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Abstract – In this paper the application of a multiagent system for 
controlling a set of traffic signals is considered. A fuzzy logic 
control scheme to regulate the flow of traffic approaching a set of 
three intersections is presented. The signal timing parameters, green 
phase splits and offset, are adjusted on-line based on the actual 
traffic approaching each intersection. An adaptive Fuzzy Logic 
Traffic Controller (FLTC) is used to adjust the green phase splits of 
the north-south and east-west approaches of each traffic signal. 
Each intersection is coordinated with its adjacent intersections by a 
multiagent system. The multiagent system uses a fuzzy rule based 
system for its decision making to coordinate all three intersections 
simulatneously. The effectiveness of the proposed control strategy is 
established through simulations.  
 

I. INTRODUCTION 
Traffic light control is widely used to resolve conflicts among 
vehicle movements at intersections. An Area Traffic Control 
system consists of a number of traffic signals linked in such a 
way that any signal timing change is dependent upon 
conditions prevailing at any of the other intersections. The 
control system at each signalised intersection consists of the 
following three control elements: cycle time, phase splits and 
offset [1]. Cycle time is the duration of completing all phases 
of a signal; phase split is the division of the cycle time into 
periods of green phase for competing approaches; and offset 
is the time difference in the starting times of the green phases 
of adjacent intersections. 
 
The control of traffic junctions can be considered as a 
classical example of nonprogrammed decision making where 
the decisions are to be made in an environment that lacks well 
specified means of coping with the problem [2]. Traffic flow 
is usually characterised by ambiguity, uncertainity, 
subjectivity, and imprecision a model has to be developed to 
satisfactorily deal with these factors. Fuzzy Logic (Zadeh 
L.A., 1965) has been effectively applied for the control of 
uncertain and dynamic systems. It is an appropriate tool for 
controlling traffic lights at an intersection because of its 
capacity to deal with a wide range of traffic patterns and the 
uncertainities that exist in the traffic systems. 
 
Considerable research has been devoted to the problem of 
regulating traffic at intersections, this includes automatic 
control of traffic signals, and theoretical papers on the 
‘optimal’ control of signals, cf. [2], [4] - [8].  Chiu and Chand 
[8], proposed a distributed approach to traffic signal control 

where an adaptive fuzzy logic controller is used for 
controlling multiple intersections in a network of two-way 
streets. A set of fuzzy rules is used at each intersection to 
adjust the cycle time, phase split and offset based on the local 
traffic and the traffic at the upstream intersection. This 
control scheme lacks a global view of the traffic control 
system as it coordinates each intersection with only its 
adjacent intersections and has no interaction with any of the 
other neighbouring intersections. 
 
In this paper, a multiagent system is proposed to overcome 
the lack of interactions between the neighbouring 
intersections.  First, a traffic model is developed and a fuzzy 
control scheme for regulating the traffic flow approaching a 
single traffic intersection is proposed. Next, a set of three 
intersections is coordinated using local fuzzy logic controllers 
located at each traffic signal. A multiagent system employing 
a fuzzy knowledge base is then proposed to coordinate the 
three intersections based on the traffic conditions at all three 
intersections. Simulation results are presented which establish 
the effectiveness of proposed scheme. 
 

II. THE TRAFFIC MODEL 
At each signalised intersection sensors to count the number of 
vehicles are used instead of proximity sensors which only 
indicate the presence of a vehicle. Vehicle densities are taken 
from two sensors placed on the road, one at the intersection 
and the other at 100 metres from the intersection. The rear 
sensor increments a counter every time a vehicle passes over 
it, while the forward sensor decrements the same counter. 
This gives a count of the number of vehicles waiting 100 
metres before the light and a count of the number of vehicles 
that pass through the intersection when the light is green. 
 
The maximum number of vehicles capable of detection by the 
sensors is twenty as it is assumed that each vehicle is about 
four metres in length and there is a spacing of one metre 
between each vehicle when they are stationary, and waiting 
for the light to turn to green. If the number of vehicles 
waiting at the intersection exceeds twenty, the fuzzy logic 
controller makes a decision based only on the first twenty 
vehicles in the queue. As a result, the queue length is reduced 
gradually by the fuzzy logic controller.

