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Abstract—This design monitors and controls the 
temperature in a marine aquarium. This system measures the 
water temperature in an aquarium and then uses a heater and 
cooling fan to control the temperature within a range of (25-27) 
°C. The measured information is displayed on ThingSpeak 
which is an Internet of Things (IoT) service. In this way the user 
can access this information from any smart device. ThingSpeak 
is an IoT analytics platform that allows the user to analyse and 
visualize data that was collected.  In the design additional 
features such as water level sensing and LED lights control are 
also included. The device measures the aquarium water 
temperature and in addition to showing it on “ThingSpeak” 
displays it on an LCD screen. Ambient room temperature and 
humidity are measured and displayed on an OLED screen in 
addition to ThingSpeak. This design is a compact design with 
most of the boards being interconnected modules. 
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I. INTRODUCTION 

Marine aquariums are a beautiful way to bring nature into 
a household or business. These marine aquariums contain a 
wide variety of exotic fish species, plant life and corals. The 
price of aquariums varies widely. Marine hobbyists spend a 
lot of time, money and effort in successfully monitoring and 
controlling water temperature [1] within a range of (25-27) 
° C. This parameter is important for running a healthy 
aquarium. The main issue that can occur during the operation 
of aquariums is malfunctioning of the water heater. The water 
temperature could rise well above 28 °C if the heater remains 
on permanently. The heater could fail due to poor 
manufacturing, incorrect installation, user error or electrical 
fault. All heat sources are thermostatically controlled, but due 
to age and working conditions, the thermostat can break down 
causing the heater to remain on. There are many aquarium 
temperature monitoring and controlling devices in the market 
with the ability to access the aquarium through the internet. 
The problem with such devices is that they are expensive and 
not every household can afford such a device. If the 
temperature in the marine aquarium fluctuates a good 
temperature controller can be used to correct the temperature. 

Marine aquarium temperature can be monitored remotely with 
internet connectivity [2], this will allow the user to remotely 
access the temperature information and make decisions if 
needed. Thus acting as soon as possible can save animal and 
plant life in the aquarium. Common heater control problems 
in marine aquariums and the expensive cost of these devices 
led to the design of this specific marine aquarium temperature 
controller with internet connectivity. This design will monitor 
the aquarium water temperature and ambient room 
temperature and display the information on an LCD and 
OLED screen [3]. If a problem occurs such as temperature 
fluctuations, the system has controls for the user to enable 
heating and cooling functions. Today’s world revolves around 
the internet. Therefore, this system displays the information 
locally on an LCD, however the temperature information in 
the marine aquarium can be accessed from any device, 
anywhere using the Internet of Things (IoT) [2]. This can be 
achieved by using the ESP8266 Wi-Fi [4] module plugged to 
an Arduino Uno microcontroller [5]. Additional features in 
this design include LED lighting ON/OFF control for the 
aquarium. This design is cost effective and gives advanced 
features when compared to devices in the same price class 
category. Any other monitoring, measuring or displaying 
features can be added on and viewed on the internet for data 
capturing of conditions in the marine aquarium. The design 
can be adapted according to the customers needs and 
requirements, making it a universal application in the 
aquarium industry. The design is cost-effective and can 
accurately convey information using the latest technology in 
the Internet of Things (IoT) [2] application for aquariums. The 
paper is divided into section I, Introduction, section II, 
methodology, section III, results and discussion and the 
conclusion is given in section IV. 

II. METHODOLOGY 

The block diagram in Figure 1 shows the complete system 
design of the marine aquarium temperature controller. The 
design is sub divided into six sections namely; Wi-Fi module, 
LCD and OLED [3] screen, sensors, relay module, Arduino 
Uno and the power supply.  
 



 
 

Fig. 1 Block diagram of the Marine aquarium temperature controller design 

A. Wi-Fi Module and IoT 
 

The ESP8266 Wi-Fi module communicates with the 
Arduino Uno using the UART which transmits and receives 
serial data from the Arduino Uno microcontroller [5]. In 
order to communicate with the ESP8266 Wi-Fi [4] module, 
the microcontroller uses a set of AT (Attention) commands. 
When the microcontroller communicates with the ESP8266 
Wi-Fi module the Baud rate is specified as 115200 baud. A 
full list of AT commands can be accessed from the internet. 
The Wi-Fi module communicates with a router that 
provides access to the internet. The IoT platform used to 
view the data read by the sensors is ThingSpeak. The data 
is transmitted through the Wi-Fi module to the IoT server 
provider. The user creates an account with ThingSpeak, 
after which the data collected is displayed and then 
analyzed. The Wi-Fi module is set up as a TCP client to 
send and receive data. The Arduino Uno collects all the data 
measured from the different sensors, conveys this 
information through AT commands to the Wi-Fi module. 
The Wi-Fi module then sends the information through the 
router to the ThingSpeak server.     

