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FOREWORD 

 

ULTIMA Greetings!  

Ultima Computing : Jurnal Sistem Komputer is a Journal of Computer Engineering and Electrical 

Engineering at Multimedia Nusantara University which presents scientific research articles in the 

field of Computer Systems as well as the latest theoretical and practical issues, including Edge 

Computing, Internet-of-Things, Embedded Systems, Robotics, Control Systems, Network and 

Communication, System Integration, and other topics in the field of Computer Engineering and 

Electrical Engineering. 

In this June 2023 edition, Ultima Computing enters the 1st Edition of Volume 15. In this edition 

there are six scientific papers from researchers, academics and practitioners in the fields of 

Computer Engineering and Electrical Engineering. Some of the topics raised in this journal are: 

Development of an Internet of Things-Based Garbage Collection Robot, Performance Comparison 

of YOLOv5 and YOLOv8 Architectures in Human Detection using Aerial Images, State-Feedback 

Control Design for the Cannon Stability System, Comparison of FIR and IIR Filters for Audio 

Signal Noise Reduction, Soil Moisture Control System for Lettuce Seeds: Time-based Alternative 

Approach and Simple and Accurate Instrumentation Device to Detect Loose-End Defective 

Cigarettes. 

On this occasion we would also like to invite the participation of our dear readers, researchers, 

academics, and practitioners, in the field of Engineering and Informatics, to submit quality scientific 

papers to: International Journal of New Media Technology (IJNMT), Ultimatics : Jurnal Teknik 

Informatics, Ultima Infosys: Journal of Information Systems and Ultima Computing: Journal of 

Computer Systems. Information regarding writing guidelines and templates, as well as other related 

information can be obtained through the email address ultimacomputing@umn.ac.id and the web 

page of our Journal here. 

Finally, we would like to thank all contributors to this June 2023 Edition of Ultima Computing. We 

hope that scientific articles from research in this journal can be useful and contribute to the 

development of research and science in Indonesia. 

 

June 2023,  

 

 

 

M.B.Nugraha, S.T., M.T.  

Editor-in-Chief 
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Abstract— The problem of garbage is not a new thing 

from the past until now, garbage is still the center of 

attention and a prolonged problem because of the various 

impacts of the problems that are caused and felt. Many 

factors are the cause of the increasing amount of garbage 

every day, including the lack of self-awareness about 

maintaining cleanliness and disposing of garbage in its 

place. This study aims to develop an IoT-based garbage 

collection robot. The method in developing this garbage 

collection robot is using the Fuzzy Mamdani method. The 

IoT-based garbage collection robot is designed using the 

Arduino Uno microcontroller as well as the Node MCU 

ESP 8266, HC-SR04 sensor, DHT11 sensor, SG90 Servo 

motor, DC motor and L298N motor driver. The way this 

robot works is to detect the distance with the HC-SR04 

sensor as a distance data input then processed by the 

Arduino microcontroller and then the SG90 servo motor 

will move to clamp the garbage automatically and for the 

robot using control via a smartphone to be directed to the 

destination garbage. The results of this study are that the 

robot can clamp or pick up garbage with a distance of less 

than 5 cm and can control the speed of a DC motor using 

the fuzzy Mamdani method. 

Index Terms— Arduino uno; Fuzzy Mamdani; HC-

SR04 Sensor; Node MCU ESP8266; Garbage. 

I. INTRODUCTION 

The garbage problem is not a new thing anymore 

from the past to the present, garbage is still the center 

of attention and a prolonged problem due to the various 

impacts of the problems caused and felt. There are 

many factors that cause the increasing amount of 

garbage every day, including the lack of awareness in 

oneself about maintaining cleanliness and throwing 

garbage in its place. Especially now that there is a 

Covid-19 pandemic that has hit the whole world, one 

of which is in Indonesia. The Indonesian government 

in stopping the pace of Covid-19 has also issued 

policies and statements in the form of work from home 

(WFH), Social distancing, Large Scale Social 

Restrictions (PSBB) and so on, which will affect the 

joints of people's lives[1]. 

During the Covid-19 pandemic, garbage can 

become very dangerous due to the nature of the virus 

that can last up to several days on inanimate objects 

[2]. Therefore, it is very important to be able to 

maintain the cleanliness of the environment by 

disposing of garbage in its place and also cleaning up 

scattered garbage to be able to avoid various impacts 

that occur, especially during the current pandemic, it 

can minimize the spread of the Covid-19 virus which 

can live in the inanimate object, one of which is 

garbage. 

In the current era of the industrial revolution 4.0, 

technology plays an important role in everyday life. 

Technology is one of the needs and cannot be separated 

in all activities carried out, because technology makes 

all activities easier [2], faster, and also efficient [3]. 

Therefore, it is necessary to have new innovations 

created to be utilized and used in an effort to improve 

existing technological advances. In the use of 

technology to be able to facilitate work and also all 

activities carried out in the current era of revolution 

4.0, robot technology continues to be developed. 

Developed countries such as Japan use robots to be 

able to help with human work [4]. Robots are made to 

facilitate human work which has been burdensome for 

some humans [5], [6]. 
 

Garbage problems can be overcome by utilizing 

technology, one of the efforts that continues to be 

carried out, one of which is by developing robot 

technology to be implemented as a garbage cleaning 

tool [7], [8]. In this study, an internet-based garbage 

collection robot of things will be developed which can 

be controlled via a smartphone, making it easier to 

clean up garbage and becoming one of the efforts to 

maintain environmental cleanliness during the Covid-

19 pandemic. 

II. RESEARCH MODELS AND METHODS 

The method in this study used a waterfall model 

and used the fuzzy Mamdani method [9].  The stages 

in this method are planning, analysis, system design, 

design, and testing of results. 
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Figure 1. Waterfall model 

A. Planning 

Make plans related to how the performance and 

benefits of the system will be made. Planning various 

components of tools and materials that will be used in 

the manufacture of the Internet of Things-Based 

Garbage Collection Robot system where this robot will 

later use two microcontrollers that will control the 

system of this robot, namely the Arduino Uno 

microcontroller and also NodeMCu ESP 8266. For the 

development of this Internet of Things-Based Garbage 

Collector robot using the Fuzzy Mamdani Logic 

method. 

In this planning stage, namely by analyzing the 

hardware needed in the development of IoT-based 

garbage collection robots, including: 

• Arduino Uno 

• NodeMCU Esp 8266 

• Servo Motor 

• DC motor 

• Ultrasonic Sensors 

• DHT 11 sensor 

• L298N driver 

The software needed in designing an internet of 

things-based garbage collection robot is : 

• Arduino IDE for programming or coding 

microcontrollers  

• Fritzing to design an electronic scheme for the 

manufacture of IoT-based garbage collection 

robots 

•  Matlab to determine the result of the calculation of 

the fuzzy Mamdani method 

B. Analysis 

Analyze how the robot works when the fuzzy 

Mamdani logic method is applied in regulating the 

speed of the DC motor. In analyzing the fuzzy 

Mamdani method where in this method there are two 

sensor inputs, namely the ultrasonic sensor and the 

DHT 11 sensor, it will then produce an output in the 

form of a DC motor rate velocity. 

 

Figure 2. Distance Membership Function 

 

Figure 3. Moisture Membership Function 

 

Figure 4. Speed Membership Function 

Rules 

➢ R1 : If Near And Wet Then Slow 

➢ R2 : If Far And Normal Then slow 

➢ R3 : If Not bad And dry then slow 

➢ R4 : If Near And Dry Then Quickly 

➢ R5 : If Far And Wet Then Fast 

➢ R6 : If Not Bad And Normal Then Fast 

 

Figure 5. Fuzzy Mamdani Calculation 
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C. System Design 

Designing how the system scheme will be made is 

by using a fritzing application. The fritzing application 

itself is widely used to design the design scheme of 

electronic devices to be made [10]. The following is 

the result of the design of the robot system using the 

Fritzing application. 

 

Figure 6. IoT-based Garbage Robot Circuit Schematic Design 

From Fig. 6, it can be seen that the system design 

of the robot uses two microcontrollers, namely 

Arduino Uno and NodeMCU ESP 8266. There are four 

SG90 servos as a garbage stamping crust. L298N 

motor driver that regulates the speed of DC motors, 

ultrasonic sensors as a detection of obstacles [11] and 

also garbage, as well as a DHT 11 sensor to measure 

humidity [12] in the garbage box. Here is the flowchat 

system (Fig. 8) on the internet of things-based garbage 

collection robot. 

In the garbage collection system, it uses a robotic 

arm system that functions to stamp garbage. The 

garbage collection arm uses a 4-servo motor crust that 

will move to stamp the garbage, while to detect the 

garbage using the HC-SR04 sensor. On the side of the 

robotic arm, a box is made that functions to hold the 

garbage that has been collected (Fig. 7). 

 

Figure 7. Prototype Design of IoT-Based Garbage Collection Robot 

The design of the basic garbage collection robot 

uses boards to support various components of the 

garbage collection robot. For the crusting part, it uses 

4 displaced wheels to walk the garbage collection robot 

to the garbage to be collected. 

 

Figure 8. Robotic Flowchart 

D. Tool Designing 

Designing various components of the tool directly 

according to the design that has been made. Connects 

every pin present on the Node MCU Esp. 8266 

component, Arduino UNO, HC-SR04 sensor, DHT 11 

sensor and SG90 servo motor. In designing the tool, 

you must be careful to connect each pin on each 

component, because each pin on the electronic 

component has its own function. 

Hardware design using a prototype model as 

follows: 

• Ultrasonic sensor HC-SR04 as input detection [13] 

of objects or garbage to be collected  

• Using a DC Motor as a wheel crust to run the robot 

system to the garbage to be collected 

start 

Running Applications 
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WIFI 

Walking Robot 

Garbage 
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reading sensor 

>5 
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• Using the SG90 servo motor as a robotic arm crust 

that functions as a stamper and lifts the garbage to 

the garbage box 

• Using ultrasonic sensors detects garbage capacity 

and to be able to regulate the speed of the running 

DC motor 

• As well as a smartphone as a connector and 

controller of the direction of the running robot. 

• DHT 11 sensor as a sandbox moisture counterh. 

E. Testing and Results 

Testing the IoT-based garbage collection robot that 

has been made whether it is in accordance with what is 

expected or needed. Then the results obtained from the 

experiment will be a reference on how the system 

works and the functioning of the system. For the due 

diligence plan of the IoT-based garbage collection 

robot work system using a scoring table based on user 

ratings. Furthermore, the results of the validation test 

assessment are calculated in the following way: 

  percentage score =
Σ earned score

Σ maximum score
× 100%       (1) 

The percentage of score obtained is then measured 

using the score interpration for the Likert scale [14]. 

TABLE I. ELIGIBILITY CRITERIA GUIDELINES 

Percentage Interpretation 

0%-25% Very Unworthy 

26%-50% Not Worth It 

51%-75% Proper 

76%-100% Very Worthy 

 

To be able to find out the response of users to 

develop IoT-based garbage collection robots, you can 

see from the likert scale table. From this likert scale, 

you can find out how the assessment of the work 

system from the robot can be used directly in cleaning 

up scattered garbage. 

TABLE II. LINKERT ASSESSMENT SCALE 

Criteria Value 

Less viable 1 

Decent Enough 2 

Proper  3 

Very Worthy 4 

 

III. RESULTS AND DISCUSSION 

A. Results 

This robot prototype is used to clean up scattered 

garbage, namely by stamping every garbage that you 

want to dispose of by being controlled through a 

smartphone then the HC SR04 ultrasonic sensor 

detects the object or garbage then automatically the 

robot picks up the garbage. 

 

Figure 9. Prototype Robot Picking Up Garbage 

In the garbage collection robot, the initial 

appearance of the robot runs using 4 DC motor wheels 

as a robotic speed booster [15]. As a series of robot 

supports, there is a rectangular acrylic as the base of 

the robot system. As a stamping system, it uses arm 

robots and ultrasonic sensors as inputs for detecting 

objects or garbage (Fig.10). On the left there is a 

garbage box as a place to collect garbage that has been 

collected. 

