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ABSTRACT

The objective of this research was to develop an expert system for weed 
identification in paddy field, called WeedXPert, by means of weed morphology. The 
knowledge base, for this study, contains 58 main weed species that can be classified 
into three categories of leaf shapes, namely narrow-leaved weeds or grasses, sedges, 
and broad-leaved weeds.

WeedXPert was developed to work on computer with Microsoft Windows 
98 or higher version. Knowledge was represented by frames and the relational 
database complied by Microsoft Access 97. The Hierarchical Reasoning Method and 
Decision Tree were introduced to create an inference engine. It also used the 
Breadth-First search technique together with pattern-matching recognition technique 
for the reasoning method in the system. The user interface was developed by 
Microsoft Visual Basic version 6 that had 2 key modules, i.e., the Diagnosis Part, 
and the Data Manipulation Part. English is used as the language of the entire system 
for communication with users.

The results revealed that WeedXPert primarily performed well on the study’s 
target requirements. Also the system showed itself to be sufficiently useful as a 
prototype to be developed further and to be useful for other subsets of plants.
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CHAPTER I

INTRODUCTION

1.1  Problem Identification

Thailand is basically an agriculture-based country. Rice farming is the chief

occupation for Thai farmers. The rice-cultivated area takes up approximately 50

percent of the total arable land holding (1). In addition to the fact that rice is the most

important food of Thai people, it is the most stable agricultural commodity of Thailand

in terms of exportation. Its total production generally varies on a year-to-year basis,

ranging from 17 to 22 million tons. Of these figures, between 14 and18 million tons

are produced during the wet season. Looking at the total production of 19.12 million

tons in 1998, 13 million tons are processed and used for domestic consumptions. The

rest are exported to the world markets that rank Thailand as the biggest exporter of

milled rice in the world (2).

Weed infestation is a serious problem in every case of cultural practices for rice.

Weeds affect the health, food supply and economy of people in rice-producing country

as Thailand. The most common and severe effects of weed interference are yield and

quality losses by a competition of weeds in rice fields. In addition to both losses, there

are losses due to the cost spent for herbicides, cultural and mechanical practices, and

hand weeding to prevent even greater losses (3). Weed troublesomeness results from

changes in some conditions of paddy fields, particularly soil humidity. This is

consistent with research mentioning that the diversity and seriousness of weed

problems can be attributed to two factors, namely, cultural practices and climate

conditions (4). The number of weed species in the rice cultivation is more than other

crop cultivations. Even though rice culture has been extensively developed to increase

the production, losses caused by weed interference are still observed. Therefore, there

is a need to eradicate troublesomeness from weeds, reducing losses to near zero (5).

There are many measures to control weed interference in paddy field, starting

from the seeding to harvest. The weed control measures can mainly be categorized as
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four methods, namely, physical, chemical, biological and ecological methods. These

methods can be employed in various ways. At present, the chemical methods applying

herbicides are dramatically increasing used. According to a report by Plant and

Agricultural Material Control Division, Agriculture Division, the amount of imported

herbicides in 1999 is 48.6 percent of the total amount of imported hazardous chemicals

in Thailand. Applying these herbicides, there may be adverse affects to human beings

because of inadequate care, mistakenly diluting active ingredients and unknown

hazards. To control weeds efficiently and to decrease utilization of herbicides in paddy

fields, it is necessary to identify weed species and their characteristics to properly

select herbicides (6) or other methods.

In the weed area, weed identification is a key function to prevent and control

weeds in paddy field. Weed scientists and researchers have to identify weed

morphology and important characteristics in order to achieve targets of the prevention

and control. However, identification is a difficult task. Identification is typically done

after a number of expert decisions have been made. Some errors and difficulties in

weed identification could happen because of limited human memory and synonyms of

weed common names. Some weeds have the same common names but different

characteristics. For non-experts, they could identify weed species by following the

identification steps of plant taxonomy references and thereby comparing weed

morphology to the example in the plant hall. Doing this way may, however, be very

slow and obtain an incorrect diagnosis.

Based on the fact on weed identification, the problem is that only some experts

due to their knowledge and experience can perform this task. The problem becomes

more serious when the experts retire from the task or leave the office. Additionally, for

any reason, they are not able to conduct the identification task directly. The weed

diagnosis will, at that moment, face some difficulties since nobody can replace these

experts. Besides, data collections of rice weed morphology are currently insufficient.

A solution for this problem is possibly the introduction of Artificial Intelligence (AI)

techniques to weed identification through the formulation of an expert system.

Consequently, the demand of having an expert system for weed identification

that can capture knowledge of human expertise for the specific area becomes

necessary. With this expert system, the non-experts can solve specific problems at the
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same skill and efficiency as those of experts (7). It could relieve experts’ work. It

could also be one of knowledge references for researchers and relevant people. Hence,

a question in this study is “How an expert system can identify weed species in paddy

fields using their morphology?”

1.2  Objectives

The objectives of this study are as follows:

1. To study how to develop an expert system that can be applied in various areas.

2. To develop an expert system for weed identification in paddy fields using

weed morphology, including descriptions of their desirable traits and control.

1.3  The Conceptual Understanding of the Study

An expert system for weed identification in paddy fields is fundamentally a

small-scale system, which is not complicated. There are several expert system

development life cycle (SDLC) models that are developed. In this study, the life cycle

model can be ideally described following the Efraim Turban and Jay E. Aronson’s

model (9).

It begins with an expression of users’ needs. The author works with users and

the domain expertise to analyze the task and define the functional requirements of

weed identification systems. Knowledge is acquired from existing literature,

academics and expertise from the Weed Science Group, Botany and Weed Science

Division, Department of Agriculture. These requirements are formally described in a

requirement specification. The system analysis and design are then developed to meet

the requirements described in the requirement specification. The prototype

construction is performed afterwards. The design is implemented using a

programming language, which is recognized to the target machine. This study results

in an expert system program for weed identification in paddy fields where it can
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interact with users as well as conclude the preliminary answer including the desirable

traits and control methods.

1.4  The Scope of the Study

In summary, there are 58 main weed species in paddy fields in Thailand,

specifying Dicotyledonous weeds and Monocotyledonous weeds that can be classified

by their leaf shapes as three categories: narrow-leaved weeds or grasses, sedges and

broad-leaved weeds for this study. All the weed species lead to harmful effects, giving

rise to lower quality and yield of the rice production owing to a weed competition in

rice fields. Moreover, they could be often found in paddy field.

An expert system to be developed consists of two major parts as follows:

1.4.1 Diagnosis Part

Users can use this system as a weed identification consultant. They will have to

interact with user interfaces, which are convenient for using the system to identify

weed species. The morphological questions and possible answers will be formulated

for conclusions. They might illustrate questions and answers for users’ conveniences.

In addition, the system will have an explanation subsystem where users will be

ensured their identification sequences.

1.4.2 Data Manipulation Part

Engineers or experts can add, delete and edit knowledge and other weed

information in the system through this part.

An expert system for weed identification in paddy field will serve weed

scientists, researchers and relevant people such as agricultural officers, agricultural

extension officers and so on.
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1.5  Expected Outcomes

The expected outcome of this study is summarized as:

1. The formulation of an expert system that is used for weed identification in

paddy fields, including descriptions of their control.

2. Weed scientists, researchers and relevant people can use this system for weeds

in paddy fields to assist in preventing and controlling weeds.

3. It can be used as a prototype of an expert system for weed identification and

expanded for identification with high efficiency.
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CHAPTER II

LITERATURE REVIEW

          Knowledge under the conceptual understanding of this study was reviewed from 

existing literatures, research papers and text books. The review contained 3 main parts, 

those were, weed identification in paddy field, the concept of an expert system and 

verification of an expert system approach.  All details can be explained as following:

2.1 Weed Identification in Paddy Fields

2.1.1 Existing Problem of Weed Identification

The word weed (10) suggests a useless, ugly or harmful plant that persists in 

growing where it is not wanted. Weeds can interfere with crops, man and area of his 

interest. They have rapid vegetative growth and early reproduction, and the most 

important characteristic is the ability to survive and adapt to adverse conditions 

including control operation.

In agricultural areas, especially the cultivation, any plant species can behave as a 

weed depending upon the situation and the usefulness. There is a saying that “ One 

man’s crop may be another man’s weed (4).” There are species, however, that are not 

all used as crops and, therefore, behave as weeds all the time. Weeds compete with 

crop plants for the essentials of plant growth and development. Moreover, they resist 

unfavorable conditions including control operation. They have a mechanism for their 

strength(11).     The different kinds of weeds may depend on rice cultivation practices 

(5). Upland rice can be found several weeds such as Yaa Pak Kwai (Dactyloctenium 

aegyptium (L.) P. Beauv.). Dry-direct-seeded rice which rice seeds are scattered on 

plowed-paddy field in order to wait for raining can be found many weed species such 

as Yaa Khao Nok See Chom Poo (Echinochloa colona (L.) Link).
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Weed control as mentioned in chapter I was about to meet the efficient weed 

control in paddy field, it is necessary to identify weed species and their characteristics 

in order to choose the proper methods. By the way, there are several methods for plant 

identification studied by the scientists. These are DNA fingerprinting, biochemical 

method and morphological method. DNA fingerprinting (12) is a study of 

chemotaxonomical method that is as a precise method for plant genetic inspection. 

DNA fingerprinting involves the application of biochemical method that can be used 

to identify plants by using electrophoresis technique. Presently there are 2 methods of 

DNA fingerprinting, namely, Hybridization-based and PCR-based fingerprinting.

Besides, morphological method (13) can be the other ways to identify plants 

consisting with botanical characteristics in regard to the different genes of each plant 

and their genotypes. In general, even if some kinds of plant have the resemble 

morphological characteristics, the genes might not be the same. Nevertheless the 

benefit of morphological method is more uncomplicated, faster identifying and more 

economy than DNA fingerprinting method.

In weed research studies, weed scientists at the Weed Science Group, Botany 

and Weed Science Division, Department of Agriculture comment that weed scientists 

and the researchers are essential to know about weed morphological characteristics 

and another important traits in order to achieve targets in each weed research easily. 

As we can see in the research project of Department of Agriculture that has been 

formulated in order to find appropriate weed solution for raising rice production. The 

researches had to survey weed species in each field including weed life cycle and 

distribution in order to collect data before solving problem efficiently (14). For 

examples, a survey project in several upland rice fields was surveyed by Ampai and 

her colleagues in 1984 and returned to survey in the same fields in 1985 (14) for using 

in further weed control researches. But efficiency identification is a difficult task. In 

general, if the surveyors are not an expert to identify weed species or do not recognize 

weed species they have found, an expertise decision has been used to be done. 

Therefore, weed identification is important to survey weed species. Once there are 

sufficient experts for weed identification, all relevant researches will move towards 

efficient success. However the troubles of weed identification are caused by the 

limitation of human recognition regarding morphological characteristics and weed 
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common names. Several weed common names (both in Thai and English) could lead 

to confusion frequently. Thus, to identify weed species distinctly, it is necessary to 

specify the scientific name. Unfortunately, it is a hardship task in regard to memorize 

weed scientific name. Additionally, there is a lack of sufficient human experts for user 

needs.

At present, an expert system can be formulated to use expeditiously for the 

application in many areas. Thus, the researcher of this study considered the 

appropriation of an expert system to solve problem and also suggest how to control 

weed in paddy field. Furthermore, an expert system development of weed 

identification in paddy field has not been developed by anyone else, so it is suitable to 

develop it in order to achieve all relevant targets of weed researches.

2.1.2 Botanical Characteristics of Weeds

There are 58 main weed species in paddy field of Thailand specifying 

dicotyledonous and monocotyledonous weeds that can be classified by leaf shape into 

three categories, namely narrow-leaved weeds or grasses, sedges, and broad-leaved

weeds under study. The following categories are (4):

Narrow-leaved weeds or grasses: are members of  the family Graminea 

(Poaceae) which range from small, twisted, erect, or creeping annuals or perennials. 

Stem are called culms with well defined nodes. The leaf is composed of two parts, the 

leaf sheath which clasps the stem, margins overlapping to form the tube, and the leaf

blade which is usually thin, narrow and linear with parallel venation. At the junction of 

the leaf blade and the leaf sheath is often a membranous, often hairy outgrowth called 

the ligule.

Sedges: are members of the family Cyperaceae. They bear a close 

resemblance to the grasses and can be distinguished by a thin triangular stem, the 

absence of a ligule and the fusion of leaf sheaths forming a tube around the stem. 

Perennial sedges have underground tubers and/or rhizomes.
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Broad-leaved weeds: are those belonging to both monocotyledonous and 

dicotyledonous weeds. They are identified by their fully expanded, broadleaf structure 

with netted venation.

The Angiospermae, one of the Tracheophyta’s subdivisions, are separated into 

two groups on the basis of whether their seeds contain one or two cotyledons, these 

groups are: monocotyledons (monocots) and dicotyledons (dicots). The Angiospermae 

comprise the “enclosed seed” plants, and ovum are in ovary which ovary are 

originated by rolling base of carpal (15)

There are five principal organs of the Angiosperm, namely: roots, stems, leaves,

flowers, and seeds. Their abbreviated details are as follows:

Roots (16)

The function of roots is the water and mineral nutrient absorption, and then 

serve for supporting stem and leaves. The first root is forced outside the seed coat by 

elongation of the hypocotyl with which it is continuous, it becomes the primary root. 

Soon it develops branch roots known as secondary roots. Root systems can be divided 

into two systems: fibrous root system and tap root system.

Stems (15)

Stem is a slender or elongated structure that supports a plant or a plant part 

or plant organ such as leaves and flowers. It consists of (1) nodes, a point on a stem 

where on or more leaves arise, (2) internodes, the length of stem between two nodes, 

and (3) buds.

The kinds of stems of weeds depend on size, age and plant habit, which is 

into herbs, shrubs, and climbers. Furthermore the most important classification of 

herbs is according to duration, namely annual herbs, biennial herbs, and perennial 

herbs.

Leaves

The functions of leaves of weeds are photosynthesis, respiration, and water 

discharge. The differences of leaves structure depend on the kinds of weeds. 

Generally, leaves are composed of:
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Leaf blade or lamina which is flat, has different sizes, shapes, and textures 

in each kind of weeds. Leaf blade is composed of mid rib, vein, apex, base, and 

margin.(15)

Petiole , a leaf stalk or a slender stem, that supports the blade of a leaf are 

mostly at edge of leaf. Exceptionally a flat organ with stalk inserted on under-surface, 

not at edge, called peltate. Usually the leaf blade is supported by a petiole, but some 

leaves do not have one (i.e. they are sessile). In the grasses the basal portion of the leaf 

is a sheath surrounding the stem.

Stipule is a scale-like or leaf-like appendage, usually at the base of the 

leaf-petiole and sometimes fused to it (16). Leaf having stipules called stipulate, but 

some leaves that do not have stipule called exstipulate.

Flower (15)

A flower is a highly modified shoot with specialized appendages 

composing of four components: calyx, corolla, androecium, and gynoecium. The 

flower having completely four components called a complete flower. Most species, 

have organ of both sexes (androecium and gynoecium) in the same flower, those are 

called a perfect flower or hermaphrodite. But the flower having either androecium or 

gynoecium called a unisexual flower.

Seed (10)

In Spermatophytes, seed is a reproductive unit which usually developed

from a fertilized ovule, and capable of producing a new individual plant.

2.1.3 Morphological Characteristics for Weed Identification

To identify weed species by using morphological characteristics, there are three 

distinct morphological characteristics to consider about, that is to say:

Stem : stem hairiness, stem cross section.

Leaf : leaf type, angle to midrib, leaf margin, leaf shape, leaf apex, leaf  

arrangement, leaf venation, leaf indumentum, stipulate, sheathness, ligule.
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Flower : flowering position, corolla, stamen, pistil or carpel, flowering, 

inflorescence,  color of spikelet, shape of spikelet, number of glume, glume 

arrangement.

2.2 Expert system

Artificial intelligence is a branch of computer science, which focuses on

determining how computers can be used to solve problem and sometimes its problem

solving is better than human’s (17). AI imitates and applies the reasoning

methodologies on knowledge in symbolic reasoning and problem solving, much like a

human expert. Nowadays, typical AI research has been successfully achieved in many

task areas such as robotics, vision sensing, natural language processing, architecture,

automatic programming, manufacturing planning, expert system or knowledge-based

system, etc. Especially an expert system, it has been widely known and applied in

many specific domains.

