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1 andi ng/ st %@W“\\“mmmﬂ\ﬁ nmethod in cargo trane TECHNI CAL FI ELD This
tnvention relates to a container position detection nethod and apparatus in
a cargo crane. R}B?Oe 10 specifically, the present invention relates to a

contai ner position detection nethod and apparatus, or a contai ner
| andi ng/ st acki ng control nethod i nSRE€AFYGECAEFAAE, which |ands or stows a

hoi sting accessory itself or a suspended contai ner held by tmmmmnmmmm”m
accessory, or stows a container held 15 by the hoisting acce

specified position on the' ground. BACKGROUND ART When a hoi sti ngsa&€essory

(general |y refremr esk toyas 1= spreader) is | anded on a container in order
to hold a container stowed on the ground by a cargo crane such as a bridge

crane for Conta'”ébdﬁgfhePrp&Q§E1%d“HH€%@€Fohsmék®%%ﬁ%ﬂhfEﬁﬁ@fEﬂu% t'"E
when a container is stowed on a specified position on the ground) , it

necessany ! onadidista 255005l 4008 8t 08 OLSLING ARCERSAIY, 8L LhE - bgnLai ner

hel d 30 January e hoi st accessory wth respect to the

contai ner stowed on the ground or with respect to a specifi ed position on
the ground in predeternined accuracy. Particularly in the instance of

st acki ng the_caontai_ner o is necessary to 5 stack the container so that

hori zont al H@%BN&E@% t= rcIIc)]-és not occur in the upper and | ower containers.

In order to performsuch operation, it is necessary to detect the specified
posi tion on the gFBiRd WREPBLIRE coRlEtRT it & bEOSLEWERT oPAHE ¥@Pat i ve
position of the 10 container on the ground which is an object to be held by
the hoi sti rdeBee€s96r yneorodn agls} exPPARRER Sa £dneaidferIhef 82Bg -t hdldhior st i ng
accessory is stacked thereon (in the explanation below, the specified
positi ®A orspéel jioadd yandhtcheresrsrdl neywv ot 1 de 1plamels tto kecheltd igrer
stacked is referred 15 to as an "target container"™ ) and the hoisting
accessory @osition detection method and apparatus, or a container
landing/stackingcontrolmethodinacargocrane, whichlands
or stows ahoistingaccessory itselfor 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 2 hoisting accessory (generally referred to as
20 a spreader) is 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, cr 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



a container held by the hoisting accessory (in the explanation bel ow,
referred to as a "suspended container”) , and it should be 3dAMEY €8P0
that there is no displacenent in the relative position. 20 Expl anation

bel ow i s given, assum ng that an operation of stacking a container held by
a hoi sting accessory on a container stowed on the ground, unless otherw se
specified. However, it is a matter of course that the simlar technique can
be applied fy tHee opetatiow farceasairiig wiie hoPSPRRG X aelesSefftamar
cont ai ner stowed on the ground or the operation 30 January 2003 3 .w for
st owi ng a certcaiaenhthd diyothd doivsting eegpessdry acspacspecd ped igosdri on
on the ground. In the explanation bel ow, explanation about edge detection
of the susperdedeCarivainterin $i1d$otapnineabke durddie. edger detedtaany iof the
hoi sting 5 accessory itself, unless otherw se specified, and expl anation
about the edge dgikeahian o sadatOey ROt MEEiheral 8@ apphkeallsdp dde
edge detection of a target mark which is installed on the ground to

factiitale Leagngd ncf)c[}gbéyi{;%r& §eAata titl Se2; o benWaag RReLALAY: ot s

t he conventi etecting a position of "a target contal ner

in the cargo_c¢rane, there are known o b oo whi di ce between a
hoi sti ng ac%@gsgrcfu%dl% Eﬁﬁeué’#’ear cao]pnga?'ﬁ‘é"\éﬁi s%%rpgtaasiur?%‘ggby a ultrasound

hori zontal distance detector fitted to, the hoisti,ng 15 accessor so t hat
the position of th8 PEFGE t@oﬁteﬁ%mi%uﬁgt%%atflroo e Jrrsedé‘?ﬁ'%ﬁﬁﬁtr,y as

di scl osed in Japanese Patent Application Laid-Open No 5-170391 (Patept No.
2831190) , BAJIBRECTN BRIF 3P 2C pf eBGr BOSH §H | YheF R BaPt oBR S M $HF s Ry
accessory is taken by an inmage pickup unit such 20 as a CCD canera fitted
to the hoi stPRfaadaeasser {0 BAISEAVEGge 08T tA St Ardaticthid ek1pB PEURBShy an
i mge processing technique fromthe i mage data thereof, and the position of
the tai@et container s ddtecyedubdswdion tid saifindiagt te B@ dppbth PHt ent
Application No. 0440915A1, there 25 is disclosed a technique in which a
corner of atiangeisting accessory, or an object which a container held

by the hoisting accessory is stacked thereon (in the

explanation below, the specified positicn on the ground and

the container on the ground to be held or stacked is referred

15 to as an "target containexr") 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 Explanationbelowis given, assumingthat anoperation

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 techniqgue

can be applied to the coperation for landing the hoisting

25 accessoryonacontainer stowedon the groundor theoperation



80 January 2003 4 contai ner connected to a hoisting accessory is 'malted by

an image pickup units such as a CCD canera fitted domnmards3§da?W%9§BQ%ting

accessory, the relative position bet ween 1 he hoi sting accessory and the

t'arget container is then 5 detected by the i mage processing technique,

t hereby positioning at the tinme of connecting the container to the hoisting
i%jon control of the haisting

accessory is automatically perforned b S |
accessory baSéd® ﬁ%ﬁﬂ?rﬁﬂ%§%%@*5§§iPrﬁﬁfgﬁb Tite Bie® Whi 8h° GEE8GPEY he

di stance between the hoistjng accessory and the_container side face_by the
hori zontal BiSASMEEIBERAIDEIARSHIBRSTRMEF | AR TP XRLENBELLRSLRE -
hori zontal distance detector and the container. Wen it is tied to position
t he hori zonfdPlarsitdmie eparcedoelgesect iaradutbadispordedspntd18e4t age
where the horizontal displacenment between the target container and the
suspended cbatailmer aipplliarage] et her éhies aduwe pdssebiciiony otthathe e hotizgnt al
di stance detector collides with the target container , and hence it is
difficulst tacaessaldy putsellf,to 2Qlaspraciteakwhise Theecongiwvki,ch phdks up
an imge of the |ower part of the hoisting accessory by the imge pickup

unit such asxgl£EP+GAERCANE HXERE Sdtha-edes Of 4 ke Argebnaantaéner by
the i mage processing technique fromthe obtained i nage 25 data does not

have the p0§§i%ﬂéé_té/pﬁiil:%tb%!é I PLNGe Athe 30+43RYATY 62003 +3 YYfOldd Sk on,

but has a problemin processing the 1 mage data pi cked up by the CCD canera

or the like,i he_enviLor f .the apg . i_0R er.eby
extract t hgﬂ}%gcr:%efs c%%%g%g%gwot 5‘5{23 %é%?érl 01?8.3 T?\cfgﬁgl’tgétteuéioa%eﬁriﬁrgg 5
envi ronnent | uences of a ch in.the weat her G dition, a change in

t he intenaq%ézglgﬁ | £ ﬁﬁetﬂ?%ﬂgggﬁgqﬁﬁﬁﬂiﬁﬁysPﬁg rafe itself , the
i For 9ty of the- ot nEO B EF ABS0r . CSCaPPRaksheS ot REFFEEIA Ly on
t he surface of
position of a target container in the cargo crane, there
areknownoneinwhichadistancebetweenahoistingaccessory
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 a2 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 Eurcopean Patent Application No. 0440815A1, there

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



10 the container affect the operating environnent. Therefore, practical
extraction of the target container cannot be realized wi thod® Januam A3 ng
t hese influences. This invention has beem proposed in order to solve the
problens related to the edge detection of the target 15 contai ner by the
i mage data processing of the inmage pickup unit such as CCD caneras, which
occur due to the influences of the environnmental conditions under the

act ual oper @drdreimed chpneortdd itonsa oL A ingr gacoIR By nés. imadesd dy
obj ect of the present invention to provide a container position 20
detecti on nathddazge @ icdngs of ateswhh cds pr A essropez af 1 vhe dud owatvizard of
the cargo crane, by reliably and positively perform ng edge detection of
the target eentrdidefoiyr PrgcessieRGdhe, itregerdaba iont aigwed: bynt beterge
pi ckup unit such as a CCD canera installed in a hoisting accessory, while

25 elim natikRg tmgmﬁ?ea%%s%y}ar&ﬁas +3id uad i 988 aBdtainmd- JaEUAKE 2003
6 conditions in the actual operating environnent, and by using the edge

det ect i It ot t . [ £ .per f edet ect th
erect!an rSé%.etcte&e?\%é;ga%thﬁéeyﬁgﬁ%%?o?%%@é!19.‘9; %@hﬁ‘&gﬁé’ eC{d}xQEeb €

rel ative position al ner d the suspehded cont i ner,
and a cont aj ner,

5 pasitiqn . detection apparatus. which is used _for_ _exeguting
Lhe et hod, BF >4 TASREAIhET [SaruiTid) S CAe kT Tont 81 S he( Tt O SEL BBURE S oF
THE |1 NVENTI ON, The basic points, ai med at bé é e unit mhiqg achi eves, 10 t he
above obj ecPOAPEINRARCCEP)S e ShAR- YrathEaddrePEFSR OB AY iR $HexhfBdr on,
(2) each side of a shape (formng a rectangle) when a target container or a
mark represepbtrglt K€ tErYehopSFiDR GFE AR TYoMER FrORt HREYE L EEER from
above, , and each correspondi ng side of the suspended container 15 are held
so as to berosetsabstantially parallel with each ether, by an other nethod
which is not described herein in detail, (3) rough relative height of the
suspend@d cont ai NBre ama: e hehtiahgenheeontra&isnethasl beeanakr exfyw&kaowthy an
ot her nmeasurenent unit, and (4) the horizontal distance of the 20 target
cont ai ner andishengusparsiesloegntamidiethies dehtainea side face by the
horizontal distance detector has a problem of interference
between the horizontal distance detector and the container.
Whenitistried topositionthehorizontal distance detector
15 at a measurement position, at 2 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



predeterm ned range by a nethod described later. Use of the égct thgb he
target container is hexahedron means that when the i mage dat@ @Uahet?3 get
cont ai ner obtained fromthe inage pickup5unit such as CCD installed 25 on
¥he hoi sting accessory is processed, and when a |line 7 30 January 2003
approxi mati ng an arrangenent of a pixel group which causes a lum nance
change or a_hue,change.l arger than_ al ue_set in advance can be fitted
thereto, t h(éog"likéllog"r'o&ﬁ]a%r %%gaecf‘s‘gbggmt OPbBTRGS 5 Hat Bt by 3EENE B ne
is assuned to represent 5 a ridge line of the container that is, the edge
of the contRiREES £B PHeEBBYCHB: B TFe QFodtS ot K&F UhéNCardatt KoM &P er .
However, a | um nance change may occur in portions other than the edges of

t he cont ai nef tdgeacdusdnanieher aPey adfladbl 60 bhergdy ertrRettbrgei2a x8Atai ner
itself, 10 or shades of surroundings, and the line extracted by the above
met hod may cwttbénkirxeditboane. aMher ridver edg&rof thhe acargel opmtmE meEngi s
determned froma plurality of |ines which are candi dates representing the
edge , the ebpvecHdasen bedr(2ehcedoBa)chimgé ih the waragidhebnts wifoh hese
is used. That is, the imge pickup unit such as CCD canera installed on the

hoi stsing accesseEy 8 *KANGRESOi8y ¢ Benableht 0 dBgebBR st @=Gfded
contai ner and the suspended container at the sane time. In this manner, a

e SPr eSANkha0: A0 8d0e: EOET SERONIAL AR LG 3L denal 4he:20agysRonded

cont ai ner obt al ned above-descri'bed I mage processing, a 1 ne
representing an edge eguiyal ent to.the corr I i.de, of .arget
DR SITR PN FR unBn £F (IR TREBRAN, BEnR ot B

cont ai ner can
edge of the tar t.q .t he ne representing

et 25 t.al [ ded_t. | i
the 30 JEAAFY PG B Corttehontr i ctb- of Ceid SUSPendBdSEontahar | t he
both |jines have a substantially parallel positignal relation. On_the other

hand, %9 nc&PEneOREa4RIEY 7 EF SEIEVE hBPGRE 10fR 9 RB VFIEHEY: com ST REPT&nd t he

target container is detected _
practical extraction of the target container cannot be

realized without eliminating these influences.
This invention 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 ccnditions under the actual operation
and the conditions of the target container. It is anobject
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 ina hoistingaccessory, while

