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ABSTRACT

This article presents an analysis of the logistics management process capability of
agricultural products, a case study of Phayao Province, Thailand. It also provides the
development of logistic management information system for rice, lychee, longan, and
banana to replace the traditional logistics management system. Then, it presents a
comparative analysis of the capabilities between the traditional logistics management
process and the proposed logistics management process under the principles of the Six
Sigma methodology. This paper deploys the calculation of a Sigma level, which is based on
the number of Defects per Million Opportunities (DPMO), to prove the proposed system that
is better than the previous one. As a result, by surveying data from a sample of farmers and

logistics operators in Phayao Province, the process capability (ép)has increased from 0.67 to

1.33, which is clearly illustrated that the proposed system has better process capability than
a traditional system and has proven to be effective to reduce the transportation time, the
expenses, and the spoilage of agricultural products in the processes of the logistic system in
Phayao Province.
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Introduction

One of the main factors that enables
agricultural products to be of high quality and
be able to compete with traders in other
countries is having a good and efficient
logistics system. It will support both farmers
and logistics providers to deliver the
agricultural products to consumers on a
planned schedule and to fulfil existing
customer needs more  effectively. An
effective logistics system will enable farmers
or logistics operators to predict the quantity
of agricultural produce that consumers want
to purchase. This will allow farmers to plan
their harvest more effectively, reducing the
damage from the spoilage of agricultural
goods caused by the oversupply.

The Six Sigma Process has been
chosen for this research to create the
proposed logistics management system. By
this technique, the systems development has
to follow a five-step method, known as
DMAIC (Define, Measure, Analyze, Improve
and Control), for improving existing process
problems. By developing and designing the
logistics system according to the five phases
of the Six Sigma Process, it will reduce the
repetition and confusion of procedures,
resulting in the proposed logistics system to
be effective at a level that is accepted
worldwide (Mihnea-Dorin Bloj et.al., 2020).
With  biodiversity in Phayao  Province,
Thailand, the local farmers cultivate many
agricultural products such as rice, lychee,
longan, and banana. All agricultural products
are distributed and shipped by logistics
operators in the province using traditional
logistics systems that do not rely much on

information technology (IT) to support their

logistic processes. This research, therefore,
presents a modern logistics management
system, combined with the full potential of
T, to support farmers and logistic
entrepreneurs in Phayao Province to be able
to deliver agricultural products to the
destination on schedule efficiently.

The most important aspect in the
development of a logistics management
system is the collection of information in the
target area, then to be analyzed and create a
map. From a previous developed logistics
study, the authors found in many cases that
the old logistic system retrieves a low-
resolution map, so truck drivers were not
able to know the details of the route to
deliver agricultural  products  effectively.
Moreover, some existing logistics systems
retrieve satellite imagery displaying areas that
are not important. Hence, it causes a large
amount of data to be analyzed in the system
leading to the delay analysis and navigation
of the system.

The current theory in supply chain
management may cover all agricultural
production processes planning, implementing
and controlling procedures, transportation,
and storage of goods. All these processes will
be handled from the begnning of the
production of agricultural products to the
destination. They can be grouped into three
main  logistics: inbound  logistics,  internal
logistics, and outbound logistics respectively
(Joshi  Vijay, 2018). The decision support
system in the logistics management system is
used to support logistic operators to track the
conditions on the transportation routes in
real-time, then they can choose the best

route for delivering their agricultural products
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without delay. As a result, farmers can deliver
agricultural products to the customers in
time, reduce shipping cost of agricultural
goods to the destination.

One of the most effective and
competitive methods for farmers is to
provide farmers with useful information that
enables them to increase their crop
productions. This ~ will  increase  farmers'
income and improve the lives of
farmers.Thus, the application of information
technology by using the Internet to send all
necessary information to farmers is very
important (Hung Gia Hoang, 2020). Also, the
information technology combined with the
cultivation of agricultural products will reduce
the complicated and unnecessary processes
of farmers. It helps farmers know the kind of
their customer demands at the destination.
Therefore, they will be able to grow
agricultural products that meet the needs of
a target market. Farmers can  reduce
unnecessary costs during the cultivation
process and increase marketing efficiency
(Alavion, Allahyari, Al-Rimawi, & Surujlal,
2017). Nevertheless, the un-updated data
and the uncertainty in the agricultural market
are still a major condition for agricultural
entrepreneurs, especially in rural areas (Pham
C. N.,, 2018). Many pieces of research put
forward logistics distribution model to solve
this condition such as Aroca etal, 2017,
Amelec V., 2015., Viloria A. et.al,, 2018., Soca,
E.B. and El Trabajo, 2015., Vanyolos E, 2017.,
and Tortorella, 2017 respectively.