2.2.1 Structure of An Expert System (9)

An expert system is as a computer program that solves problem, within a 

specific domain (18), much like a human expert’s. (19). It may use both documented 

knowledge and human expert knowledge (20). The representation of the knowledge is 

captured in a manner that enables quick inference to solve problems by appropriate 

inference engine.

An expert system are composed of two major parts: the development 

environment and the consultation (runtime) environment (see Figure 2.1). The 

development
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Figure 2.1 Structure of an expert system (9)
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2.2.1.2 Knowledge Base

Knowledge base contains the knowledge necessary for understanding, 

formulating, and solving problems. It includes two basic elements: facts, which are 

the problem situation and theory of the problem area, and special heuristics, or rules

that direct the use of knowledge to solve specific problems in a particular domain.

The information in the knowledge base is incorporated into a computer 

program by a process called knowledge representation, which share two common 

characteristics. First, they can be programmed with existing computer languages and 

stored in memory. Second, they are designed so that the facts and other knowledge 

contained within them can be used in reasoning. That is, the knowledge base 

contains a data structure that can be manipulated by an inference system that uses 

search and pattern-matching techniques on the knowledge base to answer questions, 

draw conclusion, or otherwise perform an intelligent function. A good knowledge 

representation should be (20):

- efficient for any representation by using the same structure, and

easy to construct.

         - a modularity that can split into several modules in order to edit and

modify the knowledge.

- easily managed for consistency and avoided the errors.

- easy to understand.

- compatible with inference engine.

The examples of knowledge representation are as following:

Rule or Production rule (9) is a favorable way to represent 

knowledge because rules are easy to understand, modify, and maintain. Rules have 

two parts: condition (or premise) clauses and conclusion (or action) clauses. In case of 

multiple clauses, the clauses must be conjunctive. A general rule is shown as 

following:

IF (condition clause1) and(or) (condition clause2)…and(or) (condition 

clause)
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      THEN (conclusion clause1) and(or) (conclusion clause2)..and(or)

(conclusion clause)

Rules may appear in different forms. Some examples follow:

IF premise, THEN conclusion.

Conclusion, IF premise.

Frame (9) is a proper data structure to particularly arrange object

knowledge. This knowledge is organized in a special hierarchical structure. The lower-

level frames keep more specific knowledge than the higher-level. Access to a

mechanism that supports the inheritance of information down a class hierarchy.

Moreover, frames are as a modularity of information, permitting ease of system

expansion and maintenance. Frames consist of slots and facets. A slot is a set of

attributes that describe the object represented by the frame. Each slot contains one or

more facets. The facets (or subslots) describe some knowledge or procedures about the

attribute in the slot.

Semantic networks (9) are basically graphic depictions of

knowledge composed of nodes and links that show hierarchical relationships between

objects. Node can be divided into two types: concept node and instance node.

Semantic network can inference by showing inheritance because it is basically a

hierarchy, the various characteristics of some nodes actually inherit the characteristics

of others. The advantages of semantic network are flexible, and easy to capture

hierarchy.

Although there are several methods to represent knowledge but no one is 

ideally suited by itself for all tasks. As we can see in Table 2.1
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Table 2.1 Advantages and disadvantages of different knowledge representations.(9)

Scheme Advantages Disadvantages

Production rules Simple syntax, easy to

understand, simple interpreter,

highly modular, flexible (easy

to add to or modify).

Hard to follow hierarchies,

inefficient for large systems, not

all knowledge can be expressed as

rules, poor at representing

structured descriptive knowledge.

Semantic networks Easy to follow hierarchy, easy

to trace associations, flexible.

Meaning attached to nodes might

be ambiguous, exception handling

is difficult to program.

Frames Expressive power, easy to set

up slots for news properties and

relations, easy to create

specialized procedures, easy to

include default information and

detect missing values.

Difficult to program, difficult for

inference, lack of inexpensive

software.

Formal logic Facts asserted independently of

use, assurance that only valid

consequences are asserted

(precision), and completeness.

Separation of representation and

processing, inefficient with large

data sets, very slow with large

knowledge bases.

2.2.1.3 Inference Engine, also known as the control structure, is

essentially a computer program that provides a methodology for reasoning about

information in the knowledge base and on the blackboard, and for formulating

conclusions. Inference engine can formulate the capability of another components,

therefore the inferencing method should be carefully select depending on the

knowledge representation and appropriate problem characteristics such as:

Inferencing with rules

       There are two approaches for controlling inference in rule-based

systems: forward chaining (or data-driven inference or bottom-up inference) and
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backward chaining (or goal-driven inference or top-down inference). In forward

chaining, if the premise clauses match the situation, then the process attempts to assert

the conclusion. In backward chaining, if the current goal is to determine the correct

conclusion, then the process attempts to determine whether the premise clauses (facts)

match the situation. If the search fails there, the expert system looks for another rule

whose conclusion is the same as first rule. If the goal is proven false, then the next

goal is tried by backtracking.

Inferencing with frames

   Reasoning with frames is much more complicated than reasoning 

with rules, that can be implemented in a number of different ways. The two most 

common ways (9) are using rules and using hierarchical reasoning. Using rules in 

frames, a rule can reason about the characteristics of a frame by referencing to its slot 

values. Frames has found suitable for the  knowledge base in classification.

The search strategy or control strategy can be the Heuristic search 

and the Blind search. The Heuristic search is more complicated than the Blind search. 

It is also required the Heuristic function for the best search. The Blind search is much 

more systematic and easily developed that is well fitting to the uncomplicated 

problems.   The Blind search can be divided into 2 methods (17): the Depth-First 

search and the Breadth-First search. The rule of searching for the Depth-First search is 

to firstly search every steps in depth of paths. If the answer cannot be found, the back 

tracking will be called for another searching. Unlike the Depth-First search, the 

Breadth-First search is the certain searching method to find the results in the database. 

Although there are a plenty of solving paths, this method will find the shortest one 

from root node. The rule of searching for the Bread-First search is to firstly search 

every steps in bread of paths.  The weak point of it is that requires too much memory 

for the system. However, cutting the useless sub-tree from the searching process of the 

system can solve this problem.

Along the solving process, the probable paths are the value of 

morphological characteristics.  It can be set up in form of the systematic structure as 

the Decision Tree which is composed of:
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Node: represents the attribute that is the morphological 

characteristic

Arc: represents the attribute value that is the value of 

morphological characteristic.

2.2.1.4 User Interface

Expert system contain a language processor for friendly, problem-oriented 

communication between user and the computer. This communication can best be 

carried out in a natural language. Sometimes it is supplemented by menus and 

graphics.

2.2.1.5 Blackboard (Workplace)

The blackboard is an area of working memory set aside for the description 

of a current problem, as specified by the input data, it is also used for recording 

intermediate results. The blackboard records intermediate hypotheses and decisions.

2.2.1.6 Explanation Subsystem (Justifier)

The ability to trace responsibility for conclusions to their sources is crucial 

both in the transfer of expertise and in problem solving. The explanation subsystem 

can trace such responsibility and explain the expert system behavior by interactively 

answering questions.

2.2.1.7 Knowledge Refining System

The knowledge refining system is the program that can analyze the reasons 

for its success or failure as human expert do. This could lead to improvements that 

result in a more accurate knowledge base and more effective reasoning.

However, the three major components that appear virtually in every expert 

system are the knowledge base, inference engine, and user interface. Incidentally, the 

system cannot analyze their own knowledge and its use, cannot learn and improve 

itself for future consultation besides 58 weed species.
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2.2.2 Expert System Development Life Cycle

An expert system is basically computer software, so its development follows a

software development process which called system development life cycle (SDLC). Its

characteristics are (21):

The customer and the domain expert are involved throughout the entire 

process. This is in contrast to the traditional system, in which the user specifies the 

requirements and then walks away and waits for the final product.

Frequent demonstrations of work to date are encouraged. These 

demonstrations allow the customer and expert to visualize the functionality of the 

completed system and request changes.

Change is viewed as healthy, it is the central concept. Especially, change is 

encouraged during the prototype phase. The intent is to identify the changes during the 

phase in which they are the easiest to implement.

There are several models of an expert system development life cycle that might 

have some different phases. The examples are as below:

An expert system development life cycle of David W. Rolston (21) 

generally follows as model that is iterative version of the traditional life cycle model 

consisting of six phases (figure 2.2). These following phases are :

Phase 1 : Problem selection

The problem selection process, which is one of the most critical 

phases of an expert system development project, can be decomposed into several 

steps. The first step in this phase is the problem survey to hold a brainstorming session 

to compile a list of problems that might be considered. Next the candidate selection is 

set to narrow the list to the applications that will receive intensive consideration. Each 

candidate is then analyzed in more detail, these are: domain applicability, expert 
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availability, problem scope, and cost/benefit analysis. The end of this phase will gain 

the final candidate selection.

Phase 2 : Prototype construction

Once problem domain has been selected, the next task is to construct 

a prototype that represents a small part of the final system. The prototype construction 

activity normally involves only the knowledge engineer and the domain expert. It 

begins with initial knowledge acquisition. After the knowledge engineer has 

developed a reasonably good understanding of the domain, the process of developing a 

basic problem approach, general consultation model, inference paradigm, and 

knowledge representation begins. After these are defined, a tool that will effectively 

operate with the selected paradigm and the knowledge representation is selected. Then 

the implementation of the prototype is started by using the selected tool. Prototype 

testing, demonstration, and revisions will be under practice after that to gain a basic 

satisfactory prototype for the next phase.

Phase 3 : Formalization

Formalization is as important in expert system development as it is 

in the development of any other large complex system. Because there is a need to 

capture an understanding of a problem that is initially not well understood in phase 2 

for avoiding the failure of the implementation. The specific steps in the formalization 

process are: detailed problem analysis, project planning, test planning, product 

planning, support planning, and implementation planning. Therefore the end of this 

phase gains a development plan for prototype expansion.

Phase 4 : Implementation

The steps in the implementation phase begin with revise the 

prototype. Following the revision of the prototype, the largest development phase 

starts. This phase includes the implementation of the basic framework for the system 

(e.g., inference engine, user interface) the core knowledge base and any ancillary 

software required. These activities can generally be executed in parallel. Following 

their completion, the main system components must be integrated into one 

comprehensive system. After the system integrated, it is verified by the knowledge 

engineer and the domain expert before sending it on to more formal verification by 

external people.
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Phase 5 : Evaluation

Once an expert system has been developed, it is essential to evaluate 

by any methods for its correctness, completeness, and consistency.

Phase 6 : Long-term evolution

Several types of evolution are involved: increase in general 

functionality, corrections particularly to the knowledge base, addition to the 

knowledge base to make the base more complete, expansion of the domain, and 

revision required by external modification.

There is the other one else of an expert system development life cycle 

model proposed by Deborah D. Wolfgram, Teresa J. Dear, and Craig S. Galbraith 

(22)consists of six phases (Figure 2.3) as follows:

Phase 1 : Identification and definition of problem

This phase details the identification and determination of the scope 

of the problem and its characteristics. It entails the identification of the expert(s) 

required, the resources needed (such as money, hardware, software, personnel, and 

development time), and the goals of the expert system. It is imperative to identify the 

goals clearly and criteria of the system. These considerations provide an initial 

guideline for direction in the development of the expert system prototype and should 

be documented through an Expert System Project Study.

Phase 2 : Development of the prototype

This phase details finding the basic concepts, which represent 

knowledge via key metarules, relations, and identifying the flow of information 

needed to describe the problem-solving process. Decisions are made as to the 

appropriate hardware and software. Also, the formats for representing the knowledge 

of the system are established. In the prototype, the knowledge engineer must begin to 

identify and document the reasoning processes of the expert called knowledge 

recovery. Once the prototype is in place, it has to test and review carefully.

At this stage it finally provides the prototype and the plan to 

continue the project and construct the complete expert system for Phase 3.
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Figure 2.2 An expert system development life cycle of David W. Rolston (21)

Phase 6
Long-term evolution

Increase in general functionality
Correction to knowledge base
Expand the domain
Revision required by external
modifications

Prototype revision
System framework development
Core knowledge acquisition
Ancillary software development
Internal integration and verification

Verify the completeness of system
Verify the consistency of system

Phase 4
Implementation

Phase 5
Evaluation

Detailed problem analysis, Project
planning, Test planning, Product
planning, Support planning,
Implementation planning

Phase 3
Formalization

Basic problem approach,
Inference selection,
Knowledge representation selection,
Tool selection,
Prototpye implementation,
Prototype testing and demonstration

Phase 2
Prototype construction

Problem survey,
Candidate selection,
Domain applicability,
 Expert availability,
Problem scope,
Cost/benefit analysis

Phase 1
Problem selection



Sutasana Kamnerdtong Literature review / 22

Figure 2.3 Stages of expert system development of Deborah D. Wolfgram, Teresa J.

Dear and Craig S. Galbraith (22)
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Phase 3 : Construction of the expert system

Here, the detailed rules that embody the knowledge are concretely 

formulated and refined by combining and reorganizing the knowledge from the 

prototype. This stage also entails the primary data gathering process, formally called 

knowledge acquisition. Not only is the knowledge base dramatically expanded, but the 

front and end user interfaces are also carefully designed. The end of the construction 

stage begins time-consuming testing stage where the system is reviewed and checked 

repeatedly. Therefore, the completed expert system is constructed within this phase in 

order to test and evaluate in phase 4.

Phase 4 : Testing and evaluation of the expert system

At this stage, the expert system is tested and retested in many 

different ways. Everything is checked, from the construction of the front interface, to 

the clarity, communication and ease of use of the end interface, to the accuracy of 

problem outcomes. The loop continues until all testing is complete, at which point the 

expert system is ready for use.

Phase 5 : Integration and implementation of the expert system

Here, the expert system is integrated into the day-to-day operations 

of the organization. This entails education, training, and operational procedure 

changes. The integration phase should be carefully planned and organized with full 

training, support, and documentation.

Phase 6 : Maintenance of the expert system

The maintenance of the expert system entails the continual process 

of reviewing, modifying, expanding, and upgrading the knowledge base, hardware, 

and software.

In addition, the expert system development life cycle model proposed by 

Efraim Turban and Jay E. Aronson (9) consists of six phases (Figure 2.4) as 

follows:
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Figure 2.4 An expert system development life cycle of Efraim Turban and Jay E.
Aronson (9)
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approach, consideration of managerial issues. The appropriate problem is initiated at 

the end of this phase.   

Phase 2 System analysis and design

Once the concept of the project has been approved, a detailed system 

analysis must be conducted to estimate the functionality of the system. Many tasks 

performed in this phase are conceptual design and plan, development strategy, Sources 

of knowledge selection, Computing resources selection, feasibility study, and cost-

benefit analysis. Regarding the software selection, it is essential to carefully select the 

appropriate software for developing an expert system. The software features can affect 

to the strength and weakness of the system (23). The appropriate software would 

describe as below:

The software can be executed on the microcomputer.

The programming language of software should be easy to

understand and its syntax should not be complex.

The software is able to comfortably develop the user interface.

In addition, the hardware is also important to compatibly select with the

selected software and the system capabilities. Knowledge representation and inference

engine selection should be consistent with the nature of the problem. Moreover,

inference engine selection would be compatible with the selected knowledge

representation.

Apart from the above selections, the economical (financial), technical,

operational feasibility study are essential to be done within this phase.

Phase 3 Rapid prototyping

Prototyping has been crucial to the development of many expert

systems. A prototype in expert system is a small-scale system. The process of this

phase starts with the design of a small system. After building, the prototype need to be

tested, improved, expanded, demonstrated and analyzed feasibility. The prototype is

produced with completing design at the end of this phase. The completing knowledge

base will be created in phase 4.

Phase 4 System development

Once the initial prototype is ready, system development begins. This

phase can be a lengthy and complex. In this phase, the knowledge base is built and
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continuous testing, reviews and improvements are carried out. Other activities include

creation of interfaces, creating and testing the user interface and so on.

