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METHOD AND APPARATUS FOR 

BELT CONVEYOR LOAD TRACKING 

TECBNJ:CAL FJ:ELD 

. 
This invention relates to a belt conveyor load 

5 ~ tracking system for tracking a·load between processing 

stations and more particularly to a system for 

maintaining synchronization between a load data record 

associ.ated with the load and the load as it is being 

transported by accommodating for any slipJ?age of the 

10 load on the belt conveyor as it is being transported. 

BACKGROUND ART 

In the fields of material handling and 

industrial processing, automated equipment is used to 

15 transport loads automatically through various processing 

20 

steps. As the load moves on ~he transpor~ation system, 
it·is often necessa:i;:y to associate data with the load 

which cannot be done by applying the data to the load 

. and by examining the load with sensors to retrieve the 

.da_ta. Examples of this kind of information are date of 
~ ~--

}>-lfllfHJ;'I~-,g;lj.~·ture, processing steps required, ownership of the 
~o&", . , cost. of the ioad. 

~t\,t\~~t)'il 
, "h \ t.\~ . < :.~~,:·" A typical" industrial system consists of 

· ation elements, processing elements, operator 

~~M~~ce elements, and data processing elements. These 
ements are typically arranged in a distributed and/or 

hierarchical manner. One conventional ~ystem consists 
of at least o;ie _source processing station and one 

destination processing ~tation and a conveyor between 
30 the stations. In such a system each of the processing 

stations hc;i.s an independent controller and the conveyor 
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is independently controlled. 

The source station pr9duces loads which are 
carried by the conyeyor to the des'tination station. The 
operation at the destination station on a particular 

5 load depends on information about the load produced by 
the source station. This information must be presented 
to the destination station synchronized with the arrival . 

of the load. This requires intensive, dynamic 
processing of the data handled for each load. 

10 There are some problems ·associated with this 

synchronization requirement. The conveyo~_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.jamming 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 apparaEus 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 

I 
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provide a method and apparatus for load tracking on a 
belt conveyor wherein synchronization is maintained 
between data associated with t;.he load stored in. a 
conveyor controller and the location of the load as it 
is conveyed along the conveyor. 

Another object of the present invention is to 
provide a method and apparatus for load tr~cking od a 
belt conveyor that accommodates for slippage of the load 
on the belt as the load is being c"onveyed. 

10 A further object of the present invention is 

to provide a method and apparatus for de;:t;.~cting 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 con.veyor 
between a source station, including a source station 
load sensor, and a destination station, includ~ng a 
destination station load sensor, includes the steps of: 

generating a data record for the load at the 
2-0 source station; 

sensing th~ leading ·edge of the load by the 

source station load s~nsor; 
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 expectat~on window indicating 
expected arrival of the load.at the destination station 

30 based on the number of pulse signals; 
sensing the leading·· edge o.f the load by the 

destination station load sensor and "generating a signal i 
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communicating the signal to the controller; 
comparing the distance between the source and 

destination station load sensors with the distance the 
conveyor belt traveled in the time it took the load to 

5 travel between the source station and destination 
station load sensors and detecting any slippage of the 
load on the belt; and 

updating the load data record in the 
controller based on the detected load slippage so that 

10 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 

15 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 conununication with the first 
sensor and belt conveyor receives and stores the data 

20 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 
sertsor in communication with the controller is located. 

25 at the destination Station and senses the leading edge 
of the load as the load arrives at the destination 
station. The conv~yor controller comparator compares 
the distance between the first and second sensors, as 
determined by the number of encoder pulse signals 

30 counted, with the length of ~elt 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. 
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Using the detected slippage information, the data record 

in the controller is then updated to coincide with the 

actual location of the load on t~e belt conveyor at the 

destination station so that the operation at the 

5 destination station can be adjusted accordingly. 

