;e3e2 | Bf6T2#1 ~~I | AmMA ~E~. E. ~~oN 1~9A0~~1~6 *(&0001"" TITLE OF THE
kI NVENTI ON Cont ai ner position detection nethod and appar at us,

andcont ai ner | andi ng/ st acki ngcont r ol met hodi ncar gocr ane TECHNI Thi s
invention relates to a container position detection nmethod an lﬂ "m,ml n
a cargo crane. Mire 10 specifically, the present |nvent|on re

contai ner position detection nethod and appar at us, a cont ai ner*1e6i66*
| andi ng/ st acki ng control method in a cargo crane , mhlch | ands or stows a

hoi sting accessory itself or a suspER#ed H?™er hel d by ﬂMﬁmm il B
accessory, or stows a container held 15 by the hoisting acc mm’fw
speci fied position on the ground. BACKGROUND ART Wen a hoi sti ngyggeessory
(generally referred to as 20 a spreader) is |anded on a contai ner in order
to hold a cATMHEHIRedF sTaRed NMENTHEOr ound by a cargo crane such as a bridge
crane for container yard, or when a container is stacked ( including a tine

when a contai ner icorsiDiedropod itpesi fdertkposohi netandt beadyeepihatus) i s
necessary to adjust 25 positions of the hoisting accessory or the container

held  25by dhecbakstinkd BERESHOTYS tHdHE A§ePGrd10nt BRoEOH ahREH Giaved on
the ground or with respect to a specified position on the ground in
predeterm ned accuracy. Particularly in the instance of stacking the
container, it is necessary to 5 stack the container so that horizontal

di spl acement :(ogsr N0t PEgEL i n the upper and | ower containers.

This invention relates to a container position

detection method and apparatus in a cargo crane. More

10 specifically, the present invention relates to a container
position detection method and apparatus, or a container
landing/stackingcontrolmethodinacargocrane, which lands

or stows ahoistingaccessory itself or a suspended container

held by the hoisting accessory, or stows a container held

15 by the hoisting accessory on a specified position on the

ground.

BACKGROUND ART
When a hoisting accessory (generally referred to as
20 a spreader) 1is landed on a container in order to hold a
container stowed on the ground by a cargo crane such as a
bridge crane for container yard, or when a container is
stacked (including a time when a container is stowed on a
specifiedposition on the ground), it is necessary to adjust

25 positions of the hoisting accessory or the container held



In order to perform such operation, it is necessary to detect the specified
position on the ground where the container is to be stowed, or the relative
position of the 10 contai ner on the ground which is an object to be held by
t he hoi sting accessory, or an obj ect whizch a contai ner held by the

hoi sting accessory is stacked thereon (in the explanation below, the
specified position on the ground and the container on the ground to be held
or stacked is referred 15 to as an "target container" ) and the hoisting
accessory olva HWohte hering ¢ dse s perioWsitiing eeRessory e tdrnexphanati on
below, referred to as a "suspended container” ) , and it should be

control | ed sdawest onhthe gsownddispliddemespaat thea sgletiee@andsivhon20
Expl anati on below i s given, assum ng that an operation of stacking a
cont ai ner helndthg arbairst iing pacekstsoryinadaacontaicyer $keoveiccwhathe gnound,
unl ess ot herw se specified. However, it is a matter of course that the

simlar techhieque stamdee capphiaetk iy thee eeatted ivarf ol t | ahdiage s Berhotsti ng
25 accessory on a container stowed on the ground or the operation 3 for

stowi ng A cerbaiehdelchdyi 188 BEi $hiaRd RGCOASPEY1 081 8p3RREidfd dossti on
on the ground. In the explanationbel ow, expl anati on about edge detection of

t hesuspended jgontainer; s $gsgﬁgggghﬁﬁﬁlfo&grtQ%anggugggection of the

hoi sting 5 accessory itse erw se specified, and expl anation
about the edge detecti of. a_t o [ LS:al.so.appli he
edge detection of&g ?5?%%&tﬁaPﬁ?ﬁﬁ%ﬂl%ﬁ??ﬁgféf%géggn %ﬁegérg%%§%%§&§
facilitate |oading in the first_stage, unl,ess otherw se specitied. .10 As

t he convent 8n§f§t%é:(}:hr¥é1%gip?%+fﬁ%?e@?isﬁg:]aorboosr?t?ekb?l %JFOBREa?’ & Cont@i ner
in the cargo crane, there are known one in [ a .di st ance betmgf

whi ch n.a
hoi sting act8BS6ryedSatsi B8 B8FOYeConPai hBF FElRtdy & B Soy- P It &und

10 container on the ground which is an object to be held by
the hoisting accessory, or an object which a container held
by the hoisting accessory 1is stacked thereon (in the
explanation below, the specified position on the ground and
the container on the ground to be held or stacked is referred

15 to as an "target container") and the hoisting accessory or
a container held by the hoisting accessory (in the
explanationbelow, referred to as a "suspended container"),
and it should be controlled so that there is no displacement
in the relative position.

20 Explanationbelow is given, assuming that an operation
of stacking a container held by a hoisting accessory on a
container stowed on the ground, unless otherwise specified.
However, it is a matter of course that the similar technique
can be applied to the operation for landing the hoisting

25 accessoryonacontainer stowedon thegroundor the operation



hori zontal distance detector fitted to the hoisting 15 accessory, so that
the position of the target container is detected fromthe neasurenent, as
di scl osed in Japanese Patent Application Laid-Open No. 5-170391 (Patent No.
2831190) , and one in which a picture of 3the | ower part of the hoisting
accessory is taken by an image pickup unit such 20 as a CCD canera fitted
to the hoisting accessory, and an edge of a target container is found by an
i mge processing technique fromthe | e data thereof, and the position of
et ar got S0t SeR Ht TG BH DESBAL Gro¥ Fer FRdsaq Y A s i Bht ont
Application No. 0440915A1, there 25 is disclosed a technique in which a
corner of aatsRefetfied Rkl PrPricHhRSCNd 0 FThERSIaHR) e eEBPAR LAY

i mged by an i mage pickup unit such as a CCD canera f fitted downwards to

t he hoi sti ngx@deesdorgn abiealty efdgei detpesionont Bdiswsuspemalatbrenitagner
accessory and the target container is then 5 detected by the inage
processi ng techiisgpuepdlherabyeposi thenedgeatdattectioe of tbanbkotiisrg niche
container to the hoisting accessory is automatically performed by position

control f hbeebaicxy Nngiaseassor yuhased orvtherwetat i wpquostiedn. ididrhe
one whi ch neasures the di stance between the hoisting accessory~and the

contai ner skdgilbace ivh bR NORZOREYe destitcotelifeat earfas aoptabhem of
interference between the horizontal distance detectorand thecontainer. Wen

it is tried;50,pgsi sbgaitdaq)l@rﬂcz%H@Iedi%]ét@@@;@ce%acwraléaabe@ mark
measurenent position, at a stage where the horizontal displacénent between

the target gentainer;aad bhesyspended containey 4.l aroee ot isashs he

possibility that t orizontal dista etector ¢ es wt t ar get
contai ner, @Qg ??Q%%iété&égiﬂﬁigggtJ%%é%ﬁfgglgpgggfk%dyo 20 a practica

use.

10 As the conventional technology for detecting a
position of a target container in the cargo crane, there
are knownone inwhichadistancebetweenahoistingaccessory
and a side of a container is measured by a ultrasound
horizontal distance detector fitted to the hoisting

15 accessory, so that the position of the target container is
detected from the measurement, as disclosed in Japanese
Patent Application Laid-Open No. 5-170391 (Patent No.
2831190), and one in which a picture of the lower part of
the hoisting accessory is taken by an image pickup unit such

20 as a CCD camera fitted to the hoisting accessory, and an
edge of a target container is found by an image processing
technique from the image data thereof, and the position of
the target container is detected based on this finding.

In European Patent Application No. 0440915A1, there

25 is disclosed a technique in which a corner of a target



The one which picks up an image of the | ower part of the hoisting accessory
by the i mage pickup unit such as a CCD canera, and extracts the edge of the
target container by the inmage processing technique fromthe obtained i mage
25 data does not have the possibility of 4 nterference and 5 col l'ision,

but has a problemin processing the i mage data picked up by the CCD canera
or the like in the environnent of the actual crane operation, to thereby
extract the target container without any error. In the actual operating 5
envi r onment SAa etk esobres tefai@e § Mt rdt ABFSESARIM iton IMEE3fAMYE i n
the intensity of sunlight, or shadows caused by the crane itself, the
suspended c@t dnage o ke adiidcsmclearit & REP seaEk2 44 tkeld dgernwards
nonuni formty of the container painting or a difference in reflectivity on
the surfacetof the thueiconiag neccabbectyt hddpermt iagevei poasatn Pedmweot e,
practical extraction of the target container cannot be realized w thout

el i m nati ngthkess igfingnaesesEirsy iawénthen thaydtearoptaposed iisn tdrader to
solve the problens related to the edge detection of the target 15 contai ner

by the ismagaedalctd 0¢86SithE Ofintdtee | PAGR-PsEkHg UBbthAtGheds EBRrewiEr as,
whi ch occur due to the influences of the environnental conditions under the

actual oper EBisqrii@}fjiﬁ@ea@Q@fg ki1 s o8 chbie s GRNAINMQindt 46 talk
obj ect of the present i1nvention to provide a contai ner position 20

det ect i i : ' | i@ of
el ect | on EHed il AN, £ ANe WU i B 0B1 £, 0DPEREAN:gubATI LA ©

t he cargo crane, y pefrform ng edge detection of

the target cgalaifier, by, pLogesstaad e dnge gaba b aided by, Lhg-hgage

pi ckup unit "such as a camera’i ed rn a ing accessory,
25 elininating.ghe i nfluences of various situations and
position.

10 The one which measures the distance between the
hoisting accessory 'and the container side face by the
horizontal distance detector has a problem of interference
between the horizontal distance detector and the container.
When it istried toposition thehorizontal distancedetector

15 at a measurement position, at a stage where the horizontal
displacement between the target container and the suspended
container is large, there is the possibility that the
horizontal distance detector collides with the target
container, and hence it is difficult to actually put it to

20 a practical use.

The one which picks up an image of the lower part of
the hoisting accessory by the image pickup unit such as a
CCD camera, and extracts the edge of the target container
by the image processing technique from the obtained image

25 data does not have the possibility of interference and



6 conditions in the actual operating environment, and by using the edge
detection result to accurately and positively performthe detection of the
rel ative position between the target contai ner and the suspended cont ai ner
,. and a container 5 position detection aBparatus whi ch is used for
executing the nethod, or a containerlandi ng/stacking control nethod.

