2 7 MAY 2005 -1 SYSTEM METHOD, AND PROGRAM FOR SORTI NG CBJEﬁIf
BACKGROUND AND SUMVARY OF THE | NVENTI ON Thi s invention rel at JWA&@Zﬂuﬁ(j
-of sorting and handling objects such 5 as pieces of nmail, including
parcels, and articles intended for conmercial or industrial wuse. Mre
‘particularly the invention relates to alfransfer and sorting system useful
in such operations as a hub facility of a parcel delivery system a

war ehouse or di stdydpENORMEREOD, BND PRETGEAMPFOR SORTINCGOBIEATS cust omer s
are sel ected and packed” for delivery, and sinmilar operations in which

items are stored for later use or 10 distribution as inventory, raw
materials, work in process ar t Ly parcel delivery

 system pacBWEQWM%M%?%M@@@nS for ultimte
transport to a large aynbere ahntinal (68 bmAlisBARs oA hafEls GhjédafiaUs |

delivery schedul e and provi de accurate deliveri es, a parcel” délivery

conpany 4isegs Makds Qi snalBiHealdi €dls,aud artisleadnienddd fogcanohetaiz vs irefustsigbt ens
to match 15 each incom ng package with proper transport to the dest.ination
of the packase. MoSipaticuldsh the inventien reatesde mieapsier 3y&IUHRE SYSER RN sed in

such par cel orting syst t 0. moyve par,cel. I I.n ] di ng docks to
out goi ng t ré‘ffi‘p?@fa’fa.ﬂgml'%}p? ﬁxﬁﬁaﬁ@%%ﬁ@@%ﬁigcﬁ{ég?r&? %gﬂpt%%g}elﬁ}%%gged froma
truck to a ﬁ?fr@%&ioﬁ"ﬁ‘&ﬂf@%‘%’hﬁdﬁ pré@idiSortibeabl Yustondisnge asettasamd mikckedrat i on
on shipping l'abel's attached to the 20 packages. The worker.then places ‘the

 parcel s ont eridelieiry] g smiiaeyperaions icwhick semajareHored FoRlaleRESaRr cel s ei t her

to a | oadi ng. dock for, | oading onto oagégi%i n&ttrucks or to another sorting

st at i onl® or digtritatips & i VEREEK FBRMAGT FhH RTBHES OB ey or di verter

- assenbl i es have been fch pexpsd 48 phaedup Menof
articles in conveyor g’?é&%ﬁgﬁgggﬁﬁr%@ﬁgﬁ&gr i’r? U % Patps. Nots). 25

4,798, 275 t Qah@RNkdatibnelor altimata fdngpolttd a Targe homBeurffeni destipatidnsoflowhi ch ar e

incorporated herein by reference. However, such diverters a)raécgfed
primarily t enedi vBgaroundeliveresshedwerned pravidleiapaiate delysrsy ot par Y&&ul t,

R S e A R R L b B S

t hr oughput F{TP i'near®  conveyor. Increasing the

" speed ofsa L] ~ e O qrin§R%t fohBe &Enofo®iithe Bitkaxpensi ve
equi prre;l aﬁ%@%%@gg%g%%l‘gg%%eﬂ;%%&suchlﬁ)ztf_forts are often |§I m'%ed by such
factors as the varyi n§impleieltandfolEocomayar syistimssire plercised i pyabpgree
requirenments and increased mai ntenance c.ostls. n some cotnv.egcgr-ba%ed
~systens, t hsmggpmtem%tognqvwceé@@gm incoming loading docks to outgoing transport.

Typically, conveyors carry parcels unloaded from a truck to a worker who manually
' sorts them by reading address infoi'mationA on shipping labels attached to the
20  packages. The workér then places thé parcels orito receiving 60n\}ey0rs or chutes
which carry the parceis either to a loa&mg' dock for lbading onto outgoing trucks, orto
another sorting station for a narrower breakdown of destinations.
| Conveyor di{/ertér assemblies have been developed to automate and
exiaedite imndling of articles in conveyor systems. Examples appear in U.S. Pats. Nos.
25 4,798,2-7-5 to Leemkuil et al., and 4,174,774 to Bourgeois, both of which are
| incorporated herein by j:efere_nce- However, such diverters are used primarily to divert
‘articles fr‘_or‘n‘ a main linear conveyor. As a result, such systems occupy a relatively
large amount of space and their throﬁghput is limited by:the speed of the lir}ea:
bonveydr. Inérea’siug ’the speed of a linear conveyor often requires the use of more
30  expensive equipment and control systems; and such efforts are often limited by such
factors as the varying inertia of sorted articles, precise timing requirements and

increased maintenance costs. In some conveyor-based systems, throughput is




-2 enhanced wi t hout i ncreasing conveyor speed by the use of p'z?s gngﬂnﬁ
subsystens which route an object to one of nultiple linear c em

dependi ng on the object's destination. Such pre-sorting subsystens
typically occupy substantial additional space, however, and often add
consi derabl e additional cost to the system Throughput 5 gains resulting
fromthe use of multiple Iinear conveyors are partly offset by the
addi ti onal ehimmcedyithowdndrgasitgcqpveyasspeeddpetha tsorf Pryapitvg SUbTYREMSsy st ens
~have been devel oped to, achieve the triple objectiyes of hi t.hr qughput,
conpact si z&BHFOPGA T 1o ‘ﬁ&%\%?%ﬁ@?f PREFG iff‘%?m%élgropg&e %ti)g‘gé_m shown
in US Pat de atigr%. 2§u%h§p§2.sminggn terbiyfilhliySodc BSPERRRLALIAGdARiREN ei n by

r ef er ence, stination des printéd on packages are machi ne-read, and the
packages ar gpidcepiisiever,add ofitwagibvwsildrabradditomahwdtiioshe ayaterh. e Thougkput
rotating distribution assenbly. The individual nodule is h@? otated and
el evat edS or grioRessBHIng; Ry the ysg RAEWLURIE RS RO 35¢ W@Viofée Y @st i nation
conveyors that..are spaced apar 0 ri.zontal ly and vertically. After
such ali gnrré‘ﬁll‘ﬁl,tm?ﬁém%or&ﬂ}ué% yo'lthfg?esgga}%ge&fggoglper ated to discharge the

package onto the dest iviglhh@BthePRYR havé BedoB:vBRPAELo achikst @1 tripkckages can
be rapidly sorted without human intervention by an apparatus that. occupies

‘a rel ati-vel pbjntvds od highrthrooghitpemmpaghyiee anthlowhest. daasstapiesinghoimianyn  U.-S.
- Pat: No. 6,005,211 to, Huan al [ r.porated hergein:by reference, which
" uses a st afPEHAYYCRENPIR "gpf'gnﬁaf'i}g‘ijisﬁégt%ggﬁ% OBBHv 6‘53 l%%lf??of%e%gort :
obj ects 40 ' f 1854 JIBAbHREE on PHIASORE hABhiBY SR Bnddhe Of
varyi ngI%ut ﬁFﬁﬁggk%g?%é??ség%ess idﬁéls achi gl\lll_ng Igli gh throughput, conpact
-size and | OPmﬂ@g&s arp athiferdsdty poweeid convaybamodsles meguicdiong retatingt i on t o

t housands of destinations. 25 SUMVARY OF THE | NVENTI ON T{%‘g tgr esg}g‘i o
i nvent i on pdistitigien asseapbacThe miiykdughmeduigisthen rotaied apd clggpisd or gvergthg

system based .on,.a matri.x co i_.Sing.. o 3 Dl i f 8 |1 pses
(each an " uﬂ)‘ﬁ%@l_‘%ﬁ’i)mglf O%n“orq%r\?’éf}%rra gté{e I Sa{“?‘@%”gai’%' bl{sﬁ%@ aé‘ip%'pgg‘fggét‘pe around-
the upper Le@morRosthePandierficdliys edfidranet flighntbnd uk@inbailes 8Alkhs guch | oop -
crossing, in a 30 different plane, at about four points, each of one or a
plural i 1y obpebtedro disdwege tkipapeegs onjoehe Aestinatiaeanveysp iy thefBa@sbeyor cel | s
(rcradie’) that cireulale proung, LOgd el hooR ik ElfRh,hn Sphlatgd | enoth

that occupies a relatively small amount of floor space. Another examplé is shownin

 U.S. Pat. No. 6,005,211 to Huang et al., incorporated herein by reference, which uses
a stationary matrix of multi-directional conveyor cells to sort objects to a plurality of
20 destinations. |
Such sorting systems are of varying but limited effectiveness in
achieving high“throughput, compact size and low cost, particularly in circumstances

" requiring sortation to thousands of destinations.

' 25 . SUMMARY OF THE INVENTION
o The present invention providés a c’ompa_ct; high-speed and efficient
.obj ect sorting system ba;sed oﬁ a matrix comprising one or a plurality of c‘Iosed ' |
- ellipsés (each an “upper loop”) of conveyor cells (“cradle”) that circulate around the -
| i upper loop in steps of a fixed length and duration, each such loop crossing, in @
30  different plane, at about 'fou.r points, each of one or a plurality of other closed ellipses -

| (each a “lower loop”) of conveyor cells (“Cradle;’) that circulate ardund the lower loop ]

in steps of a fixed length and duration.




According to one illustrative enbodi nent of the present di scho?t}:'a t@e;
is presented a systemfor sorting objects conprising a contrdl | Y d;)

first conveyor sorting matrix and a second conveyor sorting matrix |ocated
bel ow said first sorting matrix. Wherein said first and second sorting
matrices are each adapted to 5 receive and transport one or nore objects to
be sorted. The first matrix includes one or nore primry discharge
apertures for discharging said objects to said second matrix. The second
matri x includes one or nore primary discharge |ocations for discharging
sai d objects to oneAaording & awlillesttition embedisnenf6LME Gddgnt discidratder
illustratjve. enbodi nent, an_apparatus for 10 receiving and di scharging

obj ect s tFTHE RIGIHI aiystenifor sortige ebiectspopprisinggciontg! unibadirai n t he
appar at UsofRyBf bfifig thaldl indd s | ' ' nted
fl oor por?i on sar]dvx%ched tﬂh(géSebgﬁ&mgglrﬁ?ﬁé%ﬁﬂfgﬁgﬁggg?eﬁg‘?gal?)ofrﬁjfi?on i's
nmovabl y sertingehedtxt $eheinkhiddirstpodtseamdasodingxharides ae tadrdayted vy

t herefro Accor.ding to another illustrative odi ment, .a system for

sort1 o TR0 e E BUE g obiorts T PE et ol st WA ne AP on

assenbl y opfRRd SEmhS diHatdehpeRlies ErdidcRhrpd) daidobjaid iPid!RREhd SOT ti ng.
circuit adjacent to the induction assenbl’y and adapted to receive objects
t her ef r oMatipheFled secand Biagix wekludeshepectrmmere prisraps disshargelcatigaifor upper

sorting gi L] i pted to 1 i ve objects therefromfor delivery to
a desti glashﬁ%gﬁl’égg@r%??%g%fp 35@5?5@268@{‘/? S'obj ects fromthe upper and

| ower sorting 20 ciAceoudi to@aether ilBkaiveantvdin&at diippataniaynt ed to gat her
dat aé@n t he. one or more. objects provide inputs to a control apparatus

connélt efFElyngRd; digrhatgingobiede s soried by apgpins ysiem ingrasentedi t, the | ower

sorting gi ' r [ trol

appar at u?hégwd%eggﬁ%ﬁ%ggg%ﬁ sa I{‘Tl(ﬁ)}r(ﬁa%?@% ??Igﬁlﬁ?é&gﬁﬁ%vé?épglﬁ ﬁtggch obj ect
to the désaer pvetiorosandssehet tyereRbwéacthe dide idees. aA@atearoriidd isstdvably e
enbodiment, . a . nethad is presented . for sorting objects conprising the steps
of provi ﬁ‘iiaﬁaf’dato h?\?’PB‘TP‘UﬁP’E‘ a’t“_é)e’&t@i‘ﬂsr%‘ltwﬁfl‘?@%%%‘tt%e G8ess of objects in a
sorting matrix CO”RE{:&HH% etgaﬁbt!hé:tillﬂélgatﬁye%ﬂﬁa%ﬁﬁ%%n@[alaﬁy@&n{%E torfingand a

> ! y i}
plurality of collection SO provi e% for

of ¢ tinations. The met
di veld i nepieaspjsaresenteihthe spstemaompnisingdinriadicsion kssetnblynadapteditngecefvean obj ect

to be sog. rom.the aOfirst matri.x to .the second,. rix and th
transferrrng of “sal ' T 0] one o
tor S bt Bkl dn i ol gl s B '2EBHE REERXD one of
the col I'ehptedio d@sivebjdcttierchomh, Mi¥redDR owerdorting dHcaS BRjssds m8&H | on
provi des an inproved object sorting system and
_ said upper sorting circait and is adapted to receive objects therefrom for delivery to a
~destination assembly adapted for receiving objects from the upper and lower sorting
20 circuits. One or more sensor assemblies mounted to gather data on the one or more
objects provide inputs to a control apparatus connected to the induction assembly, the
upper sorting circuit, the lower 'sorting circuit, and the one or more sensor assemblies.
The control apparatus sends output commands to facilitate the delivery of each object
to the destination assembly.
25 According to another illustrative embodiment, 2 method is presented
for sorting objects comprising the steps of providing a control unit to control the sort
- process of objects in a sorting matrix comprising a first and a second sorting matrix
and a plurality of collection destinations. The method also provides for _diverting
 objects. The control unit directs the transferring of an objécf to be sorted from the

- 30 first matrix to the second matrix and the transferring of said transferred object from

the second matrix to one of the collection destinations.




met hod, particularly for use in a package sorting and deliver -ZW
also for use in a sorting systemin a warehouse -or distribuLi iz

The present invention provides an object sorting systemthat can sort to 5
a |large nunber of sort destinations: and yet occupy a conparatively snall
space relative to existing sorting sys#tens used for simlar purposes. The
present invention provides an object sorting systemand nethod in which
mul tiple streans of olphepicSeriiyventios provirtts ah imptosedobisttysortingtsygtiemt andoughput
rates despite relatively low |ine speeds. 10 The present invention provides
‘an object saortlodgpatistiery fndiserin hparkpge SW&W%%W@EW%“B{Q%?‘FQ can be
routed in advance to its.sort destinati 0!?&‘0% il ubsequently re-routed in
certain ci réhﬁﬁqr%{ﬂ%é%g,te%%%ﬁa@mﬁ?emg}l%% tabf'e Future location of such
obj ect and of each eaih} aresallififhriol BRI S8 Bbickriceid eyRtat it dasostno obj ect
sorting systemand nmethod in 15 which an object to be sorted can be :

di vert eds f r gmarbh guGbEtdfRor dysinativioandret beaupy atcomparagyelpamatisP#icocessi ng i f
the object predictably cannot be rout gto i,ts sort destination wthout
confl i cti ngrelitive tolssispag sAHBE &St%?%?g OLGHREE PYRSYgh the sorting system
The present invention provi abj.ect | Ve aneinBedd ih

whi ch an object to be@gpféggﬁgﬁlgg?%%%%ﬁ%{w}ﬁ%ﬁ?ﬁscati on and then
transpor t ed yifich RQitipleSsue@ink od85jkbts alaydr soitehgintulimwusiyed highrthroyehputt he

obj ect. The present "invention provides an object sorting system and nethod
in  which objtecdspsordaivelydow Imgesppddsc sort destination can be grouped at |

such destination wth other abjects sorted tq. ) j @R in and
thereaf@r transferre hﬁgres“@_&tﬁn - 18?86%“#%9‘“536%@%&@%%5%hﬁ@o%tﬁ{ehr obj ect s
~or obj ect %%‘f&sanscﬁ{'%&% b0 clifah 8BtoR& Bl malh 0B sort wkstinatorsandi st i nct
obj ect groups fever thel ess possess one or nore common characteristics
such as t he sgnguaelyiryesyted ehietthin drcurshneisnbased on Herpredstabledyugnd

advant ages of the present invention w.ll become apparent upon review of
the fol I ow Aepatior af sush obiestandRLiBeh 83l W -er r ed "embodi ment  and t he
attached drawi ngs. 30.2 7 - PRI = CRIRTY SNt&ar addimeBPRAM NGS
Fig. 1 is a top plan #g\ﬁreﬁwaﬁg%gﬁogﬁ%@cosﬁgi ng to 'on%ggnbodi ment of the
i nventi 98; hich an object to be sorted can be diverted from the sorting system for recirculation

or manual processing if the object predictably cannot be routed to its sort destination
without conflicting with the passage of another object through the sorting system.

The present invention provides an object sm_‘ting system and}method m
which an object to be sorted can be scanned for identification and then transported to-

| 20 its sort destination without the need to re-scan the object. _

The present iﬁvention provides an object sorting system and method in
which objects sorted o a speciﬁcv sort destination can be grouped at such destination -

_ 'with other objects sorted to the same destinatidn, and thereafter transferred as such a
group for aggregation with other objects or object groups sorted to different
25  destinations, when such distiﬁct object groups nevertheless possess one or more-
coxﬁmbn characteristics, such as the same delivery vehicle or pon_tai:_ler. '

Other features and advantages of the present invention will become
apparent upon review of the following detailed descriptioh ofa preferred embodiment
and the attached drawings.

30



Fig. 2 is a side elevational sectional view of the outgoing run of the 5
upper-loop sorting matrix and an end-on sectional view of thgszﬁYI g
sorting matrix of the systemdepicted in Fig. 1 taken generally along the
line 2-2 of Fig. 1; Fig. 3 is a side elevational sectional view of the
return run of the upper-loop sorting matrix and an end-on sectional view
of the lower-loop sorting matrix of the systemdepicted in Fig. | taken
generally along the line 3-3 of Fig.-sl; 10 Fig. 4 is partial diagrammtic
view of the upper-loop sorting matrix and the |ower-1loop sorting matrix
and a si BRIEFOESCRIPTIOBNOBITHE DRcwmEgSconveyor of the systemof Fig. 1
Fig. 5is an enlarged view of a portjon of the upper-loop return-run
depicted in Fig. 3F&d igpadop plapyiey of Hyyseruepcardiemis eneismapodime®bodi nent  of

the net heg @fentfole Present invention; and Fig. 7 is a block diagram show ng

the input signals to the control unit and the control outputs therefrom
20 DETAI LED DESCRI Pig. ONs @BidedievBiRMAL bsGoid vicw obthe cagaimglainsifalieli ng of t he
principles of the j.nvention,. reference vv'iIJ now bg) ma‘ge to a nunber of

pr ef et r eHPRFFIER FRstipg ma agye0d-on sreiiona! vighaeh the owgkdoyhssting ¢ | anguage
Wil be n@@ek b0hEepsidh depiRa is piE- 1\ ; erstood that
no limtation of the sco%e ofﬁtﬂglité]ﬁ\fg\#ﬁl%mhﬂfgﬁ?%gﬁe%% %?gﬁg% . 25 such

al terations and fuFithérs asde klevationahsectinnal véew bf ths retatreninenfitledi ment s, and

such fu f li.cations of the principles of. the inyention as

illustr a{l%‘%?'tl%%?%rgﬁl?g Wéﬁ*‘gan%@gr?flg' %5t éodlgL?cWI"%e ﬁ&’reﬁl‘?q%ﬁ"%r to one
ski |l ed matrixef the systen dBpicted idRigl N ¥ARhieRbrallEhidh@he 1RRIES bEpG. MOW to Fi gs.
1-4, in which like_nunerals refer to |like parts 30 throughout the several
viewd i1l ustrati vBigefivearheldiagranmatie vieysefthe uprerreemeating mabiilyi ng t he
resent J ' [ . hod for sortin
p éﬂ?i"tﬁ@%vﬁéll% s&ﬂﬁ%"ﬂ‘[aﬂ'ﬁ‘( ﬁl?i(r)z%/ %1@%&2}?@’&2&@?1%}8 g{ ggqa(ii(fg;%gy gonve}r%r. 9

obj ects 110 such as ‘parcefs Is p conprisi ng

gener al | of the Fysidr oPBP51; -6 a control system 120; an induction area assenbly

200; an upper-|oop_sorting trix. 300 consisting of longitudinally

extendi ng, general I 6%@@8%5@?;0% RogkHRat off the PP dPen FTAEHR | x 400

consi st id@,i&éd{nrﬁ@s%ersel y extendi ng, generally ovate ellipses; a

coll ection-bin |loading area assenbly 500; a sack | oading area assenbly 512,
532:15and Fig. 6 is a flow diagram depicting one embodiment of the method of- :

the present invention; and
Fig. 7 is a block diagram showing the input signals to the control unit

and the control outputs therefrom.

'20 DETAILED DESCRIPTION OF THE DRAWINGS
To promote an understanding of the principles of the invention,
reference will now be made to a number of preferred embodiments illustrated.in the
drawings and specific language will be used to describe the same. It wﬂl nevertheless
be understood that no limitation of the scope of the invention is thereby intended,
25 such alterations and further modifications in the illustrated embodiments, and such
further applications of the principles of the invention as illustrated therein, being
- contemplated as wduld normally occur to one skilled in the art to which the invention
relates. | |
Referring now to Figs. 1-4, in which like numerals refer to like parts
30 throughout the several views, illustrative embodiments of the system and method
embodying the present invention are shown. A sorting system 100 and method for

sorting objects 110 such as parcels is provided, such system 100 comprising generaliy




orientati on ggf udeh® o8y 5t @BTEMVenes brothbdift dedea($)be dleyatett

5 a | oose object |oading area assenbly 518, each as further Cli

herein. Referring to Fig. 4, it can be seen that the iIIustzg?ikbﬁfggﬁﬂﬁh
100 is a multi-level systemwth |oading assenblies 512, 518, 532
occupying the |ower levels. of the system 100, with the collection-bin

| oadi ng assenbly 500 el evated above theg-1o0ading assenblies 512, 518, 532,
with the lower-loop sorting matri x 400 el evated 10 above the collection-bin
| oadi ngasseblaye 300 ob fhud iBudtRASked AGRSIONOING upptloop sSADgebaal ed
above the | OWer-10 p sorting matrix 400, and with the induction area
assenbl y 2080@bauatiad oabayindiheupperding gpnesdht dvale HPIESX BUGT-19P wil | be
appreci ated that the vertical rel ations

i f . the dif t I, f the
syst em coul &ﬂibéﬂlﬂh@ﬁ@%bcqnﬁls%&ﬁfﬁnsé’%agf%6%9@8%&63%? ﬂ?ggtg eﬁﬁ%%g’gg\sli ges. ©

For, exanple,  the induct.ion l,ﬂ},ﬁf%i ' a0 AreaQuicsn e S8, 532] aiger

| evel relat FW@CCFSH'F%%%@IHQQ%%W%One tggétfrgra%%g%dﬁ?%e use of?qne or nore
‘conveyors oy |QiBebjekd bhdidg Wiea @bsemblps 18, exctt & futiberabjabed dpreiy be sorted up
to the upper-loop sort matrix 300. As will be expl ai ned furthe[qpbel ow, a
series of conveyors 5BeferB@sto Figdbrit ¢aa bereercpi e iSHaBHSYSERY Ty ° dssenbl y

. 500, as does _a wal kway 60 .ch lies,. radd ¥ad . JLhe .
col l ecti on- B}%tl'.ll‘?i’ﬁhﬁ‘?@m?fyltgé , ?Ss%gh‘%ﬁgﬁ’pflgéé%%gccﬁlpgl%g;tﬁ%ioﬁﬁg%ﬁl?on
assembly 200 L angltidioBobly speiiechdiesiafisamy auanbly 500 daurcdndoadtithe

upper -l oop sorting matrix 60 in general. alignnent with the Ion%ltudl nal

" axis of ‘sai ghauei dsken@les 302, J18; HAM iituhatowes-ledresortishgirt bt WALSRGs of the
| ower -1 oop sorting matrix 400, thereby. s rating the, coll i on:.bins 501
into twbo'si db‘&feAhﬁgﬂi%Fio%‘PW\lQP@M%“@éﬁ g‘ﬁf@’ﬁ tﬂ%ﬂ%ﬁ‘:{'&%ﬂpn%"ﬂ?%fﬂg et ween
and general LLy.parallel tqt QnVeyar ix 4081 ghdCRRY MEAhGudtioh apaoceed
laterally a;%ﬁ(}e%%@ﬁ?‘?v%?vf\?%%ﬁg’&gqﬁq% %%I?gr%t%lgl rection indi c_aI% ed by arrow
507, in ordeLeendt®y S&F Mevaed ibost tifd Wpeploopabitmgtmzrix BOSItSOL bewhi | e
conveyors 526 proceed laterally away from wal kway 618

_ 0 in ,a second '
direction diapgretiated i disi vesticah aalatidnshipraf dirodiisrspt gt %%é]te%flégge%ﬁo"gﬁl r ow

527, Lher ey ser vl 00, ausosond, sl e ol LU 00! P SkpiShamvaar 516

is elevated

rocee Iy away from

wal kway 388 :1in§°%gs‘éﬁ9@%%(§g&u}c§ﬂg§f SRGcRlRclaenarald e ofter panpomentsahrongh

wal kway way of illustration Onl%é the verti cal

: oy . _ : oliar(s) (R %k way 600
bt b sooiven oy 10 AL BRI, avove
the val kway sgr?e()s citjgzo;[nbeeyo?srﬁj%, Qiﬁ,tu*ﬁﬁeﬁig lﬁke?&tlfe&fbnblgiﬁ 1&&21%5@ #¥embly 500, as '
does a walkway GOO'ﬁhich lies generally in the middle of the cpllection—bin loading
20 ‘. assembly 500 and procéeds from the .induction assembly 200 longitudinally away
therefrom toward the far end of the upper-lbop sorting matrix 300 in general |
alignment ﬁm the 10ngitudinal axis of said matrix 300 and perpendicular to the
- iongifudinal axis of the lower-loop sorting matrix 400, thereby separating the )
collection bins 501 into two sides. A number of walkways 602 exten_d longitudinally |
"25 between and generaﬂy i)arallel to the conveyors 506. Said conveyors 506 prqce}:d
laterally away from walkway 600 in a first direction indicated by arrow 507, in order
fo serve a first side of collection‘ bins 501, while conveyors 526 prqceed laterally away i
" from walkway 600 in a second direction directly opposite fthat of conveyor 506 as
- indicated.by ATTOW ;527, thereby serving a second side of collection bins 501.
30 - Conveyor 516 is elevated above conveyors 506, 526 and proceeds -
' lateraily away from walkway 600..Conveyor's 506, 516, 526 are generaHy | _

perpendicular to walkway 600.




