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Abstract: The ways of modeling of supervisor’s action
measurements in control of multi-agents mobile tigho
subsystem using cognitive
architecture of a transport subsystem, which camkwo
efficiently both in the newest and existing manuiaog
systems as well as rules for co-operation and d¢oatidn of
vehicles have been presented. Computer simulaésults
are given.
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1. INTRODUCTION

Present market situation requires highly flexibd@en
for configuration changes and inexpensive manufagju
systems. Moreover, such systems have to be cownishuo
improved, what in fully automated systems is imfides—
improvement requires stopping and rebuilding theoleh
system or a significant part of it.

Manufacturing systems with various level of autaorat
should allow for safety and efficient co-operatiohfully

idea are discussed. The As a result,

who expect to be offered products of the highessitbe
quality and the lowest price at the same time.

decentralized structures based on the
interaction between the agents, which are partseo€ontrol
system, have been elaborated and are often tdstedgh
physical implementation. Multi-Agent Systems (MA&e
based on the universal technology of creating sofw
enabling one to model and implement both individaatl
social behavior of the agent in the system.

Transport subsystem has been chosen because of its
exceptional and meaningful role in the manufactyrin
system. It has the main influence on setting of the
manufacturing system. Supplying the stock of spzads
and tools as well as automating the transport efmst
between working posts and stores are essentiahsare
efficient work of most of those systems without faum
interference.

2. ARCHITECTURE OF SUBSYSTEM

The task of control of the transport subsystem loan
presented as following: it is planning the ordensd a
distributing them among the transport agents irhsaway

automated parts of the system, manually controllethat the costs, depending on time, distance and the

machines, and operators.
operators and automated transport trolleys, formgpe
mobile robots should be possible as well.

Such a situation results in hardly ever computesetia
integration of manufacturing systems, especiallySMEs
and companies requiring high flexibility. The sabut for

The co-operation betweemportance of the task, were as low as possible [1]

The superior role is played byanufacturing control
system which distributes the tasks and supervises thik wo
of all machines in the manufacturing system. It is
responsible for the correct proceeding of the mactufing,
which means receiving manufacturing orders, mdteria

this problem would be applying modern software andleliveries, manufacturing capability of the systetime

computer technology and using the possibilities they

create. Using the solutions like distributed dasaisa agent
software and object technology can solve specifibigms

appearing in systems with various level of autoorati

interdependence, exchange of the tools and credtiag
time-table of the whole manufacturing process.
Manufacturing control system generates the taskberefor
the subsystem of material fluency nor for each slehibut
sends the time-table to the subsystem. The sammerafion

The matters connected with control the manufacturinis also sent to the transport subsystem, whiclkespansible

process and more generally: with control systems,the

for delivery and collection of each item. This sygisem is

subject of research [2, 5, 6, and 9]. The problem oalso given information about the present state athe

improving well-known and widely-used control systeof
manufacturing or a desire to create a completely kiad of
those are supported by increasing demands of ikeatsl

machine and the state of local and main stores.

The transport subsystem, on the basis of incoma, dat
decides on the order of the tasks and time relgtimiween



them. During proceeding the element by the machihe,

receives alarm information if the process doedaltgw the

plan, e.g. when the proceeding has been unexpgcted.l. Transport vehicle
interrupted, the time has been prolonged etc. @rb#sis of

that information necessary changes in vehiclesrobatre The actions of modern transport subsystems aredbase

made in the moment of crisis. mainly on automatically guided vehicles (AGV) [1131, 15]

allowing the transport of sub-elements, partly-dateens,

The co-operation between automated materials hapdli tools or wastes. The type of the vehicle determitesise

system and manufacturing control system is predeimte and range of actions. The architecture of transyeaticle is

figure 1. shown in figure 3. Their intelligence means thatytrare
able to move in the unknown environment.

Manufacturing
Control System Decision-making
¥ v
Control Algorithms Local
Other Database Physical
v v v Agents Local | devices
Manufacturing Manufacturing Manufacturing Automated <:> Communication Control
Cell 1 cell 2 Cell 1 Materials
Handling
System Fig. 3 Transport vehicle architecture.
Fig. 1 Co-operation between automated materials malling 2.2. Co-operation between transport vehicles

system and manufacturing control system
In the suggested architecture of transport subsysie-
The suggested solution combines hierarchic and temooperation between all agents is done with respeché
multi-agent structure. It means that there is aisilex following rules [2]:
module in the multi-agent system, which gives osd&r .« goal-oriented co-operation,
other elements in the system. If everything proseed . weak co-ordination,
planned, the module does not interfere in conttgets into co-operation through organization,
action when there is a failure or other crisis achs a
situation is foreseen.

