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Abstract 
 

This paper proposes an intelligent system performing an application with assistance of an 
Internet of Things (IoT) platform to control a traffic lights system. In our proposed systems, 
the traffic lights can be remotely controlled through the Internet. Based on IoT platform, the 
traffic conditions at different intersections of roads are collected and the traffic lights are 
controlled in a central manner. For the software part, the algorithm is designed based on the 
green wave theory to maximize the green bandwidth of arterial roads while addressing a 
challenging issue: the rapid changes of parameters including cycle time, splits, offset, 
non-fixed vehicles’ velocities and traffic flow along arterial roads. The issue typically happens 
at some areas where the transportation system is not well organized like in Vietnam. For the 
hardware part, PLC S7-1200 are placed at the intersections for two purposes: to control traffic 
lights and to collect the parameters and transmit to a host machine at the operation center. For 
the communication part, the TCP/IP protocol can be done using a Profinet port embedded in 
the PLC. Some graphical user interface captures are also presented to illustrate the operation 
of our proposed system. 
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1. Introduction 

Internet of Things (IoT), which can be regarded as an enhanced version of 
machine-to-machine communications, was proposed to realize intelligent thing-to-thing 
communications by utilizing the Internet infrastructure. The IoT is a totally interconnected 
world of devices with different shapes, sizes and manufactures. In addition, their “smart” 
capabilities allow them to communicate and interact with each other to exchange data. Each of 
them can make autonomous decisions and perform useful tasks based on a predefined set of 
conditions. The technologies operating on an IoT platform will bring many benefits in terms of 
making human life more comfortable, safer, easier and even richer. The IoT has begun to 
shape our modern world, where smart devices interact not only with humans, but also with 
many other smart devices attached to different objects, at different environments, and in 
different infrastructure [1]. How to effectively control a traffic lights system with assistance of 
IoT technologies become a popular research topic [2-4]. In this paper, based on the green wave 
theory and under an IoT platform, we propose to implement a system applying for Intelligent 
Traffic System (ITS) in urban areas in Vietnam. 

The issue of traffic congestions at intersections has been known in many large cities around 
the world. The consequence would be causing accidents and wasting human’s time. 
Accordingly, finding solutions to the issue has attracted the attention of many researchers. A 
method of intelligent signal control can offer an effective and efficient solution to some certain 
extend. Popular signal control methods can be classified as two categories: the isolated 
intersection and the coordinated control. The isolated intersection control is applicable if few 
interactions exist between two consecutive intersections. The strategy includes fixed-time 
control [5], which resorts to the statistics of history traffic-flow pattern, traffic-responsive 
control [6], which resorts to a real time traffic data to optimize the green time of a traffic light, 
and some other recent signal control strategies as proposed in [7-8]. Coordinated control 
strategies can be divided further into two sub-categories: fixed-time coordinated control and 
coordinated traffic-responsive strategies. Typical examples of the former strategy include 
bandwidth oriented signal timing MAXBAND [9], MULTIBAND [10] and network traffic 
control system TRANSYT. On the other hand, leading examples of the latter strategy include 
SCOOT and SCATS. In addition, we would mention a class of model-based traffic-responsive 
control strategies that emerged in the 1990s like OPCA, PRODYN, or RHODES. However, a 
large city with many heavy-traffic nodes, the applicability of such conventional strategies is 
rather limited due to computational complexity. Among coordinated control strategies, wave 
coordination control recently attracts much attention.  Observing the predominance of traffic 
flow along arterials, the strategy then can provide numerous advantages [10]: (1) permission 
for a higher overall speed and a less number of stops, (2) fewer accidents due to lower red 
signal violations and rear-end collision probabilities since platoons of vehicles arrive at each 
green signal, (3) greater obedience from motorists and pedestrians to signal commands – 
vehicles are more tightly spaced; hence motorists try to stay within green intervals while 
pedestrians stay at the curb. Green wave theory to control a real traffic system in developed 
countries could be easily applicable due to the availability of several stable parameters such as: 
intersections’ distance, vehicles’ velocity and traffic flow along arterial roads. However, those 
parameters would become rapidly varying in some areas including the urban areas in Vietnam. 
Hence, a real-time solution implemented for a green wave based method in controlling the 
traffic in Vietnam is highly demanded. 
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This paper proposes a novel approach for an urban traffic network control in Vietnam by 
resorting to the green wave coordination technology. The system is implemented based on an 
IoT platform to remotely monitor and control traffic lights. Unlike the solutions proposed in 
[9-12] which were only designed for an individual and isolated intersection, our solution is 
capable in remotely controlling and monitoring a network of multiple intersections. In our 
system, inspired by the research results [13-15], algorithms are also designed under various 
scenarios. For examples, in [12] a method for urban arterial roads was proposed, in [11] a case 
that included an emergency vehicle and the tracking of a stolen vehicle based on RFID was 
handled, while [15] exploited an internet of vehicles to solve traffic control in multiple 
intersections. Note that the algorithm embedded in our hardware is very suitable for real traffic 
situations like in Vietnam.  

