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Design of Intelligent Pressure Sensor Based on PSO-BP Temperature
Compensation Algorithm

ZHANG Lingfeng, DING Xiaoyu, PAN Muzuan
(College of Energy and Power Engineering, Nanjing University of Aeronautics &. Astronautics, Nanjing 210016, China)

Abstract:Pressure is an important physical signal that characterizes the operating performance of aero-engine.
A design based on PSO-BP temperature compensation algorithm for intelligent pressure sensor is proposed
for the high-precision measurement requirement of pressure signal. Micro-electro-mechanical system
(MEMS) piezoresistive sensor is selected as the sensing module, and the hardware and software architecture
of the intelligent pressure sensor is designed through modularization scheme. An embedded temperature
compensation algorithm based on PSO-BP neural network is proposed to enhance the measurement accuracy
in response to the problem of accuracy deviation of pressure sensor element due to temperature drift. The
integration of hardware and software functions of intelligent sensor are carried out, and the pressure
measurement experiments under different pressure and temperature conditions are conducted in order to verify
the accuracy of intelligent sensor in the full range of operating conditions. The results show that the maximum
full-scale error of the intelligent pressure sensor designed is 0.44% (Measurement range 0—4 MPa) after
compensation, which improves the accuracy by at least 20% compared with temperature compensation
algorithms such as the traditional interpolation method and polynomial fitting method, and the temperature
compensation algorithm only takes 2 ps for a single time, which is valuable for engineering application.

Key words: aircraft engine; MEMS piezoresistive intelligent pressure sensor; analog to digital conversion

driver; temperature compensation; PSO-BP neural network

Y #5 B #A : 2024-10-12; 1817 H 8§ : 2024-11-07

BISEE B, &0, ¥ 4%, E-mail: muxuan.pan@nuaa.edu.cn,

SIAME R kR I, T W AE40 . JE T PSO-BP i B #3250 1k (080 B8 I A2 IR B0 [T ). B RO 28 i K K222 4 (A
SRBL2 IR L 2025,57(1) : 160-168. ZHANG Lingfeng, DING Xiaoyu, PAN Muxuan. Design of intelligent pressure sensor

based on PSO-BP temperature compensation algorithm [J]. Journal of Nanjing University of Aeronautics & Astronautics
(Natural Science Edition) , 2025, 57(1):160-168.



%13

KB g 45 T PSO-BP i B AN 5 108 e TR I A2 g it 161

FEME S i BN n E 2y a5
K EE v S B e N2 P R T 00 i AE B L e A
RS W A2 O AL 0 22 4 DR B 55 T T R #E &OR
FEAVE AL G AR b S 4 i s K B AL
FEHI R Gerh, Fe 7 A% I 38 2ok SO0 2 A A R4 i
55 &Ik 4 Kk B HLE¥E I 55T (Engine control unit,
ECU), ffiff ECU AU T 2 5 ¥ 6 & gt b ir A 1%
S MR T ALY A7 $0 8 22 B, 38 75 2 HL A8 R il
RS W IR S B EF D Re M K3 7 ECU
MBI Pk AR TR R G T EENE . A3 X
5 1 38 G0 38 o AE AL JRAS H A R U B g KR S B
IEAF DI RE N ECU F il #4% 1% 4% | i H iR 2 e %
R AR AL B T R R RE AL IR A R RS
KRE FSH QB E LKL G SR, 1
s KW RE LT ECU AT 58 Bl = A% il
PRI R MR i 1 ECU py A BEE T, AT
PSR G0 PERE .

H T, NI T 2% B0 e R ) A il s T
J& T Tz WY . B A3 A R AR AR TR Kulite
NEIE R T 2R kG B A R I R gL AR A
iz dids T REM TS0, 3 g TT
S TR PR T R R 0 A IR AR, T S
I 7 Ml A 3 D R R Rk SRR . RN AR
1987 4E JL T 4R 1 BB IR 1 A% A8 B B 52, JF 1L 51
B AL A o e b 2SR T B TR B S e R )
T SR | 2 A TR A T S K B i RS-232 H i A
TRES o o SCon SR — B L T AT T B S
(Field programmable gate array, FPGA) i % 8 JE
IR AR BRI T BT g 31 3 A % gh AL i &
ES N o R I N S 1D A A K e BT
SEPL T AR IR B R IE YR

% I8 B 2 R AL AR B4  25 L2 8 ]
A B, B F LA R 48 (Micro-electro-mechanical
system, MEMS) i BH 2 1% J8% 2% P AR BRI O i
e e PR AT S TS I T ARSI E &7
A A A A R S Y T R H
JE T RE R SRR R B 32 P B8 TR 1 5 ) | A% R
s R 7 AT RE 23 B R R RS N SR B
%, DT B AR K B . PRt , MEMLS T BH 2 1% /8%
i U B M vk — ER S A

