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

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

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

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

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

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

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

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

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

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

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

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

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

R S e A R R L b B S

t hr oughput Femp . i'hear® “conveyor. Increasing the
cqui prohl s R R e oy o are aften |im fod by such
factors as the varyi n§impleieltandfolEocomayar syistimssire plercised i pyabpgree |
e o ainn syt moce ptals Eomiatoning 1ididg ac:2TTo SARYRY e fRRe

- systens, thsotghpyAtersio move pare g g
Typically, conveyors carry parcels unloaded from a truck to a worker who manually
' sorts them by reading address infoi'mationA on shipping labels attached to the

20  packages. The workér then places thé parcels orito receiving 60n\}ey0rs or chutes
which carry the parceis either to a loa&mg' docl_( for lbading onto outgoing trucks, orto
another sorting station for a narrower breakdown of destinations.

| Conveyor di{/ertér assemblies have been developed to automate and

exiaedite imndling of articles in conveyor systems. Examples appear in U.S. Pats. Nos.

25 4,798,2-7-5 to Leemkuil et al., and 4,174,774 to Bourgeois, both of which are

| incorporated herein by j:efere_nce- Howcver, such diverters are used primarily to divert
‘articles fr‘_or‘n‘ a main linear conveyor. As a result, such systems occupy a relatively
large amount of space and their throﬁghput is limited by:the speed of the lir}ea:
bonveydr. Inérea’siug ’the speed of a linear conveyor often requires the use of more

30  expensive equipment and control systems; and such efforts are often limited by such

factors as the varying inertia of sorted articles, precise timing requirements and

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




2 7 MAY 2005 -2 enhanced w thout increasing conveyor speed by #h e
pre-sorting subsystens which route an object to one of rrultiaz MAXJBBS
conveyors depending on the object's destination. Such pre-sorting
subsystens typically occupy substantial additional space, however, and

of ten add considerabl e additional cost #o the system Throughput 5 gains
‘resulting fromthe use of nultiple |linear conveyors are partly offset by
the additi eninced wishowduéreestngsonyheorspeeddorthe gpeelare6ANYARPYSISISt her

t have been devel oped t hi the tripl bj ect | f. high
T oughput . AR 5 oRaRE oot YGRS e o sredhih EPk oh Bt 20 o
system ShOWaFétﬂlaHoé- ng,gﬁtspre-'ék?nm seBdsRaR thfRc By Nehpy Whisthisdineaspor at ed 10

herein by reterence, tinati on codes printéed on ‘packages are _
machi ne- r eadpacanigbvidver, apdokeyedd anmsiderabitesddditiond! orst © thewwstad. Throughon

nodul es nmounted on a rotating distribuytion assenbly. The %nc{}iyv' dual nodul e
i s then §ot geiag resnling) feapa thediss of Paignie huear ﬁ?%veé(Pfsg?ﬁ%ﬁlY\ﬂf ff WHe of a _
plurality of S&} sti.nation conv rs, spaced apart both horizontally
and verticaPf Eoﬁltnéri"e r§ﬂ%lﬁe(gli’fé§|?§en%%}%%gtﬁo§dul es rollers are 15 operated

to discharge the packaggoafbdet §i8tctRHal 6 BédraleveRPYE@ICIchiavB tidteipBonnet
system packages can be rapidly sorted without human intervention by an

"appar at us bhgttiosof highshwugbpuit ¢onepagt sinmind lawmeat K ekpopie, Wghe Btaknot her

~exanple is shown in .S, .P No.. 6, , 0 Huang. et al ., incorporated

" herein by ré&PessHen %WEW@Q%?“&I%?%%?&%}? Hﬁ?#ﬂ)’fﬂ% lﬁ’r’ﬁ‘fz?qp%ﬁt?dgcti onat

conveyoqg Cehbaid  RULaDIEHhTidRePhial bh ¥ahgedhe dShihBALAORS hSUCh
ens dare o t limted eff

sorting Sys varyi ng bu eciiveness in achieving high

“throughput , peexapacire shasgferredontopowast copatybt titales yountedioncumtatiagces
requiring sortation to thousands of destinations. 25 S ARY OF THE .
| NVENTI ON THistrrusion assempl nT howdiyidial eduls 1t thiep seipted and rlegpiad gr lopypred
efficient object sorti. ) e e -8, i i,Sl Al 2
plurality ofn% Pﬁwntalﬁ?%%o?a(p?%rgﬁ@aogd%%g%&ﬁﬁ%%%%y?ﬁg? £tcagén eyor cagcl' l's

("cradle”) BBﬁathb?ﬂzB&tHilﬁEﬁd HAMNE. tARer sUBDAIgrhean themsteiles radfersaréi xed | engt h
and duration, each such |loop crossing, in a 30 different plane, at about

four polft sppeaeh tofisdregothe pagiage ahiotthe déstioater caiverwd lefhe Benast (each a
"l ower | oop"”) of conpveyor cells ("cradle" hhat Ci.r cultat ar ound Euhe | ower:
oop. i n_ o elsiernipeaaack ot brgihy sl biien Erérbn iy an apparams- |

that occupies a relatively small amount of floor space. Another example is shown in

 U.S. Pat. No. 6,005,211 to Huang et al., incorporated herein by reference, which uses
a stationary matrix of multi-directional conveyor cells to sort objects to a plurality of
20 destinations. |
Such sorting systems are of varying but limited effectiveness in

achieving high .throughput, compact size and low cost, particularly in circumstances

" requiring sortation to thousands of destinations.

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

in steps of a fixed length and duration.




2 7 MAY 2005 -3 According to one illustrative enbodi ment of gt l -
disclosure there is presented a systemfor sorting objects 20@&?%
control unit, a first conveyor sorting matrix and a second conveyor
sorting matrix |located below said first sorting matrix. Wierein said first
and second sorting matrices are each adapted to 5 receive and transport one
or nore objects to be sorted. The first matrix includes one or nore
primary di scharge apertures for dischurging said objects to said second
matri x. The second matrix includes one or nore primary di scharge | ocations
for discharging sadondipgat enctitlugirative embodEneho bl e ipr@bnafi®issuréAccor di ng to
anot her iJlustrative enbodi pent, an apparatus for 10 receiving and

di schar gitge ng@pge%taosyggngg:‘;ts%r&ngybgcg@,ompﬁ)@mgmppp] wihadggnt ed, wherein
the appaicahityof Wil Rkt aRPh LocBhd RREG0: AP mitfkdoPhesbiol QialsA S anted
floor portion sandw ched therebetween e siae plreces. A gate portion is
nmovabl y sertingehedtxt $eheinkhiddirstpodtseamdasodingxharides ae tadrdayted vy

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

Sort 1 R Teeet B antho ol pah obiort To pE seatet o sl R xR RS on

assenbl y opfRRd SEmhS diHatdehpeRlies ErdidcRhrpd) daidobjaid iPid!RREhd SOT ti ng.
circuit adjacent to the induction assenbly and adapted to receive objects
t her ef r oMatipheFled secand Biagix wekludeshepectrmmere prisraps disshargelcatigaifor upper

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

| ower sorting 20 ciceoudirgs to@ABthef il aiveanidinas sifbdppataniEaunt ed to gat her
dat aé@n t he. one or more. objects provide inputs to a control apparatus

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

sorting gi ' r [ trol

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

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

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

0,0 SO Eds S g ek e SR SR e o
t he col | &lapiedno eesivie %jdcﬁsrtﬁe;cfrom, 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 obj éct
to the destination assembly.
25 According to another illustrative embodiment, 2 method is presented
for sorting objects\comprising the steps of providing a control unit to control the sort
- process of objects in a sorting matrix comprising a first and a second sorting matrix
and a plurélify of collection destinations. The method also provides for _diverting
 objects. The control unit directs the trénsferring of an objécf to be sorted from the
- 30 first matrix to the second matrix and the transferring of said transferred object from

the second matrix to one of the collection destinations.




2 7 MAY 2005 -4 The present invention provides an inproved Oﬁjaﬁ t rdA
system and nethod, particularly for use in a package sorting m&ylm

system and also for use in a sorting systemin a warehouse -or -
distribution facility. The present invention provides an object sorting
systemthat can sort to 5 a large nunbédr of sort destinations: and yet
occupy a conparatively small space relative to existing sorting systens
used for simlar purpgsepresdiiennese piovides enimproved objedesrtig wybjescandsor t i ng
system and nethod in "which nultiple streanms of

bj ects may . sorted
'si mul t aneousieshadt phitigharih fosugh pua Paqkégﬂa@%ﬁdt‘@%?’]@wa‘ﬁ/ PG g“‘%)%ﬁ? quﬁée

speeds. 10 The pr.esent invention provides. j-ect sorting system and
net hod in %?Wlﬁ%sﬁﬂi‘%&a’ﬁ&re@%‘l%cﬂrtd Sgne%ut%ﬂgggirl uted in advance to its

sort destination, andy,subsgquehliyn hRviddEdbjedt weligdytent thatiomisarttes,
based on the predictable future location of such object and of each

earlier obj eirge F@b&IESEN Ueitinatons ax yoi osdugies campaisfiedly sBBHIPHE syst em and
method in 15 which an object to be sarted (ian be diverted fromthe sorting
system for reelivedaleaisipssOTBRE REsHTR] USSF SReLBHAPYPOFHe obj ect predictably

cannot be routed to i Jtrzl 8ig%sﬁntqﬁéﬁt?iﬂtgﬁg}md%%tobﬁgﬁ s0R @R §ysbdm BiE MfethiBd e

passage of another ob roug sorting system The present invention

provi des an @hieGhIHeS ddcnls 5Y 5bjects ang brabhedsimultandvusly 2t highsjeseshpw be
sorted can be scanned for identification and then transported to 20 its
sort desti naiteodespitd tebatvetylewrlsedpessise- scan t.he obj ect. The present .

invention provides an_gbject. sorti.ng syste ' abjgects
sorted 1% a specific d FP“??E%HW%’E‘P%HT V#S%%gfegupgﬁgg?%&%ﬁﬁ%ggﬁ nati on
with other ob&Cleosioh et Lhiekiten $8MBLAPLEIdnaideanits ard déstientia, bad
transferred as such”a group for aggregation with other objects or object
groups sort gabdequdtitlfrerantd Rbcetteit diratistnesss, wsedh os therpredist kdutush| ect

groups neverthel ess possess one, or nDFe' conmon characteristics, such as
the same dell¢catipy ofsishobiEchindRfiach FEHET BHEr features and advant ages of

dotal | od descr pti on dReRa L Ta g R P e beq 1 awi ngs.
30 2 7 MY 200 an object to be sorted can be diverted from the sorting system for recirculationl
or manual processing if the object predictably cannot be routed to its sort destination
without conflicting with the passage of another object through the sorting system.

The present invention provides an object sm_‘ting system and}method m

which an object to be sorted can be scanned for identification and then transported to-
| 20 its sort destination without the need to re-scan the object. _
The present iﬁvention provides an object sorting system and method in
which objects sorted o a speciﬁcv sort destination can be grouped at such destination -
_ 'with other objects sorted to the same destinatidn, and thereafter transferred as such a
group for aggregation with other objects or object groups sorted to different
25  destinations, when such distiﬁct object groups nevertheless possess one or more-
coxﬁmbn characteristics, such as the same delivery vehicle or pon_tai:_ler. '

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

30




-5 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a top plan view of a system

according to one enbodi nent of the invention; Fig. 2 is a s?d} MAQ(/@[}@aI
sectional view of the outgoing run of the 5 upper-loop sorting matrix and

an end-on sectional view of the |ower-loop sorting matrix of the system
depicted in Fig. 1 taken generally along the line 2-2 of Fig. 1, Fig. 3 is
a side elevational sectional view of the return run of the upper-I|oop
sorting matrix and an end-on sectiona. view of the | ower-1loop sorting
matrix of the systemdepicted in Fig. | taken generally along the line 3-3
of Fi g. BRIED ESCRIPTIONQFTHE DRiAWNEGRut i ¢ vi ew of the upper-1oop sorting
matrix and the Io%er-l_oop sorting matrix and a _side elevation view of a

t akeaway conveyor &% liia tegRles et ofg gystem aqepglingtq epegambodimeyed vi ew of a
portion efe hh&ispper-1oop return-run depicted in Fig. 3; 15 Fig. 6 is a

fl ow di agram depi cti ng one enbodi nent of the nethod of the present

i nvention; and Fi gFig 2iis agidelebaviktioi=d gectionshasw o tHehatgaigifunsifgiial s to t he

control unit . and t.he controJ outputs therefro 20 DETAI LED _DESCRI PTI ON OF
THE DﬁA\APRR%'l?‘aJ %P@&Hﬁﬂ@?@ﬁ@r%ﬁwa@w the e P ersseB6os ho _

i nventi oman-iwtftﬁé@man\abbibteﬁwtg?1%&%_gEHer§11§1%H§Eheqineoi-§foﬂrf >q. enbodi ment s
illustrated. in the draw ngs and specific |‘anguage w |l be uUSed to

descri be the same. Fig vk b sidaglerationsl ssotiondjoviawn dths tretoh thaif thieo | i mit ati on
of the s he. invention is . thereby jnten 25 such al.terations and
Further - SOREHSap 30 MU AR o Pt e L RGBT o or-P SBAE f ur  ner
appl i cat inatrix offthé Hstami dasiteld @SFRL 1 tdkenigBy @My Mon@the et bAFRd 1L herei n,

being contenpl ated as woul d normally occur to one skilled in 'ghe art to
whi ciY t he i nventi oRig. 43 partial diggspmmatio yiemoal thouppeydoopisarting mattii ch | i ke

erbod; men S 1o R0 EorlRl blyicthd LR RS BRIt vl on are
shown. Aofdbe systgn ofEigedy 100 and nethod for sorting objects 110 such as:
parcel s is provi delgi’g. ? lilsczbn grxzfrtgeedmvi%agfoofgoprg?trigns(i)fn € %Sﬁ'e?-rlgéﬂ %tu%n?ruuNAY 2005
depicted in Fig, 3; '
15 Fig. 6 1s a flow diagram depicting one embodiment of the method of-
the present invention; and
Fig. 7 is a block diagram showing the input signals to the control unit

and the control outputs therefrom.

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

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




-6 a control system 120; an induction area assenbly 200; an el:

sorting matrix 300 consisting of |ongitudinally extending, zﬁeM?mﬁt e
ellipses; a lower-loop -sorting matrix 400 consisting of transversely
extendi ng, generally ovate ellipses; a collection-bin |oading area
assenbly 500; a sack |oading area assenply 512, 532; and 5 a | oose object

| oadi ng area assenbly 518, each as further described herein. Referring to
Fig. 4, it ¢ 1 B8ctidnl St ds8drhd§ 26§ SinaPpdPDopsoringmudttix - | evel
systemwitha?g%lt ﬁﬁgﬁ‘g‘gs}ng |%§§C5dfl§, 518, 53% occugjﬁpr_lg tﬁe Io&er | evel s.

of the syst epn dfiRistink bhlohhiudinilleetttmimg gendralioo ety dEB®RD} WPWSOEPW| evat ed -
above -t he |oading assenblies 513, 518, 53213 %ﬁith t he |ov\§{e_e#§1%&_ orting
matrix 400 edrtvamediaevising el EyIsyEsEly 65ep A1 BRI CXEE SRS Boo, with
t he upper-1o orting Tl Laft. taQisicRY SE DB 254t | ng
matrix 400, c@ﬂﬁaﬁﬁl%wn&%ﬁ@é ﬁffé@f%%golgrk%% Sggéggn%}ig aZO%SeI evgt_ ed above the
‘upper -1 0op %@665E6Eje8ﬂbﬁdiﬁg 30 asdeinbly 518, ech apfpribaridaseibed hatein.he verti cal

rel ationship of the different portions of the s stiam could  be (fdlanged if
some of such porti ons Refeongitodtig) 4.fit candissesthaipbe Hiusiaiyd /st 06 Nguct i on

- 15 line bl i 200 be at | , |
Component s PHRGUE SYsHE itk Sospling SssGpb S0 ﬁ‘éek?/i GLABIHE hOIWRF ALRer

A : re tonveyors
device(s) tgq ﬁ{é\%&ﬁaﬁ o HECLAISL tidrbiR@oadsl dseénblp 500 eldvatcdppevethoop sort
matri x 300. £s e

) b1 explained further below, a seriges of conveyors 506,
526, under | igudidaeasehlie 525 18] 532, ot thg ievesdedn sprimpmaty 4Qodevaiedaal kway

600 which i lly in the mddle._ th | | ection- bir i 20
assenbl Y0508baihpFeus ST ORER SRR bit AoCe N SR BHAREER mal |y
away - ther e%b@%%@aﬁqéﬁﬁ@%{&fﬂﬁ% %fétlié%aaﬁ'&%b: 1r0Rits Betihdgtiohtardax 300 in

‘general . a| e longi't axis of said matrix 300 and

per pendi cul ggechipit DS elbindi IHedt B uppesi-Bopfsotting rhawie BO0.oBpviEidet i ng matri x |
400, thereby separating the collection bing 501 into t&o Si dg& A"@ nber of
wal kways 60apgretiated thas bl tautiah sglatjoreBipis theed HemRtPYHART 2 Ty SPEFAFTEY to the

" conveyors 506. Said COnvec{f%léal?%@og{@g@ﬁ%&ﬂfﬁ&ﬁc@g-' ¥oPd@Mpld, A8 inBhdGaRY 600

in a first &Fchuged SONG inorder- to'sérve a first

side of ,col lectian,bi i LloHRPRYIGERLD2E thE 6TREohpbenal thypugmay
from malllima;mg@%s%ﬁlr?ﬂgpg%(g%édg?r ectoi on directly opposite that of conveyor-

506 as i ndiahRb e of move @ATeydrhor ethyr i devieags)do skeratsdhaeRectsh LAk | ecti on

Paleraily awaged v wabtmsjoanme sy bl ekl Idip g AR Pl pooccs
per pendi cul %griésoofvc\:%hxlﬁ% S ﬁ)%o 526, underlie the collection-bin loading assembly 500, as
does a walkway GOO'ﬁhich lies generally in the middle of the cpllection—bin loading
20 ‘. assembly 500 and procéeds from the .induction assembly 200 longitudinally away
therefrom toward the far end of the upper-lbop sorting matrix 300 in general |
alignment ﬁm the 10ngitudinal axis of said matrix 300 and perpendicular to the
- iongifudinal axis of the lower-loop sorting matrix 400, thereby separating the )
collection bins 501 into two sides. A number of walkways 602 exten_d longitudinally |
"25 between and generaﬂy i)arallel to the conveyors 506. Said conveyors 506 prqce}:d
laterally away from walkway 600 in a first direction indicated by arrow 507, in order
fo serve a first side of collection‘ bins 501, while conveyors 526 prqceed laterally away i
" from walkway 600 in a second direction directly opposite fthat of conveyor 506 as
- indicated.by ATTOW ;527, thereby serving a second side of collection bins 501.
30 - Conveyor 516 is elevated above conveyors 506, 526 and proceeds -
' lateraily away from walkway 600..Conveyor's 506, 516, 526 are generaHy | _

perpendicular to walkway 600.




2 7 MAY 2005 -7 By way of illustration only, the vertical orientation of
the systemnmay be further described as follows. Wal kway 600 QSTQMMQD%

| ocated at one of the |owest points of the system 100. El evated from

i nches (centineters) up to about several feet (nmeters) above the wal kway
600 in the area of the collection bin |loading 5 assenbly 500 are the
conveyors 506, 526, which then rise a further four to ten feet (1.2 mto 3
m up to their discharge point to the7hol ding assenblies 512, 518, 532.

