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Active disturbance rejection control of underwater attitude of
H-type tilting propulsion amphibious robot
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Abstract; For the problem of amphibious robots thrust disturbance caused by the instability and environmental
attitude instability, a new kind of water jet propulsion with driving wheels is designed which can be rotated
compound propulsion system. In the H amphibious robot configurations application, the tilt angle separation control
strategy based on the thrust and the immunity control principle stance was designed, and the asynchronous
adjustment mechanism is adopted in the coupling degree of freedom. Finally, Simulink/ADAMS co-simulation
platform is used to simulate and verify the attitude stability, and the controller parameters with good effect are
determined. The experimental results of the physical prototype show that the h-type amphibious robot can complete
the preset motion, and the attitude self-stabilization controller can restrain the attitude jitter of the robot within 5°
when it runs underwater.
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Fig.1  Structure of H-type amphibious robot
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Fig.2 Motion mode of H-type amphibious robot
H RURGRGAIL 25 AT 75 SR sl a5 i B i 2, Bk
e T SWUKHESE RS HEAT I & | A 5% S BTk 4E
PSR Sh I — N UK B A%, 2 G kAR 25
P 3 R

Fili b K Sl

WA e Sy UK Sl i 122 I R Bl L AL
AR UK i 4 (e 1) B AL

Htise

VB A7 e 2

3 EAXIERREN

Fig.3 Composite propeller structure
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Fig.4 H-type amphibious robot coordinate system
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Fig.5 Nozzle coordinate system
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Fig.6  Translational motion mode
BEIE 4 SIS A HE g A a1 A 4 A4
AL R 1 A, B2 R R T, =
T,=T,=T,.a, =a, =a, =a,, FIL¥HE A
BT EES o, HoBh J1 22 AR

. 4
mo, + F, = Z T.cos o
=1

| 4 (5)
mv, + F_+ (G- F,)= 2 T:sin a,
=1

Ko 0, 40510 A SRR T « J7 10 F 2 J7 Wi
HBEFF S HLEs ANTE x J7 [0z 77 [0] JIT 52 14
BHIHE G N6, HiIF T,
2.2.2  fRHiE s

H RIBIREHLES A 1.2 5 WA LR A ] Y
10505 o )20 2 Bl AR e A R A 4 0 5 3 .4 5 A
PRAEAR [ (002 £ I DR AR [ R 4 D7 e, AL 28 AR
IBEATEH B xoz TN V-ShiB s MZEE v B 3h
BTN, HLESE A AT LLTE woz S #EAT 16) , BN iz
SR 7 R,

E7 sz

Fig.7  Pitch motion mode
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Fig.8 Deflection steering mode
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Fig.9 Thrust and tilt angle separation control strategy
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Fig.10  Active disturbance rejection control structure

3.3.1  ERERU AR

PREFT S8 AT Ry R G010 B A (5 5 e HE
TR T AR ARAR A M L R A
AR B, AR SCBETH A BRI 2R AN R

d’1 =d72
d)z =fhan(d)1 - d)o’ d)za ro»ho)
b -,

. (10)
02 :fhan(el - 009029r0’h0

=,

, =than(¢, = ¢g,y,,79,h)
b, 00, 80,81,0, 81, by, 0,0, S35 LA A
AR £ A0 £ RO 0 £ ) S0 B0 | BRBER (DA 300
PRER{H  ry A ERER T 45 O PRIEL 1 5 by, A ERER TR0
AR Ay U8 P T s than g 4R ) 25 5 R B, i

fsg(x,d) = (sign(x + d) — sign(x — d)) /2,0 fhan
5E SCHXS fh = fhan(x,,x,,r,h) A

d=rh’
a, = hx,
y =% +a

a, =/d(d+ 81 yl)

a, =a, +sign(y)(a, —d)/2

a=(a, +y)fsg(y,d) +a,(1 - fsg(y,d))

a=(ay +y)fsg(y,d) +ay(1 - fsg(y,d))

th = = r(a/d)fsg(a,d) —r - sign(a) (1 - fsg(a,d))

