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ABSTRACT
Design of an Expert System for Ergonomic Assessment
Shen Fan
As a branch of artificial intelligence, expert systems have achieved a tremendous
development in the past two decades and have gained mature implementations in many
industrial fields. Ergonomics is playing an important role in the modemn society.
Applying the technology of expert systems in ergonomics makes it possible for people to
use the expertise of ergonomic experts to finish their work correctly and efficiently

without the assistance of experts.

This thesis presents the design of a rule-based expert system that is used to analyze and
evaluate the working conditions by ergonomic standards. CLIPS (C Language Integrated
Production System) is the tool used to develop this expert system. The knowledge base
of this expert system is acquired from OSHA's (Occupational Safety and Health

Administration) ergonomic standards and Washington State's Ergonomics Rules.

Our expert system has five subcomponents construct this expert system: management
component, general OSHA questions component, Visual Display Terminal analysis
component, Lifting calculation component and In-depth work analysis component. The
management component controls the flow of the other subcomponents whereas the other
subcomponents identify hazards of musculoskeletal disorders and evaluate ergonomic
conditions in the workplace. The power of our expert system is shown by doing a step-

by-step in-depth work analysis as an example.
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Chapter 1

Introduction

1.1 Overview of Ergonomics

1.1.1  Introduction

Ergonomics is the application of scientific principles, methods. and data drawn from a
variety of disciplines to the development of engineering systems in which people play
a significant role. Ergonomics focuses on the human as the most important component
of our technological systems and it concerns the characteristics of the people involved.

particularly of their dimensions, their capabilities, and their limitations.

1.1.2 Historical Review of Ergonomics

We can trace the history of ergonomics back to ancient time. A fundamental activity
of human beings was that they could use objects found in the environment. such as
tools or weapons. This is the difference between humans and other primates.
Purposeful shaping of tools. creating finished products from raw materials. fitting

clothes and making shelters were early and fundamental “ergonomic™ activities.

Early in human civilization time, people began to do some research about the human
body. About 400 B.C. Hippocrates described a scheme of four body types. Over the
centuries, more exact information accumulated into specialized disciplines. From the
15th to 17th centuries, gifted persons such as Leonardo da Vinci could still master all

the existing knowledge of anatomy, physiology, and equipment design [1].



Although there were some activities about human factors, ergonomics emerged as a

subject in the 20th century.

In the early 1900s, in the United Kingdom, the Industrial Fatigue Research Board
considered theoretical and practical aspects of the human at work. In 1913, Rubner
founded a Work Physiology Institute in Germany. In the United States, Benedict and
Cathcard described the efficiencies of muscular work. In the 1920s, the Americans

established the Harvard Fatigue Laboratory [1].

In the first half of the 20th century. two distinct approaches to studying human
characteristics had developed. One was concerned mainly with physiological and
physical properties of humans. the other with psychological and social traits. The

former was studied mainly in Europe and the latter in North America [1].

In North America, during the time of the Second World War, people began to study
human factors as part of “man-machine systems”™. On January 13 and 1[4, 1950, a
group of British researchers met in Cambridge. England. The term “ergonomics™.
from the Greek words “ergon™ meaning “work™ and “nomos”™ meaning “law™ was
proposed and formally accepted as the name of the new society at its council meeting

on February 16, 1950 [1].

1.1.3 The Current Status of Ergonomics
Since the birth of ergonomics. more than half a century has passed. Ergonomics has
had significant developments both in developed countries and developing countries.

But the position of ergonomics in those countries is different.
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. Developed Countries

Ergonomics has become un "identified profession” in the Western world. In North
America and Europe, people implement the principles of ergonomics in many fields.
They established social administrations and organizations. such as American
Industrial Hygiene Association (AIHA), Human Factors and Ergonomics Society, and
Occupational Safety and Health Agency (OSHA). Many universities have specific
faculty for ergonomics research and education, such as Michigan University (USA).
and Concordia University (Canada). Some enterprises hire specific duty persons to be
responsible for ergonomic programs, such as CAE Montreal, Canada. In the market,
people can find more and more industrial products embedded with ergonomics design.
In our daily life. the implementation of ergonomics brings us many conveniences.
Ergonomic furniture, ergonomic computer keyboards, computer monitors, traffic
guides. comfortable car scats. proper office temperature. etc. These reduce the rate of
working accidents, increase working efficiency. bring benefits to people not only

physically but also psychologically.

. Developing Countries

Ergonomic ideas did not emerge carly in developing countries. Interest in ergonomics
among developing countries followed belatedly after its introduction in the developed
countries. In 1983, the first international conference on the ergonomics in developing
countries was held at Lulea University, Sweden [2]. In 1985. the International
Symposium on Ergonomics in Developing Countries was held in Jakarta. Indonesia.
More than 300 participants from 20 countries. mostly from developing countries

attended the 3 day-meeting {2]. With the great scale of import of advanced facilities
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and frequent technical and research exchanges with developed countries, the concept
of ergonomics came to the developing countries. China is a typical example. It
reached its peak of import during the 1980s. Many advanced technologies and
facilities were introduced from Western world. From then on, some enterprises
improved their safety management systems and commercial advertisements spread the
concept of ergonomics among consumers. There are special training programs of
ergonomics offered. Some companies improved their product design with ergonomic

ideas.

Generally speaking. although the interest and applications of ergonomics are growing
in developing countries, the result is far from satisfactory. Human factors research is
very limited in developing countries. Ergonomics is taught in very few universitics.
and to a very limited extent. According to statistics, the rate of accidents and injuries
at work in developing countries is more than 10 times {2] than that in developed

countries.

Due to economic situations. demography, tradition, religion, political systems and
other cultural and social conditions. technology transfer from developed countries has
not led to significant improvement of ergonomics in developing countries. Poor
working conditions, the absence of effective preventive programs for work-related
injuries and discomfort in many workplaces in developing countries have resulted in
high sickness and accident rates, causing not only enormous human suffering, but also

loss of productivity and product quality.

When technology is transferred from developed countries to developing countries, due
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to the reasons of cost, lack of demand and lack of knowledge by the recipient
countries, companies very seldom take the initiative to adapt their technology to the
conditions of the recipient's countries. The rapid changes in many developing
countries do not allow for the establishment of appropriate and compatible social and

technical infrastructure to deal with the consequent problems.

In some cases, the old technology and worn-out machinery are still used in many
developing countries. This machinery creates many work environment and production
problems. On the other hand. due to the economic constraints in some countries,
national policies even encourage the importation of second-hand technology through

tax reduction measures [2].

o Ergonomics in China
In China. the early work on ergonomics can be traced to the 1930s. Professor Li Chen,

Honorary President of Hangzhou University was a pioneer in this field [3].

During the 1980s. many world famous ergonomists visited China. Frequent lecture
exchanges and ergonomics training programs helped China to develop its ergonomics.
In 1989. China founded its ergonomic organization, the Chinese Ergonomics Society.
In July 1991. this society became a member of the International Ergonomics

Association (IEA) [2].

1.1.4 Work-Related Musculoskeletal Disorders (MSDs)
As defined by the International Health Commission. work-related musculoskeletal

disorders (MSDs) [4] are disorders and diseases of the musculoskeletal system that
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have work related causal determinants. They are a grcup of painful disorders of
muscles, tendons. and nerves. Examples are carpal tunnel syndrome, tendonitis,
thoracic outlet syndrome, and tension neck syndrome. Frequent and repetitive
activities, or activities with awkward postures cause these painful disorders during

work or at rest.

Almost all human activities in the work place require the use of the arms and hands.
Therefore, most MSDs affect the hands, wrists, elbows, neck. and shoulders. Work
using the legs can lead to MSD of the legs. hips, ankles, and feet. Repetitive activities

may also cause some back problems.

The National Institute for Occupational Safety and Health (NIOSH) in the US and a
scientific committee of the American National Research Council have published a
critical review cf the epidemiological evidence for MSDs. Both reports established a
strong positive relationship between the occurrence of musculoskeletal disorders and

the performance of work. with high levels of exposure to work risk factors [4].

1.2 Overview of Expert Systems

1.2.1 Introduction

As defined by Professor Edward Feigenbaum of Stanford University. an expert system
is ** ... an intelligent computer program that uses knowledge and inference procedures
to solve problems that are difficult enough to require significant human expertise for
their solution.” [5]. That is, an expert system is a computer system. This type of

system emulates the decision-making ability of a human expert.



Since expert systems usually have no algorithmic solution and rely on inferences to
achieve a reasonable solution. people usually make expert system programs in a very

different way from conventional programs.

People use expert systems to explain to the user the line of reasoning that led to the

solution of a problem or the desired advice.

1.2.2 Historical Review of Expert Systems
Artificial Intelligence (Al) has many branches concerned with speech. vision, robotics,
natural language understanding, and learning. Expert systems is one of the Al

branches.

The development of expert systems technology can be traced back in 1940s. In early
1943, people obtained post-production rules. The Markov Algorithm for controlling
rule execution was invented in 1954; in 1958, LISP Al language appeared; in 1970.
work on PROLOG began. The research in expert systems gained substantial growth in
the 1970s [5]. The early expert systems were mostly in the field of medical diagnosis.
The best-known expert system in medicine is MYCIN, developed in 1973 at Stanford
University [5]. In 1977, the OPS expert system shell emerged. In 1979, people
implemented Rete Algorithm for fast pattern matching and commercialization of Al

began [5].

By the 1980s, new companies started to bring expert systems out of the university
laboratory and produced commercial products. Some powerful new software such as

the Automated Reasoning Tool (ART) and Rulemaster were introduced by
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Knowledge Engineering Tool. In 1985, NASA introduced CLIPS [5}.

1.2.3

Knowledge Based Expert Systems

Expert systems, a branch of Al became a commercially viable solution approach to

real-life problems in the beginning of 1980s. Expert systems make extensive use of

specialized knowledge to solve problems at the level of 2 human expert.

The knowledge in expert systems is usually from books, scientific publications,

standards, and experts in the field. The inference engine of the expert system draws its

conclusions from the knowledge base. These conclusions are the expert systems’

response to the user's queries for expertise.

1.2.4

Advantages and Weaknesses of Expert Systems

Expert systems have some unique advantages.

Reduced cost. Although expert systems are still expensive to build and
maintain, they are inexpensive to operate.

Increased availability. An expert system is the mass production of human
expertise. It can be easily distributed in a number of copies. whereas training a
new human expert is much more time-consuming and expensive.

Fast response. Depending on the software and hardware used, it responds
faster than a human.

Steady, increased reliability. Expert systems are likely to perform tasks more
consistently than human experts. An expert system will handle similar
situations in the same way and make comparable recommendations. whereas
humans are influenced by various effects. An expert system can provide

permanent documentation of the decision process.
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) Intelligent tutor. An expert system may act as an intelligent tutor by letting a
student run sample programs and explaining the system'’s reasoning.

. Easy to improve and modify. In knowledge-based expert systems, for example,
people can update the system by adding new rules without changing the basic

structure [5].

While expert systems have many advantages, they also have some weaknesses. A
practical limitation of many expert systems today is lack of causal knowledge. That is.
expert systems do not really understand the underlying causes and effects in a system.
[t is comparatively easier to program expert systems with shallow knowledge based on
empirical and heuristic knowledge than with deep knowledge based on the basic
structure, function, and behavior of objects. Another problem with expert systems
today is that their expertise is limited to the knowledge domain that the systems know
about. Unlike people. typical expert systems cannot generalize their knowledge by
using analogy to reason about new situations. Although rule induction helps. only

limited types of knowledge can be put into an expert system this way [5].

1.3 Summary
In this Chapter, ergonomics and expert systems were briefly introduced. These two

disciplines emerged in 20th century. The introduction in this chapter presents a bird’s

eye-view of the two subjects.

. Research Motivations
Ergonomics has everything to do with people's lives. Utilizing ergonomics principles

in today’s society becomes more necessary and important. With more than a half-
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century of development, ergonomics researchers have created a number of standards
and rules to guide people’s behavior in work. Those standards and rules may stay in
different sources, some are in government documents, and some are within
ergonomics experts’ personal knowledge to be extracted. When people want to apply
ergonomics principles in their work, such as workplace design, they may have to
check the documents or consult experts. This works sometimes, can be very complex

and expensive. In addition, assistance of experts may not be readily available.

o Research Contributions

In this research, we set up a rule-based expert system. In this expert system. we stored
ergonomics knowledge in the format of rules. The knowledge base focuses on factors
that generate Musculoskeletel Disorder (MSD) hazards. Through the dialogs between
the user and the computer. the system draws a solution heuristically. Through the
inference. the system works as an expert to consult the user. It notifies the user about
the existence of MSD hazards in his/her workpiace design efficiently. Therefore. it

helps him/her to avoid MSD risk factors.

) Thesis Organization

In Chapter 2, we present a detailed literature survey in ergonomics and expert systems.
We will review some conventional methods in ergonomics research and
implementation of expert systems. In Chapter 3. we present a further introduction of
the specific problem and set up the foundation of our system. In Chapter 4, we will
address an in-depth analysis of the problem and detailed descriptions of our system.

Finally in Chapter 5. we draw the conclusion and make recommendations for future
research.
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Chapter 2

Literature Review

2.1 Introduction

In the past half-century, numerous scientists contributed much to the research of
ergonomics. Research in this field is also becoming more and more specific.
Meanwhile, with the assistance of fast development of computer science in hardware
and software, the technology of expert systems has matured. The implementation of
this technology has spread in many domains. In this chapter, by the literature review.,
we attempted to find out a way to implement expert system technologies in the area of

ergonomics.

2.2. Ergonomics

2.2.1 The Size of the Problem

Although the research and implementation of human factor enginecring is improving,
people are still facing severe problems of ergonomics around the world. For example,
Hilderbrandt [6] carried out a survey in 12 branches of Dutch agriculture. Through a
sample population of 2580 male employees and employers. with response rate of 49%.
a total of 75% of the employees and 71% of the employers reported musculoskeletal
symptoms during the past 12 months. Lower back pain was most prevalent, with a
one-year prevalence rate of 51% among employees and 47% among employers.
followed by symptoms of the neck-shoulder and knees. Neck-shoulder symptoms have
one-year prevalence rate of 35% among employees and 30% among employers. Knee

symptoms have a one-year prevalence rate of 22% among employees and 7% among
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employers.

Work-related MSDs are recognized as leading causes of significant human suffering,
loss of productivity, and economic burdens on society. Workers with severe MSDs
often face permanent disability that prevents them from returning to their jobs or
handling simple, everyday tasks like combing their hair, picking up a baby, or pushing
a shopping cart. In the last decade. it is reported that MSDs are the largest single job-
related injury and illness problem in the United States, consistently accounting for
34% of all reported injuries and i'tness [4]. Through OSHA's (Occupational Safety
and Healthy Administration, USA) report in 1997, employers are annually paying
more than $ (US) 15 billion for MSDs. Other expenses associated with work-related
MSDs, such as the costs of training new workers, may increase this total to $ (US) 45

billion a vear [4].

2.2.2 Study of Musculoskeletal Disorders (MSDs)
MSDs have been studied extensively through field studies. In order to find a
correlation between certain activities and specific MSDs. recently computers have

been used to help to design proper work environments and evaluate potential MSDs.

Saldana er al. [7] conducted a musculoskeletal discomfort survey to assess
musculoskeletal discomforts among rural mail carriers in two post offices. By means
of a computerized Discomfort Assessment System (DAS). they collected data about
musculoskeletal discomfort directly from the workforce. Through the survey, they
determined the number of participating employees who were experiencing some kind

of musculoskeletal problem, found out subtasks associated with discomfort,
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determined the body areas most affected by different subtasks and investigated the

patterns of discomfort that occurred with time.

Ranney er al. [8] found that in highly repetitive jobs, musculoskeletal disorders in the
upper limb are potentially work-related. Through research. they suggested that muscle
tissue is highly vulnerable to overuse. Stressors that affect muscle tissue, such as static

loading, should be studied in the forearms as well as the shoulder.

Chaffin and Page {9] introduced three case studies about infrequent lifting of varied
size boxes from near floor level. The cases included symmetric, sagittal plane lifting
using a freestyle posture. a similar lift but with freestyle and squat lift postures. and an
asymmetric load lifting task. The study result presented the relation of postural effects

on biomechanical and psychophysical weight-lifting limits.

With the popular implementation of computers. scientists began to pay more and more
attention to jobs in the office, especially that have something to do with visual display
terminals (VDT) {10]. Among office staff with repetitive work using VDTs,
musculolsketetal neck-and shoulder disorders are common. To date. office work is
mostly mixture of VDT and other tasks. Office workers are spending more and more
time at the keyboard. Through studying upper-arm elevation during office work,
people found that, although people receive other office work-tasks besides VDT work,
they don't achieve an improvement in arm postures or in neck-and-shoulder disorders.
In order to decrease such disorders, people need to apply more extensive changes in

arm postures provided by new work tasks [10].
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By examining 260 VDT workers, Bergqvist et al. [10] found several factors related to
the individual to be important in relation to musculoskeletal problems. Those factors
include age, children at home for women, and stomach-related stress reactions.
Limited rest break opportunity appeared to be a major factor for several muscular
problems. Limited or extensive peak contacts were also associated with
musculoskeletal problems. Neck and shoulder problems were associated with posture
factors. Arm/hand problems were associated with hand and keyboard position and
non-use of lower arm support. The findings provide examples of important factors for

musculoskeletal problems of VDT operators.

With more than a half-century development, people have summarized some effective
research methodologies for ergonomics research. The most basic methodology is
statistical analysis and experimentation. Through the experiments, researchers acquire

data for analysis. Analyzing and summarizing these data generates conclusions.

When investigating the factors that influence musculoskeletal disorders among VDT
workers. researchers gathered a group of 260 VDT workers [10]. Seventy-six percent
of the workers are women. Their common types of VDT jobs involved extensive
numeral input, data acquisition, sometimes with limited numerical and text input and
extensive word processing.  Subsequently, researchers conducted a worksite
investigation at the work place with data on each individual's most common work
situation. The data covered 88% of the 260 VDT users. Ninety-seven percent of the
260 VDT workers participated a physiotherapeutic  examination. The
physiotherapeutic examination included short case history of aches, stiffness. tiredness,

paresis, and numbness in the neck, shoulders, elbows, and hands. Meanwhile, the

14



subjects accepted active range of motion measurement by using a compass goniometer
for the neck, and functional tests for shoulder joints, elbows. and hands. Muscle
function tests for isometric manual resistance were performed with the subject in a
sitting posture. Muscles and muscular attachments in the neck. shoulders, and arms
were palpated, and pain noted {10]. Also, investigators selected some diagnostic
endpoints, such as tension neck syndrome diagnosis, cervical diagnoses, shoulder
diagnoses and arm/hand diagnoses. Combining with the effect measurements. people

analyzed all individual, organizational and ergonomic factors to draw conclusions.

With fast technology development, people began to apply new facilities to aid their
research work. When probing the effects of a negative slope keyboard system and full
motion forearm supports, Hedge and Powers {11] applied video-motion analysis and
computer data processing. While subjects were typing the keyboard during the
experiment. researchers used an ultrusonic sensor coupled to a microprocessor
mounted to the side of the computer monitor to measure their body to screen distance
continuously. At the same time. they used one video camera to record wrist posture
and another video camera to record vertical hand/wrist/forearm positions. Videotapes
were encoded automatically with a time base and frame numbers. and then digitized
using a personal computer connected to a videotape player capable of playing each
tape through frame by frame with stable images. The video-motion software tracked
the frame-by-frame digitizing and after a few frames constructed a predicted pattern of
movement. Prior to analysis, raw data files were also processed by the software using
an interpolating algorithm to smooth out any discrepancies in digitizing accuracy [11].

These tasks were used to evaluate MSDs.
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In recent years, computer technology began to occupy a more and more important
position in ergonomics research. Saldana er al. [7] collected data about
musculoskeletal discomfort directly from the workforce by means of a computerized
discomfort assessment system (DAS). By this way, they aimed to determine subtasks
associated with discomfort, the body areas most affected by different subtasks and to

investigate the patterns of discomfort that occurred with time.

Biomechanical modeling can be used to analyze the situation of people’s body while
working. In Chaffin and Page's work, they applied computerized biomechanical
models. The models provided them a complete understanding of the pathophysiology
of a person's spinal column and supporting structures, thercby provided a means to
predict the risk of tissue trauma in given lifting situations. The computer model they
used is an integration of two sub-models. the whole-body kinetic model and the 3D
Torso Model [9]. The whole-body kinetic model is a 12-link representation of major
body segments. [t uses Newtonian static analysis to compute the 3D moments and
external forces. The 3D Torso Model provides a geometric description of the bones.
muscles and ligaments of the human torso when placed in a variety of postures and for
people of different anthropometry. The results of these geometric studies provide a
systematic method for predicting torso muscle and ligament lengths, and the
corresponding moment arms. The two models have integrated (with fixed, normal.
geometric properties) into a PC software package referred to as 3DSSPP, 3D Static
Strength Prediction Program. It allows an analyst to rapidly simulate a variety of
manual materials handling activities and predict static spinal compression forces, as

well as population strength, body balance, and foot traction requirements {9].

16



In designing a workstation, people use computer-aided human modeling programs to
analyze human-{it to the workstation components. There are some representative
programs to illustrate the current state of development. Those programs are
CYBERMAN, COMBIMAN, CREW, JACK., SAMMIE and MANNEQUIN [12].
The programs differ considerably in terms of system requirements, operating
characteristics, applicability and various ergonomic evaluation functions available in

the human modeling programs [12].

Several checklists have been designed to evaluate how much workers are at risk of
developing MSDs. These include:

(1) Basic Screening Tool {+4].

(2) VDT Workstation checklist [4],

(3) The Job Strain Index {13],

(4) The NIOSH lifting equation [ 14].

(5) The UAW-GM checklist [15].

(6) The applicable ACGIH threshold limit values tor physical agents {16},

(7) The Rapid Entire Body Assessment (REBA) [17].

(8) The Rapid Upper Limb Assessment (RULA) [18].

(9) Appendix B to the final Washington State ergonomics standard (WAC 296-

05174) [19].
(10) Snook & Ciriello’s tables of maximum weights and forces for manual

material handling tasks [20].

These checklists need to be used by experts to interpret the results and recommend

appropriate actions. A computer-based expert system could be designed to help with
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this task. We use some of the checklists mentioned above in our expert system, where

they are discussed in detail.

23 Expert Systems

2.3.1 Application of Expert Systems

Expert System technology is a tool to assist people to solve problems. Based on the
characteristic of the expert systems, the methodologies of developing expert systems
are different from writing conventional computer programs. This section reviews a

number of expert systems, which have been developed.

Lee and Decker [21] developed a knowledge-based expert system. Design Script.
Engineering design requires cooperation among engineering designers to complete a
design. Revisions of a design are time consuming, especially if designers work at a
distance and have ditferent design description formats. In order to reduce the design
cycle. a sharable design description in the engineering community is very necessary.
Furthermore. it will be ideal if the description can be electronically transportable.
Design Script [21] is a conceptual model of the design process that is based on
hierarchical design structure. It shows hew to capture design knowledge and integrate

data and tools into a knowledge based design system [21].

In today's manufacturing, industrial robots are playing an increasing role in improving
production and manufacturing processes. Because there is a very wide range of robot
models from numerous vendors, and the purchase of a robot often involves a large
capital outlay, selecting a proper robot is very important. Nour et al. [22] developed a

prototype rule-based expert system for the intelligent selection of robots for
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manufacturing operations. In this system, technical decisions, economic decisions and
acquisition decisions work together as a 3-stage model. In this 3-stage selection
process. each stage feeds its output into the next stage until a final robot combination
is generated. Therefore, the user of the system can get an optimized solution of the

selection of the robot.

For Multiple Sclerosis patients, the prescription of wheelchairs involves many
complicated factors such as ambulation status, length of diagnosis, funding sources
etc. However, very few experts exist in this area. For this reason, researchers
developed an expert system to assist medical therapists to make wheelchair selection
decisions [23]. The system also serves as a diagnostic, classification, prescription and

training tool in the ficld of Multiple Sclerosis.

When preparing a medical malpractice lawsuit, an attorney must identify the relevant
facts and use them to decide first if the case has merit. Usually, the attorney consults a
medical expert to evaluate the client's medical records and to advise the attorney. The
problem is both for attorneys and clients: medical experts are both expensive and
relatively scarce. The problem of determining fault is tedious and time consuming,
and the caseload is growing. Lewandowski developed [24] an expert system called
Expert Witness, which will solve this problem. The output of the system is a narrative
transcript containing important data, immediate conclusions from the data and overall
of the case. The attorney and medical expert usually use the case to make decisions

about whether and how to proceed with the case.
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2.3.2 Knowledge Acquisition

Knowledge acquisition is the process of extracting, structuring, and organizing
knowledge from several knowledge sources {25]. The knowledge sources are usually
human experts so that the problem-solving expertise can be captured and transformed
into a computer-readable form. Knowledge is the most important component of expert
systems. Without explicitly represented knowledge, an expert system is no more than

a computer program.

There are three primary concerns of the knowledge acquisition task: the involvement
of appropriate human resources: the employment of proper techniques to elicit
knowledge: and a structured approach to performing the knowledge acquisition task

(5].

In the famous MYCIN system, the rules are acquired from the experts. For example.
the first 150 rules were determined over several months of meetings during which the
collaborators discussed representative case histories [26]. Those rules were coded into
LISP by hand and provide the core knowledge base. With the ability to acquire new
knowledge of MYCIN, once an expert has determined what information is needed by
the program, he/she will enter new rules into the system. Once new rules are acquired

from the experts. they immediately become available for use by the system.

In the expert system Wheelchair_Advisor [23], people collected information both
from the therapist's standpoints and the patient's standpoints. Meanwhile. they stored
the current models of wheelchairs in the database. Additionally, the designers

considered the therapists’ years of the experience of prescription of numerous of
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wheelchairs as part of the system's knowledge. To obtain this knowledge, the
designers and knowledge engineers interviewed experts in the field. Insurance letters
and other prescription forms supplied the knowledge engineers with the missing links
in the pieces of knowledge gained from the interviews. A third way for building the
knowledge base is prototyping. The interview went side by side with an actual
prototype developed to foster better communication between the expert and
knowledge engineers. This helped offset some of the limitations of the interviewing
process. Each subsequent version of the prototype provided a chance for the expert to
"endorse” the knowledge engineers' interpretation of the knowledge supplied in the
previous interview. At times the expert would clarify a previous answer and supply a
new one: thus it became clear that the prototype helped correct errors in

communication and misinterpretations, then build a better expert system.

2.3.3 Expert System Languages and Tools

Popular languages for building expert systems include LISP. PROLOG. C and C++.
In the United States, LISP was the language of choice. Though powerful in its
symbolic processing capability. it was found to be difficult to master. Researchers in
the United Kingdom and Japan adopted PROLOG for developing intelligent programs.
Based in a formal well-understood logic. PROLOG offers a language to develop exact
deductive programs. People began to use C or C++ to develop expert systems only
recently. CLIPS is a powerfui tool for rule based expert systems first used by NASA

in 1985 [5].

