
Jurnal Neutrino:Jurnal Fisika dan Aplikasinya, Vol. 14, No.2, April 2022 (p.35-43)   [35] 

 

 

*Corresponding author. 

   E-Mail: mam_im@yahoo.com 

Permalink/DOI: http://dx.doi.org/10.18860/neu.v14i2.13924             ISSN:1979-6374 / EISSN:2460-5999 

APPLICATION OF LM 35 TEMPERATURE SENSOR FOR 

SEAWATER DISTILLATION 

Imam Saukani*1, Rina Triturani2 

Received: 9th September 2021; Revised: 26th February 2022; Accepted: 11th March 2022 

ABSTRACT 

Indonesia is an archipelago, so many settlements close to the beach or sea. People living in the area 

are still many who lack clean water. One way to get clean water is sea water by distillation. 

Distillation is a liquid changes into steam and the steam is cooled back into a liquid. The process of 

designing and manufacturing distillation in this paper serves to make sea water into fresh water and 

also to stabilize the temperature during heating. Given these problems required temperature control 

system. Application of fuzzy logic controllers are expected to solve the problem of temperature 

stability in sea water distillation equipment. The sensor used is LM 35 sensors as readers seawater 

temperature is used as a reference to maintain a temperature in the range of 80° -100°C. Fuzzy logic 

rules are applied has a 9, which is obtained from the membership functions of 3 error and 3 delta 

error membership functions. Application of Fuzzy Logic Controller When the set point temperature 

of 85°C temperature response curve is obtained which has a performance controller Error Steady 

state = 0.35%, Max Overshoot = 0, settling time = 103 minutes, peak time = 0, rise time = 37 

minutes. With the set point of 75°C -99°C then obtained a qualified water quality water temperature 

of 100°C is worth to drink and has a good time efficiency for distillation temperature. 
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Introduction 

Indonesia is an archipelagic country, so 

there are many settlements close to the beach 
or the sea. People living in the area there are 

still many who lack clean water.1,2 All this 
time to get clean water have to collect 

rainwater or buy it from another place so that 
the water is clean owned is limited.3 One 

way to get clean water is by distillation of 
sea water. Distillation is a change of liquid 

into vapor and the vapor cooled back into a 
liquid.4,5 The distillation unit operation is a 

method which is used to separate the 
components contained in the a solution or 

mixture and depending on the distribution of 
the components between the vapor phase and 

the water phase.6  Simple distillation or 
ordinary distillation is a chemical separation 

technique to separate two or more have 
different boiling points. A mixture can be 

separated with this ordinary distillation to 
obtain the pure compound. The process of 

designing and making the distillation 
apparatus in this thesis works to make sea 

water into clean water and also to stabilize 
the temperature at when heating. The 

purpose of temperature stabilization is to 
determine the yield of water both at a certain 

temperature and efficiency in the heating 
process.7 

In setting up this system, an appropriate 
decision is needed so that reached the desired 

temperature. Based on developing 
technology Fuzzy 2. The Logic Controller 

can be chosen for the solution of temperature 
regulation.8,9 Fuzzy is often referred to as a 

control that translates language in In 
everyday life, not everything can be solved 

mathematically.8  
Fuzzy Logic is used to take appropriate 
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action in order to obtain the desired result. 

Fuzzy logic has been successfully used to 
setting the temperature on the incubator that 

produces the system response to SP 57° can 
be reached in 2 minutes with a steady state 

error of 3 also produced a phase angle 
adjustment for setting the heater temperature 

with the system response gets the oscillation 
amplitude approximately 0.2°C.    

