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Q. This is the Ohio State University Oral History Program.  This is the 

supplementary Carlson interview for the Csuri deposition.  It’s recorded on 

Thursday, June 19, 2003.  I’m Robert Butchie, Principal Historian on the Csuri 

Research Project.  And I’m here with Dr. Wayne Carlson.  Good morning, 

Wayne. 

A. Good morning. 

Q. In this segment let’s cover your background.  When and where you were born and 

where did you go to school? 

A. I was born in 1949, born and raised in Burley, Idaho.  And attended high school in 

Burley, Idaho, and drifted over several places for college.  I started at a small 

junior college in central California called College of the Sequoias, where I was 

majoring in civil engineering, moved to Idaho State University in Pocatello, 

Idaho, where I majored in math with a focus on junior college education.  Got my 

Bachelor of Science in Mathematics.  Stayed for a Master’s Degree in 

Mathematics, particularly Theoretical Mathematics.  I came to Ohio State 

University in 1974, obtained a Master’s Degree the following year in 1975 in 

Computer Systems. Took a job in Michigan at Hope College teaching 

mathematics and computer science for one year on a visiting basis.  Came back to 

Denison University, Granville, Ohio, to teach for 2 ½ years while working on my 

Ph.D. at Ohio State in Computer Science.  When I returned to Ohio State part-
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time while I was working full-time at Denison, I became interested in the 

computer graphics program at Ohio State, and moved from computer systems as a 

focus area to computer graphics as a focus area.  Obtained my Ph.D. Degree in 

1981 from the Computer and Information Science Department at Ohio State.  

Moved directly from there to Cranston Csuri Productions as the Director of 

Productions, became the Vice President of Operations in 1983, and worked with 

Cranston Csuri until they closed in 1987.  In July of 1987, upon the departure of 

the main executives, I became the President of Cranston Csuri Production and 

saw it through Chapter 11 liquidation.  In January 1988, I returned to Ohio State 

University as an Assistant Professor in the Computer Information Science 

Department.  I stayed there until 1991, when I was promoted and selected by an 

international selection committee to replace Chuck Csuri, who retired as the 

Director of the Advanced Computing Center for the Arts and Design.  I stayed 

running the lab in that particular position until 2001, when I became the Interim 

Chair of the Department of Industrial, Interior and Visual Communication Design.  

I became a Permanent Chair the following year and that’s my current position. 

Q. Before we wrap up this segment, let’s talk about your academic interests and 

areas of expertise in order of greatest expertise to least, so we can have some 

background for our discussions. 

A. As I mentioned, I obtained a degree in theoretical mathematics.  My focus area 

was real analysis and abstract algebra.  When I went to the computer science area 

after that study, my focus area was on computer compiler construction and 

computer operating systems.  When I became interested in the graphics area, I 
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focused on probably the closest relative in that area to mathematics, the study of 

geometric modeling.  And the study of high complexity free-form curves and 

surfaces.  Representations like b-splines or other kinds of curved 3-D surfaces. 

My focus area in my Ph.D. was the creation of an integrated computer aided 

design environment that allowed one to create complex three dimensional 

computer objects that ultimately would be used in image synthesis.  My main 

contribution in that regard was the solid modeling approach to geometric 

modeling as applied to free form curves and surfaces.  So calculating the 

intersections of free form curves and surfaces in order to create new models out of 

combinations of primitive models. I extended that into studies regarding image 

synthesis and worked on different display approaches, and also on human 

modeling, with the focus on creating animated sequences of human and creature 

motion.  An area of expertise there was the modeling of complex objects that 

were not traditionally handled very well in computer modeling approaches.  

Things like smoke and fire and fog, as well as human attributes of hair and 

muscles and skin.  To be able to describe those in a geometric way to be then used 

in computer animation systems for modeling humans and creatures. 

Q. Would I be correct if I described it as being primarily interested in mathematics 

and algorithmic development? 

A. Well certainly the mathematics found its way into it because most of the 

approaches that I use relied on fairly complex mathematical formulations. So I 

had to use that particular background.  The computer science side of my 

background allowed me to develop and program those algorithms in computer 
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code to be used in integrated systems that we created in the programming 

environment. 

Q. Have you served as principal advisor or on the Ph.D. committee of candidates that 

have achieved their Ph.D. degrees at Ohio State? 

A. Yes, I’ve served as the formal advisor for seven Ph.D. students, and I’ve served 

on the committee of about two dozen other Ph.D. candidates. 

Q. And would you identify some former students that have gone on to prominence in 

the field, perhaps four or five.  I know you’ve had many. 

A. Right.  I have a student who left Ohio State and authored a textbook on image 

compression, which was an area of interest that I had.  His name was Wayne 

Brown.  He moved to Southern Mississippi State University, I believe, as a 

faculty member down there.  I think he’s still in that position.  One of my most 

recent graduates is named Steve May.  He studied in the area of what was called 

encapsulated models, which was a way of embedding intelligence in the 

geometric models that we created that would allow the models themselves to 

determine their own behavior and their own characteristics.  After graduation, he 

went to Pixar in California as one of their main computer animators.  He had such 

great success in the early areas of his work that he became a scene director for the 

latest Pixar movie, Finding Nemo, and was instrumental in the early success that 

we see with that particular movie.  I had another student, Ferdie Scheepers  from 

South Africa, who, with Rick Parent of the Computer Information Science and I, 

created an approach to defining human musculature, so that a computer animator 

that was animating a character could easily interact with the skeleton of the 
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character and have the computer automatically map the muscles to that skeleton, 

so that the character would be realistic.  I worked with another students, Sate 

Ragavachary, who worked with me in an area of scientific visualization, 

visualizing cracks in complex materials.  He went to Dreamworks in California as 

a programmer.  And one of his main contributions was to the movie “Prince of 

Egypt,” where he worked with another of our students on the scene of the parting 

of the Red Sea in the “Prince of Egypt” movie.  Many of the other committees 

that I’ve served on are students who have developed computer animation systems 

that would allow them to describe complex motion of, for example, flexible 

objects or dynamics or kinematics that are related to human character motion, and 

also a fairly complex data generation, data manipulation systems. 

Q. My last question in this area is, with this kind of scientific background are you an 

unusual animal in the College of the Arts today? 

A. Well, the College of the Arts is full of unusual animals.  Unusual in many 

different respects.  I’m probably the most unusual in the respect of being a 

technologist within an artistic environment.  It’s not unusual at Ohio State to have 

that cross-disciplinary interest, because a lot of what has gone on in the College of 

the Arts over the years may be because of Chuck Csuri, partly, but also because of 

the unique nature of the College, is to have an interest in the arts community on 

the role of technology in both creating as well as archiving and recording 

performances, for example. 

