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Abstract – Bicycle traffic is an important part of urban 

transportation system. The research on microscopic bicycle 

traffic simulation and bicycle traffic safety would be of great 

significance to study microscopic behavior of bicycle traffic. 

Based on previous studies, the analysis of microscopic 

characteristics of bicycle traffic was chosen as an entry point, 

the content of microscopic behavior study and the 

corresponding research methods were summarized, and the 

research progress of main simulation model was analyzed. 

The deficiencies of the research on microscopic behavior of 

bicycle were pointed out, and its future trend was forecasted. 
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I. INTRODUCTION 
 

China is a bicycle kingdom and bicycle is the preferred 

means of transportation for urban residents. The rapid 

development of automobile industry has caused traffic 

safety, traffic congestion and environmental pollution are 

becoming more and more serious, and the concept of 

safety and green travel is paid more and more attention. 

However, due to the excessive consumption of space 

resources, the motorway in many cities is constantly 

broadened, the slow traffic land for pedestrian and bicycle 

is squeezed gradually, and the conflict between bicycle 

and pedestrian is becoming more and more serious, the 

incidence of traffic accidents increased. Therefore, the 

micro-behavior of bicycle traffic is studied to ensure the 

safe operation of bicycles and other traffic entities in 

limited space. This paper analyzes and summarizes the 

micro-behavior characteristics of bicycle traffic and 

further elaborates the research on the micro-behavior of 

bicycle traffic Models and methods, and analyzes the 

advantages and disadvantages of existing models and 

methods. Finally, the future development trend of bicycle 

traffic microcosmic research is prospected. 

 

II. ANALYSIS OF MICRO-CHARACTERISTICS OF 

BICYCLE TRAFFIC 
 

The pedestrian-bicycle unit composed of the bicycle and 

its cyclists are taken as the main part of micro 

characteristic analysis of bicycle traffic. Compared to the 

micro characteristics of motor vehicles and pedestrian 

traffic, bicycle micro characteristics of the traffic are more 

complex. In order to analyze the micro characteristics of 

bicycle traffic, the bicycle traffic is compared with the 

micro characteristics of motor vehicle and pedestrian 

traffic, and the unique micro characteristics of traffic are 

revealed, and the micro characteristics of traffic are shown 

in table 1. 

 

Table 1. Comparison of traffic microscopic characteristics 
Characteristic Bicycle Motor vehicle Pedestrian 

Vision Different types of cyclists’ range of 

vision and visual attention is different, 

front vision larger, generally do not 

care about the rear [1]. 

Due to the restrictions on the body frame of 

the motor vehicle windshield frame and the 

door, the front vision of the driver is 

limited, but because of the presence of the 

rearview mirror, the driver has a rear view. 

The pedestrian's vision is 

similar to cyclist, with a large 

front vision and almost no 

attention to the rear. 

Speed The speed of the bicycle is related to 

the physical strength and endurance 

of the cyclist and the performance of 

the bicycle, and the speed difference 

between individuals is large. 

Motor vehicle speed is related to driver 

type and vehicle type. However, the 

difference in speed between individuals is 

limited by vehicle performance and legal 

restrictions. 

Pedestrians do not rely on 

any mechanical equipment to 

rely entirely on their own 

ability to complete the space 

displacement, the speed 

difference between 

individuals. 

Acceleration The acceleration of bicycle  is 

affected by mechanical performance 

and cyclist's physical strength, mainly 

man-driven and mechanical brake, 

man-driven acceleration is small, 

mechanical brake more than the 

cyclist's grip on the deceleration is 

small [2]. 

Motor vehicles driven by fuel, the vehicle 

can achieve greater acceleration, while the 

motor vehicle brake system for the disc or 

drum brake (usually using hydraulic), can 

produce a larger deceleration [1]. 

Pedestrians’ response to the 

environment and their own 

subjective intentions can 

react quickly to their 

behavior, reflecting the 

pedestrian acceleration and 

deceleration of the larger 

changes, and frequent 

acceleration and deceleration. 

Trajectory Due to the bicycle itself is The motor vehicle trajectory is affected by Pedestrians are less affected 
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Characteristic Bicycle Motor vehicle Pedestrian 

characteristics unbalanced, it does not move along a 

straight line during its running, but 

rather swings around the forward line. 

the lane line and other surrounding 

vehicles, and can be kept on the lane. 

by environmental restrictions, 

and they can choose their 

direction of action, but also 

they can arbitrarily change 

the speed and its location on 

the road, resulting in random 

pedestrian movement. 