 

Methods 

In this risearch, there are several 
conceptual frameworks that will be carried 

out to do research. The conceptual 

framework includes: 

Circuit Design Stage 

In general, the design and manufacture of 

this research system shown In this study 
using Fuzzy Logic fuzzy design 42 

Controller as a control system.10 To clarify 
the control system using a Fuzzy Logic 

Controller can be seen in the block diagram 
in Figure 1. The block diagrams of the 

systems and controls used are intended to 
simplify the process of tool repair and 

analysis.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The block diagrams of the systems 

Explanation of each block: 

1. The keypad is used to enter the set 
point and start/turn off the system. 

2. ATMega16 functions as a controller 
of the circuit work system through 

programmed software 
3. LCD or display as output and to 

display the water temperature 
4. The LM35 sensor is used to 

determine the water temperature. 
5. Heater serves to heat the water. 

6. Zero crossing AC heater control 
7. Driver as a microcontroller interface 

with AC load and DC valve 
 
In the process of distillation of water is 

done by heating sea water to become steam. 

To enter the heating temperature setpoint via 

the keypad. 

The temperature input received by the 

keypad will be displayed on the LCD and 

processed by ATMega16, during the heating 

process the LM35 will read the temperature 

of the distilled water. the temperature read by 

the sensor will be used to regulate the heat of 

a heater with fuzzy control so that the 

temperature of the water remains stable 

according to the set point. In this tool, an 

automatic system is also made for filling 

seawater and removing the remaining salt 

water. The water level in this tool uses a float 

that is connected to a potential. When the 

water is in the top position, the 

microcontroller will activate the heating 

driver to heat the water until the water is in 

the middle position. If the water is in the 

middle position then the valve driver is 

active until the water is empty and if the 

water is in the lower or empty position then 
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the pump driver is active until the water is in 

the top position. 

 

Figure 2. Block diagram of Fuzzy Logic Controller 

Figure 3. Minimum circuit ATmega 16 . system 

In the block diagram of the Fuzzy Logic 

Controller in Figure 3 which is in the 

microcontroller. Fuzzy logic control has 3 

variables, namely setpoint, error, and delta 

error. The fuzzy control input is the setpoint 

entered through the keypad and the 

temperature readings from the LM 35 sensor. 

The results from these inputs will produce an 

error and a delta error where error (E) is the 

difference between the setpoint or desired 

temperature and the current temperature 

while the delta error (dE) is the difference 

between the current error and the previous 

error. The results of fuzzy processing on the 

microcontroller will produce an ignition 

angle that is used to adjust the heater. 

Mini ATmega16 . design 

In the minimum system design, the 

ATMEGA 16 microcontroller is used as the 

main component that functions as the 

controller of this tool.11 The selection of 

ATMEGA 16 is adjusted to the capacity of 

the program you want to make, the memory 

capacity of the ATMEGA 16 microcontroller 

is quite large as we know in the datasheet. So 

in this series of thesis, the ATMEGA 16 

microcontroller is the most suitable. The 

circuit diagram for the minimum system 

using ATMega 16 is shown in Fig 

The explanation for the ATmega 16 pin 

configuration is as follows: 

1. PORT A0 (ADC0) is used as input from 

the LM  35 temperature sensor. 

2. PORT A1(ADC1) is used as a 

potentiometer input which is connected to 

a float. 

3. PORT A6 (ADC6) is used as an output to 

activate the pump driver 

4. PORT A7 (ADC7) is used as an output to 

activate the valve driver 

5. PORT C0-C7 and PORT D7 are used as 

input from the Keypad for 16 characters. 

6. PORT B0-B7 is used as LCD output. 

7. PORT D0-D1 is used for serial 

communication Rx and Tx. 



Jurnal Neutrino:Jurnal Fisika dan Aplikasinya, Vol. 14, No.2, April 2022 (p.35-43)   [38] 
 

Copyrigh © 2022, Jurnal Neutrino:Jurnal Fisika dan Aplikasinya,      ISSN:1979-6374/ EISSN:2460-5999 

8. VCC is connected to +5V . voltage source 

9. GND is connected to ground on the power 

supply. 

10. XTAL 1 and XTAL 2 are used as inputs 

for the oscillator circuit used by the 

12MHz crystal oscillator, with capacitor 

values C1 and C2 33pF.11 Installation of 

crystals and capacitors will generate clock 

pulses which will be the driving force for 

all internal microcontroller operations. 

