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1. Introduction
The MET has been consid-

ered as alternative or additional 
to MEMS for the production of 
mechanisms with micromechani-
cal technology [1–5]. This technol-
ogy is based on the application of 
microequipment, similar to con-
ventional mechanical equipment, 
but much smaller in size. This al-
lows conventional material treat-
ment technology and automatic 
assembly of mechanical and elec-
tronic devices to be used to manu-
facture micromechanical and mi-
croelectronic devices of millimeter 
dimensions [1–5]. The first genera-
tion has been produced by conven-
tional mechanical equipment. The 
machine tool of this generation has 
a total size of 100–200 mm. Using 
microequipment of this genera-
tion, a second generation of much 
smaller size can be produced. This 
process can be repeated to produce 
generations of micromachine tools 
with millimeter dimensions.

For automation tasks, it is 
proposed to use image recog-
nition systems. Different algo-
rithms for image recognition 
have previously been developed. 
These algorithms are adapted for 
the automation of micromechan-
ical equipment. With these algo-
rithms and computer vision pro-
totype it is possible to automate 
production and assembly work in 
micromechanics. In this article 
let’s present an image focusing 
system using stepper motors.

2. Methods
The development of the micromechanical systems began for-

mally in the mid-1980s and since then has had a high impact in 
the scientific and industrial field [1–5]. For automation tasks, it is 
proposed to use image recognition systems. Different algorithms 
for image recognition have previously been developed [6–9].

The algorithms for the automation of micromechanical 
equipment are adapted. With these algorithms and computer 
vision prototype it is possible to automate production and as-
sembly work in micromechanics. The vision system prototypes 
have been developed that have a video camera, four lamps, 
microequipment and a PC, for image recognition for this micro-
assembly task [10]. These prototypes were used to obtain image 
databases. With these image databases, new image recognition 
algorithms were approved.

A vision system using a webcam is being developed. The 
design of the computer vision system is focused on image cap-
ture in microassembly and manufacturing tasks of microparts. 
With this computer vision system, it is possible to use image 
recognition algorithms that have already been developed and 
tested offline. The elements of the computer vision system are 
shown in Fig. 1.

3. Results
A device was developed that 

allows the webcam to be mounted 
on one end and the lens used on 
the other end. This device (armed 
tubes) has the possibility of mov-
ing the lens closer or further away 
to focus on the object under study. 
It also has a light source, in the 
form of a ring of bulbs to achieve 
a diffused light form. 

To manage the computer vi-
sion system (Fig. 1), a stepper 
motor was developed, which will 
allow automatic focus move-
ment, to have a more precise 
movement [11, 12]. The proposed 
stepper motor is a bipolar perma-
nent magnet motor; this design 
is 4 coils. The operation is very 
simple. The rotor is fixed in the 
middle of the stator, when the 
polarity of one of the stator poles 
changes, then the magnet aligns 
itself according to the polarity.

The developed prototype is 
demonstrated in Fig. 2. There 
were two aluminum tubes, a 
webcam, a PVC mount for the 
webcam, a thin lens with a focal 
length of 8.4 cm for which a PVC 
mount was also developed. A di-
aphragm was developed to limit 

light rays from external sources, a base for the device and a light 
source, formed by a ring of 12 V bulbs to obtain a diffused light.

Autofocus by contrast evaluation is based on the principle 
that an out-of-focus image has lower contrast, while a focused 

DEVELOPMENT AND ANALYSIS OF COMPUTER 
VISION SYSTEM FOR MICROMECHANICS

Tetyana Baydyk
Corresponding author

Department of Micro and Nanotechnology1

t.baydyk@icat.unam.mx

Ernst Kussul
Department of Micro and Nanotechnology1

1Institute of Applied Sciences and Technology (ICAT)
National Autonomous University of Mexico (UNAM)