Ortiz and Hasan introduced expert system technologies for space shuttle decision

support [27]. They presented preliminary results of some ongoing software
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development projects aimed at exploiting CLIPS technology in NASA Johnson Space
Center (NASA/JSC). In the Mission Control Center (MCC) in NASA/JSC, there are
networked workstations for acquiring and sharing data through NASA/JSC-developed
[nformation Sharing Protocol (ISP). Their paper outlined some approaches taken to
integrate CLIPS and ISP in order to permit the development of intelligent data

analysis applications.

The expert system for intelligent selection of robots for manufacturing operations
developed by Nour, is a rule-based expert system using the CLIPS expert system shell.
Lee and Decker used CLIPS with a Windows NT graphical user interface for their

expert system [21].

Jung and Biegel designed and expert system for Intelligent Individualized Instruction
(I3) [28]. CLIPS modules and classes were utilized for modular design and inter
module communications. CLIPS fuacts and rules were used to represent system
components in the knowledge base. CLIPS provides an inference mechanism to allow

the 13 system to solve problems [28].

We also found evidence of CLIPS application in the medical field. Expert Witness, an
expert system with over 600 CLIPS rules, was designed with the integration of C and

CLIPS.

2.3.4 The Problem Domain and Implementation
e« MYCIN

Many expert systems are in the form of rule-based systems. Among the tremendous
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fields of expert systems applications, the implementation in the diagnosis of an illness
offered a successful contribution. MYCIN expert system is a remarkable one. This
expert system is a milestone for the development of Al for several reasons. First, it
demonstrated the use of Al for rule-world problems. Second, MYCIN applied some
new concepts such as an explanation facility, automatic acquisition of knowledge and
intelligent tutoring. These techniques are found in many expert systems today. Third,

MYCIN demonstrated the feasibility of an expert system shell [5].

Shortliffe [26] introduced the famous rule-based expert system-MYCIN in his book.
MYCIN's task is to assist with the decisions involved in the selection of appropriate
therapy for patients with infections. It contains considerable medical expertise. The

system can show us the rules and assumptions upon which each decision is based.

- System Organization

The work on MYCIN started euarly in 1972. This expert system has approximately
200 decision rules [26]. These rules construct the knowledge base of MYCIN system.
The rules are not explicitly linked in a decision tree or reasoning network. In this way.
the system knowledge is modular and manipulable. However, rules are subject to
categorization in accordance with the context-types for which they are most
appropriately invoked. In contrast to knowledge base, MYCIN uses two kinds of data
as its "data base". Information about the patient under consideration is termed "patient
data”. These data are entered by the physician in response to computer-generated
questions during the consultation. Another type of data is called "dynamic data”.

Those data are created by MYCIN during consultation.



The program itself consists of three subcomponents. Subprogram 1 is the
Construction System. It asks questions, makes conclusions and gives advice. In this
subcomponent, each probability statement provides information in an explicit rule
format: P(hje)=X, meaning that if e is known to be true then conclude that h is true
with probability X. The rules in MYCIN system consist of a PREMISE, and ACTION,
and sometimes an ELSE clause. The rules are stored as a LISP data structure and

categorized by context.

Subprogram 2 is the Explanation System. [t answers questions from the user and

attempts to explain its advice. Subprogram 2 expects the user to guide the interaction.

Subprogram 3 is the Rule Acquisition System. This module permits experts to teach
MYCIN new decision rules or to alter pre-existing rules that are judged to be

inadequate or incorrect.

- Acceptability Criteria

Modularity to insure straightforward modification

In MYCIN, people stored all information in decision rules. These rules are coded in
LISP internally, but can be translated into an English language version for
communication with the user. Since the knowledge base is constructed by clusters of
rules and there is no explicit relations from one rule to the other in the system, it is

easy to accomplish modification of the system.

Ability to acquire new knowledge from experts

It is easy to acquire new knowledge from the experts. For example, once an expert has
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determined what information is needed by the program, he/she enters the Rule-

Acquisition System and enters a new rule.

Ability to understand questions

MYCIN answers questions about its decisions by retrieving and printing out the
relevant rules. The system has the ability to understand questions. Physician may ask
(1) informational questions, (2) questions about the deductions of the current
consultation, (3) general questions about any of MYCIN's judgmental rules, (4) to
explain questions in retrospect and (5) to ask for confirmation of one's own decision

rules [26].

Ability to explain decisions

MYCIN has two additional explanatory capabilitics. One of these allows the user to
enter "QA” in response o any question that is asked by MYCIN. The second
capability permits the user to demand that MYCIN justifies any question that is asked.
Whenever a question generated by MYCIN puzzles the physician. he/she enters the
word RULE. Then the program responds by printing out the translation of the decision
rule that has generated the current question. Also, MYCIN has the WHY option. It

provides a more detailed and conversational explanation of the program'’s reasoning.

) Medical Expert Systems Programmed in CLIPS

The medical field was one of the first testing grounds for Expert System technology.
MYCIN is often cited as a classic expert system in this field. Besides MYCIN, there
are some other famous medical expert systems such as NURSExpert. CENTAUR.

DIAGNOSER, MEDI and GUIDON, MEDICS. and DiagFH [23]. Two important
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systems: Wheelchair_Advisor [23] and Expert Witness [24] are implemented in

CLIPS.

- An Expert System for Wheelchair Selection - Wheelchair_Advisor
Wheelchair_Advisor is a prototype system programmed in CLIPS. It serves as a

diagnosis, classification, prescription. and training tool in the Multiple Sclerosis (MS)

field.

When building the system, the designers considered the patient's needs and constraints.
They stored the data about a particular patient and provided the data on line or by
using an input text file. By examination, the expert system searches the database of
the wheelchairs and finds out the proper wheelchair. [F/THEN rules are used for this

task.

The wheelchair database contains a list of wheelchairs with different features. There is
an explanation facility to explain the reasoning of the system to the user and there is a

solution set module to give the recommendations of the expert system.

- An Expert System for Developing Expert Medical Testimony - Expert
Witness

Expert Witness in an expert system designed to assist attorneys and medical experts in
determining the merit of medical malpractice claims in the area of obstetrics. This
system is a narrative transcript. It contains important data. immediate conclusions

from the data, and overall conclusions of the case that the attorney and medical expert
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use to make decisions. The transcript may also contain directives for gathering

additional information needed for the case.

This system is implemented using over 600 CLIPS rules together with a C-based user
interface [24]. It builds up a patient file cyclically. Within each cycle there are two
stages, data collection and data inference. For data collection. once all known
information is provided, the inference phase begins. The system analyzes the known
data and draws conclusions. When there is more information needed, additional data
are suggested in the transcript. If the medical expert wants the system to obtain more
information, the next cycle of data collection/inference process works and it allows

direct entry of any additional information, and produces a2 more complete narration.

The inference part of the system is written in CLIPS 4.3 [24]. The 600 rules constitute
the knowledge base. The basic architecture is an elaboration of the heuristic
classification model [24]. Based on CLIPS rule matching. the system determines the
first level of solutions in the form of direct conclusions in the narrative transcript.
Based on initial level, additional reasoning is performed to produce the next level of
conclusions. Expert Witness uses a mix of reasoning methods. It uses some data to
strengthen conclusions and some data to weaken conclusions. Since using basic
CLIPS is adequate for the conservative reasoning, it does not use certainty factors or
other approximate reasoning methods. Factoring of the rule base into a number of
independent subsystems determines the first level of conclusions. After the first level
of conclusions have been made, the second level of conclusions come out by using a

rule base.



2.3.5 Coding Strategy and Inference Method

Since the birth of Artificial Intelligence (Al), people are applying expert systems in a
number of fields. Coding expert system programs is somewhat different from the
work of conventional programs. Expert systems may use different coding strategies

and methods of inference to process questions.

In the Intelligent Individualized Instruction (I3) system (28], the designers used CLIPS
to build the system. For casy development, maintenance and possible expansion
modular design was used to build the system. CLIPS modules and classes were

utilized for modular design and inter module communication.

In the Wheelchair_Advisor expert system {23]. the designers used interactive
approach to develop the system. In the prototype of the system. the patient’'s needs and
constraints are considered first. These data can be provided on line or by an input text
file. In the input text file. the data about a particular patient is stored. Implementing a
number of [F/THEN rules can accomplish this task. The result of this examination is
set as a template of facts about the patient in question. Then the search module uses

the facts to search the wheelchair database to find the appropriate wheelchair(s).

Expert Witness [24], an expert system for developing expert medical testimony,
builds up a patient file cyclically. Within each cycle there are two stages: data
collection and data inference. For data collection, once all known information is
provided, the inference phase begins. The system analyzes the known data and draw
conclusions. When more information is needed. additional data are suggested in the

transcript.



The inference part of the system is written in CLIPS 4.3 [24]. The 600 rules constitute
the knowledge base. The basic architecture is an elaboration of the heuristic
classification model [24]. Based on CLIPS rule matching, the system determines the
first level of solutions in the form of direct conclusions in the narrative transcript.
Based on initial level, additional reasoning is performed to produce the next level of
conclusions. Expert Witness uses a mix of reasoning methods. Since using basic
CLIPS is adequate for the conservative reasoning, it does not use certainty factors or
other approximate reasoning methods. Factoring of the rule base into a number of
independent subsystems determines the first level of conclusions. After the first level
of conclusions have been made, the second level of conclusions come out by using a

rule base. It uses forward chaining production and matching.

2.4 Summary
In the past decades, work-related musculoskeletal disorders (MSDs) are problems that

most ergonomists are interested in. Research in MSD has achieved great success.

MYCIN is a classical expert system in the medical field. CLIPS is a relatively new
tool for expert systems development. It has been implemented in many fields to build
expert systems. In this chapter, we reviewed some successful examples in medical

field and several valuable techniques to implement this tool.

Concerning the current state of ergonomics and the problems of MSD, we realized it
is very important and necessary to conduct research in this area. In addition. the

techniques of expert systems provide us a new way to attempt solve problems of
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MSDs. The records of successful implementation of CLIPS predict the possibility of

successful application of CLIPS in our system.
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Chapter 3

Expert Systems and Ergonomic System Design

3.1 Introduction

A number of factors must be considered in the developing of an expert system. These
factors include problem selection, expert systems tool selection, cost, and benefits.
Both the managerial and technical aspects must be considered in building a successful

system.

3.2 The Expert System Approach

3.2.1 Problem Selection

o The Problem

Before building an expert system. we must select an appropriate problem. Like any
software projects, there are a number of decisions that should be made before major

commitment of people, resources and time to develop the system.

As we discussed in the previous chapters, work-related musculoskeletal disorder
(MSD) is a very important problem in ergonomics workplace design. MSDs occur
most often when the physical demands of work exceed worker capacity and cause
preventable wear on the body. Symptoms include pain. motor weakness, sensory
deficits and restricted ranges of motion. For example, applying excessive force, lifting
heavy loads. working in awkward postures or performing certain repetitive motions

over extended periods of time can lead to injury.
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. The Importance to Solve the Problem

In 1997, more than 626,000 lost workdays were reported in the US due to MSD
injuries and illnesses [4]. A critical review by NOISH (National Institute for
Occupational Safety and Health, USA) shows more than 600 epidemiological studies
addressing the effects of exposure to workplace risk factors [4]. According to OSHA's
(Occupational Safety and Health Administration) report, more than 2000 articles on

work-related MSDs and work place risk factors have been published [4].

If we properly follow ergonomic principles in workplace design. we can achieve
significant benefits. A 1997 General Accounting Office report on companies with
ergonomics programs presented many successful cases [4]. Well-managed ergonomics
programs have achieved significant reductions in the severity and number of work-
related MSDs in the past 30 years. These programs have also improved productivity

and employee morale and reduce employee turnover and absenteeism [4].

Much evidence strongly supports two basic conclusions: (1) There is a positive
relationship between work-related MSDs and employee exposure to workplace risk
factors. and (2) ergonomics programs and specific ergonomic interventions can

substantially reduce the number and severity of these injuries [4].

o Possible Methods to Solve the Problem
Ergonomics experiments have been the primary method of study for solving the

problem. Through experiments, researchers develop ergonomic principles to obey in

order to reduce the risk of MSDs.
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Ergonomics experts provide guidelines for workplace design. Training, education, and
ergonomics programs are all effective methods to reduce MSD risks. There are a lot of
accessible sources for people to get information about ergonomics. For example, there
are many publications; informational materials and training courses are available from
OSHA through Regional Offices (USA), OSHA-sponsored educational centers.

OSHA's state consultation programs, etc.

3.2.2 OSHA'’s Ergonomics Standard

o Introduction

On November 14, 2000, OSHA published its ergonomics standard, which took effect
on January 16. 2001. The requirements of OSHA's Ergonomics rules apply to all
general industry employers in the US, about 102 million workers at 6.1 million
worksites [4]. On March 20, 2001 President George Bush repealed this standard.
“Today [ have signed into law S.J. Res. 6. a measure that repeals an unduly
burdensome and overly broad regulation dealing with ergonomics ... The safety and
health of our Nation's workforce is a priority for my Administration. Together we will
pursue a comprehensive approach to ergonomics that addresses the concerns
surrounding the ergonomics rule repealed today. We will work with the Congress. the
business community, and our Nation's workers to address this important issue.” [29]
Although this standard is no longer in effect. it does contain valuable information,
which can be used to analyze a work environment and recommend actions to be taken

to improve the work environment.

The purpose of OSHA's standard is to reduce the number and severity of MSDs

caused by occupational exposure to ergonomic risk factors (also called “‘ergonomic
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stress”) on the job. The standard required employers to implement an ergonomics
program to address risk factors in jobs that pose an MSD hazard to the employees in

those jobs.

In this standard, OSHA used substantial experience with ergonomics programs.
experience of private firms and insurance companies, and results of research studies
conducted during the past 30 years. Those experiences clearly show that:

(1) Ergonomics programs are an effective way to reduce occupational MSDs;

(2) Ergonomics programs have consistently achieved that objective;

(3) OSHA's standard is consistent with these programs;

(4) The standard has firm ground in the OSH Act and OSHA policies and experience

(4].

The standard provides employers with tools that consist of checklists of the ergonomic
risks as follows [4]:

I. Repetition - high repetition rate for the same movements for at least 2 hours at a
time; or. using a high repetition device (e.g. keyboard. mouse) fore more than 4 hours
a day.

2. Force -any lift of more than 333 Newton (75 pounds); any pushing/pulling of more
than 88 Newton (20 pounds) of initial force for more than 2 hours per day.

3. Posture - repeated working in a deviated body posture (e.g. bent neck. back, wrists.
arms above the head etc.) for more than 2 hours per day.

4. Contact stress - applying contact force with a body part more than 10 times per
hour for more than 2 hours per day (e.g. using the hand or knee as a hammer).

5. Vibration - using hand tools with high vibration levels for more than 30 minutes
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per day; using hand tools with moderate vibration levels for more than 2 hours per day.

OSHA predicted that over the first 10 years of the standard's implementation, more
than 3 million lost workdays due to MSDs will be prevented in general industry. In
addition to better safety and health for workers, the standard was expected to save
employers money, improve product quality, and reduce employee turnover and

absenteeism [4].

) Scope of Coverage

This standard was developed to apply to general industry employment, which means
all employment except tor railroads and employment covered by OSHA's agriculture,
construction, and maritime standards. This standard did not cover general industry
work performed incidentally to or in support of construction. maritime, or agricultural
employment or railroad operations. Although this standard applied to general
industries, its coverage was further limited to general industry manufacturing jobs.

manual handling jobs, and jobs with MSDs.

This standard covered MSDs affecting the neck, shoulder, elbow, forecarm. wrist, hand.
back, knee, ankle, and foot as well as abdominal hernias. It did not cover eye disorders.

even when associated with jobs involving computer monitors.

) Applications
The rules in this standard incorporate a two-stage action trigger. A job meets the
action trigger in the final standard based on two criteria. The first is what has been

called the "single-incident trigger” [4]. Under this criterion, an employee working in
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the job must have incurred either a work-related MSD severe enough to result in a
work restriction, medical treatment beyond first aid, or MSD signs or symptoms
lasting at least seven consecutive days after being reported to the employer [4]. The
second step of the action trigger must only be addressed after an MSD incident occurs.
It is based on the employee's exposures to ergonomic risk factors. If the employee is
exposed to one or more of the risk factors described in the Basic Screening Tool for
longer than the time listed for that risk factor, then the job meets the screen. If a job
does not meet the requirements of the Action Trigger, no further employer

intervention is required [4].

3.2.3 A Rule Based Expert System

The ergonomics checklists mentioned before can best be represented by rules.
Fortunately, among expert systems, rule-based expert systems are the most frequently
used. The knowledge is stored in the expert system in the form of rules. They are the
essential elements and represent the knowledge in this type of expert systems. The
rules are sequenced in the succession of logical thinking (if ... then) and may point at
a jump in the sequence (else -> go to). In an expert system the rules may have very

complex relations.

33 Motivations

There is strong evidence of the positive relationship between work-related MSDs and
employee exposure to work place risk factors. Meanwhile, it is believable that
ergonomics programs and specific ergonomic interventions can substantially reduce

the number and severity of these injuries.
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In recent years, both employers and employees have become very aware of the
connection between workplace risk factors and MSDs. People are pursuing effective
ways to apply ergonomics principles in their work in order to reduce lost and obtain
benefits. From the lessons in proceeding chapters, we learned that employers with
effective, well-managed ergonomics programs can achieve significant reductions in
the severity and number of MSDs. OSHA's standard provided a very good ergonomics
program for this aim in workplace design. However. the question is how to properly
and correctly apply the standard? Although OSHA has adopted many efforts to let its
users utilize the standard properly, the correct and efficient application is still a very
hard task. For example, the description and explanation of the rules in the Federal
Register is over 600 pages thick. to check the needed information from it is a very
time-costing job. Very possibly, he/she needs help from an ergonomic expert while
looking up the document. However. in some certain cases. experts may not be

available when needed.

In view of such a complicated mission. sophisticated computer technology and
modern developed expert systems open a gate to us to solve the problem. In order to
apply the standard in an efficient. correct and suitable way. it is very worthy of

adopting a rule-based expert system for ergonomics workplace design.

3.4 Size of the System

The objective of this research is to develop a rule-based expert system for ergonomics
workplace analysis and design. The knowledge source is the rules from part of
OSHA's standard. It uses basic structure and functions of expert system techniques.

The system runs on microcomputers. The number of rules in this system is about 100.
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3.5 Tools Selection

It is extremely important to choose a right expert system building tool. For solving
simple problems, it is feasible to develop an expert system by using a language such
as LISP or Prolog. For more complex systems, it is usually advantageous to use an
expert system building shell. Those building tools provide a predefined structure for
knowledge storage and retrieval in the application domain. Using these tools can

significantly reduce development time and effort.

3.5.1 CLIPS

The C Language Integrated Production System (CLIPS) was invented at NASA's
Johnson Space Center in 1985 [30]. Although LISP was one of the main expert
systems languages at that time. it still had problems. such as: low availability on a
wide variety of conventional computers. high cost of state-of-the-art tools and

hardware, and poor integration with other languages.

From mid 1980s to the late 1990s. CLIPS had developed over 10 versions. Originally.
the primary representation methodology in CLIPS was a forward chaining rule-based
language on the Rete algorithm. The programming paradigms of the current version of
CLIPS are: procedural programming, as found in languages such as C and Ada; and
object-oriented programming as found in languages such as the Common Lisp Object
System and Smalltalk. CLIPS supports the newly developed and/or enhanced X
Windows, MS-DOS, and Macintosh interfaces. It is a fully integrated object/rule
pattern matching and supports features for rule-based software engineering. It has C++

compatibility and functions for profiling performance.
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3.5.2 Language Characteristics and Inference Engine
CLIPS is not only a computer language designed for writing expert systems but also a
complete environment for developing expert systems. It includes features such as an

integrated editor and a debugging tool.

A program written in CLIPS may consist of rules, facts, and objects. The inference
engine decides which rule should be executed and when it should be executed. A rule-
based expert system written in CLIPS is a data-driven program where the facts. and

objects, are the data that stimulate execution via the inference engine.

CLIPS differs from procedural languages such as Pascal, Ada. BASIC. FORTRAN.
and C. In procedural languages, execution can proceed without data. However. in

CLIPS. data are required to cause the execution of rules.

CLIPS is designed to facilitate the development of software to model human

knowledge or expertise. There are three ways to represent knowledge in CLIPS:

. Rules primarily intend for heuristic knowledge based on experience.
. Deffunctions and generic functions primarily intend for procedural knowledge.
. Object-oriented programming, also primarily intended for procedural

knowledge. CLIPS supports five generally accepted features of object-oriented

programming: classes. message-handlers, abstraction, encapsulation.

inheritance, and polymorphism. Rules may pattern match on objects and facts.
An expert system designer can develop software using only rules. only objects. or a

mixture of objects and rules.
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3.6 Advantages and Limitations

3.6.1 Advantages

) High Efficiency

High efficiency is an advantage of an expert system. Today's microcomputers can
have a high CPU speed of 1G. The running speed of normal size of expert system on
such computers is not a problem. Rule-based expert systems infer by the way of
communication with the user. To the explicit questions asked by the computer, the
users only need to reply by answering “yes” or “no” through the keyboard. In a very

short time, people can get distinct answer about a specific problem.

o High Reliability

When rules are coded into the expert system, the knowledge base about MSD analysis
is relatively steady. Humans are sometimes influenced by various effects. but
computers work properly in most time. Under normal conditions. the expert system
follows the coded sequence to work and does not make any mistakes. It performs

tasks more consistently than human experts.

o High Availability

With the help of this expert system, it will be very convenient to implement OSHA's
standard for ergonomics workplace design without assistance of an expert. Also, the
system could be copied and distributed to many other computers. People can access

the system to consult about MSD problems anywhere, anytime.
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o Ease of Development and Modification

Without changing the basic structure, we can add new rules to enlarge the system. The
characteristics of CLIPS tell us that writing new rules into the system is an easy job.
With the good compatibility of CLIPS, we can also enrich the functions of the system

by integrating to other programming languages.

J Cost Reduction

This expert system will bring many cost reduction. First of all, some tasks such as
consulting to the ergonomics experts, training in ergonomics, learning the Federal
Register for OSHA's standard are eliminated. Second. this expert system is built and

can run on microcomputers. Further, the CLIPS expert system tool is provided for free.

3.6.2 Limitations
Although there are many advantages for applying this expert system. there stays some

limitations.

. Knowledge Limitations
The knowledge of this expert system is limited in the domain of the coded rules. This
expert system has no ability to generate rules. It can only provide information from

coded rules by the fixed sequence.

o Function Limitations
The function of the system is limited by the programming way. It can only work by

following the fixed procedure no matter how complex or simple the problem is.
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There is no shortcut for inference. Besides, CLIPS also has function limitations. For
example, it does not have the function to treat graphs. Therefore. if we don't integrate
CLIPS with other programming languages, the system can only provide information in
the form of words. This is not a major limitation, as several people have developed

graphical interfaces to work with CLIPS. [5]

3.7 Summary

In this chapter, we are assessing the ergonomic design of workplaces by the assistance
of an expert system. From the study of OSHA's standard, we determined the domain
of the knowledge base in the coming expert system and estimated the size of the
system. Through rescarching the application of OSHA's standard. we obtained an
initial idea about the basic structure and imagined the fundamental consulting method
in our system. Meanwhile, we realized that to apply OSHA's ergonomics rules in an
efficient way is very important. This realization motivated us to build a rule-based
expert system for rules application. After a careful selection. we concluded that CLIPS
is a feasible expert system tool for our research. Furthermore. we analyzed the
advantages and limitations about implementing an expert system for our task.

Therefore, the preparation to build a rule-based expert system is accomplished.
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Chapter 4
The Expert System Development and Problem Solving

4.1 Introduction

Through the discussion in the Chapter 3. we presented that a rule-based expert system
is suitable for us to solve problems of ergonomics workplace design. The inference
method for this expert system will be forward chaining. We decided to use OSHA's

rules as our knowledge source.

[n this chapter, we introduce the complete procedure about how to apply the expert
system for ergonomics work place design. Meanwhile, we will explain sub-

components of this expert system in detail.

4.2 Knowiedge Acquisition
4.2.1 Introduction
In this expert system, OSHA's standard is our knowledge source. In particular, all the

rules come from OSHA's Federal Register.

After extracting, structuring., and organizing knowledge from those knowledge

sources. we will extract the rules and transform them into a computer-readable form.
4.2.2 The Key Elements of the Rules and Their Application

After carefully studying the rules, we found that the rules have some key elements

which should be followed during application.
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The rules apply to employers with "caution zone jobs". Doing the caution zone
jobs, an employee's work includes physical risk factors specified in the rules.
Caution zone jobs are not prohibited and they may not be hazardous. If there
are no physical risk factors above the levels listed in the rule, then the
cmployer is not subject to the rule and no action is required.

Employers with caution zone jobs must ensure that employees working in or
supervising these jobs receive ergonomics awareness education. These
employers also must analyze the caution zone jobs to determine if they have
hazards. If the analysis finds that work-related MSD hazards are present in the
caution zone job. then the employer must reduce hazard of the jobs below the
hazardous level or to the degree technologically and economically feasible.
Employers may choose their own method and criteria for identifying and
reducing work-related MSD hazards or may use some OSHA specified criteria.
Employers must provide and encourage employee's participation.

Employers may continue to use effective methods of reducing work-related

MSD hazards.

In developing the expert system, we let the software imitate this human decision

process. The purpose of this expert system is to consult the users and guide them to

utilize the ergonomics rules correctly and efficiently.

We obtained our rules, thus our knowledge source, from the Basic Screening Tool and

VDT Workstation Checklist of Table W-1 and Appendix D-2 of OSHA's Ergonomics

standard (4], as well as Appendix B to the final Washington State ergonomics

standard (WAC 296-05174) [19]. Appendix D-2 is a simple checklist to assess the
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physical activities and layout of workstations with a VDT (video display terminal).

o Basic Screening Tool

The Basic Screening Tool checklist was developed to evaluate a range of risk factors
in manufacturing jobs (see Appendix A of this thesis). The checklist uses check (v)
and star (*) to indicate whether certain activities and conditions are present for less
than or more than one-third of the production cycle. The number of checks and stars,
in conjunction with the report of an MSD, is used to determine if the job requires

further investigation or control action.

As can be scen, the areas of the body this checklist addresses are: Hand/wrists,
Forearms/elbows. Shoulders, Neck. Back/Trunk and Legs/knees. This checklist
evaluates the following risk factors: Force (including manual handling). Repetition.

Awkward Postures (including Static Postures). Vibration, and Contact stress.

. Washington State Appendix B

The Washington State Appendix B was developed to determine if jobs that were in
the Washington State “"caution zone" pose an MSD hazard to employees (see
Appendix A of this thesis). The checklist shows physical risk factors and lists duration
(from 2 to 6 hours) by body part. If the work activities or conditions apply. the job

poses an MSD hazard.