* mixed organization,

e mixed planning,
direct and chart communication.

In transport subsystem working in a manufacturing.
system there are two levels of planning the tasghdr,
dealing with distributing the tasks among the vidsidn the 3. HUMAN — OPERATOR MODELING
system, and lower, responsible for performing tlixem The results of the research proves that in thegeoof
tasks. The first level, callestrategic planningis done in  making decisions in transport subsystem, or moreigdly,
the supervisor's module. On this level the tasksptainned. in control system of manufacturing, there must beam as
The results of this planning in the form of a task sentto the one who can deal in extraordinary situatioris The
the transporting vehicle. The steering item of Hshicle way of dealing with this problem is modeling a huma
fulfils the tactic plan so the task of planning a single job isoperator. In the presented solution the thinkingcpsses,

done by an individual mobile agent. taking place in human brain during making important

In figure 2 the architecture of multi-agent trandpo decisions or in critical situations, are the subjexdt
subsystem supervised by a model of human-operator imodeling.

shown.

Income data The model of human-operator is not and should nbeer
the ideal picture of a real operator. The main oras the
fact that apart from the positive features theeeadso plenty

Supervisor agent M;ﬂgﬂggﬁﬁ;g"ggns of negative ones. The main drawbacks the modelihg o
<::| which seems not needed are: control delay, readiioe,
@ Dedsariking mgfe‘opgm fatigue and involvement, work conditions, motivatiand so
on. Modeling negative features, which can influerthe
Local 1 control process in a negative way, is not wantedirSthe
Database presented case supervisor is a module combining the
Mobile agents advantages of mechanical systems which disadvastzge
E> made up for by the operator with advantages of mima
AGV vehicle |AGV vehicle operator, whose negative features are correctedohtrol
AGYV vehicle [AGV vehicle SyStem

Fig. 2 The architecture of transport subsystem



3.1. Making decision by the human

The research of human brain conducted in the fdld
cognitive philosophy [11] resulted in the statemdimat
human being takes action not only on the basistioful
from outside but also as a result of a certainasgmtation
existing in their mind. Both stimuli and represedioas can
activate the thinking process on two levels:
cognitive level- the main function of the brain is
predicting events in changeable time horizon ankimga
decisions taking into account their possible resiftis a
level of conscious actions, where regulating fuorcdi
are based on the perception of visual stimuli ab ase
verbal and thinking processes;

recognised); this level guarantees
stability of operator's knowledge to some extend.

behavioral level steering reactions are generated on the
basis of subconscious signals (perceived but not
reactivness and

effectors E, enabling one to operate both on sggnal
entering S as well as S itself in such a way tlyaadic
features of S can be changed.

Model of
environment an
behavior level M

vl

Effectors H

!

Dynamic reasof
system
of environment
and level

Fig. 4 The architecture of anticipating system.

Model of the operator can be formally described as:

Another important conclusion drawn from the reskarc

of human brain [11] is the fact that symbol systdmase
enough necessary features to perform intelligetiose
which means that human cognitive processes arky likebe

symbolic. The main subclass of symbol systems le rupg _

f(B, M, U, R)

where:
system describing behavioral level,

systems, many of which can be referred to as eXPefh _ anvironment model (surroundings + B):

systems. Yet, it does not mean that the teufe system
means the same agpert systemrhe main feature of expert
system is its function, i.e. solving specializetblpems
which require professional expertise. While the mfaature
of rule system is its structure, i.e. the set oesuand
operating with them.

3.2. Cognitive level

The main task performed on the cognitive level
foreseeing unwanted situations in order to avorthby
adapting standard behavior. It means that the keuyd
about future states is used to decide which actbosld be
taken at present.

Cognitive level in this meaning can be describethwi
Rosen's theory of anticipating systems [10]. Thase
systems where:

S‘I+1: f(sll 2 S - S S Sy S(—n)! k> n,
where:
S1..n1— Class of the past states of environment;

s, — actual state of environment;
Sw1..kn— Class of the states prediction of environment.

U -
R —

class of unwanted states;
set of rules describing how to modify;

If a state belonging to the class of unwanted dnds
identified as a result of prediction of environmstdtes M,
then the rule R will influence behavioral leveliB,order to
bring the trajectory of environment states back the
acceptable range. Function f:—R determines how

. behavioral level should be modified in the particutase.
'Sprojection f: U-R results from the specification of U and R
so it does not need to be expressed explicitly.

