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ABSTRACT

Traffic congestion at adjacent intersections is a critical urban mobility problem as
vehicle queues and turning conflicts directly influence nearby performance.
Conventional fixed-phase systems often fail to accommodate heterogeneous and
fluctuating flows, especially when intersections are treated independently. This study
aims to optimize traffic light phase arrangements at two adjacent intersections on Prof.
Dr. Jhon Aryo Katili Road, Gorontalo, using a fuzzy graph coloring approach.Vehicle
flow data were collected during morning and afternoon peak periods and converted
into Passenger Car Equivalent (PCE) values. Each traffic movement was represented
as a vertex, while conflicting movements were modeled as edges in a fuzzy graph.
Triangular membership functions classified traffic intensity, followed by $\alpha$-cut-
based fuzzy graph coloring to determine feasible signal phases.The results yield a
chromatic number of eight, representing eight traffic light phases. This indicates that
fuzzy graph coloring provides a more conflict-sensitive and adaptive structure than the
existing three-phase system. The main contribution lies in extending fuzzy graph
optimization from isolated to adjacent intersection settings, providing a mathematical
basis for more efficient urban traffic management.

Keywords: Fuzzy graph, fuzzy graph coloring, chromatic number, traffic light
optimization, adjacent intersections.

INTRODUCTION

According to Pobela dkk (2020)
Urban traffic congestion has become an
increasingly complex problem in many
cities, particularly in road networks
where traffic demand grows faster than
the capacity of road infrastructure and
signal control systems. Intersections
represent critical points in  urban
transportation  systems because they
accommodate ~ multiple  directional
movements, turning flows, and potential
conflicts within a limited spatial area.
The problem becomes more complex
when intersections are located close to
each other, since queues and delays at
one intersection may propagate to the
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next intersection and disturb the overall
performance of the corridor. Therefore,
traffic light regulation at adjacent
intersections  requires a  modeling
approach that can represent not only
individual vehicle movements but also
conflict relations among movements
across nearby intersections.

Fuzzy graph theory provides a
relevant mathematical framework for
analyzing traffic light systems under
uncertainty. In a classical graph, vertices
and edges are generally represented in a
crisp manner, whereas in a fuzzy graph
each vertex or edge may have a
membership degree that reflects the
intensity or strength of its presence. This
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characteristic is suitable for traffic
modeling because vehicle flows are not
static; they vary by time period, road
approach, vehicle type, and movement
direction. In the context of traffic lights,
each vehicle movement can be
represented as a vertex, while conflict
relations among movements can be
represented as edges. By assigning fuzzy
membership values to traffic movements,
the model can classify wvehicle flow
intensity into linguistic categories such as
low, medium, and high, allowing traffic
signal phases to be determined more
flexibly than in purely deterministic
models.

The specific problem addressed in
this study concerns the traffic light
arrangement at two adjacent intersections
on Prof. Dr. Jhon Aryo Katili Road,
Gorontalo. Based on the submitted draft,
the existing traffic light system applies a
three-phase arrangement, while the
observed traffic movements involve
twenty-four nodes distributed across two
neighboring intersections. Field
observations show that wvehicle flows
differ substantially among movement
directions during morning and afternoon
periods. Some movements have relatively
high traffic intensity, while others are
lower or moderate. Such heterogeneity
indicates that the existing fixed phase
system may not adequately accommodate
variations in traffic demand and conflict
patterns. ~ Consequently, a  more
systematic mathematical model s
required to determine traffic light phases
that can minimize movement conflicts
and improve phase allocation at adjacent
intersections.

Previous studies have
demonstrated that  fuzzy graph
approaches are effective for traffic light
optimization and traffic flow analysis.
Kurniawan (2017) employed a fuzzy
graph approach combined with max-plus
algebra to model a traffic light control
system at a road intersection. The results
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showed that the integration of these two
approaches could effectively represent
signal  phase synchronization and
mathematically analyze traffic signal
cycle times. However, the study was
limited to a single intersection and did
not consider variations in traffic flow
intensity through fuzzy membership
degrees or interactions between adjacent
intersections.

Furthermore, Wahyu et al. (2023)
applied a Mamdani fuzzy inference
system based on fuzzy graphs to optimize
traffic signal control at an urban
intersection. The study used traffic
volume data as input and produced signal
phase durations that were more adaptive
to traffic conditions than a fixed-time
control  system.  Nevertheless, the
proposed approach primarily focused on
fuzzy inference for determining signal
durations and did not utilize fuzzy graph
coloring to group non-conflicting traffic
movements.

Ramadhani and Munandar (2024)
investigated fuzzy graph structures and
their mathematical properties, along with
their applications in decision-making
problems. Their findings indicated that
fuzzy graphs provide a more realistic
representation of uncertain relationships
than classical graphs. However, the study
was mainly theoretical and did not
implement fuzzy graph models in
transportation systems or traffic signal
optimization.

A more application-oriented study
was conducted by Sijabat et al. (2025),
who applied fuzzy graph coloring to
optimize traffic signal phases and reduce
vehicle waiting times at the Digulis
Roundabout  in  Pontianak.  The
researchers constructed a conflict graph
based on conflicting traffic movements
and applied the a-cut concept to
determine  the chromatic  number,
representing the minimum number of
traffic signal phases required. The results
demonstrated that the proposed approach
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generated a more efficient phase
arrangement than the existing system,
thereby  reducing potential traffic
conflicts. However, the model was still
limited to a single intersection and did
not consider signal interactions among
adjacent intersections.

Similarly, Sugarda (2025)
employed fuzzy graph modeling and
graph coloring to analyze traffic flow at
the Jamin Ginting Flyover intersection.
Traffic volume data were converted into
fuzzy membership values, followed by
the construction of a conflict graph and
the application of graph coloring to
determine traffic signal phases. The
results indicated that the fuzzy graph
approach  produced signal  phase
arrangements that better reflected the
conflict levels among traffic movements,
thereby  improving traffic  signal
efficiency. Nevertheless, the study also
focused on a single intersection and did
not investigate signal coordination within
a network of adjacent intersections.