The remainder of this paper is organized as follows. An overview of the proposed system is 
presented in Section 2, following by a communication procedure for remote monitoring and 
controlling in Section 3. In Section 4, we present our proposal of a green wave based approach 
applicable to Vietnam situations. For a further detail, the accompanied software is then 
presented in Section 5. Finally, Section 6 concludes the paper with some remarks. 

2. Overview System 
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Fig. 1. Overview system via IoT platform 

 
The overview of the proposed system is shown in Fig. 1, in which the detail of hardwave 
connection is presented. To build a IoT system, a PLC S7-1200 is used to control a traffic 
lights system at each intersection. The PLC embeds a Profinet port and a web-server module 
which are suit for Internet application. The communication between the PLC and a host 
computer at a control center (host machine) can be done using TCP/IP (Transmission Control 
Protocol/ Internet Protocol) protocol through a Profinet port of the PLC. Operation modes and 
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parameters of every traffic-lights system are computed using algorithms in the host machine 
and tranfered to PLC at each intersection.   

 
Fig. 2. Operation algorithm of the PLC 

 

To transfer parameters between the PLC and function modules (feedback module, and 
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PLC. In which, the feed back module uses current sensors to feed back the status of traffic 
lights, count-down modules use 7-segments to show the remaining time of lights of each route 
and setting module is use to local setup parameters and working mode for traffic light system 
at each intersection. RS-485 supports inexpensive local networks and multidrop 
communications links, using the same differential signaling over twisted pair. It is generally 
accepted that RS-485 can be used with data rates up to 10 Mbit/s or, at lower speeds, distances 
up to 1,200 m (4,000 ft) [16]. Since the distance the feed back and setting modules are in the 
same cabinet with the PLC while the largest distance between the PLC and the count-down 
module about 100 m, RS-485 communiation is used for this system. Each function module is 
controlled by a microcontroller (AT89S52) and communicates with the PLC using Modbus 
RTU (Remote Terminal Unit) protocol. Using communication to update and transfer 
parameters between PLC and function modules is necessary for remote controlling. The 
hardware design for feedback module, count-down modules and local setting module use an 
IC MAX-485 for Modbus RTU protocol. The operation algorithm of the PLC can be 
summarized in Fig. 2. 

Users can remotely control and monitor the system by using a user’s interface built in the 
host machine (see Fig. 7) or a user’s interface on a website built in a web-server module (see 
Fig. 9). 

3. Communication for the System 
As can be seen in Fig. 1, TCP/IP protocol is used to transfer data between a PLC at each 
intersection and the host machine, and Modbus RTU protocol is used to transfer data between 
a PLC and its function modules. 

3.1 TCP/IP Protocol for the System 
Transferred data between the PLC and host machine is done using TCP/IP protocol. The detail 
of TCP/IP communication for the PLC can be seen in [17]. In which, a static IP (Internet 
Protocol) is fixed for the host machine. Transferred data that a PLC sends to the host machine 
using the frame is shown in Table 1. 

Table 1. Transferred data frame to host machine  

PARAMETER PLC ID 
LIGHT 
TIME 

LIGHT 
CYCLE 

LIGHT 
STATUS 

LIGHT 
ERROR 

LIGHT 
CLOCK 

SIZE 2 BYTE 6 BYTE 1 BYTE 1 BYTE 1 BYTE 2 BYTE 

In which: 
• PLC ID: Identification number of each PLC respective to each intersection. By using 
this parameter in the frame, host machine knows where the intersection is. 
• LIGHT TIME: The turning intervals of traffic lights consisting of green, red and 
yellow lights in two routes. 
• LIGHT CYCLE: Light cycle of traffic light system. 
• LIGHT STATUS: Status (on/off) of traffic lights. Status of each light is denoted by a 
bit in 2 status bytes. 
• LIGHT ERROR: Shows error lights. Error state of each light is denoted by a bit in 2 
error bytes. 
• LIGHT CLOCK: The remaining time of lights of each route. 
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PLC at each intersection sends parameters to host machine every half second. In order to do 
this, the IP of the host machine is added to the TCP/IP setting of the PLC. The host machine 
will set-up a connection with the PLC using the PLC’s IP and received port.  

