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Abstract - The paper deals with the use of machine vision in automated inspections based on virtual instrumentation using a 
visualization tool named Vision Builder for Automated Inspection (VBAI) - National Instruments (NI). The experimental part 
focuses on an application for camera tests of dimensions, shapes and presence. The purpose of this task is to find out if all LEDs are 
on the LED strip, which can be checked thanks to the created automatic control. 
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I. INTRODUCTION 
 

Machine vision [1,2,3] is often used in the industry for 
image processing via a superior system, which enables the 
construction of the algorithm whose outcome affects 
automated decision-making tools and information systems. 
Typically, this is used in order to check the completeness 
and defects of the product within the production line, when 
the image-based system evaluates which products are correct 
or defective [4,5]. 

A camera is basic equipment for machine vision. 
Another optional hardware according to the task can be a 
lens, a filter or an illuminator. In practice, this is primarily an 
industrial camera that differs from the classic camera by 
faster data transfer, resolution, resistance to vibration, higher 
temperatures or dust and more. The industrial camera is 
designed to be fitted with a lens or a filter. The filters can be 
equipped for filtering of unnecessary or unwanted 
wavelengths from the image, illumination is used to light up 
the object to obtain a better picture quality, and lenses are 
the camera's optical system which enables focusing the 
object [6,7]. 

A supervisory system is a software for the automated 
inspection that can solve problems of vision by using 
different tools. This work is targeted at Vision Builder for 
Automated Inspection (VBAI) [8,9,10] from National 
Instrument (NI). The VBAI is software often used in the 
industry to perform medium-sized inspections, and its 
advantage is that it contains pre-created tools for working 
with the image, so it is just about their adjusting. 

Their appropriate combination creates a fully functional 
automatic inspection. This paper focuses on the dimension, 
shape and presence tests, namely the inspection of the LEDs 
(Light Emitting Diodes) detection, [1,2]. A light bulb of a 
LED includes several individual elements. Different sub-
assembly elements are utilized, e.g. lens, LED printed circuit 

board, housing working as a heat sink or lower housing, 
[11]. 

The VBAI using LabVIEW by NI is commonly used in 
practice, and many studies were presented in this field. The 
VBAI is configurable software for building, benchmarking 
and deploying the machine vision applications, which 
demand a combination of hardware and software to provide 
success [12,13]. 

In [14], the primary prototype of the flexible automatic 
pick-and-place assembly system is designed, when the 
machine vision system with the robotic system is integrated 
to conduct a pick-and-place process. Particularly challenging 
sorting application based on machine vision working with 
Indian coin is made in [2]. In [1], the authors present an 
example of automated inspection of the manufacturing 
process in a production work cell using the vision 
supervising system. Camera, LabVIEW and vision software 
tools are utilized to generate eye detection and tracking 
algorithms in [15]. A technique for an automated count of 
cigarette in cigarette packets is proposed in [16] - NI's Smart 
camera is used to capture images of cigarette packets moving 
in packaging line and process the data to fulfil. 

Our implemented system was chosen from the reason 
that no research has solved this application yet. The 
advantage is that the system is modular, modifiable and 
easily expandable, e.g. it can be used for many different 
objects investigated. 

The rest of the paper is organized as follows: in section 
II, we present the equipment used in the experiment. In 
section III, the implementation of LED strip control based on 
camera tests is described. Section IV gives the experimental 
results of LED detection, and finally, the conclusion is made 
in section V. 
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II. HARDWARE FOR MACHINE VISION 
 

In the study, considering the easy availability and price, 
Microsoft LifeCam Studio webcam (see Fig. 1) is used, 
[17,18].  

 

Figure 1.  Microsoft LifeCam Studio webcam. 
 
 
 

With a resolution of 1920 x 1080 (Full HD), autofocus 
and features TrueColor, it brings bright and colorful video in 
all lighting conditions. Though this is only a webcam, it is 
sufficient for the lab that is not realized in an industrial 
environment. The camera was chosen because of its 
properties of high resolution, autofocus and low price. 
 
