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Abstract

In this research, the location routing problem with emergency referral (LRPER) was
defined to solve for (i) the number of local blood banks (LBBs) and their locations;
(i1) the assignment of each hospital to each LBB; (iii) the routing from LBBs to hospitals
for blood delivery. The mathematical model for LRPER was proposed to solve for the
number of LBBs and their locations in such a way that the total cost is minimized and the
emergency blood referrals are satisfied. LRPER, which is a special case of Location - Routing
Problem, is NP-hard problem. Hybrid Genetic Algorithm (HGA) was developed to solve
LRPER. A data set of 93 LBBs in the lower north-eastern provinces of Thailand was used
as a case study in this research. The results shown that HGA is an appropriate method

to solve LRPER giving the number of locations and routes that yield the lowest cost.
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Algorithm; Neighbourhood Search

I Faculty of Engineering and Architecture, Rajamangala University of Technology Isan, Nakhon Ratchasima
2 School of Industrial Engineering, Suranaree University of Technology, Nakhon Ratchasima
* Corresponding Author E - mail Address: jittamai@sut.ac.th



2 Hybrid Genetic Algorithm for the Location - Routing Problem with Emergency Referral

Introduction

The health care system is one of the most important aspect of the developed countries.
Health care logistics has been increasingly aware by professionals in the medical, business
and engineering fields because it can be used to improve medical services as well as reduce
operating costs. Moreover, the increasing demand for health care services coupled with their
importance and higher costs make it necessary to better utilize the medical resources and
facilities. The human blood is one of the most important components of a health care system.
Human blood is a scarce resource. It is only produced by human beings and there are currently
no other products or alternative chemical process that can be used to generate blood.

The rapid increasing demand for blood, criticality of the product, storage, handling,
and distribution requirements and limitations, and the different geographical locations of hospitals
and medical centers have made management of blood a complex and very important problem.
Moreover, many countries face the problem of increasing gap between blood need for transfusion
(demand) and donor recruitment (supply). Cost of blood transfusion has been increased due
to strict measures in blood safety and logistics. Therefore, an efficient management of blood
logistics can cause significant impact on medical operations improvement and maximize the
utilization of blood supply.

One of the most important tasks of blood logistic managers is to design an efficient
and effective distribution network in order to deliver blood and blood products to hospitals with
the lowest cost and in the shortest possible time frame. Blood logistics is an approach to manage
and use blood effectively and efficiently. Determining locations of blood banks and distribution
of blood product is a strategic decision in the blood logistics. Salhi, S. and Rand, G. K. [1]
described that locations of facilities and vehicle routing are critical in any application area.
The overall system cost can increase if facility locations are not considered in routing decision.
Moreover, in health care system if only a small number of facilities is utilized without the
consideration of locations, it may result in increases in mortality and morbidity rates [2].
Blood bank locating and blood products distribution from these blood banks to hospitals are
two key components in blood logistics. Therefore, it is necessary to incorporate and compute
the locations of blood banks and the vehicle routing decisions simultaneously.

The Location-Routing Problem (LRP) is closely related to the Vehicle Routing Problem
(VRP) and the Facility Location Problem (FLP), both of them are shown to be NP-hard [3] - [4].
The main difference of the VRP and the LRP is the decision variables, namely, the locations
of depots are decision variables in LRP. Thus, the LRP can be considered as a combination of
the FLP and the VRP. For both the LRP and the FLP the locations of the depots are decision
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variables. LRP considers the creation of routes when the allocation decision is made, the FLP
etermines direct route between the customer locations and the depots. Perl, J. and Daskin, M. S. [5]
shows how the facility location decision is comprised of three interdependent components;
facility location, customer allocation, and routing.

The LRP integrates the decision process to determine the optimal number and locations of
facilities to be open, an optimal assignment of customers to facilities, and an optimal set of vehicle
routes from facilities to customers. The objective of the LRP is to minimize the total fixed and
transportation costs. The LRP belongs to the class of NP-hard problems [6]. Therefore, even
heuristic methods specialized in solving this problem require a considerable computation effort.

In this study we developed the location-routing problem with emergency referral
(LRPER) model to solve the problem of blood logistics, with an objective to minimize the
sum of the total fixed cost of local blood banks (LBBs), the total periodic delivery costs and
the emergency delivery costs. The proposed model aims to determine (i) locations and number
of LBBs, (ii) assignment of hospitals to LBBs, and (iii) vehicle routing for blood distribution.

This paper is organized as follows: section 2 reviews of literature. Section 3 introduces
the problem definition and assumptions. Section 4 presents the LRPER model. Section 5
proposes the HGA for solving LRPER. Computational results are given in section 6 and

conclusion is given in section 7.

Literature Reviews

In the past, LRP was applied widely in various applications by Nagy, G. and Salhi, S. [7].
There are also following research that embraced LRP applications in their studies such as,
parcel delivery [8] - [9], waste collection [10], newspaper distribution [11], distribution center [12],
medical evacuation [13]. In the literature, the research on blood logistics focuses on the
complexity of effective and efficient of blood location-allocation. Or, I. and Pierskalla, W. P. [14]
considered a regional blood management problem where hospitals were assigned as regional
blood banks and developed a location-allocation model to minimize the sum of the transportation
and the system costs. One recent research by Sahin, G. et al. [15] presented a blood bank location
model and developed several location-allocation models to solve the problems of regionalization
based on a hierarchical structure method. However, both studies were carried out to demonstrate
blood logistics, considering only the location of blood banks without incorporating the vehicle
routing decision simultaneously in their consideration.

Incorporating the routing cost approximations in location models is an approach to

solve the location routing problem (LRP). Using an integrated routing and locations
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mathematical to solve the problem. One of the first mathematical approaches to the location
routing problem was introduced by Laporte, G. and Nobert, Y. [16]. This research involves
an exact integer programming algorithm for solving a LRP without tour length restrictions
and vehicle capacity constraints. The algorithm solve a relaxed model where the integrality and
subtour elimination constraints were ignored. A study by Min, H. [17] provides an exact and a
heuristic approaches. The exact algorithm is based on integer programming. The heuristic
approach is based on the location-allocation-first and route-second approach. Customers are
clustered in such a way that the demand for each cluster does not exceed the vehicle capacity.
Subsequently, the customers in these clusters are sequenced using a traveling salesman problem
(TSP) algorithm to form vehicle routes. Previous researches were carried out only to determine
the feasibility of exact solution without incorporating comprehensive data on emergency cost.
Perl, J. and Daskin, M. S. [5] proposed a tree-phase algorithm to solve a complex LRP which
accounts for variable facility throughput costs and facility throughput capacities. This approach
was tested on two problems. It yielded a total cost that is only 5 % higher than the LP lower
bound for smaller one, and produced substantial savings for the larger problem. Wu, T. H.
et al. [18] extended Perl, J. and Daskin, M. S. [5] model to solve the location allocation
problem (LAP). In order to create initial vehicle routing problem (VRP) routes. The routes
are treated as if they were one “node.” These “nodes” are used to solve a new LAP. This could
potentially reduce the number of warehouses and fixed costs of warehouses. Several authors
have proposed the use of metaheuristics to solve the multi-depot location routing problem
(MDLRP). Su, C. T. [19] applied a genetic algorithm to the design of a physical distribution
system where both the location of facilities and the routing of vehicles were considered.
In addition to determining the number and locations of distribution centers, the author also
developed a methodology to estimate the required number of vehicles and corresponding
routing. Albaread-Sambola, M. et al. [20] developed a two phase tabu search heuristic for
the MDLPR with one capacitated route from each depot. In the intensification phase,
the routes are optimized while in the diversification phase the set of open depots is modified.
Julia, R. et al. [21] presented the model of location-routing problem along with internal
transportation processes inside hubs were taken into the consideration in this problem
and the model mathematical formula with linear constrains were also considered.

After a thorough review, we have found that the methodology to solve the simultaneous
location and routing problems has yet to be explored, especially in the topic of emergency
referral. In this research, we proposed a mathematical model for LRPER. In addition, in order
to get effective results we also proposed method to incorporate location and routing and solved

them simultaneously.
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Location Routing Problem with Emergency Referral Model (LRPER)

In this research, the mathematical model for LRPER has been proposed. The model is extended
from the LRP by Or, 1. and Pierskalla W. P. [14]. Two additional conditions have been
incorporated into our model, which are the blood transportation with emergency referral (ER)
and operating costs for the establishment of blood bank. The proposed model is call the “location
routing problem with emergency referral.” The solutions for the LRPER model are the
numbers of blood banks, the sizes of blood banks, the locations of blood banks, the assignment
of each hospital to appropriate blood bank and the result of the routing of blood transportation
from blood banks to hospitals.

Notation

The subscripts, sets, parameters, and decision variables used in the model are described
as follows:

a) Subscripts:

i = index of LBBs

j = index of hospitals
k = index of vehicles
b) Sets:

I = setofall LBBs
J = set of all hospitals

~
[

set of all vehicles

c) Parameters:

N = number of hospitals

d; = distance between points 1 and j

fi = fixed cost for LBB i

e; = number of the emergency referrals for hospital j

q; = average number of blood units demanded by hospital j
Q, = capacity of vehicle k
V; = capacity of LBB i

cost per kilometer of a delivery vehicle

¢
Il

d) Decision variables:
xik= 1, if point i precedes point j on vehicle k; 0 otherwise.
yi = 1, if hospital j is allocated to LBB i; 0 otherwise.
z, = 1,if LBB 1iis established; 0 otherwise.

R;  are continuous variables used in the subtour breaking constraints.
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Mathematical model formulation
The mathematical model formulation of the LRPER is:

Minimize fozf*Z Z Zc'dijxiijrz Z Z cre;dyxy, (1)

iel keK iel  jeJ iel jeJ keK

Subject to;

DD N =LY )

keK iel
24,2 % <0i. Vk 3)
jeJ iel
szifk <I,Vk 4)
iel jeJ
injk _ijik =0,Vk, Vi (5)
jeJ jeJ
24,3y —Viz <0.Vi (6)
jeJ
zzxijk —Z > O,Vi (7)
jeJ keK
Z)cijk—zl. SO,VZ,V!{ (8)
JjeJ
injk _ijki =0,Vj,Vk 9)
R-R +(R+N)> x, SR+N-LVii# | (10)
kekK
X, = 10,1}, Vi, V), Vk (11)
v, ={0.1}, Vi, Vj (12)
z, ={0,1}, Vi (13)

In this formulation, the objective function (1) minimizes the sum of fixed cost of
LBBs, periodic delivery costs, and emergency referral delivery costs. Constraint (2) requires
that each hospital has been assigned to a single LBB. Constraint (3) ensures that the vehicle
capacity is not exceeded. Constraint (4) guarantees that each vehicle is routed from at most
one LBB. The continuity of the routes and return to the original LBB is guaranteed through

constraint (5). Constraint (6) ensures that the LBB capacity is not exceeded. Constraints (7)
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and (8) assure that vehicles must initiate from an opened LBB. Constraint (9) assures that
a vehicle leaves and arrives in the same LBB. Constraints (10) are the subtour elimination
constraints which guarantee that each tour must contain a LBB from which it originates.

Finally, constraints (11), (12), and (13) specify the binary variables used in the formulation.
Hybrid Genetic Algorithm (HGA)

Genetic Algorithm for Location Routing Problem

As mentioned earlier, the LRP can be viewed as an integration of two NP-hard
optimization problems where each individual problem is, by its own, difficult to solve. In this
research, we propose a genetic algorithm (GA) to solve LRPER. GA is in fact a population-based
metaheuristic, which has been proved very powerful to solve many large scale problems [11].
GA can avoid getting trapped in a local optimum by the aid of the genetic operations called
mutation. The basic idea of GA is to maintain a population of candidate solutions that evolves
under selective pressure. In recent years, GA has been applied successfully to a wide variety of
hard optimization problems. The success is mainly due to its simplicity, easy operation, and great
flexibility. These are the major reasons why GA is selected as a computation tool in this research.

A. Chromosome representation

Surekha, P. and Sumathi, S. [22] indicated that the design of chromosomes is the

first step, and it is one of the step of GA which is important because the design of chromosomes
will have a direct effect on the speed in finding the optimal solution. In this research,
the representation of a chromosome has to reflect the properties of the LRPER and describe
the location of blood banks and the route of a vehicle. Figure 1 shows the representation of a
chromosome (10 hospitals and 3 LBBs). Row A, represents the number of LBBs. And row
B, represents the routing of the vehicle. For example, feasible hospitals to be served by
LBB#1 are a; = a; = a3 = a,, = 1, and routing for LBB#1 are 6 - 8§ -7 - 10 - 6.

a d a3 s as de a7 ag dg | dio
A, 3 2 2 3 3 1 1 1 3 1
B, 4 6 8 2 3 1 5 7 9 10

Figure 1 The representation of a chromosome

B. Initial population method
The initial population method simultaneously both location set of LBBs and set of
vehicle routes from LBB to hospitals by a random generation method. The random generation
method gives solutions created from random numbers and a global search. Figure 2 shows

three chromosomes an example of initial population generated.
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a dy | A3 | &4 | @5 | A | A7 | A | A9 | 3y
Ay | 3 2 2 3 3 1 1 1 3 1
B, | 4 6 8 2 3 1 5 7 9 10
A, 1 3 1 3 3 1 2 1 1 2
B, | 9 10| 3 7 6 8 2 4 5 1
Ay | 2 1 1 3 2 3 1 3 3 1
B; | 5 8 2 1 10 | 4 3 6 9 7

Figure 2 An example initial population generated by random generation method

C. Fitness function
For the LRPER, the fitness function should minimize the total costs. The evaluation
of fitness function Fgy,, is defined as the sum of three types of cost (based on objective
function): i) fixed costs of LBBs (FC,gp); ii) periodic delivery costs (PDC); and iii) emergency
delivery costs (EDC). Therefore, Fgya;= FCrzs + PDC + EDC.
D. Selection
The roulette wheel selection operation is adopted to choose some chromosomes
to undergo genetic operations. The approach is based on an observation that a roulette wheel
which has a section allocated for each chromosome in the population, and the size of each
section is proportional to the chromosome’s fitness. The better fit the chromosome is the higher
the probability of being selected will be.
E. Genetic Operation
The crossover operation swaps parts of two parents in the population in order to
generate offsprings. The crossover is made in hope that an offspring will inherit good parts of
old chromosomes. There are many ways to do crossover, and this approach is able to improve
the problem by producing offsprings that yield better results. Our crossover operator is applied
to both row A (location) and row B (routing). For row A, we randomly select a point to crossover.
An offspring is then obtained by appending the beginning of the first parent to the end of the
second parent. For row B, we follow the crossover procedure of [12]. First, we select one crossover
point and the permutation is copied from the first parent to this point, then the second parent is
scanned. If the hospital is not yet in the offspring, it will be added to the offspring. For clarity,
let us consider an example as depicted by Figure 3.
F. Compare and replacement
Comparing the quality of two individual chromosomes is important in GA.
The replacement of offsprings is the last phase in GA. It consists of maintaining the population
size constant. Many existing methods are available in the literature to choose which individual
to be removed from the population, such as random replacement or weak parent replacement.
In the proposed algorithm, once a new offspring is created (using the GA operators), it is compared

to the worst individual in the population. Then the best one is simply kept inside the population.
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Hybrid Genetic Algorithm for Location Routing Problem with Emergency Referral

To solve a location-routing problem, there is a need to solve a facility location problem
(FLP) and a vehicle routing problem (VRP). Both problems are classified as NP-hard problems [14].
Hence, the LRP is also NP-hard. The LRPER can be viewed as an extension of the capacitated LRP.
Derbal, H. et al. [23] proposed a hybrid genetic algorithm (HGA) to solve capacitated LRP.
Nevertheless, it is appropriate to develop HGA - based heuristic to solve LRPER.

The procedure of the HGA considers the initial population by using random generation
and heuristic techniques. The flowchart of two algorithms, HGA1 and HGA2, for the LRPER
is shown in Figure 4. The difference between HGA1 and HGA?2 is that HGA1 also hybridizes
the greedy random and nearest heuristic to generate initial population. HGA2 hybridizes an
improved heuristic, called the neighborhood search. The procedures of HGA1 and HGA2 are
described as follows: The HGA generates the initial chromosomes of the problem. Each
chromosome contains two sets, A is the set of locations and B is the set of routing in the LRPER.
In HGA1, the chromosomes are generated by greedy random and nearest heuristic. Each chromosome
is then measured by an evaluation function. The roulette wheel selection operation is adopted to
select some chromosomes for the genetic operations, including the order crossover, and the inversion
mutation. For HGA2, after new chromosomes or offspring are produced, these chromosomes are
improved by the neighborhood search (insertion method and two-opt method). The fitness of the
offspring is measured and the offspring may become a member of the population if it possesses
a relatively good quality. Then, the roulette wheel selection is performed again to repeat the
whole iterations. The HGA will not stop unless the predetermined number of iterations

is completed.

a A | az d4 |1a5 | A | A7 | ag | A9 | 3yp
A 322 [3V3 |1 ]1]1]3]1
A, L3133 [1]2]1]1]2
Aotrping | 3 | 212331 [2]1]1]2

, T

B, 4 ]6]8 31 ]s5]7]9]10
B, 9 |10 3 6 | 82|45 1
Boffsnring 4 6 8 9 1 0 3 7 5 1

2

7

2
%spring

a A | a3 d | as de | A7 | Ag | A9 | 3y0

A3 2 2 3 3 1 2 1 1

B, | 4 6 8 2 9 10 | 3 7 5 1

Figure 3 Crossover operations for the permutation row.
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Fitness function

For the LRPER, the fitness function should minimize the total costs. The evaluation of
fitness function Fgy,; is defined as the sum of three types of cost (based on objective function):
1) fixed costs of LBBs (FC,3p); i) periodic delivery costs (PDC); and iii) emergency delivery
costs (EDC).

Fyyy =PDC (14)

F.,, =FC,,; + PDC+EDC (15)
Problem instances are evaluated using (14) and the test problems as well as real
problems are evaluated by (15). Then, the selected initial population are evaluated by roulette

wheel method in order to obtain location chromosomes and routing chromosomes.
Computation Results of HGA in LRPER

This section explains the heuristic test in the real problem, which has already been mentioned
in some parts of section 1. Real problem used as the case study is the case of Regional Blood
Bank V (RBC V). There are 4 provinces that are under the responsibility and care of RBC V.
The number of population of these four provinces is approximately 6,740,000 or 10.36 % of
the whole population in Thailand. RBC V serves blood approximately 1,200 units per week.

Computational experiments were performed using various data sets from RBC-V of
the Thai Red Cross Society, consisting of 93 hospitals. All hospitals are candidate LBBs.
The proposed HGA described in the previous section was coded in MATLAB on a computer
with Intel Core 15-3210 CPU 2.50 GHz and 4 GB memory.

The first step of this heuristic test method is to compare results similar to section HGA.
It is to compare the results of real problem solving done by GGA, HGA1 and HGA2. Then, the
computation results will be shown. Details of results include the following information.

Results Comparison

Test results received from solving the LRPER problem, which is the real problem,
done by GGA, HGA1 and HGA2 methods are not different from the test results received from
solving the problem instances and test problems. It can be said that HGA?2 is the algorithm that
yields the best result and can be used to solve LRPER with efficient results.

Results Description

From the results shown in table 1 indicating that HGAZ2 is the heuristic approach that
yields the best solution, therefore further result description received from HGA2 will be
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explained in this section. This includes the list of hospitals chosen to be setup as LBBs, the list of
hospitals allocated for each LBB, and the routes for transportation. See more explanation below:

1) Hospitals chosen to be setup as LBBs. With the result of solving LRPER problem
done by HGA?2, it is found that there are 14 hospitals chosen to be setup as LBBs. 5 in Nakhon
Ratchasima and 3 in Chaiyaphum, 3 in Buriram and 3 in Surin. Further details can be seen
in table 2.

ii) Allocation of hospitals for each LBB. Results of hospital allocation for each LBB
are arranged according to the province area as shown in table 3. For example in Nakhon
Ratchasima, LBB 2 is responsible to transport blood for hospital 1, 3, 10, and 13.

iii) Blood transportation route arrangement of each route. Results of blood transportation
route from L.BBs to each of hospital, allocated for each LBB, is arranged according to the
province area as shown in table 4. An example of the route arrangement result is as follows.
In Nakhon Ratchasima, blood transportation route 1 start from LBB 7, then out to deliver blood
to hospitals 8 - 17 - 4 - 6 respectively. After the completion, the blood delivery vehicle returns to LBB 7.

Input GA parameters

GGA Initial chrorLosomes HGAI1

I ]

v v
Location Chromosome Location Chromosome
(Random generation) (Greedy random generation)
Routing Chromosome Routing Chromosome
(Random generation) (Nearest heuristic)

| Evaluation based on fitness function |

|

v

‘ Selection (Roulette wheel method) ’17

‘ Genetic Operation (Order crossover) ‘

|

‘ HGAZ2 (Neighborhood search) ‘

|

[ Measure fitness of offspring and compare with that of parent |

|

‘ Retain the best population of chromosomes ‘

No

Terminate?

[ Output the best solution ]

Figure 4 The flowchart of HGA1 and HGA2
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Table 1  Computation results compared between GGA, HGA1 and HGA2 in real problem

Min. Cost

Province %Gapl %Gap2 %Gap3
GGA HGA1 HGA2
Nakhon Ratchasima 23,049 20,695 17,532 10.21 23.94 15.28
Chaiyaphum 9,025 7,864 7,804 12.86 13.53 0.76
Buriram 13,207 10,564 10,350 20.01 21.63 2.03
Surin 8,529 8,213 7,932 3.71 7.00 3.42
Total Min. Cost 53,809 47,335 43,617
Average 11.70 16.52 5.37

Table 2 Hospitals chosen to be setup as Location Blood Banks

Province Hospital to be setup as LBB Total LBBs
Nakhon Ratchasima 2,14,7,21,29 5
Chaiyaphum 11,2,5 3
Buriram 3,20,9 3
Surin 9,12, 11 3

Table 3  Allocation of hospitals for each LBB

Province LBB No. Hospital No.
2 1,3,10,13
7 4,6,8,17
Nakhon Ratchasima 14 5,11, 12, 16, 18, 19, 24, 25, 26, 27, 28
21 9, 15,20, 22
29 23,30, 31, 32, 33, 34, 35, 36
11 12,15, 14,17, 16,10,9,8, 7
2 3,4,6
Chaiyaphum 5 13
3 2,5,6,7,12
20 14,1516, 17, 18, 21, 22, 23, 24
Buriram 9 1,4,8,10, 11,13, 19
1,2,3,4,5,6,8
Surin 12 7,13, 14,15, 16

11 10




RMUTI JOURNAL Science and Technology Vol. 11 No. 1 January - April 2018 13

Table 4  The route for transportation

Province Route No. Route Arrangement
1 7-8-17-4-6-7
2 21-20-22-15-9-21

Nakhon Ratchasima 3 29-31-30-23-33-32-34-36-35-29
4 2-1-3-10-13-2
5 14-18-16-19-12-11-24-25-26-27-28-5-14
1 11-12-15-14-17-16-10-9-8-7-11
Chaiyaphum 2 2-3-4-6-1-2

3 5-13-5
1 3-2-5-12-6-7-3

Buriram 2 20-18-17-14-16-15-21-23-24-22-20
3 9-8-10-11-4-1-13-19-9
1 9-8-5-4-3-2-6-1-9

Surin 2 12-15-13-14-16-7-12
11-10-11
Conclusions

Blood logistics is an approach to manage and use blood effectively and efficiently. Determining
locations of blood banks and distribution of blood products are crucial for a strategic decision
making in the blood logistics. Locations of facilities and vehicle routing planning are critical
in any application area. The overall system cost will increase if facility locations are not considered
in routing decision. Moreover, operating a small number of blood banks without considering
the locations may lead to increasing of mortality and morbidity rates. Thus, blood bank locating
and blood product distribution from these blood banks to hospitals are two key components in
blood logistics. Therefore, it is necessary to incorporate and compute the locations of blood
banks and the vehicle routing decisions simultaneously.

The LRP integrates the decision process to determine the optimal number and locations
of facilities, an optimal assignment of customers to facilities, and an optimal set of vehicle routes
from facilities to customers. In this research, we propose a mathematical model for location-
routing problem with emergency referral (LRPER), which is an integer programming model.
The objective is to minimize the total cost of fixed costs of LBBs, periodic delivery costs, and
emergency referral delivery costs. We introduced a Hybrid Genetic Algorithm (HGA) to solve
the LRPER. HGA can solve the location of blood banks and vehicle routing for blood
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distribution decisions simultaneously. HGA is based on chromosomes representing both the
number of LBBs and the routing of the vehicles. Our HGA include HGA1 and HGA2. GA1, was
developed based on GGA procedure with added greedy and nearest heuristics into location
chromosomes and routing chromosomes, respectively. HGA2 was developed based on HGA1
procedure and additional solution improvement procedure using neighborhood search method
(insertion move and two-opt move). This research also compares the results of HGAI and
HGAZ2 to GGA using known problem instances and our test problems. Results indicate that the
HGAZ2 yields a stability that shows better solutions on average.

We developed genetic algorithm-based heuristic procedure to solve LRPER. We tested
the performance of this heuristic by comparing it to the general genetic algorithm for problem
instances and test problems. We find genetic algorithm-based heuristic procedure to be very efficient.
It can be easily extended to other classes of the location routing problem. However, direct comparisons
with other meta-heuristics could not be made due to lack of available of data or code.

The primary objective of this research has been the development of a location-routing
framework which can be used to improve distribution system design. The complexity of this
problem has resulted in a lack of solution techniques to the problem. Almost all of the previous
research in the area has concentrated on solving either the location problem or the vehicle
scheduling problem. The need to provide solution procedures to the actual problem of
simultaneous location-routing exists. It is hoped that this research covers some of that ground
and provides some impetus to move further in that direction.

As a consequence of these studies, several points of interest have been brought out for
further study. First is an investigation of the application of hybrid genetic algorithm to large-scale
location routing problems. Second, we recommend incorporating modification HGA with other
heuristic techniques to generate a population of initial chromosomes and comparing solution with
other meta-heuristics for robust and efficient evaluation. Finally, further improvements in the LRPER

model may be brought by considering uncertainty in future operating costs and vehicle travel times.
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Abstract

The main goal of this paper was to develop the appropriate water pumping system for natural
water sources in Northern Thailand. Optimal pumping volume flowrate and head was the target
of the water pumping system development. Three types of pumping systems were evaluated
with the prototype water sources, namely, Hydraulic Ram Pump (H.R.P.), Water Wheel Pump
(W.W.P.) and Hybrid Water Pump (H.W.P.). For the overall performance, H.R.P. and W.W.P.
provided delivery head of 3 - 13 m, evaluated with the prototype waterfall and stream.
The inlet flowrate had little effect on H.R.P., because higher inlet flowrate resulted in higher
water loss without discharge increased. However, when the inlet flowrate was less than 100 L/min,
H.R.P. was not be able to pump water. When the supply head increased from 2 to 5 m, the
discharge and delivery head also increased significantly. For the W.W.P., the supply head of
the waterfall did not affect the performance of the pump. The appropriate operating velocity
were at 0.5 - 1.5 m/s to yield discharge of 10 - 14 L/min which was higher than H.R.P.
by 1 - 13 L/min. Greater velocity than 1.5 m/s could not provide higher discharge or
delivery head.The performance of H.W.P. was the combination of the performance from
H.R.P. and W.W.P. The waste water from the H.R.P. would be reused for the W.W.P. with the
combined H.-W.P. system. Therefore, the natural water could then be fully utilized. H.-W.P.

could be used in the remote area without electricity access. The natural water pumps could be
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operated continuously and use clean energy from nature. This system could be used in other
applications such as maintaining the watershed, creating moisture in the forest, preventing

forest fire, and treating air and waste water.

Keywords: Hydraulic Ram Pump; Water Wheel Pump; Hybrid Water Pump; Mechanical Efficiency

Introduction

All natural sources of water on earth originated from rain [1]. Some portion of the precipitation
remains above the ground and some seeps into the ground to replenish Earth’s ground water.
When the quantity of water is too much, it will saturate the ground and is able to move
underground through rocks and soil. The water flows from higher ground to lower ground and
it eventually creates streams and rivers before they flow into the ocean. Most of the natural
water sources are used for agricultural activities such as farming and plantations. Most of the
water comes from streams, canals, swamps, wetlands, dams, rivers, and underground water.
The method used to move water into agricultural areas is electronic pumping system or
other mechanic devices that use fossil fuel - the energy resource that causes pollutions.
Therefore, there have been numerous experiments regarding the alternative energy sources
from natural sources in recent years. As for water resources, there also have been the attempts
to find and use water as an alternative energy source as well. The natural water sources which
have been used in the experiments are the water sources that possess water velocity such as
waterfalls and weirs. Such water sources can be used as an efficient energy generator
more than other kinds of water sources [2]. Most of the waterfalls and weirs in Thailand have
the height of 1 - 10 m. The technology that is used with water sources that flow from high point to
lower point is Hydraulic Ram Pump (H.R.P.). It is a system that employs the Water Hammer
Principle. There are some advantages of using this system. It does not need any fossil fuel
or any kind of fuel to drive the system, and it possesses fewer numbers of mechanical gears
and parts. That is why it is inexpensive. It can be easily installed and it is also very easy to
maintain. Until recent years, there have been many researchers who have attempted to conduct
experiments on the system for agricultural activities. Shuaibu and coworkers designed and
created H.R.P. system which could pump water from the level of 2 m above the ground with
the velocity of water flow of 3.7 L/min without using external energy [3]. The system could
pump the water to a height level of 9 m [1]. Nirun and coworkers also designed and evaluated
the H.R.P. system to achieve 10 m height with 15.75 L/min [4]. In addition, Akarat and
coworkers determined and improved the performance of hydraulic ram pump to achieve

pump height of 18 m and 21.4 L/min from the starting water of 5 m [5].
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Using H.R.P. system with waterfall or weir that has low level of height provides
low quantity of water. The quantity of water pumped into the system does not match the
quantity of water that can be used. The water sources that flow from high ground to lower
ground could create energy from their current, such as stream, canals, rivers, and irrigation
canals for agricultural activities by the Royal Irrigation Department. The normal current speed
of those water sources is approximately 0.5 - 2.0 m/s. Several research groups studied ways
to harvest energy from the water flow. Akhyar Ibrahim and coworkers conducted a study in
Indonesia regarding a water wheel that was made by hardwood with a diameter of
300 centimeters and 40 centimeters wide [6]. The wheel was installed in a river and it could
bring water up to a height of 3 m from the water surface. The water was then sent into the
system via bamboo pipe. As for streams, energy from the current and water velocity could
be used to pump up the water. Peter Morgan designed the Spiral Tube Water Wheel Pump
system with the diameter of 4 m which could pump water up to the level of 8 m [7]. The flow
rate that could be used to pump the water was 3,697 L/hr. Duangtit and coworkers studied the
performance of the vertical water wheel that achieved 1,500 L/hr with delivery head of
10 m [8]. Bunyat and coworkers also reported the efficiency of W.W.P. with inlet head of
3 m and achieved 15 m delivery head with the factor of water discharge of 33.47 - 77.24 % [9].
Morgan also created the spiral tube model with 20 m length and 25 mm diameter with total
wheel diameter of 2 m. This model could provide 78 L/hr for every rotation of the W.W.P. [7].

The system was developed from ancient rotor wheel technology. When the coiled
tubes were applied to the rotor wheel, thus created the Water Wheel Pump system (W.W.P.)
which could pump the water to higher level. When compared to the W.W.P. system with the
H.R.P. system, it was found that the system could pump up more quantity of water with
lower level of pumping ability.

The current situation and problems of the water pumping system which were
previously described revealed both advantages and disadvantages of both W.W.P. and
H.R.P. systems. The H.R.P. system had higher operational capability but could carry lower
water quantity, which was the opposite to the W.W.P. system which could pump up more
water with lower level of pumping ability. Both systems had common purpose which was to
pump up water, moreover, both systems require the same energy from the water flow.
The difference between both systems were body equipment, installation method, and operating
system. After weighing the pros and cons between the two systems, it led to the main goal of
this study. Integration of both the Hydraulic Ram Pump system and the Water Wheel Pump
system to create a Hybrid Water Pump could reduce the disadvantages and enhance the

advantages from both systems.



20 Hybrid Water Pumping System for Natural Water Resources

In this work, the performance of the systems were evaluated in terms of discharge,
delivery head, and the Mechanical Efficiency from the natural water sources. The experiment
could be applied to harvest the energy from the water that falls from high ground such as
small weirs and small waterfalls and compared to the electric engine technology. The Water
Hammer principle were applied to the H.R.P. system to pump up the water. The water that
falls from high ground had energy which allowed the system to pump the water up to 1 - 2 times
higher level than the level where the water fell from. The water sources that had water flow
such as rivers, streams, and canals were experimented with W.W.P. system. This study ex-
amined the appropriate variables, conditions and technologies for pumping up the water in
natural sources. The natural water sources and the pumping system used in the local area were
designed and constructed prototype waterfalls with a height of 2 - 5 m with installed
Hydraulic Ram Pump system to pump up the water to different levels. The researcher also
made a prototype river with a size of 1 m wide, 10 meters long and with the adjustable
water flow speed of 0.5 - 1.5 m/s. After that, the researcher installed a 2-m diameter W.W.P.
system in the prototype river and conduct pumping experiment using various levels of
water velocity. Height levels and water quantities including the system’s performance were
collected to determine the relation of various variables. The results of the experiment were
used as the reference data for agricultural activities to save energy, reduce cost and pollution,
and to use it as the guideline for communities in the countryside to be able to use pumping

system that uses energy from natural sources or renewable energy for agricultural activities.
Research Methodology

The H.R.P. and W.W.P. were installed at the prototype water sources which are shown in
Figure 1. The overall total experiments for the prototype water sources evaluation were
510 experiments. The description of the experimental designed is described in Table 1.
The H.R.P. experiment was set up with the prototype waterfall. During the experiment, H.R.P.
with 25.4 mm inlet was tested with the waterfall of 4 tiers at 2, 3, 4, and 5 m with the inlet
water flowrate of 100, 150 and 200 L/min. The evaluations were conducted with 10 replications
for each condition with the total of 120 experiments. Figure 2 shows the method for verifying
the water inlet flowrate at each supply head. The water from the waterfall entered the H.R.P,,
afterwards, the discharge and delivery head was measured. For the water pump evaluation,
the 1,000 L water storage tank was installed at 10 m height. The height and size of the storage
tank was common for agricultural usage because it provided the water pressure of 1 bar which

was sufficient for farming and other applications.
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1) Prototype waterfall
2) Hydraulic Ram Pump
with 25 mm inlet
3) Water Wheel Pump
diameter 2 m
1 A 4) Prototype stream
os1013me R ’ 1¢ 5) Water gate value
6) Water storage 5,000 L.
7) Water tank 1,000 L

(b) Pictures of Prototype Water Sources

Figure 1 Hybrid water pump schematic diagram and pictures of prototype water sources

Figure 2 Data collection of water inlet flowrate at various supply head, discharge volume

and 10 m delivery head

The excess water from H.R.P. flowed through the prototype stream to the W.W.P.
At the prototype stream, the water velocities were varied from 0.5, 1.0 and 1.5 m/s and the testing
were conducted with 10 replications for each condition with the total of 30 experiments. W.W.P. had
the diameter of 2 m, width of 40 cm, and during testing, the paddle was 30 cm beneath the water surface.