25 eliminating the inflvences of wvarious situations and



b by the other unit, a rough value of the actual horizontal distance

bet ween. the both |ines can be deternined fromthe rel ati on3®daneani2803i ne
of the edge candidate of the target contafner and the correspondi ng edge

M ne of the suspended container on the imge data plane obtained by the

i mage pickup 10 unit such as CCD installed on the hoi sting accessory. As
descri bed above, . sjnce the susgendid cont ai ner 903|t|oned within a range
of the hori &Mt tHPRE drit ED&ek CFHE o‘?/%%tet&FGhe?%é PEEM &Y t RBGAY get1ng
container, only the candidate line j edged to be w=thin. the range of_ the
val ue set i fh@vedge EtMah eesgeul® the Ak hol Yz Gmchl PAPSttditel Y
obtained fromthe inage data, is a line representing the edge of the target
cont ai ner. Weenforwe tehtmde:mxtmbomfstmenel@“&ivacpwmtdfonablertm@en the
representing one side of the suspended container is performed 20 first. The
suspended caataigtetohsalieled bydtdhe hokpendgdaccrsadnyr anddtzheonekdtiase
position thereof with respect to the i mage pickup unit such as CCD ins

Call ed on tpeshelisli HEBEELE6ar ¥ piRa% 19§ whaBHeisTheef e sbelbettikey
suspended container is noved close to the target position, a |um nance 25

change of thgephholS &Pﬁcgéﬁt‘ﬁ'ﬂrﬁef ?élﬂ%ﬁtré%%@@kh%%%@ont?@ljﬁé‘uﬁbﬁ 2003

9 data obtained fromthe inmage pi ckup unit such fitting
processi ng of an approximating line with respect to the arrangenent of the
pi xel group which causes a 1urri nance change |l arger than a preset value is

repetitivel d. n be fitted at all tines to the
sage p05|t|%%ggﬁb%%ﬁﬁiﬁ§5i I@g&ﬁﬁ} the line can be determned to be
an edge of the sus ded contalner Fbre E ge dat a plane tands for a
ol ane i n whi ch pi NP OBt ENEOF eSS i IS Lo Sy ntire NP SEkEB ani t
such as CCD is 10 two-dinensionally distributed. The position of each pixel

i's deflﬁed'%@et%BQH?n%HéﬁéﬁaﬁﬁﬁxﬁQﬂ%at6% sefei L eRE Phagdedded 9 when
taken the hoisting accessory is to be landed on the target container, it is
necessary ta@Pietbcisthexpslgiiare, 162 hwsichonide @ﬁeah@hgpuengfme@s@r@ and
the target container, and it is also necessary to detect the position of

t he hoisﬂlnpctangle) when a target container or a mark representing

the target position of the container stowage is seen from

above, andeachcorrespondingsideof thesuspendedcontainer

15 are held so as to become substantially parallel with each

cther, 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



accessory itself, as explai ned above about the suspended contalner
Actually, it is difficult to arrange the |nage pi ckup unit Jaant 290 | ng
accessory so that pictures of 20 the ho?7sting accessory and the target
contai ner can be taken at the sane tinme. However, since the arrangenent of
the image pickup unit on the hoisting accessory is al ready known, it is
possible to virtually set the position of %he | i ne, represe t the edge of

t he h0|st|n@pateésgﬁﬁyJVifﬁlPe§ﬁﬁ%qe§%nFo He Bt %5e TrOPRE I hage” Haf 5>
obt ai ned by the i mge pickup 30 January 2003 to unit. hence t he ed%e of
the target oniBiPaRCH; Fhaﬂesep@ét 2t BULhERAIGR i Iff GRE SRBR 2 cihl B Se
detected, in the sane nmanner as that of when the edge |line of the target
cont ai ner ik datezted dyntihe Tonpadi thardtoh the pdgell iove wf aphr@rd®@ended
5 contai ner. when the edge detection of the target container is perforned
by the i mage datteo pragessorgmaa echapga: ¢in al Lihn @dscas sumbdet ot cpactsgn kel is
checked with respect to the area in a belt-like inmage data pl ane bei ng
paral l eb wid hradgéneii@ ig¥ tiieei Foge adatiar pl aRetr ey esend | dggkhe redges of

t he suspended contai ner and having a wdth corresponding to the horizontal

di stance rangs Sefeln %@V%H%%éﬁ%“@%%ééE*@NépﬁagﬁQﬂaﬂﬂéﬂr@%eaﬂgﬂdgk
target container. Fifting of a [Tne approxi mating the arrangenment of

pi xel groueowhaclhng@usesﬁaytugwance 1L Shange exge ngtenqn@yvetcteusetm n

advance is per orned The |tted | Tné as™ an apprOX| tion of arrangenent of
t hese pi xel qr.qu andi da e 94 the
edge of thE% aﬁﬁg §ﬁ%§' ne baﬁt qh %8@% |%gs H%§q%§9§8?é2%%% as
result of 20 the processing, due tova char. reflectivit |nt
of the tarGer e Tty oslﬁaagtes 3 * &adﬁit%ﬁﬁr@ﬁgn%°8¥aﬁﬁ& ity
Therefore, the parallelismof the respective |line detected as_a candldate

of thet®dg8Tafda4as RE repF ESERGIAF S FRQ bRet hé NSuSHGTRAL 2Dk FBE i s

checked, to thereby 25 extract the one being substantially paraIIeI If a
30 Januaryapggg|mpthod may not be fixed to one.

When the edge of the target container is determined
froma pluvrality of lines which are candidates representing
the edge, the above described (2), (3) ane (4), or either

15 of these is used. Thet is, the image pickup unit such as‘
CCD camera installed on the hoisting accessory is arranged
soastobeabletoimagethetargetcontainerandthe 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

(36 ]
(8}

container is corresponded to the line representing the



plurality of candidate lines is detected even with the parallelismcheck,
the | ongest 1line anobng these is determ ned as the edge of t $RJ i"&’ra@égom
contai ner. Wien containers are to be stofed on the ground, it 5 is assuned
that a shape or a mark having the sanme effect as that of when the container
position is detected is installed at the position to be stowed, and the

i ntended function can be achi eved by detecting such a shape or mark by the
simlar netRBITEEPAIHELATATRT é&’d‘esﬂéPéeﬂeéﬁc%?t?ﬁéetar%? begit Jaiﬁ@rs can
be ensured by conparing and referring to each other an each edge candi date
li ne of thehaaegetswottanhérldht Riered Il mes | Wegea datel @bt arnedObpythfagi ng
the 1 over part of the hoisting accessory by two i nage pickup units
respectivel gthsrarhanged uimtée Wpposioughends refl athersahme igide of thke

hoi sting accessory. The arrangenent of the two inmage pickup units on the

hoi sting acsespenyed &ositrdli 1 8at z hHe thwo tampe: prekupiteirt 4 sadeiared
substantially symetrical position, with respect to a mdpoint of one side

where tResesy nege @tpgypuﬁgtumat %oéHc_fh fid1ed. o Pi eharestob it Re diowair part of
t he hoi sting accessory are taken by the two inage pi ckup units arranged in

this mannery; é@gnégcgéeasgl N+ hRepl 4 Ranee QL ue i gt@}%{e@b A edge

candidate lihe Is defected in the respéective |mage ata f the candl date
i nes detecte earat r o) C h 4 Q seL e
whi ch forng © g Bgob‘ﬁgnégr%ygmb%g gg%{ ante:/&a(%qf g]r#g éln% |th|s t%hgegge
whi ch has detected the si de_o. tar cont ai ner a_=esul

nor e accurﬁ%%f%@tl%ﬂgbﬁ%r@%“ﬁ%? B e‘ngag%&?rrgéfleed %FhetﬁlésPenﬁlf%en
the edge is detected by only one jnage gl ckup unit 5 Accordi ng ?( t he con
taner posi tGGHt 2HeP BE CTOR ReTIRAP GF tehP S2PRVERG BHe S ek & FedfRP o F K

target container is extracted fromthe respectlve i mge data or the two
i mage PP ckwP inigssh ids 3D edgetriAeoR Tt e Sihgd TTL1Nhe2 EaP§EPTONt BiSner
where the inmage pickup unit is ins Called cannot 10 be determ ned by the
i mage dat a destci Neeld bypooree, £iage phelkwsnanded cha tddtreet ispaestuionst t he
edge position of the target container in the image data of the other inmage
pi ckup unitvithin a range of the horizontal distance set in advance
with respect to the target container, only the candidate
linejudged tobewithin therangeof thevalue set inadvance,
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
representingonesideocf thesuspendedcontainer isperformed
20 first. The suspended container is held by the hoisting
accessory, and the relative position thereof with respect
to the image pickupunit suchas CCD installedon thehoisting
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



tbs referred, thereby a |line approaching t'.”.e extension |line of the edge
line can be determined as the edge |ine on the 1S side. wheP@JamHanedges

cannot be determi ned. Wen the above nmetHod is executed, it is necessary to
rnstall the image pickup unit such as CCD so as to be projected fromthe
structure which distinguishes the outer periphery of the hoisting
accessory, and to arrange the i e .20 pickup unit such that e if the
hoi sti ng ac%é§§0|°§° daéjc':B’ﬂt gﬁ%el"?“a Jfe PG SER Ny Ak cees r?sdégg'n(ﬁmﬂl ock
the field of view of the inmage pickup unit, and the image pickup unit car.
reliably caféRtiRg inBRRRe 9FiPFe Cfarde@ IV AL REL I NEultineg Witluer €6P& GTeason
that the load distribution 25 of the container held by the hoisting
accessory itoridte anrbogemen 30 fiana @iy 20030onp wiricheduskes athembhoiscieng
accessory inclines , and as a result, if the direction of the center of the
vi sual fielcdheafigthestgage:ipssleuprasiet vatlhienes rege teryore Wy lde mtermedn t he
detection of the relative position of the hoisting accessory 5 and the
target econtighagra.liere{onss fincosdedtta caimss thenafldine oftiba
inclination of the hoisting accessory, an inclination detection unit is
instal |ed.pnfhg POLSIHARGA0883S81 unANd Hd18 iRl &ld V& Peidd an: feteebi on
value is corrected by the detection value thereof . As an other nethod 10

of detecti e.ncl i ' _ Q] St ces , AnLensi e of
The hoi st e 8 Bg A e e R B R et T P21 ng
that a difference in the_tensile faorce substantiall a proportional

rel ation V\ﬁ%harf%est%%%FnSf’i‘oﬁ.p?gnFnlBr‘E‘igﬁ'cﬁr‘opﬁé“r@‘flo"%r%r}laggﬁ ﬁ&a(%et %tg
container , (it js necessary to . detect the relative position of the target
cont ai ner %Et%egon}t"—&i n‘é%‘ehellﬂ‘at%? t f%l%?gtiﬂﬁlécc§§§%‘ryaisn & 1S

| ongi tudinal direction and in the wdth direction . In this instance,_ the
pr oces$? ng TR HOHNOR S £ RE S ey 8 134t POt 8Bt ai hef BRS théoPmb e st PdFami t
can be applied respectively to the |ongitudinal direction and the width

di recti on. iodevdmeqd hivs trsttrbdnergiPnesd cRersddp@teussedd® KBfcamags s not
econom cal. As described above, the line detected as one 25 representing
the positi datd phenedge in the | ongitudinal

