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SUMMARY 

This paper looks at why we test signalling infrastructure in the way we do and the pressures for change on the 
profession to be more efficient in the modern railway world of less possessions of shorter duration and cost-
efficiency It challenges some of the activities carried out, the way they are carried out and with the modern 
technology whether it is necessary to carry them out. It briefly looks at why things go wrong and the temptation to 
fall into the traps that lead to this. Finally it looks at where we go from here.  

1 INTRODUCTION 

1.1 Why Test? 

 In simple terms we test to prove that what we think we have designed and installed is in fact what we have 
designed and installed and it operates as expected in line with the associated principles.  

1.2 Evolution rather than Revolution 

As with all railway signalling works, the design and test processes have evolved out of errors which occurred in 
the past, such as Welwyn Release (which prevents a quick change of mind by the signaller), Lime Street controls 
(which ensures the platform is long enough to accept the signalled train), or Tollerton check (which looks for 
timing errors in adjacent interlockings). One particular incident dramatically changed the way testing and to a 
lesser extent design was carried out. This was the Clapham incident in 1988. Due to a series of failures in the 
then testing process the recommendations that ensued meant that a handbook of testing procedures was drafted 
by testing experts of that period. The testing procedures were drafted round the type of interlockings and 
equipment in use and available at that time. This was almost entirely Relay interlockings – both free wired and 
geographical - and hence the procedures were based on individual wire running, proving that the wire was run to 
the correct terminal and then that the wired circuit operated as expected to the control tables. SSI had been 
implemented at Leamington Spa but the testing procedures for it had been drafted and implemented as if the 
new electronic systems were individually wired and operated in a similar manner to relay interlockings.  

1.3 WHY CHANGE? 

These procedures were drafted around 25 years ago when the railway operated under considerably different 
imperatives. Whilst costs were monitored and annual budgets implemented for all works, the scrutiny both 
internally and externally was not so intense as that of today. The drive for performance was not so acute and so 
possession availability was greater with more than the occasional overrun occurring with often no more than a 
shrug of the shoulder by way of explanation as to why it occurred. The expertise available was of a different kind. 
The staff involved usually had both design and test experience and because of the remuneration systems at that 
time, overtime was encouraged – was almost a necessity – meaning that the volunteering for the weekend shifts 
was not a problem. Although weekend working was never popular, it was a financial necessity. Now the 
necessity has receded and obtaining sufficient experienced and qualified staff to carry out the weekend working 
requirements is getting increasingly difficult. 

Today, the railways are under intense scrutiny with ever greater efficiencies both in terms of costs and 
possession usage, are being sought. The recent McNulty report has challenged Network Rail to prove that it is 
value for money and that it is competitive in its delivery and as efficient as our neighbouring railways in Europe. 
Consequently all aspects of railway maintenance and project delivery are under the microscope and this includes 
the testing process. Thus we have the two competing aims – that of staff requirements to move to midweek 
working, and that of railway requirements to move to less interruptive working meaning more weekend working 
but in possessions of shorter duration.  
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1.4 Route Relay Interlockings 

As mentioned the current testing procedures have their origins on a system based on running individual wires 
with all them being run in the same coloured wire and the opportunities for error in that are open in that process. 
Individual wires are proven to run from contact to contact. Individual contacts are proved to be that single contact 
in the circuit, parallel paths are proved to provide the necessary ‘AND’ or ‘OR’ function. The whole process is a 
series of overlapping tests to ensure no holes or duplication exist in the circuitry under validation. This is a very 
labour intensive and time consuming exercise which is being constantly questioned in today’s (over?) health and 
safety and commercially conscious world. If we are no longer using these techniques to install the equipment, we 
should no longer be dependant on the testing procedures associated with them. We need to question why we 
are doing something, is it necessary, is it being repeated, is there a more efficient way of achieving the same out 
come? Are we hiding behind the safety excuse and the flag of ‘we have always done it that way’? The answer to 
all these questions is ‘Yes’ but are we doing anything about it? Until recently, very little. Now there are a number 
of projects looking at how we can improve the efficiency and reduce the requirement for T3 type possessions  

To re-iterate the Great Britain railway is a 24 hour railway and the goal is for it to be open for business 24 hours 
each day including weekends. This means the major possessions required for track replacement or re-signalling 
works have to be reduced in length and hence be less disruptive to the train operating companies and travelling 
public.   

How are we to achieve these targets? 

