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The Ideal Medinm

by Michael K. Davis, Flower Mound, Texas USA

all but forgotten by the majority of

2D photographers, professional and
amateur alike. Even among stereographers
the majority of us have at least daydreamed
of ways to adapt the advantages of digital
shooting to our passion for 3D, while others
have taken the plunge by using digital projec-
tors or viewers like John Hart’s spectacular
single-mirror MirScope Viewer™ to display
large inkjet (or analog) prints produced
from digital (or analog) cameras.! But no
one has yet found a way to digitally repli-
cate that which, in my opinion, is the ideal
medium for stereographers: the unrivaled
phenomenon of well-crafted pairs of backlit
medium format transparencies displayed in
a portable, handheld stereo viewer.

To fully appreciate the analog experi-
ence already available to stereographers
producing medium format stereo transpar-
encies for display in handheld viewers, we
can start by imagining the tools required
to accomplish the same thing digitally.
Doing so should give you a newfound
enthusiasm for the very capable technol-
ogy that’s available to us right now, today,
shooting state-of-the-art medium format
transparency films for use in stereo viewers
that embody a technology dating back to
the mid-19" century: The Brewster-design
viewers® just can’t be beat, in my opinion.
They suffer none of the ghosting associated
with polarized projection and anaglyph®
views, nor the bulk, weight, and alignment
problems associated with double-mirror
Wheatstone* stereoscopes.

Imagine an electronic head-mounted
display (HMD) capable of delivering the
equivalent of 21.8 Megapixels® to each eye,
in stereo. HMDs operating at resolutions
equivalent to what we can enjoy in a $39.95
medium format stereo viewer® simply do
not exist, except in our imaginations, and

In the rush to digital, film has been

it’s reasonable to argue that they may not
exist for many years. “Based on the human
eye’s minimum resolution of 1 arcminute
[1/60™ of a degree],” an HMD with a field
of view of 40° should not have less than
2400 pixels in either dimension.”™ That’s 60
pixels/degree of angle of view, but the mar-
ket is already content with HMDs having
resolutions as low as 1280x1024, 800x600,
or even 640x480, not just for entertainment,
but also for medical and military applica-
tions.” HMDs costing $20,000 or more
can deliver no more than 20 pixels/degree
of angle of view." If we assume a conser-
vative equivalent of 4094x4094 pixels in
each 52x52mm transparency (from a 2000
dpi scan), a medium format stereo viewer,
when focused at Infinity, can deliver detail
equivalent to 107 pixels/degree of angle of
view — more than 5 times the detail avail-
able in a $20,000 HMD," and right at the
limits of what our eyes can appreciate.

How can we have any expectation of
future HMDs delivering 4094x4094 pixels
across a 38-degree angle of view'? when the
highest resolution LCD monitors available
today include the likes of the 22-inch IBM
T221." delivering only 9.2 Megapixels at
3840x2400? Even if we spent the $25,000
necessary to set two of these side by side
(including a PC equipped with the required
graphics adapters), we'd still have less than
half the resolution enjoyed in a handheld
medium format stereo viewer. Digital can’t
compete!

We're not likely to see a digital display
device capable of replicating what we
can see in a medium format transparency
because the market that throttles many
such innovations just isn’t likely to de-
mand it. The native resolutions of today’s
best HDTV flat-panel televisions go no
higher than 1920x1080 pixels.” yet the
average consumer raves about the detail
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these displays of-
fer. Double that
of the standard
definition CRT’s
they’ve replaced
when operating
at 1080i or 1080p,
these devices of-
fer an improve-
ment in resolu-
tion, to be sure,
but the average
person has never
experienced the
“high resolution™
their eyes are ac-
tually capable of
appreciating.

Sadly, the gen-
eral public is like
the proverbial “ti-
ger that has never
left his cage” and thus, a market demand
for digital display systems with resolutions
approaching the limits of human acuity
may never come to pass. Manufacturers
otherwise interested in developing such
devices could find themselves waiting a
long time for any economic incentive to
proceed.

Imagine working with a dual-21.8
Megapixel digital stereo camera, or at least
adigital twin-camera rig comprised of two
21.8 Megapixel cameras, that offers a color
depth far exceeding the 14-bit depth avail-
able in today’s best digital cameras. Again,
it doesn’t exist today, but there’s a good
chance that color depths will improve in
future cameras. Some film scanners oper-
ate at color depths as high as 16-bits (per
color channel) for a reason — analog films
have a virtually endless palate of color,
well in excess of what can be captured in
a 14-bit raw file.

