SPECI FI CATI ON CONTAI NER POCSI TI ON MEASURI NG METHOD AND CONTAI NER PCSI TI ON
MEASURI NG APPARATUS Technical Field [0001] The present invention
relates to a container position measuring nethod and a container position
measuri ng apparatus for neasuri ngrecpeschitamn of a transportation contai ner
which is transported by a ship, a vehicle and the Iike and which is
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No. 2005- £B4669ion between a transportation container which is stacked
below the crane and a transportation container which is handled
by the hoisting attachment, there is disclosed a technique for
measuring a position of the transportation container stacked
below the crane (see patent document 1 for example).

The conventional technique for measuring a container
position will be described below with reference to a drawing.

Fig. 7 is a diagram showing an entire yard crane having a
container collision-preventing apparatus. In Fig. 7, a crane 105
which handles a container 101 includes a laterally moving body
111 which vertically moves a hoisting attachment 110. There is
disclosed a method in which a two-dimensional laser sensor 113
having a fan-shaped detection range in a laterally moving
direction is mounted on the laterally moving body 111 at its
location where a lower edge of the container 101 suspended by the
hoisting attachment 110 can be seen, the laterally moving
direction is scanned by the two-dimensional laser sensor 113, and
position data of the lower edge of the container 101 and a corner
portion of a ceiling surface of a container 102 which is to be
stacked is measured by the two-dimensional laser sensor 113.

[Patent Document 1] Japanese Patent Rpplication Laid~open



Di scl osure of the Invention [0003] The conventional techni que uses

t he two-di nensional |aser sensor as a di stance neasuring sensor, but this
techni que has the follow ng problens. That is, a measuring nedium of the
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The inventors focused attention on the conventional problem,
and it 1is an object of the present invention to provide a
position measuring method capable of stably measuring position
data of a transportation container which is less prone to be
influenced by weather and color of the transportation container,
and to provide an inexpensive and reliable position measuring



m crowave sensor is in a range of 1.5xP<Q<90-(1.5x9). A fourth aspect
of the invention provides a container position neasuring nethod in which a
m crowave sensor which emts mcrowave and receives reflected wave of the
m crowavegphsrased, the microwave is emtted such that the microwave is

of fset by a predeterm ned angle froma direction perpendicular to a flat
surface gf a transportation container, and a position of the flat surface
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attachnent - | at erﬁl Ig ﬂgevi ng neans. [0006] The contai ner position
measur i ngf HstHod 6t ©F HeE pradse st Ri ko ekt iforangel eslgrondxPo be influenced by

weat her and cgl ofi @f, a transpydatign contai.ner, and. it is possible to
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position measuring metho according to the first aspect,
comprising a body mount of a container crane disposed above the
transportation container which is stacked, and a hoisting
attachment-laterally moving means which is laterally movably
supported on the body mount and which vertically moves a hoisting
attachment, wherein an emitting direction of the microwave is
offset downward and by a predetermined angle with respect to a
travelling direction of the hoisting attachment-laterally moving
means, and the microwave sensor is disposed on the hoisting



Fig. 1 is a diagramshowi ng an entire crane to which a position neasuring
nmet hod of a container and a position neasuring apparatus of the container
according to an enbodi ment of the present invention are applied, Fi g.
2 is a d@é@ﬁ@h@%@bﬂ@ﬁgfaleHMBUmmeme&na m crowave sensor of the enbodi nent;
Fig. 3 is a blockrdimgram of thethi csgware sensafe Ofln{r&‘?tﬁHJOdkHErghe Fig. 4
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an ent|r@nyaﬁﬁac@%ﬁémhawﬁHQWQM$0ﬁVQnttouaicﬁﬁmealaegl@qjhmsuanapfayﬁﬁtlng
appar at us: Besipdbde-forsGgrrying Qut the Invention [0009]
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attachment-laterally moving means which is laterally movably
supported on the body mount and which vertically moves a hoisting
attachment, wherein an emitting direction of the microwave is
offset downward and by the angle R with respect to a travelling
direction of the hoisting attachment-laterally moving means, and
the microwave sensor is disposed on the hoisting attachment-
laterally moving means.

According to an eighth aspect of the invention, in the
container position measuring apparatus of the fifth or seventh
aspect, the apparatus further includes at least one more
microwave senscr, wherein the plurality of microwave sensors are
used, one of the microwave sensors is disposed in one of
travelling directions of the hcisting attachment-laterally moving
means, and the other microwave sensor is disposed in the other

travelling direction of the hoisting attachment-laterally moving
means.

[0006]

The container position measuring method of the present
invention is less prone to be influenced by weather and color of
a transportation container, and it is possible to reliably
measure position data of the transportation container.

Brief Description of the Drawings

[0007)

Fig. 1 is a diagram showing an entire crane to which a
position measuring method of a container and a position measuring
apparatus of the container according to an embodiment of the
present invention are applied;

Fig. 2 is a diagram showing a structure of a microwave
sensor of the embodiment;

Fig. 3 is a block diagram of the microwave sensor of the
embodiment;

Fig. 4 is a diagram showing a relation between microwave



According to a second aspect of the invention, in the container position
nmeasuring nmethod of the first aspect, m crowave passes through the corner
portion by nmoving a m crowave sensor in a constant direction. According to
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According to the eighth aspect of the invention, in the container position
nmeasuri ng apparatus of the fifth or seventh aspect, the container position
measuri ng apparatus further includes at |east one nore m crowave sensor,
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di agram ae%n%@ £l aEbﬁ@a%?éf’\eeQnH] Qrovaye 8 g f tn'&

Fig. 5is_a.c tel r am of |stan é Flg.
6 U5 an BEBY S D IFROF S SHOR ng AR b o RaAg G % ¥ he
enbodi meRESPBPINY POSITIOR ¢a%a- a structure of a container crane to which
the present i Agentrdon is> dppl igakth lenbbdidestrébethe Aswvehownni nifi ghe 1, the
cont ai neccerafesd pSsia itonr ercBURLNG Y ppperane Jdhetodyi fmurdmpbliinén@, gantry
shaped npyat, aaf%cjé’lcﬂnudﬁ%kboé h;alﬁg%eé%m@@dza@a gartherepoLdd Qn, 1a3c@ﬁ£épd' ng
bet ween BED%Eep8ﬁ5£8&§ i&cﬁoﬁ%veegg %%flned aspépéP%QJiEXté agﬁ yheels

