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Beginning in 1965, what was then referred to as the Monastic Manuscript Microfilm 
Project (precursor to the Hill Museum & Manuscript Library) began an ambitious 
program of photographing manuscripts on 35mm black-and-white microfilm. Over the 
next forty years, HMML photographed approximately 90,000 manuscripts, mostly in 
Western Europe, Ethiopia, and Malta.

In 2003 a new manuscript preservation initiative began in the Middle East, focusing on 
Christian manuscripts from Arabic, Syriac, and Armenian sources. These new projects 
also mark a transition in manuscript preservation from analog film technologies to digital 
imaging methods.

Currently (June, 2006) HMML has 10 digital imaging studios operating in various 
locations. With this initial wave of success in using digital technologies, it seems 
appropriate to outline the reasons and rationale for the methods used by HMML to 
preserve manuscripts. 

A Look Back at Film Technology

In justifying the move to digital capture, it helps to understand how traditional 
microfilming was done. Traditionally, specialized camera equipment was used to produce 
the 35mm film negatives. These cameras used rolls of film measuring 100 feet in length; 
this allowed the operator to produce over 800 individual photographs before having to 
reload. 

The camera was mounted on a stout vertical column and could be adjusted for height. 
Manuscripts were placed under a large glass sheet and pressed upward against the glass 
prior to exposure. Metal arms were mounted to the assembly; these held a number of 
photographic lights at the correct angle and distance from the subject matter. All in all, 
the system was large, unwieldy, and heavy. 



Fr. Oliver Kapsner and camera operator using the Kodak Recordak microfilm camera to photograph 
manuscript pages.

Operating the camera wasn’t like taking photographs with a standard 35mm camera. 
Unlike other 35mm cameras of its era, the Kodak Recordak camera used by HMML was 
electrically powered and triggered via a footswitch. The framing of subject matter and 
focusing of the camera were also unusual in that the camera had no viewfinder! Prior to 
being loaded with film, an electric lamp inside the Recordak camera was turned on, 
projecting an image onto the copy stage indicating the coverage of the lens and projecting 
a focusing target. After the camera was focused and its angle of coverage noted on the 
markings on the copy stage, the lamp was turned off and the camera loaded with film. 
From there on, the operator worked “blind,” positioning the book based on the markings 
on the copy stage. 

The Recordak camera was also unusual in that the amount of film travel per exposure 
was adjustable. After centering a manuscript on the copy stage, the operator would note 
which copyboard mark corresponded to the book’s size and set the film transport control 
to match. In this way, the photographer made the most efficient use of film. 

In practice, the film system allowed for rapid work; the operator could take pictures about 
as fast as he or she could turn the pages of a book and press the book up against the glass. 
The method was not without pitfalls, however:



● The manuscripts were forcibly pressed up against the glass, stressing the binding.
● Mistakes in focusing the camera wouldn’t be discovered until the film was 

processed.
● Errors in the setting of the film transport setting could produce overlapping 

frames. Setting the transport control too far in the other direction would waste 
film. 

● Errors in exposure wouldn’t be evident until the film was processed. Archived 
correspondence from the HMML microfilm project indicates that re-takes were 
common. 

● According to the HMML archives, the equipment was prone to breakdown.
● Generally, the camera was positioned to accommodate the largest book in a given 

set; smaller subjects would yield smaller film images. The camera could only be 
repositioned to make better use of the film area when there was no film in it.

The nature of black and white microfilm also has some basic shortcomings:

● The film stock used was a high-contrast fine-grained film often referred to as 
bitonal; image tones tended to be rendered as either black or white without many 
shades of gray in between. Fine details and colored lettering could be lost or hard 
to read because of this. 

● It’s black and white! When recording color illuminations, etc., all colors were 
reduced to high-contrast black and white images. HMML augmented its bitonal 
filming of manuscripts with some detail shots made on 35mm color negative film. 
This made for more work and further handling of the manuscripts.

● 35mm films manufactured prior to about 1980 were based on a triacetate plastic 
stock. This material is susceptible to acetic degradation (“vinegar syndrome”) if 
films aren’t stored in optimal conditions. 