DI SCLOSURE OF THE | NVENTI ON The basic points ainmed at by the unit which
achi eves 10 tgﬁ.above b'eég are thq% éli the shape of he_detec%fqp
obj ect is hERASFHS T b SRR SRaPEEFSEHNY TS dBEATHIFH  hen a
target container or a mark representing the target position of the

contai ner sP&REGS U9 Baehler 6hPaBETEr 2aRd EACh LK Er e8pbAGi REVSTFAEMS ] he
suspended container 15 are held so as to becone substantially parallel with
each ot her, obyth agttvearl geamconrBirét o née deseebyerkheretthq taagst | (3)
rough relative height of the suspended contai ner and the target container
has been al ceady ikeownwbyhamtot hey measur enedn unie, agridiald4) ophealidnigzont al
di stance of the 20 target contai ner and the suspended container is held in
a predetser nened roamge thy i a f ietenack de s aralreng e dinethe Wea thfert benfiactomhat t he
target container is hexahedron neans that when the inage data of the target
cont ai ner obt ahhadgef iemtme imeges ptokog wonl ispch, asr GHrdoskathadedd on

t he hoi sting accessory is processed, and when a |line approxi mati ng an
arrangementy oft 1 RBirk@le 9£QWA tWhERB $asisesdad! dun PanserdiaRge S8jachue
change | arger than a value set in advance can be fitted thereto, the pixel

group arraggggt§ n@% 5RaR% ,aQBrQéhﬁaéE%Mu?Eg?rﬁi'tiWSfi *§laéséé‘z‘i'7€9ﬁ¥e18r

repr esent a ridge |Iine of the contal ner, S, ‘the edge of t

golnfjf: ESLC eé%%gg%%bxrdgtc?ﬁf&PSnB%SiLhi PQf?%cttquittﬁf %ﬁt tﬁgnéé'&:@grc-e Hewever,
ge“may occur rn portions othér than the edges of the
cont ai q%r dt%’l'?etc%ntainer affect theoperatingenvironment. Therefore,
practical extraction of the target container cannot be
realized without eliminating these influences.
This inventicon has been proposed in order to solve
the problems related to the edge detection of the target
15 container by the image data processing of the image pickup
unit such as CCD cameras, which occur due to the influences
of the environmental conditions under the actual operation
and the conditions of the target container. It is an object
of the present invention to provide a container position
20 detection method in a cargo crane which promotes operation
automation of the cargo crane, by reliably and positively
performing edge detection of the target container by
processing the image data obtained by the image pickup unit

such as a CCD camera installed in a hoistingaccessory, while

25 eliminating the influences of wvarious situations and



nonuni formty of color or rust of the target container itself, 10 or shades
of surroundings, and the line extracted by the above nethod may not be
fixed to one. Wien the edge of the target container is determned froma
plurality of lines which are candi dates ﬁepresenting t he edge, the above
described (2) , (3) and (4) , or either 15 of these is used. That is, the

i mage pickup unit such as CCD canera installed on the hoisting accessory is
arranged so as to be ahle to inqﬁg t he target contai ner and &ﬂ suspended
cont ai ner at e MRS ikl e A YR § OREHET TR SV iE YEpT RS et g%ﬁﬁ Y3e
corresponding to the side of the 20 suspended contai ner obtained by the
above- descr ithéd §¥8GeFreSdsGhgreatd ta 19 nBCFEpRESt | Hiyd aROddgel vely

equi valent to the corresponding side of the target container can be

conpar ed w Plerdsam dhrede tiefic i |9héheepedgdritis ot ey Evene 2 get
25 container is corresponded to the line representing the 8 correspondi ng
edge of thetsugsdndedtsdneaiared theheu dpoehdkdrmem talrea, sulsk? gomitd iner
paral l el positional relation. On the other hand, since the roughly relative
hei ght of tpesduspendestt €onianneppand ture wiai giet i sonsadnéori exdeteciegl 5 by
the other unit, a rough value of the actual hori zontal distance between

the both |igaae kathbe,det erddned iheen shaihel/attdaik e weenrt @ 1 meerefd t he
edge candi date of the target container and the correspondi ng edge |ine of
t he suspended contai ner on the inage data plane obtai ned by the inage

pi ckup 10 unit such as CCD installed on the hoisting accessory. As

descri bedabgy Cgbyg&éf&gn@@gngggEﬂ@yégnerispositioned within a range of

the horizonta i stance set 1 n advance with respect to the target

Com Al e LY LREGTRHALE e gh DS ) DEAATLIL AL 308 g e
obtain%% frgﬂg above object are that, (1) the shape of the detection
object is hexahedron, (2) each side of a shape (forming a
rectangle) when a target container or a mark representing
the target position of the container stowage is seen from
above, andeach correspondingsideof the suspended container
15 are held so as to become substantially parallel with each
other, by an other method which is not described herein in
detail, (3) roughrelativeheight of the suspended container
and the target container has been already known by an other
measurement unit, and (4) the horizontal distance of the
20 target container and the suspended container is held in a

predetermined range by a method described later.

Use of the fact that the target container is hexahedron
means that when the image data of the target container

obtained from the image pickup unit such as CCD installed

25 on the hoisting accessory is processed, and when a line



the image data, is a line representing the edge of the target container.
When the above solution is used, extraction of a |line representing one side
of the suspended container is perforned 20 first. The suspended cont ai ner
i.s held by the hoisting accessory, and the relative position thereof wth
respect to the inmage pickup unit such as CCD installed on the hoisting
accessory. does not change. Therefore, while the suspended container is
noved close to the target position, a |lum nance 25 change of the pixel is
checked wi t APPESFEEE Tt d I eI eoeyhat Al GbPi%Fd I3 #hd Ghr&gd SEiSckup
unit such as CCD, and fitting processing of an approximating line with
respect to @hkumipangenehensie e aphiel CHERYS W T 4Usds aa viadvien &8de
change | arger than a preset value is repetitively perforned. 5 Wien a line
can be fitted advantet capsbeof iheedanpeposioti thewptihedA gheupnageadgea

pl ane, the line can be determ ned to be an edge of the suspended contai ner.
Here, the |sags tdaba gpanexitmardsi borsweciphdniene t svds stmpdxel septesketi mage
data obtai ned by the i mage pi ckup unit such as CCD is 10 two-di nensionally
di stributeda Fhagpogiitiedr of tRachopiteaind:s, dehated shy dhw-sdd@nsEonak
coordinates set in the inmage data plane. Wien the hoisting accessory is to

be | anded ofchbgihakgett SOMRE;BBY, dieftdcst n@@@S?éé){tti%ndQ{(@PEhé h@afgb_@ti ve
15 position of the hoisting accessory and the target container, and it is

al so ”ecessﬁéﬁftl&l? det ect yhe (RIS téoﬁxﬂﬁiﬁgﬁc@iéﬁéﬂ?le?%&ffs??é i sehf, as

expl ai ned above about the suspended contai ner. Actua Ifficult to

arrange thed MRG0 AR UL 0N e B nge aGgeasar Y, spLhat, il cpyres of

20 the hoisting accessory an contai ner can _ e same
i e, Poneyel SL B8RS arLangenent, o, LS AIRAS U CKURe HTRE O L 0P,
10 or shades of surroundings, and the line extracted by the
above method may not be fixed to one.

When the edge of the target container is determined
from a plurality of lines which are candidates representing
the edge, the above described (2), (3) and (4), or either

15 of these is used. That is, the image pickup unit such as
CCD camera installed on the hoisting accessory is arranged
soastobeabletoimage the targetcontainer andthe suspended
container at the same time. In this manner, a line
representing an edge corresponding to the side of the

20 suspended container obtained by the above-described image
processing, and a line representing an edge equivalent to
the corresponding side of the target container can be
compared with each other.

If the line representing the edge of the target

25 container is corresponded to the line representing the



it is possible to virtually set the position of the line representing the
edge of the hoisting accessory with respect 25 to the plane of the image
data obtai ned by the image pickup 10 unit. Hence, the edge of the target
container with respect to the hoisting a@cessory can be detected, in the
same manner as that of when the edge Iine of the target container is
detected by the conparison with the edge |ine of the suspended 5 container.

When t he ed e detect n of the et cont erfor b image
data proces Séjodhcgjrfg edﬁ’el?t%t%h%n%%s%?n o?n%%Jg eﬁl’)?gfdl?%xéﬁ ¢Ked wi t h
respect to the area in a t-1ike inmage data ane being parallel with a
line 10in PRES ﬁaﬁébﬂa?atbﬁaﬁé’ Papresént Pﬁ&lttﬁé”’t-ﬂjjgée&fa o sudPeidsd

contai ner and having a width corresponding to the horizontal distance range
set in advaf&&ehetheed. trﬁelrseepéﬁtﬁedre@atﬁmereéﬁ&lt% haiget oht &hfer.
Fitting of a line approximting the arrangenent of a pixel group which
causes a Iuﬁﬂﬁ@ﬁ@@&ﬂSQﬂﬂﬂ@ﬁﬂ@ﬁceedlthaU@ﬂgﬁisﬂﬂnt¢n®§Vah§edE§e§§ﬁﬁorned
The fitted line as an approxi mati on of arrangenent of these pixel groups is
a | ine whi chybehenesharcanditdake roewlresentieacp f hehedgetoélthertapgee l
container. A plurality of lines my be detected as a result of 20 the

processi ng, ddgeahecabehargs ithea Bblteclivielsy cam beedpakcmnitfed e oatyet
cont ai ner, shadows of the adjacent crane or the |like. Therefore, the

paral | el i Sm-f athe BsRaekvE 1iA8 sletes ediqs cancal talr ehet Bergdge and
a line representing a side of the suspended container is checked, to

thereby 25 exprach tﬁ“ﬁn&”@h@%é‘ﬂréHB%hélfltdgaléd}@eO%%'e' SE thé fuspddded
plurality of candléate lines is detected even With

contalneronthe1magedataplaneobtalnedbythe1magep1ckup

10 unit such as CCD installed on the hoisting accessory. As

described above, since the suspendedcontainer is positioned

within a range of the horizontal distance set in advance

with respect to the target container, only the candidate

line judged tobewithin therangeof thevalue set in advance,

15 with respect to the rough horizontal distance obtained from

the image data, is a line representing the edge of the target

container.

When the above solution is used, extraction of a line

representingonesideof the suspendedcontainer isperformed

20 first. The suspended container is held by the hoisting

accessory, and the relative position thereof with respect

to the image pickupunit such as CCD installedon the hoisting

accessory.-does not change. Therefore, while the suspended

container is moved close to the target position, a luminance

25 change of the pixel is checked with respect to the image



paral |l elismcheck, the |longest |ine anong these is determ ned as the edge
of the target container. when containers are to be stowed on the ground, it
5 is assunmed that a shape or a mark having the sane effect as that of when
the container position is detected is inStalled at the position to be
stowed, and the intended function can be achi eved by detecting such a shape
or mark by the simlar nethod. 10 Further, the edge detection of the target
contai ner can _be ensured by conparing and referring to each other an each
edge candi d48&3 9 %ﬁn?%egf%?gg?ecbﬁ?ﬁﬁnBFC&ﬁﬁhi P Theé s 'CER§
obt ai ned by imaging the | ower part of the hojsting accessory by two inmage
pi ckup uni t § 1Pt RBRF S $518r PEnGEd 2HP 1 HELBPPLRPt 1BRIY 1S HIFSPRMe si de
of the hoisting accessory. The arrangenment of the two inmage pickup units on
t he hoi sti ngoddtessorpaamerel thap lxied grpuPrdyeciprenss sunilugiagaide a
substantially symetrical position, with respect to a mdpoint of one side
wher e t hesechmage bacgep 20anm pseare falted.s Pepedias vifl t herifowsrechart of
t he hoi sting accessory are taken by the two inage pickup units arranged in
t hi s marsner whandaal thangeni e t et t edi atacel arinfee 4 ttlkecked pod iari cedge
candidate line is detected in the respective image data. |If the candidate

lines detecyedhsepanat ey eadl eoRPA edhd 1R rRachrobkedete raglred tene
whi ch forns 12 substantially one line, it is the one which has detected

the same sige H R bargrt SHYAALH cASRih88Ul e PRI L REGW AL gdetzect i on
beconmes possible, as conpared with the tinme when the edge is detected by

only ane 1 TBognE SKkURAINEL, 3 ﬁﬁﬁﬂredgﬂgw%ﬂtchgﬁi%%@.tsaio'felﬁhgpﬂng angdetection

met hod of t'hi's I nvention, when an edge o target container “is extracted

r o E)Eet Lg&gﬁg%h‘éﬁ 't ER9® o Sétef‘ adde S10 LIBOE, PLCKURCHN LS Lot N sedge

10 two-dimensionally distributed. The position of eachpixel

is defined by two-dimensional coordinates set in the image
data plane.