Phase 5 Implementation

The process of implementing an expert system are mostly composed

of evaluating the acceptance by users, installation and demonstration, documenting,

orientation and training, setting the security ,and integration. The documentation

consists of 2 part: the maintenance documentation and the user documentation

Phase 6 Post implementation

Several activities are performed once the system is distributed to

users. The most important of the activities are system operation, maintenance,

upgrading and expansion, and evaluation.

The development of this research is based on an expert system 

development life cycle of Efraim Turban and Jay E. Aronson. The various tasks 

encountered are organized into six phases as shown in Figure 2.4.  The researcher 

found that this model is the most consistent to the conceptual idea of an expert system 

development for weed identification, which the system analysis and design would be 

emphasized to breakdown a whole knowledge as the phase 2. The time will be 

moderately tight and other components will be suitably selected without the 

formalization process as in the expert system development life cycle of David W. 

Rolston (Figure 2.2). Additionally, Phase 3 in an expert system development life cycle 

of Efraim Turban and Jay E. Aronson is also more well-fitting comparing to that of 

David W. Rolston and Deborah D. Wolfgram, Teresa J. Dear and Craig S. Galbraith 

(22)

 However, The process in an expert system life cycle of Efraim Turban and 

Jay E. Aronson (Figure 2.4) is not linear, rather, some tasks are performed 

simultaneously and a return to previous tasks or even phases happens often. This 

characteristic will help to develop concisely and surely in every steps. It is necessary 

to consider the appropriate steps of work, which depends on the scope of the study. 

Therefore small unsubstantial tasks could be gathered under the one tasks or cut them 

out. In this study, the researcher has changed some step to well-fitting development as 

shown in Figure 2.5.
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Figure 2.5 An expert system development life cycle for weed identification in
paddy field
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considered. It was because this research is only a study research, so there is no any 

effect when developing the system.

Development strategy – in Phase 2 which consider who is going on 

to build the system, i.e., do it yourself, hire an outside developer, enter into a joint 

venture, merge and attack on all fronts, has been skipped to the expert system life 

cycle for weed identification in paddy field because the researcher develops the system 

herself for her master thesis.

Cost/benefit analysis – in Phase 2 was not counted for considering 

from the entire cycle because it is not in the scope of the study. The specific 

organization that will use this system has never specified. The users will generally be 

the weed scientists, researchers and relevant people, so there is no need to analyze cost 

and benefit. The verification of an expert system approach will be also considered.

Decision factor selection – has been added to consider in Phase 2

because it would help to select the knowledge representation and its inference engine

appropriately.

Upgrade – in Phase 6, the upgrading system for new knowledge was 

not included to develop in this study. However, the master data maintenance will be 

manually updated by the human in the real work. It is out of  the scope of this study.

Periodic evaluation – in Phase 6 was not included in the expert 

system life cycle for this study because that long period is not in the scope of this 

study.

2.2.3 Applications of an expert system

The expert system can be widely applied to develop in the various domains. The

examples of the application are as following.
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Prediction system

An expert system for predicting ground water environmental impact of 

livestock farming in Malaysia (24). This prediction system was developed in the year 

1997 in order to be used as a tool in evaluating, approving, monitoring, and mitigation 

measure of the compliance of the approved guidelines. It used CLIPS (C Language 

Integrated Production Systems) as a tool for development working with Window using 

Rules as its inference engine. To predict groundwater pollution potential, DRASTIC 

model was incorporated into this expert system. Using this expert system to predicting 

groundwater will have the question and possible answer to choose. Just key in the 

answer number of derived question. The result as the vulnerability levels will show on 

screen with the illustrations and printing it out is also available for the user comfort.

Control system

An expert system for controlling dust from the industrial factory (25)

developed in 1998; aimed to contribute the knowledge of dust treatment technologies

and guide the alternative appropriate technologies for users. It used Borland Delphi

version 3.0 under Window 95 using rules as the knowledge representation for

developing.  The question of knowledge rules can be shown for user selection and the

results of the appropriate dust treatment technologies will then be informed on screen.

Additionally, the system can accordingly design the equipment for each technology.

Monitoring system

HAZOP (26) is an expert system for security analysis in the industrial 

chemical process which was built in 1994. Its benefit is the capability on checking list

what happening without human control on monitoring function. Knowledge base of 

HAZOP was represented by frames using rule network for consequence reasoning. 

Forward chaining and backward chaining were used as its inference engine. Its module 

structure can be easily to modify or expand knowledge base for further development. 

The results of system assessment showed 50% reduction of human workers.
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Planning system

The expert system for production planning (7) case study at Television

shop-floor of Viettronic Dong Da Company, Vietnam was developed in the year 1997.

This company is the import-export company on the electricity machines. This system

can estimate the demand in the production system replacing the human experts when

lacking or absence. Borland C++ and CLIPS 6.0 were used for building the system.

The knowledge was represented by rules using backward chaining as its inference

engine.

Diagnosis system

MYCIN (27), which is considered the granddaddy of expert system, was

developed to aid physicians in diagnosing meningitis and other bacterial infections of

the blood and to prescribe treatment. The reasoning method was the answer

comparison between user’s and system knowledge’s. The results can be complied by

Backward chaining inferencing some of 500 rules in the system.

MYCIN has been developed to be more efficiency than that in the

beginning. Later, MYCIN has early become the prototype of the existing expert

systems.

TPEX (28) is an expert system using Visual Prolog 4.0 to develop in

1996. It can provide the advises to physicians, nurses, pharmacists and relevant people

after diagnosis the patient symptoms caused by harmful plants. It can diagnose 94

species harmful plants which were classified into 30 groups. Knowledge was

represented by rules working with backward chaining. There were 202 rules and 417

facts in the knowledge base. The user interface was user friendly designed to

communicate. Pictures were also conducted.

An expert system for preliminary diagnosis the visual exhaustion of the

computer-used operators (29) was built in 1997. These target users can examine their

symptoms by using this system. The results of the system will give the
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recommendation on modifying the environment of working areas. The 6 aspects were

conducted to examine. Microsoft Access version 2.0 was used as a tool for creating the

database and Visual Basic version 4.0 was used for building the diagnosis capability.

Knowledge representation was rules in form of ‘If-Then’. This research give an idea

on applying the database for developing as expert system.

CVIX (13) was developed in 1996 to identify 50 sugarcane species in

Thailand by examing their morphological characteristics. CVIX works on

microcomputer with Microsoft Windows 3.11 Thai Edition. The programs were

complied by Visual Basic 4.0 which their knowledge representation are frames and

tables. To create inference engine, the decision tree was introduced. The searching

method is the Depth-First search. There are two programs in CVIX. One is ‘identify’

for diagnosis of sugarcane species. The other is ‘AssistKE’ for legal knowledge

engineer to add new species to knowledge base. The user interface allowed text with

pictures in question-answer module which is  user friendly.

WIX (33) is the expert system for identifying weeds in soybean system in

Thailand. The types of weed can be divided into 2 types, which are Dicotyledonous

weeds and Monocotyledonous weeds. Its knowledge can be acquired from Mr. James

F. Maxwell who is an expert in weed identification at ChiangMai University. WIX

was developed by using Multimedia Toolbook to work on Windows 3.1 Thai Edition.

Knowledge was presented by rules and operated with forward chaining as its inference

engine. The components of WIX was composed of 3 parts: Knowledge base of weed

species, Identification rules, and Weed pictures. The results were shown in both text

and picture.

Plant Taxonomy Expert System (8) is the expert system for classifying 

the family of dicotyledonous plant in Subdivision Angiosperm. Knowledge of  plant 

classification was acquired from the systematic plant taxonomy of Hsuan Keng. It was 

developed by using an expert system shell called Level 5 Object 3.6 Professional. 

Rules and Frames were used as its knowledge representation. The inference engine 
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was suitably used both Forward chaining and Backward chaining. The user interface 

was consisted of 4 subsystems.

SPONGIA (30) This expert system was designed and developed in the 

year 1998 aimed to specifically classify the marine sponges. The problems of this 

study were the hard classification and the lack of the human experts. SPONGIA can 

classify marine sponges . In the future, it has planned to upgrade the system for 

identify the species of marine sponges. The sufficient substances are required to that 

task. MILORD II language was used to design the system structure. The overall 

system development in this research was useful as the guideline for weed 

identification in paddy fields.

Later on, SPONGIA (31) was tested in 1999 by the same researchers in 

this study. The results of the system were experimentally compared to the results of 

the human expert and found that SPONGIA can effectually classify Porifera Marine 

sponges. The objective for more validation

This research shown that the testing system is a very important process in 

the expert system life cycle.

NEPER (32) In this system, the classification of grasses is based on the 

morphologies of the leaf base and leaf surface containing 51 Egyptian weeds. It was 

developed in the year 1996. The hierarchical classification tool allowed for a clear 

separation of the knowledge from the structure in which the knowledge is organized. 

Hypotheses are established or ruled out on the basis of the user's choices among 

options presented as pictures. This approach reduces the number of characters required 

for weed identification and the user does not need to know technical terms. Text 

descriptions are replaced with pictures, to minimize the use of technical terms. The 

object-oriented nature of this approach simplifies adding or removing weeds. This 

approach can be readily applied to other domains, such as disease identification, 

fertilizer recommendation, or cultivar selection.

This research has never shown the weed control method. However, this 

approach can be readily applied to other domains, such as disease identification, 
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fertilizer recommendation, or cultivar selection. It would effectively apply to an expert 

system development for weed identification in paddy field.

Presently, it is possible to build a user friendly expert system for various 

domains. Besides an expert system software for weed identification in paddy field has 

never been done by anyone.   So an expert system development for weed identification 

in paddy field would be done in order to identify weed species and show the desirable 

traits the by using weed morphology. The substantial considerations to verify expert 

system can be described as below:

Regarding the knowledge representation selection in the literature review, the

knowledge of an expert system for diagnosis system can be represented by using the

production rule. The examples of rules were found in the development of MYCIN,

TPEX and WIX. However, frames were also effective for developing in CVIX.

Nonetheless, the efficiency comparison of the knowledge representation was not

discussed in these researches. They showed the application of an expert system for

solving problems in various domains. This idea was absolutely useful for finding the

solution on weed identification in paddy field.

Software for building expert system is now available to select in various

capabilities. Expert system shell is one of expert system software type such as Level 5

Object 3.6 Professional which was used in Plant taxonomy expert system

development, Visual Prolog 4.0 used in developing the TPEX. Besides, an expert

system can also be developed by Programming language software, for examples,

Visual Basic 4.0 used as developing software for CVIX. The developers can possibly

select one or two software for building expert system as we can see in an expert

system development for visual exhaustion diagnosis which used Microsoft Access

version 2.0 for creating database and Visual Basic version 4.0 for creating the

diagnosis function.
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2.3 Verification of an expert system approach

After considering other alternatives, for examples; education and training, 

buying packaged software, it was found that they were not appropriate enough to be 

the solution for weed identification in paddy field because of the high cost and the 

difficult organizing on training and unavailable software for weed identification in 

paddy field. However, the fact that other alternatives are not appropriate for solving a 

problem does not mean that an expert system is necessary. Therefore the verification 

of an expert system approach (9) was required and the researcher has found that an 

expert system was appropriate to solve the problem on weed identification in paddy 

field. The reasons were provided as below:

        The nature of problem on weed identification in paddy field have a symbolic 

structure and its heuristics can be available for expert system solution. The expert 

system is more consistent or accurate and more memorable than human. In addition, 

the expert system solution can be derived faster than that which a human can provide. 

However, the system flexibility still depends on the system design and development.

The problem on weed identification in paddy field necessarily require at least 

one human expert to solve on their own methodology which may be different due to 

the different experts’ experiences. It has also found that the task is neither too easy nor 

too difficult for developing the system. It is well understood and clear but does not 

require common sense. Expertise involved can agree on the knowledge. The sufficient 

knowledge in the expert system certainly depend on the knowledge base we have 

inputted to the system.

The advantages of using expert system as the solution for weed identification in

paddy fields are as below:

It can preserve scarce human expertise, so it will not be lost.

It can replace expertise while the knowledge is needed in many places at

the same time.

 It can be used for training.
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CHAPTER III

METHODOLOGY

In this research, related information was reviewed from literatures and relevant

researches will be used to develop an expert system for weed identification in paddy

field. Its development was based on Efraim Turban and Jay E. Aronson’s expert

system development life cycle which consists of six major phases as following:

Phase 1: Project initialization

Phase 2: System analysis and design

Phase 3: Rapid prototyping

Phase 4: System development

Phase 5: Implementation

Phase 6: Post implementation

According to SDLC, the details in each phase can be shown as below:

3.1 Project Initialization

3.1.1 Problem Identification and Analysis

A clear definition of the problem simplifies the remaining tasks significantly and

helps to generate a productive program. Therefore it is essential to identify the

problem of weed identification in paddy field. The substantial consideration issues are:

The existing problem in weed identification and the appropriateness of

using expert system.

The characteristics of weed identification knowledge which need to know 

for appropriate resources selection and system design.
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3.2 System Analysis and Design

Once the concept of the project has been approved, system analysis and design

phase will be conducted to estimate the functionality of the system. Many tasks are

performed in this phase. These tasks are briefly discussed as below.

3.2.1 Select Sources of Knowledge

The good sources of knowledge are necessary to consider since it could impact

to how good of the overall system. All needed data should be listed in this step. It was

found an expert system development for weed identification in paddy field will have

to use both documented sources and human experts as sources of knowledge. Sources

of knowledge can be divided into 2 types: human experts as sources of knowledge and

documented sources. These are concisely explained next.

3.2.1.1 Human Experts

Human experts possess knowledge that is much more complex than what

we find in documented sources. It is based on experience, and in many cases can be

expressed in terms of heuristics. So, human expert for one expert system is specific to

be appropriately selected. .

3.2.1.2 Documented Sources

Documented sources are the secondary data that are necessary for expert 

system development. To successfully produce an expert system for this study, the 

selective sources would be the relevant documents of weed identification in paddy 

field, weed morphology, and expert system.

3.2.2 Select Decision Factors

Decision factor selection is considered as one part of knowledge acquisition that 

has been significant and difficult to the development of expert system. If error 

knowledge is inputted, the system conclusion will also be erred.

The morphological characteristics are composed of the qualitative characteristics

and the quantitative characteristics. The former one is as the uncountable
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characteristics, i.e., shape of clump of weeds, flower colors, inflorescence type, leave

shapes. Vise versa, the later one can be countable, i.e., height of stem, breadth of leaf

blade. These characteristics are controlled under the genetic codes and the

environment. That is why it is crucial to carefully select the appropriate decision

factors for the knowledge base.

To develop an expert system for weed identification in paddy field, it has found

that not all weed morphological characteristics are required to use in the system for

speedy system processing. There is a good mention that is ‘one of the important thing

in the learning research is to select the good decision factors (37)’. Once the decision

factors are selected, the Decision tree or Decision table will be conducted.

From reviewing the relevant documented sources, it was found that the

morphological characteristics of each weed specie in several sources are somehow

different. Different collected period and places can cause their changes. Due to this

reason, method used for selecting the decision factors in this study is based on the

experience of human expert that is accompanied with the induction principal. The

selected characteristics should be consistent with the characteristics in relevant

documented sources, and those of all will put together into the best-fit decision tree.

3.2.3 Conceptual Design and Plan

The tasks of this phase are to design the conceptual expert system, which

provides a general idea of what the system will look like and how it is going to solve

the problem. The design shows the general capabilities of the system, the required

resources, and any other information that is necessary for detailed design later.

3.2.3.1 Design Knowledge Base and Inference Engine

This step involves analysis and design of knowledge base and inference

engine in terms of database by creating diagnostic hierarchy and diagnoses of weed

identification.

3.2.3.2 Design the User Interface of An Expert System

In this step, the user interface is designed to communicate with the users

considering the ease of use, flexible to modify knowledge, and other facilities. The
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main module of the system can be divided into two main parts: Diagnosis part and

Data Manipulation part.

3.2.4 Select Computing Resources

The computing resources are selected considering knowledge representation,

inference engine, software and hardware.

3.2.4.1 Select Knowledge Representation

This step involves the knowledge representation schemes selection. Due to

the declarative knowledge of weed identification, the proper method for this study is

frames (9), which is a data structure to particularly arrange object knowledge, organize

in a hierarchical structure. Access to a mechanism that supports the inheritance of

information down a class hierarchy. In addition, the relational database will be

effectively together used to manage the knowledge.