The collection bins 501 may rise to a level of six feet to ten feet (1.8 m
to 3 nm) above the Rawapay ilGGGatidienllyothe vettizalPoriditdtionth Td §ystend@@ymay rise

bet ween fou nd.six, feet (1 2 above the collection bins 501. The
upper - | ooge gﬁeﬁc%etdrqsi?w, Wa_ﬁﬂv‘yi Oppigeneralielopitedabend ofihe and si x
above theldwwoiﬁt@@pth\%9§§térﬂgoﬁahliév§htegggm} es c@f?ﬂi‘&%a'ﬁgﬁ B3 GERY 200 may

rise between four and six feet ( above pper-Toop sorting
mat ri x 30 vershfbiehgnatere) abowva thehweallyiviy 600 frhihe iatdauftheatollcetionbiodbading  bet ween

18 and 28_f (B mand 9 . | e .appreci ated that the addition of
furt hgr |%S\§§Tqély 3?%5%@8&%@‘%8%@93@ 3“8?6‘;11 ‘5%6?8%%&“16? ?%*Hd? tandgell | evel s of
col | ecti ofl.2ln tbBnE) GOth théif didélicdd SUIRY to !BV RdIding as SR BIRG 1984 13] 585 300, 400,
or additignal |evels of induction assenblies 200 would raise the overall

hei ght of Tharoligsiandynn ). may pisa tard pvel of ix faeldpiten feot Hcl urtodda) sbdvar ger

obj ects m ILNCreas i f..th ol tion bins 501 as well as the
verti cal r{gigga %g %gt \?‘gén%%%el&ﬁpp%oeﬁrlg%gﬁ&% Wflsib%wﬁ??‘?‘ﬁﬁndﬁ'é‘t ri xes and
bet ween nfaktt(il ph & 2 @iy @bsveahe toltbotion bins 36 5.ThE uFserd06p sdrting Bkdx 36d7e 20

vertical dinensions of the system 100 are not a critical aspect of the

i nvedli orfiey RApmd}se betees four agd st abovgrthe lnwestipersorting magrin#0& oFheed wi | | be
the pringh@ahioh 3&EREL | Jai DGl verti cal . di nensions of

- the system 168.. The y%qoerﬂqglﬁ%éﬁ]ég\g%fgﬂfgﬁ%&9%63?18{1}%% iuﬁl a %‘EFTT&Fn brief,

t he syst ewperaladp nutihg thatped i, exakimgf the kasiheidhn of thetillastByist @Mbollid@nebj ect s

110 are deljver,ed h 25 inductjon _area assenbly 200. In the induction
ar ea Zoo%e%epp&ggn{lggk%e?ggla&gr ‘Bﬁ'ﬁ%d‘”ll ¢ RpaTeRigtadiaattba addidgn f a | abel
attached fithe a6R1:WTiaEhwi] borieydls 5061916, BY6 (R SagABAAI AbvelSYPeHRLARD and as

wi Il be described in greater detail ’be_l ow. The control system will
ei t hé? dibisri01s eradditienal leysinefsostiingmetrictu380 00 poredditomebkkeivelg of or advance

Lo . o RBELSL AGE AL 0% B i 00 RaRPh R e Ce TS IREIC L 20
| abel anthendebiet to RtommLAR Terg@Sobiédtd mift Sepdaak ARGizd JY8hE OMd:Abn BYSt €M then
directs gSf Qs \%gl\ll gsn t%gC\irer(%il?:Jalec%gtal}cleobelmneénutilQ upper 300 and lower 400 sorting |
matrixes and between muitiple levels of induction assemblies 200. In short, the
20 vertical dimensions of the system 100 are not a critical aspect of the invention.
Rather, the size of the largest objéct 110 to be sorted will be the principal factor in
determiningthe principal vertical dimensions of the system 100.
The system 100 has the foliowing structure and, in brief, the system
and method opérate as follows. In such a system, the objects 110 are delivered to the
- 25 induction area assembly 200. In the induction area 200, various tasks are performed
including the scanning of a label atfached to each object 110 as directed by the control
system 120 and as will be described in greater detail below. The control system 120
will either divert for manual proceééing or further pre-processing, or advance to the
7 ' upper-loop sorting matrix 300, each abject 110 frdm the inducfion area 200. Based
‘30 on destination information taken from each object’s 110 label and other information

- as will be explained, the control system then directs each advanced object 110 in turn 7

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




to drop to the lower-loop sorting matrix 400 or instead to dro 0 n
processing 2 7 MAY 2005 -8 or further pre-processing. Si n‘ilar{z/? w?ﬁtﬁ

control system 120 will direct each object 110 in turn to drop fromthe

| ower-1oop sorting matrix 400 for manual processing or further
pre-processing, or to drop to the collection-bin | oading assenbly 500 for
transport, via conveyors 506, 516, 526, to either the sack | oading assenbly
512, 532 5 or the | oose-object |oading assenbly 518, as appropriate. Fully
processed objects 110 wll then be | oaded onto transportation to each

obj ect' s diebithdiqpid-proceséfhs! %iﬁilﬁﬂﬁttheeonu%ﬂ%fgt&wm@ will@idet Akh Fieaper ation of
the present invention will be presented below, further descri’ption of the
syst em s hl@gn §urp b digpdromptheHower tnepsnastinggnatvia 400 dov matwl psocessing drs

operatio i | ' . be esented. 10 As noted,.. object to be sorted
tg one o;hjgmﬁ Idﬁ?-é{cl{cﬁ gyS"%r Of{onc%f)p g% 3 cog%cg'topgbé? f%ﬁ&lge#ﬁwg'ﬂ]?iﬁsf%t em 100 at

t he i nduatansport, ivisecoase@ibbos, 208, 5760V éiftid tHel @8k 10aHMAE 28 k1253200 are
depicted in the illustrative enbodi nent shown in Fig. 1. Each i nduction
line dssdfifelootsootigstinadingsassemly Sl B asappepriats. dully napesssessaduen 110206,
which fe RLE r [P{m]-s E i N i . 20 04. and which ma
15 i ncl ut?gﬁzg pofg?% - rogllt er-ggfr%%(kad;%? ,eggfg%é*r&s‘#eég‘gﬁﬁ%‘m%%e%H%C?'Pﬂt ake g
conveyor sp@dfying thedeteiled apenstivpngifake piesdnd in@uowWjilebé pretdiledbeldg, Each

i nduction line 202, 204 has a ,nunber of processing zones conprising an
i nt ake CMEFS%@,’“ of the avstenyrs 109 Stygtwre (Wilhacspmpanydag Ayaryievdetails scan

zone 212 ,f @fopdrstitt WD fikdt BE pPisk @b, area assenbly 214, a post-divert
“accunul ation area 238, an iﬁduct-i on-line-to-upper |loop 20 di scharge 240,

and, 19ptional | y asAsmotadeoljaste 100 td belsrrtedan ohe ofa plMslitpf Fingwotti on | i ne

fork 236. 1 of pracessin 0 208,.210, 212, .2 36,. 238, 240

ext ends dF%ﬁé??“&&“%gﬂPfﬁ%ﬁﬁ}@ r{}ﬁée g'g}l?tf_ IW?‘?TB’(M%%@?' 0ty & Yflch zones
ar e genetiat hytembliésPU8diré Bepittdg AthS UTERSHEVOBmBSIRRAVMKIWA HIFIS- 1. IERRD 2.

Al't hough these zones 206, 208, 210, 212, 214, 236, 238, 240 are generally

depi ct edindycligmiinggssemidy 2A0 semprisesrapreSnayictinn dalding arga pssembly 206, of

respecti yg: - e 11 0o L oops 302, he, LlLLustrative

erbodi menr ARl nE 8 moRt AsErRht BLBRERnZ8R PodiBe et Pt 202 204

coul t f edthelaalpoweted-oller-eategorabeaiay lope db@a ko 8R3nake aon@Rbi Zp&inangl e, and

~ the indu%ls#on line 202, 204 and its_ associ ated upper | oop 302 coul d be
of f set f PUYH @Sh 8rayith de moxe opicets 13 ajongs Eagh industiomline $0204dess 2 208, 210,

| 214, 236nurﬁ_l§§yof %ﬁ;@esSing zones comprising an intake conveyor 208, a pre-scan
' accumulation area assembly 210, a scan zone 212, an induction line divert area
assembly 214, a post-divert accumulation area 238, an induction-line-to-upper loop
© 20 discharge 240, and, optionally as in the case of induction line 204, an induction line
fork 236. Each of processing zones 208, 210, 212, 214, 236, 238,'240 extends
longitudinally toward the sorﬁng rnétrix 300, 400 and such zones are generally
aligned in spaced succession as shown in Figs. 1 and 2. Although these zones 206,
208, 210, 212, 214, 236, 238, 240 are generally depicted in line with each other and
25  with one ofa plurality of respective upper-loop, ovate sorting loops 302 in the
illustrative embodiment, they need not be. For example, each induction line 202, 204
could feed each into its associated upper loop 302 at an oblique angle, and the
induction line 202, 204 and its associated ﬁpper loop 302 could be offset from each
‘ other. _ ' |
: 30 Each of these processing zones 206, 208, 2 10, 214, 236, 238, 240
includes one or more conventional powered-roller and/or belt conveyors, with each

zone configured and controlled as appropriate to perfonh advancement, accumulation




i ncl udes one or nore conventional powered-roller and/or belt c ,
with each zone configured and controlled as appropriate to pez?zsmi\$ 2005
advancenent, accumul ation 2 7 MAY 2005 -9 or singulation functions as
descri bed bel ow. Scan zone 212 further conprises scanning, weighing and

di mensi oni ng devices, and divert area 284 further conprises divert

mechani sns, as further described below It should be noted that discharge
240 coul d opkirenmliby fibRtiénOdsAébdribeapeloal eStas ebnetf] 2 fatther ongprises gr avi ty
slide, or a 5 conbination of powered rollers and gravity apparatus. Objects
110 are manuaidnng weighingand daehsioning dedess, and divt m@ak%ﬁ;ﬁ@,rcora%m| ated

in the - . | at i 210; I ghed - di j din
the scan soresmecdnpms, oo dracriiegr boancaontibeBre IR eethapail o g "
or recircul actohf?inmﬁ'tlgmﬁgrt?@niglﬁgﬁggg%fa&@‘?et%@%ﬁe?doxsa\@*a?i'i@él?&;o@zﬂd (if not 10

~diverted), accunulate -divert accunulation area 238 and then
advancedsat cotrdbénativs ofipswered sclzndind R4@tyi apparatuscr adl e 304 on the upper -1 oop

sorting matrix 300, - which conprises one or a plyraljty .of ovat ting
"oops 302, As | ust merdueHedlo aanakies afpraealiy iyt 3 tedgikn Al t o
~divert for special ,hapdli ' Whi f . or too heavy
for the Systagﬁ*rgul%gm pg%? %@f&%%@%&ﬁaﬁg‘?ﬁ%is%@ﬁ%’\c}gmg%dgﬁlgabl e | abel s,
for whi ch. any;pBoisien s itRGcRpEdhetNRoightdd e tisadivérngremal 4 for Bfhal 400 cannot

be plotted, or which otherwise are unable to conplete automated sorting.
In order to praessimpoaeeralattonsperdiatctéddnthe pontra skgem 129; 39d (198 f ur t her

-,d i bed herein; the inducti nbly 200, f.urth | - d
G ver t oR021 ehvestilo s RERIRG by B2 poshARyot eonoiagoh o 225 4P iehBrReeLR . °00

- assenbly 223}2&: ﬁg&fﬁp@#u gfﬁ?%@gﬁﬁé 118 a LR 36 0B F};/ﬁezrggfb‘é?dmﬁé arRAeSSI0TY: di vert

conveyor 2 cessing area assenb _ a recirculation .
diverter 228hiéh cdngsrises ohedi Oplusillityef a6, soetifgdbdpdBd2- dr op conveyor 312, a
recircul ation conveyor 232 (Fig. 2), and. a reci rcgb@ti on.to,manual

processi ng diverter 23 justrecntioned,ithe indegtioniassembly 400 puippsE QUK i se one

or nore conventianal djverters.(not. | _ s MRtpL 66 - The
‘conveyors ngsﬁﬁﬁﬁ?@%i?g 3@5“&&;6'8@1%?&? %@3} l@%%@eﬁ?ﬁgﬁﬁ%%onveydr or a
bel t coRyeyQfonidiedNoktingd) b 106 WARLIARE 1ab6ls) fof whitheanvelstruckiizath whi ch is
.l ocated bel ow the 1 nduction assenbly 200 and t he upper -1 oop. sorting matrix
300, is al sahseglvihd sbaingmatrix 308, 408raaimy bp phdied sorvyhick sthesuisa areomaklei de

311, to which objects 110 are diverted fromthe u r-1o SQrti mat ri x
300 i f they ihesmplelyquiamaterd Sorteing- In orde date §ilch specialthanding (™

order to accommo
. as will be further described herein, the induction assenibly 200 further cOmpﬁses a

no-read diverter 216, a no-read divert conveyor 218, a no-read processing area
20 assembly 220; a manual processing divérter 222, a manual processing‘dii/el‘t conveyor
224, é maﬁual prbcessing area éssemblj/ 226;'5 recirculation diverter 228, a
' recirculaﬁoh slide 230; a failed-to-drop conveyor 312, a recirculation conveyor 232
(Fig. 2), and a recirculation to manual processing diverter 234. The divert |
mechanis?ns 216,: 222,228 coﬁlpn'se' one or more conventional diverﬁérs (not shown)
25  such as a pop-up roller. The conveyors 218, 224, 312, 232 méy be eithe; a powered-
| roller conveyor or a belt conveyor. It will be noted that recirculation conveyor 312,
" which is located below the induction assembly 200 and the upper-loop sortiﬂg matrix
300, is also served htelj in the sorting process by recirculation slide 311, to which ~-
~ objects 110 are diverted from the upper-loop sorting matrix 300 if they have failed to
o ‘30 | drop where prbgraxﬁmed to the lower-loop sorting matrix 400, for recirculation as will

be described.




30 drop where programmed to the | ower-loop sorting matrix 400,
recirculation as wilt be described. 2 7 MAY 2005 -10 Objects MMMpznna

fromthe induction |ine assenbly 200 to the conveyors 218, 224, the
gravity slide 230, or upper-loop cradles 302, or fromthe gravity slide
230 to the failed to drop conveyor 312, by way of gravity slides (not
shown, except for gravity slide 230); however, other nechanisns, such as
unpowered 5 or powered rollers, couldgbe used. In addition, the conveyor
218, 224, 312, 232 or upper |oops 300 could also be elevated over the

i nduction |ine assenbjeyts 4 drof foinf thé hdubliftY Bheshsenbly Mousend urther 1ift
mechani sns to raise objects 110 to their level. Simlarly, the objects 110

drop frorforKeyoredbedifvbe swvieylde 2808 or upper-layperadles o2, or fremathded

destinatign.: | r 6 _or regiyculati-on con r 232 via a 10
respective d%s\?@tg ?}gg}&?g% f%&%%%\r/o y%z)o V?%(gt:ﬁgh W)ay oggraaé ﬁéﬁ%o(w nin total
free-f al Ishown, dxeepti fot gavitablidec? J0NIRkeven bther RIS, lsufiLasdBpolwered
strai ght-throug J i ne feeding a single sorting Ioog 302. In contrast,
i nducti oPf PPIEFalicrs, could beyseds Bryadditions tecanngyarRd 8i 2l 2.38219me for k
236, whi don&uld b | 302.
The' 11 uaPPar P W uld A% Fofel et Bk B RbGrrkdiihe B0 PNbBLPRE |2
served bylavhtedecamildigdedfusherdifyechdnismsgh rhiseelsjecton 1@ testheiylievel.nduct i on | i ne
havi ng |ti-forked |ines

may. o uSHRIATR OB AL ion b e PR CPATBURL S Bh 502 85 i o any

number Oﬁoﬁﬁ{ahﬂaﬂdésﬁﬂﬁﬁ)ﬂgcéﬁn% ggeﬁif?.@fjﬂd m%ﬁgoulﬁﬁm"&oh%)ﬁg 24 $etipsed

further, the three-loop system herein described is I'llustrative only.
A | at@er respeatmanagtytslide ot ednveydrdnoeshamp),er pertaps gvenin2dtal fre¢-fallipper | oops

d -fi I I . nbi nat i f i ngl e-
o mul t1 - or kea | ndbBie e BREmERL iSdbetén Y 280H JRedue ) nove

f rom t helihé fHedingQrsifgs esihy 100p0M2t Gn OGP REductiOR Bind 204 iObifRELkx 300,
which, ipn the illustrative enbodi nent, conprises three horizontal,

| ongi t udlif@h3ymthedndictign liap deskd36:which gHews Hig lingcl94 to sgvharase thanef erred to
as Uupper oﬁ@%?@n%%g 303 Thb SRR 30% ocﬁ‘rnlex?tlmsgfh}ééds;'o?tﬁ{q xt%éf)si%%‘ t':o%lgd ext ends

| ongi t udi na rom and generalty 1n17ne w espondi ng
i ndukd i olsd beger?€Pby &dde sifrgle BirhighpthAizhNass,r Al sitighd indyctidn Kipigridgop cel |'s

304 or cragles, one or nore cradle-gate pul]l rods 303, a cradle-conveyor
chain 71870 fgﬁkﬁ gereoveto sipeke liss anbeingls- on mrli-forkeddines mayba usep afong or
aper t ur ey idQhy cammrﬁﬁaﬂl bd a0t dﬁﬁﬁ’:&rrﬂOQRf& any number of sorting loops 302 as
“desired. Indeed, as will be discussed further, the three-loop system 100 herein 7
described is illust;ative oﬁly. A larger system might contain, for example, twenty to
20 - ﬁfty upper loops and twenty-five or more lower loops served by any combination of
single- or multi-forked induction lines. '
- Objects 110, unless diverted, will move from the induction assembly
200 to the upper-loop sorting matrix 300, which, in the illustrativé embodiment,
~ comprises three horizontal, longitudinally extending, closed-oval, sorﬁng loops,
25 ‘herein referred to as upper loop's'302. Each loop 302 has a longitudinal axis which
extends longitudinally away from and generally in line with its corresponding
inductien line 202, 204. Each loop 302 has a plurality of upper-loop celis 304 or
cradles, one or more cradle-gate pull rods 303, a cradle-conveyor chain 716, an upper-
~ loop floor 306, a plurality of upper-loop floor apertures 307, a plurality of upper-loop
30  drop slides 308, a failed-to-drop indé 311, a plurality of upper loop drop points 310,

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




drop points 310, 800, and a notor and associ ated drive shaft

(not shown). "2 7 MAY 2005 -11 The upper-loop floor 306 may be a so

fl oor having apertures 307 spaced to allow for commanded drops, or it may
be in the nature of a rail system Referring to Fig. 1, each

cradl e-conveyor chain 716 runs the entire inner circunference of its
respective | oop 302. Referring to Figi.5, the conveyor chain 716 5 is
conventionally attached to the side of each cradle 304 using one or nore
cradl e-conveyor at UHehippet-foop ¥oor 10 hAY | ! hik tiggen each of
the <cradles 304, Each Loop'g 302 puIIyP%ggogggﬁgﬂhggﬁ%%gg%ﬁéﬁﬁﬁh the i nner
el ongat edPacsddealiey fergompanded gransopr 80Ry bEtie theotature ofietraibbyswm). i s att ached

usi ng co 1 . gear| 0.each | ] 303, and to each el ongated
e of tractn@idkis, 95Bich bl SoREVor tain Rt PRl 1885 "502° Such
convent i eimim§eeaidend ilvRyspedibleUss) 30 ReuRingabiras Dfhe Gnidprehahtzss notor
drive_wheels, drive shaft wheels, direction-reversing wheels, Geneva

mechani sASCCIVAREOnaHY aftached ity the side ofgark sradle dpaingrenciasmre coul d be used
for the ¢raal. ' : ' t | e- conveyor
chain 716 @uﬁ%ﬂaﬁ?ﬁﬁé@?gﬁg?w?ﬁ%&g gsl %g?%d %g%ﬁﬁgw&gie?g%ﬁ%g during

nor mal ogeaddasii®d, Fablelgopld 302pulladds 30Brummne ehcli éowa tiecinhdrielongarlit er nat e

fashi on bled%weg a for rdi(é first di rectg’lon .and a gac,kwar dly second
di recti o gt P ISQ}“'(S’]S\S@% - 1§ PP {nofshove)i s Attachag using seryegtionadt travel
of cradl geariifidoRucuipdll AR A0 WohkxElPRADGS B2 oliveRl BEARTTS 8! SUCh

| oop_ 302" with respect to its associated i nduction I'ine-discharge 240. In
t he 191 uhat pattigelar loep 382 mSneh ¢anvEtipnal gedrimg rexyaimplude anj evrebinhidor afluct i on

line dis e 240 1s .20 si.tipned ove the left side of the associated
upper | og{)l@é%?,ﬁ%tlglgf(?’? ggvggyﬁegﬁ @Jg ﬁhgl?g%lﬁelfiﬁgm&ﬁ?‘é"ﬁ?vﬂséng Whﬁeq%I ockwi se

di rect i oGiensdranechiahigmis)chnttdndnhd ke Rizdadngdepafie ndtort B&iIE8E up@sSi ti oned
above th? rj ght side gf thenassoéi ated u e? I'oop 30t20,r cradl eg 304 on such
1oop 302:¥itheerpdieshpin 74 6@nd Hicarudl Todsas cWhile doq ¢radle-coneeysioichein 7160 al one
et i ned: b SEafuEfith dide Mol URbe Rl DipaCoheBRlope BRaec” Pongin
and 15 nerodds0dindve hstennistentbsincilteamedfastion belvesh lal fosmurlyi fagt dirceon es of

subst eps eferred to generally as a nove_substep 55 and a stationary

subst ep %‘5{3 gekyy aff}l}é-secgéaéf'rﬁ?t S OBPPSE)‘EW%@SEQ’E?FUGB]' dbgdyeqtion travel
around -t BerAREBr F9dles SRR ERN Ioﬁﬁwlﬂg%e% bh t]feoﬁm?éﬁ%n‘?%éhcﬁa' d obj ect

110 to drop fromits discrete cradle
- loop 302 with respect to its associated induction line discharge 240. In the illustrative

30 drop slides 308, a failed-to-drop slide 311; a plurality oé?os‘er Ioo§
A

embodiment in Fig. 1, for example, where the induction line discharge 240 is
20  positioned above the left side of the associated upper loop 302, cradles 304 on such
loop 302 circulate in a clockwise direction; where the induction line discharge 240 is
instead positioned above the right side of the associated upper loop 302, cradles 304
on such loop 302 circulate in a counterclockwise direction.
One object 110 alone will drop into a cradle 304 and travel around the
25 sortiﬁg loap 302 in defined movements 50 or steps, each step being the same specified
length and time. As will be discussed, each step 50 will comprise a series of substeps
referred to generally as a move substep 55 and a stationary substep 56. At a pre-
-determined step 50 during each object’s 110 travel around the loop 302, the control
system 120 will command each said object 110 to drop_froin’its discrete cradle 304
30 ~either down one of the slides 308 to the lower-loop sorting matrix 400 at a pre-

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




30 either down one of the slides 308 to the |ower-loop sorting matrlx[ilr%
at a pre- determ ned one of the plurality of drop points 800% 2
case of a location 2 7 MAY 2005 -12 conflict as described bel ow, dovvn
slide 311 to the upper failed-to-drop conveyor 312 at the failed-to-drop
drop point 310 as . depicted in Figs. 2 amgl 3. Cenerally, when directed by
the control system 120, an object 110 will drop fromthe upper-|oop

sorting matri éfh%p 0 de9cHi8 tLRME HoWARRIS 91 £ fone IBdd: if1e800-drbp whivehor 312
|IIustrat|veP nprises two transversely extending, closed-oval, sorting

| oops 402. a'tl'hl% fhmﬁetb-dr@pﬂﬁ)plgﬁﬁntmndas Hemctethén Bigpet aldobps 302 and have

| ongi tudi nal axes that are generall end| c | ar t he |.on al
“axes of the upper Ioo;‘fseﬂsﬂﬂ}’, Eh@hdlché‘@ﬁ’ 9 CHEO aysg?rggpé %‘8& Hcﬁgl n

