METHOD “AND APPARATUS FOR BELT CONVEYOR LOAD TRACKI NG TECHNI m\\ﬂ‘ﬁ_mm
rnvention relates to a belt conveyor | ®ad 5 ~tracking systemfor tra

a Toad bet ween processing stations and nore particularly to a systemfor

mai nt ai ni ng synchroni zation between a | oad data record associated with the
| oad and the load as it is being transported by accommodating for any

.sti ppage of the 10 | oad on the belt conveyor as it is being transported.
BACKGROUND ART In the fields of material handling and industri al

processi ng, autonmated equi pnent is used to 13 transport | oads
automatically through various processing steps. As the | oad noves on the

transportation system it is oftecMERECRSANPyAPBARATHE EPR data with the

| oad whi ch cannot be done by apgkyirngoitieydft fiohd Thickesd and by exam ning

the load with sensors to retrieve the 20 data. Exanples of this kind of
information are date of ture, processing steps required, ownership of 'the

. load and cost of the load. A typical TECHRIGHIAIFI tem consists of
transportation el ements, processing el enents, operator ce elenents, and

data processing elenents. These nts are typlcally arranged in a distributed

and/ or hierarchical manner. T dawveatiicmalelayeisehocaise bt scafveport dasid

one source proces n c S a
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conveyor ‘bet ween 30 n suc stem each of .
~ processing stati ofEatEOT | M peBBERL @@ﬁFﬂGPﬂ@F’&hd‘?he %on§¥§§?m for

maintaining synchronization between a load data record

associated with the load and the load as it is being
transported by accommodating for any slippage of the
10 load on the belt conveyor as it is being transported.

BACKGROUND ART

Iﬁ the fields of material handling and

industrial processing, automated equipment is used to

15 transport loads automatically through various processing
steps. As the load moves on the transportation system,
it-is often necessary to associate data with the load
which cannot be doﬁe-by applying the data to the load

.and by examininglthe load with sensors to retrieve the

20 data. Examples of this kind of information are date of

A typical industrial system consists of
, fation elements, processing elements, operator
dce elements, and data processing elements. These

viﬁilﬁjlﬂg

elements are typically arranged in a dlstrlbuted and/or
hierarchical manner. One conventional sYStem consists
of at least one source processing station and one
destination processing station and a conveyor between
30 the stations. 1In such a system each of the processing
lstations has an independent controller and the conveyor



2 is independently controlled. The source station produces |oads which are
carried by the conveyor to the destination station. The operation at the
destination station on a particular 5 | oad depends on information .about
the | oad produced by the source station. This information nust be
presented to the destination station synchronized with the arrival of the
I*oad. This requires intensive, dynam c processing of the data
handl ed for each | oad. 10 There are sone probl ens -associ at ed
with this synchronization requirenent. The colnveyor system nust maintain .
synchroni zation for all_ of the loads in its domain sinultaneously. The
conveyor system hﬂslndepen@eBtIYseqsbrolledrors so as to mei nt ai n
15 synchroni zati on. The system nust al so tol erate hunman errors, such
as the renoval of a load fromthe mddle of the conveyor. Furthernnre
the system nust tol erate nechBfi EQMreer Gitatdam REOAUGeHadeads whvhen s

the load on the coteeyded B3P the conveyor to t:he d@bﬁ&éﬁiﬂﬁ SEat NYENTIZg An

oroved 1 ong b1 o TRSEACKER" bR e deBh Rk of R kel S P O i el

i nvention is %o 25loadpdepéndsacnetiinforaatieppabants ther logaid prmmcem mn a

bel't conveyor havigi asSRR0E Vs CBLPGE TNt £Y SHEB At ion must be presented
to the destination station synchronized with the arrival .
of the load. This requires intensive, dynamic
processing of the data héndled for each load.

10 ' There are some problems associated with this
synchronlzatlon requirement. The conveyor system must
maintain synchronization for all of the loads in its

domain simultaneously. The conveyor system must
tolerate sensor errors so as to maintain
15 synchronization. The system must also tolerate human

errors, such as the removal of a load from the middle of
the conveyor. Furthermore, the system must tolerate
mechanical  errors such as slippage or ]ammlng of the
load on the conveyor.

20 ' DISCLOSURE OF INVENTION

An object of the present invention is to
provide ‘a method and apparatus for improved load
tracking on a belt conveyor.

Another object of the present invention is to

25 provide a method and apparatus for load tracking on a

belt conveyor having a memory management system and

tracking record updating system that  minimizes the
'equipment configuration.

Another object of the present invention is to



tracking record updating systemthat mninmzes the equi pment configuration
Anot her object. of the present invention is to 3 provide a nethod and
apparatus for load tracking on a belt conveyor wherein synchronization is
mai nt ai ned between data associated with the |oad stored in a conveyor
controller and the location of the load as it 5 I s conveyed al ong the

* conveyor. Another object of the present invention is to provide a nethod
and apparatus for load tracking on a belt conveyor that accommodates for

sl i ppage of the load on the belt as the load is being conveyed. 10

A further object_of t pres nvention is to provide a nmethod and

appar atus for de?EBYFHE gﬁﬁﬁt a%%?faEBﬁvg95rl°ﬁq(ﬁﬁ%%k%ﬂ?cﬁﬁ fhe
above objects anHebtkmnon&gpmrs‘wﬁenémnllsynuhnmmmxamaxhndlsf maﬁnkaﬂgedata
15 associ at ed, ¢ {: ﬁ '&Q&b%é&&%‘é‘ﬁ/e%% atﬂ&' tl&a?&“’?@{ Yhen, a

source station, TRC a source station load sSensor stlnatlon
~station, |ncIud|ﬂ@nﬁeﬂé§tFﬁ&FF@hlgFaﬁpéntm@adQQQQ%QH qfh hriekoatheast bps

of 1 generatsng ajgaganiegandalsngt bhe! eagvalohe 20 source station;
sensing the | eading edge of the ?oad by the source station | oad sensor;

| oading the | oad data record into a controller
: Another object of the present 1nvent10n 1s to

provide a method and apparatus for load tracklng on a
belt conveyor that accommodates for slippage of the load
on the belt as the load is being conveyed.

10 A further object of the present invention is
to provide a method and apparatus for detecting load
jams on a belt conveyor.

In carrying out the above objects and other
objects of the invention a method of tracking data

15 associated with a load being conveyed on a belt conweéyor
between a source station, including a source station
load sensor, and a destination station, including a
destination station load sensor, includes the steps of:

generating a data record for the load at the

20 source station;

sensing the leading edge of the load by the
source station load sensor;

loading the load data record into a controller
for controlling the conveyor;

25 generating a pulse signal having a number of
pulses directly proportional to the travel of the belt
conveyor; _

‘establishing an expectation window indicating
~ expected arrival of the load.at the destination station

30 based on the number of pulse signals; '

sensinQ the leading  edge of the load by the
destination station load sensor and generating a signal;



for controlling the conveyor; 25
havi ng a nunber of pul ses directly proportional to the travel of the belt

generating a pul se signal

conveyor; establishing an expectation w ndow indicating expected arrival
the | oad at the destination station 30 based on the nunber of pul se
signals; sensing the | eading edge of the |load by the destination station

-l oad sensor and generating a signal; 4 communi cating the signal to the

controller; conparing the distance betmeen t he source and destination

station |oad sensors with the distance the d%nveyor bel t traveled in the

time it took the load to 5 travel bet &5 r.ce stat and
Qﬂéis

destination station |oad s
the belt; and updatlng

- on the detected
w th the actua
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is located at thé&

| oad data_record at the_source station, A first sensor
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updating the 1load data record in the
controller based on the detected load slippage so that
the load data record coincides with the actual location
of the load on the conveyor at the destination station.

