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Abstract

Every industrial process control algorithm can lEpresented as an ASM chart and every ASM charbeamplemented using the
state agent based approach. This paper descrit@mplified approach to implementing complex procasstrol systems using the
agent-based paradigm. It shows that when the syst@omplex, it can be broken up into a series $fMAcharts, and each of those
ASM charts can be implemented using agent-baseragip comprising of one process agent and a nurobstate agents. These
agent based systems together perform the compliestiial process control. This structure can besinbnnected to form a linked
state machine in order to realize a multi-agentdzhtinked state structure. This is a ‘divide andhgoer’ approach that is much
simpler than tackling the control system implemgoiteas one very complex effort.

Index Terms:. Process control, ASM chart, State Transition Tal@&T), Multi-agent, Link state machines, Beverage

blending
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1. INTRODUCTION

There are several ways of tackling the complexgtyoaiated
with complex process control systems. One of suethats is
through the use of linked state machines as shadchy
Akpado et al (2010) and also by Inyiama et al (30The
former suggested a way to handle the automatiothiefe
individual state machines of an industrial processtrol
separately and then linked them together to functes a
complex system. The later in their approach shoh@a an
ASM chart of a complex control system can be sifigaliby
breaking up the entire control logic into smallebsystems or
state machines. The individual state machines were
implemented using a ROM and then linked up togetber
perform the process control. The use of ASM chad the
corresponding State Transition Table (STT) approach
enforced a disciplined approach to the realizatainthe
system.

Inyiama et al (2012) also described the agent based
architecture for process control system. Theaeteshowed
how each state in an ASM chart is assigned to antagience
for an ASM chart with n number of states there agists n
numbers of state agents. A process agent was afgted to
handle the complexities that may arise in carrymg the
process control by the multi-agents. The agentsesvhere

defined to comprise of classes 0, 1, 2, 3 baseth@mumber
of input qualifiers between the states. Furtherntbee agent
software was defined and the complex system was rtafit
properly into a standard microcontroller. Where
input/output line is more than 1 byte i.e. 8, lir&luction is
achieved through input multiplexing and output déog as
demonstrated by Inyiama et al (in print)

the

This paper extends the technique of linked statehinas; by
making each machine in the link an agent basedsysiO

line reduction technique was used where necessafiy the

system into a microcontroller for individual agdrgtsed state
machines. Then the agent based state machinegked Lp

as one complex process controller with easily inmaeted

components.

2. INDUSTRIAL PROCESS EXAMPLE

A certain industrial beverage blender shall be uged
showcase the linked state agent based controlmsydésign.
The structure of the beverage blender compriseéisreé main
parts namely the upper tanks, the lower tanks hadrtixers.
The upper tanks (fig 1) are where the raw beveragesied
for the blending process are poured into otherwé$erred to
as the reservoir.
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Fig-1: Upper tanks of an industrial beverage blender
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Fig-2: Column of lower tanks of an industrial beveragendler
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Fig 3: The mixer of the beverage blender

Here four different raw beverage types is requinedce the
use of four upper tanks. Each of these tanks hasufllet
which allows flow to a group of 4 lower tanks amged in
columns as shown in figure 2. Each lower tank hamlg2es
which control inlet from the upper tank and outtethe mixer
(fig 3). Hence the required ratio of beverage t¥p&, 3, and 4
are let down through their respective valves autmaldy

from each of the tanks to the mixer. Then this dgtyarof

beverage is blended at the mixing chamber and ¢kémded
through the tap as shown in fig 3.

A composite structure of this industrial blendeagsshown in
fig 4. The four boxes above in the diagram repredear
upper tanks whose functions have been describefiyid.
Each column of four boxes represents the lower iagee
tanks used for the blending processes. They she/purpose
of taking a known quantity of each beverage typereethey
are used in blending processes. The four boxeatenn are
fed from the four upper tanks respectively. Thueytare used
to keep track of the quantity of each beverage tigel at that
column’s blending station. The four columns of lovianks
are identical. In each column, the first tank iswmected to
upper tank 1, the second tank to upper tank 2thiing tank to
upper tank 3, the fourth tank to upper tank 4.

