SPECI FI CATI ON CONTAI NER PCSI 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 neasuring a position of a transportation contai ner
which is transported by a ship, a vehicle and the |ike and which is

unl oaded by a container yard, i.egppcf@Or-spRagUring a position of a
transportation contai ner |n a state mhere It is stacked on the ground.

Backgroun 1r,mghnlqueh[m,_ ¢ }é{ a transRor;atlon container is
handl ed B 4 Spéci al-~¢r a \$H§J§F595p%f¥ 7 o Nont-aNhBFNES hWEHdITE@Ni n such
a manner™ %@HRéﬂh6P§BR%@fattachnent-IateralIy movi ng nmeans in which a

hoi sting attachnent is disposed |laterally noves on a body nount, the

hoi st i ngrattachnent -i s vertically noved by the hoisting

attachnent-la%&&@lly noving neans. At that time, to avoid collision between

a transportation container which is stacked below the crane and a

transportatio IS ont'&ABE wHi'Eh | 'S"hahfdl€d by “Phe™ hoi$t-Fhg=at tdchment’, there
i s di scl 83eta CefRhlqlie’ for ABASUITITIY P SposSPE i TR of itheappanspor ttati on
cont ai nerestiacked belrow: t hen cranea ( seenpat entt decunenta ih<for wexanplie) .

The conveniionaletiechni querfier neassridig ase@nt-akner; Rositd onywih | ;be

descri begd,helow with reference to,a drawing, ..o, 1ngga %Oé§tqng%%gran1
showi ng an entire yar crane having a cdntainer coll.i’sig reventlng

d.c
apparatug THEGT? 8T ENE 108 vhi T harddles 4 cdﬁiéﬁﬁéﬁefof i héFudes a
Iaterall?rﬂﬁV1ng body 111 which vertically noves a hoisting attachnment 110.
There is disclosed a nethod in which a two-di nensional |aser sensor 113
havi ng adanrshapededetiects on range in a laterally noving direction is
mount ed on thepd@atieral Iy novi ng body 111 at its location where a | ower edge

of the contalgg&ﬂ%g$r§uspeqd%qbg Q@MQO|$%h@gh§%%achne Ly can be seen,

t he Iaterally I S scanne % di HeRet onal®l aser

sensor 113 “'&d © 8§gt|dﬁedéfﬁﬁ%ﬁQEQﬁglPBME?n UGe Tof °t Ha"E ot al'net 10t and a
cor ner ;ﬁﬁﬁqﬁﬁ1b@ﬁtaac%@%ﬁﬁﬂ@gséFFa%%mQﬂ*T&aé@ﬁ@SAYuﬂ@VIGQ whdeh is whdche

st acked & s\avsasupedt bycitrer tt we- di sernsiconakekaskey rsersopnl1d 3bodNeou2005d

Di scl osurte: ofiot heiidivent komg 00034  vertically moved by the hoisting

attachment-laterally moving means. At that time, to avoid
collision 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 Application Laid-open



The conventional technique uses the two-dinensional |aser sensor as a

di stance neasuring sensor, but this technique has the following , 3lens.
That is, a nmeasuring nedium of the twosensor is light, |light passes through
a space a neasuring operation, but light is easily state of atnobsphere
(rain and tog) at that tine the neasuring operation can not be carried out
in sonme casesos-Usuaklby, a transportation container is handl ed outdoor, and
especially when weat her condition is bad, operation error is prone to be
generateQQQgg,tq,aﬁpopr-vjsual.condition Therefore, the handling operation

largely débe‘noglgé‘fjﬁnf"é di‘stance easuring sensor in many cases. Under such a
condition, if @‘hé—" ‘measuring operation can not be carried out, the

probabi l ity offeolbisiioncaedi dentinigué nareasede two-dirSimcert:he 1aser
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eni tt edaniickonaved, sageficetrasaa directivity ange Riof @@n?é‘&eﬁé‘@a of the

t

m crowave sensqisian ohhiset ,angl &,Q hetyeen a flat surface of ;the
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whi ch eAPR&I 4 & swavecandkyeseiveebyr @iy ecteed .wave of the nicrowave i s used,

the m crowavéli@iemtted such that the mcrowave is offset by a
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and to provide an inexpensive and reliable position measuring



sensor, the offset angle Ris in a range of | <R<l.5x1P. Afifth
aspect of the invention provides a container position measuring apparatus
whi ch carries out the container position nmeasuring nmethod according to the
first aspect, conprising a body nount of a container crane di sposed above
the transportation container which is stacked, and a hoisting
attachnentskateral |y noving neans which is laterally novably supported on

t he body nount and which vertically noves a hoisting attachnent, wherein an
emtting, ectlpn\of the m crowave is offset downward and by a
predetern?%éd g S TR %é%%é&%ﬁ?% a travelling direction of the hoisting
attachnent-lat rar novi ng neans, and the m crowave sensor is di sposed on
the hoisting ~at: axhneniﬁkateralIy*hBV|pg@ﬂﬁans%nve“r4oﬁccpfdhn@btoaa si xth
aspect ofothel rnyenbfom4w1nméﬁﬁ,ﬁonla+@@%xp0§g§¢@naneasu&!%gaaQﬁﬁﬁﬁPus of

the fifthhaspecty: when;a range inwhich avé;@l n.hecomes 50% with respect to
a center ogrgh;g]pemttngd mcrowave is defi as a directivity angle P of an

antenna g he ni‘crowave sensor’ ?he(VTfset §ngF8 Qis PHd Fangé of
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cont ai ner . ﬁ}aépwﬁggcﬁ?p?Wb?F Y §P§&4ﬁ5§ [oop7iave is offisgt bvis a
d|agramﬁﬂﬁﬁﬁtﬁéméne%nﬁpﬂée rfare to dhiedt@rposetponiimeasur itng aetthad of a
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Fig. B'B%G%mggog5c 9@Uaﬁ$%ecL %Ongcggn g?(? d %regltre mlcégyave is

defined as a directivity angle P of an antenna of the microwave
sensor, the offset angle R is in a range of 1<R<1.5xP.

A fifth aspect of the invention provides a container
position measuring apparatus which carries out the container
position measuring method according to the irst 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 i;
offset downward and by a predetermined angle with respect to a
travelling direction of the hoisting attachment-laterally moving
means, and the microwave sensor 1is disposed on the hoisting

(V)



Fig. 4 is a diagramshowing a relation between mcrowave d data r the
enbodi ment; Fig. 7 is a characteristic diagrandistance data of the

enbodi nment ; Fig. 6 is an explanatory diagramshow ng an offset angle
of ndcrowave of the enbodi nent; and Fig. 7 is a diagram show ng an
entire yard crane having a conventional container collision-preventing
appar at us! *BesteNbdetforl Camoyiing @#nd.he | nvention [ 0009] A contai
er position neasurding method aceendingde a-firnst aspect:of, the, present

i nventi on: W@S%E&&]pgght&@n)pft n@ %ngegt@orga on of-.a tr ansgortatl on

 Whe
ont ai ner eflec ve fr or ortion. "Accordf ng to"this
;spect thgxrr%ashrl %ﬁq e %5 DF%%S Spro(ge o "hé Fhffuericet By WWeatter or

col or of “t'he“cont&i nér“oéﬁﬂel %S [ %efp%“seéji biSe &t ¢!l eFi abllyy measdr € pdsiati on
data of the“transportali o cont acnerr, the ofAceording toia secondiraspect of
t he i nventi onyxti<p<the(Taontrai. ner posi t| on neasuring nethod of the first

oneor i o ConStADL dmect Lo Aeoar ding Lo thi & Ripget o ot AlRecessar y
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direction of the hoisting attachment-later l;/ 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
contaliner position measuring apparatus of the fifth or seventh
aspect, the apparatus further includes at least one more
microwave sensor, wherein the plurality of microwave sensors are
used, one of the microwave sensors is disposed in one of
travelling directions of the hoisting 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
& transportation container, and it 1is possible to reliably
measure position data of the transportation container.