 

III. LED STRIP CONTROL 
 

To implement this experiment, a blue LED strip type 
60xLED3528/m supplied with a voltage of 12 V, was 
selected (see Fig. 2). Using automated inspection was 
necessary to find a LED strip, to display LED illuminating 
position, and also to control the distance between the LEDs 
for the detection of potentially defective LEDs, which are 
not found. The distance between the diodes is 16 mm, and 
the maximum for this distance was set to 24 mm. The 
maximum distance between the diodes must be large enough 
because the LED strip may be slightly nailed, and it is 
sufficient for the longer distance control using the x-axis. 

In case that more LEDs in a row would shine, extra value 
for the maximum distance between 3 and 4 LEDs is given. 
The maximum distance for the three diodes is 38 mm and for 
four diodes 56 mm. To perform a faulty diode and to test the 
functionality of the inspection, the diodes are overlapped 
with a piece of black paper. 

 

Figure 2.  The selected LED strip. 
 

A. Implementation 
 

The entire auto-inspection includes nine steps, such as a 
folder with LED strip images, conversion to 8-bit format, 
calibration, first and last LED detection, LED detection, 
calculator, complete evaluation, and displaying data on the 
screen. The first enumeration performs images from the 
folder step by using component images of the LED strip, 
then the image is converted to the 8-bit format, and the 
calibration is performed. Following steps are detecting the 

first LED and the last LED and their checking. The 
procedure then proceeds through the LED detection step, 
which recognizes the LEDs on the image and then advances 
their parameter to the distance of the x-axis. This parameter 
is further processed in the next phase of the calculator to 
determine if the distance between the diodes is within the 
maximum value specified in the design solution. Finally, an 
entire inspection and screening of the data are performed. 
The processing of automatic inspection is shown in Fig. 3. 
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Figure 3.  Processing of automatic inspection. 
 

B. Calibration 
 

The system is calibrated regularly (in our case, the 
calibration of the gauge) after intervening in the optical 
system or operation. Using a known length gauge, we learn 
the system, which lengths the resolution has in the X and Y 
axes. After creating the image of the calibration pattern, we 
run the Image Calibration Setup function, place the cursors 

on the points of the calibration pattern with known 
dimensions and enter the real distance of these two points 
into the calibration function, see Fig. 5. The calibration 
pattern was created using a ruler image inserted on the 
backlight illuminator. This calibration step was then awarded 
in a dimension of 10 millimeters. The program will 
internally calculate the resolution of the image in the specific 
axis. Fig. 4 shows the calibration pattern.

 

 
Figure 4.  Calibration pattern. 

 

C. Conversion to 8-bit Format 
 

The image is using this step to convert the image from 
the 32-bit format to the 8-bit format. We need to convert the 
selected green component of the RGB image, and the image 
becomes black and white, which is suitable for the next step. 
 

D. First and Last LED Detection 
 

In these two steps, extreme LEDs are detected. Detection 
is set to find a light object in a specified area of interest. The 
condition of these steps is only the presence of at least one 
light object with an area greater than 8 mm2, namely the 
LED. Fig. 5 shows the first and last LED detection. 

 

Figure 5.  First and last LED detection. 
 

E. LED Detection 
 

With this step, light objects, such as LEDs, that have a 
larger area than 8 mm2, are detected throughout the image. 

Each light object found has its chosen parameter and is the 
center of the object in millimeters. This parameter is then 
used in the next step for detecting the distance between the 
LEDs. The minimum number of found objects is fused to 1, 
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and the maximum is not limited. The indexing of found 
objects is set upward according to the x-coordinate value, i.e. 

from left to right. In Fig. 6 and 7, you can see settings and an 
example of the detection step. 

 

 

 

Figure 6.  Setting the LED diodes detection step. 
 

 

Figure 7.  Example of detection step. 
 

