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optimize them so as to meet real-time deadlines. A methodology to take
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advantage of this approach is that it allows the ARM processor to perform
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1. INTRODUCTION

In recent years, the study of image analysis and its use in face recognition applications has gained
significant attention from the worldwide research community. Face recognition has been widely used as
identification, and it has become a special application among many fields of research in Computer Vision and
pattern recognition, such as commercial and law enforcement applications, including passports, credit cards,
driver’s licenses, biometric authentication, video surveillance, and information security.

Face Recognition is a recognition technique used to detect the faces of individuals whose images are
saved in the data set. Before it can be identified, first, the face in the image should be located. Unlike the human
eye and brain, a computer cannot see a visual object as a human does. The computer will see the object as
binaries strings [1-5].

A facial recognition system is a technology capable of identifying or verifying a person from a digital
image or a video frame from a video source. There are multiple methods in which facial recognition systems
work, but in general, they work by comparing selected facial features from a given image with faces within a
database. It is also described as a Biometric Artificial Intelligence based application that can uniquely identify
a person by analyzing patterns based on the person's facial textures and shape [6].
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While initially a form of computer application, it has seen wider uses in recent times on mobile platforms
and in other forms of technology, such as robotics. It is typically used as access control in security systems and
can be compared to other biometrics, such as fingerprint or eye iris recognition systems. Although the accuracy
of facial recognition systems as a biometric technology is lower than iris recognition and fingerprint
recognition, it is widely adopted due to its contactless and non-invasive process [7-9]. Recently, it has also
become popular as a commercial identification and marketing tool. Other applications include advanced
human-computer interaction, video surveillance, automatic indexing of images, and video database, among
others [10-13].

RK3399 is a low-power, high-performance processor for computing, personal mobile internet devices,
and other smart device applications. Based on Big. Little architecture, it integrates dual-core Cortex-A72 and
quad-core Cortex-A53 with a separate NEON coprocessor. It also integrates Mali T860 MP4 GPU.

Many embedded powerful hardware engines provide optimized performance for the high-end application.
RK3399 supports multi-format video decoders, including H.264/H.265/VP9 up to4Kx2K@60fps, especially
H.264/H.265 decoders support 10bits coding, and also supports H.264/MVC/VP8 encoders by 1080p@30fps,
high-quality JPEG encoder/decoder, and special image preprocessor and postprocessor.

Embedded 3D GPU makes RK3399 completely compatible with OpenGL ES1.1/2.0/3.0/3.1, OpenCL,
and DirectX 11.1. A special 2D hardware engine with MMU will maximize display performance and provide
very smooth operation.

RK3399 has a high-performance dual-channel external memory interface (DDR3/ DDR3L/ LPDDR3/
LPDDR4) capable of sustaining demanding memory bandwidths and also provides a complete set of the
peripheral interface to support very flexible applications.

The embedded face recognition system takes ARM as the core control unit to realize facial feature
extraction and image recognition. The embedded face recognition system designed uses a modular platform
design, mainly divided into a multi-modal state monitoring sensor module and communication module, power
supply module, PC communication module, the data processing module, and DSP digital signal processing
module, which DSP (digital signal processor) is the core of the system, ARM is used as the main control chip
of the control system, WiFi is used for data transmission and control command output, liquid crystal display is
used to achieve human-computer interaction [14-16].

2. METHODS

After considering all the background discussed, we can conclude to solve this problem by using Multi-
thread. Then there will be some problems and questions about this multi-thread, such as what image want to
process, what is the purpose of image processing, How to process images, how to make a detailed and correct
image processing framework design, make the core work regularly and directed, and utilize ARM tools with
high efficiency when using the image processing framework real-time. All the problems mentioned above will
be resolved and will be explained in the next section [17-19].

This work presents a methodology for the optimization of image processing on ARM. Every Biometric
system has four main features, which are shown in Fig. 1, face Detection, preprocessing, Feature Extraction,
and Face Recognition.

Feature Face Verification/
Extraction Recognition Indentificaton

\J

Image —= Face Detection = Preprocessing

Fig. 1. Architecture of Face Recognition System

As Fig. 1. shows, the first task of the face recognition system is capturing an image by video, camera, or
from the database, and this image is given to the further step of the face recognition system that is discussed in
this section [20-22].

Face Detection-The main function of this step is to detect the face from the captured image or the selected
image from the database. This face detection process actually verifies whether the given image has a face image
or not. After detecting the face, this output will be further given to the pre-processing step.