15 which are res %ve runni n ed on | ower

porti ons“Bf g™ % 81 MICrOWR Yo Sset”isr‘?(j agpﬁcﬁﬁéﬁ?tlﬁ?%]r%lq? y-froVt iy nmeans
17 is suéBB@f—’eébeyl tﬁ’fé“@é?@eirl POFt i on AFCEEERTt Bt tTHe hoimstding it 1s

at t achnentskabes ald yroveviragi aelansebzucant ppve alegngoat 1@ngi t udi nal
direction of trhe garteth poshdan A3 t(HeatleT\)@nkyoﬁDpﬁkdﬂ@l(ﬂiS’ ettd @hntainer

her ei naf ek} ¢ i &0d deleuhohst iapgaabt @chentnl atenalesy smVi Rge MRS 21her
lateral | %Sog!?wén%eg@&rﬂﬁ_{tﬁé rPéth “dé tbé)u]% hata aklby mpyl 'I:%n%%&ﬂ% p (not
shown &b a

ansgor%atlon cont ai ner

wn)
18, The RBFPAFHRY. M1% chwan?pa@f%tsussdgﬁéﬁﬁsa R
at't achmaﬁffa{%t e R3PS0V RRGY Freard® 17 1By SR ed ropies CPBLaamRE t M ikdi sifng
at t achmeftaggedananer i élahﬁylrﬂﬁ)v@twl‘mﬂnfrtilﬁgemﬂachﬁtmﬁmgv@retaln@aIWhyCHDw ng
means 28isTheatwisgtliyngmatdi@dchmenpported on the body mount and which

vertically moves a hoisting attachment. An emitting direction of
the microwave is offset downward and by the angle R with respect
to a travelling direction of the hoisting attachment-laterally
moving means, and the microwave sensor 1is disposed on the
hoisting attachment-laterally moving means. According to this
aspect, since a position of the corner portion of the container
can be measured by the microwave sensor, the microwave sensor
does not easily receive influence of weather and color of the
container, and it is possible to stably measure position data of

a ceiling surface of the transportation container, and
flexibility of a mounting position of the microwave sensor is
enhanced.

According to the eighth aspect of the invention, in the
container position measuring apparatus of the fifth or seventh
aspect, the container position measuring apparatus further
includes at least one more microwave sensor, the plurality of



vertically nmoving nmeans 28 includes a take-up notor and a rotation drum
(both not shown) provided on the hoisting attachnent-laterally noving neans
17. An encoder (not shown) is provided on a rotation shaft of the

rotati onndruaw{vot sshown) sect hakdit dre pessichke fiQ.r6aRLHr €45pPSI tion of
the hoi stiiBgoatd aciiene190kn Fisyheight directign or A driving room 26

d
. ; ; ; he' holstr
IS provi gL ow t 1.ng attachment-| atera movi g nmeans s 9 and a
driver V\hg.gga@ at e 1@"&%?81];%] ie A gﬁav%lo%ﬁf“‘uqfom t he

means

operates the ﬁ‘ t'alner crane 1‘3“((:125_ FoSk"&dhedd ™
driving room26°°°° 10 fRE (FEREpIHEIEL bNE oAt BRHEr s 18 aflee ahe sdigedw bel ow
the gart & LporEs T lEgeral b hendwitrar alebpsnovAamp diingctbonhin sipedtowsid n
stages (uppepshilmi¢ ts doup stagespniess, cohe: rews anecgahledsqfowa to row
f. The traosponbalionContahnals;lb: ane.atackedt L0 Shadas., | oM plages, two
stages, thige.siades, one: fage and. Lhree stages fromihe fovid o the row
f in this order.” A chassls Whirch' s atran ESrIF%‘H”&n"\‘?@HFCI e is di sposed
beside the row f. [0012] M crowave sensors 31 and 32 capabl e of

nmeasur i nE””ao ®Hnce by enitting and receiving mcrowave 35 are di sposed on
an end of thelhoisting attachnent-laterally noving neans 17 in a forward

di rection, andnn:greWawe SRS - di sposed..o d,of the
hoi sti nggatt achienis Lat Fg@ﬁ@{yjﬂ?ﬁ iﬁ%%ngaﬁgw%%gil%a qzsitc%\f/argigggﬁe% i 'h.

An enmitting ngFt on of ‘mcrowave of the mcrowave sensor 31 is offset in
the forward, df rectionof?t A&*R61%t PR Y athnEAt: Fat 6FaNey tRowighneans 17.
An of f sePCahigt ¥ i¢aser 1y dietiingt c4 fr apRipoimeat rod eamsitien ©8abocated
t wo- r ow aheaER 4P t he fbewarcdtdiinect ironofdomy atdi rectdmpdoghentt ranspert ati on
cont ai neprdgef theitdicst ing aidrackaent Fig . and i & hijsaenpodigmnt., the
of fset apghecisreselr t0 WidrolAvEl Gendor SNCE.d N DRI SLL PO aEtj:[ga.C ir?st alg
bilock diagram of the microwave sensor of the embodiment. Fig. 4
is a diagram showing a relation between microwave and data of the
embodiment. Fig. 5 is a characteristic diagram of distance data
ol the embodiment. Fig. 6 is an explanatory diagram showing an
offset angle of microwave of the embodiment

[0011]

First, a structure of a container crane to which the
present invention is applied will be described. As shown in Fig.
1, the container crane 1 is a tire-mount type crane. The body
mount 11 is a gantry shaped meount, and includes both legs 12 ang
a garter portion 13 extending between upper portions of the legs
12.

A plurality of running wheels 15 which are respectively
rotated by running motors 14 are mounted on lower portions of the
legs 12.

A hoisting attachment-laterally moving means 17 is
supported by the garter portion 13 such that the hoisting
attachment-laterally moving means 17 can move along a
longitudinal direction of the garter portion 13 (laterally moving
direction, hereinafter), and the hoisting attachment-laterally
moving means 17 laterally moves on the garter portion 13 by a
laterally moving motor (not, shown) .

