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Low-cost dimensional measurement using an Arduino embedded system with

real-time logging via Microsoft Excel Data Streamer
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Abstract

This research aimed to develop a low-cost and user-friendly dimensional measurement method using an Arduino-based
embedded system integrated with Microsoft Excel Data Streamer for real-time data logging. The system was designed to address
the limited accessibility to high-precision measuring instruments due to their high cost. The prototype consisted of an Arduino
board, a rotary encoder, an LCD-I?C display, and a signal conditioning circuit, with data transmitted to Excel in real time.
Calibration was conducted using a Dial Test Indicator, and measurements were performed on 30 sample workpieces, with results
compared against a standard measuring instrument. Statistical analysis (t-test, p>0.05) indicated no significant difference
between the embedded measurement system and the standard instrument, demonstrating that the developed system achieved
satisfactory accuracy and reliability. The system effectively minimized manual recording errors, enhanced data accessibility for
general users, and supported applications aligned with the principles of Industry 4.0.
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Table 1 Summary of trends and research gaps in the study.

Uszgna L luLiunenanvnesy 4.0

category findings from literature propositions in this study

hardware Arduino/ESP32 have been widely validated this study utilizes Arduino hardware
for use in environmental monitoring for dimensional metrology inspection in
applications (e.g., temperature, noise level, industrial applications.
wood detection sensors, RFID).

calibration sensor calibration focusing on accuracy This study adopts calibration

and precision is a critical topic in numerous

studies.

approaches aligned with metrological

quantity standards.

communication

MQTT and REST APl are commonly
employed for connecting [oT devices to

modern systems.

the Arduino board is integrated with

real-time data systems through

spreadsheet software (Excel).

data presentation  excel is frequently recommended as a tool this study implements excel data
for real-time data visualization. streamer to create an intuitive and

user-friendly interface.
research gap existing research lacks solutions for cost- this study develops a low-cost
constrained inspection of workpieces under prototype system for dimensional
limited resources. inspection  using  Arduino,  with
adaptable workpiece selection,

suitable for industrial applications.
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1.2 nmafnfalassaiauaranawmumisgUnsnfisisnenisgunsnliail

1.2.1 U8fA Arduino Uno R3 (ATmega328P) 1 0!
1.2.2 LCD I°C 16x2 1 in
123 Tmnsuldsnas Omron U e6b2-cwz6e 1 0
1.2.4 25U 1KQ 2 in
1.2.5 @IRFULLLANANLALS 1 i
1.2.6 @AmduuLlung 2 i
1.2.7 azuathmasfudasly ovDC 1 20)
1.2.8 @18l USB 1 28]

1.3 AnssgUnanidmiunasesdtdnvuainszuuaneanadesaang luasiuiinuaniadnson Excel
Data Streamer Au#i lfaanuuLaeasld Hdunaussil
1.3.1 uasna1g (Arduino) arldazunilimes (adapter) 9VDC £uiuldlunisvinauaesuadn

Tnadaindaruaunisila-dalWindudasie (DC jack)

iaI test

Figure 1 Installation of prototype components: (a) panel, (b) control circuit and (c) prototype structure.
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230 VAC

A channel

B channel L&

Figure 2 The control circuit of a workpiece measurement system based on an Arduino embedded platform,

with measurement data logging using Excel Data Streamer.

1.3.2 nsdnslaszuduesaengluiuidulAnines (encoder) Tnavinliiduldnnasazians’iv
TINNA 4 14U An 41809196 (GND), @aneianetn (VCC), anautsanua (channel A:DT) WAZ&NELTAKUA (channel

B;CLK) Tnaiauaauua A uaz B azlidyaynosiad (pulse) aduriu fvainisnszyiianienisuyuldlnanismsgae

° o o
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[ o K !

e D7 uazadndguiudunnenluidndiaasariuen D8 vequesnaiglu Inasiaqeasiuy pull-down resistor

o

Warlasiudyyrnisunau A9 (Figures 1-2)

For Professionals For Education For Makers Products v Community v Documentation v m Q O Cloud

