MD-A163 952  INTERACTIVE COMPUTER GRAPHICS FOR ANALYSIS AND B
OF CONTROL SYSTEMS(U> AIR FORCE INST OF TEC! DEsiaN 13
HR!GMT-PHTTERSO AFB OH SCHOOL OF ENGIIEERINB
UNCLASSIFIED R BULLARD DEC 83 RFIT/BE/EEIBSD




TR P Wy gaT et eu se Wac

R N TN N IR

IN
tn

L

§

2 e s

EEEE
EEEE
N
N

Som—

—

r

3

X3

=

N m
o

FFFEF

.

o

MICROCOPY RESOLUTION TEST CHART
NATIONAL 1R 414 OF CTANDARDS-1963-A

IS R A R RGN
L-l-rl-i—x-:.‘.sc; LRGN




DISTRIBUTION STATEMENT A

Approved for public release;
Distribution Unlimited

DEPARTMENT OF THE AIR FORCE
AIR UNIVERSITY e
AIR FORCE INSTITUTE OF TECHNOLOGY o
———————— R "

Wright-Patterson Air Force Base, Ohio




. Y NAATA

. '

DTIC L
ZLECTE T
FEB 1 2 1986

INTERACTIVE COMPUTER
GRAPHICS FOR ANALYSIS AND
DESIGN OF CHONTROL SYSTEMS

THESIS

AFIT/GE/EE/85D-5 John R. Bullard
Capt. USAF

Approved for public release; distribution unlimited

-t
S
e
N
S
LN
RS
NN
.
o

-------




e

IR LEOAENMERE A

At

AFIT/GE/EE/85D-5

INTERACTIVE COMPUTER
GRAPHICS FOR ANALYSIS AND

DESIGN OF CONTROL SYSTEMS

THESIS

Presented to the Faculty of the School of Engineering
of the Air Force Institute of Technology
Air University
In Partial Fulfillment of the
Requirements for the Degree of

Master of Science in Electrical Engineering

Accesion For

OTIC T1AB
Ui anrou. ced ad

Jus sthios
John R. Bullard, B.S.E.E. sstifcavon -

A
NTIS CRA& Y}
0

Captain, USAF By e
Ditib tio.]

Avauaﬁﬁny Coces
Di t rAvan. a d/df
December 1985 i Spucial

Al |

Approved for public release; distribution unlimited.




-

1.7

RURAE o

Ad
.

]
e

i

IRV

RO

¥ v“'

LSTLENEN

W ' atd’ ot 8 «¥) olh o9 it g MR TRN VIR NIAALY oy ! T e

Preface

This investigation is a continuation of the Interactive Control
Engineering Computer Analysis Package (ICECAP) which began with Captain
Glen T. Logan and has been continued by Major Charles J. Gembarowski in
1982, Captain Robert E. Wilson and Captain Mark A. Travis in 1983,
Captain Abraham T. Armold and Lt Chiewcharn Narathong in 1984, The
purpose of this package, which is hosted on a VAX 11/780 computer, is
to aid the control engineer in the design and analysis of continous and

discrete control systems.

I wish to thank Robert L. Ewing for this invaluable assistance on
the use of the VAX 11/780 and on the use of GWCORE. I wish to thank
Dr. Gary B. Lamont for his guidance and encouragement throughout this
thesis effort. Also, I would 1like to thank Dr, Robert E. Fontana,
Captain Gary C, Tarczyski and Captain Susan Mashiko for their
suggestions and encouragement during the development and design of the

interactive graphics design.
Finally, I would like to thank my wife, Linda, and family for their

support and encouragement and for the many sacrifices they made during

my graduate study.
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ABSTRACT

This thesis reports on the on-going effort to design and implement
an Interactive Control Engineering Computer Analysis Package (ICECAP).
When fully implemented this package will allow control engineers to
design and analyze continuous and discrete control problems. This
project was started by Captain Glen T. Logan's implementation of TOTAL.
Captain Charles J. Gembarowski continued Logan's effort and began
implementation of the "user friendly" command structure. Captain Mark
Travis modified the graphical output and incorporated the use of a
graphical package called GWCORE. Captain Robert E. Wilson implemented
the help/teach modules and completed the continuous time functions
started by Gembarowski. Captain Abraham Armold provided the discrete
command structure so that discrete analysis and design could be
performed by ICECAP.

The main emphasis of the thesis investigation was to implement an
interactive graphical input routine which would complement the DEFINE

commmand which exists in ICECAP.
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Chapter I

INTRODUCTION

¢

A

INTRODUCTION C

‘\\f)The purpose of this thesis effort is to continue the work of
improving and adding to the interactive graphics controls package
called ICECAE,Q The main emphasis will be on providing a graphical way
of entering the desired system's characteristics into ICECAP versus
TN
entering the system's open-looped transfer function (OLTF) through the
keyboard. This will allow, for example the control engineer the
ability to graphically place the desired system's polec and zeroes
through the use of the cursor control keys of the keyboard. In
addition, the option of displaying the locus solution, for the entered
OLTF, will be available to the user, with the added capability to add

and delete new poles and zeros without deleting the previous computed

locus sclution,

In control engineering, one of the engineer's goals is to control
a system, A system 1is an interconnection of components forming a
system configuration which will provide a desired system response (5).
The system to be controlled for example may be chemical, electrical, or
mechanical. But in order to accurately determine the resulting output
of a control system, it requires that the control engineer model this
system in the most accurate way possible. ‘y: - . ﬁ;}3 S -,
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Since the "dawning" of digital computers, the control engineer &-
A
tried to harness the mathematical power of computers to model and Y N

design systems better. At first, computers were used mainly for

o,
s

"number crunching". As computer hardware became cheaper, newer and

faster methods were developed which allowed the control engineer to

have come into the design process. Graphics gives the designer more

}

b

3

[

%. aacomplish many functions within the same program. Recently, graphics
‘ flexibility in displaying the open-loop transfer function and its
b

3

solution and provides to the user a more accurate picture of desired

system.

e!— BACKGROUND

The Air Force Institue of Technology (AFIT), under the direction of
Dr. Gary Lamont, has supported several efforts to develop an integrated
computer-aided design tool for the analysis of control systems. The
initial baseline was developed in a 1978, by Stanely J. Larimer (1), in
which a computer program was developed called TOTAL (An Interactive
Computer-Aided Design Program for Digital and Continuous System
Analysis and Synthesis), Since the introduction of TOTAL, several
thesis efforts have added and modified TOTAL, such as the provision to

perform matrix operations and improved graphics.

TOTAL is an interactive controls package which is currently hosted
on the CDC Cyber at Wright-Patterson AFB, Ohio (1). TOTAL was rehosted

I-2
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by Glen Logan to run on a VAX 11/780 (2). TOTAL prompts the user with
an OPTION> statement which the user must respond with a particular
option code, based on the desired action. However, the prompt does not
describe nor inform the user which code should be entered and it became
very tedious either to remember these codes or to have a user's guide
next to the terminal in order to make use of the control package. In
an effort to make the VAX version of TOTAL more friendlier, Charles
Gembarowski wrote a Pascal umbrella package which provided the user
with menus in which the available commands were shown to allow the user
to step through the package without having to remember code option
numbers or have a user's guide next to the terminal (2,3). After these
and many other improvements, the VAX TOTAL was renamed ICECAP

(Interactive Control Engineering Computer Analysis Package).

ICECAP is a menu driven TOTAL, which results in a friendlier human
interface. It also has a help command to provide to the inexperienced
user information about the commands provided in the menus. Once the
user understands the commands and the command structure, the user can
then abbreviate and combine commands to reduce time of working through
the menus. ICECAP provides the user with a list of possible commands
before each prompt. The user then selects the desired command., As
each command is selected, it activates another command menu until all
the information needed is provided. The user then has the choice of

displaying the output on the screen or may send the data to a file for

printing.
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ICECAP has just recently been made available to the control
engineering students., ICECAP is currently hosted on the VAX/VMS
computer system, ICECAP is a menu driven program with all of the
functions of the TOTAL controls packages plus many other improvements

such as discrete system analysis and matrix operations (25,28).

The output from ICECAP is a graphical description of any system
entered in by way of a system transfer function. Several graphical
plots are available, such as the root locus plot, bode plot, and
overall system response, A user may view on the screen or print to a
local file the root 1locus, the system response to various inputs, a
Bode diagram, showing both a phase and magnitude plot, and a
description of the system's figures of merit. Initially all of the
plots used text characters such as stars (*) and dashes (-). Mark
Travis, in a follow-on effort, rewrote all of the screen graphics using
a graphics package called GWCORE (4). By doing this, all of the screen
displayed plots could be drawn using lines for the grids and plots.
This provided to the user a clearer picture of the system's response.
In addition, Captain Travis provided the capability to display four
plots (root locus, system response, magnitude and phase Bode plots) on
the same screen, simultaneously. This greatly enhanced the pictorial
description of the entered system. This allows the user to see all of
graphical outputs on the same screen and giving the user a more

definitive description of the system characteristics.
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PROBLEM STATEMENT

To enter the system description into TOTAL or ICECAP, the user must
enter the computed transfer function either in polynominal or factored
form. This requires the user to do advance computations prior to
entering this into the controls package. The objective of this thesis
is to modify the ICECAP program to allow the user to input the system
characteristics through graphical means. Also, the iterative process
of design and computation will be reduced by having the controls

package compute and display several root locus designs to the user.

