fm Check for updates

40 https://doi.org/10.7746/jkros.2026.21.1.040

Journal of Korea Robotics Society (2026) 21(1):040-047
ISSN: 1975-6291 / eISSN: 2287-3961

sTto|d REL 55 2 AlA AlolE A%t
% A AU A 5 Ao

Robust Depth Tracking of AUVs via Integration of Sliding
Mode and Active Disturbance Rejection Control
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Abstract: In this paper, we propose control method for the depth of an Autonomous Underwater
Vehicle (AUV) by integrating Sliding Mode Control with Active Disturbance Rejection Control.
Active Disturbance Rejection Control is one of the control strategies widely used for robust control.
Active Disturbance Rejection Control consists of three main components: Tracking Differentiator,
Extended State Observer, and Nonlinear Error Feedback Law. Within the Nonlinear Error Feedback
Law, we applied Sliding Mode Control using the error calculated from Tracking Differentiator and
Extended State Observer. The stability of the proposed controller was verified through the Lyapunov
function. We implemented the nonlinear motion model of an AUV using Matlab Simulink and
conducted simulations. We also applied sea wave loads to simulation and compared the proposed
controller with Active Disturbance Rejection Control and PID control to verify its robustness.

Keywords: Autonomous Underwater Vehicle, Depth Control, Active Disturbance Rejection Control,

Sliding Mode, Robust Control

.M 2
Autonomous Underwater Vehicle (AUV)2 =Z0f| A 285
g 5 SEAEHA T AL FAE e A Tt
ro Aol ko el 4, 712 Tl 5 AN o] 2
sojollA] ghers] 9857 ek, olo] mrah W A o2
AUVO gt B40] 0 AUV S5 3eh Alof e
Zo] QT A1 28lol7]o] AUVS] ekt Aol 8 0] o
St A7 5] 2189 % 11 Qlet. ShA| 9285 = S 2 £

(N

o

Received : Sep. 24. 2025; Revised : Nov. 27. 2025; Accepted : Jan. 5. 2026

% This work was supported by Korea Research Institute for defense
Technology planning and advancement (KRIT) grant funded by the
Korea government (Defense Acquisition Program Administration).
(No 22-402-D00-002 (KRIT-CT-23-037), Submarine Linked Torpedo
Decoy System, 2023).

1. Senior Researcher, LIG Nex1, Seongnam, Korea (myungjun.kim@lig
nex1.com)

2. Chief Researcher, LIG Nex1, Seongnam, Korea (jonghyon.hwang,
yikyu.kang@lignex1.com)

1 Researcher, Corresponding author: LIG Nex1, Seongnam, Korea
(daewon.park@lignex1.com)

Copyright©KROS

Ol

O = Qs AUV 7}sfiAl= 2] 4719t SR uge &
ofuie 2] ojel 1 AR /41115 0] Aja}] o] 4
spgh e B )] ofaie] 4 Aole] 4g i
oo gick. olol B Beha g 9 o G BEE PO 7}
Q1 Ao} 714 AF50] 4-=jo} Yok

731 Ao} 742 tiek who] AAIElo} ik L. Rodrigues
etall & SIEHS 711 Ao] - 31l Al2H Aol g 23 A
o ko v|TEAI% olFate] Aofake &atold e Aol
7192 AUV A1 AJo] SHueiZo] 2 85hch EF YuHsien
Lin etal®-2 PIDA]o] 7]380] 5] 22 12}e] 2Jzto]
2 Aol T Tl El S WA 58 Ao}E AR
o, Ravishankar P. Desai et al®'& &@}o|g H T Ho] 7]H0]
ot HS7|E Hsto] Lol 485k gk Aol 7o BT
O 24 Qo] thet AR1/d2 B& =ol= Aol 7= Al A5t
At o] A Y W2 A-E0] ARITH Ao & sl AAI= 2L AL
2 5= Holil k. shA|RE &feld RE Aoj9] B9
| 715k Aofo]7] wZo]l Hdlo] ZA st ELHA
op7|SHAUY Lol mE o] A Q1 EA|I A E

O.

