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A Study on a Docking System Using Ropes

by Hisashi Ishitani, Member  Akio Yamamoto

Summary

At the docking of a three-dimensional moving vehicle to a fixed base in deep water, an
automatic system is indispensable to assure reliable and safe operation. In ‘the paper, an
automatic docking system using ropes is proposed for such situation, and basic concept and
characteristics of the system are presented with some results of feasibility study of the system.
In the system, ropes fixed to the base are connected to the vehicle by sonar trackers launched
from the base, and then, the vehicle is docked to the base by the ropes controlled by a
central controller in the base. Real time estimation of state variables of the vehicle, i.e.
position, velocity and attitude of the vehicle, from the rope lengths, and the control of the
vehicle by the ropes based on these.information are essential in the system. To investigate
practical feasibility of the system, especially those of real time state estimation and the vehicle
control, simulation study is made using a small size mini-computer which can be installed in
such underwater base. From the simulation results, it is shown that a near optimum filter
can be effectively utilized to estimate the state variables of the moving vehicle, with which

the vehicle can be controlled by the ropes with sufficient accuracy.
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Fig.1 Procedure of the docking system
{a) Approach of the vehicle and rope connecting
(b)) Docking control
(¢) State estimation and control by robot arms
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Fig.2 Coordinate system
(a) Coordinate system
(b) Rotation of the axes
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Fig.4 The system model
wH/bH, T IT
2L =on3l - an

LERE, JREIL VT A0 REBTL LN
T% Fig3 wRT 742y RakBb,

3.2.2 YAFAETFAANDILHE

RABHERE 7 & O BRI & AL T e Fig 4 1@
~EhB VAT RAEFARER Bo LD ETAIIBEME
06ﬁmg@ﬁ?ﬁiﬁbvkﬁ@ﬁ&ﬁﬁﬁ%%ﬁb
TRO LS8 AD e — 7 CEEATH EREL, TD
RRE (EOME, BE, %A, AEE kIUHN
BIRUTOX S EEIRD,

x=(Xp, Xy Xoo X0, X, X2, 00,0, 0, 6,90 (18)

y=,, lz,"‘slsy as
L L i ZEHOr - TOEIRTRT,

AV AFACR LRIV =V 7 4 v 2 ERILT
L5, FEREREFTER (8), AL (1)~(7)
BIER W HMEC BRI 0. OHERMAERT 5o
%z T%mmkﬁ%DﬁMklbﬁﬁg%%b<ﬁéf
%6uT@%ék&ﬁ5”

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

488 HEEMFERHRIE Fi54 5

pgAm:GQ&%%,Eﬁﬁﬁ,@Eﬁﬁ%&K

HUTHIE (B8 MA) & 4z, BE (FiifE
B % 42 Lltcl ¥, +HEGER 4T olMoES
PR

dxp=dx,_+d4z-4T (20)

dipy=dz,_,, AT=t,—t,_, ¢2))
k%b&f,ﬁ@D@Eﬂm@%@%ﬁ?%ﬁbt%
DRODEY AT 2 MER DS EEL DL, DB
T3,

@=@’A§@ 22)

EERDLET O ¥ EEFED T )t BET 53S0
B Do dye WHTHBMAF Co 1358 AD) itk
DRECHERT O RERS D2, ChihEhESy
AHETBETRDDEEE BT GE (2), (7))
CRUDFE L0y, FTEREIIREEM Ui, fois
RYAT LB TB O, C, OFEBIABICTY,
BREAT v TIEBT dx, 2 SEEEH LS+
5:&&;9Fg3®*m@ﬁﬁx%yfﬁ$§&k
bo JEEAN =V 7 4 ZIRBWTEEE»HOTH
PPSCHERDOh UHEERBHENTE T 5 5
M, WY AT MG, VT x4 A TR
BEEZRDDDEND B, ZOBE LROEHITHED
RBIE I Bl EEFEOHEIR (1)~(7)
EEITHBEND D, 7 4 % O HEREROAR
DEEDB T EID, -

3.3 #lEmo—k=

R (D~ WRT X5 CBBGOED © ¥ & &
B, BELEbVOEEEEHDOZMSIT I F 4 5
ﬂ,E%ﬁ#%thﬁ¢§b%6K@ﬁﬁﬁﬁ&&é
TEMTED, LD - TR CRERS = & iy L
THENZRD, BRCAR L TLEOHME T2,
8 2 DHEBANIKRD X 5w EEh s,

(1) X@hEbb I Y@ v o448
ﬁgMa)KﬁflﬁibO®@Efﬁga,ﬁgg
&% 0 PORS D 7o0ic, TR 3l o) s
V5,

T2 T1
5 A A
e [
« T2 Ti
< I >
i
{
T2 . : I
T1 y Y ”“6—“‘_—‘)
ST T2 :
(a) (b) (e) .