SCOPE

This investigation is primarily concerned with continuous time
systems but since this thesis is primarily concerned with the graphical
description of a system, this may be used in the discrete systems as
well, The baseline for this thesis investigation is the result of Mark
Travis's thesis (4), ICECAP-II, as well as the present version of
ICECAP, titled just ICECAP. Also, since the graphic outputs are
currently displayed on the Tektronicx 4014 terminal, this terminal will
be used initially, until a driver is written which will allow the
graphics to be displayed on a VT 240 terminal or the VT 125, GWCORE
will be wused to display and store the various computed root locus

designs.
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APPROACH

The first step will involve a complete familiarization of ICECAP
so that all functions and routines are well known. Since the ICECAP
program is hosted on the VAX/VMS, a knowledge of the VAX/VMS operating
system is also required. Once this is completed, then various ways of
interacting graphically with the VAX/VMS will be investigated. At
present, the cursor controls for example may be used or a computer
"mouse” may be incorporated. After familiarization, a set of
requirements for the graphics module will be identified and agreed upon
before the design stage starts. A human interface analysis will be
conducted to determine the best mode of graphical entry is available
and which grid would provide the most accurate input but also making it

a pleasure to use.

During the design phase various screen displays will be examined to
see which display would provide the "best" information to the user.
Then ways of improving the display will be investigated to see how
color will affect the display. A means of storing data will need to be
investigated which will allow a comparison analysis to be done of two
different systems, either graphically or through system
characteristics, to determine if the user’'s requirements have been met.
A scheme to store data is needed because the main program, ICECAP, only
allows the storage of one transfer function at a time. In order to
compare more than one transfer function on the same screen, the data

must be stored and available for interactive use.
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- Once the manner in which the graphical inputs is chosen, then a

- ARy

) driver program will be designed and coded which will test out various :$¢§a
o~ ) ' NS,
L points and grids for accuracy. This main program will call several Mo

subroutines and will be used to get familiar with the various graphical
routines. Once the graphics program is completed, the routines will be

integrated into ICECAP.

Once integrated, the final step will be to test out the modified
= ICECAP package with various students and instructors, if possible. A
- series of test cases will be tested out to verify the various
capabilities of the new graphics module. Throughout this thesis
'< investigation, documentation will be maintained to provide a "living

document" which will provide a stepping stone map of the steps taken to

accomplish this thesis investigation,

. THESIS OVERVIEW

Chapter two discusses in detail the requirements of the interactive
graphics program. Specific tools will be examined including topics on
the human interface, computer graphics, and software engineering

methods for software design. Chapter three examines twelve guidelines

’
ro

relating to interactive design which should be considered. Chapter

D IR
o 4 8

:

.

four lays out in detail the design of this thesis investigation. The
interactive grid for the two design planes will be discussed along with

an indepth discussion of all of the commands and the result of each,
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- Chapter five presents the results of testing. Chapter six concludes

P o

with discussion of specific accomplishments and recommendations for

4 - (AP

further efforts, There are eight appendixes which help to provide a

4

-~

"living document" for future investigations. Appendix A describes all
of the main modules contained in the umbrella Pascal program. Appendix
B is a comprehensive list describing all of the other fortran modules
of ICECAP. Appendix C 1is the first flow chart of ICECAP. This

appendix contains a complete flow chart of every command within ICECAP.

TR T

The author wishes to thank Cynthia F. Marshall and Derrick Riddle for
their time and efforts in making this structured chart. Appendix D is
a "living document" of computer-aided control packages, listed in
alphabetical order. Appendix E describes all of the commands of ICECAP
along with the valid abbreviations. Appendix F provides data flow
diagrams of ICECAP. Appendix G gives specific instructions on where
the source code for the results of this investigation will be kept,

Appendix H describes to future thesis students intructions on how to

invoke and add new modules to ICECAP.
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Chapter II

REQUIREMENTS DEFINITON

INTRODUCTION

Past efforts have modified, improved and added capabilities to the
computer-aided design tool called TOTAL, and has evolved to what is
known today as ICECAP. Initially TOTAL was used as a simple control
analysis tool, but with the addition of math functions, discrete time
analysis, and other functions, ICECAP has become an invaluable aid to
control analysis and sythesis, But with all the modifications and
additions, the input mode for TOTAL and ICECAP has remained the same,
the keyboard, This effort will expand the input mode for ICECAP and
allow the user to input system characteristics graphically as well as
allow the user the options of displaying several root locus design on

the same grid.

This chapter discusses some the tools that are considered in this
effort. First the basic structure of a typical control system is
described. Next a human interface section discusses some of the
techniques used to convey information from machine to the user.
Computer graphics is discussed next in which various physical devices
are described. Next software engineering topics are discussed which
describe different approaches to breaking a complex program into
several simple routines which are linked into one main program.
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Lastly, a description of the constraints and functional requirements
are given which supports the identication of the main objectives of

this investigation.

System Analysis

Typically, a control engineer sets up the control system similar to

the block diagram shown in figure II-1 (29:146).

——ee=>0====>| GTF |—-d~—>
I ----- HTF {--
where: GIF - is the forward tranfer function
HTF - is the feedback tranfer function
OLTF - is defined as GTF*HTF
CLTF - is defined as GTF
1+GTF*HTF

Figure II-1. Typical Control Block Diagram

There are two common methods of specifying transfer functions for
input into ICECAP: ratio of polynominals and polynominal roots
(factors). The control engineer (user) may specify the open-loop
transfer function (OLTF), or the closed-loop transfer function (CLTF)
directly into ICECAP, or may specify the forward transfer function
(GTF) and the feedback transfer function (HTF) and have ICECAP combine
the GTF and HTF to compute the required OLTF and CLTF. If the OLTF is

entered into ICECAP, in factored form, the root locus can be plotted

I1-2
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directly. But if the transfer function is entered in as a ratio of
polynominals, then these polynominals must be factored to determine the

factors needed for the root locus plot.

ICECAP can provide the following graphical outputs: Bode plot
(magnitude and phase), time response plot, and a root locus plot.
When ICECAP is run on a graphics terminal, e.g. tektronix 4014, the
graphical output to the screen are line plots. When ICECAP is run on a
non-graphical terminal, e.g. VT 100, the graphical plots are drawn with
characters. Either terminal output is sufficient for the control
engineer to do control engineering analysis, because tablular data can

be provided which gives exact values at crucial points of interest,

Human Interface

IR TR Rt St M P A S N M RN ‘-_J..q’- N
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The interface between the computer and the user is probably one of
the most important areas when it comes to interactive graphics. If
the interface isn't designed well, it could lead to degraded user
productivity, frustration and confusion. It has been demonstrated that
the human mind is visually oriented and information can be acquired
significantly faster "by discovering graphical relationships in complex
pictures than by reading text" (30:12). Text is a one-dimensional
sequential string of information, while graphic pictures provide up to
three dimensions (maybe more) of information which to a trained user
can indicate the overall performance or crucial points of a systems

response,
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The human interface is composed of two languages: the language
between the user and the computer and the language between the computer
and the user (7). In order for the user to interact with the CAD
package, the user must know what commands or actions are required and
what the affect of the command or action will be. Normally, a
computer-aided design (CAD) package will present a prompt to the user,
indicating that the system is on and waiting for user inputs. The
prompts given to the user can be as simple as a blinking cursor or as
complicated as multi-dimensioned windows., Within ICECAP, menus are
provided which display to the user specific command words which are
valid for that level of interaction. This has two advantages: 1) the
user does not need to remember specific commands or actions in order to
accomplish a desired task, and 2) the novice as well as the experienced

user can use the CAD package with very little training.

To reduce confusion and increase productivity, the keywords used in
the menus must have some meaning to the user. In ICECAP, menus are
provided at each 1level of the process until all the information is
provided, For example, the following commands are used to input a

forward transfer function:

DEFINE - this indicates the input mode

GTF - indicates that the forward transfer function will be
provided
POLY - indicates that the transfer function will be

provided in polynominal form

I1I1-4
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- Within ICECAP help is available for the inexperienced user which NG
explains the valid commands of ICECAP. This will be continued in this Eﬁff'
»":\.“‘;":

effort so that the user can effectively use and understand the various QQ};}
ARy

L.."“_h..

aspects of the graphics package., For the experienced user of ICECAP, :e:::.

l commands may be catenated together, and/or abbreviated which helps to

reduce interaction time and provide the desired activity sooner.

A means for error checking should also be included as part of a

v

i good CAD package so that the user is assured that the entered command i._,~
is wvalid, This error checking should screen all commands and respond
with an appropriate message if an error occurs while entering commands.

. ICECAP uses case statements to compare entered commands valid ICECAP if; i
commands. If the user enters a command that is not valid, ICECAP ;;E

repeats the entered command back to the user along with a statement con

' Q! that the command is not a valid ICECAP word.

- The language used by the computer to communicate with the user is
. in two modes: textual and graphical. The textual language must be ._.:i

clear and concise. It must be understood by the user in order to have

any meaning., The menus of ICECAP are meant to present to the user a

L DI

description of some desired action which the user may want to
accomplish, Error messages must also convey some meaning to the user
or the user will become frustrated. The graphics "language' must be in
. a from that is understood by the user. If the graphical picture is not
displayed correctly, misunderstanding can occur. Graphical outputs of

ICECAP include the Bode plot (phase and magnitude), time response, and

root locus plots,

L9 B YA
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Computer Graphics

Computer graphics plays a great role in this effort. Previous
efforts have designed graphical outputs, but this effort will be the
first attempt to provide a graphical input. To simplify the task of
providing graphical tools in which to draw graphs and plots, a general
purpose graphics package will be used. This not only simplifies the
designers tasks but also allows the program to be flexible and portable

to other computer systems (12).

Since the physical world is larger than the computer graphics
terminal, a conversion must be provided to either magnify or shrink the
desired area so that it is of wuse to the user. This is known as
windowing (12:53). The graphics screen may divided into several
windows such as: a menu window, a command window or a graphics window.
The menu window would consist of a number of functions which the user
may select during the interactive graphics mode. The graphic window
would serve as the central area of drawing/designing. The command
window would be used to enter commands or particular parameters as
needed (13). A message window may also be incorporated, which may be

used to show the status of the system along with any error messages.

There are a number of ways that the user may graphically interact
with a computer-aided design (CAD) package: mouse, joystick, cursor
controls, trackball, lightpen. To have a control package which is
flexible as well as portable, several modes of interactive input should

be available for the user. The mouse, joystick, and trackball are all
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devices which when interfaced with a CAD package, indicate position

and/or orientation.