5 assenbly 500 are the conveyors 506, 526, which then rise a further four
toten feet (1.2 mto 3 m) up to their discharge point to th hdiAYNZ0NH
assenblies 512, 518, 532. The collection bins 501 may rise to a | evel of
six feet to ten feet (1.8 mto 3 m above the wal kway 600. The | ower-1oop
sorting matrix 400 may rise between four and six feet (1 mto 2 n) above
the collection bins 501. The upper-loop sorting matrix 300 10 nay in turn
ri se between four and six above the lpwer-|loop sorting matrix 400. The

i nduction assenbly 200 may rise between four and six feet (I mand 2 m
above the upper -1 oBp vagrdfiilhgtreasn ondy 306 veriki dipntdtRnt Tt syRRIngayof the

illustrat]j nbodi . t 8 28 feet (5 d9m. It wll b
:applrJZcir Zt é%ﬁ‘\rﬁglf gﬁshageglﬁlfgﬁ@#eo aﬁ?@?f?@@ﬂé gﬁﬁlgbﬁgﬁggw@%nyeyor s 586,
516, 526, lodlesipfifieh bemalsyhien e, Bicval!fih ifified ReliMBicR by @hoad1 LI onal

| evel s of sorting matrices 300, 400, or a I'nducti on
assenbl i essveBbiogbimaterspitowe theewalrerpb00 hethglateaaff thdeolkytivebinl0&dingi ni | arl vy,

the desir mmogdat e | ar opj ects mght. i ngrease the size of the
col | egjt i O%S%rﬁtﬁ@%gﬁic tgg oY oggoéhgie\?@“ﬁ’ﬁh% n st rg‘é‘l‘\&%é“rﬁl feele upper 300
and | ower (1408 16 alrh) Wto thelF HisdRgeARIndI8 NERI gl bidtiick 81 8] 5180537 nduct i on
assenblies 200. In short, the 20 vertical dinensions of the System 100 are

not a cri thecepllegiandins 1 mperisatpenieve wf sixHaetteten fehe(1s§ metodfm) slwvear gest

object 1 SORt il h rinci factor in eternining the
princi paﬁﬂsg@%%gﬁ%gi qrrgﬁg}%vlééﬁs}g(?ﬁ gc{rﬁlégrsr?gfxe%@l%y r%éetg\g;&l g‘?ﬁrfﬂgs'ﬁas t he
fol | ow ngfesit(l metod @) abske thelcdlleettbn binB 805y The ippr6opBsiag nRRet 34 as
follgb/_s. In such a %stem the objects 110 are delivered to the 25

o

i ndu A"y BARISE PBIWEeD dour apd sph abevgdhe tavem-leeresprtiog maprax #@usTheasks ar e
f ' i ' . d bj 110
i v ect o I eF o 0ol OOEA RN Sho o PR R0 FL Al R RE cater

~directed by the cont escr n Breater
det ai | belppev-loFheortiogatix 3905 ekink2Be toshll Heighit bh e itusteitive eibodiamaal

processi or furth re-processing, .qr advance to the _upper-|loop sorting
mat i x 3007 eERdH 2B B Aet 16wl rifldg ppisriasdchetbo adligeel 30 on
dest i nat iferhdr MveIsBE kR BwhPKSHV e 6:2 5062515 9@6,%9%&1&1&&9 1&3?%1# e Rgdner

information as wi || be €xplained, t’he_ control system I rects each
advahe ed bbWj 384 orpdditionaklayels of seridnmmatrives B, 460 por-addipnablevelngf nat ri x 400

or inste [ nua L.OCeSSi n 7 Y. 2005 -8 or. further
pre-pr oczlghsu}cﬁ%r%s igrﬁgﬂl?easr y,wq'lhu%%é%ﬁﬁ? BYG@ET’WN‘%?BC ik Slt?m(}lgpeéfm Lyh obj ect
110 in tdtendesive tr @porhinddate e gbrbsctd Rt §RYdHsE theFld d¢hd BQIdcAbn BREVAl

pr ocessi gggor further pre-processing, or to drop to the collection-bin

- | oading BnBrY asthe vedical distarrsstveenihauppmi8) ond 1606, 409501tiB26, to eit her
the sackp,aadk 984 ﬁ&%&pﬁﬁltﬂglevé§ 9f induction assemblies 200. In short, the

20 vertical dimensions of the system 100 are not a critical aspect of the invention.

Rather, the size of the largest objéct 110 to be sorted will be the principal factor in
determiningthe principal vertical dimensions of the system 100.
The system 100 has the foliowing structure and, in brief, the system
and method opérate as follows. In such a system, the objects 110 are delivered to the
- 25 induction area assembly 200. In the induction area 200, various tasks are performed
including the scanning of a label atfached to each object 110 as directed by the control
system 120 and as will be described in greater detail below. The control system 120
will either divert for manual proceééing or further pre-processing, or advance to the
7 ' upper-loop sorting matrix 300, each abject 110 frdm the inducfion area 200. Based
‘30 on destination information taken from each object’s 110 label and other information
- as will be explained, the control system then difects each advanced object 110 in turn

-t drop to the lower-loop sorting matrix 400 or instead to drop for manual processing




5 or the | oose-object |oading assenbly 518, as appropriate. FUHZ Mé)?e?ﬁﬁg
objects 110 w Il then be | oaded onto transportation to each ol éc ‘

destination. While a section specifying the detailed operation of the
present invention will be presented below, further description of the
systenmls 100 structure, wth acconpanying overview details of its
operation, will first be presented. 10 As noted, objects 110 to be sorted
to one of a plurality of final sort _glestinations enter the system 100 at
t he induction line assenbly 200. Two induction |ine assenblies 200 are

depi ct ed drifuith? prd-brosédsilel \StmARRY AheBtirot 3 1190 K dirbet 4288 Bbjekduct i on
l'ine assenmbly 200 conprises a pre-induction holding area asserf!bl y 206,
whi ch f eedd iafum & divprdeonn dhe-lawerylaey sprithganiton 400 fiesman@] pRE4ssimnet whi ch may

15 inclu -rol |l er-conyeyar, ..Or.. | ape do t e intake
conveyor qﬁ'&gﬂﬁ)ﬁ%@? esin g {?s 0%}/%1 |t?“?%’ogr%’é%&grn&qs§%@5%§bgﬁrg. Each

i nduct i onranspeet, 22onRArNSE6, 316 SIHE eiflfer HeQRES BaBBgZR8@sH1F §TRr9331 Ng an
intakg conveyor 208, a pre-scan accunulation area assenbly 210, a scan
zone 212 0T lparsRtyecd fradingassgmidy 518, @a@ppmmlinllzmme&sqséﬁueqﬁ VK t
accunul aty; , i fon-1ine-t.0- : p 20 di scharge 240,
and, opti olﬁgll1 y&gg%ﬁﬁ %@%‘%@g&%&ﬁﬁ 3@??6 g‘:tﬁo(%g{%%?l' 3&9 %I%%ﬁ%ctulogn l'ine

f ork 236 .sp&alyingnhe getaidebopengionawfebe pdSent 2hntidd Rill Bd dres@dbd bald®, 240 ,
extends _Jdangitudinally toward the sorting matrix 300, 400 and such zones
are generﬁérl(&Peg deSé’F‘PB?féB%/ﬁhﬁ S¥iens ot QO RERIERIEs: Ffith-accampay ing opsryiew detailsd 2.

AIthoughotngggergtgﬁ@@ﬂgg@stbegpéemg&_o,' 212, 214, 236, 238, 240 are generally
“depicted in line with each other-and 25 with one of a plurality of

respé@tive upper-| depotedyaltjects 3l inbe $ariedso 86@of mplubadity iof Finsitsostt | ve

enbodi nment ... t hey need not be r, ex le,..each ind [ |ine 202, 204
could, feg%ft%%[g r}éieﬁl e(Sﬂ?ets%’ Stzgg’s{)gch Bgtﬂé?:l‘“aggtéor“ lfrl?&ﬁs"ﬁ@@y?ﬁba%@dp Yi#angl e, and
the i nduiaé aembiics20004s defided MiheliBusdefios bAbSAmERPHowWCRFiS02 BRY! d be
offset fromeach other. 30 Each of these processing zones 206, 208, 210,

214, 236ndpgon hingpssqmfdy 36@ sowpsasra preredusdian bnldingrarea powmbbtol | er and/ or
por f or m e ceds Mt B EREChorf B YOl Chud082 28 54wl on  unct | ons
as descr inohdebqloweredSoHer-zaiveydr] 3r indy klope doWHRS tedtitalks eanvbybe208/i ghi ng and
mechani ST 5S5F GFROFS GBgE PPISE 19E: (Hach HAHFHOD Gnp YD a0t hat  di <
mechani sy, : : |9 WE- | YeHOh NG, t2di scharge
219 | SO UhmBRI BRIt Sonds B iy AR REALS I or 98! PhleSein OF 2 Oravity
‘ accumulation area assembly 210, a scan zone 212, an induction line divert area
assembly 214, a post-divert accumulation area 238, an induction-line-to-upper loop
© 20 discharge 240, and, optionally as in the case of induction line 204, an induction line
fork 236. Each of processing zones 208, 210, 212, 214, 236, 238,'240 extends
longitudinally toward the sorﬁng rnétrix 300, 400 and such zones are generally
aligned in spaced succession as shown in Figs. 1 and 2. Although these zones 206,
208, 210, 212, 214, 236, 238, 240 are generally depicted in line with each other and
25  with one ofa plurality of respective upper-loop, ovate sorting loops 302 in the
illustrative embodiment, they need not be. For example, each induction line 202, 204
could feed each into its associated upper loop 302 at an oblique angle, and the
induction line 202, 204 and its associated ﬁpper loop 302 could be offset from each
‘ other. _ ' |
: 30 Each of these processing zones 206, 208, 2 10, 214, 236, 238, 240

includes one or more conventional powered-roller and/or belt conveyors, with each

zone configured and controlled as appropriate to perfonh advancement, accumulation




5 conbi nation of powered rollers and gravity apparatus. Object
manual |y or automatically inducted at the intake 208; accumnul zt-éﬁﬁms

pre-scan accurul ati on area. 210; scanned, wei ghed and dinensioned in the
scan zone 212; diverted at the divert area 214 for manual - processing or
recirculation if so directed by the cont%ol system 120; and (if not 10
diverted), accunulated in the post-divert accumul ati on area 238 and t hen
advanced at oriheuRiss hakgenAssRiNbEd B4BW. rgc@naoﬁnmmamomﬂsae upper - | oop
sorting matrix 300, which conprises one or Iuralltg of ovate sorting

:jOOpS 30f2 Asarjrirsg, lvmcﬁghurgglm@cﬂuuen%ominade\tlmn jeerbisga 206 futhep gRMPPEE t o

0
for “the oystbiremasionons, s finhgrbesieehy. i oot Mttt Pders
for which a%&f&;ﬁﬁ@%ﬁﬁ@}ﬁ% %ase b QM@Q&%@?O&?J&‘&"@:&VMEH@& 309, 400 cannot -

- be plotted e unable to conplete aut omat ed sorti ng.
| n order 5t 0 ceabimiod af powered rapecim] grivdndippagiusasks, as will be further
descri bed herein; the induction assenbly 200 further r ead
di verter 216, a no- reé?f’J%ﬁtSIé]fqaréé‘?ﬂPé‘?%YOfZaL‘@m%ucﬁﬁ eg?%h@ aﬁ 2(ﬁea 20

assembly 200, ST R PEESH G ANEL 8t 02 ey ULAT ARESS NG I ver

conveyor essl Nng area asse a reci I’CU| ation

di verter 228;mansidiR@ ik tHelsaid QJheSled&v&:ﬁ&,at@lef(ﬁvéred’ehaidﬁﬁmnml/eyor 312, a
recircul ati on conveyor 232 (Fig. 2), and a recirculation to nanual

processi ng giraesding ox?iSdlICﬂTdrtmndf sedirectedehibn P@ﬁ@l sygemA29; and@ R rpri se one

. | h h I Th
e e B oy Bl S5A 5 B S NGRS R AR

- belt conveygy, cthhéhai%n désséﬁ&l Ol chib 'a%}ad'ieefdd&ﬂhéhpl% 1660YEMAE 3R 300phi ch i :

| ocat ed bel ow cti o assenbly 200 and the upper-loop sorting natrix
300, is al saviae smtprisas etic o plomlispof ovag gortogelespd302 eci rcul ati on slide

311, to which objects 110 are diverted fromth r-1o0 matri
300 if they have {‘al | e g mentigped, thiiad @W@ﬁeﬁ'ﬁ%%g&f ﬁ’fé‘ig%a Yfop § ,
sorting nmatrd x 400, [.C t 2005
-10 C_bjgect sfl ‘&PUF“&LW%%@S :11 dg?c:ﬂloagé a:é‘r%r’ggggg)oqﬁﬁ%gog‘?ﬂe S)%-hezn 5/l(i:)‘g?weyors

218, 2245 t hG: QA do¥in, WiEcEABRe uBFealISabblo Obr ﬁhﬁwaﬁmsﬁruc&fd gatlom t he
. gravity sI| e 230 to thé failed to drop conveyor 312, by way of grawty

sl i des (not thiehghhe septingmhatfin 300400 daynas b gpéotRE T, WINGKI\E%FWIS@M&M le
mechani sms, such as unpowered 5 o 8\/\_/ered r ol Ifars ﬁou d t]l YSe
“addition, tﬁ‘éc@@m@)ﬂ&ml@qﬁd serting. g"l‘? erjg gcopmmodate such special-andlirg taSkS

-as will be further described herein, the induction assembly 200 further compnses a

no-read diverter 216, a no-read divert conveyor 218, a no-read processing area
20 assembly 220' a manual processing divérter 222 a manual processing divert conveyor
224, a manual processmg area assembly 226; a recirculation diverter 228, a
' recuculatlon slide 230 a falled-to drop conveyor 312, a recirculation conveyor 232
(Fig. 2), and a recirculation to manual processing diverter 234. The divert
'mechamsms 216, 222 228 comprise one or more conventlonal dlverters {not shown)
25  such asapop-up roller. The conveyors 218, 224, 312, 232 may be elther' a powered-
| roller conveyor or a belt conveyor. It will be noted that recirculation conveyor 312,
" which is located below the induction assembly 200 and the upper-loop sortiﬂg matrix
300, is also served htelj in the sorting process by recirculation slide 311, to which ~-
~ objects 110 are diverted from the upper-loop sorting matrix 300 if they have failed to
o ‘30 | drop where prbgraxﬁmed to the lower-loop sorting matrix 400, for recirculation as will

be described.




upper | oops 300 could al so be el evated over the induction |ine
200, and if so elevated, could use further |ift mechani sns to?rm?y?l)%

objects 110 to their level. Simlarly, the objects 110 drop fromthe
respective conveyor 218, 224, 312 to the conmanded destinati on processing
area 220, 226 or recirculation conveyor 232 via a 10 respective gravity
slide or conveyor (not shown), or perhaps even in total free-fall. In the
illustrative enbodi ment, induction lijge 202 is a straight-through |ine
feeding a single sorting loop 302. In contrast, induction line 204 is a

bi furcated |ine hagbjeets i drogE6H 188 iddubGorf BhkasddfplyMuioah t@d | ows the line
204 to serve nore than one sorting |loop 302. The illustrative enbodi ment's

three sor®nkgyoarvdls 226he sravily shidead X obeppesdeanicragies BB or Siongthe

strai ght -ghtr: |k - i i ndu | i ne<havi.ng,.,t forks.

Mor eover ,grgl%ﬁg@elnggésmg%l% t?ig??%—g%‘rve%fjtl:z?ﬁ%}”%afHaﬁgg%}’fgvvtﬁgt used al one
or in anyhewnjixeat fongtaeity BidecI30ptoeiver, bllRr inttBariiis, RUCDA urPpbwaddt | ng

| oops_302 as desifed. | ndeed, .as will be discussed further, the three-|oop
syst em 16 PREFEoligiaccouidamsed. n pdditign theconyayay 218, 2234 §é2. Z¢qarem ni ght
cont ai n, ﬁ{@ﬂ | I t -kLve or
nore | owél?ﬁfrolggs sgfc \?gdj,\@% gehIf/lg‘gﬁo%){’%Jéweoﬁag%{onsl?%% Seaﬁgy 2&1611%} ‘l(;)or ked

i nduct i oslavatedscoulibjiedishdrllift mechamismsdp rais¢ eljectwil 0 tonder i€vebm t he i nducti on

assenbly ,.200 to the u -1 00gp sqrting natrix 300 | ch, in_the
i 11 ust ;ﬁ?mﬂarbﬁﬁ%m%ﬁ? T éwpf?%g)f e 8%"%%9‘5"215%%1|3\;\9#‘!§ A3 ethenal 1y
ext endi ngomélandsfd¥ahtionSRoédsEidy lafé%@?(), 25 QGeEkAARIEhS o}r%ﬁ‘?fié’zpper | oops

302. Each loop 302 has a longitudinal axis which extend ongi tudinal ly
away 19 r omspertivgamavity slide on corvezonfnotshows),copedmpoavimig totahffesfilbn 1i ne 202,

204. Each | oop 302,hgs . | ural i of upper-.lo ls 304 .or. cradles, one
or nore cradl e- gat & %Ilﬁ%ﬁge 8§¥d15“"8f3é‘8f"8!‘8%ﬁ5%§ 1ssiaighy-frou upper -
| oop f1 olifie BRBinga hgle sbrkihy 1&5‘5 NP GH chiRBRt itdRoRBRE LO4 85 B@hcatedPpl ural ity
of upper-|oop 30 drop slides 308, a fajiled-to-drop siide 311; a plurality

of upper lingbyying tys ipduction lige fork 296owhigh dllewsrthiedinesiid taseweimare thagr i ve
shafts a ) : R \‘T D 4o The er~4 0op.fl oor 306
may be a&geo%?gﬁ%s 10(():@;%%3\% ﬁ@“asgér eu?[g@dﬁ%g‘% Sst;%%ejegg g féﬁﬁso%\?if %Orul?%om’randed
dropks oalse be sayedBy itibed dinglairnight-thfoughines, ot vshie indvedic Kndavidg Fi 9. 1,
each cradl ez conveyor chain 716 runs the entire inner circunference of its
respect i Y% o5k, Mpreovese siagle; lings epd single- or mpliicfosksd linesmayhs ysed 2bpnes | s

convent |Gy cokb RN SO SRy FH 5 PRI 1,
t he “desired. Indeed, as will be discussed further, the three-loop system 100 herein 7
described is illust;ative oﬁly. A larger system might contain, for example, twenty to

20 - ﬁfty upper loops and twenty-five or more lower loops served by any combination of
single- or multi-forked induction lines. '

- Objects 110, unless diverted, will move from the induction assembly
200 to the upper-loop sorting matrix 300, which, in the illustrativé embodiment,
~ comprises three horizontal, longitudinally extending, closed-oval, sorﬁng loops,

25 ‘herein referred to as upper loop's'302. Each loop 302 has a longitudinal axis which
extends longitudinally away from and generally in line with its corresponding
inductien line 202, 204. Each loop 302 has a plurality of upper-loop celis 304 or
cradles, one or more cradle-gate pull rods 303, a cradle-conveyor chain 716, an upper-

~ loop floor 306, a plurality of upper-loop floor apertures 307, a plurality of upper-loop

30  drop slides 308, a failed-to-drop indé 311, a plurality of upper loop drop points 310,

80'0, and a motor and associated drive shafts and gears (not shown).




cradl es 304. Each loop's 302 pull rods 303 run one each down t I nner
el ongated sides of the sorting |oop 302. The notor (not show&?? A&ﬁ
usi ng conventional gearing to each pull rod 303, and to each el ongate
side of the conveyor chain 716 for 10 that particular |oop 302. Such
conventional gearing may include any conbination of drive shafts, notor
drive wheels, drive shaft wheels, direction-reversing wheels, GCeneva
mechani sms, cans and the like. In addijtion, separate notors could be used
for the cradle chain 716 and the pull rods 303. Wile the cradl e-conveyor
chain 716 runs i nt'Bi’dﬂﬂpEﬁl’HoE)ﬂdof‘B% flap Bk soff WROAh il ﬁﬁ&%dr&rw#u“ ng

nor mal operation, the pull r ods nove intermttently in alternate
fashi on HERGRIER aﬂowé@wmr@nwcteﬁ dsapsdpr lémalycm in grechaguio o€ kweit srsfers.econd

direction, first dlr dJrectlon of travel
of cradl es %ggtg# %‘1 %gléh d?fa%"”é’&’é‘" ghafn @gﬁé‘ﬁﬁﬂ’&ﬁnf flacenment of such
| oop 302 civictunfarespadtits mpe&ts;casqumtre@renﬁ@u@ tFHQrs, Eﬁeﬂ%n%)&ﬁ RALiEF1840. In

the iLlustrati ve nbodi nment in_ Fi or’ exanpl e, where the induction
line di s¢h&PyEnBMg ﬁi@%cﬂé%meuseﬂ%g‘ea%v@dk@@ﬂ@m afice mgfre t he associ at ed

upper | o@pdleonve &ddt@télatﬁgrﬁs o5 S¥fdle i dA zggﬂec?’%?er%l &%Hir@eheea!;l? Ptctj\gl ockw se

direction; where he I'nduction line ins posi tioned
above t heradlggi#04siEdeh b]‘optsh?é)Ze;md;krodsa:Bmmmmread:loﬁqwﬁﬂﬁ inagratdrgated04  on such

| oop 302 cjr ate in,a nt rcl ockwi se direction. One object: 110 al one
will droft ide}, ghﬁ 8‘%"&&1%0 Dﬂ?taogotalﬂwﬁds pitae eéBSlgsrcwwgtlp%p 302 in
def i ned g@ﬁfﬁ{g&ﬁteﬁcrﬁﬁupfod% shd 8266 Slo gatp(?élﬁgof ﬁG@I‘yo?Bﬁa%fﬂ@?or I engt h
and tine. As wl be di scussed each st ise a series of

subst@psthat Emélﬂﬂétﬂom 3@641 8nell ¢qpvast1(a1atrgwngum mpluﬂs aBy\domabish@dr ehar y

arouna’t AT HafBB5%: oS BRRIEE G S ch G P EsRb helh sai o ob) ect

110 to dG@ﬁexfarrﬁmhahﬁnﬁlJ é‘e@fiﬁnﬂ 16 BIY. eIn3QditRR, Qiphhes mdMcaNg belisddhe sl ides
308 to the J]ower-loop sorting matrix 400 at a pre- determ ned one of the

pl ur al i t {Prdke erpdls chainile 386616 i oy 39 e%alﬁéhwraélc’r@@a@y% ehan716AY 2005

-12 confljGt BW; i d e | ed-to-drop

conveyor 3?% n@%lﬁ?%?kgﬁeﬁne%gko- g F@ﬁnpcgllnn i%altg;p (r]agféxfﬁc{h&? Iln Figs. 2

and & Gmlsr?aﬁB imovettermittentbcinadictnatd fashion betwaen )\Biveril A st difecbh ect 110
sorting matrix 300 to the Iower-loop sorting

Vn\ialt Ir i X 40 éom tﬂE‘ﬁy ?&{)eél-‘i%'rggtr‘\?éi‘{i*@bﬁ‘ﬁw%@éhq fiwst direptione e dyreetianendi ng,
o1 osed: oupkuwceor has baoRSund G APV OYRT ab B8RS, WA IAREL bEle uPPer
the | ongIOpa @02 atitharenecolo itshesaspypet indociam 1B@2lisdharge 240. In the illustrative
embodiment in Fig. 1, for example, where the induction line discharge 240 is
20  positioned above the left side of the associated upper loop 302, cradles 304 on such
loop 302 circulate in a clockwise direction; where the induction line discharge 240 is
instead positioned above the right side of the associated upper loop 302, cradles 304
on such loop 302 circulate in a counterclockwise direction.
One object 110 alone will drop into a cradle 304 and travel around the
25 sortiﬁg loap 302 in defined movements 50 or steps, each step being the same specified
length and time. As will be discussed, each step 50 will comprise a series of substeps
referred to generally as a move substep 55 and a stationary substep 56. At a pre-
-determined step 50 during each object’s 110 travel around the loop 302, the control
system 120 will command each said object 110 to drop_froin’its discrete cradle 304
- 30 “either down one of the slides 308 to the lower-loop sorting matrix 400 at a pre-

~_determined one of the plurality of drop points 800, or, in the case of a location



| oop 402 has a cradl e conveyor chain 716, one or nore cradle-gate pul ds
403, a plurality of lower-loop cells 404 or cradles, a crade cwﬂﬁﬁyéﬂﬁg
chain 716, a lower-loop 10 floor 406, one or a plurality of | ower-1oop

fl oor apertures 407, a failed-to-drop drop point 408, a | oose-object drop
point 412, a plurality of collection-bi.m-drop points (one above each
collection bin), and a notor and gearing (not shown). As noted previously,

the invention p B&nUEge 9f 1 ANe OppERClileattolRpe toBRRor3id | ower
402 | oops. %gnqﬁgﬂﬂ%%%?ghgg%ﬁ%Fbor 40% may bg a solid flogg havi ng

apertures 4Q7theThiaaed-drop atdpquwirtdi 0esdurcdeéth Bigopsandt. it may be in the

nature of a rail system The |oop floqr 406 couyld. in ad hav si-ngl e
“aperture conprising séirgeEiyi ‘é[h‘i’ry‘%f%éﬁdéjﬁ’ttp?Eontﬁ‘:fé&g't%rfﬁgﬁ’eano é?c(%&g%(‘?’rlflfbed by

the inner ciycupference of the Jo ] : _RlobisBideQndtiig 408, each
cradl e- conv g}H&ﬁéﬁ%mﬁT§E¥ﬁH§ﬂ%ﬁ%Eé%§?$@t?ﬁﬁgﬁﬁg%ﬁ%?fcul erence of its

respective Loom, Afldwatiles, YOtwEhaisnergdle ckendinpyveontddenal, lsyrtingtloershed t o
the front of each cradle 40 usigrg one or nore cradl e-c?nve%gr attachnents
718. There i492a The yererdoaisafe andelinsennese lpons 39handhayglensiigipal 55

| oop's 402 pull rods 403 run,one each,down.the. i i of the

sor !to ing | Ogbatmgenﬂﬁgymfpgpdfﬂgf fOQﬁSWW%‘ngﬁfggﬁg@eg‘éﬁﬁg%onvo?ht%?’ g}r11al

gearing (not Maﬁ%gr%c&e Sﬁﬁ)%%/&bﬂkﬂaix{ﬂ@, 6830r B6E ckallega palleogettsdasi de of
a

t he conveyoroéaaln or t particul ar | oop -402. Such conventional
gearing may glaalisdd lan-leoprbelsatldan cofdlaly 4 vredlegionyexor chundl 6 o loyerigogel s,

drive shaft wheels, -direction-reversing weels, Ceneya api cans
and - t he 10 keloor A0G@ar ©f aRluraldy Sf AEeriet %OP@BBW%%&%&%H?%E'@IH@ rﬁ%‘%}’r adl e
chain 716 and.t pul | rads. Ay 5 YEWH dieB oty runs
30 interm t.tpgmtlb@g’i #ﬂogsef'g@\?\%r d‘?%/pé@ﬁmrﬁé@f ?gﬁugg?%\gﬂ%gn&l ope?zoi on@f he

pul | rods 403,,dBiE chilfibAibii)etd ¥mbforahd gemmiggnbtashhivon Benwsdn a forwardly
first direction and in a backwardly second direction d rectg%%ﬁgosme t he

first directireviousThehcinaehtas i4 0dappatje toire REDYH any JUbSY el URHCH ch | oop
402 in a counterc| ockw se direction as indicated by arrows 420, 422. The
cradl es 404 leWecHiZdeers n steps 50 synchronized with the steps 50 of the

ypper Sl es, S04, PR nkesl a9 diojerbaverslgapranadts 401
the object IhRcddrtoRE0® fascapmagidediieehshyr it iy bom thelnasys pearaibyystes-i The sort
SRR N N e e,
- assenbl i- es Za(i)'ga c?f[}ge E)\bﬁ dedipea lb? %Pesing%.rc%@er%%\ﬁ? thdBwer loop 402. '
| | ‘Referring to Fig. 1, each cradle-conveyor chain 716 runs the entire inner
.20 circumference of its reépective loop 402:- The conveyor.chain 716 is conventionally
| éttached to the front of each cradle 404 .using one or more cradle-conveyor -
attachments 718. .There is a fixed distance between each of the cradles 404. Bach
loop’s 402 pull rods 403 run one each down the inner elongated sides of the sorting
loop 402. The motor (not shown) is attached uéing conventional gearing (not shown)
| ‘ .25 to eé.ch pull rod 403, and to each elongated side of the conveyor chain 716 for that '
| particular loop 402. Such conventional gearing may include any combination of drive
shafts, motor drive wheels, drive shaft wheels, direction-reversing wheels, Geneva
" mechanisms, cams aﬁd the like. In addiﬁon, separate motors could_be used for th_e
cradle chain 716 and the pull rods 403. While the cradle-conveyor chain 716 runs
30 intermittently in a forwardly direction during normatl operation, the pull rods 403
' move intermittently in alternate fashion between a forwardly first direction and ina |

