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Traffic congestion frequently occurs at multiple intersections with high vehicular traffic, particularly during rush
hour. Inconsistent signal cycle lengths across intersections can hinder traffic flow, even when an upstream
intersection grants a green light. To address this, the signal cycle lengths of multiple intersections should be
identical. Furthermore, practical constraints must be considered: (1) all signal times must be integers, (2) phase
sequences should remain fixed to prevent accidents and driver confusion, and (3) pedestrian safety must be
ensured through sufficient crossing time. This paper proposes a novel particle swarm optimization-based method
for optimizing traffic signals at multiple intersections, addressing the need for consistent signal cycle lengths and
the practical constraints. The proposed method was evaluated using the traffic simulator SUMO (Simulation of
Urban Mobility). Compared to existing signals, the proposed method reduced the average waiting time of
vehicles passing through multiple intersections by 10% during morning rush hour, 20% during normal hour, and

31% during evening rush hour.

Keywords: Multiple Intersections, Common Signal Cycle, Traffic Signal Optimization, Traffic Congestion,
Particle Swarm Optimization, Simulation of Urban Mobility
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Figure 1. Example of Multiple Intersections
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Table 1. List of Main Variables for Multiple Intersections

j  |the ;" intersection (j=1,2,..,.J)
d |the d" phase (d=1,2,...D)
J |the number of intersections
D; |the number of phases for 4" intersection
SC |common signal cycle length
7(j,d) |traffic of volume the d" phase at the ;" intersection
j 1 2
Cycle length sC sc
d 1 2 3 4 1 2 3 4
me |5 | =ar|=]ar)5 ]

Figure 2. Example of Multiple Intersections’ Signal System
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Table 2. List of Main Variables for the Proposed Method

i the index of particles (i=1,2,..,NV)
. the iteration of the PSO algorithm
(t=1,2,.., Maxiter)
N the number of particles
Maziter  |the maximum iteration steps
1B, UB, thﬂe: maximum ‘i‘n(.i minium green signal time of
d" phase at j intersection
P the number of selected particles for validation
R the maximum validation step
X/ the i" particle in iteration ¢
X'd) the green signal time of d" phase at 4" intersection

for i" particle in iteration ¢

Vi(j,d)  |the velocity of X!(j,d)

Wi Wy |the maximum and minimum weight of inertia

o the cognitive coefficient
G, the social coefficient
F(X)) the average waiting time of vehicles during X}

15¢ Intersection
r green signal time vector |

Jt Intersection
green signal time vector —‘

xto.n [xt0.2) [x(0.3) [x{u.0) |

|x{(1,1) Ix,.f(1,2) Ixf(1,3) Ix{(1,4) | oo o

Figure 3. Example of X/
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Algorithm 1 Multiple intersections traffic signal optimization
with PSO

Input: N, Maziter, J, D), P, B, W, W00 €15 C
Output: min_gbest
1: Initialization:
2:  foreach particle i =1,..., N do
3: for (j,d) where (j,d) = (1,1),...,(.,D;) do
4 Initialize the particle’s position as



17:
18:

19:
20:
21:
22:

23:
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25:

26:
27:
28:
29:
30:
31
32:
33:
34:
35:
36:
37:
38:

39:

40:
41:
42:
43:
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X{(j.d) ~ UL, U))

end for
Initialize the particle’s velocity as
Vi(j.d) ~ U([=1,1])

Adjust the particle’s position using Algorithm 2
end for
Evaluate each particle’s position using SUMO
Update:
while ¢ < Maxiter do

