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DEVELOPMENT OF A HARDWARE-
SOFTWARE SOLUTION FOR DETECTION

OF COMPLEX-SHAPED OBJECTS
IN VIDEO STREAM

The object of the study is the process of diagnosing complex-shaped objects in a video stream. The paper in-

vestigates the applied problem of creating a hardware-software solution for detecting complex-shaped objects in
a video stream. Single-board computers Raspberry Pi models 4 and 5 with additional UPS HAT (D) modules and
21700 batteries were used as hardware, ensuring operation in the absence of power supply. Serial Camera Interface
cameras and Full HD 1080p webcams were connected to the single-board computers to study ef fective methods of
video processing using several studied video processing architectures. Eight video processing architectures based on
the Oriented Features from Accelerated Segment Test and Rotated Binary Robust Independent Elementary Features
and Scale-Invariant Feature Transform methods were considered. Each video processing architecture was tested
using a one-minute video, where its average performance was determined. The limitations of video processing were
a region of interest of 400x300 pixels and the presence of a limited number of reference images. To automate the
launch of programs on single-board computers, the systemd initialization system was used.

Known video processing algorithms were considered and a modification of the algorithm was proposed by using
a double check for the presence of an object in the video stream. A hardware-software solution was implemented,
consisting of a single-board computer with external cameras connected to it, and software for detecting complex-
shaped objects in the video stream was created. The solution is useful as an auxiliary tool for detecting complex-
shaped objects in the video stream on robotic platforms, in industry, everyday life, the educational process, and
when repairing electronic modules. The practical significance of the study lies in the fact that the architecture for
processing complex-shaped objects has been further developed. They provide for a double check for the presence of
an object in the video stream, which increases the processing time of one frame, and on the other hand, increases

the efficiency of object detection based on only one reference photo.
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1. Introduction

Real-time video processing methods are increasingly in
demand in the market. Object recognition in video is carried
out at any time of the day and in different weather condi-
tions [1]. In this regard, a number of computing systems
are being developed, in particular, based on the principle
of fault tolerance [2, 3] and data processing reliability [4].

In practice, computer vision models are used to solve
various problems, for example, to diagnose the state of
regions of the country [5]. Existing models You Only Look
Once [6], Single Shot Multibox Detector [7] involve the
use of a large number of images for training, at least 500.
Such a number is difficult to prepare very quickly, especially
in conditions of uncertainty.

In conditions of rapid technological development, the
search for effective solutions that would combine innovation,
accessibility and ease of use is becoming increasingly relevant.

This is especially important in areas where the speed of
implementation and adaptation of technologies depends on
their commercial effectiveness. A key factor in this context
is the implementation of flexible approaches to technological
solutions that allow minimizing costs and increasing effi-
ciency [8]. The relevance of the study is explained by the
need for quick setup of models and their implementation
on single-board computers for object detection given the
existence of a small number of images, 30 or less. Therefore,
it is necessary to consider simple solutions for detecting
complex objects in a video stream based on a minimum
number of input images. This will allow creating easy-to-use,
cheap and reliable solutions for object detection that can
be maintained by a person with basic computer knowledge.

As noted in [6], the You Only Look Once model assumes
the existence of large volumes of input images that need
to be prepared in a certain way to build the model. After
that, using equipment with limited technical characteristics,
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it is difficult to optimize the model for high performance.
Therefore, let’s consider computer vision algorithms that
can detect objects based on a minimum number of input
images of complex-shaped objects.

In [9], a method for registering a point cloud based
on Scale-Invariant Feature Transform, STFT, and geometry
functions is proposed. The uniqueness of the method lies
in the selection of an object using threshold segmentation,
where the initial points are obtained by SIFT. The accu-
racy of the solution proposed in the work was compared
by comparative analysis with the existing iterative closest
point method, which allowed to prove its superiority.

To increase the performance of the SIFT algorithm
in [10], the traditional Scale-Invariant Feature Transform
was modified by introducing a two-way Laplace filter for
finding extrema.

Data acquisition and analysis systems based on the
integrated Scale-Invariant Feature Transform algorithm
were proposed in [11]. The uniqueness of the proposed
algorithm is the improvement, which consists in reduc-
ing the dimensionality of feature points. Testing on five
sets of images showed an advantage of point matching
by 7.6 % and feature point extraction by 8 %.