When the hoisting accessory is to be landed on the

target container, it is necessary to detect the relative

15 positionof the hoistingaccessory and the target container,

anditisalsonecessarytodetectthepositionofthehoisting

accessory itself, as explained above about the suspended

container. Actually, it is difficult to arrange the image

pickup unit on the hoisting accessory so that pictures of

20 the hoisting accessory and the target container can be taken

at the same time. However, since the arrangement of the

image pickupunit onthehoisting accessory is already known,

it is possible to virtually set the position of the line

representing the edge of the hoisting accessory with respect

25 to the plane of the image data obtained by the image pickup



contai ner where the inmage pickup unit is installed cannot 10 be determ ned
By the i mage data obtained by one i mage pickup unit, the detection result
of the edge position of the target container in the inmage data of the other
i mage pickup unit is referred, thereby at®ine approaching the extension
l'ine of the edge Iine can be determned as the edge line on the 15 side
where the edge cannot be determ ned. Wen the above nethod is executed, it
is necessary to install the inmage pickup unit such as, CCD so as to be

proj ected f P&t he BSMGRt e RAPENO 8 &k ¢ gt SRS AHe? BuB Erv bk iPhER §bf t he
hoi sting accessory, and to arrange the imge 20 pickup unit such that even
i f the hoi stionghadwassviyg laelass 3o xpmteal herde tdethdi st ff cageveSBrIN¢Ydes
not block the field of view of the imge pickup unit, and the image pickup
unit can rebisathptcatclwiidie thragedgk tlHend arfjetheond agaer coRuatiery dsie to
a reason that the load distribution 25 of the container held by the

hoi sting aceess@ted ByRoie dbnbakMson ddtBrtidedyiekeiné bE tioé stisyerabegssory
inclines, and as a result, if the direction of the center of the visual
field ofsthgohwage gy ckup unit inclines, an error will occur in the
detection of the relative position of the hoisting accessory 5 and the

target container. yfiher ehQ @qdd HLHEELEBCYH &Ge therbot| UEAEE i9fe A Nt

inclination of the hoisting accessory, an inclination detection unit is
el 29 OB 05 LY A ACRESEYe B I ol uAgRELY REERLL O
o et oot ngeLiee! 16 St 01 26 {1g DRLRLII0 ASES RN LEnalle e of
(et 2 (1 ehense, o § et epstl ok orcesubstoptiall v hasa g cpand Lol
contalq%q iﬁtﬁ%imagedataplanerepresentingtheedgeofthesuspended
container and having a width corresponding to the horizontal
distancerange set inadvancebetweenthe suspendedcontainer
and the target container. Fitting of a line approximating
the arrangement of a pixel group which causes a luminance
15 change exceeding a value set in advance is performed. The
fitted line as anapproximation of arrangement of these pixel
groups is a line which becomes a candidate representing the
edge of the target container.
A plurality of lines may be detected as a result of
20 the processing, due to a change in reflectivity on the paint
of the target container, shadows of the adjacent crane or
thelike. Therefore, theparallelismof the respective line
detected as a candidate of the edge and a line representing

a side of the suspended container is checked, to thereby

25 extract the one being substantially parallel. If a



necessary to detect the relative position of the target container and the
contai ner held by the hoisting accessory in the |ongitudinal direction and
in the width direction . In this instance, the processing nethod of the
image data 20 obtai ned by the inage pic%&p unit can be applied respectively
to the longitudinal direction and the width direction. However, this method
requires two apparatus, and hence it is not econom cal. As described above,

the line detected ., as ong 25 representing the position of the edge in the

| ongi t udi naP LUTEA % &oF | SRS A hoL WG i b1 FSEEFSRY 15 The” BPBCEES ng of
the i mage data obtained by the inmage pickup unit is substantially on the
line, and iB2&2FiFd iS5 RE Ky *’Efl‘]%lginﬂéils'tg}gﬂﬁ aﬂ%ﬂ%ﬁh§ﬁﬁs’t%ﬁ?FSFﬁﬁn@ﬁe same
change in lum nance or 5 hue, or an extension |line thereof. Therefore, when
this |ine i8sdéheécteWaL bneheepredat iGRP EheNBHge position in the

| ongi tudi nal direction, in the range of this |ine exceeding the end portion
of the target conVhenerontaimefongieutbnkle ditvewd om the disunidbutliton
density of the 10O pixel having a change in |lum nance or hue simlar to the
range carrespoadsngeto tihee: edgehapet be tamgetk t@vizigierhe ssameyef fwctA
point on the line at which the distribution density of the pixel abruptly
changes repsesenia: ao poshidrontifg e tenichgor bioen toford hest alegrictcamt asner i n
the longitudinal 15 direction. Since the shape of the target container is

hexahedron, j h§thhecand tPasid igds i i dhecbonai ke, dd@CtHONi hBended
determned, a line orthogonal to a line representing the edge position in

éhe | ongi tugh pat ; dhr eshi 98 &éﬂiéee@eB9rHEE%@t%%gﬁ%u%ﬂl%dgﬁabQ bheq-dth
irection. The simlar nmethod Is applicable to tthe situation when the edge
positionirb§hghgjgggi@é?aaéégb&§ detected, and by using the result, the
10 Further, the edge detection of the target container
can be ensured by comparing and referring to each other an
each edge candidate line of the target container obtained
by the image data obtained by imaging the lower part of the
hoisting accessory by two image pickup units respectively
15 arrangedon the opposite ends of the same sideof the hoisting
accessory. The arrangement of the two image pickup units
on the hoisting accessory are such that the two image pickup
units are in a substantially symmetrical position, with
respect to a midpoint of one side where these image pickup
20 unitsare fitted. Picturesof the lowerpartof thehoisting
accessory are taken by the two image pickup units arranged
inthismanner, andachange in the luminance or hue is checked
and an edge candidate line is detected in the respective
image data. If the candidate lines detected separately are

25 compared with each other to select one which forms



edge position in the longitudinal direction is detected. That is , by
detecting either one edge in the longitudinal 25 or wwdth direction , the
ot her edge can be detected, and hence, 15 the equi prent such as the image
pi ckup unit can be saved. The autonmatic control of a cargo crane utilizing
t he net hod and apparatus which detects the relative position of a hoisting
accessory or a container held by the hoisting 5 accessory and a target
contai ner by the processing of _i nage data ohtained by, an jmage pi ckup, unit
instal | ed oRUPREHG A1 hY ARRessBRy, 1ds ideshs LU abbVED RREI IF&W W
explained in detail. This control includes a function of holding the

hori zontal #hé&t 8A8E 6fidene Sisperddciiebntarhdingdd t A6 faF§6i 110 &®H#t%i ner
within a range set in advance. The autonmatic control in the cargo crane is
to hold a caentairmdre stedekaul om heeonesupds aibd ef,i st coapgate hosith dihe noves
the container to a second target position, and stow the container on an

ot her cont athee whaokeddt edgiches glotmcted oynwbndly oseiimdde psedor unartget
position, within an allowable m sregistration. The container in the first
target position naycbedamcpteatheetostiehnas pokiaiber deasdtiiloe peshbidon to
stow the container in the second target position nay be on the ground or on

a carrier sgehc@ssaifhvahtebn,20nWheant BagROSKFt tRB targkevebheagoRiairer in
the second target position is on the ground or on a carrier such as a

trailer, itg)f 883um@e  hatnd Shank Of i fe MiKgBayhRg bRetaameyef ifGheas
that of when the relative position with respect to the target container is

dek oot e SEUkyE IS 9T QIR ShaknLHE Kheohd b tle L e TLgroen e
' container where the image pickup unit is installed cannot
10 be determined by the image data obtained by one image pickup
unit, the detection result of the edge position of the target
container in the image data of the other image pickup unit
is referred, thereby a line approaching the extension line
ocf the edge line can be determined as the edge line on the
15 side where the edge cannot be determined.

When the above method is executed, it 1s necessary
to install the image pickup unit such as CCD so as to be
projected from the structure which distinguishes the outer
periphery of thehoistingaccessory, and to arrange the image

20 pickup unit such that even if the hoisting accessory holds
a container, the hoisting accessory does not block the field
of view of the image pickup unit, and the image pickup unit
can reliably catch the image of the target container.

Further, due to a reason that the load distribution

25 of thecontainerheldby thehoistingaccessoryisnotuniform,



is indicated by a distance froma reference point on the ground. On the

ot her hand, as for the cargo crane, the position of a suspended cargo is
detected as a distance from5 the refere% e point set on a crane nachine .
In this instance, in order to perforn1ad&onat|c control, it is necessary to
convert the position of the suspended cargo detected mnth respect to the
reference point on the crane to the position with respect to the reference

poi it on ¢ hg -anpundy T 1 et 8100 J 3 RPLLanTed by hial o deteati ng e

position of a crané res €réence 'poi nt ground,

and adding t et of 0Si t fromithe | 0 the ref i,nt_on
the arane. ARAthRenISFRSET bastti oo Fant EnehPel drdnde eféarﬂﬁf {5 tﬁl
trolley, which is a supporting poi 15 of the suspen d car nal ly, it
is necgssar§ ?S%ﬂﬂf%ﬁggsPPFGnﬂn %%%F'oﬁqrﬁf€%§p§ﬁg Basé}%wlthe

position of the trolle Such a conversion result |ncludes an error in the
whol e meas R EHBAE LO6ne & rileal PRilER ItHePe6hFacd 9A, thRIBR 144 1Kba 90 SFESIT on of
the crane leg with respect to the reference point on the ground. Hence,

hi ghl y &ccurndetheatargsentcond aigmn r edChemelfeoer eéni ondetr ktof Fasmess such
as structural deformation of the crane or the |like is also necessary. In
particul ar,thetinl teackles <oy ane,l imaghil gn adcthat ko 25t hegsaceaeab ref, a
position of the crane leg with respect to i 7 the reference point on the
ground is dahifirgel inaandncaetectdiion ahia def oneatilardbnt hrRer idDEAGnYheel
is also difficult, thereby having a problemin performng the automatic

operati on. aT@@eanggmt iath € Ofh & Ok eDa%Q G D s Bt COAV BTt iQfn tAe1ResSkki on of
t he suspended cargo fromthe position detected fromthe reference point on

the crane (G }pgcRaSINY eRUANLELIBRGa S Lhe edfr eRRcaRBiRe ifle tREATT OUN
is referred to as absolute position control

10 of detecting the inclination of the hoisting accessory, a
tensile force of the hoist rope is detected, and the
correction can be performed utilizing that a difference in
the tensile force substantially has a proportional relation
with the inclination.

15 In order to perform loading of the container, it is
necessary to detect the relative position of the target
container and the container held by the hoisting accessory
in the longitudinal direction and in the width direction.
In this instance, the processing method of the image data

20 obtainedby the imagepickupunit canbe appliedrespectively
to the longitudinal direction and the width direction.
However, this method requires two apparatus, and hence it
is not economical.

As described above, the 1line detected as one

25 representing the position of the edge in the longitudinal



When t he above-described detection nethod for |0 detecting the relative
position of the hoisting accessory or the suspended container and the
target container is used, there is no difficulty such as the absolute
position control, and automation can be ®&sily realized. It is when the
hoi sting accessory or the suspended container is finally 15 | anded and
stacked on the target container that the highly accurate position detection
and position control are required, The relative position detection

met hodaccor @iifF 3ol he hrics et e i hirdhbi Bhrest i e QY Rfete@cefairel afi ve
position of the hoisting accessory or the suspended container 20 and the
target cont &hfer impegardabss aptahaedefley erfdee pédMftgonPERE UG odRdt ahd

| andi ng and stacking can be automatically performed by controlling the
posi ti on of sabstdiela bty tdre theké ise ,asntiol s aba ariforagidsbyatherpbfet he
relative position . The control nethod based on the detection of the

rel ative 25gpesig haw iard stubmnealt 0d1 by stlegi sdmatdloangé ihmd urelmbénve or 18
position is referred to as a relative position control node. On the other

hand, the rahativwe pesidioendebactiioR ithdmser posshélervhen taehoilsisng
accessory or the container held by the hoisting accessory and the target

container afgne LacakedMddids IhLMUPPESEhe1haned e el \F?%stiogﬁ@&hirot her
in the horizontal direction. In order to control so that the hoisting

accessory O‘Ehfehel&r&)é‘i%a‘fﬁafie'cﬂiePé(c’c'ﬂSnf)Pij—?rﬁi RY ACLESSON ¥ fAngh, § Be jtigfget

contai ner are located wthin t appropriate range in“the horizontal
O mect Lo oS0 PSR SSPLEOLE SOl T P BRI in e
Lo cont1 ol 38eKhal, e POFL LLb,2h eadh SpELLen gl e Elaver s dn the,
ggeags' 3 Ng: 3890850 g B JESRSS LY Yn i A & ARLET I NETaR0% ) ol SO s
range corresponding to the edge of the target container is
very low. A point on the line at which the distribution
density of the pixel abruptly changes represents a position
of theendportionof the target container in the longitudinal
15 direction.
Since the shape of the target container is hexahedron,
if the end position in the longitudinal direction is
determined, a line orthogonal to a line representing the
edgepositioninthelongitudinaldirectioncanbedetermined
20 as an edge in the width direction. The similar method is
applicable to the situation when the edge position in the
width direction is detected, and by using the result, the
edge position in the longitudinal direction is detected.