Fig.5 Contol laws »
(a) Rotation around z or y axis
(b) Rotation around z axis »
(c) Deviation in the horizontal plane
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Table 1 Parameters of the
system model

St (3.5, 4.0, 0.0
$2 (1.5, 6.0, 0.0
$3 (-1.5, 6.0, 0.0 )
sS4 (-3.5 , 4.0 , 0.0 )
S5 (-3.5 ,-4.0 , 0.0 )
S6 (-1.5 ,-6.0 , 0.0 )
s7 (1.5 ,-6.0 , 0.0)
S8 ¢ 3.5 ,-4.0 , 0.0 )
unit : m
Vehicle 8m X 3m X 3m
M = 72 ton
Ig = 438000 kgm?
Ip = 108000 kgm*
I = 438000 kgm?
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DIERH BT Ui, Table 3 wiXBEEO#IHE,

Table 2 Parameters of the extended Kalman .
filter for each cases

Table 3 Parameters in the simulation runs

Xo for system Xo for filter System noise Qii

Xx 1.0 m 1.2 m 0.0

Xy 1.0 1.2 0.0

Xz 10.0 10,2 G.0

Xx 0.0 m/s 0.05 o/s 0.0001
Xy 0.0 7 0.05 $.0001
Xz 0.0 0.05 0.0001
[ 0.1 rad. 0.12 rad. G.0

g 0.1 0.12 0.0

¢ 0.1 0.12 0.0

é 0.0 rad./s 0.002 rad./s C.00001
& 0.0 . 0.002 0.00001
¢ c.0 0.002 0.00001

Observation noise  Rii = 0.001
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B 6°, KERE Im TEHWO L 10m, 74
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Lo n '

Ny ¥ v ZHEER oAy = S EA LT,
Table 4 TRF v — 77 T 5, FILEES L THE
HiEHElT5cd0r - 7E&FS 2R L, « HIXfLEH
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ST A BB T B,
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5 4 — 2 LTS % O TEEORTCIE U T
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O HIF T CHEEN KIS L TR %o |

Filtering
time AT =1 AT = 0.2
interval
Initial
estimation T1 = 30 T1 = 15
interval
Po Actual Actual
values 1 values 1
R/Ract>
1 Case 110 diverge Case 210 Case 215
10 Case 120 diverge Case 220 Case 225
Case 221%
* W =20

Table 4 Actual control laws of
- the model
. _
x | #1,88 | #a,45
D] #3,86%| #2,47%
Y #2,#3 HE,#7
CHS HBx | #1,84%
Z — bias
¢ | #5,48 #1,#4
8 | #2,47 #3,#6
i ¢ | even odd
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Fig.6 State estimation by the filter (Case 220)
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Fig.7 State estimation by the filter (Case 120)
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Table 5 Results of filtering

deviations v Py; )

T5Ho —MIL POFIMERTHKE L L kv,
Py=1 TG LT EEED oI 4T=1 DiE4
ERT D, 4T=0.2 D F 4 (& — % 215, 225) 10
BURCIORT 52, T, B 5EEO HETHEE T
RKREL Do BAEEILEN e ZHSHEER
CHINT DR TH B0, FEORBIZ LD TRER
DT, BARCERELTHECH LCRES FV50E
NdH5bo

7 4 ZEHER AT BEFBCEENKEL, 4T=
1 CIAERIRAR, BHCRERIE 4T=0.2 ORI~ T
HERENSLTH, CHIBRSEM 15 Lkl
LROBRTH D, HEBEIVEfELTcDd, BEQIT
VAT AHEED DI Ty MHETCIEE
BB, HEEFI w1k Fig6, 7

Case 110 120 210 220 221 215 225 Y .~ -
e : _ CRERD L5 RIERICK ¥ ik
X« | 0.12 0.05 | 0.08 | 0.07 | o0.07 | o0.1 0.1 .
Accuracy | Xy | 0.0 | 0.05 | 0.07 | o0.05 | o0.05 | 0.5 0.5 L, 74V 20OREBEEE &L B
of Xz | 0.09 0.05 | 0.025 | 0.015 | 0.01 0.05 | 0.05
estimation| ¢ | 0.01 0.01 0.005 | 0.005 | 0.004 | 0.01 0.01 Ho FLEMNLLLBOMN LY 5 CHEE
at Ti 6 | 0.02 | 0.008 | 0.01 0.008 | 0.008 | 0.01 0.01 B ‘ ‘
¢ | 0.0z c.01 0.015 | 0.001 | 0.01 0.02 | 0.02 BEOBBLFFRABCRILE L TESL
%Xz | 0.03 | 0.02 | o0.02 | 90.02 |0.005 | 0.02 | o0.02 % DT, ?ﬁﬁ@ﬁgﬂ%%ibﬁﬂfﬂ%
X 0.02 0.03 | 0.02 | 0.0t |o.01 0.01 0.01 - L 3 VSN
Final s | 0.03 0.02 0.02 | 0.01 § 0.01 0.01 0.01 HRRECT HAEEL DS, FRD
accuracy Xz 0.05 0.03 0.02 0.02 0.01 0.02 0.02 — -
of ¢ | 0.01 | 0.007 | 0.008 | 0.095 | 0.005 | 0.005 | 0.005 Yok AT o h5 BED EBHRIIHE
estimatior| @ 0.01 0.01 0.0015! 0.01 0.008 0.01 0.01 S
¢ 6.01 0.01 0.07 0.00S | 0.00S | 0.004 | 0.004 h@ﬁﬁ&fg%f&\,x@fﬁ\,\ﬁﬁ:l\,\
Xz | 0.02 1o0.01 0.015 | 0.015 | 0.005 | 0.015 | 6.01S »s, AT=0.2 ElLEIEEEEROR 1/
Unit Xx Xy, Xz ¢ om $,6,¢ i rad. Xz i m/s
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O0x

