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PLC IMPLEMENTATION OF BEVERAGE ROUTING

CONTROL ALGORITHM

ANUSHA YERROJU

ABSTRACT

Programmable logic controllers (PLCs) are the mpspular and powerful
devices used in process control applications. A Bh€ed structured routing algorithm
for controlling the operation of valves so as tateothe requested material between any
two points in the respective beverage plant equipne presented. The basic route
control algorithm considers several possible, prattconstraints usually imposed on
beverage routing in the plant. A good routing alipon adaptable with changes in the
process setup and implementable with minimum emging efforts at the beverage
manufacturing site is the focus. The developed rdlgn along with the software
environment in which it is run, should provide axible, easy to operate, user friendly,

adopting improvements and changes with less engngeefforts.

This thesis involves translating object orientegiddor route control to structure
oriented control logic. The structured algorithrendeveloped using the RSLogix5000™
software, a tool that supports the IEC 61131 statsddor PLC programming. The

M software of Rockwell

resulting program is verified and run in the Safttoller
Automation’s Logix™ family of controllers. The strwred algorithm developed focuses
on beverage industry. The algorithm is programnretlimplemented in already existing
controllers which will avoid any firmware modificahs required to support the new
algorithm. This will lead to economic solution footh beverage industries and controller
developers. The focus of this work is on transtatthe objects into structures and

develop route control algorithm which can be impdeed in existing PLC.
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CHAPTER |

INTRODUCTION

In a beverage industry, there are several ingrésliermanufacture a product. The
materials are stored at various locations in tlaatplThese materials are to be carefully
routed between different points of the plant eq@pmas a part of beverage
manufacturing process. They are required to flosugh different pipes depending on
the process. All the fixed pipes in a plant for enal routing have valves at the
intersection points of pipes. To set a path thraihgise pipes for a material flow between
any two points, respective valves in the path ghdid operated (closed or opened) in

desired manner, depending on the kind of procegdogeed at that point of time.

The task of controlling the operation of valves dan simple if the control is
limited to one or two paths. Manual resources wolodd sufficient to achieve route
control. One cannot deny the fact that the sameualaresources would be of not much
help when multiple materials and multiple paths &rebe controlled simultaneously.
Optimum usage of resources including labor, mackin@oney, materials is critical to
any beverage industry while the main goals is tetregcellent quality standards thus to

meet the expectations of customers and market ddsnan



Automation principles are substantially developedaid process control for
several industrial applications. Programmable lagintrollers help us develop solutions
for route control problems. Several routing aldons are popular in the market for

efficient routing in beverage industry.

This thesis is a result of successful attempts memlecome up with a
commercially viable control algorithm for materieduting. The algorithm developed
focuses on beverage industry. A good routing allgorishould be adaptable without
major changes in the process setup and minimum neegng efforts during
implementation at the beverage manufacturing $iteshould be easily loaded into the
RAM of the controller and easily implemented in awsting controller, which avoids
any firmware modifications required to support thew algorithm. The developed
algorithm along with the software environment iniethit is run should provide a
flexible, user friendly, capable of adopting impeovents and changes with less
engineering efforts. This will lead to economicwgan for both beverage industries and
controller developers. The subject of this thesisleveloping such a control algorithm.
Some of the popular route control algorithms w# imtroduced to help us with some
background knowledge on this subject. The algoritih this thesis is developed in
RSLogix5000 and the developed code is run in Sgjitt. gontroller. The main function
of the algorithm is to generate routes when a as@perator requests. The algorithm is

implemented on PLC.



1.1 Literature Review

The route control solutions provided by differeotpanies are summarized as

follows [5].

1.1.1 Competitive Offerings

1. Siemens Route Control Module: This is a very sdptated path selection
module developed by Siemens. Route control encosepathe feature of both
project engineering and the run time system. Tlhyerdhm also provides many
interfaces to the PCS 7 basic system. Simple taahppocesses and large number
of complex route combinations are the advantagks module was considered
to be the premier solution on the market but hasvbacks of being complex and

requires considerable engineering efforts to imglem

2 Proleit: The solution developed by Proleit is balljca matrix path selection
which provides both pre-configured paths and dywcaseiection to some extent
based on the path parameters. The module whictalisdcRoute Equipment

Module enables fully automatic route control.

3 Rockwell Automation solutions: There are multiptdusions offered by Rockwell
services, that include many significant featurethim algorithm that accounts for

recipe type, route part, design, allocate, actaate monitor valves, selecting and



evaluating route part availability(allocated ordyemode(automatic or manual),

and status(dirty, ready etc).

1.1.2 Deficiencies in Current Solutions

The routing algorithms discussed have certain ofazes in their design. The

following are the limitations of the routing algtimns.

» Solution consists of specific code for various eoparts and hence lacks
the reusability feature when location of the actsre in the plant is
changed. Several recipes are to be considered iepamtion
simultaneously using the same plant as it requirespecialist who is
aware of recipe techniques for implementing theitsmh tool developed
as in the case of solution provided to customerciwvhis major beer

producer.

» Since every path transfer is being uniquely defiasda configuration,
there can be impracticality while implementing teehnique. There will
be a large number of configurations or a combimatd routes which
poses difficulty at the time of implementation &se of increased number
of sources and destination containers or tank® @isel case of Rockwell

IAS-MTM.

* Solution is confined to pre-computed paths, makthg routes not
reusable at most times. The system also needs setgetion scheduling

well in advance as in the case of the solution,nele@n Selector.
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Heineken Selector is also a route control solutfon the beverage

company, Heineken.

» Sequencing of valve patterns in a valve matrix padificulty as in the

case of Rockwell IAS-VMM.

» Lack of dynamic route selection between two pooftshe process as in

the RS Bizware batch.

Most of the solutions have all the possible roupes-programmed into the
controller or computer. When a route request is enbgl the user or operator, the
controller algorithm generates best available roltee selection of the best possible
route depends on the various constraints imposéd donstraints vary with the
variations of the type of the product being mantufieerd, condition of valves and the

user’s choice.

Unlike the algorithm developed in the present wdhese solutions are mostly
implemented in computer based controllers whichuiregextra maintenance due to
industry environment where they are installed. Thues can see that route control
algorithm when implemented in a programmable logpoitroller rather than general
computer needs less maintenance, less memory spatehas greater flexibility in

selecting the routes.

The proposed solution overcomes most of the aboeetioned limitations by
dynamic computation of the route. The routing alpon developed as part of this thesis
can be completely programmed into the memory ofptiegrammable logic controller as

desired. The programmable logic controller can stdhd severe industrial conditions



and is more reliable than a computer. Dynamic ngusiaves required memory since not
all routes are stored in the memory (RAM) but othlgse generated for particular path
request needs to be stored till the completionoote execution. Details regarding the

algorithm are explained in the following chapters.

