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Abstract— Traffic signal controllers and route guidance 
systems are two major subsystems of Intelligent 
Transportation Systems that influence each other directly. 
Due to correlation between these subsystems, some research 
has been done to combine them into an integrated system. In 
this paper, PersianGulf - an autonomous combined traffic 
signal controller and route guidance system - will be 
proposed which has two unique features as compared to 
similar research. First, it is totally distributed because 
calculation of optimal routes are done independently in 
traffic signal controllers of intersections and second, it is 
totally autonomous because there is no need to 
communicate/cooperate with either traffic supervisors such 
as traffic management centers or the vehicles/drivers. Also, 
Simulation results show that PersianGulf improve the 
average speed of vehicles significantly in the simulated 
scenarios. 

I. INTRODUCTION 
Route guidance systems (RGSs) are one of the major 

components of Intelligent Transportation Systems (ITS) 
and refer to all technologies which could be used by 
drivers to find the best routes according to static and 
dynamic parameters of traffic network before trips or en-
route. Several RGSs have been already proposed based 
on different technologies such as agents (e.g. [1]), 
VANET (e.g. [2]), cellular automata (e.g. [3]), P2P (e.g. 
[4]), and wireless sensor networks (e.g. [5]). 

Traffic Signal Controllers (TSCs) are another major 
subsystem of ITS. The main role of TSCs is adjusting 
traffic signal durations according to traffic flows. TSCs 
have been widely studied and several TSCs have been 
proposed so far base on different technologies such as 
wireless sensor networks (e.g. [6]), fuzzy-neural 
techniques (e.g. [7]), agents (e.g. [8]), fuzzy-genetic 
algorithm (e.g. [9]), dynamic programming (e.g. [10]) 
and Petri-nets (e.g. [11]). TSCs approaches can be 
categorized as follows [12]: 

 

A. a) Global Strategies 
1. Synchronized Strategies: In this approach, all 

adjacent traffic signals switch synchronously to 

green/red.  
2. Green-wave Strategies: In this approach, adjacent 

traffic signals switch after a predefined offset. 
3. Random Strategies: In this approach, adjacent traffic 

signals switch after a random offset. 
 

B. b) Adaptive Strategies 
1. Switching based on the queue length: In this 

approach, a traffic signal switches to green if length 
of vehicle queue behind the red light trespasses a 
certain threshold.  

2. Switching based on waiting time: In this approach, 
the traffic signal switches from green to red if the 
green light is not used by any vehicle for a certain 
threshold. 

3. Switching like a neural network: In this approach, the 
number of passed vehicles is calculated and 
determines the cycle times of a traffic signal by using 
neural network. 

 
The RGSs and TSCs influence each other directly: 1) 

Most of RGSs only take into account the passing time of 
roads and ignore the waiting times for passing the 
intersections, whereas, the delay of passing intersections 
are also important. 2) When the number of RGSs users 
increases, traffic flow of traffic network will change. 
Therefore, RGSs affect TSCs too [13]. Indeed, these 
subsystems guide the traffic flow from temporal and 
spatial aspects, respectively. Therefore, the integration of 
these two subsystems could be very useful. 

There are some researches to conceptually define the 
structure and elements of a Combined Traffic Signal 
Controller and Route Guidance (CTSCRG) system [14-
15], find the user equilibrium and mathematically model 
it [16]. A complete review on user equilibrium and 
proposed algorithms can be found in [16]. In [17-18], the 
authors proposed a theoretical architecture to integrate 
urban traffic control subsystem and route guidance 
subsystem based on agents. In this system, an agent will 
be set for traffic signal control and an agent will be set for 

* The Persian Gulf is located in the southwest of the Asian Continent at 23 to 30 degrees northern latitude and 48 to 56 degrees longitude on the 
south side of the vast country of Iran, with a length of 1259 kilometer. The researchers, who have researched about the name of Persian Gulf, 
became unanimous considering the name of Persian Gulf. During all the centuries, and at least during the past 2500 years, i.e. as of the time of the 
powerful Pars Empire there has never been seen such a unanimity in the Middle East among writers and historians on one name during history. 
(Reference: Working Paper No. 61, UNITED NATIONS; GROUP OF EXPERTS ON GEOGRAPHICAL NAMES, Twenty-third Session, Vienna, 
28 March – 4 April 2006, online: http://unstats.un.org/unsd/geoinfo/UNGEGN/docs/23-gegn/wp/gegn23wp61.pdf, accessed June 4th, 2011) 
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dynamic route guidance. Since, in
subsystems of ITS will be integrated a
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goal. 

In [3, 19], the authors proposed a cen
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Roads are discretized by cellular aut
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The rest of this paper is organized a
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I. In table I, yM,j, yL,j and yK,j represent membership 
functions of Mj, Lj and Kj fuzzy sets respectively, and 
AM, AL, AK represent the constant number of health and 
commercial centers, official centers and shopping centers 
in each street, respectively. 

