Fabricating a Digital View Camera
N. David King

The Purpose and Goal
AS many of you know by now, I am a complete convert to the digital world.  I think it offers far more creative control over the image, both professional and artistic, than any previous technology.  But there is one area of my shooting and teaching where the incredible tools of digital post production start to fall short in and that is in the arena of using a large format camera’s optical movements to control distortion, perspective, and depth of field.

Yes, I know, in Photoshop one can sort of simulate the straightening of lines similar to using a view camera’s back movements to control keystoning effects.  But straightening all of the angles in a 2-dimensional image is not the same optical function as straightening a particular target in 3-dimensional space.  Worse, the interpolation of pixels required to fill in blanks after stretching a target often leaves the image softer and less distinct than it was originally..  And while it is relatively easy to simulate a shallow depth of field, until the researchers at Stanford and MIT put their “Plenoptic” camera on the market
, the only way to turn shallow depth of field into deep depth of field is through specialty software like HeliconFocus and that requires multiple frames.. 

Of course it must be noted that over-the-counter solutions are available.  Digital scanning backs designed for view cameras as well as smaller view cameras specifically sized for medium format digital backs are available… at a combined cost of $20,000.00 to $100,000.00 which is not only too rich for my personal budget, it is far too rich for the budget of the Community College where I teach.  Yet not only having optical movements available digitally but being able to demonstrate their effect with a tethered camera, laptop, and projector would be exciting A/V for the students.  
There are also cameras and adapters made that use a modern DSLR as a digital capture device on a view camera but these too are outrageously priced.  Calumet sells two versions of view camera-type bellows bodies designed to mount a DSLR and they run from about $2,500 to about $5,000 and do not include the DSLR.  One company makes a replacement back for graflok-back-equiped view/press cameras to mount a DSLR for over $1,000.00!  I firmly believe in the capitalist system after being a professional photographer my whole career, but this is outrageous and the solution is not rocket science.  So after studying the photos of a number of these products, I decided it was time to fabricate one for myself both to prove the concept and to see if it could serve an educational value for a lot less money.  If it worked then we could make one or more for our school view cameras.  This handout contains the data on that hand made adapter as well as a sliding adapter imported from China.  First, we examine the hand made version…
Optical and Mechanical Problems to Solve
As I envisioned it, all of the main parts for this Digital View Camera already exist and are floating around as “off-the-shelf” pieces of equipment. These main capture elements are…
  
· the DSLR (in this case a Canon 5D, full frame digital camera).  And 
· the view camera body (A Toyo-Omega C). And  
· The lens will be a wide angle lens for the 4x5, a 90mm Schneider Super Angulon,  This lens was picked for the tests because it was the only one readily available to me that approximated a workable 35mm lens.  And with its short focal length if it worked any longer lens would also work. 

All that would have to be fabricated was the DSLR adapter plate.

The primary optical/mechanical problem for this project is the lens focal length.  On a view camera that represents the physical distance from the lens nodal point to the focal plane when the lens is focused at its infinity point.  The focal plane is the plane where the film or sensor array is located.  For the 90 mm lens that distance is therefore 90mm, meaning the lens nodal point needs to be no further than 90mm from the focal plane when the bellows is fully collapsed. The questions to be answered are: can the lens and focal plane of the DSLR be brought close enough (down to 90mm) in order to focus?  And if so, when it is, is there any play in the bellow to allow for optical movements?
  Obviously this works with the standard 4x5 film back, but it was anticipated the DSLR adapter would hold the focal plane of the DSLR body a bit further away than normal.

Preliminary measurements indicated that while it looked workable on a 5D it might not be on a 20D because the flash unit on the 20D forces the adapter to hold the camera body further away from the view camera body.  We are not talking a big distance here; but additional hold off of only a few millimeters would mean the camera could no longer focus to infinity.  It might work for close product work in the studio but could not work for architectural or landscape work where infinity focus is used commonly.  Adding in the crop factor of the 20D (and other cameras with the same APS sized sensor) meant, again, it would have marginal value in any situation where one would commonly be using a normal to wide angle lens.
To accomplish getting the focal length as small as possible, the lens was mounted on a recessed board and the normal bellows was replaced by a bag bellows.  Then both optical standards were put on the same side of the tripod attachment so nothing stood between them.  All of this was accomplished using standard parts.  All that remained was the non-standard adapter to mount the DSLR to the rear optical standard of the view camera.

