
Introduction

 

an important sensor technology with potential applications in many industrial 

operations. Many of the current applications of machine vision are in in spection; 

however, it is anticipated that vision technology will play an increas ingly 

 

manufacturing world. The systems are used to perform tasks which include 

 

 improved 

Com 

stages of development. Advances in vision technology and related disciplines   tions 

 navigation, cartography, and medical 

image analysis. 

Machine Vision7
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7.1 INTRODUCTION TO MACHINE VISION 

Machine vision is concerned with the sensing of vision data and its inter pretation a 

a digital computer, and hardware and software necessary to interface them. This 

interface hardware and software is often referred to as a preprocessor. The operation 

of the vision system consists of three functions: 

 2. Image processing and analysis 

 3. Application 

Fig. 7.1.

a camera focused on the scene of interest. Special lighting techniques are frequently 

is called a frame of vision data,

called a frame grabber

picture 

elements, or pixels

the scene which reduces that portion to a single value. The value is measure of the 

 

Sec. 7.2. 

processing and analysis functions for data reduction and interpretation of the image. 

will 

the data representation of the image. This data reduction can change the representation 
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Fig. 7.1 Functions of a machine vision system.

previously computed values stored in the computer. These descriptors include shape 
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and analysis will discussed in Sec. 7.3. 

To accomplish image processing and analysis, the vision system frequently must 

computer models. The information gathered during training consists of features such 

determine if a match has occurred, Sec. 7.4 will discuss training of a vision system. 

The third function of a machine vision system is the applications function. 

require two cameras in order to achieve a stereoscopic view of the scene, while other 

range of which is called a gray scale. 

7.2 THE SENSING AND DIGITIZING FUNCTION
 IN MACHINE VISION

of machine vision. 
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Image sensing requires some type of image formation device such as a camera 

the image of the scene with the vision camera. The image consists of relative light 

intensities corresponding to the various portions of the scene. These light intensities 

form. 

the vision controller. 

7.2.1 Imaging Devices 

Figure 7.2 illustrates the vidicon camera. In the operation of this system, the lens 

forms an image on the glass faceplate of the camera. The faceplate has an inner 

The second layer is, a thin photosensitive material deposited over the conducting 

electrical resistance in response to increasing illumination. A charge is created in 

each small area upon illumination. An electrical charge pattern is thus generated 

corresponding to the image formed on the faceplate. The charge accumulated for an 

Fig. 7.2

(Reprinted with permission of McGraw-Hill, Inc. [10])
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current at the video signal electrode. The magnitude of the signal is proportional to 

the light intensity and the amount of time with which an area is scanned. The current 

is then directed through a load resistor which develops a signal voltage which is 

of the impinging light is considered. In the United States, the entire faceplate is 

considered. The output of the camera is a continuous voltage signal for each line 

positive control electrodes in isolated wells due to voltages applied to the central 

illustrated in Figs. 7.3(a  and (b .

Fig. 7.3 Basic principle of charge-coupled device: (a) Accumulation of an electron charge 

in a pixel element: (b) Movement of accumulated charge through the silicon by 

changing the voltages on the electrodes A, B, and C. (Reprinted with permission of 

McGraw-Hill, Inc. [10]) 
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Figure 7.4 indicates one type of CCD imager. Charges are accumulated for the 

cycle 
1

60
 th of a second.

Fig. 7.4 One type of charge-coupled device imager. Register A accumulates the 

pixel charges produced by photocon ductivity generated by the light image. 

The B register stores the lines of pixel charges and transfers each line in 

turn into register C. Register C reads out the charges laterally as shown 

7.2.2 Lighting Techniques 

An essential ingredient in the application of machine vision is proper 

lighting makes the 

the following categories: 

 1. Diffuse surface devices
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 2. Condenser projectors

source into a condensing light source. This is useful in imaging optics.

 3. Flood or spot projectors Flood lights and spot lights are used to illuminate 

surface areas. 

 4. Collimators

 5. Imagers

is to direct the path of light from the lighting device to the camera so as to display the 

Table 7.1 Illumination techniques. 

Technique Function/use

A.  Front light source

1.  Front illumination Area flooded such that surface is defining feature of image.

2.  Specular illumination (dark field) Used for surface defect recognition (background dark).

3.  Specular illumination (light field) Used for surface defect recognition; camera in-line with 

reflected rays (background light).

4.  Front imager Structured light application; imaged light superimposed on 

object surface—light beam displaced as function of thickness.

B.  Back light source 

1.  Rear illumination (lighted field) Uses surface diffusor to silhouette features; used in parts 

inspection and basic measurements.

2.  Rear illumination (condenser) Produces high-contrast images; useful for high magnification 

application.

3.  Rear illumination (collimator) Produces parallel light ray source such that the features of 

object do not lie in same plane.

4.  Rear offset illumination Useful to produce feature highlights when feature is 

in transparent medium.

C.  Other miscellaneous devices

1.  Beam splitter Transmits light along same optical axis as sensor; advantage 

is that it can illuminate difficult-to-view objects.

