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Abstract — Path optimization methods for city road planning are of great significance. As urban paths have the characteristics of 
large-scale networks, traditional path optimization algorithms find it difficult to solve the problem with realistic urban 
transportation networks. We propose a hybrid algorithm based on particle swarm and ant colony to solve the problem. We use 
actual city road network information combined with dynamic GPS position data to fit an actual path length and roads into 
synthetic virtual path. The particle swarm does a coarse search on a set of optimal paths, then the ant colony algorithm optimizes 
to improve the result to assess the effectiveness of the outcome of the hybrid process. The study shows that the hybrid algorithm is: 
i) better in time and accuracy than the ant colony algorithm and particle swarm optimization, ii) is effective in improving efficiency 
and accuracy of travel, and iii) thus provide reliable basis for the optimization of urban roads and cities.  
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I. INTRODUCTION 

Using GPS technologies of floating car data processing 
obtain the urban road section average travel speed. The 
average velocity combine with static road traffic model to 
build a city road network dynamic traffic model, using the 
fusion algorithm of a road validate network dynamic traffic 
mode [1]. Ant colony optimization algorithm have 
advantages of strong robustness, parallelism, and easily to set 
up. The advantages of particle swarm optimization (PSO) 
algorithm is strong search ability, faster search speed, 
scalability, and easily to combine with other algorithms. In 
this paper, considering the advantages of PSO algorithm and 
ant colony algorithm we combine PSO algorithm and ant 
colony algorithm to bidirectional research ant colony 
algorithm. Then the genetic operator is introduced into the 
ant colony algorithm to search [2,3]. Finally the 
improvement both in time and precision is obviously. By 
contrast, dynamic road network path fusion algorithm based 
on GPS floating car with its effective optimization is better 
than ordinary path algorithm, so in this paper, the fusion 
algorithm based on GPS floating car technology path 
optimization is used. 

II. ESTABLISHING THE NETWORK DYNAMIC TRAFFIC 

FLOW 

This article selects GPS data of a taxi in a city working 
on July 27th, 2015, at time 14:00-15:00. The data is imported 
into GIS Office software to show floating car running track, 
latitude and longitude, working times, direction and speed, 
etc. Then transform the export data into KML format file, 
and open the KML file through Google Earth. The running 
line of the floating car in city will be displayed, as shown in 
Figure 1. According to Google Earth of the research range 
from map reproduction and floating car running line draw 
t h e  f l o a t i n g  c a r  o r b i t  

 
Figure 1.  floating car running line. 

 
Figure 2.  electronic vector map. 

satellite map. Using MapInfo form the vector maps, and 
store the road geospatial information in the way of vector 
diagram which including road spatial information data and 
attribute data. Separate layer can satisfied the precision 
requirement of electronic vector map. As shown in Figure 2. 
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According to the obtained information the average speed 
of the floating car in the section is calculated. The average 
speed of computation formula is shown as equation (1): 





n

i T

L

n
v

1

1
                  (1) 

Combined the average speed and road grade attributes 
will be formed the real-time dynamic vector map, as shown 
in Figure 3 and Figure 4. 

 

 
Figure 3.  City vector dynamic figure. 

 
Figure 4.  Vector dynamic figure. 

III. ANT COLONY OPTIMIZATION AND PARTICLE SWARM 

OPTIMIZATION ALGORITHM 

A. Ant colony Optimization Algorithm 

Ant colony algorithm is also called the ant algorithm 
which is an algorithm figuring in the probability of finding 
optimal path. It put forward by Marco Dorigo in 1992, the 
inspiration came from the processing of ants searching for 
food [4, 5].Scientists found that the communication between 
ants is formed by a substance called hormone (Pheromone). 
Ants released pheromone, and according to the pheromone it 
released ants can find the shortest path between food and 
nest. Pheromone is also called information hormone [6]. The 
pheromones will be left in the route of ants, and each ant can 
perceive this kind of material strength easily and guide its 
own direction. The ants tend to choose the path with high 
intensity material. Pheromone updating pheromone amount 

refers to the path and the change of the number of ants and 
the passage of time between the increases and disappear. 
Thus, the behavior of a large number of ants showed a 
positive feedback phenomenon of information: The more 
ants though a path, the more probability of others to choose 
the path. The ant exchange the information and search food 
by the way mentioned above. 