Apparatus for tracking the load on the belt
conveyor between the source station and the destination
station includes a record generator for generating a
load data record at the source station. A first sensor
is located at the source station for sensing the leading
edge of the load. A programmable conveyor controller
including a comparator in communication with the first
sensor and belt conveyor receives and stores the data
record when the leading edge is sensed on the conveyor.
An encoder produces a pulse signal ‘in.direct proportion
to the distance travelled by the belt conveyor and is in
communication with the conveyor controller. A second
senisor in communication with the controller is located.
at the destination station and senses the leading edge
of the load as the load arrives at the destination
station. The conveyor controller comparator compares
the distance between the first and second sensors, as
determined by the number of encoder pulse signals
counted, with the length of belt conveyor that was
displaced in the time it took the load to travel between
the first and second sensors. Any difference is the
amount of any slippage of the load on the belt conveyor.



|

i ncluding a conmparator in comunication with the first sensor and belt
sconveyor receives and stores the data 20 record when the | eading edge is
sensed on the conveyor. An encoder produces a pulse signal in direct
proportion to the distance travelled by the belt conveyor and is in

comuni cation with the.conveyor controller. A second sensor in

‘communi cation with the controller is |ocated 25 at the destination
stdtion and senses the | eading edge of the lgad as the |l oad arrives at the
destination station. +The conveyor control | er conpar at or conpares the -

di b fi d . d I ned h
of “encoder put so Shgna EheoteceiERR S ISbIGt o ol P dar A sROGHe

“that was di spl acedni thehedntmlitex aok then | wpdatedttavebiheideewithe thier st

and second sensor y i ren -, o n f
| oad on the belt'%gﬁyego}§bgkgﬁ§i%§ Fﬁg ngggpédEggiB%géeékh?%?%gt?%n?%%he
data record in t hBeE§ARAGILOR SEatRon uS®at EBato EBPncPBEratisnt hatacthel

location of the | gadtenathiondethtaemny eudr bl ddjasted ardording1at.i on so
t hat- the operation at the 5 ~destination station can be adjusted :

accordingly. The objects, features and advantages of the present invention
are readily .apparent frofhet tbfedttisow figatleres| adddesbranddges obft hhe

best node for carpyi ut s [wventi wh n i ti ith, 10
nccompanyi ng dr awPEeeenEn dBAET) Fe (R ERpEt AR ARBRUIR ! Bhot ! Bk
: ) following detailed description of the. best wmode for

carrying out the invention when taken in connection with
10 accompanying drawings.

BRIEF DESCRIPTION.OF THE DRAWINGS

Figurer 1 is a schematic view of a belt

~ conveyor system ., having load trackihg apparatus.:
- constructed in accordance with the present invention, for
15 conveying a load between a source station and a

destination station and tracking a load data record
associated with the load stored in the memory of a
" conveyor controller; '

Figure 2 is a flow diagram illustratiﬁg data

‘20 interfacing between a source station controller, a

destination controller and a conveyor controller in one
arrangement of the invention;

Figuré 3 is a flow diagram illustrating data

interfacing between a source station controller,

25  destination station controller, conveyor controller and

codrdinating controllexr in anothef arrangement of the
invention; '

Figure 4 is a timing diagram illustrating the
relationship between load sensing at the source station,



ngure 1 is a schematic view of a belt conveyor system having | oad

tracking appar

i nvention, for 15 conveying a load between a source - station and
'destlnatlon station and tracking a | oad data record associated with the

| oad stored in
diagramillustr
controller, a
arrangenent of
I nterfacing bet

atus constructed in accordance with the present

the nenory of a conveyor controller; Figure 2 is a flow
ating data 20 I nterfacing betmeen a source station
destination controller and a.conveyor controller in one

the invention; Figure 3 is a flowdiagramillustrating data
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c oW of
apparatus constructed in accordance with the present

invention; and

Figure 6 1is a schematic view of the belt
conveyor of Figure 1 illustrating the physical layout of
loads on the conveyor. ' '

BEST MODE FOR CARRYING OUT THE INVENTION

As illustrated in Figure ‘1, a belt conveyor
system is generally indicated by reference numeral 10
and includes one or more conveyors to transport a load
from one location to another. As is hereinafter more
fully described, beit conveyor system 10 detects and

accommodates for any slippage of the load on the.

- conveyor and maintains synchronization between data

20

25

30

associated with the load in a programmable conveyor
controller and the location of the load on the conveyor.

With reference to Figure 1, a belt conveyor 12
is driven by a motor M, which is controlled by a

-controller C. An encoder E is mounted to a shaft of the

conveyor idler pulley and produces a pulse signal which
is communicated to the controller C. The period of
these pulses is directly proportional to the speed of
the belt conveyor such that the conveyor travels a fixed
distance in the time between the occurrence of two
adjacent pulses.

6 expected | oad

Figure 5 is a schenmatic view of
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conveyor of Figure 1 illustrating the physical |ayout of 10 | oads on the
conveyor. BEST MODE FOR CARRYI NG OUT THE INVENTION As il lustrated in Figure
1, a belt conveyor systemis generally indicated by reference nuneral 10
and includes one or nmore conveyors to transport a |oad 15 from one

| ocation to another. As is hereinafter nore fully described, belt conveyor
system 10 detects and accommodates for any slippage of the |oad on the
conveyor and mai ntains synchroni zati'on between data associated with the

| oad in a programrabl e conveyor 20 control I%Zer and the location of the -

| oad on the conveyor. Wth reference to Fiqure 1, a belt_ conveyor 12 is
driven by a motor M which i PR rGITEL L L% e GNCHAeE EAFTShcHEEE £O s

mounted to a shaft maa‘aédiee 25e1t erﬂteitr&wlélem@ﬁﬂn@r@dl?ﬂﬁeﬁ Ry krize

signal which is conmun to:-the ontrg %h b The erlo 3@ %
pul ses is dlrectlyqﬁr ﬁ%]efﬁmP &' spletBrOthe FHYSHIhRS 38 £8cheehat
t he conveyor trave&pngfanduthhsnnamdernEthproduee@eampemsehéouceuergncaoof

two 30 adj ﬁtce”t iRERES of {Jeit F g §bgn&&éiomﬁ$%&wh§ﬁb§o&ﬁ%

to neasure be conveyor rave I ven tinme period exa
if the belt conveydrR0lPylser) whide |aor1g>aa11c49t FOnYeYSde £ O5euead gfpthse

for every two 5  doifR§or0ftddiHe GURY ¥ivend\tRlerel B8 @RC@dehpalkl offr ediuce
load on the conveyor. The nuﬁber of pulses produced
. depends only on the motion of the belt 12. The number
10 of pulses produced is not affected by any starting or
" stopping of the belt 12. '

At one end of the belt 12 is a source station

16 including a first or source station load sensor 18.

At the other end of the belt 12 is a destination station

15 20 including a second or destination station load sensor

22. Sénsors 18,22 detect the loads as they pass, or are

in view of the sensors while being conveyed on the belt

conveyor 12. The theoretical distance the belt conveyor

12 travels while conveying a load between the sensors

20 18,22 can be described in terms of the number of pulses

the encoder E will produce during movement of the front

edge of the load from the first sensor 18 to the second
sensor 22. '

The controller C associates a data record in

25 its memory for each load on the belt conveyor 12. This
| data, or load record, contains the data to be tracked
with the load and information about the position of the

locad on. the belt conveyor 12. '

The information to be tracked with the load is

30 . communicated to the controller C by one or more of -
several means. The data may be gathered from the load
directly using record- - generators such as bar code



120 pul ses while a load is conveyed fromone end of the conveyor to the

; *other given there is no slippage of the |oad on the conveyor. The nunber
of pul ses produced depends only on the notion of the belt 12. The nunber
10 of pul ses produced is not affected by any starting or stopping of the

.belt 12. At one end of the belt 12 is a source station 16 including a first
or source station |oad sensor 18. At the other end of the belt 12 is a
destination station 15 20 including a second or destination station |oad
sensor 22. Sensors 18,22 detect the | oads as8& hey pass, or are in view of.
the sensors while being conveyed on the belt conveyor 12. The theoretical

di stance the bel t YT€88e&For TRAieavErequenty &a8veyeadens) oaeioh weealelse

sensors 20 18, B2otaNn ikg dasiddRed ¥ e 8 f he
encoder E will pr%dgce &u?in ,né%gﬁentiiﬁﬁﬁﬂgy€$%$§ engP§?°§h§Q?§§§§?%6m

the first sensor ?85 P5NERedS¥iGRE SORDSCted tenandoip, GPPEMNECatden; With a
data record in 25the contralller MOrarehcthe ceshiorol her bet breonyRgodatl. in

and' i nf o i Pon_ aRolLEnESSoe (LAY HEOT Qe ROTh Do FheC SULFBF 15 S he

informati on to bememagk¥ed with the load is 30 communi cated to the
controller C hy one or nore of several neans. The data nay be gathered from

the |l oad directly using record generators such, as bar code
: With reference to Figure 2, it may be the case

that the belt conveyor 12 carries items away from a
piece of automated equipment éuch as a carton sealer,
- 10 machining center, or inspection station. In this case,
the automated equipment can be set up td include a
Source station controller SC and a destination station
controller DC. The source station caﬁtroller sC
communicates data associated with the load to the
15 controller - C when the load is placed on the belt
conveyor 12. The conveyor controller C stores the data
in the load record for the load in the conveyor
controller's memory and relays the data to the
destination station controller DC upon the arrival of

20 the load at the destination station.