A hoisting attachment 19 can hold a transportaticn
container 18. The hoisting attachment 19 is suspended from the
hoisting attachment-laterally moving means 17 by wire ropes 22,
and the hoisting attachment 19 can vertically move by hoisting
attachment vertically moving means 28. The hoisting attachment



is |located above the transportation container 18 in the row d, the offset
angle is set such that the m crowave sensor 31 can detect the
transportation container 18 in the row b. In this enbodi ment, since
the n cr ouaye-SBRSOhoBilnd S rebhsetod nikheudor war de did gt i QR oWhept hg
h0|st|ngr@{£@ﬁ§pethép ngﬁﬁ tpgttrgﬁﬁggrtg&hgn?ggntgﬁne héB}kﬂsEQE row d
as shown g the qﬁﬁMAn?, the m crowave sgn or 31" can capture 'a position of
a cornerat P BH of A5°FF bnt "peP EtiTade of the transportation container
18 stacked up®toehfedtippeict isHanof isherpvidesl @anhdei roist ipossitbife pbd st op

t he hoi sthagratdtachments| ater alhoyniovd nghareansid odefiore b cobdirdes

agf'ilt ?_st pggitf?ﬂ%ﬁom@tm&m&w %kf@@&hrﬁe&t! not he rowHaiwek! difbcac%%r.‘cf- g An
emtting diregtion: c ve - he e r is_oriente

bel ow in Ege %er??%gﬁnﬁ} gg%?onngyEgrigﬁﬁ?%§g¥he§%%$$tiﬁ%adi?%ﬁﬁ%%gﬁ of

m cr onava’ of “PHd TlerGhate’ JERSTE 8BS dir i A"Ehe JEMTFEaT Wi PRRAAES, when
t he hoi stPAgcattatiertrale Holds tleekt eaRsPortdt Forn cobntmi bes 48 vimgt he row
d, the nrorowaye can be enmitted to a ceiling of the transportation

cont ai ner 18 shacke@nkpothe: IOW EoMfH Gl riss 1@cated aheadeby RI8wf rem t he
row 1 NoByfhi o6t OPErPRl Gl 8 Lo. TP BR1IHNGOLL DS, I ANSROTLEL] on
cont ai nef 181:An emtting |t%pt10n of crowave of the crowave sensor 33
i s orientéd b&l¥ow i WHERE déWPica}SdF?%%tFBﬂggQQ'pr &hti ng"Bheé i t15ng

di recti ohi2bteHi EPBwAVE Df rPhelni crlidfave 286ASHF B hetGWaIRERe Weratccal
directioptagken tWe hoiwmtd.ngfatt aclagent I9ohsltdgeshethremsporgat,i ame

cont ai nestd8eiand htireews thgdher vinC tBwaves candenantéw el 1o taicedtddrg of the

transpor hatho8s LoMRiAeEn 18s S1 ackedpbpr fHesd QWHe Wi £ d:SJ.qeat 8o hackwar d
by one frgmife gowd in a direction perpendicular to the ceiling of the

transportatiog ﬁQQLainer 18. An emtting direction of m crowave of the
m crowave sen 8 is offset in the backward direction of the hoisting
attachment - | at’éFaPYIVhoVEE§ L redhs31T . 3ATPrRPI 6t ChnEtES s et Suekndtat a
t ranspor bet FORt cont ainderret8ib beat et toneveoWs aheadiispdske backwasdt dif ecti on
from a dihectbysbeh@wat ransgord-aticona Contm ety Wikofs the hoi st ifbgvard
ittaphneaﬁﬁéaﬁﬁgfh!dmdtmﬁfr@mygggﬁgggfstﬁgégﬁigﬁta@@@&f%ﬁéﬁé%eanQnia#p Fig.

, Since,khe [ NG - a i ransporf ation

okhechoi siding ;at dg%&%‘}e@egg%@f m%fa?xguc Eadd 2R8POL ald

cont ai ne 1§ in, the row e‘is set at the m crowave
dAC KW rec I;](én

a}(:jd 1 . . .

sensor 34 can _detect t transportation container 18 in the row f. In

thi s enbodi neff!, 8P hEe"d HEL IRCrOMaPE SREBY23A ¢ OIF JetCHoWayRe SBaskinar d

directi oAl wWhedlfsrt Hoi shenfomaat viwaction ol déiet hei st bmg porteahinent -

cont ai neilat8r&hly heoviow dheasissHown ian tli€sdt avhgfe Lhesoticsawaveasensor 34

can capt ukenspPositioan cehtaisel | 1mg ofadhe cbansposiatd on GeRrt #LResd 8

stacked Up Locihie #pReTolLALLCOly D840 fan bt b3 RORELONE [y SEoP The

h0|st|ngtggt@ggg%gg-lg%ggg%?g nD %ng geans " be rﬁ.lt co h esf?galnst

the tranSportation ¢oRtarnefe1s A2 rBw ¥ -wel PR BE0AncERe oftset
angle is set to 15°. In Fig. 1, since the heisting attachment 19

is located above the transportation container 18 in the row d,
the offset angle is set such that the microwave sensor 31 can
detect the transportation container 18 in the row b.

In this embodiment, since the microwave sensor 31 is offset
in the forward direction, when the hoisting attachment 19 holds
the transportation container 18 in the row d as shown in the
drawing, the microwave sensor 31 can capture a position of a
corner portion of a front upper surface of the transportation
container 18 stacked up to the upper limit of the row b, and it
is possible to stop the hoisting attachment-laterally moving
means 17 before it collides against the transportation container
18 in the row b well in advance.



