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ARTICLE INFO ABSTRACT

Article History: One of the challenges of the autonomous underwater vehicles (AUV) navigation is
Received: 29 Apr 2023 measuring their velocity. The usual method for measuring the velocity of AUV is to
Accepted: 28 Jun 2023 use a Doppler Velocity Logger (DVL), but it is not possible to use this sensor due to

its placement in the category of expensive sensors, as well as the increase in time and

ilejmf)org;us Underwater Vehicles even the lack of data collection due to high depth or sudden changes in depth in some
Model aided navigation cases. The aim of this research is to provide a cheap and economical method of speed
Velocity model Identification identification based on an autoregressive exogenous (NARX) neural network with the
NARX, MLP neural network least number of neural network inputs in 2-D floating motion. In the proposed
LS, RLS identification model algorithm, by removing the inputs of the neural network obtained from the output of

low-cost sensors, the measurement error of the sensors is removed from the
identification process and the accuracy of the velocity model output is improved. The
proper performance of the proposed algorithm, compared to the output of the DVL
and also the output obtained from the differential model identification method with the
help of Least Square (LS) and Recursive Least Square (RLS) algorithms, confirms the
advantage and efficiency of this method in identifying the velocity of AUV.
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1- Autonomous Underwater Vehicles (AUV)
2- Inertial Navigation System (INS)
3- Global Positioning System
4- Long baseline (LBL)
5- Short baseline (SBL)
6- Ultra Short Baseline(USBL)
7- Doppler Velocity Logger (DVL)
8- Compactness
9- Versatility
10- Robustness
11- Dead Reckoning navigation
12- Ordinary Least Square
13- Total Least Square
14- Planar Motion Mechanism
15- Circulating Water Channel
16- Added Mass
17- Roll
18- Rudder
19- Stern or Elevator
20- Pitch
21- Yaw
22- Surge
23- Sway
24- Heave
25- Society of Naval Architects and Marine
Engineers (SNAME)
26- Velocity Intelligent Model (VIM)
27- Nonlinear autoregressive exogenous (NARX)
28- Least Square (LS)
29- Recursive Least Square (RLS)
30- Multilayer perceptron (MLP)

&l

Blidberg, D.R. The development of autonomous

underwater vehicles (AUV); a brief summary. in

leee Icra. 2001. Citeseer.

2- Leonard, JJ. and A. Bahr, Autonomous
underwater  vehicle navigation.  Springer
Handbook of Ocean Engineering, 2016: p. 341-
358.

3- Titterton, D., J.L. Weston, and J. Weston,
Strapdown inertial navigation technology. Vol.
17.2004: IET.

4- Milne, Peter Henry. "Underwater acoustic
positioning systems." (1983).

5- Smith, S.M. and D. Kronen. Experimental results
of an inexpensive short baseline acoustic
positioning system for AUV navigation. in

1

Slaws als b pgo cdl> jo sl 0350 Joe NARX _iac
@LA.AJLD-AAJ U’“"?) S8 59959 Y L (5999 VY olows )l Lﬁbéoj)ﬁ
&9 a8l dguge aSed (5 K lrsog )5 g8 B> LNARX
ol b e mals ol 4 MLP gy o lebl ol
5 MLP s NARX ac sbaslis gl o Sle >
Vg Y eSS 4 Jeb cepe Gl S el Jkx
2 el Vg 0 (poye Ly sl g Al e il
Silwdds (x93 5l el Cany =L Do Cavay 4l
5500 sl sl L avslie )5 00,50l YL )1 Lel

28,5 A

G s - ¥

S Rl e gy (L agh cnl adads 5
o )3 (i ody) a0l sl Jhle ey
iy SLAESS )0 00 (o) Jyere slaghy) ol (]
S Sy ey Sl ol (eilyis Joe 5l eslinu
SYolns 8o (olwlid an 5L by, ml 45 005 Hslds
ol glwlis gl ol alelw sl ol )by 9 (Juudlyans
cmwlin oLl (g, 5l eoliiul 4 5Ls albele  Scoliyagjone
|y iy ol 5l ol 45 ool WU olutas b Lo el ) paass 61,
Less 5l bl L (omas a5l (g 05 (o0 )lo-50 5 oduzen
b 3 e glacs Jleel b (pm ailelo (29,5 9 69959
ples (il 4 5L 9 9 05 BS (hanmme Lailyd 5 Lagile
Sz poe el a3l sloygliiS g Lag s LS5
SS9 )l 8l SIS B plulid 4 ks pas g (Glwlre
b9y ol p3 adl bl (plulid (sl (oo o9, Wlgi oo
5 pbowbid a5l slid (Leailys Joo (g, SN
S = RS R Ll e sl 55Ul o ol
el s SYolas Slowlwe sbo Sauomn ol o 4 g Cas
Olosos Jds e 4 39 e (5l S LSL sla il b
Jlie 5o gy oml Ely oo plulid &j90 50 05 L
Ol il izt 9 (o 0dy) x> 9 ()9 Sl i
el (henilyass by, 5l eske y Sdlanie jlows (dasome
w95 (GlLS a8 S8 Ao ol oo okel ey gl |
NARX rac el sl yog, (aide cudp @ Jow ololils
LS lulis s, s RLS olulis g, MLP e 4o
i s b e NARX e oS bulid s sl oo
garre ST Loty plo & S (oras 403 (63455
&Sy 00yl (o 3 ]y @lalid (Solw (8 5l g 005 g
oyse s NARX e 454 o 5 a o foioa


http://dx.doi.org/10.61186/marineeng.19.39.65
https://dor.isc.ac/dor/20.1001.1.17357608.1402.19.39.5.1
http://marine-eng.ir/article-1-1036-fa.html

[ Downloaded from marine-eng.ir on 2025-12-03 ]

[ DOR: 20.1001.1.17357608.1402.19.39.5.1 ]

[ DOI: 10.61186/marineeng.19.39.65 ]

19- X. Feng,

23- Fossen,

24- Wadoo, S.

