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Automated calibration system for a digital thermo-hygrometer using image
processing approaches and wireless communication
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This research presents an automated calibration system for the calibration of a Digital Thermo-Hygrometer
not equipped with a communication interface using digital image processing technology and a real-time
wireless communication method to reduce time-consuming calibrations and reduce human errors. This research
proposes a solution based on an ESP32-CAM, a small and low-cost camera module, capturing a meter image
and transferring it to a web server processing using the seven-segment optical character recognition (SSOCR)
method. The measurement and calibration results are presented in a dashboard accessible through the web
browser. The experimental results validate the effectiveness of both algorithm and user applications, offering
overall performance comparable with manual calibrating processes. In particular, the experimental results on

the built-up system show that the proposed image recognition methods provide an average accuracy of 96.48%.
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Front View Back View
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2.3 AanasNu Seven Segment Optical Character Recognition (SSOCR)
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Regcognized digits

total no.of digits

Accuracy (%) = x100 (1)

aa o

AT 1 HaN1INAgeLUszANEAnAnseuaanandnanaamesii-lalnsimes

Digit total no. of digits Recognized digits Accuracy (%)
Digit 0 51 50 98.04
Digit 1 126 113 89.68
Digit 2 15 15 100.00
Digit 3 52 52 100.00
Digit 4 17 17 100.00
Digit 5 74 74 100.00
Digit 6 8 8 100.00
Digit 7 30 30 100.00
Digit 8 ) 5 100.00
Digit 9 20 20 100.00

Total 398 384 96.48
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Automated Calibration Manual Calibration
Point of Calibration E
(%RH) Correction Uncertainty Correction Uncertainty n
(%RH) *+ (%RH) (%RH) *+ (%RH)
30 1.1 0.8 1.0 0.8 0.09
50 1.4 0.9 1.4 0.9 0.00
70 1.2 1.0 1.2 1.0 0.00
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Automated Calibration Manual Calibration
Point of Calibration E
(°C) Correction Uncertainty Correction Uncertainty 2
(°C) % (°C) (°C) = (°C)
20 0.1 0.3 0.1 0.3 0.00
25 0.2 0.3 0.2 0.3 0.00
30 0.2 0.3 0.2 0.3 0.00

ANNENIRN 4 HAan e LINELSTEzIA MTIOIsT s LLERTERLAz AT IveeLjTIRNNg Aanmsae LTieL

aa o

pariamnafin-lalnslwasaudunanlunissauiauisnszuounislaadqaaauiauisunn 6 paauiiausyuy
anludAniauein1sanszazinanlun198 uLaTanuin N19ATUIUNANITABLEL N19BBNINENHLAY
lufusesuanisaeuiiay waneliviudnssuudniuimnuanedes lidesdjiRnisaeuiiauanseey

Tunsaeuiausanamesin-lalnsiines

= = o ' o on v 9 dy PPN
M13NN 4 Nﬂﬂ’W‘ELLE‘EILIl,‘WFJLITzEIZL’J@Wﬂﬂi%ﬁﬂﬁuiz%’l’]\iizﬂu’ﬂﬁltuﬂWLL@ZL@WMH’]V}MBQHQUMH’W

TUABUNANLIWMIFBLLAEL STULBRALUAR (W¥) | i mwihivesd JUsms (i)
SR BAF NN AUATAINANNTUR AN 670 670
L@DuINN (6 AEDLTEIL)
N3 ULAaZAnTIuin (6 adaLITiw) 30 70
ANTATUININANITAALLTEIL 2 30
A788N31eULAL UL TRINANNIAR LIS 2 30
198159N 704 800

34 Bulletin of Applied Sciences, Vol. 13 No. 1, 2024

A




nMseanuuLszILAeLTELSRTuTRd s AaramesTu-lalnsfinefuuslififsedszaiunisieans Tneld
wailansdsznanannuazdianisdeasliassunFaalng ssuueiedngliansuazszunananinldluga
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