B. LCD and the OLED display 

The LCD displays the measured aquarium temperature 
so that the user can physically see what the temperature is. 
Additional information can be added unto the display if the 
client requires any other information. The LCD interface 

uses eight lines to display the information, four lines for 
data, one line for enable, one line for read or write, one for 
஼ܸ஼  and one for ஽ܸ஽ . The contrast is adjusted by an 

externally mounted potentiometer. Two lines control the 
backlight of the LCD, these are connected to the Anode and 
Cathode of the LCD. The OLED screen displays the 
ambient temperature. It uses four connections which are 
஼ܸ஼ , ஽ܸ஽  , SDA and SCL. This screen uses ܫଶܥ  [6] as a 

communication protocol. The ܫଶܥ  combines the best 
features of SPI and UARTs. The ܫଶܥ   enables the 
connection of multiple slaves to a single master (like SPI). 
In addition, you can have multiple masters controlling a 
single slave or multiple slaves. The ܫଶܥ   protocol data is 
transferred in messages. Messages are broken up into 
frames of data. Each message has an address frame that 
contains the binary address of the slave, and one or more 
data frames that contain the data being transmitted. The 
message also includes start and stop conditions, read/write 
bits and ACK/NACK bits between each data frame. 
Therefore, making the screen suitable for this design and 
application. 

C. Sensors and Veroboard 

The Vero board interfaces the connectors on the 
Arduino Uno board to the sensors as well as enables control 
to the relay module. Additional electronic components are 
mounted on the Vero board. This board acts as an interface 
between Arduino Uno and the external components. The 



sensors [7] measure the temperature and give an analogue 
voltage feedback to the Arduino. These values are 
converted into the correct format for display on the LCD. 
The Arduino Uno has 10-bit ADC channels used for this 
conversion. 

D. Relay Module and Peripheral equipment 

The relay [8-9] module controls the power to the 
electronic equipment. The Arduino will engage or 
disengage  a specific relay according to the sensor 
information or the user decision on the IoT platform called 
ThingSpeak. The relay module consists of six relays on one 
module. Three of these relays where used, one for the heat 
source, one for the cooling fan and one to control the LED 
lights. These equipment need 220VAC, therefore a relay 
module capable of handling 220VAC and 10 Amp 
maximum current was used. 

E. Arduino Uno and Power Supply 

The power supply is a compact unit bought off the 
shelf. The power supply converts 220VAC to 7.5 VDC at 
1 A. The Arduino board has on board regulators to regulate 
voltages needed by the Arduino. The Ardunio Uno has two 
inputs for power supply. One is built for 5 V and the second 
3.3 V. The 5 V supply uses a LM7805 regulator and the 3.3 
V uses a LT1117 - 3.3 regulator. The output from the power 
supply can vary between (7.5 – 12) VDC.  

III. EXPERIMENTS AND RESULTS 

The block circuit diagram is divided into two 
connections. The first set of connections show the wiring 
layout from the Arduino Uno to the LCD and OLED 
displays. The second set of connections show the wiring 
layout of the Arduino Uno to the sensors, ESP8266 Wi-Fi 
module and the relays.  

A. Arduino Uno to LCD and OLED Displays 

The Arduino Uno is connected to the LCD and OLED 
displays via a breadboard as can be seen in the circuit 
diagram of Figure 2. 

 
Fig. 2 Arduino, LCD and OLED connection 

The LCD data lines are connected to the digital pins of the 
Arduino. The ௌܸௌ and ஽ܸ஽ on the LCD are connected to the 
Arduino power lines. The contrast pin of the LCD is 
connected to the potentiometer. This enables the user to 
adjust the contrast of the LCD according to the user’s 
preference. The LCD backlight is connected to ௌܸௌ through 
a 220 Ω resistor for current limiting. The sensors measure 
different parameters such as temperature and the Arduino 
samples the values. The program used to code the Arduino 
converts the sampled values into actual parameter values 
which are then sent out as data to the four digital lines of 
the LCD. This controls the character the Arduino writes to 
the LCD. The OLED display only uses four lines for 
connection to the Arduino. The OLED uses ܫଶܥ protocol 
for communication as described in section B. The SDA and 
SCL lines are connected to the Arduino. The measured 
values are sent to the OLED display via the ܫଶܥ protocol.  

