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(Design of Traffic-Adaptive Signal Controller and
Analysis of Traffic Flow in Intersections Using
Stochastic Petri Nets)
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Abstract

In this paper, the analysis for discrete dynamic systems, such as the entrance of vehicles from
all directions of the intersection, is performed, and the operation of traffic signal controllers and the
flow of vehicles are modeled by DSPN(Deterministic and Stochastic Petri Nets). The flow of
vehicles in the intersection are described using the concept of probability. The situations of the
intersection due to the change of the number of vehicles entering the intersection are represented
by the variation of tokens in the modeled system. Through simulation, we analyse the average delay
time of vehicles in the modeled traffic signal system, and the results of the evaluation are derived
from a Petri Net-based simulation package, GreatSPN. Two kinds of the traffic-adaptive signal
controller are modeled and analyzed, which are an unit-time extension controller and a
maximum-time allowing controller. The latter one introduced in this paper has better performance
than the former one from the average delay-time point of view. Two intersections are merged into
a single model using the synthesis method of Petri nets. A new traffic signal controller suitable to
specific road condition can be easily implemented on the base of the result of the evaluation.
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Table 1. Vehicle entering rates and transit
rates of each direction.
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Table 2. Signal time pattern of each signal
controller.
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Table 3. Performance comparison with the
entering rate 1.
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Table 4. Performance comparison with the

entering rate 2.
As) | 4 ?‘;;;;‘”‘ A A7 2157]

ki SRl | w2 e

E w3 #3d | 2130 | 2384 11.39

E w2 A 14.26 15.11 12.75

W ek 34 | 2084 | 23.02 13.03

W ouHgF A Al | 2654 25.06 18.55

S W 3 25.51 24.02 14.42

S w3k Azl 26.08 28.34 11.14

N 93 3 Ad 27.44 23.07 10.77

N w2 = 19.28 14.77 1271

E 33} 49 mojAY AL A=t I w2
dlxje] g AAAZRE Hepdint, @A =
dole] kel gk AAIZE Ao <l 23]
e HhEke] Ajeke] A|AEt 2o AP M=
HA X A3717F DA Ao et 3 A
& ¥FEch AR Asrle A5 A |l o
2 o At v 2 glent #HAY ARE Tk
A o] ERelM oA skl DAt Alsrel
e 359 g vlawsle] Mgror), A2
E Aol gl dirge] A% HAAZE 4w
g Wit kg HF AA AL =2 8
Ak AA =AY A8 Aege] AlglEo] sl

T T

=
k)

FES S A7

(314)

Bl

A, AE] 2k Aele F 2% AeU)Ee 9
T AAANZEE 2 Ao/t ik =3 E 33MelA
Zlgo] A3 FTHSOE ek, U A&
714 7] AZYe] 238 Folrie HAMS Hol: ¥
2 A olHe} 2 olf wiiolzlxw A=) F
HAZE AlE7]eM E w3 F3de] z1j]g] 0.050
A 0152 3wl Zvlsldedl HEA A A7RS 15219
A1 11.398 Zhasl A5-e 749 olfie= FvH A%
o &3] AlZARIe] L Wipo . ol WFE$I7] o
Toltk DRAIZE AlETlelA S whake] #H3HU -
0.02904 015 wHieol= N wigke] z3]zo] 0.05¢14]
0.052 vl @& Apiel AA3|g g 73]
Aole}. =3l A7 A%5719 E Wk A3 A$-
£ AgEl 7 weke] AslgEe] YEFL At
BAE 7R w3 2181828 wWElsly] gl A
q&10lMe] 7 whake] Ak A1jlge] Aok #1342
ol}e] =A7F WstEe] dond Axjelw A7

5 oA 2o AFE At AARE I9FT F
A A 2] AYe] z9lE 20 iyt A5S Bvingt
Holck wAR 19 EWEoE A3jshs sk A
2 29 EsRo2YEle] 271 X Suieko 2 HE]Q
A3 A NukogNe|e] 934 ol oA
AR v E, 2R 29 WHEke R z1sls}
= AR WA 19 WwiskegRe ] 2zl A
Nujgko 2 yEfe] A3 8 SHgkozRE|e] 93]
A Akl ojsiA AAE: x| weke] algF 214
2 A HA A #4dE 19 2ok =2 2de
Apeke] feF gl o] AZke R P B Tl
o] E& ude Ao A7 X3l AR 19
Exedal wakz 29 WHaske] 213188 #3iH 0.2 [
W/x] 2 A4 025 [Wx] 2 A3z 934 #
2 o] W= ¢lgoF R Uit

1g582g 1 fe==| <=z EEEEEY
! !
DHE 1 IHZ 2

a7 7. § 2Aze) 97
Fig. 7. Connection of two intersections.
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Table 5. Performance comparison between

signal controllers after connecting
two intersections.
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