Each of the lower tanks has two valves labeled wd ¥2

respectively. V1 in each case controls the refilth® lower
tank from the corresponding upper tank, while Vatoals the
guantity of each lower tank that is involved inrdeng at the
mixer. Thus, the main difference between one coluwhn
beverage box and another is the blending ratios. biénding
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ratio used for column 1 differ from that of colurrand so on.
Therefore mixers 1, 2, 3, 4 produce different bkemnd the
beverage in upper tanks 1, 2, 3, 4. The numbein@#s each
of the four lower tanks in a column is refilledtiacked so as
to quantify the volume of each beverage type usedixer 1.
Each of the lower tanks has a fixed volume, 1Gditsay.
Therefore by multiplying the number of lower taréilis for
each of the beverage types with the volume for, thiz
volume of each beverage type used at mixer 1 isrch@ted.
The same is true of volume of lower tank leadin@t@, 4)
respectively. The difference in the outputs of méxe through

4 is dependent on the blending ratio used for eatthmn of
lower tanks.

Note that the output from each mixer stations cko &e
determined using the number of runs and blenditigsrdor
each mixer station. Thus, the system is able ttktteth the
volume of input and volume of output. This makepdssible
for management to determine any pilfering of ingraw
material) or output (finished product) done by therk force
during the shift.

Upper Upper Upper Upper
SM1 < tbank for SM2 < Eank for SM3 < Lankfor SVI4 < Lankfor
SL1 < everage| ¢, « everage| ¢ 3 « everage| ¢ , < everage
type 1 type 2 type 3 type 4
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Fig 4: Automated blender/mixer for beverages and frudgs

3. SYSTEM DESIGN

Realization of the beverage blending operation rilesd in
figure 4 involves three processes namely:

a. Upper tank control: co-ordinates the filling of the
upper tank to the adequate level and indicatingp¢o
operators when it is low and requires refilling.

b. The beverage level sensing and refill control: eesu

proper functioning of the lower tanks, the valves
controlling inflow and outflow, and proper

Volume: 02 I'ssue: 07 | Jul-2013, Available @ http://www.ijret.org 92




|JRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

dispensing of desired volumes of beverages into the
mixing chamber.

c. The beverage blending operation: cause appropriate
ratios of pure beverages to flow from the loweik&n
into its mixing chambers, blends and extrudes same.

These three processes each can be handled asemidaged
state machine which would then be linked up to fimmcas a
composite machine using the following agent basekked
state design steps:
* Develop an ASM chart from a given industrial praces
problem
« Break down the ASM into simpler state machines to
manage the complexity
e Develop the STT for each state machine
¢ Modify their state transition table to accommodate
input multiplexing where appropriate and to prodace
fully expanded STT that can be indexed with theesta
code
e Assign a process agent for each state machine and a
state agent for each of its states.
¢ Define agent software
e« Fit the design of each state machine
microprocessor or microcontroller
e Apply further output line reduction where necessary
using output decoding if necessary
e« Then link the state machines together as multi-agen
based linked state machines.

into a

4. UPPER TANK CONTROL

The control algorithm for the 4 upper beverage saskshown
in the ASM chart of figure 5 together with the stabap and
state assignment. It is designed that a signal D be
sent to the beverage blending positions whenevegroérthe
four upper tanks is low on stock. A STOPALARM issal
issued when this happens. The workforce responditie
feeding the upper tanks with pure beverages iseslevhen
any of the tanks is midway full to enable them pssmore
fruits for that tank before it runs out of stock.

The description of the ASM is as follows:
e At state STO, the control system checks if bevetagk
1is low (BVTNKLL). If so, it triggers a STOPALARM
and generates a STOPRUN signal at state ST1. It
remains in that loop containing ST1 until the ditoa
is remedied.

Again if at STO, the beverage tank 1 is not lowe Hystem
checks if the stock has run down to half tank (B\KIWA). If
BVTNK1M is not yet at the middle position the caitr
system transits to state ST2. If however the bgeetank 1 is
at the middle position, the control signal triggars alarm to
alert those processing the fruit so that they kiioat the tank
would run out of stock if more fruit juice is notifpthere soon
enough. The control system then transits to stag S
« At state ST2, the control system checks if bevetagk
2 is low on stock (BVTNK2L) if so, it triggers a
STOPALRM and generates a STOPRUN at state ST3.
It remains in that loop containing ST3 until theuation
is remedied.