Based on these previous studies, it
can be concluded that fuzzy graph
approaches are effective in modeling
traffic conflicts, determining traffic signal
phases, and improving the efficiency of
traffic signal control. However, several
limitations remain: (1) most studies
analyze only a single isolated
intersection; (2) they do not model
conflict interactions among traffic
movements at adjacent intersections; (3)
they do not integrate empirical traffic
volume data from multiple intersections
into a unified conflict graph; and (4) they
do not investigate how traffic signal
coordination between adjacent
intersections can be achieved using a
fuzzy graph coloring approach.

These limitations reveal a
significant research gap that motivates
the present study. Therefore, this research
develops a fuzzy graph coloring model
for two adjacent intersections on Prof.
Dr. Jhon Aryo Katili Road, Gorontalo.
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Unlike previous studies, the proposed
model integrates traffic volume data from
two neighboring intersections, converts
them into fuzzy membership degrees
using triangular membership functions,
constructs a unified traffic conflict graph,
and applies the a-cut concept together
with fuzzy graph coloring to determine
the minimum number of conflict-free
traffic signal phases.

The objective of this study is to
develop and apply a fuzzy graph coloring
model to determine traffic light phases at
two adjacent intersections on Prof. Dr.
Jhon Aryo Katili Road, Gorontalo. More
specifically, this study aims to classify
traffic movement intensity using fuzzy
membership functions, construct a fuzzy
conflict graph for adjacent intersections,
and determine the chromatic number as
the basis for traffic signal phase
optimization.

MATERIAL AND METHOD

This research was conducted at
two adjacent intersections on Prof. Dr.
Jhon Aryo Katili Road, namely the
Gorontalo Traditional House intersection
and the BRI Andalas intersection,
Gorontalo City. Traffic data were
collected on Monday during the morning
peak hour (08:00-09:00) and the
afternoon peak hour (15:30-16:30). The
research methods included a literature
review, field observation, and interviews.
The literature review was conducted by
examining journals, books, and other
relevant references related to fuzzy graph
theory and fuzzy graph coloring, while
field observations and interviews were
carried out to obtain traffic volume data
and information on the existing traffic
signal system.

This study employed a fuzzy
graph approach to optimize traffic signal
phases at the two adjacent intersections.
The research procedure began with
collecting traffic volume data, which
were then converted into Passenger Car
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Units (PCU). The converted data were
used to calculate fuzzy membership
degrees using triangular membership
functions. Subsequently, a fuzzy graph
was constructed by representing traffic
movements as vertices and conflict
relationships as edges. The a-cut concept
was then applied to generate fuzzy graphs
at each membership level, followed by
the fuzzy graph coloring process to
determine the chromatic number. Finally,
the obtained chromatic number was used
as the basis for determining the optimal
traffic signal phases and was compared
with the existing traffic signal system.
The research  procedure is
illustrated in the flowchart below.

TRIANGLULAR MEMBERSHIP FLUMNCTION
FUZZY GRAPH COLORING
CHROMATIC MUMBER X{G)

TRAFFIC SIGHAL FHASE DESIGN

COMAPARE WITH EXISTING SYSTER

EMD

Figure 1. Flowchart of the Research
Process

The data analysis procedure applied
can be described as follows:
1. Himpunan Fuzzy
One of the methods is the triangular
fuzzy membership function, which is
a function with three parameters a, b,
c € R, where a < b < c, expressed as

follows :
( 0, x<a
) jg a<x<b O
x)=<72"
. |E_—x b<x<c
k 0, x=>c
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The graph of the triangular
membership function is shown in
Flgurel

Nl

nnnnnn

Figure 2 Graphical representatlon of the
triangular curve.

Fuzzy sets have three basic operators
used to combine fuzzy sets, namely:
1. AND Operator (intersection)
The AND operator corresponds to
the intersection operation on fuzzy
sets A and B, denoted as A N B. Its
membership function is defined as:

tang(x) = min (us(x), up(x))  (2)

2. OR Operator (union)
The OR operator relates to the
union operation on fuzzy sets A and B,
denoted as A U B. Its membership
function is defined as:

taug (x) = max (uy(x), ug(x)) 3)

3. NOT Operator (complement)

The NOT operator corresponds to the
complement operation on a fuzzy set. Its
membership function is expressed as:

par(x) =1 = pa(x) (4)

Definition 1  According to
Rahayuningsih (2018) a fuzzy set A in a
universe X is said to be a subset of a
fuzzy set B in X if the degree of
membership of every element x € X in A
does not exceed its degree of membership
in B, i.e., pa(x) < up(x), Vy€X . As a
note, the membership functions p,(x)
and pg(x) can also be written as A(x)
and B(x), respectively.

Definition 2 Suppose two fuzzy
sets A and B are given on a universe X.
The union operation A U B and the
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intersection operation A N B are fuzzy
sets on X whose membership degrees for
each x € X are defined as follows
(Setiawan & Juniati, 2013):

1. paup(x) = pa(x) vV ug(x))

max (ua(x), pup(x)), V,€X  (5)
2. panp(x) = pa(x) A pp(x))

min (ua(x), up(x)), V.EX  (6)

2.Graf Fuzzy

According to Fanani (2016) a
graph G is defined as an ordered pair of
sets, G = (V, E), where V(G) is a non
empty set of vertices and E(G) is a finite
set (which may be empty) of edges, each
representing an unordered pair of vertices
in V(G). Therefore, a graph may have no
edges, but it must contain at least one
vertex (Kaviya & Ramya, 2022).

A fuzzy graph G is a pair
G=(V,o,u), where V is a set of
vertices. o: V — [0,1] assigns a
membership degree to each vertex, and p:
V x V — [0,1] assigns a membership
degree to each edge (Sudin, 2024). The
following is an example of a fuzzy graph
(Arifai & Juniati, 2013).