Since a PLC’s IP can be changed during work, the host machine cannot automatically find 
out the IP. Thus, the host machine always listens to the received data from PLC and sets up a 
connection to each PLC. Each intersection is represented by a PLC ID in received data (see 
Table 1). To do this, we designed a monitoring and controlling interface (see Fig. 7) in host 
machine using Matlab.  

Transferred data frame form the host machine to each PLC is shown in Table 2. 
Table 2. Transferred data frame to PLCs  

PARAMETER LIGHT 
TIME 

LIGHT 
TIME 

LIGHT  
CYCLE 

CONTROL 

SIZE 6 BYTE 6 BYTE 1 BYTE 1 BYTE 

In which: 
• LIGHT CYCLE and LIGHT TIME are parameters as in Table 1. 
• CONTROL is a byte consisting of mode code and control code sent from the host 
machine to PLCs. 

There is no PLC ID in the transferred data frame because the host machine has already taken 
a connection to PLC using PLC’s IP. As can be seen in the frame, the data from the host 
machine is only sent if there is something that must be changed (parameters, mode and 
control).  

3.2 Modbus RTU for the System 
Since the distances from a PLC to function modules is not too much large, the Modbus RTU 
protocol using a RS-485 cable are used for this purpose. In which, A PLC S7- 1200 with a 
CM1241 module is used as the master device and function modules are used as slave devices. 
The detail of Modbus RTU communication can be seen in [17, 18]. In the system, we use read 
function (function code 03 – see Table 4) and write function (function code 06 – see Table 3) 
in Modbus RTU protocol. In which, the write function is used to send the remaining time of 
lights of each route to count-down modules and light’s intervals to the setting module while 
the read function is used to read setting parameter from local setting module. 
 

Table 3. Write function of Modbus RTU for master device  
Parameters Size 

Slave address 1 byte 

Function code 
(06) 

1 byte 

Register address 
to write data 

2 byte 

Writed data 2 byte 

CRC code 2 byte 
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In which: 
• Slave address: The address of slave. In this case, slaves are function module and each 
function module is identified by an unsigned char number. Since the size of the slave 
address is 1 byte, a master device (PLC) can work with 256 different slavers. By using 
slave address, a PLC can read and write data to each function module. 
• Function code: A number representing to a function of Modbus protocol. The function 
can be a read or write function with one or multi byte. For writing a 2-byte holding 
register to a function module, the code is 06. 
• Register address to write data: The addresses of registers in function modules will be 
used to contain the writing data. The register address present to which parameter is sent 
to a function module.  
• Writed data: The data of parameters will be written to function modules.  
• CRC code: The code for error checking. 
 

Table 4. Request frame (master) and answer frame (slaver) for read data function 
Request frame of mater Answer frame of slave 

Parameters Size Parameters Size 
Slave address 1 byte Slave address 1 byte 

Function code (03) 1 byte Function code 
(03) 

1 byte 

Address of register 
will be read 

2 byte Number of data 
byte (2xN). 

1 byte 

Number of register 
will be read 

2 byte Data of requested 
register 

2xN 
byte 

CRC code 2 byte CRC code 2 byte 

In which: 
• Slave address: The address of each slave (function module) as in Table 3. 
• Function code: A number represent to a function of Modbus protocol as in Table 3. 
For reading 2xN-byte holding register from a function module, the code is 03. 
• Address of register will be read: The first address of registers containing parameters in 
function modules that the maters (the PLC) will read.  
• Number of register will be read: Number of registers containing parameters in function 
modules that the maters (the PLC) will read. 
• Number of data byte (2xN): number byte of parameters that the funtion module 
(respective to slave address) will send to the PLC. 
• Data of requested register: 2xN byte of parameter that the funtion module (respective 
to slave address) send to the PLC. 
• CRC code: The code for error checking. 
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4. Green Wave for Urban Traffic in Vietnam 

4.1 Modbus RTU for the System 
The green wave model for traffic lights systems along an arterial road can be inferred from a 
green wave model for two adjacent intersections [19-21]. Thus, in this subsection, authors 
present a green wave model for two adjacent intersections first. Then the green wave 
optimization for traffic lights systems along an arterial road is inferred in the next subsection. 

