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ABSTRACT

Because of the recent manpower problems in manually designing and manufacturing
custom orthopedic footwear, an integrated CAD/CAM system has been developed to
automate this process. Several standalone, task-specific computer programs have been
acquired and written which perform such tasks as shape digitization, geometric modeling,
tool path generation, and shape verification in support of shoe last machining. To execute
and manage these programs, a supervisory system is needed which links together all of the
application programs and connects them via interface software to a centralized database.
To demonstrate how this system would operate, a Prototype Supervisory System (ProSS)
has been developed which deals with the geometric modeler, the Relational Informational
Management (RIM) database, and the interface programs that connect them. This paper
discusses ProSS's functions, design requirements, and specific features, including its
application programs, language constructs, generic modules, knowledge base, and control
mechanism. To illustrate how ProSS works, examples are provided to show how to invoke
the system and run programs in its interactive and non-interactive modes.

1 INTRODUCTION

Advances in science and techmology in recent years have led to the emergence of
innovative approaches in the computer-aided design and manufacture of custom
rehabilitation products. At the same time the design of custom orthopedic footwear
products has become increasingly expensive as the number of skilled shoemakers declines
rapidly. It has been established that new trainees are not entering the field at a rate that
will sustain a viable manpower base in this area [RTI84).

To alleviate manpower and other problems associated with the manual design and
fabrication of orthopedic footwear, an integrated CAD/CAM system has been proposed
and developed. The computing system for custom orthopedic footwear design and
manufacturing is composed of several standalone, task-specific computer programs. These
programs perform such tasks as geometric modeling, tool path generation, shape
verification, shoe last machining, and others. In this paper we provide an overview of the
Custom Footwear Design System (CFDS) and focus on the supervisory system which
controls the application programs in this system. Of particular interest is the database and
the programs which act as interfaces to it.



2 THE CUSTOM FOOTWEAR DESIGN PROCESS
The traditional, manual design and manufacture of orthopedic footwear involves four

phases: the prescription, last-making, pattern-making, and the shoe-making phases
[RTI84).

In the prescription phase the practitioner determines an appropriate shoe specification for
a patient by assessing the patient's foot pathology and biomechanical status. The shoe
specification is given as a mold or plaster cast of the patient's foot, along with a description
of the necessary corrective, therapeutic, and palliative features to be built into the shoe
[RTI84]. Thus, a careful examination of the foot results in a prescription for a shoe that
meets the unique needs of the patient.

In the last-making phase a physical model (i.e. a last) of the foot is created and then
modified to construct a model of the inside of the desired shoe. The last is intended to
meet the prescription specification as well as the functional and structural requirements of
a shoe. The last-making process is started by first making a plaster cast of the foot. The
cast is then used as a negative for a positive foot mold. The cast is filled with plaster and
removed when the material hardens. Generally, the positive that must be present in the
custom last is modified to compensate for irregularities in the shape of the foot.

In the pattern-making phase, two-dimensional patterns for the upper and inside parts of the
shoe are constructed. The patterns must consider several factors, such as the tensile and
compressive forces found in the mechanical deformations of a shoe. The patterns are used
to cut the leather and sole of the shoe.

Finally, the shoe-making phase involves cutting the upper patterns of the shoe from leather,
stitching these parts together to form the upper, stretching the upper over the last, and
attaching it to the sole.

The participants in the workshops on computer-aided design and manufacturing of custom
orthopedic footwear have identified the following disadvantages with the manual design
and manufacturing of orthopedic footwear [RTI84]:
+ "The imprecise determination of a foot shape by the casting method often results in a
poorly fitting shoe and necessitates an iterative prescription process;
+ Proper cast formation involves significant time and requires extensive training;
« Current manual methods for last and shoe fabrication are slow, resulting in delivery
times of four to twelve weeks; and
» Storage of shoe lasts is expensive.”
To eliminate some of the problems associated with the manual footwear design and
manufacturing process, an integrated CAD/CAM system has been developed. This system
is described in the next section.