Algorithm:
While performing the algorithm, agent's working csau

is done in the specific sequence. Each coursessteth

creating a copy of the agent's inner model, onbthas of

which prediction takes place. Then present envigmm
state is tested and compared with both goal andanted

state. If unwanted state is reached, knowledgeetwa\ioral

level is corrected to regain the acceptable range.

3.3. Behavioral level
Behavioral level has reactive architecture extenddd

monitoring, diagnostic and predicting features. déflithose
forms of agent's actions have their automated edprivs.

According to Rosen, anticipating system has thgy,e 1o the complexity of this issue, they have been

structure as presented in figure 4 and consiststhef
following elements:

dynamic reason system S;

dynamic system M, which is the model of S;

predefined here as reason-result relations, whieh the
most common ones.

Automated acting, i.e. making decisions by the afmer
on the behavioral level, is a complex task, far enthrat a
course of reactions as an answer to a particulgrakifrom



the environment. Automated acting is an abilityp&have in
typical, frequently repeating conditions.

Algorithm:

The cycle of the algorithm begins with the review o 1
environment state (perception of the environmeniyl a behavioral
choosing the task (action selection) to be perfarimethe level

next step (action completion). When the tasks Hasen
finished, it is checked if the goal has been redched if
possible results of the action are as expectegrdflicted
state differs much from the wanted one, new aci®n
generated.

Decision-making Mobile
. module agents
3.4. Co-operation of the levels agents

The architecture of the suggested model can be
compared to hybrid architectures where each leasl its
function and fulfills particular tasks. The arcloiigre of
human-operator consists of two levels: the oneantaeing
reactivity (behavioral level) accompanied with tlo@e
analyzing long-term plans and goals (cognitive lev€o-
operation between both levels greatly influenceg th
effectiveness of the model behavior. The levelspeoate
directly, taking into account states of the envinamt,
signals from the planning system together withrtbhairent
states.

Supervisor

Cognitive model of human-operator

cognitive level

ceccccccccccaccccccccccany

Correct
strategic
plans

N

v U

Correct current behaviour
of each transport vehicle

Fig. 5 Relation between model of human-operator anttansport
subsystem.

Behavioral level of cognitive model of human-operat

corrects current behavior of each transport vehaslesoon
as a failure or dangerous situation occurs. If lienal

actions do not give satisfying results, then cagaitevel is
sent information about the event.

Cognitive level using adaptation ability and spkkiad

of anticipation is able to influence the results stfategic
plans generated by decision-making module. On ltvsl
future conditions of the surrounding are predictedhjch

o o _ enables it to detect the ones in which the actadrizehavior
not so much on associating abilities but is rattemected |5, ¢ may not be effective or the ones which may be

with gained knowledge. However, not only adding andqniradictory or not effective in generating stgiteplans.

3.5. Mind representation

Research shows that intelligent human behavior ritipe

accumulating new facts but also creating links leetavthem
as well as between the previously acquired ones is
important.

In figure 6 hypothetical

responsible supervising

for

model
transport

manufacturing system is presented.

4. SUPERVISING THE ACTIONS OF SUBSYSTEM

o Cognitive level
Human-operator  supervising work of transport
H H 5 Procedural Declarative
subsystem in order to gain knowledge about theosnding memory ooy

world performs monitoring, making diagnosis, stegrand
foreseeing [4, 8, 12]. All of these kinds of adie$ take
place both on cognitive and behavioral levels. Wag they
occur and the influence they make on the decisiafing
process vary significantly. The other importantdfirg is
that while working the operator performs a numbér o
predefined tasks with hierarchic structure. It nsedhat
operator in complicated surrounding fulfills theska in
determined way. The value of income and outcome
variables are roughly defined which enables theaipeto
perform a certain set of actions. When a failureucs,
human brain usually does not perform logical deidacbut
searches available models of behavior. When theisalis
not found, logical thinking is activated. In figure the
suggested relation between model of operator sigiegv
work of transport subsystem and the system itssIf i
presented.
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Perception ||

Decision-making
module
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behaviour
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goal
possibility i i
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iy

(automation processes)
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subsystem in

correct
plans

{} selection action

reaction

Fig. 6 A hypothetical model of human brain responéile for
supervising transport subsystem

4.1 Algorithm of human-operator model's actions



Suggested human-operator model is responsible
checking if transport subsystem, which is a part
manufacturing system, works correctly. It is nogeneral
model of human mind. It only supervises the perfomoe of
a multi-agent transport vehicles system. The mddek not
interfere in the missions of individual vehiclets task is
only to react efficiently in the case of unexpecsitdations
and failures.