Brief Description of the Drawings

[0007]

Fig. 1 1is 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 1is a diagram showing a structure of a microwave
sensor of the embodiment;

Fig. 3 1s a block diagram of the microwave sensor of the
embodiment;

Fig. 4 1is a diagram showing a relation between microwave



to this aspect, mcrowave can hit the corner portion nore reliably.
According to the container position neasuring nmethod of the fourth aspect
of the invention, when a range in which a gain becones 50% wi th respect to
a center of the emtted mcrowave is defined as a directivity angle P of an
antenna of the mcrowave sensor, the offset angle Ris in a range of

| <R<1. 5xRudAcear disngntoedihics r@agpect, when a position of a flat surface of a
container is peasuted, flexjbili mounting position of the mcrowave
sensor g gnh@?ch & gﬁﬁgc¥é%¥%95%gééi gf theelﬁtéttléﬁhﬁ?oglde§ t he
cont ai ner posi 5 on measuri ng_apparatus which carries out the container
posi ti on neastr?ng® net Hod SoPLe e Fivr stlagspectotine eonpaf e angesicti on
measuri n§j’ apparat vs iheladesiiaebodyambunt of a container crane di sposed
above the tramsportation conf@imemoMihghahs st ackedhr@nd aen0istiihpg,

attachmentnlateralhy-moving means; whicl He§e¥a§£5aj ﬁ%rg?\fgbl y SquortEd on
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The fifth aspect of the invention provides the container

position measuring apparatus which carries out the container
position measuring method of the first aspect, the container



Enbodi ment [ 0010] An enbodi ment of the present invention will be
described in detail based on the draw ngs. Fig. 1is a diagram
showi ng an entire crane to which a position neasuring method of a container
and a position measuring apparatus of the container according to an

enbodi ment of the present invention are applied. Fig. 2 is a diagram

showi ng acstruct ufe: ef iagksfowave sensel-of. the epbodi nent,. - }Qaqr?éJ S a
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direction,of the gard er porfion 13 (I ateral %% .1ne Dosi y
t eral Sr‘% Eva

herei naf ter and Lhe |st| ng "att achment - |

| ateral | X ?]id tﬁeB garter 68Pt i"on°13' By aPPatk ¥%{Iqi?a??g\?| g Bt (not
shown) . ‘eaSUYW%&O&Fh@“ ata@chment 19 can hold a transportation contai ner
18. The hoi st fAgoaEdtrac hventhel 8 liksh saspended of rdmtthke ithoesticg in the

at t achmentrtatreraldas imbvhngeagansnd 7agne \itie 0Opese22,; rand ckRgheist i ng

attachzrrgnheTw ﬁ%g\éerlhl gl dry arre;\é@qbbﬁeefﬁezilg@g ﬁ%égﬁﬁ@%&g%ﬂgc%# qff;mv' ng
d
{Tgigsup rmt gﬁe andJsg é&gngtcl&gﬁ g?u%r?( ot h ot shogv\'é{;gr ovt ded” rb% ﬁD 0
att achneft - Fat'ersl I&gn‘bk{ﬁ ﬁ‘&%é)gﬁ‘ge 275NSOT, Tk, errf@n6t “sHewd)! ids
provi ded“ &% Pot dtPsic&tiafrtloPxthe rotatidmarum (hot shown), sotthat it is
possi bl ePP®s dalst Gremarpost ltiiapn yohetherdairst cngnat t@achient 19 in its height
direction. The dednith ngpeeon26ihs prowvided helewstberhoi %htﬂegmer
attaChnEB&siﬁﬁﬁWa%éé%&“ﬁﬂgngaﬁﬁﬂﬁﬁxéj’wﬁﬂgdacgE£¥§£ whe QEﬁJaEgﬁt
Conta'neﬁo§f@ﬂ§1%m&%&rﬁqgknég%%g %ﬂg tomnféﬁrﬂ%the drlv'@@e contalner
position measuring apparatus includes 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. 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 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

i sting



The transportation containers 18 are arranged bel ow the garter portion 13
inthe laterally noving direction in six rows in stages (upper limt is
four stages).Here, the rows are called rowa to row f. The transportation
containers 18 are stacked two stages, four stages, two stages, three
stages, one stage and three stages fromthe rowa to the rowf in this
order. Asnchassis 30ewhireh &S ajtranspert ati onvehiclg, ks d's%ﬂ‘gé?g besi de
the row fi: o[ 0QL2] w Jn@M L}fOV\@/]Q/eﬁenﬁgrSrigle and 32 capab| E Treasuring a
di stance_ by emdtting. and ‘ gxﬂg crowave 35 are a. sposed ‘ShtEn "end of

t he hoistin attachrren‘% T‘gt ]f“P ViT1g “heans® 17-15% A Forward dinsset i on,
and mcr 6Wa%ésg%ﬁ%%rs 3§h%n8“§ﬂf ar‘édﬂﬁfslpé@edﬂdrﬁ’famén@ ‘of t tehendhigitsitriong

at t achment L3 dt&rarl ytaovilng mweans t7Zain. a oackvand db rectd ofspect itAn

em ttingidipectitor ofo niraspwavei of othe Migrowave- §e»0§9th 3.d Sac%fafc%%tc in the
forvard dbrecthomiobst e Mol stbng-at t ACRAL-aLer ably, MRyl ng,eans 17. An

ocat ed

of fset angle.d S t ransportation container St wo- r ow
ahead in the f% vvgb(ei @l&:getcl{%l%oﬁ ‘?%%neanpdl re%f?g\bglogmpgr‘a%@p%rtatl on

container 18 of the hoisting attachnment 19 and in this enbodi nent, the
of f set aﬂ@ﬁ%9¥§”§et to 15. In Fig. 1, since the hoisting attachment 19 is
| ocat ed abovelGhe&ltransportation container 18 in the row d, the offset
angle is set 5ﬂQﬁﬂiﬁﬁF@fbeo@1Qﬂpﬁﬁ¥%c§enSPWﬂa%¢9aQ1@EtSCt?égg}

. nent “si nce

transpori;@gé onbggggag)rneg 1 row b is e
t he mcrowaveﬁsensor hlesgéﬂg ? in the forward direction, when the

hoi sting attachment 19 t?ol%fsac«irt‘?g1 t?%slﬁ(?rtaé’tl%lé@nt%% 98 Fhithear ow d
as showiT ‘the GFawing9 fRe il ceovavieréenser S camosapt or enaepositi on of
a cor nerdPoriten off atlfa openupper sardacengf itdeat r ansportati opr centai ner
18 stacked:syptt artvhetuppesréi appl 0dat herrow b, ;and id:a;saposshhlg,tQ stop
the hoi Siﬂ@@t @&Ba@hngnh%%v%@ 310V 19 Wﬁ@”énégabr?efrmfl 'l €0 "%' -
agai ns i | ner 18 fow b we vanc n
emtti ngi;Wectl o%p% & 8%\/\&3% O]anﬁ 3 nS%oWé%eﬁ%P“@%“ﬁ s o6rPented

bel ow i n t he v%?f?r&aﬁfnod‘m@cf‘l b a’ﬁfrbﬁeéi‘i?i’?ld”t%é“’éﬁﬁt ERAgiafia edt ton of

i cr owavE oriMERE: mi iTiowav é Ssensbr 32t diel GWoi niitheavert | ¢adtadiceection, when
t he hoi stfi rigcaterdchimentt 19 Hiol.d$ tihe 4 angpantabioni contai nelowl8yi Ant he row
d, the micsewavegtan beienbbied 40 tcceibbignoft the transportation

contai ner 18 gthagked in the row ¢ which is |ocated ahead by one fromthe

t
Lg\r/]vt gl Ingpr alglgrl%%ttl on, perpendi cul ar- to t@gntcaelnlelrngblogné he trvzdinlscelorttg ion

eseht 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 mount, and includes both legs 12 and
& 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 transportation
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