[ 0013] Next, concrete structures of the m crowave sensors 31, 32, 33
and 34 will be described. These m crowave sensors have the sanme structures.
In Fig. 2, an FM CWradar nodule 45 is accommpdated in a waterproof case

40. An ant ennan4am9ms¢gl tutreng | &)Heofl\%m&@a@@r O@D@H&emﬂé]_féﬁa@e ﬁben aptenna

) A |l t th
mwggggraﬁ@y AP, and, the aptenoa 43 L8 10k okl o SOUm LG Lo the

di rect i vFt'y"ahyi eiﬁﬁﬁcﬁhoﬁn‘?grfﬁlai:ﬁwaé(enp Bv\%\f%l%ré’l"l’é‘ﬁﬁ PENER: Itﬁltoéinge
where a gai A'Betdnesa809% wie hi¢respaeh tt@eah@eﬁﬂe’rg of-tephineed M drdwave 35
and in thhs embosihomat iot heodtseetd vig yi ranglee rofv tihethat ensacwd d $:a41 (2

Wi th respectertia e €enkergdeilin o@hkﬂm§pgﬁéﬁéﬁ8¥%bgﬂ§naQﬁmﬁ%LRQ blq
R L L o e
nodul ati 0 i\/ﬁ? ﬁ%glﬁﬁagﬁﬁ’eﬁéj%%rl 5C180F (4 %E?s%’ccotﬁ’tﬁ tr@PFB@r%qtldﬁnstance
measur i n@ObF‘ééH%ﬁ off-is suppressed to 30 nm and its difference can be
di scri m nat edAw ehitrespectiteatdcopl ofahityowfveheifghthebasiceoskz€Ssemdrh a
wat er proef terai nalteande W Cih SURPhices i a2 paerediiXgd tH, theWat €4 prpof case
40, and EH§t¥@$§H&¥ﬂ@g%18§58f491&55J30§e%ft?hg ﬁf%%&%gﬁe sensor 33 below

in the vertical direction, when the hoisting attachment 19 holds

the transportation container 18 in the row d, the microwave can

be emitted to a ceiling of the transportation container 18

stacked in the row e which is located backward by one from the

row d in a direction perpendicular to the ceiling of the

transportation container 18.

An emitting direction of microwave of the microwave sensor

34 is offset in the backward direction of the hoisting

attachment-laterally moving means 17. An offset angle is set

such that a transpcertation container 18 located two-row ahead in

the backward direction from a directly below transportation

container 18 of the hoisting attachment 19 and in this embodiment,

the offset angle is set to 5°. In Fig. 1, since the hoisting

attachment 19 is located above the transportation container 18 in
the row d, the offset angle is set such that the microwave sensor
34 can detect the transportation container 18 in the row f.

In this embodiment, since the microwave sensor 34 is offset
in the backward direction, when the hoisting attachment 19 holds
the transportation container 18 in the row d as shown in the
drawing, the microwave sensor 34 can capture a position of a
ceiling of the transportation container 18 stacked up to the
upper limit of the row f, and it is possible to stop the hoisting
attachment-laterally moving means 17 before it collides against
the transportation container 18 in the row f well in advance.

[0013]

Next, concrete structures of the microwave sensors 31, 32,
33 and 34 will be described. These microwave sensors have the
same structures.

In Fig. 2, an FM-CW radar module 45 is accommodated in a
waterprcof case 40. An antenna 43 constituting the FM-CW radar
module 45 is a one-antenna type patch array antenna, and the
antenna 43 is integrally coupled to the FM-CW radar module 45 and



predeterm ned (the hoisting attachnent-|aterally novingthrough a neans 17)
stay 50 fixed such as to grasp the termnal case 49. [0014] As shown
in Fig. 3, the mcrowave sensors 31, 32, 33 and 34 are connected to a

mast er basepBptcDHRLONIHed in the driving room 26 through the hubs 56 and

7 by the wat g f term.nal_ 48.shown in Fig. 2. A personal conputer (PC)
20 m%ich setsﬁgg&?gl§ %ngfgftﬁg% ﬁe?%$t%ﬁﬁ§%ﬂbfgﬁ8n dqtibngef e are
connect ed ot he® TS 8P - DasEENtNS5e 2 9a1n HegopRs sSSEngdrmepspecnalogue
si gnal s #hicita@re Gutgmitt tedomitdrewaier dlaviedsensor'siSlemB3iRditand 34 are
fast Fourier transformed (FFT), a distance to a subject is neasured, the
crane sefheficktV62 gPaspsCh Posienienne het st 4°di*gfl eysh tvepposi té ameon a
di splay (pot §Pomm) di sposed in the driving room 26, and when it is
deternineg that there | . a danger of collision, this is displayed on the
di spl ay énot gﬁéﬁnf?e%&£;9ﬁ¥%ﬂ“§rﬁfﬁhi%%rf?%%%ﬁSVeﬁFapéﬂaE]ffequenQ& prsi nei pl e
for measdfif§ at@i st’4née t dGHZsubj ectubyed heb@MiOWtdensiar used asiihe
m crowavéersessossioh tdwepenbedieaentic whbdebei described.modulatid analpgue
si gnal of st e MceoWevsh 35 WhhH khSaQutRdl M the ant Fﬂ%s‘}égkéné efl ected

by a subject and becones a receiving signal, and a difference between a

sendi ng waverphdseianshe reseiviing waveiphaseiks sdghbectady (RPhasy) mn,
detection). A signal which is output fromthe antenna 43 has a | ow
and 1ts ~difference can be discriminated with respect to a

plurality of height basic sizes.

A terminal case 49 is provided with a waterproof terminal
48 which sends and receives a signal, and which supplies a power
source. The terminal case 49 is fixed to the waterproof case 40,
and the waterproof case 40 is fixed to a predetermined subject
{the hoisting attachment-laterally moving means 17) through a
stay 50 fixed such as to grasp the terminal case 49.

[0014)

As shown in Fig. 3, the microwave sensors 31, 32, 33 and 34
are connected to a master basement 55 provided in the driving
room 26 through the hubs 56 and 57 by the waterproof terminal 48
shown in Fig. 2. A personal computer (PC) 60 which sets various
control parameter and a crane sequencer 62 are connected to the
master basement 55.

In this emboediment, analogue signals which are output from
the microwave sensors 31, 32, 33 and 34 are fast Fourier
transformed (FET}, a distance to a subject is measured, the crane
sequencer 62 grasps a position thereof, displays the position on
a display {not shown) disposed in the driving room 26, and when
it is determined that there is a danger of collision, this is
displayed on the display (not shown), and an alarm buzzer is
given.

[0015]

A principle for measuring a distance to a subject by the
FM-CW sensor used as the microwave sensor of the embodiment will
be described.

An analogue signal of the microwave 3% which is output from
the antenna 43 is reflected by a subject and becomes a receiving
signal, and a difference between a sending wave phase and a
recelving wave phase is detected (phase detection).