1.2  Thesis Organization

The thesis is organized as follows. Chapter 2 ptesthe basic idea of proposed
solution to the routing problem. Chapter 3 providesficient information about the
programmable logic controllers, their architecturmemory specifications, and
programming languages used in developing the rgulgorithm. Chapter 4 deals with
the software tools employed to program and exetha@ealgorithm. A brief description of
program flow, algorithm and a detailed descriptidnmethodology in transferring object
oriented concept into structure oriented formatexqgained in chapter 5. The results are
presented in chapter 6. The scope for further avgments and other features are given

in chapter 7.



CHAPTER Il

PROBLEM FORMULATION

This chapter introduces the routing control problema detail. Review of the
currently available routing solutions and their itamtions is given. The desired features

for the new algorithm are defined.

2.1 Introduction to the Problem

The solutions available in the market do not supmiynamic computing of
routes. They either have the route control whichest the predefined routes statically in
controller memory depending on several other pattampeters or provides incomplete
dynamic computation and allocation. The main gdathis thesis is to dynamically
compute various paths and select the best pathd lmas¢he length of path, recipe, least
number of valves or other user defined constrdomtsnaterial flow every time a request

is put in.



Material flow is dependent on various parametechss the number of available
valves available, pipes in working condition, s@ioontainer, and destination container
etc. The primary requirement in achieving the sofutfor the defined problem is to
successfully translate object oriented concept sttoctured algorithm. This is the crux
of the thesis, as it depends on the software, @athre of the controller, memory
specifications, and programming language constait. The object oriented algorithm
while implemented in the controller requires seldimanware modifications in the
controller which is not commercially viable. Henag algorithm has to be developed

using a language supported by already existingralbert.

2.2 Problem Definition

The fundamentals of the valves and the featurgbeofouting algorithm will be
discussed before we define the problem and thenpthisolution. The terms used in the

routing algorithm for the beverage industry ardroet as follows.

* Route: The possible path through which the material ftaw from its

source container to destination container.

* Routing: Assigning the correct path for a fluid to flomtandestination

container.

* Valve: A Structure that gives access to all the valvesits positioning in

the valve matrix.



Valve Matrix : Valve matrix is a collection of valves placedrows and

columns along with source and destination poinitsaslements.

Path Selector A function that selects the best path betweeergsource

and destination upon request.

Valve usage Record Valve usage record allows updating all the
information on the recently used valves with tinreterial flow through

the valve, the starting and the ending points.

Valve Proposal Record Valve proposal record provides information
about the next valve in the path to be considereith its position

coordinates or its position identifier, along wétarting and ending points.

Current Activities : Current activities give information about the s@et

status of routing equipment in the form of a datalé.

A matrix with all the valves as its elements isntiged by a variable for the

problem analysis. The valves in the matrix are ired to be interconnected in every

row and column through mazes of pipes. Source astrtion points for the flow of the

beverage are shown as square boxes in Figure Y. drieeconnected externally to the

valve matrix. In a beverage industry, a large numbe such valve matrices are

interconnected. The valve matrices are locatethéensame level or different levels, near

to or far away from one another depending on thatpionstruction.

A single valve can be in two states depending endihrection of the flow of the

material across the valve. When a valve is in cdosgate, the horizontal and vertical
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pipes are separated at the point of intersectidgffier®nt materials can flow across them
independently without interfering with one anothEath p2 shows flow across closed
valve whose source is in row 2, column 0. Whenvtllee is said to be open, the material
flow can change direction. A sample path acrosspsn valve is shown as p3 and p1. In
p3 the valve in row 3 and column 3 is open to pgrdite in the path whose source is in
row 3, column O and destination is in row O, coluBirSimilarly in p1, valve in row 1

and column 5 is open.

8 1 2 2 d 5 x

0 O 0O 000 [l
IR b b SR b TR + 0 Qo

5 " p2 1 [ . i PL. p2, p3 somple paths
2 O #--#3 F--0 - ------ ¢ 0O

' p i 1 : !
b Dbk d s O

| 1 ' | 1 |

' ! I I ! 1
L O
m DL--#_L_.L-L. .+ [

O 0O O O O [

Figure 1 Valve, Pipes and External Connections

In real applications there is more than a singleevanatrix. Beverages need to be

routed between several matrices. These matricdsbeilinterconnected based on the
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plant infrastructure, type of beverages being mactufed and complexity involved in

manufacturing procedure or routing process etc.afm@e view of multiple matrix

structures is shown in Figure 2.
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Figure 2 Multiple Valve Matrices
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In the Figure 2 we can see three valve matricesanaected to each other. A
user request may involve beverage routing in aesinglve matrix or across two or more

valve matrices.

An object oriented algorithm was developed to dyicaity compute and control
the routes. As mentioned earlier, the developedtisol should be implemented in
existing controllers. The object oriented algorittutnich was previously developed when
implemented in the controller demands some firmwaoglifications. Hence a structure
oriented algorithm has to be developed that campémented in the existing controller.
The five objects developed in object oriented atbor to achieve dynamic routing are

shown in Figure 3.

valveMatrix Path

Yalve YalveProposalRecord

YalveUsageRecord

Figure 3 Object Oriented Concept
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The complete algorithm was developed using thesedbjects. Valve Matrix, valve
and path are the basic objects that relate tontleennation such as number of valves,
coordinates of valves, valves in a particular pathterial to be routed, and the source
and the destination. Valve Usage Record and Valepd3al Record are the objects
that contain the information related to state @& tlalve in an executing path and
proposed path respectively as can be understodtidiy names. This concept now
has to be translated to structures and the algoriths to be developed using the
structures that will dynamically compute the roubetween requested source and
destination. An example matrix with three exterc@hnections has been used in the
process of algorithm development. This example ima#as nine valves distributed in
3 rows and 3 columns. Our problem is translatingséhfive major objects into
structures i.e., developing a structure orientgdrdhm that will compute all possible

routes between any two given points of the threeraal connections.

Figure 4 Valve Matrix
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A three by three matrix with three possible inpatigputs is shown in Figure 4.In
Figure 4 dots represent the nine valves. Pipetharetraight lines inside the matrix. The
three straight lines shown outside the valve matrdicate external connections. These

are the locations where beverage enters or leavalv@ matrix when routed.

At high level, the problem can be understood asvshia figure 5. The controller
is programmed and installed in the plant. Theral$® user interface from which the
operator can communicate to the controller in otdezontrol the process. The controller

is also connected to sensors and actuators.