A mouse is a hand-held device which moves across a flat surface
moving two potentiometers. The output of these potentiometers are
converted to digital values and are used to determine the direction and
magnitude of the mouse's movement. Buttons are provided to select or

de-select commands and/or information off the CAD screen (8).

The joystick and trackball are other input devices which are used
to indicate position and/or orientation. While the joystick enables
the user to indicate direction and speed, the trackball allows the user
to specify the distance of the movement., The joystick has a greater
speed in moving the cursor across the screen, but it suffers in
accuracy. The trackball has a set of potentiometers which rotate as
the ball 1is turned. The resolution is usually finer and the accuracy

higher than that of the joystick (9).

The 1lightpen is a pointing input device. A lightpen is composed of
a photocell and an amplifier which is able to distinguish light and
dark screen areas., The light pen is great for selecting, but is very

limited in its ability to draw (10).

In 1967, the Stanford Research Institute conducted an experiment
with a mouse, a set of cursor controls, light pens and a joystick to
determine which one was the easiest to use, most accurate and "the
comparative ease with which the untrained user could become reasonably

11-7
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. proficient wusing the various devices" (11). The results of their
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experiments showed that the mouse was both faster an more accurate than

g
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the joystick, light pen or the cursor controls for the experienced
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v
(A SN

r
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user., However, for the inexperienced user, the light pen was faster
and more accurate, The joystick rated very low, partly due to the
ﬁ: scale which was applied: 4:1 for a normal finger position of the stick

verses 2:1 for the mouse potentiometers.

Software Engineering

Structured software design involves the process where a large
complex system is broken down into independent modules which, at their
lowest 1level, can be coded. Structured design also requires specific
well-defined statements about the inputs and outputs of the system, as

well as the data processing done within the system itself (13).

There are several ways to break up a large complex task into
smaller more managable  tasks. Three approaches are presented:
top-down, bottom-up, and structured design. The top-down approach
begins with the most general description of the solution and progresses
to the most detailed, which can be coded into a subroutine or

procedure, see figure II-2,
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Figure 1I-2, Top-down approach (14:18) :fhll

A top~-down design approach imposes a hierachical structure upon the

software program. There are several advantages to the top-down

approach, First the problem starts with the most general and
progresses to the specific., This ensures that all of the interfaces
between the system are identified and tested early in the design phase
(13:176). The top-down approach helps to ensure structured E‘;;
communication between modules and allows several modules to be ‘
designed, coded and tested independently of the overall system (15:45).

For this thesis investigation, the top-down approach will be used. By

The bottom-up approach, on the other hand, starts at the lowest

program module and progresses to the highest. This approach produces a

great deal of code in the early stages of the project development, but
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the progress is short lived., The greatest problem of the bottom-up
oA approach is the integration and debugging. When a problem is
discovered, it 1is very complicated to determine which module is at
fault., Since the lower modules are coded first, drivers are required

to test out the modules prior to integration (13).

One approach which has been developed by Stevens, Myers and
Constantine, to structure the interrelationships between modules, is
the structured designed approach. The structured design approach is
composed of three basic tools: data flow diagrams, structured charts,
and data dictionaries. Figure II-3 shows the basic elements of the

data flow diagram.

Figure II-3. Basic Elements of a Data Flow Diagram.

Referring to figure II-3, X 1is the data input to transformation
block F, which transforms the data X into Y. The activity described in

block F should represent the action on the input data X. The next step

is the generation of the structured chart, which describes the

relationships between different modules in a hierachical structure.
:; The 1last step is the development of the data dictionary., The data 2;{f
dictionary describes the data and the activities associated with the

e system,
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Constraints

Several constraints are involved in this effort. The hardware
constraints are that the graphics input mode must be compatible with
the current terminals available in the digital laboratory, e.g. VT 100,
VI 125, VT 200, VT 250, Tektronix 4014, Evans/Sutherland. This range
of terminals provides a number of ways to input graphical data,
however, this effort will initially restrict the development on the
VT-125. The VT-125 terminal does have cursor controls, however, at
this time other modes of graphical entry have not been identified.
Since this investigation will use color as much as possible, a color

montior is needed to display and test out various designs.

There are several software constraints. The graphical library
currently in wuse in ICECAP is the GWCORE graphics library written by
the George Washington University (21). This library has recenty been
upgraded to provide some of the input routines that the first release
did not contain, With the use of GWCORE, several modes of input are
available such as a joystick, lightpen, trackball, and cursor controls.
Also, the graphical input will be used as a further addition to the
capabilities of the ICECAP package. The numberical data, menus,
command words, and error recovery must be compatible with the existing

ICECAP program.
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R
N A complete list of requirements for this effort is summarized in ;ﬁffﬁ
;- figure II-4. Each entry is prioritized. Those functions having a 20
priority of one will be considered a minimum in order to provide an tx*:!
interactive graphics input to the ICECAP package. Those functions with :ﬂ
a priority of two will be designed and implemented if time allows. The ?::
interactive graphics package will be a separate entity and will be isfﬂ
accessed by a selection of GRAPHICS by the user, within the existing ljfln
- ICECAP program,

Interactive Graphics Package

1. Root Locus Input (1)
2. Incorporation of color (1)
3. Display of the root locus solution (1) e
4, Provide the capability to expand, shrink, and zoom E::i
the displayed grid (2)
5. Provide user aids such as a unit circle and cross hairs el
designating major intersections (2) S
6. Allow for the entry of text onto the displayed grid (2) e
7. Allow the option of inserting and deleting poles and e
_ zeros into the design (2) -
_ 8. Provide on-line assistance for menu commands (2) E———

Figure I1-4. Summary of Requirements
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Summary

This chapter has defined and discussed in detail a.l of the
requirements considered essential for a interactive computer graphics
package. These areas include: System Analysis, Human Interface,
Computer Graphics, Software Engineering, Constraints and Summary of
Requirements. With these requirements, an interactive computer-aided
design tool should be easy to learn, modify (for future efforts) and

maintain,
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Chapter III

SYSTEM DESIGN

INTRODUCTION

This chapter will discuss some of the issues which must be
considered in the design of a interactive computer graphics package.
First, twelve guidelines relating to interactive graphic design will be
examined and specific decisions will be made on how they will be
integrated into the system design. Specific requirements will then be

discussed, along with draft designs of the root locus graphics.

HUMAN INTERFACE

In a graphical design, the communication link between the user and
the computer is one of the most important consideration of the design.
Without a good user interface, the user will become frustrated, bored
or angry with the communication and ultimately cease all further
contact with the computer program. The '"designer" of any computer
system, hardware of software, must consider several important areas.
Steven Woffinden, in his master's thesis brought to 1light twelve
general design principles that should be considered during the design

phase. These twelve guidelines are presented in Figure III-I.
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1. Determine the purpose of the system

2. Know the user

3. Identify the resources available

4, Identify the human factors of the design
5. Determine the interface language

6. Consider the operation language

7. Design for Evolution

8. Optimize Training

9. Accomodate different levels of experience
10, Compare input selections

11. Be consistent

12, Accomodate Errors

Figure III-1. General Design Principles (17)

Each of these guidelines will be addressed in the next few paragraphs.

1. Determine the purpose of the system

ICECAP's purpose is to help in the design and analysis of control
systems. This initially started with program called TOTAL (1). Later,
as more functions and capabilities were added it became apparent that
the user friendliness needed to be improved, ICECAP was designed to

II11-2




meet this need by providing a friendly interface through the use of
menus (25)., This effort continues the goal of providing a friendly
interface by providing a graphical means of entering the
characteristics of system to be designed and analyzed. The goal is to
simulate the process of the controls design (analysis and synthesis),
but to have the computer provide the "book keeping" necessary so that
the designer of a system need not be hampered with long or

I time-consuming calculations,

' 2. Know the User

L g

> S

PR ]
.

The wuser of this system will be a person with a need to design or

.F-
b

l 6. analyze a control system. This need can arise from a variety of
sources, from academic school work to the most complex control system
industry has to offer. Certain aspects of what is needed has already
been 1incorporated into ICECAP's design. This includes the menu-driven
displays, matrix manipulation, frequency- as well as time-domain

analysis tools, along with continuous and discrete time analysis.

[} .4 | PR

The user must always be kept in mind in any additions or
modifications of ICECAP since the user is the ultimate reason for
s ICECAP's existence as other design guidelines will indicate.
i

III-3
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3. Identify the Resources Available

The resources available for design are broken up into hardware and
software. There 1is a definite relationship between computer hardware
and the associated software that runs within it. But in order to make
the software as portable as possible on different hardware systems, the
software must be designed with portablility in mind. If this is not
taken into account, then the system becomes device dependent and thus
it restricts the usefulness of the software, For example, ICECAP-II
was designed and implemented on the Tektronix 4014 graphics terminal.
This ICECAP program was able to make use of the excellent graphics, but
in doing so it became device dependent and was not able to be
transported to other terminals. Only recently have drivers been
written which allow the excellent graphics to be displayed on the other
computer terminals,

Another aspect of the hardware/software interface which must be
addressed is the availablility of input devices. To design the
software to run only with a mouse or light pen may provide for a better
human factors design, but if other input devices are not provided for
then this too would restrict the portablility and versitility of the
"system'", To this end, this effort will make use of cursor control
keys which are available on almost all terminals. Other input devices
such as the mouse, joystick, light pen, etc, will be considered as time

permits so that all of these input devices can be used.

With the hardware and hardware/software issues addressed, the final
consideration is the software, Two areas need to be addressed: ICECAP

ITI-4
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X and the graphic programs. ICECAP as it stands today is a very powerful 5;
tool. The wuser can input the systems characteristics either in
polynominal, factored, or matrix form. Once entered, the system

characteristics can be subjected to various inputs such as an impulse, %f{“

a step, ramp or parabolic with user defined amplitude. It is

menu-driven and provides tabular as well as graphical output. This

software package is powerful, but at the same time complex. Care must

exercised when modifications or additions are made to ICECAP so that

the program does not lose any of its capablities or functions. The

user friendliness will be continued in this effort and will be

addressed further in guideline five, determine the interface language.