Two simplifying assumptions are used: There is only single 
lane traffic and a vehicle cannot turn at the intersection. 
 

The traffic flow is modelled to mimic reality, specifically 
the motion of vehicles relative to one another. The 
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equations used to describe the motion of a vehicle based on 
the velocity and position of the vehicle in front of it are:  
 
a t T k v t v t x xf f( ) ( ( ) ( )) / (+ = − −1 f )1   (1) 
v t v t a t dt( ) ( ) ( )= − +1   (2) 
x t x t v t dt a t dt( ) ( ) ( ) ( ) /= − + +1 2 2   (3) 
t d v t= / ( )   (4) 
 
Equation (1) describes the acceleration of a vehicle based 
on the velocities and positions of itself and the vehicle 
immediately in front of it [9], [10].  Equations (2) and (3) 
determine the velocity and position of an object based on 
the object’s acceleration.  Equation (4) determines the time 
taken by a vehicle to travel a distance d with a velocity 

.  a t  is the acceleration of the following vehicle 
after a time lag of 
v t( ) Tf ( + )

T seconds.  and x  are the 
velocity and position, respectively, of the leading vehicle at 
time t, and v  and x  are the velocity and position 
of the following vehicle.  T is the time lag between the 
leading vehicle and the following vehicle. It is the gap 
distribution to the next vehicle in time and is assumed to be 
equal to one and half seconds. The characteristic speed k  
is set to 8.0 m/s, [10].  The acceleration value for the first 
vehicle in the queue of vehicles is assigned a value equal to 
4.9 m/s

v t1( ) T1( )

tf ( ) Tf ( )

2.  
 
The arrival time of vehicles at the intersection is considered 
as being random.  At each successive time unit (one sec), a 
random number is generated and compared with the mean 
vehicle arrival rate (number of vehicles/hr) and the arrival 
of a vehicle is decided. 
 
Let qn  denotes the arrival of a vehicle at the nth time 
interval. If a vehicle arrived during the nth time interval 
then q  else q  n =1 n = 0
 
If  is the number of vehicles not cleared during the 
previous green phase, then the number of vehicles in the 
queue  at the nth time unit after the beginning of the 
red phase is given by: 

QG

Qn R,

Q Q qn R G n
n

n

, = +
=

∑ 1
1 1

qn

  (5) 

 
The total waiting time of the vehicles, Dn,R, in the queue at 
the nth time unit after the beginning of the red phase would 
be: 

D Qn R
n

n

n

n

G, = +
⎛

⎝
⎜

⎞

⎠
⎟

==
∑∑ 1

1 1

2

2 1
  (6) 

Equations (5) and (6) were proposed by Pappis and 
Mamdani, [11].  If P  is the number of vehicles that has 
passed during the green phase, the number of vehicles not 
cleared at the nth time unit after the beginning of the green 
phase is: 

G

Q Q q Pn G R n G
n

n

, = + −
=

∑ 1
1 1

  (7) 

These vehicles are subjected to a delay of: 

D Q Pn G
n

n

n

n

G G n, = − +
⎛

⎝
⎜ q

⎞

⎠
⎟

==
∑∑ 2

2 1

1

1 1
  (8) 

Thus, during a cycle, the total delay experienced by the 
vehicles travelling in all four directions is: 
D D Dn R n G= +, ,   (9) 
The average delay per vehicle would be: 

delay D qn

n=

R G

=
+

∑
1

where  is the number of vehicles added to the queue 
during the red phase and G  is the number of vehicles not 
cleared at the end of the green phase. 

  (10) 

R

 
III. THREE ADJACENT INTERSECTIONS 

The traffic flow approaching the three intersections is 
regulated by adjusting the green phase splits and offset. A 
Fuzzy Logic Traffic Controller (FLTC) is employed to 
adjust the green phase of the individual traffic signals. The 
three intersections are coordinated by adjusting their 
respective offsets. Two fuzzy control schemes are 
investigated for offset adjustment. Figure 1 shows the three 
intersections used in the simulation. A mean vehicle arrival 
rate is assigned for each approach as shown in the figure. 
 