3.2.4.2 Select Inference Engine

 The task in this step involves the inference engine selection. Reasoning in

frames can be implemented in a number of different ways. To consistent with the

frame as a knowledge representation for his study, hierarchical reasoning would

properly be the inference engine working with Breadth-First search as a search

strategy. Decision tree  are involved to construct the route of problem solving process

in weed identification.  The values of attribute (node) in the process are determined in

terms of the decision tree.

3.2.4.3 Select Software

This step involves software selection for an expert system development.

Microsoft Access 97 is used to build knowledge base as database management system

(DBMS). Also Microsoft Visual Basic Version 6.0 is used as the platform for the

system. From literature review, CVIX (13) can be developed by using frames as its

knowledge representation and can be done well in program coding by Microsoft

Visual Basic Version 4.0.
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3.2.4.4 Select hardware

This step involves the hardware selection, which should be compatible

with the software used. For this research, Microsoft Access 97 and Microsoft Visual

Basic Version 6.0 are used to develop an expert system. Therefore, hardware

specification must be the following details:

Window 98 or higher version / Window NT Version 4.0 or higher

version

CPU : Pentium 90 MHz or higher

Hard Disk: at least 50 MB

Display card : VGA 800*600 or higher

RAM : at least 24 MB

Install Microsoft Internet Explorer Version 4.01 or higher version

Nonetheless, the main system part of this study can also well function with 

Windows 95, there is still the limitation in the Help Menu function which cannot 

completely work with, at least, Windows 98. It is because the Help Menu will be 

developed by Help File Free Ware running on Windows 98. To run this system 

completely Windows 98 installation is strongly recommended.

3.2.5 Feasibility Study

The overall results of the feasibility study on the expert system development can

be divided into 2 parts, i.e., the selective problem solution feasibility and the

development feasibility on the selective problem solution.

The selective problem solution feasibility

The researcher selected an expert system for solving problem on weed

identification in paddy field by verifying an expert system approach and

appropriateness of the expert system. In addition, the justification for expert system

development was also conducted to this step. The results of this part described in the

chapter of Literature review found that it was feasibly appropriate with the nature of

weed identification problem to solve by using an expert system.
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The development feasibility on the selective problem solution

Once the development feasibility on the problem solution has been

approved, this part will begin to study how feasible for an expert system development

is. The elements of feasibility study include technical feasibility, and operational

feasibility and impacts. After that was carefully considered on technical, economic and

operational aspects as well as organizational impacts are outlined below.

Economics feasibility involves cost of system development and

maintenance

Technical feasibility involves availability of human and other

resources, security of confidential knowledge, Hardware/software availability and

compatibility.

Operational feasibility and impact involves need assessment,

organizational implementation issues, legal and other constraints

3.3 Rapid Prototyping

3.3.1 Building A Small Prototype

A prototype is a small-scale system that includes representation of the

knowledge captured in a manner. It enables quick inference and the creation of the

major components of an expert system on a rudimentary basis. The processes of rapid

prototyping are started with the design of knowledge on papers. Then the knowledge is

represented as DBMS in the system. Next, the inference engine is created.

3.3.2 Testing, Improving, Expanding

After building the small prototype, the system is tested by knowledge engineer. 

Once the prototype has some errors, it must be improved and redesigned until the 

complete prototype is ready. The final prototype can be then expanded. 
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3.3.3 Demonstrating and Analyzing Feasibility

A final prototype will be demonstrated to the potential users in order to study the

feasibility.

3.3.4 Completing Design

Once the feasibility study is done, the supplementary design will be added to the

prototype completely.

3.4 System Development

3.4.1 Completing the Knowledge Base

Once the initial prototype is ready and management is satisfied, system

development begins. In this phase, the knowledge base is built completely in terms of

frames with relational database using Microsoft Access 97 as software.

3.4.2 Testing, Evaluating and Improving

The prototypes, and later improved versions of the system, are tested for

performance. This process is a rudimentary test. The expected results of an expert

system for weed identification are defined. The prepared characteristics of weed will

be entered into the system. The results from the system are verified by comparing with

the expected results that have been prepared. If both prepared results and system result

are not the same, the system will be further modified. Then evaluation of the system

begins.

The evaluation ensures that the system is good. It involves both validation and

verification. Validation deals with the performance of the system, and is building the

right system up. In this study, Bottom-up testing is used for system validation in order

to test the working of the functions and sub functions in the system. Once an error

occurs, it will be corrected. Verification confirms that the expert system has been built

correctly, according to the specification. The modified Turing test is used for system

verification by comparing its performance with a human expert’s decision as an

accepted criterion. A specified expert is invited to verify the system.
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Selective human expert is invited to identify 10 weed samples in the field. Then

compare the answers to the results coming from the expert system. During the testing,

it could be find out things to modify by the human expert.

3.4.3 Planning for Integration

In this step, planning for integration is created for implementation. An expert

system for weed identification stands alone, so there is nothing complicated.

3.5 Implementation

3.5.1 Acceptance by User

The first step of this phase involves installation, integration, demonstration,

orientation and training, and security. The system acceptance is then evaluated by the

potential users that its measures are:

Consistency is evaluated by considering the clarity of question, and

adequacy of vocabulary explanation.

Efficiency is evaluated by considering the system speed in searching for

output, the accuracy of processing, and the security of the system

Ease to use is evaluated by considering the ease of data input, the ease of 

data modification.

User friendliness is evaluated by considering Format design, and the

appropriate number of the question

Group of the government official at the Weed Science Group; Botany and 

Weed Science Division; Department of Agriculture, district agriculture officials and 

the 1st - 4th year bachelor and master students of the Faculty of Agriculture, Kasetsart 

University are invited to trial the system and answer a questionnaire of user evaluation 

form. The level of user satisfaction from using the system as well as their suggestions 

for future improvements with regards to the user interface and the identification of the 

system are concluded in Chapter IV. The number of assessors for each group was 

based on the actual ratio of people belonging to each group in real life. The 
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appropriate number of assessors for each group should not be less than 30 people in 

order to ensure the validity of the statistical results.

3.5.2 Documentation

This task is to generate the document of the expert system providing to the users,

both general users and admin users. They can use and modify the program following

the guideline in this document. It is produced after the system development has been

finished. This included the system overview and user manual. User manual is also

composed of 2 parts, i.e., User manual for general users and Maintenance

documentation for admin users.

3.6 Post implementation

3.6.1 Operation and maintenance

The maintenance should be suggested when the operation is begun by

documented in the maintenance documentation.

3.7 Conclusion and Recommendation
A summary of the system is completed and a recommendation for further study

is given. Information is collected for generating a complete research.



Sutasana Kamnerdtong Results / 44

CHAPTER IV

RESULTS

The study and the collection of morphological characteristics of weeds and the 

concept on how an expert identifies weeds in paddy field have resulted in the 

development of a knowledge database and an expert system. The development issues 

involving the development of an expert system include the identification and analysis 

of the problem, the selection of the knowledge representation, the inference engine and 

the computing resources. Following the expert system development life cycle, an 

expert system for weed identification in paddy field has been designed and developed. 

The results of the experiment can be described in 6 phases respectively:

        Phase 1 Project initialization

Phase 2 System analysis and design

Phase 3 Rapid prototyping

Phase 4 System development

Phase 5 Implementation

Phase 6 Post implementation

From the above expert system development life cycle, we would discuss the

results of each phase.

4.1 Results of Project Initialization Phase

4.1.1 Problem Identification and Analysis

We can summarize the problems found on the study of weed in paddy field as

follows:
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Weed identification can easily be mistaken due to human constraints in

recognizing a huge amount of names and morphological characteristics of weeds.

Different common names used by different geographical regions can create

confusions. Certain weeds with various common names may or many not have similar

scientific names. Therefore it is clearer to use scientific names in the identification.

The problem is the difficulty to remember those names.

The weed identification that traditionally depends on human may face

shortage of experts. The insufficient number of experts in this field simply does not

match with the demands. The problem becomes tight when they are retired, leave the

office or for any reason that they are not able to identify directly. That moment, weed

diagnosis will be trouble because nobody can replace them.

The knowledge in weed identification may be dynamic in nature due to the

fact that most weeds genetically modify themselves in order to survive in the changing

environment. This uncontrollable environment and natural factors often create

confusions in the identification.

4.2 Results of System Analysis and Design Phase

Based on the identification and analysis of the problems and the verification of

an expert system approach to resolve the problems, it was found that an expert system

could be utilized to help resolve the problems in weed identification in paddy field.

Once the concept of the project has been approved, system analysis and design phase

must be conducted to estimate the functionality of the system. Many tasks are

performed in this phase. These tasks are briefly discussed as below.
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          4.2.1 Sources of Knowledge

It was considered that the knowledge used in developing an expert system for 

weed identification would need to come from both human experts and documented 

sources.

4.2.1.1 Human Experts

It was found the appropriate knowledge acquisition method to process in 

identifying weeds from human experts using ‘Manual Method’ (9) which is basically 

structured around some kind of interview. In this research, an experienced expertise of 

the Department of Agriculture, Dr. Prasan Vongsaroj and an expert government 

official level 8, Mr. Komsan Nakornsri from Weed Science Group under the Botany 

and Weed Science Division, Department of Agriculture were invited to join the 

research.

4.2.1.2 Documented Sources

These documented sources as the secondary data of knowledge were 

carefully selected following advices given by the invited experts as below:

Introductive information on weeds and its control in paddy field

Morphological characteristics on weed in paddy field found in 

Thailand, specifically those monocotyledonous and dicotyledonous weeds, which can 

be divided into 3 categories: broad-leaved weed, narrow-leaved weed or grass and 

sedge with a total number of 58 species from the publication entitled ‘Some Weeds In 

Paddy Field’ (34) and ‘the Major Weeds In Thailand’ (35)

Morphological characteristic criteria used in identification in 

accordance with the Botanical Latin (36).

4.2.2 Decision Making Factors

To develop the expert system for weed identification, the actual principles used 

by the experts and the Induction Method in choosing the characteristics that are in line 
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with references were resembled from the start to the finish of the decision making 

process.

By studying the weeds identification from both human experts and 

documented resources, it was found that certain features of weeds are dependent on 

types as well as environment, e.g. some weeds blossom all year round but some weeds 

can only blossom in a specific season.  The blossom of flowering plants apparently 

show their preparation on reproduction which can cause severe problems on control 

and prevention. In order to avoid factors likely interfering decisions making, 

morphological appearances which are clear and easily observed were placed at the 

very beginning of the decision making process. Moreover the weed groups would also 

be taken a priority in order to try to differentiate weeds into 3 weed groups: narrow-

leaved or grass weeds, sedges, and broad-leaved weeds.

The weed identification process of the expert system begun with 

morphological characteristics, i.e., leaf, stem, and flower, which can be discussed in 

more detail below:

Leaf – leaf characteristics are easily observable throughout the year. 

They includes leaf venation, sheathness, leaf type, leaf shape, leaf arrangement, leaf 

margin, leaf indumentum, angle to mid rib, leaf apex, hair position on leaf, stipule, 

ligule and sheath hairiness.

Stem – stem characteristics include stem hairiness and stem cross 

section.

Flower – flower characteristics include inflorescence type, flowering 

position, number of glum, glum arrangement, number of lemma and palea, awn of 

lemma, spikelet cross section

Next, the scoring system associated with each morphological characteristic 

was established in accordance with ‘the Botanical Latin (36) which groups 

morphological characteristics into detailed categories. (Please see appendix A for 

details)
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4.2.2.1 Creating the Decision Tree

The Decision tree then was created from morphological characteristics by 

setting them into nodes, e.g., leaf venation, sheathness, leaf type, etc. The value of 

each morphological characteristics were assigned for each node in order to arc one 

node to others, e.g., the leaf venation would result in either Monocot Parallel-Nerved 

or Dicot Net-Nerved or the WeedGroup should link to W1, W2, W3, W4 and then 

Weed Names. The overall weed group description  is shown in the appendix B.

The above identification method would result in 58 different species, 40 

weed groups of weed in paddy field based upon morphological characteristics as the 

diagram shown in Figure 4.1 and 4 main groups are shown in Figure 4.2.

W1 is characterized as monocotyledonous weeds which have parallel-

nerved leaf venation with sheathness and linear leaf shape. This weed group can be 

found as grass weeds and sedges.

W2 is characterized as monocotyledonous weeds which have parallel-

nerved leaf venation with leaf sheathness similar to W1. The leaf shape is not linear 

and but broad. This weed group is few to found in weed science because the leaf shape 

of monocotyledonous weeds which have parallel-nerved leaf venation are mostly in 

linear group shape. All weed species in this group found to be broad-leaved weeds.

W3 is characterized as dicotyledonous weeds which have net-nerved leaf 

venation with no sheathness and linear leaf shape. Although leaf shape of weeds in 

this group are in linear group shape, the weed scientists would not classified them into 

grass weeds and sedges due to their dicotyledonous weed characteristics. This weed 

group can be found as broad-leaved weeds.

W4 is characterized as dicotyledonous which have parallel-nerved leaf 

venation with no sheathness. The leaf shape is not linear but broad. This weed group is 

found to be all broad-leaved weeds.

The overall decision tree was shown in the appendix C.
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        4.2.3 Conceptual Design

 Followings are the designing of each part of the system.

         4.2.3.1 Knowledge Base Design

From the decision factor and the knowledge representation selection 

discussed in chapter III, the Frame representation and database used in keeping data 

are suitable to be used in developing the expert system for weeds identification. This is 

because the knowledge for weed identification in paddy field is the declarative 

knowledge in that it describes various characteristics of the objects which further 

expand to other various types of characteristics. Therefore the objects are often large. 

The Frame structure will be able to better explain the objects as well as its flexibility 

in changing or adding new knowledge in the future. The relational database used will 

help facilitate in keeping the data in the forms of record and field which is considered 

rather efficient resulting better speed performance of the program. The Microsoft 

Access 97 was used for database management and the Microsoft Visual Basic Version 

6.0 was used to data processing and user interface. The design of knowledge base was 

carried out as the following steps:

Identify object

It began with identifying objects and describing characteristics of the 

objects by looking at a question and finding what objects are associated with the 

question. For this weed identification, there are only 58 species of weeds considered as 

objects.

Identify attribute

This step involves setting frame slots, which can be achieved by

setting up a set of attributes for each object. These attributes are for example, leaf

venation, leaf sheath, etc. Moreover a set of facets were also set up to explain each

slot. The detail of frame design is shown in Figure 4.3
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Figure 4.3 Examples of the frames and slots of Ageratum conyzoides  L. and Melochia

corchorifolia  L.

Weed
Name: root

W4
Slots    Facets

Name:      W4
Parent:     root
Child:      W41, W42, W43, W44
Leaf venation:      Dicot net-nerved
Has sheath?:      No
Leaf shape is in linear gr?: No

W42
Slots         Facets

Name:       W42
Parent:       W4
Child:       Jussiaea repens L.
Leaf venation:       Dicot net-nerved
Has sheath?:       No
Leaf shape is in linear gr?: No
Leaf type:        Simple
Leaf shape:        Obovate

W41
Slots          Facets

Name:       W41
Parent:       W4
Child:       Ageratum conyzoides  L.

      Melochia corchorifolia  L.
Leaf venation:       Dicot net-nerved
Has sheath?:       No
Leaf shape is in linear gr?: No
Leaf type:       Simple
Leaf shape:       Ovate

Ageratum conyzoides  L
.Slots              Facets

Name:     Ageratum conyzoides  L
Parent:     W41
Child:     none
Leaf venation:     Dicot net-nerved
Has sheath?:     No
Leaf shape is in linear gr?: No
Leaf type:     Simple
Leaf shape:     Ovate
Leaf arrangement:       Opposite
Leaf margin:                Serrate
Stipule:     Exstipulate
Stem hairiness:     Pubescent stem
Distinct traits:     Odoriferous

Melochia corchorifolia  L.
Slots             Facets

Name:    Melochia corchorifolia  L.
Parent:    W41
Child:    none
Leaf venation:    Dicot net-nerved
Has sheath?:    No
Leaf shape is in linear gr?: No
Leaf type:    Simple
Leaf shape:    Obovate
Leaf arrangement:      Spirally arranged
Leaf margin:               Dentate
Stipule:     Stipulate
Stem hairiness:     Hirsute stem
Distinct traits:    none
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Identify relationship

In order to create a frame system, relationship of objects needs to be 

identified. For this study, there is only one object which has 58 instances. The 

relationship of these instances can be identified in hierarchy. They can be grouped into 

subgroups subjectively using similar characteristics as shown in Figure 4.1.