To illustrate the ant system model, firstly introduce the 
traveling salesman problem. Traveling salesman problem is 
to give a lot of cities and the distance between each city, and 
choose the shortest route to visit each city only one time. The 
graph theory described as: A given graph G = (V, A), V is 
vertex set; A is the set of the line connect each vertex. the 
connections between each vertex distance is known, require 
to determine the shortest length of A Hamilton loop, namely, 
get the shortest route passing through all the vertices only 
one time. Traveling salesman problem is chosen as the test 
problems because: (1) it is a shortest path problem, ant 
colony optimization algorithm is easy to adapt to this kind of 
problem; (2) it is easy to understand, because there are few 
terms that makes the algorithm behavior understood easily; 
(3) the TSP is a typical combinatorial optimization problem 
which often be used to demonstrate the effectiveness of a 
particular algorithm, and comparison with other algorithms 
easily. For other problems, the model with little modified can 
be applied. Although they look slightly different from the 
form, but the basic principle that through simulation ant 
colony behavior to achieve the purpose of optimization is the 
same. 

To simulate the actual ant behavior, first of all, introduce 
the following notation: 

m --ant colony of ants number; 

( )ib t --Time (t) is located in the city by the number of 

ants, 
1

( )
n

i
i

m b t


  ; 

ijb --the distance between the two cities I and J; 

ijn --edge (i, j) visibility, reflect I transferred to the city J 

inspired by the city, don't change in the operation of this 
quantity in the ant system; 

ij --edge (i, j) on the intensity of pheromone track; 

ij --K ant on the edge (i, j) leave the unit length of 

path pheromone; 
k
ijp --the transfer probability of ant k, j is a city has yet to 

visit. 
Initial moment, every path has the same pheromone, set  

(0)ij C   (C is constant). The ant k (k = 1, 2, ... , m)decide 

the direction in its move by the amount of the pheromone in 
the each route. Used by the ant system state transition rules 
known as random proportion, it gives the probability that ant 
k in the city i choose to move to the city j. At t time, ( )k

ijp t is 

the probability that ant k in the city I choose city j, is 
expressed as following: 
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Note that 0,1, , 1kallowed n   expresses next city 

of ant can choose. On the type, the transition probability 

( )k
ijp t is proportional to the ij ij

   . ij
 as the visibility 

factor, ɑ and β as two parameters reflect the ant accumulated 
information in the process of movement and the relative 
importance of inspiration information in route the ant 
selected [7-9]. After n moments, ant to complete one cycle, 
each path pheromone amount adjusts according to equation 
(3) (4) (5). 
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，
 

ij (t, t + 1) express the amount of pheromone that the 

ant k left at time (t, t + 1) in the path (I, j), its value depends 
on the superiority of ants performance. Q is constant, 

kL express the length of the path that the ant k in the 

circulation. The shorter the path, the more pheromone release; 

ij  (t, t + 1) express the increase of pheromone in the loop 

of path (I, j); (1 -ρ) for the attenuation coefficient of 
pheromone track, usually set the coefficient of ρ< 1 to avoid 
path trajectory of infinite accumulation. 

