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Temperature decoupled mass sensing based on CBAM-CNN
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Abstract: The cantilever beam structure serves as a prevalent platform for micro-mass measurements. Conventional measurement
methodologies necessitate a stable temperature environment, posing practical challenges. Temperature fluctuations profoundly impact
measurement outcomes and pose difficulties in direct decoupling from the cantilever beam’s characteristic equation. This paper introduces
a temperature decoupled mass sensing method, leveraging CBAM-CNN and a piezoelectric cantilever beam. Initially, a temperature-
controlled measurement platform employing a resonant piezoelectric cantilever beam is established to capture impedance response signals
across varied mass loads. An adaptive weighted preprocessing method is tailored to augment structural features and accentuate critical
information within confined samples. Subsequently, a CBAM-CNN network, incorporating a hybrid domain attention mechanism, is
devised to evaluate the relative relationships of multiple resonance peaks in the signals, achieving concurrent temperature decoupled mass
sensing. Experimental findings underscore the method’s prowess, attaining an impressive 99.70% accuracy in mass measurements
ranging from 0. 1 g to 1 g within a temperature range spanning 25°C to 55°C. Moreover, the method exhibits precise mass sensing across
a broad temperature spectrum, obviating the need for temperature compensation.
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Fig.1 Measurement structure of resonant piezoelectric cantilever
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Table 2 Sample distribution in different measurement

conditions

R 25C 35C 45C 55C
el FEAKE R FEA K FEA K
0.1g 50 50 50 50
0.2 ¢ 50 50 50 50
0.3¢g 50 49 50 50
0.4 ¢ 50 50 50 50
0.5¢ 50 50 50 50
0.6¢g 50 50 50 50
0.7¢g 50 50 50 50
0.8¢ 45 49 50 49
0.9¢g 50 50 50 50
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3 MR IR B 3 4 Dense /2 fenbie ¥ 1 024 .64,
128 MMHZETT, HoPE BRE  ReLU, 12 1E WIfL#E R
B394 0.001, 3 4~ Dropout JZREFIH 0.1, HiH)ER
H softmax 432548 , AT SR FH A8 UM 45 2¢ pREL AT Adam 41
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2)CNN: HH— A2, 4 M BB, — /> i 4
JER—A 0 2 2R, 45 2505 AR SC RT3 B CBAM-
CNN HXJ Rz () CNN S B0

DNN, CNN 1 CBAM-CNN (14 A 35k 25 F 18 I AL
SF- 359 b B ) — 5 R A e B AE S AR S K R
5000, £ AHEAYIZRHL KNSR 128, 22 2 RN
0. 001, YA 15 Bl 50,

F3XFTHT 3 NMLH BT LRAE I SRS 25
HERNE . DNN FE L3738 SUYRAIE H 1) 7 i R A X AR, I
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— ELORFFAE 99. 00% L I, BB CNN 7E I Z5R4E T iz 1k



541

1T 45 56T CBAM-CNN Al FL 80 278 10 0 2 i B i Sy 1% 121

BT HCm , RE RS AT R0 R AN [R) 0 it 2R I R AR, AR
M7 ,CBAM-CNN 7EI 254 AP RER AL , 76 FL T 58 L
UEFP 2P0 R T 99. 80% (M i MER R | SR HLA B 5
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R3I IMMERTRXBWIERIIGEERE

Table 3 Train accuracy comparisons of five-fold

cross-validation for three networks %

2 SLIIE DNN CNN CBAM-CNN
— 3 76. 37 99.25 99. 93
iy 73.31 99. 50 99. 93
=97 61.93 99. 00 100. 00
Ut 68.39 99. 59 100. 00
Enk/i) 10. 03 100 99. 87

SR 04 57.28+24. 09 99. 45+0. 33 99. 70+0. 10

F AT 3 ARILAE 10 28 5 P AT 38 X
B UE AR B, A 10 28I £ S50 v
$& CBAM-CNN £ K Z 805 i 200 LABIR 2] T 100% , H
HER 0A £, 7535 99. 7% , H1%E DNN Fl CNN 43 51 41
TFT 42.42% ,0.25% , CBAM-CNN A OA M5 25 5%
/N, T2 2 LA s I S AR E 1 . CNN AR AE R
LT R ZE T 5 CBAM-CNN EIARY {H7E 0.5 g #l
0.6 g BXMFNE LT ¥ sh i K HIKT CBAM-CNN, #H
2T, DNN By 2, HAG W s A Fee M, FEHE
BRAEAF RN s K, el 88. 00% , f fIlkAX
9 22.50% ,