That is, by detecting either one edge in the longitudinal

25 orwidthdirection, theother edge canbedetected, and hence,



with the position of the target container given as a distance fromthe
reference point on the ground. However, in the control using the relative
position detection, it is only required that the positioning control with
respect to the 20 position of the t ar getlont ai ner given by the reference
point on the ground reaches a range in which the relative position
detection can function, and hence | ow accuracy control is sufficient. The
control for positioning the hoisting accessory in the range of positjon in
whi ch the réﬁ&t PEE iPT i T On Hetleleti DA2PS Boskipl #nild CéePSedaé s an
absolute 19 position control node. As is obvious fromthe above
description, by cBhRSi anhgmeRd ¢ eoattinl pdsiat Féf dCoRredle Hvded 1&idd frbe
absol ute position control node, and by automatically switching to the
absol ute 5 peshbidoancortprd rarode whiikd tled dwdisttig eebativeyposithion
suspended container is separated fromthe position of the target container
(in the rang€é avreriest ivegread @ s yerpost td avrdet acé r dre b ésy nae hodetioq) ,
and to the relative position control node after the hoisting accessory or

the suspendgdcd@seant ahfes tasg@ppiapededethey pOs birot ¥ s g daigege
container (in the range where the relative position detection~can function)

, control thatai $etidd estedbyihige defiennm i@ni of ihkeanane smchhae or
the like can be realized, without requiring highly accurate position

det ecti : : j Ll i f: Lt : , th
etection aﬂ@h;élngﬁéeey@é;%ggycoa‘g&egcglbtefagalg %,'mloi&osé%% éﬁﬁi‘&;{u%a e

position of the tr he position o e suspended cargo w

respect to theduoll ev.nSich gentrel. has,a. 03 Lol ardy JerBtkable gl oct

in a trackless crane, in position tion an ositroning of 'the
crane Le9 WAD: 28, SEEL 10U LRSS SRR IS, W {Brecr
's Iarg%. container within a range set in advance,.
The automatic control in the cargo crane is to hold
a container stackedon the groundata first target position,
moves the container to a second target position, and stow
the container on an other container stacked on the ground,
15 which is in the second target position, within an allowable
misregistration. The container in the first target
positionmaybeonacarriersuchasatrailer, andtheposition
to stow the container in the second target position may be
on the ground or on a carrier such as a trailer.
20 When the position to stow the container in the second
target position is on the ground or on a carrier such as
a trailer, it is assumed that a shape or a mark having the
same effect as thatof whentherelativepositionwithrespect

to the target container is detected is put on the ground

25 or in the vicinity of the carrier or the like.



When a container held by the hoisting accessory is stowed on the first
stage on the ground in a container storage 25 yard, the above-described

nmet hod for detecting 20 mi sregistrationof the relativeposition by
edgeextraction of the already stowed cont%iner cannot be used. As a neasure
to solve this, in the periphery of a rectangular area, being a position to
stow the container on the ground, belt-like 5 coloring (including adhering
a tape or painting different fromthe surface | um nance or_aﬁe of th
ground is provi dedeoRP i Héornet et &Gt £°d Gt Hoe PdngB Whed¢ GURfge

pi ckup is possible by an image pickup unit installed on the hoistin
accessory, parahpéicatiat ined sfidetaRCcE Flraald t5L b renaesPeanés ofhdhe
rectangl e. Thereby, the relative position of the suspended container and

t he st owi nggapsadon COie Yrounthesn e detet édrbEhehe sz AERR6d 4319 hat
of detecting the edge of the stowed container. The siml|ar effect can be
obt ai ned bypasi&anginngfa sulssteanbed kg is Henecrtiedyesta dilse agign Ifamom 5
position, instead of coloring the ground. The belt-like coloring applied on
t he ground thetrdesr xtat @b perinkt oeage yardnermié brisebst anath hmvhegaace ,dge is
referred to as a target position mark . The target position mark is

arranged W ih segapectot ge rpradat@igidesc pashton, 20+t 0sshovekhe rgoricai ner
in the container storage yard with apositionalrelationin the

hori zontal disgebi-encdet ppEiiRed d B AAYANGER: s pIRIEH Ok £y g@ dsVEatibany kit he
contai ner held by the hoisting accessory fromthe target container or the

relative postibgBel potee NriZontal Hhieetd R UhfoRectnafplosthe t ar get

position nmar cted ontal ner position detection

et hodof N PEES UL LKA ANEL PDERALR® (A3 A0 PEOgB WL  hER; SN
10 conversion is performed by first detecting the position of
acrane legwith respect to the reference point on the ground,
and addingtheoffsetofpositionfromthe legtothereference
point on the crane, and then offset of position from the
reference point to a trolley, which is a supporting point
15 of the suspended cargo.

Finally, it is necessary to add a positional offset
of the suspended cargo based on the position of the trolley.
Such a conversion result includes an error in the whole
measurement concerned with the conversion, such as the

20 position of the crane legwith respect to the reference point
on the ground. Hence, highly accurate measurement is
required, and correction of influences such as structural
deformation of the crane or the like is also necessary. In

particular, with a trackless crane, highly accurate

25 measurement of a position of the crane leg with respect to



the container held by the hoisting accessory is |anded on the target
container or onto a predeterm ned position on 5 the ground. As a result,
control for automatically |landing the caontainer held by the hoisting
accessory onto a predeternined position“n the ground can be perforned.
Even for the instance of stacking on the second or foll ow ng stage, the
detected anount of the relative position of the suspended 10 container and

t he target sitiop mark is_used instead of the relative si.tion ction
bet ween t heglgﬁsplé%‘g%ﬁelé‘Sﬁt arnef “angd"t h@"?arggre?u%%ntlasl ngrl,fr%glrc%iogét g‘%g

therewith, thereby enabling automati ¢ control of stackin en a cont ai ner
hel d by thecﬂ6F§Fi)éﬁ§“aé’c%§cf% PEMRELILE 5 ﬁwwl%nggﬁ\é\gpéﬁaﬁ > the
detection result of the relative position is displayed on a display device,
and can be 45881848 1dn akBPEEPNg RAYLNPor® t RECHPEMat + Bn P WHATF Treindaithe
operation is to be perforned, the position of the container held by the

hoi sting actetevayigndnRéreatapget ZhneodvsrAertimycontrpé Vahigd| gn a
confirmed. In this instance, the operation becones difficult, thereby

decr easbng ¢dmvaposkiongoéf £hei poey.tidoweethet haspiehideculcey gof e dyper ati on
due to a restriction on the visual field can be sol ved and the worKking

ef fici ency maeibeohnpe aeededy rdm dheplrayfiengride mdetrectaront heesulatn ofc ot he
relative position 22 on a display device arranged in a place where the

operat or Cah&asisiy iusewith 5EHe 88 ot RE reEs Bé0E e Hodalt oARth iy rpamidor m ng
the operation so as to elimnate the displayed m sregistration of the

relative posdti@ferpelingedei£cihon1MRENPD Oift fork eE8hk¥81RO0SI tion between
t he suspended container and the target container can be also utilized for

prevent i ngeol | | shanod ! prausSBRRIRAGAINAL NELACT dbite g | ik BE5@Sseby and
the stack of contaliners adjacent to the target contalner. That Is, by
Settingotm%etecting the relative position of the hoisting accessory
or the suspended container and the target container is used,
thereisnodifficulty suchas the absolutepositioncontrol,
and automation can be easily realized. It is when the
hoisting accessory or the suspended container is finally
15 landed and stacked on the target container that the highly
accurate position detection and position control are
required. Therelativepositiondetectionmethodaccording
to the present invention can directly detect the relative
positionof thehoistingaccessoryor the suspendedcontainer
20 and the target container, regardless of the reference point
on the ground, and landing and stacking can be automatically
performed by controlling the position of a trolley or the
likesoastoremovemisregistrationoftﬁerelativeposition.

The control method based on the detection of the relative

25 position and removal of misregistration of the relative



10 belt-1ike image data check area set in the detection of the relative
position with the target container to the area where the adjacent container
exists, the relative position with respect to the adjacent contai ner can be
detected by the imge processing in t he Fane manner as described above, and
15 it can be controlled such that the hoisting accessory or the suspended
contai ner does not collide with the adjacent container. BRI EF DESCRI PTI ON

OF THE DRAW NGS, 20 Fi 1 t sh th |1
const ruct i oR°8F T4 & égeretfoeﬁiﬁ?g e% %%e%orh%/g‘? Jf‘njevepbosﬂp%bong:gés e%(r)lvgp%ar at us

of this invention_is lied, Fig a bl.ock dia ran1wh|c shows, one
enmbodi ment of the Eoﬁgﬁp eﬁoéﬁ’?%n H FeEtell&FJa‘b% %%hElchgF&eﬁgt%%tm s

i nvention, . 3 is_an explanatory di agram whi ch shows a processing

23 flow forla@t PA§ Sd bl 8Bt P 04§ teldife 2FICRS S RO drite £ o8GRt i Ser
frominege data, in the container position detection apparatus according to
this inventhehd ¥y g.hej hios seini rex |6l et 9P Yy A @ ridvs Wiei iete s ROWS- il e 6 %51 ng
flow by 5 parallelismchecking with the edge |ine of a suspended contai ner,
of the prockssahgdfwitiéheehi agpang rdetter mamgey ran sddigee [timeagth @ tharmet
container froman edge candidate line group, Fig. 5 is an explanatory

di agr am whi £h shewsoaipbacessidigddorenn whichribe tongeatroandicdahetd i ne
is 10 designated as the target edge, of the processing for selecting and

det er mi ni ngr 198 rRAGE: 1 hha e d S6r{ YWeheCOShBEARK f hOME tedgRosaRdANdAt e
line group, Fig. 6 is an explanatory di agram which shows a processing fl ow

for cowparlmcéggsrgaaq'dd%% kbnes oblainethrombheo b arge Rhekup Lpeunit

arranged respectively in the right and left ends of the hoisting accessory

W th each of @?{'ogggattlée PLAGESSINY dHY  §8/r8GLd Nt ANdy A&l & B Qi ng @njgdge

i ne of the
10 necessary to performcontrol similar to the above-described

absolute position-control. That is to say, it is necessary
to control so that the position of each section of the crane,
such as the position of the crane leg, the position of the
trolley and the position of the hoisting accessory,
15 respectively reaches a determined position so as to agree
with the position of the target container given as a distance
from the reference point on the ground. However, in the
control using the relative position detection, it is only
required that the positioning control with respect to the
20 positionof the target container givenby the referencepoint
on the ground reaches a range in which the relative position
detection can function, and hence low-accuracy control is
sufficient. The control for positioning the hoisting
accessory in the range of position in which the relative

25 positiondetection is possible is referred to as an absolute



container fromthe edge candidate |line group, Fig. 7 is an explanatory

di agram whi ch shows a processing flow of an other 20 nethod for conparing
edge candi date |lines obtained fromthe inmage pickup unit arranged
respectively in the right and left ends & the hoisting accessory with each
other, of the processing for selecting and determ ning an edge |line of the
target container fromthe edge candidate |line group, 25 Fig. 8 is an

expl anat ory di agram whi ch shows a processing 24 flow for detecting an
edge end of Pphké tétdiercorthegoR@idesi de using an edge line detected with
respect to one side of a target container, Fig. 9 is an explanatory di agram
whi ch shows an ar&a f®wobotienks g o Lheiatadce ddrmmgipt hopi Xet sofbiimdingled i n
the image data shown in Fig. 3, Fig. 10 is an explanatory di agram which
shows procesakentgeIotidetpesingoarcadgeol medeandi dae el so lives poedessimg
flow shown in Fig. 3, Fig. 11 is an explanatory di agram whi ch shows

processi ng Eehtaetlehsnsi, nghdblad@ebmadde dliineshy tahderpabiohabboadge: 10
| i nes obtained fromimge data of two CCD caneras shown in Fig. 6 and