Again if at ST2 the beverage tank 2 is not low, Hystem
checks if the stock has rundown to half/middle tank
(BVTNK2M). If BVTNK2M is not yet at the middle poson,

the control system transits to state ST3. If howethe
beverage tank 2 is at the middle position, the robreignal
triggers an alarm to alert those processing thie Sauthat they
know that the tank would run out stock. The congsypdtem
then transits to the state ST4.

e At ST4 the control system checks if beverage tark 3
low on stock (BVTNK3L). If so, it triggers a
STOPALARM and generates a STOPRUN at state ST5.
It remains in that loop containing ST5 until that
situation is remedied.

Again, if at ST4, the beverage tank 3 is not lome system
checks if the stock has rundown to middle of tank
(BVTNK3M). If BVTNK3M is not yet at the middle poson,
the control system transits to state ST6. If howethe
beverage tank 3 is at the middle position, the robrdignal
triggers an alarm to alert those processing thié o they
know the tank would soon run out of stock. The oant
system then transits to state ST6.
« At state ST6, the control system checks if bevetagk
4 is low on stock (BVTNKA4L) if so, it triggers a
STOPALARM and generates a STOPRUN at state ST7.
It remains in that loop containing ST7 until theuation
is remedied. If at ST6, the beverage tank 4 islowt
the system checks if the stock has rundown to raidéll
tank (BVTNK4M). If BVTNK4M is not yet at the
middle position, the control system transits taes&T0.
If however the beverage tank 4 is at the middle
position, the control signal triggers an alarm terta
those processing the fruit so that they know thk ta
would run out of stock soon. The control systennthe
transits to state STO and the entire cycle is tepea
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Fig-5: ASM Chart for upper tank control

The state transition table corresponding to the ASMrt of
figure 5 is shown in table 1. Here there are 1luinnes
comprised of eight qualifiers (BVTNK1L, BVTNKI1M,
BVTNK2L, BVTNK2M, BVTNK3L, BVTNK3M,
BVTNKA4L, BVTNK4M), and three present state codess bi
(C, B, A). For a fully expanded state transitiobléa there
would be 211=2048 address lines to decode. Thaaliagf
fig 6 shows how input multiplexing can be useddduce the
direct qualifier input to two. In this implementati, the four
low level sensor signals are multiplexed such thiaé is

selected at a time. This permits the presentatiche control
system of one low level sensor signal and corredipgn
midpoint sensor signal at one and the same timegisired by
many of the link paths of figure 5 (the ASM chamnother
advantage of fig 6 is that the number of addressslis now 5
instead of 11 and the control pattern will now coisg 25=32
rows. Thus, the clever application of multiplexingas
significantly reduced the ROM memory demand of the
application.
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Table-1: STT for upper tank control

Link | Qualifiers Present state Next state State | Conditiona
Path output | | output
2133333 33 5 % |z
¥l ¥| X| Y| X| Y| x| X o4 3 <
E|E|E|E|E|E|E|El2 |8 |8 |8 |S I
B & @ oo @ aa2 |62 |8 |6 h | S
L1 o(o0|-|-1|-|-1]-1|-] STO| 000 ST2| 010 O 0 0
L2 of(1|-|-]|-|-1]-1|-] STO| 000 ST2| 010 O 0
L3 1(-|-1|-|-1-1]-1]-| STO| 000f] STi1| 001 O 1 0
L4 oo |- |-1|-|-1|-1|-1]STL]|001 | ST2 | 010| 1 0 0
L5 o(1|-|-|-|-1|-|-1] ST1L]|001 | ST2 | 010| 1 0 1
L6 1|-4{-1|-1]-|-1-1|-1]ST1| 001 ST1| 001 1 1 0
L7 - /- 10|O0O|-|-]-|-]| ST2|010 | ST4 | 100|0 0 0
L8 -|-10|2}-|-1]-]|-1] ST2|010 | ST4 | 100|0 0 1
L9 - /- 12 |-1]-1-1]1-1-1] ST2| 010/ ST3| 011 O 1 0
Lo (- |-]0(0|-1|-]-1]-]|ST3| 011 ST4| 100 1 0 0
L1 (- (-0} |-1|-1]-1]-]|ST3| 011 ST4| 100 1 0 1
L2 (- |- |2 }|-1|-1-1]-1]-1|ST3| 011f ST3| 011 1 1 0
L3 (- |- 1|-1|-10]0]|-1]-]| ST4| 100f ST6| 110 O 0 0
L4 (- |- 1|-1|-1012]|-1]-]| ST4| 100f ST6| 110 O 0 1
Las |- |- |-1|-|1}-]-1]-| ST4 | 100f ST5| 101 O 1 0
L6 |- |- |-1]-10]0]|-1]-| ST5| 101 ST6| 1101 0 0
L7 |- |- |-1|-10}2|-]-| ST5| 101 ST6| 1101 0 1
L18 -l-1-/-12|-1]-|-1] ST5| 101 ST5 101 1 1 0
L9 |- |- 1|-1|-1-1-]10]0]| ST6 | 110f STO| 000 O 0 0
L20 |- |- |-|-1|-1]-1]10] 1| ST6 | 110f STO| 000 O 0 1
21 |- |- |- |- |-1]-1]121}]-|ST6 | 110 ST7| 111 O 1 0
L22 -|l-1-1-1]--10| 0| ST7| 111f STO| 0001 0 0
L23 -|l-1-1-1]1--10|12| sT7| 111/ STO| 0001 0 1
k24 |- |- |- |-|-1-12}]-|ST7 | 111} ST7| 111 1 1 0

