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1.TOPIC:- FORM MEASUREMENTS 
The machine vision system involves following four basic steps.Image formation 
Processing of image in a form suitable for analysis by computer Defining and analysing the 
characteristics of image-Interpretation of image and decision making.We will now discuss these 
four steps in more details. 
Image formation. For formation of image suitable light source is required. It may  
consist of incandescent light, fluorescent tube, fiber-optic bundle, arc lamp, or strobe light. Laser 
beam is used for triangulation system for measuring distance. Polarised or ultraviolet light is 
used to reduce glare or increase contrast. It is important that light source is placed correctly 
since it influences the contrast of the image. Selection of proper illumination technique, (viz, 
back lighting, front lighting-diffused or directed bright field, or directed dark field, or polarised, 
structured light) is important. Back lighting is suited when a simple silhouette image is required 
to  
obtain maximum image contrast. Front lighting is used when certain key features on the surface 
of the object are to be inspected. If a three-dimensional feature is being inspected, side lighting 
or structured lighting may be required.The proper orientation and fixturing of part also deserve 
full attention.An image sensor like vidicon camera, CCD .camera is used to generate the 
electronic signal representing the image. The image sensor collects light from the scene through 
a lens and using a photosensitive target, converts it into electronic signal. Most image sensors 
generate signals representing two-dimensional arrays (scans of the entire image).Vidicon 
Camera used in closed – circuit television systems can be used for  
machine vision systems. IN it, an image is formed by focussing the income light through a series 
of lenses onto the photoconductive face plate of the vidicon tube. An electron beam within the 
tube scans the ph to conductive surface and produces an analog output voltage proportional to 
the variations in light intensity for each scan line of the original scene.It provides a great deal of 
information of a scene at very fast speeds. However they tend to distort the image due to their 
construction and are subject to image burn-in on the photo conductive surface. These are also 
susceptible to damage by shock and vibration.Solid State Cameras. These are commonly used 
in machine vision systems.  
These employ charge coupled device (CCD) or change injected device (CID) image sensors. 
They contain matrix or linear array of small, accurately spaced photo sensitive elements 
fabricated on silicon chips using integrated circuit technology, Each detector converts the light 
falling on it, through the camera lens, into analog  
electrical signal corresponding to light intensity. The entire image is thus broken  
down into an array of individual picture elements (pixels). 
Typical matrix array solid state cameras may have 256 x 256 detector  
elements per array. Solid-state cameras are smaller, rugged and their sensors do  
not wear out with use. They exhibit less image distortion because of accurate  
placement of the photodetectors. CCD and CID differ primarily in how the voltages  



are extracted from the sensors. 
ii) Image processing : The series of voltage levels available on detectors  
representing light intensities over the area of the image need processing for  
presentation to the microcomputer in a format suitable for analysis. A camera may  
typically from an image 30 times per sec i.e. At 33 m sec intervals. At each time  
interval the entire image has to be captured and forzen for processing by an image  
processor. An analog to digital converter is used to convert analog voltage of each  
detector into digital value. 
If voltage level for each pixel is given either 0 or 1 value depending on some  
threshold value, it is called Binary System. On the other hand gray scale system  
assigns upto 256 different values depending on intensity to each pixel. Thus in  
addition to black and white, many different shades of gray can be distinguished.  
This thus permits comparison of objects on the basis of surface characteristics like  
texture, color, orientation, etc. All of which produce subtle variations in light intensity  
distributions. Gray scale systems are used in applications requiring higher degree of  
image refinement. For simple inspection tasks, silhoutte images are adequate and  
binary system may serve the purpose. It may be appreciated that gray-scale system  
requires huge storage processing capability because a 256 x 256 pixel image array  
with upto 256 different pixel values will require over 65000-8 bit storage locations for  
analysis, at a speed of 30 images per second. The data processing requirements  
can thus be visualised. It is, therefore, essential that some means be used to reduce  
the amount of data to be processed. Various techniques in this direction are : 
a) Windowing. This technique is used to concentrate the processing in the desired  
area of interest and ignoring other non-interested part of image. An electronic mask  
is created around a small area of an image to be studied. 
Thus only the pixels that are not blocked out will be analysed by the computer. 
a) Image Restoration. This involves preparation of an image in more suitable  
form during the pre-processing stage by removing the degradation suffered. The  
image may be degraded (blurring of lines/ boundaries; poor contrast between image  
regions, presence of background noise, etc.) due to motion of camera / object  
during image formation, poor illumination /poor placement, variation in sensor  
response, poor contrast on surface, etc.). 
The quality may be improved, ( i ) by improving the contrast by constant  
brightness addition,( ii ) by increasing the relative contrast between high and low  
intensity elements by making light pixels lighter and Other techniques to reduce processing are 
edge detection and run length  
encoding. In former technique, the edges are clearly found and defined and rather  
than storing the entire image, only the edges are stored. In run-length encoding,  
each line of the image is scanned, and transition points form black to white or vice  
versa are noted, along with the number of pixels between transitions. These data  
are then stored instead of the original image, and serve as the starting point for  
image analysis. 
iii) Image Analysis. Digital image of the object formed is analysed in the  



