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ABSTRACT

It is well known that the surface roughness greatly influences the mechanical and the
physical properties of contacting parts. The understanding of this effect is important in
many applications such as wear, friction, lubrication, tightness of joint, contact rigidity,
contact stress, loaded area and thermal conductivity. Therefor, surface roughness of

different products causes concern to industry.

Many methods of measuring surface finish have been developed ranging from the
simple touch comparator to sophisticated optical techniques. There are five categories of
surface finish measurement methods: Mechanical Profilers, Ultrasonic Methodology,
Ultrahigh Precision Measurement Methodology (Microscopy), Optical Methodology
(Light Scattering) and Computer Vision Systems. Each method has its own advantages

and disadvantages.

The mechanical profiler instruments, which are considered to be the conventional
way to measure surface roughness, have many limitations. The important disadvantages
are that the probe can damage the surface, the lateral resolution of the stylus is limited
by the width of the diamond tip and the probe is subjected to wear after prolonged use.
Also the surface topography produced by this method is considered as a one-

dimensional profile so that it is not truly representative of the surface.

The ultrasonic methods are inhibited by the need for contact, if they were to work
efficiently. The Microscopy instruments are very slow and undesirable techniques for an
on-line surface inspection. The optical techniques have the advantages of being
noncontact, faster than contact methods, and have the capability of measuring surface
roughness over an area. The optical techniques are usually realized by applying laser
speckle photography techniques, and therefore not applicable for real time
measurements. Furthermore, an accurate alignment of the optical arrangements is also

required, making real-time use even more difficult.

The vision systems are the latest technology for measuring surface roughness. It

offers the same advantages of the optical techniques and is considered relatively less

-1-
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ABSTRACT

expensive. In recent years, coinciding with the development of microcomputers, digital
instruments and other measurement techniques, the analysis of three-dimensional (3-D)
surface topography has become realistic. The vision systems depend on acquiring an
image for the surface to be tested then analyzing this image using the microcomputer

facilities. The vision systems are represented the scope of this work.

From the forgoing, a software package was developed totally in-house. The package
was developed such that it can be used independently without referring to any other
software. The package includes the unique feature of containing a multitude of surface
roughness parameters that are not included in any other package hitherto. Also, The
software allows the building up of a data base information system during surface
inspection. This database was made to allow the future inclusion of artificial intelligence
module for automated calibration of the system. The software is fully integrated with
AutoCAD and MS Word. The software has the professional look interface that is used
by most Windows 95 application.

This work introduces a new vision system for measuring surface roughness in either
2-D or 3-D. The proposed vision system is divided into two parts, hardware and
software. The hardware includes an IBM compatible personal computer with Windows
95 operating system, frame grabber as a capturing board, CCD (Charged Couple
Device) camera, and a Microscope. The software is written especially to perform

different analysis on the captured images.

The proposed software is written using Microsoft Visual C++ version 5.0 and it can
run under Windows 95, Windows 98 or Windows NT operating systems. The suggested

name for this software is SurfVision.
This thesis is divided into eight chapters and one appendix as follows:

Chapter 1: Introduces a literature review of the current and the previous researches in
the field of surface roughness measurements. A brief description of all
methods used to assess surface roughness is described as well as a full
description of the vision systems. The advantages and disadvantages of each

method are also discussed.
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Chapter 2: This chapter illustrates the definitions and the mathematical formulas for
surface roughness parameters. Fifty-seven parameters were taken in
consideration through this work. The definitions are explained for the 2-D

roughness profiles, which can be applied to a single line of data.

Chapter 3: This chapter illustrates the techniques and the theories used by the
SurfVision package to display the 3-D of the surface topography for the
images captured by the vision system. It also shows the capability of
displaying the 3-D surface topography for a specific part of the image as
well as for the whole image. The 3-D view can be displayed, virtually, from

any point of view.