The objects, features and advantages of the 

present invention are readily apparent from the 

following detailed desc~iption of the . best mode for 

carrying out the invention when taken in connection with 

10 ac·com.panying drawings . 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure· 1 is a schematic view of a belt 

~o~veyor system , having load tracking apparatus 

constructed in accordance with the present invention.for 
~ 

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 illustrating data 

20 interfacing between a source station controller, a 

destination controller and a c9nveyor controller in one 

arrangement ·of the invention; 

. Figure 3 is a flow diagram illustrating data 

interfacing between a source station controller, 

25 destination station controller, conveyor controller and 

coordinating controller in another arrangement of the 

invention; 

Figure 4 is a timing diagram illustrating the 

relationship between.load sensing at the source station, 
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expected load arrival at the de~tination station, 

updating a load tracking model and error detection at 

the destination station; 

Figure s· is ~ schematic view of a multiple· 

5 segment belt. conveyor system having load tracking 

apparatus constructed in accordance with the present 

invention; and 

Figure 6 is a s;chematic view of the belt 

conve.yor of Figure 1 illustrating the ·physical layout of 

10 loads on the conveyor. 

BEST MODE FOR CARRYING OUT THE INVENTION 

J?.s 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 

15 from one location to another. As is hereinafter more 

fully_ described~ belt conveyor system 10 detects and 

accommodates for any slippage of the load on the. 

conveyor and maintains synchronization between data 

associated with the load in a programmable conveyor 

.20 cc;m_troller 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 

25 .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 

t~e belt conveyor such that the conveyor travels a fixed 

distance in the time between the occurrence of two 

30 adjacent pulses. 
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P~lse signals from the encoder E are used to 

measure belt conveyor 12 travel during a gi ~en time 
period. For example, if the belt conveyor 12 is 20 feet 
long and the encoder E produces a pulse for every two 

inches of belt conveyor travel, the encoder will produce 

120 pulses while a load is conveyed from one end of the 
conveyor to the other given there is no slippage of th.e 

load on the conveyor. The number 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 

~topping 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. Sensors 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 

load oµ. the belt conveyor 12. 

The information to be tracked with the load is 
30 . communicated to the cont:r::oller c by one or more of· 

several means. The data may be gathered from the load 

directly using record· generators such as bar code 
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readers, radio frequency tag readers, weigh scales, 
profiling sensors, vision systems, operator keyboards, 
or other devices connected to and in communication with 
the controller C and the controller stores the data in 

- -

5 a load record created for the load in the controller's· 
memory. 

With reference to Figure 2, it may be the case 
that the belt conveyor 12 carries i terns away from a 
piece of automated equipment such as a carton sealer, 

1-0 machining center, or inspection station. ~n this· case, 
. the automated equ:ipment can be set up to include a 
source station controller SC and a destination station 

15 

controller DC. The source 
communicates data associated 
Gontroller - C when the load 

station 
with the 

is placed 

controller SC 
load to the 
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.coordinating 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 load is placed on the conveyor 12. This 

30 communicated information is the handle the conveyor 
controller C uses to ref er to the load and the 
information the ·coordinating controller CC uses to refe:r: 
to the data associated with the load. 
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In a distributed system, there is an 
alternative to the coordinating controller cc generating 
the communicated information or handle associated with 
the load. The conv:eyor controller C itself can gener?te 

5 the handle and communicate the identifier to the 
coordinating controller CC. 

The load record is generated and stored in the 
~onveyor controller memory when the lead edge of the 
load on the belt conveyor 12 passes the first sensor 18. 

10 All of the communication between controllers, SC, c, cc 
~equ.ired to establish the data in the load record occu~s 
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 ~racks 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 
info~tion condition for the load. The destination 

20 station 20 handles the load 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 
lqad on the bel~ conveyor 12 determined by the nurtJber of 
pulses generated by encoder E during the time period 
between the sensing of the lead edge of the ·1oads 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 load sensors 18, 22 .· 

A conveyor tracking model is established and 
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consists of an ordered list of load records 
corresponding to the loads on the belt conveyor 12 as 
hereinafter described with reference to Figure 6. The 
list is consecu~ively ordered in a linked list 
management scheme according to the order of the loads on 
the belt e,onveyor 12. The conveyor controller c 
maintains this .list in its memor)r. 