- backwardly second directiqn directly opposite the first direction. The cradles 404



~the objects

toward adja

sort destinations. Wen directed by the control system 120, a b ect

will drop from 10 its upper-loop cradle 304 to the pre-progr%"r?EMXY éﬁﬁﬁ
| ower -1 oop cradl e 404. Each cradle 304, 404 conprises a bottom piece.or
floor 704, a gate piece 706, a pair of spaced- apart side pieces 720, 721,
a cradl e-gate cable 710, a cable arc 7083- a mani pul ati on piece 712, a
mani pul ati on pi ece guide 714, one or nore cradle roller wheels 728, and

may i ncl ude tavélepopideach 03 .40T e a coadtrelock ese di0didrsassadidated he drrbes ween t he
' spaced 15 agart si de pieces 720, 721 and_is sl ante% at about a 42 to 48
degree angl &29:#22ndhejcradirst404tcirgalatenB Sphre N EyicAranzad il eé@%?@@g@%ﬂ f1 oor

incline, for_ example tween., . . ed. The
Lop pilece vOBOR PRI Lapiang 1G peisy B0 SR IGPAIBES preUc B U0 T
at the Uppeﬁlp{)érqaép Bantei08 pbuRls Ardihadls gow&4oortHIR uitll thasbje@naodpgsar | oop

cradle 304, its top piece 702 is generally slanted to substantially 20 the
same deg$ ee asprogenthédby tHeGentraheysies Hhteritalspit dastingien agilessriberbingbe t om
portion of the floor 704 in the cradl 4 .ahe of idfirst nti oned
cradl e 304. MHPUIEEIRIMA ResLEhog; 1B t‘gslgdggﬁa}f’wgr Pgﬁjﬁ@f?fﬁfie %dgggommdate
will be one e ; [ PhIRk 066 alth DSbNERIR, hikEatidveendi eces
720, 721. A%é‘%gﬁ%%é#ﬁ%gﬁggg%rﬁ%&ggp&% adl es 304eg§geori ent ed onathe upper

| oop 25 302 s destinetiovar dl y facing direction as shown in Figs. 2, 3 and 5,

such that objects 110 _drop out of the cradle 304 in_the sane direction as
the cradl e conveyor clYahep <§EL€GFEdW@%@n%éﬁt%;%g@-%e%rlz@%ug’ﬁ’zﬁ’ an

b ' ti 726 _behi o) - i LOur.at i
o T owa 16, P s Wb RN arai oot e a i 1P TpdpCipg o8, B LMD, 00,
110" can sl i dg4 ial cBMptiB&s £BADE R4t MlookT0ga pite blece 706, Mhair3d spazdi ng

underneath that cradlfe's top piece 702 and underneath and between,
respect i vel wpart §ide pleowr 720042 hndrafeaced capari 0.5 @bl rod08, mmagpulghen cr adl e

ahead of that radl e 304. .The cradl.es, 304 coul d al s0 canfj ed w t hout
the open baBi@C‘f)g}ﬁiadHa‘EP ahpR/PISERHBIIAS ih‘é?ﬁ%f’r HOMeRrare e %%Siﬁ%é éuagléjti on
coul d requi o0 1d 16orS0a G £51awileiRe Beiwen B dphsedsi ze of
hgailgﬁ(?g&é;%to? rtg?szﬁgl\éﬁgi\%er-l (gop cradl es 404 ar enoriggnt ed on
their |oop 4Pt éife Fi&cesi’m%lﬂﬁl ynd iaclangdraa aert agilab 48 ldagreebpgle fsthe10 drop to

the inside of the loop 402-in a 5 direction_roughly erpendf’ %t%l ar to the
forward di r dbstrefvesmbediment. of shablewesepdeapry BoRgAUEFo fOT ERaTALe

BVeCBecause

t he. sideward] y mmvi ng.l.ower-1o0p.crad . i j.ects 110
et TR P SoHRR 5808 HELRe oln e o828 in B dna Pt

each of the side pieces 720, 721 at the upper frpnt portion of each cradle 304, 404. In :

any one upper loop cradle 304, its top piece 702 is genérally slanted to substantially

) 20  the same degree as the floor 704, and is generally aligned with the bottom pqrtion of

the floor 704 in the cradle 304 ahead of said first mentioned cradle 304. The
maximum size object 110 fhat a craﬂle 304 may ;:ccommodate will be_: one that fits
under the top piece 702 and between the side pieces 720, 721. ‘
. A_s noted, the upper-loop cradles 304 are oriented on the upper loop
25 302 in a forwardly facing direction as shown in Figs. 2, 3 and 5, such that objeéts 110
ch‘dp out of fhe cradle 304 in the same direction as the cradle con{/eybr chain 716.-
moves. Each upper-lc_)op' cradle 304 has an open back portioh 726 behind and below
:‘ the floor 704. This cOnﬁguration allows for minimal spacing between adjacent
- cradles 304 since each object 110 can slide out of the cra'dlé_ 304 in which it 1s ﬁding,
30 passing underneath that cradle’s tdp piece 702 and underneath and between,
| : -respectively,' the floor 704 and spaced-apart sides 720, 721_ of the cradle ahéad of that
~ cradle 304. The cradles 304 could also be configured without the open back portion_



“to obtain mninmm spaci ng between cradles 404. Therefore, they

not have an open back portion, irrespective of the desired sng?ﬁg%géﬂﬂggi
adj acent 10 cradles 404. The cradle gate 706 is novably connected to the
floor 704 by a hinge (not shown) or other suitable device, and is
general ly perpendicular to the floor in the illustrative enbodinent. One
end of the grooved cradle are 708 is connected to the underside of the
gate 706, and the other end, which ig4l 00ose, travels into a cavity 722 15
inside floor 704 when the cable 710 is pulled. The cable 710 is connected

at one eryde; hdwdiee subidedigieatdh iRl Igétlﬁ?c F86tel YnbindRUPecnRe caadke arc 708

and at the opposite end to the nmanipulation piece 712. The upper-|oop
cradl es' dependmgwipieatzesd ty egecty 110 torestortades out wardl y through the side

720, and the | ower-l0 cradl es' .. 404 .mani pul atio i,ece {12 protrudes
downwar dl 'y t hrough ']thﬁgg%%rt'?’(?ﬁfﬁ I, 4@?%8’5@%%2’.1 &egdo%%gzr%@rﬁpnpul ation piece
i s di spos@dardist ﬁbiﬂgﬁxﬁtﬂm%ﬂﬁh@lﬁd%bﬁb_@ﬂg@t&% €2k frstlidl fehe/lbdp 48P6h 4 S adapt ed
to nmove back and forth along the guide's 714 | ength when actuated by the

upper ? odiEgigyrongl)y pstrepdicalar gotbe fayard Fisectionaditavelsifitha regpestive 728 are

convent i . ! 0 radl es 304
and to t %«gﬂ ?Bﬁ%ﬁggnggg%%ﬁ%u%?%gél(%%ﬂé QI}O&’\?@ lo %Bﬁ)gbg’rcg%ﬁgi‘rdﬁ‘o‘ﬁ’?“% The |
control dyoyttheir bBfectailllD towandedfhcan codjles; thel/ldd oo nelbdogm dpearbatk gortioower

cradl e 404 to. one. of severa|l sort defti nat i;%ns. The object may drop to one
of the K PRRINGRINBIISRRGIBE DEWSED Stgles $0fh dbersfaredhenMap PRIBE 8hbl y 500, to

a | oose- gibhilo eﬁ%&l@gﬁioﬁ,%ﬁes cfi%@o?thle%ﬁféd gging%i:ﬂwee@fitaﬁjggérﬂp conveyor

410. Each collection asse y 500 conpri nunber col | ection
bi ns1®01cmdleadféd i n double rows 30 beneath and in the center of their

respective | ower | S 2 an ver their res tiv C ors 506, 526 as
seen in Figs. 2 anaﬁg.cmégerﬁﬂm g?ﬁca){f IB%‘{%RB@?PW@%&,‘QPSD%Q\QX‘?%?éﬂwg kway's
602. VAl ki ¥héH) RGERS Suft:bld Bevitd, Bid RO%enkilppeietgiduRly toah P86 #Afei N 2 7
MAY 2005 -15 each bin. A system frame 604 Supports the bins 501 and the

sorting Hastrative embadinentc Grsrendiof thi sroderd Gadie ara/70fels comectsidie 1801 i nto t he
doubl'e T gifursifl SPGK eaROREEXRT B bt €81 QrriBPR 101 5514 A6, £ORYEYORS 506, 526
into two sides correé&spondi ng o] € row Of "bI'ns over a particular side

of the chisideyios 7640 Ghed &fe. cableTUOe pulddd. STIARkICTIOMS Yoinetied af by énd510, 530
divert the sacks to one or nore destination sack |oading areas 512, 532.
‘Onj ect s -tPithe ypdrspide of thegate Wogpstahoyothssradlnatg/0diapd at g Oppesits endo| | ect i on

bin 501 fAYe hAGIRAHGE piedd 2" 458 upflr-B6p RUREES04 Rafpafifibin picle 912 O herwi se
E protrudes outwardly through the side 720, and the IoWer—loop cradles’ 404
manipulation piece 712 protrudes downwardly through the bottom of the cradle 404.
20 The manipulation piece is disposed within the generally elongated cable gﬁide 714
“and is adapted to move back and forth along the guide’s 714 length when actuated by
the upper- or lower-loop pull rod 303, 403. The cradle roller wheels 728 are
conventionally attached to the sides 720, 721 of the upper-loop cradles 304 and to the
front and back sides of the lower-loop cradles 404.
25 The control system 120 will command an object 110 to drop from its
lower cradle 404 to one of several sort destinations. The object may drop to one of
the array of collection bins 501 in the collection bin assembly 500, to a loose-object
_conveyor 516, or to a lower-loop failed-to-drop conveyor 410. Each collection bin
assembly 500 comprises a nurnber of collection bins 501 arranged in double rows
30 beneath and in the center of their respective lower loops 402 and over their respective
| conveyors 506, 526 as seen in Figs. 2 and 3. Sandwiched between the double rows

are walkways 602. Walkway 602 access to the bins 501 is provided by a door 504 in




grouped with other objects 110 sorted to the sane coll ection &S? mv
Alternatively, an object 110 may be diverted directly fromi I 2@@5

cradl e 404 down a | oose 10 object slide 514 to the | oose-object conveyor
516 for transport to a | oose-object |oading area 518 as shown by arrow 517
in Figs. 1 and 4. At each sort destination 501, 518 the correct sorting of
an object 110 may be confirnmed by a conparative scan of the object's 110

| abel bar code and a uni que bar code4§35|gned to each collection bin 501

or | oose-obhject | oadi ng area 518. Although only one | oose-object |oading 15
area 518 cafftibis So¥ysiam a@érWé%PP%Gh%lP'@ﬁﬂb thg spatipg matrixt A s possible to

have, MULbliBali0aRiIs0s Ui 8Ad0 RS2 RG I ANSASIRCIALRY. conveyors 516

on the sane st em and one or I'e” M Tror-i mge
| oose- objcenvteyloohrfumgtoaﬁe&dwafed theassweyat 606 (SQEVEMQWS sﬁi&sbh@e@bhﬁh si de of

t he system 100 o t he area 518 an conveyor_ 516 _shown. 20 After the
t ake- anajP® W%&’é"‘%%ﬁ ovgH g paisylap side Og ﬂlaﬁgﬁmwsdfi%,ﬁ%& 4 numbr of ¢ hei r

speci §i egad@&ﬂiv?jﬁm@ﬁ?&&réﬂ-ﬁ) 534 Biver3Re sdclE PRt itord HstiBYioR Sadilr t her

processed according to a common processing characteristic. For exanple,
sacks 52tpadbfg areastdd, dHJ. e@bjschOOalrcmptzd,nagscattefeatr@shtngtem mativertpdatosm 512, 532

fromrrultl ol ctlo 0 dont rretruckfor
delivery: Iﬁ)efg 'f’ﬁ’ é@srtn@fn %ﬁ’é?’ é %Eirﬂ?gs W‘%&a ‘%’r%ﬁ BHPEyors 312,
410. Regﬂfulpb@gnmﬂlfdrwec% BAdGoded tdth@@.ﬁkn@eomaenbhﬁ501aw@ézhwebllo may be
directed down failed-to-dr O(Pé8| ide 3 or, as explai ned above,” down

recircul & phigcis) 0quaybodiverde W&‘ﬁmﬂ Biﬁl'Wfolﬁﬁ)D erriile 404dowinj adlopset. 10 may be

Lo & °CPhEERE A RBE a2 et ek SOl P BBoR T et 10" conveyor

312 r unsloadihgrareasi SQSI’Sﬁbﬁh Iby aﬁewmlﬂncmgsan an@ 4t g edihi St d&inatdn t ravel of
t he upper Ioogs 302 at the end of the upper-logp nmatrix 300 nearest to the
i nduct i onQd-ioé theseurpst sprpgot %@Jeﬁddemylsl@nﬁmw BCOMPFBHEC 55300 t he

| over - | 0gpme oMY 1 7PLBel ba%@ d’]dezguﬁl %QE%QOSQQ%%%BQ tdtdh bR {on! oop

fail ed-to-dr op conveyor spos eneat runs generally
“per pendi binl & drd;oash@bjelcalnadmgfardacﬁ/l@r Aldepgh 60R asedooseenbhyery bvad®ip?2. Conveyor

410 ¢ ans e ohjects 110 03| ed th re ntoth Clrculatlon
onvkly or 85| 2 pidhEsSrtbEd Cure oS & 0 ShAkn Maigal bieeubledh B onbly 996 5
or for rﬂﬁltfﬁ&io@ké—@lﬁ]eéﬂoﬁﬂﬂg hiRASTd A dsk8atBS 8GR Vs 396 onlthe &l ternati ve
enbodi nent, = conveyor 312 coul d bypass conveyor 410 and feed directly into

reci r cul $i€¢ efthe syvier pod/opage ormubiipdl miroTaimage lemse-obispt foading dreas aud op
conveyor

asé&cgatQRXOHVGyors on the other side of the system 100 opposite the area 518 and
conveyor 516 shown.

20 | After the take-away conveyors 506, 516, 526 have transported Ob_] ects
110 to their specified loading areas 512, 518, 532, the objects 110 may be further
processed according to a common processing characteristic. For example, sacks 520 .
of sorted objects 110 arriving at a single loading area 512, 532 from multiple
collection bins 501 may be loaded onto the same truck for delivery.

25 The system 100 has a number of failed-to-drop conveysrs 312, 410.

- Referring to Figs. 2 and 3, it can be seen that an object 110 may be directed down
failed-to-drop slide 311, or, as explained above, down recirculation slide 230, to
conveyor 312. Similarly, an object 110 may be directed from its lower cradle 404
through drop point 408 for free fall to, or slide down a gravity slide {not shown)' to,

30 conveyor 410. Conveyor 312 runs under and generally perpendicular to the direction
of travel of the upper loops 302 at the end of the upper-loop matrix 300 nearest to the

induction line assembly 200. The conveyor 312 ultimately feeds into the lower-loop




installed to permt diversion of failed-to-drop objects 110 al gng either
side of the upper-I|loops assenbly. In such case, the additiodb? ghﬁvezﬁﬁs
410 | ocated on the side 10 of the upper-loop sort matrix 300 renote from
the recircul ati on conveyor 232 could feed into the upper-I|oop ,
fail ed-to-drop conveyor 312 for transpeif- to conveyor 232, or a second
recircul ati on conveyor 232 could be installed on the side of the upper-I|oop
‘sort matrix r3RQ-thaRSS odvepsn 41lte Doawirledpl fatlédiv-dropveyaryofdD0 Belipos@d i n Fi g.
1. Inthe illustrative enbodi nent, each of the surfaces on i ch objects

15 110 nay Sk aslmhs genesallyqespdrula o thedrexel il &dooRs 40 dgat es 706

d cradl fl 704 il t 1t h -sSki ‘ ' '
o ent atl on P YER D o ritener S0 FRRRER Mk pHic R 1 s qtbianto e o
48 degrees fr%c?ﬂ?ﬁhﬁﬁﬁﬁ Eﬁr‘[\[eglar 280 LRHENR traf iR 18 WRY m&iual bRRBSIng assembly 226 ‘

i nclines/declines could be used. It should be noted that the elevated
nature of t ke fidbelstutaioh e tierthditivrtine asdeolvy 21Me Inaunalieinghive empegdiment, -

advantage 20 of gravity. The operati of the.system 100, js controlled by
a digital conryayPr 3L3equadbpays COmicEpr ‘ﬁi%raé‘étfge%tq’r’?%élﬁﬂ% ﬁ%m%ﬁi&ﬁ??ansfer o
process. The contr Sys 1 goe| s QoRF SLNG 40inkald and a
nunber  of sgﬂg‘éﬁ'yoﬁg?é%ﬁ%@@%ﬁ%lo‘%@%?ﬁe%gg%i ng uni tﬁ%ZS recei ves i.nput

- data from t he:SRAIE hedsis eivatsiesofifaldamsdrop abjects 250 aionp eitheri sadesofgbhiveyor s,

di vert mechani snms, slides, chutes and sort_destinationa as_ pre |Q@§Iy
descri bed amgpaslobpy ashemblye de sidbensh dhreadditionabeqny ey (decatig 8F sWE gnal s

[ nstructing sych devices Lo QRCSAl erlde SO mBPdiklARS] EbnRDbES ok N 2

selecte&ovdi eir tinal sort-destination 512,
.518, 532. R e%fg-g' {80dri180p failcl G dERNHOnObyoS B8 EtrabBibrefboneein P32, or
convent i'onaI(}Lé {ocr}g%t?%%% sﬁtaéren In the iﬁ ustrative enbodi nent, the

“control systegtdiGeceamutionesnacyod 282 taild pe dotadlsd pn txsside ofthe 48PH-1p&R sonal |
conputer or a work station, connected ta a pluraljty of jn ensor
assenbl i es B30 max 880 EemiRfom e r%’icmtﬂlo’&l@ V&X%r.aﬁ,&s&/eﬁ“"}edl\}ﬁ%é‘olgS, 17
~depicted in Figs. 1 and7,. il b 8 Durfides oh hHisH sbdy €
~enbodi nent. utilizes trtﬁtta ‘?%llﬁ%}gavfn&%é%ﬂsbggggéﬁg’%%%si t1onal sgnsors 132 are used

‘to confijsm.tihe REsiIfde WucRbs siakis @30,531a1 5 & ¢iutad, cpdlmgses®)d dndycratiefioaved,
diverted or dropped. Scanners 134, 136 ‘deternine and confi rfép desi i nation
i nf or mat i on 706y wihhcambidewith 2 non-skideudacaorhs osiciahen of BHmyriaesisttls 138

determ ne the outer dinensions. 0f each ,Qbj ect . o ot h
wei ghi ng de\geBealinbe g8 HFFFE a.gﬂ‘ét ‘%etf’éﬁtdeg'feeséé%% h&azé@?i’%%a_[%as egr on
such i nput i 0for iRt oflepd HRIFRIEEH NS YUSI@BL 42, MO e Ritel dat et s the

_ novenent of | . ‘
' elevated nature of the illustrative embodiment allows the invention to take advantage -

20 ° of gravity. _ o |
| | ‘The operation of the system 100 is controlled by a digital control
system ‘120, which direeis the sorting and transfer process. The control system 120
comprises a processing unit 125 and a number of s_ensor_assemblies 130. The
. processing unit 125 receives input data from the sensor assemblies 130 associated
-2‘5 with various eonveybrs, divert mechanisms, s‘lides,‘chutes and sort destinations as
~ previously described and as further described herein, and it outputs control signals
.instructing such devices to operate to sort and transfer objects 110 in a selected
direction in order fo arrive af their final sort deétination 512,518, 532.
_ Referring to Fig. -7, the control system_120 can be any conventional
30 control eystem. In the illustrative embodiment, the control system 120 eompﬁses a
digitat preeessor 125, such as a personal, computer or a work station, connected to a

| plurality of input sensor assemblies 130 and to a number of output devices. As



t he conveyor belts and rollers, determ nes whether an object u
diverted and, if so, actuates the divert nechanisns, determ ?Q? w&rzogﬁ

poi nts and actuates the pull rods, 10 directs workers in the |oading of
sorted sacks 520 and | oose objects 110, and prints out reports and

mani fests. Generally, each positional sensor 132 conprises a conventional
photo- cell transmtter and receiver, though any detection device could be
used. The sensors 132 generally arelpl aced such that the l'ight path
between the transmtter and receiver 15 passes at a level slightly above
the sur f derictsd ar Fighi kandah apppewill ba desseibed shodupiosive epthodiment stilizdser and

i ot ofreaptf g AR, Rl SR 100 dlbePl i@l AT 150 det cct

and r epoobjects at delverat pointsals tisyre mobed) (ﬁmea@saag@e& OBcdiaBrsn3asage) of

obj ects 110. The’b{fontrol unit 125 processes an E@I es such’ posi ti onal

i nf or mat $SFTREE pR L™ dzﬁtlwt@em%f@mqtgm for srcbcpbiert 4 M@ Hot of mgrear ea 206

war ns; of g, daakin n_t.he
pre-scan laccurru] g%fag{?rsar ea acl IOKil e%pg}lel%ggé’gg%%u ?Slt(%ir?&a‘ﬁ‘cfc%lie ngul ati on
of obj ec@rsothdroﬁélghmgdvancmmmmmhes thbeveighaof 2ehebjedl 240.AB4wd oan obj ect 110

has been_ s ann |derﬂ§|fi cation |]ré&t he scan zone 212, a sensor 132
nount ed SR I(T,’iﬁ%{‘r‘c‘é‘e anEe! sypems| 29 monitngs snddigetsiie soxameRidtorts to 25

t he conthekoriybr 8B ahh%w&wete%u@& “ﬁl@&%r 9[%@%& shdPid b%gg g@m&%h

positional information, together wth simlar position ornation
r ecor dedbof artudiehibie dmr@nc@annsm @d@ranmsn@oppmgtsemﬂlabmatdmthmgﬂl fode scan zone

cont Po UkeB BRI McdPlomq et Ghlea R0 pgBand e bBReS A brekly em nder of

t he |ndmkm¢|aﬁ@m§MI y 200, w thout further scanning 30 bei ng
necessary, by.reference to the object 110's known sequential position along
its respective irfdeneralyncadhmostional spaspr 1B3 seaiposessauronvesiingl photd-

e e ranb At B et LR ATHLBNIA Bl AR GEL. TadSasts o ned
when t hd 38lgeperlly a2 ;ﬂaxs:deacli theothe Mightysatls betvez® fie t2hdmitidiand e@pivenl unit 125

eithgr &%& di ve tskﬁt1 le] ect 110 fromthe induction |line 202, 204 in the
i ndiiet i FASS Ak? ekt Q ‘@fhe sugface oyerwlish a §bierte! 19hpassss betvrenl ong i t s

i nduct i gRe wrhisRfidOnd rg&‘g'vcr 28fa Bc#tnﬁl hlﬁfi ok a_[[%gfgl}gﬁ@%]@‘é Gpe40 and

records the initial position slic jec vancenent
into an du‘ppfecm d)fdwebm%mibboﬁj@dtlws Suoh echsot ixserablisor3® d]e&-Zt ai$i@pif)ra0l litate

et TN e IO O e

unit 125 processes and apphcs such positional information as follows.