Q. And now Wayne, let’s look at the era of Charles Csuri’s interest in technology at 

Ohio State, which began in the mid-60’s. When did you first meet him? 
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A. I met Csuri when I arrived at Ohio State in 1974.  He was giving a presentation on 

his work at the Newman Center on campus.  I was in attendance just as a 

peripherally interested person.  I watched with great awe the kind of work that 

was being done.  And kind of piqued some interest and I was excited about 

learning more about it.  I really became involved later, in late 1976.   

Q. Elsewhere in this program we’ve looked at some of what Csuri has done in the 

arts which is incredible. And we know that during this period he was deeply 

engaged with people who were working in hardware and software development.  

Were you ever involved in any of those programs? 

A. Absolutely.  I was brought into Csuri’s group in 1977 as a research assistant to 

work on the development of a software environment for visualizing aircraft 

deformations in flight, a project he had with the Air Force Office of Scientific 

Research.  And my preliminary involvement in the programming for that 

particular project placed me uniquely within the CGRG (Computer Graphics 

Research Group) organization as a key software developer on the geometric 

modeling side. 

Q. To lead engineering groups and research groups in scientific endeavors by an 

artist is pretty unusual.  If you don’t have skills in those areas, you’re not directly 

contributing to them, other than vision or direction.  What kind of role was Csuri 

playing during that period?  Was he a visionary that people were following, or 

was he involved in the day-to-day hands-on activities. 

Q. Well, the answer is yes to both.  He was first and foremost an artist that did have a 

respect for the developing technology and the related technology.  Some 
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peripheral working knowledge of the technology, but mostly providing the ideas, 

the goals, the vision as you say, of the ongoing developing in that particular area.  

And the actual hands-on was relegated to a wide range of people who have been 

involved with him over the years and actually realizing that vision directly into 

the computer environment through the programming and so on. 

Q. To generate an image electronically is not difficult.  To manipulate that image 

electronically is extremely difficult. And if you’re going to do by manipulating 

the data, it becomes exponentially difficult.  That means that the basic premise 

underlying Csuri’s vision was deeply in mathematics.  Where did that 

mathematical expertise come from and what kind of issues were you facing? 

A. Well, first let me take issue with what you just said.  The development of an 

image electronically is easy now.  But in the early stages of actually realizing in a 

computing environment an image that was in the head of a person or an artist or 

whatever, was very difficult. It was extremely difficult to take the idea, to take the 

concepts, and make them into an image.  Because of the early research that was 

done at Ohio State and elsewhere, the tools, the technology, and so on evolved to 

such a degree that it becomes very, very easy to create an image.  It’s fairly 

routine to match the idea with the physics, with the science, with the mathematics, 

that will allow you to convert it into a digital form and present it on the screen. 

Q. Let me take issue with you a little bit here.  You’re making this look far too easy, 

when in fact early on in the development, it must have been a very horrific 

challenge.  How about use the word right, challenge, to figure out the 

mathematics of how you make a set of numbers represent an image.  It’s easy now 
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because people like you made it happen.  But wasn’t it really a mathematical 

challenge at the outset, or were there other challenges that I’ve not cited here? 

A. It was a challenge.  Whether it was a mathematical challenge or not depends on 

your perspective.  There is a direct relationship between what we see visually and 

what we can represent on the screen that is solidly connected to the physics of 

life, to optics, to a lot of physical laws that control, not only the visual image, but 

also the temporal issues related to those visual images.  And the challenge was to 

try to identify the law of physics that was associated with the idea that you wanted 

to portray on the screen.  And so the laws of physics have been clearly defined 

and recorded and understood and developed over time, to the point where, once 

you were able to connect the idea with that particular law of physics, it became 

fairly easy to take that law of physics and then code it in such a way that you 

could convert the idea into the image.  Once you recognize what that law of 

physics was and how it controlled or impacted what it is that you wanted to 

portray.  We oftentimes, in the early days, the challenge in the early days was not 

necessarily the mathematics, because the law of physics was fairly well 

understood and defined, the problem was the computing environment had not 

evolved to the point where it is today where you could directly encode that law of 

physics and have it to be able to be reproduced in a finite amount of time.  

Because of the limitations of the computers, we had to approximate the law of 

physics.  So the real challenge was to come up with clean and predictable 

mathematical approximations that could in fact be computed in a reasonable 

amount of time in order to get the idea from the conceptual to the realizable.  
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Q. Computing hardware in those early days was not at all well suited for image 

manipulation, or for the kind of numeric manipulation required for imaging.  They 

were basically integer-based machines.  They were basically low precision, that is 

16 bit or less.  And doing floating point calculations on them was a very time 

consuming and slow activity.  Today, we have fast floating point coprocessors 

that do these kind of things in an instant.  Were there times during this early 

development when the computational side just looked to be so heavy that it 

wasn’t promising?   

A. Yeah, in fact one of our earliest computers, I think the PDP11-20, might have 

been an 8 bit machine if I remember right.  The PDP11-45, which was the 

mainstay of the early CGRG hardware component, was a 16 bit computer.  But 

even with that computer and the operational characteristics of that computer, and 

particularly the amount of main memory, the limited amount of main memory that 

was included in that fairly powerful machine relative to its counterparts at the 

time, the computational problems often were or appeared to be insurmountable.   

Q. Well the b-spline surface in those days could take hours and hours to compute, 

wouldn’t it? 

Maybe not hours. But certainly the b-spline curve and surface of the complexity 

that we wanted could take multiple minutes, which was like hours in computing 

images.   The b-spline formulation in and of itself is fairly low computational in 

terms of the calculating of fairly simple specific curve.  But we didn’t care about 

very simple ones. We wanted very complex ones.  Even outside of the realm of 

 9 



the free form curves and surfaces, if you just get into the polygonal models.  

Chuck’s goal from the first time I met him … 

Q. Excuse me.  Were you not before polygonal models when you started in the 

program?  Are you speaking of another period of were polygons the structure of 

images when you first became involved? 

A. Polygons were the structure of images from the time I was involved.  Before that, 

lines and curves that were approximated with straight lines, because of the nature 

of the display devices, was the norm.  But some of the early work that Csuri did in 

the very early 70’s was to impose the polygonal model onto the computational 

structure that was involved in his image making. 

Q. Was “The Hummingbird Film” one of those that you’re thinking of or do you 

have another in mind? 

A. “The Hummingbird” was created from line segments that were drawn and 

digitized as line segments.  And curves that were made up of line segments.  That 

was a generation earlier.  Probably the main structure that represented the change 

to polygonal representations was Chuck’s representation of a violin, which he 

basically used as the primitive to show his ability to convert it to a raster  video 

format with lighting and shading that was represented as physically modeling the 

physics of life. 

Q. Wayne, to what degree does mathematical theory play a role in algorithm 

development?  Are they similar?  Do the principals apply? 

