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Temperature compensation of Hall-effect force sensor

Jiang Yinyu' Ding Yong® Zuo Feng' Lu Wenke'
(1. College of Information Science and Technology, Donghua University, Shanghai 201620, China;

2. Shanghai Institute of Aerospace Systems Engineering, Shanghai 201108, China)

Abstract: Aiming at the problem of temperature drift of Hall effect force sensor, a new temperature compensation model of chaotic
adaptive whale optimized BP neural network ( CIWOA-BP) was proposed. This model uses Cubic mapping as the initial whale population
generation method to improve the quality and distribution uniformity of the population. The adaptive weight was introduced to adjust the
shrinking and bounding mechanism of the whale to improve the global search ability and convergence of the algorithm. The CIWOA
algorithm is used to optimize the initial weights and thresholds of the back propagation (BP) neural network, so that the model has better
measurement accuracy and stability. Research results indicate that after temperature compensation, the temperature coefficient of
sensitivity for the Hall effect force sensor decreases from 5.08%107°/°C to 9.8x107°/°C, reducing by two order of magnitude. The
temperature-induced relative error decreases from 19. 82% before compensation to 0. 38% , which is reduced by over 52 times, effectively
mitigating the influence of temperature on measurement results.

Keywords : chaotic adaptive whale optimization algorithm; BP neural network; Hall effect force sensor; temperature compensation
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Table 1 Calibration data of the static characteristics of the Hall-effect force sensor

F/N 00 01 02 03 05 0.7 1 L2 15 22 25 27 3 3.5 4
7/°C UV Uu/V
13 0.13 -0.19 0.13 0.43 0.69 1.42 216 3.05 3.35 3.59 3.92 399 407 412 419 425
16 0.16 -0.12 0.18 0.48 0.75 1.46 2.15 3.0 3.29 3.54 3.87 3.95 4.03 408 417 4.21
19 0.19 -0.09 0.23 0.53 0.81 1.51 2.14 2.97 3.25 3.51 3.83 3.92 3.99 405 413 4.18
2 0.22 -0.03 0.27 0.58 0.8 1.55 2.14 2,94 3.21 3.47 3.79 3.8 3.95 401 41 415
25 0.25 0.00 0.31 0.65 093 1.5 215 29 318 3.43 376 3.8 3.91 3.97 406 413
28 0.28 0.08 0.39 0.74 1 164 215 2.8 3.16 3.39 3.72 3.81 3.87 3.93 402 4.1
31 0.31 0.15 0.46 0.81 1.08 1.68 216 2.8 3.13 3.36 3.68 3.77 3.83 3.8 3.98 4.06
34 0.3 0.21 0.52 0.87 1.14 L71 217 279 3.09 3.32 3.63 371 378 3.8 393 401
37 0.37 0.29 0.6 0.95 1.22 175 218 276 3.06 3.27 3.56 3.65 3.7 3.77 3.87 3.95
40 0.4 037 0.67 1.0l 129 179 221 272 300 322 351 361 366 373 38 3.9
43 0.43 0.44 0.73 1.08 1.36 1.82 222 2.69 295 3.16 3.45 3.54 3.6 3.67 3.76 3.8
46 0.46 0.52 0.82 1.16 1.44 1.86 222 2.66 2.91 3.1 3.38 3.47 3.52 3.59 368 3.77
49 0.49 0.59 0.9 1.24 151 191 223 263 2.8 3.0l 33 338 344 350 360 3.69
52 0.52 0.65 0.95 1.3 157 197 225 259 276 295 321 3.3 335 342 35 3.6
WMEEER 1 Al TEMRIEA F R RRE X115 Wegl, BB IRAUN A AR R RS P T L Ao 7 B R

S O i G PR TR AR U, BT A PRSI E 1 A8 1t B

A o, PR IR RN ER 22 BRI (E 6 R, o



- 14 - LSRR R e o

38 &

s B A AR,

AUy, 100% 30
= X

* T ATY(FS) ‘ (30)

8=—"" % 100% 31

Y(FS) v (3D

K AT LIRS R G0 TAEIR B R BB a Bl Y(FS)
W, AU, WSREA A AT B 78 4 R R i —
iy A ORI L i O R S ) i R 3K e Kl
RS ME AT R & A A6 W B RE T R kA 7E FL A A B 1Y
TAES,

% 1 58,2 AT=52-13=39 C,F=0.3 N i}, i%
PR ST BL I e KR 2% AU, =1.57-0.69=0.88 V., ¥
AU, =0.88 V,AT=39 °C, Ml Y(FS)=4.44 VLA
(30) Fl(31) Hr 75 21 il B2 A M2 HT 2R G000 R B0RE IR R AR
o, P R T H0R 2 BRI 22 A AR GHE & 20501

