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ABSTRACTS 

The use of digital measuring devices is replacing various conventional or 

analog devices. Measuring displacement usually using caliper, accuracy is the 

main issue to obtain precise data. The use of sensor is one of the solutions to 

make digitized. This research conducted in observations of the distance changes 

on the compression spring that is placed on load cell. 

This research is using a mechanism where the spring length changing 

caused by compressive force. It can be sensed and measured digitally by Arduino 

base system and displayed using LCD 2x16. Data from sensor need gained before 

process using HX711. This measurement using three types of wire diameter, 0.7 

mm, 0.8 mm, and 1 mm and three push buttons as an input. Some testing 

conducted to get the data of set point, accuracy, repeatability, reproducibility, 

and hysteresis. Each testing conducted more than one to get the precious data. 

Before the measurement, determining the set point is required to obtain a constant 

value of spring. 

Accuracy of all the spring is 0.14 mm until 0.72 mm. The hystereses 

observed are 0.29 mm in manual measurement and 0.15 mm in digital 

measurement of spring A. For spring B: 0.08 mm and 0.1 mm and in spring C: 

0.11 mm and 0.1 mm. Spring A have deviation < 1 mm in measurement distance < 

40 mm, while spring B have deviation < 1 mm in distance < 60 mm, and 

displacements < 50 mm for spring C. Spring A, B and C do not have linear 

deviation. It decreases after 20 mm measurement distance then increase. Some 

advantages of this measurement are on the accuracy, ease of use, spring 

replacement is possible, and also have better display. 

  

Keywords: Arduino Uno, Load cell sensor, compression spring, accuracy, 

hysteresis, repeatability, reproducibility. 
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ABSTRAK 

Penggunaan perangkat ukur digital sudah semakin banyak menggantikan 

berbagai perangkat ukur konvensional atau analog. Pengukuran perubahan jarak 

pada suatu benda biasanya menggunakan jangka sorong, karena akurasi adalah 

faktor utama untuk memperoleh data yang tepat. Penggunaan sensor adalah salah 

satu solusi untuk membuatnya menjadi digital. Penelitian ini dilakukan dengan 

mengamati perubahan jarak pada pegas tekan yang dikonfigurasikan dengan load 

cell. 

Prinsip kerja pengukuran ini adalah panjang pegas berubah karena 

dipengaruhi oleh gaya tekan. Perubahan ini dapat dirasakan dan diukur secara 

digital oleh sistem berbasis Arduino dan ditampilkan menggunakan LCD 2x16. 

Data dari sensor perlu dikuatkan sebelum diproses dengan menggunakan HX711. 

Ada tiga jenis diameter kawat: 0,7 mm (Pegas A), 0,8 mm (Pegas B), 1 mm 

(Pegas C) dan tiga tombol sebagai masukan. Beberapa percobaan dilakukan untuk 

mendapatkan data dari set point, akurasi, relative errors, repeatability, 

reproducibility, dan hysteresis. Setiap pengujian dilakukan lebih dari satu kali 

untuk mendapatkan data dalam rata-rata. Dalam setiap pengamatan pegas, 

mengatur nilai set point perlu dilakukan untuk mendapatkan nilai konstanta pegas 

dan untuk mendapatkan nilai perpindahan dalam milimeter. Metode pengujian 

yang dilakukan menggunakan dua referensi pengukuran, beberapa beban tertentu 

dan beberapa jarak tertentu sebagai target pengukuran digital.  

Hasil dari pengamatan ini adalah : akurasi dari semua pegas yang 

digunakan dapat dilihat dari nilai simpangannya, antara 0.14 mm until 0.72 mm 

dalam rata-rata. Relative errors dari semua pegas dengan menggunakan beban 

sebagai target adalah Pegas A: 0.99%, Pegas B: 0.67%, dan Pegas C: 1.05%. 

Disamping itu, relative errors dengan menggunakan jarak sebagai target adalah 

1.55%, 1.41%, dan 1.16% untuk Pegas A, B, and C secara berurutan. Hysteresis 

muncul pada pengukuran manual dan digital. Nilainya < 0.3 mm Pegas A dan 

sekitar 0.1 mm pada Pegas B dan C. Secara umum, simpangan Pegas A < 1 mm 

pada jarak < 40 mm pengukuran, sementara Pegas B dan C simpangannya < 1 mm 

pada jarak < 50. Semua pegas menunjukan akurasi yang tidak linear pada 0 cm -9 

cm jarak pengukuran. 

 

Kata kunci: akurasi, Arduino Uno, pegas tekan, hysteresis, sensor load cell, 

relative errors, repeatability, reproducibility. 
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1. PRELIMENARY 
Industrial needs lots of 

measuring devices to determine 

various physical changes. The use of 

digital measuring devices is more 

and more replacing various 

conventional or analog devices 

because it has many advantages 

such as on theaccuracy, ease to use, 

recording data, and also have better 

display. One characteristic of the 

digital measuring device is the use 

of sensor to detect changes. 

