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Abstract - In the last decade, cities in Asia have undergone rapid expansion and population growth driven by higher job 

opportunities, better healthcare and education.  Changes in the city‟s population appear to have significant impact on 

transport and road energy use. Residents in cities are increasingly dependent on commuting by private car due to the rise in 

household income. Traffic congestion and air pollution has highlighted the need to make traffic management in cities 

smarter. This paper compares two methods of controlling traffic congestion at a single intersection using fixed and adaptive 

traffic light algorithm. The adaptive algorithm uses TSTMA and is based on the Markov-Kendall queuing theory model.  At 

present traffic light system in Brunei Darussalam is assigned to be static, i.e., traffic light signal changes are fixed. The aim 

of this paper is to demonstrate how adaptive traffic light system can be used to help minimize Brunei‟s traffic congestion 

during peak hour. 

 

Keywords - Traffic control, Congestion, Adaptive, TSTMA. 

I. INTRODUCTION 

 

Traffic congestion in general results in massive 

delays, fuel wastage, economic loss, reduced 

productivity and road accident [1-2].  Heavy-

engineering measures to reduce traffic congestion, 

such as road network expansion, flyovers, bus lanes 

and tunnelling can be an attractive solution.  Recent 

projects in Brunei Darussalam to reduce traffic 

congestion involved the construction of Jalan Babu 

Raja Flyover, Jalan Meragang Flyover and road 

expansion of Jalan Residency [3-4].  

 

However, in many situations, especially in densely 

populated areas, extensive construction projects are 

not always feasible due to spatial, economic and 

environmental reasons.  In such situations, traffic 

light control signal presents a viable and sometimes 

cost-effective mechanism to control the flow of 

traffic, particularly at intersections. Due to its random 

nature which involves wide factors affecting the 

traffic flow behaviour, engineers came up with 

different kinds of model. The most famous model is 

known as SCOOT which are developed by three 

companies in United Kingdom. The model takes 

information from road sensors to predict the cycle 

length, offsets and splits. Current promising model 

that are still under development, called RHODES, 

takes input from any types of road detectors and 

predict the traffic flows. It divides problems into 

three level. Firstly, the Intersection Control takes 

information from detectors and processed it using 

Dynamic Programming Algorithm. Then, the network 

control predicts the traffic flow amongst multiple 

intersections and predict the network coordination. 

Lastly, network loading estimates traffic demand for 

long-term period of time [5]. Lei chai et al. provides a 

viewpoint of macroscopic dynamic characteristics of 

single intersection traffic flow, a commonly used 

macroscopic dynamic deterministic traffic flow 

model for traffic control using Fuzzy control theory 

and the policeman's experience. The algorithm uses 

multi-phase traffic light control strategy based on the 

length of the waiting queue [6]. Another approach by 

Toroman, A et al. implements practical application of 

the PLC (Programmable Logic Controller) controller 

for controlling real-time intelligent traffic lights. A 

traffic junction with a corresponding signalling was 

created, and an intelligent traffic light controlling 

system was implemented [7]. Xianku T focused on 

optimizating timing plan of the synchronous change 

of signal lights timing and traffic flow rate in the 

single intersection, and evaluates the data through 

computer simulation carried out based on the 

characteristics of the urban road traffic flow [8].  

Another model by Khalil M Yousef et al. which is 

called TSTMA (Times Signals Time Manipulation 

Algorithm) use Wireless Sensor Network (WSN) as a 

detector in every lane. These sensors are connected to 

base station. The WSN collects the information and 

collected required information based on Markovian 

M/M/1 Queueing theory. The model then divides 

each traffic cycles into four phases. These phases are 

determined by amount of queue length and safest lane 

combinations generated by Conflict Direction Matrix 

(CDM) [9]. 

 

The primary function of traffic light control signal is 

to assign the right-of-way at intersecting streets or 

highways where, without such control, a continual 

flow of vehicles on one roadway would cause 

excessive delay to vehicles and lead to congestion. 

Therefore, optimization of signal timings at the 

controlled intersection is important to minimize the 

overall delay experienced by all vehicles involved.  

 

Currently, in Bandar Seri Begawan, traffic light 

control signal follows a fixed protocol with a fixed 
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amount of green, amber and red time intervals.  

Although the timing intervals change during peak 

hours the control signal is still static.  In contrast, in 

an adaptive traffic light control system, traffic signal 

timing changes, or adapts, based on actual traffic 

demands.  

 

In this paper, the effect of timing intervals for a four-

leg intersection with three-lanes, using fixed and 

adaptive signal algorithm on queue length is 

compared and discussed.  The results of the 

comparison for 50 traffic light cycle indicate that the 

adaptive algorithm using TSTMA method provides 

the shortest vehicle queue length compared to the 

static algorithm. The adaptive approach also presents 

to be the best solution for varying traffic conditions 

of rapidly increasing or decreasing traffic volumes. 

 

II. METHODS AND SIMULATIONS 

 

2.1  System model assumptions 

In this section we present the system model for a 

single intersection with four legs. Each leg consists of 

three lanes which make up a total of 12 lanes marked 

as, West-Right (WR), West-Straight (WS), West-Left 

(WL), East-Right (ER), East-Straight (ES), East-Left 

(EL), North-Right (NR), North-Straight (NS), North-

Left (NL), South-Right (SR), South-Straight (SS) and 

South-Left (SL), shown in Figure 1. The conflict 

direction matrix in Table 1 represents the safest group 

of directions that allows waiting vehicles to pass the 

intersection without conflict. The blank spaces 

demonstrate the allowed directions and the red spaces 

are the illegal direction. 