Hybrid Water Pump system was installed with the prototype water sources of waterfall
and stream. The experiment was designed to evaluate the performance of the combined pumps to
enhance the discharge volume and increase the delivery head. For the testing, the water flowrates
were varied at 100, 150 and 200 L/min and dispensed from the prototype waterfall tier of 2, 3,
4, and 5 m. In addition, the velocities of the prototype stream were varied as 0.5, 1.0 and 1.5 m/s.
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Therefore, the total experiments were varied for 36 conditions with 10 replications totalling
360 experiments. The reported outputs were delivery head and discharge volume at each delivery

head. Then the pump efficiencies were calculated based on the discharge volume and input flowrate.

Table 1  Experimental design with operating variables and performance output for

prototype water source testing

Water sources Inlet Variable Performance Output Remark
Pump system
Prototype waterfall/ Supply head Discharge (Q) (L/min) Total 120
Hydraulic h=234,5m Delivery head (H) (m) experiments
Ram Pump Inlet Flowrate Mechanical efficiency (%)
q =100, 150, 200 L/min | D’aubuisson’s Efficiency (%)
Rankine Efficiency (%)
Prototype stream/ Velocity Discharge (Q) (L/min) Total 30
Water Wheel v=20.5,1.0,1.5 m/s Delivery head (H) (m) experiments
Pump Mechanical efficiency (%)
Prototype waterfall Supply head h =23, Discharge (Q) (L/min) Total 360
and stream/ 4,5 m Inlet Flowrate = Delivery head (H) (m) experiments
Hybrid Water q =100, 150,200 L/min | Mechanical efficiency (%)
Pump Velocity v=10.5,1.0,
1.5 m/s

Results

H.R.P. with prototype waterfall

The Hydraulic Ramp Pump experiment was set up with the prototype waterfall.
The results for the discharge volume in Figure 3(a) revealed that with increasing supply
head from 2 to 5 m, increasing amount of discharged was acquired from minimum of
1 L/min to maximum of 12 L/min. The range of accumulated discharge also varied based on
supply head. With low impact energy at supply head of 2 m, the range of discharge was about
1 - 5 L/min. With higher impact energy at supply head of 5 m, wider range of discharge was
observed at 1 - 12 L/min. However, increasing the inlet water flowrate from 100 to 200 L/min
did not affect the amount of discharged. The maximum discharge accumulation was only
about 10 % of the total flowrate (100 L/min). The amount of water was significantly lost

and was not utilized because of the discharge flowrate with increased inlet flowrate.



RMUTI JOURNAL Science and Technology Vol. 11 No. 1 January - April 2018 23

This observation was one of the disadvantage of the H.R.P. application that could not fully
utilize the pump with high flowrate of waterfall. Therefore, in this work, hybrid system
was then designed in the next part to minimize the disadvantage and improve the quantity
of usable discharge flowrate.

With regards to the usable delivery head of the H.R.P., Figure 3(b) revealed similar
trend as the discharge flowrate. The delivery head increased from approximately minimum of
3 m to maximum of 14 m with increasing supply head from 2 to 5 m. The range of the delivery
head also widened as supply head increased. However, inlet flowrate did not have any effect on
the height of the delivery head. So, in order to achieve higher delivery head, other type of
pump must be integrated to fully utilized the loss water to facilitate the delivery head.

Figure 4 describes the pump efficiencies of H.R.P. From the water inlet flowrate of
100 L/min, it could be seen that the maximum height of the pumped water was 5 m which
provided mechanical efficiency of 13.16 %. When the water inlet flowrate reached 150 and
200 L/min, the mechanical performance decreased, because the water trays had the maximum
capacity for only 100 L/min. Therefore, when the water quantity was more than 100 L/min,
the water overflowed the tray and mechanical performance decreased. Similar result trends
were observed with the evaluation of Rankine and D’aubuisson’s Efficiency. When compared
with the efficiencies at the condition of 5 m and 100 L/min, the values of the 3 efficiencies
were 13.16, 14.79, and 24.13 % for Mechanical, Rankine and D’aubuisson’s Efficiency, respectively.
Mechanical efficiency was calculated from the overall efficiency of water inlet and outlet.
D’aubuisson’s efficiency calculated the kinetic energy, potential and impact energy. In addition,
Rankine calculated only the impact energy, therefore the value was lower than D’aubuisson
efficiency. In addition, this result was similar to the result of the experiment conducted
in a laboratory. Overall, for the system to start working, it depended on the water flow rate.
If the flow rate was less than 100 L/min, the pumping system was not be able to start
working. With the case of high flow rate, the water loss increased.

W.W.P with prototype stream

The Water Wheel Pump experiments were evaluated with the prototype stream.
The results are shown in Figure 5 for the effect of water velocity with discharge, delivery head
and mechanical efficiency. For W.W.P. experiment, only Mechanical Efficiency was relevant
and calculated. W.W.P. did not have impact energy and therefore Rankine and D’aubuisson’s
Efficiency was not be applied. Figure 5(a) shows that at water velocity of 0.5 m/s, the discharge
was recorded at 3 - 6 L/min of water. When the water velocity was doubled to 1.0 m/s, the
discharge increased significantly to approximately 6 - 15 L/min. However, with increasing
velocity to 1.5 m/s, the discharge did not increase prominently. It was observed that with high
velocity stream, the paddle moved quickly, thus provided less time to bail a larger quantity

of water. Therefore, the optimal water velocity was at 1.0 m/s. Higher velocity could not provide
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more discharge and resulted in higher quantity of water loss. Regarding the delivery head, water
velocity of 0.5 m/s provided the delivery head of the pumped water at 3 - 8 m (Figure 5(b)).
When the water velocity was increased to 1.0 and 1.5 m/s, the delivery head increased linearly.
The range of the delivery head increased with higher velocity.
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Mechanical efficiencies of the W.W.P. are shown in Figure 5(c) at the 8 - 23 % range.

This was because the mechanism inside the spiral tube of the wheel employs the principle of air

contraction and the movement of air mass and water mass [6]. The low speed of the wheel allowed
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the funnels to bail the water, but if the speed was too high, it provided less time for the funnel
to bail the water. The observation was similar to the experiment of Thaveephorn Prayathep and
Phuwanai Chaireun who designed and developed an undershot water wheel with a buoy [10].

From the varying inlet condition of W.W.P., the performance results revealed that
delivery head was in the range of 3 - 13 m and the discharge was between 2 - 16 L/min.
The W.W.P. had a mechanical efficiency in the range of 8 - 23 %. The relationship between
of the results of the delivery head and discharge for the W.W.P. is displayed in Figure 6.
The discharge values at condition velocity of 0.5 m/s were quite stable as the delivery head
increased. However, with higher velocity, the water wheel had limited capability to uptake the
same amount of discharge at low and high delivery head. Therefore, with higher delivery head,
the discharge volume decreased. This was due to the pressure in the tube increased according
to the velocity. When delivery head of the water increased, the level pressure decreased, hence
the decrease of water discharge.

H.W.P. with prototype waterfall and stream

The Hybrid Water Pump (H.W.P.) system was installed with the prototype water
sources of waterfall and stream. The goal of the hybrid system was to effectively utilize the natural
water source with minimal water loss. The experiment was designed to evaluate the performance
of the combined pumps to enhance the discharge volume and increase the delivery head.
In the hybrid system, the H.R.P. with 25.4 mm inlet was installed at the prototype waterfall
and then connected in series to the W.W.P installed at the prototype stream. The leftover water
that was not uptake by the H.R.P. system was directed toward the stream to the W.W.P. Then,
W.W.P. pumped the leftover water, therefore, fully utilizing the natural water sources.
The performance results of H.-W.P. are shown in Figure 7 - 9.

From the result of the hybrid water pump experiment, the condition with constant
velocity of 0.5 m/s provide similar discharge amount range and delivery head range for the
varying supply head irrespective of the inlet flowrate of 100, 150 or 200 L/min (Figure 7(a)).
At 2 m supply head, the discharge range was at 2 - 12 L/min and at maximum of 5 m supply
head, the discharge range was at 1 - 15 L/min. At the water quantity of 100 L/min and the
water velocity of 0.5 m/s at the supply head of 2 and 3 m, the delivery head of the pumped
water was at a height that came only from the W.W.P. Therefore, the result of the delivery
head was the same at 8.3 m. At the supply head of 4 and 5 m, the result came only from the
Hydraulic Ram Pump, which provided the delivery head at 11.3 and 13.3 m. However, when
compared with the results from H.R.P. and W.W.P., the H.W.P. had greater discharge and
delivery head combined. The delivery head of the water entering the system was higher and
the overall discharged quantity of the pumped water was respectively increased due to the
combined mechanism of the H.R.P. and the W.W.P.
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The next sets of results were from the experiment with the water quantity of 150 L/min
and the water velocity of 0.5 and 1.0 m/s. The result showed that when the supply entering the
system was higher, the total quantity of discharged would slowly increase. The velocity of 1.0 m/s
provided the total quantity of pumped water more than the velocity of 0.5 m/s. This was
due to the speed of the W.W.P. at the velocity of 1.0 m/s higher than 0.5 m/s, hence the superior
number of the total quantity. Furthermore, when both systems are combined, it provided
the superior number of the total quantity than that of a single mechanism of the W.W.P.

The result from the experiment at the velocity of 1.0 and 1.5 m/s showed that the
quantity of discharged pumped water at low level inlet was relatively the same and would
slowly increase to follow the supply level of the inlet water and the delivery head high level
of the pumped water (Figure 7(b)). This was because the high speed of the W.W.P. provided
little time to bail water and exhaust the air inside the funnels, hence the comparable water loss.

As for the experiment with water quantity from the prototype waterfall at 200 L/min
and the water velocity of 1.5 m/s at the supply head of 2, 3, and 4 m, the result of the delivery
head came only from the W.W.P.,, hence the height level of 13.4 m high. This was due to the
fact that the H.R.P. could only pump up the water to the height level of 5.9, 7.7, and 11.8 m
high with the same variables (Figure 8). However, when the supply head was changed to 5 m,
the delivery head of the pumped water came only from the H.R.P. result instead, the result of
the height level was 13.6 m. The result from the supply head of the water inlet of the H.R.P.
at 5 m was relatively equal to the result of the previous experiments that had 200 L/min water
quantity from the prototype waterfall and the velocity of 0.5, 1.0, and 1.5 m/s.

For the relationship between supply head and delivery head, the most influential
parameter was the water velocity. The velocity of 1.5 m/s, provided the most stable maximum
delivery head irrespective of the supply head. Thus, the mechanism of W.W.P. took over the
hybrid system with higher velocity. At lower velocity, such as 0.5 m/s, the supply head of the
water was greatly affected by the delivery head.

The mechanical efficiencies of H.W.P. for each water inlet condition are compared
in Figure 9. The results clearly indicated that the optimal condition was the flowrate at 150 L/min
and velocity at 1.0 m/s for all the supply head variation. This was because the flowrate of
150 L/min was the maximum flowrate for the H.R.P. inlet diameter of 25.4 mm. The higher
flowrate at 200 L/min created excess water instead of higher usable discharge. In addition,
the velocity at 1.0 m/s was optimal for the W.W.P. at diameter 2 m with 30 cm depth into the
stream. With higher velocity, the paddle could not uptake more water and resulted in more
unused water.

In summary, for the water inlet condition at low water velocity and low supply head,

H.R.P. mechanism dominated the H.W.P. system with performance varying according to the supply
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head level. So, the results in Figure 9 indicates that for supply head of 2 - 3 m, the efficiency was
higher than at the supply head of 4 - 5 m. However, with high flowrate and fast water velocity,
the W.W.P. mechanism would dominate the H.R.P. irrespectively of the waterfall supply head
and more unused water would occur, thus lower mechanical efficiency. Therefore, the condition

of the natural waterfall would be very important in the design and size of the hybrid pump.
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flowrate and velocity

Operating Condition and Performance Summary

Overall, the natural water pump systems in this study were evaluated with a natural
water source conditions of supply head at 2 - 5 m, inlet flowrate at 100 - 200 L/min, and water
velocity at 0.5 - 1.5 m/s as indicated in Table 2. In these operating conditions, the 3 natural
pump systems, H.R.P., W.W.P, and H.W.P., could similarly pump water up to the range of
3 - 13 m but with the maximum discharge of 13, 14, and 27 L/min, respectively.
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The maximum mechanical efficiency for the 3 natural pump systems were 11, 15 and
26 %, respectively. It was revealed that the H.R.P. using the impact energy from the waterfall
was the least efficient in pumping water and resulted in wide range of discharge at 1 - 13 L/min
for the delivery head range of 3 - 13 m. Therefore, the H.R.P. could only be used in specific
water conditions such as inlet flowrate greater than 100 L/min at supply head at least 2 m
to achieve reasonable water storage. In contrast to H.R.P. dependent on inlet flowrate and
supply head, the W.W.P. provided stable discharge in the narrow range of 10 - 14 L/min.
At the low delivery head of 3 m, W.W.P. could provide discharge at 14 L/min which is
more than H.R.P. discharge at 13 L/min. This was the characteristic advantage of
W.W.P. Consequently, when H.R.P. and W.W.P were combined into a hybrid system (H.W.P.),
the resulting performance for the delivery head was still in the range of 3 - 13 m but with
the combined discharge up to the range of 12 - 27 L/min. Therefore, the hybrid system
could fully utilize the water source energy of impact and flow velocity in yielding maximum
discharge and delivery head. The parameters of the water source would mainly dictate the
amount of discharge and height of delivery head.
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Table 2  Operating condition and performance for H.R.P., W.W.P., and H.W.P.

Pump Water SourceCondition Range Water Acquired Range Mechanical
System h(m) q(L/min)  v(m/s) H(m) Q(L/min) Efficiency (%)
H.R.P. 2-5 100 - 200 3-13 13-1 3-11
W.W.P. - 100-200 0.5-1.5 3-13 14-10 9-15
H.W.P. 2-5 100-200 0.5-1.5 3-13 27-12 10 - 26

This work focused on 3 inlet parameters for water velocity, supply head and inlet flowrate.
The noticeable result was at constant velocity, the amount of discharge range was similar even
with varying supply head at 2 - 5 m. For example, at constant velocity of 0.5, 1.0, and 1.5 m/s,
the amounts of discharge were in the range of 2 - 12, 5 - 20 and 10 - 25 L/min, respectively
even with the different supply head. So, it could be concluded that the amount of discharge
for the hybrid system was independent of the height of the waterfall supply head,
and highly dependent on the water velocity of the stream. However, at the operating condition
with higher velocity than 1.5 m/s, the water wheel was not able to uptake more water which
resulted in no significant increase in the discharge. In addition, a clear correlation between
the supply head and delivery head was also revealed. Higher supply head always yielded
higher delivery head in any operating condition. Lastly, the inlet flowrate had an influence
on the operability of the hybrid system. The H.W.P. could not operate with flowrate less than
100 L/min and with flowrate higher than 150 L/min the results of the water uptake were quite
similar. So, the natural pumping system with Hydraulic Ram Pump inlet of 25.4 mm and
Water Wheel Pump of 40 cm width could operate at the optimum water flowrate of 150 L/min
and velocity of 1.5 m/s.
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Conclusion

The main goal for this research was to determine the appropriate technology for pumping water
from the natural water sources such as waterfall and stream in the northern part of Thailand.
The natural water sources would be used for farming and agriculture and would directly
benefit the farmers and local communities. In this work, the operating conditions of the
prototype water sources were within the range of height, water quantity and velocity of the
conventional waterfalls and streams in the northern part of Thailand. The water pumping
systems evaluation for the prototype water sources were focused on 3 types of natural water
pumping systems which were Hydraulic Ram Pump (H.R.P), Water Wheel Pump (W.W.P.)
and Hybrid Water Pump (H.W.P.) systems. The first system, H.R.P., operated by using the
impact energy from the waterfall in various supply height however it was the least efficient
in pumping water to achieve high discharge and delivery head. The second system, W.W.P.
operated by using the water flow energy in the form of water velocity from rivers and
streams. The flow energy induced the water wheel to rotate. The water wheel had the water
coil to uptake the received water up to the water storage tank. The W.W.P. provided stable
discharge in the narrow range. At the low delivery head of 3 m, W.W.P. could provide
discharge of 14 L/min which is more than the H.R.P. discharge of 13 L/min. This was the
characteristic advantage of W.W.P. In nature, waterfall is typically followed by river or
stream. Therefore, combining H.R.P. and W.W.P. into the hybrid system, H.W.P., would
utilized both water energies from impact and flow of the natural water sources. The resulting
performance for the overall H.W.P. delivery head were 3 - 13 m but with the combined
discharge up 12 - 27 L/min. The parameters of the water source were directly correlated to
the amount of discharge and height of delivery head. The amount of discharge for the hybrid
system was independent of the height of the waterfall supply head, and highly dependent on
the water velocity of the stream. There was a clear correlation between the supply head and
delivery head. Higher supply head always yielded higher delivery head in any operating

condition. Lastly, the inlet flowrate had an influence on the operability of the hybrid system.
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Abstract

This work presents a performance analysis of linear-search high rate full diversity (HRFD)
for polarization division multiplexing coherent optical orthogonal frequency division
multiplexing (PDM-CO-OFDM) communication systems. The space-time block code (STBC)
is used to gain up signal to noise ratio (SNR). To achieve a high rate and full diversity,
a STBC code is provided -where it is orthogonal between the consequence times. The maximum
likelihood detection (MLD) is used. In addition, the number of searching for decoding is
dependent on only constellation sizes while the conventional scheme; ex. the Silver code,
its searching grows up exponentially. The proposed method is called high rate full diversity
STBC (HRFD-STBC). The system performance of the system is evaluated by numerical
simulation method. The results show that the bit error rate (BER) performance of the
proposed HRFD-STBC is slightly higher than the Silver Code. However, at the high
polarization dependent loss (PDL) channel, the BER of the STBC code is only a little higher
that the Silver Code.

Keywords: PDM; CO-OFDM; High Rate Full Diversity; Optical Coherent Communications
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Introduction

Optical orthogonal frequency division multiplexing (O-OFDM) has been investigated for a
decade because there are a lot of advantages for optical communication in both direct detection
[1] - [2] and coherent detection [3]. However, only coherent detection is considered in this
work. It is called coherent optical OFDM (CO-OFDM). CO-OFDM well combat intersymbol
interference (ISI), which is caused by polarization-mode dispersion (PMD) and chromatic
dispersion (CD), by appending a cyclic prefix (CP) extension. The CP is taken from some last
OFDM samples itself. In addition, OFDM has frequency independent loss. This means that
each subcarrier is independently attenuated and perhaps only some of the subcarriers are
destroyed; whereas, whole carrier will be completely lossed in single carrier communication
systems. Consequently, by those reasons, CO-OFDM can offer high spectrum efficiency and
long communication distances.

Nowadays, polarization division multiplexing (PDM) together with CO-OFDM is
very attractive to investigate for gaining up communications speed and capacity. By doing so,
the speed and capacity can be double. However, the interference between the transmitted
optical light modes will become problem and it reduces signal to noise ratio (SNR). To increase
the SNR, in wireless systems, the space-time block code (STBC) [4] is one possible efficient
way to employ.

In [5], the authors showed that the Silver code [6] has the best performance for optical
communication when compared with the Golden code [7]. In addition, [8] has also found that
the system performance of STBC is unchanged when increasing PDL. However, the Silver code
superiors the STBC performance code. All the codes, which is previously mentioned, is used
to improve the SNR and the maximum likelihood detection (MLD) [9] is generally used to
decode the received signal. For the Silver and golden code, they are extremely complex to be
decoded. Especially, an exhaustive search will grow up exponentially by the factor of 4.
M is constellation size. This would be impossible to implement in the real practical system
when M becomes large, such as 64- and 256-quadreture amplitude modulation (QAM).
Recently, in [10], other researchers proposed an orthogonal STBC for mode-dependent
loss (MDL) mitigation with minimum mean square error (MMSE) channel estimation
algorithm. The results proved that by using STBC, the MDL is perfectly solved.

In this work, the low exhaustive search for MLD in PDM-CO-OFDM is proposed.
The searching is reduced to be linear and it is dependent on only M. However, the coding rate
is moderately reduced and, it can be implemented in hardware. In addition, high rate and
full diversity can be achieved, whereas, the conventional STBC, the achieved coding rate is only
a half. Additionally, this is the extended work from [12].
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Low-Complexity High Rate Full Diversity

In this section, the encoder and decoder for obtaining the high rate and full diversity are
discussed. The encoder and decode are detailed in this section.
A. Encoder
To achieve full diversity and high rate, the encoder matrix, which is denoted
by C, is given by: [11] - [12]

Co ax1+bx3/\/5 —cx;+dx;/\/§' (1)
ax2+bx3/\/§ axl*+dx;/\/§

Where x,, x, and x, are the transmitted arbitrary M-ary QAM symbols. a, b,
c and d are the designed parameters for achieving high rate and full diversity, which is
generally complex-valued. Next, the encoded data, C is fed into next OFDM modulation,
as it will be discussed in the next section. ()* stands for conjugate operator.
B. Decoder
At the receiver part, after demodulation by using FFT computation, the received

signals in frequency-domain at the x-pol and y-pol for the time #, described by:

Yo = HyylaX, +bX, N2 )+ H(ax, +bx, 142)+ 2, )
Y, o = Haoy(aX, + X, /N2 )+ Hy (X, + X, 12+ 2, 3)

and at time ¢, can be given by:

Yo = HyyloeXd —ax; N2 )+ HleX) +dx; 142 )+ Z,, )
Y, pot, :HZ,I(_CX; —dX; /\5)"‘ H2,2(CX1* +dX; /\/E)"‘ Zy, (5)

next, to achieve full diversity, the following step of decoding for X, and X, are derived by:

Z = Yx—poz,t, _bX3 /\/E(Hl,l +Hl,z)

(6)
=alH, X, +H,X,)+Z,
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Z, =Y, ., dX;/\/E(Hl,z_Hl,l)

. (7
( 12X1 _H1,1X2)+Zza
Z3 y—pol .t bX /J_(HZ,I +H2,2) (8)
- a(HZJX] +Hy, X, )+ 2,
Z —pol t dX /\/_ H2,2_H2,1) 9)
( 22X1 —H1’1X2)+Z4,
then, multiply those signal by channel matrix, H , we get
* 2 * *
Wix =H,Z, = a(|H1’1| X, +H1,1H1,2X2)+H1,1Zp (10)
% * 2 * 5
I/Vz,x1 =H,Z,=c QHl,z‘ X, +H1,1H1»2X2)+ H,Z,, (1D
* 2 * * *
W3,X1 =H,Z,=a QHz,l‘ X, +H2,1H2,2X2)+ H,Z;, (12)
* * 2 * *
Wy, =H,,Z,=c (H2,2| X, +H2,1H2,2X2J+H2,2Z4- (13)
Finally, the estimated signal of X, which is denoted by X | » becomes:
X, =Wy + Wy, Va+r W, +w,, )i o

2 2 2 2
=QH1,1‘ +‘H1,2‘ +‘H2,1‘ +‘H2,2‘ ))(1"'7713

where 7, = (H1 Z, +Hle )/a+(leZ +H,,Z, )/c and by computing W, , —leZp
W, x, =H,,Z,, Wy, = I-IMZ3 and W, —HZJZ4, the estimated signal of X,, which is
denoted by X ,, becomes:

X, = (Wz,xZ +W,x, )/a - (WLX2 +Wi )/ ¢

2 2 2 2 (15)
o T I T e

where 7, = (H[,Z, + H,Z, ) a +(H,,Z; + H,,Z} )/ .

As can be seen, we need to find only X, to obtain X , and X , . In this work, an
exhaustive search or maximum likelihood detection (MLD) is used which X; minimizes

the Euclidean distance metric:
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/\73 =arg mini{Di()?l,w)?z,nXli)}a (16)
where
Di(Xl,i’XZ,i’X3,i):
V.~ H (0, 40X, N2 ) H 0, 40X, 142 )

Yxfpol,tz B Hl,l (_ C)?;’i - dX;’i /\/5)4_ HLZ (C)N(l*,i + dX;,i /\/5] + (17)
‘Yy—poz,t1 —H,, (a)?l,i +bXj, /\/5)+ H,, (a)?z,i +bX;; /\/El +
Yopors, = Ha, (_ C)?;J - dX;,i /\/5)+ H,, (C)?l*,i + dX;,,- /\/5]}’

where i =1...M is QAM look-up table (LUT) indices and the size of the LUT is equal to M .

From now, we get all X I X , and X;. It is showed that the complexity increasing
is dependent on M-ary QAM size of X, and full diversity can be obtained. Obviously,
the searching for X, is deepenent only on M while the conventional ML method needs M *.
Consequently, this is linear search for D . For example, if we use M = 64. The searching

of the conventional one is 64* = 16,777,216. This is impossible to implement in hardware.
System Consideration

In this section, the system used for low-complex high rate and full diversity PDM-CO-OFDM
is detailed. It is shortly called HRFD-STBC. The system diagram is depicted in Figure 1.

B N .| 1
| x-pol \
: cp Coherent :
IFFT > added =»| Optical == 1
. ! Mod. |1 ! O
Bit |} QAM |} FDHR -_____________________________J@_ A
stream Mapping I I
| [ cp Coherent : 1 1
IFFT p» = Optical f=—J 1
FDHR: Full diversity high rate : added Mod. || !
PBC: Polarization beam combiner | y-pol : |
PBS: Polarization beam splitter e !
: : x-pol |
| \ CpP |
N b FFT
I~ 7| Polariza-| ~|removal 1 "y it
: 1l don | | 7] romr [f MM | B
‘@I diversity |~ === B LX) Decoder emap- s re::m
1| receiver cp | I ping ou
-1 —> =» FFT
\ removal 1
| I Opticall signal = = = = =
typl ,l Electrical signal

Figure 1 PDM-CO-OFDM diagram for low-complex high rate full diversity communication

systems
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At the transmitter part, the bit streaming is fed to M-ary QAM mapping unit to
obtain a symbol where it is a set of the number of bits. For instance, 16-QAM symbol uses
four bits in one set. Next, the QAM symbol is sent to the HRFD-STBC encoder to prepare
the code word. The encoder constrains two outputs which are x-pol and the other is y-pol.
After that, both x-pol and y-pol signals are fed into Invert Fast Furrier Transforms (IFFT)
to convert that signal to time-domain signal. Then, to neglect the dispersive optical channels
such as CD and PMD, a cyclic prefix (CP) is added to the head of each OFDM. Then, both
electrical signal of x-pol and y-pol OFDM symbol in time-domain is fed into optical
modulator where dual Mach-Zehnder modulator is used. Finally, an optical polarization
beam combiner (PBC) is used to combine the optical light signal and transmit it out to
optical fiber.

At the receiver part, the received optical signal is first spitted into two orthogonal
parts, which are x-pol and y-pol, by using optical polarization beam slitter (PBS). The two
parts are fed into polarization diversity optical demodulator separately. Next, each of that
is converted to electrical signal and the CP is removed in the following. After that, the
useful sample is converted to frequency-domain by using FFT. Then, the FFT computation
output is fed into HRFD decoder which is used to decode the information data as
explained in the last section. Finally, the decoded QAM demapping is used to map the
decoded QAM symbol to be bits out stream in the last process.

Table1  Simulation parameters

Parameters Quantity
Sampling rate 32 Gs/s
Effective bits efficiency 12
Mean DGD 0.1ps /km
IFFT/FFT size 1024
Oversampling factor 172
CP length factor 128 (= 1024/8)
Fiber length 1,000 km

The optical channel consideration impairments in this work are the PMD and PDL.

The two optical channels, H , impacts can be expressed by:

H(k)ZHPMD(k)HPDL’ (18)
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where k denotes the frequency index. Hpyp and Hpp, are PDM and PDL, respectively.
Both are obtained by a concatenation of many elements. Each element of H ,,,,, (k) is denoted

by the following equation [8], [13]:

H (k)= RS ()R, (19)

where R is rotation matrix which can be expressed by:

' cosd —sind 20
" |sin@ cos@ (20)

In equation (5), € is the reference angle between the polarizations and the

principle state of polarization (PSP). PMD is denoted by ¢ (k) and expressed as:

(jkz/2)
e 0
é/(k):|: 0 e(—jkr/2):|’ (21)

where 7 is differential group delay (DGC).
PDL is assumed to be wavelength independent and given by the following

equation.
Hpp = RyR™, (22)

where  represents PDL and given by :

1=y 0 |
S &

y is attenuation parameter and it generally relates to a standard deviation of

a zero-mean Gaussian distribution which is defined in [8], T, =10log,, ((1 - 7)/ (1 + ;/))
From the expression above, the PMD generates frequency dependent loss
(or attenuate) which destroys each subcarrier of each OFDM separately and/or some
subcarriers are not effects as shown in [3]. The PDL attenuates the optical power in some

modes. Therefore, the noise would be gained up at the receivers.
Simulation Results

The detail of system performance of HRFD-STBC for PDM CO-OFDM is studied in this

section. The parameters used in this work are shown in Table 1. To achieve full diversity
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and high rate for the transmitted power of any QAM size, the designed parameters of
a=c= 1/\/2_, d=e¢""?band b= l(l —\/7)+i(1 +\/7)J/(4\/§) [10] are used. Two important
issues are investigated. Firstly, the system performance comparison of the proposed
method with the existing Silver Code (SC), Golden Code (GC) and conventional STBC
(CSTBC) are considered.

Figure 2 shows the bit error rate (BER) performance comparisons between those
schemes under PMD and PDL environments where the DGC is 3.16 ps (: 0.1 1,000).
Optical signal to noise ratio (OSNR) is varied from 0 to 25 dB. The PDL of 4 dB is assumed.
The SC and GC are decoded by MLD while HR-STBC uses the decoding step from the
previous section; and the conventional STBC uses the method in [4]. To get the same bit
efficiency per time slot of coding, the SC and the GC employs 8-QAM, CSTBC uses
64-QAM and HR-STBC uses 16-QAM. As can be seen the SC outperforms GC and STBC.
However, at the high OSNR (more than 15 dB in Figure 2), HR-STBC has the same BER
as SC. More importantly, HR-STBC gives lower computation complexity. For SC and GC,
the requirement of exhaustive search is 4096 (= 84) while the HR-STBC is only 16.
In addition, STBC gives the worse BER performance.

Secondly, the system performance under PDL is investigated. Figure 3 plots the
BER versus OSNR where the PDL is varied from 2 to 6 dB and the DGC is the same as
Figure 2 16-QAM is used. The BER of the SC code slightly increased when the PDL
increased. At 6 dB of PDL, the BER for the SC is only a bit higher than that PDL of 2 dB.
However, HR-STBC gives the same BER for all PDL. This means that HR-STBC
exhibit likes STBC; but, HR-STBC achieves higher rate and full diversity.

—#— STBC
164 H—S— GC srrriiririiiiiiiiiieriiiiss *
#— HR-STBC
*  SC

0 5 10 15 20 25
OSNR

Figure 2 BER versus OSNR for the system performance comparison of the HR-STBC
with SC, GD and STBC.



RMUTI JOURNAL Science and Technology Vol. 11 No. 1 January - April 2018 41

=50 vkl Tt ’3'3'7'27"”"\”"”Tf*”'f'
—a— SC with PDL=4 dB : :
—&— SC with PDL=2 dB
10 F| +# HR-STBC with PDL=6 dB
| < HR-STBC with PDL=4 dB Rt e
sl _— HR-STBC with PDL=2dB |-+ it

10 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20

OSNR

Figure 3 Performance comparison of PDL tolerance of the HR-STBC and SC.

0

10

BER
&

—4— HR-STBC

Figure 4 High spectrum efficiency of PDL 6 dB for the HR-STBC and SC.

Figure 4 plots a 20 bits spectrum efficiency of PDL = 6 dB for the HR-STBC and SC.
In this case, STBC used 1024-QAM while HR-STBC uses 64-QAM for x, and x, and
16-QAM for x, and x,, respectively. As can be seen, the HR-STBC outperforms
conventional STBC. Especially, it also gives better BER than SC. Therefore, from all the results,
we can conclude on the proposed method superior for both BER performance and low

complexity.

Conclusion

The low-complex and high rate full diversity had been proposed and analyzed. It is called
high rate space-time block code (HR-STBC). We have compared the HR-STBC performance
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with SC, GC and CSTBC code. The linear impacts of optical channel, which are PMD
and PDL, are taking into account. The proposed HR-STBC has much lower complexity
when it is compared with SC and GC; but, the system performance is only slightly lower
than those codes. More importantly, the BER performance of the proposed method is only
slightly higher than SC method. The complexity is reduced to only the constellation size.
Therefore, this would be the key to implementation in hardware for high speed optical

communication in the future.
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Abstract

This paper proposes efficiency estimation of in-service induction motor to replace the
efficiency estimation that required to stop or remove them from service. Adaptive bacteria
foraging optimization technique is applied to estimate the efficiency using data from
measuring electrical voltage, current, and power that supply to the induction motor
during operation. The selected motors for evaluation are the motor model in computer
and the actual motor. The test results showed that the efficiency estimation of the adaptive
bacteria foraging optimization technique convergence is better result than original bacteria
foraging optimization and this result is close to the shaft torque method than the equivalent
circuit method and the slip method. The average error from the test of the motor model is
1.78 % and the actual motor is 3.4 %.