3.3.2  ARZMEY SRS 2551
INOSUNIES LS ARSI EEROE LT Ok oIk (SIAEE 7

ST AR AS A B 30 SRR R B B AL A UL e 4

KA EE S, K (10) 8




BP, A H BEUHARE S PTRHLAS KT 25 A P -7

%7
X, =X,
X,=X, +B
.2 3 u (11)
X, = [h(t) hy(t) hy(1)]"
Y = [y] yz)”}]T

e=[eee ' =Z -Y

Z =Z,-Be

Z, =_ﬂ3[fal(el , 0y ,0)

s e LA NRTREL f REAO # A0 D A0 AR 18 1% 22
W42, ,Z, , Zy HLas NHITREE S0 AT £ 00 A £
RO fia) 2, A LI ] 55 A0 IE 2 WL 18] 8, =
diag[ﬁll B 1313], B, = dia[ﬂzl B 1323], B; =
diag[ By, B, By |, HARZRNEY S AR WL I 5 19 14 45
FPE gy o0, AR AATIRY BRI SR 2S5, JEL
PE fal BREHIERANT
| el“sign(e), |l el >0
e/8'°, el <é
3.3.3  AREME BRI AT

HRAE BRI 445t I 25 (R S F 4 B (R 5 1
T35 PR OLIN 5% LI 21 F) 2% e s H A 1 )
AR 22 T BEA T P ) R4 Sl A HE T /MR 2R
Was, K2/ 8" TSR, AT DLk 5 R G0
AR, [ PR A5 R e 0 i 22 Rk ARl
B d A R
ey =Py~ 24,0 =dy — 2y

u, == than(e,,, ¢ < ey, r,h) =z,

fal(e,a,0) =

e =0, = 25,60 =0, = 2y (13)

u, == than(e,;,c - ey,r,h) — 2y
ey =P~ 2y, =¥ T2y
u; == than(e,, ,c * ey, ,r,h) -z,
1. ey, e 0y ] SP3BT S NEOT 5 0 G
IR ; Ly 2 eay ] 40010 5T ORI 5 5 F
IR ZE I THL ¢ AR I 20
3.3.4 ARG

HI T REVR A 5 % AR 1) B S A BAR G A (e
] F 250 2 A2 AT T, AT RETE — MR
ARSI AT B Ah— DB MR, K
S IX 2 AL AR IA] B AT o0 0y, S
TR

doy da, da; da,
Do T T T

fdl( € aaoz a6)

X X, =D AP SKIF RIS 1y () (hy(2) |
hy(6) SRR AR i A 5 1 3 PR

R ALY 5KOIR 25 UL I &% R X R GE B Bh
PEATATE, B GE (7) AL DT O A LI A% AT 5
it

Z, =7, - B,[fal(e, ,a,,8) fal(e,,c0,8) fal(es,0,8)]" + Bu

(12)
fal(e3,a02,5)]T
%’[el(b > €1¢ﬁ61¢ <a, i,
u, =-— fhan(elq.),c ° ezlb’r’h‘) - z3(b
u; =0
(14)
HAth,
u, =0
Uy =— fhan(ew,,c * ez,/,arah) T~ 23y

P a, PR e f B R SR vFiR 22

TSR AN T RER L S as A % £
gl o FEWLAS A1z 3l TR B A fi 25 30 iz
3, B TU A i s bl as AHL S 4 0152 7%, HLas A
TEREVR DT 1) BAT —5E W A SFETRE T , DN IR AT
WZAE S U8 7 i % £ . AT 24 D 5 A R D 22 /8 T
FeVFRZE B INTRETR AR B2 Al 22 I AT R TR A B A
T,

da, da, da; dea,

2 7:7\7:7
) dt de * dt dt

B ey > ey Hey, <a, B,

u, == than(e,,c * ey ,r,h) -z,

uy = 0;

‘ (15)
Fops

u, =0

u; == than(e,, ,c * ey, ,r,h) -z,

s o, PSR e A I R AR 22
TEPRIAE R, 2 AN A R L e 5

SR —2, FUR i T LA AR B 25 5 g

AR, DR R R FeiF i 22 IR E—R AN R

do;, da; da, da,

3)) —=— —=—

)dz de  de de
u, =- than(e,,,c * e,,,r,h) — z
1 (e 2% ) 36 (16)
u; =0

TEMRFAR T  MRIEE RIHEZL , (5% £ 32 rh M7
15U £ BEHEA T4, DR RS B LA 4 1y, 7
AR HRRR A



-8 Mok O T Ak KO ¥ R 55 54 %
4 LA E| A7 F AN LI B 3E ST f\ bepn
N ES 5.5 : 1\ —— desired
41 ESEHHE 25 0 A\