Another aspect to be considered is the availablility of graphic

programs., Since this effort is primarily concerned with interactive

I é! graphic displays, the choice of a graphics package is extremely

important. The choice will determine the versatility of the graphics

displayed as well as the portabilility of the resultant computer

' program, In AFIT's Information Science Laboratory (ISL), there are

four graphic packages which are available: Plot-10, GraLib, GWCORE,

GKS. Plot-10 is a Tektronix commerical product developed for use on

i the Tektronix 4014 family of graphics terminals. (18) Since Plot-10

was designed for the Tektronix terminal, it is a not device independent

graphics package, thus it will not be used in this effort.

P
)

GralLib 1is graphics package developed by the Lawrence Livermore

”
Y}

7l

Laboratory. (19) This package was designed to be a device independent

graphics package but it was unsuccessful. Several of the routines were

l -

transferred by Philip Tarbell in 1981, but the conclusion reached by




Tarbell was that it be used for graphics research and development (20).
Tarbell's recommendation was to use GWCORE.

GWCORE is a graphics package developed by George Washington
University (21). It has been used successfully in at least two
master's theses (4,32). GWCORE was developed on a VAX and can be used
on various computer terminals as drivers are written.

GKS is a Digital Graphics package that has just become available
within the ISL (31). The graphics calls are very similar to GWCORE,
but the best attribute of GKS is the portability. GKS comes with
drivers for the VT-125 monochrome, VT-125 color, VT-240 monochrome,
VI-240 color, and the Tektronix 40i4. This graphics package would have
been used if it was available sooner. GWCORE will be used for this

effort.

4, Identify the Human Factors of the Design

Henry Simpson, in his article "A Human-Factors Style Guide for

Program Design" discussed six design principles that should be

considered relating to human factors. These factors are shown in

figure III-2 (22).
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A. Provide Feedback

B. Be Consistent

C. Minimize Human Memory Demands

D. Keep the Program Simple

E. Match the program to the Operators Skill Level

F. Sustain Operator Orientation

Figure III-2, General Human-Factors (22)

A. Feedback

Feedback is necessary in all forms of communication., When humans
communicate, their facial expressions along with body movements such as
eye contact and nodding of the head, provide feedback to other humans
which nonverbally communicate interest and understanding. Feedback
from the computer on the other hand takes deliberate effort on the part
of the designer, It must be "designed in ", ICECAP currently provides
a very user friendly feedback, that of echoing back the user's input
and responding with an appropriate message when the input is not
consistent with command words that ICECAP "understands". This will be
continued with the addition of the interactive graphics package. In
the graphics part of ICECAP, the commands are echoed back and if the

user enters a command which is not valid, the program will response

with an error message. Also, as the user places the poles and zeros on

ITI-7




the root locus grid, the location of the pole or zero entered in will

be echoed back to the user to insure that the value is correct.

B. Consistency

Being consistent means that as the user progresses through the
program, the menus and error messages are displayed in a certain place
. on the screen and that the commands used mean the same thing whenever
they are used. For example, when entering in an open-loop transfer

function (OLTF), the user would enter

DEFINE OLTF

At this point the user has the choice of enterihg it in polynominal or
factored form. Selecting POLY to enter OLTF will respond in the same

way as would defining a CLTF POLY, e.g. the response is consistent.

C. Minimize Human Memory Demands

Through extensive studies, it has been shown that the human brain
can not be expected to accurately remember no more than seven values of
a given parameter at one time (23)., To help minimize the memory
demands, menus have been extensively used in ICECAP to provide to the
user commands which are valid, and hopefully have meaning to the user.
Care must be exercised when selecting the appropriate word (command) to
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be shown on the menu. The word must communicate some desired action,
s otherwise confusion enters the mind of the user causing frustration,
Help files should be provided, and are provided in ICECAP, to help
explain the words 1listed in the command menu, This goes back to
"knowing the user" and the command words and the explaination should

have a common baseline with the user.

D. Keep the Program Simple

Keeping the program simple refers to the interface between the user
and the computer program. The designer should build the software
package 1in a way such that the use of the package is simple and easy to

@. use. It should be as natural as possible to the way the user would
' accomplish the task without a computer. Keeping track of data should

be kept to a minimum, as mentioned in the previous paragraph and the

resultant output should be in a form that is understandable and useful

to the user.

E. Match the Program to the Operators Skill Level

This facet relates back to knowing the user. The designer of any
computer program must take into account the users skill level and
accomodate for changes in the wuser's skill level. Initially, the
novice user will need prompting for each input to the program and will

S rely on the help files a great deal, But once the user gains
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experience and knowledge of the computer program, the user may want to
by-pass the various command menus. This feature has already been
incorporated into ICECAP through the use of abbreviated command strings
and the option to turn off the menu prompting. This feature will be

continued in this effort, to the extent possible.

F. Sustain Operator Orientation

This 1last area of human factors refers to keeping the user aware of
where he is in the program and allowing him the option of backing out.
This is done by the use of the main command menu which acts as a
"homebase" for the user. Whenever the user becomes disoriented in
ICECAP, the user may enter a "$" which will immediately jump the user

back to the main ICECAP menu.

These six human factor guidlines reduce to one central idea: know

your user,

5. Determine the Interface Language i}fﬁ

The interface language deals with the communication between the ¥
user and the computer program. ICECAP uses a series of menus which
provide the user options from which to choose., At each level, the
selection further defines the particular action until enough
information is supplied such that the action can be accomplished.
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Feedback is provided by echoing back to the screen the command chosen.
If a command is chosen that is not part of ICECAP's vocabulary, an
error message is provided. This will be continued in this effort and

new commands entered will be added to the vocabulary of ICECAP.

6. Consider the Operation Environment

This topic deals with the location of the system and how the user
fits into this environment. The goal of any system is to be accessable
to the wuser as much as is needed and to be operational at all times.
The goal of this system, ICECAP, is to be a student's aid in the design
and analysis of control systems. To accomplish this goal, this program
must be transportable, to the largest extent possible, to as many
computer terminals as possible. Since GWCORE is being used as the
graphics package, only the VT-125, VT-240 and Tektronix terminals can
be used. VI-100 terminals must be modified with a graphics board in

order to make use of the graphical displays.,

7. Design for Evolution

This is but a start in the graphical interaction area., The design
however, will allow for modifications and improvements. This will be
done by documenting the design through structured charts and module
descriptions, location in the appendix of this thesis. As each step is
taken, documentation will be provided so that those who follow on in
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this area will be able to start with the tools developed here and
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progress without retracing the steps already taken.
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8. Optimize Training
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- With the design of a new system, there arises a need to train the

novice user as to the procedures for entry, use and finally output of

L gadl S
b

.y
-
'

the program. With some systems, a user's manual and/or on-the-job
training (OJT) is necessary. Within ICECAP, on-line aséistance is
provided through the buse of HELP command. The user can access
. information about the system and other commands as needed to accomplish
- a particular task, The design of ICECAP is to provide detailed menus

e’ to the user so that a user's manual is unnecessary. An alternative to

"'
AL

this approach would be to provide a "demo" of the system, allowing the

A 2o

user to watch, or participate. In this way the user can watch as the

system demonstrates the various commands and capabilities.

Y s g 18 .
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}_ 9. Accommodate Levels of Expertise

The goal of this system is to provide self-explainatory menus,

S which will guide the novice user through the system and capablities but

DN
'

s

»

at the same time provide a way for the experienced user to glide

through to the necessary parts of the program in the least amount of

time, This 1is accomplished already within ICECAP through two ways.
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First, ICECAP allows the user to abbreviate commands. ICECAP
interprets shorted these commands in the same way as the long way. The
second way 1is that command strings can be strung together, thus
avoiding the wunnecessary step of displaying the intermediate menus.

This allows the experienced user the ability to =zero in to the

particular area of interest.

10, Compare Input Selections

There are several ways to communicate with a computer system. One
way 1is provide a prompt for the user, and the user is expected to know
the correct command in order to accomplish a particular task. Within
ICECAP, however, this communication has been accomplished through the
use of menus. This has a couple of advantages. First all the valid
commands are displayed to the user, which in turn helps alleviate the
need for a user's manual. There are however, several types of menus:
static, dynamic but visible, and dynamic but invisible., See figure

I1I-3 for a complete description of each.
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STATIC - wuser types in desired command through the use of

< T

the keyboard. Possible command options are pro-

< vided.
X

DYNAMIC AND CONTINOUSLY VISIBLE -~ the user may select a
- command from the menu by moving the cursor over

the desired command through the use of a graphic

input device. Once the command has been select-

ed, the command is highlighted.

DYNAMIC BUT INVISIBLE - the user selects a command from a

menu as described above, but once the command is
selected, the menu removed to allow more drawing
(éL area. With this design, the top line of the
screen would be used to provide feedback as to
the action underway. Also a symbol of some sort
or a special character string would be needed to
allow the user to bring back the menu and select

. another command.

Figure III-3, Menu Types and Description

Currently, ICECAP uses the static menu system, All possible
commands are displayed to the user. The user enters the desired action
by wuse of the keyboard and either the action is accomplished or another

:{ ot static menu is displayed. An alternative would be the dynamic visible
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or dynamic invisible menu. Eliminating the menus is of great value
when the graphics become crowded by the menus being displayed. If the
menus could be moved during the interactive graphics mode and returned
when the user desired them, this would enhance the graphical entry as

well as the display as a whole.

11. Be Consistent

Being consistent was covered under the human factors discussion,
However, one final note regarding the interactive graphics. When
plotting a root 1locus of an OLTF, symbols are used to indicate the
roots of the transfer function, e.g. an "X" for a pole and an "0" for a

zero. This has been incorporated into this graphics package.

