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Abstract 

This research presents the logistics management information system (LMIS) for the supply chain of lychee 

products of Phayao Province, Thailand. The main aim of this research is to develop a management application 

for Phayao’s agricultures to improve their competitive abilities on Chinese markets by utilizing a prediction 

method for traffic congestion based on both real-time and anticipated road traffic. The loss of productivity 

caused by traffic congestion has become a huge and increasingly heavy burden on Phayao farmers. Therefore, 

the prediction of urban road network traffic flow and the rapid and accurate evaluation of traffic congestion is 

of great significance to solve this problem. By using traffic data obtained by distance, road conditions, 

transportation safety, traffic density, and customs clearance, the local farmers in Phayao can deliver lychee 

products on time and reduce the loss of high emissions and environmental pollution caused by traffic congestion 

effectively. 

 

 

1. Introduction 

China is the largest market for Thailand's 

agricultural exports from 2012 to 2014. The average 

income was eight hundred billion baht per year. 

Phayao, the northern province of Thailand, has many 

lychee products to export to China such as rice, corn, 

soybean, green beans, cotton, and ginger. 

Agricultural shipping from Phayao to China can be 

delivered by cargo trucks through 2 routes: The R3A 

Highway and the R3B Highway. The R3A road will 

be routed through Thailand, Laos, and China and a 

certain distance along a straight road is 1,300 

kilometers. On the other hand, the R3B road, 

running 1,190 kilometers from Phayao to China via 

Myanmar, aims to ease travel for tourists wanting to 

explore foreign cultures and commerce traders 

seeking new opportunities in neighboring countries. 

These two roads have the same destination where is 

the city of Kunming in Yunnan Province, the biggest 

agricultural product market in southwestern China 

(Chieh-Yu and Yi-Hui, 2008). 

As shown in Figure 1, both the R3A route and 

the R3B route are jointly developed by four 

countries: Thailand, Myanmar, Laos, and China. 

They can be used as the transit route and transport 

goods between each country. The two routes will 

converge on the city of Jinghong in China and then 

go straight to the city of Kunming in the same path 

and all these routes are also known as the R3 

Highway. The importance of the R3 road is a new 

route that links trade and investment between 

Thailand, Myanmar, Laos, and China, as well as a 

strategic route for investment among ASEAN 

countries. Therefore, the study on the topographical 

characteristics along the R3 road to developing a 

software application is a huge challenge. It will be 

used to guide the economic development of the 

Phayao province. Additionally, it is important and 

useful to the direction of Thai economic growth that 

is interconnected to the ASEAN Community (Yung-

yu et al., 2005). 

With the importance of the R3A and R3B, the 

authors have studied relevant research to be the 

guidelines in this project. Some of the literature 

review and state of art can be described as follows: 

firstly, Zhiyi gave the intelligent real-time 

monitoring of logistics information by using the 

Hadoop cloud computing platform combining with 

the proposed K-means algorithm to analyze logistics 

data (Xing, 2021). Secondly, Korth et al., (2018) 

proposed the system architecture that combines a 

real-time digital twin of logistics systems. By using 

this technique, the offline work creating, 

maintaining and the runtime of the critical real-time 

uses-case is decreased (Korth et al., 2018).  



 

International Journal of Geoinformatics, Vol. 17, No. 6, December 2021 

ISSN 2673-0014 (Online) / © Geoinformatics International  

 

 

 

16  

Laos
Therng

Huay Xai

Mohan

Thailand

Myanmar

China

Mengla

Kunming

Phan

Chiang Khong

R3A Route (1300 Km)

R3B Route (1190 Km)

Mongla

Keng Tung

Tachilek

Mae Sai

Chaing Rai

Jinghong

Pu er

Mojiang

Yuanjiang

Mengxing

Puwen

Boten

Luang Namtha

Viang Phoukha

Chai Ya Buri

Ban Huak
Mae Chai

Phayao

 
 

Figure 1: The R3A and R3B highways 

 

Thirdly, the heterogeneous data exchange engine by 

using the service-oriented framework had been 

adopted for the improved supply chain information 

management system. By using this method, the 

supply-chain data exchange can boost its 

performance effectively. Simultaneously, the 

proposed system can reduce the amount of 

computational (Ben-li, 2018). Finally, Neng et al., 

(2010)  presented the logistics information system 

with a B/S multi-tier architecture. This scheme can 

be used for decision making in the data search 

engine accurately. All research studies provide the 

efficiency of current and future logistics 

management information system and will be the 

guidelines for academic researchers in this paper to 

develop the solutions to the gaps in this project 

(Linqi and Ershi, 2007, Wu et al., 2009, Weijian et 

al., 2010, Yanhui 2012, Yun and Liu, 2007 and 

Zhongwei et al., 2009). 