0. 88y

= %% 508 x10°%/C 32
% T390 x 4,44V (32)
0.88
5= Y % 100% = 19. 82% (33)
4.44 V

M (32) Fl(33) AT RIEE R RO =X ) 1 TR 1) Tk B2
T FH oo, TR BRI 22 9 AEXHE 6 B AR
WA ZTHEA TR BE A M |
4.2 ERPYEANEFRSF[EREMEMTIH

ST B LR X AR S ) A% SRR R B T R
Mol AR SCHEST T AR B R el GG B R, R T
Fh T ZE KA T I BE M

5581, 256 vl st A% R AR M T Bk 38 SURIURRGE i
S EOR A | I 56 01 05 5 7 ok 37 311 B3k ek B 5 1
IR R A S 0 B, AR AR/ ek
B SRASAH R 755 22 A B0 T B 22 XURURR, 1
FirARH REOEIT

a, =0.730 120 323;a, =- 1.092 267 23;

o, =— 1.703 452 41;a, = 0. 376 978 49;

a, = 1.636 744 49;a, = 1.003 032 61

A R R BUEAF RIS (5) MR JE 17 AH N /Y
B A A HS B TONAE , GniEl 7 BR

FH L 7 Rl A B A BCE W 7R AT =39 °C Il EEY
FEIN,Y(FS)=4.2502-0.118 1=4.132 1,24 F=1 N i,
AL Rl i IR M IS H AU, =1.456 4-1.019 7=
0.436 7, FEUEAAZ(30) F1(31) rh T4 2 i B2 b
FEJG R GERY R BURE B RN o, R AR T U BE B iR

ZARNHE 8 550
o = OH8T 10 (34)
©T39C x 4,132 1
0.436 7
8= x 100% = 10.57% (35)
4.132 1

45 -
40
35F
30F
25F
20 F
15F
1.0 |
05 F

0F

i F/N

—*=527C
-05 L L 1

05 1.0 15 20 25 30 35 40 45
FIN

L7 sl WA T B e s i A\ 1

Fig. 7 Input and output characteristic after temperature

-05 0

compensation by regression analysis model

T7 582, R T B IR AN 2 A% IR e R [ R B 5
M T )0k 25 SR A AR AR B S 1R, AR XA B A 2 ()
A8 70% (A 8 BRI ZRREAS | TT 30% 14475 7 £
it A A R AS A A ) A B K R R I
(L, TG SIEBR R ) AR SRy S R R (0 B P A 3
30, e RIEARAREL 50 IR, p =3,0,=0.9,10,=0.1,mm
=0. 98,2~ HRIEE N 0. 3, LR 2 000 WK, VIl kiR
Z£°4°0..000 000 1,38 7 5 bR R Bk Y11 254 5 I 4 4
TR TR 22 31, 3B AR FH CIWOA-BP #4525 55
DL PRI XTSI BT AR RE AR AT I 25 SR 5 iR AT
D, e 25 3 1) 82 IR 50 3 ) A% TR 25 L B M2 I 1) K
PN 2 Fros . ARG R 2 PO AACHE 22 il R R A% SRR A L
FERME 5 B A AR I 2R an sl 8 TR

45
sol 2210
350 52205~ W m13C
: -
2 30 22000~ —~—22 8
25 °
g A3 28T
= 31 C
X 20F —-34°C
——37C
I5F ——40C
——43C
10F ——46 C
w0 %—49 C
05 b +5% (C:
35
05 10 15 20 25 30 35 40 45

FIN
P8 L BEAME I At S AR 2
Fig. 8 Input and output dynamic characteristic

curves after temperature compensation

MEE 2 JE, 24 AT=52-13=39 C,F=1.2 N i}, 1%
IR TE o R M IS, L AU, =1.192 7-1.208 0=
0.0153, ¥ AU,, =0.015 3,AT=39 °C,fl Y(FS)=
4.003 4-0.000 2=4.0032 & A5 (30) A1 (31) 1 AT 45



55 4 3] B IR 2 A e AL L A 15 -

PR AME I R GE R RABUE ELE R o, A T iR
JEE B IR 25 B AR (EL 6 235018

. 0.0153
T 4.003 2

x 100% = 0. 38% (37)

L0013 6 I S0 TR FE R LI 7 BBE 5 R O
©39°C x4.0032 BERHINGRZE LR G IR UNEE 3 PR,
%2 CIWOA-BP #% F 48 [F M2 R I Hlil{E
Table 2 Predicted values after temperature compensation by CIWOA-BP neural network
F/N 0 0.1 0.2 0.3 0.5 0.7 1 1.2 1.5 2.2 2.5 2.7 3 3.5 4
T/°C U,/V F'/N
13 0.13 0.00020.101 40.203 70.30290.501 80.701 31.001 71.192 81.502 62.200 12.500 82.701 83.001 53.503 1 4.003 4
16 0.16 0.000 30.100 780.204 90.300 70.500 60.704 41.008 71.200 9 1.506 12.203 8§2.50592.699 53.002 13.5002 4.002 8
19 0.19 0.00050.100 10.198 70.299 60.498 70.703 81.004 91.199 41.50222.207 42.502 32.701 83.004 23.501 1 4.001 1
22 0.22 0.00070.10440.199 50.301 10.50030.699 40.999 11.198 71.50022.204 12.503 72.703 13.007 93.503 2 4.000 5
25 0.25 0.00010.101 10.206 70.301 90.50280.703 11.003 11.19271.509 62.202 02.506 82.704 83.001 73.5045 4.004 3
28 0.28 0.00070.10230.208 20.309 00.504 40.70521.001 71.201 81.49572.207 12.504 52.709 83.006 33.503 3 4.005 4
31 0.31 0.00030.100 10.20350.298 80.509 00.707 61.005 61.204 21.509 72.206 62.508 92.706 7 3.00593.497 8 4.000 7
34 0.34 0.00100.099 80.202 60.304 60.50200.697 61.008 51.203 61.503 82.201 52.500 12.703 73.001 13.5021 4.007 9
37 0.37 0.00050.10340.20350.301 90.500 80.696 51.009 81.207 71.502 52.204 42.508 42.703 63.004 63.502 4 3.999 6
40 0.4 0.00010.10010.19560.299 00.496 20.70691.001 21.199 21.507 72.208 62.50642.699 43.007 93.494 2 3.996 8
43 0.43 0.00020.108 10.20500.30090.501 10.704 00.998 71.20521.500 82.205 72.501 92.703 13.008 03.500 1 3.996 5
46 0.46 0.00050.107 70.20540.299 10.498 20.70521.001 01.208 01.502 32.201 42.50032.701 13.009 73.4950 3.998 7
49 0.49 0.00210.10670.203 30.29920.49400.707 81.004 51.20221.503 12.20692.499 82.699 03.003 73.493 6 3.9956
52 0.52 0.001 00.104 40.208 10.30140.503 80.702 60.99641.201 51.505 82.20672.501 7 2.700 3.006 33.500 7 3.996 3
*3 BEMEIIERZNRGERERYMBEMMNIRE
Table 3 The sensitivity temperature coefficient and temperature additive error of the system before and
after temperature compensation
M dE b AMEEHT 819 43 B i B M Js CIWOA-BP #i s M 28 A M
RBPEIRIE R o 5.08x107*/C 2.7x107/C 9.8x107°/°C
TR & 19. 82% 10.57% 0. 38%
g5 ik AN IR A 3 0 AR A BP 28 2% 1 RE R G

1) PRI S A5 28 IR N S AR A O W SRR 55
REREEEE T —ERERYE, B A CIWOA-
BP 128 [ 4 530k 7 <7 1 A R 6 B IR G 0 3 T A IR RS R
JEE M R T

2) RIGUEIRIE ZE o, IREAMERTH 5. 08%107°/C,
SR FH 8] UA 43 47 B R ek /b #] 2.7 x 107/, T R
CIWOA-BP #2225/ %5 9. 8x107°/°C , /N T 2 P4k
=R,

3) i B IIAR X 158 25 A MEETIT R 19. 82% , >R FH IRl JH 43
BB 803 10. 57% , 12K FH CIWOA-BP #2825 /)N
FT0.38%, /N T 52 5L 1

VBRI [ 3 Bt £ A BP Aof 28 190 44 Yo 2 R 35500
G B IO T MO B 3, A AR T TR IR RN
KGRI E AT i fae

5 & i

ARSCELT T8 IR 0 X A e Al R TR A () A

R SR S B2 A5 IR i R TR R A2, TP gE 45 R 0, TR
ML JE B RN 3K A% B 1 R AR TR R o,
5.08x107°/C /L E 9.8x107°/°C, Wi/N T 2 M=K,
ek B n R X 15 2 AN AT 19. 82%8/NE T 0. 38%
WNT 52 50 B B RO 3K ) A AR I i R R
(G NN e

FEIRBON ) A5 IR A B8 SE I C R TR IR A, )iz
A S K AW R I e NG S S o il A EP O i
IS 77 P I ek SR R v T 3 e i R ok R Y
PAE—ZRINSIAE, Pride I RS B, T R = )
LR A AR A/ N AR R = A B A i
B4 AR A TE SR BE AT 2] 1 T2 i IR RSN I
S B KD FURS B 0 s RE 7, b T i — AR
DA B, AR SCHRE 3 TR D A O by g fa fEfk BP #
I 4% (14 SRR 33 TR 3 e KA TR R A ML
T T IR AR A WL R R B B, R, RE S T
i 0 i A ik 7, W R S o 1o P 40 3% v G
BT R, XFPLES A IR RN 2T 15 AR AR AL
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