System and Method for Identifying and Tracking 3D Location of Precast
Conmponents Field of the Invention [1] The present invention relates
to precast conponent managenent system 5in a construction project. In
particular, the present invention relates to system and nethod for
instantly tracking and identifying position of precast conponents.
Background [2] Precast conponents are often used in the construction
of civil engineering projects, such as nodern high-rise building

proj ects. TheSpstesasm theod fip- Mdentifyingsand Aa-aghking B Losadiomrpé

precast conponents are typically formed at a manufacturing facility,

and then transported to the | ocgt) i j y are to be erected.
[3] The delivery and erection o?H?ggs%ggﬁggﬁﬂgﬁﬂfhe right tinme and at

the right place is very critical to obtain a successful construction
project. Failure to 15 |locate a precast piece and incorrect erection
does have significant inpacts inhiefdestsfiinvgmenand noney. 1t is not
only del aying the project schedule, but also increasing costs and
waste of the project. [4] Taking these situations into

consi der at i[@] equi prigwtpresaat ingemiongelagas do precasitcomponed inhanagenétt oy stem
and track delivery and erection process of a precast is being 20of
interest inn G yrstreqi@innp@idcndinppajiiedts, thelprasht nveliRh iSatvd dekystdinemd
to identify and track a precast location. The GPSis installed in

precast t o Ren&l 61 R8miAWENMRE and identifying position of precast components.
Background

[002] Precast components are often used in the construction of civil
engineering projects, such as modern high-rise building projects. The precast may be
10 of various size and thickness. The precast components are typically formed at a
manufacturing facility, and then transported to the location in which they are to be

erected.

[003] The delivery and erection of the precast at the right time and at the
right place is very critical to obtain a successful construction project. Failure to
15 locate a precast piece and incorrect erection does have significant impacts in terms of
time and money. It is not only delaying the project schedule, but also increasing costs

and waste of the project.

[004] Taking these situations into consideration, equipment that can be used
to automatically monitor and track delivery and erection process of a precast is being
20  of interest in civil engineering project. Currently, GPS is widely used to identify and

track a precast location. The GPS is installed in precast to be erected. However,




2 deploying UPS for precast tracking is not a preferred nethod due to
sone di sadvantages it may cause. First, 2installing GPS on every
precast is costly and inpractical as the size of the UPS is bul ky.
The UPS al so needs external battery to run, yet the battery may not

| ast | ong enough. Further, the positioning accuracy of the 5 UPS is
poor because antenna of the UPS is unable to withstand vibration and
shocks freqdepheding edperioenerechst riragkimgnst not e orefered mosihedtdueTie some
comuni cation signal of the GPS is also easily obstructed as

successi ve dikalvastageseitbuay tcawsed Fiail, Sedalling SFPRADnaeveay tpescastt isvenstip and
UPS, Differential UPS (DGPS) is deployed for precast tracking.

However, thgyGasicabls theRlRYITRAE G¥S BNy, The I 6185 abldk dtc@hal bhledneg
yet, DGPS is unable to overconme conmuni ¢ation signal problem caused

by high risg o ' j I, L] M .
Peiatad to Foore iR RIBA hARnGute dbNE8 qugh Rurel, SRR AL SRRy of the
need of equj nt that can accurately Jjdentify and track | ocati,o f
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invention provides a 3-dinensional (3D) precast |ocating systemfaor

i dent i fyi ngiredigntly SERGrisgcaiDn Beapwsiraeiion gpyironpmenty §Be comBURIT B #aRaloH
and geographi cal |ocation, of a precast. The system conprises an RFID
tag enbeddedie WiltSis mlsv kesifyr @shstted as prreesaist flobftdrabuitteeodiraecd, havi ng a
hook for lifting the 20 precast, wherein a 3D |ocation of the lifting
machinery is predeterm ned as a reference, an RFID reader attached to
the |iftingoosichi ner yAfan adltdantivé yo GFSt MeftpreatasGP Y DORE) at idepiay ddyfor
reading the RFID tag of the lifted precast, a sensor assenbly for

detecting afcbisLaRlindD1bREAL] B @kt bN8eoRkeM JTDGPE Q5 @BESIdAIY NEgh,
predeterm ned 3D |l ocation of 3 the lifting machinery, and a poSition

transl atj on I for. i - 1 L.on:_of
e el ERTOPS bR RSSO AR Lpsal bt
operable to.derive an.instant 3D |ocation of the lifted precast based
on the 3D I%%?a‘f‘i”&?%hg?mt‘gﬂ u‘ﬁﬁ?ﬁ?' detected by the sensor assenbly, with
reference to the 5predeterm ned 3D | ocation of the |ifting machinery.

[006] With such problems related to poor performance of available precast
tracking systems, a need of equipment that can accurately identify and track location

of a precast thus exists.
15 Summary

[007] One aspect of the present invention provides a 3-dimensional (3D)
precast locating system for identifying and tracking 3D location, that includes ground
elevation and geographical location, of a precast. The system comprises an RFID tag
embedded within the precast, a precast lifting machinery having a hook for lifting the
20  precast, wherein a 3D location of the lifting machinery is predetermined as a reference,
an RFID reader attached to the lifting machinery for identifying the precast by
operationally reading the RFID tag of the lifted precast, a sensor assembly for detecting

an instant 3D location of the hook with reference to the predetermined 3D location of



[8] In one enbodi ment of the present invention, the lifting machinery
is a tower crane. The tower crane conpridses a mast and a hori zontal
jib, wherein the hook of the lifting machineries is disposed al ong
the length of the horizontal jib, wherein the instant 3D | ocati on of
the hook is determ ned based on di stance and ground el evati on of

10t he hook on the horizontal jib with reference to the nast.

a further eWBodiftientmashineks hdsenpositinye dranshationdle comraliennkoal hPlldngofthe
the tower crane is slewable about the mast and the sensor assenbly
measur es stpwieigrmangl #Ddbcasine ofitei ldtng alachinkrywilerpositioe tandatidnal téddroller
mast. [0010]1n a further enbodi nent of the present invention, the

hori zont al jsidpeablel o tBGvd anenstair BIL [d@tibufdrahd eifirblqittcabhBasd@sin Rd 3D
t he sensor assenbly neasures lulling angle of the horizontal jib.

[0011] I n a furidierorermrodLoe rﬂeté?:tedt he B{ee%gr'ﬂ;tol ';ﬁg@fﬂﬁlko@vnﬁ h@fetﬂélﬁg {3 the

attached to the horizontal b by a“trolley, whereih the trolley iIs

nnvably£§l;ﬁgﬁ%&gHg&ﬁgﬁJéggPp?fhéqﬁﬁg%f%gEaithereby shifting the hook

| at eral I'y ori zon 'n anot her enbodi ment of
t he present invention the mast of the tower crane is fixed on its

base to the_ground. 013 ot her enbodi nent t he resent
i nventi on, [Pﬂ@ t oner W ‘gﬂ? el}ﬂg Cgmg Q;atﬁlls rPQeSP%T\AiélP’e‘Elroélnﬂ’ jag é]i”f’? yery 1s a

boogi e haV|ng wheels is provided on the base of the traveling tower
crane, ther@pgr stapewl ifglopise crapaepmprisgse masttandwdorgpptghiit whegeia, the hook
Rot ati on

of the lifting machineries is disposed along the length of the horizontal jib, wherein the

instant 3D location of the hook is determined based on distance and ground elevation of

10 the hook on the horizontal jib with reference to the mast.

[009] In a further embodiment of the present invention, the horizontal jib of
the tower crane is slewable about the mast and the sensor assembly measures slewing

angle of the horizontal jib with reference to the mast.

[0010] In a further embodiment of the present invention, the horizontal jib of
15 the tower crane is luffable about the mast and the sensor assembly measures luffing

angle of the horizontal jib.