Figure 3. Fuzzy Graph

Definition 3 Let V be a finite and
non-empty set of vertices. Then a fuzzy
graph G = (V, o, u) consists of the set V
together with two functions, namely 6: V
— [0,1] and p: VxV — [0,1], such that
wu,v) < min{o(u),6(v)} Vy,,EV . The
fuzzy set o represents the fuzzy vertex set
of G, while the fuzzy set p represents the
fuzzy edge set of G (Ramadhani &
Munandar, 2024).

Coloring in fuzzy graphs in the
context of traffic management uses the
concept from (Sijabat et al., 2025) to
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determine the chromatic number of a
fuzzy graph. According to their research,
the chromatic number of a fuzzy graph is
the smallest number k such that every
vertex in the fuzzy graph can be colored
with k different colors, with the condition
that two adjacent vertices do not share the
same color.

Definition 4 According to Fuad &
Rahadjeng (2014) Let I = {yi, v2, V3, ...,
v} be a family of fuzzy sets on V. Then
I is called a fuzzy k-coloring of G =
(V, o, p) if it satisfies:

L.LyitUy2UysU ... Un=V

2.viNy;=0, forvi, v, 1=1,2,3,....,k and j
= 1,2,3,....k, is a family of fuzzy graph
coloring in which every member consists
of vertices that are pairwise non-adjacent.

For a fuzzy graph G = (V,0,u)
its chromatic number is denoted as y(G) =
{X.}, where ya represents the chromatic
number of G,, and its values vary
depending on the membership degrees of
vertices and edges in the family of fuzzy
graphs. In this case, the concept of the a-
cut of a fuzzy graph is used, namely Go =
(Va, Ea, p) with Va = {v e V |ag, (v) >
a}, Ea={e € E |y (e)>aj}.

With p: V — I and a € I, where |
= {T, S, R} which respectively denote T
(High), § (Medium), and R (Low). The
order of the fuzzy graph's chromatic
numbers is determined starting from o =
T, then a =S, and finally o= R.

RESULT AND DISCUSSION

Prof. Dr. Jhon Aryo Katili Road is
a public road and part of a provincial
road, serving as a connection between
districts and cities and supporting trade
activities. This road has implemented a 3-
phase traffic light system at two
intersections. The following is an
illustration of the traffic flow at the
intersections of Prof. Dr. Jhon Aryo
Katili Road.
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Figure 4. Intersection of Prof. Dr. Jhon
Aryo Katili Road

There are as many as 14 nodes at
the intersection of the Rumah Adat area
and the area around BRI on Jhon Aryo
Katili Road, namely A, B, C, D, E, F,
GHILJLKLMNOPQR,ST,
U, V, W, and X. The following is
information regarding the nodes of
traffic  flow movement at the
intersection of Prof. Dr. Jhon Aryo
Katili Road.

Table 1. Vehicle Flow at Two Road

Street

N Prof. DR. Jhon Aryo
Katili Street — Prof.
DR. Jhon Aryo Katili
Street

(6] Prof. DR. Jhon Aryo
Katili Street — Tondano
Street

P Prof. DR. Jhon Aryo
Katili Street — Tondano
Street

Q Prof. DR. Jhon Aryo
Katili Street — Prof.
DR. Jhon Aryo Katili
Street

R Prof. DR. Jhon Aryo
Katili Street — Madura
Street

West

S Tondano Street — Prof.
DR. Jhon Aryo Katili
Street

T Tondano Street —
Madura Street

U Tondano Street — Prof.
DR. Jhon Aryo Katili
Street

North

\% Madura Street — Prof.
DR. Jhon Aryo Katili

South Street

w Madura Street —
Tondano Street

X Madura Street — Prof.
DR. Jhon Aryo Katili
Street

Intersections”
Intersection Approach Movement Description
A Prof. DR. Jhon Aryo

Katili Street — Arif
Rahman Hakim Street

B Prof. DR. Jhon Aryo
Katili Street — Prof.
DR. Jhon Aryo Katili
Street

East

Prof. DR. Jhon Aryo
Katili Street — Yusuf
1 HasiruStreet

Intersection C

D Prof. DR. Jhon Aryo
Katili Street — Yusuf
Hasiru Street

E Prof. DR. Jhon Aryo
Katili Street — Prof.
DR. Jhon Aryo Katili

Street

West

F Prof. DR. Jhon Aryo
Katili Street — Arif
Rahman Hakim Street

Based on field observations, the
number of vehicles passing through the
intersection of Prof. Dr. Jhon Aryo Katili
Road in the Rumah Adat and BRI areas
on January 12, 2026, in the morning from
08:00 to 09:00 WIB and in the afternoon
from 16:00 to 17:00 WIB is shown in
Table 3.

Table 2. Traffic Flow at Two
Intersections of Prof. Dr. Jhon Aryo
Katili Road from 08:00 — 09:00

G Yusuf Hasiru Street —
Prof. DR. Jhon Aryo
Katili Street

H Yusuf Hasiru Street—
North Arif Rahman Hakim
Street

Light Heav  Motorcy Total
Inter  Approa Movem  Vehic y cle (MC)  Vehicl

1 Yusuf Hasiru Street —
Prof. DR. Jhon Aryo
Katili Street

J Arif Rahman Hakim
Street — Prof. DR. Jhon
Aryo Katili Street

K Arif Rahman Hakim
South Street — Yusuf Hasiru
Street

L Arif Rahman Hakim
Street —Prof. DR. Jhon

Aryo Katili Street
Intersection M

East Prof. DR. Jhon Aryo
2 as Katili Street — Madura
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secti ch ent le Vehic es/
on (LV) le hour
(HV)
A 47 4 93 144
East B 178 21 462 661
C 11 1 70 82
D 10 2 43 55
West E 189 14 447 650
1 F 51 4 162 217
G 12 3 46 61
North H 29 4 152 185
I 13 4 38 55
J 76 3 151 230
South K 11 2 164 177
L 88 6 182 276
M 45 4 213 262
2 East N 191 38 558 787
[¢] 46 4 142 192
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P 7 1 47 55
West Q 289 25 681 995
R 34 2 133 169
S 17 4 29 50
North T 34 4 228 266
U 34 9 159 202
\ 29 4 146 179
South 4 50 2 252 304
X 37 2 128 167