Areas of body that Washington State Appendix B covers are: Shoulders, Neck. Back,
Trunk, Knees, Forearms., Wrists, Hands. and Elbows. Risk factors it evaluated:

Awkward postures. Force (including manual lifting and high hand force), Repetition.
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Contact Stress and Vibration.

Examples of jobs that can be analyzed using the Washington State Appendix B
include: patient lifting and transfer, assembly and production work, janitorial and
maintenance, meatpacking, working in a restaurant, grocery cashier, telephone

operator, keyboarding, and solid waste handling.

. VDT Workstation Analysis

MSDs associated with computer use are reported in a wide range of industries (e.g..
telecommunication, telephone, banking, insurance, catalog and telephone sales.
customer service, package delivery service, newspaper) and in businesses of all sizes,
including very small establishments. The VDT checklist provides these businesses

with an easy and quick way to identify and control hazards in a large number of jobs.

OSHA designed this checklist after considering many examples of computer
workstation checklists in the record. The checklist is designed to provide employers
with a simple way to identify the five risk factors this standard covers. as the most

commonly occur in computer work and workstations.

The checklist provides clear and specific guidance in how the employer can provide or

adjust a computer workstation to comply with the standard.

The function of the VDT checklist is to determine if the computer workstation and
layout address the risk factors most commonly found in VDT jobs. The analyst using

this checklist would talk with and observe the worker(s) while they are at the
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computer workstation.

OSHA VDT checklist is more flexible than some other checklists in the record
because it is risk factor-based rather than equipment-based. In equipment-based
checklists, employers get a passing score only if they have purchased and installed
particular equipment at each computer workstation. OSHA’ s risk factor-based
checklist, however, gives employers the flexibility of deciding how to best control the
identified hazards. For example, an equipment-based checklist asks employers
whether they have provided adjustable height tables, chairs and monitor risers. Since
it is possible to have an adjustable table that has been set to the wrong height, the
equipment based checklist is insufficient. A risk factor-based checklist, on the other
hand, asks questions like: are the employees' heads and necks in straight rather than
awkward positions. This means that we also evaluate whether the equipment is used

or set properly.

4.2.3 The Rules Analysis

OSHA recommended Ergonomic Job Hazard Tools in Appendix D-1 and Appendix
D-2 in its Ergonomics Standard. In this OSHA's standard, the term "MSD incident”
means cither a Musculoskeletal Disorder that is work-related and involves a work
restriction, or requires medical treatment beyond first aid. or involves MSD signs or
symptoms that are work-related and persist for 7 or more consecutive days after the
employee reports them to the employer [4]. An MSD is a disorder of the soft tissues,
specifically of the muscles, nerves, tendons, ligaments, joints. cartilage, blood vessels
and spinal discs that is not caused by a slip. trip, fall, or motor vehicle accident [4].
The rules in this standard covers MSDs affecting the neck, shoulder, elbow, forearm,
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wrist, hand, back, knee, ankle. and foot as well as abdominal hernias. It does not,
however, cover eye disorders, even when associated with jobs involving computer
monitors. According to OSHA's description, "work-related” means a workplace
exposure caused or contributed to 2 MSD incident or significantly aggravated a pre-
existing MSD [4]. The MSD symptoms include pain, numbness, tingling, burning,

cramping, and stiffness.

° Duration

The Basic Screening Tool contains specific definitions of the risk factors and
exposure durations that define a job requiring further analysis. Basically. there are five
risk factors covered in the final rule. Those factors are repetition. force. awkward
postures, contact stress and vibration. In our system, vibration is not considered. The
rules are summarized in charts. In the chart. repetition includes separate description
for keyboarding and mouse use. Force is broken down into lifting, pushing/pulling.
and pinching and gripping unsupported objects of specified weights. Awkward

postures are defined by specific postures.

Each job or task activity also includes a duration and frequency limit. In selecting the
duration limit for the risk factors. OSHA based its decision on balancing scientific
evidence and the need for the screening tool to be clear. For many items in the chart.
the standard chooses 2 hours per day as an exposure duration to trigger job hazard
analysis. This is based on relevant epidemiological data contained in the rulemaking
record [4]. Many studies in the epidemiological literature clearly demonstrate that the
incidence of MSDs increases with increased duration of exposure to certain risk
factors or a combination of them [4].
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There were also studies that showed increased risk of MSDs associated with
exposures of less than 2 hours daily [4]. In using this 2-hour cut point, OSHA does not
intend to imply that all workers will experience significant adverse effects after 2
hours or more of exposure. Rather, OSHA is using this cut point in the criteria to give
employers guidance. For repetitive motion other than use of a keyboard or mouse, the
rule triggers the standard only if the exposure occurs for more than 2 consecutive

hours in a workday, as opposed to more than two hours total per day.

The screening tool departs from the 2-hour duration criterion for a few items. These
include the following: For the use of keyboard and mouse in a steady manner, the
duration is set at 4 hours total per work day; for lifting, the screen sets weight and

frequency criteria.

. Lifting

The chart contains weight limits and limits on the number of times per day the weight
can be lifted. OSHA specifies weight limits lifted from below the knee. above the
shoulder and at arm's length. The limits specified are as follows: lifting more than 334
Newton (75 pounds) at any one time; more than 245 Newton (55 pounds) for more
than 10 times per day; or more than 111 Newton (25 pounds) below knees: above

shoulders, or at arms’ [ength for more than 25 times per day [4].

OSHA finds that heavy, frequent or awkward lifting increase the risks for MSDs.
Washington State also has used similar data to support its "caution zone job criteria”
for lifting.
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° Pinching or Gripping

For performing activities such as pinching or gripping unsupported objects, the chart
specifies weights of 9 Newton (2 pounds) or more per hand for pinching and 45
Newton (10 pounds) or more per hand for gripping. This is based on research results
[4] that increased risks of carpal tunnel syndrome, thumb disorders, shoulder disorders,
and nerve abnormalities among workers repetitively pinching objects in the range of 9

Newton (2 pounds) or gripping objects in the range of 45 Newton (10 pounds) {4].

. Contact Stress

For contact stress, OSHA has specified a frequency of 10 times per hour when using
hand or knee as a hammer. Studies have shown increased risk in MSDs among
workers using their hand or knee as a hammer [4]. However, few data are available
that quantify the frequency of exposure. Washington Sate chose a value of 10 times

per hour for their "caution zone job” criteria.

4.2.4 Constructing Expect System Rules Based on OSHA Standard
The rules in this expert system are from OSHA standard’s Table W-1, Appendix D-2
and Washington State Appendix B. In those documents. the rules can be divided into

two categories, rules described by words and rules described in procedures.

o Rules Described by Words
Rules in the Basic Screening Tool Checklist and VDT Workstation Checklist are in

form of items. In each item, a sentence tells the user what should do according to
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ergonomics principles. Comparing to the actual situation, the user answers yes or no.
For example, a question on seating in Appendix D-2, VDT Workstation Checklist
asks: “Backrest provides support for employee's lower back?” The user should check
the situation and answer yes or no. According to the rule, if the answer is yes, there is
no MSD hazard. if the answer is no, there is a MSD hazard. In the expert system, we
transfer these rules in the form of dialogs. The working procedure of a rule in the

system ts shown below:

System asks: "Does the backrest provide support for emplovee's lower back?”
if the answer is yes
then
there is no MSD hazard risk
then
ask the next question
if the answer is no
then there is a MSD hazard risk
then add one in the MSD calculator

then ask the next question.

After the rules are organized in this way, they are ready to be coded in the program.

. Rules Described in Procedures
An example where a standard presents rules in the form of procedures is checking
heavy, frequent or awkward lifting, A total of 5 steps are used to determine the

existence of an MSD. Step 1 is to find out the actual weight of objects that the
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employee lifts; step 2 is to determine the unadjusted weight limit; step 3 is to find the
limit reduction modifier; step 4 is to calculate the weight limit and step 5 is to
determine whether a MSD hazard exists. For this section, we follow the 5 steps to

build the rules. The basic rule structure is like this:

The system acquires information from the user and calculates the Weight Limit. This
work is from step | to step 4. During this procedure. there are many “if — then™ rules.
For example. in step 2, determine the unadjusted weight limit. From the graph shown
in the standard. one of the rules we extracted is: While lifting, if the employee's hand
is above shoulder and in the mid range (18cm ~ 30cm) from the body. then based on
the standard, the unadjusted weight limit is 15 kg. There are similar rules in step 3 and
step 4. In the standard. the units are in English system. we transfer them into metric
system. Step 3 determines whether there is an MSD hazard. The rule is shown like
below:

If the Actual Weight lifted is greater than the Weight Limit calculated,

then

the lifting is a MSD hazard, it must be reduced below the hazard level

else

the lifting is not a MSD hazard

4.3 The Structure of Our Expert System

4.3.1 Overview of the System

Our expert system runs in a CLIPS environment. It is constructed using two sets of
files, batch files and function files. The batch files work as interface to connect every

sub-component of the system. The structure of the file organization is shown by the
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flow diagram in Figure 4.1

Batch files

\ 4 L4 A4 \4
[ try-l.bat ] [ try-2.bat I [ try-3.bat I try-4.bat I

l Load file I I Load file I I Load file | Load file I

v 4
[ general-f.txt l I vdt-f.ixt I [ work-[.txt l L cal-f.txt J

l | | |
v

II Load file ]| ‘ try-o.hat
Figure 4.1 Files Organization

When the program is executed. the user needs to answer questions posed by the expert
system. The answers can be yes or no. or take a multiple-choice selection. or enter
data. Most of the answers to the questions from Basic Screening Tool Checklist and
the VDT Workstation Checklist are yes or no. By typing “v" or “n", the user tells the

system the answer, the system executes the rules to generate response.

Multiple-choice menus require the user to select a function. For example, as shown in

Figure 4.2, the computer asks the user to make a choice:
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Welcome to Knowledge-Based Expert System
Basic Screening Tool
You need only review risk factors for those areas of
the body affected by the MSD incident

REEEEAEEREER AR ARARRAAA AR AR RERENARAENERRERNRANRRAAA AN AN AN AN

1. Neck/Shoulder;

2. Hand/Wrist/Arm;
3. Back/Trunk/Hip;
4. Leg/Knee/Ankle.

Please select the number to check the part of your body (1/2/3/4) and
press Enter

Figure 4.2 Basic Screening Tool Menu

Sometimes, the system nceds data from the user. Those data include lifting weight,
bending degree and working hours. While the question appears on the screen. the user

types the number on the keyboard to inform the system.

This system has 5 sub-systems. These are Management Component, General OSHA
rules application, VDT check. Work Shop In-depth Analysis and Lift Limit
Calculation. In the following sections, we will introduce each sub-system and other

necessary programs respectively.

4.3.2 DManagement Sub-system
The management component is to manage the process of the whole system. Its main
functions include loading a file to start a new subcomponent. switching from one

component to another, or leaving the system. The relationship between the



management component and other subsystems is shown in Figure 4.3.

start

v

M ake selection

| 1 J[ General OSHA rules J—_

l | Computer Work Station Check J—

-
W

p Load the

1 corresponding
I 3 ” In-depth Analysis I— 1 file
1
[}
I 4 H Lifting A nalysis l—-— !
]
!
l s l rLcnvc System ] :
]
Y .
ves Stay in CLIPS
I Leave CLIPS - Leave CLIPS ? l._’“o but leave the
system
Figure 4.3 Management Sub-system

o Start
Whenever the user starts to consult the system, he/she always starts from the file

start.txt. In CLIPS running environment, the user should load the file start.txt to let it

run. Then it shows a multiple-choice menu on the screen as shown in Figure 4.4,
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* Welcome to Knowledge-Based Expert System
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Please select the number of the corresponding item to run the system:

1. General OSHA rules

2. VDT Work Station Check

3. In-depth Analysis about Work Shop
4. Lift-limit calculation

5. Leave System

Figure 4.4 Start Menu

From this menu. the user can select options 1, 2. 3. 4 or 5. Option | leads to
evaluation of working conditions against OSHA rules based on the Basic Screening
Tool Checklist. Option 2 leads to VDT Check based on the rules from the VDT
Workstation Checklist. Option 3 leads to Work Shop In-depth Analysis based on the
rules from Washington State Appendix B. Option 4 leads to Lift-limit Calculation.

Option 5 leads the user to leave the system.

¢ Batch files

The batch files connect all the subsystems. In the system. there are 5 batch files: try-

O.bat, try-1.bat, try-2.bat, try-3.bat and try-4.bat. Try-0.bat loads the file start.txt,
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therefore to trigger the whole system. Try-1.bat loads the file general-f.txt. This
program applies rules from the Basic Screening Tool checklist. Try-2.bat is to execute
file vdt-f.xt. Programs in vdt-f.xt apply rules from Appendix D-2 of OSHA's
standard. It checks whether VDT design obeys OSHA regularities. Try-3.bat loads the
file work-f.txt. Work-f.txt provides in-depth analysis on workplace design. Try-4.bat
loads the file cal-f.txt coming into force. Cal-f.txt executes lifting formula. The

relation between batch files and the subsystems is shown in Figure 4.1.

4.3.3 General Rules Sub-system
Rules are extracted from OSHA's Basic Screening Tool checklist (see Appendix A in
this thesis) and coded in general-f.txt. They are organized as shown in Figure 4.5,

following the format of OSHA's Basic Screening Tool checklist.
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Figure 4.5 Logic Diagram of the General Questions
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OSHA's checklists check the situation by asking several questions. If the answer to any one of

questions is yes, the system identifies that working condition has a work-related MSD hazard risk.

When this subsystem is executed, the user needs to select the body part to check, as

shown in Figure 4.2.

Once the body part is identified, the system will ask further questions to analyze the
situation for four basic MSD risk factors. Those factors are: repetition, force, awkward
postures and contact stress. For example, when checking Back/Trunk/Hip, the system
will ask the user whether he/she has kneeling or squatting for more than 2 hours total
per day. If the answer is yes. then the system determines that the user has a MSD

hazard.

When it is found the possibility of MSD hazard in the workplace, an alarm will alert
the user. The system starts to count the quantity of such risk factors. The number of
the risk factors indicates the MSD risk level of the whole workplace design. In the end.
the user will be given the information whether MSD hazards exist and the level of the

hazards.

When the questions are answered, the user may enter other subsystems to start a new

session or leave the system completely.

4.3.4 VDT Workstation Sub-system
Knowledge in this subsystem comes from Appendix D-2 of OSHA'’s standard (see

Appendix A in this thesis). All relevant rules are coded in VDT-f.txt. Rules in this file
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are organized as shown in Figure 4.6.
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Figure 4.6 VDT Waorkstation Analysis

When this subsystem is executed. the user will be asked to answer certain questions.
According to OSHA's VDT Workstation Checklist, there are two sets of questions.
Questions in the first set are critical questions, question A to J in the VDT checklist.
These questions are used to check whether the workstation is designed or arranged
properly for VDT jobs. If one of the answers from the user shows that the design does
not follow these rules, there is a MSD hazard. For example, question A ask whether
the user’s head and neck are about upright. Answer “yes” means the working
condition is acceptable, whereas answer “no” means a MSD hazard exists. In question

E. the rule asks whether the worker’s upper arms and elbows are close to body (not
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extended outward). If the answer is “yes”, there is no MSD hazard. if the answer is

*no”, the operation violates the rule and a MSD hazard exists.

Questions in the second set are from Question | to 23 in the VDT checklist. Those are
not so critical as the questions in the first set. They are related to VDT workstation
seating, keyboard/input device, monitor, work area, accessories and other general
aspects. For example. question 7 asks whether input device (mouse or trackball) is
located right next to keyboard so it can be operated without reaching. Answer “yes”
accords to the rule whereas answer *“no” violates the rule. According to the standard,
if two or more answers violate these rules, there is a MSD hazard. The more rules are
violated, the more serious the problem of MSD hazards is. After the section is

complete, the user can start a new section or leave the system.

4.3.5 In-depth Analysis System

The In-depth Workshop Analysis subsystem is the most complicated part of the expert
system. The knowledge source is from Washington State Appendix B [19]. This sub-
system is divided into five blocks: caution zone select block, work situation check
block, further situation check block. analyze and report block and. system interface

block, as shown in Figure 4.7.
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Figure 4.7 In-depth Analysis System

According to Washington State Appendix B. MSDs happen because of several main
factors. These are awkward posture, high hand force. high repetitive motion and
repeated impact. Each main factor may be constructed from several physical risk
factors and their duration. For example, working with hands above the head, with the
neck or back bent forward, squatting or kneeling are physical risk factors of awkward
posture. Pinching or gripping heavy objects are physical factors of high hand force.
Using the same motion with little or no variation every few seconds or intensive
keying are physical factors of highly repetitive motion. Using a hand or knee as a

hammer more than once per minute are physical risk factors of repeated impact.
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Combined risk factors include highly repetitive motion, degree of bending, flexion or
extension, highly repetitive motion and ulnar deviation. Each combined factor has its

explicit level in the standard.

In this subsystem, each part of human body is considered separately and the system
checks whether there is a physical risk factor of MSD. If the physical risk factor exists,
the system will check further items such as the duration and combined risk factors. If
there is no physical risk factor for the current part, the system will check another part

of the human body.

o Caution Zone Sclect Block

In Washington Appendix B, the "caution zone” assessment refers to different parts of
human bodies. According to Washington State Appendix B. the "caution zones” are
shoulders. neck. back/trunk/hip., knees and hands/wrists/arms. When the “caution
zone™ select block is executed, the system will ask the user whether there are any
uncomfortable feelings. If the answer is “yes”, the user will be asked to indicate
specific area by entering different options. This process is shown by the two menus in

Figures 4.8 and 4.9.
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Welcome to Knowledge-Based Expert System
In-depth-analysis about MSD
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Do you have any of the following uncomfortable feelings (yes/no)?

* Painful joints

* Pain, tingling or numbness in hands or feet
* Shooting or stabbing pains in arms or legs
* Swelling or inflammation

* Burning sensation

* Pain in wrists, shoulders, forearms, knees

* Stiffness

Do you have any of the above uncomfortable feelings (yes/no)?

Figure 4. 8 In-depth Analysis of Uncomfortable Feelings

a. Shoulders;

b. Neck;

¢. Back/Trunk/Hip;

d. Knees;

e. Hands/Wrists/Arms;

f. MAIN MENU of the system

Please select a, b, ¢, d, e or f and then press Enter to choose the part of your

check.

Figure 4.9 Choose Body Part



. Physical Risk Factor Check Block

For shoulders, awkwurd posture and high repetitive motion are main factors to
generate MSD hazards. For neck, back, trunk and hip, the main MSD risk factor is
awkward posture. For knees, MSD main risk factors are awkward posture and
repeated impact. For hands, wrists and arms, MSD main risk factors are high hand
force and high repetitive motion. When this block executes, it checks whether
physical risk factors for those main fuctors exist. If a physical risk factor exists, this

block goes to the “further situation check block™ for further check.

. Further Situation Check Block

This block conducts further analysis of the situation. It checks whether there are any
combined risk factors. If there are, it will check further whether some levels of the
combined risk factors are below a critical value in the standard. The combined risk
factors arc bending degree. force and the work duration. When the analysis is

complete, the system will enter the next block. the “Analysis and Report Block™.

. Analysis and Report Block

[f the system determines that there is an MSD hazard, it will give an alarm and present
a detailed report on the screen. It reports concerned main factors. combined factors
and working hours. In reporting bending, force and working hours. the expert system
identifies the off-range factors and presents correct values. It will also report the total

number of MSD risk factors involved at the tinal stage of the section.

) System Interface Block

After the system has presented a report, it will ask whether the user wants to check
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other part of the human body. If the answer yes, the system will execute other blocks:

if the answer is no, the user will leave the system.

4.3.6 Lift Weight Calculation Sub-system
The Lift Weight Calculation sub-system calculates the lift weight limits and decides

whether the employee's lifting weight has MSD hazard risks. The organization of this

subsystem is shown in Figure 4.10.

Weght Lant

) ]
Determne the ' | Tires of lifung /mn ! :
Unadjusted | —» + '
) '
) t
) .

UWL) Woruny hourfday
leececeecan I ....... 4
Ravuction
modifier (RM)
ves Adjusted Weght yes
s e Limit (AWL) = Twist muwe than 45 7
Mun - Run «M ot | Try agun? l UWL * 035 o
of system?

Lw‘"" st imn.- RM l
Weight Limit

I

Actual weight >

n ‘
Weight Linut?
Stay in CLIPS

no
No WMSD hazard

Figure 4.10  Weight Limit Calculation

[ Werght litat = AWL* RM j

The knowledge source of this section is from Washington State Appendix B: WAC
296-62-05174 Appendix B: Criteria for analyzing and reducing MSD hazards for
employers who choose the Specific Performance Approach [19]. According to the

regulations in the standard, the analysis is divided into 5 steps:
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Step 1
Find out the actual weight of object that the employee lifts. When the system

executes this step, the system asks the user the actual lifting weight and stores

it.

Step 2
Determine the unadjusted weight limit. The system asks where the employee's
hands are and when they begin to lift or lower the object. Based on this

position, the system determines the unadjusted weight limit.

Step 3
Find the limit reduction modifier. At this step. the system has to find out the
number of lifts per minute and the total number of hours per day spent lifting.

From these two factors. system evaluates the limit reduction moditier.

Step 4
Calculate the weight limit. Using the information obtained from Steps 2 and 3.

and taking account if there is twisting, the system calculates the weight limit.

Step §

Make decision. The “expert” in the system compares the weight limit
calculated in Step 4 with the actual weight lifted from Step | to determine
whether there is an MSD hazard.

Lift Position Identifier and Evaluation of the Unadjusted Weight Limit
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In the standard, as shown below in Figure 4.11, there is a graph that illustrates the
position of the employee's hands when he/she begins to lift or lower the object. There
are four levels for vertical positions: above shoulder, waist to shoulder, knee to waist
and below knee. Three horizontal ranges: near (0~18cm), mid-range (18 ~ 30cm) and
extended (> 30cm). Each combination of vertical position and horizontal range

determines an unadjusted weight limit.

- e w e

Above
shoulder 66140; 30
\. Y7oiso| 40

Waist to _‘"*--w—-s?

shoulder -;‘j'%f*—‘

Knee to 90 {66 40

waist

Below

knee 70 80 36
on T" 12..
Nea:r Mid- Extended

range

Figure .11  Unadjusted Weight Limit [19]

The system executes this function in 3 steps, finds the vertical level first. and then gets
the horizontal range. From the result of the previous steps, the system determines the

unadjusted weight limit. When the lift position identifier executes, the system will
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present the user several choices as shown in Figures 4.12 and 4.13.

Where are your hands when you begin to lift or lower the object?
a. Above shoulder
b. Waist to shoulder
c. Knee to waist

d. Below knee
Figure 4.12  Choose Position -1

From options a, b, c. d, the user tells the system the vertical level.

What is the distance between the object and your body?
a. Ocm-18cm
b. 18cm-30cm

c. >30cm
Figure 4.13  Choose Position -2

From options a. b. ¢, the user tells the system the horizontal range. Then. according to
the actual lifting position. the expert system finds the unadjusted weight limit. At this

point, the system completes the Step 2 of the analysis.

. Limit Reduction Modifier
Limit reduction modifier executes Step 3 in the standard. At this step, as shown in
Figure 4.14, the standard provides a table for the user to find the limit reduction

modifier. In the table, there are times of lift per minute and hours of lifts per day. The
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numbers inside the table are modifiers for the weight limit reduction.

How many lifts per For how many hours per day
minute?
1 hror less 1 hrto 2 hrs 2 hrs or more

I lift every 2-3 mins. 1.0 0.95 0.85

| lift every min 0.95 0.9 0.75

2-3 lifts every min 0.9 0.85 0.65

4-5 lifts every min 0.85 0.7 0.45

6-7 lifts every min 0.75 0.5 0.25

8-9 lifts every min 0.6 0.35 0.15

10+ lifts every min 0.3 0.2 0.0

Note: For lifting done less than once every five minutes, use 1.0

Figure 4.14  Limit Reduction Modifier {19]

In this subsystem, the limit reduction modifier finding work is separated in two steps.
By selecting the choices shown in Figure 4.15, the user tells the system the number of

lifts per minute. [n Figure 4.16, the user tells the system the total lifting hours per day.

All the limit reduction modifiers are stored in the system in the form of rules. The
rules form is like: if the number of lifts per minute is x and the number of hours per
day is y, then the modifier is z. For example, if there are 2-3 lifts every minute, and
there are 2.5 hours lift per day. then the limit reduction modifier is 0.65. The rule for
this in the system is:

If 2-3 lifts everv minute

and

2.5 hours of lift per day
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then
the limit reduction modifier is 0.65.

In this way, the system finds the corresponding limit reduction modifier.

How many lifts do you have per minute?

a. less than once every 5 mins

T

. 1lift every 2-5 mins
c. 1lift every min
d. 2-3 lifts every min

e. 4-5 lifts every min

—
°

6-7 lifts every min

g. 8-9 lifts every min

=

. 10+ lifts every min

Figure 4.15  Choose Lifting Frequency

For how many hours per day?

a. 1 hourorless
b. 1 hour to 2 hours

c. 2 hours or more

Figure 4.16  Choose Lifting Hours

. Weight Limit Calculator
This calculator executes Step 4. The weight limit is calculated from the unadjusted

weight limit and the limit reduction identifier. According to the regulations in the

69



standard {19], if the employee twists more than 45 degrees while lifting, reduce the
Unadjusted Weight Limit obtained in Step 2 is multiplied by 0.85. So, the system asks
the user if there is any twisting of more than 45 degrees while lifting. If the answer is

yes, the weight limit is calculated as follows:

(Weight limit) = ( (Unadjusted Weight )* 0.85) * (Reduction Modifier)

If the answer is no, the weight limit is:

(Weight limit) = (Unadjusted Weight) * (Reduction Modifier)

) Determinator and Report
In this step. the weight limit calculated in the previous step is compared to the weight
actually lifted. If the actual weight is heavier than the weight limit. there is a MSD

hazard and a report is generated.

4.4 Coding Strategy and Control Techniques

4.4.1 Pattern Matching

CLIPS provides different formats for knowledge representation. In our system. we use
rules to represent knowledge. A rule has one or more conditions. If the conditions are
satisfied, actions will be taken. Rules are executed (or fired) based on the existence or
non-existence of facts or instances of user-defined classes. The inference engine of

CLIPS attempts to match the conditions of the rules of the current system state and

take actions.
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After this rule base is built and the fact-list is prepared, CLIPS is ready to execute
rules. In a conventional computer program, the sequence of operations is defined
explicitly in the algorithm. In expert systems, the program flow does not need to be

defined explicitly.

