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ABSTRACT
TITLE : STUDY OF THERMAL EFFECT OF GAS-SAVING HIGH-PRESSURE STOVE
USING COMPUTATIONAL FLUID DYNAMICS
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DEGREE : MASTER OF ENGINEERING
MAJOR : MECHANICAL ENGINEERING
ADVISOR : ASSOC. PROF. ANIRUT MATTHUJAK, Ph.D.
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The purpose of this research was to study the thermal efficiency of a gas-saving high-

pressure stove using swirl flow technique by computational fluid dynamics (CFD) with an

experiment. Standard k —¢ turbulence model with an eddy dissipation combustion model
was used for this simulation. Influent of LPG pressure, swirling flow of the burner, loading
height and port diameter on combustion behaviors were investigated. For CFD, the
simulation error had 8% and 13.3% compared with velocity and temperature
measurement from experiments, respectively. Behaviors of flow, combustion and heat
transfer to the vessel were obviously revealed. The velocity of primary air increased as
the increasing LPG pressure, which the maximum velocity of primary air was 318 m/s at
1.2 bar. Considering combustion, combustion temperature increased as the increasing LPG
pressure, which the maximum temperature was 1320 K at 1.2 bar and the middle of
burner head. Flame structure obtained from CFD was similar to flame from experiment.
For thermal efficiency testing, the thermal efficiency increased as the decreasing LPG
pressure, which the maximum thermal efficiency was 43.9% at 0.6 bar. Moreover,
influence of swirling flow by modifying conventional burner CB-S90190, being the incline
angle (B) of 116 and the swirl angle (a) of 0% to be SB-1085-S15, SB-1090-S0, SB-1085-S00,
SB-1116-S15 and SB-1090-S15 was studied. The result indicated that SB-1116-S15 had
suitable combustion from temperature contour and velocity vector. Thus, it was affected
by the highest heat flux obtained by SB-1116-515, being 6145.19 W/m? Moreover, it was
found that the heat flux decreased as the increasing loading height. The suitable port

diameter of burner was 2.0 mm, which the heat flux was 6301.13 W/m?.
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WITH A KB-8 COOKING BURNER
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DEGREE : MASTER OF ENGINEERING
MAJOR : MECHANICAL ENGINEERING
ADVISOR : APINUNT NAMKHAT, D.ENG
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Cooking burners were widely used in Thailand and also were designed to be fueled
by liquefied petroleum gas (LPG). The LPG was the only available gaseous fuel that could
be used in the households, various industries and for transportation. However, LPG was
used in the households the most. Therefore, high performance of the cooking burners
could potentially save large amounts of energy. Meanwhile, it was found that small and
medium sized enterprises (SMEs) were continuously developing and widely using the KB-8
cooking burner. However, this burner had not been developed to the best of its potential.

Therefore, this research aimed to improve the thermal efficiency of the KB-8 cooking
burner by using a packed-bed sphere porous media installation instead of the burner cap
in order to enhance the thermal efficiency. The pebbles or packed-bed sphere porous
media with porosity (€) between 0.39-0.45 was examined. The burner with a firing rate
(Heat input) from 5 to 24 kW was tested at various heating heights (H) ranging from 3 to 15
cm. Two main sections were presented in this thesis. The first section was to study the
effect of porosity and the heating height on the thermal efficiency and pollutants
emission of a cylindrical porous burner. The last section was to study the effect of
secondary air-port size (D) on the thermal efficiency and pollutants emission of an
annular porous burner. The secondary air-port size with four different diameters, i.e., 1, 2,
3 and 4 inches were examined. The results showed that the optimum porosity was
observed at 0.41. The maximum thermal efficiency was observed at an optimum heating
height of 5 cm. The burner had high thermal efficiency with the maximum values of 63.22
%. It was found that the secondary air (SA) entrainment strongly affected the combustion

efficiency. The CO emission decreased with the increase of D. The flame could be

I
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successfully stabilized within the burner with a relatively low emission of CO and NO, of
about 1,000 ppm@0%0, and 40 ppm@0%0,, respectively. However, the thermal
efficiency was decreased as increasing D; due to the lower burner port area. Moreover, the
maximum thermal efficiency was 66.34%, which was observed at an optimum H and D; of
3 cm and 2 in, respectively. However, a continuous improvement of secondary air

entrainment was needed to reduce the amount of CO emission.
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TITLE : THERMAL EFFICIENCY IMPROVEMENT OF VERTRICAL PORT HOUSEHOLD
COOKING STOVE BY COMPUTATIONAL FLUID DYNAMICS
AUTHOR : THANUDKID CHANAKUL
DEGREE : MASTER OF ENGINEERING
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ADVISOR : ASSOC. PROF. ANIRUT MATTHUJAK, Ph.D.
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This research aimed to study the thermal effect of a vertical port household cooking

stove, being the low pressure burner, using the computational fluid dynamics (CFD).

Standard K —€ turbulence model with an eddy dissipation combustion model was used
for this simulation. The results obtained from CFD were compared with the results
obtained from the experiment. For the study, it was found that behaviors of air
entrainment, flow in mixing tube and combustion were obviously revealed, being the
error of less than 8% compared with velocity and temperature measurement from
experiments, respectively. The velocity of primary air increased as the increasing firing rate
(Fr), which the maximum velocity of primary air was 0.293 and 0.816 m/s at Fr = 4.48 kW
in inner and outer mixing tube, respectively. Considering combustion, combustion
temperature increased as the increasing firing rate (Fr), which the maximum temperature
was 1337 K at Fr = 4.48 kW, loading height of 1 cm and the middle of the burner head.