Represent knowledge in terms of relational database

Once one frame is created, specific characteristics can be changed 

for each species of weeds and the hierarchical relationship which have been grouped 

into subgroups, e.g., parent, child or other agricultural information such as 

recommendations on chemical control.  The data are kept as relational database in 

which the knowledge is kept in tables consisting of record and field. This relational 

database would make the searching and changing or updating of the data more 

efficient and faster.

The structure of this relational database comprises 4 entities:

Weed Entity – details of weed

WeedGroup Entity – details of weed groups and their relations

MorpChar Entity – morphological characteristics of weeds

ValMorpChar Entity – value for each morphological characteristic of

weeds

They can then be shown in E-R diagram in Figure 4.4 with these following

constraints:

An entity in entity set MorpChar contains many numbers of entity in

entity set ValMorpChar. An entity in entity set ValMorpChar belongs to only one

entity in entity set  MorpChar.

An entity in entity set WeedGroup contains many numbers of entity

in entity set Weed. An entity in entity set Weed belongs to only one entity in entity set

WeedGroup.
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An entity in entity set Weed contains many numbers of entity in

entity set ValMorpChar, and an entity in entity set ValMorpChar belongs to many

entities in entity set Weed.

An entity in entity set WeedGroup contains many numbers of entity

in entity set ValMorpChar, and an entity in entity set ValMorpChar belongs to many

entities in entity set WeedGroup.

Figure 4.4 E – R Diagram showing the database design for the weed identification

 expert system

4.2.3.2 Inference Engine Design

To facilitate the searching of answers, values would be assigned into the 

database for each node and sequence would be designed to link one node to the others.

Regarding the searching method, the Breath-first Search was used to 

approach the direction of answer and it would then be followed by the pattern 

matching recognition approach to compare user’s answers with the database. The 

searching would be done in 2 levels in accordance with the Decision tree, i.e., 

WeedGroup and Weed. The system would start from WeedGroup level which would 

search from the first WeedGroup until the last WeedGroup as per the hierarchy set up 

in the Decision tree. Then the searching would jump to search at weed level in order to 
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find out the exact weed species we would like to identify. An example of WeedGroup 

and Weed Level in the Decision tree is shown in Figure 4.5

4.2.3.3 User Interface Design

The user interface design starts with classifying the types of users into

general users and expert users or authorized users who are permitted to administer

knowledge in the system.

The system has 2 major parts (i.e., Diagnosis Part and Data Manipulation

Part). These below are the details:

Diagnosis Part – This is the module that processes the information 

gathered from interface with general users to identify species of a weed.

This part has 2 components    i.e., Weed Identification and View 

Weed Info:

Weed Identification – this component would help identify 

weed species based on morphological characteristics. There are questions and answers 

between the program and the user to come up with result. It has 3 subsystems which 

are:

Input Subsystem – this subsystem was designed to ask 

user a series of questions on the morphological characteristics observed from the weed 

to be identified and let them choose the choice only from the option choices given, 

which would make it easier for user. Authorized users can add more option choices or 

additional information in future but the general users cannot do this on account of the 

system security. Additionally there would also be a picture shown for each option 

choice to help clarify their decision making.

Explanation Subsystem – this subsystem would feature a 

capability to show all the user answers that user has done in the TraceRoute box. The 

user previous selection would be shown in sequence in order for user to validate their 

decision.
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     Figure 4.5 An example of WeedGroup level and Weed level in the decision tree
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Output subsystem – this subsystem shows the output as

user answers the first to the last question in the Probable WeedGroup and Probable

Weed. After all the questions have been answers by users, the system would then

finalize the output which can be one of 3 types as below:

 Type 1 – Unable to identify weed specie as no data in the 

knowledge base

Type 2 – Unable to clearly identify weed specie. But the

system can match the answers from the user to the most probable weed group(s) and

therefore gives a list of weed specie(s) under the given weed group(s). The user can

then look at the details of each weed specie by clicking on its name.

Type 3 – Able to clearly identify weed specie. This will

result in one clearly identified weed species. The users are able to see the WeedGroup

that the weed belongs to and the name including all the details associated with that

particular weed.

View Weed Info – this component would help in 

demonstrating morphological characteristics of each weed specie in the system. The 

user only needs to know the scientific name of the weed. The information includes 

pictures and other necessary agricultural information such as how to control that 

particular weed.

Data manipulation Part – this second part enables authorized users

to be able to administer the system such as adding morphological characteristics of

new weeds or additional morphological characteristics of the existing weeds in the

system. It makes the update of the database a lot easier. There is the only one

component in this part which is ‘Master Data Maintenance’.

The system was designed to allow the admin users to ‘Add’, ‘Edit’

or ‘Delete’ information in the database. It is necessary that these actions can be done

by using the decision tree in order to prevent confusions that may occur whist doing

this.

Moreover there is also a ‘Help’ menu containing in the which includes:
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Glossary provides descriptions and pictures of the morphological

characteristics needed to be considered in order to identify the weeds identification as

the user does not understand some of vocabulary used to explain the morphological

characteristics. Moreover it contains glossary for vocabulary related to botanical

characteristics or chemicals used for weeds control. The search can start from A-Z.

Chemical control methods provides the user to learn more about

how to select the right chemicals for weed eradication in their paddy field. The search

can easily start from the cultural practices.

User Manual provides the user with an explanation on how to use

the program. The user will be able to self-study from the start to finish of the process.

Decision Tree provides the overall structure of decision making

process in identifying weeds in paddy field.

4.2.4 Computing Resources

The selections of computing resources for use in developing this expert system

as discussed in Chapter III can be summarized below.

It was found rather efficient to represent knowledge for weed identification in

paddy field using frame by structuring them into hierarchy and keep them in the form

of relational database. This is because it would help to make the inference engine, the

storage, the addition or deletion of data more flexible.  Hierarchical reasoning was

used focusing on the Breath-first search and pattern-matching recognition approaches

in searching process. The overall problem resolution process follows the Decision tree

structure.

The software used in developing the system was Microsoft Access 97 for the 

Frame as knowledge representation of the system. Microsoft Visual Basic Version 6.0 

(VB6) was developed together with Microsoft Access 97 for the inference engine as 

well as the user interface part. This enables the system to be able to operate on 

Windows98 or higher or WindowsNT Version 4.0 with a CPU of Pentium 90 MHz or 

higher and a minimum of 50 MB free hard disk space. It requires a CD-ROM Drive to 

install the system and a monitor with VGA card of 800 x 600 resolution or higher and 

256 colors for users best view. It additionally requires a minimum of 32 MB RAM.
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4.2.5 Feasibility Study

The overall results of the feasibility study on the expert system development can

be divided into 2 parts, i.e., the selective problem solution feasibility and the

development feasibility on the selective problem solution. The results were described

as below.

As regards to the selective problem solution feasibility, the researcher selected

an expert system for solving problem on weed identification in paddy field by

verifying an expert system approach and appropriateness of the expert system. In

addition, the justification for expert system development was also conducted to this

step. The results of this part described in the chapter of literature review found that it

was feasibly appropriate with the nature of weed identification problem to solve by

using an expert system.

After that the development feasibility on the problem solution was carefully

considered on technical, economic and operational aspects as well as organizational

impacts are outlined below:

Economics or Financial feasibility

The estimated costs for the development and maintenance of the system

would be approximately 21,000 Baht. It is considered not very expensive as the

researcher does not need to hire other people to develop the program. The cost

breakdowns are as the followings:

Secondary Data Collection including

Transport 3,000 Baht

  Photocopy 4,000   Baht

  Miscellaneous 3,500 Baht

     Research Report Cost 7,000  Baht

     Stationery 3,500 Baht

Total            21,000 Baht

For the maintenance of the system, the experts in the organization can help

with updating or upgrading the system without extra costs. This is possible as it only
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requires a manual and certain training but extra care need to be taken while doing

system maintenance.

Technical feasibility

Feasibility in terms of knowledge and interface requirements – the

knowledge from human and documents have been discussed earlier in 4.2.1

Security of confidential knowledge - this is achieved by classifying user

types for different level of program security using Microsoft Access97 to set up user

table and passwords in Table User. Moreover, the database security can be

strengthened by setting up the database password in program function of Microsoft

Access97. This is to prevent the user from being non expertise to have an access into

database management and create damages to the database.

Hardware/software availability and compatibility - it was found that there

shall be no problem using the program as the current hardware/software technology is

well available and compatible with it.

Operational feasibility and impacts

Needs assessment – there are limited numbers of experts in this field. If the

program would help serve the needs as well as broadly encourage people to further

study in the field.

Organizational and implementation issues – the program is portable and

can be run as a stand-alone system. The installation process is straightforward and

would not interfere the current IT system of the organization. It can be installed on just

about any computer. However if the program gets upgraded by different experts, it

may result in different approaches in questions and answers of the system.

Legal and other constraints – this program has been newly developed

using pictures and references authorized by the relevant authority.  Therefore there

shall be no legal problems with the program.

4.3 Results of Rapid Prototyping Phase

The knowledge base and the inference engine as designed in the system analysis

and design phase was developed using Microsoft Access 97 and Visual Basic Version
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6.0 and the knowledge acquired from human experts and document sources. There was

no need to develop the entire knowledge base as this small knowledge base can be

used to develop a rapid prototype in order to ensure that this prototype would perform

and function as we would anticipate.

This rapid prototype was then tested, improved, and demonstrated with users and 

experts to identify its feasibility in further developing into a complete system. Based 

on this study, the rapid prototype was proved to be good enough for further 

development into an actual system. The rapid prototype functioned well in serving the 

user’s needs. It could analyze the user’s answers and provide correct outputs as 

initially designed by the uncomplicated programming. In addition to that, 

improvements can be easily made by authorized users without deep technical 

knowledge and experiences in computer programming.

From then, the system was on its way for further expansion. The system was 

now ready for completing knowledge and the user interface designs as well as 

database management and maintenance designs.

4.4 Results of System Development Phase

The program was then developed in accordance with the steps and structure 

already designed. It was named ‘WeedXPert’. The language used in the program is all 

English. The software tools used for the program development were Microsoft Access 

97 and Microsoft Visual Basic Version 6.0. The system development was broken into 

2 parts, i.e., the knowledge representation and partial inference engine and the user 

interface.

4.4.1 Knowledge Representation and Partial Inference Engine

4.4.1.1 Completing the Knowledge Base

The frame system for weed identification in paddy field can translate the

characteristics of each weed and the relations in hierarchical structure into relational

database. It uses partial inference engine derived from the Decision tree which set
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sequences in searching answers from one node to the others. Value of each sequence

would be assigned into the knowledge base table in order to help in searching answers.

There are also the additional tables, which functions as the working memory sets or

‘Blackboard’ or ‘Workplace’ to facilitate with the mixing, comparing or matching of

the facts or the rules from the knowledge base and the data from the user. Then it uses

the inference engine to search for results.

The knowledge and partial inference engine would be input into relational 

database tables as per the experts’ approaches. Microsoft Access 97 was used as a tool 

in developing a knowledge base for each table which contains followings:

WEEDGROUP Table – this table contains weed groups and their 

hierarchy. The data dictionary of WEEDGROUP table is as shown in Table 4.1.

 Table 4.1 Data dictionary of WEEDGROUP Table

Seq

Name Type Description KEY

1 WeedGroup_CODE TEXT(30) Weed group code PK

2 Parent_WeedGroup_CODE TEXT(30) Parent code of  Weed

group

FK*

3 WeedGroup_DESC TEXT(255) Description of Weed

group

* Parent_WeedGroup_CODE references WEEDGROUP(WeedGroup_CODE)

MORPCHAR Table – this table contains the morphological 

characteristics of weeds. The data dictionary of MORPCHAR Table is shown in Table 

4.2
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Table 4.2 Data dictionary of MORPCHAR Table

Seq Name Type Description KEY

1 MorpChar_CODE INT Morphological characteristic

code

PK

2 Morpchar_DESC TEXT

(255)

Morphological characteristic

description

VALMORPCHAR Table – this table contains value of

morphological characteristics of weeds. It was designed that each value of

morphological characteristic must be a member of only one morphological

characteristic. The data dictionary of VALMORPCHAR table is shown in Table 4.3

Table 4.3 Data dictionary of VALMORPCHAR Table

Seq Name Type Description KEY

1 ValMorpChar_CODE INT Value of Morphological

characteristic code

PK

2 ValMorpChar_DESC TEXT

(30)

Value of Morphological

characteristic description

3 MorpChar_CODE INT Morphological characteristic

code

FK*

* MorpChar_CODE references MORPCHAR(MORPCHAR_DESC)

WEED Table – this table contains details of each weed, i.e., the 

value of morphological characteristics. It was designed that certain field need to refer 

to the value of morphological characteristics in the VALMORPCHAR Table in order 

to prevent the problem of the input of data not relevant with the morphological 

characteristics used in identification. Additionally, other information of weeds would 

also be stored including the selection of chemical control. The data dictionary of 

WEED Table is shown in Table 4.4
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Table 4.4 Data dictionary of WEED Table

Seq Name Type Description KEY

1 Weed_CODE INT Weed code PK

2 Weed_NAME TEXT(100)  Scientific name of weed

3 WeedGroup_CODE TEXT(30) Weed group code FK*

4 Weed_COMMONNAME TEXT(150) Thai common name of weed

5 Weed_SYNONYM TEXT(150) Synonym scientific name of

weed

6 Taxonomy_CLASS TEXT(30) Taxonomy class of weed

7 Taxonomy_FAMILY TEXT(30) Taxonomy family of weed

8 WeedType_CODE INT Weed type code FK*

9 LifeForm_CODE INT Life form code FK*

10 LeafVen_CODE INT Leaf venation code FK*

11 LeafType_CODE INT Leaf type code FK*

12 HasSheath_CODE INT Does it has leaf sheath?

code

FK*

13 LinGrShape_CODE INT Is its leaf shape in Linear

group? code

FK*

14 AngMidrib_CODE INT Angle to midrib code FK*

15 LeafShape_CODE INT Leaf shape code FK*

16 LeafArr_CODE INT Leaf arrangement code FK*

17 LeafMarg_CODE INT Leaf margin code FK*

18 LeafApex_CODE INT Leaf apex code FK*

19 LeafIndum_CODE INT Leaf indumentum code FK*

20 LeafHairPosit_CODE INT Leaf hair Position code FK*

21 Stipule_CODE INT Stipule code FK*

22 Ligule_CODE INT Ligule code FK*

23 StemCrSec_CODE INT Stem cross section code FK*

24 SheathHair_CODE INT Hair on sheath code FK*

25 StemHigh TEXT(30) Stem hight

26 InfloType_CODE INT Inflorescence type code FK*
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27 FlowPosit_CODE INT Flowering position code FK*

28 GlumeNo_CODE INT Number of Glume code FK*

29 GlumeArr_CODE INT Glume arrangement code FK*

30 LemPalNo_CODE INT Number of Lemma and

Palae code

FK*

31 LemAwn_CODE INT Awn of Lemma code FK*

32 SpikCrSec_CODE INT Spikelet cross section code FK*

33 PetalNo_CODE INT Number of Petal code FK*

34 FlowCol TEXT(40) Flower color

35 Dist_Trait_CODE INT Distinct trait FK*

36 StemHair_CODE INT Hair on stem code FK*

37 Habitat TEXT(150) Habitat of weed

38 Distrib TEXT(255) Distribution of weed

39 Propagated TEXT(100) Propagated by

40 Contr_Meth TEXT(255) Control Method

* WeedGroup_CODE references WeedGroup(WeedGroup_CODE)

* WeedType_CODE references ValMorpChar(ValMorpChar _CODE)

* LifeForm_CODE references ValMorpChar (ValMorpChar _CODE)

* LeafVen_CODE references ValMorpChar (ValMorpChar_CODE)

* LeafType_CODE references ValMorpChar (ValMorpChar _CODE)

* HASSHEATH_CODE references ValMorpChar (ValMorpChar _CODE)

* LeafSheath_CODE references ValMorpChar (ValMorpChar _CODE)

* LinGrShape_CODE references ValMorpChar (ValMorpChar _CODE)

* AngMidrib_CODE references ValMorpChar (ValMorpChar _CODE)

* LeafShape_CODE references ValMorpChar (ValMorpChar _CODE)

* LeafArr_CODE references ValMorpChar (ValMorpChar _CODE)

* LeafMarg_CODE references ValMorpChar (ValMorpChar _CODE)

* LeafApex_CODE references ValMorpChar (ValMorpChar _CODE)

* LeafIndum_CODE references ValMorpChar (ValMorpChar _CODE)

* LeafHairPosit_CODE references ValMorpChar (ValMorpChar _CODE)

* Stipule_CODE references ValMorpChar (ValMorpChar _CODE)

* Ligule_CODE references ValMorpChar (ValMorpChar _CODE)
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* StemCrSec_CODE references ValMorpChar (ValMorpChar _CODE)

* SheathHair_CODE references ValMorpChar (ValMorpChar _CODE)

* InfloType_CODE references ValMorpChar (ValMorpChar _CODE)

* FlowPosit_CODE references ValMorpChar (ValMorpChar _CODE)

* GlumeNo_CODE references ValMorpChar (ValMorpChar _CODE)

* GlumeArr_CODE references ValMorpChar (ValMorpChar _CODE)

* LemPalNo_CODE references ValMorpChar (ValMorpChar _CODE)

* LemAwn_CODE references ValMorpChar (ValMorpChar _CODE)

* SpikCrSec_CODE references ValMorpChar (ValMorpChar _CODE)

* PetalNo_CODE references ValMorpChar (ValMorpChar _CODE)

* Dist_Trait_CODE references ValMorpChar (ValMorpChar _CODE)

* StemHair_CODE references ValMorpChar (ValMorpChar _CODE)

WEEDGROUP_MV Table – this table contains the relations of

weed groups and value of morphological characteristics of weeds used in identifying

weed group. This is many-to-many relationship between WEEDGROUP and

VALMORPCHAR. One weed group would have many values of morphological

characteristics and one value of morphological characteristic belongs to more than one

weed group. The sequence called Subquestion number which is part of the inference

engine would be set up in this table in order to search the answer from one node to the

next. This sequence will start from answering the first to the last question as set out in

the Decision tree. If at the end of the sequence ends up having a result which can still

be a parent of other weed group, it would restart the question-answer sequence.