2.  Split mirror Similar to beam splitter but more efficient with lower intensity 

requirements.

3.  Non-selective redirectors Light source is redirected to provide proper illumination

4.  Retroreflector A device that redirects incident rays back to sensor; incident 

angel capable of being varied; provides high contrast for 

object between source and reflector. 

5.  Double density A technique used to increase illumination intensity at sensor; 

used with transparent media and retroreflector.
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Front lighting simply means that the light 

back lighting, the light source 

 

7.2.3 Analog-to-Digital Signal Conversion 

conversion process involves taking an analog input voltage signal and produc ing an 

Sampling

 twice the highest 

frequency in the video signal if 14

Fig. 7.5 Sampling and digitizing an analog waveform: (a) Analog waveform indicating sampling 

interval, t, and sampled voltage points, (b) Digital approximation to analog signal.
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Example 7.1 
signal is generated for each line of the 512 lines comprising the 

¥ 

10–9

milliseconds 1
30

s( ) to scan the entire 

faceplate consisting of 512 lines, determine the sampling rate and

 

100 ¥ 10–9 s 

  = 0.1 ¥ 10–6

The scanning rate for the 512 lines in the faceplate is 1
30

s = 33.33 ¥ 10–3 s 

Accordingly, the scanning rate for each line is = (33.33 ¥ 10–3 

 = 65.1 ¥ 10–6

 = 
65 1 10

0 1 10

6

6

. /

. /

¥

¥

-

-
s line

s pixel

in home television. For a 512 ¥

 sampling 

one of the limiting factors in the development of machine vision. Systems with a 

¥ ¥
impose lower computational requirements: however, the image resolu tion of these 

systems is much lower than for systems possessing a greater density. For a 

vertical resolution. 

Quantization 

= 2n  

where n 
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 = 

24

Encoding 

code. This process, termed encoding, involves representing an 

various amplitude levels is a function of the spacing of 

Full-scale range

2n

= ± 1
2

 

Example 7.2 
A continuous 

 

error. 

 

converter resolution =  1
256

 = 0.0039 or 0.39 per cent. For the 5 V range, 

pacing = 
( )

( )

5

28

V
 0.0195 V

± 
1

2
 0.00975 V 

Example 7.3 
 

levels as fellows:

Voltage range, V Binary number Gray scale

0–0.0195 0000 0000 0 (black)

0.0195–0.0390 0000 0001 1 (dark gray)

0.0390–0.0585 0000 0010 2

4.9610–4.9805 1111 1110 254 (light gray)

4.9805–5.0 1111 1111 255 (white)
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If we ± 5 V range, we could 

7 = 

7.2.4 Image Storage 

 conversion, the image is stored in computer memory, typically called 

Ideally, one would want to acquire a single frame of data in real time. The frame 

picture and acquire it in = 1
30

s

uffer is adequate since the average camera system cannot 

6 = 64 gray 

7.3 IMAGE PROCESSING AND ANALYSIS 

and stored in a computer. For use of the stored image in industrial applications, the 

represent various gray ¥
1
30

s

short period of time and has led to various techniques to reduce the magnitude of the 

 1. Image data reduction 

 2. Segmentation 

7.3.1 Image Data Reduction 

step in the data analysis, the following two schemes have found common usage for 

data reduction: 
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 1. Digital conversion 

 2. Windowing

the large volume of data in image processing. 

 = 256 gray 

Example 7.4 

level values required if  converter is used to indicate various shades of 

 (a) For gray scale imaging with 2  = 256 levels of gray 

¥ ¥
 (b) 

¥ ¥

Windowing involves using only a portion of the total image stored in the frame  and analysis. This portion is called the window. For 

of the total scene. 

7.3.2 Segmentation 

Segmentation is a general term which applies to various methods of data reduction. In 

There are many ways to segment an image. 

Three important techniques that we will discuss are: 

 1. Thresholding

 3. Edge detection

 In its simplest form, thresholding 

 accomplished 

 



Industrial Robotics172

 shows a regular image with each 

 

are trying to differentiate 

 To im prove the 

a high contrast. 

Fig. 7.6 Obtaining a binary image by thresholding: (a) Image of object with all gray-levels 

present, (b) Histogram of image, (c) Binary image of object after thresholding. 

(Photos courtesy: Robotics Laboratory, Lehigh University) 

employed. 
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Thresholding is the most widely used technique for segmentation in industrial 

vision applications. The reasons are that it is fast and easily im plemented and that the 

a region. 

Region growing is a  

grouped in regions called grid elements 

other regions means of an analysis of the difference in their average properties and 

spatial connectiveness. For instance, consider an image as depicted in Fig. 7.7(a

Fig. 7.7(b

simple procedure did not identify the hole in the key of Fig. 7.7(a

resolved 

with which the original image is represented.