Imagine using digital cameras equipped
with sensors large enough to have lenses
offering the perfect balance between

2x Mamiya 7ii with 43 mm f4.5 on 28" Jasper
and Arca Swiss B-1 ball head

| | .
Engineering slide bar

available Depth of Field and vulnerability
to diffraction — sensors much larger than
“full frame” 24x36mm sensors. An easily
overlooked advantage of medium format
stereography for handheld viewers is the
fact that the 3.4x enlargement imposed
by a 7Smm viewer lens focused at Infinity
allows the medium format stereographer
to use the very same f-stops that a 35mm-
based stereo viewer would require for suf-
ficient depth of field at the 7x magnification
imposed by the shorter focal length lenses
used in such viewers." In other words, if
we’re comparing smaller format viewers to
medium format handheld viewers, there is
no actual loss of Depth of Field in moving
from shorter focal length camera lenses to
equivalent focal length Medium Format
camera lenses because there is a simulta-
neous reduction in enlargement factor that
offsets what would otherwise be a require-
ment for smaller Circles of Confusion.
Enlargement factor and viewing dis-
tance are critical factors in selecting the
Circle of Confusion diameter one should
use for Depth of Field calculations.”” The
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real beauty of this is that the medium for-
mat stereographer enjoys an additional ben-
efit inherent to shooting with larger physical
apertures for any given f/number: reduced
vulnerability to diffraction. Thanks to the
larger CoC diameters permissible at half
the enlargement factor, a medium format
stereographer producing transparencies
for a handheld viewer enjoys the very same
Depth of Field a smaller format stercogra-
pher would obtain at apertures as small as
/22, without suffering the image degrada-
tion caused by diffraction at such small
apertures in the smaller formats.

No digital camera equipped with a “full
frame” (24x36mm) sensor can enjoy this
benefit, even if we could find a way to get
the necessary number of pixels recorded to
film for use in a backlit handheld viewer.
Only a medium format digital camera or
back comes close to having a sensor large
enough to enjoy the freedom from dif-
fraction enjoyed by medium format film
cameras, but most such sensors, though
larger than 24x36mm, are actually much
smaller than the 56x56mm frame produced
by a 6x6¢m film camera. Still, they do offer

less vulnerability
to diffraction at
any given f-Num-
ber, but we're still
faced with the task
of using digital
files to produce
transparencies of
the quality we're
currently enjoy-
ing with a purely
analog workflow.

Film record-
ers are all but
extinct, but the
best can record no
more than 2000
lines, whether to
35mm, 6x6cm,
or 4x5-inch films.
Specifications for
the Lasergraphics® LFR Mark VI™ DPM
Film Recording System'® indicate an abil-
ity to record as many as 16,000 lines, but
just try and find a service bureau possessing
one of these units that will encourage you
to attempt more than a 2000 line record-
ing. It seems these recorders just don’t
have enough precision to actually realize
any benefits at resolutions higher than
2000 lines. I'm eager to hear any news
to the contrary because with a 120/220
back attached to the Lasergraphics film
recorder, that works out to only 907 dpi on
a 56x56mm chrome. That’s less than half
the 2000 dpi required to match the resolu-
tion that can be achieved by camera lens
and film. Those who have ventured down
this path can testify that film recorders
can’t match the quality of a “real” medium
format transparency.

Imagine being able to shoot at ISO
settings as high as 200 without suffering
intolerable grain or noise in the final stereo
view. One of the great advantages of digital
captures is just how “clean” they are com-
pared to film scans. This advantage begins

=
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to vanish as ISO settings are increased, but
the good news for medium format stereog-
raphers producing transparencies for use in
handheld viewers is that once again, the low
enlargement factor (3.4x for a 7Smm viewer
focused at Infinity) is of great benefit. Ste-
reographers working with smaller formats
are well aware of how 7x magnification can
make film grain quite visible even in RMS
7 films, like Fujichrome Astia 100F."

The grain of popular RMS 8 films like
Fujichrome Velvia 100F, the newer Velvia
100, and Provia 100E.*' is so diminutive
it’s practically invisible at 3.4x magnifica-
tion. I've found that I can even push process
Provia 100F one stop (asking the lab to
extend the development time to compensate
intentional underexposure), to enjoy the
benefits inherent with ISO 200, with grain
becoming visible only in large, untextured
subjects such as featureless, uniformly
overcast skies. I find it so unobjectionable
that I routinely shoot Provia 100F at 200.
Push processing has the added benefit of en-
hancing the color saturation and contrast of
Provia 100F which, compared to the Velvia
family of films, is somewhat lacking, though
with more accurate color.

