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Abstract

This research aims to develop proactive information system
architecture for medical communication to be used for proactive
communication between medical personnel and the general public. The
obtained results will be used for design and develop the proactive
information system architecture by using techniques for developing a
Multi-Tiered Client-Server Architecture with the structure of the computer
network system communicates between computers. The system will be

divided into two systems: 1) Proactive Search System serves to

search for proactive medical information and question taking place on
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the public website 2) Enquiry Management serves to record and store
medical questions and answers.

With researching about the proactive information system evaluation
for medical communications in term of effectiveness, we are found 621
questions through the internet on the public website between January
and June 2018. When compared to the same period on 2017, it is found
that medical questions increased by 43% and the performance evaluation
is the fastest and the most accurate in finding a medical question, and
the most satisfied in responding to medical questions. Therefore, the
proactive information system architectures for medical communication is
an architecture that helps to access medical questions and leads to the
proactive communication between medical personnel and general person,

patient and the patient's family, which can reduce the medical gap.

Keywords: proactive information system architecture, proactive medical

communication
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A Prototype of Reverse Vending Machine for Garbage Bank Project
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Abstract

In the present, plastic bottles and aluminum cans are used in
packaging consumption volume increasing. If there are no appropriate
separation process could become a solid waste pollution that affects the
environment very seriously. How to reduce air pollution from the waste,
such as reuse, or applied repeatedly called recycling, so as to modify the
value of the waste, and can increase revenue. The research team
therefore found ways to solve the problem by studying and collecting
information to develop the reverse vending machine for garbage bank
projects for support activities and raise awareness of good people in the
community to help prevent the waste problem that destroyed the

environment.

The results of the research showed that the reverse vending
machine for garbage bank project. Provides the ability to separate the
types of cans, small, medium, large, steel cans and plastic bottles.
Separation by taking the average overall was 99.60 percent thought
efficiency in compression can reduce the size of packaging, all types,

representing 54.33 percent average.
Keywords: Garbage, Reverse Vending Machine, Cans, Water Bottles.
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Abstract

The trend of the age proportion of the Thai population is completely
stepping into an aging society. One of the main problems is that the
elderly being left alone spend their lives to do daily activities difficultly
due to physical changes. For example, falls in the elderly are the most
common accidents. Therefore the objectives of this research are (1) to
develop an alarm and monitoring system for the elderly when the elderly
have an accident or injury, and (2) to develop a WiFi network inside
residences to bridge data communication between wireless sensing

devices and the Raspberry Pi board used as a main controller. The

15

wireless sensing devices used to detect abnormal and emergency
situations included a fall detector with an accelerometer, a motion
detector with a camera and a distance sensor, and an emergency push
button. When emergency situations were detected according to the pre-
defined conditions, i.e., falling or pressing an emergency push button, or
no motion within some time intervals, the Raspberry Pi board sent an
SMS to a caregiver automatically. The experimental results showed that
the intended objectives were achieved when the alarm and monitoring

system was tested in both simulation scenarios and real-world situations.

Keywords: Monitoring systems, alarm systems, the elderly, wireless

networks, falling
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Abstract

Manufacturing in today’s Glass Industry is rapidly changing as the
result of the intense competition in the market nowadays. The
organizations will have to be continuously developed in order to improve
the production especially in term of cost reduction and price to be more
competitive in the world market. This research aims to apply Lean Six
Sigma for the production process improvement. It consists of five basic
phases. The Define phase is the first phase of Lean Six Sigma. In this
phase, a problem statement was set that was to reduce the percentage
of non-conforming wine glass with non-flat at the bottom. The next one
is the Measure phase. The precision and accuracy of the measurement
system were analyzed. The third phase is the Analysis phase. To

investigate the root causes of the problem, the Physical phenomena —

22

Mechanism Analysis was applied. The following phase is the Improve
phase. The statistical techniques were used to determine the appropriate
levels of the process parameters that lead to the minimum number of
non-flat wine glass foot. The fifth phase is the Control phase. To ensure
the process being managed and monitored properly, the controlling
methods was proposed. As shown in the results, the percentage of non-
conforming products had been decreased from 3.20% to 1.73%, which it

is even lower than the target set.

Keywords: Wine Glass, Lean Six Sigma, P-M Analysis, Pressing
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a?’mﬁuuumznummaauqmmwmamﬂwﬂmaaLuﬁ@’ﬂ”’n Tagau This research was aimed to design inspection system of the rice
NIEUETAUIT Lﬁumisﬁ’mQﬂﬂitﬁ’ﬁ’sﬂuﬂ’ﬁﬁ’lUn’]WLﬁaaﬂé’numunm grain phenotypic quality, by using digital images combining machine
JUNIULB Uﬂﬂﬂﬂ?tﬂﬁiﬂ{UﬂEGﬂWWﬁJ a3 Lﬂ%aﬁﬁa%ﬂ’]i'ﬁﬂﬂﬁw K learning. The research methodology divided into two part were hardware,
Yazanaun waza i liiusmadsdagunsamnadiarmevesiaguuniw and software. The research objective was developed rice grain
fARAANUNTI 0.5 LIUALNAT 817 1.5 LTUALNAT FNTLITBNIA phenotypic quality inspection system prototype. Hardware development
enaw@Tmﬁﬁu‘lﬂlmﬁ”’]umiaf’]ai:uumqaaauqmnwwmmLuﬁwﬁ"rmwﬁl was created shooting device for reducing noise, and burden for improving
Iuvlmﬂ@‘hUmwﬁﬁﬁaNmumsﬁwjﬂjauﬂ‘%‘aﬁﬂs Lﬁaﬁﬂﬂﬁmunn@;u image quality before importing images into the process. And created
auLn msﬁmmg’m'ﬁnwaumﬁvtﬂﬂLﬂuﬁuﬁ’m’msgwu TBINITNIN geometric reference ruler to define the object size on the image, set to
WD W 2559 WU MIUBNIERILAAT AN width of 0.5 centimeters, length of 1.5 centimeters. Software

landvsunmiaslaissdndasiuansmdeinilwswunsnumell  development was to created system to check the rice grain phenotype
m’mﬂmmﬂﬁauﬁ'&@“fi‘mm@ﬁuaaﬁ’;iJmLild’]LLa:i:‘mJﬁaaleJlJ quality by using digital images combined with machines learning for

classifying rice grain quality group according to the Thai jasmine rice
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standard product criteria under the Ministry of Commerce 2016. The
research found that, the classification between the full rice grain and the
stomach egg rice grain with only a small amount of egg contents was
only characteristic that makes the discriminant characteristics of both

naked eye specialist and the system designed.

Keywords: Grain quality of rice grain, Rice grain phenotype, Digital

Images, Machine learning
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Abstract

This research aims to examination and analysis of cybernetic
paradigms, development of a new cybernetic-based adventure game and
evaluation of the result of prototype games under the usability testing
framework. The sample group consisted of game experts (designers,
developers, computer graphics) traffic experts, experimental pilot studies
and the game testers. The research tools included the following list:

specialist interview questions, the prototype game developed from the

41

synthesis, the prototype game developed from cybernetic paradigms, and
performance appraisal form. The results were divided into, a simple linear
regression analysis could be adapted to utilize with cybernetics in
assessing a player’s ability, applied artificial intelligence (Al) to a player’s
abilities to create an engagement. Secondly, the development of a new
adventure game based on cybernetics helped get a player rating system
to adjust the difficulty of the game according to a player’s abilities, the
evaluation results of the prototype game under the usability testing
framework were overall positive, with a point average 4.07 which meets

the objective fulfillment.

Keywords: A new approach to game development, cybernetic paradigm,

game engagement.
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Abstract

Forecasting and Purchasing Planning for Shelf Life-Limited
Instruments Equipment Spare Parts with a case study of company,
purchasing spare parts from factories by selecting a forecasting method
and applying a mathematical model. The purposes of this research are
to improve the inventory quantity to be suitable for customers’ demand,
to reduce holding cost and to minimize the total inventory cost. In the
past, the company operations didn’t have purchasing planning strategy
in the case study, the purchasing would be ordered when the inventory
level is O that result shortage spare parts sometimes and the company
had the policy about the spare parts with a limited 5-years lifetime. There
were 17 items or 80% of total expired spare parts value that would be
taken for forecasting and purchasing planning in this case study. We
propose a new strategy about applying a mathematical model for
purchasing planning spare parts that minimize the total inventory cost by
using a new safety stock (SS) and customers’ demand that is the most
accurate forecasting method with the lowest Mean Absolute Deviation
(MAD) from 5 forecasting methods: 1) Moving Average, 2) Single
Exponential Smoothing, 3) Double Exponential Smoothing, 4) Holt-
Winters Smoothing, 5) Monte Carlo Simulation. From experiments, 17
items of the spare parts were the most suitable with Moving Average,
Single Exponential Smoothing and Double Exponential Smoothing
Method. In addition, this study calculated the new safety stock level at
95% confident level for new purchasing planning next year. Finally, The
results of this study were found that the mathematical model for
purchasing planning spare parts, could prevent the inventory shortage,
reduce holding cost and minimize the total inventory cost from the current
purchases of all items by 8,384,223 baht or decrease the average cost

of 493,189.59 baht/year that is 17.55%

Keywords: Forecasting, Purchasing Planning, Inventory Control,

Mathematical Model, Cost Minimization
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I. INTRODUCTION

Inventory or raw materials is an important factor for business
operation. In general, industrial factories stock about 10,000 —
50,000 lists of inventory. Therefore, to control the inventory
effectively, the organizations have to know each inventory list [1][2].
If the management is improper; the negative effects might be on
different parts of business operations such as production
interruption because of material shortages, leading to a delay in
deliveries and customers’ dissatisfaction. As a result, forecasting
and purchase planning is an option to minimize inventory cost for
expired inventory, and to reduce loss of opportunity to provide

customer service as well.

