Jurnal Ilmiah Teknik Elektro Komputer dan Informatika (JITEKI)
Vol. 9, No. 4, December 2023, pp. 895-903
ISSN: 2338-3070, DOI: 10.26555/jiteki.v9i4.27009 895

Fast Human Recognition System on Real-Time Camera

Yuliza!, Rachmat Muwardi!, Mustain Rhozaly!, Lenni?, Mirna Yunita’, Galatia Erica Yehezkiel®
'Department of Electrical Engineering, Universitas Mercu Buana, Jakarta, Indonesia
2Department of Electrical Engineering, Universitas Muhammadiyah Tangerang, Tangerang, Indonesia
3School of Computer Science and Technology, Beijing Institute of Technology, Beijing, China

ARTICLE INFO ABSTRACT

Article history: The rapid development of technology requires several technological fields to
Received August 23, 2023 kgep pace to ir}crease work effectiveness and efficiency. One .focus that is
Revised September 22, 2023 widely used is image processing technology. Many areas have implemented
Published September 30, 2023 image processing systems due to various benefits, including security, health,

and education. One of the current obstacles is safety, focusing on searching
for missing people, which is still done manually. The vast search area, low
Keywords: light conditions, and complicated search fields made finding the person
challenging for the search team. Therefore, it is necessary to have a tool that

\(;OLQ; L can detect people to assist in the search process. This paper proposes an object
ptimization; . . . . .

Image Processing; detqctor on a simple (liev1ce capable of detecting human objects. The det.ectlon
Computer Vision; device was made using the You Only Look One (YOLO) method with the
Object Detection YoloV4-Tiny type, where this algorithm has high detection speed and

accuracy. Using the YOLOV4-Tiny simulation method for human object
recognition obtained satisfactory results with a detection rate of 100% with
an FPS value of 5.

This work is licensed under a Creative Commons Attribution-Share Alike 4.0

Corresponding Author:

Yuliza, Department of Electrical Engineering, Universitas Mercu Buana, Jakarta, Indonesia
Email: yuliza@mercubuana.ac.id

1. INTRODUCTION

Currently, the rapid development of technology is marked by the application of various modern
technologies in everyday life to improve quality in multiple fields. Technological developments enhance the
quality of security systems we often encounter daily, including object detection technology. One of the
promising applications of object detection technology is unlocking cell phones using face detection. Apart from
that, currently, a robot has developed those functions as a human assistant, with one of its primary functions
being to follow humans, use object detection, and carry out tasks according to the instructions given [1]-[4].
One area considered necessary for modernization is the search for missing people in the forest. This is due to
the difficulty of the terrain to traverse and the limited number of search teams, which makes the search process
often experience problems. One possible solution is to apply object detection technology to help search
missions for missing people in the forest using drones [5]-[7]. To carry out the object detection process, a
modern technological device is needed to support the system's functions. The most vital component of this
modern technology is the microprocessor. A high-speed and high-technology microprocessor is required to
carry out the functions of heavy programming algorithms [8]-[10]. The part of the microprocessor itself is the
primary control. The microprocessor will process the input data according to the executed program and then
produce output as instructions. Several programming languages, such as C, C ++, Assembly, Verilog, VHDL,
Python, etc., are used to do programming in a microprocessor [11]-[13]. These various programming languages
have advantages and disadvantages and are used according to the programmer's needs [14]-[16].

The algorithm often used in object detection is YOLO (You Only Look Once), developed to detect objects
in real-time. The system works by using a single neural network for the entire image. This network will divide
the image into regions and predict the bounding boxes and the possibility of being detected as an object. YOLO
can recognize objects based on the classification data that has been entered and can see the location of things.
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This method can be called one of artificial intelligence because it can interpret external conditions based on
the data entered as the YOLO training algorithm [17]-[20].

This research aims to count the number of people in one room. Using the YoloV3 and SSD model
detection methods, an average precision of 99% was obtained for the YoloV3 model and 87% for the SSD
model [21]-[23]. However, using YoloV3 requires a longer detection time, 0.2 seconds or only around 5 FPS.
Another problem encountered was the need for a clear explanation regarding the hardware devices used. Then,
comparisons using other hardware were also not carried out, which resulted in the unknown cause of the
decrease in FPS during the image identification process [24]-[27].

Based on this, the authors will install an object detection system on the drone to make finding people in
the forest easier. Then, to make an effective small object detection device, the YOLOV4-Tiny method is used.
The latest development algorithm from YOLOV4 Version 5 has a higher Precision function and is 2x faster
than version 4. A webcam with 1080p resolution supports high-quality video, and a laptop equipped with a
GPU is used for the processor.