20 A sensor 132 piaced in the hoidmg area 206 warns of a backlog of
objects 110 in that area. Sensors 132 in the pre-scan accumulation area 210 facilitate
the accumulation and singulation of objects 110 for advancement into the scan zone
212. After an object 110 has been scanned for identification in the scan zone 212, a
sensor 132 mounted at the discharge end bf the scan zone 212 detects and reports to

25 _the control unit 125 the poslitiori of such object 110. Based on such positional
information, together with similar positional fnformation recorded for other objects
110 advancing single-file through the scan zone 212 of the same and other induction -
lines 202, the control system’s 120 control unit 125 monitors the object 110’s position

| along the remainder of the induction line assembly 200, without further scanning '

30 being necessary, by reference to the object 110’s known sequénﬁal positic.»nralong its

_ respective induction line 202, 204. Based on such positional information, together

with inforr;iation about the object’s 100 weight, size, destination and other




i nduction line assenbly 200, except the scan zone 212, sensors 132 are

pl aced at appropriate intervals to detect gaps between obj ect??lMAY 2005
‘advancing along the 10 induction line assenbly 200. Such gaps typically
result fromeither: (1) insufficiently frequent inductions of objects 110
at the induction-line intake 208; or (2)g-the downstream diversion of
earlier-inducted objects 110 in the induction-line divert area 214. To
prevent suc aps.fro I F.0k shi t M oM Borel 03e@le by
accunulatingm%ﬁﬁgﬁ¥§s?%%hgkggﬁﬂgpgmfﬁkgygt eagﬁﬁgﬁhgggﬂﬁzints al ong each

i nduction | ;f8:ol 3nR025 cRR4:(1) @ertsmedbjatiel Iy feh dresntigionrinaR626H4 nf t he
scan zone 212; and (b) imedi ately before the induction-I|line discharge 240.
Thi s accunutiatinductios-lingclévsnireahiedd of ()adeawoeiheoBiFs! L HhHpRg 15 mdpgpion

illustrative enbod, t by the _coordinated i - - '
convent i onalmi)g%g@g?&cﬁ tpdhe ‘@g}’i‘ffbo;‘?gl?rée.d}sl%mgﬁ g?'lslaﬁ 5@%%% g’%ﬁ?? gfﬁn%st em s

- 120 noni orj.ng, f | RGks SivadQmRasintd ANuPep@pidiil2804.nduct i on’ | i ne
assenbl y§ 208?&52003%F2%6§§$0§bj3e0€/5 110 arne si_nlgjul at gd as they advance

i medi at el y past each Agfnosadc thetsemsoas Ei2nicafariditatp aichmetlation agd singplagon
conventional singul ation cqnveypr'jnnedkg.eli dqﬁnstrean1fr m | ach

accunul at i onf plipets 1 1rplosg the pdudtiapiles ag¥e ﬁif’% 9% 13 FACRARPRS ¥ cont r of
system 120 to, dj.stj.ngui fon ! L £6 > {4 QMsBrsSEeohsHabieat 110
innediately“ﬁgﬁbﬂhh@%%ﬁapP@é%bb%#ggﬁhg%%n%%égcoﬁtrglrunit 155 fromtine to
“tine deter mypes,khaintdRaRr @ekctlhfs bétustn digets VEY addnciag alohgthexanpl e, when
an object 100 is determned to be too big or too_heavy fo thefsor Ii ng -
mat ri xes0 30(dudGey ling asatroblyt298. Sush gans tygistlbrresbio@ g (@) mspiGIeplY 5

route to the object!s.110 rt tipat.i that . w in a
"location EEARA é‘%d“"té%nso"é%& Cﬁceilgaﬁ‘é W %%ﬁlkgﬂl}:lﬁ\ﬁg%ea%% Oggzégllé% s 132
mounted at gaghsHlfPalcRRhY: e Mdubed bBRUGULOM Ieimttivatincates 244 Wi | |
confirmthe passage of such a conmanded- divert object 110. So too, these
sensors 1327w frowesvenioduch epspiaens diyeinishingiravighew: such zepst #aclosedbyi ver t ed
not on comrand but in error. 2 7 NAIY 2005 9 As n teldﬁ obcihec %ié&?mé hat ‘
are not di veequaeilpting ohdecds b@r%lsmfgé%llffﬁe%éwﬁm 3lg0g FNTSERIT §8° 240,
‘passi ng S 132 priof. t ' bheragngensors 132 are
nount edlgengﬂi’qtr;qd'hzac‘mleec{l%}é@@g?og?ﬁ{ge%ﬁ%%nt é@%a%ogﬁ?l@naga di scharge 240
at opposi t e () idege e §Rlbrs BRARdIGOR- 130 Aischagd et @cThis hecwmuapeirent of 5
~such object "T10 into an upper-loop cradle 304 positiongd beneath such
chute. In thecomwsishedin acdnyeatidnehmewrer i the iHesk@ily s AgLeHBIIt MeDeai | ure of an

' ?? gl := |e|r—] al Ogjggsg;din]é%e% I}Sg o ;ﬁ?lli)ﬁp D s O SO e I)crn%pe&lrgllér%\ﬁﬁ{}efoi)s(? prsradl e 4t o

facilitate the control system’s 120 monitoring of each object’s 110 position along the

—

20  induction line assembly 200,"accﬁmulated objects 110 are singulated as théy advance
" immediately past each of such two accumulation points, by use of a conventional |
‘ singulation conveyor immediately dowﬁstrearri from each accurmulation point. This
singulation of objects 110 enables the control system 120 to distinguish a first object
110 from a second object 110 immediately behind such first object.
25 . The control uﬁit 125 from time to time determines that an object 110
must be divertéd, as, for exémple,_ when an object 100 is detcnniﬁed to be too big or
"~ " {oo heavy fclvr'the sorting matrixes 300, 400, or v;rhen the control system 120 is unablle
to plot a route to the object’s 110 sort destination that will not result in 2 “location "
--conﬂict” as described below. In sﬁch é case, sensors 132 mounted at each divert point
| 30 in the induction-line divert area 214 will confirm the passage of such a gommanded~
divert object 110. So too, these sensors 13_2 will warn of the passage of any object

'110 that was diverted not on command but in error.



. wei ghed by &ui 12 MCQWEW%%AI?%@PP%%@W“&

destination, which wll be explained below or an equipnent malfunction, an
object 110 may be directed by the control systemnot to drop, ?I

to drop, fromits 10 upper-loop cradle 304 to its pre-progranmred. | ower-|oop
cradle 404. A sensor 132 is nmnounted at the drop point 310 on each upper

| oop 302, to detect the presence of an -18bject 110 in an upper-loop cradle
304 positioned at such drop point 310. The control wunit 125 will command
such object 110 to dr ofs fidled, d6jctail10dhdt arekic @ivearBy Gy B dBdks2t @ta 2 1dabvglr op
poi nt 310. One or nore additi onal sensors 132 are nounted bel ow each 15
drop point 3leugto thiediedrargedOppassiage sonsos hdhpraer tothedischpig: %I%Mvﬁfwme chute

sensor aseothy STty B2 oS hebeis heodty bR sbilf apeme e oty BedefheBibun Poop
302, betwee F At r | ifel ON
i medi at el yraﬁstn = nézg?ﬁ t eglitérsl%g%tl OFEICII I{I%GI’IR)% gﬁ%?gg ege%ggle% gsgfgﬁlplgxr%rﬁtf t hat
each upper - Isadpolgeadllé 11304n papatingp biad BB p@altlsmfd bed@athsaentiuge. 130 i s

unoccupi ed. Sensor assenblies 130 are similarly used to confirmdrops from
the |ower |oops 402. IFthesqvenfaofsaéﬁgﬁwnfseﬂicér%lﬂﬁgé&ﬂa@leé@&tﬁea#‘ AYEBWTpoi nt

408 and 1 005 0Dl ehLartf MMM AR R.IEL ERLRARAGR. O oBp gt 110 o

either the 1% o0p ai p conveyor e chute 514

to the | ooseeabiageh, BN 8¥10be 5dflaindPbéle® P&Cdn dqalpyenbertiitction, seogest 132 is:
. nmounted at the entrance to each collection bin 501 to confirmthe passage

of an obj ectl1®horyihetdiresigd by dlod camdrol eystdmm notsgﬂropcph@tay§@h@odroasfscéwsl es 130
|nclude nunber rs.134, 136 one scal es
or o hed O URRHgSREPHEabt4ais PrspErripel OGELLIPaEHIe 3. o SECer M1 ¥ be

d at I f th h
scanned a gr_xgtﬁmpeﬁhe L ?? g?'ﬂt 3 0P 2 EP:F\ ngger 18lp ﬁ(b? t@ﬂge& thd bsafde bEgW thr oug

the system scan w acconpli shed by a conventi onal
scanner 134 obﬂ;eal Hinian upber-loop oradteei)4dibRitioAbdal sich diop poos I3 1ar &ac 2diZrol each

obj ect 110 wil I be di nensi oned by one or nore di mansugnl ng sensorsaa138 and -
8P CRNCYRAT NG devi ce

140. If an ct's. S e i I it from
automatic pIB%aIéggoé) %Oéu Ot ﬁ%‘%sog org %ggﬁa%&s&t& I’I%? agFIIIIBEIIK%&III oIJnéaIa? on is
determ ned PeopiRist 1036 ablee: th@paésagetmu@tbmﬁssjeétqub dotva theeiiute 91 higadigg i teria
- programmed into the control system 120 (for exanple, the object is 5 :

" destined f orfroansmdeﬂmspomtﬁ WD diie ermvehedridi s y\nvadﬂltmbel S@&m)assemtémllﬂvé
control unit 125 will t t he obj ct 110 te in vert
area 214. THOUPISHA age@ﬁ FIPBR SR B A% oEBrEB i fiop et a0 i
sorting of gp I%Ieﬁﬁ)top chIaQi’le_ XM ]IOSIIE)D. unmedlately underneath the 1nduct10n—11ne

‘discharge 240, to confirm that each upper—loop cradle 304 passing by such sensor

20 assembly 130 is unoccupied.
Sensor assemblies 130 are similarly used to confirm drops from the
Iower loops 402. First, a sensor 132 is mounted at each of drop point 408 and loose-
object drop point 412 to detect passage of an object 110 to either the lower-loop
failed-to-drop conveyor 410, or down the chute 514 to the loose-object conveyor 516,
25 respectiIrely. Second, a sensor 132 is mounted at the entrance to each collectioﬁ_bin
501 to confirm the passage of an object 110 into such collection bin 501. |
Other sensor assemblies 130 includé a number of scanners 134, 136
' Adlmensmners 138, 140, and scales or other weighing devices 140. Aswillbe
described, an obj ect will be scanned at the beginning and, optionally, at the end qf 1ts
30  flow through the system 100. The initial scan will be accomplished by a conventibnai
- scanner 134 Ioéated. in the scan area 212. Also in the scan area 212, .each object 110

will be dimensioned by one or more dimensioning"scnsors 138 and weighed by a



acconplished in the respective destination areas 501, 518 by another
scanner 136. It wll be appreciated that the control system 12(2 OMAY 28(}5
utilize further sensors 132 10 throughout the system 100. For exanple,
such sensors 132 could be used at the beginning and end of every conveyor,
at the top and bottom of every slide or2@hute, at each destination, and at
various internedi ate positions along the way. Referring nowto Figs. 1-8,

the operatiqn of +tha SMSbEMMMIOeibhink deice deG.CIflah@bjdctls 1D0 eeded ai | .- Cbj ect s
110 are indicted one y one, manual fgy or 15 -automatically, at the '
i nduct i on- | idi@ehsidmloe w20t disqeadtesiiniers piematic geocegms boie seseR L0Juct ed

bject 110 wll h been pre-| abel ith- bj - | de
or’ "ot her ot te BbeBEnEND SRR KPS Ao G Bt He kPR ner el n,

can be linked tao info [LOR : ' 70 {rheskabipid, Hies eedtiol system
120 when t hé® c&l‘fé‘fm\%%‘gg%%en%tﬂéﬁb%éuﬁﬁoxf%gﬂfi o(ﬁ\ Wi Iaf@i ncl uﬂg at | east the

sort deski nafds@kddbr d@idedk asivhichQoailivery il be meadsh thanrthe sywra@dnnitdds but -
may al so include other information about the obj ec%n{ 1&.,8. Aag O%Lect 110
shoul d be i nelilictiestt ha objeciot iCeastaapiopratenathefivert yei it TREIRYUS¥hde to be

scanned autonmatically in the scan zone - ﬁf(@dgp‘! q10i Wiome enbodi ment,
t he scanner %@W@&@B‘W‘ipﬂ?%ﬁﬁpt ?/(écf'rﬁeégéméfré?fl St ana " scanni ng devi ce,
whi ch  nec es%'h&ﬁ{@%e& hpdhe SaHHctARI RShnalibA akas 5] UE8 st anbthiar scisnarddedltl abel

facing upward I n any horizontal direction. In the pre-scan gg umul ati on

area 210 of it dppeheiztddahat theeor@GR systom 120 pondd stibee Bietiedsaidsare (1)
‘arranged in single file along thé induction line \ sing a
conventilénal thepwghew thgesters] elqh,%(?x?rgp eeﬁ%ﬁﬁ?nsﬁgpl-%géo\%ﬁdgée% ysoq g'é’tg ign all

obj ects 110 to.one sj.de i QRihe 20 arsibdidat of Veneaitterodlchsty,sit em 120
can later 3 ﬁggﬁl&%angnetﬁd%ﬁ%}grcmé%?ﬁgogﬁ eegﬁfs 110 sequen?ﬁal posi tion once

it has been sgRARSEafidh, and atWAYiodd Bhermedibid fritooanlopghies WP as descri bed
above; and (2) to accumul ate objects 110 at the, di ?ﬁ:har e g@d f. the
pre-scan accunul ati on Refeming1ow torfiadil =% d15,onsration of e syseit HY WIihfe 212
~After inducted objects 110 haye.b c j =l &t the 5
di schar ge en¥FSeRPdHR W%égtaﬁn&gbeeﬁmloa ?%@%%2&2@0‘?&% eaf;hlzlal?ye “si ngul at ed

and advance, 20y - G ROLIRE BGRO2EDeRa2H hduetiorcline 208 2DéeBadine or -
nor e seg%nt%ltorga%gggb#g%lgolrllveg/lor belts. As noted above, obj gcts 110 are
scanned, weighedeaascctdil avilihanebeanpre-trbelsd avithraorbieot2dentidyinp Bar codgor
advanced -into the induction-line divert . .area 214. The ,SC y be
ei ther a conetberdnsinallcole Gt sEEwmifBsl, BROTATATHRE gs[q.Fécnbe% R V3 vt LY

‘to information previously tran_smitted to the control system 120 when the label was
created. Such information will include at lee;st the sort destination of th¢ object 110
20  within the sorting system 100, but may also include other information about the obj ect
E 110. An object 110 should be inducted in an orientation that will permit its barcode
to be scanned automatically in the scan zone 212. For ex?.mplé, in one embodiment,
the scanner 134 isa conventidnal overhead omnidirectional scanning device, which
necessitates that each object 110 be inducted with its coded label facing upward in
.257 any horizontal direction. _ |
‘ In the pre-scan accumulation area 210 of each induction line 202, 204,
- inducted objects 110 are (1) arranged in single file along the hlduction ljne 202, 204,
| by usiﬁg a con{renfjonal device such as skewed rollers or f)op—up wheels to é.l_ign all
objects 110 to one side of the line 202, 204 so that the control system 120 can later

30  record and monitor each object’s 110 sequential position once it has been scanned in




10 belt video scanner having a charged coupl ed device (CCD sensor.

exanple of the latter systemis described in US. Pat. ? Mﬁ*g 2[]05
which is incorporated herein by reference. The object's vvel gh

obt ai ned by any conventional scale or other weighing device. For exanple
t he wei.ghi ng device 140 may be a convengji-onal in- notion scale, nounted
under the conveyor belt in the scan zone 212, that is capable of 15

wei ghi ng an tk%b§ SELormk 233 dbdcriBad 86Vl Mgk éclaﬁmﬁﬁt@é‘o%@étﬁf 120 thér}y

conventi onal |nenS|on|ng sensor assembly may be used to dinension the
obj ect 110. disshapeendesithelpreesttn aohurfmlnmomrarcagZhOslramcdlmﬂ)r pherdoltye 8 ng a
conventional CCD-based dinensioning systemthat is capable of determ ning
“all three diependliZons of an object 110 as it noves through the scan zone

212. In another enbodime dugeeg% écgqllp?m{/é%%g RCGRTR SRRt B dld i pl e

arrays of photo-el ectfé" nsor a senb nount e al’ongsi de, above

and/ or Dbel oWidch&eS ERIoZRE Brelsban aécunitil@fonalea B fHeglaendihyuletedsed t o measure
each di nmensi on WI th the accuracy required for the application invol ved.

Based on t hedvaited, wae-byrondeintr thi nesh Zone Al 2.helielk eoTAPTRSS %P@WF@S%WBH"S
di mensi oni ng .of an object 1 t he control 120 . d et her
such 25 obj &Epovgrgd ﬁ?ﬂﬂey%b%fﬁsvé\rstngﬁedﬁ?ﬁy forblﬁ%fls Iﬁ? Fhgict %@%@1 %g 2, 204

in the indu ' 5¢2 a2d theh Qfe dRGAdAYhRLthe hdubRdHiRhe @IvaEESSI Ng -
or ot her sp(é\%%]%{g nleagfthgsgﬁion?e speci fel caelly, if the object's 110 | abel

code - cannot akq 2&athe smnabmahaﬁa@emethcmwendoneéﬂasedsd@yna op@pow~tho1 |l er or
ot her conventional diverter at the no- rea% di Vfdl:‘é §16 to
g19pH R

th
conveyol0 218l gidep scanaailvig 2 dEEIEOLRE &%@%r@n e’gﬁrﬁh F\gF %8 read
30 pI‘OCESSII[l‘I at g Zfﬁgc}esgr% rm%$cﬁ5t'ﬁ dsd%% cﬂ§£ idcB oE&éHEér@’?lbtyO the

i nduction | rranual?y transpor ne of the Sort

destinati ongerefdhee. 5131?601)?@&6 w&éﬂﬁ mdyfbetdmalﬁ?élﬂgciny]cb&vmg)ndl seelesirotisror a -
wei ght that naekes it unSuitable for-2 7 MAY 2005 -22 automated sorting on

the sorti ngwmgknmg:@n@O(FordmpMathed/e@hﬂpﬁ@st@tl@tnémﬂ%ﬁ%i%onvleé%‘? Hr in the
o control unit 125, then t-he, co trol unit dlre ct .

- 110 be di v e FReSign 62l HROYRLFH W} eb%&@&%?yﬁé%é?%% SFPFPE tzt1 %ﬂﬁ&t it Q%agfy&
processjhg Lae8 dofle BB ¢BhveptionAssi ng
area 22 El a?’\t?egéml\% %@@(\# 1&9 mgégrftggual ;é/%{!%ar?s%ortegg‘?o |¥s lsort B
‘destination d8Rdnsicali seBdd? asEBibly eptyibenatd tp,dimantdon thordjecoi 1 @i Ifaseent

diverts can be installed in the induction-line divert arga%@i route
such unsui tambedmf]né(dﬂlsteilsl@ﬂm %Sea@wryplesaeféhﬁ UPPE AEPRYIIGSR € dI oadi ng

‘areas 518, wi thout a ITEdI tion.
" Each obj ect dﬂ?f‘swnlufg IILDS ‘%&) umﬂ#& égﬂégﬁgﬁg%a&d& S%)h%g?ﬁ?gg E8(%0

110 as it moves through the scan zone 212. In another embodiment, dimensioning is
20 accomphshed by multiple arrays of photo-electric sensor assembhes 130 mounted
alongs1de above and/or below the scan zone 212 at intervals sufficiently close to
measure each dimension with the accuracy required for the apphcatlon mvolved
Based on the information detemuned from the scanmng, weighing and _
dunensmnmg of an object 110, the control system 120 determines whether such
25  object 110 will be diverted away from the induction line 202, 204 in the induction-
line divert area 214 for recirculation, manuai processmg or other special handling.
More specxﬁcally, if the object s 110 label code cannot be read the object 110 will be
- diverted by a pop-up roller or other conventlonal diverter at the no-read dlvert 216 to
the no-read conveyor 218 for re-scanning, and re-labelmg if necessary, at the no-read
30 processmg area 220, after WhJCh it will be either recu'culated to the mductmn line
-~ assembly 200 or manually transported to one of the sort destinations 501, 5 12, 518,
532. If the object 110 has dimensions or a weight that makes it unsuitable for |




| oner | oop 402 that sorts to the object's 110 sort destinati
opportunities occur on the outgoing run, and two such opportunities occur
on the return run, of the upper cradle 304 which the object 110 is
occupying. If nore than one | ower Ioopéﬁpz sorts to the final sort
destination of the object 110 in questi©on, then such object 110 wll 15

have an additional four drop opportuniti r D 2darfiOr exanpl e,
in the enbodpmeist serAFEOPLE ?‘H’P Bl.ag'fes?ﬁ@rﬁ@ea?%g%anob o%égtgl oops 402. If an

obj ect 110 were . .addres - k Boritd) vendes vanditebrehaidhd elgedton bi n
501 for thatSYept lgggeego\ﬁz@gu#gé%’gg&{a%ﬁEOIIZtower | oops 402 (such, configuration
not being Shoyge hRefrbdat th mahtieprodeesing bivert 22xuuihg mrnval BICEHENEr op
opportunities to reach a bin destined for that zi .codea 38 fff%ﬁvhf gm each
of such twocbmweger 2285 mA0Ral DROCCFBREI tBR MABHFFTRESSIHE P1E2 &2PA™ DUt onl y
if, the control system 120 i unabh| - Ol 4AO segt ediibgllye for an
obj ect 130 WBE@W“P%@ E?J}SP?I%%CI'WBL Srsf)geéseghr%lg? Sggoﬂg’egg%se. algg- f ourye(or -
mor &) of the, ghl, a6l gkl divebs 0lBS Lnoiled bsth8@alucpoedinc dabiiprey L the
unavai | abl e"wnen the object 110 arrives there. This wll bhe the 25 case
only if eachogé sidhainsovebie ahjeats &80 di@aptlwrt@an%9@@0{6&0%'%%@?&‘11%%% h each
of such .drop points 800 will_ then b occu% eoq,t }?d?tail | ier object 110. If
a | ocation Gohfwitlaut agxintgrmediafRapRl PSRRI C'syetlem 120 wi || direct that
the object 110 be di verted at, fi&yirtaek fulopbb@mitksverdiop 2fp mfitte80Ni ch i t
~w |l proceed down the Teéecl rcutl ation slide 2 | eadi n‘? to the upper
fail ed-4g- drQp, ARMEAXEE 1 Bl ugperaosh traéin 306 td héowassrady Ot orothedeverditRy or
232. The object 110 will then be recircuyl ated. for: rg-i ndyctian onto an
i nducti on | 402 tis sembioyhooiectll0 ¥t desliraliog P HE QPREFTed ar t he

| .recirculation divert to the manual eSSl AR 3etb20rnin0bf e nppdr
processi ng é%o‘%tg‘é‘ﬁgﬁ‘&f’r’lm‘%W%ﬁ%c%woﬁk@ﬁg%‘gdgﬁg? 53 of the Sort dgg’t_i nations

EOl, 512, 518, 1153% AficHihEstied 10y if heupangs ol megshanoraflower wapHO2 8fsect 110
--has been re=scanned at such”area 226. The contr ol é%ste ]b20 TE@S .lﬁ)he _
fol | owi Ng i R edEial eort testinetien of the objskick 19dR AapsteB; BER SYNPREH 162 MFouted to

its sort destination without a |ocation confl,j { i@
i nf or matlison haive bn pédifiprahiour SIroR, PPRIZVEIHE Rsfbﬁuéh%c’fp "{Oé'eqﬂé%ﬁ'?i%%systeem 120
once the object 110 has been NG, 1 W68 Rekr ddths ADDE MSdrostgett iL 0 teee scan
zone 212. K&} Oé’ffﬁﬁrtr‘]jz‘?i“?%ﬁ 1?ﬁ§§’§%‘sjeuar§ed in tﬁz&g)xpl-anati on bel ow tIehat the

obj ect 110 igadre%glﬁ%ia%rtﬁiﬁ%iﬁ eiile, shidthe opltativn int $Mstof thetzipteedeBises = oop
"cradle 304 to the lower loop 402 that feeds:its final 1gort1 qE&t&lQati on:
. by both lower loops 402 (such configuration not bemng shown in Fig. 1), the] :

object would have eight drop opporfunities to reach a bin destined for that zip code,

10 fromthe object's 110 upper-loop cradle 304 to a | ower cra%? gﬁ\(oﬁﬁége
sg.

20 four‘froni each of such two lower loops 402. |
A “location conflict” will exist if, but only if, the control system 120 is
unable to plan an unobstructed route for an object 110 through thersortingmatﬁces
300, 400 because all four (or more) of the object’s 110_dr0p opportunities 800

' predictz;.bly will be unavailable when the object 110 arrives there. This will be the

25 case only if each of the 1owér cradles 404 Iﬁredicted to be present beneath each of such
_ drop points 800 will then be occ_upied by an earlier object 110. Ifa location conflict

exists,rtﬁen the control system 120 will direct that the obj ect 110 be diverted at th-e'
recirculation divert 228, after which it will proceed down the recirculation §lide 230 -
leading to.the upper .failed-to-d-rop cbnveyor 312, and then to the recirculation | '
| 30  conmveyor 232. The object 110 will then be recirculated for re-induction onto an

indﬁction line assembly 202, 204, or instead may be diverted at the recirculation

“divert to the manual processing area 226 for manual processing and tranqurt tg one




10 A. The object's 110 sort destination, which will be either collection
bin 501 or a drop point to a | oose-object conveyor 410, and th& ?p A 2 05’
| ower | oop 402 serving that sort destination, referred to hereinafter as
the "target |ower |oop"” 402. B. The nunber of system steps 50 that will be
required for the 15 object 110 to reach each of the four drop
opportunities 800 to its target |lower |loop 402. This nunber of system
steps is calculated by the control system 120 based on the follow ng data:
1. The nunber of other non-diverted objects 110 ahead of the present

obj ect 11 thensottiiesthaimions SOiYGL2,01 8| 5Ias2lirectedls, thubomfol whdtbmd@eesuwehne t he
20 nunber of steps 50 required for theag(réesent object 110 to arrive at the
i nduct i ofPIechbtGhas beg frascamesd at gughares of a bifurcated inducti on li ne

A ne Contr o Syl%%gilocay?tglﬁwgg%%sﬁletfag@lﬂgurt eaﬁfon%%%nﬁ

necessary to prevent a expl al negl bel ow, by
alteri ng wihizthes absgjgeello odi bt rowed foafs soft debfietion v@lﬂlﬁmt dnhicm&mncdﬂﬁhct; wo forks

of su f ed_.i nducti | i ne 204; and 25 numnb tem st eps
S0 tha Aol NG rumeEeh #lbe Kb ioese fcwRpa b the PO SERBIT of | 1ts
four drOBné@dﬂ@%}é@Hl‘Oﬂfas%Q&l #bhRtd, WRRHRRhES HinldRionBdh e ¥aRCRHe | nto Its
upper -1 oop cradl’e 304. C. The predictable presence of an earlier-routed

obj ect 1202.i Ron syapli¢itypetris aasumed nmwe@xnranammm ﬁmﬁéhemblmﬂéﬂuf t he obj ect

there. r idsyiBh R R SRR UhERilERSn s bRl fonf RS o P Ber fB 5l L1 VEhe

presence4ojﬂﬁtftlea§ks ﬁ@l@bﬂ@@éﬁﬂﬁ@n t he control system 120 takes into
account the route previously planned for each earlier object 2 7 MAY 2005 -
B - 245110, Theebigel bl et dpstigationy whish voljbesttheraio t hat are

I d I 0 that
oL a0 bAoA SIS g% nlbuielsugatl A ABARGAURLO [ hat ore
control Bysdréonpla2 senifig thiat gordisenationeseféral tocmfeynaﬁ&e aofhet'tiegeh present

obj ect" s1 110, f oyr gr op opportunities 800 will be available, then the
control lOXFI{AR generally will programthe object 110 to drop at that

drop opportunt (v 800 he hifiberldhe8eyd0uD i QRN BRRARMAIRY e 800, 1 nst ead

will be available to the object he control " system 120 wi | |
chook® aoking 1d0dd raach paakmidhe fomt tiopopportunities 800 to its target lower loop

402. This number of system steps is calculated by the control system 120 based on
the following data:

1. The number of other non-diverted objects 110 ahead of the -
'.present object 110 on the same induction line 202, 204, which will determine the

20 number of steps 50 required for the present object 110 to arrive at the inductien-line
discharge 240. In the case of a bifurcated induction line 204, the control system 120
may adjust this number of steps 50 if necessary to prevent a location conflict, as
further explained below, by altering the subsequent distribution of objects 110
between the two forks of such bifurcated induction line 204; and.