The pre-processing-This step works as the pre-processing for face recognition. In this step, the unwanted
noise, blur, varying lighting conditions, and shadowing effects can be removed using pre-processing
techniques. Once we have a fine smooth face image, then it will be used for the feature extraction process.

Feature Extraction-In this step, features of the face can be extracted using a feature extraction algorithm.
Extractions are performed to do information packing, dimension reduction, salience extraction, and noise-
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cleaning. After this step, a face patch is usually transformed into a vector with a fixed dimension or a set of
fiducial points and their corresponding locations.

Face Recognition-Once feature extraction is done step analyzes the representation of each face; this last
step is used to recognize the identities of the faces for achieving automatic face recognition. For recognition, a
face database is required to build. For each person, several images are taken, and their features are extracted
and stored in the database. Then when an input face image comes for recognition, then it first performs face
detection, preprocessing, and feature extraction. After that, it compares its feature to each face class stored in
the database.

Digital image processing is the use of a digital computer to process digital images through an algorithm
[23][24]. As a subcategory or field of digital signal processing, digital image processing has many advantages
over analog image processing. It allows a much wider range of algorithms to be applied to the input data and
can avoid problems such as the build-up of noise and distortion during processing since images are defined
over two dimensions (perhaps more). Digital image processing may be modeled in the form of
multidimensional systems. The generation and development of digital image processing are mainly affected by
three factors: first, the development of computers; second, the development of mathematics (especially the
creation and improvement of discrete mathematics theory); third, the demand for a wide range of applications
in environment, agriculture, military, industry, and medical science has increased.

Real-time computing (RTC), or reactive computing, is the computer science term for hardware and
software systems subject to a "real-time constraint," for example, from event to system response. Real-time
programs must guarantee a response within specified time constraints, often referred to as "deadlines."

Real-time responses are often understood to be in the order of milliseconds and sometimes microseconds.
A system not specified as operating in real-time cannot usually guarantee a response within any timeframe,
although typical or expected response times may be given. Real-time processing fails if not completed within
a specified deadline relative to an event; deadlines must always be met, regardless of system load.

Advanced RISC Machine (ARM) Processor is a family of reduced instruction set computing (RISC)
architectures for computer processors configured for various environments. Arm Holdings develops the
architecture and licenses it to other companies, who design their own products that implement one of those
architectures—including systems-on-chips (SoC) and systems-on-modules (SoM) that incorporate memory,
interfaces, radios, etc. It also designs cores that implement this instruction set and licenses these designs to a
number of companies that incorporate those core designs into their own products.

OpenCV (Open Source Computer Vision Library) is a library of programming functions mainly aimed at
real-time computer vision [25-34]. Originally developed by Intel, it was later supported by Willow Garage,
then Itseez.

Data acquisition techniques can be divided into two categories: Active Range Sensors and Passive Range
Sensors, that is, data acquisition based on physical devices and data acquisition based on multiple images [35-
40]. Active Ranging Sensing is when the vision system first emits energy to the scene and then receives the
energy emitted by the scene to calculate the location information of each point in the scene. A passive ranging
sensor is a visual system that receives the light energy emitted or reflected from the scene, forms the light
energy distribution function of the scene, and then restores the depth information of the scene on the basis of
these images. The most common method is to use two cameras at a certain distance to obtain scene images
simultaneously to generate depth maps. Another method similar to this method is that a camera obtains two or
more images in different spatial positions and generates depth maps by gray information and imaging geometry
of multiple images. Depth information can also be indirectly estimated by using the gray and dark features,
texture features, and motion features of grayscale images. The methods used in the completion of the research
are written in this section.

As it was proven that Nanopi M4V2 is capable of handling this experiment, so there is huge potential for
this research. The code can be improved by a better algorithm and better detection parameters. The captured
video is also possible to store for later processing. The device can handle more complex and demanding tasks.
So it is also possible to decentralize the image processing task into individual devices. The device is capable
of being assigned for more instruction and external commands regarding the respective use case.

