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SUMMARY 

The author will present a new Signal Visibility Assessment developed and used by London Underground (LU) for 
the Sub-surface Upgrade Programme (SUP), utilising simulated rolling stock cabs with either 2D (visibility plots) 
or 3D CAD models (incorporating the appropriate driver’s eye positions).  This assessment simplifies and 
standardises the process of signal sighting assessment by actually providing a definitive answer to the question 
“Is the lineside asset visible from the agreed stopping position?”  The previous methods of assessment were 
subjective whereas this assessment method is objective, since the asset’s visibility can be proved, and the 
likelihood of error is minimised.  Software is also used in visibility plots to further automate the process, avoid the 
need for CAD modelling and ease use from different LU asset groups. 

Train operator cab visibility can be portrayed and assessed in more detail in numerous ways.  The most suitable 
method (or methods) for assessment purposes will vary and must be considered on a site-by-site basis.  The 
example used throughout this paper is of a signal being viewed through the driver’s side windscreen.  A common 
example has been chosen to allow fair comparisons to be drawn between the methods. The driver’s side 
windscreen has been chosen as this is typical of the viewing method for the vast majority of signals. 

1 INTRODUCTION 

With the term, “Signal Visibility”, LU defines “the capability of providing a clear unobstructed view of the signal for 
all train operators from their normal driving positions”.  The outcome of any visibility assessment will be a 
determination that signal visibility is or isn’t impeded when the train is berthed at a given longitudinal position.  
Signal sighting assessment in LU is a systems integration exercise between various groups such as union 
representatives from ASLEF and RMT, representatives from the Signalling Design Office (SDO) and Human 
Factors (HF). All representatives need to confirm there is a clear unobstructed view of a signal (or asset) at a 
given longitudinal position, called sighting point, from the normal driving positions.  The visibility on approach 
refers to the continuous and unobstructed view of the asset at a minimum approach distance according to the 
asset type (starter/running signals, tripcock tester lights, limit of shunt signs and stop boards, shunt signals and 
associated signs and indicators).  These two visibility assessments are effectively independent of the rolling 
stock cab layout and only a few signals were re-assessed with the introduction of the new S Stock. On the other 
hand, this was not the case with the close viewing of signals.  To complete the exercise successfully, 
consideration must be given on how all physical assets interact with the human operators. It is apparent that this 
exercise is complex, recursive and subjective. For these reasons LU developed a new signal visibility 
assessment for the SUP.  This assessment simplifies and standardises the process with the use of CAD software 
like MicroStation® by Bentley®.  The method utilises rolling stock cab simulation with 2D/3D CAD models. The 
three main models (methods) used and demonstrated in this paper are: 

i) Full 3D Model 

ii) Combination 2D/3D Model 

iii) Visibility Plots (Plan View and Lateral View) 

While complex CAD modelling fully addresses the signal visibility itself, useful information can generally be 
obtained by site visits, consulting with experienced operators familiar with the site, and utilising other analytical 
tools such as driver’s eye run-through (AVI) videos. 
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2 NOTATION AND ABBREVIATIONS 

2D/3D 2 and/or 3 Dimensional 

CAD Computer Aided Design 

ATC Automatic Train Control 

ASLEF Associated Society of Locomotive Engineers and Firemen (trade union) 

SDO Signalling Design Office 

RMT National Union of Rail, Maritime and Transport Workers (trade union) 

HF Human Factors 

SUP Sub-surface Upgrade Programme 

AVI Audio Video Interleaved 

SSR Sub Surface Railway consisting of: Circle, Hammersmith and City, District 
and Metropolitan lines 

S Stock A class of sub-surface train currently being delivered by Bombardier 
Transportation (BTUK). Two different types of stock, the S8 for 
Metropolitan line services and the S7 for Hammersmith & City, Circle and 
District line. 

RGI Rail Gap Indicator 

PSR Permanent Speed Restriction signage 

OPO One Person Operation 

ALARP As Low As Reasonably Practicable 

BTUK Bombardier Transportation UK 

 