3 DESCRIPTION OF THE CUSTOM FOOTWEAR DESIGN SYSTEM

The Custom Footwear Design System automates the design and manufacturing of
orthopedic footwear by using an assemblage of existing technologies. NASA technology in
computer geometric modeling, numerically controlled machining, and database
management systems was selected to comprise the initial integrated system on which this
work was based [Rasdorf88b].

As Figure 1 illustrates, the CFDS is composed of the following: a) an electronic patient
paperwork module, b) a foot-shape data input subsystem, c) a 3D geometric modeler, d) a
tool path generator, and e) a shoe last verifier. Figure 2 illustrates the role of these CFDS
components in the footwear design process outlined in the previous section. Figure 2 also
indicates that the following hardware devices were initially envisioned to drive or be driven
by the software: a) a CAT scanner, b) a machine tool, and c) a laser scanner.

To integrate the components of the CFDS, we utilize an incrementally expandable
(modular) architecture, where a generic environment for integration is defined such that
any application program can be added to the environment independent of other existing
application programs. This approach enables us to incrementally embed the components
of the system in an environment which facilitates the representation, transfer, and

manipulation of data.

4 THE SUPERVISORY SYSTEM

The supervisory system was proposed as a flexible and easy to modify system to achieve the
necessary level of integration for the various overall system components. Without the
supervisory system an integrated custom footwear design system (CFDS) does not exist and
the overall system degrades to several standalone application programs. This is clearly
contrary to the eventual distribution requirements of the software and would significantly
hinder system evaluation and testing activities [Rasdorf89a-b].

Although it is possible to design custom footwear by executing the standalone application
programs, this requires that the user be familiar with the operating system and its
command language. This familiarity is needed because the user has to invoke the stand-
alone application programs using an operating system command, and the user needs to
know where the patient data files for the standalone application programs are stored and
how they can be accessed.

Another task exists that requires that the user be familiar with the operating system and its
command language. As the number of patients increases, the user will need to free
computer disk space by storing some of the patient data files on secondary storage (i.e. tape
or cartridge), and also to recover the stored data when needed.

Additional demands are placed upon the user when no supervisory system exists. To
increase productivity of the custom footwear design system it is also necessary to provide



the user with the ability to perform concurrent tasks such as geometric modeling of a last
while examining the patient database for information pertinent to the last. To achieve this
level of performance the user needs to know how concurrent processes are created, how
the application programs can be executed in the created processes, and how the created
processes communicate. This requires an indepth knowledge about process control and
process communication in the operating system environment.

Without an integrated system that relieves the user from the burden of knowing the
operating system commands, familiarity with the operating system and its command
language is an essential requirement for using the standalone application programs for
custom footwear design. Because this approach was conirary to the directions issued by the
VA and NASA, the supervisory system was designed.

The supervisory system is an environment in which the standalone application programs,
the patient information database, and pertinent knowledge about the operation of the
application programs can be embedded. The user interacts with the supervisory system
environment through a user-interface. The patient information database contains pertinent
patient information that is generally compatible with the data form and content used by
VA hospitals. The knowledge base contains information about the operation of the
application programs and the supervisory system. Simple facts include the input and output
file names for the application programs. More complex knowledge, such as the procedure
for antomatic modeling, machining, and manufacturing of the shoe last without user
intervention, can also be stored in the knowledge base using the CLIPS declarative

langnage.

4.1 The Supervisory System Design Requirements

There are several important capabilities unique to the supervisory system which cannot be
aclneved by a sequence of the individual application programs. These capabilities increase
the productivity of the CFDS, facilitate user-system interaction, and relieve the novice user
from the burden of mastering the operating system and its command language
[Rasdorf89b-c]:

» Application Program Invocation: The user need not know where the application
programs are located or how they should be invoked. This information is stored in
the knowledge base. The user simply selects the application program from the
menu provided by the user-interface, and the supervisory system invokes the
application program promptly.

