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Design of Disturbance Observer and Sliding Mode

Controller for the Hovering System of Underwater Vehicles

2B, A4l usiE
(Jong Shik Kim, Sung Min Kim, Hwa Joon Yang)

Abstract @ A robust disturbance rejection controller for the hovering motion of underwater vehicles in near the
surface of sea is presented. The suggested controller consists of two control parts, the one is disturbance
observer for taking into account the effects of sea wave and missile-launching forces, and the other is sliding
mode controller for the robust stability of underwater vehicles with model uncertainties and nonlinearities. It is

shown that the sliding mode control system with disturbance observer is more effective compared with the
sliding mode control system, especially in case that large sea wave force is affected.

Keywords : hovering system, underwater vehicles, disturbance observer, sliding mode controller

I. M2

FELEAY Aol dAEE(F 3xE) o|Fdre] &
o #g A8 YAEKE ol el MY EFo #IH EAR
74 ¢ ey, & =894 dASE o dF
TN 8T HE 455 BwEAI ¢ U AA7E A
12} gt} FEEFAY HAYEY H27F JASZE o3
d = Aojetz HAAZ F AT Aojo] wtslnz
Aojete] o3t A=A H AERI7L A9 Brl5sA 2
th o] AolE FEEEA U EA3le dr=Hadd &
T8 FE/Y4goz2A B FELEAY FFdste)
R ao] Aol 23t 3g Aojgoz Alg3it, YALE
o|3te] FFoME AGAAE FHFA, FEE A}
Z3 2xFH(snorkeling) 52 4FE FHsA =M, o
23 AFEFPAld e AFFEH 2A MY sl Erlus)
A Hed, o] of BAs= 71 & g T e £
FEFAY AEE e AoEZA AHaldAes 2
el FAgo] H3tm sgHH} Hurt nvjAdE  Per
son-Moskoviz ~HEH[1]02 7]&sHe 83 S4& 7}
A3 Jerz ot g FEFE FHAHo2 A AFY
of gt} TEa FAEAIG T %o 27 ¥ 9
HAME 525 dREAY £2 dTFAAL TS 7}
Aok gl ol2jdt YFEY AFE FFEEAY ¥
Bk ole} Ao deEtde FEEEAN AdFFE 7
WA = leng 9% dAAMANTE e Aol
AAZ AA3 s7En

olglgk BEAL zhe F£FHEEAY Zns) AlxdEd g
AolE 3] 2 Ao <A nld-uE-714(PDA) Alol7)
[2], vlEl-ol&E-71 2 A (PDA/FLC) Ao)7)[3] 285
HA &gtold BE Ao7)[4] T A7t AAHAG
frgAo] WHol EA 8= Al di(dead—zone)d] H¥AE &
#H7t e Aol PDA AA2®e AFo] HEFY 9
AL v AE a9yl & S HEAAE 985ETA
& ¥ 4 2l PDAFLC AlojA2de ulHdE Fast

2 AR wEade 9EFE4FS A & Ageu,

H9A 0 1996. 3.9, #3199, 11. 10.
AEA L HAgstn oA FER
HAR » Badign NACZEAT L

PRz URAER

BY Fdo FHTo| JelAE T dAA Y FA A
A& DEHE2HA B9t agln H{A] Sty ZE A
o7]E HAdE FHAEA diste wEHEAHS WHFFHS
4 FFT sty d3F ddAAN TS Moy, A
A 5 75 g ol 7 oA 1
g =ojol & sfubejede] Wi aHsF A7) WEol AFE
W A A FEEEAY ATE AT 5 ok

2 =dME FESEFAC IR F A= 9dgd o
g oo & aelete] AA Alagdt FARE Aol
Al BHEAEE HHFFATE 7 S 3 olgd sive]
L AAY & Y2 JTFBE7(disturbance observer)E
7kX gekely BE AojrlE AAEal ol HFE AlE
olJdE F3te YFstmar st