A signal which is output from the antenna 43 has a low

-0 -



frequency, and a signal which is generally called a beat signal is obtained
in the follow ng manner. Beat signal (f) = ((4 - Af) / (STc)) r (m Here,
Af represents a swept-frequency width, ST represents swept-frequency tine,
C representgusReed L0kt ld ghtyna@ndnt ok eps esant;s 13 digt apget 9. & subj.eqt .
From t hesg 5@#(9%@%% Elfletfbell%%%g%mr is frequency-resolved by the fast

Fourier transform a distance to subject can be neasured. [0016]

The FM OW seng@L: i §; kNOWn cas_a; s£NSQfr ) capakire .o asuring a distance in
t he above-descri bedl mam\rllvrezr?1 Th(e@]le;M sgng(or us%)rlget he (Pﬁ)cr owave of 24 GHz

used in the enbodinent as the foll ow n% characteristics: 1) The
sensor does nOfIFecef veSRTRIFERce SeRLMBEFMATEY &1pFopadat L6Rr patH:s

2) The sensgr.foemdel, reeslve & nfldignee, el eqyldpnient ;sugh as.hioh

tenperature, hi pressure, 1n vacuum denSe T'0g and strorg W nd; 3)

The sensSFpE%ﬁe%éS AsGret ' sthRc&UPe=G target through a non-netal wi ndow

i rrespective 6FCFr di$F8r effthpidengpacift ythe beat gyigmaghape dfregnemeit-enna

can be nadecsvadllpy the fas§) rAmraatpuatabedtrawi dt klicanneastbyabeupesuced;
can be measured.

[0C16]

The FM-CW sensor is known as a sensor capable of measuring
a distance in the above-described manner. The FM-CW sensor using
the microwave of 24 GHz used in the empbodiment as the following
characteristics:

1) The sensor does not receive influence of a medium of a
propagation path;

2) The sensor does not receive influence of environment
such as high temperature, high pressure, in vacuum, dense fog and
strong wind;

3} The sensor can measure a distance to a target through a
non-metal window irrespective of transparency or opacity;

4} A shape of an antenna can be made small;

5} An output beam width can easily be reduced;

6) The sensor 1is smaller than a conventiocnal (X-band)
radar; and ‘

7) Since a technically compatible part is used, individual
licenses are unnecessary.

As described above, the characteristics of the FM-CW sensor
is suitable for measuring a position of an object outdoor.

[0017]

On the other hand, an object formed from flat surfaces such
as a transportation container 1s not suitable for measuring a
distance by the FM~CW sensor or a radar. If the flat surface of
the measurement subject is perpendicular tc a direction of
emitted microwave, since the reflected wave is reflected in the
direction of the FM-CW sensor, it is possible to easily measure
the distance. However, 1f the flat surface is inclined with
respect to the direction of the emitted microwave, since the
microwave 1s reflected at the same angle as an incident angle,
the microwave does not return to the microwave sensor, and the
FM-CW sensor can not capture a position. Therefore, it was
conventionally considered impossible to diagonally measure a
distance to a transportation container formed into substantially



6) The sensor is smaller than a conventional (X-band) radar; and 7)
Since a technically conpatible part is used, individual |icenses are
unnecessary. As descri bed above, the characteristics of the FM OW

sensor igsr&i dcaklu@ef 08 Pasy iFfdca Hositi on of an object outdoor. [0017]
On the other hand. an object formed fromdflat surfaces such as a
transportatjon container is nhot suitable For-neadurfhg A di'st'afcdasy t he

FM OW seh$dr 8PCR T addriaqs the f FRENSTAE 0D CPREA hakis uvasmeHtc Isubflect i s
per pendi ¢ttar TESPECHI ftectd oAlogceimntt el microwave, sincewitre cefil ected wave
is reflectedrin ehe diigdti orefedthenFMhCW sens@rnelct hSriQssi §F e (e easily
neasure thendisttangen HoMey&ler ifast Reptlaly surdiace 'gn!ggééggﬁéﬁ@ th respect
to the dirgcidon,of (he.em tled mcronave, Si ncev&ti.‘ge mcrowave 1s Teflected
at the same angle as andi Acident angle.  ¢He i cronav8 9ot Wbt 5$8Ern to
the ni croay e SARGOFOT AR haNEN-ON'SEnso [aaH 1ot Eapt tirenapposi ticon.
Ther ef or @204 15Hs CO8AY Mt drvalckpteoadi dered i npossible to diagonal ly
measure a di sfence tbea invanspest adthicenasent allbet rfor mdek NtRnsubst anti al Iy
pr ect sg ;f?ﬁglys' ﬂgct:@fshiﬁlﬁ %&%@@@fmy ,char(‘k@d]:!acreystti?e PE e%e“Ea&%‘]}’,te_”%OVS
ocuse : c en.a surface .of a trans ation
cont ai nef _was iinlc hioéakeeé1 \;q\',ik-jtsfll E%%J&zegfV\{E§%alu8P?%cP%oﬁISFgH§*%¥ oﬁgg CCEO8r owave
did not returh, And ¥ Yyht TR EEet FORT TR0 MPEE6 NErdThGTRIOBROB ¥ROTL
transporfation coHEAh®er Rasidapt U@l R sthe amadxperitmehf was cdraci ed out
usi ng a PeppiEssssoimter e adAtyreaedlyl albh Bl AMvEW. sensor, but reflection fromthe

corner portioMopé she-ifiaasport aties: contaidieraeesl dsnot be capt wed-
Next, the inventors increased electric power density by largely i1ncreasing

di recti viay wdthicact épi 41 i(¢20f ey madarch aamrefd eateoma areamoras I eshiced,

i nfl uence, of icgregqul ar reflection fromperiphery was reduced, thereby

enhanci ng an” &1t ofESusOr 8potP a5 OtFlr tRerdTal 16 dd 0| doel 8bfuthie @adar

itsel f wad al €& stipypr essesl tdokn 4t r endl yssmal |2 | evehe Mome repecifdecal |y,

di recti vieguattgractEtivetriec ehdt he madar iwasshrieducieddbp 4of2d byed:pat ch

array an@@m?g‘éﬁ rmifsp)ielsegel taf mtlbedpgra,dfgr w@_:s_d‘@mp%gtgapr o}s@d%ogegultr

I ntegrati@n Q% s8)sudekBge@ PAN Eo9f L Q) 15 ! i SN a crane

control side. seqyen gro]:sogf%v\%%g E@Q}fﬁ Ia acPihEi\{\thlr%El%ég%%n fn%jlmsggjeq ectric

power was sup 6(?1(5]?9_“)' O_rrf1 was coine ed."As a result, the _

i nventors succee e]d in capturing slight reflection fromthe corner portion

of the transp%rfé%?%ﬁ EoRtaPRect the transportation container 18 was
actuaily measured using the FfM-CW sensor having +the above-

described characteristics. A result of the measurement will be
described below,

Fig. 4 shows a relation Dbetween the transportation
container 18 and the microwave 35 when the hoilsting attachment-
laterally moving means 17 laterally moved in the forward
direction. Fig. 4 shows a state where a reflection state of the
microwave 35 from the transportation container 18 is varied as
the hoisting attachment-laterally moving means 17 laterally moves
from a condition L to conditions M and N. Graphs L, M and N show
distance data corresponding to the conditions L, M and N.

