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Abstract—Textile dyeing is a complicated process, so that
quality of its final product is affected by the seemingly
countless variables. As a consequence, diagnosing problems in
this process is a very complex task. Troubleshooting process
has been conventionally performed by human experts and the
use of intelligence systems has been identified as a novel
potential technology. Expert systems are computer systems
that emulate and duplicate the behavior of experts for solving
problems within a specific domain. Similar to a human
expert, they can reason logically, make decisions and explain
their conclusions. This paper reports on the development and
evaluation of a dyeing diagnostic expert system (DDES) in the
areas of cotton and polyester/cotton textiles and also
compares construction methodologies of this system with the
recently developed diagnostic expert systems in the field of
textile coloration. The results reveal that the developed
system can assist dyeing diagnosticians and other users by
following an intelligent diagnostic method. It finds an optimal
choice for handling human experts. Besides, it proposes an
effective approach for integrating multiple experts’ opinions
or sorting experts’ responses.
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I. INTRODUCTION

eying is one of the last operations in textile processes.

This process generally can be represented by the
scheme in Figure 1, in which the characterizing parameters
of undyed materials are considered as input variables and
the conditions that carry the dyeing operation as process
variables. Thus, numerous variables affect the features of
the end product (dyed fabric) as output variables in the
dyeing process. Several criteria, such as shade consistency,
levelness, color fastness and appearance as well as the
visual appearance of final product are usually used for the
evaluation of the degree of successes of dyeing [1].

uUndyed Textile Dyeing

Material

Dyed

Process Material

Fig. 1. Representation of the dyeing process.

However, the occurrence of faulty symptoms is very
probable in dyeing procedures. Not only most faulty
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symptoms of dyeing causes in dyeing process, but also
several unseen defects in the pre-dyeing processes may
cause to these symptoms. Hence, each single faulty
symptom should be traced to various sources such as fiber,
water, spinning, fabric manufacturing, preparation, dyeing
and human errors or any combination thereof [1-3].
Therefore, to obtain a desired result, an expert system
should be taken several parameters into account that most
of them are subjective assessments. For these reasons,
troubleshooting problems in textile dyeing is complicated
and has been carried out only by human experts.

Obviously, human experts are scarce and expensive and
also would not be readily available in necessary situations
[4]. During the recent decades, the knowledge acquisition
techniques have found great progress in different
applications by capturing and preserving of knowledge or
expertise of experts and employ them in proper
applications and have been known as computerized expert
system [5]. Such techniques, for example, are capable of
solving different dyeing problems.

In this paper, the development and evaluation of a
dyeing diagnostic expert system (DDES) for assisting in
the diagnosing of cotton and polyester/cotton dyeing
defects is described. The system is also compared with the
recently developed diagnostic expert systems in the field of
textile dyeing.

II. RELATED WORKS

The use of computers in the coloration and textile
industry dates back to 1960s. A significant number of
papers have been published describing the applications of
computer control in various fields of textile processing [6].
The implementation of artificial intelligence actively
expert systems in the textile area back to the late 1980s.
Textile applications of expert systems were introduced by
Ruettiger, Demers, Curiskis and Grant over these years.
However, there were also other researchers encouraged the
textile manufacturing towards expert systems. So, the
application of expert systems in textile industries has been
continued until the recent years. Generally, the applications
of expert systems have been tried in a wide variety of
textile industry particularly in dyeing section. The
chronology of expert systems within the scope of textile
dyeing is illustrated in Figure 2 [7].

OPTIMIST and WOOLY were the pioneers of expert
systems in the textile coloration even throughout the textile
industry. OPTIMIST was developed by BASF (Riittiger) to
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optimize the cheese and cone dyeing process [8]. WOOLY
was the first expert system for analyzing of commercial
textile dyeing that was presented by Sandoz [9]. This
system is used for determination of dyeing recipes for wool
and polyamide/wool articles. WOOLY could elicit the
fastness requirements for a wide range of standard tests
relative to type of article and machine and recommends
details such as the processing route, dyeing methods,
suitable dyes. The system is capable of being interfaced
with a color matching system [9]. IGCSE expert system
was reported by Gailey for the application of dyeing
theories which covers all groups of dye/fiber as well as
several solvent systems [10]. BAFAREX developed by
BASF (Lange and et al), was employed for the
determination of dyeing recipes for cotton and
polyester/cotton articles, using vat and disperse dyes [11].
Smartmatch was settled by Datacolour International for
color matching goals and determining wool dyeing recipe
[12]. Datawin is a dyeing control system developed by
Viviani [13]. BATEM is an expert system that introduced
by Convert and er al. which developed for the
determination of dyeing recipes by considering type of
article and machinery, employed dyes and color fastness
requirements [14]. Calopoca was presented for color
matching aims by Ciba (Herman) [15] and designed as an
expert system for optimizing lab-to-bulk reproducibility
purposes by Raeve and et al. [16]. An expert system was
developed by the China Textile Institute for polyester
exhaust dyeing [17]. Mizuno and Itoh designed an expert
system for fiber-dyeing recipes [18]. Lee and Lin provided
a recipe optimization expert system for the China Textile
Institute [19]. The system is applicable for dyeing of
different types of cotton fabric with reactive dyes and
provides the quantified compatibility index for different
mixtures of reactive dyes and suggests the optimal recipe
in different dyeing conditions [19]. Shamey et al. reported
an expert system for yarn dyeing. In this system, the
commonness technique was implemented for sorting
possible causes [20].