12. Anticipate Errors

The designer must recognize that humans do make mistakes, either in
entering the commands, the data, or in the evaluation of the system. [———!!
The computer program must be able to recognize this error and be able

to respond to the human user with an appropriate message that is clear

enough so the user can understand and react accordingly. Error
recovery 1is not always easy to do at times because the designer must be
able to anticipate all errors that the user may enter and be able to
recover gracefully, i.e. without "bombing" the system. For example, in
TOTAL a carriage return, in response to the prompt, returned the user
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to the host computer system. This sometimes was very frustrating
because some of the data entered would have to re-entered. ICECAP is a
little more friendly, in that it provides an error message when the
wrong command is entered in or if the data hasn't been entered in yet.

This concept of error recovery will be used in this effort and will the

user to recover due to an improper input.

SYSTEM DESIGN

This section outlines the design specifications for the interactive
graphics routine, Also, an 1initial design will be presented, which
will act as a possible design for this effort. The graphics routine
will * be a separate routine and will serve as an alternative to defining
an Open-Looped Transfer Function (OLTF) through the use of the DEFINE
command. Listed below are the design consideration for this thesis

effort.

1. The graphics package will be user friendly. The commands will
be simple but at the same time convey meaning as to the desired action.

Abbreviations will be allowed and will be unique.

2, Feedback will be provided to the user wherever and whenever
possible to keep the user informed as to the exact status and working

level of the system.

3. Error messages will be used to inform the user of wrong or

invalid commands.
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4, This routine will be modular in structure and linked to the
current version of ICECAP. Also, to the extent possible, this design

will have minimal dependency on other routines.

5. The time required to draw or display text will be kept to a

minimum,
6. Aids will be provided which will help the user in determining
the exact location of the cursor, This is dependent on the functions

of the graphics package, GWCORE.

INITIAL DESIGN

The initial design is the first attempt at describing the screen
layout of this design. Referring to Figure III-4, the grid is layed
out so that the grid uses the maximum amount of screen area. This has
two advantages. First, this increases the size of the characters and
of the root 1locus design. Secondly, the accuracy of the cursor is
enhanced. This 1is done by a comparing the number of unit steps needed
to move the cursor across the screen, and the number of oixels
available on the screen, Since the number of pixels is set, then a way
to increase the cursor value is to make the grid as big as possible.
This will be feature will be available through the grid commands.

The screen 1is broken up into three major areas: design, menu, and
command. The design area is place where the poles, zeros, text, and

root locus will be displayed. The main parameter will be the grid
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which will be used to scale the poles, zeros and locus. The menu area
is where the menus will be displayed. This area will display all of
the valid commands and error messages. The command area is where the
user will enter the desired command. The command will be echoed back
at the top of the screen, so that the user will always know what

function the graphics routine is performing.

SUMMARY

This chapter has discussed the guidelines which should be addressed
in any man-machine interface. As each guideline was discussed,
specific application was made to this design and ICECAP. A list of
design requirements was described next, along with an initial design.
Each area of the screen was identified, plus possible menu commands.
The next chapter will discuss in detail the specific design

implemented.
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CHAPTER IV

DETAILED DESIGN AND

SYSTEM IMPLEMENTATION
INTRODUCTION

This chapter discusses the details of the implemented design. The

implementation strategy is discussed describing various methodolgies

! used in a software design along with a discussion of the the method
chosen., Following this is a discussion of how this effort was

transferred to the baseline, ICECAP. Then the details of this design

I (’. are discussed, providing insights and rationale for the design

decisions made throughout this project. Lastly is a discussion of the

various commands available for the interactive graphics design.

DETAILED DESIGN STRATEGY

The sclection of an development methodology has a significant
impact on both the coding and testing of the final product. The most
| popular method 1is the top-down approach (26:340) where the designer is -

forced to consider the major functions of the system first and the less

important ones last. Programmers, however, prefer the bottom-up

approach, where the 1individual independent modules are written first

1 .
0 s AR

e and the higher level modules are written to accomodate the needs of the
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lower levels. In the top-down approach, the main program is written,
coded, and tested first, with all of the sub-modules written as stubs.
As each sub-module is written, it is integrated and tested with the
other sub-modules, wuntil the total program is completed. In the
bottom-up approach, the lowest modules are written first with drivers
written to "drive" the sub-modules. As each module is written, coded,
and integrated, drivers are replaced until the total system is
completed.

Another approach that is sometimes used is called the incremental
approach. This strategy consists of three steps: 1) code and test a
single module, 2) integrate another tested module to the first and test
the combination, 3) repeat until the entire system is completed (27).
With this approach if an error occurs, then debugging starts with the
last added module.

In reality, it is often necessary to combine several strategies in
order to solve a particular problem in a given enviornment. Although
the top-down approach is being maintained throughout the ICECAP
development, a complete top-down implementation is not practical since
a large amount of ICECAP's modules have already been developed, tested
and debugged. Thus, this effort will use the incremental approach.
Each module developed is written and tested external to the main ICECAP
program and integrated only when the modules are validated. In this

way, fewer errors are expected to be included in the system.
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ICECAP-IT TRANSFER

The baseline for this effort, from now on called Graphical ICECAP,
was ICECAP-II developed in part by Captain Mark Travis. ICECAP-II was
designed to work on a Tektronix 4014 graphics terminal and to take
advantage of the excellent graphics capability of the Tektronix.
Taking advantage of the graphics capability, however prevented the
program from being transportable to other graphic terminals due to the
special terminal calls. In order to make Graphical ICECAP as portable
as possible (as stated in the design requirements), ICECAP-I1's special
calls were modified to be capatible with the VT-125 terminal. This was
done be utilizing the VT-125 driver of GWCORE. However, once
transferred, two major problems were very apparent that were not
problems with the Tektronix 40l4.

The first problem involved the VT-125 driver itself. Within the
VT-125 driver, minimum and maximum values for the screen are set.
These maximum and minimum values correspond to the number of visible
pixels available for the VT-125 terminal. However, the driver was
designed to be imitate the Tektronix 4014 terminal as much as possible.
In doing this, the minimum horizontal screen value (the left-most point
where GWCORE allowed the designer to draw) was set to 144 instead of O.
This restricted the drawing capability of the graphics Graphical
ICECAP. In order to make as much use of the screen as possible, this
was changed to O (zero). This allowed for complete access to the total
screen and allowed the displayed graphics to be larger and more
readable. Once the minimum X value of the VT-125 driver was changed,

the graphics within the baseline, ICECAP-II, no longer displayed the
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graphics correctly on the screen. Thus each graphical module developed
by Mark Travis has to be revised to accomodate the change in screen
coordinates.

The second major problem encountered with the transfer of ICECAP-II
to the VT-125 terminal was the two modes of the VI-125 terminal. The
Tektronix displays text and graphics without changing modes. However,
the VT-125 terminal has two modes: text and graphics. It is possible
to display text in the graphics mode, but reading text in graphics mode
is very difficult. Thus to display text commands and input text
commands involves switching from graphics to text mode within the
program. This again involved modifying existing code and testing out
those modifications prior to integration of the new interactive graphic
modules. Both of these problems also had to be dealt with during the
development of the interactive graphics modules. It was an easier
task, however to accomodate these restrictions into the new design than

to modify the existing code.

INTERACTIVE GRAPHICS OF ICECAP

R T P e T I T R T N I YRS
WP, WA, WA AP G . WP W Sa s ala= sy e S -

The approach used to develop the interactive capability was done
incrementally. Since documentation for GWCORE was not very
understandable, the graphics calls were experimented with until the
desired results were obtained. Initially, there was only one level of
commands. However, as the design process went along, it became obvious
that a second level was needed, due in part to the restricted menu
area, Several grid designs were drawn, in which the space alloted was
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compared to the accuracy required. Once the grid and the command
structure was finalized, several techniques were tried to place X's and
O's on the screen, Too much time was taken in the drawing of circles
for 0O's so the decision was made to use text O's. This proved to be a
very good choice. After all of the graphics were completed, then this
routine was integrated with ICECAP. The approach was to make the
interactive graphics routine as modular as possible so that if changes
were required in the graphics routine, only the graphics routine need
be affected.

Incorporating interactive graphics into ICECAP was accomplished in
two phases. The first phase involved the development of the
interactive modules that would display a blank grid to the user, along
with menu options, a cursor controlled marker, and the storage of user
selected points in the appropriate variables for transfer to ICECAP.
The second phase involved the integration of this interactive module
with ICECAP, transferring the user defined characteristics of the
system to the appropriate variables and allowing the user to display

the root locus on the displayed grid.

PHASE 1

The grid chosen for this effort is a blank root locus grid. This
was chosen because one of the plots used by the control engineers to
determine the stability of a system is the root locus of the system,
Two grids were designed, one for the s-plane and the other for the
z-plane. __The z-plane grid_is shown in figure VI-1, the s-plane grid is
shown in figure VI-2. In order to allow for maximum drawing area, the
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"X" axis divides the drawing screen in half horizontally, and the "Y"
axis divides the drawing screen in half vertically for the z-plane grid
and slightly to the right of center for the s-plane grid. The menus,
message area, and cursor location feedback is located in a box on the
right side of the screen. This was done so that the user only has to
look in one area for all of the feedback and available commands. As
specified by the design requirements, a command line is provided in the
bottom left corner of the screen which echos back the command selected
by the user, Also, the plane the user has selected is displayed in the

upper left of the screen.