The Adapter Plate
The adapter plate is the part that does not exist off the shelf except at the outlandish cost of over $1,000.  However it is a simple item to fabricate.  The Toyo view camera was chosen in the first place because it is inexpensive and, more importantly, both of the standards accept the same size plates.  
The lens boards, the bellows frames, the film backs, all are exactly the same size with the same type of slide lock mechanism to hold them in place.  That meant there already existed a flat plate with a hole in it (a lens board) that would fit and not require custom machining.  All that was required then was to take a flat lens board and affix a standard Canon EOS-mount “T-Mount” adapter to it.
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Figure 1  Toyo Lens board with T-Mount Adapter for Canon EOS
T-Mounts are adapters designed for attaching a camera to a telescope or microscope.  They normally thread on to the ‘scope’s eye piece and the camera body locks on to it via the bayonet lens mount.  This, in effect, turns the telescope or microscope into the camera lens.

In this case, the T-Mount adapter was affixed to the lens board by screws.  The board and adapter were drilled
, the holes in the adapter were tapped (threaded) and the two pieces held together by hex cap screws.  The shot below shows the board from the backside so you can see the cap screws that go through the board and into the tapped T-Mount
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Figure 2  Back of Lens board showing cap screws into T-Mount
The shot of the front of the board (Figure 1) shows a modification that I had to make as the camera was assembled.  A sheet of black 4-ply mat board was cut as a spacer.  The 5D body, due to the handle, was such a snug fit that in order to keep from scuffing it (since it is my camera) I cut the spacer.  It is angled and off set to allow the handle to rotate around the mount.  It could actually have been a little thinner but this allows the camera to easily come on and off the board.  
	When the camera is mounted on the plate as shown in the photo to the right, it now takes the place of a film back.  Focusing is done as normal by moving the lens or film standard but while looking through the DSLR’s viewfinder.

Exposure is handled by the build in meter in the DSLR so any bellows factor is automatically handled with what amounts to “ground glass” metering by the DSLR’s TTL meter.

To shoot, the view camera’s lens is opened in the same way it would be for focusing for sheet film.  The procedure then is a mix.  The camera is set for distortion using the film and lens standards of the view camera as seen through the DSLR’s viewfinder. 
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Figure 3 Canon 5D attached to Toyo View Camera


The aperture is set on the view camera’s lens, the shutter on the DSLR.  The exposure is taken through the DSLR by pressing the shutter release normally.
Does it Work?

Well, yes it does, but with some limitations.  Most of the limitations are based on the angle of view and focal length of the lens.  Remember the 90mm is a wide angle for the 4x5 film format but is tighter than normal for the 35mm based 5D.  A 65mm would be better but might not be able to focus at infinity.  Therefore this rig would never work very well for wide-angle shooting such as architectural interiors.
	The focal plane for the 5D is a little further away from the rear standard than is a normal film holder so to focus at infinity the standards have to be very close together with the 90mm lens.  Even with the 90mm on a recessed board and using the bag bellows, the optical movements are somewhat limited unless focusing very close where the standards are racked further apart.

The camera does work really well on small objects up close and is very workable for demos in the studio for small products.  

Here is an example.  On the right, is a shot taken with the 90mm lens.  It is of a DVD/Video dual deck remote controller device.  The front standard of the Toyo view camera was tilted forward to use the “Scheimflug” effect to increase depth of field then raised for composition. The rear standard remained in a neutral position.  
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First Conclusion
This camera will allow in-studio demonstrations of view camera techniques and operations, especially those requiring the use of optical movements.  It, of course, does not have the pixel dimensions of a true medium or large format digital back.  But the total out-of-pocket costs, including buying the Toyo View Camera, were a fraction of the cost of a purpose built view cameras for DSLR. I believe the project would have to be deemed a success (though I would love to try it with a 65mm lens..
Cost Breakdowns and Comparisons

Toyo Digi-View as described in the article

(The cost of a lens is not included in these comparisons since that would be needed anyway. It also assumes you already own a DSLR)

	Used View Camera purchased on Ebay*
	$275.00

	T-Mount to EOS adapter (new)
	29.95

	Recessed and flat lens boards for camera
	40.00

	Machine Shop work
	N/C

	Total 
	$344.95


* Camera included both regular and bag bellows.

    Calumet Cambo XP2 Pro View Camera Kit

     This set up does not have rear movements and requires the addition of the battery 
      pack for proper mounting of the camera.

	XP2 Pro
	$1,899.99

	BGE4 Grip
	229.99

	Total
	$2,129.98


Calumet Ultima 35 DSLR View Camera

This camera does have complete front and rear movements. It also requires the vertical grip for proper mounting.
	Ultima 35
	$4,399.99

	BGE4 Grip
	229.99

	Total
	$4,629.98


Now lets look at a more elegant alternative that is still pretty inexpensive.