3 SIGNAL VISIBILITY ASSESSMENT AND CAD MODELLING METHODS 

1In the S Stock (Catia®) CAD Model provided by Bombardier Transportation (BTUK), the physical system 
consisted of two distinct parts: the train and the train operator.  For the train operator BTUK conducted an 
anthropometric study to determine the key reference points of the train operator workstation area for the S Stock 
trains.  As part of this study 6 basic link data mannequins were produced for 5th-percentile female and 95th-
percentile male (LU standard), seated (Manual Driving), seated (ATO) and standing utilising the anthropometric 
data (produced from the earlier VLU study by HF).  The outcomes of the study included, amongst others factors: 
seat reference and design eye points, footrest requirements, sightlines, desk physical limitations. These key 
reference points were used as the basis for the design of the train operator workstation.  Regarding the train, the 
LU CAD files only contained the train components relevant to production of the sightline cones, the nominal 
sightline cones, and the design eye points located in 3D space with all other components excluded.  The image 
on the left of figure 1 shows the S Stock cab components, which define the boundaries of visibility through the 
driver’s side front windscreen.  In the middle, the sighting limits as depicted on the visibility plots are shown 
highlighted (worst case, additional visibility through areas not swept by wiper and the additional visibility through 
area partially obstructed by wiper arms).  On the right picture, a sightline cone created by radiating from a single 
point (at the drivers eye) through the sighting limits of the driver’s side windscreen.  Combined sightline cones 
represent what is visible for train operator/operating position permutations.  Combined sightline cones are thus 
smaller or more restrictive in the viewable area that they include when compared to the individual sightline cones 
of which they are comprised. 
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Figure 1: A perspective driver’s eye views and development of a sightline cone. 

 

On the left image of figure 2 four individual sightline cones are shown for the “worst case” train 
operator/operating position permutations. In the middle, the combined sightline cone formed after amalgamating 
the component cones into a single element.  The third and fourth images show typical examples of layers in plan 
view (third image) and lateral view (fourth image), where visibility plots are extracted from the combined sightline 
cones.  

 

Figure 2: Individual/combined sightline cones and extraction of visibility plots from the combined sightline cones 

The three types of track alignment that can have an impact on any visibility assessment are: track curvature, cant 
and track clearance.  Track curvature can have both a beneficial and a detrimental effect on required signal 
sighting distances.  Generally, if the track curves towards the side on which the signal is installed, the required 
sighting distance will increase. Conversely, if the track curves away from the side on which the signal is installed, 
the required sighting distance will decrease.  This impact will be greater the further the observer is from the 
signal.  In the SSR network horizontal curves are significantly tighter than the allowable vertical curves.  
Therefore, horizontal track curvature can have a greater impact on the visibility assessments.  Only a few cases 
where the vertical track curvature represented a significant issue were considered adopting the same method for 
horizontal curves using representations in the vertical plane through the centreline of the carriage.  The impact of 
cant on sighting is the relative difference between the actual sighting target and the end of a theoretical driver’s 
sightline to that point which has been rotated in a vertical plane normal to the track in accordance with the cant.  
The impact can be either positive or negative depending on the sighting targets position relative to the track and 
the shape of the sightline cone in that region.  Accurately modelling the impact of track cant on visibility can be 
very complicated (centrifugal forces at the headway speed, or above/below the equilibrium speed, the train’s 
suspension system and gravitational forces).  Fortunately, four levelling valves per vehicle are used on S Stock 
trains, mounted on the car-body under-frame.  The levelling valve system will maintain car floor height within 
close limits relative to the bogie frame (and consequently the track).  Therefore, the car design (carbody) can be 
assumed to sit at the same angle as the track and therefore doesn’t have a significant impact on signal visibility 
assessments.  The distance between fixed structures and lineside equipment and the maximum space occupied 
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by a train, moving or stationary, is known as the clearance.  Track clearance and signal visibility are intrinsically 
linked.  The LU approach to clearances is probably best summed up by the statement “No minimum clearance 
will be employed where a greater clearance can be provided”.  Unfortunately, the greater the clearance, the 
greater the sighting distance generally required.  Failure to conform with the requirements of the Gauging and 
Clearances standard (contains gauge information for any location) would prejudice the safety of train operations.  
LU have developed individual gauges for both sub-surface and (deep) tube lines.  The two gauge types of 
interest for S Stock are D1 and E2.  The gauge diagrams show kinematic profiles and structure gauge for 
straight, level and uncanted track. On curved and canted track, the kinematic profile requires tilting with the cant. 
In addition the kinematic profile, the structure profile and the structure gauge are enlarged to allow for the effects 
of curvature, both horizontal and vertical.  The three desktop based visibility assessment methods, followed for 
the SUP, varied and considered on a site-by-site basis.  The methods presented, using a common example of a 
signal being viewed through the driver’s side windscreen.  Each of the following methods can be applied in 
exactly the same manner for viewing through the M-Door (the front cab door) and non-driver’s side windscreens 
by using the appropriate eye points (3D methods) or visibility plots (2D methods). 