A diagnostic expert system named DEXPERT was
constructed by the Shamey and his colleagues at North
Carolina State University (NCSU) for the coloration of
cotton. The required knowledge of the system was
acquired from four expert dyers working in different part

electronic survey software) to integrate multiple experts’
opinions. By this method, the experts’ responses on the
possible causes were sorted. Accordingly, one of the
experts was used as a primary expert whiles others were
considered as secondary experts. Similarly, the certainty
factors assigned by individual experts were averaged out to
obtain a single number for each possible reason of a
problem. In this system, classification and certainty factors
were used as two main methods for sorting possible cause.
The knowledge was represented in the form of rules. The
tool used for developing this system was wxFuzzyCLIPS
ver: 1.64 shell. In order to investigate the cause of a defect
in a dyed cotton cloth in this system, the user first selects
defect category, dye type and process method from
presented lists, and then clicks the diagnosis button. Next,
the system prompts to ask more questions about defect
type until finally give suitable causes and
recommendations to user [21, 22]. DEXPERT-P was
developed by the Shim and his supervisors based on
DEXPERT for troubleshooting issues in the coloration of
polyester fibers. Knowledge of the system acquired from
different literatures and fourteen expert dyers [23].
Recently, DDES was developed by the authors of this
article as a troubleshooting system for the coloration of
textiles at Amirkabir University of Technology (AUT).
The system was described in details in Ref [24]. The
system primarily was designed to diagnose defects that
occur during the dyeing process of cotton. System is
helpful for assisting expert dyers in the diagnosing of
cotton dyeing as well as the training of non-expert dyers
and students. DESS seems more successful than
DEXPERT based on its training performance that provides
some useful documents on the source of causes from the
last to first steps [24]. DDES has a modular structure, and
its designers in AUT are extending this system to promote
the system to a fully comprehensive troubleshooting
system which encompasses all common dye-fiber
combinations. Accordingly, DDES was extended by the
authors for troubleshooting possible problems in the
coloration of polyester/cotton blends materials [25].

III. DEVELOPMENT OF DDES SYSTEM

The architecture of the developed expert system is
illustrated in Figure 3. As shown in this figure, the
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Fig. 2. Chronology of expert systems in the textile coloration.

of the world (USA, UK, Pakistan and India). The
configurations of “primary and secondary experts” and
“individual experts” were used to handle the expert. It has
been also used voting (based on certainty factors using an

system comprises five elements, namely the knowledge
base, the inference engine, the interactive user interface,
the knowledge acquisition module and the explanation
facility.
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Fig. 3. The structure of DDES System.

For developing the system, it is important to adopt a
systematic approach from the identification of the problem
domain, through the construction of the knowledge base
and eventually to the implementation and validation of the
system [26]. The hierarchical stages of developing DDES
system is shown in Figure 4.
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Fig. 4. The hierarchical stages of developing DDES system.

We have identified the problem domain as one of the
key factors that determines the quality of an expert system
project [27]. So, problem domain in the beginning of
project has been specified. The scope of this system’s
domain includes diagnosing visual defects on cotton and
polyester/cotton fabrics dyed with reactive, direct, vat,
sulphur, azoic and disperse dyes in commonly continuous,
semi-continuous and batch-wise processes. The system is
designed in a manner to present the defect categories and
definitions as well as the possible causes. In this way, the
system designers will be able to improve the system with
other common dye-fiber combinations.

However, there are also other important determinants of
the quality of an expert system, consist of knowledge
engineer, domain experts, and knowledge acquisition and
representation methods [28]. Figure 5 shows the
mechanism used for developing DDES system. The role of
knowledge engineer is the most significant. The
knowledge engineer acts as the intermediary between the
domain experts and computer who acquires domain-
specific knowledge from domain experts and after
organizing, constructs the expert system using the
development tool. The successful development tool (TES
shell) is designed by an expert programmer with near

cooperation of knowledge engineer; this shell can be
helpful for developing diagnostic expert system in other
fields of the textile. The knowledge engineer takes into
account the interface that tried to be enough user-friendly,
so that the end user will be comfortable consulting with the
system to solve problems. The domain experts and users
also test and evaluate the expert system. Knowledge
engineer initially considers feedbacks elicited from them
for designing the expert system.
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Fig. 5. The mechanism used for developing DDES system.

IV. KNOWLEDGE ACQUISITION FROM MULTIPLE EXPERTS

The most human experts, though starting off in their
professions with a set of structured information and rules
which gain through formal learning involve education in
the university and attending training programs, seminars
and other activities, then learn to do their job through a
combination of formal and experiential knowledge and
offer the right answer by using heuristics solutions (e.g.,
experiences, judgments, opinions, intuition, predictions).
In this way, they may have followed a logical path, but
mentally they may have skipped some steps along the way
to get there. This is because, during the reasoning of an
expert in dyeing, many variables are considered, and most
of these variables are subjective and very difficult to
express. However, the success of an expert system depends
on the amount of its knowledge and its qualities.
Therefore, there are high demands on knowledge engineer
skills.

In many cases, expertise is not resident in the knowledge
of a single domain expert. In fact, the multiple experts
should be used to provide the mix of knowledge that is
required in a complex structure, such as troubleshooting in
textile dyeing and provide coverage for the many problems
and solutions. However, using multiple experts for
empowering the system knowledge is more complicated
than single experts since it increases the stress of
knowledge engineer. The problem originates from the fact
that experts may disagree on the use of same concepts and
vocabulary and such disagreement may be tacitly causing
confusion.

Accordingly, knowledge acquisition from experts is the
first and most difficult task in the development of an expert
system. The mentioned problems can be relieved by the
appropriate management of the knowledge acquisition
process. The acquisition of knowledge includes extracting,
analyzing, and organizing knowledge that human experts
use when solving a specific problem and then representing
this knowledge in a computer program.

Fortunately, this field has drawn great attention from
researchers and numerous methods have been presented