1.5 Computer Based Interlockings 

The modern computer based interlockings provide with us with a great opportunity to rise to these challenges. 
The use of a simulator, which in itself is nothing new, and the use of the ‘black box’ approach, allows a significant 
portion of the new equipment to be fully tested away from site, and ahead of the commissioning. The electronic 
interlocking can be – and regularly is – fully tested off site ahead of the commissioning. To be fully tested it 
requires a control table (if they exist) and a principle test using simulated inputs and monitoring the resultant 
outputs. This requires around 3 iterations before the tester is satisfied with its operation. In parallel with this is the 
testing of the object controllers and the ‘objects’ themselves– points, signals, axle counters etc.  As these 
controllers all now have a unique address and the networks over which these controls and indications pass, are 
open, once the object controller has been proved to respond to that address and to that address alone, no more 
through circuit testing is required. The actual object controller will have a certificate of conformity (C of C) with it, 
meaning that it operates exactly as laid down in the product specification and produces defined outputs for given 
defined command inputs and returns given indications when it receives defined inputs from the objects 
themselves. The objects themselves will arrive with the C of C and provided the ‘chain of custody’ is not broken 
by unauthorised tampering needs only to be attached to the object controller in a pre-defined way. This can be 
achieved by the use of plug couplers. The objects will either have an approved flying lead attached at the 
manufacturing stage or have an approved plug/socket integrally fixed to them which will allow a pre-tested 
(factory tested) plug coupled cable to connect the two items. This means that every circuit in each object and 
object controller has been pre-tested and when coupled together there is absolutely no opportunity for wiring 
errors to occur. Thus, all that is required is to prove correspondence by monitoring that the object follows the 
commands. Thus what I am advocating is that provided the total ‘chain of custody’ is unbroken, once the 
principles test is completed, the only test required after that is the correspondence test. This is a major change to 
the existing single wire and relay orientated testing procedures that we continue to use. Not surprisingly, a lot of 
folk are uncomfortable with this, but this is the approach taken in building aircraft or the car you drive. The new 
key links in this chain are the use of plug coupled cables and uniquely addressed object controllers. 

1.6 Automation 

Automated testing is the next area for change. At present the testing of the interlocking involves a significant 
amount of repetitive testing to ensure the basic requirements are in place for each build of the interlocking. This 
applies to SSI type interlockings where the application data is designed from first principles on each occasion. To 
automate the testing, a bespoke test script has to be written for every occasion and the investment in time and 
effort taken to write the test script is likely to exceed the time saved in carrying out the repetitive testing. 
Therefore, automating the testing of SSI type interlockings is proving difficult to be cost effective and thus reap 
any benefits.  
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Compare this with the Siemens interlocking approach. For each signal or point, some additional equipment data 
is automatically included as it is inbuilt. For example, in the case of a signal, the associated track circuits are 
included. Therefore all that is required in the design stage is the application of the signal and track circuit 
numbers to that ‘block’ and the design is assembling these building blocks into the sequence of blocks required 
for the scheme layout. The testing is confined to confirming the number is correct, as all the proving that there is 
a track circuit associated with the signal has been proved in the initial system proving at the prototype stage. 
Therefore in the case of the Siemens interlocking the requirement for automated testing is minimal. 

Conversely, the automating of testing of ladder logic type interlockings, such as Westrace, is seen as being 
practical, possible and thus cost effective. It is easier to write a test script for ladder logic that is of a generic type 
but will prove the basics of the system. This can then be set to run over night and in the morning will have 
produced an output that confirms that all the basic principles of the layout are correct. The time can then be 
taken by the experienced principles tester to prove the complex principles of the layout are correct. This has the 
potential to have major cost savings in the time take to complete the  testing, but it is still in the development 
stage. 

This is alright for new work but as the original ‘Notice Board’ *1   stated it is “always the Fringe”. 

1.7 The Fringes?  

 These areas tend to be complex where the existing circuitry and controls have to be married up to the new 
circuitry and controls. This complexity is not necessarily in the control and principles but in the alterations being 
made to racks of old wiring. Access to these working circuits is limited and the full testing of the revised controls 
cannot properly and fully take place until the change over from the existing circuits to the new circuits has taken 
place during the commissioning weekend. The changeover invariably takes one or two shifts, which is then 
followed by another one or two shifts of complete testing (principles testing, through testing and function testing) 
of the amended circuits. Thus the short possession and quick commissioning are rendered unattainable. To 
achieve the required efficiencies and time saving a completely different approach is required. As the existing 
circuits cannot be tested until the possession of the signalling is taken during the commissioning or run up 
weekend, the approach needs to be ’Don’t alter them’!   