[0011] In a further embodiment of the present invention, the hook is attached to
the horizontal jib by a trolley, wherein the trolley is movably slideable along the

horizontal jib, thereby shifting the hook laterally along the horizontal jib.

20 [0012] In another embodiment of the present invention, the mast of the tower

crane is fixed on its base to the ground.



of the wheels of the boogie may be used to determne the 3D | ocation
of the traveling 5lifting machinery. [0914]In a further enbodi nent of
the present invention, a differential global positioning system may
be installed to the tower crane to determ ne the 3D | ocation of the
traveling lifting machinery. [0015]In yet another enbodi ment of the
present invention, the position 10translational controller is i
attached orf@®3t op of In et another gmbadiatinhef the proonipyentignf thetinser crane is a
enbodi ment, the 3-dinmensional (3D) precast |ocating systemfurther
conpri ses aragoimpumweatiann, Whakinopboalit datiog vilrealsSerpidvideg dihheibasd ahithe
3D location of the lifted precast to a server. Wen the conmuni cation

link i s outa@blinpager él%né,hﬁer@lgj MBJwing AR 6 REMBALCBLRBI A1bfKa brifick. Rotation
operable to transfer instant 3D |ocation of the 15lifted precast to

ot her commupiycali,Of bt ?ﬁlé fbﬁgg%'ﬁn@egé ¥ GARRERERdnL 8 lggatﬁ)?lré’fﬁtg% ti?%?iing

[ 0017] Anot her aspect o esent 1 nvention provides a net

I denti fying..and tracking 3D | ocation that includes ground el evation
and geoéraﬁﬁ?%%?mﬁBgayion, of precast. The method conprises enbedding
an RFID tag within the precast,

[0014] In a further embodiment of the present invention, a differential global
positioning system may be installed to the tower crane to determine the 3D location of

the traveling lifting machinery.

[0015] In yet another embodiment of the present invention, the position

10 translational controller is attached onto top of the lifting machinery.

[0016] In a further embodiment, the 3-dimensional (3D) precast locating system
further comprises a communication link operable for transmitting the instant 3D
location of the lifted precast to a server. When the communication link is out of range
of the server, the communication link is operable to transfer instant 3D location of the

15 lifted precast to other communication links more closely connected to the server.

[0017] Another aspect of the present invention provides a method for
identifying and tracking 3D location that includes ground elevation and geographical
location, of precast. The method comprises embedding an RFID tag within the precast,
lifting the precast using a precast lifting machinery having a hook, wherein a 3D
20  location of the lifting machinery is pre-determined, reading the RFID tag embedded of
the lifted precast for identifying the lifted precast, detecting an instant 3D location of
the hook with reference to the predetermined 3D location of the lifting machinery; and

deriving an instant 3D location of the lifted precast based on the 3D location of the




lifting the precast using a precast |lifting machi nery having a hook,
wherein a 3D 20 location of the lifting machinery is pre-determ ned,
reading the RFID tag enbedded of the lifted precast for identifying
the lifted precast, detecting an instant 3D | ocation of the hook with
reference to the predeterm ned 3D |l ocation of the lifting machinery;
and deriving an instant 3D | ocation of the lifted precast based on

t he 3D | ocdwpbrvibt referencestoniskprodat¢rnieddedBrigeation ethbedritidemeachinged Tp
| ocation of the lifting nmachinery. The nmethod of claim15, may
further compth@keof clamsibf manduitive donpriantraddmikiagatht anstaft 3Thchiidrt eflthe
precast to a server. [0018]In another further enbodi nment of the
present i nygRbipekastdekisvihvBg an 5 instant 3D location of the lifted
precast based on the 3D | ocation of the hook with reference to the
predeterm ned 3D |l ocation of the lifting machinery further conprises
attachi ng gqgigpi tionyf ra%Pﬁllef"tﬂn;?E@l BRI O &F tk@eﬁlfe%nmifl\genttilaﬁ deriying an

derivation'to top part of the I'ifting machinery. [0019]1n a furthe

enbodi nent . of resent .invention, the t haod f her. 10 i §€es.
ator: ngoc nd e eI GRS o B4 HecpireoERPEs 5t Yithlior BF BEEROAE i
precast in a nmenory provided. in the server. [0020]1n_another further
enbodi ment "HETORR IphESE etfffﬁvr&ﬁ%ﬁ?caflﬁ% ofdiehlsding pachanery fuflicr sagprises
di splaying the instant 3D location and the identity of the lifted
precast i nadacddrg a ppsived hees!aivnakbeneglleoparfreméer the derit@®@{on02 19p pars of the
anot her further enbodi nent of the present invention, the nethod
further conitingeacidedrgr m ning the 3D | ocation of the lifting

machi nery.

[0019] In a further embodiment of the present invention, the method further
10 comprises storing the instant 3D location and the identity of the lifted precast in a

memory provided in the server.

[0020] In another further embodiment of the present invention, the method
further comprises displaying the instant 3D location and the identity of the lifted

precast in a user inteiface connected to the server.

15 [0021] In still another further embodiment of the present invention, the method

further comprises determining the 3D location of the lifting machinery.
Brief Description of the Drawings

[0022] This invention will be described by way of non-limiting embodiments

of the present invention, with reference to the accompanying drawings, in which:

20  [0023] Fig. 1 illustrates a schematic diagram of a system for precast tracking

according to one embodiment of the present invention;




Brief Description of the Drawi ngs [0022] This invention will be
described by way of non-limting enbodi gents of the present
I nvention, with reference to the acconpanyi ng drawi ngs, in which:

20[ 0023]Fig. 1 illustrates a schematic diagram of a system for
precast tracking according to one enbodi nent of the present
invention; 6 [0024]Fig. |Aillustrates a schematic diagramof a

system for [B02ast t rEgkiAgliughiatey aascherasted dingragaoliod sysfanb fetgweeastiragkeng
i n accordance with one enbodi nent of the present invention;

[ 0025] Fi g. wind h usiveidigesadalsiibaomb craté agrnacordinca vadnshe eaibbdiment of the
jobsite deploying Splurality of tower cranes in accordance with one
enbodinentdggm%@gwgﬁﬁ§§nt i nvention; [0026]Fig. 3 illustrates a
schemati c di agram of a systemfor precast tracking according to

anot her enbodi ment of the present invention; and [0027]Fig. 3A

I Tustrat €J0625F © he mat]i‘i&. SHAGLAT Q6ciRniYiS Hﬁl@lffn? bf RE&SERRE S j%ﬁﬁen&ploying

5  plurality of tower cranes in accordance with one embodiment of the present invention;

[0026] Fig. 3 illustrates a schematic diagram of a system for precast tracking

according to another embodiment of the present invention; and

[0027] Fig. 3A illustrates a schematic diagram of a system for precast tracking
using a traveling luffing jib tower crane in accordance with one embodiment of the

10 present invention.
Detailed Description

[0028] The following descriptions of a number of specific and alternative
embodiments are provided to understand the inventive features of the present invention.
It shall be apparent to one skilled in the art, however that this invention may be
15 practiced without such specific details. Some of the details may not be described in
length so as to not obscure the invention. For ease of reference, common reference
numerals will be used throughout the figures when referring to same or simtlar features

common to the figures.

