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Abstract— Calibration is an activity to determine the conventional truth of the value of the appointment of a measuring instrument
by comparing traceable standards to national and international standards for measurement or international units and certified reference
materials. The purpose of this study is to develop a system of efficient and practical centrifuge calibrators by sending the calibration
results directly via Bluetooth to a PC. The main series of centrifuge calibrators are Arduino modules, laser sensors, and Bluetooth. The
high low signal is obtained from the reflection of the laser beam aimed at the reflector point on the centrifuge plate, processed in the
Arduino module and displayed on the LCD, the calibration results can be directly seen in the Delphi program. The design of this module
is also equipped with a Bluetooth transmitter to send data to a PC. This module can be used in medical equipment calibration laboratories.
Based on the results of testing and data collection on the 8 Tube centrifuge with a Lutron Tachometer ratio, the error value was 0.0136%.
After planning, experimenting, making modules, testing modules, and collecting data, it can be concluded that the tool "centrifuge
calibrator equipped with PC-based data processors' can be used and according to planning because the fault tolerance does not exceed

10%.
Keywords—Tachometer; RPM; SMW laser sensor

L INTRODUCTION

Calibration is an activity to determine the conventional truth
of the value of the appointment of measuring and measuring
materials by comparing traceable standards to national and
international standards for measurement or international units
and certified reference materials [1]. One medical device that
needs to be calibrated is a centrifuge, while the tool for
calibrating the centrifuge is a tachometer. The Tachometer is a
testing device designed to measure the rotational speed of an
object, such as a measuring device in a car that measures the
rotation per minute (RPM) of an engine crankshaft. The word
tachometer comes from the Greek word taco’s which means
speed and metron which means to measure. The working
principle of a tachometer device is to measure the rotation of the
engine shaft of the device resembling an electric generator which
varies according to the speed of engine rotation. The electricity
generated is then converted in RPM [2].

At present, the average calibration laboratory uses a non-
contact tachometer that still uses manual data recording,
according to the author's observation that the recording time of
manual calibration results is not efficient, plus several error
factors such as human error and measurement angle. The results
of the centrifuge speed measurement must be done, this is related
to the accuracy of the results of reading the data.

Previous research by Andrik Budi K (2011) made a Non-
Contact Tachometer Based on Microcontroller Via Serial RS232
to a Personal Computer using a DC laser. The DC laser here is
used as a light transmitter and phototransistor as a light receiver.

Then Tera Hanifah (2016) made an Atmega 8 Microcontroller
Based Tachometer Equipped with Hold Mode, which is used to
stabilize the measurement process. In the same year, Mamik
(2016) also made an Arduino-based non-contact Tachometer,
but it was not equipped with a hold mode. In the following year,
Novella (2017) made research on Tensimeter Calibrator
Equipped with PC-Based Thermo hygrometer. The latest
research by Septian Aan Cahyani made the centrifuge calibrator
equipped with data processors (2018), but according to the
author, the authors still have weaknesses because the facts in the
field during the calibration process take a long time because they
have to write data first to the worksheet [3], then enter data into
the PC manually to find out the results. This process allows for
errors caused by human error when entering data manually.

By looking at the chronology above, the author tries to make
a centrifuge Calibrator with PC-based data processors. The tool
that will be made is equipped with sending the measurement data
automatically to the PC, then the process and the calibration
results can be obtained directly.

II. MATERIALS AND METHODS

A. Experimental Setup

This study was randomly sampled and the data collection is
repeated for 5 times. this research uses micro hematocrit and
12000 RPM centrifuge.

1) Materials and Tools
This study uses double tape as a reflector on a centrifuge
plate of 8mm-12mm. Arduino Uno microcontroller is used as a
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digital data processor and communication to the computer unit
using Bluetooth module HC-05.

2) Experiment

In this study, the centrifuge calibrator was compared with the
Lutron tachometer which is calibrated by the company, in all
ranges (1000, 2000, 3000, 4000, 12000 RPM). Each setting, the
calibrator's output is calculated to validate the results of this
study.

B. The Diagram Block

The transmitter emits a laser beam which is then fired at the
object. The object is given a white line as a reflective field that
will be captured by the receiver. The receiver outputs a digital
signal that will be forwarded and converted in the form of an
RPM by the microcontroller. The RPM value will be displayed
on the 2x16 LCD display. Press start to start the measurement
and if the measurement is stable press the stop button. The
measurement results will be displayed on the display, and press
the save button, it will immediately be sent to the PC. The delete
button is only used to delete all data from the measurement
results.