2. METHODS

After considering all the background discussed, we can solve the problems using multi-thread. Then, there
will be some issues and questions regarding this multithread, such as what image will be processed, what is the
purpose of image processing, how to process images, how to make a detailed and correct image processing
framework, how to make the core work regularly and directed, and utilize core tools with high efficiency when
using the image processing framework real-time. The following section will address and explain all the
problems mentioned above. In this work, the image processing optimization methodology will be described.
Every Biometric system has four main features: Human Detection, Preprocessing, Feature Extraction, and
Human Recognition, which are shown in Fig. 1. Capturing an image is the first task of a human recognition
system. Images are captured by video, camera, or from a database. This image is provided for the next step of
the human recognition system. The computer is supported by the software, the photo by the device sampled,
and the output results or data of the recognized human image. Finally, the output data can be displayed on the
screen.
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Fig. 1. The architecture of human recognition system.

2.1. YOLOV4 TINY

Yolo, which stands for You Only Look Once, performs an image detection process with a different
algorithmic approach than other methods. Yolo cannot only classify objects but can also determine the exact
position of objects in real time. Joseph Redmo first developed Yolo and has developed several versions, such
as VIZ, YoloV2, YoloV3, YoloV4, and YoloV5. There is a tiny, compressed Yolo version with a more
straightforward and lighter algorithm to run so it doesn't burden the PC [28]-[31]. Based on various studies,
the YoloV4 Tiny is the most effective and lightweight version of Yolo. It reflected on the development and use
of the previous version of Yolo, which has been successfully implemented as an object detection algorithm
with a high confidence level for object detection. YoloV4 Tiny was to be introduced to the public and released
on April 24, 2020, by Alexey Bobrovsky, Chien yao wang, Hong yuan mark.

YoloV4 Tiny has a different architecture, as shown in Fig. 2 which shows the architecture of YoloV4.
Tiny consists of a backbone resulting from the training from an artificial neural network on the image net and
a head (neck), which is used to calculate classification and determine boxes on objects [32]-[34].

One Stage Detector

Input Backbone Neck Dense Prediction

K'Y

Fig. 2. YOLOV4 Tiny Architecture
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To be able to run on a Graphic Processing unit (GPU), the backbones that can be used include VGG,
ResNet, and ResNext, while Squize net, mobile net, or shuffle net can run on a Central processing unit (CPU).
For the head, which is a sub of the backbone, there are two parts: 1) Stage detector/Dense prediction (Yolo,
SSD, Retina Net) and 2) two-stage detector/Spars prediction (Fast R-CNN, Faster R-CNN).

2.2. Real-Time Computing

Real-time computing (RTC), or reactive computing, is the computer science term for hardware and
software systems subject to a "real-time constraint" from event to system response. Real-time programs must
guarantee a response within specified time constraints, often called "deadlines". Real-time responses are
usually understood to be in the order of milliseconds and sometimes microseconds. A system not established
as operating in real time can only sometimes guarantee a response within any timeframe, although typical or
expected response times may be given. Real-time processing will only succeed if completed within a specified
deadline relative to an event, and deadlines must always be met, regardless of system load. A real-time system
is one that "controls an environment by receiving data, processing them, and returning the results sufficiently
quickly to affect the environment at that time". The term "real-time" is also used in simulation to mean that the
simulation's clock runs at the same speed as an accurate clock and in process control and enterprise systems to
tell "without significant delay"[35]-[37].

2.3. Open CV

Open CV is one of the libraries commonly used in programming languages like Python, C, C++, Java,
Matlab, etc. This library was launched by Intel in 1999, and until now, there have been various versions for its
use. The Open CV library is suitable for use in different OS such as Windows, Mac, and Linux, so multiple
groups widely use it. Open CV is closely related to image processing, which generally has functions in Fig. 3.
Image and video reading in an application so that the Open CV library can easily input videos and images to
be processed in an application being developed. Digital image processing, besides being used as input and
output of an image, Open CV can also be used to process the picture, such as pixel processing, color, display,
zoom in, zoom out, blur, etc. Combined with the Artificial Intelligence program, with the advantage of
processing images, it has a high intelligence digital image processing function such as recognizing objects,
identifying similar things, counting the number of objects, as in out, and displaying objects. Of the various
advantages of the Open CV library, it is suitable for object processing [38]-[41].

OpenCV
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Image Processing Statistical Defunct
-~ GUI, Image and

and Classifiers and video Ifo Experimental
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CXCORE
Basic structures and algorithms XML support, drawing Functions