In [12], optical image registration is investigated through
anew Scale-Invariant Feature Transform structure based on
nonlinear diffusion and polar spatial-frequency descriptor.
In contrast to [11], a nonlinear scale-invariant feature trans-
formation is proposed. The experimental results show that
the proposed method is superior to existing ones.

In contrast to [11], SIFT is considered in [13] for com-
paring and classifying hyperspectral images. The uniqueness
of the study is the feature of the image processing process,
where instead of grayscale transformation, spectral transfor-
mation is used. This allows to expand the informativeness
of the image. The input images were obtained by a hyper-
spectral camera with wavelengths of 362.05-1002.47 nm.
The proposed model is universal and allows to analyze
various objects in the images, in particular cars, building
materials, etc.

Recognition of drawn electronic components using Ori-
ented Features from Accelerated Segment Test and Rotated
Binary Robust Independent Elementary Features, ORB was
studied in [14]. The study was conducted on the basis of
fifteen electronic components with three different orienta-
tions. The user drew an image of the electronic component
on a graphical interface, which was fed to the input of the
ORB model, which compared it with the FAST method.

An FPGA-based ORB descriptor accelerator is proposed
n [15]. The FPGA architecture extracts ORB descrip-
tors with high throughput, which is the uniqueness of the
proposed method. According to the experimental results,
the architecture achieved a throughput of 94 Mpix/s at
a clock frequency of 100 MHz.

The effect of pre-filtering on object detection based on
Oriented Fast and Rotating BRIEF (ORB) is proposed
in [16]. The input data were 150 images on an Android
device and 19 filter configurations. The uniqueness of the
study is the approach based on the covariance of the method
for selecting Hamming distance thresholds for each of the
pre-filtered ORB detectors.

An ORB-based face recognition system for human-robot
interaction is proposed in [17]. The scientific novelty of the
study is the new ORB-KPCA technique for FR together
with threshold-based filtering (TBF). The experiment was

conducted on three control datasets (ORL, Faces96 and
Grimace), where the effectiveness of the proposed method
is proven.

In [18], a high-performance, energy-efficient and func-
tionally accurate hardware accelerator for ORB-SLAM is
proposed. It works on the basis of the technique of finding
the optimal static template for performing parallel access
to banks based on the genetic algorithm. The proposed
solution achieves an 8-fold speedup and reduced energy
consumption, which is experimentally proven.

An optimized SIFT-OCT algorithm for stitching aerial
images of a pine plantation is proposed in [19]. The ex-
periment was conducted on three sets of forest images
using existing methods and the proposed method, which
demonstrated an advantage over known methods in terms
of reducing the time for stitching photographs.

A simple solution for image segmentation is proposed
in [20], which is based on the ant algorithm. The sci-
entific novelty of the proposed method is that it takes
into account the number of ants in the image, weight,
initial amount and rate of pheromone evaporation. This
allows increasing the contrast of the image, as shown by
practical tests. Similar studies were also conducted by the
authors of [21], who investigated the post-processing of
compressed noisy images with the BM3D filter.

The method for stabilizing the brightness of the video
stream was studied in [22]. According to the results of
the studies, it was found that the optimal indicator of the
quality of the video stream is the average frame brightness.

In conditions of different lighting, variable video stream
quality and other variable factors, it is important to solve
the problem of the accuracy of finding (highlighting) the
boundaries of complex objects for further recognition [23].
The above factors can lead to a blurring of clear boundaries
between objects, which leads to the inefficiency of existing
detection methods. An effective direction for solving this
problem is the use of fuzzy inference systems. Classical
methods of object boundary selection based, for example,
on the Canny edge detector, are not always effective under
conditions of variable illumination. It has been proven that
the use of fuzzy systems allows for the approximation of any
mathematical model. And under conditions of uncertainty,
incompleteness and variability of operating conditions, such
systems are an indispensable auxiliary tool. Thus, the use
of fuzzy inference systems with the possibility of retraining
has been considered for solving a set of problems under
conditions of uncertainty or incompleteness of input data
about the state of the system [24, 25]. Therefore, under
conditions of possible changes in illumination, fuzzy inference
systems can be indispensable for finding the boundaries of
complex objects with low efficiency of classical methods.
The solution of the problem in this case is reduced to de-
termining the input parameters, compiling the rule base and
determining the output variable. For Canny edge detector
approximation, for example, gradient values can be used as
input variables, and the output variable can be the binary
value of the central pixel, the rule base when using the
Anfis model will be generated in an automated mode. The
direction of further research of the specified approach is
to determine the performance for images of different sizes.

