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ABSTRACT 

 
Following up on the presentation by Fries and Shue at the 2017 AREMA Conference, this presentation 
discusses adding Advance Crossing Activation functionality to a territory in which the primary mode of 
enforcement is based on interpreting cab codes from the rails. This work supports an enhancement to a 
passenger rail service which shares track with freight trains. The higher speed limits allowed on passenger 
service and the high density of grade crossings in the territory near densely populated urban areas called 
for a wireless crossing activation function being supplemented to the Cab Signaling based Automatic Train 
Protection system currently used in the territory. 
 
The solution required that many elements of Alstom's ITCS PTC system, hereafter referred to as ITCS, be 
added to a Cab Signaling system.  For example, vital train location determination is required along with vital 
enforcement of targets with different speed limit requirements encountered along the route.  This protection 
system is then coordinated with the concurrently operating Cab Signaling system in order to significantly 
increase the safe operating speed of the equipped passenger trains. 
 
This paper will describe how the two protection systems operate both independently and in coordination.  
Some of the challenges encountered in deploying this hybrid protection system along with thoughts on 
potential future enhancements will also be provided. 
 

1 INTRODUCTION 

 
This paper discusses adding ITCS's Advance Crossing Activation functionality to a territory in which the 
primary mode of enforcement is Cab Signaling, which interprets cab codes from the rails. This work 
supports an enhancement to a passenger rail service which shares track with freight trains. The higher 
speed limits allowed on passenger service and the high density of grade crossings in the territory near 
densely populated urban areas called for an advance (wireless) crossing activation function being 
supplemented to the Cab Signaling based Automatic Train Protection system currently used in the territory. 
 
The solution required that certain elements of ITCS be added to a Cab Signaling system.  ITCS continuously 
determines train location and communicate wirelessly with wayside devices, including grade crossing 
wayside devices. These features are coordinated with the concurrently operating Cab Signaling system in 
order to significantly increase the safe operating speed of the equipped passenger trains.   
 
This paper describes how the two protection systems operate both independently and in coordination.  
Some of the challenges encountered in deploying this hybrid protection system along with thoughts on 
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future enhancements will also be provided. Both of these systems may determine different speed limits to 
be imposed on the train, and the more restrictive (lower) speed is the one that is always enforced. Note that 
in this discussion, Cab Signaling is the primary form of automatic train protection and is required to be fully 
functional. However, ITCS, which is used to provide high speed crossing activations, may go out of service 
without jeopardizing system safety. 
 

2 CAB SIGNALING OVERVIEW 

Cab Signaling train protection is provided by wayside devices introducing coded signals onto the track.  
These signals are referred to as cab codes in this paper, and they propagate along the track until an 
insulated joint is reached, typically at a block boundary. Current technology limits the number of cab codes 
that can be placed onto the track which restricts the information provided to the train. Cab codes are 
associated with signal aspects which define train speed limits and other train operation restrictions. 
 
Because this is an overview, this paper will only focus on the train speed limits provided by cab codes. 
When the train receives a cab code, the corresponding aspect may indicate that there is no change to the 
train speed limit, that the train speed limit has been increased (upgraded), or that the train speed limit is 
being decreased (downgraded).  Clearly, there is no change in train operation if there is no speed limit 
change. Any speed limit upgrade can take effect immediately.  Speed limit downgrades, however, provide 
time (distance) for the operator to slow the train down to the new speed limit.  Figure 1 below illustrates the 
actions associated with a speed downgrade due to a new cab code being received. 
 

 
 

Figure 1: Cab Signal Speed Downgrade 
 

In Figure 1, the train receives a new cab code indicating that its speed limit is being reduced from 79 MPH 
to 30 MPH. The train's onboard computer (hereafter referred to as OBC) calculates a distance by which the 
new speed limit must be enforced, indicated by the rightmost arrow in Figure 1. The OBC then calculates 
the Brake Application Point (BAP) at which a full service brake request must be made in order to bring the 
train from its current speed to the new speed limit by the time this point on the track is reached. The OBC 
then calculates the time it will take the train to reach the BAP at its current speed, and provides this time to 
penalty (TTP) to the operator.  Note that as the operator slows the train down, the BAP will change, and 
since TTP depends on both train speed and this location, it must be continually recalculated. If the train 
slows down to the new speed limit prior to reaching BAP, the OBC returns to simply protecting the train 
from exceeding the imposed speed limit.  However, if TTP reaches zero, a full service brake request is 
made to the train's brake system. 
 