When the hoisting accessory is to be landed on the

target container, it is necessary to detect the relative

15 positionof the hoistingaccessory andthe target container,
anditisalsonecessarytodetect thepositionofthehoisting

) 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 onthe hoistingaccessory isalready known,

it is possible to virtually set the position of the line
representing the edge of the hoistingaccessorywith respect

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



14 30 January 2003 direction or in the width direction, by the processing
of the image data obtained by the i mage pickup unit is subs8@denudry¥0&h t he
line, and is a line formed by the pixel @gPoup having substantially the sane
echange in lumnance or 5 hue, or an extension |line thereof. Therefore, when
this line is detected as one representing the edge position in the

| ongitudinal direction, in the range of this |ine exceeding the end portion
of the targenidont diemgre i rthshedamgift blenbé rdeteconda indre wditdt Fielsmd oh
density of the 10 pi xel having a change in |lum nance or hue simlar to the
range correspotice he itso: 11 sedges 96 ry et dregéte teoriteal nén tlse same hawn A
point on the line at which the distribution density of the pixel abruptly

changes repaesent: aPadidnobhef cihe anchposii oheotalthed ad@etacartraiiner in
the longitudinal 15 direction. Since the shape of the target container is

hexahedron, gkt che 'ﬁ@§£&h@%ﬂﬂké$@ik%¥%é%@d&ﬁiﬁ@&@%hg%&§pended_
determ ned, a line orthogonal "to a |line representing the edge position in
t he Iongjtug'g@giqg&ection can be determined 20 as an edge in the width

di rection. e simldr nethod is applicable to the situation when the edge

position in the wdth g'rect'on LS. detected, d by_using the result, the
Bdge position i n THEM GRS, G NAT S BY FEREron o ot BRTEA L FRAd Soehyts
detecting either one edg in the [ongitudinal 25 or width directjon, the
ot her edge R&h*BETGERVEFEF 1 HAH et PTOR° IhRTar’y CB869S 57 e Byt PRent
such as the image pickup_unit can be saved. The automatic control of a
cargo cranUth¥ezPAgeRRE FeHOY BhdChBFECSt Uk Shi ERSBEFECTS (T raf @i ve
position of a hoisting accessory or a container held by the hoisting 5
accessory antl aabeditgetikeninsaerdpyat héapeobedsiongasta li kel bk a8 obta@ ned
by an image pickup unit installed on the hoistingaccessory, as described
above, 10 | |imr thebenaxpbaitrzedl enedetar ¢ selhiisgrone ralgd ofltidesuadfantadon of
hol di ng the horizontal distance of tr.e suspended container and the target
10 cont ai neyot 4 1vh &r 2 TANGE 138 aiwl ditly @eeesponding to the horizontal

distencerange 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

fittedline as an approximationof 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



The automatic control in the cargo crane is to ~roid a contai ner stacked on
the ground at a first target position, noves the container 8@Januasydeep
target position, and stow the container bh an other container stacked on
the ground, 1~ whi ch is in the second target position, within an all owabl e
rnisregistration. The container in the first target position may be on a
carrier such as a trailer, and the posi tion to stow the contai,nehr in the
second t ar get UpBsiithivor? raf ehe ‘Gt theldPGhdt B. 96T SEEH r FBR s YA astge
trailer. 20 Wen the position to stow the container in the second target
position isPeralipdigmehecsr Wre doegadtel isgamasgsneass 1pdetginige
assuned that a shape or a mark having the sane effect as tr.at of when the
relati ve posithenewige hof espectatrgathecdmtgénegontai ner is detected is put
on the ground 25 or in the vicinity of the carrier or the |ike. i6 30
January 2003 The wioeh toamadhdie daeged tentsdowsdpoh ohet geeugrduniti s

i ndi cated by a distance froma reference point on the ground. On the other

hand, as fars tdes€ALEOtEEANG IHELPOSEL HOMa@Tk hSHERGNERE §af@o elfF et
tected as a distance from5 the referencepoint set on a cranemac:~ine . In

(his InStange, thOrdier yhanPelf o WAt SHIBE HAMIOL 4ol deredrBiCassary

to convert the posi tion of e suspen cafgo detected wth respect to

the reference. .poj ng .opn.t crane to. the positiaqn wt spect LQ.

reference ﬁ%’lsnf? on ?h%tglggﬁné”%llhﬁ*soﬁoggoﬁ\%e%gfggnevé% ’s%plr'e?f@r‘ﬁe%i}lgyh?i%r%t

detecting the cDosition f a crane W, t h respec t he referencerﬁﬁi nt
[ e

> _|.e t.1g the

on the grodidC el &/ mf (He: bFY e 8eb Y of S H6SIE T S Ft OnPPRES 8§ 16
ref erence point on the_crane, and then offset of position fromthe
reference Pdi Mm% SHE+8FI 8@ ch is a supporting point 15 of the
suspended cargo. Finally, it is necessary to add a positicnal offset of the
suspentfed cargo Bagddioh. tHee rATEI SALEF LR OfoIYhe) TRt £ TohFerSiton
result includes an error in the whole neasurement concerned with the
conver si oncasubk asstkeRBypoorriconing ahé reheeriag wot barbspbbert ant he
reference point en the ground. i:ence, highly accurate nmeasurenent is
requi red, eadhcedoecttianaiiddtenflinencéstiachaagest coattariale deforaimtedn of
the crane or the 1 ike is also necessary. In

by the image data obtained by imaging the lower part of the

hoisting accessory by two image pickup units respectively

15 arrangedon the coppositeends of the same sideof thehoisting

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 thelowerpartof thehoisting

accessory are taken by the two image pickup units arranged

inthismanner, anda change 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



particular, with a trackless crane, highly accurate 25 neasgrenent gf a
positi on of the crane leg with respect to 30 January 200 0 Janyagy 2003
reference point on the grcund is d- fficutt, and correction of a deformation
of the running wheel is also difficult, thereby having a problemin

performng the automatic operation The automatic control based on a 5
osi;tion

conversi on of osi | t he suspended 0 fr t.h
det ect ed erHPtsﬁéa“E vle}ﬁcSnﬁoﬁmn%'n he Erﬁﬁ gBQt e ‘&%%‘é)ﬁndﬁntteﬁtreé%pect
to the reference p0|n t_ on the ground is referred to as absolute position

control . WhéhRet ﬁer@béxﬁéiedéécrﬂb%dtéléﬁéét FOR GRektRd- f OFS 1D ¥R eeti nFouife

rel ative position of the hoisting accessory or the suspended contai ner and
the ta=get &ontgiarter derasketontherenies posdiififieulay aaehaaedt wétabsdle ute
position control , and automation can be easily realized. It is when the
hoi sti ng actéssorlyenrcHdedsuspendletdecaptabpemn 1s chienainkyelbi tandeon and
stacked on the target container that the highly accurate position detection

and posistion contfekboauenfel £8e. cdhearnelsat bee iRasdd idut dtet eshimdithod
nmet hodaccording to the present invention can directly detect the relative

position of ﬁh@uf‘é"ﬁ+é‘ﬂt§%ﬂes§‘?ﬁ[}h @h E'&%é%%p%ﬂ@e@a%@@'d%‘%ftazﬁé@dlEhe

t ar get contalner regardli ess ‘'of the reference point on the ground, ar.

| andi ng a“gefé{f‘%!é Adeeoh he, Ayt &E@Ueylﬂ‘éé opard Ry qont rold i éhe

posi ti ey or the I SO as nove nlsreglstratlon t he
rel ative pQsi Lion 17 e trol hod .hase the tecti of t he
relative Zéad%s??lgﬂlgﬁd qﬂn %?é g%%glsg}gilon dgg g gFat%ﬁge“ a 30
January 2003 position 1 re%g:red to aﬁéﬂ\relatlve 05|tLoglcontroI nDde

On the ot hét® %Ehhne{fh‘é er& A% & MEAT R R IEt T oh® i ¥ fhd e L 56 SPHT when

t he hoi sting accessory or the container held by the hoisting accessory and
t he taF@et ReofAedisrdring @ by I“@cb@‘é@e\/\ﬁ%hﬁrp%'?alaﬁﬁr%rq% ém@g@nQéCMFatl ve
to each otter in the horizontal direction. In order to control so that the

hoi sti ng asgEssoiteoiethetéom apaed thef d1B edlhe mofsting atdeéssbayoaid t he

target container are located wthin the
container in the image data of the other image pickup unit

is referred, thereby a line approaching the extension line
of 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 is necessary
to install the image pickup unit such as CCD so as to be
projected from the structure which distinguishes the outer
periphery of the hoistingaccessory, andto 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
car reliably catch the image of the target container.

Further, due to a reason that the load distribution

25 of thecontainer heldby thehoistingaccessory isnotuvniform,



appropriate range in the horizontal direction, it is 10 necessary to
performcontrol simlar to tr.e above-described absol ute po$Ptjapuany@fPdol .
That .s to say, it is necessary to controf so that the posit =on 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 det 1 hed _positi.on SO. to it pPQsi 1 .
arger cont Sl oot et SPaRld o R it LR bl B P PhoklE
ground. howeyer, in.the contro sing the relative positjop, detection, it
TS0ty requtr Bhet At S0ie Tosit | DAE nUCEOREr GIF i et L BIfng oG Re
position of the target contai net given by the reference point on the
ground reachBd9§ R%ﬁﬁ??nuwmﬁﬂiﬁ%glFéﬁni%% BESP It bl HePEEHTON R akh e
function, and hence | ow accuracy control is sufficient. The control for
posi tioni nglehechdost ¢ hghr cesedriyv ¢ poshid ¥amgd bhepusist bpgiarams 8Arvhe
relative 25 position detection is possible is referred to as an absol ute
|y p05161Grdntitel tandet 80nktanutesy. 2008e xsfioxegb\iimows daormd koo abeut
description, by conmbining the relative position control node and the
absol ute posid it coar c8lofMds iard ine eubaret kel hy iswitreheredsxsdhe,
absolute 5 position control node while the hoi sting accessory or the
suspended ANt nd 81 SRPALaLed ifgromntihe R0 hisi+an 1f4 the thdr geti KoM @i ner
(in the range where the relative position detection does not function) |,
and to the Jelallye,posiid am, copLigl e aliies chhedilsliog gaaessary or
10 ¢ ached t

t he suspené% oht ai'ner has appr o e position of the farget

contarner (on Lhe: Lae e e LAl e ol en 4o gelian ean et o

the |i can be realjzed,, wthout requirin i ghly. accurate position

ot ect]Bn” S SRS St 7 ohh Ro BORLFGIE W (e PRIt bRCoh oL HECBPRRE T od t he
position of the trolley and _the position of the,suiggnded cargo with
respect tot€RE Y%l FOFCSSUER cOMer HICHRs HOP4& t18uISR1SL Fetar iEdH e TS ect
in atrackless crane, inwhich position detection and positioning of the
crane | eg WREFeXE¥eRan ko nard eenedaneelpsing shathe GiblAagSPSifri cul

t, and a deformation of a crane structure or a running tire
the tensile force substantially has a proportional relation

with the inclination.
15 In order to perform loading of the eontainer, it 1is
necessary to detect the relative positién 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 imagepickupunitcanbeappliedrespectively
to the longitudinal direction and the width direction.
However, this method requires two apparatus, and hence it

is not economical.

