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ABSTRACT: In the context of autolanding containers from a container ship to a truck or automatic guided vehicle and vice verss, this
research investigates three schemes, one in Part I and two in Part II, for measuring the absolute position of a container. Coordinate
transformations between the reference-coordinate, sensor-coordinate, and body-coordinate systems are briefly discussed. The scheme explored in
DPart I aims the use of three laser-slit sensors, which are relatively inexpensive. In this case, nine nonlinear equations are formulated for six
unknown variables (three for orientation and three for position), so a closed-form solution is not available. Instead, an approximate solution
through linearization was derived. An advantage of the method in Part I is its ability to measure an absolute position in 3D space, while a
disadvantage is the computation time required to obtain pseudo-inverses and the approximate nature of the obtained solution. Numerical

examples are provided.
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Fig. 1 An automated container terminal: ECT
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Fig. 2 Schematic of the laser slit-light sensor
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(a) Corner measurement (b) An image on the CCD matrix
Fig. 3 Corner measurement using a laser slit-light sensor
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Fig. 4 Transformation relationship of two coordinate systems
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abz + bty 4¢Pz +d =0 (11)

714 o = a7y by tery, b'=ara+hrytary,
olth.
ol Al BAlZt $537) e} BAREAN hF a1b 2

4g dhgst Lol T

& = a3+ vy tery , d=ade+bdy+edztd,

b b, _ b, _
T _mal — Yy Yal — Z Zal — kl (12)
Tp1 — La1 Y1 — Yar 2p1 " Zal
wl2bA
b = (zp1 — T ) k1 + T (13)
by=(th1 — ya ) k1 + Ym (14
hr= (2 — za)k1 + 2 (15)
o] Atk
Fig, 694 &% ¥ AA 1] 23] SAHARE SHHY &

AATA ] W HREE 'Rz vehly, olF Fof FR=
S=Ax ‘L ALgEe BTS2 Stk EAZFA ) thI
A vp o) FEZES HAWAA (12)9 FEEA (11)9] 2ol
22 2 (13)~15F 4 (1) A3,

Ta1) b (W — Ve )+ (20 — 201 ) Bt
=5, Y1 — 1 201 (16

{alr(zbl -

= —d/—

o) Blw, thew} 2ol k& T F Aok

—(a,'z, + bl,yal ¢z, +d)
ay (@ —2,0)+b (Yo — a1 ) + & (2ot — 241)

k=

17)

gEo g, AME K Oo2NEH tp o FEFS
ohrt 2ol 78 & ok

b b b, o
Ty, W, A=

bry = (ay — T )l 20 (18)
Y1 = (Yo —Yar )1+ Yar 19
*21 = (2 = 2o1 Yo + 201 (20)

A (179 k& a, 8,7, dr, dy, dz &) FFOIEE o5 o} FEY

)
= €A [T A5 Fgelnk ieln 7 by, by, ' & 4
@)~ sk T 2 AA 16 W A ) 38
& Qe
Ty ={rn (mbl _$a1)+r12 (Y —Ya1 )+ T3 (%1*%1)}’61 (21)
+ 71120y F712Y01 HT13%01 T AT
Y = fron (@n — 24 Y7o (Y1 = Ya1 ) + 723 (2 — 21 Ik (22)
+ 70T 1 T T92Y01 72320 T Y
21 = (& — 2 PR (Wi — Y1 YHTas (20 —Za1 )k (23)

+ 7318 +T32Y01 T332 T2

A9 Ty, Ty, T & AUHRTEA AT A HXAH
"R 9 A ARolth & 2N ~@3)olA FHY Tz, Ty, Ta S B
T T o 8459 Frojth wheba Al A) o] AlAel dis)
ol9} & HAL AXE 71EHFA Y} BAFEA 1] HEY
4 17 9 ujA5e S o, 8,7, de, dy, dz )BT B B
AoM)E 4& F Atk

4.2 MESIE DAKGH

o A} o] 331 AXNEAHE sk AAE 37 A3k
< A%, WANEY 7t HAFEY wop AAH 2% Closed-

form solution® F3HA £31A Ak It o=, EX)¢ 2444
939 F AL R I Ue F AR,
33 S5 P AHEAS A vl ds) A=
9 B2 Fabrt W olEisEr NS T HEdT
(Astrom and Wittenmark, 1984; 521 5, 19, #8d3 &
™3, 1999). Anti-sway controller’} ZE3hs &N EET
7} 2uAgd =Eage A Aeolde] IF ES5HL v

o Agoluz o]aF A3} WL BEstt sl

B =R e 24X M 2ZHug FdEl Wit vl

AgEoz JHAstm AP A LaEE F5L Zo|
ok S, AA 19 tske] my, Ty, T & TR o] el

Ty = fl (Cl, ﬂ; Y de, dy; dZ) (24)
h=% (OL) ﬁ: Y dx} dy; dz) (25)
Tzl = hl (a; /67 Y de dyz dZ) (26)
9 He HYRT F TR To) &0