Using film (either bitonal or color) also introduces a degree of uncertainty about the 
results of one’s work. Errors in camera operation aren’t discovered until the film is 
processed—the processing itself could be done improperly, resulting in ruined work and 
subsequent re-takes. Evidence of both can be found in the correspondence archives of the 
HMML microfilming projects. 

Photography’s Digital Revolution

In the mid-1990’s digital photographic technology had progressed to a point where it 
became practical for certain types of professional photography. The first digital camera 
systems capable of rivaling film were based on scanning sensors. In this method, a linear 
array of sensors slowly traveled across the film plane to “build” the digital image line-by-
line. Although the images produced by these types of systems are of tremendous quality, 
there are some serious disadvantages:



● Progress is slow—it can take several minutes to capture one picture.
● If the camera or subject moves during the scan, the image will be flawed; this 

shows up as a “jitter” or fracture at the point in the scan where the motion 
occurred.

● Scanning cameras need a continuous light source of high intensity. This results in 
high electrical consumption and heat buildup.

● Cost—the early scanning cameras were extremely expensive. The digital scan 
insert used to image the Saint John’s Bible cost over $35,000. This is for the 
scanner insert only; extra money is needed for the camera body, lens, lights, etc.

Digital cameras capable of “instant capture” started to appear fairly early on, but they 
were incredibly expensive, produced low-resolution images, and had fairly disappointing 
image quality. By the late 1990’s, companies such as Phase One, Leaf, and Jenoptik 
began producing digital camera “magazines” to be used on conventional medium-format 
cameras in place of the usual film magazine. These produced excellent image quality at a 
price point that made digital photography practical for more applications. 
HMML’s first foray into digital manuscript photography began with such a device. At 
Balamand in Lebanon, HMML’s first digital imaging studio was set up in the spring of 
2003. The camera system was comprised of a Hasselblad medium-format camera body 
equipped with a Phase One H10 digital back.

Camera operator at Balamand imaging studio taking photograph with Hasselblad/Phase One system.

The images produced by this system were of very high quality. The system, however, 



suffered from a few drawbacks:

● Cost was still high: the camera and digital back cost about $20,000.
● Productivity was an issue. Each digital raw capture was “developed” into a 30-

megabyte TIFF image file after it was taken. This used up valuable time.
● The Hasselblad camera, though of superb quality, was never really designed to be 

operated on a continuous basis for months at a time. After a while, equipment 
breakdowns became frequent.

● Storing and shipping the 30-megabyte TIFF files were problematic; incredible 
amounts of digital data were being produced without a clear plan on how to move 
and store it efficiently.

During the time HMML was learning these things, camera manufacturers were improving 
their products to the point where alternative systems became feasible for this work. In 
particular, the Canon EOS 1Ds digital SLR offered an attractive solution.

Canon EOS IDs digital SLR.

This Canon Digital camera was the first instrument of its kind to offer the right 
compromise between cost, image quality, and productivity needed to undertake 
successful digitization projects. Some of its attributes:

● The camera cost around $8000 when new, less than half the price of a 
Hasselblad/Phase One system. HMML saved even more money by purchasing 
lightly used models for around $4000 each.

● The camera produces an image file with virtually the same pixel dimensions as 
the Phase One H10. An uncompressed TIFF from the Canon measures 4064x2704 
pixels (11 “megapixels”). A digital image of this size can be printed as a two-page 
spread in a magazine or printed (using inkjet technology) as a 36-inch poster with 



beautiful results. 
● The camera can be triggered by computer via the connecting cable, eliminating 

the need for the photographer to reach up and fire the shutter manually.
● The camera can be set to produce a RAW image file and a high-quality JPEG file 

at the same time. These two files together are still smaller (in terms of bytes) than 
the 30-meg TIFF produced by the Phase One. Developing the RAW file into a 
TIFF can be done at any later time using software utilities. Having both a RAW 
and JPEG image file also provides a built-in backup of the work.

● Since there is no “developing” of TIFF files while work is progressing, the 
camera can produce images as fast as the operator can safely turn the pages of the 
book and verify that the capture was properly made.

