BACKGROUND AND SUWARY OF THE I NVENTION This invention relates to the fi

an”ar 1 FREPENC P JMEANERER o PhGiet Th e Mhrelhareieo arly

the invention relates to a t«@msf er and sorting systemuseful in such
operations as a hub facility of a parce11‘del ivery system a warehouse or
distribution facility in which products ordered by custoners are sel ected
and packed for deBVSFEM, METHODAND PROGRAMEOR YORRING GRIERS Sar e st or ed
for later use or 10 distribution as inventory, raw materials, work in
process or parts. Cenerally, in a parcel delivery system packages are

pi cked up fiomye QURT ARY SONAVARY OF iRy ER@IOROrt to a |arge nunber
of final destinations. To 15 neet a rigorous delivery schedul e and provide
accurate deliveries, alpainvehtideklatesnythedisphofsousesanddrandlizg etaeniasuchnd/ or

automated sorting and transfer systens to nmatch each incom. K wth
proper t Pansisdiaces of mpid igelgding pefcsls, ¥d aﬂ%esd&@%%‘gﬁ’r@%eém%gﬁrg%@éﬁ%gﬁr ol | er

conveyor syste are ofter ed. in . r ki t:9 nove
par ce?/s fr)c/)rHSF'n SHE R lfglgg?’nge 15\6%1?1@;1’ %Qgﬁﬁgﬁﬁé\nég%raggg%lgggs %%iﬁg?ll 13,

conveyors cafbly op&hG&isss WHuB FEEEyfof @Farel ddlikryt Ysempva ikeeshowseoormanual |y
sorts them by readi ng address |nTyormat| on on shipping |labels attached to

t he packagesdistfibetiowfakidity trvehich padssts bifkergddrcaistonssg areseleepd prypackedeyor s
or chutes which carry the parcels ei.ther t.o a | oadi dock for | oading onto
out goi ng t r UEkEelEFY-128d Sy %QPCIQB‘?IISPH@’%'S’(}HF&FW‘FB rezgagfﬁlelfr%?%\}\%er&breakdovm of
desti nat{pnsy; & indl t er, ASSENR &R ihaMRhafBadevel oped to automate
and 25 3 ex%sétgﬁ?t\e{&ig{f&?%ﬂrﬁgxryb artﬁ%cl es inlcgnvgyor riszster_ms. Exanpl es
appear in U S. Pats. Ngenerdlly/98a patbeltdolivary skatér, mickages arerpicked 1p4iony4 t o
Bourgeoi s, both of which are incorporated herein b ef erence. ver,
such di ver t eYasioys éocgdeus IpF Mg ?alelﬁf%]tafgeé}l‘F‘?q’@F ggﬁﬁ@ﬁ?tﬁwﬁgﬁn ﬁol near
conveyor. As_a result

h i : t of-
space and t hBFFt atl?ﬁOSﬂL&h%&%eﬁygsxﬁédﬁnrsagg%gé}%%%C&%é%%éh\c()?h%{Sﬁg%?iigﬁle%pg&gnvgyor .

I ncreasi ng t {gnsReededfarub Magad] 2680y QNQhated bexting @d trtestert systems & mbtchor e
expensi ve equi prent and control systens, and such efforts are often limted

by such fiact exch imentihg packagé withipnenet iranspprt sotheslgstinatipe pbthe n3ele€se timi ng
requi renents and incregse i nt enance costs. .ln <

systenms, throughput i S§1mp 9@1Tﬁ@?iﬁ?n"%fﬁfmfv%%%g%R‘%@}ﬁg&%ﬁﬁfFCR
SORTI NG OBJF%@g%ﬁgé%%mrémm%ﬂgﬁamwawm oTifpiothg tFnepYrt. on

relates to f sorting and handling objects such as pieces of
mai |, i ncl udirpgiciay, cehwyomngrrgpaicelsenloadediond fusk te o nvekerivdlo Banualyust ri al

use. More particularly the invention relates.to transfer sorting
syst em usef uﬁOYﬁﬁh@Bé’H ré%f‘_é‘i*%%‘}dé‘?ﬁé _“éfgméatm}tﬁ’_“fsglé’ﬂl}gt}j%? tha"g%‘} ®§ﬁe de;gi ve Ei yb
system war ehouse -or . ; kgder ed by
cust onmer 20 ar Bacé‘gg%su@g “gajdﬁg&:)tg%t@h&?cﬁ%ﬁ%%}tg ?ecanél%ogln&lgggrﬁ ol;s)cer ations in

which itenms ghehSdafkele patelt sitiRh tdis Bading Hocldim ieddng dro oagoingwerkpoyto r aw
materials, work in process or parts. Generally, in a parcel delivery
system packagsbersoging s&wa fopa nareryyer breakdown of destinations.

Conveyor diverter assemblies have been developed to automate and

; e3eHf 6T2WD 112/ 2(112 SYSTEM METHOD, AND PROGRAM FOR SORTI NG OBJECTS @
|
S3

expedite handling of articles in conveyor systems. Examples appear in U.S. Pats. Nos.

25 4,798,275 to Leemkuil et al., and 4,174,774 to Bourgeois, both of which are
incorporated herein by reference. However, such diverters are used primarily to divert
articles from a main linear conveyor. As a result, such systems occupy a relatively
large amount of space and their throughput is limited by the speed of the linear
conveyor. Increasing 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
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various locations for ultimate transport to a | arge nunber of final
destinations. To 15 neet a rigorous delivery schedul e and provide accurate
gglr“/ﬁri Sﬁ%‘@ﬁw cel delivery conpany uses various nanualp@igd@/s@yt omat ed
g ansfer systens to match each i ncom ng package w th proper
transport to the destination of the package. Sinple belt acid roller
conveyor systens are often used in suchZparcel 20 sorting systems to nove
parcels fromincom ng | oadi ng docks to outgoing transport. Typically,
conveyors caiiliancphwitbds inméasagedneyomspeet by dhe 4se o0& prectokérs subsyTeRtal | y
sorts them by reading address infornmgti.on on shilpgi?n%cﬂiabelg atta Qed to
t he packaged&hichHautgamebiect ieme st FRUUPE HBCaE SPREY RIS SIFP G R &} er?@fjc Aveyor s
or chutes ich garr par. Ly : i ionsg@adi ng onto
out goi ng tmgﬁi%]? o %Cth E% (ﬁﬁelﬁg E%brs %t%%@é}g%(%llgr?kfﬁg)? Sggﬁgai?%g\%/ae?ﬁ%é eakdown of
dest i nat i ongpacSoRMENeF, afld YRET &1d @ssideiableasidiiana costen titesysteapethrbughput omat e
and 25 30 expedite handling of articles in conveyor systeps. Exlarrpl es
appear ifi U.gsinsResuliingNosn the uzegf lzmylnl%hlke@éﬁ@é}){ieyorétal‘ed@ﬂl}éﬂ%&&Pﬁlﬁ 774 to
Bour geoi s, baé.h of which .ar it]rﬂcor{)or : teedat%gr ein by reference. However,
such di ver t SP4INQRY HRTGIBFAY F P B oRAE ar ticl es froma main |inear
conveyor. As a resul t v 3Uah,$¥sHRIBnsHaGs Bdenalel bpdd teakhicl athgeripleount  of
space and their throughput I1s Ii'mted by the speed of the |inear conveyor.
| ncreasi ng tdbjectpaad high tardugheey caapretsior andflowreoste dior examplpan (aerofY nor e
expensi ve equi pnent and control syst , uch eff.orts are often limted
by such factSerer y§tepbova Y Uy Haﬁé%'i%;sgéfﬁgg? %8?1“%7‘?’1?@9 BJCyP r%{eg e timng
requi renent s._and, j ncLease i Bt e - o Y& Arsied
Cyat enm 0 s OnBUETERE e R RRRE FET B pad Ge S YppTE s 8D ).
Accor di ng tha@lE@eE hileWsiEfatrbd 6nte Poadisdenhvaybr mbdulps ewented dnsicbtasuge there is
presented a systemfor sorting objects conprising a_cont a first

| i1,
conveyor  sordistrigutiet askomtdyid The B@é\éﬁ‘éﬁl@WW%Fh%é‘Ptﬁeﬁ@nﬁirﬁ{e?’Pt? BIB Stezst bel ow
SRRICE R T R S

one " or re objects to be sorted.
The first mafgy) goﬂi@&‘lhﬂn 854 BRIy, RIS REh ARdrimdht, SEhmogEleapaleisares f or
di scharging said objecfs to said second natri x. The second matri x i ncl udes

one or nigr e qperatat  dischedga tipepackagetdnomihefdestingtiot pravgy g 18 AicdBYBicbct s to one
or nore collection areas. According t other 1lLlustrative e L.nent, an
appar at us f oTYStED. PAY@ESS 1Y bﬁﬁ%?‘%?@%ﬁ%‘f‘é’%ﬁ tng A ey gaten bssg%nt %%9%;5&52
sorting SYSUEM duRESS R Ry S fhdlrk BEAGHRRAPAG UShoRRATBXAIAEE isHoRinOf
spaced apart Side pleces avi ng a slanted floor portion sandw ched

t her ebet weenyth@as Nee6 POSELEBto ugitet apdntdrporaicd hawiraty seferencec weithtuges he
floor portion and extends out vyar_dI%( away thereﬁrom According.to ﬁlncgl her
i |1 ustrativea sateuirymatrix of mylgtdiverfienal sPVeEY S0} %C‘%@as?l%’@g t®d, the
system c9 ri s'%.n .an induction assenbly adapted to receive objects for
sorting 4hd %% 1B%b°élrs' sorting circuit adjacent to the induction assembly and
adapted to receive obj ggdhSsoltligs §htemNaradrongjiig butllionesd effectivengscinr cui t
crosses order said upper sorting circuit and is adapted to receive objects
t her ef r om f oachilsling/eigly throughpyt compastisiza 2a enenst Parcylasly 1 GHCPRIRRSEP ng
objects fromthe upper.and | ower sgrtitngt.zo circuits. One or nore sensor
assenbl i es nEGHEES seRatipg Rpousands of do5 RN or nore objects provide i nputs
to a control apparatus conncted to the induction assenbly, the upper
sorting circuit, the lower sorting circuit, and the one or nore sensor
assenbl i gs. TUBRDUARY OF BHPpANEEMNTIORNds out put commands to facilitate the

delivery of each object to the destination assenbly. .25 Agcord} o]
another illustrative e%@,meﬁ%p}vegn%pm@eﬁgc?}pggcéﬁ}l@ameg aQ%Fﬁcheéﬁobj ects

“conprising the steps of vi. di n(gor%p- I dnelo? L@l oflclBegor t
process of OBFJ_SEESQPLF% S%’Stg{cl)ﬁaf%dg&grr%t?}aﬁ% ccr)1 1.1rS|H{sé‘: rlllé3 aa?)??sttgrfnd a second

_sorting matr igHipd&tdedhRinutugpdrtiyop?) of cdrivepdricolis Festiletpthaorisuldaihaoned Wed al so
provi des for diverting objects. The control, unit directs the transferring

of an obj ect uppertieopsiorstapd of & &ied ]f?ég@’oi“fiidf“%attmﬂfaetafﬂi‘ Ruchdomer oSNy mat ri x and
the tr an%]ber rdllflgcger?tfplasn%: g a%«r)L?tqglﬁreﬂorir?tg, el Sf(gnefoﬁ'grﬂlurality of other closed ellipses

(each a “lower loop”) of conveyor cells (“cradle”) that circulate around the lower loop

in steps of a fixed length and duration.



the second matrix to one of the collection destinations.: V1' O
112/-421112 -4 PCT/LJSI11/-t~ 19s The present invention provides an

i mproved \QBj‘)g/g}m;orti ng system and nethod, particularly fpgxrusf, dsfvsa
package sorting and delivery system and also for use in a sorting system

in a warehouse or distribution facility. The present invention provides an
obj ect sorting systemthat can sort to @&-large nunber of sort destinations
and yet occupy a conparatively snmall space relative to existing sorting

systens used for sim | Accopding tsa=.illT$imtipe esbodinienvelthe presgnt discdsrean obj ect
sorting systemand nethod in which mul ﬁpl e streans of _olb' ectamay be
sorted si multhagappressaied a HistP {95 FYGYR SBIECIS SOBRTIHBE 3iCPRYP é*llg‘t? Gty 1 ow 1ine

speeds. 10 Th V@o?%gﬁ#ék{ﬁ{ﬁgta%dwS&B?@X&ﬂ%zo%e&n‘ﬂ | Bk 1Ok PP Vil diand

met hod i n which -an o e sorted ca r out in advance to its sort

desti nati on, soptiih SURKE GWBSEInYkaldeiriiaindedcond sottirganatricésraeieshadamed tdbased on
" the predictable future Iocation of such object and of each earlier object.
The presént lepsienendimanspor odeear mareshjastttodeserivy Besrshmatiy wdvdrs@En 15
whi ch an object to be sqrted can be diverted.from t.h rii tem for
reci rcul at i off BYTRERAEY 8}%&%%%96@‘qsgortcﬁ'%cth(‘c)‘fﬁ_uégciamp{r}%gcltgﬁ’a%?d;&ggynﬁot be
routed to i 19,880 trestdiaahiig iiiidiouhe SORbld ity dWchdied hRampsFage of
anot her object through the sorting system The present Invention provides

an obj ect soditéhnaeisy sdiéobo toretcmdnom coléationareasbj ect to be sorted can be

scanned for identification and then t,ransﬁorteggﬁéo 20 its ssgrt destination
without the need to redsesingfieanghes dfustrpie gRaedinent ol ARRTEE F ovi des an

L S P P B I st 1, S

destination can b€ groupe obj ects sorted

to the same @gskin@kapphratadcorhfiereaphiebl fpaaed fmktrsidt meces heving aghaoted f or
aggregation with other objects or object groups sorted to di,ffeéaz)nt 25
dest i nat i onsflogunentieussndicked therebebyass thandepigcsse PefHHBPESR 15788 one or

T
becorme apparent upon r awi&Wndfio bihdiQlh@Mhive eBbBieRl 2 @RREN ifR doRtingdf a
preferred enbodi nent and the attached draw ngs. 30

15  objects is presented, the system comprising an induction assembly adapted to receive
objects for sorting and an upper sorting circuit adjacent to the induction assembly and
adapted to receive objects therefrom, wherein a lower sorting circuit crosses under
said upper sorting circuit 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, a 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 object 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..



V1' O 02/ 21112 -5 BRI EF DESCRI PTI ON OF THE DRAW NGS PCT/USI Il /.1~ ~); Fig. 1
is atop plan view of a system according to one enbodi nent of the

i nventi 0%0'1:).5/9201? is a side el evational sectional view ofpd¢hesAuli@di ng run
pp

of the 5 upper-lToop sorting matrix and an end-on sectional view of the

| ower -1 oop sorting matrix of the systemdepicted in Fig. 1 taken generally
along the line 2-2 of Fig. 1; Fig. 3 is% is a side elevational sectional
view of the return run of the upper-loop sorting matrix and an end-on
sectional view of the Thoapeschbiopensiontprordasenyimpreyed OReCksPsigsYgEH ¥d%ed i n

Fig. 1 tak | | the I|i 3-3.0f Fig...1: 10 Fiq. LS. tial
o Tiawen senerally sloms Ahe g 2 g el B ke AR G Bl St o
sorting matrix s?ﬂﬂﬁas&@egﬁln%l\@éfé{du DoV SWbRKiorPfab@ikganay conveyor of the

system of Fig. s an enlarged view of a portion of the upper-Ioop
return-run depicted i NTid resedt inkntfongroGdéssansotfdcd vorting gystem theprat fomggoone
enbodi nent of the nethod of the present invention; and {;{l . 7 is a block

di agr am Shovd legetrventien plisorsdegHnations and Yol oL raTOmRI AL VS cF%?allnleng‘E?nt r ol

O Ll SRR R I BB T prom

under st andi nrﬁ Cl pl~e e I nve reference will now be

made to a number of pref@skas: BRBRbNTREded dd diféot abeidg systéthendinatiiodgs and
specific language will be used to describe the same. It wll neverthel ess
be under st ooghichatultiple siredrnsef abfectsfmashle soxieg sinaltanpeusiynadvigh Breughpither eby

i ntended, 25 such alterations and further nodifications in the illustrated
enmbodi ment s,r%dle%@ﬁe]@m’?lﬁé‘?wgﬁ%me& i ons of the principles of the

inventiopyas illustrat ?ﬂ? %ﬁé?&rn?%&Frg%}gﬁiﬁw&?ﬂiE&%@ﬁin@%y%@ﬁ|aﬁ|d aRkHwRlhY

occur to one skilled in e ar the invention relates. Referring
now to Fi gs. {vh#h ahRbjdai oibe soked canrterralited ireddsmntotol iislsertiplastinmti®® antr oughout
the several views, illustrative enbodi nents of the é/st gmﬁd%g{at hod
enbodyi ng t heubsequsaily 19-Tpiadtip Sprtan é‘r@h’&i\%‘.ce%bé%?ﬁtqlﬁg ByFSICENI'd8"&nd net hod

for sorting pbjects. 110 su lis.. S -fr ovi ded, such system 100
conpri si ng gg’ﬁé?%?gfu%hﬁ%e%%l—aﬁ%g%%@} h@g 1/~-fills -6 a control system
120; an induction ar eaTﬁ@F@@éﬂtﬁw%ﬂ%n}ﬁﬂvidB@ﬁ{ objectposmgtsiystgmnmd micthagido
consi sting of longitudinally extending, generally ovate ellipses; a

| ower - | obp swehidhrag olect foxbetDOied canshesdivertpddrom thersoyiEnesFipmeior BHFHgton
generally ovate el

goner L), v LR S SSLbRI Y {GRRLAER RERET Ry °
assenbly 518,.88Gh AfictilE WA thdFReIdRRdnbtBE I W ect through the sorting system.
The present invention provides an object sorting system and method in
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 invention provides an object sorting system and method in
which objects sorted to a specific sort destination can be grouped at such destination
with other objects sorted to the same destination, and thereafter transferred as such a
group for aggregation with other objects or object groups sorted to different
25  destinations, when such distinct object groups nevertheless possess one or more
comimon characteristics, such as the same delivery vehicle or container.
| Other features and advantages of the present invention will become
apparent upon review of the following detailed description of a preferred embodiment

and the attached drawings.
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Referring to Fig. 4, it can be seen that the illustrative system 100 is a
multi-level systemw th | oading assenblies 512, 518, 532 occupying the

| oner | e\(f:(l)gz/g%nt he system 100, with the collection-bin |gagdiagapsenbly
500 el evated above the | oadi ng assenblies 512, 518, 532, with the

Lower -1 oop sorting matri x 400 el evated 10 above the collection-bin |oading
assenbly 500, with the upper-1|oop sorti‘?ﬂg matri x 300 el evated above the

| ower -1 oop sorting matrix 400, and with the induction area assenbly 200

el evat ed abBRIEF DESGRIETIONEF SHEDRAWENGY x 300. It will be appreciated

that the vertical relationship of the different pqrtio y§tem
coul d be changed i f s%l&?dﬁfag%’ Y ﬁssyitie@c?c&‘ggﬂlgl}???e %’é{)ﬁd@@gﬁt or
exanple, th iiggé{%:h,on 15 Line assenblies 200 could be at a | ower |evel
relative to tHe ot her conponents through the use of one or nore conveyors
~or other |ift deviceskid Qieh eidatkvhtiabixjctona yiavoobibe suigoag rapof det he
upper-loop sort matrix 300. As will be explajned further bel ow,. a series of
conveyor § 508persSo® soufieempirx andencafioaserisye Ylﬁwloéglbq IRy e5R0B881 8500, as
does a wal kway .600.whi ch l.ies, generall v i ] t-he | ection-bin
| oadi ng 20 5%%’&%8 heg elﬁrﬁlalnﬁ?egé%g{&llft éri‘glr%%te{%%@%gg% ?lggfnaes's“e%f)lﬁg I3’00

| ongi tudinal l'y away t s afik 9me 4 gueeldvitmal Reti@nadviefy dfhke teppered oldpe sor ti ng
matrix 300 in general alignment with the Longitudinal axis of said matrix
300 and per pppeti-lovp sartihgmiatrex drsiegi endelinrrgptione] vicwfolithglomsinqor|seEesor t i ng
matri x 400, thereby separating .the. cqllection hi 501 .int . si.des. A
nunber of WW?@XQGW"%‘%%@W&%@%&&3&?1W3I36961§@y g%%v@&nhl{a%nﬁg’ ég\ﬁlé‘i !3.’| ly
paral l el,,to the conveyor S ; . Sai d. 506 uph&aess sdrahematlyy away
from walllgway 600 in aﬁ?'?’slgg%tlﬁg%? gﬁ&iqhﬁig%fgd byegrrogvldw?,@i n order to
serve a fir shdshalewes-100plsbeiingairibianda Sidt clewhtidnevicwnd e yakeswaPeoyeteed

| aterally away from wal kway 600 in a second direction directly opposite
that of conwdyhesysos dFignldi cated by arrow 527, thereby serving a second
side of collection bi 1. 30 [ ! ] veyors
506, 526 and pr oceedsqﬁ%‘fsgﬁsg}lIe9laga§%§§?%(x?é$n§&§]tlkang§h%\é%badégﬁggé§%}ngggo6, 516,
526 are gene&e?g&éﬁiggqé?gpdi cular to wal kway 600. VI-'0 1121. 121112
PCTITISUI.t~F9s By way of illustration only, the vertical orientation of
the systim may be f ur tHigr6 destow egransddpintingwse codbpdinesnt 8bbe methpddy al 1 y

| ocated at one of the | gwest points of the system 100. El evated frominches
(cent i met er she gpese® BUsBUEPSBYer feet (nmeters) above the wal kway 600 in the
area of the collectiongbifisl,aa0 ARSHEWRIMLS BPpuasiendlbie BeBuRdusit 506,
526, which then rise arhg'u?ltsﬁgc?g(%%?gt% ten feet (1. 2§nmto 3m up to their
di schar ge poiditthé corthoeotiphditingefaemenbl i es 512, 518, 532. The col |l ection
bins 501 may rise to a level of six feet to ten feet (1.8 mto 3 m above
t he wal kway 600. The | ower-loop sorting matrix 400 may rise between four
and si X et HiPhRA&VIeBs bi ns 501. The upper -1 oop
souti ng ﬁtrpﬁ%ﬁﬁﬁﬁ%@%ﬁﬁpﬁ?ﬂ se bet wee% four and six above the

| ower -1 oop sorting matr yrohfle al ieddrshidig ofthapsreipley o21h6 imaytion,se bet ween
four and six feet (1 mand 2 nm) above the upper-I|oop. sorting matrix 300,
mal ting the teftrahcetvallglow s madectoja nugdher af pro lﬁ%swpwf%‘@tlgdé’é liléﬁeand 28

feet (s mand 9. m. |t will be appreciatedt - It fsdaer

| evel s of taﬂ’é‘%&‘;j aeswﬁ%@n%?%%ﬁﬁ?“@%? d%%%’gz'?eu&g%aﬁﬁgvg"g of

col | ection 1Pe Pﬁ&% tRthatfo Bkt dnTahe éc@}gs@bstheﬁmse@ﬁm fsgheraby incaged00, 400,
or additiona evesl s of induction assenblies 200 woul d raise the overall

hei ght 085 t heudhysitertivAOmd fBithériraedificatione indibs iltustratsd sebeimesais a1 $icher

obj ects m ght increase the size, of .th ol |l ection.pins a as the
vertical di sfurthesappbicalins of he R}'B“ﬁ&leségéﬁ%WHerﬁb%ﬁm Wa‘%eg(r%%?l%g’ ﬁ%él xes and
" between multiple |evel | QLG $5 6ADdKIES B art £ WHiRH the ihhétidh)
vertical di nﬁ%étF%%lgtegfa§Fﬁ’félldsystgm';agcoﬁare not a critical aspect of the
.invention. Radihes., the size of the largest object 110 to be sorted will be

the principal factor in determ ning the princi | vertical. di nsi ons of
t he E yst emploo_ Referring now to lgigs. 1-4, bn whichfike ntimerals referqO ke pal‘%

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 generally



The system 100 has the followi ng structure and, in brief, the system and
nmet hod operate as follows. In such a system the objects 110 are delivered
to the 2%699%‘2951 on area assenbly 200. In the induction geaudRQio¥ari ous
tasks are pertormed including the scanning of a | abel attached to each
object 110 as directed by the control system 120 and as will be descri bed
in greater detail below The control syétem 120 will either divert for
manual processing or further pre-processing, or advance to the upper-| oop
sorting nat ra conBOsyseac2Ook tductionoares eRemhly 20ARCIIRSITIOPSITIIEINtElsed on
30 destinatign information.tak from.each object's 110 | ot her

i nf or mati on 3:9@ CW“W“%@%%I“&&H@& e’ftﬂzreal%%P%?ﬁ%‘i}‘éattee%ﬁp%ghg ?&&egg{bg’ each
advanced obj e 1 ANRE- bRRRIISQvhicRUig¥ed; ki X 400 or
st ead t o doamerairi10b Uhitistita Of A ersti x| RS, QSRS e cndliyies