COLOR

Colors are an integral part of this design. The four colors
available for drawing 1lines, text, or fill-ins are listed in figure
VI-3, along with the 1level of intensity of white displayed on a
monochrome screen, As shown in Figure VI-3, there is a difference in
the monochrome for the various colors used, This difference in the
shades of white were used to make important data stand out. For
example, the brightest white was used to display the menu commands and
the labels on the grid, and the lighter shades were used to provide

aids for the user, such as the unit circle and cross marks.
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COLOR MONOCHROME
Green White

Red Greyish white
Blue ) Grey

Black Black

Figure VI-3. Color Comparison

Within GWCORE, there are only two ways to delete a line or a string
of text from the screen, either by deleting the segment number given to
the particular line or string of text, or by deleting every segment and
re-drawirg the lines and text, This proved to be very cumbersome,
especially when trying to delete menus and X~Y cursor locations. Thus,
colors were used to display the text and to erase the text. The menus
and cursor coordinates are written in green and when the next level of
menus is needed, or when the coordinates need to be erased, they are
simply written again using the color black. To the user the menus and
coordinates were erased from the screen. Within the program, the

commands are executed and the coordinates stored.

TEXT

GWCORE specifies three ways to display text in graphics mode:
string precision, character precision, and stroke precision (21).
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String precision text 1is the fastest of the three modes, but there is
little or no control over the size or orientation of the string of
text, The display speed of string precision text on the VI-125 and the
Tektronix 4014 are about the same. In the character precision mode,
GWCORE writes each character separately, which means it takes a longer
to draw up a string of text. But, the designer has more control over
the orientation and spacing of the characters within the string text.
The font types are 1limited, however to one. The slowest method of
displaying text is the stroke precision. Each character is drawn on
the graphics screen. Even though this is the slowest method, the
characters can be oriented in any position necessary with any desired
size, with any of four different font types. In order to display the
information as quickly as possible, the string precision is used
exclusively for displaying characters for the menus and for the

labelling on the grids.

CURSOR

The only cursor marker available is a cursor shaped as a diamond,
with a cross in the center, The cursor is controlled by the arrow
buttons of the keyboard. Other input devices are permitted by GWCORE,
such as a light pen, a pick device, etc. but these input routines are
still not error free, The arrow buttons may be held down for
continuous movement of the cursor across the screen or stroked
independently for small movement. The cursor position is not available

for display continuously by GWCORE, however, the grid position of the
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cursor is displayed once the user has designated by hitting the

carriage return,

(

¢ L) : A
\ The location of the cursor is available within GWCORE as world };5$
-. h-'.-..{l
s . . L . e
. coordinates. These coordinates correspond to minimum and maximum 'njgt
; o
I screen values initialized in the VT-125 driver. To designate a point o
e il

on the grid, the user moves the cursor to the desired point on the grid
and then depresses the return key. Once designated, a scaling is done
. on the world coordinates of the X-Y cursor location designated by the
user. The accuracy of the designated point depends upon the grid size
designed. The resolution of the grid design for this effort are: for
i the s-plane is 0.025 for each depression of the cursor keys and 0.005
for the z-plane. This resolution can be modified by re-scaling the

grid through the use of the grid control commands.

L
®

COMMAND MENUS

The command menus are made up of two levels, as shown in Figure

Vi-4, Two levels are used due to restricted size of the menu area.

R

The first menu consists of specfic verbs that the user wishes to

accomplish such as INPUT, DELETE, DISPLAY, GRID, or STOP. The commands . X

of both levels are listed according to the order of user by the user. E;~i{
. e
= SRS
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Level 1: INPUT DELETE DISPLAY GRID STOP
Level 2: Pole Pole Pole Expand
Zero Zero Zero Shrink

Text Cross or Circle Cross or Circle Zoom
Exit Exit Locus Exit

Exit

Figure VI-4. Command Structure

INPUT

Poles, zeros and text are entered in by selecting INPUT in the
first 1level. Selecting INPUT erases the top level menu and produces
the second 1level menu. Poles and zeros are entered in by entering
either POLE or ZERO. Once the selection has been made, a cursor
appears at the origin of the grid. At this point, the user moves the
cursor to the desired location with the arrow buttons. Once the cursor
is placed at the desired position, the user designates it by depressing
the carriage return. At this point, the cursor location is displayed
to the user and a message appears informing the user to depress the
carriage return when the user has read and understood the location of
the pole or zero. If the user had selected POLE, a text "X" is
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displayed on the screen, at the cursor position. If the user had
selected ZERO, a text "O" 1is displayed on the screen if a zero was
selected on the input menu. If the pole or zero entered in is above
the real axis, i.e. a complex one, the complex conjunate is
automatically displayed on the grid and position is stored.

A time comparison was done on the drawing of an X and a circle on
the grid and the placing of a text "X" and "O". The speed difference
was so great that the text X and O are used for echoing the position of
poles and zeros. Since the location of the text X and O are offset from
the exact position required, an X-Y offset is used to place the center
of the X and O at the exact location desired.

When TEXT is selected, a message appears requiring the user to
move the cursor to the designated the location of where the text will
be placed. Then the text information is entered in., Once the user has
depressed the carriage return, the text is displayed on the screen at

the designated location with a specfied character size.

DELETE

The DELETE command allows the user to delete an entered pole or
zero, or to delete a displayed root locus graph. This allows the user
the option of deleting undesired poles or zeros of a particular system
that have been entered in by the user. The user may also delete the
unit circle or cross (+) marks if so desired. This is done by drawing

the by drawing the circle or crosses again using the color black,
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DISPLAY

The DISPLAY command allows the user to display the entered poles or
zeros 1in numberical form, to display the locus of the entered system,
or to display the cross (+) marks (in the s-plane) or the unit circle
(in the z-plane). Displaying the numberical values of the poles and
zeros ensures that the entered values are the values intended by the
user and also confirms to the user the values which will be transferred
to ICECAP for the open-loop transfer function (OLTF). This meets the
design requirement of feeding back to the user information about the
entered data, and providing aids which help the user to locate and plot
desired poles and zeros.

Displaying the root locus of the entered OLTF is the main objective
of this investigation. Once the user has entered in the desired poles
and zeros of the system, the root locus is displayed by entering in
LOCUS when in the DISPLAY menu., If the user desires to modify the
open-loop transfer function, OLTF, this can be done by exiting out of
this menu and entering the INPUT mode again. Once the new OLTF is
entered, the new root locus can be displayed by the same procedure
described above. However, the new root locus plot is drawn in a
different color, so that the user can distinguish the old root from the
new. This design could be wused as a teaching aid in graphically
describing the effect of pole and zeros of a plotted root locus design.

Since the cursor position cannot be displayed continously, aids
were design in to help the user identify major points on the root locus
grid, A unit circle 1is available for the Z-plane grid and cross (+)
markers are available for the S-plane grid.
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GRID

The GRID commands are not included in this effort due to the lack
of time and the complexity of the task. The intended design of the
grid menu is to allow the user the option of expanding, shrinking the
displayed grid or zooming in on a particular location. The expanding
and shrinking of the grid would allow for more accurate input of poles
and zeros plus allow the user to view the system locus by shrinking or
expanding. By expanding the grid size, a different scale value can be
used to designate the intervals on the grid. For example, the maximum
negative value for the s-plane is -10.0. This corresponds to a scale
factor of 0.025. By expanding the grid so that the maximum negative
value 1is -1.0, the scale factor would be 0.0025, assuming that the grid
remains the same. Zooming would allow the user to enlarge a specified
area or examine a particular part of the displayed root locus of

system.

STOP

The interactive secession is ended when the user enters STOP. Once
entered, the numberical values of the poles and zeros, along with the
computed polynominal are transferred into ICECAP through the use of
common statements. The flag is set which indicates that a OLTF has
been entered and is stored in the common variables. Once STOP is
entered, control is transferred to the main menu of ICECAP.
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Phase 2

This section describes the particular "hooks" with the main program
called ICECAP, This graphics subroutine was designed so that there are
minimal "hooks" to the main program, ICECAP. This graphical program
was initially done as a stand alone module so that the design could be
solidified and tested prior to integration with ICECAP. Once the
design was completed, the main driver of ICECAP, ICER.PAS, was modified
to allow access to the graphical subroutine. (The location of ICER.PAS
file is described in appendix G.) The main menu was modified to
display the word "Graphics", the dictionary was modified to allow for
the entry of the word graphics, and a module was developed to call the
graphics FORTRAN subroutine and to clear the screen once the graphics
were completed,

Once control is transferred to the graphics subroutine, the user
does not have any access to the rest of ICECAP. Control remains there
until STOP is entered in by the user. The display and storage of the
poles and 2zeros of the user defined system is within the graphics
subroutine, If the user selects DISPLAY LOCUS, then the poles and
zeros are transferred to ICECAP through the common statements and
computation is done on the entered OLTF. Within ICECAP, the values for
displaying the root locus are stored in a local files, opened and
filled by the subroutines modified by ICECAP-II. Once the local file
is filled, the graphics program translates to data and displays the
root locus solution on the displayed grid. If the user selects to
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STOP, then the OLTF is transferred, through the common statements and
is available for computation to the rest of the ICECAP program. The

OLTF transferred to ICECAP is the last OLTF defined by the user.

DOCUMENTATION

To continue the "living document" concept, all of the documentation

for the interactive graphics routine as well as all of the modules of

ICECAP are provided in the appendixes. Appendix A describes all of the

ICER.PAS modules. Appendix B describes all of the FORTRAN subroutines. (-
Appendix C contains a structured flow chart of this design effort plus ;;ﬁ
every module within ICECAP. Appendix E contains all of the valid ;;:
commands for ICECAP along with valid abbreviations. Appendix F E:_‘
contains all of the data flow diagrams for Graphical ICECAP. Appendix
G describes the 1location of the source of this thesis effort plus the
modified ICECAP modules. g:;
E
SUMMARY i_;
This chapter discussed in detail the implemented design and how the :;
graphics package was integrated to the main program ICECAP., The Q;T
commands for the menus was discussed along with a figure which shows EE;
the Z-plane as well as the S-plane grids. Throughout this design, the ié;
oot

user has been kept in mind. The displays were kept simple, the drawing

g

of the grids by the program were kept in mind so that minimal time was

P
»
'.'l','
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spent in drawing, and colors were used whenever possible to highlight

within ICECAP.