The industrial company for this case study was in business of
production and distribution of measuring tools to industrial factory
that imported spare parts from Japan and was a distributor. There
are 2 methods of measuring tool production: make to order and
make to stock. Make to order is the production according to
customers’ demand, whereas make to stock is the production for
later distributing to customers. But In present, the company in this
case study operated to sell the spare parts that is “make to stock”
which was not suitable to customers’ demand and amount of spare
parts were over customers’ demand. There were a lot of expired
spare parts in the warehouse and these expired items were
destroyed because of the company policy determined to destroy
all expired spare parts from inventory when the spare parts of
inventory have 5-years lifetime. Some raw material of spare parts
has limit lifetime or technology of production has to be developed.
This effect makes the company lose too much inventory costs and
opportunity to invest money on other beneficial activities. In 2016,
27.38% of spare parts was expired or destroyed as shown in

Fig. 1.
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4,000,000 [ Expired Spare
Parts
2,000,000

[ | | | | |

2012 2013 2014 2015 2016 Year
27.09% 25.03% 27.44% 25.45% 27.38%

Fig. 1.  Amount of spare parts was expired or destroy in 2012 — 2016

According to the above analysis of problems from previous
studies, it is necessary to have comparative forecasting to find the
best way to confirm the details. Time Series Forecasting [3] was
used to compare Monte Carlo forecasting [4] and planning for
purchasing inventory with limited lifetime. In this case uses the Lot
Sizing Problem of Wagner and Whitin’s method [5]-[9] for optimizes
cost by linear programming. This problem will be used for solving

minimize total cost.

Therefore, The process of this research as shown in Fig. 2,
that studied 5 forecasting method to demand forecasting from
customers’ orders quantity in past of make to stock production in
order to analyze the demand and orders quantity in the future. In
addition, this study calculated the new safety stock level at 95%
Service level for purchasing planning on next year. After that, the
mathematical model was applied to plan the purchase of spare
parts or determine the proper purchasing quantity and minimize
the total cost of spare parts: ordering cost, holding cost, and

shortage cost.

Find about 5 Calculate Apply Math
Forecasting New Safety Model for
Methods Stocks Minimize
Total Cost
—
N

> o

Fig. 2. The process of this research

Il. OBJECTIVES
The main objectives of the study are as follows.
1. To improve the volume of the inventory storage suitable
for customers’ demand in past by using demand

forecasting method.

2. To plan and determine the order quantity of spare parts on
measuring tools with limited lifetime by using the

mathematical model.

3. To minimize the total inventory cost of shelf life-limited

spare parts at least 15%

Ill. RESEARCH METHODS

A. Problem analysis and data collection

The data from January 2012 to December 2016 were collected
according to spare part categories and Pareto Graph Plot [10]. Fig.
3 shows that the mostly expired spare parts or destroy (80%) was
on 17 items of all 54 items which was spare parts most important
which was not suitable to customers’ demand and impacted on
higher cost from determine higher price thus the company wasted

the investment and sales benefits.

In 2017, the manager director of the company decided to
cancel about storage of spare parts. This result was inadequate

spare parts at times or shortage cost.

This research analyzes spare parts all 17 items as shown in

Fig. 3.

Fig. 3. Pareto chart for average costs of expired spare parts in 2012 — 2016

B. Notation

The following notations are used throughout this research in
forecasting method, calculated the new safety stock and the
mathematical formulation:

Ft Forecasted value in period t

Level estimated value in period t

S

Number of forecasting period

o =

Trend estimated value in period t

w

Season estimated value in period t
Demand value in period t

Period for season
Smoothing constant

Weighted smoothing for trend

Weighted smoothing for season

~ % RQ °>

Time period with t =1, 2, 3,....,1 (month)



SS  Safety Stock

Z, Service standard level ¢

o, Standard deviation of lead time for spare parts

o4 Standard deviation of spare parts demand
Lead time for spare parts

X Order quantity of spare parts in period t

Yt Order indication with order = 1, no order = 0

Total cost (baht)

U Price per a spare part (baht)

S Cost per inventory purchase (baht)

H Cost for inventory storage in period (per piece)
|1 Quantity of ending inventory in period t

Rt Quantity of received inventory in period ¢

D Quantity of demand for spare parts in period ¢

MAX The number of the maximum order per time

M
Where: (0<a <1),(0<y<l)and (0<5<1)

Maximum number

Both ¢ and )/ parameters of this research obtained from
result ARIMA optimal in Minitab program, N parameter was used
with all forecasting method that is 1 = 12.

C. Forecasting Methods

This present paper studied the customers’ demand in past
about spare parts model SVP01 for demand forecasting make to
stock in the future. Five methods were used, namely 1) Moving
Average, 2) Single Exponential Smoothing, 3) Double Exponential
Smoothing, 4) Holt-Winter's Smoothing, and 5) Monte Carlo
Simulation. This research predicted the order demand for 12
months in advance with the first 4 forecasting methods by using

Minitab Version 17.

1) Moving Average Method:

e _(A+AFAL L HA L)

t+1 T
n

(1)

2) Single Exponential Smoothing Method:

F=F.+ta(A;-F.) @)

3) Double Exponential Smoothing Method:

F.,=/ +nb

Li=aA+Q-a)(l,+b,)

@)
(4)
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bt :7(€t _€t71)+(1_7)b171

4) Holt Winter’s Method:

Additive
Ft+n = Zt + nq + St+n—p (6)

EI = a(A - SH) + (1_05)(&-1 +bt-1)
bt = 7(& _‘”’t—l) +(1- 7)bt—l

St = 5(At_£t) + (1_5)St—1
Multiplicative

Ft+n = (et + nbt)st+n—p

Li=a(A1S,. )+A-a)(l,+b,)

b=yl —£ ) +@A-y)b,
S, =0(A/1)+(@1-95)S,,

(10)
(an
(12)
(13)

5) Monte Carlo Simulation Technique:

This technique is the repeated random sampling method to
form mathematical model data, resulting in cost solving the
problem of controlling cost in the inventory by using Microsoft Excel
Program to apply Monte Carlo Simulation Technique as shown in
TABLE I.

RN = Random Number

TABLE I. APPLICATION EXAMPLE OF MONTE CARLO SIMULATION
TECHNIQUE

x frequency f(x) F(X) Range of RN

0 2 0.03333  0.00000 0.03333  0.00000 <RN< 0.03333

1 1 0.01667 0.03333  0.05000 0.03333 <RN< 0.05000

19 3 0.05000 0.95000 1.00000 0.95000 <RN< 1.00000

After data was collected for 5 forecasting methods and
selected the results of experiment from comparing the most
accurate forecasting method with the lowest Mean Absolute

Deviation (MAD).

6) Calculation of Mean Absolute Deviation (MAD):

This research used Mean Absolute Deviation (MAD) which is
the technique for measuring precision to solve the problem of
average error calculation considered differently from real sales and

real forecasting regardless of symbol.

1 n
MAD=HZ|A—E| (14)
t=1
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D. Calculation of safety stock level (SS )

All spare parts of the factory used in the case study possessed
constant lead time so if the spare parts demand is unstable, the
lead time will be constant. The safety stock will be calculated at

95% Confidence level.

SS=7,0, (15)

Ou ZO'd\/E

(16)

E. Purchasing planning with a mathematical model

Wagner and Whitin’s mathematical model was applied to
calculate in the future order quantities of spare parts by using the
previous demand data, to minimize the total cost of inventory, and

to reduce the problem of shortage cost with the following equation.

T T
MINTC =Y UX, + > (SY,+HI,) (7
t=1 =1
Subject to
It: It—1+Rt_Dt , Vi (18)
X, =R ; V1 (19)
X, <MY, , Vi (20)
Y, =0or1 VA (21)
l, >SS ; V1 (22)
I < MAX ; Vit (23)

In the formulation above, the objective function (17) represents
the main objective to minimize the total inventory cost of
purchasing. Constraint (18), the quantity of the ending inventory in
period t is the same as the quantity of the previous one (|H ),
increases the order quantity of the arrival inventory (Rt ), and
reduce the demand quantity of the inventory in period t (Dt )-
Constraint (19), the spare parts order has a one-month lead time.
Constraint (20), if there is an order of the spare parts (X, >0),
Y, variable which equals 1. Constraint (21), the decision variable
of a spare parts order is 0 or 1 in each period. Constraint (22), the
inventory quantity is higher than or equal to the safety stock (SS
). Constraint (23), the quantity of each inventory order is lower than

or the equal to the maximum inventory ( MAX ).
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IV. RESULT AND DISCUSSION

A. Forecasting findings

The raw data of previous 17 items on spare parts demand from
2012 to 2016 as shown in TABLE II. Those was forecasted with 5
forecasting methods: 1) Moving Average, 2) Single Exponential
Smoothing, 3) Double Exponential Smoothing, 4) Holt Winters

model, and 5) Monte Carlo Simulation.

TABLE Il. THE RAW DATA OF 17 ITEMS ON SPARE PARTS DEMAND
FROM 2012 TO 2016

Iltem Year Model 1 2 3 4 5 6 7 8 9 10 11 12 Sum
2012 s o 10 1 10 1 12 2 s 19 2 6 16

2013 10 12 1 7 2 16 13 10 0 12 3 11 97

1 2014 SVPO1 10 20 8 5 4 13 7 15 18 6 1 3 110
2015 o 16 3 9 4 1 10 o 7 8 1 14 9

2016 9 6 16 10 7 16 0 12 17 6 1o 15 124
Average 94 126 76 64 54 134 84 78 10 102 7 98 108

2012 7 4 13 s 10 12 u 5 15 10 9 14 s

2013 12 13 10 0 8 12 14 9 15 18 12 13 136

2 2014 sV 19 10 15 17 16 19 12 15 7 0 6 8§ 144
2015 213 10 6 4 n s 19 17 1 10 5 1%

2016 I8 10 7 1 16 12 9 12 15 4 10 5 129
Average 136 10 11 84 128 132 122 12 138 66 94 9 1

2012 13 7 10 12 11 9 13 8 9 12 11 10 125

2013 13 8 7 12 11 13 10 16 15 16 9 16 146
3024 svP3 3 10 17 137 6 10 17 13 8§ 10 16 130
2015 5 18 14 10 14 12 148 7 9 9 4 13

2016 s o116 153 10 9 4 12 10 14 112
Average 9 9.6 122 12,6 11.6 8.6 114 11.6 9.6 114 9.8 12 1294

