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Abstract : High-precision detection of harmful gases is urgently required in key sectors, such as livestock farming, agricultural product
quality monitoring, and industrial environmental management. However, fluctuations in indoor ambient temperature and humidity can
lead to frequency drift in gas sensors, thereby affecting detection accuracy. To address this issue, electromagnetic simulations are
conducted to analyze the electromagnetic loss characteristics of the microstrip resonator, thereby identifying the optimal coating position
for the gas-sensitive material and enhancing the microwave sensor’s sensitivity to ammonia. Furthermore, the correlation between the
sensor's radiation gain and ammonia concentration. A wireless ammonia detection system based on a wireless power transmission model is
constructed. By utilizing the detection principles of radio frequency identification, an experimental platform is developed to test sensor
performance under various temperature and humidity conditions. The back propagation ( BP) neural network temperature-humidity
compensation algorithm is introduced to the model, analyze, and correct the frequency drift caused by environmental variations,
combined with Pearson correlation analysis. Experimental results indicate that temperature and humidity significantly affect the
microwave ammonia sensor’ s frequency stability. After compensation, the frequency drift amplitude is reduced by 14 MHz, the
concentration error is decreased to 0.06% 107, and the relative error is limited to 2% , resulting in a 31. 11% improvement in gas

detection accuracy. Compared with the temperature compensation model of the BP network or the temperature-humidity compensation
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model of the support vector machine, the proposed method demonstrates superior performance. In conclusion, this research effectively

enhances the detection accuracy of microwave ammonia gas sensors under complex temperature and humidity environmental conditions. It

provides a more robust technical foundation for high-precision harmful gas monitoring.

Keywords : microwave ammonia gas sensor; frequency drift; temperture and humility frequency compensation; radio frequency identification
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Fig. 1 Simulation diagram of dielectric loss
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Fig.2  Sensing mechanism

SWCNTs K}, 20 F B 55 2 SWCNTs 3%
I, SRR A A2 BRI SR 5
SEFRI S HLPERE

AR FEA WM, b BRI f 3
TR~ AR A B A FH A A m—m AHELAE
L5 SWCNTs i A B AEH , 5 T 235 75 SWCNTs
B B 7, 4 20 R T R E M B 25 7E SWCNTs K 1ii, 1t
TE AR YR T RURE B 5] BB I T RS A
SWCNTs 2K AEH B I IF9 R Tl S PR BER 2
] B RE B, T B s i) o, iy DX ek, 5 580l St L 35 R R
B ETE, BEE B A7 5% #%  SWONTs H iy 28 70k i
R LR R R A, 2D e BH BB A R

B 20 T, SRR E . il & L B
FYBEBTPC L FR A 1 PR 25 5 SO R Z [ R R VE . AR
P SWCNTs 23 B LA, 20 7E W B -5 E e oot A v 5
A2 SWCNTs HLBH 28 Ak, E 1 S5 2O BT A 281k (=X (1)
i) . WX (2) pron, Pt AE L T SO IR A S
SWCNTs Z [A] BT AL , T34 A5 1 S 3 R 4, 5
ML R AR 1Y S,, S8, JUH R A& IR 8 g B U7 1HT
Sy TE R T WOBEAR 5 WA F R0, HLAE 20k i 72
WS, AR SWCNTSs W FfF 2 i R 5 2 A s A
Kk, P B AG B I S, (E AR Ak, AT S B &R
VAR R 1 S ARG R 5 AT

Z, =R +jX (D)
‘- 27, )
" Zin +Z0

o R OB oY j O RO, X D LT
Z, AAEREE ALY, Z,, AT

2 fRRERESD T

2.1 HEENE
W 3 fras, SE R 40t S T SRR & 2 B A
PRKE I R SRR

Wi ks

A

IR 2 T4

R %
I3 s AL

Fig.3 Sensor electrical measurement
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Fig. 4  Analysis of the output of the ammonia adsorption sensor
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