
 
   

 

  
 

 
 

Standard Interconnect for 
Traffic Signal Preemption at 

Railroad Crossings 

DIVISION OF TRAFFIC OPERATIONS 
OFFICE OF SYSTEM DEVELOPMENT 

Mohammad Iraki 
Version 1.09 
12/07/2021 



    

  

   
   

    
    

     
   

    
    

   
     

  

      
      
    

     

  

     
     
      
    
     

Standard Interconnection for Traffic Signal Preemption at Railroad Crossings 

Table of Contents 

1.0 Legacy Design............................................................................................................................ 3 
2.0 Objectives.................................................................................................................................. 4 
3.0 Standard Interconnect for Traffic Signal Preemption at Railroad Crossings ............................ 5 
4.0 Simultaneous (SIM) and Advance (ADV) Preemption Circuits.................................................. 7 
5.0 Advance Pedestrian Preemption (APP) Notification Circuit ..................................................... 9 
6.0 Gate Down/Island (GD/ISL) Circuit ........................................................................................... 9 
7.0 Traffic Signal Health Status (HS) Circuit .................................................................................. 10 
8.0 Traffic Signal Equipment Requirements ................................................................................. 11 
9.0 References .............................................................................................................................. 12 
10.0 Railroad Preemption Standard Plan Details ......................................................................... 13 

List of Tables 

Table 1: Truth Table for Legacy Preemption Circuit Logic.............................................................. 7 
Table 2: Truth Table for Supervised Preemption Circuit Logic ....................................................... 8 
Table 3: Hardware Requirements................................................................................................. 11 
Table 4: Electrical Design Plans..................................................................................................... 13 

List of Figures 

Figure 1:  Legacy Interconnect Preemption Circuit (NORMAL state) ............................................. 3 
Figure 2:  Interconnect using three Model 242L DC isolator modules (NORMAL state)................ 6 
Figure 3: Example of a Supervised Circuit (Update circuit labels).................................................. 8 
Figure 4: Advance Pedestrian Preemption (APP) Circuit and Gate Down and Island Circuit ......... 9 
Figure 5: Health Status (HS) Circuit............................................................................................... 10 

December 7, 2021 Page 2 of 16 



 

    

   

       
         

        
      

     
     

    

Standard Interconnection for Traffic Signal Preemption at Railroad Crossings 

1.0 Legacy Design 

Caltrans currently uses a simple 2-wire circuit for preempting traffic signals at railroad crossings 
(legacy design). This 2-wire system incorporates a normally closed circuit, allowing the traffic 
signal to perform preemption operation. Traffic signal preemption routines are handled by 
Caltrans Traffic Signal Control Program. Although the legacy design shown in Figure 1 has 
worked well for decades, the California Public Utilities Commission (CPUC) identified safety 
enhancements requiring additional hardware and software modifications. 

Figure 1:  Legacy Interconnect Preemption Circuit (NORMAL state) 
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2.0 Objectives 

The objective of the new design is to maintain the simplicity of the legacy design but provide 
additional functionality as described in this standard. The new design provides the following 
features: 

Supervised Circuits: An additional wire provides a way to detect circuit faults (a short circuit or 
a break in the wire).  As indicated in the American Railway Engineering and Maintenance-
of-Way Association (AREMA) research paper, reference, No.1, it is important to detect a 
potential short in the interconnection circuit between the traffic signal and railroad 
equipment. It is also important to detect the difference between a railroad preemption 
notification and a break in the wire.  

Simultaneous (SIM) and Advance (ADV) Preemption: Two supervised circuits are utilized to 
transition the traffic signal into preemption.  The use of these inputs (SIM and ADV) will 
vary depending on the preemption timing. 

Advance Pedestrian Preemption (APP): A circuit utilized to obtain early notification of an 
approaching train, prior to advance preemption or simultaneous preemption.  This circuit, 
allows the traffic signal to serve pedestrians upon the approach of a train. 

Gate Down/Island (GD/ISL): A circuit utilized to monitor gate arm position and presence of the 
train at the crossing.  This will remain de-energized until either the gate arm reaches 
horizontal or the train reaches the crossing.  With this circuit, if the gate arm has not 
reached horizontal position, the traffic signal would typically continue to provide a green 
for track clearance until the train reaches the crossing. 

Traffic Signal Health Status: A circuit that provides the health status of the traffic signal to the 
railroad equipment. 
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3.0 Standard Interconnect for Traffic Signal Preemption at Railroad 
Crossings 

This Standard Interconnect for Traffic Signal Preemption at Railroad Crossings provides 
supervised simultaneous preemption, supervised advance preemption, advance pedestrian 
preemption, gate down/island as shown in Figure 2, and traffic signal health status (HS) as 
shown in Figure 5. 
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(SIM) 

Figure 2:  Interconnect using three Model 242L DC isolator modules (NORMAL state) 
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4.0 Simultaneous (SIM) and Advance (ADV) Preemption Circuits 

Simultaneous Preemption (SIM) and Advance Preemption (ADV) 

The Simultaneous Preemption and Advance Preemption circuits (both shown in Figure 2) are 
used to notify the traffic signal of an approaching train.  Upon notification, the traffic signal 
transitions from normal operation to preemption operation. The use of these inputs (SIM and 
ADV) will vary depending on the preemption timing. 