As described above, the line detected as one

25 representing the position of the edge in the longitudinal



wheel is large. When a container held by the hoisting accessory is stowed
on the first stage on the ground in a container storage 25 $@adanuary@003
above-descri bed nethod for detecting 2®430 January 2003 misregistration
of the rel a rive position by edge extraction of the already stowed contai
ner cannot be used. As a neasure to solve this, in the periphery of a
rectangul ar area, being a position to stow the container on the ground,

bel t-1ike 59%EdHHHR (PhciUdFRE YaRERN A *2 G ape P or PPaFAfi RGP HFITEREn® <f r om
the surface | um nance or hue of the ground is provided, outside the
rectangl e, ame¢ i hmege raage wheteiinegyebpi ckop iTnpogssimiekby annifages

pi ckup unit installed on the hoisting accessory, parallel wi th one side or
a pluralitysabstiadesidDl pfon hehe ddtramgleend Tlsea ebin ethrermetdty wh e gsirte bn of
t he suspended contai ner and the stowi ng area on the ground can be detected

by the sanegietfoHaas nihatuaft et ee1liynghkheapdgenahgehenst awaech 000 ajner .
The siml|ar effect can be obtained by arrangi ng a substance having a 1 ine

ri dge tp thEeSi Bid ah Lk POSLiban iMst@ad-8b£col ohien Adie: grenad. e
belt-like coloring applied or~ the ground in the container storage yard or

the substangebayingedeidae Js Ji6f erddeLa-2% A AHIUIPOSILL OB IR iy The

targe= posi tiron mar 'S arrange espect a pre erm ned position

20 to stow the container.in.the. container storage rgvvitp posi t i onal
relation inE’[‘ﬁe O Lot B L rle“‘é?f:oﬁ,op’detle%mtned i¥%n §va%‘be.%hflhser%%‘§r%e, a

deviation of the container held by .the hoisting accessory fromthe farget
Contai et oP* ERESE Bt e I RPBE: O Clnd by S 2 0RES COPEaCrTh Wit hie
respect 25 to the target gpsi tion mark i s _detected by applying the 30

January 2005°231EEAtERAerPbSEEEoR detdt] | DhSHELRIOIOR heeprésentoF ntRAt i on,
and wher _ the devi ation becones within the all owable range, the container

hel d by0t heohoe bt hargnaceesSHYORsin dndéadagte Her thrged idghAed fed BReonto
a predeterm ned positicn on 5 the ground. As a result, control for
aut onat i caltan¢aradd ngeshenddmaitrert heelked gy otth&hieoitstrioef aocdssbngrohso a
very low. A point on the line a2t which the distribution
density of the pixel abruptly changes represents a position
of theendportionof the targetcontainer inthe longitudinal
15 direction.
Since the shape of the target container is hexahedron,
if the end positicn in the longitudirnal direction 1is
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 edgecanbedetected, and hence,



predeterm ned position on the ground can be performed. Even for the

i nstance of stacking on the second or follow ng stage, the d@var4asy283¢unt
of the relative positi on of the suspendé8 10 contai ner and the target
positicn mark is used instead of the relative position detection between.

t he suspended contai ner and the target container, or together therewth,

t hereby enabling automatic control of stacking. Wen a container held by
the hoi sti n§R&cEESSEENE IBCR02 BetBEOWEE IRy Pl CpeEaffnoRe fRESd.
detection result of the relative position is displayed on a display device,
ar.d can be used Zbeapuisgisstinqgamirelfof a e operetine.uVhehziaguihe
operation is to be perforned, the position of the container held by the

hoi sti ng acmessotly aand adyes tatget wBQ cdorisat @ets: hhy metl shdwa bl yion
confirmed. In this instance, the operation becones difficult, thereby
decreasi ng ¢hey Wykithgfdd€beseyy Jevwewssnthhaeti hElaubyycpé Hdesopagati on
due to a restriction on the visuay field can be solved and the working

efficiency &@eegeoi:@g%%eg,té)yggé @&ﬁggéwerr_gyt{t@eq%@@égQﬂnfgeéslitm@@et he

relative position January” 2003 22 on a display dev ice arranged in a

pl ace wher ey e 9RLALAIS CBY 83511 YoY8® oy WWONnAR 4k AL PDERALAT 5, 620,

and by perf ormn e opera Lion'soas“to e nate drsp

m sregistration of the relative si tian. The detection .nmethod _of a

Ter ot tve. pad ETERn BT ShE Y S pERaSd HamEAPY e aht "N S BRBSE X ai ner
can be also utilized for. preventing colt ision of the suspended. contai ner
or the hoi st f§ %cdessor %ﬁcPIi%ogtjé'b‘RiB?ieéoitéirhce?%oad?ggﬁﬂtdd]t’bgttﬁée

target container. That_ is, by setting the 10 belt-Iike i mage data check
area set | FahezeRtaddiohtIRCERE Fof AISRAN PSS GO G S £R G Hee taFg&T
container to the area where the adjscent container exists( the relative
posi ti ®h wiadntebpert wighiine adfareeat sedntidl nredvenfAebe detected by the

i mage processing in the same nanner as described above, and 15 it can be
controll ed such tlred audteohat $ti ngnacodssior ythor ddegsuspendedscont-hpder does
not collide with the adj scent container. BRI EF DESCRI PTI ON OF TE DRAW NGS

20 Fig. 1 iasscenpeispecstyekedesn Wi hraowsathefavertatérgensissction, of a
crane to which the container position detection apparatus of this invention
is appliedmdvicls 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, wi‘;hin 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 con the ground or on a carrier such as
a trailer, it is assumed that a shape or a mark having the
same effectas thatofwhentherelativepositionwithrespect

to the target container is detected is put on the ground

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



is a block diagramnhi ch shows one enbodi nent of the container position
detection apparatus according to this invention, 25 Fig. 3 #@Japuary 2003
expl anat ory di agr am whi ch shows a proces%$ng 23 30 January 2003 fl ow for
detecti ng a candidate of an edge 1 ine of a target container fromi nmage
data, in the container position detection apparatus according to this
invention, Fig. 4 is an explanatory di agram which shows a processing flow
by 5 parallelism ERERPAY THOThOENe” BIGH YEheE VP L AL BESPRb&T E&%t dF A& of
the processing fer sel ecting arid determning an edge line of a target
cont ai ner fidmiadicadgd dende datetienge ¢rorp, @ Fr§fesens e eipt apat @gl;ﬁ

di agram whi ch shows a processing flow in which the | ongest candidate |ine
is 10 desi gnateddas Ohe ttltag gethedgéiarod, t he processe ngafgr selagtt i nghand
determ ning an edge line of the target container fromthe edge candidate |i
ne group, FRh@sifibsn an £xplsar@idey oHags dn dhitet tsdwws a P 9cessengr bhow
for conparing edge candidate |ines obtained fromthe imge pickup 15 unit
arranged respeckirt8lond s polie: §£8hn aBd e haends of trher hok Sthidg:aeeessory
wi th each other, of t~~e processing for selecting and determ ning an edge

| ine of the ceot gl pep Ly gm.t Ldat el ikge, gt o dee.
ar_ expl an%%?{/&g%ggrgrfé\/\lgr%hfﬂ%u'é?l%@ggec&ﬁﬂgb 2 ]Icg n@lc b R?’o o

_ shows a processing flow of an ot her nmet hod
for conpari _edge n&'gL i ne gébt' he i i ckup. .unit
v anged r SRS very ot RO PRSI T e Ok PR TRRE R Bty
wi th each other, of tH:[ rocessing for, sel ecti.ng and determ ning.an edge
line of the THHEE TR Her 7Bt EHEO BAGE LAY GateT (1F GFORRS128 F 9. 8
is an explanatory di agram whi_.ch shows a processing 30 January 2003 24
flow for détidctiiRSRACEIGP éMf diet ECBERePFMtthdgonare sPERYRS -ng Tant ®dge
lire detected with respect to one side of a target container, Fig. 9 is an
expl and® or IR ahP I P ehbABsMaR BYeblFof @REERICAGTathenPREAEE Wh&ge in
pixels 5 included in the inmage dato shown in Fig. 3( Fig. 10 is an
expl anat or ¢ df agedmawiich shore cfr bedds ngfegende pethgen the ground,

and addingtheoffsetofpositionfromthelegtothereference

point on the crare, 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 positionof the crane legwith respect to the reference point
on the ground. Eence, highly accurate measurement is
reguired, and correction of influences such as structural
deformation of the crane or the like is also necessary. In

particular, with &a trackless c¢rarne, highly accurate

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



an edge 1 ir.e candidate in the processing flow shown in Fig. 3, Fig. 11 is
an expl anat ory di agram whi ch shows proceg5|ng for deternini A8 Janeay 803 edge
1 ine by a conparison of edge 10 lines o { ai ned frominage data of two CCD
caneras shown in Fig. 6 and Fig. 7, and Fig. 12 is an explanatory

diagra.”, 1 which shows a processing fcr detecting an edge 'end of the other

cont af ner sﬁﬁ'mﬂe.rﬁf}:?%na%ed% ST DDE B CRHAN NO%O1 L ST ECIWENTIOE

Enbodlnentsofthecontalne; |;|on etecti n met hod and agg tus or_the
cor_tainer FAAdETEHHY St ok ﬁgoﬁﬁﬁ %ﬁnn% hbaSi AR e ahet 8c8drf ng
to this invention V\A|| 20 now be explained in deta'l, with reference to the

acconpanyi ngtdfamidds. Bhefmisist hENe N6l ef alAT LHETr det | BRISP TR id1En& 1%

whi ch t hecont ai ner position detectlon appar at usaccordi ng tothis invention

i s applied aiEpmBd isxpbrenadivin.nh reéher enceonat 26 Foptrol Thaiseremed s a
bridge crane for a tire-type yard 25 30 January 2003 for staking

cont ai nér s,candehad om plfanére- pypd tCrane ¥ wire s qoetydd evrgh fuos bhea
trackl ess surface by a tire-type running device 11. A transverse trolley 13

whi ch novespégithenheeirzeteal fdidrecddionr of @nNgnas ppper brathd2ctsnpr awi ded
5 on the horizontal upper beam 12 of the crane running body 10. A hoisting

device 14 isné petsaldiath Ao thhectpansves 8 ¥8Fbe¥ntd pafdt: drhehstd MPund
accessory (spreader) i6 for containers is suspended by a hanging wire 15

which is wound, é'Peﬁ?@ddrt%Mbé’UaEsBXutt%e gWs 5t BY d@WGe 14 - The hoisting

10 accessory 16 can mal ntain (hold) a container A, which is a suspended

cargo, so as to and éng %Q;g@%?% Lpepew t?%ﬁf@ﬁr %E‘Ehtol?:f &the

Two CCD caner as |ch e picture ower

hoi st i accessory_are d dow _war. 15.r ctiv at _the opposite
onde of®oadrect Yad Sret haTRsESH ks dfae%%o% P S R

there are also fitted downwards two nmeras 21R and 21L which t%gt

pi ctures of% h8e Perepara 6?nf-ﬁenﬁ’ﬁ §Pfjn S IERRF FOTRIRRT iV P e t he

opposite ends of the other side 16b
thereisnodifficulty suchas theabsolutepositioncontrol,

