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A temperature compensation model for QCM humidity sensor in high

temperature environment based on deep learning
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(School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100191, China)

Abstract: To reduce the impact of temperature drift on sensor measurement results in high temperature and low hu-
midity environments, a humidity sensor based on quartz crystal microbalance (QCM) was developed by using a quartz crys-
tal with a fundamental frequency of 4 MHz as a substrate and depositing graphene oxide (GO) on the substrate using a
drop-on-demand method. The temperature drift phenomenon of AT-cut quartz crystal wafers and graphene oxide materials
in high temperature environments is significant, resulting in frequency output drift of the sensor. Therefore, a deep-learn-
ing method was used to correct the temperature drift. The adaptability of the back propagation (BP) neural network correc-
tion model to the QCM humidity sensor was tested under different absolute humidity conditions. The experimental results
show that the correction model obtained through deep learning can effectively improve the sensitivity, stability, and re-
sponse speed of the QCM humidity sensor. It is of great significance for studying the frequency correction technology of
QCM humidity sensors under temperature and humidity coupling conditions.

Key words: quartz crystal microbalance (QCM); deep learning; frequency correction; humidity detection

WiRmEH: 2023-10-11; fEEHEHA: 2023-10-30

BE&TH: EE" NSRRI H (J8]1.2022601A001)

SIAME: R, MR, WRIENG, . R TIREE T AR PR T QCM N R % I i R A Y
(). A, 2023, 43(5): 24-30.

Citation: FENGJY, CULJM, WENLP, etal. A temperature compensation model for QCM humidity sensor

in high temperature environment based on deep learning[J]. Metrology & Measurement Technology,

2023, 43(5): 24-30.




iR

Bit5HE - 25 -

0 35

T

QCM J&— B 38 T 3 /i M e ol 3580 17 1 B A4 6
T O A i R R A T, BN g
RUPE, BENS LI R A 55 T PR 2 1 Y o AR A
P HEASME R, REER . T T HELR
WP, et Y. BRHETREN TME
W) SRS () AT AT 2 T2 B o

AR, H AR HOM RS W R, QCM IR
AR A I AR 2 TAR R & R iR
KEER BN G AAR T —Fols 9K 47 4k % ik
A S T S B A QC M Y B A5 SRR, HL R i
R HEIRF 54. 1 Ha/ %RH. b KA AL 245 A 42
W7 DAER IR B IR AT A AEOR R, SR S M g M 7
il £ BT 2 QCM Y A AR o Wi VTR 2= A T 5
PR NBETT T —Fh 3T GO SUBE Y QCM Il ££ Jk
A4, B R R 45 E 0.4 s, KA ) 45
F1.2s, FEXEHAGBEHEMEF, COHA FmEK
PERIR F AT SRS, Bl A T = iR
PREEF BOREEE I . i GO BUBBAE Ry QCM 1
1 AR I UM L, BB R o % A 1 R
JE D EE M RUEET, g PR
QCM i i 1% A RS A 1 240 A, (HORTH A i
FEAG AR —FE, o R A AR R | R
EERS AR, X 2 n] BB T QCM L A5 IR A )
KR

Bl VR ) BRI R R, HAE BSR4 B
H K8 T A BSR4 5 R EEAE R, BT
YT 12 L T AL A AR S, VR B 2 ) S — il
B 2RI, B RS A AR AT R )2 2
R AR L, IR AR
15 15 RE A% TR A b A 4 15 5 RRAE (8 T i — 2P Ab
PG AR IR 2E M B, R 5 22 10 TR JE el
Z WA B ML | BP A MEE, vEibk
SR AR T T —Fh 3L T ek (Y BP 4 22
KUATIR AN AR IR M R G, #MEIS RS
AR IR +1 x 1070 (H 7E 2 V6 10 B A )
U, AT A UL B B R A R M A
SCBE T — Ao A 22 43 A QCM IR FE B R R 4
FHUR E 2F > 5 AR XA B 15 3 T B8 47 2
— A U R A A e e 23 SR SR AR R

o=

1 fERBFRARSZRIT

1.1 R

QCM 1% B2 AL AR O ERIMN S 73 B i A e fd
AR MR . IR R, A5 AL
Fis o A 2RI, g, AT Y)A5AE
% BRI A2 I R S e R A e/, HLPE B B T
JE S BN A BN PR R AT D LY
QCM ¥ AL SR R FH AT Ul 5 Ry 56 B A R i e
MRy, AT IR BE R4 .

AT

EA N

Ak
P& KA T

Lo

BT QCM I JEE AR IR AR R I 3 73 25 K s T ]
Fig.1 Schematic diagram of QCM humidity sensor

detection section structure
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Fig.2 QCM humidity sensor system diagram
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Fig.3 Schematic diagram of experimental platform
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Fig.4 Temperature frequency characteristics of quartz crystals

with different cut shapes
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Fig.6  Basic structure diagram of deep neural network
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Fig.7  Structure diagram of BP neural network
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Fig.8 Model training process
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