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Research onpath and trajectory planning of underwater robot based on PID algorithm

Abdou Yahouza M. Sani, WANG Jing
(School of Mechanical and Automotive Engineering, Shanghai University of Engineering and Technology, Shanghai 201620, China)

[ Abstract] AUV (autonomous underwater vehicle) is one of the most important tools for current marine exploration research. In
order to cope with the complex and varied marine environment, intelligent underwater robots must be safe and autonomous.
Autonomy is reflected in the ability of AUVs to interact with the underwater environment, while real-time control and autonomous
trajectory and path planning are one of the important aspects of interaction. The core technology to ensure AUV security and
autonomy is intelligent control technology, including autonomous planning, control and status monitoring. This paper designs the
trajectory and geometric path tracking controller of underwater robot based on PID algorithm. The model parameters obtained by
studying the dynamic model equations of the underwater robot, and using Matlab to conduct controller simulation experiments and
analysis. From the Matlab simulation experiment results, it can be seen that the designed controller has a very clear effect.

[ Key words] PID; Matlab; underwater robot; trajectory and geometric path tracking

0 31 § MV+D(V)V+G=T. (1)
KFHLES A H S R, ZoR K R HLES A EL AUV BT P il R
BT MR AREEE . 8 AUV fE T=aT +B. (2)

gz Bl P i JA FEL PRI O St A B Gz BlpiR s, OF
HAT DIz shigfe LU e, T AUV JGIE5E

Hov, o #ieh Mg ¥R D(V) vV, fildn, K
T Wik B A IE LR T AR .

S A RSB THUE WL R T = kV- kP (3)

B, BRSO L IS AR 15 % BAITEE (1) B (2) WM R B

5 LA A SR LA F1 R 1% Ve ke dP =0 @
UL G FAAE 55 AP AUV Q7K T 3R o L e VR e

Bk, ANk, S 3 IR 7 ) ki

SPATAULA L PR N, ey VRS

R LTSI PRI | 3 R P TR Sk 2R
&R E R U AR I T H (5 8 . AUV fif 158
JEf AR TIZ ] ARG AL R B s A £ B
PRI S A, SRR T T AR B8 AR AL

23 (3) UL BRIRAS 5 VORI
P RS AR F i, SEPR FIETTHI
1.2 PD #=HIgi&it

1 A% R B H 85 i% T
1.1 HEERAFES PD REREFRER

HLES A Bl A BUASAN AT FH 1 4 2 s o 1k
AT T HAT 05 B, ARl 3l 7 R s A T i
K FHLER AR,

N T g E R e R, T L S0 R A )
P, HRZRRAS 0 0 &, , KT I AR s 25 0
FBRERRE RIS . P T N

T =V, +k &+ke. (5)

TR 48D R 2 PD BRES R dI A, H

{EZ S : Abdou Yahouza M. Sani (1992-) 55 Bl-LWHFE A, FEMSTr 0 K FHLGR A E B0(1995-) % WL SE A, RTS8 05 1wl - L

s AR AR,
I #s BHA . 2020-03-25

oS AR K50 I @ E A XS S A



5 8 1]

Abdou Yahouza M. Sani, % . #T PID 5 BY7K T HLES A AR K500 B0 R 0F 5% 207

v, AR RN S T & A e 23 BIARE
3B IR JBE 1) BR B iR 22 A
(1) 07 RS i) o AR 22 1) 2 hy
e=P,-P. (6)
Hr, P, AR IO E R P AR S ATN
ERE,
(2) SRR ] f (R 22 1) 2y
e=V, -V (7)
Hor, v, [RRIT T OB R VARE S ET
B, BRI E R, R A 4
JE LS
(3) Tk g Ay i 25 il iR
E=V,-V. (8)
IR R 25 K R (2) A1 (5) 5 AUV
o J R 25 S A Y . RGRE XS
N (9) iR, Zo A FIRE A H i
FERY AUV (78 | RE R B, ol 2 U, 4 il 2%
WA BT L AR AL e PR R S 15
e+k é+ke=0. (9)
1.3 PID BRER#= =%
MYER L HEE RGO, A (5) gLk
P E0 AT DIAR G 4 AR, H2 ) T R A E
WO LI, A5 (2) FiY B TeikHER R g ik
e MITE PD BRE S o 6 A4 T LUK B i
IMEBRER IR BT, BN (5) G
A B R R 25 %, il PD R B s i 2 5 N
PID" ) PR s il 2%
T=V,+hé+h[é+he+hfe  (10)

