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Abstract. This research was purposed to design and characterize a resistance sensor. This research was conducted with three phases: 

designing, manufacturing and characterization of resistance sensor. Sensor design was done using the 3D paint software. The tools used in 

sensor manufacturing were PCB, resistors, and copper wire. The tools used in sensor characterization were power supply, ohmmeter and 

samples of infuse water lemon and sprite water lymon. Sensor characterization was done by varying samples of 50ml, 100ml, 150ml. Data 

acquisition for each of samples was repeated 3 times. The result of this research was showed an average and unpredictability with the 

repeatability resistance sensor on the sample of infuse water lemon (1,215 ± 0,723) V with repeatability 99.05% while for samples of 

sprite water lymon amounting to (1,12 ± 1,345) V with repeatability 99.24%. And was retrieved the value of the transfer function for 

sample infuse water lemon is y = (4,757-0.03542x) and for sample sprite water lymon is y = (1.40666-0.0028666x). This tool can be 

developed as a detection tool using resistance-based sensors.  
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INTRODUCTION 
 

Infused water is water mixed with pieces of fruit and 

allowed to stand for several hours until the juice comes 

out, then it is ready to be consumed, giving it a taste and 

health benefits. One of infused water known to the 

public is infused water from lemons. Infused water is 

different from juice, because it does not use sugar 

additives or other additives so that, infused water is more 

natural for consumption. Meanwhile, Sprite water lymon 

is a branded sprite drink with a lighter flavor. The sensor 

is an electronic device that can convert physical 

quantities into electrical signals. The sensor can be 

applied in various electrical measurements. In this 

research, a resistance-based sensor was made to optimize 

the detection system used infused water lemon and sprite 
water lymon which is made simply. The purpose of made 

this sensor was to determine the characteristics of 

resistance sensors in the form of repeatability, transfer 

function and linear correlation. So that, later it can be 

developed into a detection system. The quality of a drink 

depends mostly on the ingredients it makes, this is why 

this research tried to found the resistance value between 

infused water lemon and sprite water lymon, because the 

drinking water content was different. the design made 

the simplest design, so that, it can be useful for others 

who are taking care of their health. (example: diet).  
 

 

MATERIALS AND METHODS 
 

This research was carried out through three stages, 

namely designing resistance sensors, making sensors, 

and characterizing data. The three stages are explained in 

more detail as follows. The first stage is designed a 

resistance sensor. The target is achieved by produced a 

resistance sensor design so that the design is more 

leverage. The tool needed to make the circuit schematic 

design used 3D paint software. The second stage was 

made a resistance sensor. After the design is made, the 

sensor is made using the necessary materials, namely 

22KΩ resistor, connecting cable, and PCB. At this stage 

the taget achieved is the generation of a resistance sensor 

to detect a sample.  

The last stage is to characterize the sensors that have 

been made. The target achieved at this stage is to get the 

characterization value from the sensor which includes 

the average value, uncertainty, and precision. The tools 

used in this research are digital ohmmeter and measuring 

cup. While the ingredients used are lemon infusion water 

and sprite water lymon water. In characterizing the 

sensor, the experiment was carried out by varying the 

volume of 50ml, 100ml, and 150ml in each sample. 

Measurement using a resistance sensor is carried out 

three times for each volume repetition. At this stage the 

results obtained in the form of experimental tables and 

graphs using infused water lemon and sprite water lymon 

samples. After that the data analysis was then performed. 

 Data analysis was done by found the average value. To 

get the average value used the following equation:  

 

𝑉̅= Σ𝑉𝑖𝑛 (1) 

 

With is the average resistance value and n is the 

number of measurements. After obtained an average 
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value of resistance, proceed with determining the 

uncertainty value of the experiment using the equation:  

 

Δ𝑉= 1𝑛 √𝑛Σ𝑉𝑖2−Σ𝑉𝑖2𝑛−1 (2) 

 

To get repeatability values use the equation:  

 

𝛿= Δ𝐹𝑆 𝑥 100% 

𝑅𝑒𝑝𝑒𝑎𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦=100%− 𝛿 (3) 

 

The value of a represents zero offset (i.e. slip). The 

output signal when the zero input signal can be used:  

 

𝑎=Σ𝑉𝑖Σ𝑋𝑖2−Σ𝑋𝑖Σ𝑋𝑖𝑉𝑖𝑛Σ𝑋𝑖2−(Σ𝑋𝑖)2 (4) 