Measurement of displacement 

typically using calipers that has 

good accuracy up to 0.05 mm. The 

reading of measurement is very 

depending on the skill of users and 

the precision measuring tool itself as 

well. Several types of caliper is 

equipped with a small digital display 

that can show the measurement 

directly without seeing the grid on 

calipers. 

For measuring displacement, 

accuracy is the main issue to obtain 

precise data. The use of sensor is 

one of the solutions to make 

digitized. One idea for using 

compression springs and the load 

cell which is expected to be 

implemented as a new method for 

narrow distance measuring device. 

The spring is connected to load cell 

to detect the magnitude of changes 

in the dimensions of distance caused 

by a force element when the load 

placed on the spring. The changes 

appear on the spring resulting in 

pressure on the load cell and then 

converted into electrical signals 

which processed and displayed bya 

microcontroller system. 

This research conducted in 

observations of the distance changes 

on the compression spring that is 

placed on load cell. The value will 

be measured and recorded to 

determine whether the configuration 

of compression spring and load cell 

can be developed as a good 

displacement measuring tool. 

 

2. RESEARCH METHOD 

1.  Tools and Materials 

Tools that used to make and 

implement the design are as 

follows: 

a. Laptop 

b. Arduino Software 1.6. 

c. Proteus Software 

d. Visio Software 

Materials that used to make 

and implement the design are as 

follows: 

a. Arduino Uno R3 

b. Load cell 1 kg 

c. LCD character 2 x 16 

d. HX711 module 

e. Compression springs 

f. Acrylic 

g. Push buttons 

h. Cable jumper 

 

2.  Flowchart Research 

The research process has 

systematic phases in order to 

obtain accurate data and 

information that can be seen on 

Figure 1. This research begins 

with preparing the hardware and 

software to be used. After that, 

build the devices that can 

display any displacement and 

test it. If the tesing is failed, the 

device need to be repaired and 

re-tested. If the testing gives the 

proper result, device will be 

used to measure the changes and 

the results will be analyzed. 

 



 

Start

Preparing hardware and software

Build mechanic, electric 

and algorithm design

Is the system running well ?

Repair

No

Testing spring

Get data

Other spring ?

Yes

Data analyzing

Report

End

Yes

No

 
Figure 1. Flowchart Research 

 

3.  Block Diagram System 

This system design can be 

divided into two parts, hardware 

and software. Hardware consist 

of 3 parts, sensor and push 

buttons as the input, Arduino 

uno as the data processor and the 

output use LCD 2x16 characters. 

Figure 2 display the block 

diagram system. 

 
Figure 2. Block Diagram System 

 

2.3.1. Hardware Design 

This research use 

Arduino Uno R3 board as the 

main control. Load cell 

connected to the main 

controller includes the HX711 

module. It use compression 

springs as the force medium 

to the sensor and LCD 2x16 

characters to display the 

output. The circuit can be 

seen in Figure 3. 

 

 
Figure 3. Circuit Design 

 

a. Load cell 1 kg 

Load cell is a major 

component in the system 

of digital scales. Load cell 

sensor when given the 

load on the iron core, the 

resistance value will 

change in strain gauge 

issued through four wires, 

like shown in Figure 4. 

Two wires as excitation 

and two other cables as 

the output signal to the 

controller. 

Figure 4. Load cell 1 kg 

 

b. LCD 2x16 characters 

Liquid Crystal 

Display (LCD) is a 16x2 

LCD capable of 

displaying two lines of 

characters in each row is 

capable of displaying 16 

characters are shown in 



 

Figure 5. To use the LCD 

of this type require the 

circuit to form a resistor 

for backlight and a 

variable resistor to adjust 

the contrast. 

 

 
Figure 5. LCD 2x16 

 

c. Arduino Uno R3 

The Arduino Uno is a 

microcontroller board 

based on the ATMega 328 

(datasheet). In Figure 6 

shown that it has 14 

digital input/output pins 

(6 pins can be used for 

PWM output), 6 analog 

input pins, 16 MHz 

ceramic resonator, a USB 

connection, a power jack, 

an ICSP header, and a 

reset button. 

 
Figure 6. Arduino Uno R3 

 

2.3.2. Software 

The first step on the 

programming process is 

making the flowchart. 

Flowchart can simplify the 

programming process.  

1. Editor program, a 

window that allows users 

to write programs or edit 

programs. 

2. Compiler, a module that 

converts the source code 

into binary code. 

3. Up-loader, a module that 

contains the binary code 

into the computer 

memory in the Arduino 

board. 

 

3. THE RESULT AND ANALYSIS 

1. Experiment Results 

 

Figure 7. Main Device 

This tool measuring 

mechanism consists of several 

sections related to one another as 

shown in Figure 7. A force is 

given on a load base connected 

to the sliding cylinder which is 

consist of a pair of cylinder and 

a spring inside. A stainless 

cylinder is put on an acrylic 

plate and connected to the load 

cell. A spring put inside of the 

first cylinder then another 

cylinder with smaller diameter 

put on the spring in the first 

cylinder, so the second cylinder 

easily slide vertically.  