 

Figure 10. Ultrasonic Sensor Testing Monitor 

At the testing stage, this tool aims to find out 

whether the system can pick up garbage that has been 

directed through an IoT-based smartphone, then the 

system picks up the garbage automatically through 

reading the distance of the garbage with the robot. The 

test results of this tool get the results in Table 3 and 

Table 4. 
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TABLE III. ULTRASONIC SENSOR TESTING 

Testing Distance 

(cm) 

Garbage Detected 

1 20  Undetectable Garbage 

2 15  Undetectable Garbage 

3 10  Undetectable Garbage 

4 <5  Garbage Detected 

TABLE IV. MAMDANI FUZZY TESTING 

No Humidity Distance 

(cm) 

DC Motor 

Speed 

1 35 40 261 

2 20 25 490 

3 30 37 582 

4 50 25 950 

5 80 50 970 

 

In testing the Fuzzy Mamdani method 

implemented in this IoT-based garbage collection 

robot (Fig. 11), it produces an output, namely the speed 

on the DC motor which will run quickly and slowly 

depending on the two inputs obtained from the 

ultrasonic sensor and the DHT11 sensor. 

 

Figure 11. Serial Results of The Mamdani Fuzzy Test Monitor 

B. Discussions 

 

Figure 12. IoT-based Garbage Collection Robot 

 

Figure 13. Robot View From The Side 

 

Figure 14. Robot View From Behind 

This Internet of Things-based garbage collection 

robot is able to pick up garbage automatically with a 

garbage distance of less than 5 cm (Table 3). Then the 

garbage that has been collected is then put in the trash 

box. In the servo, the delay duration of each servo that 

moves to pick up garbage is set, which is for 5 seconds 

for a time lag for each servo movement. For the HC-

SR 04 sensor as a garbage detector, the time is for 3 

seconds every time it detects garbage. After the robot 

picks up and puts the garbage, then the robot will move 

to its original position to be able to pick up the detected 

garbage. Besides being able to pick up garbage, this 

robot can also detect various objects that you want to 

pick up or collect. This IoT-based garbage collection 

robot is able to pick up garbage with a load of up to 

400 grams. 

The method used in the development of iot-based 

garbage collection robots is the fuzzy Mamdani 

method, where there are 2 inputs [16], namely the 

ultasonic sensor and also the DHT 11 sensor and for 

the output, namely the speed of the DC motor [17]. The 

voltage used in this robot uses 2 lithium-ion batteries 

with a maximum voltage of 7200 mAh [18]. 

The feasibility test aims to find out how feasible the 

system of this internet of things-based garbage 

collection robot is to be used and utilized. In the 

feasibility test of this robot system, 6 respondents were 
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presented, including the principal of Klepek Islamic 

High School and Klepek Islamic High School Teacher. 

The results of feasibility testing can be seen in Table 5 

of the Feasibility Test Results. 

From the feasibility test in the table above, the 

prototype of this IoT-based garbage collection robot 

was calculated using a linker scale and got a result of 

95.83%, which means it is very feasible. 

TABLE V. DUE DILIGENCE RESULTS 

No Statement 
Earned 

Score 

Max 

Score 

Percentage 

(%) 

Catego

ry 

1 Turn on the 

robot 
24 24 100 

Very 

Decent 

2 Connecting 

a 
smartphone 

to the 

internet 
network 

24 24 100 
Very 

Decent 

3 Controlling 

the robot 
using a 

smartphone 

22 24 91,66 
Very 
Decent 

4 Picking up 

existing 
garbage 

22 24 91,66 
Very 

Decent 

5 The 

appearance 
of the robot 

system is 

simple 

23 24 95,83 
Very 

Decent 

6 Can pick up 
trash 

detected by 

sensors 

23 24 95,83 
Very 

Decent 

7 Can run 

according 

to the 
controls on 

the 

smartphone 

23 24 95,83 
Very 
Decent 

Earned Score 161    

Max Score 168   

Percentages and Categories 95,83 
Very 

Decent 

IV. CONCLUSIONS 

The development of a garbage collection robot 

based on the Internet Of Things has been made with 

various electronic components namely arduino 

microcontroller, NodeMCU ESP 8266, ultrasonic 

sensors as well as DHT 11 sensors, L298N Motor 

Drivers, SG90 Servos, and also DC Motors. Ultrasonic 

sensor testing resulted in the sensor being able to detect 

garbage with a distance of less than 5 cm. For the 

method used in this IoT-based garbage collection robot 

using the fuzzy Mamdani method, which uses 2 inputs, 

namely the DHT 11 sensor and the ultrasonic sensor, it 

will then produce an output in the form of a speed of 

the DC motor on the Robot wheel. 
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Abstract— The development of UAV technology has 

reached the stage of implementing artificial intelligence, 

control, and sensing. The use of cameras as UAV data 

inputs is being employed to ensure flight safety, search 

for missing persons, and disaster evacuation. Human 

detection using cameras while flying is the focus of this 

article. The application of human detection in pedestrian 

areas using aerial image data is used as the dataset in the 

deep learning input process. The architectures discussed 

in this study are YOLOv5 and YOLOv8. The precision, 

recall, and F1-score values are used as comparisons to 

evaluate the performance of these architectures. When 

both architecture performances are applied, YOLOv8 

outperforms YOLOv5. The performance of the YOLOv8 

model is greater than the YOLOv5 model for Precision, 

and F1-Score, the difference in the value of each 

performance is 2.82%, and 0.98%. As for the recall 

performance value, YOLOv5 is greater than the YOLOv8 

model with a difference of 0.54%. 

Index Terms— Aerial Image; YOLOv5; YOLOv8; 

Precision; Recall; F1-Score. 

I. INTRODUCTION 

Research on Unmanned Aerial Vehicles (UAVs) 

has made significant advancements recently. The latest 

progress in UAV development involves the 

implementation of artificial intelligence, control, and 

sensing technologies [1]. UAVs have been utilized by 

humans to aid in various tasks such as work assistance, 

surveillance, rescue operations, and security. Detecting 

humans from camera inputs on UAVs is a crucial task 

to ensure flight safety Furthermore, the utilization of 

UAVs in human search missions for safety purposes 

has also been developed [2]. An example of such 

utilization is security monitoring, where UAVs 

equipped with cameras are deployed for aerial 

surveillance to monitor environments or detect 

incidents [3].  In addition, detecting humans from UAV 

images is also used in search and rescue missions for 

locating and aiding missing or injured individuals in 

restricted areas [4]. Visual surveillance using UAV 

platforms has become fascinating. The majority of 

research works on visual data captured by UAVs are 

primarily focused on object detection and tracking 

tasks [5]. 

Introduction commonly contains the background, 

purpose of the research, problem identification, and 

research methodology conducted by the authors which 

been describe implicitly. Except for Introduction and 

Conclusion, other chapter’s title must be explicitly 

represent the content of the chapter. 

Research related to human object detection using 

cameras has been extensively conducted in recent 

years. Various situations are utilized to capture human 

images. A study on detecting non-rigid small-sized 

individuals at low altitudes using the VisDrone2019 

dataset has been conducted by Xiang Qing Zhang et al., 

2022[2]. This research utilized human images captured 

by cameras mounted on UAVs. The study focuses on 

improving object detection in complex backgrounds 

and poor lighting conditions. The DCLANet method 

employed in this research demonstrates the capability 

to detect non-rigid small-sized human objects in aerial 

images taken at low altitudes. 
 

Garbage problems can be overcome by utilizing 

technology, one of the efforts that continues to be 

carried out, one of which is by developing robot 

technology to be implemented as a garbage cleaning 

tool [7], [8]. In this study, an internet-based garbage 

collection robot of things will be developed which can 

be controlled via a smartphone, making it easier to 

clean up garbage and becoming one of the efforts to 

maintain environmental cleanliness during the Covid-

19 pandemicResearch on the use of YOLOv3 for 

tracking walking individuals and automatically 

capturing frontal photos was also conducted by Qifeng 

Shen in 2018 [6]. The data used in this study involved 

images captured by UAVs. The methods employed in 

this research included person detection and recognition 

using artificial neural networks within YOLOv3, 

Locality-constrained Linear Coding (LLC) method for 

face detection and localization, and vision-based UAV 

control. The results of the study demonstrated that the 

proposed methods were effective and practical for 
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tracking individuals and capturing frontal face images 

using UAVs. 

Object detection of humans using aerial image data 

has also been conducted by Charalampos Symeonidis 

in 2022. The dataset used in this research is called 

AUTH-Persons. The dataset consists of videos of 

human crowds from an aerial perspective. The 

evaluation method for human object detection is 

referred to as NMS (Non-Maximum Suppression). This 

paper describes the dataset, its structure, and the 

methods used to evaluate the performance of three 

human detectors: Single Shot Detector (SSD), 

YOLOv3, and YOLOv4-tiny [1]. The results show that 

YOLOv3-512 (DarkNet53) achieves the best 

performance in terms of average precision (AP) at the 

intersection over union (IoU) thresholds of 0.5 and 

0.95. The results also indicate that Seq2Seq-NMS 

outperforms other NMS methods in terms of AP at the 

0.5 and 0.95 IoU thresholds. However, the paper notes 

that the shift in visual data distribution between training 

and testing samples can disproportionately negatively 

affect DNN-based NMS methods that exploit 

appearance-based features compared to those that do 

not. 

Research on object detection and classification with 

Unmanned Aerial Vehicles (UAVs) using machine 

learning algorithms has been conducted. This study 

compares the performance of two architecture versions, 

namely YOLOv3 and YOLOv5, for object detection in 

UAV images. In 2022, Teddy Surya Gunawan utilized 

data preparation, model training, and implementation 

methods. The research results demonstrate that the 

YOLOv5 architecture outperforms YOLOv3 in object 

detection and classification in UAV images [7]. 

Research on human detection using two camera 

data, namely thermal imaging camera and images from 

a UAV camera, was conducted by Jewel Kate D in 

2022. The data collected was processed through a 

neural network to identify whether the object is a 

human, and the YOLOv5 algorithm was used to classify 

the detected objects by the drone. This research utilized 

the CoCo dataset for the training process and evaluated 

the accuracy of the device by determining the number 

of humans detected by the device at various distances 

and comparing it with the actual number of humans. 

The research results demonstrate that the device is 

capable of detecting humans and achieving a low error 

percentage [8]. 

Jun-Hwa Kim has implemented YOLOv8 in his 

research. The YOLOv8 architecture is used to detect 

drones and birds. This architecture is employed to 

differentiate between drones and birds. Testing of aerial 

bird and drone images was conducted using 77 videos. 

The training results were then used to evaluate 30 video 

images over 93 epochs. The evaluation metric used was 

Average Precision (AP) for each test video, with 

detections considered correct if the Intersection over 

Union (IoU) with the ground truth box was above 0.5. 

The frame per second (FPS) of the P2 layer and Multi-

Scale Image Fusion (MSIF) with the YOLO-V8-M 

model were 45.7 fps and 17.6 fps, respectively, for 

image sizes of 640 and 1280 [9]. 

Detecting human objects is commonly used as 

input in various UAV missions. Therefore, the author 

chose human detection as the object of interest in aerial 

images. The YOLO architecture has multiple versions, 

and YOLOv8 is the latest architecture to be used in the 

testing. Based on previous research, the YOLOv5 

architecture has been tested for human detection. 

Hence, the performance of the YOLOv5 and YOLOv8 

architectures will be compared in detecting humans in 

aerial images. 

II. METHODS 

The method used in this research is deep learning 

using the YOLOv5 and YOLOv8 architectures. Deep 

learning will be applied to human images in pedestrian 

scenarios. This study focuses on comparing the 

performance of both architectures. 

A. YOLOv5 

There have been changes to the standard 

architecture of model arrangement in YOLOv5. The 

model arrangement is now divided into three 

components: backbone, neck, and head. The backbone 

of YOLOv5 is Darknet 53. Darknet 53 is a new 

network architecture that focuses on feature extraction 

characterized by small filter windows and residual 

connections [10]. The neck of YOLOv5 acts as a 

connector between the backbone and the head. The 

neck of YOLOv5 functions to gather and refine the 

features extracted by the backbone, with a focus on 

enhancing spatial and semantic information at various 

scales [11]. The head of YOLOv5 consists of three 

branches, each predicting features at different scales. 

Each head produces bounding boxes, class 

probabilities, and confidence scores. Finally, the 

network uses Non-maximum Suppression (NMS) to 

filter overlapping bounding boxes [11]. 

