Journal of System Simulation

Volume 32 | Issue 2 Article 9

2-19-2020

AUV Vertical Plane Control Based on Improved PID Neural
Network Algorithm

Runan Huang
College of Electrical Engineering, Yanshan University, Qinhuangdao 066004, China;

Ding Ning
College of Electrical Engineering, Yanshan University, Qinhuangdao 066004, China;

Follow this and additional works at: https://dc-china-simulation.researchcommons.org/journal

b Part of the Artificial Intelligence and Robotics Commons, Computer Engineering Commons, Numerical
Analysis and Scientific Computing Commons, Operations Research, Systems Engineering and Industrial
Engineering Commons, and the Systems Science Commons

This Paper is brought to you for free and open access by Journal of System Simulation. It has been accepted for
inclusion in Journal of System Simulation by an authorized editor of Journal of System Simulation.


https://dc-china-simulation.researchcommons.org/journal
https://dc-china-simulation.researchcommons.org/journal/vol32
https://dc-china-simulation.researchcommons.org/journal/vol32/iss2
https://dc-china-simulation.researchcommons.org/journal/vol32/iss2/9
https://dc-china-simulation.researchcommons.org/journal?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss2%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/143?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss2%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/258?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss2%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss2%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss2%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss2%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss2%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1435?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss2%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages

AUV Vertical Plane Control Based on Improved PID Neural Network Algorithm

Abstract

Abstract: An improved PID neural network controller is designed for the movement control of a small low-
speed autonomous underwater vehicle (AUV) in vertical plane, and the global control of the depth and
pitch angle of the underwater vehicle in vertical plane is obtained. The AUV simulation control system is
built by using REMUS underwater vehicle model in Simulink. The simulation results show that the
improved control method with better dynamic performance has solved the original excessive saturation
issue, and can adapt to different learning rates and network initial weight,and is of certain reference value
to the practical application of the underwater vehicle.
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Abstract: An improved PID neural network controller is designed for the movement control of a small
low-speed autonomous underwater vehicle (AUV) in vertical plane, and the global control of the depth
and pitch angle of the underwater vehicle in vertical plane is obtained. The AUV simulation control
system is built by using REMUS underwater vehicle model in Simulink. The simulation results show that
the improved control method with better dynamic performance has solved the original excessive
saturation issue, and can adapt to different learning rates and network initial weight,and is of certain
reference value to the practical application of the underwater vehicle.
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underwater vehicle

1.2 KT HEEREIEE
Fossen % 837 AUV KIAEZR 15 Jy 207 fel Y,
My=C(yv)v+D)v+g@)+t (1)
A MONBMEAEFE(BFERINE ) Coo)yNEHK

RGTE AR

Journal of System Simulation

Vol. 32 No. 2
Feb., 2020

JIRTE G AR D) NI (@) JiAn
FEJIRERE ¢ BRI AGERE . R R(DZE KT
FLAT S E 2 BT Y 32 /S BL I 2 Bl

K2 JKTFHAT &R Z e
Fig. 2 Schematic diagram of force in vertical plane of
underwater vehicle

BEIN/K AT S 1038 3 BAT B RS A 1 7K
S o I )b R AR A A R, BT DA LA
TRAERR 2 T KPR FERTIR 26409 ug=uc, FEBLSE
PR AR I UAT S EAT R E R, B 2 ow
NEAARR R T IR FREE ;g NABUIERL; 0N
I fo(w, @)K THUT T2 B RRHR A
[ F15 folw, ) K FRUT ST EIIBE T Fae
Fo 73 K ST #3207 1 5 3 0 FIT (D)
AT LA 5] AUV 73R BT A iz sh At

M[ﬂ:fc*”fpﬁLfG“LT

: . 2
Z| |cos@ O|w N —u,sin@
0l | o 1lgq 0
2
m(u.q+2,q9")
X fo= ¢ ;
—m(z,wq + X u.q)
i ZWW|W|+quq|q|+Zuquc q|+Z,u, w|
Jo= MWWW|W| +quq|q|+Muquc q|+M, u, w| :
i (Fy —Fy)cosd
Je = ~(z,Fyy —z3Fy)sin€ — (x, By, —xgFy)cosd ;