Moreover, influence of swirling flow by modifying conventional burner CB-S90190, being

the incline angle (B) of 90° and the swirl angle (QL) of 90°, to be SB-S30190 and SB-590113
was studied. It was found that the maximum combustion temperature of SB-5S90113 was at
the middle of the burner head, while the maximum combustion temperature of CB-
S90190 and SB-S30190 was dispersed around the burner head. Thus, the maximum
temperature of SB-S90113 was higher than that of CB-S90I190 and SB-S30190, being 1445 K,
1304 K and 1228 K, respectively, at loading height of 25 mm at the middle of the burner
head. Considering heat flux at the wet surface of the vessel, it was found that the heat

flux of SB-S90113 was higher than that of CB-S90190 and SB-S30190, being 5291, 4884 and
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4578 W/m?, respectively. From the experiment, the thermal efficiency of SB-S90113 was
the highest. Therefore, it can be concluded that the increasing thermal efficiency of SB-

S90113 was directly affected by the increasing heat flux.
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TITLE : THERMAL EFFICIENCY ENHANCEMENT IN FLAT-PLATE SOLAR COLLACTOR
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This study aimed to examine the thermal efficiency of flat plate collector plates with
and without porous media and to analyze the performance of solar dryers using porous
media. The porous media used in the study was scrap. The experimental conditions were
solar radiations of 400, 600, 800 and 1,000 W/m?, the air mass flow rates of 0.005, 0.01,
0.015, and 0.02 kg/s, and the porous porosities of 0.94 0.96 0.98, respectively. The
comparison between the thermal efficiency of radiation plates and drying rate was carried
out. The result revealed that the solar collector efficiency increases with the increment of
air velocity or solar radiation. In addition, it was also found that the thermal efficiency of
the radiation storage media using porous media is higher than that of non-porous media.
The maximum thermal efficiency solar collector is 61% at the porosity of 0.96, the air
mass flow rate of 0.015 kg/s, the drying rate of 0.0212 kg/h, the porosity of 0.96, and the

air mass flow rate of 0.015 keg/s
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This research aimed to study wear of 4-stroke single cylinder 163 cc spark ignition
engines for a single phase 2.2 kVA generator using biomass gas from cassava rhizomes as
fuel. The biomass gas was produced from a 50 kWy, downdraft gasifier. The generator was
operated at 664 Watts of electricity and 2,000 rpm of speed on 300 hours operating. The
wear was tested by measure engine components and engine oil analyzed every 100
hours, compared to the use of gasohol 91 as fuel. At 300 hours running, in case of using
biomass gas from cassava rhizomes as fuel was found that the cumulative wear of
cylinder, piston, piston rings 1, piston rings 2, connecting rod, crankshaft, intake valve and
exhaust valve were higher than using gasohol 91 as fuel around 271.42%, 33.33%, 70%,
0%, 266.66%, 254.54%, 20%, 40%. Also, the metal contaminant in engine oil as Iron
chromium copper aluminum nickel and molybdenum were higher than using gasohol 91

as fuel around 63.37%, 12.37%, 538.46%, 302.88%, 0% and 12.85%.
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This study aimed to examine the enhancement of a hot air dryer performance using
annular porous burners. The stainless steel nut was used as porous media. The
experimental conditions of burner test were porous burner heights of 100, 150 and 200
mm., inside annular burner diameters of 25, 35 and 55 mm., porosities of 0.48 - 0.67, and
heat inputs of 2.5, 5.0 and 7.5 kW. Liquefied Petroleum Gas was also used as fuel source.
The experimental results showed that the heat input of 2.5 kW, the porous burner height
of 100 mm., the inside annular burner diameter of 25 mm. and the porosity of 0.56
yielded the highest temperature at 494 ° C. In addition, under the same burner test
conditions as the heat input of 2.5 kW which resulted in the higher temperature than that
of the burner without a porous media, the heat inputs of 5.0 and 7.5 kW vyielded the
highest temperature at 683°C and 749 ° C, respectively. Under the conditions of the
annular porous burner height of 100 mm., the burner diameter of 25 mm. and the
porosity of 0.56 as the heat source, the hot air temperature of 50, 60 and 70 °C, and the
hot air velocity of 0.5, 1.0 and 1.5 m/s, the results revealed that the drying rate is the
highest and the moisture ratio is decreased the fastest at the hot air temperature of 70 °C
and the hot air velocity of 1.5 m/s. The specific energy consumption is the lowest and
equal to 5.53 kW/kg at the hot air temperature of 60 °C, and the hot air velocity of 0.5

m/s. However, the emissions of carbon monoxide and oxides of nitrogen were acceptable.
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This thesis presented an indoor positioning system by using Bluetooth low energy
(BLE) technology. The main objective was to improve localization error of the system due
to the fluctuation of the Received Signal Strength (RSS). The system consisted of four BLE
modules used as reference nodes and the mobile phone with a developed mobile
application used as an unknown-location node. The thesis covered both a simulation and
an experiment in the real environment. The simulation part was developed by MATLAB
which consisted of two parts. The first part was to find the most appropriate anchors’
positions where the maximum RSS were obtained by using Genetic Algorithm (GA). The
second part applied the anchors’ positions obtained from GA to the localization process.
The localization process included the distance estimation, in cooperation with a Kalman
filter to estimate the RSS in the environment with Gaussian noise, and the localization by
using a trilateration approach. The simulations in the area of 5 x 5 square meters and in
the area of 7 x 14 square meters with the anchors’ positions obtained from GA showed
that the average localization error was 0.0956 meter and 0.2587 meter. The experiments
in the area of 5 x 5 square meters with the anchors’ positions obtained from GA showed
that the average localization error was 0.2635 meter, which was better than 0.358 meter
in the conventional system without GA and Kalman filter. The experiment of 7 x 14
square meters could not locate the tag’s positions because the coverage of BLE could

not cover all the experiment area.
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This thesis aimed to study the effect of large billboard structure connection on wind
resistance behavior by using the DPT Standard 1311-50 for wind load and response of
building. Individual billboards were connected starting with two, three, four and five. Each
single billboard was tested for three testing types. All billboards were double column
truss structure. The first billboard was 30 meters high, 32 meters wide, and 15 meters of
column height. The second billboard was 30 meters high, 32 meters wide, and 17.5
meters of column height. Third billboard was 30 meters high, 32 meters wide, and 20
meters of column height. Structure models were created by a commercial software and
were analyzed by linear elastic method considering P-Delta effect. The findings were that
the connecting large billboards increased member forces around the column. Therefore,

they had a significant negative impact on their structural behavior.
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TITLE : FLOOD MITIGATION IN HUAY SAMRAN BASIN OF MUENG SI SA KET, SI SA
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The study of flood mitigation in Huay Samran basin of Mueng Si Sa Ket, Si Sa Ket
province by the channel improvement method using HEC-RAS model was carried out to
create the Huay Samran basin model. Using the upstream boundary at M.190 Ban Koaw,
Uthumphonpisai, Si Sa Ket and the downstream at the junction of Huay Samran and the
Mun river, at Ban E-log, Muang Srisaket, Si Sa Ket, the flood maps of the return period at
2, 5, 10, 20, 50 and 100 years were produced. The channel improvement method using
HEC-RAS was modeled for 4 cases. The results were compared with the flood map of the
50 year return period where the flooding area was approximately 15,400 rais. The models
for improvement of the channel were carried out with the following proximities: case 1, at
the upstream channel from km. 28+000 to 72+000 with the distance of 44 kilometers;
case 2, at the mid channel from km. 13+000 to 28+000 with the distance of 16 kilometers;
case 3, at the downstream channel from km. 0+000 to 13+000 with the distance of 13
kilometers, and case 4, for the whole channel from km. 0+000 to 72+000 with the total
distance of 72 kilometers. The results of the improvement of the channel shown that the
flood could reduce. The reduction of the flooding area was found to be approximately