RSWiew and Other GUI
Tools

Operator's interface
with the contraller

/

Ethernet cable

Ethe | 0

N

To sensors and
actuatars

< controller

Figure 5 Schematic View of the User Interface Setup inRfent
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These sensors in turn feedback the valve positowlition to the controller and
actuators send signals that will operate the vald@salgorithm should be developed to

compute routes dynamically using the informatiopasition /condition of the valves.

It should take into consideration if the valve liseady in use, in repair condition,
constrained to be in a specific state for someratiready executing routes etc. A user
interface tool can help the operator put requestess the possible routes on the screen,
to give command in order to execute a route, asd abtain some graphical images or

animations.

These graphical images or animations may show pleeator routes presently in
execution, flow of the material, and valves in @ben etc. Figure 5 gives us a better

idea of how the controller is installed and used lreverage plant.

The limitations of programming languages used teebttg the algorithm also
form one of the issues stated in problem definitidihe Structured Text language
supported by RSLogix5000, the tool used in this kywatoes not have pointers and
consists of very simple statements to define fumstiand logic. Developing a route
control algorithm applicable to real world applicat using simple programming
language like Structured Text language is surelyamoeasy task. The algorithm should

accommodate many complex features.
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CHAPTER 1lI

INTRODUCTION TO PROGRAMMABLE LOGIC CONTROLLER

In this chapter, a brief description of Programmealtlogic Controllers is
presented. To control machinery and automate indugirocesses, programmable logic
controllers are the efficient electronic devicebey support multiple inputs and output

and withstand varied temperatures, industrial naigeation etc [8].

Figure 6 Examples of PLCs in the Market

16



The programmable logic controller was originallywented by Allen-Bradley.
The term "PLC" was trademarked by Allen-Bradley,dasubsequently became
generically used by the automation and controlsistiy. Pictures of typical PLCs are

shown in the Figure 6.

“A plc can be defined as digitally operating etenoic system, designed for use in
an industrial environment, which uses a programmat#@mory for the internal storage of
user-oriented instructions for implementing specitinctions such as logic, sequencing,
timing, counting and arithmetic, to control, thrbugligital or analogue inputs and
outputs, various types of machines or processesB6th the PLC and its associated
peripherals are designed so that they can be das#igrated into an industrial control
system and easily used in all their intended fumsti Some of the popular PLC
companies are ABB Ltd, koyo, Honeywell, Siemens,didon, Omron, Allen-Bradley,

General electric and Mitsubishi [6].

The software revisions are helpful in eliminatinge trewiring of hardwired
controls whenever the process is changed or newels@ie introduced. Relay control,
motion control, process control, networking andribsited control systems are some of

the functionalities of PLCs.

Programs with logic necessary to control the psses are downloaded into the
controller's memory which is battery backed or nayatile. The PLC based control
system is a real time system since the outputsemmonding to the inputs in bounded
time. The input and output arrangements of the RILt€ connected to sensors and
actuators. PLCs connected with sensors to sengeetature, pressure, positions etc can

be efficiently used to process the data. They cperate electric motors, hydraulic

17



equipment, relays and many other electrical andhan@cal devices. PLCs replace large

number of relays which were used for automation [8]

PLCs also include the logic for single-variabledieack analog control loop such
as a PID controller. The functionality of a prograable logic controller can be preferred
as well on a specific hardware and software platfas on a general purpose computer or
a personal computer with industrial environmenttdess. PLCs, their application
programs and their associated peripherals are demesl as components of a control

system.

An important component in the PLC control systenhusnan-machine interface

(HMI) function. The HMI function has two purposesfallows.

* To provide the operator with the information neaegg$or monitoring the

operation of the machine/process.

* To allow the operator to interact with the PLC systand its application
program in order to make decisions and adjustmédrggond their

individual user scope.

3.1  PLC —Architecture, Operation and Programming

3.1.1 Architecture

PLC mainly consists of CPU, memory areas, the tsdw receive inputs and

outputs, timers, counters, relays, and data stdoage¢ions. The PLC for machine control

18



takes inputs, give outputs signals according to steges of inputs and the outputs
generated through the software program [7]. Thatimpcuits allow the PLC to receive
signals from outside. These signals can be feedbigdals or input signals from user or

operator.

INPUT CIRCUIT

cPU

MEMORY

OUTPUT CIRCUIT

RELAYS, TIMERS
AND
COUNTERS

Figure 7 Architecture of PLC

It can be seen in Figure 7 CPU is the main compiookthe programmable logic

controller. The processor takes the input data @rdputes corresponding output data

19



according to the algorithm. The output circuit pd®s connections to display screens,
actuators etc. The program and necessary dataaesl sn the memory cells. Relays,
timers and counters play important role in insiarcexecution. Unlike relays, the inbuilt

timers and counters in a PLC make all arithmetierapons easy.
3.1.2 Operation of PLC

The algorithm running in the controller gives cormuia to the processor in the
controller to continually check the inputs [7]. Whthe expected inputs that trigger any
part of the logic are found the PLC executes tigerghm accordingly. After executing
the algorithm, the output data that is requirectdatrol the application is send to 1/O

ports. The PLC updates the output status wherexggrined.

CHECK INPUT S5TATUS

EXECUTE PROGRAM

UPDATE OUTPUT STATUS

Figure 8 Operation of PLC
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The operation of a PLC can be explained in thefalhg three simple steps.
* Checks the inputs
» Executes the program
» Updates the output status
3.1.3 PLC Programming

For programming of the application, there is a&felanguages defined in IEC

61131-3.
(a) Textual Languages

* Instruction List language: A textual programmingndaage using

instructions for representing the application pamgifor a plc-system [1].

e Structured text language: A textual programming gleage using
assignment, sub-program control, selection andititer statements to

represent the application program for a plc syqtHm
(b) Graphical Languages

* Function block diagram (FBD): FBD can be used tpregs the behavior
of functions, function blocks and programs as a dafetnterconnected
graphical blocks. It can also be used within thgusatial function charts

to express the behavior of steps, actions anditi@ams [1].

* Ladder Diagram (LD): LD program enables the progreahle controller

to test and modify data by means of standardizaghge symbols [1].

21



3.2 Ladder Logic and Structured Text Languages

To develop routing algorithm for beverage indusipplication, ladder diagram
and structured text programming languages have bged. The reasons for using these
two languages can be found in chapter 5. A bristdption of these two programming

languages is given in this section.
3.2.1 Ladder Logic

Ladder Diagram has been developed by the IEC bysidenng the most
commonly used symbols and terminologies used in rttnstream PLCs. Ladder
diagram is based on a technique which uses retagiedign logic. Ladder diagram has a
left hand vertical power rail that notionally suigsl power through contacts spreading out
along horizontally connected rungs. Ladder diagcam be very effective at describing
digital logic in a form that is easy to program amtlerstand. Ladder diagram is suitable
for expressing the behavior of parts of progranmet @we primarily concerned with

combinational logic [9].

