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ABSTRACT

This article describes the use of OpenCV for use in augmented reality applications. The
implementation of the object recognition functionality is described using the basic algorithms:
FAST, BRIEF, as well as by applying a mask and defining contours. Attention is also paid to the
practical application of this technology on the example of an augmented reality application to
assist a specialist in mounting radio-electronic components on a printed circuit board.
Experiments were carried out to measure the recognition time depending on the degree of
illumination. An analysis of the filters used for image preprocessing has been carried out..

Keywords
Augmented reality
Object recognition
Computer vision
Optical control
Production automation

1. Introduction

Augmented reality is a tool for introducing automation
into various industries. At the moment, the use of systems
with augmented reality in real production is a rare
occurrence [1]. The following risk factors are
distinguished: temporary risks, financial risks and
security risks.

At the moment, each application of augmented reality
is a “piece of goods”, sharpened for specific tasks. There
is a need to bring augmented reality application
development into the mainstream. The use of different
models of headsets for the same purposes, as well as the
use of classical algorithms that give the correct result
when used in changing work conditions. It is necessary
to implement an augmented reality library, so for a start
it was decided to narrow the range of tasks to be solved,
with subsequent possible scaling.

This work is devoted to the development of algorithms
that allow the use of object recognition using OpenCV
algorithms.

2. Analysis tools for AR
ARKit [2] is a software development kit designed by
Apple for building augmented reality apps on 10S
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devices. It offers a range of features, including the ability
to determine the depth of the environment using the
Depth APl and LiDAR camera, track a person's
movements and identify their skeletal structure, and
generate topological maps of physical spaces.

ARCore [2] also allows you to develop applications for
Android and I0S. It is possible to measure the depth of
the surrounding world, evaluate lighting.

The Vuforia augmented reality SDK [2] provides the
ability to implement applications for different operating
systems: Android, 10S. Vuforia enables the recognition
of 3D model object, scanning of physical objects, and
identification of groups. Meanwhile, Wikitude [2] offers
features such as object recognition from 3D models,
marker tracking, location-based anchoring on maps,
video overlay, integration with smart glasses, and
external plugin integration.

3. Device overview

Before the start of development, an analysis of
augmented reality glasses was made. Four AR headsets
were selected for technical comparison: Vuzix M400
Starter Kit [3], RealWear HMT-1 & Wall Charger [4],
Google Glass Enterprise Edition 2[5] and HoloLens [6].
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The main criteria for choosing a target headset was the
performance of the device for computing recognition
algorithms. Vuzix M400 Starter Kit: 6 GB RAM, 12
hours battery life, Android 9.0 operating system. The
RealWear HMT-1 Wall Charger has 3 GB of RAM, 10
hours of battery life and the Android 10.0 operating
system. Google Glass Enterprise Edition - 3 GB of RAM,
8 hours of battery life, Android 8.1 operating system.
HoloLens 2 - 4 GB RAM, 3 hours battery life, Windows
Holographic operating system. Based on all the
characteristics of these headsets, the VVuzix M400 Starter
Kit was chosen.

4. Problem statement

As mentioned earlier, at the moment there are
augmented reality libraries that provide all the necessary
functionality. The problem with their use is the lack of
universality that would allow augmented reality
applications to be implemented in flow mode.

The purpose of this work is to implement a library
containing proven algorithms for recognizing objects
located in various environmental conditions. As part of
this work, the following parts were identified that need to
be implemented: object recognition using different
algorithms, testing different algorithm values, identifying
the best algorithm for devices with low performance.
Application functionality:

e Application opening.

e Pointing the camera at an object for recognition.

e Drawing a frame around an object, highlighting
additional technical information.

e Closing the application.

4.1 Recognizing an object from an image using
OpenCV

OpenCV — Open Source Computer Vision Library. A
popular library that is the base for the Khronos computer
vision standard. The library is adapted for different
platforms. Open, freely distributed code, the ability to
modify algorithms is the main advantage of using
OpenCV.

To implement all the necessary functions, the
OpenCVSharp plus Unity asset [7] and the Unity
2021.2.10f1 environment [8] were used. All development
was carried out in the C# programming language.

ORB - oriented FAST and rotated BRIEF, a classic
algorithm for determining key points in an image, the
algorithm is not patented, so it can be used without
restrictions in any projects. This algorithm is the best for
devices with low performance according to [9]. The ORB
algorithm uses two algorithms internally that are
responsible for selecting key points and generating their
descriptions. FAST is an algorithm for selecting key
points [10]. The pixel is compared with 16 pixels located
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on a circle around the pixel of interest. Next, the
condition is checked for the number of pixels darker or
lighter than the one of interest. BRIEF [11] is an
algorithm for describing key points. In this case, a binary
feature vector is used.