716, one or rdr%ﬁ d llllibeg? s%%ﬂ L9885 4830 aft lo'mef"fo%b'sbffhn%fmétﬁwow oop

cells 404 o veyor chain 716, a | ower-loop 10 fl oor

406, onesor apl Hfu@tlrét{v)élﬁorﬂlﬁi&eﬁ tORnsktieely capadings dssedowal, softaigleapst o- drop
drop p0|nt 408, a | oose-object drop point 412, a plurality

col | ecti on- biog. dho powwilodrs 408 mderélbétwl@%iﬁ’%%m?eﬁﬁq hpye 15‘?1}5)“‘18’&’%&’%"3 not or

d h As bl
P Deat a9 shatars SoncrpemrpniayEr 85 el Ehll bl §ri B BRL 85, fogadaeh 20! ©
| ower -1 oop fdﬁé&(@f@;@ 3@:}&1@80@e &Jdkﬂuﬂ‘h%OBnéﬁ@%h&@c@mvé‘g%@ﬁll4Ms a0spaced to

all ow for co rops t may be’'in the nature of -a rail system The
| oop floor 4fanguidowdsibendellsadid c ceidiug) eora@lefqomf@%@h@irlﬂg},ﬁ,r@lower—loop

substantiall'y the entire area of t he ov descri bed, by. th r
ci rcunf éﬂencﬂpooﬂ% w@ep‘@w@}urpl%@ lﬂyger—lﬁ@q: quaﬁ eS E&g f'ilﬂecg%? %%S drop

cradl e- Conve 4@% ﬁ]e o c'f{r?l%cgﬁ E&nﬁal hﬁ? %ﬂﬂgrof e 1ctib b Slogpetfonktt S

- respective . I ghve conventionally attached to

the front Ofabga&&cﬁrca@ézﬁoﬂ%)ummmma@agemrng (notzibengoAveyied attachments
718. There is a fixed distance between each of the crad

es 4
| oop' s 402 puttioushy shelidSemtiom 1@néapédﬁht0dbmsqqf@ﬂyr$ﬂ€%b%9%w§’§f 8@2 %rf%es of the
sorting Ioop 402, The notor (not shown) is attached using conventional
gearing (not O‘é’ﬁbﬁ% 09%$-t 0 each pull rod 403, and to each el ongated side of

the conveyor chain 716F}qu5n%pﬁ:to f&@@h'ﬂa?'beh@@@d A83r haSighapeanses @07 onal
rgearlng y include any conbi nation drive shafts, notor .drive wheels,

drive shaft shesls alldW'f@CdanﬁaﬁcEdellt@sng ivineg bs in thematuae Ofr‘ééﬂdbiﬂsbeﬁ% Tl%f‘ams
~and the like. In addition, separate notors could be.use é é}‘hﬁ‘ ﬁ dl e
~chain 716 aridop ﬂeorrﬂﬂﬁlcoﬂmst@%ha‘\%ﬂl@?wr@fea‘m@r@ 8 e e g “runs

area of the oval described by the inner circumference of the lower loop 402.
Refernng to Fig. 1, each cradle-conveyor chain 716 runs the entire inner
.20 cucumference of its respective loop 402: The conveyor chain 716 is conventlonally
| attached to the front of each cradle 404 .usmg one or more cradle-conveyor -
attachments 718. .There is a fixed distance between each of the cradles 404. Bach
loop’s 402 pull rods 403 run one each down the inner elongated sides of the sorting
loop 402. The motor (not shown) is attached uéing conventional gearing (not shown)
| ‘ .25 to eé.ch pull rod 403, and to each elongated side of the conveyor chain 716 for that |
| pa:rtlcular loop 402. Such conventional gearing may include any combination of drive
shafts, motor drive wheels, drive shaft Wheels direction-reversing wheels Geneva
" mechanisms, cams and the like. In addltlon, separate motors could_be used for th_e
cradle chain 716 and the pull rods 403. While the cradle-conveyor chain 716 runs
30 intermittently in a forwardly direction during normatl operation, the pull rods 403
' move intermittently in alternate fashion between a forwardly first direction and ina |

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



| - noted, -the up

m ni.nmal Spa

30 intermttently in a forwardly direction during normal operg}dLop,,t,h
pull rods 403 nove intermttently in alternate fashion bet We%?aHAYv@B%y

first direction and in a backwardly second direction directly opposite the
first direction. The cradles 404 2 7 MAY 2005 13 travel around each | oop
402 in a counterclockw se direction as-ihdicated by arrows 420, 422. The
cradles 404 circulate in steps 50 synchronized with the steps 50 of the
upper cr adl eavdQdounAnryiciohjopct)? Id 6 cowteicioekiwisatioestidnasdndicgop by nadive 404

froman wupper-loop:-cradle 304 circulates_around its |ower |oop 4 unti |
the object #20 42ogdesrasidesgiOdgiramiaednisiers A SE%*T?E%“@V%%EWﬁT?B%P8?§Fs sort

destination _as-desgcripbed in th £ 1 n.Figs.
2-4, the | od\llBPerlcﬁacgg%g 32@2 pg}yeébé Cé\}g?{e%egl? 4 gt% ?gﬁ?ﬁégﬁ_gﬁhﬁ@% ug;tli on |ine
assenbl i es 200-rangh tEeWORArchRRESro¥ad its dwerdbepy 202 hgiil thOsHjectadDidradsi ons.
When directed by the control system 120, an object 110 will drop from -10

its uppef-| epprogramthed BYthetcontrhksyptea: piogriasagdestowdpn ko dgscabetiidha04. Each
cradle 304, 404 conprises a bottom.piece or, floor 7 a gate piece 706, a
et of spaed DU SRRLESEEE B 175 % lgver Rape iaed apre Mo, 4
cable arc 798| fogRMOAMNindlsea1EL 300 dndBRIBHLALAI ML, BaPaidbibde 714,

one or nore cradle roller wheels 728, an may i nclude a top piece 702. The
cradl e fl ookorf@étinsticandwi ched between the 'spaced 15 apart side pieces

720, 721 and is slanted at_ about a 42 to 48 deqrge angl e i& thg '
illustrative enbodi mefYhenxlisssiadihy e corrod sxsésre 29, @&;LJ?%&F Wl drogrfram anpl e
bet ween.  about 30 and 6 rees, ' 11€68 .1f 02 41eS :
- - - 4 di
connect Ly g gﬂgﬁrslﬁ%%ra&g%ﬂ t%fn eﬁ{g?’g‘% %%Qﬁfgzﬁger}ggfcﬁ?gl% 4f’;?!t t%%ce: u_ppé3 r front
portion of eagmoarafiptisdOfvotttRdpictor ASHE 70RLa F&ﬂ@@fecb P06 aardifepddd; its top
piece 702 is generally slanted to substantially 20 the sanme degree as the
floor 704, apalt$ide giener &0l ¥2 B laiayrber ol chble A&0botabbnarp 3P, onawpulatioe | oor
704 in the cradle 304 ahead of. said, first nentioned,cradl e  304..,Fh
i mum of 76557 L TAOPY RAe Bty Be FDANRR) R SABAATE Tl B Be ¢ hat
fits . under {8 GReckOR2 2R REINERILIAG iSimwRIHeE BEtwLRR the/PheedAS
H{agglr@\%;eo%{o?ﬁgﬁ es '304ear e oriented on the upper | oops%25 302 in
a forwansll y apaciingpidteser0] 021 asd is sbwtedian abouya 4220 48 dagete Bngls ircthet hat
objects 110 drop out of the cradle 304 in the sang direction as the cradle
conveyor chdhmhﬁﬂfﬁeﬁmmﬂﬁg@ﬁ-Eﬁ@ﬁﬁhﬁﬁéﬁtﬂﬁﬁﬁf@?@ﬁP@“§Bﬁ¥ﬁ§§na_bﬁﬁgﬁ?back_
portion 726 8 9?}8'3@%{1&5& rﬁlg%l?]g%v Egﬁp%efulsg .rleeot%p p-lrel% %02%1&4113%@& fooﬂldasbﬁr%m for
each of the side pie‘c_eé 720-,' 721 at the upper frpnt portion of each cradle 304, 404. In
any one upper loop cradle 304, its top piece 702 is genérally slanted to substantially
) 20  the same degree as the floor 704, and is generally aligned with the bottom pqrtion of
the floor 704 in the cradle 304 ahead of said first mentioned cradle 304. The
: : ¢
maximum size object 110 that a cradle 304 may accommodate will be_: one that fits
under the top piece 702 and between the side pieces 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 objeéts 110
drop out of the cradle 304 in the same direction as the cradle conveyor chain 716
moves. Each upper-lc_)op' cradle 304 has an open back portioh 726 behind and below
. the floor 704. This cOnﬁguration allows for minimal spacing between adjacent
- cradles 304 since each object 110 can slide out of the cradle 304 in which it is riding,
30 passing underneath that cradle’s tdp piece 702 and underneath and between,
: -respectively,' the floor 704 and spaced-apart sides 720, 721 of the cradle ahead of that

~ cradle 304. The cradles 304 could also be configured without the open back portion_




~cradl es 304 since each object 110 can slide out of the cradle i )
it is riding, 30 passing underneath that cradle's top piece 70§0er%?\}{2[}{‘J5

under neath and between, 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 wi thout the open back portion 2 7 MAY 2005 -14 726;
however, such configuration could require greater spaci ng between the
cradl es depending on the size of thgqg4objects 110 to be sorted. The

| ower -1 oop cradles 404 are oriented on their loop 402 in an inwardly

faci ng mempehovedieh shbieborfupfion cbbll [dh@iRe fRatePSpachpi ey @h thdigraliRep 402 in a

5 direction roughly perpendicular to the Torward direction of travel of the
r espect i vepensinggioihesivgiof thtlehjed®e t Hutodet soetedi dewar dl y novi ng | ower -1 oop

cradl es 404 do not ..,dr,op their ject,s 110 toward adjacent. cradles, they do
not need an open bad¥ lﬁ‘g?rt'{g)(?ﬁ Cr%géso #ﬂ%OWWFW?BQE?%g%&%en cradl es
404. Thenel&dB, fabing ndMaYr ich MRy oBREts NAROFD 8P AkiRRagHhPRh 40P in 2
irrespective of the desired spaci ng between adjacent 10 cradles 404. The

cradl ¢ géitectiiogopghlipemsndicelsn frolbe derwasd disectiongdravelpfiihe rgspaciye  (not
shown) or 4 I | . i : [ r i sl ar to the
loor” i mepfiedst oiplih 1R Bedltld B8 @lAdi7 sRAE BV RRPENE B RlndiC (N0
708 i s cdropethtiedbjeotstlne towndenipiceret 0pidiéd) ehegaiomof Q6ed anshenltbaclopdreibnend,
which is loose, travels intp a cavity 722 15 insi dﬁ floor 704 when t he
cabl e 718 P¥aig MINERuUMFRACIEY Ff@fe?rierﬂfi@é@ﬁﬂ EREEPTG tRBHBIE REMAY §OF he

under si di ' - . ' t he opposite
RaRf ard n%?&l@ P&%@I}J ibpPQY 8f %@%eﬁf&pgpﬁ%lgg be ng_ﬂc%{é 4 Pp

end to the manipulation piece 712. The upper- crad

mani Pl atiadlesgDéce 712 protrudes outwardly through the side 720, and the

| ower-1 oop cradles’,. 404 ni tion piece 712 protrude wnwar dl'y through
he bot Lom of the. dreard P08 Rl el a R e e o4 & AP b w o hin
t he gene(mt kitoveh )W Batte® duiGHM 8e\dth, dBd FldkneANY pefpeAdidRbeh the gBVA theck and
forth along the guide's 714 | ength when act uat ed bg _the upper- or

| ower - | oBjyssefive arghpddoent. A® enttied the gapeed whdlear s sorpzgteg ie the ,
Nt i : ' 20.. 7 f . ) dl es 304
o6 oo | MR B b SR ohoul (e Send ol Bofls AREHAREL RGPS 0

cont1®l sigRledlvot 204 whkh teaEbR 048 peldde CThelckBld T10ds epnretthat bie erldower
cradle 404 to one of several sort destinatjons. The object nmay drop to one

of  the Brihayndrside pf tegrien/ 46 H above the craie a1 108 @pd shibsionpes&ensl y 500, to
a | oose-Qhhe %nipulation piece 712. The upper-loop cradles’ 304 manipulation piece 712

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

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




conveyor 516, or to a lower-1oop failed-to-drop conveyor 410.

collection bin assenbly 500 conprises a nunber of collection i?ﬁ&A‘MZGUS
arranged in double rows 30 beneath and in the center of their respective

| ower | oops 402 and over their respective conveyors 506, 526 as seen in
Figs. 2 and 3. Sandw ched between the double rows are wal kways 602.

Wal kway 602 access to the bins 501 is provided by a door 504 in 2 7 NAY
2005 -15 each bin. A system frame 604-supports the bins 501 and the
sorting natrlx A collection-bin divider 502 divides the bins 501 into the

doubl e r 6&&h biR. dagysteny Bameypat spprasisthe bis 50Bawd (egedingeatEsnveyor s 506, 526
O e cBildaRn AN HERARMAD OfkiadsOnd Bihs 58D Y ARERIBARY A ciPar Ll cuiar s de

of the conveyors sack-conveyor diverters 510, 530
di vert t keneyokbiftieann80®divides ehaasiveyat 506 2adito Mﬁ%ﬂeﬂgo@é@ﬁﬁdxﬁ@Z 532.

hj ects 11 0 d, also referred to herein as diverte to a collection
bin 501 ﬁ%\gletfﬂ&rp c&%e seyV1 qygt 2 pardiguiapsid 58? th|CQRERY OFs0 00, S2@ Kk ATBNbSF obt her wi se

grouped WhdkcRivBes: dPRirked $10L 580 a%hqﬂe bRt Rﬁorﬁ%&@'dk&fr&h%‘s@k“ 501.

Alternatively, <an object 110 may be diverted directl omits | ower-1oop
cradl e 4tepdiwwreas ﬂhﬂo&b’l 10bjebisddp dsdripdd, Bsodrefaradite hbmus&d:be;rmit, tcconveyor

516 for tr 0 ose ob ing area 51 Wwn arrow 517
in Figs. ig jf %@ é‘gf‘?eﬁi %gﬁﬁafﬁflngf q‘t%@ c?%i’eégf ®sorting of
an obj ecgmhia@dm&&r%j&tsrm%{%a)&@@ﬁﬁé abllaction 8ANS010fAkdiBatpRIeCt ' s 110
| abel bar code and a uni que bar code assigned to each coll'ection’ bin 501

or | ooseabphieet 1 10guney brydineded disegtly Aram g6 dtwasrlpep @ﬁélew@ési@mm leese-| oadi ng 15

bl
et mpRed AP TR B PR eo P S inhfie it Lhasbscbleek anbeyor s 516

on the Shﬂﬂlngﬁalréﬁmfastshewﬁwfaﬁww @IFigNe a8 4MAteagh Sorfri¢sti@atidrmge
| |.oadi ng areas and associ ated conveyors on the other side of

ltﬁgsg-yg?éﬁfféé et ortipgobarsebiserd 10 mepy Regionbyped Byl & CAmBIALVOEFanf t er t he
t ake- awayr GORY 9&?1@&&1&%@0%@%@ zggrgsué Rg%gg@&ésfggl ??%Q%g@:ogé& pt O their

specified Ioa Ing areas 51 | ec urt her
“pr ocess ebinddd ar dvase-obiEchloadmgrmreapt i@ efslﬁlamgh ohl;rrmxetiemsieaihjact ldadingexanpl e,

e s Sl SRl eSS Bh et D  BE P BRI 22,12, 5
o Ve Ypa . o USLR00 g BByl Lk kel g, sy 12,
dir eCt e Fideothe system and/or one or multiple mirror-image loose-object loading areas and -
‘associated conveyors on the other side of the system 100 opposite the area 518 and
conveyor 516 shown.
20 | After the take-away conveyors 506, 516, 526 have transported Ob_] ects
110 to their specified loading areas 512, 518, 532, the objects 110 may be further
processed according to a common processing characteristic. For example, sacks 520 .
of sorted objects 110 arriving at a single loading area 512, 532 from multiple
collection bins 501 may be loaded onto the same truck for delivery.
25 The system 100 has a number of failed-to-drop conveybrs 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




failed-to-drop slide 311, or, as explained above, down recirculation slide
230, to conveyor 312. Simlarly, an object 1.10 nay be di reQ ?dMAA‘gfrriﬂg
-l ower 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
general ly perpendicular to the directiobt- of travel of the upper | oops 302
at the end of the upper-loop matrix 300 nearest to the induction |line

~assenbly 200y1cihe-&eHvaweyordiid. Uldwerase filédrsdop nbnvdyhed] Gisslispossh 2 7 MAY
2005 -16 failed-to-drop conveyor 410. Lower-l.oop. failed-to-drgp conveyor
410 is di spbeezith feimas benerallynemeengioir 40 1hy eaekpldeverirars 407 3e travel of

| A 402 : 2. Co . ' jects 110
Heposi t oot KBRESAT § B2 (oo ey L finaporty oF Shisd 416 GAIRACE idrdopfo i 28 5 110
to the manual.proees %?@%ﬁg%m{b}ér £ Gransfdit b The h@Gial pricatsigNassembiy@26 ‘

i nduction line assenb . I.n an alternative enbodi nent, conveyor 312
coul d bypas$r Canvayatatibho drdnfesiondine esteinply #i0 Inapiattemiaivs erbodimsleyor

232. An additional |ower-|oop failed-to-dr conveyor, 410 . be installed
to permt dicoryeyrpalbeouidpyRags ERVEY O @bﬁﬂ@%?%d cﬁ%ﬁim&c&cﬁﬁé?nsi de of the
upper -1 oops assenb n N ) ik ig G eMomAlgk | ocated on

the side 10 CB’FV%YHEE%%p‘élfl?ﬁ%{glgn%g(?‘?ern%?ﬁfﬁggé% T m?tnee):‘;affom tnrlé recircul ation

- conveyor 232,&a1ddo pbREddiveistort dTeailgprrdbp objetiail | @ diong ctheysidorfthyor 312
for transport to conveyor 232, or a second recircul ati ﬁ&‘tconve or, 232
coul d be i nsippér-ledprasstrhblys il suabicash sha asidiianplbrany ey Al Oretatsdense sidg not e
fromthe_ recircul ati pn conveyor 2 depi.cted in.:FEig,. i trative.
enbodi méfit, ofheinprr-iage SQUPP%@ééa@ﬁerﬂﬁFgﬁnbtgfécfégblgggr}iﬁ%}%ﬁgi%szi (%J(Ii‘}e@ such
~.as slides 230, ifibltho dlr-16 b 8i8d-t6 AR @ngaycRS 17 @ tanshart Rtoavéfcass, or704,

wil | be'coateélvmt a non-skid surface. The orientation of such surfaces
‘Wi Il gener alsyorderedirculipnandesyoo232bauid ba stabled 8n thagides! the sAPHIPIR ont al |

al though shallower or steeper inclines/.declines ul d. be, u .+ I't should
be not ed thapﬂﬁmﬁHXéD‘ém%aﬁﬁgﬂmé@%ﬁw{Zﬂ@ F?’f"&%‘f&é@i‘i?@lcg%lﬁ‘ﬁgfe‘nt ‘allows
- the invention to take agdva : : v £ thPeu PR ah hHictodbitdie system’
100, is cantrolled by %%ﬁgpﬁgﬁlvgﬁg%bgg&@y%%ﬁé% 120",1 whi ch di recth ‘the

'sorting;and 1&0%&? Side ek 85 §tideSR80,C3INY 514, chytst, eradl2gatescfparidseallafloors

Cini {125 T ecigHywill baguatedaaitian ook isar e cBie CEBBHER PESIO S 4GS IRlIat od 25
Wi th various coneyors, el de IESNRNL YiRoqithl A% noFBhER aRAGROT !
shallower or steeper inclines/declines could be used. 1t should be noted that the -
-elevated nature of the iilustrative embodiment allows the invention to take advantage -
20 ° of gravity. _ o |
| | ‘The operation of the system 100 is controlled by a digital_control
system ‘120, which diredis the sorting and transfer process. The control system 120
comprises a processing unit 125 and a number of s_ensor_assemblies 130. The
. processing unit 125 receives input data from the sensor assemblies 130 associated
-2‘5 with various conveybrs, divert mechanisms, s‘lides,‘chutes and sort destinations as
~ previously described and as further described herein, and it outputs control signals
.instructing such devices to operate to sort and transfer objects 110 m a selected
direction in order fo arrive af théir final sort deétination 512,518, 532.
_ Referring to Fig. -7, the control system_120 can be any conventional
30 control éystem. In the illustrative embodiment, the control system 120 compﬁses a

digitat prOCGssor 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



previ ously described and as further described herein, and it p
control signals instructing such devices to operate to sort zz M@ﬂsm%