The last point illustrates a key advantage of digital imaging—the operator can verify on 
the spot that the image is good. With film, the results aren’t known until later. 

Canon improved the EOS 1Ds, introducing their “Mark II” version a couple of years 
later. This new model boasts even larger image file sizes (4992x3328 pixels). However, 
other cameras have now appeared that are less expensive and produce images of a similar 
size to the “Mark I.” HMML has started to use one of these camera models, the Nikon 
D2X, in its most recent projects.

Nikon D2X in use at Balamand. Spring, 2006

The size and quality of images produced by these two camera models are virtually 
identical. Both cameras are designed for professional use in the field (photojournalism, 
military use, etc.) and are rugged and reliable. HMML will continue evaluating new 
cameras as technology progresses.



Lighting Technology

In the switch from film-based to digital photography, HMML also abandoned continuous 
light sources in favor of electronic flash illumination, sometimes referred to as strobe 
lights. These self-contained studio lighting units have continuous modeling lights that 
allow the operator to see the effect of the lighting, but the actual photographic exposure is 
created by the brief high-intensity flash produced when the camera is triggered. 

Strobe lighting equipment costs more than the traditional continuous lights, often called 
tungsten lights. A pair of flash units can cost anywhere from $700 to about $1400 
(HMML is constantly looking for better prices on such gear). A pair of simple tungsten 
lights can be obtained for under $200. The more expensive strobe lighting was chosen for 
a number of important reasons:

● Continuous lights generate heat—having a pair of high-intensity tungsten lights 
operating all day in a small room can quickly raise the temperature to 
uncomfortable levels.

● As tungsten lamps “burn”, the color temperature of the light produced often 
changes, resulting in a shift in their color output over time. By comparison, 
modern strobe units use electronic circuitry to obtain extremely consistent output, 
shot after shot. 

● Ambient light in the studio is not a problem. With tungsten lights, the camera is 
often set for a shutter speed that is slow enough so that stray light coming from 
windows, overhead room lighting, etc. can affect the picture. With strobes, the 
camera shutter is set for the highest strobe synchronization speed  (often 1/250th of 
a second); the flash itself is even “faster.” This effectively negates the effect of 
ambient light (except for direct sunlight falling on the subject matter). In practice, 
what this means is that a special closed-off environment need not be created for 
the digitization studio.

● Using strobe light virtually eliminates the possibility of producing blurred pictures 
due to camera vibration or movement. The effective duration of the burst of light 
produced by the strobes is in the range of 1/500th to 1/1000th of a second. At this 
speed any sort of movement of the camera or subject is “frozen.” The fact that the 
operator can fire the camera remotely rather than by physically touching the 
camera further ensures the sharpest possible images.

So far, the strobe lighting used by HMML has proven to be very reliable. No breakdowns 
have occurred in three years, and the only expenses have been for replacement modeling 
lamps.

Support Systems, Stands and Accessories

When manuscripts were photographed on microfilm, they were pressed against glass to 
flatten the pages and ensure that the subject matter was at the exact focus point of the 
overhead camera. This was standard procedure at the time; it was, however, somewhat 



stressful for the codex itself. Correspondence from that time refers to “wear and tear” 
endured by manuscripts when photographed.

Microfilm technicians in Addis Ababa pose with the microfilm camera used in the EMML project. 
Note subject matter pressed up against glass.

Photographing through glass presents a few other challenges as well. The glass itself has 
to be kept clean and care must be taken to make sure that contact between manuscript and 
glass doesn’t result in material sticking to the glass when the pressure is released. 
Additionally, glass is reflective—it’s possible for an image of the camera itself appearing 
in the photograph if the subject matter contains large areas of dark tonality!

Modern methods attempt to hold books in the proper position for photography without 
imposing undue strain on the spine while also allowing for the holding of books at 
various “open” angles. Some books lie flat with no problem while other have very tight 
bindings and cannot be opened much past 90 degrees without stress. To this end, various 
book cradle systems have been devised.



Examples of various designs for book cradle systems.