[0029] The present invention provides a system and method for tracking a
20  precast location within a construction jobsite accurately. The precast location referred
herein is a 3-dimensional (3D) precast location that includes ground elevation of the

precast and geographical location of the precast. The present invention can be used in,



using a traveling luffing jib tower crane in accordance with one
enbodi ment of the 10present invention. Detail ed Description [0028] The
foll ow ng descriptions of a nunber of specific and alternative

enbodi ments are provided to understand the inventive features of the
present invention. It shall be apparent to one skilled in the art,
however th th| i.nvention e, 15 practi.ced w thout. su

specific bt 04 TineiE 0 o e e PR D2 Ay SR r e O s Hidfieg And
so as to not obscure the invention. For ease of reference, common
reference ndpterangpiicast opdiflesed swhy slgieghtst Rlee fyisigar exnnuiren a pedcast diftieg
to same or simlar features common to the figures. [0029] The present

i nventi on pmattiicesg uacdsios tempanihgmetadatidim REHR kiggnlzedd20 withacts tprecast.
|l ocation within a construction jobsite accurately. The precast

| ocation refgs kRt @hRich uss tide Bredb@BARLONA 1dc3PIn PF YEAGFidOMALHINAY as a
that includes ground elevation of the precast and geographi cal

| ocation o I T n be used in, 7 but
not IlnFieJEEQQKQ ﬁ%ﬁ???s%ﬁﬁgé g1m%t%%%§§%t@@?gﬁ'prolect t hat

i nvol ves I|ft|ng and delivering precast of different sizes and

wei ght s stemc IS re lLiftin h for )
transportln@ a)yecast gﬁg Py %ﬁﬂfﬁ ﬁg%ﬁ%éﬁ %1 gmgﬁg b@hé%dﬁ3§%%§’ RE!
system nmakes use_ the p rm ned 3D | ocation of the lifting
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| ocation. [0030] The precast |ifting machinery may include, but not
limted to,usdwethe system according to the present invention for transporting precast.

[0031] Fig. 1 illustrates a schematic diagram of a system 100 for precast
10  tracking according to one embodiment of the present invention. In the present
embodiment, the precast lifting machinery is saddle jib tower crane 100A. The saddle
jib tower crane 100A comprises a base 101 fixed to the ground to ensure stability of the
tower crane 100A, a mast 102 attached to the base 101, giving the tower crane 100A its
height, and a slewing unit 103 attached to the mast 102 which allows the crane 100A to
15 rotate, and a control panel 106 controlling operation of the crane. The control panel has
a first hook radio link 111 and a Localized Position Translation Controller (LPTC) 112.
The LPTC 112 holds information regarding the predetermined 3D location of the base

101/mast 102, at which the saddle jib tower crane 100A fixed.

[0032] In one embodiment, the control panel 106 may be a cabin operator in
20  which a crane operator sits and controls operation of the crane. In another embodiment,

the control panel 106 may be remotely controllable by a radio remote control.

[0033] The tower crane 100A further comprises a horizontal counter jib 104

aftached to the slewing unit 103, wherein the horizontal counter jib 104 carries



crane. Those skilled in the art will understand that other type of
cranes may al so be used in the system agcording to the present

i nvention for transporting precast. [0031]Fig. 1 illustrates a
schematic diagram of a system 100 for precast 10 tracking according
to one enbodi nent of the present invention. In the present

enbodi ment, the precast lifting machinery is saddle jib tower crane
100A. The s%mmteewpugbt { G randraaher 0B jibotfr piselsd 4o HesmadiolD2f theeabytib can
the ground to ensure stability of the tower crane 100A, a nmast 102

att ached t csitheibasérdidib]ly gibsunge tohest towgee the aoveer koQR 1003\ hédititiial faad]
a stewing unit 103 attached to the nmast 102 which allows the crane

100A to  15mbAdradi. Ti@enﬂe\@m%% IeQdf tR@RSizoh@f jBONsrWith kdTerefReloaht athsPf02
the crane. The control panel has a first hook radio |link 111 and a

Local i zed Pg%éase&dunangét@&éaogﬁ@w}ll%g BTG HRs) e 4RTEANR 14 is

hol ds i nformation regar redeter m”ne oca ion O base

101/ mast_ 102 ich the.s le jib tower i.xe

[0032] 1 on@“@ﬁﬁ‘&mﬁﬁ%‘m“ﬂ‘%{%&g‘ sobprepiebiia G e 2. dRETA TC 112 wil
oper at or |n 20whi ch a crane operataqr sits and, caontrols operation of
the crane. lpigr apdeNene élmaaswtsie\*fiﬁé apyntq ¢riveahblocalm ofdhe Bied precast.
renotely controllable by a radio renote control. [0033] The tower

crane 100A further conprises a horizontal counter jib 104 8

count er wei glRe34104A, alAurine ptachstdifting, the bvel@s ipipesadelly the tifted presest 102he
thereby it can slew circunferentially about the mast to give the

t ower cr anehckDOAtabddbi 1 DD nalact@atimpbl comvabelabcedThe thd entmgrveighitel @, thus
the horizontal jib 105 with reference to the nast 102 is neasured and

det ect ed byp@veahi@WiOioMRILANSEIFO rofn i Ping débr, The SAS 114 is 5
configured to conmunicate its neasurenent data to the LPTC 112. The

LPTC 112 wll later on be using the neasured slewing angle to derive

3D | ocafy onyggd ]t he | 'fitfll??ﬁ;{ LEGas hWﬁéL@i‘idﬁgb? r;ii’:rﬁﬁai]%hhlsx }fl% 0&;90 g7

wei ght 1 nposed by the recast 'to t zonta

? (r:]gO: g:l\ggl é}lgﬁgg& al ]?0”%?1?683% hrggpl 8%? n[the hook q% can ﬂé Iglst]e S ﬁp 1 do Q&tfnl %
desired height by a hoisting drum 120 provided at the tower crane 100A. A hook height
and weight sensor assembly (HHS) 121 is used to measure the ground elevation of the
hook 108 and load state of the hook 108. Load state of the hook corresponds to a state

15 on whether a precast is already being hooked to the hook 108 or not. The HHS 121 is
configured to communicate the measured the hook 108 ground elevation and load state

of the hook to the LPTC 112. The LPTC 112 will later on be using the measured hook

108 ground elevation to derive ground elevation of the lifted precast.

[0036] Apart from lifting purpose, the hook 108 also has an RFID reader 109
20  for reading information stored in RFID tag embedded within the precast. The RFID
reader 109 is interfaced with a second hook radio link 110, which is configured to
communicate with the first hook radio link 111 in the control panel 106 the identity of

the lifted precast read from the RFID tag.



10[ 0035] Still referring to Fig. 1, the horizontal jib 105 further has
atrolley 107 provided with a hook 108 ¢o lift precast. The hook 108
can be raised up and down to a desired height by a hoisting drum 120
provi ded at the tower crane 100A. A hook height and wei ght sensor
assenbly (H-1S) 121 is used to neasure the ground el evation of the
hook 108 and | oad state of the hook 108. Load state of the hook .
corr espondd0@33] a st ateill mireng Whéihdn the prkeyast? isscaulficeredytobndvagly slide
hooked to the hook 108 or not. The HHS 121 is configured to

conmmuni cat eldrgethodasizowdl jibd 0bpakfti@8thgrpoevast ateesibt iTde teoittyl adissfuahe
of the hook to the LPTC 112. The LPTC 112 will later on be using the

neasur ed hgpévid@Bwah auielig) By hdPSerker dPS) 163 gpaHnd (& hRYakd m@elgrfdlgtmce
lifted precast. [0036] Apart fromlifting purpose, the hook 108 al so

has an RFI [Beh?é%q &&?engmfa%ﬁ ﬁ@ﬁ%}qglr ﬂﬁqi g&t&tlf){oetﬂe ﬁ}’"IEF 1@ tag

enbedded within the cast IS 1nter ace with a
second hook radio Ilnk 110, which is conflgured to conmunicate with

the first radi o n_the control 106 th nt i t

of the |ft8®|§brecast1lhenéml¢ o P BebSleRal g bt pORNe das,
referring the trolley 107 onfigured to npv sl i de
al ong t he ﬁ@’ %rrtl%lﬁ lrrﬁlairrstlﬂ ¢ diffprapg ﬁ’b“stq%élvﬁﬁgclﬁﬁuqnd{féh%ﬁp 93/ preRest, 1.c.,
trolley 107 is further provided with a Trolley Position Sensor (TPS)
113 oper abltke goowrd salenadion sndr glogtiipbicah bsathet Weeeep(t Meanwbile.ethe 10°7T Gradio
the mast 102, and comunicates it to the LPTC 112. 5 [0038] The LPTC

112 pr ocessesivedsad eaeni tdaheok éeeimepretaso RAIDanBADatidiPHoanthe HirktShook
translates the data and thus derive 3D location of the lifted

precast, i s&lie 1ﬁ1f3qwrtﬁbl%9y ﬁieﬁﬁgﬁrmemuge@manhb&@lecbs@cmé Rt ﬁélﬂtﬁ@%

Nbanmhlle the LPTC al so receives |oad state of the hook 108 and
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10link 111 receives the RFID information fromthe second hook radio
i nk 110. ] Upon ran th TC 112 commu t he .3D
| ocati on’ altbF O nf[} Andr iR tiralerEy oiF prebieioas ‘B o vesiphng
l'ink 115 attached to the
RFI 111f01mat10n of the lifted precast to a server radio link 115 attached to the
horizontal counter jib 104. The server radio link 115 communicates and transmits the

lifted precast identity and 3D location information, to a crane radio link located on a

15 server in a landed office in the jobsite.

