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During the summer in Indonesia, the climatic conditions continually facilitate the 

development of one from developing the use of an evaporation-based air cooler to more 

effective use for sustainable users over long distances. Therefore, this research developed 

an evaporative cooler prototype system based on HE-COOL V1.0 control model with a 

design for speed regulation control. The design was conducted with an Arduino 

microcontroller with various buttons: button 1 represents a low speed, button 2 represents 

a medium speed, and button 3 represents a high speed. The voltage used in the control 

model was 9 volts which is a voltage drop from the power supply unit of 220 V, and the 

port on the Arduino pinout has a 5 V supply. Humidity was detected by a DHT11 sensor 

with an average percentage of 56% usage factor monitored during an air-conditioning tests 

process. In addition, the input uses an application installed on an Android smartphone that 

makes users control the Arduino (device) from a distance of 0 to 21 meters without barriers 

and 19 meters with barriers using Bluetooth communication between devices. Users can 

also store and observe the humidity output data through a real-time firebase web database 

system feature.  
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1. INTRODUCTION

Automation technology has become an essential part of 

human life, and its rapid progress has opened up various 

research opportunities that have promoted the best innovations 

in different aspects, specifically areas where certain tasks 

cannot be carried out by humans or machines [1, 2]. An 

example is the development of complex automation systems 

for monitoring and detecting an electronic object condition, 

making it significantly easier for users utilization. Various 

electronics have been developed for tropical countries such as 

Indonesia, ranging from gadgets that show live events 

information remotely to automated air conditioning machines. 

Air conditioning systems exist variously, one of which is the 

evaporator system type, commonly known as an Evaporative 

Cooler, consisting of three kinds: direct, indirect, and hybrid 

evaporative cooler [3]. In the evaporative cooler, the cooling 

comes when dry air passes over a wet surface and brings about 

evaporation, and the faster the evaporation rate, the greater the 

cooling [4]. Conventional air conditioners such as coolers in 

their implementation use many prototypes. There are versions 

of a cooling system that provide developers and potential users 

with a monitoring device to manage the state of the air cooling 

system which makes them function in their optimal form [5]. 

The use of the water cooling system method is needed to speed 

up the cooling process, and is supported by information 

technology and industrial electronics [6]. Using a mobile app 

application for the overall management of these systems led 

this research to develop. A control model framework on the 

hybrid evaporative cooler prototype will be a system to 

facilitate monitoring of the cooling system by users, and this 

will not require non-conventional assistance devices to use it, 

therefore, it will be easier for users and developers. 

This research uses an Arduino UNO R3 ATMega328 

microcontroller design which is well known in control design 

circles: a Bluetooth module HC-05, which is a series of 

Bluetooth-based wireless networks that can unify 

communication with a remotely connected Android 

smartphone [7] and a DHT11 sensor a component integrated 

into the air conditioning system to detect temperature and 

monitor humidity within the system. The system design helps 

users or determine the evaporative cooler's ability to contain 

water, thereby reducing air temperature and humidity. Various 

types of coolers exhibit humidity during the evaporation 

process [8], this type requires a 5V DC relay module to carry 

out the main control logic in their control model. Furthermore, 

HE-COOL V1.0 is one of such control models used for a 

hybrid evaporative cooler prototype as a system actuator 

module.  

In this research, the following functionalities of the air 

cooler prototype was programmed into an installed HEC App 

V1.0 application on an android smartphone device: (i) An 

automated cooling device speeds with 3 button controls; (ii) A 

voice input / output controls to recognize pronounced words 

provided in the manual of the application and; (iii) A network 

configurations for the Bluetooth communication technology 
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(iv) A humidity data monitoring control button to capture 

values in percent (%), and send captured data to the firebase 

database. The bytes size of the application is very small and 

can be installed quickly on an android smartphone. 

