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ABSTRACT

Quality is becoming one of the main automation objectives of industry. As a result,
automated inspection systems have become an essential part of production lines. Automatic
inspection is desirable because human inspectors are not always consistent evaluators of
products. Due to recent developments in digital image processing, automated visual
inspection is being extensively applied. On the other hand, the rapid development in
production technology now requires the development of new accurate and efficient automated

inspection systems.

Pipelines are considered the safest and most economic way of transporting gas or liquids
over long distances. Weld inspection of oil and gas pipelines has always been one of the most
important areas of non destructive testing (NDT). ['he film radiography method has been the
cornerstone of NDT for the last 50 years. It is the most widely used method and the technique
with which other methods are compared. Industrial radiography is carried out in every

country, in every region and in all locations.

Although weld inspection of oil and gas pipelines is dependent on experts in inspection
and decision making, the great number of control images, which has to be taken over very
long distances, makes the detection of defects in pipelines difficult. The most difficult
problem in the inspection cycle is the accurate detection of flaws in a given radiographic
image. The human interpretation of radiographic films is a hard and difficult task when a
great number of defects are to be counted and inspected. It is known that several experts do
not have the same opinion on a given film, and even the same expert might have a different
report at the beginning or the end of the workday. In addition, the ability of an expert to detect

very small defects is not quite good, and difficult to reach to an automatic inspection system.
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Abstract

On the other hand, automatic inspection systems are more reliable because their decisions
are not dependent on subjective factors, so these systems seem to provide good solutions for

production inspection.

In this work, a new automated visual inspection system (using vision and expert systems)
for defects identification in pipelines welded by shielded metal arc welding is developed. The
recognition method is based on an identification tree, whose inputs are features and outputs
are defect types. The knowledge gathered from radiographic expertise and different codes
from international standards are used to build the recognition methodology. In addition to the
advantages of the traditional radiography. the developed system offers many advantages such
as giving more accurate results, eliminating any loss of image details due to film deterioration
and eliminating the need for image interpretation by a skilled inspector. It is quite often
economical in operation compared with commercial radiographic image enhancement
systems. One of the great advantages of developed automated inspection system is that defect

rates can be automatically classified according to the defect type, welder and welding date.

A review of the previous researches in the field of NDT, automatic inspection systems and
image processing applications are introduced. A background on the main elements of the
computer vision system is also introduced. In addition. the pipeline welding defects are
identified and described. The acceptance limits according to specific codes are also

introduced.

Many algorithms are used to build the developed system, so a novel algorithm for image
enhancement and recognition welding defects is presented. Many image enhancement
techniques are implemented such as gray level histogram. histogram equalization. histogram
specification, noise reduction using filters, and feature extraction using boundary chain code

BCC algorithm.
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Abstract

The defect recognition procedure consists of three steps: defect detection, feature
extraction and recognition. An expert system is built o perform this task. It consists of two
stages: the first stage is used to classify the defects into one of predefined defect groups. In
the second stage, a set of classifiers (one classifier for cach group of defects) that use
statistical and structural rules are implemented for the final classification of the defects. The
developed system supports most of the international standard codes (API 1104, ASME, DIN,
BS, ABS, AWS, and JIS) for the acceptance criteria of weld defects. In addition, any new
code can be defined easily to the system through a user friendly dialog box. An algorithm is
proposed for automatic classification of defect rates according to defect type, welder and

welding date.

The developed vision system is divided into two main parts, hardware and software. The
hardware includes an IBM compatible personal computer with windows operating system,
frame grabber as a capturing board and CCD (Charged Couple Device) camera. The software
is developed totally in house to apply necessary image processing and computer vision
algorithms to capture images and classify the defects automatically. The package is developed
such that it can be used independently without referring to any other software. The developed
software is written using Microsoft Visual C++ version 6.0 and it could run under any
windows operating system. The suggested name for this software is AutoWDI (Automatic

Welding Defects Inspection).

The proposed vision system offers the following capabilities:

1. It is capable of detecting and classifying most of weld flaws (11 types) in a given

radiographic image.

2. In addition to the advantages of the traditional radiography, it saves time and

eliminates the need for image interpretation by a skilled inspector.

3. It eliminates any loss of image details due to film deterioration by transferring the

image to more stable storage media.
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4. It supports most of the International standard codes (API 1104, ASME, DIN. BS.

ABS, AWS and JIS) to classify the defects and to take the acceptance decision.

5. The defect rates can be automatically classified according to the defect type, welder

and welding date.
This thesis is divided into six chapters and three appendixes as follows:

Chapter 1:  Introduces a literature review of the previous researches in the field of RT.
vision system applications, automated inspection  systems and image

processing applications.
Chapter 2:  This chapter explains a background on vision systems.

Chapter 3:  This chapter covers the general discontinuities in pipeline welding. The
illustrations are very valuable on the job site for assisting film interpreters in
describing discontinuities on radiographs. identification. acceptance limits for

specific code. The codes are explained in appendix (B).

Chapter 4:  This chapter introduces the methodology and the main programming
algorithms used to build up the AuwoWDI package. The output pout reports

from the developed system in appendix (c).

Chapter 5: This chapter illustrates the hardware setup for developed vision system and
introduces the technical specifications for each hardware component such as
PC, the frame grabber, and the CCD camera. It also discusses the results to
verify the capability and the validation of the developed vision svstem. The

user’s manual of this package is fully explained in appendix (A).

Chapter 6:  This chapter introduces the conclusions of the work and the recommendations

for further researches.
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ABSTRACT

Quality is becoming one of the main automation objectives of industry. As a result,
automated inspection systems have become an essential part of production lines. Automatic
inspection is desirable because human inspectors are not always consistent evaluators of
products. Due to recent developments in digital image processing, automated visual
inspection is being extensively applied. On the other hand, the rapid development in
production technology now requires the development of new accurate and efficient automated

inspection systems.

Pipelines are considered the safest and most economic way of transporting gas or liquids
over long distances. Weld inspection of oil and gas pipelines has always been one of the most
important areas of non destructive testing (NDT). ['he film radiography method has been the
cornerstone of NDT for the last 50 years. It is the most widely used method and the technique
with which other methods are compared. Industrial radiography is carried out in every

country, in every region and in all locations.

Although weld inspection of oil and gas pipelines is dependent on experts in inspection
and decision making, the great number of control images, which has to be taken over very
long distances, makes the detection of defects in pipelines difficult. The most difficult
problem in the inspection cycle is the accurate detection of flaws in a given radiographic
image. The human interpretation of radiographic films is a hard and difficult task when a
great number of defects are to be counted and inspected. It is known that several experts do
not have the same opinion on a given film, and even the same expert might have a different
report at the beginning or the end of the workday. In addition, the ability of an expert to detect

very small defects is not quite good, and difficult to reach to an automatic inspection system.
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