Table 3. Traffic Flow at Two
Intersections of Prof. Dr. Jhon Aryo
Katili Road from 15.30 — 16.30

Light Heav  Motorcy  Total
Inter Approa Movem  Vehic y cle (MC)  Vehicl
secti  ch ent le Vehic es/

on (LV) le hour
(HV)
A 59 3 163 225
East B 296 19 701 1.016
C 22 2 91 115
D 11 2 52 65
West E 314 27 688 1.029
F 43 4 133 180
! G 27 7 123 157
North H 58 11 217 286
I 22 8 106 136
J 71 6 224 301
South K 39 2 121 162
L 76 5 142 223
M 68 2 212 282
East N 383 32 736 1.151
(¢} 57 2 145 204
P 13 1 73 87
West Q 294 25 751 1.070
R 40 1 138 179
2 S 48 1 217 266
North T 60 1 314 375
U 16 1 46 63
A% 57 2 214 273
South w 50 4 412 466
X 42 3 186 231

At the intersection of Prof. Dr.
Jhon Aryo Katili Road, there are various
types of vehicles with varying
specifications. To  simplify  the
calculation, all types of wvehicles are
converted wusing the passenger car
equivalent (PCE) (Manual Kapasitas
Jalan Indonesia, 1997). The Passenger
Car Equivalent (PCE) consists of the
PCE values for heavy vehicles (HV),
light wvehicles (LV), and motorcycles
(MC) (Yulipriyono & Purwanto 2017).

p-ISSN 1829 586X
e 6-ISSN 2581-0170

q = qry Xempyy + quy X empyy
+ quc X empyc
— (47 x1) + (4x1,3) + (93 x 0,4)
= 89,4 = 89 PCE /hour

Furthermore, by applying the
same method as for node A in Table 3
and using the Python application in VS
Code, the conversion results for the nodes
of traffic flow at the two intersections of
Prof. Dr. Jhon Aryo Katili Road can be
seen in Table 5 (for the morning) and Table
6 (for the afternoon).

Table 4. Total Traffic Flow from 08:00 —

09:00
Interection Approach Movement Normal Flow (q).
1 East A 89
1 East B 390
1 East C 40
1 West D 30
1 West E 386
1 West F 121
1 North G 34
1 North H 95
1 North 1 33
1 South J 140
1 South K 79
1 South L 169
2 East M 135
2 East N 464
2 East (6] 108
2 West P 27
2 West Q 594
2 West R 90
2 North S 34
2 North T 130
2 North U 109
2 South \Y 93
2 South W 153
2 South X 91

Table 5. Total Traffic Flow from 15.30 —

16.30
Intersection Approach Movement Normal Flow

(@
1 East A 128
1 East B 601
1 East C 61
1 West D 34
1 West E 624
1 West F 101
1 North G 85
1 North H 159
1 North 1 75
1 South J 168
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The road widths for each
direction/approach at the two
intersections of Prof. Dr. Jhon Aryo
Katili Road are as follows: Prof. Dr. Jhon
Aryo Katili Road has a width of 14
meters, Arif Rahman Hakim Road 6.34
meters, Yusuf Hasiru Road 5.9 meters,
Tondano Road 7.1 meters, and Madura
Road 9.1 meters.

The node membership degree (o)
is represented by a curve that describes
the membership function, which is
grouped into three categories: Low (L),
Medium (M), and High (H).

Tow Moedium Hizgh

Numbsr of Vehicles tunits) per hour

Figure 5. Membership Function Graph of
Node (o)

Figure 4 displays the curves of the
three node membership functions used to
determine the membership values in the
fuzzy set. Based on these curves, the
membership functions are divided into
three categories: Low (L), Medium (M),
and High (H). Accordingly, the equations
for the node membership functions can
be formulated as follows.
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1. X <30
Grow 0120 X o < 2 <300 (1)
Low 300 — 30’ *
0, X = 300
(0, <300rx=>700
2730 a0 <x<300 (2)
*=30 P
O-Medium(x) 300 — 30
1 799=% 200 <2 <700
\750 —300 300 =% <
0, x < 300
x — 300
; St 3
Fiigh (¥)  Zo5—=55,300 <x <700 (3)
1, > 700

Based on equations (1) — (3), the
node membership degree can be
determined as follows, by taking the
traffic flow value at node A from 08:00 —
09:00 as x = 89 vehicles/hour.

300 — 89
O'(R)(89) = m = 0,78
89 — 30
0'(5)(89) = m = 0,22
or)(80)
=0

Using the same method as for
node A, the membership degrees for the
other fuzzy graph nodes can also be
determined, so that the results for 08:00
—09:00 and 15:30 — 16:30 are presented
in the following table.

Table 6. Membership Degrees of Fuzzy
Graph Nodes on Prof. Dr. Jhon Aryo
Katili Road from 08:00 — 09:00

Intersection Movement q a(R) a(S) o(T")

>

89 078 022 0

1
1 B 390 0 078 023
1 C 40 096 0,04 0
1 D 30 1 0 0
1 E 386 0 079 021
1 F 121 0,66 034 0
1 G 34099 001 0
1 H 95 0,76 024 0
1 I 33099 001 0
1 ] 140 059 041 0
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79 0,82 0,18 0

169 0,49 0,51

135 0,61 0,39

461 0 0,60 0,40

108 0,71 0,29

27 1 0

591 0 0,27 0,73

90 0,78 0,22

130 0,63 0,37

109 0,71 0,29

93 0,77 023

153 0,54 0,46

B [ | D [ [ | | [ [N [N — | —
Xlgl<|al=|le|lm|lo|lm|o|z2|Z2|c|R

0
4
0
0
7
0
34 0,99 0,01 0
0
0
0
0
0

91 0,77 0,23

Table 7. Membership Degrees of Fuzzy
Graph Nodes on Prof. Dr. Jhon Aryo
Katili Road from 15.30 — 16.30

Intersection Movement q a(R) a(S") o(T7)

1 A 122 064 036 0
601 0 025 075

61 08 0,11 0

3409 001 0
624 0 0,19 081

101 0,74 0,26 0

85 0,80 0,20

159 0,52 0,48

75 0,83 0,17

168 0,49 0,51

9 078 022

139 060 040

(=3 Bl N Y = R = =l =]

155 0,54 0,46

719 0 0 1

118 0,67 0,33

44 0,95 0,05

627 0 018 0

5}

9% 0,76 024

136 0,61 0,39

187 0,42 0,58

36 0,98 0,02

145 0,57 0,43

220 0,30 0,70

X s|<|clH|lae|Rm|lo|m|o|z|2|E|R|=«|=|Z|@|m|m|u|a|w

B [N [0 [ | [ D[ —= == === == ===

olo|o|lo|lo|o|o|lx|o|o

120 067 033

Next, the determination of node
membership values is performed using
the union operation based on the rule
from (Sijabat et al., 2025) as follows.

