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ABSTRACT: In this study, a sample has been carried out in order to discharge the current vehicle flow in 
minimum time at the intersection. The sample has been carried out at an isolated and lossless four-legged 
intersection. An ideal traffic signaling algorithm have been presented by simultaneously calculating the minimum 
total intersection delay at this intersection. The suggested algorithm that is actuated method have been compared 
with classical and different actuated methods. It has been observed that the presented algorithm reduces the 
intersection delay by 65 % compared to the classical method and 51 % compared to some actuated methods. 
 
Keywords: Isolated and lossless intersection, intersection delay, actuated method, optimum traffic signalization. 
 
 
1. INTRODUCTION 
 
Today, with the increase in population, especially in big cities, the number of vehicles in traffic 
is also increasing. Air pollution caused by the increasing number of vehicles causes serious 
health problems [1, 2]. At the same time, negativities such as the increase in the number of 
vehicle accidents with traffic density, high fuel costs, travel stress, environmental problems; 
pushes countries to seek solutions to reduce traffic density [3]. Some of the solutions found: In 
order to reduce the use of private vehicles, public transportation usage fees have been reduced, 
road works have been carried out for better public transportation [4, 5], and in some countries, 
citizens have been encouraged to use the shared vehicles instead of private vehicles [6, 7]. In 
addition, there have been some attempts to introduce some new methods to traffic systems in 
order to find a solution to the increasing traffic density [8-10]. In order to provide efficient 
transportation with less time loss and reduce fuel consumption, studies have also been carried 
out on vehicle engine control [11]. 
 
Although some specific solutions have been presented due to problems that are caused from 
traffic density, more permanent and general solutions are still seeking for. Different studies 
have been performed for managing of intersections. Some of those are as follows: Vehicle delay 
at intersections have been work with fuzzy logic method to be modeled [12]. A different fuzzy 
logic study have been done to reduce vehicle delays at the three-legged intersection [13]. There 
are also studies with the artificial neural networks at the intersections in addition to fuzzy logic 
ones in which the reduction of vehicle delays at the intersections targeted [14]. While there are 
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studies on creating a network and sharing the data collected by vehicles with each other to 
reduce accidents that increase waiting times at intersections and roads [15], there are also 
studies on preventing motorcycle accidents that will reduce delay times by reducing traffic 
volume [16]. In the another performed study, intersection possibilities and jams were 
endeavored to be minimized with average delay and cross-blocking methods [17]. 
 
Arrangement of traffic signal times carry great importance for the intersection be dynamically 
managed. Various studies with different methods for the reduction of vehicle delay and 
arrangement of signalization times in the intersection management have been performed. 
Studies for the arrangement of somehow actuated traffic signals somehow actuated have been 
performed [18]. In addition to this, some other studies presenting cooperative method for traffic 
signalization and adaptively changing signalization methods have also been brought about [19-
22]. 
 
With the studies that carried out the aim of this study is to bring about ideal traffic signalization 
by reducing the intersection density for the best using of the current road capacity. 
 
2. MATERIAL AND METHODS 
 
The intersection studied in this field is an isolated one. And at that study, losses in the vehicles 
and roads have been ruled out. Vehicles queue on the road are assumed to be completely 
discharged at a signal cycle time. There are a lot of methods to minimize the vehicle delay at 
the intersection. Among the most used methods, there are Australia (Akcelik) [23], HCM [24] 
and Webster methods [25]. In this study, intersection vehicle delay formulas that belong to 
Australia have been used. With Formula 1, average queue length formula which takes part in 
the intersection delay formula of Akcelik (Australia) has been given. 
 

𝑁0 = 𝑄𝑇𝑓

4
(𝑧 + √12(𝑥+𝑥0)

𝑄𝑇𝑓
)             (1) 

 
The abbreviations for Formula 1 are as follows: 
 
N0 is the average queue length (vehicle/h), Q is the capacity (Vehicle/h), Tf is the flow time (s), 
QTf is the max number of vehicles during Tf (vehicle), x is the degree of saturation, q is the 
flow (vehicle/s) z is equal to x minus one, x0 is the max degree of saturation at which its queue 
is approximately zero. 
 
𝑥0=0.67 + 𝑠𝑔 6000⁄               (2) 
 
g is the effective green time (s), s is the saturation flow (vehicle/s),  
 
Total delay at the intersection is showed with Formula 3. 
 
𝐷 = 𝑞𝑐(1−𝑢)2

2(1−𝑦)
+ 𝑁0𝑥              (3) 

 
The abbreviations for Formula 3 are as follows: 
 
D the total intersection delay (s), qc: the number of average vehicles in each signal cycles 
(vehicle), q the flow (vehicle/s), u is the green time rate, y is the flow rate (q/s). 
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𝐷 = 𝜆𝑟2

2(1−𝑞)
                (4) 

 
Formula 4 is a simpler version of Formula 3, which can be used at lossless intersections. 
 