SIM and ADV are both implemented as supervised circuits. 

Supervised Circuit Design 

Implementation of a supervised circuit such as shown in Figure 3 allows the traffic signal to 
continuously monitor the condition of the supervised circuit and respond to circuit fault 
conditions. 

In the legacy standard, the preemption circuit shown in Figure 1 will de-energize when a train 
approaches the crossing.  This does not distinguish between an open circuit and a preemption 
request. For example, a break in the circuit will transition the traffic signal to preemption and 
remain in preemption until the circuit is restored. 

Another type of fault occurs if the circuit is not de-energized upon a preemption request. 
Under that condition, the traffic signal will not transition into preemption during the approach 
of a train.  This condition can occur, even if the railroad relay opens properly, but the circuit 
remains energized due to a short circuit. A similar condition could occur if the 252 AC isolator 
module were removed from the traffic signal input file. The legacy preemption circuit logic is 
shown in Table 1. 

Legacy Preemption Circuit Logic 
Model 252 Input Traffic Signal Operation 

High NORMAL 
Low PREEMPT 

Table 1: Truth Table for Legacy Preemption Circuit Logic 

The supervised circuit design, in this standard, allows the traffic signal to identify the conditions 
above as fault conditions. The traffic signal monitors the state of primary and secondary inputs, 
in the form of an exclusive-or (XOR) truth-table, as shown in Table 2. A short circuit or a break 
in the wire will result in a fault condition, which will put the traffic signal into all-red-flash. 
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Supervised Preemption Circuit Logic 
Model 242L Input Traffic Signal Operation 

Primary Secondary 
High Low NORMAL 
Low High PREEMPT 
High High FAULT 
Low Low FAULT 

Table 2: Truth Table for Supervised Preemption Circuit Logic 

As shown in Table 2, for each supervised circuit, the primary input is energized, while the 
secondary input is de-energized (NORMAL state).  During preemption, the primary input 
becomes de-energized and the secondary input becomes energized (PREEMPT state).  When 
the primary and secondary inputs are either both high or both low, the supervised circuit is in a 
fault condition (one of the FAULT states), which puts the traffic signal into all-red flash 
operation. 

When a short in the circuit is introduced, the supervised circuit, in combination with the DC 
isolator logic, detects it as a circuit “FAULT” and puts the traffic signal into all-red-flash. This 
functionality is accomplished by utilizing a single relay at the railroad side and two inputs at the 
traffic signal as shown in Figure 3. 

Figure 3: Example of a Supervised Circuit 
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5.0 Advance Pedestrian Preemption (APP) Notification Circuit 

The Advance Pedestrian Preemption Notification circuit is as shown in Figure 4. The purpose 
of the circuit is to provide early notification of an approaching train, prior to advance or 
simultaneous preemption.   

This early notification may allow the traffic signal to more smoothly transition from normal 
operation to railroad preemption, such as to allow for pedestrian clearance. 

6.0 Gate Down/Island (GD/ISL) Circuit 

The Gate Down/Island circuit as shown in Figure 4 is a normally open circuit.  The purpose of 
the circuit is to monitor both the gate arm position and presence of the train at the crossing. 
This circuit remains de-energized until either the gate arm reaches horizontal position, or the 
train reaches the crossing. 

If the gate arm does not reach horizontal position, the traffic signal continues to provide a 
green for track clearance, until the train reaches the crossing (occupies the island circuit). 

Figure 4: Advance Pedestrian Preemption (APP) Circuit and Gate Down and Island Circuit 
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7.0 Traffic Signal Health Status (HS) Circuit 

The Traffic Signal Health Status (HS) circuit shown in Figure 5 is a normally energized circuit that 
provides the health status of the traffic signal to the railroad equipment. 

When the circuit is energized, the traffic signal is healthy and operating normal.  When the 
circuit is de-energized, the traffic signal is typically operating in all-red-flash. If the traffic signal 
is in all-red-flash mode due to railroad preemption, the circuit will remain energized. 

The Traffic Signal Health Status circuit consists of a 24 VDC output from the traffic signal control 
cabinet to the railroad equipment. This circuit uses a redesigned Auxiliary Output File No. 2LX, 
Model (AUX-RR), for the logic control circuit. 

Figure 5: Health Status (HS) Circuit 
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8.0 Traffic Signal Equipment Requirements 

The standard requires circuits for simultaneous preemption, advance preemption, gate 
down/island, advance pedestrian preemption and traffic signal health status. Implementation 
requires three slots in the Caltrans Cabinet input file and the following list of equipment: 

a) Three (3) Model 242L DC Isolator Modules 
b) Model 2070 Controller with CTSCP v3 
c) 18-Wire, 14 AWG Stranded Conductor, Railroad 

Interconnect Cable 
d) Output File No. 2 (AUX-RR) and C16 Harness 

Table 3: Hardware Requirements 
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10.0 Railroad Preemption Standard Plan Details 

ES-P1:  Railroad Preemption Wiring (Controller Cabinet to Railroad Details) 
ES-P2:  Railroad Preemption Wiring (Controller Cabinet Details) 
ES-P3:  Railroad Preemption Wiring (Retrofit Only) 

Table 4: Electrical Design Plans 
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