However if it doesn’t give a result that can be a parent of other weed group, it’s

considered an end of the identification result for the weed group level. Please see the

example of WeedGroup Level and Weed Level in the Decision tree as shown in Figure

4.4. The question-answer starts from subquestion number 1 and goes on until W4

which was considered possibly being a parent of other weed groups, i.e., W41, W42,

W43, W44. Therefore the question-answer restarts with subquestion number 1 under

the next group. Once it goes until W42, it was found that the result is not be a parent

of other weed groups then it’s considered the end of the weed group identification

process. Next it would go on to search for scientific name of the weed at Weed level.
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In this WEEDGROUP_MV table, the sequence number have been

set as primary key in order that the question-answer would not cause any confusion.

The data dictionary of the WEEDGROUP_MV Table is shown in Table 4.5.

Table 4.5 Data dictionary of WEEDGROUP_MV Table

Seq Name Type Description KEY

1 WeedGroup_CODE INT Weed group code PK,FK*

2 ValMorpChar _CODE INT Value of Morphological

characteristic code

PK,FK*

3 SubQuestion_NO INT Sequence of the answer  in

WeedGroup level

PK

* WeedGroup_CODE references WeedGroup (WeedGroup_CODE)

* ValMorpChar_CODE references ValMorpChar (ValMorpChar _CODE)

WEED_MV Table – this table contains the relations of the weed

type and the value of morphological characteristics of the weed. It helps in identifying

weeds at the Weed level which is subsequent to the identification at WeedGroup level.

This is many-to-many relationship between WEED and VALMORPCHAR. One weed

has many values of morphological characteristics and one value of morphological

characteristic belongs to more than one weed type. The sequence called Sub-question

number which is part of the inference engine would be set up in this table in order to

search the answer from one node to the next. This sequence will start from answering

the first to the last question as shown in Figure 4.5.The sequence value would be set as

primary key in order that the question-answer would not cause any confusion. The

data dictionary of the WEEDGROUP_MV Table is shown in Table 4.6.



Sutasana Kamnerdtong Results / 68

Table 4.6 Data dictionary of WEED_MV Table

Seq Name Type Description KEY

1 Weed_CODE INT Weed code PK,FK*

2 ValMorpChar _CODE INT Value of Morphological

characteristic code

PK,FK*

3 SubQuestion_NO INT Sequence of the answer in Weed

level

PK

* Weed_CODE references Weed (Weed_CODE)

*ValMorpChar_CODE references ValMorpChar (ValMorpChar _CODE)

The system also provided the additional tables which serve as

interim memory called ‘Blackboard’ or ‘Workplace’ to store answers from users and

compare them using the inference engine to identify results. These tables have no

Primary Key (PK) have not been set as they only serve as temporary memory in the

operations. These tables include:

TMPTRACEROUTE Table – this table helps with the storage of

question-answer sequencing between the user and the system. This information will

then get processed using inference engine in finding results. The data dictionary of

TMPTRACEROUTE Table is shown in Table 4.7.
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Table 4.7 Data Dictionary of TMPTRACEROUTE Table

Seq Name Type Description Key

1 Question_NO INT Sequences of  all answers selected by

user (Initial value = 1)

2 Subquestion_NO INT Sequence of the answer in each level

(Initial value = 1)

3 ValMorpChar_CODE INT Value of Morphological characteristic

code

FK*

4 InWeedGroupLEVEL INT Status of the level at the moment

0 =  Weed level

1 = WeedGroup level

* ValMorpChar_CODE references ValMorpChar (ValMorpChar _CODE)

TMPPROBABLE_WEEDGROUP – this table helps with the 

storage of the question-answer in sequence between the user and the system. This 

information will then get processed together with the information from the 

TMPTRACEROUTE Table using inference engine to come up with possible weed 

groups and keep this output in the WEEDGROUP_CODE field in the program.   The 

data dictionary of TMPPROBABLE_WEEDGROUP Table is shown in Table 4.8.

Table 4.8 Data dictionary of TMPPROBABLE_WEEDGROUP Table

Seq Name Type Description Key

1 Question_NO INT Sequences of  all answers selected

by user

2 WeedGroup_CODE TEXT(30) Weed group code FK*

* WeedGroup_CODE references WeedGroup(WeedGroup _CODE)

TMPPROBABLE_WEED Table – this table helps with the storage 

of the question-answer sequencing between the user and the system. The information 

will get processed together with the information from the TMPTRACEROUTE Table 

using inference engine to come up with possible weeds and keep them in the 
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WEED_CODE field. The data dictionary of TMPPROBABLE_WEED Table is shown 

in Table 4.9.

Table 4.9 Data dictionary of TMPPROBABLE_WEED Table

Seq Name Type Description Key

1 Question_NO INT Sequences of  all answers selected by user

2 Weed_CODE INT Weed code FK*

* Weed_CODE references Weed (Weed_CODE)

In addition to the above tables, the following tables which have no 

linkages and relations with the tables in the database were created in order to make the 

program more complete.

USER Table – this table helps with the storage of user names, 

passwords, and their level of authorization. Only the user with Administrator status 

would be able to access the Master data maintenance part of the program in order to 

prevent the changes or updates from those who are not experts. The data dictionary of 

the USER Table is shown in Table 4.10.

Table 4.10 Data dictionary of User Table

Seq Name Type Description KEY

1 User_CODE TEXT(12) User code PK

2 User_PWD TEXT(12) User password

3 User_TYPE TEXT(20) User type

- Administrator

- Guest

4 User_NAME TEXT(45) User name

4.4.1.2 Relations of Normalized Tables in The Database

The relations of data contained in the tables including WeedGroup, 

MorpChar, ValMorpChar, Weed, WeedGroup_MV, Weed_MV, tmpTraceRoute, 

tmpProbable_WeedGroup and tmpProbable_Weed are interlinked. Any changes made 



Fac. Of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Inform. Sys. Mang.) / 71

to one table would impact the operations of other tables. The design of the relations of 

the data in the table can be shown in Figure 4.6.

Figure 4.6 The relationships of tables in the database

4.4.1.3 The Sequencing of Identification Results

The expert system was separated into 2 levels replicating the Decision tree 

of human experts, i.e., WeedGroup Level and Weed Level. The system would start at 

WeedGroup Level by asking the first to the last question as set out in the Decision 

tree. It then moves on to the Weed Level to search for the weed type being identified. 

An example of the WeedGroup Level and Weed Level in the Decision tree can be 

shown in Figure 4.5.

Followings are the summary of the sequencing of identification results 

from the system development.

Figure 4.7 shows the questioning-answering process starting in 

WeedGroup Level from the first to the last question in the Decision tree. It begins with 

Subquestion_no = 1and goes on as long as it finds Next Subquestion_no. The system 
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will ask questions until it finds no Next Subquestion_no. At this point, the system will 

identify if the Probable WeedGroups from the results can be a parent of other 

WeedGroups. If it doesn’t, then the system will continue with going through the 

questioning and answering process again by asking the questions in the next probable 

WeedGroup which is considered a child. It would begin with Subquestion_no = 1. 

However it the Probable WeedGroup identified is not a parent of other WeedGroup, 

and then the system would stop the questioning-answering process at the WeedGroup 

Level. The searching process of the system will then continue to work in Weed Level 

as shown in Figure 4.8.

Prior to entering into the questioning-answering at Weed Level, the system 

would check that the identified WeedGroup can be a parent of any weeds. If the 

answer is ‘Yes’, then the system will move to the Weed Level. However if the answer 

is ‘No’, then the system will stop its identification process and the identification result 

will be as classified as Type 1, i.e., Unable to identify weed specie as not having 

enough in the database to identify if the weed falls into any of the weed specie.

When entering the identification process at the Weed Level, the 

mechanism is similar that of the WeedGroup Level. However it is different in the 

process of drawing relevant tables in process the data. At the Weed Level, it can only 

identify one most probable WeedGroup.

The system will continue to pose questions for the user to answer as long 

as it can still find Next Subquestion_no as shown in Figure 4.8. Once the system can 

no longer find Next Subquestion_no, the system check if a conclusion can be drawn 

from the answers that a particular weed is most probable. If the answer is ‘Yes’, the 

system will show a result of Type 3, i.e., it is possible to draw a conclusion from the 

answers from the user to identify a weed type. It would enable the user to look at the 

details of that particular weed. However if the answer is ‘No’, the system will show a 

result of Type 2, i.e., it cannot clearly identify the weed specie, but the answers can 

lead to certain probable WeedGroups. The system would also show all probable weed 

Figure 4.8.

      The system will continue to pose questions for the user to answer as long as 

it will show a result of Type 3, i.e., it is possible to draw a conclusion from the 

answers from the user to identify a weed type. It would enable the user to look at the 
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details of that particular weed. However if the answer is ‘No’, the system will show a 

result of Type 2, i.e., it cannot clearly identify the weed specie, but the answers can 

lead to certain probable WeedGroups. The system would also show all probable weed 

names corresponding with the result that the user can see the details as shown in 

Figure 4.8.
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Figure 4.7 The questioning-answering sequences at WeedGroup Level from start to

       finish
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Figure 4.8 The questioning-answering sequences at Weed Level



Sutasana Kamnerdtong Results / 76

4.4.1.4 User Interface

The outcome of the system development on the User Interface based on 

the approach discussed in 4.2.3.3 can be summarized below:

Password key-in

In order to gain an access into the system, the user is required to key-

in a password. Users are divided into 2 groups, i.e., admin users and general users. The

password key-in page was shown in Figure 4.9.

Figure 4.9 An example of password key-in page

If the correct password is entered, the system would try to identify

user type and then show the relevant pages assigned for that particular user type. The

experts and expert system engineers who are classified as ‘admin users’ type of users

can access the Weed Identification Module, the View Weed Info Module and the

Master Data Maintenance Module. However for general users who are classified as

‘general users’, they can only access the Weed Identification, the View Weed Info for

the protection and the security of the database in the system. An example of the page

following the user entering a password for ‘admin users’ and ‘general users’ user are

shown in Figure 4.10 and 4.11 respectively.
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Figure 4.10 An example of the page after password key-in page for ‘admin user’

Figure 4.11 An example of the page after password key-in page for ‘general user’

Nonetheless, in order to increase the level of security, the researcher

has also set up another password for the database. This is to prevent users accessing
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the database from Microsoft Access program directly without passing through the

security in the WeedXPert. The password key-in page is shown in Figure 4.12.

Figure 4.12 An example of password key-in page

accessing the database in Microsoft Access

Weed Identification

Input Subsystem – users can input data into the system by selecting

the morphological characteristics used for weed identification and answering close-

ended questions. All the option choices for answering are in English. The pictures can

be browsed by clicking on each option choice to help facilitate with the answering,

e.g., when selecting simple leaf for leaf type, the system would show the picture of

simple leaf on the right hand side of the screen as shown on Figure 4.13. If 1-Pinnated

compound leaf is chosen, the result is shown on Figure 4.14.

Explanation Subsystem – users can review their answers they have

made in the Traceroute view as shown in Figure 4.15. In this example, the user has

made 3 answers, i.e., Dicot net-nerved, no sheath and the leaf shape is not linear. If the

user finds that any of their answers is incorrect, they can go back to revise their answer

by clicking on the ‘back’ arrow as shown in Figure 4.16.

Output Subsystem – this subsystem will show output after the 

system has completed its identification process. The output can be one of 3 types.
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Figure 4.13 An example of the screen for which simple leaf is chosen

for leaf type

Figure 4.14 An example of the screen for which 1-Pinnated compound leaf is chosen

for leaf type
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Figure 4.15 An example of the screen showing the identification steps after three

answers have been made and the ‘Back’ arrow

Figure 4.16 An example of the screen after the user clicks

on ‘Back’ arrow to change their third answer

BACK
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Type 1 Unable to identify weed specie – this is because there is 

no available data in the database to identify a closest possible weed. Figure 4.17 shows 

that the system cannot give any probable weeds output that matches with the 

corresponding answers.

Type 2 Unable to clearly identify weed specie – In this case, the 

system will show all the Probable WeedGroup to which the weed may belong.  The 

user can view the details of those weeds. Figure 4.18 shows a list of Probable Weeds 

resulted from the system based on a Probable WeedGroup.

Type 3 Able to clearly identify weed specie – the system is 

capable of clearly identifying a particular weed that matches the answers. The user can 

click on the name of the weed given in the Probable Weeds view to browse all the 

details associated with that particular weed. Figure 4.19 shows the type 3 result.

Figure 4.17 An example of type 1 output screen
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Figure 4.18 An example of type 2 output screen

Figure 4.19 An example of type 3 output screen
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View Weed Info

It enables the user to view the morphological characteristics, 

agricultural characteristics and recommended control methodologies of each weed just 

by choosing the scientific name of a weed. The user can also see the value of each 

morphological characteristic in case they are interested in knowing. The screen can be 

scrolled up and down. An example of this screen is shown in Figure 4.20.

  Figure 4.20 An example of the View Weed Info screen

Master Data Mentainance

This is the data manipulation part which the user classified as an

expert or an expert system engineer can access this component to modify the database

in the 7 main tables stored in the file called ‘weed.mdb’ including WeedGroup Table,

MorpChar Table, ValMorpChar Table, Weed Table, WeedGroupMV Table, WeedMV

Table and User Table.

Each table can be easily added, edited or deleted without the

computer programming as shown in Figure 4.21 – 4.23



Sutasana Kamnerdtong Results / 84

Figure 4.21 An example of the screen before selecting WeedMV Table in ‘Master

Data Maintenance’

Figure 4.22 An example of the screen after selecting WeedMV Table in ‘Master Data

Maintenance’
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Figure 4.23 An example of the screen for adding the data for a new weed in the

WeedMV Table

Help Menu

Apart from the main features of the system discussed, there is also a

Help Menu which consists of ‘About WeedXPert’ (see Figure 4.24) and ‘Contents’.

