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Choosing a Graphics Software Package
for Educational Software Development:
A Comparison of PHIGS and HOOPS

Judy M. Vance and Rollie D. Jenison

Engineering Computing and Information Laboratory
Towa State University
Ames, lowa

A major factor in software development for educational applications is the
choice of a graphics interface. The amount of time required to write the code
is a function of the level at which the software is interfaced with the hard-
ware. Two graphics interface packages, PHIGS and HOOPS, are examined.
Both have been purchased for the APOLLO and VAX workstations in the
Engineering Computing and Information Laboratory (ECIL) at Iowa State
University. A comparison of the two packages is made in light of the College
of Engineering's needs for educational software. Conclusions based on pro-
gramming experience using both PHIGS and HOOPS are also presented.

Introduction

The increasing power of comput-
ers coupled with attractive pur-
chase arrangements is fostering a
new thrust in innovative educa-
tional software development in
colleges of engineering. The
ATHENA program at MIT! and the
SOCRATES development program at
Cornell? are among the more well-
known efforts at this time.
These large—scale programs have
cbtained support from the NSF and
other funding sources and involve
several faculty and staff mem-
bers. However, there are a great
nunker of professors who are be-
ginning, on a relatively small
scale, to explore software devel-
copment. These professors do not,
in general, have funding support
and in many instances do not have

the appropriate software and
hardware at their disposal.

It is important to distinguish
between educational software and
commercial software. Commercial
software, available from software
vendors, is used to carry out en-
gineering functions. For exam-
ple, AutoCAD, ANSYS, I-deas,
SPICE, GPSS, and numerous other
packages are commonly used in de-
sign and analysis. Educational
software is developed for a spe-
cific teaching and learning envi-
ronment. SELS2, a finite-element
package within SOCRATES, allows a
student beginning the study of
finite elements to interactively
work with a single element. This
program would not be useful in a
design mode but is wvaluable in
the learning process. Commercial
vendors do not, in general, deve-
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lop educational software but in-
stead produce "educational" wver-
sions of their software. For
specific engineering courses pro-
fessors have +two options for
software support: _

(a) adjust the course to uti-
lize software (which may change
the course objectives), or

(b) develop their own software.

In a university setting, get-
ting started in a software devel-
opment project is difficult. The
professors cannot, in general,
devote significant amounts of
time in planning, writing, and
testing because these activities
interfere with the traditionally
accepted research areas for
tenure and promotion. Young fac-
ulty are steered toward the grad-
uate courses and away from under-
graduate courses where the great-
est need for educational software
exists. If funds are available,
much of the time-consuming pro-
gramming and debugging tasks can
be accomplished by graduate and
undergraduate students. These
engineering students are not
likely to possess the level of
programming skills necessary to
efficiently create a sophisti-
cated software package.

Graphics Programming Tools

Tools for developing graphics
programs can be classified into
three groups: turnkey systens
such as Apollo GMR3D, implementa-
tions of graphics standards such
as GKS or PHIGS, and commercially
available graphics libraries such
as HOOPS. Turnkey systems are
graphics libraries tailored to
run on a specific machine. These
systems take advantage of the
hardware of the computer to per-
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form much of the graphics. While
programs written wusing turnkey
systems can perform graphics ma-
nipulation and display very fast,
these programs are limited to
running only on_that specific
type of computer3. These pro-
grams are not .portable to any
other type of computer.

Graphics standards have been
developed to define the basic
building blocks needed to program
graphics applications. Graphics
standards are different from
graphics libraries in that stan-
dards are programming guidelines
that can be implemented in soft-
ware by different vendors in var-
ious ways. Graphics 1libraries
are software packages that con-

tain graphics subroutines. Bet-
tels, et al4, assert that stan-
dards provide portability,

longevity, extensibility, and de-
vice-independence, but they fur-
ther caution about the difference
in implementations that affect
portability. Implementation in-
volves taking the standard guide-
lines and writing code to allow
programmers to perform the re-
quired functions of the standard.
Typically each implementation
also adds additional features to-
the code. It is the addition of
these features that affects the
portability of a program.

For example, VAX FORTRAN 77 al-
lows variable names longer than
six characters which is a viola-
tion of FORTRAN 77 standards.
Therefore, code written in VaX
FORTRAN 77 follows the FORTRAN 77
standard, but because of the ex-
tensions added, it will not be
completely source~code-portable
to non-VAX machines. Programmers
who are concerned about portabil-
ity can still write programs us-
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ing VAX FORTRAN 77 but must be
careful to use only the features
in the standard FORTRAN 77.

The same is true for PHIGS.
PHIGS, the Programmers' Hierar-
chical Interactive Graphics Stan-
dard, is an approved ISO graphics
standard™. Developers who are
concerned about the portability
of their software need to be
aware of the extensions to the
PHIGS standard which are incorpo-
rated in the specific PHIGS im-
plementation they are using. , Be-
cause PHIGS is a standard and not
a graphics library, all software
based on PHIGS will not compile
on all machines that have PHIGS.

HOOPS, the Hierarchical Object-
Oriented Picture Systems, is a
graphics library consisting of a
collection of graphics subrou-
tines. It is a proprietary pack-
age developed and distributed by
Tthaca Software, Ithaca,™ New
York. From the outset, HOOPS was
developed to be fully source-
code-compatible on all machines
which are supported. These in-
clude Apocllo, Apple Mac II, DEC
Vaxstation and DECstation,
Hewlett Packard 9000, IBM 286 and
386 PC's, Sun 386i, Sun 3 and 4,
and Silicon' Graphics Personal
Iris 4D. Because of the source-
code-compatibility of HOOPS,
source code written on a Vaxsta-
tion can easily be recompiled on
an Apollo workstation. This
makes programming for portability
very easy. To port an applica-
tion from a Vaxstation to an
Apollo workstation, only the
unique system calls within the
software need to be changed.
Further, all of the features of
the library are available to pro-
grammers without worry of porta-
bility of the final product.

COMPARISON OF PHIGS AND HOOPS 5

If developers are not worried
about portability, then the pre-
ceding discussion is moot. How-
ever, in the educational arena
and in this era of multiple ven-
dor campuses, the ability to port
software to different platforms
greatly enhances the availability
of the software to the students.
In addition, portability does not
restrict the future acquisition
of hardware to one model or ven-
dor but allows decisions on pur-
chasing hardware to be made based
on the hardware features of each
computer.

Characteristics of HOOPS and PHIGS

Computer programming has many
levels of programming which range
from assembly language to pro-
gramming with a high-level lan-
guage like FORTRAN. Similarly,
graphics programming can be per-
formed on many levels, as illus-
trated in Fig. 1.

Lower-level graphics program-
ming, using the X11 or UIS (User
Interface Services) software, re-
quires that programmers have a
good understanding of both the

APPLICATION PROGRAM

HOOFPS,
PHIGS, etc.
X11-WINDOWS UIs
HARDWARE

Fig. 1
gramming

Levels of graphics pro-
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mathematics behind graphical ma-
nipulations and the interface be-
tween the software and the hard-
ware. There are no subroutines
to rotate or translate. Instead
the transformation matrices must
be individually programmed. En-
gineers are not, in general,
knowledgeable in this 1level of
graphics programming. It re-
guires a great deal of time to
learn to program efficiently at
this level. The major benefit of
low—level programming is a faster
executing program and greater
versatility in programming.

Higher-level programming pro-
vides a more user-friendly inter-
face with the hardware by commu-
nicating with X11 or UIS. While
much easier to program, higher-
level programming sometimes loses
the versatility of lower-level
programming. Subroutines are
supplied which perform only cer-
tain basic operations. A pro-
grammer 1is not at liberty to ac-
cess more than what is supplied
in the subroutines. However, the
commands are generally more intu-
itive and 1little knowledge is
needed about the mathematical ma-
nipulations of graphical objects
or the specific hardware opera-
tions.

The line between the levels of
programming is not clearly drawn.
In a sense, PHIGS provides a more
lower-level programming environ-
ment than HOOPS because it does
not provide subroutines that per-
form basic operations, such as
rotating or translating. Simi-
larly, HOOPS provides many stan-
dard 3D manipulation subroutines
and therefore 1is a more high-
level programming tool. Instead
of defining the rotation matrix
for an object, HOOPS provides a

subroutine called HC-Rotate. The
arguments define the axis about
which to rotate and the number
degrees to rotate.

HOOPS could have made the
transformation matrix invisible
and inaccessible thereby provid-
ing a truly high-level program-
ming environment. Instead, rou-
tines to define the transforma-
tion matrix are provided in the
graphics library and can be used
if needed. In this way, part-
time programmers or novice pro-

. grammers can use the higher-level

routine and advanced programmers
can have access to the transfor-
mation matrices. The existence
of these higher-level routines
along with the ability to use the
lower-level routines makes HOOPS
easy to use and yet maintains
some programming versatility.

Both HOOPS and PHIGS use a hi-
erarchical data base®:7 All of
the geometry and attributes of
one object are grouped together
and manipulated as one entity.
HOOPS calls these entities seg-
ments and PHIGS calls them struc-
tures. In order to create an ob-
ject, a structure or segment is
opened, the geometry and at-
tributes defined, and then the
structure is <closed. These
structures or segments are re-
lated to each other in a tree-
like fashion, with some entities
"branching off" of other enti-
ties. All graphics programming
deals with creating, manipulat-
ing, and displaying these enti-
ties. It is in the creation and
manipulation of these objects
that HOOPS and PHIGS show signif-
icant differences.

When an object is created, it
is given a name. In PHIGS,
structures are identified with
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numbers, whereas in HOOPS seg-
ments are identified using de-
scriptive names. For exanple,
the segment defining a house in
HOOPS could be named HOUSE where
in PHIGS it would be given a num-
ber, such as 2. Further refer-
ence to the house later in the
program would be to HOUSE in the
HOOPS program and to 2 1in the
PHIGS program. To remedy this
situation, a PHIGS programmer can
assign a variable name to the
structure number, e.g., HOUSE = 1
which would enable the variable
name HOUSE to be used in calling
routines. This, of course, adds
additional lines of code to the
program.

This type of naming is not re-
stricted to structure or segment
name but continues throughout the
code. HOOPS was written to ac-
cept more English-like attribute
specifications and segment names
in order to make programming with
HOOPS more intuitive®. For exam-
ple, in order to set the 1line
color HOOPS uses the command

HC_Set Color("line=red")
and PHIGS uses the command
psetlinecolorind (9)

The novice programmer would need
a look-up table to determine what
line color was 9 when decoding
the PHIGS progran. A similar
table would be needed to identify
structure 2 as the structure con-
taining the house information.
The direct use of more intuitive
names makes it easier to learn
HOOPS and later, makes it easier
to modify existing programs.
Modifying attributes of PHIGS
structures can also be awkward.

COMPARISON OF PHIGS AND HOOPS 7

Every time the color of an entity
changes, the structure must be
opened, the old color deleted,
the new color specified, and the
structure closed. That takes
five lines of code. HOOPS pro-
vides a mechanism that allows at-
tributes of an entity to be
changed at any time in the pro-
gram without opening the segment.
To change the color of the house,
only one line of code is needed.

Within a PHIGS structure, the
sequence of commands 1is impor-
tant. For the part-time program-
mer, remembering whether  the
color should be set in the third
line or the fourth line results
in many referrals to the PHIGS
manual. This sequencing also can
be a real debugging stumbling
stone for the novice programmer.
In HOOPS, the order of commands
in a segment is arbitrary.

The PHIGS standard also lacks
some of the basic features needed
in three-dimensional graphics
programming. PHIGS does not pro-
vide for polygon £fill, polygon
hatching, hidden surface render-
ing, or hidden line removal. The
result is the ability to create a
wire-frame model without hidden
line removal. An extension to
PHIGS, called PHIGS+, has been
developed that incorporates sur-
face modeling, shading, and
lightingg. HOOPS on the other
hand provides these features as
standard subroutinesi©.

Conclusion

While PHIGS programming could
be mastered by anyone with a pro-
gramming background given enough
time, the unique environment of
educational software favors the
easier, more friendly environment
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of the commercial graphics 1li-

brary. The intuitive command
names, the ease of modifying
structures, the additional fea-

tures provided and the portabil-
ity favor development with HOOPS
or a similar package.

However, the decision between
using HOOPS and PHIGS does have
its trade-offs. PHIGS is a stan-
dard and for this reason support
for PHIGS 1is widespread and
available. HOOPS, on the other
hand, is a vendor's product. The
robustness, support, and upward
compatibility with new HOOPS re-
leases rests with the vendor. 1If
Ithaca Software experienced busi-
ness difficulties, the support
available for HOOPS would likely
diminish.

HOOPS was written not as a
standard but as a tool to make
computer graphics more accessible
to scientists, engineers, and
programmers®. It is this group
of people who most 1likely will
perform the educatiocnal software
development of the future. While
attempting to de-mystify graphics
programming, HOOPS has not given
up the versatility provided in a
lower-level programming environ-
ment.

It has been our experience at
Iowa State University that using
a graphics library like HOOPS is
the best way to approach graphics
programming from an educational
standpoint. The learning curve
is just too long for PHIGS to be
a useful tool for graduate stu-
dent employees or faculty with
limited time to devote to pro-
gramming. While PHIGS is surely
an emerging graphics standard,
the non-user-friendliness inher-
ent in the standard makes it pro-
hibitive for the part-time pro-

'5Wayne, G., "a

grammer or the novice to use in

developing graphics programs.
Perhaps for the professional pro-
grammer, PHIGS is an excellent

choice, but for the engineering
professor or graduate student
programmer, a package like HQOPS
is the better option.
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The Matrix for the Transformation of an Auxiliary Orthographic Projection
and a New Computation of the Axonometric Drawing

Li Liangxun

Department of Fundamental Courses
Shanghai University of Technology
Shanghai, China

Currently the theory presented in most books and articles on the com-
putation of an axonometric drawing is based on the concept of rotation.
Thus, it is not possible to show the relationship between views of the object,
the line of sight, and the axonometric drawing itself. A new computation
that improves this situation and is based on the theory of auxiliary
orthographic projection is presented. A matrix for transformation is derived
using the principle of auxiliary orthographic projection in the first octant.
Using this matrix, the coordinates of the vertices of outlines of the object in
the axonometric drawing may be computed.

Introduction

It is common to use auxiliary
orthographic projection to create
an axonometric drawing. As shown
in Fig. 1, the relationship be-
tween the projector S§(S1,52), the
views of the object, and the ax-
onometric drawing is visible.

But, what is the mathematical
requirement for auxiliary ortho-
graphic projection and may it be
used to construct an axonometric
drawing in computer graphics?
The mathematical analysis and so-
lution to these questions follow.

The Main Parameters
of Auxiliary Orthographic Projection
and Their Relationships

The projector and the auxiliary
plane are essential conditions in
constructing an auxiliary ortho-
graphic projection. In the Fig.
2, the plane P (traces L,K) is
the auxiliary projection plane,

S(S1,82) is the projector or the
line of sight, ® is the angle be-
tween traces L and K, @1 is the
top view of ©, and €2 is the
front view of @. It is assumed
that the angle 81 is measured as
a positive angle from -X toward
Kl and ©2 is measured as positive
from -X toward L2.