PC. " T/ LI S( | Jolidctiddshif Wradherardar ssemutdy 8685 mgpck Biadingardaassamtdy GdAt 3381 anlyst em
" 120 will direct each object 110 in tun | to drop f omtg | ower - | oop
sorting fat rd RosEOEPigch FoadRg 3ERR 35 %éﬂ%@aﬁl}asf{?}tﬁ?fé{ﬂs?ﬂb@ gﬁ?ﬂ:‘éssi ng, or to
drop to the collections;hin | i ng - f i
conveyors 506, 516, 5 ?eqlgggcﬁﬁ é?’ lﬁsi%l%s%%én %gt |eglgusg%§gén%{%§é%i%q ﬁ5a32 5 or

t he | oose- ohj,gkiticl Qading vassenthy akdBbliass 12pPTY 62 at@pykhigl thylowepbassed
objects 110 will then be | oaded onto transportation to each objec

'S
dest i nat i on.of\the system sk withrihs palsctign-hy loadingassambplyd 08 sésvated sROYR tth? he
present invention wll be prese d hel o further . Pk t he
system s | 00084ipgassgrblics 5[1ﬁ, g@cﬁh‘ﬁéﬁ@? %W%Weérﬁw%\%)rggg gﬁ%}‘ %q@%i?gt%iper ation,
will firgt b fon? t 56E A0 upserhsos @rtigdmhgixone of a
pl urali t@ ofa%foi%lgﬁedg)g?%m ébgl% }%%gftﬁlgoaﬁ%metﬁfer t he syg?%_r% 10%_ atlﬁfﬁe i nducti on
| i ne assenbl 300206vatBubovatis tCowearobdp seting matrii 4005 arDYithile Wdpitonadea n t he
illustrative enbodi nent shown in Fig. Jr Each i n%gc%b% I |rﬁfq3 assenbly 200
conpri ses a aeeEndliR08 clesaiehabaviethe wRssowsoReMeHE 300n % eds one” or
more non-mer gi ng.induction. Line: : ; L&l . (R&Gh eeeda
power ed- r ol I%’rpf%éﬁecgg’ggrt?lgb?ﬁlﬁ%?glsaﬁ%%g%e ?lgfétr%@b?lﬁlto gibéﬁ?:igrslj\//eyor 208 in
order to usepgianbédifkomeprachpbrvns alkd Usal Iohdevideac For exdmgtie, dine indnaio02,

204 has a nunber of processi ng@zones conpri sing an intake con\lliﬁ%ltg@ZO& a
pr e- scarl sac chmassatrivolies 208 aowld He pha loveer tevebrelptiyg to g oty sompeny 8Bn 1ine

di vert area assenb 214, a post-divept unul atJ

i nducti on- | i%@-“F%Q %"t?é?r HPQS‘E)B&?’(?Y‘HF?E R&Pb@ﬁ%ﬁ& e@%%%p eﬁg%éﬁj?cf/t(sggo % the
case of indugti |4 i ! | ADRiIT B kpladfied foatiér lowgraocessi n
zones 208, 2 1e831f2t?%ge1@?@1§1§g? S%gg%éﬁ%ﬁg@exj?ﬂﬁgs Longi tudi nal |y ?‘g\/vard theg

sorting mat rietied 80cord@Poraits, $26umerieshacalegtorebial Ibgding pygamblyi Wisgraced

succession as shown in Figs.. 1 and 2. 1 hough, t he zanes 206,, 208 210,

212, 214, 236?3521383}11\"2%_6%?@h'ﬁé et &‘F‘Rﬁ@léﬁirt]@t‘glikﬁsenofﬁﬁﬁ%&yﬁcﬁ%&g'&éﬁa‘%ﬁ%er and

25 with Ane. ol AnR) 4okl blocBlas FRPAR! YRR ALILAPEH0 BKEkRIFAKLdNAG | 00ps
55P mbodi rent , t

302 in the i ative ey need not” be. For exanple, each

i nduction |i gRrafdia tod@dd thedhrtentied theagplr-loop goiting namso 0@ inegenamper | oop 302
at an oblique angle, and the inductjon Line 202, 204 and ituf gsgloci at ed
upper | oop 3ezmeant avitheholongistdingl aiisehsnd savdr 30GmdnaprndicuF i Hen  ocessi ng

zones 206, 2 g%ggﬁ%}?lg]r a%%sgqftﬂ%eglg)Werz-’lgo%Pss,%ﬁ% - rﬁﬁhy qgé, tﬁa‘@b}Q §eﬁ??15i§% gphvent i onal

power ed-rol | nveyo each "zone co ed and

control | ed 2z, RRBLABIHsBOE ik tPSEifiey. M adMBBCET RNk w300 eiteatll@mgitudily
112/ 21112 P (/)USII I/ 19a -9 or singulation functions as_descri bed

bel ow. S2hn betveeR 22d fertdigpatdabioithesonyerernSAg, S#idcomiargrsafl PIPSehsi oni ng
devi ces, and_diveur area 214 furiher c ises divert L

further desclatgrety Bﬁfﬁﬁbﬁ'ﬂml‘i’ﬁg‘ﬁ%% e ﬁrg{)c@ cﬁﬂ%fndéﬁa g rag_e%gzmall%gr
“optionally b ?? &erfl Qﬂsf%).fir(igpf&ﬁfeggor?ﬁhs 861, Wlile®oRv&orses W RYddell labrallpaway a

conbi nati on Of powere ers and gravity apparatus. jects 110 are
“manual |y or @showalkiwaglcoy id asheobddiredtionigectht eposipoBat efcenveoaeeas n t he

pre-scan accunul ation area_210; scanned, wei h%g ?n%édhnegﬁli §Q din the

scan zone 2123digRiedby aaowP2LARTEINAEF{G PSP SF Chrivtial "pPocessing or

recircul %l on if so di r&%g,%grlg% tNGe ot h8le SHS LRI 388);528n8d ptdcestit
laterally away from walkway 600. Conveyors 506, 516, 526 are generally

perpendicular to walkway 600.




10 diverted), accunulated in the post-divert accunmul ati on area 238 and then
advanced at the discharge assenbly 240 into a cradle 304 on the upper-I| oop
sorting bh 3P0, Wwhich conprises one or a plurality ofpeygifs@sting

| oops 30Z2. A& just nentioned, the induction assenbly 200 is equi pped to
divert for special handling objects 110 which are too |large or too heavy
for the systenis 100 15 automated sorti-fig, whi ch have unreadabl e | abel s,
for which an unobstructed path through the sorting matrix 300, 400 cannot
be plotted, or which @yherswiSEusiragonnaly) e vertisehpiatasionof ey demgB®t i ng. I n

order to acco dat.e such speci al - handl i .t asks S I t her

descri bed h@?g;rrﬁ}ertiﬁ%”i Fl@i’fcit%ﬁBWS'ag@gﬂﬁy d@g?rtﬁl%lh'zlpc%y (l}r%trqlﬁgggﬂg no- r ead

diverter 21 o LNEHT | RPNMBNRAN IR inhed RrehBREteRy) 05 eSMidigssveea 20

assenbly 22 ?W%tﬁglﬁtsgﬁq%érj%cess} ng diverter 5122 gbrrar_luaﬁ)p?opessi ng divert

conveyor 224get gmoRityaboverthe @akiwag 640 éathaasemdiithe @Betien bisdoadmg at i on

diverter 228, a recirculation slide 230, a fail ed-tgénqlgﬁ%@?convey r 312, a
|

reci rcul at | essebivegbaretizpcanmpyprs 296, Sahavigch dep risgp B eSSt

processi ng dijyerte 34. The divyert i . 3 i se one
or nore cong’e'étni‘ Eﬂéfﬂ dPve 1f°érrcg8°¥lﬁ1§fz pg% gm@eﬁgﬁi é@%s%lég%espséﬁ?su%?ro ‘ler. The
conveyors 2k8§. -3détion/bdns A3 3naPNseRE a@dvieNer siR fRovete déc0 (1.8 oBMBYimIveor a

belt conveyor . It will be noted that recircul ation conveyor 312, which is

| ocat ed bel die thlkwiap @061 Ton lcvesdodyl spripgomaliia 40Aenaypiserhelsley BTl s mat ri x
300, is also served later in the sort.i.n rogess by,recircul ati. l'ide
311, to whi éﬁtébpb@p%mﬁf%ovﬁrtae if’&‘i“frbtamfgﬁ (glmafl?weeu@p? T |58561%§12§rt ?286 matrix
300 If tpey 19@%@6%1%‘ x{is%ﬁae{\?eeﬁ%lﬂf aﬂ@_swn%cﬁ/e@lﬁefl{é%mm doftirdghBatkiwe - Teep

sorting matri recirculation as w be descri bed. WO 112/21112
PCT/ US| | 1/ ~hdifition 1R e20Bmanyisacdpednr fonr artdesix fiettiClt incmd 2imeebass diebl y 200

to the conveyors 21S, 224, the (gravi_ty slide 2:30, gr ﬂ er.-l oo radl es

302, or frompphrelogp aouting matiig a0 depking the totaldicrgdy of thed @%’%&W’é@%ﬁméﬁ . b
way of gravity slides own xcept .far j i qfhowever ,
ot her mec har}ﬂ% n lgua@ﬁ zggjeﬁnglv\%r}de%mg'r Ré%&%re égfnr%\cé){afe\grtg%t t@%ﬁq%ﬁ%eowused. I n

addi tion, t %rtﬁ&fw@ey@éftaﬂ&war?a%énve%&,sozﬁﬂ69szamaadikioﬁme\&mmoumom so be
el evated over the induction line assenbly 200, and if so el evated, could

use furtlser Hind $0lyec Addtitierm lavelsoisetng biakiocs 340,04 0000% additionpldgyals ol ni | ar |y,

the objects 110 drop fr.om respectjve convyeyar , NPT e

conmanded de& ‘i“iﬁ’é’fliaéﬁ‘?“ﬂﬁﬁéé@@?’vﬁbﬁaﬁ”é%{hf%?ra%’@}/gg‘? Ofégis?%éﬁép @o%lnglgdﬁ%yor

232 via a 10?15 ?@s?x%q iaFtﬁm%ﬁ@d’e{t%]}ér%%:r biecto miSIRING¥aE the\@ke sthYEIIlection Bigs haps
a al'T. " hi e

even in tot ree- | ustrative enbodi nent, induction |ine 302
is a strai ghsoltfarneliods the netitaeiiktage hetsicayihe wppet 30pnddowe3d® sortmecont r ast

induction line 204 is a bifurcated ling having th jn? tjon Line fork 236,
whi ch al | onsmgies pkbatggen Bulplaleviin? neRRNGRETET PG POEtAbs. The
1l ustrajy ve er{é@aggin%%{glgﬁn_% toﬁﬁmlgﬁsgﬂaﬁrﬂob 36 ARQRRER%FRH bt imhiich.be ser ved

by t hree™si n\éﬁ rai ines, or a sing i nduction |line having

two forks. ME@eY &ie sifd dTdhelatdosesbj@n Ul Giortgl sertedmilrbé the-froccipekficlor mes may be
used alone or in any conbination to induct objects 110 into any nunber of
sorting | oopéet@agniag thiepiincéesl vemigalatmensongiof thasys@mstssed further, the

t hree-1oop system 100 hereipn d ribed.hs ikl ust - o0l Ve aLger
system mi ght contain, ?E?‘ Syé%éﬁﬁ@}aﬁ%%’?@“@& SE%‘C\EU?% %CF&%%%%@ tIhos s and
twenty-five oy HRiHed bBYET dsIOMSwS &1 YRH akystaflythe @Bfichatlioane ddliveledds the or
mufti-forked I nduction Iines. bjects 110, unless diverted, will nove from
the indugs i omdastierdrbyaga@bly®00hdn thepeduction pres 800, vagionataskserspaformsfich, in
the Tllustr a:{r{ci/u%irlegn‘gxggéar{l%ﬂ}g’of a label attached 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 processing or further pre-processing, or advance to the

upper-loop sorting matrix 300, each object 110 from the induction area 200. Based on

30 destination information taken from each object’s 110 label and other information as
will be explained, the control system then directs each advanced object 110 in tum to

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



conprises three horizontal, |ongitudinally extending, closed-oval, sorting

| oops, 25 herein referred to as upper | oops 302. Each | oop 302 has a

| ongi t udiypgl), g6y Which extends |ongitudinally away from pagugangial 1y in

line with rts correspondi ng induction |ine 202, 204. Each | oop 302 has a

plurality of upper-Loop cells 304 or cradles, one or nore cradl e-gate pul

rods 303, a cradl e-conveyor chain 716, -8m upperl oop floor 306, a plurality

of upper-loop floor apertures 307, a plurality of upper-loop 30 draop slides

308, a fail édtteoparpeessinge SBiilarlyathsicontiel wvemflmﬁpﬁﬁlﬁeébﬁcﬁpwﬁcwdgnt s 310,

801-808, and a notor and associ ated drive sh an I t _shown).

WO | 12/ 201210 BN focrpR geRyihe 01‘1'%39%8%{% 1@%?@3?5%?‘“%3@”%&%”&0fa sol i d

" floor havin t U : in COJMBNELeEm By BPe foror 1t may

be in the na1§?€£§%&§a?§$%”§§§?§ﬁ¥£gg?%%??%gﬂ?g Fig. 1, eagh

~ cradl e- conveugdpoathaia Ror o6t Biks, 606, to eitherrier sack laadirfgeaseanedy 612,i%3
respective |loop 302. Referring to Fig. 5, the Conyﬁégf chai 716tiﬁ0

convent i Bnalor thedeasaehiagt loadmgeassenibdy oF8. @5 appropTiale-oF BHAPTaesHY YUEH Yror e

cradl econveyay, .,attach ts, 718 T ' | Lat.er val iogach of

t he cradles%ﬁgE@néﬁgﬂgﬁgéfW%uﬁﬁgngﬁkﬁtégas(%ggP?S%R%%%&gé%?ﬁ%gﬁﬁﬂ?ﬁe i nner

el ongat ed Sisgé‘&fyﬁ{g thB8etaEd dptgatloBQR tR0Zeschhigvemioarwillretpradented pelosy, at t ached
usi ng conventional” gearing to each pull rod 303, and to, each el oggta, ed side

of the convdindher dbsriptizd 61 thosystérats 100 spuetviee With RCEQRRRANF IS, OVEYaGy dctalls
conventional gearing rrg‘%/ it,n_cl ude a]glix; conbi nation of drive shafts, notor
drive wheel ©f tappsration il ffgidsPieseirdect i on-reversi ng wheel s, Geneva

mechani §pgs, cans and t LK Bhick® 1200 bé Qted EBR Gt LplERAiey 6f faoUbstt be used
for theslglr;adl e chain fg%mlééldé%%)ﬁe pul | rods e303. V\hialepe thgr cradl e- conveyor

chain 716 r yRstidaibey ditéritBe bysyent h0@aishagidectioorlingradsembdy P8¢t Twa tetveliony nor mal
operation, the pull rods 15 303 mpve i_ntermttﬁgt({ﬁ/ in altergatz EEfslhi on
bet ween a f dingasspmplies 2Q9 argidenister dm therilusirae rRReHMeIsTHOSRAD §i5 do £P8h

di tl ite the fi | ' [JAT=Ted NKe" dl
304" ar ound Ga B URE 305 O ERlh A0 e B e R O 02wt

respect to iy Ra28sH &dnbledbain@pinkiindictosiharade, 204) and whichenayl | ustrati ve
enbodiment in Fig. 1, for exanple, where the induction |line di scg%gge 240

is 20 pdsitiiodede apoveredelldrepnveyionor giayisiwe 4eWsdp Hedntalp pArvey 2,

cradl es 304 on such | oop 302 circula i,n_a ¢l ockw L.L 8K} IhAR; ere the
i nduct i on | i HEerdp SENSAYEY BAHOYSORI L L@dalﬁl&i]f%lc Jdfled %{%é 'rg.ie‘ zrgiﬂé‘ﬁ%wsi de of

t he associ atﬁﬂnﬁé‘?ﬁfém %gglﬁ?zgges c%ggisg% 2QftaR\csneorl 208Pa RZscan rcul ate in a

count ercl ockw 'se ecti One obj ect” 110 alone will drop into a cradle
304 and tr avgkwatRtes atehas2mbso? 10, agednompe 302 annndistiph dge o8R8t s 50 or

steps, each step of the sane specified |en and fine. .As. Wl

di scussed, easetmily &450pi-aIveRGRpITEaNoP UE 15‘@8 a‘&fnqlé"ﬁg(g?gﬂgtor"él?dg r ?02)3 to
general |y, as.a .nov u . . [ iSHRed 20U, 3R inddbtich PEeE
determ n%od 5?15%1%62@?%ﬁ%gg%%ﬁug%?éﬁhﬁgggffgﬂtﬁrug%ﬁ ar ound tmhe Iloop 302, the
control systgpk b2 Wichlorpescessith saeh2682d0,Pe214, 236 238, 2bpxtdndsm it s

discrete cradle 304 30 either down one of the s|ides 308 to th? | ower - | oop
sorting mat rlongi@inally tawprdethel seréipgimédr 3l 409 a’%qq%lcglzﬂlﬂeél 3¢ ge5FallYy op poi nt s

0L 908 0 5850l S T M o 15
conveyor 312, o heyhab]£935 038 2 A @Bncpliydepléll indindemiictaen otier Eidys. 2
and = 25  with one of a 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 upper loop 302 could be offset from each

other.

30 Each of these processing zones 206, 208, 210, 214, 236, 238, 240

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

zone configured and controlled as appropriate to perform advancement, accumulation



Generally, when directed by the control system 120, an object 110 will drop
fromthe upper-loop sorting matrix 300 to the |l ower-1oop sorting matrix
400, mhigp?;dﬁiﬁ%ratively conprises two transversely extepdi/0S1/44195

cl osed-oval, "sorting | oops 402. The | ower | oops 402 underlie the upper

| oops 302 and have | ongitudinal axes that are generally perpendicular to
the | ongi tudi nal axes of the upper Ioop%‘302. Each | oop 402 has a cradle
conveyor chain 71G one or nore cradl e-gate pull rods 403, a plurality of

| ower - | oop oesihguldddn tmciconsds describedbeley e Segnzang gl 2 dWihc ComBrses | ower - | oop

10 floor 406, one or.a.plurality.of |ower-I|oqgp.fl.oor re e @
failed-to- q??ﬁ?na%ﬁ’e}ﬁgi%ta_nﬂggfw 1904 -"bGS]S’ea@g I%J:lvre&)aI %ao?]n&fﬁliitﬁir, C%gﬁ%lg‘asr ality
- of collecti Q{Vepc' Re@hORMB %s Hihd Q8L riBEPNE 0K sHeRld RGIokINthR digcha®@d4@ MOt Or
and gearing (not s ownsl.' As noted previously, the invention is adaptable to

_ the use of asyldrptbedlyde appety GRtahstt bbwdlers402 grodfyslidesrthe | ower - | oop

floor 406 may be a solid floor having apertures 407 spaced to allow for

cor mmandéd @pwpination of powergd redlesing gEAVHY1aPE2ME- a rai|l system The | oop

fl oor 406 coul d insteaq.hav Sinal - Hhskdg: gahghaniogal |y the
AR 2 bR AL ARl B BRI AL :

entire area of the ov escri I nner circunterence of the | ower
| oop 402. Ref@fhibip@d§Pthkipss-schn agagdulatioadirer TN v@yioed, Wedghed 226 runs t he
entire inner 20 circunference of its respective |oop 402. 'the conveyor
chain 71 6 i slimemienstiotizlstan zone 3thetvertsdian ghefdivat ared 2EaEn neddd] e 404 usi ng

one or nore cradl.e-conveyor,. attachnment.s 718. There,i fli | st ance
bet ween eac th’l'?ﬁesﬁlﬁ%o’b‘i%‘ﬁ%/‘ggmﬂdéso CEEFSPFdﬁ’g& ?gor;{@; %Sﬁ?rﬁ lﬁ%agsn)ézg§gti m one each
down thgyin rerﬁh?rigaﬁﬁﬁat%& fetfe P&st@@er@&'&ﬁﬁﬂﬁtib@%aé@g and Hen AB¥Rbed Mot
shown) i's attached using conventional gearing (not shown) 25 to each pull
rod 403, andhé disetaete skanigaddins deradfe 3(Heorcthavpyarrloghsaring metrixoi00t hat
particular | oop 402. Such convent.i onal ?earl ng may. i.nclude any conbi nation
of drive sharhieh corapiates gp¢ 0ed MHBENSOT Q¥ L ROMRAPPPIH el s,
di rection-reversing wheel s, ; ! i iK@vert N

S Jugt m&;ﬁll%g&g tﬁ?ﬁlﬁ #o%%seﬁrﬁﬁ}g §r %(g{%geqhﬁﬁe& Ve

addi tion, separate not S cou e use or the chain 716 and the
pul | rods 4Gy spMhial Barldiag GhjRets @16 MRS todHaigd of i Heuns fa3Ghd systentis Lekent | y
in a forwardly ‘direction during normal operation, the pull rods 403 nove
i nt er m tiSentaujornatedibarengartact lwhilmﬁamlﬁ\géhlsafofWlw@aéiluylowtfuﬁeddiaﬁbcti on and

in a backwardl econd.directi jrectly a ite 1. i rst.dir Lon. The
cradl es 404 tgfﬁ%»&%tm%gﬁmﬂfé%@(‘ﬂj%%‘%ﬁ’f pﬁ)&%ﬁiéf;w ?gsgcg‘gltrs%gﬂﬁdﬁg@gh | oop
402 in a CO%BFc%ﬁ%:lé?& kWbrRGted is&%ﬁ%.i Blordsr tondbdiah8ehidYuch\spyEialidadlidPRsksThe
cradles 404 circulate 1 n steps 50 synchronized with the steps 50 of the

upper cradl es v304e fArierakpaibed hdding eandustion assonmély YWehuthooppmpriget @ 404
froman upper-|oop, cradle 304 CMI ates ar taigd its l.ower I.oogr 402 unti |
the object IXDreadgperist 25, 3Py Tt ERPAVERYE Ent POTCAPIOET 28R 0 its sort
destinatjon as Shbed i : & 1 PoetsstdibrildohvEy @S -
2-4, th 0I om%sﬁel}q@ggngﬂg%ag&éb&%gg\}g%t%%pﬁég%%\r}g?ﬁ%e ow Stshe i nduct Ivg}:"l l'ine
assenbl i es 260 amghnuBEpropRsing heapseBBB; 220d ratioviativindivedert 228est i nat i ons.

