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Abstract— The advancement of technology in sensing 

and object detection systems has been widely applied in 

various fields. In object distance monitoring systems, radar 

systems are designed to address blind spots and measure 

approaching distances dynamically and accurately using 

ultrasonic waves. One utilization of object detection sensors 

is the ultrasonic HC-SR04 sensor. The ultrasonic sensor test 

aims to detect the accuracy of objects against rats that may 

appear in parked cars. This radar system implementation 

uses a buzzer and LED for sound alerts when a rat is 

approaching. This research uses the ESP8266 

microcontroller as the control, to send the distance 

information received by the sensor via the Blynk 

application, and the buzzer gives a loud sound when the 

object approaches. This radar system can detect a 

maximum distance of 400 cm with an accuracy of 100 cm 

and a minimum distance of 2 cm at a 180˚ angle. Thus, the 

ESP8266-based radar system can provide accuracy in 

detecting the distance of objects detected by the ultrasonic 

sensor.    
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I. INTRODUCTION  

Rats are one of the obstacles that can disrupt human 
activities because they can damage property and spread 
diseases. Some parked cars often have issues with broken 
cables or dirty engine parts due to rats nesting under the car or 
hood. However, there are several weaknesses that rats do not 
like, one of which is sound. According to literature [1], the 
sound frequency that rats do not like is at a frequency of 23-50 

kHz. Technology is constantly advancing and developing, 
providing various tools that can be developed as versatile and 
multifunctional prototypes. One component used as an 
information receiver prototype and detecting objects is the 
HC-SR04 ultrasonic sensor. This sensor is a versatile and cost-
effective component that is widely used as a distance 
measuring tool in various applications. HC-SR04 utilizes 
electromagnetic waves to detect distances received through 
feedback [2], [3]. HC-SR04 can be used as a detector for 
objects within its reach [4]. HC-SR04 is not only used as a 
distance measuring tool but also as a radar system. Radar 
system technology has evolved since World War II, 
transforming from analog to digital technology, making its 
processing capabilities increasingly sophisticated [5]. The 
radar system is known as a tool to help detect objects and 
measure distances over a wide range through angles by 
utilizing electromagnetic waves [6]. In the application of 
components to be used as a long-distance monitoring system, 
the ESP8266 microcontroller is used. NodeMCU ESP8266 is 
an IoT platform commonly used as a WiFi module controller 
to collect information from connected sensors by processing, 
storing, and visualizing data remotely [7], [8], [9], [10]. The 
Internet of Things is referred to as a technology using the 
internet network, making it easy to obtain information 
remotely anytime and anywhere [8], [11], [12], [13], [14], [15], 
[16].  

Previous researchers have conducted radar system testing 
using the ESP32CAM microcontroller applied in a bunker 
with the PWM (Pulse Width Modulation) method [6]. Radar 
technology utilizes the Arduino nano microcontroller 
component as the controller and can detect up to 40 cm at a 
360˚ angle [17]. The application of radar systems in 
combination with PIR sensors and HC-SR04 sensors as object 
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detectors within range using Arduino Uno [18], [19]. HC-
SR04 is applied to detect water levels using ESP32 as the 
control [20]. A radar system prototype is used to detect bird 
pests in rice plants using the ESP32 microcontroller [21] 
Konsep radar diterapkan sebagai pendeteksi tanda – tanda vital 
The radar concept is applied to detect vital signs of earthquake 
victims buried under rubble using drones as radar signal 
transmitters from above [22]. The application of radar to 
observe weather conditions using Web GIS and Android 
applications [23]. 

Based on previous researchers who have extensively 
developed radar systems, the author designed a prototype car 
rat detection system using the ESP8266 microcontroller based 
on the Internet. This prototype employs a servo that moves at 
a 180˚ angle, an ultrasonic sensor to monitor the distance of 
approaching rats, and a buzzer that emits a loud sound as the 
object gets closer.  

II. METHOD 

This research is developmental in nature using quantitative 
analysis techniques. The model used is ADDIE, which has five 
development stages including Analyze, Design, Develop, 
Implement, and Evaluate [24]. This model provides a structured 
framework to support the design and development process 
effectively [25], [26] . 

 

Figure 1. ADDIE Model 

The research process is conducted in five stages, including: 

1. Analyze 

The first stage involves data collection based on a 
literature review on the reliability of radar systems 
through the identification of existing radar prototypes. 

2. Design 

The author creates a component design step as 
preparation for the tool testing process by making 
schematic diagrams and flowcharts as the workflow of 
the prototype system. 