An emitting direction of mcrowave of the mcrowave sensor 33 is oriented
below in the vertical direction. By orienting the emtting direction of

m crowave of the mcrowave sensor 33 below in the vertical direction, when
the hoisting attachnment 19 holds the transportation container 18 in the row
d, the mcrowave can be enitted to a ceiling of the transportatlon

cont ai ner,.18; stacke 0 IQh i Iocat gd backwar fromthe
rowd in, a di rgielctsroﬂqi)g? eﬁP %cév g)rgym the§ce| I"i ng" of Lfrhemtogﬁns 61t ati on

cont ai ner ~18: i%n et i ng di'r eCtT on®'61 i crowdve-of the Hier oi)%ﬁétlé‘@nsor

34 is of fset iEttheé abatkivar dodirectéord of -t he hoi sting attachnent-laterally
novi ng neans 47. eAnodff setotamgloeni s isetrsuched hat a toanspor tafzron of

cont ai nerhd8rdocateddtwo- rrew ahead) i &b thebackward, disreet Lon-froma .

di (rject I %/ﬁggl ow, 1 rOEfn%QQr}t(?tégqgch@%%}{r}]%rm1890fnthCeS h% %Elcnclgnat%acglrrﬁgte éLﬁe
and in this epbodi nen |

hoi sting att HJﬁrr%ntl 1%dl s" T9cat 5 ab%vepfﬂ\é@efﬁginskﬁ)%lrgt atld?? COMt & 18 in
the row d- -t He&"Off <ét S Ehgite 1 186t "saeh tRat 2bheanict vave @ ersoratd3s can
det ect tﬁ@rtﬁ@@l@@mratm@necéntcamnémmahﬁactlhencdommvn from tHen dhisng
enbodi mrentomsidqice the m crowave sensor 34 is offset in the backward

direction, \Ahemetra@ah@wﬂ&qo%tt@&nm% ;9 ﬂ@ol gset'a? gﬁ%kgp%mi Qe

cont ai ne OW5 d s.sho rowave sensor 34
can capt!Lglrgedé3ell oé{%t‘iloé 1{%‘ Lge Wr}%ero J*[yh movﬁ&ﬁs%%??‘aﬂod% Yont'di néy's18
stacked tp t he JHBE?II i Pﬁ’”tl oflbt heHrow? 139%Md 1 t79%° ot bl'éWEo agkop t he
hoi sti ng® %%’feé%hﬁ%%t 2| areral yE novithg meanspA7 efor edrttacokb s dés agai nst
the transporitat iom comagisnerfol8 isnathe, rowsf snebds i nladwancegesQ0L3)r
Next, comci@t erst ruetdres:efs themmics owave sensor s 3l 32, £33 and,34 W' ' |

be d T . ot y:! tr e 5
Fi g zzﬁ@@ T o) € H5 S G ComoRaN B T S Wt EYBrburisEe 40,

An antenna (f nstl tuting the FM CWradar nodule 45 is a one-antenna type

patch array an a and the antenna 43 is integrally coupled to the FM CF
radar modul e %€pggw§ve sensors 31 and 32 capable of measuring a distance

by emitting and receiving microwave 35 are disposed on an end of
the hoisting attachment-laterally moving means 17 in a forward
direction, and microwave sensors 33 and 34 are disposed on an end
of the hoisting attachment-laterally moving means 17 in a
backward direction.

An emitting direction of microwave of the microwave sensor
31 is offset in the forward direction of the hoisting attachment-
laterally moving means 17. An offset angle is set such that a
transportation container 18 located two-row ahead in the forward
direction from a directly below transportation container 18 of
the hoisting attachment 19 and in this embodiment, the offset

angle is set to 15°. 1In 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 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.



control nodul e 46. Normally, a directivity and_ of an antenna of a
m crowave sensor is an angle ran de where a gain becones 50% w th respect
to a center of emtted mcrowave 35 and n his enbodinent, the directivity
angle of the antenna 43 is 4 (2 with respect to the center). Mai n
specifications are as follows: transmt frequency is 24.08 to 24.25 (GHz),
occupi ed bandwi dth..is 76 (Mdiz), transm ssion output electric power is 9
(MW, nodul at ‘%n&g&cﬁéﬁé Fcé Fi\/)f ﬁodﬁﬁ ati'on'CE; and nealtrifyg ‘i mE S 100
(times/ second)” 'EFFOY ‘6t Wi st'ance heasuri'nglprecisi-onBysosippriessédct o 30
mm and FESdiTef erencel Carvibalidirservm natied withorespestnda a2pluarialkity of
hei ght basicsizesical dirdvttienn nakncase 49 €t:snprovi dednam:t h ca nwatier pr oof
term nal ﬁl‘@ %ﬁﬁ:&!@o&lﬁﬁlﬂﬁo@%é{t%(iﬁ%ye§aa’;ﬁi ?ﬁél mal’gm@', W%%MEB/%S cénpf\é\’er
source. Jhe terpipal. case 49, is fi he wat erproof case : a e
wat er pr ogjzcia_%e%% i's f?xe% égsg Pﬁdé{%r m ned-subj ect gfﬁ%t%brilésﬁi Eg
attachmept=1ateral IV oV fig“meahs’ L7 Chroughtd stag 50 Fixed'Ssueh as to
grasp the'ternitfal leasependiopia] to the aslshowefi AhEi gradspdietnivor onave
sensors 3I;t32er388and 34 are connected to a master basement 55 provided in
the driving roomm26 tthgoughetherhubs 56 -and 87, by: theywat &rprL00f. term na

48 shownsi n Ficgcdeed REMSONAI  COMpULar. .(PG) 60 whi chesel s vari ous, contro
par anmet eém.iaLr;q ,ﬁegrg@ﬁeﬁ sequencer 6? geg e col nﬂectigd tyov tﬁé mast er nlgase‘mant 55.
In this enbodiment, anal ogue S ghafs” whi ch'are “ottplit F¥oifi’t he' Mrerbwave
sensors 31,732 V°33 and B4 At FastFoutier’transfor FedctEET) 1% hdilstance to
a subj ect"d st reasared Larheccortaneesegiencer n€2rgr aspst lee positawancet hereof |

di spl aysod hemposéd i an on aediisph ayf( note shownkodisposed pnthe,driving room
26, and shenelt ibs rdet epi pednt hat sthere.is; a.danger of collisign, this is

di spl ayed, ,ont hg, di_splay ot s ~qand an alarmbuzzer.is given, [0015]
! €a..pnq4t he, dis H§~eé{55 < gﬁgéu? 10, tﬁ%y Ré FR@C%ﬁéehE8

A principle for neasur] ng ad %iirb 0 a subjec r used
as the ni'clohwave” sensor of *the odi ment will be descri bed. An
anal ogue si gridl F “heY nfleFdviave 35 whicehvwige ouf puite f romraiecastenna 43 s
refl ected by'sa subpect and beconesclaareceinvi-agesirgnalt and a rdiifskenence
bet ween & rsendeng- wave aphasecandga re@eei ving waveo phase ks det est ed. (phase
detecti a)oh that a transportation 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 B5°. 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
waterproof 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



A signal which is output fromthe antenna 43 has a |ow Jency, and a
signgenera iy called a beat sign, is obtained ih the folnu manner.. Beat
signal- ("4 (ST ¢) ) r (m Here, Af represents a swept-frequency w dth,
ST represents swept-frequency tinme, c represents speed of light, and r

represents a distance to a subject. Fromthese relations, if the
beat signal..is fregyency;resolved by the fast Fourier transform a distance
to a subject can g measured. 10016) The FM CWsensor is known as a

sensor capabl °of" measur i‘ng-a" di st'ante i'n “the"aboved'deset | bed manner. The
EM CW sefsof“usi®ng''t hed i crowaveiofe 24 (@ tusedidn tHewenbodisent: as t he
fol | owi ng charact eri stiicsed microwd)e The sensam dogss nethdeeehve i-ptl uence

of a nedium of a propagation path; 2) The sensor does not receive
i nf | uencelbfCleriiitopneht Sucheasnhigh téenper at uré® vhitgh rpeessure; tihn
vacuum g%“ée?r)f og and strong w nd; 3) The sensor can neasure a

di stance to a 't'arget through a non- net al w ndow irrespective of ‘

transpargncg %?Mbp%gﬁq5élcaplOHS are as.r?ilow§: ?ransmlF frequency is
24.08 to 24.25 {(GHz ), occupled bandwidth is 76 (MHz ),
transmission output electric power is 9 (mW), modulation scheme
1s FM modulation CW, and measuring time is 100 (times/second).