B. Particle swarm optimization algorithm 

American psychologist Kennedy and electrical engineer 
Eberhart inspired by birds foraging behavior proposed the 
PSO algorithm [10] in 1995.The process of the particle 
swarm optimization algorithm is the flock foraging migration 
and the simulation of the cluster. Particle swarm algorithm 
gain enlightenment and is used to solve optimization 
problem. Particle swarm algorithm is initialized to a group of 
random particles (random solutions). And then find the 
optimal solution through iteration. The particles update 
themselves by tracking two "extreme" in iteration. The first 
is the particles themselves to find the optimal solution. This 

is called individual extremum, marked as idp .The other 

extreme is the entire population is to find the optimal 
solution. The extremum is global extremum, marked 

as gdp .To finding the optimal value; the two particles 

according to (6) and (7) update their speed. 
)(**)( 2211 gdgdidididid XPrcXPrcVV   (6) 

ididid VXX                           (7) 

Which idX express the position of particle I, idV express the 

particle I velocity.C1 and C2 is a positive constant, called 

learning factors. 1r And 2r are the random number between 

[0, 1]. Each dimension of the particle's velocity will be 

limited to a maximum speed maxV , if a dimension updated 

faster than maxV set by the user, so the speed of this one 

dimension is set to maxV , namely idV  ∈ [- maxV , maxV ]. 

Described the basic PSO algorithm steps are as follows: 
 The initialization of particle swarm, namely random 

set the initial position of each particle X and velocity 
V. 

 Calculate the fitness of each particle value. 
 For each particle, compare it and it experienced the 

fitness of the best location
idP of the fitness value, if 

better, update
idP . 

 For each particle, comparing its fitness value and 
group experienced the best location

gdP of the fitness 

value, if better, update
gdP . 

 According to above adjust the speed and position of 
particles. 

 If reach the end condition, the end, or turn to step 2. 

C. Improved ant colony algorithm and particle swarm 
fusion 

Although the initial stage of ant colony algorithm search 
had its shortcomings such as blindness and slow search 
speed, but the algorithm has strong robustness, parallelism, 
and the ant colony algorithm is simple to set up. In ant 
colony algorithm the position of the ants move depend 
entirely on the concentration of the pheromone and on the 
path length (that is, the heuristic information), and the 
moving rule is a kind of probabilistic state transition rules, it 
can improve the global search ability of the algorithm. Ant 
colony algorithm is easy to be combined with other 
algorithm [11-15].The strategy of Particle swarm algorithm 
in global search is based on population, it can be based on 
the current particle's position to control the next search 
strategy of particles, so has strong search ability, faster 
search speed, scalability and the advantages of easy to 
combine with other algorithms. But the PSO did not have 
much advantage in solving combinatorial optimization 
problems. So based on the advantages and disadvantages of 
the PSO algorithm and ant colony algorithm, we combine 
particle swarm algorithm and ant colony algorithm. 

This fusion algorithm fusion is: the new ant colony 
particle swarm fusion algorithm firstly use particle swarm 
algorithm obtain a set of optimized path, and then on the 
basis of the overall environment have been added to the same 
quantity of pheromone, we select n paths from the group 
mentioned to increase the pheromone concentration as a new 
initialization pheromone of ant colony algorithm, one of the 
bidirectional search work from starting to the target point, 
and the other work from the target point to the starting point 
in the opposite direction. According to the characteristics of 
the ants, the bidirectional search is suitable for the ant colony 
algorithm, and can be used to further improve the efficiency 
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of ant colony algorithm. Then add the mutation of genetic 
algorithm and ant colony algorithm to the bidirectional 
selection operator, thus greatly improve the efficiency and 
robustness of the algorithm. The fusion algorithm can 
improve the accuracy of ant colony search, reduce the search 
space, and then improve the efficiency of search. The fusion 
algorithm is better than PSO algorithm in precision, and 
better than the ant colony algorithm in efficiency. 

Before starting the ant colony algorithm the pheromone 
should be distributed based on the planning path of particle 
swarm optimization (PSO) algorithm. According to the 
equation (8). 

