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Abstract:  For traditional arterial road coordinated control with predetermined cycle, split, and offset 

cannot adapt for dynamic real-time traffic flow. In addition traditional vehicle actuated coordinated 

control will fail in oversaturated traffic status and other limitations. To overcome these limitations, this 

paper adopts active electronic tags to get the update ratio of the vehicles in the test range, changes time 

interval between vehicles as control basis in traditional vehicle actuated control theory, puts forward 

putting vehicle density as whether green light extension control basis by using RFID electronic tag in 

vehicle actuated control. When the vehicle density is higher than the setting threshold value, green 

light continues, on the contrary, switching the phase. The method  not only can overcome the 

drawback that traditional vehicle actuated coordinated control will fail in oversaturated traffic status, 

but also can effectively  improve the utilization of green light and decrease the average delay in the 

intersection, which has been verified by simulated experiment through VISSIM 
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I. INTRODUCTION 

 

urrently most intersection still use fixed coordinated 

control[1] in our country,  fixed coordinated control 

generally attempts to maximize public green wave 

bandwidth in which a series of traffic lights (usually 

three or more) are coordinated to allow continuous 

traffic flow over several intersections in one main 

direction. However, the arrival of the traffic flow is 

random, fixed coordinated control will increase the 

delay of the intersection. 

Vehicle actuated control  is one of traffic signal 
control modes [2] which does not have a predetermined 
cycle[3], signal sequence[4], and green signal displays 
and can adapt to the volume of vehicles on the road 
accordingly. It can make the vehicle stop as little as 
possible before parking lane, improve the utilization of 
green light, achieve the smooth effect of traffic.[5] 
Therefore, vehicle actuated control is widely used in 
traffic control. However, there are defects in the now 
widely used vehicle actuated control strategy based on 
the coil: generally vehicle actuated control based on coil 
select the intersection with smaller traffic flow and 
larger traffic flow fluctuation; [6] it takes the cross-
sectional data to judge the section data, the actual 
situation of the traffic judgment may appear deviation[7] 

 
(1) Traditional vehicle actuated coordinated control will 
fail in oversaturated traffic status. [8]. When the traffic 
flow is large, the vehicle interval is always less than the 
time interval. The green light will have been extended 
until it reaches the maximum green. At this time control 
strategy is tantamount to fixed timing control, resulting 
in increase of delay.[9] The control effect of vehicle 
actuated coordinated control in oversaturated traffic 
status is poor. 

(2) The interval before the queue cut off the entire 
queue.  

Since the cross section data is short-sighted, if the 
time interval between vehicles which just pulled out of 
the stop line and a large number of followed vehicles is 
greater than the preset threshold. Phase switching to red, 
lead to the large number of vehicles at the intersection 
waiting for parking, causing the delay increase (see Fig 
1). 
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Fig.1 Random arrival of vehicles 
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The vehicle interval time that the coil detects as the 

green light standard is lack of rationality. It is not a 

good reflection of road traffic demand for traffic lights. 

Therefore, according to the traditional vehicle actuated 

coordinated control’s defects, this paper proposed 

vehicle actuated coordinated control method based on 

RFID electronic tag. 

 

II. VEHICLE ACTUATED COORDINATED 

CONTROL BASED ON RFID ELECTRONIC 

TAG 
With the continuous development of RFID 

technology, the electronic license plate also has been 
widely applied to city traffic control. At present, the 
traffic control system mostly collects the vehicle 
information by the geomagnetic coil, this method can 
only collect the data from the section, it is a system that 
passively adapted to the traffic flow, and cannot grasp 
the distribution of the whole traffic flow. The electronic 
license plate can simultaneously capture fast moving 
and stationary vehicle tag information, label information 
quantity is relatively small, it can detect the vehicle data 
information in the section range, and it is convenient for 
transmission and processing. In this paper, a new type of 
signal control strategy is constructed by using electronic 
license plate which is a new data model. Use of the 
RFID reader at the intersection, read the section of the 
vehicle number of vehicles equipped with electronic 
license plate. Taking the road section interval vehicle 
density as the control index for vehicle actuated control 
(see Figure 2). 

 

 

 

 

 

 

 

 

 

Fig.2 Reading of vehicles’ information based on 

electronic vehicle license plate 

 

vehicle actuated coordinated control is based on the 

analysis of the fixed coordinated control and single point 

vehicle actuated control, combining the advantages of 

coordinated control and vehicle actuated control, the 

signal phase is divided into coordinated phase and 

nonconforming phase. The coordinated phase according 

to the fixed time scheme to participate in the intersection 

coordinated control; the non-conforming phase runs in 

accordance with the mode of vehicle actuated control to 

meet the randomness of traffic control traffic arrival. 