Error of distance measuring precision is suppressed to +30 rm,

and 1ts difference can be discriminated with respect to &
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 embodiment, analogue signals which are output from
the microwave sensors 31, 32, 33 and 34 are fast Fourier
transformed (FFT), 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 1s 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 35 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 1is output from the antenna 43 has a low

- 10 -



4) A shape of an antenna can be made snal | ; 5) An output beam wi dth

can easily be reduced; 6) The sensor is smaller than a conventiona
(X-band) radar; and 7) Since a technically conpatible part is used,
i ndi vidual |icenses are unnecessary. As descri bed above, the

characteristics of the F1-Ch sensor is suitable for neasuring a position of
an obj ect, outdoor. [0017] . . On_the other hand, ?E gbi ect formed from
flat surfaces such as a trangpoftation contdiner &' not suPtable For

measur i ng “a”af $t4ice byt He' FICHIS&nssT -or a radar. If the flat surface of
t he neasurene%tdgubjqu L§)p§rp&£di ular to_a direction of emtted

ni crowave, since the''refl'ected wavei's feflPected in thé™direction of the
FM CWsensor, it is possible to easily nmeasure the distance. However, if
the flat surfdeeci sAf nceimnetrwist b cespeetf re@icrhe diiriebti on ebptherem tted

m crowave, s{p e the mcrowave is reflected at the sane angle as an

i nci dent “dhgh e " THE M cr oWave does WEESFBtUr w6t hetni éioWave Fehsdr, and
t he FM ONFBERTTI Scandhdtacaptiyr @€ aupositi on. Therefore, it was

conventi onal | yreconsirdered-<iinpassibl e it otidi agenal Iy greasure ardinsdéance to a
transpor tathonecant airpersfsor med i at or substanti al Lyscpreci s cubg,usiing the
FM ti] Sensof .ecasureqtience, the present inventors focused attention on the
fact that mheﬁog pr?ace of a transportation container was inclined with
respect to a |r%¢tign of m crowave, mcrowave did not return, and slight
reflection frohtadrheteF6rt il6n X6t hes t ¥ ansport aEPehleonf aineru wass

capt ureda Fissinceanrexperdpent-dsasreaedied rout. uBiagMaeOnosrakocomrerci al |y
avai | abl enEMaGWsensor,: but cref Leetii on fromitheiigennerspenti en: of, the

t ranspor tat - on Gant-ai-per coul d not be captured. Next, the inventors

increased el eetric power density by |largely.increasing directivity
characteristic;o?“% F%ﬁ%ﬁﬁ %%3ﬁﬁqﬂﬁnﬁ%§ﬁ‘éFeéﬂgﬁfaFéhd%%d% Tnti1Uente “of

i rregul aP Y&ti%ection®from peri phery was reduced, thereby enhancing an
erroneous repért TFatiErsPar ther, o sec b evelnofuarive raflaenivt sebderwas al so
suppr essedcit oaaamigxt remedsesnal, | hievebredvore, speciddwal,l yiender esd iasict y
char act est s¢rhi€ wafrdt:he radar was reduced to 40 (2) by a patch array antenna,
a noi se level 30fThe 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 conventional (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
1s sultable for measuring a position of an object outdoor.
[0017]
On the other hand, an object formed from flat surfaces such
as a transportation container is not suitable for measuring a
distance by the FM-CW sensor or a radar. If the flat surface of
the measurement subject 1is perpendicular to 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, 1if the flat surface 1s inclined with
respect to the direction of the emitted microwave, since the
microwave is 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



t he radar was noise-inproved of 8 integration (10 log 8) using a part of

| ow noi se high S/N and using a crane control side sequencer software, and a

radar in which NF8dB, noise electric power was suppressed to -130dBm Hz was

conpleted. As a result, the inventors succeeded in capturing slight

reflection fromthe corner portion of the transportation container. [0018]

A corner rtion of the transportation container 18 was actually neasured

usi ng thgg(g\/ﬁ%N‘éjéjﬁsé‘?“hga\}i“ﬁg“Etw‘héﬁa‘b%v“’é’-*descri bed characteristics. A result

of the measureferit wi'l9 FBESEBScr I'bed Bl owcused att@igion «hows: & acel ation

bet ween thet trawspor taticor contai nernd®randithecmcsowave,35 when rhe

hoi sti ngwatt achapat: | ateral byraovidig peanscidubat erak byomoved in the

forvard dir@ationnfi g1 idnehoms: acstahe uhere,adebLection state of the

m crowave, 35 Orrcggltﬁgg Lransportation_container 18 I's vari ed as he hoi sting

attachnment-|ateral Iy noving means 17°Fateral |y ‘hdves®Fr 6iPa E6idi t¥6n L to

condi ti on$" Mahd'N. “&'apghs LOTNF and N'$How [diysBanEe2labt alléoit esponding to

t he condPti oA§fLecMandingm the dopnehi scenbodi ment;han cerhsséomtangl e of

m cr owaveoctiitrlke tpahspartt ati oapcordai ner 18 is constant, and the m crowave

sensor 31 is moved iRethe,eenstant \diLectd OBiecryric vagig-deﬁsi%? ‘oge
crowave 35

hoi sti ng, atta = .eral Vi means. 17 Iqt rall nmoves, |
emitted f?gn;ﬁi%?%%ﬁ%mg;e ég%és%lf}%%Yhiv?}gali%cécetrr‘"gn%%or%fat ifon"¢ohtai fier 18
in the order of Phé Edndirti disEeIM ahd KENFh thelstateldr theleondition L,
since the T G EWAVET 85/ t'§acPronthswbacehefic e atr ansportat iemort
refl ect edRliip -t heFopposit ex | nectéonecatlt he same angle dOsénci dept -angl e, and
the crowayerdeesdnot dretakrietol i srowaveysensor 31. Next, if the
m crowave 35 28K he I, port. he .transportation
contai ner 18 %Se;te%g@%?ftgﬁgb%:%nd(iht'clio%r}ql\;}l?g)\/\éggp%és)éet l%etrﬁcc?odwg[\%g @dlﬂs, t he
m cr owave:d seretkectediof remt Bﬁ gopner, perkion,and s eturns L o the mi-crownave
sensor 31. Time during which the mcrowave 35 keeps returning fromthe
corner pott iToHeirsvas Shbta- laprovzdsetonds umdert ibhe (shott@est) condit bon, but
si nce thentadaf dfowt hisienbodiimert/Nemts msch@wavec3mmd00oht PFBS REHea
m nut e andpreasur esra.gdist ance, s dataasuffi ghent Ifxpa'déj,etr%i@eniél%cttt}?c
dlStanC%x%%ﬁ'Q%sogh%bgggse&w%g l?B%ﬁﬂﬁ/h% 98§Skgh§%§9 bt§£” a%xeﬁﬁ%t 70
sets of data M. mgwgl g@cc\:/eaeléje%s of di sct ances are |% |y “di T erel “from one
ot her . I "The mcrowave passes YRFBuGh Phe ¢ lr5r19x=5$tl|t9<5“r t''6R &Rd is
br ought GHt6 t R3* st 4t € of "EhEr TOTRATESACN, CSé@eEhe mi crowave 35 hits a
ceiling surfdd®l8f the transportation container 18 from a diagonal |y above
| ocation, theé nterowaveorsiaref bected ivrankecopposit ecdhfeotd.oniat Lhe sanme
angl e asdthelincigenturangl esi@and tthe Pﬁgﬁ@“@¥ﬁsgPeﬁwﬁgkgre£ﬁgr]éﬂgvgbe.
m crovave sseRself 3dard0Q9ktics. Kl Qe Sh9 U§§t$§g5é¥gﬂé %or:g?p%grlng
t he corrg]%rscg%g&qgelofwthe transportation container. - f'n Eirg- 5% a
graph A showsF.an anal ogue si gnal of the mcrowave 35 in the state of the
condi tion M i'n9ig.* 4,5%&“{8 a gr aph B 1eRowdcav RV ef Bren obtai et thy ibast
Fouri er ®Panshof ni%%gal(@:l:tﬂ)e thecanalvegée sihgnalhenhthet EMy Cit rat@enaodul e
45. Convenerenay | ynoitingnvaseeansi der etaidpeassi bhevt@ capt ufe distancg data
of the coraetiporti:an. ol the.transpord atjon gontaipner; 18..hyt it can be
found tgﬁ%r5@§v9'§ga@9&ndéﬁg k%agégggéé%i%%pk%%gginer 18 1is varied as