Keywords: Optimization Technique; Efficiency Estimation; In-Service Motor; Bacteria Foraging
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SUNTAMAMIIUEAAABS 1, 3INTuNST (4) Ardnuavies e wnefia Maiamsdsanmunie
anmamun nsualawesuansusAugRsTnuumAnE RN TaAm Il AINENMSH (5) - (6)

_ i +v,) @
“Y+Y,+Y,

_nny,
2e Yl T YZ T Ym (5)

S ©®)
" K +Y,+Y,

MAIIUD D ) waziasouieen (P,) mwaldannsumsn 7) uas (8)

( ine out
Ussiinsamoasuewes (i7,) e FAFIUIHTIMAINUI LTS MU IDENAIIMINENNIN (9)
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})ine=3|:1162r1+|1262|:r_2+’tvt:|+Ime2rm:| (7)
N
2 | 1=z
oute 3|]2€ r s _wa (8)
P
n.(%)=—24x100 ©)

ine

2. TumUISMIMIIMsTaluANLSY (Bacteria foraging algorithm)

N XD —

Counter clockwise rotation of flagella, Swim

N %N

Clockwise rotation of flagella, Tumble

JUN 2 MImMeITeshUANSe wWuMINe (Swim) 4azmInyu (Tumble) [1]

tunauisnmsmemszesuuaiiuduisilasuusstanalaninnsmeimiseas
wundise dlala (E. coli) wupfisuaiiniiimanaouiimemmyunanaan (Flagella) Miuidu
AmEnIRegTaUIa MaeuillioninGend mshe (Swim) uazmsiwisuirmadani
manyy (Tumble) Maouazmsnyuiinliuuafidemmsamemsuuudy waiisewad
Muinlndunasemnsazudousounzansaunsunsefuiudiiedulsnnsuuaiise  dudad
alnannunssemsidueadiseuuerilidlemameluiian dureumsmemseuuaiie
fiTunoufisnAty 3 Juneu [6] fe
2.1  msAluunn@s (Chemo taxis)
mandoudlulufiemouvugduidond My (Tumble) uazmaAReuily
TufAmoiAniend mse (Swim) drinuald 0 WusuaiiSedan @ Tuseumsalud |
uwuAfiseazAdeunlumeaunsi (10)

0 )=07)s )20 &

e C() An Anmenmzesmsiadoud uaz AG) dunnwesicnoeesmsily
WALuATGEY A) Samiunnmeszesmsfluseutount uamnuuaiienyu A() awumiu
naweiiduluzoun [-1, 1] luudazdunaumsheniomsuuiuimsmuiamanumnzam
(Fitness value) 158171 Anumanzandsn2 (Fitness step)
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22 msiunug (Reproduction)
oHUTUADLM A A AN ANT TR ILUATIS ez gniNUINT LAY
WeszymAnNudoustTasuuAiGauAasen winhmANuLiusINGesnAy waiiSeiisouus
AsuniloTesuUATISENMNAYgNMAR wRemmMzEaludussdsazuaimeendugosdauialila
Uszmnamay
2.3 msmaauazmsunsnszae (Elimination and dispersal)
tunoumsAluidumsAuniamzi (Local Search) uazdunaumMsAUNUS
delimsguinmemeuldnau wieglsfimuuuaiiseernineglng q AugaEudiu nieeals
fneuiimsnzasamzuvio (Local Optimum) Zulildmmeuiimanzaslnesan (Global Optimum)
AoieliuuafiGensnefanntundsnntuneumsiuiug - Iodeslimsmiauuaiizedmouniis
wazunuAidBuuAiiSeRegmunisu
3. MImIMsTasLUANSBLUULSUA Y (Adaptive bacterial foraging)
fowihtuneuisnmamemssesuuaiisegninalflunumsimnssuetounsuae
unlumsunilgmndudou "’J%‘mi‘f‘:ﬁaﬁﬂmmﬂumi@jL"é”nFhmauhiﬁﬁﬂLﬂal,ﬁauﬁu'i%'miﬁmmﬂ
w39901991n535uTABY 9 Auiiu Chen, H. et al. [6] lAAndumsUsuAnuazasmaaiou
win C(i) 139171 MImemIsseunuAitsouuulsuAles (Adaptive bacterial foraging
optimization: ABFO)

C (run-length step)

Time (generation)

JUN 3 wnAAmsUTuANNEIZIMIIARUN [6]

wnARYas ABFO wandlugun 3 iulih BFO uuumniuusnamendu @) wmindiwes C(i)
animualpeamiduiuusslimilnolddmaiouudas domndmuad (1) sniideife
sunsamemsliisiuneniugaiivooms uimadmuasuAnlliiilinsgiinldd Chen, H.
et al. [6] FulAauamIUsumaiwes 2 wuu Ao msdsumlauiiin (Dynamic adaptation:
ABFO)) ua:msisumlauiinaiuaaes (Dynamic self-adaptation: ABFO,)

M3Usumuuy ABFO, uansniaidu (c) wuAfiduazliuanuezasmaARouianag
TuwAnztssasmsfwIakiiemafumamzingg dnudsiilimmeeulduiueity dums
USuigeaaes ABFO, ugnafeidu (b) uuaiiseazusuanuenizesmsindsuiianasnseiy
ABFO, uaazUSuanudniuwdlemanummzanbifinswfsuulas snmsaseuses
Chen, H. et al. [6] wui1 ABFO, fusz@nsammarigufini ABFO, uaz BFO wuunuifu
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AsuMsAnmASIllRenIsNs ABFO, dszanaldlunmsdssdiudss@ndmnuewmes Tnasen
toteiu ABFO
4. msvszgnAliismsmennsTesuuABRUULSUMIEY Tumstszdiuds:insammuewes

2 2
Minimize F:[II"’ —1} +{i—l} (11)

1m

inm

Famsmmusramsmnuemesmilsnhiieuel  1¥msinrnumumuzesdnmes
unsiausorn aswus Ml Anusiseuresnewmesoarliom WehummumanSauieu
AAnuAanaA (Error) pasdoyailinnmsiauazmsmuimiieisasauyadouansluie 1
Taasiflofiuinguszaoddosumsn (1) assuaumsouzesuAREBLUULS IR eoaARIFUR 4

| AMAUALSHAY (T, Ty Xopy X1, Xo)

v

4-| MaUszunaINaNNM I INgUIaIA |<—

lChemo-texis (ndo/ o) j*1

j<Ne

Chemo-taxis j<Ne
j=Ne

| fuviug (Reproduction) k+1 |

B k<Nre
funiug k<Nre

| MaA-N13unsnsza1e (Elimination and dispersal) 1+1 |

I<Ned
man-maunsnszae <Ned
v — Adaptation
| dsumarmemmsiaReud C; |
v

t<max generation

JUN4  nTTUIUMIMeIMITBILUANSBLUUYTUMILBY

FunpumMIAMMMBMATIAMIMAIWINESNATA (Optimization) MeBmImems
seonUATS LU UAIBoTiA
fupeuil 1 MWLAARIGNALTEIMIALIN 1y SauuuAfiSe SusouBasmsAly
MsAULE Mamin uazmsunsnszne mENAusasAmeIlumsAReud
fayaiildanmsin wu nzualiih wsodulnih uazidalnih
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dupeul 2 guuupfideEudumusoulsznng  Tnswuafiseurazgaysnouiie
AWIITALADTVOIIDIENYRAD 7y, X, X,, 7, X,

dupeudl 3 mAwmnzauveskuaelunAnzA lnemuImnileiduingls:aod
aumsi (11)

tupoul 4 durauMIAluuNAFs (Chemo Taxis) tumsUsuAsusumionas
wuARisusazAvSoUsummMTine Sonsesauyameismena (Tumble)
UazN19318 (Swimming) FAosunsd (10

dupeuil 5 tureuMSRUNLE SessAumANNMIzaN WoniuuuATISeRudousg
nfigrAsmissests:nng uashmssimdeduiuslilis:nnswnida

dupeudl 6 tureumsmdn-nsznelreduuuaiisoiuuniniounuimeuuaiise
A lnd

tupeudl 7 USuanuenmsiadeud C(7)

tupeudl 8 AuaUs:AnEmnuawmesNnuUATISERTMANNMIaNMTIEA

WANIINANDY

ManAgauIsMImyszinsnmuamedlaedssgnaliisnmsmemsesuuAiseuuUlsuAIeg
nageulnemsnieinanliduneweslnouvodudaoms 9 dednmuseiu naus uaziaslnih
puiasmewes nnuuliAsmsmawmnzaigafmunmmszinsnwuewmeslaeliaums
gUazasA WisuieunuIdmaAnsc@ndsmndnsinis fe

1. ausodnfinan (Shaft Torque Method: STM) Tnelfin3esiausedalurioomaass

2. F5wassuyavesuewes (Equivalent Circuit Method: ECM) FamlAanmsnacey
mrlSnanuacaenlsnes

3. 33 (Slip Method: SM) Tnefetenamsnasasiisnuansissesnsdl fevewmes
woudmeslupeumes swn 7.5 kW ua:uawesassomn 1.5 kW lneneazdonteyaunuiie
fflumsnagovedlumsed 1 Foimunteuwnzesmnidmasms 1 lIsasauyauanaf
A107 2

M5N 1 SURDUADDINBLADITN LINAFDU

. Masine  usou A/Y  enmd nsus A/Y  ammiseu  savszneu
HOR3een V) (Hz) (A) (rpm) mavlnh
ﬂ’iiﬁﬁ 1 7.5 kW 230/400 50 22.8/13.2 1,440 N/A
ﬂiiﬁﬁ' 2 15kW 220/380 50 6.4/3.7 1,400 0.8
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MIWN 2 ANDBULDADDIIIITNNY RN LU

WAADS 7 X, X, 7 X

m m

POULDA 0.5-5 0.12-1.2 36 -360 30 -300

MIWN 3 WI51HMD589 BFO

WAMDT BFO ABFO
PIUIUUDANLTE (S) 100 100
soUDINIALNLNNTE (NC) 20 20

MmNy (Ns)
IUIUTDVIBINMSAUNUS (Nre)

IUIUIDVPRIN TR (Ned) 10 10
ANuazduzesmsiean (Ped) 0.25 0.25
AsuFuANNEIMIhe C() 0.2 0.2
a - 10
B - 10
n - 10
£ 100

initial

FURBYANTIAB VBT IDMIMDIMSTRILUANSY BFO wasiuaiiSawuulsun ABFO
usnolumaoil 3 MnuamGuduanueMaadeud C() whiu 0.2 waiSeiivsng (s)
9w 100 1oad TumeuAlunngs (Ne) 20 Sou TupeuzasmIFURLS (Nre) 5 58U tuABUMIMdn
(Ned) 10 50U AotumsmuammuauuAiiEeasmumsaluunnds 1,000 A3 Muaah 25 seu
URINAUSTANEMMINMARES MT0N 4 UeT 5 USAIHE WSIAU ASTUE AIR00INDIIN
ANUI5ITOU uazAlszneumasilannmin

mywn 4 geyamalnihzeouewmeiomna 7.5 kW

mazlnan/ . Mavue T  ANEIsey  Milszneu
Y . w3uAn (V) ascue (A) e
goyamoli (W) (rpm) maslvah
100 % 400 13.21 7,970 1,440 0.87
75 % 400 10.51 5,936 1,456 0.81
50 % 400 8.14 3,931 1,471 0.70

25 % 400 6.42 1,997 1,486 0.45
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mywn 5  deyamalnizecuewmeioma 1.5 kW

mazlnan/ . Mavuend  AnEIsey  Milszneu
N . wIAu (V) nszud (A) o aow i
goyamolni (W) (rpm) mavlvah
100 % 380 3.351 1,680 1,433 0.76
75 % 380 2.734 1,200 1,453 0.66
50 % 380 2.328 800 1,473 0.53
25 % 380 2.109 440 1,487 0.31

Cost function value

0 20 40 60 80 100 120 140 160 180 200
Generation

UN5  msgumAIneuresds BFO ua: ABFO

Uil 5 wdasliiuimsgimmeeuiimuimnamsingUssasd lumsdssdiu
Usz@insmmuewed 91n3iems BFO dimsguinfineusind) uais ABFO mAneupasaums
TnguszaoAldsmng

Uit 6 uandliiumemanszaesesimneulumsmuinls:ansnnuemasiae
35 BFO uaz ABFO 91n3da:tiuladn35 BFO fianuudsdsiunienszaiamininni’is ABFO
T35 BFO ldfinde 87.81 Audoouusnasgiu 1.01 ua:35 ABFO liruaie 88.59 Andoouu
N33 0.04

90 7 ==+Z:BFO Ze—ABFO
90

89
89
88
88
87 4
87
86 -
86

85 T T
0 5 10 15 20 25
WD

“Ansnm

s

U6  manaznwvesdineulumsmmImaIeds BFO uaz ABFO
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BEMC @SM @& ABFO

|

100% 75% 50% 25%
ma:Inan

ANUAANRIA
]

N7  wamswIsuiisumanuAanaInnstinewmes 1.5 kW

Mswn 6 MsUsznYszanSMnuawmasouIn 7.5 kW

. Uszandmn (%) AIANNAANAIATNY A
nanuawmes
STM ECM SM ABFO ECM SM ABFO
100 % 90.16 88.62 93.60 88.59 1.71 3.81 1.74
75 % 91.88 90.79 91.11 90.26 1.18 0.84 1.77
50 % 93.24 91.55 90.14 91.56 1.81 3.32 1.80
25 % 93.33 91.56 84.05 91.64 1.89 9.94 1.80

M30N 7 MsUsaiudszansmndawesown 1.5 kW

. Uszandsamn (%) AANINHANRIATUY D]
Tnanuanas
STM ECM SM ABFO ECM SM ABFO
100 % 88.87 84.56 88.81 91.33 4.84 0.07 2.7
75 % 94.59 85.28 87.59 92.69 9.84 7.40 2.00
50 % 95.82 83.68 76.29 93.84 12.66  20.38 2.06
25 % 87.76 76.62 67.81 94.01 12.69 22.73 7.1

MR 6 UR: 7 usAsHAMIUTIINamMUs NS Mwasuamesnie a5
ABFO uSsudisuiiisinusedafinm (STM) Tadmnmanisassuya (ECM) uazissal (SM)
yosuamaITIA 75 kKW ua: 1.5 kW Uil 7 uanowamsifSouifisumanuiamainseuin:isms
PARANITNARDIAINAT WEASIALIIRINIEMITHIBIMISTRILUATILSBLUUUSUA LY (ABFO)
snsaUszdindssinsamlalaaiumsiauseiaimaunniign  uazimanuAanantesnd
FEmsuvudn TnemanuRananzesuawesluuuusassronimesianuRnnaInWaY 1.78 %

LRZUDABDTITINANUAANIIARRE 3.47 %
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Rt

unanuithaemsUsaindsansnmeeonamesmienhonlinu  Mmemsuszandlimaia
MIMANAN:ANTFALUUM SN YN TTuUATISBLIUS UM nHamsnARoousndlidiuh
IBMememsvesuuAiiGaLLUYS UM (ABFO) gundneulaiindt udgnaesniuns1z3sms
ABFO iimsiiumanuamzesmsiarouiiviemsnevesuuaiiselianasenmisusy sl
naeuinsowemreuldimoursansafummreuliasdonmnniniy wandunalimneuiils
unazmsfafimlndifosiunaniismsmemssesuuaiiouuuin (BFO) diowSouiiisu
mamalssansnmossueamesanisiieueiisuivisaay wadimumamemimesila
mamsnasevlugnlinanuacienismes wuhilvan 50, 75 ua: 100 % 38 ABFO sansamla
TnfAvsiuisinuseinlaesimanuianaalidiu 3 % duiilnan 25 % TmanuAamaIngsie
7.1 % wadlowSauieuivissaluaismuiniemsiiwesteniamanmnn foiuisms
miszansmwieisiinaueansalinuliazain  sunsaUsduls:ansamlalaslingn
MIINITUTDINOLADT

AnANIINUINIA

uddeatvidnseaolidnd desnnldsunuidemelilasmsdoadumsnannaouide
wnmingsemalulagangunadiuu  veveuAmEIzIgIAmnINlni aineRumalulat
FEmIARE LW @eesie AlVANuewATziEn Ul wanadesielumsiide sevounme1se
Tusdgimnssulavh aadmnssumans wningRumalulagnguenaaiuu dosse

=

namunlalidiaueuusnauasduls:Towllunsvi’ide
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filsiguusiuine s (Non-Home-Based, NHB) ludnsuiireuinogs dwsuwuudines Trip-Based
Miluilagiiu SraesmsAumeiiidy NHB esbifine fotu mewmmuuudiaesiiorsm
Unngmseitegnomn:auasiisnnansfyiesussauzsesuuuiiaes lumenssiuinuuuusines
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matAunty NHB aszawmlimauluuaazfidnis mweendngAnssumsiauneiuanmiony
TReNs:91eMeg lUIznIALNMIBNNNINNURENAUTNIUINNTIZN TOIRININIZIYAIBYIZNII
agmhnuua:lusmsumeluinutiesign

meaAg :  Maia Tour; ATINNIBeY Tour; yAnNINsUa NN IALNEA
Abstract

Today, trip-chaining and tour formation gained broad interest in the area of travel demand
modeling arena since the idea of the tour carefully models travel patterns of each person
and chain them to his/her most important purpose of travelling. Due to the increasing
number of the vehicle ownership and family members who work to support their
household as well as the changing in suburban land-use patterns, it is likely to see the
escalation of trip-chaining, the non-home-based or NHB trip is relatively high. Furthermore,
the recent Trip-based model is not good enough to model NHB trip. Therefore, model
which will be developed by taking a careful consideration of this phenomenon will
influence greatly on the effectiveness of the model. On the other hand, Tour-based model
is able to capture interaction between trips made in the same trip chain using tour as the
foundation of decision making, that is, the sequence of trip that originate and end at home.
This paper presents how to create a chained trip and generate tours using surveys of
daily trips within Khon Kaen municipality in 2015. The results show that NHB were found
in every tour’s purpose; however, the difference lie in the trip distribution, is work trip
distribution ranks the highest, followed by school trip distribution. Trip distribution
for NHB was found uneven in each direction of trip because of different travel behaviors.
The highest trip distribution began at work ended at home trip follow by the one that
began at work ended at work trip while the lowest distribution was that began at home

ended at work trip.

Keywords: Tour Generation; Half-Tour; Primary Destination
NN

Tumsnounilasoe o uszIUMstude  fnunuisiinruansaizmAM N IneURLB AR
AnuARIMaAUMaResURBuadlUMLAnE YA TR T UYBURY  uazAMIRNE BRIy ARRT LY
FTUUMIBURY LUUTIRBIANNABINIIAUNY (Travel Demand Model) ﬁ]zgﬂﬁmﬂﬁlﬁaimqﬂszmﬁﬁ

Meluu3uNeesMIaaNREULULANNABINM SR  LUUTIRBIAINABINITLAUNIY
Trip-Based gnihanlfimniigalumsnounumssugs iesuesnnusesmsiumeiviouutasly
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Tuszezend femsssiolaseadoiiugu egody aun mosald Widumnadu dodu Ak
MNAVdnzeILULTIRBIANNABIM AU An manensailuszAusn lusezen ua:
maieANNFaIMsAumMeiionsszadiummsaoulaseaeiuguealng

agnalsfimu madiuanuIrsemssuasANuFoIMIAuMImEMIT1alATIaSaLg I
LilgiumsuadamadsiulumssamsiussAuanusesmsiiumeiinsnniy (1] nevsiu
FadinfidAesuuudines Trip-Based dold Trip weswd:upnaiunitezesmsiaszi
[2] - [3] tuegmelfsunAguiimsumouss:maAumeiduius e Aouaaliduius
Audivnende WumsiAuneidudassiu [4] - [5] mluvomesemadonlosmsiiuns
Uszdriuvesynnasanly [6]

ﬁammﬁ lesimadenTosmsiiuma (Trip Chaining) 19U MTTUNUNITTURY
FolmimulugunumsdinmsanufesmsiAumouaznasmadoulome  iemsdnmsiu
Dymmssusy  uaElESUMSNANTGIEY senotdy 1NASMSUTIIMANULESATIsTH ISR
uazulowodoasunmsldszuvondeasismue uau

masmadoulems fA915a091ANNABINTN9AILANM SANMIlUTAYTIN ua:
fasmsUsulsalszansamueslasoaoiugulifteiy - Mmemsliisdommdnnadiieiu
woAnIIUMSAUMofiszAuentes (szAvuans)  siliAnaudlalungAnssumsiume
pouleuiamsinmsnnufesmsiumsluszezau [5] fotiu wuud1ees Tour-Based w3e
Trip Chain [7] - [8] Fefiedniindu faemsld Tour unuil Trip (Wunilevesmsiasz
[9] - [10] eilusmnuangAnssumaiumoiisiAy wweduUiasosahomaiumoeiily
gnlgmstAaumuoiAedny ilusnnsiwfediunionlreaulunseunsinedny

A5MsAnE

1. denuwvev Trip, Tour ua: Half-Tour
Trip umhozesmsinnzivesuuusmes Trip-Based Tngmsiumoniis e
gasmsiAumedadenTos 2 dwmisfing lusmsdl Tour usFumsAumoiiEuiR:RugA
fithy @ Half-Tour umssiungusasmsiumemmmunanaaisuauludoganmetaems
ﬁ@fﬂﬁfgﬁ'qmao Tour (Outbound %38 Direct Half-Tour) W%E]f\]’]ﬂﬁ!ﬂﬂﬂJ’lEJﬂﬂ’lEJ‘V]’]\iﬁf\f’]ﬁ@ﬁf\!ﬂ
AduINEsgAENAY (Inbound w38 Return Half-Tour)
Uil 1 dumedemsidumeluniody luwvusiaes Trip-Based a:fi1san
i 7 madAune Tnemaduneidu BB Trip WilAgnihsdenlosiu NHB Trip vifl#idu
anseuichAgluwuuimesi Wesnndlumsinomginssuzesuanailinsoiuauiiuaua:
ssiinanTnUABLUDS RN T UiadATuTey NHB Trip Winsnnaw [5], [10] - [11] 3914
Amsiuuudiaes Tour-Based :141880NgANITUMISAUNIIDBILUAAR AIBNIILBINIILAUNIG
17 fuilu HB Trip waz NHB Trip andenTooriu silfia Tour 3u 3 Tour Asguii2 deuszneuse

Primary Tour, Secondary Tour &z Sub-Tour [4]
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M9/ @
Teaivu _’I MUMNS
| AMNEUAT I I Fevoy I
mhomsanaulenlilukuudiass Trips
1 msiumsiinedesiuiingu/Tseeu duiusiuinneids (HBW) 1
2 msiumeineItasiunneu/ lsaseu bisuwusiunwneids (NHB) 2,3,4
3 MsiAuneIEIte A UNIUNEY FunuSAUMAAY (HBO) 5,6,7

JUN 1 AI819200MILANM (Trips)

Tned Primary Tour ilumsdmoangAnssumsidumozesyaaa TnssisAunsiiums
SuruuazAugaaeiithy demelu Tour # fymmnoamemefiddniian @nguf 2 Aosaud
) wazimsimangaiiedenoslusiemenduiiu dmsy Secondary Tour iy
Tour lnsi AfisAuMaAuMedoSuiuuaziugaaoitudwAeIiy uadaanmetaemedlild
genuiiou ua: Sub-Tour @uiflu Tour tewuas Primary Tour ﬁL“%JJﬁuLm:ayuigﬂﬁamuﬁvhmu
fshAmigaluiwAsiL egwlsimu sUuuuIAATes Tour MemsthmaAumMeiANT 2
maAumamnidenleiy snetstssmsumsimeslaense Iolisimasuelinaosiiazasmiien
Tour (Journey w38 Half-Tour) fies1aessiuzes Outbound %5e Direct Half-Tour (mstiumaii 1
lu Primary Tour) uwi3ssmessiuzas Inbound w30 Return Half-Tour (msthiume 4 uaz 5
Tu Primary Tour) [12]

1 Home-based work/education primary tours ——
oo i - s e | / N
> /® _| v/ @
)
/ S| | muemns
' O,
-\ i
‘ ~
.1 Home-based . e e 5
fmondm tours I Work-based sub-tours |
Primary Tour:
2 - Outbound fenvsiimod 1
ANNEUAT - Inbound femsiianaii4, 5
mihemsanaulanldluwuusines Trips
1 Tour matAumeNAeZeamuimhom/1505ew fuusiumineIfs TIMumMgATATIomonay 1,4,5
iy
1 Tour MstAuMshsuiusAvieu/ Tsadeu biimshmmen 2,3
1 Tour matAuMsRAieIdesiusauioy suiusiuiinerde lifimshnmen 6,7

U2 Areewzes Tours ua: Half-Tour (3Uuuy Tour 1ANIW)

2. Tasusswiuuaaes Trip-Based uas Tour-Based
wuudReIABLes 4 Tumeunsaisend Four-Step Model wuiuuuudiaeouwuusiy
dwemynarzimspumemeluiun uwwudaesldnumlluunuaienssy [13] Tasead
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we9 Four-Step Model 19 Trip vosudazyAAaduntiososn1s3AIzA luduidedosen
wuuimasiin Trip-Based Tnomluusznauie 4 sunou supouil 1 mafinmsiuma suneud 2
MIATABMTAUN TURDUN 3 MIRBATULIIMTAUMG WAzTUABUT 4 MIUINUIIMILALING
athalsfimy eflazdnmsnusesmaAumsluszezdu (Short Term) wuusaes Tour-Based
JugnihanldidussAdsznovdidn lumseduisuazdraosgUuuumaiunienionisul Trips
midenlosiu uidsdwhmsinsanaeazdeanginssumaAumeiiddyiaaisziu Tour
(Tour- Level) fiau iflpsanfanssuiigavnataameiisifniign a:nIummginssumsiumases
uﬂﬂaﬁu nntudsinsansesdentosfisziu Trip (Trip- Level) Lﬁaslﬁﬂsamqmgﬂﬁm'm
UATAINDUMIAUNMINAN [14] Muuvudeo Trip-Based

athglsfimu wuudiees Tour-Based azfineazdonlusumouil 1 s 3 fAidsan
wuude Trip-Based Assfituus s Tour-Based a:finuazdunvasmatfonlosionssuua:
maAuMzeIARzyAAa InonndasiueteaNysailuszdu Tour duUsznevdis msiden
et ems madonsUuuumaiums wazmadondonm uazlussdu Trip dovsznoude
UIULAAIUUINIINMINYATNTINN JULUDMSIAUMS uzriaImseaniums [14] - [15]
TuznuiAituneaud 4 a:donomilouiunstesuuuiines

M0 1 UEAITIBRZBAMIADALABULULAINTINILAMTAUNITEILUUT DY
Tour-Based luszAu Tour uazszAu Trip Wouiu 3 TunouuInluLUUTIaBY Trip-Based 910,319
sansasgUieliSsusesuuusiaes Tour-Based luunztunausodl sumeu Trip Production A
ANuENRUEALATI0 Tour ua: Trip Mgnaswiuluszndiodu sumeu Trip Attraction e
AN T IAIN S TUTEN AT IEALAAINTINEUALTOY  (MINMIMEATIINI)  Tuneu
Trip Distribution fin msidenTosgaiEuiuuazanmnememeses NHB Trip uniu HB Trip
unzlutumeu Modal Split fie AnueARResfuBRsMsRENFULLMTAWMIzas Trip Noviualy Tour

nanlauagy qnseudidAmesuuudnes Trip-Based Aomsdinas NHB Trip ua:
HB Trip Miludasziu msuidameonan wldshemsliuwuiines Tour-Based doihmsiiuma
fmoiuzesunazupaaundenlosiy  yinliansodieesianssuuazmsAunMaiuia3snos
uAnzyaAa lalnatAssnuAuasoduegisin

3. MIAANIBITBYA

msfnnsatoya  iingUsasAiiensiadeuiayamsiumenlisuanuUUReuNIY
POYRNIAUNIBBIATITOU e 1901as s Tours 1 Taeinmsnsaadendn aaumg
2BIMTAUNIIAS IUINUAZIATINEURIBNgTRIMIIAUMIASIRATIE AD AWne Aol
ATIRFOUIMIEANMY A MsmenesasuAazmaAumMe  Mldsumstufinuazaiman
Fnsaolamuaiaunamiell waznII9EeURNEAULAZANIURAAIAUNITBIUARZMSALNY
TifluamderiuiuansazwaamuinslaemosesmsAumeneunth niels

msAnnsesioyaaziliulahdenaildsecudazuananaenTutuazgniiiN
fi91500 uazsINIagMiNAeAlLANAIA LRz ALA (Time and Space) 17



62 AsgenlosmstAumsuazass Tour wWelFlumsnawuuuiiaesnnunesmILAUNMg

MIWN 1 3I9RDIANIRDNIRLULDUAINITULR:NMILAUMNoILDUda0g Tour-Based Tuszau
Tour waz3:Av Trip nuuUvdIRay Trip-Based [15]

wuvudmey Tour-Based

wuuataes Trip-Based

Tour-Level Trip-Level
, , LUULAUAINTINAITLAUNY AUDDBINIINEA
Trip Production . - -
Uszdriulwnenves Tour Tneviinvosnanssu
) , maudsnldinnmsidenlougnnug A snlainlaundu
Trip Attraction 4. o 4 . .
UaemonaAyngn AIUMLID0INIINERA
o matengAnIIBUaINIg MIRONANUINAINITNE A
Trip Distribution FEE
NeANYA
MITIMTIAIBITRIFUULY M3doNFULULMILAUNIY

Modal Split N z
MIAUNININNAYDY Tour

4. mM3s3519 Tour

snmanumuAdesnsaagUlan deyamsAumeseuiazyAnaTIgNARN T
sansatiangs Tour eliiflumiissesmsiinnziluuuudaes Tour-Based 1# Tnomsii
NHB Trip waz HB Trip %ﬂﬁgﬂLLUUﬂwiLﬁum\J rnaelaieny wazda e uAuAnmiu
anidenToodulilu Tour iWeniu FAagud 3

L'%'JJﬁuTﬂﬂszuamuﬁﬁmmﬁ@hﬁmﬁqﬂ idimnanimidsmaAumaeluionu saud
vhowdldnaunniigalus:niedy  eadusamivhoufidiAniidn Ghunmisiinganneymens
fishéinyiian) Taed Tour wilstiu a:fqadumeiitnuua:Augaitng dsenre:indelifimsymangn
seriameild Fedndimsvhnangasznilemeneen (Outbound Half-Tour) (:Aiansansfy
maiumelumAudeundauannaamnetamemofiddgiian) szszumudsiinomsnmsveaiu
wazszysUuuumsAumeildAumandssuiinuisAian aniudesynamsmnis
gouivhouiddiigay  hmsinsandednininmanmsnensriememennlusifuau
dandeli  FomlufiliszuguuuumsiAunenlidumandsiumisinmsnmsmeas it
Vn\fl"il"lﬂﬂﬂﬁ]ﬂuﬁﬂﬁ nuanﬁ"unm‘f/imﬁoﬁhLmﬁaﬁﬁy’amiv‘hﬂﬁwam TusumaiAumoananIui
mmuwmﬂmwﬂmwaﬂaumu ﬂﬂuuﬂﬁmmi‘mam #11971921181 (Inbound Half-Tour)
TiszynmeaniAumMINEMUINUHAYAgANY  uaddmsmmeaszniomesi
AR SUIUARINUAUNITNNMINGATTNITNNIDI0DN  BILAIAUNITAII T N5
Tusgmumstaumamuini Iuwmzﬁgmmumnﬁumaﬂaa Tour (Tour Mode) iszaanuazai
Amualiduguuumsidumedldnaiennuign

sy Tour TdwwusAUMmineAuauilild Tour mavhou ssnsafmsanlfdudeaiuiu

Tour Moy TaemsmnuaingussasAves Tour ssfTsannEIFUAIE ARSI
wu llsoSeundeunineds lWsudounsnain 5598IuA? M9A1 swIA1s doves
AanssumodsanuaiunuImMs Wuau
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i feyairmumsAnnsamdn -PI 32U Work-Based Sub Tour (i3] ]
(mnewAFIsey, lowium, Tausamneuaiems, nUszaA ¥
MIAUMY, RN FUIIMSEILNY) FnsanmsAumsanaa oA ganduTine At
& M%ﬂﬂ‘i‘\lﬁﬁ“ﬂ’l 1 (Inbound Half-Tour)
fnsanmaAumszeuiacyARRLUATIToU i - SupeiiouRuAsenmenn washluswums@uma
(Feg 0w muUnA
l ARV ﬂﬁu‘s:u;ﬂuuumﬂﬁumumu Tour (Tour Mode)
- szylgwinenfi v
- ssysnwivhnuishfaian (osinegunigalussieiu) - szylguinendia
- sryphumisinogaanetmemoiidfiyign - fmsanfonssuiioaddlalimsinu dossuins
4 - ’:ﬁ’lf!ﬂi:ﬂ\iﬁ‘ﬁ’!%ﬂ:ﬁ’iﬂiflnmﬂﬁﬁﬁunﬂlﬁﬁﬁﬁmﬂﬂﬂgﬁﬂﬂiiﬂﬁ‘m
- v TuTswFeu/amineae qiﬁﬂd’]ufh yaﬂﬂﬂﬂ fanTINMIFIAN
aundy uRstimnms uau

- feunhanwivhnuisfyign Imahmmgatouhmield
- szinquszasimaihmanen (G unziatunloulng
g
- ‘s:u;nluuum‘nﬁummmznmmimﬁuﬂmu#whmuﬁmﬁfuﬁqm
- szymavnmaneaBun @i
- (radilaif) ssygoumsAuNeRLiuRz aM SN Ao

msvi‘nmmqnﬁu

U3 uwImemsas1s Tour 91NTOYANIIAUNIIVDIUARZLAAR

ToyamIAuNIzasLAN:UAAR 9xgnasuiiugluuy Tour Tneluuwaa: Tour a:Usznaume
toyaszA Tour (Tour-Level) uazdoynszaumstaumy (Trip-Level) lusiusostayanodony
UszinsvasudazyAAauazAIGaY sxgnihismiumusnuludsliateya Tour aenomanzay

mswfosthiayamedsruszanssasudazuArauazasaIGeu  lusmiudoyamsifume
lussfiu Tour wa: Trip Auiefiezfinui1 Trip Chain Rnduldegslsuaniludofindu vl
FasAnmAmdnBMziugIuARINase Trip Chain ssuAAaMuLARZIRGUTEIANSIANMY Wy
manszaevasiaudegnldly Trip Chain msTiuiupesingUszasdmaiumaignidenla
dnvaamnzasRIGouTidonaroiingey Trip Chain Taiwiu quuuumaiumefluusazaiin
wou Trip Chain uazanwaz@nIzeos Trip Chain TuuAszdionaimesiu Wuau

Wﬂﬂ’]iﬁﬂ‘lﬂ"lltﬂtaﬁl’ﬁfﬁwa

1UIBlATBRAN IAUNIIINIATINITMIANBIADINANIZENNIIAIIAINTIN  LATHENT
maduuaznansznuiowIndenlasonsmofiay  iedaiuauwionmofitay  Joninzeuuiu
Tul) 2558 d1mn 2,015 AFAFOU (HIndeyadwin 4,757 Au 1as 616 Au ludideyanistauniy)
AretulszmnsgniRenlaenmsgn  uaziuiindeyamatiaunslszarin lunvudeuniudeya
MIAUNIDOIATITOU ‘?}ﬂﬁ‘:ﬂﬁﬂm;lﬂﬂi:ﬁﬁN1uﬂ15§Mﬂ1H§ﬁLLUU%ﬂ1ﬂﬁ1 (Face-to-Face Interviews)
nniuigesonun 73 iufites TagluuAaziufigesligiudioya GIS Database snliieuts
wanuidnm TaelAiniuidesmuiieouazuemdasdn 10 wudl s 83 Aui naodu
Tour muingUszasAzasaamnelmemefidigian  waansaldamsaihu3oudioudy



64 AsgenlosmstAumsuazass Tour wWelFlumsnawuuuiiaesnnunesmILAUNMg

PoyamItAuMenuUImMuIngUssasamstaume (@slaainlasemse) Aslugun 4(n) dousne
wWesiguavas Trips muinguszasAmstAumaiisunuesiduaves Tours AmudngUszasa
pougAnaUMenInd1AyNgn

N
R

=3

_ 07
El (40 1., 2% myn3uuiiiou Trips uaz Tours MaIngUssaon

2 30

£

= 20

- # Trips
E 10

8 % Tours
B

g

2

& 3
& Y ; I
< InquszavAzes Trips uaz Tours

(M) Mawseuiisy Trips ua: Tours MuInQUssasn

SuumsiAumousmstiunseuAnamIngUssaA
1.0

- 0.8

/unAR

- 0.6

PUIUM AU

- 0.4

- 0.2

+ 0.0

Work  Education Education Business Shopping ~ Other NHB
(Self) (Drop)
Inquscaiorwes Trip

(9) FWIUMIAUNILANITIAUNIIAOYAAR MNIRUIZEIA

d1uau Tours waz Tours soyARe 1N N zaIA

&
S

o
S

—
@ 8
S D
S S

N

R

X

119U Tour
=
o
Jes]
=]

e
‘/
5

RLLLLRLN

RARIRRIRLIRL

RRRRK

AR

X

2
’({
%

5

Work  Education Education Business Shopping  Other
(Self) (Drop)
mguszaifiven Trip

(M 917 Tours uaz Tours ABYAAR MININGUIHIA
U4 Pwuuszwediduamsiin Trips ua: Tours MuIngUszasA