 

 

2. RELATED WORKS 

 

Various research describes the different parts that comprise 

an automated air-conditioning cooler, and a few of those are 

discussed as follows. The most common communication 

technology for electronic devices in the past is the remote 

control technology which uses an infrared waves; but recently 

Ohyver et al. [9] stated that the newest technology uses radio 

waves, and one example is the Bluetooth technology. Radio 

waves technology has several advantages over the infrared (IR) 

technology considering the interaction between devices with 

barriers, and it also provides one-way and two-way 

communication. Also, Huda et al. [10] describe the DHT 11 

sensor as a module that functions as a temperature and 

humidity detector producing an analog voltage output to be 

further processed by a microcontroller. The DHT11 sensor 

module generally has a reasonably accurate calibration feature 

for temperature and humidity readings, and the acquired 

calibration data is stored in an OTP program memory known 

as the calibration coefficient [11]. 

A Firebase database tool is used to store calibrated data used 

for performance monitoring in an Automated device. Ngafidin 

et al. [12] state that Firebase is a real-time storage platform 

capable of updating values directly and automatically in an 

automated system. Furthermore, Pasika and Gandla [13] 

having used Firebase database for his smart water monitoring 

tool research, affirms that Firebase technology has complete 

programming libraries for web and mobile applications, and 

these libraries can be used to program an automated system. 

Santoso et al. [14] states that, google cloud has a firebase 

feature that can be implemented into programming languages 

to capture and store real-time electronic data for performance 

monitoring of electronic devices. 

Boimau et al. [15] describe the Arduino Uno as a board 

based microcontroller of ATmega328 version and has 14 

digital input or output pins, including six input pins for Pulse 

Width Modulation (PWM) outputs, six analog input pins, USB 

connector, a power jack, ICSP header, and reset button. 

Hussain et al. [16] provide a full description of the Arduino 

board, stating that a network can be made by connecting a USB 

cable to a computer system, except the microcontroller will 

require a 6-11 Volt DC power to operate it [16]. The Arduino 

Uno is the latest series of Arduino USB boards and serves as a 

reference model for all the Arduino platforms [17]. 

A Relay device is an electromechanical component 

operated electrically and consisting of 2 main parts, an 

electromagnet (coil) and mechanical (a set of switch contacts) 

[18]. The relay uses an electromagnetic principle to move its 

switch contacts, thereby using a low electric current, and it can 

conduct electricity with a higher voltage. The function of the 

relay module is such an electrical switch where it will work 

automatically based on the given logical command [19]. 

However, the use of the relay module more specifically 

includes implementing the logic functions of a microcontroller 

to control high voltages because only low voltages are needed 

in the working of a microcontroller’s circuit, which simplifies 

the circuit to make it more concise [20]. 

Lv et al. [21] describe an Evaporative Cooler as a device 

that uses an evaporative pad to produce air cooling by allowing 

air and water vapor contact. This process allows heat and mass 

transfer between air and water, and thereby producing a 

cooling effect. The evaporative cooling technology is of three 

types: the direct, indirect, and hybrid. Then, Aziz et al. [22] 

described that the direct evaporative cooler transfers heat 

coming from the evaporative cooler into water vapor and this 

results into temperature and humidity increase. On the other 

hand, the indirect evaporative cooler cools the air without 

humidity increase [23], and the hybrid evaporative cooler 

combines the direct and indirect evaporative cooler 

functionalities [24]. 

 

 

3. RESEARCH METHOD 

 

The steps adopted for this research follow the Research and 

Development life cycle prescribed by Hakiki et al. [25]. 

Consists of 3 important aspects, as follows: 

(i) Study of literature by collecting data in relevant books 

or journals. 

(ii) Identifying the problem by deciding the background of 

the research problem to achieve the objective. 

(iii) Observations to test the process that refers to the results 

of the HE-COOL V1.0 system design and testing the 

system results. 

The research flow is presented in the Figure 1. 

 

 
 

Figure 1. Research flowchart 
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3.1 Data processing techniques 

 

This research used four stages for the data processing 

techniques, including: 

(1) Data collection 

In this stage, research data was collected from the 

implementation of HE-COOL V1.0. and sample data of the 

population of interest with features related to research 

characteristics. 