 

3.1 Full 3D Model 

Technically, the best method available for assessing the visibility of both new and existing assets is to use a 3D 
modelling environment combining the 3D S Stock model with a 3D model of the sighting targets, the track and 
trackside environment.  The LU Land and Engineering Survey Department does have the capability to undertake 
laser scanning surveys.  Laser Scanning Technology enables capture of very large datasets, or point-clouds that 
can be utilised in a Microstation® CAD environment.  To overlay the train on the survey drawing, the cab 
structure, nominal eye points and standard sightlines are combined with the components that define their 
position (the two bogie centre points), and a reference datum (the front of the train).  If the intention of the model 
is only to assess signal visibility, then it can be very simple (figure 3).  This basic model can be made more 
complex if required to add visual context for use during stakeholder consultation (i.e. an outline of the entire 
carbody), or to perform further analytical tasks (i.e. adding the axle positions to check track circuit occupancy). 

 

Figure 3: Simple S Stock 3D sighting model 

 

The S Stock model is imported into the 3D site survey model and aligned in 3D space in accordance with the 
local track alignment for the stopping position that’s being assessed.  The S Stock model alignment is defined by 
the leading bogie centre point (at top of rail level) with the track centreline (at top of rail level where it is crossed 
by the leading bogie centre line), the trailing bogie centre point (at top of rail level) with the track centreline (at top 
of rail level where it is crossed by the trailing bogie centre line) and rotating the carriage along an axis parallel to 
the two bogie centre points through the top of rail datum on the side of the track closest to the sighting target.  
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The degree of rotation is in accordance with the angle of the cant at the leading bogie centreline. An example of 
this is shown in figure 4 for signal MB15, the southbound station starter signal at Baker Street, Platform 2. 

 

 

Figure 4: Full 3D CAD model combining site information with train and sighting targets. 

 

The visibility of the sighting target(s) is then assessed for each train operator/operating position permutation by 
assessing the view from each of the standard eye points. 

 

 

Figure 5: Sighting assessment using full 3D model driver’s eye views 

 

Figure 5, shows the standard driver’s eye views for each of the worst case driver/operating position permutation 
for an S Stock cab berthed in Baker Street Platform 2, looking out at the southbound station starter signal MB15, 
RGI and 15 PSR sign.  The model is not being used to quantify the stopping position where sighting is lost but, it 
is simply being used to provide a definitive answer if it can be seen from the stopping position.  The inclusion of 
other environmental elements in the model, such as the tunnel walls and other signalling assets provides a better 
context to make informed judgements on some of the other considerations which are integral to the signal 
sighting process (such as visual clutter, read-through etc.).  While the four driver’s eye views (standing/seated) 
are the preferred method of presenting the results of the assessment, it may be quicker to perform the actual 
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analysis by utilising the combined visibility sighting cones.  A quick check can be performed by verifying whether 
the sighting target sits inside or outside the limits of the appropriate combined visibility cone. 

3.2 Combination 2D/3D Model 

While there is a shortage of 3D survey information, there is a wealth of existing plan view survey information 
about the network in the LU drawing database (ProjectWise).  This drawing database contains line and level 
surveys of the running rails and station platforms at 5.0m intervals.  The surveys are to LU grid and levels are to 
LU Tunnel datum.  When used in combination with correlated signal scale plan information, the location of the 
existing or proposed assets can quickly be located to a satisfactory level of accuracy for sighting assessments to 
be completed.  While this generally mitigates the need to commission any new surveys, this method still requires 
3D CAD software to perform the sighting assessments.  In terms of answering “Can it be seen from the stopping 
position?”, the two methods will in most cases provide identical answers, as all the inputs relating to the train, 
track and the target signals are essentially the same.  The only noticeable variation in results will occur when 
there are lineside obstructions between the stopping position and the signal being assessed (i.e. OPO monitors 
installed on station platforms) which will not be picked up by this method.  If the potential for issues of this type 
arise for a given signal, a local survey of the potential obstruction (to LU grid) is likely to be the most efficient 
approach. 

