“Cine-Photogrammetry”: An Overview of Tracking, Motion Capture
and Spatial Analysis from the Moving Image
Speaker: Jonathan Erland, LFSMPTE
142th Annual SMPTE Conference
SMPTE 2000: Annual Tech Conference & Expo
Pasadena Convention Center
Pasadena, California
Friday, October 20, 2000
Session: Visual Effects and Animation: New Tools and Techniques
Session Chair: Jonathan Erland

This paper serves as background piece for several of today’s papers dealing with spatial data
extraction and “Z” axis issues generally.
At a glance it would seem that the significance of the topic of “Z” axis has been sprung upon us
only very recently, specifically with the advent of 3D CGI and 2D composite imagery. Actually
this is not quite the case. Even a relatively casual review of the history of our technology
reveals an intimate relationship between the worlds of photography, cinematography and
photogrammetry, both monocular and binocular.
What we are witnessing today is simply a reaffirmation of an historic bond that has simply
evolved to the point of achieving its own status as a scientific subset, that of: cinephotogrammetry.
Graphics, like words, have ever been conveyors of data, facts, information. Graphics, like
words, have also been conveyors of sensation and emotion.
One picture, the saying goes, is worth a thousand words; it’s also worth a thousand dimensions.
So, for the next few minutes we’re going to take a quick survey of man’s efforts to communicate
facts, sensations and dimensions graphically with one another. And look at a few of the ways
he’s devised to solve the myriad problems of trying to achieve that communication.
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As our time-line shows, we’re going to start quite far back and so we’ll have to move at a pretty
fast clip.
These cave paintings at Lascaux, of course, are some of the earliest known graphics humans
have produced: sparse, evocative and elegant. Eloquent expressions of the importance of the
subjects of the paintings; they meant life itself. With just a few lines the essence of the creature
is summoned up. (It took many thousands of years to reacquire this skill!) These depictions
don’t need to convey a lot of information about the creature, they simply conjure up the being.
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By Egyptian times life had become more
sophisticated and so had graphic
depictions. The definition of what was
important enough to portray had changed
and the amount of information you needed
to know about it had expanded enormously.

In this example from the Armana period we
see a relief depicting Akhenaten and
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Nefertiti with three of their daughters. The relief is capable of conveying an amazing amount of
information about the form, character and emotions of the subjects, and yet the context of the
scene is firmly two dimensional. The sun and everything else depicted is portrayed on the same
plane. The piece is also an excellent example of the fact that such graphics were intended to
convey a lot of information and data. For the period generally it is startling in its depiction of an
obviously close, warm and loving family, but it also conveys lots of “factual data” in the depiction
of the sun and in the glyphs surrounding the piece.
By the way, Akhenaten and Nefertiti also had a son, who became much more familiar to the
world than his parents.

Tutankhamen. And this of
course is a fully three dimensional
bust.

The Egyptians made

paintings also but these tended to
depict a flat world.

The desire to coax depth out of 2d art led to bas relief like this,
practiced from Egyptian times onwards.

Clearly there was a struggle going on here. The artist could look at the world before him and
clearly and instantly perceive the solidity of forms and the depth of spaces and yet his attempts
to render those attributes in a graphic form were thwarted, as in this example from an
illuminated manuscript from the late 14th century.
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Let’s look at this image again but this time with the drawings construction lines. By the
standards of today’s graphical language, this piece is essentially incoherent.
Help was on the way, however, and indeed had been on the way for hundreds of years, ever
since Euclid had defined the terms “visual ray” and “visual cone”. But of course, these terms
were coined by a geometrist and applied to the science of optics. The implications for art were
going to take a very long time to appear.
But geometry is basic to architecture and so by 25 BC Vitruvius could write,
“Perspective is the method of sketching a front with the sides withdrawing
into the background, the lines all meeting in the centre of a circle.”
Even so, many hundreds of years were to pass before this concept penetrated the world of
graphic art.

It took another architect, who happened also to be a painter and
sculptor, by the name of Brunelleschi,(1377 - 1446) to bring the
science of geometry to bear upon the world of graphic art.
Brunelleschi, around 1415, established the first formularized
perspective.

To demonstrate how effective his
perspective drafting was Brunelleschi
would stand you at a certain spot in
front of the building and have you look
through a small hole in wooden panel.
On the opposite side of the wooden
panel he had painted the building, and
this painting you could see reflected in a
mirror which he held up behind the
wooden panel. Then he would snatch
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the mirror out of your view and your eye would immediately fall on the actual building. People
who experienced this declared the building and the painting to be identical.