 

Figure 2. Prototipe Radar Schematic Design 

3. Develop 

This stage aims to develop the implementation of the 
radar system utilizing the HC-SR04 sensor with 
NODEMCU ESP8266 as the main controller to send 
information about detected and undetected objects 
remotely and in real time. 

4. Implementation 

The implementation process of the radar prototype is 
used as a tool to detect rats approaching the engine parts 
of a car, allowing space and distance to be covered by 
the HC-SR04 ultrasonic sensor. 

5. Evaluate 

The final stage aims to evaluate the effectiveness of the 
radar installation under the car engine. The monitoring 
process of the radar prototype is tested when the car is 
in a parked position. 

III. RESULTS AND DISCUSSION 

A. Result 

The test results are based on analysis of different distance 
and angle conditions, as a sensor calibration to measure distance 
accuracy through the reflection of ultrasonic waves received 
from the object.  

TABLE I.  ULTRASONIC SENSOR INDICATOR 

Sensor Distance Angle Condition Buzzer 

400 – 61 cm 0 - 180˚ Safe No sound 

60 – 32 cm 0 - 180˚ Alert Small Sound 

31 – 2 cm 0 - 180˚ Danger Loud Sound 

 

The process of the system workflow is shown in Figure 3. 
The following flowchart. 

Identify applicable funding agency here. If none, delete this text box. 
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Figure 3. Flowchart radar system 

The testing process is based on indicators of the radar's safety 
level on the targeted objects, with a safe range of 400 – 61 cm 
and a dangerous range of 32 – 2 cm. The prototype is installed 
under the parked car engine with the ultrasonic sensor facing 
downward, allowing the servo motor to rotate easily to the 
desired angle of 180˚. 

   
        Figure 4. Radar installation position on the car 

The sensor is installed at a distance of 19 cm from the ground 
and 20 cm to the side of the engine (Figure 4). This ensures that 
the prototype's position is unobstructed by any objects so that it 

can focus on detecting rats approaching or climbing onto the car 
engine. 

 

Figure 5. Visualization of the process of radar detecting objects 

 

Based on Figure 5. it shows that HC-SR04 receives signal 
information when an object is detected under the car when a rat 
is pottentialy climbing onto the engine. 

 

Figure 6. Process flow of components in a radar system 

Figure 6 explains the prototype identification process for rat 
objects. The servo motor moves automatically along with the 
HC-SR04 sensor at a 180˚ rotation angle. With each rotation 
movement of the servo motor and sensor, the radar identifies 
approaching objects. When the detected distance is <400 cm, the 
buzzer and LED automatically sound, although the buzzer does 
not sound too loudly. The signal information received is 
managed and controlled by the ESP8266 microcontroller, which 
then transmits the distance and angle information as numbers to 
the Blynk application remotely (Figure 7). 

   

Figure 7. Sensor distance test results 

Based on Table 1 of the sensor testing that has been 
conducted, Figure 7 part a) shows the safe distance from 
approaching rats, part b) identifies rats in an alert condition due 
to the potential to approach the car, part c) detected as a threat 
because the rats have approached the nearest part to climb onto 
the engine. Thus, from the testing, the test data table results are 
as follows. 

TABLE II.  TABLE HASIL PENGUJIAN PROTOTIPE RADAR 

a). b). c). 
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Number 
of test 

Sensor 
distance 

Angl
e 

Buzzer LED Conditio
n 

Test 1 400 cm 5˚ No sound Off Safe 

Test 2 360 cm 0˚ Small sound On Alert 

Test 3 60 cm 160˚ Medium 
sound 

On Alert 

Test 4 32 cm 5˚ Loud sound On Danger 

Test 5 17 cm 5˚ Loud sound On Danger 

Test 6 2 cm 110˚ Loud sound On Danger 

 

The device testing has been conducted six times. These trials 
successfully demonstrated the device's accuracy in detecting at a 
distance of 360 cm at a 0˚ angle and the nearest distance of 2 cm 
at a 110˚ angle. Thus, in an alert condition, the buzzer is 
activated and emits a sound, although it is faint, the rats start to 
get disturbed by the sound emitted by the buzzer. As they get 
closer and detected by the sensor, the buzzer emits a louder 
sound. 

B. Discussion 

The application of HC-SR04 ultrasonic sensor is carried out 

on the angle control of RC aircraft using PID control [18]. Radar 

system developed by researchers [20] to detect flooding and 

utilize a buzzer as a warning sign. The ESP8266 microcontroller 

is a popular controller that is utilized to develop IoT-based 

prototype systems. Thus, in research [7], ESP8266 applied to 

control fire detection and warning system. Radar system 

developed as a tool for object monitoring using by applying the 

Pulse Width Modulation (PWM) method which produces a duty 

cycle value [1]. 