Fig. 3. The structure of OpenCV

2.4. Open CV

A hardware design is made to run the system, while the hardware design is shown in Fig. 4. The input
consists of the Logitech C922 Pro webcam as a video capture device with a predetermined resolution of 1080P
and a frame rate of 30 Fps. Then, the process and output sections consist of a device in the form of a laptop
composed of various components in the processor section, such as an I/O USB port that functions as a connector
between the input section and the processor section of the system, GPU acts to optimize the graphics processing
process on the computer system, SSD functions as a memory that stores data to be processed on the processor
section, RAM is a memory that stores programs that are being executed at that time. The CPU functions to
process all incoming algorithms so that a decision is obtained in the form of output data, which is then
forwarded to the display monitor section. It is necessary to make a block diagram that clearly describes the
input part of the device, the processor part, and the output part—the block diagram, as shown in Fig. 5.
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Based on the Fig. 5, it can be seen that the tool consists of 3 parts, namely: 1) Input: In this section, there
is an input device in the form of a camera which functions to take pictures in real time, besides that there is
also a video that is entered into the process section to be analyzed, and finally in the form of a datasheet, in the
datasheet section contains the results of calculations from object detection which are analyzed and used as the
Real value of the video which will be compared with the reading results from the process section. 2) Process:
This section uses a laptop with software to process Python, OpenCV, and YoloV4-Tiny programs. The program
analyzes input in video or real-time from the camera. 3) Output: In this section, a monitor displays the object
detection results with an algorithm embedded in the laptop to process object detection. The reading results are
displayed as an image on the monitor and data on a data sheet. The output datasheet contains the values obtained
from the processing results in the form of Recall, Precision, Accuracy, the number of detected objects, and the
FPS of the processed video.
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Fig. 4. Hardware design architecture
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Fig. 5. Diagram Block

2.5. Algorithm Programming

The YOLO algorithm applies the function to train images through 4 main stages: (1) determining YOLO
features, (2) making integral images, (3) Ad boost training, and (4) linking with human classifiers. This article
will share a short tutorial using the YOLO algorithm to discuss which areas contain human recognition in
images using OpenCV.

The neural networks give a nonlinear solution to the human recognition problem. The basic idea is to
consider a net with a neuron for every pixel in the image. The advantage of neural networks in classification
over linear ones is that they can reduce misclassifications among the neighborhood classes. The Neural
Network contains neurons and can carry the data from the input to the output. The data is processed and
calculated as the weighted sum of the information applied as a non-linear function.

(1) Initial setting handler;

(2) Processor core and hardware identification;

(3) Image retrieval by camera;

(4) Core utilization analysis;

(5) Workload division mapping and assigner for each core;
(6) Execute image processing task;

(7) Retrieve and arrange the raw result and data of the task;
(8) Further result processing;

(9) Result analysis.
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3.  RESULTS AND DISCUSSION

This section will compare three existing algorithms: YOLOV4, YOLOV4 TINY, and YOLOVS. The
experiment will be tested using the Nvidia MX130 GPU. The parameters used for each algorithm use an image
scale of 640x640 with a total of 480 frames using a video of the same duration and the same image.

Testing this level of accuracy is used to determine the level of accuracy of the tool that has been made so
that it can be said that the device can be used properly with a perfect level of accuracy. From the existing
calculations, the results will be obtained: True Positive (TP), False Positive (FP), True Negative (TN), and
False Negative (FN). If you get it, you can consider the existing Recall (R) and Precision (P) to determine an
algorithm's accuracy level. The definition is as follows.

Recall = —F (1)
e = TP FN
Precision — TP )
recision = TP +FP

Mean Average Precision (mAP) is used to evaluate the model. The purpose of mAP is as follows:

N
1
mAP = N;APi 3)

In Fig. 6 and Fig. 7 discusses the video run for 350 Frame. It can detect a human image object using a
video. This can be done using a real-time camera without reducing the accuracy level.
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Fig. 6. Precision of several algorithms
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Fig. 7. Recall several algorithms

Fig. 8 discusses a video run for 350 Frame. Human image objects can be detected using video. This can
be done using a real-time camera without reducing accuracy and 5 FPS speed. The results show that the
YOLOV4 Tiny algorithm has obtained entirely satisfactory results because it has improvised large and small
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cores so that processing is more focused and improves processor performance much better to compete with
YOLOVS.

Precision (Y) - Recall (X) Curva
—vaLove

—YOLOVA TINY

—YoL0!

R

Fig. 8. PR Curve of several algorithms

Evaluation of the human object model that was run with several algorithms is precise that YOLOV4-Tiny
is still relatively superior to the others because there is an improvised processor, so the image process is much
better and superior to YOLOVS.

When processing images in Fig. 9 the program will then process the video and display the processing
results with video values, accuracy levels, and detected object names. Table 1 describes the map of the
algorithm used and the average time needed to read images with a total of 350 frames.

(B)
Fig. 9. (A) Human Detection 100% correct (B) Human detection error

Table 1. Evaluation Result

Model YOLOV4 YOLOV4 TINY YOLOVS
mAP 0.9519 0.9721 0.9805
Average Time 60 ms/frame 58 ms/frame 55 ms/frame

4. CONCLUSION

Based on the discussion of the results and analysis of this research, it can be concluded that a small object
detection system is done by making hardware wiring, then making programs and libraries, and finally by
running the program on the hardware. The number of objects detected using the YOLOV4-TINY method
compared to YOLOV4 and YOLOVS5 shows that YOLOV4-TINY is quite good. This indicates that the
YoloV4-Tiny method is the most effective for detecting small objects. The effectiveness of small object
detection systems has the same capabilities, which can be seen from the number of detected objects, accuracy,
recall, and precision. In the detection system using the YOLOV4-TINY, YOLOV4, and YOLOVS5 methods,
the average MAP is obtained on the YOLOV4-TINY method so that the process is feasible to be implemented
in a small object detection system.
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