f

2

o
e 7

o


https://crossmark.crossref.org/dialog/?doi=10.7746/jkros.2026.21.1.040&domain=https://jkros.org/&uri_scheme=http:&cm_version=v1.5

sejog BE} 55

FNo] BA7} 1 4= 9o 183 PID A|o|7]9] A 2
714ke] &eto|qg HE Aojet FAsHA FAEet Hdofut &
& g0 & 7T AlAE Hoto] At = 23514
Fope A e ]WQ-’F o] AT o] St
2 =M= AUVE] RIS Ak Aol & A8l 55 =t
A|A Alojet &ztold K= 7‘1]"1% 23t Ao1719] AA AR}
= 71&3 Al 28004 AUV A= Ao1E 913 AUV &
W 27 Aol et A A&ttt Al 3olM = 55
Qg A|A Alofet & =1zo A Ak Stold B Ao
8 Hroke A&ttt A 440 A= Matlab SimulinkS E3tF
Ao17] 45 €13t PID A9, 55 T AA Ao], & ==
A AASH= Al01719] et AL v E o A84HS HS
Sk v 2 5o A = = = o] AES Aetit

>~

2. AUV 25 22

2.1 AUV 4% 2544

AUV 2587842 782 Al 2¥2lS B9 6 A= H]A
B VAL R AT 4= Ut oW AUV 9 |(z, y, 2)
L A7 (¢, 0, ¥)= WFAEAE B RAEHIL AEE
(u, v, w) DZLEL(p, ¢, r)= SALHHEAS 53 £IH
Ch. [Fig. 112 W42 A o A L2t 1A S I

8 A2¥32] 2 o]F A Z|(Transport Theory)E E3] AUV
of 2851 3} Wl ES Halshd 4] (1)3} 2.

ZX=m[ﬁfvr+wq*xg(q2+r2)—O—yg(pq*%') N
+2,(pr+q)l

ZY—m[v—wp-i-m—yq( +p?)+ (qr—p)
+xy(qp+7")]

ZZ=m[1b—uq+vp—zg(p2+q2)+:Eg(rp—t'1)
+y,(rg+p)]

L= L+ (L — L )= (rtpg) L.+ (7 =),
+(pr— )]“/-i-m[yq( —uq-‘rvp)—zg(z-)—wp-i-m')]
ZM=Lq+ (L, = L)rp=(pt )L, + (0* =) L.
+(qp—r)] +m[z u— m"-l-wq)—x (w uq-l-vp)]

Yz

SN=Lr+(1,~ I, )pq—(g+rp)I. + (¢ —p*)1,

BADAHEAL FAo] H2e] 4o 951 |
ETEi A R, 59 512 sl &5
A2 ALV 29 S5 A 2 YL
FYYF L7571 WAL U YE )
A 250 BEY 4 Itk o714 AUVE] BAL ay,
o= wo] tholek FPEE u) S A LB S

@ 1
o

P Tz

Mok oL
ox X
o
&
>
G
<
L

=
w

o, tol

A Ao1E At 75 LA FA A= FF Ao 41

Body Frame

Inertial Frame -~ x
y

z

[Fig. 1] AUV’s Body Frame and Inertial Frame
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[Fig. 2] Block diagram of Active Disturbance Rejection Control
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[Fig. 3] Sliding Mode Active Disturbance Rejection Control
Simulink Diagram

Depth [m]

Time [s]

Pitch [deg]

-20

Time [s]

20

e [deg]
—

-20

0 10 20 30 40 50
Time [s]

[Fig. 4] Graph for AUV’s Depth, Pitch, 4, Sliding Mode Active
Disturbance Rejection Control

[Table 1] Performance for AUV’s Depth, Pitch, J, Sliding
Mode Active Disturbance Rejection Control

Controller | M, [m] t. [s] t, [s] MAE [m]
SMADRC 5.8527 9.7156 0.0005
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[Fig. 5] Comparison graph of varying coefficient response to
step input
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[Table 2] Performance comparison for AUV’s Depth, Pitch, §,

Controller | M, [m] t, [s] ty[s]1 |ZMAE [m]
PID 0.1275 5.7189 9.0821 0.0006
SMADRC 0.0352 5.8527 9.7156 0.0005
ADRC 0.0043 5.3519 9.7917 0.0035
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[Fig. 6] Comparison graph of controller response to step input
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[Fig. 8] Comparison graph of controller response to step input
with sea wave load (0 s ~ 50 s)
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[Table 3] Performance comparison for AUV’s Depth Mean
Absolute Error with sea wave load

Controller Z MAE [m] Max Error [m]
PID 0.0919 0.3837
SMADRC 0.0229 0.0883
ADRC 0.0489 0.1644
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