Ladder logic is a graphical language used to dedectrical logic schematics.
PLCs use a language called relay ladder logic pmogring. In other common
programming languages such as FORTRAN or C, commaralexecuted in a sequential
order. The command or line of code on top is exatuiefore the command on the
bottom until you hit the end of a looplowever, in ladder logic, every command in each
rung is executed simultaneously at the same timaddér logic is more like a flow chart

than a programA PLC, like any microprocessor, executes a listindtructions in
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sequence. Ladder logic tools abstract this. PLChmprogrammed by wiring up relay
contacts and coils on-screen, and the PLC runtiofevare will simulate the circuit

drawn using ladder logic. Some of the relay costaan be tied to input signals from the
real world, some of the coils can be tied to owgplihe simulated circuit in ladder logic

interacts with other devices and actually conttisésflow [1].

Most manufacturers of programmable logic contrellatso provide associated
ladder logic programming systems. Typically, thelder logic languages from two
manufacturers will not be completely compatibledder logic is better thought of as a
set of closely related programming languages raitien one language. Even different
models of programmable controller within the saramify may have different ladder

notation such that programs cannot be seamlegsichanged between models [2].

Ladder logic can be thought of as a rule-baseduage, rather than a procedural
language. A "rung" in the ladder represents a Mlben implemented with relays and
other electromechanical devices, the various rulesecute” simultaneously and
immediately. When implemented in a programmableclagpntroller, the rules are
typically executed sequentially by software, inomd. By executing the loop faster,
simultaneous and immediate execution is obtained|as to other rule-based languages
like spreadsheets and SQL. However, proper useagrgmmable controllers requires

understanding the limitations of the execution oafeungs [1].
3.2.2 Structured Text

Structured Text is a high level language which lsasyntax that at first

appearance is similar to PASCAL. Although there amme minor similarities to
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PASCAL, Structured Text is a distinct language thed been specifically developed for

industrial control applications [1].

The Structured Text language has a comprehensingeraf constructs for
assigning values to variables, calling functiomsction blocks, for creating expressions,
for conditional evaluation of selected statememtds f@r iteration, i.e. repeating selected
sections of code. The language statements canitierwin a fairly free style where tabs,
line feed characters and comments can be inseriggdh&re between keywords and
identifiers, i.e. wherever a space character igired. It is a language that is easy to read
and understand, particularly when written using miegful identifiers and well

annotated with comments [1].

Structured Text is a general purpose high-levajlage for expressing different
types of behavior involving a variety of differegpes of data. It is particularly useful for
complex arithmetic calculations. The IEC 1131-dtad only defines Structured Text
as the language that consists of statements thabeased to assign values to variables,

for example, within function block and program bexl[1], [2].
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CHAPTER IV

VALIDATION PLATFORM - SOFTLOGIX AND RSLOGIX5000

The routing algorithm was developed using RSLogi®0® and run in
SoftLogix5800 of version 13. Both these softwareldoare products of Rockwell
Automation. To have a better understanding of ttablpm definition, algorithm, and
results, some very general information about RSI&@N0 and SoftLogix5800 is

included in this chapter.

4.1 SoftLogix Controller

SoftLogix5800 is a soft controller and comes frdra tategory of programmable
automation controllers. The control functions terit for the application are downloaded
into a programmable controller. The SoftLogix coiller encapsulates them in software
and runs on operating system. We can develop our cwstom programs in other
programming languages to integrate via externatimes. The specific product used
currently is 1789-L60/A SoftLogix5860 controller.hnd memory size for this soft
controller is 3072KB. One can always choose the amgnsize that the application

requires. It also consists of a built-in 1/0O sintida model for easier design and
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validation. The application can also be dividedoirtasks for structured program
development. It is flexible/ scalable to build aawn control system with functionality
that will suit specific needs [4]. A SoftLogix Clsas Monitor is shown below. The 16

slots can be filled in with various controllers ddwaded with their respective programs.

T4 SoftLogix Chassis Monitor |:||:,[z|
Slot  Miews Options  Help

Computer : |

For Help, press F1 RN

Figure 9 SoftLogix Window

The chassis monitor is the interface to the Softkagpntroller. We use the

monitor to:
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» Add and configure controllers

* Add and configure communication cards

* Add and configure motion cards

» Change processor mode

» Monitor controller and associated module status
* Monitor motion performance

Based on the requirements, we can define the chassnitor with number of

slots according to the user preference as showheifigure below.

i Softlogix Chassis Monitor ZII@[‘}__(I
Slot  Wiews  Options  Help

Computer : |

0 1 2 3 4 ] E 7 g

% I I I I I I I I

For Help, press F1 MLIM

Figure 10 SoftLogix Chassis Monitor

A SoftLogix controller is the software that is iakéd inside the computer. A

computer to have SoftLogix should meet the follagywequirements.
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* IBM-compatible Pentium 41.6 GHz
» 256 Kbytes of RAM

* 50 Mbytes hard disk space

4.2 RSLogix 5000

RSLogix 5000 Enterprise Series software is an IETC38-3 compliant software
package that offers relay ladder, structured teextction block diagram, and sequential

function chart editors for you to develop applioatprograms [3].

Instructions can be created by encapsulating aosedf logic in any

programming language into an add-on instruction.

* RSLogix 5000 Enterprise Series software also iresualxis configuration

and programming support for motion control.

* With RSLogix 5000 Enterprise Series software, owmlye software
package for sequential, process, drive, motion rogntand safety

programming is required.

* The RSLogix 5000 Enterprise Series environmentrefn easy-to-use,
IEC61131-3 compliant interface, symbolic programgnimith structures
and arrays, and a comprehensive instruction ses#raes many types of

applications.
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* It supports relay ladder, structured text, functiolock diagram, and

sequential function chart editors for you to depedpplication programs.

PC Hardware Requirements: The client computer imarg¢ at least:

a 600MHz or greater Intel Pentium® I, or Pentiuompatible

microprocessor (1GHz or greater recommended)
* 256 MB of RAM (512 MB or more recommended)
* aCD-ROM drive

« 250 MB of free hard disk space (or more dependingagpplication

requirements)

a 3.5-inch, 1.4MB disk drive (if using RSLogix 50@dofessional for

activation)

For various industrial applications, RSLogix5000 ¢z used to write logic to provide

automated control.
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CHAPTER V

STRUCTURES, PROGRAM FLOW AND LOGIC OF ROUTING ALGOR ITHM

The chapter is composed of several sections congpidetails about the
structures developed, brief explanation of logibibé the algorithm, functions required,
architectural view of how the data and structunes stored in controller memory, and
flowchart that explains the working of the algomittalong with the high level diagram of

functions used in the algorithm.