25 2. The number of system steps 50 that will be required for the
present object 110 to reach each of its four drop opportunities 800 after the object 110 -
has advanced into its upper-loop cradle 304. |

C. The predictable presence of an earlier-routed object 110 in the
lower-loop cradle 404 beneath one or more of the object ’s 110 four drop
: 3_0 opportunities 800 when the present object 110 arrives thére, referred to hereinafter as
a "blocking object” 110. To predict the presence of a blocking object 110, the control

system 120 takes into account the route previously planned for each earlier object




800 based on pre-established criteria resident. in the control t ,
These 10 criteria may include, for exanple, the directness of Z%M&?%S
fromeach drop opportunity 800 to the object's 110 sort destination, the
relative probability of location conflicts with |ater objects 110 posed by
each alternate route (which probability may be based on, anong ot her

I nformation, the control systenmis 120 analysis of historical data
concerning the distribution of earligg objects 110 anong 15 sort
destinations), and the advantage of maintaining flexibility to reroute the

obj ect 110, ineluding toosnly@adRnsbjders ani hed akallewdy losr-Tovy draBel 404, f or
exanple, .in the gbject 110 being assigned to drop at the first of such
two, thr&BEYE0 salist duests biibat aastill ésupmsodoapcsrdles 304 randndeitiep oppor t unity
800 presgpLsi@ Hpse direct route. If the control system 120 initially

det erm nes t?ﬁat’ a location conflict 20 will exist for the present object
110, i.e., that a [fekbmgolayitemt12040itially deteaniaecihpyonig oné bEtheower - | oop

dleg 404 b t f.the f .d tunjti . 800, th th
R TN IS MR R A S O Y
by | 1€ Oy 180 gBRAILPHI HRA BBkt }101o T aeRLd diBh opbiiidyOD ects 110

considered for sSuch rerouting wll 1nclude eac ocki ng
obj ects 880, Ifiswo, thege orifpuraop eppatmities 800 dhsicid veitldictavaitatile wethe i er - r out ed

objects 1 ' ecessary. . For e | the control, system 120 may

vt et o B 11, RER B ey ert LATRIF thoosp SpRamRidse SPEBAERS  hor s 1.
| f any oB80 bised B8 predtallisRekérneri® RisRIehBinifO il Biternt 900N @ﬁ&@ed. its

| ower -1 oop cradle 404, and at | east one alternate drop opportunity 800

remalths QOteHy may dnglads, dongxampls, theidirpgtngsy efthe outs fremecaglvdtopol syst em 120

700 nt " OB 8bo (PRSBIdE 70 St aderifflided pi Rl OptdbBulif oL 1 OTEL | 90P

400 at a por t uni s creating rop opportunity
800 for Ilcoatiqr asdlindts ¢ithdater dbjEots P1(pdddd bR @A alteimtroukd (wiHitly its originally
pr ogr ammed dégg ogpor%uni ty 800 remains available to each of the four

bl ocki ngPOBRREtYImaY be basge oBramens eferdnirmation dhagangiel sxsterypjlé@ts 110 has

not yet NCH%hi I ' O 11| 00, then
t he gont %gllyﬁsyst éﬁ]g%%qan%f |0Béegr%l %?{%%ﬁﬁ@xﬁ%ﬁ@ﬂ%@%@%%c&%&)g or Et he bl ocked
5 dridp oppbdastimdtionel aBd thefadvargagdhofahaiataining Akyibidity li@rdye therobject ng one of

(he o) el 1 LAt UG AUTECHSE v Bl goked Lhgt b pcking o ec
it Eg ugg lﬂ??l Oo: Begbaséiified Brldhob APRRIArSEITRUEH Riéb, ARBOG! 140} BoBopBbRuAN& | abl e to
o 800 even if a later drop opportunity 800 presents a more direct route.
& If the control system 120 initially determines that a location conflict
20 will exist for the present object 110, i.e., that a blocking object 110 will be occupying
the lower—loop'cradle 404 beneath each of the four drop opportunities 800, then the
control system 120 nevertheless may be able to avoid such location conflict by
rerouting an earlier-routed object 110. The earlier-routed objects 110 considered for
such rerouting will include each of the four blocking objects 110, but may, if
25 ‘necessary, include additional earlier-routed obj ects 1 10, as necessary. For example,
the control system 120 may evaluate each of the following rerouting opportunities,
among others: 7
1. if any one of the four blocking 6bj ects 110 has not yet reached
its lower-loop cradle 404, and at least one alternate drop opportunity 800 remains
30  available to that blocking object 110, the cohtrol system 120 can reprogrém-that
blocking object 110 to drop to its target lower loop 400 at a different drop opportunity
- 800, thus creating a drop opportunity 800 for the present object 110.




system 120, even if the present object 110 itself is on a non- |j [ ? a
i nduction line 10 202. For exanple, if the present object 110 m § 05

bi furcated induction line 204, the control system 120 can initially route
the object 110 to either of the two upper |loops 302 fed by such bifurcated
line 204, effectively nmaking eight, ratisr than four, drop opportunities
800 avail able for the present object 110. If the present object 110

instead is on a non-bpf ur cat gty ithgEEhbIONplobReNRELdrop Whpeenif 80TaERaiak ocki ng
obj ects 15 110 are on a bi fu(?g%t ed.ignduclgi on line 2%4, then the control
system 120" awjlable tabheh dfche four blockingwbfects I0okwiong ovbjostef theee Wleckangir op

tunity 800 -th th f 236 of . i f ted | y i
204 1t the PSSR AG hEDRacE: aenaboncnd ke Feblorisd EREoSRARRTES8 0N 1 1o
| nduction | bg @0l ssfboRdoH 10 Be bl RIBISAL Bk GREIAPPOKE BickiPs. e

€m may

control sys be progranmed to override an earlier object 110
routing $veardpfoppornnilitLstafoe sushibekingpebjbe 1p0 by redufing odenafttheabjkéter obj ect
110. Such a rerouting maybe desirable, f exampl e, if the present object

or )
110 needs t dlbthaswerlddtrwigsthaye bloekedibathloduisePigtjldBt 110 need not be

sorted as pronptly.-In that,event. t L | I: 110 will  be
reprogrammed to remain in Htge ﬁﬁ)‘gg?hsg%%%gé gngi%égggﬁé(g{r}%oggjlg]%%édgo t he

" upper- 25 f aj]sgedPritlk 904 CORMRNAT redckRin@lophbreurieh @ avdilbRitd e dongbbund its
upper | oop 300. Thus, the crossing-loops configuration of the sorting

system 100 sysesud2@ evbreifiibs pickint bbjecof OlitseHts ona sombifisatsdbydustiemtinhg  at

| east four drop opportunitjes 800 from each- er. l.aop 302.. T

st ati st 1®al 2% sEqsxpmple, Eﬁd‘%ﬂreﬁ‘?ﬁ’é GPISHY g]ol lf)?,réf'li% Ca@&ﬁf“?‘f@?“&‘&ﬁgﬁ‘béhﬁ)n
several fac [ hgi.on: & LQUYSH Yo Sa5C LF BRGw &ibsiss pal Iy
-i.ncl udi ng th‘gﬁtﬁ%s é%gg?éf%pmgﬁt?ﬁl%gggﬁﬁ%@%%ﬁg nuonber of uppgﬁlgFoop‘Ss&SOZ,

and the ext snt fdiaywhile bifalhed tise 204 effeetivhly prakingreighorathet than futredtonnong t he
‘lower | oops 402. Although this statistical gossi bility may. xtrenely - -

be
| ow i n soneopmrivinkitgs 30¢ axgilableoiosthepaessniatuent 160 Hdbg pgeeoae Hﬁ%l,l%and may  be

further reduced.by rerouti.n t hod j:nc | | . t hose
descri bed abBttad 1%9fe? P%ﬁ%@?tggﬂ“‘g%@%? Bﬁ ?Qﬁ‘;bg‘?m%;gr‘lﬁ%%ﬂdacﬁn gﬁ%éég%ti on -
conflicisca ik Bb in@hdtnnH-004, feR tHelofitrbeBsRMm 120 @apbe thlag
system -500- guf@%reggé\%}?é for,msorrenrret hod of di ve_rtiﬁg@obj ects %10 f-or which
an 5 i ncur apdreutk eodid sincldogbbjiectt ! 16xb stdsop dppodusity B&@dn skt forke?369éh -

di verting nmethod, which is shown

a0 o o Dbl PG SRR o
before it reaghes it ilRREn iR9PoB02, and to reduce or prevent |
' 4. In addition to these rerouting opportunities, the control system
20 120 may be programmed to 6verride an earlier object 110 routing even if no alternate
) i : routc;: can be plotted for that earlier object 110. Such a rerouting may be desirable, for
- example, if the presént object 110 needé to be sorted promptly but fhe blocking object
110 need not be sorted as promptly. In that event, the earlier blockiqg object 110 will
‘be reprogrammed to remaiﬁ in its upper-loop cradle 304 and to drop to the ﬁpper
25 . failed—to-drop- conveyor 312 at the end of its circuit around its upper 10015 300.
- | A Thus, the croésing-loops conﬁgufation of the sorting system 100
reduces the possibility of location conflicts by créating at least four drop opportunities
- 800 from each upper loop 302. The statistical possibility of an incurable location '
conflict depends on several factors in addition to those previously described,
30  principally including the number of lower loéps 402, the number of upper loops 302, -
| and fhe extent to which objects 110 are disproportionately routed among fhe‘l-ower

loops 402. Although this statistical possibility may be extremely low in some sorting



any dimnution in throughput by closing the resulting gap in '
flow by the 10 accumul ati on nmet hods descri bed above. An al terﬁ?t 33”&@95

not further explained herein, would be sinply to advance each "l ocation
conflict” object 110 into an upper- |loop cradle 304 without first

determ ning whether a | ocation conflict26M || exist when the object 110
arrives at each of its four drop opportunities 800, and then to use sensor

assenbl i es 130 1 eo6les Btk das e SeRaR Rithaéhs@nee bgterantigankieds obj ect 110
beneat h eaclg"?%15 o such four drop opportunities 800 when the present obj ect

110 arri vesirchelires butmdelimiteditchthaset daserahed abevh dir thegrgtighpestbiiyeiRat i s

bl ocked at all four d t

poi nt 310 ¢ B pEAoR EonBIR oL ERTaISRIee it BE RO i L oa
Or ol |V a8 80 Rk o8 361 DR AOAYEof dificking oBRBLMIED foekiEMuA 20 s abl &

to plot an route for an obj ect 110 as just described, the

obj ect 140 wchtab&Oidtdtitmeohtlicoughtst he post divert. accunul ation area 238,
- whi ch begins at the dischar thus | cI udes

e end of the scan_ zone 2
the divert area 214) a\mdiew%gdabowenq HehEivesing Iiﬂﬁ@%.%@%%@%&éﬂ

t-di t | at d t t f
P di ver t ellgH G e U PR Rkt Bre el S BT TRl o1 o

mei nt ai ni ngile; QPiRcic, zézlgef%?e i tdagh@qtsldppeﬂequemandféamluwemrqbpmt 110
flow w || have been created by the diversion of objects 110 in the divert

area 214. Ompdiifriesinebroupigut by etpsingribe roulting/gpr i ¢iedd 10 £gy WpPer | oops
302, the control system 120 ca s.objects, 110 to b each -
fork of 1 P Bastu e TR S0 b o Sl “P?Et}’%b%b a%‘{é&lo%&ﬁgh&e by the

use of conyentio EffBfecPOLD Mo ¥ER]es-
nmount ed bet \}I/@Sr{’ ?%%ldllqa‘llg{&é otg%t\dk%%g\%gfgod&?lglﬁ%gﬁmconvg;or As rreﬁftqﬂl oned

 above, the tuptarlle SsivaRbdddst dme;mﬁdpglsmwﬂ]hea chsmcm @mﬁh@mlbfembwé@rt s 110

bet ween the forks on a bifurcated induction I ne 2@0 @lec ssar
resol ve a |&mmh3mh1&:@mrrrw|e&@t earlp pf B Ep HEOP QPPOHBPBE% o R ’6*'(5?5

general ly al ter t he two 4?20 may
direct i ns?@ﬁﬁl %&Mﬁﬁ&%& SVe'o %%e%%cgﬁ%n %a?ﬁ%fl ig“t g%:lo ?%étstﬁ?a same
fork 23sin,pg rfoﬁlodroq\ﬂgf)diﬁﬁutllé%%t)'vﬂfén%ﬂes@t objbétt] 10autivts thdrer Under exi st
for the second object noted, the sorting system 100 can.

- accommodat e stidh fltefedd methody angywebpect Uit ¢ thet 1sdhlqgkgql atelbfopr drgpgpﬁ@qtlglxt1§§d uction
the. sequent PaY wosHl 14 optegio q(dlr)axb}a ot SFironeR a7 7 B bl Pt as%ﬂ'g‘ >
O entor e A SO BRES R g paanced 1 Enchon
each fork 236 by the Ifthe control system 120 is able to plot an unobstructed route for an
| 20 | object 110 as just descnbed the object 110 will continue through the post-divert |
| _ accumulatlon area 238, which begins at the discharge end of the scan zone 212 (and
thus includes the divert area 214) and ends at the induction-line discharge 240. The
_ post-divert accurnulation area 238 is devbted to the accumulation of non-diverted
objects 110 at the intluctit)n-line discharge 240, while maintaining the objects’ 110
25 ‘.'smgle file sequence. Gaps in object 110 flow will have been created by the diversion
of objects 110-in the divert area 214. Ona b1furcated induction Line 204 Wthh fceds_
two upper loops 302, the control system 120 causes objects 110 to be dtstnbuted to
: -each fork of the bifurcated induction line 204 ThlS may be accomplished by the use
of conventmnal divert devmes such as subsurface pop-up wheels mounted between
"~ 30 | rollers on the powered-roller conveyor. As mentioned above, the control system 120

may adjust the distribution of objects 110 between the forks on a bifurcated induction

hne 204 if necessary to resolve a location conflict. For exampie if ob_]ects are



begi nni ng of each system step 50. 10 The objects 110 proceedfLo &qm
post-divert area 238 to the induction- line discharge 240. T e?oﬂ t Gﬁo

are accunul ated at the induction-line discharge 240 and are then

singul ated and advanced, one at a time, into one of the stationary
upper-loop cradles 304. Only one objecty7110 occupi es any one : .
upper-loop-cradle 304 at a tinme. One object. 110 is advanced in this manner

from each inductijon, |i ' t t atlePNarymerlsdep 56 of
" each systemggrleé?}lyﬁtemﬁg% %%eﬁéﬁ%&gégg%ﬁr%@?glteeéggt,rélasﬁ%iﬂegﬁ‘ the@;t ationary
'substep 56 apeali gyt BRY SuctbRBleadj s 1 li0heditmcted bethefsamt fisk 236eh omler Thus, t he
- cradles 304 are not 'noving when objects 110 are deposi te%.thﬁ ein. The
obj ect' s 118vdidmgedation aoitflictabar waulil ofsveispeds fhbhedesmdobEsEI G &% during

the preceding ve subst In the pr A . i ok the
dr awi ngs - ('sBeFIhEFYLng ?Ysi Tﬁaﬂémb%ﬁcgiuf‘%f%%%@?%n?gt%?g{! R pﬁfsglt()ht he

i nductiog- 11 LRG 208 HREVidEONMy 8128 (18 \the donlol Setenam2l) fsiabkd tby ont o
t he sl an edo@%g%?%q é%rgn%lg V\’/hq)gre1 its )r[mti (()2 is Ilsto%ﬁged by the cradle
b

gate 706. | mdniter Peetqrenta pesitodiofieiiobjettad 1gas dey 0B getoprigdemongthonardly
- f the slanted fl fth -] | e 304 .at i nat el i ght
angl e, Tt | SnnIaBigS A1 26 G et T OF SROE L HarE CaBRy Bir e 70

(not shown) 23?}%&7]5@%3? QLI A1 gog{ﬂi]angc%%ﬁZJ@ﬁ;ea&hfo‘%k bysgeeheat t achment .

“pernits the?§ ater to . during a stationary substep

56, as. desgkjihgrdgRekaw sysemisaisdhe cradle floor 704 and the |owered gate
706 forma continuous slanted surface |eading fromthe top\k‘;ﬁo. t.he. bottom -
of the toadl e 304, th{The ohisbisilhg paaveemhirarthe pestdayod arere? > Sd8viRe fndpgion- ‘

e o S it o MRS ERET PR S EE 2 HORISLAM FnfiBl A0 | S 30

pul | ed downlinf 'S nal ntai ned elther by sone bias

such as__Sphiyfsd Qadhdtkifhudlda fnd AhARAPERANRIM, b 0BAONN statibhdry

'sufficient resistance to Stop the notion of an object 110 sliding into the
cradl e 304. ypaahosy adiles 30800yl objedt] I qecipiys 200Be wRcplospesdio4 721
prevent an object 110 from escaping at either side of .the cradleg,304, 404.
If the cradlzta §04. Onepbigeid 19 1§ #fyapredda thip Janagy, nES?)ChpIP%%cém?g]?e%O | prevent

the object f.r om passi | 0 i jseat 110

arops. hto. 204 o e ARTEHAY sy 305 SRR O ke ter

ensure that se?@, RBloefle sladnbrydaBste86 atdint agive shisstegr 6 iedBodbalfadberof i t
e

-when the object 110 drops into a lower- |oop cradle 404. The.gé dl es 304,
404 are car ke ofhushibe cradks 364 ramot swrvingyhengipects bl are dgposit ﬂ‘ﬁfeé‘?/i ously.

descri bed. ab[‘%\é%bj etcth se i id éa?gsett E%%iev3%4sv%iltﬂagg bgf}%ltélé&eﬁsint%%%sitﬁﬁ(ﬁuﬁng the
| preceding move substep 55. In the preferred embodiment shown in the drawings (see
20 ‘ Figs. i-4), the object 110 is first advanced past the induction-line discharge 240, then
- downa gravity‘slidc, and finally onto the slanted cradle floor 704, whgre its motion is
stopped by the cradie gaté 706. In the preferred embodiment, the gate 705 protrudes
outwardly from the slanted floor of the upper-loop cradle 304 at approximately a right
' aﬁgle. Itis movab-ly.a'ttached to the upper-loop cradle 304 by a hinge 709 (not s:ho'wn)'
25  on the bottom edge of the gate 706. This hinged attachment permits the gate 706 later
to be pulled down during a stationary substep 56; as. described below, so that the
' cradle floor 704 and the lowered gate 706 form a continuous siantéd surface leadingj
from the‘top to the bottom of the cradle 304,'&1115 enabling an object 110 to slide
‘down into a Iower-ldop cr,a_dle-404 as ¢e§cﬁbed bt_alow. Ijr_ﬂess the (_:radie gate 706 is-
30  pulled down, its “deféult” up positioﬁ is maintained either by some bias such as '
spring-loading or by a latch mechanisfn (not shown), with sufficient resistance to stop

the motion of an object 110 sliding into the cradle 304. Each cradle’s 304, 404 side




conprise three horizontal, |ongitudinally extending, closed-Qval s tjdt%
| oops 302 10 el evated above two horizontal, transversely exténﬂiMd&

cl osed-oval sorting |oops 402. On each matrix 300, 400 |evel, cradles 304,
404 are attached to the conveyor chain 716 by conventional attachnents
718. It wll be appreciated that a powesgdriven cable, shaft or other
mechani sminstead of the power-driven chain 716 nay be used to drive the

cradl es 304,. 404@; gzgg}_ et5 QDGE ah%g-g‘%hg%%tﬂ%%?p@g Reliher spRbftByeh8ie 309, 400,

15 the cradPE§®3 Fe “att nveyor chain 716 at intervals

around thei o4t BSRESLENSOL HOMSIe3Q20p pi82: 70hsudhribe picat 702 ik erevesiche cradl e
304 on an upper loop wll be the sane distance (or an exact. nultiple of
such di st anobject Hitdirdrhpassitgerventhe dsastigesin 7a@ehibe phigre! YodroBhit Hwer | oop

will likew se be the sane . distance (or e i :

di stance). GEPRETiaPR Vaglﬁg%id’rﬂ“é]rs\‘}g]? ?08&19532@2&1@%%% {515? tg%\ﬁg‘géwég[ghgpper | oop
302 willcbe loRtREMRIf {DREMERB objedd] 195drdPtinana Raed- | over

| oop 4025vvi Id%g%%&?ﬁﬁa%tgﬂnéé?&T e30uni for mli nt erval0 Jtﬁ)tet vveerf %Sgper-l oop cradles

304 need ngsopgadibe@osane, however, as the uniforminterval bet ween
| ower -1 oop cradles 404. The system 100 w

| - t | ]. | |
regardl ess of the intdngaradissiidetVraares OP%EGI_TT%%%&E?‘%%T{%%}S’%B%3%) the
| nterval . bet, ﬁgé%?%}é[%ﬁ/ éer gc e%.sabﬁ??:io egl{?igl?ti)ﬂiv@ sSiNeMdtA0R 30, R, 402, is

the sane di s m such distance), and (2) in the

case of Upp%:ﬁkﬁ%&%ﬁzmﬁl, idHeeudiahlpettaaing, theed:pparsotingdbers B34 i s not
so close as t0O obstruct an object's drop. By way of_ exanpl.e gnly

. ..t he
i nt er valiobetcleverd abdvedwadiosigon@l fransyershky axpRpeme; gofrsd-a( SoRgALoFa 4g%out‘ 48

1 oops 402 mighinchenamodd 6 1dieh ety M dn ST F S, Hofbybbiapler
obi ety 170 8 BB Eer R A i e e v ‘anbodi ment

“ depi ct ed i n chble, dhafwi BERr mealeinian adteed of the@awerdrvenethghn 716may bpBiadddl by
of suppor &1 rigivait gedle 7. (e ecnad Redoomith 42- 7 otk 18 FsR 308 408 S e
BCor aal 453040 GedEs Sk R A Flleydd18 g Aoy BlenBRGTOR (ry S aRAGD IUEPET 000

obj ect 110 g %&E’Jérlg%%srm ihB THAGtLv30diviean aadhaetle BOOpnan appe @4 dr ops
t hrough an aperture 7 in the upper-loop floor 306 located.in fa{_ont of
t he upper - | ogifi kerthdsaneddande(ot amexaas multipihel syple Astingd), apgt the dyifTVal of each.

louer-Toop e A0 Lgces Lo 8051 LIS R g RER B Y Uhe
exact multiple of such distance). Generally the interval between cradles 304 on each
20  upper Iooin 302 will be the same, and the interval between cradles 404 on each lower
| lodp 402‘7w'i-11 be the same. The uniform interval between upper-lqop cradles 304 need
“not be the same, however, as the uniform interval between lower-loop cradles 404.
The system 100 will operdte equally wéll regardiess of the interval between cradles -
.304, 404, as long as (1) the inferval betweéh any two cradles 304, 404 on a given Ioo'p
- 25 302,402, ié the same distance (or an exact multiple of such distance), and (2) in the
case of upper loops 302, the interval betweén the upper cradles 304 is not so close as
to obstruct an objeﬁt’s drop. By way of example only, the interval between all cradles
304 on the uppél; loops 302 might be about 48 inches (1.2 m), and the interval
. betwéen all cradles 404 on the lower loops 402 might be about 30 inches (76 cm).
30  Similarly, the cradles 304, 404 rhay be of almost any size, dependigg onthe

maximum size of the objects 110 to be sorted.