(2) Tabulation 

This stage performs the standardization of the data in a 

tabular form. Such as taking data samples for humidity values 

so that the average can be seen from the recapitulation of the 

data taken, then measuring the capture distance of the 

Bluetooth connection in meters (m) and validation for the 

database in real time on the firebase (BaaS System). 

(3) Data cleaning 

This stage involves analyzing the research data for quality, 

such as completeness, and handling missing values in the 

collected data by clarifying it from collector. After the data 

process is taken, it will be known the results of the overall 

implementation of the system used to measure the 

effectiveness of HE-COOL V1.0 users. Making this system 

requires tangible results when the system operates. 

 

3.2 Data analysis and methodology 

 

This research applied descriptive statistics analysis 

technique using past data to obtain meaningful conclusions. 

This includes obtaining the average humidity of the data 

output captured from the application monitor interface through 

the DHT11 temperature sensor, the maximum distance 

measured between Bluetooth connections, and 

synchronization between the application and the firebase 

database system in real-time. 

Figure 2 shows the system design on HE-COOL V1.0, 

which uses a power source of 220 V AC (Alternating Current) 

capacity according to the electrical standards in Indonesia. 

First, the system design power supply unit converts the 

supplied voltage to match the capacity of each component, the 

following modules include: a control module (which forms the 

control design model), a communication module, a sensor 

module for detecting humidity, and a relay module to execute 

control logic 1/0 on the main control, as well as indicators for 

the device. Figure 3 shows an explosive view of HE-COOL 

V1.0 used as the control module. 

 

 
 

Figure 2. HE-COOL V1.0 system design 

 
 

Figure 3. Schematic HE-COOL V1.0 

 

This research uses Arduino Uno R3 Atmega 328P as the 

main control of the proposed system design. A Bluetooth HC-

05 was used as the communication module on an active device 

of an Arduino pinout 5V DC voltage source consisting of 6 

PINs. The 5V relay module consists of 4 active channels to 

provide a logic 0/1 in the system output operations, and a red 

LED indicator that activates when a 220 V AC main source is 

supplied. The main control is also equipped with several other 

components, such as a 305-ohm resistor and a diode to match 

the capacities of various components in the system design. To 

activate the system and the data monitoring process, an HEC 

V1.0 application was installed on an android device using an 

MIT APP INVERTOR. 

 

 
 

Figure 4. HEC V1.0 app feature 

 

Figure 4 shows the HEC V1.0 application interface, and the 

features are: (1) ON/0FF Speed 1 (Button Control), (2) 

ON/0FF Speed 2 (Button Control), (3) ON/OFF Speed 3 

(Button Control), (4) Voice Control ON/0FF Speed 1, Voice 

Control ON/0FF Speed 2, Voice Control ON/0FF Speed 3, (5) 

Button send data to firebase (BaaS System), (6)Text to Speech 

Voice Control, (7) Button Back to Screen 1, (8) Button to How 

to Use Menu (Screen 3), (9) Button List Bluetooth Device, (10) 

Connected/Not Connected indicator, (11) Humidity Data 

Indicator, and (12) Button Control ON/OFF Indicator.  

Furthermore, in the system design, the monitoring process 

is conducted by the user and by an admin of this tool who will 

monitor the humidity data generated from the device based on 

the Firebase (BaaS System) database.  

The Firebase (BaaS System) used is a real-time database 

feature hosted on Google cloud. The stored data is configured 

to be accessible by all admin/users connected to the HEC V1.0 
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application. Humidity data is sent to the firebase database from 

the users/admin through a configured connection API using 

internet connection protocols between the Firebase and the 

admin. The admin can update any changes for new data as they 

come in. How to use the system is presented in the flowchart 

in Figure 5.  

 

  
 

Figure 5. Flowchart usage system 

 

 

4. RESULTS AND DISCUSSION 

 

The results obtained start from activating the system, then 

the data taken from the population becomes a sample such as 

voltage measurements, the capture distance of the Bluetooth 

connection used and temperature monitoring carried out by the 

DHT11 sensor that communicates with the Arduino UNO 

serial. In the monitoring module, activation is required to 

activate the device. The system uses a standby mode or 

pressing the ON/OFF button at the back of the device in the 

system box before turning on the main function. 