M b SCaT, ARk TR SR 2 E
TR BN AT D56 U 7 2 4 i A ek it EL
AT AAG B B R SCR S5, e 2 S e 4R
HESZ R, (B I0 AR Y BT B 3 S PR B A B SEAE
ADAMS Hr#E sy H BUPTAAIL 8% ) S PR RY ) I 45
EXTAW ARG S ADAMS 5 Simulink [A] #9552
P A2 B 4 VS RAE simulink HREEST 19 F PP L A4
il g, M ADAMS H Ry H BB A HL %8 A 3h 1 2
A

ADAMS 119 H BUBHAHLES AR EE &R 6.5 ke,
£ 2L = 425 mm, FoJE 2W = 220 mm, Z WIS TR
WA B ER R (A kg - mm®) K, I, =
23 132.4;1 =110 311.8;7_ =90 149.2, EXF 4%
H0, Gt BE E RIS ET YRS
M ESHazE 2 BB, =B, =B, =[30 300 1000];
BT 8RB EU R = 0.001,r, = 0.5; AR IES I B %L
c =3, Z¥HE G, T 3his X iz S
iz o AT 05 5, B — A R X 3
AN I —A 52 R 0.5 s AR TE ki,
KK S5N - m 8N -mHMI5N - m,

R T FR DR AR R S R R R AR A Y
(B8, (7 ECES DI ST 5 i 2 £ 5 SRR A0 i 2 15 D e
A2 L e, > ey He, < 0.5°0F, FEIF R RHE A
7, PR R, BRI RN 10 s, F iz
B OREE 3 BB AR 005 IS =R fg i
B EEHLAES ATER A BIVEHTTT 20500 A &y il
0z sl 100, [RIEE, R T BT-3lis s mg
A RS A SO 4 WIS LL 6(°) /s
MR Z) S TR A iz BT U i
IR IE AR T 7R T 4R W (] A 1.2 S W 5% o))
) 60°ff 101 B T 3.4 2 WEAT R 30 8] 30° A ({3
B iz N AR AR 0 — BRI Rl 1.3 5
W45 56 5h 3 60° M I B, 2 4 S B3] 30044
OEVA=

WA 11 7R3 5 A SCEE RS A i s
AT PID 45 % 4E F N 0 B S IR ER Ll dh 2, an &
11 JiR  TEZ By @ P sh vh i i HLaS A A B4R 4
it B BAERAE AR AEAS SCHE 0 2385 F B4 il 4 1)
EHF &7 1 s WERES ISR, MIXE T PID
A SCER A A U S AR T 0 55 K i
B RERZE TN B R 2R I sh N ELRE S AR
A BRI A1 0T SR A 28 A T, X
W T A PTHLy il v i BRER T o g Al Lotk S i

]
T T T T T T T T T 1

0 1 2 3 4 5 6 7 8 9 10

4 —=—by PID
= 5.5 1 [A “~by ADRC
.—E 275 “ [\ —*—desired
= () pesessd /oo 'y 4 30-0-0-04800000800000008000

133 ~ —e— by PID
< 715 J \\ +— by ADRC
= ) g ! \5 —*— desired
s 2. / 3
= TpFeeses s-a-olo o0 \;;/;\Bw et essvsesssesses
_25 T T T T T T T T T T :
0 1 2 3 4 5 6 7 8 9 10

t/s

(a) F3hiz BT i 2SS IR i £

—=—by PID
8253 /\ + by ADRC
% 5.5 E /A \ o desired
T 275 4 oo e TN w g g gt no oo 80 SPPPINIP
0 T T T T T T T T i
0 1 2 3 4 5 6 7 8 9 10
oT —e Dy PID
6 + by ADRC
€ 3 h f\\ —o— desired
3 olrmedi S
=3 el
—6- h i
-9 I
-12 T T T T T T T T —
0 1 2 3 4 5 6 7 8 9 10
_ 8257 —e—by PID
S 551 A + by ADRC
= 2.754 'j \2‘ o—desired
g S-a-0-0-a-08 oo oo gelhoeneesssssnssnssas
-2.75 |
T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
t/s
(b) IEAMIz ST 2 IR B il 2
—~ 113

c [ —e—by PID
= 8.25 7 ——by ADRC
= 5.5 7 —o— desired
S 5.5 ]