With reference to Figure 3, it may be the case
that belt conveyor 12 is part of a distributed automated
system including several pieces of automated equipment
connected to a centralized coordinating controller CC.

25 In this case, the'cdordinating controller CC keeps the
bulk of the data relating to the load received from the
source station controller SC and communicates an ID tag
or license plate datum to the conveyor controller C when
the 1load is placed on the conveyor 12. This

30 communidated. information is the handle the conveyor
controller C uses to refer to the 1load and the
information the coordinating controller CC uses to refer
to the data associated with the load.



readers radi o frequency tag readers, mejgh scal es,” profiling sensors,

s vi si on systens, operator keyboards, or other devices connected to and in
communij cation with the controller C and the controller stores the data in 5
a load record created for the load in the controller's nenory. Wth

. reference to Figure 2, it may be the case that the belt conveyor 12-carries
I tens away froma piece of automated equi pnent such as a carton sealer, 10

nachrnrng center, or inspection station. 1In this case, the automated
equi pnment can be set up to |nclude a source Station controller SC and a
destination station controller source station controller SC

communi cat es data associ at edPwi h tqlr’es'r’é‘a‘a“i?flt h&Ysgem, C&Rqﬂ?ﬁ | el Cathen
the load is pl acmtuo@rmeubelﬁo ct@ieveysarrdiaadhg coﬁueameﬁcmrgéﬂeera&ng

stores the data. | ecorL in_ the. ve
controller's rrerm %%ﬁ%\ggé ggf”a—%%l% oﬁegl?'n% &?s&dﬁ &% ,,}’
control ler DC updnhe hkp@drr Thie Gbnzeyor chatrgéﬂeatct:msaﬂe%tcaratgmrate
station. Wit refeienoga e &1 g Jr«ruﬂ@aaé)ee tife Casferdtididie! ted ORRY O

12 is part of a distri uted autonate stem I ncl udi ng several pi.eces of

aut omat ed equi pnefROESRREIRY @QF%FQ%#ﬁ¥a¢¢zed coordi nating control | er CC.

25 In this.case, the coordinating controller CC keeps the bulk of the

data relating to the load r cerved fromthe source_ st trqg contr IIert§C
hi&r

and conmuni cates an | D tag Of¢ I5hIESATS S4dERRFRES
control | er C whercdineeyonadontsolpbacaemony wien thavapad ddge ofThike 30

communi cat ed i nf oy SRk I B0 i 128 chRRHkEybRe150BYEYOE the first sensor 18.

10 All of the communication between controllers, SC, C, CC

:equired to establish the data in the load record occurs
at ‘this time. If the necessary communication is
unsuccessful the conveyor controller'C generates a load
record with dummy data. The conveyor controller C
15 tracks this dummy data record with the load until the
load reaches the destination station 20. When the load
reaches the destination station, the conveyor controller
uses the dummy record to communicate the loss of

information condition for the load. The destination
20 station 20 handles the 1load commensurate with this
condition.

Besides the load data, the conveyor controller

C maintains location or position data about the load in

the load record.  This data is the distance between the

25 lead edge of the load and the lead edge of a previous

load on the belt conveyor 12 determined by the number of

pulses generated by encoder E during the time period

between the sensing of the lead edge of the loads by

sensor 18 as the loads pass thereby. If there is no

30 prior load on the belt conveyor 12, this distance is the
distance between the 1oed sensors 18,22.

A conveyor tracking model is established and



~controll'er Cuses to refer to-the load and the information the coordinating
~controllef CC uses to refer to the data associated with the | oad. 9 1In
a cU stributed system there is an alternative to the coordinating
cont r\ol | er CC generating the comunicated informati on or handl e associ ated .
with the load. The conveyor controller Citself can generate 5 t he

handl e and comunicate the identifier to the coordinating controller

. CC. The load record is generated and stored in the conveyor controller
menory when the | ead edge of the |oad on the B® t conveyor 12 passes the
first sensor 18. 10 Al of the communication between controllers, SC C,
CC required to est®PR8hSthe Rff a @R t herderedr eco¥st ocofr s éoadthnsecd:ram.
If the necessary @@ﬂﬁé‘ﬁp&ﬁ&iﬂ@ £bS tHAS UGRRES T ath . tﬁéebQQEV%%e rlfg &5
C generates. a | oad recor The conveyor contro

tracks this dummy a%?’ée’r%%g:%r\AﬁqFrﬁjT%ﬁ}éeﬁio‘é{athnFPfeFﬁﬁcFﬁoéﬂ’ Fé&@ﬁ'& 6t he The
destination station2é Wen idomserativedghesoddwratestimat hon 15hkldaon.1 1de

-conveyor contrgol |'er ¥ ecord |cat the I ss of

i nf or mat i on COéI’)ldI t |%én§? %ertﬁﬁted%%(ggd‘.‘é acﬁ?er(%f&q %rr{)n??‘ n°§ ¢ grPagds on
handl es- the | oad cdHenRelst e aginends s 1@ondi t The. Gusvelpsrt rteaﬂmaﬂldat a,c
the conveyor contr qhd Sfc£3 AR £WA4 NB1 4OCAL T Al Hhe®®) L1 0N data about the

load in

The conveyor controller C stores the position
. of the belt conveyor 12 as determined from the encoder
10 E when the source load sensor 18 _d_etects the lead edge
of a load. Each time the source station load sensor 18
detects a lead edge of a load, the conveyor controller
C adds a load record associated with that load to the
tracking model. "The conveyor controller C then
15 establishes a data field for the load record by
) receiving input from record generators as previously
described. The conveyor controller C also establishes
a distance field for each load record by using the
smaller of the distance between loads computed from

20 pulse signals or the distance between the sensors.

 For example, when a first load is introduced
upon the belt conveyor 12, a first load record is
created and the distance field contains an encoder count
: associated with the distance between the sensors 18,22.
25 A counter in the cohveyor controller C begins counting
pulses from zero. This load record is entered into the
tracking model of the conveyor controller C at the top

of a list.

When a second load is introduced upon the belt

30 conveyor 12, a second load record is created. The
distance field value for the second load is a count of
pulses corresponding to the distancezdgtermined by pulse



the load record. This data is-the distance between the 25 | ead edge of
the | oad and the | ead edge of a previous |oad on the belt conveyor 12
det.erm'ned by the nunmber of pul ses generated by encoder E during the tine
peri.od between the sensing of the | ead edge of the | oads by sensor 18 as

t he |-oads pass thereby. If there is no 30 prior load on the belt
conveyor 12, this distance is the distance between the | oad sensors 18, 22. -
A conveyor tracking nodel is established and 10 consi sts of an
ordered list of |oad records corresponding to the | oads on the belt

conveyor 12 as hereinafter described with reference to Figure 6. The |ist
is consecutively orsfgnrals nfronitheddadsedge ofnbhagtirat Soaéneo adoo iz

to the order of thedqadseopHdhesdedda f@ga.eyor'l‘hezlrﬁceounte-rpefofoQﬁ%ygﬁreceorndc

controller Cmaintains this list_inits nenory. conveyor contr
stores the positiontQF9 t+ §RY tandRagis ©ounting gulises fremasre en@de

10  E when the sqwak +e6drsensoentdréat asits il | @AscRrISg Abad)! @adtn
Each tine theé§ourcé st%%u%ﬁaé?ad gggg . 18 detects a | ead edge of a | oa
t he conveyor ont r AT F r d associated with that toad to

the tracking nodel. ' The conveyor -controller C then 15 :

establishes a .data field I e % recei ving .i ngut

fromrecord generators as pr.ellf/rlg)éousﬁtogﬁggslg%q‘peg. C%Ellgd]é %v@'ﬁ?s%%ﬁq}%l ﬁ'@fidé
al so establishes entering the conveyor in a manner similar to the
; handling of the second load. The distance field of each
record thus holds the distance from the lead edge of

10 ‘that load to the lead edge of the load in front of it.

Controller operation is simplified as conveyor.
controller C continually operates on the first load in
the tracking model. As soon as a record becomes the
first record in the model, the conveyor controller C

15 decreases the value in the distance field of the load

record each time the encoder E sends a pulse signal.