O T528d9 sHIAAHY Y 5o nHal

g HEA| AR o] D

FE2EEA e A mdEe 9std FFE&FA
T A6l 2 RE] & H(heave) W

o] $HWAHANTE nE3tr|R g}

N
i
o
Ho
O
Rl
I'ql

. . 3 . .
ml z—xq+ yp] = %ﬁz,,/+—'02—l(quq+zwz)

2 .. . . B
+~p~2]—(zwxz+z Lol %] 2] 420 ¥

Y 2wl A Vo F 2| )+ 0 P2y $85+zg 5200 (1)

A7NA, x, y, 25 24 AR, 9, 283 sH gl o
T dAHolal x, v, 28 A FFXEAY x v, z W)
3 &% p g r& 47 FFELEFAY E0ol), HX
(pitch), f(yaw) Bl N &%, 2= =3 LEAY 3
Bybgko] tigk A& % 3283 &, b 2+t A nElstern)
& Arekbow)d] ZHYolth m, & A FFFEAY
A HololH, p& #g9 Wxoltt agla ol A=A}
(g w, ww T7F FANHA A= 24 2w, 2w T TEESTE
Aol #HEA AFEo|)

FEETATE AZE olFtoA "oz $F3E
ol FEEEAY 6ARFE EELANAN FHIE B
A FAIE = glon(7], 2 e g 0oz 714
o} meld B =Rois (DE ZEHE dHaE 2



Journal of Control, Automation and Systems Engineering, Vol. 3, No. 1,

5E x, 183 FHE
Ao T el Al gl A
ustrlz g,

Brkgkd @ WA

O ofy  Jb

(2)

=
N
Il
ok
N
g8
R
)
N
-+
N
3
=
=3
N
+
N
g
N
_+_
B!
+
QL

M, = m—ﬁzj—z
olA FFEEA ilﬂ‘“’“l’\“u ?%T g 3}

RS
% Qo +FeEA wwww Aol® F Apolol o
& @A) e,

F = ogfQat 3
o71M, g Y&tk
w3 Jx 9 FERE a3 §F AoWEey 4%
L AAH o FFEFA *l}‘a“«l EH Z(¢F 0.1 rad/sec)
st 10M W2 $E & A Hgsta, Aloj g
o] AlgdgolAE s 7] e uS1 Zol g 17
Nxgom nagslz By
0+Q= Q. (4)
o7|M Qv IHE HAaE F&/Ysle sl fEkola,

= TgAe]E 93 HE e,
2.2 sfutel meE!

L3 # Hrregular sea)ol A HAsE dloes &
2o Fugo A JdUxE zZh= HEde zFor AT
4 . ITTC(International Towing Tank Conference)®
913}1 AR ol 3t FF ~289EH S(w)st dEHE 9
A zH-&-(white noise)ol 21 78T #fnt AHEYS MY

g AEds Glo= 4 o3 28l

_ a —B
Sw) = w5 exp( i ) (9)
Gls)= 1.028(0.6055" +1.088s) ®)
s 0.607s° +7.4125° +48.36s°+2115* +523s+884
A7|M @, B itel] SN AAEH: deEHEZA, 2
wwdM e Fart 3md A$E zEste «=0779, B
=0.3460.2 At

a4 12 6oz HdHE diu AHEY i3 ALd
2] A7] Bode M&old, diuti= oF 4rad/sece] F3lol
A b 2 AdAE R m J5e 4 5 Ik

FEEEA R EFd d3¢e Fi= AARHe 2A 1

2} )32 (primary forces)3 23} 8312 (secondary forces)

o7 vE & g d9E F4 F9547F vl S o9
S 7}Z]~‘~ For ISR FHstY, dATdE o TAY
S wulellA 13} sdH& g sinwtE izam— Haal A
ol wehs deoz melxm 23 e alsinwit ®