Ty = kno+k111a+k112ﬂ+k1137+k114d1’+k115dy+k116dz (27)



"yy = kigo t it kg4 Eigsv+hipadr 4 kipsdy + kysedz (28)
"2y = kg Ty ot ks 8+ ks Y+ kisader + kg5 dy +kisedz (29)

A7V kg (@ =AMHE(1~3), j=Z(1~3), k=0~6)F F-Fl Y&t
ek Al 29 AlM 30l tistel = F3do] s (30)~(35)

& Qewh

"Ly = koro tharia Koo B+ Fars v+ karade +ky15dy+ka16dz (30)
Yy = Koo + ko1 0+ Kaoo B+ Kooz v+ kapudz + kypudy + kyaedz (31)
"2y = kpyo + kagy @+ Kygo B+ Kagy Y+ Eagadit + assdy +kasedz (32)
"Tg = ka0t ka11 0 k108 + k1ay + Rarad + kg sdy +kansdz (33)
"y = Kygo ka1 @t Kano B+ ksaz Y+ KaoadT +kagsdy +ksaedz (34)
"2y = kgt kg0t kaga B+ Kaaa Y tks3.d0 +Kaasdy + ksasdz (35)

)~ thew o] P oz e}

o "
- Tn—k
i kus ks kg ks kel , 1_k110
Fro1 Kz Koz kias Kuos Kiss T o
kiz1 Kiso kiss kiss Kiss Kise g TZ1—/€130
k211 kzlz k213 ko1a ]‘0215 k216 Lo — k210
ooy Kasa Kaos Kaoa Kaos Kaze c?a: =|"1h — kago
kog1 Kosa kass Kozs Kass Koz dy "2 — kago
ks Ksiz ksis ks kais kase| |4 "3 — k1o
kso Kson Kaos Ksoa Kazs Kaoe "y — k
320
| s Fsss Ko Ksss Kosa B
| %3 k330_
L
Au =v (36)
o] @ojxith

2 Be)dllA Bizo] FolR WA 7} vRe FHEY 3
A o 2o g RE wRAEe] AFEHe|AE Fr dol
ALAJANE 23189 ARE AFsie g gie 2E F 678
o] N2 APEPe|th B =FoXe 2] 369 v E AFTL
Rl AaAsy MHE olfdte Falux vk T
mxn P& Ad] st m > no)x, ;A A¢l BA7} nolH
G6)9) v & T 2ol 78 F Ytk

u=A"v (37)

A7) A = (474) AT olt u & FHLEA ST WY
B (T MAF B, do, dy, 2 F T F Ak AFA
Yol A ol8ste] AT 71FAR 9N 3
$o) ARGRE T, 5 FO ATHFE el oiAE
ARG WA 2xdve) AR e A9
s ANE L sk

4.2 Ziejol 3zelofl M U FX| il

@A ol guEES Adlolizd U H&she T
Wol) i) Foprxl, AukozRE AHOUE Fol AGV
o] W e A3e u83th Autolanding & 93 AZHH
o] A9 24 o7} Landing zoneo] =€F F 4
A#A Ftk Automove HRS Fdto] EETT EEAA
=259 Al Adolule] uigkat AGVSe] Azl 02m BE
2 $A8d HE2 Hoisting A0S AsiHE datizr $%
SAE Bk AU AolE siME FNAARNANE AT
S5 gtk oA st Aelelusk AGVZHY 7°] 02m

2 4491, Yol AEAFAME o83l 2z ue] 33
4 YA 23T 27t FQen, 2 2R 23
ANZEAST 7\2HEA ] AFPZ e FFPFEA A
@) dsl 2 Yokm 7pgRch =3, A A SRBANE
2z A ZURS ZRsk 2R AiFES A A

£ A=t} o] FHE B =E9| dudFel Byt 22
o B3g BAREAS} NEHEA Alol] AEYES 674
9 HRAF a, B, v, dx, dy, 25 TE F Utk

olAl, oML BHoz WA 2ZYdY F4, F B
EA9) 9Ae JFFHEA FAH NAA FL o &
e WIHFS 34 T AR He BEPEY 8a
Fgt olge wadde mEwEgPolst vV Ak
TEm NEGR2RE o]FS ¥ Fo) 2Zdre] EAFEA
o} J\ZHEAT WP Q4E Tl ATHIYLEH
9] ex8 BIE o9 oAt HELAES Wl S =
7o) 7FssA Bk SgeaEdle A/ HE 5em= AT}
w, o] k& Aol 23 FoR golw, A T AL
I JE @olth