bjw:;.awijzr“(cos ¢ sin 0 cos ¢+ sin ¢ sin ¢)

E 0

+#23(—sin ¢ sin § cos ¢+ cos ¢ sin ¢)
bjzg:—a—g;i-:mj(-sin 6 cos ¢)+vyssin @ cos 0 cos ¢

725 cos cos 0 cos ¢
bjxsb:?a%’i: —7gjcos 0 sin ¢+7,;(—sin ¢ sin 0 sin ¢
—+cos ¢ cos ¢)

+725(—cos ¢ sin @ sin ¢+ sin ¢ cos ¢)
bjw—;?géy—:r”(cos ¢ sin 0 sin ¢ —sin ¢ cos &
+7z;(—sin ¢ sin @ sin ¢—cos ¢ cos ¢)

bjye= agﬂ =-—7; sin 0 sin ¢-+7y; cos ¢ sin 0 sin ¢
7,3 cos ¢ cos 0 sin ¢

bjw:?ayji:rxj cos 8 cos ¢+7,;(sin ¢ sin 6 cos ¢

—cos @ sin ¢)
+72;(cos ¢ sin @ cos ¢+ sin ¢ sin ¢)

J =7y C0s ¢ sin 0—v; sin ¢ cos 0

b 0z,
Jeyp— aw
r4

bjza:%";iz ~#3;5 €08 07, sin ¢ sin 0
~7 ¢ COS {p sin 0
0z
biew="g ) =0

1Ki<d)
3. HHETALTY A
KYAFTLADOHBMT7 A2 ) X 2 0% Table A. 1
CHF TR, P gain §9) BiHZEHDO = — Y DB
jj%!fffro

Table ‘A.1 Control algorithm

if Xx >= 0 then .
gain(#4)=7600%Xx+33120%Xx
gain(#5)=gain(#4)
gain(#2)=gain(#4)
gain(#7)=gain(#4)

else .
gain(#1)=-7600%Xx-33120%Xx
gain(#8)=gain(#1)
gain(#3)=gain(#1)
gain(#6)=gain(#1)

endif

if Xy >= 0 then
gain{#6)= 7600*Xy¢33120*Xy+ga n(#6)
gain(#7)= 7600*Xy+33120*Xy+ga1n(#?)
gain(#1)= ?600*Xy+33120*Xy+ga1n(#¢)
gain(#4)=7600%Xy+33120%Xy+gain(54)
else
gain(#2)=-7600%Xy~ 33*20*Xy+ga1n(k2)
gain(#3)=-7600%Xy- 33120*Xy+ga1n(#3)
gain(#5)=-7600%Xy~ 3312D*Xy+galnk#5)
gain(#8)=-7400%Xy~ 33120%Xy+gain{48)
endif

gain(#1)= 117000*¢+503?OO*¢+ga1h(¥l)
9ain(#4)=117000x% ¢+503700% d+gain(44)
gain(#5)=-117000% ¢~ -503700% d+gain(#5)
galn(#B)-—117000*¢ S03700% d+gain(#8)

gain(#3)= ?6250*9+3Q1200*5+galn(#3)
gain(#6)= ?6250*9+331200*9+ga1n(#6)
9ain(#2)=-76250% 6 -331200% § +gain (#2)
gain(#7)=-76250% # -331200% § +gain(#7)

gain(#1)= 58000*¢+252000*w+gaxnf“1)
gain(#S)= 58000*w+252000*w+ga1n(#5)
gain(#4)=-58000% ¢ -252000% ¢ +gain (#4)
gain(#8)=-58000% ¢ - ~252000% ¢ +gain (#8)

total=Zgain(#i)

if total > 40000 then goto $%%
bias=(40000-total)/8
gain(#i)=gain(#i)+bias

gain(#i)=gain(#i)+10000%(0.4+Xz)
¥sart((Xz-1.5)%%2+4)/(Xz-1.5)

$$% 1f gain(#i) < 0 +then
gain(#i)=0
else
gain(#i)=gain(#1i)
endif
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