DESIGNER 2000 P

ROJECT

J

%

$

FKD�0�.iUQê�3�1HGRPD�-�%RKP�-�5RMtþHN

Institute of Information Theoryand Automation, Academyof Sciences, Czech Republic

Abstract: Designer 2000 project is presented. Designer 2000 system will support a systematic probabilistic design of

LQG adaptive multidimensional controllersbased on ARX model. The project goal isto improve the accessi bilityof alreadyavailable tools. This isachieved mainlybyincorporating available knowledge into thesystem and bya careful object-oriented computer-aided design of the system and especiallyof the user communication.

Keywords: Adaptive control, AI techniques and knowledge-based systems, Computer aided control systems design

I NTRODUCTION

In this paper the Designer 2000 is briefl ypresented. It is a project under development. Theoverall project goal is to improve the accessibilit yand usage of algorithmic and software tools for the design of adaptive systems 1 .

The project is based on the availabilityof necessary theory, algorithms, soft ware and expertise. It is the continuation of a long-term development in the authors´

Department, Peterka (10), Kárnýet al (5).

The theoretical basis of the project is Ba yesian approach to the estimation and control (5, 10) that gives a common point of viewto these traditionallyseparated problems and iscapable to respect their mutual influence. The probabilistic insight accompanies most of steps of the design and offers a more realistic interpretation of results.

The mentioned algorithmic and soft ware tools and expertise areavailable in the Department, but their usage isrestricted mainlyto the Department. There has been a goal to spread tools´ usage outside, for a long time, see Kárnýand Halousková (3, 4). A significant work has been donein this direction. Acomplete design cycle of adaptive controller hasbeen covered. There have been prepared previous versions of Designer providing corresponding soft ware tools. The last one is available as ABET (Adaptive Ba yesian Estimation

1 As ^project~ and ^design~ are synon yms, our goal is

^design of design~. To distinguish these designswe use

^design~ for thedesign of adaptive control, we use

^project~ for theoverall analysis and design of design of adaptive control and we use ^proposal~ for the design

(without analysis) of design of adaptive control, mainly.

Tool box), Nedoma et al (7, 8), Nedoma (9). The last versions were written in MATLAB (6). It provides an experimental environment, but from the point of viewof the ordinary user , i.e. ordinarycontrol engineer, it is still veryhard to start with it; because of a great knowledge barrier. The user can hardlyovercome this barrier. To solve this problem we intend to use ^all available means to succeed~.

This paper isdivided into several sections . In the project we use object-oriented (OO) approach to analysis and design (A&D) of the Designer and the same goes for the illustrations, where we use the corresponding graphical language, UML (Unified

Modeling Language), see Fowler (2). These are, together with the analysis results, shortlydescribed in the Analysis section. The next section, Architecture, describes the main architectural features of the

Designer, with special attention paid to object-oriented

CASE (Computer Aided Soft ware Engineering) and knowledge base (KB). The next section,

Communication, describes the main features of communication between the user and Designer. The next section, Processing, describes the main features of

Designer processing. The last section is the Conclusion.

Some project details are briefl yillustrated in Figures.

The more detailed project description can be found in

% $ FKD� et al (1).

A NALYSIS

The analysis is mainlyoriented both to identification of users, to users´ requirements and to the previous version of theDesigner. We recognize four types of users , i.e.

ordinaryuser, expert user, administrator and devel oper.

In order to determine who is an ordinaryuser and who is an expert user, we compiled two lists of terms: The first one containsthe terms that should be known to the ordinaryuser, the second one the terms that need not be known to him (1). In cooperation with potential users we created a list of main requirements on the Designer

(1). The aim of the third part isto understand whythe mentioned goal (to spread usage) hasnot been reached.

We begin with a context.

The overall context of the previous Designer is shown on theFigure 1. We use UML graphical language in following Figures. Theshort explanation of used language symbols follows: Named rectangle , with two additional lines inside, meansa class, e.g. Designer. The class describes its objects. Named man icon meansan active (external) class, e.g. User. Controlled System is considered active as the man icon indicates. (Named) line connecting two classes means an association relation, e.g. Interaction. It is used for a data flow, event and other relations. (Named) arrow with a diamond head means that a class isa part of another class, e.g.

Design is part of Designer. (Named) arrow with a triangle head means a class-subclass relation, e.g. Data

Handling is a subclass of Step (not in Figures).