[0040] In another embodiment, the crane radio link may further be connected to
a user interface operable to display the information received by the server radio link so

as to inform a user on the identity and 3D location of the precast.

[0041] In another further embodiment, the server may comprise a memory for

20  storing the information received by the server radio link accordingly.

[0042] In another further embodiment, the server may export the information

into other systems for further articulation.




hori zontal counter jib 104. The server radio |ink 115 conmuni cates
and transmts the lifted precast identity and 3D | ocation
information, to a crane radio link | ocated on a 15server in a | anded
office in the jobsite. [0040] 1 n another enbodi nent, the crane radio
link may further be connected to a user interface operable to display
the information received by the server radio link so as to informa
user on thd0048knt ity Twdopmatac af ithe systemh&0prier aseurafeDOABPYIRG s ordvest
further enbodi ment, the server may conprise a nmenory for 20storing

t he i nf or mrdbgation methén u edndtgnctitne jcbeitey Brdes@ibied akifolkove do i degtiyption below,
[0042] I n anot her further enbodi nent, the server may export the

i nf or mat i oRhd BEs@nPid@ed SN At @MBtricRion fpsjehest RER-tisdbaildiRg - Thok® skilled in the
[ 0043] The operation of the system 100 for accurately tracking a
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construgtion roject of high-rise building. Those skilled in the
In many other constructron projects.

[0044] In a typical construction project of high-rise building, precasts of
different sizes and forms are to be vertically erected. The idea is to place a precast on
top of a foundation floor such that the precast defines a level of the building, and
successively place additional precasts on top of the first precast so as to define
10  successive upper levels. As successive levels are built, precasts must also be
accordingly lifted higher. In prior art when GPS is installed on each piece of precast so
as to detect the location of the precast, the GPS signal is often blocked by the rising
building, rendering the precast tracking ineffective. The system 100 of the present

invention is able to overcome this issue effectively.

15 [0045] Precasts to be erected is pre-fabricated in a manufacturing facility. After
fabricated, precasts are sent to and kept in a storage. Each precast has an RFID tag
embedded there within. The RFID tag stores information retrievable for the purpose of
precast identification. The RFID tag may store information such as identification
number of the precast, materials and components of the precast, name and telephone

20  number of the manufacturer, etc,

[0046] At the construction site, when a particular precast is to be erected, a
worker will retrieve storage location of the particular precast from the server. Once the

storage location 18 known, the worker will go to the storage to further verify that the



art will understand that besides high-rise building project, the
system may al so be used 5in many ot her geonstruction projects.

[0044]In a typical construction project of high-rise building,
precasts of different sizes and forns are to be vertically erected.
The idea is to place a precast on top of a foundation floor such that
the precast defines a |level of the building, and successively place
addi ti onal precdstmeont sdhe pfecashef fritgrsst. pherasicagon amyths ddaf usigg alRFID
successi ve upper levels. As successive levels are built, precasts

must al so beadwcby diltig Yhel woiked cim ghi@rthe IRFIDY fagrengetddwh enthEPhel mrecast to
installed on each piece of precast so as to detect the | ocation of

the precastyeddig ik RedtiBRibn nSin®kE §ﬁt11@|]i?€dé§dT ¥n %ﬁﬁédtﬁ)ilﬂﬂle%&{aﬁﬂ Wk be
e

rendering the precast tracking ineffective. e system 100 o

present inventi.aon,li bl Y NS ahas i Nl
51 0045] pr etet 0 4?8 Bl R CAIE ol oS ne B 1 e mast 102 of
facility. Atter fabric . egasts are sent nd. kept .in a
Storage? eath pveegans 18R Haei o o Siodatien BnBrRi Bhiis beindO ke
tag stores information retrievable for the purpose of precast

i denti fi catiBhC MRehgds micagatingy of treedstarminsdndly?| lopationcal e mast 102. The
identification nunber of the precast, materials and conponents of the
precast, named@ethital Hphonao6f thamet 10T of the savilinjila ctveer erane d00A will later
[ 0046] At the construction site, when a particular precast is to be

erected, a WPbdk@edWylthe LRTCI16Y Qs 8hoerBee lagahinidehtifykadpack ileUhasnt 3D
precast fromthe server. Once the storage location is known, the

worker Wi I11,88i dhQriiepREAL A8finl e [dishoier verify that the
10 [0047] In order to lift and hoist the precast in place, the precast is hooked to the
hook 108 of the tower crane 100A of the system 100. The operation of the tower crane
100A is controlled by the control panel 106. When the precast is being hooked onto the
hook 108, the RFID reader 109 attached to the hook 108 read the RFID tag embedded
within the precast to once again verify that the correct precast is being hooked. The
15 RFID reader 109 communicates the lifted precast identity information to the second
hook radic link 110. The second hook radio link 110 subsequently transmits the
information with regard to the identity of the precast to the first hook radio link 111 in
the control panel 106. The first hook radio link 111 then communicates this lifted

precast identity information to the LPTC 112,

20 [0048] Meanwhile, as soon as the precast is hooked to the hook 108, the
hoisting drum 120 starts running to move the hook 108 upwardly so as to lift the
precast. The HHS 121 detects the load state of the hook 108 and ground elevation of

the hook 108 and communicates the data to the LPTC 112.



11 particular precast is the precast of interest. The verification
may be done using a RFID reader, by whigp the worker can scan the
RFI D tag enbedded within the precast to retrieve the identification
nunber of the precast. Upon verification, the precast will be lifted
in place for erection by the tower crane 100A of the system 100. The
mast 102 of 5 the tower crane 100A is fixed at a predeterm ned 3D

| ocati on onl0P49 base ADthe sie tRT Qo Previdell pesition Gerpaedasiningflace, the precast
predeterm ned 3D | ocation of the mast 102. The predeterm ned 3D

| ocati on ofddehaotrasly nke@ t@be tupevashddhidiefl] buttabeticeds anbe LAQAIWshilfted. The
| ater on be used by the LPTC 102 as a reference to instantly identify

and track thgijnal ﬁHtIO?) Bf IRCBIPBaAE 1008 smqa%tcewﬂuﬂgzet dSshifP AR Ih@east
10[ 0047] In order to lift and hoist the precast in place, the precast

| s hooked ti?lteizhg/ @ﬁ%& B8 %ari&é& e&e%gg\ﬁ I]38£1 JXQQ{?E ﬁgllﬁ&?%i%sf(ﬁrglévgg the

The operation o t ower control

panel 106. en the a el.n ooked o he ho 108, .the

REI D r edder 088 e CHeS %ﬂﬁtﬂa b R0 B eare o MReEL g Brsaciighand
within the precast to once aggln verify that the correct precast is

bei ng hooke@gcorfpdby ths k¥ blg @@pvqo@eémmw&ét) adhighhide |hp¢>ls &OR pifashes is

identity information to the second hook radio |ink 110. The second
hook radi o dlsm&onddresiuoseouebint blydet inarsit o thehlerizohat patlidd sowistitr place the
regard to the identity of the precast to the first hook radio |ink

