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AHHOTanusi. MamuHHOe  OoOyueHuEe  IIUPOKO  INPUMEHSETCS B
KOMIIBIOTEPHOM 3pEHHH M 00paboTKe H300pakeHUuil. YPpOBEHb pa3BUTHUSA
MAaIIMHHOTO 00Y4YE€HHs U HATMYUe Pa3HOO0pa3HbIX KOMIUIEKCHBIX MOJIEIEH MOTYT
MO3BOJIUTh C JJOCTaTOYHOM TOYHOCTHIO OOHApY’KMBATh HA M300paXKEHUU JIOACH,
4TO 00ECHEUYUT BO3MOXKHOCTh MX IMojcyYeTa. BUIeonoToK ¢ 3aBEJCHUIM MOXKET
OBITh TOJIYYEH C CHCTEM BHUICOHAOIIOJEHUS, KOTOPBIX C KaXIbIM TOJOM
CTaHOBUTCS Bce Oobiiie. ToYHOCTh MOIenu OyAeT SABISATHCS OJHUM U3 OCHOBHBIX
MoKa3aTesiell, Ha OCHOBE KOTOPOIO MOKHO CJENaTh BBIBOJ O HPHUIOAHOCTH
MOJEIN I ee mpakThuecko skcruryaranuu. Jlo 2014 roma TexHoJorust
pacno3HaBaHusl 00pa30B OCHOBBIBAJACh HA TPAJULMOHHBIX aJTOPUTMAax; MOCIE
2014 roma TexHONOrUs pacno3HaBaHUA O00Pa30B B OCHOBHOM OCHOBBIBAJIACh Ha
aropuT™Max riay0okoro oOydeHus. TpaJulMOHHBIE METOJIbI OCHOBaHbI Ha
XapaKTEpPUCTUKAX MOJEIIEH, CO3JaHHBIX BPYUYHYIO, TAKUX KaK ONMCAHUS TEKCTYp
KpaeB, U Ha METOAAX, BKIIOYAIOIINUX METO/bl MAIIMHHOTO O0Y4YEHHMs, TAaKue Kak
aHaJIM3 OCHOBHBIX KOMIIOHEHTOB, JMHEHHBIM IUCKPUMHWHAHTHBIA aHAIU3 U
METO/Ibl OOPHBIX BEKTOPOB. TPyAHOCTH, KOTOPYIO HEOOXOAUMO IPEOAOIETH U3-
3a QYHKIMOHAIBHOCTH 3TOTO IIPOEKTA, 3aKIF0YAETCS B TOM, YTOOBI IPUCIIOCOOUTD
pPa3IMYHYK0 HW3MEHYMBOCTH K HEOTPAaHUYECHHBIM CpeJaM, 4YTO 3aCTaBHIIO
UCCJIEIOBATENENH COCPEIOTOYUTHCA Ha IOMCKE KOHKPETHBIX METOAOB s
KQKJOTO TUIA U3MEHYMBOCTH, TaKUX KaK KOHTPOJIb HEM3MEHHOCTH BO3pACTa,
HEU3MEHHOCTb I03bl, KOHTPOJIb OJMHAKOBBIX YCIOBHI OCBELIEHUS U TaK Jaliee.
CBepTouHble HEHPOHHBIE CETH SBISIOTCS Haubosee pacnpoCTPaHEHHBIM
QITOPUTMOM TJIYOOKOTO OOYy4YEHUSs, MPUMEHSIONIMM HECKOJIbKO CBEPXTOYHBIX
CJI0€B U BbIYUCHEHU. OHM MpeocTaBIsoT 3 (PEKTUBHBIE CTOCOOBI U3BICUEHUS
IPU3HAKOB, a TaKXKE SBISIOTCA JYYIIMM BBIOOPOM Ui pelieHus MpodsieM
oOHapyXeHUsI OOBEKTOB.

KiaroueBble cj10Ba: pacno3HaBaHHE JIMIl, DKCIIEPTHI 0 PaCIIO3HABAHUIO
JIUI, MCKYCCTBEHHBIH MHTEIICKT, MAIIMHHOE paclo3HAaBaHHE W MAaIIHHHOE
oOydeHue, oOHapyKEeHHE 00pa3oB.