Rules are presented in the format of the "defrule” structure, provided by CLIPS. The

syntax is like:

(defrule <rule-name> [<comment>]

[<declaration> ] . Rule properties
<conditional-elements> . Left-Hand Side (LHS)
=>

<action>) ; Right-Hand Side (RHS)

The LHS contains a series of conditional elements (CEs). These CEs typically consist
of pattern conditional elements to be matched against pattern entities. An implicit and
conditional element always surrounds the patterns on the LHS. The RHS contains a
list of actions to be performed. The arrow (=>) separates the LHS from the RHS.
There is no limit to the number of conditional elements or actions a rule may have.
When all conditional elements on the LHS are satisfied, the expert system performs

actions sequentially.

If no CEs are on the LHS, the inference engine uses the pattern CE (initial-fact)

automatically. If no actions are on the RHS, the rule can be activated and fired but
nothing will happen.
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When a program is running, the inference engine searches and fires rules one by one
to accomplish all the functions the expert system has. An example of the rules is given
below:

(defrule check-bending-degree-0

(declare (salience 15))

?bending-degree <- (degree ?s-degree)

=>

(retract ?bending-degree)

(printout t " What is your bending degree by this posture?” crif crif)

(bind ?a-degree(read))

(assert  (actual-d ?a-degree)

(standard-d ?’s-degree)))

In the above example, the rule is given a name check-bending-degree-0, then a priority
of execution (/35). Next we set under what condition the rule is executed. If the
condition is set, the rule asks from further information and sets the condition elements.
In this case. there are the actual number of bending degrees together with the number
of degrees specified in the ergonomics standard which was provided in another rule
not shown here. The expert system can now use this condition element pair as

conditions for other rules.

The expert system will use the just acquired actual bending degree and early stored

standard bending degree as conditions for other rules.



4.4.2 Control Techniques

CLIPS provides various techniques to control the rule execution process. These
techniques can by used effectively to make the program more powerful and efficient.
In this system, the main control techniques used are input techniques. salience and

pattern logical OR, AND and NOT.

. Input Techniques
We use the read function to input information. This function allows computer to rcad
information from the keyboard. Read function requires a carriage return before it will
read the token entered. The communication between the user and the computer is
established. The application of this function frequently appeurs in our system. In the
following example which is similar to the one presented in the previous section, we
can see a typical application of this function.
(defrule check-work-time-0
(declare (salience 10})
?duration <- (hour ?s-time)
=>
(retract ?duration)
(printout t " How many hours do you work by this posture per dav?" crlf crif)
(bind ?a-time(read))
(assert  (actual-t ?a-time)

(standard-t ?s-time)))
At the LHS of this rule, we have (defrule check-work-time-0 , (declare (salience 10))
and ?duration <- (hour ?s-time). defrule check-work-time-0 defines a rule. Check-

work-time-0 is the name of the rule. (declare (salience 10)}) means this rule has a
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priority to execute. The priority level is 10. ?duration <- (hour ?s-time) is to store the
fact (hour?s-time) into the address named ’duration. In the fact (hour?s-time), ?s-
time is a variable stands for standard working time. The value of this variable is set by

a previous program according to the current working condition.

When the expert system sends the fact (hour ?s-time) to the address ?duration, the
program runs to the RHS, by the command (retract ?duration), it retracts fact
(hour ?s-time). Then the system prints out the question "How many hours do vou work
by this posture per dav?” on the screen to ask the user. At this time, command
(bind ?a-time(read)) works. The function of it is to give a value to the variable a-
time. The command read is used to let the system acquire that value from the user
through the keyboard. After that, the system stores the data by (assert (actual-t ?a-
time)) to let the system know that actual work time by the fact (actual-r ?a-time).
Therefore, the communication between the system and the user is established.
Meanwhile, by asserting the fact (standard-t ?s-time), the program tells the system the
standard working at this posture. Facts (actual-t ?time) and (standard-t ?s-time) will

work as the condition elements of another rule to execute.

. Salience

CLIPS provides a direct way of control through the command salience. In the
inference system. the agenda is a list of tasks which need to be executed. The most
recent activation is placed at the top of the agenda and is the one first to fire. Salience
allows more important rules to stay at the top of the agenda regardless of when the
rules were added to the agenda. Lower salience values have a lower position on the

agenda than higher salience values.
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We use salience to force rules to fire in a sequential fashion. In the previous example,
the check-work-time-0 rule has salience 10, it has a higher priority to fire than rules
with salience 0. It is very useful in loops. For example, whenever the system meets the

fact (hour ?s-time), it calls this rule again and again to check the working time.

. The Pattern Logical OR, AND, NOT

CLIPS provides the capability of specifying an explicit logical AND. OR and NOT
condition on the LHS. Those logical conditions have an important role in our system.
With the logical AND condition, a rule will not be triggered unless all of the patterns
are true. With the logical OR condition,. a rule is executed if only one of the patterns is
true. Sometimes it is useful to be able to pattern match against the absence of a
particular fact in the fact-list. CLIPS allows the specification of the absence of a fact
as pattern on the LHS using the fogical NOT. Logical conditions are very helpful to

make a compact prograrm. especially when rules become complicated.

4.4.3 System Operation & Running Examples
We are running CLIPS in a Windows environment. As shown in Figure 4.1, every
time, the expert system starts from the file start.txt. By the command (load), we load

the file start-f.txt as shown in Figure 4.17.
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CLIPS> (load "C:/My Documents/Final program/Start-f.txt")
Defining deffunction: ask-question

Defining deffunction: yes-or-no-p

Defining deffacts: whole-system-start

Defining defrule: welcome +j

Defining defrule: main +j

Defining defrule: get-item +j

Defining defrule: leave-system +j

TRUE

Figure 4.17  Load Start-f.txt

When loading the file, CLIPS “tells” the user “where it is” and “what it is doing” by
displaying “‘Defining ..." on the screen. The +j in the output indicates that a join is
being added. In the last line of Figure 4.17, "TURE" means the program is loaded
successfully. Then with the command (reser) (Figure 4.18), all activations are

removed from the agenda, and all facts from the fact-list.

CLIPS> (reset)

Figure 4.18  Reset

At this moment. the program is ready to execute. The command (run) triggers the

system.

CLIPS> (run)

Figure 4.19 Run

The user now gets the menu indicated in Figure 4.4, which is repeated below:
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Welcome to Knowledge-Based Expert System

Lot 22 et st s daaddaad it iiaasa s dsdisaaaadisestsds g st sty ey

Please select the number of the corresponding item to run the system:

1. General OSHA rules

2. VDT Work Station Check

3. In-depth Analysis about Work Shop
4. Lift-limit calculation

5. Leave System

Figure 4.4 Start Menu

[n this example, we choose option 3, which loads the file work-f.txt and the following

information appears on the screen as shown in Figure 4.20:

CLIPS> (load “C:/My Documents/Final program/Work-f.txt")
Defining deffunction: ask-question
Defining deffunction: yes-or-no-p

Defining deffacts: start-general-questions
Defining defrule: welcome +j

Defining defrule: unfortable-feeling +j
Defining defrule: continue +j

Defining defrule: count-first-no +j+j+j+j
Defining defrule: count-next-no +j+j+j
Defining defrule: count-number-of-no +j+j+j
Defining defrule: risk-factor-no +j+j+j
Defining defrule: start-general-questions +j
Defining defrule: number-selection +j
Defining defrule: check-work-time-0 +j
Defining defrule: check-work-time-1 +j+j
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Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrule:
Defining defrute:
Defining defrule:

TRUE
CLIPS>

Then, by command (run). we have the following information as shown in Figure 4.21.

check-bending-degree-0 +j
check-bending-degree-1 +j+j
check-force +j

check-other-part +j

check-again +j

leave-system +j

main-manu +j
physical-risk-factor-report +j+j
main-factor-report +j+j
combined-factor-report +j+j
no-combinded-factor =j+j
main-factor-report-connect-to-degree +j+j
bending-degree-report-big +j+j+j+j
bending-degree-report-small =j+j+j+j
no-bending-degree =j+j+j
work-time-report-long +j+j+j+j
work-time-report-short =j+j+j+j
high-hand-force-flexion +j+j
high-hand-force-extention =j+j
high-hand-force-ulnar =j+j
no-other-risk-factors +j+j
WMSD-harzard-report +j+j+j
WMSD-no-over-time =j=j+j
WMSD-no-PRF =j+j+j
WMSD-no-PRF =j+j+j
WMSD-state-conclusions +j
check-the-body-part +j
awkward-posture-shoulders-1 +j+j
awkward-posture-shoulders-2 =j+j
awkward-posture-neck-1 +j+j
awkward-posture-back-1 +j+j
awkward-posture-back-2 =j+j
awkward-knees-squatting +j+j
awkward-knees-kneeling =j+j
knees-repeated-impact =j+j
high-hand-force-1-1 +j+j
high-hand-force-1-2 =j+j
high-hand-force-2-1 =j+j
high-hand-force-2-2 =j+j
high-repetitive-motion-shoulder =j+j
high-repetitive-motion-hands =j+j
high-force-exertion +j
high-repetitive-motion-4 =j+j
problem-upper-body-9 =j+j

Figure 420  Load Work-f.txt
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Welcome to Knowledge-Based Expert System

in-depth-analysis about MSD

baa 2 ada s d e aa st iad sty 2l s 2 I I R R A A e

Do you have any of the following uncomfortable feelings (yes/no)?

— —

* Painful joints

* Pain, tingling or numbness in hands or feet
* Shooting or stabbing pains in arms or legs
* Swelling or inflammation

* Burning sensation

* Pain in wrists, shoulders, forearms, knees

* Stiffness

——— — — — - - ——
——1 — - bt -— - ———t—)

Do you have any of the above uncomfortable feelings (yes/no)?
Figure .21 Uncomfortable Feelings

By answering "y", we get the menu in Figure 4.22.

a. Shoulders;

b. Neck;

c. Back/Trunk/Hip;

d. Knees;

e. Hands/Wrists/Arms;

f. MAIN MENU of the system

Please select a,b,c,d,e or f and then press Enter to choose the part of
your check.

Figure 422 Check Body Part Menu
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If we now choose a, the conversation continues like shown below in Figure 4.23,

a
Let's check the Shoulders part.

Do you work with your hand(s) above the head or the elbow(s) above the
shoulders
(yes/no)?

y

How many hours do you work by this posture ?

6
The working time by this posture is too long.

The actual working time is 6 hours

The working time should be shorter than 4 hours.

- — - — e — —— — ——— ———
-— —¢ — = ——

Alert: Here is a MSD hazard!

Figure 4.23  MSD Alert

Figure 4.24 shows how the expert system analyzes the user input of the actual
working condition and gives feedback to the user explaining

1. What is wrong,

2. What can be done to remedy it, and

3. Wamning that there is a real possibility the user develops a Musculoskelotal

Disorder.
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Do you repetitively raise your hand(s) above the head or the elbows
above the shoulder(s)more often than once per minute (yes/no)?

y
The potential physical risk factor of WMSD is (awkward posture at
shoulders)

How many hours do you work by this posture per day?

5
The working time by this posture is too long.

The actual working time is 5 hours

The working time should be shorter than 4 hours.

Alert: Here is a MSD hazard!

Figure 4.24  Another MSD Alert

The expert system continues to ask more questions to find out if there are any other

ergonomic problems. This is shown in Figure 4.25.

Do you use the same motion with little or no variation every few
seconds (excluding keying activities) (yes/no)?

n

If you have checked your body, do you want to know how much MSD
hazards you have (yes/no)?

Yy
You have 2 MSD risk factors!

Do you want to check other part of your body (yes/no)?
n

Do you want to leave CLIPS (yes/no)?

n

Do you want to see other part of our system (yes/no)?
n
CLIPS>

Figure 4.25  More Questions
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The actual CLIPS program which executes the example given above is listed in
section 5 of Appendix B of this thesis. The other CLIPS programs (see Figure 4.1)
developed for our expert system are listed in sections 1, 2, 3, 4 of Appendix B of this

thesis.

4.5 Summary

In this chapter, we introduced the rescarch work in detail. Through the introduction,
we know how the rules were extracted. By analyzing, we understand the meaning of
the rules, the fields they cover and their application way in expert systems. We
explained the whole procedure of constructing the system and described ecvery
component of this system in detail. In the end, we illustrated how this expert system
works. It is clear that the intention of solving the ergonomics problems by the

technique of rule-based expert system is feasible and the work is successful.



Chapter 5

Conclusions and Recommendations for Future Work

5.1 General

People began to apply simple ergonomic principles in their life from the ancient time.
But as a distinct discipline, compared to some other scientific subjects, ergonomics is
relatively new. Work-related musculoskeletal disorders can cause severe problems
that influence people’s health. It is also one of the key topics that many ergonomics
experts have studied. They have many methods to probe problems in ergonomics. In
recent years, the computer has become an important assistant to help researchers to
process data in their experiments. Artificial intelligence and expert systems were first
developed in the 1960s. From then on, especially since the 1980s, this sophisticated
technology has matured and now is playing an important role in many fields of society.
The application of expert systems in ergonomics is new. In this research, we have
established a prototype of a rule-based expert system that can be used to evaluate

musculoskeletal disorders.

5.2 Highlights of This Research

In the previous chapters, we have discussed the application of a rule-based expert
system in ergonomics workplace design. In Chapter 1, we reviewed the history of
ergonomics and expert systems, introduced the development of the two subjects and
presented the current problems in the application of ergonomics. Next, we discussed
work-related musculoskeletal disorders (MSDs) and examined the advantages and

weakness of expert systems. In Chapter 2, the literature review presented shows us the
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seriousness and size of ergonomic problems in the society. By studying current
research papers in expert systems applications, we acquired basic knowledge and
learned some fundamental techniques about how to develop a rule-based expert
system. In Chapter 3. we analyzed the problem in detail. We realized the importance
to solve the MSD problem in ergonomics workplace design and understood that rule-
based expert system is a sophisticated technique to help us to solve the problem
effectively and efficiently. We decided to use OSHA standard as our knowledge
source and CLIPS as our expert system-developing tool. In Chapter 4, we analyzed the
rules in detail and discussed how to code them into an expert system. Finally, we
introduced every component of our system, presented functions of each of them and
gave an example how our expert system can be used to analyze if a worker is at risk of

developing MSD(s) and what can be done to avoid them.

5.3 Conclusions and Future Research

MSD is one of the serious ergonomic problems that many people are suffering from.
Ergonomic researchers have contributed a lot of work in MSD research. To our
understanding. preventing the occurrence of MSD is rather more important than
seeking medical attention when MSD exists. However, to correctly and efficiently
identify the MSD hazard requires ergonomic expertise which is usually grasped by
ergonomic experts. When experts are not available, expert systems can help people to
evaluate and analyze MSD hazards and give recommended actions if MSD hazards
exist. Our system focuses on MSD hazard identification with limited
recommendations for corrective actions. It provides a fast and convenient way for

applying ergonomic rules.
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From designing this system, we learned, first, the evolutionary prototyping in
designing expert systems is proven to be superior to conventional system development
life cycle. Prototyping presents a more efficient way to design a system. Second. it is
evident from this research that other similar medical sub-domains might be good
candidates for the application of the expert system technology. Third. CLIPS was
found to be a flexible, powerful, and intuitive development environment for this

application.

Basically, the future research work for this expert system should be focused on two
areas. One is the ergonomic knowledge base, the other is expert system building
technologies. In the Federal Register, OSHA not only provides checklists to identify
MSD hazards, but also, it tells people what actions should be taken when an MSD
hazard exists. Therefore. in the next step. more work should be done to let the system

have richer and better recommendations if an MSD hazard exists.

With an enlarged knowledge base and complicated functions. the programming
techniques should be improved by integrating the functions of other programming
languages. This will allow us to build a more powerful, real-world expert system for

ergonomic applications in work place design.
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Appendix A

Checklists

Table W-1 - Basic Screening Tool

You need only review risk factors for those areas of the body affected by the MSD incident.

Risk Factors
This Standard
Covers

Performing job or tasks that involve:

Body Part Associated With Musculo
Skeletal Disarder (MSD) Incident

Hand/ Backs
Wrist/ Trunk/
Arm Hip

Ley/
Knee/
Ankle

Neek/
Shoulder

Repetition

Repeatng the same motions every tew
seconds or repeating a cycle of mations
mvalving the affected body part more than
2 consecutive hours in i workday:

Using an input device, such as a keybourd
and or mouse, na steady manner for more
than 4 hours total in a workday

Force

Lifung morc than 735 pounds at any one
ume. more than 33 pounds more than 10
times per day: or more than 25 pounds
below the Knees. above the shoulders, or at
arms’ length more than 25 tmes per day,

t4)

Pustung pulling with more than 20 pounds
ot imtial foree (e.g. equivalent of pushing a
63 pound box across i ule tloor or pusinny
a shopping cart wath tive 40 pound bags of
dog toad) for moere than 2 hours wtal per
dav;

'

Pinching an unsupported object werghing
2 or more pounds per hand, or use ot an
cquivalent pinching toree (e, hoiding a
siall binder clip openy. fer more than 2
hours per day.

L)

Cinpping an unsupported abject weighing
1} pounds or more per hand, or use of an
cquivalent gnipping furce (e.g. crushing the
sides of an alummum soda can with ane
hand). for more than 2 hours per day.
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Table W-1 - Basic Screening Tool - cantinued

You need only review risk factors for those areas of the body affected by the MSD incident.

Risk Factors
This Standard
Covers

Performing job or tasks that invalve:

Body Part Associated With Musculo
Skeletal Disorder (MSD) Incident

Hand/ Back/
Wrist/ Trunk/
Arm Hip

Legs
Knee/
Ankle

Neck/
Shoulder

Awkward
Postures

{7} Repeatedly raising or working with the
hand(sy above the head or the elbows)
above the shoulder for more than 2 hours

total per day,

(83 Kneeling or squatung for more than 2

hours total per day;

(91 Working with the back. neck or wrists bent
or twisted for more than 2 hours total per
day (see figures:)

10°

g]o'?
s \§ 30°
;_\— ‘E! 3¢

Contact Stress

(10} Ustng the hand or knee as a hammer more
than 10 umes per hour for more than 2
hours total per day.

Vibration

(11) Using vibrating tools or equipment that
typically have high vibration levels (such
as chainsaws, juck hammers, percussive
tools, riveting or chipping hammers) tor
more than 30 minutes total per day;

(1) Using tools or equipment that typically
have moderate vibration tevels (such as g
saws, grinders, or sanders) tor moere than 2
hours total per day.
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Appendix -2 to §1910.900: VDT Workstation Checklist

Using this checklist is one. but not the aniy, way an eniployer can comply with the requurement to wdentify. analyze
and control MSD hazards in VDT tasks. This checklist does not require that employzes assume specific w arking
pustures in order fur the employer to be in compliance. Rather, employers will be judged to be in compliance with
paragraph ki and (m) o OSHAs standard it they provide the emplovee with a VDT work stasian s armanged or

designed in @ way that would pass this checkhst.

If employee exposure does not meet the levels indicated by the Basic Screening Tool, you may STOP HERE.

WORKING CONDITIONS Y | N|
The workstation is designed or arrunged for doing VDT tasks so it allows the employee's . . . !
A, Head and neck to be about upright (not bent downsback). , !
B. Head, neck and trunk to face forward (not twisted). ]
¢ Trunk to be sbout perpendicutar to floer {not fzaning forward backwars) rog
" D. Shoulders wad upper arms o be about perpendicular te floor (et stretehead forward) and relaxed !
It chatl vaeh atdd). [
" E. Upper arms and elbows to be close to body (not extended outward) [
5 F. Forearms, wrists, and hands to be strught and paraliel t floor (not poiniing up.down). ‘ 1 ;
Ll T I
§G. Wrists and hands t be strawght (not bentupidown ar sideways toward little finger. f L

ey

H. Thighs to ke about paratiel to tloor and lower legs to be about perpendicular o tleor

P Feettorest itat on loor or be supported by a stable tootrest

JOADT tashs o Te orgamead e way that allows employee o vary VDT tasks with other work
| activities, or to take micro-breaks or recovery pauses while at the VD I workstation.

SEATING YN

The chair. ..

+ L. Backrest provides support for employee’s lower back (lumbar area). | | i

2oscat width and depth accommodate specttic employec (seaipan tot oo iz sinail-

Joneat front docs not press aziuns e dacs ol empieyes s hiwes wid o leds edipan Gt o

\

l ot o
9 - .

| Cos

T4. Seat has cushronng and 1s rounded? has “waterfall” tront (no sharp edge).

3. Armrests support both foreurms while employee performs VDT tasks and do not interfere with
morement. i




KEYBOARD/INPUT DEVICE

The keyboard/input device is designed or arranged for doing VDT tasks so that. ..

v

l. 6. Keyboardiinput device platfurmis) s stab.2 ang farge enough to hoid keybours and mput device

- 7. Inpuc device (mouse or trackball) 15 located right next 1o keyvboard so it can be operated without
reaching,

!
] o s . -
| 8. Input device is casy o acuvate and shapessize fits hand of specitic employee (not oo bigismall).

9. Wrists ad hands do not rest on sharp or hard edge.

MONITOR

The monitor is designed or arranged for VDT tasks so that . . .

10 . Top line o' screen 15 at or helow 2ye level 30 employee is able 1o read it without pending head or

avch o dosnebuaci. cbor emiplosees wath Sitocalsiantocals, see neat item.)

i LL Employee with hifocals/trifocals is able to read screen without bending head or neck backward.

12, Mouitor distance atlows employee o read sereen without leaning head. neck or trunk
forward:backward

13. Monitor position 15 directly in front of employee so emplovee does not have to twist head or neck.

i . . . . . . .
“1H4CNoglare e g o windows, lights) is present en the sereen which might cause employee 1o
asiome

R R AT Ll SRIC LR WS BT L1

WORK AREA

The work area s designed or arranged for doing VDT tasks so that . . .

!

I3. Thighs have clearance space between chair and VDT tablerkeyboard plattorm (thighs not trapped).

1o, Legs and feet have clearence space under VDT tasle s0 employee is able to get close snuueh
ke bourd input device

|

ACCESSORIES

Y

17, Docaement holder. of prosided, 13 stable and large enough 1o hold documents that are used.

|- 18. Document holder, if provided, is placed at about the same height and distance as monier sereen 0
| thiere s

\ littke head movement when employee looks from document to screen.

19. Wrist rest. if provided, s padded and free of sharp and square edges.

200 Wrist rest, U provided, alows employee to Kkeep foreanns, wrists and hands strzighit and parallel (0
I around

witen using hevooard mput device.

—Faams i

PSS

i =1 Telephune cai be used s azed upzigin (ot tenty and shociders reaned cnot 2. ateg) o
’ cruployee does VDT tasks at the same time.
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GENERAL P

2% onstanon and squipmient have sutticient adjustability so that the emplosee 15 able to be in a safe
working posture and 10 make occasional changes in posturz while performimg VDT tasks.

23. VDT Workstation, equipnient and accessories are maintained in serviceable condition and fusiction
properly.

PASSING SCORE =*YFES” answer on all *working postures” items (A-J) and no mare than
o “NO™ answers on remainder of checklist (1-23).

94




WISHA Checklist for Work-Related Musculoskeleta! Disorders 1

Job Date

Notes Analyst(s)

Reading acrass r= paye cetermine f any of the cond.ions are presentin the work activiies  For many of ™h= nisa
{aclors, two COnALDNS are presented, which are the :ncicators for Caulion (a lower level of nisk; anc Hazuare 14
higner level of nsk) Most of the conditions are based cn duration If the lower thrashcid concilion I1s not met N3
box 1s checked. if the lower condition is met but the nigher 1s not, then Caution is checked If the higher conaitian
i1s met (generally a fonger penod of ume}, then Hazard 15 checxed

If anly Caulion boxes are checked, the nisk 1s present but immediate action {further anawysis crintenentions: ara
not recommanded Itis warthvehile to continue 1o momitor Caution leve! jobs for cnanges that mignt incraase the
risk and for injunes or symptoms thal may occur

1{ G of more Hazard toxes are chachad a work-ralates musculoseeletal disarcer VNSO nazars easts ans
furthere action 15 reccmmended

Awkward Posture

Chack (v 1as !

. . . . . I appucaowe
Body Part | Physical Risk Factor Duration | Visual Aid i -
' ) | 1
I Snoulders | Werking wih the hand(s) abova tne | More than 2 hours b - Cauten
| | neac cr tne elbow(s}) anove the { total per day L j
! i snauiders) i Noe :
v ) N
' lore than & nours i
| et 1r_~ urs Hazarc
i o1al per day —
| 3 J
» S S
. Pepetibvely raising the nances) acsve | More than 2 hours - Caution
i the nead cr the elbow(s) above the total per day Lo S -:]
‘i shoulder(s: more than once per Lmm e
. minute RN
: X an 4 hou : : i :
i W - ‘{ —
| 4
tieck Warking w1th the reck tent more than | Licre than 2 nours - " Caunon
45° (wathout suppor cr the ab.lity to total per day S i6° Y D i
vary posture) . (__ . : .
' | 1}
4 r ! ) L
\ Moare than 4 hours l (g ) Hazard
! total per day ) D

Adapted from State of \Washingten Depariment of Labor and industnes Ergoncmics Rule

See hiip:owewn 01 w3 govisshalerga’ergorule htm

This version includes some format changes, inclusion of caution zones and revisions to lifing and vibration
sactions  See httn “favans hsc usf edu/~therna-diaraotocts for efectronic copy of form
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WISHA Checklist for Work-Related Musculoskeletal Disorders 2

! . ) .
Awkward Posture (continued) Creck v as |

. . . - . appiicatle
Body Part Physical Risk Factor Duration | Visual Aid PP
} '
Back ! Working with tne tack bent ferwara Kore than 2 hours 130° -~ ' Caution
t more than 307 fwihout support. or the | total per 3ay P :]
aodiy 13 L ary sosiure; [ SR
' h SANIY
More than < nours S S ]
' S Z: 1
: i total per aay } ! f h Hazarc
o J
: ! )
WWarking with the back bent fonward ! More than 2 hours i i 459 ~
mcre than <5° cawithout supgort erthe | total per day ' 'V'__,‘)
: ’
ability te vary pasture) ’ RS
! . AV T
g LORKY Hazare
DA 2
')
]
z | _&é_ |
Knees Squatting More than 2 hours | - f Caution
total per cay ! - ‘ I
;
i tore than 4 nours - ' Hazard
; total per 2a, iy
: f_J
s 4 ! Lore than 2 neurs T C .J;.'tl:;(‘- N
to1al per day —
| a
1 It A
Mere than 4 hours . Hazard
! otal per day D
i
. __ !

