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Development of a Communication Protocol for a Digital Traffic Signal Controller
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Abstract

Most of the current traffic signal controller use load switches to transmit high voltage power to the signal lamps. The direct
transmission of high voltage power may cause a lot of problems like leakages of electric power, obstructions of pedestrian,
environmental disfigurements. To overcome these problems, the development of digital type signal controller has been trying in
the various methods. Digital communication between a master controller and signal lamps is the most important part to improve
control performance in the digital type controller.

A communication system for the digital signal controller was developed in this study. The system bases on CAN
specification, includes ID structure for most peripheral devices like loops, signal lamps, push buttons, police switches. The
operability of this system verified with a software based CAN simulation tool.

Key words : Digital Traffic Signal Controller, Communication Protocol, SAN(Signal Are Network), Emulator, Verification
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(Fig. 1) Operating status of the traffic signal controller
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(Table 1) PLC Advantages and Disadvantages

Advantages Disadvantages

- No separate communication lines| - Limited transmission power
- Installation easy - Noise interference and high load
- Easily accessible outlet. - Absence of a standardized
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(Table 2) The advantages and disadvantages of
communication method

Section Advantages Disadvantages
- Weak noise
RS-232| - Transmit and receive - Short-distance communication

- 1:1 communication only.

. . | - Limited transmission
- No separate communication|

Jines power
PLC . - Noise interference and high
- Installation easy load

- Easily accessible outlet. - Absence of a standardized

- Impossible to transmit
- Long-distance commmnication| and receive

- Multi-communication - Specific protocol

- High cost

RS-485

- Excellent price performance
CAN | - Error detection, handling
- Rapid Transmission speed

- Messages delay
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(Table 3) Analysis of the applicability of the
communication methods

Section LEDs |RS485| PLC irelessi CAN
Stab.le . X A X X ©
communication
Rapid
transmission speed © © 4 © ©
Long-range
communication * © © = ©
single cable x © @) ©) ©)
cost @) x A @) O
Error detection x A x @) @)
Suitability 2 3 2 4 6

(O : Suitability, & : Normal, x : invalid)

CAN(Controller Area Network) Z4I1
HE —E& tiete 2 A7t

(¥ 4) CAN &%
(Table 4) Controller Area Network Features

Requirements CAN Features

Stable

.. Maximize the robustness
communication

Rapid transmission speed Rapid transmission speed

Long-range

P Long-range communication
communication

Single cable Single cable communication

Cost Low cost

Error detection Error detection, handling
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10‘ 9 ‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ ID 04~00 ‘Control‘ Data(8bytes) ‘

mow

Device Function Node

1 |OP-CODE| MSG |- OOB Data
1| 0 |OP—-CODE| MSG |- Signal Control Data VSG
1|1 |OP-CODE| MSG |- Device Control Data
1| X | X |OP-CODE| MSG |- Reserved Data
1/0|0|0|OP-CODE| MLC |- Master Local Controller
110|0|1|OP-CODE| P.P |- Police Panel MLC
1]X|X|X|OP-CODE| GPS
1| LSU INDEX |GH|"REX | SLG |- Signal Lighting Controller | SLG
Loop
1/0({0[0|1| Channel Loop |- CAN ID Communication
Index
1]10|0|1|0| DIRINDEX | PED |-PUSH BUTTON ETC
1]X|X|X|X| SUBINDEX | ETG |~ Miscellaneous Extemnal

(38 6) CIX[E AEX0{7| SALAo A} XA
(Fig. 6> System ldentifier of the digital signal
controller communication
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(Table 5) The Data type of the CAN communication

8bytes(1bytes=8bit(0~7))
7016|5432 1 0

Bit

...‘Detecl‘,torn ‘Aco:.lstic H Ot;1er ‘

Detector 1

Police
Panel

AN} (e &N AN oA
g Inside Device g Push Button i
i

i

Detector Device

(a8 5) OXE MEHOT| EAXA MAZ
(Fig. 5> Communication System of Digital signal controller

