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WD 2004/ 059258 PCT/ US2003/ 041365 1 2 APPARATUS AND
METHOD FOR DI SPLAYI NG NUVERI C 3 VALUES CORRESPONDI NG

waooieE2s#OLUVE OF SEGVENTS 4 OF AN | RREGULARLIYCBHS®0REN41365

ITEM5 6 7 Cross Reference to Related Applications 8
This invention clains the benefit of U S. provisiona
Serial No. 60/436,078, 9 filed Decenber 23, 2002,

U S. provPPARKETTUSANDRMEYXHOD WORID. YING etMERIE! Y
16, 200AALUES CORRESPONDINGITED THE VOILUME GOSREIMIEN DS
filed March 11, (KOQNIRR]B}UQAR‘IJYSS‘»MBEDSEEM .

60/ 498, 639, flled August 29, 2003, U.

provi si onal Serial No. 60/520,812, flled 12 Novenber

17, 2003. 13 14 Background of the Invention 15 This

CRoteREfeRAc 10 ReBidASASpliBatfs €Ct i ve segnenting of
Irregularly shaped 1tens 16 such as fish filets, or

nmeat cut s, Thdhbdnfibh Slainks (B benb® 201N prRfisial &napﬂmo%?% 078,
and bul ky 17 machinery has heretofore been devised for

A4k PEBdrhieRb YooY & r}QmHBoﬂa‘P Qekiall N G0/£40G0 1 aﬁlecﬁ a%ﬁeg}% 2003,

f|IIets into portions of a desired wei ght

Bag @ml&me@@ g@ggéﬁgg 32‘5%‘%% PPBh LA l;ﬁS\ﬁsmlga?S?nal No.

pre- wei wever, ‘at t

k@){@é 5 tﬁ‘fedpA tlefg] 2(?’]03 in&%%.jﬁfﬁévlgg‘naﬁ Se Wot &)/??)géﬂﬁnﬁled

|rregu I'tem suc
glbi or PF t cut to a particular weight requested
3 y a du oner (or to a price based on the weight)

or to determne the weight and/or cost of a 23
sel ected portion. When a custoner requests a certain

ht EQﬂLeﬁp f a food itemsuch as a 24 fish
ﬁﬁﬁ%@%——%—segngﬁP—ls cut fromthe item based on the
best esti %IS m\EreErll gn C(}/ncctirlﬂse th% %élgc R/e ge%gmtentlng of irregularly shaped items
such as fish filets, or meat cuts, particularly at the point of sale. Complex and bulky
machinery has heretofore been devised for automatically cutting up food items such as fish
fillets into portions of a desired weight in food packing operations which supply food retailers
with pre-weighed packages.

However, at the retail level, the problem still exists as to how to segment an
irregularly shaped food item such as a fish fillet or meat cut to a particular weight requested
by a customer (or to a price based on the weight) or to determine the weight and/or cost of a
selected portion. When a customer requests a certain weight portion of a food item such as a
fish fillet, a segment is cut from the item based on the best estimate made by the server as to

the weight of that segment. Too often, upon being weighed, the selected portion does not

turn out to weigh (or cost) what the customer requested due to the difficulty in estimating the
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wei ghed, the selected portion does not 26 turn out to

woweioghs2es cost) what the custoner requested dRET/US20031@41365

difficulty in estimating the 1 WO 2004/059258

PCT/ US2003/ 041365 1 weight of a particul ar segnent of
quite variably shaped food item This is a particular
Reightalf b pantieilatsegment pEquitnadeblg srpet od ¥dns.0Thia iscayslrivuki

may sonetinmes wish to see how nuch 3 a certain
pobiemorithvieexphsenced secvesd Alsd) @lcadt@ndriayBomtiiraes wish ke how much
The af orenenti oned automati c 4 nmachi nery cannot do

4 baraingroetionSvdighs (atdosiEMiesaie thidipbRidn iscut. ETHRI dforsféioned automatic
applications, as it is too 5 bulky, conplex, and

RAPERSH deandtdbd thiehd ik nshyReriEesuifed td refall shcrpeap?béaﬁeﬁs, ad it is too
the present invention to provide a relatively sinple

bulky) 86npleRRfd PR foPRRAISAbMSseand met hod for quickly
providing an indication of the weight and/or 8 cost

of a part irGytdlobjeRof theSRERRNAvRTiofd prdviRGULRIVly SRPRAE use
item 9 It is another object to provide such apparatus

A oABLAaphaMth i d nfortRH 6 AR &1y Bbvidih g atlBichibrAor iRl Wibht and/or
fish or neat market or el Ssewiere for accurately and

&Jé{&@ﬂéﬂﬁﬁﬁ%&hﬂ&gﬁelgt%ffﬁﬁgﬁgﬁ@ﬂ/ Qﬁ}aéﬁfite'irhe wei ght (or

cost based on weight) o el ected cut or uncut

ST OBl 8 ST AR 5 T
ST AT el R R
Sy B0 P FLIa) ty B ST gy

ant ageous

hﬁdlpm;q%%gknilk applications as providing a | ower
Cost At érnative ™ or exi sting autonmated processing 17

equi pnent 18 9 S ry of the |Invention 20 The ..
Shove T ec e PnapEend TRt st alsd e RITE U afetighfie qpptications
appreci at.ed.upon 1 readi.ng of.the foll owi n .

8RBE FRpE i b aRed ao & nirfiier e Reighlfr st e quickly and
devic? W@ﬁfh ) . ) .
accurately. ile particularly advantageous for retail sale use, it may also be used in

industrial applications as providing a lower cost alternative for existing automated processing

equipment.

Summary of the Invention

The above recited objects and other objects which will be appreciated upon a
reading of the following specification and claims are achieved by a compact device which
may be manually operated including a sensor bar supported spaced above a table, conveyor

belt, or other support surface at a predetermined height thereabove sufficient to provide
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supported spaced above a table, conveyor 23 belt, or

worlensespport surface at a predeterm ned hei gh€T/US2003/041365

t her eabove sufficient to provide 2 WD 2004/ 059258

PCT/ US2003/ 041365 1 vertical clearance for the

expected maxi mum t hi ckness of the range of itens to be
wgenb rlegdnce i@ thihexpseersmaxitnam thickypsy ¢f thd dangesoftitems belie se@mented.
be relatively noved with respect to the support 3

Ther feawe bircuporpivwe thedaeto banelativeBngovet evithtréspeatsd the support
bei ng supported at the predeterm ned 4 hei ght above

funfacd talbe @ased bwee end aldtg theitao whil@beitBfippated 4PPO pfc@ete@iined

a post at each end, with 5 the posts held vertica

Roight bb@vesigNnaile sirfice. ghiietebot Barlchis bRy HEHRAon ARBSLAL bath BYA, with
the operator. 6 In this enbodi nent, the sensor bar

ha PodtehdIDVEHcad] bREthY sedforbBesidalif itS MbIsedit mBMMAIIAbS fhe operator.
freely 7 lifted clear for use el sewhere.

A thi€ bABbAiMBhtY the s&B013RN SR be RRIves BBIPEn BERRA fuifbce, and also freely
el evated above 8 the table surface by uprights and

B ddfeab 82 b WSowht R, Reem@iily, HenEhol Bar 'cﬁlrc’%ece%‘he\ﬁﬁeﬁ%% fled above

and 9 position as it is stroked across t

fhb eviePRl e by%pﬁglgs afd bitle HR&n A vt %trgﬁeedrfﬁﬁ Blilofation and

stroked along't [ength of an 1temto

@gg@%ﬁ%%ksctla&&épgrvﬁa&l%?aexa&éen pl aced on the

surtace. A selectively controlled 12 powered

oper ati on I in | .
provi ded Fﬁ£gﬁg&g%ﬁgﬁﬁépﬁ%émééﬁgéﬁnﬁT%ﬁﬁgﬁxég%ggP%%ﬁﬁmntobe
: r rries a,sensor

imeed Ohltn b Brio i BERARG A 68 ek T 3HRARbY controted
nerating signals corresponding.to the. cros .

BB ke potagt Dat Rz glso B Brogided iy eqppuained sensor

Qass%d.over during the novenent of the sensor bar. In

2 OHESH nents, one or 17 nore sensors eit her

si mul t ane Uﬁ%% or s quentball .measure the height of

poi nts on (P Ey t0e FSQL T REIFS 3 AT BTG bRFPT SR one or

su%port surface ggéng beneat h t he sensor, b?r and )

GaireruPr 2pacral Is EoeR Py cfesepestional opmigr of each section

di spl acenent neasuring detectqQr arrangenent is also

@ﬁaa\ﬁea’é%ﬁw%? Qb darRgthe Mpveient of e sensprdlr 1Bapme Fgpestipents, one or

detecting.the extent and direction of displacenent of
MRS sepseEsither simultaneously or sequentially measure the height of points on the upper

surface of the item above the support surface lying beneath the sensor bar and generate
signals corresponding thereto.

A displacement measuring detector arrangement is also provided associated
with the sensor bar support detecting the extent and direction of displacement of the sensor
bar when being passed over the item on the table surface, and also generating corresponding

signals. The sensor and detector arrangement signals are transmitted to a suitable
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surface, and al so generating corresponding 23
WGee@nakess The sensor and detector arrangenment BCTOS1083/041365
are transmtted to a suitable 3 WO 2004/ 059258
PCT/ US2003/ 041365 1 m croprocessor based signa
processor, which processes the signals to continuously
adrerbEsr bised bignad prmgksast, whick proaessesthe sifrelsto eordtinuously calculate
segnent of the item | ocated behind the section over 3
thkicuinulptinee whnsoof thauncussepmeait bof the @e@mdbcaed bBhiad thelsSction over
relative positions over the itemon the support 4
which #eesensdr Eadhpaitiohtegeadhwrits fdldtive pyatidh§Bver the item on the support
cal cul ations may be converted into 6 correspondi ng
nufies.i ¢ wei ght val ues based on a predeterm ned nenory
"stored density factor 7 for the particular type of

item whi dach aCthese cililae voliindd GARH1BbAGHA R Batdri¥d fem

a |l ook-up 8 table or value | oaded into the nenory of

EdiesSun@MgnuRe RS REBRY valubdBR61 S BldeMiled MenR) MERd déhsity factor
(or nunerically indicated prices based on weight) are

£ el JAHRURBE ¥pObe B, SHidnsdidr rﬁleiysoglo@%ﬁ{éﬁ @ﬁctrdln(?cah? ﬁgrgna lg%k-up

sensor bar passes over the itém 11 The segnen

%er o%_ LAR foBfed th® rﬁlé"ﬁl&rﬁo? ogg]xle gﬁng%ﬂﬁ@%oﬁ. | yh%getrﬁlgnegg iw%;ght values

2 provide a segnen curate

0]
g)? ﬁ%&l@d’aﬁif ﬂﬁﬂ;g{’é!g :pg%}s b ofi %E%%) aile?’co}{ﬁﬁdo%ﬁ Blé&ge%}feg)g&eigﬁayed as

Sensors an acenent ectors may

e séx{é84 %ﬁh&hﬁes chapigal . el ectro-nmechani cal,
optical -nmechani cal, acoustic, optical devices, or 15
other dev Ilﬁ]g %éé%#%t énl‘i)rélctlteﬁo%%ee Qt%nlarm n?} lglﬁfeta%) Tl%yhs?lg(\?\tg(? é(glrlt to

W1
bar, and t sor bar can sel ective

vieFh ot PR AT bl B R ncpen S 11
L om . OPBES Be gt PR R el ppime bo amployed

eXx | e he knjfe, ink rker devices, heat.ing,. ,
B BB ol ety SPtsp SRR ARy Optcal devics, or
&%un ers, for later cutting off of the segnent

TEEVEE: A knife can 21 also be separately stored or

det achabl nted to the bar and retrieved to perform
t he yA Et?i%]e may be mounted to the sensor bar, and the sensor baFr) can be

selectively lowered by retraction of sensor bar rod supports, allowing cutting of the segment
with the knife still attached to the sensor bar. Or, alternatively, the item may merely be
marked or scored with, for example, the knife, ink marker devices, heating elements, laser
burners, or sharp pointed plungers, for later cutting off of the segment selected. A knife can
also be separately stored or detachably mounted to the bar and retrieved to perform the
segmenting cut. A separate knife used to cut the segment may be guided by surfaces on the

sensor bar support.
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segnment may be gui ded by surfaces on the 23 sensor

whan4ssmport. 4 WO 2004/ 059258 PCT/ US2003/ 0413B6T/US2083/041365

powered cutting device such as a rotary bl ade or |aser
can al so be nmounted 2 and driven to traverse al ong
the sensor bar and cut the iteminto a sel ected
segnent . 3A pdwdded cutfigyg desive sfchtabe rdirgbladgsr BseF b4l bk mounted
is a pictorial view of a first enbodi nent of an
aphdivan tstravese albhg thetsensofba el qut #Béwin ihtd\aeBleted sepieht.
an itemto be segnented shown in phantomlines in
position on a 7 supporting table surface shown in
fragmentary form and with an enl arged view of the
Degtmiption & the DERSERr case. 9 Figure 1A is an enlarged
pictorial view of a control case conponent of the 10
appar at us IAM id Mpiftodal VR wlofRairbtealbbdinfRhOdean a%ﬁ;@éfust $cording to
show i nternal conmponents thereof. 11 Figure 1B is a
B pkdsait livveRia Wilesh aneW Rl ?ﬁ&&é&%ﬁ IR ABALNSS indfsiti
apggratus 12 accordi ng toe he.pre%entq?hvgnt?bnn€%¥¢Pnona
SippbiBF bR REFREATRA LSRR thiin RRARARTH LhiBgSa VBw of e signal
position on a supporting tabl’e surface shown ™ n
pragemntary form 14 Figure 2A is a pictorial view of
anot her enbodi nent of an apparatus according 15 to
the pr eselin 0YR @% ar0dMar dtph:t(ﬁ‘ﬂl LEGeL g%&ﬁ%l ??%9 ggrﬁ}t)o%gnt of the
shown in phantom1ines ©n"a support surtace.
i ' ' ] | a her enbodi nent .. of
SR ohh 19 T Rl Rl B e ot
ith i te ted, sh j hant.om | i nes on
W an | ﬁ%& B l?ﬁ?a a}?:ag@ar@%x ?%earvgevvgg arﬁoﬁgra%ilboglgﬁng?fs an apparatus

a support sar i's C

1505 5 s S by g LB B G0

%gsgu%%notn%dsugpbo?’nmr@g fable Q&‘r?arc]:g s I’(r)]wlnl in %grggntgry %H%P ort

Figure 2A is a pictorial view of another embodiment of an apparatus according
to the present invention, with an item to be segmented shown in phantom lines on a support
surface.

Figure 2B is a pictorial view of another embodiment of an apparatus according
to the present invention, with an item to be segmented shown in phantom lines on a support
surface.

Figure 2C is a pictorial view of another embodiment of an apparatus according
to the present invention, with an item to be segmented shown in phantom lines on a support
surface.

Figure 2D is a pictorial view of another embodiment of an apparatus according
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22 surface. 23 Figure 2D is a pictorial view of
anot her enbodi nent of an apparatus according 5 WO

wWQOm0988258 PCT/ US2003/ 041365 1 to the preserPtT/US2003/041365

invention, with an itemto be segnented shown in

phantom lines on a support 2 surface. 3 Figure 2E is

a pictorial view of another enbodi nent of an apparat us
fctbo pgsanyinventioo, wittearpitans @rite segivenidisbown ini hantam lint€6h & Support
be segnented shown in phantom|lines on a support 5
swfdcace. 6 Figure 3A is a partially sectional view

taken through one formof a sensor bar 7 included in

t he appar dtigise 2 isorétogal tvivwt dranéthstRibb@ithehDsfhREparthd Rcording
an itemto be segnented on 8 a support surface. 9

bd helpresedBinventidn v idtgiraienoio teR8gnsdhdddisBdwi Bl phbhteMIRePorPd support
the elenments of the sensor 10 and emtter

buteeg.porated in the sensor bar shown in Figure 3A. 11
Figure 3Cis an enlarged partially sectional view

taken al orfgrd18A SENSRAaIRAEctiokd vRHOMEen! oS0 of a sensor bar

showi ng a nodification thereof. 13 Figure 4 is a

RNkl e HPEhiud Aeordih W tﬁquﬁ%lti&h{og&gg v@thsﬁlqgﬁfjtofbg irs%nented on

of the sensor 14 bar 1ncluded i n apparatus accor
b Sugpbf seRsent invention together with an itemon a 15
supporting surface. 16 Figure 5 is a pictorial view of

anot her e 'ﬁ’@ﬁlé WAL, d?:%gr%ﬂ toﬁﬁg gﬁaﬁgfﬁlaﬁ&&g{g@fﬂ% el n%%f the sensor

the present inventio rtemto Segment e

Mﬁéﬂn&\%ﬂﬁ)ﬁ% i |tf1€{1§‘e§801r Bar%?g'x% incﬁ}gﬂgi’iAl 8 a support i ng

tabl e shown ragmentary torm gure 5B is a
Bccor di ng ThR0 s AARhASE pERRRCTR ML Rl PRETHRU s ponger b
A AR or e B5neslin Pl Cnger hel bt sensor

Figure 4 is a partially sectional view taken through a second form of the sensor
bar included in apparatus according to the present invention together with an item on a
supporting surface.

Figure 5 is a pictorial view of another embodiment of an apparatus according
to the present invention with an item to be segmented shown in phantom lines in position on
a supporting table shown in fragmentary form.

Figure 5B is a pictorial view of another embodiment of apparatus according to
the invention utilizing a conveyor as an item support surface.

Figure 6A is a partially sectional view taken through a plunger height sensor

used in one form of a sensor bar included in an apparatus according to the invention, with the

plunger shown in an extended position.
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22 used in one formof a sensor bar included in an
apparatus according to the invention, with the 23

w@kwagenrsshown in an extended position. 6 WD PCT/US2003/041365

2004/ 059258 PCT/ US2003/ 041365 1 Figure 6B is a

partially sectional view taken through a plunger

hei ght sensor 2 used in one formof a sensor bar

i ncl uded iFiguze @Risiagartially sectomd vicw taltee throwghnt pharger hdighd sensor
the 3 plunger shown in the retracted position. 4

e itr @ne foins ofoasensol bargeduded ansd@icacsedihg riad invér®oh, with the
taken through the plunger 5 height sensor shown in

Plugger siowimAn dredettBtedipbdition. di agr ammat i ¢ i ndi cati on of

one formof a 6 plunger extension detector associ ated

Wi th the pligiRgPis.an énlbiggdifrénsSésd ctionbl AgRRERYough the plunger
el evational view of the |ower end of a support post 8

MéigHR séns6l shEWAR M ELIres 6 PSS RIR L dRBradimaGL $iR668{8 Yne form of a
detector conmponents. 9 Figure 8B Is a diagrammatic

PIERIL SRBsiInl RRStoPEssSHAEPH I W8 plunggki ng patterns 10
utilized by the displacenent detector depicted in

Fi gure 8Afighle §A BUW Big@Bntasy dBevhiGAMTRRY 3F the v end of a support post
el evati onal  view of a sensor bar support post 12

{ifgﬁ Q iRBFaRn R0 rPRREMSRIon P Elg%l%enﬁng&e%&{o? Q&gﬁdﬁ%?tg.et ector.

Figure 9B is an enlarg representati t he

certain c PRGNS &Jgﬂlﬁaﬁc&%r@f@ﬁﬁ&% %?E{ég%&?é ﬁg&k%{g patterns

enbodi nent shown in F gure I gure

[ j . f th
b e T G
9A with t { i.n.pnh [ 17
o8 L1 R A U B SAROLET AR oo o

[ kci)rg ggelml(l)ﬁq%e fortH %k g‘ giﬁﬁ?%eéniég‘idg&gtoir.et marker, with a

Fagnen ry View o € ‘portioned. 19 Figure

10A-2 is a.partiall Conal view.of th 9
ol unger a0 8¢ br A RE RaeeG O e i B ae of e

et el S R GG 2 o oot
view of t ?gugéa;({‘( lsrll%epslpgcrt]i%ee Lie\%rl)g other components of the displacement
detector embodiment shown in Figure 9A with the support post shown in phantom lines.
Figure 10A-1 is a fragmentary elevational view of a marking plunger using an
ink jet marker, with a fragmentary view of an item to be portioned.
Figure 10A-2 is a partially sectional view of the marking plunger and
associated mounting shown in Figure 10A-1, with the marking plunger in a retracted position.
Figure 10A-3 is a partially sectional view of the marking plunger and

mounting shown in Figure 10A-2, with the marking plunger in the extended position.

Figure 10A-4 is a partially sectional view of a height sensor plunger and
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pl unger in the extended position. 23 Figure 10A-4 is

w@2pansi2a | y sectional view of a hei ght sensorP@i/uszyes/041365

and 7 WO 2004/ 059258 PCT/ US2003/ 041365 1 nounting
incorporated in the apparatus according to the

i nvention equipped with an ink jet 2 marker device,
worringHacquparaigem thhapperatus a¢doslintb ehrdedknfios eduigped wdh an ink jet
Figure 10A-5 is a partially sectional view of the
meikghdevicenwit theplunggehowd in te Gitgide@pds@idngd but shown

with the plunger in the retracted position. 5 Figure
1013- 1 i Figuré i GAHTENA partialiyiseatidhdlona ofhENigH: sehsBHKinB& of
plunger using a 6 heater branding device, with a
Figagni®atabyt skovenwyiih thephingern the reecRapbiigRed. 7 Figure
10B-2 is a partially sectional view of the marking

pl unger arfigiic 65064 AfrREhARENIEVAHRD Ry bifh thhrBME Slunger using a
| OB-1, with the marking plunger in a retracted

Pesdr bizading dOvifd, Gith@ fagkBtdyviewloRaikindb by p&asidaonal

vi ew of the marking plunger and 10 nountihg shown in

Fi gure 10Bgire YOB-D id 46 rimg lod RO thd 1egd
posi tion. %}1& Fi gu#e%lw?ﬁéﬂﬁgnﬁk’part iﬂéél @;&@g&ﬁ}?ﬁ ér:rgiﬂg

i s 00, A, MDY i i
i nventi on gk PRRY i Jabkially Eﬁ%ﬁaﬁ vie%goe e%HQk{ﬁg 8%%&%%%&

with the plunger shown I n"the exten posi

R L I .
Y 1S BAUBBR . RO AR ek o
BRI A A hBSET oSG o i BRI
B Lo 058 EDpet P LR Unoc], a0 °9

Ki I iD. tract ed itign., .20 Fi.
10C 3 T's &R 19EsP i reball siselipne] sy e eighhsenkifiglinger of

PibiSER RS sHrir o it il hoepiodioni o,

Figure 10C-1 is a fragmentary elevational view of a marking plunger using a

laser marker, with a fragmentary view of an item to be portioned.

Figure 10C-2 is a partially sectional view of the marking plunger and
associated mounting shown in Figure 10C-1, with the marking plunger in a retracted position.

Figure 10C-3 is a partially sectional view of the marking plunger and
mounting shown in Figure 10C-2, with the marking plunger in the extended position.

Figure 10C-4 is a partially sectional view of a height sensor plunger and

mounting incorporated in the apparatus according to the invention equipped with laser marker
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22 Figure 10C-4 is a partially sectional view of a
hei ght sensor plunger and 23 nounting incorporated in

w0 b@4appss at us according to the invention equi PEEUS203/041365

| aser marker 8 WD 2004/059258 PCT/ US2003/ 041365 1
device, with the plunger shown i.n the extended

position. 2 Figure 10C-5 is a partially sectional view
dévigehwith theghingsmshewn in the entereled pésiticd. Fi gure 10C- 4 but
shown with the plunger in the retracted position. 4

Fi gure 10Diguré $0G5fis appmitaly aeofiord] eicat dfalsheigtit @s@E pRinger of
mar ki ng plunger using a 5 sharp tool marker, mﬁtﬁ a
Figagri®Qtabut sidvewwioh tha phing@nin the riace@pbdigied. 6 Figure

| OD>-2is a partially sectional view of the marking

pl unger arRigufe A6T3-0G4 AfrGndAREIEVALoSHN 010 df nfRrBHE Flunger using a
10D-1, with the marking plunger in a retracted

§eg toblafarkerBwith @ WaBmddiddy Jieworan Reth td Bd porigRat i onal
vi ew of the marking plunger and 9 nounting shown in

Fi gure 10@igie Y010 id bfarﬁ@gls&dﬁanﬂ WAENISH thd Rarfiche sRilgNEgd
position. 10 Figure 10D-4 is a partially sectional

¥dsSatef meuliRL INSwiSBISRe RIBLNGEEL @6 tha; g@gﬂge@% retracted position.

i ncorporated in the apparatus according

i nventi on gl pisd iV bl ERichAtew %fﬁhé%g&:?nlrg gﬁﬁ%ﬁr%\%d

with the plunger shown In“the extend posSI
P 4060 501018 350 A0, MR
U e PARORL ARl ARh I BB Ry B
RHRAE o RIS @ B ARG IR GPGRESE M o
PR i, WP Re pRAB S it Teioo i qure 124
i et e oS D e ieotulhei? R phfeer o
Hggrﬁ]l 1{6@% llt S t\%%])gii}kgégpungerfhgt grrreet%tctaecrl}/)oset%nt. lon of an |

Figure 11A is a transverse sectional view of a marking plunger, showing a side

locking pin in engagement.

Figure 11B is a transverse sectional view of the marking plunger shown in
Figure 11A but with the locking pin in the retracted position.

Figure 12A is a fragmentary elevational view of a piezoelectric ink jet marker
mechanism for ink jet marking in its initial state, with a fragmentary portion of an item to be
marked.

Figure 12B is a fragmentary elevational view of the piezoelectric ink jet

dispensing mechanism shown in Figure 124, in the ink discharging condition depositing on
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22 Figure 12B is a fragnentary el evational view of the
pi ezoel ectric ink jet 23 dispensing nechani sm shown in

wOo-2@uns923®A, in the ink di schargi ng condition PCT/US2003/041365

depositing on 9 WD 2004/059258 PCT/ US2003/ 041365 1
ink droplet on the itemto be marked. 2 Figure 12Cis
a fragnmentary el evational view of the piezoelectric
infrldrgpdet oB thtiitepetiode mgrledchani sm shown in Figure 12A in
the ink charging condition wiith an ink mark 4 on an

i t em nar kdtigurS170 urfeghdmtaiysleratanalrien bthy pRlelaticana)et
view of a thermal bubble ink jet 6 marking nmechani sm
tigpdntiag inetHanah shbah én Figir@d A tin & ikt BRging, coR@tiERWKE & ink mark
Figure 13B is a fragnmentary el evational view of a

bfa ieh mbtked| € i nk jet 8 marking nmechanismin its ink
di scharging condition depositing a droplet on an

adj acent iFigiRe 154 {sQ RemRBhKbvatlaVigH bea hdfmdl %ul?ole ink jet
fragnentary el evational view of a thermal bubble ink

inkinkIm BBk ¢h mﬁﬂmtﬁm Stehtlah ileftkio bE GlaAlgl NG
condition with an ink mark on an adjacent itemto 12

be mar ked pighde ﬁBJiéraqlra%Al ﬁw%l&étﬁﬂﬁl%@t)%&theﬁnal Rubble ink jet

representation of Cartesian points set

hat Mshigh fPEAGE BRMar S SRk Eriky
barkg{o%ma selctl on of an f%?em t rlaele?é odﬁg%/?}{rféfé?%é Hoent item
8SRdar, the volume of which is to be determned by

the signal processor. 16 Figure 14A is a di agranmatic

Ry B %‘%ﬁrep&;ﬁf’%dvé%’f%&‘Smﬁg‘]‘bb}e i
}Haﬁ(#gt%ech%gs 1 aaigsrl e%fxatrgmg 1t10n W e r : Irﬂrlll Salg Iaﬁjg?ﬁnt item to

eﬁﬂiggnted 20 Figure 14Cis a dlagran1shomnng
d Fonal lines used in a calculation of the 21 item

section v %Jigure 14 is a diagrammatic representation of Cartesian points set by the
height and displacement sensors carried by the sensor bar of a section of an item traversed by
the sensor bar, the volume of which is to be determined by the signal processor.

Figure 14A is a diagrammatic depiction of various shapes defined by the item
segment represented in Figure 14.

Figure 14B is a view of the diagram of Figure 14 with certain lines used to
calculate the volume of the item segment represented.

Figure 14C is a diagram showing additional lines used in a calculation of the
item section volume.

Figure 15A is a pictorial representation of another embodiment of an

apparatus according to the invention incorporating an unconstrained sensor bar with certain

10
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22 Figure 15A is a pictorial representation of another
enbodi nent of an 23 apparatus according to the

WO pwens426%1 | ncor porating an unconstrai ned sensPCT/D82003/041365

with certain 10 WD 2004/ 059258 PCT/ US2003/ 041365 1

i nes indicated thereon used to calculate an item
section volune. 2 Figure 15B is a diagram of certain
Singsgndicdies théreent used o dalchilast andteinngctibnsonees 3 used in

a calculation of itemsection volunes. 4 Figure 16 is

a pictori dligure &§B Gfa diageath bf cé@ainabiser ban CAnPIMstBENEdistAnces
el ectromagnetic digitizer for detecting support post
déeglih acaendation ofiitérh sevtibhi aglames.ary view of 6 the | ower
end of one support post. 7 Figure 17 is a pictori al

vi ew of a Figiiré 1613 atpadidral ¥RWT aRuiBhE BB Rcosnk e 8
surface for detecting displacenent of the support
plesttdinagbticiligitidet ag ALBE LR, u%ﬁht 69 dpldcbiRdht Qfith Ofr i
supporfw%osﬁé 10 Figureg%S igga(%%rtially sect%%ﬁ%ﬁmyVWW(ﬁ

eaywalen@ oS8 S@polgosti Ncor porating acoustic 11 hei ght
sensors, with a diagramatic representation of

acoustic VBxMes1 PRRMHDD viehArh 8RGH: tad R ﬁﬁg %?fcs ure sensitive
i mpi nging an item shown resting on a tab ur?ace

bieneatd atiB&ing AR | ! ' | ' i
Rt Bt s raim Bl Bk porion of
3 /LR MHsh9 to the invention utilizing a sensor bar
supporting a two di nensional array of 15 acoustic

sensors gyt . Dl att.ached to.the .
sensor bar, vvl"gﬁ]‘AE % aj)!ag%?}g?n&ggﬁ? &189]002%1? %ﬂsér & P gRQieting acoustic
hdl lséllﬁgrs' \gitfghifclé{{aﬁéfaﬁ?re(aﬁbgen?a?og Iggac%ﬂs’#%Qltesgengarr]laﬁlbgefrom each

upper surface o ure

S AP R AT AR ke BABIRRR AR
SRR LAl PR R .
RN DR A T AR

det ermi ni ng_nul ti pl exi ng val ues,
Scoustic' Senors ounled tg a anspgrent pllate attached to the sensor bar, with a diagram of

certain distances involved in calculating the height of points on the upper surface of the item.

Figure 18C is a diagrammatic representation of the distances involved in
detecting the height of points on an item by the acoustic detector array incorporated in the
sensor bar shown in Figure 18B.

Figure 18D is a pictorial representation of apparatus shown in Figure 18B with
a diagram of certain distances involved in determining multiplexing values.

Figure 18E is a diagram of certain distances used to calculate multiplexing

values for the sensor bar shown in Figure 18D.

11



10

11

12

13

14

15

16

17

18

19

20

21

22

23

22 Figure 18E is a diagram of certain distances used
to calculate nmultiplexing 23 values for the sensor

whar4esdsr in Figure 18D. 11 WO 2004/ 059258  PCT/US2003/041365

PCT/ US2003/ 041365 1 Figure 19A is a partially

sectional view of a sensor bar incorporating optical 2
detectors used to determ ne the height of points on a

fl at shapdiiguré &M Bhoartiallgsdctiigl olwafh aklser baBinsorpbatigy optical
with a diagrammatic representation of |ight waves

detgaitorg ised t@dotériinel thelmight ofpdhts On 3 BB shaped iPinGhekh Rsting on a table
representati on of another enbodi nent of an apparatus

Sirface evithianfagranhiti repryRptati @of HFEOWHRE BhpifEndod B8 item.

di mensi onal array of optical height sensors on 6 a

sensor balFigufé 19B R aGhicheHaRBpREerltDh 3N &R thet BMBd Bt oPan apparatus
cal culating the height of the points of 7 the curved

£ebildapQo kHeaMeahWReorBorfmirB tfoindRioRalRdad blpti¥al height sensors on
sectional view of a sensor bar having a series of 9 :

£ SRS bar, AN diddgant PEGQA e bbb dd iR QaBRRGL R fle'(i;%t gﬁfﬁ? ?oints of

to determ ne the thickness of a segnent ~ 10 em

8 ehivBdsRBcSidRMospSur face. 11 12 Detailed

Description 13 In the follow ng detailed description,

certain sgegid z&i_st@aﬁrﬂag,oéee@%amiuv oP§ sentdk bg{'ipa!vﬁ%eadse;i&rof
I an I odi nen

the sake of clarit a particular e

. - ' . ; ¢ as
BERF4 g ASUSIANE By 6 R AR o e
-' t limti d should not b
@%%§F?ﬁ§%%%%g§§ﬁ§%m%ég%hgn}nbggtﬁgn ?sogapagﬁe o? >°
taking many 17 forns and variations within the scope

of the appended clains. 18 Referring to the draw ngs,

qu] ticularly Figure 1, the apparatus 10 19
a%%%ﬁ@@ﬁ&ﬂﬁgﬂthe present invention includes a planar
deposi t ed ThH D B REA- G eGSR oo PPiiPeqthy Epminaibey Wil be
represented in antomlines. The 21 table surface 12 |
?Paﬁo 2 Tigelfe s Ogaa%wéﬂa%Pw%%&Pﬁow’étrﬁzﬂn%s inasprgance with

‘Ihg E:eq%yrgrtné:rpcg otI 3@%§(§ ?{E, %\fgc it is to be understood that the same is not intended to be

limiting and should not be so construed inasmuch as the invention is capable of taking many
forms and variations within the scope of the appended claims.

Referring to the drawings, and particularly Figure 1, the apparatus 10
according to the present invention includes a planar table or other support surface 12 on
which may be deposited an item 14, such as the fish fillet represented in phantom lines. The
table surface 12 may be defined by a cutting board material suitable for cutting the item 14
once a desired segment is selected as described below.

The item 14 should be substantially flattened on the side resting on the table or

12
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22 once a desired segnent is selected as descri bed
bel ow. 23 The item 14 shoul d be substantially

wo b@unenssl on the side resting on the table orPCIWBSAMB/041365

2004/ 059258 PCT/ US2003/ 041365 1 ot her support surface

12 in order for the weight determ nation to be

accurate. 2 An elongated sensor bar 16 is al so

Ofer svipert sunfach &2 mppder &irdle idghtidelehninstionhebe Recurate.

conveni ently manual |y mani pul ated by a person gri pping

a handl e 18n elbngaked svesar bae 16l istdlseriaetided irthd BEpsANSI Wi may be
16 i s supported spaced above the table surface 12 at a
Sorpewmestyenamuaiyimheipghitd bya perscuppipping 8 heRIM E9R e near end thereof.
conprised of two support posts 20, 22 fixed 6 to and

ext endi ng Thewansbr tun1b esuppuied spaded fové B 1 HRNSPhcdB at 2
16. 7 In the enbodi nent shown, the sensor bar 16 IS

prdetatiiyedesht bPNQgpo atdiererd S6hptsed BEVRLpHM podR g, 2
extendi ng nornal 'y Promthe front to the regggﬁP t%é 2 fixed

toadild @x@idih@86wd Bom e unlerbide oS@O§MsoraAf 1616 15 freely
nmovabl e in any way in the plane of the surface 12 and

al so may b theldhtoiBRhYshbivh e seg_gd? Pt ﬂﬁts Eﬂﬁ&aﬂgggs}%onfeg oy the

o
use el sewhere. 11 In this ‘enbodi nent, e su

RS tobedPrighiang BN rﬁﬁh}dﬁ@}ﬁ el Bl R ¢ e Riface 12, as

possible and a spirit level 24 on a sigha

e QERRS5KH 16 %‘rﬁél'eBJ th§¥ablas %}ygvgatygl?%gégﬁlp él% télle gur&’a?'g? 2 Iarl:;ll'd’g atlﬁégmay be

out of plunb alarmor in ure

???fﬁﬁ&lﬂaﬂﬂg%uﬁ%%%g tsgéﬁgaéggnsive to an excessive

ed orientat e sensorf bar 16 as detected by
e b SR O A 25980 e s
e e e X TR
PR, L o0 305 e BB 5
PRI TRl € e TG borbP oo P it oo Ape ey e tovl 24.
7900 ) ARLERAFRD T 02 bl oy STl g

4_above the tahle surface 12 at a point |ying beneath
%tﬁ)ges tge same across 8‘18 w1§tﬂ of the table surface 12pthereby pagsinggthe sensor bar 16

along the length and over the item 14.

As will be described below in further detail, the sensor bar 16 in this
embodiment mounts a linear array of sensors 38 along its length (depicted only
diagrammatically in Figure 1) which each simultaneously or sequentially senses the height of
the upper surface of the item 14 above the table surface 12 at a point lying beneath the
particular sensor 38 and generates corresponding signals.

At the same time, a displacement detector 20A, 22A is associated with each

13
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22 particular sensor 38 and generates correspondi ng
signals. 23 At the sane tine, a displacenent detector

WQOM402288 | S associ ated with each 13 WO 2004/ PSPRSR03/041365

PCT/ US2003/ 041365 1 support post 20, 22, producing
signals corresponding to the extent and direction of

the 2 displacenent of the sensor bar 16 in the plane
pappatt pedt 20,22t prodwing signels barrespenditgto i gxénsad diBcdnast the
the item 14. 4 The hei ght sensor signals correspond to
displh@sentghasensoabaral® iothetpime parakial tGths emidco NAWheOBiRFassed
of successive sections of the item 14 at each position
ofertilieateseldsor bar 16 in 6 being passed over the

item 14. These signals may be processed by a suitable

progr am ofTha hdight eadol BRI @ridtpohd By HEERPprofABIbRbI 8 cross
300 contained in a signal processor-controller case 8

8% ti gl bt BY sudeesIONEKB6hsIY 1@ ifert Uk ¥acR Y63itionbitthe delir bar 16 in
i ncrenental displacenent values as 9 neasured by the

BéinPhR AT B thél R 11 OTHesd bnal A4y be?}sicegdae b§ QREiRle REgram of a
each successive section 0 sensed by sensors 38

ﬁﬁ%ﬁ%ﬁle@ﬁbﬁ)ﬁd’ébés@ﬁoﬁ{mlﬁﬁ 3GONBHRE % PEighdd gfycgsgort—&%m)ller case
volu f d by

me of the 11 segnent of the item 14 traverse

bH By IRENARS b l¥weldd 17la¥aberl, B66) PRI IR fin FRYGIE @%Elageﬁ%nt Vefhues as
bed In rther

nature of this cal Cul ation 1I's descri

gRhdtdd bp %e%éplet’lzgmgﬁ%et%@thﬁ lébﬂz ﬁf}\, ngﬁle @Bﬁt&% f\f%/cﬂgﬁcecggsive section

each segnment of the 1tem 14 passed over

?eﬁlgeﬁgfg s%%rs%% e!nébl lc%1§lgéﬁ0%%£?% ﬁfgé%%@:so'{ gl}{%gen%gt{ﬂg{\g)fgg{lenof the

rticular 1te

PRIt o4 650 g Pty LSS e
R i U ey

eac osition o nsor bar 16, and
2oLt R AR PUTELh i Mg BRI o g 14 s v
B R oo P& g i@ S ot G Sty i ey g con
TEM RN TR T S A N
et 23 PimSR b g b et eig VA e bBetion ofthe

for iﬁch new oper ati_on ) i . .
sensor bar 16, and a corresponding numeric value continuously or selectively displayed on an

adjustable tilt display screen 30 mounted to the case 26. A cost for each segment may also be
calculated by multiplying the segment weight value by the input cost per unit weight value
and selectively displaying either the weight or cost alternatively or at the same time.

The display 30 and signal processor 300 may be reset for each new operation
by a suitable reset button.

A knife blade 15 may be mounted to the sensor bar 16 for cutting a segment

14
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22 by a suitable reset button. 23 A knife blade 15 may
be nounted to the sensor bar 16 for cutting a segnent

wQa 2000526804/ 059258 PCT/ US2003/ 041365 1 from tPET/USMN3/041365

14 as will be described below. 2 In this application,

vari ous sensor bar configuration's as well as various
devices 3 that may be used with these different

tomftheyitenat4 vrwilldbedestebat bded. To denonstrate the 4
operational theory of these designs, a |limted nunber

of possi bilethisoapblictioatvatioss sedisos B saifighraltiatissasavll as various devices
devi ces are detail ed as exanpl es; however, various

thatrnayiset usedwith thessedifaentdnSguaaidns fre descAbeld TdRGESrate the

ei ther here described or known el sewhere in the art

opeyatiofal ulidoky afekibsé AgiEnBel linfitddGufibel oftpb&ivleeHalib @B s f Knsor
specific applications. 8 Figure 2A shows an alternate

Batp RO devided AN GRMRA as ERIMPIAPRAFvEM GarRuS EFHatRAS of $nd@ars and
spaced above a table 32 defining a support surface 34

fhtsihietRResdither 1RP8 dederitid Bl RfoRGh cls@Wherd th thdark By BORN S ed together
descri bed enbodi nent. 11 The sensor bar 16A 1s

RORRE te 98huttm&itd H&pe§fclagpicationdi r of uprights 36A, 3
6B to 12 forma bridge Sstructure spanning the front

to rear dipfRRS)LMdHs 2hRRedb Elﬁ)pgg arrdtpehB& fb&%ﬁ%ﬁ%&mor bar

may be supported on suitable guide bearings e

Y6 %aoéﬁabh@&eﬁaﬁfé 30 QRAGhSa ELE)?O albaBe S0 WhicR aﬁrﬂéllﬁ §h idYhced, as

shown but we known 1 n”co i nate measuring

IBEDIISS dest Bbe kBB friction guided and constrai ned

novenent maintaining the 16 orientati on of the sensor

bar 16A b?h? gé?l%mtlb%r PSA @coﬁ%@@eﬁ qyg{hg{]eglg?%% ﬁ"ﬂ% Ffe uaa%i%gtls S6A, 36B to

surface 3 accura orie

PR TR A et 8,2
%5 SR Sl R R o
6A ' [ . .
EUSTRUFEE TR R -

machines) to allow low friction guided and constrained movement maintaining the

orientation of the sensor bar 16A both as to plumb and squareness to the table surface 34 for
accurately oriented manual or powered stroking movement of the sensor bar 16A across the
width of the table 32.

That is, the way bearings support and accurately guide the uprights 36A, 36B
to insure squareness of the sensor bar 16A to the table edge as well as to maintain the same in
a vertical orientation above the surface 34.

