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Abstract

This research focuses on developing a data warehouse system to collect information on herbal medicinal plant
type, farmer information, land information, yield maps, and farmers' income information in Muang district,
Phayao province, Thailand. Moreover, the Spatial Decision Support System (SDSS) is provided by this research
using the Markov Chain model. Moreover, all data analysis was used to support decision making and
assessment in collaboration of herbal plant genetic conservation. Researcher has discovered several different
herbs to participant in Herbal Plant Genetic Conservation. They are also used to analyze the distribution of
herb conservation in different areas. As the results, the systems implementation used in the real situation, that

can truly support community decision in herbal plant genetic conservation effectively.

1. Introduction

In recent years, many research studies and
development projects have stated using geographic
information systems (GIS) and geographically-
referenced data. GIS can leverage geo-location
feature difference through spatial analysis which
plays an impertant role in a decision support system
(DSS) (Chi-Chung and Chia-Chi, 2013). Although
GIS are characterized by many attributes that are
crucial to SDSS, such as having spatial data
management and analysis capabilities, they are, in
general, not considered SDSS. The major
deficiencies in GIS limiting their characterization as
SDSS are the lack of analytical modeling
capabilities and their inability to present effective
scenario evaluation techniques (Segrera et al.,
2003).

The SDSS provides enhanced support for
decision making and management, using data that
have a geographical component (Kelly et al., 2012},
The proposed SDSS is the part of the Thai herb data
warehouse that can be used for herb conservation by
gathering all data in Muang district, Phayao
province. This data can be integrated and stored as
the subject oriented, which is varied by time (or
time variant) without any changes (or non-volatile
storage) (Inmon, 1996). Moreover, the database of
the proposed system is linked to the human brain by
computers to improve the best quality of decision-
making (Keen and Scott Morton, 1978). By using
the Simon’s Model, which are intelligence, design,
and choice, the proposed SDSS can reduce the
decision-making processes significantly (Simon,
1960). Herb is the medicinal plant that has
therapeutic properties. It also promotes our health
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by processing as the local medicine into many forms
such as tablets, capsules, and pieces. Additionally,
the herb is essential for medical and public health
and is valuable in term of both economy and
society. In everyday life, it can decrease the cost of
medicine to improve the family economy. Most
household income in the country areas comes from
trading herbs, and their ecology value comes from
various kinds of herbs. In the sector of agriculture,
the herb can also be used to control pests and plant
disease treatment. As mentioned above, we can see
that the wisdom of the herbs has been beneficial to
the Thai people for a long time (Buaphun, 2005).
Herbs can be classified into five general
categories: (1) tree and shrub, (2) bunch, (3) head,
(4) vegetables, and (5) grass. Firstly, many trees and
shrubs will grow in various areas in the Thailand
climate. They are very wide spreading in form from
tall, narrow trees to short, and wide shrubs.
Secondly, the herb bunches (or the climbing plants)
can grow and crawl along the ground. Third, the
head herb is categorised as the underground plants
(roots, tubers, bulbs and stems), which are usually
grown as annual crops. Fourth, the vegetables are
parts of plants that are consumed by humans as herb
as part of a medicine such as Edible Fern, Chinese
Cabbage, Morning Glory and so forth. Finally, the
grass herbs are the grass like plant with narrow and
long leave. Most of them are located in the
Euphorbiaceae family, which belongs to the
Leguminosea and Caesalpinioideae sub-families.
They are also used as herbs for 72 species, food for
46 species and other purposes for 10 species. Herbs
can be used as medicines to cure sickness for 56
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symptoms (Pattanaseree and Anantachok, 2008).
Furthermore, the local villagers use components of
those herbs as an ingredient in many products such
as bolus, pill capsules, dried herbs, herbal balls,
cleaning products, herbal water, pillow, essential oil,
snack, and so on. There is a necessity to herb
conservation and to improve income for farmers in
Muang district, Phayao province, Thailand. This
research focuses on developing a data warchouse
system to collect information on herbal medicinal
plant type, farmer information, land information,
yield maps, and farmers' income information. Also,
the GIS-based SDSS is provided by this research.
As a result, Thai farmers can access useful
information on herbal developments by using the
proposed system. They also improve their
agricultural areas to be useful and cause the most
revenue.