When the system is activated, the red LED indicator lights 

up, and this means that the system is ready for use and a 

communication pairing occurs between the Bluetooth on the 

smartphone and the HEC V1.0 application, and then the 

humidity data will appear on the application monitor. 

The operational steps of the system are first turning the 

ON/OFF button to turn on the system, including the Prototype 

Hybrid Evaporative Cooler actuator module, the initial output 

is in the form of room cooling with an evaporator system. Then, 

the communication pairing between the devices using 

Bluetooth begins with the Bluetooth activation from the 

smartphone. 

The results of the voltage in Table 1 measurement using a 

multimeter to activate the system used start from 220 V at the 

standard home electrical power converted to the PSU (Power 

Supply Unit) of 9 V and the voltage ending at the PIN Out of 

the Arduino UNO R3 ATMega328 control of 5 V for other 

components. 

 

Table 1. Activation of HE-COOL V1.0 system 

 

Indication Description 

VCC before 

converting 

PSU 

VCC after 

converting 

PSU 

VCC PIN 

Out 

Arduino 

LED Red 
ON 

System is 
ready 

220 V 9 V 5 V 

LED Red 

OFF 

System is 

not ready 
0 V 0 V 0 V 

 

 
 

Figure 6. Firebase (BaaS system) database feature 
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Figure 7. Implementation of the component control model 

 

Figure 6 is a firebase application (BaaS system) used in 

HEC; this firebase application is used to send humidity data 

around the DHT 11 sensor updated automatically. 

However, all system component used on Figure 7 such as (a) 

Arduino R3 ATMega328p control module, (b) HC-05 

communication module, (c) 5V 4 Channel relay module, and 

(d) DHT11 temperature sensor will be active unless the 

actuator and sensor modules detect a humidity within the 

environment. Each component has its indicator to indicate 

whether they are active or not. 

The steps that can be taken are ON/OFF to turn on the 

system as a whole including the actuator module, namely the 

prototype Hybrid Evaporative Cooler. Where the output is in 

the form of room cooling with an evaporator system. By 

pairing communication between devices using Bluetooth, 

starting with Bluetooth activation from the smartphone, 

looking for the HE-COOL V1.0 Bluetooth communication 

module device named HC-05. Pairing and results are indicated 

by “connected” on the application monitor (Figure 8). 

The allowable distance covered by the HC-05 Bluetooth 

module is calculated by varying the separation distance 

between the Arduino device and HE-COOL V1.0 

communication system by 1 m starting from 0 meters until the 

maximum distance was discovered. The measurement was 

conducted with and without obstructions, and a stopwatch was 

used to capture the time delay when barriers were introduced 

between the Bluetooth and devices. Android smartphones of 

the type Redmi 4a, Redmi 5S, and Oppo A39 were used to test 

Bluetooth signals between the devices and the HE-COOL 

V1.0 communication system. Table 2 shows the distance 

testing of the Bluetooth Module connection with or without 

barriers. 

Figure 9 shows the captured distances with or without 

barriers based on Table 2 data. The graphs depicted that an 

allowable distance of 21 to 22 meters between the HC-05 

Bluetooth module and the smartphone Bluetooth without a 

barrier can be used with a maximum delay of 3 seconds. While 

for distance with barriers, the allowable distance capability is 

only 19 meters with a maximum delay of 3 seconds and after 

which the network will be disconnected. If the network gets 

disconnected, the smartphone gets an "Error No Connection" 

notification on the monitor. Delay is said to be within the 

minimum limit and still able to reach communication between 

systems as well as actuators running normally and accordingly. 