           1350 veh/hr 
   
 
          sensors 
 
1000 veh/hr 
     1100 veh/hr  
 
     100 metres 
      
1000 veh/hr  
     1000 veh/hr 
 
 
 
900 veh/hr  
     850 veh/hr 
 
   100 metres 
 
   
      1300 veh/hr   

Fig. 1. Three adjacent intersections 
 
A Fuzzy Logic Traffic Controller (FLTC) comprising 
twenty five fuzzy rules is used to adjust the green phase 
split of a traffic signal. The number of vehicles waiting 
(queue length) at the end of a red phase and the number of 
vehicles that passed through the intersection in the previous 
green phase, are the deciding factors in adjusting the green 
phase split of the signal. The FLTC regulates the traffic by 
making on-line adjustments to the green phase durations of 
the traffic light. The input variables are: 
(i) The ratio of queue length to number of vehicles that 
passed through, in the East-West  approaches.  
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(ii) The ratio of queue length to number of vehicles that 
passed through, in the North-South approaches. 
 
The input control variables are determined in the following 
fashion: the queue length (number of vehicles waiting) of 
an approach is compared with that of the opposite 
approach, and the greater of the two queue lengths is 
chosen. This queue length is then divided by the number of 
vehicles that passed through the intersection during the 
previous green phase.  The output variables are: 
(i) The amount of adjustment to the current green phase of 
the North-South approach. 
(ii) The amount of adjustment to the current green phase of 
the East-West approach. 
Figures 2 and 3 show the membership functions for the 
input and output fuzzy sets. 
 
 
 
 
 

 
µ = Ratio of queue length to vehicles passed (Queue/vehpass) for 

N-S and E-W approaches 
Fig. 2. Membership for the input fuzzy sets 

 
 
 
 
 
 

µ = Green phase change for N-S and E-W approaches 
Fig. 3  Membership for the output fuzzy sets 

 
The fuzzy knowledge base in Table 1 was developed for 
adjusting the green phase of the North-South and East-
West approaches. 
 

 VL     LO MD HI VH 
VL NB 

NB 
NB 
NS 

NB 
PS 

NB 
PM 

NB 
PB 

LO NS 
NS 

NS 
NS 

NS 
PS 

NM 
PM 

  NS 
  PB 

MD PM 
NB 

PS 
NS 

ZE 
ZE 

ZE 
PM 

NS 
PB 

HI PM  
NB 

PM 
NM 

PM 
ZE 

PM 
PM 

PM 
PB 

VH PB 
NB 

PB 
NM 

PB 
NS 

PB 
PM 

PB 
PB 

TABLE 1 - Fuzzy knowledge base(Ratio in East-West approaches(E-W), 
Ratio in North-South approaches(N-S))   

 
Each entry in the table is made up of two components. The 
first is the green phase adjustment to traffic signal at the N-
S approach and the second is the green phase adjustment to 
the traffic signal at the E-W approach. Rules are in the 
form: 
If ratio in N-S is MD and ratio in E-W is HI then 
green_change_NS is ZE and green_change_EW is PM. 
 

The rules are evaluated at every phase change; the 
maximum green phase adjustment allowed in one step is 
20% of the current green period so that any change in the 
traffic volume results in a gradual change to the green 
phase of the signal [8].  The green phase for any approach 
can be extended to a maximum of 28 seconds.  Offset is 
adjusted to coordinate adjacent signals in a way that 
minimises stops in the direction where the traffic flow is 
heavy.  A local FLC with a set of five rules was developed.  
The local FLC adjusts the offset based on the traffic 
volume at the upstream intersection.  It receives the vehicle 
count at the N-S approach of the upstream intersection and 
the vehicle count at the E-W approaches of the local 
intersection.  
 
If the vehicle count at the upstream intersection is greater 
than the average vehicle count at the E-W approaches of 
the local intersection, the offset is adjusted by giving an 
extension to the green phase of the N-S approach of the 
local traffic signal.  
 
The local FLC, adjusting the offset at intersection A 
coordinates this intersection with  intersection B, the FLC 
at B coordinates this intersection with either A or C, 
depending upon which intersection has a greater waiting 
traffic, and the FLC at intersection C coordinates C with 
intersection B.  
 