Suppose
S={XYZ)
Since
Kl 1 s1
L2 1 82
then
- -1
@1 = tan ~(X/Y)

@2 = tan~1(x/7)

In accordance with the principle
of the method of coincidence

cos @ = OT3/0T
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However,

OT3 = OT2 cos &2
OT = OT1 = 0T2/cos ©1

Hence

cos © = OT2 cos ©2/(0T2/cos 1)
ces 81 cos 82

Thus
- -1
€ = cos (cos 81 cos 02)
and
e1
0% < je2|< 180°

e

The Trace Coordinates
of the Auxiliary Orthographic Projection
of a Point in Space and Its Computation

In Fig. 3, Ap is the projection
of the point A(x,y,z) onto the
auxiliary plane P(L,K). There-
fore, A2Ap is perpendicular to
trace L, AlAk is perpendicular to
trace K1, ApAo is perpendicular
to trace K, and OAk is equal to
OAo. The distance OAk or OAo and

OA3 are called "trace coordi-
nates" of point Ap and are de-
fined as Ap(k,l). The relation-
ship between A(x,y,z) and Ap(k,1)
may be derived as follows:

Move point A toward B parallel to
axis X such that %, =0, y, = y,,

and Zy, = Z4-

Ac

1

Al

Fig. 3
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Thus, in the top view

OBk OB1 sin 61

=y sin 61

AkBk = A1B1 cos 01
= X cos 81

In the front view

OB3 0OB2 sin ©2

z sin 62

A3B3 = A2B2 cos 62
= ¥ cos 82

Since

OAkX = OBk - AKBk
OA3 = OB3 - A3B3

then

OAk = y sin 61 - x cos 61
OA3 = 2z sin 82 - x cos 682

or

k = -x cos 61 + y sin 01
1 =-x cos ©2 + '2 sin 62

(1)

Transforming Trace Coordinates
into Orthogonal Coordinates

Removing the traces K, L and
projection from Fig. 3 and
then constructing OV perpendicu-
lar to OK gives Fig. 4. If K is
replaced by U, a new orthogonal
system of coordinates 0OUV is es-
tablished. The transformation of
the trace coordinates k,l1 into
orthogonal coordinates u,v of
projection A, is derived by the
analysis which follows:

In the right triangle J-0-A3

NEW COMPUTATION OF THE AXCNOMETRIC DRAWING 13

v
J L

6
AV k o
vﬂAé k=i

o) a0 K=U

Fig. 4
JO = OA3/sin ®©

= 1/sin ©

In the right triangle J-Av-Ap

JAv = AvAp/ tan ©
= k cos ©/sin ©

Since
v = 0Av
= QJ — JAv
then

v = 1/sin @ - k cos ©/sin ©

(2)

Substituting Egs.
yields

(1) into (2)

v = (z 8in ©2 - x cos ©2)/sin ©
- (y sin 81 - x cos €1)
cos ©/sin ©
= x {-cos €2 + cos 81
cos @)/sin 6 - y sin @1
cos ©/sin ©® + z sin 02/
sin ©

Since K is replaced by U

u =k
= -X cos 01 + y sin @1
If representing the relationship
between A(x,y,z) and Ap(u,v) in a
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matrix equation, it may be writ-
ten as

[(xy z] [M] = [u V] (3)

where M is defined by the equa-
tion in Fig. 5. Thus, M is the
matrix of auxiliary orthographic
projection.

In accordance with the princi-
ple of projection in the first
octant, the projection plane
should be coincident with the
vertical plane of projection to-
ward the direction of projection.
Thus, when the sign of module X
of the projector is negative, the
sign of coordinate u should be

VOL. 54, NO. 3

A New Computation
for the Axonometric Drawing

As presented earlier, the ax-
onometric drawing may be created
using auxiliary projection.
Therefore, Egq. 3 may be used to
compute the axonometric drawing.
The procedure of this new compu-

tation is described as follows
(Fig. 7):
First, define the direction

S(S1,52) of projection (input X,
Y, Z). Then compute the trace
angles 1, 62, ® and substitute
them in matrix [M]. Next, take
any vertex as the origin of

positive. Conversely, when the coordinate (i.e., point ©0) and
sign of X is positive, the sign establish the matrix [Mv] of
of u should be negative (Fig. 6). vertices
— —_—
~cos 81 (-cos 82 + cos 81 cos 8)/sin ©
[M] = sin @1 -sin 81 cos @ / sin €
0 sin €2 / sin
Fig. 5
v v L
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Then, transform all of the

vertices from {x y z} to {u v}.
Thus

[Mv] [M] = [(MV)']

and
u, Vg A
[(Mv)'] = . . .
ut v T
For the transformation of the
arcs, first establish the equa-

tion as follows:

In Fig. 7, the arc Rl is repre-
sented as

NEW COMPUTATION OF THE AXONOMETRIC DRAWING 15

b)

X = X1 — Rl cos «
y =yl
z = z1 + Rl sin «

In the egquation x1, yl, z1 are
the coordinates of the center,
and

270° £ a £ 360°
The arc R2 is represented as

X = X2 - R2 cos f8
Yy y2 - R2 sin B
z = 22

In the equation x2, y2, z2 are
the coordinates of the center,
and

90° < B < 180°

Next, establish the matrix equa-
tion for transformation (Fig. 8).
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[ X1 = Rl cos « vl

[ x2 - R2 cos 8 y2 -~ R2 sin 8

Fig. 8

By using the result of the com-
putaion to draw vertices on the
U-V system and Jjoining vertices
in their given order, the axono-
metric drawing of the object is
created as shown in Fig. 7b.

Conchusions

The matrix (Fig. 8) is used to
construct an axonometric drawing.
The advantage is obvious - for
any line of sight the axonometric
drawing of the object can be pro-
duced except when the projector 8§
is perpendicular to a vertical or
horizontal plane. These two
cases require no transformation.
In addition, if using the com-
puter to calculate and make the
drawing, it is only needed to in-
put the modules of projector S
and organize the order to join
each vertex or point on the
curve. In this way, the matrix
may be used to calculate not only

the axonometric drawing, but also.

to determine many 3-D geometric
problems, such as angles, dis-
tances, areas, etc.

zl + Rl sin a ] [M]

VOL.
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2-D and 3-D CAD: Complements to Visualization

P. J. Zsombor-Murray

Department of Mechanical Engineering
McGill University Research Center for Intelligent Machines
Montreal, Quebec, Canada

A proposition that 3-D CAD provides an array of unambiguous solutions to
engineering problems is illustrated. This proposition assumes that engi-
neering problems are conceived in parallel processing mode while they are

solved in sequential processing mode.

Introduction

Engineering problems are con-
ceived in design spaces of higher
dimension, in parallel processing mode.
However, they are solved in sub-
spaces of fewer dimensions, in
sequential processing mode. It is pro-
posed that 3-D CAD provides an
array of unambiguous solutions.
Then one or more of these are se-
lected for graphical analysis in
2-D space, where measurement is
performed with 1l-dimensional in-
struments which assign a numerical
value to certain desired problem
solution parameters. Alternate-
ly, or additionally, mathematical
analysis may be performed to
evaluate these numerical parame-
ters. A solution is complete
when all relevant parameters have
been evaluated. The iterative
process which leads to a solution
can be thought of as a series of
excursions, . to and freo, between
the higher (design) spaces and
the 1lower (solution) spaces.
This proposition is supported by
examples showing the respective
advantages and shortcomings of 2~

D and 3-D CAD environments and
their mutual dependence 1in en-
hancing visualization. Topics
include automata, circle con-
struction, four parallel equi-
distant planes, shortest distance
problem, and simplifying compli-
cated solid models.

Parallel and Sequential Automata

Automata are simplified models
of devices which systematically
carry out 1logical procedures.
Basic arithmetic provides famil-
iar examples. The addition of
two numbers will serve to show
the formulation of a problem in a
higher dimensional space, in par-
allel, and its sequential solu-
tion by repetition of simple
steps. An adding automation will
be designed first as a parallel
device wherein the operation is
described by iteration in space.
Then it will be redesigned as a
sequential device which carries
out iterations in timel.

Figure 1 illustrates a
parallel adder.
and a 4-digit

4-digit
A 4-digit augend
addend are pre-
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Fig. 1  4-Bit Parallel Adder
sented, one digit of each, to Co 541
each of four 1-digit full adders. Ci 0 _
The least significant adder, on

the right,
carry in of O.

is provided with a
Each higher order
adder accepts as carry in the
carry out of its lower order
neighbor. Each adder generates a
sum and a carry out digit. The most
significant camy out is the fifth,
most significant digit of the
aggregate sum. '
Figure 2 illustrates a 4-digit
serial adder design. Augend and
addend are initially stored in
memory devices called shift registers.
These present augend/addend digit
pairs, from least to most
significant, in four steps, to a
single full adder. The 1-digit cany
register initially presents a 0 to
the adder's cary in. The most
significant sum digit appears in
the carry register while the augend is
replaced by the remaining se-
quence of sum digits, least sig-
nificant at the bottom. If a re-
circulation path is provided from
the output to the input of the
addend  register, the addend is
restored after the fourth shift
step. Otherwise, the addend,

Fig. 2 4-Bit Serial Adder
like the augend, is 1lost or
"forgotten". The shifting steps

are provided by a sequence of
pulses called clock signals. These
are applied simultaneocusly to all
three shift registers.

What can be learned from the
two equivalent variants of a 4-
digit adder?

1. The parallel architecture
"looks" like the addition problem
as taught in grade school. It
represents how one would sefup the
step-by-step addition of two
numbers.

2. It has as many procedural
blocks as there are digits. It
is a 1-dimensional 1line struc-
ture.

3. This is a good design model
because all of the problem compo-
nents are presented together, at
the same time. It is static.
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4. The serial architecture s = (a‘b- Qs i)+ (5' . i)+
corresponds to .how one would (a- Bvc i) t (a'b cl)
perform the step-by-step addition
of two multidigit numbers. and
5. It has only one procedural
block, regardless of how many c, = (a-b-cy) + (a- b-c. )
digit pairs are to be added. It (a-b l) + (a'b- cl)

is a O-dimensional point struc-
ture. It regquires memory which
is capable of manipulating the
pattern of data stored within it.

6. This is a good procedural
model because it illustrates the
programmed steps which are im-
plied by the linear structure and
its interconnecting data paths.
It is dynamic.

Can automata provide,
lar analogy, some 1insight into
measurement with instruments in
contrast to mathematical analy-
sis? Consider the full adder it-
erative block .as two measuring
instruments. One compares and
matches inputs to a corresponding

by simi-

sum. Similarly, the other mea-
sures cartyout. These are shown in
Table 1. It 1is binary, not

decimal but there is no loss of
generality because automata can
do decimal-to-binary conversions
and their inverse. Fortunately,
these will not be described.

Now consider the iterative
block to be two boolean functions
of the three inputs, i.e.,

(a) (b) (ci)
Augend Addend Carry In
0 0 0

0 1
8] 1 0
0 1 1
1 0 0]
1 0 1
1 1 0
1 1 1

a 1-D space of discrete indepen-
dent, orthogonal variables. Ap-
parently, a parallel multidimen-
sional problem conception buys
relational simplification at the
expense of structural complica-
tion. This is summarized in
Table 2.

Circle Construction Analysis

Confusion and ambiguity are
eliminated from a 2-D problem by
reformulating it in 3-D. This
partlcular tOplC has been treated
in detail? The problem is to

construct a c¢ircle subject to
three specified constraints of
four types. . The types are its

radius, a center or tangent line,
and a tangent circle. Some solu-
tions are easily handled in 2-D-
and these are commonly described
in graphics'texts4 Some are not
easily handled. Even advanced
CAD systems cannot manage them in
certain instances. Consider the
situation shown in Fig. 3 where a

(s) (co
Sum Carry Out Table 1

0 0

1 g Full Adder
1 0] Truth Table
0 1

1 0 a 2-D space of
0 I discrete, dependent
0 1 wvariables

1 1
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Dimension Automata Example
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Nature

Highest

Serial architecture
{Serial "point"” con-

tained in parallel
"lines")

Truth table

Parallel architecture

A 1-D "line" of full
adders; everything pre-
sented together

A single "point"” full ad-
der surrounded by dynamic
processing elements to
animate it

A pair of orthogonal mea-

(Tabular "line” contsin- suring instruments to

ed in serial "point")

Lowest Boolean equatidns

(A sequence of 3 types
of "point" operators

evaluate input by compar-
igson; like a scale

A relational sequence of
the 3 operators +, ., -

capable of procedurally
replicating the tabular

"line™)

TABLE 11
Synopsis of Automata Examples

L,/fCenUe Line

Tangent Circle

Fig. 3 Constrained Circle Con-
struction

circle, one of the black ones,
must be constructed upon a given
center line and tangent to a sec-
ond line and to a given circle.
Imagine that all circles on the
center 1line, all those on the
right side and tangent to the
second line and all those in con-
vex tangency to the given circle
can be drawn and cne then sinply
picks the ones that meet all
three constraints. This can be
done if the notion of a circle as
a closed perimeter of length s,
enclosing an area of sz/4ﬂ, is
suspended and replaced by a point
with the coordinates (x,y,r)
which define the center and ra-
dius of that circle. All such
points, with respect to a center
line, would make up a vertical
plane whose H-trace was the cen-
ter 1line itself. The tangent
line would also appear as an H-
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trace, but the plane containing
the circle-points would slope at
45°, upwards to the right. Fi-
nally, the convex tangent circle
would produce points in the sur-
face of a cone with a base angle
and slope of 45°. The apeXx would
be below the H-plane, r = 0, and
the cone's H-trace would be the
tangent circle itself. To find
the unique solution, consider the
piercing point of the line of in-
tersection of the two planes with
the cone in the region r 2 0.
The solution of interest is the
larger black circle at the top of
Fig. 3. Fig. 4 1illustrates the
two planes and cone. If one
wanted tangent c¢ircles on the
left, the sloping plane would
rise to the left. If one desired
concave circle tangency, the cone

Fig. 4
Circle on the Right

3~D Solution: External
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apex would be raised above the H-
plane.

The insight gained with this
approach is more impressive when
considering the construction of
circles tangent to three given
ones. It may be seen that cones
with vertical axes and 45° base
angles intersect in plane curves.
Therefore the intersection of
three cones can be replaced by
two planes and any one of the
original cones. Again, a line-
cone piercing point problem is
obtained. Plane equations are
obtained from the difference be-
tween a pair of cone equations.
This means that only two solu-
tions of a single quadratic arise
rather than the eight possible
when the three original cone
equations are solved simultane-
ously (Figs. 5 and 6). A thor-
ough analysis of this problem in
3-D has produced a comprehensive,
efficient, and very short algo-
rithm. It seems quite immune to
failure with special cases, like

concentric tangent circles and
parallel center and tangent
lines.

If one performs an unbounded
sweep of a 1-D element, such as a
line or circle, in 2-space, the
swept space is covered entirely
and no underlying structure is
discernable. On the other hand,
in 3-D the resulting surface can
be examined and its features can
be exploited, often to consider-
able advantage.