A linear array of sensors 38 is mounted along the underside of the sensor bar

16A on a forward projecting ledge 17, which generate electronic signals corresponding to the

15
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22 A linear array of sensors 38 is nounted al ong the
under si de of the sensor bar 23 16A on a forward

w@e@pesRshg | edge 17, which generate el ectroni BCHUSVA/E611365

corresponding to the 15 WD 2004/059258

PCT/ US2003/ 041365 1 cross sectional contour of the

item 14 lying beneath the sensor bar 16A. This done by
Qromfénﬂaﬁ@ntdueoiﬁb@? i 14 bangsbenbeh the séracebaB 6 Af Tiie Hetesby

on the upper surface of the section of the 3 item 14
mehsuging dledwightabovethp ewficy 84 s£E0S oBfBe ufe Burfed 60ths se38on of the
may take various fornms such 4 as the nmechani cal

#ew U4 tlying badow dptréspedtivel eatisare38. BscliRaid IBdajhekeiaiaiid ©fms such
5 A displacenent detector 40 is associated with one of
bdvhe upchaghbl a@bBic, ér opeibdl deBcdene MbkcfiBydReRinalés pl acenent
detector conprises a Miire fringe device described in

U.S. 7 PatketisplaceBft delctior 30 IHHsicsREdNithae 8F @B 9@&%{% 36B. A well
grid 42 fixed along one edge of the table and a

Rhdvghfolry of dikpledmet detedlor 8rAlrisBdh Nrbirf Bt 88 idcQekPed in US.
upright 36B above the grid 42. Wien the grid 9 42 1s

Phtbnii?, 9381789, Laddio¥ 8n SENARRNMdI4P 18Ed D85 SHek -
produces a scﬁ??ti né) s?wadog\% p;g%jtern i n gﬁﬁ) gietggéc#f‘%ﬁktableanda

dlighgle iiit&f‘opti@al%@eftﬁlg g@ eRAhieg 1 WEIRRInP3 6%%%?% {eﬂ% gg[ri ?gﬁ ?\@%n the grid

for each increnental 11 displacenent

358 iﬁ@ﬂﬁlat@&%laﬁ%&@m@ﬁrh ¥ QH&ESQ Oud& a gfﬁ% gﬂadgw attern in
h E §po |ﬁb

l'ight 12 sensor (not shown) to produce a corre n

L9 S A : 13
gt'rt}{ﬁk H@écu%,g%{reép&lcﬁﬁh&nﬁ P&f siiifidws ﬁ%&@ﬁé@l tofleabl ?rlé:%eénental

Many ot her "I'1 near di spl acene ectors

] ' wRj | 14 d .
SRR I B O 6 SRl B

4008 A S ol g Rl o
' 2 g 300 ' i [
R e OR300 G0 G ol bl

%&r‘gr%%g{ &'{%ﬂgc}e?}gﬁ%é fchg S%Igsérr lfba‘%l r1 @51{ gﬁos\telaé gf tﬁg Mfrlr? Irii‘rrllr(fg% élg%cet: Qeescribed.

ner
vertical ori.entation d i nt aj square tqQ the
tabl e sur#gE@pgngQmﬂ apgaSgh%%$§ﬁgﬁq?§W¥FgFP$*?%r%@?
the wwdth of the table 32. The user. need only push or
st i SR REGPSSY00 FetainpchEhip fhei sigal psprspsos poigller case 26.
Sg} B msg 1 allrl] Ig‘sk%%l}rﬁr)glngnlt, gl‘?ﬁ stp{llq%ﬁ gﬁl&%xl i? ct:c;n(s)trr]aigefd b?fetlgenlggrfner of its

support, i.e., is held in the vertical orientation and maintained square to the table surface 34 as

it is stroked laterally across the width of the table 32. The user need only push or pull the
sensor bar 16A along in its constrained path.

This simplifies the calculation of segment volumes as skewing or shifting of
the sensor bar 16 can occur when it is unconstrained, and each successive section of the item

14 might be of a tapered shape requiring more complex calculations.
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22 the sensor bar 16 can occur when it is
unconstrai ned, and each successive section of the item

wQ@0d4s592585ht be of a tapered shape requiring nMPCEUS2003/041365

conpl ex cal cul ations. 16 WD 2004/ 059258

PCT/ US2003/ 041365 1 A separate knife (not shown) may

be used to cut the selected item segnent 2 using the

si de sur f ak eepaiatedinifi fuait ghiviver) BAAbandd 36t d% sale@isd Hen segment
The sensor bar 16A can also 3 be noved out of the way
whegithe side yurfige 0T bf dphights A6A iand)368 &k grddeliThY kés@&bar 16A can also
illustrates an alternative enbodi nent which. has a

bamatxd dut yf thé wapwhed darfig dusht astigtstgegnent fromthe

item 14. A tubular guide rail 206 constrains the bi 6

di r ect i onaigui® R MeRtrated ankiliembkiele eddBdintiat whith RistaaeP@ility of
to the cutting blade position handle 201. 7 Cutting

bitaeen @ITRU 4EEN20 BoRRS itdRs A Bbaebhuisd @l 280 oRRstnd Se bi-

affixed at its upper end to 8 cutting blade position.

hiddelbin] 2d%emdi B Bias@t 20¥thAfis fdbtedNP R |c§tqﬁg ﬁfa%déftﬁn 29st1e 201.
Y power e

is affixed to 9 the manual or electrica

i al afifde . i la . 0
ColiaE ¥la@slirhahfe 2 RH6wAR thrBh b8t SRCHAS b 33kt€m9%ﬁtﬁp§’€ 5

item 10 14 down agai nst the table surface

Bafish bihde&o8iRBh Biddle B10THEHasH @Iﬂijofg:ﬁftﬂg b€ alﬁgag.{'ﬂ@ %ﬁrigj affixed to
protrudi ng handl e 210 and noves the cutting ade

i 1] i r / . .
BeSkhLa0: Doy 20E1 S5 Ui A4, DNy i o
14 &*M Agginﬁ]tge %g%l sglth‘ée 18 QVlél%nQ Rél\‘}éllr d 8p{r>%t§e)p ? 8 Ié)rr Irellg gr%ps the

contro I cation of PO no

SR A Ry
: 16. . L .
@alﬁmaﬁﬁ%%r@%@a? o%ﬁ%%%géﬁt%%@% %&%ml“?%eg«'a%ﬁ tlﬁe"%i 1P o desired
7,.200. ' tting,
rftn THAwRp 20 ST Rl Brpantenl e Boloaediplnnging
?%%Q?Fﬁ%$E%%,égccessively cut deeper and deeper into

Phe operator 19 applies greater
pressure qn the cutti bl ade position handle 201 |
Guring t hd f BPRAPEPREHLOan b AR ARl msatafen pigre s 2B epring

cuttin osition handle 201. This enabl es the operator
seserabli el shoy) isguapbignedihivega preuins blagnpasifion beadle & Lo the slot

as the bl ade 204 approaches the table surface 34.
200. This assembly normally pulls the cutting blade armature 203 upwards and enables the

cutting blade 204 to successively cut deeper and deeper into the item 14 as the operator
applies greater pressure on the cutting blade position handle 201 during the forward and
backwards motion of the cutting position handle 201. This enables the operator to easily
control the depth of each successive cut as the blade 204 approaches the table surface 34.
The aforementioned spring assembly is not required for the electrically motorized rotary

cutting blade 204 implementation of Figure 2B, as the item 14 is severed with one complete
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22 The aforenentioned spring assenbly is not required
for the electrically notorized rotary 23 cutting bl ade

wQeb4iopmbement ati on of Figure 2B, as the item BAI/US2003/041365

severed with one conplete 17 WD 2004/059258

PCT/ US2003/ 041365 1 novenent of cutting bl ade
position handle 201. 2 Figure 2C illustrates an
avhénénd nhdutiag dadetpovitiomkanlk203.m used to cut the 3

sel ected item segnent. A guillotine chopping nmechani sm
i ncl udes &Fifpoe3Chinsads avdditiodal aherhid®atecharisth Ldedd9o cut the
bl ade extender/retractor nechanism 228 that is.

falet@riet degmeito R giigoteatieppiry rdebBaniym filcUfBs ARRINSNY4 which
screws 238. While securely holding the item 14 down

agfdsasi ot Bladealiieaddhiéttadoe mdchaisi220 Bt Radenel Bfchopping blade
operator's other hand depresses one of the

appbyofish ddhiing sered@2BYNMHRE secirély hoRkisdHad kAN dg@ﬁ"agﬁrﬁt the
to control the application of electrical power to e

GbRUuifhR B4R ARe BAAE BRDEARES BHEHani B | ,
wher eby thelcutfing edgﬁ 236 of Cj?tiﬁgé§&§¥%§£§§§§P§@?mﬁw

HeigeRd FaurapARNINRE Sk AlsEe e éoﬁﬁolctﬂé%igptgatfoﬁ of kil%&gzl:aér ﬁ?&é& to the

be segnented into the 10 desired I on.

&Qtlﬂlé bist dxRh8&/ r@t%g_c}? ﬁ{ecm&dﬁ%reg% ﬁﬂe Qlﬁttﬁnlg ;é%é%?&tg %{ ﬂuetting

I ncor porating an al ternative nmechanis

2
i . i. i | 06 }
saheshad fdréeﬁl'ﬂé 2 t@ﬁ\gﬁ%rd 8@&:&189 H;lugﬁlg e 1%%1 12'be f?é’eg‘gnreggeg dnto the

constrains bi-directionalf nmovenent 0
agﬁfap@ﬁ | s attached to the cutting position handle
201? 0]}_aser mechani sm 216 protrudes through sl ot

200,209 gl 309 S MPEL R0 LS Uy 5 o o
N R VLN | LT —
T B 5 B BE B LA B0 S ARG i ntc 21
ERGL R SIRHS 0 a0 i L S
P R ISR MRS A -
into an_jngaiﬁriaL aut omat ed envi ronnment whereby the

pultieposision Bepdieal] ing foryaids Gnd(os BRkVETd A etRsY B ing daser cuts 220

8 %upported bg_rollers 33 as shown in Figure 5B.
om laser light 218 which segment the item 14 into the desired portion. Pushbutton 202

controls the application of electrical power to the laser mechanism 216.

The described sensing and cutting mechanisms illustrated in Figures 2A, 2B,
2C, 2D, 2E can be incorporated into an industrial automated environment whereby the table
surface 34 is replaced with a conveyer belt 28 supported by rollers 33 as shown in Figure 5B.
Items 14 placed on the conveyer belt 28 are passed under the sensors 38 on sensor bar 16A

and cutting 232 as shown in Figure 2C. Computer controlled mechanisms would replace the

18



10
11
12
13
14
15
16
17
18
19
20
21
22

23

22 Itenms 14 placed on the conveyer belt 28 are passed
under the sensors 38 on sensor bar 16A 23 and cutting

wQ@34mas92shown in Figure 2C. Conput er control | eBCT/US2003/041365

mechani sms woul d replace the 18 WO 2004/ 059258

PCT/ US2003/ 041365 1 manual operator controlled

functions. 2 Figure 2E illustrates anot her enbodi nent

ofanyah epeagpgoatroldedi fimptiopor at i ng a 3 nechani sm used to

bot h measure the volune (and hence the wei ght based on
density, dighrt D illuétraasinothasatbodiinenedfhé dppanehisGrtorgobing a
item 14 into the desired segnent size. The illustrated
meelmhoi usedito toth théage:® tike WheRP@hd FitOhe ¥&HAMBsYd &O&nsity, and the
whi ch controls the |ateral novenent of 6 bracket 26?

acst bised oraweightpand @t Gedletyl 461 AfSdebitd sb@ldi® siBlr FIRE Aruddated
An addi tional stepper notor 7 assenbly 264 controls

tRBodh@Eit ubiBdes AREHR Aot asdeRB1ySRB S hTdh &8 HRIREILYvement of
250 which is 8 attached to stepper notor assenbly 264

Bl 268 ANt tthvBfsaLlkREallg 8drossERCHLIS S&PREB4."RE QidiSonal stepper motor
assenbly 264, 266 controls the precise |linear

RSty 0B LoniBl SRER AT mSRARAL {)ﬁHé $eRborBoRE Q’fékeﬁblylz?o YAh is

along the lateral and vertical axis of table surface

BthcRS th kteppeR Ul %%e%?ﬁltiﬁg %gﬁgd oH'h bACE rZT%lg' gb;a-m Stepper motor

conbi ned operation st epper

Qs%éﬁﬁp I2543, 966 @(ﬁiﬁro?sQﬁe %@ci?eolﬂ{eﬁlgjolsiiﬁggal %ﬁﬁglﬁ%g gf" ge%isc‘?f%utter assembly

position of the sens cutter asse

. ' . I
s&y Jl&fggﬁgﬂﬁagﬁ Ond %1%? é)gl%‘rpt: t:c}]lijec’ %%%2934 £ dt %aﬁ'e%,lgsn { {ra gFmtIQ %urface.

posi tion an novene use gl

SRR RRELASH g LS LRAR BEE o
TR A Bl R Bt SR P wot
R AN T
L R R

P ol 2o T L L ML 22 e e

6 a |ljght "spot" 258 ontqg the upper surface of the .
%h‘?f?la#fe? spfersed do pheight snseripe Whish ProfiigesstionglyslgiRg0 and is

%%on the path 26Q onto an internal_ CCD 21 (Charge .

565 e DR e 4F petsor Spites eghanisaL? 0P SLShT eRsSa fa qomprised of
Detector) such as a ) . )

an optical emitter unit 254 and optical receiver unit 262. The emitter unit 254 projects
perpendicularly downward along the path 256 a light “spot™ 258 onto the upper surface of the
item 14. The receiver unit 262 images this spot along the path 260 onto an internal CCD
(Charge Coupled Device) array or other PSD (Position Sensitive Detector) such as a

photodiode array. The distance between sensor 252 (emitter 254) to the perpendicularly

projected spot 258 on the upper surface of item 14 directly beneath emitter 254 is calculated
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22 phot odi ode array. The di stance between sensor 252
(emtter 254) to the perpendicularly 23 projected spot

wQz@40m2he upper surface of item 14 directly PEnEsion3/041365

emtter 254 is calculated 19 WO 2004/059258

PCT/ US2003/ 041365 1 by a signal processor integrated

i nto hei ght sensor 252 or by the signal processor 300
by a Siguid] ppicassociaterad intdhéight seske 232 qatbiy the sihat f6cessor 300 in
operation and associ ated hei ght cal cul ations 3

disglay disn§6.usdulblestiption o8 prtopéraiiciguasbiiand héightGhlculations
sensor 252 is described belowin the section 4

mg’ardiﬂgexde 01Shist“spbr triangulhtivnt’ BEigiiasedr £32tik eatritdaingidty in the section
Sensor". 5 Wien the bracket 268 is in a stationary

patitlct By Tribsputdtion Beded P04l HRSHESsy"6 264 noves the
sensor/cutter assenbly 250 fromthe base side (nearest

t he oper atWhen ¢ bREIREKER is infa #8BnkS pblfifod, 8RR s&ipH& mot bl
(farthest fromthe operator) ofnbrgéke? 268. pgug?%armmmn Y

D64 BovER\IRIRAor/ciithe aleIBly 850 SRR asaide (nSar&? 'Cogylgfﬁf‘)l c¥ bracket

determ ning the height above the support sur

béeto the tﬁg drE g%ﬁl'i&t fr&n@ the %f)erﬁﬁg)'@macﬁ]ét heg! ﬂ)l}(rlllgetglg %ﬂQ 1%1&% the

sensor 2 be descri'bed later in

ﬂ&glﬂsénsmt f!ﬁqﬁ coHBhetNksly RleHERin %'ﬁ?&{ igf& DMove ﬁle%b‘é;ﬁh' sﬁ{}ac%f% of the

t he apprOX|nate Cross sectio area o

&ﬁde?l ??c@ﬁm 1l ?@i cgo n%ﬁhtﬂrt]ﬁe s%t%%??h %@ﬁzwlll\ﬁyé nscnlged later n

sensor utter etes ravel at t

chm}lﬂét@ﬁgt%{l tﬁe@g he:ﬂgﬁt%gﬁgsr e %‘a{e c?‘%ﬁﬁﬁb %’f tl%e agg&oggg&&? ﬁrass sectional

|ncrenenta nnves tera
tt
5L TS O SEOSPR 150 3 g

{
B, S AP RSP A0y
by b ket. .26 16 th t
i e
IRt R R L P
%é"?e P AT R sredie o 451 oereer e i E ISt Bprshst268 by
r‘ﬁ’?éus g%@#%d&%q%aﬁéﬂéq%é%%é&éa%éﬁ? splais troNGRa e ek 14 just
g bra et 268, the aggregate total volune of item
‘iﬁvefSF betede {FeROnLYr A¢ HierbPPEdRQpRTSIPIPb 2 Gogontinues to move

contlnuously cal.cul ated by the sn nal processor 300 in
glﬁf WP gé@erglgingﬁ@pnmcgg%%@ éa@leos,qr ace 34, then stops and waits until

sensor/cutter assembly 250 completes its pass from one end of bracket 268 to the other end of
bracket 268, the aggregate total volume of item 14 traversed by sensor/cutter assembly 250 is
continuously calculated by the signal processor 300 in display case 26 and presented on
display 30.

Laser cutting mechanism 216 protrudes through slot 200 and is affixed to the
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protrudes through slot 200 and is affixed to the 20
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sensor/cutter mechani sm 250. Upon reaching the desired
item 14 segnent weight 2 (or cost based on weight),

the stepper notor assenbly 264 positions sensor/cutter
heftoaeridsynsod @B mathapismi %S0, Epon shettimgibk désird®flom Wa espate)t weight
stepper notor assenbly 264 then noves 4 sensor/cutter

b sestbhsed 26 Ovefghnthe stsppeumo®n dssaably 2650 positiont B@s@AA& h®hanism
oriented position along 5 bracket 268. During this

P& withdr end aflencket2a8] wheretyahppérsnotarlBseaibily 64 thathoved 8
resulting in 6 a continuous cut 220 through item 14,

bdnse/catsresienly 150nfrdd itd SurkAepSDNAS {16 bbpRite BBGIAYosifbr along
250 progresses across the item14. 8 ny other types
bifacletiR68. MurifigGhie oS efbens, Ussr @tideidchtiim bl%ﬁ@%@il 8 resulting in
rotating 9 blades 204 as exhibited in Figure , or

Be@hinPERTTHI HRALEH itdin 14, Blus sERYinP Rerf TH hONE Senlsdl/chHer mechanism
pl ace of the aforenentioned | aser cutting device. 11

Th srogetredid®mB theQfens@NSOr arm 16A whereby a novabl e
hei ght sensor device is 12 nechanically noved over an

i tem 14 hagadiafer ﬂ%)!@&{c_ﬁ@iﬁé Uik REMh a3 gbut n%tslimited to) rotating

non- nechani cal ly 3 driven sensor armdesi g

Qlﬁé‘e%(béph %jeih'ibﬁfeﬂ iPFigRR b BCEH i bred¥re %v[me!r g?%?%né%e%/en%ﬁ]&ed in

novabl e 14 hei ght "sensor versus nult

gﬁ%&{tﬁe%‘&ﬁ@@&icﬁk@ﬁ RS 8ASQ bar 16A length, the 15

er o asur ed height®val ues along the Iength of

the SAls aﬁlrcﬂlqlgé& @P‘sein&r 81% ¥6A 'bv‘iﬂ:}eﬁ 2 %haéa}egl%eté%g %ernscH‘,éllexéiFe is

i ncrenent a posi tronn accuracy ©

ARSBEELN B o1 8 UL BB A TR Pl
ey b P B30 50 LS
B S50 Bl B S B B PhSr  pp, e
BB BB bl B e T ST oty e

imlarl the overall cqst of height sensor i i
ﬁﬁé‘??é"f’?? PRIHATREAICYTCY OE G SIEBPF SR @SEARLY 264. This avoids the

limit imposed by the number of height sensors that can be physically placed (or fit) along the

sensor bar 16A length, whether such height sensors are all placed in a linear order, or
multiple rows of height sensors are placed adjacent to each other. Also, by employing only
one height sensor, possible interference between multiple height sensors signals is eliminated.
Similarly, the overall cost of height sensor mechanisms employed is Areduced to the one
height sensor versus multiple units.

The height sensors 38 themselves may be based on many different
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such as (but not limted to) optical, nechanical, and
acoustical. Sone of the 2 various types of height
sensors are outlined in the section belowtitled
rdltiologins siichHsi (gttmosliﬁmso)ropﬁmhnenhmgbmand Redusonl. NSpnieSof the
a description of a sensor bar utilizing "spot”

varicmn pbsadfibeight enivasaed ontfinddda thelsedtiphtbe@rtied Sudditional Height
succeeded by a description of a sensor bar utilizing

SpisorBehriolégika Fetlowing v desalptibe bfihdenso? B tHizind “spoPOtiangulation
Triangul ati on Based Optical Hei ght Sensor. 7

Beteoptichltheight kdngéts,86ccd3fed B?a dedRflptifa ofd serBPbar utilizing “plunger
triangul ati on based optica 9 height sensor 3 8F i

siredvmetHAGRAIRIAL &8sdr®) t he sensor bar 1 6F as a Ilnear
array arrange 10 along the length of the sensor bar

1€or” Frambulh@drOBse  OPHA HABH Jefisgp 0PI | sed of an opti cal
11 emtter and recelrver unit enbedded in the sensor
bar 16F. Various optical emtter 12 technol ogi es may
be enpl oyed such as (but not limted to) LED devices

and | aser Rertifs th i V\%ﬁ% dt3(};’ g Fs Sl)% ﬁﬁ%ﬂ;giﬁtn&il bast% optical

per pendi cul arly ong t

Tﬁgﬁtsgnsgg 3?8 1; ﬁho%t c glﬁatytpﬂqﬁe S%Hé'o]; B%rel:?g ﬁs gﬂﬁ ak E&? atl’%h%ed

I ens O recelver uni

%1%}1%&9 fen hQ)q’%e op fﬁrq 6§ 7&210?1@1%1%?@5%{14@? 5 g%%lsom%g%d of an optical

rge Coupl ed V|ce) array
hat odi od
hat dnfeehRP RS bietdg‘?ffrﬁgnes %Sﬁf’ b daficuRid bt &

37B

egl%nr?g a%%laty 5 emgS % suﬁg iqlfggg ﬁ?q?"tﬂg %tggé .'ind(l%ers The
e fyr&a%c@af BB ST
TR T RN e AT S T—
gqr g%lgﬁgs t%% fatg ng ré)gé)%gl qlltgltng]] (ls](g[}) g@ktnae%s?g(gosu%%d %e%ﬁ:e)oarrrag or ct)tﬂer PSD
(Position Sensitive Detector) such as a photodiode array which then determines the imaged
angle (e) of the spot 37B (Z) relative to the horizontal line formed by the positions of the
emitter 38F-1 (X) and receiver 38F-2 (Y). The distance from the sensor 38F (emitter 38F-1)
to the perpendicularly projected spot 37B on the upper surface of item 14 directly beneath
sensor 38F is calculated by a processor integrated into height sensor 38F or by the signal
processor in display case 26.

The use of the term “optical” and “light” in this application does not imply

only the use of the visible wave portion of the electromagnetic spectrum, but includes all
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1 portions (e.g., infrared) of the spectrumthat

exhi bit necessary characteristics of the described 2
extionolegg yniradedy bé ther spgamantahtexhibiratdeadryedhiptadteaslics 6f the described
determ ne the distance fromemtter 4 38F-1to the
tachirlogypot 37B proj ected onto the upper surface of

item 14 is based on the 5 di stance nmeasuring principle

of tri angultgtttigrhomégiintetlicdl saipldyddtol dtenfie iR Banch 'ﬂ%m emitter
emtter 38F- 6 1 (X) perpendicularly projects a |ight

SRP tSTHBIiEH)spOIBTB préjediedléntd e Appet irkR6 6f iteh €4 {938 VR the
7 38F-2 (Y) inmages this spot onto a Position Sensitive

BRtaa6d Béasurnglrindip {%Q@u@ern@ammm%% Bfeffleqb mgﬂ?e%ﬂ B emitter 38F-

i mged angle (e) of the spot ative to th

h@K) gépendiculatly BrofRfsMRENPY ot 318 (729 oRB ekl lgﬂl%gfpcesu{f%%. The receiver

emtter X and receiver Y. 10 A right tri

Bowed) @lagtBis\pdtloR 2PdRftioh REnstte %te%{o %H @D array, which

coordinates 11 YXZ, therefore, the
HEEGARR t
SO BB AL BSOS s B0 o

t 37B (Z d
PBf1chs ithe LD BURLEELEH SPOL 378 (2) 1o expresse

O P S ATF SRR ol e

t S t
N T
JEH@81?9Q of Tan(e). Therefore, the product of (a)

an(e) yields the distance, (c), between the
emtter 38F-1 (X) and the projected spot 37B (2). 21
Subtracting the above optically deternined di st ance

(Tﬁlzs, Ih% %n'lratnle]ee(cs( %om th em1 2 )?)en oe proj ected spot 37B (Z) is expressed

as:
(D ¢ =(a) Tan(e)

The distance, (a), between the emitter (X) and receiver (Y), is a known constant for the
specific sensor 38F employed. The angle () is determined by the Position Sensitive Detector
(e.g., CCD array), thus enabling the calculation of Tan(e). Therefore, the product of (a) and
Tan(e) yields the distance, (c), between the emitter 38F-1 (X) and the projected spot 37B (Z).
Subtracting the above optically determined distance (e) from the known (constant) sensor bar
height (sensor 38F to table surface 12 distance), yields the height of the item 14 upper surface

relative to the table surface 12 directly below sensor 38F.
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yields the height of the item 14 upper surface 23

wo edoansaees to the table surface 12 directly bel POT/E82083041365

38F. 23 WD 2004/ 059258 PCT/ US2003/041365 1 If al

sensor 38F emtters sinultaneously project an optica

spot on the upper 2 surface of the item 14, sensor

38F recei Véalssamsyr 36E bmdttersyanitanthisly pdjebt anbptivhl Gohat Be upper
fromthe 3 same sensor 38F emitter. This |ikelihood

surace afSthg iterh 14.aeqeer 3&Mictdiags Ry ddatk sppeamtdidid Sriginhste fdm the
enpl oyed and/ or sensor arrays along the I ength of the

s@nsensd a8F dififftenr Ehis HREHo6@ theRhsed ifldredt enbitted@ipHitd beHh widths are
sensor 38F units. Such interference could result in

emploneug/or Edsdr krajieil@ialthSlef@h 6£4ha bdndhiDar Wl £&PorRRised of a high
avoi ded by nultiplexing the operation of the |linear

dédsBY oDdensH BSOinits / SectBifiteBich RhRMEsult 'i‘r?ertc%@&ﬂshteﬂf 14 128snt
sensor bar 16F. 8 Instead of all sensor 38F unit

pale] 12k Bl RARbé SRJideANY nful Sl SUhd BOBRMSIoK of 8RR
sensor 3 8F is both g’?t.v%‘% ed éand 1tsllklgact 'vat ed ear%rraYOfsensor

smmﬁatauoagkae1aiggn&tﬁ@§néo‘%%9mfr0f the sensor bar 10
16F. A successive sensor 38F emitter is not activated

until the igy&HSRLE YenSGitaig¥ 3k 33%%% §§1'1: ol‘s]mmulta eously, each
cal cul ates the distance paraneters curren ? ’

B9 §h P RkivABa ar{aedegﬁm{e §éhg1a Cﬁﬁ}l 91%%%&1? en%t% of&lﬁa ser:ll's%r bar

and is then de-activate

@WA @ﬁdggsgl’vg fsen%] g%ﬁﬁt@e@ 1J 2 a&%&%d u%tg &enﬁ%ll‘r\élllt?}i %gvated sensor 38F

sensor each 'successi ve sensor
t t t
SRR fOGARE NS BEL Kb oAt m i e ore
b
‘tgﬁtfh%ﬁ%ss;ntd gétﬁwgiﬁaafasé f ARuRg e sPiuplefi ofudtRSeing for cach
i ned f )
gﬂ'éﬁi%‘ﬁ%@@??rgk A R P IoE A DeE sty poy 1 ey bo activated
" t t.of t
il séapg%g@t@“ R RS S o s
#gp 3 nt|n aﬂé erX|n fixed length tinme interva
9er eiRc P s RIRRERT Jigtance parpragtirs dordhat §pts Thig paximum
onI ne sensor 3 8Fis o eratln at a tine and thus
E’inF aefﬂ@gle% Evbtlse of fhe seRssly tqpawugg FRSFi&icationsherPRY the longest

ensor 38F units. 21 A sensor 38F may not |ocate_ _and
Soc St 55¢ A HIORRIPT §PSrequirad o RpIeRs QR¢ bright valuo is utlzed.

Implementing a multiplexing fixed length time interval longer than this maximum time

period ensures that only one sensor 38F is operating at a time and thus eliminates spot
recognition errors from multiple sensor 38F units.

A sensor 38F may not locate and process an emitted spot image within the
allocated multiplexed time interval for reasons such as unfavorable item 14 surface image

formation characteristics, or a debris obstructed sensor 38F emitter and/or receiver. In such
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sensor 38F emitter and/or receiver. In such 24 WO

2004/ 059258 PCT/ US2003/ 041365 1 cases, the item 14

hei ght at this sensor 38F position can be .obtained by

eaees, dpateat 14igpighe atgfhis serBonaBFyesiticetaardiob@thedl By extrapolating height
surroundi ng sensor 38F positions. 3 Referring the
FalgesrdeteB@ined fur serasindigg tdngorB8FPokifordst he number of

sensor 38F 4 units per sensor bar 16F) may be

acconpl i sl iedertiyg the FiupOI tihdAghsiag dietdeRH(ths BNEBT 08 &hsor 38F
units 5 in a row alongside the already descri bed

buiesgE sedsdrdyr T6F) RN 5O hccdBplidhed by Hl@d)ﬁ)&aﬁlﬁkaﬂﬁitﬁgaltsgx%or RF units
sensor bar 16F. As illustrated, |inear array(s)

SENSO HorgSite (H8A)redd8 YietiB&Y IIH{%alerﬁ9 %Flseﬁscﬁ‘@Bla aen hnﬁé)%?ﬁng the

other either in a staggered or collinear (not s

SABGH AL GH, | AN IThrate) 1Med ar&y(fsy@fsghéa?srb%mﬁﬂ m&y Jl@’be%flaced
sensor 38F units. Calcul ations requiring the position

adjaRBCH efchSHRMS fthed i sté%é@ﬁfl BPE(?%I%aP(anlSS%BWﬁH c%hﬂgfrgtlon to form a

factors to account for These offset sensor posrTt

@v@o diRnkioGi 8887 sSROSRE JDS ChkuGRAR N %}Zl ﬁ@?llec}gds ‘@ﬁtok' o

nmore coordi'nate data points per gi

@Jn@@r 3@% 1150%@3%3#4 Stlé.]fﬁtg ?‘fg:tdrp&r ?0%1%? fo¥ %se o\fggt%tensor %osmons

accuracy o une an resu

éfnc&ﬁ%ﬁ Shs easié/%mt)lef-s(iﬁ‘é olillI on P Riore coor'\@na¥e da?agpomts per given

triangul ati on I Ca ance sSensors

&Hfa&g%ll If ﬁ!ef’h i @é{i l?e?ll;e 1ngrégse9 {he overelg ?ccHrca%c\{ﬁ{le volume and resultant

appl'ications such as neasuri

t d
SELAT T Py eRS ma;m%aai O
h I 16 Vibrat t
s S VT EBNASP bt
b B th h | h
SR R b 5 SRt

[in ed extendl ? P % di stri buted
p sition gau ng existence an exten of materia de ormation, and quantifying mechanical

vibration characteristics.

“Plunger” Based Mechanical Height Sensor

Figure 4 shows the sensor bar 16B with a mechanical height sensor
arrangement comprised of a linear array of spring urged extendible plungers 46 distributed
along the length of the sensor bar 16B. The plungers 46 are each normally biased to a fully
extended position by an associated compression spring 48 disposed in a pocket 50 formed in
the sensor bar 16B able to receive the length associated with plunger 46 when retracted

thereinto. The tip of each plunger 46 is capable of reaching the table surface 12. The
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48 di sposed in a pocket 50 forned in 24 the sensor

bar 16B able to receive the I ength associated with

pl unger 46 when retracted 25 thereinto. The tip of

erestncp biamyeeart 46 the stema g doheathof partizatin plggd: 16 ciialy ®at plunger 46 to
surface 12. The 25 WD 2004/ 059258 PCT/ US2003/ 041£

be pirestehz disehceaoyregpandingfo thdieeight 6Mhd durbRe ethi iBm 14 above the
particul ar plunger 46 causes that plunger 46 to 2 be

tebter sacfhed 2awilich iraf aEcoespoRdLe A thigkdts 61K gl ght of

the surface of this item 14 above the 3 table surface

12, which THe ektéhfbt&étfafcﬁﬁgimaﬁoﬂeﬁbﬂﬂ]&g%m&k} B&R&d & 2 M&%
|ten114 4 The extent of retracting travel of each

Bisplag@ientienidt af @SRt AscRsdd RAAkafer, Whihl 4L ﬁﬂﬁ@i‘flg
arrangenment di scl osed hereinafter, mhlch generate

e@aﬁaﬁ@?ﬁggng 6 electrical S|gnals 7 Many different
types of displacenent sensing technol ogi es nay be

enpl oyed MaSHfifterds tﬁﬂ%b‘ br cﬂgbtlacleﬁl%tts [gqgchff&h% %y be ueng)loyed

opti cal - mechani cal , mechanical, an ectro

2 P P a0 LSOOI U85
by S S BT T e

%ﬂe&i@ﬁ*?gen%{‘%ﬁ/fet ails of the arrangenent sensing the

retraction ravel of the plungers 46. Each pl unger

he fl 6
;ref I ecfl |t vgbll%u i 6OA %EB ?Pg% sﬁ‘?‘é’@g%}rli ?ﬁh%ﬂraﬂlg?ql‘ggfqn%g the retraction
Al di stantly
T e AR o
%@ LA bGP BReR o bR s
imlar .18 |jnear array of equidistantly spaced
‘f“bYa Sbfﬁq daprinted yith porptsficative H%lﬂ@ﬂ@%%&d’é@ﬂ%@%@f

the 19 length of the sensor rod 62 positioned t

pPdistardly) SP@%@ alrl&liﬂﬁ%ﬁ padisEde svEER mw} 6¢ @ferr@ecid@é: ajopg the

length of the sensor rod 62 directed at the flattened side 60 of the plunger 46, and a similar
linear array of equidistantly spaced angled photoelectric receivers 68 is embedded along the
length of the sensor rod 62 positioned to receive light from a respective emitter reflected from
the side 60.

As the plunger 46 moves up and down through the cavity formed by the
solenoid coil windings 70 and sensor rod 62, the photoelectric emitter 66 / receiver 68 sensor

array determines the displacement distance of the plunger 46 by tracking the changing
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through the cavity formed by the 22 sol enoi d coi

wowediosgss 70 and sensor rod 62, the phot oel ectPE€TUS2003/041365

emtter 66 / receiver 68 sensor 23 array determ nes

the di spl acenent di stance of the plunger 46 by

tracki ng the changing 26 WO 2004/ 059258

PERtMSSZ 008ived B6Ged ighpaTs eliminate falseaeaiings davsed beetfiedions from
light. To elimnate fal se readi ngs caused by

ttefsblendid springf48orhen 2t debwpicsahepltongdr S@pdshipnsdBe WiRB 48thas a matte,
occupi es the plunger 46 position, the spring 48 has a
meadi-tedlectivd sm@are (BiibiHct i ve surface (finish). 4

I ncreasing the density, the nunber of height sensor

pl unger s 4fcrBRingIBOEMEiLY) Ble nubdr@BheifRseid@r fahRPAd 1§=P Q&ilsor bar
by i ncorporating additional plunger 46 units along t

88B Shdy 1@ abcdnipHERdd BihdYpoRdting h&di8&al ﬂl@n%é? ik ﬁm%'l&@ tﬁeoe%‘stlng
t he sensor bar 16B. One or nore rows 7 plungers 46

MiBdar aﬁ@% émelﬂlm@d«hﬁﬁ@ml tﬁ@seﬁﬁ)‘f Baralche ron%lo} Rere 1%& Br
vi dual

the in sensors 8 staggered or side by side to

?ﬁlﬁ’l@r@é MRy de‘ﬁnﬁh&ﬁ Alljadnt B¥%adf othe 'eﬂlligr vﬁﬁriﬁ@ﬁld@lcfdglgsgﬁsors

6 units. ~ 9 Calculations requiring the position o

S@gdirddl HBUE by Sife | to%Hﬁ B %@H&eﬁ&{n’?ﬁ% g} o?fth@fg fifschRC Ll@l{léer Y8 units.

10 account for these (adj acent nsor

@gﬁhﬁfl?}{égﬁu}m& & Jsﬁﬂ)ﬁ%@ eaﬁ:g Bﬁﬁ% g"ﬁ?do%rﬁg e?(%sttall‘?cl% factors to

11 co on o re coordina ol N s per

‘Ewotnﬂ(f tﬁésg Jceﬁt%?ﬂ% %é&hso@ gsn%?tﬂc ?Fh% %ncr&{' % anste oF denhﬁy enables the

over aI acc e VO resu

%&gg (9‘18(; 1‘1’(({%@ g & gdl . £][e ﬁﬁé ﬂ(tl g’l?S 861‘1 :?{VGEIZJHS %cle%tﬁeg rtlstﬁl‘B ég’f %l'ld hence

rring gures

d
P AT O BT o i
gse to be 16 described bel ow. A displ acenent
gé?@%?@f ar r angement for generating signals

correspon .17 nt and direction_of
di spl ac errgéf‘?&'ﬂf' f(h['(é ?Iﬁo‘dg FOISEFOAY JIPPAE RIS 7 ate Pexided at
par al 18 t rfac 2 dur st r oki ng
Bt Zutpt e pmsordps ST BHE R v ReA T A o 3T BRCiah o7 2 gpostto be
ggsgﬁ&}dg)rg 54§atlstp hgrggg tg%tg%rgn@g%%gnts t%? g&%ﬁangg gltgna?szcorrespondmg

to the extent and direction of displacement of the sensor bar 16F (or 16B) in a plane parallel
to the support surface 12 during stroking thereof. This arrangement includes displacement
detectors 54 at the bottom of each support post 52, examples of suitable detectors 54
described in detail below. Each detector 54 generates electronic signals corresponding to the
position and extent of horizontal travel of the end of each post 52 when the sensor bar 16F (or

16B) is stroked across the table surface 12 from a start position beyond one end of the item
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20 described in detail below Each detector 54
generates electronic signals corresponding to the 21

weomihins and extent of horizontal travel of tPeT/Esosd41365

each post 52 when the sensor bar 16F (or 22 16B) is
stroked across the table surface 12 froma start

positi on beyond one end of the item 27 WO 2004/ 059258
PETAUBR BB 36I5(or 16BYis sthsketl ha@osdinstalle bafacd 6F thdbottom end of
16B) is stroked across the table surface 12, the
bohtsoppoeipdstdi2 is Repe cdonstamipoiithct ok tthe2ble surkepl2.i n

constant contact with the table surface 12. 3 Sensor

bar supporSengvedtr sogpdtt st ST sHRTEme deettofsS4 by HRbakd on many
based on nmany 4 different technol ogies such as (but
differdnt wthidtbgled kudhik (6@ hot 1itddGa)| opBL pHEL Mechdical,

el ectromagnetic, nechanical, and pressure-sensitive
CleaednhdgBgtic, RO¢HRNiod], ddderataurb-Bstsithvy REHiIAS Sofle BARL various types of
di spl acenent detectors are outlined in the section

bost iRpladittn dedt@rs 26 BRRAL RO sedtioRitRIRA AQGRBRM SBRISG R

Technol ogies. Followng is a description of an optica

DRpEJerstd PRt tor ’@ec{ﬁﬁeﬁbgigsi. FRIBFRFEY dl&iRch Bf %f(gﬂnié:%?)aﬁed support

opti cal - mechani cal basSed support post "disp

6% 86518EemehDdeldeR h)d ANEhtERNShRLARR Bised !

guppof'r)t eglgst eDi spl acenment Det ect or fi %@Bﬁ?gbsg%smacemem
depiigt s diagrammatically an optical support post

di spl acenent 12 detector 54 associated with each

SUPPOftleoR 35¢ Opelrtiod St 5 GHRAYLIR L;p%;ﬁ ﬁgkly&;@n@e&iﬁgbt

emtter 13 74 such as a LE frects a rrght

beam ont o ke 82k1E : . :
T e sl bRk 3 Ak Db YL AGpOPRR ol

gg’é‘c@&r\’jﬁﬁséohﬁﬁﬁ withfeh@CduBFort 556.3:{132 Mffhid %oﬁin‘?é#%fn&ﬁ&lﬁ%ﬁqalﬁr’ght emitter

a |ght sensitive recelver or sensor

9enRhat 8 eBvafiid PRES asﬁigi\%lhr\%%ﬁ o thERDE Qﬁ’ﬁfz{ltg é% H{X%lilggl ﬁatn I'(I)E ening in

reflected |ight | mages are transm

s s S T
2 AT 53 P B DY BRIy RS Bonaing
B e hen A eI BRRE A sl YRR R 5 on iR’

table surface .12 ar angi zed t erm ne t he extent
and direc t/}s §ﬁ°ho%up8‘in§ %?sg eﬁ%vrﬁ)fse%ﬁ%e ga%ie Sutthce 12 ‘while Sensot bar 16F (or

16B) is passed over the item 14, successive frame images 82A, 82B, 82C (Figure 8B) of the
surface 12 are generated. Fine surface details, (e.g., texture, color, contrasts, etc.,) inherent
on the table surface 12 are analyzed to determine the extent and direction of displacement of
each support post 52 as it is moved over the table surface 12.

The above described optical displacement detector technology is non-

mechanical, requires no moving parts, requires no preprinted (embedded, engraved, etc.)