The determination of the periodic length and phase 

difference is set according to the method of the fixed 

coordinated control in vehicle actuated coordinated 

control, and the green signal ratio of each phase can be 

set according to the mode of vehicle actuated control. To 

ensure the validity of the maximum green time, and to 

realize the arterial road coordinated control at the same 

time. Vehicle actuated coordinated control is mainly to 

realize the phase green time optimization and keep the 

intersection phase difference unchanged. Realize the 

main way to achieve green wave control and the second 

way to achieve efficient utilization of green time. 

 

III. THE STRUCTURE DESIGN OF VEHICLE 

ACTUATED COORDINATED CONTROL 

BASED ON RFID ELECTRONIC TAG  

 

 As shown in Figure 3.The structure of the vehicle 

actuated coordinated control system based on RFID 

electronic tag is consists of three parts, the bottom 

information acquisition system, communication system 

and traffic control system. The underlying information 

acquisition unit includes a base station and a vehicle 

information unit. The communication system is a system 

that the reader will detect the data information 

transmitted to the control machine. The traffic control 

system is the control center will be based on the 

collection of road vehicles information to adjust signal 

timing scheme. The specific implementation steps of the 

system are as follows: 

: When the vehicle equipped with active electronic tag 

enters the reader's reading range, the RFID reader reads 
the information of vehicle roadside and records the 
number of sections of vehicles. 

:The reader will read the vehicle data information 

through the RS485 bus to transmit data to the 
intersection control machine. The control machine 
generates the sensing signal scheme by using the data 
obtained by the reader according to the green light 
continuity model.  

:The Signal control machine uses the induction of 

intersection signal control scheme for real-time control. 

 

 

 

 

 

 

 

 

 

 
Fig.3 The frame of vehicle actuated control for intersection 
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III. THE CONTROL STRATEGY DESIGN OF 

VEHICLE ACTUATED COORDINATED 

CONTROL BASED ON RFID 

ELECTRONIC TAG  

 
The control principle of vehicle actuated coordinated 

control based on RFID electronic tag and traditional 
vehicle actuated coordinated control is in the same way. 
As shown in Figure 4, use the RFID reader at the 
intersection to read the number of vehicles equipped 
with electronic license plates in the detection range. The 
control machine uses the data obtained by the reader to 
generate the sensing signal scheme based on the green 
continuity model generates the sensing signal scheme, 
and optimizes the green time of each phase in real time. 
The proposed vehicle actuated coordinated control is 
based on the reader to obtain the number of the vehicles 
and to calculate the vehicle density within the detection 
range. This paper puts forward putting vehicle density as 
whether green light extension evaluation standard by 
using RFID electronic tag in vehicle actuated control. 
According to the vehicle density of section, the green 
light continuity model similar to HCM2000 is 
constructed.  

 
 

 

 

 

 

 

 

 

 

 

Fig.4 Basic block diagram of inductive signal control 

 

In the implementation of vehicle actuated 
coordinated control, the coordinated control phase is 
always green, the actuated control phase is always red, 
only when the actuated control phase detects of the 
arrival a vehicle and the coordinated phase’s set green 
time is end , the light color will convert. When the 
actuated control phase is green, if the road vehicle 
density is higher than the threshold value ∆ρ, then 
extend the green light until the maximum green time is 
reached. If the vehicle density is lower than the 
threshold value ∆ρ, then stop the extension of green 
time, switch to the next phase. In practice, in order to 
avoid traffic accidents, when the actuated control phase 
detects the arrival of the vehicle, the traffic light cannot 
switch the traffic light until the end of the set minimum 
green light. The vehicle actuated coordinated control’s 

flow chart is shown in Fig. 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 The vehicle actuated coordinated control’s flow 

chart 

 

(1) Determination of the minimum green time Gmin 
for actuated phase. 

In the saturated state, the minimum green time can 
be determined using the team evacuation time of the key 
import road. 
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Where: 
 
Gmin = The team evacuation time of the key import road,  
Qm  = The maximum number of vehicles in the key 

import road 
S    =  The saturated flow of the key imported road, and 

qi is the arrival rate of the key import road. 
 

(2) Determination of the minimum green time Tip for 
coordinated phase. 
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Where Li is the total loss time, and yi is the traffic flow 

ratio of the key traffic flow of the coordinated phase, 

and Yi is the sum of the key traffic flow ratio of each 

phase, and C is the public cycle length 

 

 
III. THE EXPERIMENTAL SIMULATION 

DESIGN AND RESULT ANALYSIS  

 

A.The VISSIM simulation model  

In order to compare the control strategy benefit of 
two kinds of the vehicle actuated coordinated control, 
this paper constructed three two phase intersection as an 
example for study by using simulation software VISSIM. 
VISSIM is a microscopic, based on time interval and 
driving behavior simulation modeling tool. It is used to 
model the traffic and public transportation operation. It 
can analyze the operating conditions of urban 
transportation and public transportation under various 
traffic conditions. It is an effective tool for evaluating 
traffic engineering design and urban planning. VAP is 
Vehicle Actuated Programming which is used in traffic 
sensing control logic language, and can be embedded in 
VISSIM to realize sensing control. In the process of 
VISSIM simulation, the VAP interprets control logic 
command, and control the signal light color change in 
VISSIM network. Based on VISSIM, this paper realizes 
the sensing control environment of electronic license 
plate by VAP programming. 