Figure 4.24 An Example of ‘About WeedXPert ‘Screen
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The Contents function consists of ‘Acknowledgement’, ‘Morphology

Glossary’, ‘Chemical Control Method’, ‘User Manual for WeedXPert’, ‘Decision tree

for WeedXPert’, and ‘Description of WeedGroup’.

4.4.3 System Testing

 The system testing was done to ensure the smooth operation of the system. It

was conducted by having the researcher answer the questions set in the system and

checking the output against the actual result. It was found that the system performed

well. Even though some bugs were discovered during the tests, but they have already

been corrected to make it a more complete system.

After the testing, the system was assessed to verify the correctness of data in the

system. A method called ‘Modified Turing Test’ was performed in order to compare

the result of the expert system against accepted criterion from experts.

The assessment was done using one specific expert. This expert will test the

system against actual weeds from the field. The expert would observe the

morphological characteristics of 10 types of weeds, numbered from 1 to 10 and then

identify the names of these weeds together with the reasons. Once this was finished,

the system would be used to identify these weeds. The system output would then be

compared against the results obtained from the expert.

The assessment showed that all the results were matched. Even though the

expert would use less morphological characteristics compared to what the system did

in identifying certain weeds. This is because the expert has the experiences whereas

the expert system is less flexible. Therefore it needs more questions and answers in

order to come up with the results. Nevertheless the system has managed to find out all

the correct names of all the weeds eventually.

 Whilst conducting the system testing, some areas of improvements were

discovered, the researcher has therefore corrected and improved the system until the

system was satisfactorily fast and accurate as the original design objectives. Especially

its performance to identify paddy weeds was up to the researcher’s expectation.
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4.4.4 Planning for System Integration

This expert system was designed as a stand-alone system. It needs no integration

with other systems to make it operational.

4.5 Results of Implementation Phase

4.5.1 Acceptance by User

An assessment on the acceptance of the program by the users following the 

installation, demonstration, orientation and training to users was conducted to gauge 

the level of acceptance and satisfactions they have over the system. This would help 

identify some of the problems from actual system implementation. It used various 

indicators as discussed in Chapter III. The evaluation form questionnaire (in Appendix 

D) was as a tool for the assessment.

The assessors were selected from experts in the Weed Science Group, Botany 

and Weed Science Division, Department of Agriculture, district agriculture officials, 

and the 1st - 4th year bachelor and master students of the Faculty of Agriculture, the 

Kasetsart University. They were divided into 3 groups. The number of assessors for 

each group was based on the actual ratio of people belonging to each group in real life. 

The appropriate number of assessors for each group should not be less than 30 people 

in order to ensure the validity of the statistical results.

Group 1 – People with 0-1 year of experience in weed science. It includes 

all the 1st – 4th year students and the master students of the Faculty of Agriculture, 

Kasetsart University. Twenty-five of them were specifically selected for this 

assessment.

Group 2 – People with more than 1 year of experience in weed science. It

includes district agriculture officials. Four of them were specifically selected for this

assessment.

Group 3 – People who are considered experts in this field. It includes

those who work for the Weed Science Group, Botany and Weed Science Division, The

Department of Agriculture. One of them was specifically selected for this assessment

as there is very limited number of experts in this field in real life.
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These assessors were asked to trial the system and answer a questionnaire.  The

assessors were asked to rate the level of satisfaction they had from using the system as

well as their suggestions for future improvements with regards to the user interface

and the identification of the system. The primary answers from questionnaire in Table

4.11. After analyzing, the results can be discussed below:

Consistency

Sixty percent (60 %) of the assessors agreed that the questions asked by 

the system were fairly clear. Another twenty percent (20 %) thought they were very 

clear and the last twenty percent (20 %) said they were unclear. Some assessors noted 

that for certain questions, it would be quite confusing if there were no pictures shown. 

Most of the assessors suggested that there should be descriptions in Thai for those who 

were not familiar with English to be able to use the program more easily as most of the 

vocabularies were quite specific. On the adequacy of vocabulary explanation, majority 

of the assessors (43.33 %) said it was already adequate but it would still be better to 

have explanation in Thai. Moreover, some of the pictures were not clear. Therefore it 

made it more difficult for users to answer the questions. More than thirty six percent 

(36.67 %) and thirteen percent (13 %) thought that the vocabulary explanation was 

fairly adequate and inadequate, respectively.

Efficiency

Most assessors said the system speed in searching for output was fast (80 

%) and accurate (90 %). The system rarely came up with incorrect output. On the 

account of the security of the system, sixty percent (66.67 %) said it was really good 

as the system had the access control in the form of password for both the use of the 

program and the maintenance of the database in the program. The rest (33.33 %) said 

it was fairly good for the security of the system.

Ease

Most assessors thought that the data input was easy (66.67 %) and the data 

editing was easy (53.33 %). For the assessors with more than 5 years of experience 

commented that there was a degree of complex in the database.
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management which may require more time and practices together with an 

understanding of the Decision tree to be able to use it.

User Friendliness

Most of the assessors (56.67 %) agreed that the user friendliness of the 

system is moderate. Some suggested that the colors used were good but can still be 

improved to make it look more attractive by adding some animation to the screens. 

More than eighty three percent (83.33 %) said the number of questions were 

appropriate i.e., not too excessive and not too boring.

4.5.2 Documentation

The documentation was produced after the system development finished. This

included the system overview and user manual. User manual is also composed of 2

parts, i.e., User manual for general users and Maintenance documentation for Admin.

(See appendix E for details)

4.6 Results of Post Implementation Phase

4.6.1 Operation and Maintenance

The introduction to the operation and maintenance of system will be focusing on 

self-study via the Maintenance Documentation for Admin.

4.7 Conclusions and Recommendations

The details of the conclusions and recommendations are summarized in Chapter

V.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

In designing, developing and testing the WeedXPert System, the researcher has 

learnt from the analysis and thus been able to draw conclusions and discussions on the 

performance of this prototype program for further development in the future.

5.1  Limitations of the WeedXPert Program

Like many other diagnostic expert systems, WeedXPert, by itself, cannot serve 

for all purposes nor can it resolve all the problems. It has its own limitations, which 

would be discussed below:

5.1.1 Hardware

The hardware system requirements for WeedXPert program are a CPU of

Pentium 90 MHz or higher, an operating system of Windows98 or higher or Windows

NT Version 4.0 or higher, a memory of 32MB RAM or more and a minimum of

50MB space on hard disk. The program is best displayed on 800 x 600 resolution and

256 colors mode with a mouse.

5.1.2 Diagnosis Part

This part (module) of the program consists of 2 components.

5.1.2.1 Weed Identification

This component of the program will help identify various weeds in paddy 

fields in the groups of broad-leaved weed, narrow-leaved weed (grass) or sedge. It is 

initially capable of identifying 58 species of weeds commonly found in paddy field.  A 

certain degree of backgrounds on botanical and morphological characteristics of plants 
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are required from users as they will be asked a series of morphological characteristic 

questions set up in the program.

The system can only diagnose based on information contained in the 

database. The outcome of the diagnostics would either be ‘Probable WeedGroups’ or 

‘Probable Weeds’. It would also show details of all the answers given by users in the 

‘Traceroute’ so that users can validate the results by looking at the details from each 

answer and compare them against the morphological characteristics of the weed to be 

identified.

Nonetheless, the validity of the results depends significantly on the users’

decisions in answering the questions and the experiences in plant morphological

characteristics of the users as well as the underlying deviations among various weed

species themselves.

It was basically found the limitations of an expert system development

from the literature review, which were the same as the researcher found in the result of

this study.  The limitations of WeedXPert development were similar to that in, such as,

the WIX (33), Plant Taxonomy Expert System (8), the CVIX (13), and the NEPER

(32)

5.1.2.2 View Weed Info

To use this module, it is necessary that users know the scientific names of 

the weeds that they would like to find out for details. They can view, at this 

preliminary stage, details of 58 different weed species. The details of other weed 

species  can also be added into the database in the future.

Even though there were some limitations of the WeedXPert, its capable of 

this module has been extended from the existing capable in the NEPER and the WIX 

which has not been yet developed this module. Morever the function on control 

method recommendation of the NEPER has never been initiated.

5.1.3 Data Manipulation Part

This part of the program is meant to be used by experts or authorized users (or

Knowledge Engineer) as it involves the administration and the maintenance of the data

contained in the system in the part named ‘Master Data Mentainance’.
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The expert system engineer can input additional data whether they are about new 

Weeds or new WeedGroups into the system as well as morphological characteristics 

and its values needed for identification via the ‘MorpChar’ and ‘ValMorpChar’ tables. 

However the Weed Identification component of the program will be functioning only 

after the linking and sequencing of the questions and answers are updated in the 

‘Weed MV’ and ‘WeedGroupMV’ table.

It is required that the linking and sequencing of the answers (sequence number) 

in the WeedMV and WeedGroupMV tables of the program be carried out using 

Decision Tree.  Therefore it should only be done by an expert system engineer who 

has the experiences in weed identification in paddy fields.

The program by itself cannot verify the authentication of the information that

gets input or changed into the database. The data authentication is therefore purely

dependent upon knowledge engineer.

5.2 Analysis of Research Results

5.2.1 Knowledge acquisition

In developing an expert system, one of the most important issues that the 

developer needs to focus upon is the collection and the acquisition of relevant 

knowledge as the performance of the system heavily depends on the quality of the 

knowledge acquired. It is difficult and often requires a great deal of observation skills 

and prudence to acquire accurate knowledge from experts, try to understand the 

knowledge itself and the decision making process going through the experts’ 

experiences and translate them into the system without mistakes. The researcher had 

spent a great deal of time doing further research and study on physical characteristics 

of plants before embarking upon the development of the system. By far, it is the most 

time-consuming process.

5.2.2 Expert System Design

The key components of an expert system design are knowledge database

management and reasoning process. The knowledge database management and the
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reasoning process can be done using various approaches. A good approach is normally

one chosen to fit with the characteristics of the data and the level of complication in

the system development and future upgrades. This research study cannot really tell if

the approach used in this research is better than other approaches. But it can only

exhibit the program’s viability and capability in reasoning. It helps us understand

some of the flaws or weaknesses of the system and thus be able to find appropriate

means to correct or enhance them. Apart from the knowledge database management

and the reasoning process, the system also helps in the explanation subsystems

designed to enable users to look at the foregone identification answers for validation.

The illustrations in WeedXPert used to help the users getting clearer before

answering. It is an important function in the visual sense system for user friendliness

as we have learnt in the literature review.

Even though this research involves primarily 58 weed species, the system has

been designed to cater for future upgrades. To upgrade the data using heuristic study

approach such as this weed identification in paddy fields, the expert system engineer

must use decision trees designed in order to prevent possible mistakes in updating or

upgrading data in the system. One must realize that the learning process of the system

can only take place just by people inputting data or information into system. The

system cannot develop the knowledge by itself. However this additional knowledge

should somewhat emulatewhat actually going through experts’ experiences and then it

should be translated into the system in order to enhance our knowledge capacity in

weed identification.

The new knowledge of an expert system development has been initiated in this

research that extended the new nodes addition function from the CVIX (13). To add

new nodes that has not yet found in the database, the skill on computer programming

of Admin users are not required to edit the source code in the program. Significantly,

WeedXPert can identify to the species of weeds. In addition, its Explanation

Subsystem is also one of the distinguished module for users’ decision. The other

useful functions in the WeedXPert is the Help Menu.
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5.2.3 Expert System Development

On the expert system development, the researcher has focused upon the system 

speed and accuracy in reporting.  On the accuracy aspects, the system has undergone 

multiple iteration tests and revisions to ensure the high level of accuracy is 

satisfactorily achieved. The system speed somehow has lesser problem as it depends 

on the selection of the hardware and software to best suit the system. The WeedXPert 

has been developed using a computer with 800x600 resolution monitor set up. 

Technically it can best display on 800x600 resolution monitor. However it can also be 

adjusted for use on other resolution modes.

5.2.4 Expert System Testing

The expert system testing and assessment are highly important. The results from

the testing and assessment can be used to improve the system. In this research, the

system has been tested and upgraded many times against actual weeds found in the

environment under normal conditions. The morphological characteristics observed

from the weeds are somewhat similar to the pictures available in the system even

though some of the pictures in the program are not truly clear. Therefore it is not really

difficult to make decisions in answering the questions. It also helps in explaining the

vocabularies used in the program.

The advantages and disadvantages after testing the WeedXPert comparing to the

answer from human expert have been revealed are as below:

Advantages of human expert

Human expert can visually identify weed morphological characteristics.

Moreover the decision could be also done easily by touching

Human expert can learn and add the new knowledge very fast.

Disadvantages of human expert

The limitation of experts’ recognition.

Human expert could be forget some of their knowledge

Lack of human experts for all knowledge requirements in many places.
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Advantages of WeedXPert

WeedXPert can be simultaneously installed in many places, meanwhile the

human expert could not be available when the knowledge is needed.

Disadvantages of WeedXPert

The validity of the results depends significantly on the users’ decisions in

answering the questions and the experiences in plant morphological characteristics of

the users as well as the underlying deviations among various weed species themselves.

Visual and touching sense are not yet allowed to use in WeedXPert.

The system cannot develop the knowledge by itself.

It was found that most users are not familiar with vocabularies associated with

physical characteristics of plants to communicate with the program or answer some of

the questions.

5.3 Conclusions

The expert system for weed identification in paddy field, WeedXPert, was

developed to be operating on Windows 98 or higher. The knowledge was represented

by using frame and the relational database as well as using hierarchical reasoning as

the inference engine. Decision tree was used to convert knowledge into relational

database. It also used breadth-first search together with pattern-matching recognition

techniques in the system. The user interface was facilitated by both text messages and

pictures in order to ensure efficient communication with users and minimize mistakes

in data input. This can also help with the explanation subsystem for users to review

their answers of previous identification steps for data validation. WeedXPert user

interface has 2 key modules, i.e., the Diagnosis Part, which consists of Weed

Identification Module and View Weed Info Module, and the Data manipulation Part

which contains the Master data Maintenance Part. English is used as a language of

entire system communicating to users.
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The results revealed that WeedXPert primarily performed well on the study’s

target requirements. Also the system showed itself to be sufficiently useful as a

prototype to be developed further and to be useful for other subsets of plants.

5.4 Recommendations

Followings are some of the possible improvements which can be made in order

to enhance the performance of the system.

Communication barriers – the pictures used in communicating with the 

users can be replaced with better quality pictures. This will facilitate the 

communication between the program and the users. Descriptions in Thai can also be 

added in order to serve a wider array of users.

User interface - improvements can be done to make the program more

user friendly such as adding individual screen printing feature or supplementing other

necessary information on biological controls of weeds that promotes sustainable

development, etc. Moreover, the geographic information system could be further

integrated for  weed control recommendation in the system.

Others – improvement on the automated adding new knowledge for weed

identification should be done for further development. It could help to avoid

reworking and inconsistent data in the database.
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APPENDIX A

MORPHOLOGICAL CHARACTERISTICS FOR

WEED IDENTIFICATION IN PADDY FIELD
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Table A1 shows Morphological Characteristics and Values for weed identification in
paddy fields.

Morphological Characteristics Value of Morphological Characteristics

Leaf

Monocot parallel-nervedLeaf venation

Dicot net-nerved

Simple leaf
1-pinnatted compound leaf
2-pinnatted compound leaf

Leaf type

Palmatted compound leaf
Yes (Has sheath)Sheathness (Has sheath?)
No (Has no sheath)
Yes (Leaf shape is in Linear group.)Leaf shape is in Linear group?
No (Leaf shape is not in Linear group)
Flat
Fold

Angle to mid rib

Involute
Ovate leaf shape
Obovate leaf shape
Cordate leaf shape
Orbicular leaf shape
Sagittate leaf shape
Reniform leaf shape
Rhombic leaf shape
Linear leaf shape group
Lyrate leaf shape

Leaf shape

Spathulate leaf shape
Distichous leaf arrangement
1/3 Alternate leaf arrangement
2/5 Alternate (Spirally arranged) leaf
arrangement
Opposite leaf arrangement
Decussate leaf arrangement

Leaf arrangement

Whorled leaf arrangement
Entire
Undulate/sinuate
Crenate
Dentate
Serrate

Leaf margin

Lobed
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Table A1 (con.) shows Morphological Characteristics and Values for weed
identification in paddy fields.