The first load on the conveyor 12 has a load record

distance field value corresponding to the theoretical

. distance from the lead edge of the load to the

20 destination station load sensor 22. As the load moves,

the distance field counts down so that the distance

field always contains a theoretical value corresponding

to the distance from the lead edge of the load to the
destination station load sensor 22.

25 When the distance field is 'g'reater than a
design specific tolerance value, the controller C treats
any signals from the second sensor 22 as error signals.
These signals correspond to false triggers or loads .
which have been moved out of position by external

30 forces. In these instances where there is an unexpected
load detected, the controller C does not have a wvalid
load record for these signals. The system fesponds to



T

a distance field for each load record by using the smaller of the distance

* between | oads conputed from 20 pul se signals or the distance between the"
sensors. For exanple, when a first load is introduced upon the belt
conveyor 12, a first load record is created and the distance field
contai ns an encoder count associated-with the di stance between the sensors
18,22. 25 A counter in the conveyor controller C begins counting pul ses
fromzero. This load record is entered into the tracking nodel of the
conveyor controller C at the top of a Iist.12fen a second load is
I ntroduced upon the helt 3Q conveyor 12, a _second |load record is
created. The dfReafefectdrg Rf R0 ferexRectedohfafodly iFLNLTRIT oand

" pul ses correspongragkifgt Aerdcsranserieanr mnetdpdyt odl Béadr gagaaksefsom
the | ead edge of,_the first éo d to the |ead edge q% t he igcoqg | oad. _The
counter for the SREBNGUPBYIIRERSERRRT PR CRLRY i 1Y Puiee PRk 285,
This | oad recor dsystemsesedhi asothbedestihahjonndbataent henbrolleecbad
entry of the list. The controller C handles subsequent |oads entering the

. conveyor in a manner simlar to the handling of the second |oad. The '
di stance fi®l d of each recWhent e héigsappe diglthcefs rthe t Ravstadleade of
10 . that |oad +8c6he lieadcdoerabkling skl Ncbhfbs Aovd - £&0RL oAl &

operation is si ified as conyeyor- contr,oller. C continyally operates on
'tﬁe first |oad Hﬁith&n the 8es¥ specgflc tolerance, éﬁe égnéEther'C
calculates an expectation window of belt conveyor 12

length in which to expect a load at the second sensor

10 22. This expectation window length, as determined from
pulses, is the lessor of two limit values. The first
limit is the maiimum-allowed slippage of the load on the
belt conveyor 12 for the speéifié system; The second
limit is the value of the distance field of the second

15 - load record in the tracking model less the system
specific minimum tolerance between loads. The
controller compares and selects the lower of these two
values for the expectation window length to allow more
tolerance for slippage when the loads are spaced far

20 apart and less tolerance when they are spaced close

' together. |

While the expectation window is open, the
controller C expects to receive a signal from the
destination station load sensor 22. When this signal

25 appears, the_controlier C resets the expectation window
and communicates the data field of the first load record
in the tracking model to a downstream system controller.
If the expectation window expires without the signal
appearing, the controller C can be programmed to

30 imblement a jam counter. The jam counter causes a jam
fault signal when a system specific number of
consecutive missed loads occurs. This signal is used to
stop the system and to alert the operator ‘of the



‘the tracking nodel. As soon as a record becones the first record in the
nmodel , the conveyor controll’er C 15 decreases the value in the distance
field of the |oad record each tinme the encoder E sends a pul se signal. The
first load on the conveyor 12 has a | oad record distance field val ue
cortesponding to the theoretical distance fromthe | ead edge of the load to
t he 20 -destination station |l'oad sensor 22. As the |oad noves, the

di stance field counts down so that the distance field always ‘contains a

t heoretical value corresponding to the di stant® fromthe | ead edge of the

| oad to the destinati tati oad, senspr 22. 25 . . \Wen the
distance field is 3%3395?°théﬁpéh‘egkﬁﬁgsb%c??Fc°$o+EFaﬁEBeGEPEé9ntHéndow
control l er C treat3ngdnhei gexits oneormst e, s dbhendasecount2? aesatsar si gnal s.
These signals correspond to false triggers or |oads which have been noved

out of position by external 30 forces. In these instances where there
i s an unexpected i oad detect 88en; Hhe ofipspnee Eigdsk For mhee fixet | Yohdad

record for these strgoekd. Hhe sd@iﬁ@deglqndgh@o way 1236 d&8 eclr@n oghgn

ted load b enerating.and,tracking.a record th an "unexpecte
load” data fi2ld. TARGKHINORE] i & MPRRECE R MR Sa SoGons: Lasanseressh

systems such as theodebei hapi ofi thatldstconhtothes PEind the lead edgeVBEN
égﬁnd{§t2n§2|Lgeldtﬁé e ddd S10a8301 564C" di50ahAS 1HAGK! Rg ™ ggtggggggn
station load sensor 22 corresponding to the value in the
distance field of the load record. The timing diagram
10 of Figure 4 illustrates this operation through the use
of lines DS, EW, TU and ED.

Line DS represents the signal preéehted to the
controller C by the destination sensor. The base line
represents a time period in which no load is in view 6f

15 the sensor. A step represents a time period in which a
load is passing the sensor. Steps A and C represent two
loads passing the destihation sensor. Phantom step B
represents a signal the controller C expected, but 'where
no load was viewed by the destination sensor.

29 Line EW represents the expectation window
signal generated by the controller C as hereinabove
described. These windows represented by steps F, G, &
H are the time periods during which the controller C
expects to receive a signal from the destination sensor

25 for three successive loads. -

Line TU represents the load tracking update
operations in the conveyor controller C represented by
steps F', G' and H'. Line ED illustrates the occurrence
of a load tracking error condition illustrated by step'

30 L - generated by the controller C as a result of an
' unexpected sequence of signals wherein the destination



wi thin the design specific tolerance, the controller C calculates an
expectati on wi ndow of belt conveyor 12 length in which to expect a | oad at
t he second sensor 10 22. This expectation w ndow | ength, as determ ned
frompulses, is the lessor of two [imt values. The first limt is the
maxi mum al | owed slippage of "the |oad on the belt conveyor 12 for the
specific system The second |limt-is the value of the distance field of
the second 15 load record in the tracking jrodel |ess the system
specific mninmum tolerance between |oads. The controller

compares and sel eChantlde IQURI bt | BPSGubMOKAlAPR Al IRRIPBIALAG  tne

w ndow |l ength to allow nore tol erance for slippage when the o ar
spaced far 20 aBFPECAAY1OBs ¥1DGO¥ $nce when they are spaced cl ose
together. Wiile the expectation window is open, the controller C expects to

' ' | f t he destinati tation-'lqad 22, \Wh th
STonal 28 ° Yappearsr the conty oIl eepiehRe.: ARG oRL ATnekTAIGH akbe
commruni cat es ‘'t he dpt‘ap’gh:‘elttarfkirtge bfr ¢iwd ohdadecand itthe hdeteathbng amdal
to a do““Stregn‘Syﬁ&%@&ﬁg”ib&h‘ﬁh-th& EBﬁVE?BgfLEttgg &é§99ﬁhg§§hr§§%610n

t e ato

wi t hout the signal appealing, 1€ contro can be programme
i npl enent a j am cobkt Ehe fPRdoWARIcEVRNEF:causes a jamfault signal when

a system specific number of consecutive mssed |oads occurs. This
signal i 3 used to stop E.P.]e 3 . ﬁteergoanntq:c}ﬁ.e%:l eét e%@gbgggilggorargf e;[cgeectation
window as previously described. This is
illustrated by the first step F on line EW.
lb
2. When a load comes in view of thg_destination'
sensor, as represented by step A, the
controller C'responds by updating the tracking
_ model to remove the load record (pulse F' on
15 TU) and ending the expectation window (end of

pulse F on EW) .

3. As the conveyor continues to move, the
controller C establishes a second expectation
window as illustrated by the second step G on

20 : . line EW. The controller C is expecting a load
at the destination station. '

4. The phantom step B on line DS, represents the
point in'éimé where the controller C expected
to receive a signal from the destination

25 . ' sensor.