Even the simplest cradle designs are somewhat complicated and expensive. These cradle 
designs are often part of even more elaborate systems comprising camera, product stage, 
and light-holding components, some of them quite large and unwieldy. 

Various camera and cradle systems for automatic or semi-automatic scanning of book pages.

HMML needed a solution that was simpler, less expensive, and less reliant on proprietary 
technologies and products. The book cradle devised by HMML is made of foam board, 
cloth tape, Velcro© material and soft fabric. Versatile and adaptable, the cradle folds flat 
for shipping, weighs next to nothing, and can be crafted in-house by student workers. 

HMML cradle shown folded for transport, set up for 90-degree photography, and reconfigured for 
oblique-angle photography.

HMML’s book photography system relies on a sturdy copy stand to hold the digital SLR. 
Rather than purchase expensive new stands, HMML obtains used copy stands on the 
secondhand market and modifies them for the task at hand. In this way, HMML can get 
the equipment needed at a considerable cost savings. 



Camera setup in Bzommar, Lebanon. Used copy stand holds digital SLR, strobe lights are mounted 
on conventional light stands. Baseboard system clamps onto existing worktable.

Even with cradle systems, additional ways of holding the pages of books and manuscripts 
are often needed. In some cases, camera operators have simply used their hands to hold 
down the edges of pages being photographed. Some libraries use “book snakes,” soft 
cloth tubes filled with lead shot, to hold pages down.

“Book snakes” used to hold pages in place.

Both methods have one drawback in that they obscure the page beneath. HMML uses 
clear plastic tabs held by inexpensive articulated “arms” to hold pages in place while 
allowing the viewer to see through them.



Clear plastic tabs hold down edge of book without obscuring view. Grayscale calibration patches, 
metric scale, and “up” arrow complete the setup.

The digital camera, copy stand, lights, and cradle system make up an efficient manuscript 
digitization studio. Chief advantages are:

● HMML’s system doesn’t rely on proprietary or exotic technologies and products. 
The cameras, lights and computers are commodity items, easily obtained from a 
number of sources. Components are easily replaced if things malfunction; they 
can be upgraded (or downsized) as better and more cost-effective components 
appear on the market.

● A studio can be equipped for a nominal cost. Depending on the digital camera 
chosen (this is the most costly part of the setup), a studio can be assembled for 
under $7000. This includes the camera, stand, lights, accessories and two PC 
computers systems.

● The system is scalable—more studio setups can be added to a given project 
location to multiply productivity.

● The system is compact and easy to ship. Unlike some of the larger systems 
pictured in this document, the HMML system packs down well and can be 
transported in the trunk of a car. In practice, many of the system components can 
be purchased locally.

● The system is versatile. With the proper accessories, items ranging in size from 
small fragments to large maps can be digitized. 

Cost of Imaging

In order to round out a fair comparison between film and digital technologies for 
manuscript preservation, the issues of cost and productivity must be addressed. This is 
often not an easy comparison to make; there are costs inherent in one system that have no 
counterpart in the other, so one has to look at overall figures.

One also has to compare image results. It isn’t fair, for example, to compare the cost of 



black and white microfilm images to full-color images produced digitally—the latter 
simply contains more information. 

Sample scans from bitonal microfilm, 35mm color negative, and direct digital photography.

In order to record the range of tonal information provided by digital cameras, color film 
would have to be used in a traditional analog photography setup. In researching the prices 
of film and processing, a great deal of variability was found. In averaging the costs of 
35mm color negative film and processing from a number of sources, a price (at the low 
end of the scale) of $0.30 per frame for film and processing was determined.