The export of high-quality lychee products in 

Phayao Province needs effective logistics 

management that is to decrease cost and improve 

time efficiency (Becker, 1999). For this reason, this 

paper presents the logistics management information 

system (LMIS) for the supply chain to transport on 

the R3 Highway. It can be used to provide the proper 

path for transportation route, breakpoints, and 

available warehouses to the cargo trucks on the R3 

road. The proposed system is relied on real-time 

information to help the decision support system such 

as internal logistics system, inbound logistics 

system, and outbound logistics system. The system 

will also provide the best route for transportation to 

an agribusiness operator to choose the most 

appropriate path to the city of Khun Ming. Thus, by 

this proposed system, the agricultural operators or 

farmers can minimize costs and transport to China in 

the most efficient way possible. 

 

2. Objectives 

To propose the LMIS for the supply chain of lychee 

products of Phayao Province, the northern region in 

Thailand. This is an evaluation of the logistics 

management information system used in Thailand, 

Myanmar, Laos, and China in the years 2018-2020. 

 

3. Research Hypothesis 

The proposed system directly impacts agricultural 

operators, farmers, and economic growth in Phayao 

Province. Moreover, in the indirect impact, the 
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proposed system can reduce the traffic flow on the 

R3 route resulting in the reduction of carbon 

monoxide emissions. This makes global more 

environmentally friendly. 

 

4. Research Methodology 

This research deploys various parameters to create 

the prediction of traffic congestion between the R3A 

route and the R3B route such as the traffic volume, 

the rate of flow, the occurrence of queues, the peak 

hour factor, the speed and travel time, the time-mean 

speed, and space mean speed. They all can be 

explained as follows. 

 

4.1 Traffic Volume and Rate of Flow 

According to Roess et al., (2010), the traffic volume 

is the number of agricultural trucks moving through 

an observed point on the road (a breakpoint or a 

warehouse) in a defined period, and it is in vehicles 

per time unit (usually an hour). In addition, the rate 

of flow is the number of agricultural trucks that pass 

an observed point through a time interval of less 

than an hour (usually 15 minutes). 

 

4.2  The Occurrence of Queues on the Road 

The occurrence of queues can be analyzed from the 

traffic volume and rate of flow and can be found 

how to calculate this value from (Roses et al., 2010). 

 

4.3 The Peak Hour Factor (PHF) 

The peak hour factor is the hourly traffic volume 

during the maximum-volume hour of the day 

divided by the busiest 15-minute flow rate within the 

peak hour. It is used to define how consistent traffic 

volume is during the peak hour. The PHF can be 

calculated following Equation (1): 

 

,
HourlyVolume

PHF
Maximum Rate of Flow

=
 

Eqaution 1 

 

and the standard 15-minute analysis period can be 

expressed as follows: 
 

15

,
4 m

HourlyVolume
PHF

V
=


 

Equation 2 

  

which 
15mV   is maximum 15-minute volume within 

an hour. 

 

4.4 The Speed and Travel Time 

The speed and travel time is the movement rate in 

the time-per-time unit or the inverse of time used by 

agricultural trucks to move in a given distance 

multiplied by distance. It is calculated as follows: 

,
d

s
T

=  

Equation 3 

where s  is speed, d  is distance traversed, and T is 

time to traverse distance. 

 

4.5 Time Mean Speed and Space Mean Speed 

The average speed of an agricultural truck can be 

calculated in two ways: Time Mean Speed (TMS) 

and Space Mean Speed (SMS). First, TMS is the 

average speed of all agricultural trucks that run past 

any location on the R3A road for a specified period. 