Just a few years later, this
bronze relief by Donatello (1386 1466) shows how rapidly and
how effectively Brunelleschi’s
precepts were adopted.

Leon Alberti (1404 - 1474) advanced the use of perspective still further and is said to have
invented the camera obscura, although, like many such things, there are a thousand fathers for
this idea.
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By da Vinci’s (1452 - 1519) time perspective has become so well established that he can assert,
“Perspective is the rein and rudder of painting.”
Well, yes, with linear perspective and with “chiaroscuro” (which today we’d call shading) and
aerial perspective, it was becoming increasingly possible to simulate the real world.
Though da Vinci was still heard to complain of the difficulty of rendering the 3D world in a 2D
painting, observing:
“that a painting, though conducted with the greatest art and finished to the
last perfection, both with regard to contours, its lights, its shadows and its
colours, can never show a relievo equal to that of the natural objects,
unless these be viewed at a distance and with a single eye.”
The evolution of perspective continued, reaching a zenith probably with the work of the Dutch
painter, Jan Vermeer, (1632 - 1675), who, seemingly anticipating the camera, produced what
are now thought of as, “photo realistic” paintings.
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There is a superb mastery of perspective, an understanding of, “field of view” (or, in camera
terms, focal length) and radiosity, and ray tracing. Just take a look at this glass ball in his
painting,“Allegory of Faith”.

Reflected in this glass ball we can see many of the details of the room Vermeer is depicting that
are behind the point of view of the painting, including, quite possibly, some clues about both the
painting and the painter.
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Some 270 years later a countryman of Vermeer’s would also take an interest in reflections on a
sphere. But more of that later.
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And in, “The Music Lesson” here, note the mirror above the girl, a tour de force of perspective.
But, if we’d been there with Vermeer to see the scene as he actually observed it, we’d of course
seen a great expansion of depth, right there in the mirror, as the scene it depicts is another
fifteen feet further on.
But still no one had figured out why it is we see depth as we do much less how we’d depict it.
Many had observed that our two eyes saw different pictures so to speak. It’s been suggested
that Durer (1471 - 1528) had figured it out but this has not been substantiated. It’s also claimed
that Jacobi Chimenti produced a stereoscopic drawing around 1600, and that the Arab scientist
al Hazen wrote on stereopsis around 1000 AD. But there is as yet no proof of this, as it seems
despite numerous references to his enormously wide- ranging and prescient work, none of his
original writings seem to have survived. We can but hope they may yet be found.
Then the industrial revolution and the accompanying scientific renaissance, all born of the “age
of enlightenment” of the eighteenth century, brought about an era of discovery and innovation
that, if anything, may have been even more exciting than the one we’re experiencing now.
Within a very short space of time occurs the genesis of much of the technology we’re going to
discuss here throughout the rest of the day. Photography, stereography, photogrammetry,
cinematography, television, computers, all of these begin to emerge and take form.
In our time line we can see how tightly grouped these events and the individuals associated with
them are.
The process was largely presided over by an extraordinary group of scientists. A hundred and
fifty years later we still recall many of the names: Faraday, Roget, Wheatstone, Babbage,
Hershel, Darwin, Boole, Talbot. Many today can recount a significant contribution these icons
of science brought about;
Faraday, usually associated with electrical induction;
Roget, remembered for his Thesaurus;
Wheatstone, associated with a certain electronic bridge;
Babbage, the computing machine concept,
Herschel, astronomy
Darwin, evolution;
Boole, computer programming logic,
Brewster, the Kaleidoscope
and so on.
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I doubt many of us consider, certainly I hadn’t when I set out to prepare this background piece,
that these gentlemen were not only contemporaries but that they were also collaborators. They
were all members of one or more of the major institutions notably most of them Fellows of the
Royal Society. They attended each others’ lectures, as seen depicted here at the Royal
Institution, and debated readily with each other whether the subject was chemistry, electricity,
physiology, or whatever.
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The scientific papers attest to some remarkable relationships. We have a paper by Roget and
Babbage with the amusing proposition, viewed from the perspective of now, that science in their
time was on the decline.
But the work that particularly relates to our present meeting begins with a paper by Peter Mark
Roget investigating the phenomena of the persistence of vision.
The gist of Roget’s paper, in which he describes the distortions of wheel spokes observed
through railings, is in the statement:
“The true principle, then, on which this phenomenon depends, is the same
as that to which is referable the illusion that occurs when a bright object is
wheeled rapidly round in a circle, giving rise to the appearance of a line of
light throughout the whole circumference: namely, that an impression made
by a pencil of rays on the retina, if sufficiently vivid, will remain for a certain
time after the cause has ceased.”
He then goes on to conjecture how the retention duration of the image on the retina might be
measurable.
Charles Babbage and John Herschel ponder the phenomenon that it’s possible to see both
sides of a shilling simultaneously when it is “spun” on a table.
Within two years the
Thaumatrope discs are on sale
by Dr. J.A Paris, with a different
picture placed on either side
which merge together when the
disc is spun; a bird on one side,
for example, and a cage on the
other. Spin the disc and the bird
is seen in the cage.
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In short order Faraday has built a wheel to demonstrate Roget’s theories, consisting of two
contra-rotating discs with teeth. (Until phonographs went out of style we all used a descendant
of this to adjust the speed of the turntable).