The movements are going up 

and down according to the 



 

applied force. Part of the base 

load can be removed so the 

spring can be removed and 

replaced with another spring. 

The use of another spring aimed 

to compare the distance between 

the measurement properties of 

the spring. 

 

 
Figure 8. Set Point Display 

(a) First Display without set point display 

w (weight):-0.8gr; h (height): 0.00 mm, (b) 

w: 146.4 grams on base until the height on 

ruler is 10 mm, (c) With w: 145.4gr; h: 

10.0 mm capture the set point 14.54 / 10 = 

14.51 (d) Zero load with set point  

 

 
Figure 9. Measuring Display 

(a)  Measuring w = 160.3 grams, h = 11.0 

mm, k = 14.55 before hold pressed, (b) 

Hold pressed and capture the measure 

height (H) = 31.04 mm, deviation (d) = 

31.04 mm because start at 0 mm. (c) 

Captured deviation = 31.04 – 6.66 = 24.38 

mm 

To get data from this 

measurement device, there are 4 

steps process: zero adjustment, 

set point adjustment, 

displacement measuring, and 

hold, the display shown in 

Figure 8 and Figure 9. 

 

2. Accuracy Testing Based on 

The Certain Loads 
In Figure 10. provides the 

comparison of accuracy between 

the test values using weights and 

using distance as a reference. 

Test of measurements using 

weight as a reference has a 

maximum accuracy value of 

0.15 (spring C2) and minimum 

accuracy of 0.6 (spring A1), 

while the measurement using 

distance as the reference has an 

accuracy within a maximum of 

0.14 (spring A2) and minimum 

accuracy of 0.72 (spring A1 and 

B3).  

 

 

 
Figure 10. Comparison accuracy 

 

3. Hysteresis Testing 

Hysteresis test is done by 

comparing two values with the 

same loading measurements, 

taken when the load is placed on 

the base in stages and when the 

load is reduced by one.  

In the spring testing A 

hysteresis can be observed are 

0.29 mm in manual 

measurement and 0.15 mm in 



 

digital measurement. For spring 

B: 0.08 mm and 0.1 mm and in 

spring C: 0.11 mm and 0.1 mm. 

 

 
Figure 11. Hysteresis of springs 

 

4. Advantages and 

Disadvantages 

From the description of the 

experimental results can be seen 

some advantages and disadvantages 

of this digital measuring devices. 

The advantage of this device lies 

in:  

1. The ease of operation 

because it uses a digital 

device connected to 

electronic sensors. 

2. Mechanical system on this 

device makes it easy to 

replace the spring in an easy 

way with dimensions 

corresponding spring.  

3. Replacement springs is 

possible because the set 

point value can be 

determined before the 

measurement process. 

In addition, this device still 

has some things that need to be 

improved: 

1.  The mechanism of 

displacement measurement 

system is not using parts 

with high precision, which 

makes manual measurement 

accuracy is very limited.  

2. The springs used in these 

experiments should have 

appropriate dimensions on 

the measuring device, 

especially on the size of the 

spring that should be 

inserted into the sliding 

cylinder that makes the 

movement smooth.  

3. Weight measurement 

accuracy using a load cell 

sensor is quite good but the 

value shown is volatile, as 

well as height values that 

displayed.  

The amount of deviation 

distance measurement depends 

on the type of spring used. 

Springs used in this experiment 

has a constant value about 6, 8, 

and 16. The accuracy of 

measurement by using a spring 

with the highest constant is 

better than the lower constant 

springs. 

 

4. CONCLUSIONS 

Based on final project result 

in design and implementation of 

measurement device of narrow 

displacement, the author can take 

these following conclusions: 

1. This research is using a 

mechanism where the spring 

length is changing caused by 



 

compressive force. The force 

can be sensed and measured 

digitally by Arduino base 

system. 

2. Spring that used as a 

digitally measuring medium 

can give a linear changing.  

Spring that used have 

dimension in length 12 cm, 

diameter 14 mm. This 

research using three types of 

wire diameter, 0.7 mm, 0.8 

mm, and 1 mm. 

3. Before the measurement 

process, determine the set 

point required to obtain a 

constant value of spring 

used. This value is obtained 

by noting the amount of load 

that makes changes to a 

distance of 10 mm. This 

method is applied so that the 

device can test several types 

of springs easily. 

4. Accuracy is obtained by 

calculating the difference 

between measurements taken 

manually and with digital 

measurement. Accuracy of 

the spring A is 0.28 mm, the 

spring B: 0:22 mm, spring C: 

0:06 mm. This indicates that 

the spring with a wire 

diameter of 1 mm is more 

accurate than the spring with 

a wire diameter of 0.7 mm 

and 0.8 mm. 

5. Hysteresis test is done by 

comparing two values with 

the same loading 

measurements, taken when 

the load is placed on the base 

in stages and when the load 

is reduced by one. In the 

spring testing a hysteresis 

can be observed are 0.29 mm 

in manual measurement and 

0:15 mm in digital 

measurement. For spring B: 

0:08 mm and 0.1 mm and in 

spring C: 0.11 mm and 0.1 

mm. 
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