Parallel Equidistant Planes

This is an example counter to
the previous one. The 3-D prob-
lem breaks down into a 1-D combi-
natorial exercise which in turn
suggests a simple 2-D solution.
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(1)

(2)

Fig. 5 Point Circle Surfaces for Three Tangent Circles, (1) External
(x,y,r) = (0,0,3), (2) Internal (x,y,r) = (0,6,1) (3) External (x,vy,Tr)

= (_31312)

Fig. 6 Cone (1) Cut by Planes of
Intersection with Cones (2) & (3)

The task is to find four parallel
equidistant planes each contain-
ing one of four given points,
ABCD, and in that particular or-
der of adjacency. A facility to
construct 3-D objects attached to
four given points in space does
not seem to arocuse any insight
here. Two useful questions may
be formulated: How many ordering
sequences are there? and How may
two line directions, defining the
orientation of a typical plane,
be found? Ordering is resolved
by noting that four points, hence
the four planes, can be stacked
like four different colored beads
on a string. There are 4Cy dif-
ferent outer pairings. For each,
there remains an inner pair which
can be inserted in only two ways.
Therefore, there are | exactly
2(4C5) = 12 orderings. This an-
swers the first question and sug-
gests that any view of the four
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points be drawn and that the six
outer pairings be denoted by the
six line segments Jjoining every
point to every other. Now the
segment AD is identified as the
required outer pair and a pair of
points E and G are located at the
1/3 and 2/3 interval along AD. E
and G must certainly belong to
the internal planes. The 1line
segments EB and GC must be paral-
lel to the required planes. The
line segments EB and GC must be
parallel to the required planes.
A pair of lines can be drawn,
parallel to EB and GC, respec-
tively, from each of the points
A, B, ¢, and D. These pairs rep-

resent the required planes. Fig.
2-view

7 is a construction to

Fig. 7 Four Equidistant Parallel
Planes Through ABCD
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show that the desired 3-D result
can be obtained. This almost
trivial construction also shows
any easy way to obtain the alge-
braic point-normal, (p,n), form
of the solution. p is the posi-
tion vector to a point in space
and n 1is the unit normal of a
specific plane through that
point. The solution can be writ-
ten immediately, by inspection,
as (a,n), (b,n), (e,m), (4,n)
where a, b, ¢, and 4 are position
vectors of the points A, B, C,
and D and n = N/|N| where N is
any normal other than unit
magnitude.

N = (b-e) x (c-9)

e=a+ (d - a)/3
g=4da+ (a - 4)/3

It has been seen that it is
easier to find two intermediate
points which trisect a line seg-
ment than to similarly divide a
bounded region of 3-space where
the orientation of the bounding
planes is not explicitly evident.
Once accomplished, however, the
3-D division is immediately un-
derstood to be a virtually iden-
tical procedure.

Shortest Distance Between a Point and a
Plane

This problem was presented re-
cent1y5 as a key element in inte-
grating vector algebra into a
graphics course. The parametric
equation of a line segment in 3-D
is particularly important in that
it shows the creation of a line
through the motion of a point.
If applied recursively, segments
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of planes and
traced.

1. Point motion produces a
line segment between two points
specified by their position vec-
tors, a and b. This is repre-
sented by the parametric equation

3-spaces are

p=a+ t(b - a)

P is a moving point, or slider,
along AB. Its motion is speci-
fied by the parameter t. The
range 0 £ t £ 1 defines the seg-
ment.

2. Similarly, a plane segment
abe is represented by two simul-
taneous linear equations:

p=a+ t(e - a)
e =b + u(c - b)

P is a slider on AE where E is a
slider on BC. Notice that the
length of the segment AE changes
as it rotates about an axis
through A, perpendicular to ABC.
The point, P, maps the triangular
plane segment, ABC, within the
range of the two parameters, 0 <
t<1and 0 £u <1, ‘

3. Similarly, a 3-space seg-
ment among points abed is repre-
sented by three simultaneous lin-
ear equations

p=4+ t(g - 4d) (1)
g=a+ u(e - a) (2)
e = b + v(c - b)

P is a slider on DG where G is a
slider on AE where E is a slider
on BC. Notice that the length of
the segment DG changes as it ro-
tates about an axis through D,
perpendicular to DAE. Notice
also that the length of the seg-
ment AE changes as it rotates
about an axis through A, perpen-

VOL. 54, NO. 3

dicular to ABC. The point, P,
maps the tetrahedral space seg-
ment, ABCD, within the range of
three parameters, 0 < t £ 1, 0 <
u=<l, and 0 £ v £ 1.

The shortest distance from a
point D to a plane segment ABC
can be regarded as solving for u
and v so as to find g such that

(g —d)- (b -a) =0
and

(g - d)-(ec - b)

0

Substituting this condition of
perpendicularity of (g - d) with
respect to the plane segment ABC
into Egs. (1) and (2) yields two
simultaneous equations
(b - a)?u + (b - a).(c - bjuv
(b - a)- (4 - a)

(b - a)- (e - B)u + (¢ - b)2uv
(c - b). (4 - a)

1

Note that a typical dot product

term, (b - a).- (¢ - b), is evalu-
ated as (% - Xg) (%5 - Xp) + (Yp
- Ya) (yC = Yb) + (Zb —Za) (ZC -
zp) - The three stage moving-

point-in-moving-line-in-moving-.
plane model of a bounded segment
in 3-D is illustrated in Fig. 8.
Simple movement of elements of
fewer dimension to trace out ele-
ments of higher dimension is a
good way to unite understanding
of vector analysis to geometric

. modeling.

Solid Modeling of 2 Dynamic Process

A manufacturing operation, the
deep draw extrusion of a butt
weld pipe tee from tube stock, is
illustrated in Fig. 9 by three
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Fig. 8
Model

3-Sider Space Segment

Fig. 9 Pipe Tee Manufacture

process stages denoted cuf, draw,
and trim. In fact, only the re-
sult at the end of each stage is
shown. What. if one wished to ex-
amine a hypothetical smooth shape
transition scenario of the extru-
sion mechanism so as to develop a
geometrical basis upon which to
build a mechanical model of mate-
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rial flow and deformation? Fig.
10 shows in 2-D how the deforma-
tion may proceed 1in steps by
showing successive snapshots of
two key circular arcs in tangen-
tial continuity along with their
limiting rays of subtending an-
gle. Then Fig. 11 shows how two
invariant circumferential arcs
and a line of wall thickness are
swept to form the various B-rep
components which build up sur-
faces and solids which represent
a stage in the drawing process
where the neck fillet radius sub-

tends 45°; it is a 90° fillet
when complete. B~rep stands for
"surface Boundary representa-

\
Figure 10

The Deformation Process
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tion", as opposed to other solid
modeling alternatives. The main
- idea of this extrusion model is a
plane boundary rotating about the
horizontal axis (-2,2,2). It
separates a toroidal segment of

mean radius ¥onn = 2, that grows
from 0° to 90° to form the tee
neck fillet, from another,

smoothly tangent to it, that
grows in the same range of angu-
lar subtention while shrinking in
mean radius from Tpg > to rp, =
0 to finally form the hemispheri-
cal dome which caps the neck be-
fore trimming. Fig. 12 shows a
complete model of a partially
formed, 45° filleted tee.

This final example was pre-
sented to describe how mobile
points, lines, planes, and solid
elements are combined in 2-D and
3-D to provide a range of realis-
tic pictorial images which can be
united in any combination and in
operational sequence. These can
then be presented in a suitably
animated progression to help ex-
plain a highly deformative manu-
facturing operation.

Conclusion

The foregoing examples are in-
tended to stimulate the following
reflection when one sets out to
convey or represent information
graphically:

1. Some times it is easier to
understand the solution to an en-
gineering design problem by visu-
alizing .

a) the initial, constitutive, sys-
tem

b) the intermediate, processing,
system

¢} and the final, product, sys-
tem

VOL. 54, NO. 3

together, in parallel, in a space
of higher dimension, e.g., addi-
tional views or solid models.
Separation of detail leads to en-
hanced visualization.
2. Sometimes it is better to fo-
cus on the steps that occur, say,
with respect to the product's
state, at various stages or time
steps during the evolution, e.q.,
by using

a) stroboscopic superposition
of an image sequence or

b) an animating medium
to serialize, i.e., to reduce the
dimension of the graphics used to
convey information. Unification
of detail leads to enhanced visu-
alization. The next CAD system
generation must surely engender
at least a rudimentary capacity
to interactively create and ma-
nipulate this sort of Hypergraphics.
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An Hierarchy of Visual Learning

Scott E. Wiley

Department of Technical Graphics
Purdue University
West Lafayette, Indiana

An hierarchy of visual learning is proposed giving three primary stages of vi-
sual learning as well as seven hierarchical stages. A clarification of terms
associated with visual learning is also presented.

Introduction: The Call to Improve Visualiza-
tion in Engineering Graphics Curricula

Many agree that the need to re-
vise engineering graphics curric-

ula has been accelerated by the

increased sophistication of com-
puter graphics technology. It
appears that as computer graphics
grows in capability and avail-
ability, the ties between engi-
neering graphics skills, educa-
tional practices, and manufactur-
ing processes strengthen. As a
result, many skills and practices
are under increasing scrutiny.
Chief among these is the need to
improve visualization, a funda-
mental design and communication
skill which directly affects many
areas of engineering graphics ed-
ucation and manufacturing produc-
tivity. Clearly, the tie between
computer graphics and visu-
alization is becoming more widely
recognizedl=%, The growth of
computer graphics technology
makes visualization both more im-
portant and more possible. But
this may not happen if the
development of visual perception
fails to become a curricula pri-

ority that is actually imple-
mented, as has been suggested’.

The Need to Clarify
the Meaning of Visualization

The reader may have noted that
terms such as "visual percep-
tion", "spatial cognition", "spa-
tial visualization", "spatial
perception", "spatial visualiza-
tion",  design visualization",
and others appear to be used in-
terchangeably in the 1litera-
tureb,8-12 Terms may sound
close but be miles apart by defi-
nition, or sound different and be
closely related. A short review
of some of these definitions
points out the difficulty:

A. Visual Perception

1. The ability to comprehend
the environment through the
neuro-visual system

2. The ability to "see" what
you are locking at

3. The ability to mentally
comprehend possible changes in
what you are locking at
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4. A kind of wvivid mental
picturing which can aid in visual
design and problem solving

B. Spatial Cognition

1. Involves all aspects of
knowing, including ©perception,
thinking, imagining, reasoning,
judging, and remembering

2.. A set of mental repre-
sentations and procedures that
allows an individual to demon-
strate a certain spatial ability
or a range of spatial abilities

3, The set of mental rep-
resentations and operations that
underlie and allow spatial abil-
ity

C. Spatial Perception

1. A function and subsystem
of spatial cognition

2. One aspect of figurative
knowledge, or perception of suc-
cessive or momentary states of
figurative knowledge

D. Spatial Visualization

1. The ability to mentally .

manipulate pictorially presented
visual stimuli

2. The ability to interpret
visual information and mentally
manipulate this acquired informa-
tion

Psychologists and others appear
to disagree about as much as they
agree about the similarities and
differences of important visual-
ization conceptsBrll. The engi-
neering graphics educator who has
wanted to relate visualization
theory to the classrocom has had a
difficult task since no encom-
passing paradigm has existed to
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unite all of the visualization
concepts. What has been needed
is a hierarchy of visual learning
which provides a structure to re-
late the various theories and
terms. Once some of the mystery
has been cleared , it may be eas-
ier to understand why computer
graphics, especially animated
computer graphics, is such a vi-
able way to improve visualiza-
tion.

Placing Visualization in a Hierarchy
of Visual Learning

Confusion over visualization
terminology can be avoided by fo-
cusing on underlying concepts re-
lated through a visual learning
paradigm. The following Hi-
erarchy of Visual Learning (Figs.
1 and 2) offers an exanple of how
visualization concepts can relate
to the overall umbrella of visual
learning. This paradigm is hier-
archically similar to Bloom's
Taxonomy of Educational Objec-
tivesl?® or Maslow's Hierarchy of
Human Needsl? Figure 1 provides
three Primary Stages while Fig. 2
illustrates seven Thierarchical
stages.

The three primary stages of
Fig. 1 have been carefully la-
beled and defined for specific
reasons. The selected term for
the first primary stage, visual
cognition, has been used instead
of spatial cognition because the
author believes that spatial cog-
nition is only one kind of visual
cognition. There are other types
of wvisual cognition that are non-
spatial. For instance, geometric
figures can obtain surface char-
acteristics relating to color,
texture, or 1light that can be
perceived independently of depth
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HIERARGHY OF VYISUAL LEARNMING
PART I: PRIMARY STAGES OF VISUAL LEARNING

EFINITION; THE DEVELD!
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B EDITING VISUAL INFORMATION.

*INITION: ROCESS OF CREATI
ND' EDITING VISUAL PRODUCTS, AND :

Fig. 1

HIERARGHY ©OF VISUAL LEARNING
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TOWARD VISUAL MATURITY

Fig. 2

3
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or perspective cues, the normally
identified means of spatial cog-
nition. Also, one might think
that spatial cognition has to do
only with the perception of
depth, perspective, or coordinate
geometry rather than broader def-
initions sometimes affixed to it
in psychological literature (see
preceding definitions - spatial
cognition). Since objects can be
perceived in many ways other than
spatially, the term, spatial cog-
nition, may be misleading. Vi-
sual cognition then, is a broad
term that encompasses an individ-
ual's ability to perceive, memo-
rize, and mentally edit any vi-
sual feature of any object.
Visual cognition, the second
stage, encompasses the three root
concepts of visual learning: vi-
sual perception, visual memory,
and visualization (Figf 2%. Gib-
sonl3/ and Eisnerl’r 18 agree
with the premise that visual per-
ception precedes visual memory
and the two make visualization
possible. Visual perception is
defined as the abkility to men-
tally comprehend visual informa-
tion; visual memorization is de-
fined as the ability to mentally
store and retrieve visual
information; and visualization is
defined as the ability to men-
tally create and edit visual in-
formation. It has been assumed
then, that when visualization is
discussed, the discussion is
about an individual's entire vi-
sual-mental processing ability
which includes perception and
memory but which occurs Jjust
prior to the wvisual production
and visual resolve stages. It is
also recognized that visualiza-
tion does not stop during the vi-
sual production and visual re-
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solve states but continues during
them just as visual perception
and visual memory precede visual-
ization and continue during it.
All three stages are hierarchical
so earlier stages precede later
stages and are in continuous op-
eration.

Gibsonl®r1® yses the term vi-
sual perceptual learning to de-
scribe the three primary stages
(Fig. 1). Her visual perception
learning is defined as "increas-
ing abilities to extract, inter-
pret, and act wupon information
coming from the environment into
the wvisual system". Gibson's
terms, "extract" and "interpret®,
parallel the definition of visual
cognition (Fig. 2), the mental
processes of comprehending, re-
membering, and mentally creating
or editing. Her term, 'act
upon", parallels the second two
primary stages, visual production
and visual resolve, the external
production processes of creating
and editing a drawing, responding
to it, then revising it until a
point of resolve  has been
reached. The real differences in
the proposed hierarchy of visual
learning have more to do with
terms selected, the greater de-
tail, and the hierarchical nature
of the learning structure pro-
vide, not in the underlying psy-
chological concepts.

Conclusion

The hierarchical process of vi-
sual learning presents a logical
method for solving this portion
of the design problem. Clarifi-
cation of terms is essential in
communication with colleagues and
students.
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A Dual Approach to Engineering Design Visualization

Walter E. Rodrique:z

Engineering Computer Graphics Program
Georgia Institute of Technology
Atlanta, Georgia

The new freshman engineering graphics course at Georgia Tech covers es-
sential design visualization and documentation concepts using a dual ap-
proach. Traditional and computer graphics concepts are taught along two
parallel and complementary paths (or phases) that eventually merge into an
integrated design visualization/documentation phase.

Introduction

The engineering graphics course
at Georgia Tech has . finally im-
plemented four visual communica-
tion axioms that were introduced
as propositions in the 1987 EDG
Journal article entitled "Visual
Propositions for Integrating CADD
and TRADL, These axioms are
paraphrased as follows:

Axiom 1: Maximize design and
graphical problem solving oppor-
tunities.

Axiom 2: Minimize the need to
learn procedural or programming
techniques.

Axiom 3: Master the essentials
of graphics (i.e., spatial geome-
try, design process, sketching,
visualization, symbology, and
standards),

- Axiom 4: Utilize state-of-the-
art geometric modeling tools
(i.e., CADD, SM, and virtual-re-
ality, etc.).