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 inventicn can directly detect the relative
positionof thehoistingaccessoryorthesuspendedcontainer
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
likesoas toremovemisregistrationof tl.ﬂ.e relative position.
The control method based on the detection of the relative

25 position and removal of misregistration of the relative



20 parallel with the side 16a. This is for making it possible to perform
edge extracti on of a target container 3, even if the susped@ddneanadder A
deviates to either side of the target cohfainer B. Since the CCD caneras
Z20R and 20L, 21R and 21L are hand' _ed 25 as a pair appropriately,

expl anation herein is provided for 2b 30 January 2003 an instance when
the CCD caneras 20R and 20L form a pair. ‘l;i .2 shows .one enhodi.nent of the
cont ai ner pBSPEFaR ettt Bn r&ﬁpﬁ?ﬂpﬁﬁ‘ e 8g&i’r‘?gp95‘t %4} FPYETS R e
cont ai ner position detection apparatus_includes inmage 5 processin
apparatus 30. TheOPnhge prGesstafdappafatifs’ 01V 38ﬁ§ttiltcm frpycaion
conputer nor inmage processing, and inputs the inmage data fromthe two CCD
camner as 2oaamdgoposse§d@vhe@lwhemsm@apvrczm%%@rm@pbar%méaeoeﬁas a
candi date group extraction section (30A) which processes 10 the inage da to
taken in frioelthsy CE2 tadsering =GR aady2ail, thadexgebctenbatard daee
group of a line representing an edge of the target container (B) , an edge
Li ne deter mi si@it+68. wseainCAn(303 ronHich dletaige nesl 4 bevedyge daor othebe
target container (B) fromthe extracted edge |ine candidate group, 15

andar el at i vigpasi d iphdet eakl qn%ecxté@@lééoc) TMhbehdet eet %o@:trﬁilatéaetﬂ@@' ticn

of the target contai ner B and t he suspended contai ner . I n 30C, the
relative p tde akner L B) iand. the s %OEEE ner
(A) is det g%éeggp'sggrﬁt %ﬁ{/ %ryel Ihatélf:(o)nléofl rédﬁ I ne dH?erm ne %n t he

[T det er AT 0T Heng ﬁ&e' | ggﬁc’ftatsc%%n%aed%%ﬁ%%t SbBERe kil f’f@?ﬂn hinor

A). V~~h t hel d_by, the . hoi st to b d
§h)ef.rste%tp§ogr§o°%af‘%ﬂ§rg;%ma i U SORCaTE 250 S (et yaPa, Th o

perlphery of a rectangul ar area, beln 30 January, 2003 2i 05| opn to s
sow t @ cHREBHTHAT BT H@rétocﬁﬁeo"ﬁé‘lotl FiRe X GPl‘g]@ (qh?ﬂ:‘f%dg‘ﬁgcgé ng a

tape or paintin g) different fromthe surface | um nance or hue of the
ground i s PRERIIEE PotistHent¢rnEeetanglfBatahd t& 336 Adngé WRERE SEFRge

pi ckup 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 givenas adistance
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 thereferencepoint
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



5 is possible by an inmage pi ckup unit installed on t_:e hoisting
accessory, parallel with cne side or a plurality of sides oB0¢aruanegd@hgl e.
Thereby, the relative position o~ the suspended container and the stow ng
area on the ground can be detected by detecting the edge of this coloring
by the 10 two CCD caneras 20R and 20L and the inage processing apparatus
30. Further, instead of coloring the ground, by ar~angir.g a substance
having a |iR8Sttdg@ iGPREr8LlpBIY%- ery of the rectang~, ~l ar area, and
detecting this ridge as the edge, the rel ative position of the suspended
cont ai ner and thel\étlo‘i/\joﬂ?gilcsi%gé@%ﬁhﬂibévgr%ﬁ@réﬂﬁlﬁ'@rdeeQ:Qfé]a?—nFP(j!. 3
shows the processing content of the candidate group extracticn section
(30A) of a theealsweserdngtibe auyerof ndde taxdgehecom alnee gey1ithoRi g.
2. In Fig. 3, 33 shows processing for detecting an edge lire of the
suspended 28cgonbaimede ( And bensh t bina tRrceelss isnd 4 ch jey fror ted aafd@rutbe
suspended container is held by the hoisting accessory, and while the
suspended Goad ot D8H ESnAR\RA ricd e Vi 61 LRkt Ho0btliRg bal@als PRt Gt Neke( 3)
by the crane. The processing content is the sanme as 1n 34, 34-1, 35, 36L
shown in Fig,sgondeq 8BALL ne38 AN 39 SRQWN £ rion] thlel pod 1+ S NCEE 1iee
position 28 30 January 2003 of the "holsting accessory and the suspended
contai ner (). LAl L o Lhe: ROSLLI 00-gE 14 1.212- 06D, cagerg( 204, and, 208
and the suspeﬁﬁ%d con%alner I'5 alWays“ caéns ang, by repefitivefy perform ng
t he processj shown. .in _Fi S.and Fig. 4, the 5 edge,line can be .detected
during the q%ﬁﬁéh?“t%%ﬁ?d§g¥hbu?ﬁgQSPQCOﬁpgﬁﬁ@rEFE)ge+ﬁ5l5F038§§&ﬁé”§homn
in 34 and onward in Fig. 3 is inage processing of the target container (B)
and procesSHYFFot “b%é-%&f%"grt%eg}ﬁgsFFﬁg,a Féﬁoéryeoﬁe?:gﬁr%apﬁ t he
10 suspended contai ner has been noved to the vicinity of tr.e target
cont ai h@r COANtHrrEdgismPBEcachiesl Thaie oitipr ofhetacaftarpRrE2LBEY s
taken in, and input to the inage processing section in 34-1 onward in Fig.
3. In 34-1,(igi ndee t henvar géte xontaeneel@E®)ive pasaktien wietdrthensgepended
container (A) , 15 and within a distance range set in advance, a |um nance
change in fdiuoedtsiom) { hontage thta exisdtrgf f¢cacleby-the kiefreaatibinch i s
parallel with an edge lire of the suspended contai ner

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

cargo with respect to the trolley. Such control has a

particularlyremarkableeffectinatracklesscrane, inwhich

position detection and positioning of the crare 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 is large.

When a container held by the hoisting accessory is

stowedon the first stage onthe ground in a container storage

25 yard, the above-described method for detecting



¢A) detected in processing 33 in the inmage data plane, and has a w dth of
the distance set in advance is checked. Wien 20 the image ddfdandaryBPEsned
by a color canera, a change in the hue n&y be checked instead of the

Ir'um nance. The belt-like area for checking 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 cRARGETLSE Rt ECPRF TS T84 2 FdMfaPe SAFOP by YpREEBIFXFTAGTSPR i al
di fferentiation processing wi th respect to each pixel i n the belt-Ilike
area to be ehddkedlregsikekogresuponitaiichCEREAURERTRE. chHa? ganexEEsds a
preset threshold is extracted. 5 1n 35 ir~ Fig. 3, in order zo set a line
appr oxi ~natto~gplhe tarrangenehte pertipdaywelf groupsarguiactedegn bheng
processing 34-1, these pixel groups are subjected to dough transformation
to thereby sejosistibhabbeskiowe tHe ddrecbehek-bhkehar gaoutlty bgletskeikby the
| um nance change checking 10 and the |:ough transformation .;,ay be plural
, due tg a shadeiher fEHchVidiHEHIHY £0h§ W hia@iY o rapaharded)ndiefdacdhyi ty
on the surface painting of the container or tine ltke. In36L in Fig. 3,

wh | ' i - b ; 14l
en a p ug%%ér[w%hg sgﬂﬁg%l%é‘ﬁ%rﬁ%@%%&%{ QD &E%ﬁ-ﬁ%ﬁﬁé‘%@%m%ldé@ese

lines are ecte nput to the processing ettermning a 1 ine

representi “cgt%‘:‘ledlg ﬁ@% geé?g a§t%regeta nd gtnaitgfg_(r)}:g%)ggaaggg e; Q%%% & g’ld.:j dake

lines . In a ‘necessary cessin termi ng
the edge ?ine, t'.:.at |s,_ the nunmber  of pixels obtained in.the candi date

i ne det ect DROFFEA PHE™ 36748 Paiiihy PR CenbRCEAnGIdar ¢ 15 gl “and'o
exceeding a threshold set gé t.he | um nance, change, d the posi tiqgn data of
these pixeldSTFPINEY i nB§E 2 piche e SHOF S 2P e EDovEYeRpl EA&SDn has
been perfornmed fcr a CCD canera_a=ranged on the |left side of the hoisting
accessdPy, Hutthhereqhengs epr ofELHSRY i stperFelativied RRtht+espeét the t he
CCD camera on 30 30 January 2003 the rigi-~t side . Flg. 10 is an

expl anat or yudipenged adhtainer 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 effectcanbe 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 yard 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
apositionalrelationinthehorizontaldirectiondetermined
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 applyving the



shows the relation betweer_ distribution of pixel groups having the sane
lumi i:ar,ce change and a candidate 1 ine set for this, and3®Hanusnadefate
line is determined in the 5 two-di nensi obdal coordinate systemset for the
irmage data space. Fig. ~, Fig. 5, Fig. 6 and Fig. 7 show the processing for
se 1 ecting and determining the edge line of the targe t container, from
edge line candidate lines of the target 10 contai ner obtained by the

above- descr £bad agrecep o8ig.1 Bt detiec g-d ik omtiies] pf ddesprkrg et 1Frgnt4,omand
by sequentially executing these processing, the edge of the target

cont ai ner (&8hdighdetehal dediatdweyercdmds ivsihbmtties aflceabde rhagdf, a

| ine obtained in any stage of the processing is determned 15 as the edge,
the whol e ptpeesshifiine Nole NEGSpSENt | ok e4unied.cdd Ok 0 Ay ShOWsz fH@EGESSI N
for determning an edge 1 ine of the target container by parallelism
checking wi{fietbg-dge ddinic, phol 72e SUSRPUIG L0 BEREN dfbos M LBnT B8PECt
to 20 the candidaté |ines obtained in processing 36L in Fig. 3. The process
i ng shewn jpn_this figurg i r, f or i r 1.0 'qﬁge of
t he CCDgcarri:éljr?% J(}lro.sl‘%%'e I‘g?ta giegglla%’d Cg?‘dtt%gef 5 f%g%@?ﬂ;%ﬂé%ﬁé&“ gﬁ?ggbge,
respectively ir.dependentl y.. | anat.i on .bel ow. is perfornmed for_one side
25 oy, T PR GoE (YRRE ATl eT ] HOETheRs. SACRECRRd dRPES. 3. 30
January 2003 line and the edge |ine of the susper:ded container (A) is
checked. | rP%%d%t%rTlF‘ieﬁjepPﬁg‘&é@Tt BRF WS TOMNT ERB RBP SR d ang®h
parallel with the edge Iine of the suspended container (A) is selected,
fromthe edder Ehad nahang&tes sSER CHHO I apddte secomBP Ao (BWingd3Wen Fig.
4, iF the selected candidate line is only one, this |line is fixed as the
edge |ine dfhe deteartgst avonndi MérthBy e 1lEL 3% pokdicn pf dved stippended
candidate 1 fines i.s detected, control proceeds to the next processing.
The abbve icorsiadithar| yngether neddedr pidel t mgend Okdatauskdt hes€Eadankra on
the right side. Fig. 5 shows processing for fixing the | ongest line as the
edge line afhd heetargete copplsaiviesn ( Betechhisn pbeasssdmg the aksoppeadea med
respectively independently for the right and left CCD caneras. For the
conmpar i son c@fn dehd endd e o dder R Lot erl i HeSsodben dat en ot elsh@ nnunber

of pixels belonging to the candidate line is utilized, to designate one
having a | 34,ge JIMhes - 81 1 PigX @5 §8a R: LORG A of stacking.
When a container held by the hoist%ng accessory is
15 to be stowed by manual cperation, 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 positicn of the
container held by the holisting 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 displaving the detection result of the relative position