When directed by the control system 120, an object 110 w |l drg(?.egrom 10
its upper - | ospirodaitineslide239.¢ feted-ior&op coryey » REYRECUIREOR CUVEUM 404, Each
cradl e 304, 4 conprises bot t ' .k A4, pi ece 706, a
pair of spac dg'zféa as’ie&‘écugeitlé’gé%g%g%l%g%f,&rnéé {lzlgg‘éﬁlég é‘a?g‘eg?ﬁﬁe 710, a cable
arc 708, a nplaiRithald18M2B, 008 coiipriscdneRR e edniveitigiabdieegets (it gielynjone or
nore cradle roller wheels 728, and may include a top piece 702. The cradle
fl oor 7025 i sswhndwipohey rhbtrwdla comeyeisd 802245 3 bh 282 naayde ihecaroweed- 721

d i | ant ed. at about 42 to 48 . e 1n the ] '
embod: mont . RlensTGHBror o<l coRypr a5 oF Aot et NP Rl R e about
30 and 60 deghagss 1daithBee 1S GihuctdiEastaRbipi20s ind e vpercrabpeatiag niatriand

spans each o e preces /20, 721 at the upper front portion of each
_cradl e 304, 300.is hBo sdtyedarr irphesorting pravessdiyae@femlationslidepl bitewhicho2 i s
generally slanted to substantially 20 the sanme degrege as .the floor . 704, and
i's gener al | yobieptg &0 avg diverted drogb e SRPFOPPR SHUBS “laﬁ"éx fqu@Fheyggva? ﬁéf@ﬁ@ cradl e
304 aheag, of .said first nenti { o i LEBtie@bhesin 110
that a c%&dlgr 0 %%9“%%58%%ggﬁgk&%?%hﬁgégﬁgﬂ§ agqﬁ?i%yﬁﬁﬁgr the top piece
702 and bet wggQedchiBegi de pi eces 720, 721. As 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 objects 110 drop out of the cradle
304 in the sane direction as the cradle conveyor chain 716 noves. Each
upper -1 oop cradl e 304 has an open back portion 726 behind and bel ow t he
floor 704. This configuration allows for mninmal spacing between adjacent
cradl es 304 since each object 110 can slide out of the cradle 304 in which

o o, 1 o o . - — e~ ~ o




respectively, the floor 704 and spaced-apart sides 720, 721 of the cradle
ahead of that cradle 304. The cradles 304 could al so be configured w thout
the openpgek pestion WO U2/2012 PCT/I;SlI111-419a -14 7g6iub@yayRr, such
configuration could require greater spacing between the cradl es dependi ng
on the size of the objects 110 to be sorted. The | ower-1oop cradles 404 are
oriented on their loop 402 in an inwar (b facing manner such that objects
110 drop to the inside of the loop 402 in a 5 direction roughly
perpendi cul ar to the fQbyewds ahaydrapciane fhegndyctign pe assephly $U5Bdt i ve conveyor

chain 71 6. Because the.sjdewardly npvi | ower.-1 0g rag)es 404.do not drop
t heir obj ectcgn‘ie’l’erst%&,a?'ffiﬁg%‘i Q&MSI@P%Q%% ,upP"?{élf?o%SBlﬁ%tg %ﬁé’eoz ﬁgbgn t(%%en back
" portion to QbtAaiR);AL B YLE PARHNG-dRG WREE) o Batllsw ADSE ordViey @ides @ot t hey may

or may not Have“an open back portion, irrespective of the desired spacing
 between adj ahewi, ckBept fadiresitylditle ZBRk howewdireotlyertracchosising, swoly apnpopsidect ed

to the fl 704 b hi t . th i ice, and i
general | § per BENEREH MO Hopbol AR E PR PLE [ eobml Gl e One
end of the %E;g?r\r’]lggpsgfn(@cyo%cf%%o l?egéf:\'/ﬁedc&@f'ﬁﬁti}gﬂlcﬁ_gntliﬁ@aéé@ﬁiﬁ_[ysl@earﬁf ifthe gate

706, and the oose, travels into a cavity 722 15 inside

floor 704 whesatehecdedbh® fikfer 16t pebiaaiims Th eiwadbjets 10 foshdpkmelct ed at one
end to the underside of the aate 706 just above the cradle arc 708 and at

the opposi t Simmdrly,dhe blgjeetanil § drop fram thsiremectiesonyeyor dpper2d dptodkedl es' 304

mani pul ati on pi ec 4 protrudes outwardly,4:hrough the si t he

| ower - | oop cfrogﬁ’lwé’gegé?ﬁl%ﬁ%ﬂ? B’if?f’%f’ﬂngﬁleﬁizgh’ez“ﬂ%?%&;%}%l ?a&1§re1§o%\§e\xél\%%2d\ﬁ§gt hr ough
the bott : BEdhoR), &l erhapé €68 ih Sotali fiRofERd Wit hin
t he genelg)g]l f}%sﬁee%e;%t@ggﬁsgg%ﬁcgﬁ{ege nlA ano_lbi sll?adggt ed tlo nove back and
}‘ort h Ftl ong tth guijdg'olg tﬂiggusm?ﬁzemmwrnmuﬁmadn mﬁye 2O isupthsrght-grough
ower-loop pull ro 3, . e cradle roller eel.s . ar.e

convent i onal i fedighealesOrHE 19?131@@2' %GPM?&EE 1164110{18551{}%%@%% aobdglr%a}%ldl es 304
and to the frn%r}t?ﬁﬁl%&mhﬁ? ﬁl%'ﬁc&éndl%% R 3 rw&ﬁ%ﬁ%{v@% 1642488 s894 mogdihdhe

control systlém comand an object 110 to drop fromits |lower cradle

404 to one OfnesBMRIz 18bp SOU.t Titeslubtnaive embodifeat otirectortingylodpo})2 wuishe of t he
array of collection bins 50l in the collection bin ,assenblé 500, . to a
| 0ose- obj%ect alsobrmsyead Wyltbreesinglosteightispuglobisss ¢ia Sesle Ayl kEhAng: 410.

Each col | ection,. bin assenbl 00 _conpri ses & Pfi [ RLEs 501
arranged in W@u@ﬁ‘é' AE°50 %%ﬁagli‘ﬁs aaqlﬁcimlg‘rrzle toﬁglﬂgg?ﬁﬁgg?&?hée’ﬁ?éﬁrsgggecti ve
| ower | 0ops 402 ,APEoANBAGSDE) ihdi @ SBREE I YE ke BveNahBer ¥ 6ortingocps 362en i n
Figs. 2 and 3. Sandw ched between the double rows are wal kways 602. \Wal kway

602 access tdestrhé Iidest, 39 Will be pisonsseibiirther, thedivee-1snusystem 10Aderdn/ 2012
PCT/11SIl 1/+~19 -15, each . bin.. A ,systemflanme,604 supports ' 501 and
the sorting #esebed s A?%B'quﬁec?rilﬁ'n@ﬁgelcﬁytﬁe ’el}n%gﬁorafu\l)i Pég}‘ %QQMS&%l into
the double r : vl b@er BB SHrvé th@ntameeners 506,
526 into” V\oﬁﬁ?%@lggﬁr@gg%\x I gﬁvtag;ﬁ(l)g@r ovev1 ofﬁsbi ns 5 lalc%}\}g)r a particular

si de of the gamveyanslticsRGedSRGuctidn iinedber of 5 sack-conveyor diverters 510

di vert the sacks to one or nore destination_sack oadliﬁegigl areas 51 532.
Obj ects 110 dropped, aPbiscisefl8r wlessdiyered.oV il mevedrem Megdugtion2ssegiiiect i on

bin 501 may bherenl ter. 1B «MEmARk 6; whlcAGRthd MudraRElentRfiniit O her wi se

comprises three horizontal, longitudinally extending, closed-oval, sorting loops,

25  herein referred to as upper loops 302. Each loop 302 has a longitudinal axis which
extends longitudinally away from and generally in line with its corresponding
induction line 202, 204. Each loop 302 has a plurality of upper-loop cells 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 slide 311, a plurality of upper loop drop points 310,

801-808, and a motor and associated drive shafts and gears (not shown).



grouped with other objects 110 sorted to the sane collection bin 501.
Alternatively, ail object 110 may be diverted directly fromits | ower-I|oop
cradl e 4Q¢o99M4),2 | oose | 0 object slide S 14 to the | oosprphiseglsigonveyor
516 for transport to a | oose-object |oading area S 18 as shown in Fig. 4.

At each sort destination 501, 518 the correct sorting of an object 110 may
be confirmed by a conparative scan of rﬂé'object's 110 | abel bar code and a
uni que bar code assigned to each collection bin 501 or | ooseobject | oading
area 518. Al though onl Vheomwer-opdloghpetmay badisplid Hpadasg apsdwes 385soci at ed

conveyor 516 is sho in Fig. 1 it is ssible to have pultiple | oose

_ obj ect | oadi ﬂﬁm%{f@éi@%/fg@%ﬁ@?@seg&?% %Igl E’&X@Sf}bﬁl& ng%e . f}%" fé}liles?'g%ﬁe si de of
the system apdf.0f,,08%i0M, BhickRIE vy i iB0S hiRORE eRie§hiter! 0adi ng ar eas

and associ ated conveyors on the other side of the system 100 opposite the

~ area 518 andcicomfeiace &ifs reipevtive 126p 62 eRefeimmgtiaKeg. aydy conveyey olrsn 306, 516,

526 have transported objects 110 tqQ_their sp cified.loading areas, 512, 518,
532, t he Jobj BEpBveriignatatigehad jp thiestdselsaeh eadles08 Jpig8 Ry L5 TYTE TR GH
processi ng characteristi e, Qbj #£ctw4110
arriving at N %rl aga@%lge |T Sngﬁ;r@%?%%f,qhgggﬁﬁ 8&1&@%?{1%% ebgﬁeﬁg%ftﬁ%os?‘lbi ns
501 may be | pagdedo@BB02 bHIE r&RIPe3 iiini6ke dadh dowh ithesinyer ekinghted sidesbéthe100 has a
nunber of failed-to-drop conveyors 312, 410. Referring to Figs. 2 and 3, it
can be seen sditing bopdBp.eThe mbooriagt shewd) isatieded yoina conyamEgnal gegingios| i de

311, or, as explaine oV do reci rcul atj,on slide 230 veyor 312.
Simlarly, af tﬂukel(f?gﬁg aﬁgﬂtf’ %ﬂg}orug@legaﬁp Pgmeicpquygg\g}al%ﬁ }1%?05%1%84 t hr ough
drop poi{d 408.E06: fobg80s. abhei @ny&tionhll R8riAOMAY Ml Yofblfoh BPEriehoWN)
to, 30 conveyor 410. nveyor 312 runs under and generally perpendicular to
t he directi oghaffs, iy étiveofvhtdlg drppehaft wheeds, 802ctmn-rehesiog ovhstlst Geneypper - | oop
matrix 300 nearest to the induction line assenbly 200. e congl)S/?lr 312
ultimately fewglanisisy caneandgie ke opdditign, spppmiepotopeptigsn psed ferthe 1

falied Lo dr apaROMNEYAL fd the r#ep;ﬁgfﬁpgy s00PwhAL IR dde LORRYGOUEYPls AR0 1 S

di sposed ben& nd runs ge perpendi cular to t trav ower

| oops 402 an¢hi&anMaBrin 3thgldmvarbr diftfol awilgNmringl speeatine), Getpmlldds
deposited thereon to the recircul ati on conveyor 232 either for transport to

the manud$ pROZwyE ijeradenyl iy ahopa fashigndyetyess o forvardlvolrst direckian ppditict i on
| i ne assenbl 00. .In an.alternative enbodi - ony . | d bypass
conveyor 41 o%aﬁ%‘“ar%‘& gegnd gbr? (‘fetif T ]i686¥ 8P g‘a H%ﬁl %tn(ﬁlce 8%\% %l?ee‘égefa&xﬁg

addi tional | . b gfbub@£8HABoS 9OV RIPA 5,43@ B Pecehient of duell]

permt diver gﬁgﬂ Ol(t;?&]‘g?iglged-tg-ldsop O%Ijgect S 11e al 8ng ep?t ﬁelr_ si de ofdo?he
upper - | oops 892 erthlrgspettrio sts associated, induriomddé dischaage 29 yax illagitativécat ed on
the side 10 of the upper-loop sort maltlrix 3(%'(()1 re tedf'ﬁrf?mtgg recircul ation
conveyor 232 cabafinenbidignt 4ot Fampls, dheredhpmductiondinedisehaiee &8sy or 312 for
transport,to 0 - Iqr i £ QRNEMAT04Hakusoul d be
i nstall egoonpﬁﬁg}f@ﬁdalooo%ﬁeﬁéﬁ ﬂg%éfﬁﬁgggsﬁeggéﬁlt@ﬁg‘?ﬁ’%’lﬁg%do renot e frgm t he
recircul ati onogpo3neayenlaiddn addguketseditentidt; gvhefe thé mdubtor linaidisetatdge is

enbodi ment, each of the surfaces on which objects 15 éé.o sl j.de, such as
slides 230, 3usteadpoaitionssabexye theright sidg af the assvsialedFPEFAP ggi’o%? S wi l |
be coated wth a . non-skid surfac Lent at l of such surfaces wl|
general |y be OBﬁu?}hléOB?‘g%?lr%ﬁatggjoﬁ%ou}g&f@a@g%gléécgglsl' from hori zontal ,

al though shal | ower or sg}Rempkt | NCAIREH{IT@G)H int6 S cdld 304mdused] arbindtheul d be
noted that the el evated nature of the illustrative enbaodi nent allows the

i nventi 0g5t o sbeiog lach/30tingefiedl mbvemens $G/0r siips, esgl sigp 0 thegfamerspedfied em 100

i trolled by a digital control system 120, Wi ch directs th i
“ind transter lpnade akiifends aiPr RouiiE cr ot Kol Fouts et e Rg o ¢
125 and a ”“’?Qféﬁeﬁ{eo 24050 aéﬁm:shﬁsiepl@anﬁmat%@gﬂs%gteﬂ 58Nhta g5 Ieceives

i nput data fromt ensor assenblies 130 associated 25 with vari ous
_conveyors, dideediinined ctepriosiusing shihddgect s Hl0 ésva ntbusdithe ldep BOAAhe ovrgrads
previously described and as fyrther . described herein,.and it ou

control si gnéb’%temrﬂgpr"tlgtcpﬁ’&“’é‘a@ﬁg %@%Cttlggé‘b@rpﬁﬁémf gs E’SF'iéeanh?gg%sf er
objects 110 in el ect ed [ ] I | MBiriat hhrd.i nal sort
desti nat |J3§n 531%‘,% %’1‘@ or}fég.tﬁ%?gﬁg% ?%S" t'?%ml g.loc%",osotﬁlri]r{ag %gtr??r‘gomg?ggim | 20 can
be any converdd@aled3e 60MHediraliyifemop points 561-808,10s} indhé vase efbbatiatient , t he
control system 120 conprises a digital processor |25, such as a personal
conputer or a work station, connected to a plurality of input sensor
assenblies 130 and to a nunber of output devices. As CvO 112L121112 -1 7
PCT/ USO 1/ ~~19s depicted in Figs. 1 and 7, and as will be described, the
illustrative enbodinment utilizes the follow ng sensors. Positional sensors
132 are used to confirmthe position of objects at several points as they

e o o AN A A NS N T



S di nensi oni ng sensors 138 determ ne the outer dinmensions of each object
110. A scale or other weighing deviceld0 determ nes the wei ght of each
obj ect 1404 (B3s§¢ on such input information, the control pyguSHydPd
nonitors ang directs the novenent of the conveyor belts and rollers,
det er m nes whet her an obj ect should be diverted and, if so, actuates the
di vert mechani sns, determ nes drop poinﬂ%‘and actuates the pull rods, 10

directs workers in the | oading of sorted sacks S20 and | pose obj ects | 10,
and prints awobflicepodessribatcbehami dosarsdide Bbhér te upperdaidad-toopp FYNEYOlsEnsor 132

conprises a conventional photo.cell transm.tter d ceiver, though any
det ecti on advFQ%éﬂﬁ%thﬁadﬂ§bﬂ¥“§ﬁ8fﬁéﬁ%%gﬁlﬂﬁﬁﬁggﬁ%{§||y are placed such
~ that the light path begueeid Hfet ARSI G BF cBALLI§REINVED, dbothasseswall a
| evel slightly above the surface over which an object 110 passes between
the transni tdep fandheeppiriesp sdrtitdmntrixod (it dng lowet apprsertagingatex 480.r i ght
" angle fromthe direction of travel of such ob'eﬁt 1&8. Suc ns

S

assenbl i &s 18Bickdiustrtively corapRIcE o trﬁlllfé(e’i,sﬁlﬂﬁx ndug §ﬁd1~§/@n§alg1n§§éc§3gge (or
non- passage) 4 f ﬁ}%@%@?% %&05&?@@3&& Qﬂpfg {HXE)S 48P Rl 19&‘3?&?2?‘&1@{1‘1@1 aRp! i es

such positio n as WS. sensor 132 placed in the

hol di ng ar eayz0fe WekdisPferferidatidh agthellolijubiiabaxkd Of the uppatloapss2. Sankor s
132 in the pre-scan accunul ation area 210 facilitate the accunul ati on and
si ngul ati on lobp @b} bet scradie chuveyatidzame &Hpne phmgre gradlewas Pldeds 03, 2t ter an

obj ect 110 has been_scanned for identif.icati inth 0 |2 @
sensor 132 nEJlHFﬁ? oj;;j)wteﬁ OBicgﬁ%%é‘g‘?% LH o f .Cfa.cﬁ)ige'%o g%yo?gﬁglﬁg 5’ %@Pé%t?os()pand
1epor s 4@ 28obiCoRl &l pit#ility ddowbioRop aebE R sonahiaibl-aciio ibp Based
on such positronal” rnformation, together with simlar positional

i nformati on peiaosaied 1ase-objdordropippime 482, hifuratiyarfcHertionrigh dropinoats (isugh
the scan zone 212 of the sanme and ot her inducti@g l.i ne 02, t.he control

systent s | 20akayRterell callgrion in), 4t p M andECEBREEPt 3T A5IPEIon al ong t he
remai nder of the indyction.l] | tentdresosg@nni ng 30
bei ng necessBEYOUEY: bligfl%ﬁegﬁg%&teaggﬁa@ggﬁﬁgﬁgﬁ%h)tsl nown slseﬂc?uenti al position
along its regpRREUbYGdpgduction |ine 202, 204. Based on such positional

information, together with information about the object's 100 wei 8 t, size,
destinati®n and ot her Thipwerdggofigor 408 npghelasiolif/floon haydng Mg PV st i cs

determ ned when the object 110 es throu t.he s :

control unit SHaESé 1 %%é‘# E’( cgngnaa&%écfrpgs,toﬁg % jq)eeclil %161]8&@}6 é‘%ﬁ? ﬁ§¥ﬁ%2ﬁ on
i ne 202, 204, i i @ I ghyRabedie doRpAsin® bul{stihtialthv e eftiret he
object 110 a Ogﬁglc%o?go§ E%ggli&%’ér%dlhibﬁfa 20%, ’ %14,1 2%611’t Somt hlé Si ndlug}:/i on-line

di schar ge 24@reand ticanat dsctibel bynthe imler posimfesncodf hattweahy@402110 upon its
advancenent into an upper-loop ¢radle 304. Az QOt e%1 trt1.e sgnsors 132 al so
facilitate a&efeminatq -br?ﬁc}éf'rﬁg]ﬁTC&PY%’ r gaiy B RS B GUES BHE ¢ he i nduct i on

i ne assagbl |68 pRnchlr AARRARANE IR 400, T8ERokRYHCHaIm Id iBeomeagaily 200,
except t séan zone : sensors 132 are pl aced at appropriate intervals
to detect gapgadiRlWeeaR fehit 6Cémh tiflatdianiignmealr ange thadlel@niveyduct i on | i ne

assenbly 200. Such gaps typically result fromeither: (12 1i n%%f féégféent |y
frequent i ndattasharmtsfl8olihees is afxgd distanpe betwaer e3c80f therfaadlet Hie . or (2)
t he downstream di si.on .of earlier-i.nduc .0Dbj : 3l :

i nducti on- | i N¥°R? %(?r P“lglf"éla 49§E}n ¥S eﬁ?%@%‘?’]‘% ﬁ{édgﬁérgg%%at%%gﬁbg?%ﬁﬁisosrﬁ{l%g

t hroughput,  SYGNA@APEEARSIoE (1% Sitbvit idaeURRl Bidenebltekbchiify (vt shovghle file
at each of two ‘points along each induction line 15 202, 204: %a)

i medi at eky hekashepulhed 408 zd0d te nethaflongatsd siskerpf2laronyayor chag 746 ot thatedi at el y

before the induction-1i j scharge .240. Thi s accumul af.i 1: C Lshed
in a convent iR?FFéﬂulaﬁg?ﬂPe‘;b%i' %uf’ﬁéori“%m@% gre ’8%188@%%{‘3; gc;}n}%l aet?ogloog;ag]ilvhat ed
“use of mul tipheazonRs: GfyeCPLRNEE A MaARAWRTSMirdcAbh 8EveeRiy RYaS Gelieva

facilitate the cdntrgﬁ systenmi s 120 nonitoring of each object's 110

posi tion al ongedharis?@, dandunt itioalilte. heachiﬂm;’sépﬁr@@mOt(BﬁS:@Q}ﬁdlL@.tl@d fopihect s 110
“are singul ated as they advance i medi ately. pq%st each of such I7

accumul ati on qi@iilﬁ?%%m%% ardbthgpul r%‘%?rﬂpéntw'%‘#a e§¥aﬁ§G‘F°<£‘tVF¥m cg?)lﬁ 3138}5‘%113

i mredi at e] y downst.ream.fr h : i i : Jhi i ¢ 263 on of
obj ect s I30{0 ! fg]gg}t%gﬁy e goomﬁ? I?de digf/cgl'lfg g%bﬁ%ﬂ%&g:ogérﬁtﬁ%:ﬂgehpigﬂ??r st obj ect
110 from a seggfsinebietdntd iR aitsmme fahphbebadthndosumtilyffirstistireotipreatd in25 The
control unit 125 fromtine to tinme determ nes that ,an_objﬁ@%t .%1}0 4r6gst be
di verted, as,bdclwarsiasgsped digpréian diveeh eppositibe ifigst EEEan n'd§ ¥ ™ oo bi g
or too heavy for the sorting matri xes 300, 400, or when the control system
120 is unable to plot a route to the object's 110 sort destination that
will not result in a "location conflict"” as described below In such a
case, sensors 132 nounted at each divert point 30 in the induction-line

..... o o ~ A Y S o o S .



-19 PCT/1S111 /-4.119s As noted, objects 110 that are not diverted in the
divert area 214 nove along to the di scharge 240, passing a sensor 132 prior
to the dkagpgqgﬁ%240. Two ot her sensors 132 are nounted bgngaéfifee chute
descending ' fromthe induction-line discharge 240 at opposite sides of each
upper loop 302, to detect the advancenent of such object 110 into an
upper-1oop cradle 3 04 positioned benedfh such chute. In the event of a

| ocation conflict resulting fromthe failure of an earlier object 110 to
drop where pragammmedadhrioop #@Xin cowentekdopvwiseatitestipas mdicpicA Ry agoy¢

destination, which will be expl ained bel gw, or an egui n f tion, an
obj ect 110 Aaf)4B2 &he eadles4Bq CHHBALE ShiteRs) SW%?lgﬂ?lﬁ%cgwftgrﬁger%%)g%lgrolf@%ey fail
to drop, fromits .10 per - | f , {0 les. % AfFFRGnl ower -1 oop
cradl e 404. um’%éwgﬁeﬁ 3@%2&% Oﬁgegtnfleoggg%{dﬁgtoc?ﬂ 8%’%%(1)({6%? Iglgg%n each upper

. loop 302, tqudenestcrhdie 304 esanaes sbuahitobjvecioop B02 untibthe wpjser L10sbppscr adl e
304 positi ongd at ‘such drop point 310. The contraol emt 125 wl | _comand

such obj &ct ad iBgtammueddy the coteolissstprd20 &0 Hs et desHO@BY aslescribed ivie gy op

point 310. One or nore additional. sensors, 132 ar Bt behawigach 15
drop poi nt 39’6P9k?g6Pé‘%1ecAtsq1eﬁtegﬁlﬁ3§§% égsb?4’sttl}8 O“ée% 1§ je?t~ aﬁ% ?lcl)vm the chute
311 1 eadi ng 1059 ol @RI oRUIgR s AbIEO20NHIaREUEND lodps 202 Andatidid fional
sensor assenbly I's nounted at a point farther along each upper | oop
302, bet weenoit destntignspoi nt 310 and t he upper-1oop cradl e 304 position

cach Upper | 60p. cr adl &V Balisaed bgbagneaEnsahbar 136 P he by AR BB "
unoccupi ed. .Sensor, assenpl,i 1 Wl 1 L@ q0nf E4dR dlidps from
the | owdP 1 J5HRPHF9OP EF?@@,OEEO élzeé?f)ggﬁ) ?Ogdé@%@%%ﬁte at each of drop point
40S and | 00sp@hiRUbNHHRE; PRdtHm fikde bolaR764t paspiage’d, apairobfrrced-110 to

either the lower-loop failed-to-drop conveyor 410, or 61own the chute 514 to
the | oose- ohipext tide pivees/ B0, 525 2 mlle-gaigsable v B2 cable@sn 408, 2 aafiuggtions j g

mounted at the entrance to,.each col.l,ectj i 0 . [ h age
oF “an- ob; ectoierd P BegarRiEEPreE aranT K Wb Mo fadie xR Ul 72, RASSRIE

include a miH%?i‘hcﬂ e§?(§ﬂ§1€<56970h3417he%3:§116 fistirTensd @newichtd8etwbétheapatedeal es
or other weighing devices 140. As will be described, an object will be
scanned 1at tdpertbiglgiphaobnTR0afA] andisistamédd ay about agido 4R degree prEe pihe| ow t hr ough

the system 100. The initial sca i1l be accqnpl.i shed by j,onal
scanner 134 lﬂlﬁﬁ@@é@lemho@lﬁ@nécfgﬁﬂ%%‘&l 9% $1CCPRY @E’TBHH&P}?JO ggﬁnglge%\g%%%, each

object 110 will | | Q0e O IRL ik BN $ StinBdeSREMIspark38 and
wei ghed by aabou\/@eéﬂ%%%e%g’ﬁ%fww%%?% TlllQE%-l 56 convent ional scale or
ot her wei ghi gh deiticGRie Wi&es 120,a01 abjheuppe fivhOpsition ed eatihmentle 30k 464 Wei ght

disqualifies it fromautomatic processing_by. the system 100, .or J.f.Jts
| abel i nf or natyiaoe vpperdeereeailss@+ 16 188 PLASE @%zvj’étﬂeé‘?raﬁ)’ S]iafltegig%é%iag{é%u}? ails to

t Oh it i i Nt : | e,
The oni ol Tl 5t et FURTHRSL 1Y, Sud BEcAAR larRi S he Bhidrh porpHID 00
then the Con%%(ﬂoofjméfr inkBScvitlel 30dianeddoftshid fattjreattiohddcadleidpr Opei ate in the

divert area 214. The final scan, optionally perforned tg confi{lmé_t he
col | ect sor t inaginofm size objpetclil 0110 2 opadle BOdyaanaccempnqdatradill be qigdhdiddhect i ve
destination areas 501, 51 not her . scgnner .44 Wil be appreciated
that the con’eUFQ?Ft@?gEBWF?L%@P%‘B&%WWW?E@W{W?S@%’ Z%lhsors 132 10 t hr oughout
the system 100. For exagphgq, ﬁyﬁgpéqsépeﬁmés??om%ﬁemduﬁm wipetlogp
begi nni ng and end of every conveyor, at the top and bottom of every slide
or chut eps at 3eaR Bewsidhefting diracitbrads shawn ouEigs. 1, drand di sick s ebiersidVal ong
the way. Referring nowto Figs. 1-8, the operation of the syst. 00 w Il
be descri beddiap avbpEthgeradiq 3.(9@jﬂé‘?:5ia§l"’l$}]f?c'é$lbaﬁ%ﬂ8’@@%&08?4@'06@%%2‘} g‘manual ly
“or 15 autonmticall at_the | t4QnRL I HaRK S0kfd8 726 bRRiGR ahdBel6tvi oNn

li ne 202, 20210"%%1%&0%‘88%‘{1@8{’ c@)%jﬂgecjtog'?]f%hl\?meﬁnr%a%gobeen pre-labeled with an
_obj ect - i dent igf i dag DA TEREEnBEuraidiedllonptiocalninaidpadingbeisteonadjacdnat , upon

scanni ng as described herein, can be linked to information @éev.i O%%{%
transmtted trmdidsd0ésimce eachgpisce il Ocan shide Aukafdhe erade SRALN Whiehd by NdEig n

information will include | east, the.sar est | I ob:ect 110 20
within tB8 sdﬁaﬁsﬂwg’?%%%%%ﬁmadiﬁfEor?éi}gcgl@%g}@‘téﬁl% eéagpﬁgrb%tﬂ%gr’ niati on about
the obj ect 1_1[%?@@[»@813&}%%0%17@4%ﬂ@sﬁadecb@pdnrm@md, 771 gMheciaéletabeadot thatat

[ a

will permt r ‘code to be scanned automatically in the scan zone 212.