5.1 Translation of Objects to Structures

Structures developed from Object Oriented Concepsented in chapter 2 are

described as follows.

(a)valve: Valve is the structure which consists of mdata members. The data members
include the coordinates of the valve with respectvalve matrix and two integers

representing indices to valve usage records. Icdméroller memory, there is an array of
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valves whose length depends on the number of valkesent in a matrix and the number
of matrices. The data structure valve as seen éysier or operator in RS Logix5000
window is shown in Figure 11. The data member, Goattes is a user defined data type

which consists of row number and column numbetsagariables.

b embers: Drata Type Size: 16 byte(s]
Mame Data Type Style D ezcription |
[~ Coordinates Paint
| ron DIMT Decimal
| ol DIMT Decimal
| WalvelzageR ecordl DIMT Decimal
| WalvellzageR ecord? DIMT Decimal
*

Figure 11 Data Structure — Valve

(@) Path: As shown in Figure 12, a ‘Path’ structuretams all the information about
the route selected for execution. The starting pamd the ending point are the two
members in the ‘path’ structure that specify dstaibout external connections between
which the material is routed. These points aresth&ce and destination of a flow in the
selected path. The points are user defined datestypth variables, name and self
coordinates. ‘Name’ identifies external connectamd ‘self coordinates’ explain the
location of the “ExternalConnection” with respeatthe valve matrix. Another variable is
the ‘coordinates’ of the valve in the matrix to winithe “Externalconnection” is
connected. Other Significant member of path stmectis an array of integers that
contains indices to a list of records. These rez@wohtain detailed information of the

valves participating in material flow. Other requdr data members are name of the
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material to be routed through the path and two Bawlvariables which specify whether

the structure is in use for the purpose of memoanagement and whether the path

computation is completed respectively.

(b)
b ermbiers: Data Type Size: 96 byte(=]
M ame Data Type Style Description
| Start EsternalConnection
| name DIMT Decimal
| ConnectedT o alve Paint
| Selfcoordinates Paint
[— End | ExternalCaonnection
| name DIMT Decimal
| ConnectedT o alve Paint
| Selfcoordinates Paint
| Affectedwvalves DIMT[12] Decimal
| material DIMT Decimal
| inuze BOOL Decimal
| pathcompleted BOOL Decimal
|
Figure 12 Data Structure — Path
M embers: Data Tupe Size: 24 byte(z]
Marme [rata Type Style Dezcrption
| name DIMT Decimal
| Rows DIMT Decimal
| Columns DIMT Decimal
| MumberofE stemalConnections DIMT Decimal
| |ndexreferencecfitzvalves DIMT Decimal
| |ndexrefernceofitzestconnections DIMT Decimal
*

Figure 13 Data Structure Valve Matrix

(c) Valve Matrix: Figure 13 shows the structure & Matrix’. ‘Valve Matrix’ is the

data structure whose members are matrix, numbssves, number of columns, number
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of “ExternalConnections” (source and destinatiamsthe flow across the valve matrix),
and two integers that specify the start positionitefvalves in the valve array and

“ExternalConnections” respectively.

(d) Valve Proposal Record: The structure identifeesd'Valve Proposal Record’ is used
while computing the path for a specific request.s&sn in Figure 14 it contains ‘inuse’

bit for memory management and ‘onpath’ bit for shhmywhether the material flows

through the valve or the valve is just constraiimedrder to support the flow through the
requester the route. A proposal record carriesctimdinates of the valve which is

supposed to be affected for a particular path.ditextion from which the material enters
the valve if it is on path and the direction in athithe material continues to flow next are
stored in form of integers (1 — north, 2-south,a3te and 4-west). Also there is a data
member ‘proposedstatus’ which is set 1 if the valvesupposed to be open and O if
closed. These structures are present in an arragqufired length which depends on
matrix size and number of matrices. These are aedesom an array of integers called

‘Affected valves’ that serve as indices.

b ermbiers: D ata Tope Size: 23 byte(z]
I arme | Data Type Style D'escription |
| Inuze BOOL Decimal
|- Coordinates | Paint
| row DIMT Decimal
| col DIMT Decimal
| Fortindirection DIMT Decimal
| portoutdirection DIMT Decimal
| onpath DIMT Decimal
| proposedstatus BOOL Decimal
*

Figure 14 Data Structure — Valve Proposal Record
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(e) Valve Usage Record: This structure shown inufadL5 is similar to proposal record.
The only difference between Valve Proposal Recowdi \dalve Usage Record is that the
Valve Usage Record specifies the information whemlge is in use i.e. when a path is
being executed. Accessing to these records isdintbger that specifies a usage records

position in an array.

fembers: Data Type Size: 280
Mame | Data Type | Style | Descriphion

| b atenal STRIMNG

] Partindirection DIMT Decimal

] Starttime STRIMG

] Stoptirme STRIMG

| Inuze BOOL Decimal

| Partoutdirection DIMT D ecimal

| lonpath BOOL D ecimal

*

Figure 15 Data Structure — Valve Usage Record
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5.2 Data Structures and Data members

Figure 16 and Figure 17 give an outlook of all streictures and members stored

in controller memory as allocated.

Material Coordinates
Partln el
“alveusage — E“Elé-lfﬁga
records Portout J recar
“alveusage
Startime recard2
Stoptime
Inuse
Coordinates
* “alveusage
L * recordl
“alveusage
record2 val
Inuse - alves
coordinates
Fartin .
Portout .
* “alve '
* Proposal .
* Hecords .
* L]

Figure 16 Data Structures in Controller Memory (i)
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In Figure 16, ‘Valve Usage Record’, ‘Valve Propos&cord’, and valves are
shown as present a block of memory inside the othetr For simplicity, one structure in

each kind of array is shown in the Figure 16.

Marme

Fows

Columns

Muberofexternal
Connections

Indexreferencetoits Paths
valves

valvematrices _| Indexreferencetaits

externalconnections
= Start
- End
— Affectedvalves
M ame
Onpathialves
ConnectedT oW alve
_ i haterial
ExternalConnections — SelfCoordinates
Index to Sameintegeralue .
current paths — . —

Someintegervalue

Index to .
Proposed paths

Figure 17 Data Structures in Controller Memory (ii)
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The number of such structures in every kind ofyad@pends on the application. The
length of the array is defined based on numberabfes and number of matrices in the
application. Similarly, Figure 17 consists of aneowew of how valve matrices,
‘External Connections’ and paths are stored asysrmaside the controller memory.
Memory is also allocated for storing the path nurepevhich are in execution and

proposed for later execution.