The conveyor controller C stores the position 
of the belt conveyor 12 as determined from the encoder 

19 E when the source load sensor 18 detects 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 es.tablishes 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 re·cord by using the 
smaller of the distance between loads computed. from 

20 pulse signals or the distance petween 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 conveyor 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 ia introduced upon the belt 
3 O conveyor 12, a second load record is created. The 

distance field value for the second load is a count of 
pulses corresponding t~ the distance determined by pulse 
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signals from the lead edge of the first load to the lead 
edge of the second load. The counte~ for the second 
load is set and begins countin~ ~ulses from zero. This 
load record ·is· entered into the tracking model as· the 

s second ~ntry of the list. 

·· The controller C handles subsequent loads 
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 contin~ally operates on the first load.in 
the tracking model . As soon as a record become·s 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 
distance field value corresponding 
distance .from the lead edge of 

has a load record 

to the theoretical 

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 6~ the load to the 
destination station load sensor 22. 

25 When the distance field is greater than a 
design specific tole~ance 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 valid 
load record for these signals. The system responds to 
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the detection _of an unexpected load by generating and 

tracking a record with an "unexpected load" data field. 

This dummy da~a can be communicated to other downstream 

systems such as th~ destination station controller DC. 

When the distance field of the first load 

record in the tracking model counts down to a value 

within the design specific tolerance, the controller·c 

calculates an expectation window of belt conveyor 12 

length .in which to expect a load at ·the second sensor 

22. This expectation window length, as determined from 

pulses, is the lessor of. two limit values. The first 

iimit is the maximum allowed slippage of th~_ load on the 

belt conveyor 12. for the specific system. The second 

'limit is the value of the distance field of the second 

l:oad 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 f rem the 

destination station ioad sensor 22. When this signal 

25 appears, the controller 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 implement 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 
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failure. If one load is out of its expectation window 
and the ~ext one is in, _the jam counter resets. 

When the distance field for the first load . . . 
record has counted all the way down to zero, the 
tracking model is updated to move the second load record 
to the top of the list. At this point the lead edge of 
the second load is a distance from the destination 
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 OS.represents the signal presented to the 
controller C by ·the destination sensor. The base line 
represents a time period in which no load is in view of 

15 the sensor. A st'ep repres~nts a time period in which a 
load is passing the sensor. Steps A and C represent two 
loa~s passing the destination sensor. Phantom step B 
represents a signal the controller C expected, but·where 
no load was viewed by the destination sensor. 

20 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 lo&d tracking update 
operations in the conveyor controller C represented by 
~teps F', G' and H'. Line ED illustrates the occurrence 
of a lqad 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 
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sensor does not produce an expected signal during the 

expectation window G. 

In time. sequence, Figure 4 illustrates the 

proper tracking of two loads anc;i the detection of a 

missing load on the conveyor at the destination-station 

by the following events: 

1. The controller C establishes an expectation 

2. 

3. 

window as previously described. This is 

illustrated by the first step F on line EW. 

When a load· comes in view of th~.~estination 

sensor, as represented by step A, the 

controller C responds by updating the tracking 

model to.remove the load record (pulse F' on 

TU) and ending the expectation window (end of 

·pulse F on EW) . 

As the conveyor continues to move, the 

controller C establishes a second expectation 

window as illustrated by the second step G on 

line EW. The controller C is expecting a load 

at the destination station. 

4. The phantom ~tep B on li~e DS, represents the 
. . 

point in t·ime where the controller C expected 

to receive a signal from the destination 

sensor. 

5. The convey~r continues to move and the 

controller C measures the maximum allow~d 

expectation window. When the maximum is 

reached, the controller eliminates the.· 

expectation window, not having received the 
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6. 

7. 

15 

expected signal from the destination sensor. 