M- m-Z, —mx, —Z, o r st
-mx, -M. I.-M, | z|"

L 4 w Yy q
F, Z 5y B3 E 5 1A Fr 2 AN TRAh 158

BEXT ()4 I R 2 AR 3h A i,
ASCBE T —Fhdudt PID #h M ks hil3s, HAR

SRS 2 AR A 0 s,

http: // www.china-simulation.com
*230

https://dc-china-simulation.researchcommons.org/journal/vol32/iss2/9
DOI: 10.16182/j.issn1004731x.joss.17-9168



Huang and Ning: AUV Vertical Plane Control Based on Improved PID Neural Network A

F32 %52 ) Vol. 32 No. 2
2020 452 B AN, &5 LT PID M A MR S AUV I B 42 Feb., 2020
2  MPIDNN #4148 W 28 vk & Bist BRIy Ts, LLBl. B4y, Borans
‘ TEHPRZS S5 A
21 PID AR Y ) = ety ()
PIDNN 122 759 4% J2: B AT AR PRS2 42 i 1 — uly (k) =uly (k 1)+ net!, (k) * Ts @)
P22 TN 48 B0, X PRI E LT A I ug (k) = (net 5 (k) — neti3 (k= 1)) / Ts
Bl BN B THREHIRHE TG, 4 PID $aihi#if 3 A 20
Rl 2 T 4 2 v ' MPIDNN S #7455 Lug (k) >1
PIDNN [ 78RR BT R, WS st 5 A m x (k) = qug (k). ~1< uy (k) < 1 ®)
WiIN, n NGRS, MPIDDNN % 0j5 R ~Lug (k) <-1
n AN, m AN, RSB EERIN 2n3nxm, L 3) Hitz
2 N 2 Wi BB M5], MPIDNN 2% 25 14 11 ] 3 B m MG T, HBAN:
— ot 4 BT 2 o L o L
s, Hor i % 2 TG 7 = R EI/‘][IS]o net,:(k) _ Zznghxbfj (k) 9)
s=1 j=1
U, Y, T ITEIRAS N
— u, (k) = net, (k) (10)
U, Y, ST TSt
Lu) (k) >1
kw X (k) =qul (k),~1<u] (k) <1 (11)
—l,u,’; (k)<-1

K3 MPIDNN W45 2544 ]
Fig. 3 MPIDNN Network structure diagram

2.2 PID H2 4%  yp116-181

2.2.1 BiAEE
(1) N
BINEA n MHEIG, HEAN:
net (k) =r, (k)
{neaz(k)=3@(k)
MG ITOIRE R
ug (k) =net (k)
M TeH A
—Luy, (k) <-1
uy (k),~1<u,(k)<1
Lug, (k)>1
) BEE
Va2 3n MIETG, Pl n ANBIT, n
AN TCR n AN TT, eI NET R0

2
net}; (k) = D wyx, (k) (©6)
i=1

€)

(4)

‘xsi (k) = (5)

A~ MPIDNN R4t % B Tt 2 &
N SE
v, (k) = x;, (k) (12)
X s HTMNKRES(=1,2,3... n); i NEINZH
KT 530=1,2); jNREREMAITTT5(=1,2,3);
h o REHEMEITCF 5 (h=1,2,3... m); T EFRER
MNELRE; i RonREELE, birerg
NG R AR R
222 RIEEE
122 ) 4% B 1 e B LR A TE T AL RE S K
3], RWHEIESA M Z 2 [mHERRUE . 7F
MPIDNN 1, SRHRIBUEEIEZE—FEET § 52
TR (B FE R BRIER) R 71 HaAZ O 2 0 45 rh B AR
B k) FOSEBRS (k) B 22 1R T J7 518 B
Ne EXRGWE T N:
n 2
J%Zi[a(k)—ys(k)]

s=1 k=1

eyl T ELREIT I S BUBRERE W Rk
ik, AR 2% A R R e M 2 B R

(13)