2012 9 14 11 15 12 8 14 10 9 12 15 16 145

2013 5 12 7 s 128 1o 15 12 9 1 137

4 2014 sVP4 14 8 4 7 5 13 9 15 s 1 14 1o 128
2015 s 3 12 7 9 13 u s 1 7 11 9 9%

2016 o4 7 2 u 9 1B s 9 12 1 7 15
Average 112 8 112 9.6 104 11 11 102 84 10.8 12 106 1244

2012 w7 12 9 s 2 10 0 1 9 16 12 15

2013 s s 14 15 0 11 9 2 10 8 6 107
52014 svRos 16 1 9 12 14 14 10 7 13 14 3 1 14
2015 5 2 8 19 14 10 16 s 12 15 10 7 13

2016 19 9 11 14 16 8 10 7 11 15 12 8 140
Average 124 54 9 13.6 14.8 6.8 114 8.4 114 12.6 9.8 8.8 124.4

2012 o0 14 4 6 19 10 9 13 1 8 7 112

2013 o 10 16 19 4 18 14 12 7 1 15 18 15

6 2014 sv6 9 6 18 3 10 12 7 8§ 11 10 16 4 14
2015 14 12 1 9 8 14 6 11 4 10 6 2 97

2016 16 8 8 4 2 17 10 7 0 11 9 11 103
Average 118 92 114 78 6 16 94 94 7 86 108 84 1158

2012 6 2 19 12 8 1 14 10 7 14 12 9 14

2013 o 13 16 12 9 18 13 s 10 12 9 131

7 2014 sve7 16 1 17 0 1 15 18 13 12 7 17 10 137
2015 6 11 9 16 8 14 15 11 15 14 8 10 137

2016 5 19 13 16 14 8 14 7 1 10 15 16 152
Average 94 108 122 12 86 114 158 108 106 11128 108 1362

2012 7 s 13 10 u 12 9 14 13 1 6 1 120
2013 08 12 17 16 1 14 18 10 9 14 15 154

§ 2014 SRS 6 11 10 8 14 16 19 7 14 1 5 16 137
2015 11 13 7 14 15 16 11 14 10 17 8 16 152
2016 28 13 12 6 10 1 13 9 5 1o 13 12
Average 92 96 11 122 "124 " 13 Ti2s T132 "112 04 D86 T34 137

2012 5 10 s 12 13 12 1 14 15 12 16 15 147
2013 18 17 11 15 14 12 8 10 11 9 12 7 144

9 2014 SVPO 13 11 10 12 8 1 14 15 13 9 10 13 13
2015 14 12 10 11 15 12 8 14 10 7 9 11 133
2016 308 15 12 4 10 13§ 4 12 1 7 13
Average 134 116 108 124 128 114 108 122 126 98 116 106 140

2012 2 1 o1 10 9 18 12 13 18 119 16 155
2013 6 10 s 13 13 18 137 15 9 1 2 I»

10 204 DICOL 10 1 18 12 1 14 2 11 2 6 18 1 106
2015 9 18 6 9 1 17 1 s 19 15 17 12 139
2016 o3 149 1 7 15 1 s 10 13
Average 96 106 9 114 96 152 10 86 138 104 126 82 129

2012 o 15 18 14 12 7 o0 18 18 9 s 15 14
2013 > w127 13129l 1 10 12

11 2014 DIC02 12 14 11 8 15 18 16 17 9 11 7 16 154
2015 412 10 16 15 7 1 15 19 12 1 6 14
2016 9 16 15 12 11 10 14 4 10 11 12 12 136
Average 74 136 136 122 13 98 108 132 13 106 98 118 1388

2012 8 9 15 11 14 16 12 14 9 13 16 10 147
2013 2B oW 12 9 20 2 16 18 20 16 18

12 2014 DIC03 15 9 14 12 13 17 11 8 14 14 10 6 143
2015 o6 12 10 13 128 1413 10 14
2016 215 4 14 9 13 10 11 12 8 10 7 125
Average 116 11§ 126 122 16 13 132 134 118 134 138 95 1432

2012 6 9 8 1 15 12 19 8 12 14 10 13 147
2013 18 08 7 12 15 10 9 16 15 11 1§ 19 158

13 2014 DICA 10 16 22 17 15 19 16 14 12 16 17 10 184
2015 o166 15 12 10 13 14 9 15 12 16 11 157
2016 41315 12 16 14 12 14 15 13 1 9 I
Average 144 124 134 128 142 136 14 122 138 132 144 124 1608




Item Year  Model 1 2 3 4 5 6 7 8 9 10 11 12 Sum
2012 14 15 13 9 14 12 8 15 11 10 14 12 147
2013 17 11 16 14 18 16 14 12 10 15 14 16 173

14 2014 DICO05 18 17 22 19 10 17 15 18 14 16 9 11 186
2015 15 11 13 10 7 18 14 16 12 10 14 15 155
2016 17 10 13 7 16 10 14 11 15 16 13 8 150

Average 162 128 154 11.8 13 14.6 13 144 124 134 128 124 1622
2012 14 3 7 13 14 6 8 14 9 10 15 5 118
2013 19 14 9 10 15 12 3 8 19 20 11 9 149

15 2014 DIC06 10 7 18 1 12 7 11 2 20 12 6 9 115
2015 10 8 10 10 4 15 8 20 5 19 14 1 124
2016 10 15 12 2 4 12 10 16 14 11 12 10 128

Average 12.6 94 112 7.2 9.8 104 8 12 134 144 116 68 1268
2012 16 12 13 8 2 17 18 14 13 16 10 3 142
2013 11 18 7 18 13 12 17 11 16 8 15 14 160

16 2014 DICO7 12 16 7 20 16 19 22 17 18 16 10 8 181
2015 16 11 13 12 10 15 12 11 9 15 11 10 145
2016 13 16 14 13 16 8 16 11 9 10 12 11 149

Average 136 146 108 142 114 142 17 12.8 13 13 11.6 92 1554
2012 11 15 13 11 5 10 7 12 15 1 4 13 117
2013 10 7 8 11 4 19 14 5 8 6 9 7 108

17 2014 DICO7 19 2 9 17 16 11 10 18 16 4 5 19 146
2015 9 14 16 3 12 12 14 8 9 5 10 14 126
2016 11 14 10 9 4 12 16 6 12 14 13 8 129

Average 12 104 112 10.2 8.2 12.8 12.2 9.8 12 6 8.2 122 1252

3 forecasting methods: 1) Moving Average, 2) Single

Exponential Smoothing, 3) Double Exponential Smoothing were
calculated with Minitab Program Version 17. 2 forecasting
methods: Holt Winters and Monte Carlo Simulation methods were
used solver with Microsoft Excel Program. The method of
forecasting the evaluation was suitable for measuring the
differences of actual data and the results were calculated with
Mean Absolute Deviation (MAD). The lowest deviation is the more
suitable the forecasting method. But Holt Winters method found
delta parameter for 17 items or all items that is 0. So, this data can
not use forecasting with Holt winter method because these items
don’t have seasonal data. The resulting summary of 4 forecasting

methods are shown in Fig 4 and Fig. 5.

MEAN ABSOLUTE DEVIATION ; MAD

= Moving Average  *Single Exponential Smoothing % Double Exponential Smoothing = Monte Carlo Method
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MAD ERROR
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0.0000

SVP02 SVP03 SVP04 SVPOS SVP09
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SVPO7 SVP08

Fig. 4. The comparative results of forecasting error model SVP01 to SVP09
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Fig. 5. The comparative results of forecasting error model DIC0O1 to DIC08
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So The suitable forecasting method for 17 items, the Moving
Average method is suitable for SVP01, SVP02, SVP08, DICO1,
DIC02, DICO03, DICO05, DIC07, DIC08 while the Single Exponential
Smoothing method is suitable for SVP03, SVP04, SVP07, SVP09,
DIC04 and the Double Exponential Smoothing method is suitable
for SVP05, SVP06 and DIC06 as shown in TABLE IIl.

TABLE Ill. THE RESULT METHOBS
Item Model Result Method When n=? or alpha=?

1 SVPO1 Moving Average n=12

2 SVP02 Moving Average n=12

3 SVP03 Single Exponential Smoothing alpha=0.01

4 SVP04 Single Exponential Smoothing alpha=0.08

5 SVPO05 Double Exponential Smoothing alpha = 0.49, gamma = 0.05
6 SVP06 Double Exponential Smoothing alpha = 0.49, gamma = 0.06
7 SVP07 Single Exponential Smoothing alpha =0.03

8 SVP08 Moving Average n=12

9 SVP09 Single Exponential Smoothing alpha=0.27
10 DICO1 Moving Average n=12
11 DIC02 Moving Average n=12
12 DIC03 Moving Average n=12
13 DIC04 Single Exponential Smoothing alpha =0.03
14 DICO05 Moving Average n=12
15 DIC06 Double Exponential Smoothing alpha = 0.58, gamma = 0.04
16 DICO7 Moving Average n=12
17 DICO8 Moving Average n=12

#%% Alpha and Gamma were got from ARIMA of MINITAB 17

The forecasting method with the lowest Mean Absolute
Deviation (MAD) was Moving Average. It can be concluded that
this method is suitable for forecasting the suitable quantity of 17
items. In addition, the average demand of 17 items in the next 12

months was forecasted as shown in TABLE IV.