The main classes in thiscontext are Designer, User and

Controlled System. In Figure1, there are also Design and Controller classes that areparts of Designer class.

Theyare considered in Figure 1 because theyhave a special relation to the context. Thenamed lines indicate relations between classes. The meanings of classes and relations are self-evident. Controlled System can be both real and simulated. There are also classes corresponding to association relations (not to generalization relations). An example is Interaction. For simplicity, theyare shown neither in Figure 1 nor in other similar Figures. (Theyare shown in Figure3.)

The context of previous Designer ispracticallythe same as thecontext of the (new) Designer. The differences

are on lower architectural levels, i.e. in the contents, exact meaningsand implementations of classes and their relations. The ABET contains about 150 mfunctions, i.e. 170 KB of MATLAB source code, other

C++ code, other code in demonstration programs etc. It is a set of programming tools, i.e. subroutines, classes, objects, helps, case examples and documentation that allowto an expert user to produce design, i.e., to create and run a program that can produce control action(s).

We can saythat the previous approach has its pros and cons . Pros arethat in this bottom-up waythe necessary foundations for theDesigner have been built. Cons are that to use the previous Designer mean to program in its language and system. It is not easyas theproblems are not simple, system and language isneither stabilized, nor well documented, nor veryunderstandable, nor very reliable, nor fullyimplemented. The requirements resulting from the analysis are clear: Make it easy, stabilized, �

A RCHITECTURE

The Designer architecture has thefollowing main features : 1) OOCASE asa nucleus of the project, 2) knowledge base as a nucleus of the Designer control, 3) efficient users´ communication, 4) use of prior knowledge, 5) extension of the existing algorithmic and soft ware tools if it is necessaryto ensure completeness of thesystem.

1) The nucleus is needed to stabilize and standardize somewhere theproject terminology, concepts and approaches. The CASE is needed to provide for project methods, documentation, dynamics, reliability, implementation support and user involvement. The

CASE changes the character of the project from the currentlyprevailing bottom-up to top-down, too. The

OO CASE is needed to provide for the solution of project complexit yand for devel opers cooperation via

UML. All main features areveryinterdependent. The object-orientation and CASE-orientation influences importantlyall the other architectural features. This is wh ywe put thisfeatureon the top of main feature list.

The orientation on OO CASE is extended into a more general use of CAD tools to support the project, i.e. use e.g. GUI (Graphical User Interface), MATLAB, expert system shell, testing tools, to further support high quality, correctness, requirements attainment, dynamics of development, easyfuture development and administration of the project and product.

OO CASE tool should support the following functions:

the standard range of object-oriented analysis and design, UML, production of documentation and help, single user environment, reengineering, testing, version control. The partsof previous projects maybe overtaken, i.e. copied, transferred and more or less changed, but once inserted into the project depository

D e s i g n

U s e r

D e s i g n e r

In te ra c ti o n

C o n tro lle d S ys te m

M e a s u r e d D a ta i s p r o d u c t o f

C o n tro lle r

C o n tr o l i s p a r t o f

Figure 1: Main Class Diagram theybecome obligatoryfor the whole project. They become the primaryand onlyone source of information for theproject.

2) KB is needed to allowusing knowledge about the existing tools and about design process to integrate these tools into one comprehensible and reliable system.

Knowledge is spread in the documentation, examples and helps and among expert designers in the

Department. There isgeneral and specific knowledge used bythe Designer. This more general and/or more stable one isheld in KB, that more specific and/or more variable one isheld in DB, as DB can be more easily actualized. There istechnical and problem-oriented knowledge. The technical knowledge speci fies howto use ABET functions and objects, what are relations among them, etc. It ishidden to theordinaryuser and it is implemented bystandard programming tools. But, this knowledge is accessi ble to theexpert user and in this case it isimplemented in KB. The second part of knowledge, the problem-oriented knowledge specifies howto manage thewhole design in order to reach reliablya successful solution. It has mainlya heuristic character. The part of this knowledge is already identified. The extent of the rest of this knowledge is dependent on experiments that will be done with the earlyversions of the system. Thisprocessing knowledge is accessible to the user. In this part of KB, there can be

^contradictory~ knowledge, dependent on expert who provided it.