 
( )                           S

ij ij ij p     （8）
 

 
The bidirectional ant colony optimization is based on 

particle swarm algorithm steps are as follows [16-18]. 
 (1) Set the number of ants Na, the maximum 

iterations number Ma, using particle swarm 
algorithm to obtain the optimization path, according 
to the formula (6) initialization pheromone 
information, and separate the ant as two groups on 
average, one group at starting point, the other group 
at end point; 

 (2) Start the ant colony, each ant select path in the 
probability calculated by formula (2), and record the 
path pheromone concentration; 

 (3) Repeat step (2), until the two groups of ants 
respectively to the finish and the starting point; 

 (4) Calculate the obtained path, the current optimal 
path is selected by using the selection operator in the 
genetic algorithm, save; 

 (5) Joining the mutation operator of genetic 
algorithm to the current optimal path information 
and the global optimal ants is for operating, then it 
will get the new path information and according to 
the formula (3), (4) update the pheromone of each 
path; 

  (6) Turn skip to step (2), until reach the maximum 
number of iterations Ma or all search path converge 
in one path; 

 (7) Output the optimal path. 
 

IV. RESULTS OF SIMULATION AND ANALYSIS 

 
To verify the validity of the algorithm, simulate in 

MATLAB, as shown in Figure 5. Combined with dynamic 
city electronic vector map simulation, using the actual 
collection of taxi GPS data to process. First dynamic vector 
map in the MATLAB environment expressed in the form of 
coding, considering the average weight of roads, the actual 
path length of the city is replaced by virtual path based on 

the average speed and the actual length ijd   of the path length, 

the virtual path map as shown in Figure 6, K is constant, the 
formula is as equation (9). 

 

(1 )                                ij ij

K
d d

V
    （9） 

 

 
Figure 5.  three algorithm iterative curve and path length. 

 
Figure 6.  virtual path map. 

To solve the optimal path of node 1 to 42. Ant colony 
optimization parameters are: number of ants Na = 40, the 
largest number of iterations Ma = 100, the relative 
importance degree of pheromone ɑ =1, the relative 
importance degree of distance information beta = 2, constant 
Q = 1, pheromone material passing rho = 0.1; The 
parameters of particle swarm, respectively is: the particle 
number Np = 20, the maximum number of iterations Mp = 
100, c1 = c2 = 1.5, the initial inertia weight omega along 
with a linear gradient iteration times from 0.8 to 0.3, the 

maximum speed maxV  = 10. Search for path optimization 

respectively with the two-way ant colony algorithm- particle 
swarm optimization algorithm and ant colony algorithm. The 
results are as shown in table 1. 

TABLE I.  COMPARISON OF THREE ALGORITHMS IN PERFORMANCE 

The 
algorithm  

The average 
shortest path 

The average 
elapsed time Optimal path 

Ant colony 
algorithm 

30.923 9.461000s 
1-2-3-4-5-13-24-

32-42 
Particle 
Swarm 

optimization 
31.688 9.173000s 

1-2-3-4-5-13-12-
25-24-32-42 

optimization 
algorithm 

28.156 9.030000s 
1-2-3-14-21-22-

23-32-41-42 

 



XIULING WANG et al: A NOVEL HYBRID ALGORITHM TO OPTIMIZE TRAVEL PATHS IN CITIES 

DOI 10.5013/IJSSST.a.17.45.20                                     20.5                      ISSN: 1473-804x online, 1473-8031 print 

The experimental results mentioned above show that the 
hybrid algorithm in solving accuracy performance is better 
than that of particle swarm optimization (PSO) algorithm, 
and compared with the ant colony algorithm hybrid 
algorithm is better than not only in the time efficiency but 
also in feasibility. 

V. CONCLUSION 

In view of the practical problems in urban road planning, 
synthesizing the actual path length and the average speed of 
road to be two-fold virtual path length puts forward the two-
way mixed ant colony algorithm and particle swarm city path 
optimization algorithm, the hybrid algorithm combining the 
advantages of two algorithms, at the same time, their 
shortcomings. The hybrid algorithm saves 4.77% in time 
efficiency than ant colony algorithm. On solving the length it 
is more shorten than the PSO as 11.14%, making the time 
performance and precision are improved performance, good 
results obtained. The experimental results show that the 
algorithm has validity and practicability in path optimization 
of the city. 
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