TABLE IV. THE RESULT OF FORECASTING

Product Forecast in 2017 (pcs/month)

Item Model 1 2 3 4 5 6 7 8 9 10 11 12
1 SVPO1 11 1 11 11 11 11 1 11 11 11 11 1
2 SVP02 11 1 11 11 1 11 1 11 11 1 11 1
3 SVP0O3 11 1 11 11 11 11 1 11 1 11 11 1
4 SVP04 10 10 10 10 10 10 10 10 10 10 10 10
5 SVP05 11 1 1 1 1 11 1 1 10 10 10 10
6 SVP06 10 10 10 10 10 10 1 11 11 11 11 11
7 SVPO7 12 12 12 12 12 12 12 12 12 12 12 12
8 SVP08 11 1 11 11 11 11 1 11 11 11 11 1
9 SVP09 11 11 11 11 11 11 11 11 11 11 11 11
10 Dico1 11 1 1 1 1 11 1 1 1 11 11 1
11 DIC02 12 12 12 12 12 12 12 12 12 12 12 12
12 DIco3 11 1 1 1 1 11 1 1 1 1 11 1
13 DICo4 13 13 13 13 13 13 13 13 13 13 13 13
14 DIC0S 13 13 13 13 13 13 13 13 13 13 13 13
15 DIC06 11 1 11 1 1 11 1 11 1 11 11 1
16 Dico7 15 15 15 15 15 15 15 15 15 15 15 15
17 Dicos 11 1 11 1 1 1 1 11 1 1 1 1

B. The current inventory orders

According to the actual orders of all items in 2017 as shown in

TABLE V.
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TABLE V. THE ACTUAL ORDERS OF ALL ITEMS IN 2017

Product Acutal Demand in 2017 (pcs/month)

Item Model 1 2 3 4 5 6 7 8 9 10 11 12
1 SVPO1 11 8 14 12 14 10 9 15 10 10 11 7
2 SVP02 9 15 12 7 10 11 9 14 8 10 12 10
3 SVP03 15 10 7 12 10 15 9 11 12 8 9 10
4 SVP04 10 15 16 8 12 10 14 11 6 11 10 0
5 SVP05 12 11 9 7 10 8 9 14 16 11 10 5
6 SVP06 5 15 10 11 9 7 12 10 9 13 10 11
7 SVPO7 10 12 9 14 11 8 9 12 10 13 10 7
8 SVP08 5 14 10 14 12 11 8 15 9 8 11 6
9 SVP09 7 9 12 12 10 8 14 11 10 7 18 8
10 DICO1 0 12 8 15 10 12 11 7 13 12 9 4
11 DIC02 11 9 10 14 15 9 12 12 14 10 11 8
12 Dico3 10 15 11 9 10 11 12 10 14 11 7 5
13 DIC04 10 12 14 14 11 8 12 10 11 14 18 9
14 DIC0S 7 12 10 13 15 9 12 12 10 13 11 0
15 DIC06 5 16 11 9 14 10 11 15 20 12 14 8
16 DIco7 7 14 16 10 12 12 15 10 11 16 8 14
17 DIC08 5 15 12 11 16 14 10 11 20 12 9 10

The details of cost or amount spare
shown in TABLE VI.

parts in the current as

Example of 2 items that is model SVP0O1 and model SVP02.
Model SVPO01, the unit cost is at 26,240 baht per unit, the ordering
cost is at 9,500 baht per order, the holding cost is at 656 baht of
the unit cost per month (the holding cost is at 30% of the unit cost
per year in the company is calculated for the inventory price) and
the average shortage costs is at 150,000 baht per time from
delayed delivery, lack of confidence and other. The safety stock is

0 pc and the maximum inventory storage is 25 pieces per month.

And model SVP02, the unit cost is at 22,600 baht per unit, the
ordering cost is at 9,500 baht per order, the holding cost is at 565
baht of the unit cost per month. The safety stock is 0 pc and the

maximum inventory storage is 25 pieces per month.

TABLE VI. THE DETAILS OF ALL ITEMS IN THE CURRENT
Unit : Baht
2016
Item Model
Ss Max  InvBegin.  UnitCost  Ordering Cost Holding Cost
1 SVPO1 0 pcs 25 pes 25 pes 26,240.00 9,500.00 656.00
2 SVP02 0 pcs 25 pes 20 pes 22,600.00 9,500.00 565.00
3 SVP03 0 pes 25pcs  22pcs 22,360.00 9,500.00 559.00
4 SVP04 0 pes 25 pes 24 pcs 22,350.00 9,500.00 558.75
5 SVP05 0 pes 25 pcs 22 pcs 21,600.00 9,500.00 540.00
6 SVP06 0 pes 25 pcs 20 pcs 20,650.00 9,500.00 516.25
7 SVPO7 0 pcs 25 pes 22 pes 20,395.00 9,500.00 509.88
8 SVP08 0 pes 25 pes 24 pes 18,600.00 9,500.00 465.00
9 SVP09 0 pcs 25 pes 25 pes 18,250.00 9,500.00 456.25
10 DICO1 0 pcs 35 pes 32 pes 13,360.00 7,750.00 222.67
11 DIC02 0 pcs 35 pes 30 pes 15,815.00 7,750.00 263.58
12 DIC03 0 pcs 35 pes 28 pes 14,600.00 7,750.00 243.33
13 DIC04 0 pcs 35 pes 30 pes 15,250.00 7,750.00 254.17
14 DICO0S 0 pcs 35 pes 35 pes 13,200.00 7,750.00 220.00
15 DIC06 0 pcs 35 pes 25 pes 11,750.00 7,750.00 195.83
16 DIC07 0 pcs 35 pes 26 pes 11,670.00 7,750.00 194.50
17 DIC08 0 pes 35 pes 34 pes 10,350.00 7,750.00 172.50

*** Holding cost parameter was used this research, The cost that represents all
the costs associated with the storage of the inventory unit it is sold or used that
is at 30% of the unit cost per year in the company is calculated for the inventory

price.
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*** Shortage costs is at 150,000 baht per time from delayed delivery, lack of

confidence and other.

But this research has calculate new safety stock level for 17
items when the demand is unstable but the lead time is constant
at the fixed confidence level (CI=95%) of equation (15) and
equation (16) as shown in Fig. 6, it was found that the new safety
stock of all items. That model SVP01 is 9 pieces and model SVP02

is 8 pieces. So, The details of all items as shown in TABLE VII.

SAFETY STOCK

-

Quantity (pcs/month)
oCRNWAOON®©OO

SVP01/SVP02|SVP03|SVP04|SVP05|SVP06|SVP07|SVPO8|SVPO9| DICO1| DICO2| DICO3| DIC04 | DICOS| DICO6| DICO7 DICO8
=SS| 9 8 7 6 8 8 8 6 5 8 7 6 6 6 9 7 8

Fig. 6 New safety stock for all items

TABLE VII. THE DETAILS OF ALL ITEMS FOR NEW PURCHASING
PLANNING
Unit : Baht
2017
Item Model
SS Max  Inv Begin.  Unit Cost Ordering Cost  Holding Cost
1 SVPO1 9 pes 25 pes 25 pcs 26,240.00 9,500.00 656.00
2 SVP02 8 pcs 25 pes 20 pcs 22,600.00 9,500.00 565.00
3 SVP03 7 pes 25 pes 22 pcs 22,360.00 9,500.00 559.00
4 SVP04 6 pcs 25 pes 24 pcs 22,350.00 9,500.00 558.75
5 SVP05 8 pcs 25 pes 22 pcs 21,600.00 9,500.00 540.00
6 SVP06 8 pes 25 pes 20 pcs 20,650.00 9,500.00 516.25
7 SVPO7 8 pcs 25 pes 22 pcs 20,395.00 9,500.00 509.88
8 SVP08 6 pcs 25 pes 24 pcs 18,600.00 9,500.00 465.00
9 SVP09 5 pcs 25 pes 25 pcs 18,250.00 9,500.00 456.25
10 DICo1 8 pcs 35 pes 32 pes 13,360.00 7,750.00 222.67
11 DIC02 7 pes 35 pes 30 pcs 15,815.00 7,750.00 263.58
12 DIC03 6 pcs 35 pcs 28 pcs 14,600.00 7,750.00 243.33
13 DIC04 6 pcs 35 pes 30 pes 15,250.00 7,750.00 254.17
14 DICO05 6 pcs 35 pes 35 pes 13,200.00 7,750.00 220.00
15 DIC06 9 pes 35 pes 25 pcs 11,750.00 7,750.00 195.83
16 DICo7 7 pes 35 pes 26 pcs 11,670.00 7,750.00 194.50
17 DIC08 8 pcs 35 pcs 34 pes 10,350.00 7,750.00 172.50

This research analyzes spare parts all 17 items but this paper
will show the process experiment of spare parts 2 items that is
model SVP01 and model SVP02. Those are samples because they
were most valuable of all expired spare parts and other 15 items

were experiment as same as model SVP01 and model SVP02.

The inventory purchase of model SVPO1 in the current year
2017 reveals the real purchasing demand, as presented in the D,
column in TABLE VIII. The total cost of this inventory order is
3,952,112 baht: 38,000 baht of ordering cost, 3,253,760 baht of
item cost, 60,352 baht of holding cost, and 600,000 baht of 4

shortage costs.



TABLE VIIl. PURCHASING OF MODEL SVP01 IN THE CURRENT
ol | [ Unitcost_Tz6210]
} [svPo1[Ordering costl 9,500 |
Holding cost [ 656 | h 03
It Ordering | Item | Holding |shortage )
Month( Dt Xt Rt |Yi| M 25 SS | MAX Cost Cost Cost Cost °
1 11 0 0 0 0 14 0 25 0 0 9,184 0 9,184
2 8 0 0 0 0 6 0 25 0 0 3,936 0 3,936
3 14 33 0 1 (100000 -8 0 25 9,500 | 865,920 0 150,000 (1,025,420
4 12 0 33 0 0 13 0 25 0 0 8,528 0 8528
5 14 26 0 1 (100000 -1 0 25 9,500 682,240 0 150,000 | 841,740
6 10 0 26 0 0 15 0 25 0 9,840 0 9,840
7 9 0 0 0 0 6 0 25 0 3,936 0 3,936
8 15 34 0 1 (100000 -9 0 25 9,500 892,160 0 150,000 |1,051,660
9 10 0 34 0 0 15 0 25 0 9,840 0 9,840
10 10 0 0 0 0 5 0 25 0 3,280 0 3,280
1 11 31 0 1 (100000 -6 0 25 9,500 813,440 0 150,000 | 972,940
12 7 0 31 0 0 18 0 25 0 0 11,808 0 11,808
38,000 [3253,760| 60,352 | 600,000 | 3,952,112