For example, specific characteristics of m-functions like their input and output parameter names, their usage of and utilization in other functions, their hierarchical relations, their characteristics of computational complexity, characteristics of information processed bythese functionslike their location, extent and form, their hierarchical relations are held in DB. The general characteristics like specifi cation of cooperation of these functions, knowledge, howto derive theoverall computational complexity, are held in KB.

KB extent is not large, at present. It has about 20 rules.

Thisis also caused byour concentration on the creation of the first protot ype, where onlya restricted set of rules isconsidered. The rules are fairlycomplex.

Several rules of KB are, in a user-readable form, illustrated in the next sections of the paper.

KB is object-oriented . The reasons are: a) There is the fairlycomplex hierarchyof objects in the design, with composition and inheritance relations, with needs for encapsulation. For example, our steps and/or covering functions(see section Processing) areself-contained and the concept of hiding unnecessaryinformation

(see section Communication) aims at encapsulation and pol ymorphism, too. For example, there are send, receive, plot operationsof pol ym orph type. b) The previous approach had some object-oriented features.

There are, e.g., the following classes of objects: Project,

Step, M-function, Problem, data flows, e.g. Design

Specification, Control Action, User and Expert User.

Figure 2 illustrates some classes of the Designer and their relations, on a more detailed level, i.e. Design

Control, KB, DB, GUI, Help, Tutorial, Examples,

Documentation, Check of Applicability, Step Object,

ABET Object and Complexity. Theyillustrate some of above-mentioned features.

C OMMUNICATION

Efficient users´ communication is needed to decrease the complexityof usage and to provide for better users´ understanding of the system. It issolved byproposing a comprehensible communication language, by providing the user with ^ exactly ~ asmuch information as he needs, i.e. hiding as much information aspossible from him, providing asmuch information aspossible, if he needs it, providing exact and consistent information and knowing ^exactly~ what are his needs in various situations.

To implement these concepts, the interaction with the user, GUI, isorganized a) in a cooperation with several potential users , b) in a top-down manner, c) with a hypertext-oriented help, produced directlyfrom the project CASE depository, d) with a good documentation, also produced directlyfrom the project depositor y, e) with access to the system via Internet .

Step

Tu tori al

Exa m pl es

U s e r

D B

AB ET Object C om p lexity

S te p Obj ect

Ch ec k o f App li ca bi li ty

Do cu m e nta ti on

GUI

He lp

In te ra cti on

KB

D es i gn Co ntrol

Figure 2 : Detailed Class Diagram

Interactive conversations begin like in the following st yle: ^Do you like to solve control problem?~ ^Well, it is nice and wise of you to chose the Designer 2000.~

^To begin with it, we are to 1) check the applicabilityof the system to your problem, 2) if you feel like, tell something about you and 3) specifyyour problem. Let us start bychecking whether Designer 2000 suitsto your problem. �~

For the check of applicability, we speci fied preciselythe range of control problem that can be solved (and must be checked with theuser): There arethe following rules :

1) Designer is to be used mainly when the classical solution has reached itslimits. It means, use Designer when the control problem is currentlybeing solved by set of mutuallyindependent control loops (or when it can be solved in such a way), e.g. there isa similar system or there isa corresponding project, but this

solution has reached itslimits because it is a too complex problem

2) Designer is to be used also when some loops are more complex, e.g. the solved control problem has long delays or variable delays, there isfeedforward, or need for multivariate solution

3) Designer is to be used only when the solved control problem can be linearized , e.g. the user knows that it is not necessaryto add nonlinear elements to solve the control problem, and when the (economical) importance of the problem is not high, e.g. it means that it isnot worth of hiring a Ph.D.

level professional to build and/or operate a specifi c nonlinear model

4) Designer is not to be used, when the solved control problem is a simpleone , e.g.

when PIDcontrol is sufficient.

There are further preconditions of the use, but theyare on a different level, theycannot be checked in advance:

1) Good result could be obtained if the data are measurements of sufficientlyexcited system and/or there exists a sufficient prior knowledge . But, thiscan be recognized only after the most of design is performed, sometimes

2) Thedesign goal should be at least approximatelydescribable bya quadratic loss .