10 of the Iower |oops 402, and each object 110 dropping fromits |ower-I|oop
cradle 404 to a collection bin 501 or a drop point 412 passesji

inward direction. Each upper |oop 302 and each |ower |oop 402827]!%@39[}5
timed systemsteps 50. Each step 50 conprises a nove substep 55 and a
stationary substep 56. The time-1engthy®f each systemstep 50 is the sane
on both |oops 302, 402, and 15 w |l have been pre-set by the control syst em

120 based principally gwég t%%@?%glg%rm 1&9& &k Bﬁa‘éﬂ%@s Qgchrlﬁﬁﬁé’ ary for

each of the two subst e re conplete Duri ng t e nove
substep 55, 3bh %zr\ﬁéﬂglﬁss Sportédby ameameerarm& Bﬁadhb@td the LERIPBA0K V404, 00pS
302, 402 by a distance equal to the spaci ng between the cradl es 304, 20
404 on such thaugh oSG2 mettgRls Oﬁswmqlmdﬂuailﬂ@ﬂﬁm@%b&@ﬁs%m ﬁYﬁéﬂ%rC@ﬂl es

ob; ect 110" PRAMDSmEa tes gt bierts Bedfosp &iooen SEcey AR b AR N ot on,
then itsscr %fgdg O Bok9R t1¥}4 dlt]ecﬁgn BEfrh&f of ﬂ@%péﬁ@o;ﬂ?@? ah® el objfécidﬁfoa' |

bel ow) a? t he " 'begi nning o e stationary substep 56 and w |l

mai nt ai ned igfoppiereaws cpailé 3040 d longr-kopughlld 404 dlrbps dmp-@htanl@ertm 30 de
out 25 of its cradle 304, 404. The gate 706 will fthe ased to return
to its def adh theuwperpbﬁpﬂpeh306d90ﬁ6‘i eafrortfr?éﬂrﬁrrpgﬁr P(?fadi é@JS AEfEh 50 is

t he sane on bothlop i
be-al | ocat o4 oA S Belhueh Eh It e b belhARy RESRTebt tﬁE‘”’ever
al | ocation kg \é@?dhﬁ%%ttﬁdomé%roo%&owmﬁ 1sjpd°r@@fdﬁﬂrllar$@ﬂmrthﬂaﬁﬁm of travkek t wo
| oop matrices 300 Nor is it necessary that a step 50 begin at

exact|yléhe. o§&wﬁowa1nbnps 412, ent tachabpechrht (G drepmog froqpts W?QWP@E&O‘H t is

necessary that steps. 50_on both rratrr s 300, 400 be ni zed
suffici ent | o & RaHecHon Bipetdl r%“%@% 805 11 Ul IMRAK % Iﬁrmg stzatr onary

beneath a drop opport ¥% dg@% AoRRE 4b2 Q08 tes be ing from
its upper-loop cradl elﬁ%lﬂl ?%?20 uc owzelr-looopﬁ%?ad%el404tesl ntlgllé@PSpr gal
errbodr ment  @fstéhetepy S0BudiDlep Shiampiidel arrmqmrsub,st@m&fi aglibsiabparsibsBe on '

‘each -loop 302, 402 be of approximtely_ the s d
steps 50 begdbn The simealgpethei ﬁ%the"iwte{q’ﬁie%%’é the %’gle hooqgééggﬁﬁﬁ);hat syet .

slightly_late
“any one){gub?f &ag%%eegé’rﬁﬁm%bg gocpnz%ﬁgfm%gear ﬁ&eﬁ?ﬁnbﬁ@ﬁ%}égﬂé Sng"sigggt \eNr;I |5§
56 may neverbeghdn@ald 1§ -be Bicadtity Fr ¥REPIhe t@alswbstaplsesgw wbeonahﬁiﬂyt he

system step 50 in the prefeerred enbodi ment may be on the order of five
seconds, Wi tchmapedoxi mately one-

During the move substep 55, the cradles 304, 404 advance areund their
respective loops 302, 402 by a distance equal to the spécing between the cradles 304,
" 20 404 on such loop 302, 402. During the stationary substép 56, the cradles 304, 404
| remam stationary. If, however, a cradle 304, 404 contains an object 110 that has been
pro grammed to drop at that stationary location, then its cradle gate 706 will be pulled
down (as described in detail below) at the beginning of the statmnary substep 56 and
will be maintained in such down positioﬁ long enough for the object 110 to slide out
25  ofits cradle 304, 404. The gate 706 will then be released to retumn to its default up
posiﬁoﬁ. ' | -
| As noted, the duratmn of a system step 50 is the same on both loop
matrices 300, 400. This duratron need not, however, be allocated equally between the
two substeps 55, 56, and the time allocation between substeps 55 56 may be dlfferent
30  on each of the two loop matnces 300, 400. Nor is it necessary that a step 50 begln at
exactly the same moment on each loop matrix 300, 400. Nevertheless it is necessary '

- that steps 50 on both matrices 300, 400 be synchronized sufficiently that a lower-loop




10 hal f of such duration being allocated to each substep 55, 56. As noted

above, however, a system step 50 may be of any duration, and r afifEN
may be allocated .in any manner between the nove substep 55 %TM@Y gﬂ!}s

stationary substep 56 (and may be allocated differently between such two
substeps on each of the two sorting matgj.ces 300, 400), provided only that
the system step 50 duration is the sane on both sorting 15 matrices 300,

400 and that sufficient tinme is. al t - dt
cach subst ol 40438 gt bmsh PR bR 00 S KR T SRR P Png

each such : iidh loaver-wpsestic thhat Intdhe system
8t ?ﬁop@&gﬁ@g%‘tk’ g?ﬁé%gooﬁf’era@l@ 304 s st r-hep e y

100 operates of” defined .duration, and, in the case of the nove
substep 55, rghefal Beboditteat ofthe systendil 89,ahis evibi Fequireriea shbsiens ‘AP A2 &#Ab] es t he

.control system 120 to predict the |ocation of each.obj ch
future stepl®p X2, $07baon weroximyclijie At HaLT- &4 t@g%ﬁgéﬁni%é&%% ough

the system 100 generally will . oh3oal AopuBpaishkigansr &Ddeasderd over
| oops 40 &HW%%I %Lyu F%méggﬁ%gl%%mogt ep 50, the s*?tstem 100 can operate

normal Iy if100€ 489 thamRnehdBRRE [dopeps2 30ikend) one aststapr> ybe endydiger | oops 402
either remain’stationary 25 during:a nove subste i?.oréegre entirely:
di sengaged tompletdiecadpethasicsaeding suhstepriénad AA¥RCHT PRE €5¥t i ng syst em 100,

provided in each case_that t %'%%t%tﬁgéﬁrgi ng%ge gﬁ@&ﬁq&g%@(iﬁthe

non- movement of such EYOP™3 reroutes objects 110 as may thereby

become necessaty. AgdehestmPIAG! e bider of e sicopds ndth apppmimerehdines 304 10

| ower 30 cr Ing a stationary subste§) 56. In the preferred
enbodi mept  inhifuSbiidkt dation beitpellbcated trgesch sustent Y52 A8+ &6 1eFedabO¥®j ect 110 as

-programed by the control system 12 is acconpl,i.sh I j

cradl e gat eh%’@V@‘fa_ﬁﬁéﬂ%FtéH%@ W@‘?t‘gaeygﬁﬁagoﬁr%%l\lﬁttﬁgmg%? Eﬁa éz%%étg%l
slide leading to the target .|l ower- 4 eneABh Usiep 5hi(sddnop occurs

~during a Sgﬁﬁﬁl}()w&p@ﬁi’ﬁ{g‘%ﬁgﬁﬂ%ﬁ@‘r’%%]“29%?25?%5 304, °20 an%e% he;(r associ at ed

1 oops 302, - 4Q28kdikd diFRABIR betwakh erartyosubitepserotack of thedBioseTHNBIDAITIEES

droppi ng out of the one or nore of upper-loop cradles 304 aP% i nLo t he one
or nore tar e, 4ad)errevidedounly it dhe sysiem semal dyrphaR AP FTHOE Lsogngs and

S 12 o5, S SRS, b sl b 0 e
DR R0 51 S ISA S0 elupriens b hcor 06
sliding downdpw SidisdBstgP8s, Sehe object will” follow one of two slide paths,
Thus it can be seen that the system 100 operates in steps 50 of defined
duration, and, in the case of the move substep 55, defined duration and- distance of
20  movement, which enables the control system 120 to predict the location of each object
110 at each future step 50 as thé abjeét 110 moves through the system 100. Although '
. the system 100 generally will operate with all'upper loops 302 and lower loops 402
advancing during each system step 50, 'the's'ystem 100 can operate normally if one or
more upper loops 302 and/or one or more lower loops 402 either remain st'aﬁonary '
25  during a move substep 55 or are entirély disengaged from the operation of the

‘remainder of the sorting system 100, provided in each case that Fhe control system

120 records such non-moveinent of such loop 302, 402 and reroutes objects 110 as

may thereby become necessary.

, As noted, objects 110 will drop from upper cradles 304 to lower
30  cradles 404 during a stationary substep 56. In the preferred embodiment illustrated in
- the drawmgs,lsﬁch transfer of an object 110 as programmed by the control system 120

is acc(','mplished by lowering the cradlg gatg: 706 of the cradle 304 to create a | gravity




10 depending on the orientation of the cradles 304, 404 at th .}i fdd?f
particular drop. A first slide path 812 is defined by an objﬁ WZ \

sliding down the slide 308 and continuing its slide down the cradle floor
704 of the target |lower-loop cradle 404. Wen followng this slide path
812, the notion of the sliding object 110 is stopped by the cradle-gate
706 of the target | ower-loop cradle 404. A second slide path 814 is 15
defined by an object 110 sliding dowg;the slide 308 and continuing its
slide down the <cradle gate 706 of the target |ower-loop cradle 404, in

whi ch casgqé RadmRb aR s e@ lB%er—ﬁJogQ:'rzRge a5 eﬁ&caﬁgé)tAfssc}]réh 99&&% lilé he cradle

floor 704 of the target lower-lo0p cradle ustrative
syst em 1GGticnaryisgbater 5®nh¢¢radle§)é@4n4t)é ahd\dl@eusstmqjed hmps 302, 408M1I a system

100 may instead be co gured o |n one t he ot her 20 such
foo ot asoap sy Ml S h Sychtistt (1 R PR eRg e fte S otn Fig. 5.

an obj eCTupﬁé{Olog? @ﬁ81e3f30@ Bhd {0 HEQ%E olrﬁibl?e el 1ew308op Bradies 4bar get
| ower -1 oop cradle 404 (not shown in Fig. i medi ately after the cradle

gate 706 of the craPeﬁlélustMedlstFpgﬂ Redl aﬂd\ﬁmthmhdnguacr%ntqiqmmmys subst ep 56.

The cradl d do e ate.cable 710 25 attached
o the bSPyBEvEARIRrT0R2) BR R g B 38 LR FfeRsRr [HPaper ur o
(not  shdvep)slide 30@,ew1fubmw:na&ﬂoafadl ififot th€ bstera frahie0atteaeatk sk dppet-he rigid
mani pul aiwpn piece 712 that protrudes fromthe side 720 of the upper-1|oop

cradl e 369D ftypri3Rg %E’I‘i‘whsetxéﬁ“idéﬁﬁwwéﬁdbéﬁo&tﬁf%@le targeat lgwisr-fasparadle pi ece 712
of each upRaH<li@nE BHAUESIAAS0sPER Llioanetl ARBYAR dfiaB sREPBILLN, t Y 80D will

be positione osite’ mani tion-piece er (not shown)
at t abheddementiing quuthé onexdatiiﬁﬁofrrhe; tadles 304, \mMmln thcrtﬁndﬂ afiihs rpaﬁﬁ:&larsquu pport ed

by the fr 04 and dr.iven b a t.or d.assqci at ed r| n (not shown).
In the iﬁafﬂfgifﬁ%l’@a‘%’g?ﬂé eqtﬁ?&ﬁb‘%ﬂsdﬂ‘fvﬁéhf‘p%}}ﬁ d,°5°7 way
2005  _32oRRRimEks ﬁﬁbhﬁwﬁ%&rﬁﬂi&%\ﬂf 964 Qf/theta%gétqmbldlo\balcyaedléw shown) t hat
is controlled, Tn turn, by a signal received fromthe control system 120.

Any ot heWhemfellwmgéhia alids path Shdtthemation of the sHiliog ghjest ?Usrsasmppﬂ& éy

nanlpula i.on |ece 7 | | usts ted

mani pul attearedit-BE 706 Bt tetiettiuREI SR aras 20t A e S TR Bl 5 lsea,

pr Ovlﬁtlleddéﬂﬂe)zl Hyfhatobjedﬂq%m sIsRel ddwe BelidaB0®and &diﬁhﬁuﬁigu’@sesliﬁib ﬂoﬁrh@ﬂ@ e gate
706 to ulled down in response to one or nore signals received fromthe

control @ry lzaﬁe Hopoof thentarges Inyvsrilep eradis¥iacin wiich Fasedhemotipngf ®€304, 404 to
slide do _f?g‘S‘bJQé{tuB is S%H;?[ped b?tﬁgtﬁﬂ%%dorﬁﬁéoﬁﬁle%r%g{ sys? 02%’0{%@5 fﬁgt rol

system 1 n-response signal fromthe co
sol enoi 4@ atithough the illustrative system 100 configuration thus permits two slide paths

812, 814, a system 100 may instead be configured to include only one or the other of
20  such two slide paths 812, 814.
' In the illustrative embodiment shown in Fig. 5, an object 110 drops
| from its upper-loop cradle 304 to its target lower-loop cradle 404 (not shown in Fig.
5) immediately after the cradle gate 706 of the cradle 304 is pulled down during a
stationary substep 56. The cradle gate 706 is pulled down by the cradle-gate cable 710
25  attached to the bottom of the gate 706. The cable 710 passes through an aperture (not
| . shown) in the floor 704 and attaches at its other end to the rigid manipulation piece
712 that protrudes from the side 720 of the upper-loop cradle 304. During each
stationary substep 56, the manipulation piece 712 of each upper-loop cradle 304
_ positioned above a drop opportunity 800 will be positioned directly opposite a
30  manipulation-piece puller (not shown) attached to the pull rod 303 mechanism; which
mechanism 303 is supported by the frame 604 and driven by a motor and associated

gearing (ndt shown). In the illustrative embodiment shown in Fig. 5, the pulleris a



10 shown), or other actuating nmechanismw || nove the puller so that it

engages the nmanipulation piece 712 as the notor and associ ; Eﬁ@ﬁ
(not shown) are noving the pull rod 303 forwardly far enou ijkbgtpm

cradl e-gate cable 710 will pull down the cradle gate 706, thus enabling

t he object 110 to slide down and out of the cradle 304, through an
upper -l oop floor aperture 307, onto the slide 308, and finally into its 15
target |lower-loop cradle 404. In Flg 5, the mani pul ati on piece 712, when
pulled, will nove within its cable gwde 714 in the direction that the

cradl e 3?3elﬂﬁﬁlc9 P ‘U%I i ﬁgvme bl a s§leH&ﬁ§)aWeetnot{}%\6@§? Ehat{ KontBfePyfce 712 to

nmove in the opposi rection, I'n any rection, In'an alternate
enbodi mehtrp, iprosigutd decoiveyd ftdmathetdmatmbays@ui a20. Qﬂnjt)bﬁleetype of oEntedticn

sufficient dis ncetoc ecabl 710 to uII ate 706. After
20 the o F‘@’&F“ fr{ﬂakggﬁ?gﬁ%g@{ 3Py a'i“g‘bPleE“r ilsuﬁ ﬁle E‘§7§B| ler will

retract, jlhlkgse8in Fxrlgeb)eeffahﬂmédaﬁ PR Rithtby D1/ 0¥ fRfiBe Zé@c@xﬂgy flsle@yb0g the

spring- _l oaded cradle gate 706 to return to its default "up" position, thus
r et urhi ngsednproivigsil polyahatowhpn e i tambinatips, they tayisadic adle gaterT0agso wel | . I n

Fig. 5, Ll on .of the mani pul ation al so ., occur as the
resul t o#’ Z dr%]ll@r%g@ﬁn%cf\?é’ RECPh TG %}Sf%glvﬁéﬂo%h\?é’ogﬁﬂlsst V&M as the 25-
mani pul am; thudieR6llinglad objddt 11D ULsiRNRYadl¢ 904, 1408 tdlidecdowh e dulbSsdflvancement
occurs. Al drops froma cradle 304, 404 w I'l occur substanti ally as just

descri begfadl e\;ﬁoﬁ*ﬁ(’é‘cﬁﬁ’f‘éﬂﬁm&eér‘}b’ébe ronteml spsiemrldhh | ower - | oop cradl es 404 as

Wil bga descri _bed rﬁg [g)% {0 zpﬁgmﬁl 0 gle%nﬁ_giss, mﬂ% td%(eo ch&om/ n‘é'“ | have

been diverted in uctio rver an 1 nc rable

| ocaldl onshmu‘nt)IdrmthqmaetumliﬁgﬁdectﬁmmsﬂﬂwdbmiolvakheSpLﬂlbem thalitengipepliet ti ng an
unobstructed rqute to e object's 100 so destination 501, 518. For this
reason, ’é‘ﬁ“’BB{aHE‘E p‘f?&)?'fzg Satﬁ Hﬁﬁgraqd@éﬂcﬁtﬁgg@r@é@mtfilﬂ}mh?‘ieI“;‘PWH | have

dropped |- QY agphe 7 MAY 2005
- 33 poi n’{heg?% rto t%%ﬁa‘g%p @4?%%(?%%&%0%&\% or le%m al%)@o rop point 310

is |ocattbd Crddbwgmﬂ?()ﬁ Ithusleablblmmﬂlopbppipblrﬂtmrshtlc dewB8@0d out afitheippéle | oop 302.

An obj 1 at has, f t
o oor § i, Biatd s RIchBieSt andie 307, et B i Sofrnl sy Pl ko
conmendedrdey 1owRe- I6opbridlk 464, SHEPi12Qht ﬁlaﬁ{papdtioh%&e%@; wherfiptilieB Owal

stationary substeg 56. As described above, possi bl e reasons for such a
requi r ednayYoyithia itsiwable guidsd. Iﬁonmw@aﬁvd;p@thmadle A62 baebdensnainges wher e

(1) b 1 SRS ARE bS50 R LA BoHBRAGFLASR Fifghe 306 Tor

sone Unpro rame an Ca
system J&Rerhﬁlﬁctﬁiﬁt, &1 @i sledndtd ainbodiieng Rirédtedonlly thap kl?d’kﬁ@ﬁipﬁl@ﬁblﬁpi&bd | be

bl ocked 1? }/notvg asu 1|01lé:rn%a dl(s)tfangentoec%{léé t(lalg cgl?lje %(1:0 tolg-l(l)ll down the gate 706. After
20 the object 110 has dropped to its target cradle 404, the puller will retract, thereby
releasing the manipulation piece 712 and allowing the spring-loaded cradle gate 706
~ to return to its default "up" position, thus returning the manipulation piece 712 to its
original position as well. In Fig. 5, retraction of the manipulation piece 712 will also
occur as the result of the cradle 304 advancing during the next move substep, as the
.25 manipulation piece 712 will move away from the puller when this advancement
occurs. All drops from a cradle 304, 40‘4'will occur substantially as just described,
with some differences in drops from lower-loop cradles 404 as will be described.
~ As described above, an object 110 typically will have been diverted in
the induction-line divert area 214 if an incurable location conflict prevented the
30 ~ control system 120 from plotting an unobstructed route io the object’s 100 sort
destination 501, 518. For this reason, an object 110 in an upper-loop cradle 304

ordinarily will have dropped to a lower-loop cradle 404 before it reaches the drop




10 to drop as programred fromits |lower-loop cradle 404 to its
destination; or (3) the control system 120 has rerouted such obji?’i MAV 29{}5

drop at such drop point 310 to permt a |later object 110 to be routed
t hrough the sorting system 100 because the |later object 110 is required to
be sorted nore pronptly. There may be additional reasons for such a drop.

15 As illustrated in Fig. 1, each induction |line discharge 240 is | ocated
near the end of the upper |oops 300_gmtrix nearest to the induction |ine
assenbly 200 illustrated in Fig. 1, and the upper failed-to-drop conveyor

312 is |peiat B toubsSusterhiled Pedrppcophsoy3 f. TR dldp\Rind ORS 1d¥Bia1 X 400
nearest to tge I nduction line assenbly 200. A system 100 may instead be

- conf i gur Beyosd aH viablg digpoppertunifies $10 ethan upnndeopci922 @A ehiectddd et y 200 i s

positi.o [ [ | | hduction |ine

di schar 3%% Z%éatfﬁ%rls g?%éhb@?fﬁéﬁeogﬁégﬁ gélr0 %8 gFa\(Aj/\gr‘lﬁdhob\?cg(?rgtrﬁaé:ﬂ%n§ﬁ[1?tng

mat r i cesdi®ppoind 600 mall be comnmnded by thewatrol i8iein PEY foflk6s theds3 KHown in Fig.

1. In such.an alternative configuration, because the upper failed-to-drop
convgyor R tatonagt $HORIEP 150y Aéc‘%&?}}beékﬂ?@?%umoﬁ%bwc%sﬁ@ Efechrosi ti on

rel at | verdh irdd\ero RSH{E! e B Lo B 2 ey B RS 01 R Gpsed s HRRRTG { @ ed- to-drop

conveyor 312 would al so be posftion art her or war e area of the
sorti ng ehieatilde basBiied tOdropfath s upparoap cradleri®drfot $omier unppegrapiredy. For

exanpl e, the upper failed-to:-drop nveyor 312 i ch an alternative
conf i gurrg%ﬁoghs"fﬁgﬁﬁ? %e&h?%lg%}t%gﬂmﬁb@gheo?%‘%m SYstran %&EWZCW“ scri bed
bel ow,  theobjetCH P FRARAButedRl Vell)Hid Rar@tdifle 4fn daWiRr 38 eBCENMY

doubl e-rows  of collection 30 bins 501. Simlarly, althoughin the

i |1 d8t r deidpep wauapeemay o its|lowereloppwerdle $pto ifsapitaldstinatianoy conveyor 410,
describ I 1 S..J.ocC d outsjde the periphery of the, upper ops
sorti ng%gnga&?icﬁ}%%los?ﬂg&sgjs(&ea r#%@ﬁéeﬁéyc? ﬁ@g ‘étalc}ﬂgg Bt ‘Elr%fapﬁﬁg‘(ﬂp k e 2 7 MAY
2005 - 34 peonies ldteragbjdadil 1 @ & bOrdditintheQptarOsorfidPsyseal GFbavahidd the t he
peri pherg of the upper | [@i | oops sorting matri x 300. For exanple, the | ower
| oop f ailkeroRigetdlB s reaniped iy besspated sonie @rayepty cHreseiman be @dditienalal kway 600,
descri bedaBft BWsudY §lipseparates the two sides of the collection bin 501
assenbly. 5 The drop of an object 110 fromits upper-loop cradle 304 at a
drop5 point 310 wiAd illosteated asFigol | eavk indSetiamlinadiserniid 2% id B@atede positi oned
at the dro oint 310 | ong, t he upper-|oop, failed-to-drop sli 311, and
at one dFAnYF Eﬂ%&}{ {hE 2Pber IRy 1(MmaiEalcareslg taoRdurian e sy 2§§; nt 310
and pri enusu@tddng Figdusdd ﬁ@‘ubb&efail&i-ﬁﬁhx%?%n%%r ai2 {NecAsPans@E g | nduction
line 202, 204. These sensor assenblies 130 _
- the periphery of the lower loops matrix 400 nearest to the induction line assembly
- 200. A system 100 may instead be configured such that part or all of the induction
20 line assembly 200 is positioned above the sorting matrices 300, 400, with each
induction line discharge 240 thus being positioned farther forward over the sorting
matrices 300, 400 rather than at or near their periphery as shown in Fig. 1. In such an
alternative configuration, because the upper failed-to-drop conveyor 312 will
ordinarily occupy substantially the same position relative to the induction line
25 discharge 240, the upper failed-to-drop conveyor 312 would also be positioned farther
forward in the area of the sorting matrices 300, 400, rather than at or near their
periphery. For example, the upper failed-to-drop conveyor 312 in such an alternative
configuration might be located above one of the walkways 602, described below,
sandwiched between, and running parallel to, two adjacent double-rows of collection
30 | ‘bins 501. Similarly, although in the illustrative example in Fig. 1 the lower loop
' failed-to-drop conveyor 410, described below, is located outside the periphery of the

upper loops sorting matrix 300, a system 100 may instead be configured with the




10 detect the presence, and confirmthe drop, of each object 110 _t hat
reaches such drop point 310, thus enabling the control systenﬂﬂ?ONb@Y 2005
nonitor the |ocation of such object 110 and ensuring that each upper-I|oop
cradl e 304 arriving beneath the induction-line discharge 240 of the

associ ated induction line 202, 204 is unoccupied so that a new object 110
can be advanced into such upper-|loop cradle 304. Each drop of an object 15
110 at a drop point 310 is acconplishgd in the sane manner as descri bed
above for a drop occurring at a drop point 800. Sensors 132 will confirm

the d ifddl J : I 311 | eadi
e drop igeslp fhiddd@dtrop BoflePs: Ao l@@attecﬂ-gv'g_lll_ﬁlghg P&fﬁﬁxegﬁ'; |thtl)l§ lu*;ﬁ@r eadi ng

to the upper failed-to-drop conveyor 312. op W rther
veri fi ed lpgpspopéns maix 38n For sxangsle,| the kveut logl faied-tdvdroppperesiondpd 302

downstre it d int -310 riar to.the discharge 20 240 feeding
such | oo%’%@fe %%:tg& ?‘Eoé'% ?Et!ﬁ g&ﬁmﬂ%ﬁh’a rs?rgléc%&?‘f’h“éh‘?iﬁpé&ag‘?s&ﬁa f8) conveyor
312, it wides obehcambViagedichih 601 Ase®B).r Cul ation conveyor 232 for

recirculation to the induction line assenbly 200 or manual processing. If

the coéntrol systemHEoirapptemphiess IiAdtonaits upprsroserpdie3fdiata dop | s

cont ror - BSREBIDRIELKSS (ORRAD Shall sl IES 100 BB uiBE AOR D Bep s 50,1
G opping Lo he Ll ot ba unnorr | Som Cradl 6 B ext system
step 50 3“’(“5#1‘? H@’qri‘&ﬂj’c}q%d"ri‘q theelrompoinb 3l andprior dg e, Indurtiogtline) - occupi ed
upper - | ogpcgid g;ﬁo 3PtheWd iV B dAAANRE D09 "ML Oftlekd. %'éhs%%a%%siﬂ%’lae{sg%ge 20

i nduction-1ine discharge 240 and an unoccupi ed crad
posi 19 onddtepiehewrastrcedasbdrafign tidropuceathabjethEl Oi thatresdhensidhnkops senbl y

202 may bhe. tarted,..The fai)] ed-to-drap object ,110 nay the e

reprogra m(t.l5 f@ tﬁ Soed’aglt‘%g‘e(’ff’mr?e‘ﬁémﬁrgtdlgﬁtt?ﬂA"&PBBleg{B%P{XQﬁF‘E‘i%e@J%O onits
second Cilt@bhd eubiHf hat BEHURRPRF-1dop @PadRO204 Arrilid¥dénefR Bhe indictldh-lidae obj ect
110 fails to drop as programred on its second Circuit around the upper

1 oop 302%?@8@%&?@? he aposigtpgddndyction dinp 2p2, 304 islnngechpisd se hat e@dwf r om a

mechani cgi: N i r h bj ec eco i d qgr is
ot her wi sgﬂjﬁ%a Ioedépéﬁggﬁ?%flged% (r%(gg‘?@%@&f?ﬁ% picf%&l%ggﬁlgém@d%?? bfﬂmgﬁbjf‘g may be
manubd | y1@Eacaddp pbint 38§ beacoempishad yn thetshaie nidipetppRikcridRbd®fdra st opped

to permt such manual renoval . In each event requiring a shut-down of the
upper | oFFPRGEUIrgt & SN RAMISNO: Snsorn) 134 will eenfissythe deop ofsueh fagledf obj ect s

100 R AR B0, 000 L SCARRER Py L gt Lo o0
410 fronsomvexdr H2. dhijealcop ¥i0berfiythoeveifogirignapper-lawp sensors 132 located
along the upper loop 302 downstream of the drop point 310 but prior to the discharge
20 240 f@eding such loop 302. Once the object 110 has reached the failed-to-drop
conveyor 312, it will be advanced to the recirculation conveyor 232 for recirculation
to the induction line assembly 200 or manual processing.
If the control system 120 determines that an upper-loop cradle 304 is
‘occupied when it arrives beneath the induction-line discharge 240, then the control
25 system 120 will shut down that particular induction line 202, 204 for one system step
- 50 to prevent the next new object 110 in line from dropping into the still-occupied
V_upper—loop cradle 304. At the néxt system step 50 after the induction line 202, 204
shut—down, the still-occupied upper-loop cradle 304 will have advanced one position
beyond the induction-line discharge 240 and an unoccupied cradle 304 should be
30 | positioned below the discharge 240 such that the induction line assembly 202 may be
| restarted. The failed-to-drop object 110 may then be reprogrammed to drop at one of
 the potential drop oppdrtunities 800 on its second circuit around the upper loop 302.