Adapted from State aof Washington Department of Labor and Industries Ergonomucs Rule

See http /fsaww In wa goviwishalergorergorule him

This version incluces some format changes, inclusion cf caution zones and revisions ta ufing ara vizration
sections  See hitip fwaren hsc usl edu/~thernardrergotesls for electronic copy of farm.
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WISHA Checklist for Work-Related Musculoskzletal Disorders

High Hand Force ~ Pinch

Checx (v as

Body Part Physical Risk Factor | Combined with | Duration ' Visual Aid l Aoplcare "
[ Arms, Pinching an Highly repetitive | More than 3 ' ' Hazard
wrists, unsupporied coject(s) mction hours talai per
nands weighing 2 or mere cay D
pouncgs per hand. or f S
| pmzhing with a force | Wnsts 22nt 0 | Lre than 3
of 4 or mare pounds flexicn 3¢ or hours tola. per
! per hand (camparable | mare, orin day :
. | to ainching hatf aream | extens.on 435 or e l
i of saner) mare, orin ulnar ' | Hazard
. dewviaticn 30" or i
i more €ren g | a
B! i

NG e e

facters

Jdore tnan 2
acars 12al ner

day

tore than 4
hours total per
day

I Hazard
| .

Q

Azastec frem State of Wasnington Degartment of Labor ard Industnes Ergenomics Rule
See hitp vy 1 wa govawisharerqo.erqarule htm

This version includes some format changes, inclusion of caution zones and revisions to lifting and vibration
sections. See htip fwww hsc usf edu/~tbernard/ergotoois for electronic capy of form
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NISHA Checkhist for Work-Related Musculoskeletal Disoraers

3

High Hand Force - Grasp :
119 . F p p Check v/, a3
. . . . , . . acphicapla |
Body Part Physical Risk Factor | Combined with | Duration Visual Aid !
: |
Arms, Gnpping an Highly repetiive | More than 3 i ﬁk
wrists, unsupported coject(s) | motion hours total per : Hazara |
hands weighing 10 or mere aay j :] :
pounds per hang, or ' \
gnpoirg with a torce of
10 pounds or mare per [Nynsts z2nl Mare than 3 T
nane (comzaratle to flexion 33° =~ nours total ger
! clamping hgnt duty more. arin 2ay
I automoblve jumper extens:an 45° or e R
| cables ontd a battery: | moare. or in ulnar !
; ceviauor 30 or Dt
l more P e ;
| RN < Hazara

Mo other ris«
factors

Yare than 2
hours total per
Sav

“lore than 4
naurs la. per

day

Caution

Adapled from State of ‘Nashingtor Repartment of Laccr and Industines Ergonomics Rule
Sae hip Jwaw 0 wa govisisngiargorergerule him

Trus version mciudes some format changes. inclusion of caution zones anc rewisions to hfting ana v brauon
sections. See htin Jwww hsc usf edai-tbernard. eractaols faor alectronic copy of form
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WISHA Checklist for Work-Related Musculoskeletal Disorders

,Hfi‘ghly Repetitive Motion

Check 1/ @ as !

i Body Part ! Physical Risk Factor | Combined with Duration [ applcape |

] |

| Neack, Using the same No other risk factors Maore than 2 rours totat Caution
shoulders, motion with little or no per day ;:]

I etbows. variation every few

: wnists, seconds (excluding

' hands keying activities) More thar 6 nours total

per day

Hazarc |

Using the samre
mation with ittle or no
sananon ever, few
secongs (exciuding
keving activities)

Wrists ben:in lex on 30°

<5 crmcere. oran uinar

deviation 30° or mere
AND

High. forceful exertans

with the hand(s)

Mcre thar 2

ser day

nouis total

Intensive keying

Awkward posture,
including wnsts bentin
flexion 30" ar mcre, orin
extensicn 457 or more. or
n ulnar devtaucn 307 or
mare

Nore than 4
per day

nours totai

No cther rnsk ‘acters

Repeated Impact " °

Lore than 4
per day

noars wtal

Mare than 7 nears wtal
el day

|
Body Part Physical Risk Factor Duration - Visual Aid
T Hands Using tne hand (heelibase of paim. as | Licre (han & hours ~ T Caution
a hammer more than 10 times per nr total par day ™
' gt WL
N
| Using the hand (heel'tase of palm} as . Hazard
: a hammer more than 60 Umes per hr . ; :]
{ Kneas Using the knee as a hammer more More than 2 rours - i Caution
' than 10 imes per hour total par cay - ! ,3
- 1 .
Using the knee as a hammer maore ) Hazard
- N

than 60 tmes per hour

J

Acapted from State of Washington Department of Lazar and Industrnes Ergonsrics Rule
See nitp i wwy It wa qoviwishalerqoergarule htm

Th:s version includes some format changes, inclusion of caution zones and revisions (o lifing and vibration

secuons. Scenity -
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WISHA Checklist for Work-Related Musculoskeletal Disorders

H;eavy, Frequent or Awkward Lifting -

Body Part Physical Risk Factor | Combined with | Duration apoicatis
!
|
Back and Litting 75 or more No other risk factors One or more tmes per day + Caution
shoulders pounds :

i

d

L:fung 35 or more
pounds

MNo cther nisk factors

More than 10 hmes per
day

Caction

3

Lifting more than 10
pounds

More than 2 umes per
minute

More than 2 hours total
per day

Caution

Q

Liftng more than 25
sounds

Above the shoulders
Below the knees
At arm's l2nqgth

More than 25 umes per
day

Caution

0

WISHA Litting Anaiysis - Perform i any Caul.on cardiicn easts
Actual Weight is greater than the “Weight Linut
(See separate work sheet)

HaZard

J

Body Part

Physical Risk Factor

Hands
avs

ITRECHE- T §  [od
='bows

Using 'mpac: wrenches. carpa: stnpsers, chan
Saws. Dercussive toals (Jach fammers, stalers

nveting or chipping lammers; or other nany ocis

that typically have high vibration levels

Agplizabe

Duration
Lore than 30 minutes sl Cagtien
per day

3

Moderate to High Hand-Arm Vibration I Cheth s g

Using grinders. sanders, jig saws or other hand

tools that typically have moderate vibration ievels

tAore than 2 hours tctal
per day

Cauticn

d

VASEA HAV Analysis - Perform if any Caluon condiion exists
Actual exposure ime 1s greater har the Hazarc Leve: Exposure T me
{See separate work sheet)

Hazard

d

Adapted from State of ‘Nashington Department of Labor and Industnes Ergonomics Rule
See hilp iwww I wa qoviwishalergo’/ergarule.nm
This version inciLdes scme formal changes. inclusion of caution zones and revisions o iftng and wibraticn
sactions. See hii “vasw hsc usf edu/~tbernard. ercctonls for electronic copy of form
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WISHA Lifting Analysis

Job

Date

!

Ngtes

Analys'(si

The tiftng aralysis on the following page s performsac when cne or more of the Caaticn Level j5b rish factars in tre

following criecalist s present  Tris checs! stis lare™ from tne adacted WISHA crecris:

H:eavy, Frequent or Awkward Lifting

Check v/ 1 as

i Body Part Physical Risk Factor | Combined with ‘ Duration appheacls
!

1 Back and Lifing 75 or mcre No other risk faztors One or more Lmes per cay Caution
' shoulders pounds

0

Liting 55 or mare
pounds

Mo ather nsk facters

day

Nore than 10 tmes per

Caution

a

Lifung mcre thar 10
counds

Nore thaen 2 tmaes per

uruls

More than T reurs

oser cas

.

[{olee)

Caution

Lifing mcre than 23 Anova the sncullers P Mlora thar 25 umes per Céu“cp
pcunds Below the kna2es l dav
At arm s length | !
|
WISHA Lifting Anaiysis - Perform 1 any Caution conciticn exists )
] ¥ ! -
Hazara

Actual Weight (Step 1) :s greatar than the Weght Limut (Step <
:See separale Lol sheat;

Adapied from State of Washington Department of Laoor ana Industnes Ergoncmics Rui-
See hilp //www Ini wa.qov/wisha’/ergolerqorule htm

This version focuses on the lifting section. See wnv hsc.usf edu/~tbernard ergeleals for electronic copy of form
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WISHA Lifting Analysis 2

Tn.s analysis pertains 1o jobs whara 2mpioyees It 1225 or more.

Find the Limit Reduction Modifier. Finc cut how many,

umes the employee Lits per miaute and the 1ola. numte-

Step 1 Find out the actual weight of of hours zer day spentifting. Use thus irformation 1o
objects that the employee lifts. look up the Limit Reduction Mcdifier in the tatle te.ow
Actual Weight= ________ Ibs. How many lifts For how many hours per day? j

i
per minuta? 1 hr or lass 1 hrto 2 nrs 2 nrs ar mora

1 » . 0= -~ -
@ Determine the Unadjusted Wt ever; 2.3 mirs ve 25 sas
Weight Limit. ‘Where are the 1t gvery ~un 595 o s
erployee’s hands when they tegin t2
Wt or lcwer tna soject? Mar« that soat St wvers e Jg Jus 378

an the diagram below. The numer in

, <-5 ufl's every run z - At
that bax is the Unadjusted Weight Limit l Ll 0335 ! 25
In pounds S-7 uf's every min 075 05 325
) 8-9 liis every min e 038 95
10+« llts eveyrin J2 c2 [}
Above N 85 40 30 Note For w'ing 20re 1ess than once evary tee T nules, Jwe 1)
shoutd=t
N Limit Reduction Modificr: ~
s Step 4 Calculate the Weight Limit. Stan by ccoying the
\VWaist to | Unacusied “Waight Limut from Step 2
shoulder Unadjusted Weight Limit: = 1ibs.

If the emplcyee tv 5t5 more than 45 cegrees
‘ oo whue Hung, seauce the Lnadestad Wegnt Linue
Ty multoyiwy ny A3 Dtroery iS4

LA e W emnt Lot

1)

Kneeto 90 S5 40 Twisting Adjustment: =
Je3:St
Adjusted Waight Limit: = . ibs
i Nutiply e AgLsad Waight Lim.t b
' . Racuction Modifiar from Step Jts e v
Below ‘ R o o Sie X
knee | 7050 35 Fegnt L me
! Limit Reduction Modifier: __ .
- ""‘"“‘6:' Pz T . Waight Limit: = [bs
Near Mhid- Ertended
nnge /SE;TS\ Is this 3 hazard? Zamnpare e WWagnt Lot zalcu ated 0
S Siep d otk he Actual We.gnt ufteds fam Step 1 I the
. . L Actual Weight hted 1s greater than (ne Weight Lim !
Unadjusted Weight Limit: ___ __ Ibs. ua e 8 gredie @ Ymaht L

ca.culatad, then the lifung s a WWMSD hazard

Ngie If the job invoives lfts of objacts wath a numbar of cifferent we:ghts and/cr ‘rom a nurbar of dfferent kscations, Lsa Stes ° '
througt S abave to t
1. AnatyZe the two worst case !fts - the neaviest opject lified ara the hft dore in the Most awkv.drd pIsi,e

2 Anayze the most commcriy performad it In Step 3. use the frequency and dusator for ati of the . fing 2one: N a 4,00l !

Acaptad from S:ata of Wasnington Departmen: of Labor and Ingus:nes Zrgonarmics Rule
See htiz rwew Iniwva goviwishalargeiergerule num
This version focuses on the fifung section. See www hsc usl.edu/~tberrardrergotoals for alectronic cooy of form




Appendix B Programs

Start.txt

; Expert System for Ergonomics - Beginning Part of the
; Whole System

; To Start the System, Just Reset and Run

;¥ DEFFUNCTIONS *

(deffunction ask-question (?question $?allowed-values)
(printout t ?question crif crlf)
(bind ?answer (read))
(if (lexemep ?answer)
then (bind ?answer (lowcase Yanswer)))
(while (not (member ?answer allowed-values)) do
(printout t ?question crlf crlt)
(bind 7answer (read))
(if (lexemep answer)
then (bind ?answer (lowcase ?answer))))
?answer)

(deffunction yes-or-no-p (?question) . yes-or-no-p can have more arguments than
one
(bind ?response (ask-question ?question yes no y n))
(if (or (eq ?response yes) (eq ?response y))
then TRUE
else FALSE))

(deffacts whole-system-start
(start))

(defrule welcome
7w <-(start)

=>

(retract 7w)
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(foma[ t "%n****************************************************** %n")

(formatt "* * %n")
(formatt "* Welcome to Knowledge-Based Expert System * %n")
(formatt "* * %n")
(formatt "* * %n")

(fonna[ t 1 e 2k ok e s sk s ok ke ok ke e e ok ok sk 3k Sk ke 3k e sk s o sk sk ok ok ok e ok ok ok ok sk 3k ok e 3 3k 3Kk 3 ek sk ok ok ok ok ok ke ok %n")

(assert (main manu)))

(defrule main

Imain-m <- (main manu)

=>

(retract ?main-m)

(printout t "Please select the number of the corresponding item to run the system: "rif crlf

crlf)

(format t "%n - %n")

(formatt ". ) %n")
(formatt ". 1. General OSHA rules . Ton")
(formatt " Ten™)
(formatt ". 2. VDT Work Station Check %n")
(formatt ". .%n™)
(formatt " 3. In-depth Analysis about Work Shop TJon'™)
(formatt ". on")
(formatt " 4. Lift-limit calculation %n")
(formatt ". Gon'")
(formatt " 5. Leave System %n'")
(formatt ". . %n'")
(formatt ". . en')
(formatt " - - %n')

(assert (get item)))

(defrule get-item
?item <- (get item)
=>
(retract ?item)
(bind ?f(read))
(if (eq 1 7f)
then (batch "C:/CLIPS/program/notepad/final/try-1.bat")
else (if (eq 2 7f)
then (batch "C:/CLIPS/program/notepad/final/try-2.bat")
else (if (eq 3 7f)
then (batch "C:/CLIPS/program/notepad/final/try-3.bat")
else (if (eq 4 7f)
then (batch "C:/CLIPS/program/notepad/final/try-4.bat")
else (if (eq 5 7f)
then (assert (leave))else
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(assert (get item))))))))

(defrule leave-system

7L<- (leave)

=>

(retract 7L)

(if (yes-or-no-p "Do you also want to leave CLIPS(yes/no)? ")
then

(exit)

else))
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Batch Files
Try-0.bat

(clear)
(load "C:/CLIPS/program/notepad/final/start-f.txt")
(reset)
(run)
Try-1.bat

(clear)

(load "C:/CLIPS/program/notepad/final/general-f.txt")
(reset)

(run)

Try-2.bat

(clear)

(load "C:/CLIPS/program/notepad/tinal/vdt-f.txt")
(reset)

(run)

Try-3.bat
(clear)
(load "C:/CLIPS/program/notepad/final/work-f.txt")
(reset)
(run)

Try-4.bat

(clear)

(load "C:/CLIPS/program/notepad/final/cal-f.txt")
(reset)

(run)
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General-f.txt

+ oo ok ok o ok ok ok ok s ofe ok ok 4 ke ok e ke ok o ok ok ok ok ok o ke o ok ok o ok o 3k ok 30k o ok ok ke ok ke ok ke s ok ok ok ke ke ok ok ok ok 3k ok ok ke ke
'Yy

(X2}

Ergonomic Expert System

Ty

Part Three - In-depth Analysis for Work Shop

Ty
Ty

Ty

This expert system diagnoses some simple problems
about the MSD in Work Shop

*
*
*
*
*
*

™

ek

19

*
*
*
*
*

199

CLIPS Version 6.0

19y

Ty

* % ¥ X ¥ ¥ ¥ x ¥ x ¥

To execute, merely load, reset and run.
2 2k 3 sk sk ok 3¢ Sk sk ok ok ko 2k 3k ok s sk e i e 8 sk 3k sk i sl K e sk sk e ke Rk Sk s ke ke s sk sk sl ok s ok s ok ke ok sk ok ok ok kK

Ty

LE2}

-« 3 e o 6 3 e o ok e ke R ok ok ok Ak ok
.y

:»* DEFFUNCTIONS *

« o 3 3o 3 e e e o e e e ok ek ke ko
e

(deffunction ask-question (?question $7allowed-values)
(printout t ?question crif crlf)
(bind ?answer (read))
(if (lexemep Yanswer)
then (bind ?answer (lowcase Yanswer)))
(while (not (member Yanswer ?allowed-values)) do
(printout t ?question crlf crlf)
(bind ?answer (read))
(if (lexemep ?answer)
then (bind ?answer (lowcase Tanswer))))
Tanswer)

(deffunction yes-or-no-p (?question) . yes-or-no-p can have more arguments than
one
(bind ?response (ask-question ?question yes no y n))
(if (or (eq ?response yes) (eq ?response y))
then TRUE
else FALSE))

- oo e e e e e R R ek R Rk
13

;¥ START *

o o o 3 3 e 2 2k e ofe e ok ok Kk

1

(deffacts start-general-questions
(in-depth-analysis))
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(defrule welcome
?come <- (in-depth-analysis)

=>

(retract ?come)
(fOITna[ t "%n =k 2 ks o 3k ke e sk ok 3k e ok ok o sk sk sk ok S ke e ke ok e o e ik e e ok e e sk sk ok sk sk Sk 3k ke ok ok sk sk ok ok ok kR %n")

(formatt " *

(format t
(format t
(format t
(format t
(format t
(format t

®
*
" ok
*
*

Welcome to Knowledge-Based Expert System

[n-depth-analysis about MSD

(assert (uncomfortable-feeling)))

(defrule unfortable-feeling
?poor-feeling <- (uncomfortable-feeling)

=>

(retract ?poor-feeling)
p g

(format t "%n
(formatt "
%nlv)

T

* %n'")

* %n")

")

Do you have any of the following uncomfortable feelings (yes/no)?

* Tn")

* %nu)

* %n")
* %n")

' sk e s o ok e Ak e ok e K Kk Ak ok 3 K e e 3 Ak K ok ok o 2k ok 3k 3K o s ok sl Ak ok ok ok ok i ok K o K ok ok K K R R K %n")

(format t

“en")
(formatt "
Ton™)
(formatt "
(format ¢t
%en")
(formatt "
Ten')
(formatt "
(format t
Ten™)
(formatt "
(format t
(format t
Jon")
(formatt "
(format t
%on")
(formatt "
(formatt
Jon™)
(formatt "

1"

(1]

"

* Painful joints

* Pain, tingling or numberness in hands or feet

* Shooting or stabbing pains in arms or legs

* Swelling or inflammation

* Burning sensation

* Pain in wrists, shoulders, forearms, knees

* Stiffness

en')

%nn)

%en”)
en”)

%nn)

%n")
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(format t
%n")
(formatt " on")
(if (yes-or-no-p "" )

then

(assert (list))

else (assert (continue))))

Do you have any of the above uncomfortable feelings (yes/no)?

(defrule continue

7continue <- (continue)

=

(retract 2continue)

(if (yes-or-no-p "Would you like to know something about how to avoid the above
problems (yes/no)? ")

then

(assert (list))

else

(assert (leave system)))) ; Leave the progam

;3*********************************************************
:::*¥ COUNTING THE NUMBER OF WMSD HAZARD FACTORS  *
ceok *

R EE LR EEELEEELEE LSS SRS IS RS LRSS E L L T 0
e

(defrule count-first-no

(declare (salience 10))

(not (¢ 7))

(not (number 7))

7al <- (count)

=>

(retract ?al)

(assert (start count number of WMSD))
(assert (number 0))

(assert (¢ 1))

(defrule count-next-no

(declare (salience 10))

(c 2¢)

(number 7number)

7a2 <- (count)

=>

(retract 7a2)

(assert (start count number of WMSD)))

(defrule count-number-of-no

109



(declare (salience 10))
7f1 <- (start count number of WMSD)
7f2 <- (number ?number)
23 <- (¢ %)
=>
(retract ?f1 262 73)
(assert (next-question))
(assert (number =(+ 1 7number)))
(assert (c =(+ | ?¢)))
(printout t ?number crlf))

oo o 2 2 2 3 36 3k A e 3 ok ke ok K s ki e ok kK Sk K ok sk sk e Sk Sk ke ke sk ok ok ok ok ok Kk keok
1

»»» PRINT THE NO OF WMSD RISK FACTORS

o+« 3 3 S o e 3 K ok ok o ok e i e sk 3k vk ok ok 3K e sde sk ofe 2k ok 3k ke Sk Sk ok ok o e ok sk ok ok
*

LAl

(defrule risk-factor-no

(declare (salience 9))

IWMSD<-(have WMSD-risk)

?end <- (print WMSD)

Trisk-factor <- (number ?number)

=>

(retract ?end ?risk-factor 7WMSD)

(printout t "You have " 7number " WMSD risk factors!” crif crlf)

(assert (again))) , 20 to select continue or not

« oo e 2 2 o e 2K e o A ke K ok ke o K ok 3k e ok ok ok e ok ke e ke ok sk ok ok sk sk ok e sk ok ke o ok K K sk
*ee

. START THE ASK THE GENERAL QUESTIONS

=+ o 2 3 2 3 o 2k 3 2k e A K K K ok ke ke e ke ok ke ke ke e e ok ok sk ofe sk ok ol ok e ok ok ok of ok ok ok
AAR]

(defrule start-general-questions
?print-list <- (list)

=>

(retract ?print-list)

(format t "%n

Jon™)

(formatt " %n")
(formatt " a. Shoulders; %on")
(formatt " %on")
(formatt " b. Neck; %on")
(formatt " Ten™)
(formatt " c. Back/Trunk/Hip; Ton'")
(formatt " Pon")
(formatt " d. Knees; Ten™)
(formatt " %en’™)
(formatt " e. Hands/Wrists/Arms; Don")
(formatt " Pon")
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(formatt " %on')

(formatt " f. MAIN MANU of the system Jon")
(formatt " en™)
(formatt " %en'")

(assert (next-step)))

(defrule number-selection
7select <- (next-step)
=>
(retract ?select)
(printout t "Please select a,b,c,d,e or f and then press Enter to choose the part of your
check."” crlf crif)
(bind ?input(read))
(if (eq a ?input)
then (assert (part Shoulders)
(problem shoulder 1))
else (if (eq b ?input)
then (assert (part Neck)
(problem neck 1))
else (if (eq c ?input)
then (assert (part Back/Trunk/Hip)
(problem back 1))
else (if (eq d ?input)
then (assert (part Knees)
(problem knees 1))
else (if (eq e ?input)
then (assert (part Hands/Wrists/Arms)
(problem hands 1))
else (if (eq f ?input)
then (assert (main manu))

else

(assert (next-step))N))))) ; if the user doesn't assert lor2or3 or4 or S5,
; it keeps ask the same question

v

;. Check work time

"

(defrule check-work-time-0

(declare (salience 10)) ; check time after angle
7duration <- (hour ?s-time)

=>

(retract ?duration)

(printout t " How many hours do you work by this posture per day?" crif crif)
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(bind ?a-time(read))
(assert  (actual-t 7a-time)
(standard-t 7s-time)))

(defrule check-work-time-1
(declare (salience 10))
7a-t <- (actual-t 7a-time)
7s-t <- (standard-t ?s-time)
=>
(retract 7a-t 7s-t)
(if (> 7a-time 24)
then
(printout t "Are you on earth? One day has only 24 hours, idiot!" crlf crif)
(assert (hour ?s-time))
else
(if (< ?a-time 0)
then
(printout t "Hi buddy, are you sleeping? Time cannot be minus!" crlf crlf)
(assert (hour ?s-time))
else
(assert (a-t 7a-time)
(s-t 7s-time))
(if (>= ?a-time 7?s-time)
then
(assert (work-time long))
else
(assert (work-time short))))))

:: Check bending degree

e

(defrule check-bending-degree-0
(declare (salience 15))
?bending-degree <- (degree 7s-degree)
=>
(retract ?bending-degree)
(printout t " What is your bending degree by this posture?” crif crif)
(bind ?a-degree(read))
(assert  (actual-d ?a-degree)
(standard-d ?s-degree))) itell system the standard
bending degree

;and the actual bending
degree



(defrule check-bending-degree-1
(declare (salience 15))
?a-d <- (actual-d ?a-degree)
7s-d <- (standard-d ?s-degree)
=>
(retract ?a-d 7s-d)
(if (> ?a-degree 90)
then
(printout t "Hi buddy, are you an acrobat?" crlf crif)
(assert (degree 7s-degree))
else
(if (< 7a-degree 0)
then
(printout t " We use extention and flexion to judge the direction of the degree,
please reenter degree.” crif crif)
(assert (degree ?s-degree))
else
(assert (a-d ?a-degree)
(s-d 7s-degree))
(if (>= 7a-degree ?s-degree)
then
(assert (combined-factor bending-degree too high)
(bending degree big))
clse
(assert (combind-factor bending-degree small)
(bending degree small))))))

(defrule check-force
(declare (salience 13))
?Force <- (force ?s-force)
=>
(printout t " How much is the force (kg)?" crlf crif)
(bind ?a-force(read))
(assert  (actual-f ?a-force)
(standard-f ?s-force)) ;tell system the standard force
:and the actual force

(if (>= ?a-force ?s-force)
then

(retract ?Force)
(assert (main-factor high hand force))

else
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(retract 7Force)))

- e sk 3¢ 3k A 2k s K e ke Ak o oA ¢ ok ok ok ok ke o ok ok ok ok ok kR ok
A

:check other part of your body?
« 3 3k 3k 3 3k vk 3k e 3k e ok ke 3k ok %k 3k sk kK ok ok ok ok e ok ke ok k ok

(defrule check-other-part , it doesn't need a higher salience
7check<-(check other part)
=>
(retract ?check)
(if (yes-or-no-p "If you have checked your body, do you want to know how much
WMSD hazards you have(yes/no)?")
then
(assert (pnint WMSD)
(check again))
else
(assert (check again))))

(defrule check-again

?check-a<-(check again)

=>

(retract ?check-a)

(if (yes-or-no-p "Do you want to check other part of your body(yes/no)?")
then

(assert (list))

else

(assert (leave system))))

-« o 3% s o ok ok 3k 3 ok Ok ok 3 K ok ok dk ok ok K ok ok
™"y

uleave the system
oo 3 3 3 e e ok K e ke ok oK R sk ok Rk kR Rk ok

(defrule leave-system
?leave <- (leave system)
=>
(retract ?leave)
(if (yes-or-no-p "Do you want to leave CLIPS (yes/no)?")
then
(exit)
else
(if (yes-or-no-p "Do you want to see other part of our system
(yes/no)?")
then
(assert (main manu))
else
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(printout t "See you, sweetie! Your choice makes you leave the system, I'll miss
you!" crlf))))

1X)

;; 20 to main manu of the system

1

(defrule main-manu

7main <- (main manu)

=>

(retract 7main)

(batch "C:/CLIPS/program/notepad/final/try-0.bat™))

+ 3 2k 3 o o 2k e ke e e 2k e vk e e e sk ok ok ke sk ok ok K ok kA e ok ok ok ok ke ok ok K ok ok ok
’

e REPORT *

« 3 e 3k ¢ e ok e ok 2k 3k e ok ok vk ok ok K ok ok ok Ak sk K K ok kK ok e ik ok kv ok e ok ok ok ok ok
Al

;; Awkward posture - to report duration

(defrule physical-risk-factor-report

(declare (salience 10))

7R-0 <- (REPORT awk)

?main <- (physical-f $?physical)

=>

(retract 7R-0 ?main)

(printout t " The potential physical risk factor of WMSD is " ?physical crif crif)
(assert (report duration)))