A. Everything that we’ve done and everything that is currently being done in 

computer graphics and animation has some basis in mathematical formulations.  
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There is always something, even the representation of a polygon has a 

mathematical formula.  It becomes even more complex when you say, “Well, I 

want to find the intersection of two of those fairly simple polygons because that’s 

a bit more complex in the mathematical world.”  If you take it further into the 

alternative approaches to representing form, the b-splines or the higher order 

curves and surfaces, or the metaballs or some of the other representations there 

are in geometric modeling, the mathematical representation even becomes that 

much more complex. Where mathematics really plays a major role is in the 

description of motion, because we heavily rely on mathematics for description of 

movement over time, or the description of character animation, or the description 

of creature animation, or the interpolation of one object to another object over 

time, and that sort of thing.  And some of the formulas are very, very complex for 

describing those things. 

Q. You’ve broadened this mathematical model we’ve been speaking of now to 

include not only the algorithm of how we handle the data and generate the image, 

but to the behavior of objects that we’re simulating.  Their mass, their relationship 

to other objects.  You call that the movement over time idea.  Are there other yet 

examples where mathematics plays a role in the work that was done here in 

CGRG? 

A. Well, certainly what we call the rasterization, the conversion of the geometric 

form or the geometric model into a representation that can appear on the screen 

with all of the appropriate lighting and shading and coloring and so on.  There is a 

fairly complex mathematical structure behind that rasterization approach.  A lot of 
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that was experimented with here, maybe developed elsewhere, and refined here.  

Maybe developed here as well. 

Q. Who were the people who were involved in these mathematical developments 

here at OSU? 

A. From the time Csuri started working in image creation, image manipulation, 

image representation, in the mid-60's, he connected with mathematicians at all 

stages. And maybe more mathematicians that were more applied mathematicians 

that came out of geometry or physics or engineering or computer science, but 

mathematicians nevertheless. One of the earliest mathematicians that Chuck 

worked with was a guy named James Schaffer, who was on the faculty in 

mathematics at Ohio State.  And he worked with Chuck in the very early stages, 

about “The Hummingbird” timeframe of describing some of those objects and 

motions and manipulations of those hummingbird parts into interpolated forms.  

Later, he worked with a geomentry professor named Leslie Miller in moving into 

the more geometric forms, away from the line drawings and into the polygons and 

manipulations of polygons.  Rick Parent had some mathematics background, but 

very little.  I came on as a mathematician, trained mathematician, to work with 

Chuck in 1977.  Following that period of time, there were a number of graduate 

students and faculty members that had mathematical backgrounds that contributed 

and came through the program, studied under Chuck, worked with him on 

algorithmic development.  Most of the people who worked with him were not 

necessarily formally trained mathematicians but had significant mathematical 
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backgrounds from their other areas of physics and engineering and computer 

science. 

Q. What were the requirements of this mathematical expertise?  Was it limited only 

to speaking to issues of equation development in algebra, or were there other 

kinds of issues that mathematicians needed to address? 

A. Mathematics deals with a number of different issues, from geometry through 

topology that have something to do with three-dimensional form.  So besides just 

the recognizability and the ability to deal with integral calculus for example, 

which is an important part of image development in computer animation.  You 

also had to have some knowledge of the topological structures that are clearly 

embedded in mathematics and are an incredibly important part of the computer 

animation, computer generated imagery. 

Q. Topological structures.  Does that deal with things that common folks would call 

angles, sines, cosines, or does it deal with polygon type concepts? 

A. All of the above, but not necessarily limited to that.  The study of geometry is 

really about the angles and polygonal structures.  Geometry is in and of itself a 

part of topology in the sense that the overriding theoretical topological studies 

have as a fundamental component the geometries that you’ve described.  But the 

broader area of topology deals with form and other dimensions that we can clearly 

represent in computer graphics and computer animation.  We can clearly do 

transformations between the fourth and fifth and sixth and  even the nth 

dimensions into the representation in the two dimensions that are necessary for 

screen representation.  And that’s where the knowledge of higher-level 
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mathematics comes into play.  The understanding of what things (quote-unquote) 

might look like in a higher dimension, and how they act in a higher dimension.  

It’s not understandable by the layperson that might have some training in 

geometry or algebra or even calculus, but is clearly something that we deal with 

in higher level mathematics.  And to be able to actually take those ideas and those 

representations from the higher dimensions and bring them back is extremely 

important to the representation of many of the things that we want to do in 

computer animation. 

Q. Wayne, for Chuck Csuri to have succeeded at Ohio State required not only his 

vision but several areas of enablement, where things or conditions that the 

University enabled him to succeed.  His ability, for example, to proceed into the 

digital graphs area was enabled in some ways by his being a full professor and 

tenured, which gave him some degree of ability to take risks others might not 

have taken.  Was the mathematical contribution to his work at Ohio State another 

step of enablement?  Would his progress have been slower or maybe not have 

been successful were it not for, can you tell us how important mathematics was to 

the accomplishment of what we believe to be the Csuri legacy? 

A. Absolutely.  I think even stepping back, the enablement that you describe at Ohio 

State was incredibly important.  Chuck will admit that it’s as much who you know 

as it is what you know, and that he knew all of the right people because of 

different relationships that he had at Ohio State that allowed him to even pursue 

some of the areas he was interested in.  I disagree with him that were it not for 

tenure and being a full professor, he would not have been able to do what he was 
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able to do.  The reality is that he had a vision that was very, very important in the 

development of this particular system. The people could see because it was a 

visual interest and they could buy into it because it connected some very esoteric 

in the arts with something very complex but still understandable in the technology 

side of it. And people were interested in that.  He just happened to be someone 

who was able to persuade people to, I guess, invest in some respects in that kind 

of work.  And arranged from getting access to what was very inaccessible 

computing resources at Ohio State in the very early days, to getting funding by 

the University for equipment and space and people that allowed him to pursue 

some of the areas of interest. 

Q. He succeeded on a bed of enablement’s is what you’re saying.  There were a lot 

of things that came together to make it work. 

A. There were a lot of things. In direct response to your earlier question though, one 

of the more important areas of enablement was the actual realization of his visions 

through the development of the algorithms, the programming of the algorithms, 

the building of the hardware to represent the images that had been programmed 

and the ideas that had been programmed.  And all of that was outside of Chuck’s 

skill set.  He wasn’t the programmer.  He wasn’t a mathematician.  He wasn’t an 

electrical engineer. Yet he had the ability to bring all of those people together to 

work on that specific vision and to contribute to that.  So the people who 

understood the mathematics … 
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Q. This is continuation of Carlson segment 2, caused by a power failure in mid-

stream.  We were discussing the mathematics implications of the Csuri project 

and you were going to identify some of the people.  And as you do I’d like to hear 

some about what the benefits to them of CGRG challenges might have been.   

A. Let me just clarify the question.  The underlying contribution of mathematics to 

computer-generated imagery is clear.  And the mathematicians that were very 

early involved in that brought the expertise of the mathematics and applied it to 

the generation of computer images. So there wasn’t a lot of mathematical research 

involved in that.  It was simply taking something that we already understood in 

mathematics and applying it.  Obviously, the interest was there on the part of the 

mathematicians or they wouldn’t have been involved.  So they got a lot of 

personal satisfaction out of that.  But it really didn’t push the area of mathematics 

in any direction significantly. When free form curves and surfaces were 

developed by Rich Riesenfeld and others from Syracuse and other places, the 

contribution of computer graphics per se to mathematics was in fact clearly 

identifiable, because they were coming up with new mathematical formulations 

that mathematicians had been playing with and experimenting with, but really 

didn’t have a clear understanding because they were not visualizable as such.  

