INDECS: GENERAL CONVEYORIZED

ABSTRACT

This paper describes INDECS, a FORIRAN software
system for Integrated Description and Evaluation
of Conveyorlzed Systems. A data base catalog of
system equipment is combined with user written
control subroutines, GASP-II event routines, and
INDECS event routines to provide a conveyor system
designer with simple methods for system specifica-
tion. A simple example illustrates the elements
of the simulation system.

I, INTRODUCTION

‘INDECS (Integrated Description and Evaluation of
Conveyorlzed Systems) was developed (2) to provide
a user-oriented tool for designers of conveyorized
facilities.

In conveyorized facilities machines or work stations
are interconnected by a network of conveyors, Items
in production or service are transported automati-
cally between the stations (which may be automated
as well) with or without human intervention,
Examples of such systems are airport baggage handl~
ing facilities, distribution warehouses, and
automated production shops.

We can identify two main problem areas in the pro-
cess of designing conveyorized facilities:

1) describing the relationship and components
of the facility, and 2) evaluating the performance
of this facility prior to and during its construc-
tion. A major issue is the complexity of the
conveyorized facilities, (See discussion of this
issue in ref. 4). Generally, they include a large
number of machines. Consequently, specification
of their operations and flow of items requires the
formulation of involved scheduling and flow logic
rules, INDECS was developed with two distinct ob-
jectives, First, to provide a generalized method
for describing a wide class of conveyorized faci-
lities. Second, to provide performance simulation
modeling which builds on easy assembly of standard
modules of conveyor subroutines. INDECS integrates
the description and simulation phases, and enables
one to obtain the performance evaluation directly
from the description data base.

In this paper we first explain the description
phase of INDECS, in which the user describes the
details of his facility. Next, we discuss how the
dynamics of flow are modeled by INDECS to simulate
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and evaluate the facility performance. A simple
example is used to illustrate the software of
INDEGCS, and the paper is concluded with some cri-
tical evaluatlonn

2. The Description Data

The user of INDECS describes a continuous conveyor
facility using three types of forms (see example in
Figure 1), with the following data:
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Figure 1. Hardware Equipment Format

1) Attributes associated with each type of part or
item which moves on the conveyorized facility.
These attributes include the weight of the item,
dimensions, quantity in a moving unit (e.g.,
on a pallet), assembly information, and routes
in the layout through which items of this type
may flow.

2) Attributes associated with each of the equip~
ment hardware types in the user's catalog.
These data include the class of hardware,
limitations of usage, parallel service capa-
bility, operations performed by this hardware
(called here Transfer Function) and standard
operation times (service times).

3) Attributes which specify the location and flow
connection of the hardware types in the facil-
ity. These include the location identifica-
tion, the hardware at the location, the
storage capacity, the direct source and the
direct destination locations, and their dis-
tances from thé location.
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GENERAL CONVEYORTZED FACILITIES ... Gontinued

Before we proceed to discuss how these data are
processed, let us clarify few terms,

A Route in the facility is identified by a se~
quence of locations and the transfer function to
be performed at each location (the transfer
function must be specified only if more than one
transfer function can be performed there), When
alternative locations can serve as the next desti-
nation for a moving item, the user's control
programs (which are explained below) will select
one as the destination.

Hardware: Three classes of hardware are defined
in INDECS:

a. Equipment, designated by the symbol E
b. Conveyors, designated by the symbol C
c. Generators, designated by the symbol G

An equipment unit, may be a process or a control
equipment, It is stationary, can have several
serial process stages, and several parallel, equi~
valent channels. It can perform several transfer
functions, and can have several standard service
time distribution

A conveyor has a continuous carrying form (e.g.,
roller conveyor), constant velocity, one stream
of carried items, and can have several transfer
functions.

A generator is an artificial module whose purpose
is to generate individual items into the - convey-
orized facility. Using a combination of these
elements, a conveyorized facility can be modeled
by INDECS (See the example in Figure 7).

The transfer functions which are associated with
the hardware describe the operations which can be
petrformed by hardware on items. They are defined
as the changes which are effected in items' prop-
erties as the items move through a given piece of
hardware,

The description data from the uer's forms are pro-
cessed by INDECS into a data base, whose structure
is shown in Figure 2, This data base is managed
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Figurelzﬁ INDECS Database Structure

by the general data base language ADBMS. (1), which
provides for the network relations specified in the
facility layout, and for the hierarchical structure
within the data. INDECS data base includes the

item catalog, with the item type data; the hardware
catalog, with the hardware type data; and the lay-
out file, with the description of the facility
layout. The two catalogs have a hierarchical
structure. The layout file is constructed in a net-
work structure, with link records containing
distance data ssociated with the two linked source-
destination records. (See Eiﬁure 3).
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A general data base management approach also is
adopted for INDECS so that direct access is enable
both for ease of modification and wpdating, and for
processing during analysis. A set of forms can be
used and processed by INDECS programs to correct,
change, add, and delete data in the data base.
Because of the general data structure, design modi-
fications during the development of the conveyorized
facility require specification of only the modified
details, while the bulk of the data remains un~
changed.