The fully expanded state transition table corresjn to
figure 6 is shown in table 2. The foregoing shotat tinput
multiplexing and output decoding can be appliedettuce the
complexity of any sequential control system but theact
approach would differ depending upon the exact aehaf

each application. Two of such approaches have been

demonstrated namely:

Using only one multiplexer at the input if only ogealifier is
required at a time. (fig 8) And using more than one
multiplexer (fig 6).

This makes the approach quite universal as it @adapted
to match the needs of any particular control apgiba.
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Fig-6: ROM based upper tank control using more than ppetimultiplexer

Table2: STT for the optimized ROM solution

Link Path | Qualifiers Present state Next stae teSta | Conditional
output | output
| s - £ | s
X | X -] | 74
Y | ¥ o < <
Z | Z w - w - o a -
S8 | § 215 |8 |2 © 3
m | m pd &) pd () ()] n3 =
L1 0 |0 STO 000 ST2| 010 O 0 0
L2 0 1 STO 000 ST2| 010 O 0 1
L3 1]0 STO 000 | ST1 [001 |0 1 0
L3 1|1 STO 000 | ST1 | 001 | O 1 0
L4 0 |0 ST1 001 ST2| 010 1 0 0
L5 0 1 ST1 001| ST2| 010 1 0 1
L6 1]0 ST1 001|ST1 | 001 |1 1 0
L6 1 |1 ST1 001 |ST1 | 001 |1 1 0
L7 0 |0 ST2 010, ST4| 100 O 0 0
L8 0 1 ST2 010, ST4| 100 O 0 1
L9 1]0 ST2 010 | ST3 | 011 | O 1 0
L9 1 |1 ST2 010 | ST3 | 011 | O 1 0
L10 0|0 ST3 011 ST4| 100 1 0 0
L11 0 1 ST3 011 ST4| 110 1 0 1
L12 1]0 ST3 011 |ST3 | 011 |1 1 0
L12 1 |1 ST3 011 |ST3 | 011 |1 1 0
L13 0 |oO ST4 1000 ST6| 101 O 0 0
L14 0 1 ST4 1000 ST6| 110 O 0 1
L15 11]0 ST4 100 | ST5 (101 | O 1 0
L15 1 |1 ST4 100 | ST5 [ 101 | O 1 0
L16 0|0 ST5 101 ST6| 110 1 0 0
L17 0 1 ST5 101 ST6| 110 1 0 1
L18 1|0 ST5 101 ST5| 101 1 1 0
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L18 1 1 ST5 101 ST5] 101 1 1 0
L19 0 |0 ST6 110 STO| 000 O 0 0
L20 0 1 ST6 1100 STO| 000 O 0 1
L21 110 ST6 110 | ST7 | 111 | O 1 0
L21 1 |1 ST6 110 | ST7 | 111 | O 1 0
L22 0 |0 ST7 1000 STO| 000 1 0 0
L23 0 1 ST7 100 STO| 000 1 0 1
L24 110 ST7 100 | ST7 | 100 | 1 1 0
L24 1|1 ST7 100 | ST7 | 100 |1 1 0