« File Handling Capabilities: The user need not know the name of the reguired data
files for the application programs or where they are stored. This information is
stored in the knowledge base and is automatically used by the system when needed.

o Data Backup/Recovery: Associated with each patient and each case are data files
that are generated by the stand-alone application programs. As the number of data
files increases, it becomes necessary to store some of the files on magnetic tape in
order to create space for new files. The supervisory system enables the user to back



up the patient data files to a magnetic tape (or cartridge), and to recover them when
necessary.

+ Help Facility: In addition to the help information provided by each application
program, the supervisory system provides additional help on the operation of the
overall integrated system. The help information is intended to guide the user
through the custom footwear design process.

« Concurrent Process Management: The supervisory system is capable of executing
more than one application program at a time as shown in Figure 1. For example,
while the user is modifying a particular last model using the geometric modeler
he/she may want to examine the content of the patient information database to
obtain information pertinent to the last modeling process. This situation involves
invoking the geometric modeler and the patient information management system
simultaneously. Details regarding the multiple processes are hidden from the user
and are handled by the supervisory system. Furthermore, the supervisory sysiem
maintains a level of consistency in the custom footwear design task.

« Flexibility: The supervisory system is a combination of modular problem-
independent system routines and a set of problem-dependent rules written in a
declarative language. The problem-independent modules require little modification
if new application programs are to be added to the system or if the system
requirements change. In addition, the problem dependent rules can be easily
modified since they are written in a declarative language. Separating the
supervisory system into problem-dependent and problem-independent modules and
using easily modifiable and extendible rules for representing problem-dependent
modules make the supervisory system a flexible mechanism for 1) integrating the
existing standalone application programs, and 2) incorporating application programs
that might be included in the CFDS in the future.

5 APROTOTYPE SUPERVISORY SYSTEM

To demonstrate the primary function of the supervisory system, namely the control and
data management of a set of standalone application programs, a Prototype Supervisory
System (ProSS) has been developed. The application programs chosen for inclusion in the
prototype system are the NASCAD geometric modeler, the TORIM interface program, the
TONASCAD interface program, and the RIM database management system. (See Figure
3.) These programs collectively enable one to generate, modify, examine, and display
complex geometric models, and to store them in RIM so that other application programs
can easily access the data.

ProSS is a rule-based system which is composed of a knowledge base, a control mechanism,
and a set of interfaces called generic modules. This system operates cyclically in that the
knowledge base directs the control mechanism, the control mechanism invokes the
application programs, and in return, the application programs modify the knowledge base.
This process is depicted in Figure 4. A declarative language for representing the ProSS



knowledge has been developed. This language is based on sets of functions, predicates,
and logical operators.

Below is a discussion of the supervisory system's application programs, its primary
functions, and its language constructs. This is followed by a description of the generic
modules, knowledge base, control mechanism, and modes of operation.

5.1 The Application Programs

Four application programs associated with and integrated by the prototype version of
ProSS are the 1) NASCAD geometric modeler, 2) TORIM program, 3) TONASCAD
program, and 4) RIM database management system. A brief description of each follows.

NASCAD is the geometric modeler of NEXUS (NASA Engineering eXtendible Unified
Software), an integrated set of computer programs used to support activities in many
engineering projects [NASCAD86]. NASCAD enables the user to construct complex
models of real physical objects. Its user language NEIL (Nascad Extentible Interactive
Language) provides a number of capabilities which help define and manipulate geometric
models.

The TORIM program was developed for interfacing the NASCAD geometric modeler to
the RIM database management system [Rasdorf88a, Rasdorf89¢]. This program extracts
data from the NASCAD global database, converts it into a form recognizable by RIM, and
stores it in a RIM database. This program is organized into two sets of modules: 1)
FROMNASCAD retrieves data from the NASCAD database; and 2) TORIM stores the
data in the RIM database. A number of submodules exist for retrieving the different data

types supported by NASCAD.

The TONASCAD program was developed for interfacing the RIM database management
system to the NASCAD geometric modeler [Rasdorf88a, Rasdorf89¢c]. This program
extracts data from a RIM database, converts it to a form recognizable by NASCAD, and
stores it in the NASCAD global database. Similar in organization to the TORIM program,
it has: 1) a set of FROMRIM modules which extracts data from RIM; and 2) a set of
TONASCAD modules which stores the extracted data in the NASCAD global database.