Lastly, the medium format stereogra-
pher’s ability to push a film like Provia 100F
to ISO 200 further negates the intrinsic DoF
advantage enjoyed by smaller formats. The
increased grain would be intolerable at the
7x magnification found in smaller format
stereo viewers, but at 3.4x magnification, it’s
not a problem. The medium format shooter
can stop down one additional stop for addi-
tional depth of field (or use the next fastest
shutter speed) in any given lighting situation,
relative to the small format stereographer
who is stuck with shooting at ISO 100.

Another factor that earns Medium For-
mat the right to be called the ideal medium
for stereography is the simple fact that unless
we use a viewer equipped with mirrors or
prisms, suffering the inconveniences as-
sociated with such designs, our eyes are too

closely set to view prints or transparencies
wider than about 62mm (and finding viewer
lenses having a Field of View sufficient to
cover a chip that wide is next to impossible,
anyway). For a species with an average
interpupillary distance (IPD) of 65mm,
medium format fits our IPDs very nicely. 4x5
sheet film is just too large and the smaller
formats are compromised by grain, diffrac-
tion, and a subtle, but indisputable reduction
in tonality.

If you're ready to take the medium for-
mat plunge, be warned that achieving the
resolutions I've touted above isn’t as easy as
ordering a 3DWorld TL-120 Stereo Camera®
and using it with a point-and-shoot mental-
ity. The TL-120 is so capable it deserves to
be handled with a discipline that can extract
all that it has to offer, despite its willingness
to be exploited as a P&S camera. Image
quality begins with excellent lenses and a
film transport mechanism that will maintain
film flatness. The 3DWorld TL-120 isn’t
lacking in either regard, but a “weakest-link-
in-the-chain” discipline must be followed to
achieve resolutions that approach the limit
of what the human eye can appreciate in a
3.4x magnification stereo viewer,

Here’s a summary of the factors I control
in an effort to maximize image quality:

For landscape stereography, I recom-
mend the use of Don Fleming’s DoFMaster
freeware™ to create spinning disk Depth of
Field calculators (one for each focal length
you possess) to determine both the focus
distance and the working aperture. I print
them on heavy paper and then laminate
both disks before attaching them together
with an “OIC Brass Fastener”. The trick is to
select the right Circle of Confusion diameter
when customizing the DoF calculators. For
a 75mm stereo viewer focused at Infinity,
where the magnification would be 3.4x, I rec-
ommend the DoF calculator of your choice
be customized to limit Circles of Confusion
to a diameter of 0.059mm. If you'll be using
a medium format viewer with adjustable
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focus (down to an virtual image distance
of 25cm, where the magnification would be
4.4x), I recommend the DoF calculator be
customized to limit CoC’s to a more aggres-
sive diameter of 0.046mm. In either case,
the chosen CoC diameter’s I've suggested
will support a post-magnification resolution
of 5 Ip/mm in the virtual image — enough
detail to satisfy a majority of people.
If, instead, you would prefer to limit
defocus to what many would
consider the very edge
of what can be
appreciated
by healthy
humaneyes
(support-
ing a vir-
tual image
resolution '
of 8 Ip/mm),
I recommend
customizing
the DoF cal-
culator to limit
CoC'’s to a diam-
eter of 0.037mm for
a 75mm medium format
viewer focused _
at Infinity, or
0.028mm if
the viewer can be focused as closely as
25c¢m (10 inches). Having selected your
Maximum Circle of Confusion Diameter
for the anticipated viewer magnification
and desired image resolution, specify this
value on the DOFMaster “Properties”
screen. This one Circle of Confusion value
will be appropriate for all focal lengths.
(If you've chosen to use some other form
of DoF calculator in the field, supply the
suggested CoC diameter where appropri-
ate.) Keep in mind that these smaller CoC
diameters can only be had at the expense
of smaller apertures (longer exposures) and
greater working distances to your nearest
subjects, but if you diligently adhere to the

DoF calculator’s recommendations, both
to select your shooting aperture and the
distance at which to focus, defocus will not
be the limiting factor in achieving eye-pop-
ping resolution.