26.69%, 30.23%, 26.33% and 33.28% in case 1, 2, 3 and 4 respectively.
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This research aimed to develop cellular lightweight concrete blocks by finding
appropriate mixing formulas used in the production which causes the blocks to reach the
TIS 2601-2556 standard class. Four different foaming agents were used in the block
production process while their average wet density were set at 800, 900, 1,000 and 1,100
kg/m>. The water to cement ratios were 0.35, 0.40, 0.45, 0.50, and 0.55 while the sand to
cement ratios were 0.75:1, 1:1, 1.25:1 and 1.5:1, respectively. Then, a total of 756 cube
specimens were manufactured under air dry curing at 28 and 56 days-periods. The size of
each specimen was 15x15x15 cm. The specimens were tested in 2 phases. In the first
phase, only one type of the foaming agents was used. The result demonstrated that the
compressive strength was between 4.64-31.56 kg/cm? and water absorption was between
18.88-60.60 %. However, only the density of 1,100 kg/m’> was qualified for the TIS
standard. For the second phase, when using four different foaming agents, the
compressive strength was between 14.04 - 33.98 kg/cm? and the water absorption was
between 13.71 - 30.25 %. It could be concluded that the proper mixture that meets the
TIS standard was sand to cement ratio of 1:1 and water to cement ratio between 0.45 -
0.55. Furthermore, the addition of a foaming agent was able to increase the sand to
cement ratio to 1.5:1. Therefore, the modification of mixtures and addition of foaming

agents could reduce the costs of production.
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The objective of this thesis was to study compressive strength, stiffness and failure of
the load bearing walls made of normal concrete and cellular lightweight concrete having
density of 1,800 kg/m3. The wall samples were cast with each type of concrete and
tested in two cases; walls with and without edge restraint. In each case, there were three
wall patterns, therefor, a total of 12 wall samples were tested. The results showed that
load bearing walls made of normal concrete were more effective in load carrying capacity
than walls made of cellular lightweight concrete in the first and second wall patterns.
However, the load resistant efficiency of the cellular lightweight concrete walls was better
than normal concrete walls in the third wall pattern because the cellular lightweight
concrete wall failed in two positions and had more bearing area than the normal concrete
wall. The findings were consistant for both cases of testing. The Stiffness normal concrete
walls were greater than that of cellular lightweight concrete walls for all wall patterns and
cases of testing. For consideration of the wall failure, the normal concrete wall failed
more abruptly than cellular lightweight concrete walls did for both cases of testing.
Moreover, cracking patterns at failure were different for both cases of testing with regard

to the load carrying capacity of each type of walls.
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TITLE : INSECTICIDE REMOVAL IN WATER CONTAINING NATURAL ORGANIC
MATTER BY LACCASE

AUTHOR : TIDARAT MANEESRI

DEGREE : MASTER OF ENGINEERING
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ADVISOR : ASST. PROF. KARNIKA RATANAPONGLEKA, Ph.D.
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MATTER

This research aimed to study the insecticide removal in water which contained
natural organic matter (NOM) by partial purified laccase extracted from Lentinus
polychrous Lev. Four factors that affected the removal such as the pH value of the
solution, NOM concentration, insecticide concentration, and temperature were tested. The
insecticide used was dicofol which was a representative of organochlorine while
dichlorvos was a representative of organophosphate. The results showed that the
optimum condition for dicofol removal obtained in this study was at the pH solution of
pH 7, concentration of NOM at 1 mg/l, concentration of dicofol at 1 mg/l and the
temperature of 25 and 35 °C. The dicofol removal efficiency was 100% within 24 h. The
optimum condition for dichlorvos removal was at the pH solution of pH 5, concentration
of NOM at 1 mg/l, concentration of dichlorvos 1 at mg/l, and the temperature of 35 °C.

The efficiency of dichlorvos removal was 92.51% within 24 h.
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TITLE : DEVELOPMENT OF SOLID WASTE COLLECTION AND TRANSPORT SYSTEM
IN PAKXE, CHAMPASSACK PROVINCE
AUTHOR : BOUNPONE BUIVILAY
DEGREE : MASTER OF ENGINEERING
MAJOR : ENVIRONMENTAL ENGINEERING
ADVISOR : ASST. PROF. SOMPOP SANONGRAJ, Ph.D.
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This research aimed to study the current status of the solid waste collection and
transport system in Pakse, Champasak Province and to rank collection performances of
every service zone in Pakse. The data were collected from relevant details of the waste
collection process including collection and transfer times that were conducted from
October 2018 to December 2018. The data were categorized into 6 variables and were
analyzed by the taxonomy method in order to rank the solid waste collection
management. For the current waste collection and transport system in Pakse, it was found
that there were 30 villages in Pakse that committed to receive waste service from the city.
The population (in 2018) was 66,436 people while the garbage produced was at 35,588.33
tons per day. The garbage was the responsibility of the Urban Development Agency, which
consisted of 36 workers. Therefore, the service ratio between the workers and the citizens
was 1: 2,861.74. The service zones were divided into 4 zones. The garbage were transferred
by four garbage compactor trucks with a 9 m3 waste load. For the waste transport, it was
found that each truck transferred the garbage to the deposit site twice a day. The total
operation distance for one trip was about 1,792.1 kilometers which involved 822 kilometers
(45.85 %) for transport, 457 kilometers (25.48%) for collection, and 271 kilometers (15.13%)
for returning to the parking station. The operation times of each truck were 3,718.00
minutes (89.35%) for collection, 264.50 minutes (6.36%) for transport and 82.65 minutes
(1.99%) for returning to the parking station. From the analysis by the taxonomy method, the
result indicated that the best collection performance was truck number 1 whereas the
worst was truck number 3 with the measurement of collection and transportation

development (di) at 0 and 0.0190, respectively.
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TITLE : THE USE OF DIFFERENTIAL EVOLUATION METHOD TO RESOLVE THE
PROBLEMS OF FINDING LOCATIONS AND ROUTING LOGISTICS: CASE
STUDIES OF OIL PALM BUNCH COLLECTION CENTERS AND PALM
LOGISTICS IN NARATHIWAT PROVINCE
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VEHICLE ROUTING PROBLEM