 

 
 

Figure 8. Pairing Bluetooth connection success 

 

 
 

Figure 9. Delay Bluetooth connection in capture distance 
 

Table 2. Testing the maximum distance of the Bluetooth module connection HC-05 
 

DISTANCE 

(m) 

Barrierless Distance 

Measurement 
Voltage (VCC) 

Distance Measurement with 

Barrier 
Voltage (VCC) 

0 Yes, Connection 5 V Yes, Connection 5 V 

1 Yes, Connection 5 V Yes, Connection 5 V 

2 Yes, Connection 5 V Yes, Connection 5 V 

3 Yes, Connection 5 V Yes, Connection 5 V 

4 Yes, Connection 5 V Yes, Connection 5 V 

5 Yes, Connection 5 V Yes, Connection 5 V 

6 Yes, Connection 5 V Yes, Connection 5 V 

7 Yes, Connection 5 V Yes, Connection 5 V 

8 Yes, Connection 5 V Yes, Connection 5 V 

9 Yes, Connection 5 V Yes, Connection 5 V 

10 Yes, Connection 5 V Yes, Connection 5 V 

11 Yes, Connection 5 V Yes, Connection 5 V 

12 Yes, Connection 5 V Yes, Connection 5 V 

13 Yes, Connection 5 V Yes, Connection 5 V 

14 Yes, Connection 5 V Yes, Connection 5 V 

15 Yes, Connection 5 V Yes, Connection 5 V 

16 Yes, Connection 5 V Yes, Connection 5 V 

17 Yes, Connection 5 V Yes, Connection 5 V 

18 Yes, Connection 5 V Yes, Connection 5 V 

19 Yes, Connection 5 V Yes, Connection 5 V 

20 Yes, Connection 5 V No, Error no Connection 5 V 

21 Yes, Connection 5 V No, Error no Connection 5 V 

22 No, Error no Connection 5 V No, Error no Connection 5 V 
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Table 3. Button control and voice control validation test 

 

No 
Button Control 

ON (1) 

Button Control 

ON (2) 

Button Control 

ON (3) 

Button Control 

(1/2/3) OFF 

Voice Control 

ON (1) 

Voice Control 

ON (2) 

Voice Control 

ON (3) 

Voice Control 

OFF 

1 Success Success Success Success Success Success Success Success 

2 Success Success Success Success Success Success Success Success 

3 Success Success Success Success Success Success Success Success 

4 Success Success Success Success Success Success Success Success 

5 Success Success Success Success Success Success Success Success 

6 Success Success Success Success Success Success Success Success 

7 Success Success Success Success Success Success Success Success 

8 Success Success Success Success Success Success Success Success 

9 Success Success Success Success Success Success Success Success 

10 Success Success Success Success Success Success Success Success 

 

 
 

Figure 10. Humidity data monitor in HEC app 

 

Humidity data samples were generated first while 

monitoring was carried out on the application screen (Figure 

10), and the data generated from the temperature sensor was 

tested directly on the tool to activate the evaporative cooler 

system. At this testing stage, the HE-COOL V1.0 system is 

active and connected to the application's Bluetooth 

communication. 

After communication pairing, a test is carried out by 

providing input to turn on the following Button Control ON 1, 

Button Control ON 2, Button Control ON 3, or Voice Control 

ON with the pronunciation of words as outlined in the manual. 

Table 3 shows the ON/OFF tests at speeds 1, 2, and 3 on 10 

samples, as follows Table 3. Testing the button control and 

voice control was conducted after selecting the ON function of 

the HE-COOL V1, and the control was certified functional, 

considering the response was positive and the non-active input 

was used to turn off the tool. 

 

Table 4. Humidity test from temperature sensor through 

HEC V1.0 app monitor 

 

Testing Time 
Humidity Output  

(Monitor HEC V1.0 App) 

1 30 minutes 55% 

2 30 minutes 57% 

3 30 minutes 56% 

4 30 minutes 55% 

5 30 minutes 55% 

6 30 minutes 58% 

7 30 minutes 55% 

8 30 minutes 56% 

9 30 minutes 57% 

10 30 minutes 56% 

Average 56% 

 

The results sent to the application are recognized by a green 

icon tagged 'connected' indicator, showing that the data 

transmission process occurs. The test was carried out within 5 

hours of use by capturing the available humidity data in 

percent (%) with an average output value of 30 minutes. The 

final capture is as shown in Table 4. Each delay programmed 

in the control module produces the latest data output in the 

application, and the user is expected to press the send data 

button from the HEC V1.0 App, thus, the admin can find out 

the progress of humidity data at any time. This storage model 

helps data recapitulation and continuous monitoring to 

evaluate the daily use of the HE-COOL V1.0 tool. 