Fig.'7, sandpbhg+ibd icomtrEXAANat Y1 8i egE am MotehgShews s& diyeassinrg for
detecting an edge end of the other orthogonal side using an edge |ine

correspondi i i t [E1g] h LA <Fivg. 1 ST
VODE FOR CARRT R P T NVERT N ERb0d aint SoTt Heconea e Dod: tan

det ection ”ﬁ%gS?ﬁachn%ngJe%t Yo tBe Egﬁﬁ%"%@%@%hk@gingi’}@\‘,’\?ﬁ%?%io%g

control net car Crane accor Ri S I'nvénti on now be
expl ai ned |

exPl 2 10, | e b Vo) FLCERIRE L3 LI APERTPRIYL 10 gl gy AL (ot
det ecti onappar at usaccqr di pg Lothis, i oyvention Ls applied will be exglaned
10 containerhas approachedthepositionof thetargetcontainer
(in the range where the relative position detection -can
function), control that is not affected by the deformation
of the crane machine or the like can be realized, without
requiring highly accurate ©position detection and
15 positioning control of the position of the crane leg, the
position of the trolley and the position of the suspended
cargc with respect to the trolley. Such control has a
particularlyremarkableeffectinatracklesscrane, inwhich
position detection and positioning of the crane leg with
20 respect to the reference point on the ground is difficult,
and a deformation of a crane structure or a running tire
wheel 1is large.
When a container held by the hoisting accessory is

stowed on the first stage on the ground in a container storage

25 yard, the above-described method for detecting



25 Fig. 1. This crane is a bridge crane for a tire-type yard 25 for

st aki ng containers, and has a planer-type crane runni ng body 10 which runs
on a trackless surface by a tire-type running device 11. A transverse
trolley 13 which noves in the hori zont al?%i recti on al ong an upper beam 12
is provided 5 on the horizontal upper beam 12 of the crane running body 10.
A hoisting device 14 is installed on the transverse trolley 13, and a

hoi sting accessory (spreader)_ 16 for_containers, is suspended by a_hangi ng
e 150 ERS T SRR LB SRSV bEELEE RAesbPEt s e, PEET 2 LPIE

hoi sting 10 accessory 16 can maintain (hold) a container A, which is a
suspended c@f gare 3458 civos bRWSH @R b2 bBeareARRe Tl EERALh ARR B8paMECed
therefrom Two CCD caneras 20R and 20L which take pictures of the | ower
part of thetbcistvagldecessotpeperiphesy dbwacdfndlbl Fespedt i PeLpg at

t he opposite ends of one side 16a of the hoisting accessory 16. In this
enbodi nent ,atphes etape absetbit tbd dowbsardsr tawn OCD gaoends 2 Rtandk21L
whi ch take pictures of the lower part of the hoisting accessory,

respect isvel yolatihbe (Opposidiecaddheafiidha ohberosigeiA6bngd parabkehtwi th
the side 16a. This is for making it possible to perform edge extraction of

a target cofit@hnele Burdwie Lhinliitastispandaee sonritad gebuvhdexiptsitiedei t her
side of the target container B. Since the CCD caneras 20R and 20L, 21R and

21L are handled; da BRearPALENBRR" OBMLAL B ¥heeXPhgBALLOPNERELR $ScRLPVI ded
for 26 an I nstance when the CCD cameras 2CR and 20L forma pair. Fig. 2

Zzg‘g’f di"ﬂe ei@?@is@'ﬂlé’%y.té‘ﬁ iﬁ%@b%ﬁqu@%ﬁiﬂ%%ﬁféh% BRRA AL L8ing
g to this invention. e
accessory, parallel with one side or a plurality of sides
10 of the rectangle. Thereby, the relative position of the
suspended container and the stowing area on the ground can
be detected by the same method as that of detecting the edge
of the stowed container. The similar effect can be obtained
by arranging a substance having a line ridge to the similar
15 position, instead of coloring the ground.

The belt-like coloring applied on the ground in the
container storage yvard or the substance having a ridge is
referred to as a target position mark. The target position
mark is arranged with respect to a predetermined position

20 to stow the container in the container storage yard with
apositional relationinthehorizontal directiondetermined
in advance. Therefore, a deviation of the container held
by the hoisting accessory from the target container or the
relative position in the horizontal direction with respect

25 to the target position mark is detected by applying the



contai ner position detection apparatus includes inmage 5 processing
apparatus 30. The inmage processing apparatus 30 is constituted by a
conput er for inmage processing, and inputs the inage data fromthe two CCD
cameras 20R and 20L, respectively. The i#ge processing apparatus 30 has a
candi date group extraction section (30A) which processes 10 the inage data
taken in fromthe CCD caneras 20R and 20L, and extracts a candi date group
of a line representing an edge of the target container (B) an edge line
det er mi nat i 6RNSEI DNPPSEB)E Uhf B SFSE P RES OFHRet @H&&??%%“Ef”’t"??é‘?h?@et
container (B) fromthe extracted edge |ine candidate group, 15 and a

rel ati ve poshd shedetbet doHisddaroR eCINES WHitdh Ridthe Bd lowar &8 iR $®si ti on
of the target container (B) and the suspended container (A) . In 30C, the
rel ative potshei opndgf itrter thag hdtby obt @i et s ¢ BN gaad celves st pendexh dotit @m ner
(A) is detected fromthe relative relation of a line determned 20 in the

i mge data phantaagetn cdgeainae ofr bhed ar gatedonéanheed( BpsiitidiB,omith a
line determined in the same plane as an edge line of the target container
(A). Wien atsendadird . hehd Dy ddifl hpicstntd BEeesaatymias ilca ey Staewkichen t he
first stage on the ground in the container 25 storage yard, in the

periphery otna rechangulkar Aeta B Nthe %b P POSGL IHLEHsELPW dREe a
contai ner on the ground, belt-like coloring (including adhering a tape or

pai nti ng) - dp{ LALLM LIS :1d A8 AUTLORECR: CEHIeLOL £l B OURG drp

provi ded, outside the rectangle, and in the range where i1 mage pickup 5 is

posei b by JIFSRBLEB M b IRIEL S0 B0 M in ol e perp s,

parallel wi one side or a plura sides © € rec _
A e e e B L R
two O caneras, 298,219 AUn AN A8 | BIL, PLRCRSSkN9APPaA US L ead of
the relative position detection between the suspended
container and the target container, or together therewith,
thereby enabling automatic control of stacking.
When a container held by the hoisting accessory is
15 to be stowed by manual operation, the detection result of
the relative position is displayed on a display device, and
can be used as an assisting unit for the operation. When
manual operation is to be performed, the position of the
container held by the hoisting accessory and the target
20 container may not be visually confirmed. In this instance,
the operation becomes difficult, thereby decreasing the
working efficiency. However, the difficulty of the
operation due to a restriction on the visual field can be

solved and the working efficiency can be improved, by

25 displaying the detection result of the relative position



30. Further, instead of coloring the ground, by arranging a substance
having a line ridge in the periphery of the rectangular area, and detecting
this ridge as the edge, the relative position of the suspended contai ner
and the stowing 15 area on the ground ca&¥ be detected. Fig. 3 shows the
processi ng content of the candidate group extraction section (30A) of a
line representing the edge of the target container (B) in Fig. 2. In Fig.

3, 33 shows processing for detecting an edge |ine of the syspended 20
container (25 & GhEPLAFSOBY0EESSFRGTIEDErT Gr Rbd Ot MU Hond N Sp SR ©
container is held by the hoisting accessory, and while the suspended
cont ai ner i §appeed itly thee viEi niStiFofe § hént aRgeP doHtdl ner ceB)y BRG ky
crane. The processing content is the sanme as in 34, 34-1, 35, 36L shown in
Fig. 25 3, padf8rzmi3qy dai IpstwwhonnsFigs 4o Sl hoénele pbsi diioplayesl of

t he hoi sting accessory and the suspended container (A) , that is, the
position ofmiheeGChtraneren (20Ltard x2IRt and phesuspended cont ai neri sal ways
constant, byrepetitively perform ng the processing showmn in Fig. 3 and Fig.
4, the 5 edge |ineneanebecdeiectedtid idf) 4 he Imyvevento  Ovabdsbehectear get
container (B) . The processing shown in 34 and onward in Fig. 3 is inmage

processi ng ghetNsianael ctainer (IR tddrpreeessbngatioe rdebgad agsthe
edge line, which are perforned after the 10 suspended contai ner has been

moved to thee i ¢hBhtso Ob rel ddietotantsaidies £ dHk PLOpessiRt:34tatihe 4 mage
of the target container (B) is taken in, and input to the inmge processing

section in 34- %ﬁ%nvﬁégskgnﬁijgafées%gr 4;a]1}%§itﬂ%i5§%c apget . SopLahpers (B)

is parallel W t he"suspe conf ai ne wi thin a distance

1% ¢ per af fer™(A) %18 and w thi
i Sting i 1E BEFL LI FRo" B it PR ECHOTELRAF T ol TR 1t SanPEaBBELRE 1%t he

suspeng%d %3Q£€lggke image data check area set in the detection of the
relativepositionwiththe target container to the area where
the adjacent container exists, the relative position with
respect to the adjacent container can be detected by the
image processing in the same manner as described above, and
15 it can be controlled such that the hoisting accessory or

the suspended container does not collide with the adjacent

container.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Fig. 1 is a perspective view which shows the overall
construction of a crane to which the container position
detection apparatus of this invention is applied, Fig. 2
isablockdiagramwhich shows one embodimentof thecontainer
position detection apparatus according to this invention,

25 Fig. 3 is an explanatory diagram which shows a processing



(A) detected in processing 33 in the imge data plane, and has a w dth of
the di stance set in advance is checked. When 20 the inage data is obtained
by a color canera, a change in the hue nay be checked instead of the

lLum nance. The belt-like area for checkiﬁ% a change in pixels in the inage
data is an area shown by hatching set along the edge line of the suspended
container (A shown in Fig. 9. In 34-1, 25 the position of a pixel whose

| um nance changes i s detect.ed 2a by. perform ng spatial differentiation

bt 0c6ast g AP EOEHEE SEE el GottL THET b LT STk H o6 & B8 ORdoked.
A pixel group in which the | um nance change exceeds a preset threshold is
extracted. S°Ph23%8Sh ﬁF@?‘3}mPﬂeor§%Fato Yot 9 | RENAFIIGE nBPPAG 1OFe
arrangenment of the pixel groups extracted in the processing 34-1, these

pi xel gr oupdehretd ] ePPEd ' HARFP ¥ ARY BP et + D 1R hePRbyE 58t @ 1S
suitable Iine. In the belt-like area, the Iine set by the | um nance change
checki ng 1l02anéxphiérddiepy t daagirermuettiioph naholie B mrcedueng ofdowhdde
formed by interrupted sunlight, a change in reflectivity on the surface

pai nti ng ofpaheldeitiamecheckihg Iwikeh.the 3Glge nlEng. o3, avhenspepHedal ity
of lines are detected fromthe above reasons, all these lines are detected,
and input 1lbcheatiherpregeshengrboesdener Aomi fglacking sppréseatnnginhe edge
of the target container (B) anong these candidate lines . In 36L-1in Fig.

3, data necggsafiyef ODinBregesstigqhkdr cdeitef Mt Ntrdéheagdgesdi dfndt Batel S,
t he nunber of piXxels obtained in the candidate |ine detection processing,

20 bel ongi ng; QA 8§8ﬂ§93@qigd.at5? 14 Nen &RY1 88688 NG 1% d A RSHP] EnSEhoRY the

| um nance change; and the position data of thesé pixels in the i nage data

e ok g IO P L e B el e £97 BOCPcarr
10 designated as the target edge, of the processing for
selecting and determining an edge line of the target
container from the edge candidate line group, Fig. 6 is an
explanatory diagram which shows a processing flow for
comparingedge candidate linesobtained fromthe imagepickup
15 unit arranged respectively in the right and left ends of
the hoisting accessory with each other, of the processing
for selecting and determining an edge line of the target
container from the edge candidate line group, Fig. 7 is an
explanatory diagramwhich shows aprocessing flowof another
20 method for comparing edge candidate lines obtained from the
image pickup unit arranged respectively in the right and
left ends of the hoisting accessory with each other, of the
processing for selecting and determining an edge line of
the target container from the edge candidate line group,

25 Fig. 8 is an explanatory diagram which shows a processing



25 processing is performed with respect to the CCD canera on 30 the right
Side. Fig. 10 is an explanatory di agram whi ch shows the rel ati on between
di stribution of pixel groups having the same | um nance change and a
candidate line set for this, and the canéftdate line is deternmined in the 5
t wo- di nensi onal coordi nate system set for the imge data space. Fig. 4,
Fig. 5, Fig. 6 and Fig. 7 show the processing for selecting and
deterninir_% the edge line of the target container, fromedge line .