11. RESET is connected to a reset circuit 

which will cause the program to return to 

the beginning when the reset button is 

pressed. To reset the Atmega 16 

microcontroller, the RESET pin must be 

logic high for at least two machine cycles 

(24 oscillator periods) each time the 

power supply is turned on (Intel:1998). To 

generate a reset signal, the capacitor is 

fitted with a switch to provide a manual 

reset signal. Because the crystal used has a 

frequency of 12Mhz, one period takes: 

 

𝑇𝑜𝑠𝑐 =  
1

𝑓𝑋𝑡𝑎𝑙
           (1) 

𝑇𝑜𝑠𝑐 =  
1

12 ×106        (2) 

𝑇𝑜𝑠𝑐 =  8.33 𝑥 10−8𝑠                  (3) 

So the minimum logic high time needed to 

reset the microcontroller is: 

 

𝑇𝑟𝑒𝑠𝑒𝑡 =  𝑇𝑜𝑠𝑐 × 𝐴           (4) 

𝑇𝑟𝑒𝑠𝑒𝑡 =  8.33 𝑥 10−8𝑠 × 24 = 2𝜇𝑆       (5) 

 

Where: 

A = required period 

So the microcontroller takes a minimum of 

2μS to reset, this time is used to calculate the 

R and C values. The relationship between 

time and the calculation of R and C values 

can be expressed by the equation :  

𝑡 = 𝑅𝐶𝐼𝑛
5

𝑉𝑜
                     (6)  

Vo is the nominal logic voltage allowed by 

the RESET pin.11 

 

𝑉𝑜 = 0.7 × 𝑉𝑐𝑐           (7) 

𝑉𝑜 = 0.7 × 5 = 3.5𝑉           (8) 

So the minimum RC value that is used as a 

guide is 

2𝑢𝑆 = 𝑅𝐶𝐼𝑛
5

3.5
       (9) 

𝑅𝐶 =
2𝑢𝑆

𝐼𝑛(1.429)
= 5.6 × 10−6        (10) 

By determining the value of C1 = 1Nf, the 

value of R1 can be calculated as: 

 

𝑅 =
5.6 ×10−6

1 ×10−9 = 5.6 𝐾𝛺        (11) 

12. AVCC is connected to VCC through a 

filter circuit L, C where, values L=10mH 

and C=100nF.11  This is useful for 

reducing noise from the CPU core and 

other I/O peripherals that might affect the 

accuracy of reading the ADC value. The 

inductor acts as a frequency radiation 

inhibitor and the capacitor serves to 

stabilize the ADC. 

13. AREF is connected to VCC through a 

capacitor, where the value is C=100nF. 

The capacitor functions as a filter to 

reduce noise on the AREF pin as a 

reference voltage for the A/D converter. 

Temperature Sensor Design 

In this circuit, LM35 is used as the main 

component in temperature readings. LM35 

has the ability to read temperatures up to 

150° according to the datasheet. So in the 

circuit that is intended to be made in this 

thesis, the LM35 temperature sensor is the 

most suitable for reading the temperature 

range between 80°-100°  below shows the 

LM35 circuit that will be used 

 
 

Figure 4. LM35 circuit 

microcontroller 
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According to the datasheet, the LM35 is a 

temperature sensor that has multiple output 

voltages with an output change of 10mV for 

every 1°C increase. In the above circuit the 

output of the LM35 sensor 

Resolution  =  
2.56V

2𝑛−1
    =  

2.56V

2³−1
 =10mV      (12) 

From this resolution, it can be seen that the 

LM35 output voltage can be read by the 

ADC microcontroller without adding a 

voltage amplifier circuit because the ADC 

resolution is 4.89 mv/step. 