NARX' ras aSil SoS ay oo ,5055 oxbas s 0digy S5 (6,030 10 0,018 Bua b Ce s Jow plolid /ool (Baase ()lEns (goge dase du ¢ ol all Caons

autopilot design for autonomous underwater
vehicles. in OCEANS 2014-TAIPEI. 2014. IEEE.
Z-.Z., J-c. YIN, and C. Jian,
Parametric identification and sensitivity analysis
for Autonomous Underwater Vehicles in diving
plane. Journal of Hydrodynamics, Ser. B, 2012.
vol. 24, pp. 744-75.

20- Payaminia, M. Use of vehicle dynamic model to

increase inertial navigation accuracy. Maleke-
ashtar University of Technology. M.Sc. Thesis.
Sep. 16, 2020

21- Prestero, T.T.J., Verification of a six-degree of

freedom simulation model for the REMUS
autonomous underwater vehicle. 2001,
Massachusetts institute of technology.

22- L. Chang, F. Qin, and S. Jiang, “Strapdown

Inertial Navigation System Initial Alignment
Based on Modified Process Model,” IEEE Sens.
J., vol. 19, no. 15, pp. 6381- 6391, 2019, doi:
10.1109/JSEN.2019.2910213.

Thor I. Handbook of marine craft
hydrodynamics and motion control. John Wiley
& Sons, 2011.

and P. Kachroo, Autonomous
underwater vehicles:  modeling, control design
and simulation. 2017: CRC Press.

25- Sabet, M. Design and implementation of a

model-aided navigation system for an AUV.
Degree of Doctor of Philosophy in mechanical
engineering. December 2017.

26- Humphreys, D. E. and K. W.

Watkinson. Prediction of acceleration
hydrodynamic  coefficients for underwater
vehicles from geometric parameters. NAVAL
COASTAL SYSTEMS LAB PANAMA CITY
FL, 1978.

YA

10

11-

12

13

14

15

16

17-

18-

Oceans' 97. MTS/IEEE Conference Proceedings.
1997. IEEE.

Lv, P.-F., et al., Underwater navigation
methodology based on intelligent velocity model
for standard AUV. Ocean Engineering, 2020.
202: p. 107073.

Koifman, M. and LY. Bar-ltzhack, Inertial
navigation system aided by aircraft dynamics.
IEEE transactions on control systems technology,
1999. 7(4): p. 487-493.

Vasconcelos, J.F., et al., Embedded UAV model
and LASER aiding techniques for inertial
navigation  systems.  Control  Engineering
Practice, 2010. 18(3): p. 262-278.

Karmozdi, A., et al., INS-DVL navigation
improvement using rotational motion dynamic
model of AUV. IEEE Sensors Journal, 2020.
20(23): p. 14329-14336.

Morgado, M., et al., Embedded vehicle dynamics
aiding for USBL/INS underwater navigation
system. IEEE Transactions on Control Systems
Technology, 2013. 22(1): p. 322-330.

Kim, E., S. Fan, and N. Bose, Estimating water
current velocities by using a model-based high-
gain observer for an autonomous underwater
vehicle. IEEE Access, 2018. 6: p. 70259-70271.
Randeni P, S., et al., Parameter identification of a
nonlinear model: replicating the motion response
of an autonomous underwater vehicle for
dynamic environments. Nonlinear Dynamics,
2018. 91(2): p. 1229-1247.

Arnold, S. and L. Medagoda. Robust model-
aided inertial localization for autonomous
underwater vehicles. in 2018 IEEE International
Conference on Robotics and Automation (ICRA).
2018. IEEE.

Valeriano-Medina, Y., et al., Dynamic model for
an autonomous underwater vehicle based on
experimental data. Mathematical and Computer
Modelling of Dynamical Systems, 2013. 19(2): p.
175-200.

Martin, S.C. and L.L. Whitcomb, Experimental
identification of six-degree-of-freedom coupled
dynamic plant models for underwater robot
vehicles. IEEE Journal of Oceanic Engineering,
2013. 39(4): p. 662-671.

Xu, F., et al., Identification modeling of
underwater vehicles' nonlinear dynamics based
on support vector machines. Ocean Engineering,
2013. 67: p. 68-76.

Petrich, J., W.L. Neu, and D.J. Stilwell.
Identification of a simplified AUV pitch axis
model for control design: Theory and

experiments. in OCEANS 2007. 2007. IEEE.
Taubert, R., et al. Model identification and
controller parameter optimization for an


http://dx.doi.org/10.61186/marineeng.19.39.65
https://dor.isc.ac/dor/20.1001.1.17357608.1402.19.39.5.1
http://marine-eng.ir/article-1-1036-fa.html
http://www.tcpdf.org