the hoisting attachment-laterally moving means 17 laterally moves

from a condition I 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 1is 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 conditions L, M and N. In the state of the condition L,

since the microwave 35 hits a front surface of the transportation



Next, a limt value of an offset angle of the m crowave sensor 31 was

gr asped.

In this enbodi nent, the m crowave sensor 31 is offset

in the

forward direction of the hoisting attachnment-laterally noving neans 17, and
the offset angle is set to 15 so that the hoisting attachment-laterally

noving neans 17 can stop well in advance when a corner portion of a f
Q%@?gw%i H&aqgggrtatjqn container 18 which is | ocated two-row ahead

upper su
which is

stacked highest i'n tHe f'or war & di ection“hheh™t 8! figisticng ©

ront

at t achmedt 19°Hol d&" t he® cBRPaF her 28r=ction Howkver sajf ehiseangl efics set
smal | and"Feéf¢ect edonave Fromracceinlingieser f doesr ever seleyuret uras, rHet

becomes
reflecti

ditfoeutd skeasodi 3t.ingul sh reflection- the corner portion and
on fraexthe flatk %@E?@&ﬁ%ér§§“ﬁ%%%@so££@gugh the corner portiocn
of the transportation container 18 (state of the condition MY,
weak as the microwave 35 is, the microwave is reflected from the
corner portion and returns to the microwave sensor 31. Time
during which the microwave 35 keeps returning from the corner
portion is as short as 0.7 seconds under the shortest condition,
but since the radar of this embodiment emits microwave 35 100
times per a minute and measures a distance, data sufficient for
determining the distance can be obtained. That 1s, it 1is
possible to obtain at least 70 sets of data M in which values of
distances are slightly different from one other.

If the microwave passes through the corner portion and is
brought into the state of the condition N, since the microwave 35
hits a ceiling surface of the transportation container 18 from a
diagonally above location, the microwave is reflected in the
opposite direction at the same angle as the incident angle, and
the microwave does not return to the microwave sensor 31.

[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 direction 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 ceiling surface reversely returns, it becomes difficult to



The neasuring test was repeated to find out whether the reflected wave
returned fromthe ceiling surface of the transportation container 18 even
when the m crowave sensor was offset, and to find out an angle fromthe
ceiling surface of the transportation container 18 in that case. As a
result, it was found that if the offset angle was snmall, re{lectedl\g/ave 4
d, the, ceiling surface of the transportation container an
':ﬁtelrjren\(/a\/a SR Ulel ation" %eﬁ/veen “the TFm ARGl €4RdOthe di rgetisviteyangl e
of the aﬁf%rﬁ flat ‘THré “was“sueh-'a <66FFel ati on that when a range where a
gain was 50% \‘/\M hmeespect tiood cent eredkatect i on Wasd setitt ahatdireehibvity
angl e P offidecant enana 43co0frithe m.cronwave S@@§anr a gonditi opsvalue in
whi ch reflectiedwave,froma fd.at; §%J§ﬁ%@n I %rvgatl Qn ¢ cont a| ner 18
returned y\@getanaffst %ncgl%tsmlgr t go ﬁ] n ccod tothls
conditio i C di st A HP ef e CER h (?r%%‘ﬁ C(?oroner ‘Bortion
and refl g%?’?so% ?F‘o?ﬁ”é F et 1S 6 dée T drlﬁaéaéwsﬁt hefs andeistilis diffieult to
neasur e 2CWiStTAREeI BN 9y fret | et iomatr omrt he wotlrer eporti@Neturned
Ther ef or eyorantref fesef iangher Qaat oshiceb t henspirovave semnsorm3l 1@anaggasure a
di st ancetiyrd eflzect honcfr.am-a iear ngk-PALLi and s i @ ra&?lee of, nB
1. 5xP<Q<§Or6(C:Iﬁ@>£Pl %@C%ft he_of fset angle which is set 1n thi s enbodi ment

and thi e raneof the offset angle Q the m crowave
L‘Znigr 31 canlsrﬁs L?TS *a“di §t8%%e3o’3flt%e et | BetT oh 6 tHelcorneriporti on.
Even if ‘the micr o\n?awfé §§ﬁ@%1°tl s of Bsetemiietrhi Aitdet rangeaef deBxPo since the
refl ect edl Wavie virpmetdie A atf suef acecwofa t4ie dfr anspot tation: cemtai-ner 18
ret urns,candierinhssibhe of f setcangkel KR et \/M%Qr@ tthencei ld1ng surface apd the

mcrowav&@Sf dreasurbng a.distancegto the ceiljng surface shoul d_be set
to R<1.5xP. Zc%rgsr di négto thenm cr)ovvave ser%lorn g 5 % r‘r%o%ﬂE n@n?g “the

smaller than 1.5xP. That is, according to this condition, it is

difficult to distinguish reflection from a corner portion and
reflection from a flat surface from each other, and it is
difficult to measure a distance only 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 15° and this falls within the range

of the offset angle Q, the microwave sensor 31 can measure a
distance by the reflection from the corner portion.
Even 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 1is 4 (deg) . 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.



directivity angle of the antenna 43 is 4(deg). Therefore, a perm ssible
range of the offset angle is 6 or |less, but since the offset angle of 5
which is set in the enbodinent is within the range of P, the m crowave
sensor 34 can neasure a distance by reflection froma flat surface. [0020]
In the structure as descri bed above, operation and function wll be

descri bed next éj?s' ng Fig. 1. First, operation for noving the
transportatlon contal ner 18 of the upeerm)st stage in the rowd to rowa in
the forward difeCtionof the hoi §t9Hg att aehrentdicaeer all yraovimy imeans 17
will be descrihegscribed rgxdrilgeng ndves lthe hoisting attachnent-laterally
movi ng nmeans 17r¢w0 apkeeatdon:whereithechoi stimgeathachmenty 9 ri.s I@cat ed
directlycabeve thectkhansporiation @Qéit %werd 18 inthe row &lea“‘% 47180

| owers the haist] chrent, 19._ . The hoi stjng attachment 19 |sloweredb
the hoi s?nﬁg@aﬁ%%éﬁrﬁ@ve&l caI]q Pt C|hne ?reiat%% ftl t hitight HE“UFr e 'r opes d