Second, SMS is the average speed of all agricultural 

trucks that occupy road ranges that are considered 

for a specified period. Both of them can be shown 

as: 

,
i i

d

t
TMS

n

 
 
 =


 

Eqaution 4 

and 

,
ii

ii

d nd
SMS

tt

n

= =
 
 
 
 
 



 

Equation 5 

where n  is the amount of travel time data that can 

be observed, and it  the time to traverse distance of 

thi  agricultural trucks. 

 

4.6 The Analysis of Performance Evaluation Results 

We are carried out by measuring satisfaction from 

the use of the system from the users two times: 

before using (pre) and after using (post) the system. 

The performance evaluation results are based on 

both the arithmetic averages and the standard 

deviation method. They all can be expressed as 

follows: 

,
fx

X
k

=
   

Eqaution 6 

and 

 

( )
22

,
( 1)

n fx fx
S

k k

−
=

−

   

Equation 7 

where X  is the arithmetic averages, 

           
fx

 is the sum of the estimated values, 

           k  is the number of samples, and 

           S  is the standard deviation. 
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5. Results and Discussion 

This research is used data by interviewing and 

questioning the sample group of both farmers and 

logistics operators in Phayao province.  Moreover, 

we study the shipping process, the supply chain 

management, and logistics of lychee products 

respectively (Burrough and McDonnell ,1998, 

Guerlain et al., 2016, Cowen and Shirley, 1991, 

McFarlane et al., 2016, Russell, 2009 and Stock and 

Lambert, 2007).  As a result, all information from 

this study is deployed to design the proposed 

application.  The process flow of lychee products 

from Thailand to China can be shown in Figure 2 

and Figure 3 respectively. 

 

5.1. The System Analysis and Design 

According to field data collection and the 

comparative data analysis of R3A and R3B routing 

travel such as the traffic volume, the rate of flow, the 

occurrence of queues, the peak hour factor, the 

speed and travel time, the time-mean speed, and 

space mean speed, both of them can be shown in 

Tables 1, 2 and 3 respectively. 

 

 
Figure 2: The process flow of agricultural products: 

the farmers’ operation workflow 

 

 
Figure 3: The process flow of agricultural products:     

   the operators’ operation workflow 
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Table 1: The calculation of the peak hour factor on both R3A and R3B routes 

 

Time 
Traffic volume Rate of flow 

Thai truck Foreign truck Total Thai truck Foreign truck Total 

Morning R3A R3B R3A R3B R3A R3B R3A R3B R3A R3B R3A R3B 

07:00 – 07:15 

AM 
24 

12 
6 

15 
30 

27 
96 

48 
24 

60 
120 

108 

07:16 – 07:30 

AM 
18 

8 
4 

10 
22 

18 
72 

32 
16 

40 
88 

72 

07:31 – 07:45 

AM 
20 

11 
5 

8 
25 

19 
80 

44 
20 

32 
100 

76 

07:46 – 08:00 

AM 
16 

8 
8 

15 
24 

23 
64 

32 
32 

60 
96 

92 

Total 78 39 23 48 101 87 312 156 92 192 404 348 

Traffic volume range 07:00-08:00 AM 101 87 
R3A: 101 vph = Hourly volume 

R3B: 87 vph = Hourly volume 

Afternoon R3A R3B R3A R3B R3A R3B R3A R3B R3A R3B R3A R3B 

01:00 – 01:15 

PM 
10 7 8 14 18 21 40 28 32 56 72 84 

01:16 – 01:30 

PM 
7 9 5 6 12 15 28 36 20 24 48 60 

01:31 – 01:45 
PM 

12 12 6 9 18 21 48 48 24 36 72 84 

01:46 – 02:00 

PM 
9 14 4 8 13 22 36 56 16 32 52 88 

Total 38 42 23 37 61 79 152 168 92 148 244 316 

Traffic volume range 01:00-02:00 AM 61 79 
R3A: 61 vph = Hourly volume 

R3B: 79 vph = Hourly volume 

Evening R3A R3B R3A R3B R3A R3B R3A R3B R3A R3B R3A R3B 

04:00 – 04:15 

PM 
6 4 4 5 10 9 24 16 16 20 40 36 

04:16 – 04:30 

PM 
5 5 7 6 12 11 20 20 28 24 48 44 

04:31 – 04:45 

PM 
7 2 5 4 12 6 28 8 20 16 48 24 

04:46 – 05:00 
PM 

11 3 8 3 19 6 44 12 32 12 76 24 

Total 29 14 24 18 53 32 116 56 96 72 212 128 

Traffic volume range 04:00-05:00 AM 53 32 
R3A: 53 vph = Hourly volume 
R3B: 32 vph = Hourly volume 