 

 

Figure 6: CAD model combining 2D site layout with 3D train and sighting target information 

 

Figure 6, shows a representation of a CAD environment for the same platform presented on the full 3D model, 
combining 3D models of the S Stock train and sighting targets (signal MB15, RGI and 15PSR) with the remainder 
of the site layout information in a 2D plan at rail level.  The method of assessment and presentation of the results 
is exactly the same as that outlined in the full 3D model. 
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Figure 7: Sighting assessment using combined 2D/3D driver’s eye views 

 

Figure 7, shows the standard driver’s eye views for each of the worst case driver/operating position permutations 
for an S Stock cab berthed in the model as represented in figure 6.  When compared with the full 3D model it is 
evident that the combined 2D/3D model doesn’t provide the same degree of contextual information about the 
signals, but in many cases this is of no relevance.  For example, if the signal being assessed is an existing 
installation, then, providing that the operational usage isn’t being changed (i.e. use existing stopping position) 
and the signal aspects are assessed visible, it can still be assumed ALARP. 

3.3 Visibility Plots 

Visibility plots are representations of the driver’s visibility sightlines expressed in a 2D format.  For S Stock 
standard visibility plots are available for both plan and lateral view representations of the combined visibility 
cones through each of the three front windscreens.  The standard visibility plots represent the combined visibility 
cones at discrete intervals (0.5m vertical intervals for plan view, and 1.0m longitudinal intervals for lateral view) 
while the size of the interval is ultimately dictated by clarity and usability requirements.  In terms of which visibility 
plot to use, the general preference is to use the plan view plot for the initial analysis, then to verify it with the 
lateral visibility plot, if required, where visibility is marginal.  The reason for this is the use of the plan view 
visibility plot is much more proficient at accommodating the impacts of track geometry on visibility. 

3.3.1 Plan View 

Similar to the 2D/3D combination method, this method involves overlaying a plan view rolling stock model and 
visibility plot on existing 2D site survey drawings.  To generate the standard overlay, the sightlines contained in 
the standard plan view visibility plots need to be combined with other dimensional parameters of the S Stock 
leading carriage.  If the intention of the model is only to assess signal visibility, the combined train model can be 
very simple (figure 8) containing only the sightlines, the components that define their position (the two bogie 
centre points), and a reference datum (the front of the train).  This basic model can be made more complex if 
required to add visual context. 

 

 

Figure 8: Simple S Stock plan view sighting model 
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A distinct advantage of this method is that because the relationships between all the elements of the train model 
remain fixed in any given horizontal plane, it fully accounts for any combination of changes to the horizontal track 
curvature in the area of interest.  Figure 9 shows an S Stock plan view visibility plot (3500mm above rail level) 
overlaid on a 2D site layout (Baker Street Platform 2 SB Station starter signal MB15). 

 

 

Figure 9: Sighting assessment using an S Stock plan view visibility plot 

 

On its own, a 2D plan view overlay cannot account for track cant.  When using 2D CAD modelling for the visibility 
assessment, the preferred method of assessing the cant is to use a lateral view visibility plot.  When the 
graphical method (lateral visibility plot) cannot practicably be followed, a numerical method (based on 
trigonometry calculations) can be used in conjunction with the appropriate rolling stock plan view visibility plot to 
evaluate the impact of track cant on signal visibility. 

3.3.2 Lateral View 

Whereas all the previous methods primarily considered the infrastructure as fixed with the rolling stock alignment 
being a secondary consideration, lateral view visibility plots operate on the opposite premise.  The standard 
lateral visibility plot shows the combined driver visibility at 1.0m longitudinal intervals.  What must be taken into 
account is that these vertical planes are normal to the train centreline at 1.0m intervals, not the track centreline at 
1.0m intervals.  On straight and level track, this is of no significance.  A vertical representation of sighting target 
is simply overlaid on top of the standard lateral view visibility plot at the known height and offset (whether existing 
or proposed).  The analysis then consists of simply determining whether the target sits inside the cone (Pass) or 
outside it (Fail) for the given sighting distance being assessed.  The net impact of horizontal track curvature on 
sighting is the lateral difference between the actual (or projected) train centreline and the actual track centreline 
at the target meterage (i.e. at the signal to be viewed).  So track curvature introduces a relative difference to the 
horizontal distance between the centreline of the track and the target signal, and that between the (projected) 
centreline of the train and the target signal.  Therefore, for the purposes of the visibility assessment, something 
needs to be moved.  While it is entirely possible to move the sightlines, in practice it is much easier to adjust the 
position of the signal (relative to the track).  The signal position shown on the lateral view visibility is then 
adjusted from its actual offset to accommodate this horizontal offset adjustment. In figure 10, a lateral visibility 
plot of the driver’s side windscreen is demonstrated.  In addition to the sightlines, the signal head for MB15 is 
shown in its actual position relative to the track, adjusted to take account of horizontal track curvature by moving 
it closer to the track by the offset adjustment, O (-1190mm).  After the sighting target has been adjusted from its 
actual position to account for horizontal track curvature, it is then rotated about datum point (again the top of rail 
datum of the closest running rail to the target signal) by the angular adjustment.  The impact of track cant on the 
lateral visibility plot assessment of signal MB15 is also shown in figure 10. 
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Figure 10: Lateral visibility plot adjusted by offset adjustment and angular adjustment sourced from graphical 
methods. 