 

The value of b represented the slope, which is often 

called sensitivity and resolution. The equation can be 

used:  

𝑏=𝑛Σ𝑋𝑖𝑉𝑖−Σ𝑋𝑖Σ𝑉𝑖𝑛Σ𝑋𝑖2−(Σ𝑋𝑖)2 (5) 

 

Based on the results obtained from this calculation, 

the resistance sensor transfer function can be 

determined:  

 

𝑉=𝑎+𝑏𝑥 (6) 

 

From the data generated, the sensor can be trusted by 

calculating the linear correlation coefficient of the 

equation:  

 

𝑟=𝑛Σ𝑋𝑖𝑉𝑖−Σ𝑋𝑖Σ𝑉𝑖√[𝑛Σ𝑋𝑖2−(Σ𝑋𝑖)2][𝑛Σ𝑉𝑖2− (Σ𝑉𝑖)2] 

(7) 

%=| 𝑟 𝑥 100% | 

 

 

RESULTS AND DISCUSSION 

 

Sensor Design 

The results of sensor design using 3D paint software 

produce images like in Figure 1. 

 

 

 
Figure 1. Result of sensor design. 

 

The sensor uses a PCB as a container as shown in 

Figure 2. Red and white cables will be connected to the 

ohmmeter as data will be measured. Black and yellow 

cables are connected to the power supply as a voltage 

source. On the PCB there are two wires that are left 

separate and later will be connected by samples. When 

the two lines are connected there will be a principle of 

voltage divider where there are two resistances namely 

the 22KΩ resistor and the resistance that appears from 

the sample. The connecting cable is dipped to the bottom 

of the beaker glass which will then be filled with a 

variable volume variation. The distance between the two 

connecting cables to be dipped into the beaker glass was 

set as far as 2cm. The voltage value recorded is the 

voltage value at 10th second. Data retrieval is done in 

three repetitions. 

 

Sensor Making 

 

 
 

Figure 2. Result of sensor making. 

 

 

The sensor useds a PCB, 22KΩ resistor and cable. 

The sensor is made as in the design shown in Figure 2. 

The results of the manufacture there are two lines on a 2 

cm separate wire. Based on Figure 2, the white and red 

wires are connected to the ohmmeter. While the black and 

yellow cable was connected to the battery as a voltage 

source. The bottom part of the black and yellow cable is 

the part of the wire that is dipped in a sample of lemon 

infused water with sprite water lymon. When connected 

to a voltage source and the PCB dipped into a beverage 

sample and the circuit is connected, a voltage divider 

principle will occur. The voltage divider occurs because 

there are two resistances namely the resistor and the 

sample. 

 

Sensor Characterization 

Research on resistance sensors is carried out to determine 

the characteristics of these sensors related to 

repeatability, transfer function and linear correlation of 
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the resistance sensors. The results of the static 

characteristics of this study, among others, have a 

repeatability of 99.05%; transfer function V = 4.757-

0.03542x and linear correlation r = 95.73% in infused 

lemon drinking water samples and in sprite water lymon 

samples having 99.24% repeatability; transfer function V 

= 1.40666-0,00028666x and linear correlation r = 97.1%. 

From the research that has been done resistance sensors 

have quite good and trusted characteristics. 

 
 

Table 1. Data Prosessing result 
 

Sampel 𝑽̅v  ± ∆V 

Infused Water Lemon 1,215 ±0,723 

Sprite Water Lymon 1,12 ± 1,345 

 

 
 

Figure 3. data prosessing result of infused water lemon dan sprite water 
lymon. 

 

 

From the results of data processing showed the 

sample of infused water lemon with sprite water lymon 

water does not overlap, where the infused water lemon 

sample was in the range of the average range of the 

tension value. The data can be clearly distinguished from 

the voltage value. Therefore, from this data can be used 

as a basis for making detection systems. 

 

 

CONCLUSION 

 

The result of this research was showed an average and 

unpredictability with the repeatability resistance sensor 

on the sample of infuse water lemon (1,215 ± 0,723) V 

with repeatability 99.05% while for samples of sprite 

water lymon amounting to (1,12 ± 1,345) V with 

repeatability 99.24%. And was retrieved the value of the 

transfer function for sample infuse water lemon is y = 

(4,757-0.03542x) and for sample sprite water lymon is y 

= (1.40666-0.0028666x). This tool can be developed as a 

detection tool using resistance-based sensors. 
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