Other programs produce reports from the data base
(see Figure 4), and retrieve relevant data during
the performance evaluation, as described in the
next .section.
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In addition to the specification of items, hard-
ware, and layout, as described above, the user
has to define the rules of the dynamic item flow,
Examples of such rules are priority rules which
govern the flow in intersections, decisions about
shut—down or reactivation of hardware based on
downstream flow conditions, etc. For this purpose,
the user must provide appropriate FORTRAN subrou-
tines which specify the logic of the control used
with the conveyorized facility. Control modeling
in INDECS is discussed later,

The description data base with the control programs
is the basis for documentation and communication
about the designed facility. We next explain how
it is utilized in the simulation phase of INDECS.

3., The Performance Simulator

Once a data base which describes a given convey-
orized facility is completed (according to the
details of the previous section), the dynamic
behavior of this facility can be analyzed. The
analysis is initialized data which activate a
discrete event simulation of the item flow in the
facility.

The simulation of the item flow is a combined opera-
tion, (see Figure 5) which applies INDECS programs
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Figure 5

to model the flow; GASP-IL (3) programs to manage
transaction files and timing; and ADBMS (1) routines
to interface with the conveyorized facility data
base,
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The simulation is carried out by logically moving
item records (by flow and control programs) through
the prescribed routes in the layout, and testing

at each step whether gates are open, whether ma-—
chines are ready for service, whether conveyors are
operative, whether any changes take place, etc,

Modeling the dynamics of flow is accomplished by:

1). The simulation tramsactions;
2)., Elementary flow procedure programs;
3), Auxilary analysis and flow function programs;

4), Control data and procedure programs.

3,1 The Simulation Transactions

There are two major types of simulation transac—
tions: the item transactions and the control
transactions.

The item transactions are records of fixed struc-
ture, each of which represents a physical,
individual item in flow., Each item transaction
contains the item identity and current properties,
flow related data (such as the next scheduled pro-
cedure type, the route identification, etec.), and
time statistics.

Control transactions are records which communicate
control signals of various types to generate items;
to shut down equipment; to actuate devices; to
collect information, etc.

During the simulation, item and control transactions
are filed either in the event file, which contains
all active, scheduled transactions, or in queue
files (one per location in the layout), which
contain all waiting items.

3.2 The Elementary Flow Procedure Programs

The model of the dynamic flow in INDECS is based on
the fact that all flow in conveyorized facilities
is comprised of general, basic procedures, which
are common to all varieties of flow (see Figure 6).

No,

AEQ |
Procedure|

Figure 6. Arrival at
Location Procedure

Terminate
Flow
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Particular patterns of item flow may differ in some
details, but all patterns will have the following
elementary flow procedures:

a, Arrival at a location;
b. Arrival at end of queue on a conveyor;

c. End of service at a location;

d. Joining the queue to a location, or blocking
the current location;

e. Unblocking a location;

f. Generation of items.

Each elementary flow procedure was programmed as an

event subroutine from the point of view of GASP-II.

When a procedure is scheduled for an item during the
simulation of the flow, it means that at the sched-

uled time, the item's transaction will be retrieved

from the event file, and the appropriate procedure,

or event subroutines will be executed.

3.3 Auxilary Analysis and Flow Function Programs

The auxiliary analysis and flow function programs
include:

a) Several programs to monitor the simulation, to
select procedure and control progrems, to
collect and print statistics; and

b) Several programs of flow functions, which are
called by the elementary flow procedures, and
can be applied by any control programs as
follows:

1. Transfer functions program, which modifies
item properties data in the item transactionm,
based on the hardware's transfer function

2. Item's itinerary data program, which retrieves
for a given item the appropriate transfer
function to be used at a location;

3., Service time program, which generates a random
value from a given service time distribution;

4., WNext item's stop program, which finds the next
location (destination) for a given item on a
given routej;

5. Free queue space program, which evaluates
whether a given item can join the queue at
given location and time, based on the item's
dimensions and the avallable space.

6. Critical dimension program, which finds the
critical dimension of an item (the item's phy-
sical dimension along the direction of its
flow) at a given time, based on its spatial
orientation.




3.4 Modeling Control Procedures

Control in a conveyorized facility can be consid-
ered as a combination of exogenous control which
includes the prescheduled system changes (actua-
tions), and endogenous control which includes
actuations based on dynamic conditions.