Since this type of speed reduction enforcement is based on calculating the distance travelled to the point 
at which the train must be traveling at the new speed limit, it will be referred to as Distance Based Predictive 
Brake Enforcement. 
 

3 ADVANCE CROSSING ACTIVATION OVERVIEW 

Advance crossing activations require a two-way communication link between the OBC on the train and the 
crossing controller on the wayside. Once this communication is established, the wayside unit associated 
with a crossing provides status information to the OBC indicating whether high speed activation is allowed, 
the health of the crossing, and other pertinent information. The OBC may identify two potential speed 
reduction targets associated with each crossing.  The first target encountered is the Crossing Approach.  
Prior to a successful activation request, the OBC places a speed limit equal to that crossing's Normal 
Crossing Speed at the Approach location.  Assuming the train is traveling at a high speed as expected, the 
Normal Crossing Speed would be a speed limit reduction that will lead to a full service brake application 
point (BAP, again) determination along with an associated TTP calculation. If the train is slowed down to 
Normal Crossing Speed due to an unsuccessful activation, that speed limit is maintained until the train 
passes the crossing island.  Generally, however, a successful activation will eliminate the Normal Crossing 
speed limit at the Approach, and the train can continue at a higher speed. 
 
Since this type of speed reduction enforcement is based on monitoring the train location with respect to the 
location by which the train must be traveling at the new speed limit, it will be referred to as Location Based 
Predictive Brake Enforcement. Figure 2 below illustrates the actions associated with a train speed reduction 
to Normal Crossing Speed at the Approach. 
 

 
Figure 2: Initial Normal Crossing Speed Enforcement in Advance Crossing Activation 

 
Note that in some cases, the crossing island itself may require a further speed limit reduction and would, 
therefore, itself become a target with an associated BAP and TTP. This occurs if the crossing wayside 
device reports that the crossing status in Unhealthy, resulting in ITCS imposing a low speed limit, referred 
to as Restricted Crossing Speed. This poses a unique challenge in this system in that it is a rare case in 
which the advance crossing activation system may impose a speed limit lower than what would ordinarily 
be imposed by the cab signaling system. 
 
It is also important to note that the speed at which the train is traveling when it activates a crossing may 
lead to the OBC imposing a speed limit associated with the crossing that could be below the train's current 
speed limit. This is to prevent the train from accelerating too much and reaching the crossing too early. 
However, the implications of this are beyond the scope of this paper, but it is important to be aware of the 
fact that there are multiple speed limits that may be imposed on the train by the advance crossing activation 
system. 



4 ENHANCING A CAB SIGNALING SYSTEM TO SUPPORT ADVANCE CROSSING ACTIVATIONS 

To allow a higher speed limit for trains with advance crossing activation capability, the signal aspects 
associated with each cab code are modified to provide two speed limits, one for traditional operation with 
no advance crossing activations, and a second speed limit, generally higher, for trains capable of advance 
crossing activations. The determination of which speed is used in based on the status of the High Speed 
Activation Active (HSAA) signal.  When it is TRUE, the train can travel at the higher cab signal aspect speed 
limit, and when it is FALSE, the train must respect the lower speed limit. 
 
Additionally, a new speed reduction enforcement mechanism, referred to as Targetless Braking 
Enforcement (TBE), is introduced to impose a speed limit reduction with no particular distance or location 
requirement.  TBE provides the train operator with a countdown timer that is decremented when he fails to 
decelerate the train by the prescribed deceleration rate.  When the train speed reaches the new speed limit, 
TBE is cancelled.  Otherwise, if the countdown reaches zero, a full service brake is applied until the train 
speed reaches the new speed limit. 
 
The interactions between the Cab Signaling system and ITCS will be illustrated via examples of how 
problems are mitigated in a series of use cases. 

4.1 HSAA becomes FALSE With No Change in Aspect 
This scenario describes the sequence of events associated with HSAA going false when there are no speed 
reductions due to an aspect change being enforced: 

1) The train is travelling at the higher speed limit provided in the current cab signal aspect 
2) HSAA becomes FALSE 
3) The lower (typically) speed limit in current cab signal aspect becomes the new train speed limit 
4) TBE is used to reduce the train speed to the new speed limit.  
5) A) The operator slows the train down to the new speed limit before the TBE countdown expires, 

and TBE is cancelled 
B) The operator fails to slow down the train to the new speed limit before the TBE countdown 
expires, and a full service brake is applied until the train is slowed to the new speed limit 

 
Note that HSAA may become FALSE when advance crossing activations are in effect such that the 
crossings are expecting the train to arrive at a pre-arranged time. When HSAA becoming FALSE initiates 
a TBE to a reduced train speed, the train may arrive at the crossings a little later than the pre-arranged 
times.  