IV. CONCLUSIONS 

Based on the analysis and testing conducted, this research 
concludes that the radar prototype system has successfully 
demonstrated the process of identifying objects at a sensor 
distance of 360 cm at a 0˚ angle and the nearest distance of 2 cm 
at a 110˚ angle. The sound produced by the buzzer effectively 
caused noise disturbance for the rats, prompting them to avoid 
the sound they received. Information can be monitored in real-
time using Blynk as a remote application. 

 

REFERENCES 

[1] P. Gelombang, U. Sebagai, P. P. Tikus, S. Wahyuni, 

and S. Ningsih, “STUDI LITERATUR: 

PEMANFAATAN GELOMBANG ULTRASONIK 

SEBAGAI PERANGKAT PENGUSIR TIKUS Farid 

Baskoro [2] , Nur Kholis [3] , Arif Widodo [4].” 
[2] M. K. Rihmi, G. Bintoro, M. A. Rahman, G. Puspito, 

and A. Muntaha, “ACCURACY ANALYSIS OF 

DISTANCE MEASUREMENT USING SONAR 

ULTRASONIC SENSOR HC-SR04 ON SEVERAL 

TYPES OF MATERIALS,” Journal of Environmental 

Engineering & Sustainable Technology JEEST, vol. 11, 

no. 01, pp. 10–13, 2024, [Online]. Available: 

http://jeest.ub.ac.id 

[3] M. R. Baldemor, “Simulation of Vehicle Distance 

Detection for Traffic Order,” Data Science: Journal of 

Computing and Applied Informatics, vol. 8, no. 1, pp. 

37–44, Jan. 2024, doi: 10.32734/jocai.v8.i1-17139. 

[4] P. Sistem et al., “Perancangan Sistem Radar Pendeteksi 

Objek Menggunakan Sensor Ultrasonik,” JUKI : Jurnal 

Komputer dan Informatika, vol. 4, 2022. 

[5] D. Hadirat Mendrofa and L. Harefa, “ANALISIS EFEK 

DOPPLER DAN IMPLEMENTASINYA PADA 

SISTEM RADAR DAN TELEKOMUNIKASI: 

SEBUAH KAJIAN LITERATUR.” 

[6] M. Iqbal Rangkuti and A. Pranata, “Sistem Radar 

Untuk Monitoring Objek Sekitar Berbasis Internet Of 

Things (IOT).” 

[7] J. Penerapan, T. Informasi, D. Komunikasi, G. G. 

Salindeho, and T. Wellem, “PERANCANGAN DAN 

IMPLEMENTASI SISTEM PENDETEKSI DAN 

PERINGATAN KEBAKARAN BERBASIS IOT 

MENGGUNAKAN NODEMCU ESP8266 DAN 

SENSOR API,” 2023. 

[8] P. R. Adinda and T. Komputer, “PENYIRAMAN 

TANAMAN OTOMATIS BERBASIS IoT 

MENGGUNAKAN NodeMCU ESP8266.” 

[9] A. Holovatyy, “Development of IoT Weather 

Monitoring System Based on Arduino and ESP8266 

Wi-Fi Module,” IOP Conf Ser Mater Sci Eng, vol. 

1016, no. 1, p. 012014, Jan. 2021, doi: 10.1088/1757-

899x/1016/1/012014. 

[10] R. Nurhasanah, L. Savina, Z. M. Nata, and I. Zulkhair, 

“Design and Implementation of IoT based Automated 

Tomato Watering System Using ESP8266,” in Journal 

of Physics: Conference Series, IOP Publishing Ltd, Jun. 

2021. doi: 10.1088/1742-6596/1898/1/012041. 

[11] B. Satria, “IoT Monitoring Suhu dan Kelembaban 

Udara dengan Node MCU ESP8266,” sudo Jurnal 

Teknik Informatika, vol. 1, no. 3, pp. 136–144, Aug. 

2022, doi: 10.56211/sudo.v1i3.95. 

[12] Rahmat Irsyada, Muhdlor Auhal Haq, Naila Afina 

Rohmah, Prima Angga Hadi Saputra, and Roikhatul 

Jannah, “Implementasi NodeMCU ESP8266 dan 

Sensor Cahaya Pada Lampu Berbasis Internet Of 

Things,” Jurnal ilmiah Sistem Informasi dan Ilmu 

Komputer, vol. 2, no. 1, pp. 22–32, Mar. 2022, doi: 

10.55606/juisik.v2i1.514. 

[13] D. Kastutara, “SISTEM KENDALI JARAK JAUH 

BERBASIS ARDUINO MENGGUNAKAN MODUL 

WIFI ESP8266 PADA APLIKASI INTERNET OF 

THINGS.” 