Bring Your Projects to Life with Arduino Software

[o0) Arduino IDE 2.3.6
Release notes
The new major release of the Arduino IDE is faster and even more
powerful! In addition to a more modern editor and a more responsive

interface it features autocompletion, code navigation, and even a live

debugger. For more details, check the Arduino IDE 2.0 documentation.

r newer (64-bit) o DOWNLOAD

Nightly Builds
Download a preview of the incoming release with the most updated

features and bugfixes

Figure 3 Installation of the Arduino IDE for programming encoder signal acquisition.
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293 LCD I°C siariunsnasuasaengluuazaaansln (VCC) LCD IPC siadniuuasanyln 5VvDC vasuasaeng i
du1e9 SDA uaz SCL 194 LCD I°C siafiu SDA uaz SCL 1asuasnaig iy

14 Apdaltlsunsa Arduino IDE dufuidaulds (Coding) A4 (Figure 3) Lﬁ@muﬂmmi@'mﬁwm

Wwulanmas (encoder) Wnananan1sdnaanniI4aaeadn (LCD I°C) LLmﬁmrﬁ?\uﬂ?mﬁmmﬁmm?mm{(Data

Streamer) Tuldsunsudndimagiuivumnardaanunuansuuaaweadanniuldlusndita a4 (Figure 4)

@ Bookl - Excel [ |
File  Home Insert Draw Pagelayout Formulas Data Review View Automate Developer Help | Data Streamer | Acrobat
®© Good afternc EECE 3 D
N S re=n — >
= BE R D B S
g = | ~ 80O,
) Home “ New D18 BE B B al B <
Connect a| Import Capture Advanced
[ New Device ¥ |Data File Screen
. Ii] E Data Sources Data Streaming Data Recording Advanced
= open 2 Excel Options 7 x
3
N General =] . . . L L.} N il "
® Info ; E‘@ View and manage Microsoft Office Add-ins.
7 Formulas
& save Blank workboo| | pata Add-ins
P saveas Proofing Name ~ Location Type |;
p Seardt Add-ins
earch Save
Save as Adobe PDF —_—— Analysis ToolPak C:\Program Files\Microsoft Officé\ro  Excel Add-in |
@ Print + Recommendeq| -#nguage Microsoft Data Streamer  C:\Program Files\Microsoft Office\ro  COM Add-in
e " for Excel o
Accessibility
1A Share £ You recently opene] Add-in: Analysis ToolPak
13.danalsnm Advanced Publisher: Microsoft Office
ﬁ::fe 2s Adobe PDF 24 gaas U CnmpatibEilitvi AZI: compatibilit information available
— Locationi=Xce -ins icrosoft Office\root\Office16\Library\Analysis\
2 export e Quick Access Toolbar COM Add-ins
— Descripti ACIO sis tools for statistical and engineering analysis
B Close 0 Account Add-ins ‘ XML Expansion Packs
Disabled Items
Trust Center
Optiens Manage: | Excel Add-ins \"\ Qo,.‘l
R P ——
oK | cancel

Figure 4 Procedure for installing the Data Streamer add-in in Microsoft Excel.
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v

Gavuwihindaesninida antdunatlusunliadsaaauumiasuansdilugueidouyuiionyu (hand wheel)
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WuRndamaaunnadiuIRn1SnanAfal szt 10-15 Ta udrauaArannuRnISaLFauReUfuATF AT
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annduldneasuuansluniseaasilsunsudndisa InegvinnisdnludsesiuinAndnanues A3 (Figure 5b)
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a ¥

LINAY (initialization) ¥e99Unsalianun 1#wA Arduino, Encoder, LCD I°C Wwag Data Streamer UA4a1N151
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Tsunsuazidrgnisauginismineu TnaBuannnissuaiuuiadaindtyoynuaes Encoder Ndaidnuimig

channel A uaz B idtyryrauiiatnnsauenlaviadfununisindeunuasfinnianisuyu a9 (Figure 6) ANty

tnANad AT NTLAY FedNnIg (1)

Data In (From USB Serial Device (COM7))

Data coming from the current data source will appear below as it is received.