5. BEVERAGE LEVEL SENSING AND REFILL

CONTROL SYSTEM

The ASM chart for the lower tank beverage levelssgm and
refill control is shown in fig 7 along with its seamap and
state assignment. Before any production run, thetrab
system of fig. 7 must check to see that the uppek is not
low. If low i.e. STOPRUN=1 it stops run and waitise(
WAITING) for upper tank refill. After the refill E.
STOPRUN=0 the lower beverage tank levels (i.e. B¥tg
sensed by the signal BVL1, BVL2, BVL3, BVL4 for erage
tanks 1 through 4 respectively. The tank is lowbaverage
when any of the signals BVL1 through BVL4 is lodicelse

the tank beverage level is high when logic 0. Waewn of the
signals BVL1 BVL2, BVL3, BVL4 is low (meaning lowro
stock), the corresponding valve for that tank (HBWBV2,
HBV3, or HBV4) is turned on to let down the beverdgom
their corresponding upper tanks. This takes pldacstates
ST1, ST3, ST5 and ST7 respectively. Meanwhile ang any
of the valves (HBV1, HBV2, HBV3, HBV4) is turned do
let down beverage, from the upper tank, the leféh@tank is
monitored by the signals BVH1, BVH2, BVH3, BVH4
respectively to ascertain when it is filled. WheWHBX=0
(where X=1, 2, 3, 4) it means the beverage tamotsyet full
hence it remains in the FBVX. If BVHX=1, it mearist the
lower tank in question is full
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State |State
Name|Code
STO | 000
ST1 001
ST2 010
ST3 011
ST4 | 100
ST5 | 101
STe | 110
ST7 | 111

State assignment

Fig-7: ASM chart for the lower tank level sensing andllrebntrol

Note that this refill control system is applicalbdeany of the
four columns of lower beverage tanks. Thus when one
column’s beverage tank sensing and refill contgsteam is
realized, it is replicated for use in the otherucohs. Table 3
shows the state agent oriented state transitionle tab
corresponding to the ASM chart of fig 7. The optied ROM
based implementation is shown in fig 8 throughube of a 1-

out-of-8 multiplexer. The number of qualifier lindsat reach
the control system has been reduced to 1. The sggat
based fully expanded transition table correspondimghis
optimized ROM architecture is shown in table 4. rgsthe
multi-agent (process agent plus state agents) bagpobach
the full multi-agent based implementation of thevdrage
sensing and refill control system is shown in fig 9
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Table 3: state transition table corresponding to ASM cbéfig 7

State | Present | Qualifiers Next State outputs
State state
CBA | > C'B'A" |
2 Z
E‘—aHNNmM<r<r Fo NS
OI I 1T T <—(>>>>
>>>>>>>> [aa]yaajyaayan]
bhonoonommmomo SITITIT
STO 000 1 - - - - - - - - 00 1 0000
STO 000 0 0 ---- --- 0Q 10000
STO 000 0O 1---- -=-:- 0D 10000
ST1 001 - -0 - - - - - - O} 01 000
ST1 000 - -1 - - - - - - 0@ 01000
ST2 010 - - -0- - - - - 10 0 00O0O
ST2 010 - - - 1- - - - - 01 0 00O0O
ST3 011 - - --0- - - - 01 00100
ST3 100 - - - =1 - - - - 10 0 0100
ST4 100 - - - -- 0 - - - 1Q 000O00O0
ST4 100 - - - -- 1 - - - 10 000O00O
ST5 101 - - - -- - 0 - - 10 00010
ST5 101 - - - - - 1 - - 10 00010
ST6 110 - - - == - -0 - 00 0 0O0O0O
ST6 110 - - - -- - -1 - 11 000O00O
ST7 111 - - - -=- - - -0 11 00001
ST7 111 S T | 00 0 0001
Fully expanded state transition table
C BAQ C B'A
A A A HBV4
STOPRUN 4 —>|_>HBV3
BVL1 —»{000 BVH/L L——» HBV2
BVH1 —| 001 FEC — > HBV1
BVH2 —»|010 = L » WAITING
BVL2 —»‘;étl)low FFA
BVH3 —» OF 8
BVL3—>101 MUX i CLK‘
BVL4 —»110 1
111
BVHA —» Power- Square
CBA up one wave
4 TA shot generator

Fig-8: ROM-based implementation of sensing and refilltoarsystem
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Table-4: fully expanded agent based table corresponding fig
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Fig- 9: Multi-Agent based implementation of sensing arfl i@ntrol system

6. THE INDUSTRIAL BLENDING PROCESS

The ASM chart of fig 10 shows the algorithm for tilending
process that takes place at each of the mixers3.&4 along
with its state map and state assignment.