 
 
 
 

µ = Vol_diff (vehicles) 
Fig. 4. Membership functions for Vol_diff 

 
The input variable to the local FLC is the difference in 
volume, Vol_diff, between the traffic volume at the 
upstream intersection and the average traffic volume at the 
E-W approaches of the local intersection.  
 
 
 
 
 
 

µ = Req_adjust (seconds) 
Fig. 5.  Membership functions for Req_adjust 

 
The output of the local FLC is the amount of adjustment 
that has to be made to the current green phase of the signal, 
Req_adjust.  Membership functions for input and output 
fuzzy sets are shown in Figures 4 and 5 respectively. The 
fuzzy rules for the local FLC are in Appendix A. The 
queue lengths at the north approach and at the south 
approach of B are shown in Figures 6 and 7 respectively. 
The queue length is reduced by 65% at the north approach 
of B as a result of the offset adjustment at B. This large 
reduction is due to the heavy traffic volume at the north 
approach.  The queue length at the south approach of B is 
reduced by 42%. The reduction is not as large as that of the 
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north approach of B because the traffic flowing from 
intersection C to the south approach of B is less compared 
to the traffic flowing from A to the north approach of B. 
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Fig. 6. Queue length at north approach of B 
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Fig. 7. Queue length at south approach B 
 
Offset adjustment with a multiagent system: In the previous 
section, the traffic flow approaching a set of three 
intersections A, B, C, was discussed. Each intersection is 
coordinated with only its upstream intersection by 
adjusting the offset at each intersection.  In this section, a 
multiagent system is proposed. It comprises of twenty 
seven fuzzy rules to assist in its decision making to 
coordinate the three intersections. A multiagent system 
adjusts the offset of the three traffic signals by evaluating 
the traffic volume at all three intersections and then decides 
on the amount of extension that is to be made to the green 
phase of each signal. It received three inputs from three 
agents that are responsible for set traffic signal 
communication and the multiagent system produces three 
output variables. The input variables are : 
 
(i) the volume difference (Vol_diff1) between the traffic 
volume at the south approach of intersection C (VSC ) and 
the average volume at the E-W approaches of intersection 
A (VEA and VWA); 
Vol_ diff1 = − +V V VSC EA WA(( ) / )2   (11) 
(ii) the volume difference (Vol_diff2) between the traffic 
volume at the south approach of intersection C (VSC) or at 
the north approach of intersection A (VNA) depending on 
which direction the traffic flow is high) and the average 
volume at the E-W approaches of intersection B (VEB and 
VWB); 
 
Vol_ diff2 = − +V V VNA EB WB(( ) / )2   (12a) 
Vol_ diff2 = − +V V VSC EB WB(( ) / )2   (12b) 
 
(iii) the volume difference (Vol_diff3) between the traffic 
volume at the north approach of intersection A (VNA) and 

the average volume at the E-W approaches of intersection 
C (VEC and VWC); 
Vol_ diff3 = − +V V VNA EC WC(( ) / )2   (13) 
 
The outputs of the multiagent system are the extensions 
that are to be made to the green phase of the N-S 
approaches of the three traffic signals, Ext1, Ext2, and 
Ext3. Each of the three input variables (given by each agent 
that communicates with a give traffic signal) to the 
multiagent system is divided into three fuzzy sets and each 
output variable is divided into five fuzzy sets. The input 
membership functions are shown in Figure 8, membership 
for the output fuzzy sets is the same as in Figure 5.  The 
fuzzy knowledge base of 27 rules is given in Appendix B. 
 
 LO MD HI 
 1 
 
 
 
 

Vol_diff 
Fig 8.  Membership functions for the input fuzzy sets of the supervisory 

FLC 
 
Figure 9 shows the effect of the local FLC and the 
multiagent system on the queue lengths at the north 
approach of intersection C. The superiority of the 
supervisory FLC is evident in this case. Since the vehicle 
arrival rate at the north approach of A is higher than that at 
the north approach of B, offset adjustment using a 
multiagent system results in extended time durations to the 
green phase of the N-S approach of the signal at 
intersection C.  As a result, the queue lengths at the north 
approach and at the south approach of C are reduced by 
42% and  24% respectively (Figures 9 and 10). 
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Adjusting the offset of a traffic signal using multiagent 
systems has a more pronounced effect on the traffic flow 