central processing unit of the system to draw conclusions and make decisions.  
Analysis is done by describing and measuring the properties of several image  
features which may belong to either regions of the image or the image as a whole.  
Process of image interpretation starts with analysis of simple features and then more  
complicated features are added to define it completely. Analysis is carried for  
describing the position of the object, its geometric configuration, distribution of light  
intensity over its visible surface, etc. 
Three important taks performed by machine vision systems are measuring the  
distance of an object from a vision system camera, determining object orientation,  
and defining object position. 
The distance of an object from a vision system camera can be determined by  
stadimetry (direct imaging technique, in which distance is judged by the apparent  
size of an object in the field of view of camera after accurate focussing), or by  
triangulation technique, or by stereo vision (binocular vision technique using the  
principle of parallax). 
The object orientation can be determined by the methods of equivalent ellipse  
(by calculating an ellipse of same area as the image of object in two- dimensional  
plane, and orientation of object being defined by the major axis of the ellipse), the  
connecting of three points (defining orientation by measuring the apparent relative  
position of three points of image), light intensity distribution (determining orientation  
based on relative light intensity), structured light method (in which the workpiece is  
illuminated by the structured light and the three dimensional shape and the  
orientation of the part are determined by the way in which the pattern is distored by  
the part). 
Image can be interpreted by analysis of the fundamental geometric properties  
of two-dimensional images. Usually parts tend to have distinct shapes that can be  
recognized on the basis of elementary features. For complex three-dimensional  
objects, additional geometric properties need to be determined, including descriptions of various 
image segments (process being known as feature extraction). In this method the boundary 
locations are determined and the image is segment into distinct regions and their geometric 
properties determined. Then these image regions are organised in a structure describing their 
relationship.An image can also be interpreted on the basis of difference in intensity of light in 
different regions. Analysis of subtle changes in shadings over the image can add a great deal of 
information about the three-dimensional nature of the object.Advantages and Limitations of 
computer in processing: 
The advantages of using computer for processing of acquired data and control are  
as under : 
 A particular measurement sequence is strictly adhered to since computer  
accepts the information in a sequential manner and also provides necessary  
guidance to operator in this regard. 
 Inspection time is reduced considerably 
 The calculation of final result in available immediately on completion of the last  
measurement. 



 Rejected readings can be repeated straight away, before the set up is  
disturbed. 
 Scope for copying and calculation errors is virtually eliminated. 
 The checking of the result is made much more simple. 
 Time for calibration is reduced considerably. 
 New Operation can be trained quickly and they need not be highly qualified. 
The limitations on use of computers for this application could be : 
 Computer adheres to a given criteria rigorously and thus all the qualifying  
requirements and ability of operator in accepting / rejecting a reading need to  
be told to computer clearly without any ambiguity. 
 Sometimes a number may be entered incorrectly due to transposing error or  
key-bounce. 
 Strict control is needed over the use, amendment and copying of programme  
tapes to ensure that unauthorised modifications are not made. 
 Checking procedure to ensure correct loading of program from tape needs to be  
followed. 
 Measurement process gets remote from the operator. 
 It is difficult to locate the source of problem by normal operator. 
 While the effects of drifts, environment influences are hidden or not noticed; but  
operator may not get that confidence. 
 While human eye and memory are extremely good at detecting drifts and  
averaging high frequency noise on signals, careful programming has to be  
undertaken to give a computer a similar facility. 
Co – ordinate Measuring Machines (CMM) – Principle. 
These machine have precise movements in x-y-z coordinates which can be  
easily controlled and measured. Each slide in three directions is equipped with a  
precision linear measurement transducer which gives digital display and sense +vd/ - 
ve direction. These are manufactured in both manual and computer-controlled  
models and come in a wide range of sizes to accommodate a variety of applications.  
The measuring head incorporates a probe tip, which can be of different kinds like  
taper tip, ball tip etc. Various type of CMMs are shown in Fig. 17.11. The cantilever  
type is easiest to load and unload, but is most susceptible to mechanical error  
because of sag or deflection in y -axis beam. Bridge type is more difficult to load but  
less sensitive to mechanical errors. Horizontal boring mill type is best sited for large  
heavy workpieces. Vertical bore mill type is highly accurate but usually slower to  
operate. A floating bridge type machine is also available in which the complete bridge can slide 
in y-direction on the slides. It has the compromises of both  
cantilever and bridge type, and is thus fast to operate, simple in alignment, and  
rugged construction affords consistent accuracy. 
For measuring the distance between two holes, the workpiece is clamped to  
the worktable and aligned with the machine's three mutually perpendicular x, y and z  
measuring slides. The tapered-probe tip is then seated in first datum hole and the  
probe position digital readout is set to zero. The probe is then moved to successive  