There’s one last thing to worry about
with aperture selection. You can’t use the
aperture indicated by the DoF calculator

if doing so will cause diffraction to in-
hibit your desired print resolution.
In other words, there’s no point
in stopping down further
to make the Circles
of Confusion
caused by de-
focus smaller
at your cho-
sen Near and
Far sharp
distances if
doing so is
going to make dif-
fraction’s Airy disks
(across the entire image)
larger than your maximum
permissible CoC diameter. Fortu-
nately, this isn’t an issue for medium
format stereographers because diffrac-
_ tion would not
~ inhibit a goal of

8 Ip/mm at 3.4x
magnification until the lens is stopped down
all the way to £/27.

When using any Depth of Field calcu-
lator, table, or lens barrel engraving, occa-
sions will arise where the DoF calculator
is advising you to use an aperture that’s
implausible due to insufficient light and/or
contentious shutter speed requirements
(when subject motion demands a faster
shutter speed). When this happens, you
need to increase the camera’s distance
to the nearest subject without changing
the focal length —or— reduce the focal
length without changing the camera to
subject distance (until a viable aperture
will provide sufficient DoF) —or— reload
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the camera with a faster (grainer) film. The
only alternatives are to compromise your
desired image resolution by ignoring your
DoF calculations, or a better option by far
— put the camera away without taking
the shot.

Use your lens hoods to prevent glare;
the improvement in contrast can be sub-
stantial. (I recommend flocking the inside
surfaces of the TL-120 lens hoods.) Use
a heavy, stable tripod equipped with a
capable ball-head and quick-release. Use
Mirror-Lock-Up (MLU) if shooting with
an SLR that offers it. Use a long, flexible
cable release, a wireless remote control, or
the camera’s self-timer. This goes without
saying, but I'll say it anyway - use a shutter
speed that’s fast enough to arrest subject
motion. If the DoF calculator says you can
shoot wide open or nearly wide open, don’t
do it - stop down a couple of stops to avoid
the aberrations suffered at a lens’ widest
apertures. (This assumes you're not pur-
posely trying to achieve “selective focus”
— an aesthetic choice that I personally find
unacceptable in stereo views.)

If, over time, diligent adherence to
focusing at the distances indicated by your
choice of DoF calculator does not provide
sufficient DoF at the Near and Far sharps,
it will most likely be due to focusing errors

(or errors in estimating the Near/Sharp
distances). You don’t have to use a laser
rangefinder unless you want to get every
last bit of available shutter speed out of a
system - which is a nice thing to have when
shooting landscapes that aren’t holding
absolutely still (which is most of the time).
If you can afford to make longer exposures,
you can compensate any slop caused by er-
rors in reading Near and Far distances from
your lens barrel and that caused by errors
in setting a calculated focus distance - by
Jjust stopping down a bit further.

If you have the patience to use a laser
rangefinder, both for measuring your Near
and Far Sharp distances and for finding a
target on which to focus that resides at a
calculated focus distance, you won’t have
to “stop down a bit further” to compensate
distance-related errors. I recommend the
Stanley TLM-100% (made by a division of
Leica). It will give you 1/4-inch accuracy
from 2 feet out to about 60 feet in bright
sunlight (or about 90 feet in dim light on
light-colored targets). It sells for about U.S.
$99.00 and will do a great job with deter-
mining the distance to your Near Sharp
and helping you find a subject that resides
at a calculated focus distance. Far Sharps
that reside beyond 60 feet can be “guess-
timated” by looking at the distance scale

Series 2, Number 72 2007

29



King Inn medium-format stereo viewer

on your lens barrel without much impact
on the final results.

If you really want to know the exact dis-
tance to Far Sharps that reside beyond the
range of distances covered by the Stanley
TLM-100 (out to 400 yards), I recommend
the Opti-Logic 400X L Laser Rangefinder™
— forget about Bushnell’s laser rangefind-
ers — but keep in mind that the Opti-Logic
400XL has a minimum working distance
of about 12 feet, not close enough to
handle your Nears. (The minimum work-
ing distance is limited by the speed of a
rangefinder’s processor — the shorter the
distance to be measured, the less time it
takes for the modulated laser light to travel
to the target and back.) I started by recom-
mending you get only the 2-to-60-foot
Stanley TLMI100. This will satisfy most
landscape photographer’s needs, because
the Far Sharp distances aren’t as critical

as the Near Sharp and Focus distances,
when they lie at 200 feet or more. It’s when
the Fars lie at relatively close distances
beyond 60 feet, but less than 200 feet, that
you might wish you had a “long-distance”
rangefinder.

If you want to be totally on top of this
and don’t like the idea of carrying two
rangefinders, you can go for an instrument
like the Stanley TLM-300.>" It will give
you 3/32-inch accuracy from 2 inches all
the way out to 650 feet, according to the
manufacturer’s specifications (probably
more like 2 inches to 500 feet in bright
sunlight on less than ideal targets, but that’s
more than sufficient for our purposes).

