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An Analysis of Traffic Dynamics in Coordinated Signal Systems

by Kinematic Wave Theory

Mamoru HiSAl, Satoshi SASAKI and Akihiro KOUzAKI1

Abstract
This paper describes the modeling and an analysis of traffic queue dynamics at intersections and shock

wave propagation in coordinated signal systems by kinematic wave theory. Trajectories of shock waves

which propagate from link to link of the road made up of a given number of signalized intersections are

drawn on the time-space diagram on personal computer in an easy-to-understand visual way. Trajec-

tories of vehicles which travel on a link can also be drawn on the display. Furthermore, the delay at each

link can be computed for specified signal control parameter such as cycle length, green time and offset.

Therefore, the relationship between delay and offset can easily be obtained.
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Fig.1 Traffic density on main road near stop line at the beginning of green time

(based on Greenberg’s equation)
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Table 1 Shock wave matrix

Downstrean
LINEL | WAVE20 | WAVEIO | LINE4 ] LINE45 | LINEAT | WAVESO VAVESS | WAVESO | NAVEGS | WAVEG? | WAVE70 | WAVETS

WAVE20 || WAVE1D
WAVEIO WAVE20 | WAVEIO

LINE4 WAVESS | WAVES5 | WAVETO | WAVETS
LINE45 HAVET9 WAVESO | WAVET7 | WAVET7 | YAVET9
LINE47
WAVES0 TAVESO
WAVESS FAVEG?7 | WAVESO | WAVESS | WAVEGS | WAVESS WAVEG?
WAVEGO WAVEGO | WAVEGS
WAVEG5 YAVESS WAVEGS | WAVEGS
¥AVE6? WAVESS
FAVETO LINE4 WAVET0 | WAVETS
HAVE?S WAVE9S WAVETS | WAVE?S
¥AVET? LINE45 WAVETT | WAVETT
WAVET9 WAVES0
WAVESO WAVES0 HAVESQ | WAVESO
¥AVESO YAVET9 YAVESOQ | WAVETT | WAVETT | WAVET9

WAVESS WAVESS | YAVETS | WAVETS
QBYL || QDWI

QB¥2 || Qo2
QBY3 || QD3
QBF4 || QDW4
QDY1 QBN! | QDRI
Qo2 QB2 | QoW2
QD3 QBY3 | QDN3
QD4 QBY4 | QD¥4
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WAVETT | NAVETS | WAVESO | WAVE90 | WAVEDS QBYL | OBY2 | OBW3 | QBN | ODWI | oOWZ | oows | QoW

LINEL
WAVE20
WAVELO

LINEA QB¥3 QK3
LINE45 QBR4 Qy4
LINE47 || WAVESS | WAVE6T WAVES5 QBW2 QD2
WAVESQ FAVEGO QBY2 QR2
WAVESS QBR2 r2
FAVEGO WAVESS QBW2 QDH2
WAVEGS WAVESS QB2 QDw2
WAVEG? WAVEG7 WAVESS QBY2 QD¥2
WAVE70 WAVE9S QBN3 QD3
WAVETS WAVE9S QBY3 QDH3
RAVET? WAVES0 QBN4 Qw4
RAVET9 Jf RAVETT | WAVETS FAVESQ QBH4 QD4
WAVESQ WAVES0 QBY1 | QBNI QoW1
HAVES0 QB4 QR4

PAVE95 QB3 N3
QBr]

QBY2
QBY3
QBw4
QbHl
QD¥2
QDH3
QDW4

Upstream
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Fig. 2 Propagation of shock waves on
undersaturated signalized links
(based on Greenshield’s equation)
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Fig. 4 Propagation of shock waves on
oversaturated signalized links
(based on Greenshield’s equation)
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(b) Vehicle trajectories

Fig. 6 Shock waves and vehicle trajectories on an
undersaturated signalized link
(based on Greenberg’s equation)
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(based on Greenshield’s equation)
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