4.2 Normal Crossing Speed Enforcement due to Crossing Activation Failure 
This scenario describes the enforcement of normal crossing speed when a crossing cannot be activated 
for higher than normal crossing speed due to either missing necessary crossing statuses or no 
communication with the wayside. 

1) The train is travelling at the higher speed limit provided in the current cab signal aspect 
2) The OBC establishes communication with the wayside server controlling the crossing that is ahead 

of the train. 
3) The OBC fails to arm the crossing in time to support the minimum warning time. 
4) The OBC sets the crossing speed limit to normal crossing speed. 

a. The operator slows the train down to normal crossing speed by the time the train reaches 
the crossing approach OR 

b. The OBC applies the full-service brake to ensure the crossing speed limit is met by the 
time the train reaches the crossing approach. 

4.3 HSAA becomes FALSE while decelerating due to a new aspect 
This scenario describes what happens if HSAA becomes FALSE while a Distance Based Predictive Braking 
Enforcement is in effect. 

1) The train is travelling at the higher speed limit provided in the current cab signal aspect 



2) A new aspect is determined which requires Distance Based Predictive Braking Enforcement 
3) As the train is decelerating to the new reduced speed limit, HSAA becomes FALSE 

a. Since the application in question calculates the deceleration braking curves to zero rather 
than the new speed limit, a new target speed limit is imposed on the train without altering 
the Brake Application Point or the distance by which the new speed limit must be enforced. 

 
Note, incidentally, that this is the same behaviour observed when there is a cab signal aspect downgrade 
that occurs before the Distance Based Predictive Braking Enforcement from a previous cab signal aspect 
downgrade has completed. Hence this is referred to as a Double Downgrade, and different applications 
specify different behaviours in response to a Double Downgrade. The application described in this paper 
specifies that the only change be that the target speed limit be updated to the new one. 

4.4 HSAA becomes FALSE while Restricted Crossing Speed is Active 
This scenario describes how the HSAA becoming FALSE is handled when the crossing speed limit has 
been set to the Restricted Crossing Speed, which is generally below the lower speed limit provided in the 
current cab signal aspect. 

1) The train is travelling at the higher speed limit provided in current cab signal aspect 
2) The OBC establishes communication with the wayside server controlling the crossing that is ahead 

of the train. 
3) The OBC receives a status from the wayside server indicating that the crossing is not healthy. 
4) The OBC sets the crossing speed limit to be normal crossing speed on the approach and Restricted 

Crossing Speed on the crossing island. 
5) The train drives towards the crossing island with a Restricted Crossing Speed target speed limit. 
6) HSOK becomes FALSE indicating that the train may no longer be able to determine its location 

Note: It would not be considered safe to drop down to the lower speed limit from the cab 
signal aspect since the crossing was known to be in an unhealthy state. 

7) TBE is used to reduce the train speed to Restricted Crossing Speed. 
8) The train speed can subsequently be increased based on actions of the train driver and operating 

procedures, presumably after the locomotive or train has passed the crossing island. 

5 POTENTIAL FUTURE ENHANCEMENTS 

When ITCS is added to a Cab Signaling system, several enhancements could be made fairly easily.  For 
example in some cases, a block may have curves or other features that would require different civil speed 
limits within the block.  Since cab signals are provided on a block by block basis, changing a train's speed 
limit within the block can sometimes be achieved by timers, but that approach may be coarse and 
inaccurate.  ITCS could perform this function easily since it constantly determines the location of a train, 
and civil speed limits could be provided in a track database maintained onboard the train. 
 
Another enhancement could be improved control of stops at stations which may be achieved without a 
series of block speed reductions as would be required in a Cab Signaling system.  Again, any speed limits 
and station locations can be provided in a database maintained onboard the train. 