B. YOLOv8 

YOLOv8 is the latest version of the object 

detection model architecture, succeeding YOLOv5. 

YOLOv8 introduces improvements in the form of a 

new neural network architecture [11]. Two neural 

networks are implemented, namely the Feature 

Pyramid Network (FPN) and the Path Aggregation 

Network (PAN), along with a new labeling tool that 

simplifies the annotation process. This labeling tool 

contains several useful features, such as automatic 

labeling, shortcut labeling, and customizable hotkeys. 

The combination of these features makes it easier to 

annotate images for training the model. 

FPN works by gradually reducing the spatial 

resolution of the input image while increasing the 

number of feature channels. This results in the creation 



 

 

 

 

10 Ultima Computing : Jurnal Sistem Komputer, Vol. 15, No. 1 | June 2023 

 

ISSN 2355-3286 

of a feature map that is capable of detecting objects at 

different scales and resolutions. On the other hand, the 

PAN architecture can combine features from different 

network levels through skip connections. 

Consequently, the network can capture features more 

effectively at various scales and resolutions, which is 

crucial for accurately detecting objects of different 

sizes and shapes [12]. 

 

Figure 1. The structure of YOLOv5 [12] 

 

Figure 2. YOLOv8 Architecture[10] 

C. Evaluation Metrics 

Confusion matrix is used to evaluate the 

performance of a machine learning model. The 

confusion matrix is a matrix that displays the 

predictions of the actual classification and the 

predicted classification [13]. There are four 

classifications in the confusion matrix, namely True 

Negative (TN), True Positive (TP), False Negative 

(FN), and False Positive (FP) derived from actual and 

predicted values. The definitions of the confusion 

matrix are shown in Table 4, where TP (True Positive) 

is the number of positive samples correctly classified; 

TN (True Negative) is the number of negative samples 

correctly classified; FP (False Positive) is the number 

of negative samples wrongly classified as positive; FN 

(False Negative) is the number of positive samples 

wrongly classified as negative [14]. An illustration of 

the confusion matrix can be seen in Figure 2. The 

model's performance can be calculated using precision, 

recall, and F1-score derived from the confusion matrix. 

 

Figure 3. Confusion Matrix 

Precision is the ratio of TP to the total number of 

predicted positive data. In the denominator, there is the 

variable FP as the divisor. This can be written using 

Equation 1[15]. 
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 precision =
TP

TP+FP
       (1) 

On the other hand, recall is defined as the ratio of 

TP to the total number of actually positive instances. 

The denominator includes FN as the divisor, and it can 

be written using Equation 2[15]. 

 recall =
TP

TP+FN
       (2) 

When recall is very high, precision will be very 

low, and vice versa. There is a trade-off relationship 

between precision and recall. This trade-off 

relationship implies that the sum of these two variables 

equals 1. The harmonization of the average between 

precision and recall is called the F1-score. Based on 

Equation 3[15], the best value for the F1-score is 1.0, 

while the worst value is 0.0. 

 F1 =
2×precision×recall

precision+recall
       (3) 

III. RESULTS AND DISCUSSION 

The aerial image data used in this paper is the 

pedestrian dataset from Roboflow. The dataset from 

https://universe.roboflow.com/edmundpub/pedestrian

aerial. Our research used google collab for training and 

validate the model with 100th epoch. 828 aerial images 

were used in training the YOLOv5 and YOLOv8 for 

human detection. The models were validated using 233 

aerial images in human detection. 

 

Figure 4. Confusion Matrix YOLOv5 

The confusion matrix of YOLOv5 at the last epoch 

can be seen in Figure 4. The values of TP 2077, FP 463, 

and FN 658. The number of each value become from 

detected the human in aerial image from validation 

stage. Based on Eq.1, the precision value at the last 

epoch is 0.8177 or 81.77%. Recall value based on 

Equation 2 is 0.7594 or 75.41%. F1-score results 

obtained with Eq.3 are 0.7876 or 78.76%. These 

performance results are summarized in Table 1. While 

the precision, recall, and F1-Score values for each 

epoch are illustrated in Fig.6. 

 

Figure 5. Confusion Matrix YOLOv8 

The confusion matrix on YOLOv8 at the last epoch 

can be seen in Figure 5. TP values are 2102, FP 382, 

and FN 685. Based on Equation 1, the precission value 

at the last epoch is 0.8462 or 84.62%. Recall value 

based on Equation 2 is 0.7540 or 75.40%. F1-score 

results obtained with Equation 3 are 0.7998 or 79.98%. 

these performance results are summarized in Table 1. 

While the precision, recall, and F1-Score values for 

each epoch are illustrated in Fig 7. 

TABLE I. YOLOV5 AND YOLOV8 MODEL PERFORMANCE 

Architecture Precision Recall F1-Score 

YOLOv5 0.8180 0.7594 0.7876 

YOLOv8 0.8462 0.7540 0.7974 

 

The performance values of the YOLOv5 and 

YOLOv8 models are summarized in Table 1. The 

YOLOv8 model is 0.0282 or 2.82% larger than 

YOLOv5 for the precision value. The difference in the 

recall value of the YOLOv5 model is greater than that 

of YOLOv8 which is 0.0054 or 0.54%. The F1-score 

value of the YOLOv8 model is greater than that of 

YOLOv5 by 0.0098 or 0.98%. 

The performance results of precision, Recall, and 

F1-score in graphical form can be seen in Fig.6 and 

Fig.7. The performance values for the YOLOv5 and 

YOLOv8 model graphs are known to increase until the 

last epoch. From the characteristics of the graphs in 

Figure 7 and Figure 8, it can be seen that the training 

process does not occur overfitting and underfitting. 

This shows that the learning process of deep learning 

has run without any problems. 
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Figure 6. YOLOv5 Performance Results 

 

Figure 7. YOLOv8 Performance Results 

 

Figure 8. Human Detection Results 
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The results of aerial image training that has been 

applied to the YOLOv5 and YOLOv8 models can be 

seen in Figure 8. The person label in Figure 8 is the 

result of human detection. Both images show that the 

YOLOv5 and YOLOv8 models have successfully 

detected humans. 

IV. CONCLUSIONS 

Based on the research results discussed, it is known 

that the YOLOv5 and YOLOv8 models have 

successfully detected humans in aerial images. There 

are differences in performance values in human 

detection. The performance value of the YOLOv8 

model is greater than the YOLOv5 model for precision 

and F1-score, the difference in the value of each 

performance is 2.82%, and 0.98%. As for the recall 

performance value, YOLOv5 is greater than the 

YOLOv8 model with a difference of 0.54%.  
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Abstract— Tanks have an important role in protecting a 

region in the event of a battle. The tank's cannon is a very 

reliable weapon in warfare. However, the cannon's 

precision while aiming and firing targets is a concern. A 

control system must be created to increase the cannon's 

stability and precision. The state feedback control 

technique with a full-state observer is the control system 

that can manage cannon disturbances. The control 

system is built around three DC motors, each of which 

operates the cannon’s x, y, and z axes. Then performed 

tests for each axis at an angle of 90 degrees, The state 

feedback control with a full state observer can produce 

outstanding performance, with the time required for the 

cannon to reach the target angle was 0.51 seconds, and 

the cannon system had 0% overshoot. 

Index Terms—Cannon; Full-state Observer; State 

Feedback Control; Tank. 

I. INTRODUCTION 

A country needs military vehicles that are used as 

instruments to protect or destroy threats [1][2], The 

main weapon of the tank will be unstable as it tries to 

cross different heights. Stability is something that must 

be considered, the cannon must be stable so that the 

tank can shoot its target accurately [3]. 

PID control is a traditional control method, is one 

of many that can be used to stabilize a cannon tank. 

This traditional control mechanism works well to 

control oscillations in the system and can be utilized 

for stability [4]. 

This system also has many problems, such as being 

non-linear, poorly actuated, and complex. To improve 

system performance, researchers are interested in 

creating this system. State feedback controllers are one 

of the control strategies utilized to manage this tank 

cannon system [5]. To describe all states in the cannon 

tank system, a state feedback controller is not sufficient 

[6]. To know every state in this system, a state observer 

must be added [7]. In this study, state feedback control 

with a full-state observer is used to regulate the cannon 

tank system. By determining the desired pole, the full-

state observer parameter and gain observer are added 

using the pole placement method. The decision is taken 

in order to achieve the best reaction with the least 

amount of control signal.. 
 

II. SYSTEM MODELLING 

A. Transfer Function DC Servo Motor 

This research on the cannon tank aims to control 

the entire position of the cannon, the actuator uses DC 

servo motors for each x, y and z-axis [8]. The design 

of the cannon tank shown in Fig. 1. 

 

Figure 1. Design of Cannon Tank 

The equivalent DC servo motor circuit can be seen 

in Fig. 2. 

 

Figure 2. Equivalent Circuit of DC Servo Motor 

The transfer function of the servo system can be 

written as: 

  
𝜃(𝑠)

𝐸𝑎(𝑠)
=

𝐾𝑡𝑛

𝑠[𝐿𝑎𝐽𝑠2+(𝐿𝑎𝑓+𝑅𝑎𝐽)𝑠+𝑅𝑎𝑓+𝐾𝑡𝑛𝐾𝑏]
        (1) 

Where,  

Ra = Armature Resistor  (2.5 Ω) 

La = Armature Inductance  (0.062 H) 

Ia = Armature Current 

Va = Applied Armature Voltage 

τ = Motor Torque 

J = Motor Moment of Inertia (0.00004 𝐾𝑔/m2) 
Ktn = Motor torque constant 0.026 (𝑁𝑚/𝐴) 

Kb = Back EMF Constant 0.02 (𝑣.s /𝑟𝑎𝑑) 

Considering the value of the gear ratio and the 

torque of each servo [9], the torque equation for the 

servo is: 
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  𝑇𝑡𝑜𝑡𝑎𝑙 = (𝑇𝑚 × 𝑛) + 𝑡𝑑𝑖𝑠𝑡𝑢𝑟𝑏𝑎𝑛𝑐𝑒         (2) 

where n is the gear ratio. Then the block diagram 

changes to: 

 

Figure 3. Servo Block Diagram with Gear Ratio and Torque 

Disturbance 

Using the block diagram in Fig. 3, the transfer 

function for servo x, servo y, and servo z is found: 

𝑇𝐹servo x =
0.000003234𝑠2+0.00008085𝑠+0.117

0.000002545𝑠3+0.0001636𝑠2+0.00484𝑠
       (3) 

𝑇𝐹servo y =
0.0000008154𝑠2+0.00002038𝑠+0.117

0.000002486𝑠3+0.0001624𝑠2+0.00484𝑠
       (4) 

𝑇𝐹servo z =
0.000005272𝑠2+0.0001318𝑠+0.117

0.000002585𝑠3+0.0001646𝑠2+0.00484𝑠
       (5) 

B. State Space Representation 

The system is shown in a state space model in 

Figure 4. 

 

Figure 4. Open-Loop System Representation In State Space 

The representatives of the state space equation can 

be derived as [10]. 

  𝑥 = 𝐴𝑥 + 𝐵𝑢       (6) 

  y= 𝐶𝑥 + 𝐷𝑢       (7) 

Determine all coefficients in the numerator and 

denominator of a transfer function by expanding it 

[11]. This should result in the following form: 

  𝐺(𝑠) =
𝑛1𝑠3+𝑛2𝑠2+𝑛3𝑠+𝑛4

𝑠4+𝑑1𝑠3+𝑑2𝑠2+𝑑3𝑠+𝑑4
       (8) 

The following method can now be used to directly 

insert the coefficients into the state-space model [12]: 

𝑥̇(𝑡) = [

0 1 0 0
0 0 1 0
0 0 0 1

−𝑑4 −𝑑3 −𝑑2 −𝑑1

] 𝑥(𝑡) + [

0
0
0
1

] 𝑢(𝑡) 

𝑦(𝑡) = [𝑛4 𝑛3 𝑛2 𝑛1]𝑥(𝑡) 

 

. 

 

III. STATE FEEDBACK CONTROL DESIGN 

A. State Feedback Controller 

A state feedback control system can be seen in Fig. 

5 as a diagram. The closed-loop eigenvalues are placed 

at the desired location using the feedback gain K in 

state feedback control. To get the output of the system 

to track the target location despite disturbances is the 

goal of the feedback control [13]. 

