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Abstract.In order to improve the rationality of the route choice for passengers’ travel, this paper 
presents an optimization method of the route choice for urban rail transit network based on the 
imperialism competition algorithm (ICA). The experiment results show that the proposed method is 
feasible and the algorithm is effective. 

I. Introduction 
Urban rail transit hasbecame one of the main ways to alleviate traffic congestion. Due to the 

complexity of urban rail transit, it is very important to choose the optimal route efficiently among the 
many paths.  

There are many optimization algorithms for route choice. In 2011, Liu Xu proposed the ant 
colony algorithm to solve the rail transit route selection model [1]. 2013, Cheng Bo et al. build a large 
road transport path selection optimization model [2]. Liu JianFeng et al. analyzed the passenger 
routechoice behavior to construct a generalized travel cost function model[3]. Here,the ICA 
algorithm is used to solve the route choice model of the urban rail transit. In 2007, Atashpaz-Gargari 
and Lucas [4] proposed a socio-political evolutionary algorithm, called the ICAalgorithm. In 2014, 
Hao Yan [5] takes the ICA to non-probabilistic reliability analysis . In 2016, Shao YongLiang [6] has 
proposed a method for solving the structural modal parameter identification by the ICA.  

Aiming at the problem of route choice in urban rail transit, this paper proposes an algorithm 
based on ICA, and the experimental results show its effectiveness.  

The rest of paper is organized as follows. In section 2, we present the route choicemodel; 
following that in section 3, we discuss thatthe optimal route determination based on the ICA. Section 
4 is mainly about Experiment and result analysis. Finally, we discuss about conclusion in section 5. 

II. route choice model 

A Generalized travel cost model 
Establishing the generalized travel cost model of rail transit: 

 U�FTR , FTT , FM, FQ� = β1FTR + β2FTT + β3FS + β4FQ (1) 
 s.t.  β1 + β2 + β3 + β4 = 1  
 β1,β2, β3,β4 ≥ 0  

Where, β1 represents the weight coefficient of the vehicle time cost, β2refers to the weight 
coefficient of the transfer time cost, β3is the weight coefficient of the transfer distance cost, and 
β4means the weight coefficient of the congestion time cost: 
  βi = Pi

P1+P2+P3+P4
 (2) 

Here, 𝑃𝑃1,𝑃𝑃2,𝑃𝑃3,𝑃𝑃4are the ratio of the travel time, the transfer time, the transfer distance, and the 
congestion degree as the influencing factors of the route choice respectively. 

Here, we use the number of transfers as the constraint of path selection,as the following : 
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 minU�FTR , FTT , FS, FQ� (3) 
s. t.       m ≤ M 

Where, M=4. 

III.  optimal route determinationbased on the ICA 

AInitialization 

The function value of the country is denoted by𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐. Where, the n country The fitness is 
defined as follows: 

ci = ∑ �𝑢𝑢𝑘𝑘(𝑖𝑖)/∑ 𝑢𝑢𝑘𝑘(𝑖𝑖)
𝑁𝑁𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
𝑖𝑖=1 + 2(𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑖𝑖) −)1�𝑐𝑐

𝑘𝑘=1 (4) 
There, Pareto optimal solution[7] set is set to 1, ci is the fitness of individual i, uk(n)  is the k 

target value of individual i,Nrank is the number of individuals in the same level Pareto solution set. 
rank(i) is a random number between 0 and 1: 

Cn = max(cn) − cn(5) 
Where,Cn is the cost value after the standardization of the n colonial country, that is, degree of 

adaptation.The standardized cost Cn represents the energy of the colonial state. The colonies of the n 
colonial country can then be calculated: 

Nn = NcolCn/∑ Ci
Nimp
i=1 (6) 

Ncolmeans the number of colonies,  and Nimpis the number of colonial countries.  

BRevolution and The Empire assimilated its colonies 
In this paper, ICA applications, we will set the revolution rate that the colonial countries will 

randomly change their position. 
The assimilation process can be described as a continuation of the colonial state toward the 

empire until it is fully absorbed by the empire. As the following: 
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Fig.1 Colonies moving to the Empire 

Here, the distance between the colonies and empires is d, and the colonies move randomly along 
the line of the empire for a distance l: 

l~U(0,β × d)(7) 
Where, β ≥ 1.We take θ as follows: 

θ~U(−γ, γ)(8) 

CCompetition 
The total value of an empire can be expressed as: 

Fn = cn + εmeanfn(i)(9) 
Where,Fn is the total cost of the nth imperial bloc, cn is the cost of the nth imperial bloc, and 

fn(i) is the cost of the i colony of the n imperial bloc.ε represents the influence of the colony on the 
imperial group.Calculating the possibility, as the following : 

Pn = 1 − Fn

∑ Fi
Nimp
i=1

(10) 

In order to classify the probabilities of the above-mentioned empires, the vector P is introduced: 
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P = �P1, P2, P3, … , PNimp�(11) 
The vector M follows a uniform distribution and has the same specifications as the vector P: 

M = �M1, M2, M3, … , MNimp�(12) 
Mi~U(0,1) 

Z = �P1 − M1, P2 − M2, P3 − M3, … , PNimp − MNimp�(13) 
The largest element in the vector Z will occupy the colonies of the empires mentioned above. 

DConvergence 
At this point there are two cases the end of the algorithm, one for an empire left, the algorithm is 

the optimal solution; there is a case, reach the maximum number of iterations set . 

IV. Experiment and result analysis  

A Model parameter setting 
Here, select the Beijing Municipal Rail Transit Military Museum to Dongzhimen between the 

two stations of the bus routes, travel options are as follows: 
Table 1 Optional route and their influencing factors 

Path 
Selection 

In the car 
time/min 

Transfer 
times 

Transfer 
distance/km 

Congestion  

1 31 1 o.8 1 
2 36 2 1.1 0.8 
3 44 3 1.5 0.7 
4 50 4 1.7 0.2 
5 55 5 1.8 0.3 
6 57 5 1.7 0.2 
7 48 6 1.5 0.4 
8 55 6 1.7 0.2 
9 60 6 1.9 0.3 
10 62 6 1.8 0.5 

B ICA algorithm parameters setting 

Where, the initial number of ICA is 15, the number of empires is 4, β=2, the revolution rate is 
0.3, γ = π/4, ϵ = 0.1 and the number of iterations is 100. 

C Results analysis  
There are four empires began to compete (where red star represents the path 1, yellow star 

represents the path 2, blue star represents the path 3, and green star represents the path 4,the rest 
circles are colonies): 
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Fig.2 four path contention 

As congestion is at its peak, 100 iterations are randomized to obtain the empire of final 
competition; the path 4 is the best route choice: 

 
Fig.3Path 4 wins the competition 

V. Conclusion  
Based on the constraints of transfer times, this paper establishes the path selection model of 

urban rail transit with generalized travel cost as the objective function, and then optimizes the travel 
route by the ICA algorithm. The research contents and achievements of this paper can provide 
inspiration and reference for the model of other competitive problems solved by imperialism 
competitive algorithm. 
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