee & biscuits 

 opportunity for feedback – how will the volunteer feedback issues and concerns 

 

 

Growing: developing the volunteer cohort and retaining volunteers  

 identifying new opportunities 

 identifying new audiences 

 communication – offering staff‐led feedback forums for volunteers to get together and discuss issues as 

a group  

 replying to volunteer emails / queries within a certain time limit 

 social events – bringing volunteers together for a summer barbecue or Christmas lunch / going on a visit 

to a volunteer‐led venue 

 reward and recognition – saying thank you to your volunteers by marking special milestones such as 

number of hours gifted / number of years volunteered 

 involving volunteers in strategy development / governance (trustees)  

 involving experienced volunteers in the recruitment of new volunteers 

 

Simple things like acknowledging a volunteer when they arrive and saying thank you when they leave make a 

huge difference to the volunteer experience.  

   



 

 

   



 

 

   



 

 

EVALUATION sheet Waterways Netherlands: 

1. The organisation and content was satisfactory? 

 Yes          No 

 Yes, very satisfactory, it was beyond expectations. 

2. The speakers/experts were well prepared and informed?  

 Yes            No 

The speakers were well prepared and very well informed. 

 

3. In general the issues were well addressed and discussions led to satisfactory 
solutions?  

 Yes            No 

 Please detail your answer: Yes the speakers were very experienced in the field of volunteering. 
Employees who work in different ways with volunteers were present and even a volunteer, who is 
now an employee of CRT, was present. 

4. Please list what lessons did your organization expected (before the visit) to learn: 

- Lesson 1: a good volunteers strategy 

- Lesson 2: a clear description of the volunteering  goals 

- Lesson 3: a clear description of the target groups 

- Lesson 4: Examples of volunteer stories 

5. Do you think that the expectations of your organization (listed in point 4.) were met?  

 Yes            No 

Please detail your answer: Yes, the British are very experienced in volunteering. Especially CRT 
has a very positive way of working with volunteers. This is something we could copy to the Dutch 
situation. They take volunteering very seriously and work really hard to make it successful. 

  



 

 

6. Please list the lessons your organization has actually learned from the exchange visit: 

- Lesson 1: If you want to work with volunteers you need to have a good strategy and policy 
before you start. You need to take this very seriously. 

- Lesson 2: Not only you have goals if you work with volunteers but your volunteers (should) have 
goals too. 

- Lesson 3: You have different kind of tasks for volunteers and sometimes volunteers are not 
suitable for the job they prefer. You need to be able to act on that. 

- Lesson 4: Volunteering needs to be implemented in your organisation. Every employee needs to 
know the value of volunteers and they need to work closely together. 

 

7. Comments: You need to look at volunteers as employees. They need to be guided, educated 
and evaluated like staff. But need to be appreciated like volunteers. 

 The goals are very well thought-out and it is all presented in a very positive way.  

 

REPORT: 

1. Please list the potentially transferable practices your organization has identified:  

- Practice 1: The volunteers strategy and policy 

- Practice 2: the volunteers goals by making a handbook and publisher material in a positive way 

- Practice 3: how to recruite volunteers 

- ... 

 

2. Please describe the above listed practices according to the following points:  

Practice 1: Volunteers strategy and policy 
We have used the volunteers strategy and policy as a blueprint. Now that we have had this 
transfer visit we learned that a lot more can be done with it. What we also need to do is to reflect 
and look at the lessons learned. We have now started with working with our new volunteers but we 
also need to look after them, reward them and thank them. We should adjust the policy if needed. 
 
Practice 2: Volunteers handbook 
The volunteers handbook of CRT is very different from the ones we have in the Netherlands. It 
describes the chances volunteers are given to develop themselves, how much they contribute to 
the organisation and to their local communities. It is written from a volunteers point of view rather 
than the organisation which states what to do and what not to do. I gives the idea they are a part 
of something important and this is a way of developing yourself in a way which is not possible in 
their regular job. This ‘feel good’ mood is what we have copied. 
 
Practice 3: Recruiting volunteers 
By accepting the fact that any help is welcome and not just a task needs to be done, people can 
contribute in a much more flexible way. People care for their local community. The safe boating 



 

 

focusses, when informing boaters on local safety junctions by informing them at their yacht clubs, 
etc.  Interesting for us in the future is looking at groups volunteering like families on a day out and 
corporate days with colleagues. 
 