These axioms are intended to
guide a new generation of engi-
neering graphics professionals.
They are based on EDG research
papers and national surveys by
Barrz, Bertoline3, Jensen4,
Rosss, McGraw-Hill Research Cor-
porationG, and Rodriguez7. The
axioms support the hypothesis
that the freshman engineering
graphics courses should preserve
the traditional (TRAD) aspects
essential to graphical communica-
tion and design visualization
while integrating new tools,
They also emphasize the need to
ensure that the new tidal wave of
technolegical developments do not
erode centuries of sound prac-
tices and theory by pioneers like
Gudea (plans), Vitruvius (geome-
tric construction), . Gutenburg
(printing), Alberti (views) da
Vinci (creative design/sketch-
ing), Monge (descriptive geome-
try) and Sutherland (computer
graphics)s.

After four years of unrelenting
efforts, these axioms have been
implemented into a unique graph-
ics course (EGR 1170) at Georgia
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Tech. At the same time, the
course has evolved into what is
now called the Engineering Design
Visualization course. This new

course addresses the duality
(spatial/symbolic} of the stu-
dent's visual information pro-

cessing system by incorporating
perceptual /analytical visualiza-
'tion, creative/technical design,
and descriptive/constructive so-
1id geometry modeling principles
in a single quarter course. Fig.
1 illustrates the conceptual mo-
del for this dual educational ap-
proach. Notice that the TRAD and
CADD phases flow (are taught)
along two parallel and complemen-
tary paths eventually merging
inte the design visualization
phase.
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Background

Engineering design visualiza-
tion, as defined in this section,
plays a far more important role
in our lives than most of us re-
alize. We can now visualize and
communicate bur ideas by means of
freehand sketches, technical
drawings, CADD, computer graphics
animation, virtual-reality, and
other design visualization tools.
However, it should be mentioned
that these drawings and geometric
models are usually developed us-
ing drafting oriented (rather
than design oriented) software
packages that often neglect the
functional requirements of the
creative engineering designerg.
Nevertheless, as inadequate as

Lecture/Recitation
2 hours fweek

]l Laboratory

3 hours/week

Week 1 Sketching:
Perspectives from given

vigws. . /I
Weak 2 Sketching: .

Axonometric & Oblique ;
Projections.

Week 3 Sketching:
Orthogonal Projections. H

Week 4 Design Process:
Ideation, Research, : M

Week 1 Perspective
Animations;
CADD: 2D Exgrcises

AT T AT )

Week 2 CADD: 3D
Construction Exercises

Week 3 Solid Modeling:
Boolean Operations &
CSG Exercises

Week 4 Solic Modseling:
B-Rep Exercises

Week 7 Design :
Documentation: i
Tolerancing H

Design Process
Week 8 Spatial Analysis:
Descriptive Geametry

Alternatives, D —"

atives, Decision (\\ % (\1 %
Week 5 Design Week & Solid Modeling:
Documentation: Secticning Exercises
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Woek & Design Weak 6 CADD:
Documentation: Dimensicning & Pattern
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Week 7 Design Project:
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Design Documentation
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Decision & Modeling
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Fig. 1 Engineering Design Visualization Course Model
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these tools may be, recent re-

search indicates the need to
learn these graphics software
packagesG. Studies?:/%:/% also

show that students should bhe re-
quired to understand the tradi-
tional principles of graphics ex-
pression and design.

At Georgia Tech the introduc-
tory concepts and applications of
visual communications and engi-
neering design visualization are
taught in EGR 1170 which is of-
fered by the Engineering Computer
Graphics Program housed in the
Schoel of Civil Engineering. As
the name implies, the principal
focus o©of the graphics course is
on design visualization. Design
visualization comprises the de-
sign process as well as design
modeling and documentation using
TRAD- and CADD-related tools.
Design vigualization is the imag-
inative generation, interpreta-
tion, and communication of design
ideas®. Rather than limiting it-
self to CADD, the design visual-
ization subject incorporates
state-of-the-art techniques, as
it becomes available, to concep-
tualize, wvisualize, and communi-
cate design ideas, inventions,
and physical phenomena.

In this design visualization
context, the course presents the
theory and application of engi-
neering design graphics. Stu-
dents learn to visualize and
model the three-dimensional geom-
etry of devices and systems using
national (ANSI) and international
(ISO) graphics standards. The
topics discussed range from per-
ceptual sketching (with tradi-
tional engineering graphics stan-
dards) to computer graphics visu-
alization concepts and includes
spatial / symbolic hemispheres

brain research, pictorials,
sketching, elements of projection
theory and descriptive geometry,
solid and parametric modeling,
CADD, as well as creative design
and geometric tolerancing. The
course emphasizes the integration
of computer graphics modeling
into the traditional engineering
graphics course. The "equation"

CADD + TRAD = DESIGN
VISUALIZATION

symbolizes/summarizes the design
visualization dual approach fol-
lowed (Fig. 1). The TRAD path
deals with the traditional engi-
neering graphics topics such as
parallel and angular projection,
spatial geometry, etc. The CADD
path deals with solid modeling
and other computer-aided design
drafting techniques.

Various experimental/dualistic
strategies are currently being
tested. One strategy consists of
assigning various perceptual vi-
sualization and sketching exer-
cises of 3-D objects. After the
students have visualized the ob-
jects, they are told to construct
a solid model of the object,.
Students use a commercial solid
modeling/drafting (SM/D) package
that has been customized with a
user-friendly interface. This
SM/D interface is used to con-
struct the geometric configura-
tion of the part, device, or sys-
tem created and, then SM files
are transferred to a compatible
CADD package to generate produc-
tion drawings.

In addition, "animated assembly
drawings" are incorporated to
present a dynamic visual repre-
sentation of the designed device,
system, or process in guestion.
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In general, the educational
strategy attempts to recreate or
graphically simulate real 1life

engineering design experiences in

a high-level computing environ-
ment. This strategy takes into
consideration the duality of hu-
man information processing.

Course Objectives

Upon successful completion of
the course the students should:

1. Understand how designers,
inventors, and engineers are able
to devise new products, systens,
and processes using design visu-
alization techniques and computer
graphics systems.

2. Discern the design infor-
mation required by those who will
be manufacturing devices, con-
structing buildings, or supervis-
ing processes.

3. Use ANSI/ISO graphics stan-
dards to document design ideas.

4. Apply graphics fundamen-
tals to solve design and tech-
nical problems.

5. Use the computer graphics
tools available to model the ge-
ometry of devices and systems,
e.g., CADD, SM, animation, and
word processing/desktop publish-
ing software packages in the pro-
duction of design documents.

6. Develop higher-order cogni-
tive functions such as observa-
tion, visualization, and creative
sketching ability.

Course Description
The course is divide into three

phases: TRAD, CADD, and design
visualization.
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I. TRAD Phase: Perceptual /Ana-
lytical Visualization

At the beginning of the school
term the student encounters a se-
ries of sketching and perceptual
visualization exercises to de-
velop his/her spatial-hemisphere
brain functions. These exercises
have been designed to stimulate
creative thinking. The students
use their constructive imagina-
tion and ability for detailed-ob-
servation to solve the problems.
Traditional pictorial drawings
(e.g., perspectives) as well as
modified-contour and upside-down
freehand drawing techniques are
covered. The class eXxercises
have been inspired by the work of
Edwards? Nicolaideslo, and
Beakleyli.

However, the tone of the exer-
cises 1is futuristicl?, (i.e.,
fictitious space vehicles, bio-
medical devices, etc.) rather
than naturalistic (i.e., faces,
hands, etc.). Occasionally, stu-
dents practice these techniques
in outdoor fun exploratory labo-
ratory sessions. One of the
first exercises consists of
sketching a pictorial from pho-
tographs of computer solid models
(Fig. 2). At this point,  stu-
dents are introduced to analyti-
cal visualization techniques to
solve complex visualization and
missing-view exercises. Reason-
ing skills (a function of the
symbolic-hemisphere) and intu-
ition (a function of the spatial-
hemisphere) are used to solve the
given problems.

IT. CADD Phase: Tcols of Com-
puter Graphics Visualization Mod-
eling
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Fig. 2 Exercise: Sketch a picto-
rial from each solid model
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The second phase addresses sym-
bolic-hemisphere brain functions
such as verbal (terminology),
logic, and sequential reasoning.
This phase covers TRAD concepts
in conjunction with CADD and geo-
metric modeling software applica-
tions. The dual/experimental ed-
ucational strategy utilized has
been coined INTEGRAL (INTEractive
GRAphics Language). This is not
a computer graphics language but
a means of communicating graphi-
cally without the need to 1learn
cumbersome algebraic and algo-
rithmic procedures. The student
is considered to be an engineer-
ing designer using the graphics
language to analyze, communicate,
and specify information about a
simple design project. The TRAD
aspects of engineering graphics
are discussed in conjunction with

computer graphics applications
and theory. Some aspects of de-
scriptive geometry (points,

lines, and planes) are discussed
with geometric entity construc-
tion. Furthermore, TRAD geomet-
ric constructions are compared
with the corresponding CADD com-
mands and menu segquences required
to generate arcs, 1lines, and
other geometric entities. ANSI/
ISO standards are taught con-
currently with computer drafting
functions.

An interesting, and perhaps
unique, characteristic of this
course is that solid modeling and
hidden-line-removal algorithms
are discussed and related to tra-
ditional descriptive geometry
methods to solve volume intersec-
tion problems.

III. Design Visualization Phase:
Design Process and Documentation
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. The third phase of the course
demands both creativity (a func-
tion of the spatial-hemisphere)
and analytical skills (a function
of the symbolic-hemisphere}. In
this stage the student is re-
quired to conceive alternate so-
lutions to a simple design prob-
lem. For example, one project
consisted of designing a rubber-
band propelled vehicle. The ve-
hicles were "raced" on a three-
meter-long table. The problem
was to design the vehicle in such
a way as to travel three meters
from one end of the table and
stop exactly at the other end
(edge) of the table. 1In addition
to the design process, this phase
covers ANSI's sectioning and geo-
metric dimensioning/tolerancing
standards. Students are required
to turn in a complete description
of their device including manual
sketches of the design process

idea, so0lids modeling, assembly
drawings, details, specifica-
tions, and a brief written re-
port. The phase also includes

the visualization and analysis of
engineering data. The objective
is to represent equations, mathe-
matical models, and complex in-
formation in a clear and concise
graphical form.

Course Administration

Aerospace, civil, engineering
science and mechanics, ceranmic,
mechanical, nuclear, and textile
engineering students are required
to take the course.  Many archi-
tecture, management, computer,
- physics, and electrical engineer-
ing students take it as a techni-
cal elective. An average of 400
students a quarter register for
the course.

Over 1400 students.
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register yearly, forming a rela-
tively uniform cross-sectional
representation of all the engi-
neering programs available. This
profile facilitates an interdis-
ciplinary interaction among stu-
dents, especially when it comes
time to work on the final design
visualization project.

The course was developed and is
taught by a faculty member in the
School of Civil Engineering. He
is assisted Dby ten graduate
teaching assistants who are pur-
suing their M.S. or Ph.D. in the
Engineering Computer Graphics
Program. In addition, one full-
time engineer supports the
course's laboratory and other re-
search activities within the pro-
gram. There are plans to hire
additional personnel with a me-
chanical engineering acadenic
background and previous manufac-
turing experience.

A total of twenty class sub-
sections with twenty students
each are offered per dquarter dur-
ing the academic year and ten
sub-sections are offered during
the summer quarter. Each class
section meets a total of five
hours per week. The theory and
practice are divided among two
hour-long lecture/recitation (two
class sections of 200 students
each) and three hour-long labora-
tories (twenty sub-sections) per
week. ‘

The lecture covers the theoret-
ical aspects of traditional
graphics and computer-aided engi-
neering design visualization.
Students are exposed to a short
practice exercise or quiz every
other class. Most exercises are
graded by GTA's based on the in-
structor's criteria. The stu-

~dents apply the graphics concepts
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discussed in the lecture during
the laboratory sessions. These
laboratory sessions present the
basic introduction to computer-
aided design and drafting tech-
nologies (i.e., CADD, solid and
parametric modeling, menu and
command structure, geometric ma-
nipulation statements, data base
management, format and syntax,
etc.). These sessions are con=-
ducted in facilities which pro-
vide an open laboratory environ-
ment for the students to apply
basic concepts and develop ideas
in graphical and geometric form.
During this flexible period the
student 1is constantly being re-
ferred to an on-line graphics
manual that was developed exclu-
sively for the CADD software
package used. Fig. 3 illustrates
the user-interface for this util-

EGR 1170 INTERACTIVE INTERFACE

Main Menu (Beta Test Ver 0.10 at Rel 2)

Fig. 3 EGR User-Interface

ity and Ref. 13 lists the source
code. The electronic manual con-
tains graphic exercises, tutori-
als, and up-to-date information.

The cost of materials for the
course is minimal. The only
items required are a metric
scale, 30°-60° and 45° triangles,
2H, HB, and 2B pencils, eraser,
white paper, isometric and ortho-
graphic sketching pads and the
textbook®. Students are not re-
quired to have their own micro-
computer (and software} or graph-
ics terminal. However, 1if they
own a personal computer and a
terminal emulator package, they
may complete their projects using
their system. 1In this case, they
are provided with a communication
prackage that allows them to use
the campus mainframe and worksta-
tions wvia Ethernet. Most stu-
dents access the system from sev-
eral terminal and workstation
clusters administered by the uni-
versity.

Advantage of Using the Dual Approach

The main advantage of using the
dual approach is that students
are able to clearly understand
the underlying theory of graphics
while wusing the latest tools
available. Judging from test
records for academic year 1987-
88, most (93%) of the students
who completed the tasks required
were able to pass their examina-
tions for both wvisualization and
geometric modeling skills with a
satisfactory or Dbetter grade.
This was an improvement over the
previous year where students had
a lower test performance; only
73% were able to pass comparable
tests and grading procedures.
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In addition, some advanced stu-
dents have been involved in the
development of graphical optimi-
zation techniques, on-line gra-
phics exercises, interactive tu-
torials, "intelligent" graphics,
and animation. These research
efforts enhance the delivery of
the EGR 1170 course as well as
providing a source of economical
support to advance EGR students.

Conclusions

The EGR course offers students
the opportunity to 1learn the
graphics language of computers in
conjunction with the traditional
engineering design graphics con-
cepts. Students attend lectures
and work on freehand exercises as
well as on conmputer-based prob-
lems. This experience allows
them to use the graphics funda-
mentals in future engineering de-
sign, analysis, and programming
courses. The availability of
various CADD systems, individual-
ized lab instruction, and practi-
cal design problems makes the EGR
1170 course one of the richest
experiences available to the
freshman student at Georgia Tech.
However, much work remains to be
done in the integration of geome-
try and visual reasoning concepts
into this course.
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Distinguished Service Award

Presented to

Clyde H. Kearns

June 26,

ASEE Annual Conference,

1990

Toronto, Ontario, Canada

Introductory Remarks

by
John Demel

Clyde Kearns graduated spring
quarter, 1942 from The Ohio State
University ,with a Bachelor's de-
gree in Chemical Engineering and
an appointment as 2nd Lt. in the
U. S. Army Corps of Engineers.
Professor Thomas E. French re-
tired from teaching at the end of

the same quarter, after 44 years
of 08U service and 36 years as
the first and only Chair of the
OSU Department of Engineering
Drawing. Clyde had worked as a
part-time student assistant in
the department during his junior
and senior years.

Clyde saw World War II service
in the U.S., India, and China.
Oon "VJ Day" he was sitting on a
hillside in southwest China in
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charge of the 1st Platoon of Com-
pany A of the 1880th Engineer
Aviation Battalion. The battal-
ion was maintaining 460 miles of
2-lane gravel road at the north-
ern end of the Stillwell Road be-
tween the Chinese cities of Kun-
ming and Kweiyand.