5. The cényey@r continues to move and the
controller C measures the maximum allowed
expectatioh window. = When the maximum is
reached, the controller eliminates the-

30 expectation window, not having received the



13 failure. If one load is out of its expectati on wi ndow and the next one
ts in, the jamcounter resets. \Wen the distance field for the first |oad
record has counted all the way down to zero, the 5 tracki ng nodel is
updated to nove the second |oad record to the top of the list. At this
poi'nt the | ead edge of the second load is a distance fromthe destination
station | oad sensor 22 corresponding to the value in the distance field of
the lcoad record. The timng diagram 10 of ;Eigure 4 illustrates this
operation through the use of lines DS, EW TU and ED. Line DS represents .

the signal presented to the é@;@ée&de«gi hdy ff@m%'!&@éeﬁméﬂﬁggefg&.the

base line represents a tine period in Ich no load is In viewo
sensor. A step represents a tinme period in which a load is passing the

sensor. Steps A and C rgpr esgHyd ¢owetSErSr pasgesgohds €6SthBaldlamisgRsen
Phant om step B represents a s'gng% t he cgngnoller‘ eﬁpec&ﬁd. but where no
| oad was viewed by the destiFfat t8f SEREGFatagn window not having regeived
represents the expectation thendexpeaped gEgad edrom t thecodestlinatiGnas

her ei nabove descri bed. Thesesé/ﬂégpv\@yr egbéggghg E’HeSt&péclEi%gG ui%déla“ﬁ t he

d
time periods during which the contraller expécts to recelve” a _signal Prom
the destination sensor 25 Yguave [Hhe laatkaegard |(saeend isteprd eapldsent s

the | oad tracking update opemstizns 'fbd\i@iﬁ@nélﬁwfréﬁmsiﬁhéﬁr (Step L on .
represented by steps F', G .and H_ 'Line ED illustrates the occurrence of a

| oad tracking error conditidntd8 ¥ rated by step

) 7. The conveyor continues to move and stéps 1 and
10 2 are repeated to track the next load to the
' destination station.

The case hereinabove described covers
tracking of a load on a single belt conveyor 12 between
a source station 1é and a destination station 20. The
15 same tracking concepts can be applied to systems having
multiple conveyor segments placed end-to-end. An .
arrangement of such a system is referenced 10' and is
shown in Figure 5.

With reference to Figure 5, a source station
20 30 feeds loads to a system of five conveyor segments
32,34,36,38,40 and destination station 42 receives them..
A source station load sensor 44 is provided at source
station 30 and a destination station load sensor 46 is
provided at destination station 42. An encoder E is
25 attached to each conveyor section 32,34,36,38,40
respectively and a sensor 50,52,54,56 is located at each

- junction between two conveyor segments.

The system 10' maintains a separate tracking
model as hereinabove described for each conveyor
30 segment. Each segment 32,34,36,38,40 is defined by an



30 L generated by the controller C as a result of an unexpected sequence
:of signals wherein the destination 14 sensor does not produce an
expected signal during the expectation window G In tine sequence, Figure 4
ill.ustrates the proper tracking of two loads and the detection of a 5
mssing | oad on the conveyor at the destination station by the follow ng

events: 1. The controller C establishes an expectation w ndow as
previ ously descri bed. This is illustrajgd by the first step F on line
EW 10 2. Wien a | oad cones in view of the destination sensor, '

as
represented by isit@frva ofhﬁeﬁenbbﬁ%gbrcﬂé%m&vm’ Hpsat Rasbke '

~tracking nodel to renpve the |opad reco;ﬁ¥4pulse F' on 15 .

and endi ng the efH¥teehi AP AHAE i Sfd pfiise4ragd By, agd 56pand; s .
conveyor contigm teracking, mbbglcmﬁﬁadﬂﬂgar opetatdibhnl shés alseCFigst
. expectation win -j1]us y. e; Sec G 2 .
line EW The co%%rng%l}é;r{'l C%&ﬂ%&cﬁ%g Jéél olg(ggré?i?%%a dggt i %gﬁ oﬂroéfidﬂgon.
4, The. ph&nt omopeaptiam hereimbovepdesenibedh&opoiat singlemconveyort he
control ler C expegikdnd 0 receive a signal fromthe destination :

At the point where the load reaches the
transition from one conveyor segment to the next, i.e.
segment 32 to segment 34, the conveyor controllér C must
10 transfer the load record from the tracking wmodel

associated with the first conveyor segment 32 to that
associated with second conveyor segment 34. This
transfer operation occurs by’ simultaneously unloading
the tracking model associated with the.first conveyor
15 segment 32 and loading the'tracking model into'the load
record associated with the second conveyor segment 34
when the lead edge of the load is sensed by the sensor
50 at the transition between the two conveyor segments.
In this system, sensor 50 is performing both the unload
20 and load operation associated with the data recoxd.

When the load reaches destination station 42,
- the controller C transmits the load record data field to
the destination controller DC or the coordinating
controllercc synchronized with the physical arrival of
25 the load at the destination station 42.

The controller C maintains an ordered list of

load records in memory as a linked list memory scheme.

In this scheme, load records are stored randomly in the
controller's available memory. For each load record in

30 the conveyor 1load tracking model, the controller C
maintains a pair of pointer values in memory that point

to the memory address of the first and last load records



25 sensor. 5. The conveyor continues to nove and the
controller C neasures the maximum al | owed expectation w ndow. When the
maxi mum is reached, the controller elimnmnates the 30

expect ati on wi ndow,;: not having received the expected signal fromthe
destination sensor. 6. The controller C responds to the elimnation of

t he expectati on wi ndow not having received the expected signal from the
destination 5 sensor by updatingl?he tracking nodel to

renmove the | oad record (second step J on line TU) and producing an error
signal (step L on fio¥e &EDparticulpre eenveyeor'sodasuetrackimge mowklst eps 1

and 10 poAndiet rnﬁboeﬁitlﬁélnéﬁytiéégtiaﬁ Eéﬁﬁaﬁ.ﬁﬁﬂgt Ehbh%ddress of
destination stati on The case hereinabove describ

tracking of a | oad2BRtReq H‘&F‘é’rb’eilPCEBWEyorTfi?r%"&\ﬁé% Ga%ﬂld@rspa’psmaMG
and a destination s:t&ianoalaﬂ.ysTlgetl& firsamort nacki FecodCcapsDEAReBCwith

applied to systens ha ti nveyor ments Iac nd-t o- end.
An arrangeman? of Suc ng%%: n§F§mﬁ—§?e ceﬁxilagn i elgeguFE’OS.
Wth reference to Prgmters,. a source station 20 30 feeds | oads to a

system of five conveyor segnents 32, 34, 36, 38,40 and destination station 42

recei ves them
The structure of the load record contains a

data field which links all of the records in the

conveyor tracking model together. This field is a
10 pointer, or memory location containing the memory
address of the next record in the list. The‘feby the

load records can be linked to form a 11st that is
ordered from flrst to last for the entire system

. With reference to Figure 6 and the following
15 -example, a first data record is at address 5 so the
pointer to the first load has a value of 5. The last
record is at address 17 so the pointer to the last load
contains a value of 17. The second data record is at
address 11 so the next data record pointer for the first
20 record is 11. The third load record is at address 23 so
‘the next record pointer of the second load record has a
value of 23. The fourth and last load record is at
address 17 so the next record pointer of the third load
record has a value of 17.



A source station | oad sensor- 44 is provided at source station 30 and a
destination station | oad sensor 46 is provided at destination station 42.
An_encoder E is 25 attached to each conveyor section 32,34, 36, 38,40
r.espectively and a sensor 50,52,54,56 is |ocated at each junction between
two conveyor segnents. The system 10' maintains a separate tracking node
as’ herei nabove described for each conveyor 30 segnent. Each segnent
32,34,36,38,40 is defined by an 16 intervalg of belt conveyor between two
| oad sensors 44 and 50; 50 and 52; 52 and 54; 54 and 56; and 56 and 46. The
tracki ng nodel | oading operat|EHAHBLEtheTRACKINGdMOB?DrMEngREnt 32 is
identical to the loading 5 oper ati on herei nabove described for- a single -
conveyor system At the point where the | oad reaches the transition from
one conveyor segnent to the Addrespg e. segnent 32 to segnent 34, the
conveyor controller C nmust 109 trgnsfer phenktaadepeeedel 18aKt he

tracki ng nodel associated with the_first convexgr segnent 32 tqQ that
associated with second convéyor Ydegment FO3Rter t?hﬁérFFaﬁQPQr operati on
occurs by singltaneously unloading the tracking nodel associated with the
first conveyor 15 segnent 32 and | oading the tracking nodel into the

| oad record associated with the second conveyor segnent 34 when the Iead
edge of the load is sensed by4the sensor -