Thus, the current direction of improving object detec-
tion methods, to which the conducted research is devoted,
is to reduce the dimensionality of feature points, and use
spectral transformation instead of grayscale transformation.
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Thus, the aim of research is to implement a hardware-
software solution with double checking for the presence of
an object in the video stream. This will make it possible to
increase the efficiency of detecting complex-shaped objects.

2. Materials and Methods

The object of research is the process of diagnosing com-
plex-shaped objects in a video stream. The study is based
on a given set of reference images with complex-shaped
objects. The task is to study algorithms and methods for
real-time video processing to select optimal settings con-
figurations. The metrics of the study are the performance
and accuracy of detecting complex-shaped objects.

The performance of real-time video processing was mea-
sured on one-minute videos. The hardware will be single-board
computers Raspberry Pi 4 model B 8 Gb and Raspberry Pi 5
8 Gb with Serial Camera Interface cameras and Full HD
1080p webcams. To build image processing architectures, the
Oriented Features from Accelerated Segment Test and Rotated
Binary Robust Independent Elementary Features methods
from [26] and Scale-Invariant Feature Transform [27] were
used. The image processing architectures under study (first-
third, fifth-eighth) were built in a limited frame (Region
of Interest) with dimensions of 400x300 pixels and with
RANdom SAmple Consensus m.distance<0.75x n.distance.
For the convenience of visual perception of the interface, the
limited Region of Interest frame had a frame with a thickness
of 1 pixel. During the testing process, the frame processing
performance was recorded to a file, where the average perfor-
mance value was calculated at the end of video processing.

Image processing architecture of the first algorithm. Image
preprocessing using several filters, in particular GaussianBlur,
Sobel, cv2.magnitude, cv2.normalize. The GaussianBlur filter
is used for smoothing with a kernel size of 5x5. Smoothed
objects are fed to the input to determine the gradient by
the Sobel operator along the x, y axes. Next, the gradient
is determined by the magnitude function and pixels are
normalized in the range [0, 255] using NORM_MINMAX.

The pre-processed images are fed to the input of the
ORB detector for point detection. The matching of points
with the reference is implemented by Fast Library for
Approximate Nearest Neighbors [28] with the parameters
algorithm=1, trees=10, checks=>50.

The image processing architecture of the second algorithm
did not involve the use of filters. ORB was used immediately
and the matching of points with the reference is imple-
mented by Fast Library for Approximate Nearest Neighbors
with the parameters algorithm=1, trees=40, checks=10.

The image processing architecture of the third algorithm
was an improved version of the second algorithm, where
the search for optimal parameter values for Fast Library
for Approximate Nearest Neighbors was used, which are
described by the expressions:

trees(k)=5 if k<100 else 6 if k<200 else 7 if
k<300 else 8 if k<400 else 9 if k<500 else 10,

cheks(k)=20 if k<100 else 30 if k<200 else 40 if
k<300 else 50 if k<400 else 60 if k<500 else 70.

Image processing architecture of the fourth algorithm.
Creation of the Scale-Invariant Feature Transform detector
object and the BFMatcher point matching method. Loading

the reference image and creating the THRESH BINARY
INV mask. Finding key points using the detectAndCompute
method. Processing frames by converting to grayscale and
searching for points and descriptors using detectAndCom-
pute. Determining correspondences between points using
BFMatcher.knnMatch and filtering them using the Lowe
test [29]. Determining homography using c¢v2.findHomog-
raphy() and transforming the coordinates of the corners
of the template image using cv2.perspectiveTransform().
Visualizing all points in the frame using drawKeypoints.

The next research tool was the calibration of parameters
for the Scale-Invariant Feature Transform. The following
parameters were studied here:

nfeatures_values={50, 100, 200, 300, 400, 500, 600},
contrastThreshold values={0.1, 0.2, 0.3, ..., 1.0},
sigma_values={1.0, 1.1, ..., 1.8},

edgeThreshold values={5, 10, 15, 20, 25, 30, 40, 50}.

The determined optimal parameter values were used to
build SIFT, this is the fifth image processing architecture.

Similar to the fifth image processing architecture were the
sixth and seventh, where attention was focused on setting
the parameters SIFT, BFMatcher, FlannBasedMatcher and
the main image processing cycle process video.