What will you do? (How will you implement/transfer the lessons learnt?): 
We have implemented the basic documents like the strategy, policy and the handbook. We have evaluated all those with 
our volunteers working group. Based on this we have made publisher material like leaflets and gadgets and provided the 
volunteers with basic powerpoint presentations which can be adjusted to the local situation.  
In the future we will develop more volunteers tasks besides the Safe Boating programme and recruite more volunteers. 
 
Does the implementation of the lessons learned fits into the strategic plans of your organization? 
(also in terms of finance/legal aspects) 
It fits into the strategic plans of our organisation. In the Numericanal project we focus on the safe boating aspect but in the 
near future we will continue working with CRT to expand our volunteering  
 
Could you already identify possible demonstrated results and possible success factors?  
We now have a volunteers network and even though this is the second season we are working with such a large group of 
volunteers, it is going better than expected. The volunteers are very enthusiastic. 
 
Now we have learned from CRT we need to evaluate what has been achieved in this season and learn what needs to be 
improved. 
 
Could you already identify possible difficulties foreseen? 
No, no difficulties we can not overcome. But if we do, we know whom to consult about it! 
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Appendix B - Questionnaire / Feedback Form 
Feedback Form & Questionnaire (blank) 

Feedback from Stakeholders 

    



Control Centre ‐ European Common Model

Feedback Form & Questionnaire

Table of Contents

Sheet Description

Instructions This sheet

Proposed Changes Put any proposed changes to the documents here

Feedback Put your feedback and contact details here

In Sheet "Feedback"  use the drop down box to rate the report

This feedback form and questionnaire is designed for the Canal & Revert Trust Report Number UA008001‐02 D1 on a Control 

Centre ‐ European Common Model Task Reference 1516‐03

This is a draft report. Your feedback will be included in whole or part in Appendix B and all feedback summarised in the main 

body of the final report. 

Appendix A has not been attached to the report because of its size. This can be found on the Numericanal website.

Sections 1 and 6 do not require reviewing.

In sheet "Proposed Changes " write the section number of the text you are proposing to change in the Section Number 

column. Cut and Paste the text you wish to modify from the report in the Existing Text column, and write you proposed new 

replacement text in the Proposed Text column.



Section Number Existing Text Proposed Text

Please add any proposed changes to the report text here:
Cut and Paste the text you wish to modify from the report in the Existing Text column, and write you proposed new replacement text in the Proposed Text column.



Name:

Organisation:

This report meets my organisations requirement for a top level Common Model of a Control Centre Completely

Please add any additional information here:

Please add areas that you feel have not been covered by the report here:

Your Contact Details

Chosen from Drop Down Box your rating



Section Number Existing Text Proposed Text

4.6.3 This directive establishes a European Union (EU) framework for 

the implementation

and use of harmonised river information services (RIS) in order to 

enhance the safety,

efficiency and environmental friendliness of inland waterway 

transport as well as to

ensure compatibility and interoperability with other modes of 

transport. This directive

applies to all waterways of classification IV or above across the EU.

Class IV for Motor vessels and barges is defined:

(a) Designation: Johann Welker,

(b) Maximum Length: 80 – 85m,

(c) Draught: 2.5,

(d) T 1000 1500

Please add for the Netherlands:                                                                  

Since 1 december 2014 AIS is required on the Rhine. Certain small 

craft are exempt from this obligation. The AIS‐duty will be soon on 

other waterways in Netherlands, but without mandatory 

attachment to an electronic chart. For the Eindhoven situation : 

The Beatrixcanal is limited CEMT Class III , almost all freight ships 

have the AIS enabled.

7.1.1 The purpose of the Control Centre is to provide a centralised 

contact and delivery point

The purpose of the Control Centre is to improve safety and 

efficiency for users and management by a centralised contact and 

delivery point.

for managing inland waterways.

Please add any proposed changes to the report text here:
Cut and Paste the text you wish to modify from the report in the Existing Text column, and write you proposed new replacement text in the Proposed Text column.
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Appendix C - Feedback from Interested 
Organisations 

  Feedback from Interested Organisations  



Section Number Existing Text Proposed Text

4.3.2 For example a disabled person working in a Control Centre may 

have difference assess requirements to a computer than a non‐

disabled person.