http: // www.china-simulation.com

*231 -

Published by Journal of System Simulation, 2020



Journal of System Simulation, Vol. 32 [2020], Iss. 2, Art. 9

32832 M
2020 F 2 H

(R EEZEIANT, W R S N ER Gy — 82> 9 E(6)
R R AR 53— 8 3 (9) Hh A R A A
HRERE BRI EE Y H Fn 2 fie /b 2 Gt i 22 bR 2

JW)o &t ng BillhiE, W HIEERITIEN:
aJ
W(ny+1)=W(ny)— T (14)
(1) F&& 2250 2 G A RE)
HN4) B EREEE2mE EMREERA
AN
aJ
W,(n, +1)=W,(ny)—m, oW, (15)
W%Wﬁﬁ&%ﬁt*ﬁTﬁ
p [ ) -] y() (k)J(l@
ﬁqj ayS(k):Sg (ys(k+1) ys(k)) thim;%{t

" v, (k) v, (k) = v, (k= 1)
TEBE P RVFATIG, RS I B I IE S e TR
AL T, /N AR (R, ST LA
2 ST A
Q) HINE BB RN
R B AR 2
oJ

I'Vi(no'*'I)ZI'V,'(no)_ﬂzW (17)

l

@ﬁﬁ:
1L & ! ay
) (ORI

s=1 h=1 k=1 h(k)

W, M x, (k )J (18)
 on t(k)

_ k) kD=, (k)
= H K — s s
A 0~ 0=k —1)

Oug; (k) —<on ug (k) —ug (k—1)
Onety; (k) net; (k) — netg;(k —1)
2.3 MPIDNN 5.3 1130#

(1) ¥R st

HH (LD AT, 450 2 I ZORE u) (k) FF2k
HOBL w) (k) >1 8% u)(k)<—1 BB BLR, 2 55
vy (k) = v, (k = 1) 38 B 28 R0, R K B2 i i S0
FZ, 9T HIg9IX RN, AR A tanh(0)fE N R G

RGTE AR

Journal of System Simulation

Vol. 32 No. 2
Feb., 2020

I3 B S IXRE RIS x AR, U BE 73 AR T 17D
TR T 10X 26 Wig S FEZ 1R AT /5 8 A 204 P - b 42 1)
LI, A6 RGN K,  FIRR X A
BER FHAERS SR Lo

BesIE D ERENS A I hE

x}; (k) = tanh(u; (k)) (19)
it SR e
x) (k) = tanh(u] (k)) (20)
&ﬁFmﬂﬁ%Eﬁ&
oy, (k)
= ) — v (k)]=—=.
s=1 h=1 k= 1{ s(B) =2 )]a"h(k)
[1mm%%w»;wn @1
k
= ——ZZZ{ -y (0] 25y
s=1 h=1 k=1 h(k)
tanh® (uj, (k))] - W, -[1 - tanh? (i, (k))]
o0 mm} @
onet; (k)

(2) Gzl

PIDNN I EALH I K 4% no ZINHRZERREE T
BT 1R85 18, VA 25 RS LRI BR B2 7 m), AT A2
ARG, WG, T RS M ST
BE, A DAFERUE PR A b hnzh 2 iR -

WTnO+1):FVO%)—né%%~ka(ﬂﬂﬁo)—ano—1»(23)
X aNBE R

(3) BEIH—1k

5338 MPIDNN H kA L, 2idkJ5 1) MPIDNN
SR X PR P 28 4N 2= () 2R AT BB b 3
TR TEREAN P 285 (PN BB i N AR AT )3 —
AL TE, TXRES H A R — o i AN 4a0
EIE RIS, 25y HENTOE BRI AR X, S3L
W ZSISOR S s XS T AN =TI —
AL FRRT DU R 2% 2 5] — FHaE A i AN A48 1
AL, A FIT I ERIEA P LU SO S . A SO TR
ANBAR LN R X AN, 3 — A =(24):

)_Ci — 2xi B (xmax + xmin) (24)
Xmax ~ Fmin
e x NEIANEEE: X AR B S B N .