In this embodiment, an emission angle of microwave to the
transportation container 18 is constant, and the microwave sensor
31 is moved in the constant direction.

In Fig. 4, as the hoisting attachment-laterally moving
means 17 laterally moves, microwave 35 emitted from the microwave
sensor 31 hits the transportation container 18 in the order of
the conditicons L, M and N. In the state of the condition I,
since the microwave 35 hits a front surface of the transportation



[ 0018] A corner portion of the transportation container 18 was
actual ly neasured using the FM OW sensor havi ng the above-descri bed
characteristics. Aresult of the measurenment will be described bel ow
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[0019]

Fig. 5 shows actual data for capturing the corner portion
of the transportation container.

In Fig. 5, a graph A shows an analogue signal of the
microwave 35 in the state of the condition M in Fig. 4, and a
graph B shows a waveform obtained by fast Fourier transforming
(FET)  the analogue signal in the FM-CW radar module 45,
Conventionally, it was considered impossible to capture distance
data of the corner portion of the transportation container 18,
but it can be found that the distance data is clearly captured.

Next, a limit wvalue of an offset angle of the microwave
sensor 31 was grasped.

in this embodiment, the microwave sensor 31 is offset in
the forward directicon of the hoisting attachment-laterally moving

means 17, and the offset angle is set to 15° so that the hoisting

attachment-laterally moving means 17 can stop well in advance
when a corner portion of a front upper surface of the
transportation container 18 which is located two-row ahead and
which is stacked highest in the forward direction is captured and
when the hoisting attachment 19 holds the transportation
container 18.

However, if this angle is set small and reflected wave from
a ceilling surface reversely returns, it becomes difficult to
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di fficul;

Efﬁcult to distinguish reflection from a corner portion and
reflection from a flat surface from each other, and it is

difficult to measure a distance cnly by reflection from the
corner portion.

Therefore, an offset angle Q at which the microwave Sensor
31 can measure a distance by reflection from a corner portion is

in a range of 1.5xP<Q<90-(1.5xP). Since the offset angle which

is set in this embodiment is 1%° and this falls within the range

of the offset angle @, the microwave sensor 31 can measure a
distance by the reflection from the corner portion.
BEven if the microwave sensor is offset within the range of

1.5xP, since the reflected wave from the flat surface of the

transportation container 18 returns, a permissible offset angle R
between the ceiling surface and the microwave 35 for measuring a

distance to the ceiling surface should be set to R<1.5xP.

According to the microwave sensor 34 of the embodiment, the
directivity angle of the antenna 43 is 4 (deqg) . Therefore, a

permissible range of the offset angle is 6° or less, but since

the offset angle of 5° which is set in the embodiment is within

the range of P, the microwave sensor 34 can measure a distance by
reflection from a flat surface.



di stinguish reflection fromthe corner portion and reflection fromthe flat
surface from each other. The nmeasuring test was repeated to find out
whet her the reflected wave returned fromthe ceiling surface of the

transportationocentai ner 18 even when the m crowave sensor was offset, and
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cont ai nethd8 WAl NG, a8t PeiBsSi fl.e 096t RRALE Reans 28, and it is
possible to capture a position in a height direction of the
hoisting attachment 19. Therefore, it is possible to grasp a
height of & bottom surface of the grasped transportation
container 18.

At the same time, at this stage, when the hoisting
attachment 19 holds the transportation container 18 in the row d,
the microwave senscr 32 is located at a position correspending to
a ceiling surface of the transportation container 18 in the row c
which 1is stacked beside the former transportation container 18.
Therefore, if the microwave sensor 32 measures a distance between
the microwave sensor 32 and the ceiling surface of the
transportation container 18, it is possible to grasp a position
of the ceiling surface of the transportation container 18 of the
uppermost stage in the row c.

Next, 1if the driver checks that the hoisting attachment 19
holds the transportation container 18, the driver moves the
hoisting attachment 19 upward to hoist the transportation
container 18. The height of the ceiling surface of the
transportation container 18 of the uppermost stage in the row ¢
is grasped, and the height of the bottom surface of the hoisting
attachment 19 is also grasped. Therefore, the driver, moves the
hoisting attachment 19 upward until the pottom surface of the
transportation container 18 becomes higher than the ceiling
surface of the transportation container 18 and then, moves the
foisting attachment-laterally moving means 17 in the forward
direction.

Then, microwave 35 emitted from the microwave sensor 31
moves to a side surface of the transportation container 18 of the



between the ceiling surface and the mcrowave 35 for nmeasuring a distance
to the ceiling surface should be set to R<1.5xP. According to the m crowave
sensor 34 of the enbodinent, the directivity angle of the antenna 43 is
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18 in the row d is grasped

Here, the offset angle of 15% is such an angle that when the

hoisting attachment 19 captures the corner portion of the
transportation container 18 of the uppermost stage in the row b
while holding the transportation container 18 and moving in the
forward direction, the hoisting attachment-laterally moving means
17 can stop well in advance before the grasped transportation
container 18 collides a transportation container 18 located two-
row ahead. Therefore, the driver judges that it is danger from
position information, warning or alarm, and it is possible to
stop the lateral movement of the hoisting attachment-laterally
moving means 17. Alternatively, the driver moves the hoisting
attachment 19 upward while decelerating the lateral movement of
the hoisting attachment-laterally moving — means 17, and
transportation container 18 held by the hoisting attachment 15
can be moved onto a further transportation container 18 without
colliding against the transportation container 18 of the
uppermost stage in the row b.