WRINMIUIAALTBIMSNM AN IZanlosiul  niudsANuLANMOIUDBY
HBW Trip (34.6 %) uaz Home-Based Work Tour (42.7 %) @sdlannfignainyningusaon (8.1 %)
TuonzninguszaAduuanasAussanilas  AULANANNAIIzMdBuunUToyanln
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anlasomss o venidlutiedndn Trip Chain 3u (i NHB Trips nszaiefiey 10.7 %
Tunninguszasd) wdainmaimangalusniemedy (Mmahmaveassieiuduiin
W03 NTINNUADTIN) wazanrad ldsnsavenladn msvinoudsasiinnusAauas
iuusendnaulumaifume Tusnsiidiaymsfiarsan Home-Based Education Tour i 165 %
Jm7u Home-Based Work Tour ansauenldi 2 Aanssumanumariunvaaiunimilsons
Tour vunun JUT 4(1) uaz (A) devenlddnilaewdsuds winzauluemdesseuuiuazi
MaAUM 2.6 Trips fiedu uaz 1.15 Tours Aol wasud? 2.3 Trips e Tour

WUUTINBIANINABINMIAUNIMIDURS  9zlnAnuganpsuazlianalalunginssn
madumelAfnnay  diehmaiumezesuwsazuaaadenlooiy  devsitliiufiomsnszae
2990 NHB Trips luuaazinguszasAzes Tour uazaziivs:lorinemsmnuaulouianmsinms
AMNFRIMSALMY 12 naemsmsliiag naamsmsmmunsm uazmsmmuanmmsnnu W
M7 2 Wusnedauuazidesidudaos NHB Trips TuunazinguszasAzes Tour azwiulid
NHB Trips @ofisruaunudiu 1,165 maiuma lanszaadaeg 0.5 9 63 % luwdazinguszasd
89 Tour Tnafl NHB Trips n3:91emiegii Work Tour :nfigA Ao 62.6 % uazd Tour
luiSsuniisie (Education (Self)) ua: Tour Sugsgnuamlulssiseu (Education (Drop)) Fuiilu
Aanssuniie AdmuaAgAemstnuaulouismssamsanudesmsiiume § NHB Trips
A5:910/08 11.4 Uz 2.8 % mudAy mafit NHB Trips andeulosiumaiumeiiiu HB
fealuielfuSouiisAgnneouuudiaes Tour-Based otalsfimu I NHB Trip ag 02 %
filsisnansndnguuuy Tour I iflessnanulianysaizesions

mywn 2  wesidunves NHB dunszaesmiluudazinglszasA Tours

ngiszavn Tours

Ingiszava
Education Education
Trip Work Business Shopping Other Non Tour Total
(Self) (Drop)
NHB Trips 729 133 33 145 117 6 2 1,165
(%) (62.6) (11.4) (2.8) (12.5) (10.0) 0.5 0.2) (100)

iioflaziiiladnuaizaes NHB Trips Ainszanadaeg 10.7 % lunninauszashves Tour
ANgUA 4() wazzUuuuzes Trip Chaining liinndudn a:uvisnguues NHB Tour-Based
Trip Chain aeniu 4 ﬂa;uﬁﬂ‘ﬁ (1) Journey to work Aemstiumeiisl NHB fintulusaisiuma
Tfivhenu ) Journey from work AomaAununil NHB 1indu diaiumssenainiingu
(3) At work AamsiAumedisi NHB ifindulusasiiogivinam uaz (4) Non-Work-Related fin
MaAuneisl NHB udldduiusavmsyionu usaisnuanslusnunmiuliidesiaviu
(Hierarchical Tree) mu'gﬂ‘ﬁ' 5 ‘ﬁ'ﬂLLNuﬂﬁWlﬁLLﬂﬂﬂﬁﬂﬁUﬂzuﬂﬂﬂﬂ?iLLﬂﬂﬁﬂHﬂﬂ?ﬁLﬁuﬂﬁﬂ
dolAannmsdire munauuas NHB Tour-Based unzdauzosieeslundazngutas
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anfieaih Tour AemaAumeiifignEuiuuszansugaidugaioniy doluiiifetu
SuInTahmaAumMenenun (10,889 Mstaume) a1 Tours 1¢ 4,847 Tour Uszneviie
Tours FuduinsAunmaniieu (Work-Related) 2,072 Tours uaz 2,776 Tours luidusingdu
M3 (Non-Work-Related) iilofia1sansiuan Tours deduiusaumavion uaslud
NHB Trips (Without NHB) i Journey to work ez Journey from work fis iy
1,856 Tours maneANu Tour wanil fsamiionuduaniuiimangasznienoua:
azimangadnasaitueniy lusmsAian 216 Tours 9% 2 nasduiu § NHB Trips
(With NHB) sauega91miu 730 mstauntg wuotdu 370 NHB Trips 41910 Journey to
work uaz 360 NHB Trips 31910 Journey from work Zsviangnud Imammangalusznig
molduazaniiinnu wenwilennmsimsngafisnuivhonuuaziitu Tne Journey to work
1iudi 217 NHB Trips ogfi At work lunau:zil Tours doliduwusiumsyinem i NHB Trips
ﬂi:ﬁntlag'ﬁ"l Journey to non-work ua: Journey from non-work §1uu 141 UR: 294 MIAUMY
aonu wnunmauldidesdutuild Sommsouaneliviuionisnszareaazes NHB Trips
(10.7 %) mugUil 4(n) fegluunaznguzos NHB Tour-Based léiduegod

d w3y Tours Fuedunusiumarinau msi Journey to work iaz Journey from work
fiswon NHB Trips Livhiu iumszninginssumsiumeiiunnseiu namfe Jufinzes
Aanssuiuanaeiuiniusniemelluazaniivou

wailAty peng1iuwIAnfimaAumesuAzyanadoulasiuiy Tour 1u
duuAsiRnsanmsiuneetioanden  doe:ivs:loirensasouuuinesnnufoms
Wumoetouiiase msiarsanedsandend eliesuiengAnssumaAumoiisouddn
mtiumonuellvy (Destination) tsratlnuiiiume (Time of Day) ustAumgse
uuumstaumela (Mode) wileuiunlflunuusnssrufesmsAumouuuRniy  uAeziiin
n3ovouiandililumsdineongAnssumsAunefiannndl eg1ody 9AnetaIemondn
(Primary Destination) #@2staa1989iusas Tour (Entire-Tour Time of Day) nswaNnuey
sUuuumsAuMeres Tour (Entire-Tour Mode Combinations) mmﬁﬂanmimqﬂ (Stop
Frequency) #9tda1mstAumugesiy (Trip Time of Day) wua:gtuvumstaumy (Trip Mode)
Foaziliuuuimesilafinnugadosmani

el

unANulIENeNITdeyanIstAumMenINsanasody  Tour MeMsiILAaznISLAUNIY
wndenlooiu (m3i1 NHB Trips wndenloodumsiiumeiidu HB) unumsiiarsan
Tusazmadumodudas:iu ieliiudomgAnssumsiumeiitaey InfiResnnuede ua:
fivsTemiremsmmuaulouiemssnmIanudesmsiumemumsouss  sansdsuisulauas
wladwnn  wanldiliiuinnuduiusseourarmsiiunemhidenlosiu  ieiidesiin
Munauazszezng  ilawwianuAnzesyeas  Wnlalufenssudszdriuididyiaanes
ALmEIY 1wy mymemzesawievoy wa:msluTseSouseaiminGouuaninfnm wud
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T35 Trip-Based dosunliunazmaiumaiudasziu Lilduansliviudonnuduius
SN TAUMOEITIL

sddeiiunludiodlnauazisamanauasseunny  ldfeyamsdisamaAumoes
AFISou NmMsWAMLUUTIes Trip-Based unan agholsiimy sansolidoyaidediudl
Wetisna i Tours ualfiiuduniislumsiannusulsszuuuuimosamudiesmsiumeld
ilosnuuiAnes Tour suNIadmesmaAuMITasuAazyAns  Joidenlasiuiansaunes

yanamnInulaetdnn
Total 4,847
Tours

Work-Related Non-Work-Related
2,072 Tours 2,776 Tours

Jouney to Non- Journey form Non-
Journey to Work Journey form Work ¥ ) ¥ ¢
11036 Tp cbany 11036 Tp chain WorclSTip Worcl g
Without : Without With NHB Without . Without With NHB
NHBO73 | [ WHhNHB | [ Nppges 153Trp | | NHB 1331 | [VEANEB || NEB' 361 | | o8 Trip
Trip chain | |63 Trip chain| | Trip chain chain Trip chain Ipchaty Trip chain chain
|
With 370 With 360 With 141 With 204
NHB Trips NHB Trips NHB Trips NHB Trips
Journey to At Work
Work 153 217 NHB
NHB Trips Trips

U5 fdutumsuendeyansd$IIM AU munaueed NHB Tour-Based uazdiuiu
AratvluuARzNRNEDE (1INMIUINIAUNIN TN TBINY)

AnANIINUINIA

qidulasverouAm e19sdasAnA W@eAsne e1msdmminimassules) uminede
waluTadnamasdsu nenenzeuniu ldheoeadioyaielilumidds us:anmnssurmans
wmendeseuniy MlAlimsaiusyuosamsdsamaiiumoeeniidou ulassmsmsfnm
ANUALZENMIMUIFINTIY LATHEND msiuazHansURIAfenlATIMIMeAY iedar
wnnwivnmefiasludoninvenuny lull 2558 dodudiudiduinliunanudusaaais
uethed domoeidedsneveunaniueiogeld o Temail
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Abstract

Multi-channel surfing for monitoring dams is a modernised technological approach that
saves time and money in dam maintenance. A Case studiy of the Krasio-Dam project
located in Aumpoe Dan-Chang Suphan-Buri province. The starting from the generate shear
ware source by beat the hammer to get the signal, then reflected signal go through the
ground surface, then the receiver can get the signal. The receiver transforms into the data
and go to recording station by cable. The recording station process data with seisimager
S/W. This program transforms ware signal to 2 D-crossection photo of geological structure
of the surveyed section. The results showed that the speed of shear wave penetration
travels between 100 and 850 meters per second. It is able to classify the densities and types
of soil layer into four classes (labelled B to E). A low shear wave indicates high humidity
with low density. These are critical areas of weakness that need monitoring and fast
maintenance of the dam. The study showed the reductions in exploration working time as

well as budget reductions and improved accuracy of dam assessment.
Keywords: Multi-Channel Analysis of Surface Wave; Earth Fill Dam; Shear Wave Source; Pseudo-section
VN

doududsaoaSwemalnadmsvaume Wweldlumaduiniiuazdesiugnniosauis
soosumswannsualiih UsslemifchAgeondou Aomaiuihandisgaumainuazldesti
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Tugaiilnanandnmanils Tnedeuazimifzzasanuiiveniniemuauansimslya
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srdonansznuegulngnalsrenisiateaniianasounardowingouldagrodunau
wamstiZeuwenty WewSeuieuivgimmaau ¢ ui dalaidnmuliiesmnn widefnui
sznelitinanuidomenensiinuasnindauedolnanais AsiumsAnmisoiensiasen
wazthgesnwidewdudasiniuilinsuosim
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1] seiielinamsfnmuiuiunniueadenlfismduimnzauivsnmmessany 9
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ududeyalsznevsindula [2] snfmeeiodu JEmssemenaufiILuuTaTosdmaa)
(MASW) [3] 35msliiismvindsiin (GPR) [4] 35myinmanuimumulii [5] - [6] 39uns33
msdadieduinm  [71  desunsalidessuidimmsisanmmidondiiuiletiuua:
Fowmuauundesiuredlideyn lumuanuuaendodouuazanuiululilumsidumsla 9
rordeulusunousell

MASW (Multi-channel analysis of surface wave) dasnilslumssnamenauln
szifion (Seismic methods) Jeunnsofiie MASW a:thadufafiu (Surface wave) 9finARULSAE
(Rayleigh wave) anlflumsinsziuinmswasaauiaiuliduanuniiraudeudniinie
ﬂf?l'uﬁ"lﬁuﬂguﬁﬂﬁ]:QﬂﬁﬂiﬁLﬂuﬂﬁuiUﬂ’Ju (Noise) lumssisrsnaulmaziiouns 1
uszazfpsaneanlutumsUsanana uwaliia MASW ﬁuﬂﬁuﬁaﬁuﬁlzgﬂﬁﬂiﬁlﬂuﬁfgfy'lmﬁﬁaami
Tuilegtiulainsien’s MASW wildls:losulunusisremarmnssudnnas q My oot
mafTmsesuAn  wesendeurestuin  Massemmuniszomanyy iy dedves
35 MASW wifle35msshsi9du ¢ Afe 190 uazasnsanlismsa [8]

msfmnildenliideounsaden doadudeufuundansegh eunamuie Joninanssans
dunsdAnm ifesnnfinsanuduiun  @eunsudefienumnzanlunndu Uszneudu
maldsuAnuaivauuIBmannn Juims s waadminigisdomadhelumslitoya
Wy uwudeads vsziimsdentige wiennseneanuszmnlumsiifiumsAnsuiuetioi
TnpuszaABaamsAn ol LausWATALR:JULLUMTATIIREUEMMIB DU s T RAS
e MASW Fssnansansaeseulaseais samdogunndenluszivin nSeunouanslimiuds
amwlassasadouiiduiastu aonsuduiandn ¢ Aldmihmsnessodu Wy Taafidou
dutamin AlFsumatdentsuugersGotuiiugm s

toyatlosau

ounsadedliszoznailumsiesse 16 T BuaniwnsAng 2509 - 2524 udeududld
Tumsanmuinlneaeausmonssde 812 4250 wWas g9 32.5 A9 ANuAT R eu
8 wns WuRAnh 35 mywilawns Usnailumsinfugedn 240 SugnuAfmas sy
+87.00 A3 NN, USATEIEA 390 MUYAUIARMAT N9zl +90.64 RS TN, Tuisuls:Tem
350,000 13 TneiianuaiznossalINe LAz R A IMIAUIAINTSURIH
1. ANHALNIBININEN

\eunsndoanvegluiuiidnyazio (Mountainous terrain) fiunuduideuniu
hFnz Tueaniuinugreaslaidaumemun: Tuaniuiiunse - inmednlonyalogEe - Aludou
Fodruniadufinduininveenzneugaiegiufia:auiiluusnainuinuinuiuises
Beunsuded 9] deyamessainenilinnuuuneazdenmeimnssusenieunsafomui
fuitor ozeulsneume iuuasiunaesiin Tnedulniuiuuazaznounneidussfus:ney
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2. SABMUZMIMUIAINTIH
Gounszdrududoniignaoiuanmsunsniu uaunaozesduidon (Dam axis)
ﬁﬂ;ﬂﬁ 1 fio U5 Zone 1 ymmvilnfioossts (Embankment) usnsluu3iias Zone 2
Tnsoasodeunmmunnseguuiuiiugiu (Bed rock) dsiedniuguuuumssiiodeuiinmnzas
munanimnssy (101, [11] Tuszwiwmsaesiwlassaigiusnmulavosununaiseslasu
maﬂ%‘uﬂqaF]mmwwaaﬁzuﬁuua:ﬁuﬁwmié“mfwglu (Grouting) iieandesisiiindules
musssnanseoraindulilusmiemsnesse

Max water lever +90.64 El +95.5 0.30 well-graded crushed rock
— / 3.50
El +87.00
0.30 crushed rodk slope protection

El +80.0
grushed rock filter
El +75.

Retention level El +87.00 1.
- 5,030 Beddin

Dead storge El +78.00 El +76.5/ _‘I_r' A3
S —

Crushed rock slope protectio K Zone
during construction A2 @

\—Eanh blanket

Gof trench and grouting hotes

Un 1 JUdAALEAslATINI I ERUN Y

Multi-channel Portable
X . 5 dX_ Seismo-graph Computer
I
Triggering Cabl
—lRecmverAmy Dimension (D) ==
1001 L 1011 1012 1013 1014 1015 1016 1033 1034

Staon s e
Seismic Source ]

Tri (Sledge Hammer) ~ Channel# 2 =
o 12345 6 23 24 : E
e A , : ¥

7 Loose i B
z Material 3 . :a
I i
: *
Consolidate . -]
Material =
-8
-3
One Trace One Record
(or Shot Gather)

§1J17'; 2 gduvumsinudeya MASW lag Park, C. B, Miller, R. D., and Xia, J. [3]

g

mMId1s9dis MASW ldimsfinsuasimmaineinuegisaeiilios iedniwdedin
lumunausunuAMeueni s snsaussuenld 3§ﬂ1iﬁqﬂﬂuauaiﬂﬂ Park, C. B, Xia, J.,
and Miller, R. D. [12] uaz Foti, S. [13]

MASW Lﬂuﬁ'iﬁﬂﬂizm,l,in’l,uma%mﬂﬁuﬁszﬁ diell .. 1999 Tae Park, C. B.,
Miller, R. D., and Xia, J. [3] fuismssisrenaulmaiioulnodesiimdinaay wu
dfoutoun (Sledge hammer) uduiinnan waznsisudyaiamare 9 a1 Taenly
msudmana 1w 24 7 NoduunadunsosuiuAnluszosmeivhiu uazimsudmana
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v!ﬂﬁaa:qmﬁanﬁaﬁuLﬂéaﬂﬁuﬁﬂﬁaga (Seismograph) diefidyanaingeinld fsudyain
ardopduFanasnduniesiuiindoya uazdsluiivluniosneniinnes (Ul 2) uaasmsiiu
DOYN IUFUIN w3osileflflumssrsramemnain MASW Uszneulude 1. wissiudayaia
(Seismograph) 2. LA3 0UABNTILADS (Computer) 3. masudIe (Geophone) uas
4. \nSesrniindyain (Source)

madAszAveyanmMasselfnszaeaiumeds F - K transform Tneldis Two
dimensional fast fourier transform (2DFFT) duiludzrwmmondinmansiiieliinsi
ﬁayjaﬁaaﬂugﬂuuuwaa Time - space domain i1 Frequency - Wave number domain
Tneldaumsd (1)

P(f,k)=11 p(x,t)e > ) dxay (1
dlo  plx) Ao ﬂoﬁﬁuwaﬂﬂﬁuﬁmaﬁﬂﬁagﬂugﬂwaa Time domain (x,?)

9naumsn (1) alannudunusszniwanud (Frequency, /) Auanau (Wave
number, k) ZENITAAIIUNIAANNENN LS TOIANEMARUAUIRDARULAINENNTITN (2)

2)
3)

unuAaunsn (3) lusgumsn (2) zawnsanzAmuauseae (V) laan
ANNENTUSTasANNINUERBARUlAINENNITN (4)

V:7 4)

ASAntumsIae

myUsziusmmdenmeds MASW 1szaaudie 3 i?umaudwﬁzy MuLUULWUDBY Park, C. B.,
Miller, R. D., and Xia, J. [3] ﬁmtﬂﬂﬂugﬂﬁ 3 Tnedunauwsn u‘]umsﬁwﬁagamﬁmﬂmiﬁiﬁw
wunszuIumaidesiulumsimuamaulsme 9 Wimmnzandmsvieyaunazan tuneu
pouimsasudeyaliedlunsmsznieanuisuanuiizesaiuiiuialnenssuaums
Fourier transform n31Auna1isend1 Dispersion curve Fodwsuis MASW flazfinrsan
w1z Fundamental Mode zasaRuiiufimtu dupesugameidumsmanuindudouan
Dispersion curve lugufi 2 fedimsmwimdeunsu (Inversion) waildAensmiuans
mAnusIAAudeuiiBuiuANEn [8]
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Detection of Surface Waves Extraction of Signal Dispersion Curve 1-D S-Velocity (Vs) Profile
Offset, m S-Velocity (Vs), m/s
17 27 37 47 57 67 250 500 750 1000
0 gt P =TT ; T 0
£ =
é 0 xewnx
& 1000+
Adg {1B) 4
Vg - y &
~ | A 20
- Sttt - B S T "
- "’I\:r"'“““ ittt - Frequency, Hz
1000+ I Y
Multichannel Record
A: 2-D Wavefield Transformation
B: Inversion 40

5UN3  tumeu Data Acquisition uaz Data Processing 20535m361539 MASW 1ag Park, C. B.,
Miller, R. D., and Xia, J. [3]

1. mafiugayanasuin (Data Acquisition)

masramasgulasiinmslusnisfounuaius - dwau wa. 2558 Tagla
fuiumsiivioyamasuin M M35einuuadsa (Line survey) naennnuedudondu
20N 4,250 AT ﬁﬂgﬂﬁ 4 %’iﬂLflumi%'ﬂiﬂu,mﬁﬁaﬁ]Lﬁaﬁmuﬂﬁhtmﬂoﬂaoﬁﬁuﬁmmwmﬂﬁ'u
(Geophone) ﬁn’gﬂﬁ 5 LLa:ﬁmﬁuﬁﬂﬂﬁu (Shot point) m3fnanoA3eiie (Wiring) umsanag
msudaanugasedyamun (Land streamer) ﬂwﬂﬁutﬁauWiaﬁzyimmﬁuqﬂﬂsfﬁﬁuﬁﬂwa
(Geode24) Fagu 6

mafutays MASW fanalndifssiumaifuteysmeisaseamilmaziioun 1 1
LANAULANATINY ﬁa?ﬁﬁaﬂﬁﬁﬁuﬁmmwmﬁﬁmm?im”mrﬂu’zha 4 -8 Hz fotiu ilevims
yugiowhniin 20 veud asuuuAMWENAIIUR 7 ARudyanassTeunudiiuuazgnnTady
femsudyam nmuegndslumumeadadingaunstituiinee WofugATuABUNIMNALT
FohmstneludogamidinaRuiieginll  mstufinduanmniuianeeuan@onaudossuniu
ARUAUETouTHindY WY NuanmeRunnAuAY MsARouliTassa auniause MInessIe
vsnalnfifes iy msfinmiseRendisnamadeuiivnAnnmssumudionan  deeniu
guaTIANEMIUIZNINNG [14]
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dounszide
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2. myAnziteys (Dispersion Analysis)
supauiifunsiidoyauutacniunsnmsnszaredinesnnuiuazaiusi
voupau msAnwnsillilusunsn Seisimager/SW [15] lumsdszuana dofluiunen
mawAsuteyafviddnsuaiudurduliodlugudneosduiu sansaildulannumme
emlAseasuanEMossEINe [16] Taunsuiumams | vestunsuiiudazduneue:d
anuiAglunsnsesausuMIuLazMIUSuuiag q Welildnaidaauiian
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3. msAmuladaunay (Inversion)

WelildmanusiraudoniiszAuanudnuanmeiy - msUssnanadeyaaslindy
Rayleigh v3efi5aniudnetna? “Ground Roll” wldlpsmssandoyasmunissesssudynim
uazgafifinARuinfunaTeyaEuARL Usananadoyamemsaonaws:nioaud (Frequency)
fuAmnuSuna (Phase velocity) iiemsammduuualimuuns Mntusznanadoyadeundy
Tnetupeuiiliandeyannudimshsediuin 1 9n wiedenhideyn 1 7 WeTiuTunadoyn
movmaindunmananug) Taedesmfuioysusazgamuinnzostioyaiy 4 wWioldladeyauuy
2§ walildRenswilugnomanusipaudondisuivanuin dmsumsuwanadeyamadsa
wamssisnddnvasiunwiauansansazmalasoaessdine  suwdnnnmanusild
anmstsznanatioundy Tnemanudiilfmmsadisudoslfiumeesanus iaamumesi 1
[17] Taafn P wave velocity fin ATan5inautguail uazm S wave velocity fie ATMISIARLNABAT

mywn 1 ANNEIARUUgNAL (P wave velocity) uazAaunAugnil (S wave velocity) nauisn
mossaInegianig 4 [17]

P wave velocity S wave velocity Density Density ent crystal
Type of formation

(m/s) (m/s) (g/cm®) (g/cm®)
Scree, vegetal soil 300-700 100-300 1.7-2.4 -
Dry sands 400-1200 100-500 1.5-1.7 2.65 quartz
Wet sands 1500-2000 400-600 1.9-2.1 2.65 quartz
Saturated shales and clays 1100-2500 200-800 2.0-2.4 -
Marls 2000-3000 750-1500 2.1-2.6 -
Saturated shale and sand 1500-2200 500-750 2.1-2.4 -
Porous and saturated sandstones ~ 2000-3500 800-1800 2.1-2.4 2.65 quartz
Limestones 3500-6000 2000-3300 2.4-2.7 2.71 calcite
Chalk 2300-2600 1100-1300 1.8-3.1 2.71 calcite
Salt 4500-5500 2500-3100 2.1-2.3 2.1 halite
Anhydrite 4000-5500 2200-3100 2.9-3.0 -
Dolomite 3500-6500 1900-3600 2.5-2.9 (Ca, Mg) CO32.8-2.9
Granite 4500-6000 2500-3300 2.5-2.7 -
Basalt 5000-6000 2800-3400 2.7-3.1 -
Coal 2200-2700 1000-1400 1.3-1.8 -
Water 1450-1500 - 1 -

Oil 1200-1250 - 0.6-0.9 -
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Distance (m)
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NANSANE

maUszdiugmwizauiemaiin MASW ifeffe sunsaszuanuuiuzasiuoy Tnefiasansimiy
ma1af 1 samdssansadiuunaiingoadumu NEHRP Provisions [18] Aumsiofi 2 Foudng
fozosanuudousouazisissnmoaiiiou
nawamsAnmuandliluguil 8 wuhanudieudiouags:nie 100 - 850 wins/Iui
TﬂﬂﬁoLﬂmlﬁﬁnﬂLm‘ufxiﬁLtﬂﬂ0ﬂ31ML§3ﬂ§unﬁﬂqﬁ (S-velocity) Foazusngiiudsng 1 TP TE R
iiogedaainma1ed 2 [18] aansadwundszanduaulidu 4 agu Aofl
1. nqu B e #iu (Rock) dnnmiianauegszniie 760 - 1,500 wns/Iudi
iGN Tugun 8() - (@) (P IeRudieuags:nig 800 - 850 wns /i)
wans Lt IRouASz 0 + 000 WA U 1+ 500 iRy TANuEnNANT 40 iR il
2. ngu C Ae Auwtuann/fiugeu (Very dense soil/soft rock) finnmiianauey
3291919 360 - 760 A3 /N
finsanangdd () - @) wuhanusraudouseslassaodeudnilnnazunng
iuiuRmResa:ide) Tamusnaudoustsrig 360 - 600 wAs/Iuh eglunmeiRuuiLmn
(Very dense soil) danseiunmanyazsandounszifoiiteasnnnfuunasaudy dagui 1
3. agu D fin Auuiy (Stff soil) TANaEIAAuagsznig 180 - 360 wAs /Iui
Ui 8(A) uandliiiudonnuspaudeuatszuig 200 - 300 was/AH wandliidiu
Meiunddusouiisze: 2 + 500 wAs G 2 + 950 was Usingianudnldiiu 10 wnas
WUABITUTUN 8(0) - (3) 75282 3 + 550 AT T 4 + 050 1A
4. nau E fin Augeu (Soft soil) ANmdandusmng1 180 wns /3w
U 8(2) uandliiudovsoaifiaduiugey daaniiadawden Uszunm
100 - 180 wAT/3u uanafeiuAiRuAIsze: 1+ 600 AT A9 1+ 970 A3 ANNAAUTIM
20 - 55 WAT INITAVAINITRITI ﬁaﬁmﬂﬁﬂam:}:ﬁuéaumaLﬁﬂmﬂﬂtymmi%"’a‘?imanﬁﬂ
(Water leaks) #iiliiAunssanuiuiinnuiugs

MIWN 2 MSILUATinYosuLazAumy NEHRP Provisions [18]

Average S-wave Velocity

Soil Profile Type Rock/Soil Description
(m/s) top 30 m
A Hard rock > 1,500
B Rock 760 - 1,500
C Very dense soil/soft rock 360 - 760
D Stiff soil 180 - 360
E Soft soil <180
F Special soils requiring site-specific evaluation
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anUs1eNanIsANE

namsAnmEINTasIAANSIAAudeuMeRiuAnA AL AogURl 8 fiAeganig
100 - 850 wns/3wi deaglungu B fs E uwaadliiudslasoaiiodeudoionsanmiuun
SAutiuann (Very dense soil) Aaiinsqgnzaslassaiodeuiuiioglungy E fe amwAugeu
(Soft soil) MHUSnARINE N AAM I TuTen T FfI oIS IM 1 + 600 WA 9 1 + 970 WAS
ylvAuunadifnanuiugoniind deenedwalinnuipdudeusimandag

NSz Iimsdendounsu@enuium 1 + 600 was wuhyaieglunay E nefinmsnds
sasuazlddniumsdenthgefedsmsanihyuiluunuiidesiemelulaseadonuia
wAgInAnEAzANNTURaNuRzALBuAAUNALE AsiumsquasnyideuazAoaimunli
unadnan  Wugaihslafefesnsadevetiane  Weidumsithszismseeemoessenss
fonaiindudlaanluewan  uaniedunstuduanugniessenadssenaliismsdisadu
Famiu MASW wsiizuegiuamnudniuuazmanats:novduluusumsquasnyidou

fyUnamsAnE

m’sﬂizqﬂéﬂﬁmﬂﬁﬂﬂﬁuﬁmuwmmiaaﬁfyfmm MASW lumsussdiugmmidou ssnsath
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Abstract

Hollow-sounding tile inspection is the required process of construction quality inspection
because hollows under tiles may lead to the defections such as unbonded tiles or broken
tiles in case some objects fall onto the surface. These defects will be causes of accidents
and injuries when those areas were occupied. In order to inspect a hollow-sounding
tile, the inspector must listen to that sound to classify the type of sound which it lacks
any standardize. This paper proposes the audio signal analysis from tiling inspection in
frequency domain to classify a dull or hollow sound. The test tiling area was mocked up
in laboratory for tapping on the tile surface and collecting the audio signal to analysis.
The analysis results indicated the proposed method can identify the dull and hollow
sounding tiles. The accuracy is up to 98.73 %. It can use to be a guideline for developing

the standard tiling inspection method.
Keywords: Tilling; Inspection; Audio Signal; Frequency Domain
N

snnsudoniutureumsneasdmsunnudsiuiisasemaieliAnnusIBnL  35ms
Ynsudesfiienludagiuiinannarnds wWu Fmayuvuidendumsynszdeslasmamu
USuszAuudhmsAnmununsaosaouuiuinmuly Fmsuuunaiduismsnsades
Taemsthuudufeul Mesnmemundourunsadesmeufnrsmouuiuiiidmun  uazismsyuus
dlumsyasadesinemsmanduudasuuiuiimunduwdunssidesneufnfosuuiiug
AlaihmasuszauliGeuiesuss gravaunuaziiiumInmaseunmuammaynszdes laua
MINTIRBURMNLAZRINNETEINT:TB MINTIEOUIULIIMIIANINTATRY MINTITBULL
uazazUlumsYns:iien MInTI9reUIasINATITRY UAZMIATIINOUM TNGARBUTEINIITD]

mInsIemeUMINaATeurensiesidunInsrsseuiianuddyiiusdioun
mnnsziesilammsannliuduininsomelinsadooedonalindeldnuluiuifdong
anilinsadesunnuienanoenanuinmiiage  I5mansiareuiigaiuaunuieasesinld
TumsnsvseuMvanRseuzasns:es Ao Mathing Wy wisgwdamandwnmamzuuimn
vaoununszioanlimhmsAntsasuuiudlinuusouyundmuuazionarsesununsaien
iosnnduuInaninwuhivsnaudwuinionnduudlimislaegaiuaununoaig
azilodoonsznuidady  mnnuhdudosnssdauaununessssinsaninulasaies
Tuusnmdsnandanuuansesuazeranesdiumsuils  I5msnsadeudsnandndudesld
sinwzuazUszaumsaiiamzyanaaiAIuANNudi i likam s uunesaaugason
TOETERIT



84 maasaansusdoslnsglaununsadesmomaulasyGiesuuus)
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Aeuiogoun: Hung, Y. Y. et al. [5] lfinaueds Thermography duniiuisalifesigunsal
luAnmsRArdudsuAldmsnsraduamngiusmiuian 35 Thermography wialdiu 2 suuuy
Ao wuuANANLAZLLY Active uuuasiAnazlildunasiiiiannuseunnmeuendeiilide
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uAsAdesionineuazANNTINITITeIAUANY  Snuddsdauldinnfidaeiieaio
MINAINIMIATINEOUAMETS Impact acoustics [8] - [10] weliismsnmeseuiiiinismansiesey
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(Frequency Domain) @sfinnuwingnhnmsdnszisparanioslulawmas (Time Domain)
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NEYNLNEITo0

miLuJaﬂw“%LEl%eruﬁ’J (Fast Fourier Transform)
msudasnBiwsuuutsa (Fast Fourier Transform: FFT) fie msutaoySwsuuulinaden
(Discrete Fourier Transform) 810157 sinsameamsudaslaangnnisa (1)
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Algorithm 1: Apziansazidon
: Initialize: wav file (w), Threshold (T), MAX

1

2: [w, fs] = wavread(w)

3: n = length(w)-1, = 0:fs/n:fs
4: w* « abs(fft(w))

5: For i = l:length(f)

6: If w*(i) > T Then

7 count++

8 End If

9: End For

10: If count > MAX Then
11:  ‘FAIL

12: Else If

13:  ‘PASS’

14: End If

HANSIVLRZNITONUTIBNA
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Abstract

Species and quantity distribution of biomass aquatic plants in Nam Oun reservoir,
Sakon Nakhon province conducted during September 2013 to August 2014. Samplings of
aquatic plants were conducted in 4 hydrological seasons, total of 6 stations, within 3 zones
by quadrant 1 x 1 meter. The result showed that 27 species and 21 families; 16 species of
marginal type, 5 species floating type, 5 species of submerged type and 1 species of
emerged type. Analysis of variance showed that the species and quantity of biomass
aquatic plants each time the survey significant difference (P < 0.05), but the zone is not
statistically different (P > 0.05). The total wet weight of aquatic plant was 14,589.05 g/m?.
The most quantitative of aquatic plants was found during November to January 7,179.70 g/m>.
The aquatic plants with the highest wet weight of encounter was Mimosa pigra
(4,457.78 g/m?) followed by Leersia hexandra (3,973.76 g/m?), Utricularia aurea
(1,437.23 g/m?) Nymphaea lotus (1,066.45 g/m?), and Eleocharis dulcis (832.23 g/m?).