xT

( , 1)L i i + ( 1, )L i i+

Node (i+1)

Node (i)

Down wave

Up wave

( 1)i∆ + '( 1)i∆ +

'( )i∆ ( )i∆

( 1, )N i i∆ +

 
Fig. 3. Model for green wave 

 
The green wave model for two adjacent intersections can be seen in Fig. 3. In which, the 

model shows the relationship between vehicle speed, traffic cycle, green light phase, 
intersection offset and traffic flow between intersection 𝑖𝑖 and intersection 𝑖𝑖 + 1. In the figure, 
green light interval (𝑇𝑇𝑥𝑥) is shown in black color while red light interval is shown in gray color at 
a node 𝑖𝑖. 

Assume that a vehicle appears at intersection 𝑖𝑖 at 𝑈𝑈(𝑖𝑖), ∆′(𝑖𝑖) is the waiting time for the green 
light to turn on, 𝑇𝑇(𝑖𝑖, 𝑖𝑖 + 1) is the running time from intersection 𝑖𝑖  to intersection 𝑖𝑖 + 1 and 
∆’(𝑖𝑖 + 1) are the turn on time of the green light at intersection 𝑖𝑖 + 1 when the vehicle arrives 
there.   

Similar to this for a vehicle which goes from intersection 𝑖𝑖 + 1 to intersection 𝑖𝑖, we have 
𝑈𝑈(𝑖𝑖 + 1), ∆(𝑖𝑖 + 1), 𝑇𝑇(𝑖𝑖 + 1, 𝑖𝑖) and  ∆(𝑖𝑖). 

Let 𝐿𝐿(𝑖𝑖, 𝑖𝑖 + 1) and 𝐿𝐿(𝑖𝑖 + 1, 𝑖𝑖) be backward degrees of intersection 𝑖𝑖  in comparison with 
intersection 𝑖𝑖 + 1 and vice versa. In which, backward degrees [22] is used to accommodate 
green waves for travelling from intersection to intersection at a specied pace. 

From Fig. 3, we have: 
∆(𝑖𝑖 + 1) = −∆(𝑖𝑖) + 𝑇𝑇(𝑖𝑖, 𝑖𝑖 + 1) − 𝐿𝐿(𝑖𝑖, 𝑖𝑖 + 1)
∆′(𝑖𝑖 + 1) = −∆′(𝑖𝑖) + 𝑇𝑇(𝑖𝑖 + 1, 𝑖𝑖) − 𝐿𝐿(𝑖𝑖 + 1, 𝑖𝑖) (1) 
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Thus, the green bandwidth for “down-wave” between intersection 𝑖𝑖 and intersection 𝑖𝑖 + 1 is:  
∆𝑏𝑏(𝑖𝑖, 𝑖𝑖 + 1) = 𝑇𝑇𝑥𝑥 − ([∆(𝑖𝑖 + 1)] + [∆(𝑖𝑖)]) (2) 

Where 𝑇𝑇𝑥𝑥 is the turning on interval of the green lights and the green bandwidth [9,23] is the 
green signal effect that a series of traffic lights are coordinated to allow continuous traffic flow 
over several intersections in one main direction. 

Similarly, the green bandwidth for “up-wave” between intersection i and intersection 𝑖𝑖 + 1 is: 
∆𝑏𝑏(𝑖𝑖 + 1, 𝑖𝑖) = 𝑇𝑇𝑥𝑥 − (|∆′(𝑖𝑖 + 1)| + |∆′(𝑖𝑖)|) (3) 

To get the maximum green bandwidth, the intervals ([∆(𝑖𝑖 + 1)] + [∆(𝑖𝑖)])  in (2) and 
(|∆′(𝑖𝑖 + 1)| + |∆′(𝑖𝑖)|) in (3) must be minximum. 

Let 𝐷𝐷(𝑖𝑖, 𝑖𝑖 + 1) is distance between intersection 𝑖𝑖 and 𝑖𝑖 + 1. Let 𝑉𝑉(𝑖𝑖, 𝑖𝑖 + 1) and 𝑉𝑉(𝑖𝑖 + 1, 𝑖𝑖) are 
the vehicle speed in direction from intersection 𝑖𝑖 to 𝑖𝑖 + 1 and vice versa.  