This research study presented the use of the differential evolution (DE) method to
resolve the problems of finding location and routing logistics. Cases of oil palm bunch
collection centers and palm logistics in Narathiwat province were studied. Oil palm
extracting factories had to consider selection of the oil palm bunch collection centers
opening in 77 sub-districts, Narathiwat province to minimize the capital costs of finding
location and routing logistics. The factors considered were the location of the oil palm
bunch collection centers and the distance from oil palm agricultures to the oil palm
bunch collection centers. Then, the differential evolution method was applied to resolve
the problem of the capital cost. This method was used because the differential evolution
method was popular and it was easy and fast to find the result. The mutation process
which was the most important process was developed by using the 3 mutation process
equation. The new mutation was obtained; the results were different from and better
than the previous ones. Then, the swap process was used in order to gain more efficient
results. The finding revealed that the differential Evolution by using the process of
mutation which offered the lowest cost was 3,786.50 baht per day. The research finding
also showed the 39" oil palm bunch collection center within 675.10 kilometers. More

importantly, there were 13 logistics routes.
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TITLE : VEHICLE ROUTING FOR DAIRY PRODUCTS UNDER UNCERTAIN DEMANDS
USING THE ITERATED LOCAL SEARCH METHOD
AUTHER : NAMWAN PALAKANTHONG
DEGREE : MASTER OF ENGINEERING
MAJOR : INDUSTRIAL ENGINEERING
ADVISOR : ASST. PROF. SOMBAT SINDHUCHAQO, Ph.D
KEYWORDS : ROUTING PROBLEM, ITERATED LOCAL SEARCH, ONE MOVE, EXCHANGE,

2-0OPT

This study aimed to apply the Iterated Local Search Method (ILS) to indicate
solutions that will solve transportation routing problems of Foremost products, a case
study of Ban Phaeo Group Limited Partnership, Ubon Ratchathani. The objective of this
study was to minimize the total traveling distance under the uncertain demands from
each customer and the limitation of the vehicles’ capacity. The process of ILS were
divided into 3 steps. The first step was to create an initial feasible solution using the Clark-
Wright savings heuristic. The second step involved the improvement of the solution using
3 different local search methods (One Move, Exchange, and 2-Opt). Then, perturbation
was applied before performing the local search. The parameters of ILS were set as
follows: the number of iteration was set to 10,000, the number of perturbation in each
iteration as set to 1, and the order of the local search methods were Exchange, 2-opt, and
One move, respectively. The result obtained from ILS was satisfactory. The current total
distance could be reduced from 972.91 kilometers to 412.110 kilometers. The reduction

was 560.800 kilometers or 57.64 %.
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TITLE : SCHOOL BUS ROUTING: CASE STUDY OF PRASITSUKSASONGKROH
SCHOOL
AUTHOR : PANYAWAT CHUNCHAUPHAK
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ADVISOR : ASST. PROF. THANCHUDA PHANNIKUL. Ph.D.
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This research is intended to present about efficiency improvement for school bus
routing in a case study of Prasitseuksasongkroh School. Heuristics were used to route
school buses for students. The results can improve both the transfer cost and safety of
students. There were a total of 1,137 pick up and transfer students per day who had to
be transferred at 39 transfer points. For routing, the first step was dividing all transfer
points into groups by using degree. Then all 4 heuristic methods including; Nearest
Neighbor heuristic, Clarke-Wright Saving heuristic, Sweep heuristic and Farthest-Nearest
neighbor heuristic were applied. This was determined using 3 types of vehicles: a pick-up,
a six-wheel truck and a bus. The capacity for each type of vehicle varied with the number
of seats. The results showed that using Clarke-Wright Saving heuristic with a bus to
transfer got the shortest distances at 733 kilometers per round with the fuel cost for fuel
transfer at a total of 206,283 baht per month. Compared to the original transfer cost, the
cost be reduced by 134,817 baht per month.
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ABSTRACT

TITLE : SOLUTION OF VEHICLE ROUTING PROBLEM WITH MULTIPLE DEPOTS BY

USING MODIFIED DIFFERENTIAL EVOLUTION ALGORITHM: A CASE STUDY
OF SELLING RUBBER IN NAKHONPHANOM PROVINCE
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ALGORITHM

The objective of this study was to solve a Vehicle Routing Problem with Multiple
Depot (VRPMD), a case study of rubber vehicle routing in the northeast of Thailand. The
study also aimed to reduce transportation costs to the lowest level. The Modified
Differential Evolution (MDE) algorithm was employed to solve the problem by adding
local search in the general process of DE. However, in order to reduce the time in the
response of DE, local search that discovered the best and newest answer was selected.
The Swap method was used as a local search. The efficiency of MDE+swap method was
compared with the result of the Lingo program. The result revealed that the MDE
algorithm showed a better answer for small, medium, and large groups both in the quality
of the answer and the time to find the answer. In contrast, the Lingo program had a limit
on finding the answer for medium and large problem groups. It proved to be time-
consuming and failed to find the answer. When the Modified Differential Evolution
algorithm was applied, it was found that the answer could be found in an acceptable

time.
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DEPLOYMENT

This research aimed to study and analyze the actual needs of the sesame washing
machine usage from staff at the Sesame Learning and Development Center, the Faculty of
Agriculture, Ubon Ratchathani University. Quality Function Deployment Technique (QFD)
was applied to support the design and development of the effective sesame washing
machine that will serve the users’ needs. The research approach began with the study of
the current status of the sesame washing processes at the Sesame Learning and
Development Center, the Faculty of Agriculture, Ubon Ratchathani University. Afterward,
the users’ needs were collected by using a questionnaire. The study indicated that the
specifications of the machine that met the users’ requirement should compose of the
effectiveness of the machine, the convenience of usage, the appropriateness of shape
and dimension, safeness, movability, installation, and ease of cleaning. The data collected
from the users were used as guidelines to design and construct the prototype of the
machine based on the QFD. According to the QFD, specification of the machine was

applied to design and construct the machine that serves the users’ needs.
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ABSTRACT
TITLE : DISCRETE WAVELET TRANSFORM-BASED ANALYSIS OF UTERINE
ELECTROMYOGRAM DATA FOR PRETERM BIRTH CLASSIFICATION
AUTHOR : CHOMKANSAK HEMTHANON
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : ELECTRICAL ENGINEERING
ADVISOR : ASST. PROF. SUPARERK JANJARASJITT, Ph.D.
KEYWORDS : UTERINE ELECTROMYOGRAM, DISCRETE WAVELET TRANSFORM, FEATURE