. Ii'l‘r: Wark Current Data
s Lo ? TIME CH1 CH2 CH3 CH4 CH5
14:47:08.51 12.25
Historical Data/" display of data logging
TIME CH1 CH2 CH3 CH4 CH5
14:47:08.51 12.25
14:46:54.94 12.00
14:46:47.68 11.95 real-time visualization of
—
14:46:47.49 11.95 measuremeant data
14:46:44.05 12.00
14:46:40.22 12.05
14:46:36.22 12.10
14:46:24.18 12.10
B 14:46:14.05 12.00
(a) (b)

Figure 5 (a) Calibration of measurement values on the display screen using a dial gauge, and (b) measurement

data logging using Data Streamer, capable of recording timestamps and displaying data in real-time.

@ receiving signals from
receive signal o—— —o
9 =p a2 rotary encoder

I acquiring signals from a rotary

encoder

rocessing position data
P gp °° o—— ——o process position
on an Arduino

Arduino calculates the

dimensional position from the signals

display measurement o

° @ displaying output on LCD
measured values are

’ ‘ . displayed on a 16x2 LCD I°C
transmit results in real time ﬂ{% o o stream to excel
data is transmitted to excel for
storage and analysis

Figure 6 The operational procedure of a dimensional measurement system, which includes an Arduino,

Encoder, LCD, and Data Streamer.
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YIN13TATUIUABENTIAUMUG A-D 19U N=30 Aaatie uazilFatiisussndnuAseslaning gy
AuszuusiuuuLengil (Arduino) HaWLIN LATESNBNINTFIU AD, BO, CO kAT DO: 10.58£0.092, 24.70+0.031,
14.64+0.104 LAY 25.78+0.035 NARLNAT 22 ULAULLL A1, B1, C1 way D1: V’hl,’?la?;l 10.59+0.093, 24.71+0.035,

14.65+0.105 WAy 25.79+0.036 NAALNAT A4 (Figures 7-8)

measurement position A
10.80
Ay
i
2 1060 ,‘\ A Trea M A, -’A‘\/
5 A ¢ LN e V,O.,‘,n ;
@ 3, .\ 5
§ 1040 KW
E v
hel
§ 1020
10.00
12345678 9101112131415161718192021222324252627 282930
——e—-AD __g--Al sample size
(a)
measurement position B
12.70
» 12,65 AL
5 R . £oe, NN "p
2 1260 -e-g” % \‘ "K / -3 o P N R
© W N %
4 P git i N\ 0 L N2
E 555 ¢ Noe s Wie.y \“/ K9 4
%, : Yo vied 8 d
a 1250
12.45
123 4567 8 91011121314151617 181920 21222324 252627 2829 30
--9--B0 --9--B1 sample size
measurement position C
o,
14.80 ™
% o,\‘ o'.\\ ",} ‘\ ,r—‘\ ," ‘\
il L) ¢ 8 ;ﬁ‘ » ‘{ 2 A ) .\
c 14.60 . ) ‘V Y - v 7 \\ r \
@ N 2 . ¥ ‘_.‘ \
£ A 1% b4
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Figure 7 The results from an Arduino-based embedded system and standard instrumentation were compared

to evaluate discrepancies in measurements at four positions: (a) Position A, (b) Position B,

(c) Position C, and (d) Position D.
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Figure 8 (a) Sample workpiece used for testing and (b) workpiece measurement and display of results via the

LCD screen.

Table 2 Results of the hypothesis test comparing the mean measurement values between the standard

measuring instrument and the prototype using the t-test.

position mean S.D. df. p-value
A0 10.58 0.092 58

0.6879
A1 10.59 0.093 58
BO 24.70 0.031 58

0.2311
B1 24.71 0.035 58
Co 14.64 0.104 58

0.6586
C1 14.65 0.105 58
DO 25.78 0.035 58

0.0844
D1 25.79 0.036 58

HANIMARRLANNAT ML FHLITIEUANRALNTTRTINUNe T AT B TN AT g UL TR

mm:uuﬁqﬁam@mummiwmmmwﬁgmmniﬂmﬂmLﬁﬂsn’m@ A4 (Table 2) WUMMAN p-value N1NN91 0.05
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