1.8 Design Philosophy 

Changes in the design strategy are required if we are achieve these reduced possession windows. One way to 
do this is to take off the required circuits at the incoming or out going links of the existing location(s) [equipment 
cabinets] as they are working prior to the renewal works taking place. Any alterations required to drive or indicate 
the new equipment is then wired into an ’interface box where the new/old processing takes place. This can be 
fully tested prior to the equipment being renewed and will have plug couplers on the output side waiting to 
receive the plugs from the renewed equipment. Thus the ‘Fringe’ can be catered for but will require more new 
equipment that before but the cost of that will be off set by the reduction in testing and commissioning time. The 
foregoing is particularly important for the Modular S&C programme where the target replacement time for a 
single medium speed turnout type switche ie not the very long high speed switches, is 10 hours. Less than 4 
years ago the norm for the installation of this type of switch would have been around 30 hours, which was 24 
hours for the S&C installation and 6 hours for the point machine set up and test. Thus the time for a crossover 
was the ‘standard’ available 54 hour possession. A single set of switches has now been installed in 13 hours. 
The target signalling testing time for the commissioning of the installation at the end of the possession is 30 
minutes. All that can be achieved in this time is to plug the equipment together, ensure it works and carry out a 
detection test. All other testing has to have been completed, the majority of it off-site and to a large degree 
automated, prior to the commissioning weekend.     

1.9 Modular signalling  

Modular signalling is the recent approach to re-signalling an area on a production line basis – as close to a 
production line as possible. The difficulty in trying to operate with production line techniques and efficiencies is 
that each site differs from the previous one and hence cost savings by each being a clone of the previous one, is 
difficult to achieve. This has not deterred us from trying. Two modular signalling projects are in the process of 
being installed and commissioned with two differing basic philosophies. One approach is to test the entire system 
using typical pieces of equipment that are guaranteed to be identical to those that will be installed on site. The 
testing and validation proves the concept and the overall system when it is all connected together in the ‘hangar’. 
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Each individual item is classed as a sub-component, manufactured to a specification and validated to that 
specification. These components are then plugged together to prove the system. The major change in the 
approach is that the tested items are not those that will go to site. After the prototype is proven to be correct, the 
production units are then validated against the prototype specification and testing regime, then go directly to site 
where the only validation under taken on site is the corresponding of the component.  

The other approach is to fully validate the 
complete system off site with all the 
components that are to be used in the final 
installation plug coupled together. The 
system is then dismantled and shipped to 
site where is plugged together again. The 
final testing is then confined to observing the 
operation of the various functions only. 

Both these different approaches are reliant 
on having signals erected on simple 
lightweight structures that can be 
transported to site without the use of heavy 
lifting machinery and secured in the ground 
without making a foundation platform that 
will support a block of flats! The above is a 
prototype example of a non-accessible 
gantry using LED Signal technology. 

1.10 ERTMS 

The ERTMS system on the Cambrian Line in Wales required a new approach to testing as a significant portion of 
the equipment requiring testing was train borne. As the selected traction and rolling stock were at least 20 years 
old they had not been originally designed with electronic black boxes in mind which caused major headaches in 
the subsequent fitting of these control units in the cab of the now class 97 (previous class 37) locomotives and 
the 158 units in use with Arriva Trains Wales. There were conventional signalling requirements to be tested on 
site - but no signals - and there was a conventional interlocking at the heart of the system but a new approach to 
the testing of the communication between the train and the Radio Block Centre (RBC) was required to prove that 
the train obeyed the commands sent out by the RBC. The question arose as to whether we test every train or do 
we fully test the ‘first of type’ only and build all subsequent units in exactly the same way. As this was a prototype 
project, this time all units were tested.  Due to the original decisions made as to where the division of 
responsibility lay on this project Network Rail were responsible for the entire project and the complete integration 
of it. This meant they were responsible for all resolving all the interface problems. Acceptance of the modified 
158 units by Arriva Trains was a difficult process as they felt they were being imposed on and lost revenue 
earning seats in the process. Consequently the strategy for the Great Western and East Coast ERTMS project is 
going to be different. Network Rail will install and commission the infrastructure to the international standards. 
The Train Operating Companies (TOCs), Freight Operating Companies (FOCs) and Rolling Stock Companies 
(RoSCOs) will then be responsible for the new build trains and ensuring they operate correctly on the already 
commissioned infrastructure – putting the responsibility back to where it belongs. 

1.11 Why do things go wrong?  

Despite all the technical assistance, together with the experience and expertise acquired over a large number of 
years, incidents that are testing related still occur. Simple errors occur which, when they are investigated, are 
difficult to understand why the rigorous processes have not picked them up. Often a testing error is preceded by 
a design error. An example of a simple design error not found during testing is the incorrect indication given to 
the driver at the signal. The designer was led - incorrectly - by the standard circuits to cross output 1 to junction 
indicator 2 and output 2 to junction indicator 1. The design checker missed the error although he undertook the 
checking with his normal rigour and then the testing staff missed it due to a number of errors in the process.  

