
Abstract
Machine vision is study of methods and techniques whereby 
artificial vision systems can be constructed and usefully 
employed in practical applications. As such, it embraces 
both the science and engineering of vision. It covers not only 
the image processing itself, but also the engineering that 
makes systems. This includes the right choice of the sensor, 
optics, illumination etc.  This paper gives a design of screw 
classification using machine vision. This design makes use 
of various image processing functions with special filters and 
classifiers to compute the optimum results. The proposed 
system is very precise, accurate and flexible with reasonable 
development cost. 
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I. Introduction
Machine vision (MV) is a branch of engineering that uses 
computer vision in the context of manufacturing. It is the 
analysis of images to extract data for controlling a process 
or activity.MV processes are targeted at “recognizing the 
actual objects in an image and assigning properties to those 
objects--understanding what they mean.”[1]. Engineers are 
adding machine vision systems to a number of industrial 
applications to reduce costs, increase throughput, and improve 
customer satisfaction. The reference architecture featured here 
shows one possible path from cameras and lighting through 
enterprise-level communication. All machine vision systems 
include a combination of hardware and software to acquire 
and process images, usually resulting in a response from a 
secondary system connected to the inspection system. There 
are two possible designs for this reference architecture. One 
includes a low-cost, rugged, embedded solution while the other 
makes use of the power of a desktop PC to acquire and process 
images at a higher rate and resolution[2].

II. Machine vision system

 
Fig.1

A. Illumination
It is the deliberate application of light to achieve some aesthetic 
or practical effect. Lighting includes use of both artificial light 
sources such as lamps and natural illumination of interiors from 
daylight. Day lighting (through windows, skylights, etc.) is often 
used as the main source of light during daytime in buildings 
given its high quality and low cost. Artificial lighting represents 
a major component of energy consumption, accounting for a 
significant part of all energy consumed worldwide. Artificial 
lighting is most commonly provided today by electric lights [3]. 
When the information from these three areas is accumulated 
and analyzed, with respect to the specific sample and inspection 
requirements, we can achieve the primary goal of machine 
vision lighting analysis - to provide sample appropriate lighting 
that meets three acceptance criteria consistently:
1. Maximize the contrast on those features of interest
2. Minimize the contrast elsewhere
3. Provide for a measure of robustness [4].

B. Object
The part which is going to be inspected is show in the area. In 
this particular paper the screw is placed.

C. Camera
Your selection of camera is heavily dependent on your 
application. If you select an appropriate camera, lens and 
lightning setup, your efforts can then be focused on developing 
your solution, rather than wrestling with poor image data and 
saves processing time at execution [5] 

D. Monitor
It is used for display the results with actual parameters.

III. Algorithm
The algorithm comprises the various analyzing and processing 
functions. 
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A. Actual image
The image is captured by the SONY XCD-710. Vision Assistant 
offers three types of acquisitions: snap, grab, and sequence.
• A snap acquires and displays a single image. 
• A grab acquires and displays images in a continuous mode 

at maximum rate, which is useful when you need to focus 
the camera. 

• A sequence acquires images according to settings that you 
specify in the Sequence tab of the Acquisition Interface 
window and sends the images to the Image Browser. 

Fig.3 : Actual Image 

B. Histogram
A histogram counts and graphs the total number of pixels at 
each grayscale level. From the graph, you can tell whether the 
image contains distinct regions of a certain gray-level value. A 
histogram provides a general description of the appearance of 
an image and helps identify various components such as the 
background, objects, and noise. The histogram is a fundamental 
image analysis tool that describes the distribution of the pixel 
intensities in an image. Use the histogram to determine if the 
overall intensity in the image is high enough for your inspection 
task. You can use the histogram to determine whether an 
image contains distinct regions of certain grayscale values. 
You also can use a histogram to adjust the image acquisition 
conditions. You can detect two important criteria by looking at 
the histogram[6].