candi dat e | FRe¥ &Pt Hetesitddrtd 20 e6aCaPRBr© bR i Y i eovel dese?i bed
processing. Starting fromtl~e processing in Fig. 4, and by sequentially
executing t heseprocesiiag. intedetigetefl widh aegatecbmaiare {(B)eisf a
determ ned. However, it is a matter of course that if a |line obtained in
any stage otatlgetprooessingri sFdet.ePniiredn g3l 2 hetedyed ieyeanhoelhsl ch
processing is not necessarily required. Fig. 4 shows processing for

det er m ni ngsanpwedgm | 2 fea ofotrheHarlgit g canllamierariye patiahyel Lampdhecks ng
with the edge line of the suspended container (A) , with respect to 20 the

candi date | fRes veliaiinedHd HHgesea8e Shbwhnihi §.igd. 3The iRy oqessiggrshown
inthis figure is performed with respect to the inmage data of the CCD

canmera on tgﬁphgwéﬁﬂf¥3&HﬁbPthQﬁi@ﬁDs%@W§7bﬁHbé@@iﬁ@gbérsﬁg%ecti%%

respectively i ndependently.” Expl anation bel ow i sperf or nedf or onesi de

only. 11 372 Fhg. L & ot pasat el Smbetean, a6 £a0di A, 13k ld ne and

the edge |ine of "the suspend cont ai ner 'S _ _
judged to bg v&{hlrifhe set thiggh%%%égagéggkgikﬁkc EHPth e _|i.ne of
O

t he suspended cont al her ?Eoef% Select e “edge Vﬁgpggg Piates of
the target Oconé%inen g&k@._lg 39 iggggg..4, i f the %elggﬁgglc%ngbq%}e
line is onl §PondSTEAMET 3 £3F30dy SAIF eGP HBTBR g
10 lines obtained from image data of two CCD cameras shown in
Fig. 6 and Fig. 7, and Fig. 12 is an explanatory diagram
which shows a processing for detecting an edge end of the
other orthogonal side using an edge line corresponding to
one side of a target container shown in Fig. 8§.
15
BEST MODE FOR CARRYING OUT THE INVENTION
Embodimentsof thecontainerpositiondetectionmethod
and apparatus, or the container landing and stacking control
method in a cargo crane according to this invention will
20 now be explained in detail, with reference to the
accompanying drawings.
At first, the overall construction of a crane to which
the containerpositiondetectionapparatusaccording to this
invention is applied will be explained with reference to

25 Fig. 1. This crane is a bridge crane for a tire-type yard



the target container (B). In 39, when a plurality of candidate lines is
detected, control proceeds to the next processing. The above is simlarly
performed for the inmage 10 data of the CCD canera on the right side. Fig. 5
shows processing for fixing the | ongest “Pine as the edge line of the target
container (B) . This processing is also performed respectively

i ndependently for the right and left CCD caneras . For the conparison of
the length of 15 the candidate lines, the data of the nunber of pixels

bel ongi ng t'PT F&TamlF FAE-F1RE Ps T azsea,pf"%naés_itéﬁft ETBRE hAVI'AGa

| arge nunber of pixels as a long line. Fig. 6 shows praqcessing when a
target edge?dn Qa‘ﬁhé?%&ud’e?t&%%e@%@kgﬁéspﬁ&%”&asq%é’mpat%lﬁ'gfcyg,e or
when the 20 target edge line determ ned by the processing up to Fig. 5is
further confulhwely deeippotéssiAGianFrgrse tsed lee 18arhiichalovge in
arrangenment of the right and left canmeras on the hoisting accessory is
known, to ddmpaoe itdventtahd dae et ioneslohgamepdyr teanbd2hl €Ghr ¢cuhded

i mges respectively, 25 and when a |ine agreeing between the right and the
left iss 3 diiecietizohthd deperrbresh 42 tof-eHargeinedgenthing. bdde ri ght
and left CCD caneras are for taking pictures of the sane one side of a
bott om ri dge of aa ngispentlgddeonical ner .i Heneeralietihencand datmdvaese
obtained fromthe image data 5 of one canmera is virtually extended to the

position cer/espondiRY tand hg BeSist i« w@@&estsa%yot{%ré%@egamr@ £8r
installed, taking the arrangenent of the right and left CCD caneras into

consi der at ic%taajpg? )ﬁgr?i%rsg.ﬁ%\%ﬁ@e& hey, raeﬁa%%t'in\@e waaRdh dag g Lhnes %@jlﬁed

fromthe inage o CCD carer a, €re I's one agreeling wt

ith . _A_pair,.af i : - it e M
g:jgeelri (r)]geg £ ?ﬁ? [da{:%gwer% hog%ﬁf%‘}i hg}?é (e%iggﬁagg?%g(l aq% wszl 'an%%)c?mhg’nlﬁﬁé,& ©

di agra{TaMIa%fg:esshsoal\I@yt{ug can mairntain (hold) a container A, which is

a suspended cargo, so as to be able to be engaged therewith
and separated therefrom.

Two CCD cameras 20R and 20L which take pictures of
the lower part of thehoilstingaccessoryare fitted downwards,

15 respectively, at the opposite ends of one side 1l6a of the
hoisting accessory 16. In this embodiment, there are also
fitted downwards two CCD cameras 21R and 21L which take
pictures of the lower part of the hoisting accessory,
respectively, at the opposite ends of the other side 16Db

20 parallel with the side lé6a.

This 1s for making it possible to perform edge
extraction of a target container B, even if the suspended
container A deviates to either side of the target container
B. Since the CCD cameras 20Rand 20L, 21Rand 21L are handled

25 as a pair appropriately, explanation herein is provided for



processing content of Fig. 6. In Fig. 11A (a) , CL is an inage 15 data

pl ane with respect to a CCD canera inmage on the left side, and CRis a
simlar plane with respect to a right side canera. AL is an edge |line of a
suspended container (A) caught by the |ef% side canera, and AR is an edge
i ne of a suspended container (A) caught by the right s ide canera . 20
BLOL and BLO2 are candidates for the edge |line of the target container (B)
by the left side canera, and BRO1 and BR02 are candid%}esé%gr t he edge |ine
of the targéf ¢oft@N et WER by Enetri gAneLdde 4laméy < BLERE™ BIFDST and
ALE are lines obtained by virtually extending the edge |ine candi dates 25
and edge |ine of FRE-tarebveditaisirodhactkeo 5 idRrdeda1m3r ot e,
respectively, by the left side canera up to a position where the right side
canera is i ASt&ldtddn BRORAMH OIS agce@y Dlexy  Wiot ht BLEOZ nfehi ¢ . an The
extension of BLO2 is determned as the edge line of tr.e target container.
5 Fig. 7. showtadment hppo sndtinod dfe teonpiarh n@ gk thas e inalasdedt dimeerk f r om
the images of the right and | eft CCD caneras. |F positions of edge |ines of
t he suspendpdocenrtsaimerapespettisvelly olfhai nethdy piheces ghhgangdpleefttcsaner as
are made to agree with each other, instead of extending a 10 candidate |ine
obt ai ned from ppecEhPraama 13y theihefe 8i fer ¥hehet peotieghtingnd aefd t he
candidate line of the left side CCD canera and the [eft end of the

candidate |ipg,efs the [haht shde ELDMCANEBra.SrE B as PR RS,
contact with each other, and angles of these candidate lines with 15 the

edge. | ne of Lhe susaanded sopt aiare (A)oRaten i tippaghather hoese

candidate |1 nes are det'erm ned as a i ne target contarner (B)

Fig. L1 (D) ghaus Lhe g 6essi ng. 0, 510 oT s Ihe IRAN s of EELELenss

synb_olsin(t: gure = 's e’'sane-as in
Candlqups {ﬁgo%magﬁoéatg %&éﬁ fg“%§5%§¥ﬁe CCD cameras 20R and 20L,

and extracts a candidate group of a line representing an

edge of the target container (B), an edge line determination

section (30B) which determines the edge line of the target

container (B) from the extracted edge line candidate group,

15 andarelativepositiondetectionsection (30C) whichdetects

a relative position of the target container (B) and the

suspended container (A). In 30C, the relative position of

the target container (B) and the suspended container (A)

is detected from the relative relation of a 1ine determined

20 in the imagedataplaneasanedge lineof the target container

(B) in 30B, with a line determined in the same plane as an
edge line of the target container (A).

When a container held by the hoisting accessory is

to be stowed on the first stage on the ground in the container

25 storage yard, in the periphery of a rectangular area, being



container (B) on the inmage plane of the right side canera are noved in a
paral l el direction, so that the edge lines (AL and AR) of the suspended
contai ner (A) obtained by the i mage data ﬁrocessing of the left side CCD
canmera and the 25 right side CCD canera @gree with each other. In the inage
34 plane of the left side canera, a range of a threshold for agreenent and
identification with the edge |line candidate of the right side canera is set

inthe vicinity of the edge line candidates (BLOL, BL0O2) of the target

Cont ai ner _( B) PESSirtnde ke I BG4 SThES FaRGBLPL G s Brayed S y for
BLO2). If the edge |ine candidate by the right side canera which agrees
with the ed§eloitidEdAdicdai®ing aHe TR &itdP R &FePa NS FiNed LodRy SBife,
this line is determned as the edge line of the target container (B) . If

t he candi dafsorOthereuchanetl weitaned @ e ofl Yhererownd Hissppeyddssing,
the edge line candidate having the closest angle (TL, TR) with the edge

| i ne of theocsusperdetiecoricdiamarld Aand iseltéct ed nared witetrer mrer, paskidpe edge
line. Fig. 8 shows processing for detecting an edge in the 15 width

directi on, by pussangblaeedgeimedeticup esuld inkthha ddavgathechot aiciery i n
the longitudinal direction. As shown in 36L-1 (or 36R-1) in Fig. 3,

positional gdatasebmi xelaxrdel onginehtentheigandirdatgllirae ity strosedeat the
time of setting the candidate |ine. Wth regard’" to the image 20 obtai ned

fromthe CCRrcaper acaidanged. orridigebef t takde afattifee NOH S EDGnaceessary,
the edge line portion of the target container (B) |ocated close to the

[ o, Lo EpbTROLE A e epreserl gk wienisbing gyt of
portion eXtﬁqugtLE%gst9 E%Q%%é%éﬁ*tﬁé“&@%%téf éﬁgg 8£loring by the
10 twoCCDcameras 20Rand20L and the image processingapparatus
30. Further, instead of coloring the ground, by arranging
a substance having a line ridge in the periphery of the
rectangular area, and detecting this ridge as the edge, the
relative position of the suspended container and the stowing
15 area on the ground can be detected.
Fig. 3 shows the processing content of the candidate
group extraction section (30A) of a line representing the
edge of the target container (B) in Fig. 2. 1In Fig. 3, 33
shows processing for detecting an edge line of the suspended
20 container (A), and this processing is performed after the
suspended container is held by the hoisting accessory, and
while the suspended container is moved to the vicinity of
the target container (B) by the crane. The processing
content is the same as in 34, 34-1, 35, 36L shown in Fig.

25 3, and 37, 38 and 39 shown in Fig. 4. Since the position



35 the container does not exist. Therefore, distribution density of pixels
bel onging to the right side portion of the line is high. On the contrary,
since the end of the target container in the |ongitudinal direction exists
on 5 the left side on the inmage data pl &%e (the CCD canera is arranged in
such a manner), a point at which the density of pixels belonging thereto
decreases exists on the left side of the edge |line, and this point is also
an end portign of the edge in the width direction. 10 Fig. 12 is %

expl anat or y° & HoF 417 ¥Rt CHOISHGRE SERE YAPBEr FBEL FBRPBR G EPE SHaimstiyi WY 1o ¢ he
edge lire shown in Fig. 8 The position data of pixels obtained in 36L-1 in
the figure, thR8 a§rsﬁg\ﬁnppﬁ3{tﬁé’rbr%%é§“s¢ P reEpese FPEL 8nda 28Rt &ck

bet ween adj acent inmages is sequentially 15 obtained, fromthe right side on
the i mage deia plxprndedeadistd heerefs alwas cegatanto Pher OUPtéfawedy
arranged on the left side). Every tine a distance between inmages is
obt ai ned i re¢heokmiinadithec promeshenpashodnsianEégdaBaaing Bigr.agedthBuri ng
t he operation of obtaining the distance towards the 20 left, as shown in 54
of Fig. 58, ediga hipei ahnabewhiethctthel divxtianreclies nargeent haowartsr edleol d
set with respect to the average of the past distance is found, it is judged

that the pixetgedechbeferieidss the. end portion of the edge line. The flow
shown in Fig. 8 shows an instance in which 25 an edge |line of the target

container (B) in ¢he bopaikudialshowdd dirget ham dehected byrthe gCDscanera

20L is used to detect the left 'side edge of the target container (B) in the

wdth di rectd o PRIGELL gl Sr AP RISV OLER LN dNGRT ! MG Y. PLOCETALTI T Of

ot her instance eviation of t rel ative position between t dge of

the contai e r&?e'@eg‘yiﬁgetlbgié&&ggll g?%ﬁ?{ghd‘aeég%gpformed after the

10 suspended container has been moved to the vicinity of the
target container. 1Inprocessing 34, the image of the target
container (B) is taken in, and input to the image processing
section in 34-1 onward in Fig. 3. 1In 34-1, since the target
container (B) is parallel with the suspended container (4),