http: // www.china-simulation.com
* 232

https://dc-china-simulation.researchcommons.org/journal/vol32/iss2/9
DOI: 10.16182/j.issn1004731x.joss.17-9168



Huang and Ning: AUV Vertical Plane Control Based on Improved PID Neural Network A

3265 2 M
2020 F2 H

TAlifE, A BT odt PID MM B AUV T B T 25

Vol. 32 No. 2
Feb., 2020

3 HEMA

ASCEH Simulink #8878 K AT RIS
EHIE R%, Hr MPIDNNController
Subsysterm AP E XX S Rl E K
MPIDNN #z il 54733 . uuvmodel 2 H] S B

K 5 1) REMUS 7K T AT SR8, 42 246 tH R
He (0] B 7] Fy 758 Z /89 REMUS JK T AT 28 1
BN, RGEDEHEE WA 4 Fs.

AUV KCFEE R 31, Bl ue=1.54 m/s i,
REMUS 7K A7 #% T2 B 5[] H @A R A e S 4
# 1 R,

To Workspacel
Scopel
- —»  MPIDNN
rinl
Controller uuvmodel
2 q‘ S-Function
MPIDNN Controller
Scope
t To Workspace3 { z
ClockTo Workspace4 To Workspace5

4  Simulink F &G AR EHE K

Fig. 4 Overall system simulation block diagram in Simulink environment

® 1 REMUS #E i KBS KL
Tab. 1 Simulation parameter table of REMUS model

AR HE AR HfE
m 30.5kg Z, -355kg
Xg Om Z, —1.93 kg'm/rad
M, -1.93 kg'm I, 3.45kg'm’
M, —4.88 kg'm?/rad Xy —0.611m
Z 0.019 6 m Zow ~131kg'm
Z,  —0.632kgm/rad® | Z, ~5.22 kg/rad
Lo —28.6 kg/m M,,, 3.18 kg
M,  -188kgm’rad® | M, -2 kg'm/rad
M, 24 kg Fy 2989 N
Fy 308N zp 0m

3.1 PIDNN H ¥ 580 PIDNN H k%)L

BN Z E RS R E B E LB wsl,
wo=1, i EERYMEERCY s=h B, w,,=10,
W=l wig=1, 2 s#h B, wiy=0, FFEI
T,=0.001 s, FEVILEIRE woi=z0=q0=0, 6;=45°,

I N 2)=50 m, 0,=0°1f14xfm¥athil, 7R B Ak
1 s B EMEES, HENKKRERN 20 s, &
F$0a=0.001, R EIE R E O PIDNN P45 152
W, A ELEE W 5 s

I — Imlprovled PIbNN
------- PIDNN

0% —¢ % 10 12 14 16 18 20
Time/s
(a) 7,=0.005, 7,=0.05
1 000 T . - . .
—— Improved PIDNN |
500F PIDNN N
< ol
=500,

5 4 6 8 10 12 14 16 18 20
Time/s

(b) 77]:0.05, 7]2:0.5
Kl 5 i3 PIDNN 5 PINN 1/j 45 Fxf b &

Fig. 5 Comparison of simulation results between improved
PIDNN and PINN

http: // www.china-simulation.com

Published by Journal of System Simulation, 2020

*233



Journal of System Simulation, Vol. 32 [2020], Iss. 2, Art. 9

5532 %5 2 1 ARG AR Vol. 32 No. 2
2020 42 A Journal of System Simulation Feb., 2020

HAT LA SR AT, 5 STl AN, PIDNN K R AT 88 CRESEEM T A — €S H M E.
TR R G & — B e Ja s ERER R E 5 5

15
M — B K 2% 5] 3R, PIDNN SLiERPLHE A 10} L
FIX, &2 R0, RS FFME R Tk £ 5/ —21:8 88?,1,”20‘8'1001'
JE B PIDNN S0 Bl 7 J507 H e A X i AN 1 ) — =00l 0.0 ]
- 1T 3 4 35 ¢ 7 8§ 910
o, - HBEW IR RS 15T . Time/s
3.2 ANESHTEUE PIDNN LM 60 :
! — nl—o 000 1 né—o 001
321 RAVEMESSEREE PIDNN H3%H @mf\\_ — 2001501
2 T S
meWBUrMB%ﬁ? YN =L T R R A
1me/s
BEFEYMELEI wa~=1, wo= -1, 3 RIEBA RIS
A ) B17 R ST TR 4 R AR
EEHREREYIME S s=h I, wiy, =p, Won =i, Fig. 7 Global control effect graph of the controller under
Ww'an =d, 4 s#h i, W'5=0, fEEKHRN10s, A different learning rates