For exanpl e, dratlonct. ertteadidiesniO4 conld aleebreonfigaed wgthaueiha vesh PRk Per head

omni di rectional scanning device, which necessitates that each object 110 be
inducted with its coded | abel facing upward in



25 any horizontal direction. In the pre-scan accunul ati on area 210 of each
i nduction line 202, 204, inducted objects 110 are ( 1 ) arranged in single
file alongoggﬁmipduction line 202, 204, by using a convengd¢ppaligpxi ce such
as skemea roll'ers or pop-up wheels to align all objects 110 to one side of
the line 202, 204 so that the control system 120 can later 30 record and
noni tor each object's 110 sequenti al pd@ktion once it has been scanned in
V10 112/-121112 PCT/LISIT1/~~I"]l~ -21 the scan zone 212 as described above;
and (2) to ZGuowesntsuhjcenfigration eould feguine stAEF gacEsPeBTen i Frdescan

accunul ation area 210, i.nmedi at el Lor.to e scan ZOle 212. After
i nduct ed ob @@E’gmﬁﬁlth%%e grgtbﬁ@gﬁtaﬁé{)gqgasogfeﬂg| e-file at the discharge end

of the pre-scan accumghaid,pR180@add0404 A8 ¥ridkied 5h Nk 186 a0BRcGnadvanced,
one-by-one, into the scan zone 212, which conprises one or nore segnents of

power ed convgypdlylfatihg maAsernatietiabdigeds 1 thieptstht idside & the londd? imei ghed
" and di nensioned in the scan zone 212 and then are adv nceg‘hi ntotiwe

d
i nduct i ob- | drectwnverghly pergendionlartp dhestogwarddees lh%ﬁl‘faﬂgl GithREPey

conventional |aser .sc n O -1 i i S@RM® agti Ng a
char ged coufPRFYEESTLE ];EC&S%%%E]%%%/I.% glr%aglxégr‘plpghot&e\ltlﬁ@oﬁratter systemis
described i Qrdy their BBfects 1NT Qwad 3G8cbOradi] thby dsndtneed poopdndachepeion by
reference. The object's weight may be obtai ned by any conventional scale or

ot her wei ghitmgbtdiavhpenuBspaaxgbgivesn emdlenddhi hegelawey ther mayermay e a

conventional innotion scale, nmounted under .the.conveyo | t.:d.0 the scan
zone 212, t RaYe #1%° 'Bo‘g'f’n’llge%icﬁﬁ ?@ﬁgﬂesélﬁiig%atm I%vé/t‘gé%i atdj%glgses t hr ough
the scangzong, #lZpsAny conventional dinensioning sensor assenbly nay be
used to 8inen5|on the object 110. In one enbodiment, dinmensioning is
acconpl i shed by usi ng Thecerikegité Htails n@SBbhamedeatidtenisd Beirvg4dystlanga hat i s
capabl e of determ ning all three dinmensjions of an object 110 as it noves

t hrough t he (Bei@hoypher Bher suitahledRitie AN HERSHE! %P‘?I’P‘a?dh‘éﬁ@i% 1Pqrdn By
acconpl i shed, by nul ti pl [ f = e j 130
nmount ed al oﬁﬁgﬁ)ﬁ& ve 3’6‘%9/@mgﬂ{ﬂla%1?e el?)lglag\?lv%{ 88J§e?gér€£dzlgerlllge@§gg %@?ﬁ%ﬂ;{rdntgiés

suf fici ent | y,ghQRie off h BRBSTIR aRREG obticfrendivettichnistidost teavalsdnoaapvited22 red f or
t he application involved. Based on the information determ ned fromthe
scanni nd5 wengié figpraid vetienshessabla Hlg ispubler. objeceble 710 is ¢anpoeiehit e 8¢ st em

120 det erm nes whet he ch 25 ject 11Q will b k . t he

i nduction | itﬁéhez‘ﬂlél?rsi‘%@%ilﬁhe %aﬁg(?%ﬁtc%lﬁogﬁaﬁ cﬁ%dl%flr\%gr% \éﬁ Eét:tﬂﬁ]ﬁ 1)‘8% ofd"
recircul ati RSST119 ™e WRhBEloos RAMIE! d1anshipmgtionvbiees 714
specificall 3?@%?&2{118%@@?&?1110 Ieéflg)liejl cogge cannot be 1?eac§|(,)ﬂ\?he obj ect 110

w1 be di vesrbeaddsypuavpdly-thpuglothesidedi20parvkthe boyrerdonp apdles’dlderter at the
no-read divert 216 to the no-read conveyo 18 -scalulin

re-1 abel i ng m%nlﬁ‘ééfé%rk%‘reiﬁ,7lé‘tPrPW@jeﬁ(519W83y1Cgbaﬁ?'%%‘géesﬁﬁbonéf’tﬁwfb%,ie zgqh?er

whi ch ity Iy, be 6i 654 15 ~ BAHE ioRBatkd B lasseshly 200 or
manualIyZOtra’i;lllsepo?lﬁg%lgﬁ%n%%gélggﬁk)ﬁéeeﬁgkgpﬁntgg%éinnat?or?sgaSOL 512, 518, 532. If
t he obj ect 134 ihagaptéd e msdvenaclondafovhiatpig théghideraké4 langthuwisan actiatesl Hyor
WO 02/ 21112 PCT/L1S(11/~-t1'1~ -22 automated sortjng .on t{}ﬁ sorting

matri ces 300heapper- prlower-hopprl 1e&s03% ¥hAddhe sradledplritheels “Ré™control unit
125, then the control, uni il i € j hverted
at the manuafErLee Yﬁtéachie%éﬁl%és ?iod’ '? z%0%3‘%&8%}3?@%%@@6%3@‘%%%83%? 224
for manual pggGesabAG siflestdtehdBRYRIoopIcBaRESIOAy area 226, after which if

w Il be manually transported to its sort destination 501, 512, 518, 532.
Opti onal2y, additi onal The caitrbt system 12) wilk easnmand aeotjeps 49 FuErop Arophis

i nduction-line divert area 214 to yout uch unsui t.abl.e |.£Ct S

directly to @Wé’r Bliagfﬁﬁog tp BBj%Qf-st?B‘fléLstorﬁ %ﬁﬁ?ﬁtﬁmﬁ'r ifieso%icé m E%({lﬁlgtotmge#g
~Intermedi at eth%%ﬂugbfl%l CESSHIRY 5O inl the BSMRELA bir3sentsl¢ BOGRD @ddosd-bbjest | | have
four opportunities to drop, drop points S00, 10 fromthe object's 110

upper -1 0op cé@tkgor34, biooa lbweeloop faktidodddp amveyre 416nEach edigetirbinhat
‘sorts to the object's 110 sort desti at&on. Two §f0h o%%ﬁor ur‘lj'ti es occur on
the out goi ng2yemblyaH comprisernuphss Pf tohiachier bie obt gneeR & PR 1 un,  of

t he uppet,cradl e.3 i 0] : i i &f théPfBpddiap one

| oner | o%% 4g%e§%1ratn§1?¥)mtc}(ﬁégte¥ Pﬁtgﬁ?gﬁsﬁ%a%g?ﬁ{é@ %ﬁ@%faﬂgﬁg otbj ectpllo in
question, theshveysdd 506 BGtas b iniFligs. 2 andhay Sandwiaktdi Hetoeeal thé danbleirays

opportunities per such |oop 402. For exanple, in the enbodi nent Lcted in
Fig. 1, therarcavakwexs 408walalkaap802aesess tp thibighpRlcis Prwggﬁfég?yea %&f’&lgﬁg%d to a
certain zip code, and the collection bin 501 for that zip code were fed by
both | ower | oops 402 (such configuration not being shown in Fig. 1), then

t he obj ect woul d have eight drop opportunities to reach a bin destined for
that zip code, 20 four fromeach of such two | ower | oops 402.



A "location conflict”" will exist if, but only if, the control system 120 is
unabl e to plan an unobstructed route for an object 110 tluough the sorting
natrices\gggzuéﬁ because all four (or nore) of the obj epti/@sdilidrop
opportututres predictably will be unavail abl e when the object 110
arrives there. This will be the 25 case,only if each of the | ower cradles
404 predicted to be present beneath each’"of such drop points 800 will then

be occupied by an ear Tier obj ect 110. If a Iocat{lon conflict exists, then
the control esylsbiamAlScten [famgi6Pdetpporatheties HYjanddhe sorpngBaliXy et ed at the

recircul ation_ divert. 22S r. ch .it -zl r -
recircul ati cﬁ‘?ugcft}oéféb_”? U”“Ileéghitz ﬁa’l‘}{%tﬁﬁ‘%&lﬂ%@fe‘r&? gﬁ%@g;ﬁg 688%%%%%nyeyor 312,
and then to ?@efo‘?%iﬁﬁ%o@g{)@mv%ﬁs ARVERYSfor28Eh, 5T1H e bl @sitleslcdbireypdntdinighen be
recircul ate or re-induction onto an induction |line assenbly 202, 204, or
i nst ead may tbehahiowesftbans 31 dveea paticuloutide phihe dowieyersts86: F6- anyaber of
" processing area 226 for. manual processi and transport to one

02/ .12( 122 -pok-penyeyer dyariers p 1.01@%“ Sﬁ‘ﬂg 12 8P¢ OH‘@QE"'P ‘f?é??%‘r?& s%“g‘l l,"a‘ﬁ%, 518,
532 as direc y ihe Rf tabrstohenth 868ivdAe, has been
re- scanned a%rg%uﬁﬁ’ %iriéa&g%% ?W}%&g%ﬁfﬁ%oé syrslt em leZO uselg the follow ng
i nformation §dlegt@dnEsinis0E makehdiedftearbuobgediatot bd,Placad ilbe sacki20 dr vihervise sor t
destination without a |ocation conflict, 5 all of which_ j nffﬁrmat.i on wll be

t

known to, orgidepasrwitinetberoliscts 1 Hbsogien 1 Bie saips caligetiop bEimd - AHEETREVER 110

has been scanned i ghe nd di.nmensjoned.in . 3
sinplicity, # %chtﬁéﬁwggae?ithr&qgﬁggﬁ yaﬁjn%rﬁi"!S%0‘%%8%?%%@?%3%%’&1%5&110 in
quest i o hasqdoulig PR BRROILYILE G SoRVBE 516 Lo BRRYpolaoR I6usadbicB04 to the
| ower | oop 302 that feeds its final sorf destination: 10 A The object's

110 sort deslhdiagiam, 5184k slown inlFipet. eht dach sert desttinaiéan YH. Bihthseprest a drop
point to a | oose-object conveyor 412, a the specific | r ..o 2
serving t hat s&dng Oché’sCtW‘i"Pétlil@H%,gyrbSF%?fé‘@}fﬂgg %@FH% P é?anao?%ﬁ%%?mc?grlggt | ower
| oopt 402, Bioy TG DDA oQlni QPP B Rl sEhEnctlo et coMeb ior¥in 560t 1o8ck-f or t he

15 object 11 0 reach eac our “drop opportunities 800 to its

target | ower ohje@Rofids ardhb B8, nanbeigh @hlysyetlesscatbiqes ldadingatrai18taed by t he
control system 120 based on the fol ] owi ng.data: The nunber .aof . ot her

non- di vetd edassbfiaied sonvEgoRhidHg seawn Wi e dEif POt e 1 haye GYHPlE IR9SEa e
i nduct i [ 2,..204, i«ch wll.det ] 50
oquired 1t or O0RE iptdideRpa sy Apgifd ShRE S¥f e RHD S, B p b e

di schar ge 24Q4/bn,dch® nfagste Airdr-Rhiden eakanjdcnibiaing @reak kfieaBdated he cont r ol
system 120 may adjust this nunber of steps 50 if necessary to prevent a

| ocati on contbiveyorsas thawthbrerideodhasyststn b erposity thglarearilfgnd REVeYstQuent
distribution of objects 110 between the two forks of such bifurcated
i nduction |i8&"b4; and 25 2. The nunber of system steps 50 that will be

requt redZ{)_or the pr eseﬁtﬁeﬁﬁieQ%&e-M doBvéRRCHDE LS 26 hatStrimporiel shjects
opportunities 800 after the object "110 has advanced into its upper-I|oop
cradl e 304. @10 Thiepspetifddabhding rresefide S8, 538, thaobjeets- 1B maydedbitast 110 in
the | ower-1oop cradle 404 beneath one or.nore of the %l ect'é 11 éﬂ)ur drop
Opport uni t i ePTBESBOACREERE {2 CHRBER ATOCEHT s AP ETING | KESX PRSI ¥ 4T red to

b1 ocki ng. obj SXefe bl DR SR ER 1 Jhe IOR £ 0. PRECBLARERER O " oute
previously pl.anagdnbals 5aahayasy lbaded only the sardd fucki for delileng
25 The system 100 has a number of failed-to-drop conveyors 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




~~'"0 112/ 21112 PCT/USI111-419a -24 not only earlier objects 110 that are
already in |lower-loop cradles 404, but also earlier objects 110 that are
still i nv%)g%z-(qgop cradles 304 or on induction lines 202c®041/44fost he
control system 120 initially determines that only one of the present
object's 110 four drop opportunities SO0 hill be available, then the
control 5 system 120 generally will prodramthe object 110 to drop at that
drop opportunity 800. If Wo, three or four drop opportunities 800 instead
wi || be avaifkiridite-diep dohecyabj4étt Lawer-loohdriladHe-dsemeanyeyerydOdnilispesedi | |
choose anong such drop opportunities 800 based.on, pre-est ished criteria
resi dent i nDbereathcaierang g%’g‘?@pe‘éh’f’lﬁ@.1°¥ﬁ’é€°etg?:ﬁf“feé??5dp%)lloolpﬁ% {21812(? f or

exanpl e, the direc L. 48 nk I odiedappebih tihey 800 to
the object' $°1Y O%%f‘fs%pélgtg?(%gﬁ%l%?{&fbﬁ% ﬂ?ée?)tgt&iqgleﬂ{o%babi lity of location
~conflicts Wgdircupkigh cabicpait 32 kltBepos adndpyrieatie nadrivel pratessmgussbhhiih
probability may be based on, anong other information, the.contrqgl systenis
120 anal §si or6r téisndntion & theanduction dae AssagobRI0diR ap PRTRASET eg?bogﬁ?efl er

bj ects 110 | tinati , Nt ani
e bi 111y PBvRRr SUA sy cant e B8 108 AR AT hAGRBL I P OO
bel ow, whi Ct}foﬁgés/y;[olf §$’H| An ﬁ(fh?fim% W 8oop Hilkdeo-eRipeohvdybb4behig bassi gned to
I'rst o

drop at the suc wo, three or four drog‘éoppor,tuniti es 800 even if
a later dropnapipertt paintiydigeBioproeddaitedstoalropeleees t 8¢ alopggiteer side of i cont r ol

system 120 initially determnes that a lacation confl, 14l i for the
present obj edPerlpgps #ssemblyy hiasuch ogpe i ar?aﬁ%?ﬂflecgpvi% 4\1}\,18??(: od 082%‘"{1%9? ng 20

the | ower-1 ogp, cradl . ' h1aH610oRRPaA3ARbhIdes SO0,
then th Oconﬁ%% u@%ls ogﬁ}%%%%ﬁ%%@?? e eesgtnrlm{tgsrb%ﬁg%l eto avg(?d such | ocation
conflict by f-6d B ihBGppd-168s failed-to-dtitpadnobjorsl2 farGrangvet loaohvayer 2htoed

obj ects 110 considered for such rerouti ng w ll include eaftc of t_r11e four

bl ocki ng obj escendkoircaitonrmapyeyior 23e eed Re ynstallsd Pp dee Sidph e HRger-ooP

l'ier- ted obj. 110, . F | &, : trol
Syt om 120 iyt YRR ETBE 00t DERE ROEH B T R Ry ani 41 os,

among others: |f any openhofilutdeikuibollesak]sagh obihe sluFackd On nddchdfecyet
reached its |lower-loop cradle 404, and at | east one alternate dro

opport unisy S0Dmapsidensichwaslides2801 3l 1t Akd, chites kiadle s¥eetlo anderad % nt r ol
system 120 can reprogramthat 30 Dbl.ockin bj ect . 1 r ;1S target
| ower | oop 40%ad lgea?aftggewgﬁla nﬁ?ﬁgldosblt%‘fetgu e!t%}jegﬁé,%gto ﬁﬁls(:ﬂcs?gg{e?ﬁ%fla drop
opportunity ggn%i%gbfto%ﬁ¥&Sﬁﬁ%ﬁab{%{ﬁ £y Bl grees ¥om Korikdrtal, hBAdGLA -2 5

PCT/11S(11 / only its originalfy programred dro opﬁortuni ty
SO0 renmai ns gfowebbiestdeperaacinestiedlines tauld bbuswzkilhghool] kronafed that theut one or

nmore of those bl ocking objects 110 has not t advanced beyaond its
bl ocked dr opelopaod naiwictof gas 1§9ﬂ{at1f’ﬁéﬁlbf’ﬁéle€5¥ﬁ°r"f§l tg% %VFE?RIEL%%%&%@ %%‘a% eto
"unbl ock” one_or nore of the bl ocked drop opportunities 800 for such

bl ocki ng?®bj BEE™@YHY by rerouting one of the objects N
The operation of the system 100 is controlled by a digital control

system 120, which directs the sorting and transfer process. The control system 120
comprises a processing unit 125 and a number of sensor assemblies 130. The
processing unit 125 receives input data from the sensor assemblies 130 associated
25 with various conveyors, divert mechanisms, slides, 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 to arrive at their final sort destination 512, 518, 532.
Referring to Fig. 7, the control system 120 can be any conventional
30  control system. In the illustrative embodiment, the control system 120 comprises a
digital processor 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



110 that woul d ot herw se have bl ocked that bl ocking object 110. 3. If the
sorting system 100 includes one or nore bifurcated induction |Iines 204,

addi ti onqkor”;/mmi ng opportunities are available to the cpaf{eSystem 120,
even if the present object 110 itself is on a non-bifurcated induction |ine
10 202. For exanple, if the present object 110 is on a bifurcated induction
line 204, the control system 120 can iti’tially route the object 110 to
either of the two upper |oops 302 fed by such bifurcated |ine 204,

ef fecti vel y depibiell gFajsghand T,anties wilhbmddsoubed, dredBusipyive ehedimest Woges

avai | abl e for the present object 110. If_the p%fgtsent obj ect, %%goifnstead is
on a non- bi therfelewing seasnss.i RRstianALSenepss | e WHECSHOHEP PCHSHNRS obj ect s
15 110 are a,on _a, bifur i i i 4 - thansantsnlizgystem
120 may be SBIFESELSPED ?@?S%Séﬁ%%}@gﬁ’rﬁlg%o ?[eé(l:ﬁd%%at%&a drop opportunity

800 on the QtRRhinkenl ces@nodessstontihfonnatbdrefdr emdintjécomld.i @re @Oxotef t he
" bl ocking object 110 has not get reached the fork 22@ on its Lﬂfu tign line
204. 4. bn dildetsionng susoredds delpwune g oylss Simenfiqsod cagpbicch S&/8t em 20

al ternat o r GOBeCHR BIGISIELD forrirat eufianEr SEh ot L g sren 11 no
rerouting ' i6n. thObor@vRaRle 126 mbhrorRaas einéctoldi @atveihtht ofeeds to
be sorted gr%g%lgﬁpggﬁlﬁ?ﬁ?hgm& ocol?i ngmgbj ect 11110 nlegd not be sorted as

pronpt ly. | nhé batvegseslis ahdmliess détemitdsouidting aolopisst shprll i diverigd and, if

reprogrammed to remain in its upper-Jloop. cradl e 304 and. t 0 he

upper 25 faiSpm%eﬁhéélV@HﬁWP@FSl@%ﬁe'ﬁf“g‘cnﬁ%%é’ﬁtfobtf S f‘?cgacélfa%csﬂfl’l? glgi %&%\’d its

upper lagp 300 . Thus, -t | 19z c ' ' 1 o gnB@idts Ng
ng rdgr&ﬁtg ggo@ﬂgtnbﬁle% &%o}t?cpfagl SOR hiAibadd ects S

system 1 possibility o cation conflicCts by creating at
| east four di@RpRRRAKA HAbiftes 800 from each upper [oop 302. The statistical
possibility of an incurable |ocation conflict depends on severalp@actors in

addition to those prev@enesilly, geebposiberr! sgtsopL3heqTpRIIcy 2 LA HPHR, PRHE number

of lower |oops 402, .the nunber of [ L 00: - e whi ch
obj ects 110 C&ﬁé”&?%‘ﬁ?%ﬂ%‘?ﬁ%%&’ Bm)gl? %ﬁt %eégcglﬁglﬁgglt%ﬁg&ﬂg\kép Eeldb)gglg%%gzo?s

Al t hough t hi L1 bPinhi thy 1iBRhaBEb @ LERTRe lyndrpittet Mmdsecm@veor ti ng
WO 112/ -4211%%%%%‘[[/@. §{§él?%%‘%)ﬁg -]26t s;g%% | 00 confi glurati ons, and may be

further redusestshy alemcbsltdhtly abetetbelsurface bueti wigich e obiget 110 pRESERIDEH Ehos e
descri bed above, the theoretical possibility of incurabl e & | on
conflict canhetrapsniies prdaiegeryey artﬁl’rarhﬁ’éﬁf?onFB‘F&/gﬁegawe%g Sﬁ,flﬁ%%ge %é%ﬁ?l Eéng syst em
100 nust proyide for i bNG QRESSLS 1BbQcfcef andhie an
i ncurabl e lO%lb?cﬁ%%gg%\?({f}%ggﬁggﬁgetcg1(%55‘{1‘525%1?%%6(1 abéve, or?e sztljlch }gi(ih’\t/erti ng
met hod, whi cf ths cohiMIydtemtibe tlid Jassibe airinoe-pardageli efebiectsddDc Tod comirati g. 1,
is to divert an object 110 fromits ind.ucti_or} | ine Zogﬂ 204 before it
reaches its wppt?S proepssg0md appbies:sych E‘éﬁh@élabm pragRes ©%Si mi nution in
throughpyt by cl osing bhe,[egubti g 9an. holafhl£e{adePachd o batitdper1

0 r

accunul a n net hods dé’ssgpfqﬁe ove. An a nat e met hod, not furt her

expl ai ned hepgiats 1104 flabfesi Sokots 162 afwmapess@aabeubhdatio oem Zidnhéiite
object 110 into an upper loop cradle 304 without first determ ning whether
a location ctrfidcewhulation amkiisgulateamtohiscisdjl@der afyancsmentato e s NBf its

four drop opportunities 800 nd then to.Hse,s 1 L 1 o]
detect the pgb%e‘ﬁgér @}Obdf)‘gé;]\gga%?eeﬁﬁcaé]ﬁﬂ Foéﬂd%’glj%é%%m%ﬁﬂg%%%g?ﬁ %gb%u 15 of
such four dr Lk j2edeieclslddaepariees t here.
Under such a?‘%}lesglﬁa eﬁlﬁth%géhgﬁgc%%%ﬁdh?{%éﬁgg 6?63)]bl ocekced at p(;1|| f our

drop oppos t uftid doaaoBaAt veaihd pbstiowef sdh pojetitiel OdBegsdiswisteh pasttiansl conveyor
25 descri bed tHaBVIon foeler GEREVBIAT E9SLE IO LodFOr i o gl ieds essed
unobstruct ed 118 %\earfccﬁ{g s?t%le—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 sequential position along its
respective induction line 202, 204. Based on such positional information, to gether

with information about the object’s 100 weight, size, destination and other




20 object 110 as just described, the object 110 will continue through the
post -di vert accunul ati on area 238, which begins at the discharge end of the
scan zonQ,\,(ﬁg,gdﬂgpd thus includes the divert area 214) andpepgdsviatiisshe

i nduction-Tine discharge 240. The post-divert accumul ation area 238 is
devoted to the accunul ati on of non-diverted objects 110 at the

i nduction-line discharge 240, while neilft ai ni ng the objects' 110 25
single-file sequence. Gaps in object 110 flow wi |l have been created by the
di ver si on othadsjieistiss det@miined Wkerdthe ebjectall@ pagsea threyginthgisean 08¢ d4-ithduct i on

[ i 204, which_ fe t) .3 he gar . . X
obj ects 1100aobun 21 Pl Bt aaeRRg o 5% A8 RleR YLEm. ERLER T e
204. This npy .be AGCRAR ldiv%&%geealbﬂéﬁ Bleﬁ;)’g(gvaﬁges(i‘%‘&l%@éti 1anallord iwehductieni ces

such as subsurface pop-up S nou between 30 rollers on the
powver ed- r ol [ig§ 260NULYING.t0 Afe imdindtionHaad dioharee 24hendinonds thesipsiabpasitzd may
" adjust the distribution of objects 110 between tlg)g forks on a bifurcated
i nducti of | pheickohject 1 HeunoadirgdvansengignioenapecReP SHHH i ct . For

exanple, if objects arne 1.0 02/ 2111 e SuhaPitibn :BE885Ahtioh

al ternated between théstl\?g\éf%11‘3I%snslféé,]z’faﬁgq%hﬁ%wg%stelmﬂlazo nay direct
instead thairbyRcts YO EDAE HR iAMiceioh 3ind ARehBlich 08¢ Irdadiopdrtien stmeh f or k 236 in
order to avoid™a location conflict that would otherw se exist for the

second obj edddubtidDlinemsserobly @001 dxsemiche soap zenest @nPeroorsdan acRatrdlat e
trifurcation or even further division of g.sin in i Li.ne 200,

provi ded onPRpPIER@%e Iigrvalido deiRstEaps @W??élrﬁabi% Pﬂsoe%dﬁlﬁg&ﬁ% a.fégtg Heor t he
sequent i gl _y he dRS¥s A Bordlicithér: QU @euraBRAgy t he
mul ti pl éaf o?’g@cﬁé‘g?“é;%é@'g‘%‘)‘/%?gj gtgté%%%n%ﬁ%%n@gemadvanced qtt}i z:kl y enough to
ensure that faguajieiictidiksblobetsed Otahtheiindietion-tine iritaiee 20185 oh@) g 240 at each

fork 236 by the beginning of each systemstep 50. 10 The objects 110
proceed froownergsasdivensiparof earliseingyged goiesis 11 Hube iIWCPP‘ﬁ'EAI‘EI ﬁ?&’ﬁ d%Ge 240.