[14] N. A. Afifie et al., “Evaluation Method of Mesh 

Protocol over ESP32 and ESP8266,” Baghdad Science 

Journal, vol. 18, no. 4, pp. 1397–1405, 2021, doi: 

10.21123/bsj.2021.18.4(Suppl.).1397. 

[15] A. M. A. Jalil, R. Mohamad, N. M. Anas, M. Kassim, 

and S. I. Suliman, “Implementation of vehicle 

ventilation system using nodemcu ESP8266 for remote 

monitoring,” Bulletin of Electrical Engineering and 



494 

 

Informatics, vol. 10, no. 1, pp. 327–336, Feb. 2021, doi: 

10.11591/eei.v10i1.2669. 

[16] A. Ambarwari, Dewi Kania Widyawati, and Anung 

Wahyudi, “Sistem Pemantau Kondisi Lingkungan 

Pertanian Tanaman Pangan dengan NodeMCU 

ESP8266 dan Raspberry Pi Berbasis IoT,” Jurnal 

RESTI (Rekayasa Sistem dan Teknologi Informasi), vol. 

5, no. 3, pp. 496–503, Jun. 2021, doi: 

10.29207/resti.v5i3.3037. 

[17] A. E. Kristiyono, S. Mulyanto Herlambang, S. Winardi, 

and A. Budijanto, “Rancang Bangun Radar 360 Derajat 

Berbasis Arduino.” 

[18] Djufri Ilham, Subhan, and Yakseb Yanto, “DESAIN 

PURWARUPA ROBOT RADAR PENDETEKSI 

OBYEK MENGGUNAKAN SENSOR PASSIVE 

INTRA RED BERBASIS MIKROKONTROLLER 

ARDUINO,” Jurnal INSTEK, Mar. 2023. 

[19] A. Rakhman Suharso et al., “PERANCANGAN 

SISTEM RADAR PENDETEKSI OBJEK 

MENGGUNAKAN SENSOR ULTRASONIK 

BERBASIS ARDUINO,” 2016. 

[20] N. Aulia, R. S. Hadikusuma, and A. Stefanie, “Prototipe 

Sistem Radar Pendeteksi Banjir Berbasis Web Server,” 

Jurnal Teknologi Elektro, vol. 13, no. 3, p. 130, Oct. 

2022, doi: 10.22441/jte.2022.v13i3.001. 

[21] F. M. R. Fawwaz, R. Fadhlurrahman, N. Eka Putri, R. 

Akmalano, G. Alif Artanto, and R. Hidayat, “Radar 

Wing Defender (RWD): Sistem untuk membantu para 

petani dalam mendeteksi dan pengusir hama burung,” 

Jurnal Komputer dan Elektro Sains, vol. 3, no. 1, pp. 

16–22, Jun. 2024, doi: 10.58291/komets.v3i1.180. 

[22] A. A. PRAMUDITA, A. R. DWINANDA, B. S. 

NUGRAHA, and H. H. RYANU, “Metode Reduksi 

Clutter Dinamis pada Sistem Radar-Drone untuk 

Deteksi Tanda Vital Pernafasan,” ELKOMIKA: Jurnal 

Teknik Energi Elektrik, Teknik Telekomunikasi, & 

Teknik Elektronika, vol. 12, no. 1, p. 148, Jan. 2024, 

doi: 10.26760/elkomika.v12i1.148. 

[23] A. Ali, H. Jatining, and W. Argo, “SIDARMA: Web-

GIS and Android Application Based In-House Weather 

Radar Integration System.” [Online]. Available: 

https://www.researchgate.net/publication/371905327 

[24] I. M. Syahid, N. Annisa Istiqomah, and K. Azwary, 

“Model Addie Dan Assure Dalam Pengembangan 

Media Pembelajaran,” Journal of International 

Multidisciplinary Research, [Online]. Available: 

https://journal.banjaresepacific.com/index.php/jimr 

[25] Moses Adeleke Adeoye, Kadek Adrian Surya Indra 

Wirawan, Made Shania Satya Pradnyani, and Nyoman 

Intan Septiarini, “Revolutionizing Education: 

Unleashing the Power of the ADDIE Model for 

Effective Teaching and Learning,” JPI (Jurnal 

Pendidikan Indonesia), vol. 13, no. 1, pp. 202–209, 

Apr. 2024, doi: 10.23887/jpiundiksha.v13i1.68624. 

[26] A. G. Spatioti, I. Kazanidis, and J. Pange, “A 

Comparative Study of the ADDIE Instructional Design 

Model in Distance Education,” Sep. 01, 2022, MDPI. 

doi: 10.3390/info13090402. 
  

 

 

 

 

 

 