2.1. Workflow Design

There is a framework part, as it is required for building and enabling face recognition optimization
algorithm (Fig. 2). The other is analysis, which shows the difference between unoptimized and optimized ones.
Feature location of the face image is taken by image edge contour detection method, combined with image
entropy adaptive feature extraction method, face feature extraction is realized, and the face recognition
algorithm is improved. In order to achieve effective extraction and recognition of facial feature points, an
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adaptive point tracking method is used to label and detect the region of facial activity, and the face feature
points are constructed as the coordinate of the facial feature points:

X = (xiovxilv o Xi(n-1), Yio» Vi1 ""!yi(n—l))T (1)

Program Identifier

}

Task Identification

)

Core Arranger

|
| }

Little Processor Big Processor
Core #1 Core #3
Core #2 Core #6
Core #3
Core #4

}

Display Result

Fig. 2. Parallelism Scheme

The affine transformation of the facial feature points is used to analyze the affine transformation, and the
affine transformation coordinate system is constructed as X = (xig, Xi1, - Xi(n-1)» Yio» Yi1» - +» Yitn-1)) " - BY
tracking facial feature points to calculate the j gradient histogram of all samples in face images, in the pixels
(xij, ¥ij), by an affine transformation, get the corresponding invariant coordinates (x;;, y;;), face mesh region
is matched in different orientations and different scales, the facial details are highlighted, and the relative
gradient values of face images are:

N
1
err; = Nz \/(xij —xij)% + Vij — ¥ij)? 2)
i=1

Where N is the total number of pixels of the face image, and ij is the number of corresponding facial features,
the feature matrix of face pose change during rotation is:

cos(—6;) —sin(—6,) OH ]

sm( 6,) cos( 6,) 0 3)

The affine invariant moment matrix is obtained by adjustmg the pixel value in the original image, and the
affine invariant matrix of the face pose change contour is obtained in the projection coordinate:

ve cos(6;) —sin(6,) 0] rx
2] i
1 1

sin(6,) cos(6,) 0
0 0 1
In the formula, EyeMapCx is the image information entropy feature, the affinity matrix of facial features
is calculated, and thereby the feature extraction and face recognition are completed.

(4)

Initial setting handler

This function is necessary for creating the initial setting or applying the saved setting. This function will
also handle various system calls needed for the initial start of the framework. Optionally, this will also contain
the necessary function for analysis purposes as a time recorder.
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Processor core and hardware identification

The framework needs to identify the specification of the processor. Then this function will create the
configuration file of the hardware that will be utilized by the framework. The function will also prepare the
necessary system call and hardware utilization function for the other entity to work on.

Image retrieval by the camera
Image data will be retrieved by this function inside the framework. This function will analyze and settle
the hardware communication and system call that is necessary for the framework.

Core utilization analysis

This function will actively monitor the processor’s utilization data and determine which core is available
for the task. We can set the policy for each core’s utilization. For example, the core with high utilization will
not be utilized for the task. This function also provides data for the workload assigner function.

Workload division mapping and assigner for each core

This function will receive data from the core utilization analysis function. This will determine which task
will be executed by which core. This function will manage the assignment on the OS layer and process
utilization, so it can pinpoint to which core the given task will run.

Execute image processing task
The image processing function will run at the given core.

Retrieve and arrange the raw result and data of the task
Because of the parallelization, the result of each core’s process will be retrieved, and those will be
combined into necessary data for further processing

Further result processing
This function will handle the result finalization and data shaping as intended.

Result analysis
The finalized data and running time of one cycle of the framework will be checked by this function. This
function will also handle functions necessary for analysis purposes.

2.2. Hardware Design

The schematics of the device are shown in Fig. 3. The device is connected to the network, USB Camera
(C270), and SSD through a GPIO pin. Then for the native display, it connects to the LG monitor through an
HDMI port.

SSD
Transcend 128Gb

GPIO
RAM Webcam
1GBx 2 USB €270
CPU
GPU
RAM
1GBx 2
Power HDMI RJ45 Network
SV/4A ehwor

Display
LG 22 Inch

Fig. 3. Hardware Design

Optimize Image Processing Algorithm on ARM Cortex-A72 and A53 (Rachmat Muwardi)


http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&

404 Jurnal llmiah Teknik Elektro Komputer dan Informatika (JITEKI) ISSN: 2338-3070
Vol. 8, No. 3, September 2022, pp. 399-409

The program design is shown in Fig. 4. Firstly, the program needs to import the library, then load the
necessary dataset. In python, we can identify whether the code is valid or not by just running the code by itself.
Then we put the loop “While true” to avoid exiting by itself. Inside the loop, we put the core functionality. It
captures video by frame, detects multi-scale, draws a rectangle around the face, and displays the resulting
frame.

Import Library

h 4

Load Face Cascade

While True v
Capture Video by
Frame

Y

Detect Multi Scale

A

Draw Rectangle
Around Face

v
Display Resulting
Frame

h 4

Close Video capture

\d
Close OpenCV
Stream

Fig. 4. Program Architecture

Then we can put the termination code inside the loop and wrap the program up at the end of the code.
Fig. 5 shows the flow of the data, starting from a USB camera that captures the video and passes it into the
device. Then, the device will process the data and finally shows the result on display.