The objects 110 axe accumll at ed at.. ' LM d hsabhareei A0 and are
t hen si ngul ao'g[édTﬁ%ﬁvg%%ﬁﬁgg?S %Onlg dérbﬁgh%l{é%e&?’hkﬁéh& %lgg ggfgsst he st alt?}flqnary
upper -1 oop GEagdhAsinOshjedd| 10 i@@ﬁl%[@ﬁ@@ﬁ cdchQf 6©6 ppinesalamy earh éndupper Ehoop
cradle 304 at a tine. &)ne object 110 is advanced in this manner from each

i nducti as | 208, 202, (aEuaatatdiyrbiefaye thedntokaendafdhg swnpene sl L6mdf each system

step 50. The timng of system.steps, .and.of the,staf. ep 56 and
the nove sul8} J@Hngggte]iys}ae Eﬁ'ﬁ lﬁélbé%lloé}?linﬁ P%%%%@Tﬁ%lé?Q%%ﬂ%&gj% es 304 are
not movi ng e, ORkEF P Il o dhallfRAR i the iMMBRAIN: cribediakhen{hs 110 tar get
cradle 304 w ave been noved into position during the precedi ng nove

substep 55. dodrdiftgedusefofhndiiple mtuodiofeorivestionah powercfaoderaaiyeysrs( e 20 Fi gs.
2-4), the ogﬁi&%c_t 110 is first gdvoanced past tﬁ??f ibnd Céilgn'l'lénealgli Sﬁllgarge
240, then dowrilitethagrrtyolsysien s RIdmenieEng of s PLIHE s I ARPHUECEF 8 &% | oor
704, wheye its notion | : inb@Bited &t thd¥adpaieleer r ed
enbodi ng'r{%)t , lpalécuﬁﬁthge ?%%mgﬁ}g?@ﬁg%@%#%%%é ? 1r%%1%t% lhnég S It%mt edéyfeal oolr eof t he
upper -1 00p CihafddRatdQpagitcadtPOf Qish BRS elcymmilatiog pbinas) lyase bf a benventicasl y
attached to the upper-1oop cradle 304 bé a hi nge gOQ (not .shoq%m]g) 5 on the
bot t om edge siguliimnganeeypoBnThatelhdongsean ToaheAchACHERHAEQ R dM% 706
| ater to be pulled d L duri stationan : i bel ow,
ratrienist dhie-vod Dni B B PENET bt 26% M dat el o

so that the ower e orm a conti nuous

sl anted surf agerhRadiamd dupm t TeiduasdiselytdeRindattiofsobbiebie cradl e 304, thus
enabling an object 110 to slide down into a | ower-1oop cradle 404 %f

descri bezb bel ow. Unl esEhd ¢omtrot aatt €2 gfemw tipgsiojtimadeterminesthafmpbiset bl
"default" up positjon is intained either.b ias .

spri ng- | oadi Fgstde dyerted; 2% 95 CHFRRENT qﬂa(nn%)ge%m%?qep%&xtl%e%gg? f ?Dé g Pt
"resistance t t i . i . d @infiel $Rktcen tdds angdé e 304.
Each coradl e Q9363 b R iR B3 RPAGE o W Blo hing) ¢y3ictn L0 1-11) S

pi eces 720, #2diofd RURND tiRotgbjiaditl 0kaA déstimmti@sthapwilhnetiresiltiherlashigen of t he
‘cradl e 304, 404. |f the cradle 304 includes a tggog%g&g 702, .such tO@:piece
702 wil |l prevenlictt pedessiibed belaw 1 High 3£as FRSEFer= Fé"hdg‘{e&% as
the obje 110, dt ops,. 1 Nt.Q_ I+ gi-ece 702
w1 T ofhr eRERar e B R ST S p e O e ahead
of it when tRgcRRLREE1ILBIH6PEeictetsots 13weill Wanpf treuiseagé ©f anyTotgedtr adl es
304, 404 are carried on their respective sorting |oops 302, 402. As
previously désethabeds divored natiea copmpnd byt ie&O8orti ng matrices 300, 400
conprise three horizontal, |ongitudinally extending, closed-oval sorting

| oops 302 10 el evated above two horizontal, transversely extending,

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.

- N o T e




respective | oops 302, 402. The interval between each cradle 304 on an upper
| oop will be the sane distance (or an exact multiple of such distance), and
the interyal,Ppiyeen each cradle 404 on a | ower |oop wl|pdykemsgpsbe the
sanme di stance (or an exact nultiple of such distance). Generally the
interval between cradles 304 on each 20 upper loop 302 will be the sane,
and the interval between cradl es 404 on%ach | ower | oop 402 wll be the
sanme. The uniforminterval between upper-|oop cradles 304 neeg not be the
sane, however, as the Asmiotady objeets ék@&ﬂatvémiegﬁeﬂtmﬁhQ@ﬁﬁtéﬁeé 1289984, The

system 100 will operate equally well regardl ess. of the.i al- het ween
cradl es 304 alapg4o ﬂb@sdlwﬁlgea’%éo,@%&%%S‘?fﬁg‘:{ﬂaﬁﬂ%é?I “é%“%@%% 4g‘r”lgon es 304,

404 on a given | oo | Be SIATE dSSIRRC Lo Ahe AduecaelingTul ti pl e

of such di stoﬁ}?&83“,58%15%132%8@9@%%?%%@?& upper |oops 302, the internal

bet ween t he gupRAE: OB Gpodhides ofieichappet lnop 363 to delotishe adrneamabpéct ' s

"~ drop. By Way of exanple only, the interval bet,vveerlgal cr?dl es 304 on the
upper | obps s8@objrgHtl O ieto abapperdeon ¢aflesOf positiged benepth RUch LS val bet ween

all cradles 404 on the |ower | L &ht .. : I, B9 tdiRsdeSan(ehfiicgm . 30

Sinilarly, the cradl e‘salnél&e,ve bog%ﬁécyﬁ%g C%&gflﬁgtg%l ﬁg 'sTze, depending on the

maxi mum si z QRLE Glne hnted fuk ttewer 106pcraald fditofd sort

PCT/ US111/ ~Sofgé;ct E%t_o I nﬁt hlerei:II%I@ngt rative enbodi ment depicted in the

dr awi ngs, eabtigitiad] whish 364 be 40plained blowi er angepmesimeifungionesn ohed| s 728

attached to the cradl es 304, 404, though ot her nethaods. . ) i.ag and

gui di ng t he 1d0anaaeke digggiad béfsth%lcqnéqoﬁ S%s&%{‘ e toglé ’Pﬁg%agz%}%)eaﬁ@g%rﬁkg has

been explained, the f 5 20531 PlovRatdbpURRAs 40P 0R seisadl 82 304

faces in' heupé’le'r"goé) ic'(r)%{nd%(gmtt?ét\f’ F“?@%"%F@*ﬁpﬁer '00p 302, and an object 110

dr oppi ng f r afbinitsd & theliRpHhi B0 en kaskarppeolopp 302db dettosheprspaice B dugh an

aperture 307 in the upper-loop floor 306 located jn front e r-1oop
cradl e 304. dhjeactdnf imat PPHCH@O@MI%?‘%POSHFOHFSBH“FLBf()pé%?é’?{ 3ﬁE;Wer s |C§‘§B°qcr adl e

0 L T B 5P OBy o e

whi ch is perEh ction o rave ower | oops

402, and eacl,0lioshint3 o, dDRPH! MGreldiaMonbiSschaner 3] gomannadibelotOdicho a

coll ection bin of a drop point 412 passes in such inward i]j{gcti on.

Each uppey | eep pdad 3anth éset theqassagk obpichn objeet L4 thg chyt Sem
steps 50. Each step 50 conprises a nove._ ste n i kY ;Ssubst ep
56. The ti mefrperigeh dip 1@&&%19%?18&9%‘(6@81 ZﬁfiénF@%%%ge‘%%‘s%%%ﬁ?ﬁégf302,
402, and 15 w || &%ﬁi’rd’l?hetﬁ/)é&i g dr&Opdiasxd and
principally B]r?u{“ﬁicei%rgﬁéﬁﬁﬁgp&%ﬂﬁge g%{gfr)ﬁr?rlle to be necessa(?gp for each of
the two substRngpsBEloop&rade 3@ positivabhyncdamdy endemeathutht myluehen-Heve subst ep
55, the cradles 504, 404 advance ar.ound ﬁheir Cgeﬁ@gcti.vebl OR%BS 304 402 by
a di stance edisehargo24héo epemiBatsathaRne 1999 €3NP REPEGHE °36°4b% on such

| oop 302, 402. %iifg)'t he Sl 1icegionary substep 56, the cradles 304, 404
remai n stQti 8P HOSHEAEYRYEY a cradl e 304, 404 contains an object 110
that has been programmegdndo® aste@plicst 130naé siatiatly oanat tp donfian domws fohethei t s
cradle gate 706 will be pulled down (as described in detail gel ﬁvl\& at the
begi nni ng of léwe Isomst408n irgt, 8 aensoehB 256 maavertad at PagherT RPNt 327 19956 down

position | ong enough for e ject 110 to sl t. fubeS. dl e 304,
404. The gat ELjrgBIRP PPN ﬁiﬂt%‘ge?%pgwésé%‘eeao ff[ag of)gtc ﬁiralrg)t 'ltd o ltlg%stﬁggﬁa% Ilgcﬁﬁp

position. As ed. 119NoQfovéh B Sh@Bs$4 &pthb fodss-objeet emmeyab1bot h

| oop matri cesfgig%igtfa %%%601%??4&8? ation need not, however, be ad | ocat ed

equal |'y bst weespetthely vBecsndstsepwr 552 isggounietiatithreeniianes 526k stlie6Hob B ween
substeps S5, 56 may be different 30 0n ?ﬁ(ghtof ihe Lo lbﬂfﬁmmi”i ces 300,
400. Nor is i%01reeenfiay heprmpecofapgyiash  HEmNsueh cBUPP O Pie same nonent  on
“each | oop matrix 300, . I { Include RRGEDERFNHschiits 1Uep3 50 on
both matrices 300, 400%2@615%%%@%%?1}%?3%%‘nidéliagntIy that a lower-loop w0
(12/2(112 - 3Qy;REMdibreS¢ 199, 140,498 scdlaireotd dveighing davicendf). HemBRPR a drop

opportunity SO0 whenever all object 110 nmy .be droppi rom.t r-1oop
cradl e 304 i ntescrihedhan ohjest-wib&p seanaed at theacsypiag P@‘gioeﬁ‘?“ai%%]&%‘err%h#&gﬁ t he

system 100, this will require Hﬂz& B BRed vl eepnveddon402 be
of appr 0x¥mat ‘P‘(‘/’tk{rﬂ%gl’sfi‘ﬁgys&mé@gg{%{léan 1}(@%21}(&?}%% g(r:n&s eps 5% begi n gt
appr oxi mat el Y &, he. § 30 % datedBn B2 s€@Cdted DUN 8RR in #B2camares?1ylhedyobjest k0 on t he

| ower | oops 40%l than on the upper | oops 302. Wile any one substep 55, 56
may be conpl ewdtbedirepsiondiebysenscs aefirp IBeRSENE)E S5BS0TS 63/%{;1 %%L%L%ﬁ% 'ﬁgagi n
early.




By way of exanple only, the duration of the systemstep 50 in the pr
ef erred enbodi nent nmay be on the order of five seconds, with approximtely
onel0 halfq, s, s¢eh duration being allocated to each substepr/b&ibabs As
not ed above, however, a systemstep 50 may be of any duration, and that
duration may be allocated in any manner_between the nove substep 55 and the
stationary substep 56 (and may be all ocdted differently between such two
substeps on each of the two sorting matrices 300,  400) (grO\éfiéfed only that
the system speyengonalseale opatherweighing dgdco FAh o AR oBIeEt HglA st ri ces 300,
400 and that  sufficient.ti I s.allacate ;280 apd to
each subst e[IBEASIAY OF lggggsﬁﬁ%fgeﬁltt e 5%9 %%Hgslrorela%?% %tsgsgen?gﬁ%’nlduri ng
each such step H-1aRr3YRsE RRIcRANINGS to DdiFeddabladr ibﬂmiﬁﬁé‘cttfhlatto feet system
100 oper at etslpilgsnéﬁepslSO of dgfi ned duration, and, in the case of the nove
subst ep 55, dieficriatiagusathmaredantd titd ®hanktsysm P fovesammple, theibist Snabl es t he
" control system 120 to predict the |l ocation, each, qbject 110. at. h
future sBep d5etingd foran gkiress fo which npglghtvery FW@E@ ﬁla?jﬁ)e%éé?stﬁ%ﬁ‘?l @bl.mlﬁfﬁough
the system ' ' LiSte W {3 ekt MBPS14 | PRPENaQZmand | ower
| oops 402 aé’\s/llgn(g‘l%r%g&gt?lro erclgwieda%sh%{?gteren step 50, the systenl1_100 can operate
normal |y if @piendly peefoemed peconfianpise QB2 cesutting oftaneobject Abd.evilldser | oops 402

either remain stati onar?{ 25 during a nove substeE gS or_ are entéqele%
di sengaged facoomplirhedprtharespactvr desimakiamaieayet!. o 8 Hén%té?rtﬁcﬁlﬁlegglr ‘e 100,

provided in each case.th t.he control s e S 0N- novenent
of such | oop“”%é’f, apﬁfffla&?fgﬁlﬂe&%ﬁ?‘glso? &) eé%¥§6 ?%&égh%ea@ﬂp esreg%§pb3:a}gone

necessaryy, Af RSh&H thOBisket S0k 1rwhdrhpl6 s0Bh EéRAsuBRoukiiRdlsesat3nd to | ower
30 cradles 404 during a stationary substep 56. In the preferred enbodi nent

i |l ustrated begiinhe adaanidrgsyers gotveyoianisthe toponddiotioh] efctvenyldida er ghruggyhnmed
by the control_ system 120 is a.ccon'gl i sg.ed by. | owe%)i n%It he cradl e gate 706
of the cradl @chdastingtion@ad at yergpsyyiqipedialepogitgsy 3P NP¥F - us( 1 1/ - 419s - 31
slide leading to the t Nl i QOP_C iR WperafiBh of BRGISM 100iwilldeOp Occur s
during a stationary sulgésitgg%lg]é%, tohé“’cr aéIFes p3f)4, 4?04 gﬁd their associ ated

| oops 302, 4@Rcivwddlin hedraidetalt abjeondn 9 avhintectehaiv suate, olapedty 410 i s
droppi ng out of the one or nore of upper-|loop cradles 304 d.int he one
or nore tar gatomatigetly) aidke Edaefioadingaufaken0s ‘Pfloet?rglﬂ pgugtipr) nes s?b‘g,]?"fgil and 5,

the slide thu r eat.ed ihses . -1 O 04 f.2) . cradl e
gate 706 andordyd CREt GETBNRTE S butebBEs il fepeg bkpbTE
I ncor por at edy it Qtichesody $hat Rhbl@Rat Sbnkentddnd discritedeitdnzai bolinke06 and
whi ch extends downwardly toward 't he tar&gt | ower-1oop cradle 404. In

sl'i di ng downtotihfermkiicep89®uslyenghited to the contrad sygamdae vdiendhplabeliveds pat hs,
10 depending on th r.i entat.i on. of e cradles 304 .4 1 of the
particul ar d?rSi‘f.eé'Ag‘f“ﬁ’rlg Orgjlaila%wblg’f“ﬁf“giﬁﬁleisqg?eefSloﬁte%s%rﬁlaqéﬁ%tgg}{b%f&h sliding
down theyslidan3QaR. el iRUbO Gt fdy 8lsh SR ERVEIhdgfosmateatohome ofRé: of

t he targe Ig’\%lelgl- %op %gggglte 404 “When fol | owi ng this slide path 812, the
noti on of thels! Adbbgeobjleshibultihe indictet oppe dritiyatidrethet widl rergiitis broedst t he
target |ower-1oop cradle 404. A second sl ig@npﬁat h 814 is 15 glg)f i .negdlt by an
obj ect 110 stoikf ssanusamtamprtically M en ZpRF ¢ionth M ERAgPIe 2 WEeFROFRRbt i | e
cradle gate 706 of r [ A1 sdafnipBidetic € 3akc he
notion of t hé‘essf?%e%gf 40%’]%%?‘ b?&%ﬂ?sovél?lg%dpe )ﬁ/r@%tﬁg] c? gdll\ggf I ogr 704 of the
target | ower négedtatsaltht @adDdbjedhll i hibeigduitbe withlivsbded label fagisg epwarin
configuration thus permts two slide paths 812, 814, a system 100 nay

i nstead P& camf heinoatt] daeitivel ude only one or the other of 20 such two slide
paths 812, S 14. In the |l lustrative i -] | Bline»0285040b] ect
110 drops fromits upp@? h}eé’bfis%?%i‘ﬁ‘fuén@g%?%g%@ c?éa%(r%\ﬁ;{ﬂdlﬂ%@e@ﬂeogp’ %br adl e

404 (not showtfd %ggctsﬁ)mia%m hakRkY infihge Mdgoss adlisdgabe liRO80nR20tNe
cradle 304 is pulled down during a stationary substep 56. The cradle gate

706 is pul | ety dsing alvpnydntiopalativee gathes skdest rollers 25 pap-tacthealstio 2igiealhot t om
of the gate 706. The cable 71 SS ough an aperture (npt ) in
the floor 708b%AG légﬂ%%%%‘d%lf’&hggn%g@ek%ﬁ?ig‘tabﬁl’te%g'ir?lgﬁyate%fr]#ﬁﬁﬁ2{3 %M(;n pi ece
712 that abr Ot L UAPSd 168k he%cl%hlggct’?szl_qoQéqﬁeﬁﬁaI%QﬁBh'oﬁ@&it%ﬁﬁéeﬁ s@fhed Bur i ng
each stafironary substep §6, t mani pul ati on"pi ece 712 of each upper-1oop
cradl e 304 positioned above a drop opportunity 800 will be positioned
directly opposite a 30 nmani pul ati on-piece pulley (not shown) attached to
the pull rod 303 nechani sm which nmechanism 303 is supported by the frame
604 and driven by a notor and associ ated gearing (not shown). 111 the

illustrative enbodi mrent shown in Fig. 5, the pulley is a V1% 112/2012
-32




" the cradle-gate cable 710 will pull down the cradle

PCTI Il SII | L1-4195 pneunmatically-powered device by a sol enoid val ve (not
shown) that is controlled, in turn, by a signal received fromthe control
system 1%_, ()ﬁ‘f%l?t her type of correction between the cradperpgsia@6 and

t he mani pu?a Ion piece (inlieu of the cable 710 illustrated in Fig. 5),
mani pul ati on piece, actuator and/or puller device may instead be used,
provi ded only that, when used in conbi?dtion, they cause the cradle gate
706 to be pulled down in response to one or nore signals received fromthe
control systienca?fnethss desbbehgbos; oidj(@rto deaonilptepbidstsck i@t dhe304, 404 to

slide down and out of Such cradle 304, 404 progr d by.t nt r ol
syst em 120. disphargepuipfdhe prezscay w}nuﬂqh@ﬁ]a{qqgﬁ gdﬂP’?%ﬁépé@%je%\ml% ,Sga? e
sol enoi d (nognej,plﬁhovm), or other actuating nechanismw | nove the puller
so that it énga‘ge“s t he mani pul ati on piece 712 as the notor and associ at ed
gearing (not shown) angiermdugd obRcpuUllD hawebedn Acdunmlated bincleafileehbagh t hat

\ gate 7%, t hus enabl i ng
the obj eft disoharge sid efdheiprarscam dcqptulgioniage 4P abprarscemediebiith an
upper -1 oop floor aperture 307,.onto the i.de . 308, 1 L its 15
target |owerd %’GB‘E@P?XhV'@nﬁO‘HO the SCay Zgne %ﬁ zChrrCé)%}pﬁ%P%?]ifwoﬁaﬂﬁé)%ég@%%lzt% when
pul l ed, Wi |l rBBVEWeblehod BeitsC AR RIQULEE:, bbfecisn 10 AR Whiiead] weightdaid t he
cradl e 302 haS been noving. It is possible, however, for the piece 712 to
nove in the ddppesince idihcacan mme 202 andthen praxdvencediinte dhe ipduction-lie BYser nat e
enbodi ment, provided only that the mani pul ati on piece is nmoved a sufficient
di st ance t o &g idé- tlhe seanBeiel SABaY ge g‘ﬂ‘refgﬁ%ﬁmﬂﬂ@%aﬁ?resc?%m gli'&el'% t he
obj ect 0 ha {0,; lagvidOds | 181 eMindgle 6&hé act
t her ebyjlg) el }eﬂ)ggivﬁ%egg E%ﬂ%ﬁ%déﬁ%%%ﬁ?og@gégﬁg@é;(nbd(}]grfég\%i ng the s# pring-| oaded
cradl e gat e |#08 syferh&f A¥stribed ihT5S dRftans.t5,308P60pwhichiivimcotprsed lsreinyng t he
mani pul ation piece 712 to its original position as wel]. In ‘tléi g 5,
retraction obfetdnee.nBid ghiecitsivonghyimaeberboaingd by aysonyertionakscalet ofigk yi ¢ of

the cradl e 304 advanci ng.during the next ARl in-

mani pul at i oﬁ”%g@l}%gﬂ%@' % AV ]\%a“ﬁlel;hrm ng%éﬁcgs%gﬂlag&emﬁéoﬁ ﬁ?%éaléllvancerrent
occurs. All rﬂétﬁaﬁscﬁfe%ﬁ’m% a6l e® 1R0bnvéRA bt b theeearzose b$2 ahitiiatdpablafj ust
described, wth sonme differences in drops from!|ower-Iloop cradles 403 as