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 enbodi nent, the
control system 120 conprises a digital processor 125, such as a personal
conputer or a work station, connectetf/-to a plurality of input sensor
assenblles 130_and to a nunber of output devices. As 2 7 NMAY 2005 -17

depi ct eddsmictes gxFigs. bangl % and agwilk bodescribed, desidiuptipstre eptbodinény stilizasi ve

enbodi Meffe fULb\!VingesértlsowePc{sﬂlongWeﬂ zﬁgrrg\s}lé?gfs%&:t.%@%sensors 132 are used

to confirmt I'on o are noved,

di vert edolgbctsllampadl PEABTHI el al@ﬁhové@@hvdﬂ&ﬂ%ﬁ' thg@e@ngczﬁﬁ&fsl 138) gygst i nati on
I nformation for (gch object 110. One or nore 5 mensi oni ng sensors 138

det er mi n€ClETRENG AR ?O@W‘El’éﬂﬁ@n@fo@aé@mbﬁ?f each objet 110. s@aﬁ er m@re ot her
vei ghj nggidekicRin #égnéé)?st 2t &&ﬁll]%lfb&]é%{cgﬁ &%y&@%lﬁ el 0 et :H&) %ed on
fem

such i nput 1 nforfation e con noni and &&ts the
rmverrentoro:fthcrtmghmgvzlevxoe 14@dd¢ternanek thahle@mof&&heibfecﬂw V\Bﬁeb@h an obj ect
shoul d be gi.vertrgd and, j.f so, act uat% the di vert nmechani sms, deternines
drop poi P8 TR nfesmations theygantzol systemgl20 mepitars and diregts g movEmeRtRs | oadi ng
of sort afle samleyoPBlisHnd rJ)l‘Pé?§ YeRPinfel Whiddr affIB% eB'shBh beWUiterleRAA P and
mani fests. Generally, each positional sensor conprises a conventi onal
phot o- @ ﬂCttlfrtaWélmdﬂegfrmacrhdmsmedatmmn&shinquomtnandatmtasdilepiﬂlvnodg coul d be

pet uden ISR aiErid 16 IGHRE PLiokieliorod 5T ae e obilh ) Brangilia Iy cbove

t he sur fageepovieaniiagiteas obj ect 110 passes between the transmitter and
receiver at that |ocation, and generally at a right angle fromthe
direction of travebensrallyy,gachqgsionaliseasor 432 womprisesr congentisnakshot80 det ect

and repLij; gahﬁ}-ﬁ&f}? aﬁ‘@ﬂ:{:?@l&r ﬁ}/o%ﬁ gg)lagteétm% c%%?c%%gleﬂd(bel usgtg E gfs] Sn.g%e) of

obj ects 11 e contro rocesses an §i ti onal

i nf or matli3@rgeasrally b.n‘e(pmcedzﬁchﬁthaems (hlghﬂéhih péiaees thertratnbﬁalt’fw lafldl Rgcideca 206
110 in that area, Sensors 132 in. the

war n of a back|o ect
prel ScaRaies G%Ieéfgli Sg‘ﬁhg $urtace over whick pa ohieeUhhd Resses HeB¥REnsi ngul at i on
T e e
nount ed daectidreofdiayeheff speh ebjdcetol 10t IBack sasozawemBli® Botdeeicsarah@poreports to
' to the control system 120 the passage (or non-passage) of objects 110. The control
unit 125 processes and applics such positional information as follows.
20 A sensor 132 piaced in the hoidmg area 206 warns of a backlog of
objects 110 in that area. Sensors 132 in the pre-scan accumulation area 210 facilitate
the accumulation and singulation of objects 110 for advancement into the scan zone
212. After an object 110 has been scanned for identification in the scan zone 212, a
sensor 132 mounted at the discharge end bf the scan zone 212 detects and reports to
25 _the control unit 125 the poslitiori of such object 110. Based on such positional
information, together with similar positional fnformation recorded for other objects
110 advancing single-file through the scan zone 212 of the same and other induction -
lines 202, the control system’s 120 control unit 125 monitors the object 110’s position
| along the remainder of the induction line assembly 200, without further scanning '
30 being necessary, by reference to the object 110’s known sequénﬁal positic.»nralong its
_ respective induction line 202, 204. Based on such positional information, together

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




25 the control unit 125 the position of such object 110. Based on such

positional information, together with similar positional infofnpt 2005
recorded for other objects 110 advancing single-file through The Scan zone
212 of the same and other induction Ilines 202, the control system s 120

control unit 125 nonitors the object 11{E.s position along the renainder of
the induction |ine assenbly 200, wi thout further scanning 30 being

necessary, Byt SLLSU68 L AnLigODIESYcH Pl PpkiaosBaeheboRaplen 2l ong

its respec ion Trne 4. Based on such positional

i nfor mat i ongodRAGLAGDS ethdriil) ditetsmt bbjecaliUtor ke intijion'lse 200, 20diight
size, destination and. other 2 7 MAY 2005 18 characterjstics determ ned
when the objtedhductiongimssideert arealigh of (o adransey brebireol 1G Hang %W(E‘P‘eﬂonunit 125

ith 1) di ts th bject 110 f .t he | I i : i th
nduct i on. 1 {162 0dae e sbpdiy ) Rkl Shy BboldsE, g pefal”, 1
~induction L Bﬁh.?o%fect 2 upRdf ddadddfrehiAleCid @ipel-iddp didieBod.ge 240 and

records the ihitial position 5 of such object 110 upon its advancenent
into an upper-1oop cradlmetd0the sbssonot Balsq faeiliszinswngidpngnd singalafirn t at e

accumul ation _and singul ation  of objects 0 0 t he i nduction I'i ne
assembl i es Qﬁ@bje‘Fthié(gé]ﬁ‘nEé‘Teth@Wﬁ@fl 11@5@??8’%%8%@@3%%&%“38%8%% 200,
except the scan.zope o) ' S0 s lsoriIBRr PP HIaddEati Nt erval s
to detect géf}ﬁ@w%%rf @%%%S%‘%E}ﬂig@’ %‘%B&Stﬁ%g%gizﬁg al9ng the 10 i?lcziiucti on line
~assenbly 20Qy,SH5ite 4RBS als YO U6 gips BEWetn isjocts £10 mbrncig plangshs fi ciently

frequent inductions of objects 110 at the induction-| i,tge‘idliaKﬁQ_ZOSﬁ* or (2)
the dowdist iremutich lies assemblyf208aSrrle gansrippict borest] Bepsithen (L) mspidiciently

induction-line divert areg .214. To prevent. such. . i ni shi ng

t hr oughput , &g g‘é%'gtl%ﬁse&(?ﬂjl%%l léft Bla@clrc“gu%lpgtﬁ?l gérg %%js%(g’ gmﬁéﬁgl n single
file at eac ' lQmar-8RAGHcH BEje6ki100 i iRgndiEtidhine 2041t af@)

i mredi at el yﬁg‘gggﬁ%ﬁ{ﬁgéﬁr@ﬁg%nﬁ of tehe Jlsécan 2(l)ne 212; 1and g}b)- i mredi ately

before the ppgduThipesvehi sueh ghschen gempishingThisighpdusaghgepbireickosedbtonpl i shed
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facilitate the control system’s 120 monitoring of each object’s 110 position along the
20  induction line assembly 200,"accﬁ1nu1ated objects 110 are singulated as théy advance
" immediately past each of such two accumulation points, by use of a conventional |
‘ singulation conveyor immediately dowﬁstrearri from each accurmulation point. This
singulation of objects 110 enables the control system 120 to distinguish a first object
110 from a second object 110 immediately behind such first object.
25 . The control uﬁit 125 from time to time determines that an object 110
must be divertéd, as, for exémple,_ when an object 100 is detcnniﬁed to be too big or
"~ " {oo heavy fclvr'the sorting matrixes 300, 400, or v;rhen the control system 120 is unablle
to plot a route to the object’s 110 sort destination that will not result in 2 “quatibn "
--conﬂict” as described below. In sﬁch é case, sensors 132 mounted at each divert point
| 30 in the induction-line divert area 214 will confirm the passage of such a gommanded~
divert object 110. So too, these sensors 13_2 will warn of the passage of any object

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



110 from a second object 110 i medi ately behind such first object. 25 The
control unit 125 fromtime to time determines that an obj ect 150} MAY 2085
di verted, as, for exanple, when an object 100 is determ ned to be too big
or too heavy for the sorting matrixes 300, 400, or when the control system
120 is unable to plot a route to the ohpect's 110 sort destination that
will not result in a "location conflict" as described below In such-a

case, sensors 132 nourdegbted, oBieft 1R tarddidt Aivedd ithe Aeveraec 140R0¥d Ne
divert area 214 will confirmthe passage of such a commanded- divert object

110. So t oo,alergele dhasdischorss 2#82passing asansor 52 pher tpdksdigehange 20y T ect 110
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| the upper-loop c.radlé_ 304 position immediately underneath the induction-line
‘discharge 240, to confirm that each upper—loop c;radle 30.4 passing by such sensor
20  assembly 130 is unoccupied. | '
| Sensor assemblies 130 are similarly used to confirm drops froin the
iower loops 402. First, a sensor 132 is mounted at each of drop point 408 and loose-
object drop point 412 to detect passage of an object 110 to either the lower-loop
failed-to-drop conveyor 410, or down the chute 514 to the loose-object conveyor 516,
25 respecti\.rely. Second, a sensor 132 is mounted at the entrance to each collectioﬁ_bin
501 to confirm the passage of an object 110 into such collection bin 501. |
| Other sensor assemblies 130 includé a number of scanners 134, 1 36,
' Adirmensio_ners‘ 138, 140, and scales or other weighing devices 140. Aswillbe
described, an objéct will be scanned at the beginning and, optionally, at the end of its
30  flow through the system 100. The initial scan will be accomplished by a conventibnai
- scanner 134 Ioéated. in the scan area 212. Also in the scan area 212, .each object 110

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



obj ect dr op point 412 to detect passage of an object 110 to either the
lower |loop failed-to-drop conveyor 410, or down the chute 514 %MAY 28(}5

| oose- obj ect conveyor 516, 25 respectively. Second, a sensor 132 is nounted
at the entrance to each collection bin 501 to confirmthe passage of an
object 110 into such collection bin 50120-Ct her sensor assenblies 130

i ncl ude a nunber of scanners 134, 136 , dinmensioners 138, 140, and scal es

or other weighi AVEQES: ddhBr whshilisldevide 140leFaniobfdt’s ah0 ebjsett wil | be
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sorting of an object 110, will be acconplished in the respectiye. ,
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slide or chut%smoys 2 and at various internediate positions

. along the Wayeh Refighfibh and e didusigameliods pdsiimneplongtheowapf the system 100
will be described in nore detail. Objects 110 are .inducted e.w one,
‘manual [y or 15 aut onatRefatring noat totHigs. il i it QRGFALIOR 94 theyaleEt Yl
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ar code or er optical code (not

shown) that, . SAANR NSt aS61ei iReRe DS 6f dach aRinctien lihake2) 204.0Each
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O e L L e s LA 0B, &b soRe) 10
,i noan O ent t%tiin o?mgtri]oari[ pr\é\n\.filolusl? ?rraﬁgl{ntfe& o ﬁ’l@rcbﬁt?&i%ystem 120 when the label was
created. Such information will include at lee;st the sort destination of the object 110
20  within the sorting system 100, but may also include other information a‘bout the obj ect
E 110. An object 110 should be inducted in an orientation that will permit its barcode
to be scanned automatically in the scan zone 212. For ex?.mplé, in one embodiment,
the scanner 134 isa conventidnal overhead omnidirectional scanning device, which
necessitates that each object 110 be inducted with its coded label facing upward in
25 any horizontal direction. _ |
‘ In the pre-scan accumulation area 210 of each induction line 202, 204,
- inducted objects 110 are (1) arranged in single file along the hldﬁction ljne 202, 204,
| by usiﬁg a con{renfjonal device such as skewed roilers or f)op—up wheels to é.l_ign all
objects 110 to one side of the line 202, 204 so that the control system 120 can later

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




to be scanned automatically in the scan zone 212. For exanple, in one
enbodi ment, the scanner 134 is a conventional overhead omi diZ?cMA‘gfaﬂ[]ﬂS
scanni ng devi ce, which necessitates that each object 110 be ihducted wth
its coded | abel facing upward in 25 any horizontal direction. In the
pre-scan accunul ati on area 210 of each.induction |line 202, 204, inducted
objects 110 are (1) arranged in single file along the induction |Iine 202,

204,. by usj Nk 1400ah 8 SN atteh iPs cikeaedotjedth €16 atthe POP- UP
wheel's to a?#%%mgFﬁgQ%gjects 1%0 to one s?de of the IHne 202, 204 so that

the control d&ykirgenedP6r thapretate rcdthul@morateaid, momedistelepror tolthessens 110
sequential position once it has been scanned in 2 7 MAY 2005 -21 the scan
“zone 212 aszeksEld bed above; and (2) to accurul ate objects 110 at the
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the scan zone 212. Al nducted obj ect's ave been accunul at ed

single-file d?stchérF@emﬁoﬂihcg BRAICER aeEitidnhec T 1@; fegarasioguiuedtndn area 210,
they are singulaled and” advanced, one-by-one, into the scan zone 212,
whi ch conpr descetenebymuesntetmseanszone 21 howtieleeorapmsiss Pas OhBTSSeEREN Kot ed

above, objects 110 are scanned, wei ghed and. di.nensioned jn th n zone
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belt video scanner having a charged coupl ed device (CCD) sensor. An exanple
of the | at ek 29ysTassdamnaeihiede titheta BonvRationdlidaseH5c308ErIEON OWETHtber i s

i ncorporated herein by reference. The object’ {ght may be ohtajned by
any ‘con¥@nt belhaides seanacihavitaesharges CQHPlﬁg dgags @%&Lg@sg&%p@@ﬁgf %& ghi ng
devi ce 140 be,a copventi.on ¥ td : i
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obj ect 110 aSfeichedd Aashjddis Kkt iy teCidaidaltey dil2onfedtionabsvaeniriotal |
di mensi oni ng sensor assenbly may be-used to dinension the object 110. In
one. enbodi neighingldavives iFoniexaupls, the swrghingsdavirephOuBinbe acHPRIEMA Bhal

~ CCD-based di i oni ng -syst em that i bl e of detetm ning. -
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di mension with the accuracy required for the application ii&-\fﬂl ved

embodiment, dimensioning is accomplished by using a conventiona —base_d
dimensioning system that is capable of determining all three dimensions of an object
110 as it moves through the scan zone 212. In another embodiment, dimensioning is
20 accotnﬁlished by multiple arrays Vof photo-electric sensor assemblies 130 mounted
alongside, above and/or below the scan zone 212 at intervals sufficiently close to
r'néasure each dimension with the z}ccu:acy required for the application iﬁvqlved.
Based on the information determing:d from the s_camiing, weighing and _
dimensioning of an object 110, the control system 120 determines whether such
25  object.110 in11 be diverted away from the induction line 202, 204 in the induction-
line divert area 214 for recirculation, _rilanuai proceséing or other special handling.
More sﬁeciﬁcally, 1f the object’s 110 label code cannot be read,' the obj ept 110 will be
- diverted by a pop-up roli.ei.' or other éonventidqal diverter at ﬂw'no—read divert 216 to
the nd-r_ead COnveyor 218 for re-scanning, and reflabe'lihg if necessary, at the no-read
30 processing area 220, after Which it will be either recirculate_d to the induction line

- assembly 200 or manually transported to one of the sort destinations 501, 5 12,. 518,
532. If the object 110 has dimensions or a weight that makes it unsuitable for |




Based on the information determ ned fromthe scanni ng, weighi an
di nensi oni ng of an object 110, the control system 120 determ %? }fAYh%GS
such 25 object 110 will be diverted away fromthe induction |ine 202, 204
in the induction- line divert area 214 for recircul ation, nmanual processing
or other special handling. Mre specifjcally, if the object’s 110 | abel
code cannot be read, the object 110 w I% be diverted by a pop-up roller or

ot her conventional diverter at .the no-r hVi L @t sth G 0- 1 ead
conveyor 2181tﬁ@ﬂt8ﬁé01§1@§ﬁﬁiﬂﬁ@§°r%%“}ﬂ&ﬁeﬁlggﬁi4?158’?%g%é%ggi%rt y.Tat the no-read

30 processing. area 22 itfhdh tht cMhttd] uBR 165 bR direecthatahd alfject t o t he
i nduct i on Ifeg’éiemalgsﬂg?rgqny%ggﬁliég\ﬂmanual Icy transported to one of the sort

dest i nat i ong)$Pd diveded atiSmanddProdebsinddivetsj282 to theandnasl HICAERFRONS or a
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control unit 125, then the confra [JF o i dbr epd. sthaptibealghj ect .
110 be di veMikbige &’can’tlﬁg’ %ﬁﬁ%ﬁ?@{%{éé@idﬁ%ﬁ%ﬁ\?@??i’2532’ tgg’t he manual B -

processiNd_pIQRYEN QL difdert Aiveiauabe pisaled i thy iductiore limedivatt apracdédei ng

area 226, after ich 1t 5 wll be manually transported.to.its sort

gest i nat i on&0d sudbhidsuiibl; o§eds 1 Bhdirentiltp pne onpare IPesespoiH IAd et &
iverts can be installed in the induction-lin i -area 214 to route
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areas 518, without anry . ni: i 16, 0B AR lop PEOGESS 1 Gray, diopamape B0t i on.
Each object 110 will a%g‘%ﬁéﬁgp@ort&uni ti egpdtso drop, drop _points 800, 10

- from t he,objeet s o%?&t’b'ﬂ’lp@ﬁplbdm@olﬁdfradﬂleQOQMa {aves crasied 0comtiedower4o%h t he

| ower |oop 402 that sorts to the object's. 11Q sort, destinati | such
oppor t uni t i @92 diext wortote the peiceir Yol 98 qﬁé‘ﬁf,‘anéﬁdq'ﬁﬁosuglﬁl8ﬂp%%uglgéétsgﬁf%r{%€ occur

| .on the return run,. of the er. cr : I t-BQ ORine6f thé LPpdrs
“occupyi ng. [the GHBENE Fih B‘B‘flmg‘j? ?8%9@%%’61%2%%&%‘(@%%&?0 the final g%r.rt

destination of;1be: obifRthe dehetiino@esuppng. Iheoreshaiorstpeer loop 40%peTfs 15

~have an additional four drop opportunities per such |oo 02. . Eor.exanpl e,
' the  enbagiiemial dapiietiaiomogobieet tianauestens wen Pt o bpe "B 1t an

object 110 e C T H beted 15 2 S LAl A i 0 pbeccaliasuon b
o 52 00 ShOYL 0 £ty HET, bk poSaomi vt shope
of - SUCh 1W0 | aHeted 949 %ip A, oethi onlletin 861 far Hhat aipicore PRI Bt onl y -
"if, the control system 120 i's _ - o
- by both lower loops 402 (such configuration not being shown in Fig. 1), the_n ‘the
object would have eight drop opporfunities to reach a bin destined for that zip code,
20 four‘froni each of such two lower loops 402. |
A “locatiOn conflict” will exist if, but only if, the control system 120 is
unable to plan an unobstructed route for an object 110 through thersortingmatﬁées
300, 400 because all four (or more) of the object’s 110_dr0p opportunities 800
' predictz;.bly will be unavailable when the object 110 arrives there. This will be the
25 case only if each of the 1owér cradles 404 Iﬁredicted to be present beneath each of such
_ drop points 800 will then be occ_upied by an earlier object 110. Ifa location conflict
exists,rtﬁen the control system 120 will direct that the obj ect 110 be diverted at th-e'
recirculation divert 228, after which it will proceed down the recirculation slide 230 - -
leading to.the upper .failed-to-d-rop cbnveyor 312, and then to the recirculation
| 30  conmveyor 232. The object 110 will then be recirculated for re-induction onto an

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

“divert to the manual processing area 226 for manual processing and tranqurt {0 one




unabl e to plan an unobstructed route for an object 110 through e sortrn
matrices 300, 400 because all four (or nore) of the object's % ﬁﬁ
opportunities 800 predictably will be unavail abl e when the obj ect 1
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 earlier object 110. If a location conflict exists, then
the control system 120 will direct that the object 110 be diverted at the
recirculation divert 228, after which it will proceed down the

recircul af tensos desiina?idfis 5013802 18] 81 632 feditppArbyf ik betrdl eydéapfieosuehyor 31. 2,
and then to the recr rcul ati on 30 conveyor 232. The object 110 will then be
reci r cul #Pregt $ §hhas beemerozcanesnd a6 secd aig Z2hduction | i ne assenbl y 202, 204, or

instead may be di vef %%gnr%l sggﬁmrl%@'t{sgﬂh@tﬂﬂ% nghﬁ&ﬁﬁﬁatfo‘i’; tb et

processing area 226 processi ng an ransport to one 7 MAY 2005
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oppor t unitd? aeit fdedsnits fival dpRAestinag@en:cr adl e 304 to the | ower |oop 402 t hat
feeds its final sort destination: 10 A. The object's 110 sort destination,

whichOwill be eithér a Thepbisets bwsrsrrhde@matmm whighoplldsicitherna a
| 00se- ob L. EOBNENA ord fo 105 RE é&t%on{e%‘éﬂ; d%ﬂ@trf%%e&%v' ng that

sort destination, referred ﬁ&ﬂ erer naf ower | oop" 402.
B. The nlmtmrlocqﬂﬂézmt\emg tiheqst &OtihdtRn, wiftiredye hemmﬂfreeds fher'targze 15 obj ect
110 to r ach eag 22‘[} the four drop opportunrtres 800 to its target | ower

| oop 40 Werle" d0fber of system steps is cal cul ated by the control system

120 based on the fol | Ot fudlBd e shateriifepd SRE: o bR KliRhreR gl ver t ed

obj ects 110 ahead of the present | ect "110 on I nduction line
202, 1204¢0bjesti IdR tovrdach datherfthafout thop dpportumibies 8@ togtsgpgetioweelpopr ed for the

present 26)}:' e'ﬁtns I]iur(r)lbéroof%grsrté:r\r/lestc%ts 1st cg?culﬁd&l g}/ Ith%ncon{rnlesystem 120 based on

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

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

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

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

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




di scharge 240. In the case of a bifurcated induction |ine 204, tf tzréﬁ_
system 120 may adjust this nunber of steps 50 if necessary t02p éﬂm 5

| ocation conflict, as further explained below, by altering the subsequent
di stribution of objects 110 between the two forks of such bifurcated