[l BT 4E X 28 AN 2 4 ORI & 6 BT o 4 B

(1) 27— MR PID #2245 77

10r
\E SI ——p=1i=0.1d=0.1 %, ﬁ#@%Tﬁ?’ﬁ/f*Wﬂﬁr TX\ AN X 3 j(E/J
0 p=10 =1 d=1 _ N

=100 i=10 d=10 ] 2
S0 1 2 3 §5 6T 8 90 (2) &t Simulink TR AUV 3@ 8451 17
ime/s
HARGTER T AL, W] T P ] 2 )
O =014-01 AT HEAA Rk .
40F p=10=1 d=1 1 . . .
@mfwxx 10077104710 (3) PisL s REY: SFEIEMEL, SO
= o} PIDNN 59 56 flw 1 Jf H.5E 8 50 PR 56 A% € 1 L3
Bk B R B S S S RS T AUV [FIRFERVRAD f R 4 Jr s il R B e K
Timels YL ] )3 AN [ 1) 2 ST R R IR P 45 A, %o T
Kl 6 ARG A28 BUE T Pl o 1) 2 R P BOR 18 " B4 B T R T i Sk S P
Fig. 6 Global control effect graph of controller under KT AT % L RSB S AR AT LA
different initial network weights =AM

N N N N , é% .
3.2.2 FFA% S HEX S0 PIDNN EiEHH 0 2% 3k :
MR BRI w1, wamt, 1 TS G TR ok B3¢

. £27[N]. BHE HR, 2015-02-10(12).
ﬁ%/ﬁ\)giiﬁﬁth)gﬂém% s=h Hﬂm w'slh:5 W’S2h :05

Zhang Naigian, Ma Jianguang. Unmanned underwater
w'sp =0.5, Y s#h I, ijh =0, ANFE]R)2E S) R vehicles: "sea scouts" of the future[N]. Science and

P S esma & 7 s Technology Daily, 2015-02-10(12).
\ N _ 2] Cook D A, F dez J E, Stroud J S, 1. AUV-based
AT, PIDNN Skt Ry 0 OO0k DA Fomander B Suoud 15, ctal. At¥base

synthetic aperture sonar: Initial experiences and

O A AT BUE 250 RAT [ @R, XK insights[J]. Journal of the Acoustical Society of America
KD T 5 B3P R O R T TR, (S0001-4966), 2004, 115(115): 2615-2615.

[3] Wadoo S, Kachroo P. Autonomous underwater vehicles:

http: // www.china-simulation.com
<234+

https://dc-china-simulation.researchcommons.org/journal/vol32/iss2/9
DOI: 10.16182/j.issn1004731x.joss.17-9168



Huang and Ning: AUV Vertical Plane Control Based on Improved PID Neural Network A

3265 2 M
2020 F2 H

TAlifE, A BT odt PID MM B AUV T B T 25

Vol. 32 No. 2
Feb., 2020

modeling, control design, and simulation[M]. Crc Press,
2011: 29-41.

[4] mER, EHFx, B, & ZREHELK TS 6

B e AR e A 5 4 A (0], ML AR A4, 2011,
47(5): 93-100.
Gao Fudong, Pan Cunyun, Yang Zheng, et al. Nonlinear
mathematics modeling and analysis of the vectored
thruster autonomous underwater vehicle in 6-DOF
motions[J]. Journal of Mechanical Engineering, 2011,
47(5): 93-100.