Fig. 6 shows processing when a target edge |line cannot be determ ned by the
processing up to Fig. 5 or when the 20 target edge |ine deB@dANURRHZORS t he
processing up to Fig. 5 is further confi Fhed. The processing i r~ Fig. 6
uses the fact that the arrangenent of the right and |left canmeras on the

hoi sti ng accessory is known, to conpare the candidate |ines obtained by

t he both CCD canmer a ﬁs res¥ectivelép 25 and. when % ILng agr eei ng

bet ween t he®Fi gh %SB BYt EVHTT 5T ENIEH30T anhT §° 2005 el BE BREFT 9%
determ ned as the target edge line. Th a righ~ and left CCD canmerGs are for
takir_g pi cE2D: feéS oY theesae oHeCRi 88 éfF &ﬂxﬁ@%ﬁ???&gé(ﬁagisﬁ§ﬁeﬁ¥
container. Il:ence, if the candidate Iine obtained fromthe inmage data 5 of
one camera PSr¥iormidld hextapreiedtion ke positoi 64 iovmasponte gl splelyed
position where the other CCD canera is installed, taking the arrange”~er~t
of the rig:misaagﬂsﬁﬁaﬂxﬁhcaﬁemmeirﬁretmnei@@mmﬁimn.and conpared with
the respective candidate |ine obtained fromthe inmage of the 10 ot her CCD
camera, sthere i s phe agtecitidpniditiebdhef OneelAtpaie bokfidien apeticdate |i
nes agreeing wth each other is the edge line of the target ccntainer (B).

Fig. 1 1A (8eishsHesXphanatokyndi-aghammbicgh W rithe: ¥ PGRSSHBG £OAt ent
of Fig. 6. In Fig. 11A (a) , CLis an |nage 15 data plane with respect to a

CCD carner a | {Rge, 9. £ 4 B -l e“n*si:dggo% R fat}%é %‘usﬁd’derpéé‘cﬁ'%o‘ﬂéél z{%%)e“

to a right S|de camera. AL is an ge’]lne a suspended contal ner
ht by t Lgtt d d f d
contai ner () “Baudit By PHe ?%%ﬁ?gggfié%%néﬁae?ﬁa% & a0 e
di dat f t he, ed f the_ .t t b ft
i de caner & LR BROLS s HHS08F c BaR R daEs. 01 T N edge S T
target container (B) tr.e right side camera . 3LEO1 , 3LEO2 and AL:~ are
lines bBtaidfd: b];/l%?r%’ﬁ%‘FFyd%‘iFe%?ﬁb TRBRRYR 11 i T AFHIR ™ B &hf edge

lire of tl~e target container and the suspended 30 January 2003 33
cont ai ner, TRATEET? POISE T bYN HEN ENE RS E ARV LIPS E S AtPBAR DI RIS e the

right side ca:rera is installed. BRO2
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 THEE 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 embodiment of thecontainer
position detection apparatus according to this invention,

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



whit h agrees best with Bl..E02 which is an extension of B02 is deternined
as the edge lire of the target container, 5 Fig. 7 . showsS@daRaneg003
nmet ?~. od of conparing candi date |ines obf3i ned fromthe i mges of the right
and left CCD cane=as. |F positions of edge |lines of the suspended contai ner
respectively obtained by the right and |left cameras are made to agree with
each other, _instead gf extendiqg qk%g.ﬁandid te IiHe obtai ned fr m one CCD
camera to theC8t h8F SREEC TR T IFTTLAR TS R 6F EREScandfdlted FREYES t he
| eft side CCD canera and the left end of the candidate |line of the right
si de CCD cafBP&2aN€ br Sugt iLREFSc| 888t coRt aEtSwiCThE2ERAT otRfRF 1 TaRA
angl es of these candidate lines with 15 the edge lire of the suspended
cont ai ner (Aptagrtéemerpagatue ateardingese thadi daventings Hdg.dét &eni ned
as an edge line of the target contai ner (B) . Fig. 11 (b) shows the
processi ng am Ekglanatchhe deanirzg ofhiekr ehoessyarhotscenstiheg filpw ebis the
sane as in Fig. 20 11 (a) . Edge lire candidates (BRO1 ( ERO2 , BRO3 ) of
the targe tpgpalacnelsn BBhoebkihg ivege Rhanediethénd gt si desgayrpiadare
noved in a parallel directi on, so that t:ne edge lines (AL and AR) of the
suspended cont k NBE r( Ab £0PhAI el BY st RG kRIS ARk PRI HBY c@imildiendef t
side CCD canera and the 25 right side canera agree with each other. In
the image . 3440 JAMEr 2003, plane Qf dhesLef b shdenCageac adidizge of a
i dBAGTi- ca L I di

t hreshol d for agreenent and ion wth the edge’line can ate of
the righ t side canera i.s _set-i.n the vicini _ty of th e | | dat es
(3L01, L02)% et%"?ﬁrggﬁ%rﬁ é%earn(%ﬁ‘gga(‘ﬁa 4 eaé%%%%%’gi ‘F’]J’lFf@gl. %?’%fusl'hi s
range is displayed only fqr BLO2). |f t? edge lire can iga e the rigr.t
e camer 4 AT S0 Bl forh Johetige FLPr SOTGRR A S bP 2 FRe FaR 1 do
canera_is fixed onl% one, thi s line is determ ped. as the edge line of the
target 1BontdfiSIENLRY 231 e Eandiedat8996-1 PF nEENRELCFE ST xé@ % 0 be
only one in this processing, the edge 1 fine candidate having the closest
angl e (T~, SELiSCHiREG ea@éqnmﬂéﬁwgt e sgdgendedneomtai f8e (AF-pst
sel ected and determned as the edge line. x i g. 8 shcws processing for de
tecti ng ascedgeinertfieoniStiwe eddediardtiidate Byngsigneypnt,hé iadgé dest esti on
result of the target container in the |ongitudinal direction. As shown

explanatory diagram which shows a processing flow for

comparingedgecandidatelinesobtained 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

centainer from the edge candidate line group, Fig. 7 is an

explanatorydiagramwhich shows a processingflowof 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



in 36L-1 (or 36R-1) in Fig. 3, positional data of pixels belonging to the
candidate line -1s stored at the time of setting the candi da? damyaRe2003.j ¢
regards to the inage 20 cbtained fromthe4CCD canera arranged on the |eft
side of the hoisting accessory, the edge lire porti on of the target
container (B) located close to the right end of the i mage data pl ane
represents an actual |y existing side of the target container. However, the
left end of Zihe EdfedethActiifmarsegort FoA ekt iebrRIReoBPrghtl Silge

t hough the side of 30 January 2003 35 the container does not exist.
Therefore, desthpi bot edyeddnsie \dotftepitrd viltdl ogingrtote henei gide sifde
portion of the line is high. O. the contrary, since the er_d of the target
cont ai ner inatbetl engitdaidianl HigectSi an exi s bandtbhe 'diefdrahdehanht he

i mge data plane (the CCD canera is arranged in such a manner), a point at
whi ch the denswtyadr dde! sobelcorginhd her eLa 4G RASEBafYleStin Gt kbe sl ef t
side of the edge lire, and this point 1s also an end porti on of the edge

[Dolhe Ot indlsechlob 10 Uaodais. ooyl anakoy & aaram wh oheshve
posi Ui on a2 ol Bl xels ANANed, LocASED o e L1guLe, 300 qa Showg,in

t he processi in 'St ance "bétween a I'mages

sea_uenti al | 5 obt.ai ned, fr t he i_ght side on the i e_dat a_ pl ane
owards. t né'l SRS B AR ETbE (T DR RS P et DOt Reh dres of de)
Every time a distance, between jnmages is _obtained in the 1 oft direction,
the past distarfe dathsid £ RO Th§IFRE BPerst PREWSOPTEFEETi™HY t he
di stance towards the 20 1 oft, as shcwn in 5~ of F ig. 8, when a point at
whi ch the di%t &deiminanger targrtactfreshbledbyel WPTR2FAHSELOR §9T0Ce
average cf the past distance is fo~r~d, it is judged that the pixel one
beforelfs thHeendlpmined dfomhémedgeckitrecf The EFBwcshewa s shEwn 81 shows

an instance i:~ which 25 an edge 1 i ne of the target con taner (B) in the
| ongi tudi Falg. B8Grédnbagy 2003n3b Rigrer?ips detecpddnntdie £Chgeamer a
20?~ 1 s used to detect the left side edge of the target container (B) in

the width 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
B=ZST MODE FOR CARRYING OUT TEE INVENTION
Embodimentsofthecontainerpositiondetectionmethod
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 containerpositiondetectionapparatus accordingtothis
invention is applied will be expleained with reference to

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



direction. Detection is also possible with the simlar processing for_other
instances. 5 A deviation of the relative_ position between tﬁéJ@Hgﬁy§90qhe
cont ai ner held by the hoisting accessoryzﬁetected int:~s manner and the
edge of the target container is fed back to the control system of the
crane, and when the deviation cones within an allowab' _e val ue, the
container held by the 10 hgistin%¥acce5ﬁory can be |anded on the target
cont ai ner .*@aritRFINg RUFALIET Fr 6  rel& & ¢ T hédSr &F 8P ¥ Bos4 i on
exi sting between_the edge of the container held by the hQ Sti ng accessory
and the eddeP®Y tHeWldidetHosi PRoR FARKNELTRE PRERCEARY Fhén ThetYPe
devi ation comes within an allowabl e 15 value, the container held by the

hoi sting acteRssdnyg éarile Ldnded 6 aa spreatd erme hedy pbdivh bah MAVERi 31
manner, the container held by the hoisting accessory can be quickly | anded
on a targettitentat hronve lodiaepredet edwingednpospeironeamt h2 ries peuividethe
target position mark with high | ocation 20 accuracy. Therefore, a margi n of
the | andi ngspace e benkedueethe f hesebyl b hesspreecrbake examirey badihe
ship or in a container stowage can be efficiently used. Furtrer, tine
required farg tr .2 il O DY0BRRALIOM Hf 5 gORhakRans £alh bensherkened raad the
| ar di ng accuracy can be iNncreased w thout 25 requiring fire nmanual
corrections,. enge t.he;stow : 200 {ieg dges not
require rru?ﬁ“ %npn%ﬁbaﬁg ’| abor . g&%%%ﬁ%grét%o@%%:e% ﬁgigg%\%@xprgnat i 'on,
according tg the container positi .on detectio th nd. . r or
e cont ai 1P TSRS, o AT RG EBA PY o Holdae | T o8 e g6 SRR woh e e
present ir_vention, image data an i, e pigck~, ~ it such as _a.CCD
canera ar rEﬁ’gé-‘é“jgtdrt‘EP(‘éf1 e%‘d“gb% ﬁ%f*sg?ﬁg%g&isé%‘f%/cgsfgroc 18e ?lt%lﬁeqform
edge extraction of a target container, while excluding inf|luences_ of the
oper at}? ng 2&ERAETRENt & gﬁa BErdi 13 ohs (RaedL &sc§ ausedV26°By e

hoi sti ng accessory and adj acent contai ners. Hence, position detection of a
target conat aHAPENEESEEA3TEQ hisP @anthebaceht &t BP P amRFa¥edbiye peridined.
The automatic control of a cargo crane utilizing such a relative position
det ecti on does swgta ragadr &hleirgfizormccurate position ? 5 detection and
position control of each section of the crane, as in the absolute position
control, therebyTiwhe Q0H i@dhétrby 20R and 20L which take pictures of

the lower part of thehoistingaccessoryare fitteddownwards,
15 respectively, at the opposite ends of one side 16a 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 cpposite ends of the other side 16b
20 parallel with the side 1l6a.