5.3Introduction to Algorithm

All the above structures were developed in otdevrite the routing algorithm for
dynamically computing all possible routes when esed. The algorithm is developed
using two programming languages. One language aslddder logic, and the other
language is structured text. The main routine igetbped using ladder logic and all the
other subroutines are developed using structunetd Kéain routine is the function that
takes a user request and begins the rest procash wicludes calls to other required

functions.

Figure 18 shows the hierarchy in which few mainreubnes are called by the
main routine. The first subroutine called by mamtme is ‘Initialize’. This subroutine

initializes all the tags before passing on to ekeauwbefore any thing else.

Once initialized, the ‘Request’ subroutine irtidim the path computation by
staring with first valve connected to the sourcestarting point of the path which we

have defined as external connection. ‘Addlteratigmeues up the data in a circular
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buffer which is used for computing the path. A betxplanation of data and functions in

this program flow can be found in the next section.

fain Routine

Initialize Request FindPath

Addlteration

CetAdjacent

IsHealthy FinishPath N

Figure 18 Hierarchical View of Functions in Algorithm

‘Find path’ is the main subroutine that has coetpuired for computing a path for
given request. It executes accordingly by callihg three subroutines ‘Is Healthy’,
‘Finish Path’, and ‘Get Adjacent Valves'. The firsubroutine returns Boolean value
stating whether a valve is in a position to pgpoate in routing. ‘Finish Path’ is called
when a path computation comes to an end. The shiodoutine is called when the path is
still being computed and next possible valves arbe found out in order to direct the
material flow. Apart from these subroutines, theaee several other supporting

subroutines which can be categorized accordingdi purpose in our routing algorithm.
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Supporting subroutines include functions for copymhata between any two specified
memory locations, functions to check the Booleatust of certain data tags(variables)
and accordingly assign respective values to tha tigs or obtain a tag value, finally
leading to efficient memory management. Memory ag@ment functions free up the
memory which is not in use by the algorithm at tpatticular instance and access free
space from the array of structures(as shown inrgigé and Figure 17) when requested.

Figure 19 shows all the supporting functions inrthespective categorization blocks.

¥alue Finding Functions Memory Management Functions
GetReducedsetOfadivales GetFreePath
GetDirection GetFrestor
Getvalvelndex FreePath

GetCoordianatesFromyalvelndes:

Data Manipulation

GetOnPatht/alves Functions

Getaffectedvalvelndex CopyPath

GetMostRecentOnpathaffialRef Copypr
Shiftvprs

Check Tag ¥alue and Set Data

. Check Functions
Member Yalue Functions

CanPass

affectedvalveProposedStatusClose
CheckIfPresentPreviouslyInPath

affectedvalveProposedStatusOpen
CheckStatusSuccess

ProposedyalveStatus
CheckvalvesCanClose

Figure 19 Different Types of Functions in Algorithm
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INITIALZE
JLAST _ADDED=L
LAST _DOMNE=0
BuUsSY=0
SYSTEMREADY =

SYSTEMREADY =1 N
ROUTINGINPROG

REQUEST

MO

LAST DOME=
LAST_DONE+

LAST DOME=(

L =]

FINDPATH

YES

STOP
ROUTINGFROGR
ES5=1
REQROUTE=0O

Figure 20 Program Flow of Algorithm

A flow chart explaining the basic programming flesvshown in the Figure 20.

To understand the program flow much clearly, afl@glanation is given in this section
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about different data tag that play important rote dalling associated functions to

continue the execution of algorithm.

Once a request is placed with the start, end irdtion in ‘PathRequest’ structure is
shown in Figure 21. Path computation begins atiat pehere the values of ‘Last_Done’
and ‘Last_Added’ are checked. These tags carrygemethat are indices to a list of

structures called ‘ToDolterations’. This structemntains four members.

* Valvelndex

e Pathlndex
* Valvematrix
+ Direction

‘ToDolterations’ list is circular and it gets fillewith the above information for every
iteration in the search process. The search prasdesfind possible valves to which the
flow can be directed. Most of the times, it is reotsingle choice as the valve has
minimum of two adjacent valves and maximum of faajacent valves. Thus in the
search process, the information that is used te fteesflow from one valve to another is

stored in ‘ToDolterations’ list.

—|-pathF equestz

+| pathRequests E«temalzource
+/-pathB equests. E sternaldestination
+/-pathB equests. material

+|-pathR equests. M atnixinyolved

Figure 21 Data Structure — Path Request
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Thus by checking the Last_Done and Last_Added saline algorithm decides whether
the search is still to be done. If both the valarsequal, it is obvious that the search tree
has been completely traversed and paths are gederd/hen Last Done and
Last Added are not equal, the ‘Mainroutine’ callBindPath’ with the updated
information. As shown in the flowchart the updat@d@ormation is present in

‘ToDolteration’ list. This can be seen in Figure 22

—|-tolrolterations

| —|-taDolterationz[0]
+|-toDolterationz[0]. Matrix_Index

+/-toDolterations[0]. W alve_|ndes

+ /- toDolterations[0]. Fath_lndex

+|-toDolterationz[0]. Direction_Flov
+ /- toDolterationz[1]
+ - taDalterations[2]
+|-toDolterationz[3]
+ - toDolterationz[4]
+

toDolterationz[]

Figure 22 Data Structure — toDolterations

These five basic functions form the base for rau@hgorithm. ‘FindPath’ is the main

subroutine that directs the program flow. The paogrflow depends on the possible
surrounding valves through which the material flcam be directed. The selection of next
valve in the route depends on the valve workingddan, status. The status may include
if the valve is already in use and associated waime other path or whether it is a last

valve in that particular path. This algorithm isvd®ped for the example valve matrix of
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nine valves. The algorithm can also be extendedatrices with more than nine valves

or multiple matrices with necessary changes.

Table 1 clearly explains the basic functions usedeveloping the algorithm. For
each function, other functions it calls and funesidoy which it is called are included in
the table. ‘Data passed’ and ‘Data Returned’ spetifferent parameters passed into the

specific functions. The column Explanation includes instance in which a particular

function is called.