Chapter 4: This chapter explains the different types of image file formats supported by
the SurfVision package and the image-processing operations that can be
applied to the images. It presents the means of reading several types of
image file formats such as BMP, GIF, TIFF, PCX, TGA and JPG. It also
includes the different techniques that can be applied to the image such as

flipping, inverting, rotating, cropping and stretching the image.

Chapter 5: This chapter introduces the methodology and the main programming
techniques used to build up the SurfVision package. The manual of using
this package is fully explained in appendix (A).

Chapter 6: This chapter illustrates the hardware setup for the proposed vision system. It
introduces the technical specifications for each hardware component such as
the PC, the frame grabber, the CCD camera, and the microscope. It also
introduces the experimental work that was carried out to test and to calibrate

the proposed vision system.

Chapter 7: This chapter introduces the results obtained from the experimental work
and. It also discusses the results to verify the capability and the validation of

the proposed vision system.
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Chapter 8: This chapter introduces the conclusions of this work and the

recommendations for further researches. From this work it is concluded that

the proposed vision system offers the following capabilities:

1. Performing different image processing commands on the captured images
such as displaying the grey level histogram and cropping the unwanted

borders. Other image processing commands can be performed such as
flipping, inverting and rotating the image.

2. Calculating the roughness parameters in either 2-D or 3-D for the images,
which were captured by the frame grabber capturing board. The roughness

parameters can be calculated using both the metric and the English units,
i.e. micrometers and micro inches.

3. Creating horizontal and vertical sections through the image to view the
roughness profile at any point. From the profile’s graph many commands
can be performed such as: measuring distances between peaks and valleys,
measuring multiple distances along the profile and displaying both the

amplitude density curve (ADC) and the bearing area curve (BAC) of the
profile.

4. Displaying the 3-Dimensional view of the surface topography to
qualitatively assess the surface quality. The 3-Dimensional view can be

displayed for either an area from the image or for the whole image,
virtually, from any point of view.

5. The introduced software is fully integrated with the AutoCAD and the MS

Word software, so that the calculated roughness parameters and the
profile’ graphs can be exported to these software.
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ABSTRACT

It is well known that the surface roughness greatly influences the mechanical and the
physical properties of contacting parts. The understanding of this effect is important in
many applications such as wear, friction, lubrication, tightness of joint, contact rigidity,
contact stress, loaded area and thermal conductivity. Therefor, surface roughness of

different products causes concern to industry.

Many methods of measuring surface finish have been developed ranging from the
simple touch comparator to sophisticated optical techniques. There are five categories of
surface finish measurement methods: Mechanical Profilers, Ultrasonic Methodology,
Ultrahigh Precision Measurement Methodology (Microscopy), Optical Methodology
(Light Scattering) and Computer Vision Systems. Each method has its own advantages

and disadvantages.

The mechanical profiler instruments, which are considered to be the conventional
way to measure surface roughness, have many limitations. The important disadvantages
are that the probe can damage the surface, the lateral resolution of the stylus is limited
by the width of the diamond tip and the probe is subjected to wear after prolonged use.
Also the surface topography produced by this method is considered as a one-

dimensional profile so that it is not truly representative of the surface.

The ultrasonic methods are inhibited by the need for contact, if they were to work
efficiently. The Microscopy instruments are very slow and undesirable techniques for an
on-line surface inspection. The optical techniques have the advantages of being
noncontact, faster than contact methods, and have the capability of measuring surface
roughness over an area. The optical techniques are usually realized by applying laser
speckle photography techniques, and therefore not applicable for real time
measurements. Furthermore, an accurate alignment of the optical arrangements is also

required, making real-time use even more difficult.

The vision systems are the latest technology for measuring surface roughness. It

offers the same advantages of the optical techniques and is considered relatively less

-1-
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expensive. In recent years, coinciding with the development of microcomputers, digital
instruments and other measurement techniques, the analysis of three-dimensional (3-D)
surface topography has become realistic. The vision systems depend on acquiring an
image for the surface to be tested then analyzing this image using the microcomputer

facilities. The vision systems are represented the scope of this work.