Fig.4 : Histogram Graph 

C. Color Threshold
Thresholding segments an image into a particle region, which 
contains the objects under inspection, and a background region 
based on the pixel intensities within the image. The resulting 
image is a binary image. Use Thresholding to extract areas 
that correspond to significant structures in an image and to 
focus analysis on these areas. Thresholding an image is often 
the first step in a variety of machine vision applications that 
perform image analysis on binary images, such as particle 
analysis, golden template comparison, and binary particle 
classification.

Fig.5 : Color Threshold

D. Lookup Table
The lookup table (LUT) transformations are basic image-
processing functions that highlight details in areas containing 
significant information, at the expense of other areas. These 
functions include histogram equalization, gamma corrections, 
logarithmic corrections, and exponential corrections. Use LUT 
transformations to improve the contrast and brightness of 
an image by modifying the dynamic intensity of regions with 
poor contrast. A LUT transformation converts input gray-level 
values from the source image into other gray-level values in 
the transformed image. 

Fig.6 : After performing the Look Up Process 

E. Filters
Spatial filters serve a variety of purposes, such as detecting 
edges along a specific direction, contouring patterns, reducing 
noise, and detail outlining or smoothing. Filters smooth, 
sharpen, transform, and remove noise from an image so that 
you can extract the information you need.
Nonlinear filters either extract the contours (edge detection) or 
remove the isolated pixels. NI Vision has six different methods 
you can use for contour extraction (Differentiation, Gradient, 
Prewitt, Roberts, Sigma, or Sobel). The Canny Edge Detection 
filter is a specialized edge detection method that locates edges 
accurately, even under low signal-to-noise conditions in an 
image. To harmonize pixel values, choose between two filters, 
each of which uses a different method: Nth Order and Low 
Pass. These functions require that either a kernel size and 
order number or percentage is specified on input.[8]

Fig.7 : Prewitt Filtered Image

F. Morphology
Morphological transformations extract and alter the structure 
of particles in an image. They fall into two categories:
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• Binary Morphology functions, which apply to binary 
images 

• Grayscale morphology functions, which apply to gray-level 
images 

In grayscale morphology, a pixel is compared to those pixels 
surrounding it in order to keep the pixels whose values are the 
smallest (in the case of erosion) or the largest (in the case of 
dilation). Use grayscale morphology functions to filter or smooth the 
pixel intensities of an image. Applications include noise filtering, 
uneven background correction, and gray-level feature extraction. 
The gray-level morphology functions apply to gray-level images. You 
can use these functions to alter the shape of regions by expanding 
bright areas at the expense of dark areas and vice versa. These 
functions smooth gradually varying patterns and increase the 
contrast in boundary areas. This section describes the following 
gray-level morphology functions: [7]
• Erosion 
• Dilation 
• Opening 
• Closing 
• Proper-opening 
• Proper-closing 
• Auto-Median

G. ParticleClassification
Classification identifies an unknown sample by comparing a set 
of its significant features to a set of features that conceptually 
represent classes of known samples. A particle classifier uses 
feature vectors to identify samples based on their shape. A 
color classifier uses color features to identify samples based 
on their color. Classification involves two phases: training and 
classifying. Training is a phase during which you teach the 
machine vision software the types of samples you want to 
classify during the classifying phase. You can train any number 
of samples to create a set of classes, which you later compare 
to unknown samples during the classifying phase. You store 
the classes in a classifier file. Training might be a one-time 
process, or it might be an incremental process you repeat 
to add new samples to existing classes or to create several 
classes, thus broadening the scope of samples you want 
to classify. Classifying is a phase during which your custom 
machine vision application classifies an unknown sample in 
an inspection image into one of the classes you trained. The 
classifying phase classifies a sample according to how similar 
the sample features are to the same features of the trained 
samples. The need to classify is common in many machine 
vision applications. Typical applications involving classification 
include the following: 
• Sorting
• Inspection

 

 
Fig.8

IV. Conclusion
The computational speed of image processing has been 
improved using NI Vision Assistant. A new system based on 
machine vision helps to calculate the results with precise and 
accurate values. Particle Classification is an effective technique 
to classify or inspect the screw automatically and give results 
to match with the previously saved template. Filters help to 
improve the quality of an image. Image quality is basically 
depends upon the illumination conditions which produces 
noise in the image.
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