I nduction line 204; and 25 2. The nunber of system steps 50 that wll be
required for the present object 110 to reach each of its four drop
opportunities 800 after the object 129 has advanced into its upper-Ioop
cradle 304. C. The predictable presence of an earlier-routed object 110 in

the | owdane)iecipdimgadt enlfQ4rilee obRENR 100 ¢had bra@icadPin Toher-Mjpeeidiess4oll0 four

drop 30 ogpportunities 800 when the present object 110 arrives there,
referred 31%?%“?%‘#{1‘@‘5 B0 thyt arp sk Ky wepestipapcaradlasi 4 arpngpdention t he

pr esenceli&gsgojobg@_ki ng object 110, the control system 120 takes into
account the route previously planned for each earlier object 2 7 MAY 2005 -
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al rea y-in | ower - 1,0 radl es 404, _bu | so earl j bjects 110 that are
stil |9 i nPEFSBfE\rQ”-%J%a?E?E riﬂﬁs@wéﬁmms %ﬂ@ﬂ’éﬁf’%ﬁvaliaﬁ?egmﬁé@COEHQ! If the
control gygd - o } t &ﬁmﬁz;present
object's %%Oﬁgﬁr%%érrggggip%%éuni tﬁ{e?gf%géi@mﬁlqﬂ%é%gggﬁ?g%?%, thén the

control 88§stéwp.ltheeeqefeuralrpy oppdriungies $Olnmstdad volljbecvaildtfe tother op at t hat
drop opportunity., 800. If two, t e.or. four dro pportunities 800 instead
w T b ShEHLISY e spptroldiRism DAEFiPEhaoRe Emeo e Siebid chrbmEs0 wi 1
choose apDNBasedeh ped-E4alIRREI éritehi kRRIenBRGhO SR Systdth 226STRRkI shed criteria
resident. in the control system 120. These 10 criteria may include, for

exant e, cHtgE2 glay deelnds dororxample, thadieectnesnelahe roud Spm esplbdropuni ty 800 to the
object's i 1.00, -al - ve nr L LI 4 ocation
conflict 25‘%]39?@9? g?@r&?{gﬁ}@@fggH@)Q(%})Esl%ckf%%tglonégc rggaﬁ?% rﬁ%’%{%&bo%ilt e (which

pr obabi | ldcytiomegoniiictdasth dateinebjedt® D pisaé by ieadtodladdt©routd (vehigtont rol systeni s
120 anallygi s,.of historical data concerning the distribution of earlier

obj ect s BPBabilibrgan be baed opcanongetheriaiormatien, thtcontrohssise’ s d20 mai nt ai ning
f1 exi bi | jda¥vsihe : | Q. hater o, i bed bel ow,
whi'ch may %ssfﬁ t@t@#ﬁ%@%ﬁ%@h t%%%:@%{?fi%@% Oféf% eré’eﬁ%@?%ﬁ’gd to drop at
t he ¥5 r ssordessnattons)yend theradeatagd afimaidtagpng fipdbiliinid teemrte R@@been if a

later dr PR lgg:p,%lt‘ r‘é@é& S d%gc%b%{i%gﬁ)r\;}, %Vh?chrrnqxg)? re%{xll;t,efglt' exracr)rlljp &'in the object
110 being assigned to drqp at the first of such two, three or four drop opportunities
800 even if a later drop opportunity 800 presents a more direct route.
& If the control system 120 initially determines that a location conflict
20 will exist for the present object 110, i.e., that a blocking object 110 will be occupying
the lower—loop'cradle 404 beneath each of the four drop opportunities 800, then the
control system 120 nevertheless may be able to avoid such location conflict by
rerouting an earlier-routed object 110. The earlier-routed objects 110 considered for
such rerouting will include each of the four blocking objects 110, but may, if
25 ‘necessary, include additional earlier-routed obj ects 1 10, as necessary. For example,
the control system 120 may evaluate each of the following rerouting opportunities,
among others: 7
1. if any one of the four blocking 6bj ects 110 has not yet reached
its lower-loop cradle 404, and at least one alternate drop opportunity 800 remains
30  available to that blocking object 110, the cohtrol system 120 can reprogrém-that
blocking object 110 to drop to its target lower loop 400 at a different drop opportunity
- 800, thus creating a drop opportunity 800 for the present object 110.
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If the control system 120 initially determnes that a |ocatio nf |} 0
wll exist for the present object 110, i.e., that a bl ocking j A&ﬁéﬂﬂ%
will be occupying the |Iower-loop cradle 404 beneath each of the four drop
opportunities. 800, then the control system 120 neverthel ess may be able

to avoi d such location conflict by rerzfuting an earlier-routed object 110.
The earlier-routed objects 110 considered for such rerouting wll include

each of the four bl ocking m@;@oﬁ% alhpprlogfmymed drod 2pPEtRE 80, rembigh ude
additional earlier-routed objects 110, as necessary. For exanple, the .
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opportunities, anpng others I f an f. the four bj ects
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alternate d i 2] b ng obj ect
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drop to 5tSd£o®rc@@brtb1ﬁﬁ&ar80mias&ﬂh(b1@dknag ahjédtai @by retoopnpeuEosittimotjycts 800,
thus creating a drop opportunity 800 for the present object 110. 2 7 MAY
2005 - 25 211<Pthabwpyiducﬁlsermsegiaﬁebloykiﬁr%trbéﬁ%%%*?J 1dBportunity 800 renains

avai l abl e to each of the f Ckl re. of -
t hose bl ocki ng obj ec%s 118{*&3 rﬁ%% S)f/ %ﬁqg@%&%ggm Q}%Oa&ﬁﬁ]? at(f;&t)s bl ocked
~ drop opport Hﬁh&ﬂl&iﬁlu&@@m édaﬁ%n%mr&ﬁﬁgb@bo@ﬁﬁ@rﬂré@&lm& th eheaddnfol O

"unbl ock” one or nore of the blocked drop opportunities 800 for such

bl ocki ng objestdm 12@ doyn ifehopteseng objeet 130 itshid i 133@} eo@&blfﬂl@@teﬂ heduciion liee

th have bl ocked that bl ocki t 1 1f . th t
100°1 el haeds prebramamalec s pees beet HAEPr 8 redied ivdietondgp Bt °"

rerouting 09@%&%{2&%8%%&?@%@&8@%& Jﬂqlﬁ@@&'{&'rofﬁﬁé&{v@fﬁbﬂ@rqoorﬁve” 1

-t he present ob | e i toel on a no -bifurcated induction line 10 202.°
For exanpl e301 fedttyesupli biFichicabjne 204, kiciiwlpmakingicdght catedthandugt drop | i ne
204, the control system 120 can initially route the object. 110 to either.
of the two oppetunitiss 380 a%@bfee@fﬁs?’%@ﬁ@ﬁt%ﬂﬁ%ﬂé%t EfdhfFPli?een?G jectetllect i vel y
maki ng. ei ght t her thap.four | for the
present obj Wiste® élisoonqgoq Ié:"“'ﬁ?tgg 6%?@8‘{)?%@&%&& %lego‘égﬂﬁxgaol% s
non-bi fig Cawaﬂe%ﬂg%ﬁﬁ&téd BEuARR BU0400En B JBRS! @lsiéﬁklingn@@be@ﬁls tl5 110
are on urcated 1 nduction |ine 204, then the control stem'120 may be
abl e to r efeoiite ssahcdblackihg oljectgl 1@bpe¢itopm;mortunay a%pnth@pﬁé Lfnlikt%36sxﬁo on

_E) B,eeﬁ h(]a-rlof %&g hi%?cagefé]tm&g:ggﬁghégﬁga} tﬁg bioclccj#l%to _]ect H(pﬁas not yet reac &d H’IEOC King
- fork 236 on its induction line 204. '
4. In addition to these rerouting opportunities, the control system
20 120 may be programmed to everride an earlier object 110 routing even if no alternate
) i : route can be plotted for that earlier object 110. Such a rerouting may be desirable, for
| - example, if the present object 110 needé to be sorted promptly but fhe blocking object
110 need not be sorted as promptly. In that event, the earlier blockiqg object 110 will
‘be reprogrammed to remaiﬁ in its upper-loop cradle 304 and to drop to the ﬁpper
25 . fmled—to drop conveyor 312 at the end of its circuit around its upper loop 300.
— Thus, the crossmg-loops conﬁguratxon of the sorting system 100
reduces the possibility of location conflicts by creatlng 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 . _pnnc1pa11y including the number of lower loops 402, the number of upper loops 302,
| and the extent to which Ob_} ects 110 are disproportionately routed among the. lower

loops 402. Although this statistical possibility may be extremely Iow 1 some sortmg
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fork 236 on its induction line 204. 4. In addition to these r [
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earlier object 110 routing even if no. alternate route can be plotted for
t hat ear |UI er object 110. Such a rerouting maybe desirable, for exanple, if
t he present object 110 needs to be sort®d pronptly but the bl ocking obj ect
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det er ni ni ng %ﬁﬁ@ﬁ’ﬂﬁ 93; ﬁoégéetcpg’ﬁpg Sﬁ’fufei 03'((% Bed c?g %%?ﬁ%ﬁg%&?? %}%ﬁ%{%}ﬁ%@? Ch110
arrivesat ?g%ﬂc rttﬂlﬁt'i)é?, %Dﬂﬂfeﬁlﬂﬁﬁ regmt 868ct ld0dntisthdre Usdersensor
assenbl | es to et ect he presence or sence of an earlier qhject 110
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110 arrives there: Under such_alt
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then be recirculated or manually processed as described above.
N If the control system 120 is able to plot an unobstructed route for an
| 20  object 110 as just descnbed the object 110 will continue through the post-divert |
| _ accumulatlon area 238, which begins at the discharge end of the scan zone 212 (and
thus includes the divert area 214) and ends at the induction-line discharge 240. The
. post-divert accumulation area 238 is deveted to the accumulation of non-diverted
_ objects 110 at the intluction—line discharge 240, while maintaining the objects’ 110
25 'smgle -file sequence. Gaps in object 110 flow will have been created by the diversion
| of objects 110-in the divert area 214. Ona b1furcated induction Line 204 Wthh feeds
two upper loops 302, the control system 120 causes objects 110 to be dtstnbuted to
: each fork of the bifurcated induction line 204 ThlS may be accomplished by the use
~of conventmnal divert devmes such as subsurface pop-up wheels mounted between
30  rollers on the powered-roller conveyor. As mentioned above, the control system 120
may adjust the distribution of objects 110 between the forks on a bifurcated induction

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



800 woul d be routed to the drop point 310 to conveyor 312 on i.ks m op
302, and then be recirculated or nmanually processed as desca ew& S f

the control system 120 is able to plot an unobstructed route for an 20

object 110 as just described, the object 110 will continue through the

post-divert accunul ation area 238, whigh begins at the discharge end of .

the scan zone 212 (and thus includes the divert area 214) and ends at the
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- single-file sequence. Gaps in object 110 flow will have %een g{g@t ed by the
di versi on efoidhjlewtion tagflicthatweowl ptherwise exstlonthe speondigoiest LHE &4 i nducti on

line 204, whi ds t | 302, fhe c
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devi ces such as Subsurface pop-up wheel s nounted between 30 rollers on the
pover ed- r ol hsmiteomeeyqentidposition obak dbebioié) 23 ey exeriistobulsg smeng 1o '

‘ may
adj ust the distribution.of gbjects 110 between the .fqorks on a bifurcated
ducti on ioteoloGarks 3608 Cbyecyl DaSBIPG SOETEBLGE O Tom Perurpbpt' ¢

exanpl e, if _objects.are 2008 - I gdhet ween t he
o Torks 238 SRR3R e e R o

-successi ve g@éigﬁ{hgo;@&hlggstgﬁlrmiaﬂ to the sanme fork 236 in order to avoid

a location conflict that would ot herw se exist for the cond ohject 110.
As not&@l; the sortinghsyphiceinliborecsed 8@@&1%&&1‘1@6{%%!%?& itgﬁmgiwhé\’i"en

~ further division 5 of .3, sj.ngl.e in tion Lin r:ovit ded. at (1)
the control 1@9&%@&‘?@)&'?%@&%“0%%%%03 ’r‘{“tlﬁ%@%gk&%glgte%&g %%és)ﬂﬂtg(l}hglt “of all
obj ects 110 it 3iied Bt & aRcBaNEhe 1€ tinkd) ritd pheof rekatidiay and (2)
"obj ects 11022235%%¥§%%ﬁ%££qui ckly enough to _1ensure that - an object 110
reaches the uppeiistp oadles Best.dDslyraegbjey Ol Gaccupiehamyorte Wwper-opp crelle H¥gi nni ng
of each system step 50. 10 The objects 110 proceed fromthe post.-divert o
area 238 toat mémienéu@ phissi-1 10nedvaneedintiys “?E‘B‘?r f’%\"éefﬂ%’j 18%1&(:%105}%61629 g’
accunul ated the jnduction-ld ' 3pd T8k enlihesr Sisteerull at ed
and advi&ce&?agﬂﬂn% gt ‘%@S!I%{E% géngﬁ% b éenggtg?ionary .u%%eriﬁlsoop cradl es
304. Only ong,eblAGk thhke.REGYRUBSCRHY aithe upyesubsas S inddserig@ifurtaer a ti me.
- One obj ect 118 is advanced in this manner from each_ jnducti oneml!]i ne.202, 15.
204 during ﬂalab“st'ﬁmspmalc;adbiatiﬁﬂé}’ﬁmH&Vl%‘(fhe%%%cé?ﬂ]&@ﬁdgﬁﬁw Hef§ili ng of

system " 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. i-4), the object 110 is first advanced past the induction-line discharge 240, then
- downa gravity‘slidc, and finally onto the slanted cradle floor 704, whgre its motion is
stopped by the cradie gaté 706. In the preferred embodiment, the gate 705 protrudes
outwardly from the slanted floor of the upper-loop cradle 304 at approximately a right
' aﬁgle. Itis movab-ly attached to the upper-loop cradle 304 by a hinge 709 (not s:ho'wn)'
25  on the bottom edge of the gate 706. This hinged attachment permits the gate 706 later
to be pulled down during a stationary substep 56; as. described below, so that the
' cradle floor 704 and the lowered gate 706 form a continuous siantéd surface leadingj
from the‘top to the bottom of the cradle 304,'&1115 enabling an object 110 to slide
‘down into a Iower-ldop cr,a_dle-404 as ¢e§cﬁbed bt_alow. Ijr_ﬂess the (_:radie gate 706 is-
30  pulled down, its “deféult” up positioﬁ is maintained either by some bias such as '
spring-loading or by a latch mechanisfn (not shown), with sufficient resistance to stop

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




steps, and of the stationary substep 56 and the nove subste -

descri bed further below Thus, the cradles 304 are not m)vloﬂgivM&g( (ﬂﬂﬂﬁ:ts
110 are deposited therein. The object's 110 target cradle 304 will have
been noved into position during the preceding nove substep 55. In the
preferred enbodi mrent shown in the drawiyigs (see 20 Figs. 2-4), the object
110.is first advanced past the induction-line discharge 240, then down a
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cradl es 304, 404 are attached to -

the conveyor.chain io nkgﬁy4@%tmbeﬁéﬂemﬂicﬂe 3080n bt uppérllodpe |
appreci at ed t at a power-driven cable, shaft or other nechani smai nst ead of
the power - driividr thhainte digBnorepr heexpseaultple eirsugl disiace)s apd s mewal 404

' Var ound the lb%(t)vrl)esen?eggh crgc%% 404qgan aqoxgerl 1%8}?‘”11?}/1%"%3996 the%gl%e distance (or an

exact multiple of such distance). Generally the interval between cradles 304 on each
20  upper Ioon 302 will be the same, and the interval between cradles 404 on each lower
| loep 402‘7w'i-11 be the same. The uniform interval between upper-leop cradles 304 need
‘not be the same, however, as the unifoml interval between lower-loop cradles 404.
The system 100 will operate equally well regardless of the interval between cradles -
.304, 404, as fong 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 ob_]ect 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 nlay be of almost any size, depending onthe

maximum size of the objects 110 to be sorted.
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direction. FRGhikRREked tBOR B30RsAPdoasiol MKk o kanppdG3, §6 tochd mlisidyi n ti med
system steps 50. Each step 50 conprises a nove substep.55 and a stationary .

substep 56.compketdd me-1 ength of each systemstep 50 is the sane on both
. 00 ps.‘ 3027 402" . and During the move substep 55, the cradles 304, 404 advance a.fpund their
respective loops 302, 402 by a distance equal to the spécing between the cradles 304,
" 20 404 on such loop 302, 402. During the stationary substép 56, the cradles 304, 404
| remain statioﬁary. If, howe?er, a cradle 304, 404 contains an object 110 that has been
pro grémméd 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 stationafy substep 56 and
will be maintained in such down positioﬁ long enough for the object 110 to slide out
25  ofits cradle 304, 404. The gate 706 will then be released to return to its default up
posiﬁoﬁ. ' .

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

30  on each of the two loop matrices 300, 400. Nor is it necessary that a step 50 begih at

exactly the same moment on each loop matrix 300, 400. Nevertheless, it is necessary

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




15 wi I | have been pre-set by the control system 120 based principally on
the length of tine determned to be necessary for each of t u ps
55, 56 to be reliably conpleted. During the nove substep 553?3$§ﬁ%$;g$§§
304, 404 advance around their respective |oops 302, 402 by a di stance

equal to the spacing between the cradl ef.304, 20 404 on such | oop 302,
402. During the stationary substep 56, the cradles 304, 404 renain

stationary. If, however, a cradle 304 404 ¢ i i Lpat -has
been progr &itfs0Rds SRRy g‘?nrffa{h as(?rg? P%%W@?gﬁ}%ﬁ%{ %{gﬁg{é&ﬂ%ﬁﬁa | e gate

706 will beypyl] AR < (BSerds§FEmied ol mtdetd lowkelwp)cratle 40 Imegi nni ng of
the stati 0n3$§f°$§g‘§t ep 5% é g(\.r?\,ijcl | be maintained in such down position

| ong enough tfaeal MBodihjearst thd Bystam $00,dbis oG repirsfthatssbeentdoe 804 204, The
.gate 706 wll then be released to return to i.ts defaul biion. As
not ed, the d&opatiZof2pe of @&thkyetge BHRY ém?ﬁﬁ ’3%@&‘ag%§%ég$ﬁtepﬁg%%%t rices
300, 400, Thi &S abldNRead. AftlonloNR YsBh 30040, bPARIRY Iaatad thy lbetueen the
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n.n
two subst epét FProxpale nde I'me al location befween substeps 55, 56 may be

di fferent 3,08 4686hnQh thdgppetioopeap2. Milltilcaag 08O bstP(S, Nomaydei t necessary
that a step 50 begin at exactly the sane nonent on each |oop matrix 300,
400. Never t heipksed datly] the mecseeding substenar, 58 B3¥ IS HSHGEH nat ri ces 300, 400

be synchronized sufficjently. that, a | Yerd QRB 5030 tigd adl e 404
is stationary beneath ‘H?yo%feé‘ﬁlﬁﬂetw&@ég%ggﬁifntg\e/% @n object 110 may be

droppi ng_ 'r kg :5:bQRayEASH Bic 30deroBive Satohds, istrappomyimeteldite- 404. 1 n
a typical odinent of the system 100, this- will require a(thjhat substeps

55, 56 op eagl of kOpiuddn béE dlecatd tpgach silrane] Sy S6hésavtad V&t i on, and

-that system steps 50 begin 5 at approxi mately the Ll oop ‘

302, 402, ohowkVehe bystarasiap S6may ,qu%aﬁ%&?gi@%gﬁ%ﬁhﬁat eaq%%%g‘? | oops

302, Wile any One.SuBshln iR 3R M¥efSs of@ R selRdagafibitep Sheulmaeedi ng
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 substep 55, '8 HW% egin ear y way of exanple only, the duration
of the syst g gbeR.b@fiefenilhBetvitet bedlrtes sabiiems aegath phihefwosaringanyresr of

five seconds, wth approximtely one- 10 half of sugﬂ%dur atig bei.n
“al'l ocat ed t G06a400)sprbsitleposls thaghe systerbier> hAgeron BT °% @%}‘éf’% step 50

may be of any duration, and,that. duration ) Bo 3 teranner
bet ween 1fhe %V@@Qgsf@pa@ghgr‘?&%qcﬁ@t g’f%ftlls 3@% ;[/éagagé‘%}{e){yg%%g%tg%go’my e
al | ocat ed di J&ﬁ@&&b)ﬁ?%)%@&ﬁﬂﬁ@h heucHoRSeqgedan beaﬂimaihﬁhgeamh/wchorti ng

_matrices
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 thé abjeét 110 moves through the system 100. Although
. the system 100 generally will operate with all'upper loops 302 and lower loops 402
advancing during each system step 50, 'the's'ystem 100 can operate normally if one or
more upper loops 302 and/or one or more lower loops 402 either remain st'aﬁonary '
25  during a move substep 55 or are entirély disengaged from the operation of the |
_remainder of thé sorting system 100, provided in each case that Fhe control system

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

may thereby become necessary.