In this manner, the driver can move the transportation
container 18 grasped by the hoisting attachment 19 to a location
directly above the row a, lower the transportation container 18
and can safely complete the transfer operation of the
Lransportation container 18 in a short time.

[0021]

Next, operation for moving the transportation container 18
of the uppermost stage in the row d to the chassis 30 located in
the backward direction of the hoisting attachment-laterally
moving means 17 will be described.

The driver moves the hoisting attachment-laterally moving
means 17 to a location where the holsting attachment 19 is
located directly above the transportation container 18 in the row
d and then, lowers the hoisting attachment 19. The hoisting
attachment 19 is lowered by the hoisting attachment vertically
moving means 28 through the wire ropes 22, and the hoisting



At this time, an encoder (not shown) is provided on a rotation shaft of a
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Containgr 8 Port _InE?n%{E%qua Y moving means 17 is moved
dekWard while holsting the hoisting attachment 19, the driver

can move the transportation container 18 tc a position where the

bottom surface of the held transportation container 18 becomes

higher than the ceiling surface of the transportation container

Pieg
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of the contalner is measured. When the microwave sensor is used
as the distance senscr, even when a ceiling surface of a
transpoertation container 18 is slightly deviated from a positicn
directly below the microwave sensor, it is possible to offset the
microwave sensor such that the offset angle R falls within the

range 1<R<1.5xP according to the position measuring method of the

invention, and toc measure a distance to the celling surface of
the transportation container 18. Therefore, it is possible to
nmeasure a distance to the ceiling surface of the transportation
container 18 even when the ceiling surface of the transportation
container 18 is not directly below the microwave sensor under
constraints of mounting position of the microwave sensor, and
flexibility of the mounting position of the microwave sensor is
enhanced.

in the embodiment, the microwave sensor is fixed to the
hoisting attachment-laterally moving means 17 in the
predetermined orientation, but the orientation of the microwave
sensecr may be inclined at any angle to scan microwave, and a
position of a corner portion of & subject can be measured. Tn



Next, if the driver checks that the hoisting attachnent 19 grasps the
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hoi sti ng stthelokstdng at pashrent 19, the driver can move t A8 tHarsgdt tation
cont ai ner{1h8ut0r 8y POSIG | re the bottom surface of the held
transportatioqo%ggﬁgﬁﬁé?8€%¥g§@§nes hi gher than the ceiling surface of the
transportation container 18 of the uppernost stage in the rowf in the
shortest distafcelescribed KﬁKWﬁLSEﬂHHH@ﬂngthﬁ)dtmyeboggﬂi&pV%eg% in

t ranspor f'86'8f ebrit aionei t 181 grraspeed szi@ﬁxﬁ%&%EbPngyga%pngnt 19 a

| ocati oncdndettdy abeve phes&hassiensdeorn ! QYer the tr nspor tat P ont cdit ai ner
18 and cascavie safelanceonpl ekg the franster opstafTin GrePhedoes not
transportagj 55‘@2%@iqgr in 8 sRor ¢ i MEAngfyAzEion conThener, and
above- descri hed embodi s baséxtérmehe predise thatrerabd,vei: mgpual |y
oper at es’ Based on" postitioh Meromenticon tabnt hetat baNsSAer takihep.cont A ner 18
whi ch i sCSfrKet:, 4 t Heumbouee deseenbesh pesi t hon .peasygi ng q;tﬁodof t he
transpor@a@¢©nac@nbabneaddﬁeaaQrPQ§gtﬁQ§5ng$§U{ég1 raPpar at us of Ithe Y
transpor t atn9ro1GORt 84 NeENdS; il ysed, .and 1T a collisi d%g@dlﬂégiaon of
the transporiali en gEg@fﬁg&etro 18 is set 11om ﬁeisgﬁ?' daba shet Fayspornat i on
containers 18 in the Tows bafd“tin 13 ferwaranafierecti anraflddre hoi sting
attachnment 19 based on neasuring data of the m crowave sensor 31 and the

m crowave sensor 32, it is possible to automatically control deceleration
when the transportation container 18 enters that region, and to
automatically control a noving operation of the transportation container 18
in the shortest distance while avoiding that region. There is a known
nmet hod i n which distance sensors are provided on the garter portion 13 at
positions corresponding to the chassis 30 and to stack transportation
contai ners 18 arranged bel ow the container crane 1, and a distance to a
ceiling surface of the container is neasured. Wen the m crowave sensor is
used as the distance sensor, even when a ceiling surface of a
transportation container 18 is slightly deviated froma position directly
bel ow the m crowave sensor, it is possible to offset the m crowave sensor
such that the offset angle Rfalls wthin the range 1<R<1.5xP according to
the position nmeasuring nethod of the invention, and to neasure a distance
to the ceiling surface of the transportation container 18. Therefore, it is
possi ble to neasure a distance to the ceiling surface of the transportation
contai ner 18 even when the ceiling surface of the transportation contai ner
18 is not directly below the m crowave sensor under constraints of nounting
position of the m crowave sensor, and flexibility of the nmounting position
of the m crowave sensor is enhanced. I n the enbodi nent, the

m crowave sensor is fixed to the hoisting attachnent-laterally noving neans
17 in the predeterm ned orientation, but the orientation of the m crowave
sensor may be inclined at any angle to scan mcrowave, and a position of a
corner portion of a subject can be neasured. In
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this case also, the effect of this present invention that the m crowave
sensor does not receive influence of color of the transportation contai ner
18, and influence of weather is extrenely small can be obtained. Therefore,
it is possible to stably neasure a position. [Industrial Applicability]

