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ABSTRACT 

The main aim of this paper is to build a method for 

recognition of bolt and nut which can be useful in mechanical 

industries. The objective of this study is to develop the image 

processing algorithm using principle component analysis to 

get the normalized resize images which would be suitable 

inputs for processing and detection. The Matlab software 

version 2011a is used to integrate all algorithms. This 

implementation also justify a prototype that emulates the 

sorting of nuts and bolts. The input is image through the high 

performance camera which is pre-processed at the suitable 

level. The image is then applied the principle component 

analysis (PCA) for the feature extraction. The resultant is 

given to the artificial neural network (ANN) system can detect 

object accurately and them accordingly as required for the 

application. 

General Terms 

Pattern Recognition. 

Keywords 

Pattern recognition, bolt and nut, principle component 

analysis (PCA), artificial neural network. 

1. INTRODUCTION 
There are things at which humans are still way ahead of the 

machines in terms of efficiency one of such thing is the 

recognition especially pattern recognition. There are several 

methods which are tested for giving the machines the 

intelligence in a efficient way for pattern recognition purpose. 

The artificial neural network is one of the most optimization 

techniques used for training the networks for efficient 

recognition.  

Computer vision is the science and technology of machines 

that can see. The machine is made by integration of many 

parts to extract information from an image in order to solve 

some task. As a scientific discipline, computer vision is 

concerned with the theory behind artificial systems that 

extract information from images. Each of the application areas 

described above employ a range of computer vision tasks; 

with more or less well defined measurement or processing 

problems, which can be solved using a variety of methods. 

Some examples of typical computer vision tasks are presented 

below. Recognition is the classical problem in computer 

vision, image processing, and machine vision. It is related to 

the determination of whether or not the image data contains 

some specific object, feature, or activity. This task can 

normally be solved robustly and without effort by a human, 

but is still not satisfactorily solved in computer vision for the 

general case, involving arbitrary objects in arbitrary 

situations. The existing methods for dealing with this problem 

can at best solve it only for specific objects, such as simple 

geometric objects, human faces, printed or handwritten 

characters, or vehicles, and in specific situations, typically 

described in terms of well-defined illumination, background, 

and pose of the object relative to the camera ([1]–[6], [8], 

[11],[17]). 

The bolt and nut is a sample of a automobile fixer that 

mechanically joins or affixes two or more objects together. 

Fixers can also be used to close a container such as a box, or a 

tyre etc. Principle component analysis is a technique that will 

be suitably used for the application purpose for sorting of nuts 

and bolts. MATLAB is the abbreviation of matrix laboratory, 

which has several hundred built-in functions packages and 

thirty kinds of tool kits.  

In this paper, we use the MATLAB and implement the 

principle component analysis and artificial neural network for 

image processing and detection. The optimization algorithm 

has less iteration than implementation with Artificial Neural 

Network process for the same task and other improved 

algorithms while the convergence rate is faster and the 

precision is higher [7,17]. 

Curve figures in terms of perimeter radius are used as feature 

extraction ([6], [10], [12]) for recognizing objects. 

This method is efficient and more suitable for real time 

recognition systems compared with previous research [5, 7, 

and 17], because we can get better iteration time, speed of belt 

conveyor and accuracy. This paper is organized as follows; 

software implementation is proposed in the section 2. 

Methodology and hardware details are presented in section 3. 

The result and discussion are presented in section 4. Finally, 

section 5 presents the conclusion on the findings. 

2. METHODOLOGY 
A software framework is designed using the MATLAB which 

is more suited for the image processing application due to its 

basic matrices. The process start with image acquisition where 

image will be capture using the high resolution camera, follow 

by pre-processing of the images captured to reduce the image 

for its unified size. Images are then converted to gray scale 

and double precision image for the analyzing process. After 

the images have been pre-processed, the principle component 

analysis is determined. Lastly according to the parameter of 

PCA, the status of a TRAINING process can be determined 
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by using neural network and action can be taken to follow up 

this result [15]. 

 

 2.1 Configuration database 

This configuration is used for configuring the information 

such as image size and image resolution. In this case, image 

size is fixed i.e. 100 x 100 pixels, and the image input format 

is in gray scale. 

2.2. Image processing feature extraction 

Image processing feature extraction consists of principle 

component analysis methodology for getting the unique 

feature vector. 

2.3. Artificial neural network   

Artificial neural network is the soft computing optimisation 

technique which is used to give the train result in a efficient 

way depending on the training set of data.So, it is essential to 

give artificial neural network proper training input vectors 

which is nothing but the principal component analysis highest 

eigen values. These values are different and unique for the 

input datasets.  
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                        Fig1. Main stages of program 

 

3. HARDWARE PROTOTYPE 
The framework starts when mental sensor detects the presence 

of a moving object on the belt conveyor. This signal is 

provided to the microcontroller unit that tells Matlab program 

that a nut or bolt is present in front of the webcam. With a 

response time of less than 250 ms, the sensor via the 

controller system initiates the web camera to capture the 

object. The captured image then will be processed by 

computer using image processing and PCA transform, finally 

sending the output signal to the microcontroller ATMega32. 

As an actuator, the  

microcontroller which is connected to a personal computer via 

serial port RS232, orders the Smart Peripheral Controller 

(SPC) motor to differentiate the bolt and nut as fig.1.[17]. 

 

Fig.2 Layout of the prototype 

The hardware system provides a communication between the 

prototype setup and the Matlab code. The microcontroller is 

programmed using C language and controls the input and 

output of the system. The microcontroller can also control the 

speed of the conveyor in case the Matlab code goes slow due 

to heavy processes running on the machine.. 

4. RESULTS 
After the neural network simulation, we have a final result for 

each bolt and nut as shown in Fig. 3 and Fig. 4. 

 

Fig.3 PCA graph for Bolt 
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Fig.4 PCA graph for nut 

 

The results of principle component analysis of testing can be 

seen in the Fig. 2 and Fig. 3. By using the heuristic method for 

three types of bolt and nut, we can decide that for an output 

value of less than 0 to almost zero is defined as a nut, whereas 

the output value of greater or equal to 1 to almost one is 

defined as a bolt. 

5. CONCLUSION 
The result achieved on the database 23 set of different nut and 

bolt shows good result with very high accuracy for any 

directivity of nut or bolt. So further hardware implementation 

can give good success rate which should depend on speed of 

belt conveyor, and types of bolt and nut.  
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