And so as soon as computer graphics came into being using those mathematical 

formulations and hence being able to visualize those same mathematical 

formations, the mathematics world stood up and paid interest.  So a lot of the 

mathematicians involved at that level, myself included, contributed not only to the 
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computer graphics discipline but also to the expansion of the understanding of 

those mathematical formations. 

Q. Are you saying that this fit within the conjecture proof model used in 

mathematics, or that it provided proof for conjectures that already existed?  I’m a 

little unclear. 

A. Both.  Let’s just take an example.  In probably I think 1974 or 1975, a 

mathematician at Harvard University developed a theory about how galaxies 

interacted with each other (relative to their gravitational pull) in order to explain 

the shape of those galaxies.  And his mathematical formulation was interesting in 

and of itself, but the world didn’t really pay much attention because one guy’s 

idea of how space evolved from a mathematical formulation, really didn’t have a 

way of capturing the essence of it.  And the computer graphics research group 

contributed to this because a guy named Bob Reynolds from the Physics 

Department here, joined with the mathematicians from Harvard and attached 

geometric models to the mathematical models, and then using the system that 

Csuri had developed here, made a visual image of it.  And suddenly the 

mathematicians’ weird concept out there in space somewhat, was proven visually.  

And proven is kind of a stretch because mathematical proofs are a lot more 

rigorous than visual proofs.  But at least by looking at the visual representation of 

what this mathematician conjectured, the proof was in the pudding.  You could 

see basically, visually, that his ideas had substance.  And so now the world looked 

at his mathematics with a lot more credibility I guess, or his mathematics had a lot 

more credibility because of the visualization.  So what I’m suggesting there is that 
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the mathematicians’ conjectures were in fact accepted to some level within the 

mathematical community.  But by virtue of the contribution of computer graphics 

and the works that these mathematicians did within computer graphics attracted a 

lot more attention to people because they could actually see the conjecture and 

appreciate them more I guess. 

Q. Coming from a mathematician, this is significant.  I have not heard this view 

before, Wayne, and what you’re saying is, one of the byproducts of the Csuri era 

at Ohio State was in fact an incremental small advancement in some areas of 

mathematics that applied particularly to geometry and to description of objects, 

what Chuck calls the database. 

A.  Yeah.  Geometric models are what I call them. He calls them a database but that’s 

kind of a misnomer in terms of what computer science understands as databases. 

Q. Could you explain to the layman what that is?  A geometric model? 

A. Well basically, a geometric model is a description of a physical object or maybe 

not a physical object but an object that has to be represented physically within the 

mathematical world in order to be computed to be represented n the screen.  So 

the geometric model is a representation form that connects the 3-D, XYZ 

coordinates and Cartesian coordinates with the conceptual model, in such a way 

that it can be described to the computer using the techniques of geometry. 

Q. So in summing up this section, we’re saying Chuck Csuri had many attributes – 

vision, artistic skill and contacts or people that he knew. And some of those 

people he knew in the University contributed to the project on an ad hoc basis, 

and some on a more formal basis, and their work from other universities played a 

 18 



role in this, particularly in what you’ve described as coming from Harvard and 

relating to the physics.  And that all of this came together in the 60’s and 70’s in a 

way that moved computer graphics along, and also provided visualization kind of 

proof of some mathematical conjectures.  That seems to me to be significant.  

Would that be a proper way to state it? 

A. I would say it’s very significant.  And I think the role of Chuck Csuri and people 

like Chuck Csuri that kind of transcend the narrow mindedness of technologists 

like myself and mathematicians, to be able to think outside the box, to be able to 

say, “I don’t care what you think the limitations of your integral calculus are.  I’ve 

got this idea over here that maybe you can contribute to through the physical 

representations and the programming and the mathematical formulations and so 

on and so forth, to the specific goal of realizing my vision and my concept.”  And  

yeah, I think that it was significant.  I think that it was very significant. 

Q. Well, before we end this segment on mathematics, are there other people or ideas 

that we need to identify for the historical record? 

A. I think most of the later contributions have been identified and documented 

through the visual imagery that we see in the other video components.  So it’s 

probably not as much necessary, as those early contributions manifested as 

images per se. 

Q. Let’s move on now to the hardware developments that related to CGRG during 

that early period.  We had rudimentary displays on computers by that time.  Black 

and white had been used for many years and then we had color.  There was 

something called the VGA adaptor on the PC models that provided a two 
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dimensional view of the world.  That was not nearly good enough from where 

computer graphics was going but was a starting place.  That implies there was 

hardware work to be done along the line, and to begin to understand how 

hardware could be used to execute some of the mathematics or draw some of the 

images.  What kind of work was done at Ohio State during that period? 

A. The earliest days of CGRG work and Chuck Csuri’s work even before CGRG, 

utilized off the shelf hardware.  It utilized off the shelf hardware in ways that 

maybe the off the shelf hardware wasn’t designed to be used, but nevertheless it 

used off the shelf hardware.  For example, the earliest computers that Chuck 

worked on were the IBM1130 or IBM360 computer with the IBM, I think, the 

2250 display device connected to it. 

Q. Was that monochrome? 

A. That was monochrome, yes.  Actually even before that, Csuri used the mainframe 

in a card reading format non-interactively and used plotters in order to actually 

represent his work, and then  use an arriflex or whatever camera technology was 

available to film that particular imagery.  Later on, he adapted an oscilloscope and 

tied a camera to it so he could skip the plotting stage and go directly to film.  But 

as I said, most of those things were off the shelf.  In about 1972 or 1973, there 

was a student named Tom DeFanti that was working with Chuck, who had an idea 

that was consistent with Chuck’s idea of real time interactivity; that software 

could be used interactively by the user, interacted with directly using the tools and 

techniques of the computer and the display devices.  And so a number of different 

kind of enabling devices that were developed by some more contacts that Chuck 
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had in the electrical engineering departments.  He created, I think, one of the most 

innovative interactive techniques called a sonic pen.  The sonic pen basically used 

three strips of microphones that were attached in the XYZ coordinate system to a 

box in which a stylus that emitted a spark was used.  The microphones then 

measured the length of time that it took for that sound of that spark to travel in all 

of the three dimensions to convert it into an XYZ coordinate.  And Chuck used 

that for a number of different things.  He used it to define motion, using a 

sequence or series of those stylus positions, sampled by the microphones he was 

able to trace out a three dimensional path. He also used it for data creation.  He 

could take a three-dimensional model and touch the stylus to the different 

positions on the surface of that and create the geometry that was necessary to 

build his models.  It had its limitations.  It was developed with primitive 

microphones and so on. So consequently, when a car would drive by, the sound 

would spike the data in such a way that it was unusable.  Or if somebody turned 

the lights on, the overhead lights would create a sound that would spike the data.  