The wiring layout of the circuit diagram that could be 
used for PCB connections can be seen in Figure 3. The LCD 
display shows the water temperature and water level in the 
aquarium while the OLED is used to show the ambient 
room temperature and humidity in the final device. 

 

Fig. 3 Arduino with LCD and OLED connection wiring layout 

B. Arduino Uno to Sensors and Wi-Fi Module 

This section shows the design that connects the Arduino 
Uno to the sensors, ESP8266 Wi-Fi module and the relays. 
The ESP8266 Wi-Fi module uses UART communication 
basically serial communication. The TX and RX lines on 
the Wi-Fi module are connected to the RX and TX pins on 
the Arduino. The ஽ܸ஽  and ௌܸௌ  lines are connected to the 
Vero board. The sampled parameter values are converted 
into actual parameter values and then by using the AT 
commands are sent from the Arduino to the ESP8266 Wi-
Fi module. The ESP8266 Wi-Fi module can make use of a 
home router to make internet connection to the cloud based 
ThingSpeak. The data is received when you log in to 
ThingSpeak and then displayed and analyzed. 

There are two types of temperature sensors used in this 
design. The DHT11 which is a temperature and humidity 
sensor is used to measure the ambient room temperature and 



room humidity. The second sensor is DS18B20 which is a 
waterproof temperature sensor can be used for measuring 
temperature in a marine aquarium. Both sensors return an 
analogue value which is converted to actual parameter 
values by using the ADC conversion formula within the 
Arduino. The water level sensor is shown as a switch in 
Figure 4. The output of the water level sensor is low when 
the water level is below the sensor and high when the water 
level passes sensor. The relays are used to switch ON and 
OFF the following components, heater, cooling fan and the 
LED light. The three LED lights are used to show when 
these components are switched ON and the device is 
operational. The relays get their voltage source from the 
஽ܸ஽	and ௌܸௌ connection on the board. The digital lines from 

the Arduino are used to control the relays that is switch them 
ON and OFF when necessary. This control is done in the 
software code of the Arduino. The connectivity of all these 
devices is summarized in Figure 4. 

 

 
Fig. 4 Arduino with Temperature Sensors and ESP8266 Wi-Fi module 

The wiring layout of the circuit diagram that can be used 
for PCB connection when building the final prototype can 
be seen in Figure 5. 

 

 
Fig. 5 Arduino with sensors and ESP8266 Wi-Fi module wiring layout 

The Arduino headers are connected to a Veroboard and 
from the Veroboard to different components, this is done 
in the final prototype. The final boxed in prototype can be 
seen in Figure 6. 

 
Fig. 6 Final design marine aquarium temperature controller 

The internal connection that is headers, power supply, 
ESP8266 Wi-Fi module, Arduino Uno and relay module 
can be seen in Figure 7. 

 
Fig. 7 Internal connection of the final prototype 

The data read from the sensors consist of the ambient room 
temperature, humidity, aquarium water temperature and 
water level. These data is transmitted from the Arduino 
Uno to the cloud based ThingSpeak [10-14] via the 
ESP8266 Wi-Fi module and home router. The data 
displayed on the dashboard in ThingSpeak can be tracked 
or monitored over time as can be seen in Figure 8. 



 

 
Fig. 8 ThingSpeak Realtime data on the IoT 

 
Figure 8 shows the variations in ambient room temperature, 
humidity, aquarium water temperature and aquarium water 
level in real time. The aquarium water temperature initially 
drops gradually with respect to time and then with some 
heating rises again. The ambient temperature also follows 
a similar trajectory. 

IV. CONCLUSION 

This paper focuses on the design of a marine aquarium 
temperature controller using the Ardunio Uno. The 
controller measures the aquarium water temperature, water 
level, ambient room temperature and humidity. The 
measured data is sent to the internet cloud server which 
hosts the ThingSpeak application via the ESP8266 Wi-Fi 
module and a home router. The data can be viewed and 
analyzed on ThingSpeak in real time. The data is recorded 
on ThingSpeak and can also be exported to a csv file for 
archiving. In addition, the data is also displayed on an LCD 
and OLED displays for immediate viewing by the user. The 
LCD shows the aquarium water temperature and the water 
levels while the OLED display shows the ambient room 
temperature and humidity. There are manual switches on 
the prototype that can be used to switch ON and OFF the 
heater, cooling fan and LED lights when it is required to 
control the variable of aquarium water temperature and 
indicate the device is operational. This device is useful for 

marine aquarium applications and connection to the IoT to 
receive data online. The prototype ideas can be applied to 
other fields of investigation where data needs to be collected 
from a remote source and made available for analysis and 
interpretation anywhere on the internet.  
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