EXTRACTION, CLASSIFICATION, PRETERM BIRTH

Prematurity is one of the most crucial health issues which can cause short-term and
long-term complications. In addition, prematurity is the leading cause of death among
children under 5 years of age. An electromyogram (EMG) signal measured on the
abdominal that is called uterine electromyogram or electrohysterogram (EHG) is another
electrophysiological signal that exhibit characteristics of uterus and also applied to
identify labor states. In this thesis a uterine EMG signal processing algorithm is presented
and also applied for preterm-birth and term-birth classification. A dataset of uterine EMG
signals containing 300 recordings divided into 38 recordings of uterine EMG signals
obtained from pregnant women with preterm birth and 262 recordings of uterine EMG
signals obtained from pregnant women with term birth is examined. The discrete wavelet
transform (DWT) is applied to decompose uterine EMG signals into constituent
components associated with various spectral subbands. Seven time-domain features that
are commonly used for feature extraction of EMG signals are applied for extracting
features of wavelet components of uterine EMG signals Subsequently, a number of
features of wavelet components of uterine EMG signals is reduced by computing statistical
values and applying feature selection. Support vector machines are a classifier applied for
classifying between a subject group associated with preterm birth and that associated with
term birth. The best preterm-birth and term-birth classification with respect to a product
of sensitivity and specificity is achieved using 2 features of wavelet components of uterine
EMG signals recorded in the early period with length of 16384 samples and also window

size and sliding window size of 64 samples selected using p-values obtained from t-test
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where the accuracy, sensitivity, specificity, and the product of sensitivity and specificity are

0.9383, 0.5789, 0.9860, and 0.5709, respectively.
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ABSTRACT
TITLE : DESIGN AND PERFORMANCE EVALUATION OF INTERNET PROTOCOL OVER
DWDM OF PROVINCIAL ELECTRICITY AUTHORITY’S CORE NETWORK
AUTHOR : CHAOWARIT BOONTA
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : ELECTRICAL ENGINEERING
ADVISOR : ASST. PROF. PRASIT NAKORNRAT, Ph.D.
KEYWORDS . IP-over-DWDM, SDH, IP/MPLS, CapEx/OpEx, OTN

This thesis aimed to study the design and performance evaluation of IP over the
DWDM network of the Provincial Electricity Authority’s core network. The DWDM layer
and IP layer were considered during the designing phase and the performance evaluation.
The DWDM network was modeled based on physical parameters and the IP/MPLS layer
was designed based on the traffic requirements of PEA. The performance of the DWDM
layer was evaluated with a blocking probability and the IP layer’s performance was
measured with QoS. The protection techniques in the DWDM layer to defend against
single link failures and equipment failures were considered. In the designing network
process of the multilayers, the explicit modeling of IP/MPLS over OTN over DWDM was
introduced and studied. The presented models have been proposed before. The
parameters affecting the cost of the network of each layer were introduced, such as the
equipment capacity (A, M, Uk). To interconnect between the layers, the Coherent
Polarization-Multiplexed Differential Quadrature Phase Shift Keying (CP DQPSK) modulation
and Forward Error Corrections (FEC) in the DWDM layer were applied. Therefore,
dispersion compensation and regeneration units were not required.

In addition, this study presented the model for optimizing the equipment capacities
of each network layer. This affected the cost of each network layer and the overall cost
of the whole network to the module capacities of each layer. Moreover, the explicit
networking optimization model was presented. The model was aimed to minimize the
total capacity of the LSRs and the OXCs. The study found that when M is above the
average demand in the network, it minimizes the cost of this layer the best and the cost

ratio of IP to W is 3.5%.
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ABSTRACT

TITLE : MODELING AND ANALYSIS OF ADHESIVE ANCHORING SYSTEM IN CRACKED
CONCRETE USING FINITE ELEMENT METHOD

AUTHOR : PHAKIN LOYJAROEN

DEGREE : DOCTOR OF PHILOSOPHY

MAJOR : CIVIL ENGINEERING

ADVISORS : ASST. PROF. GRIENGSAK KAEWKULCHAI, Ph.D.

CO-ADVISORS @ ASSOC. PROF. KITTISAK KUNTIYAWICHAI, Ph.D.

KEYWORDS : ADHESIVE ANCHORING SYSTEM, FINITE ELEMENT MODEL, CRACKED
CONCRETE

This research aimed to develop a finite element model of adhesive anchoring system
in uncracked and cracked concrete, to study the effects of cracking in concrete on
behaviors and pull-out strength of adhesive anchors. The calibrated model was used to
study key parameters that affected the behavior and pull-out strength of the adhesive
anchors in uncracked and cracked concrete.

A 3D-Finite element model was developed to simulate adhesive anchors with
transfer of pull-out force mechanism from anchor to concrete. The Zero-Thickness
Cohesive Elements with Traction-Separation Response were used to model the
concrete/adhesive interface where bond failures were mostly found. The Concrete
Damage Plasticity Model was employed to define responses of the concrete model.
Failure response types specified by the anchor and adhesive model were the kinds of
ductile damages and shear damages, respectively. The model consisting of proper
elements properties and boundary conditions was evaluated under the implicit
integration processing showed similar results to the previous studies and calibration
results were acceptable.

The results showed that the key parameters affecting the pull-out strength of the
adhesive anchoring system were ranked by the following priorities: embedment depth,
the concrete strength and bond strength. The distributions uneven maximum principle
stress in cracked concretes were main causes of the strength reduction of the system. The

effects of cracks in concretes increased when the value of the parameters increased.
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Mostly this was the result from the expansion of the cracks and the loss of bond strength
on concrete/adhesive interface. When the cracks in concrete were deepened, the
behavior and the pull-out strength would be similar to that of the case of uncracked

concrete. In addition, the increase of cracked plane would reduce the maximum pull-out

strength.
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ABSTRACT
TITLE : THE FACTORS AFFECTING CHARACTERISTICS OF RECYCLED THINNER
FROM DISTILLATION METHOD
AUTHOR : WICHIEN SRIHANAJ
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : ENVIRONMENTAL ENGINEERING
CHAIR : ASST. PROF. SOMPOP SANONGRAJ, Ph.D.