The fetched data is the real-time (Figure 11) firebase output 

received from HEC V1.0 Application and then synced with 

every change in other that admin can be notified, can be 

monitored periodically any time when the HE-COOL V1.0 

system is active. 

The validation test in Table 5 proves that the 

communication given to the input is appropriate, the system is 

running and successful and there are no disturbances. If the 

input range cannot process the signal so that it reaches the HC-

05 Bluetooth module, the application on the smartphone will 

give a warning that the connection is an error and can close the 

distance that reaches the communication so that the input can 

be processed serially in the control module and the actuator 

will turn on according to the command. Based on all the testing 

processes that have been carried out, the system can be used 

properly by users. 

 

 
 

Figure 11. Firebase real-time database humidity HE-COOL 

V1.0 

 

Table 5. Real-time database humidity synchronization data 

on firebase 

 

No 
Real-time Data from App to 

Firebase 
Reception Time Validation 

1 55% 13.00 ✓ 

2 57% 13.30 ✓ 

3 56% 14.00 ✓ 

4 55% 14.30 ✓ 

5 55% 15.00 ✓ 

6 58% 15.30 ✓ 

7 55% 16.00 ✓ 

8 56% 16.30 ✓ 

9 57% 17.00 ✓ 

10 56% 17.30 ✓ 
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5. CONCLUSIONS 

 

In conclusion, making a control model for a hybrid 

evaporative cooler requires several components for the 

implementation of the design. Therefore, the tests performed 

on the automated prototype device are not only on the 

functionality of the cooling system when it is active, but the 

monitoring tests conducted should also assist the user in 

measuring the performance output of the automated device 

when used. The control starts with a supply of a 220 V source 

which activates a red LED indicator showing the readiness of 

the system, the voltage sent to the main control is 9 V and 5 V 

on the port of other supporting components such as the HC-05 

Bluetooth module, 5 V DC 4 channel relay module. Finally, 

input was given using a button control of three speeds 

specified or a voice control that matches keywords from the 

manuals of the developed system units. 

The device provides an input starting at 0 to 21 meters 

without barriers and 19 meters with barriers while testing the 

network's strength on the HE-COOL V1.0 between the 

android smartphone and the HC-05 Bluetooth module. An 

allowable distance of 21 to 22 meters between the HC-05 

Bluetooth module and the smartphone Bluetooth without a 

barrier can be used with a maximum delay of 3 seconds. While 

for distance with barriers, the allowable distance capability is 

only 19 meters with a maximum delay of 3 seconds and after 

which the network will be disconnected. HEC V1.0 App was 

the installed application on the android device. Monitoring the 

Humidity data from the DHT11 sensor, an average of 56% was 

obtained from the application screen. The firebase pairing 

process is controlled and configured by a registered account to 

manage the sent data update process and a usage menu that 

monitors the data loads while using the device. 
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NOMENCLATURE 

 

V Volt 

HE-COOL V1.0 hybrid evaporative cooler prototype 

HEC V1.0 application on an android smartphone 

device for HE-COOL version 1 

DHT11 humidity sensor 

UNO R3 

ATMega 328P 

one type of microcontroller 

HC-05 one type of Bluetooth module 

DC  direct current 

IR Infrared 

OTP one time password 

USB universal serial bus 

PIN personal identification number 

AC alternating current 

DC direct current 

MIT APP 

INVERTOR 

massachusetts institute of technology 

application inventor 

BaaS backend-as-a-service 

API application programming interface 

LED light emitting diode 

Redmi 4a, Redmi 

5S, Oppo A39 

the type of android smartphones 

VCC voltage common collector 

PSU power supply unit 

App Application 

MB Megabyte 

HIPKA hibah prioritas universitas 

singaperbangsa karawang 
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