111 in the gmefst &lacPpaehladd) Eimilhey, fihd Blerllabdadca dif hd drdlkey LY Wwilerespect to
comuni cates this lifted precast identity information to the LPTC

112. 20[ 0048} Mean 15%1%9&6&91%@@&&@9?e{eeﬁa@his hooked to the hook
108, the hoisting drum 120 starts running to nove the hook 108

upwardly so as to |ift the precast. The HHS 121 detects the | oad
state of, t ok 10 r gqﬁ A
connuni%ﬁtg@ogﬁe datgpﬁ&g@%(%#g fgfaﬁé%@jg%ﬁ%g%%ggﬁﬁé%ggﬁeﬂ 11108 ﬂw
precisely pgsition th cast P t he precast does nof o
eed to be uptaedngedni a ot Mool s B e dR o) EE%PP{‘%V&W
The horizontal jib 105 of the tower crane 100A slews in a certain
angl e to shindthe heasprl@d ase measwed| thy datg) yeepnmaimensed it badelil erldét MG
position. As the horizontal jib 105 slews, the

reference to the predetermined location of the mast 102, the LPTC 112 translates the

data and derives 3D location information of the lifted precast thereby.

15 [0051] Upon 3D location derivation, the LPTC 112 communicates the 3D
location infoﬁnation and identity of the lifted precast to the server radio link 115. The
server radio link subsequently transmits the information to the crane radio link attached
to the server in the landed site office. A worker may view the information from the

server so as to identify and track instant location of the precast being lifted.

20 [0052] The system 100 is also applicable during transport of the precast from
the manufacturing facility to the storage. Similar to what has been elaborated above,
when the tower crane of the system is used to transport the precast from the

manufacturing facility to the storage, a worker may obtain precise information



5 slewing angle of the horizontal jib 105 with respect to the nast
102, is detected and recorded by the SA8114. Mreover, the trolley
107, to which the hook 108 attaches, is also configured to novably
slide in or out of the horizontal jib 104 so as to place the precast
exactly in place. Simlarly, the lateral distance of the trolley 107
with respect to the mast 102 is neasured and recorded by the TPS 113.
10[ 0050] OnclisstHiiedde stafng Halds shasormgdogptvnnel davetasion hef Rk tagogires
108, the slewi ng angle of the horizontal jib 105 and the | ateral

di st ance beifeentidhen preohitédenli@7arainte tifernmamh id @3dddebyrdastifrlethcaddreThe
data are conmuni cated to the LPTC 112. Wth reference to the

predet er m ngghliZ8GALitOA tAhsikiieh BRFtolléPdommifichkiliCwith3hd TRISS AL @HdIHNES is
data and derives 3D location information of the |lifted precast

t hereby. 1 0 . t j 1.0N, [ : :
comuni cat &Q%ﬁéieg% ngg%llls%%ﬁi?’%?gbrcgrr{gﬁ gﬁklgn ef%sgﬁ]?#rtcgl;ggﬁ tg%gnfi()rb %aé%ﬁble
precast to the serv radio,link 115 The server radi,o link, .. ~ .

B ubsequént 1R EpRiTbe SBRRE oshBih At o' Ee RR b€ rafif dhuingd) hintormation
attached to the server in the |l anded site office.. A worker may Vi ew
the i nf or mefid6FP N8 epBMyBIcHler 18 dhagerver: it tvhish Hisdwerkst kan Frdtigys and
| ocation of the precast being |ifted. 20[0052] The system 100 is al so
appl i cabl e dewithginforanatiporecoodingliye precast from the manufact uring
facility to the storage. Simlar to what has been el aborated above,
when the tower crane of the systemis used to transport the precast
from the nenesspct uri nig dmchdricmboion¢efshe pagent mvemidee thareaddtbiibitower
precise information 13 regarding the storing status and storing

| ocation ofcrhkiemBy B6Est fixcling ithbhde, bads gbyRturdnQiubBREA vaR tRA 1Y 86ASTs able
identity and the information is readable by the RFID reader. The

Locel <8, PSR, DFETSHEL D ERTHAHLSh GATTHE Skt e ek TP

ck I nstant the preca
By conbining this obtainab 5 information,_the.stori ggcati f
the pr ecas HREBSBEEF RS | SuATrpiied s RoR [ ohis BHeTS | Ear fAgl e
comuni cated to the server, fromwhich the worker can retrieve and
vi ew t he i rifase AaBRgd Sachys enablng the wosBingsaddeiihdo et ore tevehsheng
present invention, the saddle jib tower
a track 155. Rotation of the wheels 152 is used to determine instant 3D location of the
mast 153 of the tower crane 150. It is preferable in the present embodiment that
15  position of the mast 153 is always known as the 3D location of the mast 153 is used as
reference point for tracking and identifying the precast location. The instant 3D
location of the mast 153 is communicated to the localized position translation controller

(LPTC) 154, which later on will use the 3D location of the mast 153 to derive 3D

location of a lifted precast.

20  [0054] In a further embodiment, the traveling crane can also be provided with a
traveling position sensor for determining instant 3D location of the mast 153 of the

traveling saddle jib tower crane 150.



crane may not be fixed at its base, but is configured in such a way
that the crane is able 10 to travel alomng a track. Fig. 1 A
illustrates a travelling saddle jib tower crane 150. The travelling
tower crane 150 conprises a boogie 151 havi ng wheel s 152 provi ded at

t he base of mast 153, thus enabling the travelling saddle jib tower
crane 150 to travel along a track 155. Rotation of the wheels 152 is
used to det@p%hlne i nskmanvet 3Dother duither embphisnamys diffigential glhlalt pawtioning
crane 150. It is preferable in the present enbodi nent that 15

posi tion ofsystem magtalddBeiBedivayserhiewnsast BhelodRidoofthomaed 15hef the
mast 153 is used as reference point for tracking and identifying the
precast | oc@fjefRe sdh® jingf@ntradP150cation of the mast 153 is

comuni cated to %he | ocal i zed position translation controller (LPTC
154, which later on will use the 3D |l ocation of the mast 153 to
derive 3D l@?ﬁe@' on of Iltﬁs lt&ﬂi&athh&r fC2%bnst gi&g?cgl%/slitg,egiu&#iﬁ:%r&‘?rtower crane is

enbodi nment travel ing ‘crane can al so a traveling

position sensor for. determ ning.nstant 3D |ocation of the t,153.
F°t he i aviitig ctiaas ST BaiRekEieeiin of 3 PBeke Ayt dcktine
further enbodinent, differential global positiagning systemmay al so
be Used to HBHUANPHeWeheRasR 220 o ARi oM Bracendmiessyit e grbadyaent of the
traveling saddle jib tower crane 150. [0056]It is typical that in a
const r uct i oprefenbsinteationp| Theablutajitpfof thamerwear ramesi 1, 304ep3oydd. is Birgichal
illustrates a schematic diagramof a construction jobsite 200

depl oyi ng pdrutual ihkeyolgdic 200EWhdnaihe podfdn oP0Zs pAlduladver Drade COB damoefar
wi th one enbodi nent of the present invention. The plurality of the

tower cranego,dQie se20:4.20203 1and04 oifﬁ:e,sﬁl'é%&%?%dﬁf RuNgr &Qﬁpdr@&ﬁ&tt@}vgio&ane

When the position of one particular tower crane 203 is too far from

t he seryer S5 in | f radi gl )

par 1 cultar Zenms aERERs U iuplclf, 95 Y bR Rt I Bl bl s 205
cranes radio link 206 in the server 205 accordingly. In this event, .
the server FEHWEY -l BEs eKEtpict LA CoNRY O HR PaGqar Wit fFa0s Wil
data of their lifted precast to other neighboring tower crane 201,

202 or 204 wingseicgies daie of BreyrdHicpasecapistosuibgy negzhbaring erwepyane 201, 202 or
relatively far tower cranes will eventually reach the server 205

t hr ough sucl)ctasen tdaba satedn U s siibh,0087 [filoin sinaldlatbelyu frd @ wtioadndsywill
persons skilled in the art that although the above exenplary

enbodi ment d\en@ERE idabe theWetRr DS RRGIgH ACh BRhid afa Abligaddl e jib tower
crane which the horizontal jib is fixed to the mast, any other
configurations of lifting machineries may al so be used accordingly.