28



10

11

12

13

14

15

16

17

18

19

20

21

22

23

21 each support post 52 as it is noved over the table
surface 12. 22 The above described optica
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requires no noving parts, requires no preprinted
(enbedded, engraved, etc.) 28 WO 2004/059258

PCT/ US2003/ 041365 1 tracking patterns on the table
trackirpyeitdBs omthe tible efigeal) MMdds verbfutiBlewiithe: widt baiery of 2
conventional "off-the-shelf' cutting boards, tables,
edryentdnBULITT-thedha Pl caaig®oirds @itesi @ i s currently used
in many conputer nouse 4 devices. As exanpl es of

comrer ci abihch aatigpldoaibif d6LEHHOR BittentlPhisell ik Maky REnputh Grouse
Agil ent 5 Technol ogi es refl ective optical sensor

{EZs 280 Bxantpiddsof bhMNRerdiall Qvailhﬁ@c&ﬁ%cﬁ@ﬁ’cls ¥f ®lsithhe, fe Agilent
HDNS- 2200 and 5nmred L HLMP- ED80. See al so Agil ent

TesmhbRbieaieBsctie BbiicaRichey? HDNSYIR, ki BDNSDL10b ﬁﬁ? assembly clip
"Solid-State Optical Muse Sensor with PS/ 2 and

- 2lodTaRa Shbdied $ED M NiPIEDge! ggeeéls({)‘ﬁ%[eﬂ{ Té?:ﬂﬁ'&logies Application

details. 9 Theory and Qperation o

ﬁé%ei 19 %,'emla@oﬁ@-ﬁta _ feﬁlgl\l/lgl%l%%eﬂf RlaseARAL eragcjgﬁt%elo(gutputs”

10 An optical - mechani ca acenent detecto

&R eWMhel BoeliBHLISS A 9B 11 and 9C, which includes a
bal | §4gpan X ax?s roller 86, a Y axis roller 88,

att aoh% )én .e tiJnZO ircﬁ-tl\f Qhagl%li ort &%gs ce%eg CDe?e% or
and axis pertforate [ ﬁcg%@#'gﬁst—ggT—op%rcaF—

13 em tterg, SicalIBecBHcd Rish G M ERRIMEESA %Bsho‘]n? % Fiéﬁres 9A, 9B
slip) table

the ball 84 rolls along the (non
A2 . t .
PSSt 0 L PRIP 0, 00 LB o
: . . f ' i,
PP ot oo Ll Sl DR LA QS e

\%ﬁﬁtgﬁaﬂ%@%{gﬁ%@?% gé’cglgéljs ?g,hfooe Kk ttl{ezq)(gll gé ’roqf%b&tng ﬁ% (gg'n sh%? table

afe recei Vvers

I ' L ¢cal.. Si I . .
ANy ﬁ:“(l’he Jgﬁérg’?g 51?%0&%% %reﬁjloglg ! g)lg %ictio él%?l%fl% gth}Jl (3(1%? b%]284, causing

correspondi ng Enenb { °
| ' X-and Y.axis. 19 The. ) [
s . 7 K RS akar S i b PR BB s gone
20 . ' nbedded X d,.etc ).t Ki
ng{;'eg Ipﬁggel‘g rﬁhc? %az P ?e)lTeg %‘g@ﬁ*g&&%&%%ﬁ{ygmttgrg 84,)96 vsr/lﬁgh allrQ getected by

receivers 98, 100 and analyzed. This produces electrical signals corresponding to the

displacement of the post 52 along either X and Y axis.

The above described mechanical diéplacement detector technology requires
no preprinted (embedded, engraved, etc.) tracking patterns on the table surface 12, and is
compatible with a wide variety of conventional “off-the-shelf” cutting boards, tables, etc.
Such displacement detectors are well known in the art, are currently used in many computer

mouse devices.
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currently used in many conputer 23 nouse devices. 29

WD 2004/ 059258 PCT/ US2003/ 041365 1 As the sensor bar
16F (or 16B) is stroked across the item 14 surface,

the 2 si gnaisshecensoebyyd B i(drd 6Bpistshiekef@siots thditeh 14 a&thce, the
support post 52 as well as the corresponding 3 sensor
Sigits onresponding i tha pogitidangesichhppdiiosie2 48 e&lltak M3 oREsPonding
continuously captured and 4 transntted to a signa
pEneareSSE ¢or iédfanich] pli@ged a6 hetdht pdsitfons @Lﬁtc@ﬁ’c[rﬁguél‘}%a%ﬁ?ed and
positions of the 5 item 14 (data fromthe hei ght

et o asignalprocssot 30D if Blelc@e R8N dhe Sorkl&! heydni Eositions of the
surface area 6 (calculated frompositions of the

8410 PP (datPB6h $heTéighCRAV G %5 HBR 2.£80 Eér@dﬁHﬁir@%ln&éﬁfyiﬁﬁgiesgff%c;e area

and 7 display of the volune of each segnent de

[dARuBRAFRM RRItioASST thOdup 0sB52) Enable@UR cBRhuols Ja[cqmti?]n and

one end of the item 14 to each successive position

B8biRPorSthe PKEHe Bf QBY sdhent cfeﬁﬂ%dﬁ)ér C}hel; t nﬁz g&ﬂ;ll%ggg{]ﬁi'ﬁ) ¥s Qtraverses

each type of item1471s recor

BECRE S B0 B[l sl ) TP P om 1.
' . ' i ' |

AU 850 o B A5 ST NI 0 .

RLEGRHO 931@41.;&3& Vo%me, éﬁ&%ggrphflﬁetxa&hlgg?,%% asgsél)'cf‘it tgd g%gev?ellglh%)lg cost

a desired view ng or ease opera

BB B ity UL S Bl S e i
1 It It 14 | t hemat.i cal | ccounted for
BB 15 b e B DR BB S5S1: e
the.item 14 during the backwards or forwards novenents
V'&%P&ctivel y. This 17 enabl es a continuous readout of

t he wei ght and cost (base n weight) of the item 14
as the g1 tglér‘?fgfﬂﬁg'ﬁ% rsi’@l'fge( %’F"Cti@‘s‘%jr%‘%}@g‘e‘?tdﬁl}w&%ob?ar 16F (or

kwar ds., enabl i t he operator .to accommodate 19 an
B35 &Qﬁ%@% SR8 afermayy Gpaonaiey G b Y addipg e Taversed
rticglar portiQn desired based on the 20 item 14
gfﬁ%}? ehthe Hprp d 4 dupegthe frokyrids onfqrvadsmosmenirrespersively ¢ fhis
14 j t!
enablleg a gcl)Jntinuous readout of the weight and cost (based on weight) of the item 14 as the

sensor bar 16F (or 16B)moves forwards or backwards, enabling the operator to accommodate
an on-looking consumer’s specific requests as per the particular portion desired based on the
item 14 physical appearance, weight, and cost BEFORE the item 14 is cut!

Figure 1 shows the attachment of knife blade 15 to the sensor bar 16, utilizing
protrusions 102 snap fitted into corresponding holes in the knife blade 15, which also has

ends snapped into recesses 104 adjacent at each end of the sensor bar 16. The knife blade 15
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21 Figure 1 shows the attachment of knife blade 15 to
the sensor bar 16, utilizing 22 protrusions 102 snap

w0 paotesh2st o correspondi ng holes in the knife PCHUS2005041365
whi ch al so has 23 ends snapped into recesses 104
adj acent at each end of the sensor bar 16. The knife
bl ade 15 30 WD 2004/ 059258 PCT/ US2003/041365 1 is
fsaeqsived thtd mteoess 106 dews siid Gack of Hiseof shedendoabar 16fto BOBcaéd flush
the sensor bar 16 to be |located flush 2 therewth.
thacyitht Eagyhatecitndcd#damhmentof ¢fe kntfeblads feerablagithe 1be of different
enabl es the use of different 3 types of knife bl ades
fypes dftkeife Bladdsrfenieteguisdmeaisiof differintly canpmResansd tens 14,
4 In the case of sensor bar 16F, when the position of
sensor bain fiefcageade&iRcr Hah €6F, Whele e pedti MEdf3BRsof B 16P &dadhes the
of the item 14, the operator manually applies a

daiedvacightibesst) bethe it 1uBe SRAKET mBMAILEIPlEASI W aRPSBssure
retractabl e posts 52 to retract upwards resulting in

bimihe Gensdr bhb 1 6W¥HuEiEs HOMPNALEBle Os ST irttehcE@IWRdelredMitind in knife
the item 14. Sinultaneously applying a 8 continued

POWOVIEE oS8R rRikehe@6BhLtWAG: tBe BAS K4.a@i%uﬁt9ﬁe_foﬂs1f ﬁ?lﬁlgg 2

noti on across the item14 9 surface results in

EdrmmeitoRalvagl SesRE %ﬁ@éﬁért%gta thék SR ﬁ%vh%exﬁi)ﬁcﬁ'ﬁdaﬁrots% the item 14

segnent. Knife blade 10 may al so be used o

BRfaKe fe8fR NS Ie iR 1i4tb_%mg :I:émgF{eﬁfgc?/@%)\g’Gﬁlg glg RO e8 rs]eggnent. It(lﬁfée blade

i ndependent 11 cutting to to pertorm

L4 88) SRR 80 DAL g O

AR or i e B el ol Phin BERSRERTE, | D20 e
Fosetr podkp R ER B MIEARR s, AR v T R Fhgr i an
e S Pl P R RTINS prves e
i RSB 8 “BROC G Pt e R e SR el e
ey 0 o Bl B0 T P ) BB BB 8 AR dor A e 14
BRI bkl i GO Bked o AOPYEIIG: of 20

f,ev! oct Lég %ﬁﬁggqiﬂsqu%&g 1:,%9 145 @gﬁ%eiggﬁgf S Shikor bar 168 reaches
the desired weight (or cost) of the item 14, the operator depresses the appropriately
designated “cut” pushbutton 56A-56K. Referring to Figures 6A and 6B, a brief pulse of
electric power is applied to each solenoid coil windings 70 resulting in the complete
retraction of all plungers 46 into the sensor bar 16B, thus compressing spring 48 to bring the

stem 47 of plunger 46 against a permanent magnet 72. Each plunger 46 (stem 47) becomes

“latched” (held adjacent) to the permanent magnet 72. The plungers 46 remain retracted,
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16B, thus conpressing spring 48 to bring the 22 stem

wa@70080592581nger 46 agai nst a permanent magnet 72CT/ES2903/041365

pl unger 46 (stem 47) becones 23 "latched" (held

adj acent) to the permanent nmagnet 72. The plungers 46

remai n retracted, 31 WD 2004/ 059258 PCT/ US2003/ 041365

ligreil geret b prembnenompgiet BehkouAghert appRcatibi hDéléchﬁ%d\%? Bolely due
application of electric power solely due 2 to the

&t the aitrbétive fro¢ 6fRth@perinBRenPREFROTN ATdGHREbed Tatter, MM retracted position
described latter, the retracted position 3 of each '

pf ¢xoly plungkd 46 3ih eefufthirisbRfed b9 aEs Skidensimed@blenoid plungers.
si de- mount ed sol enoid plungers. 4 Wth all plungers 46

in their fwithyl pRhfACICH RSl RiractédSosfish! thButBRIKIObF the
the 5 knife 15 becones conpl etely exposed. By

RFRRLIES BeXorARRlowiplebly Spd QN By hnRAl Aobiifard th
sensor bar 16%? bd%hlgetrgﬁtag egﬁég§§g520ret?%g¥%mneon ©

NG5 1 8 BSihEtrdcRB1eMIakE 62 géra&t%g%t‘ﬂ@ cezlsﬁg wvgskd 13 I%jmove

make contact with the item 14. Sinultaneously applying

P AP, 0168 o A8 gy g
S T TP 0 1 e
S0 R DA R ey 15m
b peLde B%W@%g%{mg@%ﬁéti@eh”& Dtad el ST A% g&;}%ﬂ@a‘cn% &liting tool

Item cut or scor a

' 3 el d t] f th
§%$§§%?ﬁ%g é%ngg?ég%% “E&E §$%%B -¥u?fy'22tgnding
th | t . 14 t d t .
oot opr | sty el ER Rk SROpToRA iGhe sasergaidoB g

ausi a.bri 15 pul.se of electri wer qf the

DL e N E Ry A L N
eac unger ., 16 46) to be applied to each _sol enoid, ,
8%?‘;]‘0%3}%%3’?%’?5@6?6?% 1% ﬁwwﬁ@lrﬁf%n@@@% SEAEAGH Sgtsine » briof
the 17 plungers 46 is thus_ rel eased fromthe pernmanent
Pr‘Q@‘h clepiicrpgivr of e FBtifFaSiast @ gt eskpnesed fo tegect each plunger
%§sigion_gi overcom ng the attraction of the pernmanent

ghae appliedfoeagiheolengidsiod tindings 79 enelpsingiie ghinggigdo. Each of the
conpressed springs 48 to their nornally extended
PlYRETY A iafhus Felearprbiiom the nepmanspfarasgeta@tollang fespppsa fully extended

"reset"” pushbutton is to also cause the display 30 to
positign byyercpraing the attraction of the permanent magnet 72 and the automatic

extension of the compressed springs 48 to their normally extended configuration. The
simultaneous action of this “reset” pushbutton'is to also caunse the display 30 to clear and the
signal processor 300 to ready the sensor bar 16B for new item 14 data. The sensor bar 16B is
now ready to be stroked over a new item 14,

Various industrial applications may utilize different cutting methods in place
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i ndustrial applications may utilize different cutting

met hods in place 32 WO 2004/059258 PCT/ US2003/ 041365

1 of the above described knife 15. For exanple, itens
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{Fggﬁ\ %? A d Qﬁ'«{ ieijfs6or ‘){ral\éq:ﬂﬁs mog%ug’ g?%géftgﬁeg]pﬁ{cw ?r@le from the
h
%%H?aza%oﬂfge%%a Ef s b T N oo
Gl TN T R e T —

item 16 . Fean ¢ roce out errup |on Al on
AL T SRGHE D B i %‘v»raa?qp Bl4qpmis i s can be
SMAtC nd Seﬂsor bar 16 bat sup I 306, the
&eg@m 3‘6 nqa @iy sm]%ﬁn%ﬂi oF ]tlfth e caf tlons so that the 1tem
controll er- S|gnal processor case 26. 19 D sal wed

SR SH Prached TEhaR aé\@na Ngfa thretignal macasser confroller 300, il

el ectrical signals 20 fro | acenment detectors 20A

S nandepSeE sl § bAery wpalysﬁ% falar 302 ip plee eoniinadsvisign the

controller-signal processor case 26.

Disallowed sensor bar 16 movements are also detected by electrical signals
from displacement detectors 20A and 22A corresponding to positions of support posts 20
and 22. An example is when the operator holds the sensor bar 16 in too great of a horizontal
instead of a more perpendicular position in relation to the operator. Another example is if the

operator moves the sensor bar 16 too fast or too slow, or lifts one/both support posts 20, 22
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sensor bar 16 in too great of a horizontal 22 instead

w@booa/0smse per pendi cul ar position in relation POI/UR®03/041365

operator. Another exanple is if the 23 operator noves

the sensor bar 16 too fast or too slow, or lifts

one/ bot h support posts 20, 22 33 WO 2004/ 059258

pETeuso 68104 136Fheldetecfed sippott pbiteosndinbiapeosifighs of ek of coordinate
det ect ed support post coordi nate positions or |ack of
postiahs vatses th alpos B2 torssumddndiesing et the fem 13Q2antvill0¢Hd be
indicating that the item 14 scan will need to be 3

rgidome. 4 Intermittently reversing the direction of
novenment of the sensor bar 16 as it 5 traverses the

i tem 14 i Snenhineibiceaditg/thedigatioh 80mb@meayorahtich@s bir@ as it
or adding the traversed 6 volune of the item 14

ttaverdeg tHehiRmDIRCK iR thdBativally Sdcv@itelBoi By &iFRAdtHg or adding the traversed
respectively. This 7 enables a continuous readout of

v blemeof Gl liteANd duasi the Bakedrds dr WRWARAS ﬁlo@é‘méntbereépgﬁmelyl This
as the 8 sensor bar 16 nopves forwards or backwards,

6k b REntiBuRRIA Hihd @elgﬁfaﬁm%ta&d%ﬁ v&éﬁ}ght)%flt&%hﬁﬂl as the
consuner's specific requests as per the particular

BRkS AP 1 6189 &SR AR S bRRWhIE eh&tﬁ% tﬂeQ)ﬁ@r%to? lt‘tya?t:'c&1@111‘10date an on-

appearance, wei ght, and cost Item1

Tdékmg %gnsu:h%r % E}Q:Ef"ﬁg lrclb(ﬁgéstssdsq;@latlhe £rﬁ&ﬁ%ﬁ)e {‘hoﬁ%sﬂgﬁ)ﬁagﬂ of the item

commerci al l'y avail progra nlcroprocesso

@@Eﬁ‘ﬁmﬁféﬁé&?é’&rﬁ{ce Gl t%@*c@gt BRFOWELT iged,gb is@ge 26. The

mcr ocessor | gna processor IS pr ogr anmed

to perfor %gﬁtgdlféiaglgne 1 Bl%géSEAI%B 2Ibg %o g‘rélaﬁﬁ e%l?lable

cost and ot requi uta s as scr

Hﬁ%@%habﬂﬁlck&p&gsop&s%colrngu{e{r an]g cont gﬁetd Wil rpoﬁ ﬁx’e ’c%sg I26 The

e nu

%190r0 caetséo% rs{éh et C Ig)tt())v? %rogrﬁlgl:ceg ﬁ(?]?eaf éﬁcgr I%Stg{}ﬁ)g on, volume,
7
gvs@??%? snﬁ&hefasw &omrre B S rer R aBth BP sy g

e ndln /0,(in t/ou ort
PR (2 P SO R ot cade( K Jptege 8%“6 fp g gre
interface co nectlons e. éunlv rsa serla
?P%SS%F&) dmmwmnw%ﬁ%eﬂ R PO Kay Rebgan also
E %sed to transn1§ dat
e uploaded from an external source %e. g., desktop, laptop, or palm computers) to the
corresponding data I/O (input/output) ports 58 via a wireless data link (e.g., infrared) or other
interface connections, e.g., USB (universal serial bus).
The data I/O (input/output) ports 58 may also be used to transmit data (e.g.,
weight, cost, product code number, bar code pattern, etc.) to external devices such as Point-

Of-Sale (POS) terminals, customer readout displays, external computers, receipt and bar code

printers, etc. The use of ports 58 is critical when integrating the sensor bar 16 into industrial
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external conmputers, receipt and bar code 23 printers,
etc. The use of ports 58 is critical when integrating
the sensor bar 16 into industrial 34 WO 2004/059258

PATIOWSE 0PB4tBhd. 3B&r exdmpleyd productien kirpaha sinfihaneously utilizes many
exanpl e, a production line that sinultaneously

s¢risbri bmess] 6maayyhae sieouibtted atighilftasorediaman zed by @@Hn{rﬂ%ﬁlguter.
wei ght data stored/ anal yzed by a central conputer

Eactsigiabpratesfiir 0@ 8t pdéiariaét, PR keyR@ A BHextdthaA computer
keypad 27 or an external conputer 4 comrunicating via

pamingnibiing tvin e 8BGo appenil § Ui BEAXideAEPhnb hith PG OHIFRSE stream
to the data stream 5 transmtted to the central

GoMsRiHiel o tHe obbtrdl REmp@ASOr bar 16 traverses the item 14
and the segnment weight (or cost) is 7 displayed, the

cor r espondidibe RAERRH] CH f
of the sensor bar 16) 8 %@%F%%éggnéggﬁi?%ﬁ% OP{®ﬁ§Q§&%mm)w

bRbaMd, H60888LsPo g%ié&ﬁ&laﬁaﬂf eibfiot! R)Dtﬁg b bE ﬁ% gensor bar 16)

i ndi cat e t he exact ocati'on where the ite

5}6%&{6@ pB&HGHor kiR lﬁfg‘ﬂﬁgenéo?s i @g&ﬁﬁg 1tt31ﬂq4§1 Qttfacg Elnd‘ic{fl?e the exact

di spl ayed 10 wei ght™ (or cost

Eicgtﬁfe nShele the ﬁequiQhoLh’ld f)&h t @%&e‘? t ﬁh&ce%s%%%gnt o%ffm (i%sngyed

nce does not col ncl I'S pPOSI
I r
W%op&m grt thg geg&?m tf ?‘lgﬁgag %bﬁ&é él{ulfg thte lq";#ezlé glﬁg?{?llel to (and
gfésdcg goets I?lgt 6301 dei WitL C § cgézc*ogf: 51 t%e e%é?cgﬁnF% |o§ ? l(gul(egz(hiu a separate knife
e wth the ex

g 5110 Ry B eﬁq’fcr %ﬁ% 9@? e s e R of

t he. .cutt.i he rotar
BighE 3o PBBion BEE  phin 68 s taneida G e s ho!

are also .parallel 17 to (and hence do
ﬁ%?g(iélwﬁ%‘%‘ixa% cflﬁmtgll?gslg%ct cutting position. In the
anamM|m1d18 MSfthms smal |
posi ti onal 1’6‘? ?‘Fye s E Em REE QT Figareg 4813 gnd ¢ the prtie location
t he 19 cytting line js not taken into

a@fga %ﬁﬁ gpidloting diopping bladss ghbiater Gisteg rﬁqucavelb@set ajso parallel
woul d be 20 sl i ghtly different than that indicated on
faandshegpe én %%Palymé@ withthergagt ifeipesitiony nlg theaferementioned
embodiments, if this small positional difference between the cutting instrument and the exact
cutting line is not taken into account, the resultant cut segment weight (or cost) would be
slightly different than that indicated on the scan display 30. In many applications this
difference may be considered insignificant. In applications such as when quickly estimating

a weight or cost, a final weighing (and pricing) using a conventional scale may be performed

after the item 14 segment is cut. Nonetheless, this difference can be eliminated for both
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conventional scale may be perforned 23 after the item

14 segnment is cut. Nonetheless, this difference can be
elimnated for both 35 WD 2004/ 059258

REAUAUB2OE1 B4 lodtifed iddusmialigdpliegionel | as aut omat ed

industrial applications. 2 In the context of autonmated

i ndust ri aln #eprbhteidf @iSmated HAQstAAIEHlRANRE, Ghletfrdlammed cutting
tools (e.g., automatic choppi ng bl ade, |aser, rotary
Woksdeg., Ntoﬁht@fbh_ﬁj?lﬁﬁgibllﬁ&, YiRdrSlotar@bihde behipts Sidssuft Wdler jet) are used
pl ace of the knife 15, these tools are sinply aligned

W plitelo thelkRifg 13, (1R8O BBIs aRBsiRPH alib R0 il MAMRS: S BGRort ﬁﬁ)ositions

item14 is cut on the exact Cutfting line as the sensor

DaEredfontRACRE S KRB FHARE LQE: culinB Pt LOME E&scﬁ%% Lé I%Qchgé gl]? desired

partially automated or manual applications, e us

YAEbRHS pokitiFRl Wiaﬁ};}/‘%ﬁ{oﬁﬁtetd%? BRRLP R 89,%@1%etoF9arious

mar ki ng (scoring) of the representative

ARG B A8l Sk |EMATIRAS (el
. i t
RAPERREL G M TBMIPER 2 BB iRy SR oo
t ' h i ght :
OhP e RGP TR0 el B on e
S t.] Line: 12 |.t 14
15 e T B ST i ) ot i 0.
prkace of the i . the perpendicularly
( = SeffSot bar 16)
proj ecte

oS £ ons "B USBR DEESeSPEaR) BRIy orik e bk e ofte
e 0 Bk 15 il i R i e Vel S s ) preeted

di fferent,.technol ogi es be utilized to mark/score
RS B D U P BISSI6 1P O IOp PN ep M SFIPE I ROSHRS) and then
cutting. line. Exanples include (but are not limted )
phng t?}?? ligfp g% alozg ﬁ@sel%o’i?%]éﬁw"f’%a‘teelﬁg)F a sgRapsoBitiEngtpelor knife.
based, thermal bubbl e based, mechanical based, 19

Meay tiffsteatireimplogies Bigx bejutilized to markiseqreriie/uppgr siiege of item 14 to

el ectric elements, laser burning emtters, and 20
iigpis himendting ligst irsmples include (but are not limited to) ink dispensing

mechanisms (e.g., piezoelectric based, thermal bubble based, mechanical based,

electromechanical based, etc.), thermal/burning electric elements, laser burning emitters, and
sharp-ended implements.

Following are detailgd descriptions of ink dispensing marking mechanisms as
well as marking/scoring mechanisms based on thermal/burning electric elements, laser

burning emitters, and sharp-ended solenoid plungers. All of these marking mechanisms may
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di spensi ng mar ki ng nechani sns as 22 well as

worasokiosgsscor i ng mechani sms based on ther mal / bRE€TUSIP03/041365

el ectric elenents, laser 23 burning emtters, and
shar p- ended sol enoid plungers. Al of these marking
mechani sms may 36 WD 2004/ 059258 PCT/ US2003/ 041365 1
beincerpotetsd imtithdr ¥) nomsially egtratied mechuaickhsoleatid atiidng plungers 46C
mechani cal sol enoi d marki ng plungers 46C 2 (e.g.,
F.guifigurd ) thhiztre pardlepwraall peditidned anbktwesni the posditbns of height sensors
i n- between the positions of height sensors 3 38, and

68 ,add esedlenclisiedly fot onarkirey/dcbrigy the tierh ng sirfeee,iok &) Aormally extended
surface, or in Il) normally extended 4 nechanica
setlenizhitoltbasid htightese ol pRhgg4d Batdbe dlktatseditoalettnbe WsRd 4

to determne item 14 5 heights. The advantage that the

Reigiee| Mhe bdbhagd Bst therdtnaly Rirbigh sk Clungete 461y Biveldiér the later
| ater 6 described marking/scoring nmechani sns | ocat ed

dbschbed Iﬁaﬁihg/eéoeia% nieElagiidins 3CARA kvitininGBhirEcad Beight sbifsot Pladigers 46
due to Iimted physical contact with the item 14

suhdtaeeto thiged ?aa{;sman SonRlctRER it itRG 48ultRéEthe nfa ﬂéﬁ%gdngers 46C
SSI

possi bility of becoming obstructed due to po

8ol 06 @ PIskiBiliB o ftHREonRP BbstruSted éMef 18 pBsstble dukfBel debris diPthe upper
1) Marking Plunders 46C - Used Excl usSively For

Maeki Doitere @41 Ng - Located I n-Between 11 Height Sensor

38 Positions 12 13 a) Ink Dispensing Marking

Maahe thsl"l'ﬂmﬁgrz 46¢ - '@%ﬁ:@ﬁﬁdlﬁ@ve‘iﬁ & 'Mﬁlﬁg/épd%n;z — 198419 In-Between

nornmal 'y retracted marKing plunger 4bC 15 contalns an

k@ﬁmdéégﬁqﬁﬁ%gngfchanlsn1caV|ty 126 that contains an
Erecrricalry con Srolled ink 16 di spensi ng nechani sm

127 that sprays ink 128 through nozzle 132 onto the
upper surface of 17 item 14 formng ink mark 134. The

cone @hﬁﬁ‘iﬂsn%%ﬁg%a&“n%ﬁ?&@ﬁ&ﬁ% the ink dispensing 18

I3Z=tromtiie upper surrace of item 14, thus
d t bl.e
Eﬁr Face_adnirany o B TeePRES ALY whefd pfuneer 6
132... 20 .| nk 1
Stae Bk digmae F@?‘%ﬁfgg’? %&%ﬁ%&% RN ! oty it ik

dispensing mechanism 127 that sprays ink 128 through nozzle 132 onto the upper surface of

item 14 forming ink mark 134. The cone shaped collar 145 separates the ink dispensing
nozzle 132 from the upper surface of item 14, thus reducing the opportunity of possible item
14 surface debris from obstructing the operation of nozzle 132.

Ink dispensing mechanisms 127 may be based on many different technologies
including (but not limited to) piezoelectric, thermal bubble, mechanical, and electro-
mechanical. Following is a description of ink dispensing mechanisms 127 based on

piezoelectric and thermal bubble inkjet technologies. These two technologies are widely
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wo-o00ko99268) i S a description of ink di spensing PCT/US2003/041365

mechani snms 127 based on 23 piezoelectric and thernma
bubbl e i nkj et technol ogies. These two technol ogies are
wi dely 37 WD 2004/ 059258 PCT/ US2003/ 041365 1
employgdad ciument inkjee ptintendejiets. pri nt er devi ces. 2 Theory
and Operation of the Plezoelectrlc Based | nk
Di spensi ngrhk ; , belH igpSsing tveBhaftism 127:
pi ezoel ectric based i nk di spensi ng nechanism 127 in 4
its initi diigwe 424 illwskatesmypicroelectric based ink digpprisirgtndcbanism 127 in
transducer 140 via electrical leads 139. In 5 this

8 mita] stateavhswbby ee curdDt is epplied o trmsduckt BOtvemalebtrical leads 139. In
configuration. The application of electrical 6

thiw steettrahgluterd AG dmedrs id 4 flattaned esnfighration. Viterapplécation éfielectrical
alternating downward and upward 7 direction. Referring
twrent Puraasdi2d, 140 satsesintdiiaek il ddalfetrauasdachamwavdindupwiarik

141 is forced 8 out of the nozzle 142 creating ink (
dirapibet Rdfdingto Eigude Q2B Fasitfalisdibdri 40 A6xed dowivearild, @10 144 iOforced
upper surface. Referring to Figure 12C, as the

biitdTsduoerle 140crbd iRy a%k dippie1ds whichMorkfknkt HarkQ 46 6AWMR iRH 14
of an ink reservoir (not shown) via conduit 143 thus

bERl AGT0g RéFerring ko Fibsd 12€) 8 Asafhnsdubert 130 e upREAL 8nk 141 is
142. 12 The cone shaped col lar 145 separates the ink

diaSRNBOMNE iMNORrfoilhdt shb @A) Jillonddid 14PRES reﬁldélfléﬁl% 1193‘ just released
item 14, thus reducing the opportunity of possib

wr&uph kdzas1face debris 14 from obstructing the
operation of nozzle 142. 15 16 Theory and Operation

of the Thefjrab,By g&@d%oﬁﬁslggs pgﬁte@'t}%qﬁ'@&'sﬁ Ng‘g{%w limfrgm the

127: 17 Figure 13A illustrates a therma base

v\ﬂk& r SirBRE Qﬁkeﬂglﬁ%lg ?&lluélg% ﬂ%%gp t? of ﬂo%sﬂ)lg Ht%ﬂneilél Sﬁl%‘%% Qebris

ereby no currént is a eatlng el ene

ﬁ’oﬁio%lst?ﬁ{lhéﬁé'oﬁér% 19,4381 Referrl ng to Figure 13B,

the a cat1o 'ectrical current via electrica
| eads 138 to 20 heating elenment 150 heats ink 151. A
portion of ink 151 vaporizes resulting in the

formation Theory and Operation of the Thermal Bubble Based Ink Dispensing Mechanism 127:

Figure 13A illustrates a thermal bubi)le based ink dispensing mechanism 127
in its initial state whereby no current is applied to heating element 150 via electrical leads
138. Referring to Figure 13B, the application of electrical current via electrical leads 138 to
heating element 150 heats ink 151. A portion of ink 151 vaporizes resulting in the formation
of bubble 156. The increased pressure created by bubble 156 forces ink 151 out. of nozzle
152 creating ink droplet 154 which forms ink mark 155 on the upper surface of item 14.

Referring to Figure 13C, the subsequent collapse of bubble 156 creates a vacuum that results
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bubbl e 156 forces ink 151 out of nozzle 22 152

wee@ansnes i nk dropl et 154 which forns i nk mar kpABBESN3/041365

t he upper surface of item14. 23 Referring to Figure

13C, the subsequent collapse of bubble 156 creates a
vacuum that results 38 WO 2004/059258

kerdigead ddy DA 186y drdwr out afldhi ihk exserivoir (ot downpeinoondditd dM thus
out of an ink reservoir (not shown) via conduit 153
teplasing Zheriglpjuacielegset! ieoughlnopls152. el eased t hrough nozzl e
152. 3 The cone shaped collar 145 separates the ink

di spensi nfhe@dd shagdd2oflarads kdparated thefipledisgantih@ 662205152 from the
item 14, thus reducing the opportunity of possible
upreisukthes of ifedc &4, el idduciag ﬂfe%ﬂ%tﬁﬁl&ﬁy UEpdsEiBleite® 14 surface debris
operation of nozzle 152. 6 Referring to Figures 10A-1,
18- oBstrik e fhe opdrbiondThodABis2and briefly 7 summari zed
here, but subsequently described in detail, the

normal |y redféraieg RFiRRsd 10400 18ALK 1 aA3e 51 AQAd 218044 bAdy
of marking plungers 46C separates the ink dispensing

BRENAYCE ABre, Tht dbledutRY deBSibRd Rl Hhe AbrnldNS rdtRAPLA position
surface of 1tem 14 as 't he sensor bar 16 traverses the

kftiﬁmes oA -1 4nd irlt)’i)%f hfafy uﬂg@ﬁ 4‘3@%%&&{@ thy/ inﬁfdisggﬁﬁfg%e%hanisms

rtem 14 surface ‘debris tromobstructing 1nk 1 ozzl es

%ﬁfrombr{gglﬁwﬁ 5 i 'ilp}g%? urkfle bERA B84 HIEsl6k bh e tﬁ%ézlexg&tthe item

or cost em 14, e 12 operator presses t

ERPTRP feidf’i%eg Itlye %Sﬁrigglﬁgltofgosgi%ri&;n 1&5@%&9&%681@5 f?(%ﬁ‘b‘gs@tlﬁct}'ﬂ)gdnk

causi ng each 1 retracted nmarking plunger

ﬁﬁg ke dw%?%‘é’t%%n‘lﬁwghg%&%s &%ﬁéﬁmﬁ %iqu@] c(isﬁ)’dofit%é 14, the

e COHF ac ! per surface of
ST F s e ikl SR b "R S0 SPE B cocn
Y o e g nsBEh o Bt S iR o W R 119 and
ek et R R AR o st PR R Sl oved
e oo i e St Sufiee bt L apite s mutpf ey or more
ks €55 565 of mors T st i et LT Sapissnd ey rarking
tggg!g%q.gf S&%@%@e‘é&éﬁ%&ﬂgﬁg ligeolilsled ¥g sre]:griner:]n Slteriolg ir\#.o tt}t]ei dr(]asigercli%veight
(or cost based on weight). Again referring to Figures 10A-2 and 11A, after each marking
plunger 46C dispenses an ink mark onto the item 14 surface, plungers 46C are automatically
retracted into their respective solenoid coil windings 70C within the sensor bar 16 housing
whereby the marking plunger stems 47C at the top of each plunger 46C are held adjacent to

permanent magnets 72C by the attractive force of the permanent magnets 72C. Plungers 46C

are further secured by the automatic extension of side-mounted solenoid plungers 116C
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magnets 72C. Plungers 46C 23 are further secured by

the automatic extension of side-nounted sol enoid

plungers 11 6C 39 WD 2004/ 059258 PCT/ US2003/ 041365 1
which lengage Bgresawrtoothsadentationshl 106 devated b thesside Df Gluhgerad & facing
on the side of plungers 46C facing 2 side-nounted
sidé-enoonted @ilenogieplengkds 18GC. 3 I n detail, the normally
retracted state of marking plunger 46Cis illustrated

in 4 Fi guné&ail, Qe mbraaity ikifsted e stearkidg luafertdb€ id Mpstrated in
of each marking plunger 46C is held 5 adjacent to
PRUFBIEAL aRBYNL! TH&erd 7€ Rethatdproeddh\Rarkifg fRngdr 460 & held
per manent magnet 72C. As 6 illustrated, marking

RdjLdREED péréfanéri nid %ﬁéth@c wmu&a/fofoa@fﬂ@wﬁﬁdnm magnet 72C. As
extended spring 11 2C 7 which applies force to base

Al dent, mRHAGr STMRE B6C Rl VAGL SectbB by Mo ANERARSEA 112C
pl unger 461{%%8 i ndent ati on 1efOrC gyAs t he sgnsor baS]r'DmigG

WhSpSRS b0 ibh&M14é o2 Bide-hRARBESUARE 1 Q&Sbvhféﬂ el\fgag&fmunger 46C

9 (or cost based on weight), the appropriatel
dRSARAlBIC. MR seRld? BRULLAVr sl Mheallh Ilﬁan@Qea‘éﬁé%rtﬁes&@ged weight

causi ng the sinultaneous application of electrical

SCS%& bhfdd § l\z\@%ﬁb dth? Q%ﬁrg%ﬁa&@ atécﬂ"‘néﬁqg gi])LﬁHl\%ﬂ%g @BA 8kK is

I'se of e ectrrca r to enol I Ngs

a%)?essé%sc e lsﬂaui‘lg'nejghg ﬁ§atxg])9 'SA‘If %ecqﬁgdl é&w to %cﬁén%ld coil windings

uses t etraction O eac e- nou unger

eaq%f%ar%eﬁp@aeooe%@%ﬁlﬂw@%* RSB 4r o
gllg)\ %gand%]g ethl‘gfcztgs%r et ol eaec%lgzd%%ao te%t ? er 1 6C from

ing plunger S overcone
agma%ed%smgg%o%ﬂﬁaﬁa%@% SRS GTST, R
b%lﬁyigff%weo%fy P e o e G A%fh@i%%@i%‘%% 1S Svercome
S S BRI S P e S0 BR Lof B 85 s
al so hﬁ% graﬁmffal attene%63| de 64C facing plunger side

Epardsy sPidiele4s0C of the pl unger 46C has a

reflective surface_i rint ‘ﬁ" on- re{lect ve
t racki ng Figures 10A-2, 10A-3, 11A, and 11B show details of the arrangement that

senses the extension travel of the plungers 46C. Each plunger 46C has a flattened side 60C
facing a sensor rod 62C also having a flattened side 64C facing plunger side 60C. The flat
side 60C of the plunger 46C has a reflective surface imprinted with non-reflective tracking
patterns. A linear array of equidistantly spaced angled light emitters (e.g., LED devices) 66C
is embedded along the length of the sensor rod 62C directed at the flattened side 60C of the

plunger 46C, and a similar linear array of equidistantly spaced angled photoelectric receivers
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bR DhifSs Jf&&e;vweﬂéaé@ OT§ Biithgke 48 wﬂg
occ%p?gs t he plunger 46C %%Hélﬁonﬂlﬁt ﬁe spr|Sr(1:!éjuszdc,y

RARctfonEBbinGhe {0l Egﬁ%%d héluig {)&ﬁ e thb 1uﬁ%%r 468 p%ﬁ@n the
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gﬁrﬁn%'@@@ﬂ?mnaﬁ@ A3 Eeffé?ﬁx%%hfface iﬁtgﬁ? nmovenent of the
e

ext ended pl ungér 4 rm ned anount of

time (e.g. éln l‘i'lél' a}%@g ﬁ%gplbédrh?)ﬂcﬁ Iréﬂégt?c{n b%?el(& dlsznlalé&g&? ﬁén%or detects

have reach Its tinal restrng posi
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en au |ca current

h
5 %“Lfﬂ%%?%%‘%z”e" A PR o
r ac 134.

s 8 zéli'élf By ﬂ?ﬁ@flkﬁzwgwbi@e (s
0 0o AL RSB e

obs ti t he operati.on, 132. .17 Referrin
5 eiegfis Pyt o B atmBE ki 61 Fhpconisspippa 59 I@ 1psefarates
as .been 18 e ect the item 14 surface,

816@?1‘% lsifﬂ’%}ﬁ%% %g@“’ § FRST %Pf%i“? itemy e thus Eeé}lcmg the

current to 19 solen0|d cai l Wlndlntgq1 70C causi.ng
RERKSUAY Sfingprile dem dEsyrérop debigifopm ehstryciing ghe oppration W@oz@e 132.

sensor bar_16 housi ng. Markin | unger stenms 47C

| ocat ed atRef¢rEng 1@6%2 r}gg‘pﬁp l}‘h@eqng 11B, after ink 128 has been

ejected onto the item 14 surface, the signal processor 300 applies a brief electrical current to
solenoid coil windings 70C causing marking plungers 46C to be fully retracted into the
sensor bar 16 housing. Marking plunger stems 47C located at the top of marking plungers
46C are held adjacent to the permanent magnets 72C by the attractive force of permanent
magnets 72C without further application of electrical current to solenoid coil windings 70C.

When the above described optical reflection based displacement detector measures the
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thel sidentouhted Soit Windmigd BOSTO UNHiedsulte i thekextehsivgof HIBGringFlviaded side-
results in the extension of the spring-Iloaded side- 4
ouHéEslundetsnd 6C $ntd heGOrrtPbRTid Rk HREREMBTRGW 1BGtK iddgntation
pl unger 46C sawtooth indentation 5 110C resulting in

floCt eiltirpas Birthefsctiithghd Bl@Riets 46Gn idirtrbieicted HBIitiGH: t TRk signal
position. The signal 6 processor 300 then clears

$to&dRlor B 0B theR Bars @RFIAY 3®AIA sbisok Bar'163defHed 18 pBE6IOL MvRitem 14
new item1l4 7 scan. 8 The aforenentioned nornmally
Jcg.racted marking plunger 46C incorporated an 9 ink

di spensi ng mechani sm 127 (Figure 10A-1) as its

mar ki ng/ s q@f hRgnteMbited nodfeafkicd ﬁﬁrkiﬂ%ipl@ﬁéep%c {Heé6¥Porated an
ot her (non-ink dispensing) fypes of marking/scoring

ﬁgﬁgmsmmiﬁ@@ggmwmﬁ%ﬁglﬂaﬂéé&(gg)am ice. As described

ers "46C su ~(but not” imte

T P LR A ey PRI I By ey
. , N . 0 The.. i , .
B8 O S00 Bs MB ) AIBO

bt 0, Skl o L RPA  TPSIRA  on
TR R BR B ST OBH RSP AR P BB RL o
%&ﬁfa‘%ﬁ@?ﬁ%&“@%i hhiﬁl?eﬁ:aif%@%%}aﬁ%ﬁﬁﬁ%E?s?ﬁ%%si‘-’ﬁﬁ?sﬁ g pipion
it 14, 18 b). T [ [ Me i 127A .
¥ %‘wﬁr B Pt Pa e “‘?ﬁshfﬂ%mﬁ?fﬁrﬂ'?%ﬁw gpisms

[ 46C 20 [ .a . [ 126.. .

B R SEEHHE P aeemanL P B BN LG 1 RO IR oxectcuting
127A that upon | .
line used to precisely portion the item 14.

b) Thermal/Burning Marking Mechanism 127A

Referring to Figure 10B-1, the normally retracted marking plunger 46C
contains a cavity 126 that contains an electrically controlled heating element 127A that upon
being energized and contacting the upper surface of item 14 burns a visible mark 161 on the

upper surface of item 14.