During spring gquarter, 1946,
while on terminal leave, Clyde
returned to OSU as Instructor in

Engineering Drawing. Professor
Ralph S. Paffenbarger was now
department Chair. "Paffy" had

three abiding interests, almost
to the exclusion of all others.
They were OSU athletics, particu-
larly Buckeye football; the Engi-
neering Drawing Division of the
Society for the Promotion of En-
gineering Education, the forerun-
ner of ASEE; and the Y14 Commit-
tee of the American Standards As-
sociation. Every one of his fac-
ulty members was a member of the
Division. There were no excep-
tions. Professor Paffenbarger
chaired the department from 1944
until his retirement in 1964. He
served as Chair of the ASEE Engi-
neering Drawing Division in 1950-
51 and received its Distinguished
Service Award in 1956.

Clyde received his Master's de-
gree in chemical engineering and
was promoted to assistant profes-
sor in 1950. From 1957 to 1959,
he was Instructor in Chemical En-
gineering at 0SU. He spent the
next four years in industry with
Union Carbide Corporation in Oak
Ridge, TN and Tonawanda, NY (nu-
clear reactors, radioactive iso-
topes, and cryogenics) and with
CVI Corporation in Hilliard, O©OH
(crycgenics, helium refrigera-
tion).

Clyde returned to OSU in 1963
as Associate Professor of Engi-

neering Drawing. That same year
he joined a group of faculty mem-
bers from several departments who
were teaching the initial course
in computer programming in the
0SU College of Engineering. It
was a senior elective in the De-
partment of Engineering Mechan-
ics.

In 1967 the Engineering Drawing
Department's name was changed to
Engineering Graphics, and the en-
gineering mechanics course became
an engineering graphics course.
During summer, 1968 Clyde taught
a programming course in the newly
organized 0OSU Department of Com-
puter and Information Science.
On February 1, 1969, Clyde re-
ceived an additional regular ap-
pointment as associate professor
in that department. Later the
same year, he was promoted to
professor in both departments.

Clyde served as Chair of the
OSU Department of Engineering
Graphics from 1973 to 1977. In
January, 1981 he retired from,
full-time duty and has been
teaching on a part-time basis, in
graphics or computer science,
ever since.

Clyde's association with the
Engineering Design Graphics Journal began
in the summer of 1972 when he was
appointed to fill out the last
two years of Robert Christenson's
term as Circulation Manager -~
Treasurer. Clyde was elected to
a full three-year term as CM-T in
1974. He then served as Division
Vice-Chair in 1977-78 and as
Chair in 1978-79.

Clyde's association with the
Journal resumed with his appoint-
ment as CM-T by Larry Goss in
January, 1984. The 1984 revision
to Division By-lLaws changed the
office of CM-T from an elected
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office to an appointed one in or-
der to house Journal circulation
and finances in a permanent loca-
tion at The Ohio State Univer-
sity. Clyde Kearns and the O0OSU
Department of Engineering Graph-
ics derive a great deal of satis-
faction from this association and
hope it may continue for many
-years to come.

It gives me great pleasure to
be able to present this year's
Distinguished Service Award to
Prof. Clyde H. Kearns of The Ohio
State University. It reads:

Distinguished Service Award
Clyde H. Kearns

Clyde H. Kearns Is Hereby Recognized By
The Engineering Design Graphics Division Of
‘The American Society For Engineering
Education For His Outstanding
Contributions To The Division And To
Engineering Education. He Has Served The
Division In Many Capacities Including
Chairman. His "Indefinite" Tenure As
Circulation Manager Of The Engineering
Design Graphics Journal With His
Meticulous Attention To Detail Has Been
Outstanding! This Award Is The Highest
That Can Be Presented By The Division To
One Of Its Members. Clyde H, Kearns Has
Been Selected For This Honor By His
Colleagues For His Outstanding Career At
The Ohio State University As An Educator,
Scholar And Administrator.

PRESENTED THIS DAY JUNE 26, 1990
AT THE ASEE ANNUAL CONFERENCE
TORONTO, ONTARIOQ, CANADA
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Recipient's Remarks

by
Clyde Kearns

Ladies and Gentlemen:

Let me first thank all of you
for being here tonight to make
this such a memorable occasion
for me. Let me also express ny
appreciation to the members of
the Distinguished Service Award
Committee; Rollie Jenison, Ron
Barr, and Merwin Weed, for their
kindness and consideration in se-
lecting me to receive this year's
award. It is a singular honor.
That fact is obvious to anyocne
who examines the list of names of
past recipients which I have
taken the liberty of placing at
your table in the small blue
folder.

The first Distinguished Service
Award was presented to Prof.
Frederic G. Higbee of the Univer-
sity of Iowa on June 21, 1950.
Prof. Higbee was a charter member
of our Division. He was Editor,
from 1931 to 1936, of the T-
square page which appeared in the
Journal of Engineering Education.
He chaired the Publication Com-
mittee which published the first
issue of the Journal of Engineer-
ing Drawing in December, 1936.
The other names on the list are
equally well known. I am indeed
honored to have my name added to
such an illustrious group.

I have also taken the liberty
of placing a list of the past
Chairs of this Division in the
folder. That list begins with
the name of Prof. Thomas E.
French of The Ohio State Univer-
sity. Prof. French retired from
teaching in 1942, after 36 years
as the first chair of the 0SU De-
partment of Engineering Drawing.
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Jordan of. the

Prof. Harvey H.

University of 1Illinois, Prof.
Clair V. Mann of the Missouri
School of Mines, Prof. Higbee,

and Prof. French drew up the pe-
tition which resulted in the for-
mation of the Engineering Drawing
Division at the Annual Conference
of the Society for the Promotion
of Engineering Education, now
ASEE, at Chapel Hill, NC in June,
1928.

I recall that Prof. French was
an imposing figure. "He was an
important person on the campus of
The Ohio State University. His
textbooks had gone through sev-
eral editions and were used all
over the world. He served on
many college and university com-
mittees. He was a member of the
faculty group which, in January,
1912, presented Ohio State‘s ap-
plication for admission to the
Western Conference, now the Big
Ten. He served as the first
President of the O0SU Athletic
Board from 1912 to 1930 and as
0SU's faculty representative to
the Big Ten from 1912 until his
death in 1944.

Prof. French was a leader in
the planning for Ohio State's
86,000-seat football stadium com~
pleted in 1922, 4just ten vyears
after O0SU joined the Big Ten.
There were many who claimed that
Ohio State would never fill the
stadium. They were wrong. Prof.
French was right. Our French
Field House is named for him. As
a part-time student assistant, I
had few occasions to speak to
Prof. French. When I was called
into his office, I stood at at-
.tention, answered questions po-
litely, and, when dismissed,
backed respectfully out the door.

I also had the privilege of

working under Prof. Ralph S. Paf-
fenbarger who retired in 1964 af-
ter 45 years on The Ohio State
faculty, the last 20 years as De-
partment Chair. "Paffy" consid-
ered this Division to be one of
the most important aspects of his
professional 1life. During his
year as Chair of the Division, he
promoted the Summer School at the
1951 ASEE Annual Conference at
Michigan State University. I re-
call that the group from O0SU
traveled to East Lansing in two
automobiles. Paffy drove one.
By the luck of the draw, I wound
up 1in the other. Paffy was a
wild driver. The two professors
who rode with Paffy swore after-
wards that they would never again
set foot in an automobile with
him.

Paffy was instrumental in ar-
ranging my appointment in 1965 as
Secretary to the ASA Y14 Sec-
tional Committee, chaired at that
time by Prof. Fred Spalding of
the University of Illinois. More
recently, as a member of the
¥14.4 Subcommittee, I was very
pleased to be able to help him
with the 1989 revision to the
standard on pictorial drawings.

" There is a third list of names
I did not bring tonight, but
which, just as surely as the
first two, deserves our atten-
tion. That is the list of pre-
sent and past editors of the FEn-
gineering Design Graphics Journal.  Prof.
Barry Crittenden of VPI is the
current Editor, preceded by Jon
Duff of Purdue, Mary Jasper of
Mississippi State, Paul and Judy
DeJong of JTowa State, Jim Earle
of Texas A & M, and so on. The
Journal is in its 54th year of
publication. This would not be
so if it were not for the dedica-
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tion and hard work of its many
editors, associate editors, and
advertising and circulation man-
agers over the years. We owe all
of them a debt of gratitude.

This organization has also been
fortunate in having the strong
support of a number of fine col~
leges and universities. We owe a
vote of thanks to our deans and
department chairs. If it were
not for them, we might not be en-
joying this wonderful banquet
tonight. It is appropriate that
our lists of names indicate the
institutions represented.

My association with the Journal
began in 1972 when I received a
box of 3 by 5 cards and a check
in the amount of $1192 from Bob
Christenson at GMI. Once the
mailing addresses had been
punched onto IBM cards, I was
able to access a PDP 15 computer
in our Chemical Engineering Unit
Operations Laboratory, with a
hands-on card reader and line
printer. A table-top system in
my office, with floppy drives,
hard disk, dot matrix printer,
and terminal access to VAX hard-
ware and software, has changed
things considerably.

Until recently we depended on
ASEE headquarters for member ros-

ters and mailing labels. At the
1989 midyear meeting in
Tuscaloosa, it was decided that

we should maintain our own member
files and prepare our own rosters
and labels. Division members re-
cently received the first Divi-
sion Directory prepared recently
by Prof. Edwin Boyer of The Ohio
State University. Ed and I are
hoping to be able to communicate
more effectively with every mem-
ber of the Division. Ed deserves
a round of applause for his work.
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As I close my remarks, I wish
to indicate to you how much I en-
joy my association with this
group. I find that, at my age, I
cherish more and more the famil-
iar voices, the smiling faces,
and the warm handshakes that we
enjoy at these meetings. It has
been a privilege to be associated
with the Engineering Design
Graphics Division. I am hoping
to be able to continue my efforts
on behalf of the Division and the
Journal.

I indicated to Rollie Jenison,
in my reply to his letter, that I
should be giving an award to all
of you for the opportunity to
serve and the satisfaction that
it brings. The Distinguished

Service Award is a major event in
my life.

Again, thanks to all of you
from the bottom of my heart.

Clyde Kearns, Rollie Jenison, and
Frank Croft after presentation of
the DSA to Professor Kearns
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A Remembrance

Matthew NMcNeary

1910 - 1990

Matthew McNeary, a member of
ASEE and this Division for many
years, died on April 2, 1990 in
Orono, Maine following a 1long
illness. He is survived by his
wife, Ester, two daughters, two
sons, and eleven grandchildren.

Professor McNeary, Kknown as
Matt to his colleagues and
friends, was born in Philadel-
phia, PA on September 8, 1910.
He received his early education
in the public schools of
Philadelphia and graduated from
high school in 1927. Following
graduation, he worked for a year
for the Electric Storage Battery
Company in Philadelphia.

He entered Penn State Univer-
sity in 1928 and received a Bach-
elor of Science degree in Civil
Engineering in 1932. Following
graduation, he worked for several
years (1933 - 35) in the Produc-
tion Department of the Electric
Storage Battery Co. He served as
an Instructor in the Civil Engi-

neering Department at the Penn
State University between 1935 and
1937. Professor McNeary married
in 1938.

His long career with the Uni-
versity of Maine at Orono began
in 1937. Time was devoted to
graduate work at the university,
and he received his Master of
Science degree in Civil Engineer-
ing in 1941. Between 1943 and
1946 he worked as an Assistant
Chief Engineer for the Eastern
Corporation in Brewer, Maine.
Upon his return to the University
of Maine he progressed through
the academic ranks to professor
and served as Chairman of the De-
partment of General Engineering
from 1951 until 1975.

Professor McNeary was a member
of the Maine Association of Engi-
neers and ASEE and was a regis-
tered professional engineer.
During his career he authored
several texts and articles on en-
gineering graphics.

Matthew McNeary will be remem-
bered by our Division for his nu-
merous activities associated with
it, including serving as Chairman
in 1962-63. This extensive ser-
vice was recognized in 1971 when
he was given the EDGD Distin-
guished Service Award.

A colleague stated upon his re-
tirement, "As a person who has
always enjoyed Professor's Mc-
Neary's effective articulation of
his reasoned and seasoned views,
invariably marked by good sense
and good humor, ..., I endorse
wholeheartedly ... comments about
his four decades of unselfish and
loyal service". Our Division was
fortunate to have had such an ed-
ucator as one of our members.

Hank Metcalf
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Chairman’s Message

by
Jon Jensen

It is a privilege to begin my
tenure as EDG Division Chairman
with my first "Chairman's Mes-
sage" in the EDG Journal., The
past year as Vice Chair was a
positive, rewarding experience,
and I look forward to working
with (and for) the membership of
the Division. _

Those of you who attended the
Annual ASEE Conference in Toronto
this past June were treated to a
very cosmopolitan environment.
The city was spectacular and the
conference, as usual, was most
successful. The division events
were "first-rate" and well at-
tended. Our thanks to Fritz Mey-
ers and Bill Ross for coordinat-
ing a high quality event.

A highlight of the annual con-
ference is always the EDGD Awards
Banquet. This year we were de-
lighted to 1learn that Clyde
Kearns of The Ohio State Univer-
sity was chosen for the Divi-
sion's Distinguished Service
Award. OQur congratulations go
out to Clyde for forty vears of
service in the Division, having

" AND education
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become a division member in 1950.
I was two years old at the time,
and he was Division Chairman
(1978-79) the year that I became
a member of the Division. So
much for dating myself.

This year and certainly the
90's contain many educational
challenges that we must face. 1In
fact, the theme for the 1991 ASEE
Annual Conference will be
"Challenges of the 90's. It is
significant that we have a Divi-
sion that is devoted to the tech-
nology of engineering graphics
(the content and
the delivery) that clearly makes
it unique among professional or-
ganizations. As far as engineer-
ing graphics, I have heard of the
90's referred to as a "new era".
I tend to agree with that broad
statement. We have just conm-
pleted a decade in which some of
the most exciting graphics tech-
nology became accessible to large
numbers of students in engineer-
ing and technology education. We
have been witness to great inter-
est in computers and the poten-
tial for greatly increased effi-
ciency in graphics instruction.
The decline in small computer
prices and the increase in ma-
chine capabilities hasn't hurt
either. However, I would be re-
miss if I neglected to indicate
that the 80's were also a decade
of much experimentation, investi-
gation, and even some confusion.
So, I =see the 920's as a new era
of thought and of method. The
way we deliver graphics instruc-
tion in the 90's may be the
greatest challenge to graphics
educators. The past two years
(particularly) have seen some
significant funded projects de-
signed to assess what content and




NO. 3

54,

VOL.