Possibly inspired by this, though possibly independently,
the brilliant Belgian scientist Joseph Plateau produces the
Phenakistiscope.
And soon we are inundated with a plethora of toys and
increasingly sophisticated devices exploiting the “phi”
phenomena and producing the moving image.

Meanwhile, Charles Wheatstone, who is otherwise
normally found investigating electricity (notably the
speed of same), developing telegraph systems (well
before Morse and Edison), acoustics, (inventing the
concertina),

turns his attention to the question of binocular vision and gives us the first real comprehensive
accounting of stereopsis. We do not quite yet have photography, though it’s very close,

17

.......so Wheatstone has to demonstrate stereopsis
using carefully drawn graphics depicting right and left
eye views of various shapes. Such as these:
And with these relatively simple graphics he illustrates
the most salient point of his thesis, the “ah ha”
moment, if you will, that changed the whole discussion
of perception from that point onwards. Until
Wheatstone all commentators had assumed that what
we perceived was just what the eye recorded on its
retina. Even his friend Roget had concluded that the
persistent perception of an image was retained at the
retina. (To this day there are those who still believe
that an image of a victim’s murderer may be found
retained on the retina.)
Wheatstone demonstrates that the human brain synthesizes the two disparate and flat images
produced by the eyes, into a comprehension of the complete three dimensional shape of a solid
object, what we now know as Cyclopean perception. In his words,
“It will now be obvious why it is impossible for the artist to give a faithful
representation of any near solid object, that is, to produce a painting which
shall not be distinguished in the mind from the object itself. When the
painting and the object are seen with both eyes, in the case of the painting
two similar pictures are projected on the retinæ, in the case of the solid
object the pictures are dissimilar; there is therefore an essential difference
between the impressions on the organs of sensation in the two cases, and
consequently between the perceptions formed in the mind; the painting
therefore cannot be confounded with the solid object.”
This paper by Wheatstone is quite remarkable. He himself expresses some astonishment that
humankind had failed to comprehend stereopsis prior to his writing.
He also makes another observation especially relevant to our present discussion: what of the
monocular situation, such as the person deprived of one eye, (or, in our present context, the
motion picture camera with but one lens)?. How is the required ‘z’ axis data acquired?
Wheatstone states; “to supply this deficiency he has recourse unconsciously to other means of
acquiring more accurate information. The motion of the head is the principal means he
employs.”
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And so Wheatstone’s paper establishes the role of the mind, as distinct from that of the eye, in
providing the totality of our visual perception. And incidentally, explains the peculiar antics of
many birds of prey and other creatures that bob their heads about from side to side and up and
down as they go about the essential business of rangefinding.
But once one grasps Wheatstones seminal concept, this interpretive function of the mind in
visual perception, so much more is then explained. And when you combine the observations of
Wheatstone and his friend and colleague Peter Roget, what you can then begin to explain is
how to go about building a system to synthesize “real life” via a moving picture medium.
And further, how to inflict all manner of visual “tricks” upon the mind of the viewer through what
has now become the very respectable trade of visual FX.
Of course volumes have been added to the discoveries of Roget and Wheatstone. We’ve
distinguished motion fusion from flicker fusion and the direction Wheatstone pointed out for us
has led from the retina to the visual cortex and the mind boggling complications of what’s
involved in human visual perception. Just one aspect of all this is in the area of pattern
recognition. Far from slavishly conveying to our consciousness the raw data collected by the
retina, the brain is constantly performing an heroic task in processing original raw visual data
plus stored data and knowledge about that data.

So, as we can see in this simple test. Most of us can decipher this line of type, even though
half, (or more than half is obscured).