We have 
|∆(𝑖𝑖 + 1)| + |∆(𝑖𝑖)| = |∆(𝑖𝑖)| + |−∆(𝑖𝑖) + 𝐷𝐷(𝑖𝑖, 𝑖𝑖 + 1) 𝑉𝑉(𝑖𝑖 + 1, 𝑖𝑖)⁄ − 𝐿𝐿(𝑖𝑖 + 1, 𝑖𝑖)|

|∆′(𝑖𝑖 + 1)| + |∆′(𝑖𝑖)| = |∆′(𝑖𝑖)| + |−∆′(𝑖𝑖) + 𝐷𝐷(𝑖𝑖, 𝑖𝑖 + 1) 𝑉𝑉(𝑖𝑖, 𝑖𝑖 + 1)⁄ − 𝐿𝐿(𝑖𝑖, 𝑖𝑖 + 1)| (4) 

From Fig. 3, we have  
𝐿𝐿(𝑖𝑖, 𝑖𝑖 + 1) + 𝐿𝐿(𝑖𝑖 + 1, 𝑖𝑖) = 𝐶𝐶 (5) 

Where 𝐶𝐶 is the cycle time of the traffic light system (𝐶𝐶 is an assume value for green wave 
optimatization algorithm and increases from 𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚 to 𝐶𝐶0). 
In which, 𝐶𝐶0  and 𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚 are maximum and minimum of signal cycle of green wave and 
computed as: 

𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑚𝑚𝑚𝑚𝑚𝑚�𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚
𝑖𝑖 �

𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑚𝑚𝑚𝑚𝑚𝑚�𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚
𝑖𝑖 �

𝑖𝑖 = 1:𝑁𝑁 

N is is number of intersection in green wave, 𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖  and 𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚
𝑖𝑖  is function of trafic flow weight 

of intersection ith and calculate by Websters formula: 

𝐶𝐶 =
1.5𝐺𝐺 + 5

1 − ∑ 𝑞𝑞𝑗𝑗 𝑆𝑆𝑗𝑗⁄𝑡𝑡
𝑗𝑗=1

 

where G is lost time of intersection, 𝑞𝑞𝑗𝑗 is the nominal inflow to link 𝑗𝑗 in vehicles per hour, 𝑆𝑆𝑗𝑗 is 
the saturation flow of link 𝑗𝑗 and 𝑡𝑡 is the set of all links which belong to intersection. The 
description more details in [24]. 

From (2), (3), (4) and (5) we can see that the green bandwidth is a function of cycle time 𝐶𝐶, 
vehicle speeds ( 𝑉𝑉(𝑖𝑖, 𝑖𝑖 + 1),𝑉𝑉(𝑖𝑖 + 1, 𝑖𝑖) ) and backward degree between two intersections 
(𝐿𝐿(𝑖𝑖, 𝑖𝑖 + 1), 𝐿𝐿(𝑖𝑖 + 1, 𝑖𝑖)). 

4.2 Green Wave Optimization 
In this subsection, we have to find out the value of cycle time 𝐶𝐶, vehicle speed (𝑉𝑉(𝑖𝑖, 𝑖𝑖 +
1),𝑉𝑉(𝑖𝑖 + 1, 𝑖𝑖) ) and backward degree (𝐿𝐿(𝑖𝑖, 𝑖𝑖 + 1), 𝐿𝐿(𝑖𝑖 + 1, 𝑖𝑖)) so that the right side of equation (4) 
is minimum. Green wave optimization must be suitable with the situation in urban areas. Thus, 
the condition in (6) must be satisfied: 

|∆(𝑖𝑖 + 1)| ≤ 0.2𝑇𝑇𝑥𝑥
|∆′(𝑖𝑖 + 1)| ≤ 0.2𝑇𝑇𝑥𝑥

|∆(𝑖𝑖)| ≤ 0.2𝑇𝑇𝑥𝑥
|∆′(𝑖𝑖)| ≤ 0.2𝑇𝑇𝑥𝑥

min(|∆(𝑖𝑖 + 1)𝑄𝑄(𝑖𝑖, 𝑖𝑖 + 1)| + |∆′(𝑖𝑖 + 1)𝑄𝑄(𝑖𝑖, 𝑖𝑖 + 1)|)
min(|∆(𝑖𝑖)𝑄𝑄(𝑖𝑖 + 1, 𝑖𝑖)| + |∆′(𝑖𝑖)𝑄𝑄(𝑖𝑖 + 1, 𝑖𝑖)|)

 (6) 
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In which the fifth and sixth conditions  in (6) are to minimize waiting time at nodes, 
𝑄𝑄(𝑖𝑖, 𝑖𝑖 + 1) , 𝑄𝑄(𝑖𝑖 + 1, 𝑖𝑖)  are respectively throughput  of vehicles from the node 𝑖𝑖𝑡𝑡ℎ to the 
(𝑖𝑖 + 1)𝑡𝑡ℎ and vice versa. 