RECEIVER

TRANSMITTER

— 1

anfk

START 4 N
BLUETOOTH
STOP \ _
ARDUINO
MICROCONTROLLER
DELETE —
LCD 16 x 2
SEND -

BATTERY

Fig. 1. The diagram block of the RPM calibrator

When the ON / OFF button, the whole circuit will get a
supply voltage from the battery. When the centrifuge round is
stable enough, then press the start button to start the
measurement and after the results showed are quite stable press
the stop button the results will be displayed on the LCD. If you
want to repeat the measurement, press the delete key, then the
LCD will start the initialization again. After the measurement
results are correct, press the send button to send the results to the

Delphi program. After all data has been sent, data processing
takes place. Each speed parameter will be repeated six times.

Rpm measurement
rocess

ﬂ STOP !

the measurement
results are displayed
on the LCD

Results are displayed
on Delphi

Fig. 2. The Flowchart of the Arduino Program

C. The Flowchart

The Arduino program was built based on the flowchart as
shown in Fig. 2. After the initialization of the Arduino, sensor
starts calculating the centrifuge speed and the results are
processed by Arduino, if the results are correct, it will be
displayed on the LCD. The measurement results on the LCD
will be sent via Bluetooth to the Delphi program.

D. The Laser Sensor

The important part of this development is the laser sensor which
describes in Fig. 3. The sensor is used to process the centrifuge
RPM. Hence it will ready for digital processing using Arduino.
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Fig. 3. The calibrator centrifuge design

This sensor consists of 2 parts, namely the transmitter and
receiver. In the transmitter section, there are 2 oscillation tubes
that can produce shock waves with a frequency of 180 kHz.
After being amplified by the transistor, the shock wave is sent
to activate the laser tube. At the receiver, there is a receiving
tube that matches and fits the oscillating tube so that it can
receive light reflection.
1) Bluetooth Module

The Bluetooth (BT) module used in this was HC-05. This
Bluetooth module was used to transmit the calculation results
of centrifuge speed to the computer unit. For the
communication between the Arduino board and the Bluetooth
module, it needs two pins which are Tx (to transmit the ECG
Data, and The Rx is to receive the information between the
microcontroller and computer unit). The connection between
the BT and Arduino module was shown in Fig. 7.

Arduino Tx Rx BT
UNO HC-05
Rx Tx
GND GND

Fig. 4. Bluetooth Connection

III. RESULTS

In this study, the centrifuge calibrator was compared with the
Lutron tachometer.
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Fig. 5. The calibrator centrifuge design

1) The calibrator centrifuge Design

This circuit is a microcontroller circuit that serves to regulate
the running of the system. Push-button 1 is connected to the
Arduino UNO AOQ pin, pushbutton 2 is connected to pin Al,
push-button 3 is connected to pin A2, push-button 4 is
connected to pin A3. 16x2 LCD is used to display RPM.
Push-button 1 is used to start the calculation of the motor
centrifuge speed. When push button 1 is pressed (logic 1), the
program will detect the input on pin 2 then the program will run
the logic reading mechanism, so the program will run for
calibration.

Push-button 2 is used to stop the RPM speed calculation. When
push button 2 is pressed (logic 1), the program will execute the
command to stop the command.

Push-button 3 is used to erase data when an error occurs when
the push-button reset is pressed (logic 1), the program will
detect the input on the A3 pin then the program will run the
logic reading mechanism, so the clear data command will run.
Push-button 4 is used for sending calibration results to a PC via
Bluetooth. When push button 4 is pressed (logic 0), the data on
rpm will be sent to the Delphi worksheet.
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Fig. 6. The box design

2) The Listing Program for Arduino Calibrator Centrifuge

In this paper, the software was divided into two sections
which are for Arduino and Delphi programming. The listing
program for Arduino as shown in the Listing Program 1. Which
consisted of the program to send the data to the computer which
can be chosen in the initial program.

Listing program 1. Program to Counter RPM centrifuge

attach Interrupt(0, rpm_fun, RISING);
half revolutions = 0;

rpmku = 0;

timeold = 0;

}
void loop(){

btstartx = digitalRead(btstart);
btstopx = digitalRead(btstop);
btkirimx = digitalRead(btkirim);
btdeletex = digitalRead(btdelete);

lcd.setCursor(0,0);
led.print("Tekan Start");

if(btstartx == 0){
lcd.clear();
delay(1000);
mulai();