The Flann Matcher [12] algorithm operates more
efficiently on large data arrays compared to the Brute-
Force Matcher algorithm [13], as it utilizes the k-d-tree
algorithm [14]. The algorithm's complexity is O(h) at
best, where h represents the tree's height.

In k-d-tree, the search starts from the root of the tree, at
each stage the distance from the point of interest to the
points on the leaves of the tree is calculated. If the
minimum distance is found, a check is made to see if
there is a point to which the distance is less. A
perpendicular line is constructed from the point of
interest to the line passing through the parent node of the
found point. If this distance is less than previously found
for the point of interest, then the adjacent sheet is checked
for the found point.

To leave only the necessary points and filter out all the
noise the Lowe's Ratio Test algorithm [15] was applied.

Homography is a 3x3 dimensional transformation
matrix for matching points from one image with
corresponding points from another image. To display a
frame around a recognized object, this method was used

The figures Fig. 1 and Fig. 2 present algorithms for
finding key points and getting rid of noise.

FUNCTION object recognition in an image
INPUT:image key points, image descriptors, frame;
OUTPUT:frame;

Searching for frame key points and descriptors

Comparison of picture and frame descriptors

Ratio Test

Searching for homography

IF homography exists AND matched descriptors > constant
Drawing a frame around the object on the frame

ENDIF

ENDFUNCTION

Fig. 1. Pseudocode to recognize key points on a frame
and display the frame

FUNCTION Ratio Test
INPUT:matched descriptors;
OUTPUT:array of matches;

FOR every match
IF distance to first best point > distance to the
second best point multiplied by a constant THEN
Adding the first best point to the array of
matches
ENDIF
ENDFOR
ENDFUNCTION

Fig. 2. Pseudocode for deleting keypoints

To reduce the load on the computing power of the
device, the calculation of key points on the reference
image is performed at the very beginning of the program
at startup. The calculation from the frames received from



the device's camera is performed continuously. For a
more accurate display of the frame around the object, a
constant was created, which is a certain limit on the
number of points for drawing the frame.

4.2Program optimization

After the implementation of the recognition algorithm
by key points, the problem of the influence of the degree
of illumination, which affects the correct operation of the
entire algorithm, was identified. Camera shake blurs
frames and makes it impossible to recognize key points.

To make the recognition process invisible to the user,
the following list of application improvements was
compiled: drawing a frame as a rectangle with one object
Rectangle() [16].

Applying filters for image processing: converting the
image to black and white, filters to get rid of noise and
sharpen the image.

To select a specific filter stack it was decided to
conduct experiments with varying degrees of
illumination of the workplace and measuring time.

Previously, one constant was introduced into the
algorithm, which determined the threshold value for
displaying the frame, which led to optimization of the
calculations. For greater stabilization, a segment was also
chosen, when hitting which, the homography is not
recalculated. For cases with camera shake and frame blur,
the average value over the last 10 frames
accumulateWeighted() [17] is taken.

4.3 Application development

After these studies, the functionality was introduced
into the application to help a specialist in the output
mounting of radio-electronic components on a PCB (Fig.
3) [18].

The use of manual assembly is economically beneficial
in the manufacture of products with an output of no more
than 15-20 thousand pieces. per year in batches of 100
pcs.

The manual assembly of the boards allows the
production to be flexible to accommodate the production
of different boards. Also constant visual control by a
specialist.

The main limitations in the production of small output
of goods is the involvement of specialists with a high
level of knowledge to perform technically complex tasks
[19].

There are not so many companies producing electronics
in large quantities on the Russian market. There is a need
to implement a product for low-budget industries with the
possibility of expanding the functionality of optical
control and reuse.

The main requirements for low cost optical control
systems are [20]: identification of the main types of
defects — the absence, incorrect orientation, displacement
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of components, the presence of jumpers and the incorrect
soldering, technical information display.

Based on these requirements, a number of tasks can be
formulated, the solution of which is necessary when
creating low-cost optical inspection systems [20]:
loading a reference image and receiving a video stream
from the device's camera, selecting individual frames;
processing the reference image of frames from the
camera using OpenCV filters; object recognition and
reference information output.

Regarding the application for optical control when
performing output wiring, the following specific
functionality can be distinguished: recognition of a
printed circuit board and electronic parts, output of
technical information. Also, if you look at the examples
of instructions [21], then the physical characteristics of
electronic parts are indicated in order to prevent incorrect
placement of the part and possible damage.