H T, AR S R T BE M2 T ik a3 Dy il
TR 0 A R T 2 R e 2 T A
TR 25 R R RL R R B AR D T 6 A IR AT R
FERMEE o AR T 1 U X e A S AT SR
AR HR BRI AR TR B AR R
PE G R AT S PR AR O A AR G R T
FAEFE FmERT Y2 AR A R, &

FILERAET B E R AR 0 A R R 2 K AR
i 23 () ELAMEERE BE AN & 4 (B AR T B 2 O (8
AR HORS B2 23 32 34 (8 8 ) 52 ) 5 2 0405
T3 R A I IR AME A AR, B 2 T B L
Tk e O IR 2 R A L R E N L R
A W S, L T pi 28 I 2% 1 R e O B UK T AR S
AN TSR . ENOFSE A o R T BP fH &
P 2 A AU 4% ) i PR 4R (Radial basis function,
RBF) #ft 28 [ 2% £5¢ 120 % PR 2% > Hl (Extreme
learning machine , ELM ) fift £& % £ 155 7825 ) K 4 4k
O A ol 5 ) 45 A TR 2k T A% S R AT R
AL XEERVE R TN T R BRI T
P 5 S 50 T 0 s P BSCHRE R UL R RN T s e
Tt 2 e B M R A SRR G B K

A SRR R A K B L A3 A AR R g b RE
JE D) A% i 0y WF R 5 5K, 3 B MEMSS JE B =X )
1R IRAFAE R AE 5 N v, 4 1 T —Fh T PSO-BP
Tk B D2 B0 1) R BB R ) A R B O B8 A
JETE B2 T R B e R AR AL B LA e R
et R SRR A L BT A . R L
fig &b PR #% B B R H FPGA (Field-programmable
gate array) + ARM (Advanced RISC machine) &b 2
IARY o Hop T FPGA 3 1145 505 e 4% 3K 5h
S AU I F T R AR AL SRS T B A T v 4R
ft S # W om ARM ui B O T — Fh BT
PSO-BP # 28 [ 4% 1y i A 2 B2 062 530 3k DL fige ke
JE 07 A% I8 BUR T DR 2 VAL e A G O 22
), i S HEAT R BE T ) A% SRR AR RE 1 ) RE Y B
X EE BUS E RE AR R AT 2 R R ) R T
B0 A SR B IR RE AR B AR P RE -

1 MEMS/JEMR1E Rz TIERIE

A FR G B MEMS e BH 2 A% Jg i il 62 & sl Al
KRR (55, 35 00 A% Jes AR Wl B2 3 [l o
—55~175°C, JE I & # & h 0~4 MPa, MEMS
J BH 2 A% e 5 T e b Rk 7 s BEL 200 1 o e, 7 A1 S
JEJIVERTR  RER R 23 77 A s/ N T8 A8 Bl 25 iy,
PR ) FL 45 ) R R 9 Bl R A e A
AR L BELAE A A AR Ak, A AR Bl e 0 28 Ak 3T B 5
X R, B4 H T MEMS JEBH 20 4% J8 35 45 14
TN T PR A% TR R E A AT T B PN 8 A [ 1
IEIE 1A 2, 7EiE1E N R E I A B 44 AR TR
BEL {8 B 7 75 o BH R ~R,, 28 3 HE 1) 20 i 22 5h & H¢
B 2 T R A5 o T S H BE B R O A7
RN 5 ] B[] (5 45 75 32 s ) AR AR R - i) i B
FEAE B fE AR B o FEAS 32 R BT ) 3 fE B FHAE 3 A R,



162 BRI MR Rz R (A R B 22 D

557

E 1 MEMS s BH 1% s 45 44

Fig.1 Sensor structure of MEMS piezoresistive
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Fig.2 Hardware architecture of intelligent pressure sensor
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Fig.3 Intelligent unit of pressure sensor
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Table 1 Pressure measurement results after temperature compensation based on PSO-BP

JE5 /kPa
T/C
250 750 1250 1750 2250 2750 3250 3750
—40 250.2 752.8 1254.8 1755.5 2 257.4 2758.4 3258.4 3762.3
—10 249.4 747.7 1255.1 1756.1 2257.7 2760.3 3260.3 3764.1
20 251.4 753.1 1255.8 1756.9 2 258.0 2760.0 3260.1 3762.6
50 247.9 748.2 1257.3 1758.5 2258.9 2759.2 3259.2 3761.5
80 251.4 754.0 1256.7 1758.1 2 261.0 2760.6 3261.8 3765.1
110 255.6 748.5 1252.8 1756.1 2259.8 2761.1 3263.9 3767.7
140 253.5 752.7 1251.8 1750.7 2 251.0 2750.1 3 250.4 3750.8
170 249.6 748.7 1249.7 1750.0 2 248.9 27495 32495 3750.0
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(c) Interpolation method fitting results

WERIRE /%

(d) Polynomial fitting results
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Fig.11 Full scale error results for four temperature compensation algorithms
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Table 2 Performance indicators corresponding to four

compensation algorithms
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