KEYWORDS  : WASTE THINNER, THINNER RECYCLER, DISTILLATION

This study aimed to examine a distillation of waste thinner from car painting
process. The prototype of a thinner recycler (Petty patent number 10667) was employed
to investigate properties of thinner at pre and post distillation stages. Then, the properties
of the used thinner were compared with those of the new thinner. The distillation
experiments were carried out at Technical Center (2006) Company in Ubon Rachathani
Province. Three different temperature conditions at 70°C, 80°C and 90°C were applied
while the distillation time was 90 minutes. The results revealed that the specific gravity
values of the waste thinner after the distillation were 0.854, 0.848 and 0.847, respectively
while the specific gravity value of the new thinner was 0.840. The absorbance values after
distillation yield at 1.297, 1.388 and 1.313, respectively while the absorbance value of the
new thinner was 1.302. The average volumes of the 6,000 ml distilled waste thinner were
596.50+116.67, 2,698.00+247.49 and 3,039.00+164.05ml, respectively. The average
distillation rates were 6.63+1.29, 29.98+2.75 and 33.77+1.82ml/min. The appropriate
temperature was 90°C. The chemical properties of the wasted thinner after distillation at
90°C for 90 minutes were different from those of the new thinner. From the analysis of
the distillated thinner, various dissolutions were found including that 24.60% Toluene,
0.01% Acetone, 6.60% Iso-Propanol and 0.01% Ethylene Glycol Monobutyl Ether. It could
be concluded that the refinery machine could refine the used thinner and produced
50.65% re-useable thinner. By this percentage, the business’ production cost would

reduce at approximate 4,501.28 Baht per month.
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ABSTRACT
TITLE : DESIGN AND DEVELOPMENT OF A NAPIER GRASS HARVESTER MACHINE
AUTHOR : CHANATHIP KALCHUK
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : INDUSTRIAL ENGINEERING
ADVISOR : ASSISTANT PROFESSOR KANITSORN POONIKOM, Ph.D.
KEYWORDS : DEVELOPING MODELS, KNOWLEDGE MANAGEMENT, PRODUCTION

MANAGEMENT, AGRICULTURAL MACHINERY INDUSTRIES

This research aimed to design and develop of Napier grass harvester machine and
test the performance of the prototype. It started by the study of documents related to
the topic, interviews and meetings with machine-users and farmers who required the
machine. Data were synthesized to determine the factors that influence the design and
development of such a harvester. The machine was designed using Quality Function
Development (QFD) in conjunction with the FSUDEE System design principles. An index of
consistency (I0C) compliance questionnaire for quality assurance was designed by seven
experts. The production cost of the Napier grass harvester machine’s prototype was
estimated and produced. Trials were held to identify factors that may affect the potential
of the machine. Results of these trials showed the existence of five factors, usability,
materials, format of the machine, safety, and convenience of use. Evaluation of the
machine’s quality control showed that its performance and productivity was 94.2%
effective. The experimental design showed that the variation of cutting speed and the
effect of cutting head speed on the length of cut grass was at the 0.05 level of
significance. Results of the performance test showed that the cutting ability of the
machine was 6.84 tons/hour, at a cutting head speed of 1,800-2,000 rpom and a cutting

speed of 5-10 kilometer/hour while the length of the Napier grass was-3 to 5 centimeters.
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ABSTRACT

TITLE : SOLVING A MULTI-LEVEL LOCATION-ALLOCATION PROBLEM: A CASE

STUDY IN THE PLANTING OF RENEWABLE ENERGY CROPS IN THE
NARATHIWAT PROVINCE WHEN THE SABOTAGE RISK IS CONSIDERED

AUTHOR : CHAIYA  CHOMCHALAO

DEGREE : DOCTOR OF PHILOSOPHY

MAJOR : INDUSTRIAL ENGINEERING

ADVISOR : PROF. RAPEEPAN PHITAKHASO, Ph.D.

KEYWORDS : LOCATION ALLOCATION PROBLEM, RENEWABLE ENERGY CROPS,

DIFFERENTIAL EVOLUTION ALGORITHM, MODIFIED DIFFERENTIAL
EVOLUTION ALGORITHM, RISK CONDITIONS

This research is to solve a multi-level location-allocation problem, along with
considering the risks of sabotage. We focus on the case study of growing renewable
energy plants in Narathiwas Province. The goal is to have the lowest operating costs of
palm oil logistics and the lowest transportation emission costs considering the risks of

sabotage as well. We have developed a mathematical model and presented a way of

finding the most proper solution by using @ differential evolution algorithm (DE). The
method that the researcher developed is called modified differential evolution algorithm
(MDE). MDE works by increasing or decreasing the population number of the next
generation in the best vector. For both methods of finding a solution, we have shown two
different decoding approaches that provide different efficiencies. Moreover, we have
increased the efficiency by adjusting solution quality using the local search technique.
The results show that the MDE that we developed provides a better solution. It can
reduce costs by approximately 1% compared to the traditional DE. It shows results from
all 75 sample tests and the case study use less processing time compared to LINGO V.11.
By increasing or decreasing the population number of the next generation in the best
vector, the first decoding approach of the modified different evolution can provide 42
efficient sample test results and the case study when compared to the results from LINGO
V.11. In increasing the efficiency in adjusting quality solution using the local search

technique, insertion move algorithm provides the best result with the sample tests. For
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solving the problem of the case study using MDE along with adjusting the results, insertion

move algorithm provides the best result.
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ABSTRACT
TITLE : DELVELOPMENT OF SMES/SMCE’ S PERFORMANCE IMPROVEMENT
MODELS: A CASE STUDY OF TEXTILES BUSINESS
AUTHOR : NARONG BOONSANER
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : INDUSTRIAL ENGINEERING
ADVISOR : ASST. PROF. KANITSORN POONIKOM, Ph.D.
KEYWORDS : PERFORMANCE, MODELS FOR INCREASING PERFORMANCE, SMALL AND