)

;;» Main problem factors Report

(X}

(defrule main-factor-report

(declare (salience 10))

7R-1 <- (REPORT main)

?main <- (main-factor $?main-factor)

=>

(retract 7R-1 ?main)

(printout t " The main risky factor of WMSD is " ?main-factor crlf crif)
(assert (report combined factor)))

L15



;; combined problem factors report - it's only for combined factor "with high repetitive
motion"

"

(defrule combined-factor-report

(declare (salience 10))

7R-2 <- (report combined factor)

2c-factor <- (combined-factor $?combined)

=>

(retract 7R-2 ?c-factor )

(printout t "Meanwhile, you have combined WMSD risky factor " ?combined crif crlf)
(assert (report duration)))

"

»» When there is no combine factor

L2

(defrule no-combinded-factor
(declare (salience 10))

7R-2 <- (report combined factor)
(not (combined-factor $?combined))
=>

(retract 7R-2)

(assert (report duration)))

"

::This section is for degree report

.e — P—

;» Main factor report

, —_

(defrule main-factor-report-connect-to-degree

(declare (salience 10))

7R-1 <- (REPORT with degree)

?main <- (main-factor $?main-factor)

=

(retract 7R-1 ?7main)

(printout t " The main risky factor of WMSD is " ?main-factor crlf crif)
(assert (report combined degree)))

(X}

;; Degree report

1y

(defrule bending-degree-report-big
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(declare (salience 10))

7R-4-1<- (report combined degree)

7big <- (bending-degree big)

?standard-degree <- (s-d ?s-degree)

?actual-degree <- (a-d ?a-degree)

=>

(retract ?R-4-1 ?big ?standard-degree ?actual-degree )

(printout t "The bending degree by this posture is too big." crlf crlf)
(printout t "The acutal bending degree is " ?a-degree " degree” crif crif)
(printout t "The bending degree should be smaller than " ?s-degree " degree." crlf crlf)
(assert (report duration)))

(defrule bending-degree-report-small

(declare (salience 10))

7R-4-1<- (report combined degree)

?small <- (bending-degree small)

7standard-degree <- (s-d ?s-degree)

Tactual-degree <- (a-d ?a-degree)

=>

(retract 7R-4-1 ?small ?standard-degree actual-degree )

(printout t "The bending degree by this posture is not too big." crlf crlf)
(printout t "The acutal bending degree is " ?a-degree " degree” crif crlf)
(printout t "The bending degree should be smaller than " ?s-degree " degree.” crlf crlf)
(assert (report duration)))

)

:; When no degree dievation

X

(defrule no-bending-degree
(declare (salience 10))

7R-4-1<- (report combined degree)
(not(bending-degree big))
(not(bending-degree small))

=>

(retract 7R-4-1)

(assert (report duration)))

L2

;» work time report - from every part

LR}

(defrule work-time-report-long
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(declare (salience 10))

7R-3-1<- (report duration)

Nong <- (work-time long)

?standard-time <- (s-t 7s-time)

2actual-time <- (a-t ?a-time)

=>

(retract 7R-3-1 ?long ?standard-time ?actual-time )

(printout t "The working time by this posture is too long." crlf crlf)
(printout t "The acutal working time is " ?a-time " hours" crlf crlf)
(printout t "The working time should be shorter than " ?s-time " hours." crif crlf)
(assert (work time long)))

(defrule work-time-report-short

(declare (salience 10))

7R-3-1<- (report duration)

?short <- (work-time short)

?standard-time <- (s-t ?s-time)

Zactual-time <- (a-t ?a-time)

=>

(retract ?R-3-1 ?short 7standard-time ?actual-time )

(printout t "The working time by this posture is okay." crlf crlf)
(printout t "The acutal working time is " ?a-time " hours" crlf crlf)
(printout t "The working time should be shorter than " ?s-time * hours."” crif crlf))

:The upper part is for the report to the section of high hand force motion

LX)

LR]

;5 flexion 30

e

(defrule high-hand-force-tlexion

(declare (salience 20))

N <- (h 7s-time)

?problem <- (flexion)

=>

(retract ?problem 7t)

(if(yes-or-no-p "Do you bend your wrist in flextion (yes/no)?")

then
(printout t "Bend wrist in flextion." crlf crif)
(assert (degree 30)
(hour ?s-time)) ; if has angle, then tell system the working time
else
(assert (extention)))) ; if no flexion, then check extention
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LX)

;. extenion 45

A1)

(defrule high-hand-force-extention
(declare (salience 20))
7t <- (h ?s-time)
7problem <- (extention)
=>
(retract ?problem 7t)
(if(yes-or-no-p "Do you bend your wrist in extention (yes/no)?")
then
(printout t " Bend wrist in extention. " crif crlf)
(assert (degree 45)
(hour ?s-time))

else
(assert (ulnar)))) :if no extention, then check if there is ulnar

.. ulnar deviation

LX)

(defrule high-hand-force-ulnar

(declare (salience 20))

7t <- (h ?s-time)

?problem <- (ulnar)

=>

(retract ?problem 7t)

(if(yes-or-no-p "Do you bend your wrist in ulnar deviation (yes/no)?")

then
(printout t "Bend wrist in ulnar deviation. " crlf crif)
(assert (degree 30)
(hour ?s-time))
else

(assert (no other risk factors))))

1y

;> When no other riks factors with gripping or pinching

Ty

(defrule no-other-risk-factors
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(declare (salience 20))
7no-risk-t <- (no-other-risk ?s-time)
?7problem <- (no other risk factors)
=>
(retract ?problem ?no-risk-t)
(assert (hour 7s-time)

(REPORT main)

(report WMSD)))

;v WMSD hazard report

(defrule WMSD-harzard-report
7S-R <- ( report WMSD)
?7PRF <- (physical risk factor)
2overtime <- (work time long)
=>

(retract 7S-R ?PRF ?overtime)
(assert ( WMSD alert)))

(defrule WMSD-no-over-time
7S-R <- ( report WMSD)
7PRF <- (physical risk factor)
(not(work time long))

=>

(retract ?S-R ?7PRF))

(defrule WMSD-no-PRF
7S-R <- (report WMSD)
Tovertime <- (work time long)
(not(physical risk factor))

=>

(retract ?S-R ?overtime))

o=« 3 3 e ok o ok 3k ok ok ok koK ki ok sk Rk R ok Rk k Rk ok
1y

¥ WMSD Alert *

« « o 36 3 3k 3 3 e ok 3k 3 sk o o 5 k3 o ok k% K ok koK ok k ok

19

(defrule WMSD-state-conclusions ""
(declare (salience 10))
7alert <- (WMSD alert)
=>
(retract ?alert)
(assert (count))

: tell the system to report

(printout t

" crlf crlf)



(printout t " Alert: Here isa WMSD hazard !" crlf crlf)
(printout t " " crlf)
(assert (have WMSD-risk)))

+ « 2 2 2 e e e 2 2k 3k e ok 3K kK sk ke o s sk sk ok ok sk ok 3 ok ok e 3k o e sk ok ok Sk ke ke ok ok ok K ok kKR Kok
1

QUERY RULES

"
oo o 2 3 3¢ 2 3 e o e o A Ak sk ke ok sk e sk ok sk ok ke ofe sk 3k e ke ke ke e e 3k e Sde Kk e ke ok e ok ode vk ok etk
"

;:Check the body part

(defrule check-the-body-part

7body <- (part ?part)

=>

(assert (body ?part))

(retract ?body)

(printout t "Let's check the " ?part " part.” crif crlf))

o o 2 3 e e 3 2k ok o ok ke K o e A s sk ok ke ofe ok S ok ok ki ok ok ok
A AJ

PROBLEM ANALYSIS

oo 3 3 e o o e ok o s sk ok ok sl o ke S e sk ok ok ok ok ok o ok ek ok
sy

:» About awkward postures - Shoulders

(defrule awkward-posture-shoulders-1
(body Shoulders)
?problem <- (problem shoulder 1)
=>
(retract ?problem)
(if (yes-or-no-p "Do you work with your hand(s) above the head or the elbow(s) above
the shoulders (yes/no)? ")
then
(assert (physical-f awkward posture at shoulders)
(physical risk factor)
(hour 4)
(REPORT awk)
(report WMSD) ; output a report
(problem shoulder 2))

else
(assert (problem shoulder 2))))

(defrule awkward-posture-shoulders-2
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(body Shoulders)

7problem <- (problem shoulder 2)
=>

(retract ?problem)

(if (yes-or-no-p "Do you repetitively raise your hand(s) above the head or the elbows

above the shoulder(s)
more often than once per minute (yes/no)? ")
then
(assert (physical-t awkward posture at shoulders)
(physical risk factor)
(hour 4)
(REPORT awk)
(report WMSD)
(problem shoulder high repetitive motion))

else
(assert (problem shoulder high repetitive motion))))

vy

;Awkward Posture Neck

1y

(defrule awkward-posture-neck-1
(body Neck)

?problem<- (problem neck 1)
=>

(retract ?problem)

; output a report

(if (yes-or-no-p "Do you work with your neck bending without support or ability to vary

posture(yes/no)?")
then
(assert (physical-f awkward posture at neck)
(physical risk factor)
(degree 45)
(hour 4)
(REPORT awk)
(report WMSD)
(check other part))
else
(assert (check other part))))

*

:» Awkward Posture Back

(2]

(defrule awkward-posture-back-1
(body Back/Trunk/Hip)



?problem <- (problem back 1)
=>
(retract ?problem)
(if (yes-or-no-p "Do you work with your back bent forward(without support, or the
ability to very posture) (yes/no)? ")
then
(assert (physical-f awkward posture at back)
(physical risk factor)
(degree 30)
(hour 4)
(REPORT awk)
(report WMSD)
(problem back 2))

else
(assert (problem back 2))))

(defrule awkward-posture-back-2
(body Back/Trunk/Hip)
?problem <- (problem back 2)
=>
(retract ?problem)
(if (yes-or-no-p "Do you work with your back bent forward near 45 degree (without
support or the ability to vary posture)(yes/no)? ")
then
(assert (physical-f awkward posture at back)
(physical risk factor)
(degree 45)

{hour 2)
(REPORT awk)
(report WMSD)
(check other part))
else
(assert (check other part)))) . finish back part and check other part

e

»s Awkward Posture Knees

10

(defrule awkward-knees-squatting

(body Knees)

?problem <- (problem knees 1)

=>

(retract ?problem)

(if (yes-or-no-p "Do you squat while working(yes/no)? ")
then



(assert (physical-f awkward posture at knees by squatting)
(physical nisk factor)
(hour 4)
(REPORT awk)
(report WMSD)
(problem knees 2))
else
(assert (problem knees 2))))

(defrule awkward-knees-kneeling
(body Knees)
?problem <- (problem knees 2)
=
(retract ?problem)
(if (yes-or-no-p "Do you have kneeling while working(yes/no)? ")
then
(assert (physical-f awkward posture at knees by kneeling)
(physical risk factor)
(hour 4)
(REPORT awk)
(report WMSD)
(problem knees 3))
else
(assert (problem knees 3))))

LX}

;» Repeated Impact Knees

vy

(defrule knees-repeated-impact

(body Knees)

?problem <- (problem knees 3)

=>

(retract ?problem)

(if (yes-or-no-p "Do you use the knee as a hammer more than once per minute (yes/no)?

)

then

(assert (physical-f repeated impact at knees by use knee as a hammer)
(physical risk factor)
(hour 2)
(REPORT awk)
(report WMSD)
(check other part))

else

(assert (check other part))))
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;» High Hand Force - Pinching

N =

(defrule high-hand-force-1-1
(body Hands/Wrists/Arms)
?problem <- (problem hands 1)
=>
(retract ?problem)
(if(yes-or-no-p "Do you need to pinch an unsupported object(s) while working
(yes/no)?")
then
(assert (physical risk factor)

(no-other-risk 4)

(main-factor pinching an unsupported object while working))
(if(yes-or-no-p "Do you have highly repetitve motion meanwhile (yes/no)?")
then
(assert (combined-factor highly repetitive motion)

(force 0.7)

(h 3)

(REPORT main)

(report WMSD)

(problem hands 1-2))
else
(assert (flexion)

(force 0.7)

(h 3)

(REPORT main)

(report WMSD)

(problem hands 1-2))) :check flexion -> extention -> ulnar-> no

. other risk factors

else
(assert (problem hands 1-2))))

(defrule high-hand-force-1-2
(body Hands/Wrists/Arms)
?7problem <- (problem hands 1-2)
=>
(retract ?problem)
(if(yes-or-no-p "Do you just pinch an object(s) while working (yes/no)?")
then
(assert (physical risk factor)
(no-other-risk 4)
(main-factor pinching an object while working))
(if(yes-or-no-p "Do you have highly repetitve motion meanwhile (yes/no)?")



then
(assert (combined-factor highly repetitive motion)
(force 1.5)
(h 3)
(REPORT main)
(report WMSD)
(problem hands 2-1))
else
(assert (flexion)
(force 1.5)
(h 3)
(REPORT main)
(report WMSD)
(problem hands 2-1))) ; check degrees starting from flexion
else
(assert (problem hands 2-1)))) ;20 to gripping

12

. High Hand Force - Gripping

LX)

(defrule high-hand-force-2-1
(body Hands/Wrists/Arms)
7problem <- (problem hands 2-1)
=>
(retract ?problem)
(if(yes-or-no-p "Do you need to grip an unsupported object(s) while working (yes/no)?")
then
(assert (physical risk factor)
(no-other-risk 4) . when there is no other factors,
. the system know the working time is 4 hours

(main-factor gripping an unsupported object while working))
(if(yes-or-no-p "Do you have highly repetitve motion meanwhile (yes/no)?")
then
(assert (combined-factor highly repetitive motion)

(force 4)

(h 3)

(REPORT main)

(report WMSD)

(problem hands 2-2))
else
(assert (flexion)

(force 4)

(h3)

(REPORT main)



(report WMSD)
(problem hands 2-2))) ;:check flexion -> extention -> ulnar

else
(assert (problem hands 2-2))))

(defrule high-hand-force-2-2
(body Hands/Wrists/Arms)
?problem <- (problem hands 2-2)
=>
(retract ?problem)
(if(yes-or-no-p "Do you just need to grip an object(s) while working (yes/no)?")
then
(assert (physical risk factor)

(no-other-risk 4 hours)

(main-factor gripping an unsupported object while working))
(if(ves-or-no-p "Do you have highly repetitve motion meanwhile (yes/no)?")
then
(assert (combined-factor highly repetitive motion)

(force 4)

(h 3)

(REPORT main)

(report WMSD)

(problem hand high repetitive motion))
clse
(assert (flexion)

(force 4)

(h 3)

(REPORT muain)

(report WMSD)

(problem hand high repetitive motion)))

else
(assert (problem hand high repetitive motion))))

)

;; Highly Repetitve Motion - shoulders

123

(defrule high-repetitive-motion-shoulder

(body Shoulders)

?problem <- (problem shoulder high repetitive motion)

=

(retract ?problem)

(if (yes-or-no-p "Do you use the same motion with little or no variation every few
seconds (excluding keying activities) (yes/no)? ")

then



(assert (main-factor higly repetitive motion at shoulders)
(physical risk factor)
(hour 6)
(REPORT main)
(report WMSD)
(check other part))

else
(assert (check other part))))

LR}

;; Highly Repetitve Motion - hands

Ty

(defrule high-repetitive-motion-hands

(body Hands/Wrists/Arms)

?problem <- (problem hand high repetitive motion)

=>

(retract ?problem)

(if (yes-or-no-p "Do you use the same motion with little or no variation every few
seconds (excluding keying activities) (yes/no)? ")

then

(assert (main-tactor higly repetitive motion at shoulders)
(no-other-risk 6)
(physical risk factor)
(h 2)
(flexion)
(REPORT main)
(report WMSD)
(high force exertions))
else
(assert (intensive keying)))) : go to intensive keying

(defrule high-force-exertion
7problem <- (high force exertions)
=
(retract 7problem)
(if (yes-or-no-p "Do you have high, forcefl exertions with hands(yes/no)? )
then
(assert (combined-factor high, forcefl exertions with hands)
(h 2)
(report combined factor)
(intensive keying))
else
(assert (intensive keying)))) ; to check intensive keying



(defrule high-repetitive-motion-4
(or (body Neck)
(body Hands/Wrists/Arms))
?problem <- (intensive keying)
=>
(retract ?problem)
(if (yes-or-no-p "Do you have intensive keying(yes/no)? ")
then
(assert (main-factor intensive keying)
(physical risk factor)
(no-other-risk 7)
(flexion)
(h 4)
(REPORT main)
(report WMSD)
(repeated impact hands))
else
(assert (check other part)
(repeated impact hands))))

(defrule problem-upper-body-9
(body Hands/Wrists/Arms)
?problem <- (repeated impact hands)
=>
(retract ?problem)
(if (yes-or-no-p "Do you use the hand as a hammer more than once per minute (yes/no)?
")
then
(assert (main-factor repeated impact)
(physical risk factor)
(hour 2)
(REPORT main)
(repot WMSD)
(check other part))
else

(assert (check other part)))) . finish the hands part and go to other part



VDT-f.txt

«« ek ok ol sk ok ok ok o o ok ok sk sk ok ok sk o o s sk ok ok ok sk ok ok ok sk ke ke ok sk ok e ok ok ok ok 3k o o sk ok ok ok ok sk ko ok ok ok ok ok ok Sk R K
*

LRY

;¥ Ergonomic Expert System  Part Two - Questions for VDT *

(X X)

1y

This expert system diagnoses some simple
problems with a general questions

1

%
%
E 3
"‘*
..*  CLIPS Version 6.0
eeok
*
*

1y

*
*
*
*
*
*
*

To execute, merely load, reset and run.
3 2k e e 3k 2k 2 ok 3k 3k Tk 3k ok ok 3k ok sk sk ok sk ok e ok sk ok oK A ok oK ok o ok ok sk oK ke ok K ok ok ok sk ok ok ok o o ke sk sk ok ok ok ok ok ok ok

ey

Y

+ « o 36 e 36 o ok o o o e ok o ok %k ok k
AR

¥ START *

oo o 36 3 e 3k 2k e b 3k ok ok ok ok ok ok
1"

(deffacts start
(start))

(defrule start

(start)

=>
(&MTna[["qén*************************************************q%n")
(formatt "* * Ten'")
(formatt "* Welcome to Knowledge-Based Expert System * en")
(formatt "* VDT Workstation Check * on')
(formatt "* If employeec exposure does not meet the levels indicated * Jon™)
(formatt "* by the Basic Screening tool, you may STOP HERE * n")

(formatt "* * n")
Ubﬂﬂa[[ "****************************************************(%n")

(assert (question A)))

» « 3 % 3 3¢ 3 o 2 K ¢ A oK kK e ok ok
Ty

¥ DEFFUNCTIONS *

« s ke e ok o ok o ok ok o o o oe o e e
"

(deffunction ask-question (?question $?allowed-values)
(printout t ?question crlf crif)
(bind ?answer (read))
(if (lexemep ?answer)
then (bind ?answer (lowcase ?answer)))
(while (not (member ?answer ?allowed-values)) do
(printout t ?question crlf crlf)
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(bind ?answer (read))
(if (lexemep ?answer)
then (bind ?answer (lowcase ?answer))))
?answer)

(deffunction yes-or-no-p (?question)
(bind ?response (ask-question ?question yes no y n))
(if (or (eq ?response yes) (eq ?response y))
then TRUE
else FALSE))

o o o 6 20 3 2 e ol 3 3k A oK e 3k ok 3k ok sk sk ol 3k ok oK ok ok ke ok K
ey

¥ WMSD STATE RULES FIRST *

» o« 3 o 2K K 3 o o ke 2k e e 3k 2k ko ke K i 3k K 3 ok ke ok ok
ey

(defrule normal-state-conclusions ""
(declare (salience 10))
7b <- (body-state normal)
=>
(retract 7b)
(assert (no WMSD-risk )))

(defrule WMSD-state-conclusions "
(declare (salience 10))
7b <- (body-state unsatisfactory)
=>
(retract 7b)
(assert (have WMSD-risk ))
(printout t * Alarm: You have WMSD risk !" crlf crlf))

=+ o 2 e e 24 o ke o 3 ok A 3k s ok 2 e e ok e A ke ok ok ke ok ke
A

.:* COUNTING THE NUMBER OF *
¥ "NO" ANSWERS *

« = o 3 3 e 2k A 3 o o o e 2k A A K K A ok o 3k ok ok ok ke ok ok
*.

*

(defrule count-first-no

(declare (salience 10))

(not (¢ 7))

(not (number ?))

7al <- (count)

=>

(retract ?7al)

(assert (start count number of no))
(assert (number 0))
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(assert (c 1)))

(defrule count-next-no

(declare (salience 10))

(c 2¢)

(number 7number)

7a2 <- (count)

=>

(retract 7a2)

(assert (start count number of no)))

(defrule count-number-of-no

(declare (salience 10))

7f1 <- (start count number of no)

7f2 <- (number ?number)

273 <- (¢ 2¢)

=>

(retract 71 22 7f3)
(assert (next-question))
(assert (number =(+ | ?7number)))
(assert (c =(+ 1 2¢)))
(printout t ?7number crlf))

- o« 3 2 2 S e ek ok o K sfe ok e e ke e o df e e ke o ok o ok sk
ey

;»o PRINT NO FOR IST PART
::**************************
(defrule printout-out

(declare (salience 9))

Mirst-end <- (first-end)

?print <- (number ?number)

=>

(retract ?first-end ?print)

(if (> 7number Q)

then

(printout t "The total no you have: " ?number crif)
(assert (question 0))

else))

« o o 3 3 e 3 e K 30 o i o ol ok ke s ok e ok o ok 3k e ok ok ok ok ok ok ok
1%

.o PRINT IF ALL YES Ist PART

« « = 36 e e e 2k 3 24 e e df e 3K e e ke A A e ok 3k ok e 3 o ok ok koK
1%

(defrule all-yes
(declare (salience 9))
(not (have WMSD-risk))



irst-end <- (first-end)

=>

(retract ?first-end)

(printout t "All yes for this part! " crlf)
(assert (question 0)))

==+ 3 2 2 Sk 3k o 3k ok e A R o s ok 3k e ok ok ok ok sk sk sk 3k ok 2k 2k ok o ok sk ok o ok ok ok ok
Ty

;¥ COUNTING THE NUMBER OF *
;% "NO" ANSWERS IN THE 2nd PART *

- oo 3 34 6 2k e e e o 3 K K oK kK ok sk e ak ok ok ok sk ok ok ok ok ok 2k ok ok e k3K ok Ak ok
ARAJ

(defrule calculate-first-no
(declare (salience 6))

(not (m ?7m))

(not (n Mn))

2c-1 <- (calculate)

=>

(retract ?c-1)

(assert (calculate number of no))
(assert (n 0))

(assert (m 1)))

(defrule calculate-next-no
(declare (salience 6))

(m 7m)

(n Mn)

7¢c-2 <- (calculate)

=>

(retract 7c-2)

(assert (calculate number of no)))

(defrule calculate-number-of-no
(declare (salience 6))
7wl <- (calculate number of no)
7w2 <-(n 7n)
7w3 <-(m 7m)
=
(retract 7wl 7w2 7w3)
(assert (next-question))
(assert (n =(+ 1 7n)))
(assert (m =(+ 1 7m)))
(printout t 7n crlf)
Gf (>="n 1)
then
(assert (WMSD-risk-2nd))
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(printout t "Alarm: You have WMSD hazard!" crlf crlf)
else))

« « 3 e e o ok e ek 3k e ok Skl s 2k sk ok sk vk e ok st sk ke ok ek ok
ey

*

;v PRINT NO FOR THE 2nd PART

» o+ % 3 3 2 S e 3 o e ok 2k kel Sk 3k o e Sk 3k ok ok ok ok ok sk ke
"M

(defrule printout-out-2nd
(declare (salience 5))
7second-end <- (second-end)
7print <- (n 7n)

=>

(retract ?second-end ?print)
if (>M0)

then

(printout t "The total no you have: " 7n crlf)
(assert (question-next))
else))

» o 3 e o o ok 24 A 2 2k o K A kA o K e ok e ke ke e K ok sk oK ol e ok sk ok ok ke ok o K
v

v PRINT [F ALL YES FOR THE 2ND PART

=+ o 2 o o o 2 2 e 2k 3k e e i e e o i 3K ok A ok ke ke K sk sk ke e e sie ok e sk ok ok ok
.