The ot har GgpdA 9ur at | NG Pfhel dddbisifba LGS 88116 Y '1RC LY ARail ML the
jib tower g?aggs, whi ch ??beéan Se tﬁﬁfgé accordgﬁéfy, Sl oh¥ th
above exemplary embodiment is described with respect to the use of saddle jib tower
crane which the horizontal jib is fixed to the mast, any other configurations of lifting
machineries may also be used accordingly. The other configurations of lifting

machineries may include luffing jib tower cranes, which jib can be tilted accordingly,

20  traveling cranes tower, and many others.

[0058] Fig. 3 illustrates a schematic diagram of a system 300 for precast
tracking according to another embodiment of the present invention. In this present

embodiment, the tower crane is luffing jib tower crane 301. Mast 302 of the luffing jib



20 traveling cranes tower, and nmany others. [0058]Fig. 3 illustrates
a schematic diagramof a system 300 for |precast tracking according to
anot her enbodi nent of the present invention. In this present

enbodi ment, the tower crane is luffing jib tower crane 301. Mast 302
of the luffing jib 15 tower crane 301 is fixed to the ground on its
base 303 at a predeterm ned 3D |l ocation. Horizontal jib 304 of the

| uf fing ji bto3@1 ciage BOhdetixedbtorthe erand onHistbashd0} pba pEgeieanined fP lgpation.
and down accordingly. Lulling angle of the horizontal jib 304 with
respect to Hhezemsdt)jibl3UR ¢istherbdGug @th 30y ishingéd ingasirilahdehs gb 304 AS) Tuff
311. 5[0059]Still referring to Fig. 3, the luffing jib tower crane

301 furtherusahPab&eSicorBRigBL TR thinld b8 1epesahel ?)i@ JAVREh hepkct303he
upward and downward. The hook 305 of the luffing jib tower crane 301

is fixed atmtagf%OQli'gﬁ%asﬁlgcfbyﬁf(%&gﬁng%glg%gﬁj(ﬂﬁsg 33p4. A hook hei ght

and wei ght sensor asse Interfaced wth the hoisting
drum detects the | oad state of the hook 305 as well as ground

el evat i 0 e hookg305.¢ 0] The b 3 furthe @& REID .
reader 3%6 @H%ﬁa seco%%ﬁﬁggi%kgg?gigiﬁ 1®g§g3%30?§%%F%%“ggiﬂﬁﬁagﬂm““”
enbedded within.th recast d comuni cat | the precast d 0 a
first hook ?AiRa JiHR SGeoReFHE %\fﬁsrhapfééﬁgpwg‘ ga,ndrd@%’ﬁ@fefﬂf 5’3??}9@%@5
first hook radio |ink 308 further transmts the data to a |ocalized
posi tion treandedeliiss ibdaveoriaae 3¢LpTiged3tohd putehendcoithe dbripariadl jilsdet. A
15[ 0061] I n addition to receiving precast identity information from

the first homk hedghtand iwdigld @8psot heseimBIQTHIP) 3 mtestacabnithghe doistige drum
recei ve nmeasurenent data recorded by both the HHS 312 and LAS 311.

Wth ref er engetd Gl fiteofi@le@bok DETadhell 8¢ alohfi cRlatdiMBShockOR)S. t he
LPTC 310 processes the data nmeasured by the HHS and LAS to derive the

instant 3D |ocation of the lifted precast. 20[0062] Cperation of the
system {4 i | joggécd9 t uf tTAILHAPIGPWRINF HANE RID eQddr FRBKanBNsecond hook radio

link 307 for reading RFID tag embedded within the precast and communicating the
precast data to a first hook radio link 308 in the control panel 309, respectively. The
first hook radio link 308 further transmits the data to a localized position translation

controller (LPTC) 310 in the control panel 309.

15 [0061] In addition to recetving precast identity information from the first hook
radio link 308, the LPTC 310 is also configured to receive measurement data recorded
by both the HHS 312 and LAS 311. With reference to the pre-determined 3D location
of the mast 302, the LPTC 310 processes the data measured by the HHS and LAS to

derive the instant 3D location of the lifted precast.

20  [0062] Operation of the system utilizing luffing jib tower crane 301 to track and
identify precast location is described as follows. Identity of the precast read by the
RFID reader is transmitted to the first hook radio link and subsequently to the LPTC.

Luffing angle of the jib 304 is measured by the LAS 311, and meanwhile, the HHS 312



identify precast location is described as follows. Identity of the
precast read by the RFID reader is trandéaitted to the first hook
radio |ink and subsequently to the LPTC. Luffing angle of the jib 304
is neasured by the LAS 311, and neanwhile, the HHS 312 16 detects
the | oad state and ground el evati on of the hook. The information of
the tufting angle as well as the |oad state and ground el evati on of

t he hook ar@t%ﬂg%@e depthipte cad éaptmﬁtegp\iaw ehthe hopls. Thoméamaiien of the luffing
reference to the known | ocation of the mast 302, the LPTC 310 5
transl at es angle dsnvdl asathic derndotfate hed giebingd nlyvaligl & thabogr eerdsoaiosannioned
of the hook to neaningful instant 3D location of the |lifted precast.
The LPTC 31With Herl.RT@AsM ts the instant 3D | ocation information of
the lifted precast as well as identity of the lifted precast received
fromthe first hook radio link to the server radio |link. The server

radi o I'ink pbda) furt h@fihtiefnaet tio the khoWw@nemtibe BT e hiag S0aREs Lradi 910
link attached to the server 10 in the site office. The server nay be

connect &d 0, Q1 H38he ifoBhARGE of % Ynt\fg{l%i;' aF%I\éMg@Fe rofifd]! e%ivét?(lﬂa { deh()(%k to

articulate the infornati on accor I anot her enbodi nen

of the present .invention he..tufting.iib tower.cr not. be .
Cixed at | ooVl agRrbhoF USRS TR TR TY My dhe
able to travel along a track. Fig. 3Aillustrates a travell.ing _
lul l'ing ji bn$taesD dpehien3gtprmepan off the HHGEPTecat ot ag identitysghthe lifted
conprises a boogie 351 having wheels 352 provided at the base of mast
353, thus enetssi geivebirpmathe fikgt hgok oadér link e tsorver mdal ligd. dig server adio
355. Rotation of the wheels 352 is used to determ ne instant 3D

| ocati on oflitkheilnastheB3dansafit thbénfoanetioncihane cAhés ralifo lirk prehal arhe server
that 3D | ocation of the mast 353 is always known as the 3D | ocation

of the jgStiHIRBsiteSoMREATRS s & SAENEE cRRBEA §OL vh&iBiRlE G, AAvhieR a worker
identifying the precast |ocation.” The known 3D | ocation of the mast

353 is co i . i - DOSI 1] ransl ation controller
(LPTO) 3SZW%Eﬁ%%h&%PP%g%gﬁﬁ%ﬁ%3#§%ﬁg%£}%ggﬁﬁg%% 3D |l ocation of the
mast to derive instant 3D location of a lifted precast.