¢) Laser/Burning Marking Mechanism 127B
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Referring to Figure 1 OC-1, the normally retracted

mar ki ng plunger 46C 2 contains a cavity 126 that
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127B that upon 3 being energized emts |aser |ight
dohRrinstar @uigh 1 Z60thatsomgink emdectichlly batrolledhsed mechdnkin® 1278 that upon
173 4 on the upper surface of item14. 5 d) Sharp
Bongdreriddd rekaitl Gis&dizht 12 thesgiafotwimgllend@ 76 tRehahs 4 MigibleGnark 173
Figure 10D-1, the normally retracted marki ng plunger

4ibthe Gpied bRk of ddm &4.mar ki ng/ scori ng mechani sm 127C

that has at its bottom outside surface a sharp 8

poi ntHoSHkEPsiGHE MulddHsddiiab MipRmisRkizag contact with
and noved bi-directionally (wnhile 9 belng

progr essi eftrih@eigne 108! thé RGdall Pt de SRR S Idhger 46C

visible score mark 176 on the upper 10 surface o

Edr8ifs bfta mhikiAsching MEcHARION 2 2 A iRt hR%t AEsRtohukR Rfface a sharp
t he operation of ink dispensing 12 marki ng nmechani sns

%(ﬁIZted %ﬁgl@n PHIRA utpgﬁ‘fnaﬂiﬁg L& AMBHRE Snd BSvédtb‘?-mdécg%ir?ﬁﬂgl (while

e desired segnen 13 weight (or cost base

Y&k %‘r_eésﬁ'ef}ﬁl@%g%ﬁl) ovelfRe BB rl@?:l%ﬁtefﬁ @ﬁpﬁ)&ﬁs&%ﬂt@?noaﬁk %766 Aqngg?(upper

appropri atel’y desi‘gnated 14 "nmar

' normal Iy retracted marking plunger 46C to
SENE BGERL POt TR (Figures 1 OD-2, 1 OD-3, 11 A,

ond, 112 A, ARy P8 B RS
I 25 S A A B s o
.. 19 . T
RSl B B RGOS Sty BE By e
he i 14 . f [ 0 der .
PR P SR SR SR Bl v

ensor b 16
aownwards (%{gures 10D-2, 10D-3, 11A, and 11B) and make contact with the upper surface

of the item 14.

The surface of some items 14 may be difficult to score or mark due to their
hard, rough, slippery, or otherwise non-accommodating surface texture. In these cases, the
above described sharp protrusions 175 would not sufficiently penetrate the item 14 surface in
order to create a visible score mark. A downward pressure exerted on the sensor bar 16
would not apply additional pressure from the plungers 46C to the item 14 surface as the
plungers 46C would automatically raise into the sensor bar 16. By holding the plungers 46C

stationary in their final positions, sharp protrusions 175 can easily score any type of item 14
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t he above described optical reflection based
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downward vertical novenment as the marking plungers 46C
fesaRnthe clashg Of dbhiBwatd Petica wohatent af tht kRrtibEpludglrs 4608descend
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@R theGpbbrairiide oFiRGEh LR theGiphilPidceésor MOGauﬁd'n@lﬁcﬂ?MtQ%SQs the
0] e

coil w ndings 108C resulting in the 7 renoval

;%%Hwti%ﬁ of QBctfi 6@ rdnhRtthddigRSkredlocbil Gkn@X LY 1080 Rest Rink MO he
2C. The resultant 8 expansion of the normally

R dethe %%’Eﬁgﬁorﬂ-ﬁa&@ iR ?iuh%?s 1 66QR Lk B %rﬂ%@ﬁ €&, The resultant
applied to the 9 base 11 4C of plungers 1I6C thus

@Xﬁsﬂﬂl of 'tlgaen'oﬁﬁé’lgl é?‘r(garﬁle&' QRS 1 bESpplidddohfifued 4688 %ﬁéecﬂ-ﬁ) the

rki ng pl unger C sawtooth indentations 110C "Eac

bRE !ﬂ éfdgof@llﬁﬁglﬁ 166 G Snod sﬁ@-ln%un%g g@&@é_lxh e ﬁﬁfd te 5&3 Zeent
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SR g 28R R e lche BIUCEEMibhRRgBg 460 1 g bt
B s A R AL TS50
L e DL R S R T
e CaP e e SO o o SR> AR R B B prer
SR R e L

w ndi ngs. TOEEACTHE TABKIPE Ao RSk LR SETer Chgne e
R R T S e AT R
BISERERes 00 B B EIRe TS SOPH o UeTER Sl AR POy id solenoid

coil windings 108C. The application of current to solenoid coil windings 108C causes

plungers 116C to retract from the holding indentations 110C and compress the normally
expanded springs 112C, while the application of current to solenoid coil windings 70C
causes marking plungers 46C to be fully retracted into the sensor bar 16 housing as springs
48C compress. Marking plunger stems 47C located at the top portion of marking plungers

46C are held adjacent to permanent magnets 72C by the attractive force of permanent
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renmoval of the 7 conpression force that plungers 11 6C
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thus noving si nmount ed plungers 11 6C into

e nf g’fp,ag%g%gﬂ%sﬁw@ GE51Rs a SehifRdd BRY é];%& o thg base 114C of

thus further securi ['ungers
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he ‘oper at or preterre
F&@l 14 mar Ki ng plungers 46C may autonatically retract
0'the sensor bar 16 housi ng wi t hout 15 operator

i nterventign wher ? bege‘rqmgp usﬁ, glgﬁga if‘é%g% 5ﬁléaﬁl&°é“ of markmg
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20 o or can cut the item14 in the
éeﬁb?rgﬁ rﬁ%ﬁ’f @ Pradftamined e, dnteryals e Qeﬁ%cswf%gpmmhen the marking

plungers 46C rest upon the item 14 upper surface.  In either case, the display 30 is cleared
and the signal processor 300 is readied to perform a new item 14 scan.

After the score marks have been imparted onto the item 14 surface, the
operator can cut the item 14 in the most appropriate manner. In the case of sensor bar 16B
implementations, the operator first retracts the plungers 46 (FigurelOD-2) utilizing the
appropriate “retract” pushbutton 56A-56K, then aligns the knife 15 on the score marks and

cuts the item 14 by and then applying a downward as well as a back and forth motion on the
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the knife 15 on the score marks and 23 cuts the item

14 by and then applying a downward as well as a back
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applications that operate only on soft easily

B eReIonAbRskidntiBiRrattd in lt’i?l?re U c@hpardl b MR LB figurd 2A2S a
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sinply be Feﬁaf@ﬁéh%ens thi} oBelaRERE SABR Sasily PEnctBRl BB 88 Ghe use of
pr ot rusi ons 5 cut (versus only score) the item 14
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poi nted marking/scoring nechani sm127C requires that
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noti on ‘over I mpl e lon o

({16 rki ng/ scoring nmechanismis suited to sensor
%%?%i%%&“qz resenbling the configuration illustrated

ot ecedt ng SRy SRR IRRE Ol i1 el thar

precedi ng section I Spensi n

tgggeglggrgbﬁrn? ?]%%}z& 1|/-ci[i)rectil'o§1al? Sinrerlas.rm%(/{rng %ogiﬁ)g E)\i/erll ghequ?nh ) i‘chs’errB
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Ao T B RSREE BL,
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sensor s same porbEis oo oo Sk Sbtsmeruatine Tedtitisms as well
e PR aopring %g%%iqﬁgg;%ﬁiog S rteg clbchte Aorments, laser burming

emitters, and sharp-ended solenoid plungers. These marking mechanisms were all
incorporated inside two or more normally retracted dedicated marking plungers 46C that are
located in-between and parallel to the positions of height sensors 38. For sensor bars 16B
utilizing mechanical height sensor plungers 46, the above described marking mechanisms can
be incorporated inside two or more normally extended height sensor plungers 46 while still
enabling the plungers 46 to perform their height determination functions. The base (bottom

portion) of the marking mechanism thus becomes the base (bottom portion) of the plunger 46
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dogiafh tin SRNEPenMAASRING nfbGhaAisth 127 wIRE &ﬁﬁpdﬂeﬁm add'®elatieivere
14 surface. Wien the position 9 of the desired

SRMIBE B th¥Bh BB HedcAPtidhRT FidAASIOA - DNAYBE G8Hsdr Ba 1618 BENELs the item
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PUSINRYE QBhsaPhinmBES S REntedt KT thERm POWRTacd. OWhén the position
applied to each ~ 11 ink di spensing nmechani sm 127
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onto the uppefr surface of itém 14 thus formng an

b o 08RG oLty MSuapBC sl i b
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ace de ris from obs ing t oper at’i on

T O L .
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fi h 6
R b B BRSO Pl 10
Referring ure abrief

ol ect 11 ¢ gufemeRtorSReds bricfi lanpsgﬁcﬁ%fhsﬁﬂsm‘* szfﬁ?ce ol

(g:'era??ﬂc ﬁ@églgerl em H 't e m(r>]st %pp?o;g:no Ilngr}ngr rIg reac%ge o(% sensor bar 16B

implementations, the operator first retracts the plungers 46 by depressing the appropriate

“retract” pushbutton 56A-56K.

Referring to Figures 10A-4 and 10A-5, a brief pulse of electric power is
applied to each solenoid coil windings 70 resulting in the complete retraction of all plungers
46 into the sensor bar 16B, thus compressing spring 48 to bring the stem 47 of plunger 46
against a permanent magnet 72. Each stem 47 of plunger 46 becomes “latched” (held

adjacent) to the permanent magnet 72 solely due to the attractive force of the permanent
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as illustrated in Figures 2A, 2B, 6 2C, and 2D, the

Sdotd taiys. t R ohe daSeprE@LELI NEA Smple@db@Etons dé {lhutteatdd iatasures 24, 2B,
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REAHTOlter Nte) 1Y B ghed bn 1O SQIPRARRL GHereShodlthd #dn MU RRENSI NY
mechani sm 127 (Figure 10A-1) as its marking/scoring

devi ce. AstnlQrHGRGHiLRIGhoBRAIBMYx teHBMhe P &nsdr PARELD K6 incorporated
di spensi ng) types of marking/scoring nechani sns may
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R R e
g BB 5 SR R L5l
S IEBL e i 850 PSR SRS AR ip g i
R A50835 UL A DRSS B8 abghd s e
TSR R A ST 1 S5 i
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line used to precisely portion the item 14.

b) Thermal/Burning Marking Mechanism 127A

Figure 10B-4 illustrates a normally extended height sensor plunger 46 that
contains a thermal/burning marking/scoring mechanism 127A whose components and
operation were detailed in the above description of Figure 10B-1. As the sensor bar 16B

traverses the item 14, all height sensor plungers 46 are in contact with the item 14 surface.
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the sensor bar 16B 23 traverses the item 14, al

hei ght sensor plungers 46 are in contact with the item

14 surface. 48 WD 2004/ 059258 PCT/ US2003/ 041365 1

When theipesiiersoftthodesindd sepmentasighe (br seyhesad omwiight) im®ached, the
cost based on weight) is reached, the 2 operator
areessrgsestdseheaqpproppate dtnerkingh plshbgtionfishFAR ¢anpind 6leetGéH power to
causing electrical power to 3 be applied to each
begipliehtoehdhteatingleleifent XA tebulting ia aavisitls bioh endbluformeddikthe upper
formed on the upper 4 surface of item14. 5 After the
sefteofiivnkist. have been inparted onto the item 14

surface, the 6 operator can cut the item14 in the
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‘'retract” pushbutton 56A-56K, then aligns the knife 15

ﬂﬁplérﬁ@m%@sr GhdTekeFordist r&rdetdtife fiikelst4s r(FﬂgﬂrebWBap@tthfg%e

downward as well as a back and forth notion on the

Wateb‘%tractl BushBBtor/Yeiacs Gl@ttﬁeYl%l%ns the 188RRA5¥hhdWebienarks and

may be enployed to cut the item 14 along the score 11

ERE !ﬁé iteth4% Pﬁ%ﬁﬁﬁg 2 BbwReira 8¢ WQ%S all@fak hiPoRRIbRh | bﬁ)ﬂl% sensor bar
as i1llustra In Figures 2A, 2B, 2C, 12 and 2D, the

61, tAlﬁﬁlaEQéﬂr a(s EIE) ife Aﬁg} B‘eeemg) c&ﬁ:@foycuf:ﬁ% tltbﬂﬁél% %esscore

gui I l'ot 1 ne ¢hoppi ng 13 cutter,

ﬂllaﬂ{g.n %Z{h%g% {B‘Fseﬁs%&%& 1885 5&@1&3‘64%&?&8&%%@ Hh'@t‘?até& ?1?‘}%]468 ,2B, 2C,

aser urni ng/ scori ng anism

Eﬂdgéﬁ She ]ﬁ%t"fng t&l] ﬁ%ﬁé{ %t@?(ﬁi‘cfer 20@'2%{3%&1% Xlagé( %gglgﬁge Jﬂgbﬁgé blade, laser

sensdr
i4N 7B wh o eration
I s By e SRR §esce§%ﬁ9§%8§f Fi gur e
100l ﬁ% )
al | hé o T OTToe #6 are in contact Mﬁth
the item 14 su en the 05|t|o of t he d
19 segrent 48 I3 FypfRies ARl Sitrod iy s iige 4t tha
eached, rat or esses the appr
s et BB g 132A T Reie ceamg?%% 2t B Ry il in the
gboove des%ﬁgtlon 0 F'i.gcl)ureel%CtJ 1 .l gss \%E: sensor bar 16B traverses the item 14, all height

%he Se §°E- qver ses the item 14,

sensor plungers 46 are in contact with the item 14 surface. When the position of the desired
segment weight (or cost based on weight) is reached, the operator presses the appropriate
“marking” pushbutton 56A-56K causing electrical power to be applied to each laser
burning/scoring mechanism 127B resulting in a visible burn mark formed on the upper
surface of item 14. The cone shaped collar 145 separates the focusing lens 171 from the

upper surface of item 14, thus reducing the opportunity of possible item 14 surface debris
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surface debris 49 WD 2004/ 059258 PCT/ US2003/ 041365 1
fromo wbatusting tbe opegptichef epet At i on of lens 171. 2 After
the score marks have been inparted onto the item 14
surface, tAfier the sqes mbilis hvgrbeeitimpahiel ortetie itdmi1a stiffge, the
nost appropriate manner. In the case of sensor bar 16B
dpetaqicementiiat ite@nBY in tivem6xp e b atel hardkr. e the@adeSof kéiBor bar 16B
pl ungers 46 (FigurelOC-5) utilizing the 5 appropriate
infpRdniieAitions) UBd dPdiatdd Mird dradf the fHiABrs Ab i(BiBGre L (T2 5 kitilEzBig ke
on the score marks and 6 cuts the item 14 by and then

BPRIpYihtd Frefraclo PRABIEEn IS AWK, tAsh Aighahk kafdl 5f @Y thdsddREthARs and
on the 7 sensor bar 16B. Alternatively, a separate

& the itbm Y 4 BY aRMREDHDHidels EdinwaRBasi el badk A0 JorkiNBotich on the

score marks. In the case of sensor bar 16A

iR SREIBARORASRE, & sdpaatd 116 chaly Be Elin?fégleﬁist_o &6y thfem 19 along the
2C, and 2D, the cutting tool (séparate knife, rotary

&ertrhﬁﬂs. tﬂ’l %f@%ase%f iséﬂs@ttﬂap 6L M%E}Eaﬁhggﬁﬂusﬁgdliﬁﬁﬁﬁres 2A, 2B,

cutter, etc) is aligned on the score marks whereupon

et s S eyt P00, S B, g choppin bsce

' . . ' . |

e R UG Bl R KR A Bk BB el

127C & SORPLNGALS A, PREERNIpMpr e 14 detailed

i n the aoove escrrptiom of rrgare 1ob-1. 15 The

sur a6 O e Bl L3500 o
C A e textu

R e e e e e R R
et ol PR G B score mark, A
w0l o not THEAVReEaLIOTIEGIREY 1At e AR GRT EFROTRTR o ol
e et oc AT R SR (51, d QiR s e

bar 16B._ By hol ding the
above describedysharp protrusglons 175 would not sufficiently penetrate the item 14 surface in

order to create a visible score mark. A downward pressure exerted on the sensor bar 16B
would not apply additional pressure from the marking plungers 46 to the item 14 surface as
the marking plungers 46 would automatically raise into the sensor bar 16B. By holding the
marking plungers 46 stationary in their final positions, sharp protrusions 175 can easily score
any type of item 14 surface with the application of a bi-directional motion and a downward

pressure on the sensor bar 16B (causing it to be lowered).
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bi -directional notion and a dowmnward 23 pressure on

the sensor bar 16B (causing it to be |owered). 50 WO
2004/ 059258 PCT/ US2003/ 041365 1 Referring to Figures
10D- 4 and Refepring to Figurdsd 0Behmdrl 0Def, ad BB sensenter 363 triveesePthe
item 14, all plungers 46 are in contact with the item
iwmsldy dlhplengevrinare necodiasti witths semmi A surfd8e \WEhayhthe deaired segment
cost based on weight) is reached, the operator presses
twedghd (p icogs baset] ©h weipht) ésiegphad, ¢ltb dperatds prapses tieuippopriately

56A- 56K causi ng the signal processor 300 to initiate
tdesignafeddippld qakhbatto 56 256K thusihglthecdignabprbcdssor BOE@to initiate the
si de-nounted coil windings 108 resulting in the 6
epplagtseofcl@trchhrmshtde tHiRide inainfld W6l Sislinkt 608 REGHAN®R the
adj acent plungers 46 sawtooth 7 indentations 110 and

tefgagOMEtRF BRRMeHouRA PRMEES 104 intd the adjfehBbludgers 46 saw-tooth
conpressed springs 112 8 resulting in continued force

aifehiaf6hst 10 0tah@the Q&@es%&tﬂ’ln%f exPAndide FSthd A mbily ot présk i prings 112

securing 9 plungers 116 in their engaged p05|t|on in
ARG bfitucilBree bppIRE kd (RO bAL YN8 Suftlrs 118ittfus filkfher securing

causes each marking plunger 46 to be held stationary

ighurighs® 1POH thélPéth%bdtﬂaﬁubﬁ RiMhdefitatBREN 0 bE natkid Aflenees8.  This
appli cation of -directional horizontal notion and

Q:algs‘aé’\@h\eﬁ hﬁrﬂﬁfﬁlﬁﬁﬁe@4@% beR1dlsBRonE P LS ﬂ%@lﬁoﬂ- BBt Rt per

it to be | owered provide sutficient force for

LBz anR aé%hcﬁﬁ%&iiﬁsdl-(aﬂécl‘&ﬁ? h()ﬁ:f((ﬂl?an 161okigh fnd J‘&&nﬁm };réssure on

upper surf us scoring I ng the exact

gﬂé steha)g bluJ 29.{%1% ¥ 1o 80 Lfgregagwhg ﬁmuae su?fﬂ 1£1§(f Eo? th-g%aarp

I sengage t ers Ir ver

I ORGSR ﬁgfgagonﬁg»%{aa&ﬁé@g fl

cessor Sootéowéﬁfmgnéte t he application of

r
ﬁmﬂ% lneCII%ﬁP?m de-rount ed pl unger 18 sol enoi d

i oy ST M L M B g
%l%ﬁ%lﬁqegﬁ u*{?%gog’%l%‘t%]agl%%? f})u%t g@g S?E@L}/smg the signal
%?q%?(%g%@rg %Ig}nfgte%e ap%ﬁca%on 016 electnca é:urllrge%tn tto as}dle%?osun’gégi plunger

solenoid coil windings 108 thus removing the pulling force causing the expansion of springs
112. This results in the automatic compress&on of the normally compressed springs 112
which causes the disengagement of plungers 116 from indentations 110 of marking plungers
46. Plungers 46 are thus no longer held in their fixed vertical position by plungers 116.

The above described “release” pushbutton releases marking plungers 46 from

their fixed vertical position at the operator’s preferred time. Alternatively, the marking
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plungers 46 from 23 their fixed vertical position at

the operator's preferred tinme. Alternatively, the
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retraction sequence after a pre 3 determned tine

detdrmined imeéntgrval, 4.9., $& 60000t aftbitthe plhigerylamge surded ineie vertical
secured in their vertical 4 positions. In either

p@agens.t @ eith@ate, e GRS I6ce003 00! charsdighlay130a3hd3Oreadied to

Is readied to 5 performa newitem 14 scan. 6 After

brnt G AL iR MSschiave been inparted onto the item 14
surface, the 7 operator can cut the item14 in the

oSt appr el e QcdFBMARE hatebebBnpaRtéEorb S YBMAY siice 1B
8 inplenentations, the operator first retracts the

HebREehS ot Chelifen® 1 8IS aptirbpriatd Iﬁﬂqun%le%a&r&@éﬂsait l?ar 16B
“retract" pushbutton 56A—5 K,” then aligns the knife 15

RS FERY, thekﬁoréﬁ}g retiaBts %étpﬁurtggl% del Rt forhy) éﬁlﬁmg the

then applying a downward as wel| as a back and fort

é@% QiQte@‘fthtaae ushi)u %@L Sé?é‘rth SBBioné¥nb @fn@@fﬂ MY scofe marks and
rate knlfg e enpl dyed tgncut the item 14

i T
s]eflisotl‘ l%gr l%%ni?[gmgﬂelyl? @ Mﬁ(rﬁ)f‘f Egaly rbﬁ g&?@g@d Joléull. iHle fle al{l 14 along the

tion over I mplenmen

Q%Kﬁﬂ& ¢ specific marking/scoring mechanismis SUIted

0 sensor bars sinilar to 16 the configuration
illustrat

d d
oA 17 Fof™ db se og%hag)n%on?cﬁ axe‘xar ggsg?nntg(o%lrlﬁc acl)nsisem ?57(%: regﬁ)i res that
| t {
8 Sepst RE DN i€ ﬂlrélg%@%aﬁyf&aossmgmw Ox%f%t%% DS
can SJgg %?be d tached, In 19 bhese ca

SRR BT PP 96%1%50%111 e G0 st similar o

the i en114 nt o 20 deS|red or
the configuration 11 ustrate 1n igure 1 as comparedp those oq"Flgure 2A.

For applications that operate only on soft easily penetrated items 14, the use of
the knife 15 as a cutting or scoring tool is not necessary and it can simply be detached. In
these céses, the sharp-ended protrusions 175 cut (versus only score) the item 14 into the
desired portion.

Dedicated Marking/Scoring Sensor Bar
Figure 5 illustrates a stabilized four support post sensor bar 16 configuration

used for marking/scoring an item 14 on the precise cutting line used to cut the item 14 at a
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21 Dedi cated Marking/ Scoring Sensor Bar 22 Figure 5
illustrates a stabilized four support post sensor bar

waegoogos2sgur ati on 23 used for marki ng/ scor i ngPEIUS10831041365

14 on the precise cutting line used to cut the item 14

at a 52 WD 2004/ 059258 PCT/ US2003/ 041365 1 desired

wei ght (or cost based on weight). The sensor bar 16
dspetveight{an chit Hasee ob vieigh). Tharsnsarbekb depiceeddh Bitire 5 is
see-through material enabling the operator to view the
tdnetnucied dof b clagiee-tidotdhensains eabhiag thd 6paastor th &icseis (Emakhrough
16 traverses the item 14. Once marked/scored, a

the pasatter 16lasihé e@sdrvat 1 GiaeRys HRiterd @4.USREE h@kélcotedh separate
sel ected item segnent. As each of the four support 5

Rt (BotBBSwit) igayIR Bed Wic@the sdlddRd $EASOEMENAT Ad Bach Bf the four support
constrained in a |level horizontal position. This 6

?@&fﬂagﬂﬂé ArhOReifiR] RS sedbdrManBd i chRENRET th ANGRINARSHBL Rsition. This
romintroduci ng unwanted sensor bar 7 orientations

ésnfighietidr IRIPs binlitatd ihekpRAGREN ofdrAS8 kBm iR SIukinR dnd Shted sensor bar
Figure 5, displacenent detectors 20A, 22A associ ated

WidnbutioRs AT PPRvAQA 20, 22, produce signals
corresponding to the displacenent of the sensor bar

10 16 whi |A§irafﬁer.bfgﬂin§tt5 Pi@ﬁ% DUk ladelifent cte%ols“ZOA‘?liER%&cia‘ﬁd with

posts 52Y do not contain di spl acenment 11 detéctors an

| ' . . Al |
S8 SRR ok B, NG oo
e o 3Tt o BSUERe el 808k ppgpen
&éﬂgcftcﬁg gnd%ze é‘ﬁﬁo&eﬁ%ﬁe#@o é?’o'ggig a?@héﬂ’&({ceﬁl %tagﬁségl%g{ ﬂé%%? nt o

sensor o ncor pora

B2 0 RO LI o DRSS AR5 s iponig

BB ARl A PRGOS DA Sl e

N L IR L T R
PG SRS, Lo TEPrOPr 2t el designatec

application of electrjcal power to the 2Q
mar ki ng/ ségrtb%%jn@é\?ﬁrclés@av & ey i e A OrfioptrRadivg

devi ces pl ace physical marks on the .
weight) of the item 14 1s continuously displayed on screen 30. When the position of the

desired weight (or cost) is reached, the operator depresses one of the appropriately designated
“mark” pushbuttons 56A-56K to control the application of electrical power to the
marking/scoring devices. The activated scoring/marking devices place physical marks on the
item 14 upper surface indicating the exact location where the item 14 should be cut in order
to produce a portion of the desired weight (or cost). Many different marking/scoring

technologies may be employed such as (but not limited to) ink deposition, heating/burning

53



10

11

12

13

14

15

16

17

18

19

20

21

22

23

21 item 14 upper surface indicating the exact |ocation
where the item 14 should be cut in order 22 to

w@e@diosesa portion of the desired weight (or cPGI/PS2003/041365
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heati ng/ burning 53 WD 2004/ 059258 PCT/ US2003/ 041365 1
elbrmene ntarking, kisergcoringsard shaipo:d imPEmsitang@dpepsteatie and mark the
i npl enents used to penetrate and mark the 2 item 14

isani 1 @arfacdf Afdr theieend 14108s e \askEPRBred B Qb H6:1s60h sepiifie knife
operator uses a separate knife 3 or cutting tool to

Silbuttidk @by td dUE aISBOhE s¢BRe Harks @ ROARYERIEA LI bR 6f the desired
portion of the desired 4 weight (or cost). 5 Wreless
e sosf)i on Between Sensor Bars and External Devices
6 As illustrated in Figure 1B, the operator may

i nt er actwibibfl GRBSRHicala Bdedl Sensdr BANSIRWktPDS Devices
56A- 56K, as wellT as conftrollTér 1/78. This Tigure shows

that by utdshingted BFiSuk TR @% t@;?eratBﬁﬂéﬂniefa@Wﬁlp gt‘)ﬁs?r%ﬁr 16 via

other wireless interface, con 178 (ori

ﬁgﬁwtdoﬁ{%p[@ék 9s 11‘3?%@1&?@& 1%.0@11%%?@ a}% ARfin an

noved to a new posit enote ere

%Aﬁarteﬁ era&é& %g%%&e)ﬁ Biz(qﬁéf \ﬁ/l{:gle%g ﬁl?grfax\é tc{;htltotﬁgr R r%nﬁﬁ 2?5&#&) may

roma di st urthernore, wreless 11

%80\{?%%?%1(:12#% ng(?rl b%fgér @ﬂ?@%\}) Qlt %neq ﬂioﬁ 8@1 Q@gll laig)ﬁ\ghereby
&18 n;pr}lﬁtoﬁ% rﬁ%?%{e%c \ggh {hg\éen%})robr ¥I11§ grtn% a8 tz](%'lcg t F S gre Wa¥eless

each

AP 8 tamg&?%%nétfﬁﬁ% f‘%%@%%iﬁlﬁsy 1%5? %ﬁ%n%ﬁolﬁ%as 188,
a

R EEEERs) %r?‘t%ph‘fSﬁ%OPjéﬁ% ingn go&hgyg% ?@qwlniway olarty
Sordiicelraniet 8t Sudont@mebus S atiiar Aapioget 1 designing

cl eani ng .regi nens 17 Again, referring to Figure 1B,
@sﬁgﬁmﬁ%ﬂ“%wﬁ%@s thet Gap e grsigmipeddp aarcq%ﬁpPléqaa?nso Pefaghing

18 the ogperator) a vertically nounted raod-Iike

Spiakar b omgte %ﬁaw bt i6ronsipelsdcpnbias ighksr diedghy spnsor bar 16 and
interface, structure 180 is a hoII ow t ube contai_ni ng
eouides ok lgps qhipncs of sansqr bar | qdameee dye to iqugh dandling serleaning regimens.

bar 16 enbedded wi rel ess conmmuni cati ons nodul e 308
(Figure | A»gampge IHRE tp@ggugq 1B, sensor bar 16 has at its distal end (in relation to

the operator) a vertically mounted rod-like structure 180. For an infrared based wireless
interface, structure 180 is a hollow tube containing electrical wires that originate from the
sensor bar 16 embedded wireless communications module 308 (Figure 1A). At the top of
structure 180, such wires are attached to an omni-directional infrared emitter/receiver array
181 comprised of, e.g., LED infrared emitters and photosensitive receivers. Infrared array

181 bi-directionally communicates via infrared signals 182 with controller 179 (and
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phot osensitive receivers. Infrared array 23 181

bi -directionally conmuni cates via infrared signals 182
wth controller 179 (and 54 WO 2004/ 059258
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anittbiretdives afhy S5 campayed b8 2. £, ATAY inG@fd efittets Md phbtblensitive
infrared emtters and photosensitive 4 receiving

RtEMRALIBmedh.I Sielcuire 18484 chineSONE cbREctY B3GORRGRT 183
to a wireless 5 conmuni cati ons nodul e 308 cont ai ned

MnirhidicaG8semadule 08kohtamed AHhin chde@guency based wirel ess
interface, structures 180 and 181 7 conprise an

antenna cegPLEiRGreRhedcl ﬁaée@%efegg ﬁdeﬁ&fefét&édure\éhwgré fat

originate fromthe sensor bar 16 enbedded w rel ess

&Q{E%Qhrpﬁﬁérﬁg %oﬁ@&jcéﬁ £ i385k tJ BiEctAR G at on inate from the sensor

directionally conmuni cates via e magnet

1§a‘r 98 @Jnﬁedhéa W‘iﬂegs%}n'hﬁlln Bfionk ﬁ?odﬁl%;z%om e&%&l& Ml-cﬁieﬁﬁénaw

eVICGS Y, cont r-ol conmuni cates Vi a

‘ ccb i @ %m]e&é}:ttﬁﬁg%n]eﬁg s%@sc {132%) %H:u]oﬁ?r 17; %an%%pé@&aﬁg Qfher

Vla conne

L T Y i BT -
e{n a%xpem %%agﬁééigvgg ec;n\rlleecrtor lregg EL{)%§§18% cl'o%%l%mcgt%ong%g uleqog contained

qatlogg wi thin the sensor bar 16 15 such as in a
P&®EG out handl e 18, within the vertical protrusion
at t he di end (in 16 relat oper.at of
the ey Y RS E L Rt e SR ik 406

r de 17 but 56A-56K. 18 Al t houg
laﬁ dopade B &w 4eg e A oA gt E%se\na%r bar 16
pres n reI ensQr bar 16, the_ s
Psalp.aﬁwil ie ﬁ*wrtﬁwfrmﬂégmgv%on syghe dista end (in

aapllcable to aII ot her sensor, arns described in this-
rg.@ﬁplil todihe ppprator) of the sensor bar 16, adjacent to the height sensors 38, and/or under

pushbuttons 56 A-56K.

Although the above described implementation of wireless devices was
presented in relation to sensor bar 16, the same operational and technical principles are
applicable to all other sensor arms described in this application.

As previously described, the controller 178 (or 179) interface 58 also contains
I/O (input/output) ports such as USB and infrared. The interface 58 infrared ports enable bi-

directional communication between the controller 178 (or 179) and other devices that are
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. 19 h bi |
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entering .20 preferences via kex 27.
colors and sends appropriate electrical signals to the ink dispensing mechanism 127. Thus,

when segmenting a light colored fish filet, dark colored ink would be employed. The
operator has the ability to override pre-selected colors and use alternative colors by entering
preferences via keypad 27.

The above described selection of the optimally visible ink color for the
specific item 14 being marked can be entirely automated thus eliminating both operator

intervention and the use of item specific pre-stored color look-up tables. Along the
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f the sensor bar 16 in its stroke. The accuracy of
g’é"r‘%ﬁmeﬂﬁﬁ‘g 9S- det er ni ned

ACCURACY CONSIDERATIONS

The sensor bar 16 determined volume of each item 14 segment traversed is

multiplied by a density factor for the particular item type to arrive at segment weight values

‘for each position of the sensor bar 16 in its stroke. The accuracy of sensor bar 16 determined

weights can easily be verified by weighing a sample item 14 with a traditional calibration
scale and comparing the result to the weight determined by the sensor bar 16.

Additionally, the sensor bar 16 can scan pre-made “calibration molds” of
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10A-1) rests on a flat Portlon of the item
Prominent factors that enable increased accuracy of the sensor bar 16

determined volumes (and hence, weights and costs) include increasing the number and
resolution of the height sensors per sensor bar 16 and increasing the resolution of the
displacement detectors.

When a marking device (e.g., Figure 10A-1) rests on a flat portion of the item
14 surface, the marking element is located directly over the desired position and marks it
accordingly. When the marking element rests on a steep slanted portion of the item 14

surface, the steep angle may cause the resultant mark to the item 14 surface to be angled in
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cause the resultant mark to the item 14 surface to be
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position indicated by any marks. The 3 nmethod to

@EBSd toltEealif p@fetly folREdMEHKEBY KSitdd 1 Athat doBETtd 4f §t$b@tsurfaces is to
consists of steep surfaces is to 4 place the marking

Fl&E themadkireliRvibé & tRISh @l ;225 pRINYAIBT (8:646) Q@l@rea]?)n it can freely

whereupon it can freely 5 rotate (plvot) So th

1SRRG A8 ‘fl‘na@ fae "r&?ﬁlﬁg BLIReHH &weﬂ&kma%wmé g@e&?oﬁ% of the

portion of the Item 14 surtace

8 Sensor bars may have vari ous di nensi ons,
e.g., helght and Iength etc., as well 9 as the nunber
of hei ght sensors ‘bFéﬁN nodat e vari ous
applications as wel nces in item

14 di nens ISQI%%I‘ baéescggavg‘i%ﬁwg r}sle%g%n% e ({gmhglggttﬁ%h 'le%gthje%c as well

Follow ng 1s a I ption ecl

a?stqiéem e\%\ﬁf‘l’?eég%% E‘Jt L€ 98 &8 l?g c}ng}godagéA' fa}[lgus 8110 Bons as well as

2 was o use of sen
19@ n&gh&ﬁsﬁﬁkl 1 c%ﬂ§%ralned |n their latera
venents as | TR &'by Fi gures 2A, 2B, 2C, and

2D. Wile 16 traverS|ng the item 14, these sensor
bars 16A are also not able to nove away from or

towards 17 the operaéqrw The galgulatlon presented is
based on the determn s sectional 18
areas of secti.ons (& the it é neat

successi vz: ﬁ%‘f@g b¥? dr&Tpien 8&?%‘6 %c%% va BS Yigizgd foompute the
are determ ned by qbtaining the contour of adjacent

wlume Béf’é‘ iggm {4 whqse dafp Yas oleainesd Ryadise P‘fﬁeﬁ@a %ﬁﬁ 9% fechapically
sensqrs 38, .as well as the adjacent_coordinate

wgqrafqlegﬁg tl{g:fr lgteraks ovements as illustrated by Figures 24, 2B, 2C and 2D. While
traversing the item 14, these sensor bars 16A are also not able to move away from or towards
the operator. The calculation presented is based on the determination of the cross sectional
areas of sections of the item 14 lying beneath successive sets of height sensors 38. These
areas are determined by obtaining the contour of adjacent sections of the item 14 as
determined by adjacent sensors 38, as well as the adjacent coordinate positions of these
perpendicularly projected sensor 38 positions onto the table surface 34.  Such areas are then

multiplied by the incremental distances moved by the sensor bar 16A as determined by

displacement detectors 40, thus providing the volume of each section traversed by the sensor
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section traversed by the sensor 59 WD 2004/ 059258
BRECTHASTHO i dtBeTotalldidpiacerhé proin:dby Rudcadsivé8erisot Bl 16A

di spl acenent produced by successive sensor bar 16A 2
MOVERMRIS traverdifigthe item g ségaent Jields 4 t@EI0GRAe of i) ifken T4 eaversed.
total volunme of the item 14 traversed. 3 Miltiplying
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16A. The weight is 5 then nmultiplied by the cost per
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traversed item 14" 6 segnent. Either or both are
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sensor bars are onstralined 1 n IT novene

t hes c I ons acecommpdat.e ir.requl a
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A2.@s t.he .sensor _bar 16 passes over the item 14. For

X

€ aﬁ%?gfnpﬁgﬁﬁﬂﬁéﬁ%Pr%%y 14 skew or shift the sensor

b 16 whi j th . b the it 14.

That s, dUPERC R OO sl SB[ i fggross
gglg gglif%g _15 %i E:gjssn’sgrt eé?ﬁé&{ggetsg&ﬁgﬁq 1‘?&9}%%@{1&2?}(%6, the operator may
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Haie neqosupporipogk PEmandienatekt e ahatd Rf tadar yuepott pRsh2? (3¢ the near

Xx-axi s coordi nate value of the far support post). 20

RO Pesy wRuIdRB YR X-#ds cogphivnte vabisdargenfagn the xgKis sperdisate value of
unequal ly, the vol une

the far support post) or behind the far support post 22 ( e.g., the near support post would have

an x-axis coordinate value smaller than the x-axis coordinate value of the far support post).
Thus, even though the support posts may be displaced unequally, the volume

of the item section traversed is correctly computed. Of course, at all times the base of both

support posts must make contact with the table surface 12 and the sensor bar 16 maintaining a

near vertical position in relation to the supporting table surface 12. The use of such an
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555 50 SR e AR D e o
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4, he initial sensor, bar os tion
Bt s Seﬂ%ﬁr &ﬁ& 16 ppetdigHiss fo Bevipe ingega g tied Hotion in
operator ﬁures an item 14 hei ght val ue represented
B%;s1z&ove1=ﬁgoss the item 14.

Calculation of item 14 volumes for mechanically constrained sensor bars 16A (e.g., Figures

2A, 2B, 2C, and 2D):

Referring to Figure 14, for the initial sensor bar 16A position, the first height
sensor 38 (closest to the operator) measures an item 14 height value represented by Z1. The
position of this height sensor projected perpendicularly onto the table surface 34 is
represented by N1. Similarly, the next adjacent height sensor 38 (in the direction away from

the operator) measures an item 14 height value represented by Z2. The position of this height
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onto the table surface 34 is represented by N2. Thus,
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e item 14 surface. 0 approxi mate the vo
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these two hel ght sensors 38, the cross sectional area
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o Fﬁ‘%fgﬂ@%t dége o1 VR Bl uff -wjosf%?? f\f‘fégfgv%e (b ftem 14
16 Z1,
P hearree i AR redlitisn AhG e tmesealt Rerewith uiize

denoted 17 %f N. 18 - Shape (1) is defined by both

P EeMeRARIEEP™271 and Z2 being zero. Thus, the cross

19 sectional area_of the item 14 |vying beneath the two

he| ght seRiyFe B HBsrates SRec sepeseopERardigs toske HepsioRp by (N1,

e 1s zero, indicating that the item14 is not

%}, eNd)- %ﬁ%ﬁtﬁm{fﬁ@d fimnfpel?e@ﬁqen%ﬁ adjpeent height sensors 38 is denoted

as Ky,

- Shape (J) is defined by both item 14 heights, Z1 and Z2 being zero. Thus, the cross
sectional area of the item 14 lying beneath the two height sensor 38 positions corresponding
to this shape is zero, indicating that the item 14 is not present beneath the two height sensors.
- Shape (II) is defined by both item 14 heights, Z1 and Z2, being equivalent (and not zero).
Thus, the cross sectional area of the item 14 lying beneath the two height sensor 38 positions

is defined by a rectangular (or square) shape and is calculated as the product of the fixed
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deflned by the right 18 triangular s is cal culate

gt Nagnd deatpmt%lf\ é&pa{ﬁﬂelctﬁéherlirs?ée&(ﬁnéﬁ%wwl 254 K. Thus,
between the two 19 height sensors, KN, and the he ék
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between 20 ZI and Z2, e. Z2. The area define
bynzaheve ereetanglar for squsic) §h|qpa K%& I\élbi&?p@)r J'he are defined gy the right

triangular shape is calculated as one half of the product of the fixed distance between the two

height sensors, Ky, and the height of the right triangle represented as the difference between
Z1 and 72, e.g., Z1- Z2. The area defined by the rectangular (or square) shape is calculated
as the product of the fixed distance between the two height sensors, Ky, and the item 14
height Z2. Therefore, the cross sectional area of the item 14 lying beneath the two height

sensor 38 positions is defined as the sum of the areas of the triangular shape and the
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two hei ght sensors, KN, and the item 14 22 hei ght Z2.

wabmaesnse, the cross sectional area of the itroT/U82003/041365

| yi ng beneath the two height 23 sensor 38 positions

Is defined as the sumof the areas of the triangul ar
shape and the 63 WO 2004/ 059258 PCT/ US2003/ 041365 1
reetarigateg (Haaare) shepear e) shape. 2 - Shape (V1) is defined

by item 14 height of Z2 being greater than the height
Shage®DA6l iR by itén i1 4 @eipHidbr 12 being gRhte/than I8 @Eightldhe adjacent
hei ght of Zi is greater than zero. Referring to Figure

iledt4 HeiftWoY 71,8 hetd Bghdight b1 17111 grdhtbith@N RN Refe&l@% afre 14A-
Z1 perpendicularly intersects the line with

@] B i gnal¥2lifitiZehdpdintd RIRNnd 2R, peﬁﬁﬂdlélﬁarﬁﬂﬁt%fsleﬁé thk @ine with
the line with endpoints Ni and N2.

dnaB&hid A1Yank 7D Gt SN FE Snd ﬁ%alsah@lpcg tI{eZﬁ‘le Mthlggd;%%)ts Nﬁ‘ L R2. Thus,

right triangular shape 7 lying above a

ﬁa%%@éiﬁéfg &he é@fdessﬁ’lb‘ o gé (FhAPR2 (zBﬁnlt\é?a Nht fdaheu Jmaﬁer@@ RR,72)

def i ned he ri ght triangul ar shape is calcu ate

K A 1 o
t %ﬁh‘? Sﬁdp%?Cf%C‘laﬁé&glEgner lﬁlﬁ)ﬂo?%%gﬂlﬁf&t i egrdfesga%gﬁhl‘i\@ en the two
S BRSO LR A g e

R R T T

as%f‘le d]%g«?uec[t] fathg ﬁ de dlstance E«Fetw? the t]i&:f)’ I?e?%? getrnﬁ(%zsg,t N g t:me Iigm 14

i ed sum areas
4 5
eﬁgz ﬁ‘ﬁﬁgﬁfeg ee#o%éée%‘ {?YS%%E*‘%%‘? sale Bk §“er9éht&551ﬁ°nhelght
16 38
%‘é‘%g@%pasfn?cmi‘s i%agcﬂqs% et A i BP o BT the
ar ea HS 17 nul lied by the increnmental displacenent
AT ﬁ“?ﬂ@) or bar 16A as neasured by 18

di spl acenent det ctor, 40 to arrlve at ,a.total volu

of the itemn82 aﬁm thafzoss srrgerel areat b{glgfgn%mqa@hiet ¢ ofadjacent
sensor bar 16A os ition. As the sensor_ bar 16

heighy sgnsers 38 plong thedngth of e sspigk Bajd 08, gch crogs %eﬁﬁﬂﬁlﬁlr?gea is
total volune of the segnment of the item 14 to the rear
@pltl@]agqapyﬁbg incieggnigf dispigceman yalue of the sensor bar 16A as measured by

displacement detector 40 to arrive at a total volume of the item 14 along the length of the
current sensor bar 16A position. As the sensor bar 16A traverses the item 14, an aggregate or

running total volume of the segment of the item 14 to the rear of each position of the sensor

* bar 16A is calculated.