Table 1 Basic Functions in the Program

Flow
Step | Function Explanation Data CallineTo
Caledts | Db e
Tufain Tlain Ladder Logic program that . Tnitialize
! Eoutine Program T serves as root to all other Fequest
subroutine calls FindPath
o | Initialize Mam = Ezecuted when SystemPeady — —
Routine bitis 0. SystemReady=1
Last_Added=0
Last_done=(
Busy=0
3| Request Man PathFeouests | Takes in the recquest and fills ValveIndex | Addlteration
Foutme recRoute=1 up ToDwolterations list with PathIndex _
first valve connected to the V_E‘JVEME‘W
to the source Chrection
4 |Addlteration| Fequest Valvelndex  |Fills in the frst iteration data -
i Pathlndex  |and mcrements Last_Added or
FindPath T\fglveMat:rm fills iteration data of the nest
Direction possible walve to route
5 | FindPath Main Same as Executed when Last_Added  [ValveIndex | Addlteration
Eoutine Addlteration |and Last Done are not equal [Pathlndez:
and also busy bitis 0. This iz [V alveldatrey
the main path computation Cirection
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CHAPTER VI

SIMULATION RESULTS OF ROUTE CONTROL ALGORITHM

The objective of this thesis is to develop routetod algorithm for beverage
industry application. The control algorithm shogleherate dynamically all the possible
routes through which a beverage can be routed ketviwo different points in the
beverage industry. In this chapter, we presensitmelated results obtained after running

the route control algorithm in SoftLogix controlleuccessfully.

Figure 23 shows the valve matrix of nine valvesi@scribed in chapter 2. All the
valves are marked with their respective coordinates index values. The numbers ‘0’,
‘1’, ‘2’ outside the matrix represent the positiogiof “ExternalConnections”. Arrow
marks show that the request is put to computedbtes from point ‘2’ to point ‘1’. The
request is entered in the ‘PathRequest’ structyrthé® user/operator. The algorithm that
is executed and all the possible routes betweemeiipgested source and destination are

computed.
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Figure 23 Valve Matrix

The computed paths are identified by path numbedsthese path numbers are
stored in the structure ‘Pathslisted’. These numbare the indices to the ‘Paths’
structures array as shown in the figure 17. Snapsstf ‘Path Request’ and ‘Pathslisted’

structures are shown in Figure 24 and Figure 2peas/ely.
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Tag Hame & | Scope Walue &
Busy td ainProagram 0
+/-last_Added td ainProagram 25
+|-lazt_Done bl ainProgram Z5
—-pathRequestz Controller [
+ - pathRequests.E sternalzource Contraller 2
+/-pathRequests.E sternaldestination  Contraller 1
+ - pathRequests. material Controller 0
+ /- pathRequests. Matnixinvaolved Controller 1]
reqRoute Controller 0 |
routinglnProgress td ainProagram 0
SystemBeady Controller 1
+/-toD olterations td ainProagram [

Figure 24 Data Structure — PathRequest

In the Figure 25, we can see five indices in thiapdisted structure ‘5, ‘2’, '3,
‘4,1’ -1’ in the ‘pathslisted’ structure indiates that rest of the array members have not
been used. This indicates our request has rediltegossible routes between the points
‘2" and ‘1.

The routes computed matched perfectly with thogsendomanually. Also the
‘path’ structure in which the information about tbemputed route/path is stored has
been found exactly filled in with the expected data In Figure 26
‘pathRequests.ExternalSource’ as ‘2’ indicates thatare requesting the routes from
point ‘2" in the ‘valve matrix’ layout. SimilarlypathRequests.Externaldestination’ as ‘1’
shows that we are requesting routes to the pointd8nected externally to the valve
matrix. ‘pathRequests.material’ and ‘pathRequesasti¥involved’ are data variables to
enter the material to be routed in the processvahee matrix through which it is routed
when multiple matrices are present. After fillidgstinformation ‘reqRoute’ bit has to be
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set to 1. This begins the execution of algorithmc®the controller sees ‘reqRoute’ bit
set, it computes the routes for given request dintha indices of paths computed are

stored in the array ‘pathsListed’.

|— pathslizted |Eu:untr-:uller Ioout
+/-pathzLizted[0] Contraller g
+|-pathzListed[1] Contraller 2
+/-pathzLigted[2] Contraller 3
+|-pathzListed[3] Contraller 4
+/-pathzLizted[4] Contraller 1
+/-pathzLizted[5] Contraller -1
+| pathzListed[E] Contraller -1
+-pathzLizted[7] Contraller -1

Figure 25 Data Structure - Paths Listed

O O 0 @ —— P
I_I_, IR I I
I | I
@ —
I I i
2 2 2
0 0 —e— —e
1 I,

N ==@

N ==@

Figure 26 Routes Expected
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If we try to compute the possible routes betwedntp®’ and point ‘1’ as given
in the request, following five routes (as showihe Figure 26) can be identified for our
example valve matrix with out the help of route ttohalgorithm. In Figure 26 the five
possible routes are marked. In the next sectiemdahtes computed by the algorithm

whose indices are shown in the structure ‘Pathedisire explained in detail.

6.1 Route - Valves and Constraints

The ‘path’ structure as present in RS Logix500@8ris shown in Figure 27. To
avoid ambiguity and loads of data, a single ‘patructure has been expanded. As
explained in the previous chapter, all the infoioratabout the material flow through a

route is collected by the data structure ‘ValvePsgiRecord'.
It contains
e Starting point name — start
* Ending point name — end
» Material to be routed in the selected path
* Array of integers which serve as indices to ‘ValkgisalRecords’

* ‘lnuse’ bit indicating that this structure is in eusand avoiding the

overwriting when another request is entered.

» ‘pathCompleted’ bit which is used in the route cantapion process.
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—|-pathz[5] [
—|-pathz[5]. 5tart {...
+-pathzs[5].Start. hame 2
+-pathz[8]. Start. ConnectedT ot ... 1...
+-pathz[5] Start. Selfcoordinates {...

—|-pathz[5].End faun
+-pathz[5].End.name 1
+-pathz[5] End.ConnectedToVal...| ..
+/-pathz[5].End.Selfcoordinates {..

—|-pathz[5] Affectedvalves | {...
+-pathz[b] Affectedyvalves[0] 20
+ - pathz[5] Affectedvalwes1] 21
+ - pathz[6] Affectedyales[2] 22
+-pathz[5] Affectedyvalves[3] 23
+ - pathz[8] Affectedyvalses[4] 24
+ - pathz[5] Affectedyvalsesz[5] -1
+/-pathz[5] Affectedwvalves[E] -1
+ - pathz[6] Affectedvalses[7] -1
+ - pathz[5] Affectedyvalsesz[8] -1
+-paths[5].&ffectedwvalves[] -1
+ -pathz[5] Affectedyalyesz[10] -1
+-pathz[0] Affectedwvalves[11] -1

+/-pathz[5]. material
pathz[5] inuze

pathz[5]. pathcompleted

Figure 27 Data Structure - Path

The numbers in Figure 3 showing ‘Affectedvalvegmesent indices to the ‘Valve
Proposal Records’. In Figure 28, we can see thaldeif the computed route. The path 5

consists of three valves. The respective threeegadwe ‘7’, ‘4’, and’5’.
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cu 00 CA 04 cu
0 0 1 2
14 1,1 1,2
CA 3 .— £ — 1_>"
OA I CA
cu 2.0 21 2,2
G ) 4
CA cu
[ | OA Openaffected
0
CU ClosedUnaffected

ChA ClosedAffected

Figure 28 One possible route for the given request

In Figure 28 dark colored circle numbered ‘4’ reqmets the valve to be in open
state for this particular route. Other valves ia thute are ‘7’ and ‘5’ stay in closed state.
Valves ‘3" and ‘1’ do not participate in the rougirbut are constrained to be closed

because of the open state of valve ‘4. Remainiatves ‘0’, ‘2’, ‘6’ and ‘8’ are

unaffected valves and are not constrained witheesjo this route.