2.75 5

T T T T L T T T T T 1

o 1 2 3 4 5 6 7 8 9 10

~ 825 —e—by PID

oo by ADRC
E 5.57 —o— desired
< 2.757

2 0] :

0 1 2 3 4 5 6 7 8 9 10

151 ——by PID
12 ~+—hy ADRC

9] —o— desired

t/s
(o) i g T iy 22 B th 4k
11 ZEHFERERFFEER

Fig.11  Simulation results of attitude self-stabilization control



57 W BP, A H BEUHARE S PTRHLAS KT 25 A P <9

TR T LA A5k B S A 3 2 ) P O TR A2 F
hb B AR SCHRE H B SRS [ P A4 AR X T A B
PID il v HA R Ay B ACR . & 11(b) M 11
(¢) FEFFHRI B A —E M S & 11 (a) IR
PRRFRRE | X8I S A5 5 R E 1 S R JL - A 2%
YA R PR Y 32 Sh AR T B sh VR 2 T L
i N A= M — 2 B 52 ) (FLIC o 52 1) 25 7 42 o
FRAOVE T Pk A2 25715 05, P T X B VR A A O
FEFR A T A3t SR AL AR AN 11 BT R
VR PO RN e £ 23 0 BB (L B S0 e i e B, D sl (A
/NTF0.5°,

N 12 Fs R gl R 285 00 28 UL £ Bt 20 00
TR, BRI 12 v XL A 0 S o it i ) 5 A
— 3 W22 | (PR O 25 (A AR 8 P e I P 3 T2
LU PR b PR L SEBRA . LI AS 3 A I 5 5
Brih i BB A — E 9 X 5, 35 i T AR IR vhiliit
T IR A, EL A B B R GRS B IE I S 8
(0, AELSR: , S (R BR B T 0 I ) T R [ 1
R 2 Fp I 2R G0 i VR FH AR TR 9, X B B 5Ktk
AL 52 A 28 55 )25 18 A FH B ok T 48 36 47 00

i,
——rool
J\ —real

T T T T T T T T T
o 1 2 3 4 5 6 7 8 9 10

— rool
m — real
T T T T

Lolalo 11,1

roll/(N -m)
—o—WhAL

pitch/(N-m)
|1 —_

o SLLLLLLI
)
w
N
[
(o)}
<
o
=]
S

—_—Db

j=lV il leld T
1 1o1.1

yaw/(N +m)

t/s

(o) F-5hi St T OB WL i 2

= 27 —ro00]

g 43‘: —regl

Z 2

= 13

2 03

_] & ¥ F T 1 g T Ok x B | N )
o 1 2 3 4 5 6 7 8 9 0

— 100]
— real

pitch/(N - m)
W
Ll Ll 0]

—_—

yaw/(N +m)

q

SDUNOUNOWUNO
laolol
. ; €
=
@
o

tls

(b) FAMIE ST B PE S il £&

— 54 s 1
: gzj\ =
Z 33
= 14
= 0
=-1 T T T T T
o 1 2 3 4 5 6 7 8 9 10
/'é\ 193 —rool
z 213 H\ —rea
s g
a‘ e T T T T
o 1 2 3 4 5 6 7 8 9 10
% —ro0]
1

yaw/(N +m)

SIS
Lilalell
=
@
©

ey
(=)
[
[}
w
N~
W
[}
9
<]
NeJ
=

tls
() Mk is BT B PR S UL i £
B 12 #MeshRuRR
Fig.12  Observation effect of disturbance

P 13 Dy S 2L e S AR ZS  BUE R 1 sy
Pt 1, BB O Ron BRI T, N hal LI
L TE 2 By 1) b BT TS R Rl 4 5 1) Y
LSV e 2 PR ) TR R OC A, AE D 8 077 1o 1 S 08
T TR TR 7 17, 02 PR A U (5 B A L5
VAT RS F TS, B 11 A EREESS Rl LLE
BT SR A e A0 2o ST R BT 20 LA/ IS 1 i 2 5 2
HREBEA BT 0.5, IX BT 5 20 0 15 07 2T LA™ 2R
ARSI B T A RHAL B 2 A F E RE SRR G )