So you had to take it with a grain of salt in terms of the accuracy of the data that 

you created with this device.  But nevertheless it became a really interesting and 

innovative way of interacting with the computer.  Other contributions in terms of 

hardware development included the creation of a, I’m trying to think of the right 

words to describe this device, Chuck basically became or he was always 

interested in the addition of color to the computer generated imagery. So they 

developed a hardware approach that actually put a color wheel between the 

camera and the screen of the monochrome display devices, the CRT’s that were 
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being used.  And put that particular wheel under computer control. So that the 

camera could basically open its shutter when a red gel was in front of the image, 

and then upon its shutter again and have the computer change the red cell to a 

blue cell.  And then he was able to record color out of a black and white display 

device.  Other innovations included adapting a videotape recorder, an Ampex 

VH1 one-inch videotape recorder, to computer control.  So that essentially the 

computer could display an image, fire up the Ampex recorder and record a frame 

onto it, shut it down, bring up another image, fire up the Ampex recorder and 

record another frame and shut it down, and so on, to enable to lay those frames 

down instead of on film, on video.   

Q. You’re describing Chuck playing the role of the visionary inventor here. 

A. Well yeah, I don’t think he ever hands-on turned the wrench to torque the nuts or 

anything like that, but he basically provided the vision in such a way of saying, 

“I’m not satisfied with monochrome displays.  I want color.  Find me a way to get 

color into this imagery, into these images.”  And essentially convinced people, 

enabled people, supported people in such a way that they became excited about 

actually contributing to this unknown area by inventing something that could be 

used in this way.  Chuck also was one of the motivating, besides usability and by 

that I mean that someone who may or may not be a technologist doesn’t have to 

became embroiled in the technology in order to use the equipment to represent 

that particular vision.  Besides that kind of overriding issue that he had there that 

defined the direction of hardware and software development, he was also very 

interested in real time as a concept.  And the idea was that, I don’t want to create a 
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deck of cards, submit them, walk away, come back 24 hours later to look at my 

image.  I don’t want to move the sonic pen and then have to sit back for any 

length of time to see that movement represented on the screen.  I want real time. I 

want my idea, my action, to be immediately represented as that action on the 

screen.  And whatever representation I want that action to be represented. And so 

a lot of that particular development in those early days was about doing things, 

but doing them quickly enough to be representative of that real time concept.  

Image display and playback was also an issue, because the fact that we had to 

record those images frame by frame in order to represent the real time motion 

later on, wasn’t something that Chuck was satisfied with. So he connected with a 

researcher at North Carolina State University, a guy named John Staudheimer, 

who contributed in many ways to Chuck’s operation through his relationship with 

the National Science Foundation. He connected with Staudheimer and got John to 

invent a real time playback device.  And so CGRG was essentially the motivator 

for Staudheimer to develop this and became its first customer, because he 

developed others and actually developed a part of the industry as a result of that.  

This device basically was a large memory device, a hard disk device, that allowed 

one to compute the raster images.  Now he’s moving from the Vector display 

devices to the raster world. To create the raster images and store them on this disk 

in order to be played back as quickly as possible after the computation in a real 

time, which was defined to be the 1/30th of a second of television refresh rate.  

And he was very successful at integrating this device into the realization of his 

vision.  To create complex solid shaded images that were recorded and played 
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back at the television refresh rate to get the representation of the temporal 

component or the change of those geometries over time. 

Q. So you’re adding a shading here to the Csuri legacy of being not only a visionary 

who saw where he wanted to go, but in many ways he was an inventor who 

worked through others. 

A. Maybe not the expertise to realize that idea but through the people that worked 

with him and respected him and were supported by him, was able to get his vision 

realized.  The hardware developments continued.  There were a number of 

different experiments in the frame buffer area.  The area of converting the raster 

image into a stored format that now finds itself manifested as a graphics display 

boards that are in modern PC’s. In the early days, that was a collection of memory 

that stood aside inside the computer, used only for refreshing the screen, but the 

display screen itself. Frame buffers were a 1970’s invention. 

Q. They did not come out of Ohio State. 

A. They did not come out of Ohio State.  However, Chuck, after the invention of the 

real time display device at North Carolina State, Chuck recruited one of the 

graduate students that worked on that, a guy named Mark Howard, who came up 

and expanded on the capabilities of those frame buffers here at Ohio State.  

Howard was here to give them capabilities that went beyond their simple memory 

storage capabilities that others had done elsewhere.  

Q. Who were some of the people who were involved in the hardware beyond those 

you have already mentioned? 
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A. Many of the people came out of electrical engineering, and their names are there 

but I have a very hard time remembering them.   

Q. Was electrical engineering officially involved in the project or was it like the 

mathematicians?  They were people that Chuck knew, who he relied upon. 

A. The latter.  We were located right next door to the electrical engineering’s electro-

science laboratory.  And a number of the faculty that worked over there, 

particularly a guy named Carl Engling, I believe, and Bob McGee, who were 

involved in activities over there, were interested in the kind of work that Chuck 

was doing, and came over and looked at it. And Chuck became interested in some 

of the things that they were doing. And they saw a symbiosis that would allow 

them to work together on some problems that were interesting to both of them. It 

was never really a formal relationship.  It was always informal. For example, the 

electro-science lab donated, I think, four huge collections of core memory, and 

one of the electrical engineers wired them in such a way that Chuck could use 

them as a complicated frame buffer.  But also, the work that they were doing 

motivated some of the stuff that Chuck was doing.  For example, Bob McGee was 

involved in gait studies, how human and creature motion could be realized 

robotically.  And he developed a very famous device at Ohio State, the eight-

legged robot, that essentially found its way in funding at NASA as a moon or 

Mars device.  It was a device that could move over the surface of a foreign body. 

Q. Did this idea also play a role in the development of algorithms? 

A. Indirectly.  Basically, the visualization of the gait studies that Bob McGee did in 

electrical engineering was accomplished using the CGRG resources.  In other 
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words, he could basically come up with how this robot should move and all of the 

geometries and geometric descriptions that could be input to the computer and 

then visualized with Chuck’s CGRG stuff.  And McGee could test out different 

approaches for these gait representations.  The fact that these gait studies that 

McGee was interested in for his eight legged robot were also areas of interest to 

the computer people in the CGRG.  In other words, we were very interested in 

human and creature motion representation. And we saw that McGee already kind 

of had a handle on that through the physical representation of that through his 

eight legged robot.  We paid a lot of attention to the work that he and others 

around the world had done in those areas.  And basically modeled, algorithmically 

modeled, the results that they came up with for their physical models. And 

applied those to some of the early computer character motion. 

Q. So the electrical engineering solution provided a basis for algorithmic solutions 

that came later? 