This cumulative volume of each segment traversed is multiplied by a density

factor for the particular item 14 type, which can be stored in the signal processor 300 and
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21 , bar 16A is calculated. 22 This cunul ative vol une
of each segnent traversed is nultiplied by a density

wWQoases for the particular item 14 type, WhPCHUSZIN3/041365

be stored in the signal processor 300 and 64 WO

2004/ 059258 PCT/ US2003/ 041365 1 may be input on
keyboard 27, to arrive at segnment wei ght val ues for
may be jppwiohikeyboafd A atrieed SepinchtweidifiAaluBs fot Sach pb&éh of the
and a correspondi ng nuneric display of weight

semstr ibaLIBASIn its Jtrolfd sderconashoddig P hay@it dplagve wigﬁﬁéoaah@usly
di splay 30. A cost on unit weight basis nay also be

gdated bad eigblayed ofiat RHjaytesle GkFIRET0. A ERE PRENIVOLi¥htWasidt 1 b
the sane tine. 5 As the |té%§§i wei ght and cg%t ebagégso °

Slculdd At )ilsgﬁtyé‘d)ﬁﬁlbwﬁﬁ{ﬂel}gﬁj £ HedhBdtimp, and di spl ayed
on display 30 during the sensor bar 16A novenent, the

operat or DRV itdn i £Bight HA LY (ﬁﬁ@é(ﬁ)nt\b& 1P %Q{tma@lfsly]tgﬁulated

inthe left direction(e.g., k-up or right
sHdr &Sdyedon @isﬁli‘ﬂy §U (ﬂﬁ"ﬁmgtﬂfé HRo 623 @A%ov‘eﬁllgﬁteﬁﬁ gpérﬁgr may
portion size, , or cost, to satis

fn%iﬁeﬁﬁgeﬂB% fe QJnS(ﬂ'rbalo {n\ﬁnﬂgﬂ QIH % hat | Cgé ‘?gfalll% direction

processor 300 1n controller case

b Fecledse éii%t)“iga?ifhr@gaﬁ‘%n L& R}&%&Zﬂt %g ié’s?' td ?fg( tlﬂg Eeéglrements

|g ts and cost tim a grovi

Waql%%ge%lﬁg ik esl’r. :"Ifgg ! %ﬁél lpg&e%grl@aqn Qﬁq%oﬁgr cta%eaﬂidautomattlcally

consuner ena era

I k
Eom %?e% ?hnn&%gra gsei‘nga(?r ngcrl}ea:sl_lglg plar ﬁw% E?e%gcyﬁrélgﬁtls 8%? ca)éé i1 Igal time and

uest's as

i & AP STy s
i zed cal cul.ation

i B b hele St 28 RS Kot e ’FF?Pgle%aS per the
pal.rg?ﬂlia%zor]ﬁf nglégibg&ggﬁgﬂ}ee 1%&2121315@3% ggpgﬁ%ﬂ%gﬁ gs%?)ciateg weight or

con ousl ure each sensor bar 16 support post
%ﬁtz Qﬁ&mfﬁ éﬁf &?9@@9'1%%%rdlnate posi ti ons.
Thi s data enabl es the cal cul ation of the positiona
20 coordinates of each height sensor 38 that is

per pendi cul arly projected onto the table surface
Generalized calculation of item 14 volumes for all sensor bars:

Referring to Figures 1 and 14, as the sensor bar 16 traverses the item 14,
displacement sensors 20A and 22A continuously capture each sensor bar 16 support post 20
and 22, respectively, coordinate positions. This data enables the calculation of the positional
coordinates of each height sensor 38 that is perpendicularly projected onto the table sﬁrface
12 (N1, N2, N3, N4). Item 14 surface heights (Z1, Z2, Z3, Z4) corresponding to the
projected position of each height sensor 38 (N1, N2, N3, N4) respectively, are obtained from

corresponding height sensor 38 measurements. Adjacent sets of coordinate data,
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21 12 (Ni, N2, N3, N4). Item 14 surface heights (Z1,
Z2, Z3, Z4) corresponding to the 22 projected position

wotoogasnssei ght sensor 38 (N, N2, N3, N4) PCT/US2003/041365

respectively, are obtained from 23 correspondi ng

hei ght sensor 38 neasurenments. Adjacent sets of

coordi nate data, 65 WD 2004/ 059258 PCT/ US2003/ 041365

I, ZZW2 YahANRB, 73 17 NANBir A8 swededsip serbordnn Saipaéiimt d€fine three-
sensor bar 16 positions define three 2 di nensiona

giarnsbral geohRtrickol® pbrtiomsofdlie itdae14 thaispdrdtht akthPa sbhdSr bar 16.
| ength of the sensor bar 16. 3 The pl anar four-sided

base of eatbppeaTeirsidededcldfesthigsoafit paeodis defitdd Hyddur (4)
4 vertices lying in the plane of the table surface 12:

Yéthcey Bfitg 16 @5 dIMe.of BR)talflé QiTa8d11: NivbivaiticSs (N8 NKYY frfiR hn Hitial

position and two vertices (N3, N4) froma successive

b RGeN6 REMSR indWo vERiceSMNBONUS O a slRBssHRLRSRP R R Dar 16
item 14 hei ght values (Z1, 22) fromthe initial sensor

?@sqnom The BRRESInAMg3RA 1NRiALI AR (XRIZEPBoh 4R infid) seﬁgomr 16

he succeedlng adjacent sensor bar 16 position

g&ﬁdoﬂ%nahﬁhe%wggep 3, 74) R el sG&Redife é(ﬁa‘%e&% Iﬁar% position

portion termnation of the eight co I nat

Q‘ﬂglb%e% r(fmﬁr’ Jé@of ¥ Feo%ﬁeﬁq%;om 10 Z2, Z3, Z4)

calcu atron o me of the geonetric

sol ' d. por t’[lh.gﬁéte%ﬁétﬂ)ﬁ%f E%é e%g%tl%otonﬁna% 11%03 g?@g dh\ﬁaf\ﬁ N4, and Z1,

positions sunmati on o e port

?%%g Z{l%e%al#lg{kﬁé Qal&ﬁaﬁo%%g {h% %&3]2181% ?El}e%? mé'tgc S‘(ﬁ% pOHﬁ?Ol’lg fleﬁned by

e sensor raverses
Hel %q%,rfna&e RN S MER R
%E'ﬁ%is{?v%a? Odioredhe ﬁﬁtﬁf o éﬁt?a%tsrresés"ﬁ%ﬁ?fﬁ 34, vilds he
R VElbine G o e Seaeer W o StEn{alon pa R e 3%
Riate g B8 for) Sty by el e tepntied v no%t?%ﬁ%ﬁﬁ%w&h theseight of

follow ng calculations refer to the sensor 16 . .
B et & thottem 19 upiaths FrenbRpsion of thg sensqr b %??n’ Therweight is then
calculations are perforned for all sensor

Bwhirliglipsathe 6958 perawit ysighf fonbipin the ot of thy fius @étt%%sed item 14

segment.

Although the following calculations refer to the sensor bar 16 configuration
exemplified by Figure 1, similar calculations are performed for all sensor bar configurations
described in this application.

Referring to Figures 1, 14, 15A, and 15B, as the sensor bar 16 traverses the
item 14, the support post displacements detectors 20A and 22A continuously capture the near

(nearest to the operator) support post 20 coordinate positions CBy (Xj, Y1) and the far (farthest
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sensor bar 16 traverses the 22 item 14, the support

w@omi/osi2spl acenent s detectors 20A and 22A cont POTIUSZNNS/041365

capture the near 23 (nearest to the operator) support
post 20 coordinate positions CBlI (XI, YlI) and the far
(farthest 66 WD 2004/059258 PCT/ US2003/041365 1 from

frba tiepepeet@) Juppatppet 22 Eoedinde pesaidhs CTEKE, YW Sickicotivly.
CTI(Xi, Yi) respectively. 2 Sinultaneously, the item

S#ndtandoasty, theitain 4 surfte helghts (23 ZZZ% Z@kbﬁé&@@ﬁlﬂl’l@ﬁ chéh height
each height 3 sensor 38 (NI N4)

5SS IINY,AN), NB; N4 r@ffebiivet, arécgghﬁe(f oI I ovm ng illustrates
t he net hod whereby, the coordi nate position of each 5

hei ght  senuefolBvwing ifustdtes eah&Rbd Perd) ¥hetoBididaf §6s1t10n of each
position of the sensor bar 16 as the Sensor bar 16

hdi g 866538 D BalblIREA bt any EHbifary DA OPSH B kehdr Bﬁql%' e{s % defbor bar

order to specify the coordinates that 7 define

06 RFREed fhe H0hi1d. t t
Ref er I‘SI ng et o Fi gg%gﬁ@%%ngﬂ% g B, gﬂ ‘?rlg%ﬁ(? %%eﬁf}g{r% %éordﬁates that

86k AR beB¥etrit Qﬁld%n((;n? Fhat 9@%@5 ﬂ{égt%mh bgt ween the nea r

support- post e far support

post 22, k’e(r%e%]to g;upes\i SA)an}i 1 51% a'}?ghggiaﬁél d}%ﬁﬁ%d ‘?%ﬂme AB (the

dlstance be r support pos
R e A 05 oo
PRI BB e A Ly 20 s SR} i o
BRI b '“e%fe?uateh O P g o
Rr e 150 AR R S 50T i e
S AP P R B
RS i B St A Rl
FEE RN ke b e

t he sun1of the di stances between the geonetric

gistancsr Kt measured diguribe ssometreseyist O%tb%ha@irhesht €BY ﬁﬁ ﬁfﬂ agr) to the
with Ni and ending with NLAST). In 20 Figure 15B and

gpEnciigl centenef thnatisseri fensupRprt RO coprdinats PRATHPECLRE L Y1) ).

sanme as the distance
And finally, the length of Ky also includes the sum of the distances between the geometric

center of each successive height sensor 38 (beginning with N1 and ending with Ny ast). In
Figure 15B and the calculations pfesented, the distance Ky is the same as the distance
between each adjacent height sensor 38 (N) (e.g., the distance between N1 and N2, N2 and
N3, .. ... Npasr.1and Npast). The length of vertical line BC is calculated as the difference

between the y coordinate positions (Y’-Y7) of the far support post 22 and the near support
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the di stance between NI and N2, N2 and 22 N3

wWORAFDsI258Nd NLAST). The length of vertical | i PET/BR003/041365

calculated as the difference 23 between the y
coordi nate positions (Y 1-Yl) of the far support post
22 and the near support 67 WO 2004/ 059258

PORI0USRANGE ) the 3&ipth of hpfigdnta? Gne BTME tatdulayed s iR difeiaiida befween
hori zontal line ACis calculated as the difference

thek veRdinate pbdions (XQOMUIHRS fBr RPSdrt pRNZ 4nd the nbh) sug{aoﬁ P&t 20.
far support post 22 and the near support post 2

The cal culrag b4duldion bhe @@&aﬂate BbGtiRTiehdhRif s8R that is
hei ght sensor N that is 4 projected perpendicularly

ﬁ&%&ed Is@pénatzhﬁr@ Bhih %feetabIa sirfic@ Pis QMR Yy a,lpawg g 1hRef

aw of 5 Simlar Triangles which states: .
§1ﬁl'11§'xnﬁjla%§le§‘5vﬁlcﬁ 'sfﬂek g twb%a{htgfeg Gre! R n@f thd féﬁ%t]fl of Jchgﬁ' %ides are
are 6 proportional. riangle ABC I's s
ér }Ier trlangle A B C, A(VKT is 8 proportlona

o AC/KN Thus, AC (ACVKT) x KN, whereby the
val ues of Rg-lt_rl Efé: A@\Ij F% sﬁ‘m té‘ﬁ&@‘éﬁl I?GQ%BglgtAs %‘dAEI/}@T is

val ue of i s ca ate orn1n coordi nate

psr#ﬁ'&k{lc%% {o%Ca/i ﬂuéj 9\5(? PE@/Ka d}? 3 gt vgheg y?ﬁere &a!ul%? g%’ IQT M Ky are

'S the hori 20 Co0

knowg E)I(‘stt%n y ahd e Jah{\l ]of %EZO%? lﬁgteés 1'@9 rijoi?'mi%é %o%%%&g subtraction as

dalarly FTace

I C K j | to B G /KN..t .
Pl B BT i AR <ol Baingls drls st neigh
- t I f
SER% R SRR peTtion T e et B AR e hS pieb 2. 60
15 dosori BEBEGLVE KRR &?or@oﬁ%f I%@I’ﬁéﬁwﬂ%tf%‘?‘e‘:#f "I?hlg Caloulated
t I di nat ht 16
relaish Pppestien &c& eéa*iiﬁﬂ B Py
table surface 12. The above calculatlons Xle|d t he
%wwée@sé@tszané.%%%ﬁ BC 18 e eupterhseperiguning geprdipge elmaeﬁon as
the table surface 12) of the first height sensor as
{esmiekahove. KiYe debredprpiue of RiQ' is the gertipad C%Oféﬁﬂh% ﬁéths r'fr"éT‘ height
(X, Y,Z) coordinate position of the item 14 uppe

ssnor Nd evhosgpesifion iprpicaiss Bependicylagly entpithesteblp gy ? 12.

sensor Nl is represented as ((AC/ KT) x KN, (BC/KT) x
KN, The above calculations yield the projected 2- dimensional coordinate position

(onto the table surface 12) of the first height sensor N1 as ( (AC/Kr) x Ky, (BC/K7) x Ky).
The 3-dimensional (X,Y,Z) coordinate position of the item 14 upper surface
that corresponds to the first height sensor N1 is represented as ((AC/Kr) x Ky, (BC/Kr) x Ky,
Z), where Z is the item 14 height coordinate obtained from measurements made by the first
height sensor N1. Applying the same procedures yields the 2-dimensional projected and 3-

dimensional coordinate positions of all of the height sensors N1 through Npsr.
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obt ai ned from neasurenents nmade by the first 22
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t he 2-di nensi onal projected and 3- 23 dinensi ona

coordi nate positions of all of the height sensors N1

t hrough NLAST. 68 WO 2004/ 059258 PCT/ US2003/041365 1

As just desgustdedribddythe compleRt(E, Y, %) SGof)inat@f dictBihe Serfifes that
the eight vertices that 2 define each item 14
defimpredchiiemsiol geBmpic tsblidpdrfdrUigarelid) areglcalated by adiggidym

usi ng known 3 constants and sensor bar 16 obtai ned

comatahs entesthsor baihl 6SobtAed thdaftréinéhi, arheyvddtdRfitd dbe chables the
approxi mat e vol une cal cul ati on of each item 14

gRedhitt ColifkicBlcilMtidn iTRadnNRn BIPRBS 0 olERRHEdh that sPdns the length
the sensor bar 16. The successi ve sum of these sensor

bRhe defsdR Bhil 160 Mhe ¥h@biieshia of Bl sel@soi/%qm%oﬁi‘oﬁ 814k HeWtal

14 segment up to the current sensor bar posi tion.

Mlﬁljné &t tﬁQlt&IH I3 sé’g%eﬂﬁi?p tozhevcﬁlllrﬂdﬁ s@ﬁb@%a‘i"%wﬁu&ﬁ"@tﬂl ﬂ'{g' tf8 volume

of the weight (volune x density) and cost (weight

Gé?ﬁatengﬁés e @ﬁhﬁﬁo}l oPthet \%Egrhg EW)gm{ea{ denbi %ﬁ@&gt @%Q bost per

of the item14. 9 As des above, our It

Qggﬂtkf%ft‘ﬁ@hfdgﬁarﬁ%v&sed Sgémeaéﬁhgﬁem ?) define 10 the

top surface vertices Item 14 geonetric solid

portion. m%e%cgﬂ?c? wofvgcfgurqgfn' qu‘lq IBFW valv%el [Sé gefle Zfzotl’or Z4) define

vertlces may at or i1rregula

Ctfade gse of e% fent ?{"géogl%&lcosnhd égrtl? | ’Yha t é‘lurface defined by

C O ntours. ari g ori B ?%

&1 Oul‘ZV%I't{CQSe m%ggeuﬁ% %glp gfgult rlli] esht']ig d;/ ol U%V(P:)? lgglgcla\%, 0P con¥b1nat10n
ar.act er

QPR AL o ERR AR eyt i 1@?}3 %ﬁ%gracy fotne

e of item1 e 6 _sca
e P BB L P SB agtogniPRets iongle*rlés Bifiics F each ype
gf Oﬁ{la .6 pre 17 programred vol une cal cul ation
% A "™he sel ected al gorithm (progranm) optinm zes
the 18 vl une cal cul ati gns based on_the top surface
contour ¢ 8@%&’?@?’? E@C%F i%b%@?‘% e ﬂi‘ette‘éﬁ’ﬁ cﬂ_fAtemllﬁ to be
medium Alternativel general i zed vol une
SEaeaKihFERISPAE &9 e@r%taﬁoaﬁsq’féw peonaligly F%‘?thS %an@&goélate pre-
on the average of the four geometric solid uppe
BIOERBES W@]ug}ﬁca\gghag@ga g@t]gn Thensgterigdsalgorithm (program) optimizes the

volume calculations based on the top surface contour characteristics of the specific item 14
medium. Alternatively, a generalized volume approximation calculation may be performed
based on the average of the four geometric solid upper surface height values (e.g., Zaverace
= (Z1+Z2+Z3+Z4) | 4). The use of Zaverace provides an appropriate height approximation
as the top surface contours of most common items, e.g., fish filets, have smoothly changing

slopes versus erratic and jagged shifting contours. This average height, Zaverace, defines
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filets, have snmoothly changing 23 slopes versus
erratic and jagged shifting contours. This average
hei ght, ZAVERAGE, defines 69 WD 2004/059258

RCheiB20@ pladdl@adrilattral hefbeihglit pabllehapl idadical to the bottom planar
quadrilateral surface that is parallel and identica

tdtiherd sirfeopihagasmetidc shliad@biibat Farddus stihp@sonal mbth6ds may be
geonetric solid portion. Various conputational nethods

efaylofd to Ber&dil (Y &6lubne cpiilhidn THY fSllotehk BBcla]ony b:akiiPbhe
The follow ng cal cul ati ons exhi bit one 4 nethod using

28I Basd SnlPBRMBIbY e shd BBRIALGnig@ENNI ques. 5 As

noted in Figure 14B, adjacent sets of coordinate data

(N1, Z1, Z2mobd)in Fi@qre 16,B( M?acel%%etzx-ﬁf cddindid @M (N1, Z1, Z2, N2) and

successi ve sensor bar 16 poOsitions define

oy, es- Zil Nﬂ?ﬁbﬁ%ﬁécegs%@@ﬁs& Gar 16 P§éi-i’l!‘ldng dPRHel th2P: %nﬁ’é‘ngltol?% geometric

item 14 that span the Tength of the sensor bar

;Ehﬁ pbRidhs ?Qmm ‘{@'&}é‘r’ ah el ,thezs%nso%r 1%3) define

t he top surface verti es 0 each geonetric solid

por tion, @Ecﬁﬁliilgﬁmmfeg té ég %r Eﬁel ggéﬁl Rk Lé/ thid rt(ngs%%ceedvertices of

(onto the ta sur sensor

Vo %dggﬁﬁ%#omfﬁ?ﬁe Bbidte %ﬁI bRl bR (S8 e
%f?@@a%é@‘%ﬁ § ei"%ﬁﬁkﬂ%% F’%%i%%%’?ﬁ? (o urfiod vertioes of
B IE R Rl B oo bRy B fuéfic%ﬁeageht Taves, e,
epe 3&bﬂf%f@&eﬁt&ﬁ%ﬁ%@%@m&ew Fotae
At R R rc%@g%%%@avﬁear%% e%?serﬁ@:gﬂ?hemwamr
17

gﬁﬁggﬁ?ﬂﬁwfC9bﬁbﬁéﬁ§$}$ﬁg gegﬁzgrfi gglfdeportlon
traversed b two adj acent hej ght sensors.
. | ust r at é?f finﬁl l%?ﬁﬁ%&a Ofitlh%qtaelala?eral Qﬂ %N% N&ewme

y (N1 has . 19 four sides |abeled a,
@ultwlwwms Jalge hﬁflﬁ@a%ragﬁdgﬁla%oféhepgqey@msellé Laernet éeselh%m the
area of this 20 quadrilateral such as the use of

R gRaA velumg ob the e qmetan salidporioniiaygrsed bydva pdiagesbheight sensors.

IS
As illustrated in Figure 14B, the quadrilateral defined by (N1, N2, N4, N3) has

four sides labeled a, b, ¢, d. Various methods may be employed to calculate the area of this
quadrilateral such as the use of Varignon’s Theorem which states that a parallelogram is
formed when the midpoints of the sides of a convex quadrilateral are joined in order. The
area of the parallelogram is half of the area of the original quadrilateral. The area of the

parallelogram is determined by the product of its base and height, whereby, this value is
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determ ned by the product of its base and height,
whereby, this value is 70 WO 2004/ 059258
RabledS2 K0 A LIRR of hedeigbefiad@ateRt.ai n the val ue of
the original quadrilateral. 2 A sinpler method of

det er m ni ngsiinpRr MEMAd 6f dekdMRirfibAHS hrbRAbRhGuadA R §SoRRE use of
of 3 Bretschneider's Fornmula which states that for a

BicERhclRIE FamuBWEiER state@ihal folh LiberSierleral GRBRR Al Gmﬁ ,s1d@ lengths
c, d, and diagonal lengths p and g, the area, A,

Q;bv AL %dlggoﬁ‘al'ter{gﬁ{sf))aﬁgﬁttﬁé%g% is élpe%b d2 - a2 - 02)2

Referring to Figures 14B’and as the
cooqun 1 e 2 gaeh vep NI, 8 N2, N3, and N4
are calggﬁgﬁagﬁgf 3%scr|bed gﬁ%e the side lengths a,
b, ¢, d, and diagonal 9 lLengths p, q, are determ ned
by application of Pythagoras Theorem whereby each

side 10 llﬁﬁ?ﬁ% 8'Fi gg%%e@qgﬁ@nd E(E] %%_ﬂ-‘e 08&:& ?xﬁ?%ﬁli%&eeach vertex N1,

hypot enusé 0o triran
xl. vyl
£IUANRNE of2 alcxsfep%d%&ngeg o5 8838 B4 . 1) wod ona
di_ nat e f. t d 3) .
oo B8 P o S ap B RuPBEE TRl i
n the sid

tebiin b bimepra ot SaRisds hE Pl %?Pseff ? ﬂ@?@nwgﬁj&z i ifghe_
%g)((%l(la_;é @ Xertexj‘%s 1§ eiérXngd %?_/(g L}ZI]Z)( th% ﬁ@t(}lpﬁtﬁ qjg}_r ‘%‘;t%))c( y@;iiﬁxpressed as
é‘%ﬁ'?t | ar l ate gvegég gﬁg? é):(p;eteisn L h§(3_1|y3s1 tg? ?c%?dlﬁﬁe aoryertex N4

rt X3 - 2 )
?s%xpr(essgd as (x4,y4%)), ‘ﬁwn the s1de lep)ét%)s a, b ,c and d are expressed as:

a=sqrt( (x3-x1)* + (3-y1)°)
b =sqrt( (x4 — x3)2 + (y4 - y3)2)
c=sqrt( (x4-x2)° + (y4-y2)*)
d=sqrt( (x2-x1)* + (y2-y1)’)
Similarly, the diagonal lengths p and q are exioressed as:
p=sqrt( (x4 —x1)° + (y4-y1)’")

q=sqrt( (x3-x2)* + (y3-y2)")

Figure 14C illustrates the values utilized in the calculation of side length a.

Substituting the above determined values of a, b, ¢, d, p, and q into
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71 WD 2004/ 059258 PCT/ US2003/ 041365 1 Bretschneider's
Formul a yields the area, A of the quadrilatera

defined by (NI, N2, N4, N3). 2 Determ nation of the
Bregsahgdfidetla @oqmmdyleldathe lagel, AN theNiadi¥dteraNEfinad ey &N 1 N2, N4, N3).
mul tiplying this value by the average height of the

geomet i ¢ BedrinthatiGMERAER of theguakifiBtetd (WH N2, &4, N3) and

approxi mate volune of the geonetric solid portlon

bR Ietishilut B RAVGERHeidAEbARE gdRIRERIBHA, Z2vHkNE: ,$480ts in the
of the vol umes traversed by each set of adjacent

Bpr@iinats ¥bmBleSf 418 ghorAdtal Q)lfdli‘)%rtlo%'iﬂtlé}séaf the a% Q&ﬁpﬂeiéﬁ‘ Sensors.

16 as the sensor bar 16 traverses the i en11

total 7 voiheRBmeF e RElusRIFRRIsc@by LA sdilof Er(ljgc%nﬂ%léhpsensors 38
rear of the current sensor bar % posi tion

ﬂHﬁ%@h@ﬁénﬁ@l oY‘ﬁteLé@ﬁoplgarqgﬁpth% SEHIEVar 16 A¥RISEMe ! I11:§m 14 I the total

i plied density factor for the 9 part cul

{16 dAmb t&%ﬁa nt’\tt}* &ﬁé"lte?rﬁgh RS he @8&’&

e SLe
processor 300 an e i nput on oa rd

Alrhdi¥Fre %l &P tra\)éggf&' ?s%n&lﬁ%heﬁmﬁe { elgs‘?éytféc%ﬁ fgr the

t he sensor

%ﬁ{ H.F a ;@'@ l4ct%&é #H U%{Zlyeosgdrgﬁﬁtql){eesq%n%E?r%ges&gJ3 H& cp m'11y be input on
b g&%@%@'@&%ﬂf T daﬁe:s:fczrsa%@z{-ot Rt
étpo% oV eéee Ll,fes arg rc;ung lfsr}'o% gﬁl grgiugvg%le cﬁsplayr}i% A cost
%Ib%'ﬁ 8 %1%?9&?8 B e ke aﬂﬁ?@p%eg QTR o e same

he left direction (e.g., 17 "back:=up") or right
fection in order to decrease or i ncrease the uncut
segment size 8.or cost, to s
requir emsn’sts h‘?)’ltenéﬁ??y%gtra\‘?fi Rt Zl?j’étdd??e"i’elghf C%rft’gﬁ'ﬁ%HSIY calculated
roc SSO{ 19 di spl ay case, 26 automat | cal
grb’neb resleptie o‘EéP’é“&’é‘P‘u‘?éY i#P13viad PR display S drigdle S@H@ﬁ Kb 16
hts 20 and cost) in real time and provides th
tﬁlﬁ‘tﬁ“d’ﬁeél& the ARCRHRT mayPTRItGEH moge thesersprchasd 6 in thp lpft drection (e.2.

“back-up”) or right direction in order to decrease or increase the uncut segment size, weight,

I1 g 90811:':1011 This

or cost, to satisfy the requirements of an observing customer. The signal processor 300 in
display case 26 automatically computes the decreasing or increasing volumes (hence weights
and cost) in real time and provides the updated current information to the operator and
consumer via display 30 thus enabling the operator to accommodate an on-looking
consumer’s specific requests as per the particular portion desired based on the item 14

physical appearance and associated weight or cost (based on weight) BEFORE the item 14 is
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21 consuner via display 30 thus enabling the operator
to accommodat e an on-| ooking 22 consuner's specific

WO e@uesPs8 as per the particular portion desirePChES®A3/041365

on the item 14 23 physical appearance and associ at ed
wei ght or cost (based on weight) BEFORE the item 14 is
72 WD 2004/ 059258 PCT/ US2003/041365 1 cut. 2 3

ADDI TI ONAL SUPPORT POST DI SPLACEMENT DETECTOR
TECHNOLOG ES 4 5 El ectromagneti ¢ Based Support Post

Di spl acement Detectors That Interact Wth 6

El ectromagneti ¢ Based Table Surfaces 7 Referring to

Fi DT TIGNARSUHPORT BOSTDESPL & CEMIENE HETEGTOR BECHRBE BIGIES
118 is used 8 as a cutting board. The tablet 118

def i rEIscrnfithdR lﬂa%d@?%rﬁwsft BEBladfont DetbliSrs OO REY L0 ith
of each support post contal ns an el ectronmagnetic
Cur s Offectrbthagfdtlc Bhdedl TaHR JubBcesensor bar 16 traverses

the item1 the bottomTip of each support post 52A

11 i s kept t L .
1 S rher B AOEAA € Rt hEh AU RER

&aa%u%trn?%ollﬁae TRO 8 aa%‘i 53 &é‘ﬁﬁi < falfe RAS ‘s&roa?Q %&@f each

suppor f post uring the novenents

sensor barp,l %otto-m @]F@%f%gfi{ s‘ﬂgﬂﬁ{ 1?0%? ﬁrﬁco&;am%&%{ecﬁgnééﬁlgtlc cursor

an invisible data

t&gﬂrBl 2?.“ st‘ﬁ?é's% or B& 1'66&an§{%2518: PEE eon%tt&g /t%h eac ré%éi)roft éoost 52A

6 signal processor via 1571 npu

i%%ﬁ}gtrin X\%nrs %hﬁ%%ta&o@ ﬁ]llp ?a%ce esslg%;rqugg l’[?lg ﬁ{gﬂat}% tﬁlglfa{;lel 8 contmuously
sitiona

2A
tgagﬁl%esscﬁe ) éulgpo(r)rtdlrp 9 H:Oﬁltli)rﬁ e?ﬁ%chéﬁ]?progt att 85{115 movements of

naI he ene zed cur sor . coi ne
i SetBorter ?8 Se ‘i‘ﬁ’é fidam SiERee ey mvesﬁé?qg%t%{ﬁ%@ ‘2 Jofrared)
nbedde ctromm netlc Senso rld 124 t hat
& ec%f@%Be PR R Lsrries SonaBet hea%eesog;fe "6 i Grogeser 300 via
cursor coil y detern1n|ng t he ocatlon of the
Epy u@g(ﬂ'ésré[oé 1 eless communications module 3

The sensor bar 16 signal processor 300 continuously processes support post

52A coordinate positional data signals along with the height sensor 38 data signals.

The energized cursor coil 122A generates a magnetic field. The underlying
digitizer tablet 118 has an embedded electromagnetic sensor grid 124 that locates the absolute
coordinate position of the cursor coil 122 by determining the location of the cursor generated
magnetic field as the support post 52A traverses the surface 12A.

Electromagnetic based cursor/digitizer technology has been in use for many
years and is used in diverse applications ranging from transferring drawing data (coordinate

positions) into architectural software programs to entering menu selections at a restaurant.
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21 magnetic field as the support post 52A traverses
the surface 12A. 22 El ectromagnetic based

W@ 080592688 gi ti zer technol ogy has been in use fRPCT/DB2993/041365

23 years and is used in diverse applications ranging
fromtransferring drawi ng data (coordi nate 24
positions) into architectural software prograns to

ent er Fing-Poiimed StelueBhded B8prdit Myst Bishladsmant Detecteys Yt Interact With
2004/ 059258 PCT/ US2003/ 041365 1 Fi rm Poi nted Stylus
Bas e dPiEspieeBdnsifiostTablileyBReE TR Seheet or s That

Interact Wth 2 Pressure-Sensitive (Tactile) Based

Tabl es SurRexafiig & IRafrel7,iakeskiRe Seingitive(tdclile Whséd) BABLA icitizer
sensitive (tactile based) flatbed digitizer 4 table

1Bt 176 9568 85 cattifp béard OTIRAM 16 128 Berided P hGtabbAGrLAGE LRSS E.

a suitable hard surface 12B. 5 The bottom end of each

Support pog barksin CRNbEaBSsuPpdit po¥t A QnBlhsSt ﬂljr&l]?cﬁété(g stylus 130.

6 As the sensor bar 16 traverses the item 14,

BRIt ParQb 1BRG s SHARA 14, g@sbbttérg ﬁP loBedth g%?pioﬁfﬁxgzt 52B is kept in

constant contact with the table surface 1

Q&Q{alhi. Htact AR Bk tabfeSufRl 12 BUGYS ?ﬂélt&@ﬁgﬂéte@6 %oﬁtnﬁo%sl%%tures

absol ute coordi nate positions of "each support pos

G500 B TN 808130555 0 AL
Q- mhidf 0 . ' | i al
%Sl)%. Thésd CB@B@%%% e thandferred v}a an iy m&fé r&é‘c:e/lgfr’l%gﬁe. %?lglgrlar%d) qre.g.,

connectl o0 the sensor esSo

L ' 58 i..r el ‘ :
T Pk PR BBt RO St S LR BRestr 00 gk

0, ti .pr. t 13
BB e SRR R AT ARl < 5 ong it

t he hei ght,sensor, 38 _data si gnal 4 The digitizer

abl or $oCRHER e 16 TEp st GDR spRiyar ety fiegupror
13 at 15 resolve he apsol ut e, coor dinate sjtion

B 8005%19% BOSi%R?a@{Ft*% %@Eiaf?@g i thrcl e Sy RelatgistEnals

16 of the stylus 1%8 a é t traverses the surface 12B.

17 Pressu rﬂ@ Sigidef fablst fzt £OPING P PEPSSIESeRPifYe jensay grid 132 that

t echnol ogy has been in use for many 18 years and is, )
ErSelies the PPy ie sapIdkaterRosien ef o Sy FHy e fiseigpression weight

above for el ectromagnetic 19 based cursor/digitizer
gg,félg gipkas 130 as it traverses the surface 12B.

Pressure-sensitive (tactile) based digitizer technology has been in use for many
years and is used in many applications such as those described above for electromagnetic

based cursor/digitizer systems.

ADDITIONAL HEIGHT SENSOR TECHNOLOGIES

Reflecting Acoustic Height Sensor Used On Relatively Flat Item 14 Surfaces

Referring to Figure 18A, an acoustic height sensor 38C is shown incorporated

in the sensor bar 16C as a linear array arranged along the length of the sensor bar 16C. Each
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20 21 ADDI TI ONAL HEI GHT SENSCOR TECHNOLOG ES 22 23
Refl ecting Acoustic Height Sensor Used On Rel atively

wo-b@i/os0esn 14 Surfaces 24 Referring to Fi gure RGHUSHEN3/041365

acousti c height sensor 38C is shown incorporated 25

in the sensor bar 16C as a linear array arranged al ong

the length of the sensor bar 16C. Each 74 WO

20040 RAGRNFCTECB2DGHOHITER adovaiecmnsitibrirededicg it SHEBLIBE in the
38C is conprised of an acoustic emtter/receiver unit

b dee1bd. 'Vdridas acdusiRratterReveivébiechnyREicO Sy 86AMEE ilfe height
emtter/receiver technol ogies may conprise the height

SenS@ 380! AkoBfmonAedhAbIERN 1RSI, RBYirib bérhiZaS the active sensor
pi ezoel ectric ceram c as the active sensor 4 el enent.

Hlea&0e PRESdchiCRIaaE $naBRE e @8n el \fonCARIEHRAIAN aQustic energy as well
el ectrical to acoustic energy as well 5 as the

SORY 8% E1913n Of 2R RIS Likcttifal BhELS. I THEShrofS ed¥bles H Sime
property enables the sane 6 piezoelectric ceramc to

FieboeRRtrRREAMIS a8 bb@thASniWE! ds waH af e S REE i\ﬂ?llﬁecgeﬂso‘f hgc.

sensor 38C. 7 Alternatively, a separate acous

e e e
O U DS o AR
T 0l AP St 1Pk P
AERR R o 1B hlor? QRS RORA b ErEORDER LN Petbl {ich sensor 38C

e em acousti cC

refl ect, of 12.0of the item.14 top. surface, and return
(gt uherol B mErehiR ot ERERE oG e o il Bncoton
receiver 13 in the sensor, 38C. This round-trip, tinme :
PG HSATAA 1P SR Ge Pt REEP e TSP GREMSE Ve colitic receiver
deferm natjon_is integral .for conputj ISt s in_.

P <Hp B B, ST TeHEE o Srmgony Folea e e Rt and s
finders, burglay_alarmnotjon detectors, and_ robotic
eleTPyiation 1s4i5eralie eonppuing distanceg “PP@E’rl%"d.‘c‘SFE\ speh a3 pingtp @uto focus
a sepnsor 38C emtted, acoustic waves ref|lecting off of

gpnge Hndegs, Byrglppdlgrny makion defgiors and gopeficeoision axeidanee deyises:

t he originatin? sensors 38C. Subtracting the _

Figure I8A illustrates a sensor 38C emitted acoustic waves reflecting off of a
relatively flat item 14 surface and returning to the originating sensors 38C. Subtracting the
acoustically determined sensor bar 16C to item 14 distance from the known (constant) sensor
bar 16C height (base of sensors 38C to table surface 12 distance) yields the height of the item
14 upper surface relative to the table surface 12.

For example, assuming that the sensor bar 16C height is 100mm, the speed of

an acoustic wave is 340mm/ms, and the round-trip time for an emitted acoustic wave to

reach, reflect off of the item 14 surface, and return to the originating sensor 38C is 0.45ms,
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di stance fromthe known (constant) sensor 19 bar 16C

whedoghs2fbase of sensors 38C to tabl e surface BRI/US2003/041365

di stance) yields the height of the item 20 14 upper
surface relative to the table surface 12. 21 For
exanpl e, assum ng that the sensor bar 16C height is

the Gettowitd@lcaption da¢rmin? tiyhedhOoiShd BerVdy Bpped si3hOsFdl A% to table
and the round-trip tinme for an emtted acoustic wave

§uRf22817 leedy direetly Rldw tlefseabr $dteisn8 8AME4 surface, and
return to the originating sensor 38Cis 0.45nms, 75 WD

2004/ 59T RETAERANSLBkIGAR. 1) Lhe fol | owi ng

cal cul ation determ nes the height of the item 14 upper

sur f ac sehr 3kl M6€; Hefphb)all( y
di rect ?Sy bel ow t he%se)ﬁls(ossl)s?gdcg%&%g@g%meﬁ) Xq%?g}ﬁm&el time) ) /

pyem 14 (relative table surface 12) 4 = (sensor bar
16C height) - (( (speed of acoustic wave) x

nd hiy ! 100
(3aom ooy { 6 \GRHR) 5 0L ) 60 - 76, s &

=23. 5300 19 g% mel | sensor 38C emitters

si mul t aneously di scharge their acoustic waves, then

11 intRrehion anong different emtted waves woul d
cause unpredictable wave patterns and 12 sensor 3 8C
receivers may detect reflected acoustic pul ses that
did not ori gi nate fromthe same 13 sensor 38C emtter

o 12 SR B OB b o
RURP Bl st en iy 3PS Bmnffstotai s o
Wé?og I,’#Btr%%fv%%%%g&%?tgﬁgec%ﬁég%%# nlgsegg\rgl%%] glggngbéﬁgmate from the same
%rgé{sf)tgl ? eeﬁltrt]e u%ntt] © ng ?Ji(ahhogcrll 1n%£ea£ers] %vhlerll a?g%g erglr‘rtregl acoustlc beam widths
are employed and/or sensor arrays along the length of the sensor bar 16C are comprised of a
high density of sensor 38C units. Such interference could result in erroneous item 14 height
calculations and can be avoided by multiplexing the operation of the linear array of sensor
38C units along the length of the sensor bar 16C.