& NN

. — . .
o 1 2 3 4 5 6 7 8 9 10

translation

z round
o
tn
1

(=]
l

SLTTIITAT
tls
E13 BSHETERES
Fig.13  Asynchronous regulator state
4.2 HHIELHIGIE
HAE T a0 14 BRI BRREAL, T SL I 56 UE T AR
PLES R R I Sk W A, SEIEHLI R
ADAMS Hr i — 3% Sk A1 ARDUINO2560 #E 4745
il AL RS R MPU6050, 468 Fi] 1 800 kV 1Y
Jehil FL AL IR B, WA R AEPLIK B, R T ok
ARDUINO #= il M Joik: 22 e f dn A i n) i, A8 SR H
SEMF A T AR 0.01 s SEE— RS LI
Bl I ELAEH & 0 s s e pLIR 12 8,

o
—
S}
w
~
w4
=N
N
o0
o
S



- 10 - moR EOL Ak ok o E R

i 54 %

E 14 IR
Fig.14  Physical prototype

BT E T C ARG B 2 28 B 5
AL S 07 FATRUAEAE — R iR 25 |, DR LA SE B RE L
PTK N8 3h Z Fi e Je it = A i SE A & I
B ERIS S, — AR ESLRT- 5K 15 B
TNo SEEEEELAE 4 A ER A B SR S R
B SCEKHURT H B PR HLES A A, BREC AT
K +40° FIRE AN 3, 360° (R E5i2 3, B2 %
BRE T E T H BIPIRRAILES A& T K N T o8
SRR, AP AN Z [T = A f EEER
B R I ) KR Y 2223 A I KB B

E15 EFEHIRTS
Fig.15 Attitude control experimental platform

HEFT AT AR I UE R, 4 B P 8 = 11
FXTHLER ATEK T B 47110 3 Pl R E A T 2545 il
IR BT Y S 20 9419 SR, fs ] MPU6050 1 5%
PLE S EE . T 50 UE M A 7 ) 98 A8 ol 3 il
RARE PTG E N R L, REFR LY 2 s MU — IR
W IR £ LA SR LI B 3, EL S 20 9 109 I {1
FER 40, 2RI G ARAT Y B A AR RO Y
Pl 8 S0 IR WM 3 25 R B, =B, =
B,=[30 300 1500]; MREAITESE b =

0.002,r, = 0.5; L&A SE ¢ = 3.
3B 3 Az T 10 s WYL,
I UEBRIER ST, FT LA BN 16 s K N iz sl
SEHREHE . N SEEGZE T LUE Y 7E B RS SR
T AP A SRR HL A A Y225 3 i R
HIFE 50 o BT A R0 5 Bl MR RE AR X T 55 4h 2 AN
IR ABFEAN 2l i 5 25 15 5 1 BOE B
TEREOCTAR I I T2l i 2 A g i e, &

FOZI (8] 2 AP AR A IR A AR 2 L
— I 2 e AR, DE TS BOR R ME, I BB 1 3h
SRR D, X 2 N EE S TR N LM
A—EBIPEsh, E RS Al IR E AR 50N, JFREAR
PRARE 28 -7 B

5
0l\ AAAAN A N LN\
s (VA% VSV

roll/(°)

o 54

=, P e
2 < - -
25

tls

(a) PR S
5
§<)AvAf\p/NA~\ o
: s VAR VA"
o 1 2 3 4 5 6 7 8 9 10
0
< 67
= -12 1
218 A
—24 -
=30 T T T T T T T T T
0 2 4 7 8 9 10
5
g N
-5 T T T T T T T T T
o 1 2 3 4 5 6 17 9 10

t/s

(b) PRAMBETT A 2225 A

5
% 0 A /\,./\/\.\VA ™M V an-NEEEN
E -5 \/V =~ /v U\

t/s

(o) MR 5
El16 KTEEER

Fig.16  Underwater test results



57 1

BP, A H BUEUHARE S PTRHLE A K T4

* H P 11 -

FR LA B T I A i A K AT sk
5, NIEL 17 HRT LU, WL N RE S RS e Mz JEA T
Sl AV 52 sl 8 I AT DAAS B HLER
TEK T R K BT A 1.2 m/s, fie/ M ) 2F
TR 0.2 m, /MR AR DIRRILZE 0 m, HA
PR P RN AL B

[ B J

E

(a) PrFIE

(b) P
17 K TENEE

Fig.17 Underwater motion experiment

5 % ik

1) S BUK Rl P 3L A7 R85 38K T A, A
SCAT T — R IR A2 A S PTA BK Sh 2 E ET R
Bt T H BPIHLE N I B Jm BRE LS IR 25 2R
FWIZHLAR NBERS 52 K T 170 D | e 25 Pk
B3,