For example, a disabled person working in a Control Centre may 

have different access requirements to a computer than a non‐

disabled person.

4.3.2 The organisations policy on equality and associated processes will 

relate to the requirements.

The organisation's policy on equality……..

4.4.10 The organisations policy on procurement and associated processes 

will relate to the requirements.

The organisation's policy…..

4.5.4 The organisations policy on the environment and associated 

processes will relate to the disposal requirements.

The organisation's policy……

4.6.6 The organisations policy on River Information Services and 

associated processes will relate to the requirements.

The organisation's policy……….

Please add any proposed changes to the report text here:
Cut and Paste the text you wish to modify from the report in the Existing Text column, and write you proposed new replacement text in the Proposed Text column.



7.1.3 Fairway information Services covers but not limited to items such 

as:

Fairway Information Services covers but is not limted to….

7.1.3 (j) (j) current inc water supply, discharge, current including water supply…..

7.1.3 (w) event areas inc swimming areas. event areas including swimming areas

7.1.4 Strategic traffic information typically covers a wider areas and 

provides information on a vessels voyage:

Strategic traffic information typically covers a wide area and 

provides information on a vessel's voyage

7.1.7 (g) time tables land traffic (e.g. trains, busses) on bridges timetables for land traffic (e.g. trains, buses) on bridges



7.3.7 Data should ideally be encrypted particularly removal storage and 

computer devices (e.g. tablets, laptops).

Data should ideally be encrypted , particularly removable storage 

and computer devices….

7.2.2 (b) Software applications that deliver these services can be 

commercial off the shelf or bespoke.

Software applications that deliver these services can be 

commercial, off‐the‐shelf or bespoke.

Appendix D Page 25 Telephony will be though existing PBX with help points from NRO 

via PBX

telephony will be through existing PBX……

Appendix E Page 26 For Pan‐Tilt‐Zoom camera's limitations in the delay time For Pan‐Tilt‐Zoom cameras, limitations in the delay time….

Appendix E Page 27 In the case of a wider audience like a website using a contact form 

rather than suppling an email address is an efficient way to control 

the problem

In the case of a wider audience, such as a website, using a contact 

form rather than supplying an email address is an ….



4.8.13 Appendix p22 The use of a separate sever will be required for the registration 

process

The use of a separate server will be required….

Appendix A pdf' 

Appendix D Page 2 

and Page 4 of 

Smartphone app screens show KEEP LEFT In boating you KEEP RIGHT
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Appendix D – Example CRT Requirements 
Example list of functions, processes and technology based on CRT’s requirement as 
discussed during meeting on 14th July 2015. 

The functions the CRT Control Centre will perform are listed below: 

Traffic Management Services - National Remote Operation (NRO) and SCADA, 

Asset Management – SCADA and work Instructions to mobile workforce (using 
SAP - Systems, Applications & Products in Data Processing), 

Contact Handling Services – Emergency forwarding of calls from NRO help point; 
and communications with organisation.  

The processes that may be required include: 

Project management – work instructions, 

NRO and SCADA handling, 

Managing risks – operational, 

Reporting of faults (hardware and software bugs), 

Continuous improvements with feedback including transnational exchange 
between Numericanal partners, 

Health and safety – accident and near miss reporting, 

Control Centre Training, 

Control Centre commissioning and decommissioning of equipment, 

Data Protection processes. 

 

The technology that shall be required include: 

Four operator positions each with a thin client on existing company network.  

Each position with a single display typically 1920 x 1080, 16:9 aspect ratio, 
resolution 24 inch with user selectable settings.  

An additional single wall mounted display will be provided.  

Input output devices include choices from keyboard, mouse / tracker ball, 
microphone, headset and speakers.  

Provision for user accessibility shall be included (eyesight, hearing and restricted 
movement). 
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Telephony will be through existing PBX with help points from NRO via PBX. 

Data will include video at 6fps, Emails (typically 10kbytes with no / low level 
attachments), SAP. 