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

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




300, 400), provided only that the systemstep 50 duration is ;? S ﬂh
both sorting 15 matrices 300, 400 and that sufficient tine isk Imw 5)

each systemstep 50, and to each substep 55, 56, to acconplish 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 nove substep 55, defined duration and di stance of
20 novenent, which enables the contrgl_system 120 to predict the |ocation
of each object 110 at each future step 50 as the object 110 noves through
t he syst i B AVAN | ] - 1th all
upper | ogggé%gglnglr%hﬁg{g/\%re t l%@@%?@ocgmléggég%iaﬁgééddgﬁ ‘#'81’ Iggc gé@%ﬁ%ﬂn\: step 50,
t he syst statid0dysabstepls, dheecradlendl4, 0i# bnd theirmssoaaedlooppdd2,1403peill302 and/ or

one or more | ower | oops,402 either r in stationary 25 durin nove
sUbst ep SE0Hp S EnaoTRlS Foh st Ly GRS SRRAES B9F PR | enai nder
of the s @bbé:ﬂﬁoﬁlﬁﬁ&iﬁ:@“ﬁ@@nd RO WedRE or hoP@ o 85Ferl1Bap clddfs @Rl rol system
120 records such non-novenent of such |oop 302, 402 and reroutes objects

110 a8 may t her ebyssi8ugratediadigs ar 3,.andS, Hstsbide thalsjcestes! dontpriges | drop from

upper cr 0. oW 0 cradl es 404 ' a stationary substep 56.
In the p? tﬁ??egﬂaeftrlt%%gla mrflg(:%? ﬁllelﬁr%(g? Fat gégl gﬁjn@g(ﬁ?sgﬁfthvgeslfppgﬁ 9Pt r ansfer of
an obj ecidrdbldlidas0p) which igiRcoipyratddenahé s@itens BahRe04ARnedth tacgpepl | shed by
| owering the cradle gate 706 of the cradle 304 to create a gravity 2 7 MAY
2005 - 3loapflops 396&31? Wichexiands davpwardhotperard thegargetlgwst-lepp crille ause thi s

drop_occlhr. HYhiuRg dBwnFhEllANREY 8 YBRLARiIPRIIOW o HFRA SR SPitng 108 and thelr

associ ated | 0065 w7 rena at1onary e eacth Such obj ect
110 16 ddemmding athe ofiedtidorosfahe cradies 804,404 wp feertirthe opthe pacticatar dosh. and i nt o

t he one qr_nore target | r-1.00 r.adl 404. 5 As illustrated in Figs. 2,
3, and 5 ‘Eﬁﬁbﬂ%ﬁeipa@gﬁﬁr%}é%\é\g%‘&o&t@%ﬁilﬁéhfgiﬂajio‘ffﬁéhf‘cﬂ&lm%?gﬂﬂ or 704; (2)

the cradisni@aid it fide A0AN R crhlie 088 PESbS e t&g&%ﬁr&o%ﬁ cHdP4¢4 1 de 308,
which is |ncor%ated into the systemfranme 604 beneath the upper- |oop

f1 oor 308 hendolidwins tkix skdrisathl 8 Whhe uhotion ofihe gliding obgact €10 Iseimped bpp cradl e

404. In slidi | i de, 308, the qbj i1l foll .of lid
ot 1 BesEidie e Bs o et elloneriqopi e W A Pkennd b BT 1 the tine
of tife pa¢filedWyain dbjeap110 Aiding 86w tHeddidp 30 afd oritmuitpf itsdide ywanhobj ect 110

sliding down the slide 308 and continuing its slide down the cradle floor
704 of tHedlegatret06 ofitkg targss bpwardeonecradig 404, in which case the motion of the

sliding object 110 is stopped by the cradle floor 704 of the target lower-loop cradie

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

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



Wien following this slide path 812, the notion of the sliding object 110 is

stopped by the cradle-gate 706 of the target | ower-I| oop cr?TMAEY 28[}5
second slide path 814 is 15 defined by an object 110 slidin own the slide

308 and continuing its slide dowmm the cradle gate 706 of the target

| ower -1 oop cradle 404, in which case the notion of the sliding object 110
is stopped by the cradle floor 704 of the target |ower-loop cradle 404.

Al t hough the illustrative systen110Q3%pnfiguration thus permits two slide
paths 812, 814, a system 100 may inStead be configured to include only one

or the Ohﬂﬁfmﬂfcally;zﬁov%?rg& dé‘)f}@% ’rﬁ#' Eg&eﬂﬁhﬁb&irﬁ%tpsgx%%P b i Qnkblidte §f at i ve
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710 passes through an aperture (not shown n'the or /04 and attaches
at its ouseds pniied onlyttbaty ivhenl usedin sambination gheyx eaus? iR ardie gate GG bales from

the side, 72 f.the upper-l.oop cradle .304. Duri each stationary substep
56. ¢ he RARMISEdebin HPEse 1§ PBe it Rork wemlo aseveR e BhoeRsBlYSEBS, ¢ oned
above a i2®phRREEEIINE N GbE0Q 104l ducherils Bo4, 08 SlideeddwyaPRASE siha 30

mani pul ati gn-pi ece puller (not shown) attached to the pull rod 303

mechani s#RAERVAH04As dregTrmed by the cenfidoystem 180 t he frame 604 and driven by

a notor and associﬁlterg%uolnﬁi?)rd Qgﬁ‘%ﬁ;ﬁ%‘@ﬁ%gﬁw ?Zpd ltﬂeussotlén%y %tenbodi nment

shown in Fig. 5, t Is¥a _ Aeunmati cal 'y power ed
devilde bshosvm3,airesticdr detuatingeméetehisshaihmovbate pudlec snthaoitleghges the turn, by a
signal recei vgd from H;Ze control system, pe of _connection
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: 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 gater 706, After
20 the object 110 has dropped to its target cradle 404, the puller will retract, thereby
releasing the manipulation piece 712 and allowing the spring-loaded cradle gate 706
~ to return to its default "up" position, thus returning the manipulation piece 712 to its
original position as well. In Fig. 5, retraction of the manipulation piece 712 will also
occur as the result of the cradle 304 advancing during the next move substep, as the
.25 manipulation piece 712 will move away from the puller when this advancement
occurs. All drops from a cradle 304, 40‘4'will occur substantially as just described,
with some differences in drops from lower-loop cradles 404 as will be described.
~ As described above, an object 110 typically will have been diverted in
the induction-line divert area 214 if an incurable location conflict prevented the
30 ~ control system 120 from plotting an unobstructed route io the object’s 100 sort
destination 501, 518. For this reason, an object 110 in an upper-loop cradle 304

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




the pull rod 303 forwardly far enough that the cradl e-gate cabl ?Whﬂ
pull down the cradle gate 706, thus enabling the object 110 toF‘ZIi o] G5

and out of the cradle 304, through an upper-loop floor aperture 307, onto
the slide 308, and finally into its 15 target |ower-loop cradle 404. In
Fig. 5, the manipul ation piece 712, when pulled, will nove within its
cable guide 714 in the direction that the cradle 302 has been noving. It

i s possible, however, for the piece_342 to nove in the opposite direction,
or in any other direction, in an alternate enbodi nent, provided only that

t he rrampuha:uoommemr-fm&dn@v(ﬁd aoﬁwyt)fguenrhﬁuﬁipaﬁtﬁﬁjm is feaRdt he cabl e
710 to pul | down the gate 706. After 20 the object 110 has dropped to its
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return to its de S re arning t |on pi ece
712 to mh:op poirit Gl & il besomnmndasby\ﬂiel contrbl fyis@gm 520 toetrémtiereoMQf t he
mani ion piece 712 will also, occur as the result of the cradl e 304

adva CI n e figame ﬂ’é’i‘tepéévé“ﬂ?ﬁ%‘i‘léﬁ‘ﬁ abge.{Neesibls reasARSHIPr 84Ghoh pi ece 712
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sone di fotdeasid@has failed apd;roprfmmiteupperHoqpcuad@cﬂﬂésfoﬂ%eampmgrhmb&ddescri bed.

As descrj bed abeve, an,o 110 ically will en d| rtedln t he
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object's 100 sort destination 501, 518. For this reason, an object 110 in

an uUBperto |dé@pasmrama@um@14frornmulwa¢n loppmdle e ltsﬁrsoﬁpieetlttaboa drover - | oop
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all vi ahb@edmommmﬁfédunw kebe HRARrQUEh URPSITtih OORteAD 200 Ketaghihet 110 that
has failed, for any reason, to drop out of its upper-loop cradle 304 before

r eachi ndatfh@?le"tdrleﬁs feanked ke sorted %e@mmﬁhdeﬁl%?ﬁlahécééﬁﬂﬂml system 120
to drop r&&%ﬁ@f&%gchédggrl ng a stationary substep 56. As described above,
possi bl e reasons ftor ch a required drop to the failed-to-drop conveyor
3121bhncl ude i nst an%eﬂluBMeceir(Hl)g Imchdmjuetidm lidddibadmrdedl40cd idcatedr op fromits
upper - | oo S such as chani cal

dle.304 f d
failure; M‘E?’H 0 ﬁPPB?rrIQS‘/I%St %ggg%apép‘?ﬁ lé‘gt?"cwg’tc asf"rﬁ’éblﬁlgpn&ct s 110

pl anned jn@ula.dvh IFig. Realktl @EkS elbﬁhlé&lﬁ) B%ldéﬁgcy%fr 3¢9 i08EdtePoutdil §Ft 110 10 to
drop as progranme fromlt ower -l oop cradl € to 1ts sort destination;

or - the periphery of the lower loops matrix 400 nearest to the mductlon line dssembly

' - 200. A system 100 may instead be configured such that part or all of the induction

20 line assembly 200 is positioned above the sorting matrices 300, 400, with each
induction line discharge 240 thus being positioned farther forward over the sorting
matrices 300, 400 rather than at or near their periphery as shown in Fig. 1. In such an
alternative configuration, because the upper failed-to-drop conveyor 312 will
ordinarily occupy substantially the same position relative to the induction line

25 discharge 240, the upper failed-to-drop conveyor 312 would also be positioned farther

. forward in the area of the sorting matrices 300, 400, rather than at or near their
periphery. For example, the upper failed-to-drop conveyor 312 in such an alternative
configuration might be located above one of the walkways 602, described below, |
sandwiched between, and running parallel to, two adjacent double-rows of collection

30 | ‘bins 501. Similarly, although in the illustrative example in Fig. 1 the lower loop

' failed-to-drop conveyor 410, described below, is located outside the periphery of the
upper loops sorting matrix 300, a system 100 may instead be conﬁgured with the




(3) the control system 120 has rerouted such object 110 to drop at such
drop point 310 to pernit a later object 110 to be routed throQbH MAY 2005
sorting system 100 because the |ater object 110 is required to be sorted
nore pronptly. There nmay be additional reasons for such a drop. 15 As
illustrated in Fig. 1, each induction |Iine discharge 240 is |ocated near
the end of the upper | oops 300 matrix nearest to the induction |ine
assenbly 200 illustrated in Fig. 1, sgnd the upper failed-to-drop conveyor
312 is located outside of the periphery of the |lower |oops matrix 400

nearest tigwkRob Tt loQRop LotRre fmwatec?&ﬂhmhéﬁ&ﬁ%@f’m%@émt ead be

configured such that part or all of the inductio ne asSenbly 200 is
posi t i ondeopsyevieng matrxcy00; Myr prample.ghe BEGr ldqofailed-tdidepaonvéynddd®i on | i ne

di scharg t in osi-tioned farther, forward over the sorting
mat ri ces%‘o’ﬁ@,ﬁ})%ggi?ﬂig%oé’? BHYR ygﬂo’n‘geé?rm?“r‘?eqe?wbe‘?}flﬁlhéWraé%S BESR in Fig.
1. I'n suchideanf tiad dodlesxadn big 500 AfsemBlyat i on, because the upper failed-to-drop

conveyor 312 will ordinarily QCCU% substantially the same position
rel atPve to the i ndthetdremof ahebies 130 Somaitysppeadoon ¢radlg 304 at & didped- t o- dr op

conveyor .31 . id.l f 0 kn the area of the
sor ;/i %g gn:t i3\£g "sd‘L lg i 8&&%8 g&w&gsts L%Pgé}ﬁag%mg{ﬁegﬁé%3%60}[9’%@?& atptt(lal? :ab%er y. For
exanpl e, -pohe 3ufdong thi uppertloopl fadlpd ¢oaveyslide312, dnd a5 vab otmosd penLat i ve

cort S ST 85 Lo S B 816 Bl i NELORYS O3, dosor e
ouble. | Sueha 20 a0 o LB o,

illustrative exanple in Fig. ower [oop
desc iV bedelsed thevprassndeoarat erabfiomitsé deept dfeapke pbjebiel 1) thit redvhes npshatrop oops

sorting matri 0, a system 100 may instead be configured with the 2 7 MAY
5005 "o B ke, 1 b RS B o B0R S NG Sonkon e decaio hbah qhitdie

per i pher Y1@&nd BesuHRp @at kAdh gpeRrop @Eddl1 904 Rt ving b30Cath AR in8¥@WRLIge t he | oner
| oop failed-to-drop conveyor 410 "could be | ocated above t he wal kway 600,

~descr i befispErgnI0nf bR 2sopatadiinductine lingd02.530dds unfeenpied soliaemiewn bi n 501
ceserm Vonehp 98 ofloha 0 iy -l 1000 AEPoERP B0 21

drop 3 occur nsor e SCtposi tioned

at the di bpat ppdioptpodit 610 & mwogmplished pip thie-sh@@ ndnabt Sdtdsaribdamost Fe 311, and
at one or nore points along the upper_|oop 302 after the dro&é&oi nt 310
and pri offOPHCEWENE 3 drorgnint §00. Sensashi3wilbaenism the dropsafsurhfailgdi nduct i on

line 2024884 objlee$R) SRBTY dr35 SEAHA 1 182adiffto 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
20 240 f@eding such loop 302. Once the object 110 has reached the failed-to-drop
conveyor 312, it will be advanced to the recirculation conveyor 232 for recirculation
to the induction line assembly 200 or manual processing.
If the control system 120 determines that an upper-loop cradle 304 is
‘occupied when it arrives beneath the induction-line discharge 240, then the control
25 system 120 will shut down that particular induction line 202, 204 for one system step
- 50 to prevent the next new object 110 in line from dropping into the still-occupied
V_upper—loop cradle 304. At the néxt system step 50 after the induction line 202, 204
shut—down, the still-occupied upper-loop cradle 304 will have advanced one position
beyond the induction-line discharge 240 and an unoccupied cradle 304 should be
30 | positioned below the discharge 240 such that the induction line assembly 202 may be
| restarted. The failed-to-drop object 110 may then be reprogrammed to drop at one of
 the potential drop oppdrtunities 800 on its second circuit around the upper loop 302.




10 detect the presence, and confirmthe drop, of each object 110 that

reaches such drop point 310, thus enabling the control s
. , , ste
nonitor the |ocation of such object 110 and ensuring tha%/ eagljrzumy-?g%%

cradle 304 arriving beneath the induction-line dischar

_ _ _ _ e 240 of the
assQC|ated rnducplon line 202, 204 is gﬁgccupied SO tha? a new object 110
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recircul ati gﬁ?ﬁlfdlp??{ 0?913(‘1%[58?% %ﬁppfeﬁﬁ%%ﬁ@l@%ﬁ&l %%gy%wgglzhﬁgleaﬁ ?)?Ieltssi ng. |f

the control . systfm haldseh oF Merppert Ibap 360) thepmatrol i1 3¢jasti

$ ] \ ocienc 1 20 vell 3dastithe

occupi edl when it "arrives benealt%? t he 1 nduction-|i neFEdi scharge 240, then the
control  25raysgeftjzcs il bn dmaffessdmpperdeon a9 FXRACEHSDhduct i on | i ne 202

204 1o one Syt em St D Ot QSR koob U AEXInd i ARIAES pkh a0 e {1 O

dropping into the sti 00p cra 4.7 At the next system

step 50 af t gr & he Jinductl o ki 6o 1302m 38ch Shibject 0¥ malibe podrhinaedsupi
upper - | oop pr‘% I'e Og V\ﬁ 1%hha%’/e advar?éed onel’tg%csiti olr?aybe%ngdr thedmjpI °
i nduct i om- | idag iditsabhpissel Refredetamainediswtdaspnaibneyiftuive dBPRIERSUl d be 30

posi ti oned -bel ow t he di sch 240 h i i i
A SRR R T A

reprogramred to dro ton . { JHali b ¥H i :
second ci r cGMFangF B%E%EtS?lret %8%%13?&,? g%gc% ggjngl%lddwt %ggﬁbb“g%ﬁ}e?@? £ggloogjn eICE >

110 fails tQ .d&RN268adk @6 aMarEsbjedt 1 inatii

_ | v Sadi REP 8 jedt 11030 tecontidatinaiant Iathowedirohrysty

t oop 302 (for exanple, because its failure to drop has. resulte frgqrone;
mechani cal  128Efilsne técotve erepratofasproeramais &ep tha sorheaehnalion g s

Conont | 5+ Shaven svemag 5 LEslus Yo oRleg bR Rt OL8 K g ABRs| oy B
0 71 1 S U S SR per, s ishtten of e
110 on the ahfeect@doupperirhtaipra@ayvemr 28E ARyt aloly PORACH D ooy 1 bop
402 has one or nore drop points 408 to the - -6}’ k8 Vver. ' oop
. - which an unanticipated location conflict has geen created by the failed-to-drop object
110. It should be noted that an object’s 110 failure to drop where programmed frém
20 its lower-loop cradle 404 can create a location conflict only for a later object 110 thaf
| lias not yet reached its own lower-loop cradle 464; i.e., an object 110 that is still in its
upper-loop cradle 304 or on its inductién liim 202, 204, If an unobstructéd alternate |
route cannot be plotted for such a later object 110, then the control system 120 will
instead répro gram that later object 110 to remain in its upper-loop cradle 304 until it
25 has re_ached the drop point 310 tb the upper failed-to-drop conveyor 312, where the
| objebt 110 will drop for recirculation or manual processing as deécribed above. -

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

30 toeach co_llectio.n bin 501 or drop point 412 to a loose—objéct slide 514 to detect a

“fial1” 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




| ower failed-to-drop conveyor 410 from which an object 110 nay be
programmed to 10 drop if it has passed its predeterm ned sor ekf ANpani

wi t hout dropping as progranmed fromits | ower-1oop cradle 40422 M‘g?ﬁ%
assenbly 130 positioned at the entrance to each sort destination 501, 518,
532 will detect and report to the contrgd- system 120 each drop of an
object 110 to that sort destination. If the control system 120 fails to
receive ar Lin AT o ERRer bPb@h $@Ehchdesdonaht Sdtting Baserh he 15
control sys?@%rdltﬁgﬁﬁ?#{@% rer oSte tﬁe failed-to-drop object 110, to the
near est dr og00peiAdlly408 inclutibiet leawene furh|dech ponictiSgo donloseo failedgo-dy ch in
turn will convey the object 110 to the reci.rcuﬁ{ %ti n _conveyor %32' “and (2)
reroute any charapr 4}, and meyonglade mpfbiplaflrgp PRSI %51%?)‘“?%{:%&61 @Conf I i ct
has been created by the fai -1 0- havk eheihdePenaet ed that
an object's S%tf(??f&é‘%ﬁpt‘?@o%s %@gpb egiogggir}}%t?gtrlr%e rom 20 i t?g?ower -1 oop

cradl e 494 %%ﬁﬁa%oﬁih@(}@héﬂfioml ict only for a later object 110 that
has not yet ‘reached its own | ower-loop cradle 404; i.e., an oObject 110 that

is still inits upperAs desqritsdalbes,30abiset Ui maysbq romask PEhe Terwelaen, 204,
| f an unobstructed_alfernate . route cannot be.pl otted faor h 18
obj ect 110, SPRERYOF kel ﬁal'ﬁtqn&ofé‘%? %ﬁo’ﬁﬁﬂ‘&“?‘ﬁ&%gﬁeﬁé’ﬁ?ﬁga%@%@%‘el ater
- object 110 t \LRok Nyl ahst 0@ a0adpje384 1anhitreadn t86 has reached
_the dr op_poilfg(fﬂ%%bgg&’fmﬁghié% f%}% I,ed-et-o-dr ofo con\/_eyorr 312, where the
obj ect 110 Weditculition choreyoe2i X atinatilyoare crcinvelnied) withosdeghagnanyaldescri bed
above. If the sorti n{&dsystem,loo Is not mal functioni I&g&%I towill Hrdi narily
never B8 néeadling haakdo ihepatindugHonBpldas ¥ Of Fs BRI 1 APHWE Y-S5 dr op
~conveyor 410. The ntrol sys - it SR RV SENSN t

assenbl i es %Wﬁ?‘?&%?‘ e{!’ﬁ'ge &% rogﬁ?é%ggn{%)bgsa@ﬁ%@%ﬁ%géﬁ%r@biln 561 or dr op

poi nt 412 t Qe QE86hebketd fvhi ge récddulatonlebbeyor32 td the ncondi tion (or
ot her ~obstruction) at” such entrance, in which event the control . system 120
may rerout e parcestineata 220 fatessianathefand reanehl EHSPOTEESN| IR MGTFFSREGUTHOT ower 2

7 MAY 2005 -36 failed-to-drop conveyor 410, FEor ejthe ' such:
reasons, théleEHAIPRy %F’@%be%ﬁﬁe’ﬁ-ﬁrr PIPye RFAE g FE (%Jijc‘lhegoég ()Vlhggg{} tg[%l_tla such
~drop poi,at A&%?ec&soi lroga%tsg?’\ﬁﬁ?%ﬁielr@ﬂf&l@a’ti@ﬁ%@nﬂ%@f‘m&é 1428 to @xdh Mo dofc| ude
p- pol nts - - T

mul tipledro r exanple, one at. each side of the |ower

| oops 402 - degtida€ioBY@ohjueekls ifishuatly ptochssed not dr opped where 5 programed

fromthe | ower | oops 402. As descri bed above ohject 110 be.rout ed
wikrake o

. to the recircul ation M@Iﬁ\ﬁmig@llyzgg)ughd}wqﬂ%ll@f atthFiE & @aﬁ@g
~Induction-| Iag ?‘ol?c;vys?%n 0 rjg& 1%6%1‘1at%93’ps%8%g’1‘ammed into its talfget lower—loop cradle

404 will proceed in system steps 50 around its lower loop 402 until it reaches its

20  programmed sort destinaﬁon, which will be either one of the collection bins 501 or
one of the drop points 412 to a loose-object slide 514, as depicted i_n Fig. 4, for
delivery to the loose-object holding area 518 as will be described.