LX

(defrule all-yes-second

(declare (salience 5))

(not (WMSD-risk-2nd))

?second-end <- (second-end)

=>

(retract ?second-end)

(printout t "All yes for this part! " crif crlf)
(assert (question-next)))

o o o 3 2 3 2 A oA e fe S 2 K o ok gk
(AR )

;:* QUERY RULES *

= o o 3 3 3 2k e e 3 e 3¢ e ok K ok ok ok
"

LXR)

::; The first question

(2 X)

(defrule question-A ""
7question <- (question A)
=
(retract ?question)
(if (yes-or-no-p "Are your head and neck about upright (yes/no)? ")
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then (assert (question B))

else (assert (count))
(assert (question B))
(assert (body-state unsatisfactory))))

Y

;3» The following quesitons

ey

(defrule question-B ""
?question <- (question B)
=>
(retract ?question)
(if (yes-or-no-p "Do your head, neck and trunk face forward (yes/no)? ")

then (assert (question C))

else
(assert (body-state unsatisfactory))
(assert (count))
(assert (question C))))

(defrule question-C ""
?question <- (question C)
=>
(retract ?7question)
(if (yes-or-no-p "Is your trunk about perpendiculaar to tloor (yes/no)? ")

then (assert (question D))

else
(assert (body-state unsatisfactory))
(assert (count))
(assert (question D))))

(defrule question-D "
?question <- (question D)
=>
(retract ?7question)

(if (yes-or-no-p "Are your shoulders and upper arms about perpendiculaar to floor
(yes/no)? ")

then (assert (question E))

else
(assert (body-state unsatisfactory))
(assert (count))
(assert (question E))))

135



(defrule question-E ""
‘’question <- (question E)
=
(retract ?question)
(if (yes-or-no-p "Are your upper arms and elbows close to body (yes/no)? ")

then (assert (question F))

else
(assert (body-state unsatisfactory))
(assert (count))
(assert (question F))))

(defrule question-F ""
?question <- (question F)
=
(retract ?question)

(if (yes-or-no-p "Are your forearms, wrists and hands straight and parallel to floor
(yes/no)? ")

then (assert (question G))

clse
(assert (body-state unsatisfactory))
(assert (count))
(assert (question G))))

(defrule question-G ""
?question <- (question G)
=>
(retract ?question)
(if (yes-or-no-p "Are your upper arms and elbows close to body (yes/no)? ")

then (assert (question H))

else
(assert (body-state unsatisfactory))
(assert (count))
(assert (question H))))

(defrule question-H "

?question <- (question H)

=>

(retract ?question)

(if (yes-or-no-p "Are your thighs about parallel to floor and
lower legs about perpendicular to floor (yes/no)? ")

then (assert (question I))
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else
(assert (body-state unsatisfactory))
(assert (count))
(assert (question 1))))

(defrule question-[ ""

?question <- (question [)

=>

(retract ?question)

(if (yes-or-no-p "Are your feet to rest flat on floor or supported by a stable footrest
(yes/no)? ")

then (assert (question J))

else
(assert (body-state unsatisfactory))
(assert (count))
(assert (question J))))

(defrule question-J "
?question <- (question J)
=>
(retract ?question)
(if (yes-or-no-p "Are VDT tasks organized in a way taht allows employee to vary VDT
tasks with
other work activities, or to take micro-brecaks ro recovery pauses while at
the VDT workstation.(yes/no)? ")

then (assert (first-end))
clse
(assert (body-state unsatistactory))
(assert (count)
(have WMSD-risk))
(assert (first-end))))

3350 F0 %o Te Te Fo To To o To Te o To o To To Fo To o o Te o To o To To o To Fo To To Fo Fo To o T Fe Vo Fo Fo To Fo

i CONTINUE TO THE SECOND PART

+:%0 %0 Fo Go To Fo %o To Fo To Fo o To To To To To To To To To To Fo To To To Fo Fe Fo Yo Fo o To T To To Fe Fo Te Ve To Fo
(defrule question-0 ""
7question <- (question 0)

=>
(retract ?question)
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(printout t "Let's come to check some further conditions.” crif crif crif)
(assert (question 1)))

eecdkkokk KKKk KR KRKKKRK KKK KK KKK
1%

sk SEATING

e The chair...

ook kR KRRk KK kKKK KKKk Kk
'y

"

(defrule question-1
7question <- (question 1)
=>
(retract ?question)
(if (yes-or-no-p "Backrest provides support for employee's lower back (lumbar area)
(yes/no)? ")

then (assert (question 2))
else
(assert (calculate))
(assert (question 2))))

(defrule question-2 "*

?question <- (question 2)

=>

(retract ?question)

(if (yes-or-no-p "Seat width and epth accommodate specific employee
(seatpan not too big/small) (yes/no)? ")

then (assert (question 3))
else (assert (calculate))
(assert (question 3))))

(defrule question-3 ""
?question <- (question 3)
=>
(retract 7question)

(if (yes-or-no-p "Seat front does not press against the back of employee's
knees and lower legs (yes/no)? ")

then (assert (question 4))
else (assert (calculate))
(assert (question 4))))

(defrule question-4 ""

?question <- (question 4)
=>

138



(retract ?question)

(if (yes-or-no-p "Seat has cushioning and is rounded/has (waterfall-front/no sharp edge)
(yes/no)? ")

then (assert (question 5))
else (assert (calculate))
(assert (question 5))))

(defrule question-5 ""

?question <- (question 5)

=>

(retract ?question)

(if (yes-or-no-p "Armresis support both forearms while employee performs VDT tasks
and
do not interfere with movement(yes/no)? ")

then (assert (question 6))
else (assert (calculate))
(assert (question 6))))

v oo 2 6 2 e s oK o e K A K 2k K ke ok ok ok ok e ok ok ok ok
AR R}

i KEYBOARD/INPUT DEVIE

LA EEEEE LR EE RS L]
ey

(defrule question-6 ""

?question <- (question 6)

=>

(retract ?question)

(if (yes-or-no-p "Keyboard/input device platform(s) is stable and large
enough to hold keyboard and input device(yes/no)? ")

then (assert (question 7))
else (assert (calculate))
(assert (question 7))))

(defrule question-7 ""

7question <- (question 7)

=>

(retract 7question)

(if (yes-or-no-p "Input device (mouse or trackball) is stable and large enough
to hold keyboard and input device. (yes/no)? ")

then (assert (question 8))

else (assert (calculate))
(assert (question 8))))
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(defrule question-8 "

7question <- (question 8)

=

(retract 7question)

(if (yes-or-no-p "Input device is easy to activate and shape/size fits hand of
specific employee (not too big/small) (yes/no)? ")

then (assert (question 9))
else (assert (calculate))
(assert (question 9))))

(defrule question-9 ""
7question <- (question 9)
=>
(retract ?question)
(if (yes-or-no-p "Wrists and hands do not rest on sharp or hard edge (yes/no)? ")

then (assert (question 10))
else (assert (calculate))
(assert (question 10))))

oo e o 2k e e ok e sk K K o ok X Ak o ok sk Sk e ok K ok ok K
'y

s MONITOR
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Ve

(defrule question-10 ""

7question <- (question 10)

=>

(retract 7question)

(if (yes-or-no-p "Top line of screen is at or below eye level so employee
is able to read it without bending head or neck down/back.(yes/no)? ")

then (assert (question 11))
else (assert (calculate))
(assert (question 11))))

(defrule question-11 ""

?question <- (question 11)

=>

(retract ?question)

(if (yes-or-no-p "Employee with bbifocals/trifocals is able to read screen without
bending head or neck backward(yes/no)? ")

then (assert (question 12))

else (assert (calculate))
(assert (question 12))))
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(defrule question-12 ™"

?question <- (question 12)

=>

(retract 7question)

(if (yes-or-no-p "Monitor distance allows employee to read screen without leaning
head,
neck or trunk forward/backward(yes/no)? ")

then (assert (question [3))
else (assert (calculate))
(assert (question 13))))

(defrule question-13 ""

?question <- (question 13)

=>

(retract ?question)

(if (yes-or-no-p "Monitor position is drectly in fornt of employee so employee
does not have to twist head or neck.(yes/no)? ")

then (assert (question 14))
else (assert (calculate))
(assert (question 14))))

(defrule question-14 ""

?question <- (question 14)

=>

(retract ?question)

(if (yes-or-no-p "No glare (e.g., from windows, lights) is present on the screen
which might cause employee to assume an awkward posture to read screen.(yes/no)? ")

then (assert (question 15))
else (assert (calculate))
(assert (question 15))))

oo« 30 2 2 e 2 3 e e ke 3 e ok e e ofe ake e ok Kk ok
1%y

» WORK AREA
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(defrule question-15 ""
7question <- (question 15)
=>
(retract ?question)
(if (yes-or-no-p "Thighs have clearance space between chair and VDT
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table/keyboard platform (thihgs not rapped).(yes/no)? ")

then (assert (question 16))
else (assert (calculate))
(assert (question 16))))

(defrule question-16 "
?question <- (question 16)
=>
(retract ?question)
(if (yes-or-no-p "Legs and feet have clearance space under VDT table
so employee is able to get close enough to keyboard/input device.(yes/no)? ")

then (assert (question 17))
else (assert (calculate))
(assert (question 17))))

oo o 2 2 2 3k e 3l e e A ok ok e ok o ok 3k ek
AR

ACCESSORIES

TSR EL L 2L T
AR

(defrule question-17 ""

?question <- (question 17)

=>

(retract 7question)

(if (yes-or-no-p "Document holder, if provided, is stable and large enough to hold
documents that are used.(yes/no)? ")

then (assert (question 18))
else (assert (calculate))
(assert (question 18))))

(defrule question-18 "

7question <- (question 18)

=>

(retract 7question)

(if (yes-or-no-p "Document holder, if provided, is placed at about the same height
and distance as monitor screen so there is little head movement when employee looks
from document to scree.(yes/no)? )

then (assert (question 19))
else (assert (calculate))
(assert (question 19))))

(defrule question-19 ""
7question <- (question 19)



=

(retract ?question)

(if (yes-or-no-p "Wrist rest, it provided, is padded and free of sharp and square
edges.(yes/no)? ")

then (assert (question 20))
else (assert (calculate))
(assert (question 20))))

(defrule question-20 ""

?question <- (question 20)

=>

(retract 7question)

(if (yes-or-no-p "Wrist rest, if provided, allows employee to keep forearms, wrists and
hands
straight aand parallel to ground when using keyboard/input device.(yes/no)? )

then (assert (question 21))
else (assert (calculate))
(assert (question 21))))

(defrule question-21 ""

?question <- (question 21)

=>

(retract ?question)

(if (yes-or-no-p "Wrist rest, if provided, allows employee to keep forecarms, wrists and
hands
straight aand parallel to ground when using keyboard/input device.(yes/no)? ")

then (assert (question 22))
else (assert (calculate))
(assert (question 22))))

=+« 36 3 3 e e 3 3 e ke e ok ok e kK e ok ok
v
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(defrule question-22 ""

7question <- (question 22)

=>

(retract ?question)

(if (yes-or-no-p "Workstation and equipment ahve sufficient adjustability so taht
the employee is able to be in a save working posture and to make occasional
changes in posture while performing VDT tasks..(yes/no)? ")

then (assert (question 23))
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else (assert (calculate))
(assert (question 23))))

(defrule question-23 "

7question <- (question 23)

=>

(retract 7question)

(if (yes-or-no-p "VDT Workstation, equipment and accessories are maintained in
serviceable condition and function properly.(yes/no)? ")

then (assert (second-end))
else (assert (calculate))
(assert (second-end))))

« + + 3¢ 3 2k e 3¢ e 3 sk Ak ke e ok ok ke ke ke ok ko ok e Tl e sk e ke ok e sk ok ok ok ok
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;:; CONNECTION TO THE NEXT SECTION

o oo 3% 3 346 3 3¢ 3k ok e 3k o ok ke ok e ok e ok Ak K ok e A ke ok e ok e ok ok ke ok ok
sy

(defrule next-step

%end <- (question-next)
=>

(retract ?end)

(if (yes-or-no-p "Would you like to try again (yes/no)?")
then

(reset)

(run)

else

(assert (check other part))))

; Check other part

*

(defrule to-main

?main<- (check other part)

=>

(retract 7main)

(if (yes-or-no-p " Do you want to run other part of the system (yes/no)?" )
then (batch "C:/CLIPS/program/notepad/final/try-0.bat")

else

(assert (leave system))))

.

;: leave system

"
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(defrule leave-system

?leave <- (leave syetem)

=>

(retract ?leave)

(if (yes-or-no-p " Leave CLIPS (yes/no)?" )
then

(exit)

else))
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Work-f.txt
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Ergonomic Expert System
Part Three - In-depth Analysis for Work Shop

*
*
*
*
This expert system diagnoses some simple problems *
about the MSD in Work Shop *
*
*
*
*

P
M

CLIPS Version 6.0

PR
M

-
P
-

A R

To execute, merely load, reset and run.
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:* DEFFUNCTIONS *
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e

(deffunction ask-question (?question $?allowed-values)
(printout t ?question crlf crif)
(bind 7answer (read))
(if (lexemep Tanswer)
then (bind ?answer (lowcase ?answer)))
(while (not (member ?answer ?allowed-values)) do
(printout t ?question crlf crlf)
(bind ?answer (read))
(if (lexemep ?answer)
then (bind ?answer (lowcase ?answer))))
Tanswer)
(deffunction yes-or-no-p (?question) . yes-or-no-p can have more arguments than
one
(bind ?response (ask-question ?question yes no y n))
(if (or (eq 7response yes) (eq ?response y))
then TRUE
else FALSE))

= oo 3 3 e 3 3 e e e e e sk o sk ok

'y

¥ START *

« o 363 e e e e 3 3 ok e e ok sk kok
12

(deffacts start-general-questions
(in-depth-analysis))

(defrule welcome

?come <- (in-depth-analysis)
=>
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(retract ?come)
(format t "%n **********************************************%n")

(formatt " * * %n")
(formatt " * Welcome to Knowledge-Based Expert System * %n")
(formatt " * * %n")
(formatt " * * %n")
(formatt " * In-depth-analysis about MSD * on")
(formatt " * *9n'")

(forma[[ ' s sk ok 3k o 3 ok ke ok ok i ok 3k ok ke ok e ke 2k ok Sk 3K e e 3k ok ol ok ok ok ok ok ke sk ke o A ok 3K ok ek ok ok ok kR %n")

(assert (uncomfortable-feeling)))

(defrule unfortable-feeling
7poor-feeling <- (uncomfortable-feeling)

=>

(retract ?poor-feeling)

(format t "%n en")
(formatt " Do you have any of the following uncomfortable feelings (yes/no)?
9on")

(formatt " Gen'™)
(formatt " * Painful joints Jen")
(formatt " Jen™)
(formatt "  * Pain, tingling or numberness in hands or feet en")
(formatt " Zen")
(formatt " * Shooting or stabbing pains in arms or legs Jen")
(formatt " %en")
(formatt " * Swelling or inflammation Fon")
(formatt " en")
(formatt "  * Burning sensation Jen™)
(formatt " en™)
(formatt " * Pain in wrnists, shoulders, forearms, knees %n")
(formatt " Gen")
(formatt " * Stiffness on")
(formatt " en'™)
(formatt " Do you have any of the above uncomfortable feelings (yes/no)?
%on™)

(formatt " Ton")

(if (yes-or-no-p "")

then

(assert (list))
else (assert (continue))))

(defrule continue
?continue <- (continue)
=>

(retract ?continue)
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(if (yes-or-no-p "Would you like to know something about how to avoid the above
problems (yes/no)? )

then

(assert (list))

else

(assert (leave system)))) ; Leave the program

=+« 3¢ 3 2k 2 3 2 e ok o e ok s Sk ok e sk 3k o v ke e ke o s 3k k36 e ek ke Sk 3R o 3k ok ok ke sk ok ok A sk e i o ok o ok K o ok ok ok ok
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¥ COUNTING THE NUMBER OF WMSD HAZARD FACTORS *

ook *

e
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(defrule count-first-no

(declare (salience 10))

(not(c 7))

(not (number ?))

7al <- (count)

=>

(retract ?7al)

(assert (start count number of WMSD))
(assert (number 0))

(assert (c 1))

(defrule count-next-no

(declare (salience 10))

(c )

(number ?number)

742 <- (count)

=>

(retract 7a2)

(assert (start count number of WMSD)))

(defrule count-number-of-no
(declare (salience 10))
7f1 <- (start count number of WMSD)
72 <- (number ?number)
3 <- (¢ )
=>
(retract 7f1 72 7f3)
(assert (next-question))
(assert (number =(+ | Tnumber)))
(assert (c =(+ | 7¢)))
(printout t ?7number crif))
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;»» PRINT THE NO OF WMSD RISK FACTORS
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ey

(defrule risk-factor-no

(declare (salience 9))

TWMSD<-(have WMSD-risk)

7end <- (print WMSD)

Mrisk-factor <- (number ?number)

=>

(retract ?end ?risk-factor 7WMSD)

(printout t "You have " ?7number " WMSD risk factors!" crlf crlf)

(assert (again))) : go to select continue or not

oo o 36 ok ¢ 3 e e 3 X e ok 2 ok o ok vk 2k sk 3k e ok ok ok ke S k3 3k ok ok e ke ok ok ok e ok ok
1y

:»: START THE ASK THE GENERAL QUESTIONS

- oo 20 o 3 3k 2 ok ok 3k 3 ok 2k Sk o o e ok ok kK sk e 3k o Sk o ol sk 3K o ok 3K o ok ok Sk e e Sk
ARAJ

(defrule start-general-questions
Tprint-list <- (list)

=>

(retract print-list)

(format t "%n Ton'")
(formatt " en")
(formatt " a. Shoulders; %on")
(formatt " Gen")
(formatt " b. Neck; Ton")
(formatt ” Ten’)
(formatt " ¢. Back/Trunk/Hip; Ton")
(formatt " %on'")
(formatt " d. Knees; %en")
(formatt " Gen')
(formatt " e. Hands/Wrists/Arms; %en")
(formatt " %on'")
(formatt " %on'")
(formatt " f. MAIN MANU of the system Jon")
(formatt " Zon™)
(formatt " %en™)

(assert (next-step)))

(defrule number-selection
7select <- (next-step)

=>

(retract ?select)
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(printout t "Please select a,b,c,d.e or f and then press Enter to choose the part of your
check."” crlf crif)

(bind ?input(read))
(if (eq a ?input)
then (assert (part Shoulders)
(problem shoulder 1))
else (if (eq b ?input)
then (assert (part Neck)
(problem neck 1))
else (if (eq c ?input)
then (assert (part Back/Trunk/Hip)
(problem back 1))
else (if (eq d ?input)
then (assert (part Knees)
(problem knees 1))
else (if (eq e ?input)
then (assert (part Hands/Wrists/Arms)
(problem hands 1))
else (if (eq f ?input)
then (assert (main manu))

else

(assert (next-step))))))))) . if the user doesn't assert l or 2or3 or4 or 3,
, it keeps ask the sume question

.. Check work time

(defrule check-work-time-0
(declare (salience 10)) . check time after angle
?duration <- (hour ?s-time)
=>
(retract ?duration)
(printout t " How many hours do you work by this posture per day?" crlif crlf)
(bind ?a-time(read))
(assert  (actual-t ?a-time)
(standard-t ?s-time)))

(defrule check-work-time-1
(declare (salience 10))

7a-t <- (actual-t ?a-time)
7s-t <- (standard-t ?s-time)
=

(retract ?a-t 7s-t)

(if (> ?7a-time 24)
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then

(printout t "Are you on earth? One day has only 24 hours, idiot!" crif crif)
(assert (hour ?s-time))

clse
(if (< ?a-time 0)
then
(printout t "Hi buddy, are you sleeping? Time cannot be minus!" crif crlf)
(assert (hour ?s-time))
else
(assert (a-t 7a-time)
(s-t 7s-time))

(if (>= 7a-time ?s-time)

then
(assert (work-time long))
else
(assert (work-time short))))))

;: Check bending degree

(defrule check-bending-degree-0
(declare (salience 15))
?bending-degree <- (degree ?s-degree)
=>
(retract ?bending-degree)
(printout t " What is your bending degree by this posture?” crif crif)
(bind ?a-degree(read))
(assert  (actual-d ?a-degree)
(standard-d 7s-degree))) itell system the standard bending degree
:and the actual bending degree

(defrule check-bending-degree- 1
(declare (salience 15))
?a-d <- (actual-d ?a-degree)
7s-d <- (standard-d ?s-degree)
=>
(retract ?a-d 7s-d)
(if (> 7a-degree 90)
then
(printout t "Hi buddy, are you an acrobat?" crif crif)
(assert (degree ?s-degree))
else
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(if (< 7a-degree 0)
then
(printout t " We use extention and flexion to judge the direction of the degree,
please reenter degree.” crlf crlf)
(assert (degree 7s-degree))
else

(assert (a-d ?a-degree)
(s-d 7s-degree))

(if (>= Ta-degree ?s-degree)
then
(assert (combined-factor bending-degree too high)
(bending degree big))
else
(assert (combind-factor bending-degree small)
(bending degree small))))))

;> Check force
(defrule check-force
(declare (salience 15))
?Force <- (force ?s-force)
=>

(printout t " How much is the force (kg)?" crif crlf)
(bind ?a-force(read))
(assert  (actual-f ?a-force)
(standard-f ?s-force)) ;tell system the standard force
:and the actual force

(if (>= ?a-force ?s-force)
then
(retract ?Force)
(assert (main-factor high hand force))

else
(retract ?Force)))

« 2k e e o 3 3 e 3¢ e 3 ok 3k e ok 3 3k ok e sk e ok e ok ke ke ek sk e kK ook ok
)

;check other part of your body?
;**********************************

(defrule check-other-part ; it doesn't need a higher salience
?check<-(check other part)



=>
(retract ?check)
(if (yes-or-no-p "If you have checked your body, do you want to know how much
WMSD hazards you have(yes/no)?")
then
(assert (print WMSD)
(check again))
else
(assert (check again))))

(defrule check-again

2check-a<-(check again)

=>

(retract ?check-a)

(if (yes-or-no-p "Do you want to check other part of your body(yes/no)?")
then

(assert (list))

else

(assert (leave system))))

oo o 36 3 3 o e o 2K 2k 2k o o 2k e e ok ok ok ok ok ok
*y

.:leave the system
LT EEEE SRS R E L 2T T S

(defrule leave-system
2eave <- (leave system)
=>
(retract ?leave)
(if (yes-or-no-p "Do you want to leave CLIPS (yes/no)?")
then
(exit)
else
(if (yes-or-no-p "Do you want to see other part of our system
(yes/no)?" )
then
(assert (main manu))
else
(printout t "See you, sweetie! Your choice makes you leave the system, ['ll miss
you!" crlf))))

LX)

;; 20 to main manu of the system

"

(defrule main-manu
7main <- (main manu)
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=>
(retract Ymain)
(batch "C:/CLIPS/program/notepad/final/try-0.bat"))

= 3 3 e 3 e e 3k ok ok 2k e e e sk e ok Sk Kk ok 3k ok ok 3 ok ok ok ok ok sk ok ok ke ok e ek e ke ok R Rk R ok
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* REPORT *
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;s Awkward posture - to report duration

(defrule physical-risk-factor-report

(declare (salience 10))

7R-0 <- (REPORT awk)

?main <- (physical-f $?physical)

=>

(retract 7R-0 ?main)

(printout t " The potential physical risk factor of WMSD is " ?physical crlf crlf)
(assert (report duration)))

.+ Main problem factors Report

(defrule main-factor-report

(declare (salience 10))

7R-1 <- (REPORT main)

?main <- (main-factor $?main-factor)

=>

(retract 7R-1 ?main)

(printout t " The main risky factor of WMSD is " ?main-factor crlf crlf)
(assert (report combined factor)))

.. combined problem factors report - it's only for combined factor "with high repetitive
motion”

vy

(defrule combined-factor-report

(declare (salience 10))

7R-2 <- (report combined factor)

2c-factor <- (combined-factor $?combined)

=

(retract 7R-2 ?c-factor)

(printout t "Meanwhile, you have combined WMSD risky factor " ?combined crif crif)
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(assert (report duration)))

s

1> When there is no combine factor

"

(defrule no-combinded-factor
(declare (salience 10))

?R-2 <- (report combined tactor)
(not (combined-factor $?combined))
=>

(retract 7R-2)

(assert (report duration)))

;;This section is for degree report

1)

;» Main factor report

(defrule main-factor-report-connect-to-degree

(declare (salience 10))

7R-1 <- (REPORT with degree)

7main <- (main-tfactor $?main-factor)

=>

(retract 7R-1 ?7main)

(printout t " The main risky factor of WMSD is " ?main-factor crlf crlf)
(assert (report combined degree)))

"

;; Degree report

AAl

(defrule bending-degree-report-big

(declare (salience 10))

7R-4-1<- (report combined degree)

7big <- (bending-degree big)

?standard-degree <- (s-d ?s-degree)

?actual-degree <- (a-d 7a-degree)

=>

(retract ?7R-4-1 ?big ?standard-degree ?actual-degree )

(printout t "The bending degree by this posture is too big." crif crif)
(printout t "The acutal bending degree is " ?a-degree " degree"” crif crlf)

155



(printout t "The bending degree should be smaller than " 7s-degree " degree.” crlif crif)
(assert (report duration)))

(defrule bending-degree-report-small

(declare (salience 10))

7R-4-1<- (report combined degree)

?small <- (bending-degree small)

7standard-degree <- (s-d ?s-degree)

?actual-degree <- (a-d ?a-degree)

=>

(retract 7R-4-1 ?small ?standard-degree ?actual-degree )

(printout t "The bending degree by this posture is not too big." crif crif)
(printout t "The acutal bending degree is " 7a-degree " degree"” crlf crif)
(printout t "The bending degree should be smaller than " ?s-degree " degree.” crif crlf)
(assert (report duration)))

:; When no degree dievation

(defrule no-bending-degree
(declare (salience 10))

7R-4-1<- (report combined degree)
(not(bending-degree big))
(not(bending-degree small))

=>

(retract 7R-4-1)

(assert (report duration)))

»» work time report - from every part

LX)

(defrule work-time-report-long

(declare (salience 10))

7R-3-1<- (report duration)

?long <- (work-time long)

Istandard-time <- (s-t ?s-time)

?actual-time <- (a-t 7a-time)

=>

(retract 7R-3-1 ?long ?standard-time ?actual-time )

(printout t "The working time by this posture is too long.” crlf crif)
(printout t "The acutal working time is " ?a-time " hours" crlif crlf)
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(printout t "The working time should be shorter than " ?s-time " hours." crlf crlf)
(assert (work time long)))

(defrule work-time-report-short

(declare (salience 10))

7R-3-1<- (report duration)

?short <- (work-time short)

?standard-time <- (s-t 7s-time)

7actual-time <- (a-t ?a-time)

=

(retract ?R-3-1 ?short ?standard-time ?actual-time )

(printout t "The working time by this posture is okay." crlf crlif)
(printout t "The acutal working time is " ?a-time " hours" crlf crlf)
(printout t "The working time should be shorter than " ?s-time " hours." crif crlf))

.;The upper part is tor the report to the section of high hand force motion

.; flexion 30

(defrule high-hand-force-flexion

(declare (salience 20))

2 <- (h ?s-time)

?problem <- (flexion)

=>

(retract ?problem 7t)

(if(yes-or-no-p "Do you bend your wrist in flextion (yes/no)?")

then
(printout t "Bend wrist in flextion."” crif crlf)
(assert (degree 30)
(hour ?s-time)) ; if has angle, then tell system the working
time
else
(assert (extention)))) ; if no flexion, then check extention

;; extenion 45

LR}

(defrule high-hand-force-extention
(declare (salience 20))
2t <- (h ?s-time)
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?problem <- (extention)
=>
(retract ?problem 7t)
(if(yes-or-no-p "Do you bend your wrist in extention (yes/no)?")
then

(printout t " Bend wrist in extention. " crlf crlf)

(assert (degree 45)

(hour 7s-time))

else
(assert (ulnar)))) ; if no extention, then check if there is ulnar

;; ulnar deviation

(defrule high-hand-force-ulnar

(declare (salience 20))

N <- (h ?s-time)

7problem <- (ulnar)

=>

(retract ?problem 7t)

(if(yes-or-no-p "Do you bend your wrist in ulnar deviation (yes/no)?")

then
(printout t "Bend wrist in ulnar deviation. " crlf crlf)
(assert (degree 30)
(hour 7s-time))
else

(assert (no other risk factors))))

vy

:; When no other riks factors with gripping or pinching

*y

(defrule no-other-risk-factors
(declare (saltence 20))
Mno-risk-t <- (no-other-risk 7s-time)
?problem <- (no other risk factors)
=>
(retract ?problem ?no-risk-t)
(assert (hour ?s-time)

(REPORT main)

(report WMSD)))
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;s WMSD hazard report

(defrule WMSD-harzard-report

7S-R <- ( report WMSD) ; tell the system to report
7PRF <- (physical risk factor)

?overtime <- (work time long)

=>

(retract 7S-R ?PRF ?overtime)

(assert ( WMSD alert)))

(defrule WMSD-no-over-time
7S-R <- ( report WMSD)
?7PRF <- (physical risk factor)
(not(work time long))

=>

(retract 7S-R ?PRF))

(defrule WMSD-no-PRF
7S-R <- ( report WMSD)
?overtime <- (work time long)
(not(physical risk factor))