This paper was recommended for the SDSS to
assist decision makers in the complex decision-
making processes. The main purpose of the current
research is to find the best scenario of the DSS to
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improve the social, environmental, and economic
sustainability. As a result, the proposed system can
be used to prevent the extinction of medicinal plants
and to encourage the utility of herbs continuously. It
is also used to maintain consistency of the local
knowledge and wisdom of herbal information
resources at community scholars in Muang district,
Phayao province - Thailand.

2. Study Area

The study area was conducted at the Muang district,
Phayao province, Thailand (Figure 1). Muang
district comprises 13 sub-districts. The district
covers an area of 887 square kilometers with
geographical location between 19 44' N to 19 20/ N
and 99 40’ E to 100 00’ E. It is mostly covered with
forested mountain, with an approximate elevation of
380 meters about mean sea level (Jeefoo, 2016). In
Muang district, Phayao province - Thailand, many
benefits from herbs can be found in 87 plant species
from 52 families by the herbal research.
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Figure 1: Location map of the study are
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3. Methodology

This section outlines the methodology adopted in
the development, of a SDSS for herbal medicinal
plant type, farmer information, land information,
yield maps, and farmers' income information in
Muang district, Phayao province, Thailand. The
research method was used in this paper consist of
data collection, system analysis, system design,

3.1 Data Collection: Questionnaires Tool

The main purpose of this process is to gather the
basic information of the herbs such as properties,
types, photos, consumer demand and so on. In the
term of consumer demand, the author was collected
data using interviews with questionnaires the sample
with the non-probability sampling method and the
convenience sampling, The volunteers, who are

system  development, system testing and herbal farmers, philosophers, researchers, and
implementation, herbalists, totaling 157 recruits to provide
proposed database (Figure 2).
thi_Tambon [DIMENSION TABLE] thi_Harb_pattem [DIMENSION TABLE]

Column Name DataType Nullable Description Column Name DataType  Nullable Description
tambon_id int No Area D I herb_planting_id nt No g Pattem ID
tambon_name nvarchar(50] Yes Local Area Name herb_planting_name nvarchar{50) Yes g Name
tambon_name_eng nvarchar(50] Yes English Area Name herb_planting_name_eng nvarchar(50)  Yes Planting English Name

tbi_Membar [FACT TABLE] é
Column Name DataType Nullable Deseription
erb Ly
user_id int NO User ID 'IH_H [F\:C'II' ““:ﬂ o T Nullabl De:
Lolumn Nam ata Ty, slladle scription
user_username nvarchan(20) Yes User Username e . TP® = o
g T herb_id int No Herb ID
user_password nvarchar(20) Yes User Password e
0 herb_name nvarchar{50) Yes Herb Name
user_fullname nvarchar(50] Yes User Fullname =
herb_name_eng nvarchar(50]  Yes English Name
user_career nvarchar{20) Yes User Career
o herb_name_Local nvarchar(S0)  Yes Local Name
user_income nvarchar(20) Yes User Income o - = & 2 e
- -y herb_name_Scientific nvarchar{30)  Yes cientific Name
nvarchar(20) Yes User Telephone - - (50} ienti
herb_family nvarchar(30]  Yes Herb Family
user_email nvarchar{20) Yes User Email ~ o- 5 harso = Herb Ik
! ni nt n ) nformant
user_address ntext Yes user Address A T el L Al
= . herb_guality_detail Yes Herb Quality and Detail
user_rale int Yes User Role Sy - i e
herb_ty, nt y
user_data_register datatime  Yes User Register Date ero_type . b pELTYRS
== herb_benefit nvarchar{MAX) Yes Herb Benefit
? herb_quality int Yas Harb Quali
! herb_method ! Yes Herb Method
thi_Rola [FACT TABLE] herb_tambol nvarchar{MAX) Yes Herb Tambol
Column Name DataType Nullable Description herb_latitude nvarchar(50)  Yes Herb Latitude
I role_id int No Permission Code herb_longtitude nvarchar(50) Yes Herb Longtitude
role_name nvarchar{50) Yes Username herb_year int Yes Herb Year
herb_conserve bit Yes Herb Conserve
herb_user_id int Yes Herb User 1D
thi_Approve [FACT TABLE] Species nvarchar(50)  Yes Species
Column Name DataType Nullable Description Properties ntext Yes Properties
! approve_id int No Approve ID gttt | Qriginarea nvarchar(30) Yes Qrigin Area
approve_text nvarchar($S0) Yes usermame PlantPropagation nvarchar(50) Yes Plant Propagation
SeedPerRal nvarchar(30)  Yes Seed Per Rai
ProductPerRal nvarchar{50)  Yes Product Per Ral
thi_Piture [FACT TABLE] SoiType int Yes Soi Type
Plant . 2
Column Name Data Type Nullable D(‘S:’lp!\ur\ SeasonPlant Int Yes Season Plant
T picture_id bigint No Picture ID oo Lo & shomniriomd o WL el |
picture_name nvarchar{50) Yes Picture Name created_date datetime Yes Created DATE
herb_id int Vs, Herb ID last_user_id int Yes Last User ID
last_date datetime Yes Last Date
is_approve int Yes Is Approve
thi_income [DIMEHS!ON TABLE] request_status int Yes Regquest Status
ome SICH — . text "