ENGINEERING DESIGN GRAPHICS JOURNAL

52

Y38W3N 1 LTHW0D JATLNIEXT «

ALISH3AINN 3I1VY1S OIHC
SNYY3IX 30A7D

SY3IVNVA NOLLVTINOAID

ALIS¥IAIND 3nQUNd
LYOHS SINN3Q

SHIOVNVH ONIS1LH3AOY

VNVIAONI N¥3HLNGS 40 N
SS09 A¥¥YY

d1VHDY WYd90dd
SSO¥ WYITTIM
SNY3TH0 MaAN

ALISY3AINN NOSWITD
Z12ZY WIQVN

“ONIT300M J1¥13W02D

"H23d1 VYNVISINOT
0ST3y L4390y

=S HdVYI TVO113803HL

ALISHIAING 3L1IN0YYW
N3SNIF Nor

SSFHWINHIZL DONIHOVAL

ALISY3AINN 3LVIS YMOI
NOSINIr 31770¥

ALISYIAINA NOSW3ATD
GNVNY Yd3A

SSNOILYI3d T.1NI

ALIS¥3AINA 3INTANd
INET0LY3E AdY9

SSNOLLYIIY AYISNANI

“AING LTEGATANYA
AQ33X HONH

1301103 NOISIAIQ TIVINNY 1661 INOILVINGI N9ISIA YNIHIINIONT ISWYU908d HSO¥d
HIVHD WYHD0¥d NILSNV -
HI2LAT0d VINIDEIA 3INITOLYIE A¥YD  S¥X3L 40 "AIND “AINN 3L¥1S OIHO JI41LNIIIS Q33dS
XN 39¥039 ILVIS YNOZIWY gooM A1 ¥311IH TIVHIIN SMIHLLYW 13380¥
I¥OL1G3 IVDINHIAL TTVONNY 0661 IdIHSHUIEHIM  ISDIHAVED HILNAWOD SNOLLV13¥ -3nad
HI31A70d NILSNY
31V)S OIHO *AIND YAONYTTIA YINIDYIA “AINA 3NQNd SYX3L 40 °n “AINN 3Naand “1S YNIIO¥YD HL¥ON
3INVNG NNVSOP 34440 WYIT1IM NIONILLIYD Addve SSO¥ WYIT1IM a00M AT118 INITOLY3E K¥YD TTVMAIANVA WYITTIM
SNOLLMIOSTA a-3-3"2 +SNOI1VII1and * SWYA903d x SINOZ » 403d ¥ HO3L + NOSYIL1
_ _ ) r 1 [ [
HI3LAT0d )
YINIDYIA

SVXdl 40 °h
Yd¥H aTYNOY

INILVNIWON

*n 31¥1s DIHO

S¥X31l F0 “AINN

T3W3a nHOr Juve GIYNOY
G003 IDIANAS
SNOI12373 QIHSIMONILSIA

“AINN ALV.IS OIHO

AJ110d

SYI00Y WYITTIM

TdW3Q NHOP
» NVHAIVHD 3JIA

VWYEYTY 40 “AINN
NMO¥E "2 JNovr
NIV1dVHD

AL¥LlS OIHG
L4043 JINVY4
» NVWAIVHD 1SVd

L - - —

"AINN NOL3IJNIdd
ASY1S JAQLS
JIRFAIINOD

TYNOILVNYIINI

ALTSYIAINN FL1INVAVH

NISNIAr NOr
NYRYAIVHD

L66L-0661 LAYHD TYNOILVZENYDUO

NOILYONG3 ONIYIINIDONT H04 AEITID0S NVIIUIWY

NOISIAIG SIIHAVED NIISIC DNIYIINIDNI

>

"AINN J1V1S NN3d
431504 808
HIANSYIAL - AdV1TH03S




AUTUMN, 1990

delivery should look like in view
of CAD  technology. The time
ahead of us will be interesting
and demanding intellectually as
we examine the directions we have
individually taken. This should
make for some very interesting
conference sessions. I look for-
ward to this with great anticipa-
tion, and I hope you do too.

May the Lord's blessing be with
you, and my best wishes for a
successful and productive year.

EDGD Mid-year Conference
by
Del Bowers and Gary Bertoline
|

Make plans to attend the 1990
Midyear Conference to be held in
Tempe, Arizona from November 17 -
20, 1990. Tempe is a Phoenix
suburb and the home of Arizona
State University. Highlights of
this meeting include a keynote
presentation by Joel Orr, nation-
ally known CAD consultant, work-
shops on Saturday and Sunday, a
western steak cookout at Pinnical
Peak in the Sonoran desert (wear
jeans and boots, but NO tie), and
an impressive array of technial
sessions. A spouse/friend pro-

gram will be guided by Frank and

Gladys Oppenheimer and will in-
clude tours of the famous Desert
Botanical Gardens and the Heard
Museum, reknown for Southwest In-
dian artifacts.

- The Tempe Mission Palms Hotel,
adjacent to the ASU campus and
0ld Town Tempe, wWill be the site
of the conference.

The tentative schedule for the
technical sessions is as follows:
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FREE
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~ CATALOG

Software &
Supplies
for:

CAD, DeskTop Publishing,
Technology & Voc. Education.

IBM - Macintosh - Apple Il

» All Prices Guaranteed ‘til Jan. 31, 1891.

« All Orders Shipped within 48 Hours.

« All Products Unconditionally Guaranteed &
“In Stock” for immediate Delivery viaU.P.S.

» 30-Day Product Preview Available.

» All Products are Fuily Supported thru our

Toll Free Tech Support Line.

Call Toll Free From All 50 States

1-800-622-1000

From Canada Cali 513-324-5721

HEARLIHY & CO
714 W. Columbia St.
Springfield, OH 45501

90-42-J
o

Monday, Nov. 19, 1990

8:00 am Introduction
8:15 am Keynote Address - Dr.
Joel Orr, CAD/CAM Institute

Technical Session I - Future Trends

9:30 am The Electric CAD Work-
book: A Tool for CAD Instruction

in Education & Industry - Paul
Resetarits

9:45 am A Step-by-Step Ap-
proach for Solving Descriptive

Geometry Problems Using CADKEY -
Frank Croft

10:00 am SIGGRAPH Delphi: A Re-
port - Mary Sadowski

10:15 am Graduate Graphics Pro-
grams - Walter Rodriguez
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10:30 am Design Graphics for
Manufacturing: The Integration of
Parametrics and Variational Geom-
etry - Dinish Dhamija

10:45 am Break

Technical Session II - Curriculum Issues

11:00 am The Problem is the
Problem - Edwin Boyer

11:15 am The Down Side of De-
sign Automation: Are We Educating
or Idiot Proofing - N. S. Nan-
dagopal

11:30 am A Solid Modeling Labo-
ratory Sequence for Engineering

Design Graphics - Ronald E. Barr
and Davor Juricic
11:45 anm Coping with Techno-

Stress in Technical Graphics -
Terry Burton

12:00 am An Oversight in the
Typical Modernization of an Engi-
neering Design Graphics Curricu-
lum - John B. Crittenden

12:15 pm Discussion

12:30 pm Lunch

Technical Session III - Curriculum and
History

2:00 pm Descriptive Geometry:
An Historical Review, Part I - EQ
Knoblock

2:15 pm An Historical Review
of Visualization in Engineering
Graphics - Craig Miller

2:30 pm Profile & Practices of
Contributors to the Engineering

Design Graphics Journal - Robert
A. Chin
2:45 pm Teaching Engineering

Graphics as a Body of Knowledge -
Jon Duff

3:00 pm Design VS Communica-
tions in Engineering Drawing -
Timothy J. Sexton

3:15 pm Break

Technical Session IV - Visnalization

3:30 pm Visualization for En-
gineers in the 90's - William E.
Gavin :

3:45 pm The Importance of Vi-
sualization Cues to Learning and
Design in Engineering Graphics -
Scott Wiley

4:00 pm Virtual Reality System
for Engineering Design Visualiza-
tion - Mike Sinclair :

4:15 pm How Can They Visualize
If They Don't Know What It Looks
Like? -~ Charles W. White

4:30 pm Some Spatial Visual-
ization Exercises for Engineering
Design Graphics - Michael H.
Pleck :

4:45 Discussion

Tuesday, Nov. 20, 1990

Technical Session V - Research

8:30 am Evaluation of 3D Dis-
play Techniques for Engineering
Design Visualization - Larry
Hodges

8:45 am Interim Review: Purdue
Engineering Graphics Visualiza-
tion Research Project - Scott Wi~
ley

9:00 am Orthogonal Aniograph-
ics View Transformations and 4D
Visualization - N. F. Ezquerra

9:15 am Survey of CAD Training
in Industry ~ Judy Birchman

9:30 am Do You Really Have to
Grade All That? - Paul DeJong

9:45 am Break

Technical Session VI - Computational
Graphics

10:00 am Confronting Advanced
Surface Design with NURBS - UJ.
Alan Adams
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10:15 am ?777?77277 ~ Robi I.
Love '
10:30 am Computer Program &

Curve Fitting Routine for Analy-
sis of Right/Left Hand Mirror
Drawings - Larry Goss

10:45 am The Transition from
Boolean to Feature Based Solid
Modeling - Michael Gabel

11:00 am International Graphics
Standards Issues - Xoan L. Baltar

11:15 am Discussion

11:30 am Standards Panel Dis-
cussion - Ed Knoblock

12:30 am ILunch

Technical Session VII - Curriculurﬁ

2:00 pm Design Prototypes:
Iconic Models for Visualizing &
Analyzing Creative Ideas -~ Merwin
Weed

2:15 pm The Development of a
Multi-Media Instructional Package
for CAD - Leonard Nasman

2:30 pm What is this Fractals
Stuff? - Paul DedJong

2:45 pm Scientific Visualiza-
tion: A New Course Concept for
Engineering Graphics - Eric Wiebe

3:00 pm Facilitating Curricula
Integration of Multidisciplinary
Design - Lawrence J. Genalo

3:15 pm Computer Animation in
the Engineering Design Graphics
Curriculum - John Kelly

3:30 pm Discussion

For more information, contact Del
Bowers, General Chairman, at
(602) 965-6195. And be sure to
bring your tennis racquet and
golf clubs!

ENGINEERING DESIGN GRAPHICS JOURNAL 55

Calendar of Events

by
Bill Ross

1990-91 EDGD Mid-year Conference
November 18-20, 1990
Tempe, Arizona
Host: Arizona State Univ.
General Chair: Del Bowers
Arizona State Univ.
(602) 965-6195
Prog. Chair: Gary Bertoline
Purdue University
(317) 494-7507

1991 ASEE Annual Conference

June 16-20, 1991

New Orleans, Louisiana

Program Chair: Bill Ross
Purdue University
(317) 494-8069
FAX 317 494-0486

Facilities Chair: Mary Jasper
Mississippi State Univ.
(601) 325-3922

1991-92 EDGD Mid-year Conference
Date: TBA
Norfolk, Virginia
Host: 0l1d Dominion Univ.

1992 ASEE Annual Conference
Toledo, CH

1992 5th International Conference
on Engineering and Descriptive
Geometry

August 17-21, 1992

Melbourne, Australia

1992-93 EDGD Mid-year Conference
San Francisco, CA
(tentative)

1993 ASEE Annual Conference
Urbana, IL
(tentative)
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International Computer Graphics
Calendar
by
Vera Anand

Nov 11 - 15, 1990

ICCAD 90, IEEE Intn'l Conf. on
Computer Aided Design, Santa
Clara, CA. Contact: Pat Pis-
tilli, MP Assoc., 7490 Clubhouse
Rd., Suite 102, Boulder, co
80301. Ph. (303) 530-4562.

Feb 25 - 28, 1991 ‘

EDAC 91, European Design Au-
tomation Conf., Anmsterdam, Hol-
land. Ceontact: Secretariat,
EDAC 91, CEP Consultants, 26-28
Albany St., ‘Edinburgh EH1 3QH,
Scotland. Ph. 44 (31) 557-2478,
Fax 44 (31) 557-5749.

Apr 1 - 5, 1991
24th Computer Simulation Conf.,
New Orleans, LA. Contact: George

W. Zobrist, Computer Science
Dept., Univ. of Missouri at
Rolla, Rolla, MO. Ph. (314) 341-
4836.
Apr 7 - 12, 1991

1991 IEEE Int'l Conf. on
Robotics and Automation, Sacre-
mento, CA. Contact: T. J. Tarn,

Systems Science and Math., Campus
Box 1040, Washington Univ., 8t
Louis, MO 63130.

Apr 22 - 25, 1991

NCGA 91, 1991 Nat'l Computer
Graphics Assoc. Conf., New Or-
leans, 1A. Contact: Keith But-

ler, Boeing, Advanced Tech. Ctr.,
PO Box 24346 M/S 7L-64, Seattle,
WA 98124. Ph. (206) 865-3389.

Apr 28 - May 2, 1991
‘ CHI 91, Conf. on Human Factors
in Computing Systems, New Or-
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leans, LA. Contact: Peter Poi-
son, Psychology Dept., Univ. of
Colorado, Muenzinger Hall, Campus
Box 345, Boulder, CO 80309-0345.
Ph. (303) 492-5622.

May 13 - 16, 1991

ICSE 13, 13th Int'l cConf. on
Software Engineering, Austin, TX.
Contact: David Barstow, Schlum-
berger Lab for Computer Science,
PO Box 200015, Austin, TX 78720-
0015.

May 15 - 17, 1991

CCW 91, Third IEEE Conf. on
Computer Workstations, Cape Cod,
MA. Contact: Keith Marzullo,
Computer Science Dept., Upson
Hall, Cornell University, Ithaca,
NY 14853.

Jun 22 - 28, 1991

Computer Graphics 1Int'l 1'91,
Cambridge, MA. Contact: N. M.
Patrikalakis, MIT Rm. 5-428, 77
Massachusetts Ave., Cambridge, MA
02139, Ph. (617) 253-4555; FAX
(617) 253-8125.

Jul 29 - Aug 2, 1991

SIGGRAPH 1991, lLas Vegas, NV.
Contact: Michael Bailey. Ph.
(619) 534-5142.

Aug 7 - 10, 1991
12th Annual Conf. of the Euro-
pean Assoc. for Computer Graph-

ics, Vienna, Austria. Contact:
Interconvention, Austria Center
Vienna, 1450 Vienna, Austria.

Ph. +43/222/23 69/2643
FAX +43/222/23 69/648

For further information, contact
Vera Anand, 302 Lowry Hall, Clem-
son Univ., Clemson, SC 29631,
(803) 656~5755
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‘ Report from the
Fourth International Conference
on Engineering Graphics and
Descriptive Geometry
by
Larry Goss

Attending the conference, held
from June 11 to June 14, 19890,
were 89 delegates from 17 or 18
countries. Those in attendance
were able to see both the diver-
sity of work being done by our
colleagues here and abroad and
the status of the discipline with
respect to theoretical approaches
and technical support around the
world. There was a bit of every-
thing in evidence with respect to
presentation techniques, from
verbal descriptions of spatial
problems to fairly sophisticated
video frame grabbing for anima-
tion sequencing. The presenters
are to be commended for their
skill and hard work.

It is unfortunate that we can
not speak in such praiseworthy
terms for the way the conference
was hosted. Florida Interna-
tional University had problems
since shortly after the Vienna
conference concerning a commit-~
ment to host in 19%0. The prob-
lems extant in Miami went deeper
than just a hesitancy, in that
this was the first conference FIU

had run that required overnight

accommodations, planned activi-
ties for the family members, din-
ners, protocols, or even coffee

breaks. All of these items were
either 1lacking or sadly defi-
cient. It I had been a visitor

from another country, I would
have been insulted and bewildered
by the lack of attention to de-
tail that was evident by our
hosts, As an attendee from the
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host country, I was embarrassed
as well by the lack of concern or
even the recognition by our hosts
that the the conference was suf-
fering from significant logistics
and organizational problems.
Three months after the fact, I
find myself still unable to write
a letter to our hosts at FIU ex-
pressing my concern (and the con-
cern felt by others from the
United States and other countries
as well) about the errors of com-
mission and omission that were in
evidence. I'm not sure that a
litany listing the faux pax that
were committed would do any good
anyway. suffice it to say, our
hosts for the fifth conference
from the Royal Melbourne Insti-
tute of Technology in Australia
expect to do much better.