0 rusur = maks {op(), 05(x), 05(7)}

Based on the above formulation,
the membership value of node A during
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the morning period for the value x = 89
is as follows.

OLowUMediumUHigh (89)
= makS{JLow (89), Omedqium (89)O-High (89)}

= OLow (89)

Thus, node A has a linguistic
membership value of Low, and through
the same process, the membership
values for the other nodes in the fuzzy
graph G(V,E) are obtained, as shown in
the following table.

The membership values of the
edges in the fuzzy graph are determined
based on the membership values of the
nodes. According to Sijabat et al.
(2025), these values are divided into
three categories, similar to the nodes,
namely Low (L), Medium (M), and
High (H), as formulated in the following
equation.

L, if (c(w) = o(v;) =R) or (o(vp))
=LA 0'(17]-) =M)or (c(v;) =M
A O’(Uj) =Dor(c(v)=H
A a(vj) =L or(c(v;)=1L
u(v,v)) = A o(v) =H)
M, if (O'(UL-) =MA (T(Vj) = ﬁ) or
(a(vl-) =HA U(vj) = M) or
(c() =a(vj) =)
Hif o(vy) = a(vj) =H)

Referring to the equation above,
the linguistic membership degrees of the
edges of the fuzzy graph in the morning
can be obtained as follow.

u(vg, vp) = L, because o (vg) = M Ao(vg) =L

Using the same method, all
linguistic values in Table 8 and Table 9
are also determined.

Table 8. Fuzzy Graph Node
Membership Values at 08.00 — 09.00

Intersection  Movement o(x) o(x)

Numerical  Linguistic

1 A 89 0.78 R

I B 390 0.78 s

1 C 40 0.96 R
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1 D 30 1.00 R
1 E 386 0.79 S
1 F 121 0.66 R
1 G 34 0.99 R
1 H 95 0.76 R
1 1 33 0.99 R
1 J 140 0.59 R
1 K 79 0.82 R
1 L 169 0.51 S
2 M 135 0.61 R
2 N 461 0.60 S
2 (6] 108 0.71 R
2 P 27 1.00 R
2 Q 591 0.73 T
2 R 90 0.78 R
2 S 34 0.99 R
2 T 130 0.63 R
2 U 109 0.71 R
2 \ 93 0.77 R
2 w 153 0.54 R
2 X 91 0.77 R

Table 9. Fuzzy Graph Node Membership
Values at 15.30 - 16.30

Intersection = Movement a(x) oa(x)
Numerical Linguistic
1 A 128 0.64 R
1 B 601 0.75 T
1 C 61 0.89 R
1 D 34 0.99 R
1 E 624 0.81 T
1 F 101 0.74 R
1 G 85 0.80 R
1 H 159 0.52 R
1 I 75 0.83 R
1 J 168 0.51 S
1 K 90 0.78 R
1 L 139 0.60 R
2 M 155 0.54 R
2 N 719 0.80 T
2 (0] 118 0.67 R
2 P 44 0.95 R
2 Q 627 0.82 T
2 R 96 0.76 R
2 S 136 0.61 R
2 T 187 0.58 S
2 U 36 0.98 R
2 \4 145 0.57 R
2 W 220 0.70 S
2 X 120 0.67 R
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The optimization of traffic phase
distribution on Prof. Dr. Jhon Aryo Katili
Road is carried out by applying the fuzzy
graph coloring technique based on the
theory developed by (Sijabat et al., 2025).
By determining the maximum chromatic
number, this approach serves to identify
the most effective phase arrangement
solution to minimize vehicle conflict
points in the area.

Referring to the node and edge
membership values, the linguistic sets of
node degree (o) and edge degree (u) for
the morning and afternoon periods can be
obtained as follows.

L,={R,S,T}

L.={R.S,T}

With o = H (High), the structure
of the fuzzy graph formed is G = (V, E,
o, W) with the set elements as follows.

For the fuzzy graph G; in the
morning with o = T, the set of nodes V=
{Q} and the set of edges E = @ are
obtained. This indicates that only node Q
has a high membership degree and has
no other adjacent nodes. Therefore, node
Q is assigned the color blue as the single
color in the graph.

Y
Figure 6. Coloring of the Fuzzy Graph
G in the Morning

Based on Figure 4, which
displays the coloring of the fuzzy graph
Gr in the morning, it is known that the
node set V= {v17} produces a family of
sets I'= {y17} withy17 = {v17}.

Given that only one color set
group is formed, y17 is directly colored
blue. This node coloring indicates that
the chromatic number for the graph G,
in the morning is x = 1. Meanwhile, the
formation results of the fuzzy graph Gr
in the afternoon with a = T are as
follows:

109



Fuzzy Graph Coloring,...Sri P.D.LY, Nurwan, Djihad W, Nisky LY, Armayani A...Volume 23,

...No.2,...December 2026, ...100-116

Vr={viloL(v)) = T} = {B.EN,Q}
Er={(xY)xy)=T}=0

In the principle of graph
coloring, nodes B, E, N, and Q are given
the same color because there is no
adjacency relationship or no connecting
edges between these nodes. Thus, the
coloring results are shown as follows.