Similarly, when we know we’re expected to see a figure with a gun in the bushes on a certain
grassy knoll in Dallas, Texas, it’s likely that we will see such a figure.
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This greater understanding of our visual system, and
the role the mind plays in our perception, has
enabled some to exploit it for our further amusement
and enlightenment. Here we can see how the artist
Escher can wreak havoc with our perception by
obeying enough rules to get our attention and then
disobeying all the others.
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Wheatstone’s demonstrations, requiring the tedious drafting of the graphics we were watching
earlier to illustrate them in the pre-photographic age, remained pretty much the domain of
academics.

However, quite soon the work of Niepce, Daguerre, and Fox Talbot come to fruition and
photography is realized, and this happened quite quickly. Charles Babbage close friend the
astronomer John Herschel (the man who brought us the Milky Way) is also instrumental,
introducing the use of hyposulphite of soda to fix photographs and indeed coining the terms
“photography” and “positive” and “negative” in this context as well as “snap shot”.
Wheatstone lost no time in prevailing upon both Daguerre and Fox Talbot to make stereo pairs
and not long after the Scottish scientist Sir David Brewster got involved in stereoscopy and
developed the stereoscope with lenses and, in general, popularized 3D, largely by getting
Queen Victoria interested in it at the Great Exhibition (1851).
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Besides his invention of the Kalaidescope, Brewster had already made his reputation by his
studies into the polarization of light, the process by which we’re able to see the 3D displays
we’re watching today. He also was responsible for the adoption of Fresnel lenses in
lighthouses. Jean-Augustin Fresnel also worked on polarization as well as the wave theory of
light and would no doubt have done a great deal more had he lived longer than his thirty-nine
years.
Another researcher in the field of stereoscopy and binocularism was the American William
Barton Rogers, who wrote a number of papers on the subject before going on to his major
contribution to the world of science, the founding of the Massachusetts Institute of Technology
in 1862.

Oliver Wendell Holmes, (1809 - 1894) the great
American jurist and writer, also helped
immensely to popularize stereoscopy in
America by designing an inexpensive and
effective viewer for home use.
The immense popular enthusiasm for
photography in general and stereoscopy in
particular engendered by Holmes, in America,
and Brewster, in England, has overshadowed
the fact that the earliest applications for the new technology was not entertainment but data
acquisition: information gathering, measuring things.
Aime Laussedat, (1819 - 1907) possibly the father of close range photogrammetry, though it did
not have that name quite yet, began to map Paris using photographs acquired from kites!
Napoleon III (1808 - 1873) used aerial photography for military intelligence, from balloons,
around 1858? It was also used in American Civil War. By 1870 Prussian army was using
stereo photos .
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A M. Willeme, in 1864 designed a photosculpture process involving the use of 24 cameras
which surrounded the subject and recorded a 360º frozen moment of time.
Today, of course, we have Tim MacMillan and his “Timeslice” cameras as well as: Bullet Time;
Multicam; The Big Freeze, and various others based on the principle of a multitude (sometimes
numbering in the hundreds) of lenses and film gates using either separate pieces or contiguous
film and able to expose images simultaneously or sequentially.
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About eight years after Willeme the famous Leland Stanford horse trotting bet was made and
Eadweard Muybridge was set to work to determine whether or not all four feet left the ground at
once.
Muybridge was a logical selection for Stanford to make to accomplish this task. He had
previously been employed by the United States Geodetic and Coastal Survey department and
may well have performed similar duties for Stanford’s Central Pacific Railroad. He was therefor,
of course, a photogrammetrist, though the term had still not yet been coined.
The horse trotting project was delayed for some years because of a crime of passion that had
nothing to do with photography or photogrammetry, - or horses for that matter. Muybridge shot
his wife’s lover and as a consequence felt the need to spend a number of years abroad,
shooting yet more photographs for Stanford’s railroads.
Eventually the horse trot bet was settled, by Muybridge and in
Stanford’s favor, and at the same time marked another milestone in
the evolution of both photogrammetry and, the moving image. The
latter especially when the images were projected via Muybridge’
“Zoopraxiscope” a device much like the Praxinoscope but using
images based on Muybridge photography.
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In France, at this time, EtienneJules Marey was adapting the
camera of Pierre Janssen which
was a sort of Gattling gun approach
and recorded a series of images
around the edge of a disc. Initially
Marey could get 12 pictures a
second this way. By 1885 he built a
camera that could shoot 100
frames per second.