Keywords: Aquatic Plant; Biomass; Nam Oun Reservoir; Sakon Nakhon Province
UNUN

wysallihdnduinandessu (Primary Producers) uazifiussAuszneviiugimzeiisldems
TussvuiinAsesumanhus:fiunumaidgnanslunsuaumsmememnuazmaail gy My
uwiseTegeIdy neudeudng uazneneiufmesRei@rlih Snvadushinunsuuuumslneesih
massaunzneuan uaztheesuaisnnutuaseonde Jeddiuddalumsdmungdig
Fnvazmemenmoeswanh (1] Tnemluiiufimermemaasy  uazddvihaziimsnszneg
soowssndlihegiuiiuienn seuwazesmsunsnsnewReuadumuszeom AR
20051013 uazianiiuiosindududdgriliiinanuunnaissessianssaliiily
wnsstinABIiy 21 USnamssalihifivemnzasiliusoheg lugnmauna muziv
masseguaviviidinluihuazdonaliuysdmmsalivs:Tovinaunsoildedoini (3]
wssaldifinnuseulnigenenansznuiinanianssusesuysdAessuuinAuns ot
Tneanunannaezemssalihagailownsoilignsuniulasfionssums | vesuuus ua:
Q:Lﬂumaﬁuﬁmmmmﬁi0ﬁwgﬂ'5umu§§ﬂ [1]

douthguiinnnmsanodeulanuanigu Irmshonimguilumesinonan
Janinanauns Mideunsediinyinunuesty v 4 Muaus wnenislau deninanauns
v ouAuenaneiu 3,330 WA fudouniie 8 wns AN sUiRumiTeEou
1,100 mawilawns dohilddei 520 dugnuadns Giuifah (Water Surface Area)
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53,000 15 Anuan@REY 6.4 WA [4] - [5] uﬁdwzﬁ’imqﬂszaaﬁwﬁﬂLﬁaﬂaﬂi:mumsmﬂmﬂisu
dunan wids:Teadilasudnedode Uslemimomumsiszue Mugsfierdeeguinmsen q
grafuiliusleainneduinlumaduussianmavnnie Yauasdaiiau 9 wield
vilnalupsadeuniedmbadeduneldliiuasouasa  IenumsAnmmoemunineins
Usznslugrafiviindeutigu [6] AnwesAdszneunaduzastaninniasiions Audiums
FNOADUNGBMIAN 2551 - WwIey 2552 Wula1d1uau 44 9iia 18 A Tnedlsddainzieu
fidwaunnfign 18 #iia Panchan s1emuisinemsiuiususUs:mssestanziiounse
wuhmnzfisunesnsaduius linaeaned  laefigameduiuggoanegiaoion
figweu - Foman BIAANNEIGNLIARUTUE IATesa: 50 Ay 8.8 LwuAwAT (7]
Rangsiwiwat, A. et al. F1BNUNAMIANILAURZMIUNINTZIBTOMOBH AL WUTBEHILAE?
dmam 8 #iin 4 dudu Imsunsnsznemuinasnin Tnefianugngunounluseud
WY 1,942.03 AInam510kuas [8] Chartchumni, B. et al. 1899 1UANMURRINNRILDDI
uwuaoiludenigu sniafeungATnieu 2556 - ARIAN 2557 NUUNALITIUIL 8 20
Tne29d Aeshnidae fdwauziinuniign 5 4iin [9] Rayan, S. et al. TinuANUFLRUS DO
AAINeUsMsReAMunguesdn T hifinsandundsamalngnuh - manadunsadua
firnuduiusiunesdiinrod Lymnaeidae uazfiohdnaod Palaemonidae  duiiludofnd
ANuEngugeda [10] anmenumsAnsidsludeuhaudslinumsnenuisionssalin
Aniulumsfinmasoiliefnmadia wnzSmamsunsnszassomssaliiludewheau dmsu
iufoyarummnmmezesnssalih wandufeyaiiemsuimsdamsunanilinely

A5mMsAn®

1. WuiiAne

miﬁﬂ‘mﬂ%ﬂﬁuﬂﬂﬁuﬁémLﬁuﬁnﬁ}auﬁwguaamﬂu 3 Usal AD wanaua1s (Zone 1)
laun thulandzen muaws ewnenwslau ningnauns (S1: 17°17°27.86”N 103°45°49.90”E)
fianudneds 1.92 was uaztiuaciing mvatarlna ennensegid demindnauns
(S2:17°16°32.50”N 103°41°44.05”E) firudnnie 1.81 WA wanauna (Zone 2) ThUUINU
Aualy gunenITUuItAN  Jundaananas  (S3: 17°13°48.96”N 103°44°31.48”E)
finnudneAs 173 wes uaztuAAnzmy fmuanAnzmu euneN3tni Janinsgnauns
(S4: 17°14°12.72”N 103°41°05.76 E) finnudnedy 178 wnT UazoAneuUY (Zone 3)
DIUnRUaIUaY ﬁ’]LﬂE]flmJ‘iquu PIMIAENAUAT (S5: 17°11°53.69”N 103°44°41.66”E)
finnudnads 1.66 wns wazthulangs suanuesia duneiauiigu doninanauns
(S6: 17°09°15.13”N 103°48°03.337E) finnudnads 1.61 wns s3umodu 6 amil (Uil 1)
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i N &
Nam Un Dam
’IHA E=
@ Ban Kok Sa-ad (S1) | 2031}
= |
Ban Dong Kumpho (sz)m 2016
227 . =
@ Lower Zone
Huai Wang |
Hgasd
Ban Kudtakab (S4. i | )
2n Kidbakab ( )@ Nam Un @ Ban Natun (S3) Middle Zone
wigu [ 2052
Wi
&= 9 Upper Zone
Ban Nong Pling (S5) | 2002}
@ Nong Pling
201

® Ban Kok Song (S6)
Google &

A [718l . Mandata €017 Gannla  Thailand  Tarme  Gas
3U#1 1 Map and location of sampling station (®) in Nam Oun reservoir, Sakon Nakhon

province. (AAwUagan [18])

2. HWIRIMIFUMIOE
dmsdiuses 4 fonm M3 1) mumswRsuwassesszinhlugiuh
mudoyafugmeennmansoesiiul (Anudasain [111) @il danmd 1 gausuiieuan
garuduguissnhodoungaimew - uns1Au (T1 : Rainy to Dry) 93003a17 2 gudoszning
WaunuAus - wwew (T2 : Dry) fonai 3 gausuiddsuangauiniugarusniaion
wewN1AN - nIng1AN (T3 : Dry to Rainy) Wazg9IR7 4 ANNIZNIIABUTINIAN - ARIAN
(T4 : Rainy)

m3wA 1 Pattern and details of hydrological seasons in Nam Oun reservoir, Sakon Nakhon

province (AALUaWaIA [11])

Time Month Details

. End of the rainy season, highest in water volume and water body
Rainy to Dry: T1 ~ Nov - Jan
is extremely expanded.

Dry: T2 Feb - Apr  The water level at the lowest end storage, low water temperature.

. End of storage period at low water level, when rain starts to
Dry to Rainy: T3  May - Jul
precipitate, the water temperature is quite high.

. The period of heavy precipitation, the water level starts to rise and
Rainy: T4 Aug - Oct
turbidity increase.
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3. ABMIdNAUMoLY
duieoUSinanssalihinglinseulifmasndnsanmnn 1 x 1 was Tnemsgu
AALLEUALAIBE 3 W WoduEue: 5 wnT duiesoduaz 3 90 9 a3 91 it
ami'mumlﬁﬂLm:ﬁaﬁmﬁﬂmmh:mmmawssmlﬁﬁwﬁwﬂmwimﬂf,\i’ﬁaﬁmm [3], [12] - [15]
4. MIAATIVTOYR
ihteyafilfnvhmsinnzilassesosfinuazngunssnlinh  wazlSnaunaimmn
gagimiingn (Wet Weight Biomass) mu3soos [16] uaztas1znanuulsisiu (Analysis of
Variance : ANOVA) ua:nAsgauAuuAnssasAaaefieds Fisher’s Least - Significant
Different (LSD) melusunsuszagunoada R-statistic version 2.9.0 [17]

WAMIANBILRZALIBHS

afinvesnssaliiludeouwihgu dmindnauns ludosniadeungadmen 2556 Aodou
Ay 2557 Tagoaniuaietig 6 9ad137a nuwssaliimonun 27 iia 21 20f (N300 2)
Suunmuanuainmine 4 Usaan [3] dudsaaninneh 16 oia (5926 %) W Andaua
nenAANes nNENIMAEN Wimsonsafien daudn Tuesodnd luesu wwewisw ndiou
wanle vy MENunsn NENuAY BewAI nanuas uaannanla Usianiirasein
5 wiin (18.52 %) HuA 98n wntjs 19U ANNszaA waznasdu 2 w1 Usaanidlh 5 ofin
(1852 %) Wud smsiemonszsen wm smdednmiey smneduie wazAvin ua:
UszinmitTwaruth 1 #8in 370 %) Wun the wemsfnmassinunguiislsnnmehiosn:
59.26 NeAARBIRUMIANKZEY Ruckaewma, P. et al. Anmmssaliilunuosmsdnduiiui
Tudaminanauas nunssadlihsman 41 oia dudsianfisneidium 20 i vieseua:
5222 [19] Kaonaruemitr, A., et al. FIWINUANUBENINKRIE ﬂ%mmu,a:miLLW'i'm:ﬁnﬂwsﬁmVLﬁﬁn
Tuniesms JovinsnauAsTsfeuNqEMAN - SunAy 2552 wunssalithdno 44 oia
31 A {usaaniionnenh 24 wiin wiedeuns 54.55 [20] wa:s100uzes Ruekaewma, N., et al.
AnmAnumanTasuRzmMunsnsznezommssaliiludolmes  donindonw wowssalsih
21 20 38 wila ulszaniineh 21 viln wiedewa: 56.4 [21] wandliiiuiunasiie
gafiutidewhguuazinilndfesiivsaanfizmeihgenhiimisannauy
Ffiamsunsnaznemuinizeossaliiludouhou dominanauns wuh warew
fingsalihdmomnniian 17 #ia wereuuy uazianounas wuwssaliiwiiudmm
15 ofin Tneamilil 1 aanilfl 3 uazaaiin 4 GoeglumaneusiouazionAeuAAISMINUTINIL
vevufinnniian 13 wiln seoaonaaidn 5 wudwau 12 oin uazaniin 2 uazaniia 6
wuswau 11 9l ondu ovie 3w Pesiuimsfnmasisimanveinesnssallsiihag
sruanlumsnulnfAssiuyinianisunsnszaemuiuiveonssaliiluioutigu
woilUsmamssaldiduihminmatinmain 14,589.05 asuremauwns lngnanauaas
ﬁm'swuﬂ%mm‘ﬂaawaimlﬁifwmﬂﬁqﬂL‘vhﬁu 774250 asumamouns Tnesmin 3 iUSua



15013 N3 anvinemansuaznalulad U9 11 aUui 1 uns1AN - Wwweu 2561 99

waawafifulﬁﬁwmﬁ'ﬂgaqm 4189.45 nSumaMIIOILAT §min 4 SUSinauaay 3,553.05 niune
Mg sesasniuaneuseiiUSIamiy 4,897.22 asuremsmns nesain 1
TSmanane 2,538.34 ATUADMIOIAT WRZHIN 2 TUSiauaie 2,358.88 NSuABMIIOWIAT
LasEAnEULUIUSIaIAY 1,949.33 nsunamowAs laesain 6 dUSmauans
1,094.87 ASUABMTIINAT Uasdaiin 5 HUSunuaRe 85446 nSuABMIOWAT (AT10H 2)
i NTnaABaEIURlLMSANASITITLTInEUNA LA ABLAI TR BNOLRUTNEIA NN §Y
somaisuiulamemssnilih Tnefuddmanasfinnullsdasonhgs swivhimauRuuutasios
Tuparinuineuuuress N ssAvneasuLlasegssInsuiesnnmstaeeiiliszuy
manuAs wazdnvazrenhiaulUsuam Tnedinnuguiinanaznoudn unnmean [21]
fnpoumsunsaszaezeomssaliithludoloonas Sonintemimumsunins:apoesmssalsih
Tufiufireuuugean 1,890 Asudemaomns sesaoundufiufineuals uaznauARIoWAL
1,603.90 ua: 1,458.40 nsuremaowns Ineinssalihsinatise (Nymphaea lotus Linn.)
wimsonsziney (Eleocharis dulcis Burm.f)) uwswiow (Jussiaea repens Linn.) uazvgly
(Leersia hexandra Sw.) mmmwulﬁnﬂﬂmﬁ
U‘%mmmiu,wéﬂszmmaawsamlﬁﬁwmmh\3L’Jmﬂﬁﬁiﬁaﬁmﬂlﬁmﬁﬁiﬁaﬁl wunssadlsioh
Uszanfineianaign  SUSmamiaiinmangedauidu 11,148.48 ASuAomaomns
AmihuFoua: 76.42 sasann Wunssaliithusaamivlih Ussanilnamuh uasUsaaniaesth
AUTIUNIRTINMNTINNIND 2,085.22 1,066.45 WAz 288.90 NTUABMITINAT AALTUTDHAT
14.29 7.31 uas 1.98 MU IAU ﬁy'of:mi‘wuwﬁmvlﬁifmi:mmnaﬁwﬁﬂ%mmma%nquaqm
Wesmanmsnenivindeuiiguiinisunsnsznesesluesudndgoniusamaiei
gonndosiuramsAnmAssilanuilueswdnsiiminmaiinmgegn msunsnsznea
wesadlihmusnawuh T1 fuSmasnstnmgagaundu 7,179.70 ndudemstomns Andu
Seemz 49.21 sovasndurionar T4 T2 wa: T3 JUSunamiatimn mny 4,268.90 2,410.02
ua: 730.43 nsumemsowng Amduiesa: 29.26 1652 ua: 5.01 Musdy (M3eh 3) Tnedl
W‘Jiﬂﬂﬁﬁmﬁﬂmﬁﬂﬂ (Leersia hexandra Sw.) swieidume (Najas greminea Del.) uazefmsie
1wien (Utricularia aurea Lour.) §3N3anuyngonaizesnmssisn anailosnangnly
smaEume wazamseimisiuivriaeuluwsni senasesiuseruluisloman
Jowindomw MiduunaniUaduininusnseimier smsemensssen wimsens:iioy
e warsmeduime Wunssaldinaumnuuuivinn uazmsunsas: 9egogn [21]
wssaliifinuuas uﬂsmmmammwumuﬂﬂm\mﬂﬂusnmmamummaumau
5 auauusn lawn luesiwdny vl §19519019mie7 D9818 WRIWRAINTINTINYN
fuathmmimsinanaae 4,457.78 3,973.76 1437.23 1,066.45 ua: 832.23 A3uADMIIONAT
musiy gounnmenanssalliihsiinuuinawsnioulae [19] S00umMssseusnamuooms
wud AvRth swsemonszsen wazdneue  dunssalsiheiiamuuasdivnamaian
uazsenunamsansludsloonag eWIADsMA WUMRTIETIMHY §MTeMensIIen WInsINsahion
e wazsmedume Wunssalihidumuiuiting wamsunsnszegoan [21]
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doAARaoiy [22] maunsnsznevesiiauazUinawamssalihmyiuiua:amaiiesnnAAnm
vesiladuammnion ua: [2] esteheaiuihazdimanszaeveonssalsiiegidudiuaumn
rauLABIMIunInszneasuulaslymuszazion ANNAULLUTTDISINDINS Lm:iﬂﬁ]ﬁu
monniudmshdgilidnruuanmezessfianssaliiluunasiieaiu

A1999N 2 Spatial biomass of aquatic plant in Nam Oun reservoir, Sakon Nakhon province. (g/m?)

Type Scientific name S Zonel < 3 Zone2 < 55 Zone 3S6 Total

floating plant  Pistia stratiotes L. 35.56 35.56
Nymphoides parvifolia (Griseb.) 214.45 214.45
Neptunia oleracea Lour. 5.56 5.56
Trapa bispinosa Roxb. 5.00 5.00 10.00
Ipomoea aquatica Forsk., 1. reptans 23.33 23.33

;‘;ﬁged Nymphaea lotus Linn. 6.67 11111 2556 908.67  10.00 4.44 1,066.45

;‘l‘;’r‘l‘;‘erged Hydrilla verticillata (L.£) Royle 202.00 46.66 2.67 1222 1222 275.77
Vallisneria spiralis L. 40.00 66.67 106.67
Utricularia aurea Lour. 480.00 752.23 186.66 1.67 16.67 1,437.23
Najas greminea Del. 13.33 11.11 24.45 30.00 78.89
Potamogeton malaianus Miq. 2222 61.11 61.11 13.33 28.89 186.66

E}:ffi“al Alternanthera sessilis (L.) R. Br. DC. 2.67 16.67 19.34
Cyperus pilosus Vahl. 13.33 13.33
Eleocharis dulcis (Burm.f.) Trin ex 111.11 480.00 40.00 12.78 88.34 100.00 832.23
Marsilea crenata Presl. 38.34 38.34
Mimosa pigra L. 1,177.77 2,973.34  306.67 4,457.78
Mimosa pudica 266.67 266.67
Jussiaea repens Linn. 3.67 58.89 62.23 62.23 70.00 62.22 319.24
Brachiaria mutica (Forsk.) Stapf 20.00 20.00
Leersia hexandra Sw. 372.22 861.10 430.00  1,288.90 32444  697.10 3,973.76
Paspalum conjugatum Berg. 12.22 11.11 2333
Cynodon dactylon (L.) Pers. 136.67 43.33 566.67 746.67
Ischaemum rugosum Salisb., 1. 10.00 10.00
Polygonum tomentosum Willd. 308.90 222 311.12
Lidernia crustacea (L.) F.r.M. var. crustacea 16.67 16.67
Lippia nodiflora L. 60.00 60.00
Drymaria diandra BL. 11.11 8.89 20.00 40.00

Total species of stations 13 1 13 13 12 1

Total species of zones 17 15 15

Total biomass of station 2,538.34 2,358.88 4,189.45 3,553.05 854.46 1,094.87

14,589.05
Total biomass of zone 4,897.22 7,742.5 1,949.33
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307 3 Temporal biomass of aquatic plant in Nam Oun reservoir, Sakon Nakhon

province (g/m?)

Type Scientific name T1 T2 T3 T4 Total

floating plant Pistia stratiotes L. 35.56 35.56
Nymphoides parvifolia (Griseb.) 106.67 107.78 214.45
Neptunia oleracea Lour. 5.56 5.56
Trapa bispinosa Roxb. 10.00 10.00
Ipomoea aquatica Forsk., 1. reptans 23.33 23.33

emerged plant  Nymphaea lotus Linn. 928.67 16.67 121.11 1,066.45

;‘f:;‘t‘erge‘i Hydrilla verticillata (L.f) Royle 213.00 15.00 47.77 275.77
Vallisneria spiralis L. 66.67 40.00 106.67
Utricularia aurea Lour. 816.66 120.01 1.67 498.89 1,437.23
Najas greminea Del. 46.67 6.67 13.33 12.22 78.89
Potamogeton malaianus Miq. 36.66 150.00 186.66

marginal plant  Alternanthera sessilis (L.) R. Br. DC. 19.34 19.34
Cyperus pilosus Vahl. 13.33 13.33
Eleocharis dulcis (Burm.f.) Trin ex 101.67 226.67 503.89 832.23
Marsilea crenata Presl. 16.67 21.67 38.34
Mimosa pigra L. 2,900.00 1,557.78 4,457.78
Mimosa pudica 266.67 266.67
Jussiaea repens Linn. 53.68 265.56 319.24
Brachiaria mutica (Forsk.) Stapf 20.00 20.00
Leersia hexandra Sw. 803.33 1,703.33 623.77 843.33 3,973.76
Paspalum conjugatum Berg. 23.33 23.33
Cynodon dactylon (L.) Pers. 746.67 746.67
Ischaemum rugosum Salisb., 1. 10.00 10.00
Polygonum tomentosum Willd. 56.67 236.67 17.78 311.12
Lidernia crustacea (L.) F.r.M. var. crustacea 16.67 16.67
Lippia nodiflora L. 60.00 60.00
Drymaria diandra BL. 40.00 40.00
Total of species 17 8 8 17

Total of biomsaa 7,179.70 2,410.02 730.43 4,268.90 14,589.05
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MmN 4  Two-way ANOVA for differences among season and station for species and

log-transform of biomass composition

Species Biomass
Source of variation
Df MS P-value Df MS P-value
Time 3 103.37 0.008** 3 0.922  0.000%**
Zone 2 17.34 0.476 2 0.203 0.069
Residuals 15 18.21 15 0.078

PNMENARBUANLUANM TR RENIRTINMAINUURIAAIE Logarithm (m310714)
wuh aiauasSnamsundns:nesamssaliilurazniiibivnmoiumes@a ® > 0.05)
wazfinuazaaaiinmeeswssalihinuludemheuudazdiniarnsdisiainnuuandig
musdReguiadf (P < 0.05) TnsAwasuaiinmessmssaldininuludionm T1 uas
danan T4 wpnmeiumeaaAtudnm T3 uwibivanmeduivdiona T2 (U 2) :nmsi
wtmweesdna Tl uaztionm T4 fanuuansmedumesdaduiionm T3 enadies
wmammsfidaonm T1 dfiuAletsegsznihafoungAineuiofeusnsa uaztone T4
Wufedsniaifeufmanisiounaiandniuseznmafvansanigduialii
wazdnBuznIIneNIneese Avidanmnzaiesainiduiisggiudediesia
UnsgarudeiilesduggnuUimanilusiaivibezfis:Augeiaauazineziinnugum
dlasanGuanmzaey lusaAitona T3 mawsuiulasemssalhbidumnniduiivenadu
Suanae fimseanaenuazmell UszneudumsisaduihimaUsesiniomanunssonali
sEAvIaARDE I deRuAuiissAanianassznunssaliimeriauazusmmanas
FonamsAnmuandliviuiiuinounaslusniia 3 uazaniin 4 JuTnamssalihgegn
TneSmamssalihaafuiuludonm T4 fdugadu wazdivSmagegaludionm Tl
Fodudisgamasznhsumedusugguuniduiisnmmsnauiuinsliuazfsogiisou
vasdn il menRfesiuTIBNURaTURBBLTINUl s AuEA A sANLEnguBa A TN
paunasluaniia 4 SAnadegogawindy 926 + 0.77 AlansurAeAudoiu uaznuswauziia
TwsAlmnziisuidnoglunguuaiufiznniign [6] wansdsu3nmpeunaiszoseafiutinig
USmamsunsnsznsseonssalithgaiusuuiinaimm:zanremaiuusoiogoifosetan
ARSI INASMIUITBE Wy Msmuymstszae wie myeusndusiuiludismdng
eiduunsonauiugnolduazidvogiigousesdniil uuuimemsvimsdnmsunasiy
wielisinanandn i lusaiuiideuheuetodadiu
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3U#12  Result on temporal contributions of biomass.

®Median with difference superscripts differ significantly (P < 0.05)
el

1. msﬁﬂmﬂﬁﬂWismlﬁﬁwiutﬁauﬁwquﬁamuﬂ 6 97 9 4 FIIRT NUAMURAINVATY
yoonssallsimonun 27 wiia 21 20A Tneusnidudsaanmei 16 96 Usaanaeeiin 5 Bin
Usaanléni 5 9iin 5 206 uazUsaanluanuin 1 iia

2. anmsianzanuulstsn  eiauwaanadinneesmssalihinludouhegu
uAnzg MM TIeiANuLAnMemesAReguites Ay (P < 0.05) Taedionain 1 uas
TR 4 wAnMEAUMIRAATUZIIaN 3 wATiauasUSnamsunsaszezeonssaldin
Tuumaziaiiudlduaneiumesan (P > 0.05)

3. ﬂimmmimluuﬂumaumauﬂmﬂuwawammammwumuﬂaﬂ (Wet Weight)
HHATININAY 14,589.05 nSuRemMaI0mAs Inafuineunaiinananmuaiaiammimingn
FIGAUNAD 7,742.50 NSUABAITIWAT LazHiInaReungAImenioneuunsan (T1) I
ma‘?nmwﬁmﬂfﬂaﬂmﬂﬁqﬂwhﬁu 7,179.70 ASHADAITILNAT

4. wysalimhinuuazfivsnamaiimmihninaageaauinasinioindeuigu
5 auAuwsn baua luesuans vanly et unie) 198 WRzWAINTInIaien ANIatimn
iminanaae 4,457.78 3,973.76 1,437.23 1,066.45 @z 832.23 ATHABAITIHUAT AURIAU

R RIGRY
IuddeasuilasunuatvayunisideandiinuinislasenisideluganAnwiuazWau,

WNINYIABITIWITIA  FIUNUANIAIINNIGANANE  URZVDVBUNIZAMNMINYING
walulagnvusrsdaunlimssiuayuuIdeasudl
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Abstract

This research was to develop cassava chips flavored with paprika. The objective was to study
the effect of frying temperature and frying time on the qualities of cassava chips. Cassava
slices (0.5 mm thick) were soaked in 1 % sodium bicarbonate solution for 5 min. Then, the
cassava slices were fried at 3 levels of temperature (140, 160 and 180 °C) with frying time
of 2, 4 and 6 min respectively. Finally, cassava chips were seasoned with paprika powder,
followed by baking at 180 °C for 10 min. The chemical, physical and sensory qualities were
investigated. The result revealed that increasing the frying temperature and time caused a
decreased in moisture content, water activity (a,,), breaking force and lightness (L*), but an
increased in fat content of the product. In addition, the increase of frying temperature and
time resulted in decreasing liking score of cassava chips. The optimum temperature and time
for producing cassava chips was 160 °C for 2 min. The moisture content, protein, fat, fiber,
ash and carbohydrate of paprika flavored cassava chips were 1.45, 1.44, 30.60, 2.04, 2.12
and 62.35 %, respectively.

Keywords: Cassava Chips; Temperature; Time; Frying
NI

UszmdlnefivualiumsviTnasuusuidsuiudulunnd  doyarivesrmnauuauiAaeil 2559
agiiUszanm 39,587 dmum Tneyamzesnanounsufeniulniuiesa: 9.5 9101l 2558 [1]
definsandiuutsnnasessuNsuAsImulsanmudusundugliena: 35 Sulseioua:
25 awedosa: 10 Meua: 5 - 10 uaslandudosa: 5 - 10 [2] uAdpamedymmmumsnan
figudumnuesaunauAsIRIAT WA, 2551 BanemsininsunsuiAsinndulaiidous:
mimidsdofinmgn  uazidsdesesquilnaiiensanasanmasesiniigedu  msUsuiasu
WandaiNoandunumsnanIndudnuinagnsigranihsnlflumstsuaieliogsoald
g mnTsuRanTulSonnuneansauiiunilolugprainnssuemsiislszian
sunauiAelAsuanisauinresounsnaelulsanalne  uazianudesmsiud oo
IpAulumenamiszanaiia: 124,100 fu [3] WenSeudieusuuingaulumsnanauunuiAe
serhosiursauaziudads wohiudnadsiinmaaniiudssnnnd 10 o [4] - [5]
AotumnasnsaisiudzadsannliiduinafunaunusiudSoanlunsninounauiie,
UsamiiudFounu dofiyamdiuntsnmadududusedlunmasuusuiae axdumsanfunu
mawaald wazdumsaoyamislisiiuiiumdsseclnedodesinsuslnadfisadniies
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siusonds (Manihot esculenta (L.) Crantz) iuiiziAssgisveslnediiduunas
msTulamsaiididy daduinadvuilsifinmganiiosndaudosindu q Wdd Lifindu
Liwisidngiiun Jofimahusiusuvasliusgiielflugnsmnssuen ewns wsosdhens ua:
wiiAa [6] siudnasnuszmalnendndunaliiduingAvdolilsonuindiu ©1g uaz
ommIan I lnevinduiudunseduondn  ualdvslnaduomsmsaanios  1ARRE AR
finsasnsmeldsenadaivmanandniudmdsluuda:D Tnelulifinandneonuiun
siasinazeglussivmuasluinandntesnmazUsumdu - dmsunananiudiuzndoooslng
Tuil 2559 - 2560 15uBDAFARIAAILAFBLARIAL 2559 - AugIau 2560 MANHNUTIAUAE)
8.64 awls wawdn 31.19 iy uazmMisudndosnasilansua: 133 um [4]

WIdulaneamiuivanudiAgeeniudivvds  uaztinuuiAnluMINAMIRERA N
Sudvdourunennsen Tnemsliiudmdoaaivszneudae Tusiu @le i waslosiu
iumsutszlaemsnendodudnmodenniismiaula etlsimundnimaisannsiudmas
wiunannseviismiieeginoudluviesnainlugoeondndmaniofivaniondnimd
(OTOP) ualsiifluiifiuilesanansuieduiavenivd:masuiunonnsauiineg g
Tuoniifidneauds demsiduRoiumsusauasianniusumdousuneansevdiitioonn
71 - 18] Trsomiddeirmuansulnafndosiumaulsguainsiudsousunonnsou [9] - [13]
wASEN [14] uasnanAmNsR [15] sonnnuiseiidumsanmanzimuzanlunmswan
Sushizmdsununennseutgesanfuslaprensu  TnefiinguszaoAiieoAnynazesomnaiiua:
paTlumsnearenmummzasiudUdwHuneAnsoulseshUsm  danuidedAnmomnnad
Tumsnenn 140, 160 ua: 180 °C iosanmanensiudsounulasUnfuga:nenlutnguni
flgaunaii 150 - 190 °C [11] ualdmoUgosaunismasnas:lflumslsenionfouasuuems
nauaiin 1ty Sursanden Suddmen nfaea Sunen $1n3ou Wiooundg q Wolgssa
nnAuuaA A TUNARA T

AEMIUMSIY

sushunas (@fiannw Jonwaen g MuduuruIsnaNUIemMuELIDe (1w 0.5 Jaawng)
wdlussazmelaianlumsvemnaudnindess: 1 wiu 5w ihiwnadmhmenluhiuhsy
ﬁqmmﬁ 140, 160 uaz 180 °C (BATIEIUTUEUNAIURUER : 157U = 1 : 20) unm 2, 4 uas
6 wiit Tnedndmmaaosuvuuranaiiea (3 x 3) luuwumsnaaouuuguauysel (CRD)
ﬁwﬁuﬁm:ﬂﬁaLLviuﬁwaﬂLLﬁamﬂqamﬂwﬁﬁ1 (i-chef, lne) (Wothy3m 20 nsu mesusIUznag
wiunen 1 Alansw) evldAnudugnimedigungd 180 °C unar 10 wifi Avlidu ussq
QuwaEAn Indte AU ININAATIRMAMNMIAT Memn uazUszamauranesly 1 dUand
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1. M AATERAUMNNRAAUANIAIULAT
psziUSinmanadu loiu Wein el wh uazm3iTulawmsalugdudiongs
ununannseulneliisnsves AOAC [16]
2. MAIATIEZRAMNHANA AN IOMUNIBATN
AMBWBsWanNAIA (a,) : uaMBesiusUznasununonnsaulniomamn lalude
uazihasluAsesimamasuoniin (31 CH-8303, Rotronic, Switzerland) F09UATINIM a,,
fndeoned uaztufineiile Taedam 3 ass lumsnases 1 91
aamuiulaesan (bulk density) : thurusiuszndmennseum 1 wHy dorhiin
Tneldindeote 4 Aumds JaUdasiudivdouduneanseulnemsunuilon uazAILI
anunudulaesan Taedam 10 Ao lumsmaaes 1 41
A (L*, a* uaz b*) TeeliinSosing (3u CR-400, Konica Minolta, Japan) :
Wwanlusunsu Hunter Lab (L*, a*, b*), illuminate = D65 uas observer = 10° AoWINAE
ymsusuannsguilaelfuiuifioviornasgu mnduihatedldnslumundoi inmd
miialaiu L*, a* uaz b* Tnainm 10 Ase lumsnaaes 1 4
A1ANuds : JRAIAIMLGY (breaking force) faBiASe texture analyzer
(31 CT3, Brookfield, German) Tneld#ifn knife edge (60 findtuny) Andmaeslioin AU
2OURIAR 0.5 ARAWAT/INN (ANTINOUIALRIRRIAIALD 1 uaz 5 Jadns/Ium)
Uufinf breaking force wiheiduiiamu Tngina 10 A3s lumsnases 1 41
3. MIAATEAANMNA UL SEWENRE
mmatssiliumssensu (affective test) Me3d 9-point hedonic scale lnaldinasou
aauinAnslunminedeneagaugisidelreadviinrsunauiAsadiuie 30 Au
ymsUszdiunmammeinudnsalnnglaesin ANNATEY NAUTE SETA UAZATINYEY
Tnayu Tnghnmsdnsciteyauuuguluusensuysal (RCBD)
4. MANANVTOYR
MNoUNUMINARBILUUENaNYal (CRD) ymsnaaes 3 91 JAsiAnaie
f\hmﬁ'ﬂﬂmummgm unzA1AULYIUIIU  (One-way ANOVA) fsziuiesAn 0.05
wieunswSsuifisuanuuanmosesmmaelngli3s Duncan’s Multiple Range Test (DMRT)
melUsunsussagy SPSS (Version 21)

WANIBLATMIBNUIIBNE
wamsAnwmamlumanendudznaouny Inamsnendudznaongamgd 140, 160 ua:

180 °C M3z0z1381 2, 4 uaz 6 W SonanAsAMMNIBINuE I nasuHunonnsaulunIuAdl
MuMN uazUszanaune Al
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1. muAdl

napoIgMNgiuaz M UM IneatudldouiuAUSmANNTuluus g
WHUNBANTBY WaAsAsM 3107 1 WegmnailumsnendinduiinmmsmenwiiudonaliSmm
anuulusiudndouiunennseuanaseesditusAnmosia (p < 0.05) Tnedladngmunai
Tumsnanain 140 °C i 180 °C MaTlumanen 2 wi dowaliiSnarnutuanaaniesa:
168 fuFena: 118 wwiedudumsinturesailummenfionmaiioniu dowaliiina
A BiEuRRAsBETEAYMIETR (p < 0.05) TnumsnenTigaingil 140 °C Weiimnatlumsnon
90 2 Wit i 6 Wit donaliSmannuduanasnniesa: 1.68 Wudesa: 1.43 (mMa1ef 1)
Fomumaspundndmdiausuiunenldimuausmaanuiulundndaadeclifiuiosa: 6
AetunAndansiuiadununaanseuiildnnnuideisenadeoiuinnsgunaniusimuou
Aunen (UWd. 110/2546) [17]

MmN 1 wazasgunaiuaciatlumsnennelIamanudy Aemasueniain (a,) Ua:
Ysunaloiuludussvasununonnsoudgusaithlsm

gamgll °C) a1 (min)  USnmAutu (%) A a, Yssnalogiu (%)
2 1.68 £ 0.16® 0.38 £0.01° 30.93 + 0.58%
140 4 1.78 £0.10* 0.35 +0.03% 34.51 +£0.40*
6 1.43 £0.15*¢ 0.33 £ 0.02®* 34.05 + 1.48®
2 1.45 £ 0.21% 0.30 + 0.06% 30.60 + 0.57¢
160 4 1.24 +0.12¢% 0.28 £ 0.06 32.98 + 1.128bd
6 1.20 + 0.07°% 0.27 £0.06° 34.73 £ 1.16*
2 1.18 £ 0.12% 0.32 £ 0.06 31.71 £ (.82«
180 4 1.03 +£0.20° 0.30 £ 0.06% 33.34 + 1.12¢%¢
6 0.97 £0.09¢ 0.29 + 0.09% 34.81 £ 1.19*

WNBWA :  AIBNBINIIEINEILANATIAUILABRNTLALIAULEAIAINLANATIBE 10T 1ATY

mMuddn (p < 0.05)

WRTBIMNATIURINT UM INDARRAIBINDSUBNAIA (a,) TOINUEIUNAILHINOANIBY
uandlumsd 1 3 a, Wiiedusfnigaiiansneetsnnrenmnmua:msniniesesems
mazanduluemsuacar a, snliinmswasuulassesiizemaniniedjase
Msaseoulasionnoi q uaziimswsaresaunidiniudoiumumaiviliomnmsaide 18]
M a, dunlivanandegunpiuaznalumsmeniiniu Jomonandosdumaanassaiunm
ANNEY msingmnpiivaznalumamendonaliuSmuanuiuuaza a, anag leasan
denauiuiusuznasasluiniuion  guvgiinfmihsesuwsusiudmdszfiniuoiasing)
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1
Acda o °

uwazhdamsszmenaedulofimihdaduwie gamainAsiudlmaounuaziniuauma
gampizeniniufou uazgnmafimelussfinduetein 9 s 100 °C wWienuendudnds
wiudidnuaatugngy  huszlothazaReufieenangnguuazgnunuidmehidluswiomsmen
TneAnuiuezad ouiiwiuiaduadsndounuuazfguue 9 vosiniu [19] YSimaudu
Tuduemsmendansnenazdufivsvenisergnisiiusnsnieeiglunisiediniie
Tasownsifiusmanimiesegmeluiusmsmnediegmaivamauy iosnniinsaioud
gonhuasiiAnumeluiuemssinmaiviom - deszeznailumsifvesiuegiummus
vssuazanAllumaivsnmiae [20]

