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 Currently, many object detection systems still use devices with large sizes, 

such as using PCs, as supporting devices, for object detection. This makes 

these devices challenging to use as a security system in public facilities based 

on human object detection. In contrast, many Mini PCs currently use ARM 

processors with high specifications. In this research, to detect human objects 

will use the Mini PC Nanopi M4V2 device that has a speed in processing with 

the support of CPU Dual-Core Cortex-A72 (up to 2.0 GHz) + Cortex A53 

(Up to 2.0 GHz) and 4 Gb DDR4 Ram. In addition, for the human object 

detection system, the author uses the You Only Look Once (YOLO) method 

with the YoloV4-Tiny type, With these specifications and methods, the 

detection rate and FPS score are seen which are the feasibility values for use 

in detecting human objects. The simulation for human object recognition was 

carried out using recorded video, simulation obtained a detection rate of 

0.9845 or 98% with FPS score of 3.81-5.55.  These results are the best when 

compared with the YOLOV4 and YOLOV5 models. With these results, it can 

be applied in various human detection applications and of course robustness 

testing is needed. 
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1. INTRODUCTION  

In the current era of globalization, technological developments are very rapid, and a dependence on 

technology cannot be denied. Several rapidly developing technologies include technology systems on 

microprocessors in various electronic devices. These security systems use IoT-based cameras, attendance tools 

that use facial detection and security systems that follow an object, and other technological systems. One of 

the security systems that is developed and is experiencing rapid development is the system that uses object 

recognition identification. In this system, the program recognizes objects caught by the camera with high speed 

and accuracy [1], [2], [3]. 

Object recognition systems have been developed in various fields, such as object recognition to detect the 

quality of crops on agricultural land, the usage in security systems, and multiple ways. This object recognition 

system can also determine how many objects, such as humans, are caught by a camera in one place. This can 

be useful for limiting the number of visitors or a monitoring system to survey how many people are visiting at 

a time [4]-[7]. 

In object recognition, a hardware system with high specifications is needed, especially regarding the 

microprocessor on said device. A microprocessor is an IC chip that connects the core functions of a computer's 

central processing unit (CPU) or the central system that performs data processing on a computer [8], [9], [10]. 
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Microprocessors can be programmed to receive digital data as an input which will be processed according to 

the instructed program and output. As a result data. The microprocessor reads the program sequentially to run 

according to the user's or programmer's wishes. Various programming languages can be used to provide 

commands so that the microprocessor can run them, such as the VHDL, Verilog, and Python programming 

languages, etc [11]-[14]. 

To date, the implementation of object recognition using digital image processing using the YOLO 

algorithm requires hardware with high specifications, especially in the ARM Processor for architecture for 

computer processors. This device with high specifications and suitable algorithm  aims to obtain optimal results 

when conducting training on the dataset that has been collected to get a high accuracy score during 

implementation. In addition, using an Arm Processor with high specifications can result in digital image 

processing on videos that do not experience a decrease in quality, such as a decrease in the fps of the video, 

either in real-time or inputting the video recordings manually [15]-[19].  

Solve the problems using multi-thread. 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. The data output will be identified to see 

the accuracy of each algorithm used. 

 

 
Fig. 1. The architecture of human recognition system 

 

Therefore, to make a device that can be used to detect objects and find out how accurately the device 

detects objects with which is a low cost and portable. In this study, use a camera device and ARM Processor 

from the NanoPi M4V2, which has medium to high specifications and has a reasonably affordable price. In 

addition, the NanoPi M4V2 can also be connected to a screen that can display the results from the camera that 

has been processed on the microprocessor so it can display images from the object detection, accuracy score, 

and the number of images displayed sequentially in each second or fps (frame per second) obtained from the 

camera. Hence the author makes a device that can identify objects in real-time and video input. 

 

2. METHODS  

2.1. YOLOV4 TINY 

Which stands for You Only Look Once, is a method to perform an image detection process with a different 

algorithmic approach compared to other methods. Yolo cannot only classify objects but can also determine the 

position of objects with accuracy in real-time. Joseph Redmo first developed Yolo, and it was created several 

times until there existed various versions such as VIZ, YoloV2, YoloV3, YoloV4, dan YoloV5, and in all of 

these versions, there is a Tiny version which is a compressed result of the Yolo version with a simpler algorithm 

and light to execute so that it doesn’t burden the PC [20]-[23]. Based on various research that has been released 

shows that the YoloV4 Tiny is the most effective and light version of Yolo by far.  