The object 110 will drop into its sort destination 501, 412 during a
stationary substep 56: If the object 110 fails to drop where prpg;milméd', itwillbe
' 25 rerouted by the control system 120, as described above, to d?'op .instéad ata ldrop point
408 to fhe lower failed-to-drop convéyor 410, where 1t will bé routed to the
recﬁbulation conveyor 232 .for re-induction or diversion to the mantal processing
area. _ -
In the illustrativé embodiments depicted in the drawings, 2 drop from a
30 lower-loop crz;,dle 404 to its sort destination is accorﬁpiished in the same manmer as
' déscribed above for the drops of an object 110 from an upper-loop cradle 304 to a

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




| oop cradle 304, or any |lower-loop cradle 404. (bjects 110 that reach the
recircul ation conveyor 232 -ordinarily are recirculated, with f ,
manual 10 handling, back to the pre-induction holding area ZOguszmY%US
re-induction. Optionally, as previously stated, the control unit 125 may
position the recirculation divert 234 to divert such objects 110 fromthe
recircul ation conveyor 232 into the nmanual processing area 226 for
re-scanni ng and manual transportatiqgl-]_to their respective sort
destinations. This may be. done, for éxanple, near the end of a sort, when
Lhe 11 Nakiod Sl BakPIobO 10N aNGHRLLID ks SLkAGH ALheRigonveyor 232 are
likely to reach their Sort estl atlons re quf c manually

process egﬁrpbmheulmy!pl thfatlirgqtlon rmditrgml of itheclotvsr Tob 4612 inda(rZD iheeratle-giwei r sort

desti nati ons An ect 0 t hat dro mred into its
target | GRS Wlagﬁﬁpéqcﬁgﬁpr%ﬁjoﬁ* ‘BF%’EE%‘B qrﬁmg}/ '%Bé‘ﬁ’g{‘ Yround its
lover | oppAR#d1eB04, lrathér theREDRShE Eﬁe%@oﬂ%ﬂﬂ%@éﬂ%gp eRlle FASIAd@E! on, which
will be either one of the collection bins one of the drop points
412 tD aztsposEday]lngimenthaniems ar acasrdigdy pestioned tengath 47 béhind theel i very to
t he Ioospvp%gllggt hal dh@? area 518 as w Il be described. The object 110 w |
dr op into of tYGesY T'nat i on 501, 412 during a stationary substep 56. |
the object 110 fai |As dbgectl Dpthahéx snﬁﬁgmmﬁuod cridlE MOP e 2boker out ed by
‘the control system 120, as described above, ﬁgﬂl nstead at a drop point

408 to toluCFSRBYEYORE) elf Wal br eqnverdieynd Posmb,lecme g wregpf§. H& routed to
the rec I t?cﬂnﬂ)éﬁ r L o the manual
procesm%‘%e&a@%gﬁ n thely&rc?%%% Ia&éﬁxg%@qQS é%ncc?aor%eﬁ{g?lg% he draw ngs,
a dridp fassmmedw)sbmhpcﬂhcdmpg@nad 5¢8.4Bdr éxanipls asmnﬁordmagé lvatd-olsjedts

acconpl i shed |n as described above for the drops of an
obj ect 146 PGP §E€$ 4@350 @F&&P@S@cﬂdw the tlusirative geismc Wl e 404,

except tRab mﬁ@e‘&!ﬁ%ﬁer@fal Erﬂﬁodxﬁi@ﬁ{sqﬂ&%gi%zﬂz%' g%qeaﬁeﬂ Iaﬂn&fr ofigsrGad 2 7 MAY
2005 -37 404 on the lower |oops an object 110 drops Inwardly in a
directi ohf?wep&mpeaeﬁ AL ahexeoviflhe addarespomimgpinctenso/ial tho posstbde inowar of oop 402;
and (2) . Se_cb gag blmanl pul ati on piece 712 protrudes fromthe bottom
Cor from PRE HAE 35‘?3 S Bwer - | oop cradl e 404, rather than fromthe side
as ars an upper -1 0ofin @b dﬁdi ﬂoiﬁéndramnbtagdﬁ)mwlaﬁsﬁh ol dehar@ipeginani sms are

accordlngly posi tioned beneath or behind the [|ower-1oop cradles 404.
be manually removed from the collection bin 501, then grouped, as for example in a

I
f

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 5 12, ‘
532, either manualily or by placing such a sack 520 onto one of the sack conveyors

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

‘manual scanner or a mounted automatic scanner.

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

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

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

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




An object 110 that drops fromits lower-loop cradle 404 to a | oose- objec
conveyor (s) 516 will be conveyed to a | oose-object hol di ng ar@??SNﬁﬂYAéﬁUé
noted, the invention will accommbdate additional |oose object conveyors 516
and 10 associ ated | oose-object hol ding areas 518. For exanple, a

m nor -i mage | oose-object area assenbly could be added to the opposite side
of the illustrative system 100. Also, since conmercial enbodinents |ikely
wi Il have-a greater nunber of upper gpd |ower |oops 302, 402, there wll
be a corresponding increase in the possible nunber of | oose-object area

assenbl i es theldorbt abi %Hir%i/a@eai 18t 597 ORscH Sk §?@ﬁlphﬂe%l3%|ﬁ%€§8 o bi n 201

generally will be nmanual renmoved fromthe collection
gr ouped, 14gntifipthesplegiion bimS@l fromckhisR X hagbeén Hite, or distimgishtih&omobj ect s 110

t hat hav ted to,.the sane cqllection bin 501, an h transported
in such gF%ﬁ%?ﬁ%g?%*gm?&y%“ng Fﬁauﬁﬁgﬁgff??csgég?a P$W@ﬁ%&§ﬁ§§||y or by

pl aci ng swehothesatiecielDbiant00.0Tke &frrdchROubiAg lbf GRAKENAI203Ra,000, 526 | eadi ng
to such sack | oading area 512, 532. The correct sortation of an object 110

to ity s&Prligredibhyissanners Agifthe saek 20 tabalspyclude eptisalivrdadaplotodsher obj ect ' s

| abel - cogesn X hed a collection bin 501 or a | oose-object
| oadi ng area ??8‘).15“3 ug%gcrﬁgg'scanni ng wll be acconplished by a scanner 136,

whi ch may be a handslpe¢vdousipdesetibed mndeedil, eHe controldliseeh B0 @O/tdrs tiezcanner . 25
Such a nount ed .or hand-Qﬁ%d scanner 136 may also be used to scan sacks at

any of aSABREEMCRRIGECEYY ore ndustion & dischssts uning losicsaitireihs i n t he
dr awi ngSgerferdl tonflgftati PGS Bt Q0MENI0 908 s Aetbhdafic DHRATHAGIAL b DI f ur cat ed
e e-system

by a sack-conveyor bifurcator 5 suspen rom rane 604
abovH) t hbe suiearigdrwidy mafers 0@, toF2gs. 6 End §. Mitfstapch eadnotgera bl @ & iadwiteyl e sack

6, 526 t 3 dj t . f..col L ecti. bi 501
Gost | mod™ B liEon neRisiEon oD dRe FRET ot bRz chiated i e S50, A

sack- cony@w® 2 G Al bsenblP 20038 tROsahh@Ned cﬂﬁ?eradtukheotg&d’sqflo 18R¢h bi furcated
portion of such a respective sack conveyor 506, 526 diverts sacks 520 2 7

MAY 2005step 3ganddf theevaightios the dimeksibasef thy objeetal 1912¢ n@3mt ofmgdmstick 520 wi | |
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been fil I'ngur'’s rom ny, that nmay be

routled twhéther slofehes dwlp dppadiniigeswilbbdgddickdl bibeled af hefopcol | ection bins
500. The correct routjing. of such sacks 520 may_be_ 5 confirnmed by scanners

136 i f tFRPOEHRIKY epicbq fgHaq at step-foundhespihe cartrgl ungayillindsancs dae object to
the next cradle 304 on the upper loop 302 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 pri.ori;y of any later object 110 requiring an unscheduled reroute of the presént object
110, then the present object 110 will be commanded to drop as scheduled to the target
lower-loop cradle 404 at step 8. If the object successfully dropped to the lower loop,
and if at step 9 it did not fail td drop from the lower loop 402 on command, then it
will be routed at step 10 to either the proper collection bin 501, or to the loose-object
25  loading area 518, as appropriate. If the object 1 10 was routed to the collection bin
501, then at step 11, then the control uﬁit 125 will output a control signal |
commanding actuation of the solenoid to pull down the gate 706 over the appropriate
drop point to the appropriate collection bin 501. Then, the dropped object 110 will be
scanned with scanner 136 and the éontrol unit 125 will provide information to the
30 scanner pertinent to which sack 520 it should be placed in, if any. The object 110 will
. be placed in the appropriate sack at step 12 and placed on the conveyor 506, 527 for -
delivery to the sack loading area 512, 532 as ordered in step 13. If the object 110 was




I nstead by visual inspection. As previously described in detail,_the "
control system 120 nonitors the status of the objects 110 froé?rﬂ@fi&ﬂﬁ{}
to discharge using logic circuitry. The general configuration of the
control system 120 and its attendant |ogic functions can 10 be summari zed
with reference to Figs. 6 and 7. At step 1, each object 110 is inducted at.
the induction Iine assenbly 200 and scanned, wei ghed and di nensioned in the
scan zone 212 of said assembly 200.:4 f the scanner 134 can read the
object's 110 | abel at step 2, and i} t he wei ght or the dinensions of the

object 1 QUL ' r I HBLE step 3, then
t he cont%@?ﬁéu(ﬁtio? R‘%Llf@yévmoﬁ%cgy%cﬁg%%ﬂegts lgttg%{aa%}ig%\rlﬁgtéﬁer alﬁfe lgg’set he drop
oppor t unctjectslide 514 toethp iede-obgbl gonlsbyriée d at stbp a4 dsramnspppartheni ty can be

found at, step fo t he control unit wll advance the object to the
next cra é‘n Gﬂeagﬂgtaﬁg%bgﬁ“@%ﬁ" argterégm@ﬁt_%@ 1? at step 6 the control
unit 125 does not rp@dhgto 88Y2UPaRNAM | Ethidaabi! fon He Hjcta30 Wigr obj ect

110 to drop, and if at 'step 7 the control unit has not é&l evat eé over the
presént lbfiwented & the divent assembly 2 Hetoe po-raadiprgces§inganea220eIf asisfepct 110

requirin n unschedul.ed, r er out f .the, prese object 110, .then, the

o asent " Enft8 PREGIR B Sl Bt b e BPET SEoe Shalin 8 OMEP RERE ar ger

| ower - | ol ditcrdlir obfktt B ths bRRud. prbdesting aRRi2e6 foSHERRS sé-wahﬂingr\ﬂﬂp@d to the
| ower loop, and if at step 9 it did not fail to drop fromthe | ower |oop

402 on cSAmERd 30 ehdep 16 andymanua) frapgneride eitberdtsassigued epllsptionebint5Re apr oper
|1 ecti ' . | - Qbj l,oadi
anpr opr 15kt Py Seking el 1210 QRRE IEHEG A RBBALIS D B A0 201 e

at dibep 13] pr tohtha 1dd3e-objet Yoalding Aida S18%t wep 11 7 apitipuionaolwtit sighal si gnal
commandi ng. actuatjion of the solenoid to gull down the gate 706 over the

appr opr i EETIHHAIP ivtcannard 3p Hictappridph fter & e Ppiget i 10iSBPh 501. Then, the
grzgpped ARG bn A Suphik f&eauttﬁﬁﬁﬁ{}ﬁgce?)%ﬁg, &R0 B&trot BNl Bef AL Ol uni t

wi |l provide“information to canner pertinent to which sack 520
it shoulabjdze apthededrtiarca 24 tanlye miiveal phjcessinglddrveydri224Her gdlavendoithe t he

appropriate sack at ste and pl aced.on the cqnveyor 506, 527 for

del i ver yPatal Rocesing 4t Sepds- dpsn igul riceeslde Filker e BPRoWect | 1 (e
obj g6t 1d&HiM@Bren 518 via steps16-and17; or tohe/ sal Yoad@idoarea 812,480 95d Rebsti@, t he

| oose-obj ect | oadi ng area 518, then it will proceed down the l'oose- object
- slide 514, 1% andd 3|as psevieishedascabrdy 8§ all dBpepporturitips are blenked pbsteipdrt to the

- loading RS e%%gtr&rlljgitfliﬁ%&l/illsfﬁa rllrrr]ﬁn%gat \é\@eita%si 2 Hgv%rrlsh']egg o%cc% tcgrp bé‘ 7.
rerouted, and if so, the object 110 will proceed to step 5 and then as described above;
but 1f not, then the object 110 will be directed to the recirculation conveyor 232 via

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

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




Returning to step 2, if the label is unreadable, then the obj ec%?l&éfgltﬂus
5 be diverted at the divert assenbly 214 to the no-read processi

220. If at step 15 the control unit 125 determnes that it is at the end

of the sort, then a control signal wll direct the object to the nmanual
processing area 226 for manual re-scanning with a scanner 136 at step 16
and manual transport to either its assigned collection bin 501 at step 11
for sacking at step 12 and delivery tg._the sack | oading area 512, 532 at
step 10 13, or to the | oose-object |oading area 518 at step 17 as the

contr ol UtNetreditcgildion cbhRYePhilstprbd shdtthen SPAHAR ci)tr%%ﬁaﬂ&&ﬁﬁétf‘o%-viéf at step 3,

the object 110 is not dinensionally suita automati c processing,
then a cofceending siensiasmrgviousindaseribdde obj ect at the divert area 214 to the

manual processing cQn or (224..f iver ot nmanyal pr sing area
226 at gt ep 16. 'gll'he‘g‘sl}égaé\(f\ntefilm é:?%?{aaé%e‘{e8°®¥iﬁéf’v‘?’ C PYYLL S ?1@3?.8%35 I gadi ng
area 518 wimmbdrefinpis aficbuluts. OThd &nbmswﬁﬂﬂidSWiaQir@h%%gﬂ&or@%? via

ro

st eps _16, ,1&2 12, and 13 as previously described. If all p
oppor tuni ks 5, Mors spesifierlly; inforanation is gafbered o coemobiost LifithatepErsihe|

determn o | gct, can be. reroute dif so,
t he obj ec;estyéfﬂlgf%{?I[ﬁlﬁlg!l%’ctg%g&\t‘)@%{%g&%ﬁgén%%tdﬁé aggn&fg’g??%oéﬂg%%g@ee; but if
not ,- t herpbjévt’sdbf dabiel. 1h@hvihformborting g comdint DdibdreterdRsiiitionabi®Toconveyor 232

via 20 the reci ;ll%ulation Slide 230 or the failed-to-drop conveyor 312 and
then to iT&mpie,Jhis miarmatign issent todhe penteql apit 125+ fp addjtion ther 13 as

descri bediabNsher 188 aik , : el | ' y bl ocked,
and if at lst e 1655 a8 r%téc} fc)é&tfelolr@ %agﬁb?gggéﬁgﬁlg,gﬁt en ,?%Bje%%gff’gg‘k‘ﬁ‘&%ém |1 be
- r er odPed owler diraensioms aod weight. TRSdimensioapr PIB aminsdaleHd Oale}ieatthib Hatab| |

proceed Lt est Lhati.on via 9 and succeedjng steps as previously
descri begge (fqn?rg?lérgi %t@?%&ﬁqff Z%ggﬁeeguftgéﬂé’gﬂupge‘% %rg’k}?‘i'gﬁ SRtMg ep 7, then
the cont @dtetdN0D whdRovet Jtlis dSGHBIE RS REH hasd %%@dBjéctsItMel%y giedhRAuest at
step 21 and if possible, the object 110 w1l be reassigned at step 22 and

t hen r ouPEQRPCE Bpgration. | Sugh sersory nepolt suchapassage pr donpdssage trbe donigolsinips as

previ oushycd ' Jf not possibl.e, then the aobject 11 ]|, roceed at
step 8 t(%ils't ?ﬁ%ﬁ‘g‘%’iéﬁ’ﬁ* JPead %?cg‘ﬁee <A nﬁ;@zla \yis) '{‘ﬂgﬁmﬁi HPE(WE!BH nd 30
succeé®di noths seps dshdsanvepits) totds end BadletRséhbligiest i nation. Finally, if at
step 9, the object 110 failed to drop fromits |ower |oop 402, then the" :
control unit will fBgeeotrel upy 125 progesses tsvarions inpwgs anscqontralsdhe on conveyor

SR e T T R R e
control. Vémtihftd He2€inh @aitputs from the control unit include outputs to the induction
assembly 200, to the upper-loop sorting matrix 300, to the lower-loop sorting matrix
20 400, to the destination assembly 500, and to the scanner 136. More specifically, the
control unit 125 has any number of outputs M, where M is any positive integer,
wherein M generally will be the number of mechanisms that the control unit 125
sends output signals to on the induction assembly 200. Examples of such
| mechanisms include but are not limited to the divert mechanisms 216, 222, 228, 234,
- 25  the singulation mechanisms (not shown), and the discharge mechanisms. Similarly,
the control unit 125 has any number of outputs N, where N is any positive integer,
wherein N generally will be the number of mechanisms that the control unit 125
controls-on the upper-toop sorting matrix 300. Examples of such mechanisms include
but are not limited to the pull rod 303 solenoids which actuate the manipulation piece
30 712 pﬁller, the motors and the divert mechanisms. While the operation of the pull
rods themselves, and the conveyors is generally a function of the conventional gearing

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




a nunber of inputs and outputs. The sensor assenblies provide inputs to the
control 5 unit 125. More specifically, information is gat he:]%(? W‘q’agﬁgﬁ
object 110 that enters the system 110. Initially, the scannér 4 obtal ns
the destination information fromthe object's 110 |abel. Such information
may contain a discrete destination codeji-for exanple. This information is
sent to the control unit 125. In addition, the dinmensioner 138 and scal e
140 gat her ' QRGR kLG tecd OTn ddycdvest i@ cbAtroléresan diogensi ons
and wei ght. g%gdlgﬁl%ﬁgé%ﬁg%el%_ g%g&fgal e)Z14OAIgSI iver this data toﬁet he
cont rol uni theh@Stor Thia thecmensa iQ2nd fal-wudropb Fympessiot the pegutste thrdowhe
sorting -system 100 wherever

it is, i ble tq t .0bj ect
Cher eby 1 o) RAMIPRIRE THEpabe SRRFALREISS SaeHsGBieSt oF PUpBRe - SR piotige. o
-non-passage L ;[-"g] %te%%PWhg{euyﬂﬁ?{lerﬁﬁfmﬂ-ﬁg th% b%{' of‘rﬁleéhaﬁ?s‘élsrtﬁEtEt?é’ e ot her
i“ncl udi ng not |

i nput infor Rﬁ?l‘luon, imted 15 to.the status of the

conveyors, @BiielSnitans cdtasdl 6n 88I6WE-loep sorfiig neamimt #00. ExdirhpléP6f uehcesses
the various inputs and controls the operation of the system 100 based on
such i nf or matechanismsiinthde beigire nptdimitesets thejpabradddd salepaids whagh #atade f r om t he

control unit incl.ude.out.puts to.the inducti ssenpb . h

upper - | oop LrPHHEH ﬁ%ﬂ?‘% ‘@@.’pu[llgr,?theempﬁé\;\% %{}8%@"5%%‘%‘%%‘61% gllgl T ?g't‘%’oﬁlfoo, to
the destinatjamiasseabhys RQCunted of Suthls KS GARALK idaf: pdviiwe iskged fical |y,
the control unit 125 has any nunber of outputs M where Mis any positive

“integer, whéreinK\Megenky afill Ye thielduntber b hmechanises thyft theeedidrol sn 12hat t he

contr51 yn't 3¢ sonde puLpis s grels 2 on (he LacketLon ssieIy, 200
rechani 216, 22 t i naul atian: _ - |
e ohe dis gﬁar{,oéﬁlmﬁfgd #7Be dfter ol 56 Sld R LA BRI B {AGhorS hown)

chani sis. the cont has. any
number of ogfduhSoditediiQiR the b&lle@tiyn PRSi50L.VEinally abecontrobneitd2f séhdgener al | y
"W |l be the nunber of nechanisns that the control unit 125 controls on the

upper - | oop euipti signatsitorthas@ousr 182 anpides tagrroxide feedhediegriigstaictiney 19dBS pbut are
not limted to the gul l. I of %%SI sol enoi ds whi ch act'uate the mani pul ation
pi ece 30 71¥OHAT WhO Petk %A% the divert nechanisms. Wile the

~operati ga of the pul | wyiRdge YRG! M8 DeertMRisiiod SRIIRYAbE inYegananed | y a
function of the conventional gearing connecting the notor to such devices,

it is withi fortfing daeiigagnadiesdnptiomvbasdnumnistobe torsiderel agiitustogize andi 1
control unit to control the npvepents dir e;él y. . I'n an eveijf%t , & Qe :
control | er @efregitiglive nirBampenit beang derrioad{aal oply geggégﬁaﬁ FPEYS- dr op.
Tur ning to Eh%?eo?ﬂgé)e%e%ntsﬁoﬁ gnc{ EELiBed and that all changes and modifications that

| - come within the spirit of £h6 invention are desired to be protectéd.