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 CCDcameras 20Rand 20L, 21Rand 21L are handled

25 &s apair appropriately, explanation herein is provided for



ks high and th a cost car. be reduced. | NDUSTRI AL APPLI CA3_TLITY 20_=s
expl ai ned above, the container position detection method andldRpa%EYE3 and
t he contai ner |anding/stacking control méfhod in a cargo crane according to
the present invention is suitable for |landing or stowing a hoisting
accessory itself or a suspended container held by the 25 heisting accessory

on a target _container, or_stow ng 3S 30 J r 003_suspended _

cont ai ner h8PRd*By % hidi e R néqjﬁcEgESSF?edris ?@%e%ﬁ%i gg"‘pgggfr‘i 8nP8r the
ground, and useful for pronoting the automatic operation of the cargo cane.
39 T. C''~ -~ NB190 Jahuary 20eFEMPoRiREptaC et Pt tonrastReEFERON
meshod, enployed in a ca=go crane, of stac4~ _ng a suspended con tai per

hel dby a hotigteicrig caccappemp ors a st axding cow t bhil speingepwedron t Rae
ground, and | anding 5 the hoisting accessory or, the target container or
stow ng thecsnspénded postidiiter drtediget fosdréton anthedgsouirdagehere
i n the nmethod conprising: an inmage pickup unit arranging s rep of

arrangi 5g aprboBge iRicCltp anituwhisoh | mages nidee ot sEEBE iRGC eSS ya Plist he
suspended 10 container , and the targe t container or a target position mar

k displayingga; § afgeL + PeSitld OB Ala RSBy LEFR, 1 Ak g@NpeRE L Hg e Shde of
the hoisting accessory; a |ine"detection step of defect-ng a candl date

| i ne group i.C c Ld fe fir line. Lepr ng.J 15
cdge o the e ST F R Tor sty n  asaenrs bi KR et SR PSR AR O
suspended cor~tair.er. and for a _second line representing an ge_of the
ond of 1 he YSTRRTEEREA nerTEF STERE BP e PRS T GRrPROe T or IarRS 1
detecting a change_in_|um nance or hue of a pixe roup, included in the
mge. 20 TS MR ER 55 DR TSAT BY T ARGTAG byl 1 | RaGE P BkES A ¢
and approxi mating the arrangement of_ the pixel group, which causes a change
in | untRandeorinree 9akgetakRan 1@ Lo dhe CHY 2TeRas 408eas/d 2(Oilne
determ nation step of conparingparallelism25 and horizontal distance of

t he candi d&ve |9 rergebapaf eencdieiate group of a line representing an

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

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

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

15 andahrelativeposition detectionsection (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 line determined

20 inthe imagedataplaneasanedge lineof the targetcontainer

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

When a container held by the hoisting accessory is

tobe stowed on the first stage on the ground in the container

25 storage yard, in the periphery of 2 rectangular area, being



30 January 2003 first line, to determne, as the second line, a |line having
paralle' _ismand hori~or.tal distance cf_a value within a pP@danuainReR3 of
lines inc' _uded in the candidate line grodp; and a relative positicn
detection step of detecting a 5 relati ve position o. the target container
or tr.e tar getposi ti on mark w th respect to the hoisting accessory or

t he suspended walner, fromth pOSltlOn Of the Se AL ne wth.respect
to the fi :sg Eglgr‘]réc.lofbtf “The” Cont af Ne aﬁ&s‘i ioglnt eetcgﬁd?%%&he?%#& g(%(]:{gerdi ng

toclaiml , erein the second line determ nation step includes_a_| ongest
| e el ect PO StIg (4C bR RO H FBAGESE THaE T HeHe T bhidl dis 6% £F RS or oup
is selected and determned as the second lire. 15 3. The container position
detectior  AEPRoENBcTOF ERF e ¥BLIBRACA 2F e tHetPEoBEBPIHEIChES RIFP HHPBEit e
ends-line detection step of constituting the inmage pickup unit by a first

i mage pi ckupubsiitcand ecarsedemdy 29, iandel pitthaprang ¢ wivihi e hirag@e respeepi vel y
arranged at opposite ends on the sane side cf the hoisting accessory, and
detectirng the ddgsibléne anditdge gainck chatien 11 e sgraduipe d pespeethoded tyingased
on the imge data obtained by these i mge pickup units; a first line

agreenment siePe8koviyl ! taldan pxt endtAdohbBes2Be~bk 8 bllrane by dhe fdésst
i mage pickup uni t up to the position. a, 30 January 2003 where t:-~e

Second i3raﬂ?_@ﬁéaiHEtHWgﬁei5??hé§é@%,'t%@’ﬂéléi%ﬁ@bﬁogﬁk§ow'qfffﬂgs t
=i ne agree with the Fir st 1 ine by the second inmage pickup ,:nit; and a

conpar i son &9%%89&‘38”8%*: ‘i'n%fcé QMY S4ED s@ov)ﬁ{(r&%‘é&léé’ oh PHLdINGd e

candidate 1 1 group the Tirst inage pic unit up to tthe position.
e e HENELATEE B oA 43 ASLeL LRt andcsamaEng il
rge PLEKURLAOLE, v Lher ol seherl, 24 del errie o pal. ol Liss el of
apparatus ’3§*nﬂ§§§¥£ég, 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 positionof 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. In Fig. 3, 33
shows processing for detecting an edge 1line 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 (3) 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



a cargo crane, which stacks a suspended container held by a hoisting
accessory on a ;.arget container stewed on the ground, 15 afidJhawatg 2008

hoi sting accessory or. the target contai3fr, or stows the suspended con
tainer on a tar getpositi on on the ground, the container position
detection. apparatus conprising: an inmage pickup uni t arranged at an end
on one side of the hoisting accessory, which i mages the hoi sting accessory
20 or the swaSpeEnedtb tohiagnaccesmd thendatget sesp<araied eronta anear gév |,
position mark displaying Gtarget position at the sane ti:r;e; a line
detecti on utihétwhsghtHet petss tai candf date SChecgmeua WHEh dretah®R) aacandi da
to fo=a f' rat line representing ar. edge of the end of the hoisting
accessory ofnha@istu¥iedsd ontdener. ds afl dies ssneiwled, eontabreri+ andifor a
second ' _ine 42 "30 January 2003 representing an edge of the end c the

target Contﬁéy%rmng?t.%gwgcéygiﬁgrg%wk%i Bisen mark, o by detgctipgg a

change in ['um nance ue“of a pixef g=oup inclfuded in the iTr.age data,
w.ich it s ¢ ined by_i t i i i 5 - .

Appr o T -n TG THeS o FArDtenen e T ke e B B SRR A W 8hange
in 1 umnan ce or hue_ | arger gggn a set value, by aline; a second line
deterninaﬂ?ﬁFQEﬁtcﬂﬁFéﬁé%ﬁn) s parallelismand horizontal distance of
-the candi date 1 ine group 10 for the first line, to determ.ne, as the
second line, a |iTe RIPRESFANE B m And4hsRiz AL di $Rahé@ -of a Yal ue
W thi n a preset value, of lines incl uded ~ n the candi da to lire group;
and a rel atiM@ge pesiad v aetEeitivntaggiett GRRER id@edBs andsP¥ @F ¢SSl posi
ti -on of the target container or the tar get position nmark with respect to
t he : ~oi st ifioyy dedeessiony he tédge suspenddui chnagreerfdromd Bé tgositieon of
t~:e second line with respect to the first lire. 20 5. The contai ner

posi tith detuegtdratedppatakiseact@sdibrgr mccieditanthe whetieinyt be séeond |
ne de ter~::inaticn uni t i ncludes a longest |ips selection unit, which

sel ects anda@efias AbReS itde €. | agestoddsneindi hetpantthdgb e 4 ithe geoypetas the
second line. 25

ccntainer (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 (),
15 and w_ithin adistance rangeset inadvance, a luminance change
in pixels in the image data existing in a belt-like area,
) which isparallelwithanedgelineof the suspendedcontainer
(A) detected in processing 33 in the image date 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



30 January 2003 c3 'T" i2 CCl1 ~allie; pCSi t7.0_T: d2 teCt' On 8ppardtuS
aCCOrding '"'le ~ imge ~~7.C~:Up uni t i S ConStltuted by 30 Jandary2003w _
=zeinth.. afl.r5t ilT~age pi GCU~ "',2%.t and a SeCOnd 1T?l cge pl C~: up
unl'~, W':? C-'1 are respectively arranged at opposite ends en the sane
side 5 cf the hoisting accessory, and rurthe~- conprising; ar_ opposite
ends-~ i lie detection unit which detects the first ' fine and the

candi dat e | bye meofiprriespesbiavalal, badet vent hetiivagerdacs selitrad ned By t he
first image pickup unit an d the second _inmage pic ~ap unit; i0 a " =rst
lire agr eemeBpeut tio whicthpdixduald theXxiendslihe dreastb Reichechydhe . f
first image pickup uni t Ln to the pos ition w lere the second inmage pickup
uni t is irasiatéedrd@ tifewahymmake thaihiaide bheefgeseaidd at peekigtst
line by the second inege pickup unit; and 15 d conparison and agreenent

sel ec Lion gLt swhiigh vd rdualbyexd ends the candidate |ine group by the
first image pickup unit up to the p05|t|on where the second i mage pickup

Lni is ic nstal 1 g ares C. t e

candldasto 1 fine group by ?%e:iecon ’ﬁ%ﬁggﬂ%%%?ﬁﬁ &ﬁF% eré%gl§gp
sel ect and determn a 2 Ea r o; Ilnes mh agrees no % asigh secop %\Ilne
7 . “he cont’af n&* s etets | BA ¥4 Ggaf’l‘iéjsacgt’f d5° T 08 ai
conprising the second Line selectlon un|t the 25 | ongest I| e select]

unit and t HFLORPALPSoR%and AGESEhent el §F OPRRIASE AT LRI BRTONC n|t
and al so including a selection applicaticn unit 4Jhl Ch SeleCtS and appl
e5 't~". eSEramgfgrmatiafet kP nithisHplhessécondsriteb s glineeontda nehe

| andi ng and stacking control nethod, conprising a |land _ng arid stacking
step in whikdl o Heke@tion, valaubice seb@yr*emy Ininvien pos e tahomae- chise kiaxge t
contai r_er or the target position mar k with respect to the hoisting

accessbby @and heh Sigperidedr aosf arnertiorhindy ik gétect ed duye tthe aceitzai@er 10
pos i tion de section nmethod according to claiml1l , is fed back , and when

the devi at ifgrmved e €OOBS rWirttedlisuhn Bi §REL aizn chelrefance, r & hle bRiistitg
accessory or the suspEnded contair:er is |anded or stacked on the target

cont ai ner, ¥ tihe sﬁ%@@eﬁagﬁﬁti%id"%rf ithd awieda onethert anaet ipesi timn.
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 holisting accessory, but the same