A testing error alone is usually a failing by one person which may call into question the honesty and integrity of 
the individual, such as signing for completed testing when it has not been completed or signing for checking that 
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all the testing straps have been accounted for when no such check has been made and one has been left in the 
now commissioned circuits.   It is difficult to find the reasons for these errors when the tester has been carrying 
out testing to the required standard for a number of years. 

Complex errors are different completely. In the definition of the project, the specification has all too frequently 
blurred the boundaries of what is achievable with what is possible: the thought process being that the technology 
is capable of doing it, so let it be included. No thought of whether the design engineer or test engineer can do it. 
There have been two recent incidents where the complexity of the required data design has led to significant 
wrong side failures that manifested themselves with in a short time post commissioning.  

 

 

Figure 1 Glasgow Central Layout 

 

One of these was Glasgow Central. Here the old relay interlocking which was being replaced with a CBI and the 
complex swinging overlaps were not only retained but more preferred overlaps were added at the request of the 
Operations department as the new computer based interlocking was capable of carrying out these functions. 
This and other changes meant that the data underwent 5 full iterations (the norm being 3) of design, check and 
test before being satisfactorily completed over a 5 month period.  At the time of the incident there were three 
routes set in the area; a route set up to 5520 signal and a forward route set from 5520 to 5288 signal (highlighted 
in green) and a route set up to 5526 signal its overlap is highlighted in blue. When the route from 5281 to 5527 
signal was called, the overlap ahead of 5526 signal was able to swing calling 340 points reverse as part of the 
new overlap even though 340 points had already been called normal by the route from 5520 signal to 5288 
signal (green route). The points moving caused 5520 aspect to revert to red. Fortunately the train had not yet 
taken the route to 5520. The fault was attributable to the following: 

when requesting a route to be set from signal 5281 signal to 5527 signal, in the data, a test that the 
routes 5281, 5493, 5526 and 5526 have not been requested (no panel request received by the 
interlocking) when a route was being called, with one parallel overlap and a forward route set was 
omitted. 

The data required for the construct is very complex and there is no guidance in the data prep manual that caters 
for this and so a particular data construct had to be extrapolated to cover this scenario. 

A further example of data complexity on a different project was where the cross boundary information, whilst 
correct in the first instance, became corrupted when altered due to a test log submission. The complexity here 
was that the data sub-routine had to be amended and the request for information passed to a preceding 
interlocking as that was where the information was located. Due to the presence of axle counters and all the 
complex data required for the reset/restore feature, the request had to pass through one interlocking and onto 
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Fig 2.    National Age Profile
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the one preceding that. The sub-routine information was required in two instances for the two signals in question 
but in error was only put into the data for one of the signals. The result was that track circuits were missed out of 
the aspect in the other one of the two signals. At present there are a number of principles testers who test 
complex layouts which are being re-signalled using SSI type data constructs who do not understand data 
preparation. This allows for the required independence of design but the question comes when the tester needs 
to delve into how a particular operational complexity of how he can understand what it is designed to do. Should 
this be permitted? 

1.12 What of the future?  

There is no doubt that the best design staff have been out testing and the best test staff have been in the design 
office. If this was also supplemented with some experience in the maintenance group, this produced excellent, 
experienced all round signalling engineers This all round experience is nowadays getting difficult to obtain as 
staff are more ‘pigeon-holed’ than previously, opportunities are limited and the staff with the all round experience 
are rapidly heading to retirement. Additionally, there has not been any concerted training of new and junior staff 
since the privatisation of the railway in the mid nineties.   

Figure 2 alongside, is the UK 
industry age profile and as you 
will perceive, the industry has 8 
-10 years before we get to a 
major problem with experience 
and competence. Twenty years 
ago we were told that 
mechanical locking testing 
would be obsolete in a few 
years’ time. There are still 
hundreds of mechanical signal 
boxes left but very few 
mechanical locking fitters (<10) 
around to amend them when 
required.  

The lack of opportunities for 
today’s engineers to experience 
design, maintenance, test and 
installation may well prove 
troublesome in the future when 

those of us who were fortunate enough to be able to experience these different facets of the industry are no 
longer around. 

1.13 CONCLUSION 

There is no doubt that with the pressures being experienced in today’s modern railway that changes to the way 
signalling is tested - be it new state-of-the-art controlled infrastructure or amendments to long ago installed 
infrastructure  - are going to be driven through. However, the way these are approached is critical to ensuring 
that the integrity of the signalling remains at the high level we currently expect and enjoy. 

 

*1 A Notice Board is a formal technical advice notice issued to draw attention to a particular hazard or failure mode 