Security shall be via active directory / device authentication. Small storage devices 
configurations allowed are optical (read only) and encrypted portable hard drives and 
memory devices.  
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Appendix E - Example Bandwidth and Storage 
Requirements and Considerations 

Generally theoretical calculations should always be backed by actual usage figures 
from within the organisation or similar organisations / functions. 

Video  

In defining the end image quality consideration must be given to the function of the 
video as well as the storage and bandwidth requirements (transporting the video from 
its source to the storage and end user / application). It is often easy to over specify the 
video quality which could result in an expensive solution to operate. Another 
consideration is whether the video needs to be viewed in real time or not. Temporary 
local storage and processing is likely to reduce bandwidth requirements. Live feeds are 
likely to have additional overheads associated with the transport stream and quality of 
the internet service. Irrespective of whether the video is real time or not there will also 
be an overhead associated with internet protocol.    

Video Bandwidth Examples: Video 768 x 480 @ 15 fps H.264 = approx. 690kbps no 
audio no overheads. With IP overhead of 5% = approx. 725kbps 

Video Storage Example: Video 640 x 480 @ 15 fps H.364 for 1 hour = approx. 6.0 
GBytes 

Video 1280 x 720 8bit uncompressed @ 25 fps for 1 hour = approx. 231.7 GBytes 

For Pan-Tilt-Zoom cameras, limitations in the delay time between giving a command 
and the reaction of the camera are an issue. When this delay is too long, it is almost 
impossible to control the camera. For example, if you want to pan the camera and the 
delay is too long, the camera keeps on panning for a while after stopping the 
command. 

Audio  

VoiP Bandwidth Example: G.723.1 (6.3 Kbps) codec sample interval 30 msec = 21.9 
Kpbs 

G722_64k (64 Kbps) codec sample interval 10ms = 87.2 Kbps 

Email  

Since most business communications and a lot of operational communications are 
done by email it is essential to store and secure its content and remove unwanted 
email effectively. 

Email is heavily dependent on file attachments to the email. Thus ways to reduce this 
are often employed. Media file attachments (photos and video) or those files that 
contain them in particular can dramatically increase bandwidth and storage 
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requirements. In the case of a wider audience, such as a website, using a contact form 
rather than suppling an email address is an efficient way to control the problem. 

Email Plain text example: Words 225; Characters (no spaces) 1,045; Characters (with 
spaces) 1,261; Paragraphs 13; Lines 31; MS Outlook file msg 43.5KB 

Email text with links / social media graphics example: Words 250; Characters (no 
spaces) 1,192; Characters (with spaces) 1,449; Paragraphs 18; Lines 40; Links 6; 
images 8; MS Outlook file msg 164KB 

 


	Appendix A 2.pdf
	a - 0001-UA005767-UT21R-02 User Requirements Document
	b - 0004-UA005767-UT21R-02 Feasibility Study
	0004-UA005767-UT21R-01 Appendix F - Lasers.pdf
	LMS511
	Appendix F - Lasers.pdf
	Appendix F - Sick data
	Appendix F - Lasers.pdf
	Sick Data Sheet LMS151-10100 - App F
	Sick Data Sheet LMS511-10100PRO - App F
	Appendix F - Lasers.pdf
	AutoSense AS825 data sheet
	RSL-3060 Datasheet (from TEW).pdf
	IHI 3dlr_leaflet




	0004-UA005767-UT21R-01 Appendix G - Radar.pdf
	Appendix G - Honeywell
	Appendix G - Radar.pdf
	Navtech Clearway Radar Datasheet
	Wavetronix Island Radar Data Sheet_012011



	c1 - 0004-UA005767-1001 PoC Trial Report
	c2 - 0008-UA005767-UT21R-01 PoC Technical Requirements
	d - CRT Report D12 - FINAL APRIL 2015
	e1 - Ecluse ( Lock )  27 GÇô Frourd on the Canal de la Rhin Est
	e2 - Ecluse 27 Frourd
	f - Canal and River Trust and City of Eindhoven Transnational exchange
	g - Remote Operation of Locks in France
	h - Radar-Laser Principles of Operation - Rev 2
	i - Numericanal Habourmasters meeting Oct 2013
	j - Partner visit Eijsden-Margraten 2013
	k - Numericanal observation visit report Castet en Dorthe - Sept 2013
	l - Partner visit July 2013
	m - Remote Operation of Locks in France