The image processing architecture of the eighth algorithm
assumed the existence of an ORB detector with the para-
meters nfeatures, scaleFactor, nlevels, edgeThreshold, first-
Level, WTA_K, scoreType=cv2.ORB_HARRIS_SCORE,
patchSize. Key points were mapped BFMatcher with cv2.
NORM_HAMMING, crossCheck=True.

As indicated in the formal statement of the task, the
implementation of the studied image processing algorithms
was carried out on single-board computers Raspberry Pi 4
model B and Raspberry Pi 5. The creation of algorithms for
processing complex-shaped objects and experimental verifica-
tion were also carried out using Visual Studio Code [30].
Thus, the preliminary creation and testing of image pro-
cessing algorithms was carried out in the Visual Studio
Code environment, which was the first step of the research.

The second step of the research involved the instal-
lation of an electrical circuit of single-board computers,
where webcams were connected. Single-board computers
were connected to external monitors and used without
monitors using the Secure Shell and Real VNC protocols.
To conduct the research, a virtual environment myenv was
created with the necessary package of installed libraries.

The file with the program text was sent to the single-
board computer, where testing was carried out with manual
start-up and automatic [31], using an autorun service file
with a graphical interface.

3. Results and Discussions

The results of previous work [32] allowed to create
a theoretical basis for the study of the complex-shaped
object recognition scheme in the video stream. The study
of image processing was carried out according to the gene-
ral scheme:

Stage 1. Loading reference images onto a single-board
computer.

Stage 2. Automatic launch of the selected image pro-
cessing model after turning on the single-board computer.

Stage 3. Study of complex-shaped objects.
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First of all, a study was conducted on the use of other
distance metrics of the Scale-Invariant Feature Transform
algorithm, in particular, chi-square, where the desired result
was not obtained. In this regard, in accordance with the
research methodology, an analysis of different methods of
processing complex-shaped objects was carried out.

The first, second and third architectures implemented
in the programs 1.ipynb, 2.ipynb, 3.ipynb, respectively. The
program launches demonstrated a high performance value
fps1=19.07 ms; fps2=19.44 ms; fps3=24.48 ms, respectively,
but low image processing accuracy. The third program auto-
nomously changed the optimal parameter values, where
trees=7, checks=40 and trees=9, checks=60 were used.
The control of the studied points was carried out in the
window, Fig. 1.

Fig. 1. Reference image output window and selection of studied points
using the example of the 3.ipynb program

Using the reference image output window allowed to
analyze object detection, although it had a slight impact
on frame processing performance.

The fourth architecture is implemented in the 4.ipynb
file, where the experimental launch of the program demon-
strated performance fps4=7.45 ms. But it is worth noting
that the studied object was immediately detected and sur-
rounded by a corresponding frame.

The next attempt was to first determine the optimal
values of the nfeatures_values, contrastThreshold values,
sigma_values and edgeThreshold values parameters, the
values of which were 200; 0.1; 30; 1, respectively. The deter-
mined parameters were used for SIFT, which is implemented
in the 5.ipynb file, which demonstrated fps5=8.42 ms.

The sixth and seventh image processing architectures
are implemented in files 6.ipynb, 7.ipynb, respectively.
Here, attention was focused on the software implementa-
tion of the main processing cycle. When increasing the
key points from 500 to 1000, there were problems with
false positives and low performance values — fps6=7.98 ms;
fps7=7.01 ms, respectively.

The eighth architecture is implemented in file 8.ipynb.
Based on the ideas of [33, 34], the eighth image processing
method had a double check. The first check was the cor-
respondence of the key points being compared, BFMatcher.

control_program.py

~ File Edit Tabs Help

import cv2

The second check involved using only points that met
the condition min_match count=7 or more.

The first attempt to launch the eighth image processing
method involved the use of the following parameters: nfea-
tures=500, scaleFactor=1.2, nlevels=8, edgeThreshold=31,
firstLevel=0, WTA K=2, scoreType=cv2.O0RB_HARRIS
SCORE, patchSize=31. According to the research results,
let’s obtain fps8.1=8.5 ms.

The second attempt to launch involved the use of
nfeatures=500, scaleFactor=1.4, nlevels=8, edgeThresh-
old=31, firstLevel=0, WTA K=2, scoreType=cv2.0RB
FAST SCORE, patchSize=25. This allowed to increase the
performance from 8.5 ms to 15.81 ms, since the optimal
values of the ORB parameters were used. Thus, double
checking ensures the adequacy of the obtained result.