The controller C respo?ds to the elimination 
of the ~xpectation window not having received 
the expected signal from the destination 
sensor by updating the tracking model to 
remove the load record (second step J on line 
TU) and producing an error signal (step L on 
line En)·. 

The conveyor co~tinues to move and steps 1 and 
2 are repeated to track the next load to. the 
destination station: 

The case hereinabove described covers 
t.racking of a load on a single belt conveyor 12 between 
a source station 16 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 fiv~ conveyor segments 

32,34,36,38,40 and destination station 42 receives them .. 
A source station l~ad 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 

. . 
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interval of belt conveyor between two load sensors 44 
. . 

and 50; 50 and 52; 52 and 54; 54 and 56; and 56 and 46. 

The tracking model loading op~ration for the first 

conveyor segment 32 is identical to the loading - . 
5 operation hereinabcive described for a single conveyor 

system. 

10 

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 controller C must 

transfer the load record from the tracking model 

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 s-~gment 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· P.erf orming both the unload 

20 and load operation associated with the data record. 

When the load reaches destination station 42, 

the controller C transmits the load record data field to 

the destination controller DC or the coordinating 
c. . 

controller C synchronized with t~e _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 lo.ad record in 

30 the conveyor load 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 
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for a particular conveyor's load tracking· model. A 
pointer is a memory location containing the ·adoress of 
another memory location. Thereby the controller program 
C can always get a first or last record associated with 

5 a conveyor segment by examining one of these two 
pointers. 

--

1-0 

The structure 
data field which links 
conveyor tracking model 

of the load record· contains- a 
all of the records in the 
together. This field is a 

pointe~, or memory location containing 
address of the next record in the list. 

the memory 

Thereby the 
load records can be linked to form a list· that is 
ordered from first 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. 
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EXAMPLE: TRACKING MODEL MEMORY 

Address 

0 5 Pointer to first load 

1 11· Pointer to first load 

5 2 

3 
.. 

4 

5 1 DATA 1 

6 10 DIST 1 Load Record 

1.0 7 11 NEXT RECORD For First Load 

8 

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 
& 

21 

25 22 

23 3 DATA 3 

24 8 bIST 3 Load record 

25 17 NEXT RECORD for third load 

26 

30 27 
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Figure 6 corresponds with the above example 

and illustrates a conveyor 10 11 with four spaced 1oads Li, 

L2 , L3 , and L4 on it. Distances between the loads are 

represented by the values 10, 15, 8 and 7 expressed by 

5 the number of pulses between the loads. These values 

correspond with values in each load record distance 

field in the controller c. The first load Li distance is 

the distance between the first load and the destinati~n 

sensor 22~ 

1.0 Although individual load records may 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 pointer. 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 e~pty 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 new· load enters the system, the 

program locates empty me~ory space and places the new 

load record in it. By modifying the last load record in 
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the list, the controller can append the new record to 
the list~ 

When a new load is introduced to the. system 
10' , 10", 10"' the controller C removes an empty record 

5 from the empty record list 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 C 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 fallowing the pointers as described above. The 
controller then changes the tracking model's first load 
pointer to point to th~ 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 invention as defined by the following 
claims. 
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WHAT IS CLAIMED IS: 

1; A me~hod of tracki~g data associated with 

a load being conyeyed on a belt conveyor between a 

source station including ·a sourc~ station load sensor 

5 ·and a destination station including a destination 

station load sensor comprising the steps of: .. 
generating a load record for the· load at ~he 

source stat·ion; 

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 

conveyor; 

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 

20 computed from pulse signals and the distance between the 

load and the destil'.lation station load sensor; 

establishing an expectation window of beit 

conveyor length indicating expected arrival of the load 

at the destination station based on the number of pulse· 

25 signals; 

sensing the leading edge of .the load by the 

destination station load sensor and generating a signal i 
• 

communicating the signal to the controller; . ·· 

comparing the distance between the ·source and 

30 destinati9n load sensors with the distance the conveyor 

belt traveled 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 



5 

., 

111111111111111111111111111111 
* C L M S * 

22 

updating the data record in the controller, 
·based on the detected load slippage, to coincide with 
the actual position of the load on the conveyor at the 
destination station. 