 

N 

 
Figure 1: Four-legged intersection with three lanes. 

 
Table 1: Conflict direction matrix. 

 

2.2 System model description 

The quantitative analysis of Poisson distributions that 

is used by M/M/1 queueing model can be applied for 

traffic intersections system. 

The probability of n vehicles in the system is, 

  0

n

nP P             (1) 

The queue length is calculated as, 
2

1
qL







    (2) 

The average time a vehicle spends time in the queue 

(AWT), 

  
q

q

L
W


       (3) 

The Average Queue Length (AQL) is, 

1 ( )q q G G G R RL L t t              (4) 

Where, traffic intensities is, 





  , G = green time 

and R = red time.  

 

III. SIMULATIONS AND RESULTS  

 

In the model TSTMA is employed to reduce the AQL 

and AWT in each lane and is achieved through the 

adaptation of the changes in the timing of the green 

and red periods.  More importantly, the TSTMA will 

select and prioritize lanes with the longest queue. The 

effectiveness of adaptive model is validated, in this 

case both adaptive (TSTMA) and fixed control are 

tested in two situations where: 

Total arrivals ( )Gt  are lower than total departure 

( )Gt  to simulate non-peak hour 

Total arrivals ( )Gt  are higher than total departure 

( )Gt  to simulate peak hour. 

 

The simulations are set to 50 cycles and the duration 

of each cycle is 120 seconds.  Presented in Table 2 

and 3 are the values for µ and λ used in the adaptive 

model for non-peak hour and peak hour situation. 
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 Initial Final 

Lane µ  λ µ λ 

WR 0.878784  0.219696 0.596039  0.298019 

WS 0.407776  0.101944 0.448059  0.22403 

WL 0.540161  0.13504 0.325623  0.162811 

ER 0.201294  0.0503235 0.67865  0.339325 

ES 0.894043  0.223511 0.302521  0.15126 

EL 0.7341   0.183525 0.961456  0.480728 

NR 0.118744  0.029686 0.154205  0.0771027 

NS 0.771362  0.192841 0.283661  0.14183 

NL 0.33078  0.082695 0.62326  0.31163 

SR 0.789459  0.197365 0.367432  0.183716 

SS 0.43576  0.10894 0.505524  0.252762 

SL 0.630676  0.157669 0.500366  0.250183 
Table 2: Data for fixed algorithm 

 

 Initial Final 

Lane      µ       λ       µ       λ 

WR 0.948425  0.237106 0.548706  0.246918 

WS 0.690491  0.172623 0.32251  0.145129 

WL 0.614838  0.153709 0.567688  0.25546 

ER 0.514771  0.128693 0.667084  0.300188 

ES 0.922333  0.230583 0.760284  0.342128 

EL 0.49826  0.124565 0.118469  0.0533112 

NR 0.512878  0.12822 0.194458  0.0875061 

NS 0.327362  0.0818405 0.82312  0.370404 

NL 0.552521  0.13813 0.94281  0.424265 

SR 0.640198  0.160049 0.339478  0.152765 

SS 0.28064  0.0701599 0.0634155  0.028537 

SL 0.570282  0.14257 0.106354  0.0478592 
Table 3: Data for adaptive algorithm 

 

The adaptive model simulation results for all lanes are shown in Figure 2 for 50 cycles. For comparison the 

simulation result for the fixed model is also plotted and is shown in Figure 3 for all lanes.   It can be seen from 

Figures 2 and 3 that during the non-peak hour, which is the first 25 cycles, there is little difference in average 

queue length and waiting time for both adaptive and fixed. Conversely, during the peak-hour, after 25 cycles, 

the average queue length is much lower for the adaptive than in the fixed system.  This can be seen more clearly 

in Figure 4. It is evident from the simulation results the adaptive approach is far more superior in keeping the 

queue length to a minimum especially during peak hours which is desirable to help reduce traffic congestion 

near road junctions.  
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Figure 3: (a) Queue lengths and (b) waiting time for all lanes for fixed time control. 

 

 
Figure 4: Comparison of average queue length 
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Figure 5: Comparison of average waiting time. 

 

Nevertheless, only marginal reduction in average waiting time is observed for the adaptive system when 

compared to the fixed system.  With reference to Figure 5, for some lanes the average waiting time is longer in 

the adaptive than in the fixed system, due to the fact that lanes with shorter queue length will be given less 

priority during the traffic light cycle. 

 

IV. CONCLUSION  

 

In this paper, the effect of adaptive and fixed traffic 

light system on the average waiting time and average 

queuing for a single intersection is shown and 

compared. Simulation was performed for peak hour 

and off-peak hour.  In both cases the adaptive traffic 

light system was more effective in keeping the queue 

length to a minimum compared in the fixed traffic 

light system.  Marginal reduction in average waiting 

was observed for the adaptive compared to the fixed 

system, in some cases for the adaptive, the waiting 

time is longer than fixed because traffic with shorter 

queues will have lower priority hence waiting time is 

longer. Although, it is believed that waiting time can 

be achieved with an improved TSTMA strategy.  In 

general, the simulation results indicate that in cities 

that are experiencing an increase in traffic load, like 

Bandar Seri Begawan, the adaptive traffic light 

system is desirable in the long term to reduce traffic 

congestion at intersections. 
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