To solve (6), we employ a heuristic approach. Variables like light period, speed of backward 
fluid between two nodes are gradually changed to find the maximum value of green bandwidth 
(max(∆𝑏𝑏(𝑖𝑖, 𝑖𝑖 + 1) + ∆𝑏𝑏(𝑖𝑖 + 1, 𝑖𝑖) which ensures (6) and (7). 

∆𝑏𝑏(𝑖𝑖, 𝑖𝑖 + 1) ≥ 0.6𝑇𝑇𝑥𝑥
∆𝑏𝑏(𝑖𝑖 + 1, 𝑖𝑖) ≥ 0.6𝑇𝑇𝑥𝑥

 (7) 

After the green bandwidth between the nodes 𝑖𝑖𝑡𝑡ℎ  and (i+1)-th  is computed, the same 
procedure is implemented for the nodes 𝑖𝑖𝑡𝑡ℎ and (𝑖𝑖 + 1)𝑡𝑡ℎ until the last nodes. 
The procedure is described as the following: 

•  Step 1: Assume a light period 𝐶𝐶 (𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚  < 𝐶𝐶 < 𝐶𝐶0). 
•  Step 2: Assume a speed of vehicle fluid (𝑉𝑉(𝑖𝑖, 𝑖𝑖 + 1),𝑉𝑉(𝑖𝑖 + 1, 𝑖𝑖) ), and a backward 
degree (𝐿𝐿(𝑖𝑖, 𝑖𝑖 + 1), 𝐿𝐿(𝑖𝑖 + 1, 𝑖𝑖))   for/at the node i-th 
•  Step 3: Assume|∆(𝑖𝑖)| ≤ 0.2𝑇𝑇𝑥𝑥,  |∆′(𝑖𝑖)| ≤ 0.2𝑇𝑇𝑥𝑥 
•  Step 4: Compute  ∆(𝑖𝑖 + 1),∆’(𝑖𝑖 + 1) using (4) 
•  Step 5: Compute time indexes in (6). 
•  Step 6: Change backward degree (𝐿𝐿(𝑖𝑖, 𝑖𝑖 + 1), 𝐿𝐿(𝑖𝑖 + 1, 𝑖𝑖)); ∆(𝑖𝑖) and ∆’(𝑖𝑖) and choose 
minimum values of ∆(𝑖𝑖 + 1) and ∆’(𝑖𝑖 + 1)   
•  Step 7: After choosing optimal backward degree and green bandwidth for a couple of 
nodes i, i+1, values of ∆(𝑖𝑖 + 1)  và ∆’(𝑖𝑖 + 1 ), are used in other couples of nodes, 
following step 2 to step 6 until the last node. 
•  Step 8: Speed of vehicle fluid (𝑉𝑉(𝑖𝑖, 𝑖𝑖 + 1),𝑉𝑉(𝑖𝑖 + 1, 𝑖𝑖) ) is changed, then alter the period 
C and repeat the previous steps until light period, speed of vehicle fluid, and backward 
degree are chosen to maximize the green bandwidth. 
 

4.3 Apply the Green Wave Theory for a Road 
We test the combining green wave algorithm for a route including 8 cross-overs on a main 
road in three different cases where distances between the nodes are altered as in the Table 5. 
Results of the algorithm in case 1, 2 and 3 are shown in the Fig. 4, Fig. 5 and Fig. 6, 
respectively.  

Many problems existed are indicated the ratio between green wave bandwidth and cycle 
time vary from 0.1 to 0.4 [19-21] or the ratio between green wave bandwidth and green signal 
vary from 0.2 to 0.6 [19-21]. The best value for this ratio is 1. In Vietnam traffic conditions, we 
propose value of this ratio greater than 0.6 for our procedure as in (7). To evaluate the 
performance of our green wave optimization algorithm, we use the ratio defined by 

𝜕𝜕 =
𝑇𝑇𝑥𝑥 − max�∆𝑏𝑏(𝑖𝑖, 𝑖𝑖 + 1) + ∆𝑏𝑏(𝑖𝑖 + 1, 𝑖𝑖)�

𝑇𝑇𝑥𝑥
 (8) 