-
\

rl

a*(1— cos2w,H/2 % HEEE o7 Zass = it}
047]*1 a,=\{25(w )6 wolth

22 e 12 s gy Adu AR A
_/‘r:z‘sLo] 12}}6‘}&} 0] UH.J b B_it T%‘—?‘%iﬂg] 71

February, 1997 4

€ Alels ssA] ¥e FEeeAs FHoR FAAdy
= ASS 2tA Ha o] F& HEsl gdojdd ubel A
oJZHattenuatlonfactor) exp( wz(Z —mH/g) AWE

0.0001
1E-005 i
0.1 1 10 100
Frequency (rad/ssc)
28 1. G99 27| Bode Wk

Fig. 1. Magnitude Bode plot of G(s).

(t) = a;0f exp(—~ ¥ (Z,—(D/g) (7

A7NN Zi= #FLFA U BAAE, pOE Z25E
A $3eEAel A7 AnE Ve,
el AAE SEEEA A de $Eesas

915t &9-F 9 (encounter frcquency) W e ;EH"‘J A&
1 —w; Jéo
—wi| ——""% cos d (8)
&g

A71A o= ATt FEFELEAGS] 29ztogA FHoto
FE-E vt 9=180" & 7Hg@Ch

Wei =

1500 [

Foroe (N)

2 2 3 a0 46 50
Time (sec)
a9 2. A% 05mollAM FEEEAA sheiA= sl
e,
Fig. 2. Wave force in the depth of 0.5m.
z(pe] Wyt Aoty stHgsld HEHOE dArt £5¢
SAH A WA= A duwelt)= TS o] RHACHS]

N N
dwave( t) = ( 780 — 145 glfisin (l)e,'t> g f,-sin (l)e,'t (9)

/1M N2 &g
T sl

Foprol wet RU W RaE £

a9 2 AL 05melA #nt FEeEAN wAL |
2 AEdol4 & Zojth
. olaET] M
ST Tgate AN 2w FxE

vebdich 71 K(o)y HEHEEARS 93 ajuwl 4o
71, P(s)y= ZAE, a8]l3 PuJs)= ZTdAE s mRA ol
th 123 Dis)e ol@nEy] "gead 9@y #ee A
Akl 1/Py(s)¥} 384 A el dHproper) Al ~Eo] ¥ & &



42

e 98 g

|

|

|

|
Disturbance }
Observer |
J

a9 3 YdHEEv|Y 7=,
Fig. 3. Structure of the disturbance observer.

2% y& AojYdY u, AT d AAZE ndt Zdzbol i3
AGgre 9o oz g3 g9 2.
v = G()utGy)d+G,()n (10)
71 A,

P(s)P,(s)
P(s)+(P(s)~P,(s)Is)

P(s)P,(s5)(1 —Ds))

GLs) =

GAS) = P51 (P(s)—P, ()3
_ P()Ds)
G = BT p(i)—;ﬂ(s))D(S)

olth, 2 i P(s)¢ Puls)7b Zoal ZHAsHd (10)2 vhe
3 o] #¥HE F vt

y = G(DutGyus)d+G(s)n an
oq7]A,
Gifs) = PFs)
GLs) = P(s)(1~Is)
. Gis) = IXs)
olty, metx dFAZ7] FEH D(9E Y&e] duAg 7
9

£ AZRGINE 1, WG] AUAE 2E 2
AT 0o HEZ HAGA VE2oE ARAAYSE 7}
2 & 9o oF ;elstel YNHOE D(9)E et ol
474 2,101

1+N2_2ak(z's)k
D) = —2—— (12)
l+]§1ak(z’s)k
A7) A,
i N
T R(N-B!