To multiplex the sensors 38C, instead of all sensor 38C units emitting acoustic
waves simultaneously, each sensor 38C is both activated and deactivated sequentially along
the length of the sensor bar 16C. A successive sensor 38C emitter is not activated until the
currently activated sensor 38C receives back the reflected acoustic wave that it emitted and is

then deactivated. Instead of monitoring the transmit and corresponding receive progress of

each wave cycle, each successive sensor 38C along the sensor bar 16 may be activated and
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17 38C units along the length of the sensor bar 16C.
18 To multiplex the sensors 38C, instead of all sensor

WQ@BB4026% em tting acoustic 19 waves sinmul t aPeDUS1093/041365

each sensor 38C is both activated and deacti vat ed
sequentially along 20 the length of the sensor bar

16C. A successive sensor 38C emtter is not activated
deactivatedws aiked length tindeyintanvhi thattietie SRRBOIN BBErBE&T €S sensor 38C
back the reflected acoustic wave that it en1tted and

tosemip and thesvecherafi¢dtedatadtic vaed @ agf itdi® D4, t THid MexikdA) time is
transmt and correspondi ng recei ve progress of 23
detetminahiey caleclating tha tine Sei@ired for ¥ SerS B30 en3fiéd AbRRE wallto reach
sensor bar 16 may be activated and 76 WO 2004/059258

PETAHUSA0RS! 1 13BE off #He ablel suaid 28dnddethints thelof g&%@ngt defi®r 38C.
interval that is the nmaxi mumtinme required fo

sensor 38CmpRnieatigyd ﬁmlaprrémhg ¢iRbd/Rngh Fifik lnﬁ&fvﬁqor?g%f)ﬂm s
wave fromany item 14 his maxi mumtine 1s

dhakiefuii e pdiodeakizsl thdton r
se nls or 3 818: emtted ac 8 ugtolhg %\?/‘gd\)/ﬂé%tc 6§€%&Jtﬁg at é)&rﬁgand thas

tealide® thielPobsiiBiy bf un Afid e busht gva%@ﬁte&d%ﬁér% 8%)% Ingﬁ %le]s%nsor 38C
and return to the originating sensor

il enenting a nmultiplexing fixed length time interval

| onger than this 6 maximumtinme period ensures that

only one %B&ﬁfent%%% 1?11?1;181%?5%‘%1%}\13 gl%ta‘(/aﬁhatt llﬂ?ﬂg%lp fhad gns deZennmed

reduces the possib aco

{/ﬂﬁeeaflﬁ)clre&ﬁ:@sc'thg fiR4] hmj'& {)fé)%lss?bﬁ ?e!g RIQAL a%? tic W ocheFtéacks between

rrpementlngarru e 1N erva

e 981@5111 ap R6C %IIEH 1?611{j %ﬁﬁﬂffé@tql cor:%m\gf %enlégrt rgl guclﬂcb unceqaacks are

1k od o 0SSi € resi

Qﬁ'ﬁpg“lﬁfi??gllﬁﬁmg)tga gtﬂpl nt gfap?rgcig?Sﬁ ag ﬁ@l}&ﬁec%gg (re&ucga-re%lective)

ect ng SE
AR Bt Tl R BB R B e
ed- re . rface_on the sensor
DT S nBEh ol b ot PeutiEnr iy e discton ofthe m
Hpmanted maves will be 14 reflected upwards and
outwards instead of being reflected back in the

direction of the i 5 14. 16 An exanple o
caI cul at i G &l %ﬁ’ﬂ plevlptionaisedyi deferaige ﬂ’@rﬁ@‘?%leﬂgth multiplexing

t1me 1nt<£rva? ¥olﬂ>%vs By assuming that the sensor bar 16C height (base of sensors 38C to

table surface 12 distance) is 100mm, the speed of an acoustic wave is 340mm/ms, and the
item 14 height is 0.0mm, the following calculation determines the maximum possible round-
trip time required for an emitted acoustic wave to reach any item 14 upper surface, reflect off
of the item 14 surface, and return to the originating sensor 38C:

Maximum Round-Trip Time = (2x (sensor bar height) ) / (speed of acoustic wave)

= (2x(100mm)) / (340mm/ms)
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bar 16C hei ght (base of sensors 38C to 18 table
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acoustic wave is 340mi nms, and the 19 item 14 hei ght

is 0.0mm the follow ng cal cul ati on determ nes the

maxi mum possi bl e round- 20 trip tine required for an
emtted acoustic=vitus t 0 reach any item 14 upper
surface, reflect off 21 of the item 14 surface, and
Tletsphatitme iﬂtmalabﬁgﬁpnmiﬁgmg tixcelongest posSdible pah Kdah AtdBstic wave to
Round-Trip Time = (2 x (sensor bar height)) / (speed
wdvepfea ah bRith@/@hsor 38C o dndten (4l niBn)rethrn(t3 4AoHgMBing/sénsor
WD 2004/ 059258 PCT/ US2003/ 041365 1 = .59nms 2 Thus,

39TEis LSRR, TREfovel fiR6d MABRRAR mﬂaetlﬂteivaﬂohgw €38 59ms is used to
possi bl e path for an acoustic wave to 3 travel from

RBudFhtyt dciGats Mct&a&@a@%e%ﬂt ke3¢ afng eyt St fnsor bar
to the originating sensor 38C is .59nms. Therefore,
gd i xed nultiplexing time interval Ionger than . 59ns

is used to 5 sequentially activate and deactivate each

hei ght  sens@hso38%c @la gﬁet e vel 1BRGH erditted RBUSRIHOE whibin the

6 16C. 7 A sensor 3 8C may not recelve back an emtted

AfOMSS fnﬁumxsd Wb dahindt ihf3&aPaidlt ﬁﬁ%ﬁdl A deRb & Rhefah %R (s) that

time interval due to the item 14 surface contalning an

e T
SRR 5 S0 SO R DU

19@%40% glg erﬁﬁtt%& gtﬁl%lgtic:’@z}éz% vyxfﬁﬁn%g hﬁl@)l@%& {uan n?észﬂ dflé {%he item 14

erva Irrreg

rel aty vel

gaafb an 1 e@uiar éan %di ort léti orﬁ)glltf? i SIW a? ch I,s%t?a[cgs %aufe tﬁe 1nc1dent
a3 B iU o %ﬁcﬁ i ?lsr?néﬂrﬂgt Feidiasc

USth re E|V ane ena
%‘tf&’é’&g B, AR eion 8? g aa$é%taﬁ%usgs R gl pabilss i puccessul
is sen |l es both .the_ detec )
604 o e SeaPSRE e P Vv R Eohedy oot bt B Thd lction and
Inlfjelrrl)reta’gc?nsgfrtlllebeergan!c vrs]/a\Eelg gnd5 165‘ %Eliyo£sc%%2<|1 1InI tﬁg sectli)(:)n]c eln%ﬁé lgeﬂecting

Acoustic Height Sensor Used On Irregular (or Flat) Item 14 Surfaces”. Malfunctioning or
debris covered 38C sensors as well as other conditions may also prevent the detection of an
emitted wave. Regardless of the cause, the item 14 height at the originating sensor 38C
position is obtained by extrapolating height values determined from surrounding sensor 38C
positions.

Increasing the density (the number of sensor 38C units) positioned along the

sensor bar 16C enables the collection of more coordinate data points per given surface area of
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al so prevent the detection of an 19 emtted wave.

Regardl ess of the cause, the item 14 height at the
originating sensor 38C 20 position is obtained by
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surroundi ng sensor 38C 21 positions. 22 Increasing
{Haseddmrvsighy) datchmtionsrber of sensor 38C units)

positioned along the 23 sensor bar 16C enables the

col | ecti omsahe @é@om&rsdb Ratd wdadlmg ROAIN &ich & dFENER air
surface area o 78 WD 2004/059258 PCT/ US2003/ 041365 1
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the volune and resultant wei ght and cost 2 (based

W @itude 99t attnabSsty Reditrel BE o?&%% eﬁfllr(ﬂﬁl%ﬂ?' L fém‘ff@féﬁﬁ‘e The

trave |ng in air varies for different air

LS BroRdsHerSDo c&ﬁﬁ‘ms&w &0k Gk reRded ﬁ@lmegglﬂg@@s%g%&?ﬁe %\gmst a

contains a mni ature tenperature sensor

gt@ed%ﬁﬁkraﬁﬁ@%r%%lex &ﬁ%cblﬁru%%ﬁﬁl@{% éﬁﬁﬁé’n@a ﬁgrrcom ensate the

enviro nt air tenpe ature Sl gna ocC

% e & Qﬁéﬁé iYenf [épﬁ‘égft gél&fls:gﬁ? t e‘hgﬁe m?zﬁ%%u%% aknrheu of using
erature agal nst store errpera ure ver ¥
}’P@‘éﬁ%\%%&ﬁbé&’@&-ﬁﬁ’ ﬁaﬁb ﬁal?tcgggiﬁg qqc al l e R TRNENRE &ir

tenperature epén
AR Ef“nm@?acsﬁgla’f prare
Rl o e e
SRuB e IR «ra;wg@smgtoﬁ%ﬂ%g%g%g Syt ion
drisetialeerge naf by A2 oper ator enters such
|nfornat|on | nt 13 the signal processor 300 v

keypad 27 A& rafgHing tp Eiedrer i8Aqas s5nser aﬂrlécfmm%féh@é%b‘}and the
bar ., 16C traverses the jtem 14 and the 15 position of

P‘P?é“‘%‘é’iﬁ gisrsonsar ba 6C reeakadle deniesdedaht & o) gtk l(cm 14 as shown on
t). of the item 14 as shown on 16 the display

fhﬁéhsabté PRiths onerater ananyallipppliese dewanaihpagssurp pa %@P@Obwr 16C

t he sensor bar 16C _
causing both retractable support posts 52C to retract upwards resulting in knife 15 moving

downwards and making contact with the item 14. Simultaneously applying a continued
downward pressure and exerting a back and forth sawing motion across the item 14 surface
results in the item 14 being completely cut to form the desired segment. Knife blade 15 may
also be used to only mark (score) the item 14 surface whereupon a separate cutting tool may
be used to perform the final cutting of the item 14. Alternatively, previously described

marking plungers 46C may be employed to indicate the exact cutting line whereupon the item
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17 causing both retractabl e support posts 52C to
retract upwards resulting in knife 15 noving 18
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Si mul t aneously applying a continued 19 downward
pressure and exerting a back and forth sawi ng notion
across the item14 surface 20 results in the item 14
beis sgbseqprpilyedue by a Ruife drothed Entitdiastel@snt.ed segment .
Knife blade 15 nay 21 also be used to only mark

(score) t et the e 4986dnasl@eIory (G1He6rd)Pand SIRDRARE Bar 16C is again
cutting tool may 22 be used to performthe fina

€leratddg abfiont dfehe sEﬁﬂ@-Mded%e&zﬁ:‘fdb 0¥ 5y fulpreRih@HS émselves, the
descri bed 23 marking plungers 46C nay be enpl oyed to

byt LBEHhe % fakHl§ ddbnhtbd ey SFuSHRAN 568 56K @FsintIh
D MR UMb e o MR subsequent g;% °

Ei4i1aP30 18 cledd £ méHahﬁche%éHr%b@g) RS RANERRE bard 6éff51eﬁew item 14

the'item14 is conpletely cut (or Scored) and t

SRNSPle sBRor BR Fot 35 MGEH 13 bEbEARE gger lee@%holq Of t he

spring-1 oaded retractabl e posts 52 fully extending

t hensel Vo or SellSor BaRHE eﬁ{au&%r%%zﬁefg{ PEDRRLAR t%'a@{gfs'nxsensors

deS|gnate reset" pushbutton causi ng

L é@lxe%éﬁgfh dafl bE E&‘) a%?%&&?t%sfﬁ ggéﬁaraﬁar ifgsl%%b d&%%gtb?%de laser

sensor ew Item

%ﬁllﬂgﬁ‘ﬂf éﬁ?‘%%%@%%%ﬁ‘?gﬁ%ﬁ%gﬁﬁﬁ i Tons oA 28, 2C

or 2D that utilize acoustic sensors 8 3 8C, the item
14 can be scored and or cut using a separate knife,

& ) _! ' Ol 14 -S
Acoustic t Sensor | ar
Iteum 1I4 S %@ Qg secfign ‘?"i’{‘éﬁsg %ect‘ 3 t“’elﬁélgtftl Hsorbsed On
ReFLF w@f‘ﬁ%ﬂf Sty fa“%ﬁ%sfﬂg’eﬁ@%%c&%@dﬁwéc b on a relatively
|nteract tic waves on rel ativel fl at
flatdism 4 Slé} ‘i‘eaéae“‘%ﬁﬁx’:aﬁe%‘\fqdﬁcm’éﬁc EATS %%Xé%%@écmhem off of

wave froma sensor 38C reflects off of 15 the item 14
the ttsm a4t 2 pegr (Bgrag forowmadlsyrfce dgyintions) Wedpskee pagle yelasiye to the
degree angle relative to the 16 item 14 surface and
e &t pfaceandhetganie th sagie PRBIAEesenioh? 8B gig hopeyer, a sensor 38C

however, a sensor 38C
emits an acoustic wave that interacts with an appreciably irregular (angled) surface portion of

item 14, the reflected acoustic wave will not return to the sensor 38C where the wave initially
originated, but instead will propagate in the direction dictated by the angle of reflection at the
item 14 surface according to the Law Of Reflection which states “A wave incident upon a
reflective surface will be reflected at an angle equal to the incident angle”.

Referring to Figure 18B, the detection of acoustic waves reflected from

irregular (angled) item 14 surface areas is achieved by implementing a two-dimensional array
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irregular (angled) item 14 surface areas is achieved

1BYeiven RlcBAGRsHidsithy@ofnpBsethdRdGtR Ideivef ST, A 86nMbh technology
2004/ 059258 PCT/ US2003/ 041365 1 of acoustic receivers
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and 3 nagnitude (anplitude) of acoustic waves

doidPb r&l@de&@aoﬂptﬁé‘ prebeicSiHd Rl iRHRnBROMEE Wavé.
recei ver technol ogi es nmay conprise the acoustic

receiver 396, pleviod R Aok &C&EQ@ l“ﬁgﬂecﬁné“;‘;&(lu'sﬁceﬁ?lg t Sensor sed On

pl ezoel ectric cer amc as e ‘active sSensor e

IQélﬁfv%? Iﬁ&tl{ehlc CEEANS GRARISS 356 %Eﬁﬁo&ﬁ%o‘éﬁ ?ﬁe%@ns%f bar 16C s

acoustic to e ectrical energy, SEnsors constructe

l?ofth § he?m 1lvgtlﬁd Q{dedg ?t@h Seﬁ) adsﬁ(t,c%gsgvetégﬁslar Egte is actnglted This

presence |nc ent acousti c

rp@ngggmgggogg@y@r%gs%gna%ra@&ga B 6l Jégsﬁggé%to&n%emg

(g gerc{e%%)e déf? erg s%%?rﬁ:’%?ea%%?%s g i uuPa gut%] 3llé@ggra\treh1eteracﬁ§1%r In the
deac |vate efore a su ‘

Goe St eiti O S B TR 1 R Ter BRluERE dsavarmegeizgoc the
acoust e.emtted, fr n1one sensor C fr.om bei

RSB bt Sy (b b PP C SRR gsefgwm PgAnee, dnd hence
¢|n1nate unmanteﬂ wave, i nteracti ons. éﬂf 13 case

*’g SCRRQY &LV ES P bﬁn?ﬁ“fslyéﬁ“‘feﬁn @YYP‘EPg passihle foPgpiRent from a
and the use of sensor panel 200C, the 14 position of

Fﬁ@“@b@%@flc (to be inpinged) sensor receiver is not

known i n advance, and hence 15 all sensor receivers

are si nmul t@ﬁ%‘l%FS}lc Xeays (eleciing offpfithe 1??@1 Bb%‘&f?‘i?l 1gay impinge upon a

I mpi ngenent froma 16 refl ected wave.
number of nearby acoustic receivers 39C (or 38C), the acoustic receiver 39C (or 38C) that

detects the strongest magnitude (amplitude) acoustic signal is considered to be the receiver
most inline with the reflected wave. Other methods used to determine the receiver most
inline with the reflected wave include (but are not limited to) calculating the mathematical
central point of all impinged receivers and selecting the receiver 39C (or 38C) closet to this

point.
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17 As the acoustic wave reflecting off of the item 14
surface may inpinge upon a 18 nunber of nearby
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inline with the reflected wave include (but are not
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poi nt of all 1npinged receivers and selecting the

hieRby6ff debfiod O acSBfi} waveR$&lecle® offfdif the iR RO hen@linMQses the
2004/ 059258 PCT/ US2003/ 041365 1 Increasing the
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detecti on of acoustic waves reflecte

Aéhce ﬁl@féa&@ %%c&d}%y%ﬁ&éct*ng %e%ncfs?ﬁlusi!iﬁeg‘?ﬁaecﬁﬁ %@é‘%reg increasing

the item 14 height calculations. Simlarly, decreasing

&@gqggﬁgby@g?gnqghe hSENSRALom8C enitted waves reduces
th er o

e nu acousti c recelvers inpinged upon, and 6

hence i nc rﬁ@é@%ggk* &n@(ﬁ'%#l?]e?gy%@ﬁla ﬁé \ea%teh,'% ,talgl?%tig%,sctircular,

in-line re wave ere I'hcreasi’n

OG0 ARl P R et o 1
Bl s e e AR AT S e b
Ot S RS BEREE S e 20

T N L T
LR RN LT L M—"
i STt ion L e A G Ao X bG PRBetTs Qo sens
deflection relative to the acoustic wave path defined

BRC PasHion;tp Hhedutprceriion paint on the damd b purfaps. Bys highdegresnofisyrface

the interception point on the item 14 surface. Thus,
PiegHatx gesull dn wpredpflacied acoustic waves heingfstecjed teweds the qutward
nore refl ected acoustic waves bein% det ect ed t owards
boyadagies whgeapsor panel 200C. As the sensor panel 200C is easily detached by means of
two screws 204C and a recessed data cable 205C near one of the screw mountings, sensor
panels of various shapes and embedded receiver 39C densities can easily be
installed/exchanged to match the degree of surface irregularity (and hence the degree of
acoustic wave reflection) of the item 14.

Sensor panel 200C is composed of a clear material whereupon the sensors 39C

are embedded, thus enabling the operator to view the underlying item 14 during operation of
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6
s %&%ﬁ%"%s“? ﬁ?li?g%éﬁ? Pai tlﬁwgsﬁge@s hefif WisplotBirdpe. em
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he acou c sensors 3 Slt onhed t he
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sinply adjusted to account for the difference in
PRy PEEy erﬁtéﬁdé‘?ﬂm thepapelidilen the 3 8C sensor array
enbedded al ong the_base of the _sensor bar 16C and the

3 9C 11 dwiloiensgr bagl o6 EiieddB) Haterss Pruiem Potheacopstic emitters
As the sensor bar 16C:&¢%?ure 18B) traverses the-item

38€ pulspheyprpgs surfacepf the 4 lymgdgueat phe gensordar Hifer The
surface of the item 14 |lying beneath the sensor bar
degerminptien 9fithel beightipif ﬂ@tlﬁe@nl 4awperisariprsirejptivede thefiable suatase 12
upper surface relative to the table surface 12 15 )
diracty b¢lgw lsedhoansen ¥ surpspmdgRchebne regpiserofer aperpitied acopgiic wave
required for an emtted acoustic wave 16 to reach and
togfachend eflectoff afitles itameid uppergupface, snddithersmpingd upin the same

i mpi nge upon the sane .

acoustic sensor 38C (if the underlying item 14 surface portion is relatively flat), or impinge

upon a different acoustic sensor 38C along the length of the sensor bar 16C, or impinge upon
an acoustic receiver 39C embedded in sensor panel 200C.

A sharply angled reflected acoustic wave may avoid detection by bypassing
both the linear sensor 38C array and the sensors 39C embedded in sensor panel 200C. In this
case, the reflected wave travels beyond the boundaries of the sensor panel 200C by entering

an “open air region” that is in-between the table surface 12 and the sensor panel 200C.
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the table surface 12 and the sensor panel 200C. 83 WD
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ei“éﬁ; oetnlglf: s%rfeﬁy 8% \m?t]’tﬁea]?osﬁtgni t'§8 fh?r ggf\gﬂilg% sensor QSC (T). The

FprsC T Sy 5t NP oG OF 57 Meispeesstinen ooy sy ()

os tion | ocated ct | el.ow sensor _38C (T
FhetDi Peines Ropstrcporye b (D Apokedaes rasapw o ANS

off of th p er swﬁ e of the item 14 (E)

whereby it ﬁ‘Ep)'l ﬁfggﬁg]i‘i b é%él‘e@ &f tha gistapes ﬁ‘@fﬁﬁl@&lﬂéed"f sensor
Eg s&nsor panel 2000 13 The sensor _bar 16C hei ght, s,

fPf D) @esraopoly sersamitl) ¢ Bhe shiéace 42 EWbiis L0mgwr Theydjstance, a,

bar 16C (T) é osition of sensor 38C) to table surface
hoiwespythe $e§180£ 8@1@ ) apddhegientop pansl 20C (U} 5 Wampeag thespeed, v, of the
sensor 3 8C (T) and_the sensor panel 200C (U) is 20mm
aqousticEave mmyms.qFurtheemorg.gheygeneps barcl 6fdptermmed travel time, t, for a

340mmi ns. Furthernore, the sensor bar 16C determ ned
sanarSRCr(Uheanitted aqogqrtica;vave to reach and reflect off of the upper surface (E) of the

=

item 14 and then impinge upon receiver 39C (P) embedded in sensor panel 200C is .90ms.
The emitting sensor 38C (T) and receiving sensor 39C (P) each lie within
different horizontal planes (P1 and P2 respectively), each parallel to the other, as well as to
plane P3 which contains table surface 12. The sensor 38C (T) lies in the horizontal plane
(P1) defined by the linear array of sensor 38C units at the base of the sensor bar 16C, while

sensor 39C (P) lies in the horizontal plane (P2) defined by the sensor panel 200C. Thus, the
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This relationship is expressed as: 15 (I) d2 = x2 + (a

Rer&aczigl@owéﬁplaéﬁ inty thedhwive cametiersyiflds o t he above

e uation
0 %"(200n)1/m)% + (20mm + o)

Multiplying the speed of the acoustic wave, v, by the total wave travel time, t, yields the total
two segment (c + d) distance traveled by the wave (e.g., the distance traveled from sensor
38C (T) to the item 14 surface (E) to the receiver 39C (P) ). This relationship is expressed as:
(I vt=c+d

Replacing known values into the above equation yields:

IV) (340mm/ms) (90ms)= c+d
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solved to yield the distance, c, that the 5 acoustic

TRiQroldgauhs iy A{V? Qf ﬁwﬁﬁ@aﬁﬁblgégeg’e Q&ll_')'edttg yfenﬁhé‘ @i@ﬁﬁce ;& that the
surface of item1 . The val ue .

BUBEE iy s M0

b‘ﬁqg % 1 g%ﬁla (‘Sﬁbtga'%hn% g‘{‘sa‘fﬁét%ﬁ ice I gml tﬁ?‘gﬁﬁ%@ﬁs@?@m 3 gg ﬁlg%htag yields

t he posi tion | ow sensor

I R AN e, S -

values 1nto ove quat 1 on

= 18 35nn114 Thus, the
Ogléﬁ?H%PYE%OQggﬂhﬁéﬁ&&gper ’surface (E) relative to
éﬁﬁ1¥gg§flylng table surface 12 15 (W is 18.35mm 16
i'm1 ar ﬁ%en114 hei ght cal cul ati ons are perforned for

bﬂﬁ gases, where the

Replacing known values into the above equation yields:

(VII) h=100mm — 81.65mm

(IX) h=18.35mm

Thus, the height of the item 14 upper surface (E) relative to the underlying table surface 12
(W)is 18.35mm.

Similar item 14 height calculations are performed for the cases where the
reflected acoustic wave impinges upon the same originating sensor 38C (e.g., when the
acoustic wave impinges upon a relatively flat item 14 upper surface) or a different sensor 38C
located along the length of the sensor bar 16C. In these cases, the transmitting and receiving
sensor(s) 38C units lie in the same horizontal plane (or are the identical unit) at the base of
the sensor bar 16C and thus the horizontal distance between the two sensors is simply the
linear distance of separation.

If all sensor 38C emitters simultaneously discharge their acoustic waves, then
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17 refl ected acoustic wave inpinges upon the sane
originating sensor 38C (e.g., when the 18 acoustic

woRWwe/0592p8 nges upon a relatively flat item 14 BPEPES2003/041365

surface) or a different sensor 3 8C 19 |ocated al ong
the length of the sensor bar 16C. In these cases, the
transmtting and receiving 20 sensor(s) 3 8C units
liriteradtion bhinengs diferehosmintedivales poald@ayse unpredicthble wade ttiefh@ land
unit) at the base of 21 the sensor bar 16C and t

sdmsorirereive oy B8 or3DS R Get REHEARLAR al MRCREREK Rith §1e proper
sinply the 22 linear distance of separation. 23

atifingRigseisoBEKC. ANHif1eNiBe fhb BPEritRNP b etbS 4165 th@ Rhgth of the
acousti c waves, then 86 2004/ 059258

Batérdar Qﬁﬁélﬁﬂﬂa&@ﬁhlsjprém&ﬁ Bf‘getqh&ﬁlamgatmg &1 Qétlva'u ing each

emtted waves woul d cause unpredi ctabl e wave patt

8didor2 SERTAMT af £ GREMEHgh BRC iR rvat Hat BRYed Qe @Mﬁﬁ{n' a¥nount of time

associ ate a detected wave wth the proper

o b@ﬁ@@ﬁdoﬂ%&ﬁﬁé?fom@ﬁg serMUﬂl 3Pl ﬁéﬂgol.{l]&f‘eql%p ChH 3R E'%g%m 14

each sensor 38C along’th engt sensor

46fer 8lrbal N EBoft b e Riﬂgh SIERY raﬁggegamﬂy%%ﬁsxr gs{é &Va@bi. : Dfhis

and de-activating eac sensd ent
SR b RS A o

t I
i Bkl *@%ﬁ‘gcfl?c%f’ Pl rﬁ%?%z Bt %5&35 ma@eagé petlec
m i.nt erval
%62?‘%@%26 “§f§°e GRS vele g B A5, Bl PP fpon' e most
fromt nsor 38C | ocat ed
g%s% rF %eéver g 8qp0§ i %%@rseﬁsgf Qaféégt o reac h and
refl ect ff of th ble.s e, 12 d|r tly bel ow
t he sensoﬁmgg on e@ﬂp @Wﬁﬁ%ﬁél %?mmiws
di stant .receiver. at .the oppo e side of the sensor
H‘g?ﬂmfgtflmi ?sfl’fﬁil fhafenly PRfPeR0 (tE F‘E@R’éd’ﬁ@&%ﬁt Iaélﬁﬁtaﬁd thus
ti e nterva{ % ger than this 13 maximumtipe
il 216 PopRdRlLig A e AsF wsg@naeﬁa%@frqr%mab@}eawwySC
at.a time_and thus 14 reduces the pOSSIbI|It%
eSS Stmikitly,oped timeviaicrvals dyrther Tedes the passibilift thayresidual acoustic
sensor 38C 15 emtters. Simlarly, Ion er time .
WATShapasesback betwpen thergaser bad 65&@%%1 gsit sepmpaneé%(?%?o and item
acoustic 16 wave bounce-backs between the sensor bar
1% (or (able 1Refurfacey wilheauseprgmeous detestiopgerdjngsnJudhtbepmee-backs are
diminished or eliminated by employing a tapered base and non-reflective (reduced-reflective)
surface on the sensor containing underside of the sensor bar 16C as well as on the underside
(facing the table surface 12) of the sensor panel 200C.
Following is an example of a hypothetical sensor bar 16C calculation used to

determine the fixed length multiplexing time interval. As previously described, this time

interval directly corresponds to the longest possible path for an acoustic wave to travel from
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17 14 (or table 12 surface) will cause erroneous
detection readi ngs. Such bounce-backs are 18

walcoswnsebed or elimnated by enpl oyi ng a taperrdI/bsze3/041365

and non-reflective (reduced-reflective) 19 surface on

t he sensor containi ng underside of the sensor bar 16C

as well as on the underside 20 (facing the table
syrenzitiog $&hkorad ahhecaeing exns@aRefbrrinf QOFig@s FRID hiii SEBY theSpath
an exanpl e of a hypothetical sensor bar 16C

bagimsuat senbarr38QgAaY1obated AZhdheihemn bt BesérB8Cfpoxieion Waaghyan acoustic
multiplexing tine interval. As previously described,

tviveserttitteteperpbBdicillafy YeWnvetirdsSednh thispdkition RACKES ah®reflB&s off of the
| ongest possible path for an acoustic wave to travel

fablrsusiace O (BY) Qha @8 28 Bin¥s UpbioSEie Ads 086 Bensdr RBver 39C (G).

emtting sensor to any receiving sensor. Referring to

Fi gures 18Re3pidds tht BRsiRBIthht SerBRILRT LIS RNSORLRIS the

(A) located at the rightnost sensor 38C position

WR2EBRY tible BCORIRHoh Gies AoMBUEMEMEL sEEnREpRRNE0RU: ! %F?site end

downwards fromthis position reaches and reflects

6f tht Bfisorbal AR BaehfafS thelethifiB sen@&g!ébl('(?é?. Ag&hl’gﬁge%%rm&ﬂly,

the nost distant sensor receiver 3

RS, ue@néaiantrgg%orgpﬁhe S ggﬁeeé §@g@gngrltg&%ggtﬁ lof e Qflfsg)s bar 16C is

relative to the 6 interce I't1on
By s A S0 R RRARos S of B B RRRGRO fur 16
Lt ' i ned i ly, .8
B 208 a0 i rcahlng 5 ool biOE T B SRMRedprdvare
t h 16C i . dev.oi d
RSt 8 AR I Sul W dtR BockBlhn et ua B B¥ o pfe
[ 16C. .10. tic.
PR = B R0 R LBt ey e BB hS BRafon S RS e
1 flect f he i.t 14 Id actually b
BRSPS PR S SRS (ot b e
d ide of.th b 6C [ 11 IS, d
e e o bl e A s B B e e
S SRR B b 58 BSD E e Sab hon e i e
bar 16C height, n, defined 15 as the distance from
fﬂﬁ’@ sprace 141(Bh kel 09wy ofheslastanegs @, plvept e sensei’ 86+ (Ap grd the sensor
sensor 38C) to the 16 table surface 12 (B), is 100nm
mns! 20106 (R se20mu, ang) ghe\raesd, 196 the @enustic wae 1 H0mgpnst e exact

sensor
position of each sensor 38C (A) and 39C (G) is a known constant for the specific sensor bar

16C and sensor panel 200C utilized. In this example, the horizontal distance, k, between the
outermost emitting sensor 38C (A) and the furthest receiving sensor 39C (G) is 300mm.

The vertices G, D, and B form a right triangle whose 90 degree angle is at
vertex D. Applying Pythagoras Theorem, the square of the distance (B) to (G), p, equals the

square of the sensor 38C (A) to receiver 39C (G) horizontal distance, k, plus the square of the
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17 panel 200C (D) is 20nm and the speed, v, of the
acoustic wave is 340mi ns. The exact 18 position of

weawhosessor 3 8C (A) and 39C (G is a known cRPCEUS20D3/041365

for the specific sensor bar 19 16C and sensor panel
200C utilized. In this exanple, the horizontal

di stance, k, between the 20 outernpbst emtting sensor
S6br(padel 20QC {Dicto tabictsnefsde 12BPdvian@, GehaNr TROLIHGhshiSis
300mm 21 The vertices G D, and B forma right
exprésegl 8: whose 90 degree angle is at 22 vertex D

Appl yi ng Pyt hagoras Theorem the square of the

d) sp’anke+(Bh £8)°(0G, p, equals the 23 square of the
sensor 38C (A) to receiver 39C (G horizontal

deslhancihow vaRkiimtd heatorte 85Rted yiblag 88 WO 2004/ 059258
PCT/ US2003/ 041365 1 sensor panel 200C (D) to table

I §2c@odAm{’B)} GomkA RS0 + n). This relationship is
eligf(gssedias:@?; (1) pzm(erkZ + (m+ n)2 4 Replacing

EROWvY Rldies td: Nt 0 t he above equation yields: 5 (11)
p2 = (300mM) 2 + (20mm + 100mM) 2 6 The above reduces

F]ﬁ) p£383 11gmP = 323.11mm 8 9 The total wave travel
ength, f, 1s the sumof the two segnents n and p.

Thus: 10 (1V) f= n+p 11 Repl aci ng known val ues into
t he above equation yields: 12 (V) f = 100mm + 323.1

BBl el dn, o Sudbbrii TGP 4P, HRRL °
?{’&6’[’951?1@9 as: 16 (M1)t=f/v

Replacing known values into the above equation yields:

(V) f= 100mm + 323.11mm

or

(VD £=423.11mm

Since the acoustic wave speed, v, is 340mm/ms, the total travel time is expressed as:
(VIDt=f/v

Replacing known values into the above equation yields:

(VII) t =423.11mm / (340mm/ms)

or

(IX) t= 1.24ms

Thus, as the time interval corresponding to the longest possible path for any acoustic wave to

travel from an emitting sensor to a receiving sensor is 1.24ms, a fixed multiplexing time

interval longer than 1.24ms is employed.
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yields: 18 (MI1) t = 423.1 Imm/ (340nmm ns) 19 or 20

W@ body/059258L. 24ns 21 Thus, as the tine interval PCT/US2003/041365

corresponding to the | ongest possible path for any

acoustic wave to 22 travel froman emtting sensor to

a receiving sensor is 1.24ns, a fixed nultiplexing

time 23 i Mseravaduslydnti@ted, fpdtolstid 4iFe tefle@BPIreH @GharBlF aMiled item
2004/ 059258 PCT/ US2003/ 041365 1 As previously

idicfacd 8l avadil @tetist bycoypaémis befhl tREREr eh@BEC ShAS Mbnk the base
angled item 2 14 surface may avoid detection by

BESBEA Bad W stvitdl ok HHRERE-IBESS Rl 3eRbr T @y 3lBBdtel Resensor
base 3 of the sensor bar 16C as well as the

HABE TOCE MSih ke, BRASREted WavdhiRk RIRRIEELniR pARISRIC by
panel 200C. In this case, the reflected wave travels

QRYEBIN FHRnSEISR T REN R in%g%e}?ﬂleﬁabgguﬁ:é&m A tﬁle%l r panel

air region” that is in-between the table surface

e tSrilﬁilﬁf‘}U $05coREH8have EmARE ?gg%\%h%o@@kd Wogfg ngf:@éj@e'féc%d if it

wave emtted froma sensor d not etecte

fgipntlg%se Z?dn%oﬂ%gﬁqlcﬁgiﬂrﬂcmgbﬁ Sf t!hg ftéﬂl\'{@ Sﬁll%sfl ee‘ta‘ §Ec%gjeﬁ)c% can be

tem1l atter occurrence ca

SO A0 PR, B Bl B e 1

&L&gyring the allotted nultiplexed fixed tinme interval
an expected reflected 11 acoustic wave is not

recei ved %, (%u%rl]lg %%%%Bﬁe%%ﬁ) lglg]%)g%%sé ?{%]e Iértﬁcgr%n%la'?ﬁ Bg}%cgg trcaffj‘e:tc‘ted

the originati sens

B0 e e B e SR B 8 RS M originaing
R M G R R A R
contrql |l er-si_gnal ocessor case 26 contains a '
Sronding seniet dRe LYl BOEBRSor | 16 304 (shown in Figure

1 A) that continupusl asures the operatin
e nvi) r onmerts tgq gpeed of acglustrlr(? waves traveling in gr varies fo% different air

temperatures, the controller-signal processor case 26 contains a miniature temperature sensor
304 (shown in Figure 1A) that continuously measures the operating environment air
temperature. Air vent 310 allows free circulation of ambient air to the temperature sensor
304. The signal processor 300 continuously cross references the measured air temperature
against a stored temperature versus wave-speed look-up table in memory to mathematically
compensate the temperature dependent item 14 height calculations to ensure their accuracy.
In lieu of using the above described look-up table, the signal processor 300 may use the
measured air temperature value in a wave speed approximation formula to calculate the

temperature adjusted acoustic wave speeds. Other parameters affecting air speed such as
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17 tenperature. Air vent 310 allows free circulation
of anbient air to the tenperature sensor 18 304. The

WG e@aak2ps ocessor 300 conti nuously cross ref er BCIES20031@41365

nmeasured air tenperature 19 against a stored
tenperature versus wave-speed | ook-up table in nenory
to mathematically 20 conpensate the tenperature

Hepidig et ait fresturk4ah i@y 6 dpdsted tfor0 Wherk sy tBOSpbrRort ARKS such
accuracy. 21 In lieu of using the above descri bed

Infetiratiéh Inebthesighd] Brosés@arado0 Ria0efsEQy. 300 may use the 22
neasured air tenperature value in a wave speed

appr oxi matAgmh R 18 FigreClRBC M BhRr bitQ 6C3R SRR @t { £and the
adj ust ed acousti c wave speeds. Ot her paraneters

sitRfmldf Y sBidor 52960 SR 1R desiDd Wiikid Q&%Qﬁ%ﬁ@item 14, the operator
CT/ US2003/ 041365 1 humdity and air pressure can

SR8 0 3 A WD o 1, Q0B 6 1058 o
SR AP R AR U U] i 2
BB IR 11 Sy G0 B SSA  Br
B SRR B DR ARSI

e suppor pos

| i [ ife 15 ' d d

PR T s OB o TSR et ot o
appl ying .a .contjnued downward pr.essur 1d exertin
BRH e 0 4, s TG  PAGPBRGT o el i usSo
ptorB ifs L it v S b APy are Pe e TEsehb g phungers

sed only to .10 mayk (score) the item 14 surface
PR o Rmalthin diatrans Chenlig HPo SRy mBE e o
1%¥gﬁfffrn1the f.iinal cutting of the item 14.
oAty WEPY 2 knjfey PRIGE USRS mar ki ng pl unger s
12 46C may, be enpl oyed to .indicate the exact cuttin ) )
li ne wher étffFsihericm 14 1s pempletely cytyoxsagredhindiihg spngay paphpCys again
knife or other cutting instrunment. 14 After the item
tlevated bysioneldhs speing-1qaded strantablp posiiR0teRd 22 Billy gxtending
16C is again 15 elevated by action of the
thsmpel¥es) ha gedatpredapessies Bleappioptiaely designgted Srepaf pyshbutton S6A-56K
extendi ng 16 thensel ves, the operator depresses the

eqysing el C&w@yymd@ clegriad g signalasecessou Mo readn theGmusgeer 16C for

oo

new item 14 data. The sensor bar 16C is now ready to traverse over a new item 14.

Reflecting Optical Height Sensor Used On Relatively Flat Item 14 Surfaces

Referring to Figure 19A, an optical height sensor 38E is shown incorporated
in the sensor bar 16E as a linear array arranged along the length of the sensor bar 16E. Each
optical height sensor 38E is comprised of an optical emitter/receiver unit embedded in the

sensor bar 16E. Various optical emitter/receiver technologies may comprise the height
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17 causing the display 30 to clear and the signa
processor 300 to ready the sensor bar 16C for 18 new

w0 c@aningsglat a. The sensor bar 16C i s now r eadyP@DUS2003/041365

traverse over a newitem 14. 19 Reflecting Optica

Hei ght Sensor Used On Relatively Flat Item 14 Surfaces

20 Referring to Figure 19A, an optical height sensor

88sor B8E.shoammplésnd opiat erittelrs inde bt hee roelwied opf EDGAd hser units,
a linear array arranged along the length of the sensor
While ékGiiplefatdptical Ze@pleisdadludedbghte e imaed ©) BED (€harged Coupled
conprised of an optical emtter/receiver unit enbedded
Devitdapand 2thes BRD @Poditiun Skbditive\dtécturs) sogit ds@hbtodiodes or photodiode
emtter/receiver technol ogies may conprise the hei ght
Siay¥\OTREY) 4 5P BibsHticAT Btz @hkBreOetled 6ompriss @hchtieighB fensor 38E.
Exanpl es of optical emtters include (but are not

limted t o) thédensdntar @EaFaveidstise iten?14)He! optiea] ARSI W pulse the
optical receivers include (but are not limted to) Céb

fpepdueRet SPanitedtl1 BlylR\WehSH tha fas@bae16H? SRe (BRSAThARIA of the

ensitive Detectors) such as phot odi odes or phot odi ode

Hei@t bAHS iterhNYS0p @rﬁ@a%aeé e Bl sEAhcea Mgt &ly b@ﬂﬂv each sensor 38E
recei ver conprise each height sensor 38E. '5 As th

Sotfésitind mfthe%ﬁn& ERMEE SR uiteld Gorl dh @itk oplill waRd iocréa{ch reflect off of
emtters 38E pulsé the 6 upper surface of the item 14

th)é iBg 10eFRIHcd M RRRS R thdREpediBf-ovdiiCaddphisdl %{é&téﬁ“ Qbtracting

he 7 helght of the item 14 top surface above t

{h@% t?caﬁ [1 ‘Ine]d?seﬁjéof ﬁz&tlgﬁ t(pﬁén? ! ﬁ@tﬁﬁbe% 915 kgl @Eg:gnstant) sensor

cor espon he roun trip tine require

ﬁe{pelkﬁ Tl% g@m)ésg e%\fg 3 éﬁ’t rt?rﬂ? Hfrfa&ee H (ﬁﬁancgf %elﬁ% Ehlﬁ \%gltgnteof the item

face. urn res
?Zy ?ppele %?fageo te aﬁ@%coﬁg%t%@e rs]lg’rgar%e lig ?Qéfg%%%lo&}% rr%hg)pfitli]&% originating
ce fr E1the known (constant) sensor 11 bar 16E
W@rﬁ%s?%a g of sensors 38E to table surface 12
di st th 14
Surf ace. t SPlsHlapEns BvsiEE BP%% sty Qi AT are
tive 13 ov ad.s

gel ov%f&l?o&{)%s ogiqy ngengeéldggagcf ! i ﬁ(‘é)u tﬁeﬁ}égﬁ?r?line helgflt of an item

d h f
feLerrined hehoie ol a0 ALem e ar e A8 SIS mat em
det d h ht of t 16 14 th i .
éﬁ{s&%q%“%sze-%%%w.oz@ma@@@r?eww B S G O pccd of igh

Relatively Flat Ite
is used in place of the speed of the acoustic waves.

Many methods may be employed to determine the aforementioned Time-Of-
Flight, or round-trip travel time required for an optical wave to reach and reflect off of the
item 14 upper surface and then return to the originating optical sensor 38E. Some methods
involve determining the optical wave round-trip travel time for a single wave pulse, while

others average round-trip times produced by multiple waves of light. Additional methods
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17 14 Surfaces". The primary operational and
conputational difference is that the speed of |ight

waoussused in place of the speed of the acouspPe¢TUS2003/041365

waves. 19 Many net hods may be enpl oyed, to determ ne

the aforenentioned Tinme-O - 20 Flight, or round-trip
travel tinme required for an optical wave to reach and
inelulleut of hotdimitddeo) t2rhsmission/fedeitige petenssthitaseplandsHifiagn which
return to the originating optical sensor 38E. Sone
coriigacd she phisel shifoheneeetl @hiited moduthtddverveydndaled rew@ed waves. Such
round-trip travel tinme for a single wave pul se, while

A3thodd1eK s the viévaatge b0eiebidg HakdrouiE Soié adlERerddfings. Optical Time-
mul tiple waves of light. Additional nmethods 92 WD

8PULH AODEndtoh 14 L2A0EHPRAd BR Bomputing @lstidl€es (D an P& iR buch as

limted to) transm ssion/recei ver systens that use

vy theititdnbé Rgasiitinfeht eq[a iPRfeRD 8in@s fihdess, i '\@@lﬁassﬁht)&s displacement
bet ween emitted nodul at ed waves and the returned

MRS mettaRisais et hods have the advantage of reducing
background noi se and fal se readings. Optical Tinme- 4

O - Fli ght Mﬁﬁﬁéiﬂa@&% loB&atich SFPTBHREAMSs H18he HE g@gg&l BAY16E in

di stances i n many devices such as 5 surveying stance

BRaESHL g Hﬁwﬁﬂéﬂ' o%eﬁgaﬁ Gyayé 3&9&6’&&1‘1@ ﬁ‘%%nlhﬁ'ﬂe %lsé)r 3?% units is similar

varil ous dISp ace tection nec I SNS.

e{t?pév%ﬂ retsggeéﬁeggrﬁgé ﬁex gr&?&i’sﬁg’?e'ﬁs&g%gf}%gﬂé e section

ensor avol d unwan

Qreltﬂe& aﬁeﬂ@@‘t\fr% Ac!yﬁgt{cgﬁé %ﬁ%{gﬁnsfo{ SQéd'E‘A f(élﬁw%}fﬁﬁ%%{n I?’4 §u|%faces”

uni t's preV|ous

{)Etgl%ﬁgétpﬂ oﬂﬂetfaﬁ epﬁlx)h{lgg e 7 Sr%ral[l su ge(c)lr en:% CE§ 10'360%% item 14

e secC COUS
%@%ﬁ?ﬁlﬁﬁ?%@?&@ﬂ?ﬁb@#ﬁtﬂ & %F@%C' EV?”%%M%H& %&% gy orable
SN b TR At P PisEiee B e Pl Bb il RS DB RG B speed

Q@ 16C, . with th ﬁtable 13 operational and

g %ﬁﬁ?ﬁﬂpdﬁﬁ?sﬂ?ﬂﬁg ence that the speed of light is

used in place o he speed 4 of the acoustic wa

enpl oyed. %enwééﬁwnsfsfec agloin sried QRUCHluave Ffithim the
emtted optical wave within the 16 al | ocat ed

atfceted multlexed e time e Y dyea Fhegise YtiRee Goptaipingen area(s) that

surface contai ning an area(s) that
are non-reflective. The application (spraying, palntlng, dipping, etc.) of an appropriate

coating onto the item 14 surface eliminates this phenomenon. A sensor 38E also may not
receive back an emitted optical wave within the multiplexed time interval due to the item 14
having an irregular (angled) or relatively non-flat surface. Such surfaces cause the incident
optical wave to reflect in directions other than directly back to the originating sensor 38E
position. The implementation of an enlarged optical receiver panel enables the successful

detection of the scattered reflected waves. This sensor panel enables both the detection and
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sensor 38E also may not 19 receive back an enmtted
optical wave within the nmultiplexed tinme interval due

to the item14 20 having an irregular (angled) or
intdrpietatien f thearrdnt abves aid BEaly RuGibes if thaseBorCamiied tllecting
incident 21 optical wave to reflect in directions

Obtiell HelghtSdhbdrafstd Pnhaeilar Qortile) in 01 Satdoftd. SNERktiching or
8E 22 position. The inplenentation of an enl arged

B¢Hris GaverddETSE sé@orsa kel a8 DAL RaditibR MHaCAR T EVht thedetection of an
detection of the scattered refl ected waves. This

SB11RA kvaPd NRdeaRINADbBRe AL tHehRnOBI RGNt AMhdHEina8ag Whkor 38E
2004/ 059258 PCT/ US2003/ 041365 1 interpretati on of the

bshitfhlis YGRS B WkurhSoldthb h¥isHESElel BEEitbdtiie '
gntitféd JReercti%b g d%ticaf Heig%t Sens%?gﬁgg %ﬁmﬁ38E
bedigael ar (or Flat) ltem 14 Surfaces”. Malfunctioning
or 3 debris covered 38E sensors as wel|l as other
condi ti on - 3l .evant 1 h ' . 4

IndFEXin ﬂ?eodgpgel (ﬁ{_)e‘, nu 1§r oggéﬁ&t‘a‘S?hmélﬁlg)tpg%tliﬁed along the

enmtted wave. Regar ss of t use, 1 i
L6t s 0P R RS0k s BB by o o
[t%rg qg,sa%ﬁ 'il?lif/!:@ ?%cﬁ%s%ﬁ%%cw’emﬁsagcurgz %?ﬁjlgérlgﬁlgnrs%a%ui felsﬁ]l?arn? \%gilgﬂtgand cost

ensi er of sen
itiQne |l ong..t he 8 sensor bar 16E enabl es the
@%%ﬁé@gwgﬁﬂg?ﬁﬁ%Fngoordinate data points per given

surface argea 9 itﬁn114

overal | a }1§r8§?“8}g 1 ROl st ?’%sﬂ?f%éﬁ%g‘%éﬁ‘eg’m% 14 and the

and. co 10 a 0 i ght) cal.culations, 11 Agai
PSR g Ei5ok P P repopes Toelettod S St epelint B e operaor
the item.14 and th 12 posjtion of hﬂf sensor_bar 16E

et 8PRce » APy Presiigtin e porcerds 16kt capriee path rsafable support
t he erator 13 nual |y applies a downward pressure

Bl e 18 éﬁ@&?%&f@@@e&wﬂﬁ% g gnavimestorawends pad walgpg pentact
14 posts H52E to retract upwards resulting in knife 15

Wif ithegtebifhwar ds and nmaking contact 15 with the item

14. 16 Sinul taneously applying a continued downward
pressure aﬁq@ulégp@qalts}yr@pgm‘gaﬁ(ﬂ@ntmued downward pressure and exerting a back

and forth sawing motion across the item 14 surface results in the item 14 being completely
cut to form the desired segment. Knife blade 15 may also be used only to mark (score) the
item 14 surface whereupon an independent cutting tool may be used to perform the final
cutting of the item 14. Alternatively, previously described marking plungers 46C may be
employed to indicate the exact cutting line whereupon the item 14 is subsequently cut by a
knife or other cutting instrument.