Ve \'
@®° .17
v, S
.4 ® 14

Figure 7. Coloring of the Fuzzy Graph
Gt in the Afternoon

Figure 7 shows the results of fuzzy graph
coloring on the graph Gt in the
afternoon, with V; = {Vz, Vs, V14, V17}.
From these nodes, a family of sets I' =
{yz, Vs, Y14, })17} is formed, where

72 = {V2, Vs, V1, V17}
5 = {Vs, Vo, Vag, V17}
Y14 = {V14, V2, Vs, Va7}
y17 = {V17, V2, Vs, V14 }

Because the values obtained
for ya, ys, y14, and yq7 are the same, it is
sufficient to take the set y, to be colored
blue. Given that all nodes have been
successfully colored within that single
group, the result obtained is that the
chromatic number of the graph Gt in the
afternoon is Xt = 1.

Using the same method as for « =
T, for a =S in the morning we obtainGs
= (Vs, Es, a1, 1) which yields.

Vs ={vilos(vi) =S} ={B,E,L,N }
Es = {(x, Y)lus(x, y) = S} = {BL, EL, QL,
QB}

There are 4 nodes that have a
medium membership value, denoted as
follows.

V = {Vy, Vs, V1, V1a}
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Then a family of sets is
constructed by defining the family as
follows:

I'={y2 5 712 Y14}

Next, the members of each set
are determined by grouping the nodes
that are not adjacent to each other as
follows.

72 = {V2, Vs, V1a}
5 = {Vs, V14, Vo}
712 = {V12, V1a}
14 = {V14, V12}

There are several identical vy
values, namelyy, = ys dan pi, = 7.
Therefore, simplification is performed
by taking one node to represent each
identical group as follows.

I'={y2 v12}

Because the two sets y, and y;,
have different values, they are given
different colors, where y, is colored red
and y,, colored purple, as shown in the
figure below.

Vo V12

—

Vs

¢’ °
Figure 8. Coloring of the Fuzzy Graph
Gsin the Morning

Because all nodes have been
successfully colored, the chromatic
number of the graph Gs in the morning
xs = 2. Meanwhile, the formation results
of the fuzzy graph Gs in the afternoon
with a = S, are as follows.

Vs ={Vilos(vi) =S}={J, T, W}

Es = {(x, Y)Ius(x, y) = S} = {BL, BJ, EL,
NT, NW, QT, QW, QL, QB}
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There are 3 nodes that have a
medium membership value, denoted as
follows.

V = {Vig, Voo, V23}

Then a family of sets is constructed by
defining the family as follows.

I = {y10, Y20, y23}

Next, the members of each set
are determined by grouping the nodes
that are not adjacent to each other as
follows.

10 = {V10, V20, V23}
20 = {Vo0, V23, Vao}
723 = {Va3, V20, V1o}

There are identical 7y values,
namely y10 = y20 = y23. Therefore, one
node is taken to represent the same
group as follows.

['= {ywo}

Because these three nodes have
the same value, they can be represented
by a single color. Therefore, the
representation and the coloring results of
the fuzzy graph Gs for a = S can be seen
in the following figure.

"’10. :23

[ ]
Voo

Figure 9. Coloring of the Fuzzy Graph
Gs in the Afternoon

After all nodes have been
properly accommodated into a single
coloring, the chromatic number for the
graph Gs in the afternoon is ys = 1.

Then for a = R in the morning,
we obtain Gg = (Vg, Er, or, Ur) along
with its set elements:
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Ep={(x,Y) |u,(x,Y) = R}
AF,AQ,AH,BF,BH,BI,BK,CE,CH,

BT,BW,BV,BJ,BR,BU,BP,(CD, GK,
Cl,CK,CL,DK,EG,EH,El,EK
FI,FH,FK,FL,HL,IK,LI,MT
IT,IW,IX,IV,IR,1Q,IU,IJ,LG

JT,JW,JX,JV,JR,]Q,JU,JP, MR
NW,NR,NT,NU,NX,NV,0Q,0T
ou,ow,0X,0P,PW,QS,QU
QK,QC,QH,QG,QT,QW,QX,SX
SK,SL,SC,S1,SH,SG,SB,
RT,RU,RW,RX,TX,UW,UV,XU
XK,XL,XC,XI,XH,XG,XB,

There are 24 nodes that make up the
fuzzy graph on Jhon Aryo Katili Road.
All of these nodes have now been labeled
with the latest notation as follows.

_ {171172 V3V VsVeV7VgV9V19V11V12V13 1714}
V15V16V16V17V18V19V20V21V22V23V24

Then a family of sets is constructed
by defining the family I" as follows:

r= [VlVzV3V4V5V6V7V8V9Y10)’11V12V13V14}
Y15V16V17Y18Y19Y20Y21V22Y23Y 24

Next, the members of each set y are
determined by grouping the nodes that
are not adjacent to each other as follows.
y1 = {V1, V2, V3, V13, V1a, Vis}
y2 = {Va, V3, Va3, V14, V15, V7}

3 = {V3, V13, V14, V15, V7, Vo}
¥4 = {Va, Vs, Vs, V10, V13, V14 }
s = {Vs, Vs, V10, V13, V14, V15}
e = {Vs, Va0, V13, V14, V15, V5}
y7 = {V7, Vs, Vo, V13, V14, Vi5}
v8 = {Va, Vo, V13, V14, V15, V4 }
Yo = {Vo, V13, V14, V15, Va4, Vg}
10 = {V10, Va1, Va2, V13, Vas, Vi5}
y11 = {Va1, V12, V13, Vag, Vis, V1}
Y12 = {V12, Va3, Vaa, V15, V1, Va1 }
13 = {V13, V14, V15, V1, Vs, Vs}
714 = {V14, V15, V1, V4, Vs, Ve}
y15 = {V1s, V1, Va, Vs, VeV1a}

Y16 = {V16, V17, V1g, V22, V4, V5}
17 = {Va7, Vs, V22, Va, VsVe}
718 = {V18, V22, V4, VsVeV17}