Thus the user or operator expects same informasooutput when the algorithm
is run in SoftLogix controller. Figure 29 shows thrgap shot of all the ‘valve proposal
records’ whose indices were listed in ‘path’ stawet The five ‘Valve Proposal Records’

are ‘20°, ‘21’, ‘22, '23 and '24’. As we know, tls® records contain the information

about the valves used in route execution.

If observed carefully, the order in which indicee &sted is same as the order in

which the valves are present in the selected path.
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The ‘onpath’ bit in Figure 29 indicates whether thspective valve participates in

the path (if ‘1’) or just an affected valve (if )0’

—vpr[20]

wpr[20]. Inuge

wpr[20].Coordinates

+
+
+

+-wpr[20]. Coordinates. o
+vpr[20]. Coordinates. col
wpr[20].Portindirection
wpr[20]. portoutdirection
wpr[20]. onpath

vpr[20]. propozedstatus

—vpr[21]

wpral]Inuse

wpir[21]. Coordinates

| i...

+
+
+

+|-wpi[21]. Coordinates. row
+vpi[21]. Coordinates. col
wpr[21]. Portindirection
wpr[21]. portoutdirection
wpi[21]. onpath

vor[21]. propozedstatus

—wpr[22]

wpr[22] Inuse

vpi[22]. Coordinates

+
+
+

+wpr[£2] Coordinates. o
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Figure 29 Valve Proposal Records
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The ‘inuse’ bit is again for memory management. Toerdinates of all the
‘onpath’ valves exactly are same as the valvesligigied in figure 5 by a right angled

box.

The valve is to be closed if its ‘proposedstatusidset to ‘0’ and open if set to
‘1’. In the Figure 28, we can see that ‘proposeddstavits for valves ‘1’, ‘3’, ‘5’ and ‘8’
are set to ‘0’ indicating that they should remaiose when this path is selected to route
the beverage through it. The ‘proposedstatusfdoithe valve ‘4’ is set to ‘1’ indicating

that the valve ‘4’ should be open.

Along with the ‘coordinates’, ‘onpath’ and ‘propaisatus’, two more significant
data members are ‘Portindirection’ and ‘Portoutcticn’. They represent the direction in
which the material enters the valve and the dioactn which the material leaves the
present valve and proceeds to next valve respéctivieen this route is selected. Figure

30 shows integers assigned to the four directions.

T (1)

WD E (3

3 (2)

Figure 30Directions
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From the proposal records of ‘on path’ valves, itiveard and outward directions

for the route being explained in this section dreven in Figure 31.

W) _ E()
5 2) A ’ i
N (1)
o (2) A~

Figure 31 Directions of the flow in sample route

The integers shown in Figure 31 are the directmbtained in the result when the
route control algorithm is executed for a givenuest. These integers indicate the
direction of flow as exactly the same integers simanvFigure 30. Similarly other four

routes computed are stored in path structurespgedpecords and paths listed.
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CHAPTER VII

CONCLUSION AND FUTURE WORK

Our goal was to develop a route control algorithrhiclw computes routes
dynamically and which can be implemented in thestaxy programmable logic
controller without any firmware modifications. Warcsee from the simulation snapshots
that the algorithm is computing the routes throagéalve matrix dynamically. It can be
implemented in the existing controller. The aldamt presents all the data about the
routes and valves as output to the user or operBiofooking at the path structure an

operator or user knows completely about the route.

All the information about the affected valves armditigipating valves is presented.
Also the direction in which the material is flowing given from valve to valve. When
this algorithm is downloaded into the processathefcontroller, the memory used by the
algorithm is very less that adds another advaniagese this route control algorithm. The
memory is about 2000KB. The memory size changeb witmber of ‘ValveMatrices’

and number of ‘valves’. Another advantage to thigting control algorithm is that it only
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adds about another 200K to the program memory reqpents. This algorithm

introduces preliminary solution for the beverageteacontrol problem.

The Route control algorithm can be extended to reee¢ral other specifications

commonly presented by the beverage industries.

Functions can be written to assure that the routilggrithm can be applied to
multiple matrices in the same controller. The alfpon can be modified to accommodate

following features.

e Sorting the obtained paths based on differentraaite When all the paths
have been computed for a given request, user may toesort these paths
before executing them. The sorting may be basedhmosing shortest
path, which does not contain certain valves to évotierference with

another route being executed, etc.

* Restrictions based on material — Some material$atkw other materials
in pipe while some cannot. Sorting functions canwéten to support

these criteria.

» Consideration of timestamps — Pipes, valves andtagwers require
cleaning in order to maintain the quality of bewms being passed
through them. The algorithm can also be alteredteiep track of time

when they are cleaned.
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Planning for multiple materials simultaneously —glaocan be developed
using the same algorithm in order to route multiplaterials at the same

time.

Volumetric/pipe diameter considerations - In thanp) there may be some
restrictions. Some materials may be more viscous amnot be passed
through thin pipes. In such case, certain routeg nw be feasible for
such materials. Algorithm can be changed to inclladgc for efficient

selection of routes.

Valve out-of-service/stuck — The information abdbé valves that are
under maintenance and repair works can be stordégeimata structures.

This will help in efficient routing.

Routing from multiple inputs/to multiple outputdaterials can be routed
between a single input and multiple outputs or othise. This may be

due to various sizes of the beverage storage tanks.

Routing through multiple matrices - In the beveraghustries, beverages
need to be sent across several sections of equiprrentheir
manufacturing process at most time. This lead&i@ocbncept of multiple

matrices.

Development of appropriate configuration tool — &tware tool need to
be developed that allows the user to configure ioesrat the time of

setting up the controller. In the Logix controllevery thing has to be
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defined statistically. This configuration helps define the size of the

matrix, number of matrices, number of “External @ections”, etc.

Development of operator screen(s) for monitoring aontrol — A user
interface has to be developed for monitoring anatredling the selection
and execution of routes. This may include operatweens showing up
status of the routes in execution, routes waitorgeikecution, list of routes

generated for a given request etc.
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