As can be seen from the research results, increasing
the accuracy of object detection in the video stream re-
duces the performance of video processing. Processing
performance also depends on the type of connected video
camera and the type of single-board computer. Maximum
performance is obtained on a Raspberry Pi 5 single-board
computer with a Full HD 1080p webcam.

Basically, effective search for an object in a photo is
demonstrated with a performance of up to 8—9 ms. At a per-
formance of 10-25 ms, the detected object is lost due to
the presence of noise. Therefore, various usage scenarios
are possible. If it is necessary to accurately find an object,
image processing algorithms with higher accuracy and lower
performance are used. Or vice versa, when it is necessary
to find it quickly, and accuracy is not important, then ar-
chitectures that demonstrate a performance of 10-25 ms
and more are used.

The created program texts were launched using Rasp-
berry Pi models 4 and 5. When using Raspberry Pi 4 and 5,
with a power supply of 220 volts, there were no prob-
lems with the stability of the single-board computers. To
ensure energy independence and stable operation during
power outages, an additional UPS HAT (D) module with
21700 batteries was used.

In order to facilitate the operation of the created so-
lution, in particular, to quickly enable the software in
laboratory and field conditions, automatic launch of the
graphical interface using the systemd initialization system
was implemented, Fig. 2.

Fig. 2 shows the general principle of creating a systemd
initialization system. Thus, when a single-board computer is
turned on, the computer vision tool is immediately turned
on, which does not require entering additional commands,
in particular, activating the myenv environment, etc. From
a practical point of view, this reduces the time for prepar-
ing the equipment for work and does not require highly
qualified specialists.

pi@raspberrypi: ~ v

1

2 GNU nano 7.2
3 # Open the USB camera Y
4 cap = cv2.VideoCapture(@9)

5

6

7

8

while True:
ret, frame = cap.read()
if not ret:
9 print("Eailed to grab frame")
18 break

12 cv2.imshow("Camera”,

a

/etc/xdg/autostart/display.desktop

Fig. 2. File: a — the main, which is enabled automatically; b — the window for creating a service file by the systemd initialization system
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The developed hardware-software solution was used in
laboratory conditions to quickly detect defects in welding
metal parts or the quality of soldering electronic modules.
This allows to effectively detect poor-quality seams dur-
ing welding and poorly soldered contacts to electronic
modules. The limitations of the study are the use of only
cameras without night vision functions.

The proposed hardware-software solution can be im-
proved by using remote methods of controlling the software
of a single-board computer. For example, it is considered
a method of controlling a single-board computer with
a Speedybee F405v3 flight controller connected to it.
Control was organized using Radiomaster TX16S equipment.
Fig. 3 shows a general diagram of connecting a single-
board computer to a flight controller.

Fig. 3. General diagram of connecting a Raspberry Pi single-board
computer to the Speedybee F405V3 flight controller

As can be seen from Fig. 3, a webcam is also con-
nected to the single-board computer, which detects complex-
shaped objects. The prototype of the circuit was used in
combination with a RushFPV video signal transmission
device and a monitor. Remote control of the software
was implemented using the MultiWii Serial Protocol [35].
The use of remote control expanded the possibilities of
inspecting electronic modules for the quality of soldered
conductors. This became possible by moving the device
to any location for making.

Several aspects are limitations of the research. The
behavior of the night vision camera with the proposed
software has not been fully studied. The use of other hard-
ware, in particular NVIDIA Jetson and programming lan-
guages, has not been sufficiently studied. The performance
of the program when using 11 or more template images
has not been studied.

The prospect of future research is to find solutions to
improve existing algorithms or develop a new algorithm
for detecting complex-shaped objects. The algorithm should
provide productive operation on single-board computers
and minimize noise in input frames.

4. Conclusions

During the work, the task of proposing an effective
architecture for processing complex-shaped objects based
on double checking the presence of an object in the video
stream under the condition of a small volume of input
images was solved using ORB. In the first iteration of
the verification, points were compared with BFMatcher,
and in the second, only points that meet the condition
min_match count=7 or more were checked.

The task of proposing hardware and software for process-
ing complex-shaped objects was solved using Raspberry Pi

8 Gb single-board computers with a Serial Camera Interface
camera and a Full HD 1080p webcam. Raspberry Pi was
equipped with an autonomous power supply system. The
systemd initialization system was used to automate the soft-
ware launch.

Effective object search in the video stream was demon-
strated at a performance of up to 8-9 ms. At a perfor-
mance of 10-25 ms, the detected object was lost due to
the existence of noise.
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