RIM is a relational database management system which has been used in many computer-
based analysis systems at the NASA Langley Research Center and elsewhere [RIMS82].
Developed under the IPAD (Integrated Programs for Aerospace Vehicle Design) program,
it is suitable for most scientific applications since it 1) supports scalar, vector, and matrix
attributes of types integer, real, and double precision, and 2) enables one to define vectors
with fixed or variable length. RIM can be invoked as a standalone system or through an
application program interface. Its program interface contains a library of FORTRAN
modules which permit access to a database interactively created with the RIM database
management system [RIM&2].



5.2 The Primary Functions of ProSS
The primary functions of the Prototype Supervisory System include [Rasdorf89a-b]:
« Control management of the CFDS
. invocation of the application programs
- process synchronization
- exception handling
- automatic control of the design process according
to a set of predefined plans of action
« Data management of the CFDS
. data transfer between the application programs and
the central database
« On-line help management
In addition to the above primary functions, the supervisory system provides a single
interface for user-system interactions.

To support the functions of the supervisory system, and at the same time to maintain its
generality and flexibility, the following design requirements were considered:
« A central control mechanism for invoking application programs;
o The ability to store and retrieve data from the central database;
« The ability to interpret different states of each application program and take an
appropriate action when necessary;
« The ability to use heuristics for controlling the design process when needed; and
¢« The ability to easily expand the supervisory system by including additional
application programs, modifying existing programs, or modifying the design
process.

5.3 The ProSS Language Constructs

A declarative language, called the Prototype Supervisory System Language (ProSSL) has
been developed for representing the ProSS knowledge [Rasdorf89a). The supervisory rules
are the ProSSL statements which are defined using a set of functions, a set of predicates,
and a set of logical operators. These constructs are discussed below. (NOTE: The list of
functions and predicates is not complete since more will be needed to provide the
expressive power required for controlling the CFDS.)

5.3.1 Functions
A ProSSL function has zero or more attributes, performs a specific task, and returns a
single value. The following is a partial list and description of the ProSSL functions.
o file exists(X): Verifies the existence of the file.
o generic_I(Input, Output); generic 2(Input, Output); generic 3(Input, Output); or
generic_4(Input, Output): Invokes the application program linked to the generic 1, 2,
3, or 4 interface program, respectively. Input and Ouwtput are file names for the
application program.



« load(X): Loads the system file X into the C Language Production System (CLIFS)
environment, This capability is provided by the CLIPS environment (The same is
true for the next two functions.)

« resef( ): Resets the supervisory system.

» run( ): Executes the supervisory system .

A complete list of ProSS functions can be found in reference [Rasdorf89a].

5.3.2 Predicates
A ProSSL predicate has zero or more attributes and represents a specific relationship
between its attributes. A selected portion of these predicates are described below.

« check(Application): Identifies the application programs whose input file must be
verified prior to their invocation.

« conditionsI(Application, Status, Description, Message): Defines the action the
supervisory system takes after executing an application program in the interactive
mode.

» conditionsN(Application, Status, Description, Action_type, Action): Defines an action
the supervisory system takes after executing an application program in the non-
interactive mode.

» display(Menu): Identifies the menu to be displayed.

do(Application, Mode): Indicates the mode, either interactive or non-interactive, in
which an application program needs to be executed.

execute(Interface, Input, Output): Processes an execution job from ProSS's wait-
queue.

resolve(Application, Action_code, Action): Indicates the type of action that needs to
be taken after executing an application program.

status(Application, Status_code): Defines the status code associated with an executed
application program.

A complete list of ProSS predicates can be found in reference [Rasdorf89a].

[ ]

5.3.3 Logical Operators
ProSSL uses three logical operators for constructing supervisory rules from the functions

and predicates. These are
= (implication),
» (conjunction), and
— (negation).