Circuito Exterior s/n, Ciudad Universitaria, Mexico, Mexico, 04510

Summary: In micromechanics the best technologies are MicroElec-
troMechanical Systems (MEMS) and MicroEquipment Technology 
(MET). The MEMS used the electronic technology to produce me-
chanical components. Due to the advantages of the MET such as the 
development of low-cost micro devices, the possibility of using various 
manufacturing materials, the possibility of producing three-dimen-
sional microcomponents it will be very useful to automatize all pro-
cesses of mechanics production and develop different technological 
innovations. The automation and robotics are two closely related tech-
nologies since automation can be defined as a technology that is relat-
ed to the use of mechanical-electrical systems based on computers for 
the operation and control of production. The field of micromechanics 
has been involved in different applications that cover almost all areas 
of science and technology, an example of this is the management of 
microdevices for the autofocus of digital cameras whose objective is 
image processing (recognizing and locate objects). The use of com-
puter vision systems can help to automate the work of MEMS and 
MET systems, so the study of image processing using a computer is 
very important. The objective was to design a computer vision system 
that allows the movement of the lens to focus the work area, for the 
monitoring of the micromachine tool in manufacturing processes and 
assembly of microcomponents in real time using previously developed 
image recognition algorithms. The developed algorithms use the cri-
terion of improving the contrast of the input image. We describe our 
approach and obtained results. This approach can be used not only in 
micromechanics but in nanomechanics too.
Keywords: computer vision; Micro Equipment Technology (MET); 
image recognition algorithms; image contrast.

Fig. 1. Elements of the computer 
vision system

Fig. 2. Complete system of computer vision
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image has higher contrast, especially in the contours or reliefs 
of figures [13]. As it was said to move the elements of the system 
let’s use stepper motors [14]. The lens shifts can focus the image 
of our objective.

Finally, in Fig. 3, the interconnection of the motor, the con-
troller circuit as well as the power source, known as the comput-
er vision system, has been made.

4. Discussion and scope of application
There are various tasks for which this computer vision 

system can be used by applying image recognition algorithms 
in manufacturing tasks of microcomponents. As an example 
of a task it is possible to select the images captured with this 
device of 3 mm diameter screws of four different classes that 
are depending on the position of the cutter in which they were 
generated [10, 15]. Fig. 4 shows the vision system in the process 
of capturing images of 3 mm diameter screws, displayed on the 
computer.

A device was developed that will be used to capture images 
in manufacturing or assembly tasks of microdevices in real 
time, applying image recognition algorithms that have already 
been developed previously.

Images were obtained with this vision system of 3mm di-
ameter screws (Fig. 5), obtaining an acceptable image quality 
for the image recognition algorithms. Images of screws are 
captured with the computer vision system with different focal 
lengths and, as a result, with different contrast levels (Fig. 5).

For the computer vision system, the algorithms are devel-
oped to define best approach. The calculation of the contrasts 
in the images was chosen as a first approach. The program for 
calculating the contrasts of the images was written in C++ Bor-
land 6. Let’s divide the range of brightness contrast in the image 
by 16 intervals. For each image let’s calculate the contrast his-
togram. Example of program work (screw image with contrast 
histogram) is shown in Fig. 6. For each histogram let’s calculate 
sum of all histogram values. This sum characterizes the image 
presented to the system.

The results obtained for each class of images (the results are 
average values) are presented in Table 1.

Table 1
Sum of histogram values

Class Contrast

Blurred 76661

Best Quality 87805

Focused 160525

From Table 1 it is possible to see that for the focused image 
there is maximum contrast. This feature can be used in the com-
puter vision system to correct the position of the lens. So let’s ob-
tain the best image quality when there is the maximum contrast.

The objective of the designed program is to define the 
image quality using the contrast histogram calculations algo-
rithm. Depending on image quality (maximum contrast) the 
system can define stepper motor movement to change the focal 
length of the lens. 

Development of the algorithms of computer vision systems 
can be found in publications [15].

Fig. 3. Computer vision system

Fig. 4. Capturing images of screws with vision system

Fig. 5. Examples of screws with different focal lengths:  
a – blurred image; b – better quality image; c – focused image

a

b

c
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The prototype of a computer vision system has the simplic-
ity of its design and low cost. It is necessary to develop fully 
automated microfactories in future. 

5. Conclusions
All the elements described above as well as the stepper 

motor were developed and machined using machine tools 
(milling machine, lathe, drill, etc.). The control of the stepper 
motor is based on a set of integrated circuits. Consequently, the 
computer vision system has contrast calculation algorithms. 
The algorithms are carried out with the help of C++ Borland 6. 
The focus adjustment has very smooth system movements. The 
system could be automated using a microcontrollers and other 
algorithms for image recognition, such as contrast histogram, 
contour recognition, etc.
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Fig. 6. Example of program work
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