(A footnote here: by 1920 or so, the founder of this Society, Charles
Francis Jenkins was able to demonstrate both filming and projection
at 120 frames per second.)

But Marey is far more relevant to today’s
topics than his involvement in the early phases of motion pictures.

Does the idea of clothing a person in solid black, then outlining the limbs
and key joints and then photographing them in a black stage, resonate today?
Marey, of course, was motion tracking. His purpose in doing this
was not as an aid to animation but rather his method sought to
capture the basic principles underlying movement itself.
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In the following decades he was to be
emulated by the American Frank Gilbreth,
who, with his wife Lillian set about the
most exhaustive study of human
movement ever undertaken. Their work
essentially founded the field of industrial
time and motion study. They relied
heavily on both still and motion
photography including stereocinematography.
.
A collateral effect of this remarkable
couple’s efficiency was that their
union produced no less than a dozen
offspring. And in an astute
anticipation of the concept of repurposing assets, they further
demonstrated their efficiency by
writing two huge bestseller books.......

..........about the raising of a dozen offspring with
the titles, “Cheaper by the Dozen”, and “With Bells
on Their Toes” both of which were made into very
popular motion pictures. (In case you were
wondering where the motion picture connection to
this anecdote was.)
The science of gathering data from images had
progressed to the point that in 1893 , Dr. Albrecht
Meydenbauer, coined the term,
“photogrammetry” from the Greek; “light drawn to
measure”, or, “drawn to measure by light”
By the 1880's efforts to produce photographic records of real life in full motion were well under
way. Besides the well documented work of Edison and William Dickson there was Louis
Augustin Le Prince who patented a system in 1888; William Friese-Green in 1893; the Latham
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family in 1895; Max Skladanowsky also 1895 and then finally the people who can really lay
claim to have inaugurated the cinema: the Lumiere brothers.
Both sciences of motion pictures and photogrammetry were developing rapidly and in 1910 the
International Society for Photgrammetry was formed, and six years later C. Francis Jenkins
founded the Society for Motion Picture Engineers.
By 1915 photogrammetry was finding use in criminal investigation. A Dr. Heindl, describes in
Archiv fur Kriminal-Anthropologie und Kriminalistik, the use of 50 cm. square panel included in
photographs, and this may have been the inaugural use of a metric introduced into the scene.
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Here we see various approaches to imaging metrics. On the right is a three dimensional cube
outlined in red and white at one foot increments. If you envision extending all the lines in each
direction you can see that it’s possible to fill the entire space with the metric and thus determine
all of the dimensions of the picture.
With the advent of reliable flight came
aerial mapping via photography.
A strip of film with intermittently
exposed pictures could be used to
make a sequence of images of the
terrain below the aircraft. This
produced a series of stereo images that
could be used to derive topography.
Looks like something a movie camera
does to me! Indeed, it’s relatively
straightforward to take sequential
motion picture frames in which either
the subject, or the camera, is in motion, and view them as a stereo pair, and derive spatial data
from them.

Those wonderful topographical maps we rely
on for our hiking expeditions in the wilderness
were produced without the need to set foot on
the ground at all. Complicated and
sophisticated devices were constructed, called
stereo-plotters to derive all the elevation data
needed to create those maps.

A basic element of these stereo-plotters was the principal of the
floating dot. Devised by one F. Stolze, the principle is quite simply
that if you introduce a moveable dot onto each of a pair of stereo
images while viewing them in a stereoscope apparatus, moving
them laterally towards or apart from one another causes the single
dot they represent in your Cyclopean view of the scene in your
mind to move up or down respectively. Thus adjusting them so
that the virtual dot appears to settle on the ground can establish a
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certain elevation. This can now be traced around the terrain and establish a topographical line.
There was a micrometer adjustment provided so that you could move the two real dots an
amount equal to ten vertical feet and again trace another elevation line.
Dr. Carl Pulfrich (1858 - 1929) sometimes called the father of “stereophotogrammetry”,
produced the first stereocomparator. He also created the “Pulfrich illusion” which can permit
conventional 2D moving images to appear to have depth by delaying one eye’s response time
with a neutral density filter. It’s been used lately for watching the Rose Parade on T.V. It helps
to have objects in the scene moving from left to right.
So we’ve established that we can extract a great deal of spatial data from images either by use
of stereopsis and geometrical extraction and/or the use of perspective and any metrical
evidence found in the image. With that in mind let’s go back and take another look at Vermeer’s
the Music Lesson and see how well Vermeer capture’s the depth of the scene with only two
dimensions?
The fact that Vermeer’s two dimensional rendition of the scene works so well has led, over the
years, to a great deal of speculation that he may have been employing an optical device to
assist his work, namely, a camera obscura. This is the premise of Philip Steadman’s book,
“Vermeers Camera”.
In the modern era the science of photogrammetry has grown to include: soft copy
photogrammetry, machine vision, and ......as this session of the SMPTE Conference will
establish...cine-photogrammetry.
Among the modern photogrammetric variants
being adapted to cine-photogrammetry is that of
biostereometrics. This includes largely the
medical applications where it can assist in
surgical reconstruction, or plastic surgery.
Some very sophisticated systems such as this
from the Institute of Geodesy and
Photogrammetry in Switzerland are well
established. A great deal was also accomplished at the Turing Institute before its dissolution.
Its work was taken up by a company called C3D
One of the latest variants in biostereometrics is a new orthodonture system in which the patients
jaw and teeth are constructed in a 3D computer model such that a series of clear plastic
appliances can be built each one adding progressively more adjustment. The 3D model, of
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course, is built via what they describe as, “advanced imaging techniques” a new code word for
photogrammetry!
So today there are a host of applications for “z” axis data which is acquired from macro scale to
visualize the universe (and we’ll see some of that directly following this presentation, to the
micro level using scanning electron microscopes