Wi || be 1desowéipeidg aksbjdetsicioi dsécbaabrsimougntheisiancaong 262t Hpy capyeptignal| have
been diverted in the induction-|ine di ve(ii @r ea .Zlﬁ i %.e%pli@ch;lr%qlgl e
| ocation corfiMeRHOHPS FERPLHSTRYY FPAREHSFOIC LISPYURT 9@ 0m Bl 0t T ng an
unobstruct ed_r,out 04: 0bj ect ! tiRatdRidnPACDTE8ed For this
reason, an o%flbeoﬁlgil tOdlyr%ﬁsélgB&gggé%c-%P%nggSIl%rggglugﬁg040 or éli ngri ly will have
dropped t o adih@Wabnihgegpstarn aith & hPdblbef deternihing el dhres dinmstmes pf an Yhyest
()2/21112 -33 PCT/I!SI1]1/~~19s point 310 to tog%u%er:fai I(ﬁd-to-droio
conveyor 312110ms4t mayesghioyehthesean zane 2Jd a R anatey SATodiPIeny; AReRs s,
opportunjties 800.qn.an upper ) | t1303sodn@dd ed, for
;2%, TCSOIE?PB%WS%F ng)lﬁﬁﬁe élt'ruggoﬁg%to é@ctﬂpgﬁgg% %s}lgnlglli@, 1 oux

any rea per-1oop cra bef ore reachi ng that
drop poi nt. 330 Nidd alRecaamRBEet thy stahecsodtr alintsyakenfic?tlyalekeop t here
310, 5 during a stationary substep 56. As described above, posii@BI e reasons
for such a rmeasurechchdopertsontwigh fheidcertagyoedyiredfoc b papIHAtign MYoRlude

i nst wh 1) the object 110 has fail y
cradro 304 for some UrBregPaNElyERuEhdokihhEbats BE B bR ARE - 00

the control systen lom hiaksibhe 20Rjegehings $#4@thet arhed route

will be bl océ%%’tnglgh%%g)f%gi%})%retteﬁgmﬁ;ﬁdégg%?zr _obf"_mect 110 1O to drop as

progr amesl f pigjeetiltle wilbediteoiop awandion e induction knes¥2; 20k thardughen-or ( 3)

the control system 120 has rer,oqléjl‘aed such ?b' ect. 110 %o dro %%mﬁﬂlgh dr op
the's

poi nt 310 t olipedivex agpaj2d¢ &pr repifations Mapysl BEOCFSIELS OFHF SUF ol iting
"system 100 because I BhcPEt i ' ch@ the oBjeEL 18@ witine
pronptly. Thgfo eﬁ%ef}tﬁzgllggglﬁ}eio% achr1 é%gagﬁls&fi ggﬁgﬁggﬁ@% dr op. J?S As
i1lustrated gRefb@by & poaphollerduotiieptorventioml digtriar geth240-resd fiyer2éd tmear
"the end of the upper Foops 300 matrix nearest to.the inducti line
assenbl y 200 thd nagespd sewvgye? 1B; fgr re-scapping iad tﬁ‘bb‘é?h‘fé’a‘? F‘%‘EF—Sfa(SY’oa? ?)"5’ ROFF6%y or
312 is | ocated outside t he ri.ph . : dd 00
near est f tﬁéocieﬁéft?calr?%%jq’?ﬁ%r @géﬁ%ﬁ@%ﬁ%&hé&%{@ﬁ% t]fggpﬁn%}&? Cﬁisl?lécgd be
configured sych, tnasodPdhaiallpin@ortedi® driecbfalid sort destnentidfs &656itR) 518200 i s
posi tioned above t'he sorting matrices 300, 400, with each jgﬂug%txi on line
di schar ge 24632hifthbebing I363ias lisradionapr heeighohalapekesvigrmspiable Bt i ng
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 sane position
relative to the induction line discharge 240, the upper 25 failed-to-drop

N ~N A~ o o ) 1 f a1 - o 4 a1



-34 PCT/ 11501 /~~ 19~ drop conveyor 410 |located within the periphery of the
upper | oops sorting matri x 300. For exanple, the |ower | oop failed-to-drop
conveyor \‘6’%92/9?5%(1 be | ocated above the wallway 600, descpipeshiglaw, which
separates the two sides of the collection bin 501 assenbly. The drop of an
object 110 fromits upper-loop cradle 304 at a drop point 310 will occur as
foll ows. Sensor assenblies 130 are pos'rztzi'oned at the drop point 310, al ong
t he upper-loop fail-to-drop slide 311, and at one_or nore poj n(is al ong the
upper | oop 30@nafddesortitgeorctho porping ntatr3:ee 36ddi0r based P PieHst ?tﬁ%d.?é S on-1ine
di scharge 240 of the associ at induction line 2, 4 e sor
assenbl i es TSedPEIEAE COHE i‘@ltgg%ég‘?’l’ct ec bOIé’Bﬁflgfgnvglpﬁgecc}rt%—%%eo bjgcgch obj ect
110 that re it : el indgndnngl wreedssing system 120
to nonitor ﬁg%ﬁgg‘}éé |%g{t§?1@8{éﬂ% ] gs(':lrtlé I#Jé.igrtgndmensuri ng 15tihat egch. _
upper - 1 oop gbagyer 304 ornidnvalngodessie@inithe remial puatesoing demd2@iafenwhigh 240 of
" the associated induction line 202, 204 is unocgy%id ]%og%fa{j a new obj ect
110 can be adiidsceanuahy arsperedogBrsorispymagnPil-304: 2 Bactt dPBR° B Yan obj ect

110 at a 15 agaxglgn goiégiﬁflfc??fl cfg\?eng%%&)gplnisﬁh&?i%t%g?lﬂ%ﬁ@tﬁﬁné@'@&%%re@sl1@@@Cr i bed

above for a rop poin ensors 132 will confirm
the drop of ré#@@u@%ﬂsﬁﬁaﬂl@@ﬁj@ﬁs ob) @igdctly 10 oanbOmbivdooseagbjslt ladding fedseadi ng
to the upper failed-to-drop conveyor 312. The drop will be further verified

by upper - | ogfl 8swithoutsng dfeinmditcnaziad prpcess g PHERSIBEEOB02 downst r eam of
the drop point 310 but_prior to the discharge 240.2Q f.eedi op 302.
Once the object 110 ha@,%?l@g@ﬁfe]dot‘?@ layg f"éﬁ-"gk}‘-’lﬁ%t esS%rqgog’yg&%ﬁ%g???dtmm Il be
advanced t o eGdi LG4l ahi8herS b Mwer@eddicatsad @8 Idveert]
i nduct i gqu I i%éelgélées%ﬂr‘r%ﬁ% lggﬁggerrq%g%@%grggg%ssi“né. | f the control d;t;})stem 120
det er m nes tdi@ttharoktd Rethe bbjept’ CI'ldKoet d@Sunationo dewpinel opgnainitics QEeUrpas
beneath the induction-line discharge 240, then the control t2t system 120
will shut dobeovlgatnggrantanddyvasushpReitigHey 95rar ahoe reyp ’-’FJBrOoﬁ%“ Rt em st ep
50 to prevent the next W_ohj - Lok L& obh i §d18
a(ﬁlﬁggéwif)fcélgge ggjg{:]tlelgb é%%%uhépn 16 b WA RARK &0

still-occupi® the next systemstep 50 after the
i nduction |iQen2B8Ral s8R 4estiHatiolofRe objeer 180iihlquetionphesuchpbisct bidpwdl adl e 304
wi Il have advanced one position beyond the induction-line di ﬁchar e 240 and
an unocclipi elhveraaadkiditisoa fetrolibpiopr@nitiss Bek sush &PPRo Rt 'S AR HFge 240

ai 1ot o- dr opbespert e iy 8 eleiseers B oves Kogh 25 febuigh Bl were
potential dr %:%ggﬂ%%lﬁp BQR. 95 tht SolRREBAYiCIUICi thatFipeode whe fagpper

| oop 302. 5 PCT/US111/~~19s If the object 110 fails to
drop as progpaBemdower lobss 4Rdsmrt configuntioranabatgtshewn ppBig. hdpndbe (for
exanpl e, because its failure to drop has resulted from i

mal f unct i om chiegarald Ba‘terféglﬁ@f@cﬁppﬁggmﬂé%@rfgaﬁhﬁﬂﬁ&eﬁweggor%ﬁ%%EBWgozdee >unabl e
to slide,freely.out of i .40bhen it may be manual ly renoved. It
may be n% esgoa#?Ofrh%laﬁ{ltohé&c&g%@?&?%%g%oo be stopped to pernmit such manual
renoval . I n each event Ar-@gestioh Behficts il eglistif, Wft ohlyaf,iipemtiobeystednd20 ishe

control system 120 will adjust the routing of objects 110 on thet\ .af fected
upper | oop 30Rahdstaeresunrapstrgied 1outd for analyret Id{dhropgy e seBIEIRHEE or nore

drop points tao the |ower failed I amgphi ch an

obj ect 110 rrég&b“@%ﬁﬁf)ad‘rsgﬁﬁ (& I?L?)rezj%tg%gP?J%Fttsgmg&ggsoé%%%%%ppredeterm ned

sort desti nabomail Aabe SHARNMG S HieQBIRTTETlarfertihcies Thisserlkbedbp cr adl e

404. A sensor assenbly 130 positioned at the entrance tq each S?’g‘{fﬁl@}n
120

dest i nat pen G6kk, onfil 5,cadBef the lowed etadles 48 uredigtest to be@respat heppath §¢

each drop of an object 110 to that sort destinatiao frc : .System
120 fails todrerrgips 880 Wé‘éé‘?‘eﬂlbﬁpc%{mb‘?c{) r AhiRd r(?ﬁ’beﬁp% %d'alfgsl(ﬁ;c?%aﬁgrgéélﬁhgfi on,

then the 15 r reW 140 Willldidect BOME Bbjebel Toajel divkried-atifiep obj ect
110 to the ngeggéssﬁleﬁﬁ%%&’g%ﬂ"% ff 8 to 1the1 Icower fail ed-to-drop conveyor 410,
whi ch in tur Regticulation eyt 328eafebjwdidh it will proceed doaviy the reciranlatipoHidedFey or

"232; and (2) reroute any |ater ohject i ch_an u.nant{O%i pat ed

. : o Sgor Vﬁ' ecirculat
| ocati on confleading tedbe weneh failedAe-GEPPHPIYHOT £ A7 0 R G I eE 0 e Tt 110, 1t
shoul d be_ noted tha bj.ect.’ [ r ®ioproag ahmed from
20 its | ofer -(:IOBB?O(E?%%PER%%%%%O (%:V%@g{eg bghllé%{:cg%téglnﬁigge\rl]@i@? ct only for a
| ater obj ect ;3dRtbhdte IaemBO 2026204, @2 0BEAd niay tewlivdreder theoepicsledighe 404;
i.e., an object 110 that is still in its upper-|loop cradl e 304 onits
i nducti on | i nv@o®, theenualfpresessintoiist FAc108 MaaPldFoEeEng éﬂﬁe LA iﬁ e
plotted for such a | ater object 110, then the control system 120 w |l
instead reprogramthat |ater object 110 to remain in its upper-loop cradle
304 until it 25 has reached the drop point 310 to the upper failed-to-drop
conveyor 312, where the object 110 wll drop for recircul ation or manual

o o o o 1 - . T . . e L,




30 to each collection bin 501 or drop point 412 to a | oose-object slide 514
to detect a "full" condition (or other obstruction) at such entrance, in
whi ch evqpéoiyﬁlfontrol system 120 may reroute an object Jddfpyeasiised for
such sort" 38t ation to the I ower V1' O 02/ 21112 -36 PCT/USO1/.1~1l ~

fail ed-to-drop cony eyor 410. For either or both of such reasons, the
sorting system 100 normally will includd-at |east one such drop point 40S
to the lower failed-to-cliop conveyor 410, and may include nultiple_ drop
poi nts 40S of frersoedestiphBonsoi(d, 412, 8a8532iad diredted by tlegwiirol wsism aftgpsucht o
remove objects 110 which have nqt dr pggq ?here programmed fromthe | ower

| oops 402. ABjeeteld @liap BeFdFHGRMme ﬁtﬂﬁﬁé 2290 may be routed to the
recircul ati on conveyo i 9 Woliefornain toEBiGhian- 1 i ne
divert area 214, any 38%2@‘%%§g%§g FgB%%Zﬁggﬂﬁghfflomer-loop_cradLe 404.

Obj ect's 110 wiaaer siedsiBetting chebi Fakdbiinrot dastmgtion XERowradberion|cyniiice
recircul ated, w thout further nanual 10 handling, back to the j nduction

re-
hol di ng ar eH o2edidhanformatieriwdlt Poknovapio; erfistarpinagle by, &he Q?&EP&/SYEF% | the

control unit 12 y posi.tion the recircul ati I : i t, such
obj ects 110‘??%§@gﬁéc ﬁ@VFfﬁng$3ﬂn%%ﬁ$§§g$&ﬁ%gm%h¥§ﬁ%%é§%%%%%?&%$§5éssing
area 226 fompf @-@%@ﬂﬁi NG 220G TBRYR! eXblARSROBAGY KR tHeoidreil 10 freppaidn ve soul
destinations. Thi's nmay be done, for exanple, near the end of a _sort, when
the final 1%haohjuedtop dbbOrtmaisiss frgmatsomgertlep radieridditatheaveplor s ko ar e
likely to reach their sort destinations nmore quickly if manually processed.
More typi callpsds it ABAGIOIt Q5BRANC8: 110 will arrive at their sort destinations
as follqps. An object A 1 Oriradhdli-oRFo & RBALRITRAchHWIA belcRhal et

| ower -1 o0p cradle 404 wi || proceed in systemsteps 50 around its |ower |oop
402 until iteoneaphesm 50So2ddiep pahamoEibosoobjedeshvayat #bd) anditiecpesifit | be

ei ther one of the collection bins 501 or one of the drop ints 412 to a

| 0oose- obj ectlowki ldep $0Ascraing degsiseit destinatiqn, gefened todiergpafiey é? ﬁlet 8%e

| oose-obj ect hol ding area 51S as will be described. The object 110 w ||
drop into iﬂgwgb@deﬂg%ination 501, 412 during a stationary substep 56. If
the object 110 fails t® drophWh@itRr Bf §@fca¥ER,50i thatwiilll bereqidfedrfer thet ed by

t he control system 120, as described above, to drop instead at a drop point
408 to tise Icmjm1tthiolremblt@chipﬁﬁledo\m\xbmoppppm;ntm&?&tq itis t@Fget 1opeT (98t ed t o

the recircul ation.conveyor. 2 32 for.re-in ti.on or diver si he
manual pr octsiligs mpmbss of pystqry gieps 1SG§]FP]§E6|33’¥J[ %%ﬁﬁoﬂ%sﬁesmz%gp%s%g IIi n the
drawi ngs, a t‘ljlg?cﬁ vai ghﬁa.so | ower-1oop cradle 404 to its sort destination is
acconpl i shed Tn { ame manner as described above for the drops of an

obj ect 110 from an upper - | oD mumatstr ef 3hér nam-divértaderbidatopl Ocatael] ef the4, except
t hat, because of the inward-facing orjent at,)i g)r)) gf rﬁdl.ﬁs ‘ CVO 2/ 21112
PCTI USUI / - 41@rasenabjaeid 1§ enithesanesindygtion digg 262,320 2""@“’ willdstegiedy 110
drops inyar dly in di ti ' : | [ orl-Tigvel of
the T oett ] oBstossar St T oL RENE R fiect 216 RS SERLPBRO
protrudes fig@pfe 210t IR Measé 60 bifltcatbdpduaiondaei2Oipthe centrdopstendale 404,
rather than fi~omthe side as on an upper-loop cradle 304, and the 5

associ at ed puby adigstrthis mamibenef siens S9dErgedssaryl i PRSIt 2 BSaP LR+ Sor behi nd

the | ower-1logp cradles 404. An obj.ect 110 tha . fr LS thgwer -1 oop
cradle 404 tgméle‘l' %iaén el @oﬁ%’&‘}e&%ﬁs‘l@ @u%tt Idﬁﬁlg@ﬁ?%r?\?gyggét%ga

| oose-obj ect (ol d] E@ @6 86k dBsucAbifRhLed inddegoh ePt4;@adw | | acconunodat e
addi ti onal |oose object conveyors 516 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 cradie 404 beneath one or more of the object’s 110 four drop opportunities
30 800 when the present object 110 arrives there, 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 110, including



10 associ ated | oose-obj ect holding areas 518. For exanple, a mn or-inage
| oose-obj ect ar ea assenbly could be added to the opposite side of the

i1 lustratf e, sy em 100. Al so, since conmercial enmbodi nengSr/isdialinswill
have a greater nunber of upper and | ower | oops 302, 402, there will be a
correspondi ng increase in the possible Qunber of | oose-object area
assenblies. 1 S An obj ect 110 that droﬁ% instead to a collection bin 5 01
generally will be manually renmoved fromthe collection bin 501, then
grouped, ~ as robpnlgeartist ebjeeis 41 GHhiekars 2breadyi infowedoer craples 404 het 2lsppades 110

t hat have been sorted to the sane collecti bin 501, . hen 44.,ansported
in such gr od%ﬂeiﬂf Y tgatsaéﬁ:%m IBAEPHOP 85‘%&354 g5 I Pfthogﬂﬂh@tgﬁﬁg’l Td&' or by

pl acing such a sack 5%%11%59&&@3“91&1 han®ank dsenviavons: Ay 5of B26 | eadi ng
to such sack | oading area 512, 532. The cowect sortation of an obj ect 110
_to its sort pleshi stgedtan 10dyurkieocamforumisits BYO wilt beawtlablei thgn dfc aontiobj ect' s

| abel -code 110 once 'it has reached a coll jon bin 501 or a | ogse-object
| oadi ng ar esysiem. 126 aeReraly yalhpiogrn e ‘ﬁ’ﬂ?ﬁﬁi@dﬁﬁ? f”sth%to‘&ﬁgl Ogl’oghglhtﬁer 136,

whi ch may b el g FOREliQ" RURtEH RYL S & Beanner. 25
Such a rmuntege@' gf&' Oartlr}59%%llr@gls%8 %g g%nér%éyéé]l SO be used to scan sacks at
any of a nurdigéct 010, B&RhE 0RErol byt a20 Willshdaat ameng sivbdirapnpioriunitiche

drawi ngs, Figs. 1-4, each sack conveyor 506, 526 is functionally

bi fizrcat ed $00 msshokpsreseblshedicfijeyieaedens iathe et qederil2Bmibe syst em
franme 604 above.the sa conveyor, 506,. 526. This hi.fur ion enables a
si ngl e sack CHRAREY 15gH'S: t%%x 1%’&8?/@“ %8%8{%“&%#? fiae

rows of collection
bi ns S0, dest.i : N ¥:1y L¥e thafdatlvepabyaBilay eas 512, 532.
A sack-cloogveépé;raﬁglluf\t)%?deerﬁqg%gj&g??gngosgi?ﬁe%%{eag near the gnd of %ach

bi furcat ed pletiticnrcoaflicsueith htar ebjretstlilOgosaldky womeksroate 5a8e (BRghdi vert s
sacks 520 WO (12/-42012 PCT/USII1/.1al95 3.% 0 the cogect clc

| oadi ng ar eaPshability3pay eoaredsers RMsnE offier IIRETANOR bR CPUEE SEETPS Tenti fy t he
col l ection bin,501 fr ' ' Al Mk [ ad frol1ll
ot her sacks %Slﬁ%fjllésg@cyph%?d%{acﬁnﬁgg {1’%31;{‘5 ggﬁl{dgﬁg} ﬁg&ggldrr%tﬁégg?? %gg i ng area
512, 532 frogpPddBhateal), 86d the AdRinEeDIhaikhiaingdlaxéilitytontrbntg tied olyeth sacks
520 may be 5 confirned by scanners 136 if the saclc 520 | abel s ipcl ude

opt i cal | 15 r ehtfaletes, footresonsdescnbedbelowy Whicharay sl & tekampioaln tfﬂ? QBJierus ly

described in_detail, the control , system | NOAL T O t he obj
ects 110 fi ~Bﬂq beveg tegRd foo ap gtctﬁg)r@sé O?éﬁlcﬁgwobgﬁ%%??%gﬁ ?ﬁ%.ﬁﬂ#ﬁlgﬁgﬁneral
configuratio BEhel Retd 4 Sortdiged@ite. | ogi ¢ functions
can 10 be sum%\fe%gga%%ﬁﬁ%ﬂe%@r er%cgyto igs. 6 gnd17. At step 1, each

obj ect 110 is i nduct edIfahe ¢tduérol spctent i 2hinitialky detesmintss $hap @ docatien serfheled,

wei ghed and di mensi oned in the, sc zon 1 o_.%a'd 200 .| f the
scanner 134 ®aherigfgr therespyt Ogbet“t 2{1%16"ﬁ?ﬁ%l%loé[‘ms’tobbecgfﬁgﬁgi ]‘# Octcﬁgyl\l/}éi ght
or the dimrensi . ' SR foRlroBh Méwopﬁmﬁﬁéi ng
par amet e?(gea e@?‘gﬁpgpb?ﬁag%b@%gj%g%%l?re%% Ugl?ét 0125ro\%i0|p project at step 4 15
whet her al | eénttdieyslenn 20 ppaithelpis mepbavible ihevopt adhdtabby cotftickded. 1f a
drop opportunity can be found at, steB fovu~, then the control .uni fWi |1
advance the obpeing anceatlissrosd oRipddile: IS caplicrTrutedbiscty Hidrosggest i op 5.
If at step 6 _the control., unit £di oubeGhedyt ed failures
of any earl i &<IgBjoEpe ivi‘é“}‘%“dar]e%%f %ﬁ%@ﬁ%@r@gé’%}eﬁpﬁe’ contrél unit has
not el evat ed gu&fary hecIRdEaRMonaldedr 151tkd Gbjeets A1 0,ta¢ nietas. Pot ewintpje,of any
| at er object 110 requiring an unschedul ed reroute of the present, object

110, the@5t héheuoasrehstystebj E¥tmaylevaliate edsh of redpHonding rereudRS prRestuBtitédul ed to
the target Iower-\(Rgop.cradl e 404 at step S. If the object successfully
dropped to tREOPEREY S oop, and if at step 9 it did not fail to drop from
"the | ower |oop 404 OL1COL1Y jhallk@s el bibclhd bbjb&s | Mh&hAketseredO t O
ei ther the proper collection bin 501, or to the | oose-object 25 | oading
area 518, as igpprapbbpt@dlel404sdnd ab bjasteate alttMateakop oprosignity SR Enedny ecti on
"bin 501, then at step 11, then_the trol unit 125 will output.a control
si gnal commﬁ&ﬂlﬂ?é‘lea@tth?ﬁtbii%ﬁﬂf’@fwﬂ%&lg(glr%}é%mnao S5 f?‘we?rﬁé%éﬁhéﬂ 706 over
the apprapri a6 e, dr.on.. 000 1 if fob IF; RI &Rt p00 86 i fRiferRidRop@Pporthiip, t he
dr opped g@j eé%boci% wj%?lgéetosdggé]?]bglmﬂ%eﬁ scégn(gor 1??6 and the cpso% ol ﬁit
125 wi Il prowodethi§E a4 &dp bppdrivmity 800 for the present object 110.



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 convey@,$H¢, 527 for delivery to the sack |oading arparbdidi4B32 as
ordered in step 13. If the object 110 was w0 U2/-42U12 PCT/USII 1/.1~195
-39 directed to the | oose-object |oading area 518, then it will proceed
down the | oose obj ect slide 514 to thé&- oose-obj ect conveyor 516 at step
14 for transport to the | oading area 518 and final scannin i th scarcer
136 at step 17. ReturRing tbomly éponginplly pregrangped diog OBH?lé‘Hgfé{mo IEPRER t he

object 110 w I, e di verted.at the. diyer S I . :ead

processi ng &F’@!ﬁ‘b%.ea‘fl¥ o%tﬁe g‘f%ﬂfi%nghoé egésn]ﬂrb ur1]1|¥to??r§%é gfet}thg%nq? ﬁcé(g&?hat it
is at the e%@je@@cs 110%aSRbyet biMBRACA 19BAd Al oSitgBatked drbp ppceahitiehBO@b) ect to
t he manual processing ar€a 226 for franual re-scanning wth a scarcer |36 at

step 16 and thanthatortrodngpent] 26 magitehble th t‘sntdedd " pmedr awire etthe blocksch 501 at
" step 11 for sacking at. step_ 12 an elivery to.the sack |oadi ng.area 512,
532 at step P YPOIYRILCH 89&@1'ISB@§@93BP%8@e‘%ol&gibﬂde’%@é" %ﬁ%&ibe gtpgcpts 17 as
the control [ ' ]/ c g Leti39, dictates. If the at
step 3, the 1loigjﬂtéaé?O%R@tlhéﬁﬁ%@%%#e%%ls%cgtr}\% ;9§lsﬁ€?§b(|:e for automatic
processing, then a corrol Isilgrattingishsteddi Moeritcltdes onbpr sote Efurtdtal di vert

area 214 to the manual &Eoce_s_si ng conveyor 224 for deli Yezy to thg manual
processi ng dndwtiopbines 2G4 egditienal Teiewing OPRPTINIEFHYE 8L PO RE ei t her

he i ) 205 gt boad) A8 ALER R1% Y1631 0By HGuBihluc lhaidioh e sock

| oadi ng ar edY8¥ as previ ous escri bed.