olth. 22l N& Dis)e] Asolm, r = daFose 95
24 Nzde) mAFREe 9@ WMol AU
AAE F94g nHsd WY,

oA dRuEy] BAE dd Y B2 £F Q)
AN £3LEAY A% zzo Hystd TAE AL
P&)E Ta712 dh g@uzsle] p2E dws o]
detel me Folste e §3 Aojune) Fodse ¥
At FEeSA sHAANLHY el ta Ay
LEHAA @9 TEY B8 3¢ 1A, og %
B 4, = 0 2ANA Taylor F5AME Fobel Nysta
25 A% 2 2w, 2w 27E DY e
Ze NYsE BAE ALYEE AL 4 Aok

RO - AISst - ArBISSt =2A1 M3 3A R1E 19972

_ —1.498x107"s+0.0059
B $+0.01855° (13)

ZPHES AGFE Pls)= +87706x10%) dHe 7
i -001859 0] ML zm gtk A3t EAEe] o
Mol St AT A I/Pus)E BARF ZHL
A HBR J@@E7|o Hgo] Tt a-A|w
Bl Ala" G Ee 34 o] BAA UE AdE o
e 9gE 7Y FAH = Jdoug P $ukgdo)
E2AsE GHL BAS L Plo)E AAIY. = st
AUAE 7tA= £ ZHE 2AA 9 BATI+E 18

stof APz qoz 082 HASHG

[Ead)

IV. £2lold 2= Ho{7| 4

EdEs FAE Edo| ZHEFE H
o] Za of@dat AMMFSAA 7lewt
ZUE 2] 2o o S84
BEFTETE BAY £ =S T
P HlAY Ao £2told RE AVIHE =4
olgd RE Ao|7] HAE HAsll, +H FFEAY
P &Y Q9 FEF 9% Q)& A3y
of g &g Ne &g 2 vEwges
t[4]

&z
Me dta

e
us
2
)
o

&
e oL o 1o

1q ox

o
"

fr
fm of
[ 2

N
S,

oX, ml‘q

&

iu)

B 2 ) ol

o 2

m oz &
o &

o o)
=S

2 . . . “ .
=Jizl—[zw otz w) %,122,, 212+ 08Q,td
220

e (14)

R O B R W EA P R
z2<0
A7IH Q= €Ftold RE= Alojd & dAsh= A
o] B Yot
sdtold RE= Aoe BUde FHEF e e
gepasgkel sof gl Lehold Fuol +HFES Ao]
71E AAskE Aoiiolng AP Sefold HH] A
Al eFold BE AojdA wlg T8t £ =&
A% 3% vl Ael Hoe XdE FAe $EUA
Aol tiste] &3 22 22k FHY Setold HW Sz

2 MA .

M

S z; t)={ z() | s(z t)=(*g?+ A)z(z(t)—zd(t))=0} (15)

o714 SEtulel As ¥ Ao, z(e FHEs
H, z(tv TAUE FEEs a83 e FEE e
e ot

ArF o R 29 =AY 209 z Z7)4H
20 BEZIZ FHHFy FHeA NG @) -
zd)E 00| oht} 1EmE FHORIL 0o HU| 9EA
T BHdE dUEE 07t 999 2714 202%EH
Eetold HW Szt HE FHEFHolor & Aol o =7
& HFHA Y] HlME e 32 FEloly BE EAF
Axg wEF ok gt

C(zD < —p sgn(s(z D) (16)

71 g %o Agola sgnls)e F 3ot
Zdtolyg Ero EAxAL vEsid AuUEs z2(0E

27127 2007 z09 BdEdtE [sO)/7 Bt 32 &

B8 A2 fraenlol HH S0, & 2t = z0E WHFIE

B fel FolAl ok



Journal of Control, Automation and Systems Engineering, Vol 3, No. 1,

@1 a7

7

Lreach =
a8a £do|d jé"*«l gojoll osjr nxp AlZElo i3
TAdE e rt Setold B Aol Fold e
o] M9z 7+ the 7o) i{?ﬂ&]“ Al A 4=(time con-
stant) T & 7kAaL AFgeEH oz 0o ¢