In therange of the concept of hiding information theuser learnsaslittle as possibl e . GUI is asfamiliar to him as possible . For example the whole GUI is in the style of MS Word

(Office) and/or MATLAB that are typical environments for theuser, i.e. File, Edit, View, Options, Window,

Help in the Main menu, their pull-down menus, toolbars etc. Within this, the concept of providing asmuch

V a li d a ti o n D a t a

C o n t ro l

C o n t ro l A c t i o n

G o a l S a t i s fa c ti o n

R e s tr i c t i o n s S a ti s fa c t i o n

C h a n g e a b le S p e c i fi c a ti o n

P ro to c o l

E xp e r t R e s p o n s e

E xp e r t S p e c i f i c a t i o n

M i s c e lla n e o u s

P ri o r K n o w le d g e

D a t a S p e c i f i c a t i o n R e s tr i c t i o n s

G o a l

P r i o r R e g r e s s o r

H e lp U s e r & P ro je c t ID

In t e r a c t i o n

In te r n e t

D e s i g n S p e c i fi c a t i o n

C o n tr o l S p e c i fi c a t i o n

K n o w le d g e R e s p o n s e

R e s p o n s e

C o n t ro l S p e c i f i c a t i o n R e s p o n s e

Figure 3: Interface Structure

Figure 4: Attributes of Prior Knowledge

Pr ior Knowledge

Steady StateData

Static Gains

Ranges of Data

Cut Of f Frequenc es

Par ameter s Bounds

Frequenc y Charac ter isti cs

DominantTime C onstants

Func ti onalDependenci es as necessaryinformation is implemented. Theuser can obtain all definitionsof used concepts in a hypertext form, including all usual synonyms , explanation and justification of chosen solution etc.

To illustrate these generallyspeci fied directions we list some of the user inputs and outputs . On the most abstract level the user can specifystructures (classes) shown in Figure 3. In thePrior Knowledge part hecan specify items and structures shown as the attributes of

Prior Knowledge class in Figure 4. Theuser can obtain as a Response e.g. Level of Goal Satisfaction, Level of

RestrictionsSatisfaction. All ^mathematical~ and/or

^formal~ information, like model structures and theirs parameters, penalization matrices, theirsprobability distributions, covariance matrices and guesses, internal

ABET objects and theirspointers are hidden to the ordinaryuser. Theyare available to the expert user, only.

P ROCESSING

In Figure5 there areshown the main stepsof the

Designer processing with data flows bet ween these steps and/or User and Controlled System. Some of these data flows are described in the Communication section.

The design hasseven main steps : Data Handling, Prior

Knowledge Processing, Structure Estimation, Forgetting

Estimation, Parameter Estimation, Control Design and

Control Verification. These more or less traditional

steps have special features regarding thepossibilityto include user´s knowledge. Step Prior Knowledge

Processing computes Initial ParametersDistribution from Prior Knowledge. Step Data Handling provides the information obtained byhandling (measured) data,

Handled Data. Currently, two functions are supported in this step, the elimination of outl ying measurementsand the normalization of measurements. Step Structure

Estimation searches the best Regressor of the Controlled

System, i.e. the qualitative dependencyof outputs on delayed inputsand outputs that has the maximum likelihood. Step Forgetting Estimation selects the optimum forgetting technique, Forgetting. It allows to

Parameter Estimation step to compute Parameters

Distribution from Initial Parameters Distribution and

Handled Data. Parameters Distribution together with

Regressor settles the description of Controlled System model. Step Control Design builds and sets up the

Controller in order to reach the desired closed loop behavior. Step Control Verification checks the set up of the Controller either on a real system or on some userprovided model. The steps are run in a sequential order, mainly. The successful conclusion of one step is a prerequisite for thefollowing step.

For the batch version of the system there are provided so called covering functions that correspond to each step. The steps can use ABET functions on a more detail level, also. The technical knowledge is used to specify howto integrate these functions, what are relations among them etc. Thisknowledge is hidden to the user. The second part of knowledge speci fies howto