=>

(retract 7S-R overtime))

« oo e e e 2k 3 ok ke ok sk ik K ok e ki R K kR K o ok ke
e

¥ WMSD Alert *
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vy

(defrule WMSD-state-conclusions "
(declare (salience 10))
Talert <- (WMSD alert)
=>
(retract ?alert)
(assert (count))

(printout t " " crlf crlf)
(printout t " Alert: Here isa WMSD hazard !" crlf crif)
(printout t " " crif)

(assert (have WMSD-risk)))
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::Check the body part

(X2

(defrule check-the-body-part

7body <- (part ?part)

=>

(assert (body ?part))

(retract ?body)

(printout t "Let's check the " ?part " part.” crif crlf))

« o 3 e 3 3 3 3 e ok ok e ok ok 2k ok ok ok ok ok ok ok ok ok ok o K e ok Kk R
"

;» PROBLEM ANALYSIS

« ke 5 e ok ok ok o o ok ok s ok ok ok ke ke o ok ke ok ke ok ke ok ok ok ok ok koK
"

e

:; About awkward postures - Shoulders

Y

(defrule awkward-posture-shoulders- 1
(body Shoulders)
7problem <- (problem shoulder 1)
=>
(retract ?problem)
(if (yes-or-no-p "Do you work with your hand(s) above the head or the elbow(s) above
the shoulders (yes/no)? ")
then
(assert (physical-f awkward posture at shoulders)
(physical risk factor)
(hour 4)
(REPORT awk)
(report WMSD) , output a report
(problem shoulder 2))

else
(assert (problem shoulder 2))))

(defrule awkward-posture-shoulders-2
(body Shoulders)
7problem <- (problem shoulder 2)
=>
(retract ?problem)
(if (yes-or-no-p "Do you repetitively raise your hand(s) above the head or the elbows
above the shoulder(s)
more often than once per minute (yes/no)? ")
then
(assert (physical-f awkward posture at shoulders)
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(physical risk factor)

(hour 4)

(REPORT awk)

(report WMSD) , output a report
(problem shoulder high repetitive motion))

else
(assert (problem shoulder high repetitive motion))))

)

:Awkward Posture Neck

e

(defrule awkward-posture-neck-1
(body Neck)
?problem<- (problem neck 1)
=>
(retract ?problem)
(if (yes-or-no-p "Do you work with your neck bending without support or ability to vary
posture(yes/no)?")
then
(assert (physical-f awkward posture at neck)
(physical risk factor)
(degree 45)
(hour 4)
(REPORT awk)
(report WMSD)
(check other part))
else
(assert (check other part))))

1

1» Awkward Posture Back

LX)

(defrule awkward-posture-back- 1

(body Back/Trunk/Hip)

7problem <- (problem back 1)

=>

(retract ?problem)

(if (yes-or-no-p "Do you work with your back bent forward(without support, or the

ability to very posture) (yes/no)? ")

then

(assert (physical-f awkward posture at back)

(physical risk factor)
(degree 30)
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(hour 4)
(REPORT awk)
(report WMSD)
(problem back 2))
else
(assert (problem back 2))))

(defrule awkward-posture-back-2
(body Back/Trunk/Hip)
7problem <- (problem back 2)
=>
(retract ?problem)
(if (yes-or-no-p "Do you work with your back bent forward near 45 degree (without
support or the ability to vary posture)(yes/no)? ")
then
(assert (physical-t awkward posture at back)
(physical risk factor)
(degree 45)
(hour 2)
(REPORT awk)
(report WMSD)
(check other part))
else
(assert (check other part)))) : finish back part and check other part

1oy Awkward Posture Knees

(defrule awkward-knees-squatting
(body Knees)
?problem <- (problem knees 1)
=>
(retract ?problem)
(if (yes-or-no-p "Do you squat while working(yes/no)? ")
then
(assert (physical-f awkward posture at knees by squatting)
(physical risk factor)
(hour 4)
(REPORT awk)
(report WMSD)
(problem knees 2))
else
(assert (problem knees 2))))

(defrule awkward-knees-kneeling



(body Knees)
?problem <- (problem knees 2)
=>
(retract ?problem)
(if (yes-or-no-p "Do you have kneeling while working(yes/no)? ")
then
(assert (physical-f awkward posture at knees by kneeling)
(physical risk factor)
(hour 4)
(REPORT awk)
(report WMSD)
(problem knees 3))
else
(assert (problem knees 3))))

)

;» Repeated Impact Knees

AR}

(defrule knees-repeated-impact
(body Knees)
7problem <- (problem knees 3)
=>
(retract ?problem)
(if (yes-or-no-p "Do you use the knee as a hammer more than once per minute (yes/no)?
")
then
(assert (physical-f repeated impact at knees by use knee as a hammer)
(physical risk factor)
(hour 2)
(REPORT awk)
(report WMSD)
(check other part))
else
(assert (check other part))))

;; High Hand Force - Pinching

"

(defrule high-hand-force-1-1
(body Hands/Wrists/Arms)
?problem <- (problem hands 1)
=>

(retract ?7problem)
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(if(yes-or-no-p "Do you need to pinch an unsupported object(s) while working
(yes/no)?")
then

(assert (physical risk factor)

(no-other-risk 4)

(main-factor pinching an unsupported object while working))
(if(yes-or-no-p "Do you have highly repetitve motion meanwhile (yes/no)?")
then
(assert (combined-factor highly repetitive motion)

(force 0.7)

(h 3)

(REPORT main)

(report WMSD)

(problem hands 1-2))
else
(assert (flexion)

(force 0.7)

(h 3)

(REPORT main)

(report WMSD)

(problem hands 1-2))) :check flexion -> extention -> ulnar-> no

other

. ->nsk factors
else
(assert (problem hands [-2))))

(defrule high-hand-force-1-2
(body Hands/Wrists/Arms)
?problem <- (problem hands 1-2)
=>
(retract ?problem)
(if(yes-or-no-p "Do you just pinch an object(s) while working (yes/no)?")
then
(assert (physical risk factor)
(no-other-risk 4)
(main-factor pinching an object while working))
(if(yes-or-no-p "Do you have highly repetitve motion meanwhile (yes/no)?")

then
(assert (combined-factor highly repetitive motion)
(force 1.5)
(h 3)
(REPORT main)
(report WMSD)
(problem hands 2-1))
else
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(assert (flexion)
(force 1.5)
(h 3)
(REPORT main)
(report WMSD)
(problem hands 2-1))) ; check degrees starting from flexion
else
(assert (problem hands 2-1)))) 180 to gripping

:» High Hand Force - Gripping

(defrule high-hand-force-2-1
(body Hands/Wrists/Arms)
Iproblem <- (problem hands 2-1)
=>
(retract ?problem)
(if(yes-or-no-p "Do you need to grip an unsupported object(s) while working (yes/no)?")
then
(assert (physical risk factor)
(no-other-risk 4) ; when there is no other factors,
. the system know the working time is 4 hours

(main-factor gripping an unsupported object while working))
(if(yes-or-no-p "Do you have highly repetitve motion meanwhile (yes/no)?")
then
(assert (combined-factor highly repetitive motion)

(force 4)

(h 3)

(REPORT muain)

(report WMSD)

(problem hands 2-2))
else
(assent (flexion)

(force 4)

(h3)

(REPORT main)

(report WMSD)

(problem hands 2-2))) :check flexion -> extention -> ulnar

else
(assert (problem hands 2-2))))



(defrule high-hand-force-2-2
(body Hands/Wrists/Arms)
?problem <- (problem hands 2-2)
=>
(retract ?problem)
(if(yes-or-no-p "Do you just need to grip an object(s) while working (yes/no)?")
then
(assert (physical risk factor)

(no-other-risk 4 hours)

(main-factor gripping an unsupported object while working))
(if(yes-or-no-p "Do you have highly repetitve motion meanwhile (yes/no)?")
then
(assert (combined-factor highly repetitive motion)

(force 4)

(h 3)

(REPORT matn)

(report WMSD)

(problem hand high repetitive motion))
else
(assert (flexion)

(force 4)

(h 3)

(REPORT main)

(report WMSD)

(problem hand high repetitive motion)))

else
(assert (problem hand high repetitive motion))))

;:» Highly Repetitve Motion - shoulders

(defrule high-repetitive-motion-shoulder

(body Shoulders)

?problem <- (problem shoulder high repetitive motion)

=>

(retract ?problem)

(if (yes-or-no-p "Do you use the same motion with little or no variation every few
seconds (excluding keying activities) (yes/no)? ")

then

(assert (main-factor higly repetitive motion at shoulders)
(physical risk factor)
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(hour 6)
(REPORT main)
(report WMSD)
(check other part))
else
(assert (check other part))))

L3

;; Highly Repetitve Motion - hands

(defrule high-repetitive-motion-hands

(body Hands/Wrists/Arms)

?problem <- (problem hand high repetitive motion)

=>

(retract ?problem)

(if (yes-or-no-p "Do you use the same motion with little or no variation every few
seconds (excluding keying activities) (yes/no)? ")

then

(assert (main-factor higly repetitive motion at shoulders)

(no-other-risk 6)
(physical risk factor)
(h2)
(flexion)
(REPORT main)
(report WMSD)
(high force exertions))

else

(assert (intensive keying)))) ; go to intensive keying

(defrule high-force-exertion
?problem <- (high force exertions)
=>
(retract ?problem)
(if (yes-or-no-p "Do you have high, forcefl exertions with hands(yes/no)? ")
then
(assert (combined-factor high, forcefl exertions with hands)
(h 2)
(report combined factor)
(intensive keying))
else
(assert (intensive keying)))) ; to check intensive keying
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(defrule high-repetitive-motion-4
(or (body Neck)
(body Hands/Wrists/Arms))
?problem <- (intensive keying)
=>
(retract ?problem)
(if (yes-or-no-p "Do you have intensive keying(yes/no)? ")
then
(assert (main-factor intensive keying)
(physical risk factor)
(no-other-risk 7)
(flexion)
(h 4)
(REPORT main)
(report WMSD)
(repeated impact hands))
else
(assert (check other part)
(repeated impact hands))))

(defrule problem-upper-body-9
(body Hands/Wrists/Arms)
?problem <- (repeated impact hands)
=>
(retract ?problem)
(if (yes-or-no-p "Do you use the hand as a hammer more than once per minute (yes/no)?
")

then

(assert (main-factor repeated impact)

(physical risk factor)

(hour 2)
(REPORT main)
(repot WMSD)
(check other part))
else
(assert (check other part)))) . finish the hands part and go to other part
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Cal-f.txt

o« 3 e 3k o o vk 2k ok e Sk ok o K S ok ok sk e ok ok sk 3k k3 3 sk 2k 3k 3k 3k ok ok ok ok ke sk sk sk sk sk sk ok ke ok ok o sk ok ok ok ok Kok ok
n* Program for calculating the lifting weight
¥ CLIPS version 6.0

*

AR}

x* ¥ ¥ ¥ #*

LX)

» + 3 3 2 e 2k o ke e ke e ok e e 3 3 ok ke 3¢ 3K K ok e k3K ok 3k ok 3k i K sk e sk ok ok sk sk sk ok Sk 3k ol ok ol ok ok ok e ok ok sk ok ok ke
"

» « 3 2 2k e 3 3¢ 3¢ e 3k 3 e e K ok kR
"

»»* DEFFUNCTIONS *

« o o 2 3¢ 3 o 2 K o o A o ok K kR ok
"

(deffunction ask-question (?question $?allowed-values)
(printout t ?question crlf crif)
(bind ?answer (read))
(if (lexemep ?answer)
then (bind ?answer (lowcase ?answer)))
(while (not (member ?answer ?allowed-values)) do
(printout t ?question crlf crif)
(bind ?answer (read))
(if (lexemep ?answer)
then (bind ?answer (lowcase ?answer))))
Tanswer)

(deffunction yes-or-no-p (?question) . yes-or-no-p can have more arguments than
one
(bind ?response (ask-question ?question yes no y n))
(if (or (eq ?response yes) (eq ?response y))
then TRUE
clse FALSE))

ey

»»» Start to calculate  step 1

(X2}

(deffacts start

(calculation start))

(defrule start-calculate-lift-weight
2calculate <-(calculation start)
=>

(retract ?calculate)

(printout t

crif crlf)
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(printout t "Let's check whether your lifting weight has any WMSD hazard." crif crlf)
(printout t

crif crif)
(assert (step 1)))

(defrule step-1

Istep <- (step 1)

=>

(retract 7step)

(printout t "What is the actual lifting weight you are going to lift (kg)?" crlf crlf)
(bind ?actual-weight (read))

(assert (a-w Tactual-weight))

(assert (step 2)))

(defrule step-2

Istep <- (step 2)

=>

(retract 7step)

(printout t "Where are your hands when you begin to lift or lower the object?" crif crlf)

(format t "%n %n")
(formatt " a. Above shoulder. %en™)
(formatt " Gen")
(formatt " b. Waist to shoulder %n")
(formatt " %n")
(formatt " c. Knee to waist %en")
(formatt " %n")
(formatt " d. Below knee %en™)
(formatt " %%n")

(assert (select letter)))

(defrule letter-selection
Iselect <- (select letter)
=
(retract 7select)
(bind ?v(read))
(if (eg a 7v)
then (assert (level above shoulder)
(cal shoulder))
else (if (eq b ?7v)
then (assert (level waist to shoulder)
(cal waist))
else (if (eq ¢ ?v)
then (assert (level knee to waist)
(cal knee-waist))
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else (if (eq d ?v)
then (assert (level below knee)
(cal below-knee))

else
(assert (step 2)))))))

A

: Step 2 - find the ditance between the body and the object

A

(defrule above-shoulder

2le <- (level $7L)

2¢l <- (cal $7C)

=>

(retract e 2cl)

(printout t "What is the distance between the object and your body?" crlf crlf)

(printout t " a. Ocm - 18 cm " crif crif)
(printout t " b. I8 cm-30cm " crif crlf)
(printout t " c. >30cm " crif crlf)
(assert (lel $7L)

(calcu $7C)))

;. above shoulder range

(defrule above-shoulder-select
e <- (lel above shoulder)
2¢l <- (calcu shoulder)

=>
(retract ?le ?cl)
(bind ?distance(read))
(if (eq a ?distance)
then (assert (unaj-w-limit 24)
(step 3))

else (if (eq b ?distance)

then (assert (unaj-w-limit 15)
(step 3))
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else (if (eq c ?distance)
then (assert (unaj-w-limit 11)
(step 3))

else
(assert (level above shoulder)
(cal shoulder))))))

; Unadjusted weight limit waist to shoulder

)

(defrule waist-to-shoulder
2le <- (lel waist to shoulder)
¢l <- (calcu waist)

=>
(retract ?le ci)
(bind ?distance(read))
(if (eq a ?distance)
then (assert (unaj-w-limit 26)
(step 3))

else (if (eq b ?distance)
then (assert (unaj-w-limit 19)
(step 3))

else (if (eq ¢ ?distance)
then (assert (unaj-w-limit 15)
(step 3))

else
(assert (level waist to shoulder)
(cal waist))))))

R}

; Unadjusted weight limit knee to waist

’

(defrule knee-to-waist-select
Ne <- (lel knee to waist)
7¢l <- (calcu knee-waist)

all the units are in kg



=
(retract ?le ?cl)
(bind ?distance(read))
(if (eq a ?distance)
then (assert (unaj-w-limit 34)
(step 3))

else (if (eq b ?distance)
then (assert (unaj-w-limit 21)
(step 3))

else (if (eq ¢ ?distance)
then (assert (unaj-w-limit 15)
(step 3))

else
(assert (level waist to shoulder)
(cal waist))))))

; Unadjusted weight limit below knee

(defrule below-knee-select
e <- (lel below knee)
¢l <- (calcu below-knee)
=>
(retract ?le 2cl)
(bind ?distance(read))
(if (eq a ?distance)
then (assert (unaj-w-limit 26)
(step 3))

else (if (eq b ?distance)
then (assert (unaj-w-limit 19)
(step 3))

else (if (eq c ?distance)
then (assert (unaj-w-limit 13)

(step 3))
else
(assert (level above shoulder)
(cal shoulder))))))

173



L]

» Step 3 Find the limit reducion modifier

(defrule find-modifier-1

Istep <- (step 3)

=>

(retract ?step)

(printout t "How many lifts do you have per minute?" crlf crlf)

(format t "%n Ton")
(formatt " a. less than once every 5 mins  %n")
(formatt " Ton'")
(formatt " b. I lift every 2-5 mins; Jon")
(formatt " Jon")
(formatt " c. | liftevery min; Gon™)
(formatt " %on")
(formatt " d. 2-3 lifts every min; %on'")
(formatt " Jen")
(formatt " e. 4-5 lifts every min; %en")
(formatt " %en'")
(formatt " f. 6-7 lifts every min; %on'")
(formatt " “on'")
(formatt " g. 8-9 lifts every min; Ten")
(formatt " Fen™)
(formatt " h. 10+ lifts every min; Ton')
(formatt " Ten’)

(assert (step 3-1)))

(defrule find-modifier-2
Istep<- (step 3-1)

=>

(retract ?step)

(bind ?mod-1(read))

(if (eq 2 7mod-1)
then (assert (less than 1)
(step 3-2))

else (if (eq b 7mod-1)
then (assert (lift every 2-5 min 1)
(step 3-2))

else (if (eq ¢ ?mod-1)
then (assert (lift every min 1)
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(step 3-2))

else (if (eq d ?mod-1)
then (assert ( lifts every min 2-3)
(step 3-2))

else (if (eq e Tmod-1)
then (assert (lifts every min 4-3)
(step 3-2))

else (if (eq f 7mod-1)
then (assert (lifts every min 6-7)
(step 3-2))

else (if (eq g ?mod-1)
then (assert (lifts every min 8-9 )
(step 3-2))

else (if (eq h Ymod-1)
then (assert (lifts every min [0+ )
(step 3-2))

else
(assert (step 3IINNHNN))

(defrule find-modificr-3

Istep <- (step 3-2)

=>

(retract 7step)

(printout t "For how many hours per day?" crlf crlf)

(format t "%n n'")
(formatt " a. | hour or less n")
(formatt " Jen™)
(formatt " b. | hourto 2 hours; %n")
(formatt " Ton")
(formatt " c. 2 hours or more; Zon")
(formatt " %n")

(assert (step 3-3)))

(defrule find-modifier-4
Istep <- (step 3-3)

=>

(retract ?step)

(bind ?mod-2(read))
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(if (eq a 7mod-2)
then (assert (colum 1))

else (if (eq b 7mod-2)
then (assert (colum 2))

else (if (eq ¢ 7mod-2)
then (assert (colum 3))

else
(assert (step 3-2))))))

v =

; Get the exact modifier

’

,

» less than once very five minutes use 1.0

)

(defrule get-modifier-1-1
7m-1 <- (less than |)
m-2 <- (colum 1)

=>

(retract 7'm-1 7m-2)
(assert (modifier 1.0)
(step 4)))

(defrule get-modifier-1-2
7m-1 <- (less than 1)
7m-2 <- (colum 2)

=>

(retract 7m-1 ?m-2)
(assert (modifier 1.0)
(step 4)))

(defrule get-modifier-1-3
7m-1 <- (less than 1)
?m-2 <- (colum 3)

=>

(retract 7m-1 7m-2)
(assert (modifier 1.0)
(step 4)))

* . — —
y— - =
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; 1 1ift / 2-5 mins.

L)

(defrule get-modifier-2-1
?m-1 <- (lift every 2-5 min 1)
7m-2 <- (colum 1)

=>

(retract 7m-1 7m-2)

(assert (modifier 1.0)

(step 4)))

(defrule get-modifier-2-2
7m-1 <- (lift every 2-5 min 1)
"m-2 <- (colum 2)

=>

(retract ?7m-1 7m-2)

(assert (modifier 0.95)

(step 4)))

(defrule get-modifier-2-3
7m-1 <- (lift every 2-5 min 1)
7m-2 <- (colum 3)

=>

(retract 7m-1 7m-2)

(assert (modifier 0.85)

(step 4)))

; 1 lift every min

(defrule get-modifier-3-1
?m-1 <- (lift every min 1)
7m-2 <- (colum 1)

=>

(retract 7m-1 7m-2)
(assert (modifier 0.95)
(step 4)))

(defrule get-modifier-3-2
?m-1 <- (lift every min 1)
7m-2 <- (colum 2)

=>

(retract 7m-1 7m-2)
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(assert (modifier 0.9)
(step 4)))

(defrule get-modifier-3-3
?m-1 <- (lift every min 1)
7m-2 <- (colum 3)

=>

(retract 7m-1 ?m-2)
(assert (modifier 0.75)
(step 4)))

7 2-3 lifts / min

(defrule get-modifier-4-1
7m-1 <- (lifts every min 2-3)
7m-2 <- (colum [)

=>

(retract 'm-1 7m-2)

(assert (modifier 0.9)

(step 4)))

(defrule get-moditier-4-2
7m-1 <- (lifts every min 2-3)
?m-2 <- (colum 2)

=>

(retract 7m-1 'm-2)

(assert (modifier 0.85)

(step 4)))

(defrule get-modifier-4-3
?m-1 <- (lifts every min 2-3)
7m-2 <- (colum 3)

=>

(retract 7m-1 7m-2)

(assert (modifier 0.65)

(step 4)))

; 4-5 lifts/min

v

(defrule get-modifier-5-1
7m-1 <- (lifts every min 4-5)
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7m-2 <- (colum 1)

=>

(retract 'm-~1 7m-2)
(assert (modifier 0.853)
(step 4)))

(defrule get-modifier-5-2
Mm-1 <- (lifts every min 4-5)
Tm-2 <- (colum 2)

=>

(retract 7m-1 7m-2)

(assert (modifier 0.7)

(step 4)))

(defrule get-modifier-5-3
Im-1 <- (lifts every min 4-5)
7m-2 <- (colum 3)

=>

(retract 7m-1 7m-2)

(assert (modifier 0.43)

(step 4)))

. 6-7 lifts/min

(defrule get-modifier-6-1
?m-1 <- (lifts every min 6-7)
Tm-2 <- (colum 1)

=>

(retract 'm-1 7m-2)

(assert (modifier 0.75)

(step 4)))

(defrule get-modifier-6-2
7m-1 <- (lifts every min 6-7)
7m-2 <- (colum 2)

=>

(retract 7m-1 ?m-2)

(assert (modifier 0.5)

(step 4)))

(defrule get-modifier-6-3
?m-1 <- (lifts every min 6-7)
7m-2 <- (colum 3)

=>
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(retract 7m-1 7m-2)
(assert (modifier 0.25)
(step 4)))

; 8-9 lifts/min

’

(defrule get-modifier-7-1
?m-1 <- (lifts every min 8-9)
"m-2 <- (colum 1)

=>

(retract 7m-1 ?7m-2)

(assert (modifier 0.6)

(step 4)))

(defrule get-modifier-7-2
?m-1 <- (lifts every min 8-9)
7m-2 <- (colum 2)

=>

(retract 7'm-1 ?m-2)

(assert (modifier 0.35)

(step 4)))

(defrule get-modifier-7-3
?m-1 <- (lifts every min 8-9)
Tm-2 <- (colum 3)

=>

(retract 7m-1 ?m-2)

(assert (modifier 0.15)

(step 4)))

Y

; 10+ lifts / min

'

(defrule get-modifier-8-1
7m-1 <- (lifts every min [0+)
m-2 <- (colum 1)

=>

(retract 7m-1 ?m-2)

(assert (modifier 0.3)

(step 4)))
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(defrule get-modifier-8-2
?m-1 <- (lifts every min 10+)
7m-2 <- (colum 2)

=>

(retract 7m-1 ?m-2)

(assert (modifier 0.2)

(step 4)))

(defrule get-modifier-8-3
?m-1 <- (lifts every min 10+)
Tm-2 <- (colum 3)

=>

(retract 7m-1 7m-2)

(assert (modifier 0.0)

(step 4)))

: Step 4 Calculate the Weight Limit

)

(defrule twist-or-not
?actual <- (unaj-w-limit 7uwl)
Istep <- (step 4)
=>
(retract 7?step ?actual)
(if (yes-or-no-p "Do you twist more than 45 degree while lifting (yes/no)? ")
then
(bind ?a-weight(* 0.85 ?uwl))
(bind ?a-weight(+ 0.5 ?a-weight))
(bind ?a-weight(integer ?a-weight))
(assert (adjust-w-1 ?a-weight))
(printout t "Since you are twisting while lifting, your adjusted weight limit is : "
7a-weight " kg." crlf crlf)
(assert (step 4-1))
else

(assert (a-w 7uwl)
(step 4-1))))

b4

; calculate weight limit - adjusted - limit reducion modifier * adjusted weight limit

*

(defrule weight-limit-adjusted
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?mod<-(modifier 7m)
?adj<-(adjust-w-| ?a-weight)
Istep <- (step 4-1)

=>

(retract ?step ?mod ?adj)
(bind ?w-l (* ?m ?a-weight))
(bind ?w-l (+ 0.5 ?2w-I]))
(bind ?w-I (integer ?7w-1))
(assert (weight-limit 7w-1))
(printout t "Your weight limit is " 7w-1 " kg." crlf)
(assert (step 5)))

1]

; calculate weight limit - unadjusted

.
[}

(defrule weight-limit-unadjusted
?7mod<-(modifier 7m)
7adj<-(a-w Tuwl)
Istep <- (step 4-1)
=>
(retract ?mod ?adj 7step)
(bind ?w-l (* 7m 2uwl))
(bind ?w-I(+ 0.5 2w-1))
(bind ?w-I(integer ?w-1))
(printout t "Your weight limit is " ?w-1 " kg." crlf)
(assert (weight-limit ?w-I)

(step 5)))

;v Step 5 Is this a hazard?

L2

(defrule hazard-or-not

7step <- (step 5)

?weight-1 <- (weight-limit ?w-1)

?weight-a <- (a-w ?actual-weight)

=>

(retract ?step ?weight-1 7weight-a)

(if (> ?actual-weight 2w-|)

then

(printout t "This lifting is a WMSD hazard ! “ crif crlf)
(assert (try again))

else

(printout t "This lifting has no WMSD hazard."” crlf crif)
(assert (try again))))



1

; try again ?

(defrule try-again

Nry <- (try again)

=>

(retract 2try)

(if (yes-or-no-p "Try again (yes/no)? ")
then (assert (calculation start))

else

(assert (other part of the system))))

;» Want to see other part?

1A -

(defrule other-part

?other-p <- (other part of the system)

=>

(retract ?other-p)

(if (yes-or-no-p "Do you want to run other part of the system (yes/no)? ")
then

(batch "C:/CLIPS/program/notepad/final/try-0.bat")

else

(assert (leave system))))

;. leave the system

"

(defrule leave-system

7leave <- (leave system)

=>

(retract ?leave)

(if (yes-or-no-p "Do you want to leave CLIPS(yes/no)?")
then

(exit)

else))
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