Column Name DataType Nullable Description I P SoRToa il Yas Remark Approve
user_id [ No Herb 1D oa
income_month int Yes Income Per Month %
income_year int ves Income Per Year

thi_HarbTypePatmern [CHMENSION TABLE]

Column Name DataType Nullable Description
| herb_type_id int No Herb Type ID
type_year int Yes Type Per Year

thi_Area [DIMENSION TABLE]

Column Name Data Type Nullable Description
I user_id int No User 1D c
area_year Yes Area Per Year
thi_Request [DIMENSION TABLE]
Column Name Data Type Nullable Description
1 request_id int No Request ID

request_text nvarchar(50) Yes Request Text

thi_Product [DIMENSION TABLE]

Column Name  Data Type Nullable Description
herb_id int No Herb 1D

ProductPerRai it Yes Product Per Rai
Product_ave_year int Yes Product Avarage Per Year

thi_Season_Plant [DIMENSION TABLE]

Column Name
I season_plant_id
season_plant_name
season_plant_name_eng

1bi_Herb Type [FACT TABIE]
Column Name
I herb_type_id
herb_type_name
herb_type_name_eng

1tbl_Sol_Typa [FACT TABLE]
Column Name
1 soi_type_id
$0i_type_name
soi_type_name_eng

DataType Nullable

int No
nvarchar(50) Yes
nvarchar(50) Yes

Data Type
int No
nvarchar{50) Yes
Avarchar{50) Yes

Data Type
nt No
nvarchar(S0) Yes

Nullable

Nullable

nvarchar{50) Yes

1bi_Herb_Benefit [DIMENSION TABLE]

Description
Season Plant ID
Season Plant Name
Season Plant English Namae

Description
Herb Type ID
Herb Type Name
Herb Type English Name

Description
Soi Type 1D
Soi Type Name
Soi Type English Name

Column Name Data Type Nullable
herb_benefit_id int NO
herb_benefit_name
herb_benefit_name_eng

Description
Herb Benefit ID
Herb Benefit Name
Herb Benefit English Name

nvarchar(50) Yes
nvarchar(50) Yes

Figure 2: The entity diagram of the proposed system
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3.2 System Analysis and System Design

The main points of these units were analyse the
herbal information from various agencies and to
build the herbal database respectively. The model of
herbal information was created by using the Unified
Modelling Language (UML). The UML is a
general-purpose modelling language that graphically
represents system requirements (Adamu and
Zainoon, 2016). The UML is a visual modeling
language dominates in object-oriented software
development and this language was adopted by the
Object Management Group (OMG) as its standard
modeling language in 1997 (Siau, 2010). It includes
the use case diagrams that were usually employed to
capture the functionalities of the software system.
All use case diagrams describe the typical
interactions between users and the software systems.
For the requirement phase, they can also be taken to
the next level by providing more formal refinement
inform of sequence diagrams. Each wuse case
diagram was used to realize by one sequence
diagram or more sequence diagrams. Each sequence
diagram depicts how objects interact and work
together to provide services. This is the reason that
functional similarity relies on the information
contained in sequence diagrams and class diagram
to capture the static structure of the software system.
Other diagrams were mostly used during the
architectural and design phase to express artifacts at
different design levels (Ahmed, 2011).