5.4 The ProSS Generic Modules

The supervisory system interacts with the application programs via a set of interfaces called
generic modules [Rasdorf8%a] as shown in Figure 4. A generic module is invoked by the
control mechanism, and in turn, it invokes the appropriate application program. The
system passes two parameters into the generic module. These parameters define the input
and output filenames for the application program. A status code is returned by the
application program to the generic module. This code defines the status of the application



program upon termination. The status code is passed from the generic module to the
system and is stored as a message in the system messagebase. Four generic modules, each
composed of a C interface and a FORTRAN interface, are defined in ProSS . (See Figure

3.)

The C programming language interfaces are responsible for extracting the arguments (the
input and output filenames) of a ProSS function call and passing the arguments to the
corresponding FORTRAN interface. The C interface invokes a corresponding
FORTRAN interface, passes it the arguments, and returns to the supervisory system the
status code transmitted by the FORTRAN interface.

The FORTRAN interfaces are gateways for accessing application programs from the
supervisory system. Each FORTRAN interface is responsible for receiving an input and an
output filename from its corresponding C interface, converting the character string
arguments from C to FORTRAN, and invoking the appropriate application program.

5.5 The ProSS Knowledge Base

The knowledge base of the supervisory system consists of a database, a messagebase, and a
rulebase [Rasdorf89a] as shown in Figure 6. The database contains general information
about the application programs that are linked to the supervisory system. The messagebase
contains the supervisory system messages, which are defined by the system at run-time and
which represent the actions that need to be taken by the system. The rulebase contains the
supervisory rules. These rules define the existing strategies for invoking the application
programs and handle abnormalities that may arise during the application program's
execution.

The supervisory knowledge is stored in the knowledge base via the supervisory system
language (ProSSL). The building blocks of this language are a set of functions and
predicates. Below is a description of the database, messagebase, and rulebase.

5.5.1 The Database

This component contains the permanent facts that describe the characteristics of the
application programs that are linked to the system. By defining its characteristics in the
database, a new application program can be easily added to the system. It is also possible
to remove an application program from the system by removing the facts that are related to
that application program. Three of the database's six relations, Check, Conditionsl, and
ConditionsN, are defined below. (Each relation is a manifestation of the predicate bearing
the same name.)

Relation Check: This relation defines the application programs whose input file need to be
checked prior to their invocation. If the input file does not exist, the system bypasses the
program invocation. This relation has one attribute, and is represented by Check
(Application). It contains the following data:



Relation: Check
Application

NASCAD
TORIM

Relation ConditionsI: This relaion specifies the types of conditions associated with an
application program status code, and defines an appropriate action to be taken after
executing the program in the interactive mode. Its four attributes are represented by:
ConditionsI(Application, Status, Description, Message). Tt contains the following data:

Relation: Conditions/

. Application | Status | Description !' Message !
MNASCAD 0 SUCCESS “issuccessfully processed® |
NASCAD 1 | invalid input_file "input file does not exist"
TORIM 0 SUCCESS "issuccessfully processed”
TORIM 1 invalid_input_file "inputfile does not exist”
TORIM 2 no_database *‘outputfile does not exist*
TORIM 3 invalid database "output file does not exist”
TONASCAD 0 | success "issuccessfully processed”
TONASCAD 1 no_database | *Input file does not exist"
TONASCAD 2 invalid database | "outputfile does not exist” |
RIM | 4] Success "issuccessiully processed®

Relation ConditionsN: This relation specifies the type of conditions associated with an
application program's status code, and specifies an appropriate action to be taken after
executing the program in the non-interactive mode. Its five attributes are represented by:
ConditionsN(Application, Status, Description, Action_type, Action). It contains the following
data:

Relation: Conditions'
Application  Status Description | Action Type | Action
NASCAD 0 success D "issuccessfully processed®
MNASCAD 1 invalid_input _file 1 "wex1"
TORIM 0 success 0 "issuccessfully processed"
TORIM 1 | invalid_input_file 3
TORIM 2 | no_database 1 “@crs*
TORIM 3 invalid databass 1 "@erst
TONASCAD 4] SUCCESS 0 "is successfully processad®
TONASCAD 1 no_database 2 "Invalid or no database®
TONASCAD 2 | invalid_database 2 | "invalid or no database”

5.5.2 The Messagebase
The messagebase of ProSS contains the pertinent messages for monitoring and controlling
the application programs [Rasdorf89a]. These messages are defined using the ProSSL
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predicates pmpand are dynamically inserted into or removed from the messagebase at run-
time. The messagebase is organized into a local messagebase, a system messagebase, and an
auxiliary messagebase, all of which are described below and illustrated in Figure 6.