holes, at each of which the digital readout represents the coordinate part print hole  
location with respect to the datum hole. Machine is also equipped with automatic  
recording and data processing units which are essential when complex geometric  
and statistical analysis is to be carried out. In fact, in modern machines, automatic  
on -line processing of measurement data is possible when the part is still on the  
worktable. 
In a special coordinate measuring machine, both linear ( x and z axes) and  
rotary axes are incorporated. The machines can measure various features of parts  
whose shapes are objects of revolutions like cones, cylinders and hemispheres. 
R-0 machines having motions of their measuring head in R, 0 and  
direction are used for inspecting parts that are basically spherical. 
As it is impossible to manufacture a mechanically perfect machine it is  
important to be able to analysee the geometry errors associated with each individual  
CMM and determine their effects on the machine's measurement accuracy. The  
result of such analyses can be used to compensate for these effects and thus  
provide a high degree of accuracy that could not otherwise be achieved. 
The prime advantage of co-ordinate measuring machine is the quicker  
inspection coupled with accurate measurements. 
The co-ordinate measuring machine with mechanical gauge makes use of  
two-axis X and Y positioning tables to bring the work to the probe that engages the  
holes to be inspected. 
Some machines are equipped with an optical comparator as well as travel dial  
indicator. 
Present day co-ordinate measuring machines are three-axis digital read-out  
type and work up with an accuracy of 10 microns and resolution of 5 microns. These  
utilise a measuring element called inductory data element which uses inductive  
coupling between conductors separated by a small air gap. As this element is not  
subjected to wear, it does not develop inaccuracy. It does not require reference  
standards or any other external device for its operation. The workpiece is aligned by  
a probe and by a switching adjustment on the worktable.Many machines utilize More fringe 
concept for measurement.Some coordinate measuring machines are available with accessories 
like optical viewing screen, (optical comparator), microscope attachment for the inspection of 
thin, soft, or delicate workpieces, and automatic print out. Some 
machines, it addition to measuring in three axes, are also designed to permit the  
checking of angularity, roundness, taper, and concentricity. Provision of rotary table  
makes such co-ordinate measuring machine more versatile because setting of a part  
need not be changed and all areas can be approached due to positioning of rotary  
table. The errors likely to occur in multiple set-ups are thus avoided. 
Some co-ordinate measuring machines utilise electronic indicator probe  
(mounted on the end of the spindle) which can reach over and under the workpiece  
to check squareness in a single set up. Some machines are provided with linear air  
bearings on the horizontal slide motions to achieve finer slide position resolution. 
Features of Co-ordinate Measuring Machines (CMM) 



In order to meet the requirement of faster machines with higher accuracies,  
the stiffness to weight ratio has to be high in order to reduce dynamic forces. To  
give maximum rigidity to machines without excessive weight, all the moving  
members, the bridge structure, Z- axis carriage, and Z – column are made of hollow  
box contraction. 
Principles of kinematic design are used in the three master guide ways and  
probe location. Even whole machine with its massive granite worktable is supported  
on a three-point suspension. 
A map of systematic errors in machine is build up and fed into the computer  
system so that error compensation is built up into the software. 
All machines are provided with their own computers with interactive dialogue  
facility and friendly software. 
Thermocouples are incorporated throughout the machine and interfaced with  
the computer to be used for compensation of temperature gradients and thus provide  
increased accuracy and repeatability. 
With the advent of three-axis programming, computers enable CMM to  
measure three-dimensionally object from variable datums. 
The real benefit of today's CMM is its total flexibility and programmability,  
which makes it capable of handling virtually any measuring requirement within its 
physical size limit, thus rendering dedicated or specially designed gauging  
unnecessary. 
Design improvements allied to a rapid growth in software for 3 and 4 axis  
movements enable CMMS to measure straight line relationships between basic  
features, i.e., hole centre distances, etc. and also a variety of form measurements,  
such as turbine blades, cam profiles etc. 
 