19 = {V1g, V20, Vo1, V4, Vs, Ve}
20 = {V20, V21, V4, Vs, Vs, V1ie}
Y21 = {V21, V4, Vs, Vg, V16, Vzo}
v22 = {V22, V23, V2s, Va4, Vs, Ve}
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V23 = {V23, V2a, Va, Vs, Ve, Va3}
v24 = {V24, Va, Vs, Vg, V13, Vo3}

From this set formation process,
identical members are obtained, namely,

Y2=73, Y5 = V6 Y8 = Y9 Y11 = Y12,
Y14 = Y15, Y17 = Y18, Y20 = Y21, Y23 = Y24-

Because there are identical
members among several y, simplification
is performed by selecting one

representative from each identical group
as follows.

r= {Vp Y2, Y4 Vs Y7, V8 Y100 Y11, V13s V14:}
Y16,V17: V19, Y20, V22, V23

The main requirement for forming
the family of sets I' is that every pair of
sets within it must satisfy the condition
Yiny;=0;4 #j;4,j=1, 2,..,k,
yaitu y17 N y1, Y17 N Vs, V17 N Vo, Y17 N
Y10, V17 N V11, Y17 N V12, V18 N V1, Y18 N
Vs, V18 N V9, Y18 N V10, Y18 N V11, Y18 N
Y12, Y19 NV5 V19 NVe6, Y10 N V7, V19 N
Y8, Y19 N Y9, Y19 N VY10, V19 N V11, V20 N
Y6, V20 NY7,Y20 N Vg V20 N Vo, V20N
Y10, Y20 N Y11, Y20 N V12, Y21 NYV7,

Y21 N¥s VY21 N VY9 Y21 NY10 Y21 N
Y11Y21 N Y12, Y22 N V7, V22 NYg V22 N
Yo Y22 N Y10 Y22 N Y11, V22 N V12-

Thus, 35 pairs were found that
satisfy the requirement and have 6
members of the node intersection that are
maximum in value. Therefore, from the
set I', a pair can be selected, namely y1 N
y16 t0 undergo the coloring process. This
yields the family of sets T’ = y; N 7y,
where vy, is colored red and yy¢ is colored
green. The coloring of the remaining
nodes is carried out as follows.

k
j=1

_ {vlv2v3v4v5v6v7v8v9v10v11v12v13v14}
V15V16V16V17V18V19V20V21V22V23V24

—{v1,v2, V3, V13, V14, V15, V16, V17, Vig, V22, Vay Vs

= {ve, V7, Vg, V9, V10, V11, V12, V19, V20, V21, V23, V2a}
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Based on the above results, 12
nodes remained uncolored. Therefore, a
new family of sets is formed, namely

I ={y&,¥7,¥8 Y5 Y10 Vi1, V12 YioV20, V21, V23V 24}

Where the members of the set
are nodes that are not adjacent to each
other within a set, following the same
steps as before. Thus, all nodes in the
graph were successfully colored.

Figure 10. Colorihg of the Fuzzy Graph
Grg on Prof. Dr. Jhon Aryo Katili Road
in the Morning

Because all nodes have been
successfully colored, the chromatic
number of the graph Gg in the morning
is Xr=8.

. (S ifi=B,
YﬂO_{R ifi=AC
(S ifi=E,
@ ={ 5 A
y7(i) = R, ifi=G,H,I
. S, ifi=L,
n@={ & o)k
. S, ifi=N,
rs@®=1{ p ANV
““0_{11 if i = P,R
Y19(i) = R, ifi=STU
¥22(0) = R, ifi=Vv,w,Xx

Next, for o = R in the afternoon,
we obtain GR = (VR, ER, oR, pR)
along with its set elements.
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Ve = {v;l 0, (v)}
{A, B, C, D, E, F, G, H, I, ], K, L.}
M, N, O, P, QR S, T, UV W, X

Erp={x, P |u (x,Y) 2R}
AF,AQ,AH,BF,BH,BI,BK,CE,CH,

BT,BW, BV, BR, BU,BP,CD, GK,
Cl,CK,CL,DK,EG,EH,EI, EK
FI,FH,FK,FL,HL,IK, LI, MT
IT,IW,IX,IV,IR,1Q,1U,1],LG

JT,JW,JX,JV,JR,]Q,JU,]JP, MR
NW,NR,NU,NX,NV,0Q, 0T
oU,0W, 0X, 0P, PW, QS, QU

0K,QC,QH,QG,QX,SX
SK,SL,SC,SI,SH, SG, SB,
RT,RU,RW,RX,TX,UW,UV, XU
XK, XL, XC, X1, XH, XG, XB,

There are 24 nodes that make up

the fuzzy graph on Jhon Aryo Katili

Road. All of these nodes have now been

labeled with the latest notation as

follows.

)

[Vl VU3V, VsV V7VgV9V19V11V12V13 V14}
V15V16V16V17V18V19V20V21V22V23V24

Then a family of sets is constructed
by defining the family I" as follows.

r= {hVzV3Y4V5V6V7V8V9V10V11V12V13V14}
Y15V16V17Y18Y19Y20YV21V22V23V 24

Next, the members of each set y are
determined by grouping the nodes that
are not adjacent to each other as follows.

1= {V1, Vo, V3, V13, Vi, Vis}
y2 = {V2, V3, V13, V14, V15, V7}
3 = {V3, Vi3, V14, V15, V7, Vo}
4 = {Va4, Vs, Vg, V10, V13, V14}
¥s = {Vs, Ve, V10, V13, V14, V15}
6 = {Ve, V1o, V13, Vaa, V15, V5}
y7 = {V7, Vg, Vg, V13, V14, Vis}
8 = {Vs, Vo, V13, V14, V15, Va}
Yo = {Vo, V13, V14, V15, V4, Vg}
10 = {V10, V11, V12, V13, V14, V1i5}
y11 = {Va1, V12, V13, Vaa, Vis, V1}
12 = {Va2, V13, V14, Va5, V1, Va1}
13 = {V13, V14, V15, V1, V4, Vs}
14 = {Vaa, V15, V1, V4, Vs, Ve}
Y15 = {V15, V1, Vg, Vs, V6V14}

16 = {Va6, V17, Vis, V22, Va, V5}
y17 = {Va7, Vis, V22, Va, VsVe}
718 = {V18, V22, V4, VsVeV17}
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19 = {V1g, V20, Vo1, V4, Vs, Ve}
20 = {V20, V21, Va, Vs, Vs, Vi6}
y21 = {Va1, Va, Vs, Ve, Ve, Vao}
Y22 = {V22, V23, V2a, Va4, Vs, Ve}
23 = {V23, Vo4, Va, Vs, Vg, Vis}
Y24 = {Va4, Va, Vs, Vg, V13, Vo3}

From this set formation process,
identical members were obtained, namely
Y2=73, V5= V6 Y8 = V9, Y11 = Y12, Y14 = )15,
Y17 = Y18, Y20 = Y21, Y23 = V24. Because there
are identical members among several v,
simplification is performed by selecting
one representative from each identical
group as follows.