From the standpeint of interna-
tional organization, the fourth
international conference is note-
worthy in that a multi-national
steering committee has been
formed to pursue some form of or-
ganizational structure for this
group. The name of the society
is:

International Society for Geom-
etry and Graphics

and its mission is:

To foster international collab-
oration and stimulate the scien-
tific and teaching methodology in
the fields of geometry and graph-
ics. The society will seek mem-
bership from graphics organiza-
tions and individuals.with inter-
est in these areas from all over
the world.

A number of individuals, both
here and abroad, have volunteered
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time and energy to form the in-
ternational organization. Such
individuals from the EDGD-ASEE
include Vera Anand, Gary Berto-
line, Steve Slaby, and Walter Ro-
driguez. Steve Slaby has agreed
to co-chair the steering commit-
tee with Hellmuth Stachel. Hell-
muth Stachel will maintain the
headguarters in Vienna. If you
wish to contribute ideas toward
the organization, contact either
of these gentlemen. Your help
will be appreciated.

ANSI Y14.5 Committee Report
by
Patrick McCuistion

Significant changes are being
discussed for the American Na-
tional Standards Institute Y14.5M
Dimensioning and Tolerancing
standard. A revised standard is
close to introduction. It is im-
portant that engineering graphics
instructors be aware of the
changes that will take place.

On May 7 - 10, 1990, the Ameri-
can National Standards Institute
(ANSI) Y14.5M Dimensioning and
Tolerancing subcommittee met in
Denver, C0O. This subcommittee is
cne of approximately thirty
within the Y14 main committee
that deals with information that
may appear on an engineering
drawing. The twenty-five members
in the group represent some of
the largest manufacturing compa-
nies in the United States, and
thus constitute a very influen-

tial group. Their decisions
about the standard will affect
the appearance of engineering

drawings throughout the world.

The ramifications of the
changes in the new revision are
awesome. There will be a new,
more comprehensive definition of
a datum. Symmetry may be rein-
troduced as a needed characteris-
tic that should have its own sym-
bol. Profile, which now can con-
trol form and orientation, may
also control location. The pro-
posed GDT certification test may
become an important entry-level
achievement for employment of en-
gineering and technology stu-
dents. These and other changes
will make the standard more com-
plex and theoretical than the
1982 revision. It will mean re-
education programs for existing
employees and new educational
programs for students.

Some of the changes to the
standard may not be easy to un-
derstand at first. To help ease
the transition, this article was
written to provide highlights of
the discussions held at the Den-
ver meeting. If helpful, refer
to ANSI Y14.5M-1982.
Virtual cCondition vs. Resultant
Condition

The resultant condition is the
opposite of the virtual condi-
tion. When dealing with a fea-
ture controlled at maximum mate-
rial condition, the resultant
condition is defined by a circum-
scribed cylinder around the out-
ermost possible positions of the
controlled feature. A lengthy
discussion centered on the merits
of the terms Outer Locus (OL) and
Inner Locus (IL) and/or Least Ma-
terial Virtual Condition (LMVC)
and Maximum Material Virtual Con-
dition (MMVC) to help describe
the Resultant Condition. It was
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decided that the Outer Locus and
Inner Locus are the more ap-
propriate terms to use.

Composite Tolerance

A problem is encountered when a
composite tolerance is used to
contrel a radial pattern of fea-
tures around a datum axis. The
second entry of the composite
tolerance is most often con-
trclled relative to the primary
datum feature at maximum material
condition (MMC). The actual size
of the datum feature will proba-
bly be different than the MMC.
This difference will allow the
collective tolerance zones of the
radial features to float gyro-
scopically to the degree of the
difference when using a func-
tional gauge for inspection.
Many hours were devoted to dis-
cussing the merits of specifying
that the second entry would be
for orientation only. There was
no consensus as to what action to
take. This item will probably be
discussed in future meetings.

Concentricity/Symmetry

Concentricity provides the only
control of the axis of an irregqu-
larly shaped mass that is equally
disposed about a datum axis. The
real difference between concen-
tricity and position (RFS) is the
method of inspection. Concen-
tricity involves taking individ-
ual differential measurements to
derive the controlled feature
axis, while position is concerned
with the collective irregulari-~
ties of the high points of the
surface to derive the feature
axis. Symmetry is like concen-
tricity except that symmetry is
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used for rectangular rather than
circular cross sections. In the
case of symmetry, the datum is a
median plane between twec plane
surfaces. A short discussion was
held concerning the ramifications
of reinstating symmetry in the
new revision. Symmetry was re-
moved from the 1982 revision.

Radii

Radii configurations were dis-
cussed relative to different lev-
els of precision. A common type
of radius may have reversals
within the curved surface. A
controlled radius (CR} was de-
fined as having no reversals.

Statistical Tolerancing

Due to the increased use of
statistical process control, the
ability to specify smaller toler-
ance zones than would normally be
applied is now being understood
and more widely used. Discus-
sions were held concerning the
shape and placement of symbology
to denote that a particular tol-
erance has been verified by sta-
tistical calculation to ensure
that a smaller tolerance zone is
feasible.

GDT Certification Test

A small group of pecople close
to the Y14.5 committee activity
are involved in constructing
three different levels of certi-
fication tests. The levels will
be progressively more conplex
leading to a "Master" level.
Knowledge of GDT is such a common
prerequisite for some engineering
positions that a certification
test was the next logical step to
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quickly identify GDT knowledge

level.
Future Action

The last revision of the Y14.5
standard was officially released
on February 15, 1983. The sub~-
committee has met twice a year
since that date on the next revi-
sion. The May 7 - 10 meeting was
to have been the last before the
next release. However, due to
the lengthy discussions, a-.number
of important points still need to
be decided. Therefore, another
meeting was scheduled for October
15 - 18, 1990 in cCharlotte, NC.
The certification test program is
continuing this summer and will
be discussed during the next
meeting.

NSF Symposium on Modernization
of the Engineering Design
Graphics Curriculum
by
Ron Barr and Davor Juricice

An NSF-sponsored Symposium on
Modernization of the Engineering
Design Graphics (EDG) Curriculum
was hosted by the University of
Texas in Austin on August 5 - 7,
1990. The symposium focused on
the on-going transition from the
2-D design drafting media to the
3-D design media based on
geometric modeling and the
necessary reconciliation of this
change in Engineering Design
Graphics education. Keynote
 speaker at the symposium was Ed-
ward Ernst, Program Director for
Undergraduate Engineering Educa-
tion at the National Science

Foundation, which has sponsored a
2-year project to design, test,
and promote a new curriculum for
Engineering Design Graphics.
Project coinvestigators and or-
ganizers of the symposium were
Ronald Barr and Davor Juricic of
the ' University of Texas at
Austin.

Speakers making presentations
at the symposium included: Vera
Anand (Clemson), Thomas Boronkay
(Univ. of Cincinnati, coauthored
by Janak Dave), Del Bowers (Ari-
zona State, coauthored by Donovan
Evans), Barry Crittenden (VPI),
John Demel (Ohio State), Jon Duff
(Purdue), James Earle (Texas
A&M), Gary Hordemann (Gonzaga),
Rollie Jenison (Iowa State), Sun-
daram Krishnamurthy (Cal-State,
Fullerton), Robert Mabrey (Ten-
nessee Tech), Michael Pleck
(Univ. of Illinois at Urbana-
Champaign, coauthored by Michael
McGrath, Gary Bertoline, Del
Bowers, and Mary Sadowski, also
presenting and coauthoring a pa-
per by Gary Bertoline, Purdue),
Walter Rodriguez (Georgia Tech),
Mary Sadowski (Purdue), Steve
Slaby (Princeton), Robert Snort-
land (Michigan Tech, presenting a
paper by David Carlson), Michael
Stewart (Univ. of Arkansas at
Little Rock), and Gerald Voland
(Northeastern Univ.).

Presentations and discussions
at the symposium addressed issues
related to the general context of
EDG 1in engineering education,
modern EDG curriculum models, and
course content. Integration is-
sues in the four-year undergradu-
ate engineering design sequence
were discussed, including practi-
cal 1issues concerning hardware
and software for laboratory exer-
cises. Reports of several trial
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freshman courses using solid geo-

metric modeling as a starting
point were presented.
In an historical overview,

Pleck, et al, pointed out the di-
vergence that has grown between
the practice and application of
EDG and the EDG curriculum since
World War II. Several other
speakers (Slaby, Earle) also pre-
sented some interesting histori-
cal perspectives.

Many speakers stressed that the
proper context for EDG was engi-
neering design methodology and
process. Juricic stressed the
"developing and conveying of de-
sign ideas". Earle emphasized
that "graphics is the medium of
creativity and design". Rodri-
guez stressed the need to
"maximize design problem soclving
opportunities and master geometry
fundamentals”". Boronkay empha-
sized Dieter's design process
(conceptualization, evaluation,
and communication) as the context
for an EDG course.

There was some discussion as to
whether so0lid mnmodeling poses a
fundamental new change in this
design methodology and process
(Juricic/Barr), which in turn
warrants a new EDG curriculum, or
whether it is just another tool
with no fundamental implications,
as argued by Bertoline/Pleck.

There was considerable discus-
sion over the definitions of En-
gineering Design Graphics (or
synonymously Engineering Graph-
ics, or just plain "Graphics" in
an engineering sense). The fol-
lowing definition was offered by
Barr 1in a peace-keeping mission
at the end of the meeting.
"Graphics" is the set of all vi-
sual information (whether it be a
freehand sketch, 3-D geometric
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computer model, desktop prototype
model, cyberspace's artificial
reality, engineering production
drawing, or diagram) used to ini-
tiate, develop, communicate, and
document an engineering design.

Several EDG curriculum models
were presented or announced by
research groups working in this
area (Juricic/Barr, Bowers/Evans,
Bertoline/Pleck). The upper tier
of a common model could be repre-
sented by an "EDG Procesgss" con-
sisting of Ideation, Development,
Communication, and Documentation.
All three research models offered
a process consisting of three-
word combinations of this upper
tier. This may be partly due to
the universal influence on these
groups by McKim, who proposed
these concepts and terms for
"Visual Thinking"” in the early
1970's.

Bowers/Evans stressed the role
of sketching throughout the EDG
curriculum and Sadowski empha-
sized visualization before, dur-
ing, and after the course. Geo-
metric modeling (solid modeling,
perhaps?) was stressed as a fun-
damental goal of the modern EDG
curriculum by a number of speak-
ers, including Barr/Juricic, Ro-
driguez, Mabrey, Anand, Krishna-

murthy, Boronkay/Dave, Jenison,
Stewart, and Hordemann. Tom
Sigafoos, representing the SDRC

University Consortium, indicated
that the EDG curriculum goals
should be "Modeling and Applica-
tions of Modeling". Hence, fun-
damental goals for the EDG cur-
riculum would seem to include
sketching, geometric meodeling,
and model application (including
engineering drawings), with an
integrated sequence of laboratory
experiences to expand spatial vi-
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sualization abilities.

It was agreed by most speakers
that the detailed contents of the
EDG curriculum were subject to
local constraints. However, the
modern EDG curriculum would seem
to include, as a general consen-
sus, the following topics: picto-
rial sketching, visualization ex-
ercises, planar and spatial geom-
etry, geometric modeling (2-D and
3-D), model applications, engi-
neering drawings, and standards.
Slaby challenged the absence of
traditional descriptive geometry
in the modern EDG curriculum pro-
posed by Barr/Juricic and likened
it to "cutting the roots of a
tree". Barr pointed out that de-
scriptive geometry topics re-
ceived low priority rankings in a
survey of leading graphics educa-
tors.

Trial EDG courses and semester
outlines were presented by numer-
ous speakers (Barr/Juricic, Bo-
ronkay/Dave, Hordemann, Jenison,
Krishnamurthy, Mabrey, Rodriguez,

Snortland / Carlson, Stewart).
Many of these trial imple-
mentations @ related experiences

with introducing solid modeling
into the freshman EDG curriculum.

Integration of EDG throughout
the engineering curriculum was
emphasized by numerous speakers
(Anand, Bowers, Duff, Hordemann,

Jenison, Juricic/Barr, Krishna-
murthy, Mabrey, Snortland/Carl-
son). Juricic suggested that ge-

ometric medeling is the "common
thread" of the modern design se-
quence. Carlson wrote that part
geometry is the "data backbone"
throughout the curriculumn. Bo-
ronkay depicted a CAD wheel with
CAE, CAM, Simulation, and Draft-
ing spokes surrounding a "central
hub" labkeled 3-D Model.

Hardware issues for EDG labs
were addressed by Demel, Critten-
den, and Mabrey. Demel suggested
building computers as a possibil-
ity to equip a lab on a low bud-
get. Crittenden proposed that
universities investigate the stu-
dent purchase of personal comput-
ers, as has been implemented suc-
cessfully at his school. Soft-
ware 1issues were addressed by
vendors representing AutoCAD,
CADKEY, and SDRC. 0Of particular
concern was the smooth integra-
tion of 3-D modeling and drafting
packages. Voland suggested using
new technology itself, specifi-
cally intelligent tutoring sys-
tems, as part of the modern in-
structional delivery system in
graphics. '

An auxiliary topic that perme-
ated the meeting was the role of
freshman engineering in the
decade ahead. In his keynote ad-
dress, Ernst stressed that engi=-
neering education was on the
verge of changes, in both breadth
and diversity. He stated that
freshman engineers needed to see
relevance in their courses and
that a design component in the
freshman year was a topic of cur-
rent thinking in the country.
Krishnamurthy mentioned the
changing demographics of college
students and predicted that the
technical work force of the year
2000 will have a critical short-
age of engineers if nothing is
done. David Alpert, representing
Rancho Santiago College, ques-
tioned how we can instill "pas-
sion for learning" in our
graphics students. Since EDG is
typically taught during the
freshman year, faculty in the EDG
field should become active in
freshman retention issues and use
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this opportunity to "sell" engi-
neering to the novice student.

A bound Proceedings of all papers
presented at the symposium was
produced and distributed through
the mail to all engineering deans

in the U.S. A few extra copies
of the Proceedings remain avail-
able. For information, please
contact the project inves-
tigators.

A Comment

by
Gary Bertoline

I would like to add my own com-
ments to those of Pat Kelso in
the Spring, 1990 issue of the
Journal {(Vol. 54, No. 2). Al-
though I agree that some papers
being presented may not be of
high quality and relevant to our
division, the majority of papers
are appropriate. Our members
must remember that we are a divi-
sion of the American Society for
Engineering Education. The ma-
jority of our members are educa-
tors and our main business is to
educate engineering students to
communicate graphically. There-
fore, polls, surveys, and other
accepted methods of determining
what we teach, why we teach it,
and how best to teach are en-
tirely appropriate subjects for
our meetings. I agree that the
writing and presentation of some
papers could be improved, but it
is difficult to screen good pa-
pers from poorly prepared ones
from one page abstracts. Maybe
the division should 1look at a
more effective method of choosing
papers.

Drawings will be important for
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many years to come. For ten
years I have been hearing about
paperless manufacturing and a pa-
perless society. I do not think
we are any closer to paperless
manufacturing today than we were
ten years ago. Nor are we any
closer to eliminating 2D surfaces
for engineering design. I may be
mistaken, but I believe that a
CRT screen still represents 3D
objects two-dimensicnally.

Two-dimensional drawings play a
major role in the communications
of engineering design and it will
take more than a magic sweep of a
CcAD wand to make them disappear.
Two-dimensional representations
of three-dimensional objects will
be around for many more Yyears,
which is only one o¢of the many
reasons VISUALIZATION is and will
remain an extremely important
part of engineering design graph-
ics education.

Students do not instinctively
learn to visualize. Visualiza-
tion is learned in stages through
planned and unplanned experi-
ences. I prefer to lead students
through the stages of visualiza-
tion wusing planned experiences
instead of relying on luck or
survival of the fittest.