And the inventory purchase of model SVP02 in the current year
2017 reveals the real purchasing demand, as presented in the D,
column in TABLE IX. The total cost of this inventory order is
3,444,920 baht: 38,000 baht of ordering cost, 2,757,200 baht of
item cost, 49,720 baht of holding cost, and 600,000 baht of 4

shortage costs

TABLE IX. PURCHASING OF MODEL SVP02 IN THE CURRENT

ol | [ Unitcost_T22500]
o |SvPo2
Holding cost | 565 | h 03
1t Ordering | Item | Holding |Shortage Total
Month( Dt Xt Rt Yi M 20 SS | MAX Cost Cost Cost Cost
1 9 0 0 0 0 1 0 25 0 0 6,215 0 6,215
2 15 29 0 1 (100000 -4 0 25 9,500 | 655,400 0 150,000 | 814,900
3 12 0 29 0 0 13 0 25 0 7,345 0 7,345
4 7 0 0 0 0 6 0 25 0 3,390 0 3,390
5 10 29 0 1 (100000 -4 0 25 9,500 655,400 0 150,000 | 814,900
6 11 0 29 0 0 14 0 25 0 7910 0 7910
7 9 0 0 0 0 5 0 25 0 2,825 0 2,825
8 14 34 0 1 |100000| -9 0 25 9,500 | 768,400 0 150,000 | 927,900
9 8 0 34 0 0 17 0 25 0 9,605 0 9,605
10 10 0 0 0 0 7 0 25 0 3,955 0 3,955
1 12 30 0 1 [100000| -5 0 25 9,500 678,000 0 150,000 | 837,500
12 10 0 30 0 0 15 0 25 0 0 8,475 0 8475
38,000 [2,757,200( 49,720 | 600,000 | 3,444,920

C. Inventory purchase planning

1) Inventory purchase planning with a mathematical model
where the new safety stock = 9 (SS = 9) and the forecasting demand

of spare parts in 2017 for model SVPO1.

According to TABLE X, the beginning inventory is 25 pieces
( |0) whereas the inventory demand in the first month (D, ) is 11
pieces. As a result from the mathematical model, the inventory
purchasing is 17 pieces (X, =17) and Y, =1 is the purchasing
demand. Therefore, the inventory in the first month
(1l,=1,+R,—D, ) is 14 pieces, the ordering cost is
SxY, =9,500x1=9,500 baht, the item cost is Ux X, =
26,240x17 = 446,080 baht, and the holding cost is H x I, =

65614 =9,184 baht.

The inventory demand in the second month ( D, )is 11 pieces.
As a result from the mathematical model, the inventory purchasing
is 0 piece ( X, = 0) Y, = 0 which means no order, and the
inventory transferred from the previous order in the first month
( R2 ) is 17 pieces. Therefore, the inventory ( |2 = |1 + R2 — Dz) in

the second month is 20 pieces. The second month inventory is
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more than the safety stock (SS), leading to no order in this month.
The ordering costis SxY, =9,500x0 =0 baht, the item cost is
Ux X, =26,240x0=0 baht, and the holding cost is
H x 1, =656x20 =13,120 baht.

As a result from the model in 2017; the ordering cost is 57,000
baht, the item cost is 3,043,840 baht, the holding cost is 110,208
baht, and the shortage cost is 0 baht. The total cost is 3,211,048
baht.

TABLE X. PURCHASING PLANNING WITH A MATHEMATICAL MODEL
WHERE SAFETY STOCK =9 (SS=9)

Model [ Unit cost_]26,240]
} |[8VPOL [Ordering cost 9,500 |
Holding cost| 656 | h [ 08 ]
It Ordering | Item | Holding. |Shortage |
Month| Dt Xt Rt |vi| m 25 | ss |max|| cost | cost | cost | cost o
T g 0 (ol [oo000| 12 [ o | 2 9500 | 446,080 | 9,184 0| 464,764
2 | n 0 17 plo| o 0| 9| 2 0 0 13120 | 0 13120
3 | u 22 0 foia {00000 | o | o | 25 9500 | 577,280 | 5904 o | 592684
4 | n 0 22 o o 0| 9 | 2 0 0 13120 | 0 13120
5 | u 22 0 foia 100000 | o | o | 25 9500 | 577,280 | 5904 o | 592684
6 | 1 0 22 o o 0| 9 | 2 0 0 13120 | 0 13120
7| u 22 0 (ot [fooooo| | o Fo [f 25 9500 | 577,280 | 5904 o | 592684
8 | 1 0 22 plo| o 0|9 | 2 0 0 13120 | 0 13,120
9 | 1 2 0 foia f100000| | o | o | 25 9500 | 577,280 | 5904 o | 592684
10 | u [) 2 po| o 0|9 |2 0 0 13120 | 0 13120
u | n 1 0 [t f00000| | o | o | 25 9500 | 288640 | 5904 0 | 304044
2 | u 0 u po| o 9 | o |2 0 0 5,004 0 5904
57,000 |3,043840] 110.208 | 0 [$211,048

The decision variables ( XY, ), resulting from the
mathematical model in TABLE IX, were applied with the 2017
inventory demand as presented in D, column TABLE XI. The
decision variables were simulated in real situations, with the
recalculation of new safety stock (SS) at 9 pieces. When the real
inventory demand is higher than the estimated forecasting
demand, the inventory has reduced shortage costs, leading to the
total cost of the inventory at 3,197,928 baht. As a result, it reduces

the current total cost to 19.08%.

TABLE XI. SIMULATION OF USING DECISION VARIABLES IN REAL
SIMULATION (SS=9)
Model
} [svpoi[Ordering cost| 9,500
Holding cost| 656 | h | 03
It Ordering | Item | Holding |shortage | )
Month| Dt Xt Rt [vi| M || 25 | ss |max|| cost | cost | cost | cost | '°

T | 1 7 0 | 1 [wo000| [ 14 | o | 25 9500 | 446,080 | 9184 0 | 464,764
2 | 8 0 17 |o] o 23| 9 |2 0 0 15,088 0 15,088
3 | 1 2 0 | 1 {wo000 | 9 | 9 | 25 9500 | 577,280 | 5904 0 | 592,684
4 | 12 0 2 o o 9] 9 |2 0 0 12,464 0 12,464
5 | 14 22 0 | 1 {w000 | 5 | 9 | 25 9500 | 577,280 | 3,280 0 | 590060
6 | 10 0 2 o o0 17 | 9 | 25 0 0 11,152 0 11,152
7| e 2 0 | 1|00 | 8 | 9 | 25 9500 | 577,280 | 5248 0 | 592028
8 | 15 0 2 o o 15 9 | 2 0 0 9,840 0 9,840
9 | 10 2 0 | 1|w000 | 5 | 9 | 25 9500 | 577,280 | 3280 0 | 590060
10 | 10 0 2 o o 7| 9 |2 0 0 11,152 0 11,152
1| u 1 0 | 1 {w000 | 6 | 9 | 25 9500 | 288,640 | 3936 0 | 302076
12 7 0 11 0 0 10 9 25 0 0 6,560 0 6,560

57,000 |3,043,840| 97,088 0 3,197,928

The summary of the comparative results from SVPO1

purchasing planning is illustrated in TABLE XII.
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TABLE Xll. RESULTS OF THE PURCHASING PLANNING WITH THE
MATHEMATICAL MODEL FOR MODEL SVPO1

Unit : Baht
Mocel:svpor  CUent Order New Purchasing
Ordering Cost 38,000 57,000
Item Cost 3,253,760 3,043,840
Holding Cost 60,352 97,088
Shortage Cost 600,000 0
Total 3,952,112 3,197,928

2) Inventory purchase planning with a mathematical model
where the new safety stock = 8 (SS = 8) and the forecasting demand

of spare parts in 2017 for model SVP02.

According to TABLE XIll, the beginning inventory is 20 pieces
( |0) whereas the inventory demand in the first month (D, ) is 11
pieces. As a result from the mathematical model, the inventory
purchasing is 21 pieces (X1 =21) and Y, =1 is the purchasing
demand. Therefore, the month
(L=1,+R -D, )
S ><Y1 =9,500x1=9,500 baht, the item cost is U x )(1 =
26,240x21=474,600 baht, and the holding costis H x I, =

565x9="5,085 baht.

inventory in the first

is 9 pieces, the ordering cost is

The inventory demand in the second month (D, ) is 11 pieces.
As a result from the mathematical model, the inventory purchasing
is 0 piece ( X,=0 ), Y, =0 which means no order, and the
inventory transferred from the previous order in the first month
( R, ) is 21 pieces. Therefore, the inventory ( L=1+R, - Dz) in
the second month is 19 pieces. The second month inventory is
more than the safety stock (SS), leading to no order in this month.
The ordering cost is S ><Y2 =9,500x0 =0 baht, the item cost is
Ux X, =26,240x0=0 baht, and the holding cost is

Hx1,=565x19 =10,735 baht.

As a result from the model in 2017; the ordering cost is 57,000
baht, the item cost is 2,712,000 baht, the holding cost is 85,880
baht, and the shortage cost is 0 baht. The total cost is 2,854,880
baht.

TABLE XIlll. PURCHASING PLANNING WITH A MATHEMATICAL MODEL
WHERE SAFETY STOCK = 8 (SS=8)

Model [ Unit cost_T22,600]
5 |SVP02[Ordering cost| 9,500 |
[ Holding cost | 565 | h 0.3 ]
It Ordering | ltem | Holding |Shortage | 1
Month| Dt Xt Rt | Yi| M 20 | ss [max|| cost | Cost | Cost | Cost
T | 11 T CRCE 5|6 | 5 9500 | 474,600 | 5085 0 | 489,185
2 | 1 0 21 plo| o 19| 8 |2 0 0 10735 [ 0 10,735
3 | 1 2 0 |na [w00000f | 8 | 8 | 25 9500 | 497,200 | 4520 0 | s1220
4 | u 0 2 [o| o v |8 |2 0 0 10735 [ 0 10,735
5 | 11 22 0 |02 [100000[ | 8 | 8 | 25 9500 | 497,200 | 4520 0 | s1.220
6 | 11 0 2 pof o 19 | 8 | 2 0 0 1073 | 0 10735
7| u 2 0 |ut [locooo| | 8 8 |25 9500 | 497,200 | 4520 0 | s220
8 | 1 0 2 0| o v |8 |2 0 0 10735 [ 0 10,735
9 | 1 2 o |ut |wo000| | 8 | 8 | 25 9,500 | 497,200 | 4,520 0 | 511220
10| 1 0 2 po| o 9|8 |2 0 0 1073 | 0 10735
u | n 1 0 |oa [100000[ | 8 | 8 | 25 9500 | 248,600 | 4520 o | 262620
2| u 0 1 ol o 8 | 8 | 2 0 0 4520 0! 4520
57,000 [2.712.000] 85880 | 0 |4:854880
Grand Total

The decision variables ( XY, ), resulting from the
mathematical model in TABLE XIV, were applied with the 2017
inventory demand as presented in D, column TABLE XIV. The
decision variables were simulated in real situations, with the
recalculation of new safety stock (SS) at 8 pieces. When the real
inventory demand is higher than the estimated forecasting
demand, the inventory has reduced shortage costs, leading to the
total cost of the inventory at 2,869,005 baht. As a result, it reduces

the current total cost to 16.72%.