Existing methods of pattern recognition

Annotation. Machine learning is widely used in computer vision and image
processing. The level of development of machine learning and the availability of
a variety of complex models can allow detecting people in the image with
sufficient accuracy, which will make it possible to count them. The video stream
from the establishments can be obtained from video surveillance systems, which
are becoming more and more every year. The accuracy of the model will be one
of the main indicators, on the basis of which it can be concluded that the model is
suitable for its practical operation. Until 2014, pattern recognition technology was
based on traditional algorithms; after 2014, pattern recognition technology was
mainly based on deep learning algorithms. Traditional methods rely on hand-



crafted model characteristics such as edge texture descriptions and methods that
incorporate machine learning techniques such as Principal Component Analysis,
Linear Discriminant Analysis, and Support Vector Machines. The difficulty that
needs to be overcome due to the functionality of this project is to accommodate
different variability to unrestricted environments, which led the researchers to
focus on finding specific methods for each type of variability, such as control for
age invariance, posture invariance, control for uniform lighting conditions, and so
on. Convolutional Neural Networks are the most common deep learning
algorithm, applying multiple ultra-precise layers and calculations. They provide
efficient ways to extract features, and are also the best choice for solving object
detection problems.

Keywords: face recognition, face recognition experts, artificial
intelligence, machine recognition and machine learning, pattern detection.

More than 83% of the information received by a person comes through vision.
The eyes play an important role in human activities for obtaining information,
adapting to the environment and changing the world, and are also the most important
sense organs. But in the ever-changing world of nature, the ability to perceive the
human eye is very limited. With the expansion of human activity and the
increasingly rapid pace of life and production, it is not enough to rely on the human
eye alone to obtain information to meet needs. Machine vision appeared to better
understand and change the world.

Computer vision is an area of artificial intelligence that allows computers and
systems to obtain meaningful information from images, videos and other visual data
and take actions or provide recommendations based on this information. If artificial
intelligence gives computers the ability to think, then computer vision gives them
the ability to detect, observe and understand. The advantage of the human visual
system is that it can train the ability to distinguish objects, the distance to the object,
the movement of the object or not, as well as the presence of image problems in the
appropriate environment.

Computer vision trains machines to perform these functions, but they rely on
cameras, data and algorithms to complete their work in a shorter period of time,
unlike humans who rely on the retina, optic nerve and visual cortex of the brain.
Systems trained to inspect products or monitor production assets can analyze
thousands of products or processes every minute and detect extremely subtle defects
or problems, so computer vision capabilities quickly surpass human ones. Computer
vision is widely used in many industries, such as energy, utilities, manufacturing and
automotive, and the market continues to expand. It is expected that by 2022 that
market capitalization will reach 48.6 billion US dollars [1].

Object detection refers to a technique that allows a computer to find multiple
specific objects in an image by writing specific algorithm codes. Target detection
contains two values:

- determine which target objects are in the image and solve the problem of the
existence of target objects;



- Determine the specific position of the target object in the image and solve the
problem of where the target object is.

The biggest difference between target detection and image classification is that
target detection requires more detailed evaluation not only to determine if a target is
enabled, but also to determine the specific location of each target. Despite the wide
variety of presented algorithms, it is possible to single out the general structure of
the face recognition process.
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Figure 1. The general process of processing the face image during recognition

At the first stage, the face is detected and localized in the image. At the stage
of recognition, the face image is aligned (geometric and brightness), the features are
calculated, and the recognition itself is performed - the calculated features are
compared with the standards stored in the database. The main difference between all
the presented algorithms will be the calculation of features and comparison of their
sets with each other (Figure 1) [2].

Over the past two decades, target detection technology can be divided into two
stages: before 2014, target detection tasks were based on traditional algorithms, after
2014, target detection tasks were mainly based on deep learning algorithms. During
the traditional algorithm stage, the detectors rely entirely on hand-designed
functions. Among them, the emergence of multiple detectors has had an important
impact on the development of object detection technology.

Traditional algorithms

(1) Viola Jones algorithms

The Viola-Jones algorithm was proposed by P. Viola and M. Jones for face
detection scenarios [3]. With the same accuracy of the algorithm, the Viola-Jones
detector works tens and hundreds of times faster than other algorithms over the same
period of time. The Viola-Jones detector uses the most direct sliding window
method, and the detection frame goes through all scales and positions in the image
to see if the detection frame contains a target face. This sliding window seems
simple, but requires a lot of computing time. The advantage of the Viola-Jones
detector is that it uses the strategies of integral imaging, feature screening and
cascade detection, which significantly increases the speed of the algorithm.