MEDIUM ENTERPRIES AND COMMUNITY ENTERPRISS (SMES & SMCE),
ENGINEERING MANAGEMENT TOOLS

Currently, operative performances in SMEs/SMCE sectors were not effective due to
error analysis in problem solving process. The errors could cost low efficiency in their
performance and increase investment in SMEs/ SMCE. Therefore, the research aimed to
develop models that could improve SMEs/SMCE’s performances. Large industries and
their consultants were studied in order to learn and observe their problem solving
planning process. The results from the study could be applied and formulate a model
that increased SMEs/SMCE’s performances. Two textile businesses were selected to this
study. The model was developed based on an engineering management conception. The
KPI' of operation performance and the synthesis conception were analyzed and
developed. Then, the performance model based on a multiple criteria decision-making
theory was developed. The participants who involved in the decision-making process
were entrepreneurs and their consultants. They worked as assessors who found out main
and secondary causes. After that, the systematic problem solving in the engineering
management tool was obtained, and then was applied to the two selected textile
businesses. For the first textile business, it was found that the investment cost decreased
at 41.15 baht per piece while the total cost reduction was 15,019.75 baht per year. For
the second textile business, it showed that the investment cost decreased at 3.43 baht
per piece and its total cost reduction was 75,117 baht per year. The results showed that

the two models satisfied the textile entrepreneurs at the high level. Ultimately, it could



44

be concluded that the developed model could be applied to other textile businesses

and SMEs.
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ABSTRACT
TITLE : HEURISTIC FOR SCHEDULING AND ASSIGNMENT PROBLEM A CASE STUDY
OF A PIG FARM IN BURIRAM PROVINCE
AUTHER : NAT PRASEERATASANG
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : INDUSTRIAL ENGINEERING
ADVISOR : PROF. RAPEEPAN PITAKASO, Ph.D.
KEYWORDS : SCHEDULING PROBLEM, ASSIGNMENT PROBLEM, ADAPTIVE LARGE

NEIGHBORHOOD SEARCH

This study aimed to present the ALNS metaheuristic to solve assignments and
scheduling problems. The researcher had developed a new method of Destroy Operators
and Repair Operators by making a hybrid between the Ant colony optimization and the
Adaptive Large Neighborhood Search. This method was able to solve the problems
effectively and was suitable for the case study. In addition, the researcher had also
developed a mathematical model to solve the problems for the case study. The results
showed that the mathematical model can be used to solve problems in two sizes; small
and medium problems. Nonetheless, the developed ALNS metaheuristic, the process of
Destroy Operators and Repair Operators, was found to be the best solution for all three
problem groups. It obtained an average time. For a large solution, the average time was
19,300 seconds. However, the Lingo program could not be processed within this specific
time period. This study was very useful for operators who had trouble with assignments
and scheduling. Therefore, this study could be used as a guideline to increase productivity

and to achieve higher profits according to the objectives set.
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ABSTRACT

TITLE : EFFECT OF DRIVING FORCE, KNOWLEDGE MANAGEMENT, AND GREEN
SUPPLY CHAIN MANAGEMENT ON COMPETITIVENESS AND BUSINESS
PERFORMANCE OF MANUFACTURING INDUSTRIES IN THAILAND

AUTHOR : THUMNONG CHIDCHOB

DEGREE : DOCTOR OF PHILOSOPHY

MAJOR : INDUSTRIAL ENGINEERING

ADVISOR : ASST. PROF. NALIN PIANTHONG, Ph.D.

KEYWORDS : DRIVING FORCE, KNOWLEDGE MANAGEMENT, GREEN SUPPLY CHAIN

MANAGEMENT, BUSINESS PERFORMANCE

The objectives of this study were to 1) study the levels of driving force, knowledge
management, green supply chain management, competitiveness, and business
performance of manufacturing industries in Thailand, 2) study the effects of these factors,
and 3) verify the goodness of fit of the hypothesis model and the empirical data. The
samples consisted of 412 industries in Thailand. The samples were selected by a stratified
random sampling technique. A questionnaire was employed for data collection.
Descriptive statistics were used for data analysis and inferential statistics was applied for a
structural equation model analysis through a statistical package.

The study found that the overall level of the driving force, knowledge management,
green supply chain management, competitiveness, and business performance of
manufacturing industries in Thailand were at the high level. The structural equation model
of driving force, knowledge management, and green supply chain management influenced
the competitiveness and business performance of manufacturing industries in Thailand.
Furthermore, in term of the goodness of fit, the model suited the empirical data (Chi-
square = 52.10, degree of freedom = 59, CMIN/df = 0.88, CFl = 1.00, GFI = 0.99, and
RMSEA = 0.000).
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ABSTRACT
TITLE : DIFFERENTIAL EVOLUTION ALGORITHMS SOLVING RAW MILK
TRANSPORTATION PROBLEM
AUTHOR : PEERAWAT CHOKANAT
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : INDUSTRIAL ENGINEERING
ADVISOR : PROF. RAPEEPAN PHITAKHASO, Ph.D.
KEYWORDS : VEHICLE ROUTING PROMBLEM, MAINTENANCE, RAW MILK

This research aimed to solve the problem of the raw milk collection system; it was
the special case of the vehicle routing problem. The factory received raw milk from 45 raw
milk centers. The raw milk transportation trucks were three sizes; 6, 9 and 12 tons
respectively. Each truck size had 3 compartments for milk storage. A tank size for raw milk
storage at the factory was 17 tons. The objective function of the research was to decrease
the transportation cost and the truck’s cleaning cost. The transportation cost directly
depended on the fuel usage. The fuel usage occurred during the transportation and while
waiting for the raw milk transfer to the factory’s tank. Researchers developed the
modified differential evolution algorithm ( MDE) to solve the problem. Generally,
differential evolution algorithm (DE) had 4 steps; (1) randomly generated a set of an initial
solution (built target vector) (2) mutation process (built the mutant vector) (3)
recombination process (built the trial vector and (4) selection process (built the new
target vector). Instead of using only 1 formula in the mutant process with MDE, 3 formulae
was used in the proposed method. Moreover, the Vector transition process, Vector
exchange process and Vector insertion process was added to the recombination process.
Finally, the new selection process chose the worst solution which then became the new
target vector. The results indicated that the lowest cost was 66,212.91 baht and the cost
of the original price could be reduced by 27,987.09 bath or 29.71%.
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ABSTRACT
TITLE : U-SHAPED ASSEMBLY LINE BALANCING BY USING DIFFERENTRIAL
EVOLUTION ALGORITHM
AUTHOR : POONTANA SRESRACOO
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : INDUSTRIAL ENGINEERING
ADVISORS : ASSOC. PROF. NUCHSARA KRIENGKORAKOQOT, Ph.D.
CO-ADVISORS @ ASSOC. PROF. PREECHA KRIENGKORAKOQOT, Ph.D.
KEYWORDS : U-SHAPED ASSEMBLY LINE BALANCING, BASIC DIFFERENTIAL EVOLUTION

ALGORITHM, IMPROVED DIFFERENTIAL EVOLUTION ALGORITHM,
OPTIMAL SOLUTION

This research aimed to develop a metaheuristic approach for solving U-shaped
Assembly Balancing Problem (UALBP) Type 1 (given ¢, min m). The proposed algorithm
was developed by applying basic differential evolution algorithm and improvement of
differential evolution algorithm. The development of algorithms had been evaluated and
would be compared to other metaheuristics from literature review.