Reflecting on the development and usage of the previous version of Yolo, which has been successfully 

implemented as an object detection algorithm with a high confidence level to detect an object [25]-[28]. 

YOLOv4-tiny is a compressed version of YOLOv4 that makes the network structure simpler and reduces 

parameters making it feasible for development on mobile and embedded devices. YoloV4 Tiny has a different 

architecture, as seen in Fig. 2. which shows the architecture of YoloV4 Tiny consists of a backbone which is 

the training result from an artificial neural network on the image net as well as a head (neck) which is used to 

calculate classification and determine boxes on objects [29]-[33]. 

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). For real-time 
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object detection, YOLOv4-tiny is better than YOLOv4 because faster inference time is more important than 

precision or accuracy when working with real-time object detection environments. 

 

 
Fig. 2. YOLOV4 Tiny Architecture 

 

2.2. Open CV 

Library of programming functions mainly aimed at real-time computer vision. Advance vision research 

by providing open and optimized code for basic vision infrastructure. No more reinventing the wheel. 

Disseminate vision knowledge by providing a shared infrastructure that developers could build on, making 

code more readily readable and transferable. Advance vision-based commercial applications by making 

portable, performance-optimized code available for free – with a license that does not require code to be open 

or accessible itself [34], [35], [36].  

OpenCV is a trendy open-source real-time computer vision library initially developed by Intel and now 

maintained by Willow Garage. It is a collection of highly optimized libraries containing more than 500 

algorithms and is designed to take advantage of Intel Integrated Performance Primitives (IPP) for better 

performance. This work focuses on the OpenCV1.0 version, which provides five main library components 

[37], [38], [39]. 

The structure of OpenCV is shown in Fig. 3. The basic structure of OpenCV. The CV component contains 

a collection of computer vision and image processing algorithms. The Machine Learning Library (MLL) 

contains statistical classifiers and clustering tools, HighGUI provides routines for storing and loading video 

and images, and CvAux contains defunct and experimental algorithms. The core support, like basic data 

structures and low-level algorithmic support, is provided by the CXCORE library component. Since this work 

is based on the NanoPi M4V2, using the IPP library for better performance is impossible. Instead, OpenCV 

algorithms are redesigned to take advantage of the architecture present on the NanoPi M4V2. The reference 

algorithm cvMatchTemplate for correlation is taken for benchmarking from the OpenCV library defined in the 

spatial domain [40], [41], [42]. 

 

 
Fig. 3. The structure of OpenCV 

 

2.3. Hardware Design and Analyst 

Firstly, the program must import the library, then load the necessary dataset. We can identify whether the 

code is valid by running it in Python. Then we put the loop “While true” to avoid exiting by itself. Inside the 

loop, we put the core functionality. It is as follows: (1) capture video by frame, (2) detect multi-scale, (3) draw 

a rectangle around a human, (4) display the resulting frame. 
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The device is connected to the network, USB Camera (C922), and SSD through a GPIO pin. Then for, 

the native display, it relates to the LG monitor through HDMI port. The program design is as follows in Fig. 4. 

and Fig. 5. 

 

 
Fig. 4. Diagram Block 

 

 
Fig. 5. Program Architecture 

 

Input: in this section, there is an input device in the form of a camera that takes pictures in real-time. 

Aside from that, a video is also entered into the process section to be analyzed. Lastly, in the form of a datasheet, 

the data sheet section contains the calculation results from the object detection being investigated and used as 

the Real score of the video, which will later be compared with the reading results from the process section. 

Process: in this section, use a laptop containing software to process Python, OpenCV, and YoloV4-Tiny 

programs. The program analyzes input in video or in real-time from the camera. Output: In this section, a 

monitor is used to display the object detection results with an algorithm embedded in the laptop to process 

object detection. The reading results are shown as an image on the monitor and data on the datasheet. The 

datasheet output contains the score obtained from the processing results in the form of Recall, Precision, 

Accurate, the number of detected objects, and the FPS of the processed video. 

Initial setting handler. This function is necessary for creating the initial setting or applying the saved set. 

This function will also handle various system calls needed for the framework's initial start. Optionally, this will 

also contain the necessary process for analysis as a time recorder: processor core and hardware identification. 
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The framework needs to identify the specification of the processor. Then this function will create the hardware 

configuration file that the framework will utilize.  