From the forgoing, a software package was developed totally in-house. The package
was developed such that it can be used independently without referring to any other
software. The package includes the unique feature of containing a multitude of surface
roughness parameters that are not included in any other package hitherto. Also, The
software allows the building up of a data base information system during surface
inspection. This database was made to allow the future inclusion of artificial intelligence
module for automated calibration of the system. The software is fully integrated with
AutoCAD and MS Word. The software has the professional look interface that is used
by most Windows 95 application.

This work introduces a new vision system for measuring surface roughness in either
2-D or 3-D. The proposed vision system is divided into two parts, hardware and
software. The hardware includes an IBM compatible personal computer with Windows
95 operating system, frame grabber as a capturing board, CCD (Charged Couple
Device) camera, and a Microscope. The software is written especially to perform

different analysis on the captured images.

The proposed software is written using Microsoft Visual C++ version 5.0 and it can
run under Windows 95, Windows 98 or Windows NT operating systems. The suggested

name for this software is SurfVision.
This thesis is divided into eight chapters and one appendix as follows:

Chapter 1: Introduces a literature review of the current and the previous researches in
the field of surface roughness measurements. A brief description of all
methods used to assess surface roughness is described as well as a full
description of the vision systems. The advantages and disadvantages of each

method are also discussed.
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Chapter 2: This chapter illustrates the definitions and the mathematical formulas for
surface roughness parameters. Fifty-seven parameters were taken in
consideration through this work. The definitions are explained for the 2-D

roughness profiles, which can be applied to a single line of data.

Chapter 3: This chapter illustrates the techniques and the theories used by the
SurfVision package to display the 3-D of the surface topography for the
images captured by the vision system. It also shows the capability of
displaying the 3-D surface topography for a specific part of the image as
well as for the whole image. The 3-D view can be displayed, virtually, from

any point of view.

Chapter 4: This chapter explains the different types of image file formats supported by
the SurfVision package and the image-processing operations that can be
applied to the images. It presents the means of reading several types of
image file formats such as BMP, GIF, TIFF, PCX, TGA and JPG. It also
includes the different techniques that can be applied to the image such as

flipping, inverting, rotating, cropping and stretching the image.

Chapter 5: This chapter introduces the methodology and the main programming
techniques used to build up the SurfVision package. The manual of using
this package is fully explained in appendix (A).

Chapter 6: This chapter illustrates the hardware setup for the proposed vision system. It
introduces the technical specifications for each hardware component such as
the PC, the frame grabber, the CCD camera, and the microscope. It also
introduces the experimental work that was carried out to test and to calibrate

the proposed vision system.

Chapter 7: This chapter introduces the results obtained from the experimental work
and. It also discusses the results to verify the capability and the validation of

the proposed vision system.
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Chapter 8: This chapter introduces the conclusions of this work and the

recommendations for further researches. From this work it is concluded that

the proposed vision system offers the following capabilities:

1. Performing different image processing commands on the captured images
such as displaying the grey level histogram and cropping the unwanted

borders. Other image processing commands can be performed such as
flipping, inverting and rotating the image.

2. Calculating the roughness parameters in either 2-D or 3-D for the images,
which were captured by the frame grabber capturing board. The roughness

parameters can be calculated using both the metric and the English units,
i.e. micrometers and micro inches.

3. Creating horizontal and vertical sections through the image to view the
roughness profile at any point. From the profile’s graph many commands
can be performed such as: measuring distances between peaks and valleys,
measuring multiple distances along the profile and displaying both the

amplitude density curve (ADC) and the bearing area curve (BAC) of the
profile.

4. Displaying the 3-Dimensional view of the surface topography to
qualitatively assess the surface quality. The 3-Dimensional view can be

displayed for either an area from the image or for the whole image,
virtually, from any point of view.

5. The introduced software is fully integrated with the AutoCAD and the MS

Word software, so that the calculated roughness parameters and the
profile’ graphs can be exported to these software.
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