 

Figure 5. Closed-loop in State Space 

The state feedback control system's dynamic 

equation is obtained. 

  𝑥̇ = (𝐴 − 𝐵𝐾)𝑥 + 𝐵𝑢       (9) 

  𝑦 = 𝐶𝑥       (10) 

  𝑢 = 𝑟 − 𝐾𝑥       (11) 

Before implementing the controller, the system 

model must be analyzed for controllability and 

observability. The system is controllable if and only if 

the controllability matrix in Equation (12) has rank=n, 

where n is the size of the system order [14]. 

  𝐶 = [𝐵|𝐴𝐵|𝐴2𝐵| … |𝐴𝑗−1𝐵]       (12) 

Equation (13) is the observability matrix, and the 

system is observable if and only if the matrix has 

rank=n. 

  𝑂 = [𝐶|𝐶𝐴|𝐶𝐴2| … |𝐶𝐴𝑗−1]       (13) 

The closed loop's transfer function H(s) has a gain 

N, 0<N<1, for a unit-step reference input. The closed 

loop system in Fig. 4 is shown with a transfer function 

and is given as: 

  𝐻(𝑠) = 𝐶(𝑠𝐼 − (𝐴 − 𝐵𝐾))
−1

𝐵       (14) 

Plant
r N

-K

å
u+

+

x

y

(b)

 

Figure 6. Closed-loop system with gain 

The equation of state space can be derived as 

follow: 

  𝑥̇ = (𝐴 − 𝐵𝐾)𝑥 + 𝐵𝑢       (15) 

  𝑦 = 𝐶𝑥       (16) 

  𝑢 = 𝑟𝑁 − 𝐾𝑥 
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  [
𝑁𝑥

𝑁𝑢
] = [

𝐴 𝐵
𝐶 𝐷

]
−1

[
0
1

]        

  𝑁 = 𝑁𝑢 − 𝐾𝑁𝑥       (17) 

B. Controller Design by Pole Placement 

A technique based on complete state feedback 

control is the pole placement, as shown in Fig. 5. The 

denominator of the closed-loop system in Fig. 4 can be 

determined using the Laplace transfer function [15]. 

The control gain K can be found by minimizing the 

performance function. 

  𝐷(𝑠) = 𝑠𝐼 − (𝐴 − 𝐵𝐾)       (18) 

I is the identity matrix in this case. As a result, all 

of the eigenvalues of (A-BK) can be used to assess the 

stability and transient response characteristics of the 

closed-loop system. The decision to use a feedback 

gain design is an attempt to K such that the eigenvalues 

of (A-BK) have negative real values [16]. 

C. Full State Observer 

The observer has a few ways to derive its equation 

of state from the actual equations of the system, which 

are in the form of Equations (6) and (7). The full-state 

observer is shown in Fig. 7. 

 

Figure 7. Closed-loop system with Full-State Observer 

The gain observer is represented by Equation (18), 

where L is a n x m matrix. With the original state x(t) 

substituted by the estimate x̂(t) and the difference 

between the actual measured output y(t) and the 

estimate ŷ(t), respectively, the state equations in 

Equations (18) and (19) model the true equations of the 

system [17]. 

  𝑥̇̂ = 𝐴𝑥̂ + 𝐵𝑢 + 𝐿(𝑦 − 𝑦̂)       (19) 

  𝑦̂ = 𝐶𝑥̂       (20) 

Substituting the equation ŷ(t) into the state 

equation of the observer will result in an alternative 

form for the model observer as in Equation (20). 

 𝑥̂ = (𝐴𝑥 + 𝐵𝑢) − (𝐴𝑥̂ + 𝐵𝑢 + 𝐿(𝐶𝑥 − 𝐶𝑥̂))      (21) 

IV. RESULTS AND DISCUSSION 

A. Controller Specifications 

In this research, it is desired that the maximum 

overshoot be below 5% and the maximum rise time be 

1 second. From these parameters, the values of ωn and 

ζ are obtained as 1.8 and 0.7, respectively. Then, to 

determine the control pole, see Fig. 8. 

 

Figure 8. Root Locus Diagram of An Uncompensated System 

In Fig. 9, there are values of ζ and ωn in the 

uncontrolled system. To determine the pole placement 

based on the specifications, the poles need to be placed 

inside the angle formed from the imaginary axis 0.7 

(inside the sloping line of approximately 45 degrees) 

to realize the specification of overshoot below 5%. To 

realize a rise time of less than 1 second, the poles 

should be placed outside the half circle around 0.7 and 

1.8. 

 

Figure 9. Pole Placement Control In The Root Locus 

B. Observer Specifications 

The observer desired to estimate ten times faster. 

Therefore, the pole location of the observer has a value 

ten times that of the controller's poles. Using equation 

(20), the gain of the observer is obtained as follows: 

L1= 107.06 

L2= 3.25 

L3= 0.01 
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C. State-Feedback Control with A Full-State Observer 

State-Feedback Control with a Full-State Observer 

Design is used to control the y servo contributing to 

roll, the x servo for pitch, and the z servo for yaw. 

Before implementation on the cannon, simulation is 

required to ensure the control system design is good 

and correct. Based on Fig. 5, the closed loop system 

has a gain value K as follows: 

K1 = 0.0004 

K2 = -0.0305 

K3 = 5.98 

The value is obtained by det(sI-(A-BK)) = 0. Fig. 

10 shows the response of the cannon angular position 

with a reference of 90 degrees. 

 

Figure 10. Cannon Simulation Response 

The response of the cannon angular position shows 

that the cannon can reach the desired position of 90 

degrees within 1.5 seconds. The response of the 

simulation results shows good performance when 

implemented. Fig. 11 shows the response of the control 

signal given by the controller to the cannon system. 

 

Figure 11. Control Signal Response 

The control signal response shows that the voltage 

provided by the controller to the DC motor is a 

maximum of 11.7 volts. This voltage does not exceed 

the input voltage value given by the motor driver to the 

DC motor, which is 12 volts. 

Then, the system was tested to get the same 

response curve as in the simulation. The method to see 

the data from the gyroscope on the cannon is to start 

moving the actuator until the system has a steady state. 

 

Figure 12. Cannon Implementation Response 

The angular position response of the cannon's x-

axis, y-axis and z-axis shows that it can reach the 

desired position of 90 degrees in 0.51 seconds which is 

the rise time and settling time and 0% overshoot, which 

is better than the simulation results. In this section, 

state-feedback control with a full-state observer test 

has been implemented. 

V. CONCLUSIONS 

It has been successfully developed to use state-

feedback control with a full-state observer for cannon 

systems, and a pole placement was used to calculate 

the feedback gain K. The pole placement control 

approach has also been used to determine the gain of 

the full-state observer L. The cannon system has a 

settling time and rise time of 0.51 seconds, and the 

system is still stable. The system reaction has 0% 

overshoot, according to the implementation results. 

ACKNOWLEDGMENT 

The authors would like to thanks Universitas 

Multimedia Nusantara for supporting this research.  

REFERENCES 

[1] Putra, D. F. A., & Muharom, A. S. (2021). The stability of 

cannon position on tank prototype using PID controller. 

Indonesian Journal of Electrical Engineering and Computer 
Science, 23(3), 1565-1575. 

[2] Tvarozek, J., & Gullerova, M. (2012). Increasing firing 
accuracy of 2A46 tank cannon built-in T-72 MBT. American 

International Journal of Contemporary Research, 2(9), 140-
156.  

[3] Ma, Y., Yang, G., Sun, Q., Wang, X., & Sun, Q. (2021). 

Adaptive robust control for tank stability: a constraint-
following approach. Proceedings of the Institution of 

Mechanical Engineers, Part I: Journal of Systems and Control 
Engineering, 235(1), 3-14.  

[4] Dursun, T., Büyükcivelek, F., & Utlu, Ç. (2017). A review on 

the gun barrel vibrations and control for a main battle tank. 
Defence technology, 13(5), 353-359.  

[5] Siradjuddin, I., Amalia, Z., Rohadi, E., Setiawan, B., Setiawan, 

A., Putri, R. I., & Yudaningtyas, E. (2018). State-feedback 
control with a full-state estimator for a cart-inverted pendulum 



 

 

 

 

18 Ultima Computing : Jurnal Sistem Komputer, Vol. 15, No. 1 | June 2023 

 

ISSN 2355-3286 

system. International Journal of Engineering & Technology, 
7(4.44), 203-209. 

[6] Lunze, J., & Lehmann, D. (2010). A state-feedback approach 
to event-based control. Automatica, 46(1), 211-215. 

[7] Esmailzadeh, E., & Taghirad, H. D. (1998). Active vehicle 

suspensions with optimal state-feedback control. International 
Journal of Modelling and Simulation, 18(3), 228-238. 

[8] Somwanshi, D., Bundele, M., Kumar, G., & Parashar, G. 
(2019). Comparison of fuzzy-PID and PID controller for speed 

control of DC motor using LabVIEW. Procedia Computer 
Science, 152, 252-260. 

[9] Pinto, V. H., Gonçalves, J., & Costa, P. (2021). Model of a DC 

motor with worm gearbox. In CONTROLO 2020: Proceedings 
of the 14th APCA International Conference on Automatic 

Control and Soft Computing, July 1-3, 2020, Bragança, 
Portugal (pp. 638-647). Springer International Publishing. 

[10] Aoki, M. (2013). State space modeling of time series. Springer 
Science & Business Media. 

[11] Zadeh, L., & Desoer, C. (2008). Linear system theory: the state 
space approach. Courier Dover Publications. 

[12] Karcanias, N., & Vafiadis, D. (2002). Canonical forms for state 
space descriptions. Control Systems, Robotics and 
Automation, 5, 361-380. 

[13] Lunze, J., & Lehmann, D. (2010). A state-feedback approach 
to event-based control. Automatica, 46(1), 211-215. 

[14] Ram, Y. M., Singh, A., & Mottershead, J. E. (2009). State 
feedback control with time delay. Mechanical Systems and 
Signal Processing, 23(6), 1940-1945. 

[15] Bemporad, A., Morari, M., Dua, V., & Pistikopoulos, E. N. 

(2002). The explicit linear quadratic regulator for constrained 
systems. Automatica, 38(1), 3-20. 

[16] Ruderman, M., Krettek, J., Hoffmann, F., & Bertram, T. 

(2008). Optimal state space control of DC motor. IFAC 
Proceedings Volumes, 41(2), 5796-5801. 

[17] Panomrattanarug, B., Higuchi, K., & Mora-Camino, F. (2013, 

September). Attitude control of a quadrotor aircraft using LQR 
state feedback controller with full order state observer. In The 
SICE Annual Conference 2013 (pp. 2041-2046). IEEE. 

 

 

 



 

 

 

 

Ultima Computing : Jurnal Sistem Komputer, Vol. 15, No. 1 | June 2023 19 

 

ISSN 2355-3286 

Comparison of FIR and IIR Filters for Audio 

Signal Noise Reduction 

Sancho Harmalita Liu1, Nabila Husna Shabrina2, Hardson3 
1,3 Electrical Engineering, Universitas Multimedia Nusantara, Tangerang, Indonesia 
2 Computer Engineering, Universitas Multimedia Nusantara, Tangerang, Indonesia 

1sancho.liu@student.umn.ac.id, 2nabila.husna@umn.ac.id, 3hardson@student.umn.ac.id 

 

Accepted on 14 June 2023 

Approved on 30 June 2023 

 
Abstract— An audio signal is often used as a medium for 

spreading information. However, this signal is easily 

disrupted by noise from the environment around which 

the signal is taken, so a filter is needed to eliminate it. In 

this article, sound signals will be filtered using two types 

of filters, namely FIR with Hamming window method 

and IIR with the Butterworth method. Both filters are 

applied as low pass types with a cut-off frequency of 4000 

Hz and an order of 100. Both filters will be employed to 

filter a 5000 Hz generated audio noise. The SNR and 

execution time of the filtered signal will then be compared 

to determine which filter is more effective. The result 

shows that FIR filters perform better than IIR filters for 

filtering audio noise. 

Index Terms— Digital Filter; Finite Impulse 

Response- Hamming Window Method; Infinite Impulse 

Response- Butterworth Method. 