Signal light

(Three colors)| - |PRIPGIR Y | A G

LSU 2-2 | LSU 2-1 | LSU 12 | LSU 1-1
00: off 00: off 00: off 00: off
01: R 01: R 01: R 01: R
10: Y 10: Y 10: Y 10: Y
11: G 11: G 11: G 11: G

Signal light
(Four colors)
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v

Receive a CAN Challenge Packet
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Data = Winner

A
A CAN packet arrived?
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«—{Obsolete|+No Index(n) > Index ?
Packet
Yjs N
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No:
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(Fig. 9> Communication Priority Server Algorithm
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CAN Node Application

_> Incoming Queue | |Outgoing Queue

Bind & Listen to CAN Server Port

]

Transmit Counter = 0

'

Receive a CAN Winner Packet
From CAN BUS Server

l

Decoding ID and Index

Input
Packet

Into
b INCOMiNg
Queue

Transmit Counter >= Max Retry Count

Yes

Remove the previouse on—call packet

l

‘ Transmit Counter =0 ‘

Is a packet on—call to send?

Yes

«—No

Send the on—call packet with Index to | ¢
CAN Sever il

!

Transmit Counter++

-

(a2 10) =8 EAl 212|E
(Fig. 10> Node Communication algorithm

Vol.12 No.3(2013. 6)

The Journal of The Korea Institute of Intelligent Transport Systems 7



XY wsSMSHO7| SMMAH 74

29 {G o) siep] wep 9 ASHopE S
Rk A5 2X FALE Aeh S00m ob sk

gj\_tg% &) 9, CANOHH A4 7t

o

o

X

=

N He

5
2
oo
i
fr
-§-
_>.i

48 FEEE Ve
2 25899 71%*3% %“{6‘}1%% 8}%14 L
A= o] F 7H9) 84 S SRS AT S 5 3
olok sfar, ghHe] EiAHelN 9415917 AR s o] B
E EENode)oll FEEE SAAAE U E 5 lofol

A A% 29} EAI *101 7%81101: gk a7zl
3tk CAN =52 7zt AH7} AFEAEA, A9
(Drop) HHUEAE 13 = ojof stth= o]tk

£ Ao et moldPrzdo] ojzg a7
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TYPE [CAN-BUS Server g CaNPocket vl s
e Totol CAN BUS Output(Packets) s10
START | can ID[CAN BUS Total CAN BUS Data Output(Packets) 5100

e T 1ot T s
VR Pz 1070118 S uEwREE e Rate (BPS) Bty

Winner 00001000000

Communication Priority Server
Signal Control Data = 00001000000
Signal Lighting Controler Data = 01000010000
Winner Packet : Signal Control Data

h No Delay

| o 0100001000001
v 0100001 0000.01 2o i ice01o00001 1096 00 000
A REAN AN DO T A ooy

vove: 0000000301t 00000500 500 1o 01o0ONaAG.1 09000 0 2000
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(Fig. 11> Communication Priority Server
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00001000000 : 00 00 00 00 55 57
Identifier Data
R R

B Signal Code Table
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.......... T )
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(Fig. 12> Master Local System
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LSU 1-1 Output: Signal Light
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Identifier Data

> HIZHA Y

‘ T [SLC(Signal |

SvRIPIiZ8 1010116

3000000

b Signal Light : Green

DERITDTE =
000000000000
00000000011 0000000000000 §

)
=M ADANOT T AT O O™
S1S00E 110003000060 0000

o001 00: Turn off
S0 01: Red
o001 10: Yellow

L V15 (e

010000100001

(O 13) MES A& AAH J|sTH(RES)
(Fig. 13> Signal Lighting System(Traffic Light)
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LSU 1-2 Output: Crosswalk Light
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(Fig. 14) Signal Lighting System(Crosswalk Light)
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