So how does one use all of this when
shooting landscapes in the field? Here it
is, step-by-step, for use with true stereo
cameras or twin camera rigs. (These steps
assume you have already downloaded the
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DoFMaster software and created a spin-
ning disk DoF Calculator, customizing it
with the appropriate focal length and CoC
diameter, as discussed above — or — you
have equipped yourself with some other
DoF calculator that can be used in the field,
customizing it appropriately):

1. Choose your focal length and point-of-
view as you normally would, then erect
your tripod underneath the camera.

2. Measure the distance from the camera
back to the nearest subject in the frame.
That’s your Near Sharp distance.

3. Measure the distance from the camera
back to the farthest subject in the
frame. This is your Far Sharp distance.
(Assume 10,000 feet for subjects that
reside at Infinity.)

4. Input the Near and Far Sharp distances
into your choice of Depth of Field
calculator that has been optimized to
deliver a circle of confusion that will
support your desired image resolution
at the anticipated magnification.

5. The DoF calculator will provide a Fo-
cus Distance and the smallest f-Num-
ber necessary to support the desired
print resolution.

6. Ask yourself if the calculated f-Num-
ber is both available on your lens
—AND—equal to or smaller than the
f-Number at which diffraction would
inhibit the desired image resolution.
Then ask yourself if the correspond-
ing shutter speed required for correct
exposure (given the available light and
the current ISO setting) is sufficient to
arrest all subject motion. If you can’t
use the DoF calculator’s recommended
f-Number (because your lens doesn’t
offer it, or it would induce visible dif-

fraction (at f/32 in the case of a medium
format camera), or the corresponding
shutter speed would be too slow to
arrest subject motion), you’'ll have to
back away from the nearest subject (to
increase your Near Sharp distance)
and start over at Step 1, or leave the
camera where it is, but use a shorter
focal length (go wider) and start over
at Step 4.)

7. With your f-Number set as indicated by
your DoF calculator, use your range-
finder to locate a good target on which
to focus that resides at the calculated
Focus Distance. That target does not
have to be within the intended image
frame. You can swing your camera
around on the tripod, 180-degrees if
necessary, to focus the lens on anything
that’s at the calculated distance — use
the rangefinder to find any target any-
where that’s at the right distance, then
re-establish your intended composition
to make the exposure, leaving the focus
setting alone.

That's it. If you want to bracket expo-
sures, do so by changing your shutter speed,
not your aperture (think “aperture-priority
mode™).

Obviously. there are factors other than
defocus, diffraction, and camera or subject
motion that can prevent us from achieving a
“desired” resolution at an anticipated mag-
nification — not the least of which is the total
resolving power of the camera lens and film
in combination. I've examined Fujichrome
Provia 100F transparencies produced by
the 3DWorld TL-120 and can say that the
performance of its 80mm /2.8 lenses is
nothing short of spectacular. To my eye,
at 8x magnification, contrast and resolu-
tion appear to be every bit as good as the
transparencies I've produced with Mamiya
7 ii lenses®®. That’s saying a lot, but I have
no doubt that the TL-120 can achieve on-
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film resolutions as high as 39 Ip/mm with
Provia 100F and similar films — more than
sufficient to achieve the 27 Ip/mm needed
on-film to support a desired virtual image
resolution of 8 Ip/mm in a 3.4x magnifica-
tion viewer, or the 35 lp/mm needed on-film
to support the same desired resolution of 8
Ip/mm in a 4.4x magnification viewer.

When showing your work, make a point
of telling people that no post-exposure
manipulation is used in the making of
your 3D images — that everything they're
seeing was achieved in-camera. This
greatly distinguishes our work from that
of digital photographers who can fix just
about anything with Photoshop. If the view
is comprised of original transparencies (not
dupes), you might want to make a fuss over
the fact that they’re looking at film that was
actually at the location seen in the viewer,
that it’s a first-generation image — another
aspect of analog stereography that deserves
attention.

Lastly, please join me in writing the
folks at 3DWorld to request they develop
and market an illuminated, handheld me-
dium format viewer with adjustable focus.
Their mounting jig” is a great start in that
direction, but currently, their only handheld
viewer is a fixed-focus, STL (steal-the-light)
design.

Spreadsheets for CoC calculation,
Depth of Field, Stereo Base, Pre-exposure,
and other topics can be found on the Tools
page at my web site: http://www.AccessZ.
com
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viewer equipped with 75mm lenses, scanned
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