Usinalasulusiuduzndsununannsouneniigamai 140, 160 waz 180 °C iiura
2, 4 uas 6 W uEASAIMIR 1 WU narlumsmeniraseysualoiulugudUzmas
uwiuvaAnsey  dodievenngampifsiumaiunailummensoraliFmaliuluiusmas
wiuneAnseuiiiuty Tnsmanenfigamail 140 °C Woiualumsnenain 2 Wi 1 6 wid
yilvSmalaiulusiudimdouiunennsouinduaindosa: 30.93 WuSesa: 34.05 dmsu
maneafigmnail 160 °C Wodnnalumanenan 2 wi Wy 6 wid ilAvnuleiuly
Sudnlmdourunennseuiiniuaniooa: 30.60 uSeua: 3473 uazmsnenfigmnai 180 °C
dodmnalumsnenn 2 wi iy 6 wi iliSmaleiuluiushumdousunennseulini
nnfoua: 31.71 iufoua: 34.81 demonandosiumanaansiinulusiudisununannsou
TnemsiiinnailummendonalivdmalailuiudTouiunannsoudinu [9] - [10] Tuznsd
msiimgnnpilumsnenlivilivmalafuwnnmoiumesdn (p > 0.05) wihlaemllmanen
fgamafigosonalifimsgaduisiuluemmsnanihimsmenfigamaiivn  Wesnnminziinsszme
innuasisuanilwumilunanieddu Tunensdmsfgunadimmeniniuilidons
samsaaduiniy ua:msnenilianiesazimagaduisiuiesniimeneniilivaau [19]
atholsimusiudimasuiunennsouluniddeiiivsmalaiulszanmdesa: 30 - 35 dadon
feanhimuluiudSouiunannsevluiosnamndeivinalesiueglutsiesa: 30 - 40 [21] - [22]
uannnigoiudoanuduiusszniuuinanhualsiuluiudumdsununeansevTaenud
UsmalafuiunufiniudieySmanhanasdainanmanaeuiizeslasiudldunuiii
Tusznnemanen

auAlszneumoAiilasysznn (Proximate) éud Tusiu ledu ele anwdu o
wazmslulansn amnmsnaseonuhanzlumsnenfigamgiuazatlumsnoamoiuliiing
yilisSmalusiu dels wazduanmoiu (dugnsiens) uninarouSnalssiuuazanuiv
nenfe  deiugamgiiuaziarlumsmensonalivmalaiulusiudimdoununonnsouinbu
Tusaziivinurnuiuanas Tnedusmdouiunennseviinnuiuiesa: 0.97 - 1.78 Tusiu
Soumz 129 - 1.82 losiusouns 30.60 - 34.87 1iialoFouns 1.86 - 2.20 i3esas 2.09 - 3.04 ua:
mslulawsndesa: 57.94 - 62.35 atulsimumnsgiundniungurwiunenlilaiidedmun
Tumussdlsznoumoiaizasnaning  Taalammuauainuanuiulundnduade i
Je8az 6 (UNY. 110/2546) [17]
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2. MuUMEMN

AITLILAREN I U IARDTIAsToRANANE  uATiUanTsmIne
wiegnguluilondndmd  Tnemlundndndouneudeiiianumuuimeidnsutoduis
finsou wazosgamAilumInenreANIMINULLT s LA R IUHUNEANTOULAAIA I TN 2
maingangilummenaiinatlumsmeauiy - donslimanumnsdusesiudnauny
naAnseUndInaAiinduatoitiusAmosda (p < 0.05) Tnudiogumailumneniiniuain
140 °C 1l 180 °C fiaanmsnen 2 Wil dowalimANUIILLILRLEUIIN 093 N31/gAUNARIUALINS
Wl 1.25 afu/gruAduiuns (M3l 2) dwfsrdudumsiisdusosailunisnen
founaiivhiulaeiigampimanen 140 °C maimnaTlummenan 2 Wi Wi 6 wi dowali
AANunLIANIuaIN 0.93 afu/gruAduAmwns Wy 1.04 afu/gruiAduimng
(@ArTuigmnai 160 °C AnumuiuzosiusUzdslimoiumosan)

MIWN 2 HRYBIgUNNALAZINTIUNIITNEAADANNNLILLBLAAT1ANLDI DB I U 11U naY
wHUNBANIBUY NI

gaunnil (°C) 1381 (min) ANURLILUY (g/cm’) mANuLds (N)
2 0.93 £ 0.04¢ 515.80 + 8.25°

140 4 1.01 £0.13% 480.42 +41.79°

6 1.04 +0.07* 495.00 + 36.35

2 1.07 £0.20% 411.00 + 39.69°

160 4 1.10 £ 0.24% 361.57 + 18.83%

6 1.01 +0.14% 358.77 + 28.06

2 1.25 £0.14* 365.16 +23.42%

180 4 1.11 +0.04% 357.13 + 10.51%

6 1.42 £0.07* 339.73 +53.10¢

NEWIRA . AIBNBINIIdngenuanmsiuluAsaNlABIAULEAIANLANATIBE 1NN 1Ay

MINGA (p < 0.05)

dnvuzioduAsvesiudzndouriunoansougninlugioosa  breaking force
Fonmnedoussgoaafiiiliiuiudmdouiunennseuunn  wavesaangilunmsnendoa
breaking force asiuiLzNRIMHUNOANTOLLAAIAIM IR 2 WU Mainamngilumsnen
TnafnalumsneaniusdonalimanuudsluivdU:vasurunennseuanaseeoiiosAa
MosEA (p < 0.05 Feinatlumanen 2 wii Weimamngilumsnenain 140 °C 1 180 °C
domaliimanuudoanaan 51580 adu 1y 365.16 U (M3l 2) WwFsdumaiieg
zasntlumsneniiguuaivhiudonalidmianuuisanasudlddnnuunnmoiuneaii
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(p > 005 Tnsfigauailumnon 140 °C idefiunailumanonan 2 wii du 6 wif
dowaliimanuuisanasn 515.80 faau iy 49500 i (M@l 2) MmInenTigamniigiau
URZIN LB UF IR LA breaking force anay WlesnninmanesiivosdudUmassuiu
walINANNIBULazANAUlusTImMInen Tneanusousonaliulufinnmsgn (Gelatinization)
uwazlothlwsiudznaniliinmseeeaivesdesinniegnyulunriusiudznaoilidin
maweeda doludasmanesinitezsaneesnld [23] wenanillusznisnmanenlaseasie
vosdudnaniamsudaidsy nandelaseaionzuiadsdonalifianuudsanas
fennfeaiuUIdtues Garcia-Segovia, P. et al. [8] dumwomimslionngilumsnengabu
donalimanuudovooiudiUzmdouruanaotuiy wenanimsideluiudssuiunennseu
swenmsinoaTlumanensn 2 Wi e 6 Wil dowaliAn breaking force LNE
widlelinatlumneninnnd 6 wii a:viiliiAn breaking force anau [9]
WagRIgNduazMluMInennama (L*, a* ua: b*) lududnaoukunannsou
UFAIAIMITION 3 NUQURATUNZINARAADAIANINEI (L*) Anududuns (a*) uaz
anuiufimiies (b*) vesiudimasununaansey Maingamailumsnen m RAIMINoA
niugonalimanuae (L¥) anaseguitsddgmosdn (p < 0.05) Taeiinailunsmen
2 il ilegamgilumsnemiinduain 140 °C iu 180 °C dunaliiAANuEIe (L*) vou
SushUzmduiuneanseuanacan 6272 1 55.05 (M0 3) wenanimsiimgamailumsnen
Sosomarilimanuniuiiune (o) vesiusmaununennsauiniuie Tnsfinatlumnen
2 wi degamailumeneaiinduain 140 °C 1y 180 °C dewalimanuiudung (a*)
WnBuan 034 1y 2.27 uazmanudufimies (b*) wanmofuwdnies demsiiingunail
Tumanendonaliinl L* 200iud1):nasukunannssuanasaannaosnuiIuldaaes
Garcia-Segovia, P. et al. [8] smiumaiindusesailumsnennendvosiudiznas
wiunennsouidulylufiAmadsrdudvmaiindusesgangilummen  asndedieria
Tumsneniududonalimanuainoanas (L¥) uwamanuiuiuneindy (%) fodumsnen
Sudmdounuiigamail 140 °C dainnailumsnenain 2 wii iy 6 wii ¥itlien L*
AARIIIN 62.72 111 56.91 WA o* tnduan 0.34 (i 2.35 Wudu M L*, a* uaz b* vou
wandmmsiuonlsiuegiveiaveonining  dmsunsdesiudmdousunannsaunu
mAzuLuANTeVTafu3Tnagetuiler L* wWindu M a* uaz b* ang (M3107 3 uas 4)
dleomsnnafialasuanudenazimsgadod dmsamed wazdimssudiuseomse:aly
fussUszneusmde  wamndumsusneuddouifmioauivihmausnimauns  Gond
UfAsoamsn  doduljasnsnihomgmsveiianaluanazeniimaimdsiungeiuiiot
Tuluanavaouonluils nsee:dily vielusiu lmiulnaladaeiuuszaninufisoneion
auldimnsihma [18]  ieesAdsznevreniuduvdmunianihmaus:TUsAudodumsao
vesUfisemamsadoiamaasudnnenluiduniolusmiumsnen  JsmainUfisen
waniazasemsuaazsiadieldsuanuionasiliineg  nauuazsETIRAATULANAIAL
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FnnouiAsemaminaninduioamgigs wazazAuulsmMusBzIRuazaanginld manen
ﬁqmmﬁ@aﬁmm:nmmu?ﬁuf\iawaIﬁﬁnmmﬂ:im (L*) anas Tusasimanudiuiune (%) dtu
dlesnndnsnsizesufisosaminesiinduiogungilumsnenfiniy - deensnsives
UFAsenfenintwiugesiomui Wegmnaidindunn 10 °C [18]

MIWN 3 WRgedgMnduazIa luMInennemId (L*, a* ua: b*) vosiudiunaounu

noAnsaulssatlsm
aamnd (°C)  1Ia1 (min) L* a* b*
2 62.72 £ 1.77* 0.34 +£0.08¢ 17.54 +0.77%
140 4 59.40 +0.42° 1.92 +0.19* 18.04 +1.11*
6 56.91 £ 0.30¢ 2.35 £0.55° 17.08 + 0.57%
2 57.77 £0.51¢ 1.63 £ 0.77¢ 16.20 + 0.84
160 4 55.16 + 0.26¢ 2.30 £0.26° 18.35 + 0.89*
6 54.80 + 0.86¢ 3.12 £0.48° 17.57 + 0.36®
2 55.05 + 0.49¢ 2.27 £0.55% 17.27 £ 1.61%*
180 4 56.41 + 1.44 2.17 £0.36™ 15.19 +1.01¢
6 53.03 £0.33° 3.55 £0.20° 13.23 £ 0.31¢

WA : AIENBINIIINBILANATIAUTUABRNTALIAULEAIAINLANATIDE 10N TUE 1Ay

NMINGA (p < 0.05)

3. MulssRmauNe

AzUUUANNTRLTBIEN AN UABIUd U aIuNunannseuTumuansazUIng lnasIu
ANUATEY NAusE s8R uazAnwzeulaesan Tneldinasoudiuag 30 AU udAoAImMII0R 4
wuh denatlumsneawniumsisauzesgamgiilumsnendonalinzuiunnureulusiuduzngs
wiuneanseviiwivanas  TnemsdiiuresgumpiaznatlumsnendorslimazuunINYoy
fudnsazUnnglneTisanaoiiosnniesiusumaouruneanseuiiuua ifamuuansmoniu
Tuuanunsey dmsulufmuniuss saod uwazasreulnsTiureiudvduRunaAnIoU
wuhmsinangilumsnendonalinzuuuanutevanaseraiiiosnnmslioungifigedu
TumsnensonslidudilmdouiufindusauazsanAndniy - GonzuuuAnuTeufMudny:
Unnglassiueglubis 578 - 7.64 (WouENoadugouNIN) ATUUUAINTBUAILADINATOU
agluzis 7.06 - 7.64 (wouithunasisaumn) AzuuANuTaumunaustegludis 6.12 - 7.34
(voudntoiorauiliunay) AzunuANNToUMUIETIRRY UL 6.30 - 7.40 (weulaniloudy
#aulunNa1) uarAzuunANuTeulnusIet lugIs 6.44 - 7.46 (oulunaig)
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MIWN 4 AAZLLLANNTRUTBIRNAFRUNTARud U nRILHINEANToUYJ0TELUITM

ganndl a1 anvadsng o - ANNYOL
ANUNIBU™  NAUIH A
(°C)  (min) Thesu Thesiu
2 764 £1.09* 724 +£131 734115 718 £150* 7.44 +1.19*
140 4 746 £093"% 740 £1.51 6.98 £1.54® 7.40 £0.98" 7.62 +1.06°
6 720 £0.98% 714 +149 7.2 +£1.23* 732 +125* 7.32 +1.30°
2 6.96 £1.53%¢ 732 +1.28 6.92 +1.41* 6.84 +1.58"™ 7.18 +1.28®
160 4 6.72 £1.41%¢ 742 +1.19 6.82 £1.32® 7.02 +1.33® 7.14 +£1.12%
6 644 +121¢ 764 +£125 710 +1.12° 740 +1.21° 7.46 +1.03*
2 6.50 +1.47¢ 714 +144 642 +1.32* 6.56 £1.57° 6.72 +1.45
180 4 6.52 +1.51¢ 736 +142 7.02 £1.25° 6.34 +1.28° 6.44 +1.14°
6 5.78 +1.28° 706 £147 612 £1.58° 6.30 +£1.55° 6.56 + 1.34°
wnewn . fAasneInMmsengeiuanmeiulupedulAeIiuuEnIANLLANA IR siitaa ATy
MINaA (p < 0.05)
A19N8s ns TupeaultAnIMIUERANNlILANAIINOEEARA (p > 0.05)
Rl

gampiuazatlumsneniinadenmmmmMeimuAll naAe Usnmanuiy uazm a, anag
degamaiivazatlumseadindy  mMumemwnuhmsivgamaiivazatlumsmendonali
AmdmuauEIe (L% anas Juilaagousiudilvdsuiunannsevdsldainaniizmanen
figaunaii 140 °C ua: 160 °C i 2, 4 uaz 6 wiit ldunnmofueeeiiiodAymosdia ua:
gauInnnsiudnmdsunudmeniignumali 180 °C uAmsnonfigamaligoaudonalimauuds
yassiudUnRuNunennsaLaAas Inamsnoafigunadi 160 °C wiazinraIn1snenan
2 widi a4 wii Al ldmenuudouanmedy Asuanzimmnzalumananiusmd
wHunennsauAeMINeaiigamai 160 °C Wuna 2 wiii maliiudumdsuriunennsauiil
MANNES (L*) ganiimsnend 4 wii

ARANIISNUINIA

WAV VDVOUAMINAING AU NTANHI 187 TS TUNUETDEYUIINIY
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NDF uaz ADF ilifinnuusnmoiumoan (P > 001) uszlumwsiuuSmauazaamnitises)
na1 90 Tuposmananasnudt dmslinananaelsgeanlaeiviisinandn 4 sourel
msliszloaimuhiuidnamwmsWnandamanandienanliih e Aufivanzaugetuna
unztien Amdudesa: 047, 8478 ua:z 6.13 wasiufiduih musAy lunmsamoesiuiiguh
snsalinananngnanmae 6111 fuseolsrel Andunarandoiuivosa:r 60 linananngian
enanlithaae 3745 sususetl wanliihld 104499 wazing Tneiuimunzautunaed
Anuammsinanamananienanlnihgogn

maAy . nwilesithndes 1; IngAunaoaunauny; auiandeslng; Ay
Abstract

This research aims to evaluate land, determine suitable areas for the Napier Pakchong 1
grass, using the principles of the Food and Agriculture Organization of the United Nations,
and study the potential of planting, yield and utilization as feedstock for renewable energy
in Lam Chiang Krai watershed, Nakhon Ratchasima province. An experimental design of
2 x 5 factorial in RCBD, with 4 replication was created including the different electrical
conductivity of the two experimental plots (6.58, 7.80 dS/m) and the five periods of plant
age (30, 45, 60, 75, 90 days). The results revealed that the majority of watershed’s area was
moderately suitable area (84.78 %), with EC 4 - 8 dS/m, and Low nutrient availability index,
therefore, fertilizing before planting was necessary for good results. It was found that the
experimental plot at EC 6.58 dS/m was higher than that of the experimental plot at the EC
7.80 dS/m in all ages, significantly (P < 0.01), except for the number of shoots per clump;
NDF fiber and ADF fiber, had no statistical significant differences (P > 0.01). Overview,
the quantity and quality of grass on the experiment at 90 days revealed that the highest
yields, harvesting 4 times per year. The Utilization showed that the potential areas yielding
fresh grass for the power generation of the suitability areas including highly, moderate and
marginal areas were 0.47, 84.78 and 6.13 % of the watershed, respectively. Thus, overview
of the watershed area had an average of fresh grass yield at 61.11 tons per rai per year
with the spatial yield of 60 %. The potential of the fresh grass yield for power generation
mean was at 37.45 milliontons per year, power generation at 1,044.99 megawatts.
The moderate suitable area had the highest fresh grass yield potential for maximum power

generation.

Keywords: Napier Pakchongl; Feedstock of Renewable Energy; Lam Chiang Krai Watershed;

Saline Soil
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UnN

flagiutszmalnedesiiommainimdsnuannmolszmalasmmesssuniliessesa: 80
windnseea: 20 [1] foasiieoneranunsmsmelulssmALazaINMIneINIanMnaIgauIAn
sosnnusaImandanilid 2573 enfmiude 17 wn [21 Tegtudymimundsnuiinbunnme
wasUsznouliisansumsnmmlassas U IuMundsny  mandifinansnuredonngen
FnmzlanSeuiinanmaihdemaosanmes@anliiiingiu (Feedstock) lumswanndonu
Aeliindgmmuiowindeunilan  maudledngaiundsnuuazansunniivilinieina
Waeuuae 5\3Lﬂuﬁﬂﬁ'ﬁﬁfyéﬁiuﬂﬂiﬁﬂwﬁﬂﬁwuwﬂLqu (Renewable Energy) sniiunaumumoiien
Tﬂﬂmﬂ%'gﬁuiﬂmﬂdoLﬂ%mﬁamLmdowﬁﬂmuwmmuaﬁuﬂuu MIUSUIATINTOLATHGIIMALNLAT
Tidunguismisguiuiidsiuazdoasuneeiuilgniiodnys:insnmmsnaniondoou
TusiesumuAuMIHAnTiTa I InSaRtATYgAEAU

Nudguidndaslnsludomisuasnedndnduiunnieulalumssneiuivgniie
wa“amumﬂﬁqm Lﬁaﬂmﬂﬁﬁuﬁﬂmﬂmﬂ 3,322 MAlawns wasiuiuiAANanT=nU1nM3
undnszeAmANINANYaEa: 50 vasfiufigui [3] donadomslils:Toaiinumamanens
Tnenss Geduduseomunimoudlodelinsmsnsamnsnihinunliflidinls:Tendgogn  Aum
uwazdonadAretuE mavgniienasnunuAndaduiizmedendlflunuidoased nawdes
thatas 1 (Pennisetumpurpureum) hufizilimasnuls:ananiueaglaadnnsialumanin
faFiamm (Biogas) Alimedimugs [4] YsumliAduAunnanwlang quadne nuude lhhies
uwn:iidngiien dsmmnsntgnmiuiinAssgioauld UssneviumsugnaSaietsansniuden
WaRAALAIUGS 6 -7 T [5] u,a:'s:‘umﬂﬂv\lafma\jmﬁwﬁﬂmmsﬂﬁuvjﬁﬂumsaﬂﬂ’nmﬁmaﬂﬁu
wazAudenTnsulinduiianmeauauysaidundonsiyn [6]

lumsfAnyniemdnsmnmstgnuaznanandelsimnzauiuiuiguiandoslns
Fodndusoniwalulamiuaiouazmnzannlimemsugananiuidesihnges 1 Taelindnms
UssfiuAnemnafi AuDeseeAMIe MU A SUR sanU 5297 (Food and Agriculture
Organization System : FAO) [7] fmossuumsnumAndmans (Geographic Information
System : GIS) Gamanmsidimstszendlilumstsadiudneamainu wazmsnouwwumslinau
Tuunaiuigumbsmsands meodemsdmadoyamomeonmimusig 1 Tiasounguiud
Ansnnfigauaziuiegiufigauinszismiuiuanudesnssesmenusisuiazaiin
ielssiuAM N ENTAMA MM ARUAUE WIUITRs ¥ AIATTNAY 7 luiufigui
Fomansadsuidamanuansmulumslinauilignielitosasld  uazamnsaldvs:Tom
annsnennssssumiliidulvesoiisinsnmenndeiu [8] meideaseilaziuus:Tomiotads
Tunisdnaiumslinawiniuiemnsnsnssuluiuifudnliinds: ToniuazAuariiga
Tumawsunelavazergwlndlvuninsnsns
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IngUIraIATINITY

1. WeAnmmatsadiudnsmwiaiuuaziuivanzaudmsulgnmanuidofihndes 1
fomaluladsuumsaumanimans vinmiuiiauhaidedlas dminuassfm

2. ieAnmAnenmmstgn wawdn uazmsldusTemizeanguudesihndes 1
Wedluingfveomasnunaunuluiuiguhandeslng

AEMLIUMIIIY

1. mavszfiudnemwAiAuuazmiumm R o

msfneAdeasimstsaiiufnanwminuuazmiuivanzaslumsgananudes
thates 1 fendnmstsadiudnennmaiduses FAO Tashiedenmmnwiiiumuanuiess
vooamuidoiiindes 1 #ldlumsdnsimdewiviu (Overlay) wuugisimin feszuy
MsaumAimans (GIS) usmdayannunuiszuumssumaimans Tiun uwwufizeuin
mstnAses wLlgivssmARNURATULALTIWERDAIAY wnuTdumoh  wwuliiuEesiy
UHUTIE UM IANINAN LHURRUATA T LLazLquﬁLmdmmu U 2547 sna&n 1 : 50,000 vy
auAmIuImIdudminuaTefn wwuiigadudl 2553 Ussneuds deyanmaniAzosAuly
winzgaAu Tiun Usinmsmemslulasiou Weawess Tnunaden anudunsadums dofu
anudnAu massilufn - manuglumsuanfouuanleson  uwazamAAIRmIsm LAY
unzununmMslislominmuil 2554 esidau 1 : 25,000 eonsuNRIIARY UAZTRYANINIRA
lfun doyauSinanirundssied Tudis 30 T wa. 2524 - 2553 d1wau 5 amil uaziewa
gamndinanseil luda 21 T w.e. 2524 - 2545 w9 2 ganil luiudiguihandodlas domin
uATTEEIN AsueAleNIn wamsinnsndudeymdeiuiliumuiusmnanhiunis el
uazunuiommgiiwaenel ddlumsusadindnenwefiuazlinnamiiiu 10 Jede Uszneue
fhieified 15 dade lumsinsiteyadiud TnemsUssdivazimunboulasiuamumnzay
gosiuil mutnasaazuuniasoanummrsunenssaiulnsemgnudestindes 1
Farn 107 1

MIWN 1 tnanmazuundadeanumuzannemsasuavinvesma e suinges 1

AnuResMITesna uasihntes 1

X azuuumilade (Factor Rating) anuanzau
(Crop Requirement)

o B thunaaws tioe i ;
AMNNAY o an o . v of an
Y tladeiiiade e AnamMm
(Mmea)
(S1:1.0 (S2:08) (S3:05) (N:02)
gamgiilutimagsuivin 24 -32 32-34 34-35 > 35

h oFLIRLTew [5]
VOINY 19-24 15-19 <15




122 msAnmdnemnmslgn wandn uazmsldls-lomdvemaiudesindeos 1 teduingAunasnunauny
Tunungmhandeslns dsniauasadm

M99 1

wnanmazuuudadeanummnzannemsasanvlngesnaiudestngen 1 (ne)

3 A A
ANUABIMITBIN MULUBIUINTR0 1

(Crop Requirement)

azuuumilads (Factor Rating) munzean

a
o 9 1thunao 1ioe i iy
ALMNNAU o an o . o A
L tadeiiasie e FNSN n
(Me)
(S1:1.0) (S2:0.8) (S3:05) (N:02)
Wmnaniirulugg o o > 1,000 800 - 900 500 - 700 < 500 5],
W PN o NanunInel
maaseAvlnvesiyg < 1,500 1,500 - 2,500 2,500 - 4,000 > 4,000 [7]
0 M BRI Class f, Aunn Athunas ABUTNA ), @n (9]
NAI Futismemsiiy - > 0.64 0.1024 - 0.6400 00010 - 0:1024 < 0.0001 [10]
(NAI =N * P* K* pH) 0.1-02
- Tulasian (N) % 502 <01
- veawads (P) ppm > 25 6-25 <6 -
- Tnunanden (K) ppm > 60 30 - 60 <30 -
- YfisenaAu (pH) - 56-73 74-7845-56 79-84,40-45 >84,<40
C FulunTigadinz a3 ) 0.820-1.000 0445 -0820 0145-0445  0.040 - 0,145
(C=CE.C*BS.)
- ﬂ’ﬂlﬁﬂuﬂ'ﬁuﬂﬂ mEq/
wasuuanlaoau 10(? > 10 <10 - - 7]
(C.E.C): Auas 8
— pwRufee
- . % >35 <35 - -
TuAu (B.S.) : Auaw
M SiC, L,SiCL,
X oA - C, SCL, SiL, SL LS c?ésc, 7]
Si, CL m
ANUANTBIAL
R R o >100 50-100 30-50 <30 5]
(ANNRNNTINAL9E1)
ArEemEmmim -
F - AT Class [l AR o -
- dmuasiludoserl /e 10/1 6-9/1 3-5/1 1-2/1
matinaonaauly
D - SEAUATILAN Class e e thunang, . LANDR - [11]
- VLJJLF]JJ, LANUDY f - o« LANAN & o
IAU LNINTERAULAN LANAMIN
- myhlnvhoesiu dS/m 2-4 4-8 8-16 > 16
* L = Loam, LS = Loamy Sand,
S = Sand, SCL = Sandy Clay Loam,
SL. = Sandy Loam, Si = Silt,
SiC = Silty Clay, SiCL = Silty Clay Loam,
SiL = Silty Loam, SiCm = Massive Silty Clay,

Cm = Massive Clay
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madszdiudnennanay insinssilasidudeyanunwiau 10 1938 wdmun
wonlvszAvANumuzanualiAmAzuuurosuAn:adamMuAUANAINUA - AI8NIToUND
wuuasAmmin Tee@eulugdannsail

MyUszinAnenmAMAU =T *W* O * NAI*C* X *R*F*D * G (1)
TumsvsziudnemmamnauazmnuanaaggmAzuuussAuANNmNzaNlnd g
Jasuannnau 10 J9da nldlunmsinsiusmawiaas neilwscdsdiiumidedunld
Tumsinsanmnamla :fonarpranmIIMAULUTINToBRoWIIY [8] duazvilnmsts:diu

AmazAuANumIzanlignasg donmsdndismazuuussAuaNNInzanlng Aansen 2

MIWN 2 INUAEIIAIAZUULLATITAUANNN I SNTasMUgana e sihnden 1

. AZLLUL 29AIALIY 220AIALUU
FLAVANULANIZHN e . . d. ,
milaae Faaw 10 Tadw Nanlny
Finsnngs (S1) 1.0 (1" +0.8")/2-(1") 0.5537 - 1.0000
Ananniiunang (S2) 0.8 0.8"+05%/2-1" +0.8")/2  0.0542 -0.5536
Anamwilos (S3) 0.5 05" +0.2"%/2-0.8" +0.5")/2  0.0005 -0.0541
Tusidnamn (N) 0.2 0.2"° -0.0004 0.0000 - 0.0004

MsfismInansIdessAuamnzanildnnnsmuimiedonmainiiu
aanusennrssfunandnzasitlussauaNumzalaaztomunaninunnslinandnzoy
FAO fiiwuald ldun szivomnzaugs (S1) a:linawAndeiuinnniiesa: 80 sziumanzay
thunas (S2) WinawAnidsiuiifass: 40 - 80 uazszAuwnzaution (S3) Minanandeiuisosn:
20 - 40 [8] Tneduilimanzan (N) azliiandszafiunananandas lumsinn:ideyadoiui
sesnmaiAueliuieyanssadiudnonmeniinn  antuhiudeyafuinlimmnzasiluns
BRI IUNTIAT I INMEMsTeuiutayauuumssmdoyaiimeiu (Union) Gonainsisi
aldunuiiuimanzaudmsumstgnnanudesihades 1

imsasateuANuLiiouaAnutonafasnosteyafIsAdulzEnsua
ssyietenadeiuduiuioseiiuan 30 aa@e Medsmsdumoiouuudeluuwuiiui
winzaslumstgangmidesihndes 1 TremswSeudisuieyafuuazmslivs:Toninaulu
UARZYASI9

1o >
aala A

Aadanmunuiunndnuinnfigaludmionuwuaiuimzaudmioansgn
naudestndes 1 WemAnsnwmstan wandn wazmslivs:Tond Teeduainuwud
MoARRanuanAReITWIA 1,400 mTswns  famnsiiladigesiu (EC) misau
2 uwlae 9 azBune uAzmsRuAMATWIAAUATetsANTeulgn Medsmaduiuiiogisiu



124 miﬁﬂmﬁﬂnmwmiﬂan wawﬁm uaz mﬂiiﬂsﬂﬂ"ﬂﬁwaamﬁnuﬁm%mmiaﬂl waduingAundusunauny

Fwau 15 90 wouaduimhulamases TasAuiiiumeiowa:gaiinnun 15 wuRsng
Pwsmiukazaanad i dueseatiane  dniuAuldgmaainniloilansy uwaziss
TesUfiAmmaneaielnziooflsneumaaiivesin  Tnemaimesiliiauaizmains
Toun mmsilwvhoesAu (EC) miea5ms Electrical conductivity meter apuiunsn
Wimeoesau (pH) medsms Standard glasselectrode Anvasidualulnsiau (%N) medsms
mumnaesidusdunieing x 0.05 mwesnesanoun (Total P) fe35ms Bray II
mlnunsdesmonun (Total K) $e38ms NH4Oac and Atomicabsorption spectrophotometer
ABuUNIEINg (OM) AI835n15 Wet Oxidation

maiufmethmAwmETsmsduiviegnhlaafivmonniolsznm 30 wufns
wazszulAfonh 15 wufsps Swou 5 90 doudazanaaiuimesnhldmanaainawn 1.5 ans
wazinnmeAIsie iagumminnaaun (Multi parameter) ynmstiufinAnisi
Iihoeoh (EC) Usmnmwesudofimzmeiliiomun (TDS) wazmanadunsadumozenh (pH)
TuwsszgauRzmAmRABLARzINIweT  Tnenamsinszihe:liimnAmmanuulsls
MR

2. memAnamwmsUgn wanan uazissTotinasiawauou

MIMANEANMNIUVNUATHARER 3:711N1TINIUNUNITNARBINIINTLABATUUY 2 X 5

unWnneitsea (Factorial Experiment) ﬂuJLLNuﬂﬁ‘ﬂﬂ@ﬂ\]LLUUE\IJJIHUE\]@ﬂNJJUim (Random
Complete Block Design : RCBD) 4 1 Anwdndwa 2 Jedudsznevdie deded 1 Ae
wammaneoiifidn EC Ay 2 ulas 9 a2 20 x 70 wns Liud wamesesifian EC 6.58
waz 7.80 dS/m dolumsduAnionuiamanesnniuiivinzantunasiduiuiidmlng
Tugauhandeslnsfizasm EC 4 -8 dS/m lumananeolgnazfinsanainsAuanuihneooiy
finansnuAaTiAsygiaTooi Tneduideniuimitm EC 6 - 8 dS/m wazmathlwih (EC)
finnuduusiuanuduiusesnfenazawlufu - deezdonaradnanmmaeiadvlaua:
Tinandanrelszasiimuludie [12] uazdeden 2 Ao dawerend i 5 7 9 w15 o)
1fiun 30,45, 60, 75 uaz 90 Ju fadudiliin ldun Swaunieroneanugs dmiinan ivinus
dnslusesauideleiliazaelussweniidunats (Neutral Detergent Fiber : NDF) gy
filsinzanelussweniiiunsn (Acid Detergent Fiber : ADF) wazwgiosmanueu (Calories)
Tnenasmstgnazimsiiuietsiuielinsziosduszneumandl yimsiaszinanoaia
fBAmANNLUTUSIL (Analysis of Variance: ANOVA) uazil3suifisuanadaszninangy
A1e35veuAuLAY (Duncan’s New Multiple Range Test : DMRT) Tagl#lusunsusisagy
mesaRlumsfwn wasAnmmslivslonivemanudesiindes 1 delfifiufmwssnunauny
Nnunsstenanfendl Wud wamsnuide 113813 uazdumesiineeulaindedield Tnerns
nAReIluTIIgAUAITTNINFABUEUNIAN 2556 DaApuiiuiAy 2557 2821981 90 11 Usznaunie
2 Bumou Aoil
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dupeudl 1 manasesUgnudnuiesiindes 1 TaemawieuAudeutgninms
lawsmuSuaamaumemsldionan 1,750 Alansureulas uazilosasiugnsiaua (15-15-15)
44 Alansuroulas viimsdgnuuuenseos (Raised Beds) aiwsalowiu 4 snvesdgnsce:
120 wuAwAs S00dn 5 wuAmes a4 13 seoreutas ieunusnanudoihates 1 finams
Andenrieuiiiiuiousouaziimimuysnl amdlusesuvusaifiaslnglisulauuazsensduneiu
Uszanm 30 wufmns Tisese: 23 vieu 9 a: 3 was deazliveuiugnonun 299 vieureulas
lifadaneuiugiiy 3§ uazneuAuUsznm 5 wuAwnes agldusonuaurinsling
wwutsesiilnalymusesmihAunnasahauAuduiifei nsetsanm 2 dalus mslih
aliimn 9 3 - 4 Tu wSedUmiaz 2 A0 aunmanieny 30 Ju wasmniuanmsliiiu
dunviazass aeeamanaresgnuazmenlith 1 dai deumsiiuimesnanseaneadendies
90 Fu TneinUSinanhmeiimesinh ﬁﬁﬂiﬂﬁmﬁamqmjw 14, 30, 45, 60 Waz 75 W MemMsld
feneuuazseumnm ldlugisagns 46-0-0 sz 18 Alansussulas lanenahnea: 1 denla:
dlendniieny 30 ua: 45 Ju deizmafiumursieyalunamanesaziulaston 4 uiag
Tremsneiwmiselisuuusauiudansznemulamases Mol 4 wiodenvhs
2UIA 1 x 1 WA Lﬁaiﬂuﬂﬂsﬁuﬁﬂﬁagau,a:l,ﬁ‘uﬁaathﬂmﬁﬂul,wianhamq 30, 45, 60, 75 ua:
90 Ju wesvFDILIAINARDY

tupeuil 2 iusIusIndeyauaziinsRtoyainmstuiintoyamsaiaivin
wazAvetmamndseny  Jededliin lAun dwounderene Anuge uasihminngan
Tnemsguinlundastos msguiiuametananan $1wu 12 au lnemsanulastesa: 3 Al
smsuenlouazain dodmin  wasmAedshminaadesy  doiminluwazsfuetioa:
500 nsu memsduidunon q a: 2 @7 deesufUAMINARes eTATIRRTRL 9NN
faduildin liun wawdmimdnuis medsmumuanuiumedevauseu (Hot Air Oven
Method) wazmtiminuissasluuazawu Aiedsmsiniminuieidisersiagiuauiae
ihninuisAssiuduamsmmihminuionseiiudguienilades  dealdiminesidun
TuuazdduuzimangasiadomnAnmmeismens  emdnsduludesiuluuiaziisesy
wazdeloUszanmslulawseiilinzmeluh Tiud deledliazaelusmsweniidunats (NDF)
Welodluazagluasveniiiunsn (ADF) miedsmsldasnen (Detergent) Tneizves
Goering, H. K. and Van Soest, P. J. [13] FIUMTHIATNRIIIUAINTDUITHINITIATIZR
dondneny 90 Tu medsmmwasnuanuSeuiinzaluiin (Bomb Calorimetry) Wasmaiiuiien
90 U waznAvmetwAunanyAdeiesUFiAmMs TumsisziesAdszneumoiaiidoyaiiiu
37050 1A9INAMAFUINLATNATILATIZAINAD U UANIT9:HINNILATITRTOYAN DA LTS
Wisuifieuieyashoutaomaaesiiiimn EC sodu iefiarsananuuanmdlumsiasaivla
wawdnsels wazAunouwamdslgnuesistesulas szuzmMaAURBIRmImzaNd M3l
WuigwasnuuazmsUsadiudnanmlumslivsleniveonagmdesihndes 1 welddiu
FpAundsnunauny  TaevhmatsznammsliuignmunnasiosmsySnamananliisme
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somananiiihowa 1 wazind dodulsonuliihisnaswadammzanlumsamuus:
wanlhlFlugurua:mpanamnssiioodu  anmsfnmdeyanieniinuddulumswanliih
nmgndesnuhedlivinamdnen 35837 surewnzing [14] Tumsinnsimanonmiiui
Ugnrwnzinn sximunliiuiimmzaugs (S1) Wnandndoiuisosa: 81 Auflmunzay
thunas (S2) MinanAmdoiuisosa: 40 - 80 uaziuivanzauiias (S3) Wnananidsiuiiosn:
20 - 40 BonawAndoiuizosa: 100 vFuImuNaRAARelinelinAsasgaluumZaY
thunans Tasmmunlinanandsiuiohiumdiogegn fe Sews: 80 Asanmsi ) - (3)