[5] BIESN, R, BRTED. T HERMRBENE T

I LS NARERIEHI)]. Her B LR (AR B
ki), 2013, 41(1): 15-20.
Jia Heming, Song Wenlong, Chen Ziyin. Diving Control
of Autonomous Underwater Vehicle Based on Adaptive
Backstepping Method[J]. Journal of South China
University of Technology (Natural Science Edition), 2013,
41(1): 15-20.

[6] Riedel J S. Shallow water stationkeeping of an
autonomous underwater vehicle: the experimental results
of a disturbance compensation controller[C]// Oceans.
Providence, RI, USA: IEEE, 2000, 2: 1017-1028.

[7] EHEff, RESR, T, AUV IREIRHE PR

AR A AD]. HENLTRE S R, 2017, 53(6):
258-263.
Zeng Dewei, Wu Yuxiang, Wang Cong. Research on
simulation of neural network identification and learning
for AUV depth control[J]. Computer Engineering and
Applications, 2017, 53(6): 258-263.

[8] Roberts G N, Sutton R. Advances in Unmanned Marine
Vehicles|[M]. Further Advances in Unmanned Marine
Vehicles. UK: IET Digital Library, 2012: 429.

[9] Elmokadem T, Zribi M, Youcef-Toumi K. Terminal
sliding mode control for the trajectory tracking of
underactuated Autonomous Underwater Vehicles[J].
Ocean Engineering, 2017, 129: 613-625.

[10] Yuh J. Design and Control of Autonomous Underwater
Robots: A Survey[J]. Autonomous Robots (S0929-5593),
2000, 8(1): 7-24.

[11] Fossen T I. Guidance and control of ocean vehicles[M].

New York: John Wiley & Sons, 1994: 18-20.

[12] Fossen T 1. Nonlinear Modelling and Control of
Underwater Vehicles[D]. Norwegian: Norwegian Institute
of Technology, 1991: 52-60.

[13] =8, fRsR, BT 7. —EK THATH N &

JS7 B2 i da Bl FE I [J]. AR e A A, 2008, 20(7):
1800-1802.
Gao Jian, Xu Demin, Zhao Ningning. Adaptive
Backstepping Motion Control of Underwater Vehicle
with Vertical Thrusters[J]. Journal of System Simulation,
2008, 20(7): 1800-1802.

[14] Zhang Z, Ma C, Zhu R. Self-Tuning Fully-Connected
PID Neural Network System for Distributed Temperature
Sensing and  Control  of
Multi-Modules[J]. Sensors (S1424-8220), 2016, 16(10):
1709.

[15] B &N, Bfiada. FET PID HHE L% 1 F I HAG iR 5
R[] ks, 2012, 25(12): 8-9.

Yang Zhigang, Qian Junlei. Electric Furnace Temperature
Control Based on PID Neural Network[J]. Industrial
Control Computer, 2012, 25(12): 8-9.

[16] FFPFHK. PID #2202 2 AZ B R 4T [J]. B3
b 254, 1999, 25(1): 105-111.

Shu Huailin. Analysis of PID Neural Network
Multivariable Control Systems[J]. Acta Automatic Sinica,
1999, 25(1): 105-111.

[17] Cheng M L, Chen R. Optimal Self-Tuning PID Controller
Based on Low Power Consumption for a Server Fan
Cooling System[J]. Sensors (S1424-8220), 2015, 15(5):
11685.

[18] Rossomando F G, Soria C M. Identification and control

Instrument with

of nonlinear dynamics of a mobile robot in discrete time
using an adaptive technique based on neural PID[J].
Neural Computing and Applications (S0941-0643), 2015,
26(5): 1179-1191.

[19] Prestero T. Verification of a Six-Degree of Freedom
Simulation Model for the REMUS Autonomous
Underwater Vehicle[D]. USA: MIT/WHOI Joint Program
in Applied Ocean, 2001: 101-112.

http: // www.china-simulation.com

* 235

Published by Journal of System Simulation, 2020



	AUV Vertical Plane Control Based on Improved PID Neural Network Algorithm
	AUV Vertical Plane Control Based on Improved PID Neural Network Algorithm
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/c3ii3JHWuv/tmp.1688103004.pdf.eKbHZ