Design of Zero Crossing Detector 

The zero crossing detector is used to 

detect a 220 volt AC sine wave as it passes 

through the zero voltage point. Opposite the 

zero point detected is a transition from 

positive to negative and a transition from 

negative to positive .12,13 Based on the output 

design that will be used almost entirely using 

high voltage equipment. That's why the ZCD 

design is one that is used to detect zero from 

the positive and negative crosses of high 

voltages.14 Zero crossing detector circuit is 

shown in the picture calculation of the Zero 

Crossing Detector circuit and component 

selection as follows, 

𝑉𝑝 = 𝑉𝑜𝑝 = 𝑉𝑟𝑚𝑠 𝑥 √2    (3.17) 

𝑉𝑝 = 220 𝑥 1.414     (3.18) 

𝑉𝑝 = 311.12 𝑣𝑜𝑙𝑡     (3.19) 

𝑉𝑑𝑐 = 0.636 (𝑉𝑜𝑝 − 2𝑉𝑑    (3.20)  

𝑉𝑑𝑐 = 0.636 (311.12 − 2(0.7))   (3.21) 

𝑉𝑑𝑐 = 188.89 𝑣𝑜𝑙𝑡     (3.22) 

 

For the recommended current through the 

input circuit dc isolator Iopto = 100mA so 

the calculation is as follows, 

 

𝑉𝑑𝑐 = 𝑉𝑜𝑝𝑡𝑜 + 𝑉𝑙𝑒𝑑     (3.23) 

𝑉𝑐𝑐 = 𝐼𝑜𝑝𝑡𝑜 ∗ 𝑅𝑜𝑝𝑡𝑜 + 𝑉𝑙𝑒𝑑   (3.24)  

𝑅𝑜𝑝𝑡𝑜 =
𝑉𝑑𝑐−𝑉𝑙𝑒𝑑

𝐼𝑜𝑝𝑡𝑜
     (3.25) 

𝑅𝑜𝑝𝑡𝑜 =
188.89−2

100𝑚𝐴
                 (3.26) 

𝑅𝑜𝑝𝑡𝑜 = 1868.9 𝑜ℎ𝑚     (3.27) 

 

Based on these calculations, using R1 = R 

opto = 2K ohms. 

For the recommended current through the dc 

insulator input circuit Ic = 2mA so the 

calculation is as follows, 

 

𝑉𝑐𝑐 − 𝑉𝑐𝑒 − 𝑉𝑐 = 0     (3.28) 

𝑉𝑐𝑐 − 𝑉𝑐𝑒 − 𝐼𝑐. 𝑅𝑐 = 0                 
(3.29) 

𝑅𝑝𝑢𝑙𝑙𝑢𝑝 =
𝑉𝑑𝑐−𝑣𝑐𝑒

𝐼𝑐
     (3.30) 

𝑅𝑝𝑢𝑙𝑙𝑢𝑝 =
5 𝑣𝑜𝑙𝑡−1𝑣𝑜𝑙𝑡

2𝑚𝐴
     (3.31) 

𝑅𝑝𝑢𝑙𝑙𝑢𝑝 =  2000 𝑜ℎ𝑚                   

(3.32) 

 
Figure 5. Zero Crossing Detector circuit schematic 

Result and Discussion 

The purpose of testing this circuit is to 

find out whether the minimum ATmega 16 

system circuit can function properly or not. 

The test is carried out by testing the ports 

owned by the ATmega 16 microcontroller. 

The ports are connected to the input and 
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output devices used in this final project. 

These devices include: LCD and ADC 

readings. The way is first the microcontroller 

IC is filled in the program using the AVR 

Studio 4 software. After that the program is 

compiled with the aim of knowing whether 

the program still has errors or not. To 

download the program, it is done by 

connecting the microcontroller directly to the 

PC using parallel communication and using 

the ISP downloader circuit as a buffer 

circuit.The equipment used in the process of 

testing this minimum system circuit are: the 

ATmega 16 microcontroller circuit module 

along with an LCD module as an output port 

indicator, a power supply circuit as a power 

supply, a connector cable, an ISP downloader 

circuit and a PC set along with AVR Studio 4 

software.  