Step 1:
During proper work only cognitive level is activdte

obehavioral

for This cognitive model differs greatly from hybrid
architectures used in robotics, both co
operation mechanisms of the levels and their coempits.
In architectures used in robotics there are usutihge
levels: reactive, coordinating and mission plannongs.
Between reactive and mission planning levels singl
connected modules are put. They provide the agettt w
ability to adapt, solve problems and deal with wals
situations. It is the coordinator who links thoseaative
components. In cognitive model there are only texels:
behavioral and cognitive ones. Cognitive level uefices

monitoring current states of the transport vehicléth
the use of perception system;

predicting future states of transport vehicles|uding
dangerous states, on the basis of their currentiqos
and movement;

predicting future states of transport vehicles|uding
dangerous states, on the basis of strategic plgnnin
changing strategic plans, which have been genefated Theoretical exposition presented above is now being
the Decision-Making Module if an occurrence of amodeled and verified via simulation in order todfihe best
dangerous situation is foreseen. structure and way of presenting human-operator hiaa t
manufacturing system [16]. Because available sitinria
programs such as Soar, ACT*, Arena [10] or Simutizgke

it possible to conduct only part of the research,
concentrating on the issues they have been desifpred
program platform JAVA [3] has been selected. Thisition
halting the work of model's cognitive level will make it possible to do further research awvogdithe
starting performing (by behavioral leveBreparation restrictions of other program platforms. What is rejo
action, which includes: (1) choosing monitoring JAVA is a safe and interpretable, not compiled laagge,
parameters, (2) diagnosis, (3) control. The ainthig  thanks to which it is independent of all softwareda
action is to plan the task in such a way to redeh t hardware levels.

intended goal or instead sub goal is chosen. Asa f An example of the windows of simulation package is
step ofPreparationaction, the sub goal is projected into shown in figure 7 and figure 8.

control action. It means that suitable orders @ $o
AGVs.

starting performing (on behavioral leveRealization
action, which includes: (1) monitoring, (2) predhcf,

(3) acting.Realizationaction can be performed when the
state is active and leaving the state is not plessib
means that previously no change requiring another
diagnosis and control action has been detected. Now
monitoring the values of parameters important for
reaching the sub goal together with predicting the
changes in values of parameters - sub goals is. ddre
aim of the prediction on this level is to find any
deviation from the plan which is being performed.

the autonomy of behavioral level's actions whil@aeoral
level is a reactive agent, performing additionaldtions of
diagnosing and predicting.

5. COMPUTER SIMULATION

Step 2:
In the case of an unexpected situation, which regui

human reaction, behavioral level is activated ideorto
prevent the danger:
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aaaaaaaa
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Pojazd 3

Polozenie OX: 150
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200
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The model of human-operator perceives the enviromme
of transport subsystem through the perception systhere
output digital signals activate processes on bethakioral
and cognitive levels. Behavioral level acts quiclignks to
diagnosing situation through differentiating autdicelly
the stimuli characteristic for the given situatioombined
with reactive method of planning enabling one &toee the
correct work of transport subsystem. If actionsetalon
behavioral level are not efficient, events are $embgnitive
level where deeper analysis of the current sitmatio the
basis of data from memory modules (stored as sétant
networks and set of rules) takes place.

Fig. 7 The simulation program. Part 1.

Programs written in JAVA fulfill the requirementsrf
information applications in modern manufacturingteyns.
The program makes it possible to configure thesjarnt
system in order to match the structure of manufagju
system and present layout of the machines in theing
room vehicle.
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Fig. 8 The simulation program. Part 2.

6. CONCLUSION

[3]

[4]

[5]

[6]

[7]

(8]

(9]

It seems that combining the existing manufacturing10]

systems, also the ones with varied automation, \aith
independent transport subsystem is a solution sytiergic

effect. The existing manufacturing system can bsilyea [11]

equipped with modern
interfering in its structure.

transport

subsystem without

Comparing to centralized systems, multi-agents onegd?2]

solve problems much faster. It is possible tharksthie
dispersion of difficulties and limited exchange tie
information between agents (only the most crucetadis
transmitted between the agents).

[13]

Modeling the actions of human-operator supervising

transport subsystem at work seems to be an initegdsiea.

What is the most important this solution provides[14]

possibilities of development in the future. Theeatpts to
limit the role of a human being in the process aking
decisions
responsible for the majority of errors, may resuit
designing completely new kinds of manufacturingeys.
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