 
TABLE I 

USED FUZZY RULES ACCORDING TO DEFINED FUZZY SETS 
No Rule 

1 IF (x is M1) AND (x is L1) AND (x is K1) THEN 
P 1 = ([AM*(1-yM,1)]*[AL*(1-yL,1)]*[AK*(1-yK,1)]) / (AM*AL*AK) 

2 IF (x is M1) AND (x is L1) AND (x is K2) THEN 
P 2 = ([AM*(1-yM,1)]*[AL*(1-yL,1)]*[AK*yK,2]) / (AM*AL*AK) 

3 IF (x is M1) AND (x is L2) AND (x is K1) THEN 
P 3 = ([AM*(1-yM,1)]*[AL*yL,2]*[AK*(1-yK,1)]) / (AM*AL*AK) 

4 IF (x is M1) AND (x is L2) AND (x is K2) THEN 
P 4 = ([AM*(1-yM,1)]*[AL*yL,2]*[AK*yK,2]) / (AM*AL*AK) 

5 IF (x is M1) AND (x is L2) AND (x is K3) THEN 
P 5 = ([AM*(1-yM,1)]*[AL*yL,2]*[AK*(yK,3/2)]]) / (AM*AL*AK) 

6 IF (x is M1) AND (x is L2) AND (x is K4) THEN 
P 6 = ([AM*(1-yM,1)]*[AL*yL,2]*[AK*yK,4]) / (AM*AL*AK) 

7 IF (x is M2) AND (x is L2) AND (x is K1) THEN 
P 7 = ([AM*yM,2]*[AL*yL,2]*[AK*(1-yK,1)]) / (AM*AL*AK) 

8 IF (x is M2) AND (x is L2) AND (x is K2) THEN 
P 8 = ([AM*yM,2]*[AL*yL,2]*[AK*yK,2]) / (AM*AL*AK) 

9 IF (x is M2) AND (x is L2) AND (x is K3) THEN 
P 9 = ([AM*yM,2]*[AL*yL,2]*[AK*(yK,3/2)]) / (AM*AL*AK) 

10 IF (x is M2) AND (x is L2) AND (x is K4) THEN 
P 10 = ([AM*yM,2]*[AL*yL,2]*[AK*yK,4]) / (AM*AL*AK) 

11 IF (x is M3) AND (x is L2) AND (x is K1) THEN 
P 11 = ([AM*(yM,3/2)]*[AL*yL,2]*[AK*(1-yK,1)]) / (AM*AL*AK) 

12 IF (x is M3) AND (x is L2) AND (x is K2) THEN 
P 12 = ([AM*(yM,3/2)]*[AL*yL,2]*[AK*yK,2]) / (AM*AL*AK) 

13 IF (x is M3) AND (x is L2) AND (x is K3) THEN 
P 13 = ([AM*(yM,3/2)]*[AL*yL,2]*[AK*(yK,3/2)]) / (AM*AL*AK) 

14 IF (x is M3) AND (x is L2) AND (x is K4) THEN 
P 14 = ([AM*(yM,3/2)]*[AL*yL,2]*[AK*yK,4]) / (AM*AL*AK) 

15 IF (x is M2) AND (x is L3) AND (x is K3) THEN 
P 15 = ([AM*yM,2]*[AL*(1-yL,3)]*[AK*(yK,3/2)]) / (AM*AL*AK) 

16 IF (x is M2) AND (x is L3) AND (x is K4) THEN 
P 16 = ([AM*yM,2]*[AL*(1-yL,3)]*[AK*yK,4]) / (AM*AL*AK) 

17 IF (x is M2) AND (x is L3) AND (x is K5) THEN 
P 17 = ([AM*yM,2]*[AL*(1-yL,3)]*[AK*(1-yK,5)]) / (AM*AL*AK) 

18 IF (x is M3) AND (x is L3) AND (x is K3) THEN 
P 18 = ([AM*(yM,3/2)]*[AL*(1-yL,3)]*[AK*(yK,3/2)]) / (AM*AL*AK) 

19 IF (x is M3) AND (x is L3) AND (x is K4) THEN 
P 19 = ([AM*(yM,3/2)]*[AL*(1-yL,3)]*[AK*yK,4]) / (AM*AL*AK) 

20 IF (x is M3) AND (x is L3) AND (x is K5) THEN 
P 20 = ([AM*(yM,3/2)]*[AL*(1-yL,3)]*[AK*(1-yK,5)]) / (AM*AL*AK) 

21 IF (x is M4) AND (x is L3) AND (x is K3) THEN 
P 21 = ([AM*yM,4]*[AL*(1-yL,3)]*[AK*(yK,3/2)) / (AM*AL*AK) 

22 IF (x is M4) AND (x is L3) AND (x is K4) THEN 
P 22 = ([AM*yM,4]*[AL*(1-yL,3)]*[AK*yK,4]) / (AM*AL*AK) 

23 IF (x is M4) AND (x is L3) AND (x is K5) THEN 
P 23 = ([AM*yM,4]*[AL*(1-yL,3)]*[AK*(1-yK,5)]) / (AM*AL*AK) 

24 IF (x is M5) AND (x is L3) AND (x is K3) THEN 
P 24 = ([AM*(yM,5/2)]*[AL*(1-yL,3)]*[AK*(yK,3/2)]) / (AM*AL*AK) 

25 IF (x is M5) AND (x is L3) AND (x is K4) THEN 
P 25 = ([AM*(yM,5/2)]*[AL*(1-yL,3)]*[AK*yK,4]) / (AM*AL*AK) 

26 IF (x is M5) AND (x is L3) AND (x is K5) THEN 
P 26 = ([AM*(yM,5/2)]*[AL*(1-yL,3)]*[AK*(1-yK,5)]) / (AM*AL*AK) 

 
After computing the fuzzy rules, the result of rules will 

be defuzzified by using equation 1. In this equation, ܲk is 
output of ith rule according to table I, n is the number of 

rules with nonzero output and Pi,j is priority of the street 
between intersection i and j and output of first layer of 
system. 

 
2) Second Layer 
In this layer, Unidirectional Selective Cellular 

Automata (USCA) [21] will be used to simulate the 
situation of streets and estimate the real average speed of 
vehicles in each street, momently. The USCA is a special 
type of cellular automata which is suitable to simulate 
traffic networks. There are two main differences between 
classic Cellular Automata (CA) and USCA: a) In classic 
CAs, next state of each cell is defined according to state 