The definitions of abbreviations in Formula 4 are as follows: 
 
D is the total intersection delay (s),  is the arrival vehicle to the intersection (vehicle/s), r is 
the red light time on the each road, q is the ratio of arriving vehicles to outgoing vehicles. 
 

𝜕𝐷
𝜕(𝑐−𝑢)

= 0(5)               (5) 
 
In this study, Formula 1, which is defined as average delay formula at the total delay one of 
Formula 3, has not been used since it is as worthless as to neglect. The total intersection delay 
calculation has been calculated with Formula 4. The total conclusion has been equalized by 
getting the differentiation of Formula 4 with respect to r. So, the minimum intersection delay 
has been obtained for the total intersection. This formula has been showed with Formula 5. The 
intersection optimization has been performed with the calculated minimum intersection delays. 
The algorithm example presented to calculate the optimum signalization time has 
synchronously been performed with the intersection delay times in Matlab (Matrix Laboratory). 
 
3. INTERSECTION OPTIMIZATION 
 
This study has been performed on the intersection type in Figure 1. Only straight and right turns 
allowed as two phases at the intersection. Signalization time is accepted equal on the opposing 
roads at the intersection. Min. vehicle delay calculated at the intersection. An algorithm has 
been offered for the traffic signalization time optimization on the basis of minimum intersection 
delays. Intersection delay calculations, the algorithm and its confirmation have been carried out 
on the Matlab program. 
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Figure 1. The Studied intersection 

 
In this study, with random vehicle flows, which have been supposed to be obtained from any 
sensor, have been performed to all legs at the intersection. There are single flow with current 
value 170 at a single leg, and nine different flows (100,170, 200, 400, 500, 600, 700, 800, 900, 
1000), which are randomly selected, at the other three-legged of an isolated and lossless four-
legged intersection. The calculations of this example study conducted with the 10 flows, one is 
170 current value others are 9 different flows explained / detailed in the previous sentence. 
 
In this example, the most suitable algorithm offered by comparing different algorithms which 
are traffic signalization classic system independent from environment and actuated method. The 
intersection saturation flow of this example, leg flow values and the period of the system flow 
have been given all together in Figure 2. 
 

 
Figure 2. Leg flows on the example 
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Vehicle flows at the legs have changed in each five minutes. This study consisting of 48 cycles 
lasted 240 minute in total.  
 
Study comparisons carried out on seven different methods have been showed with Table 1. 
Traffic signalization cycle times have been decided on 120 s in these studies. Each studies in 
this table according to 48 different leg flows that be given with Figure 2 have been performed. 
There is a classical method operating the fixed signalization time in Status 1. Status 2, 3, 4, 5, 
6, 7 shows different algorithms of the actuated method. 
 
Status 2 is an algorithm that is instantly defined traffic signalization times with vehicle flows at 
legs. Although this status is hard to carry out at the intersection, it has been included to compare 
with the other statuses in the table. 
 
In Status 3, the signalization and the delay time of vehicles has been defined according to 
previous leg vehicle flows. 
 
At fourth status that is the decimal-cycle algorithm has been calculated traffic signalization 
times by being considered the leg averages of the past ten cycles. Statuses of sixth and seventh 
contain algorithm that studies similar to each other. These statuses consist of algorithms that 
have been proposed in times that require instant intervention like the forth status. This instant 
intervention: It performs if the instantaneous incoming vehicle flows exceeds 1.5, 2 or 3 times 
of flow average of the past decimal vehicles. That is, if the instantaneous vehicle flow is at least 
1.5, 2 or 3 times of the average determine; the instantaneous vehicle flow instead of the average 
vehicle flow is used and the traffic signalization time is determined for the delay time 
calculation. Instant interventions can only study for a single leg at the intersection. If the 
immediate response studies in all legs. It will lead to confusion in the determination of 
signalization time.  
 
If it is considered the efficiency obtained the intersection delay times of the statuses compared 
with Table 1, it is seen that the most efficient algorithm is in the sixth status, which have been 
suggested within the scope of this study. The classical signalization method has the highest 
delay time or the lowest efficiency. The methods with the highest efficiency are the last three 
statuses, which are the methods with immediate intervention. In these last three statuses, the 
most efficient algorithm is the recommended algorithm and its efficiency exceeds 65%. 
 