5 1 DATA 1
6 10 ~ DIST 1 Load Record
10 7 11 NEXT RECORD For First Load
: . |
9
10 |
| 11 2 DATA 2
15 ' 12 15 DIST 2 -~ Load record
13 . 23 " NEXT RECORD for second load
14
15
16
20 17 4 DATA 4
' 18 7 " DIST 4 Load record
19 0 NEXT RECORD for fourth load
20 '
T
25 22
23 3 DATA 3
24 8 DisT 3 Load record
25 17 NEXT RECORD for third load
26

30 27



50 at the transition between the two conveyor segnents. In this system
-sensor 50 is performng both the unl oad 20 and | oad operation associ ated
with the data record. Wen the | oad reaches destination station 42, the
controller Ctransnits the load record data field to the destination
controller DC -or the coordinating controller C synchronized wth the
physical arrival of 25 the l.oad at the destination station 42. The
contt’ol 'er C maintains an ordered |list of |oaggrecords in nenory as a

| i nked li'st menory schene. In this schene, |oad records are stored randomy

in the controlIer's_availablgi@uﬁng éﬁ%rggﬁbnagaditﬁcgméiabéwb exhh@le
conveyor | oad tracklﬁg. deg the_controller ,ﬁ:nghn%alns a $aér of -
poi nter values in fiB +£9Pﬁ Fap8Fnt TYYRE r LE8qFQEE gpaced 9348 Iand

| ast | oad records L,, 1%, ,f cand pardmciitar Distepntess Heratkerr acke nhoaddehre

A pointer is a nme Lan | NJ ddressg 0 not her y

| ocati on. Ther eby”?%érjgg%p H)eﬁ] g&oprgr%grq}%iqqé%:ln&aﬁvﬁy:e ggé?&a’?f r'sfggrgg . a??’
record associated ®hehnamber; of gpuk§es betyerent they loadsyi ni Agesenvalues

these two pointergorfB8pdhHUGHIER a1l | PRd a0 Tos@Ntrdidbr dakRahiel d
which links all of the_records in the conveyor trgcklng nodel et her,

. toget her,
This field is a 161el8otRtihe CRREXALIRE - | JB&t FORStCHPRA I ﬁ@sgﬁﬁée is

menory address of the d&staheeobetiwdehhehki Sirst Tbedehudt bRe destination
. sensor 22. '

U

10 _ - Although individual load records way be
- scattered through the controller memory in no particular
order, the controller C is able to find the first load
-record using the special first load pointég. When the
controller C finds that record, it can read the next
15 record pointer to find the next record in the list.
When the controller reads the next record, that record
points to the third, and so on. By this method, the
controller can read the entire list from front to back
as if it were actually stored in consecutive locations

20 in memory. '

Empty memory space is managed in a manner
similar to a conveyor tracking model. An empty record
pointer memory location contains the address of the

25 first empty record. This record's.next record pointer
field contains the ‘address of the next empty record.
This continues:or all of the empty records, thereby
linking all of the empty records into a list.

- Controller C also has a pointer that points to

30 the last record in the list so it can find that record
directly. When a newi load enters the system, the
program locates empty memory space and places the new

load record in it. By modifying the last load record in



| dad records can be linked to forma l'ist that 1is ordered fromfirst to
last-for the entire system Wth reference to Figure 6 and the follow ng 15
exanple, a first data record is at address 5 so the pointer to the-first
| pad- has a value of 5. The last record is at address 17 so the pointer to
the | ast | oad contains a value of 17. The second data record is at address

11 so the next data record pointer for the first 20 record is 11. The
third‘load record is at address 23 so the nextorecord pointer of the second
| oad record has a val ue of 23. The fourth and last |oad record is at '
address 17 so the riZxe 1@sb;dthei montmillidre ddn rappemd theondwhacovr@l s
of 17. 18 EXAI\/PLtﬁ1 T I NG MODEL MEMORY Address O 5 Pointer to
first load 1 ornter to first load 5 2345
1 DATA 1 6 10 DIST 1 : ~ Load Record 10 7
A1 NEXT RECCRD For whéstalerdr 8chdllis introduced to the system
' 10',10", 10” the controller C removes an empty record
5 from the empty record 1list and stores the data

associated with the new load in it. To enter the load

record into the tracking model, the controller C changes

two pointers. The controller € finds the last load

record in the list and changes it's next record pointer

10 to point to the new record. Finally, the controller C

' changes the tracking model last load pointer to point to
the new load record.

When a load record is to be removed from the

front of the list, an unlinking process is followed.

15 The controller C finds the first and second load records

by follbwing' the pointers as described above. The

controller then changes the tracking model's first load
pointer to point to the second load record.

Since the load records never move once they

20 -are stored in the controller memory, processor

requirements are minimized.. The only load records acted

on are the first and last load records in the tracking
model.’

While the best mode for carrying out the

25 invention has been described in detail, those familiar

' with the art to which this invention relates will

recognize various alternative designs and embodiments

for practicing the inventidn as defined by the following
claims.



11 '2 DATA 2 15 12 15 Dl ST 2 Load.
vyecord 13 23 NEXT RECORD for second |oad 14 15 16 20

17, 4 DATA 4 18 ] I7 : DI ST 4 MO
gi_ﬁ ?E(;??D o for E?g[rt?) oad 20 21.L§gd record 25 l\“\m“\i\ﬂ“\\m\!&m

S

for third load 26 30 : 27 19 Figure 6 corraspbndS with the
abovée exanple and illustrates a conveyor 10"2with four spaced | oads [err],.
[err] and [err] on it. D stances between the |oads are represented by the
val ues 10, 15, 8 WHAT/ ISX|QIAIMHED NS .5 t he nunber of pul ses between the

| oads. These val ues correspond with values in each |oad record di stance
field in the controller C. The first load [err] distance is the distance
between the first |oad and tthe devethad of saacking2data associated with

a load being conveyed on a belt conveyor between a
source station including a source station load sensor
5 rand a destination station including a destination
' station load sensor'comprising the steps of: _
generating a load record for the load at the
source station; _
_ sensing the leading edge of the load by the
10 source station load sensor; .
loading the load record into a programmable
controller and establishing a data field for controlling
the conveyor; .
generating a pulse signal having a number of
15 pulses directly proportional to the travel of the belt
cbnveyor; : '
eétablishing a distance field for the load
record comprising the smaller of the distance between
the load and any preceding load on the belt conveyor -
20 computed from pulse signals and the distance between the
load and the destination station load sensor;

. establishing an expectation window of belt
conveyor length indicating expected arrival of the load
at the destination station based on the number of pulse

25 signals; o ' ‘
| sensing the leading edge of the load by the
destination station load sensor and generating a signal;

communicating the signal to thé controller;
comparing the distance between the ‘source and
| 30 destination load sensors with the distance the conveyor
belt traﬁeled in the time it took the load to travel
between the source station and destination station load
sensors and detecting any slippage of the load on the

belt; and - ' |



10 Al though individual load records may be scattered.
through the controller nmenory in no particular order, the controller Cis
able to find the first load record using the special first n nﬂ FI

When the controller C finds that record, it can read the nL n um nﬂm:l““l
pointer to find the next record in the list. Wwen the contrdll&r redds thé
next record, that record points to the third, and so on. By this nethod,
the controller can read the entire list from®2Ront to back as if it were
actual ly stored in consecutive |ocations 20 in menory. Enpty nmenory
space is managed in a manner uRdAting the dafreywacandacia ngheodmntmmmty

record pointer MENMpasddCeH i EReCaBtacRadl NBARNK LS e | N2
enpty record. This_ record s next,record_pointer fléﬁ%econ?a?nsnf éﬁ?ess

of the next enpty FOCoAFLURY PRFHEIGR QL okhe foad ?HetBﬁpF9nW§¥@rd§t the

thereby |inking al desftimatiemwtgtatdeards into a list. Controller C also has
a pointer that points to 30 - the last record in the list so it can find

that record directly. When a new |l oad enters the system the program
| ocates enptySmenory space ard pl dthes t ethexd | oaoff r ecolaimn i L. Byherein

modifying the |ast ckpadiuesatd ihia cABchacica! CoRth all gnd
t he nem/record 40 tge I st. Ioa% ﬁs |H %g ucggE?Bde%etéésfgﬁg
of:
comparing the maximum allowed value for
slippage of the load on the belt conveyor to the value
10 of the distance field between loads; and

selecting the lesser value.