H

void rpm_fun(){
half revolutions++; //counter interupt

}

void mulai() {

btstartx = digitalRead(btstart);
btstopx = digitalRead(btstop);
btkirimx = digitalRead(btkirim);
btdeletex = digitalRead(btdelete);

if(mark == 0){

btstartx = digitalRead(btstart);
btstopx = digitalRead(btstop);
btkirimx = digitalRead(btkirim);
btdeletex = digitalRead(btdelete);

rpmku = 30*1000/(millis() - timeold)*half revolutions;
timeold = millis();
half revolutions = 0;

lcd.setCursor(0,0);
led.print("Rpm:");
led.print(rpmku);
led.print(" ");

delay(200);

led.setCursor(0,1);

led.print("Rpmx:");
led.print(rpmsave);
led.print(" ");

if(btstopx == 0){
delay(200);
rpmsave = rpmku;

}

if(btstartx == 0){
delay(200);
mark = 0;

}

if(btdeletex == 0){
delay(200);
rpmsave = 0;

}
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3) The Listing Program for Delphi Calibrator centrifuge

In the Delphi programming, the program explains the

acceptance of the results of calibration and inserted into the cell.
Listing Program 3. Program to display the RPM number

buff:string;
data:string;
copybuff:Double;
begin
comportl.ReadStr(buff,count);
//merek. Text:=merek. Text+buff;
stringgrid1.Cells[b,k+1]:=buff;
copybuff:=StrToFloat(buff);
rata := rata + copybuff;
b :=b+1;
if b>5 then
begin
rata :=rata/6;
stringgrid1.Cells[b,k+1] := floattostr(rata);
b:=0;
k :=k+1;
rata:=0;
end

end;

procedure TForm1.FormCreate(Sender: TObject);

begin
stringgrid1.Cells[0,0]:="T";
stringgrid1.Cells[1,0]:="I";
stringgrid1.Cells[2,0]:="I1;
stringgrid1.Cells[3,0]:="TV";
stringgrid1.Cells[4,0]:='V";
stringgrid1.Cells[5,0]:="VI';
stringgrid1.Cells[6,0]:='AVERAGE';

end;

end.

The Delphi programming received the RPM centrifuge data
from BT and saved to the computer by using the
CombDataPacket function. Furthermore, the RPM centrifuge
will then displayed into the cells.

4) The Error of RPM value

The validation of the RPM value shown in the Delphi
programming was compared with the Tachometer Lutron
device. The error was showed in Table I.

TABLE I. THE ERROR OF MEASUREMENT FOR THE RPM PARAMETER BETWEEN
THE DESIGN AND STANDARD DEVICE.

RPM Error(%)
1000 0,1991
2000 1,3613
3000 0,9761
4000 0,8192
12000 0,1191

IV. DISCUSSION

The Holter design has been examined and test completely in
this study. Based on the measurement of the Holter output, the
resulted ECG signal when using the input from ECG simulator
showed the right pattern of ECG signal which consisted of P, Q,
R, S, and T waveform with the amplitude of 1 mV, for various
BPM (30, 60, 120, 180 and 240), and sensitivity of ImV.

By comparing the output of the Holter between the input
using ECG simulator and the human body, It was shown that
there is a different pattern on PQRST waveform. Each ECG
recording for each subject showed a different amplitude. This is
reasonable because each subject has different characteristics of
the heart. The Error of BPM between the design and Oximetry
device (with the input from ECG simulator) showed the value of
0.0037+0.010. The error of BPM (from the five subjects) is
0.00057+0.0008. This error value indicated that the Holter is
feasible to be used as a medical device. In order for the Holter
able to work in 24 hours then this design needs a battery with
high capacity.

The performance of this work was also compared to other
works. Carrasco found that his Holter is able to operate in 16
hours without the intervention of the users [5]. Jin and Miao
claimed that their Holter able to work stable more than 24 hours

[4].
V. CONCLUSION

This After processing the program to receive RPM data from
the laser sensor module, it is able to read the RPM in the
centrifuge with an error between the comparison to the module
that is equal to 1.3613%. In general, it can be concluded that this
tachometer module can be used as a measuring device for RPM
(Rotation Per Minute) in Centrifuge with speeds up to 12000,
due to error values which are still below the maximum limit of
10%. High error factor results due to the comparison of the
module average values with high comparison.study has
demonstrated the development of the Holter to monitoring the
ECG signal from a subject with real-time. This study was built
based on an Arduino microcontroller and some analog circuit
and a Bluetooth transmitter to connect to the Computer unit. This
study has proofed that the accuracy is feasible to be used to
monitor the ECG signal in real-time and the data recording can
be read from the SD card memory. In the future, this study can
be fabricated and used in the small clinic in the villages at a low
cost.
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