2. The. method of claim 1 . wherein 
establishing said expectation window includes the steps 
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 expectation 
15 window 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 ~he 
_25 load from the conveyor controller when the load is not 

sensed by the second sensor within the duration of the 
expectation window." 

39 

6 . The method of claim 1 further including 
the step of: 

ordering a list of load records in the 
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conveyor controller corresponding to loads on the 

conveyor. 

7 . The · method of claim 6 wherein ordering 

said list of lo~d records comprises consecutively 

5 listing said load records in a linked list memory 

management scheme. 

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 

the 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 jam status to 

auxiliary processing means. 

11. A method. of tracking data associated with 

25 a load being conveyed on ~ multiple segment belt 

conveyor between a source station including a source 

station load sensor, a destination station including a 

destination station load sensor and a junctin load 

sensor between each ~f said multiple segments comprising 

30 the steps· of: 
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g~nerating a load record for the load at the 
source stat:ion; 

sensing the l·eading edge of the load by the 
source station load sensor; 

5 loading the load record into a programmable 
controller and establishing a data field for controlling · 
the initial segment of the belt conveyor; 

generating a pulse signal having a number· of 
pulses directly proportional to the travel of the 

10 initial conveyor segment; 
establishing a distance field for the load 

record comprising the smal.ler of the distance between 
the load and any preceding load on the belt conveyor 
. . 
computed from pulse signals and the distance between the 

15 load and the junc.tion load sensor at the first· junction; 

establif?hing an expectation window of belt 
conveyor length indicating expected arrival of the load 
at a first junct.ion between conveyor segments based on 
the number of pulse signals; 

20 s·ensing the leading edge of the load at the 
first junction and generating a signal; 

communicating. the signal to the. controller; 
comparing the distance between the source 

·station load sensor and firs.t conveyor junction with the 
25 distance the conveyor belt traveled in the-time it took 

the load to travel between the source station and first 
conveyor· junction arid detecting any slippage of the load 
on the belt; 

updating the data record in the controller 
30 based on th~ 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 
with the sequentially next conveyor segment as the load 

35 is t~ansferre~ to the next conveyor segment; 
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continually tracking and synchronizing the 

load record and physical location of the load at each 

junction of the conveyor segments,; and · 

removing the data record from the controller 

5 when the load reaches.the destination station. 

12 . The method of claim 11 wherein 

establishing said expectation window includes the steps 

of: 

comparing the maximum allowed value for 

10 slippage of the load on the bel~ 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 storing load records in memory as a linked . 
15 list memory scheme. 

14. The method of claim 13 further including 

the step of: 

maintaining a pair of pointer values · 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 st~p 

of: 

listing the load records from the first load 

30 to the last load using pointer values. 
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17. The method of claim 16 including the 

steps of: 

removing a first point~r value associated with 

a first load record when the associated load reaches a 

5 conveyor junction;· and 

updating the lfst such that the second. point:er 

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 load on an endless belt 

conveyor between a source station and a destination 

station comprising: 

a record generator for generating a load 

record at the source station; 

15 a first sensor located at the.source station 

for sensing the leading edge of the load; 

a convey~r controller including a comparitor 

in conununication 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 second 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 comparit~r comparing the distance 

between the first and second sensors with the distance 

the conveyor belt travelled in the time it took the load 

to travel between the f·irst and second sensors thereby 

detecting ~ny siippage of the load on the belt conveyor 
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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 system is a multiple segment belt conveyor 

and wherein said apparatus further includes a plurality 

10 

of said sensors, e~ch being located at a junction 

between conveyor segments and being in communication 

with said controller, said sensors sen~ing the leading 

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 wherel;>y the data records in said controller 

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. 