(S

il

4.3 xjolH L 2XEM

B ERe d3eEg He A A wE 27t EAR
% Qlow o| AL Tje WY 7P HELANAE 4F
sh= Ao] Fe)Holn, FAqAE Tl WAHE 239 2
71 AHREE 37k 428000 AT T2 Areldr) 2
= o] 2] glo] 3 2E5H H=z Aol 9]
£ 238k A7t At

A Adolurt 71EA ) AXshe Aol thste] 2E el
Yol EARRAS) 71EREAE XS AAsta, tid A
Holuo] thal A e ZUHE F33, SAHEL 40ft (12
19mAG oI 24 55 nst o3t o] AT

a1(4, 07 0)7 b1(87 03 O) (38)
a,(12.034,04, 0), b,(12.034, 2, 0) 39
a;(12.034, 2.348,—0.4),  by(12.034, 2.348,—2) (40)

NEHFA A Hated,



Adlohde] AEAYE A ol AAA ke ARAA FE LuelF: 34U 54 Part 1) 51

AA] 19] slit #o] HEAA] X =6 (41) o} x|k 2 3 A} = Wasgge ai = ) (37)_7
AA 29 slit Fe] Heubya) Y = 12 @) ' __ SRR J__ ue o}

%"O t 3 /}'ﬂ}‘:ii *—‘—‘zé]?l' Eﬂ O]E1 / = —’_’6'}-0:] | g = ﬁlq—
AA 39 slit o] HALAY 7 = —19 ) 1 A% 3 Z 3

Aeloldr} 71FEAX6) ARk A, AM2 538 583
ol N2 7t AMES Fig 73 Lol AW ol gol A o HelH ust el Fkell ofafl 7l H@PHe] 8 4= o
d9 Alzde] thsted AReE ASFSS 73T, A el B &% 2ol Lotk
gHeoz s ot 2o

l(rwl’ ryp rzl)T:_, (61 0, O)T (46)
"5 —6 ] 27z, "y, T2) T = (12,034, 1.2, 0)7 @7
[0 0 0 0 0 0] Ty, —0
6 0 0o 0 1 0 r;—o 3("zy "y "23) T = (12.034, 2348, -12)7 (48)
0 -6 o o o 1% ! T T
Ty , dz, dy, =10,0,0,0,0,0 49
12 0 0 L o oll® 2, —12.034 (q, B, v, dz, dy, dz)T = (0,0,0 ) (49)
0o 0 0 0 0 o=l "y-12
0 -12034 12 0 0 1o T2y —0 oAl €% Fo Aol MARF L FHEA LT
o o 1z 0 1 0 \ldzl  {ru,— 1208 4%t Operating point7} 0 0|22 HOZRES )5 % 5
. 0 0 4441e-16 0 0 O Ty, —2.348 o] 7l Al o3 exe F7HE Aol wetA
| Tzt12 | o] ¥nElBel £&4E Byl AN #Y HeeAt SAA
o] Aozt 94X Al el LaelFe] A % 784
EE, Au =0 @y & B Hel AAF Aotk
B oAd] g P& AL 9x6°)1, Rank(A)7} 60122 o} "z,
o} o] B A9l oA} I E(Pseudo-inverse)S T = Tt r}
sensorl (b} ry
a1
#_ TAN-1 4T
A*= (474)'4 N/ vy
[—6.46e—12 —3.824 3.824 -1923 3.124e-13 sensor? b1 %
6.44e—12  3.659 -3.569 1923 —3.125¢-13 b g,
3244¢-11 184 184 907 —1.56%~12 o
= ag\]‘.’ bzaa a’
~7.579¢-12 —4.589 -4.589 -22.08 3.673¢-13 s 344
3.879%—11 2393 -2295 1154 ~1876e-12 it b
386le—11 2195 2195 1154 -1.867e-12 b sensor3

-3824 1923 3.824 —~1.779¢—12]
3.659 —-19.23 -3.659 1.774e-12 (a) Translation along the x- and y-axis
1923 -967 -184 8.934e—12

—4.589 2308 4589 -2.092e-12
2295 -1154 —2295 1.068e—11
2195 —1154 -=2295 1.064e-11 |

sensorg

sensorl

sensorl {r}

(b) Rotation about the z-axis

Fig, 7 Example of 3-D position estimation Fig- 8 Detection of a 3-D motion
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