3.3 System Management

The consumer demand information and the
information gystem management were grouped into
O use cages congist of project data management,
herb data management, soil data management, herb
yvield and income data management, report
management, member data management, map data
management, permission management, and decision
report. The system analysis and modelling in the
class diagram was displayed the structure of an
unchanged system according to the researcher's
perspective. The interrelation of each class was used
to determine the data mart of the herbal data
warehouse. Without a doubt, the DSS is well-known
in management for supporting the multidimensional
analysis (Holsapple, 2008). The multidimensional
modelling and patterns were principally employed
in this research (Kimball et al., 2008). It also
describes the dimension of the data mart users
effectively. The system design was based on the
software architecture sustainability, which reflects
the foundational design decisions. These decisions
were used to build the system and its elements (Ali
Babar et al., 2009 and Capilla et al., 2016). The use
of the dimensional data model can be operated by
two tables, which was the fact table and the

dimension table (Brian, 2007). Firstly, according to
the concept of Kimball, the information in the fact
table can be defined in data mart, and then the
required attributes are also built in each dimension
table. In this process, the required attributes need to
measure with both quantitative and qualitative in the
real number. Secondly, the information in the
dimension table is a data view for the measured data
in the data analysis. Besides, the fact-value is the set
of the data by matching between the information in
the dimension table and the measured data. By this
matching process, there is the fact data (Figure 2).
Figure 2, It was grouped into three types of data
comprise measure, dimension, and fact respectively.

3.4 System Development

System development was created powerful
resources to access all needed information. For
example, a web server can be compatible with all
web browsers. All users can access existing data
through a mobile application regardless of the
weather or the distance. Therefore, the proposed
system actually works in modern times, and it is
also easy to use. Additionally, the aeronautical
reconnaissance coverage GIS, it is the most
common tool to do the more advanced geospatial
analysis. This software was used to make an
accurate analysis regarding the plan that the
stakeholder was designed by using the touch table.
The output was shared with the stakeholders in a
report, through the web viewer, and in a revising
scssion on the touch table, However, the parameters
of the designed plan were not yet satisfactory
(Hettinga et al., 2018). The Markov Chain model
was used for the data analysis to improve the use of
limited lands. The model also provides the choices
for farmer’s decision for their cultivation of herbal
plants. It can be used to make the best income for
farmers and to reduce the loss of land use. The set of
models can be used to predict the land use change in
urban regions, which are increasing in recent years.
According to the Markov chain, the alternative
modelling framework was described as the model of
land use, which can be shown in a discrete number.
It was considered to a function in the previous state
only. The probability of transition between each pair
of states was recorded as an element of a transition
probability matrix. The model was tested for using
historical data to predict recent conditions and the
model was used to forecast the future distribution of
land use decades into the future (lacono et al,
2015).

3.5 System Testing and Implementation

The installation system, testing system, and evaluate
the performance of the system were discussed in this
section. The aim of this process was to make sure

Developing a Spatial Decision Support System for Herb Genetic Censervation in uang Phayao, Thailand



the quality of the software. The software quality was
the final goal of developing technology and
verifying method in software development process,
and it was based on the systems development life
cycle, which is also necessary to build up a set of
specifications (Li and Fan, 2012). Then, all users
were used the ability to improve their computing
choices to fulfil their requirements on-demand
(Prathibhan et al., 2014). This development was
divided into two test systems comprise the alpha
testing and the beta testing. The alpha testing was
simulated or actual operational testing by potential
users or an independent test team at the developers'
site. The beta testing was derived after alpha testing,
and it was considered a form of external user
acceptance testing (Nuraini et al, 2015). The
assessment of the beta testing consists of the system
functional, the system design, the system
performance, the system reliability, and the system
usability.