I'f all diop QPPFGLE %,Iﬁeﬂl&%fa{e%r&b@%?&t 210 Bloam Wiurthenindheiondmic20k, thai t 12S
will detez~nine at step 18 if a downstream object can be rerouted, and if

so, the obj emhtrdllystsid 120prandeieidlly must thp objeahbl Otth sitherso{dlessiovd upper 18BBve; but
if not, then the object 110 wll be d&rected 0 thghre ir'gl!i” gimilogmzo
conveyor ?32307ifad by sushdifireatedlinyPas phferlivelydnaling @t UL P3Oy 8FPconveyor

312 and then to its finalo destinahi R 19t §Pind BrdsBhQubgt 10 or 13 as
descri bed ab® gl.ﬂl ﬁe%&g‘%\ggﬁ}g%'fé}ﬁgé gﬂr%%%h gtc))l:[eﬁtﬁ SO0 i s%rsedi ctably bl ocked,

and if at stigpedPis@dnheiodbifineédinieaniniine 202 Ham ohder mbjeddockiigohjedts be
rerouted by the control unit 125 at, St@ﬁ 22, and the ob]jg % 11% 'i’el
proceed 1o itk aese amiurctpdinducsion hno24h dhei the el §yLe §s ey S\QAB d9i ousl y
described. If a downstream rerout eguest i ' 7 n the
control uni tTf%° W“Iatb(li%c%érfgrﬁ%ﬁ%c lﬁ%geo?%ﬁg)égg‘)?ﬁ@ﬁﬁo\é?&gﬁé P@gﬁ%&l}t‘z%&t%t ep 21
and i f possibl.gpihiRGteaRh@fktion ke P04 if thevloaiass bigsad 18thas hetpycPRadrd thhien
routed to its final destination at step 9 and succeedi ng steps as

previ ously dfsic236 beds indictnot liggd¥k&hi bl e, then the object 110 will proceed at
SUcoeedi ng Steps o5 privi oull §dtedr st ea EoraeRET g iR T o
step 9, the ohj ' Nrefidhnf daAlBr iobfect DMEbuliROveAlno dlteeinté he
control %QI t%]\?}% B&%%gé%{}‘l)n%m;mgﬁﬁl I 1/a~~195ﬁ3- 40 wi | I@g)

route it to the
reci rcul at i opuerveglotedd foi thpt 2lianbjecher). Bushradetooting may badesiable: faiat i on

via succeedi ng steps as previously described. As depjct in Fi.g. .- and
descri bed abexeaple.Hbthe Grises! ol%%ﬂﬁ(?ﬁwfée%‘%e sorigd Hb‘é?&bfcb‘ﬁﬂ‘b%@g%’g%%ﬁ%put s.
The sensor assenbl.i ' ' : tihe il
speci ficall y,?Eﬂ?%r@%??%ﬁyédgﬁgg}ﬂ%ﬁ}zc}h g}ﬁattreég%ﬁp%l%%&eygf 151311%1{1%1ﬁg%5%tr]1![‘1/8r s the
system 110. bajdsiddrhMmet herepaniieits ubpér-lbop aiaite 3(eandes diapatbitiorupiper or mat i on

fromthe object"s 1 | Olabel. Such information may contain a dscrete
dest i nat 2bn coktd-to4doap conveyor 312 at the end of its circuit arourid its upper loop 300.
Thus, the crossing-loops configuration of the sorting system 100
reduces the possibility of location conflicts by creating 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 loops 402, the number of upper loops 302,

and the extent to which objects 110 are disproportionately routed among the lower

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



exanple. This information is sent to the control IlInt 125. In addition,

t he di nensi oner 138 and scal e 140 gat her physical data on each object 125,

i ncl udi ngyd @,y er dinensions and wei ght. The di nensi onerpdB8sandiscal e 140
deliver this data to the control ulllt 125. The sensors 132 are suitably
positioned around the sorting system 108 wherever it is desir able to tr
acl c passage of obj ects thereby to cont bt m proper operation. Such sensors

report such passage or non-passage to the contro] ulut 125. The control
uni t may recsistes fhenfigwptions, ardmanbp Grther rebers Mgremwinggrethadsi ted 15 to

the status of e conveyor ors, ahd. cradl e- i o trol

ni 125 pr okebaeRe ERES T s e T Mo ORI BT aP A { e

~ system 100 bﬂi%@lqlt;f%rloc%ﬂ&l? chiif IXBhOIR cAnebly Aenin@@lC Foolhtd fResnddscoitingd
herein. Qutputs Tromthe control unit include outputs to the induction

assenbl y 200system 1bemugipeovifofp ssme tietipdmdtdiextigomjeatnl thiér Méighran oop
" sorting matrix 20 400, to the destination assenbly 500, and to the scanner
136. Mor & spBErRpedpPtaion CRRIEGREED] unit 125 has any nunber of outputs M

where Mis any positi Vﬁf i(:10 cﬁg%{ abo‘f/gec;n%isﬁc&%ig%ﬁg%llétﬁlod{‘whliclﬂg shdven punber  of

mechani snms that the contr ut 5 sends outplt signals to on the

i nducti on asgrRBhWBDodianabEstedin Bige b, inwcdiatismebjecicl l0deonbitts ar e not
limted to the divert mechanisms 216, 222, 228, 234, 25 th§ Si ngul ation
mechani sns  ( irsluctdoling) 20222 baferedt saches e upres frap Al s andJofeuce |0y Prey Ay

control unit 125 has.any nunher of outputs N..whe ' Lllve

i nteger, whef&Y nﬁ‘“&&’i’i‘éﬁgpf’%uf ﬁy Blé’SIflgélenrﬁ%télxr{g%%pﬁ%euc}?jnegﬁ?gwn%&?ﬁg:tl&(et he
control E@i t 2d RS Y Bo Rt Dl RBSSe: | R0AtemRd mBthodBidtifrtidd@xplhixadpl es of
such nmechani sms 1 nclude but are not linmted to the pull rod 303 sol enoids

whi ch act uat &efehe woakli pusimpiydo agvace @b “Tacatipuédndlict” phiscihb0dpe aarfirethe

di vert nmechani sns. Wil e,#lhe ng{qati on of t eéﬁﬁ-lfj’l |, rods themsel.ves,  and the

conveyors i s lagerfardi PO Withop drt sleteppmingew hgReF P aSiomcop et ?"ﬁg connect i ng

the notor to,sugh i | gl S f i Btéer f or

t he ~~1%0 Bge/c)coief?ﬂ(%&?ijis C@H’?gfg‘fﬁ@%@ﬁoﬂ%gﬁcom ?ég%o?i%ﬁld}?# ?\g@bol | 'troOl

t he nmovenent gsinbeed 130 toldatedntic yarice of heseacndfianl dadier objectt idybentath mavhor as

in the case of a second fail-to-drog. Turning to the outputs to the |ower
[4

| oop sor {5 ng ofauahi feyr drpjeoprastuniies 3AY hep erpaesertgPIeRi b ATEes Bigis Jiadef |

where L is an sitive integer,. b1, I i sndnmber  of
nechani sms tﬁﬁ‘fl{)ﬁﬁ@m@ 138%&’02’?‘3’8;??%{\:@%@%%01%? E%ng’%r?lu%%ﬂy ‘{"rgk%gﬁp ooptrégorti ng
matrix 400. ByaRR&ELObuRHENHERENRPSIAIS! 0 18 b obBIL2 &f &s ter ldopi30edhnido t he
pull rod 403 sol enoids which actuate the mani pul ati on piece 712 pulley, the

nmotors and t hisendiewecitcuimahamamslly Smcessed as dascigndtabeve.unit 125 has any
nunmber of outputs K, e his an Ltiye integer, erej .. general ly
will be the number of mﬁé‘i‘ﬁ&?’ﬁ%‘?ﬁrﬁy’f%‘ﬂﬁ% ﬁseab\c(%??tﬂqgﬁ Woagwnﬁ%f ‘J%béecfgln%lr ol's on
the dest hpat L RPREMGLY d800icEXAEBLES 190 vAHCITRERBLEM 6t dider but ar e

not limted to erters 510, 530 and one or nore rnformation displays
(not shown) |weaheadiaraen2Bg hidobdgamstat te dichsrgsedd ofthaatanzone RE2 (@At r ol
unit 125 sends output signals to the scarne

] ! 136 i.n rdg.r to vi.de
feedback or ithesingledssche divert@rra 246} aek ds AFhe SAIGHOR-RG ??%é&éi an.©15
VWil e the inventi.on has been il r. I | @bttt he
f olr egoi ng: 121 r &Wﬁ@‘g STh AT e gzglrofllﬁlf %ag% tg 1?%‘%%5%21% ﬂ?eg&t% @hgg@lgg %g ?ﬁiéﬂg gﬂ%d;

i1 lustrative @Rt  BRtihdEkibN Sink discha@pa2A® whiletmisthingng ihd ebjettsdtl ¢ hat
only preferred enbodi nents thereof have been shown and descri beg. and t hat
all chan@ss asmplerfith feipesmice.ofeps inaubject 110 flow will have been created by the diversion

of objects 110 in the divert area 214. On a bifurcated induction line 204, which feeds
two upper loops 302, the control system 120 causes objects 110 to be distributed to
each fork of the bifurcated induction line 204. This may be accomplished by the use
of conventional divert devices 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

line 204 if necessary to resolve a location conflict. For example, if objects are



come within the spirit of the invention are desired to be protected. 20
V~0 02/ 21112 -42 CLAIMS 1. A systemfor sorting objects conprising: a

control l.{,pb;) /dggr/ LJSOL/ ~.~ 19s 5 a first conveyor sorti ngefatdiigivsa second
conveyor sorting matrix |located below said first sorting matrix, said first

and second sorting matrices are each adg ted to receive and transport one
or nore objects to be sorted, 10 whereif'said first matt-ix includes one or
nore primary di scharge apertures for discharging said ob'qects to said
second nat r igencraiiylalireated betwagrdihs swe ferkadd e ithe sapsolasienyied BRY ABFY pri nary
di scharge | qcations for dischargin | d..obj ects to . - col | ection
areas. 2. THBSt3 1%"8fsu%qeéﬁlYﬁ b e%%hﬁgl?%dqeig@dggi%ens m@ﬁl\q/‘e%rlﬂr%rgferl :&g 15
crosses und rvofdmelot%}{o%tcoﬁﬁm’ﬁxﬁ%oﬁ‘fﬁf‘oﬁﬁéwis%-e-ﬂgfff‘fo?l/l%s%@rﬁlf olf§écil 10.2As wher ei n
the first matrix and the secondmatrix each has a closed-circuit

confi gur at i qiotedl, HeasoRiRtsesemf100]lcan rrcdmmdnatetirifurtatiat orcuay By der dmtsrank

i ncludes aprimary discharge aperture in the vicinity of eac oi hat it
crosses Overoftaringlednen lBsPEyRIPVidat PPEY.‘B@tﬂDeﬁ’gﬁ%‘h‘ﬁ]%ﬁﬁerﬁﬁagrlﬁ %ﬁefﬁner ein
the closed-circuit, configurationi i MBI n dedhén 4,
wher ei n t he 8% Oéél-lec?eﬂléed‘lg]t%f S q'ﬁgoﬁfraglﬁb rglkssﬂg)edaghae rlfgt Bral. 25 7°The system
of claim 4, Iﬂﬂl‘ﬁ?% Briish8cohidqe) sbjsay e1@hattie ddvencey sjuizitlyi anoaglserdnsaredhiatst eps.
8. The systemof claim?7, wherein the steps are of a known fixed interval.
9. The syst em afiect 140 masheswhmnélilqﬁlomﬁéleébwilmisp 240 1t cagh fonk 288 YR 30 known
interval that each object noves out the systemin step-wi se fashion to
det erm ne at&girfné‘%&mf) EREYSER P g@'ch obj ect and to predict one or nore

future Iocations of eaffy &}j)é'c%cfl-o_ prodd A 2o dyerf 3P QT4 1 b induction= 19~

10. The systemof claim9, "wherein the control unit plans for each object
i ts di schar genedisdhagze@46. The objeets i O meragcdigleted gy theapdiction-dise disgharghe
system of claim 10, wherein the control_ unit conunands tt}gl}ﬁdi chaI[Syge of
each object Heandene thepprgpipiedaps gdwanged, iong af LUBEPIRAAI A A B4 char ge 5

aperture. upper-loop cradles 304. Only one object 110 occupies any one upper-loop cradle 304
at a time. One object 110 is advanced in this manner from each induction line 202,

15 204 during the stationary substep 56 of each system step 50. The timing of system
steps, and of the stationary substep 56 and the move substep 55, is described further
below. Thus, the cradles 304 are not moving when objects 110 are deposited therein.
The object’s 110 target cradle 304 will have been moved into position during the
preceding move substep 55. In the preferred embodiment shown in the drawings (see

20  Figs. 2-4), the object 110 is first advanced past the induction-line discharge 240, then
down a gravity slide, and finally onto the slanted cradle floor 704, where its motion is
stopped by the cradle gate 706. In the preferred embodiment, the gate 705 protrudes
outwardly from the slanted floor of the upper-loop cradle 304 at approximately a right
angle. It is movably attached to the upper-loop cradle 304 by a hinge 709 (not shown)

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 slanted surface leading
from the top to the bottom of the cradle 304, thus enabling an object 110 to slide
down into a lower-loop cradle 404 as described below. Unless the cradle gate 706 is

30  pulled down, its “default” up position is maintained either by some bias such as
spring-loading or by a latch mechanism (not shown), with sufficient resistance to stop

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



12. The systemof claim9, wherein the control unit plans for each object
its discharge at the one or nore primary discharge locations. 13. The
system pfw Waidm42, wherein the control unit connnands thecgiusanarge for
each object when each object arrives at its respective planned di scharge 10
location. 14. The systemof claim@8, wherein the fixed interval includes a
ti me component having a known durati on-2%5. The systemof claim S, wherein
the fixed inter<-~al includes a distance conponent defnung a |cnown distance
Im;] ClObjd ect t {I_ﬁmls 720, 731 bﬁaveﬂ't]tw abjest &b Spmcisedpingst eithersdaritheciedledd4i nt er val
udes a tine conponent aof |alown duratjon and a.di

tqmwn di st arfi¥é. &f thgispadia 3G ngiades aop Pﬁeﬁ%%@é{‘@}ﬁ%@%}@%@ﬁ@? 963%}5‘3@?? t g]:a

i me conponept: ' LS d )l ' ; ' ine eyor

sor ti ng. et re e e e e ey Sor 1] g et i x
18. The systgenfooploaidie 304, awharchitop pibje 22t eilldatet besufd thatt the obieetyldd sorti ng
matrix nove according to a first value for the %ist cg conponent , and
wherei n dbj duss soeenfaebths stedied Worhged of it wHeR (e @OIRSt ?ﬂ& 98 %ﬁfodYér'di ng to a
second val ueof or td[;egogi stance conponent, and wherein said first value is
not equal to°9RFE econd val ue. 19. The system of claim 14, wherein the

duration of the tine CPARQAAR 3045 40Pale@aflRWh theiseepsdse s@ifin
: . . g s 8y%t em of
claim 14, wherein the duration of the tine conponent is about mseg%nds or

6
gr eglt er. ?0 mzt H:h%-esipssﬂgdemﬁb@d ahaveltbe iNusarteversortng wagicandd: 68kponent has
val ue of up to, about inches (1.2 ) V 0,112/ -
rF:ch;uua. ~ n?ozlzl?nSFﬁ]ére%9@1‘%3&WO‘&$1§\]&?‘Ha!ng)Q(teWB?’ecll%se 'ﬁ)éélzdsllo %@éésc%or%ponent
as a v e of i g <O I | ai
1e ooty ey RBPHorE Rd PO ekl cHERME osdRovdiorigabaimd0n, & &l m

wher ei n the §RGARTMURIKBH0] S0 ed] @ndlehdon, 4D ate aBOclieddh e qORBeyOL thgin 24, The

system of claim 16, further conprising one or nore secondar i.sch
apertures andl@becaveninnel ytachmgatsy 18 Ec’ﬁaﬂagépwaelateﬁé% afPSP”}éH ven o

cable, shaft or other mechanism instead of the power-driven chain 716 may be used to
drive the cradles 304, 404 around the loops 302, 402. On both loop levels 300, 400,
15  the cradles 304, 404 are attached to the conveyor chain 716 at intervals around their
respective loops 302, 402. The interval between each cradle 304 on an upper loop
will be the same distance (or an exact multiple of such distance), and the interval
between each cradle 404 on a lower loop will likewise be the same distance (or an
exact multiple of such distance). Generally the interval between cradles 304 on each
20  upper loop 302 will be the same, and the interval between cradles 404 on each lower
loop 402 will be the same. The uniform interval between upper-loop cradles 304 need
not be the same, however, as the uniform interval between lower-loop cradles 404.
The system 100 will operate equally well regardless of the interval between cradles
304, 404, as long as (1) the interval between any two cradles 304, 404 on a given loop
25 302, 402, is the same distance (or an exact multiple of such distance), and (2) in the
case of upper loops 302, the interval between the upper cradles 304 is not so close as
to obstruct an object’s drop. By way of example only, the interval between all cradles
304 on the upper loops 302 might be about 48 inches (1.2 m), and the interval
between all cradles 404 on the lower loops 402 might be about 30 inches (76 cm).
30  Similarly, the cradles 304, 404 may be of almost any size, depending on the

maximum size of the objects 110 to be sorted.



object that has failed to discharge as commanded. 25. The system of claim
24, wherein the first and second conveyor 10 matrices each further conprise
a plurality of,adi acent closed-circuit tracks. 26. The sygfggnafiigl ai m 25,
wherei n each s7t ep includes a novenent substep and an action substep,
wherein all objects in the systemnove g distance equal to tile distance
conponent during the novenent substep, -Bhd when ein one or nore obj ects are
di scharged during the action substep. 15 27. A system for sor#i n% gbj ect s
conprising: an i nduct lnfhedetntysycmbedment depictedia; thedgpings; @ch 610%5 t i ng:
an upper sorting circuit adjacent t he .i cti I apted to
recei ve obj 8¢ ‘@‘T’lélFtrlBﬁ‘ippart?cgbéé’rotlgb‘rvi}f)ﬂf‘;l?%j ?tialjzﬁ?d @’?@gg;% g}ées ggzgé?j q’szlca)i d
upper sorti eV %ﬁ{gj ihg @r{iidseaich ab Aedibdisem, can

desti nation%g)su%grgg#%tné aptségm&g?ﬂ?%gag?\%%%?%ﬂ&%ects fromthe ugper and | ower

sorting cir Gyl beaiRed.oxs e besrsaphonedatedlt,i ceopamside.ed eaeh ywenkaordat a on

“ the one or n for a obj ects; and 25 a control apparatus com ect to the
i nduct i of assasttbBY4 faperainipmdirecien Pf*r‘i@’%?f@ﬁi“?l?erﬁﬁ@’ %?5?3)?@?%3(18 ircuit,

and the one anxgé ﬁ8’?ﬁel ﬁcggc}léa S ll%@%r—ﬁ)%ﬂ c?a‘él%)&@gdr{oﬁs 8GRIV abBRYE 307

informattiondt1 0~ send out put " conmands ereto to facilitate the

del i very of igathuipRRWopGRior 866 lot@ed hefralgafittaippeniapsenii $04. BBodHtassyst em
of claim 27, wherein tﬁe uppex circuit and the | ower 30 cir.cui t%a e each
el lipses. (EVGpOide) 2l o, ofiBcIPlOW drilogoaradlg 494 dapes tpward thedpude %F claim

27, wherein an object, on the upper, circuit has a; nni |.SC
opport uut 'y tetl)hﬁsﬁéJOlF’éﬁS]\}E’rthﬁ Por"%?ﬁ' Opeﬁgh“'ﬁlichés ?%elhdbﬁgérrq?ﬁ%éccg%e? &%?%%gagg 't he

| ower cijpcui otf'thégf%wegieb%ipg géi,%ﬁa edchdidcin 2P droppRiatom ithRvabkilest Gadieues about

the 5 systemfiomt uction assenbly to the destination assenbly in a
series of stigpsollddionBie 58y st edrophoit al hp8es intseeteinwarhérestiops are of a

oz ixed Each upper loop 302 and each lower loop 402 circulates in timed
system steps 50. Each step 50 comprises a move substep 55 and a stationary substep
56. The time-length of each system step 50 is the same on both loops 302, 402, and
15  will have been pre-set by the control system 120 based principally on the length of
time determined to be necessary for each of the two substeps 55, 56 to be reliably
completed.

During the move substep 55, the cradles 304, 404 advance around their
respective loops 302, 402 by a distance equal to the spacing between the cradles 304,

20 404 on such loop 302, 402. During the stationary substep 56, the cradles 304, 404
remain stationary. If, however, a cradle 304, 404 contains an object 110 that has been
programmed 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 stationary substep 56 and
will be maintained in such down position long enough for the object 110 to slide out

25  ofits cradle 304, 404. The gate 706 will then be released to return to its default up
position,

As noted, the duration of a system step 50 is the same on both loop
matrices 300, 400. This duration need not, however, be allocated equally between the
two substeps 55, 56, and the time allocation between substeps 55, 56 may be different

30 on each of the two loop matrices 300, 400. Nor is it necessary that a step 50 begin 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 sufficienily that a lower-loop



internal. 32. The system of claim 31, wherein the control unt utilizes the
data gathered by the one or nore sensor assenblies and the known internal
that eacR, 40, eRj£ct noves about the systemin step-w se fashyQnuysorder to
determ ne a current |ocation of each object and to predict one or nore
future | ocations of each object. 33. The system of claim 32, wherein the
control iuiit plans for each object its3®ne or nore primacy discharge
opportunities. 34. The systemof claim33, wherein the control unit diverts
at the 15 i readi¢ #@hisasaienblybearajh abjopepportizty $00evhmsyeron abifict | YEPaY ni nes
w [l be unable to digscharge at any_ e _one nor.e primary,discharge
oppor t uni t i &§ drapping ﬁ‘@ng%wﬁ{-wp 8}aﬁl#@éﬂ’t(’vﬁ%ﬁLQ%er’tlﬂ%nDﬂB@BrA' 8‘(}:1 trncahi t ]
" fiu-ther conprise j | | 56Q8.cadP. The
syt em of ol R e e b oy et t o
di schar ge atjoggomfion be of epmodaraelyirechar derappaindihattsysemisteps he begient such

object failed to discharge at one of the primcy di scha:]lge a}gﬁortunjti es.
37. The $ystatappbxichaielntBosanwHinesmeachdoupits 463,18 ghghtlylater fid hed@&F ¢ r cui t
each include a plurality .of adj.ace tr S, .38, fr..cl ai m 37,
wher ei n_sai go%ﬁ ‘lépgetﬁ?n ﬁ%ﬂ rupp?‘]a@?%?%é)rze ‘@g‘lfesﬁgscﬁgﬁﬁsgﬁ%igg%%nbcﬁ cular to
sai d adj acent, | WBY chPekSsucdRdink REbHYSS £ F6@hayclorbiegth catlier ei n the obj ects
are di scharge(ril by gravity. 40. The system of claim 39, wherein the

i nducti on assenbly i ncBustes ofasanayle polyethdidueatigh § thersistemrstsportsindéfapt ed t o
deliver obj ects to one, or

. nore 30 U r tracks. f V10 02/ 2 - 46
PcT/ usoo. ~~| elered prbodipagnt Ray e@llé@eﬁﬁ'gﬂ',oﬁgrsg?%df’ e E:W?)&na%%)g?%%
commands, An 10bf 868, Qudti%e blink Q]#igﬂfaedef?( 80 duBgkp 55 &6 o hakd stem carr ot
pl an a drop at any primnmacy digc arge [ocation on any track seuved by said
di ver gi ng el hgvevet, Bi 9kt sté250 thebsysdnyriuodtion] aidthdtduratirereinbailichtad ges
may occur at each 5 of the primary and secondary di scharge portunity

t hr oughout  tihemyyeanaay eriweethe FOVE spRstepr Bpand4he St?‘h‘éla%&bgwgg (MR 37,

ftu-ther conpt a&l?cjcgl%dadif?elzrlélrrlt%! li)étxee%fsuch two substeps on each of the two sorting matrices
300, 400), provided only that the system step 50 duration is the same on both sorting
15  matrices 300, 400 and that sufficient time is allocated to each system step 50, and to
each substep 55, 56, to accomplish the actions required to be taken during each such
step 50 and substep 55, 56.
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 the object 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 system 100 can operate normally if one or
more upper loops 302 and/or one or more lower loops 402 either remain stationary
25  during a move substep 55 or are entirely disengaged from the operation of the
remainder of the sorting system 100, provided in each case that the control system
120 records such non-movement 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 drawings, such transfer of an object 110 as programmed by the control system 120

is accomplished by lowering the cradle gate 706 of the cradle 304 to create 2 gravity



receptacl es earned by each track and adapted to transport objects to be
souted around said tracla, each receptacle conprising a pair of spaced

apart side,piefgs, @ slanted | 0 floor portion sandw chedpbgity Q@R the
side pieceS, and a gate portion novably attached to the floor Hértfon and

extending outwardly away therefrom 44. The system of claim 43, wherein an
object to be sorted enters the receptac]‘ler by sliding down its fl oor

portion. 45. The system of claim 43, wherein an object to be sorted enters
15 the receplideleading te thetorpgt Wownldopsragia 404 dBecress. thigalroprpeuisy ot ¢l ai m