The ASM chart of fig 4.10 has 8 states. The fitateswith the
signal ‘BWAIT’ indicates that the beverage blendewaiting
for any of the tanks that is low to be refilled.should be
noted that if any of the upper tanks is low, or afyhe lower
tanks is low (i.e. BVL=1), then the beverage blagdtontrol
system must remain in the waiting state i.e. BWANhen it
is refilled (BVL=0), the valve for tank 1(HBV1) ispened to
dispense beverage 1 and simultaneously a timahéowalve

(HTV1) is triggered (by HTRGR). Once time timing ugp it
moves to trigger the timing and dispensing of bager2, then
beverage 3 and beverage 4 in that order. After the
predetermined quantity of flavor and colour is atld¢ state
ST5 (i.e. PFLCR). When this is done (i.e. TFLCR=bg
beverages are blended/mixed (HMXR) which is timed b
TMXR. At TMXR=0 the beverage is extruded (i.e. XTRY
when this is done (i.e. at TXTRUD=0) the run cosignal is
triggered (HRUNCNT) and then the control system tsvai
(BWAIT) for the next production run. Thus, when ghi
beverage blending control system is realized far omixer, it
is replicated for use with other columns of lowavérage
tanks & mixer.
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0
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Fig 10: ASM for beverage blending process

Table 5 shows the state agent oriented state ti@ngable using the multi-agent approach (i.e. state agemtsralled by
corresponding to the ASM chart of fig 10. The ojtied a process agent) the implementation of the incaldbtending
ROM based implementation of the ASM chart is shanvfig process control is as shown in fig 12. It featutes use of a
11. Through the use of a 1-out-of -8 multiplexée humber decoder, as described by Tocci et al (2009), todecstate
of qualifier lines that is connected directly toetttontrol outputs so as to limit the output line demand ad$ thtate
system has been reduced to 1 namely Q. The state bgsed machine to 1 byte or less as required in the op8thiROM
fully expanded transition table corresponding te dptimized design approach showed by Inyiama et al (in print).

ROM implementation of fig 11 is shown in table 6gain
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Table5: Agent- STT corresponding to ASM of fig. 10

STATE | PRESENT STATE | QUALIFIERS NEXT STATE | STATE OUTPUTS CONDITIONAL OUTPUT
CBA C'B' A’
=
o) o
= x| 2
daNonT S5 2 oS | 02
SEEEEZSK SZzaacsk|ER
o T T I T a b+ o T T T T T I T I T
STO 000 1 - - - - - - - 000 1 000 00O0O0O|0 O
STO 000 o - - - - - - - 001 1 000O00O0O0O|1 O
ST1 001 -1 - - - - - - 001 0100 O0O0O0OO0O|0 O
ST1 001 -0 - - - - - - 010 01 0O0O0O0OO0OO0O|1 O
ST2 010 - -1 - - - - - 010 0 01 000OO0OO|0 O
ST2 010 - -0 - - - - - 011 0 01 000OO0OO|1 O
ST3 011 - - -1 - - - - 011 0 001 00O0O0O|0 O
ST3 011 - - -0 - - - - 100 0001 00O0O0O|1 O
ST4 100 - - - -1 - - - 100 1 000 100O0|0 O
ST4 100 - - - -0 - - - 101 1 00010001 O
STS5 101 - - - - -1 - - 101 1 000O010O0|0 O
ST5 101 - - - - -0 - - 110 1 00001001 O
ST6 110 - - - - - -1 - 110 1 000001 O0|0 O
ST6 110 - - - - - -0 - 111 1 00000101 O
ST7 111 - - - - - - -1 111 1 00 000O0T1|0 O
ST7 111 - - - - - - -0 000 1 00000010 1
Fully expanded state transition table
C B AQ CI BI AI
A A
EBWAIT—» 000 a
HTV1 —»{001 FEC —»> HRUNCNT
HTV2 —»010 FFB —» HTRGR
HTv3 —»{011 1 QUT FFA
—»{ 100
l_ll-ll;\l_/éR—b 101 78 R__CK
MUX A A
TMXR—» 110 Power- Square
TXTRUD—» 111 up one wave
CBA shot generator 3 to 8 line demux
A AA O b pppoooo
[ W rPRPrOORERLOO
> PO R ORrOoFRFrOo
VVYVYYVVVY
Tzl =
s5pgzze:
= SIPENS = %
O o