15 andwithinadistance range set in advance, a luminance change
in pixels in the image data existing in a belt-like area,
which isparallelwithanedge lineof the suspendedcontainer
(A) detected in processing 33 in the image data plane, and
has a width of the distance set in advance is checked. When

20 the image data is obtained by a color camera, a change in
the hue may be checked instead of the luminance. The
belt-like area for checking a change in pixels in the image
data is an area shown by hatching set along the edge line
of the suspended container (A) shown in Fig. 9. In 34-1,

25 the position of a pixel whose luminance changes is detected



in this manner and the edge of the target container is fed back to the
control systemof the crane, and when the deviation conmes within an

al I owabl e val ue, the container held by the 10 hoisting accessory can be

| anded on the target container. Further,2d deviationfronapredeternined
relative position existing between the edge of the container held by the
hoi sti ng accessory and the edge of the target position mark is fed back,
and when the deviation cones within an_allowahl e 15 val ue, the cont.ai ner

hel d by thePHoiR]TriyratResshFtian it faRaEA T3 & Pt eBECSSRTEE psdittt on.
In this manner, the container held bg t he hoi sting accessory can be quickly
| anded on ar¢aPget &entarhePiseloAnNatpredetrdided 2p6si ticoRewrRR Ckéshect to
the target position mark with high location 20 accuracy. Therefore, a

mar gi n of theikeahdinegmspacehitah bee doticeancedranye tarcespde & preset
exanple, in the ship or in a container stowage can be efficiently used.
Further, titereehuoildedsf extiwcseédw ng operati on of containers can be
shortened, and the | andi ng accuracy can be increased wi thout 25 requiring
fine magual correrdizmsin @idy .hencent bedstrovwbnget & Bihopay@mtdoimdaesgnot
require nmuch tinme and |labor. As is understood fromthe above explanation,

accordi ng t#nhd he GeHAEMEeRtPesi ti-ae deigeli Q- deh Hod A vth @pPaAr atiistheor the
cont ai ner | andi ng/ stacking control nmethod in a cargo 5 crane of the present

invention, Jdrggesdahg 9h-an {ABYe PigkuPgEBLLsSHER §§b§‘e@@@dcﬁgeﬁ§u?hr anged
at the end of a hoisfing accessory is processed, to perform edge extraction

f at t ' whi | Ludihg i of! ; ng ;
of a targe txcé’ﬂ‘éﬁb%éugﬂ?{ @oe)éﬁe'f%'b%(: of 'alegggzéta%lé 116 by The™RSi sting

oper at i ngenvi ronnent sand condi ti ons assh cause

ccoeosOry 308 Ak RESe£OUL 123 oo DS, RER LA SR £ Lor B Ak ar et
autonaabc and the Hough transformation may be plural, due to a shade
formed by interrupted sunlight, a change in reflectivity
on the surface painting of the container or the like. 1In
36L in Fig. 3, when a plurality of lines are detected from
the above reasons, all these lines are detected, and input
15 to the processing for determining a line representing the
edge of the target container (B) among these candidate lines.

In 36L-1 in Fig. 3, data necessary for processing for
determining the edge line, that is, the number of pixels
obtained in the candidate line detection processing,

20 belonging on each candidate line, and exceeding a threshold
set by the luminance change, and the position data of these
pixels in the image data plane are stored. The above
explanation has been performed for a CCD camera arranged

on the left side of the hoisting accessory, but the same

25 processing is performed with respect to the CCD camera on



control of a cargo crane utilizing such a relative position detection does
not require highly accurate position 15 detection and position control of
each section of the crane, as in the absolute position control, thereby the
reliability is high and the cost can be t®duced. | NDUSTRI AL APPLI CABI LI TY
20 As expl ai ned above, the container position detection method and
apparatus, and the container |anding/stacking control method in a cargo

crane accor di t.0 .t he prese invention is suitable for landin r. st ow ng
orsting SEBordst 108t b e Slpeaar CLEREFORE! dipyoie e &
hoi sting accessory on a target container, or stowing a _ 38 suspended

contai ner h&R@Wsy e RBIEtiRg A&lesadnyd 6ﬁt§%§ﬂiﬂqqeﬂfp8éﬁﬁlOHQQFR%e

ground, and useful for pronoting the automatic operation of the cargo
crane. 39hgyBHg thltee sSretl uUNBPR NG efBa R I2062ACRAFRBALdaA & dritis et
position detection nethod, enployed in a cargo crane, of stackinga
suspended céptraitiels hekdisy Bhaocemidiglatceeddorey bh dett@mmysmadniai fdre
stowed on the ground, and landing 5 the hoisting accessory on the target
cont ai ne&r otwstadinkgh 4 henslspendddnaard ayetreronsatt Aogethpodimaigen derta he
ground, wherein the method conprising: an imge pickup unit arrangi ng step
of arrangi ngpagei.mage pickup unit which i mages the hoisting accessory or
the suspended 10 container, and the target container or a target position
mark di spl ayi ng artar get ppgl ts orr Ay . thersdme d.i "eshalv 8ReepdoeBseARSi de

of the hoisting accessory; | ine detection step of detecting a candi date
line group for selecting and determining the edge line of the target
container, from edge line candidate lines of the target
10 container obtained by the above-described processing.
Starting from the processing in Fig. 4, and by sequentially
executing these processing, the edge of the target container
(B) 1s determined. However, it is a matter of course that
ifalineobtainedinanystageof theprocessingisdetermined
15 as the edge, the whole processing is not necessarily
required.

Fig. 4 shows processing for determining an edge line
of the target container by parallelism checking with the
edge line of the suspended container (A), with respect to

20 the candidate lines obtained in processing 36L in Fig. 3.
The processing shown in this figure isperformedwith respect
to the image data of the CCD camera on the left side and
of the CCD camera on the right side, respectively
independently. Explanationbelow is performed for one side

25 only. In37inFig. 4, theparallelismbetweeneachcandidate



whi ch beconmes a candidate for a first line representing an 15 edge of the
énd of the hoisting accessory or an edge of the end of the suspended
container, and for a second |line representlng an edge of the end of the

t ar get contalner or an edge of the target! position :nark, by detecting a
change in |um nance or hue of a pixel group |ncluded in the i mge 20 data,
whi ch is obtained by inaging by the inage pi ckup unit, and approxi mating

t he arrangepent of the groug h causes $.§han e in Iunlnance or
hue larger tH&F &7Sett geb§18 IPﬁe AR ¥ PheCaBtatRefatPdn St ep of
conpari ng parallellsn125 and hori zont al dlstance of the candidate_line
group for tfBecked Sudst dButde loREei udasd t@ventethaoosh ¢isadt thrgshods
determi ne, as the second line, a line having parallelismand horizontal

di st ance of aadvaaunalwetlhiva té pheseﬂg@arlmee of thaesuspehddddcpntehaer
candidate line group; and a relative position detection step of detecting a
5 relative pasiis erledctded, targettheoatigenkinercdm@idatgeto Hasid cemgedr k
with respect to the hoisting accessory or the suspended container, fromthe
posi ti ors of cbheaseeandB)i.neTw BB naspegt to i1hethéersélétned dndidihe
cont ai ner position detection nmethod according to claim1, wherein the

second | i neydgter gl BalioRd epchnsl udas asl gngest 44 nensed@géi oansteg, in
which the longest line in the candidate Iine group is selected and

determ ned gget h%rifec@néohlteenelé 38) The 16PNt §i Neih HOSA QR Qe BG}E | g
met hod according to claim1, further conpr|5|ng an opp05|te ends-1ine

b1 chup. uni £ 208 é%%??&%éte%é dSe s Chop Tt ere2¥a®, sby the, J2RS
d at t d h th t d
et cct' g 1RESFRREr i ne aRee bR §oSE0S S'J?leaf.% Gthtod spreﬁﬁﬁiliff’%é "

10 data of the CCD camera on the right side.

Fig. 5 shows processing for fixing the longest line
astheedgelineof the target container (B). Thisprocessing
is also performed respectively independently for the right
and left CCD cameras. For the comparison of the length of

15 the candidate lines, the data of the number of pixels
belonging to the candidate line is utilized, to designate
one having a large number of pixels as a long line.

Fig. 6 shows processing when a target edge line cannot
be determined by the processing up to Fig. 5, or when the

20 target edge line determined by the processing up to Fig.
5 is further confirmed. The processing in Fig. 6 uses the
fact that the arrangement of the right and left cameras on
the hoisting accessory is known, to compare the candidate
lines obtained by the both CCD camera images respectively,

25 and when a line agreeing between the right and the left is



based on the inage data obtained by these i mge pickup units; a first line
agreenent step of virtually extending the 25 first line by the fi rst image
pi ckup unit up to the position 4, Substitute Sheet - 30 Novemnber 2002
where the second image pickup unit is iAstalled, to thereby nake the first
fine agree with the first Iine by the second i nage pickup unit; and a
conpari son and agreenent selection step of virtually 5 extending the

candidate line group by the first image pickup unit up%agstgﬁnposiE%%p
rrng

where the stebpdteRagée thilckWF tTrLinedi st dN%edaE#utc t'he

candidate line group with the candidate Iine group by the second . e
pi ckup unit:igbtthedeb?f§eP§@tCémﬁﬁﬁﬁ(ﬁﬁﬁrﬁ?%iR%%%néfp¥?58§eﬁhpéh%§%rees
nost as the 10 second line. 4. A container position detection apparatus,
enpl oyed i s@measge sidreofwhi bhtspacks dgss efpendedrRTiied reenheflaeBy a

hoi sting accessory on a target container stowed on the ground, 15 and | ands
t he hoi sti ngmeeesseryhenchhditargetl icentoditreeinedr £ soowsh e hemagspeadéed
container on a target position on the ground, the container position

det ecti gn apparatdls cea@yd SiiRg: vaptiuange peckemded t tar r ehgedpasiamnoand on
one side of the hoisting accessory, which imges the hoisting accessory 20

or the suspended.£oRtANLHo aHk (Hes {81 88t wheHeaiti’y dfther taCDetapesiti on
mar k di splaying a target position at the sanme tinme; a line detection unit

whi ch dete?fg.fh§@§9ig§teté%EﬁggEHHpafghﬁEegﬁﬁﬁﬂ%§ aneangdydat gntioLedtf i rst
line representing an edge of the end of the hoisting accessory or an edge

020 e L SIS BB askach LR sapalben 4
respective candidate line obtained from the image of the
10 other CCD camera, there is one agreeing with either one.
A pair of the candidate lines agreeing with each other is

the edge line of the target container (B).
Fig. 11A(a) is an explanatory diagram which shows the
processing content of Fig. 6. InFig. 11A(a), CL is an image
15 data plane with respect to a CCD camera image on the left
side, and CR is a similar plane with respect to a right side
camera. AL is an edge line of a suspended container (A)
caught by the left side camera, and AR is an edge line of
a suspended container (A) caught by the right side camera.
20 BLO1l and BL02 are candidates for the edge line of the target
container (B) by the left side camera, and BRO1l and BRO2
are candidates for the edge line of the target container
(B) by the right side camera. BLEQl, BLEQ2 and ALE are lines
obtained by virtually extending the edge line candidates

25 and edge line of the target container and the suspended



representing an edge of the end of the target container or an edge of the
target position mark, by detecting a change in |um nance or hue of a pixel
group included in the inage data, which js obtained by inaging by the inage
pi ckup unit, 5 and approxi mati ng the arrangenent of the pixel group, which
causes a change in lum nance or hue |arger than a set value, by a line; a
second line determnation unit which conpares parallelismand horizontal

di stance of cthe.qandl date.Line,gravp 10, fare theeLicstl Lofe.Lo.deter i ne.