(2) HOG algorithm

The HOG (Histogram of Oriented Gradients) function, an important scale-
independent function, was proposed by N. Dalal and B. Triggs in 2005 [4]. The basic
idea is to use a regular grid to divide the image into equally sized sub-blocks and



compute a gradient-oriented histogram in each sub-block. In this way, zoom and
lighting effects can be largely eliminated. For quite a long time, HOG has been an
important feature to solve detection problems, especially in pedestrian detection
scenarios, HOG has an extremely important application.

(3) The DPM algorithm

DPM (Deformable Part Model, Deformable Component Model) is a
component—abased detection algorithm proposed by P. Felsenswalb in 2008 [5], and
later R. Girshik [6] made many important improvements to it. DPM extends the
classical HOG function at the function level, and also uses the sliding window
method for SVM-based classification, Its main idea is to divide the target to be
detected into a number of parts and transform the problem of detecting a complex
target into a problem of detecting several simple parts. For example, the detection of
a car is converted to the detection of windows, bodywork and wheels, respectively.
Although the performance of detection algorithms far exceeds that of DPM, the idea
of task separation adopted in DPM has had a profound impact on the development
of subsequent detection algorithms. Now many detection tasks are being developed
and solved based on this idea.

Deep Learning Algorithms

(1) R-CNN algorithm

In 2014, R. Girshik et al. proposed the R-CNN algorithm [7]. The idea behind
the R-CNN algorithm is very simple. First, several candidate fields are selected from
the original image based on a selective search method, and then a fixed image zoom
scale in each candidate field is sent to the convolutional network for feature
extraction. Features are classified using the support vector machine (SVM). In the
VOC2007 dataset, the R-CNN algorithm has greatly improved performance (from
33.7% to 58.5%) over the previous discovery algorithm, which is a major
breakthrough in the discovery algorithm.

(2) SPP-Net algorithm

In 2014, He Yumin and others proposed the SPP-Net algorithm (Spatial
pyramid unification networks, Spatial pyramid Unification Network). The SPP-Net
algorithm is based on the spatial pyramid union layer (SPP level), which discretizes
image fragments into fixed-size images regardless of the size of the input image
fragment. In the process of using SPP-Net, only one convolutional network
calculation for the source image is required for detection. After receiving the feature
map of the entire image, each region of the candidate frame (ROI) is divided into
subimages of the same size through the spatial pyramid pooling layer, and each
subimage of the same size is sent to the subsequent network for feature extraction.
The extracted features have the same dimension and are finally sent to a fully
connected layer for classification. SPP-Net does not require multiple convolutional
network calculations, compared to R-CNN, the algorithm speed is significantly
improved by 20 times, with the algorithm accuracy unchanged [8].

(3) Faster R-CNN algorithm

In 2015, S. Ren et al. proposed the Faster R-N algorithm, which is the first end-
to-end algorithm and the first target detection algorithm close to deep learning in
real time. Using the ZF-Net network skeleton, on the VOC 2007 dataset, the mAP



reached 73.2%, and the algorithm speed reached 17 frames per second. The main
contribution of Faster-CNN is to detect block proposals using convolutional
networks. Detection of candidate blocks, prediction of target categories, regression
of target position offsets and sharing of basic convolutional functions — the entire
process of the algorithm is integrated into a complete end-to-end learning structure.
A faster RCN overcomes a bottleneck in the detection rate of candidate frames and
IS a very important two-step algorithm [9].

(4) The FPN algorithm

In 2017, Y. Lin et al. proposed the FPN algorithm (Feature Pyramid Networks,
functional pyramid strategy) based on Faster R-CNN [10]. Prior to FPN, most deep
learning detectors were calculated based on the topmost feature map of the
convolutional network. Deep functions contain global information, but weaken
detailed information Using deep functions has a big disadvantage when detecting
small targets, especially with precise positioning. The FPN uses a top-down structure
and a side-join method to combine deep and surface functions, so that the functions
contain both global information and detailed information. In addition, the detection
calculation is also based on a multilayer feature map of the feature pyramid, which
has a stronger multiscale adaptability. The Faster R-CNN algorithm based on FPN
showed the best performance in the COCO dataset. Currently, FPN has become the
basic strategy for building detection algorithms.