[ 0023] As descri bed above, according to the position neasuring nethod
of a condition and the position nmeasuring apparatus of the condition of the
present invention, the m crowave sensor does not receive influence of color
of theWBPAndBoFLAIMER &8Rtai ner, and influence of weather is extremely
small. Therefore, it is possi bIe to stably neasure position data of the
transpéHatﬁonC@@‘n@’ahner el thus, ndwsunvent itsmthoah belagpl Eedntoravgant ry
crane aadsarstiteaddl ecrcars i Bicusedviorrdadieg aw vabbadtag aave of the
transpoitabwenecontwdienerirt 0 @ cpotaikmnen shifp, andctheernventritdmncamial se@ be
appl i edrhpspoeraneodsedhrdteri dgranst enckeuactaid care f 1 MWHAId | SaCLAI MR | She 1.
A cont abRBE rP@sirt:iion ; Measuri e HEet hewl HSi NgwReAl B QWAVR SeNsal:i Wi ghygimht s
i crovgrecaRd regeiMes, refdected yaye af cthe Jp ctrr@/vaéﬁ%tmrrﬁwr@wap@él tion
of a CQE@%eBO i op @Ir@cﬂéﬁpoghg%% Cont gl nefk ¢l QE%SE‘”@% %&? é«g éed
wave f[ ner,parti o d,lrtg]eegwevg}ler el n

galp b CO é g m‘thcg%%peCt %%nt ave éﬁ mlcrowave

def i ned”as |recgeé géP?E g n ‘antenna of theé nitr dwave % %%Br

of f set *&ngI &*&bebneen a sﬁrlf' €8'0f the transportation container and
m crowave of the m crowave sensor is in a range of 1.5xP<Q<90-(1.5xP). 2.
The cofit ai n&RepG&iioMGreaRef  RECTRIRGE et dFRgN?d BFEPAFLNIWET ef aife
m cr owave ‘PESSES t ERGughl THRVEGE nBR SFESt | BT BYI i kg ERBNRE ¢ ESWevieTs eRgor
in a coastast tHEr aécronave3dsepsesntai RecopssinitoAimeasiebng met hod in which
a mcrowave sensor which emts mcrowave and receives reflected wave of the
m crowdve |8 usedaitte npes Owave meaenirtihgd sudtod hat e chl cr omaiveowsve

of f set sbysarpmedetreramined angkewhtremaadli rectivse pecpeadiedl aavieo @f f LAk
surf aceietoratreanspor tiaklipn €pat ahhekowand aiposkhioncaf thenfl ahasurfnee
of thentrapghoLt atd ogreaskaimer i Q%H@@éﬂéﬁgl@adr eflact edryave fromthesfl at
surfacge -MBgREENIWREN A Lange d Nsubighea gai B Rece®s,20% Wil hc&%Q?ﬁértO a
center ,nf the %@stltt(?_%nm SOVaye, | E | ned- as défe%e_u ty anghs P,of oan
ame””g gEaHQSr i« Oﬁﬁ@é{gu%&s%r Lo, oLt 56t w%%%' efr%ri\ thil aflhacn gu?@ace

| <R<1 F con al ner | on neasur.| ng Stqg carrl e§ at
the contai n r Ip03|t| g hod accor&’ Eit k ﬁ% E?
body nBu %ntt}f%e?m&%gﬁg Js posEt abdve 4]%61 Ognégoral At OR-CONt at ner
whi ch 8¢9 Fa@ké’é aInd & st tr%ﬂc%"llﬂm? ATy Wovi At ABAnd GhECR i s
| ateral |y novably supported on the body mount and which vertically noves a
hoi sti h§ aPt acKABAE, OhhérBrA-aFenmitting direction of the mcrowave is
of fset downward and by a predeterm ned angle with respect to a travelling
direct#on obf tdvntsoirstd ngoaitachnemteduatieral dyoaoyving mband, c@ndride out
m cr owake ssmnstorinsr dicgpisednonmeéhsuhodngt imgthat t ackhoentinhat 6 aldly imovilng
means. comprising a body mount of a container crane disposed above the
transportation container which 1s stacked, and a hoisting
attachment-laterally moving means which 1is laterally movably
suppcrted on the body mount and which vertically moves a heoisting
attachment, wherein an emitting direction of the microwave 1is
offset downward and by a predetermined angle with respect to a
travelling direction of the hoisting attachment-laterally moving
means, and the microwave sensor is disposed on the hoisting
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5. The contai ner position neasuring apparatus according to claim4, wherein

when a range in which a gain becones 50% w th respect to a center of the

emtted mcrowave is defined as a directivity angle P of an antenna of the

m crowave sensor, the offset angle Qis in a range of 1.5xP<Q<90-(1.5xP).

6. A container position nmeasuring apparatus which carries out the container

position measuri n(l; nmet hod according to_claim3, conprising a body nmount of

a contar harnerRhelarepased ABBYRIt %art'}?‘ansportatl on container which is

stacked, and a hoisting attachment-laterally noving nmeans which is

| at er aTJIy mblabl QOQD@b@‘ﬁfedp@ﬁl?h@nbdﬂ?a%ﬁh@gan@PW%W%er%%%len%v@% a

hoi stiagaant dchreraseiwhevretn an amidd i g dhiedt icondadint hecangpowavie With

of f set reemmwar dcand berttrer angl eefR wemhttedpettctaiavd r agelddhighadd r est i dn

of thedhpéstingtat taachirent - bat erral &yt eowvi ng fne@dns , mandovhes msenewave sensor

is di sppsedtoanthe hoistingaattagbnent il akexakby-nmovbrg) means. 7. The

contai ner position neasuring apparatus according to claim4 or 6, further

conpri ging at deast (e ﬁ@éft%x@rﬁl\é@\é%riﬁﬁs%ppw@é Nyt heh plaanadliidsy &fit

mi CVOM@Mf e e B@%@ 0PN s & Pen %{e(?;%‘(ﬁ SERSPESHLS i Sposed 14, one

of tra %991 rgctg uﬁ@e ol ste&&%ﬁ hoeohe! ahenally mylng pEans.
and th seE SQr, 1.SpoSe n_th gkggh avel 09 ot in

d| rectl S ﬁo stl attachne ate alf1 g g

Qachme %era?gy moving medn y gD fegerally movably

supported on the body mount and Whlch vertlcally moves a holsting
attachment, wherein an emitting direction of the microwave 1is
offset downward and by the angle R with respect to a travelling
direction of the hoisting attachment-laterally moving means, and
the microwave sensor 1s disposed on the hoisting attachment-
laterally moving means.

7. The container position measuring apparatus according to
claim 4 or 6, further comprising at least cne more microwave
sensor, wherein the plurality of microwave sensors are used, one
of the microwave sensors 1is disposed 1in one of travelling
directions of the hoisting attachment-laterally moving means, and
the cother microwave sensor is disposed in the other travelling
direction of the hoisting attachment-laterally moving means.
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