I. INTRODUCTION 

In this era, information can be quickly 

disseminated, and everyone can easily access 

information through radio, television news broadcasts, 

and the Internet. Most of this information consists of a 

one-dimensional audio signal. Therefore, the clarity of 

the audio signal plays an essential role in transmitting 

information. Sound signals can experience 

disturbances in the form of noise. This noise originates 

from the environment where the sound signal is 

captured using a microphone. Noise disturbance from 

the environment is sometimes difficult to predict 

because there are various types of noise, such as motor 

vehicles with large cylinder volumes passing by, which 

cause low-frequency noise; the sound of aircraft jet 

engines which cause high-frequency noise; or even 

thunder. Not only found in audio signals, noise can be 

found in ECG (Electrocardiogram) signals from heart's 

electrical activity [1], EMG (Electromyography) from 

muscle’s electrical activity [2], and EEG 

(Electroencephalography) from brain wave [3] [4]. 

Although information can sometimes be received, it 

will disrupt the receiver. That is why a filter is needed 

to reduce the existing noise. 

A filter is a device or process that can eliminate 

unwanted parts of a signal from the input signal and 

enhance the signals [2]. A filter will only pass through 

or retain the desired signals [5][6]. There are various 

filters, such as low pass, high pass, band pass, and 

others. Previous comparative studies used FIR and IIR 

filters on ECG, EEG, EMG, and sinusoidal signals. 

Based on these studies, the FIR filter shows good 

performance when the filters are implemented to filter 

noise in ECG, EEG, and EMG signals due to their 

flexibility, faster execution time, more stable response, 

and lower phase distortion [1][2][3][4]. Furthermore, 

the IIR filter is used on sinusoidal and ECG signals 

because it can use lower orders for similar results and 

lower computational power and memory usage 

[7][8][9]. So in this study, FIR and IIR filters with the 

exact specifications will be applied to filter the audio 

signal. 

FIR was selected due to its easiness in 

implementation, while IIR was chosen because it 

requires less memory and processing time when 

implemented in software [10][11]. The FIR filters and 

IIR will be implemented to filter audio signal data 

which added noise at a frequency of 5000 Hz. The 

noise frequency was chosen to mimic the frequency of 

electrical interference [12]. This research will compare 

the effectiveness and performance of both filters based 

on Signal-to-Noise Ratio (SNR) and the execution 

time. 
 

II. DIGITAL FILTER 

A. Audio Signals 

Audio is a wave that is formed when an object 

vibrates. The contents of this wave consist of a 

combination of various frequencies, amplitude, and 

phase. For example, sound can be produced when a 

drum is struck, causing it to vibrate, and the vibrations 

propagate through a medium such as air. A signal is a 

function of one or more variables which can also be 

defined as changes that can be observed in an entity 

that can be measured [13]. Therefore, the audio signal 

is an electronic representation of sound waves that can 

be directly observed and processed. Humans can hear 

a sound with frequencies ranging from 20 Hz to 20,000 

Hz [14]. 
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B. Digital Filters 

A digital filter is a mathematical algorithm that 

operates on discrete-time signals and samples, 

allowing it to enhance or reduce aspects of specific 

signals. Digital filters are more stable and relatively 

straightforward yet compact than analog filters [6]. 

These filters are widely used in signal processing and 

differ from analog filters, which are electronic circuits 

consisting of resistors, inductors, capacitors, and other 

components that work with continuous signals [15]. 

Digital filters contain analog-to-digital converters 

(ADC) and digital-to-analog converters (DAC) so that 

digital filters can have input and output as analog 

signals. Moreover, digital filters are commonly used in 

digital signal processing, control systems, and 

communications [16][17][18]. Digital filters can be 

implemented as Finite Impulse Response (FIR) filters 

or Infinite Impulse Response (IIR) filters [3]. The 

difference between FIR and IIR is presented in Table 

1. 

TABLE I. THE DIFFERENCE BETWEEN FIR AND IIR [10] 

FIR Filters IIR Filters 

No phase distortion is 

introduced into the signal 

by the filter 

Has a non-linear phase 

response 

When realized non-

recursively, filter results 

are always stable 

Filter results are not 

guaranteed to be stable 

The effect of using a 
certain number of bits on 

applying a filter, such as 

roundoff noise and 
coefficient quantization 

errors, are much more 

severe 

The effect of using a 
certain number of bits 

on applying a filter, 

such as a roundoff noise 
and coefficient 

quantization errors, are 

negligible 

Requires more 
coefficients for sharp 

cutoff filters 

Requires less 
coefficient for sharp 

cutoff filter 

Easier to synthesize filters 

with arbitrary frequency 
responses 

Easier to convert analog 

filters to digital IIR 
filters 

 

FIR is a filter in which impulse response has a finite 

duration, meaning it becomes zero within a finite time. 

This filter several Window methods, such with its 

characteristics, namely Rectangular, Hanning, 

Hamming, Blackman, and Kaiser. The Hamming 

method is the most used Window method, which 

provides the best results compared to other FIR types 

for the exact specifications [19]. The coefficient 

calculation for designing the FIR filter is given in Eqs. 

(1) [5]. 

  ℎ𝐷(𝑛) =
1

2𝜋
\ ∫ 𝐻𝐷(𝜔)𝑒

𝑗𝜔𝑛𝑑𝜔
𝜋

−𝜋
 (1) 

where ℎ𝐷(𝑛) represents the ideal impulse response 

with the equation is presented in Eqs (2). 

  2𝑓𝑐 =
sin(𝑛𝜔𝑐)

𝑛𝜔𝑐
 (2) 

IIR filters are unique because they use a feedback 

mechanism, which requires current and previous 

output data. Although more challenging to design, the 

IIR filter is more efficient and cheaper. Furthermore, 

the IIR filter has feedback, so it has an infinite time 

limit on its impulse response [20]. IIR filters have 

several methods with distinct characteristics, including 

Butterworth, Chebyshev, and Elliptic. Based on 

previous research, the Butterworth method is relatively 

better than the Chebyshev method if a flat band 

response is required [21]. 

The coefficients for designing the IIR low pass 

filter use the transfer function equation given in Eqs. 

(3) – (5) [5]. 

  𝐻𝐿𝑃(𝑧) =
𝑏0(𝑧+1)

𝑧−𝑎
 (3) 

With: 

  𝑎 ≈ {
1 − 2𝜋 (

𝐹𝑐

𝐹𝑠
)

𝜋 − 1 − 2𝜋 (
𝐹𝑐

𝐹𝑠
)

𝐹𝑐 < (
𝐹𝑠

4
)

𝐹𝑐 > (
𝐹𝑠

4
)
 (4) 

 𝑏0 =
1−𝑎

2
 (5) 

C. Signal-to-Noise Ratio 

Noise can be defined as an unwanted signal that 

interferes with the communication or measurement of 

other signals [22]. The effect of this noise on the audio 

signal is that it can change the information carried by 

the audio signal to the receiver so that the received 

information differs from what was previously desired 

[23]. This noise can come from the environment where 

the sound signal is picked up and cannot be predicted. 

Signal-to-Noise ratio is a parameter that compares 

the desired signal level to the background noise level 

[14]. SNR is the signal strength ratio to noise strength 

measured in decibels (dB). A ratio greater than 0 dB or 

higher than 1:1 indicates there is more signal than 

noise. Therefore, a higher SNR value will give a better-

quality signal. SNR can be calculated by using Eqs. (6). 

 𝑆𝑁𝑅 = 10 log
𝑃𝑠𝑖𝑔𝑛𝑎𝑙

𝑃𝑛𝑜𝑖𝑠𝑒
 (6) 

III. METHODS 

The proposed method is presented in Fig. 1.  A 

5000 Hz noise was added to the audio signal and 

plotted in the time and frequency domain to see the 

characteristics of the audio signal. The filtering step 

will be performed on those signals to remove the noise. 

A low-pass filter is implemented to pass signals at 

frequencies below the cut-off value. Because the noise 

is at a frequency of 5000 Hz, a 4000 Hz cut-off 

frequency is used. Two types of digital filters are used 

for comparison: the Finite Impulse Response (FIR) 

filter with the Hamming Window method and the 

Infinite Impulse Response (IIR) filter with the 

Butterworth method. Both types of filters will use the 
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same sampling frequency, filter order, and cut-off 

frequency to find out which type of filter performs 

better. The comparison uses the signal-to-noise ratio 

(SNR) and the time needed to process the signal. 

 

Figure 1. Research method flowchart 

IV. RESULTS AND ANALYSIS 

The audio signal used in this study is obtained from 

Red Robbo's Workshop [24]. The audio signal was 

then given a noise at a frequency of 5000 Hz obtained 

from Sonic Electronix [25]. The sound signal 

contaminated with the noise is plotted and find the 

peak of the noise signal. 

 

Figure 2. Time Domain Graph of Sound Signal With Noise Before 

Filtering 

 

Figure 3. Frequency Domain Graph of Sound Signal With Noise 

Before Filtering 

The time and frequency domain of the unfiltered 

signal is presented in Figure 2 and Figure 3, 

respectively. The noise in the signal is located at a 

frequency of 5000 Hz. For this reason, a cut-off of 

4000 Hz is employed with a low pass filter so that 

frequencies lower than the cut-off will be passed on. 

The specification of the implemented FIR and IIR filter 

is shown in Table 2. Two types of filters are used in the 

form of FIR Hamming Window and IIR Butterworth 

filters, each with the exact specifications as in Table 2.  

The filter order is selected based on the trials carried 

out in the pre-study to get the optimal precise audio 

signal results on both filters. 

TABLE II. THE SPECIFICATION FIR HAMMING AND IIR 

BUTTERWORTH 

Specs FIR 

Hamming 

IIR 

Butterworth 

Sampling Frequency 

(Hz) 

48.000 48.000 

Order 100 100 

Cut-off Frequency (Hz) 4000 4000 

 

 

Figure 4. Comparison of time domain noisy audio signals before 

(top) and after (bottom) filtering using FIR filters 
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Figure 5. Comparison of frequency domain noisy audio signals 

before (top) and after (bottom) filtering using FIR filters 

 

Figure 6. Comparison of time domain audio noisy signals before 

(top) and after (bottom) filtering using the IIR filter 

 

 

Figure 7. Comparison of frequency domain audio noisy signals 

before (top) and after (bottom) filtering using the IIR filter 

The time domain signal presented in Figure 4 and 

Figure 6 shows that noise in the signal filtered using 

both FIR and IIR has decreased. It can be seen that the 

thickness of the graph generated in the time domain 

before being filtered is thicker than that of the time 

domain that has been filtered. This difference in the 

thickness of the graphs proves the loss of 5000 Hz 

noise from the signal. 

The result in the frequency domain, as seen in 

Figures 5 and 7, shows a missing signal around the 

frequency of 5000 Hz. This result shows that both 

Hamming Window and IIR Butterworth FIR filters can 

remove noise at a cut-off frequency of 4000 Hz. This 

result proves that FIR and IIR can eliminate noise at 

the desired frequency, but the graphs produced by the 

two filters do not show significant differences. The 

difference between these filters can be seen in the SNR 

and execution time. The compassion of the SNR and 

the execution time of both filters is given in Table 3. 

 

TABLE III. COMPARISON OF EXECUTION TIME AND SNR OF IIR 

FILTER WITH FIR FILTER 

 Without 

Filter 
IIR FIR 

Elapsed Time 

(s) 

_ 
0,817776 0,213473 

SNR (dB) 28.4766 31,4774 31,4782 

TABLE IV. EXECUTION TIME FORM MULTIPLE EXECUTIONS 

Execution IIR FIR 

1 0.784473 0.16293 

2 0.79077 0.168706 

3 0.78685 0.165422 

4 0.804127 0.161626 

5 0.789127 0.152496 

6 0.854054 0.160514 

7 0.857525 0.161091 

8 0.845725 0.169508 

9 0.884793 0.169061 

10 0.778916 0.156219 

11 0.846445 0.168094 

12 0.843364 0.171907 

13 0.845329 0.161352 

14 0.848843 0.183132 

15 0.835147 0.174549 

Average 0.8263658667 0.1657738 

 

As seen in Table 3, the time required by the FIR 

filter is less than that required by the IIR filter, with the 

value of 0,165773 seconds and 0,826365 seconds, 

respectively. The execution time in Table 3 is the 

average result of 15 execution trials, with each 

execution time result given in Table 4. The time 

difference is insignificant because both filters require a 

short processing time. The SNR of the signal filtered 

using the FIR filter is 31.4782 dB, more significant 

than the IIR filter, which has an SNR of 31.4774 dB. 