(5) The YOLO algorithm

In 2015, R.Joseph et al. proposed the YOLO (You Look Only Once) algorithm,
which is the first one-step algorithm in the field of deep learning. As the name
suggests, there are no two steps in YOLO to extract candidate frames and check the
classification in a two-step algorithm, the entire prediction process can be completed
by sending an image to a neural network. The implementation of the YOLO
algorithm is to first divide the original image into a grid, and then regress the
probability of the category and the coordinates of the target position based on each
grid cell. One of the biggest advantages of YOLO as a one-step algorithm is its
speed: on the VOC2007 dataset, the mAP is 63.4%, and the speed of the detection
algorithm can reach 45 frames per second, the accelerated version of YOLO has a
map of 52.7%, and the speed can reach an astounding 155 frames per second (Figure
2) [11].
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Figure 2. Schematic representation of the convolutional neural network
architecture [11]

An important method is to conduct an assessment on the same publicly
available data set and approximate determination of the pros and cons of the
algorithm based on the performance indicators obtained as a result of the assessment
[12]. Databases play a vital role in the field of algorithms. Table 1 shows several
publicly available recognition evaluation databases that have a great impact in the
field of object detection.

Table 1. Databases for evaluating face recognition, pedestrian detection, text
detection

Database | Dat Description
e

Database for evaluating facial recognition

FDDB 201 | Yahoo data contains 2,800 images and 5,000 faces. Covers
0 include various postures and occlusions. Link to the resource:
http://vis-www.cs.umass.edu/fddb/index.html

AFLW 201 | The Flickr data contains 22,000 images and 26,000 faces
1 covering the key points of the face. Link to the resource:
https://www.tugraz.at/institute/icg/research/team-
bischof/Irs/downloads/aflw/

1JB 201 | Contains 50,000 images, including two detection and
5 recognition tasks. Link to the
resource:https://www.nist.gov/programs-projects/face-
challenges
Wider 201 | One of the largest facial recognition assessment Kits,
Face 6 comprising 32,000 images, 394,000 faces, include various

poses and occlusions. Link to the resource:
http://mmlab.ie.cuhk.edu.hk/projects/WIDERFace/

UFDD 201 | Contains 6,000 images and 11,000 test samples covering
8 scenes such as motion blur and focus blur. Link to the resource:
http://www.ufdd.info/

A database for assessing pedestrian detection

MIT Ped | 200 | A database for evaluating pedestrian detection, including 500
0 training images and 200 test images, link to the resource:
http://cbcl.mit.edu/software-datasets/PedestrianData.html
INRIA 200 | A base for assessing the early detection of pedestrians, a link
5 to the resource: http://pascal.inrialpes.fr/data/human/

Caltech 200 | The pedestrian detection assessment database contains 190,000
9 training and 160,000 test samples, link to the resource:
http://www.vision.caltech.edu/Image_Datasets/CaltechPedest
rians/




201 | The well-known estimated base for traffic analysis contains
2 data on 100,000 pedestrians, link to the resource:
KITTY http://www.cvlibs.net/datasets/kitti/index.php

City 201 | Based on the CityScapes database, it contains 19,000 training
Persons 7 and 11,000 test samples. Link to the resource:
https://www.cityscapes-dataset.com/

EuroCity |201 | A large-scale database for pedestrian detection, data comes
8 from 31 cities in 12 European countries, including 47,000
Images, for a total of 238,000 object instances. Link to the
resource: https://eurocity-dataset.tudelft.nl/

A base for evaluating text detection
ICDAR 200 | An early publicly available database for text detection. Link to
3 the resource: http://rrc.cvc.uab.es/

STV 201 | Jauubie wu3 Google Street View, coxepxkamue 350
0 nzo0paxkenuit, 720 TeKCTOBBIX 3K3eMIUIIpoB. Cchlika Ha
pecypc: http://tc11.cvc.uab.es/datasets/SVT 1

MSRA- 201 | Contains 500 indoor and outdoor images with text in English
TD500 2 and Chinese. Link to the resource: http://www.iapr-
tc11.org/mediawiki/index.php/

[H1T5k 201 | Contains 1100 images, 5000 words from street view and digital

2 Images only. Link to the resource:
http://cvit.iiit.ac.in/projects/SceneTextUnderstanding/I111 T5K.
html

COCOTe |201 | A set for evaluating large-scale text detection based on MS-
xt 6 COCO, including 63,000 images and 173,000 annotated texts.

Link to the resource: https://bgshih.github.io/cocotext/

When choosing a single public dataset, it is impossible to be sure that it was
not used when training or configuring the algorithm. In this case, the accuracy of the
algorithm will be overestimated. The probability of this event can be reduced by
comparing the results on different datasets.
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