and t'h Ftdt1on contai ner 18 in the row d is grasped. At
tm s time, an‘encoder (HotESshowh) hicssprovi dédaonnentrotaatirenl shaftviof; a
rot at i onnglum (Aottcshewipcahiich corsti tideeshs he: shoj séttlflg:haztetnachnfentlg
Vertlcalebmmﬁiﬂ@rébﬁﬂﬁeﬁﬁweaﬂge|$ré§qﬁﬁ§§t@b§<&9m%§9%9re8aupQ§! ion in a

hei ght d@f%QBIQ%ng tQ@epQ'$%'an%E&%ﬁQ”%Q&a%gme peﬁgforq‘ It 1S pO%SIbIe
to grasp,; ag:e;m%t of, abottom ras £ r ansportation

cont ai nef " 18. At St he"$A tbymst hotlﬁl%ggté EaCWP\%W t HeF haiddtivng

at t achnefitV 1¢ A6FaS f%éftrr/&ﬁélpé’ﬁ“é ation f@@ﬁﬁa?%era% the thensowidt ithe

m cr onavecsenser 32 is tdhecateddats ayypoesietii on corresponding to a ceiling

surface of thectransportali om contaider (d8: i Bhbhe) raw comhjchd s, st acked

besi de tﬂﬁzﬂﬁkﬁe%bEE@n§poétaEtQFuﬁPQ&QﬁPe&m%8sngmﬁyeagrgh &éﬁ&ﬂe&qggromﬁve
e

sensor e bet crowave sensor
ceili ng%{?ﬁ%ft?ga adcl rgﬂggorta [ (l)%aicloynt Ainer 18°% ?@ possi bi e ‘o grasp

a positi®dnor the ceFW‘nJg“su f ZO81 6O hé't raanE%b‘iﬂitat %ﬁe%ﬁm fer 28 of the

upper nostOisttage iat teREeow €2 TherefNext, if thepdspiere checksashat the

hoi st i nghaitdhdchmwént a 190hiol ds tsh&ftatanspﬁrtemé onyreeptai nerad&odtthe idni ver

noves t heorheiiskirngs att achment 19 upward to hoist the transportation

cont ai ner 18.x¢The Hhei ght of ¢ Mge, cei-l i ng;surf of wEQﬁ t{ﬁgsphoortatl on

Conta'ngﬁwéﬁﬁQENEh?oqp ?{ang § g‘ pdrta ﬁ éggéa rs g %f H% hei ght
hn%htt lfﬁ % a *éo b‘?a‘@ﬁe&

of the bt tom surface o

i'ng at
Ther ef ore. W@ra?fﬂ(ﬁerserﬁﬁ’ve t’h% agﬁ n@taﬁt%?ﬁfﬁ%ﬁt” 9T tpIRGTH itat P t he
bot t om surFeadénsf SEHe e &AspoFt Brdpeeat abnerortd ibecohBsinigirerothan t he
cei | i ng Wurchace oftarhedt banspor tiat i dorreont@ianepotBaansh then,ainmeyesst he
hoi sti ngratried@chaent £ laterakblywseyi g gmeans ddadlrdshe Hoeward digigetion.
Then, mGfonauve 30.em tigd f,romit he ni C':cméav e?ﬁf‘rﬁfr A1 fyes Lo 2n2! de
Surfacet%%n%ﬁ%r%é@ﬂ§901r\%ﬁggfcqgtalgels p0351ble to grasp a position

of the ceiling surface of the transportation container 18 of the
uppermost stage in the row c.

Next, if the driver checks that the hoisting attachment 19
holds the transportation container 18, the driver moves the
holisting 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 c
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 bottom surface of the
transportation container 18 becomes higher than the ceiling
surface of the transportation container 18 and then, moves the
hoisting 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



uppernost stage of the rowb, to the corner portion, and to a ceillng
surface, hls order. At that tine, at. the nonent this m crowaverasssough the
corner portion, the antenna 43 e captures the reflected wave, and it is
possible to grasp a di stance between the m crowave sensor 31 and the corner
portion of the transportation container 18 of the uppernost stage in the
row b. Since the offset angle of the mcrowave sensor 31 is fixed to 150,
it is posSible to grasp the positiof of “t he® corier porti'oh of'the «

t ranspor tati-oh?contaer 18 of thetuppéimbstt st dfe iy tthe rowebt byis

cal cul at ingrasing trEgonometriiehf uriet | onrndder port hen,of tset anghezof445 is
such an angkerthat-hwher:tiherchoiwstieng atd achment 49 captures thesgorner
portion Qﬁs&@ﬁcér@@ﬁﬂﬁﬁl%ﬁ%o%igge&é%@eéeﬁégéﬁBﬂIE%dUQR%rQQ§Ee§tgg§t% ), the
row b whlﬁlfetliqgl g%ggs Om?agr{apsggrr]g a.tnleornr}éont:a ner 18 and novi g'g!n'A e
forward direction,, the hoisting attachment| at'er 895 ovi ngHeans 17 can
stop wel I"%'n “advande hef br &t e ‘grasidéd tr anspor tatdien < siftsioner: 118 5
collides a trapspord ation_container 18 | ocated two-row ahead, Therefore,
the dri vér‘xjgéd(jés?% hat i t i 8" 'danger Fr GhfposttT on S informali 6RS WafHing or
alarm andritohSopassi bl-enten.stopthhechateral 1povenant dﬂbé&ﬁ%s@oé§§@§g

at tachent, Lat eral Ly goui nd, mans, 12, Alterpatively. the driver moves the

hoi sting attachnent 19 upwar i'l e detelerating t ateral' movement of

the hoisting attachmentrd-ateraldy mving neans, 17, and Iran P%%f’?‘t%y%”
container 18 held by the hoisting attachment 19 can be nmoved onto a further
t ranspor tat sohnconrttairnere18 Wit hoattootd i dieg agahaist gdie ithansportrat i on
cont ai nerriBspdrihe cuppenopstest Bged ntHhe@Wnbst stage | th this mmpner, the
g{i;g;ngiﬂiﬂ@vﬁ%I@@F}ﬁ@ﬁ§ggﬁgéébgﬂf&ﬂg%gﬁgﬁ%ﬁégfgﬁ@;@ﬁgoagyi@ﬁeﬂpiéﬁgng
: caf | I : \Y w ;
t ranspor LE{;I%%%E cdql%teé:?%g;ﬁ’ l%kea_nhﬁ%c%ﬁx%a?%ﬁayChgg%Tg?%e%%% ransfer™oper ati on
of the transpor tatFor’contdi etV s P Shorthet i HrELSPRO0ZERNSPortaNext
oper at i 0T bt HBVi g Ahe 1 tif ans porarEticonac oat ai mera i18 rofl 8t hecapper st st age
in the rowdabead he Ttlassbse 30thocatiecd njuhesbaokward dir eshdon ofot he
hoi sti ngpattachmentsd.atenahl y .«apving peansalf, wihk be descpibed, . .,
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 19
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
transportation 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 hoisting 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 heisting