C
as the second I'ine, & Iin avi ng el'I'sm an orrzontal di'stance of a
value within a.preset val ue

of lLines included in the.candiggt i roup;
and a rel atP9&? &&Wﬂ%ﬂ?%ﬁn%@?iBhgﬁ i S0 GPRRTRct S énf§aﬁl%§2véﬂgggition
of the target container or the,target positign nmark with respect_taq the
hoi sti ng actB3S8r §I5F Sth Sits Perided LE0rt A& 1S 6f EAE Positt G 6-Ghe
second line with respect to the first Iine. 20 5, The container position
det ecti on appafatesTHarst d@hgthe edgiemline vpér éhe tie Ide P FRABSET -
determ nation unit includes a longest line selection unit, which selects
and det érm nes theigoengesshdvaean o tiher cemthddtef |¢orepyrong asndidagecond
line. 25 43 3 Substitute Sheet - 30 Novenber 2002 6. The contai ner
posi tion detliksésonbappareat Usr@ccondi ngagesclodi mhdy mhgrel anthéefrage€Dpi ckup
unit is constituted by a first imge pickup unit and a second i mage pickup
uni t, whi chcar€reespecty veby iariangedfatedpposiihe senslf ahe heuspardsidde 5
of the hoisting accessory, and further conprising: an opposite ends-line
detection umbhtdbheh xei®et6it/B8yobtainedby theright and left cameras
are made to agree with each other, instead of extending a
10 candidate line obtained from one CCD camera to the other
side, when the right end of the candidate line of the left
side CCD camera and the left end of the candidate line of
the right side CCD camera are brought into closest contact
with each other, and angles of these candidate lines with
15 the edge line of the suspended container (A) agree with each
other, these candidate lines are determined as an edge line
of the target container (B).
Fig. 11 (b) shows theprocessinginFig. 7. Themeaning
of reference symbols in the figure is the same as in Fig.
20 11 (a). Edgelinecandidates (BRO1l, BR02, BR03) of the target
container (B) on the image plane of the right side camera
are moved in a parallel direction, so that the edge lines
(AL and AR) of the suspended container (A) obtained by the

image data processing of the left side CCD camera and the

25 right side CCD camera agree with each other. 1In the image



first line and the candidate |ine group, respectively, based on the inage
data obtained by the first inmage pickup unit and the second i nage pickup
unit; 10 a first line agreenent unit which virtually extends the first |ine
by the first image pickup unit up to the3position where the second i mage
pickup unit is installed, to thereby nake the first line agree with the
first line by the second inage pickup unit; and 15 a conpari son and
agreenentsel ection unit which virtually extends the candidate |i roup by
the first | MIGRDItK g e e-Bps L5t RBTEGIt Forf AR &4 Ife CHOHP T Frate”

pi ckup unit is installed, and conpares the candidate |ine group with the
candi da to IGFREyidUp HYt héerbébadaitiwde vHitdk i amdge tid th & Dot el ect
and determne a pair of lines which agrees nost as the second line. 7. The
cont ai ner p@S tiher righttestiden capgadaties setcondthg Yocénatm 4f Eoamdseng
the second line selection unit, the 25 longest line selection unit and the
conpari son dricheagracetenatesa (BLA4 ,SHEHIIAt e Sheetargdl Novdrsiare 2002)
selection unit, and also including a selection application unit which

sel ects and (dpmdlesd thesgeutint §ig.n det ermie e e secdadplliayed DLy A
cont ai ner | andi ng and stacking control nethod, conprising a | anding and
stacking steprd B Ch afevhaté@gevaline Farddwisetabi/venposiilghan safdd he
target container or the target position mark with respect to the hoisting

accessory OkakR& SWeReMdsd re@Rl Al PR th MU 19 ndebaakedate blrerxontaimer 10
position detection nethod according to claiml1 , is fed back, and when the

o Sl 8, SR 1 52y ok obRReL e stk AP ST O

the edge line of the target container (B). If the candidate
10 line cannot be fixed to be only one in this processing, the
edge line candidate having the closest angle (Tp, Tg) with
the edge line of the suspended container (A) is selected

and determined as the edge line.
Fig. 8 shows processing for detecting an edge in the
15 width direction, by using the edge detection result of the
target container in the longitudinal direction. As shown
in 36L-1 (or 36R-1) in Fig. 3, positional data of pixels
belonging to the candidate line is stored at the time of
setting the candidate line. With regard' to the image
20 obtained from the CCD camera arranged on the left side of
the hoisting accessory, the edge line portion of the target
container (B) located close to the right end of the image
dataplanerepresentsanactuallyexistingsideof the target

container. However, the left end of the edge line is a

25 portion extended from the right side, though the side of



or stacked on the target container, or the suspended container is |anded on
the target position, 15 9. A contai nerl andi ng andst acki ng

cont rol met hod, enpl oyed in a cargo crane,  of stacking a suspended contai ner
hel d by a hoisting accessory on a target3§ontainer stowed on the ground,
and | andi ng the hoisting accessory on the target container 20 or stow ng

t he suspended container on a target position on the ground, werein the

met hod conprli si ng: osition data.generation.ste f_gener.atin osition
data of the Tl s‘??ﬂgagggéss%??/sopot NEIE énde@ecoen %?%Er%vﬁst%rlr e‘gtple%% to
the target container or a positiqn of a reference, 25 point for specifying
the target PE&%i6h ChngRlﬁggﬁl g}?ﬁﬁ’dlgﬁﬁég thSt%ﬁbEf'ggﬁt él%ﬁeéltor-tléﬁl I\%Jzenber
2002 target position; a relative position detection step of detecting the
rel ative podind diin ihelidPget OBoRDE FONGT2 T he $APGEt thEsiERi% R Indrke wi t h
respect to the hoisting accessory or the suspended 5 contai ner, by

t hecont ai netpasiat srpmez beerohnnihod oaHicrHH Higa t odEFaFrmlen & et
control step of noving the hoisting accessory or the suspended container to
a det ect@bl e¢har dzfitn 4ide vori hheyiokaehalate gelareni BhaefCor cahe raariget
position mark, where 10 detection of the relative position thereof is
possi bl e, whirlranfogetliing Hack &headeeirat,i en pealne of whiechoshei denddtta; and
a landing and stacking control step, in which the deviation value of the

position daba bsxlad RaciongifgWhpe rbhte drid:add 98s vak UStE0BRS thet NieEta
certain tolerance, the 15 hoisting accessory or the suspended container is

| anded or stagkedromd heidarngete &f@@igkg@, pBhntthessdispended neopbaicieh i s
. uZz.

| anded on the target position.

RE A2 A BN S RGETR, KA EA AT AE KT A A (1 A ASUY. AS[. A h. Ah@ . AGN
4. A A%Ld A Ay. A ﬁ‘yg'.Afl—Z is an explanatory diagram which shows the
distribution of pixels belonging to the edge line shown in
Fig. 8. The position data of pixels obtained in 36L-1 in
the figure, and as shown in the processing in 52 of Fig.
8, a distance between adjacent images 1s sequentially
15 obtained, fromthe right side on the image data plane towards
the left (with regard to the CCD camera arranged on the left
side). Every time a distance between images i1s obtained
in the left direction, the past distance data is averaged.
During the operation of obtaining the distance towards the
20 left, as shown in 54 of Fig. 8, when a point at which the
distance is larger than a threshold set with respect to the
average of the past distance is found, it is judged that
the pixel one before is the end portion of the edge line.
The flow shown in Fig. 8 shows an instance in which

25 an edge line of the target container (B) in the longitudinal
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W& ()- + 10%{U& (%'kg%%%ﬁner position detection method, employed in a
cargocrane, of stackinga suspendedcontainerheldbyahoisting
accessoryonatargetcontainer stowedon theground, andlanding
5 the hoisting accessory on the target container or stowing the
suspended container on a target position on the ground, wherein
the method comprising:
an image pickup unit arranging step of arranging an image
pickupunitwhich images thehoistingaccessoryor the suspended
10 container, and the target container or a target position mark
displaying a target position at the same time, at an end on
one side of the hoisting accessory;
a line detection step of detecting a candidate line group
which becomes a candidate for a first line representing an
15 edge of the end of the hoisting accessory or an edge of the
end of the suspended container, and for a second line
representing an edge of the end of the target container or
an edge of the target position mark, by detecting a change
in luminance or hue of a pixel group included in the image
20 data, which is obtained by imaging by the image pickup unit,
and approximating the arrangement of the pixel group, which
causes a change in luminance or hue larger than a set value,
by a line;

asecondlinedeterminationstepof comparingparallelism

25 and horizontal distance of the candidate line group for the
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a relative position detection step of detecting a

5 relativepositionof the target container or the targetposition
mark with respect to the hoisting accessory or the suspended

container, from the position of the second line with respect

to the first line.

10 2. The container position detection method according to
claim 1, wherein the second line determination step includes
a longest line selection step, in which the longest line in
the candidate line group is selected and determined as the
second line.

15

3. The container position detection method according to
claim 1, further comprising:

an opposite ends-line detection step of constituting

the image pickup unit by a first image pickup unit and a second

20 image pickup unit, which are respectively arranged at opposite

ends on the same side of the hoisting accessory, and detecting

the first line and the candidate line group, respectively,

based on the image data obtained by these image pickup units;

a first line agreement step of virtually extending the

25 first line by the first image pickup unit up to the position
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unit up to the position where the second image pickup unit
is installed, and comparing the candidate line group with the
candidate line group by the second image pickupunit, to thereby

select and determine a pailr of lines which agrees most as the

10 second line.

4. A container position detection apparatus, employed in
a cargo crane, which stacks a suspended container held by a
hoisting accessory on a target container stowed on the ground,
15 and lands the hoisting accessory on the target container, or
stows the suspendedcontainerona targetpositiononthe ground,
the container position detection apparatus comprising:
an image pickup unit arranged at an end on one side of
the hoisting accessory, which images the hoisting accessory
20 or the suspended container, and the target container or a target
position mark displaying a target position at the same time;
a line detection unit which detects a candidate line
group which becomes a candidate for a first line representing
an edge of the end of the hoisting accessory or an edge of

25 the end of the suspended container, and for a second line
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5 and approximating the arrangement of the pixel group, which
causes a change in luminance or hue larger than a set value,
by a line;
a second line determination unit which compares
parallelismand horizontal distance of the candidate line group
10 for the first line, to determine, as the second line, a line
having parallelism and horizontal distance of a value within
a preset value, of lines included in the candidate line group;
and
a relative position detection unit which detects a
15 relativepositionof the targetcontaineror the targetposition
mark with respect to the hoisting accessory or the suspended

container, from the position of the second line with respect

to the first line.

20 5. The container position detection apparatus according
toclaim 4, wherein the second line determination unit includes
a longest line selection unit, which selects and determines
the longest line in the candidate line group as the second

line.
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1098& () - 9j tDdEYNG A and the candidate line group, respectively, based

on the image data obtained by the first image pickup unit and
the second image pickup unit;

10 a first line agreement unit which virtually extends the
first line by the first image pickup unit up to the position
where the second image pickup unit is installed, to thereby
make the first line agree with the first line by the second
image pickup unit; and

15 acomparisonandagreement selectionunitwhichvirtually
extends the candidate line group by the first image pickup
unit up to the position where the second image pickup unit
is installed, and compares the candidate line group with the
candidate line group by the second image pickup unit, to thereby

20 select and determine a pair of lines which agrees most as the

second line.

7. The container position detection apparatus according
to claim 4, comprising the second line selection unit, the

25 longest line selection unit and the comparison and agreement
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the second line.

5 8. A container landing and stacking control method,
comprising a landing and stacking step in which a deviation
value of the relative position of the target container or the
target position mark with respect to the hoisting accessory
or the suspended container, which is detected by the container

10 position detection method according to claim 1, is fed back,
and when the deviation value comes within a certain tolerance,
the hoilsting accessory or the suspended container is landed
or stacked on the target container, or the suspended container
is landed on the target position.

15

9. Acontainer landingandstackingcontrolmethod, employed

in a cargo crane, of stacking a suspended container held by

ahoistingaccessoryona target container stowed on the ground,

and landing the hoisting accessory on the target container

20 or stowing the suspended contalner on a target position on
the ground, wherein the method comprising:

a position data generation step of generating position

data of the hoisting accessory or the suspended container with

respect to the target container or a position of a reference

25 point for specifying the target position mark displaying the
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a movement control step of moving the hoisting accessory
or the suspended container to a detectable area in the vicinity
of the target container or the target position mark, where
10 detection of the relative position thereof is possible, while
feeding back the deviation value of the position data; and
a landing and stacking control step, in which the
deviation value 0f the position data is fed back, and when
the deviation wvalue comes within a certain tolerance, the
15 hoisting accessory or the suspended container is landed or

stacked on the target container, or the suspended container

is landed on the target position.