T = 2-1 (18)

olAdl AoYd QF HAJNY] 5o &gold BE &
A2 (16)oM FA ks w72 ot (15)9] Fo
A szg Agtel diste wldsta, (145 HYsted zot
. a‘zzd }
N dtg ZO/]'
thomgt e it AAANE A& Heleo] AHE UM
o 49 HdAarigke ngdid o o g e 5
A EHPA 2P Aojydd Qo WA

2 , . A -
—%—(zw XoF 2 ) XoS8M(2) + 24y 2)2

éd=0,
A

—E{ZAMZ-%/IZM z+kMesgn(s)} (19)

47N k= efold Aol FolA = wajv]
9 rsk dasl Wk do) Al 2od skl
ERPE RN

k= n+max|d| /M. (20)

APl FoA% AMojQdyg2 R3gdrE FE3ty Jouz
Zgtold Y XA vty oz A e gY(chattering) &
WAAZI wEbA] B =R o] BAE slAsy] 4
3led Slotineo] A ¢HsF A A& (boundary layer)S 7FHd &8
old HH[11,12]8 o]&sl7|2 &tx, Ao ALg=
B3&rsE HA3 ¥3eg(saturation function)= HE3FH
o 19 4F 233gel R o2 Aojddde He
g Yehd Aoz, 1Y 5= AEES 29 gAY
AAZS g A Ao}

a9 5o EAE 0 AAE
AAZe] ZogM nxt l*EU ALl o/2"'2 AR
g 40 2AR EZEETE (199 2ddy B34
ool gk & kM.sgnls) CH’\] AgaH, sy B
HojAl el AP Q&5 ths3 ol FAHL

s Exz

T

o FAelt aEa .

)1':“ r‘ﬂ FI\O

T

Q, = —{E(zw Yotz || KoSgt 2) 20w 2)2

_1 Sy 2 s
pg{ZAMgz+/1 M.z + EM sal T, )} (21)

A7l & A xde §EFHE apE o st A

A Hrh
Q IQ 1
t |
| |
|
1 |
| |
| Lo
N
0 s Y c{ 3] :;\—d; s
|
I ]
| |
I

29 4 vagae el e Ao,
Fig. 4. Control inputs with sign and saturation
functions.

February, 1997 43

z
<
Chattering
zdt)

Y 5. =dold HW e AAE
Fig. 5. Boundary layer on the sliding surface.

o
o

V. HFE AlEo|M 23 2 B4y
FEEA e Y3 AojMaEe T2
22X FEEEAY EWg 5 dg o
Y 1ARE &5 ¥ sHEAMLHEY] F5E 598
3 ZAE Felold RZ Aojry] Zalm @S
TAHY AN E Batd F&EH aWH Alxgle
g Yotz g gitoly Em Aojr|e] A
geteiE k= AuEs 27 deld #dd TdsieE A
2y, FAQe wzlge Ay aYa dujge] =Hv)e
Hetg S Tt MAstn Fiold BT AojA| w9
ANAFEE AAs e gdEbelE AE Aojr] AAAC FA
27 Al~gle] Y Eg 12t AlojAlawe AALI) o
0z HkE k=001 12l A = 0068 AAI 1¥
A"E fEkAle] WY X3t EAFDE 2 = 0.06Y ),
40z MAFE 7H S gloh webd 4 = 0056013 Ao
71l E3brt EAER] g wek 22 Aes dr] sy
A @& FAGA Aol77t EeHE MRS FMAZeR
W Yk g Jd=E st9nh k gkel wEiglol A¥E
2AHoFE A = 005952 HAYL.

a9 78 10m A HEYEe gty Seteld EE A
olnt FAP L A9 Flo|dRE Aojol HTZY] A

HUH—

a4 6. FEEEAE AT

Y AN 2ge] T,
Fig. 6. btructure of the depth control system for
underwater vehicles.