 

Generally, the numerical method is not preferred as it requires complex mathematical calculations and requires a 
number of assumptions to simplify the description of the track curvature in numerical terms, which ultimately 
results in significantly more conservative assessments.  

3.3.2.1 Software Modelling 

The numerical method (and the lateral visibility plots) can be further automated through software.  The inputs to 
the software are: LeftHand/RightHand track rail level, the horizontal track width, the known offset adjustment due 
to horizontal track curvature on the approach to the asset, the actual lateral offset of sighting target from nearest 
running rail and the actual vertical height of sighting target above the top of the rail. The software automatically 
calculates: angular adjustment, the radial position of the sighting target relative to the datum point, the actual 
angle to the sighting target, the adjusted angle to the sighting target and the adjusted horizontal and vertical 
positions.  For the lateral visibility plots the user should also provide: the signal name (for reference and record 
purposes only), the signal type (signal, repeater, RGI, signal and RGI, route indicator, etc.), signal and track 
curvature (i.e. LeftHand signal in RightHand Track), if the asset is an existing asset or not (red or green colour), 
gauge type (D1/sub-surface and E2/tube lines) and if the signal is a starter signal or not. The generated visibility 
plot is a mapping exercise where all assets are generated and plotted correctly according to user inputs and then 
the target asset’s position is adjusted (relative to the track) to accommodate horizontal track curvature and cant. 
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4 CONCLUSION 

To conclude, all visibility assessment methods have their advantages and disadvantages (presented in table 1) 
and therefore, the method followed, should be on a site by site basis. 

 

Assessment 
Method 

Advantages Disadvantages 

Full 3D Model The most precise method. 

Communication between stakeholders at 
complex sites much easier. 

Allows checking of visibility on approach. 

Takes full account of track geometry. 

Gives an accurate representation of the visibility 
provided for individual end users. 

Requires a 3D survey of the site. 

Requires 3D CAD software for development 
(with higher IT hardware specification). 

Development of assessments is very labour 
intensive (requires a higher level of CAD 
expertise). 

Extraction of information for design and 
assurance documentation can be difficult. 

Combination 
2D/3D Model 

Development of assessment is considerably 
quicker and cheaper than those performed with 
a full 3D model. 

Minimal additional surveys needed (generally 
pre-existing survey information are used) 

Can take full account of track geometry. 

Gives an accurate representation of the visibility 
provided for individual end users. 

Requires 3D CAD software for development 
(with higher IT hardware specification). 

Generally requires a higher level of CAD 
expertise. 

May require a height and offset survey for 
checking visibility of existing assets. 

Doesn’t allow precise checking of visibility on 
approach. 

Plan View 
Visibility Plot 

Development of assessment is considerably 
quicker than those performed with 3D models. 

Can generally be completed using pre-existing 
survey information. 

Automatically takes account of horizontal track 
curvature. 

Well suited for extraction of information for 
design and assurance documentation.  

Requires access to 2D CAD software and 
suitable drafting resource for development. 

May require a height and offset survey for 
checking visibility of existing assets. 

Doesn’t allow for precise checking of visibility on 
approach. 

Requires further measures to take account of 
cant and changes in gradient. 

Standard plots only broken down into 0.5m 
vertical intervals. 

Will give a pessimistic representation of visibility 
provided for individual end users. 

Lateral View 
Visibility Plot 

Development of assessment is considerably 
quicker than those performed with 3D models. 

If necessary, can be completed using numerical 
methods without access to any CAD software or 
drafting resource. 

Only simple measures required to account for 
track cant. 

Well suited for extraction of information for 

Doesn’t take full advantage of pre-existing 
survey information.  

Requires further measures to take account of 
horizontal track geometry which may produce 
overly conservative assessments. 

Standard plots only broken down into 1.0m 
longitudinal intervals. 

Doesn’t allow for any checking of visibility on 
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design and assurance documentation. approach. 

Will give a pessimistic representation of visibility 
provided for individual end users. 

Table 1: Comparison Table of methods for assessing rolling stock cab visibility 
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