A. Right.  And it came simultaneously even.   

Q. McGee’s was a very unusual direction. 

A. Yeah, it was.  It’s not unique to computer graphics though, because we’re always 

borrowing other people’s work and applying it to our own areas of interest.  And 

those gait studies were not immune to that pilfering.  And we looked at what they 

were doing and we basically said,  “I’m not interested in an eight legged robot but 

I’m interested in how he makes an eight legged robot walk, to be able to motivate 

the algorithms to make a two legged character move in computer animation.”  It 

was only after that that the failures of the early representations of human motion 
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based on those gait studies in terms of accurately representing the motion 

encouraged people like Michael Girard to say, “There’s got to be a better way of 

marrying it to the physics.”  And he came up with some algorithms that were 

clearly based in the physical laws, in order to control the motion of his characters 

for his movie Eurhthmy.  

Q. You seen to have described here a situation where Chuck’s vision caused things 

to be done and hardware development that had impact in Chuck’s vision, that had 

impact on algorithmic concepts and ideas, so that there appears there is many 

ways of cross-fertilization within this development group during that area.  Was 

there a similar benefit to the electrical engineering people as you described to the 

mathematics people that came from this association or experience? 

A. Yeah, once again the basic proof is in the visual pudding, I would say it is as 

important as anything. The fact that the electrical engineers could formulate their 

concepts, write them down as mathematical formations, maybe even connect 

those to the physical world such as the eight legged robot, but be able to visualize 

that on the screen and to say, “Yeah, that’s the direction I want to go, or there’s a 

failure in my algorithm because I see the separation of the joints of the eight 

legged robot.  I better fix that.”  And so they benefited immensely from that.  The 

electrical engineers, the physicists, even over in geography, a guy named Hal 

Mollering was interested in, “How do I represent geographical representations 

using the computer and computer graphics as a way of visualizing my thoughts 

about geographic growth and so on?” 

Q. Have we missed anything in hardware? 
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A. Well, I mentioned that Mark Howard came up from North Carolina State and 

created some of the early frame buffers that were used at CGRG.  He was also 

hired on at Cranston Csuri and was instrumental in putting Cranston Csuri in a 

position of competitiveness through the developments of other frame buffers and 

frame buffer approaches in that area.   

Q. Wayne, the definition of frame buffer that I work with is memory as an interface 

between a computational activity and a display activity.  Is that how you’re using 

the term here? 

A. That’s accurate.  The simple use of a frame buffer, the simple frame buffer is 

simply a mapping of what’s on the screen to a memory location, essentially a one-

to-one mapping.  The actual implementation of complex frame buffers goes 

beyond that because you could add other characteristics into the memory beyond 

simple representation of what’s on the screen.  Things like transparency, things 

like depth of objects within the scene. 

Q. A single frame buffer does not take into account three-dimensional activity, but a 

complex frame buffer does.  Is that what you’re speaking to here? 

A. Yeah, it can through different representations in the two-dimensional space 

represent the three-dimensional environment.  It also can represent the temporal 

environment, because, for example, Mark Howard … 

Q. Were you using temporal here in the sense of time? 

A. Yeah.  Mark Howard’s contribution to the frame buffer world was to create a 

frame buffer in which portions of the frame buffer could be allocated to different 

frames representing time.  In other words, you have a large collection of memory 
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that can either be mapped to a single image, or that same large collection of 

memory could be mapped to smaller, independent frames over time, and Mark’s 

contribution was to be able to pull those smaller collections of memory locations 

up in 1/30th of a second, in such a way that you could store sequences of time in 

the frame buffer and play them back as continuous images. 

Q. The only two areas of hardware development we’ve not spoken to here relate to 

images being used as a source of multiple stages of motion. Steps, as you were 

talking about, in terms of frames. Was the motion accelerator concepts applied to 

CGRG work, or were they done elsewhere? 

A. I don’t understand what you mean by motion accelerator. 

Q. It is common now, I’m thinking about computer games, to have hardware 

accelerators that deal with motion images within the frame buffer so to speak.  

Those ideas came later.  I think they came early in the 90’s.  But I wondered if 

there were such things or such ideas back in the 80’s?  Hardware accelerators of 

any kind. 

A. I see what you’re asking. The whole concept of having a desktop computational 

engine relies on hardware acceleration for image generation.  It relies on that 

because the fundamental component within a personal computer that makes it 

able to sit at the desktop, is the fact that you can generate images quickly.  And 

therefore have things like menus and interaction with things on the screen.  And 

the hardware acceleration through was really accomplished elsewhere. We had a 

couple of people who experimented with desktop computational engines and 

therefore with the hardware acceleration. Tim VanHook, who was one of Chuck’s 
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early staff members that was working at CGRG, worked with a guy named Al 

Myers, to take the idea of the software acceleration that they had been 

experimenting with and put it into hardware. And they developed the predecessor 

of the Sun Micro workstation that ultimately hit the market, as an experimental 

version when they were at Cranston Csuri.   

Q. This would have been the early Sparcstation? 

A. Yea, the early Sun workstation.  Not when they were at Cranston Csuri, but when 

they were at CGRG.   

Q. This will be the end of the hardware segment. 

 

 

Q. This is segment four, software, recorded on Thursday, June 19, 2003.  I’m Robert 

Butchie with Wayne Carlson.  Well, Wayne, we’ve talked about the hardware 

developments that took place at the early days at CGRG.  But we know that in 

many ways the heart of computer graphics is in software.  And for purposes of 

this discussion, we’re going to speak about software at more than one level.  

We’re going to talk about system software where it applies, its operating system 

or fundamentals. My guess is that won’t apply in too many areas.  And then we’re 

going to talk about applications software, that does specific tasks.  And we know 

that the earliest software development done in CGRG had to do with the line 

drawing segments in Hummingbird, is that correct? 

A. Hummingbird and other similar kinds of representations. 

Q. Who did that developmental work? 
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A. As I mentioned, a mathematician named James Schaeffer did some early 

programming for Chuck for some of the early sequences.  A guy named Jerry 

Moersdorf, who now is the CEO of Applied Innovations Company here in 

Columbus, did a significant amount of coding in concert with a guy named Tom 

DeFanti, who was one of Chuck’s early graduate students, in the creation of an 

animation system called “Grass.”  

Q. Is the image symbiosis?  Had a fancy name, I recall. 

A. A guy named Manfred Knemeyer actually followed … 

Q. Better spell that name. 

A. Knemeyer actually came on pretty much at the same time Tom DeFanti was 

working on the Grass system.  Manfred was working on another animation system 

that was called “Anima,” for obvious reasons.  He did quite a bit of software 

development work.  After that, a staff member named Al Myers came in and took 

the concept of rasterizing images from work that was done at the University of 

Utah, and embedded that into a brute-force algorithm software development that 

allowed us to … 

Q. Wait a minute, this rasterization process looked at the three-dimensional data set 

and determined the angle from which we’re looking at it, and then determined 

what it needed to have in a video output in order to visualize it from that angle.  Is 

that the rasterizing set, or are you speaking of another part of it? 