TABLE XIV. SIMULATION OF USING DECISION VARIABLES IN REAL
SIMULATION (SS=8)

Model [ Unit cost_[22,600]
, |SvPo2
Holding cost [ 565 h 03
It Ordering | Item | Holding. |Shortage | s
Month[ Dt Xt Rt Yi M 20 SS | MAX Cost Cost Cost Cost
T 9 21 0 | 1 [woo00| [ 11 | & | 25 9500 | 474,600 | 6215 0| 490315
2 15 0 21 0 0 17 8 25 0 0 9,605 0 9,605
3 12 22 0 1 |100000| 5 8 25 9,500 497,200 2,825 0 509,525
4 7 0 22 0 0 20 8 25 0 0 11,300 0 11,300
5 10 22 0 1 |100000| 10 8 25 9,500 497,200 5,650 0 512,350
6 1 0 22 0 0 21 8 25 0 0 11,865 0 11,865
7 9 22 0 1 |100000| 12 8 25 9,500 497,200 6,780 0 513,480
8 | 0 2 |0 20 | 8 | 2 0 0 11300 | 0 | 11300
9 8 22 0 1 |100000| 12 8 25 9,500 497,200 6,780 0 513,480
10 10 0 22 0 0 24 8 25 0 0 13,560 0 13,560
1 12 1 0 1 |100000| 12 8 25 9,500 248,600 6,780 0 264,880
12 10 0 11 0 0 13 8 25 0 0 7,345 0 7,345
57,000 |2.712,000] 100005 | 0 | 2869,005
Grand Total

The summary of the comparative results from SVPO1

purchasing planning is illustrated in TABLE XV.

TABLE XV. RESULTS OF THE PURCHASING PLANNING WITH THE
MATHEMATICAL MODEL FOR MODEL SVP02

Unit : Baht
Model : SVP02 Present Purcha(ssir;gng)lanning
Ordering Cost 38,000 57,000
Item Cost 2,757,200 2,712,000
Holding Cost 49,720 100,005
Shortage Cost 600,000 0
Total 3,444,920 2,869,005

And other 15 items were experiment as same as model SVP01

and SVP02. So, those were shown in TABLE XVI.
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TABLE XVI. RESULTS OF THE CURRENT ORDER WITH THE NEW TABLE XVII. RESULTS OF THE PURCHASING PLANNING WITH THE
PURCHASING PLANNING FOR ALL ITEMS MATHEMATICAL MODEL FOR ALL ITEMS
Unit : Baht Unit : Baht
Current Order New Purchasing Current Order New Purchasing Result
Item Model sS Total Cost New SS Total Cost Item Model Ss Total Cost  NewSS Total Cost Reduce Cost % Reduce

1 SVPOL ope 395211200  9pcs 3.197,928.00 1 sweoL 0pe 395211200 9pes 319792800 75418400 1908
B SvPo2 0pc 344492000 8 pcs 2.860,006.00 2 swe 0pe 344492000 8pes 286900500 57591500 1672
3 VP03 0pe 338548500 7 pes 2750,821.00 3 swe 0pe 338548500 7Tpes 275082100 63466400 1875
. Svpoa ope 46080500 6 pes 3110.726.00 4 swu 0pe 346080500 6pes 311072600 35007900 1042
5 g ope 5.064760.00 8 pes 2720.280.00 5 swos 0pe 306476000 8pes 272028000 34448000 1124
. VP06 - 329359000 8 pes 2,367.210.00 6 svwos 0pe 320350000 8pes 236721900 92637100 2813
; . - 527762300 8 pes 2,841,937.00 7 swor 0pe 3277,60300 8pes 284193700 43568600 1329
SVP08 0pe 287837000 6pes 251685000 36152000 1256

8 SVP08 0pc 2,878,370.00 6 pes 2,516,850.00
9 swo 0pe 297035000 Spes 218814400 78220600  26.33

9 SVP09 0pe 2,970,350.00 5 pes 2,188,144.00
10 Dpicol 0pe 205351500 8pes 150825100 50526400  24.60

10 DICO1 0pc 2,053,51500 8 pes 1,548,251.00
1 Dpico 0pe 242165800 7pes 201219800 40946000 1691

1 DICO2 0pe 2,421,658.00 7 pes 2,012,198.00
12 DIcos 0pe 239120300 6pes 178394300 607,26000  25.40

12 DIC03 0pc 2,391,203.00 6 pes 1,783,943.00
13 Dico 0pe 262361400 6pes 232398800  299,62600 1142

13 DIC04 0pe 2,623,614.00 6 pes 2,323,988.00
14 DICos 0pe 214349000 6pes 178577000 35772000 16,69

14 DICO5 0 2,143,490.00 6 1,785,770.00
pe pes 5 DICOG 0pc 205910800 9pes 173062100 32848700 1595
15 picos Ope 2,059,108.00 9 pes 1,730,621.00 6 DICO7 0pe 2,04130000 7 pcs 168801800 35230100  17.26
16 picor Ope 2,041,309.00 7 pes 1,688,918.00 17 Dicos 0pc 181202300 8pes 145311300 35891000 1981

17 DICO8 0pc 1,812,023.00 8 pes 1,453,113.00
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V. CONCLUSION

The purposes of this research are to improve the inventory
quantity to be suitable for customers’ demand, to reduce holding
cost and to minimize the total inventory cost from Demand
Forecasting Methods with the lowest Mean Absolute Deviation
(MAD), new safety stock at 95% confident level and new
purchasing planning for Shelf Life-Limited Instrument Equipment
Spare Parts those were applied a mathematical model for

purchasing planning spare parts to minimize the total inventory cost

According to the findings from the current study, the results of
forecasting were shown in TABLE Il (page 5). After new safety
stocks and those were used in the new purchasing planning by
solver the problem with mathematical model. That can reduce the

total inventory cost.

Therefore, the results of the ordering of 17 items were
compared with the comparison of the current order and the new
purchasing planning as shown in TABLE XVII. It is contain with
Ordering Costs, Costs, and Shortage Costs, as well as item costs,
Moreover, it can minimize the total inventory cost from the current

purchases by 17.55%

Consequently, this research can minimize the total inventory
costs. If your company want to reduce costs or your company
needs to manage costs, you can use this method to analyze and

manage your costs.
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W wazidSouifisudianausiuirveamafiinnissanwifioy
I RRE) ﬁagaﬁiﬂumsmaaaﬁsmmmm Canada Institute for
Advanced Research (CIFAR-10) G4ii11amua 60,000 nw usazn1nd
PU19 32x32 Wniwa wuadu 10 nule luseuwsnvasnisinaauld
aauRaaaiiioug 21435 10- fold Cross Validation lun1suystaya
50,000 MW FmsUMIANFOULAZ 10,000 MwiRanasay lusaudl 2 vh
msémmwmnvgnumamLﬁ‘aaﬁammﬁﬂu lasazgulfinafianisy
§2897W MIRYUNIW ML VLN WIBNINAUEUVBINIW 8t
Taagronisluuaaznin auldninluddiuan 10,000 nw s3ury
289163 50,000 MW FINNIFU 60,000 Mw Fnsingaulna 300 sau
nanInasasnuitnskinafiiamaiunin drensahsnwifisuee
°ﬁaﬂﬁﬂs:ﬁwﬁmwftumsﬁwLmﬂmwLLﬂuﬂwgaﬁumn 84.79% 1Ju
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Abstract

Image classification is one of the challenges for both humans and
computers because it is a critical task. Researchers try to solve this task
in many ways. In neural networks, Convolutional Neural Network (CNN)
has been widely used for images recognition, images classifications, and
objects detections. The process of CNN model includes training and
testing. This paper aims to improve the performance of an image
classification with Convolutional Neural Network model by using image
augmentation technique and compare the accuracy of each technique.
The dataset that we used in this paper was collected from Canadian
Institute for Advanced Research (CIFAR-10) dataset which consists of a
total of 60,000 images. The color images are of size 32x32 in 10 different
classes. In the first stage, the 10- fold cross validation method is used to
divide 50,000 images for training 300 rounds and 10,000 images for
testing. In the second stage, in order to create artificial images, 10,000
images were randomly-selected from all categories and applied the
image augmentation technique such as color adjustment, rotation, zoom,
or flip image to the image. This image augmentations technique were
randomly selected only one technique and applied to one image. The
training images were 60,000 images in total; 50,000 images from the first
stage plus 10,000 new images. Then the computer trained the images
for 300 rounds. The evaluation shows that after using image
augmentations technique by creating artificial images, the accuracy of
Convolutional Neural Network model performs better from 84.79% up to

87.57%

Keywords: Convolutional Neural Network, Image Classification, image

augmentations technique
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Abstract

The purposes of this research were to reduce the cycle time by
improving the standard work by using Video Analysis Technique and
study of Motion study using Time Prism Software Ver.1.9.0. for
improvement case study from the textile Industry by the production
process of the sewing department. Presently, it was found that the target
yield was 114 units per day, while the required 190 units per day. So, it
did not achieve the target. By VDO recording in task group 9 was

conducted to study the Cycle time of 4.50 minutes per piece. And

65

Compared to the Takt time of 3.42 minutes per piece, the cycle time is
too high. The ECRS has also been updated to provide new layouts and
procedures to reduce waste from movement. As a result, the cycle Time
decreased from 4.50 minutes per piece to 3.37 minutes per piece. The
difference in Cycle time was reduced to 1.13 minutes that was 25.11%.
This resulted in a yield of 114 per day for 195 days. The yield per day
was 71.05%.