 

Table 1. Minsis ATMega 16 input and output testing 

Input Output Condition 
Micro- 

controller 
LCD 

LM 35  

80 °C 0.80 V 

 

85 °C 0.853 V 
 

90 °C 0.902 V 
 

95 °C 0.95 V 
 

100 °C 1 V 
 

Keypad 

4x4 
 

80 °C - 
 

85 °C - 
 

90 °C - 
 

95 °C - 
 

100 °C - 
 

 

Driver 

Pump 

(Relay) 

ON 4.8 V 
 

OFF 0 V - 

 

Driver 

Valve 

(Relay) 

ON 4.8 V 
 

OFF 0 V - 
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Figure 6. Minimum system 

 

Table 2. The comparison of the sensors uses a temperature 

thermometer 

No. X (°C) Y (°C) e (%) 

1 75 75.2 0.26 

2 76 76 0 

3 77 77.3 0.38 

4 78 78 0 

5 79 79.2 0.25 

6 80 80.2 0.25 

7 81 81 0 

8 82 82 0 

9 83 83.2 0.24 

10 84 84.4 0.47 

11 85 85.3 0.35 

12 86 86 0 

13 87 87.2 0.22 

14 88 88 0 

15 89 89.4 0.44 

16 90 90.2 0.22 

17 91 91 0 

18 92 92 0 

19 93 93.4 0.43 

20 94 94.2 0.21 

21 95 95 0 

22 96 96.3 0.31 

23 97 97.4 0.41 

24 98 98.4 0.4 

25 99 99.3 0.3 

    

The listing program that is downloaded to 

the microcontroller is made to turn on PortA 

which is connected to the LM 35 temperature 

sensor as an ADC reading, PortB is 

connected to the LCD and PortD is 

connected to the zero crossing detector, AC 

Driver. The test program can be seen in the 

appendix at the end of the research report. 
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After the program has been downloaded to 

the microcontroller, the devices connected to 

the minimum microcontroller system can 

function properly. connected to port A can be 

read. The LCD connected to PortB can 

display messages according to what is 

written in the program. Zero crossing 

detector, AC Driver connected to PortD can 

also read input properly on a minimum 

microcontroller system. The test results can 

be seen in Table 1. 

Temperature sensor testing is done to test 

the reliability of the sensor. The sensor used 

is the LM 35 temperature sensor with a range 

of 0-150'C. The comparison of the sensors 

uses a temperature thermometer. The results 

of the test are shown in table 2 

Conclusion 

Based on the results of the application, 

testing and analysis of temperature settings 

on seawater distillation equipment using a 

fuzzy logic controller, it can be concluded: 

1. The distillation device can work properly 

using an ATMega 16 microcontroller. 

This tool is equipped with a keypad and a 

35 lm temperature sensor displayed on the 

LCD. This tool can also work 

automatically because seawater can be 

pumped in if the heater is empty and can 

also remove distilled water.  

2. This tool can also set the temperature set 

point via the keypad from 80o C - 100o C 

with a temperature error of 0.18%. The 

error has no effect on system 

performance. 

3. The fuzzy logic controller to regulate the 

temperature with input error and 

deltaerror with the output angle of ignition 

from 0o – 165o can already be applied to 

the distillation apparatus by controlling 

the heater. 

4. By applying fuzzy logic as a temperature 

controller, the temperature response to 

time is obtained which has ErrorSteady 

state = 0.26%, Max.Overshoot = none, 

settling time = 103 minutes, peak time = 

none, rise time = 37 minutes. Based on the 

curve above, it shows that using a fuzzy 

controller does not experience overshoot 

so that the temperature can be maintained 

properly. 

5. With a set point of 80o C – 100o C, the 

quality of water that meets the 

requirements for drinking water is 

obtained. The difference in the quality of 

the water produced with different 

temperature set points lies in the 

difference in acid-base pH. And from the 

time it takes to produce 1 liter of fresh 

water, the temperature of 100o C has the 

best time efficiency because the time it 

takes to produce fresh water is 3.5 hours. 

So that the energy required to perform 

distillation is smaller than other 

temperatures. 
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