NANARN LASUTINUNToaR: 100 = NananrolsnaTlvooiunwuzduuaals ~ 0.8 (2)

ANUABIN INUNUYNABLINZINA = ANABIMIUSIAMEIEARBWNTNA (35,837 AY) (3)

HaNAATRURR ATy
NAN15I98

1. wamstsafiudnsnmamiauuaziuivenzaslumsgangudesiindes 1
wamsinzRdeyadeiiud  wuhiuidulnaiduiuimenzaniunag (S2)
AnuSesn: 84.78 vesfiufiauil uaznuhammwiAusenndasiumslinanandoiuiiona:
40 -80 FamT97 3 uazgUi 1

MmN 3 wunszAuanumnzanlumsUganaudasiindes 1 luiunquihdndoolns

. L & d NAKNAA
m ANTIUASLLUY BIANLTURN .
FLAUANNLANZEY 905 WDoNun
Al Rl AS.NY.  SPHA: (Zouas)
1. fuiwanzanlumsdgn
1.1 wmazduge (S1) 1.0 0.5537 -1.0000 15.72 0.47 11171 80
1.2 wmanzdutunans (S2) 0.8 0.0542 - 0.5536 2,816.43 84.78 40 -80
1.3 muzauties (S3) 0.5 0.0005 -0.0541 203.59 6.13 20 -40
SNUR N FUT oA 3,035.74  91.38 -
2. fudldmunzan (N) 02 00000-0.0004 28632 862 _
FIRUTTINUA 3,322.06  100.00 -

NTIINOUNANITIATIERBHUA N Rz anlum sUgana uudasihndes 1 wud
AuMAWIAL 10 JadpiinnudenndpsiumAzLuuladusINTRILARI S AUANNMINZENTRINDD
UTINYHARIL1AINITI9N 4
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MIWN 4 HamyIATAAnNIAL 10 Jade seswnunununzadlumsugaanuilesihndes 1

AN ITAU , da a3
. m AuMNNAY 10 Uase 593
Tuuwun AN
ASLLUU ASLLUU
(@1n9) [V EAREREY] T W 0 Nl C R X F D G
v’huzguwﬂ S1 1.0 1 1 1 1 1 1 1 1 1 1 1.00
Tuulne S2 0.8 1 1 1 08 08 1 08 1 08 1 041
sy S3 0.5 1 05 1 05 08 05 0.8 1 0.2 1 0.02
NIZNDIAT N 0.2 1 1 02 02 02 02 02 1 08 1 0.00
760000 TH0000 820000 852000
il
2
# Ao | Mudinudd : Fdinncmilunsanucy fandoa 1 Auililimn: AR 1:390,000
A pirast P - - (Nt suitability area) [— IKm.
ad129e ) o 4 8 16 24
A :a:n:-z: - (:‘v' Suksbifty ares) = ::‘n:*:‘ﬂ‘:mnmi'u 290% Smintay
A YN - Aufmnzmnimnms L N nqens diRm dndnwBygien
© filkéne (:‘maomy.m) &"““‘i’ oun e immalulaimsamanadon
F_—_I ::::231\2 _ ﬁxixt: orea) * ﬂuvﬁhnnuufamvmp’ni wvimedunediguameston

= ad v o o ' & o ' P o & a a
Eﬂ‘l’l 1 LLN“]JVIWLI‘V]L‘V}JJ"IZﬁﬂﬂuﬂ”li‘l.]@]ﬂ‘miy”lLﬂL'IJtI‘JU"Iﬂ‘ﬂ’r]\j1 URZYANUMIDENILNDATIITNDUAUNUN I

NaMInTIITaUMANLsEnsuAt AL 084 wullianuAmAnRouosToyaGeNuT
AuiudtadoluszAuiuiomnsauma (S1) thunas (S2) wazldmnzan (N) Aorns1of 5
2. wamsAnmAnsmmmalan wakdn uazmslilssTonfluiuimanzautuna
2.1
uiaonarpaiA EC 6.58 uaz 7.80 dS/m TnsusulssAudentgnieismslaionenuazieni
wuhansnanssesulamanasiinarasfls:noumaaiizasAuiounndmatoiitusAymondn
5wy 0.05 uAlufinaromneaness (Total P) sgeiiasAmmoadn (P > 0.05 uazwui
AundulgnuesulasmaraavviesinnugananysaivasAuiniulasulamaansiiAn  EC

WAMILATITRANABULANAIURNNANM S BuNsUAUNo UL NAVUgNDDY

6.58 dS/m a:fifnamnzeIAuAlgnuINNILURInARBsnA1 EC 7.80 dS/m Asn3199 6
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MIWN 5 HaMInTIduAIRNYIzENSuAL T INdoyadaunuNIUToaNUNIT

WA AENYITRND

STAURLTWINZNY S1 82 S3 AN
(WuNas9) wAlid
FANNZENNIN S1 5 - - - 5
MNzaNUARIg S2 - 15 - - 15
MzEN Lo S3 - - 2 - 2
Tuwnnzau N 1 2 - 5
FIMIAF1539 (i) 6 17 2 5 30 0.84

MW 6 wallIeuisuAmasAegIANNBuLanalgnIenIsulainaasdiaA1 EC 6.58
a: 7.80 dS/m

uiaunnaag ey AnaRBaoAlszneumMuAiizesiy
(dS/m) onne wumedy  EC N Total P Total K - oM
nanaolgn  Au (Ugn)  (dS/m) (%) (ppm) (ppm) (%)
EC 6.58 fou 6.58 0.043 10.30 50.06 5.37 0.86
quig\ﬂ 78y 5.18 0.077 18.80 142.86 5.39 1.54
EC 7.80 fou 7.80 0.033 10.56 23.00 4.50 0.66
ﬂ'nguwﬂ 7R 6.23 0.073 18.46 112.40 5.34 1.47
ﬂlnﬂf\{ﬂ +S.D. 6.45+10.97 0.06£0.02 14.53+4.24 82.08%£49.34 5.15+0.39 1.13+£0.39
wlagnnaeg (P-Value) 0.00* 0.00* 0.64 0.00* 0.00* 0.00*
1381 (P-Value) 0.00* 0.00* 0.00* 0.00* 0.00* 0.00*

* = Level of Significance (&) = .05 (P < 0.05, DMRT), S.D. = mideaiuusnasgi, ppm = sauluiugiu

22 HAMIIATIERAMMNINANSIATIZRAIBE I AIAUNUTIA LR A DD
wiiimeinliianadliRumunasgiunuaminiensinsnInssunoaosulamanes
WawSsuidisumsliinaeansnaaestgn 90 Ju wududamaassiisn EC 658 dS/m
fivsmamsliiiesniuamasesiidn EC 7.80 dS/m damaoi 7

23 wamsAidnemnnslgnuaznandnnalinalinsizidneninnisugn
uazwarannels nuTAnEwaTswamAnesiim EC 658 uaz 7.80 dS/m uazisengnd)
(Plots x days) tAeunnmlilufauiussmeseitesnmeddn (P > 0.01) udnsddnswasIn
LifinareiladuildinfeunnmeniuimingainuifivfaunussmedoivedAymosin
fiszAu 0.01 usneddnnasandnadetmingn Tnewuindledsognannduaaie
uunisrenauszdndiuluediiuanas ARALANNTILAzHARAMIMINEARNEY Goms
wWasuuasAuadvesunazladeildineziiulidanuiidaceny 45 - 60 Tu uaziidaseny 90 Ju
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lvmandnunign  WenSoudisuAadededenliinluuaacdisery  wudulamaassia
EC 6.58 dS/m fifnanmgoniiuianaassinar EC 7.80 dS/m nndi0e1y aniuAaasdimiu
niuaronendm@anliwnAsAuMsatAvesNIsoILlaINAaDY USINJNaAIAITI9N 8

MmN 7 wanSeumsummasnumniiauswlameaeeiia EC 6.58 ua: 7.80 dS/m

ARAEBIALINOUMNIANTOILILES *ANMNILREMSINEAINTTH

wuaunaaes (dS/m)

. EC: Amumw  pH Amaw  »TDS AW M3l
2nenANBIUgNn " " . R “
(dS/m) w1 EC w1 pH (mg/1) w1 TDS Ui (m)
EC 6.58
. 0.71 <3 8.00 < 85 1,240.00 < 2,000 231.47
dunoluugs
EC 7.80
i , 0.26 8.30 620.00 245.28
guneMmULUNA

* mmmigmﬂmmwmLﬁamimumﬂﬁmaa FAO [12],
** TDS = Total Dissolved Solid

MmN 8 walSuuisuAwRTosiIIuledAane ARG dmtnaauazdndiuludesinu
znuuUanaaeeiam EC 6.58 waz 7.80 dS/m Ngisergmon

dwegnaudesihndes 1 (3u)

uias .
{adb 30 45 60 75 90 Plotsxdays
EC o we Mean
adin (*Mean (Mean (Mean (Mean (Mean (P-Value)
(dS/m)
*8.D.) +8.D.) +8.D.) +8.D.) t8S.D.)
6.58 wiamane 30.33'1126 28.67° 1216 23171126 22.00°+0.82 22.00°+1.29
37.70 0.681
7.80 (mia) 30.17°+1.63 2867°+0.82 2267°+1.63 2200°%1.41 21.66°+0.82
6.58  ANUgY 72.15°+1.58 110.30°£0.67 164.60°+2.91 185.50°+3.20 206.75'+2.76
146.56 0.408

7.80 (@n)  69.75°+150 108.50°+1.47 163.35°+0.60 180.65°+0.87 204.00°+1.41

658 thminan 5392°+0.07 9248'+0.10 14,096 +1.14 17,584°£1.16 21,360' +0.83
, . \ ) . . 12,800 *0.000
780 (nn./19) 4,528°+0.61 §784'+125 12816'+1.30 14,816'+0.89 19,376' £ 1.1

dnaauly . . . , ,
658 . . 266't009 174°t006 1.19°%£005 1.05'£001 1.03'+0.02
Ao ) . ) \ \ 149 0013
780 2454012 1.65°+0.04 11194001  1.02°40.03  1.01°%0.03
(90882)
dede = gRaninuAlIsnIenesinednulutuIneuAelInuluinuunnAseg Il Ne§1AY
mosaa (P >0.01, DMRT)
= awadvluwasciiseignnulasmanecgesanin 1 x 1 wns 91w 4 wlag
2 = fanuuanmsegeitedAuneddn (P < 0.01) 2009N5WaTINIziI LKA INIaD Y

uazdave1gna (Plots x days)
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PNnRaMIIATmIAL e loveman  nuHanamImInsERiiANRURLS
GovniuwanamminureszAuiielofiliazmelumsneniiiunats (NDF) uaudolefiliaae
Tussveniiidunsn (ADF) edhdidudAmmenafnsiy 0.01 uazfigaseny 90 Ju wud
Tinawansalsmnniign WewSeuisuAiaisesiadenldinluwiaziiser wuhulamaaes
fil EC 6.58 dS/m ffnemmwanamiminuisgeniulameaaesiic EC 7.80 dS/m nndiseny
shuswiuiels NDF uassssudels ADF wuniidnammmslinananselsliunnmoiumosdn
yosesulammanoaRegUil 2

wamiLﬂ%ﬂuLﬁﬂumﬂﬁmwﬁomumm%au wudﬂ‘ﬁﬁmmﬂ 90 Fu nuhulasnasesfim
EC 6.58 dS/m Nﬂ’lLﬂﬂUWf\l\N’luﬂ’J’lM’iﬂu 4,148 Lmaaimaﬂmmmumma 17. 27 ne fﬂamafﬂamn)
mmmmﬂmwﬂaaawm EC 7.80 dS/m #ififAnuseu 4,101 wass3nensutmiauis
(17.17 wnzgananlansn)

. : 21 ,360
NDF : Neutral Detergent Fiber 14,096 17,584

ADF : Acid Detergent Fiber
P1:EC 6.58 dS/m

P2 : EC 7.80 dS/m

3, 186 00
1 986 00 2 82_59 ------ = P1_DMW

P2 DMW
606, 00 P

q,Q
A
<

140
120
100
80
60
40
20
0

Level of Perentage of
NDF and ADF

‘. ,'b » . .. .A ,A ,'
> o S o q,- ® o N o
6 S S S 4 3 ¢ ; :
£ &V g Y fo@(" & ¢ & &
A R R SN S R S S ) )
Treatments
M P2 %ADF ™ P2 %NDF WPl %ADF M Pl %NDF

— W = PI_DMW : siwiinuiis (Kg/Rai) —@— P1_FW: sminn (Lg/Rai)

= @~ P2_DMW : siminuo (Kg/Rai) —@— P2_FW : siwinsn (Lg/Rai)

N2 wamswIsuiisuAafsnanaaimingn Wninuio uazscAudels NDF ua: ADF

24 wamstszdiudnenmmslis:Teninguudesihades 1 Weduingiu
wasnunaunulunmsmesiufiguhandodlnsmun - Auinddnenwlumslivs:ToniSesa:
91.38 Tﬂﬂﬁﬁuﬁmm:ﬂmq\i (S1) thunas (S2) uazuee (S3) AmuIeen: 0.47, 84.78 uA:
6.13 mywilawns MusEy nuhmueassesdnemniuiiguihansaranaandian
i 61.11 funplinal Aniunaran@siuimisioon: 60 fifngmwiuimslinanaaansn
ienanlnihaae 37.45 sudusetl Tnosusananlnih 1,044.99 wazing Asmsoh 9
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Mywn 9 wamstsuduinundnsmumsdganaudesihndes 1 endnluvilununguii

adaalng
v 4 . - NunAnamMwmMslgn
. NUN - ARAL {EHT! v o el

FZAUAIY . x HAHAA - 4 4 vy ndasihnges 1

E] o 4 HRHARA nundgn 4 .
VHRRAEY . ST . A iwewnanlw

4 mdmlas Vanan tondARlih C %
PRINUN (Joume) o . o . vouaNaITesing
(n3.n3.) E/ls/l)  Clsnewnzing) — —
(WnInm) @wAungnan/1)

an (S1) 15.72 80 - 100  8147-10184  439.87 - 549.84 2234 - 2793 0.80 - 1.00

thuamo (S2) 281643  40-80  40.74- 8147 439.87 - 879.74  2,000.90 - 4001.79  71.71 - 143.41

1o (S3) 20359  20-40  2037-4074 87974 -175948 7232 - 144,64 259 -5.18
Tuwnzan N)  286.32 <20 - - i, -

TR 3,322.06 sumay 6111 824.76 1,044.99 37.45

*1 mywdlawns = 625 19, * U080 = #83INTBIAIDRLNINUANIIFOTINIUTOITIYN
MU

1. wamsidemstszdindnenwiiAuuazinimnzaudofiuilumsdgandudes
thndes 1 nuhdwlnaduiufimmnzanthunais (52) AmdluSosa: 84.78 posfiuiiqui
dosnniuisulnajeglunauyafuil 20 pmmwiAufiansassuiuiuduuazsmemman
vooiizen  TnomwidnvasioruuuiuAuiutunneimssnmha  wasfusnoiifumiosu
Uunneduildd uafifodinsesmagadoiludugeiliduinmsnawaauanui [15]
fesliilumsinnsnniulasmmzmihude  dusnmemAlisziummnzaugedodes  TUnm
heluade 700 - 1,000 Tadmnsrell uazaampimasgesn 32 esruades ooy
thates 1 fesmsthHulSnauaie 1,000 dafwnsdetll uagampinacliiu 32 esmgaides
[5] Tnednuagivszmaslnaiaumndusena: 0 - 5 ugnARuroumARINTID Josmnzangs
somsgnmanuides [7] seardesiunamsidenes Kareerat, N. et al. [16] ilsadiuimimmanzsy
Tumsvgamandasihndens 1 wundulnaiiuiuiimusnhunasiisnwasiuiiduis
wunszneegmlUuiuifinm Afunsess: 72.96 vesmanziusendenmile uazandediin
vnaiuinusmhadorlnssulngemumsunsnsneiuby - mn:fitundefivsecusslase
agusnamualuneunsszasiuilumeiiAn: useniduiuimmanumsunsnszaeiesa: 50
vesfiufiguih [3] uasiuinudndulngosluszAuhunaisiidiedm EC 4 -8 dS/m [11]

2. Ansnmmsdgn wandn uazmslddsslegdnuimaudesihndes 1 &u19a
wiaiulaldluiuiauduissruanuAudiunats i EC 6.58 - 7.80 dS/m lnadeuil
mstsulgAudeutyn  iflesanauddiismomsismninuiesmssesmanuaziuAui
memslainonuazifiaiigns 15-15-15 Wasnnijuroniduisgedinusuindulszaauasmsangain
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Uszquinlilfvuiuazuanuisuszquanieglussazaeiuld  Jofinarinliladounaelsn
TuAuanauaziinsme Ay yihlimasmstgnAufinnuaauauysaliiniy  wazandneam
mswsarivlaluamsin  nundassrermsesaivinsemanimsuasuulases iy
samemenmuszAaRBTasideiliinludeemdn 45 - 0 Tu uazzzaemaeTaAulaTion
60 - 90 fu Fadulumungresmaaipivlnguied (S-curve) iloweuifsuAnaiogas
laduiliiauaazdnglumaeigidulauazmslinandnadodels  wululamaaesiia
EC 6.58 dS/m a:difnanmiuiigeniudamaaesiifiar EC 7.80 dS/m wmszmmstiliii
gauAn (EC) azfianuduiusidoniniuszAuanuiniusenndelufuiiesdonadednenin
m'il,f\]%zyl,r?mimLLa:mi‘lﬁwawﬁmlaamﬁmﬁmau,a:ﬁnﬂwam‘ﬁéTEJﬁ'ﬂﬂmwm'sﬂqmlaaﬁuﬁmm:ﬁu
thunadlunmsin  wudifledasegunanmnaiudiiunterenoanniuazANg v ANGY
FomonaresiunuIdunes Wijitphan, S. [17] insnfsmsfananiiorgmnnilinnugevemedn
WinduuaziinnisudousouaniudonalinisuannielnianaouazuausiiInIoag
wazdlawSeudsudnamwnstgnuaznananluiiuiAnmaunuilinauandsannuideses
Hoshino, M. [18] lumsnmestgnudnmileslufugathndes sunethndas wuhmsiiuien
fiog 60 Tu alinanAmiminangogn 58 Aurals defidnoammslinanangoninamside
flvnanamimingn 2037 dusels AmaAvder 90 Tu Tasrnuuanmozosnandnsels
2190191INAINYANENYINTOIAY  INT1ZAUTALINTDI9IANNGANENYIDINANAUGANAITBI LN
wnzgaAulszme  wadldiduAuwAn  saunsUSauszgammialasuidneamgoni
sumslinanansziviels NDF ua: ADF wulhdennsesivsuddores Satchapong, R. [19]
inasasignrdudesludominanys Tnemmadufe 60 Ju wuhiiAuafssosa: 66.50
uaz 5050 uazaOUATtTM e RsTessosuURsAniuSesa: 7142 ua: 44.28 MUMTALNE
HAWAATNIANNZANINT IO Kulasuwan, P. et al. [20] fm'ndﬁLﬁ'aﬁﬂmﬁwmqmﬂﬁﬁw:
mafuAey 180 Ju wihanelinandngogaualimaiinmisimnedimurefuiigogaua:
NHaMITonu M lnanAngognegitaety 90 Jusasmanaany uazmumslivs:lood
matsdiudnenmiiigiiemsndnliih  wuhsansolikandaniiansimaie 6111 #u
selsretl dorpdlifuignsinaie 82476 lshewnzind 99n9180mz00 Jeenanurugk, D. [14]
aAmmamwmluzesmstgnughuidesihndes 1 lusmuassums sunownman domingsy’
wuhiuiddnsammsliSmamanan 60 - 80 fuselisell ldNunvgnuszna 500 13
Foifisonanomsinluidudomdmdndmivlsswihdunanna 1 wazind Tasesliuinm
wahsn 35837 Aureliaewnzing  dewuiAnsmmwmslinanaangnaniinulagifesiv
Fnoaminosnzasunasluiuiighsndeslnsiinananndnan 40.78 - 8147 Ausolsneil
Tnelifiuign 439.87 - 879.74 l3seunzing
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f#3UnamIae

mmmaAnmAneamAIUgn mawdn uazmslilslemiseomdudeitnges 1 Weduingiv
wasmunauny luudiguiandeolns asuldd dulngduiufimnzanuna (S2)
(EC 4 - 8 dS/m) AmiluSeus: 8478 wosiufiguih feutgniosusulssanmaulaensldionen
uailonafigns 15-15-15 tieanAnufusesiuuaziinoinems uasldtosSolumssonanin
(30 uaz 45 ) Moiudasiidn EC tasnd (6.58 dS/m) azlinananmhniinanuazihntinuiorals
gondutasiidn EC go (7.80 dS/m) eesfividdqmioaia (P < 0.01) mMsfiasaangs
MoUnauazAMA MBI ENINMIIAREsTIs1y 90 Tu a:linandndelsgegn sy
Tumananmatiaminlamedmugousznuhdnsammslivs:loninuigumbsansalinanin
winaamay 61.11 Aurelinel Andunanandiuimasdoon: 60 dfngmmmslinanan
nensnienanliimaeg 37.45 sududed sansolinanluih 1,044.99 wazing Taewuhiui
pnzantunang (52) ddnsmwinimaigalumslinandanananienswanlnihgegn

ARANIINUSZMFA

YRTRUANNDINUNDRIEENMIBUSNENAINY  SHNOULTEUIBUAZNLNGINY  N3NTINEIITY
fadusuunudde wnundsnunauny Toudsznm 2556 i w Temaisamamueanssua:
Aidmmananuilimdinsmuinms uaznsasnaniuiisuiiowaliesannuslunsm
IN¥AIATIUBAU
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Abstract

Cryptographic hash functions are ones of many methods used for password storing.
However, cryptographic hash functions were designed to be very fast, which means there
is a clack for Rainbow Table attack therefore, using hash functions alone is, therefore,
not enough for storing passwords security. This paper proposed a method which uses a salt
value with Berypt before storing the password in the database. The security was proved
by using Hashcat. The results showed that Berypt on its own and Berypt with a salt value
could withstand the attack.

Keywords: Password Security; Berypt Algorithm; Salt
N

Tuilagiuanudamhmeimumalulagnsions mssuds wazmsdadvioyalugUuuy
dinnseiindionianudduiduetinn  dedeyasdsnnddsludodiuaziosianulaonds
woAmwARRENREiuANLUReAiuzastoya TAud masnwAnuduesieys (Confidentiality)
Ao Anuamsolumssnmanudunliligabidinssunsoeudeyald  Anugnresanysal
potaya (Integrity) An ANINENNTAIUNTINHIANNYNABILAENYINVOITOYAITOYAI MDY
Lifimsgmeniegniasuutaoudlela q uazaramieuldom (Availability) fe Aamsanga
Tumsneusussilodlinusesmslinuieyaisansaenlilaiuimudnsnlés (1]
TnouwInNuAnLazanIngUszasAanulaendelumunnundonlisudeayaiu
arfimaiailddmsunsiaseumainliszuunudn q fe 33mIduduiinu (Authentication)
snsuinldomdelasdnlngressruumstudumeuiiienlfiiuedsneuime  matuduinu
fvteli (Username) Saufusvanu (Password) dotoyasiarmumlidmsududumsiing:uui
arsiazimsdmduliliiduanudy desnndmnglanAnseglusasdAmunsasaes s
sl deyaidaiuliduanudueseldduanududadeluld ddlumsdmunsiariu
fouliazinalafisansathmmuauieteilimsssnaaeadeiiniy W msmmuaRLeET
wazgUuuuzeasiEiy  viewiuimsteuliuReusiarunidiensusssznmmuiiiinun - [2]
wangigldouiwubidesimmuasiamudsriudmsumaildnulunasoy  desanvili
Alifianuiesensandlumadlion  dedmnsiaiuadaivlusuugiudeyalid
AnulaendsfAug  mnszuugalanfensssilisisiuidanul lugndeyaiouiioass
madafusigiuaziismstesiulaeimaisisrufiezdnfuiiunszuiumsusnilondu
Aewnmsdaivasluguioyn iy dane3iin MD5 dvenadeananuidsomielemandiniym
Tumsgnlasnssuteyald uAlissnmalsznanasouasilodduiumnIafmuIuHRAaNS D
mugdldegssinsidoilimslandmosuluimdadssnnsuloimdadumsesnalng
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fe uiuiisimsiaiumugressiaruietinliuseudovlunmslenffsunsaieuy
I ududoaiy [3] dansmnsadulusulyimbaisssumivsnsainsuanlionudlisn
ilaguuuumsdanusnsnulnediunscuaumsugaisnduiiesedotiedlioonesdms
masnmAnudusessiaRld  AniusnAdauieiingUssaedlunsiiaueismaniie
aaaendusisiuimemaiiamsunsngeansiniuusrioniulnglidane3fin Berypt wlesan
oana3ny Berypt umsignsiamuoanainu Blowfish LRZENNTDAUAM SN DAY
Sanssnnsamnuasuausevlumsriduiielinsimuumemrasns s uguin Ty
fthae doazdonalimslauimmouldiasmeduiodiu

NOHYUATINIBNNITOY

1. wandoniu (Hash Function)
waioddu [4] dhimsulasuuuuzesioyaisuinnlihioyasuaiivaziismawila
AmuazgndeslieglusUuuifiomaned Aniudslisnsafiesihnsuiumstounduiiaiden
pteyamuatiuld asildifissuArsaseuidoyaiidoniugnidisuuasudlondesimagume
vavdeyaniold Tnemsvousesuaniledduuanioguil 1 MedounzesAwgda:iuegiv
Sana3iuild Wy danedfin MD5 azflauamiusy 128 Tn

Y

0 1 2
b b b
0 n l o n
v, cr, cr, v, cv,

JUn 1 msvoupesuaniendu

wonduiledduiAe:fesiinmauiAzoomsnszaieiia nanfe deyaidednuilenu
waelafiuugh axsedlinaansmiowiueame uramnieyamoiuiiendntoodonuuanilofiiuug
HaEWSTLARISTMUANAMOiINN  dwsunszuIumsusniloftutiy  a:lsUuuumoiumudanasiu
snsauvadungunan laun ngupes MDC (Modification Detection Codes) uaznguzag MAC
(Message Authentication Codes)

2. dane3nu Berypt

danaanu Berypt [5] ilumaidnsvidmusanosny Blowfish uazanansamuunms

ingeandnnedssnsaUsuiinawndwIuseuMsmd NGy dolaetnAasmeiudidiua
4 sou limsvhominaeld Aniudefianusnsalumsilesiunislanfuuy Brute Force
alimsfumsiaiuignaesliuiiezdianummsalumsiaiisiuing . Taensiou
yeudana3iu Berypt uansluguil 2
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Plaintext
32 bit l6avit 32 bit
PL 32 bit EB
32 bit ' 32 bit T
LF | )
P2——(p
(] >
L] WL
L3 More Iterations
PL6—=(p
7] &b
5%
PL8—=(H PLT——=H
32 bit 32 bit
¥64 bit
Ciphertext

JUN2  msouveseana3Inu Berypt

sane3in Berypt TumuaniermuselulwdteyainzhmsuninsiarmuaziimiEus
fisznoume $2a$ we $2y$ eidumnszuiniusuuuumsuasimedanaiiiu Berypt dufivie
POIUITTOANNTINTIAIWITTAABTA 9 Usznaume mdean 128 Un uazAuay 184 Un [5]
3. Salting
Salt {fAsmawilsfisansaduanuerlitusiai moes Salt adufsnys
fiansemenassfitavildinnmsdguniemmuadunieiinusneusiniusisiuierli
AustassisruATImiumgean [6] snfomody glimmunsiaru “password” nasaIntiu
FunhmssuAmdeRTEunAmls susRlianiy “hoos$PA2S” iadumesilauimaaainiiu
WINMIMUINAILETIDITAERNI  “password+Salt” unumla Hash(passwordfh90$$PA2S)
Wenwnszuumsugsiondudiedanesin  MD5  udresiWinadnsvesrugs  fe
29¢20a65f0d03364b0391174ac74b3  uaziflavanmigearnvesfliudazauaziimiiunnaioiu
dethinsmdusiaiuilidnsmuinmnansissiariuiumgeaiufianmdulyls
gasiuaniifinnndudedonarilviinnuenaemslaufianndodiuiie [7]
4. mysafiusisiuRzITeiineates
stuvudwmsumsdafusisruiuimaiauaziimsdaiuldnannaieds s
fiddelfianemaiiauazizmame q Ussneufesil
1) mysanusnsiulugluuudenulni (Plaintext)
msdanuiEMstiuismsdafusisiuineisn Taeezbiimadsiasiminula q
8] Fowihmsdniviinmsendusisiuifinnuenediolies 8 Mones uazfosdszneume
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fdnusH vz RTRELAUTSARsAmu [9] waRdelimssaiussRuuuiiiaauaensde
fesmniflosarndiglanfansadifegudeyaidnfusiamiulisusanzuooiu
swarulaTL

2) MIIAAUIAIRIULUDEIULETHeNTY (Hash Password)

mysanuistesihmathsismuluiuassuumsugriiiunoy Wy sanedniu

MD5 dana3fiu SHAT wiedane3iu SHA2 widnhmaansnlaludaiuadlugmioya [8], [10]
Fomsdaiugiuuuiifledlanfsunsadifouieyaidniusisiuemmsouooiuuaiiog
Augzwiniy Tnemsdaiuisdamsagnlanalilaemslisuluings dodumsoowalng
e utuiemsinfumuarsssiamnuLamMLsdresiaRuizgnihn e mswSeuidioy
Aunamilflumstand Wesnnmussiloiduinmaniilumsiuwaimadoalisnss
mmsiadeunauiommaansls  aoudinsuluimdaiasouelinuiilumsdadio
feutann wisuluimdaigaassnudiuammsngninnldnuddnld [10]

3) mdafiusiERULUURILLETTsATugeIASY (Double Hash Password)

My EHesmileuAU M STARUTTERILLUULETNATY  uRszunnmsiuAe
Femsthahmugeilimamsmnseuimisnyhmsuggdenass dsmsininasnsvasmugdlusey
fsovoaapunamiomieudusounsnals [11] %ﬂmﬁﬂLﬁ‘uLmuﬁﬁﬂamﬁmmﬁmﬁﬁoﬁmﬁaga
fTafusiarulafeueaiufissmuannniy - deiinnulaendunatmMITAAUIRERY
wuugrseuAn  walosnAnuslumsssnazesmustioenliilaART I s mANoU
mezessuseuililumsusruiasosuluimdaiunlniienmsTaui ldwud [12]

4) MIIAVLUVLANDORN Luuaudlungu (Salted Hash Password)

msdAIsishmsiumaesanaslylusismurenuireilumuaszuIums
woeilaiiu [13] Tnemdean Ao miignasotunenaza v laemsimuamuuy prefix salt
wiouvy suffix salt w3ouduamslimainmsusumgoaniivanzan [11] Tnounsngeanag
luswarutuilinasnsilainnuuanmeiuriliiisindieiuanulasadeliiusigs
wndusinlvimslanimemaosulusodaildenin  urdsedlsimuiiosnnmgean
fignasuiumnazdesimsdaivarlugudenadie  vliglaufinsumeeaiulsznouiy
ANHLSIIUM U TZHIRNRTRIAILEYZEINN TS laNA A uAY

AFAntumsIae

mAduatvifingusafiemnmsssuanuaendusismuimemsunsndeansuduuarioniu
Taglddane3fin Berypt Tasvhmswauidenw PHP Version 7 fiouuuaianss CPU
Core i33227U 1.90 GHz miseamnud1 4 GB TneiEusumsinmu desusvisrmumsiinmui
sruvRshmsguAmgeanalangateyafmei 1 degateyaiithmnadsreanaiugndoys
AIONHY YATOYAMININIDYATONADNDIZTILAY
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MIWN 1 gasmdnysnassdean