A. The video part of it is the key area there that we’re talking about.  The fact is that, 

even in the development of Hummingbird, we had to look at angles of vision, and 

we had to look at paths of motion and we had to look at kind of the components 
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that are built into a camera. But the conversion of a straight line into a form that 

can be realized in the interlaced raster format of a television was the part I was 

talking about, with the rasterization.  That took advantage of the frame buffer as 

an intermediate storage format for that image.  Al Myers made a very speedy 

algorithm that allowed the software to work with the hardware that NC State had 

developed in such a way that we could get real time playback of complex shaded 

images.  A guy named Ron Hackathorn worked with the Anima system that was 

developed by Knemeyer and extended that into a system called Anima 2 that was 

a command line driven animation system in which you could specify motion and 

you could specify rendering attributes, camera characteristics, shading, color, and 

so on.  There were other software developers at that same period of time. One of 

the issues that we had to deal with was really the formulation of time.  What does 

time mean in an environment in which continuous time is not as important as the 

increments of time that were related to the refresh of the display.  So a guy named 

Sam Cardman actually came in and redeveloped some of those concepts of time 

specification within the computer environment and programmed some of those. 

Q. Was that the kind of thing you were personally involved in as well?  I’m thinking 

what led up to Cranston Csuri, the ability to manipulate objects over time, as if 

flying around them and so on? 

A. No, my contribution was primarily in the representation of the 3D form.  My 

contribution was basically taking the idea of what may or may not be a physical 

object and maybe a conceptual object. 

 32 



Q. Like the ABC logo for example, or the human skull, or whatever it happened to 

be.   

A.        And represent that in a way that was algorithmically computable by the computer, 

in order to convert this conceptual or physical model into an image on the screen.  

In other words, you had all of the rendering software and all the rasterizing 

software, but before you got to that point, you had to have a representation inside 

the computer of the 3D model.  That was my contribution.  How to effectively 

come up with those three dimensional models.   

Q. And other people were involved in the motion and visualization and so forth. 

A. Yeah, exactly.  Rick Parent did some early investigations into the 3D 

representation. I followed his work and extended it to the … 

Q. Now Rick was a software designer? 

A. He was a programmer out of computer science. He developed algorithms for not 

only the rendering and representation on the screen, but also 3D object 

representation. 

Q. And what machines was the software running on?  Had you gone over to sun 

stations and that kind of thing? 

A. No, not at this point. 

Q. Still PDP11 level? 

A. The first stuff that Schaeffer and Csuri had been working on was the IBM 1130 or 

360.  When Chuck got his National Science Foundation award in 1969, actually I 

think the award in 1971, he purchased a PDP11-45, which was one of the first 

programmable microcomputers that existed.  The first affordable one that existed.  
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Before the delivery of the PDP11-45, we had a PDP11-20 that we worked on.  

And most of that work was done either in Fortran or in assembly language 

directly.  We got a Vax11/780 mainframe, one of the first off of the assembly line 

at DEC, in I think 1978, maybe 1979.  And converted all of our work from the 

assembly language and Fortran world into the C programming language in the 

UNIX world.  The UNIX operating system actually allowed us to make great 

inroads to a lot of the algorithmic development that we wanted to do. 

Q. You mean C did. 

A. Both C and the UNIX environment.  The accessible environment of the operating 

system that was not accessible in the early operating systems on the other 

machines, allowed us to actually get a handle on some of the things that we 

wanted to do in complex image synthesis.  It wasn’t until the Cranston Csuri days 

and the parallel of CGRG in which we actually went to the Sun workstations, 

because they really didn’t come into obtainability until about 1982 or 1983.  

Before that, we were using VT100’s as the display devices for images that were 

calculated on VAX11/780’s and 750’s and Pyramid computers. When we got the 

workstations, first the Sun workstations and later the Silicon Graphics 

workstations, and the imbedded hardware that was necessary for the display 

environments on those workstations, then we were able to take the ideas even to a 

new level. 

Q. Wayne, was Chuck able to guide the software development group much as he had 

the hardware group, where he had an idea or problem that needed to be solved? 
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A. Yeah, and actually maybe even more so in the software development.  I can just 

relate my own experience.  We would just meet informally in the bowels of the 

1314 Kinnear Road building and Chuck would just kind of talk about this idea 

that he had. And this was a challenge to us, the computer programmers, to 

basically come up with a way of realizing that idea.  So then we would have 

discussions with Chuck about, “Well, we know that what you would like to 

represent in this, and I’ve got an idea of how I might do that.  Can I go off and do 

that?”  And he would support and say, “Well, yeah, well maybe that and 

something else.”  And we would go off under the support of the National Science 

Foundation grant or some other funding that he had, and program away. And the 

next morning we’d come in and show Chuck what we had done.  And he would 

say, “Yea, but that’s not quite there. What I really had in mind was this.”  And we 

would go back and program away and we would bring it in. And he said, “Oh, 

that’s great, but I would like it in the context of this.”  And we would go back and 

program away.  And essentially, he defined the successes that we had as 

programmers by virtue of directing us in these concepts.  Telling us what he had 

in mind and trying to visualize what he had in mind would push the software 

development. 

Q. Was this principally being done in Fortran? 

A. Well early it was being done in Fortran – and Assembly and later C. 

Q. It’s a very cumbersome language.   

A. Well, absolutely, it’s a terrible language for that. Actually, there was an 

intermediate step.  The early stuff was done in Fortran. When we got to PDP11-
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45, we could actually get into the assembly language of the machine.  And so we 

converted a lot of the Fortran code into assembly language, because we could 

bypass some of the limitations of the Fortran language. That was very painful – to 

program in assembly language. 

Q. People who have not done it cannot understand how incremental it is and how 

long and slow it is.  But it certainly makes for efficient code. 

A. And the advantage is, you could actually see on the display lights on the front of 

the machine, the operation of your assembly language code, instruction by 

instruction.  But it was quite cumbersome.  Those programs were very large 

programs.  Many, many, many lines of high-level code, Fortran code, let alone 

assembly language code.  So they became very unmanageable from a complex 

programming perspective. So when the C language was introduced … 

Q. For purposes of people in the future, I think we ought to make clear that 

assembler language, as we’re speaking of it here, is where you’re directly going to 

the machine level operation, step by step.  People may not be doing that 20 or 40 

years from now, might not know what we meant.  And it is the direct binary that 

we’re feeding to the computer. 

A. Well, it’s sort of a user understandable representation of the binary.  The machine 

operation is represented as a series of zeros and ones, and you could program 

them zeros and ones, and there were people who, some say Seymour Cray 

actually did that, but for most of us we can’t think at that particular level. So what 

these were, were commands that, each command was associated with a particular 

operation and address. 
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Q. Moving data to or from memory to a processor or … 

A. Exactly, and the operations were described as single words associated with an 

operation in the computer. 