In comparing film imaging to digital, it might be helpful to use the example of the 
imaging project at the Armenian Apostolic Catholicosate in Antelias, Lebanon. This is a 
relatively small collection of manuscripts; work on digitizing the collection was recently 
completed by HMML. The overall project statistics are:

Number of manuscripts photographed 239
Number of unique image files (frames) 52,534
Number of DVD disks used 700
Overall “byte weight” of project 930 gigabytes

It’s possible to obtain some material cost figures for the project:

Item
Cost per 
Item

Number of 
Items

Total Cost of 
Items

DVD-R recordable disk  $0.70 700  $490.00 
Computers needed at imaging site  $1,500.00 1  $1,500.00 
Additional cost for digital versus film 
camera  $2,500.00 1  $2,500.00 
930 gigabytes of hard disk space  $1,000.00 1  $1,000.00 
Total    $5,490.00 



Compare this with the same project photographed with 35mm color negative film:

Item
Cost per 
Item

Number of 
Items

Total Cost of 
Items

Frame of 35mm color film + 
processing  $0.30 52534  $15,760.20 

There are a number of cost items that would be roughly the same with either an analog or 
digital workflow. They are:

Film Digital
Camera needed Camera needed
Lights needed Lights needed
Camera operators needed Camera operators needed
Storage for reels of film Storage for DVD disks
Checking and maintaining film storage Maintaining digital data
Shipping of film to lab and to HMML Shipping of DVDs to HMML
Maintenance of equipment Maintenance of equipment
Training of workers Training of workers

If we assume that these items cost roughly the same and leave them out of the 
comparison, we are left with the fact that the Antelias project (done digitally) cost 
roughly $5500, while the same project done in 35mm color film would cost over $15000. 
This is assuming no extra expenditures for re-takes due to camera operator errors or 
faulty processing. At this point, the comparison looks like this:

 Film Digital
 $15,760.20  $5,490.00 

TOTAL  $15,760.20  $5,490.00 

This comparison doesn’t take into consideration the cost involved in transforming the 
35mm color negative images into resources that could be actually used by researchers 
either at HMML or via computer network. Here is one of those additional costs:

Item
Cost per 
Item

Number of 
Items Total Cost of Items

Scan of 35mm color film frame  $0.24 52534  $12,608.16 

For today’s research methods, the images would need to be available in digital form. If 
the cost of producing scans from the film version of this project is added to the 
comparison, the resulting costs are:



 Film Digital
Base Price  $15,760.20  $5,490.00 
Scanning Film  $12,608.16 

TOTAL  $28,368.36  $5,490.00 

For “analog use,” the images would need to available in the form of color positive 
microfilm or slides. It’s becoming impossible to obtain pricing information on creating 
long-roll positive microfilm from negatives—there simply isn’t much demand for it. If 
we make some educated guesses based on what a black and white microfilm copy costs, 
we get:

Item
Cost per 
Item

Number of 
Items Total Cost of Items

Reel of positive grayscale 
microfilm  $40.00 239  $9,560.00 

A color positive film would cost at least as much as this, so the resulting totals are now:

 Film Digital
Base Price  $15,760.20  $5,490.00 
Scanning Film  $12,608.16 
Analog 
Positives  $9,560.00 

TOTAL  $37,928.36  $5,490.00 

Again, there are image delivery components unique to analog and digital workflows that 
could be construed as being roughly equivalent:

Film Digital
Microfilm readers Computer workstations
Film storage and retrieval infrastructure Network infrastructure
Duplicate microfilms CD-ROM copies

It’s interesting to note that 35mm microfilm readers can cost more than PC computers. If 
the original film assets are converted to digital form, it’s logical to assume that the 
delivery infrastructure becomes identical to that of a “born digital” workflow.

Some may question the use of negative 35mm film for this comparison; after all, if color 
positive film (commonly used for slides) were used for the manuscript photography, 



wouldn’t this save a great deal of money? Unlike negative film, the images on positive 
color film can be interpreted and used directly. Actually, this wouldn’t work for a number 
of reasons:

● The cost-per-frame for film and processing of color positive materials is much 
higher than for color negative materials (50% more). 

● HMML would probably end up scanning the film for use—the same price per 
frame would apply as with color negative film.

● If analog working copies were needed (slides or positive film reels), the original 
films would be duplicated anyway; most libraries never use their “camera 
original” film as the viewing copies used by scholars.

In summary, the numbers reveal that an all-digital manuscript preservation workflow 
provides considerable cost savings over traditional film methods.