The results show that the FIR filter with the Hamming 

Window method is more effective than the IIR filter 

with the Butterworth method in filtering the noise in 

the audio signal. Although the difference in execution 

time and SNR is minimal, implementing both filters in 

a more extended audio signal will give a more diverse 

result. 

 

Figure 8. Magnitude response of FIR Hamming Window filter 
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Figure 9. Magnitude response of IIR Butterworth filter 

The magnitude response of both the FIR and IIR 

filter are presented in Figure 8 and Figure 9, 

respectively. In Figure 8, it can be seen that the cut-off 

frequency of the audio signal is immediately 

attenuated. In contrast, the signal is already attenuated 

in Figure 9 from before the cut-off frequency. In Figure 

8, the magnitude response of FIR filter results has more 

ripples than the results of the IIR filter in Figure 9. 

However, the FIR filter has a shorter transition band 

than the IIR filter's transition band. Nevertheless, both 

filters can filter the noise efficiently. 

V. CONCLUSIONS 

This study compares the performance of the FIR 

Hamming method, and IIR Butterworth implemented 

in a low-pass filter for noise reduction in the audio 

signal. The result shows that both filters can filter noise 

effectively and produce clear audio signals. However, 

the FIR filter with the Hamming Window method is 

more recommended to be used in filtering 5000 Hz 

noise in the sound signal because the SNR result by the 

FIR filter with the Hamming Window is higher than 

the SNR of IIR filtered signals. In addition, the FIR 

filter with Hamming Window method has a shorter 

execution time of 0,165773 seconds than IIR filters 

with the Butterworth method, which has an execution 

time of 0,826365 seconds. This time execution 

difference will be very influential in filtering audio 

signals that have a long duration. 
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Abstract— The utilization of lettuce leaves as a nutritious 

dish has made its demand relatively high. This research 

presents a moisture control method to optimize seed 

growth for lettuce. The prototype system has been 

developed using Arduino Mega, DF Robot soil moisture 

humidity sensor, and DC spraying pump for testing three 

different control scenarios, the open loop control system 

(time-based), the Proportional control system, and the 

combination of open loop and Proportional control 

method as an alternative. The results show that each 

control method can achieved the desired moisture of 

rockwool at 60%. Also the combination of open loop and 

Proportional control can lessen energy usage of the 

system up to 51% compared to common open loop 

method. 

Index Terms— energy efficiency; lettuce; moisture 

control; open loop; Proportional control. 

I. INTRODUCTION 

As one of the most demanded vegetable 

commodities, lettuce (Lactuca sativa L.) has been 

cultivated both using conventional and hydroponic 

methods. The hydroponic method aims to increase 

productivity, especially in narrow land, research shows 

that the hydroponic cultivation method for lettuce 

plants is feasible and still provides financial 

benefits[1][2]. Temperature and humidity are 

environmental variables that are very important to 

consider in cultivating hydroponic lettuce in a 

greenhouse system. Lettuce growth will be optimal in 

the air temperature range of 25°C to 28°C and humidity 

ranging from 60% to 78%. Unstable temperature and 

humidity conditions may cause the plants to wilt and 

interfere with the development of seedlings[3][4]. In 

order for lettuce plants to germinate properly, soil 

humidity needs to be maintained at a value of 60%[5]. 

Control of soil moisture is generally done by spraying 

water as needed, to achieve the desired humidity 

level[6], [7]. 

For commercial use, automatic spraying devices 

are generally time-based (e.g., Spraying Systems co, 

PulsaJet, AutoJet, AQUALIN, Yardsmith and 

Universal)[8], the user will be asked to set the desired 

spraying hours, and in some products, the length of 

time can also be adjusted according to user needs. Even 

though there have been many studies that have 

developed  based on closed-loop systems using sensors 

and microcontroller, such as the DHT 11 sensor,[9]–

[11] the open-loop spraying system is still considered 

efficient and commonly used. On the other hand, in 

closed-loop control schemes, proportional control 

systems are also widely used for various industrial 

applications[12]–[15], this control system was chosen 

because it is relatively simple and easy to fine-

tune[16]. 

This research will examine the effectiveness of 

time-based automatic spraying (open-loop control) in 

terms of maintaining the desired soil or rockwool 

moisture value, with the addition of a proportional 

control method (closed-loop) when the spraying 

schedule is executed. It is hoped that the combination 

of these control methods can improve the performance 

of similar spraying systems that are already on the 

market, especially in term of energy conservation. This 

system will be built using Arduino Mega 

microcontroller, DF Robot soil Moisture humidity 

sensor, real-time clock (RTC), and actuator in the form 

of a DC spraying pump, and Micro SD Module for data 

logging purpose. 
 

II. METHODS 

A. Block Diagram of Component 

The system is developed based on Arduino Mega 

2560, to operate the system properly, the main 

component used for this research is shown in the 

Figure 1. below. 
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Figure 1. Main Components of System 

The main parts of the system shown in Figure 1 are 

as follow: 

1. Arduino Mega 2560 works as a place to 

process all the data used to drive the mini 

pump, as well as process data from sensors. 

2. Moisture sensors are used to read the humidity 

in the planting medium for control purposes 

and logging data. 

3. Time RTC is used as a spraying time marker 

which is then set in the Arduino program 

which will later be forwarded to the DC pump 

actuator. 

4. The DC pump is used to carry out the process 

of spraying water from the water storage area 

to the planting medium through a PVC hose. 

The use of the pump is assisted by a noozle 

outlet to produce water in the form of a light 

mist. 

B. Block Diagram of Control System 

This research use both open loop and closed loop 

control system for different scenario of experiments. 

The setpoint is set to 60% of soil humidity. The open-

loop control diagram is shown in Figure 2.  

 

Figure 2. Open Loop Control System 

In the open loop control method, the operation time 

must be set before, in order to activate the spraying 

mechanism to achieve setpoint. RTC is used to give 

accurate time of operation. Close loop control method 

is used for continuously regulate the humidity. The 

closed-loop control diagram is shown in Figure 3. 

 

Figure 3. Closed Loop Control System 

The closed-loop control system used proportional 

method, with the gain of proportional (Kp) is obtain 

through several experiments and performance 

evaluation. The proportional control system 

implemented in this study is the time-proportional 

method, which can be found in industrial temperature 

controllers such as Autonics products[17], when the 

control signal output (CO) from proportional control  = 

100%, the system will be active for 5 seconds, or 

according to the following equation. 

  𝑇𝑠 = 𝐶0.5𝑠𝑒𝑐𝑜𝑛𝑑 (1) 

with Ts is time of spray. 

C. Hardware Design and System Feature 

The system is build using galvanized iron material, 

with three segments for seedling cultivation. The three-

dimensional design of the soil moisture control system 

is shown in Figure 4 below. 

 

Figure 4. 3D Design of System 

The specifications for this soil moisture control 

system are as follows: 

1. The dimensions are 1.8 meters x 1 meter. 

2. Using 220 VAC power 

3. Using 12VDC power supply 

4. Using a 6mm Plastic Nozzle 

5. Using the Arduino Mega 2560 

Microcontroller 

6. Using the waterproof DF Robot Soil Moisture 

Humidity Sensor 

7. Using Real Time Clock is an electronic clock 

in the form of a chip that can accurately 

calculate time (from seconds to years) and 

maintain/store data of that time in real time. 
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8. Using a MicroSD Module as a data logger 

storage of spraying record. 

9. Using LCD I2C 20x4 as display 

10. Using a 12V 100 PSI SINLEADER Pump. 

11. There are 3 modes in 1 sprinkle system: 

• Mode 1: Time Base (Open loop control) 

• Mode 2: Continous control (proportional 

control) 

• Mode 3: Combination of Time-Base and 

Proportional control 

12. Three-segment for seedling cultivation. 

III. RESULTS AND ANALYSIS 

The experiment was carried out in January-

February 2023, in the Undip Vocational School area, 

the system was placed in a semi-outdoor area which 

still got sunlight and a little bit of rain during rainy 

days. The interval of data acquisition is 1 minute. 

A. Open Loop Experiment 

Open loop testing is carried out to see the effect of 

the actuator on changes in the variable to be controlled, 

namely soil moisture. The results of this experiment 

will be used as a reference for choosing the duration of 

plant spraying. The experiment is conduct at 09.00 

WIB, from the initial humidity condition of 30% to 

reach the desired setpoint value of 60%. The result of 

experiment is shown in Figure 5. 

 

Figure 5. Open Loop Test Results 

Based on the Figure 5, the actuator can achieve the 

desired setpoint within 10 minutes, therefore we based 

the spraying duration for open loop control in 

accordance with the result. 

B. Mode 1: Time Base (Open Loop Control) 

Open loop testing is carried out to see the effect of 

the actuator on changes in the variable to be controlled, 

namely soil moisture. The results of this experiment 

will be used as a reference for choosing the duration of 

plant spraying. The experiment is conduct at 09.00 

WIB, from the initial humidity condition of 30% to 

reach the desired setpoint value of 60%. The result of 

experiment is shown in Figure 5. 

 

TABLE I. MODE 1: TIME BASE (OPEN LOOP CONTROL) TEST 

RESULT 

Day 

1st Watering (09.00-09.10) 2nd Watering (15.00-

15.10) 

Start 

Humidity 

(%) 

End 

Humidity 

(%) 

Start 

Humidity 

(%) 

End 

Humidity 

(%) 

1 41 65 48 64 

2 51 67 55 68 

3 53 73 52 68 

4 55 73 59 76 

5 51 74 56 68 

The test results show that a time-based automatic 

watering system can bring soil moisture to an ideal 

value (60% -78%), but if it is expected that the system 

"only needs" to reach a lower threshold value of 60%, 

then the system experiences energy wastage and less 

optimal. 

In this test, monitoring was also carried out at other 

than the time of spraying, at 13.00-14.00 and 17.00-

18.00, to monitor the soil humidity outside of spraying 

schedule. In general, soil moisture is maintained at the 

ideal plant value, but on certain day, especially during 

hot weather, humidity can drop less than the 

recommended ideal value. As on the second day of 

testing at 13.00-14.00 the soil moisture dropped to a 

value of 53% as shown in Figure 6 below. 

 

Figure 6. Soil Humidity Day 2 13.00-14.00 

C. Mode 2: Continous Control (Proportional Control) 

In Mode 2, experiments is carried out using several 

proportional gains (Kp). The test was carried out 5 

times with an initial value of humidity = 43% and set 

point of 60% with duration of 1 hour. The results of the 

test will be evaluated by selecting the best settling time 

(ts) and root mean square error (RMSE) values. The 

results of the test are shown in Table 2 below. 

TABLE II. PROPORTIONAL CONTROL TEST RESULTS 

Test Kp ts 

(minute) 

overshoot 

(%) 

RMSE 

%) 

1 2 20 0 5,80 

2 3 18 0 3,80 

3 4 13 0 7,11 

4 5 6 0 2,48 

5 6 4 0 3,64 

Based on the result, the proportional control system 

can achieve the desired humidity of 60% with no 

overshoot occurred. The Kp value of 5 is choosen, 
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because it gave the minimum RMS, the transiet 

response of Kp value = 5 shown in Figure 7. 

 

Figure 7. Proportional Test Result with Kp = 5 

D. Mode 3: Combination of Time-based and 

Proportional Control 

A closed loop control system that is carried out 

continuously will be able to regulate soil moisture as 

desired. However, taking into account the results of the 

mode 1 test, that the humidity value can be maintained 

in the ideal range naturally, it is necessary to optimize 

the time-based method. In this mode, the proportional 

control system (with Kp=5) will be used 

simultaneously during the time-based method of 

spraying, specifically at 09.00-10.00 and 15.00-16.00. 

This is so that the system does not spray until it exceeds 

the ideal humidity threshold value = 60%. And the 

logical consequence is that there will be energy savings 

because the spray pump is not operating. To measure 

energy consumption when the system is operating, an 

energy meter is used. The tool will display the total 

power used and used as the basis for calculating the 

total energy consumption of the system. The 

measurement results from the energy meter when the 

system is operating is shown in Figure 8 below. 

 

Figure 8. Power Measurement Result 

The test show that the power used for operating the 

system is 44,1 watt. 