The Local Messagebase: This component contains the local messages which are the means
by which the control mechanism determines the status of the system. These messages are
partially listed below.

o display(Menu): When this message is placed in the messagebase, the system displays

the menu indicated by the variable "Menu".

« status(Application, Status code): This message indicates the status of an executed

application program.

o resolve(Application, Action code, Action): When placed in the messagebase, this
message forces the system to take an appropriate action after executing the
application program.
do(Application, Mode): This message indicates the need for executing an application
program in the specified mode of operation.
option(Menu, Opfion_code): This message indicates which menu item has been
selected by the user.

e plan(A, B, . . .): This message identifies a plan of actions which involves executing

the application programs A, B, . . ., respectively.
A complete listing can be found in reference [Rasdori8%a].

The System Messagebase: The messages that are placed in this messagebase are referred to
as system messages. These messages identify the application programs to be executed. The
system messages and their intended interpretation are given below.

» execute(Interface, Input, Output): This message is placed into the system messagebase
when an application program needs to be invoked. Consequently, the system places
into the system register. The interface module's name (which is linked to the
application program) and the application program's input and output file names.

« register(Interface, Input, Oufput): This message indicates that the system register
contains the pertinent information for invoking an application program. When this
message is placed in the messagebase, the system invokes the Interface program.

The Auxiliary Messagebase: The one auxiliary message that is currently placed in this
messagebase follows:
o display(aux, Menu): This message indicates to the system that when all the messages
in the local and system message bases are processed, the menu indicated by the
variable Menu needs to be displayed.

5.5.3 The Rulebase

The statements of ProSSL are rules which are defined using functions, predicates, and
logical operators. Each rule has a condition and an action part that are separated by the
implication (=) operator. Each part contains a number of functions and predicates. The
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functions and predicates associated with the condition and action parts of the rule are
called the condition and action functions and predicates, respectively.

A rule performs an action (or actions) defined by its action functions and predicates.
When the condition predicates of a rule are matched by the messages in the messagebase,
and the condition functions are successfully evaluated, then the action predicates are either
inserted into or removed from the messagebase as messages and the action functions are
evaluated.

The rulebase is broken down into three types of rules: local, system, and auxiliary. An
example of each of these categories is included below. In these examples the predicates
identified by the symbol { are inserted into the messagebase. The predicates identified by
the symbol | are removed from the messagebase. Constant symbols are identified by lower
case letters, variable symbols are identified using an upper case first letter, and functions
are identified by the symbol $.

Local Rules: This category includes four groups: start-up, regulatory, action, and reset
rules (a total of 19 rules). Below is the start-up rule.
If the initial fact message exists in the local messagebase, then place the message for
displaying the main menu in the local messagebase and remove the initial fact message
from the local messagebase.

initial fact() = fdisplay(main)a linitial_fact()

System Rules: One example of the six system rules is given below.
If 1) the register message with an interface and input and output file names is in the local
messagebase, 2)the link relation links an application to an interface, 3) the check relation
indicates that this application needs to be checked, and 4)the input file name does not exist,
then insert the status message with a code of 1 info the local messagebase and remove the
register message from the local message base.

register(lnterface,Input,Output) ~ link(Application,Interface) » check(Application) A
Sfile_exists(Input) = status(Application,1) » Tregister(Interface,Input,Output)

Auxiliary Rule: The one auxiliary rule follows.
If the display aux message is in the auxiliary messagebase, then insert the display message
info the local messagebase and remove the display aux message from the auxiliary
messagebase.

display aux(Menu) = fdisplay(Menu) » | display aux{Menu)