In the VISSIM simulation software, two 
geomagnetic coils are set at the distance of the 
intersection to simulate the reader. Using of these two 
geomagnetic coils to count out the number of vehicles 
within the section of the road interval. As shown in 
Figure 6. The number of vehicles between the two 
detectors as the Vehicle actuated control parameter. In 
order to simulate the detection of the number of vehicles 
based on the electronic license plate.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 Simulation experiment chart 

 

B.The description of simulation experiment 

This paper took 3 consecutive intersections as the 
simulation examples. Every crossing made simulation 

experiment in the case of flow is 100 、200 、300 、

400 、500 、600 、700 .These flow dates cover the 
vehicle flow rate of low saturation, middle saturation 
and high saturation. Taking the average delay as the 
evaluation index, the comparison of the actual effect of 
the control of the fixed time coordinated control, the 
vehicle actuated coordinated control based on coil and 
the vehicle actuated coordinated control based on RFID 
is carried out. 

The fixed timing scheme is based on the signal 
optimization of the traffic flow of each import road by 
signal optimization software Synchro 7. 

The interval parameter of vehicle actuated control 
based on coil is set to be 3seconds after test, which can 
ensure the best performance in all scenarios. The 
simulation used the VISSIM VAP control module. 

This paper took 2.4G active electronic tags as the 

electronic license plate prototype. The effective range of 

the electronic tag is 100-150 meters, the read the rang is 

80 meters in this experiment. The vehicle density 

threshold is set to 2cars /80 meters. If the number of 

vehicles is more than 2 within 80 meters, the green time 

will plus 1 second. If the number of vehicles within 80 

meters is less than 2, the green light will switch to red 

light. 

 

 C.The analysis of simulation experiment 

In the vehicle actuated control based on RFID, the 
threshold vehicle density is different. Simulation results 
show that, the threshold is very important for the 
induction control, and the appropriate threshold is the 
key factor to realize the vehicle actuated control based 
on RFID. After analysis, the threshold of 0.025veh/m is 
the most suitable, and can it realize the maximum 
benefit of the vehicle actuated control based on RFID. 

(1) 
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The comparison of average delay simulation results for 
vehicle under three control modes is as shown in Table 1, 
the comparison of average delay of vehicle at 
intersections under three control modes is as shown in 
Fig. 7. 

 
Fig. 7 The average delay contrast chart of vehicle 

intersection 

 

SIMULATION COMPARISON OF AVERAGE VEHICLE DELAY IN 

DIFFERENT CONTROL MODES 

Flow( /veh h )     

 

 

Control mode 

 

100 

 

200 

 

300 

 

400 

 

500 

 

600 

 

700 

Fixed time 

coordinated 

control 

21.2 21.9 29.1 30.5 34.9 48.7 62.8 

Vehicle 

actuated 

coordinated 

control based 

on  coil 

19.1 20.3 26.4 31.3 36.2 50.3 78.3 

Vehicle 

actuated 

coordinated 
control based 

on RFID 

16.3 19.2 21.4 25.1 29 34.1 44.7 

 

In the case of low saturation, the traditional vehicle 

actuated coordinated control and the improved Vehicle 

actuated coordinated control based on RFID are better 

than the fixed timing coordinated control. The improved 

vehicle actuated coordinated control based on RFID has 

some benefit promotion based on the traditional vehicle 

actuated coordinated control. In the case of high 

saturation, the average delay of the intersection in the 

vehicle actuated coordinated control based on coil is 

significantly increased, and the control efficiency is 

even lower than the fixed time. In contrast to the 

improved vehicle actuated coordinated control based on 

RFID, its control effect is significantly better than the 

fixed time coordinated control and the traditional 

vehicle actuated coordinated control, it can significantly 

decrease the average delay in the intersection, thus 

improving the traffic efficiency of the intersection. This 

also overcomes the drawback that traditional vehicle 

actuated coordinated control will fail in oversaturated 

traffic status. 

 

III.  CONCLUSION  

 

Due to the problem of the traditional Vehicle 

actuated coordinated control based on coil, the 

electronic license plate has been proposed to detect the 

number of the vehicles in the test range. This paper has 

improved the traditional vehicle actuated coordinated 

control, put forward putting vehicle density as whether 

green light extension evaluation standard by using 

RFID electronic tag in vehicle actuated control. 

Through VISSIM simulation, the vehicle actuated 

coordinated control based on RFID has been proved can 

overcome the drawback that traditional vehicle actuated 

coordinated control will fail in oversaturated traffic 

status. The Subsequent work will take advantage of the 

two development of VISSIM to the count time of all 

vehicles within the interval, and use the appropriate 

mathematical model to determine the time threshold, 

and improve the traffic efficiency of the intersection. 
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