Fig. 7.7 Image segmentation: (a) Image pat tern with grid, (b) Segmented image after runs test.

provide an adequate partition of an image into a set of meaningful regions. Such 

images could have the following procedure:

 a region. In the simplest 
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if 

consider only edge detection or simple thresholding. This is due to the fact that light

implementation is simpler. 

Fig. 7.8 Edge following procedure to detect the edge of a binary image.

7.3.3 Feature Extraction  means of features that uniquely 
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these features is that the features should not depend on position or orientation. The 

Table 7.2 

 Gray level (maximum, average, or minimum) 

 Area 

 Perimeter length 

 Diameter 

 Minimum enclosing rectangle 

 Center of gravity—For all pixels (n) in a region where each pixel is specified by (x, y)   

 coordinates, the x and y coordinates of the center of gravity are defined as 

    C.G.x = 
1

n
x

x

Â

    C.G.y = 
1

n
y

y

Â
 Eccentricity: A measure of ‘elongation’ Several measures exist of which the simplest is 

  Eccentricity = 
Maximum chord length

Maximum chord length

A

B
 

 where maximum chord length B is chosen perpendicular to A.

 Aspect ratio—The length-to-width ratio of a boundary rectangle which encloses the object. 

 One objective is to find the rectangle which gives the minimum aspect ratio. 

 Thinness—This is a measure of how thin an object is. Two definitions are in use 

  (a) Thinness =  
(Perimeter)

Area

2

   This is also referred to as compactness. 

 Diameter (b) Thinness = 
Diameter

Area
 

The diameter of an object, regardless of its shape, is the maximum distance obtainable for two points 

on the boundary of an object. 

Contd.
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 Holes—Number of holes in the object. 

 Moments—Given a region, R, and coordinates of the points ( x, y) in or on the boundary of  the 

region, the pqth order moment of the image of the region is given as 

    Mpq = 

x y,

Â xpyq

Example 7.5 
Consider the schematic of the image in Fig. 7.9. Determine the 

area, the minimum aspect ratio, the diameter, the centroid, and 

the thinness measures of the image. 

calculation, the origin is translated to O¢ with x¢, y¢ 
determined from the moment, Mo¢o¢ as 

 Mo¢o¢ = 
x y¢ ¢
Â

,

x¢y¢

Minimum aspect ratio = 
Length

Width
 = 

9

4

n = 
 C.G. x¢ = 

1

n
x

x

¢
¢

Â

 C.G. y¢ = 
1

n
y

y

¢
¢

Â

 C.G. x¢ = 
1

24
4

1

2
4

3

2
4

5

2
2

7

2
2

17

2
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ˆ
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ˆ
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ˆ
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È

Î
Í
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˚
˙

  = 
1

24
90( ) = 

15

4
 units

 C.G. y¢ = 
1

24
3

1

2
9
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2
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2
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 = 2 units
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Fig. 7.9 Schematic of pixel pattern for Example 7.5.

 Compactness =  
( )Perimeter

Area

2

 = 
26

24

2

 Thinness = 
Diameter

Area
 = 

9

24
 = 

3

8

7.3.4 Object Recognition 

 

 2. Structural techniques 

during the training procedure in which the vision system is programmed for known 

are compared to the corresponding stored values. These values constitute the stored 

template. When a match is found, allowing for certain statistical variations in the 
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rectangle. This kind of technique, known as syntactic pattern recognition, is the most 

Accordingly, it is often more appropriate to search for simpler regions or edges 

7.4 TRAINING THE VISION SYSTEM 

 The purpose of vision system training is to program the vision system with known 

 Vision system manufacturers have developed application software for each 

7.5 ROBOTIC APPLICATIONS 

 Many of the current applications of machine vision are inspection tasks that do not 

device that is communicating with the vision system. 
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vision applications in an industrial setting are: 

.

that the recognition process is facilitated if 

to control the appearance. 

 1. Inspection 

 3. Visual servoing and navigation 

holes and other features in a part. When these kinds of inspection operations are 

performed manually, there is a tendency for human error. Also, the time required in 

using 100 percent inspection, and usually in much less time. In Chap. 15, we will 

machine vision. 

The second category, is concerned with applications in which the 
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 In the third application category, visual servoing and navigational control, the 

devices 

servoing is where the machine vision system is used to control the 

of this application include part positioning, retrieving parts moving along a 

deal of intelligence is required in the controller to use the data for navigation 

and collision avoidance. This and the visual servoing tasks remain important 

 The bin-picking

the container, and then it must direct the end effector to a position to permit grasping 

the target and its surroundings are far from ideal for part recognition. 

distortion to determine the path and other parameters required for a successful 

arc welding in Chap. 14.
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Fig. 7.10 i-bot robot-vision system. (Photo courtesy: Object Recognition Systems, Inc.)

In 

Machine vision, coupled with the force and torque sensors discussed in Chap. 

application in Chap. 15. 

P  roblems 

 7.1 Consider a vision system which provides one frame of 256 lines every 
1

2
s. 

The system is a raster scan system. Assume that the time for the electro

line. Determine the sampling rate for the system if it 
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