[0064] In another embodiment of the present invention, the luffing jib tower
crane may not be fixed at its base, but is configured in such a way that the crane is able
to travel along a track. Fig. 3A illustrates a travelling luffing jib tower crane 350. The
15 travelling tower crane 350 comprises a boogie 351 having wheels 352 provided at the
base of mast 353, thus enabling the travelling tower crane to travel along a track 355.
Rotation of the wheels 352 is used to determine instant 3D location of the mast 353 of
the tower crane 350. It is preferable that 3D location of the mast 353 is always known
as the 3D location of the mast 353 is used as reference point for tracking and
20  identifying the precast location. The known 3D location of the mast 353 is
communicated to the localized position translation controller (LPTC) 354 which will
accordingly use the known 3D location of the mast to derive instant 3D location of a

lifted precast.



17 [0065]In a further enbodinent, the traveling crane may al so be
provided with a traveling position senspr for determ ning instant
position of the mast 353. [0066]1n yet another further enbodi nent,
differential global positioning system may al so be used to
determ ne instant position of the mast 353 of the travelling 5l uffing
jib tower crane 350. [0067’V%i|e al | above exenpl ary enbodi nents uses
known | ocatla6] of t hdnaduttheafenbndimeniethe draaplingaeranemay alvedegupyided viith
identifying and tracking 3D |l ocation of the precast, it shall be
under st ood atthatlifd pesitiaxenglr dotydedrbogingemt st posti@r ofihd edhstiEdei n so as
toillustrate the present invention better and shall not limt the
present 10 invention in any way. Any conponent of the tower crane,

whi ch | ocatieoee) i s predey@r ghdibel YokieWembstyeNe Usernas Lefbar gsRioning
point so as to identify and track 3D | ocation of the |ifted precast.

[ 0068] Sone s%&ﬁ%%ﬂzﬁ?o 8L n43i B YclRRimYRita P REiHbRSf RleSRRRB5E BY BRI -RRing

are that the systeém provides opportunity to uniquely 1dentify each
precast _with.the. help of RFI D tag enbedded therewithin, as well
as to p?ecﬁ%fW§J*§83EEn?%%§%%ecast inreal time. Wth reference to
predeterm ned | ocation of the tower crane, 3-dinensional |ocation of

R M TR GRSt T
mast of the tower crane as reference point for identifying and tracking 3D location of
the precast, it shall be understood that those exemplary embodiments are provided
herein so as to illustrate the present invention better and shall not limit the present

10 invention in any way. Any component of the tower crane, which locafion is

predeterminedly known, may be used as reference point so as to identify and track 3D

location of the lifted precast.

[0068] Some advantages of using the system of the present invention are that
the system provides opportunity to uniquely identify each precast with the help of
15 RFID tag embedded therewithin, as well as to precisely locate the precast in real time.
With reference to predetermined location of the tower crane, 3-dimensional location of

the precast can be easily tracked and identified.

[0069] Further to the above, communication pathway of the system of the
present invention will not be blocked by the rising building as successive floors are
20  built, or by any other tall neighboring building. As successive floors are built, the tower
crane of the system must accordingly be positioned in higher elevation on the building.
As such, the server link of the system of the present invention, which is responsible for

any data communication regarding the precast, will always sit in position higher than




present invention will not be bl ocked by the rising building as
successive floors are 20 built, or by By other tall neighboring
bui l ding. As successive floors are built, the tower crane of the
system nust accordingly be positioned in higher elevation on the
bui l di ng. As such, the server link of the system of the present
invention, which is responsible for any data conmuni cation_regarding
t he precasthe Wghestalewelyaf dietrising podding on neighering Rafdingg apgél pioyhies an
| evel of the rising building or neighboring building, and it provides
an obst r uctobstmadtivediearmuminietioo pathatavayhd systelreofsthis peemdfintengon. This is
present invention. This is in contrast to previously known precast
tracki ng systemdst kepldPDukRHndkingstedadt PAREAS bysteM BkeIGPY @dialled in precast,
comuni cation of the UPS is prone to obstruction by any tal

bui I 'di ng.  SAR§HGM0 LHENRINGIEDE of EEHPE QNpGAY ltﬂ oﬁ#ﬁﬁ%ibﬁ ug &n} RA1 HSRLRAE.
r the | Ke, a

bul ky and expensive, yet i1nsensitive UPS o0 a device t
track apd identify position of. a precast. [0070] The ,above descriptio
st - it ed U aiholis Esoli st sPUEEBiuisoht Yiog Reh fuf ERGiREnS
exanpl es of how.aspects of the present invention nmay be inpl enented.
Wi | e speciuvseeﬁtéﬁ%@aﬁn@ﬁggh 5078 2IGRRC elsesls TSN Pt Pl et | 5
10 understood that many changes nodifications, variations and

conbi nati ons thereof could be made to the present invention w thout
departing fi¢%R1 t he sddwebore dersriptiens Bhstrptay Bprigusrembpénegidoethe present
exanpl es, enbodi ments, instructions semantics, and draw ngs shoul d
not be deenmantion kdorigheitbndxynpidsodi hewt spedndfdhe ppesestentventidromay be
illustrate the flexibility and advantages of the present invention as

defined by jhBRmbafcal Maicngetifiai diodindéhts have been described and illustrated it is
10 understood that many changes modifications, variations and combinations thereof

could be made to the present invention without departing from the scope of the

present invention. The above examples, embodiments, instructions semantics, and

drawings should not be deemed to be the only embodiments, and are presented to

illustrate the flexibility and advantages of the present invention as defined by the

15 following claims:




Claims 1. A 3-dinensional (3D) precast |ocating systemfor
identifying and tracking 3D | ocation, th@at includes ground el evation
and geographi cal l|ocation, of a precast, wherein the system
conprises: an RFID tag enbedded within the precast; a precast
lifting machinery having a hook for lifting the precast, wherein a 3D
| ocation of the lifting machinery is predeterm ned as a reference;

an RFID reader attached to the Iifting rfdeHiSnery for identifying the
precast by operationally reading the RFID tag of the |ifted precast;

a sensor assenbly for detecting an instant 3D | ocation of the hook
with referehce t& 3t-¢hi@lq@iﬁi9d@t(éDgimwsl‘SchatblgaﬁtYB@m ofr idgnaifying tand gracking 3D
machi nery; and a position translational controller for holding

t he predet eibmtivad (B imebalks growid thealidd tanhd ggavaciphivelr Yocatihe, pbsa pranst,
transl ational controller is operable to derive an instant 3D | ocation
of the |iftgRePharasisihasatp@rst he 3D [ ocation of the hook detected
by the sensor assenbly, w t}l)'u reference to the predeterm ned 3D

| ocation of the lifting nmachinery. 2. The 3-dinmensional (3D) precast
| ocating system . ac ' [ N i.n the sensor assenbly
further rreasures%lﬁgrggg%%)t%da(%@%@%ﬁ% %% { 3. The 3-di nensi onal
(3D) precast |ocating systemaccording to claiml, wherein the
lifting machinery i - .ane. The .3~ di [ opa

precast |ocati ngz}lgﬂ?’s?sgrlﬁtﬂg @P‘g‘{lﬁéﬁthgvégﬁ l?ﬁjoé{, Q\%@%n ﬂ?}i@{{ﬁ%& 0\5’\%‘%%(% aar%g
conpri ses mast d a horizontal, jib, wherein t hook of the
lifting machFHERidy %ﬁlaggmg@awalﬁ cHﬁ‘&eteFi‘queaﬁ@?Hé}g’fenf%e hori zont al
jib, wherein the instant 3D | ocation of the hook is determ ned based
on di stance and ground el evation of the hook on the horizontal jib
with reference ta RHE neder attashedrioethg Jidingemarioneny formenpiyasmie precast by
| ocating system according to claim4, wherein the horizontal jib is

sl ewabl e abmutatiohellymestingnicc RRED sendohie Edsigmbdagt; measur es st ewi ng
angle of the horizontal jib with reference to the mast. 6. The

3-di nensional (3D) precast |ocating systemaccording to claim4,
wherein the horizgaisal dstdmblg floufdetdetiag adnolistanheSDrasatiandoft e 8edlS Gvith
assenbly nmeasures luffing angle of the horizontal jib.

reference (o the predetermined 3D location of the lifting machirery; and

a position translational controller for holding the predetermined 3D location of
the lifting machinery, the position translational controller is operable to derive an
instant 3D location of the lifted precast based on the 3D location of the hook detected
by the sensor assembly, with reference to the predetermined 3D location of the lifting

machinery.