25 processing is performed with respect to the CCD camera on



15 9 . Acontai r~er landing and s tacki ng con tr o' nmethod, enployed in a
cargo crane, of stacking a suspend=d container held by a hoi3§ Jenuary 2003
accessory on a target container stewed of’the ground, and |anding the

hoi sting accessory on the taxget container 20 or stew ng the suspended
container on a target position on the ground, who rein the nethod

conpris' _~r:g:. a.pQsition data generation step of generatin ositjgn data
of the hog 5ffng GiCessts or the Llspinddl CORLAPAEES H7 TEEPRCY 6N he
target container or a pO5ition of a reference 25 point for specifying the
targe t posPhPFENn TR kX @iaspprrayieige eReCl s45 ilut gepnpedi tHicre ! 30T JuRFar y
2003 a =-eiative pos'tion detection step ef detecting the relative posi ti
on ef the thryétgcthkaisrare drunihieataegethpogia i2gid anaandidhteespaet sed t he
hoi sting accessory or the s~~spended 5 container, by the ccntainerpositicn
detection nedhodacicor deng tthel aamdlidacend ineanes deexwrmined st aphef nov
i ng t:.e hoisting accessory or the suspended container to a detectable
area insthetyvbchnnbhsQfodde &6 g8t ned asNefeRr stherbar gele PSRl Cila HAIK,
where 10 detecti or. of the rel ative position thereof is possible, while
feedi ng back,fhg. deviation value of the position data; and a |anding and
stacki ng control step, in which the deviation value of the position data is
fed back, and when the, devi ati- on..val ras, W-t Qi apcertai | erance,
the 15 hoi sting :Ef:]lc ;ssz“b’r?/‘c 'tsh’e%sl%beéégggloédﬁ'aﬁngpgrs “Péngggc%rst%rg ked
ggsit[‘fo;ar 98ty COMALPELy Qh 4t RE+RUSPENARY £00T2LYS 1 k3 32ded 0R e Larget

AAAAAAA. A AAAAAAAAAAAAAN AA A A, A .AA . AAA. A
| AY. Al A KRS Ae: A@.ﬂAﬁ%%%ﬂ@sM%@F%e%smm rﬂr‘c'\%‘éa]téé]gc?at] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] c<a] ca]
ca] ca] €3] c€OHBeerj obipipge+ by the above-described 'processirg.
}xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] Gaacd]ice) da]atd PapcEsising in Fig. 4, and by sequentially

executing these processing, the edge of the target container
(B) is determined. However, it is a matter of course thatz
ifalireobtainedinanystageoftheprocessingisdetermined

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 paralleliém 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 showninthis 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. Explanationbelowisperformed for one side

25 only. In37inFig. 4, theparallelismbetweeneachcandidate
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camera. AL 1s 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 BLOl and BL02 are candidates for the edge line of the target
container (B) by the left side camera, and BR0O1l and BR0O2
are candidates for the edge line of the target container
(B) by the right side camera. BLE(QOl, BLEOZ2 and ALE are lines
obtained by virtually extending the edge line candidates

25 and edge line of the target container and the suspended
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is determined as the edge lire of the targeu container
5 Fig. 7. shows an cther method of comparing candidate
lines obtained from the images of the right and left CCD
cameras. IF positions of edge lines of the suspended
containerrespectivelyobtainredbytherightandleftcameras
are made to agree with each other, instead of extending a
10 candidate line obtained frcm 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 (AS agree with each
other, these candidate lines are determined as an edge line
of the target container (B).
Fig. 1l (b) shows theprocessinginFig. 7. Themeaning
of reference symbols in the figure is the same as in Fig.
20 l1l1(a). Edgelinecandidates (BR01l, BER02, 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 eand AR) of the suspended container (A) obtained by the

image deta processing of the left side CCD camera and the

25 right side CCD camera agree with each other. 1In the image
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plane of the left side camera, a range of a threshold for

agreement and identificetion with the edge line candidate
of the right side camera is set in the vicinity of the edge
line candidates (BL01l, BL0OZ) of the target container (B)
5 (hatched range in Fig. 11. This range is displayed only
for BL02). If the edge line candidate by the right side
camera which agrees with the edge line candidate of the left
side camera is fixed only one, this line is determined as
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 (T., 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 cbtained 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
dataplane representsanactuallyexistingsideof the target
container. However, the left end of the edge line is a

25 portion extended from the right side, though the side of
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arranged in such & manner), a point at which the density
0f pixels belonging thereto decreases exists on the left
side of the edge line, and this point is also an end portion
of the edge in the width direction.
10 Fig. 12 is &n explanatory diagram which shows the
distribution of pixels belonging to the edge line shown in
Fig. 8. The position data of pixels obtained in 361L-1 in
the figure, and as shown in the processing in 52 of Fig.
8, a distance between adjacent images is sequentially
15 obtained,frmntherightsideontheimagedataplanetowards'
the left (with regard to the CCD camera arranged on the left
side). Every time a distance between images is 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
averace cf the past distance is found, it is judged that
the pixel one before is the end portion of the edge line.

The flow shewn in Fig. 8 shows an instance in which

25 an edge line of the target container (B) in the longitudinal



W 10m 10m 10meOy#10%m& () - F7! 10%m& () - F5
10%1& () - F2& 10%1& () - YO! 10%1& () - P#P& PPP QJEYNC 10 U 3 30 January 2003
1109 ()- ! 109& () - @O () - & 109& () - 98109& ()-"109%& ()- QHQQQQBRORIEYNC

10 U
@OY%& ()-M 109%& ()-:!10% ()-M 10%& ()-y:! 109 ()- L@10%& () - bRRRSISSSIEYNC

10 U YS& 10%&' () -9%#10%& ()-1. " 109& ()=! :!10%&. ()-L.109%& ()- 1Q%& ()- ST;
TI TTTUJEYN iéegtléazn P@}f%%ggday che é&D caméera 2%)7 is use@ to geegt(e(r_)t
109 ()-.#109& ()-F, nlQ%& ()-Y*1109%&k ()-Fl (& 10%& () - U UUUUUUUUbC 10
U " 1098 () - 8269 e(}’—-S&@emd%‘&@io‘ﬁ)&e(*ﬁ%fg? 1‘6%*(3)1213% 169&20) LGP ANEWIELC
10 U SM 10%&' () - 9- #109%&' () - ' ) . _ o
1 109%& () -t ! dDIRCEROF-10% ¥ §CB100R 1S -TYEWMERSVRIEDCVih the similar
U & 10%& ()-!10%& ()-#10% ()-L!109%& ()-:!'109% ()-1 M 109& () - XX%r@'t YYYdEbC
10 U Y *1 1090 € s¥YENQLO® (Pthe&l QYR HIREBI09R () -1""' 1 10%&R ()-VY: ! 109%& ()-Y
ZaZZZ[ B[dEbC 10 U6 10%& ()- 4 109%& ()-32 109%& ()-30
109%&' () 5. #109%&' ()2 e ilHYRo0)o B[He [ddlad ivé@dds ik ion between the edge
t1109& ()-s!109%& ()-!109%& ()-! L-109%& ()-m 10 10
109f #10%&' (9= :dpd\ s bhklider @czd by the hoisting accessory detected
in this manner and the edge of the target container is fed
backtothecontrol systemof thecrane, andwhenthedeviation
comes within an allowable value, the container held by the
10 hoisting accessory can be landed on the target container.
Further, adeviation froma predetermined relative positicon
existing between the edge of the container held by the
hoisting accessory and the edge of the target position mark
is fed back, and when the deviation comeswithinanallowable
15 wvalue, the container Held by the hoisting accessory can be
lancded ¢cn a predetermined position. In this manner, the
container held by the hoisting accessory can be guickly
landed on a target container or on a predetermined position
with respect to the target position mark with high location
20 accuracy. Therefore, a margin of the landing space can be
reduced, thereby the space, for example, in the ship or in
a container stowage canbe efficiently used. Further, time
required for the stowing operation of containers can be

shortened, and the landingaccuracy can be increased without

25 requiring fine manual corrections, and hence the stowing
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target container, while excluding influences of the
operating environments and conditions such as shades caused

10 by the hoisting accessory end adjacent containers. Hence,
position detection of a target container based on this can
be accurately and reliably performed. The automatic
control of a cargo crane utilizing such a relative position
detection does not require highly accurate position

15 detection and position control of each sectlion of the crane,

as inthe absolutepositioncontrol, thereby thereliability

is high and the cost can be reduced.

INDUSTRIAL APPLICABILITY

20 As explained above, the container position detection
method and apparatus, and the container landing/stacking
control method in a cargo crane according to the present
invention is suitable for landing or stowing a hoisting
accessory itself or a suspencded container held by the

25 hoisting accessory on a target container, or stowing a
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the method comprising:
an image pickup unit arranging step of arranging an image
pickupunitwhichimagesthehoistingaccessory or 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
onne 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 ér an edge ¢f the
end of the suspended container, and f&r a second line
representing an edge of the end of the target container oxr
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 a2 line;
asecondlinedeterminationstepof comparingparallelism

25 and horizontal distance of the candidate line group for the
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claim 1, wherein the second line determinzation step includes
a longest line selection step, in which the longest line in
the candidate line group 1s selected and determined as the
second lire.
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 ¢f the hoisting accessory, and detecting
the first line and the candidate line group, respectively,
based on the image data cbtained 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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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 taréet container, or
stows the suspendedcentainerona targetpositionontheground,
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 suspendad container, and the target container or a target
position mark displaying & target position at the same time;
a line detection unit which detects & candidate line
group which becomes a candidate for a2 f£irst 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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10 for the first line, to determine, a&s the second line, a line
aving peralielism 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 rglativepositionofthetargetcontainerorthetar etposition
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
toclaimd, wherein the second linedeterminaticonunit 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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10 a first line agreement unit which virtuvally extends the
first line by the first image pickup unit uvp 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 acomparisonandagreementselectiogunitwhichvirtually.
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 greoup by the second image pickupunit, 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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and when the devizgtion value comes within a certain tolerancs,

the hoisting accessory or the suspended container is landed

or stacked on the target container, or the suspended container

is landed on the target position.

9. Acontainerlandingandstackingcontrolmethod, employed

in a cergo crane, of stacking a suspendsd container held by

a hoistingaccessoryonatarget container stowedon the ground,

and landing the hoisting accessory on the target container

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

a position data generation step of generating position

data of the hoisting accesscry 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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10

15

target position;

a relative position detection step cf detecting the
relativepositioncf the target container or the targetposition
mark with respect to the hoilsting accessory or the suspended
container, by thecontainerpositicndetectionmethodaccording
to claim 1;

a movement contrcl step of moving the hoisting accessory
or the suspended container to a detectable area in the vicinity
cf the target container or the target position mark, where
detection of the relative position thereof is possible, while
feeding back the .deviation valuve of the positicn data; and

a landing and stacking control step, in which the

deviation value of the position date is fed back, and when

the deviation value comes within a certain tolerance, the
hoisting accessory or the suspended container is landed or

stacked on the target container, or the suspended container

is landed on the target position.