3. The method of claim 2 including the step

of:
adjusting the duration of the expectatlon
15 w1ndow based on the load spacing on the conveyor.
4. The method of claim 3 including the step
of: '

increasing the duration of the expectation

window for greater' load spacing and decreasing the

20 duration .of - the expectation window for lesser load
spacing.

5. The method of claim 1 including the step
of:
removing the load record associated with the
25  load from the conveyor controller when the load is not .
sensed by the second sensor within the duration of the
expectation window.’

6. The method of claim 1 further including
the step of:
30 ' ordering a list of 1load records in the



-10',10",10"" the controller C renoves an enpty record é—_‘~FraﬁT~Fﬁ€‘“‘ﬁpry
..-record list and stores the data asseciated with the mm;ﬂ,lm

enter the load record into the tracking nodel, the contr Hgg"‘
poi nt ers. The controller C finds the |ast Ioad record in theli& Snat
"changes it's next record pointer 10 . to point to'the new record.

Finally, the controller C changes the tracking nodel |ast |oad pointer to
point to the new | oad record. When a load record is to be renoved fromthe

front of the |ist cofraytis NKddiE ABINERSS dordeiigdilithg 130 1BMASCOMy Olgiy C
finds the first and second | oad records by follomnng t-he pointers as

descri bed above. CORYEY®ntroller then changes the tracking nmodel's first
| oad pointer to point to the second | oad record. Since the |oad records

never nmove once they 20 eg%%ﬁgd FQecf%} r@'&ﬁére gg{%erln

processor requirenents are n1n|n1zed |"0ad r ecor on-are
the first and | astsdishd kisdor ®f | Aagte wmess POTPrisesi | consechsdivedvde

for carryingsout Hhgdng slaauenibaa haschees 4esChi begnkda datid |
famliar with-the art to which this invention relates will recognize

various alternati PEPRGSURFRE FheModi nents for pract|C|ng the invention as
defined by the. follow ng clains. 21 _

8. The method of claim 7 further including
the step of: '
_ adding a load record to the list when the lead
10 edge of a load is sensed by the source station load
sensor.

9. The method of claim 7 further including
the step of:
removing a load record from the list when the
15 load reaches the destination station.

10. The method of claim 1 further including
Ehe steps of:

counting expectation windows within which
loads are not detected;

20 generating a load jam status condition when a

threshold count is reached; and

communicating said load Jjam status to
auxiliary processing means.

11. A method of tracking data associated with
25 - a load being conveyed on a multiple segment belt
conveyor between a source station including a source
stétion load sensor, a destination station including a
destination station load sensor and a junctin load
sensor between each of said multipie segments comprising

30 the steps-of: i



‘WHAT |S CLAIMED I'S: 1: A nethod of tracking data associated wth a | oad
.-bei ng.conveyed on a belt conveyor between a source st “M“ﬁlﬂl}
source station | oad sensor 5 and a destination aa“ﬂmm
déstination station |oad sensor conprising the steps of* denéraling a'lo
record for the.load at the source station; sensing the |eading edge of t
source station | oad sensor; |oading the |oad record into

a programmabl e controller and establishing &4data field for controlling the
generating a pul se signal having a nunber_ of 15 " pul ses

| oad by the 10

conveyor ;

directly proportional to thﬁeﬂﬁﬁéﬁFnﬁfatH@ageFPc@Gﬂvéﬂﬁ'tnﬁnkﬂﬂQS#ﬁngha

ad
he

di stance field fogotheel 8edtiggerd conprising the smaller of the distance
bet ween the | oad and any preceding | oad _on the be ve conpu
from pul se signals and the BF8E&H et&&nﬁﬁﬁ# 4%% ﬁd %ﬁe¥ﬁ§9|9%u?%ﬁ
-station | oad sensssurestabatibhnjoad sepsorati on wi ndow of belt conveyor

I'engt h 1 ndi c§t| ng expected ﬂ’ééﬂlg Q'_fhe rfoalcfage@ordh ggst gh%%&&d%

based on t he nunmber of puls

, sensin

| oad by the desti¢enivallentanth ¢sraabbestsmga'mda@@n§naidn§oa cﬁzyrmlllng

comuni cat i ng thetﬁégﬂﬁitigltQggﬁgﬁgrgflghe ggﬂgaébﬁge§3§ di stance between
t he source and. 30 destination | pad sensgors wi,th the dlstance t he

conveyor

10

15

20

25

30

35

generating a pulse s1gna1 having a numbexr of
pulses directly proportional to the travel of the
initial. conveyor segment;

establishing a distance field for the load
record comprising the smaller of the distance between
the load and any preceding load on the belt conveyor
computed from pulse signals and the distance-between the
load and the junction load sensor at the first junction;

establishing an expectation window of belt
conveyor length indicating expected arrival of the load
at ‘a first junction between conveyor segments based on
the number of pulse signals;

sensing the leading edge of the load at the
first junctlon and generatlng a signal;

communlcatlng the signal to the controller,

comparing the distance between the source

‘station load sensor and first conveyor junction with the

distance the conveyor belt traveled in the-time it took
the load to travel between the source station and first
conveyor’ Junctlon and detecting any slippage of the load
on the belt;

updating the data record in the controller
based on the detected load slippage to coincide with the
actual location of the load on the initial conveyor
segment at the first conveyor junction;
| - associating the data record in the controller
w1th the sequentlally next conveyor segment as the load
is transferred to the next conveyor segment;

ted

the



belt traveled in the tine it took the load to travel betmanﬂ y source
"l

station and destination station |oad sensors and detecti ]’ﬁg! m m,,

the load on the belt; and 22 updating the data record
based on the detected | oad slippage, to coincide with the actual p03|t|on

of the load on the conveyor at the destination station. 5

The " net hod of claim 1 wherein establishing said expectation MﬁndOW
includes the steps of: conparing the maxingé allowed value for
slippage of the load on the belt conveyor to the value 10 of the = :
di stance field between | oadsortrichussllact R:nrgCﬂdi@q e3ndr syichworgiziie rdtehod

of claim2 includhpgd 'Eee(ﬁc&ﬁi’ gha ﬂggﬁ bR 110 tdenAd O e 1688 at gach

expectation 15 w ndow based on spacl ng on t he conveyor.
met hod of cl ai m 3IWRAQtIAthPE t’r'é‘%t"éﬁ“fﬁymf rﬁﬁ%’é{%ﬂ'-'lﬁg 8R4 dur ati on of the

expectation w ndow for greatimdwiaty S]ﬂ@é:ld@t@.ﬂﬂed@ﬁdﬁ‘ﬁﬁbmgthbe chtroller
duration of Lhe expest Ab1on M AR A 550 e d LRSS i fn T Mot hod
e ' 12. The wmethod of claim 11 wherein
establishing said expectation window includes the steps

of: _
comparing the wmaximum allowed wvalue for

10 slippage of the load on the belt conveyor to the value
' _ of the distance field between loads; and .

selecting the lesser value.

13. The method of claim 12 further including
the step of storlng load records in memory as a linked
15 llSt memoxy scheme

14. The method of claim 13 further including
the step of: . |
maintaining a pair of pointer wvalues in
_ memory that point to a memory address of first and last
20 load records. )

15. The method of claim 14 including the step
of: -
assigning pointer values to each load on the
belt conveyor such that consecutive loads have a pointer
25 value that corresponds to a succeeding load on the belt
conveyor. '

16. The method of claim 15 including the step
of: ) ' )
listing the load records from the first load
30 to the last load using pointef values.



of : renoving the |load record associated wth the 25 | oad fromthe
» conveyor controller when the load is not sensed by the second sensor within

i ncl uding the step of 50 o Graering a1 i< NS IIFHAGARTAN

"records' in the 23 conveyor controller corresponding tfo foads "n*®thé
conveyor. 7. The method of claim6 wherein ordering said |ist of |oad
records conprises consecutively 5 |isting@ésaid | oad records in a linked

list memory management schene. 8. The method of claim7 further including
the step of: adding a |oad *2cor dThe meshodstofhehaime 1@adnetdudingdgehef a
| oad is sensed bygg s@glrce station load sensor. 9. The nethod of claim?7

further including the step of: renDV|Eg a loaq record_fromthe |ist when
the 15 | oad reaches the TREPYHYidFi&ish PoAntes. vaive #e¢otAEed Miditn 1

further includi ngatfitrstepsadf reeouat whenexpec balsioen atiedd QuhdMrididhathiLh
5 conveyor junction; and '
updating the list such that the second pointer
value and associated second load record becomes the
first load record in the controller memory.