12

1 f

2f o SMC
] —SMGC+DO
OD 50 1_; 1ao 200 aso aoo aao 400 450 800
Time (sec)
a8 7. 10m AsEEd 3t Sefojd R g
B 2715 7hd gelold mEo Ao
&t AlZHSH.

Fig. 7. Time response of the sliding mode and
the sliding mode depth control system
with disturbance observer for 10m rising
command.



olg WYL Aoty Agalold Azt F A
9 BEF E2E A% g Holn Ud), o] Ads %611
oaHZ7|7t dHEFTHsAT S A FEE& ¢
& o
12
10 —
ek
g |
E°F
+F
s -1 knot
2 —2 knots
: -aknota
of

o 80 100 150 200 250 auo 350 400 460 500
Time (sec)

g 8 H&= ®se] we @dHvIE T

seto]q me AlojA 299 AR,

Fig. 8 Time response of the sliding mode mode
depth control system with disturbance

observer for change in forward velocity.

a9 82 2 =E9 HAEEE JMAE FEFEEEAC o
ato] AAlE AojA A" &S HANHE Wt i3}
o Yehd et $3EEA dASE] % 3 =E o
ate] HAEE WA FEdhe FEesAe Iud A
2ol st EE Hele] AFFHolM ISz WE
F345S RYe &+ ok

249 9= FEEEAA ded Fe FUEHE #E=
AR do7t 7HAE mWel Ao AR AZPEHE
et

£ o

2000¢ 0 <t<5
d()= (22)
0 t=25
Aot 22 FF9o] 7HAHE W SThold RE AojA~
e 2 AR AEEHAA AHHY AEol vEjeR
BHE2e g BAALTE ZEA RIo agAR S8
4 R= Aojet fAdBF7) Aojs WAHst] FHT F4
Hd) HEFo]l @At Eolga G e el A&
AEE Bol HHAHUSE & 7 Arh
a2y 10& (el FoiZ st ol thg AojAl =] &
e yebd Aot dfgele] £FEEAA sHe S o,
stteld BE Aojwt #3¢ Fede 2 A HEFe)F
08mAE AT Felolgd E= Aojeh qAAZs] Ao

os
045 |-

-SMC
—SMC+DO

o4 F
03s [
o3

Depth (m)

o 400 200 9800 400 S00C 800 700 8O0 800 1000

Time (sec)
" 9. AT g &gfold =S dBAS
718 7h gehol® el B9ol td A
FLEECLE

Fig. 9. Time response of the sliding mode and
the sliding mode depth control system
with disturbance observer for the impact
disturbance.

FOi- KISSH- AAEIBS 2K K32 M1 & 19972

& 3astol 9% 4% 1 A5Fel o 02meA
of A% SlunBlol gstel G MM A
458 RYET & Aok

Oepth (m)
o

T ..8MC
—SMC+DO

B— 800 10‘00 1800
Time (sec)

719 10 shopejdtol iy Fehold R}
7] & 71X sgold EE?J 7
s *lﬁg‘é}.

Fig. 10. Time response of the sliding mode and

the sliding mode depth control system

with disturbance observer to wave dis-

turbance.

VI. 48

¥ ERAE YASE olste) vdels $EsE TH
29 Aolsty] istel MAP Aoi7)W ool
£ Alo71E SR, AfED 2ANN sgeldo] &

Aol oA JE s dAstel siskel S
48 w378 4
sk, %ma AONATS BEH ABAIAE Bl
ched ge ARE 9L & AAch
25450 oiA Feold wE Aot 93
o B oo} DrnelE A58 i
Aist i) dAE wase 7
Aote F4R A9k o9l FAD

guZ7) 71 11]01}\]/\541_,] e EXS

ol Ad G vAA BT L F YA EF A
AL AN 2ol £FEEA AASERANAN A2

S sl dEME BEsee ABS e ¢ 4 9
sic,

afm EeEAY By s FUge 37
gdo) haldg w, £eolq RE Aoy £uAY Ag 2
HEFol Ao FPFHIAE A% AFo] w5
goit, S@BE71E Sty e Aoivlsh Wasted A
A% A% A4 A 2

o}r *J

ol @H3| FolEI Al
o A% AFE wol Ausel Bzt FA W
of el S5 AGAANES S 2 5 AT
AFER SHANM A&HOZ TtIAL: ol o@ Y
of #%2FA EMY Axdel MAE P ABUolA
We A9, efold Wi Alojwk e ZPol ulas
& HFP0) Aoy, Selold R Aol sidte