Keywords: Standardized work, Motion study, Time Prism Software,

Textile Industry,
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Abstract

This study investigates the success and failure factors of ICT
adoption and usage in Thailand and Japan. In addition, this research
aims to establish, derive and come up with an indicative model of
identified factors and framework related to successfulness in ICT
adoption in SMEs. The factors affecting the risks of ICT adoption faced
by SMEs organization consists of three predictors: risk assessment, clear
scope of the ICT project and internal management response to project.
Finding factors will help the project team estimate the effectiveness of

current controls and suggests whether each ICT adoption and usage is

potentially failed, potentially succeed, or potentially over-controlled.

Keywords: SMEs, ICT Adoption, Success Factors, System
Development, ICT Project Management, ICT Risks

I. INTRODUCTION

Small and medium-sized enterprises (SMEs), including home
businesses, are considered to be a crucial part of economic
strength of any country. They use application or software as a tool
to help their daily operation, such as point of sale (POS),
accounting, marketing, inventory, production and web-based tasks.
In addition, some SMEs use specialized business software that is
designed for their specific industry. Research data from Bank of
Thailand [1], show that Thai SMEs share the largest part of Thai
enterprises, representing 99.7% of enterprises in Thailand. The
GDP value of SMEs in 2014 was 5,212,004 million Baht.
Considering in term of the country’s GDP, SMEs share the largest
part, representing 39.6% of GDP, which 27.8% belongs to small
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enterprises and 11.8% to medium enterprises, respectively. From
report of the office of SMEs promotion [2] shows that Thai SMEs
still lack of awareness in using technology in their business and
they believe that it increases the cost of running business rather
than builds up their competitive advantage.

In addition, it is not easy for SMEs to implement and apply
information system into business, as this involves complementary
costs, management issues, training and organizational changes as
well as direct costs of investing in hardware and software solutions.
Because of the importance of SMEs’ business in creating economic
strength, both Thailand and Japan are very interested in finding
ways to stimulate SMEs in realizing ICT adoption. Many efforts
have been made through the government’s subsidiary project and
organization such as Software Industry Promotion Agency (SIPA)
and Software Park Thailand. They still use traditional way to
conduct their businesses. Therefore, this study did the first step in
devising the right motivation to encourage in using ICT in SMEs by
investigating success and failure factors that make us understand
how to do the ICT adoption and usage in Thailand and Japan.
Development of a software tool could help those working in ICT
adoption to understand what they need to do in order to assess
and control risks in the ICT project and comply with information
system strategies.

For finding these significant factors, we reviewed previous
research about success factor determinants in doing SMEs
business and factors in ICT adoption for business by covering

period from 1996 to 2016. It was found that there were very few
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studies dealing with determining factors significant for ICT adoption
in SME (as usual in the literature). Most published research
studies are dealing with success factors for ERP implementation.
In addition, by exploring these determinants, interviews were
conducted with the SME’s owners and managements from both

Thailand and Japan.

II. LITERATURE REVIEWS

From [3], the factors that affect on ERP adoption in
organization can be divided into two categories; “characteristics of
users and the system” and “organizational issues and system
development approaches”. However, from our study from different
domain, “the factors effected in stimulating innovation in SMEs” [4]
are from both internal and external. Thus, we proposed categories
in the study where internal variables referred as “characteristics of
users and organizational issues” and external variables referred as
“system and system development approaches”.

For measurement of project success factors, we mapped
“characteristics of users and organizational issues” with 7S model,
the 7S model [5] suggested that coping with change, organizations
need to assess their 7 core values including: structure, strategy,
systems, skills, style, staff and shared values as shown in Figure

1.

Figure 1: McKinsey 7S Framework [5]

In addition, for success of project implementation, several
factors are required to examine the alignment of the project with
corporate goals in order to accomplish ICT project with system
scoping, system planning, system structure and strategy with risk

treatment plan (RTP) [7],[8].
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A. Characteristics of users and organizational issues

Our observed antecedents are associated with this 7S model's
construction. The factors relating to characteristics of users and
organizational issues are explained as following:

« Staff, skill, styles and shared value are considered internal
approaches. Today businesses are facing with digital economy
phenomenon; they have to monitor their internal operations with
these 7S. Internal approaches require cooperation from all
employees including executives’ involvement. In practice, it is
necessary to have belief, positive attitude, and positive behaviour
of using ICT. Because all involvements let them clearly
understanding by their own without forcing them to do without
understanding. The study from OECD also confirmed that two
factors that affect the success of ICT adoption are staff and skill. It
was found that SMEs with 3-80 employees became success in
using ICT by having staff with skills of understanding the
technology. Although, SMEs can use outsource, they still need one
to run daily operation [6]. Ramayah et al [9] explained in their
study that one of several factors in reducing the barriers of website
adoption in SMEs is the IS knowledge of IT staffs. They suggested
that although firms can use outsourcing for website hosting and
external solutions, they still need IS staffs for coping with daily
operation. Moreover, attitudes, beliefs, procedures, and value
systems of the adopter are necessary for successful
implementation. Tovar [10] found an interesting point from his study
that SME’s manager adopted ICT because they believe that it
could help improving their process and they adopt ICT because
others have ICT system without a clear understanding of ICT
usage. However, he stated that leadership of manager and staffs
is essential for successful in technology adoption. Organizations
have to create a positive climate to help ICT implementation. For
shared value issue, organizations have to give knowledge and
awareness to all stakeholders that using ICT could improve
decision-making, resulting in better planning, profit, and staffs’
happiness.

« Strategy and Style, Management Support and Business
Owner involvement: Executives’ support is critical issue to the
successfulness of the ICT adoption in an organization. Because
management’s involvement has a responsibility to encourage and
take care all relevant tasks in implementation an ICT system for
whole project in term of supporting budget, team and rewarding.
Without the support of management, the project would not be
successful and it may result in timely, costly and out of schedule
that lead to negative impact to an organization. Ramayah et al [9]
also described in their research that business owners’ IT
knowledge is one of the key individual context’s factors. Business

owner’s ICT experience is a significant relation to e-Commerce



adoption in Indonesia aligned with several past studies that
reviewed by them. In addition, in another term of management
“CEQ”, he/she is a very important person in ICT adoption, his/her
positive attitude in technology perception could affect the success

factors the continuity of website adoption.

B. System and System Development Approaches

+ System Scoping: To determine a clear schedule of ICT
implementation plan is the heart of project. Moreover, project scope
is also important for success, too big scope of ICT project

especially for SMEs is a high risk, then if SME can start from small

part of system and expand it later, chance of success will be higher.

Many scholars [11]-[13] agreed that work schedules with
adequately defined tasks ensure the success of the project
implementation. In addition, the meaning of controlling of good
scope is that project have to be measured the schedule
over/underrun as a percentage of the initial estimate [11].

» System Planning: The project management plan is also an
important part of ICT adoption. For good controlling of project,
SMEs need to scan the real resources and capability of an
enterprise. The right time and resources should be assigned
properly for suggested period of 9-12 months. Turner et al [13]
explained in their research that SMEs need a lite version of project
management. However, because of the need to coordinate the
work of specialists, medium-sized companies need more formal
processes than micro-sized and small companies do. Moreover,
Munns and Bjeirmi [12] stated that the project team is the key
success factor in project implementation. Because they are key
persons who directly apply techniques to make sure that planning,
controlling and communication systems are on plan. Thus, the
project planning and team are very important to success and failure
to ICT adoption process.

» System, Structure and Skill: The flow of communication in the
successful project, a communication within project team is one of
several key factors that organizations have to monitor. All
stakeholders should understand how to correctly communicate
formally and informally. To achieve a common understanding of
the ICT adoption, project manager should contact stakeholders and
update information of project regularly. Moreover, the related
formal communication is required and it is one of the key significant
factors that help in tuning an attitude of all stakeholders in project
team [7],[8]. For Risk Assessment Strategy, SMEs have to add risk
management tasks in ICT adoption project and it is important to
have Risk Treatment Plan (RTP) to ensure that project leader has
aware of it with risk action plan, to reduce risks. The risk
management approach is a process consisting of identification,

analysis, response, monitoring, and control. It was found that risk
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management planning positively helps in predicting the project
duration and its success. Risk management task is including of
listing the characteristics of the risk management process of a
particular project which involves the following issues for example
“who will participate in the risk identification, which tools will be
used, how should the risks be reported, who will receive this
information, and what is expected of them” [13], [14].

+ System Documentation, System Development Life Cycle
(SDLC): The ICT adoption project needs documentation because
it gives evidences to all project’s activities not only for audit,
checklist or disputes, but also for rules and regulations. It helps
project running systematically and ethically. The documentation
process helps team in remembering what they have done on a
daily basis and also reduces confusion, conflicts with employee
and misquoted information. The documentation process includes
the record of incidents, meetings, history of system modification
and this record could support in project implementation. In addition,
if SMEs do a good documentation system, it will help in better
decision making, reducing slow the process down and gives the
manager time to consider what actions are appropriate. Moreover,
it can help manager see the problem clearer. The most important
role for documentation is to prevent a lawsuit. [15]

+ Staff: Consultant: “A consultant is a trusted professional
advisor.” Hiring and maintaining full time IT staff is a very difficult
task for SMEs, however, IT tasks are getting high required for
today's business climate. Good IT staffs are very costly and have
a high rate for turning over in job. In addition, in term of ICT project
management tasks, especially in SMEs, they do not have much
experienced for project controlling and performance matrix which
focus on cost, time, quality and performance [16]. Thus, they need
to outsource IT to trusted consultants for ICT adoption. With their
singular business focus and specific knowledge, they can save
money from other benefit payment such as health insurance,
provident fund and vacation leave. SMEs can get efficient ICT
solution without wasting time and allowing SMEs to work on other
aspect of business. Thus, for avoiding a gamble on having a poor
IT staff, this solution can help SMEs reach the most cutting-edge
ICT solutions and techniques that keep SMEs at the forefront of
their game [17].