As in conditions in (7), the green wave optimization is okay if 𝜕𝜕 ≥  0.6. However, as can be 
seen in the table, the minimum value of the ratio is 0.93. This is a very good value for green 
wave optimization. 
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Table 5. Distribution of intersections along the priority route 
Distance (m) 

D(i,i+1) 
Node 
(1,2) 

Node 
(2,3) 

Node 
(3,4) 

Node 
(4,5) 

Node 
(5,6) 

Node 
(6,7) 

Node 
(7,8) 

𝝏𝝏 

Case 1 256.5 176 194.4 210.6 189 202.5 265.5 0.95 
Case  2 156.5 200 194.4 210.6 160 220.5 206.5 0.93 
Case 3 200 250 190 175 200 210.5 150.5 0.94 

 
 

 
Fig. 4. Green wave combination for the first case (cycle time: 45s, vehicle speed: 41 km/h, 𝜕𝜕 =0.95) 

 
 

 
Fig. 5. Green wave combination for the second case (cycle time: 41s, vehicle speed: 32 km/h, 𝜕𝜕 =0.93) 
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Fig. 6. Green wave combination for the second case (cycle time: 41s, vehicle speed: 37 km/h, 𝜕𝜕 =0.94) 

5. Software for Controlling and Monitoring Traffic Lights System 
The softwave is built for a host machine at a traffic light operation center using Matlab. In 
principle, using TCP/IP protocol and port connection after the host machine listens to received 
data (includes PLC’s ID) (see Section 3), the host machine can connect to so many PLCs at 
intersections. However, in this paper, we implemented a traffic system with 07 PLC S7-1200 
(present to 07 traffic lights system at intersection). Fig. 7 shows the monitoring and 
controlling interface in three cases as in Table 6. In which, the interface is separated into 10 
numbered zones as can be seen in Fig. 7a.  

Table 6. Distribution of intersections along the priority route for software test 
Distance (m) 

D(i,i+1) 
Node 
(1,2) 

Node 
(2,3) 

Node 
(3,4) 

Node 
(4,5) 

Node 
(5,6) 

Node 
(6,7) Figure 

Case 1 200 180 250 200 250 180 Fig. 10a 
Case  2 200 250 180 200 250 250 Fig. 10b 
Case 3 180 250 300 200 250 200 Fig. 10c 

The CONNECT and DISCONNECT buttons in Zone 1 are used to start and stop the 
connection between the host machine and a PLC. After pressing the CONNECT button, the 
host machine begins listening to send data from PLC and sets up a connection with the PLC. 
Then “Connected” label is shown in the interface to notify that the setting process is finished. 
The DISCONNECT button is used to disconnect the connection between host machine and 
PLCs. 

After that, we can remotely control and monitor the traffic lights system as an intersection 
one by one by choosing intersections in the pop-up menu (sec Zone 4). The information of the 
chosen intersection (such as IP, Port and intersection name, traffic lights system status) is 
shown below the pop up menu. The status of traffic lights and the count-down time for each 
router are shown in Zone 7. 

An adjustment of working parameters of a traffic light system can be manually 
implemented by an installment in Section 2 where a traffic light at each node is independently 
or combined, according to green wave, monitored and controlled. Specifically, when an auto 
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button is on, the software conducts the computation of the optimal period and phase 
contribution based on Webster formula, in which necessary parameters are defined in the 
Section 6. When an auto button is off, working parameters are manually altered in the Section 
3. The buttons START and STOP in the Section 5 will control an on/off status of a traffic light 
system at a node. 

A guide user interface using the green wave (see Section 4) is presented in Section 8-10. 
Specifically, in Section 7, seven nodes are distributed along a main axis/road. Distances 
between nodes are proportional to that in reality and could be changed by inputs at Section 10. 
At each node, an interface shows only a traffic light and its backward time. 
After distance between nodes are plugged in in Zone 10, push the CALCULATE button to run 
the green wave algorithm in Section 4. Output of the algorithm, including a period of the 
traffic light system, assumed velocities of vehicles, and time differences between starting time 
indices at each node compared to the first node, are then shown by figures in Zone 9 and also 
in Zone 10. 
 