The experiment of this mode is carried out for 5 

days. The result of experiment on day one at 09.00-

10.00 is shown in the Figure 9. 

 

Figure 9. Result of Mode 3 Day 1 at 09.00-10.00 

The Figure 9 shown that the system can relatively 

maintain the soil humidity at 60% during an hour 

period, and we can see the proportional control took 

over when the humidity drops too low or going too 

high (see red dash block). The experimental results 

obtained in 5 tests showed relatively the same results. 

The result of experiment on day one at 15.00-16.00 is 

shown in the Figure 10. 

 

Figure 10. Result of Mode 3 Day 1 at 15.00-16.00 

The result of experiment on day two at 09.00-10.00 

is shown in the Figure 11. 

 

Figure 11. Result of Mode 3 Day 2 at 09.00-10.00 

The result of experiment on day two at 15.00-16.00 

is shown in the Figure 12. 
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Figure 12. Result of Mode 3 Day 2 at 15.00-16.00 

The active duration of the pump is also calculated 

to measure the total energy consumption when Mode 3 

is run for 1 hour, the sample taken is the active time at 

09.00-10.00. The calculation of total energy 

consumption for days 1 - 5 at 09.00-10.00 are shown 

in Table 3 below. 

TABLE III. ENERGY CONSUMPTION OF MODE 3 AT 09.00-10.00 

Day Pump Active Periode 

(second) 

Total Energy 

(Joule) 

1 288 12,700 

2 289 12,745 

3 289 12,745 

4 290 12,789 

Average 12,745 

The result shows the average energy consumption 

for Mode 3 is 12,745 joule while using Mode 1 with 

the duration of 10 minute spraying equal to energy 

consumption of 26,460 joule. 

IV. CONCLUSIONS 

The experimental results show that the designed 

system works well to control soil moisture which is 

ideal for the growth and development of lettuce 

seedlings. In particular, Mode 3 presents an alternative 

to time-based open-loop control that is commonly 

used, by combining it with a proportional control 

system, it can be seen that energy use can drop 

significantly from 26,460 joules to a value of 12,745 

joules. 

Although it looks promising the use of a time-based 

control system needs to pay close attention to the 

geographical location and weather of the farm itself. 

Closed cultivation methods such as greenhouses will 

be more effective in reducing environmental 

influences even though the investment costs may be 

greater.  
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Abstract— Loose-end defect on the tip of the cigarette is 

a common problem found on production lines. Large 

companies use computerized sophisticated machines to 

detect and reject it automatically. However, the same 

solution can not be implemented in small or home 

industries because the investment cost is too high. This 

paper presents the development of simple electronic 

instrumentation to detect loose-end defects in cigarettes. 

It relies on the signal acquisition of a photoelectric 

transceiver mechanism that is converted and processed 

digitally to relatively quantify the difference between the 

good and defect. Motor-driven cigarette rotator device 

was built specially to test the performance of the 

instrumentation system. Loose-end defects are made 

artificially by removing 0.2 gr tobacco from the tip of a 

normal cigarette. The average quantifying relative value 

was found above 58.5%, this indicates that the system has 

good contrast properties. At the speed of 10,000 

cigarettes/min, the average accuracy is 90.5%, and at 

17,500 cigarettes/min, the average accuracy is 65.3%. 

Index Terms— cigarette quality; loose-end defective 

cigarette; photoelectric device. 

I. INTRODUCTION 

The Indonesian cigarette industry has experienced 

significant growth over the past few decades [1], [2]. 

One of the factors contributing to this growth is the 

implementation of machine processes in the 

production of cigarettes [3]. These machines have 

revolutionized the way cigarettes are manufactured, 

providing numerous benefits to both the industry and 

consumers. However, one persistent issue that 

continues to plague the industry is the occurrence of 

loose-end defects [4]. This defect refers to the presence 

of unfinished or loose tobacco at the end of a cigarette, 

resulting in a subpar smoking experience for 

consumers. The loose-end defect can arise due to 

several reasons during the manufacturing process. 

Improper cutting of the tobacco, inadequate 

application of adhesive, or faulty machinery can all 

contribute to this defect. When a consumer lights a 

cigarette with a loose-end, they may experience a faster 

burn rate, uneven draw, and increased tobacco 

wastage. These issues not only affect the smoking 

experience but also lead to dissatisfaction among 

consumers. Smokers expect a consistent and enjoyable 

smoking experience from the cigarettes they purchase. 

The loose-end defect directly undermines this 

expectation. When a cigarette burns too quickly or 

unevenly, it affects the taste and overall satisfaction of 

the smoker. Consumers may also feel cheated as they 

are paying for tobacco that ends up being wasted due 

to loose-ends. 

One way to tackle the loose-end defect is by 

implementing improved manufacturing techniques. 

Cigarette manufacturers can invest in state-of-the-art 

machinery that ensures precise and consistent packing 

of tobacco and paper. By using advanced automation 

and quality control measures [5], the likelihood of 

loose-ends can be significantly reduced. These 

techniques can help create cigarettes with tightly 

packed tobacco that stays intact throughout the 

smoking process. However, the same solution can not 

be implemented in small or home industries because 

the investment cost is too high. Loose-end defect 

detection based on photoelectric devices is a common 

method used in several patent sources [6]–[12]. A 

machine vision-based method for detecting the loose-

end defect of a cigarette was also employed [13]–[15]. 

This paper presents the development of simple and 

low-cost electronic instrumentation to detect loose-end 

defects in cigarettes. It relies on a photoelectric 

infrared transmitter and phototransistor receiver. One 

of the key advantages of this photoelectric device is its 

simplicity and low cost. The phototransistor receiver is 

placed at the tip of the device and emits a beam of light. 

When a cigarette is inserted, the beam is interrupted. 

The microcontroller analyzes the interruption pattern 

to determine whether the cigarette has a loose-end 

defect.  Motor-driven cigarette rotator device was built 

specially to test the performance of the proposed 

instrumentation system. There are two parameter 

qualifiers to indicate its performance: contrast 

properties of the measured signal and the accuracy of 

detection capability, both are normalized in 

percentage. 
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II. METHODS 

A. Hardware Block Diagram 

The instrumentation system mainly relies on 

infrared light transmission through the tip of the 

cigarette and its intensity was received by the 

photodiode to produce a small equivalent voltage. This 

voltage was amplified by a signal conditioner to a 

reasonable value before it was converted to a digital 

value and calculated by a microcontroller to relatively 

quantify the value of the good and defective cigarettes. 

Figure 1 shows the flow of signal on the main hardware 

of the instrumentation system. 

 

Figure 1. Main Hardware Block Diagram 

B. Photoelectric Components Arrangement 

Infrared transmitter and phototransistor receiver 

were placed at certain gaps to ensure physical non-

contact with cigarettes so it can move freely between 

them. Figure 2 shows the arrangement of photoelectric 

components: infrared transmitter (1), cigarettes (3), 

and PT334-6B phototransistor receiver (2). It uses 

three infrared transmitters to improve light intensity 

reception on the receiver.  

 

Figure 2. The Arrangement of Photoelectric Components 

Figure 3 shows a single infrared transmitter based 

on High Power LED (HPL) with 3 Watts power 

consumption and emits a 940 nm wavelength of 

infrared light. These LED are designed to provide a 

higher output of infrared radiation compared to 

standard infrared LED. With advancements in 

technology, high power infrared LEDs have become 

more efficient, compact, and capable of emitting light 

in a narrower wavelength range. 

 

Figure 3. 3 Watts 940nm Infrared HPL 

Figure 4 shows a typical 5mm generic 

phototransistor infrared receiver. Infrared 

phototransistors offer several advantages over other 

types of infrared detectors, such as infrared 

photodiodes. One of the key advantages is their ability 

to amplify the current, which allows for greater 

sensitivity and detection range. Another advantage is 

their response time. Infrared phototransistors can 

detect and amplify infrared light signals at a faster rate 

compared to other infrared detectors. 

 

Figure 4. A Typical 5mm Infrared Phototransistor 

C. Signal Conditioner Circuit 

Figure 5 shows the electronic circuit for a signal 

conditioner that utilizes an operational amplifier as a 

non-inverting voltage amplifier with a gain of 3. The 

non-inverting amplifier is a type of operational 

amplifier (op-amp) configuration that amplifies an 

input signal while maintaining the same polarity. It is 

widely used due to its high input impedance, low 

output impedance, and excellent gain accuracy. The 

basic non-inverting amplifier circuit consists of an op-

amp, two resistors, and an input and output terminal. 

The input signal is applied to the non-inverting 

terminal of the op-amp, while the inverting terminal is 

connected to ground. The output signal is taken from 

the junction between the resistor connected to the 

inverting terminal and the op-amp's output. 

The non-inverting amplifier operates based on the 

principle of negative feedback. When an input signal is 

applied to the non-inverting terminal, the op-amp 
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amplifies it and produces an output signal. This output 

signal is fed back to the inverting terminal through the 

resistor connected between the output and inverting 

terminal. 

The feedback loop creates a voltage divider 

between the input and output resistors, which 

determines the gain of the amplifier. The gain of the 

non-inverting amplifier is given by the formula: 

  𝐺𝑎𝑖𝑛(𝐴) = 1 +
𝑅𝐹

𝑅𝑖𝑛
 (1) 

where 𝑅𝐹 is the feedback resistor and 𝑅𝑖𝑛 is the 

input resistor. The gain is always greater than 1, 

making the non-inverting amplifier an amplification 

device. The output voltage is connected to the Analog 

to Digital Converter (ADC) pin of a microcontroller. 

The analog voltage is then converted to an equivalent 

digital value to indicate infrared light intensity 

received by the phototransistor. The ADC is a 10-bit 

successive approximation type. It has a resolution of 

1024, which means it can divide the input voltage 

range into 1024 discrete steps. The ADC operates 

based on the principle of comparing the input voltage 

with a known reference voltage. It generates a digital 

value proportional to the input voltage within the 0-

1023 range. 

 

Figure 5. Non-inverting Amplifier Circuit Diagram 

D. Mechanical Motor Driven Cigarette Rotator 

A mechanical rotator device was specially built to 

test the performance of the instrumentation system. It 

can mount up to 50 cigarettes. The rotator is motor 

driven and its speed can be adjusted by a dedicated 

controller up to 17,500 cigarettes/min. Figure 6 shows 

the isometric view of the rotator and Figure 7 shows its 

side view, showing its motor and encoder. The 

mechanical rotator has built from five main parts: skid 

and frame (1), rotator wheel (2), human-machine 

interface (3), DC motor and speed controller (4), and 

encoder (5). Figure 8 shows the actual build of the 

mechanical rotator showing its cigarette wheel holder. 

 

Figure 6. 3D Isometric View of Mechanical Cigarette Rotator 

 

Figure 7. Side View of Mechanical Cigarette Rotator  

 

Figure 8. Actual Cigarette Rotator With Capacity of 50 Cigarettes 
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III. RESULTS AND DISCUSSION 

The experiment was conducted to obtain two 

performance parameters of an instrumentation system 

that has been tested on simulated environment 

conditions using a mechanical rotator: 

• Contrast properties of the measured signal 

This parameter indicates a relative range of light 

intensity that is able to be received by the 

instrumentation system. A larger value is good, it 

means the system has a reasonable range to easily 

distinguish a normal cigarette from a defective 

cigarette. 

• Accuracy of detection 

This parameter indicates the system's ability to 

detect defective cigarettes. The test was conducted in 

two configurations: altering rotator speed and altering 

the amount of artificially loose-end defective cigarettes 

which are placed randomly on the rotator wheel. 

The artificial loose-end defective cigarettes were 

made by removing 0.2 gr tobacco from the tip of a 

single normal cigarette as shown in Figure 9. 

 

Figure 9. Normal and Artificially Loose-End Defective Cigarette 

Figure 10 shows a series of digital values obtained 

from the calibration batch using a 40/50 configuration 

(40 normal cigarettes, 10 loose-end defective 

cigarettes, and 50 total cigarettes). This data is used to 

define a loose-end range of digital value and a range of 

normal cigarette’s digital value. The relative difference 

between them is defined as the contrast properties of 

the measured signal and calculated using Equation 2. 