µ 
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passing through the three traffic junctions compared to the 
effect of three local FLC. It is possible to achieve a better 
throughput at all the intersections rather than just 
maximising the traffic flow at a single intersection. This is 
because, the fuzzy control scheme involving the multiagent 
system is a more coupled architecture where each signal is 
coordinated with its neighbouring signals thus making it a 
cohesive network. In our system Fuzzy logic controllers 
reside in traffic system for each traffic signal to ensure its 
basic operation and the multiagent systems then improves 
the performance of traffic management systems. 
 
Now the multiagent system can assist in decision-making 
because the multiagent is aware of the traffic situation in all 
intersections in this system. Each agent is responsible for 
coordinating and communicating with a traffic signal as 
well as communicating with other agents and the final 
decision is then made based on all information from all 
agents. The local fuzzy logic controllers are only 
responsible for decision making based on their input and 
information from the local traffic light where as the 
multiagent system has the knowledge of the state of all 
traffic lights. As such a multiagent approach can be very 
suitable due to the distributed nature of traffic management 
systems. 
 

IV. CONCLUSION 
In this paper, the traffic flowing through a set of three 
intersections is optimised by adjusting the signal timing 
parameters, green phase splits and offset. The adjustments 
are made automatically in response to the traffic situation. 
A multiagent system is seen to coordinate the three 
intersections far more effectively than the three local FLCs. 
This is because each intersection is coordinated with all its 
neighbouring intersections rather than with just its 
upstream intersection as is the case with the local fuzzy 
logic controllers. Thus the proposed multiagent system can 
be effectively applied to on-line traffic control because of 
its ability to handle extensive traffic situations. 
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Appendix A 
The same set of five fuzzy rules is employed by each local 
FLC.  Each fuzzy rule consists of one antecedent shown by 
its corresponding fuzzy set (Vol_diff) and one consequent 
represented as fuzzy linguistic term (Req_adjust).  
[0.00      0.40] VS,  [0.30      0.60] SM,  [0.45      0.70] 
MD,  [0.60      0.90] HI, [0.85      1.00] VH 
 
Appendix B 
The supervisory FLC has 27 fuzzy rules.  Each fuzzy rule 
consists of three antecedents shown by their corresponding 
fuzzy sets (Vol_diff1, Vol_diff2, and Vol_diff3) and three 
consequents represented as fuzzy linguistic terms (Ext1, 
Ext2, and Ext3). 
[0.00   0.40]  [0.00   0.40]  [0.00   0.40]  VS  VS  VS  
[0.00   0.40]  [0.00   0.40]  [0.25   0.75]  SM  SM  MD 
[0.00   0.40]  [0.00   0.40]  [0.60   1.00]  MD  MD  HI 
[0.00   0.40]  [0.25   0.75]  [0.00   0.40]  VS   SM  VS 
[0.00   0.40]  [0.60   1.00]  [0.00   0.40]  SM MD  SM 
[0.00   0.40]  [0.25   0.75]  [0.60   1.00]  SM  HI  HI 
[0.00   0.40]  [0.60   1.00]  [0.25   0.75]  MD  HI  HI 
[0.00   0.40]  [0.25   0.75]  [0.25   0.75]  SM  MD  MD 
[0.00   0.40]  [0.60   1.00]  [0.60   1.00]  MD  HI  HI 
[0.25   0.75]  [0.00   0.40]  [0.00   0.40]  MD  SM  SM 
[0.25   0.75]  [0.00   0.40]  [0.25   0.75]  MD  SM  MD 
[0.25   0.75]  [0.00   0.40]  [0.60   1.00]  HI  MD  HI 
[0.25   0.75]  [0.25   0.75]  [0.00   0.40]  MD  MD  SM 
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[0.25   0.75]  [0.25   0.75]  [0.25   0.75]  HI  HI  HI 
[0.25   0.75]  [0.25   0.75]  [0.60   1.00]  HI  HI  VH 
[0.25   0.75]  [0.60   1.00]  [0.00   0.40]  MD  HI  SM 
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