Morphological Characteristics Value of Morphological Characteristics

Leaf (con.)

Pinnatifid
Denticulate

Leaf margin (con.)

Cillate
Acute
Acuminate
Apiculate
Mucronate
Obtuse
Rounded
Truncate

Leaf apex

Emarginate
Glabrous
Pubescent
Hirsute

Leaf indumentum

Stellate
None
Hairy leaf blade 1-side-only
Hairy leaf margin-only
Hairy leaf mouth-only
Hairy leaf blade both-sides
Hairy leaf blade 1-side + leaf margin
Hairy leaf blade 1-side + leaf mouth
Hairy leaf blade both-sides + leaf margin
Hairy leaf blade both-sides + leaf mouth

Hair position on leaf

Hairy leaf blade both-sides + leaf margin
+ leaf mouth
StipulateStipule
Exstipulate
Absent ligule
Membranous truncate ligule
Membranous fringed ligule

Ligule

Hairy ring ligule
Glabrous
Pubescent

Sheath hairiness

Hirsute
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Table A1 (con.) shows Morphological Characteristics and Values for weed
identification in paddy fields.

Morphological Characteristics Value of Morphological Characteristics

Inflorescence/Flower

Solitary
Catkin
Corymb
Cyme
Head/Capitulum
Panicle
Raceme
Spadix
Spike
Spikelet
Simple umbel

Inflorescence type

Compound umbel
Terminal
Axillary
Middle part of stem--near stem base

Flowering position

Middle part of stem--near tip
None
1 single glume

Number of glume

more than 1 glumes
Distichous glumeGlume arrangement
Spirally arranged glume
NoneNumber of lemma and palea
1 lemma and 1 palea
Awnless lemma
Long awned lemma (>= 0.5 cm.)

Awn of lemma

Short awned lemma (< 0.5 cm.)
Flattened spikeletSpikelet cross section
Rounded spikelet
0-2 petal(s)
3-petals
4-petals
5-petals
6-petals

Number of petal (s)

more than 6-petals
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Table A1 (con.) shows Morphological Characteristics and Values for weed
identification in paddy fields.

Morphological Characteristics Value of Morphological Characteristics

Stem
Terete-solid
Terete-hollow

Stem cross section

Winged
Striate stem
Furrowed stem
Trigonous stem

Stem cross section

Triquetrous stem
Glabrous
Hirsute

Stem hairiness

Pubescent
Distinct trait

None
Irritate when touch leaf
Moderately sensitive to the touch
Odoriferous
Rhizomatous stem
Stoloniferous stem
Stoloniferous and Rhizomatous stem
Spongy bladder-like at stem base
Spongy bladder-like at nodes
White latex

Distinct trait

More than 1 choices
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APPENDIX B

DESCRIPTION OF WEED GROUPS
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Table B1 shows the description of each 40 weed groups

Weed group Description
W1 Monocot, parallel-nerved leaf venation with leaf sheath. Leaf shape

is in linear group. Weed species in this WeedGroup could be Grasses
or Sedges.

W2 Monocot, parallel-nerved leaf venation with leaf sheath. Leaf shape
is in linear group. Weed species in this WeedGroup could be Grasses
or Sedges.

W3 Monocot, parallel-nerved leaf venation with leaf sheath. Leaf shape
is in linear group. Weed species in this WeedGroup could be Grasses
or Sedges.

W4 Dicot, parallel-nerved leaf venation with no leaf sheath. Leaf shape
is not in linear group.  Weed species in this WeedGroup are surely
Broadleaf weeds.

W11 Parent is W1. Angle to midrib is involute and stem cross section is
triquatrous shape.

W12 Parent is W1. Angle to midrib is involute and stem cross section is
trigonous shape.

W13 Parent is W1. Angle to midrib is flat and stem cross section is solid
terete shape.

W14 Parent is W1. Angle to midrib is flat and stem cross section is
trigonous shape.

W111 Parent is W11. Inflorescence type is compound umbel. The
flowering position is at terminal.

W112 Parent is W11. Inflorescence type is simple umbel. The flowering
position is at terminal.

W113 Parent is W11. Inflorescence type is corymb. The flowering position
is at terminal.

W121 Parent is W12. Inflorescence type is spike. The flowering position is
at terminal.

W122 Parent is W12. Inflorescence type is spike. The flowering position is
at the middle part of stem-- near stem base.

W123 Parent is W12. Inflorescence type is compound umbel. The
flowering position is at terminal.

W124 Parent is W12. Inflorescence type is head/capitulum. The flowering
position is at the middle part of stem--near tip.

W125 Parent is W12. Inflorescence type is panicle. The flowering position
is at terminal

W131 Parent is W13. Hair position on leaf is found on 1 side.

W132 Parent is W13. Hair position on leaf is found at leaf margin only
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Table B1 (con.) shows the description of each 40 weed groups

Weed group Description

W133 Parent is W13. Hair position on leaf is found on both sides.

W134 Parent is W13. Hair position on leaf is found at leaf mouth only.

W135 Parent is W13. No hair on leaf.

W1351 Parent is W135. All weeds in this group have membranous truncate
ligule.

W1352 Parent is W135. All weeds in this group have membranous fringed
ligule.

W1353 Parent is W135. Ligule of all weeds in this group is absent.

W21 Parent is W2. Leaf type is simple leaf. Leaf shape is ovate with
undulate leaf margin. Leaf indumentum is pubescent.

W22 Parent is W2. Leaf type is simple leaf. Leaf shape is ovate with
undulate leaf margin. Leaf indumentum is glabrous.

W23 Parent is W2. Leaf type is simple leaf. Leaf shape is orbicular with
entire leaf margin. Leaf indumentum is glabrous.

W24 Parent is W2. Leaf type is simple leaf. Leaf shape is ovate with
entire leaf margin. Leaf indumentum is glabrous.

W31 Parent is W3. Leaf type is simple leaf.

W32 Parent is W3. Leaf type is 1-pinnated compound leaf.

W33 Parent is W3. Leaf type is 2 -pinnated compound leaf.

W311 Parent is W31. Leaf arrangement is ditichous. Leaf margin is entire.

W312 Parent is W31. Leaf arrangement is 1/3 alternate.  Leaf margin is
entire.

W313 Parent is W31. Leaf arrangement is 1/3 alternate.  Leaf margin is
serrate.

W314 Parent is W31. Leaf arrangement is discussate.  Leaf margin is
entire.

W315 Parent is W3.  Leaf arrangement is 2/5 alternate.  Leaf margin is
entire.

W316 Parent is W3.  Leaf arrangement is opposite.  Leaf margin is entire.

W41 Parent is W4, Simple leaf, Leaf shape is Ovate.

W42 Parent is W4, Simple leaf, Leaf shape is Obovate.

W43 Parent is W4, Simple leaf, Leaf shape is Sagittate.

W44 Parent is W4, Simple leaf, Leaf shape is Orbicular.
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APPENDIX C

DECISION TREE
FOR WEED IDENTIFICATION IN PADDY FIELD
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APPENDIX D

USER EVALUATION FORM
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User evaluation form

An expert system development for weed identification in paddy field

Part 1 User information

    Please mark √  in the box       what you would like to select.

1. Experience in Weed science (year)        0-1                 >1 but <5        > 5

2. Computer experience        Ever used         Never

Part 2  Acceptance about Expert system performance

       Please mark √  in the box      what you would like to select.

  Satisfied          Fairly  Unsatisfied

1. Question clarity

2. Adequacy of vocabulary explanation

3. System speed in searching for output

4. Accuracy of  processing

5. Security of the system

6. Ease of data input

7. Ease of data editting

8. User friendliness of the system

9. Appropriate number of the question

Part 3 Discussion and Recommendation

♥Thank you so much for your evaluation♥
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APPENDIX E
WeedXPert USER MANUAL
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WeedXPert User Manual

There are three main parts of the WeedXPert User Manual:

1. How to install WeedXPert

2. How to use WeedXPert for general users

3. How to maintain master data (for admin users only)

1. How to install WeedXPert

1.1 Insert WeedXPert CD-ROM in CD-drive of your computer

1.2 Run ‘setup.exe’ in CD-ROM under Folder WeedXPert/Setup

1.3 After installing, you can now easily use the program by running

WeedXPert.exe

2. How to use WeedXPert for general users

2.1 How to logon

After running on WeedXPert.exe, you need to logon as the general user. User 

Account and Password are required by system security in this step. The steps of logon 

in order to get access into the main page of the system are as follow (Figure E-1):

1. User account and password key-in

2. Press ‘Enter’

3. Enjoy your work in WeedXPert
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Figure 1E: Steps of Password Key-in

Figure E-1: Step of logon by general users

After logon, the main page will be shown as below (Figure E-2):

Figure E-2: Show the main page after

user account and password key-in page for ‘general user’

1. User Account
and Password
Key-In

2. Press Enter
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Once you have found the pop-up box after you have keyed-in your account and

password as below (Figure E-3). The pop-up box means that account or password you

have keyed-in was wrong. Then please try to key-in the right one again.

Figure E-3: Show the pop-up box after the wrong account or password key-in

2.2 How to Identify weed spicies

2.2.1 Get through the Diagnosis Module

There are two ways to get through the Diagnosis Module from the main

page. The first one is getting through it via ‘Weed Identification Button’ as shown in

Figure E-4.

FigureE-4: Step to get through the Diagnosis Module via ‘Weed Identification Button’

Cilck ‘Weed

Identification‘

button
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Another way is getting through via ‘Weed Identification Menu’ as shown

in Figure E-5.

Figure E-5: Step to get through the Diagnosis Module via ‘Weed Identification Menu’

2.2.2 Answer the set of questions to identify weed species

After getting through the Diagnosis Module, you need to answer the set of

questions one-by-one. Most of the option choices have the illustrations where you can

see the different pictures after changed-clicking on another option choices. See Figure

E-6.

 Figure E-6: Show the different pictures of different option choices

Select
‘Weed
Identification’
menu
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The completed answering of your decision requires clicking the ‘Next’ button

as below (Figure E-7):

Figure E-7: Step to complete your answering

Re-selecting the previous answer can be done by clicking on the ‘Back’ button

as shown in Figure E-8.

Figure E-8: Step to re-select the answer of the previous question

1. Select one

choice

2. Click ‘Next’ button

1. Click ‘Back’ button of the

present page for getting back

to the previous question

2. Select new option
choice

3. Click ‘Next’ button
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2.2.3 Output Subsystem

The results will be shown after the system has completed its identification

process. It can be one of these 3 types:

Type 1 Unable to identify weed specie – this is because there is no 

available data in the knowledge base to identify the closest possible weed specie. 

Figure E-9 shows that the system cannot give any probable weeds output that matches 

with the corresponding answers.

      Figure E-9: An example of type 1 output screen

Type 2 Unable to clearly identify weed specie – in this case, the 

system will show all the Probable WeedGroups to which the possible weed may be

their child.  You can view the details of those weeds by clicking at that weed name. 

Figure E-10 shows a list of Probable Weeds resulted from the system knowledge base 

on a Probable WeedGroup.

Type 3 Able to clearly identify weed specie – the system is capable 

of clearly identifying a particular weed that matches the answers. You can click on the 

name of the weed given in the Probable Weeds View to browse all the details 

associated with that particular weed. See Figure E-11.
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Figure E-10: An example of type 2 output screen

Figure E-11: An example of type 3 output screen

2.3 How to view weed information

When you are interested in knowing the morphological characteristics, 

agricultural characteristics and the control methods of each weed, you can view it in 

WeedXPert. It is available to get through the ‘View Weed Info’ submodule by clicking 



Fac. Of Grad. Studies, Mahidol Univ.   M.Sc. (Tech. of Inform. Sys. Mang.) / 133

on ‘View Weed Info’ button on the main page or selecting it at the ‘Program’ toolbar. 

Then you just choose the scientific name of a weed on the ‘View Weed Info’ page. 

The screen can be scrolled up and down for looking up all details. An example of this 

screen is shown in Figure E-12.

Figure E-12: Steps to View Weed Info

2.4 How to look up the Help Menu

Apart from the main features of the system discussed, there is also a Help Menu

which you can see at the menu bar in every pages of the WeedXPert (see Figure E-13).

It consists of ‘About WeedXPert’ (see Figure E-14) and ‘Contents’ (see Figure E-15).

The Contents function consists of ‘Acknowledgement’, ‘Morphology Glossary’,

‘Chemical Control Methods’, ‘User Manual for WeedXPert’ and ‘Decision Tree for

Weed Identification’, and ‘Description of Weed Groups’. You can easily find out what

1.Click ‘View Weed
Info‘ button

2.Choose the weed
name you would  like
to view info
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you want to know more just by clicking in each topic or you can comfortably search

by the word(s) in the Search subfunction .  

Figure E-13: Help Menu in WeedXPert

Figure E-14: Show ‘About WeedXPert’ screen in Help Menu
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Figure E-15: Show ‘Contents’ screen in Help Menu

2.5 How to exit WeedXPert

When you finish all tasks in WeedXPert and no more tasks to work on, just click 

at the small red cross button at the right corner or select the Exit function at the 

Program menu bar which you can see on every screens. (see Figure E-16)

Figure E-16: Show how to exit the WeedXPert from this screen

   Exit

   Exit
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3. How to manipulate data (for admin users only)

3.1 How to logon

Like general users, all Administrators need to logon in order to get through the

main page of working moduls. User account and password are required by system

security in this step. The steps of admin users logon in order to get access into the

main page of the system are as follow (Figure E-17):

1. Admin account and password key-in

2. Press ‘Enter’

3. Enjoy your work in WeedXPert

Figure E-17: Step of logon by Admin

After logon, the main page will be shown as below (Figure E-17):

1. Admin
Account and
Password
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Figure E-17: Show the main page after

user account and password key-in page for ‘admin user’

3.2 How to manipulate data in database

Once you, an expert or a knowledge engineer, are classified as an admin user,

you can access this ‘Master Data Maintenance’ module to manipulate data in the 7

main tables stored in the file called ‘weed.mdb’ including Table WeedGroup, Table

MorpChar, Table ValMorpChar, Table Weed, Table WeedGroupMV, Table

WeedMV, and Table User. The ways to get through this module can do via ‘Master

Data Maintenance’ button or selecting it at the ‘Program’ menu bar (see Figure E-18).  
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Figure E-18: Show the ways to get through the ‘Master Data Maintenance’ module

Each table can be added, edited, and deleted. However there are two important

tables which are relevant to the knowledge of weed identification, namely Table

WeedGroupMV  and Table WeedMV . They contains the relative sequences of the

answer for the identifying process of the system, both WeedGroup level and Weed

level. If there is any change with wrong sequence, it will effect to the result for users.

So, all admin users are strongly recommended to work on the decision tree of weed

identification before doing changes on these tables in the WeedXPert.

The example steps of changing data in Table WeedMV are show as below:

‘Master Data
Maintenance’
mudule at the
menu bar

‘Master Data
Maintenance’
button
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1. Choose WeedMV Table at the ‘Master Data Maintenance’ button

2. If you would like to add the data on this weed, just select weed you

would like to add the data. Then click on the ADD button on this page.

Selected
weed

ADD
button
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3. Select Weed Name, select Morphological characteristic and its value

that you would like to add. The last step is typing the sequence number of the

question. Once you finish, click OK. The small pop-up box will show you have done

with it.

4. If you have found that there are some redundant sequence of answer or

any errors which you would like to edit, you just select that row and then click EDIT

button.

You have done to
add the data now!

Selected
row

EDIT button
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5. Edit data as you want. This function cannot select Weed Name because

the program has coded to allow you to edit only your selected weed. Once you finish,

click OK. The small pop-up box will then show that you have done with it.

6. Whenever you would like to delete any data, please be careful to work

on it. The deletion means getting delete entire row. Once you click the DELETE

button, the system will show you the pop-up message to confirm your deletion. If you

are sure, click Yes.

Are you sure to delete 
this record?

Record was deleted
successfully.
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3.3 How to exit WeedXPert

When you finish all tasks in WeedXPert and no more tasks to work on, just click

at the small red cross button at the right corner or select the Exit function at the

Program menu bar.

Exit

Thank you for using WeedXPert
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