T = {)/1' Y2,Y4, Vs, V7, Vs, Y10, V11, V13» y14—'}
Y16, Y17, V19, Y20,V 22, V23

The main requirement for forming
the family of sets I' is that every pair of
sets within it must satisfy the condition
vinNy;j=0;4 #j;4,j=1,2,..,k,
namely yi17 Nyy, Y17 N Vs, V17 N Y9, Y17 N
Y10, Y17 N Y11, Y17 N Y12, V18 N V1, Y18 N
Vs, V18 NY9, V18 N V10, Y18 N V11, V18 N
Y12, Y19 N V5 Y19 N Ve, Y190 N Y7, V19 N
Y8, V19 N¥9, Y19 N Y10, V19 N V11, V20 N
Y6, Y20 NY7,Y20 N Vg, V20 N VYo, V20 N
Y10, Y20 NY11, Y20 N VY12, Y21 N V7, V21 N
Y8 Y21 NV, Y21 NV10, Y21 NV11Y21 N V12,
V22 N Y7, Y22 NVs Y22 NYo, V22 N
Y10 Y22 N Y11, Y22 N Y12+

Thus, 35 pairs were found that
satisfy the requirement and have 6
members of the node intersection that are
maximum in value. Therefore, from the
set I', a pair can be selected, namely y; N
y16 t0 undergo the coloring process. This
yields the family of setsI’ = y; N 7y,
where y; is colored yellow and y16 is
colored purple. The coloring of the
remaining nodes is carried out as follows.

k
j=1

_ {V1 VaV3V4VsVV7VgV9V190V11V12V13 7714}

V15V16V16V17V18V19V20V21V22V23V24
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—{v1, V2, V3, V13, V14s V15, V16, V17, Vigs V22, Vas Vs )
= {6, V7, Vg, Vg, V10, V11, V12, V19, V20, V21, V23, V2a}

Based on the above results, 12
nodes remained uncolored. Therefore, a
new family of sets is formed, namely:

I ={y5,¥7, Y8 Y5 Yio Yiv,Viz YieV20: Vo1, V23V 24}

Where the members of the set are
nodes that are not adjacent to each other
within a set, following the same steps as
before. Thus, all nodes in the graph were
successfully colored.

/";‘(s‘}
/"'i

SO\
N

A

Figure 11. Coi'oring of the Fuzzy
Graph Gg on Prof. Dr. Jhon Aryo Katili
Road in the Afternoon

Because all nodes have been
successfully colored, the chromatic
number of the graph Gg in the morning
is Xr=8.

n®={ & i-ac
nO={ & icor
y;()=R,  ifi=GHI
n®={ & ik
Y13(0) :{ g: lL]]:lL:I\A/;ZO
)/16(i):{ ;: ;jj:i:g:R

Y19(1) = R, ifi=STU
)/22(1:) = R, lfl = V, W,X

Based on the evaluation of the
fuzzy graph coloring, a solution set is
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obtained that forms a chromatic number
x(G) = 8. This represents the existence
of eight traffic regulation phases at the
Bundaran Digulis intersection, the
details of which can be seen in the
following table.

Table 10. Traffic Phases on Prof. Dr.
Jhon Aryo Katili Road

Fase 1 Fase 2 Fase 3 Fase 4
vl,v2,v3 v4,v5, v6 v7,v8,v9 v10, vll ,v12
atau atau atau atau
A,B,C D,E,F G,H, 1 JLK,L
Fase 5 Fase 6 Fase 7 Fase 8
v13,vl4, v15 v16, v17, v18 v19,120, 121 v22,v23,v24
atau atauP, Q, R atau atau
M,N, O S, T,U V, W, X

The traffic conditions at the
Bundaran  Digulis intersection in
Pontianak can be modeled through
graph coloring, where each color
represents a specific flow phase. Based
on Figure 8, there are eight movement
phases regulated using this approach.

""""""" L ,l F

11

Figure 12. Traffic Route Mapping Using
Fuzzy Graph Coloring on Prof. Dr. Jhon
Aryo Katili Road

Figure 10 shows the
representation of traffic flow at two
intersections  (Intersection 1 and
Intersection 2) with four main
approaches, namely east, west, north,
and south, where each flow coded with
letters  (A-X)  describes  vehicle
movement from one road to another
according to the table. At Intersection 1,
flows come from Prof. Dr. Jhon Aryo
Katili Road, Yusuf Hasiru Road, and
Arif Rahman Hakim Road, which are
interconnected through straight or
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turning movements, while at Intersection
2, flows connect Prof. Dr. Jhon Aryo
Katili Road, Tondano Road, and Madura
Road with similar movement patterns.
Overall, this figure systematically
illustrates the origin—destination
relationships of vehicles as a basis for
analysis and traffic regulation at both
intersections.

CONCLUSION

This study shows that the
application of fuzzy graphs in traffic
light regulation can optimize the
distribution of phases more adaptively
based on traffic density levels, thereby
reducing conflicts and improving traffic
flow compared to the previous system.
For future research, it is recommended to
add variables such as waiting time and
daily traffic patterns and integrate them
with an intelligent system, as well as to
test the model on more diverse locations
so that the results are more broadly
applicable and practical.
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