Traffic volume average (Trucks) 71.66 66 
R3A: 71.66 vph = Hourly volume 

R3B: 66 vph = Hourly volume 

 

Table 2: The calculations of both the peak hour factor and the hourly traffic volume during the maximum-

volume hour of the day divided by the busiest 15-minute (veh/h) 
 

Time period Hourly volume 

(Truck : Hour) 

PHF Maximum traffic volume 

(15 minute sub-period) 

R3A-Morning 101 0.84 120 

R3A-Afternoon 61 0.85 72 

R3A-Evening 53 0.70 76 

R3B-Morning 87 0.81 108 

R3B-Afternoon 79 0.90 88 

R3B-Evening 32 0.89 36 

 

5.2 The Use Case Diagram 

The use case diagram represents capabilities or 

functions that the proposed application can perform. 

All use cases can be shown as nine modules: R3A 

Transportation Map Management, R3B 

Transportation Map Management, Traffic Monitor 

and Trucks Management, Transportation Routes 

Management, Transportation Tracking Management, 

Traffic Density Model Management, Weather 

Forecasting Link Management, Emergency Call 

Management, and Notifications / Problem 

Notifications Management (Whitten and Bentley, 

2007 and Sanjaya and Perdana, 2015). The use case 

diagram of the proposed system can be shown in 

Figure 4. 
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Table 3: The queuing analysis 

 

Time 
Truck in to system 

 (No. of truck) 

Truck Out from system 

(No. of truck) 

Queue size at the end of time 

(No. of truck) 

Morning R3A R3B R3A R3B R3A R3B 

08:00 –08:15 AM 30 27 25.25 21.75 0.00 0.00 

08:16 – 08:30 AM 22 18 25.25 21.75 -3.25 -3.75 

08:31 – 08:45 AM 25 19 25.25 21.75 -3.50 -6.50 

08:46 – 09:00 AM 24 23 25.25 21.75 -4.75 -5.25 

 101 vph 87 vph average of queue size 3.83 -5.17 

Afternoon R3A R3B R3A R3B R3A R3B 

01:00 – 01:15 PM 18 21 15.25 19.75 0.00 0.00 

01:16 – 01:30 PM 12 15 15.25 19.75 -3.25 -4.75 

01:31 – 01:45 PM 18 21 15.25 19.75 -0.50 -3.50 

01:46 – 02:00 PM 13 22 15.25 19.75 -2.75 -1.25 

 61 vph 79 vph average of queue size 2.17 3.17 

Evening R3A R3B R3A R3B R3A R3B 

04:00 – 04:15 PM 10 9 13.25 8 0.00 0.00 

04:16 – 04:30 PM 12 11 13.25 8 -1.25 3.00 

04:31 – 04:45 PM 12 6 13.25 8 -2.50 1.00 

04:46 – 05:00 PM 19 6 13.25 8 3.25 -1.00 

 53 vph 32 vph average of queue size 0.17 1.00 

average  of queue size at the end of time  2.05 -1.00 
 

 
Figure 4: The use case diagram of the proposed system 
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(a) The overall main page                                       (b) The transport decision-making map 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

c) The transport tracking                           (d) The traffic density reporting 

 

Figure 5: The mobile application of the proposed system 
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5.3  The System Design 

According to Neng et al., (2010) the overall 

architecture of the proposed system can be shown in 

Figure 6. The system admin, truck drivers, and 

farmers can access real-time information with 

existing data. The system provides the initial 

username and password for all users according to the 

permissions for different personalities. Moreover, 

the system admin can access all areas of the user 

information and can set each permission level. Thus, 

each user can only use the business within their 

permissible limits. 
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Management

Back Product 

Management

Storage Space 

Management
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Network 
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Computer-

assisted 

Picking 

System
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Figure 6: The overall architecture of the logistics 

information system 

 

The proposed application is based on web browsers, 

which can be assessed by many types of smart 

devices such as smartphones, tablets, and personal 

computers respectively. The application has been 

designed with functionality in line with three groups 

of users: system admins, truck drivers, and farmers 

respectively. All functionalities of the application for 

mobile devices can be shown in Figure 5. The 

logistics management information system for the 

supply chain of lychee products in Phayao province 

can be founded and used on 

https://thdw.ict.up.ac.th/alo/Simulate.aspx for related 

users. 