 

1
2

3

4

5

6

7

8

9

10

 
(a) 

 
(b) 
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(c) 

Fig. 7. Monitoring and controlling interface for intelligent traffic light system in Matlab 

Begin

Received data 
available

Start click at 
intersection i

Send Start command 
to intersection i

Stop click at 
intersection i

Stop  lights systemSend Stop command 
to intersection i

Change parameters 
click at intersection 

Stop

T

F

T

T

T

T

T

F
F

F

Send parameters to 
intersection i

green wave click
Send Stop command 
and new parameters 

to all intersection

Run a timer T

T=delay (i)
Send Start 

command to 
intersection i

T= Cycle time

Display traffic lights 
status in interface

T

F

F

T: true
F: False

F

 
Fig. 8. Operation algorithm of monitoring and controlling interface 
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After pushing the SEND button, the server will send a stop command to all traffic light 
systems at nodes along the main axis. The server then updates working parameters at each 
nodes including ‘on’ period, ‘on’ interval of the green light at each route. Finally, commands 
from the server sequentially activate traffic light system at each node. Time differences 
between commands are exactly the same as time differences between starting time indices at 
nodes compared to the first node (see section 10). During this process, the word “Processing” 
and the time delay, compared to the activated time instance at the first node, are represented in 
section 8. Status command changes to “Done” after the traffic light system at the last node is 
activated. 

In addition to the above-mentioned functional buttons, a simulation of the system’s 
operation is integrated and can be implemented by pushing SIMULATE button. For example, 
after pushing SIMULATE button, a vehicle, represented by a blue rectangle, will appear at the 
starting point and move to the end point with a designed speed.  This vehicle will pass each 
node only when the traffic light at the node is green. Hence, the simulation reveals a real traffic 
situation and convinces users the validity of the system’s working parameter as well as its 
operation. 

As can be compared in Zone 8, 9 and 10 of figures, parameters (such as: distances, delay 
time and design vehicle flow) are changed depending on distances between intersections. In 
Zone 4 and 7, we show the traffic lights monitoring for intersection 3, 4 and 5 for Fig. 7a, Fig. 
7b and Fig. 7c, respectively. The operation algorithm of the interface is summarized  in Fig. 8. 

Setting 
time

Count-
down 
time

Lights’ 
status 
table

(1: on)Send

 
Fig. 9. Monitoring and controlling interface for intelligent traffic light system in website 
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Fig. 9 shows the user’s monitoring interface on web-site. By using the web-site, the user can 
remotely monitor the status of traffic lights, light’s times and control traffic light system at 
each intersection. (such as: start/ stop the system, send setting times to the system). To access 
the interface, user have to login with user’s name and password. 

6. Conclusion and Future Works 
This paper proposed an IoT application for controlling an intelligent traffic lights system. 
Basing on Internet connections between intersections, we applies the green wave theory along 
a arterial roads in a real traffic situation for urban areas in Vietnam; when problems arise in a 
real-time implementation of a green wave coordination control for traffic: changes in 
parameters like cycle time, splits, and offset and non-fixed vehicles’ velocities and traffic flow 
along arterial roads should be considered.  

The IoT application uses a PLC S7-1200 at every intersection to control traffic lights system, 
transfers parameters to the host machine and receives parameters from the host machine at the 
operation center using the TCP/IP protocol. The TCP/IP protocol can be done via a Profinet 
port embedded in the PLC. A communication module (CM 1241) is added to the PLC to 
communicate with function modules via a Modbus RTU protocol.  Test-bed of a traffic light 
control cabinets using a PLC S7-1200 and function modules at a intersection are built to test 
working ability of the proposed hardware system. 

Basing on the IoT platform we proposed a method to apply the green wave theory in urban 
areas of Vietnam so that the green bandwidth of arterial roads is maximied by changing cycle 
time, splits, and offset and non-fixed vehicles’ velocities and traffic flow along arterial roads.  
Futhermore, an interface for monitoring and intelligent controll the traffic light system is built 
in Matlab. From the interface, we can see status of traffic lights, cycle time and light interval at 
each isolated intersection, and control all traffic lights system connected with the host machine. 
By using the interface, user can apply a green wave theory for intersections along an arterial 
road for urban areas in Vietnam. 

In this paper, authors combine the IoT platform and green wave theory for a single arterial 
road. In the future work, authors will propose a method to apply the system for a network of 
arterial roads which is popular in big cities. Futhermore, the real test in real environment in 
some complex urban areas should be done to evaluate the stability and effectiveness of the 
system. Thus, the result of this paper will be improved and applied for the largest cities in 
Vietnam, such as Hanoi, Danang and Ho Chi Minh city. By this way, the stability and 
effectiveness of the proposed system can be avaluated easily. 
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