Psychological 

characteristics 

As the bicycle without a carriage, and 

the bicycle running with the 

characteristics of instability, so most 

of the cyclists have the fear, the 

strategy of seeking crowding in the 

course of riding [3] [4]. 

Motor vehicles with carriage and other 

protective measures, and the operation by 

the lane and other vehicles around the 

restrictions, stable operation, there is no 

strategy such as seeking group driving. 

Pedestrians running flexible, 

there is not fixed behavior 

patterns, pedestrian operation 

process with “group”, “from 

the public” and other 

psychological [3]. 

… … … … 

 

By comparing the micro characteristics of bicycle traffic 

and motor vehicle and pedestrian traffic in table 1, it is 

found that there is a significant difference between bicycle 

traffic and other traffic. Bicycles compared with motor 

vehicles, running slowly, acceleration and deceleration 

frequently, flexible operation is not subject to traffic 

constraints, and at the signal intersection relative to the 

motor vehicle has quick starting speed. Bicycle and 

pedestrian traffic are driven by manpower, but the bicycle 

traffic is also affected by the performance of bicycle, 

bicycle speed is faster than pedestrian, acceleration and 

deceleration relative to pedestrian are not frequent, and 

because the bicycle ground area is small so easy to run 

around the swing, and has instability. 

Bicycle and cyclist form a more complete man-machine 

system, the normal and stable operation of the bicycle is 

determined by the state of the cyclist (determined by the 

physical, psychological and physical characteristics of the 

cyclist) and the condition of the bicycle, making the 

bicycle traffic has unique micro behavioral characteristics, 

mainly summarized as the following 7 points: (1) The 

bicycle lane does not have a fixed shape like a motorway, 

and its length and width are very strong. (2) The bicycle 

has a swing, irregular trajectory into a “snake-like”. (3) 

The bicycle running on the road is not a regular 

longitudinal forward, but often appear oblique inserted, 

group and other phenomena. (4) Because the bicycle 

movement is flexible and changeable, so the bicycle 

running for other traffic entities between the safe spacing  

 

 

and to avoid the collision requirements are not strict. (5) 

Because the bicycle is free and flexible, so the direction 

and speed of the bicycle in its operation process often 

changes. (6) Cyclists are fully exposed to the riding 

environment, the cyclist's psychology and physiology will 

be affected by the subtle changes in the environment. (7) 

Cyclists can take full advantage of horizontal space, 

walking in front of the more obstacles, prone to retrograde, 

possession of motor vehicles or crosswalk [5]. 

 

III. BICYCLE TRAFFIC MICRO BEHAVIOR 

MODEL 
 

At present, there are two kinds of modeling ideas about 

bicycle traffic behavior research: One is from a more 

macro point of view, the bicycle cluster as a whole, the 

difference between the bicycles in the cluster is ignored. 

This modeling idea is more suitable for large scale bicycle 

cluster movement research, this article will not repeat. The 

other is from the micro point of the individual behavior in 

the bicycle traffic modeling analysis, and then through the 

computer simulation to obtain the entire bicycle traffic 

operation law, this idea is more suitable for the bicycle 

micro behavior research, There are three mathematical 

models for the study of microcosmic behavior of bicycle 

traffic: following model, cellular automata model, based 

on two-dimensional space social force or field potential 

model. The core ideas of these three mathematical models 

and the current related research are shown in table 2. 

Table 2. Main models of existing research on bicycle traffic microscopic behavior 
 Following Model Cellular automata model Based on two-dimensional space social 

force / field potential model 

Core concept Following model of bicycle is a 

reference to the following model 

of vehicle, the bicycle is abstracted 

into a smart car running on a 

virtual driveway, and the impact of 

the law before and after the 

summary of the bicycle. 

The road is abstracted as a virtual 

grid, the bicycle and its cyclists are 

abstracted as cells, and the rules of the 

bicycle are set according to the 

change of the surrounding grid state. 

It mainly related to the bike forward, 

parking and other behavior changes. 

Lane or grid restrictions are broken, 

social forces models and physics in 

the "field" and “potential” ideas are 

used to expand the speed and 

location of bicycles into two-

dimensional space under the size 

and direction of the vector. 

Research on 

bicycle traffic 

Mortab model was established by 

Ramanayya [6]. Trasmic model 

was established by Sutoma [7]. 