For UALBP, the Differential Evolution Algorithm (DE) methods were tested with 2
data sets, 1) in medium scale problem (21-45 tasks, 25 instances, data set of Nuchsara
et.al MMAS (no local search) method, Nuchsara K.(2007)) whose experimental results
showed that the basic differential evolution algorithm and improved differential evolution
algorithm were able to identify better solutions than other metaheuristic; the results
indicated that optimal was 25 from 25 instances (average cal.time of each method were
between 0.09 - 1.56 sec./instance) whereas MMAS (no local search) method reached
optimal only 23 out of 23 instances and 2) in large scale problem (21-45 tasks, 62
instances) where the MMAS (no local search) method was compared with priority
rule metaheuristic; the result showed that the basic differential evolution algorithm
and improved differential evolution algorithm indicated good solution. The DE/best/2
and Exponential Crossover 1 algorithm gave the optimal solution and shorter time than
other methods and was able to identify better solutions. The results revealed optimal

solutions were 36 from 62 instances (average cal.time of each method was between
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4.88 -5.65 sec./instance) whereas MMAS (no local search) method reached optimal only
for 35 from 62 instances.
The results showed that the proposed DE performed more effectively than other

metaheuristics in UALBP.
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ABSTRACT

TITLE : SOLUTION OF VEHICLE ROUTING PROBLEM WITH MULTIPLE DEPOTS BY

USING MODIFIED DIFFERENTIAL EVOLUTION ALGORITHM: A CASE STUDY
OF SELLING RUBBER IN NAKHONPHANOM PROVINCE

AUTHOR : WORAPHOD SAENGBUNRUEANG

DEGREE : MASTER OF ENGINEERING

MAJOR : INDUSTRIAL ENGINEERING

ADVISOR : PROF. RAPEEPAN PITAKASO, Ph.D.

KEYWORDS : VEHICLE ROUTING PROBLEM, RUBBER, MODIFY DIFFERENTIAL EVOLUTION
ALGORITHM

The objective of this study was to solve a Vehicle Routing Problem with Multiple
Depot (VRPMD), a case study of rubber vehicle routing in the northeast of Thailand. The
study also aimed to reduce transportation costs to the lowest level. The Modified
Differential Evolution (MDE) algorithm was employed to solve the problem by adding
local search in the general process of DE. However, in order to reduce the time in the
response of DE, local search that discovered the best and newest answer was selected.
The Swap method was used as a local search. The efficiency of MDE+swap method was
compared with the result of the Lingo program. The result revealed that the MDE
algorithm showed a better answer for small, medium, and large groups both in the quality
of the answer and the time to find the answer. In contrast, the Lingo program had a limit
on finding the answer for medium and large problem groups. It proved to be time-
consuming and failed to find the answer. When the Modified Differential Evolution
algorithm was applied, it was found that the answer could be found in an acceptable

time.
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ABSTRACT

TITEL : A STRUCTURAL EQUATION MODEL OF TOTAL QUALITY MANAGEMENT
AND INNOVATION CAPABILITY AFFECTING ORGANIZATIONAL
PERFORMANCE
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The objectives of this research were to 1) study the causal factors of the total quality
management (TQM) and innovation capability effecting organizational performance,
2) study the relationship between the important factors of the TOM and the innovation
capability and 3) analyze the causal relationship structure and confirmatory factory
analysis of TQM and innovation capability effecting organizational performance. The
samples comprised of automobile and auto part industries and electrical and electronic
industries in Thailand. Data were collected by surveying 437 automobile and auto part
industries and 462 electrical and electronic industries. The structural equation model was
used to analyze measured variables and latent constructs.

This study revealed that TOM and innovation capability have a positive influence on
organizational performance. The analysis of the structural equation model and TQM,
innovation capability, and organizational performance showed consistent results with
empirical information. The chi-square (x*) value is 135.504 at the degree of freedom (df)
of 43. The relative or norm chi-square )x/df) is 3.151. The comparative fit index (CFI) is
that of 0.984. The goodness of fit index (GFI) is 0.980 . The adjusted goodness of fit index
(AGFI) is 0.945. The root mean square error of approximation (RMSEA) is 0.049 and the
standardized root mean square residual (SRMR) is 0.018. The results indicated that TOM
has positive effects on the innovation capabilities and organizational performance. TQM
also has indirect influence on organizational performance at 0.01 statistically significance.

The correlation coefficients among TQM, innovation capability, and organizational
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performance are 0.46, 0.78, and 0.26 (p < 0.01), respectively. The innovation capability has
a positive direct influence on organizational performance at 0.01 statistically significance.

The correlation coefficient is 0.44 (p < 0.01).
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This research aimed to solve the problem of planning the optimum area for
economic crops by developing a mathematical model and developing an algorithm to
solve the problem. By considering economic values so that farmers could make most
profit. The data were from sub-districts information in the 8 lower northeastern provinces
of Thailand. Three types of economic crops were rice, cassava, and sugarcane. Two
methods to solve problem were developed; 1) formulation of the mathematical model
and solving the problem by LINGO V.11 2) development of the differential evolution
algorithm (DE) to solve the problem, which had 6 ways.

The results showed that 1) the profit between LINGO V.11 and DE were equal but DE
was easier than LINGO V.11. 2) Based on case study of problems with the heuristics
method, the best answer was the DE method by using LOCAL SEARCH. The K (K-VARIABLE
MOVE ALGORITHM MOVE ALGORITHM) or DE-KV method was used with IMPROVE
DIFFERENTIAL EVOLUTION (I-DE), and it was better than other methods. When it was
compared with the DE method, the result also showed better answer. The maximum

profit was 12,761,400 baht per crop cycle.
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