10 drop if it has passed its predeterm ned sort destination w thout

dropping as programmed fromits |lower-loop cradle 404. A sens ?
130 positioned at the entrance to each sort destination 501%%”%3*2)29\9 I

detect and report to the control system 120 each drop of an object 110 to
that sort destination. If the control Spstem 120 fails to receive a report
of a programed drop to a sort destination, then the 15 control system 120

wll (1) reroute th i.l ed-to-drop object 1 1. he:- poi nt
408 to the If(;%?bjpgﬁﬂ@%@[s&g&F@pascpdﬁ%rglg%fg‘?%ffé?s%ﬁﬁ c &#ﬁlt?ﬁ%ﬁ\%ﬁ? Pﬁp%gnvey t he
obj ect 110 t ' ' A¥Oto &3B hadfedul(sd) fréemanéchaningl | at er

obj ect 110 &%P sﬁ%fog%k%nﬁﬂh’ﬁ%&n?{bg?%g?ﬁed -Ioocatgi (a)n conflict .ahas been created

by the fail g@ififcidnep bedjuecthe objedt hdstbestroe jamhed ergs etherwise uarblol) 8We' s 110

failure to drop where programmed from20 its |ower-| cradl e can
create a | ofatlyont efiraradie 38h) (hepoymay %?’@Puaélé’jr@@f’vid?g@ﬂ?ﬁ)e Iﬁ%%g%&t yet

hed [t | ower.- | j till i
| To- uppbr - Fabpeaphe oSOl & Abfald e Sion AR ADICRERSL B SRR ST T

unobst r uct -eﬁeq%!ﬁr%rm'u@dowur eGRpatbop B0M ot daattof systesm ¢ PO will adiest tobj ect

110, then the control system 120 will instead reprogramthat |ater object
110 to remaiouting of pejectp p&P oh granfbacted vWwPZ020R AP4 #S 19C€P8has reached the drop
poi nt- 310 to the uppey. failed-to-dro e 408k} get 110
will drop for reci rcu&g‘(“?% ’8?&@8?( %ﬁeég%ggﬁénﬁgﬁg%or%g?r %ed above. If the

sorting sysiem X0 45 £0) dm%%am@i fRth Aichi dn oMjdok 100 eiap dkeiprygramued to be
necessary to- reroute an O%j ect 110 to the lower failed-to-drop conveyor

410. Thep capdpiolt haypisedd it2fredetyrminedwnredsstinatisnoyithnsih SAPPEESBNDI i es mount ed
at the entrance 30 to each collectio i 01 or dro int 4 :

| oose- obj ecprogrimaed fram ig Iéé(teﬁlﬁol’a?ra‘{f? %’W‘%?ﬂ?&f ?ﬁSSWg](yggooqqﬁfe%#%S%gttt?%ct i on)
at such entrance, .in Wi v ( 111 &Yt eh0 fedBrtiBYhe RhALE € an :
obj ect 110 ngﬁqcﬁé%eafcﬁgoéﬁgﬁmggzr’?%ggsi;_g?’ggas?ﬁgln to the 1ijegwer 2 7 MAY 2005

- 36 fail ed- tagdh gy cAMMBYPEE 4ilébjedian s thaesorpdeshinationoflf tuchnirebwysies, t he

sorting system 100 nornally wi [l include at |east ane. such dr otB poi nt 408
to the | owen26 &ilsedrdceivdnapportofaprperanmer drgp & #3Qrt FHtmATRR % PRI e drop

points 408.- for exanmple, . at_each . .si.de I ARy~ to :
rermve_é%j'e@?%tmﬂfESt_@miI@ﬁ “ﬂﬁ\?@ fﬁb‘%“?%ﬁlsJﬂ%&q\%ﬁﬁépe&gg‘b‘rlggﬁgf#mg %rs om the | ower

| 00ps 402, . A8; {38ET] REAANGYifod BNLBP ESHleydrl A OTW¥iidhtn barulvell coavishibe -
recircul ati én conveyor “fromone of three sources: the induction-Iline
di vert. area oBfeds 11 thpReirculhtiimpoonyewtir@330umd (3) reaqufe prkarer (0Bt &%@Fe 404.
e s el ioheh o e 12 b NSl o3 AL ot ©

110. It should be noted that an object’s 110 failure to drop where programmed from_
20  its lower-loop cradle 404 can create a location qonﬂic_:t only for a later object 110 that
| has not yet reached its own lower-loop cradle 404; i.e., an object 110 that_ is still in its_
uppér—loop cradle 304 or on its induction liim 202, 204. If an unobstructed alternate '
route cannot be plotted for such a later object 110, then the control system 120 will
instead répro gram that later object 110 to remain in its upper-loop cradle 304 until it
25 has re_ached the drop point 310 tb the upper failed-to-drop 'conveyor 312, where the
| objebt 110 will drop for recirculation or manual processing as described above.

If the sorting system 100 is not malfunctioning, it will ordinarily never
be necessary to rérqu_te- an object 110 to the lower failed-to-drop cdnveyor 410. The :
control system_.120 may, however, employ :_éénsor assemblies’ mounfed at the entrance

30 toeach co_llectio.n bin 501 or drop point 412to a loose—objéct slide 514 to detect a
“full’; condition (or otiler obstruction) at such entrance, in which event the control

system 120 may reroute an object 110 destined for such sort destination to the lower




10 handling, back to the pre-induction holding area 206 for re-induction.

Optionally, as previously stated, the control unit 125 may p?Ztth@?"
c! &5 9N

recircul ation divert 234 to  divert such objects 110 fromthe

conveyor 232 into the manual processing area 226 for re-scanni ng and
manual transportation to their respectiyg sort destinations. This may be
done, for exanple, near the end of a sort, when the final 15 objects 110

passing al Oghditg dSFLAM, Gld1en FoPBYRY OF bORDL 86 rehdonl Ythé Qortiggsybidohei r sort
s nore quickly

destination I f manual |y processed. Mrre typically, though,
obj ects 110 190 nbrradllyi wigl iattutieief lzass on¢ swrbsiroppaintolly todke fowler Guled-tavdraph) ect
110 that drops as programmed into its target. |lo r-é?og cradle 404wl

proceed in syBYeeT 41%ped BBy ARGudrpiiel GRR POTEJ GRETPIE; 905 520 es it s
20 programred rt .desti nation, i RN [ ' | ecti
b e 201 or S8 iy SFRLLOPEASL 1o s Bbletts 19 Slrkclha s BlopbEwhig! 2Ll on

depi ct edsi nﬁ&%amﬂledfﬁ@[n thdebi¥eby¥pst a2t he | oose- obj ect” hol ding area 518 as
w || be described. The object 110 will _dro]gl into its sort destination 501,
412 during a stati onasydesufistdeposs an pbiegih Oghpeks ropiql tohg ckeilgfidy wher e

rogramred, it will_be 25 rerquted by the.control. syst " >ri bed
gboge, to d'ﬂébvﬁyﬁég%ﬁoﬁtonﬁ 05&558 %‘ir%ts rﬁﬁb‘?ouféoq'hge ﬁgf&ﬁ;& zziiﬁ |4é%§5[‘§3?’§1?0p
- conveyor 41Q op"‘é}%ir 3'3&, o‘i"iah# 18185 &4l A0l hObjdehCi 1DaHAREAGRheONVeyor 232

for re-i r_lduc?lon 0 i'version to the manual processing area. In the
i 11 ustrat i veearsabgonesieycels drdihaiily drbescitcalniedgejtheutdimdperimamieh 30

| ower -1 oop cradle 404 to its sort destinati ogqérg acg_ﬁrrgl.i S dt'i n,Lhe same

manner 4§ desdingberkdp epredrduchen Py Be bissEdugies PRIAEHY o5

upper -1 oop cradl e, 304 a_|l.ower-l I . exXe : dgcause of
t he i nward- fpé%‘fl%‘ﬁlyo%t«ﬁ'fﬁg? PRI RL g%ﬁ“é‘g pg%gm%%§8?§£%7&1ﬁz%n the | ower

| oops 302 (LveisuehbEietts 110 koS rédiaradby coivegordiIeiatd tha mamealpendi cul ar to
the direction of travel of the lower |oop 402; and (2) the cradle-gate

mani pul at i oprpdesdng e 236 Girrerdernningomd thpmuplotanepRIEIION 1R HATHESHFSEKE VIt each
| ower- | oop cradle 404, rather, than fromthe sjde 0 : op
cradl e 304, dgppatipes. 5@%%&‘351‘1883’ vl ‘T’ﬁaﬂ’g’iwﬁyﬁ? %l}égfaar %@@ggﬁ%ﬁ% a$

- posi ti.oned t eh) i nlcoRRyef 288 88 14QH to Abachlthetedortl 10

~ that drggs %%ger%n%l %Hgﬁ%%mpg%%ﬂzgﬁz%cﬁyeﬁ%g toya. | oose- oll?j gct cconv'eyor(s)
516 will be @eomagivedmbee duidldpsanabjabiy prdvedsdd.ng area 518. As noted, the

frvention w 'l | aceo mmhglggemggli;, itl%rlllgl, olb(j)g:%sel l%b\!vi lce'{n‘igg gtv t%gg rs.grt a%s%n%tri](gns
as follows. An object 110 that drops as programmed into its talfget lower—loop cradle
404 will proceed in system steps 50 around its lower loop 402 until it reaches its
20  programmed sort destinaﬁon, Which will be either one of the collection bins 501 or
one of the drop points 412 to a loose-object slide 514, as depicted i_n Fig. 4, for
delivery to the loose-object holding area 518 as will be described.
The object 110 will drop into its sort destination 501, 412 during a
stationary substep 56: If the object 110 fails to drop where prpg;milméd', itwillbe
' 25 rerouted by the control system 120, as described above, to d?'op .instéad ata ldrop point
408 to fhe lower failed-to-drop convéyor 410, where 1t will bé routed to the
recﬁbulation conveyor 232 .for re-induction or diversion to the mantal processing
area. _ - |
In the illustrativé embodiments depicted in the drawings, 2 drop from a
30 lower-loop crz;,dle 404 to its sort destination is accorﬁpiished in the same manmer as
' déscribed above for the drops of an object 110 from an upper-loop cradle 304 to a

lower-loop cradle 404, except that, because of the inward-facing orientation of cradles




10 associ ated | oose-object hol ding areas 518. For exanple, a mnor-inage

| oose-object area assenbly could be added to the opposite si f ,

illustrative system 100. Al so, since conmercial enbodi nents 2?&%&%&05

have a greater nunber of upper and |ower |oops 302, 402, there will be a

correspondi ng increase in the possible nunber of |o0ose-object area

assenblies. 15 An object 110 that drops instead to a collection bin 501

generally will be manually renoved f4omthe collection bin 501, then

grouped, as for exanple in a sack 520, with one or nore other objects 110

that havguhegmSBitERobO36h MBiccl Pl ' o ; ; then transported

in such grouping to a0 ac?; ?83& n"éacar eda&%&%&%agglg,légﬁrﬁQMnanuaI ly or by

pl aci ng pepkndicylacto 162 direntioo of trevel fof tivelosac loopaitleyat @) 2R sfiBe-gaR6 | eadi ng

to such sack | oadin a 512 532. The correct gortation pf an object 110

to its s ROTMAERRRIe 12 Ry s B3R REUOByT ForteahPhgeBiotfie ob) ect s

| abel - codgypQnsdie 104, hather GRS NBF tBe SRk S BR LR PPL08Y drafle 4| ARBEE O] €Ct

| oadi ng area 518. Such re-scanning W ll be acconplished b_y a scanner 136,

~ whi ch® nagsspeiatedipatingtra¢chanisms aed acsomlingly positiencdheneashi onbetondithiec scanner. 25
Such a ted or hand-hel d scanner 136 may al so be used to scan sacks at

any of gpol#l]eﬁgg% orfi&f’g%%‘{?i ons. In the illustrative enbodinents in the

drawi ngs, Figs. 1-4An objeeh]s@ehst Gopy et ithidber-tolp dradit yostd Hwakd-y bi furcated

by a sack-conveyor bifurcator 508 suspended fromthe systemfrane 604
above t h@bIEEORVEySHsLyHt wEble capygyedrigiadopserohiedbplhngaradPbd Assingl e sack

conveyor D7 SE Fado | t . td ins 501

dest i nedn ?ﬁg@ t?%@glltl l?’ er en\rﬁfccr es p%e%@léﬁféﬁ%ﬁéo&%‘é%&%a&g\%egg§ j&?%n 9532. A

sac kHr onassyaatediloose-bbjectlidlding3f:ap6$8.t Fonednipdaa rhinerdmdgoloosealsibetbi f ur cat ed
portion of such respectjve sack conveyor 506, 526 diverts sacks 520 2 7
MAY 20053T¢2 é%?e{négft ff?é‘?fgh‘? ?@85 tQ %@I@PPB%H% 5#83 ofrthg ppatiepssysteppt)- sack 520 wil |

have bee ol hd ; j i j it has
been 11 1Td ey qruflrclaf BARbBICE ACMNES St BT S L ey be
rout ed tlowehbopape2, dh2kibemadilliy savemspa@lingdRreasq inrthopbssiblcmitheatof on bi ns
500. Th 8§)er_(r)§ctt routi %Iof such sacks 520 may be 5 confirnmed by scanners
0136 i f t'RESALKSFE FIBEIESi ncl ude optical ly-readabl e code, or instead by
vi sual inspection. AAsbReerVioomst dtopkemsiehdarh Edlledfb@bin 50INRNGANNY el System
120 nonitors the status of .the objects 110 frominduction to discharge

usi ng | gy wamyally semeved frova thagalleptiin bis 30 ghea erapedfasdorexeople bla syst em 120
and its Atk gﬁ'@,%%h Jn%%r(ingrg Afer 85'_]%(:\% 4%0 that have been sorted to the same ‘

collection bin 501, and then transported in such grouping to a sack loading area 5 12, ‘

532, either manualily or by placing such a sack 520 onto one of the sack conveyors

20 506, 326 leading to such sack loading area 512, 532. The correct sortation of an_
object 110 to its sort destination may be confirmed by a re-scanning of the object’s
label-code once it has reached a collection bin 501 or a loose-object loading area 518.
Such re-scanning will be accomplished by a scanner 136, which may be a hand-held

‘manual scanner or a mounted automatic scanner.

25 Such a mounted or hand-held scanner 136 inay also be used to scan
sacks at any of a number of locations. In the illustrative embodiments in the
drawings, Figs. 1-4, each sack conveyor 506, 526 is functionally bifurcated by a
sack-conveyor bifurcator 508 suspended from the system frame 604 above the sack
conveyor 506, 526. This bifurcation enables a single sack conveyor 506, 526 to serve

30  two adjacent rows of collection bins 501 destined for two different respective sack

- loading areas 512, 532. A sack-conveyor diverter 510, 530 pdsit_ioned near the end of

each bifurcated portion of such arespective sack conveyor 506, 526 diverts sacks 520




10 be summarized with reference to Figs. 6 and 7. At step 1, each object
110 is inducted at the induction |line assenbly 200 and scann 7 Nhﬂﬁhﬁ@ﬂs
and di mensioned in the scan zone 212 of said assenbly 200. If the scanner
134 can read the object's 110 |l abel at step 2, and if the weight or the
di mensi ons of the object 110 are not out of automatic processing
paraneters at step 3, then the control unit 125 wll project at step 4 15
whet her all of the drop opportunitieggwi |l be predictably blocked. If a
drop opportunity can be found at step four, then the control unit wll
advance {6 eneQli@6tsatPloalif} awstzcﬁé@l £a 30409526 D81 HRRYech %Qtﬁ:ﬁg@ at ‘step 5.
|f at step 6 the control unit 125 does not predict any unsc

failures l‘gﬁﬂﬁﬁhshe@aﬂmt@m b f@k frot@hich lﬁmspgeraﬁnﬂbd fo distingtishpt Fomhe cont rol

unit has g r the rese 1 riority_the

priority 0 a%lfg}ﬁ@ ?a%ﬁléaétmafl TPk a?ﬁ'ﬁjja%‘ﬁsﬁ‘ﬁ‘sl ﬁ@ﬂgﬁ@a%%e of the
present dhnecther dollRctiddBins 5HE PhESSRPdct ARitA bfﬂd&s%ﬂs'ﬂb%wmnded to drop
as scheduled to the target Iower-l oogibcra Ie 404 at step 8. If the object

succesf GP1 peanness 1l thamack 536 frbelsanrude opsicakiy-eqadable cods, ar not f ai |
to drop 402 on command, then it wll be routed at step
10 to either tﬁ%éﬁ}"ﬁ;@ 4038% ection bin 501, or to the | oose-object 25

| oadi ng area 518 mlm@pbmsﬂ)y dasictibed fn delfpsl, ey datrollshQtewn 520 QbhieHs tHe t he

coll ectlon bIE t hen_ at séte?? 11, then the control unit 125 will out put
a cont r ofBES G Hteo igntq discheres Wns OB racHIt THel | down t he
gate 706geeedl bﬂﬁg&e@&p&m@t@m& i ORI ection bin
501. Then thec dropped object 11 9Qepo2ﬁtanagt(s:gﬁ%1ec%ﬁplog§ scaﬁ)rrtlgsr?MlSG and the
cont bl bmtﬂtrmnz&zaﬂk with pefaenaetoiRigo Sraat i7o ttstept ) eadOotsean h@ is ipdudtédhent to

whi ch sa |t shou I f a eob ect [ 11Q will Dbe

pl aced |§tktt‘ %tb%lﬂﬂei asz‘eénb@ﬁgﬁé‘f‘gﬂaé’ﬁe‘ﬁ”eé% Q F'Plteﬂéﬂgt? or 506,
527 for zehelJ12rYaill @sdchdls 26K 1f<a1@éitdaﬁne%r1@ac§&?ead%% t%rlqgrlﬁstl hn step 13.
If the object 110 was ----- ----- -------- -39 directed to

t he | oos¥chB;andif theaeighy oatheadigegsionhefithe t)bJ\m:ﬂ lllowtm@e?dlt dﬁamomata: | oose-
obj ect ' S bj gct  conve 0 516 at. st for transport
_ : S]#I’gg S é%afa%e‘t%%g ag 5 R f% cggﬁ . 5t\Hl spgg]ﬁﬁ

to the I ng*area f1nha at step 17.
Ret urSni nghéthersillegf tBe dﬂoia dpbﬁrthrﬁﬁed wmswpuree@ﬁb@ty ﬁocltelaernfia@ ObJ ect 110 will
5 be diverted at the rt assenbly 214 to the no-read proce55| ng area

220. | f QRPOEPRLY capbg Bﬂ atﬁt%foumh%n tho sopfealai wiladyanee the objects@ t he end
of the SBEhexiPall %&&?{HeQJr?ng]' gg@bomtttp gi ffeag%teg%%h@tun%t —{Ig éwe manual

processing area 22 scanni scanner at step 16
and manudes notpredior anytunsehednled faiﬂureaeﬁaxgrrmdmmbjeecl §0000 dbbp) ah@ if at
‘ step 7 the control unit has not elevated over the present object s 110 priority the
- 20 pri.ority of any later object 110 requiring an unscheduled reroute of the presént object
110, then the present object 110 will be commanded to drop as scheduled to the target
lower-loop cradle 404 at step 8. If the object successfully dropped to the lower loop,
and if at step 9 it did not fail tt} drop from the lower loop 402 on command, then it
will be routed at step 10 to either the proper collection bin 501, or to the loose-object
25  loading area 518, as appropriate. If the object 1 10 was routed to the collection bin
501, then at step 11, then the control u:rtit 125 will output a control signal |
commanding actuation of the solenoid to pull down the gate 706 over the appropriate
drop point to the appropriate collection bin 501. Then, the dropped object 110 will be
scanned with scanner 136 and the éontrol unit 125 will provide information to the
30 scanner pertinent to which sack 520 it should be placed in, if any. The object 110 will
. be placed in the appropriate sack at step 12 and placed on the conveyor 506, 527 for -

delivery to the sack loading area 512, 532 as ordered in step 13. If the object 110 was




step 11 for sacking at step 12 and delivery to the sack | oadin rea 512, .
532 at step 10 13, or to the | oose-object |oading area 518 at tﬁdﬁﬁ{ﬂjﬂ%
the control unit signal transmtted to the scanner 136 dictates. If at
step 3, the object 110 is not dinensionally suitable for automatic
processing, then a control signal will divert the object at the divert
area 214 to the manual processing conveyor 224 for delivery to the nmanual
processi ng area 226 at step 16. Ther jt will proceed to either the

| oose-obj ect 15 | oading area 518 via steps 16 and 17, or to the sack

| oadi ng a My 2 aswh i.ously

descri be%?&%é%ﬁ?c gj?’%epg%'%%@?ﬁ%% %L?%ss I%Stgcﬁgvéﬁgg)cégd steplitﬂj%ll!08 hen the
control eledt slidd 54 td thel ddoze-objeet ainveyed 188t itbp a4 davirmkp@ata thbj ect can be

reroute nd if , t bject 110 will ceed step 5 and then as
descr i bg@a‘_g.‘ﬂg\?é";a ﬁ%@dﬁaﬁ%?m%?ﬂ&ﬁ?%ﬁé@?t SHR){ i1l be directed to the
recircul ation convRY®nis fo M2 3911cN8bel RO EIHaBle! fien e (ﬁﬁec%?t@o iyt he

failed-to-drop conveyor 312 and then to its final destination via the step
15 t Hr oulgghdivgriest at 1 digerd @ssemiblyell datiodheno-rfadgtrossissipg Breat?RB. &faspteppoi nt 800

is predi bl |,.0C , d if at ste 9 a,rerouting is feasible then the
obj ot - 1aoRPreySiclhs Bk B TSR bR e Ton Weh 8 P slkniy (ho
obj ect 101 dtdck theybise Bfkht trantisl gﬁeﬁsﬁﬂgh&e@rzzaif@f BhRRl f-ghadningeagedi ng st eps
as previously described. If a 25 downstreamreroute request I's received at
step 7, SCAeRETAS abwen 19 pndmapual pgnsgort to eiberdisspianedeolicetien bin|50d it of such

r equest . I i bl aRj ; i 44 ssi gned at
. step 22 %%Pdﬁi ﬁ’grslg%%%]ée{&h{poﬁ?%? #lhﬁ%rpfttgggts?#gfo}agéﬁa Xﬁsilézpsgfgﬂ;]sggp succeedi ng
st ed® aslPHoetd thaddoge-dbfeet iobditlg atda J18tat prop $7 s the doheol ddiesigijiect 110 wi | |

proceed at step, 8 to its originally assigned cradle 404 and then via step 9

, Y
and 30 dtrnsmatnddg the sopaned 3pdistedli pt %i%%%’rtfd’%%lef'fol 10118 n@fst i nat i on.
Final | y,g;i ! : i i I f - ower | oop
202 ¢ homep b RRIRble KR AR R otk PO bRy B b e
r eci r culdfdcont the diseytareaal 1 stpaie B@nzal gracessmgenaeybri224ifosddlivegl todkst i nat i on

via succeedjng steps as v] ousl! y,descr. bed. depicted in Eig. 7 and
Hoacr | bONRIBLROCESHE A P dBe hEs & llproceein Bifer theonsotbied o
out pyt s.loddifs BRASPS vASHEENIGI 88 1P SMbIR: daRRWRIidglark1$1L B0 Kl stépsui, t  125.

More specifically, information is gat hered on each object 110 that enters
- the sydtlet?,land 13|asiprévaousiy deshrbesk df alk droppposuritinsanebtocked et sten 4.0n

i nfor mitth egf{elrc8 (glqj%it ﬁgjev&%ﬁ}dle?en]ﬂ%‘n% a!;rpgﬁggl_l&iﬁéj ég\ivhgegﬁln%}]éc?@aﬁg contain a

di screte nati on code, O exa nformatfon s sent to the
cont rol remduted]dl if k6| theldbjectan 0 willgreies®d esstom s and dznandeseibbe aBshe; gat her

physi cal data on each _ob! ect 125, including . . .
but 1f not, then the object 110 will be directed to the recirculation conveyor 232 via

20 . the recirculation slide 230 or the failed-to-drop conveyor 312 and then to its final
destination via the step 15 through 17 or 13 as described above. If at step 6, the drop
' point 800 is predictably blocked, and if at step 19 a rerouting is feasible, then the
object 110 will be rerouted by the control unit 125 at step 22, and the object 110 will
proceed to its destination via step 9 and succeeding steps as previously described. Ifa
25  downstream reroute request is received at step 7, then the control unit 125 will
determine the feasibility of such request at step 21 and if possible, the object 110 will -
be reassigned at step 22 and then routed to its final destination at step 9 and
succeeding steps as previously described. If not possible, then the object 110 will
7 proceed at step 8 to its originally assigned cradle 404 and then via step 9 and
.30 succeeding steps é's previously described to its destination. Finally, if af step 9, the

object 110 failed to drop' from its lower loop 402, then the control unit will route it to




10 outer dinensions and wei ght. The di nensioner 138 and scal e lﬁ) dgéym
this data to the control unit 125. The sensors 132 are suitabl Zo

around the sorting system 100 wherever it is desirable to track passage of
objects thereby to confirm proper operation. Such sensors report such
passage or non-passage to the control unit 125. The control unit may
receive other input information, including but not limted 15 to the status
of the conveyors, notors, and cradle-ggsenblies. The control unit 125
processes the various inputs and controls the operation of the system 100
based on giEoiiclHoRbARYoPi R dfethén HAVAIUNG Ts FABPEILRRIINGE S N Qutputs
fromthe control unit inClude outputs to the induction assenbly 200, to

t he upper SUceRsgingoyiensrag previgusky &Boribado t he | ower -1 oop sorting matrix 20 400,

to the desti.nation nbl v .5 n 0 th canner 136. Mire cifically,
the control unit 1%?%%?%,%%0,\%”73@% ‘%:PC li?ﬁﬁ%f’ge’&% Gl syjiera 1gﬁg‘asposi ti v)é
i nteger, amiebeiof ilhgears @lputs. Wihd sdaSort RerMITRYroQle HRRADIF Eondopt t he

contrqjl uni.t 125 sends output signals to on the induction assenbly 200.
ExanplPes Wit Be Morsesppeifirallys inforanatwa ipgethered ongach phieeteld Ottbattentersiiheer t

nmechani s S gj’;ﬁ“ t -S| t 1 on hani. s t shown),
and the drgﬁ( gl%ﬁglrlé)gziﬁng?ﬁgﬁt}lgm fgizllr;:gﬁl Ag’(r??lf% &%ﬁ%gm@@ﬂ??%ﬁ%nﬂ?ﬁﬁnnﬁ?éqﬁeas any
number ofobgest’sut 8 idtiel. vhrehdnfdrinati@nmap esnthinsedisdeRuREtinativhodé, ToN general |y

wll be the ntétnhlﬁ{js of mechani snms that the control unit. 125 controls on the
upper - | oSELBI i s infRrmakon gsenitothe cenrol ung Jof. fpadditionthe i ncl ude but are
not |im t@gledSordcn§39 Y 4@(% ) |.C - | pul ation

pi ece 30 715 pul | er?%%seéa%% or t%ﬁhﬁ?ﬁ%ﬂ?ﬁi\?@r ‘Qﬁg%@%% ?%WQ% t he

- oper dPi owutst dithenspomisland meiht.t Teerdimlensonendf dndescalerivi€ydatiser thisgetabal | y a

function_of the,co tl.onal gearlin connect..n he tor to such devices,
it is wi tt%’i ?1"“1‘?#?&“?‘8!2% %S’Psc?‘ﬁzgé ﬁ\g?e“th@M PPBIPOg‘FFgaf? fgeosgs - 41
control ¢pdtémt100 Gidkdvel it i\ @saME i fHhék '§§éétdﬂ6b‘¥e|c& tﬁa%bgvc%ﬁnﬁ e

controller can stop the notor as in the case of a second fail-to-drop.
Tur ni ng PEPPEhePBaigut Bichsensocs lepowt such prsgags or nongassage totheichetrolomitr ol uni t