6 CONCLUDING REMARKS 

This paper has provided an overview of an application combining a Cab Signaling train protection system 
with elements of ITCS to support higher train speeds for passenger trains on a track with crossing activation 
circuits designed for slower freight trains. A brief description of each system was provided, and some 
interactions between the two systems were provided by way of example use cases. While this brief paper 
was not intended to be comprehensive, it should serve as a concise introduction to this application. 
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Introduction

• Project goal is to add high speed passenger service on rails 
currently serving only freight

• Current ATP utilizes Cab Signaling System

• Current crossing activations controlled by predictor circuits 
on the track set for freight speeds



Cab Signal Speed Downgrade

Block Boundary
New Cab Code Received
79 to 30 MPH reduction

Brake Application
Point (continuously
updated based on 
train speed)

Distance to new
speed enforcement
calculated when new cab
code is received based on train
speed at the time and new
speed limit

Time to Penalty (TTP) calculated as time required to
reach Brake Application Point at current train speed

• Note that the Brake Application Point is calculated as if the new speed limit is zero



Wireless Crossing Activation

Crossing Approach
Location

TTP

Brake Application
Point to slow train 
to Normal Crossing 
Speed before 
Approach

Crossing with 
island boundaries

• Note that after successful crossing activation, the speed limit reduction is cancelled



Enhancements to Cab Signaling

• Two cab signal speeds
• High speed when crossing activation available
• Low speed when crossing activation not available

• High Speed Activation Active (HSAA) Indication
• Indication when ITCS can activate crossings
• Used by cab signal system to determine which speed to use

• Targetless Braking Enforcement (TBE)
• Used for speed reduction with no particular distance or location requirement
• Operator provided a deceleration rate

• If deceleration rate is not met, a counter decrements every second
• If counter reaches zero, a full service brake is applied

Note that Cab Signaling is the 
primary enforcement system 



Case 1: HSAA Becomes FALSE with No Change 
in Aspect

• Train is travelling at the higher cab signal speed limit, e.g. 110 MPH

• HSAA becomes FALSE

• The lower cab signal speed limit, e.g. 79 MPH, becomes the new train 
speed limit

• TBE is used to reduce the train speed to the new speed limit.
• The operator slows the train down to the new speed limit before the TBE 

countdown expires, and TBE is cancelled
• The operator fails to slow down the train to the new speed limit before the TBE 

countdown expires, and a full service brake is applied until the train is slowed to 
the new speed limit



Case 2: Normal Crossing Speed Enforcement 
due to Crossing Activation Failure

• Train travelling at the higher cab signal speed limit, e.g. 110 MPH

• OBC fails to arm the crossing in time to support the minimum warning time

• The OBC sets the crossing speed limit to normal crossing speed (e.g. 79 MPH)

• The operator slows the train down to normal crossing speed by the time the train 
reaches the crossing approach OR

• The OBC applies the full service brake to ensure the crossing speed limit is met by the 
time the train reaches the crossing approach.



Case 3: HSAA Becomes FALSE while 
Decelerating due to a New Aspect

• Train is travelling at the higher cab signal speed limit, e.g. 
110 MPH

• New aspect is determined which requires the train to slow 
down to 90 MPH

• As the train is decelerating to the new reduced speed limit, 
HSAA becomes FALSE

• Since Cab Signaling calculates the deceleration braking curves to zero, 
a new target speed limit is imposed on the train without altering the 
Brake Application Point or the distance by which the new speed limit 
must be enforced.



Case 4: HSAA Becomes FALSE while Restricted 
Crossing Speed is Active

• Train is travelling at the higher cab signal speed limit, e.g. 110 MPH

• OBC receives a status from the wayside server indicating that the crossing is not 
healthy

• OBC sets the crossing speed limit to be Normal Crossing Speed (e.g. 79 MPH) on the 
approach and Restricted Crossing Speed (e.g. 13 MPH) on the crossing island

• Train drives towards the crossing island with a Restricted Crossing Speed target 
speed limit



Case 4: HSAA Becomes FALSE while Restricted 
Crossing Speed is Active (cont.)

• HSAA becomes FALSE indicating that the train may no longer be able to determine its 
location

• Note: It would not be considered safe to drop down to the lower cab signal speed limit 
since the crossing was known to be in an unhealthy state

• TBE is used to reduce the train speed to Restricted Crossing Speed, e.g. 13 MPH

• The train speed can subsequently be increased based on actions of the train driver 
and operating procedures, presumably after the locomotive or train has passed the 
crossing island.



Potential Future Enhancements

• Once location determination has been added, the 
system could:

• Enforce Civil Speed Limits provided by onboard database
• Add stop targets, such as passenger stations



Summary

• The addition of an Advance Crossing Activation system to a 
Cab Signaling system has been presented

• An introduction to each of these systems was provided

• Use cases were used to illustrate some of the interactions 
between the two systems

• A couple of additional potential future enhancements were 
suggested



Questions?
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