USB Camera ARM

A 4
h 4

Display

Program

- Python
- OpenCV

Fig. 5. Processing

Face detection is the most part of face recognition which detects faces from video or image. In [41], it is
given popular face detection algorithms. Classification of face detection algorithms is face detection by skin
color, face detection by Haar classifier, and face detection by face characteristics.
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Table 1 shows problems can be due to system faults used in face recognition, such as camera distortion,
background noise, inefficient storage, improper techniques, etc. More than that, there can be network problems
due to environmental conditions.

Table 1. Analyzes face detection method by detection rate and time
Face Detection Method Detection Rate  Detection Time

Skin Color 66% 0.410s
Haar Classifer 87% 0.443 s
Face Characteristics 93% 1.669 s

3. RESULTS AND DISCUSSION

Then the program will capture the video and divide it by frame. So, the OpenCV library can work with
image format. The frame in the current process will be transformed into grey. We need to perform the
detectMultiScale function. There are several parameters needed for that function. It is the input file,
scaleFactor, minNeighbors, minSize, and flags. The designated face detection program runs smoothly in
Nanopi M4V2 are shown in Fig. 6.

Fig. 6. Result in etection

There are no errors in the process because the program does not output any error message or throw any
interruptions during the test. There is also no stuttering or undesired behavior, shown in the resource manager
that the CPU utilization is still below 80 % while running the program. The resources needed for the program
to run is also adequate in the given device, as the requirement to run the program is fulfilled by the hardware
specification of the device.

The detection is relatively inaccurate due to unrefined code. It is possible to improve the accuracy of the
code without sacrificing performance. The test also showed that OpenCV and python three runs without
problem in Fig. 7 and Fig. 8, as no interruptions or errors were present during the testing. There is no detected
bottleneck in the performance. Native display and remote access worked as intended in the program
environment for the hardware itself. The experiment does not cause overheating even without an active device
cooling mechanism. No hardware failures or slowdowns happened due to the performance of the given
specification. Peripherals such as USB Cameras, SSD, and displays worked without a problem.

They utilize image processing algorithms and ARM devices with high efficiency when using face
detection, recognition, and image processing framework in real time. For hardware utilization, RAM usage is
relatively low, just around 200 MB with an occasional spike up to 300 MB. Processor utilization for this
program takes about 50 % of the processor’s capability. The final results of this experiment occasionally spike
to 100 % CPU usage. Table 2 shows the performance analysis of The Nanopi M4V2,

Optimize Image Processing Algorithm on ARM Cortex-A72 and A53 (Rachmat Muwardi)


http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&

406 Jurnal llmiah Teknik Elektro Komputer dan Informatika (JITEKI) ISSN: 2338-3070
Vol. 8, No. 3, September 2022, pp. 399-409

1.42 { LLITTLE)
1.42 GHz ( .LITTLE)
.LITTLE)

(  .LITTLE)

LLITTLE)
-LITTLE}
SLITTLE)
SLITTLE)
.80 GHz (big. )
.58 GHz (big. ]

ig. 8. Without running te progam.

Table 2. Performance Analysis

Name CPU Frequency Without Running Program  While Running Program

1.42 GHz 0% 65.8%

Little 1.42 GHz 0% 42.1%

Core 1.42 GHz 24.0% 59.9%
1.42 GHz 0% 51.6%

Big 1.8 GHz 0% 75.2%

Core 1.8 GHz 2.6% 74.8%

RAM 4GB 10% 75%

CPU Temp 38Ce 62C°

4. CONCLUSION

The researcher wrote hopes to design an image processing framework in detail and correctly, make the
core work regularly and directed, and utilize ARM devices with high efficiency when using an image
processing framework in real-time. This system is organized to capture an image sequence, find facial features
in the images, and recognize and verify a person. In order to improve the ability of face recognition and
detection, an improved face recognition system is proposed based on ARM architecture design, and software
development of face recognition system is taken in ARM embedded platform. The image edge contour
detection method is used for face image feature positioning, the adaptive feature extraction method of image
entropy is used for facial feature extraction, the face recognition algorithm is optimized, and the user
application program, the bus driver module, the information interaction module, and the face image output
module are constructed. The application development of a face recognition system is taken based on ARM
architecture, and it can improve the accurate probability of face recognition. In general, facial recognition
systems proceed by capturing the face in an image, with the effect of estimating and normalizing for translation,
scale, and in-plane rotation. Given a normalized image, the features are extracted and compressed in a compact
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face representation which can then be stored in an image database and compared with face representations
image derived at later times.
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