 

5.4 Analyzing and Reporting Assessment Results 

The proposed system is evaluated by five 

functionalities: functional requirement, system 

design, performance, reliability, and usability. The 

assessment of the evaluation is carried out by Best's 

Law (Best, 1981). The score can be divided into five 

ranges: 1.00 to 1.49 for the below average, 1.50 to 

2.49 for average, 2.50 to 3.49 for above average, 

3.50 to 4.49 for good, 4.50 to 5.00 for very good. 

The total number of the sample is 145 people: 

logistic operators for 25 people and farmers for 120 

people (46 males and 99 females). 

For assessment of the functional requirement, 

Figure 7 shows that the farmers are highly satisfied 

with the System Control, but not satisfied with the 

Input Data.  
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4

User Interface
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Figure 7: The assessment of the functional 

requirement 

 

On the other hand, the logistic operators are most 

satisfied with both the Functionalities and the User 

Interface, but can't be satisfied at the System 

Control. The assessment of the system design can be 

shown in Figure 8.  
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Figure 8: The assessment of the system design 
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All farmers are very satisfied with the System 

Design, but are the least satisfied with the Work 

Process Design. In contrast, the logistic operators 

have a high level of satisfaction with the Database 

Design, but a low level of satisfaction with the 

Artistic Design respectively. Figure 9 shows the 

assessment of the performance. The assessment 

score of the Processing Accuracy is the highest, but 

the Reliability is the lowest for the farmers. On the 

contrary, for the logistic operators, the highest score 

of the assessment is the Comfortable to Use, but the 

lowest score of the assessment is the System 

Workflow. 
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Figure 9: The assessment of the performance 
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Figure 10: The assessment of reliability 

Figure 10 illustrates the assessment of reliability. 

The Real-time Services can offer the most 

impressive for both farmers and logistic operators, 

while the Speed Data Access Service and the Data 

Security provide the lowest impressive for farmers 

and logistic operators respectively. The assessment 

of usability can be shown in Figure 11. Farmers give 

the highest score of the assessment for the 

Transportation Decision Support, and the lowest 

score for the Report Accuracy. Conversely, the 

logistic operators have a maximum score of the 

assessment with the Logistic Management Support, 

but a minimum score with the Security Protection. 

From the summary of the system evaluation scores 

by farmers and logistics operators, it is found that 

they are most likely satisfied with the proposed 

system by rating the system in the range between 

3.20 to 4.20, which is a level above the average of 

about 2.5 in all sides of the functionalities. It shows 

that whether farmers or logistics operators are 

impressed by the overall installed system because it 

facilitates transportation and logistics from Phayao 

to Khun Ming. The authors of this research hope 

that the system will be able to develop on other 

important routes. As a result, this will benefit 

farmers and logistic operators in Thailand to 

transport lychee products with Phayao Province as a 

distribution point to various countries. The 

assessment results can be shown as follows. 
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Figure 11: The assessment of usability 

 

6. Conclusion 

The logistics management information system 

(LMIS) is presented in this paper. It facilitates the 

supply chain of lychee products of Phayao Province, 

Thailand. The major goal of this paper is to provide 

a management application for the farmers and 
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logistic operators in Phayao Province to compete in 

China's agricultural industry. The proposed system 

will provide a prediction of the real-time traffic 

congestion by using traffic data obtained by 

information from the Google Road Maps APIs on 

both R3A and R3B routes such as distance, road 

conditions, and traffic density. Anyway, some 

information needs to request from truck drivers by 

chatting on the proposed mobile application to a 

system administrator such as transportation safety 

and customs clearance. Therefore, this technique 

reduces the rots and spoilage of lychee products and 

increases income for both farmers and logistic 

operators. 

Moreover, the indirect advantage is that it can 

reduce business gas usage, resulting in lower air 

pollution from traffic congestion. As a result, from 

the proposed LMIS, both farmers and logistic 

operators are satisfied with the offered system, with 

the evaluated results over the average score of the 

assessment in all sides of the functionalities. 
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