of its left and right neighbors but in USCA, the next state 
is determined just based on neighbors of one side 
(according to direction of motion in streets). Due to this 
feature, the proposed CA is called “Unidirectional”. b) In 
classic CAs, the next state of each cell only will be 
determined based on the adjacent neighbors. But in 
USCA, next state could be determined by some selected 
neighbor cells (even with considerable distance). Due to 
this feature, the proposed CA is called “Selective”. 

By using the priority of streets, density of vehicles and 
maximum authorized speed of each street, estimated 
average speed of vehicles in each street will be estimated 
by equation 2 and the USCA will be updated. 

In equation 2, ܲ is priority of the street (output of first 
layer), MASi,j is maximum authorized speed of street 
between intersection i and j, and γi,j is density of the 
street which will be obtained from equation 3. In this 
equation, Ni,j,k is number of available vehicles in cell k of 
the street and ni,j is number of cells in the street. 

  γ୧,୨ = ∑ N౟,ౠ,ౡ౤౟,ౠೖసభM౟,ౠ                                  (3) 

In equation 3, Mi,j is maximum possible number of 
vehicles in the street which will be found by Mi,j = (Wi,j * Li,j)/A where Wi,j and Li,j are width and length of the 
street, respectively and A is average required space for 
each vehicle which is assumed to be 15 m2. Based on 
estimated average speed of vehicles in each street (⊽), 
transition rules of USCA are determined. 

 
a) Cellular Automata Rules 

For simplicity, estimated average speed of vehicles is 
discretized to 5 Km/h intervals. Also, the length of each 
cell has been assumed to be 10 m. Therefore, based on 
defined speed intervals and length of cells, it takes 7.2 
seconds for a vehicle to pass a cell. Fig. 5 shows the 
transition function of USCA based on discretized speed 
of vehicles. Cell transition (cell movement) of vehicles 

P୧,୨ = ∑ Pౡమలೖసభ୬                      (1) 

⊽୧,୨ = ൫1 െ ୧,୨ߛ ൯൫1 െ P୧,୨ ൯MAS୧,୨           (2) 
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III. SIMULATION 
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The simulation results have been shown in Fig. 12. As 
seen the proposed system improved the PAS up to 42% 
as compared to random routes with 30-seconds 2-states 
traffic signals, up to 62% as compared to random routes 
with 45-seconds 2-states traffic signals, up to 101% as 
compared to random routes with 30-seconds 4-states 
traffic signals, up to 141% as compared to random routes 
with 45-seconds 4-states traffic signals, up to 192% as 
compared to random routes with 8-states traffic signals 
and up to 17% as compared to UTOSFP routes with 240-
second 8-states traffic signals. 

 

 
 

Fig. 12. The simulation results. 
 

IV. CONCLUSION 
In this paper, a distributed autonomous combined 

traffic signal controller and route guidance system has 
been proposed. The traffic signal controller is a three 
layers fuzzy controller which takes into the account the 
priority of street as well as the queue length of stopped 
vehicles behind intersections. The route guidance uses the 
estimated average speed of vehicles in streets which 
calculated in second layer of traffic signal controller and 
calculate the estimated street travel time for each street. 
Then traffic signal controllers exchange their metrics with 
each other and will find the optimal routes from 
themselves to all other intersections by Dijkstra's shortest 
path algorithm. The simulation results showed that 
proposed system improves the average speed of vehicles 
significantly as compared to random routes with different 
4-state traffic signals. 
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