Update inertia weight using Equation (1):
t

0= W~ W = i) X Feer

maxr max w min )

for each particle i = 1,..., N do
for (j.d) where (j.d) = (1,1),....,(2.0;) do
Pick random numbers : r,r, ~ U([0,1])
Update particle’s velocity using Equation (2):
Vi Gd) =w - Vi(j.d)
+c - m (pbestf{ (]}d) —XZ(]}d))
Feyery (gbestt' (j7d) —A’,,;t(j7d))
end for
Update particle’s position using Equation (3):
Xt+1 Xt+ Vt+1
Adjust particle’s position using Algorithm 2
Evaluate particle’s position using SUMO
if F(X!") < F(pbest!)then
phesti«— X! "1
end if
if F(pbestif) < F(gbest') then
gbest' —pbest,
Store gbest' in gbest history
end if
end for
end while
Validation:
min_gbest = None
min_fit= Inf
for gbest in gbest history[: P) do
fit_sum =0
for repetitions r=1,..., R do
fit_sum += F(gbest)
end for
if ﬂt—%< min_fit then

fit_sum
R
min_gbest<—gbest
end if
end for
return min_gbest

min_fit<—

_ _ _ ot (D
W = Wypax (wmax Wipin ) Maziter
VI(d) =w - V(j.d) 2)
+e o (pbestif(j,d) — f(jyd))
+c, - 1y (gbest' (4,d) — X/(j,d))
XtH= xtg it (3)
FAEY ZE WE = SUMOS

o] &g A E o] HE 53
sfo] 7} 2718 o AF TS A BNt F(X) & F
quhq o, AT iHA YA AEIE H L A¥E
£ 7H W 9 AR phest, & 7 AA Y ARAA 7HE A
%L—‘::-ﬂ = WE YA ghest S ZEH AT
line 10-29 2713} A7} B¢ $o AP HE L2 2 A4A
Ao E dAo|th we YA S0l th 7SR 2 A A (1)
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A A WEHY A At g o3 AHY olF &
VIT(,d) & 4 )8 &3l AXED ¢, o, & 27 ol
e 03 1AFO) O - 2H9] ZhS Zheth BE SA A £ 5
Ao EZF U, 2 )l all ¢+ 1A -9 i A 4] WE <
X/ Tro] At o] ¢ o] B o £ & Yl 93] 0| EV}
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= TTOEE A & A
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Algorithm 2 Adjusting signal time to integers

Input: particle’s position, J, D, SC
Output: particle’s position
1:  foreach intersection numberj =1,...,./ do
2 Changed_Cycle = Zf’: Xi(j,d)
3: if Changed_Clycle = SC then
4 ford=1,...,D;do

: . X!(j,d) J
& X"t(]’d)ﬁ l ( C’hanged_Cycle) )
6 end for
T: E=31 X!(j.d) - SC
8 Adjust the particle’s position using Algorithm 3
9: end if
10:  end for

11:  retum particle’s position

Algorithm 3 Maintaining consistent signal cycle lengths for mul-
tiple intersections

Input: particle’s position, T, E
Output: particle’s position

1 Total_T=sum(7T)

2: if £>0 then

3 fore=1,...Edo

4 g.d :argminj.dT(j,d)
5: X/(§',d)—=1

6: 7(5 ,d" ) += Total_T
7 end for

8. else

9: fore=1,...,|E| do
10: gd :argmaxj,dT(j,d)
11: X5 ,d)+=1
12: T(5,d ) —= Total_T
13: end for
14:  endif

15:  return particle’s position
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Table 4. Comparisons of the Performance(sec) between Proposed
and Current Signals

Morning Normal Evening

rush hour hour rush hour

Current signal 70.881 60.368 137.346
Proposed signal 63.531 48.156 95.248
Reduction ratio(%) 10.37 20.229 30.651
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Table 5. Case Results of the Traffic Signal Optimization
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Figure 8. Distribution of Average Waiting Time Across Directions at Multiple Intersections
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<Appendix>

PSO Hyperparameter Analysis
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Table A1. Comparison of PSO Hyperparameter Effects on

Performance (sec) during Evening Rush Hour

Wyin ¢ e Performance
0.5 2 99.403
1 2 96.145
0.2 1 1 95.186
2 1 95.292
2 0.5 99.751
0.5 2 106.436
1 2 95.562
0.5 1 1 95.017
2 1 96.045
2 0.5 99.251
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