PID MRERFEMIZR ANE 1 s,

K,
V4
P
+ & tot + o7
P ks K M AUV
+ + + i
V

+ 4+
K.

DV)V+G

K W

1 PID RERIEHISSIER

Fig. 1 Tracking controller block diagram
TR A R R S B AR AUV, SR 3R
PO B Rt AN P R Mo o7 B RS

AR AUV IHLERAL AR ARAT 1Y, SR I b o7
R BB DU AUV ERER R 22,
JEE b S A B I A 3l g B JE R R v PR R 2 R I TR
T AUV [ S HTER
2 TR BAMKIGELRE
2.1 HUTHIRI A R B R\ BOER A

PID Rl 45 5 22 it 04 o7 B, 388 R o ekt
JEi Ao A AUV AR SRR 2 6, LA
AN T S T N R R

W 2 fras, — SRR IE P60 e DL 424
(1% T A 18 Jm 38) B A Fr o 14 i L, AR T g L
M, Bl HE =5

(1) TR FR N B A T2 Mk b S W 5 e
o YRR I L S e B il s v

(2) FnH R, PR I i 1 0 B

(3) — U8, HL I B e o, R B
Sk o AR LI R o R R R AR 25N T
T AUV Wi KAE T,

v

H2 BFSBLROEETE

Fig. 2 Velocity standard used for trajectory generation
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Tab. 1 Dynamic model parameters

H PRI kg mpgy I kg m,y K17 Z$(Ns / m) ot/ VIE S
Positive Surge 353 [3.53,35.3] d; =16.8 df 1 ul =617
Negative Surge 35.3 [3.53,35.3] > =0 A lul=0
Positive Heave 35.3 [3.53,35.3] d, = 26.0 dy 1wl =196.7
Negative Heave 35.3 [3.53,35.3] d; =0 d; =0
Positive Yaw 3.9 [0.39,3.9] dr =34 dlrl =19
Negative Yaw 3.9 [0.39,3.9] d; =32 d;1rl =20
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Fig. 4  Velocity simulation results for all U and V degrees of
freedom



8 1] Abdou Yahouza M. Sani, 55, T PID B35 /K R HLAR B4R S B BRI 5% 209
0.25 N
< 016 N e JEE 5
= 014 Dy FCH Rz 0.20 o BE 3o
N2 L TH i Ly
B 012 R o MG vl
2 008 T TR
= 2010
= 006 O
= 0.04 <
= 0.02 % 0.05
0 ;
= 0 20 40 60 80 100 E 0
/s ‘

% 1.0 {7 ELE % -0.05

£ Mk B
Pt 0.5 0.10
2 o0 -0.15
P 0 20 40 60 80 100
=z 05 i /s
I

= -1.0 Bl 8 AEEER i E

0 20 40 s 60 80 100 Fig. 8 Different degrees of overshoot for velocity

BE5 ¢i¥EyMEEERENEENWHE A HENEE

Fig. 5 Velocity simulation results for ¢ and W degrees of freedom
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Fig. 6 Position simulation results for all degrees of freedom
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Fig. 7 Different degrees of overshoot for position
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Fig. 9 Simulation results for X and Y axis thrust output
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Fig. 10 Simulation results X and z axis thrust output
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Fig. 11 Our AUV control system block diagram
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