Visualization ability is one of
the important foundations for en-
gineering drawing just as algebra
is the foundation for calculus.
You would not expect a student to
do well in calculus if he/she had
not had any algebra. Why do some
in our profession 1insist that
spending a few hours of instruc-
tion to improve visualization is
unimportant? Visualization in-
struction in engineering design
graphics is important because vi-
sualization is not - formally
taught at any level of education
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in the United States. High visu-
alization ability is the most im-
portant prerequisite cognitive
process that a student must have
to be successful in representing
three-dimensional objects on two-
dimensional media (media includes
computer CRT's).

No amcount of color rendered
computer models and viewports can
replace or supplement the need
for an engineer to clearly repre-
sent and control in his/her mind
representations of real or imag-
ined objects. Visualization is a
meaty matter just as important as
other engineering graphics topics
and should not be taken lightly
by any teacher who would 1like
their students to be successful
in engineering. Visualization is
not the focus of the engineering
graphics curriculum, just as
standards, section views, or the
direct wview method are not. We
must strive to provide our stu-
dents with a balanced curriculum
that includes the prerequisite
knowledge necessary to design and
communicate designs to others.

The NSF curriculum development
project by Juricic and Barr and
the ACM SIGGRAPH 'curriculum de-
velopment project of Bertoline,
Bowers, McGrath, and Pleck are
efforts to define our subject
matter in a way that we as a pro-
fession can agree upon as neces-
sary knowledge for engineering
students to communicate engineer-
ing designs graphically. The
preliminary results of both stud-
ies recognize the importance of
visualization as a part of the
modern engineering graphics cur-
- ricula.

Having a diversity of' papers
that are related to the curricu-
lum content of the subject matter
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is healthy and shows that the di-
vision has life and is growing.
Visualization papers are a part
of the diversity of our division
and should not be excluded nor
should it become the focus of our
meetings.

If our profession expects to be
recognized in higher education,
we must develop a research agenda
that is scholarly and fundable.
Graphic science is our subject
matter and provides our research
base. Graphic science is the
knowledge and study of the theory
and technique, psychomotor and
cognitive foundations, and appli-
cations of all types of drawings.
Some would prefer that all our
efforts be put into the theory
and technique of graphic science.
I believe that we should not be
so narrow and should include wvi-
sualization as part of our disci-
pline. We should stop giving lip
service as to the importance of .
visualization in egqual and inte-
gral part of our discipline. Our
profession has always recognized
the importance of visualization.
Volume 1, Number 1 of this jour-
nal has an article about visual-
ization and the founders of this
division formed a wvisualization
committee.

We are in a unique position as
engineering graphics instructors.

‘We have the opportunity to expand

our horizons and develop other
areas related to engineering
graphics. Some keep trying to
stamp us out of the curriculun,
but we keep coming back because
what we teach is needed. Some
keep trying to argue that visual-

‘ization should not be a concern

of our profession, but we Xkeep
coming back. Engineering graph-
ics and visualization are impor-
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tant components of engineering
education and will be until such
time when two-dimensional media
is no longer used and humans can
communicate design ideas using
mental telepathy. I do not see
either of these occurring within
ny lifetime and I plan on living
for a long time!

More Thoughts

by
Bill Blakney

W. Ross' paper, "Representation
of Projection and Coordinate Sys-
tems in Engineering Graphics"
(Winter, 1990, Vol. 54, No. 1)
and Jon Duff's note on axis sys-
tems (Winter, 1990, Vol. 54, No.
1) suggest there is considerable
concern for a simple and uniform
approach to these items. Hope-
fully, most of the concern would
disappear with the adoption of
the five recommendations offered
by Duff.

Ross' paper well illustrates
the difficulty in setting the de-
sired standards. He shows seven
glass projection boxes that open
in the, same way, every plane in
every box hinging on the frontal
plane that can do so, whether 1st
or 3rd angle projection. Inter-
estingly, the rear plane is made
to hinge on the 1left profile
plane in both systems (once es-
tablished, that plane is never
again seen 1in any text - so
who/what might remind us of its
existence or usefulness?). While
general agreement on a duestion-
able usefulness of a rear view is
not surprising, it does not fol-
low that a bottom view be consid-
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ered that way. All the litera-
ture suggests it is better to
dream up some additional glass
box than to accept the rather
consistent and simple bottom view
offered seven times over. This
guestion has been raised on these
pages before. Why are (mechani-
cal engineers) prepared to accept
right and left views but not top
and bottom views? What advantage
do they see in introducing a new
glass box in which the profile
planes hinge on the top
(horizontal) plane? Why do edu-
cators write books that support
this "alternative arrangement of
views" when it abandons the the-
ory established in the beginning?
How can this do anything but con-
fuse the student of graphics?
This can be a reascnable first
step in the search for standards
and uniformity: banish that glass
box which nowhere has been rec-—
ommended in theory.

Why would it not be easy to ac-
cept:

(1) that the 1st and 3rd angle
projections simply be accepted as
two different systems since the
order of eye-plane-object is dif-
ferent. Call them European and
American if you wish.

(2} that the acceptance of
points (3) and (4) by Duff will
put to rest the concern for cocor-
dinate systems. Both 2D and 3D
coordinate axes will be set up by
the user in the manner most bene-
ficial.

(3) that x = width and y =
height in both 1st and 3rd 2D
drawings while x = width, y =

depth, and z = height in 3D draw-
ings should not present the dif-
ficulty it seems to do. Is it
for the reason: "... graphics ed-
ucators have not stressed
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axis. Instruction has been by
plane.”" as stated by Duff? Inas-
much as my background is in sur-
veying where x to the East
(width), y to the North (depth),
and z (height) is most useful and
graphics programs and coordinates
have given me no problem, he must
be right. But could this miser-
able "alternate" view be the cul-
prit?

Hopefully, all of the observa-
tions made are sound for the
world of computer graphics as of-
fered by existing programs for
interactive graphic displays.
Programming 3D graphics is an-
other matter. The order of rota-
tions is very important if one is
to correctly predict the picture
that will result. I am persuaded
it requires a level of mathemati-
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cal sophistication and intuition
that few faculty possess. Most
will find their way by trial and
error: we should minimize our
concern for this if our mission
is to enable students to develop
and visualize geometries.

Another obstacle is that fac-
ulty do not agree on what the
mission is. If one can draw 3D
objects without programming 3D
graphics, should one "rediscover
the wheel"? Should one be able
to do solid modeling even if he
understands and can draw 3D draw-
ings? If engineering education
accepts the premise that engi-
neers will hire technicians to do
their drawings, why will it re-
sist the idea that programmers
will do the same for the few
things new that come along?

FACULTY POSITION

IN

ENGINEERING GRAPHICS
CLEMSON UNIVERSITY

The Engineering Graphics Program in Clemson University College of Engineering invites
applications for a tenure-track faculty position in Engineering Graphics available August, 1991.
The Engineering Graphics Program is non-degree granting and offers courses at the undergraduate
and graduate levels in the areas of Engineering/Computer Graphics and Geometric Modeling.
Responsibilities include teaching, course development and research. Candidates must have
previous teaching experience and Masters degree in engineering. An eamed doctorate in
engineering preferred. Rank and salary commensurate with qualifications. Screening of
candidates will begin January 25, 1991, but applications will be considered until the position is
filled. Send resume, and name, address and phone number of three references to:

Dr. William Beckwith, Director,

Freshman Engineering and Engineering Graphics Programs

223 Earle Hall
Clemson University
Clemson, SC 29634-0902

Clemson University is an affirmative action/equal opportunity employer.



ENGINEERING DESIGN GRAPHICS JOURNAL
ISSN 0046-2012

Copyrightl:)1990 The American Society for Engineering Education. In-
dividuals, readers of this periodical, and non-profit libraries acting
for them are freely permitted to make fair use of its contents, such
as to photocopy an article for use in teaching or research.

Entered into the ERIC (Educational Resources Information Center), Sci-
ence, Mathematics and Environmental Education/SE, The Chio State Uni-
versity, 1200 Chambers Road, 3rd Floor, Columbus, OH 43212.

Article copies and 16, 35, and 105 mm microfiche are available from:

University Microfilm, Inc., 3000 Zeeb Road, Ann Arbor, MI 48106.

Editor

John Barrett Crittenden

Division of Engineering Fundamentals
VPI&SU

Blacksburg, VA 24061-0218

Division Editor

Larry D. Goss

Engineering Technology
University of Southern Indiana
Bvansville, IN 47712

Technical Editor

George R. Lux

Division of Engineering Fundamentals
VPI&SU

Blacksburg, VA 24061-0218

Advertising Manager

Dennis R. Short

363 Knoy Hall

Purdue University

‘West Lafayette, IN 47907

Circulation Manager -

Clyde H. Kearns

The Ohio State University
2070 Neil Avenue
Columbus, OH 43210

Board of Review

Vera B. Anand
Clemson University

Gary R. Bertoline
Purdue University

Deloss H. Bowers
Arizona State University

Robert A, Chin
East Carolina University

Frank M. Croft
The Ohio State University

Robert [ Foster
The Pennsylvania State University

Teruo Fujii
Miami University

Lawrence Genalo
Iowa State University

Retha E. Groom
Texas A&M University

Mary A. Jasper
Mississippi State University

Roland D. Jenison
Towa State University

Jon K. Jensen
Marquette University

Robert P. Kelso
Louisiana Tech University

Michael Khonsari
University of Pittsburgh

Edward W, Knoblock
Professor Emeritus
University of Wisconsin - Milwaukee

Ming H. Land
Appalachian State University

James A. Leach
University of Louisville

Michael J. Miller
The Ohio State University

William A. Ross
Purdue University

Mary A. Sadowski
Purdue University

Scott E. Wiley
Purdue University



Scope

This jousnal is devoted to the advancement of engineering design graphics, computer graphics, and subjects related to engineering design graphics in
an effort to (1) encourage research, development, and refinement of theory and applications of engineering design graphics for understanding and
practice, (2) encourage teachers of engineering design graphics to experiment with and test appropriate teaching techniques and topics to further
improve the quality and modernization of instruction and courses, and (3) stimulate the preparation of articles and papers on topics of interest to

_ the membership. Acceptance of submitted papers will depend upon the results of a review process and upon the judgement of the editors as to the
importance of the papers to the membership. Papers must be written in a style appropriate for archival purposes.

Submission of Papers and Articles

Submit complete papers, including an abstract of no more than 200 words, as well as figures, tables, etc. in quadruplicate (original plus three copies)
with & covering letter to J. B. Crittenden, BEditor, Enginecring Design Graphics Journal, EF - VPI&SU, Blacksburg, VA 24061-0218. All copy must
be in English, typed double-spaced on one side of each page. Use standard 8 1/2 x 11 inch paper only, with pages numbered consecutively. Clearly
identify all figures, graphs, tables, etc. All figures, graphs, tables, etc. must be accompanied by a caption. Illustrations will not be redrawn. There-
fore, ensure that all line work is black and sharply drawn and that all text is large enough to be legible if reduced to single or double column size.
High quality photocopies of sharply drawn illustrations are acceptable, The editorial staff may edit manuscripts for publication after return from
the Board of Review. Galley proofs may not be returned for author approval. Authors are therefore encouraged to seek editorial comments from
their colleagues before submission of papers.

Publication

The Engineering Design Graphics Journal is published one volume per year, three numbers per volume, in winter, spring, and autumn by the
Engineering Design Graphies Division of the American Society of Engineeting Education. The views and opinions expressed by individval authors
do not necessarily reflect the editorial policy of the Engineering Design Graphies Division. ASEE is not responsible for statements made or

opinions expressed in this publication,

Subscription Rates and Page Charges

Yearly subscription rates are as follows: Single copy rates are as follows:
ASEE member $6.00 U.S. member $3.00
Non-member $7.50 U.S. non-member $3.00
Canada, Mexico $12.50 Canada, Mexico $5.00
Foreign $25.00 Fareign $10.00

Non-member fees are payable to the Engineering Design Graphics Journal at: The Engineering Design Graphics Journal, The Ohio State Univer-
sity, 2070 Neil Avenue, Columbus, OH 43210. Back issues are available at single copy rates (prepaid) from the Circulation manager and are limited,
in general, to numbers published within the past six years; The subscription expiration date (the date of the last paid issue) appears in the upper
right corner of the mailing label (for example, W91, for Winter, 1991). Claims for missing issues must be submitted within a six-month period
following the month of publication; January for the Winter issue, April for the Spring issue, and November for the Autumn issue.

For technical papers received for review after June 27, 1990, a page charge for publication of accepted papers will apply. The rates are as follows:
$5/page for EDGD members
$10/page for non-EDGD members who are members of ASEE
$25/page for non-ASEE members
This charge is necessitated solely to help offset the increasing costs of publication. Page charges are due upon notification by the Editor and are
Ppayable to the Engineering Design Graphics Division at: J. B. Crittenden, Editor, EDG Journal, EF-VP1&SU, Blacksburg, VA 24061-0218.

Deadlines

The following deadlines apply for submission of article, announcements, and advertising: Autumn issue - Angust 15, Winter issue - November 15, -
Spring issue - February 15.



Introducing CADKEY Light™ — Designing your ideas
has never been so easy, so professional and so affordable!

:

Now, for the first time, a leader in the | @ Instant access to dozens of key

field of computer-aided design brings all | functions from anywhere in the menu
the high-end, professional elements of structure Those of you requiring ever-increasing
CAD technology to a new personal fevel.  © @ Accurate dimensioning to ANSI and © CAD power have a fﬂll‘ upgrade path to
international engineering standards, G@KEY 3. CADKEY 3 ! ‘Fd“des all the
in English or metric unifs high-end CAD capabilities that

. automotive, aerospace and naval
® 256 levels, 16 colors, multiple manufacturers have come to rely on for

And you don’t have to stop there . . .

H
i

Patterned after the award-winning
CADKEY 3 system, CADKEY Light offers
the serious (or not so serious) designer,

iewport . . . .

creator, thinker, draftsperson, stdent or ! W ,p(,)r ; their engineering design. Both CADKEY
would-be inventor the ability to create ® U.n11m1ted number of user-defived .~ Light and CADKEY 3 enjoy the same user
three-dimensional design and VIews i interface with full file compatibility.
professional detailed drawings at an - @ Tull file compatibility with the
affordable price. CADKEY 3 system © The choice is clear — Get the

- @ Packaged with both 54" and 3%%" i professional introduction to computer-
Here are just 2 few of the features yvowdl ! diskettes g aided design with CADKEY Light, and
find in CADKEY Light: - start designing ideas as big as your

! imagination!

@ Fully integrated 2-D drafting and 3-D

‘ design capabilities

| @ Ahighly acclaimed, easy-to-use menu
structore with all English commands

@ “Getting Started Guide” and
CADKEY's revolutionary step-by-step
Tutorial

@ Prompt line and history live to keep
track of your progress

Hardware Requirements: IBM PC or
compatibles and the Personal System/2
series, DOS 2.1 and higher, 640K RAM,
hard disk drive and one floppy disk
drive, Supports most graphics cards
(EGA, VGA, Hercules and compatibles,
IBM 8514 and compatibles, most high
resolution graphics cards), popular
input devices, printers and plotters.

For more CADKEY Light information
please contact your local CADKEY Dealer

or CADEEY at 1-800-654-3413

CADKEY INC
440 Qakland Street
Manchester, CT 06040-2100
Tel: (203) 647-0220
FAX: (203) 646-7120

CADKEY Light and CADKEY 3 are trademarks of CADKEY, INC. All other products are trademarks of their respective companies. :

i