After the item 14 is completely cut (or scored) and the sensor bar 16E is again
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results in the item 14 being conpletely 18 cut to
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used only to mark (score) the 19 item 14 surface

wher eupon an i ndependent cutting tool may be used to
performthe final 20 cutting of the item 14.

odvhred bahdtionl of theppeng-DadddyeteeBbleiposs 52T fully egiepdingemselves, the
46C may be 21 enployed to indicate the exact cutting
dpefator AR EREBE apicpriateBdedidndtéd ‘evesgabidntby 5645610 ¥aing the

22 knife or other cutting instrunent. 23 After the

di$phi 3040 cRaCEReNi@hprodtbsot 900 HGEHIS the samdr bdra 6B €RGRYy item 14
bar "16E is again 94 WO 2004/ 059258 PCT/ US2003/ 041365

dht2 |19 3&R6: BY 16K is W reddylih BaveREionE-a RadReh 14t ract abl e
posts 52E fully extending thenselves, the 2 operator

depr esses rbi\@n @k BhARpleRlcfhiofd 03 gﬁazce@r 315 @$@ifilize acoustic sensors
pushbut t on 56A-56K causing the 3 display 30 to clear

?B@d HePRmS1440R be RIRGERE Qf cut ggn%,h sdpRAMKniB G oRRNYAIngBBe, laser

6E for newitem 14 4 data e sensor bar "16E i's now

Ju?té]‘jémh&’uﬂer @rvcﬁﬁe?gh&‘{%&cﬂ ol?écgl%i Qlﬁ 5 For sensor bar

nent at | on at utilize

acoustic §RO{ArSF thGQGl"r)}‘p‘%p dt“ﬁ t‘lzh tﬁ@ featt o%gn&qglply
nlfe

or cut using a separate tary cu I ng

&11? b u%e ocfl{ﬁet Elble%lvle g&#hﬂ‘gf th® 516 Pr %n ] ic s‘%cﬂ'gmoﬁut 1rrc],udes all

an sm e use er
and "
rgons Elgr'élreg ofI tﬂ eépe hgta t’v\%%g ngge(g?a:y&ltaraf;gﬁ%]t}és o? the described
ecfronagnetlc spectrun1 but |ncludes all 10 portions
T Einfrared) of the spectrumthat exhibit

necessary characteristics of the described 11
technol ogy. 12 13 Reflecting Cpt|cal Fblght Sensor
1 rf

Used Ipe %%iép j !
abov gu?%llplé‘h-l Ll ~e YR freomg

Sensor 15 Relat e s
descri besel%ﬁé 9Vﬁts%°rhaee?t8ﬁ3 oke fg“ﬁnlgc i, e%ht%n%?f BRed on
relatively 16 ,tem 14 surface fically, :
Relptivelct laftent S%%eeL AessHbes t%ﬂelﬁs&ctl%‘ep sl seres Panghvely

flat item 14 surface. Specifically, an emitted optical wave from a sensor 38E reflects off of
the item 14 at a near (allowing for small surface deviations) 90 degree angle relative to the
item 14 surface and returns to the same originating sensor 38E. If, however, a sensor 38E
emits an optical wave that interacts with an appreciably irregular (angled) surface portion of
the item 14, the reflected optical wave will not return to the sensor 38E where the wave
initially originated, but instead will propagate in the direction dictated by the angle of
reflection at the item 14 surface according to the Law Of Reflection which states “An wave

incident upon a reflective surface will be reflected at an angle equal to the incident angle”.
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devi ations) 90 degree angle relative to the 18 item
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3 8E. If, however, a sensor 3 8E 19 enits an optica

wave that interacts with an appreciably irregul ar

(angl ed) surface portion of 20 the item 14, the
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38E where the wave 21 initially originated, but
irreghiea@ngied) itepr DpRERAtearda ist daBieedeahbRMeftingt A8 HiR¥nsional array
the angle of 22 reflection at the item 14 surface

atamicaliragivess IBenlbadde@inthe tleAtkhsdfpanai ZU@Eﬁ:ﬁéitis?o?ﬂ{bg&ally affixed
wave 23 incident upon a reflective surface will Dbe

kotht 26 10€ the@bnsbaNGE CERAURLicd RcbibG 39R GeldBR thedRGbfee-and
95 WO 2004/ 059258 PCT/ US2003/ 041365 1 Referring to

fiagifue LABlinldefordptios lt\xjag& iRbinRE upd itVRVUES. F fidRE Bﬁﬁjcal receiver

from2 irregular (angled) item 14 surface areas IS

aehtiofised nbiy cbﬁqehgemﬁaxémgl rBcefptP3d, %@é&ﬁc}? ns@'eiéd¥ent shicfits a
optical receivers 39E enbedded into a clear sensor

NS | fi .
CPORCLAREChIA S AREIR ke Bh oS3l ol Ayl b i o

deletlpul e apiesence and 5 magni tude (anplitude) of
optical waves inpinging upon its surface. Various

optical reg ﬁje&?{vi%lg éc@i&ﬂ Ql%lt@@ | ‘%%ﬂgg?%% r%)%e aré LH%}%E geﬁné?{ Usgd On

optical recelve ctr've sens

Rk P AL AP SRUP 0 ) 56y SURLRof 1y S54ETUI l

A kR Sy PSS REER b Bva.
PPl oSG iRl ST 25058 o
B oS O B 1 Sihsctions. 1 e

nmul t . pl exi rocedure prevents an optical wave
A o1 B P e e aeplasaiem  oitte iEAGhe 35 dtserseeppng) 2008, the
a different §§n og 38E, and hel ps el i m nate unwant ed
Rrsironioh thespedt Co@% be JpIneRe) sersar Eeaeiker d¥ nafkhevsn ingdyaee,iang hence
off an irreqgular item 14 surface and the use of sensor
plhsropor sesgtvers pFfsimyliangons]y Aciye 49¢ apRiEing fa ppssitie imningsment from a
i npi nged) sensor receiver is not known in advance, and

el Wavs- al | sensor receivers are simultaneously

active and awaiting forifo$sible I npi ngenent from a
As the optical wave reflecting off of the item 14 surface may impinge upon a

number of nearby optical receivers 39E (or 38E), the optical receiver 39E (or 38E) that
detects the strongest magnitude (amplitude) optical signal is considered to be the receiver
most inline with the reflected wave. Other methods used to determine the receiver most
inline with the reflected wave include (but are not limited to) calculating the mathematical

central point of all impinged receivers and selecting the receiver 39E (or 38E) closest to this
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receiver nost 22 inline with the reflected wave

i ncl ude ( Inttreasing tiealenditythirster) Tloptical Rudiodrs BIE (2@ 38E) embedded

- mat hematical 23 central point of all inpinged

IngessoY pansl 2008 (af At thglehdiB of B6 Sdn¥y&bas] 6Ky idcdased tBaccuracy of
closest to this 96 WD 2004/ 059258 PCT/ US2003/ 041365 1

@édiibn oLophitsl WRAEd BfledidiorHSMNEd it (4)URDRInke Blredfdt 'tﬁé@lasultant
recei vers 39E (and 38E) enbedded 3 in sensor panel

£y ARk AdnO MIndifIR chienakidas. oénﬂlﬁﬁy,%&@%ﬁnfgki be1a§1Et1/1dth of sensor

i ncreases the accuracy of 4 detection o optlca
YR &8itttHhRE E&ﬂc&f’cﬁe RimYeP6r dp h@d'f‘récélve@m &diGipon, and hence
increases the resultant 5 accuracy of eiteml

ﬁ@ﬂe%& tlfé%l:éh&ﬂc?tof @aémngt HEhRE inMine qﬁféﬁ@@%@@m@ﬂa@ ﬁségamg the

sensor emtte waves reduces

Qﬂﬂﬁsgqﬂieﬁ&ﬁﬁggg%rgggmg s inpinged upon, and hence 7

I ncr eases the accuracy o detectlng the nost in-1line

the i1 é%df‘ﬁ@ﬁﬁ?‘% RFLERY ol R ons%t‘gﬁed% A Z%I%E%%
gﬂﬁ%ul%oqu gr t}{c‘f‘éd.]—_ﬁge ?rga &‘séns? anti ?ﬁ I‘cl‘lat gverﬁlys ¢ item 14,

angu etc surtace are
RERH oA 00 s SRSt ‘?‘éﬁtr"“égtﬁé brEFit pe d‘?f?%?%h This
i %Cﬁfw%ﬁﬁw e bt oo een B PRIt i
B3 e ot ooy Bt v el e SoB s g
ot ﬁisi 0 i SSE Bty P b SR BReleen gf B G 14 surface
Rt 5 st Thiles BEopice NG AEF SR G avUat. "Gan 2 E daed by

§§3|t|on to.the interception point on the item 14
OFigiagting optical sensor 38E position to the interception point on the item 14 surface.

Thus, high degrees of surface irregularity result in more reflected optical waves being
detected towards the outward boundaries of sensor panel 200E.

As the sensor panel 200E is easily detached by means of two screws 204C and
a recessed data cable 205C near one of the screw mountings, sensor panels of various shapes
and embedded receiver 39E densities can easily be installed/exchanged to match the degree
of surface irregularity (and hence the degree of optical wave reflection) of the item 14.

Sensor panel 200E is composed of a clear material whereupon the sensors 39E are embedded,

97



10

11

12

13

14

15

16

17

18

19

20

21

22

23

17 Thus, high degrees of surface irregularity result
in nore reflected optical waves being 18 detected

W owasiesg he outward boundaries of sensor panePCROSHN3/041365

19 As the sensor panel 200E is easily detached by
means of two screws 204C and 20 a recessed data cable
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PaNBIping0 BFor the SRR fi8fy @ﬂ@c‘ﬁﬁ%ﬁacmb%\ivﬁh A BER YR reflecting
t he sensors 39E aré enbedded, 7 WO 2004/ 059258

ﬁg&@p@gggg@gﬂ;@@gE0;3gyus enabl ing the operator to

view the underlying item 14 during operation of the

sensor bafy, a’lllq'ﬁlgdl?ﬁ-lr H:Eioﬂ r&? FHS%EI%& %fnel?g@IE %ﬁlﬂ% Iﬁ{e lﬁgj\i}gif tlée sensor

is non-reflective OW-re ct anc

l%eﬂ 3kE i(if‘ﬁ%k/&g%f HhRA o{)tﬁbgl 1%@%&:% 3%@22%%%3 C}%h:’y%gal 'bgé‘s%n%\%é#‘ @9 underlying

ack downward and en agal n

RSP0 A SV S PL L T e
ShORe wo@tl(g%réeaéggit thi% a \allpohg g}%fme%cfatnl ¥ ono(ptt sle:%%)lé panel 200E are

receivers e “physi preserfce of

nder,l.yi 7. sensor r 16E prevents opti.cal wayve
BT B onbsSBRRGh B pr A e atE Ui BB Ton ¥R 0. gom 14

t.herw se.woul d. of reached this area.along the nedia

Rl sl B el RS 6 atclp B EoBRBt Byt heteh
tic sors 3 8E ition al ong. t he base aof e

et S S aitcam e e e . it Pems e 308
sinply adjusted to ac for the difference in
iﬂ‘f%i%@(e @d&?ﬁdm }fﬂﬁé‘%\%@&g‘r the 3 8E sensor array
enbedded alogg the base of the_sensor bar 16E and the .
39E 12 seHdBrseary Ry \oRdEigued FBnipyresey R dpmGolee oRtirajgnitters
the sensor bar 16E (Figure 19B) traverses the item 14,
 ¢erwis the wrepfiriapepidhe flem bBlying heassth the sappqydar Wk fHee
of the item 14 |lying beneath the sensor bar 16E. The
degerganasionPhiie hejghtof thedlemhid upper sgrfacerelativedpihedablgpiace 12
surface relative to the table surface 12 16 directly.
Bistcdybelawisadheirer 38F gmesrandebmiime reguirgddor anygmitted optical wave
required for an emtted optical wave
to reach and reflect off of the item 14 upper surface, and either impinge upon the same optical
sensor 38E (if the underlying item 14 surface portion is relatively flat), or impinge upon a
different optical sensor 38E along the length of the sensor bar 16E, or impinge upon an
optical receiver 39E embedded in sensor panel 200E. A sharply angled reflected optical
wave may avoid detection by bypassing both the linear sensor 38E array and the sensors 39E

embedded in sensor panel 200E. In this case, the reflected wave travels beyond the

boundaries of the sensor panel 200E by entering an “open air region” that is in-between the
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item 14 u @Bﬁ:{llaﬁb‘ﬂsfrééé?di?%ﬂg 5&%&%{&%&%@1@{@% item 14 are

(constant) sensor bar E hei ght (base of "sensor 38E

s:u%ll&rqp ltl‘ﬁ)séfz‘?'etfi@ﬁs@y plgseﬁ%d gégaltrd"iir %Ct?g ac)()h&icglﬁl ddnemiieh ?%}%}rl]tg)ff an item

e item 14 upper surfac€ relfative to the under

{)Agipltl?e s%ct?dﬁr&ﬁ'g&é Egeﬂgétleg EOI#QE !Hte#%gpSéng&% CF%Q Oqllﬁgg%ur Yor Flat) Item

OW sensor ulatio regarding t

gf%jrfagésl”%/ gﬂ? %r%ﬁgpy gﬁ&a&%hlgalgg c%%xg@ﬂi%néfgpmf&gnc% gsletrl%gt t%l%sgeed of light

ose evi ous en Fegar
acoustical | y. det 1 ned..height of an item 10 14 in
’tsus'ebcllln A ofihe ﬁale?c“;f' Cmﬁtel? ?N"elc S'l ng Acoustic Hei ght
Sensor LB@F

he se€tron en
| r ular (or ,Fl at), L.t em 14 .

Sort aces: ot nssk pER MR Rhubndlidy B tiort Saiogt waves, ten
difference is . that the speed | i ght .S used,.in
BT o el it B ECT 0 bR Bhoreri S iR BBy
38E eniIter§ Si t aneousl dischargg th%Lr opt'cgl
SRASAE LeColVRS 7 OF £33 Th Ay B PrOpRDARS pRIALA T Fotesiesvave yith; thgproper
waves, woul d cause. unpr edj ct abl e ve patterns. an 5
Saege sse; iy Mu m@rtﬁ%*’@?“ﬂ‘&%??ﬁ]? Eeﬁﬁ%ééﬁ@&fmg the1oagtn of the
associ ate a detected wave with the proper 16 L
P LAt OE RymdeaiesShis grokleniiy seqysntiallyiagtivatias apbdesctiygiingreach
each sensor 38E_ along the | ength of the . .
sensor 38E emitter at a fixed length time interval that exceeds the maximum amount of time

an emitted optical wave from any sensor 38E emitter would require to reach an item 14 upper
surface, reflect off of the item 14 surface, and reach any sensor 38E or 39E. This maximum
time interval is determined by calculating the time required for an optical wave emitted from
the sensor 38E located at either end of the sensor bar 16E to reach and reflect off of the table

surface 12 directly below the sensor 38E, and then to impinge upon the most distant receiver
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&hift6rs O8intifaAly SIERARL fimB MtertAEfur@er 18RIcE BRHob M 1iF that residual optical
mul ti pl exed fixed length tine interval |ongér than

&/me%oul?be%&smémeteh e s@rﬁ%%a?ﬁﬂg t“a"é‘tweﬁ QIL?] ﬁle%&%ofgaglglgfeogﬁf%lg item

emtter Is operating at a tinme and thus
AP B WISt R Sek G 6 00

it RsHed bPLGnse H}y b ﬁf {6 Eed Bfse Lk fiddiVe (ﬁltced-reﬂective)
S R L AR e

resi dual optica nce et ween

I&?@%od’nfgﬁg n%bgr%o t%%fn\g?l&lgergge %ihcﬁe %ﬁ%% l%Fr RN lweﬁgg gl)l teh%1 rllglderside

rrace cause erroneous

(ELEGh BRLEREENgPe UG PRUNEsipacks are 8 dim ni shed
r ' nate y enployingta tapefed base and

Sensor cof A TG SLOBFTEL teBy iR A b ERy g ed om -
|1.as on the underside 10 ing the t e surfac
B e R P bo Hiedb gt o5 106 G ion T base
S A B e T VSl SO0 BT, S f osorpne
%%Zsﬁ?&]gsgqgge? %l%égfgez;ﬁlggyg%g %?\% nséo 4 d|3th§%Eenfaqrzi tE‘Qaal%/el %(l)O%nbgy etnlge%ng an
t wo- di nensi gnal] .sensor 39E array enbedded in sensor
PRER U regipn? Hats in-hetpvgesthe ble susfics 12 and Be pagonpgpel 200E.
travel s beyond the sensor panel 200E by entering an .
Jinilagyan optial prays @pitted fem ajsenspiddhayeddpotibr éefﬁ‘éﬁf? id it impinges
surface 12 and the sensor panel 200E. 16 Simlarly, an,
wonianen-Tolieg dvesragesgzion efihaiiee hé oM hBdwteReeuEerrsicanke avoided by

detected if it inpinges _ _ _
applying (spraying, painting, dipping, etc) an appropriate coating onto the item 14 surface.

If during the allotted multiplexed fixed time interval an expected reflected
optical wave is not received by a sensor 38E or 39E, the item 14 height at the originating
sensor 38E position can be obtained by extrapolating calculated height values determined for
surrounding sensor 38E or 39E positions.

Again referring to Figure 19B, as sensor bar 16E traverses the item 14 and the
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Py Eqme & daiy T hersenser by d O py mveisadyrto SgvrTiep VERABRY Hitl 14-
sensor bar 16E for 15 new item 14 data. The sensor
bar 16E i Ihassg efdedym ortipadyads gy & this appligatierndqes aot imply
16 The use of the term"optical”™ and "light" in this
ey the e ofdke vigibls wige poitiph 9f the electromagnetic spectrum, but includes all

portions (e.g., infrared) of the spectrum that exhibit necessary characteristics of the described

technology.

“Penetrating” Wave Height Sensor

Referring to Figure 20, a penetrating acoustic or electromagnetic based height

sensor 38D is shown incorporated in the sensor bar 16D as a linear array arranged along the
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17 only the use of the visible wave portion of the
el ectromagneti c spectrum but includes all 18 portions

w@ e0og/05926%f r ared) of the spectrum that exhi bitPCT/US2003/041365

necessary characteristics of the described 19

technol ogy. 20 21 "Penetrating" Wave Hei ght Sensor 22
Referring to Figure 20, a penetrating acoustic or

Rhgh bf heegivattat 16IaSEath hehdating Kolhs Snsa3 8B drgprEbd¥hn
incorporated in the sensor bar 16D as a |inear array

ahittagedver ufif Bmbddded thQHe 8302 BA46DDO ORShe sensor bar 16D traverses the
PCT/ US2003/ 041365 1 length of the sensor bar 16D.

fras 4, RN @hitiak B0 plisé @b itemERIPhg B&ihth $heGeMERT b Q6D nBke the
2 enitter/receiver unit enbedded in the sensor bar

%@@ousﬁsdésa%ea SERO baﬁal% iR HER Y 2 Bégﬁt d'éféﬁnlng’tldnt@msé&upon wave
he emtters 38D pulse the item 1471 yi ng beneath

SRRSO (RA %re]r@@cteglrﬁlohhﬁe B8 14 u E}Ee@‘éﬁr@éé | e MESHE bF BE ﬂem 14 upper

sensor bars 16 whose item 14 hei ght determ nation Is

&ﬁ?ﬁ@@reléﬁ@@to"iﬁé’ﬁble 12 @ﬁp°a§§ Hﬂ&ﬁ%ﬁag% a%bfsof ?gﬂ ﬁd}f §€onti§ e round-

the item 14 upper surface e height of t

%@Rﬁﬁe r@g}tﬁ%ﬁff&%%d'vg éﬁ‘lgé %qgsfvg B{erkgnstoia?éﬁ eréi%tels ggﬁeﬁ!&% the 1tean 14,

ect | el ow a sensor correspon

17eﬂEcrt o o%@%qaﬂlce faEeeij tec-) en@tr%f@iﬁt% 1@}1{' ieandqglénﬁgt)(lﬁl t%> Ql?e respectlve

sensor penetr item1

&n%or %& 8 n&:%l\’telab lP%{l&HP%%awgve]S%nSO{sethl% € 15'}11%?6 t%e glehegé'lg a sensor panel

return Fespec
trati t
AL e S
f| ff of th t 14 f ,
ﬁ%?xﬁng?ﬁgayT%ngQSﬁ?r%E6othe?r or?g:ngg}ng gggsg?eBSD
nur di ty, 1818 ?ng%?bg@n@mléﬁ (b Fentyeiglict ARG 60 xperimentaly

or r espondence ween round-trip wave praQ ati.on
g EHBH?SP CRaps %%WF?H oK EEP Yaye BropagiEaYy “E‘ﬁ%?nd item 14
exanpl e, | be ex erlnentally determ ned that a
kg 1s Prgéwcgcba T F’F%“B’ s ittray; ke eﬁmqn@ﬁy flgfprmynegathat a 1 second
pul se to | eave an emtter 3 8D, penetrate a lcmthick
Tpgnd-frigimais TTP@ fF a gRYe Blsq A Eay b @nitier R, genphyate a 1om thick

re-penetrate the item 14, and then return to_the
item 14, reflect off of the table surface 12, re-penetrate the item 14, and then return to the

respective sensor 38D receiver. Creating a time versus distance equivalence lookup table that
is stored electronically in the memory of signal processor 300 in case 26 enables the
determination of item 14 thickness by equating sensor bar 16D determined round-trip wave
travel times to pre-determined item 14 thickness values. Sensor bars 16D employ different
types of sensors 38D with correspondingly different types of waves in order to accommodate

items 14 of various compositions.

INDUSTRIAL APPLICATIONS
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17 respective sensor 38D receiver. Creating a tine
versus di stance equi val ence | ookup table that 18 is

w@t@nesh2es ectronically in the menory of signal PCT/US2003/041365

processor 300 in case 26 enables the 19 determ nation
of item 14 thickness by equating sensor bar 16D

determ ned round-trip wave 20 travel tines to

pr e- det er Mafieds intherial dppliditis S uiiidde defferenbentBiguraiatisSof the
16D enploy different 21 types of sensors 38D with

ensdraff desidnd Phegeriéd. fARtapRtiods¥P AR dedcriv@V®Tickdar@EMRY adc@mmodated
accommodate 22 itens 14 of various conpositions. 23

{obAdEhRlrdYuirdiid S3ATtoMNRd alddAbW ik dddpB&R RBsor bar features may
PCT/ US2003/ 041365 1 Various industrial applications

8By be ddded 6r Shitt £1&Rk cGﬁlggukﬁl'dﬁ at pRRRarfle, ifds 24 86 g%%rs viaa
arm desi gns presented. Adaptations to the descri

SRVEfor BeltfiflcLRgthtMmaBSEREITE 26 %eret’i‘)‘pdh%n%ﬁhaﬁp@no ing blade, laser,
requi renents of automated assenbly |ines as speg?Pg

1%%93% Bhdd3F hibR PGS wiBYcufterRRR til«%’ 1té?1?s @qgﬁ%&&ﬁf@m&g Hased on

ron1a conflguratlon For exa

¥ h?m@ weig? BYENP" Al ‘n%teﬂ)n E fovible Ee@%dr ggtaf?/né%gt?ﬁrg{s% Qé'err stllﬁonary

er eupon an aut onat opp! ng

%i{?%é‘&%’ rjx?ﬁlltlﬁfé%emg 4 Wh?ﬁa C]%'iﬁﬁes s VRLEGnE Pltn&%gcb %F hucttl}@gr cut by

nto speci ortions base

.1&'{11 t ducl stthe aiAl é}%ﬁt{@feg cyﬁlnga@nﬁ.v afg ghe§ rgrrr]%l]%frn{iel%rthe Emfe 15

raverse over 0]
and r? ac%‘a%le ser?s Blagq% swp% nﬁPg‘gé% ?%d % lfg%orggte? ﬁg%e conﬁgurgltion
oo ST s G RS S g Bhsve
o R AL OTP [ SO IARE! SorGiilhs a1 Dtec 0y e mottoing

flexibl.e :épdlrectlonal 12 conmuni cati on and contro
et operatipn o ??@@“8Bﬂﬁﬁter enabl es the si mul t aneous

nDnltorlno 14
A ”‘m A A A | ,‘AE ] A

BARS 15vThe above deécrlbed sensor bars né afso be
used as a JPERPIGSescripystsator bars 1gy plip be pst as ¢ lsw qogly pEupact,
uni t) device used to determ ne 3-di nmensiona

handrhgld{gx T@blﬁ y8itk degiqg used to determine 3-dimensional coordinate positions,

volumes, and associated weights of various objects (items 14). Such data may be transferred
into graphics or other data-manipulation software programs, e.g., architectural, drafting, and
CAD (Computer Assisted Drawing), via input/output ports 58 or wireless communications
module 308. As this use of the above described sensor bars does not involve cutting or
marking the above referenced objects, knife 15 and the aforementioned marking/scoring

facilities may be omitted for this implementation.
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17 vol unes, and associ ated wei ghts of various objects
(itenms 14). Such data maybe transferred 18 into

w@re@plosess or ot her dat a- mani pul ati on sof t war e PeDYSEND 041365

e.g., architectural, drafting, and 19 CAD (Conputer
Assi sted Drawi ng), via input/output ports 58 or

W rel ess communi cati ons 20 nodule 308. As this use of
Chémabove descri bed sensor bars does not involve
cutting or 21 marking the above referenced objects,
knife 15 and tD@la@f)a&_ﬁtﬁﬂﬁ)@Hisﬁlﬁﬁﬂ%]ﬁfﬂzﬁﬂiéﬁbgfaﬁi%‘%ﬁ&gon&?g to the
facilities may be omtted for this inplenmentation. 23
618mV6r 2006419 5PRBRPENSA 000 3G corlprfehrgl M5 2 1. An
apparatus for displaying a nuneric val ue correspondi ng

to the 3 a\éqbwmsu%céfsggﬁg&rﬁﬂgai@a&nht em having an
i rregul ar shape conpri si ng: a support surface for

suppor t i NGn$fndatkd &kor bay; N €l ongated sensor bar; 6 a
support for poSitioning $aid sensor bar on said

support suyr j 2 L g Lt |
ol a1 ve v P FRERaRROHE senlortAl bn 1 ELRARE RIS Wl above
. . .1 O (o)
idRAR s Mol B R PRgEerhBl h SRS aBAREEH Ot
' ing o 10 di spl acenent of
g@#ﬁﬁi%ﬁgﬁﬁ&%g%hépgﬁéﬁggﬁgp%ﬁ%%%ét surface in being
passed over,. said it .12 a sensor .
b angenei i iRl Medds dRbanl b Thiol ErlaiSHihs ponesponding to
rgss._sectd onal 3 _contour of sucgessi.ve sections o
R8BS AR R LBl THRBET Pk DG 45 gL glone
rocessor receiving said signals generated by said
%Wgﬁ?%cenent 15 detector arrangenent and said sensor
arrangement and conputing therefroma cumyl atiye 16 .
vol une of 3%SHESCEYGTerPendeenetaiyge p $HEROPLIng tq,{pe gppgpectional

sensor _bar i.n Eassin oXer said ite .
contour of successive sections of said item passing beneath said sensor bar;

a signal processor receiving said signals generated by said displacement
detector arrangement and said sensor arrangement and computing therefrom a cumulative
volume of the segment of said item traversed by said sensor bar in passing over said item;
and

a display displaying numeric values corresponding to said computed
cumulative volume of the segment of the item that said sensor bar has passed over when said

sensor bar is positioned over a section of said item defining said segment.

2. The apparatus according to claim 1 wherein said support for said

sensor bar includes a pair of support posts extending downwardly from said sensor bar at a
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17 and 18 a display displaying nuneric val ues
corresponding to said conputed 19 cumul ati ve vol une of

wo b4psgsent of the itemthat said sensor bar PEBUS2003/041365

passed over when said 20 sensor bar is positioned

over a section of said itemdefining said segnent. 21

22 2. The apparatus according to claim1l wherein said
sespestive eridghersaf] chiSipp@nsmts ehet havingladcles ead paitdcting said support
support posts extendi ng downwardly from sai d sensor
afacato moviddshid Mipp&04f AfR2EBr RACht 4 H20RSMAEE 36BNt above and allow
respective end thereof, said support posts each having
aaidl ansor benig be stibladiovargaiidieth sbalGHbpozt satfideace to

provi de said support of said sensor bar at a
predet erm ned hei ght above and allow 3 said sensor

bar to be stroked over said itemon said support

surface. 4. 5 Ghe Iﬁt@ra&ﬁ&@écﬁ'&iﬁ%tﬁﬁﬁﬁ%ﬁ&eiﬁ ai§ L@g&% durface
wherei n said support surface conprises a novable

COMRYOL mEAble/ddAJeydRbdryide@MaReRI dobiBbRA tﬁé?&fne&& slggssgnsor bar to

said sensor bar to 7 thereby be passed over sa

tHeRIBY b8pasSedbverldafi igpPar at us according to claim2
wherei n each of said support posts 10 has an

associ ated respective di spl acenment detector which
generates signals corresponding to 11 the

di spl acemgnt ofrpt %a{agié‘?scofﬁg%%fclﬁnbﬁ%gcg é%:ﬁ 8? gzﬁ)&) gurp%)ort posts

post, said respective pl acénment

fl%gﬁtagk%&af%t@ %ﬁ%cﬁ'vé:'l gis@%le%’e]:gé dse%lc%g gf?‘lﬁﬂ tgelge?gteesgﬁi%o%ls tcgrresponding to

arrangemnen e appar STaccor

i ' L spl o 15 .
?g?ésﬂa@en‘fgﬁﬂ;ﬁh@ lo¥RY QndoJf agf?gpgcgl 3 ?&g?ﬁ %cr)r%,nsélgsrg%?tgye displacement

ors conprises an o

LA 1808 L 0B e 15,020
alight reflection fromsaid table

5. The apparatus according to claim 4 wherein each of said displacement
detectors comprises an optical tracking assembly including a light emitter directing a light
beam at said support surface and a light receiver receiving a light reflection from said table
surface, and an image analyzer analyzing successive images produced b}‘/ said receiver to

determine the extent and direction of displacement of said respective support post.

6. The apparatus according to claim 4 wherein each of said displacement
detectors includes a ball mounted on the end of said associated support post engaging said
support surface to be rolled by movement of said associated support post, X-Y axis rollers

engaged with said ball to be rolled by rolling movement of said ball along either axis, and an
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17 surface, and an i nage anal yzer anal yzi ng successi ve
i mges produced by said receiver to 18 determ ne the

wezaiogns92sd direction of displacenent of sai d PCT/US2003/041365

respective support post. 19 20 6. The apparatus
according to claim4 wherein each of said displacenent

21 detectors includes a ball nounted on the end of

spiicd] @asedet paimgement pEBGing thoStatien ghgtinlisab Gherehy oShRAOEknals
surface to be rolled by novenent of said associated
seppporidingas the eXtedt and idiedtidhlo€éh sgppotpgaged with said

ball to be rolled by rolling novenent of said bal

al ong either axis, and an 105 WD 2004/ 059258

PCT/ US2003/ 041365 1 optical encoder arrangenent

sensing the rotraé h}&zijaraﬁfs 28R 8ing R difh 2 vhekdH ERPYisplacement detector
generate signals correspondi ng to the extent and

airdrR6ih b0 BoRPriR AN c18HHRRAE Lt QS on é’acg upport HHE, ﬁlta%agiﬂ% Said

according to claim2 wherein said displacenen

6% biRface RerRfatiAg IBSEIMI s aﬁpédrégpcbnéﬁé & @€ E)Etlerg%gﬁl 8irlcBion of

coil on each support post, and a grid in sa

HPRALH oBLIER BP0l PR h@bds i i@, Si gnal s
correspgndinS&?8 ?he exfent%gﬁﬁhékgg%tion of 7
novenment of each support post across said support

surface. 8 9 8. The apparatus according to claim?2

wherein s %' dd }[‘ﬁp %}%ﬁ&ﬁg r&t:co?cggéﬁ)hcg{}?l %é%g?%x& %agcggiglglgéement detector

conprises said support sur

glﬁagl%&{dén\f gorgﬁ%sgg gari] su§ cgﬂ sﬁ%@e ﬁ'ajvin?guap p?gsrs&re Q(%lss{sllyg g‘\é‘;ﬁ?@g &hd each

pene generati ng pressure ‘on sa

1] { 2 t di ' I
303 bl B ] 8560 B Br e BB B T LB R Surtuce o
13..14 9. Th t [ laim8 [

R e R R R
direction of said displacenment of each of said support
posts. 16

9. The apparatus according to claim 8 wherein said signals correspond to

the extent and direction of said displacement of each of said support posts.

10.  The apparatus according to claim 1 wherein said support for said
sensor bar comprises a pair of uprights each having an upper end connected to a respective
end of said sensor bar, and a lower end supported with respect to said support surface for
guided movement of said sensor bar across said support surface, so as to constrain movement
of said sensor bar over said support surface to be along a fixed normal direction and

orientation.

106



10

11

12

13

14

15

16

17

18

19

20

21

22

23

17 10. The apparatus according to claim 1l wherein said
support for said 18 sensor bar conprises a pair of

W@ piis@s2s8 each havi ng an upper end connected tPCHUS2003/041365

respective 19 end of said sensor bar, and a | ower end
supported with respect to said support surface for 20

gui ded novenent of said sensor bar across said support
surface, d0. asThoappamtit aedordingieehmntl whaibirodaids@hsbr bar support
sensor bar over said support surface to be along a

dllowa drea aidnlcofbitaided inovendditl oPdidovettitallpdriented senddr Bad Pard¥R] to the
2004/ 059258 PCT/ US2003/ 041365 1 11. The apparatus
plearfdhdgbove s£ill aippoit swhes.ei n sai d sensor bar support 2
allows free and unconstrai ned novenent of said
vertically oriented sensor bar parallel to the 3

pl ane of and above said support surface. 4 5 12. The

appar at us 1aCcCOfRd patafis Gbdtdtheltd iR EiwheR Al HidS8RSPhar support
bar support 6 allows said sensor bar to be freely

illoWs %ﬁd Qerdsod 1PEYeely 1IN S8 atld §W5§pﬁ’&ﬁ s 8 EIPER surface.8
. The apparatus according to cllaim1 wherein said

sensor arrangenment 9 conprises a single sensor
novabl y nmounted on said sensor bar and a sensor drive

carry ing 430 sgjd, Cﬁ‘)%ﬁ@ ECJOEdlﬁ‘gct% R1and i %He{emaf@seg&@ gﬁéﬁg@ment

Sl gnal S correspondr ng to t Cross secti onal contour
et A o
%&f“é%hg&r @(QSA:E % ﬁ e géngrg{e s!}gﬁgls C % i a| th% l&osg Eegtlona% contour

evi ce I VE sensor

Cfu a segt%)nbof s§18 rpgllnréxfa ncﬂhé 58111 and b%ﬁ(eaﬁ*l q drl;gns& B9 S aid 15

Sensor

14.  The apparatus according to claim 13 further including a cutter device
selectively driven along said sensor bar to cut said item in a direction extending along said

sensor bar.

15.  The apparatus according to claim 2 wherein said displacement detector
arrangement comprises a respective displacement detector associated with each of said two

support posts.

16.  The apparatus according to claim 15 wherein each displacement
detector generates signals corresponding to the extent and direction of displacement of each

support post on said support surface.
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17 15. The apparatus according to claim2 wherein said
di spl acenent detector 18 arrangenent conprises a

w0 e®pesRis/e di spl acenment detector associ ated WETIUSZ0$041365

of said two 19 support posts. 20 21 16. The
apparatus according to claim15 wherein each

di spl acenent 22 detector generates signals
corresponding to the extent and direction of

di spl acenent of each 23 support post on said support
surface. 107 WDhe a0k ALHiREh/ 453 A0 ek inhi di%)la?eeﬂizm

The apparatus according to claim 10 wherein sa

@htspdragenRiennéled s ah longidd Eﬁgﬁ@drgﬁa extBedinb8SngARid support surface,
el ongat ed optical grid extending al ong said suppor?

8 Sef3€ Baderdrid nidoBWR % SRPEIRupBEHt nd R LR elbRo3Al g‘iﬁd%‘ Ereate a two
upright and over said elongated grid to create a two

Qirddti6 B¢ ki ARg land Rbddold Mo in g@ﬁ&é@ﬁl Lﬁ)o%isf)ﬁcécrﬁelnp&esald one upright.
pattern upon di spl acenent of said one upright

18. The apparatus according to claim1l wher ei n sald

sensor arrangenent 8 conprises a series of spaced

apart vertjgcal Ipye talectﬂlq g d;!o?dl H4ReGHhS efe%p&gﬁgseﬂéo? ggangement

sai d sensor 9 bar blas e urged towar

Wéa%q a s%iligg FeFadef a Jéﬁw@lgg é)@enhglﬁé ?ﬁ&% rpérpang%pﬁl&%tsaid sensor

upper s ace ylng

'g‘a% giaé%h %‘geeﬁx%ed t%’%d@ saf gé% %lﬂﬁaé:g @Clg}n% étlﬁ% reoJf 1nto contact with an

generating sfgnal's corre anc

%ﬁa%? &rﬁgeegf SQ dl'i{%%elr ng %engtsgi é)ﬁm[gers ang a éeéltsél 1%{ ?ﬁwlﬁ Blunger

essor rece s7an
therafron1ﬁ
als

SEREE Pl s %ﬂ?ﬂ% R ﬁfsamﬁe% AipgtHi e@ﬂ%%fﬂd
14
%éﬁﬁ%?gsts?fvf%g@ﬁngs%@i il BOETe BE BT above sid b
{? %]rasp%ngf an sai Iu}r)pee(r: tSLIII'?aCC otl ssaldai’lceo n1 ng%eneat earrlesep%ctgvfe plunger to

thereby determine the contour of each successive section of said item extending in a direction

along said series of plungers.

19.  The apparatus according to claim 18 further including a respective
solenoid associated with each plunger selectively operable to overcome the urging of said
biasing and retract said associated plunger out of contact with said support surface and said

item.

20.  The apparatus according to claim 19 further including a magnet located

above each plunger holding a retracted plunger in position until said associated solenoid is
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17 19. The apparatus according to claim 18 further
i ncluding a respective 18 solenoid associated wth

weamhopl2esiger sel ectively operabl e to over coneP€T1€S2003/041365

urging of said 19 biasing and retract said associ ated

pl unger out of contact with said support surface and
said 20 item 21 22 20. The apparatus according to
@lemitathtd Bvdreonidie forcecdfsaid mgpgmetmagnet | ocated 23 above
each plunger holding a retracted plunger in position
until said associated solenoid is 108 WO 2004/ 059258
PCT/ US2003/ 041365 1 operated to overcone the force of
sai d magnet.. 2Thelappiratuf BEoRINpd alatits 1R MEFinEIgding a &hidd Bhde
19 further including a knife blade 4 attached to said

SRARAR B sefXdrdBCixRadRk AlEg SAd geri‘é_@f)f]ﬂﬁndefs, PidBERBIade having a
said knife blade having a 5 cutting edge exposed when

Sl cBbd GBS vHeh ki€ m&g&@&e r&ractéd.22. The appar at us
according to claim1 erein at least two of said 8
pl ungers has a sharp tip enabling scoring of said item
by novenent of said sensor bar. 9 10 23. The

appar at us 7aCCcoffli fathfis GhRtdMgkE WiE T 8 WheRin dt RASTwb WPsaid
plungers 11 have a sel ectively operable marker device

. . 7 D it .
e B o P LP AT DY Pehocti.
al ong markings applied thereby across 13 said item
14 15 24. The apparatus according to claim21 further
i ncl udi ng mak-Kj - ' |

Izé‘ il Dok Sﬁ%r ; etﬁgﬁﬁm?@vﬁl@e?#a% ?e'as?tﬁro ?gxlﬂa%ers

sel ectivel'y opéerable upper surface

flatvg I:anselectively operable marker device for marking said upper surface of said item lying
beneath said plunger to enable cutting of said item along markings applied thereby across

said item.