2) T F UYL ) SR A0 = 4 ) AR

T ML NS F R E P f , 18  RB HAME
PORAEFHUAR I 5T05E , [RIREAE 2 S5 89 F b
JFET7 1) LR IS T | REAE K S AR 22 4R R AE 5°

DA 5 BURISC B 45 B3R B AR SCH th 1) H B A
BLER AT LASE BT 15 1932 2, FR X JH b 7 i 76 Al
BLas AR T PID #5502 A SCH s 28 T H e
P il (9 S 25 R Bk T DU A s A AL N
A JFEA B EHE,

3) ARSCHIF 5 PR 25 X6 SR FH AT A 2 4 i 28 KT
PLES ARt SEGEA —E N SHM0nE.

%% Xk

[1] REN K, YU J. Research status of bionic amphibious robots; a re-
view[ J]. Ocean Engineering, 2021, 227 108862

[2] RAFEEQ M, TOHA S F, AHMAD S, et al. Locomotion strategies
for amphibious robots—a review[ J |. IEEE Access, 2021, 9; 26323

[3] XING H, GUO S, SHI L, et al. Design, modeling and experimental
evaluation of a legged, multi-vectored water-jet composite driving
mechanism for an amphibious spherical robot[ J ]. Microsystem Tech-
nologies, 2020, 26(2) :475

(4] E¥ e, Sk, /1A, & RIS MRITEREBRTT X
R Hr ()], Sednk s TRRSAA, 2019,40(2) .71
WANG Changlong, MA Xinmou, HE Zili, et al. Design and analy-
sis of wheel propeller hybrid driving amphibious reconnaissance ve-
hicle [J]. Journal of Ordnance Equipment Engineering, 2019, 40
(2):71

[5] faIE, WA, #0FF, 45 Z& RS/ NI RTHLEE A K T
BEEHIBITE )] AR, 2019, 40(1) 219
HE Yanlin, DONG Mingli, SUN Guangkai, et al. Research on un-
derwater motion control of hybrid driven small amphibious robot [ J].
Acta Instrumenta Sinica, 2019, 40 (1) 219

[6] XU R, TANG G, HAN L, et al. Robust finite-time attitude tracking
control of a CMG-based AUV with unknown disturbances and input
saturation| J]. IEEE Access, 2019, 7.:56409

(7] BRA, XM, Thi, 5. REBKEE UK T ILE A R
ESIAE[T]. MR, 2017, 44(2) .7
LUO Qingsheng, LIU Xingdong, GONG Rui, et al. Modeling, sim-
ulation and verification of vector water jet propulsion underwater ve-
hicle [ J]. Applied Science and Technology, 2017, 44 (2) .7

(8] LW, M, BIY. FUF Iy N HE R K T L N2 2SR
FEHILT]. MARAL2EEAR, 2020, 42(3) 198
WANG Tao, WU Chao, GE Tong. Attitude tracking control of AUVs
with negative buoyancy four tilt thrusters [ J]. Ship Science and
Technology, 2020, 42 (3): 98

[9] JIN S, KIM J, KIM J, et al. Six-degree-of-freedom hovering control
of an underwater robotic platform with four tilting thrusters via selec-
tive switching control[ J]. TEEE/ASME Transactions on Mechatron-
ics, 2015, 20(5) ;2370

[10]ZHONG S, HUANG Y, GUO L. A parameter formula connecting
PID and ADRC[ J]. Science China ( Information Sciences) , 2020,
63(09) :175

[11]JMAIT V, VAN M, HONG P B, et al. Study on dynamic behavior
of unmanned surface vehicle-linked unmanned underwater vehicle
system for underwater exploration[ J]. Sensors, 2020, 20(5) ;1329

(1204300, BRI, SR80, 55 SR E A XMl k[ T]. i
IRIE T R4, 2020, 52(7) ;153
XU Wenlong, CHEN Yuan, GUO Denghui, et al. Compound am-
phibious driving method of wheel pump [ J]. Journal of Harbin Insti-
tute of Technology, 2020, 52(7) . 153

[13]CHO G R, LI J H, PARK D, et al. Robust trajectory tracking of
autonomous underwater vehicles using back-stepping control and

time delay estimation[ J]. Ocean Engineering, 2020, 201:107131

(g ER)