» Staff, Custodian and End User Involvement: User and
custodian involvement is one of the key success factors to
successful system development [18]. Advanced users are able to
shape ICT technologies based on their status, their needs and their
ability to propose new solutions. In addition, Eichhorn [19] stated
that user involvement gathering functional requirements positively
impact on user satisfaction. However, many studies showed that

user involvement to system success has both positive and negative
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results [20]. They explained in their research that user involvement
in the systems development process is very important to system
success. Research team further identified several key points
pertinent to making user involvement effective.

From aforementioned literature reviews, summary of factors

based on categories are shown in Table I, Il, and Ill.

TABLE | : CATEGORIES AND FACTORS EXAMINED IN THE STUDY

Category Factors Number of
Indicators
Characteristics 1. Staff, Skill, Styles and 7
of users and Shared Value: Internal
organizational Approaches
issues 2. Strategy and Style:
Management Support and
Business Owner involvement.
System and System Scoping 37
System System Planning
Development System, Structure and Skill
Approaches Strategy: Risk Assessment
System Documentation:
System Development Life
Cycle (SDLC)
Staff: Consultant
Staff: Custodian and End User
Involvement
44

TABLE Il: CATEGORIES AND FACTORS EXAMINED IN THE STUDY

Category Factors

Internal Approach Firms need cooperation from

- Staff all employees including executives’
- Skill involvement.
- Styles Styles and Share values should be

- Shared Values clearly understanding by their own
without forcing them to do without

understanding.

Strategy and Style: System Scoping

-Management Support System Planning
-Business Owner System, Structure and Skill
involvement. Strategy: Risk Assessment
System Documentation:
Development Life Cycle (SDLC)
Staff: Consultant

Staff: Custodian and End User

System

Involvement
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TABLE IlI: Factors: System and System Development Approaches

Factors Factors definitions

System Scoping, System A clear schedule of ICT

Planning implements.

System, Structure and Skill System Scoping

System Planning

System, Structure and Skill

Strategy: Risk Assessment

System Documentation: System

Development Life Cycle (SDLC)
Staff: Consultant

Staff: Custodian and End User

Involvement

Strategy: Risk Assessment A process consisting of
identification, analysis, response,

monitoring, and control.

System Documentation: An evidence to all project’s

System Development Life activities.
Cycle (SDLC)

Staff: Consultant

Trusted consultants who are

clean in ICT adoption.

Staff: Custodian and End User User involvement in ICT

Involvement project.

. METHODS

The research design for this study follows procedures
suggested in Business Research Method [21]. First, based upon
the objectives of this research, research team selected industry
sector for narrowed samples. Second, research team applied both
quantitative and qualitative research methodologies for conducting
this research for finding success and failure factors in ICT adoption
for SMEs.

The data in this research were collected from both Thai and
Japanese SMEs, depending on 2 main characteristics of each
country such as number of employees, fixed assets. The data
were collected by Google form survey and by interviewing over the
period from the beginning of 2016 to the end of 2016.

The classification of small and medium sized enterprises is
based on the Promotion of SMEs by the Small and Medium
Enterprise Promotion Act 2000 (2010) which is presented below in
Table IV.



TABLE IV: CLASSIFICATION OF SAMLL AND MEDIUM SIZED

ENTERPRISES
Type of Business Small Medium
Employees, Fixed Assets (Baht)
Manufacturing <50, >50<200,
<50 Million >50 Million <
200 Million
Service <50, >50<200,
<50 Million >50 Million <
200 Million
Wholesale <25, >50 Million <
<50 Million 100 Million
Retail <15, >30 Million <
<30 Million 60 Million

Our proposed research framework is presented as follows:

Review Factors

- Process Output
System Quality,
Communication Response
Management Support -
Scope Plan — Rating scale
User Satisfaction Data mining
. And Statistics
Long-Term Business Results E: tools 1100
Confirm with
experts, innovator —T
Time, Cost, system and managers
erformance -
- - (Thai and Japan)
System Documentation
System Documentation

Figure 2: Research framework

From Figure 2, samples of questionnaires were a group of
SMEs that are in food, supplement, automotive assembly line,
manufacturing with R&D and retail store. Population is the Thai
and Japanese SMEs that are 2.74 million [2] and 4.7 Million which
equals to 7,429,609. The questionnaires’ target group were both
Thai SMEs and Japanese’s SMEs. From the Yamane formula, in
case of population over 100,000 units, the minimum of 400
samples are required. Thus, data collection was planned to gather
350 survey data from Thai SMES and 50 survey data from
Japanese SMEs. In addition, an in-depth interviews were also
conducted in this study with 3 companies in Thailand and 5
companies in Japan. After data cleansing and examining, 404 firms
were used in this research. The response rate for the service sector
was 37.9%, while the response rate for the manufacturing sector
was 17.6%, whereas 20.8% was from retails and wholesale.

In this study, we defined a list of possible factors that have
potential success in ICT adoption. Our objective is to find those
factors that have significant impact on ICT adoption in SMEs

organization.
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The study approach in this study starts with several data
analysis methods as following;

1) Analytic Induction: after research team have collected data,
then research team created a temporary concluded data for
illustration of the relationship of preliminary factors.

2) Typological Analysis: by organizing information into
categories.

3) Data analysis and data interpretation with statistical tool [22]
and data analytics using classifying tree. A CHAID [23]
classification tree is one of decision tree. CHIAD uses chi-square
statistical test to limit tree growth. If the chi-square test is
significant, a new partition (child node) is created. Branch splitting
stops when purity improvement is not statistically significant. This
method for the best split is often based on the degree of impurity
of the child nodes. The following is formulation that used for
impurity.

The Bonferroni multiplier B is the number of possible ways that
| categories can be merged into r categories. Forr =1, B = 1. For

2<r<l, use the following equation

[

1 -1
r—-1

Ordinal predictor

(r—v)'

B<= Z 1"

V! (r _ V)' Nominal predictor
\ [-2) (1-2
+I Ordinal with a missing category
r-2) \r-1
IV. RESULTS
Bivariate relationships between independent factors and

dependent variables was applied for our examining and it shows
that factors that highly impact to success in ICT adoption, after
training available, system improvable (adaptable), system data
supporting business decision and user’s self-report generating from

system as shown in table V.
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TABLE V: RELATIONSHIP BETWEEN FACTORS AND SATISFACTION IN Although factors used in this research based on previous

ICT ADOPTION work from large business environments, our data also support that

Factors ICT Adoption if software vendor provides training service, this can increase a

Satisfaction success in adoption an ICT project.

Internal management support 463 In this research, we do not observe the relation between
Internal management motivation .393

each factor to the real success in implementation due to limited of

Internal management plan 463 time. However, we used classification techniques for predicting

Internal management scope 425 data sets. This tree algorithm can be used to identify a model that

Internal management duty 429 best fit the relationship between factors and class label of the data.
Internal management response 463
Internal management follow-up 413
User understanding scope 481
User involved in plan 455
User involved in project 460
User involved in design 418
User involved in scope 449
User involved in test 406
User involved in audit 468
User involved in result follow-up 432
Project align vision 483
Project align target 448
Project align strategy 439
Project align business requirement 454
Project clear activity 483
Project clear schedule .508
Project clear scope 495
Project communicate clear on duty 409
Project communicate clear on response AT6
Project owner clear on project duty 391
Self-document generating .501
Document problem solve by yourself 457
System consult by yourself 474
System suggestion by yourself 454
Data support business decision .508
Accuracy Data 449
Data support all processes .382
Data support all departments 487
Administrator know system 493
Administrator solve system problem 491
consult available 425
Training available 472
Time allocation available 476
After Training available .545
Continuous improve available .531
System know by yourself 495
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Figure 3: Classification by Tree

From our visual trees, it shows the relationships that are
hidden in our data set. The figure 3 presented all possible splits for
each predictor. From using the CHAID method, management
response in project is the best predictor of success factor for ICT
adoption in SME organization since there are no child nodes below
it, this is considered a terminal node.

From includes Risk

this model, it three predictors:

Assessment, Clear Scope of the ICT project and Internal
Management Response to project.
It implies that for successfully implementing ICT project, we

should consider on these three factors respectively.

TABLE VI: RISK ESTIMATION VIEW

Estimate Std. Error

.644 .080
Growing Method: CHAID Dependent Variable: ICT Satisfaction

The estimation of the risk is reflected as 0.644 or 64.4%.
This value shows that the “risk” of misclassifying for the ICT
adoption success factors is approximately 64.4%. It can explain
that SME organization’s management decision generally based on
owner. Thus, this value may imply for this situation in adoption ICT

project.

V. CONCLUSION, DISCUSSION AND FUTURE WORK

This study did an exploratory research using both quantitative
and qualitative method to find and draw the modelling framework of
factors that affected to successful adoption of ICT in SME
companies. The result reveals that the small and medium firms have
low usage due to the high cost of required investment, limited of
skill and knowledge to ICT. The finding further indicates that SMEs
considers software that has a training support as well as an ability
to modify software if needed. This finding requires government to
formulate policies that address these barriers. The following are

derived from the study
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1. SMEs are still unclear about the benefits of ICT and risk in
adoption. Thus, risk management should be applied to project to
make sure on concrete and realistic targets.

2. ICT training is required for adoption both before and after.

3. Clear scope of ICT project is also needed.

Thus, government can help SMEs by further offering subsidies
and encouraging SMEs for ICT training. Moreover, government
should partner with big ICT companies to provide technical
expertise, training workshops as well as pre-diagnostics for ICT
adoption project.

The future study will focus on different group, industry and
country for analyse how it different from finding results in this
research. In addition, this study will continue to propose and apply
results to SMEs promotion policy for both private and public sectors.
Finally, researcher will develop interactive software tool prompts
managements to collect real significant factors in ICT project with
decision support whether they need to be doing more to control the
risks of the ICT adoption and usage in SMEs. The future software
tool will help the project team make a decision to manage the ICT

project quickly and easily.
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