MIXNETSIM model was 

presented by Hossain M [8].  

Bicycle following simulation 

model was established by Faghri 

A [9]. Bicycle linear following 

Two-dimensional cellular automata 

bike model was established by Zhang 

Jin [12]. Jia bin et al. [13] used 

multivariate cellular automata model 

to analysis the traffic characteristics 

of bicycling in mixed traffic. 

Combined cellular automata (CCA) 

model was proposed by Zhao xiaomei 

NCB theory tactical layer 

subjective optimization model was 

established by Huang ling [17]. 

Based on the psychological 

perception model was established 

by Liang xiao [1]. The shared space 

simulation model is established by 

Schonauer [18]. The biosphere 
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 Following Model Cellular automata model Based on two-dimensional space social 

force / field potential model 

simulation model was established 

by Raksuntom W [10]. Following 

model based on BP Neural 

Network was established by Wei 

Liying [11]. 

[14]. The lane cellular automata 

model was established by Nan 

Tianwei [15]. The bicycle flow model 

is established by Deng Jianhua [16]. 

social force model was established 

by Li Shanshan [19], which the 

characteristics of the route riding 

was considered. The microscopic 

model of the bicycle traffic vector 

field is established by Wang 

Huadong [20]. 

    

A. Research on Bicycle Traffic Microscopic Behavior 

Based on Car-Following Model 
Bicycle following behavior is defined as the bicycle is 

connected with the front and rear bicycles in accordance 

with the following rules in the process of driving in the 

cluster. The domestic and foreign scholars mainly study 

the bicycle traffic behavior based on the car-following 

model. 

In the early studies, foreign scholars had studied the use 

of car-following models for bicycle traffic. As shown in 

table 2, the longitudinal movement of bicycle is studied by 

Ramanayya, Sutoma, Hossain M et al. Based on the 

division of the lane width of one meter. Later, domestic 

scholars through the study of China’s bicycle traffic 

characteristics have some discoveries. The bicycles don’t 

like vehicles have an obvious follow-up phenomenon [20] 

[21], especially in the case of low road density, it is very 

difficult to follow up because of the freedom and 

flexibility. Only in the limited space and the density of the 

bicycle is large, it is possible to follow up. Therefore, the 

car following model is only used by the domestic and 

foreign scholars to study the longitudinal motion of the 

bicycle cluster and it is difficult to overtake or change 

lanes when the bicycle traffic density is large at the 

intersection. 

Since the car following model can be used to describe 

the traffic behavior in the space where the bicycle cannot 

overtake or change lanes under the limited and high 

density, which is not consistent with the flexibility and 

other characteristics of bicycle. It can be seen that the 

study of microcosmic behavior of bicycle traffic is not 

universal and impossible to study the microscopic 

behavior of bicycle traffic more accurately and effectively. 

B. Research on Bicycle Traffic Microscopic Behavior 

Based on Cellular Automaton Model 
Cellular Automaton (CA) is a time and space is discrete 

power system. Each cell scattered in a regular grid (Lattice 

Grid, the grid rules are mainly von Neumann type, molar 

type, extended molar type and other forms, as shown in 

figure 2) has a discrete finite state and has the same rules, 

so that the local rules are updated synchronously. The 

dynamic system is composed of the interaction between a 

large numbers of cells. The cellular automaton operates in 

discrete time, space and state. The state of each variable is 

a finite value, and the rules of the variable state change are 

made in part time and space [22]. 

Cellular Automaton (CA) is a time and space is discrete 

power system. Each cell scattered in a regular grid (Lattice  

 

Grid, the grid rules are mainly von Neumann type, molar 

type, extended molar type and other forms, as shown in 

figure 2) has a discrete finite state and has the same rules, 

so that the local rules are updated synchronously. The 

dynamic system is composed of the interaction between a 

large numbers of cells. The cellular automaton operates in 

discrete time, space and state. The state of each variable is 

a finite value, and the rules of the variable state change are 

made in part time and space [22]. 

The cellular automaton model has the advantages of 

large scale grid parallel computing, simple operation and 

easy implementation, fast operation [23]. The basic 

components of cellular automata mainly include four 

parts: cell, neighborhood, cell space and rule [24]. The 

bicycles are abstracted into the same size cells based on 

the cellular automaton model, each grid element can have 

only one cell [25] [26]. As shown in figure 1, the central 

cell is black, the center cell neighborhood is gray, and the 

collection of cells in the spatial grid is the cell space. The 

rule of the cellular automaton is to calculate the state 

function of the central cell at the next moment according 

to the state ( The state can be a binary form of  0,1 , or a 

discrete set of  0 1, , , ,iy y y ) of the cell, 

1: ( , )i t t

i i Mg y g y y   is a state function, 
t

My  is a 

neighborhood state combination of t , and function g  is 

called local rule. 