Q. But to operate on large databases we really need to have the flexibility of the high 

level language which goes through a compiler and gets turned into the binary. 

A. Either a compiler or an interpreter, and the C language afforded us that 

opportunity.  Because of its connection with UNIX, the operating system, the 

flexibility of programming at the level that we needed to be programming.  And 

that was at the base machine level.  Fortran didn’t allow us to do that.  The C 

language did allow us to do that.  And a lot of the developments that we need in 

the late 70’s, early 80’s, were because of the fact that we could program at a 

higher level language, like C. 

Q. How important was the software development to the success of Csuri’s career in 

computer graphics?  Was it maybe fundamentally the most important single 

aspect? 

A. Well, sure it was, because without the software development you didn’t have the 

visualization of the concept.  So, once Chuck decided to move from physical 

painting into computer-generated imagery, that programming intermediate 

contribution was very important. 

Q. Now there were some computer languages developed here at Ohio State, that had 

to do with computer graphics.  What were they and who did those developments? 
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A. They weren’t computer languages per se. They were animation languages.  So for 

example, I already mentioned the animation language Grass that Tom DeFanti 

created.  It wasn’t really a language but a system. 

Q. And I think you had said earlier that was instrumental to the making of Star Wars, 

was it not?  The concepts and graphics? 

A. Well, yes and no. There was one sequence that was envisioned for the movie Star 

Wars that the directors really didn’t have a good handle on how they would 

represent it  So they contracted with an artist named Larry Cuba to create that 

particular sequence.  Larry Cuba had a friendship with Tom DeFanti, who was the 

graduate of the program here, who developed the Grass system.  He had moved 

on to the University of Illinois at Chicago Circle and was experimenting with 

different kinds of video and computer relationships.  Larry Cuba went to Tom and 

said, “The makers of Star Wars have this scene in mind.  Can I use your Grass 

system to actually realize it?” And so Tom basically taught Larry how to use the 

system, and Larry then realized the animated sequence that was in Star Wars on 

that particular system. 

Q. And this had to do with manipulation of several virtual objects, a virtual space 

station, a virtual spaceship, and the camera and so on was a very complicated kind 

of idea. 

A. It was the training sequence.  In the movie basically the pilots of the starships are 

taught how they’re doing to fly through to bring the weapons to bring on the 

destruction of the mother ship.  And so they had to train them about the canyons 

that were the structure of the mother ship. And so the scene had some graphical 

 38 



representations of this larger ship and the fighters.  And the pilots were trained 

using this visual imagery, which was the visual imagery that Larry had created on 

Tom’s system. 

Q. How did AL (animation language) come about? 

A. AL, once again you’ve got Chuck who says, “The existing software isn’t 

sufficient for realizing my dream.” 

Q. He’s still doing that today. 

A. He’s still doing that today. 

Q. He still doesn’t have enough computing power today. 

A. And one of my students, named Steve May, had this idea of encapsulated models. 

The idea was that you could embed the characteristics and attributes of the 

characters and models within the geometric model itself, such that their behavior 

and performance could be dictated by the models themselves. 

Q. Was this by subroutine development?  Was that the concept, to give the power of 

subroutines at a higher level? 

A. Yeah, but we in the C programming language didn’t call them subroutines.  But 

yeah, I could say that there is a correlation there.  What Steve was doing in 

encapsulated models basically was really intriguing to Chuck.  But he didn’t have 

the ability to actually program the encapsulated models that Steve had when he 

was representing them in his research work.  So Steve developed AL, a language 

that would be a higher level language that would be more accessible to an artist 

user, that would get access not only to his encapsulated models, but the Pixar 

Renderman system that was the heart of the rendering environment. 
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Q. And who developed that? 

A. That was developed by the Pixar group.  So Steve developed a language 

developed called AL, short for animation language, that connected the user with 

that complicated system. 

Q. Wayne, would it be true to say that if all the groups that participated in the Csuri 

area, that it was the software writers who came out the best, who gained the most 

from it?  They developed computer graphics for moviemaking. They created jobs.  

They created all kinds of things, gaming, games came substantially out of that 

work.  The software people really got a lot out of the Csuri era. 

A. I’m not sure that I would say that they were the biggest beneficiary, although we 

as software developers gained a lot. 

Q. Who would you say? 

A. We as software developers got a hell of a lot out of the interactions and 

experimentation 

Q. Was it the hardware people? 

A. No, actually I think it was the artists.  The artists now had accessibility to the 

computer.  Something they didn’t have before.  The software provided that and 

we as software developers got immense knowledge leaps as a result of the 

development efforts, trying to link the rudiments of the hardware with the level of 

understanding of the artists.  But I think the artists, up to this point not having the 

ability to interact with the computer, got the most out of it.  I think.  

Q. Anything to sum up here before we’re done? 
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A. Other than to say, we’ve just touched on some of the software developments.  

There were software developments in human and creature motion that basically 

are regarded as some of the best in the world. 

Q. This is Susan Amkrauts work? 

A. This is Michael Girard’s work.  But also, Ferdie Scheepers, when the human 

character motion.  There were lots of contributions in things like levels of detail 

that Paul MacDougle was involved in.  Just tons of areas.  Dave Zeltzer (and John 

Chadwick and George Karl) in human creature motion provided a significant 

amount, but also in the rendering and shading. Frank Crow, who developed the 

ideas of anti-aliasing and shadows inside the computer came to Ohio State and 

worked in an area called scene assembly, in which you could take the individual 

objects that we had been working with, combine them efficiently into a very 

complex scene.   Which is instrumental in the ability of the filmmakers for 

example, to do an “Antz” or to do a “Finding Nemo,” or such as those movies.  

And so the contributions were all over the area of software and software 

development. 

Q. From the interface all the way down to the individual processing, rendering, 

rasterizing, all of those steps. 

A. All of those steps. 

Q. I guess I would ask you this at this point, Wayne.  Was the OSU program 

important to the development of the arts and sciences of computer graphics, and if 

so, how would you rank it? 
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A. I don’t like to get into rankings because there’s no single institution that has 

contributed to the overall area more than any other.  Cal Tech was immensely 

important.  So was University of Utah.  So was Cornell.  So was Brown 

University.  So was North Carolina.  So was Ohio State.  And a lot of what we did 

moved the discipline a step forward, just like with the people at Utah did work 

that moved the discipline a step forward.  Were we number one or number two?  I 

wouldn’t even put numbers on it.  But we were certainly very important in the 

overall development of the area.  Probably our main contribution was 

accessibility.  Because Chuck was an artist and because his vision was that of an 

artist, he wanted the computer to be accessible to people like himself.  A lot of 

that motivational work was to meet the artists’ needs here at Ohio State.  As 

opposed to University of Utah, for example, where most of the people were non-

artists.  They were the computer scientists and technologist and the physicists who 

wanted to get at the visual components of the computer.  Ours was more from an 

artistic point of view.  We probably contributed more than any other institution in 

that area.   
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