Productivity Issues

Closely tied to the cost of any imaging system are issues of technological kinesiology, 
ergonomics, and throughput. The ways in which human operators interact with imaging 
systems and the extent of the handling and preparation of subject matter have a 
significant effect on the number of images produced in a given time period. A sensible 
balance must be achieved between producing as many images as possible in a given 
interval and the safe handling of manuscripts.

In HMML’s microfilming days, camera operators sat in front of the large Recordak setup, 
operating the camera by pressing a footswitch, dropping the platen, turning the page, 
raising the platen, and taking the next shot. In theory, the operator could make images 
about as fast as the platen could be dropped and the next page turned. Manuscripts were 
photographed two pages at a time, further enhancing productivity. About the only 
interruption to this activity happened when the camera needed to be reloaded. 

In reading through archival materials, a figure of 11,000 images per week is attributed to 
one particularly fast microfilm camera operator! More typical perhaps is the output of a 
microfilmer working in Malta in the early 1980’s—his detailed work logs indicate a 
fairly consistent output of around 990 shots per day. Our fastest book photographer at 
HMML can produce over 900 images in a day, so this seems comparable with past 
methods.

One thing to consider when comparing microfilming with digital capture is that, given the 
same book-handling method (the “squash the books under glass” system), the 
productivity between microfilm and digital would be identical. In each case, pages can be 
photographed as fast as the operator can manipulate the book pages. Other factors need to 
be considered:



● The European manuscripts photographed on microfilm in the early days of 
HMML were more than likely made of parchment or vellum—these books are 
inherently more durable than the ones HMML is imaging in the Middle East, 
where paper is the page substrate.

● Many of the manuscripts being imaged in HMML’s current projects are in poor 
shape and cannot withstand rough treatment or the sort of stresses that HMML’s 
old book photography system would impose.

● Many of the manuscripts being imaged by HMML today have numerous 
wormholes and need to have each page backed up by a sheet of acid-free paper 
before being photographed. This slows down the photography.

● Many of the books being imaged by HMML cannot lie flat for two-page 
photography; essentially these books take twice as long to image.

Worker at Balamand studio turning manuscript pages. 

Other important productivity factors are the additional tasks performed by HMML’s 
camera operators, many of which didn’t exist in the microfilm days. They are:

● Moving data from the “camera” computer to the one used for DVD recording.
● Entering metadata about each manuscript into the Access database.
● Checking their work to see that all pages of a manuscript have been photographed 

in the correct order. In the microfilm days, this could only be done after the film 
was processed.

● Renaming of files. The camera software that captures the pictures cannot assign 
HMML’s custom filenames to each image, so an automated software utility is 
used.

● Foliating the manuscript page images—books imaged as single pages are 
typically photographed in halves. All the recto pages are imaged first, then all the 
verso pages, etc. The files are renamed and gathered together after photography is 
complete.



Again, a balance between photography and these additional (but very important) tasks is 
needed. If possible, it would be wise to attempt to maximize the “camera time” of our 
studio operators. DVD recording could take place using the second computer while 
imaging is being done using the first. Certain tasks could be handed over to other 
workers. Tasks such as moving data from computer to computer could be done after 
hours so as not to “tie up” the camera computer during the workday. If one wanted to 
maximize the “shots-per-day” throughput, the following suggestions would help:

● Have a second person in the studio to do all file renaming, foliation, and DVD 
recording on the second PC. This would allow the camera operator to spend the 
entire time photographing pages.

● Transfer data from the camera computer to the DVD-recording computer in such 
a way so that time is not wasted waiting for files to transfer during periods when 
photography could be done. External hard drives would be ideal for this; a pair of 
them could be swapped back and forth between the two computers. If networking 
is used to transfer files, it could be done after hours or during lunchtime, etc.

Looking to the Future

As HMML proceeds with existing manuscript preservation projects and adds additional 
ones, it needs to constantly evaluate its methods and workflows. In particular, HMML 
needs to stay informed about the state of digitization technology and remain adaptable. 
It’s possible that technologies such as automated book scanning that are at present 
impractical for HMML could become so as the technology matures.