- 16 -



The driver noves the hoisting attachnment-laterally noving neans 17 to a
| ocati on where the hoisting attachnment 19 is |ocated directly above the
transportation container 18 in the row d and then, |owers the hoisting
attachnent 19. The hoisting attachnent 19 is |owered by the hoisting
attachnent vertically noving neans 28 through the wire ropes 22, and the
hoi sting .. attacnmentgrasps t%kg\e transportation container 18row in hr sthe
encoder (not shown) is providéd on"tiHe rot'ati on'shd0o8 tife ‘fotiation drum no
shown) whi ch constitutes?’s THéchdirsiidRg atedchhent) viet tical ldecnovi ngiemeans
28, and FPLi#’siPossibl ect o idetreckt acpositi anot nsiachei ght: cdi ket i on,:@fs t he
tr;oi sti ngtait achﬁ‘femghlé)‘at&Ihﬁ@gﬁorm%,rtiiba@y passihl end 0, grasp énﬁeiightiSOL a
ot t om sypface Of - the.graspey portation containgr 18.. . At the
sane ting,;at; this stage, ,_V\@%ng%ﬁ%iﬁsﬁ ng. gtq%)g%ﬁrreﬁg ) 1%9{‘ ol ds” t he'
transportation contai ne[\;‘iB i thé“Fowd’ the nfcPonave’ Sensorf33pi s
| ocated 4t @& posi'ti on COrre8poittiingSt 0°a ceiti ritf metiacs rofspheation
transpor tation'Confai ner 18 in the row e which is stacked beside the forner
transport ati oht cortai meme18t ikher efror enikf acgiest angenbet ween,the ;micronave
sensor 3&@@@3 cet hong: suel acenglolie ibhanshortahl a3 epniAl ner, 18 1n the
row e is:peasured. Lt is possible rasp a position of the ceilin
surfaceFQf t he fr gﬁgpzi 'fqaf,;i Q? c;(%n%%(?antger? 18 8f8<f?1l@é‘ﬁrﬁ’péfr)ﬁb‘§%p%rf‘\alg"é3 i‘A t he
row e. Further. when tte “hoi-SFi ngf At ACRmeAt 19°Hol s 1t RE { F ansportati on
cont ai nef 18! tthe’ m¢rowaveidensor 84rier offesetotowaidh aceeiding surface of
a transportziicon, cont ai nerta8e metheenowd mhirchai-s stacked on e ahead
row in thel backwardadirect i on. t Therefore; ok f cadisstance between the,
ni crowaves sensar <34 and;a %%is%EBQes%f?%s&fa fLansportation ,,gorltal ner 18
in the rqw{, is peasured, 1t s possibfe to gr rs{jp;a‘ i stance to thH&%eiling
surface of .the transportation contaiTer“18of t ke (pperhost™stlagéabn t he
row f. 7 “"“Sffite“the offset angle of the microwave sensor 34 is fixed to
5 it is possibliécto giasp theepositsomaf 4thedhmansporittat irendeontakner 18
of the uUppermostastagecim diherr ow,f dye calcubatiengeusbag suriigonemetric
functiomoward a Nextind fsit:iecdr byer Ebgﬁi‘éo;ﬁt@%tiokhgoﬂgéﬁérngli?atﬁ;tna?memm 19
grasps the, b1 ansperiatd.on,cantal nes A8.0f Lhe, URRer Moot stade in the rowd,
the driver. hoists the.t r(@nﬁgr%ta}toé% contarner 18 by “moving tHe fioPSting
attachment, 19 uplard. “At_ that “ti e, "the fact"tHat'“the SFoW’e P$ Fower than
the rowd, ‘ahd a“height°'of & 68FPPhE St ac8tefnar t fanspdriteatioon fcont ai ner
18 of tH&EAFPpEF DSt stiageomitite rowdfraand sa posidricen of the tdeanspertation
cont ai neyirigcgr asped: by athpohoistimgeattachment ok9caceugrasped. sthgrefore,
i f the hoi stengoattachment-laterally noving nmeans 17 i s noved backward
whi | e hoi sti rgt-he I St§ h 9, . i ver can nove the
transportation conggi@niéﬁ% f%)ﬁgg%pz)ggin;tlh%nmvlvf%g?%gi{%esebnosﬂforﬁ sUrf 4¢&9f the
hel d transpoy tiaf iionpceptaiserc ki pecerespyhi ghey, than.the ceiling surface of
the transportation container ’

container 18 of the uppermost stage in the row f by calculating

using trigonometric function.

~

Next, 1if the driver checks that the hoisting attachment 19
grasps the transportation container 18 of the uppermost stage in
the row d, the driver hoists the transportation container 18 by
moving the hoisting attachment 19 upward. At that time, the fact
that the row e is lower than the row d, and a height of a celling
surface of a transportation container 18 of the uppermost stage
in the row f and a position of the transportation container 18
grasped by the hoisting attachment 19 are grasped. Therefore, if
the hoisting attachment-laterally moving means 17 is moved
backward while hoisting the hoisting attachment 19, the driver
can move the transportation container 18 to a position where the

bottom surface of the held transportation container 18 becomes
higher than the ceiling surface of the transportation container



18 ot the up =ost stage in the rowf in the shortest distance. manner, the
driver can nove thensportation containergrasped by the hoistng attachnent
19 to a location directly above the chassis 30, |ower the transportation
container 18 and can nore safely conplete the transfer operation of the
transportation container 18 in a short tinme. [0022] The
above- deslgrlbeﬂ eandl ent |s based on the ~Pre emi se that a drjver manually
oper at es based on “posi tion i nfor Mati'on 6f fhe tLraenspdrtatl on- CEREEi ner 18
which is stacked."'I'f tHe above-'thes€Fi bed posi ti0R neasurisngshethodcof the
t ranspor fat i on contiaiclierrd8 fand posict fonnaeasurirngnappar ab us ofcathen
t ranspor tiat onl \centaknene k8:zaxesused, 1and ichear eolddcsi-on idangef: £:e@i-on of
the transportati-an contaisner) }8cb§p$@4ef{m hei ght. data of ;transportation
cont ai neg&g,gqip the rows hand,g In thF:qo ﬁrward ditection of the hoisti ng
attachnment 19 65; on rreasurl ng ‘data of the mi'crowave sensor 31 and the
m crowave senso , possi ble to automatically control decel eration
when the transb‘ér%%\Foﬁ‘eé@ﬁ%%?@leﬁmbl?@l@ﬁ@’érSS thetecr @gi ohe andnto: that
aut omat i eallkyveontarolala ynovengt e@peratddororofpdshe i brnansporitatioon «gonthai ner 18
in the shestestiridicsbancenwhi her avei dimant hat tegiomy. 1+ Fhergds.a

, known methodiday whicch . dbst ance sensor s, RrSAPr gyl ded.on Lhe.garter, portion

13 at positions corresponding to the chassis Stack transportation
contai ners 18 arranged befow tHe Coht ai AetsBridde 19PAHG A°di sPancé fo a
ceili ng Stffdce 'of ! ?hec%ﬁ?ﬁﬁeﬁer*% sifeastfedanWhéh Bheohl €3 bWavEsiensor i s
used as theldi stfante sensuror tevennwherareei L8 ngs surdf gcemofieaght data
transpor tat iteanepnt aiten 1&ritsiiskirghtlsy devicated-dusompapesidi on digectly
bel ow t hes Fj Lrowame -sensor 1oﬂt ﬂh% p%%@l@at%&f f-$gEnthe g crowaye sensor

such that.the Qffsgt. angke . he range 1<R<l. 5xP according to
the position mea uri naa gt ho§ %Owalvﬁvesn i"on, and“t’ § meas U e 2 "di'st ance

to the c%?lsf'%r ur face oprﬂ*?é ?Faﬁ@p@%%i‘%%m APREFC18CCTREREFGE, it s
possi bl e"t®" uriegrai st ahte ¢t tHeceeilBi rgtsus f Bloet ofeaine, t radsport ati on
cont ai neputl@gvien lwhenotheotekl imogisur baceaofort hef t raaspeortabd orktcont ai ner
18 i s notodidieet] yebehl owe heont 65 owawe 3€B8SOK i LNdelieenst fad it 0h,munting
position of the. CEQVV%VG&§E\[‘I§O%€K%BQ flnexmt?iéﬂtlélg‘%nhég @%HQE%QQ a@%s' tion

of the n$£g§§%¥ﬂec§eq_gr % SP ﬁQS wan 13 aty IOSlLlOﬂF Fg{é?%ﬁq%?lﬁgvﬁﬁg means

m crowave Seg}? S st1ng at achmen

17 in the Sternt e‘?f I’tl ﬁfﬁ?ﬁoﬁrarﬁﬂo FRE1OF | et atinGA Sof 8 t he ariceFowave

sensor n%%/l% GhcIcPRed Bt - eﬁ"ﬁﬁn&ndbeaﬂé gcahstmneowave, canding posificen of a

corner poftilon ohtaisabj ectmeamdse . medser eche I crbhbsecases@l sio; (she ef f ect

of this qresent Hnyentdeoonsthatrt hev@ncronaye sSepsor:fpesnetcLecs ve

i nfluencerofseokarif thainer 18 is slightly deviated from a position
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 to measure a distance to the ceiling surface of
the transportation container 18. Therefore, it is possible to
measure 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
sensor may be inclined at any angle to scan microwave, and a
position of a corner portion of a subject can be measured. In



transportation container 18,and influence of weather is extrenely small CaO
be obtained. Therefore, 1ls possible to stably neasure a position.