Pri o r Kno w l e d g e

Co n tro l De si g n

Co n tro l l ed

Syste m

Co n trol Ve ri fi ca ti o n Co n tro l l er

Co n trol

Pri o r Kno wl e d g e

Pa ram e te r Esti ma ti o n

Mo d el

Pri o r

Mo d el

Da ta Ha n d l i n g Ha n d l ed Data

Stru ctu re Esti m a ti o n

Ha n d l ed Data

Mo d e l Structu re

Mo d e l

Stru ctu re

Use r

Co n tro l

Co n tro l Sp eci fi ca ti o n

Inp u ts a nd Ou tp u ts

Da ta

Pri o r

Kn o w l e d g e

In i ti a l Mod e l

Co n trol Sp e ci fi ca ti o n

Re sp on se

Me a sure d

Da ta

Co n trol Sp e ci fi ca ti o n

Ini ti a l an d Al te rn a ti ve

Mo d el Pri o rKn o w l e d g e

Re sp on se

Fo rg ett i n g Esti m ati o n

Pri o r

Mo d el

Fo rg e tt i n g

Ha n d l ed Data

Mo d e l

Ini ti a l an d Al te rn a ti ve

Mo d el

In i ti a l Fo rg e tti n g

Figure 5: Class Diagram of Steps manage thewhole design in order to reach reliablya successful solution. It has a heuristic character. To illustrate theuse of that knowledge we present two simplified rules that guide the overall operation and interaction with theuser. This part isaccessible to the user, e.g. in the form of explanations.

MainLoop Rule : If InputsSatisfactions are greater then Limitsof Inputs Expectations, then this ^space~ can be ^traded~ for Outputs Satisfactions byincreasing

Limitsof Inputs Expectations, and vice-versa. If there is no space either in Inputs Satisfactions or in Outputs

Satisfactions, then tryto gather more data.

Rule Appliedafter StepStructure Estimation : If some output isindependent of inputs then thereason can be that there is no Prior Knowledge specifi ed. There will be manycases with independent output if there is no Prior Knowledge speci fied.

The use of prior knowledge allows and provokes the user to use his knowledge of controlled system to support successful design. The concept of using this knowledge is fundamental for theDesigner. In the range of this concept it isnecessaryto stimulate the user to provide as much as possible of his Prior Knowledge and restrict an incompleteness of Prior Knowledge in such a wa y, and to stimulate the user to precise his goals, again, asmuch aspossible.

C ONCLUSION

The discussionswith users assured that thesystem like the projected one isver ymuch needed. Our work confirmed the project´s assumption that there are tools that allowbuilding theDesigner. Oneof the important project´s assumptions was the existence of experience and knowledge about the utilization of Ba yesian methods in analysis and design of controllers. This assumption was confirmed onlypartially. There is same knowledge that can be used, but it is not sure if any significant knowledge can be further gathered. More research isneeded in thisdirection.

OO CASE is not onlyA&D tool for current project, but in its UML representation it is an important tool for a future cooperation on thefurther development.

In thepaper we are using many, roughly50, not preciselyspecified terms. Theyare used to illustrate the project on some more detailed level. We have identified about 310 such terms in the project. More details can be found in (1).

An important effort has been done to create the foundations for theproject. We estimate it on level of hundred(s?) research-years. The rough estimate of overall necessaryeffort for this project is on level of 4 man-years. We are now(at the time of writing this paper) at the beginning of detailed Analysis and design

stage. The project roughlyfollows a classical division into project stages, i.e. Feasibilitystudy, Analysis and design, Implementation and Operation stages. From this point of viewthe future is predictable.

R EFERENCES

�% $ FKD�-�.iUQê�0�1HGRPD�3�%RKP�-� and �5RMtþHN

J. , 1998 , ^Designer 2000, FeasibilityStudy~, Technical

Report, UTIA, AVCR, Prague, Czech Republic

2. Fowler M. and Scott K., 1997, ^UML Distilled~,

Addison-Wesley, N.Y., USA

3. KárnýM. and Halousková A., 1994, ^Pre-tuning of

self-tuners~, in: Advances in Model-Based Predictive

Control, D. W. Clarke (Ed.), pp. 333-343, Oxford

UniversityPress, Oxford, UK

4. KárnýM. and Halousková A., 1991, ^Preliminary

tuning of self-tuners~, in: Advanced Methods in

Adaptive Control for Industrial Application, K.

Warwick, KárnýM. and Halousková A. (Eds.), 158,

Springer Verlag, Germany

5. KárnýM., Halousková A., Bohm J., Kulhavý R. and

Nedoma P. , 1985 , ^Design of linear quadratic adaptive

control: Theoryand algorithms for practice~,

Kybernetika , 21 , Supplement to No. 3, 4, 5, 6

6. MATLAB, 1996, ^Using MATLAB, Version 5~, The

Math Works, Natick, Mass

7. Nedoma P., KárnýM. and Bohm J., 1996,

^DESIGNER: PreliminaryTuning Adaptive

Controllers~, Proc. of the 2 nd

�3URFHVV�&RQWURO�

