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Abstract: This paper proposes a linear model predictive control of 6-DOF remotely operated underwater
vehicles using nonlinear robust internal-loop compensator (NRIC). First, we design a integrator embedded
linear model prediction controller for a linear nominal model, and then let the real model follow the
values calculated through forward dynamics. This work is carried out through an NRIC and in this
process, modeling errors and external disturbance are compensated. This concept is similar to disturbance
observer-based control, but it has the difference that #_ optimality is guaranteed. Finally, tracking

results at trajectory containing the velocity discontinuity point and the position tracking performance in
the disturbance environment is confirmed through the comparative study with a traditional inverse

dynamics PD controller.
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[Fig. 3] Comparisons of the tracking results at trajectory containing the velocity discontinuity point between proposed controller and

inverse dynamics PD controller



H A g 7l YREZ BA7] 5 0] 83 62 YHZ2F FF 250 A e Ao
3(d)]& 22 [Fig. 3(a)] 2] A HAS[s]), T HA(16[s]), A1 HA ROl o] 5 T3l = &5 AlZ o tigh Aok W
(24[s]) &&= EAE oA o] AE gt e ot 7} AL Feldk 4 itk
T 3zo| A E1E 5= 9%, e 9GS vl El-n)Et Alof 7)o &
2] Ak 2|07 14 bl mEsly] Aol vz 42 2d B3LA A 9o t3) Ao 7] Ae vl

(b) Control input trajectory of the proposed controller for 40 seconds

[Fig. 4] Comparisons of the control input trajectory of the between proposed controller and inverse dynamics PD controller

gk Bss B . [Fig. 4]= Algdlo) S x18gh
40% 5okl Ao} e A& vl agh e zelrh A A o7 [Fig. 319141 & 5= %, ARk Ao} 7] S0l A4S 1
Ak Ao)7]ellA e ko] A2 2SRl = 3l 2 58 3lo] ohd, &= B 7171 dis) vle] ui§
oF, 53] & B A @[] 16051 24051 2D 2E Shs mrg melt) Jejuw B A4 S5 Bk 71
Alo17]o] Alo] kS vlaLsh B oF 109 o] 2fol& & X38h= 79, Alo)7] Aol o] AA FF A sl tisk A%
600 1000 252
400 | 251
500 I I
200 — 25
3 =, | S5 B
& oo S I K240
| | -500
200 248
400 -1000 247
0 10 . 20 30 40 0 10 X 20 30 40 0 10 . 20 30 40
time(s) time(s) time(s)
4 3
5
| N :
—~ —~ 0 1
g g g
2, I Z 2 5 0 Ir
é 5 g l? =
-6 -2
10 -8 -3
0 10 . 20 30 40 10 . 20 30 40 0 10 . 20 30 40
time(s) time(s) time(s)
(a) Control input trajectory of the inverse dynamics PD controller for 40 seconds
1 26
40 %
2.55
25
~ 9 [
Z Z 245
-50 235
23
-30 100 225
0 10 20 30 40 0 10 3 20 30 40 0 10 . 20 30 40
time(s) time(s) time(s)
0.6 0.4 2
0.4
0.2
Py . !
£ = o = |
2 s Z I
~—-0. ~ 02 St
€ o4 & N
04 .
-0.6
0.8 -06 -2
0 10 . 20 30 40 10 . 20 30 40 0 10 . 20 30 40
time(s) time(s) time(s)



14 235138 =54 #1992 415 (2024.3)

0 10 20

time(s)

30 10

20

time(s)

30 20 30

time(s)

(a) Real tracking performance of the inverse dynamics PD controller in the sinusoidal disturbance environment

x10°% ) x103

x10*

20

time(s)

30 10 20

time(s)

30

(b) Real tracking performance of the proposed controller in the sinusoidal disturbance environment

x10®

15

2
15
4
4
—~ —~
T o
~ &~
~ 4 ~— 0
< <
05
-2
-
-3 5
0 10 20 30 40 0 10
time(s)
3 3
5 X10 o x10
15
1
1
— >
T T
~ ~
~ 4 ~ 0
< >
-0.5
2
-1
3 A5
0 10 20 30 40 0 10

20

time(s)

30

(c) Nominal tracking performance of the nominal controller

[Fig. 5] Position tracking performances of the inverse dynamics PD controller (a), proposed controller (b) and nominal controller (c),
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