TG 9% WEH A% 5 1 CBAM-CNN (% Il 25 %8 if & T
DNN F1 CNN, X & i T CBAM TEIZ 4815 5 00 IR )2 I RRIE
A2 B I ZRFE R 7 2 9% 0 45 2 2] 3 S R R 1E e,
DA ] SO T CNN, FF- 250 5640 b CNN A i
FE, L5 7 , CBAM-CNN FEYIZRFTI Xt [a] 1 n) g2
ARRAMOTEFE (1 e FE AL BRALR MYERE Jr ik 2 T 0 4
B4 , T T 75 B e o i 3R R R A B A 1

RS I MMERFHREERE

Table 5 Average elapsed time of each networks s

e DNN CNN CBAM-CNN
Y ZHta] 52.20=+0. 96 50.92+5. 54 62.34+4.78
T3 A ] 0.15+0. 01 0.22+0. 02 0.21+0. 02

3 T 25 () A PEAS R AR an 3¢ 6 Fr7n . DNN A9 RE
FXF 2% IR 4 FEREAS (W BE 70 4855, T L DNN 1973
R0 R E R bR 22 30K, R H AR R D sh K, 7 A
AFasENE, L DNN FI CNN, CBAM-CNN 7 4% 3l 5 4t
fobn LRIRAE, B3 =3k 99. 71% , B R AER
IERAZSREARAUBE J7, CNN U2 99. 46% , DNN i iz 22
{0k 58.98% . [A]I}, CBAM-CNN HA7 & ik 99. 7% (1 &
BIER GFIEFEABA ER IR AE 71, Ak, H Kappa
FEBARE AT 1, 52805 AR E 22 /N X R %
W2 55 BEAIL A3 25 1) — Bt = MR dE W AR e  JF A
SRINIZALRETT

R6 3WMMENEHMISER

x4 3ITMMERITZ XIIERNKE 04 LLE

Table 4 Test OA comparisons of five-fold cross-validation

for three networks

%

s3] DNN CNN CBAM-CNN

0.1¢g 80. 00 100. 00 100. 00
0.2 g 79. 00 100. 00 100. 00
0.3¢g 88. 00 100. 00 100. 00
0.4¢g 45.00 100. 00 100. 00
0.5¢ 44. 00 98. 50 99. 00
0.6¢g 22.50 97.00 99. 00
0.7¢g 56. 00 100. 00 100. 00
0.8¢g 59.97 100. 00 100. 00
0.9¢g 51.50 99. 00 99. 00

lg 47.50 100. 00 100. 00

225 T B AR W2 ) S 41 2k S I K R ],
b MERRERAE T CNN B9 DNN #ERT LL CNN K 22431

Table 6 Other metrics of each network %

o] 45 DNN CNN CBAM-CNN
AP 58.98+29. 35 99. 46+0. 32 99.71+0. 10
AR 57.35+24.02 99. 45+0. 33 99.70+0. 10
AK 52.58+26. 68 99.39+0. 37 99. 66+0. 11
F1 Score 54. 08+26. 60 99.45+0. 33 99.70+0. 10

SRy U M JR 7 T B A A ST i L A 43 S
B, % CBAM-CNN M R VEREUES T 4 TR PPAR , B 13 XF L
T =P AR IR E FE . 54K, DNN AR VA 4R
W S 7 A A T i S0 AR e RV 1 DL, il
FE 0.3 g F10. 4 g JFRZA) b AAAE5 R Lol A BEAS Bl iR
Gy ARLR Y T 2S00, X B DNN 76 3 51AR [a] i &
FRIAFAFAERAE , A3 B AR, TR V8 B b i JE X
JUEH A, UL DNN 75— 2615 5L F M DL IE 8 4 2%
FEAR,

CNN MIRIEH I os 78 R 280 i 200 R R
I W ITRERET 8 T 100% , iHH CNN 7EiX #82
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