The process will also prepare the other entity's necessary system call and hardware utilization function—

image retrieval by a camera. Image data will be retrieved by this function inside the framework. This function 

will analyze and settle the hardware communication and system call necessary for the framework. Core 

utilization analysis. This function will monitor the processor’s utilization data and determine the available core. 

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 that 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 a given core. 

Retrieve and arrange the raw result and data of the task. Because of the parallelization, the development 

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. This 

function will check the finalized data and running time of one cycle of the framework. This function will also 

handle functions necessary for analysis purposes. 

This framework aims to make human recognition and utilize multiprocessors with different architectures 

so that analysis can be done by running it head-to-head with the default configuration. The framework design 

allows the entity to work independently by dividing each entity into separate executable functions or in 

asynchronous order before specified instructions. The algorithm shown in Fig. 6. is as follows. 

 

 
Fig. 6. Workflow the process 

 

2.4. 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; 
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(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. 

 

3. RESULTS AND DISCUSSION  

This section will compare three existing algorithms: YOLOV4, YOLOV4 TINY, and YOLOV5. The 

experiment will be tested using Nanopi M4V2. The parameters used for each algorithm use an image scale of 

640×640 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 =  
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
 (1) 

 𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =  
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
 (2) 

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

 𝑚𝐴𝑃 =  
1

𝑁
∑ 𝐴𝑃𝑖

𝑁

𝑡=1

 (3) 

Discusses the video that was run for 20 seconds with 24 FPS (Total of 480 FPS). Can be detected a human 

image object using a video. This can be done using a real-time camera without reducing the accuracy level. the 

YOLOV4 Tiny algorithm obtains satisfactory results because it obtains improvisation from the big core and 

little core so that the processing is more focused and improves the processor performance much better so that 

it can beat YOLOV5 that is only implemented without any improvisation process in that ARM Processor. 

Fig. 7 explains the evaluation of the human object model, which is run with several algorithms that are 

used. It can be seen that YOLOV4-Tiny is still superior to the others because there is processor improvisation, 

so the image process is much better and more remarkable compared to the YOLOV5 version, which is superior 

to YOLOV4-Tiny. 

 

 
Fig. 7. Precision VS Recall Curva 
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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 YOLOV5. 

Evaluation will also explain that each existing FPS has recall and precision. in Fig. 8. explains each recall 

and precision to explain the testing results of each calculation that appears in each video frame with a duration 

of 16 seconds (1 Second / 30 FPS). 

 

  

(a) (b) 

Fig. 8. (a) Precision for 480 FPS (b) Recall for 480 FPS 

 

The process image is in Fig. 9. The video will be processed by the program, and the processing results 

will be displayed in the form of the video's value, the accuracy level, and the detected object's name. 

Table 1 describes the mAP of an algorithm used and the average time needed to read images with a total 

of 480 frames (24 FPS) contained in a video with a duration of 20 seconds.  

The author will discuss the performance of RAM (Random Access Memory) and CPU (Central Processor 

Unit) when the digital image processing is executed in Fig. 10. 

Explaining the image data obtained, the CPU usage on the device is not too high or not up to 100%, and 

the RAM that is used is only 25% of 100% or 1.02Gb of the available 4Gb RAM aside from that, the 

temperature on the device also does not overheat. So overall, the program and device run well, and there are 

no problems with their usage. 

 

 
Fig. 9. Human Detection 

 

Table 1. Evaluation Result 
Model YOLOV4 YOLOV5 YOLOV4 TINY 

mAP 0.9632 0.9751 0.9845 

Average Time 55 ms/frame 50 ms/frame 47 ms/frame 
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Fig. 10. YOLOV4 Tiny Performance 

 

4. CONCLUSION 

The results of the experiments that have been carried out, it can be concluded that the device and system 

that have been made can work well to detect human objects. The NanoPi M4V2 device has an FPS (Frame Per 

Second) rate reasonable for digital image processing in video format with the YOLOV4 Tiny algorithm. The 

accuracy level in the YOLOV4 Tiny algorithm using the NanoPi M4V2 device has a high level of accuracy 

with video input with brighter lighting. When the device is run, there is no problem with the CPU usage on the 

NanoPi M4V2 using the YOLOV4-Tiny algorithm to detect human objects. 
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