18. Apparatus for tracking a load and a load

10 record associated with the 1load on an endless belt

' conveyor between a source station and a destination
station comprising: ' N

a record generator for generéting a load
record at the source station;

i5 | a first sensor located at the source station
for sensing the leading edge of the load;

a conveyor controller including a comparitor
in communication with said first sensor and conveyor;
said controller receiving and storing said load record

20 as a data field including a distance field when said
leading edge is sensed by said first sensor on the
conveyor; said controller being a programmable device
programmable to perform a load tracking function;

‘ an encoder producing a pulse signal directly

25 proportional' to the distance' travelled by the belt

conveyor in communication with said controller; and

_ a sécond sensor located at the destination

station for sensing the leading edge of the load; said
second sensor being in communication with said

30 controller; said comparitor comparing the distance
between the first and second sensors with the distance
the éonveyor belt travelled in the time it took the load
to travel between the first and second sensors thereby
detecting any slippage of the load on the belt conveyor



m-ct
RSt

|-oads are not detected; 20 : generating a | oad =& t's

condi tion when a threshold count is reached; and communicatin

jam status to auxiliary processing neans. 11. A nethod of lm I“ ﬂj"l“‘
associated with 25 °~ a load being conveyed on a multi *

conveyor between a source station including a source statlon Ioad sensor,
destination stati-on including a destination station |oad sensor and a

junctin | oad sensor between each of said nult2ple segnents conprising 30

the steps of: 24 generating_a |load record for the | oad at .the source
station; sensing tNBereRY hjcedgadorecREd dadth¢ CRBLY¥BLLEE iFaupdatepdatio
sensor; 5 coincligadivigt h@hé oa&tuaqorpbsﬁlcbra @fOQhérrM@ on the
controller and estﬁbigshln a dat &bﬁ é- C ntroII the initial
segnent of the bel n989 PYOdeRr & &% 5&51 % ng a nunber of
pul ses directly proportional to the travel of the 10 |nitial conveyor

segnent; establishing a distagce fés# %Bﬁst%% :B?dcigg rid“%ﬁ)féi gsggg

smal | er of the distance betweén th d “any "pr ecedi ng Ioa
conveyor corrp@t ed bedbm pgn'seyergm%emmdst%@@@@ﬂ:éemheiheconveyor

and wherein said apparatus further includes a plurallty
of said sensors, each being located at a Jjunction
between conveyor segments and being in communication
with said controller, said sensors sensing the leading
10 edge of the load at a junction; | |
) "said apparatus also including a plurality of
said encoders, one said encoder for each conveyer
segment, said encoders being in communication with said
controller whereby the data'recbrds in said controllexr
15 is updated to coincide with the actual position of the
load on the belt conveyor at each junction between

conveyor segments.

20. Apparatus as in claim 19 wherein said
first and second sensors are photoeyes.



15 | oad and the

junction | oad sensor at- the first junction; establishing

an expectation wi ndow of belt conveyor |ength indicating expected arrival
of the load at a first junction between conveyor segnents based on the

nunber of pul se signals; 20

sensi ng .t he | eadi ng edge of the

'Ioad at the first junction and generating a signal; communicating.the

signal to the cont
| oad sensor and fi

roll er; conparing the diz& ance betmeen t he source station

rst conveyor junction with the 25 di stance the

conveyor belt traveled in tMETHOR: AND AFPARATUS FOR t o travel between the

source station and
the | oad on the be

based on the detected | oad sl i ppage to coincide wi'th the actual

the load on the in

first eiveYONVEYOR LOADRARAdKING i ng any slippage of

|t; updating the data record in the controller 30

itial conveyor sedBSTRAQT the first conveyor junction;

-associating the data record in the controller with the sequentially next

‘conveyor segnment as the | oad 35. is.transferred to the next conveyor
segment ; 25 continual ly tﬂ%c%?ﬁ@oﬁnefsﬁﬁﬁwﬁﬂ@%ﬁ%&?ﬁh60F0§@aﬂ&9mmjdﬂﬁa

physi cal 1ocation
and renovi ng %he dat
t he destinati On-st

-a data record for the load at the source station,

10

cisddwidadl vt e ac h.ojaunbéh.ﬁP ebnbéﬁeaoaﬂ & Belte

| ocati on of

when t he | oad reaches

record fromth ontro
g}q’%&ﬁaen a source s a ion inc ud:Lng a source station load
sensor and a destination station including a destination
station load sensor includes the steps of: generating

loading the data record into a programmable controller
for controlling the conveyor, generating a pulse signal
having a number of pulses directly proportional to the
travel of the belt conveyor, establishing an expectation

“window indicating expected arrival of the load at the

15

20

destination station, establishing a distance field for
the load using the smaller of the distance between the
load and any preceding load on the belt conveyor or the
distance between the sgource and destination load
sensor, sens1ng the leading edge of the load by the
destination station load sensor, comparing the distance
between the source and destination load sensors and

~ detecting any slippage of the load on the belt and

.updating the data record in the controller based on the.

25

detected load slippage to coincide with the actual
position of the load on the conveyor at the destination
station. '

Figure 1



12.

The

met hod
wt ndow i ncl udes the steps of:

of

sl i ppage of the |oad on the belt conveyor to the value of the distance
field between | oads;
claim112 further |nclud|ng the step of storing load records in nmenory as a

li nked 15

i ncluding the step of:
point to a nenor
met hod of claim

| oad on the

list menory schene. 14.

and sel ecting the |esser val ue.

mai nt ai ni ng

a

of pointer

13. The net

val ue t hat

net hod of c]a

first | oad
met hod of c

hod of

1Tk¥3method of claim 13 further

W in menory that
d records.
oi nter val ues to\each

claim 11 wherein establishing said expectation
conparing the maxi num al |l owed value for 10

B address of first ana Cagt 20 | o 15. Zhe
[ 4 including the step gffrassi gni ng
bel t\ conveyor 3uch that congecutive |lo hav a poi nter 25°
Forresponds suc ceegi-ae—! pad o:({TT- eyof TG, [ TS
[ 15§i ' the step of: lisphng the Io ecofds fripm tlhe
30 t | oad pging poi nter val ues. 26 k7.  The
aim 16 i ng 7
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'steps of: . renoving a first pointer value associated with a first |oad
>record when the associated | oad reaches a 5-
updating the Iist such that the second pointer value and associ ated second
load record becomes the first

Apparatus for tracking a |load and a Ioeﬁy
| oad on an endless belt conveyor e

station conprisin %vrecord

source st atDBSTINA]
station for §ﬂ%¥§ﬁ§athe

bet we

jener at |
a firs

br fAr generafi

| oad record in the controller
record associ-ated with the
a source station and a destination

g | o

T‘Sensor'locate at t

b edge ¢

i ncluding a conparltor in communication wth said first sensor agd_
Vi ng and storifpg 3

conveyor;
data field 6ydls

ece

said first sensor on the ¢

devi ce progrannable to performa Ioad tracklng functlon* an'

produci ng a nal direcfT
"travel l ed by ?Eﬁgg{g conveyor
second sensor d at .the d

edge of the |laoad; -said second sensor

pnve

controller; aid conparitor

and second se S
DETECTED

ance

conpari

th the dlstance

ng

proportlonal

bei ng i n communi cati on

conveyor junction; and

menory. 18.

lecbrd at the
e sour DS
C( [l er

with said 30

etween t he flrsg
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the conveyor belt travelled in the tinme it took the load to travel between
the first and second sensors thereby detecting any slippage of the |oad on
the belt conveyor 27 whereby the load record in the controller is
updated to coincide with the actual position of the load on the belt
conveyor at the destination station. :19.. Apparatus as in claim 18 wherein
said 5 belt conveyor systemis a nultipl/8 segnent belt conveyor and _
wherein said apparatus further includes a plurality of said sensors, each
being located at a junction between conveyor segnents and being in

communi cation with said control ler, said sensors sensing the |eading 10
iedge of the load at a junc argt us also including a plurality
of said encoders, one said encoder_LQr 3 Eiznveyer segnent, said encoders
'being in connunicatloaov %% ereby the data records in
;said controller 15 Ns ézmnth t he actual position of
“the | oad on the belt conve U anmgn Rgt ween conveyor segnents.
20. Apparatus as in clai ' in sai flrspdand second sensors are

phot oeyes.
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