2. The 3-dimensional (3D) precast locating system according to claim 1, wherein

the sensor assembly further measures the load state of the hook.

3. The 3-dimensional (3D) precast locating system according to claim I, wherein

the lifting machinery is a tower crane.



7. The 3-dinmensional (3D) precast |ocating systemaccording to claim
4, wherein the hook is attached to the Bbrizontal jib by a troll ey,
wherein the trolley is novably slideable along the horizontal jib,
thereby shifting the hook laterally along the horizontal jib. 8. The
3-di nensional (3D) precast |ocating systemaccording to claim4,
wherein the mast, of the towe ane is fixed on its base to, th .
ground. 9.%The e eneioal (Y pyregrsklosaiing Sty ﬁ@c@% S 308 o dibgin
to claim4, wherein the tower crane is a traveling tower crane. 10.
The 3-di mendiedoer (3m) cpnpdws ¢ Mast and adosigentelnitlacelrenibe hepkeplaibmidting
wherein a boogi e having wheels is provided on the base of the

travel i ng tmaerinaicane disposed eldyngathe dapgtig of ke kowmentat jianehteit thavirdtant 3D
along a track. 21 11. The 3-dinensional (3D) precast |ocating

syst em accopdititth ¢fah€ habisltcrii@iicialed & aista@be Md sldandBRehFor0f thdBook
boogie is used to determine the 3D | ocation of the traveling tower

crane. 12..T %}%ﬁg&ﬁgqgégpﬁ&dgégaQgﬁﬁgg%_locating system accor di ng

to claim10, ereln a erenti a positioning systemis
installed to the lifting machinery, the differential global

posi ti oni ng: system d d nm.ne 3D | ocation of th ravelin
Poner oranes” 1o mrdteliudh L ThP Gk BTt p3ER 1 80ufhe Bl A
according t | ai m 1, wherein the sition ansl ational, controller .
is attac hedt%sff%zq%é igy IStS[f—@vaBIef%bPHGt%ﬁ@&ﬂ ﬂ@@‘e senpar aspriabky THEARRISS PloNARS
(3D) precast |locating systemaccording to claim1l, further conprises
a communi cadtigdhofl the kogaital bibevitlorefarezoedaithetngsg t he i nstant 3D

| ocation of the lifted precast to a server. 15. The 3-di nensi onal
(3D) precast locating systemaccording to claim13, wherein when the
comuni cat i@n | i ke Bslirnatsioh! (dhgacalst deetirpesystam atdoedicgmoulaine dt vbprein
link is operable to transfer instant 3D |location of the lifted

precast to @khefriz&RainicRithen dbbitkpe GRRNGEE 8@ sehsdr Q@sqﬁﬂﬂ})v’ﬁ{easurésﬁlufﬁég
met hod for identifying and tracking 3D | ocation, that includes groun

el evation and 0e0dL R £@l ifocation, of precast, wherein the nethod
conpri ses: é%%éﬁggng én 5 tag within the precast; lifting the

precast using a precast |ifting machinery having a hook, wherein a 3D
location Of7.t he 'Hle]: $ 148 enrg?o%gl fﬁj)ylarlecsasp fo%ét%legt seyrs{gmn gcgc;ording to claim 4, wherein

the hook 1s attached to the horizontal jib by a trolley, wherein the trolley is movably

slideable along the horizontal jib, thereby shifting the hook laterally along the

horizontal jib.

8. The 3-dimensional (3D) precast locating system according to claim 4, wherein

the mast of the tower crane is fixed on its base to the ground.

9. The 3-dimensional (3D) precast locating system according to claim 4, wherein

the tower crane is a traveling tower crane.

10. The 3-dimensional (3D) precast locating system according to claim 9, wherein a
boogie having wheels is provided on the base of the traveling tower crane, thereby

allowing the tower crane to travel along a track.



22 reading the MD tag enbedded of the lifted precast for identifying

the lifted precast; detecting an 2hstant 3D |l ocation of the
hook with reference to the predeterm ned 3D |l ocation of the lifting
machi nery; and deriving an instant 3D location of the lifted

precast based on the 3D | ocation of the hook with reference to the

redeterm ned 3D. | ocation, of lifting machinery. 17. The thod |
of claim gl f uPEfﬁﬁr-gl@%ﬁ%&OP@égBS PLAGaTHIOH NG ST FRaY e 1aBleipd Ot WaRein
of the lifted precast to a server. 18. The nethod of claim17,
further corplatisesftthanghgels phgha heodings aned 3D deswatnieotheotDtlpeationf el the
precast to other communication |inks connected nore closely to the
server. 1%avile twetchoenaccording to claim 17, further conprises
storing the instant 3D location and the identity of the lifted
precast in a nmenory provided in the server. 20. The nethod according

to claim 172 furltthe-digpiohsqSDy bphaYbdadnt bastdnnsta@ndind® tiarat 0ORhaes
the identity of the |ifted precast in a user interface connected to

the server., ddferentidf g@a@‘%{%ﬁg&?&%[g?isf%xﬁ O Cingth R dL Go tﬂ@eﬁfﬁg@é%&‘c[’}ﬁﬂ’ér Jihe

an instant 3D | ocation of €d precast based on t ocati on

of the hook;.mi th.r rence.-to th redet er,m ne D at i.on he ..
i tting madk Henyh Bl RS Sl SRR BRATREH ot the l¥Feing
transl ational controller performng the derivation to top part of the
lifting nadfVfed§1e 22, The nethod according to claim 16, further

conprises determning the 3D | ocation of the lifting machinery.

13. The 3-dimensional (3D) precast locating system according to claim 1, wherein

the positibn translational controller is attached onto top of the lifting machinery.

14, The 3-dimensional (3D) precast locating system according to claim 1, further
comprises a communication link operable for transmitting the instant 3D location of the

lifted precast to a server.

15. The 3-dimensional (3D) precast locating system according to claim 13, wherein
when the communication link is out of range of the server, the communication link is
operable to transfer instant 3D location of the lifted precast to other communication

links connected to the server.,

16. A method for identifying and tracking 3D location, that includes ground

elevation and geographical location, of precast, wherein the method comprises:
embedding an RFID tag within the precast;

lifting the precast using a precast lifting machinery having a hook, wherein a 3D

location of the lifting machinery is pre-determined;
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reading the RFID tag embedded of the lifted precast for identifying the lifted

precast;

detecting an instant 3D location of the hook with reference to the predetermined

3D location of the lifting machinery; and

deriving an instant 3D location of the lifted precast based on the 3D location of

the hook with reference to the predetermined 3D location of the lifting machinery.

17. The method of claim 16, further comprises transmitting the instant 3D location

of the lifted precast to a server.

18. The method of claim 17, further comprises transmitting the instant 3D location

of the lifted precast to other communication links connected more closely to the server.

19. The method according to claim 17, further comprises storing the instant 3D

location and the identity of the lifted precast in a memory provided in the server.

20. The method according to claim 17, further comprises displaying the instant 3D

location and the identity of the lifted precast in a user interface connected to the server.

21, The method according to claim 16, wherein deriving an instant 3D location of
the lifted precast based on the 3D location of the hook with reference to the
predetermined 3D location of the lifting machinery further comprises attaching a
position translational controller performing the derivation to top part of the lifting

machinery.

22, The method according to claim 16, further comprises determining the 3D

location of the lifting machinery.