 

 
Fig. 1. Cellular automaton grid rules 

 

Although the cellular automata model is suitable for 

large-scale bicycle traffic microscopic simulation and the 

calculation speed is fast, the cellular automata model is 

rough in implement modeling and behavior description. 

For example, when studying the microcosmic behavior of 

bicycle traffic, only the motion unit is composed of a 

bicycle and rider was roughly calculated( A bike occupies 

a cell, and the cells cannot overlap [27] [28].), but the cell 

of bicycle and rider has not been accurately dynamic 

calculated according to the effect around the obstacles. 

Therefore, the mathematical model is difficult to realize 

the modeling analysis of the more complex bicycle traffic 

microscopic behavior research. 
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C. Research on Bicycle Traffic Microscopic Behavior 

Based on Two-Dimensional Social Force or Field 

Potential Model 
The car following model and the cellular automata 

model mentioned above have advantages in the study of 

the bicycle traffic microscopic behavior, but there are 

some common shortcomings: First of all, bicycles are 

directly or indirectly put into the virtual lane or virtual grid 

based on the car-following model and the cellular 

automaton model. The bicycle operating environment is 

limited to one-dimensional space that can only running 

longitudinally, and the variability of the speed and 

direction of the bicycle is ignored. Secondly, the flexible 

characteristics of the bicycle cannot be well reflected in 

the car-following model and the cellular automaton model. 

Finally, the moving objects around the target bicycle are 

greatly simplified, and the influence of the change of the 

surrounding traffic entity on the target bicycle is ignored. 

The microcosmic behavior of bicycle traffic is studied 

from multiple perspectives based on two-dimensional 

social force or field potential model, and the behavior of 

the cyclist and the interaction between individual bicycles 

are analyzed. 

Mixed traffic bicycle microscopic behavior based on 

two-dimensional social force model is analyzed by Liang 

Xiao, Huang Ling, Li Shanshan, Chen Dafei [29] and Zou 

Zhenyu [30]. 

The mathematical model of the target individual 

behavior is influenced by the social field: 

( , )
d y

F y x
dx

               （1） 

( , ) ( , )F y x y x         （2） 

In the above formula (1) (2), 
d y

dx
 is expressed as the 

change rate of individual behavior y , and   is the 

random intervention term, which is expressed as the 

behavioral difference between individuals; ( , )F y x  is 

expressed as the individual behavior motivation, whose 

role is to drive the behavior y  of individual   to change, 

( , )F y x  is expressed as the force of the social field to the 

individual  . ( , )y x  is the potential energy function of 

the social field, ( , )F y x  is the motive force of the social 

field to the individual, and the partial derivative of 

( , )F y x  can get the gradient of the potential energy of 

the social field. 

Although some scholars have made remarkable 

achievements in the study of bicycle traffic based on the 

two-dimensional social force or field model, most of these 

models are put forward in the background of bicycle and 

vehicle mixed environment. Only the interference of the 

static obstacle to the target bicycle is described in the two-

dimensional space, and the effect of the dynamic change 

of the environment on the target bicycle operation is 

ignored. 

 

IV. CONCLUSION 
 

With the research methods, the progress of data 

collection methods, and the intersection and integration 

between different disciplines, the new methods and ideas 

about the study of the microscopic behavior of bicycle 

traffic are provided in this paper. Therefore, on the basis 

of previous studies on the microscopic behavior of bicycle 

traffic, the influence of human, vehicle, environment of 

multi-source dynamic information of the rider and future 

development trend of bicycle traffic are considered. The 

riding behavior (Riding behavior of different types riders 

and single rider in the cluster) of different riders (Riders is 

divided according to the person's physical, psychological 

and physical characteristics) manipulate different types of 

bicycles (Bicycles are distinguished according to the size 

of the bicycle or operating conditions and other 

characteristics) in a complex environment (Simple bicycle 

traffic, pedestrian and bicycles mixed traffic, bicycles and 

vehicles mixed traffic) is analyzed, which is of great 

practical significance for the study of bicycle traffic flow 

microscopic simulation and bicycle traffic safety. 
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