F. Calculator 
 

It was evaluated whether the distance between the diodes 
is within the maximum distance and whether it is not greater 
than 24 mm. If the diode distance value is greater than 24 
mm, further evaluation is made of the decision whether 1, 2 
or 3 LEDs are defective, according to the maximum values 
set in the solution design. Depending on the distance, the 
number of defective LEDs is added from 0 to 3 to the output 
value. The input is the first element of the array, the entire 
array of LEDs x-coordinate, and the number of objects from 
the steps of detecting the first and last LEDs. The distance 

between the diodes is obtained by subtracting the current 
value of the x-axis from the previous value of the x-axis. In 
the calculator, there is also the text insertion solved for the 
case that the first and last LEDs are not found, i.e. if the 
number of objects from the steps of detection of the first and 
last LEDs is zero. The condition for the correctness of the 
calculator is that the number of defective LEDs is equal to 
zero. 

The overall evaluation was set, so that if an error occurs 
in any of the previous steps, the entire inspection is 
evaluated as incorrect. Fig. 8 shows a block diagram of a 
calculator. 
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Figure 8.  Block diagram of the calculator. 

 
 

IV. DISCUSSIONS AND RESULTS 
 

This study deserts the possibility of using virtual devices 
for modal camera inspections. The VBAI - NI is a powerful 
tool that allows us to create complex modular camera 
inspections in a very short time, [9, 10, 12, 13]. 

In this paper, camera tests are presented for the control of 
LED strips based on virtual instrumentation. This application 
is very current because LED tapes are currently very 
widespread [19, 20, 21]. In Fig. 9 you can see examples of 
the many functions available in the VBAI. 

 

 

Figure 9.  Examples of the many functions available in the VBAI. 

 
However, the primary objective of this study is not to 

show one application area, but overall accessibility options 
based on virtual instrumentation, where the key component 
of the measuring system is not hardware but software. This 
means that the functionality can be changed by simply 
changing the software (in our case, the LabVIEW code), 
this issue has long been devoted to the author's team [22, 
23, 24, 25]. 

Using the approach described in this article, giving you 
a number of advantages over solutions in other 
programming languages or environments: 
 Support of all types of commonly used cameras for 

camera inspections, e.g. GigE Vision, IEEE 1394, 
USB3.0, etc., 

 Rich libraries of smart tools for image processing and 
analysis, such as shape search, edge and object 
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detection, distance measurement, OCR, 1D / 2D barcode 
reading, 

 Intuitive graphical environment with customization 
capabilities. 

For the above reasons, VBAI - NI was able to assert itself in 
a number of application areas [12]: 

 pattern and geometric matching, 
 optical character recognition/verification, 
 particle analysis, 
 color inspection, 
 edge detection, 
 object classification, 
 gauging, 
 bar code reader and grader, 
 spatial calibration, 
 image arithmetic and logic functions, 
 coordinate systems, 
 image filters and frequency analysis, 

 image segmentation, 
 golden template comparison. 

 
 

V. CONCLUSION 
 

This automated inspection checks whether the LED is 
defective by detecting the distance between the diodes. The 
entire inspection can detect up to 3 consecutive LEDs. After 
performing the entire automated inspection, the data at the 
bottom right of the screen shows the number of LEDs found, 
the number of faulty LEDs, and the evaluation of the entire 
automated inspection. The first and last LEDs are searched 
separately in the specified area, and if they are not found, the 
first or last LED is not displayed on the screen. This auto-
inspection is limited only to the selected LED strip type with 
a distance between 16 mm diodes. 

 

 

Figure 10.  Example of the correct automatic inspection. 

 
The system was tested on various combinations of the 

LED strip with 11 segments. Overall, 20 combinations were 
tested; each test was repeated 10 times. The logical value 0 
means that the segment is off. The logical value 1 means that 
the segment is on. Examples of the correct automatic 

inspection (combination 11111111111, see Fig. 10) and of 
the bad automatic inspection (combination 11110001111, 
see Fig. 11) are shown in pictures. 

The system was 100% functional for all tested 
combinations. 



M SIDIKOVA et al: CAMERA TESTS FOR THE CONTROL OF LED STRIPS BASED ON VIRTUAL . .  

DOI 10.5013/IJSSST.a.20.02.05                                            5.7                              ISSN: 1473-804x online, 1473-8031 print 

 

Figure 11.  Example of the bad automatic inspection. 
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