Exogenous control is specified in INDECS as part

of the initialization data. Since it is predeter—
mined, it is formulated as a list of control
transactions, which are either prescheduled, or
random, system changes., To implement these changes,
INDECS has a procedure which processes the exoge—
nous control actions to change the availability of
locations, shut down a conveyor, change the speed
of a conveyor, change the service time of an equip-
ment unit, etc.

To model the endogenous control, INDECS has a con-
trol communication scheme, If a location or several
locations are controlled by a control program,
signals are transmitted from sensing locations
whenever an event occurs, There are five types of
such signals: at the start and at the end of arrival
at a location procedure; at the start of end of
service; arrival at the end of queue on a conveyor,
and of unblocking a location procedures., Each
control program, according to the logic specified
by the user, will select and utilize the appropri-
ate information based on the relevant signals, A
sixth type of control signal enables communication
between two or more different control programs
which share information or depend on each other.

Once a decision was reached by the control logic,
it can be implemented by the change procedure.

Basic control functions which are developed in
INDECS include timers, limit switches, counters,
and identifiers,

Performance Statistics

The performance of the conveyorized facility is
measured during the simulation by collecting
statistical data about the flow of items from
generation to termination, The statistics can be
summarized during the simulation, at given points of
simulated time, or in the end of the simulation run
according to the user specification.

Summary statistics which are produced by INDECS in-
clude measures of the number of items produced, the
total time from entry to exit, the number of items
which occupy at the same time each location oxr are
waiting at each queue.

4, Tllustration

We illustrate INDECS implementation with a simple
conveyorized facility example. First, the facility
is presented, and then analyzed by INDECS.

4.1 The System

Items are unloaded from trucks and placed on =n
parallel belt conveyors (see Figure 7 (a)). The
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Figure 7. Conveyor Merge .

fxample

items are conveyed (at a constant speed V,) to main
conveyor, which will move them away to storage (at
a constant speed V,). In order to prevent colli-
sions, the following merging procedure is applied
to move the items from the input lanes to the main
conveyor: The main conveyor is divided into posi-
tions (buckets, trays, or hooks), each designed

to received one item at a time from only ome,
particular lane. In other words, the positions are
designated 1, 2,...,1,1,2,... etc., per the match-
ing input lane. The physical, controlled merge can
be accomplished, for instance, by a positive—action
pneumatic ram, or by a gated, gravity roller sectiom.

4.2 TINDECS Analysis

INDECS model of the system is presented in Figure
7(b). Three locations are required to specify each
input lane, For instance, the first lane includes
location L, of the generator Gj (which represents
the unloading process at lame l; Lj, the beginning
of the conveyor; and L,, where E, is the equipment
which models the merging area.

The item types, hardware types, and locations have
to be specified according to the previous discussion.
For example, location L, has one source, Ll, and one
destination at a distance of 100 m,, L3; conveyor

Cq has a velocity of 150 m/min.; gate El has a con-
stant service time which can be calculated as the
passage time from Cl to the main conveyor,
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Since each lane is independent, and has its desig—
nated "server", the main conveyor itself does not
have to be modeled.

To model the fact that the main conveyor is dis-
crete, and to allow passage of only one item at a
time, two control procedures are employed:

1. The merging locations (e.g., L3) are initial-
ized to be unavailable. Since proper positions
arrive at the merge point of each lane every
8/V, min., we can specify a genmerator which
regenerates the change availability procedure
automatically at the scheduled times. As the
gate becomes available, the unblocking pro-
cedure moves the first item from the queue
to the main conveyor.

2. A control program (C3) shuts the gate immedi-
ately after one item is passed to the main
conveyor. This 1s accomplsihed by making
the gate unavailable when the signal is
given that an item has arrived and been served
at the gate.

During the simulation, item transactions are ini-
tiated by the generators, and prepared by the
generation procedure., The items are advanced to
the input conveyor, and scheduled to arrive at
the merge gate, or at the end of queue of items
on the conveyor. When an item is advanced to the
gate (by the unblocking procedure) it is moved to
the main conveyor and in this example - exits the
system,

5. Conclusion

INDECS is a useful design tool for the detailed
description and analysis of conveyorized facili-
ties. It can be applied for the study of partial
modules in a large facility, as well as the whole
facility. '

The interaction of the simulation with the descrip-—
tion data base, and the flow modeling with
elementary procedures and control programs provide
considerable flexibility in the analysis, The com-
putational cost is relatively high: a large, real
case handling system with 280 locations, 50 hard-
ware types, 40 item types, and 30,000 unit loads
was simulated at a cost of 1 CPU minute per 10
simulated minutes on an IBM 370/158, However,

the complexity of large conveyorized facilities
makes a tool like INDECS a forerumner of further
developments for the control of designer's descrip-
tion data and analysis of performance capabilities.
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