4. Results and Discussion
GIS provides a dynamic, user-friendly interface to
explore a variety of attribute and physical
information gathered from a spill, thereby
facilitating in the means by which decision making
is done more rapidly and with better precision
{Onojeghuo et al., 2016). From the analysis of the
data found that the farmers in Muang district,
Phayao province — Thailand, were cooperated as a
member of the herb conservation alliance for 520
people in 2015. The total land area of the herbal
products industry was 6,672,000 square meters.
There are 52 species of herbs analysed in this
investigation. They were grouped as follows: tree
and shrub for 15 species, bunch for 13 species, head
for 10 species, vegetables for 21 species, and grass 4
species. This study also found that the area of the
rotated crops was 2,880,000 square meters. The
planied herbs in this area were Pomegranate,
Mulberry, Bitter Gourd, Butterfly Pea, Ginger,
Shallot, Lady's Finger, Safflower, Nut grass, and
Blady grass. All 10 species of crop rotation were
grouped into 5 groups: (1) tree and shrub, (2) bunch,
(3) head, (4) vegetables, and (5) grass respectively.
The proposed GIS-based SDSS has provided the
system features and functions to support the work of
farmers to choose the type of land use for herb
farming. Technically, the data in a data warehouse
was organized to fulfill the needs of business
analysis as a decision support instrument rather than
transactional  operations. Particularly, when
containing a logical subset of data concerning either
a specific topic or a specific business function, data
mart was named. The proposed data warchouse
system has basic features, which involve the
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extraction of data from on-line transaction
processing (OLTP) systems. This synthetic data was
loaded into the data staging area where cleaned and
standardized were loaded to a data presentation area.
After that, the data was dimensionally modelled,
and data marts were created (Kimball, 1998). The
proposed SDSS was showed the type and number of
herbs and that grow in all areas. It also shows the
type and quantity of land cultivation of herbs from
2015 to 2017.

As a result, farmers have decided to change the
use of land to grow herbs to increase their income.
The percentage of species of medicinal plants as
shown in Figure 3 that grows in 2,880,000 square
meters. Moreover, the percentage of increase and
decrease of land use herbal medicine planting was
compared with the increase and decrease in revenue
per square meter as illustrated in Figure 4. The
Markov Chain model was adapted for land-use
suggestion in this research. The model was
suggested annual land-use change for the farmers’
decision to promote conservation of herbal plants.
Herbal plants were randomly selected to test for 10
species comprised Pomegranate, Mulberry, Bitter
Gourd, Butterfly Pea, Ginger, Shallot, Lady’s
Finger, Safflower, Nut Grass, and Blady Grass. The
model was showed two different periods in Figure
5. The probability of the land-use changes between
herbal species, 7 , shown as:

il
a
Equation 1

Where; £ is the average income of the herb per
square meter, £ is one percentage of total land-use
herbs per square meter, and ¥ is the probability of
the land-use change. The suggestion of the next
period of land-use was expressed as:

Yo Yo Yo o Ve

Yo Yo Ym Vo Vi

VUV V] |7 %6 % 7u 7
Ve Yo Va Vo Vg
e Yo Vo Vo Ve
S I4AA4AN

Equation 2
Where; ['] g and [..lsz are the vector of land use of

the first year and the second year respectively. V,,

V,.V,.,V,, and V. are the land-use area of tree and

shrub, bunch, head, vegetables, and pgrass
respectively.
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Figure 9: The comparison of herbal cultivation areas and density
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The Figures 6 and 7 illustrated that the comparison
of area between the real growing herbs and the
suggestion. The three herbal types, which were
bunch, head and vegetables, that nearly the same as
their suggestion. However, there was one essential
point wherein the rate of tree and shrub (up or
down) was quite low. The reason shown that the tree
and shrub type was difficult to replace or to plant
with the new type of herbs. With the complicated
processes and high cost, most farmers were still to
have to steady the rate of tree and shrub
unavoidably. Although its price was higher or
lower, farmers do not prefer to change it. As a
result, the tree and shrub cannot be replaced with
another type of herbs were planted or destroyed.
The proposed system shown all information in the
term of data, graphs, maps, and decision support
reports respectively. The changes of the area for
herbal agricultures were shown in Figurces 8 and 9.
The analysis of the data found that there has
been a change in farmland related to income from
the sale of herbs. In 2015, the local farmers have
areas of natural grasses, which are Nut Grass and
Blady Grass, for 1,734,400 square meters (60.22%

of the total area). They also have areas of head herbs
such as Ginger and Shallot for 432,000 square
meters (15% of the total area). The bunch herbs,
which are Bitter Gourd and Butterfly Pea, have been
planted for 300,800 square meters (10.44% of the
total area). In addition, the vegetables, which are
Lady's Finger and Safflower, have been cultivated
for 216,000 square meters (7.5% of the total area).
Finally, the tree and shrub, Pomegranate and
Mulberry, have been grown for 196,800 square
meters (6.83 % of the total area).

