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[Abstract]

This paper investigates a low cost dual modular redundancy system based on heartbeat which can be applied to traffic control signal
system. Failure of the traffic control signal system can cause traffic confusion and traffic accidents. Therefore safety and reliability of
traffic control should be secured using fault tolerance technology. To do this, we configured a redundant board using the open source
hardware and the heartbeat technique of Linux HA. The function of the traffic signal control system was verified and the fault recovery time
was measured using fault injection test. As a result of the test, the fault recovery time was confirmed to be less than 9 seconds on average,
confirming that the reliability target time is satisfied. Based on the results of this study, it is expected that it can be applied to fields requiring
high reliability systems such as aviation, space, and nuclear power embedded systems.
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Table 1. Traffic signal controller types and operational
characteristic.

Traffic
signal
controller
type

Operational characteristic

Distributed and fixed time Control system

Normal . AR s
traffic | ° These system can be operate in conjunction with single or
. adjoining intersection.
signal
° These system can not be operated by a central computer.
controller

(Oft-line network)
Central control system

Electro- | o These system consist of intersection traffic signals,
mechanical| a communications network to tie them together,
traffic and a central computer or network of computers to
signal manage the system.
controller | ° These system can be operated by a central computer.

(On-line network)
Real time control System.

Real-time . .
traffic ° These system is the most progressive system that operates
. in real-time, and adjusts signal timings based on detected
signal . .
data in real-time.
controller

° These system can be operated by a central computer.
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Fig. 1. Smart signal control system operating environment.
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1 | Start Heart—Beat Process

2 | Initialize Linux HA, shared memory, UDP

3 | While(End of HB process) begin

4 | Send to heart beat to (warm standby/active)

5 | Listen to heart beat form (warm standby/active)
6 If (normality Heart Beat) than

7 Write normality heart beat state to shared memory
8 Else (Time Out Heart Beat) than

9 Write failure to Shared memory

10 If (failure module == active) than

11 Start failover procedure

12| Wait(200ms) //next heart beat term
13| end

38 5. SIEH|E Z2MHA FAIRE
Fig. 5. Heartbeat process pseudo code.
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Start Mission Process
Initialize shared memory, TCP, GPIO
While(End of Mission process) begin
Receive traffic data from sensor & actuator
If (Active module) than
Transmit traffic data to monitor center
Else (Warm standby module) than
IF (active module failure) than
Transmit traffic data to monitor center
Else
Discard traffic data from sensor
Write normality Mission process state
13| end

O 00 N N B W N =

—_
(=]

—_ =
N =

38 6. Ol ZZHA FAIZE
Fig. 6. Mission process pseudo code.
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Start Control Process
Initialize shared memory
While(End of Control process) begin
Read shard memory about Heartbeat Process
Read shard memory about Mission Process
If(failure Heartbeat or Mission Process) than
If (Active module) than
Notify failure to Heartbeat and Mission process
Else (warm standby) than
Active Heartbeat and mission process.
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Fig. 7. Control process pseudo code.
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failure of active module.
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Table 2. Fail-over results of dual redundant gateway.

] Performance .
Failuretype | ement | Min(sec) | Max(see) | Avg.(sec)
Failure
detection time 2.261 4775 3.267
Mission Fallure. 0273 1463 0.832
process failure|_recovery time
Fail over time 2.534 6.238 4.099
Failure
detecti_on time 4.924 6.424 5.921
Power supply Fallure' 1783 3669 5 784
failure recovery time
Fail over time 6.707 10.093 8.705
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