125 has tputs.L ere L LS a .pgsi.tiye integer, wherein
L gener algll?%,' '\?MH‘%TP&{)&GC)?PW@%}}&EI%%GI’W%? ?Felgﬂ'étr}f‘tol’f@a@{fht'&ﬁﬁgm% BHRY rlm%?%lt 125
cont il stotheistagusl c\WRF cdn@eYors,hbtong an@tratite-A0nblsanpl es of such nechani sns
i nclude but are not limted to the pull rod 403 sol enoi ds which actuate

t he mani pul ation pil@e&ontial ugif 128 procepsss st warious inputsandgiontrols thechani sns.  So
t 00, theg,&Gos i _ f t , ere Kis any

posi ti veoli) nt egr[e%thg%%err%i%ﬁo g‘é%@é%ﬁr@‘v?ﬁﬂ%"ﬁéﬂ{j% %géorg\rﬁ\éqnéﬁs mechani sns

t hat t hedesoribedbereini Outf@fis from the control unit include outputs to the induction

assembly 200, to the upper-loop sorting matrix 300, to the lower-loop sorting matrix
20 400, to the destination assembly 500, and to the scanner 136. More specifically, the
control unit 125 has any number of outputs M, where M is any positive integer,
wherein M generally will be the number of mechanisms that the control unit 125
sends output signals to on the induction assembly 200. Examples of such
mechanisms include but are not limited to the divert mechanisms 216, 222, 228, 234,
- 25  the singulation mechanisms (not shown), and the discharge mechanisms. Similarly,
the control unit 125 has any number of outputs N, where N is any positive integer,
wherein N generally will be the number of mechanisms that the control unit 125
controls-on the upper-toop sorting matrix 300. Examples of such mechanisms include
but are not limited to the pull rod 303 solenoids which actuate the manipulation piece
30 712 pﬁller, the motors and the divert mechanisms. While the operation of the pull
rods themselves, and the conveyors is generally a function of the conventional gearing

-connecting the motor to such devices, it is within the teaching of the invention for the




10 controls on the destination assenbly 500. Exanpl es of such nechani sns
include but are not linited to the diverters 510, 530 and cz@ “@Aﬁﬂ)zgg‘?

i nformation displays (not 'shown) |ocated around the collectTon bins .
Finally, the control unit 125 sends output signals to the scanner 136 in
order to provide feedback or instructionns to the workers who performthe
final scan. 15 Wiile the invention has been illustrated and described in
detail in tb&utn{l%ﬁg&wﬂro@'&é%@&%m%&%ﬁ%ﬁw irPddyQvent, He @Bl ah Btope
considered as i1llustrative and not restrictive in character, it being
under st ood theatoonhyinghedase péd sawhd diilvendrep. Thernepibo thavetpbisda thehlowar-and
described and that all changes and. qggihfi cations tgat conme within the
spirit of tMROPSAEEBRMEAXPE oyl vay B“eﬂl’ar%’t‘%‘ﬁB oulpgls 2, ¥ 008 -42
CLAIMS: 1. A systemf Al h ek LSR8 maciEany it, - 5 a .
first conve%?’lgg%lr Ere:gﬁgn}vrlrl%%;“irl %%%g&?ﬂéﬁ%%b%%@ﬁ IE]gforrnt{;‘}? ng trrrﬂasﬁb?t;tﬂt% ocat ed

bel ow said Chhitedl uaRNDE BEntrd1®bE the lowai-Bop s6rihg anis 400 nExanplts afsucht ri ces
are each adapted to receive.and transport one or nore objects to be :
‘sorted, 10 whehmiimmsiarlddé butsare nettliited tadheprabrogd {3 selenpide YuehaaNatle schar ge

apertures-for discharging sai..d aobjects to sai econd IiX, erein
‘sgi d second SraRHTRuAY R}gfeesﬂgr%&(g#%?ﬁﬁlg%oﬁ'?ﬁég@awgﬁsl%%g%gﬁl 'ogg??q)omsé for
di schar gi ng.saidl LBRI195 hiss RGP bf HRp&s KOWHRE K 0Nardf RAgtivednteghie syst em of

claim 1, wherein the second conveyor matrix 15 crosses under the first
conveyor matwhierein B.gefitrells ysit berthefnuniber of Rechahismsithettthecdntrod tntd2y i x and the

'second matrix each has a closed-circuit_ configuration. 4. The system of
cl ai m 310 whepmrals ¢ therdegtaaian agse iyréc -iﬁmgeég)l%éu%ﬁ“?‘f@ﬂﬁnﬁil %‘Hﬁ?‘a‘g .

Sher Ly b N KOl SR Y ol b BB tcon 20
_ confi gurati gibwil)JockfeddrhiddSBe collection bins 501. Finally, the control unit 125 sends

output signals fo the scanner 136 in order to provide feedback or instructions to the

workers who perform the final scan. | _ -
15 - While the invenﬁon has been illustrated and described in detail in the

foregoing drawings and description, the same is to be considered as illustrative and

not restrictive in cha.rét:ter, it bei—ﬁg understood that only preferred embodiments

thereof have been shown and described and that all changes and modifications that

- come within the spirit of the invention are desired to be protected.

20




6. The systemof claim4, wherein the closed-circuit configuration is a
guadrilateral. 25 7. The system of claim4, wherein the obj ec;tMs% a
the systemin a series of steps. 8 The systemof claim 7, @M&Wémg
steps are of a known fixed interval. 9. The systemof claima8, wherein the
control unit utilizes the 30 known intgyval that each object noves about
‘the systemin step-wise fashion to determ ne.a current |ocation of each
object and to predict one or nore future locations of each object. 2 7 MAY
2005 -43 1€LAHES system of claim9, wherein the control unit plans for
each object its discharge at the one or nore primary di scharge apertures.
11. The system of claim 10, wherein the control unit commands the

di scharge of each object wiesyseacforabitegtobiectsiope®rgingi t s respecti ve pl anned
di scharge 5 aperture. 12. The systemof claim9, wherein the control unit

pl ans for each objectdengoldideharge .at the one or nmore primary di scharge

| ocations. 13. The system of cl aim.: rein the control unit conmands
the diséharge for ea Hﬁt_brjogg?yo\%ﬁse?r?ﬁé%a\fgﬁg’bj ect arrives at its respective
pl anned di scharge 10 . Qeatd QRveybs sorfing nsist Brvaed beloai saidfirshpflegn t he
fixed interval includes a +tinme conponent having -a known duration. 15. The
system of . clpitAx8, wherein the fixed interval includes a distance

| -conponent defining a known di stance of.objec -adhBted Go EBee syt em of
claim8, wherein the f s WFW%?H&%‘JS%%E%&&??% Cohponent of  known

duration and_a di stance ant pokoddown di stance of object travel. 17.
The system oqm’é?oéf%lel%%l&vﬁgp In the time conponent duration. S the sane

for objegts -on the firgkersianyidytst marikinjudesong R BTG PPl ts on the
20 second conveyor sorting matrix. 18. Th ‘sgxzns em g)(f claim 17, wherein
obj ects on tdperthies §or disshengyng saidkQRieqthy ﬁ%éﬁﬁF #1’8\9%1 according to a first

val ue for the dist ance gon e%ﬁgatxid s@&)‘ijld matrix includes one Of more primary

discharge locations for discharging said objects to one or more collection areas.

2. The system of claim 1, wherein the second conveyor matrix -

15  crosses under the first conveyor matrix. | o _ |
- 3, The system of claim 2, wherein the first matrix and the second

matrix each has a closed-circuit configuration.

4. The system of claim 3, wherein first conveyor matrix includes a
i)rimary discharge aperture in the vicinity of each point that it crosses over the second
20  conveyor matrix. ' | o o |
5. -'The-system of claim 4, wherein the closed-circuit configuration
is an ellipse. - B | |
| 6. The system of claim 4, wherein the closed-circuit configuration

isa quadril_ateral.

25 7. The System of claim 4, wherein the objects move about the
system in a series of steps. |
8. - The system of claim 7, wherein the steps are of a known fixed
- interval. | | |
| 9. ' The system of claim 8, wherein the control unit tilizes the

30 liiown interval that each object moves about the system in step-wise fashion to

* determine.a current location of each object and to predict one or more future locations

of each object.




wherein objects on the second conveyor sorting matrix nove ac o?d' t
second value for the distance conponent, and wherein said fi &s %eﬁﬁ]@ﬁ

not equal to said 25 second value. 19. The system of claim 14, wherein the
duration of the time conponent is up to about 6 seconds. 20. The system of
claim 14, wherein the duration of the-tjy conponent is about 6 seconds or
greater. 30 21. The system of claim 15, wherein the distance conponent has

a_ value of up to aboyy 48 nches (Lzb 2t VAR08 unn Bt R e Syt e

of claim 15, wherein { as a value of about 48 inches

(1.2 m or %Bﬁgt;i r isc%gr%eﬁgﬁtgzﬁ?to?m&é plihalyRiddhargehpeies. sai d first value is

greater tha ou 1 in), and wherein the second value is
greater than about 301inch@he sistéid6f claym 104vhertio thyeanéol Rit pamandspthe

further conprising one or nore secondary .discharge erture e or
nor e seconddrsphatsefrachebicsicubenoiish PB}EC%%E}%SC%FQ 5%13?%&6 Pﬂ%&“? g%?%%g 0

di scharge as commanded. 25. The system of claim 24, wherein the first and
second cénv@?‘?ﬁme'lo matri ces each further conprise a plurality of -adjacent -
closed-circuit tracks226. ThBeysmato€alanh 9¢wheneinhe codterl @init phas Horseaeh
includes a. novenent substep and an action substep, wherein all objects in
the system mbijeet its disihatgent dicameair mae pREag] $EEREE [BGH9BHent during the

roverient. substep, and \her g0 905 7 b RIS, PRLERI: B fidfhatbaanRadue ng

t he action substep. 18327, Nng objects conprising: an

i nduction assenbl y foar%ga{ %eét%ﬂeﬁfeﬁ&ﬁ/@oje&iaﬁ%ﬁ of ¥ respdctivaglanaed diggrgesor ti ng
e |

circuit adj gsé:n?rg ot duction assenbly and adapted. to receive objects
t herefrqm gqodag¥gr sorting circuit crossing under Ssaid upper sorting

‘circuit and 20 adapted to receive qbjects therefr a .dest. i
assenbl y adapted for rédcei Vib§GYEBRSEC “f‘(ge)ﬁﬁ&“ﬁ?@l%ﬁ%g%dl%ﬁﬁa#%%?&g%rti ng

' g:rcurts; O%%neogomnl%%%nt %len%ra&%%rmirétﬁﬁl. mounted to gat her data on the one

15. - The system of claim 8, wherein the fixed interval includes a

- distance component defining a k]_:town distance of object travel.

15 16. The éYstem of claim 8, wherein the fixed interval includ.es a:
time cofaponent of known duratidn and a distance c'omponent of knowh distance of
object travel. | |

-' 17.  The system of cla:lm 16, wherein the time component duration

is the..same for obj ectﬁ on the first conveyor sorting rﬁatrix as for the objects on the
20 second coriveyor sorting matrix. '
-. . 18. The system of claim 17, wherein objects on the first conveyor
sorting matrix move according to é first value for the distance compqhent, and
wherein objects on the second conveyof sorting matrix move acco;ding to a second

value for the distance component, and wherein said first value is not equal to said

25  second value. |
19.  The system of claim 14, wherein the duration of the time

‘component is up to about 6 seconds.

20.  The system of claim 14, wherein the duration of the time

~ . component is about 6 seconds or greater.

30 21. The system of claim 13, wherein the distance component hag a

value of up to about 48 inches (1.2 m).




nore objects; and 25 a control apparatus connected to the induction
assenbly, the upper sorting circuit, the |lower sorting circunt t

one or nore sensor assenblies and adapted to receive input |2erm(2m5
therefromand to send output commands thereto to facilitate the delivery
of each input object to the destinationgassenbly. 28 The system of claim
27, wherein the upper circuit and the lower 30 circuit are each ellipses.
27 MAY 200.5 -45 29. ,The st em of ' ' i j t,he
upper circuit has a 3g%na éc8¥%%ﬁ§?g%ﬁ%g%é%?ﬁ%?ﬁ%§%gw?ﬁ%8$%@g%n@$§cuit
each tinme tReLUPPEKoE UR Gibhts (107 RS SLErehfe | ower circuit. 30. The system of
claim 29, wherein the objects nove about the 5 systemfromthe induction
assembly to the desti Bati oThasyterhiof claim 48 swhqreis said fisleypmue isgreaterplansy st em
of claim 30, wherein the steps .are qof a kno f.ixed _interval..32. The

syst em of claa?%@@d\%é]r’é’ir?ngt‘@eé%ﬂ or°° M‘tﬁlf IS ﬂi‘aﬁeaboﬁg%oamﬁgﬁtsher ed by
t he one or gpégmzensor assenblies and the known interval that each 10 -
obj ect nbves abolt the systemin step-wise fashion in order to determ ne a
current location of eagh oljheeystandf thimnédiucherowenppisingoore drataree | ocat i ons
of each object. 33. The system of claim 32, mhereig;the CﬁﬁtEO| nit plans
for each ~olspesedanydischirae BPETBPSCANgONA®F JROBF SEPRIAGE ASpRATET GPEOSJOT &Y The
system of cl ai 3 erei.n .t it diverts at the 15 induction
assenbl y anf)’%l?g} %&qh%%[e%ttﬁglsg%aﬁgér)gﬁtéogﬁﬁrlnjfﬁmgg't ermines wWill be unable to

di scharge at any of the onghekydihef Blairianywkkrsiahbe it eppsscbudbdivegor 35..
The system of claim 34, wherein the upper circuit further conprises one or
nore sedtondarayricts setiafugberuprprisaaipluralsty ofedjagumé cloged-elrguaf trackai m 35, wherein
the. control unit commands_an 20 ohject .to di.schar at_ on f the
secondary di scharge gggortG%FﬁY%Q?ng?ﬁﬂzéV¥‘?mgﬁgﬂggg%F5@¥E?§iled to

di schar ge \%&lno%ﬁleﬂtt ub s RAd MRS ioHls U cRIRP R bRl i the s$dtem HREvesy St em of
claim 36, wherein He u%per circuit and the lower circuif each include a
plurality ofiisadicaeqni td thacdksancdBomptrens yuireythe novkmient YBstephradeihergai d

-adj acent upper tracks are 25 substantially perpendicular to said adjacent
| ower 't r ackone or more objects are discharged during the action s bstep. :

15 27. A's_ystem for sorting objects comprising:
an induction ‘asscrr'lbly adapted to receive objects for sorting;
“an upper sorting circuit adjacent to fhe induction assembly and édapted
to receive objects therefrom; | |
| a lower sorting circuit crossing under said upper sorting circuit and
20  adapted to receive objects therefrom; _- | -
i ' a destination assembly adapted for receiving objects from the upper
and lower sorting circuits; | o . |
One Of INOre Sensor assemblies mounted to gather data on the one or
| more objects; and _ | _
25 | ' a control apparatus connected to the induction assembly, the upper
sorting circuif, fhe lowér SOrting circuit, and the one or more sensor assemblies and
| adapted to receive input information therefrom and to send output commands thereto
to facilitate the delivery of each input object to the destination assembly. '
o 28 - | The syétem of claim 27, wherein the upper circuit and 'the_ lower

- 30. circuit are each ellipses.




39. The system of claim 38, wherein the objects are discharged by gravity.
40. The system of claim 39, wherein the induction assenbly r
nore diverging end portions adapted to deliver objects to onerzrrwxozggg
upper tracks. 2 7 MAY 2005 -46 41. The system of claim 40, wherein the

control system commands an object to djsvert in the event that the control
system cannot plan a drop at any primary discharge |ocation on any track

served by sai d di verghgg_end. Rt} 8Staind 2, Wiheif s bBjB:0in gleaifitdicutuher el n

di scharges may occur at eac 5 of the primary and secondary di scharge
oppor t uni t y hisu giighgulischirge systramitfuo iregowhecirgareecis tims. thel@ppeTh?éCLgy st em of
claim 37, further conprising a plurality of receptacles carried by each
track and aé@éﬁeé@lqléwﬁ%i@ﬁort objects to be sorted around said tracks,

~each receptacle Coﬁpfgé' HGEﬁWg}?s't&?gfcﬁm&@%@e?élh%éatg@ctph@qeabo@u;fé anted 10

fl oor portion sandw chéd b e side 'pi eces a gate portion

nmovabl y 5 at taehs tolPiht hRlublieosisspablyi 1o thedstieaionnsientblp irt waerits pf siapy
therefrom 44. The system of claim43, wherei-n an object tg be sorted

enters the receptaci 8lby The elysteyn abolaim 3, Wlll%@ﬂﬂ}ﬁﬁtﬁﬁstﬂﬁe ofymknawa figgkst em of
claim43, wherei n an object to be sorted enters 15 the receptacle by :
sliding domﬁf‘t?ﬁvé gate portion. 46. The system of claim 43, wherein an

- Obj ect to be sorted enjersrpf %téﬁ%?&ﬁﬁ?ﬁﬁ Whersihitel agn@OwRit LtiBzdaalid om
portion or its gate portion. he system of claim46, wherein the

nmovabl e gat data@atheed bylthnl\m’[eSortmvarsdlsbhessﬁllnbbﬂ’:S qmldrthfv bu:pwr@nﬁdmvalvﬁl@tmadbj ect

inside the receptacle to be 20 di scharge ‘%Péq 8 wn and out tOf t he .
recept atf e. olgot HF%‘@S@%‘#@% Btes) iy Sigpgyise CE‘ilﬁc’t" UPPEFUEF AT .

~recept acl es‘é S ?‘Igggti Gt 018 aeand%\?{]edfdt oﬁé’bxtmﬁl%cfﬁﬁﬁéﬁalcﬁoﬁs%f%hélp% ehj ects to

be di scharg per clircult receptacle dovvn into the
| ower circuit receptagie airh@m@bxﬁ)efamn 39 . whdhein slyss¢oeunod finic bnsrfot Zachwher ei n
- the lower circuit receptacles 25 align to discharge objects thereto. 50.

- An appar at usbjedritsraneer wiongpamdrydlisdiegePPAgrtEBfieet s to be sorted by a

sorti ng system the a%)ar atfﬂe sys?e@%i‘glamg?ﬁ wherein the control unit diverts at the

- 15 mductlon assembly any object that the control unit determmes will be unable to

discharge at any of the one or more primary discharge opportumt1es.
35. The system of claim 34, wherein the upper circuit further

_compnses one or more secondary discharge oppormmtles

36.  The system of claun 35, wherein the control unit commands an
20  objectto dischaxge at one of thc? secondary dJscharge opportunities in the event such

object failed to discharge at one of the primary discharge Qppbz’tunities.

- 37. The system of claim 36, wherein the upper circuit and the lower

y -circuit each include. a plurality of adjacent tracks.
38. ‘The system of cla.lm 37, wherein said adj acent upper tracks are
25  substantially perpendwular to said adjacent lower tracks
-39. The system of claim 38 ‘wherein the objects are dlscharged by
: gravity. | , '
' 40. The éystem of claim 39, vfhersi.n the induction assembly
-includes one or more diverging end portions adaptedr to deliver objects to one or more

30 upper tracks.




a pair of spaced apart side pieces, a slanted floor portion sandw ched

bet ween the side pieces, and 30 a gate portion novably attac
floor portion and extending outwardly away therefrom 2 7 mzego%@w%%

51. The apparatus of claim50, wherein an object to be sorted enters the
apparatus by sliding down the gate portimn. 52. The apparatus of claim 50,
wherein an object to be sorted enters the apparatus by sliding down the

fl oor portion. 5 53. ][Ipe agﬂggﬁﬁgﬁpg?ﬁ%gp{/@gg WH@E%&R)I@ +QRIc6&inah& be

- sorted enters the apparatus Iielgi ng down the gate portion
or the fl ooknpbjeti o@ivedtdn tHheventthpthatcusiralfsystéraicam®R pladedepnt tdye novabl e
gate portion noves downwardly to allow the object to slide down and out.
55. A syst epriftgry disehargedoensioaomany ik paverhby said diveraies erERPTHARFuct i on | i ne
conprising a |ongitudinally,extendi [0 : | to
recei ve and transport4?‘r om}f}olﬁéysgeé{ll‘)??l&u? (13’ ‘%lté? Bora%%}ég{rgeggrr% 3’-‘3@%?‘2%1%5 to be

sorted; sai drifagieldrPind iREnERPIRYRIre€ Ehdostuhite i Hpudite s?ﬁterﬁﬂl’uﬁng the
accurul ation cells;  one or nore information-gathering cells, one or nore
divert cell samastdp.a 15 di scharge cell, a plurality of longitudinally

t endi , _ ti ' It dj t to. i.d inducti
P % oulP el 01 L8, b B o OB 2 Rl BB Mhcer Lo
extending, Lower 1Sot ‘E@bf%&ﬁ?&%ﬁ MHLEDR 6 traﬁ§ﬂo§fﬁt§5’:t?ﬁf&a§o=&e§ﬂ0@n&'pper

sorting ellipses and gene y perpendicul ar theretd, 20 a plurality of
sort desti naiid easkspeshireapedlaengiiing: fenaabhcetiapan pjlepiccasc dlamael

el lipses and configured to receive objects therefrom a contr appar at us
conpri sihg Hoeuvparrion sandichsd detyvesn theadide picess. AWisEte P%‘P&%‘?Vﬁg id . -
i.-nf or mat i on-gat her i cel |l being, cqnfj. 1 n id 25 sensor
arrays adap?@%?ﬁl{:%&’d@?&ﬂf PEYEH *Bbj et d“géjé)'gfg’ta}l%é%%fgy glc?? fm|Sh(;ill‘f ormat i on
including its deliveny infrasspkd@Br clalns 49UbiedreitliafRBfdcORSheRdEted khtewei ght

said sort information-gathering cell sensor array conprising a | abel
reader, a dilmeasiptackerhy sidihgadesositefloor portion. | -
' 45.  The sYsterﬁ of claim 43, wherein an object to‘ be sorted enters
15  the receptat:lé by sliding down its gate portion. - |
- 46, The system of claim 43, wherein an object to be sorted enters
the receptacle by sliding down its bottom portion or its gate portion.
. 47.  The system of claim 46, wherein the movabh_e gate portion
lowers toward thé floor portion to allow--an object mnside the receptacle to be
20 discharged by sliding down and out of the receptacle. _

48.  The system of claim 47, whereih the upper circuit receptacles
ahgn with the-lowér circuit receptacles to allow objects to be discharged to slide out
of the upper circuit receptacle down into the lower circuit feceptadle aligned beiow;

.49. The system of claim 47, wherein the lower éirquit receptacles

25.‘ ' align to discharge objects thereto. . |
50.  An apparatus for receiving and discharging objecté to be sorted
by a sorting sys:tem, the apparatus éomprising: ' | '
2 pair of sp‘aced,apartrside pieces,
a slanted floor portion sandwiched between the side pieces, and |
30 - a gate portion movably attachéd.to' the floor p'oftion .and extending

 outwardly away therefrom.




sai d upper sorting ellipses and said |lower sorting ellipses ea 733£
conprising a plurality of receptacles adapted to receive said jfe AN%RGUS
transport themto their respective sort destinations 2 7 MAY 200 5 -48
said receptacles conprising a.pair of spaced apart, upwardly extending
sides, a slanted floor portion sandw chgd between the spaced-apart sides, a
gate portion novably attached to the floor portion and extendi ng outwardly

away therefrom at su?it an%ghlg%q&gg %}gﬁl}}ﬁggg@Iweile}glg%gggiecgﬁo\r@fg%gﬁweﬁ%d

i nformati on-gat hering-cel | hds sai d sor ormation to

said control aﬁe O oo EaS bitg pBAMnt he determ nation of a path of
- travel for gzlic %rba]ﬁ%c _S;1r élr% tohe, i nguctpi on line to one of the final

destinations. 56. A msghod Tht apmratungf dhiresd svheonpeah obiegt torhe settedbenters.
providing a control unit to control the sort process, 10 providing a first
sorting mat theapppragyityishging osedhe 88T RIRY nat ri x | ocat ed bel ow sai d first

sorting _matrix, provitsgi ng T%e?zlgﬁrgtg\g FYleifm 2@[ &Qgihgﬁogﬁgggon@tgoge@emm

transfer?ing an object"to be’s rom-t Irst matrix to the second 15

matrix,, trns{ebfdibyStcthatdpRsdieg deen dhj gacd pdrtionvt the fhecpodionat ri x to one
of the collection deStinations, providing for one or nore divert._
destinations in the edént dirceppasstus ofelamds3.ehareinHagwpydile BRERPTIE fir st

O S Sh b BR-EL L Bl oo O rore Gvert
T S 0TS S A AR D prt
(100) ingludes a firstnsmvhicddindimtion kng @a)rsing a bagundinaldy e4telMRE x (200)
crossing said first sorting matrix (300), and.a control- .s 'sttemné 20) for
i et ng 106 ooy b PIBHyBES FIOF ToBRenor o iR ERREET
destinati On%cgrg%%j)éi:t-s to be sorted, ' - : : o
| said induction-line coﬁveyor cells mcluding one or more accumulation-
cells; one or more infonnatiox_l—gathering cells, one' or more divert cells, and a
15 discharge cell,
' a plurality of longitudinally extending, upper sorting ellipses
positioned adj ac'ent‘ to said induction line and lower in elevation relative thereto,
- a pluraiify of transversely extending, lower sorting ellipses which are
oriented beneath said upper éofting ellipses and generally perpendicular thereto,
_20‘ "~ . aplurality of sort destinations positioned generally beneath the upper
and lower ellipses and conﬁ'gﬁred to recei?e objects therefrom, 7 |
.a control apparatus comprising a control unit and a plurality of sensor
arrays, _ 7 o
said information-gathéring cell being configured with one of said
25  sensor arrays adapted to dct'erminé an object’s particular sort information including its
delivefy information, its outer dimensions and its weight, | o
" said sort information-gathering c:;_:llr SENsOT array comprising a label
reader, a diménsioner, and a séale, o |
‘ said upper soﬂing ellipsés and said lower sorting ellipses each
30 | comprising a plurali;cy of receptacles adapted o receive said objects and transport

them to their respective sort destinations
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said receptacles comprising a pair of spaced apart, upwardly extending
sides, a slanted floor portion sandwiched between the spaced-apart sides, a gate
portion movably attached to the floor portion and extending outwardly away
therefrom at substantially a right angle thereto,

wherein said information-gathering cell sensor array sends said sort
information to said control apparatus for processfng and the determination of a path of
travel for each object from the induction line to one of the final destinations.

56. A method of sorting objects comprising the steps of:

providing a control unit to control the sort process,

providing a first sorting matrix,

providing a second sorting matrix located below said first sorting
matrix, -

providing a plurality of collection destinations,

transferring an object to be sorted from the first matrix to the second
matrix, .

transferring said fransferred object from the second matrix to one of

- the collection destinations,

providing for one or more divert destinations in the event an object
cannot be transferred from the first matrix to the second matrix, and
. providing for one or more divert destinations in the event an object

cannot be transferred from the second matrix to the collection destination.