The main points included in the assembly of any
printed circuit board: checking the physical
characteristics, setting to a specific position on the board,
installing the part on the board, trimming the solder pins
[22].
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Fig. 3. Application flowchart



Since radio-electronic parts do not have bright
distinguishing features, therefore, the use of recognition
by key points is impractical. Most of the details are solid,
so use the mask [23] to highlight pixels in a certain range.
Algorithm for finding an object on the specialist's table:
determination of the required range for the radio-
electronic part in the HSV format; filtering pixels
according to the selected range InRange() [24];
increasing the white area of the mask to eliminate noise
— Dilate() [25]; applying a mask to a frame -
BitwiseAnd() [26]; finding contours — FindContours()
[27];  finding the corner points of the
CHAIN_APPROX_SIMPLE contour.

As mentioned earlier, the application was implemented
in Unity. The application interface has been implemented
in relation to the display resolution - 640x360.

Following the best practices for user interface
development [28], a simple interface with a minimum
number of menus was implemented. At the same time, it
was necessary to take into account the capabilities of the
Vuzix M400 Starter Kit augmented reality headset: a
touchpad and three control buttons, excluding the on/off
button. To determine the user's actions, the Key Codes
function [29] was used, with the help of which a certain
function was bound to a click or a swipe.

5. Overview of image preprocessing methods
The image in OpenCV is converted to grayscale
format [30] using the formula:

RGB to Gray:Y < 0,299 * R + 0,587 x G

+0,114 % B, 1)

where Y — is the result of the conversion, R is the red
channel, G — green channel, B — blue channel.

Let's look at some classic ways to get rid of image
noise: mean smoothing, Gaussian blur, median filter, and
histogram equalization.

Mean smoothing is one of the simplest smoothing
methods. This approach involves selecting a specific area
of pixels with a predetermined size and calculating the
average value to obtain the desired pixel value [25]. The
kernel, which is a matrix with odd dimensions M x N, is
used to determine the size of the averaging region [31].
Additionally, increasing the kernel's dimensions results
in more pronounced smoothing. As an illustration,
consider the following example kernel (2):
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where K — core 3x3.

When using a Gaussian anti-aliasing filter, each pixel
is taken and the Gaussian function is applied to it [25].
This filter is designed to get rid of noise.

The median filter, in turn, is used when random black
and white pixels occur. A certain area is taken and the
median is considered [25].

If the image has strongly overexposed parts on which it
is impossible to make out the image, then histogram
equalization is applied to correct the display of the image.
The technique of histogram equalization involves
redefining the pixel values by using the cumulative
distribution function [32]. However, this method may
result in loss of information due to the wide range of pixel
values. To overcome this issue, adaptive histogram
equalization is employed where the operation is applied
to different parts of the image [33].

6. Implementing image processing

To select the best filters, experiments were carried out
with different degrees of illumination and measurement
of the object recognition time. The experiments were
carried out on a table, without objects that could interfere
with recognition. The degree of illumination of the
workplace of a specialist was measured using a lux meter
— Testo 540. The measurement range of this device is
from 0 to 99999 Lux with an error of 3 Lux.

Before starting the image processing, a grayscale
conversion was performed to reduce the number of
calculations by reducing the color channels to one. Next,
the image smoothing and adaptive histogram
equalization were performed.

To select the best smoothing filter, we measured the
time required for object recognition. Moreover, for each
of the filters, different parameters of the kernel
dimension were used — 3x3 and 5x5. The time was
measured inside the code using the StopWatch timer. The
timer was stopped if the object was recognized. that is, a
homography was found.

Since when conducting this type of experiment, outliers
of values are possible, which can give an incorrect result
when calculating the average value, the median method
was chosen to determine the recognition time [34].

The graph (Fig. 4) shows the recognition results; when
filters are applied, the process is faster.



After conducting a series of experiments with various
filters and comparing the median results, it was
concluded that Blur() with a 3x3 kernel and adaptive
histogram equalization is the fastest way to recognize an
object.

= GuassianBlur() === == Blur() -+ MedianBlur() Without filters

Time

50-150 200 - 300 400 - 500 600- 700 900- 1000

Tux
lllumination

Fig. 4: Graphs without processing and processing by

low-pass filters with a kernel

7. Conclusion

OpenCV is a powerful tool for implementing computer
vision algorithms, providing the ability to use proven
image processing and object recognition algorithms.
Together with Unity and C#, it becomes possible to
implement complex applications with different specifics.

It should be said that the introduction of image
preprocessing and limiting constants optimized the
process of object recognition, which made the developed
program suitable for implementation in practical tasks.
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