[I ndustrial Applicability] [0023] As descri bed above, according to

t he position neasuring nmethod of a condition and the position measuring
apparatus of the condition of the present invention, the .ntrowave sensor
does not . receive influence of_ color of the transportatlon cont ai ner, and

i nfluence of weat her9's é%treﬁ%?y‘sﬁﬁlq'“TH%¥éfbre 0T $0posEibl &Mt o
stably neasure positison dite ofiot hectransport atiomn cont aicier and thes, the

i nvent i ohr warbeaappl i edonticimegantlBy crane andlarstr addl e wearnier used for

| oadi ng and-«wnllgadiragl ackransportat han. coMaidrer-t0:a cantai;ner; ship, and

t he |nvea@é@;,c@3\§}§ql Usappghed to a crane used for transfer to a

railcar. ;)\ }X}Y1Sl[A JQI A contai ner position neasuring nmethod
using a nlcro" Ve séﬁ%o “WhitchYemits nicrowave and receives reflected wave
of the nicrowave,” wherein a position of a corner portion of a

transportatloﬁsc@ﬁ%@rﬁé¥l|€bﬂﬁasuaed0bwaﬁft@cted wane tfibamrtdagueonner
por ti on.m Thie o¢ont abmeir: ipaskhiiomdreasuring method nacegrdingd gechaim 1,
wher ei n tdheiimienovave Passesnt hrough sthe corner. r%watfhogerpy ;mying, the

m cr owav or; _i-F nst a dlrectlo e contalner p05|f|on
measur i n?% % macflz%r%pn ! @51 1themhterraé‘sﬁqv%%h 4’ rangé it whifch a gain
becones 50% W th ﬁ@%pgéﬁt %r *éen?é?“%%fﬂheaéﬂ%ttedqﬁﬁ%ﬁéQEQe ii$ défined as
a di rect?¥itylangle a6f vancaatennacsft the dhter owave sensorspcanaof bset
angle Q<béﬁweenraahbahf$unfa¢@ 0ﬁﬂkhﬁlbh&ﬁ$@0ﬁkﬁt&@@MQﬁnhﬁinQr gandry

M crowaverefe thel M CEomave eSensarieirs UsBqa fhange-af nd. éxg<gﬁ99ad£xju SXP) 4.
A cont ai ﬂearm@@&gmn meaguning et hod h@amﬁhsr@ m clronave, Sensot

emts nicrowave $§(a ecel ves reflected va m Cr owave | ﬁ%%ﬂ the
M crowave | s enitted such that T%ﬁlnlé?gdeé 1§‘6f?§e¥0byr§ pFédet er mi ned
angle froma direction perpendicular to a flat surface of a transportation
container, and a position of the flat surface of the transportation
container is neasured by reflected wave fromthe flat surface, wherein when
a range in which a gain becones 50% with respect to a center of the emtted
m crowave is defined as a directivity angle P of an antenna of the

m crowave sensor, the offset angle R



is in a range of |I<R<1.5xP. 5. A container position measuring apparatus
whi ch carries out the contai ner position nmeasuring nethod according to
claim1l1, conprising a body nount of a container crane di sposed above the
transportation container which is stacked, and a hoisting
attachnent-laterally aning means which is laterally novably supported on
the body  mpunt. and ;yh Egvertlcally noves a hoisting attachnent, wherein an
emtting direction of t e mcrowave is offset downward and by a
predeterm ned angle with respect to a travelling direction of the hoisting
att achnent - | ater@all'y ' novi mgsreans, maadut her ninerlowavessenser mscdivspesed on
the hoi stingor antdrateeriakl yimoviag: nmeahscec8iThe container «posi tdfoRhe
measuri ngparatdls, accoeding t9 chad Midn Waerekn when.a H§Q9¢¢hﬁ which a gain

becomns PUMMLLN L eSRechnl fu CoN Sl LheppmLied menouAve LS dofi ned as

a directivit an ant enna crowave sensor, the of fset
angle Q rs"i'n éxg~n8% of 1.5xP<Q<90-(1.5xP). 7. A container position
measuri ng apparatus which carries out the container position nmeasuring
met hod a€cor difhyg toicliaiem $osconpni séargia rbody trountcodrai repntaidiermcr ane
di sposediabaverthe tm@n&p@f&@@@@np&@ﬂ&ﬁhﬂﬁbuwhiQMoinﬁﬁﬁ@k%thaBQ &y

hoi sti ngnat tachment.s Lateral lae amyi ng %&étm chy is ateral Iy movabl'y

supported on the body nount and which vertically noves a hoi sti ng
attachment, wherein an enlttln direction of the mcrowave is offset
downwar d-and by© t e Eangre ﬁcﬁﬁgho?e@%éﬁﬁﬁfé actravebFragl did eéct iomisf the
hoi sting! atW%@ﬁhﬁhfhEat@raﬁmwennvwﬁgCheansaw@ﬁﬁXKhesnﬁ@rowave sensar 1S
di sposedtonathenthoi stfi ngeattactuentidrateral 1y dmvireg meansdir&cifhey

cont ai NeEnPoSit iGN AeAsUERNY APPAHALUS 865ex ding, 10 %kab@tée@fan 1 f@” her
conpri si ng. @le | €astcone gg@?agécrqMa¥Res%ﬂ%%sbo%@g{Q5p con égrg g@ of

m Ccrowave Sensors are use one the m crowave sensors 1 Spo in one

of travehldng.dicr ections rof- Lheybokshing att achmentylat ?ahl xlenzzyagr@g means,
and the other mcrowave sensor is disposed in the other travel

dlrectlo?lan%he hoi sting attachment-laterally noving neans.

4. A container position measuring method in which a microwave
sensor which emits microwave and receives reflected wave of the
microwave 1is used, the microwave is emitted such that the
microwave 1is offset by a predetermined angle from a direction
perpendicular to a flat surface of a transportation container,
and a position of the flat surface of the transportation
container is measured by reflected wave from the flat surface,
wherein when a range in which a gain becomes 50% with respect to
a center of the emitted microwave is defined as a directivity
angle P of an antenna of the microwave sensor, the offset angle R

1s 1n a range of 1<R<1.5xP.

5. A container position measuring apparatus which carries out
the container position measuring method according to claim 1,
comprising a body mount of a container crane disposed above the
transportation container which 1is stacked, and a hoisting
attachment-laterally moving means which 1is 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 1is disposed on the hoisting



laterally moving means.

7
i

e container position measuring apparatus according to

wherein when a range in which a2 gain becomes 50% with

ct to a center of the emitted microwave is defined as a
irectivity angle P of an antenna of the microwave sensor, the
set angle Q is in a range of 1.5xP<Q<90-(1.5xP).

7. A container position measuring apparatus which carries out
the container position measuring method according to claim 4,
comprising a body mount of a container crane disposed above the

transportation container which is stacked, and a hoisting
attachment-laterally moving means which 1is laterally movably
supported on the body mount and which vert ly 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.

The container position measuring apparatus according to

O @

laim 5 or 7, further comprising at least one more microwave
sensor, wherein the plurality of microwave sensors are used, one
of the microwave sensors is disposed in one of travelling
directions of the hoisting attachment-laterally moving means, and
the other microwave sensor 1is disposed in the other travelling
direction of the hoisting attachment-laterally moving means.