This image of a crystal is an example which presents essentially no perspective or other
intellectual clues about its shape and volume. Try looking at the image with one eye only, and
then again with both eyes. Only in the 3D version can you comprehend what you’re seeing at
all.
One of the newer approaches to extracting spatial data involves exploiting the fact that a
combined stereo pair will show greater disparities at the nearer objects vs less disparity at the
farther objects. By designing filters of varying degrees one can extract depth data.
Soft copy photogrammetry has produced a plethora of programs of varying degrees of
excellence of which the following are but just a few. These programs are not only capable of
measuring and tracking the locations of objects in the scene
but they are also capable of tracking the location of the
moving camera and creating a camera path but also
characterizing the camera lens. Again, it helps to have a
calibration metric.
Softcopy Systems.
Among those currently available are:
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Photomodeler, http://www.eossystems.com/
Photomodeler is a good example of a relatively simple and economical program.
Dimension Kodak
The program Dimension from Kodak is more sophisticated and more expensive.
Geometrix http://www.geometrixinc.com/
Synthonics
http://www.3dmetrics.com/
Z/I Imaging, ImageStation Stereo Softcopy Kit (SSK), PC level photogrammetry kit.
C3D, stereo photog., with texture projection, (from Turing Inst.)
Famous v Tracker, uses retro reflectors markers on face, some stable (forehead etc.,) some
mobile (lips etc.)
Eyetronics, offers an inexpensive ($500.) system using a projected texture slide, a calibration
box and the necessary software.
This is reminiscent of the system developed at the Swiss Federal Institute of technology,
Institute of Geodesy and Photogrammetry.
ImageModeler, from Realviz
http://www.realviz.com/products/imagemodeler/mainfeatures.htm
Foto G III from Vexcel. <http://www.vexcel.com/fotog/product.html
Foto G features an automated process for the data extraction.
“Boujou” from, 2D3 Ltd., Oxford. England.,
Cinesite:

“mooVTracker”

Digital Domain: “Track”
This program will be the subject of a paper a little later in this session, presented by its
author Dr. Douglas Roble, who was awarded an Academy Award for his achievement.
Thad Beir, Hammerhead : “Ras Track”
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http://goldensoftware.com/
There are also some hardware systems available such as:
Lidar, until recently operated by
Panavision, actually a Cyra
Technologies system by Ben Kacyra (
Pat. 5,988,862) ,
and an Israeli system known as Z Cam.
This camera employs an infrared emitter and beamsplitter behind the
lens to shunt the IR image to a separate detector. This IR image is then
subjected to a grey scale analysis based on the inverse square law
which provides an image in which the nearer objects are brighter and the
further objects are less bright. Applying a dimension to the grey scale
yields a depth map for the scene.
Summary
In summary then, we can see how closely linked has been the evolution of the two apparently
disparate sciences of motion pictures and photogrammetry. Today, the need to closely
integrate the two dimensional world of theatrical motion pictures and television with that of the
three dimensional world of CGI animation has bound the two sciences into an even closer
embrace and spawned its own subset technology: cine-photogrammetry. The ensuing years
will no doubt provide many fascinating hours of entertainment and insight.

We’re probably running late at this point so I’m going to segue immediately into the second
paper of this set.
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