Table 1. Intersection delay and efficiency comparisons in the seven different intersection optimizations 
Status Method/Algorithm 

(loop) 
Cycle Time 

(s) 
Cycle 
Number 

D (Total 
intersection 

vehicle delay) (s) 

Efficiency % 

1 Classical 120 48 166132 0 
2 Instant interference 120 48 94420 43.16 
3 Single-cycle transfer 120 48 119101 28.30 
4 Decimal-cycle transfer 120 48 67647 59.28 
5 1.5-fold instant transfer 120 48 66435 60.01 
6 2-fold instant transfer 120 48 57851 65.17 
7 3-fold instant transfer 120 48 65552 60.54 

 
The suggested algorithm flowchart has been given in Figure 3. This algorithm calculates the 
average of past ten vehicle flows at each legs. If a vehicle flow of twice the average or more 
comes in, has been used it instead of decimal average in the intersection delay calculation. 
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Figure 3. The suggested algorithm flowchart 

 
Total intersection delay that belong to only the actuated method have been given their efficiency 
in Table 2 without the classical method. All efficiency calculations in this table have been done 
according to the first status.  
 
Status 4 that is the best efficiency algorithm has 51.42 % efficiency and to minimize the vehicle 
delays which is clearly seen in Table 2. 

 
Table 1. The actuated method delay time and efficiency comparisons 

Status Method/Algorithm 
(cycle transfer) 

Cycle Time 
(s) 

Cycle 
Number 

D (Total intersection 
vehicle delay) (s) 

Efficiency 
% 

1 Single 120 48 119101 0 
2 Decimal average 

 
120 48 67647 43.20 

3 1.5-fold instant 
 

120 48 66435 44.21 

4 2-fold 
instant 

120 48 57851 51.42 

5 3-fold 
instant 

120 48 65552 44.91 

 
With Figure 4 has been given efficiency comparisons of vehicle delays that belong to the 
actuated method in Table 2.  
 
The superiority of the suggested 2-fold algorithm is clearly seen when it is compared to the 
other algorithms.  
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Figure 4. The actuated method delay efficiency comparisons 
 
4. CONCLUSION AND EVALUATION 
 
In this study, with the intersection vehicle delay flow parameters supposed to have been 
imported from sensors the intersection signalization time optimization have been realized in 
Matlab. In the study done on an example a new algorithm propounded by being compared 
different ones submitted. 
 
Comparison between algorithms of actuated signalization that is dependent to the environment 
and classical signalization method that is independent from environment have been conducted. 
It has been showed how much the proposed algorithm reduces the vehicle delays at the 
intersection and how high its efficiency is compared to other methods with the tables and 
graphs. The proposed 2-fold actuated method according to the classical method has reduced % 
65 the intersection delay. The 2-fold actuated method has become more and more successful 
among others. The 2-fold actuated method has been % 51 more successful than the single 
method that is define next traffic cycle. In other words, it has reduced vehicle delay at the rate 
of %51 at the intersection. Other methods, which are the closest to this rate, have become % 44 
more successful than single-method. 

 
Table 3. Literature comparisons 

Studies Intersection type Proposed algorithm Compared method Delay 
efficiency % 

This study Isolated 2-fold Instant 
(Akcelik) 

Classical (fixed-time) 65.17 

[21] Isolated Signal control 
scheme 

Akcelik 16.24 

[26] Isolated and Multiple Adaptive Traffic 
Signal Control Model 

(Deep Learning) 

Webster 35.1 

[27] Isolated Recurrent Q-learning 
(Deep Learning) 

Classical (fixed-time) 44.35 

[28] Isolated Optimization Method 
(Artificial 

Intelligence) 

Webster 27.5 

[29] Isolated Signal control 
optimization 

 

Akcelik 36.9 

[30] Isolated Genetic Webster 15 

[31] Multiple Improved Standard Genetic 34.57 
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The comparisons of this study and the literature studies on similar subjects are given in Table 
3. These studies have been examined in terms of the intersection type, the proposed method, 
the compared method and the percentages of reducing the intersection delay times of the 
proposed methods. It is clearly seen that this study is successful and much more efficient in 
reducing the intersection delay time compared to other studies in Table 3. 
 
The performed study has been carried out on a single intersection. Each study has been 
compared with different methods in term of reducing the delay time of the vehicles at the 
intersection delay and transferred to table as percent efficiency. The carried out study has been 
compared with classic method using the formulate of Akcelik and showed in Table 3 that 65.17 
% efficiency has been obtained compared to the classic method in the intersection delay.  
 
On different algorithms for the intersection management might be conducted in the sequel of 
this study. The different studies may be engineered for the determination of signalization time 
by the instant intersection vehicle density. In the meantime, this algorithm may be engineered 
at the lossy intersections. 
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