I significant areas of interest. This effort has demonstrated the :
»':'
feasability of interactive graphics. Follow-on efforts can build upon C;
-\
° . . . . . ES
. this effort and enhance and provide other interactive graphic areas W
. <
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CHAPTER V

TESTING

INTRODUCTION

This chapter discusses some of the various methods used in software
testing. Top-down as well as bottom—up testing is examined, stating
the advantages and disadvantages of each. Incremental testing is also
discussed and how this approach was used to test out the various parts
of this investigation. Finally, this chapter ends with a discussion of
the test results obtained from testing out the end product of this

investigation.

TESTING METHODS

When a software package is ready for testing, it is assumed to be
completed, i.e. the process of debugging has ended. Debugging is the
process of eliminating known errors, while testing is an attempt to
show that more software bugs still exist (33). It is difficult, if not
impossible to demonstrate that a program is completely error-free,
Testing can verify that a certain subset of inputs produce a
predictable set of outputs, but this in no way ensures that the program

is error-free. Two test strategies will be discussed, top-down and

bottom-up.
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Top-down testing is where the top most modules of the program are AL
-~
tested first, with stubs written for the routines not yet completed. :
The stubs usually are '"dummy" subroutines which return either a set
value or display a message indicating that a the routine was called and
returned. As the development continues, each of the '"stubs" are
exchanged for the "real" subroutines. There are several advantages
with this type of testing, specifically:
- the wuser can see a preliminary design of the program early
in the development stage and can evaluate and provide feed-
back to the designer as to whether the requirements of the
(& program are what the user intended.

- serious design problems are detected early and interface
incompatibilities can be resolved before major routines are

written.

- debugging is accomplished easier, because any errors dis-
covered after a new module has been added is narrowed down
to the last added module. This helps diminish time necess-

ary to track and locate the source of the error.
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. In bottom-up testing, the lowest level modules are tested first. 'tc;:
. » t M :
i The next higher-level modules are added next and are integrated into a ;
. system that is tested. The integration continues until all the modules
. have been added and integrated., In bottom-up testing, drivers are
) required which simulates that action of the higher modules. This is
3 one of the major drawbacks of this testing method. The drivers
ﬂj themselves may involve as much design and testing as the module under
test.
jf In practice, the combination of top-down and bottom-up are used in
6‘, the testing of modules and programs throughout the program development.
: Since there are constraints on time, cost and resources, exhaustive
i? testing is not possible. Therefore, it is necessary to design test
cases that will detect the most amount of errors. Random-input testing
s is generally regarded as the poorest method of detecting the most
; errors, so an organized approach is used. The two approaches are known
E as functional testing and structural testing.
g FUNCTIONAL TESTING
- Functional testing involves testing the program as a "black box". jﬂ-:
~ -: R
- Testing a program using the black box concept is an exhaustive input N
| b=
- technique where the user tries to "break" the program by using every —_—

- R possible input condition as a test condition (33). Inputs are provided :2{;
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to the system and the outputs are observed and compared with the design
requirement to see if the requirements have been met. This type of
testing inherently takes the user's point of view (34). The user
enters commands into the program and waits for some type of feedback.

The program can accept the input string and accomplish the desired
task, or the system can reject stream and produce an error message. If
all of the erroneous inputs are trapped, i.e. only valid commands are
allowed to process beyond the initial command stage, then the only
commands left to be tested are the valid commands. At this stage, the
valid commands are tested and the output from the system is compared
against the user defined requirements. If the requirements are not met
then the system will need to be modified or the system requirements

will need to be modified to comform to the capabilities of the system.

STRUCTURAL TESTING

Structural testing on the other hand examines the implementation
details, such as progamming style, control methods, source language,
and data base design (34). The goal in structural testing is to test
out every possible path through the system at least once to.verify the
correctness of the program. Structural testing, also known as "white

box"

testing, is based on the development of valid test cases which
will exercise every path within the program at least once to insure
that all of the "bugs" have been revealed and corrected. For a large
program, the task of testing every path is countably infinite "because
each loop multiplies the path count by the number of times through the

loop., A small routine can have millions or billions of paths" (34).
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GRAPHICAL ICECAP TESTING

The main objective of this investigation was to allow the user to
define the open-loop transfer function (OLTF) through graphical means.
The method chosen to test out this capability is incremental functional
testing. This was chosen because of two major factors. First,
exhaustive testing is not possible due to limited time and resources.
Secondly, since the majority of ICECAP has already been written and
tested as a package, it was simpler to code, test, debug a separate
module, than to integrate every subroutine before testing each module
independently. The testing of Graphical ICECAP is divided into two

phases: graphic performance testing and general functional testing.

GRAPHIC PERFORMANCE TESTING

The primary purpose for graphics performace testing is to examine
the graphical aspects of the design and identify errors with the
displayed graphics. There are three segments to the graphics: the

initial setup, the interactive input, and the displayed output.

INITIAL SETUP

As discussed in chapter IV, the implemented design, the user is
asked, prior to any drawing, which plane he chooses to design in.

After selecting either the s-plane or z-plane, the appropriate grid is
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displayed. The s-plane grid is layed out so that there are exactly 40
strokes of the cursor between the major divisions, i.e. between O and
1, 1 and 2, etc. This defines the lowest number and the lowest factor
of numbers that can be entered in through the cursor, e.g. 0.025. This

was tested and verified through multiple inputs to the system.

INTERACTIVE INPUT

The resolution of the cursor is very clear moving horizontally,
meaning that there is only on point that corresponds horizontal
cross-hairs of the cursor. However, moving vertically, there are two
positions that are highlighted when the cursor is moved over a single
point. This error has to do with the drawing capabilities of the
graphics package, GWCORE. The thickness of the horizontal line is
thinner than the thickness of a vertical line., This cannot be changed,
but the top-most position of the line corresponds to the major
divisions of the grid, i.e. to position the cursor at 0, j2, the cursor
would be moved vertically until the vertical line of the cross hair is
on the top most part of the j2 line.

Testing the outer-most boundary of the grid was also tested to
verify that the values were valid and true. No errors were detected.
The cursor moved freely to all parts of the displayed grid, and
clipping is done to prevent the user from moving and designating points

outside of the displayed screen,
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DISPLAYED OUTPUT

There are two forms of displayed output, helpful aids and numerical
data/locus plots. For each plane there is one aid for the user. In
the s-plane, cross (+) marks are available to help the user locate
major divisions of the grid, For the z-plane, an unit circle is
available to help locate complex value that reside within the unit
circle, Both aids were tested as to the accuracy of the displayed aid.
Each aid was displayed correctly and in the correct position, so that
if the user selected a point either on the cross marks or on the unit
circle, the value stored was correct value,

The numerical data and the displayed locus are available to the
user when selected. The numerical values of the entered poles and
zeros are stored in a file called ROOTS.DAT and are displayed in the
message area when selected by the user. The values are accurate to 7
decimal places, the numerical accuracy of REAL*4 variables. This is
consistent with the main program, ICECAP, so it was deemed correct.
The other displayed output is the display of the X's (for the poles),
the 0's (for the zeros), and the locus of points between these poles
and zeros. Since the text characters X and O were used to echo the
placement of the poles and zeros of the OLTF, a scaling was done prior
to the display of the X's and O's so that the placement was correct,
i.e. the center of the X and the O was at the point desired. The
computation necessary for determining the locus of points of the
entered OLTF is done by the main program ICECAP and the values are

stored in a file called LOCPLT.DAT. Once the numerical values of the

OLTF have been transferred to ICECAP and the LOCPLT.DAT file filled,
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then the file is read and the values scaled for display on the selected
grid. Several root locus plots were done and compared to the graphical

output of ICECAP-II and no differences found.

GENERAL FUNCTIONAL TESTING

The remainder of the testing involved the verification of the
commands of the menus. Two levels of menus are available within
Graphical ICECAP. Each of the commands were entered in to verify that
the program recognized and the appropriate action was taken. Error
trapping is done and when the user enters an invalid command, the
program responds with: INVALID COMMAND, HIT <CR>. At this point, the
user hits should hit the return key and the program awaits a valid
command. There are however some inputs which will cause the program
not to respond. That is when the user tries to move the cursor when a
command from the keyboard is needed. As explain in chapter IV, the
VT-125 has two operating modes: graphical and textural, Within the
interactive part of the program, the modes are constantly be changed

between the two modes,

SUMMARY

Software testing aimed at trying to find errors with the input or
ouputs of modules is very important to the success of the program as

well as providing the wuser with a useful tool. Functional or

structural testing can be used, based on the objective of the program

and the environment., Graphical tests were done and described in this
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chapter, which helped find and correct errors in the overall graphics

package.
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

INTRODUCTION

This chapter discusses the conclusions and recommendations of the
thesis investigation. Specific conclusions about the Graphical ICECAP
are given, along with detailed recommendations concerning follow-on

efforts and areas of improvement.

CONCLUSIONS

The successful design and implementation of this thesis effort
demonstrates the capability of interactive graphics for the design and
analysis of control systems., The product of this investigation now
allows control engineers to design control systems similar to the way
control courses are taught, i.e. by placing poles and zeros on a blank
grid and computing the 1locus of points for the roots of the system.
But the computation and drawing tasks are now given to the computer and
the control engineer can now just concentrate on the results of the
roots of the entered system versus taking the time to compute and draw
each root locus design by hand.

This effort also demonstrated the use of color. This not only

helps the user distinguish different segments of the screen but also
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highlights various root 1locus designs. Color was also in invaluable

A ;
= aid in the displaying and erasing of menus used throughout this
project.
The "living" document concept enables ICECAP to be baselined. This
also provides a self-contained document that describes all of the
features and capabilities of the current version of ICECAP. This ;EE&{%
thesis effort endeavored to provide complete documentation of this -
thesis effort along with past descriptions so that all of the
information that describes ICECAP is in one document.
RECOMMENDATIONS
The following recommendations are made for additional efforts and
Q!P improvements to the Graphical ICECAP design.