20




| oop sorting matrix, the control unit 125 has any nunber of outputs L,
where L is any positive integer, wherein L generally will be t QMA?EF)[}%
.mechani sms that the 5 control unit 125 controls on the | ower-100p i g
matri x 400. Exanpl es of such mechanisns include but are not limted to the
pull rod 403 sol enoi ds which actuate the nmanipul ation piece 712 puller,
‘the notors and the divert nmechanisms. SO0 too, the .control unit 125 has any
nunber of outputs K, where Kis any positive integer, wherein K generally
will be the@uddEY of nechanisns that the control unit 125 10 controls on
t he destination assenbly 500. Exanples of such mechani snms include but are
not limted to the diverters 510, 530 and one or npre information displays
(not shown) |ocated aroung §yseenc firlsexting@hjdolisrPorBOSMEEi nal |y, the control
unit 125 sends output signals to the scanner 136 in order to provide
f eedback or instructi @eentel 4e workers who performthe final scan. 15
Wil e the invention has.been ill rated.and described in detail in the
f or egoi n§ dr awi ngs an&flfét_sccopivﬁcirgﬁlfnhghe s)g’ma' is to be considered as o
il{ustrative and not y&sidd Ghiderisortiahatmit Breated beloei segd fratieerdesdod t hat
only preferred enbodi ments - t hereof have been shown and descri bed and t hat
- all changes mgexodi fications that cone within the spirit of the invention
-are desired to be protected. 20 2 7 Y 2 - 42 X ¥shem for
sorting objects conpr isdidigst @%GBﬁQ“rdoﬁONﬁlﬂ%rB%%-cessa%e |rsdt|>{§tgg%l?/reeeg§ sorting
matrix, a second conv i dX | ocated below said first sortin
matrix, sai d"FFP O%n%@(gergoﬁ {ssgg%)igﬁ%ﬁnétri ces are each adapted to recei 8e
and trapsport one or Wran@b)ﬂde”ﬁsmatdxb@l@@stoe@lpr&l@fw{éfﬂéﬁyﬁﬁ ®f i rst
matrix includes one or nore primary di scharge ., apertures for discharging
sai d obj ect sapedusaifat dé@b@r&&ﬁrﬁt@‘?@l?“%%ﬁ/ﬁ%ﬁ%ﬁ%“@% d second matrix includes
one or nore primary discharge |. ' QkncHlldRs BAE 8¢ MPres bjects to
one or nore collectio rv@éegagi?ﬁ%%gedng&z%t%ﬂ%c?k%?ai m1, m%?g?lﬁ t he 'second
conveyor mat (ﬁiiseharge locations for discharging said objects o one or more collection areas.

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

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

matrix each has a closed-circuit configuration.

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

isa quadril_ateral. _
- The System of claim 4, wherein the objects move about the

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

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

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

of each object.




wherein the first matrix and the second matrix each has a cl
configuration. 4. The systemof claim3, wherein first conveyor matrix
includes a primary discharge aperture in the vicinity of each point that
it crosses over the second 20 conveyoryqmatrix. 5. The system of claim 4,
wherein the closed-circuit configuration is an ellipse. 6. The system of
claim4, wherein the closed-circuit_.configu ' ' il . 25
7. e systemof clai fha.  ARerEefamspdbatidle ol o RS (RLGEE 2
series of st 845 hnark: divdhefeeiapertites.st eps are of a
known fi'xedOgﬁgalgr%%ﬁﬁg%éy%gﬁg%%@%@cﬁai m 8,gewgerei n the control unit
utilizes the 30 knownlj nt@hvaystérhaf cleae h0obhercin thosirohbail commandy§eem i n
step-wi se fashion to determne.a current |ocation of.each O%jd%g% ggd to
predi ct ~one discharge ef ¢agh gbiect what §a6h SLIeRT ArBKE AL HB BT YS P?%‘& B 43 10.
The systemof claim9, wherein the control unit plans for each object its
di scha’rgé a®Pt'HE®one or nore primary discharge apertures. 11. The 'system of
claim 10, wherein thejgont ok syqéd of eRiAPdshedem thel conthrngd pidnsdacdrcbj ect
when each object arrives at its respective planned discharge 5 aperture. .
12. The systobjecoits dibatiargedyt thammesir tarh priglert ¢1sthagasi IPcqio8fhs for each obj ect
its discharge at the qne or. nor ri.npe i i mimn o
The ﬁ%sef‘%rgﬁtf E%fr}{ dgi frﬁgr@irnglﬁe LORR Al %o adhe

system of claim 12, wHér ei comands the discharge for
each object when eyl ALkl M85 o botiakiFves Q6 ReRkpactive pannedldidtmegear ge
10 | ocati on.dlsi‘fﬁé‘rg%'ﬁog%@{s)%tg%to cl_eai n?lg,c wherein the fixed interval includes
a timejgomenagsh. having a known duration. 15. The’ system of claim 8,

nher e.l N the fixed int eﬂﬁlal 'fhg(élys%glgsof %laim 8, wherein the fixed interval includes a

15 crosses under the first conveyor matrix. 3. The system of ES?MY
dMAY 2085

time component having a known_duration.

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

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

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

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

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

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

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

‘component is up to about 6 seconds.

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

~ . component is about 6 seconds or greater.

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

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




di stance conponent defining a known di stance of object travel. 15 16. The

systemof claim@8, wherein the fixed interval includes a ti f
known duration and a di stance conponent of known di stance of WEOZJOWGZHGSD
travel . 17. The systemof claim 16, wherein the tine conponent duration . is

the same for objects on the first conveypr sorting nmatrix as for the
obj ects on the 20 second conveyor sorting matrix. 18. The systemof claim

17, wherein objects oaat he éré% erﬁ%%@%ﬁﬁ%ﬁ@f{réﬁ% BRbhk X RS ACERRDI Ng tO

a first value for the™dist comnmpon wherein objects on the

second CCnV%}{}ﬁEg?%&dtﬂiﬂ@h&g(lxgﬂ@\se gerding to a second value for the
di stance conponent, and wherein said first value is not equal to said 25

second value. 19. The23yst e ofstahaf maim | 8yiesreinsaidHisigvaleg is@ReaT thave tine
conponent is up tqQ about 6 secqnds. 20. The stem of .claim . Wherein the
duration of 3PprE-A0jpehes zbwg’cﬂﬁ'gr‘(‘f%ef?ngﬁoﬁfo ‘gedﬁgéeagef ﬂbapeagf’ggfb %V\ﬁefl. The

system og .cl,ﬁéépﬂ 5, wherein the distance conponent has a value of up to-
about 48 in'é es (1.2 m. 2 7 MAY 2005 -44 22. The systemof claim15,
wherein the distance gonpomaaikydias oficlaiall Gefucheradootrisd dneciiemor¢ 1. 2 m or
greater. 23. The system of claim 18, wherein said fjrst value is greater
than -about sa@nipyiksshirge pporiuresimdyne 08 more %Dmﬁﬁcﬁg%g’cﬁ%orﬁrfg’g’f%r t han
about 30 inches, .5 ,(76. f claim16, further conprising
one or rmreog%e&tgﬁtd%f%lge%:%ﬁé%%g%%e(? .ur%isﬁeg'nd one or nore secondary

di scharge l'ocations f ok anyhe@pit@flof tlaah 2hashdréinltRefifso ant scbad genvagor -
commanded. 25. The system of claim24, wherein the first and second
conveyoil0 1@namitesicachsfughertvomprish e plusaliiyof ediagenp cloped-Firguigracksj acent

ol udes & movement  26bst 3° SIPART BRI 3% CLBErSht TR PEMESR obj ects in
H;\‘jef% f}{ en g&;@bg%l%mang&éﬁgﬁﬁ&ﬁ%h sﬁ&téﬂj.%yhfé%e%ﬁ ANGE 6 'iﬁpﬂfé%%teﬁ%bﬂﬂa t he
distanc::: equal to the distance c'ompohent during the movement substep, and wherein
one or more objects are discharged during the action substep .
15 27. A's_ystem for sorting objects comprising:
an induction ‘asscrr'lbly adapted to receive objects for sorting;
“an upper sorting circuit adjacent to fhe induction assembly and édapted
to receive objects therefrom; | |
| a lower sorting circuit crossing under said upper sorting circuit and
20  adapted to receive objects therefrom; _- | -
! | ' a destination assembly adapted for receiving objects from the upper
and lower sorting circuits; | o . |
One Of INOre Sensor assemblies mounted to gather data on the one or
| more objects; and _ | _
25 | ' a control apparatus connected to the induction assembly, the upper
sorting circuif, fhe lowér SOrting circuit, and the one or more sensor assemblies and
| adapted to receive input information therefrom and to send outpqt commands thereto
to facilitate the delivery of each input object to the destination assembly. '
o 28 - | The syétem of claim 27, wherein the upper circuit and 'the_ lower

- 30. circuit are each ellipses.




one or nore objects are discharged during the action substep. 15 27. A

system for sorting objects conprising: an induction assenbly )
receive objects for sorting; an upper sorting circuit adj acen'(tizlaiplkgﬁxt 20@5

i nducti on assenbly and adapted to receive objects therefrom a | ower
sorting circuit crossing under said uppgr sorting circuit and 20 adapted
to receive objects therefrom a destination assenbly adapted for receiving

obj ects fromthe uppepy angyl QWeim §PELINY7 Gillcedth bl obRBEOIOtheBhEr GRABOT
assenblies nounted to gather ata on the one or nore objects; and 25 a

control appamatpﬂnaqnmehmgdoppmhhﬁwnndudbwanmamgembmynwﬂHQWM§péﬁtm§ort|ng
circuit, the lower sorting.circuit, and the one or nore sensor assenblies
and adapt e@foﬁﬁﬁsrﬂlfcléi"’\?émfcr‘ﬂ&ut i nfor mation therefromand to send out put

commands thereto o 4gel | rhalRudGr bt Y6 Ihaln b AP0 lhSR I O the

destination assenbly aim erein the upper circuit

and the & oweystend@ofi the duchsCassanblyab lthendeeBnatidh AP Sseried Df RBps. The
system of claim27, wherein an object on the upper-circuit_ has a_prjnmary

di schar ge opportunlty3to t Wee bypiesn of ¢lpicni 39, velesein theicastase ghpkROWR figed t
crosses the lower circuit. 30. The system of claim 29, wherein the objects
move about {Hevals system fromthe induction assenbly to the destination

- assenbly in a series ?ﬁ st ?H@systéﬁofa-lﬁi@ngystﬂ%ﬁlﬁfth&étﬁﬂtﬂ&ﬁﬁitut&hﬁselhd”l t he
steps are of a known fixed interval . The system of claim 31, wherein

the contr ol duaightheted by zRsonde mmatsansgaadsembﬂesmndtth@lomen otervelrthateaets or
assenblies and the known interval that. each (?45 ct noves about, the .

“system 1® spbjgchineves phaitbmsysierpRgdsp-Vise %gthw’sqnn‘fl CHFFEREC SR o of
~each obj ect bq%ntgﬁ)r%? n%%&]gdb)\,\% t aAd To B { e bite B%Pfe% tﬁ’gﬁ“)tcht?&ﬁ' HHeapGh)eqbj ect. 33.

The system erein control unit plans for each object its
one or nore primary dB§ChaTH@sﬁm@@bfuﬁhﬁBaswm3éntﬂanbm§¢$mmnpmhsﬁkandl33

vvherel n the control unit diverts at the
object its one or more primary discharge opportu.mtles

: 34, ‘The system of claim 33, wherein the control unit diverts at the
- 15 induction assembly any object that the control unit determmes will be unable to

discharge at any of the one or more primary discharge opportumttes.

35. The system of claim 34, wherein the upper circuit further

_compnses one or more secondary discharge opportumtles

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

object failed to discharge at one of the primary discharge Qppbztunities.

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

y -circuit each include a plurality of adjacent tracks.

38. ‘The system of cla.lm 37, wherein said adj acent upper tracks are
25  substantially perpendtcular to said adjacent lower tracks
-39. The system of claim 38 ‘wherein the objects are dlscharged by
: gravity. | , '
' 40. The éystem of claim 39, wherai.n the induction assembly
-includes one or more diverging end porttons adaptedr to deliver objects to one or more

30 upper tracks.




15 induction assenbly any object that the control unit determnes will be

unable to discharge at any of the one or nore primary discha
opportunities. 35. The system of claim 34, wherein the upper gg?cMAY 29@5

further conprises one or nore secondary di scharge opportunities. 36. The
system of claim 35, wherein the. controjg.unit commands an = 20 object to
di scharge at one of the secondary di scharge opportunities in the event such

object failed to di SCQWgeﬂ%%én%?cﬁfe}ﬁw,r&ﬁ@éi}ﬁtﬂéé&ﬂ%‘igﬁ‘st&ﬂe&ﬁhﬁﬁ&éi es.

- 37. The system of claim 36, erein t upper circuit and the | ower
circuit eachniobetirdeirihuiadichythaf thadpaed nystemaaksot pBi a diop asyst em of
claim 37, wherein said adjacent upper tracks are 25 substantially

per pendi cul @Ffimagy disshargedpeationton apyerack perredby sod diyreging SHERRTHPNS| ai m 38,
wherein the objects are di s¢charged . gr.avi . t ai m 39,
) 42.5 s eﬁ:glf: >s,y 7R 8?%133’% 4?\/\%/13&6111?}%&},0}611%3 .ogéﬂr%{ 8ﬂ%h '

wherein the induction _ one or vef ing end portions
adapted §0 @?{He\fﬁfmﬁfhﬂﬁq‘éoﬁw BRcRIrgdBppRriudlly tRe@rholt tekssted dlritp\¥he2005
0

-46 41. The system cl ai m 40, wherein the control system commands an
‘object to disamestep.n the event that the control system cannot plan a drop at

any primary discharge_locafion on .trac erved by sai.d diverging end
‘portions. 42. The sysg?-fm o&h‘EF%‘it‘?ﬁl@ Qy%é?’eégﬁﬁ?ﬁcé’g}%’rs W‘HV%%%{M at each
5 of the pri n k S50 2AHFdBRANLIR dbfedidiorBialoRl afdiga Syst em
during the E%Clg{]gaéﬁgﬁ% T grag1§§l§e?n&%f cl al mﬂ???ﬂ, Bf’%rt her conprising a _
plurality oaidheceptatirespralddoatpridingensdr dfispadedapart adapieds, taclat@nsport
objects to-be sorted around said tracks, each receptacle cozg ising a pair

of spact@d afiaetpatiersqsilwichsd bivegen theetdepesssodd e PHHICR hed bet ween

the side pieges,,and a gate.portio : h he floor portion’
and ext endi f a%ﬁ‘?\%atgﬁ%gragw ¥ AT %q?‘%mﬁﬁfgg%aﬁ‘ﬁig‘gg%ﬁ%ﬁq of "cl ai m 43, wherein
an object to be sortedsent ens sysidif of ClaRPY G Reréin a8 lobficn® whossted kstefsl oor

portion. 45. The system of claim43, wherein an object to be sorted enters

15 the recefiteacteptdole oi slidimggdarowts floer pyai@. portion. _ B
' ' 45.  The sYsterﬁ of claim 43, wherein an object to‘ be sorted enters
15  the receptat:lé by sliding down its gate portion. - |
- 46, The system of claim 43, wherein an object to be sorted enters
the receptacle by sliding down its bottom portion or its gate portion.
. 47.  The system of claim 46, wherein the movabh_e gate portion
lowers toward thé floor portion to allow--an object mnside the receptacle to be
20 discharged by sliding down and out of the receptacle. _

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

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

25.‘ ' align to discharge objects thereto. . |
50.  An apparatus for receiving and discharging objecté to be sorted
by a sorting sys:tem, the apparatus éomprising: ' | '

2 pair of sp‘aced,apartrside pieces,

a slanted floor portion sandwiched between the side pieces, and |

30 - a gate portion movably attachéd.to' the floor p'oftion .and extending

 outwardly away therefrom.




46. The system of claim 43, wherein an object to be sorted ent ﬁa
receptacle by sliding down its bottom portion or its gate portf‘é)? ?2935
system of claim 46, wherein the novable gate portion |owers toward the
floor portion to allow an object inside the receptacle to be 20 di scharged
by sliding down and out of the recept acMe. 48. The system of claim47,
wherein the upper circuit receptacles -ali gn with the lower circuit

receptacles to allow gbj _ectgrge'{aﬁ%atg?et&g\éfqhar he?exﬁlahggjcﬁ e%Brtch'Sbé’erer

circuit receptacle down in & Chit recept |gned

49. The SyStﬂ%ﬂ% [ afled ;4 dg%rtﬁé attBertloawer circuit receptacles 25 align
- to discharge ?’ects here 0. 50. An apparatus for receiving and

di schar gi ng obj ects t 62be Tt apphratoy ofclsior §0,ghessis evpieEhie bgppEeh enfers
conprising: a pair of spaced. apart SI derpl eces, a slanted floor portion
sandwi ched s apparatusie Sglfi@é flogrppriagp a gate portion novably attached
‘o the fLoor portion 3nd exyg nggzggm s BELIAGH 5 Yo ‘g@l){aﬁtaﬁj’e%f%%so?tege%\é 2005

-47 51. The apparatus~of cl erein an object to be sorted enters
the appar at%ﬁiﬁa?a‘tds‘iiyﬂﬂteﬁﬁ%y Elhﬁngab\enmrgata)gmru&z?orﬂihéloappautmnus of claim
50, wherein an object "'to be sorted enters the apparatus by sliding down
the floor portion. 5 53, Tﬁféeapmmaﬁgé‘ﬂélﬁn &h.arherssn themar &l ‘i’]g%FﬁPB’E]Ogct to be

sorted enters e a tu e down the gate portion
or the- roor‘ncﬁ’GFHT’%‘%@[’Vat 'Iailﬁwytg gllﬁ Fd“fydOS‘Jr’%u m ‘wherein the novabl e
gate portion noves d@‘ﬁ“v"a@%))éteh?fcﬁ‘|sbﬁiﬂgtolﬂj-‘éct3bioﬁ®h5if@ slide down and out.
55. A systemfor sorting objects conprising: 10 an elevated i nduction line
conprisiipg a | ongi t udianalevyted xidntom tine cunprisingolongifadingléy @ﬁeréﬁ%&ﬁ%‘ﬁ to
receive and transport fromone cel.l tg the next one o re egts to be
sorted, sai @fp@m{%@ﬁ hs pelansedloivey a“é‘éﬁ”épqrh%"ﬁcﬂ”ﬁﬁeg ﬁ%{%ﬁleﬁgﬂpé

accurml ation qore i nformati on- gat her| ng cells, one or nore

- divert cell énorﬁﬁ eﬁfsi%g%f har ge cel I,

said induction-line conveyor cells including one or more accumulation-

cells; one or more infonnatiox_l—gathenng cells, one or more divert cells, and a
15 . discharge cell, "
' a plurality of longitudinally extending, upper sorting elIipses

-posmoned adj acent to said induction line and lower in. elevation relative thereto,

a plurahty of transversely extendmg, lower sorting ellipses which are
oriented beneath said upper sortmg ellipses and generally perpendlcular thereto,
_20‘ ' . a plurality of sort destmatlons p031t1oned generally beneath the upper
and lower elhpses and conﬁgured to receive objects therefrom,
a control apparatus comprising a control unit and a plurality of sensor
arrays, _ 7 o
said information-gathéring cell being configured with one of said
25  sensor arrays adapted to dct'erminé an object’s particular sOrt information including its
dehvery information, its outer dimensions and its weight, A
~ said sort mformanon-gathmng cell SENsOT array comprising a label
reader, a dunensmner and a scale
said upper sorting elhpses and sald lower sortmg elhpses each
30 | comprising .a plurality oflreceptacles adapted o receive sald objects and transport

them to their respective sort destinations



a plurality of longitudinally extending, upper sorting ellipse pPQSi ianed
adj acent to said induction line and lower in elevation rel at ﬁvi Mﬁg\?e‘ima
plurality of transversely extending, |ower sorting ellipses which are
oriented beneath said upper sorting ellipses and generally perpendicul ar
thereto, 20 a plurality of sort destinations positioned generally beneath
the upper and lower ellipses and configured to receive objects therefrom
a control apparatus conprising a conyggol unit and a plurality of sensor
arrays, said information-gathering cell being configured with one of said
25 sensor arrays adsidtrecbptaeled@bMiphising adfaiadf spadedephal dpvelddiex&nting
information includijng its_ delivery information, its outer dimensions and
its wei gRdes.aslantedfloorinoriinmeeni wirhga beiveen thesprredsamsinidesy 2 s§teconpri sing a

| dbel | 3B Al RSO e AR AuAGRLE A8y ARSI RORLL00 o | pses and

said |l ower sorting-ell1pses eac r1sing f receptacles
adapt ed therefemepvabstandalbby Aghtungledthéeansport themto their respective
sort destinations 2 7 MAY 200.5 -48 said receptacles conprising a pair of
spacetl apart, upmwénegﬁué%ﬁémfpﬁ@aﬂ%wé@nng <&/l aprson 2K ndp 83l iSO sandwi ched

bet ween Iﬂ&%ﬁ%@'sﬁ&%ﬁtréliaﬁig%ané I%E?Asg@gtaitng& alidacRinl QR &0 the

floor portion and extendi ng outwar erefromat substantially a
ri ght angipeel foreaach objest fivrarthd indaetich lineftoome of tre-fywd Hestinagorsel | sensor arr ay

sends said sort ipformgtion to.sai.d control apparatus for, processing and
The deter mi nat i on SF & BeRgR O otkDeAOrs SonbRoRE R er Hin t he 1 nduct | on
line to one of  thepfdvithhg 8l@§htid) hitA0 SontrRf the'soFEbdesksOf sorting objects
conprising the steps of.  providing a control unit to control the sort

prockss, 10 provi dpieyiding 2 fisst sewingimaitizmat ri x, provi ding a second sorting
Col | ect i on dest i nalCSREVE ¢ pidoRd sk il KRbeabel it Bt Bt Badiod, o1t e v st
~matri X tmatrixe second 15 nmtrix, ,
providing a plurality of collection destinations,
transferring an object to be sorted from the first matrix to the second
15  matrix,
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 or more divert destinations in the event an object

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




transferring said transferred object fromthe second matrix to ﬁp? @“@Ytzpﬂs
col l ection destinations, providing for one or nore divert desti

" the event an object cannot be transferred fromthe first matrix to-the
second matri x, and 20 providing for one or nore divert destinations in the
event an object cannot be transferred_fgomthe second matrix to the
col l ection destination. SYSTEM METHOD, AND PROGRAM FOR SORTI NG OBJECTS
Abstract of the DioehagtnPETABIYNIES PROGRARFORSSGRTINGDBIEETgIdes a first
sorting matrix (3 g?, a’ sécond’sorfing matrix (200) crossing said first
sorting matrix (300), and a control system (120) for directing the sorting

of objects (110) to one of a plurality of sort destlnatlons (501).
Abstract of the Disclosure

5 ' ~ An object sorting system (100) includes a first sorting matrix (300), a.

second sorting matrix (200) crossing said first sorting matrix (300), and a control

. system (120) for directing the sorting of objects (110) to one of a plurality of sort

_ destinations (501).