The purpose of this research is to
develop a logistics management process
capability of agricultural products based on
the Six Sigma Level theory to provide the

most complete logistics management system
for farmers and logistics operators in Phayao
Province. The proposed system is to prove
that it is more effective than the traditional
logistics systems used by farmers and logistics
operators in Phayao Province and is suitable
for replacement of existing traditional

systems.

Purposes
1. To analyze and develop the logistics
management system of agricultural products
for local farmers and logistics providers in
Phayao Province, Thailand.
2. To compare the traditional logistics
management process with the proposed

system

Benefit of Research

The logistics management
information  system is to reduce the
transportation time, the expenses, and the
spoilage of agricultural products in the
processes of the logistic system in Phayao
Province.The proposed decision support
system could relatively reduce logistics
expenses due to optimization of supply chain

management, especially local farmers.

Research Process

The proposed system is developed
based on the Six Sigma Steps, which has five
phases: Define, Measure, Analyze,
Improvement and Implementation, and
Control respectively.

First, the Define phase is to know
what the project is all about. To know the
project, the researchers must have sufficient

know-how about the process as well. Then,
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when knowing all system processes, the
researchers have insight into the causes of
inefficiency and  frustration  so  that
improvement plan could be made. A Process
Flowchart map or Standard Operating
Procedure (SOP) document should deploy to
assist this study drill-down into the processes.

Second, the Measure phase involves
more numerical studies and analysis of data
than the study in the Define phase. This
phase focuses on the validation of the
measurement system and the collection of
root causes.

Third, the Analyze phase of DMAIC
requires researchers to identify problems that
cause agricultural product defects in the
production process. This phase is loaded with
many tools to detect the problems in the
manufacturing process and determine if
these problems are the root causes of the
defects.

Fourth, the Improvement and
Implementation phase is where the
researchers get into the problem-solving
cycle, namely creating solutions, pilot the
process change as planned and collect data
from experiment to confirm a measurable
difference made. This phase is very difficult,
but provides great benefits. If all experiment
processes done correctly, they provide a
chance to create innovative and effective
solutions. Thus, it will provide a positive
effect on the baseline measure, create a
better process for both farmers and logistics
operators and better agricultural goods or
service experience for customers.

Finally, the Control phase involves
implementing the actual changes, updating

procedures and job instructions, retraining

both farmers and logistics operators on new
procedures, setting up the proposed system
in place to measure and monitor the new
process (J.P. Costa, etal, 2019; S. Krishna
Priya, et.al., 2020).

According to T. Yamane, this research
provides a Taro Yamane’s rule to collect and
analyze the data that is beneficial to the
development of the proposed logistics
management system (T. Yamane, 1973). For
the quality control of the developed
software, the authors follow Li and Fan's
method to determine how to develop
software based on the systems development
life cycle. This is necessary to create the
application of the proposed system (Li and
Fan, 2012). For the improvement and
enhancement of the proposed system, this
research follows all procedures presented by
K. Srinivasana, et.al. This research modifies
the rule of DMAIC to control errors and
unnecessary costs occurred in the system. It
relies on geographic statistics to point out all
mistakes that happen in the system.
Currently, many companies have applied the
DMAIC to control their quality of services to
the maximum satisfaction to customers
2014). Moreover,

Alexandra Teneraa and Luis Carneiro Pinto

(K.Srinivasana, et.al,,

have applied the Lean Six Sigma (LSS)to
increase the efficency of management
processes in system development by using a
Case Study based on a real enterprise
environment. Both the DMAIC and the LSS
have a similar process, which is only slightly
different in detail (Alexandra Teneraa and
Luis Carneiro Pinto, 2014). Lastly, Miller
provides the Activity-based Costing (ABC) to

reduce the cost of transportation of
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agricultural products by using historical data
to correct all mistakes causing the
unnecessary costs in  the transportation
(Miller, 1996). By using the ABC technique,
many cooperation can reduce trade costs
from transportation from the competition in
today's modern business world (Ishter Mahal,
Md. Akram Hossain, 2015).

Population and Sample

The purposive sampling technique
was employed by selecting the sample of
farmers and logistics operators who were
unsuccessful in farming business, by using
non-probability sampling (Boonchom, 2002).
The purposive sampling is 329 farmers and 50
logistics operators in Phayao Province, totally

379 samples.

Instruments

The fundamental problem-solving
approach is done by following the DMAIC
( Define-Measure-Analyze-Improve-Control) of
Six Sigma theory in order to reduce the
process Vvariation and improvement process

results.