1. Continuation of the Graphical ICECAP design

This thesis effort needs to continued. This thesis effort "broke
the ice" so to speak on truly using interactive graphics within ICECAP.
Further efforts could expand the interactive graphics to the system
response, Bode plot, or Nyquist plot., Captain Mark Travis demonstrated
the capability of drawing four graphs on one screen, thus allowing the
user to see the system response, bode plots, and root locus all at the
same time, This would be a great improvement to allow the user to
interact with the root locus and be able to see the change to the other

three graphs.
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2. GKS Graphics Package e
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This thesis effort used the graphical standard called GWCORE, from SN
B

George Washington University. The graphics package has great Qj:fﬁ
versitility in drawing and displaying two or three dimensional drawing. ;wx%ﬂ
RS

But the documention is extremely poor and not well maintained. Also, f X

to date only two driver are available, the VT-125 and the Tektronix . n;
4014, This severely resticts the portability of the final design. The - A
AFIT Digital Laboratory recently received Digital's graphics package

called GKS. It came too late to totally rewrite all of the modules

developed under this effort, but new efforts should use the new i;qu
standard in an effort to make Graphical ICECAP more portable, =

3. Documentation of ICECAP

ICECAP has been designed and improved by many AFIT students.
Throughout ICECAP history, however the documentation has not quite kept
up with the improvements. Some students have tried to document
previous efforts, but failed to thoroughly follow through in the source

code. Some students only documented their specific improvements, which

means time needed to spent researching several theses before the total
picture of ICECAP can be achieved. When this thesis effort started, it
was very difficult to determine not only where the source code was, but
also which version was the correct version for the object code. ST
Significant time was lost at the beginning of this effort due to poor

documentation alone. It is recommended that future students document

not only what they modify or improve but also clearly identify where

the source and object code are located.
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This chapter has described several conclusions and recommendations
for the improvement and modification of ICECAP. This thesis effort has e
been challenging and rewarding. Further efforts in interactive :?w
graphics will provide students as well as design engineers with a E

valuable tool that has not been available in the past.

(o L

K AR

s

.

el

VI-4

BN

t .

K

.

.

e e s e . e e e s et

. . e e e e e e . . WP ... - et . . PR S A P S et et T B “v -.. AL . - - Y -

e e T T A T Lt e R T T e N T T T T T T T N T e T AT A,
PRGN, P LR P, RO - SRt gt e A -




TR Rl o 07T

’

¢

APPENDIX A

ICER MODULE DESCRIPTIONS

A.l Introduction

The purpose of this appendix is to describe the
function of every procedure contained in ICER.PAS which is
the Pascal program portion of ICECAP. Every VARIABLE in a
Pascal program has an associated TYPE. The TYPE determines
both the values that the VARIABLE can assume, and the
operations that may be performed upon it. A list of all
VARIABLE declarations used in ICER (the main driver program
used in ICECAP) 1is presented in section A.2 of this
appendix. The ICER module descriptions that appear in

section A.3 make reference to these VARIABLE declarations.

A.2 Variable Declaration Used in ICECAP

This section contains a listing of all the VARIABLE
declarations used in the program ICECAP. The format is of
the form VARIABLE NAM : TYPE. The format definitions of
basic Pascal variable TYPEs can be found in any introductory
book on the Pascal language. Tﬁree TYPEs declared in ICER
are non-standard and are listed below:

o BIGSTRING = PACKED ARRAY[1l..COMMANDSIZE] OF CHAR

0o STRING = PACKED ARRAY[1l..WORDSIZE] OF CHAR
o BUFFER = ARRAY[1..BUFFERSIZE] OF STRING

A-1
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Table A-1. Variable Declarations Used in ICECAP

ABORT : BOOLEAN X
ALLMATCH : BOOLEAN " ‘
ANSWERFLAG : BOOLEAN ANRAL
BUFFERPOINTER : INTEGER S
CLC : INTEGER e
COMMAND:ARRAY[ 1., .COMMANDSIZE] OF CHAR
COMMANDBUFFER : BUFFER

COMMANDWORD : STRING

HEADER : BOOLEAN

I : INTEGER

ICOMMAND : BIGSTRING

J : INTEGER

LETTER : CHAR

LINE : BIGSTRING

MESSAGE : BIGSTRING

MESSAGEBUFFER : BUFFER

OPTIONNUMBER : INTEGER

OUTCOMMAND : BIGSTRING

OVERFLOW : BOOLEAN

PRINTFLAG : BOOLEAN

RESOLVED : BOOLEAN

STATUS : INTEGER

TCOMMANDWORD : STRING

TCOMMAND1 : STRING

TCOMMAND2 : STRING

TOTALFLAG : BOOLEAN

UCOMMAND : BIGSTRING

WHERE : STRING

WLC : INTEGER

WORD : ARRAY[1l..WORDSIZE] OF CHAR
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A.3 Module Descriptions

The following module descriptions serve to describe
completely the function and structure of each module in
ICER, the main driver program used in ICECAP. The reader
should be aware that reference [30] presentes this
information in a structured chart format. This
investigation follows the module description set up by [61]
which 1is repeated with the insertion of this effort's
modules. A complete listing of all modules described is
presented in Table A-2.

The modules are presented in alphabetical order. 1f

a module is equipment dependent, the application is cited.

The TYPE declaration associated with each input/output

(0 parameter 1is noted alongside the parameter. Table A-1
contains a listing of all the VARIABLE declarations wused in

ICER. To conserve space multiple descriptions may appear on

a single page. However, module descriptions are not "split"

between pages. Unless otherwise noted, all modules are

written in VAX/VMS Pascal. ;{_;i

The symbol "var" 1is used to denote those calling L“~:
parameters which are "passed by name" (i.e. The address of ij
the variable is made known to the called procedure). The -ffff

I

order of listing the parameters follows the order in which T

they must be cited in the calling sequence.




Table A-2,.

ﬁ BOXIT

] CHANGE

7 CHANGE_PROMPT

- CLEAR
COPY
CURSORRC
DEFINE
DEFINE_GAIN
DEFINE_PROMPT
DEFINE_TF
DEFINE_TF_PLANE
DELETE
DELETE_RT
DICTIONARY
DISCRETE
DISPLAY OR_PRIN
DISPLAY TF
FIND_BORDERS
FORM
GRAPHICS
HELP
HELP_CHANGE
HELP_COPY
HELP_DEFINE
HELP_DELETE
HELP_DISPLAY
HELP__FORM
HELP_INITIAL
HELP_INSERT
HELP_PRINT
HELP_PROMPT
HELP_SYSTEM
HELP_TEACH
HELP_TFORM

ICER Program Modules

HELP_TURN
HIGHLIGHT

ICER

INSERT
INSERT_RT
INTERPRET
LOCUS
LOCUS_AUTOSCALE
LOCUS_GRAPHICS
LOCUS_MAGNIFY
LOCUS_SHRINK
LOCUS_ZOOM
NOGRAPHICS
PACK_BUFFER
PAUSE

PAUSE1

PRINT_ BUFFER
READCOM
STR$UPCASE
TFORM
TFORM_PROMPT
TFORM_TF
TFORM_TF_TYP
TITLE_SLIDE
TRIM

TURN
TURN_PROMPT
TURN_X
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PROCEDURE NAME : BOXIT

FUNCTION : Draws a box given the coordinates of the upper
left hand corner of the box and the width (number of
columns) and the depth (number of rows) of the box.

APPLICATION: VT100 Terminal

PROCEDURE(S) CALLED : CURSORRC
GRAPHICS
NOGRAPHICS

CALLING PARAMETER(S) : ROW : INTEGER
COL : INTEGER
WIDTH : INTEGER
HEIGHT : INTEGER

COMMENTS : None
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PROCEDURE NAME : CHANGE

FUNCTION : Looks for legal object of the command word
CHANGE, The CHANGE command provides the user the option to
change the value of TSAMP, the numerator or denominator
constant of a transfer function and the option to change
planes.

APPLICATION : VT-100 Terminal

PROCEDURE(S) CALLED : PLANCHG
SAMPCHG
CHGCONS
CHANGE_PROMPT

PAUSE
TRIM

CALLING PARAMETER(S) :. var COMMANDBUFFER : BUFFER
var BUFFERPOINTER : INTEGER
. var RESOLVED : BOOLEAN

COMMENTS : The modules named PLANCHG, SAMPCHG, and CHGCONS
are written in FORTRAN and calls other FORTRAN modules.
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NG PROCEDURE NAME : CHANGE_PROMPT

FUNCTION : Instructs the user on the use the command word
CHANGE.
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\ APPLICATION : VT-100 Terminal
N,

PROCEDURE(S) CALLED : CLEAR
HIGHLIGHT :
NOHIGHLIGHT

CALLING PARAMETER(S) :

COMMENTS : None
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PROCEDURE NAME : CLEAR

n FUNCTION : Clears the screen and places the cursor in the
home position.

APPLICATION : VT100 Terminal
@i; PROCEDURE(S) CALLED : None
- CALLING PARAMETER(S) : None
;f COMMENTS : None
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PROCEDURE NAME : COPY

- FUNCTION : Copies a Transfer Function to another Transfer
. Function.

_ PROCEDURE(S) CALLED : CLEAR

. - HIGHLIGHT

- :+ NOHIGHLIGHT

o PACK_BUFFER
PAUSE
TOTICE

A CALLING PARAMETER(S) : VAR COMMANDBUFFER : BUFFER }ﬁﬁf
- BUFFERPOINTER : INTEGER S

. VAR RESOLVED : BOOLEAN
. COMMENTS : None
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PROCEDURE NAME : CURSORRC

TP RN " r

n FUNCTION : Places cursor at a certain position on the screen
= (ROW, COLUMN).

APPLICATION: VT100 Terminal
i PROCEDURE(S) CALLED : Non