In the year of 2016, the head herbs were the most
popular for farmers to plant for their income, The
total area of the head herbs is 944,000 square meters
(32.78% of the total area). The second most popular
herb is the grass type. The total area of grass is
764,800 square meters {26.56% of the total area).
The third one is the vegetables. Its area is 540,800
square meters (18.78% of the total area). The fourth
most popular herb is the bunch type. Its total area is
462,400 square meters (16.06% of the total area).
Finally, the least popular herb in 2016 is the tree and
shrub type.

Proportion of land-use, Year 2015
tree and
shrub 6.83%

bunch 10.44%

head 15%)
|grass 60.22%

vegetables
7.50%

® tree and shrub = bunch = head vegetables mgrass

Proportion of land-use, Year 2016
tree and shrub
5.83%

Jurass 26 56%
banch 16.06%

vegetable

2.8
15.78% head 32.78%

wirccand shrsb  sbunch ®head  » vegetables ® prass

grass 18.33%

vegetable
21.61%

Proportion of land-use, Year 2017
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Figure 10: The comparison of herbal cultivation areas and density
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Figure 11: The results of the system performance assessment from research sample

The total area of them is 168,000 square meters
(5.83% of the total area) respectively. In the year of
2017, the most popular herb is the head herbs. Their
total arcas are 992,000 squarc meters (34.44% of the
total area). The second one is the vegetables. Their
total arcas are 622,400 square meters (21.61% of the
total area). The third most popular herb is the bunch.
Their total areas arc 592,000 square meters (20.56%
of the total area). The grass is the fourth most popular
one and the total area is 528,000 square meters
(18.33% of the total area). Finally, the least in 2017
is the tree and shrub. The total area is 145,600 square
meters (5.06% of the total area).

All the results show that both the grass herbs and
the tree and shrub herbs have continually decreased.
The reason is a long growing period. Moreover, their
price is lower than the others. On the other hand, the
herbs planting trends were head, vegetables, and
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bunch. Their area was increased continuously
because of the high price of herb in the market
(Figure 10). The system is tested by the alpha testing
with three experts in software development (Nuraini
ct al, 2015). This testing was based on the
application quality assurance checklist (AQAC) by
the Strong Quality Assurance Ltd., (2016). They
were  business  requirements, development
framework, development IDE, concurrent users,
passwords, code comments, error handling, error
logging, field wvalidations, system testing, source
code, and database design. The test results have
shown the proposed system has passed in every
aspect. All results were showed in Figure 11.
Furthermore, the beta testing was used to evaluate the
system effectiveness. Participants were chosen from
herbal conservation consisting of 520 people: 470
herbal farmers 15 herbal experts and local scholars,

378 375 373 379 |
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and 35 village health volunteers. Then, all
participants were randomly selected by Taro
Yamane’s (1973) rule for 226 people (Yamane,
1973). As a result, the evaluation results are at a good
level in every assessment: 3.87 ( X = 0.03) for
overall system, 3.99 ( X = 0.25) for functional
requirement, 3.89 (X = 0.19) for system design and
3.85 (X = 0.20) for usability (Figure 11).

4. Conclusion

The data warchouse system and decision support
system for conservation of herbal plants were
proposed in this paper. The proposed system has
already been put to practical use in Muang district,
Phayao province, Thailand. As a result, the evaluation
scores from international standard for testing were at a
good level. This research purposes to develop a
database for the herbal preservation. Therefore, all
users have used the proposed system to support the
decision to conserve medicinal plants in their own
areas. However, the conservation of herbal plant
genetic need to get cooperation from the community
continuously. This paper can justifiably be proud of
our many achievements and successes in plant
conservation though the past years. The proposed
system can be used to help slow the loss rate of herbal
species. So, it is a tool to help conserve medicinal
plants of Muang district, Phayao province, Thailand,
concretely. So, GIS can also be used as an effective
tool to manage and visualization herbal cultivation
areas and density.
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