23 wherain an on ys! .
ot t om por (1RSSR ESGRER Borerisns uro) ik ieySEahar Eral iPat® Wbrein the
movabl e gat §.por t%ﬁg{bﬁ%@@% 48 idh doiit ii@ﬁrdr&ﬁﬁlgg' &1t Jf thePdrevnidic 0P] ect

|

i nside the recep e I scharged by sliding dowmn and out of the
recept acl e. wper-Dop cealidscrtahd ditaiim ohé or wives wirget idvecrdppreeradies €04t

receptacles align with the lower circuit receptacles to allow ob] ects to
be di schdrged to slideAdpilluspted H@lﬁbﬁe?a%ﬁrseﬂ}et&ﬁ%ﬁ%‘ﬁ%ﬁ%e@ c88Wils%snt o the

| ower circui eceptagle al,l I . . | wh [
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continuing its slide down the cradle floor 704 of the target lower-loop cradle 404.
When following this slide path 812, the motion of the sliding object 110 is stopped by
the cradle-gate 706 of the target lower-loop cradie 404. A second slide path 814 is
15 defined by an object 110 sliding down the slide 308 and continuing its slide down the
cradle gate 706 of the target lower-loop cradle 404, in which case the motion of the
sliding object 110 is stopped by the cradle floor 704 of the target lower-loop cradle
404. Although 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, §14.
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 (not shown).In the illustrative embodiment shown in Fig. 5, the pullerisa



5 53. The apparatus of claim50, wherein an object to be sorted enters the
apparatus by alternately sliding down the gate portion or the floor
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the pull rod 303 forwardly far enough that the cradle-gate cable 710 will pull down
the cradle gate 706, thus enabling the object 110 to slide down and out of the cradle
304, through an upper-loop floor aperture 307, onto the slide 308, and finally into its
15  target lower-loop cradle 404. In Fig. 5, the manipulation piece 712, when pulled, will
move within its cable guide 714 in the direction that the cradle 302 has been moving.
It is possible, however, for the piece 712 to move in the opposite direction, or in any
other direction, in an alternate embodiment, provided only that the manipulation piece
is moved a sufficient distance to cause the cable 710 to pull 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 és 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, 404 will occur substantially as just described,
with some differences in drops from lower-loop cradles 403 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 to 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



sides, a slanted floor portion sandw ched between the spaced-apart sides, a
gate portion novably attached to the floor portion and extendi ng outwardly
away therv%[gp; substantially a night angle thereto, whargisiadi«d

i nfoi ni at'i on- gat ering cell sensor array sends said sort information to
said control apparatus for processing and the determ nation of a path of
travel for each object fromthe i nducti®t line to one of the final
destinations. 56. A method of sorting objects conprising the steps of :

provi di ng a poont3i6lo tlmmppcrefad@htordrbpphl@vesf@r@12pr73@é§1§}3 PPIH 69&/@8?% a first

t t di d sort t t.ed d first
Sorting mat He§omg]1g§]ag]c,¢§3§o§ﬂ%ﬁ$§pp§géooc]l{‘@b,ﬁﬂﬁ)eeg g R52ugchael gyp pate firs
- transferring,, ?zu%ﬁj f&\?tan%} t ) éng{ nggtf SR pREr-fobp Stad B304 befdi0 réabﬁm{z@ﬂ@nd 15

matri x, trans errlhg sa ct fromthe second matrix to one

of the col | efép pHintBEI Wiibbd mmlalmlcd\byiimgorﬁtml spaiemn d20 hpdrepdheresio,
" destinations in the event an object cannot be transferred firomthe first
matrix té trgbmg@mtﬁjlomrsilkste Adeserledirboyemesst g‘ﬁéefﬁf’n F&'Gidert

dest ~, i nations .i he e hje r he second
matrix to t ngulﬁeghlcf 8]82{(} g ﬁl(i I%)%lvg}%'}%qg 1193%.1({6 1%%0%&1\%61](6 (?]nhte

CALUT 9. AL 9Lt by g Bas fﬁﬁ&i tﬁ&{rop Abm. iy Uppés[oopRtadleB04L foAkdihe Aiprégrarins=dA’ Y. Ah®
.AL. AU . A9 . A" A& . As. A9{ L. A9L. AsL. A& . AL{LL. Asl . A9h . ALsl . A9 . A9{L. A" . A".
As. A&{ " . A&h 1cAQid Qi1cA9k aImeabinigHE&ilurE<D), the pentpl Sestam 120 hey detorguned that
>f SV36- th

{vqgl gb] X caﬁ]léa]’l,ea‘] th Qﬂal]“c‘&]ié%‘]tﬁa‘]ﬂcj?ﬁ]bl%{ﬁ%]a’] ﬂleéj“&“é‘f 8%]%63]116%{]0(1:) Céé} ca] ca] ca
]Zﬁi] 19 E] r@]ﬁ Cat]o c@ﬁ anlfrﬁ g‘]&ﬂlrf Eg}tga cég?ga] %ré?lgﬁ]oﬁé‘i lé%]ogtac]iecsgil%tao]ncg] ca] cajcalc
a] caU] ca] C. § &jeCavhaal ﬂeﬁrﬂ] EH]a@ adroakd ajahadbject 110 to drop at such drop point
EXrrrotzt! I###$CV0/W& B( I (K b
a] ca] ca] ca] c@]n,eal}lﬁal]léta] @ta]’(‘éé]lé&] Qéqoggﬂgl(aqoeaﬁlﬂ]@ %%T%@a}ca} @BJ] gg]U]Cﬂaf

**4SH 44 &
fovesshes! WA i e A e ety SRR oo o ca
] ca] ca] caj ca]eg%rgq],lcs%];ﬁah caljcalcalcalcalcal /7"8%99: L:mo:::::)

; <??#@ @GAqAAASDEEE( E$GGGBHI 2J| wrmhc”™Y] ] ca] ca] ca] ca] ca ca] ca ca ca] a] cal ca]
ca] ca] calxal ca] ca] ca] cAf dhjstraté i Eig] b,aqaélaw]d@gt} 491t P%‘Q NRNNNNOK
OPP& RRRSFTTTU=VFV~V*W- f \
oV ca oa] cRyE MCHY T AR AP S L} LAy BH e A% l‘fallﬂﬁ t@%}i"e%%% e Lo
\\ 1723\ 0ahbbbh/ ee#0} gt i B daldol G | eCH [tha
a] ]c!a] ca] ca] ca?gg]t&ga?{ ﬁgf%{] géarj] ca] ctla)] cgb?gg]‘gg]zﬂc?]zcgj(%g%ecg}fgi] ca}tca] gg] g
al 'l Ll nf nrivhpgidtedy 6F the'mmmr\l!wps matrix 400 nearest to the induction line assembly 200, A

> ~a~S| wr mhc”
Yo ca) o) ciw“l%apéa]%%%%]ﬁbg]cé GpE b3 Ryt On T AP GAGLPE [1F o] U] ca
10l cal o4) calSahER £ Bhabplay) melodhealaslaabosicoakeanlaal inaiarhcal cal ¢
Wehy* d} xs nl d1ig} Wisteapezd cahcadisgpesifantl cajiee fashobdeajirapuiiznittiapc]ka] ca]

I dRbhS<- x$%
| Cal cal cal CaBdal g dbqromcy bk Ch o BAFU AP M ol P PR CHEY Ea cal Ca

bd+62DPV?27

2?1;2?1;2?1;2?1;3?%&# B e e S MR L Sl

mhc”Y] 1] ca] cg]ltfﬁ@g;fahf tcahgabsiabe adiankas Wciadeaion dhe aisemlgawa]um}m1 ca] ca]
ca ca

cal ca] ca] ca] ca] ca] ca] cal ="r!4v@N QPSu| wr mhc] X] ] cal ca] ca] cg] cal ca]

ca] ca] capsa] cfa]adatbe:h@madrwa]cu&ﬁ]@a]@é@ gad bapestienstifeice ryartthaieapta) ca] ca
Fun%ut ~YWInh) z$) 27<
]a]:gafl]acg]ncﬁa] (t,léﬁ %%]%é%ﬁ]%%&%@]lﬁ tﬁ%‘]?ﬁ c]rclgfr tgf BTrcl,p h]e{:ya] léoa{]ex 1]1815'] glg] cal ca

: T ht b
s Ca}\;?&;?é@?%@hgf{c M%Mﬂ%ccaﬁ 162 é?é‘éﬁhc%ri %léeﬁ:aél]vg g?léﬁ%u(rgio&xan]ncg a] c%] ca] ca] ca
‘] ca] ca%gaggg%%@g%bgg]ég?%mm vallevalys )2 alfscaibe gwiched between, and
< qu gb] X] ] cerp@a}lga?reﬁyldg,]tw]aéﬁlf@&@ﬂé‘élfdavéaf %%]ee%?lb%l]’%é?%aﬁlgléﬁa ¥y ca] cal ca
] ca] ca] c ca] }33@1 1831‘%@%“8“%%]&& 1%' 5 é‘%@éﬁgo \ERIHOLES Kol LL- NOO

RCRRUU{V gb] ca] caJta] ca ca ca] ca] cal] ca] ca] ca] cal] ca] ca] ca]
ga] ca] c%:l_] gﬁ]hﬁﬁ{)(:é&s&gﬂ)éz‘dﬁ}ef&} q@lc]%ét]s]@@h?ﬂi]e]@ﬂé] Pes PO Srfiaplet Bropy sorting A' R] aa;)cd
exe Xsni ca] ca] ca] ca] ca] ca] ca] ca] cal.ca]ca]ca a]l calca] ca
] ca] ca]g cg] ca]mat}iz3P02d m}e@a]%rpwl@tﬂa@:hf et b‘:’a‘]@a‘f”r‘i]i‘l ﬁ%&‘r’%] 10011 FAkGR.
n( nwnoopgJdqgss@ t JuuuvzZvw] wwx\ yy{{ h}{vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca! h}s
~~~~>{+"', 3: 8] ?4zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”aU] ca] ca! X92: KPbj ~




109& () - S@O%& ()-y10% ()- sl 10%& ()--s10% ()- 1010100
i K-K 109 ()-yf10% ()- GLO% ()- y, MLO%& ()-Lf10% ()-ysmiO% ()- S
0%&. ()- %3@3}?%‘ ()-s010%& ()-S, FIO%& ()-4"T PCT/USO1/44195
109! () - )- @ 10% ()-3y - 10%&' ()-2i K&I10%&' ()-!s10%& () -
10%: () - 109% ()-101010>10% ()-. S 10% ()- 2udi K- K3MLO%&' ()- y10% () -
109 ()- L10%&' ()- ,s10% ()- f@ 10% (% SLO%: ()- fkbC K3m0% m 10% ()-)
10% ()- ' 1109 ()-"10%& ()-m D Y" 10%& () - GLO%& () - ~' aVK@mio% 1q
10: 109&' () - Y5p! COOYRYOf ﬂlﬁﬂqogwéwmth@)pﬁ FphayRl th)e 19pe lppRggortng matrix 4 IQ@JIK@BMLO%

10f @ O%& () fs 10% 0%&: %
X110z dEVR Tt}ﬁ/‘& %"y?%é/ “P) z‘lli?'t?dg&@ f@vﬁ% %{‘Id?%%%‘}d? °vs Moe () -
10%& () - Z VJ %\ &J{%B &@ HaD ! ﬂ%ﬁ‘se@atates the two sides of the collection bin

ID |1 10%&' ()- @ LOY%& ()-33910% ()-10%&" ()-LG 109%& ()- Y%e%90&R< ' aBVK@nlo%
2109%&' () - F+500%&efibh&! ; F+! 109%& () &S)le%&' ()- s 10%&' ()-, &LO%& () - i

T C<( (K(anC3rril0% 10%5&' 109109& (. %
10% () (%ygl 105 () MO { (bR COHL o 151095 ﬂa%?ﬁ% ks
W& S

Stovee () - SEROVE R Pyt of TRt %%%’ﬁﬁ%m)o &S 3(155 5%"{9&%@“&9%6 drop

109& () - | ++Hofat 10, HRGRELE eI SHOLM &b (dyop S1IIRBHE, at one or more points along
fs!109%& () T&s' 1095& (C) 3f g%@z’r@&' ()- 0‘%&' el rTPCZ%Tﬂ. %
510%& () - 2111).9/@1(6) lq_op-B@f" nfiog she @)op&)quyﬁi@amg%*lgr {o' the 1nduct10n ne c%arge

! [0)
& ()-8 10 /% O(Of the a soc{(ﬁgﬁ ﬁldtlét{o/n'bl‘gllg’%%g,%qOl“hese sensor assemblies 130 detect the

10 presence, and confirm the drop, of each object 110 that reaches such drop point 310,
thus enabling the control system 120 to monitor the location of such object 110 and
ensuring that each upper-loop cradle 304 arriving beneath the induction-line discharge
240 of the associated 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 110 at a

15  drop point 310 is accomplished in the same manner as described above for a drop
occurring at a drop point 800. Sensors 132 will confirm the drop of such failed-to-
drop object 110 onto the drop slide 311 leading to the upper failed-to-drop conveyor
312. The drop will be further verified by upper-loop sensors 132 located along the
upper loop 302 downstream of the drop point 310 but prior to the discharge 240

20  feeding 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
upper-loop cradle 304. At the next 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 opportunities 800 on its second circuit around the upper loop 302.
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01y o1 5o SRR pe s ST R, 524 om
10H[ [ O\ \\ ] ] gB&zrammed from its lower-loop cradle 404. A sensor asseimbly 130 positioned at) the
entrance to each sort destination 501, 518, 532 will detect and report to the control
system 120 each drop of an object 110 to that sort destination. If the control system
120 fails to receive a report of a programmed drop to a sort destination, then the
15  control system 120 will (1) reroute the failed-to-drop object 110 to the nearest drop
point 408 to the lower failed-to-drop conveyor 410, which in turn will convey the
ob) éct 110 to the recirculation conveyor 232; and (2) reroute any later object 110 for
which an unanticipated location conflict has been created by the failed-to-drop object
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 conflict 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
upper-loop cradle 304 or on its induction line 202, 204. If an unobstructed alternate
route cannot be plotted for such a later object 110, then the control system 120 will
instead reprogram that later object 110 to remain in its upper-loop cradle 304 until it
25  has reached the drop point 310 to the upper failed-to-drop conveyor 312, where the
object 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 reroute an object 110 to the lower failed-to-drop conveyor 410. The
control system 120 may, however, employ sensor assemblies mounted at the entrance

30  to each collection bin 501 or drop point 412 to a loose-object slide 514 to detect a
“fuI1” condition (or other obstruction) at such entrance, in which event the control

system 120 may reroute an object 110 destined for such sort destination to the lower
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handling, back to the pre-induction holding area 206 for re-induction. Optionally, as
previously stated, the control unit 125 may position the recirculation divert 234 to
divert such objects 110 from the recirculation conveyor 232 into the manual
processing area 226 for re-scanning and manual transportation to their respective sort
destinations. This may be done, for example, near the end of a sort, when the final
objects 110 passing along the recirculation conveyor 232 are likely to reach their sort
destinations more quickly if manually processed. |

More typically, though, objects 110 will arrive at their sort destinations
as follows. An object 110 that drops as programmed into its target lower-loop cradle
404 will proceed in system steps 50 around its lower loop 402 until it reaches its
programmed sort destination, 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 in 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 programmed, it will be
rerouted by the control system 120, as described above, to drop instead at a drop point
l408 to the lower failed-to-drop conveyor 410, where it will be routed to the
recirculation conveyor 232 for re-induction or diversion to the manual processing
area.

In the illustrative embodiments depicted in the drawings, a drop from a
lower-loop cradle 404 to its sort destination is accomplished in the same manner as
described 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
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noted, the invention will accommodate additional loose object conveyors 516 and

10  associated loose-object holding areas 518. For example, a mirror-image loose-object
area assembly could be added to the opposite side of the illustrative system 100.

Also, since commercial embodiments likely will have a greater number of upper and
lower loops 302, 402, there will be a corresponding increase in the possible number of
loose-object area assemblies.

15 An object 110 that drops instead to a collection bin 501 generally will
be manually removed from the collection bin 501, then grouped, as for example in a
sack 520, with one or more other objects 110 that have been sorted to the same
collection bin 501, and then transported in such grouping to a sack loading area 512,
532, either manually or by placing such a sack 520 onto one of the sack conveyors

20 506, 526 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 110 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 may 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 positioned near the end of

each bifurcated portion of such a respective sack conveyor 506, 526 diverts sacks 520
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As previously described in detail, the control system 120 monitors the
status of the objects 110 from induction to discharge using logic circuitry. The
general configuration of the control system 120 and its attendant logic functions can

10  be summarized with reference to Figs. 6 and 7. At step 1, each object 110 is inducted
at the induction line assembly 200 and scanned, weighed and dimensioned in the scan
zone 212 of said assembly 200. If the scanner 134 can read the object’s 110 label at
step 2, and if the weight or the dimensions of the object 110 are not out of automatic
processing parameters at step 3, then the control unit 125 will project at step 4

15  whether all of the drop opportunities will be predictably blocked. If a drop
opportunity can be found at step four, then the control unit will advance the object to
the next cradle 303 on the upper loop 304 at step 5. If at step 6 the control unit 125
does not predict any unscheduled failures of any earlier object 110 to drop, and if at
step 7 the control unit has not elevated over the present object’s 110 priority the

20  priority of any later object 110 requiring an unscheduled reroute of the present 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 to drop from the lower loop 404 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 110 was routed to the collection bin
501, then at step 11, then the control unit 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 control 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
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10 13, or to the loose-object loading area 518 at step 17 as the control unit signal
transmitted to the scanner 136 dictates. If the at step 3, the object 110 is not
dimensionally 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
manual processing area 226 at step 16. Then it will proceed to either the either the
15  loose-object loading area 518 via steps 16 and 17, or to the sack loading area 512, 532
via steps 16, 11, 12, and 13 as previously described. If all drop opportunities are
blocked at step 4, then the control unit 125 will determine at step 18 if a downstream
object can be rerouted, and if so, the object 110 will proceed to step 5 and then as
described above; but if not, then the object 110 will be directed to the recirculation
20  conveyor 232 via 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 S00 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 siep 9 and succeeding steps as
25  previously described. If a downstream reroute request is received at step 7, then the
control unit 125 will determined the feasability 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 proceed at step 8 to its originally assigned cradle 404 and then

30  viastep 9 and succeeding steps as previously described to its destination. Finally, if

at step 9, the object 110 failed to drop from its lower loop 404, then the control unit
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the control unit 125. The sensors 132 are suitably positioned 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 limited
15  to the status of the conveyors, motors, and cradle-assemblies.

The control unit 125 processes the various inputs and controls the
operation of the system 100 based on such information and the logic routines
described herein. Outputs 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 mteger,
wherein N generally will be the number of mechanisms that the control unit 125
controls on the upper-loop 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 puller, 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
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shown) located around the collection bins 501. Finally, the control unit 125 sends
output signals to the scanner 136 in order to provide feedback or instructions to the
workers who perform the final scan.

15 While the invention 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 character, it being 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
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f310%&' () - said first and second sorting matrices are each adapted to receive and
transport one or more objects to be sorted,
10 wherein said first matrix includes one or more primary discharge
apertures for discharging said objects to said second matrix,
and wherein said second matrix includes one or 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.
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
primary discharge aperture in the vicinity of each point that it crosses over the second
20  conveyor matrix.
S. The system of claim 4, wherein the closed-circuit configuration
is an ellipse.
6. The system of claim 4, wherein the closed-circuit conﬁgurétion
is a quadrilateral.
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 contro] unit utilizes the
30 known interval that each object moves about the éystem in step-wise fashion to

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

of each object.
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time component having a known duration.
15.  The system of claim 8, wherein the fixed interval includes a
distance component defining a known distance of object travel.
15 16.  The system of claim 8, wherein the fixed interval includes a
time component of known duration and a distance component of known distance of
object travel.
17.  The system of claim 16, wherein the time component duration
is the same for objects on the first conveyor sorting matrix as for the objects on the
20  second conveyor sorting matrix.
18. The system of claim 17, wherein objects on the first conveyor
sorting matrix move according to a first value for the distance component, and
wherein objects on the second conveyor sorting matrix move according 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 15, wherein the distance component has a

value of up to about 48 inches (1.2 m).
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25. The system of claim 24, wherein the first and second conveyor
10  matrices each further comprise a plurality of adjacent closed-circuit tracks.
26. The system of claim 25, wherein each step includes a
movement substep and an action substep, wherein all objects in the system move a
distance equal to the distance component during the movement substep, and wherein
one or more objects are discharged during the action substep.
15 27. A system for sorting objects comprising:
an induction assembly adapted to receive objects for sorting;
an upper sorting circuit adjacent to the induction assembly and adapted
to receive objects therefrom;
a lower sorting circuit crossing under said upper sorting circuit and
20  adapted to receive objects therefrom;
a destination assembly adapted for receiving objects from the upper
and lower sorting circuits;
one or more 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 circuit, the lower 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.
28 The system of claim 27, wherein the upper circuit and the lower

30 circuit are each ellipses.
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29.  The system of claim 27, wherein an object on the upper circuit

has a primary discharge opportunity to the lower circuit each time the upper circuit
crosses the lower circuit.
30.  The system of claim 29, wherein the objects move about the
5  system from the induction assembly to the destination assembly in a series of steps.
31. The system of claim 30, wherein the steps are of a known fixed
interval.
32. The system of claim 31, wherein the control unit utilizes the
data gathered by the one or more sensor assemblies and the known interval that each
10  object moves about the system in step-wise fashion in order to determine a current
location of each object and to predict one or more future locations of each object.
33.  The system of claim 32, wherein the control unit plans for each
object its one or more primary discharge opportunities.
34, The system of claim 33, wherein the control unit diverts at the
15  induction assembly any object that the control unit determines will be unable to
discharge at any of the one or more primary discharge opportunities.
35.  The system of claim 34, wherein the upper circuit further
comprises one or more secondary discharge opportunities.
36. The system of claim 35, wherein the control unit commands an
20  object to discharge at one of the secondary discharge opportunities in the event such
object failed to discharge at one of the primary discharge opportunities.
37.  The system of claim 36, wherein the upper circuit and the lower
circuit each include a plurality of adjacent tracks.
38.  The system of claim 37, wherein said adjacent upper tracks are
25  substantially perpendicular to said adjacent lower tracks.
39. The system of claim 38, wherein the objects are discharged by
gravity.
40. The system of claim 39, wherein the induction assembly
includes one or more diverging end portions adapted to deliver objects to one or more

30  upper tracks.
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41. The system of claim 40, wherein the control system commands

an object to divert in the event that the control system cannot plan a drop at any
primary discharge location on any track served by said diverging end portions.

42.  The system of claim 41, wherein discharges may occur at each

5 of the primary and secondary discharge opportunity throughout the system during the
same step.

43. The system of claim 37, further comprising a plurality of
receptacles carried by each track and adapted to transport objects to be sorted around
said tracks, each receptacle comprising a pair of spaced apart side pieces, a slanted

10  floor portion sandwiched between the side pieces, and a gate portion movably
attached to the floor portion and extending outwardly away therefrom.

44.  The system of claim 43, wherein an object to be sorted enters
the receptacle by sliding down its floor portion.

45. The system of claim 43, wherein an object to be sorted enters

15  the receptacle 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 movable gate portion
lowers toward the floor portion to allow an object inside the receptacle to be

20  discharged by sliding down and out of the receptacle.

48.  The system of claim 47, wherein the upper circuit receptacles
align with the lower circuit receptacles to allow objects to be discharged to slide out
of the upper circuit receptacle down into the lower circuit receptacle aligned below.

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

25  align to discharge objects thereto.

50.  An apparatus for receiving and discharging objects to be sorted
by a sorting system, the apparatus comprising:

a pair of spaced apart side pieces,

a slanted floor portion sandwiched between the side pieces, and

30 a gate portion movably attached to the floor portion and extending

outwardly away therefrom.
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the apparatus by sliding down the floor portlon

5 53. The apparatus of claim 50, wherein an object to be sorted enters
the apparatus by alternately sliding down the gate portion or the floor portion.
54.  The apparatus of claim 53, wherein the movable gate portion
moves downwardly to allow the object to slide down and out.
55. A system for sorting objects comprising:

10 an elevated induction line comprising a longitudinally extending row
of conveyor cells adapted to receive and transport from one cell to the next ,one or
more objects to be sorted,

said induction-line conveyor cells including one or more accumulation
cells, one or more information-gathering cells, one or more divert cells, and a

15  discharge cell,

a plurality of longitudinally extending, upper sorting ellipses
positioned adjacent to said induction line and lower in elevation relative thereto,

a plurality of transversely extending, lower sorting ellipses which are
oriented beneath said upper sorting ellipses and generally perpendicular thereto,

20 a plurality of sort destinations positioned generally beneath the upper
and lower ellipses and configured to receive objects therefrom,

a control apparatus comprising a control unit and a plurality of sensor
arrays,
said information-gathering cell being configured with one of said
25  sensor arrays adapted to determine an object’s particular sort information including its
delivery information, its outer dimensions and its weight,
said sort information-gathering cell sensor array comprising a label
reader, a dimensioner, and a scale,
said upper sorting ellipses and said lower sorting ellipses each
30 comprising a plurality of receptacles adapted to receive said objects and transport

them to their respective sort destinations
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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,

5 wherein said information-gathering cell sensor array sends said sort
information to said control apparatus for processing 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,
10 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
15  matrx,
transferring said transferred 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
20 providing for one of more divert destinations in the event an object

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