Fig- 11: Optimized ROM-based implementation of beveragaditey/mixing control system
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Table 6: Agent-based transition table derived from fig. 11

STATE | PRESENT STATE | QUALIFIERS | NEXT STATE | CONDITIONAL OUTPUT | OUTPUT IN HEX
(o))
CBA CBA
'_
5
o
25
= o
I T
STO | 000 1 000 0 0 00
STO | 000 0 001 10 06
sT1 | 001 1 001 0 0 04
sT1 | 001 0 010 10 06
sT2 | o010 1 010 0 0 08
sT2 | 010 0 011 10 oD
sT3 | 011 1 011 0 0 0C
sT3 | 011 0 100 10 12
ST4 | 100 1 100 0 0 10
ST4 | 100 0 101 10 16
sT5 | 101 1 101 0 0 14
sTs | 101 0 110 10 1A
ST6 | 110 1 110 0 0 18
ST6 | 110 0 111 10 1E
sT7 | 111 1 111 0 0 1C
sT7 | 111 0 000 0 1 01
State agent 2 CI1 | |State agent 3 CI1 |[State agent 4 Cl1 | [State agent 5 Cl1
08 |0D 0C |12 10 |16 14 |1A
State agent 1 Cl1 1 ;i State agent 6 CI1
04 |06 v\ / 18 |1E
State agent 0 CI1 Process agent State agent 7 Cl1
00 |06 — < Tic o1
C BAQ | [ CBA
EB A4 AA CRUNCNT
WAIT— 000 a |—>HTRGR
HTV1 —»{001 FFC < . 200 >wArmiNG
HTV2 —{010 FFB < 2 8(1)3 >HBV1
HTV3Z —»011 1 oUT FFA < g »>HBV2
o 011»HBV3
HTV4 —»100 op g R CK £ 100l
PFLCR—»101 /o x n = 100 >HBV4
TMXR —»{110 Power- Square o 101ipHFLCR
TXTRUD—»{ 111 up one wave o 1104 yrRUD
CBA shot generator c Bllﬁ% >HMXR
A f A4 T

Fig- 12: multi-agent-based implementation of beverageditegimixing control system
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Fig 13 shows the multi-agent based linked statehinacfor
the industrial blender. It comprises of three psses namely:
upper tank control, the beverage level sensing eefill
control and the beverage blending operation.

Each unit is working independently but the uppekteontrol
passes a signal to the lower tank control wheanrisrshort of
beverage. Similarly, the lower tank control sendsignal

‘BWAIT’ to the blending agent when it is waiting tefill the
tanks that have gone low on stock.

The state agents of each of the state machinesotibave
communication with those of other units. It is theocess
agents that do the communication between the stathines

[ Agent2 | o Agentz
> Agents > Agents |
> Agents > Agentd
> Agents > Agents
> Agents > Agents
> Agent7_| > Agent7

Input Process Input Process Input Process
value o/P value o/p value o/p
4 v 4 v 4 v
Process agent for Process agent for Process agent for
upper tank refill lower tank refill blending operatn
1 ! 1 ¥ 5 !

- Agentz
> Agents
> Agent
> Agents
> Agents
[ Agent7

— —

—

A |—¢ \—J |_>

control

v v
[Upper tank control ] [Beverage level sensing ] [ Beverage blending ]

operation

The plant (beverage blending machine)

Fig 13: Multi-agent based linked state machine

CONCLUSIONS

A systematic approach to the design of multi-ageased
linked state machines has been demonstrated ifortbgoing.
The method reduces the effort required to realiampiex
process control systems through the ‘divide —anujoer
approach. The complex process control systemss lfiroken
down into a number of simpler control systems whésk
quickly realized and then linked up so as to yetstitute the

complex control system. In the multi-agent basepragch,

each of the simpler process control systems isémphted as
a multi-agent based system comprised of one proagssat
and a number of state agents. Only the process ageach
state machine is used to perform the intelligetdrlimking of

all the machines in order to realize a compositenex

process control system built by concatenating a bernof

simpler systems.
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