 The Sliding Adapter
A few years ago I designed a similar back to the one described above but it allowed the camera to move to different positions so that you could create a stitched panorama or mosaic but minus any distortion or perspective from one shot to the next due to the fact that all frames were taken from a single lens and camera position: you would simply be taking sections of a projected image.  However I was never able to find a friendly machine shop to build a prototype to see if it would work.  A chance comment by my friend and fellow photographer Lee Peterson alerted me to the fact that a particular Chinese importer of photo accessories carries just such a thing and he had one.
That was good news and bad news.  It was bad that my great idea was already a product, but it was  good news  that I could go and buy it.  However when I went on the web site Lee provided I could not find it… they no longer seemed to carry it.  For months I prowled their site, other camera store sites and EBay and on one search on Ebay, a different Chinese importer had that very same adapter for sale.  I bought it on the spot.
 

As you can see from the photo it is very similar but allows the camera to be slid into various positions so you can stitch together multiple frames.
[image: image5.jpg]



To attach it to the Toyo you remove the  revolving film back by pressing the release latches and sliding the back to the right. . 
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This reveals the Graphlok sliding latches.  The adapter placed in the channel and is held in place by the Graphlok  latches.
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It does raise an issue that my homemade one did not.  This rig is designed to be used with a camera such as the 1Ds series with built in battery grip so the lens mount is set further out from the plate itself.  That means that it is even further away from the lens.  However since you can take a larger section of the projected image a longer focal length lens can be used and that solves a number of the problems associated with using a wide angle lens.  For the sample shot a Schneider 135mm Symmar lens was used.
And yes, it works just fine and can create a pretty high-resolution shot of your subject.  Here is the resulting shot of my light meter taken in sections.  
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The final stitched shot of  the meters is an 8-bit TIFF that is 97 megabytes in size (printed here is a reduced size JPEG).  Although the adapter plate only slides side-to-side, a mosaic can be created by using the view camera movements (raises and shifts) to add multiple rows or columns depending on camera orientation.
To help with setting up the shot I marked the ground glass to show where the digital back will cover.  I can then quickly set the shot up, slide off the ground glass and slide on the digital adapter plate and shoot away.

Second Conclusion

Although I love having made the single frame adapter, the sliding adapter plate is far more useable if the shooting situation allows time for multiple frames.  That not only increases resolution it also allows longer lenses so movements are no longer the issue they are when a wide angle lens is shot with the camera standards so close to one another.  

Since I also shoot panoramas and mosaics using a spherical panoramic head on my tripod the inevitable question arises, “Which is best?”  To be honest I like both.  If I need a large mosaic (25-50 or more frames) then the DSLR mounted on a spherical pano head is the only solution.  A good stitcher such as PTASeembler or PTGUI handles the lens correction issues easily and quickly so that is no longer an issue.  But it does not allow for perspective control or distortion control nor for the Scheimpflug effect to modify depth of field.

But in the studio (or also in the field) where I need camera movements but can get by with a shot not needing more than 5 frames horizontally and 2 frames vertically, this view camera approach still works extremely well.  Plus since there is no distortion the final assembly of frames. It is so straightforward you could do it manually in Photoshop layers if you needed to… in fact both the meters above and the close up shot below were simply assembled manually in Photoshop.  
This is also a perfect rig for doing macro-mosaics or panoramas.  To test this I dug out an old pocket watch covered in dust and the patina of age in a drawer.  This was not an advertising shot but one to test a concept.  Again I used the 135 Schneider, tilted the front standard ala Herr Scheimpflug, and shot at the lens’s sweet spot of f8.  Here is the result:
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The native size of the stitched image is 23 inches wide by 14 inches high!  Reduced here for the handout it is not as easy to see how well the approach captured every single dust speck on the crystal.  In real world commercial use the need to thoroughly clean and dust your products takes on a new level of importance.

The camera’s internal TTL meter handled the bellow factor admirably.  The only down side was with the bellow racked out for the close up shot, it made viewing the subject through the DSLR’s prism difficult because it was so dark even with the Schneider lens opened up all the way.  Small price, it meant I had to dig out the dark cloth…
The really unfortunate news is that now I’ll be adding the view camera BACK into my traveling gear just when I thought I had lightened my load for good.  

� This truly amazing technology (also called a “Light Field” camera) allows the photographer to alter the plane of focus in post production. Search on “plenoptic camera Stanford” for a starting list or log on to the following URL for photos:  http://graphics.stanford.edu/papers/lfcamera/


� Focusing on objects closer than the infinity point requires the front and rear standards to be spread further apart than the lens focal length.  So close focusing, such as for product photography, is not the same problem as, say, architectural photography where the lens is focused at infinity.


� The positioning was important.  The camera needed to line up horizontally when locked onto the bayonet.  The back does not rotate, but can be positioned for either horizontal or vertical shots.  A line was scribed at Top Dead Center on the adapter when attached to the camera.  This line was then ‘clocked’ to 12 O’Clock relative to the top of the lens board. (for the Toyo the boards are square so the top could be any of the edges.)


� On EBay search under “moveable digital back” to find this item.
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