A complete listing of the local, system, and auxiliary rules, along with their description, can
be found in reference [Rasdorf89a].
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5.6 The ProSS Control Mechanism

The ProSS control mechanism monitors the application programs by processing messages
using a deductive inference strategy called forward chaining [Rasdorf89a, CLIPS87]. This
strategy activates (fires) the supervisory rules when their condition predicates are found as
messages in the messagebase. The firing of a rule results either in placing or removing one
or more messages in or from the messagebase, or in evaluating a function. Rule firing ends
when no more messages exist, or when no rule can be fired based on the existing messages
in the messagebase.

Messages and supervisory rules are grouped according to whether they are local, system or
auxiliary. Generally, messages are processed using rules of the same name (i.e. local rules
are processed using local rules, etc. ). These rules are assigned priority numbers, with local
rules having the highest priority, and auxiliary the lowest.

Figure 6 depicts the relationship between the messages and the rules in the knowledge
base. In this figure, an arrow going from a messagebase/database to a rulebase indicates
that the messages/facts in the messagebase/database are used for firing the rules in the
rulebase. Similarly, an arrow going from a rulebase to a messagebase indicates that the
messagebase is modified by firing the rules in the rulebase.

3.7 ProSS Modes of Operation

ProSS supports both interactive and non-interactive modes of operation [Rasdorf8%a). In
the interactive mode the user can 1) actively invoke any of the existing application
programs using the interactive menu, 2) define the input and output data associated with
the application program, 3) terminate the application program and return to the interactive
menu, and 4) either invoke another application program or end the current operation cycle
by returning to the main menu.

In the non-interactive mode the user can only choose from a set of predefined plans of
action that are automatically processed by ProSS. Currently this mode contains two
predefined plans of action, referred to as Plan 1 and Plan 2, which the user selects from the
main ment.

Plan 1: This plan executes the NASCAD geometric modeler and the TORIM interface
program, each of which has its own input and output data files. This plan 1) invokes
NASCAD given its input file name, 2) stores the NASCAD output data in the designated
output file, 3) invokes the TORIM interface program, and 4) transfers the NASCAD
output data to the RIM database. This plan considers the following conditions.
« If the NASCAD input file does not exist, then ProSS executes a command file to
generate the input file.
s If the TORIM output file (the RIM database) does not exist or if it is inconsistent,
then ProSS executes a command file to generate the RIM database.
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Plan 2: This plan executes the TONASCAD interface program and the NASCAD
geometric modeler, each of which has designated input and output file names. This plan 1)
invokes the TONASCAD interface program, 2) converts the geometric data stored in the
RIM database into NASCAD geometric data, 3) stores it in the TONASCAD output file,
and then 4) invokes NASCAD and loads data into its internal database. The user can then
display and modify the data interactively. The plan considers the following condition.
« If the TONASCAD input file does not exist or if it is inconsistent, then the user is
placed in the interactive mode for resolving the problem. Once the problem is
resolved, the process continues in the non-interactive mode according to the plan.

6 EXAMPLES OF ProSS CAPABILITIES

This section explains how ProSS is invoked and provides two examples which show how the
interaciive and non-interactive modes work. Sample screens are presented, with the user's
input in boldface and all other information (i.e., that printed by ProSS, the operating
system, or by the application programs) in the normal type font [Rasdorf89a].

6.1 Invoking ProSS
ProSS is invoked by typing:

$ SUPERVISE

at the operating system level (designated by the "$" prompt). The supervise command
places the user in the ProSS environment with its CLIPS prompt ("CLIPS >"). In ProSS
the user loads the knowledge base files using the load command, and then initializes and
runs the system using the reset and run commands, respectively.

r 3
CLIPS (V4.10 10/05/87)

CLIPS= (load "supervise®)
CLIPS= (reset)
CLIPS> (run)

Loading the Database ... 5355859

Loading the SystemRules ... ******

Loading the Local Rules ... teiiiddiasaiaias
Loading the Auxiliary Rules ... *

L o

As the database, the system rules, the local rules, and the auxiliary rule(s) of ProSS are
loaded into the ProSS environment, the above messages are displayed on the screen.
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ProSS starts its operation by displaying the main menu.

i 3
Supenvisory System Main Menu
Irteractive MOTE.....cosmmmmssssnssrnriases [1]
(S e A B [2]
12 e L R [3]
Operating System Command............... [4]
. o

The main menu enables the user to run the system either in the interactive mode or in the
non-interactive mode, represented by options 2 and 3, respectively.

