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Abstract: With the rapid development of unmanned undersea systems, joint motors play an important role as the core driving
devices of underwater robots, underwater manipulators, and other underwater equipment. In this paper, the on-line multi-
parameter identification of an underwater joint motor is studied to solve the problem that the precision and stability of motor
control are deteriorated due to the change of motor parameters under the influence of different working environments.
Specifically, the method of increasing steady-state operating points is used to realize multi-parameter full rank identification.
At the same time, to improve the accuracy and robustness of the identification method, this study investigates the feasibility of
extended Kalman filter(EKF) and H_, filter(H-infinity filter, HIF) in the identification of motor parameters. Then a new joint
estimation method based on adaptive EKF(AEKF) and adaptive HIF(AHIF) is proposed. Through simulation comparison, it is
found that in parameter identification, the steady-state standard deviation of the proposed AEKF+AHIF joint estimation
method is reduced by 84.7% compared with that of the AEKF method, and the accuracy is increased by 91.7% compared with
that of the AHIF method. The joint estimation method can provide theoretical and technical support for the stable and efficient
operation of underwater joint motors.
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Table 2 Comparison of the performance of different identification methods under rated working conditions

ZH Jrik HyfE HRAXFER2E/% bRz HgimiRze
AEKF 339.040 0.28 4.264 43700
Ly/uH AHIF 342.840 0.84 0.900 2.9800
AEKF+AHIF 339.260 0.22 2.232 23500
AEKF 651.400 0.22 1.510 2.0400
R;/mQ AHIF 694.520 6.85 0.970 542200
AEKF+AHIF 653.700 0.57 1.030 3.8500
AEKF 3.293 1.11 0.438 0.438 3
¥ r/(mWb) AHIF 3.194 4.08 0.028 0.109 5
AEKF+AHIF 3.294 1.08 0.067 0.067 7

FRe/IN, o WP I T RS R SR, AFLMAC S S 1, [ Bsf
WS 5 BB A AR R 22, RSB MESR AR, AEKF
VR M IO B fre bR, B A A SO LS, R
SUEA BRI 5 ; BEA AT R AR R & 4 —
P, PR Wi B3 B SR A (] B 35 3 (U A
/N o X A A B HEEO LT AR Y, AEKF Y
Ve B K, 52 B RS TP ™ 5, BRRAIUR i 2
AHIF 1930 8y f5e/In, W 7 00 ) 2050 S S e, AR SIUTEL
PR LS AR AE /M 2 5 R G Al 110 5 AEKF
T3 R AH LERE S5 G b A9 1 W R %) 1 0L, [m] ) R A5 i
SR B, MERRTE R . X H B R AT
M1, AHIF 75 WSl 5 B S (B AR — 2 i 22, K
YRR 22 AEKF RS Al 100 R 08 Wi Sk ) 5
{8, BRA M H AR A D S {H b AEKF B§/)N

22 2 0] DL, 76 HE LA RS 0 O,
AHIF f¢ 2%, AEKF RS BE RO BE e, BK
B AT HEORS E WS 4 T AKEF., AEKF A9 b ifE 22
B, X W A A O SS . BRI R SRS
OB, A ELA R R T R A [ X T R o
SRS o T RS L A T 45 iR 22 PR RE G B o

R4 S 0] LLE 1, FE B E, BEA A
THER T iR 22 /)N, AHIF )78k 2, AEKF it
K, BEA G T VE A H AEKF 3707 MR 2 00/ T
46.19%; AHIF [ b5 i 25 5 /N, BEE A TH R IRz,
AEKF f5 K, BEA 5 S AEKF AH HARifE 22080/
T 47.65%; AEKF A Al 11 J7 3 1 A 4 12 25 8%
AN, I H I WA AR, T AHIF AR 22 5
AR, B ATk S AHIF AH L AR X R 22 8
/NT 73.94%.
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Fig.5 Comparison of stator inductance identification
performance under rated working conditions
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Al A A H AEKF B9 35 7 MR 2208/ T 89%;
AHIF B 45 22 5/, BRA Al iH 7 Ik 2, AEKF
oK, BB A S AEKF M L AR ME2Z /N T
31.79%; AEKF FIEK A b TF 5 (A XHR 22 58/, IF
HF AR T, T AHIF B9 X 152 22 5 2 H

N #HTTRIRE @ e ORI RE
0% 1% 2% 3% 4% 5% 6% 7%

3.85
AEKF+AHIF 0.57%
1.03
54.22
0.97 6.85%
2.04

0 10 20 30 40 50 60
B 6 FETNTEFRBEIFRMEREX

Fig. 6 Comparison of stator resistance identification
performance under rated working conditions
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Fe# K, BEA LS AHIF M H A A5 22 0/
T 91.69%.

B & 7 W] LUFE S, PR AR T8 A R, BK
il TH ¥k 0 ¥ 07 #R 1% 2% fe /), AEKF IR 2, AHIF £
K, B A AT A HE AEKF B9 2 7 R IR 22 00/ T
84.55%; AHIF P45t 22 e/, WA Al ik 5 2 3%
i, AEKF FRifE 22 i K, B At 5 AEKF A8 LL
FRAEZIR /N T 84.7%; AEKF FIEEA i 111k i A XF
BWRER/N, IF B F WA, T AHIF 40 X%
EZH5Z MR, BA TS AHIF A H AR iR 2
/N T 73.53%.
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Fig.7 Comparison of flux identification performance of
permanent magnet under rated working conditions
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