24.  The apparatus according to claim 1 further including a marking
arrangement on said sensor bar selectively operable to mark the upper surface of said item
along a line lying below and along said sensor bar to provide cutting guide marks on said

item.
25.  The apparatus according to claim 1 wherein said sensor arrangement

comprises at least one sensor emitting a penetrating beam at points on said item to determine

the thickness of said item thereat.
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17 along a line lying bel ow and al ong said sensor bar
to provide cutting guide marks on said 18 item 19

WQ@0025592Fhe apparatus according to clai m1 wheP€i/nS®a3/a1365

sensor arrangenent 21 conprises at |east one sensor
emtting a penetrating beamat points on said itemto
determine 22 the thickness of said itemthereat. 23

109 WO 2004/ 059Dspphiaili k3R 84382 whereAbsaidlfd@port ;t)osts are

appar at us according to claim?2 wherein said suppor

RESivelPleBactabd€ hECTHE el Bhd ARliRYIRle aBRMled 147dxRAH alongside said
i ncl u ing a knife blade attached to extend al ongsi de

Bl bardsHERFR" '
sSdge exposedﬁv\%%%qlg‘glﬁgh g‘btgpo{d? %%)@tge? ‘2%1 Sg}grs ggp%gt lSthre
rRulig/- The apparatus according to claim26 wherei n
sai d knife blade is readily 7 detachable fromsaid
sensor bar for easy replacenment. 8 9 28. The
apparatus according to claim1 further including a

cutting deyiceqy %Pﬁ?aﬁg E@c‘af&%t% agn 56 WA9kinaa l&ﬁ% blade is readily

traversi ng nove erea selective
cut a segrrent
c?@%ﬁ%ﬁef‘%!%%g?% %ensml ?Ogc Syr aé’)? grrl1td| ng al ong and
beneath said 12 sensor bar 13 14 29. The apparatus
according to claim1l wherein said sensor arrangenent

Lot 3 T o

assed acl oSS upport surfac
ountedd on said sensor garc%o traQ/Qrsmg movement %herealong and selectively engageable

with said item to cut a segment therefrom along a direction extending along and beneath said

sensor bar.

29.  The apparatus according to claim 1 wherein said sensor arrangement
includes a sensor able to scan across said item at each location of said sensor bar reached in

being passed across said support surface.

30.  The apparatus according to claim 1 wherein said sensor arrangement
includes at least one sensor including an optical emitter-receiver projecting a beam so as to
impinge on an upper surface of said item at points extending across said item and sensing
impingements of said beam across the upper surface of said item and generating signals
therefrom corresponding to the distance to said points on said upper surface; and, a signal

processor determining the height of said upper surface points above said support surface from
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17 18 30. The apparatus according to claim1l wherein
sai d sensor arrangenent 19 includes at |east one

w@engns92%1cl udi ng an optical emtter-recei ver PCT/US2003/041365

projecting a beamso as to 20 inpinge on an upper
surface of said itemat points extending across said
item and sensing 21 inpingenents of said beam across
srhanalygip ef saddigifraema hilss ietbbly Hepindidg gRessatdcihad beicr Of a
22 therefrom corresponding to the distance to said
poiict of s0id isal SttaiPipg threuphisaid@oingnd, a signal 23
processor determ ning the height of said upper surface
poi nts above said support surface from 110 WO

2004/ 059258 PCT/ US2003/ 041365 1 an analysis of said

signal s and. al 38e ifpareRYcdedifs WcHifd WHRRIEELAPSnsor arrangement
sectional contour of a 2 section of said item

axteadinB or ﬁlhfe%@&!ars%{li%gq BRhdustic emdttét-rckiver Hﬁlttg‘%gs@ﬁlﬂf Waves and

according to claim1 erein sald sensor arr enent

B SR TR ARG TR e o i
[ I ., .
o Sl Bl SRR SBFES B 005 SR

f. > 0L i i :
B0 e S AT PRI ARG e
- r [ [ 0 i.d. upper

BL9P Rl ARGE 330 ST ol el B0l Shour ot
I.stance. .sianals, and the.cross sectional contour of

%?E&Tg%ggé%?ﬁﬁs% p%%Fanf?%#Jgt said points on said

item 11 12 32. The apparatus according to claim 31

further including a tenperature 13 sensor sensing

anbi ent t er res and produci i gnal s. .
corLespon ng ?h%ﬂ%?@ﬁm§§¥Hg@$8h§%n§EEHUFB@8@@BFaﬁmqwmu“e
s to,conpensate said coppu

geglgoer{s%/{lgpn%fa%@ie%g% Qfgﬂ{;ﬁﬁéﬁ%l’ﬁo cna_gjmgnéﬁﬁg{rwaq _gt%grg , said signal

processor receiving said signals to compensate said computing for the effects of changes in

temperature.

33.  The apparatus according to claim 18 wherein each of said plungers has
an optical emitter-receiver array adjacent to one side of each of said plungers, each emitter
emitting a beam towards said side of said associated plunger, each receiver positioned to
receive a reflected beam from said one side of a respective plunger, and a signal processor for
determining the distance said associated plunger is retracted from signals received from said
emitter-receiver to thereby enable determination of the height of the point on said upper

surface of said item contacted by said associated plunger.
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17 33. The apparatus according to claim18 wherein
each of said plungers has 18 an optica

wWe@pionEnss ecei ver array adj acent to one side OPCEHESIN03041365

said plungers, each emtter 19 emtting a beam towards
said side of said associated plunger, each receiver
positioned to 20 receive a reflected beamfrom said
one side of a respective plunger, and a signha
processor for 21 determ ning the distance said

associ at edapl UMBEipphituk 8coAktRE cfaiiR MvilleNAdafl Je8%R hi¥Eement
fromsaid 22 emtter-receiver to thereby enable

iele1h & sBAds P BerRbrs hdEnt® it ow s tch BB RRhE bai PRnsRing:. UPPET
23 surface of said item contacted %y sai d associ at ed
plunger. 111 WO 2004/ 059258 PCT/ US2003/ 041365 1 2
34. The apparatus according to claim1l wherein said

sensor arhang eﬁﬁ@%pgaémk Q&Ioﬂfgrfggto landt E”g Ghein SRNSRLS ahrrangement

nmounted in a row extendi ng ng said sensor bar.

Audeb Mo SPRBfH §er@%éz&roqis o0 claim 34 wherein said

sensor arrangenent includes two or nore adjacent
rows of sensors. 7 8 36. The apparatus according to
claim1 further including stored density and 9 cost

e UL 8! S A L PR e MR it

utilized By sai
to egnent

al cost. of said item .. and..sai,d di.spl
RUR ufiP bRt o bR iR DL, Sl R rmasgoor o
each posit] qf. said sensor .bar item.in bein
BBt B8 it i e St 8 aid Bt Shnfhng i i oy of ach
sai d sj gnal processor.. 1 14 37. The, appar at.us )
Sttt BieP 2D Sh S SiSor e e P oA e Surrer plpne said
15 val.ues for. a Particular itemutilized by said
9y 38 ARy Srd SNl RS ohe the total weight of 16
each item segnent, and said display displaying said
total weight of each segnent defined at

37.  The apparatus according to claim 1 further including stored density
values for a particular item utilized by said signal processor to determine the total weight of
each item segment, and said display displaying said total weight of each segment defined at
each position of said sensor bar item in being passed over and along said item, as determined

by said signal processor.
38.  The apparatus according to claim 36 further including data

input/output ports for selectively receiving and storing density or cost per unit weight values

for use by said signal processor and exporting data therefrom.
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17 each position of said sensor bar itemin being
passed over and along said item as determ ned 18 by

wa@ aiod/osi2gal processor. 19 20 38. The appar at BGI/US2003/041365

according to claim36 further including data 21

I nput/out put ports for selectively receiving and
storing density or cost per unit weight values 22 for
use by sai3d. si Fhé@hpphfatis as®alingd@lai 36 firtHagindRbRg data
therefrom 23 112 WD 2004/ 059258 PCT/ US2003/ 041365 1
BPut/ollRt PRBAGAletvIAE S Shdifg 448 Gglsm 36 furt her

i ncluding data 2 i nput/output ports for receiving and
sending data signals. 3 4 40. The apparatus accordi ng
to claim1 further including a vertically 5 novable

cutting blpde GRYiGEraRYMRENS B chifthd fEQRS MR a vertically
sel ectively operable to enable 6 cutting of a segnent

%6@%51%&91%%%%%@%%90&1&% d shig Gk &baPlel Al dy SERAN 1o ?ﬂ%le

_ 1. The apparatus according to claim’l !

bl Aenflork BbAYidHeone il Rin STAMAERo{ Ry Sal d

sensor bar 80 as to enabl & cutting a segnent ¥rom said

item 10 11 42. The apparatus according to claiml

further including a cutter device 12 conprising a

| aser beamynou ' . har . .43, Th

appar at o Thoon it B B AG faR R okt nolbdh sl B bace
15 1N es..at_lLeast.two ink j.et pri.nter

il ARIBTED sif Sl Py S8 R ook Rl 21 B

surface. 16

[elel))]

42.  The apparatus according to claim 1 further including a cutter device

comprising a laser beam mounted to said sensor bar.

43.  The apparatus according to claim 24 wherein said marker arrangement

includes at least two ink jet printer devices able to print marks on said item upper surface.

44.  The apparatus according to claim 43 wherein said ink jet printer device

is capable of marking said items with one of a plurality of ink colors.

45.  The apparatus according to claim 43 further including a color sensor
on said sensor bar detecting the color of said item, said ink jet printer device capable of
switching ink colors to mark said item in an ink color contrasting to said sensed color of said

item.
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17 44. The apparatus according to claim43 wherein
said ink jet printer device 18 is capable of marking

W@ 200d/050268 Wi th one of a plurality of ink col B€BEUSDHO3/041365

20 45. The apparatus according to claim43 further
including a color sensor 21 on said sensor bar
detecting the color of said item said ink jet printer
devi ce capable of 22 switching ink colors to mark said
itemin an ink color contrasting to said sensed col or

of said 28 it®h appditdebcdRiifd 3284h 84 RGT/e1S0034:04 1h3Gmy
1 2 46. The apparg%us acco?gﬁ%g to clalnf24 wheﬁeln ement

molubesBylkelity 3F ke LdRTtes maunt&Ldld idsemtorba] drdYwiRfein each
mar ker devi ces nounted al ong sai d sensor bar, and

WhRELIRicE 36 prise SR HERhal dRViles ﬁloﬁﬁgfpfo' a%@ﬁac@abté}ﬁﬁﬂé@} selectivel
mar ker nounted to a retractabl e plunger selectively @f

Wb?ebtb BuinQ Rk Bn @almlﬁ u %erwféée bé&ﬂ?hléﬁlﬁ%énsé%afr ace

beneath sai d sensor he appar at us
according to cla|n124 mhereln said narker device 8
conprises a laser scoring marker. 9 10 48. The

appar at us gaccosqll ssig,gfa&s ch%!rdﬁ JAEHE Kzﬁha%ﬂi sqlmrk&fdevm

devi ce 11 conpri arp 1nstrument for scorl

%@hﬁ§szﬁg§rggﬁg%gglgp a retractabl e plunger. 12 13

e apparatus according to claim 18 wherein at
| east two of said 14 plungers each have a marker
devi ce nDunted thereto and which is selectively

operabl e g 1§herra%)rpl§ra S acc%ch ing t% c[alm %2 W ];reic’nasa% marEer dex:!ige

comprises a sharp instrument for scoring said items mounted on a retractable plunger.

49.  The apparatus according to claim 18 wherein at least two of said
plungers each have a marker device mounted thereto and which is selectively operable to

mark an upper surface of said item.

50.  The apparatus according to claim 46 wherein each marker device
includes a sharp tool at the tip of said associated plunger, and further including a locking
mechanism for locking said plunger in any of a plurality of extended positions to enable

pressure to be exerted by said marker device sharp tool.

51.  The apparatus according to claim 18 further including a marker device

mounted between adjacent plungers, each marker device mounted on a marker plunger
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17 50. The apparatus according to claim46 wherein
each marker device 18 includes a sharp tool at the

W e408928%i d associ at ed pl unger, and further iPCT/Usi003041365

a locking 19 nmechanismfor |ocking said plunger in

any of a plurality of extended positions to enable 20
pressure to be exerted by said marker device sharp
toeldiblpthowted o baid Fasoclp anddelesti el Sfeehibltgo hricApdpPerlfirface of
further including a marker device 23 nounted between

sl @s@nt pl ungers, each marker device nounted on a

mar ker plunger 114 WD 2004/ 059258 PCT/ US2003/ 041365 1
extendi bly nmounted to said sensor bar and sel ectively
operable to mark an upper surface of 2 said item 3

4 52. The sappanhd padfs QEdkdil foQla5h a1 fitter tﬂérufdl}%-rat least two
including at least two 5 marker devi ces nounted al ong

H8iler RIREPhoRA A6 R6HdI MRV LRRAEARLS ohQalTBiKmSRisHd ibEMpper
upper 6 surface to together provide at [east two

SERFKL B9SocARr ABviak G 1bddt GHfthiRE §§s‘vﬁ atd B Phtifg sftd ﬁéu. The
appar atus according to claimB2 wherein eagh marKer
device 9 conprises an ink jet printer nounted to a

pl unger retractable into said sensor bar. 10 11 54.

The apparabus el abdrdhAoBatd SARERITLaBR G fovice
jet printer 12 includes a no e and a spacer colrar

t. I [ ' o] {o
B R b R 0 R R e B et o
said item 14 15 55. The apparatus according to claim
51 wherein said marker plunger is 16 selectively
|o]9 ¢ i( ﬁ g m)%ﬁ er1 EEE% %)ngr%tﬁlts glgcg)?cﬁgg t%aciagm lg? Qvlflgrreinde%gl!l 1%%?6‘[ %%‘Ji%ter

includes a nozzle and a spacer collar mounted thereto preventing contact with said item to

thereby avoid blocking said nozzle with debris from said item.

55.  The apparatus according to claim 51 wherein said marker plunger is

selectively locked when retracted to keep said marker devices out of the way when not in use.

56.  The apparatus according to claim 53 wherein each of said ink jet
printer devices comprises a piezo electric ink jet printer device mounted to a plunger

retractable into said sensor bar.

57.  The apparatus according to claim 53 wherein each of said ink jet

printers comprises a thermal bubble ink printer device.
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17 18 56. The apparatus according to claimb53 wherein
each of said ink jet 19 printer devices conprises a

w@r@ansesectric ink jet printer device nount edP€DUS2003/041365

pl unger 20 retractable into said sensor bar. 21 22
57. The apparatus according to claimb53 wherein each
of said ink jet 23 printers conprises a thernal
bubbl e ink printer device. 115 WO 2004/ 059258

PCT/ US2003/ 041365 1 2 58. The apparatus according to

clai m 52 \§ger eirhe RpeRtIREWRIing@\1HE 52 SvheRil @b 8tket &vice is
be extendi ble and retractable on said sensor bar. 4 5

BBuntdd'® RRRARAADM In@RERESHIOE {00 Shar BAO8 further
including a sensor 6 associated with each marker

devi ce detecting an extended position in contact mﬁth
said item 7 and a retracted position thereof.

60. The appar attys,aemfis q&&gdﬁé’to“cﬁi‘&x% lfef‘fnt:@ a sensor

including a selectively 10 opera I ng

&rs@c\fﬁ&f WitdedcR trr{aﬁ&'i H%eqeteméﬁc{}lsehféﬂdéﬁfpo& gﬁj 1nr@¥1{é§ﬂ%ﬁlhsald item

eV|ce fromeach 11 positi er eof

cto claim2 further including a
secon paﬁﬂ&ﬁgﬁﬁ%ﬁgsupport posts spaced laterally from

said first nmentioned pair of support posts and
extending 15 downwardly from said sensor bar to

contact sgl ac Vi
cor ner ed ?6 s?ggﬁﬁggﬁ%p or t f?%@‘?@? senSBPP@nganﬂdey
operable locking device preventing retraction or extension of said marking device from each

position thereof.

61.  The apparatus according to claim 2 further including a second pair of
support posts spaced laterally from said first mentioned pair of support posts and extending
downwardly from said sensor bar to contact said support surface, providing a four cornered

stable support for said sensor bar.

62.  The apparatus according to claim 1 further including a controller-
signal processor case mounted on said sensor bar and having tactile controls connected to

said signal processor selectively controlling operation of said sensor bar.

63.  The apparatus according to claim 62 wherein said controller-signal

processor case includes a keyboard for inputting values with respect to item characteristics
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17 18 62. The apparatus according to claim21 further
including a controller- 19 signal processor case

worwanetson sai d sensor bar and having tacti| eP€DOS2003/641365

connected to 20 said signal processor selectively
controlling operation of said sensor bar. 21 22 63.
The apparatus according to claim62 wherein said

o0 dertylshidsighhlgRedesso? i RfRERGHFHenCREAert 064t UEBSiAvalues.
keyboard for inputting values with respect to item
characteristics 116 WO 2004/ 059258 PCT/ US2003/ 041365
1 for use by said signal processor in determning item

segnent c@s! NYRRLHpGraMAhstSRdingko chiR 63 whBRirARRAIALWSvalues may
according to claim63 wherein itemdensity val ues ‘'may

B Ql%ct‘f’x%ll}eiﬁ%ﬁt\fgh)hehﬁ%f shifl sBniPIRESoPby SR 1ySlagal

processor by said keéyboard.™ 5" 6 65. "The apparatus
according to claim63 wherein itemcost per unit
wei ght 7 values are selectively input to the nenory

of said siggnal Tt %}Ii)gl%ﬁlg bedd¥di %ﬂ;o%laég%g %El%in iBm (%élﬁ;?er unit weight

The apparatus acc ing to ¢ wherel n sa

Lol - Si I '
A0 Lo AL o 40 RERERAG AR S P AR or.
wireless link 11 transmtting signals between said
sensor bar and controller signal processor. 12 13 67.

The appar at.us cordi to ¢laimé66 rein_said .
i el ooe ek THaeend aed-fullediafy o BByl b Yoltuoler.sgna

t i tt - i 1 16, 68. Th 1 ) )
RRSR it Y ACERE oGy et pomser Bt BRReEiniiRdge o wireless fink

transmitting signals between said sensor bar and controller signal processor.

67.  The apparatus according to claim 66 wherein said wireless link

includes radio frequency transmitter-receiver.

68.  The apparatus according to claim 66 wherein said wireless link

includes a omnidirectional infrared communication device.

69.  The apparatus according to claim 66 further including transmitting
signals via a wireless link between said detachable controller signal processor case and
external devices such as point of sale displays, receipt printer, or cash register.

70.  The apparatus according to claim 34 wherein each of said sensors
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17 includes a omidirectional infrared comuni cation
device. 18 19 69. The apparatus according to claim66

wo eoothen2s8 ncl udi ng transmtting 20 signals viBCHUS2003/041365

wi rel ess |link between said detachable controller

signal processor case and 21 external devices such as
poi nt. of sal e displays, receipt printer, or cash
iredidst aremi2@ endBing @ beahh of wpRastahidstemeno bl higciked feaben
34 wherein each of said sensors 117 WO 2004/ 059258
RSponsis2 Qidpdpl86hts of saidTdathidBSanaPpe Rintfdce lof &d fidrh.Ng A
beam of "waves at said item and an associ ated recei ver
2 responsive to inpingenents of said beam on an upper
surface of said item 3 4 71. The apparatus according

to clai m 34 whane bﬁbaﬁﬁ%@c&frdﬁéto@laﬁﬁ@a%&mléedcﬂ 6F LeSnsors
an emtter emttlng a beam of waves at said item ana

freridbeim dniifidriegtiftifle 8 bba® oOw Hie RS RA! arfl fiANer Mcluding a two
receivers p05|t|oned to detect waves refl ectegl} é

Mk esibie? Bray of récefiRrs pBE‘iﬁoﬁa‘&Q@ﬁ&éd‘t‘ %a%qgﬁeg{eﬁ BrolPsafl i
71 whereinthe receiver 1n said I mensi ona
array with the strongest signal is utilized by said
signal processor to determne 10 height of a point on

said itemyll 11; S%ﬁratu?ﬁ@co?@ﬁg{ogﬁ#% ﬁ%%e% #d re{cglvgr i@ two

70 mhereln at | ea SONe O sensor eni

ﬂﬁ&nggﬁdﬁ ﬁqvi@ﬁ thg s{ré &Qlt % ﬁ?ﬁm&?b}maﬂi %a?pr%?essg% éongetermme

by ea recel npi’ngene

B&@g&g%ﬁgm% f ers. 15 16 74. The apparat us

al n173 wherein a tine interval is

73.  The apparatus according to claim 70 wherein at least some of said
sensor emitters are operated at different times to minimize response by each sensor receiver

of impingements of beams from other emitters.

74. The apparatus according to claim 73 wherein a time interval is
provided between operation of successive emitters in said row of sensors sufficient to prevent
response to impingements of beams resulting from operation of more than one emitter at a

time.

75.  The apparatus according to claim 71 wherein the signals produced by
all of said receivers are processed to determine the receiver most in line with the

impingement of a beam from an associated emitter, the signal from which is used by said
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17 provi ded between operation of successive emtters
in said row of sensors sufficient to prevent 18

w0 e®poses t o | npi ngenents of beans resulting fPOMUS2003/041365

operation of nore than one emtter at a 19 tine. 20
21 75. The apparatus according to claim 71 wherein the
signals produced by 22 all of said receivers are

S0 posetortin cﬂaﬂﬁfn@tﬁtﬂl&%ﬁ@ of £5Rht\68 tho EPér suffadel JPGaiitbih.
the 23 inpingenent of a beamfrom an associ at ed
emtter, the signal fromwhich is used by said 118 WO
2004/ 059258 PCT/ US2003/ 041365 1 signal processor in

cal cul ati g, t hepbginghtusAfcordiRPlotaif B4 tWhSreHRR Y f
of said item 2 %me. SThce a{g%{graatlus accrgrdi nSSttStg’Br&gSSOf

Qn%rﬂé@no%@&gfoﬂ%%déeﬁﬁﬁtba.m rows of 4 sensors are

mount ed al ong salfd sensor bar. 5 6 77. The apparatus
according to claim71 wherein said two di nmensional 7
array of receivers is nounted to a transparent piece

ted i 8 .9 .
mount ed oRsai %hé%ﬁ?ﬁmﬁggcgrdﬁ%dto r%g%ﬁ 7 l‘%‘}%rgeﬂps%ﬁ{ tg}logﬁ’meﬂilonal

according to clail raspa

i F f j t [ bar. 11
DR AR e AOUMS R RE8
said control signal 13 processor case includes a

di spl ay screen attached to project above said sensor

Further i 81 udTPERARGH A et Prare ot g mp sl Faspable
@ﬁ@kﬁg@@%%ﬁﬁ&gg&%%#g%d%éﬁabgg.a tilt of said sensor

79.  The apparatus according to claim 62 wherein said control signal

processor case includes a display screen attached to project above said sensor bar.

80.  The apparatus according to claim 2 further including an alarm
indicating an unallowable operation such as a tilt of said sensor bar and support posts being

out of plumb to a predetermined unallowable degree.

81.  The apparatus according to claim 2 further including a level indicator

fixed with respect to said sensor bar indicating a tilt condition of said attached support posts.

82.  The apparatus according to claim 1 further including a cutting device

mounted to said sensor bar and a powered drive for driving said cutting device along said
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17 out of plunb to a predeterm ned unal | owabl e degree.
18 19 81. The apparatus according to claim2 further

w0 pkioshi2eg) a | evel indicator 20 fixed with reRBQEUS2009041365

said sensor bar indicating a tilt condition of said
attached support posts. 21 22 82. The apparatus
according to claiml further including a cutting
ganordar. 23 nmounted to said sensor bar and a powered
drive for driving said cutting device along said 119
WO 2004/ 059258 PCT/ US2003/ 041365 1 sensor bar. 2 3
83. The apparatus according to claim70 wherein each

receiver is3. of fg@hppathtds088riifg t&%ﬁﬁ%%ﬁ%&@é&cﬁ ?&Ew@ﬂg offset
includes a position sensitive detector |atera

G8mahd A8ockMed chnittdBA] iffudS@l FosRRATAsIRE ﬁgt@&r@rrﬁteﬁgy ?o%ht‘ﬂlg an

item seen by said position sensitive detec

thekePYaiehab 1hfb%ggﬁklﬁromsﬁﬂtlﬂeﬂr§eé}ﬁsytsﬁdg)ggngebgﬁveoéetéc%?

di stance fromthe emtter to sai

bR gﬁﬂgﬁﬂé aé tibR Qfgllar %{: 2 eg%f g1fe d&ﬁ%ﬁe fnﬁxﬁ %e\@mlﬁer% said point

sald emtting beamis e appara us
it
r%seo?ntiog ag ?gépsér?arczé\’ﬁf% sl@egz gg%?a% al e%ﬁ{ntl%obera F}glrected
|ncludes a position sensitive detector 11 determ ni ng
the position of inages seen by said position sensitive

det ect th .

SRR ARG T REME T N T
f f d i

R 05EL b 3sBert BR  E P i o

Hig T 0 SR Bt it o

racesso ai d sensor par is sed over and al on
mgements, t%eregy enabling determination of the dslstance to points of 1mp1nger%ent on an

upper surface of said item whereat said emitting beam is projected.

85.  The apparatus according to claim 1 wherein said display is
continuously updated by said signal pfocessor as said sensor bar is passed over and along said

item.

86.  The apparatus according to claim 34 wherein each of said sensors

simultaneously generate signals.

87. A method of displaying a numeric value corresponding to the volume

of segments of an irregularly shaped item comprising the steps of:
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17 item 18 19 86. The apparatus according to claim
34 wherein each of said sensors 20 sinultaneously

w@emwes2es si gnals. 21 22 87. A nethod of di spPEHUSZP0FH041365

nuneri c value corresponding to the volume 23 of
segnents of an irregularly shaped item conprising the
steps of: 120 WD 2004/ 059258 PCT/ US2003/ 041365 1

di sposi ng digosing bdrit@ ola SPBALELRYS f ace; 2 supporting
an el ongated sensor bar at a preset height above said

surface SupptrfihCinidnghted SdnitbadatiaPrdsbi@Rlghttatoe ?atld Yeta¥e
nmovi ng sai d sensor bar and said support surface t

eatsientsatdarseidsem; 5 bar to pass over and al ong sald
itemfromone side thereof; 6 generating signals

corres ponc{blaﬂvetbommﬁg Qa@@éeﬂwr v angUGiES o}'t%u&a‘%% ons. ds%fd sensor

said 7 item passing beneath said sens bar as sal

BaNS F&ss BH: ah& a18RS S&Hitdn LS %Fle ﬁlefigf ect i ng

di spl acenent of sSaid sensor ative to said

surface asgeﬁ&htﬂag%?g?%{@ F:%rre%g&ﬂﬁn 13 ﬂ%%%ﬁtggrso?\és&fsgﬂg f%‘!tl%lqsgof said

said itemand g or r espon

REREES RIS Hidene ﬁsaﬁ&m LA o Qs‘gédetggrogvem gnal s

l[ate t ere Ve VOrUE of the

segnent Ofde&{?{l,% (L%P%[&fﬁgdt cf‘sgens o 26 ﬁ}‘?’eetg soé ls?}gacx as said sensor

sald senso el glng a3 nunF
|.
B BRI el SR Gl o) 5%‘6%@2#] Crston§fE Sat®sensor

32{ v :3 d 110% %lc,s%{ag s%}él gegeratg& sensolirI qgcli de%ec\{o%ls}]g%alts poe(:ra?cu}gte therefrom

the cumulative volume of the segment of said item which has been passed over by said sensor
bar;

deriving a numeric value corresponding to a calculated volume of each
segment defined by successive positions of said sensor bar; and

displaying said numeric value thereby derived.

88.  The method according to claim 87 wherein said step of generating
signals corresponding to the contour of each successive section of said item comprises the
step of sensing the height of an upper surface of said item above said support surface at a

plurality of points lying on each section of said item as said sensing bar passes thereover.

89.  The method according to claim 87 wherein said step of sensing the

contour of each successive section of said item includes the step of engaging an upper surface
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17 88. The nethod according to claim87 wherein said
step of generating 18 signals corresponding to the

wW@omkosmsHf each successi ve section of said itRET/US2003/041365

conprises the 19 step of sensing the height of an
upper surface of said item above said support surface
at a 20 plurality of points |lying on each section of

5fbid iehesi@BanS st WRNSbGmRAH oPaREBSa bdHRE BOWRHcally Abvdble
89. The nethod according to claim87 wherein said step

Slingeay et byREid 3chs6ORMt MNaideen®BBH pAUECHRS bACiSR Ghd SRerating
of said itemincludes the step of engagi ng an uppe

SpMalA%Respbrdind'3 B0 Q&ﬁ% 8@5§§m%@_era{ci=}%% Qgﬂ)@ﬁ#@%nng sﬁﬁ re%lative

said itemsinultaneously wwth a-botto
Rovddnest @fa Uik bgal |y noveable 2 plungers carried by
sai d sensor bar as said sensor bar passes over said
itemand generating 3 signals corresponding to the
vertical position of each of said plungers during said

relative 6 m%ﬁg‘?@&o? Lccﬁl%gx% tig HP §8 Q/ﬁérelg salfigtep oF sensmg the

nmet hod accordlng ere n -sa

ﬁe?@? opﬁontltg| gloz h%lécr%escsgﬁﬁ%ng}é §f sAjdd eg% goglg:p&se g)‘ﬁ? gtg% ?fxdgrecétmg a
gﬁam a% 11’1% CQ% gla uglgei‘ 81?1‘?3.5% 0% §a1cﬁ Dgﬁ'%r?l%a%ﬁo % Sgléfis (? enqltters on

sor bar as..sai d sensor gﬁ? passed thereover. 10
ﬁf‘i FRSOT Pes SEE STHOLRE 58 ‘E?o%‘?ral m 90 wherein said
step of directing a 12 beam at points on the upper
surface of said item al ong successive sections of said
item further includes the step of nounting a_ . .
series of Bl‘fnagig‘? mathed acogidgigdo St Quhgn Sb‘éﬁf%? of directing a
§§S|t|oned to 14 detect jmages of beam | npi ngenents on

Pocpt poigts on thesuppgr ysfacere{said ey alpng sesedive @ecﬁlan%qfaﬁalﬁqlts@ further

wherei n said step of generating
includes the step of mounting a series of image readers along said sensor bar positioned to

detect images of beam impingements on said item.

92.  The method according to claim 88 wherein said step of generating
signals corresponding to the contours of successive sections of said item includes the step of
scanning a beam across said item at each of successive sections of said item as said sensor
bar passes thereover and detecting images of impingements of said beam to determine said

contour of successive sections of said item at each position of said sensor bar.

93.  The method according to claim 87, further including the step of

marking an upper surface of said item across along a section thereof as a guide to cutting said
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17 signals corresponding to the contours of successive
sections of said itemincludes the step of 18

W@ eannine a beam across said itemat each of sSPCTESHIV@I1365

sections of said itemas said sensor 19 bar passes

t hereover and detecting i mages of inpingenents of said
beamto determ ne said 20 contour of successive
stemtinto B Segdiens el aistleR PlegRa s RRHEA bPfhiddensRibg, SENSOr
bar. 21 22 93. The nethod according to claim 87,
further including the step of 23 marki ng an upper
surface of said itemacross along a section thereof as

a gui de t @4cut tihReheBdH ecoldine Y1240 04APeR281d st
PCT/ US2003/ 041365 1 iteminto a segment af%éﬁmOfmmkmgSMd

&s&e&ﬂms B B mbinlr8AG &lpfinRe

. The net h{gg arélcor éllgnggfégog?ﬁk?mpﬁ crglsﬁ)asrggil%nso gar-
of marking said 4 itemincludes the step of nDuntlng
a series of ink jet printer devices to said sensor

bar. 5 6 5. En{gﬁﬁﬁ Qgcgﬂﬁr%)& di.ng 95 th&l dl,]s%:p\l\,‘fL elg?g said

said step of marking sai teminclu
ndln
gagp%aé@g% 8o 385 bPRoRlind SN RBHE BRI AR 1§ Sevices to said
ér ing to claim93 mhereln said step of narklng
sal 11 itemincludes the step of nounting a series
of | aser beam marki ng devices to said sensor bar. 12
13 97. The net hod according to claim93 wherein said

t f k cl the st fo ,
rount g s'e?%gé?r% o4 D fBEm AP lp b said

said sensor bar.. 16
item 1nc u e step of mountlng a series of laser beam marking devices to said sensor bar.

97.  The method according to claim 93 wherein said step of marking said
item includes the step of mounting a series of sharp pointed marking devices to said sensor

bar.

98.  The method according to claim 88 wherein said step of processing said
generated sensor and detector signals includes the step of defining a solid in part by said
signals corresponding to said contours of said item sections at successive sensor bar positions

and calculating the volume of said defined solid.

99.  The method according to claim 87 wherein said step of determining

said mimeric value includes the step of multiplying said calculated volume by a stored

123



10

11

12

13

14

15

16

17

18

19

20

21

22

23

17 98. The nethod according to claim 88 wherein said
step of processing said 18 generated sensor and

wa@ledoeosnss si gnal s i ncludes the step of defi ni NRECHUSID3/GH1365

in part by said 19 signals corresponding to said
contours of said item sections at successive sensor
bar positions 20 and cal culating the volune of said
defsity o & thék said HispRge PRime[ & B tRRApHAS B tHé ﬁf@lgﬁtoof an item
clai m 87 wherein said step of deternlnlng 23 sa

fi.c val ue includes the step of nmultiplying sald
cal cul ated volune by a stored 123 WD 2004/ 059258
PCT/ US2003/ 041365 1 density factor so that said
di spl ayed. nuneric val ue corresponds to the wei ght of

an item 2 13689MgHt methgd gcc%%(%tggﬁnﬁ@é Qﬂ&eﬁ(‘sgﬁrs%;pg)@ détgrmining

claim99 wherein said etern1n|ng

th&lc\@%iug ?ur{hlé{ fnGﬁﬁes th¢ ét%f et {][ﬁ}élﬁé ?%d Qfglgg}ﬂ z{ (%sty flacggr so that

sal d wei ght cost fact

WA S?@é?%g%ﬁ%@?%% Pl R R P o 2&8?

engaging said 9 item upper surface with plungers
carried by said sensor bar conprises the step of

mounting g, 10¢ ticall vabl e. plungers . .
space d ap ar ang% 0 @ﬁd % lergsto 48" %9 g’g?fams%‘.‘%étﬂ’ Og geagmg said
s.to nove down tq en

P 000 P B R S S

successi ve, sect i said.itemor Wt idta

B SRR R A e S iy A e e ém&qqsor bar and
nd fur#ﬂ' i ncl udi the step of sinultaneo

Eiéﬂ’é%%?e angfrs AHjoye @%%E?ﬁn&gﬁaﬁ@m Grbege B ?m YPBRT yrface of

each elun | e sai d.sensor_ bar .is nov

PUSFOSEY %608 Ofsdp 14 5?18 oEWHp e taglfrsp%f%c@ i the aa@gceoqféald dtgmg

ggp r surface of said item wth said plunger tips in

rebrigaerndritrtir inqludume dhesiignad studianeondle seneraiiag slstiper

surface of successive sections of said _ )
corresponding to the position of each plunger tip while said sensor bar is moved relative to

said support surface to pass over said upper surface of said item, with said plunger tips in
engagement with said support surface or said upper surface of successive sections of said

item.
102. The method according to claim 101 further including the step of
mounting a knife to said sensor bar and selectively retracting all of said plungers to expose a

blade edge of said knife to allow slicing said item therewith.

103. The method according to claim 87 further including the step of
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17 item 18 19 102. The nethod according to claim101
further including the step of 20 nounting a knife to

w@aiod/osessor bar and sel ectively retracting al PCDUSHa}/ 01365

plungers to expose a 21 blade edge of said knife to

allow slicing said itemtherewith. 22 23 103. The

nmet hod according to claim87 further including the

sloatingfa knl2 412 H AP BRE 0 RO MeROQRIHIBE 38 iterh therewith.

nmounting a knife blade to said sensor bar so as to

enable slicing of said itemtherewith. 2 3 104. The

nmet hod according to claim87 wherein said step of “

support i ngje3ai &ne thefBH §QordRY 1o SRIR'ST YeSrekl i ing sai

nounting a suppo?t epost g{cﬂgg, toher ezgmofe sr};glld?@g’rgg%)rpomng said

boSbaPE Rt 9 dPYNG |

sur?age t&ﬁguppoﬁgpsalcﬁg% %%&mgggagﬁgﬁggﬁ?ﬁ%gggi%ﬁngm

foX hnsh ' t ' [ ai d st f

B SRRl B Sl ot MR 88 fogBrife feron.

supporting said sensor bar on a table defining said

support 9 surface so. as to constrain the notion

t her eof ov Sgi e to.nove, t hoough successive 10, :
al?é %‘hgmte%g{i) acco¥dllr%ﬁ1t§ .claﬂ %9 crppgal .Is?f: 0%&1{%881ng said

par al | el allgne 0SI
. . . . , .
é‘e%%%rbqﬁ%%{g%g%er R e %g%?a%%@f # o5 p st BlRg 2 or
h ' ' 4
PR ShoR PR B i B BB AR 28R

%%%ﬁggﬁiﬁﬁﬁgiﬁgﬂﬁgg bar on said support 15 surface.

106. The method according to claim 87 wherein said step of supporting said
sensor bar on said support surface comprises the step of mounting pairs of support posts to
each of two opposite ends of said sensor bar to stably support said sensor bar on said support

surface.

107.  The method according to claim 87 wherein said step of supporting said
sensor bar allows said sensor bar to be moved freely in a plane parallel to said support

surface.

108.  The method according to claim 107 wherein said step of supporting
said sensor bar also allows said sensor bar to be freely lifted and taken away from said

support surface.
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17 107. The nethod according to claim87 wherein said
step of supporting said 18 sensor bar allows said

w@emsns2bar to be noved freely in a plane par ab@EUS1003/041365

sai d support 19 surface. 20 .21 108. The nethod
according to claim 107 wherein said step of supporting
22 said sensor bar also allows said sensor bar to be
freely lifted and taken away from said 23 support
surface. 125 WD 2004/ 059258 PCT/ US2003/ 041365 1 2

109. The mephodhéesenod hdgrdiny t6 RIS B khwbRIsaidRtep dF flatively
step of relatively 3 noving said sensor bar and a

FUPRY kdid SenkdraaPaddupstetsut B i816dRs Hle sERIVY 8HvBENS $idlitem on a
itemon a 4 conveyor belt conprising said support

Sohibye Belb&ﬂx@;ﬁfslﬁg%ﬁh uppBRSFack BEncath safd sdrkr bt Mt hOd Of

generating coordi nate data corresponding to the 7
configuration of an irregularly shaped item conpri sing
the steps of: 8 disposing said itemon a support

surface; 9igup R%éth&lﬂof%@ne@ét&?%@&ﬁgla% %Qé%?lirr%?&d’ﬂg(tg the

preset hei ght above sai'd surface 10 suf ent

S F chlistual) sHELATLY Sl MOGRI 4 sensor bar

and sal d suppo ce to cause Tal ensor 12 bar

to pass O\f%aﬂlﬁsaﬁ&%m?ﬂ‘%g%’&ma%om one side

t her eof ; rating sig S corresponding to the

contour o fs@?tﬁm%saﬁle}éﬁgﬁgf geh?og %aroaft a %x%lgﬁq geiégtnaigéfer%gir sulrf%ce

passi ng be sai ensor bar as's

BﬁﬁasﬁttQQQ%gﬁ%ﬁﬁ-15 det ecti ng di spl acenent of said
SENSsor %ar relafive said surface as said sensor 16

bar is passed over .and. al ong,sai d i.tem and generati ng,
cor r espon &5 %tbve ira%Vélil%s’alcgﬁs?asog bar ang sala support surgace 0 cause Sgld sensor

bar to pass over and along said item from one side thereof}

generating signals corresponding to the contour of successive sections of said
item passing beneath said sensor bar as said sensor bar is passed thereover;

detecting displacement of said sensor bar relative said surface as said sensor
bar is passed over and along said item and generating corresponding signals; and

processing said generated sensor and detector signals to derive therefrom
coordinate data defining the configuration of a segment of said item which has been passed

over by said sensor bar.

111.  The method according to claim 110 wherein said sensor bar is

manually held when being passed over said item.
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waledounines t he configurati on of a segnent of saPdI/US®N3/041365

whi ch has been passed 19 over by said sensor bar. 20
21 111. The nethod according to claim 110 wherein said
sensor bar is 22 manually held when bei ng passed over

said item1123 1%6 mdMod QPARRILR8mBS Horralia Q_Aa]ﬁjh@%tase} of a
0O a

112. The nethod of cutting a segnent froman item

ﬁéﬁim’%ﬁla@%ﬁt&fcogcgmgﬁ§hg@lgsﬁéﬁ§&ht or cost conprising the
steps of. 3 passing a sensor bar over said item

capabl e ofpag@nes @hid gal%vgpﬁgﬁteflﬂ %hn%g Lﬁ%n%raﬁixg]ﬁ%%feg gﬁ)r}ngwhich

of each uncut segnent passed over

BRI vo R dFRECHUABU Ok HTE P%&e&%ﬁéﬁﬁf%ﬁhla&ﬁd

substantially contenpo Isplaying a

rel ated nyiRhia Pé/t'ﬁla Y6uAb 0?9&% s@g%?eitn%en%ggﬁs%%ntﬁgﬁrac’so%%ﬁ'{%b@ﬁeously

bar so as to allow view ng

. R .t i on. correspondi ng tQ o
gg@i%r;ﬂé%g g%gme nt Cg git{‘ﬁ gt?eégl‘i ?03?108 l?% s 3 sgrgtiaa gq qséwa][l%w viewing of
ﬁﬁ%ﬁ%%aﬂdcorfesponding sel ected item segment, whereby

an

accurately predeterm ned segnent of a desired

TR E AR A ARENCTATE O B
LA D5 B e A S R oty o

create sal 14 segnent. of a desired wejight or cost.
qact %%r preclle(iiermmed se en{1 ofa (Iesned Weslght or cost is defined prior to cutting.

113.  The method according to claim 112 further including the step of
marking said item at said sensor bar position as an aid in cutting said item to create said

segment of a desired weight or cost.
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