2718 349 39 dAstdel g% HEFo] 4 AN
Stk weld A%E ARFALE Agee AAH oan
2717}k sshol] et WELAE AFAAYFS ML
& % Ak,

A9 e Al FAEst A A ol§dn
AP AVTAPE RES A BRI Aof Al

o] Mo d3FS F2] o oA g AlA]

Feel ARV Fastel slaglh: SPLow
HEES NS 98 v o7 AR A Fo
2, A4 AolAsgle] AA% zAHoR & 5 9



Journal of Control, Automation and Systems Engineering, Vol. 3, No. 1,

At

(1]

(2]

(3]

(4]

(71

Angs
E. Liceaga-Castro and G. Van Der Molen, “A
submarine depth control system design”, Int J.
Control, vol. 61, no. 2, pp. 279-308, 1995.
1. Koh, “Submarine automatic maneuvering contro—
ler/estimator”, ASME Winter Annual Meeting, 88-
WA/DSC-21. 1988.
AEA, PN, “TFEF5AHME 9% PDAFLC Hx
AJA el A" g ere) =], 4 119 A 5%,
pp. 25-32, 1994.
AEA, AR, e WA 2HE 9
WA &afolgd Rx Aojz] AA” Aol - Asst- A
24 ZstaA], A 198 Al 1%, pp. 25-32, 1995.
J. Feldman, “DTNSRDC revised standard submarine
equation of motion,” DTNSRDC /spp-0393-09, 1979.
M. Gerlter and B. R. Hagen, “Standard equation of
motion for submarine similation,” NavalShip Re-
search and Development Report 2520, 1967.

‘rEEAe BH/FAH EEANE A% A

A
1%,

H S 4

1977 gt 7| A-A R &4
197949 =28y JNATEH o
AL 1987 U= MULT. 71 A&t} uf
AL 1980\ ~ A FAtoietal 7] Ag st

h _
B owe, FRAReks A% T A
A

b AMABEY B9

AAH1996). 19964 ~ & &)
A4 EAEME 1972 A
2. BAlRoks HAY 294

o

3

U oft o

(8]

(9l

[10]

(11]

(12]

February, 1997 45

el mdy 9 gojdng FA (D", Tasta ¢
2 AT A 1992

R. J. Richards and D. P. Stoten, “Depth control of a
submersible vehicle,” Int. Shipbuilding Progress,
vol. 28, pp. 30-39, Feb., 198].

T. Umeno
controllers

and Y. Hori “Two degrees of freedom
their
application to robust manipulators without speed
sensors,” Proc. the 1990 IEEE Int. Workshop on
advanced motion Control, pp. 179-188, March, 1990.
T. Umeno and Y. Hori “Robust speed control of dc
servomotors using modern two degrees of freedom
controller design,” IEEE Trans. on Industrial
Electronics, vol. 38, no. 5 pp. 363-368. Octover,
1991.

J. J. Slotine, W. Li, Applied Nonlinear Control,
Prentice-Hall, 1991.

K-K. D. Young, Variable Structure Control for
Robotics and Aerospace Application, Elsevier scien-
ce Pub. 1993.

for robust servo-mechanism®

IRl

19939 AthStE Z1AAA T E9l.
Fosre AA19%69). 195K ~AA 5
Were Al BUE JAVIEd T
A7 FHARRE ABNA A2,
AL DAY Ao B ks
gAol,