6.2 The Interactive Mode (Invoking NASCAD)

The interactive mode of operation, activated by selecting option 1, allows the user to
interactively invoke each application program that is linked to ProSS. This system displays
the interactive menu, shown below, which lists all the available options.

r £
Option? 1
Irteractive Mode Menu
ForNASCAD ApplicationEnter-.................... [11
ForTORIM Application ENer: ....ceeeeeecresens [2]
ForTONASCAD ApplicationEnter: .............. [3]
ForRIM ApplicationEnter: ..........ccccienienen, [4]
ToGoBackToMainMenu:..........oceveeceevennee. [5]
Y J
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The NASCAD geometric modeler is invoked by Option 1 of this interactive menu. Upon
selection of option 1 the system prompts the user for the NASCAD input and output file
names.

Option? 1

Enter NASCAD Input Filename: SURFACE.DAT
Enter NASCAD Output Filename: SURFACE.DAT

k. .

In this example it is assumed that the NASCAD geometric data exists in the file
"SURFACE.DAT" and the user's intent is to modify and store the data in the same file.
Once inside NASCAD, the user types the following command to direct the NASCAD
graphics output to the desired terminal (in this case a Tektronix terminal TKAO:).

i ™
NEXUS/NASCAD - October, 1286 version

> TERM ‘GRAPHICS’ *4095/ TKAD:’
\ J

Next, the user types the NASCAD INPUT command to load the data into the NASCAD
internal database and the NASCAD SHOW command to display the resulting model on
the Tektronix terminal TKAQ.

= INPUT
> SHOW
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The displayed graphics model is shown below.

il B

Dr i v e Sur face

e >

The user can now modify the model using the full range of NASCAD commands as
described in the NEXUS/NASCAD System Handbook [NASCADS6].

The modified geometric model is then saved in the specified output file by typing the
OQUTPUT command. The EXIT command terminates NASCAD and returns control to

the supervisory system.

= QUTPUT
> EXIT

After control is returned to the supervisory system, the interactive menu is again displayed.
At this point the user can either invoke another application program or return to the main
meniL.

6.3 The Non-Interactive Mode (Plan 1)

The non-interactive mode with its two plans, as described in Section 5.6, allows the user to
automatically execute a predefined sequence of actions. Plan 1 executes the NASCAD
geometric modeler. The NASCAD model is saved in the default NASCAD output file
(FOOT.DAT), the RIM database is initialized, and the TORIM interface program is
invoked. This results in the transfer of data from the default NASCAD output file to the
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RIM database. After the plan is completely executed, the system displays the following
message and returns to the main menu.

TORIMis successfully processed.

7 SUMMARY

This paper briefly discussed how the manual design and manufacture of custom orthopedic
footwear can automated through an integrated CAD/CAM system. After presenting the
overall architecture of the system, the authors proposed and briefly discussed the
supervisory system design requirement to control such an automated CAD/CAM
environment.

This paper focused on a prototype implementation of the supervisory system named ProSS
(a Prototype Supervisory System) and provided a detailed description of its architecture.
This architecture included such application programs as the geometric modeler
(NASCAD), the Relational Informational Management (RIM) database, and two interface
programs between NASCAD and RIM (TONASCAD and TORIM). Other components of
the architecture included the language constructs (ProSSL), generic modules, knowledge
base, control mechanism, and modes of operation. The paper ended with brief examples of
how to invoke the system and how to use its interactive and non-interactive modes of
operation.
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Figure 1: The Data Path in the Custom Footwear Design System
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Figure 2: The Custom Footwear Design Process
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