Figure 11 shows the example of collected data from 

test batch 40/50 at a speed of 10,000 cigarettes/min, 

where the actual speed employed at the production 

level was around 8000 cigarettes/min. Figure 12 shows 

the data at a speed of 17,500 cigarettes/min. Actually, 

there are digital values greater than the upper limit of 

defined loose-end digital value. They were produced 

by light transmission through the gap between adjacent 

cigarettes on the mechanical rotator, as shown in 

Figure 13. Those values are excluded from the 

calculation. 

 

 

Figure 10. A Series of Digital Values Obtained From Calibration 

Batch 

 

Figure 11. Example of Digital Value Obtained From Batch 40/50 

10,000 cigarettes/min 

 

Figure 12. Example of Digital Value Obtained From Batch 40/50 

17,500 cigarettes/min 
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Figure 13. Illustration of Gap Between Cigarettes On Mechanical 

Rotator 

Equation 2 is use to calculate the contrast properties 

of the measured signal. 

  𝐶𝑃 =
𝑇𝑃−𝑃

𝑃̅
× 100% (2) 

where, 

𝐶𝑃 = Contrast Properties Value (%) 

𝑇𝑃̅̅ ̅̅  = Average digital value of loose-end defective 
cigarette per batch 

𝑃̅  = Average digital value of normal cigarette per batch 

TABLE I. CONTRAST PROPERTIES AND ACCURACY VALUE 

OBTAINED FROM SEVERAL TEST BATCHES 

No 
Test 

Batches 

Rotator 

Speed 

(cigarettes

/min) 

Contrast 

Properti

es (%) 

Actual 

Loose-

end 

Detected 

Accur

acy 

(%) 

1. 49/50 10.000 76 1 100 

2. 45/50 10.000 57 5 100 

3. 40/50 10.000 55 14 71,4 

4. 49/50 17.500 58 3 33,3 

5. 45/50 17.500 48 5 100 

6. 40/50 17.500 57 16 62,5 

Table I shows the test results from several test 

batches. The average value of the contrast properties 

parameter is 58.5%, evenly distributed across test 

batches. The average value of the accuracy parameter 

is 90.5% at 10,000 cigarettes/min and 65.3% at 17,500 

cigarettes/min, it has a tendency to decrease at faster 

speed and at larger amounts of loose-end defective 

cigarettes. Signal noise due to electromagnetic 

radiation generated by a motor controller seems to 

contribute to this. 

IV. CONCLUSIONS 

The proposed instrumentation system to detect 

loose-end defective cigarettes was successfully 

designed and tested using a specially built apparatus. 

Low-cost components and simple design were 

evidently effective and practical to obtain good 

performance parameters. This will give an opportunity 

to development of a complete fully automated 

detection and rejection of loose-end defective 

cigarettes machine at a much lower cost compared to 

existing expensive machines. This could be an 

alternative solution to help the small and home local 

industries in Indonesia to improve their cigarette 

product quality.  
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Abstract—This electronic document is a “live” template 

which you can use on preparing your Ultima Computing 

paper. Use this document as a template if you are using 

Microsoft Word 2007 or later. Otherwise, use this 

document as an instruction set. Do not use symbol, 

special characters, or Math in Paper Title and Abstract. 

Do not cite references in the abstract. 

Index Terms—enter key words or phrases in 

alphabetical order, separated by semicolon ( ; ) 

I. INTRODUCTION 

This template, modified in MS Word 2007 and 

saved as a Word 97-2003 document, provides authors 

with most of the formatting specifications needed for 

preparing electronic versions of their papers. Margins, 

column widths, line spacing, and type styles are built-

in here. The authors must make sure that their paper 

has fulfilled all the formatting stated here. 

Introduction commonly contains the background, 

purpose of the research, problem identification, and 

research methodology conducted by the authors which 

been describe implicitly. Except for Introduction and 

Conclusion, other chapter’s title must be explicitly 

represent the content of the chapter. 

II. EASE OF USE 

A. Selecting a Template 

First, confirm that you have the correct template 

for your paper size. This template is for Ultima 

Computing. It has been tailored for output on the A4 

paper size. 

B. Maintaining the Integrity of the Specifications 

The template is used to format your paper and style 

the text. All margins, column widths, line spaces, and 

text fonts are prescribed; please do not alter them. 

III. PREPARE YOUR PAPER BEFORE STYLING 

Before you begin to format your paper, first write 

and save the content as a separate text file. Keep your 

text and graphic files separate until after the text has 

been formatted and styled. Do not add any kind of 

pagination anywhere in the paper. Please take note of 

the following items when proofreading spelling and 

grammar. 

A. Abbreviations and Acronyms 

Define abbreviations and acronyms the first time 

they are used in the text, even after they have been 

defined in the abstract. Abbreviations such as IEEE, 

SI, MKS, CGS, sc, dc, and rms do not have to be 

defined. Abbreviations that incorporate periods should 

not have spaces: write “C.N.R.S.,” not “C. N. R. S.” 

Do not use abbreviations in the title or heads unless 

they are unavoidable. 

B. Units 

• Use either SI (MKS) or CGS as primary units 

(SI units are encouraged). 

• Do not mix complete spellings and 

abbreviations of units: “Wb/m2” or “webers 

per square meter,” not “webers/m2.” Spell 

units when they appear in text: “...a few 

henries,” not “...a few H.” 

• Use a zero before decimal points: “0.25,” not 

“.25.” 

C. Equations 

The equations are an exception to the prescribed 

specifications of this template. You will need to 

determine whether or not your equation should be 

typed using either the Times New Roman or the 

Symbol font (please no other font). To create 

multileveled equations, it may be necessary to treat the 

equation as a graphic and insert it into the text after 

your paper is styled. 

Number the equations consecutively. Equation 

numbers, within parentheses, are to position flush 

right, as in (1), using a right tab stop. 

 2

2 0
0

( , ) [ / (2 )]
r

F r dr d r   =  (1) 

Note that the equation is centered using a center 

tab stop. Be sure that the symbols in your equation 

have been defined before or immediately following the 



equation. Use “(1),” not “Eq. (1)” or “equation (1),” 

except at the beginning of a sentence: “Equation (1) is 

...” 

D. Some Common Mistakes 

• The word “data” is plural, not singular. 

• The subscript for the permeability of vacuum 

0, and other common scientific constants, is 

zero with subscript formatting, not a lowercase 

letter “o.” 

• In American English, commas, semi-/colons, 

periods, question and exclamation marks are 

located within quotation marks only when a 

complete thought or name is cited, such as a 

title or full quotation. When quotation marks 

are used, instead of a bold or italic typeface, to 

highlight a word or phrase, punctuation should 

appear outside of the quotation marks. A 

parenthetical phrase or statement at the end of a 

sentence is punctuated outside of the closing 

parenthesis (like this). (A parenthetical 

sentence is punctuated within the parentheses.) 

• A graph within a graph is an “inset,” not an 

“insert.” The word alternatively is preferred to 

the word “alternately” (unless you really mean 

something that alternates). 

• Do not use the word “essentially” to mean 

“approximately” or “effectively.” 

• In your paper title, if the words “that uses” can 

accurately replace the word using, capitalize 

the “u”; if not, keep using lower-cased. 

• Be aware of the different meanings of the 

homophones “affect” and “effect,” 

“complement” and “compliment,” “discreet” 

and “discrete,” “principal” and “principle.” 

• Do not confuse “imply” and “infer.” 

• The prefix “non” is not a word; it should be 

joined to the word it modifies, usually without 

a hyphen. 

• There is no period after the “et” in the Latin 

abbreviation “et al.” 

• The abbreviation “i.e.” means “that is,” and the 

abbreviation “e.g.” means “for example.” 

IV. USING THE TEMPLATE 

After the text edit has been completed, the paper is 

ready for the template. Duplicate the template file by 

using the Save As command, and use the naming 

convention as below 

ULTIMATICS_firstAuthorName_paperTitle. 

In this newly created file, highlight all of the 

contents and import your prepared text file. You are 

now ready to style your paper. Please take note on the 

following items. 

A. Authors and Affiliations 

The template is designed so that author affiliations 

are not repeated each time for multiple authors of the 

same affiliation. Please keep your affiliations as 

succinct as possible (for example, do not differentiate 

among departments of the same organization). 

B. Identify the Headings 

Headings, or heads, are organizational devices that 

guide the reader through your paper. There are two 

types: component heads and text heads. 

Component heads identify the different 

components of your paper and are not topically 

subordinate to each other. Examples include 

ACKNOWLEDGMENTS and REFERENCES, and 

for these, the correct style to use is “Heading 5.”  

Text heads organize the topics on a relational, 

hierarchical basis. For example, the paper title is the 

primary text head because all subsequent material 

relates and elaborates on this one topic. If there are 

two or more sub-topics, the next level head (uppercase 

Roman numerals) should be used and, conversely, if 

there are not at least two sub-topics, then no subheads 

should be introduced. Styles, named “Heading 1,” 

“Heading 2,” “Heading 3,” and “Heading 4”, are 

prescribed. 

C. Figures and Tables 

Place figures and tables at the top and bottom of 

columns. Avoid placing them in the middle of 

columns. Large figures and tables may span across 

both columns. Figure captions should be below the 

figures; table heads should appear above the tables. 

Insert figures and tables after they are cited in the text. 

Use the abbreviation “Fig. 1,” even at the beginning of 

a sentence. 

TABLE I.  TABLE STYLES 

Table 

Head 

Table Column Head 

Table column subhead Subhead Subhead 

copy More table copy   

 



 

Fig. 1. Example of a figure caption 

V. CONCLUSION 

A conclusion section is not required. Although a 

conclusion may review the main points of the paper, 

do not replicate the abstract as the conclusion. A 

conclusion might elaborate on the importance of the 

work or suggest applications and extensions. 

APPENDIX 

Appendixes, if needed, appear before the 

acknowledgment. 

ACKNOWLEDGMENT 

The preferred spelling of the word 

“acknowledgment” in American English is without an 

“e” after the “g.” Use the singular heading even if you 

have many acknowledgments. Avoid expressions such 

as “One of us (S.B.A.) would like to thank ... .” 

Instead, write “F. A. Author thanks ... .” You could 

also state the sponsor and financial support 

acknowledgments here. 

 

REFERENCES 

The template will number citations consecutively 

within brackets [1]. The sentence punctuation follows 

the bracket [2]. Refer simply to the reference number, 

as in [3]—do not use “Ref. [3]” or “reference [3]” 

except at the beginning of a sentence: “Reference [3] 

was the first ...” 

Number footnotes separately in superscripts. Place 

the actual footnote at the bottom of the column in 

which it was cited. Do not put footnotes in the 

reference list. Use letters for table footnotes. 

Unless there are six authors or more give all 

authors’ names; do not use “et al.”. Papers that have 

not been published, even if they have been submitted 

for publication, should be cited as “unpublished” [4]. 

Papers that have been accepted for publication should 

be cited as “in press” [5]. Capitalize only the first 

word in a paper title, except for proper nouns and 

element symbols. 

For papers published in translation journals, please 

give the English citation first, followed by the original 

foreign-language citation [6]. 

[1] G. Eason, B. Noble, and I.N. Sneddon, “On certain integrals 

of Lipschitz-Hankel type involving products of Bessel 

functions,” Phil. Trans. Roy. Soc. London, vol. A247, pp. 
529-551, April 1955. (references) 

[2] J. Clerk Maxwell, A Treatise on Electricity and Magnetism, 
3rd ed., vol. 2. Oxford: Clarendon, 1892, pp.68-73. 

[3] I.S. Jacobs and C.P. Bean, “Fine particles, thin films and 
exchange anisotropy,” in Magnetism, vol. III, G.T. Rado and 
H. Suhl, Eds. New York: Academic, 1963, pp. 271-350. 

[4] K. Elissa, “Title of paper if known,” unpublished. 

[5] R. Nicole, “Title of paper with only first word capitalized,” J. 
Name Stand. Abbrev., in press. 

[6] Y. Yorozu, M. Hirano, K. Oka, and Y. Tagawa, “Electron 

spectroscopy studies on magneto-optical media and plastic 
substrate interface,” IEEE Transl. J. Magn. Japan, vol. 2, pp. 

740-741, August 1987 [Digests 9th Annual Conf. Magnetics 
Japan, p. 301, 1982]. 

[7] M. Young, The Technical Writer’s Handbook. Mill Valley, 
CA: University Science, 1989. 
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