YAToyN Mones
NI abcdefghijklmnopqrstuvwxyz
ABCDEFGHIJKLMNOPQRSTUVWXYZ
AILRD 0123456789
oNYITNLAY [@#$% & ()_+ ~[11I\ 1;:/2.><,””

nasAuIIMBINMZoann AN IdumIuN AR BT SRR LA TULEN
RosurunssuIumsuaeilaiiulaglidane3iin Berypt endethotuy siiaruAiufie “password”
SUUMMIENATeaTTwNSINIL 8 M FimIduuiazassaclimeaniuanmaiiy endieeauu
mgeanildnnmsgy DM<9AC%I  lumsguageansumilierilisvsiuiufisuunes
sisRAA A dAnwenedwiion 8 A8Aws  wauTImAUMISN AR e [9]
nasntuasmahmgeannguldunsnsndusiaiulaeismaimdeanremasigiu
921§ “passwordDM<9AC%I” wdsantuazhmessianuiismiumgoaniguiumyns
ANmAHRANS BT RaHIUAIBeane3in  Berypt  asilildnadwialannmagumenat
pavInarIudaun 128 On 1AA1 RISjep07xTvalSBKDBKG/O ua:WaaWsAILEUI093iaN 1Y
ﬁ"amﬂmmma 184 Dm laA1 2cN1. kgYk3kqUb3vsen13Y Lupn07.i2 TABFUUUUBRINRENS
o um U9z ﬂaumﬂmummuﬂmaaﬂmm Berypt fia $2y$ dnld Ao diuvens
Snusouzesdana3iy Wu 10 e:ldM 108 wRsTmiLaAmENaINSAZeaTmossTRHIUTILA
PNMIEN UAZFATIBIzADTNEAIBRRANSMUETTRISRAIY WotinTmiuuduanslAfagui 3
TonaawszesmrearilinnmsgueessiiuuaznaansmMuszizgnihaslUdnivluguieysdely

$2y$108|RISj6p07xTvalSBKDBKG/O | 2N1 kg Yk3kqUb3vSen]3YLupn07.2]

\— Salt random Hash password value
Berypt algorithm option

Berypt algorithm value

JUN 3 MegNaaNSALETIINdana3niu Berypt

As9FaUANLgNFRITBIM SRR IuE s lAlAsaENAUM SN Ue: SUA STaR 1Y
RuRuiifiesmansiadevenfiletody sarmuAsuiInAe “password” iesuiianszuve:
ymshmdeansessisruidaiulilupuienaiiothmnremeiusiamursiusuian fe
DM<97C%I Foffedearivoosiianiu “password” fldmmsdafiuasuasusulunszuiums
g sanuasousn Weldnaansesmreaiudiiehsiaiunsius iy geaivessianu
nngudoyansansilife “passwordDM<9AC%I” Aevntuazimsianuiisimiuadoa
MR AR RRIUENTUIUM SN MYe0dane37n Berypt musiuiusoufimvun
fio 10 wihvhmsmraansmuszzessamuRsmuiTIniumdeanilelinaansudimnhns
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wWisuifisuAmaansiduinduamnadnsniaivliluguioyaimaansoesananala
fimnasoiunselidasiemmsuSeuiouuimmeasnsimanseiuauancliiunsiarmuRsEN
fo Audaiuiumnemiuly  unmalinseiuiuansliiuhmoessismussaun S Ul
Andeaiuigndadivlidues

WNAMIANLUNTIAE

aAdeilmhmssoanulaendusisiuimemaiiaismsunsngeansauiuussiondulagld
danesnu Berypt gadslanadeulpouvseemdu 2 A laua muanudalumsieuue:
MuANNNUMUAENSTANARIL
1. WAaNANOUAUIEZIRIIUMIINIY

MINAFDUMUANUNUMUADN TS laNALMIEITB M ImasaumMuANLET UMy
Tnevhmanageulnemssounzdafivsismumeismsineslifuidegiu [14] daduadlugmious
Foteyavessiamumhmlflunmsnaseuiiiudenaiildanmsiivsusanindusiarung
Wlitienliinndousznoumesiariunmun 10,000 sWar [15] wanldanmanasounuiTisms
wpaelmauelinm 259 fadwiresianu Gehniismaulifveaialinaiies 201 fndni
uazuuy Double mds Alfamidio 2.04 uazuu Fix salt e 2.11 fadind ualinatladifes
AUABmsuy Berypt UnAdefiomamuenzeonaansoniuiiline 2.24 fafuii fomsoeii 2

mswn 2 nanldlumssiusmadulunszuiumsag 9

ULV 1|1 (HaRINn)
No salt 128 bit (md5($password)) 2.01
Double md5 128 bit (md5(md5($password))) 2.04
Fix salt 128 bit (md5($password.fixsalt)) 2.11
Berypt 184 bit (berypt($passowd)) 2.24
Berypt * 184 bit (berypt($password+salt)) 2.59

* A5NinEue

2. HAMIVARBUATUANNNUMUABNSTANA
insnageulasdinasaaiumsalimslanalaesiinisnageuaiuaulasnse
romsland FosarmuimimeaseuluemAdeie:linenusismuivhnssiusulag SplashData
[15] Fndusisriuiuggaanseouluill 2016 S 25 svia Aoguit 4 Tnemsthaiarunonun
whmsdadusisiulaenszuaumsuasilediuiedane3fin MD5 lugtuuuss q Aidmun
wasmanAseuMITAiuIaR Ui IEdanesin Berypt Mlaldimsunsngoaiuaznaseuiu
sluuuiiRidutinauefemsunsndeansauiuussiondulaelddaneasiin Berypt ooty
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RANK PASSWORD

1 123456 14 abc123
2 password 15 admin

3 12345 16 121212
4 12345678 17 flower
5 football 18 password
6 qwerty 19 dragon
7 | 1234567890 20 sunshine
8 1234567 21 master

9 princess 22, hottie
10 1234 23 loveme
11 login 24 zaqlzaql
12 welcome 25 passwordl
13 solo

JUN 4 PeynsimHuedegnlylul 2016

wasnAnwnmMInageumslauisary fmelusunsy Hasheat Fodulysunsuilily
mslawAmuadlasldguuuumaosenisland [16] Tadail
hascat -m [Hash-type] -a [Attack-mode] hashfile
UNA0810LTU
hashcat -m 3200 -a 3 berypt.txt

HaMINATBUNLIIMa AU LMssane3in MD5 mesUuuudsmly dsamnsa
smslanRsianuld 24 sia 9nnovan 25 svis Andu 96 % MNIREHILNINUA UBAIINTIL
Haduldiimanageumslanfnnmsdafusisiumedanain Berypt  laeilildims
unsngeaaslilusisring  wannmanaseunuilisnansavnmslandld  wenanfisUuuuiiiide
iigue A MIsswANUsendsmaHulagIsmsunsndeanswnuuasisndulaglidanainu
Berypt naainmanaseunuitldannsalaniliiduiuuanofomsod 3

M3WN 3 WA slauAsiarRumelsuasy Hashcat

ABMIIAAUIHEHNI FiI[NT WaM3lanA
No salt md5($password) 96 %
Double md5 md5(md5($password)) 96 %
Fix salt md5($password.fixsalt) 96 %
Berypt berypt($password) 0 %
Berypt * berypt(Spassword+salt) 0%

* IMidue
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MnWAMINATLMUATIMUMUMSTaNARIM 0N 3 wandlidiunmsasuamnulaends
sismuemalinismsunsndeansiuiuuasiloniulnelddaneiiin Berypt M§deniauetions
sunsasamanuduTesioys i luamumsaihaesnsdinsuugnlasns sug U ToNa SRR
sonlli doilinanlifirusenndesiuouddeilimhdanesiin Berypt whmndiglumssnwm
anulaendvtoyapesililumslinuuimsteneseeulatidewnmsiufinasputeyalaaims
wsviaauIA 512 O [17]

AFUNRMIANTLIIY

nuddeildiisuemsassanulsendesisriumemaiaismsunsngeansmiuuauilof
Tnelidanesfin Berypt Taalfimsdmesamumsaimslanilunsdifszuugnlasnssusiann
fdadvlugiutoyaeenll  mannmanATaUNLTITIMARDIMISAMANNURATB BB STER 1Y
Fmaiugesnudusismuiimusuiuimaliusisiiumllumsindusisinu Wy dane3Tiu
MD5 udlusmiddsiilihmanasesiuenileddudman Slow Hash svhmsnageusoazluuy
e fie sanesiin Berypt eoierlumsimivsianiu deilimmsafiazannnuidio
fannmsTanAmeTusunsu Hasheat 16 ilesandane3iin Berypt fmiuseumsnoumous
4 sov laufs 31 seumanou dedonalimstssnanazomassomugrosRaaNsIANLT
wialsniuiusgiuanuiimosmalszianavasdfgilflumsyszmanauazioimaliisng
uwnsndeansmiuussilaniulaglidanesiu Berypt Wideinauendonslisnsalanilddoyili
sunsasamanuduressisiwelidduiy  Soudhsezoalumsaesianui iUy
dano3fin Berypt fFidetnaue Ao madingesviiiladiseznmfiinnniigUuuy Berypt
Wisethaied  uamsunIndesniuieierliinudufouinmndy dofinaviliiszesnm
TumstszafiiinihgUuuuzesdane3iin Berypt issesaiien deaziflinislanAainsa
yilaiaodudnaiu iligUuuudane3fin Berypt uwuuiingeanianulaendoiiumndodu
wiathslsimaluowmprsinsaimamageumslanilidesUuuuizay wemmmageuiie
TWsunsuduilflumsleud
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Abstract

In this study, leonardite and red clay obtained from Mah Moh mine, which they were
utilized as low cost and eco-friendly adsorbents for hydrogen sulphide (H,S) removal
from biogas. The experiments were performed with a synthetic biogas: 72 % CH,, 28 %
CO, and 4,400 ppm H,S. The adsorbents were packed in a column of 3.0 cm in diameter.
Geotech GA5000 was used to analyze synthetic biogas, at the continuous flow rate of
50 mL/min. The H,S adsorption capacity of leonardite and red clay were 0.2087 and
0.0134 mg/g, respectively. Modified leonardite and red clay were upgraded by sodium
hydroxide (NaOH) (5 - 40 %) and coconut shell biochar (CSB) (15 - 70 %) can provide
higher H,S adsorption capacity than the non-modified sample. From the economic feasibility
calculations, the modified leonardite and red clay can be used as suitable adsorbent for

H,S removal from biogas for community use.

Keywords: Leonardite; Red Clay; Hydrogen Sulphide; Biogas; Sodium Hydroxide; Coconut Shell

Biochar
UNi

flagtiuufadanm (Biogas) iuunaondsnunaunuildsumsdaasunsnnmiisnusesniasg
uszmAnTuMgwiewidymmslindsrmennos@a (Fossil fuel) domiuiuasiifSmamnan
waziinmgeiy Tnewmzesdimskinuisiimwiieinnldlunaniaseudeszuugomin
FonlimaniaSeudsmdamsliuaatlns@omnas (Liquefied petroleum gas; LPG) 323l
mswanuiadinmiietlulflumaanamnssudmsududomas edwlsimuuiadanm
uonaneliuAsiny (Methane; CH) doiluidemdouds dolinandnminaosld
m3vaulneeanlea (Carbon dioxide; CO,) uazlalnsiaudalnn (Hydrogen sulfide; H,S) 8nie
[1] - [2] TnelelasaudaliAiinausuniuiiguuse nvdefiansAlumsinnseulan: [3] ¥ild
dumpruAnduaiugaiu  wasiliaIossuminmaianseld  ildnsdoasumaimm
wasunALnuAuisimwAndueglusiiin  Auiuielinmsdaaiumsliuiaianmdy
wiounAwUeteBuTssiuTsfoefinsuumsminlalaseudalwaiuuieunduuianmn
waznszvIumstiesfesinmgn  wandufinsiviowinden  Uszmaumluideldsumsmenen
walulagsnsalulgugoalaese
namsAnmoddeiinerdesiumsmdnlalasaudalid  wuidinmslinszuiums
ARTuAIE (Water scrubbing) [4] nszuaumsnadumisaaaii (Chemical absorption) idu
dsacmelaienlansenlon [5] upadonlansenlon [5] Tuluemluaiiu [5] losoauoniau



148 msusulgealemslaaus:Auuandumgadudmsuidnlalaseudalideennnuiadinin

latefiumnszezdin weda (Iron-ethylenediaminetetraacetic acid; Fe-EDTA) [6] msuen
fowawsu [7] mslimaluladnedinmiisendn Microaerobic desulphurisation unit
(MDU) [8] agslsfimunszuviumamariifialddwgolumsinng sawdsinduiazdeli
wmalulafougs uazdnfiunulaefidoiny nsviumsfioe H9109n wazmmzaNiuiWan
wAadammiermlflumansusen unseluanamnssusmadn ldud nszuaumsaadu
(Adsorption) FsmnmsAnmmuddenuninmslimgadu Thun dloladulin X ua: Y dovhms
Fuudody uasnosunslagismsuanitieulesou [9] TanznaneenlgAdiidon:duazlnmuiloy
Wushudszneu [10] dwdududildsumsipuudslaedsnsiduda (Impregnation) gl
pete3 (D) lwnsn (CuNO,),) [11] dwdusiuanlasumsile 2 weiidud Tnunaduslalelan
(Potassium iodide; KI) [12] saudomsnmwmigadulidisimgnas laun wessn Aaslen
(FeClL) uazlgall (NaOH) fasduiudmuduaznae [13] dwduiud dnfomanuSuanngie
nsnlelasaanin Indomdnbivsvanmuaziuiusiudsmivanaomanlivsuanin [14]

winmgaduisnanezaansamanlalasudalinanunadimwliedsils:@nsnm
widsfitumeumswIaniigsen  smdeimslimaaiiinmunsuaniusunne Jefinnumene
flialownslan (Leonardite) wazAnuns (Red clay) [15] iluspaduiilininsssumpdomline
imliume  waadufinsiudonasennminldlnnaudalin  Taedlewslan  uazAuuaniuian
iyamenaldnnmavmitesusanludfiennewisn: dwmiasiths TeatuianifuSmauimenntu
sunaedudamlumsanms namsAnmnunalemslan  wazAnwasissAlsznaunmawail
Fofilanzunsudiiu (Transition metal) 1y win iiusuyszney samdefissdunIanivgiodiu
Fosnsaindunsiseiulalnnaudalud uaiiuifiireuinegs ilaidnenmlunslidu
magadu [15] edwlsnmu msmdnlalasandaldlaglidlomsled uwazAuunoiesaiis
Gofisz@nsame uideiidianusulefiezAnmmsusulgeilowislad wazAuuaolid
Uszansmmlumsgadulalasaudaludlinniy  Tesldmunzamznindoduianfinguge
Tiladeslansonloadeiiauiiduueg  walidesmandodulan:nuddu  smdeAnmniade
Afiwanoanuamnsalumsnadulalnsaudalid Wy snndiusesalomslad uwazAuung
samaiinlszEniam  Tasfnsanusansmmmsminlalnsudalidnnanugpesmagady
aunsznilalasaudalwdiinnsnanean (Breakthrough capacity) AnsmsAugmwAIRAty
unznalnmsgady  samemsUsadiudnenmmathmandualewslanuazAuuailasumeusunss
W ludemdnd Foaztelimslivs:lominnuiadnmlugum ua:luanammnssuomaiin
filszAnsamanniu

35mMsIe

1. mawssusaadualewsladuaAuuadlAsumsuSulgolssinsam
ihalowslaanseAuunoniumstugluaAnuaslaneulansenlanszau 5, 10,
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15, 20, 30 ua: 40 Wesidunlaetimin medsmsilam (Impregnation) Fovlalaemsnen
sazaneladoulansonlaradlivudlowsladvdonuuas  lusnveslimunsumaiduiifeai
mgadualomnslaammsoulilusuneuiisonts xNaOH/Leo lunaiimanduauunainoula
Tudupeuilifondn xNaOH/RC il x fe wedidudsesluifsslonsenladluiiotis
5 - 40 wWeigun) sulunstizesmMIANLAIMIBMUAZaINzNST? (Coconut shell biochar; CSB)
Mlalnemsinalou1s RN o ALLATIIRENNUAIRAZAINZNIITAY 15, 30, 45, 50, 60 WA
70 weoSiduAlamimiin smiwAh 100 fadans wealmindu euliui us:tuguidumnaady
mnndualomnslafiwsoalilusureniisond xCSB/Leo damnasiuunniandt xCSB/RC
e x fie wWeidusmesmunzauzndaluses (15 - 70 wesidud) dumsiuuismanesman
lalamidleuslaaniefuunsnaniudesmdniiniiunssisianuazeiauddluszdu
50 wesduAlasimiin a1ntiuAnh 100 Tadans wedlidiu auliui wisugidumaady
mpadualemnslanmnIouliluiuneuiiSondn 50Fe/Leo dauzasAuungionil 50Fe/RC
dmsumanioualewsladuaAuuasinumainud oo unzauzni 15/ 50 wWeosidud
uwaledenlansenlofsziu 15 wesdudlaetmin au3unmnanduiih 15NaOH/50CSB/Leo
waz 15NaOH/50CSB/RC mus1ny
2. msnaseulszEnsmwmsmanlalasiaudalwroanainuasdinmw
Aifiumsmuouidonns Ausavasukhi, A. et al. [15] Gufisazdonlaaudoi
idlewslad  uazAuunsdildsumsidnudeirmunsiugUmdamnsgadulalasiaudalng
Tuwwonagey Iaslfudadinmdnansinduiaimu 72 wesidud m3sveulnesnled
28 wosiwun uazlalasaudalia 4,400 WWWON NIMRIAYITZNOUTDIRNRTIMNEILATIZA
pauGENAY uazndsmagnduliin3osilawa Fi 5000 (Geotech GA 5000)
3. mswmgadunaualylng
mshigaduiniumsldnunadulalasaudalidanduiudinduanlilng
lalaemslinnuoumpaduiignmaii 300 asrmiaades dunm 3 Flu Nnhfmgady
alaluAnmszansmmmsgadulugnizin
4. msAnmnalamsmanldlasudaliassnanunaiinim
msfinmmsReuuassmuzesndmiuaslalnsandalididudamn (Sulfate; SO,
ilalaemaihmaadumendsmagadulalasaudalidaudumsmu 5 asu lodunuluh
fusAnnlesaudiau 50 fiadans Whinm 24 Flw asesusnfmgadusen Mntuh@azaIY
lfnannzneumemaazaouuisoalunsn BaNO,)) Arubuiu 0.1 Tuami U5inal 20 fadans
uazdiAnsiUimanznousuisendawin (BaS0,) fiindu walundudssmsadnmng
wWiasnulassnuzeandiniuzeslolaseudalifdudaminlnemsinnimemainyises
nudanasudunsnInsalnsalall (Fourier transformed infrared spectroscopy; FTIR)
Tnemathmpadumendamsgadulalaseudalidaudnmuimm 50 fadnsu ldmouzuse
Lm:ﬁmﬁLﬂswzﬁmgﬂaﬁﬁuéaLLﬁiLawﬂﬁu 1,600 - 600 LYUAIAT"
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5. MIUIHUANNANAIMOLATEEND
fmualiiannlilumswenimaaduiism Al alewslad fuwas Todesleasenlon
funzaund uaseswan 51 0.25,0.25, 25 7 uaz 10 tmeenlansy uazmuunalimanm
sruuuAadINMIWA 15 gnuiAdwns wiengdnsaigadulalaseudalWaminu 6,000 v
fowldo 5 U duminmssuumsnanuiatimwimua ildyagnsiuam 1,460 Alansunel)
wazimualiyagnsisnm 150 vmdedlansu Tasufsdinmananduiinnuduiues
lalasaudalnn 857 Widu uazimualainmsliuigdammanuensinmedns 0.4 AN
sathlug Taeld 4.67 Haluosedu wonvnidomumualiuiadnminan 1 gmiAduasnaun
msldufanomild 0.46 Alandu [16] MntuAnwSeufisuANuAuAmmMoAsEgATiunslinu
manduimsanlddmsumsnanuiaiinniunmuiansulasimualiuianssy 1 dedsian

380 v (ufianosn 1 doivimin 15 Alansu)

HANSIVLRZNITONUT I8N

1. UszEndmmmasaaduldlasiaudalinoesipaduilasumainusmelaien
lansenlon
nnmsAnmendedeuning [15] wuhdelialowslad uazAuuasUFnm 200 asw
aamailumsgadu 30 ssrgaded dlowsladuazAuunslinnuglumagadulalasaudalig
(Breakthrough capacity) fif1 0.2087 uaz 0.0083 fsansusensu eg1slsimu eanU3unm
flowslad uazfuunomde 30 nsu wuhlimmsagadulalanaudalidnelfana:ild
Tumsnasesilld  Uszansmnmsgadulalasioudalwivesilowslanua:Auunofilisumsinuo
melaenlansonled Tasldumnaigadu 30 niu Tikamanaaesdaguil 1 dedsingi

—=a— Leonardite
3.5 —e— Red clay

[\ (O8]
(9] (=]
1 1

»
=
!

—_
(=]
1

Breakthrough capacity (mg/g)
% L

e
=

NaOH content (%)

Un 1 Anugasmagadulalasaudalndaunsznuinmsngaeen (Breakthrough capacity)
voumInadudlomsladuazAnunsnlasumsiiuunenelaneulansenlan
anrazlumsaadu: eamapi 30 svAngada, YiunamInady 30 nsu
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msvsuugealeuslaauazAunalifiaufiduwamnniulaelfmsazaelafon
lansenled  AnavilivszinsmmmanadulalnsudaliAnnuiadmndons:iimgoiumnn
dewSsuifisuivalomslanuazAuunsdbildsumsusolge 1ingui 1 deliludeslansenlan
32A0 5 wesigun (5NaOH/Leo uaz 5NaOH/RC) 9:1% Breakthrough capacity 1iu 0.1670
uaz 0.1670 fadnsurensn doinusnaladeslansenledgodu donalils:ansnmmagadu
lalaswudalidimnniume TaelunsdesilemnslanuazAuuneilasumainudslaRen
lansonloAszau 40 wWedidum 40NaOH/Leo uaz 40NaOH/RC) az3if Breakthrough capacity
i 3.2279 uaz 0.4452 fadAnsudensn Mederadtesnnmainudsladenlonsenlandeiaudi
Whuwaud ¥iliindunsisen (nteraction) Aulglasaudalwadeianifidunsnseuldnniu
[17] - [18] ethslsnma Tunstivasmavsuigulszandnmmsaaduresiuunsilauiaduue
Wumnndudunud Juszansamlumagedulalaseudaluddsaulinn dewSeuieuiy
Sewslasnlasumainudsieladeslansenled noioafesnnlaielonsenlomiygise
AudanauuszagiifieniiduosdtsznouluAuuas lianmduwasmas uazanailugmsanas
esituiiin [19] maduwdcladeslansenlodlutima 40 wWesdudluAuun (40NaOH/RC)
30lii1 Breakthrough capacity indulisnn diewSsuidisviumsinudslaieslonsenlon
TualowslannsiesAussnevdnlnagiiuamssun3s [20]

2. Ussansmmmspadulalasudalifvesimpaduildsumaiuussmeniunza

LW

dedimaifins:aninmmsgadulalnsaudalidsosilenlanuazAuune
TnemaAuussdunzamzndm (CSB) dnduianivssildanmswndunzamzni1ilugan:d
UnAnneendau Uszansnwmangadulalasaudalud Winadogui 2

—=— [eonardite

61 —e— Red clay
= 54 ~
e i
g )
z 4 / S
2 /
g 3 4
Q f“
=3 /
g 27 /
s :
EIRE //
A e
0 — . : . :
0 20 40 60 80 100
CSB content (%)

qUN2 A1 Breakthrough capacity wasfmnadudlomslanuazAnunnlasumsiinunsnie
A1UNzaINzN312 (CSB)
anralumsgadu: gampi 30 avAngadya, Y3unaiIangy 30 nsu
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gt 2 esdiulihsunzasninidsadugnausinusnsalumsgaduge
Troaunza1uzng1291I1 30 a5y (100 % CSB) A1 Breakthrough capacity 1Ay
37280 fimdansusensy emslsfimudunzamzninidumgaduiifismgonhimpadualewslag
wazAuuns  AstumslialewsladuaAnuaniudunanazdioandunulumsnin  uAdon
Uszinsmwmsgadulalaseudalnannuisiinm  wenanialewsladuasAuunotodelums
Fugdmnzauzninlaeiunihidudissu Binder) silfmnzauiumamisuigaduly
Tulugnizaseifisnnmslmazoouisiinwgs  TaensdeasalowslaAuazAuunsilisums
wnuAsaIunzamzns1Ilulsna 15 wesidud (15CSB/Leo ua: 15CSB/RC) a:lvimn
Breakthrough capacity 1{u 03339 waz 0.2783 faAnsusensy wilpiisnSnmmunzaiu:nin
Tigouazdonaliszinsmmmsnadulalanaudalidifiumnduie - mslddmnzaiuznin
USmm 70 wedidun A 70CSB/Leo uaz 70CSB/RC a:lvim Breakthrough capacity
iy 3.8958 waz 5.0000 fadnsusensu defimgenihmslimunzamzwiduinadusiiage
(100 % CSB) isdien Breakthrough capacity whii 3.7289 fisan3urensy senAdasiumdduses
Nguyen-Thanh D. and Bandosz T. J. [21] fimsouhmainuunludiduimeds:amaudiugig
Aimadnunslanzansaiinlsansnwlumsgadulalasudalidls mnnamsidedona
uansliiunRlowmslasuasAuuassansavmhidunsmngaduuaziyszau  Talifidmsuniu
snguzasiunzamznilAAAnMsanau (Pore blocking) auliUs:Ansmwmsnndusia
AniualowslasuazAuuaeilAsumsifnudsmunzauni i 70 wesdud Jofivszdndam
TumanadulalasudalAnauiaiinwldluszauinels
3. UszAnsmwmsnadulalasudalndvasimaadualdsumsiAuussmsaiunzal
WS TIURNZLU
namsinUszAnS MmwmsgadunesdlemslanuazAuuniiAuudiieianmo 9
Taun tunzauznin Tdedlansenlsd uazesman dsUszneume 15NaOH/Leo, 50CSB/Leo,
15NaOH/50CSB/Leo uaz 50Fe/Leo smiualemlad uaz 15NaOH/RC, 50CSB/RC,
15NaOH/50CSB/RC uaz 50Fe/RC dm3uauuns namagadulalnsaudalug ugndumeoi 1

m3wn 1 A1 Breakthrough capacity wasipadualomslanuazAnuasnlasumsiiuumonie
MunzaINzng deawman uaslaireulansenlan

7iAToIMIAAYY A Breakthrough capacity (mg/g)
15NaOH/Leo 0.3896
50CSB/Leo 1.6696
15NaOH/50CSB/Leo 4.2297

50Fe/Leo 0.1670
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m3wn 1 A1 Breakthrough capacity wesipadualomslanuazAnuasnlasumsiiuumonie
AUNZRINING Wouwman uazlarsulansonlon (Ae)

YiAT0IMIAATL A Breakthrough capacity (mg/g)
15NaOH/RC 0.2783
50CSB/RC 3.1167
15NaOH/50CSB/RC 1.3357
50Fe/RC 0.1670

anrazlumsgadu: gampd 30 avAngada, Y3unaaInady 30 nsu

anmaei 1 nwhmslialewnsladildsumsiuuimunzamniisiu 50 wesidud
uazlafonlansenlan 15 wesidua (15NaOH/50CSB/Leo) 9:1% Breakthrough capacity
finndmauiy 42207 aAndurensn dedimgenidlowsladnlasumaiuuisladonlansenles
3570 15 wesidud (15NaOH/Leo) wazalowsladiinumsimemunzazniaziu 50 weosidus
(50CSB/Leo) iflasaniisumisiaslilumspaduiiumniu etholsinu lunsdoesmsld
Aunaoilisumsifnuisiunzamznd iy 50 wWesidud ualedeulonsenled 15 wWesidud
(15NaOH/50CSB/RC) a:l#iA1 Breakthrough capacity tfu 1.3357 dadnsumonsu
Fofifnleaniimsld 50CSB/RC nvilmailesnnlaifenlensenlodiinuaoiisgilyena
Ufiseniudaneunazegiidioniiduesius:nevlufiuuns vilinnuiuwsmas wazhlugmsanas
pesiiuiia [19] Asulunsdivesmsusulysauiamgadulalasudalideannnuiaiinm
goodlewslad  eraliemsusutgmaniilaemsiuunsladeslansenlodndsuimiduos
wazmslidaniidugngn Wi dwnzamnd swdemsliTaniesusnidudiunansaniu
stwilialemslandumminlalnseudalndesnnnuisiinmiivs:ansamanndodu

4. UszansmwmagedulalasaudalwAvesimaaduilasunsiinusmereaman

namsiindszansnmmsaduzesilemslaauazAuuaslaemanioaliiuian
Uszneuiifidiunauzoodosman uandlumasdl 1 donuhmaiuuiodesmanasiudlomslag
uazAuLAISZAY 50 tWasidun (50Fe/Leo uaz 50Fe/RC) mmsaLﬁ'uﬂszﬁmﬁmwms@ﬂﬁwm
flowsladuaziuundld desnnlanamaninugiserdvlalasaudalidld 221 edrlsfnu
Tanzmdnfifiunianilivs:ansamlumsmidnlalasaudaldmaiimsifnudsaiunza
uzns 1 luszAvfivini

5. msuwhaadunauald lng

MsfAnsMIhMAedy 60CSB/RC, 30NaOH /Leo ua: 30NaOH/RC nauuldlna

TWHaMINARDIFINT 107 2
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mywn 2 Uszinsmmmsihmpadunaualdlng

#lingavAInady A Breakthrough capacity (mg/g)
60CSB/RC 4.5637
nasMIAATUAZIN 1 3.2280
nRIANIANFUAT T 2 2.6158
30NaOH/Leo 1.3357
nasMIAATUAZIN 1 0.1670
30NaOH/RC 0.3340
nRoMIAATuATIT 1 0.1113

anrazlumsaadu: gampd 30 avAngada, Y3unaiInndy 30 nsu

Md 2 nuhAgedueiame q Mindualdndivsanimwlumsgadu
anan TnsamzegsbimsusulseilewslanuazAuunemeladeulonsenlon fs:ansnm
Tumsthasuan#lmisang 01670 uaz 01113 fndnsuensn) TupasiiuuasilAsumsiAuus
a1unz@mzng1 (60CSB/RC) divszansmwlumsihnauvunldlnigs Tnemstnauanldlng
TuaSousniianusmnsalumsaadulelaseudalidld 32280 fadnsusensy defimuszna
70 weodidunzoamsnaduasousn eg1alsAnunisin 60CSB/RC nduuililmiluasei 2
AdufiUsAnSamanmasn (2.6158 fadniuroniu)

6. nalnmsnaduldlasiaudalng

deihandualemslanuazAnuaodlasn  walildsumsmuuadllmySmudamn
(Sulfate; SO, menasmangadulalasaudalnameismsnnnzneumeuuiseuliuasn (BaNO,),)
wuhsmadamasasiigadumendsmagadulalnsaudaliaiaufiviy vederadosan
lalaswudalifidefinnmsnaduazgneendlad (Oxidative adsorption) wWasumdudaia
wnldadnivlunsdivesmgaduilemsladuazAuunedlisumainuinug  mendemsgady
lalasiaudalidansadonamsifindusosdamalifegudmay  dednnmideomaianises
naudnesudursusaaaTnsalall Asull 3 waz 4 BounngingeduiTemsladuazAuuag
alasumaAnurslafonlansenlanmendomagaiulalasoudaliia:linnuivesasdu
(Vibration frequency) ﬂaamﬁfammLﬁuﬁuﬁmﬂﬁ'uﬂi:mm 1100 wummns ™ [23] dauﬁa@mﬁu%u 9
Aulasumspuursmews donadpanamssuimoaaulsznm 1100 wuiwes” alidaeu
sanAfpafuNazosmsthimgadunaualilug (maed 2) Taefmeadu 60CSB/RC @mnsati
naunldlaeensiivsz@nsnm  manlalaswudalndulnadsnegluglvesdala (Sulfide; S*)
Afidunsiseiuman uazeglugnauzesmunzamznin Tnofilalaseudaliddmtiosiiions
sandniuiudamin  wensimanduilownsladuazAunneilisumainuismeladfodlansenled

aaa

lalasaudalianiannisaadueratindgasernvlaifenlansenlondulafendalia
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(Sodium sulfide; Na,S) un:ztinn1390ndLATUABAIBDINIA (111DUIBBANIINATUIVITY)
wndulafenlsledan (Sodium thiosulfate; Na,S,0,) neounaziinmsoandindunsiiy
laeudamn (Sodium sulfate; Na,SO,) [24]

30NaOH/Leo (Fresh adsorbent)

.......

S

30NaOH/Leo
(After adsorption)

Transmittance

1600 1400 1200 1000 800 600

Wavenumber (cm™)

U 3 suwaAnsumspandudsdunssnvasalomsiaanlnsumsiinuaslareulansenlan
nouuaznasmanadulalasaudalng

..............

AN

30NaOH/Leo (After adsorption)z

Transmittance

30NaOH/RC (Fresh adsorbent)

1600 1400 1200 1000 800 600
Wavenumber (cm™)

Un4  duansumsgandnudsdunsisnvesfiuuasnlasunisianunslaiieulansenlen
nouuaznaunsnndulalnsaudalva

sllunsdimasmsgaiuimeilom3lafuaAnuuasilasumsinwmmemunzaImzn
lalasudalidoainsunsisoiumaniiiudiudsznounslunsdivesilowslafuazAuung
WsmamdnUsznm 8 wesidudlaeimin) Tasdunsisaninduilasnnlalasaudalng
vnihiligaidnnseudvmandodulan:nsudduded d-eosivia (d-orbital) Ad1evimihd
suAddnmseuld [25] dawlunsdoesmsdunitiogluilomslan ssaundsronanimgiadiu
w1y ey ewdasunsisniulalnsaudalwaitisindunsalaa [26] Taseradinm
nlalasiaudwin 2 azneuzaslalnsaudalWdiindunsnsennvlulnsauseonyediv
Tusnsusznevdunideasalomslan 27 uaslalnswudalidiinmsgaduiiengneendlad
ilesneandiauiiasliituil (Active surface oxygen) wievnufisenivesndauiiommgiigs
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Wadumstusuimsdunisluilomnslaativmmdaglumsaadu  Joimsnaesiidn
ssdunidnegludlomsladlaemauniinamail 500 ssrgades dotsmaseuls:ansnm
magedulalasaudalva  wud  dsz@ndsmwlumsgeduvesdlomslaamendsainnisman
ssounsoimanaseun  laglusansapedulalaseudalialugnzmsmassaisinula
uwandliinhmsdunidlualomslandusmumisidesllumsnadullasaudalfada
7. matssdumusuimoasegislumslimgadualews lafuazAutailAsuM AR
mstsadiuanudululilumslizlomslan uwazAnunsdilisumsiduuraduimnndy
Tudomdiod wud mgadualemsladuazAuuneilisumsiuudsissunzaimzniialudao
45 - 70 wesidualasimiin smnsaianldnueiold Tnesmnsatszndnalddinludae
80 - 170 vmAmsliufanosndman 1 o dumsliladenlansenledludlomnsladasiu
40 woesidun (40NaOH /Leo) sansalazndnaildaiala 84 vimaemsldunansnndiuim 1 d

unal

flowslaAuazAnunsdoduisnumidefionnmsiumiiesusanluAnewaeuwiun: dominsthe
dietinusulgesuiamelndeulonsenlaalaeismsdon uazmslddunzamniriduian
Usznevmansadanldidumpadulalasendaliieonanunadinmlaegieiids:dnsnm
Tassansadazndaaldaieludis 80 - 170 vindemsnaunumsldunanonudiuim 1 av
(Guivriinvosdnadn) mendsmsnadulalaseudalid fpadusnsamdnlaensionau
Folidonansznuseiowinden esnnmgadumisndunnisaiiuinsiuiownden s
lalaswudaliamendsmagaduazasududammilibifiandusuniusesigadumends
913 ldau

ARANIINUIMIFA

POVOUAMMUEANIUMTIToMULATINMIANNTINTD Tz eM s INThrhendauisUszmelng (anmw.)
ward NN INUEHUEYNNIITY (§02.) Jiazhn RDG59D0003
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