Data Analysis
The aim of data collection from both

farmers and logistics providers is to develop

the logistics management system that has
been created to the highest quality and
standards. The proposed system is designed
and developed based on the Six Sigma
process. It can reduce mistakes in the system
development process based on statistical
information (K.Srinivasana, et.al., 2014). The
measurement process relies on the tree
diagram to measure the important values of
the proposed logistics management system.
It is also used to analyze the quality of the
process to find the most suitable value for
the system (Sittisak Prukpitikul, 2003).The
system indicator of the proposed system is
used for improving and developing the
system through the Process Output
Variable (KPOV), which consists of a
business indicator, a project indicator, and
a theme indicator respectively. The
proposed system will be evaluated by
users of all 10 topics: User Service, Control
and Security, Backup and Recovery, Fully
Function, User Interface, Speed and
Output, Usability, Easy Data Import,

and Data

Management. As shown in Figure 1,

Modern and Integration,

through the analysis of data, all evaluated

scores can be shown in the Pareto Charts

based on the Six Sigma Process standard.
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Figure 1 The Pareto Chart of the proposed system based on the Six Sigma Process standard

According to the Pareto Chart in
Figure 1, user satisfaction scores are sorted
in descending order (from left to right). In
other words, the User Service receives the
most user satisfaction, and the Data
Management receives the least user
satisfaction.

For the DMAIC evaluation process,
the data is collected in the system and is
interpreted by comparing the traditional
logistics system and the proposed system
based on the Baseline Sigma Quality
Principles. Then, the defect opportunities
of logistics management system will be

searched by four steps as follows: First,

DPMO =

the criteria weighting technique is used for
creating an indicator account. Second, a
check sheet is employed for collecting
information in the logistics process testing
(Kitisak  Ploypanichcharoen, 2005). Third,
from the information in a check sheet, it is
manipulated to seek all flaws and
mistakes in the processes. Fourth, the
analyzed information from the processes
based on baseline sigma is used for finding
the system mistakes, which is randomly
compared with the Defects per Million
Opportunities (DPMO). It can be obtained

from the following equations:

Defect Counted (1)

The Defects per Opportunity (DPO)
is @ metric that indicates the number of
defects in a process per opportunity. It is
calculated by the number of defects

divided by the number of opportunities.

" Unit Counted + Defect Opportunity

The DPO is an important value to
calculate the DPMO. It can multiply the
DPO by 1 million to receive the DPMP.
After that, the sigma level is indicated and
calculated from the number of both the
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solvable problems and the unsolvable

problems in the system.In the case of

_ >np
p= S

where Y np is the total number
of defect products, and Z p is the total

number of determine products.

The processing capacity in the
logistics management system is limited in
the analysis of various data based on the
variance that occurs for the measurement

of data from a sample. If this variance is

_USL-LSL
i 66

where USL is the upper

C

specification limit, and LSLis the lower
specification limit.

The Z benchmark methodology is
used to calculate the Six Sigma level to

estimate the searching performance all

p -1z

p 3 Bench

proposed logistics management
system is as efficient as an industry that is
accepted internationally. For the old
logistics ~ management  system, the
collected non-technical data is 65 times
that have found 15 errors and 5 defect
opportunity per one time. The DPMO s
46,153.85, the short term value is 3.20
siema, and the long term value is 1.70

sigma respectively. TheSigma Level is 20,

counted information, it can be calculated

from P proportion as:

2)

greater, it will result in slower processing.
The long-term process capability index,

A

Cp, of the proposed system can be
calculated from the specification limits
divided with the Six Sigma level, 66 . The

Cp can be calculated from the following

equations:

3)

information. It also can be wused to

calculated the Pp indicator, which is used

for evaluating the efficacy of the process.

It can be shown as:

(@)

the P proportion is 0.11538, and the ép

is less than 0.67.1t means that the
performance of the old logistics
management system is very low. The
results is shown in Table 1.

For the proposed logistics
collected
technical data is 1,850 times that have
found 9 errors and 12 defect opportunity

per one time. The DPMO is 405.41, the short

management  system, the
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term value is 4.80 sigma, and the long term
value is 3.30 sigma respectively. The Sigma
Level is 4o, the P proportion is 0.00486,
and the ép is equal or higher than 1.33. It

that the of the
proposed logistics management system is
the high standard. The

shown in Table 1.

means performance

results are also

Table 1 The comparative calculation of the DPMO, Sigma Level and Process Capability of

the traditional logistics management system and the proposed logistics management system

Process Capability
tern Process Capability of of the
the Traditional LMS Proposed Logistics
MIS
Defects Per Million Opportunities (DPMO) 46,153.85 67.57
Defects Per Million 45,500.124 63.372
Waste Proportion (P) 0.23076 0.00486
Defect Opportunity 0.05769 0.00243
Sigma Level 2 Sigma 4 Sigma
Process Capability (P,) 0.666666667 1.33333333
Process Capability Rate (ép) < 0.67 > 1.33
Process Capability Level Non-competitive Industry average
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Figure 2 The normal distribution of process capability and defects
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Conclusion and Recommendation and resources related to the cultivation of
This paper presented the analysis agricultural  products more effectively.
of the logistics management process Consequently, it helps them reduce
capability of agricultural products in unnecessary expenses and increase their
Phayao Province, Thailand. The proposed income that raises their living standards.

system was designed and created by using

the Six Sigma methodology, which was Acknowledgements
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