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Photo System Calibration in the Digital World

Introduction

Sorry, just because you have moved into the digital world does not mean you can escape the need shoot properly.  “Fixing it in Photoshop™” is just like trying to fix it in the darkroom.  You can HELP it but the only way to get a perfect print is with a perfect exposure and it doesn’t matter if you are shooting film or digitally.  All photo editing of an electronic file is in some ways destructive.  The ideal then, and the goal of these exercises, is to minimize the need for any of it due to technical problems and leave whatever manipulations you want to do purely a matter of artistic expression.

We need to start with the light meter.  I know the digital cameras all come with light meters built in and even that some of them are very, very good.  When the overall light mix is good and within the dynamic range of the chip, they can even be excellent.  But for truly precise shooting, especially in extreme lighting conditions or when you are controlling the light in the studio, the use of a good hand-held meter, especially a spot meter, can make a major difference in the quality of your shots.

But just as you needed to get into color management to make sure all parts of the process are on the same color page, you also need to match the meter and camera.  Of course you can always just determine the amount of variance and adjust for it every time but that is a real pain and incredibly easy to forget when you are trying to work with clients and models or people wanting you to hurry up.

So we’ll start with calibrating the meter itself.  But first we need some data to understand how we are converting analog film paradigms into the digital world of electronic files.

Digital “Zones” 

In Zone System terminology there are three important tones around which exposures are calculated.  The first is, of course Zone V; middle gray; the gray card; gray that reflects 18% of the light falling on it.  This zone has an RGB value of 127 — right in the middle of the scale.

This critical Zone is based on the oft repeated adage that light meters are factory calibrated to read this 18% gray so it provides a convenient and objective target.

Well…. That’s not precisely accurate.  Incident meters will give you an equivalent exposure to reproduce 18% gray as 18% gray.  But reflective meters have a different standard.  In fact ANSI standards for reflective meters allow readings from about 10% to 14% with most falling somewhere near 12%.

I assume that comes as a shocker for most of you, but when you think about it, that 1/3 to ½ stop of exposure is very close to the typical exposure index adjustment you have had to make when calibrating your system and never really knew why if the manufacturers had such great testing facilities for their film.  Add to that fact that although Kodak gray cards are carefully manufactured to close density and color tolerances, many other brands of gray cards can vary as much as .10 between readings for the primary Red, Blue, and Green channels.  That’s not a big issue for simple exposure calculations but can be a big issue for color calibrations and profiling.

Also a problem with gray cards is the simply problem of aiming them relative to the light source so the camera does not see them as too light or too dark depending on whether they shade themselves or are picking up reflected highlights.  That is why Incident meters are so handy: they eliminate that problem.  And for exposures where the dynamic range is within the limitations of the film or chip, incident meters are a perfect tool.

But they cannot tell you anything about that range so most pros use a spot meter to ascertain what the range in the subject is and therefore what they must do to accommodate it for the weak link in their processing chain. For B&W film shooters and color negs it is the paper; for transparency shooters it is usually the 4-color reproduction used for typical commercial output; for digital shooters it is the chip sensitivity itself.  You need to know what range your medium can handle and then whether or not the subject is within that range so you can correct it if need be IN THE SHOT.

That range is generally expressed as two other “Zones” that are easy to define.  These zones have no objective reality but are defined by our desires for the final print.  Zone III is the darkest Zone in which you can still perceive texture or detail.  The Zone System for B&W runs from Zone 0 to Zone X but anything darker than Zone III, though there may be a subtle change in tone, shows no detail or texture.  Digital has some new quirks due to its straight line characteristic curve and individual system calibrations that makes exact value equivalents somewhat iffy.  

That makes Zone III a critical zone for negative film since shadow detail is set by exposure and there is generally more detail in the highlight areas that can be manipulated into place with burning or dodging or split filtering than is at first apparent.  However if the film’s shadow areas are so underexposed that details are not recorded, no amount of manipulation can put them back.

On a digital file, an RGB value of 70-80 will provide image tone similar to Zone III.  However digital files can contain tonal variation into much darker areas than traditional film or print media.  Some claim it can hold detail down to RGB values of 10-15 but that is, to my eye, really pushing the limits and is the limit of ANY tonal change.  However I can discern barely perceptible textural differences close to an equivalent zone I at RGB 25.  You may want to do some testing on your own equipment to see if your results are similar.  But whatever RGB value is the lowest in which you can still discern details, THAT is, for your equipment, your Zone III placement regardless of where the numbers may fall on charts or tables.  It is because of variances in system-wide calibration. 

The other important Zone is Zone VII.  This zone represents the lightest tone in which you can still perceive texture or detail.  The lighter Zones may show a change in tone but have no texture or detail in them.  This is the critical Zone for transparencies and for digital use since, especially in the case of digital, there will be more useable detail in the shadow areas than in the highlights.  

Once the highlights are blown out on a digital capture file there is nothing left.  As with the Zone III equivalent values, some testing on your system may be needed to give you the correct values.  As a guideline, a direct linear equivalent to Zone VII is RGB 175-180.  But on my system I can barely discern some detail as in areas as light as RGB 220-230.  However there is no editing space remaining so a safe setting for Digital Zone VII is around 212-215.  The RGB value for where, for my system, tonal separation ceases to be perceptible at all is 245 to 248.  You have to determine the tonalities in you own system and there is no substitute for creating those tones on a file and then printing them using all of the variations in your system including paper types and ink types.

Since for B&W film use, the natural detail range from Zone III to Zone VII is five stops (or a four stop difference depending on how you want to look at it) for what can be printed on good quality fiber paper, there is now an easy standard against which reality can be measured.  But digital’s range, depending on the chip in your camera, may be different.  High-end chips may yield quite a bit greater range than that, while lower end ones might not be as good.  

Our job in the field here will be to determine what that range is, and then know how to adjust the camera — or additional lighting or light control — to create the proper range for our medium.  The first step in the capture phase will be to calibrate the meter.  But here again digital has thrown us a curve ball.  In the film world by the late 20th century silver based paper was so consistent that calibrations for a camera could be based on pretty predictable results at the printing phase.  But even now (this is being written in 2008) there remain major variables in printer capabilities.  And since the entire point of doing all of this is to be able to make prints that correspond to the way you have previsualized the scene, your specific printers’ abilities become de facto part of the calibration ‘system’.
You have two options.  The first is to calibrate the camera system independently of the printer and then make adjustments to white and black points in the editing phase in Photoshop.  This makes some sense if you have multiple printers or if you work in an open system where you might be having various prints made by various printing sources.

The second option is to include the printer’s limitations into the calibration requirements.  This means that you do not have to adjust files every time for a specific printer; they are already accommodated into the calibration for capture.  But, unfortunately, it also means you may be producing files that are not perfect for specific other printers.

Because I have several printers myself and for special work sometimes have a friend with a different printer from any of mine make a print for me, I have chosen to do the former approach and that is what we will do in this document: the printer issues will follow the processes for calibrating the camera.  Be aware however that there is an alternative and it might work fine for your approach.

OK, back on track here.  Step one: the light meter.
Calibrating Your Hand-Held Light Meter

Many pro shooters and especially cinematographers still prefer separate meters and carry both an incident meter and a spot meter (and some also carry a color meter).  That lets them use the spot meter to determine ranges and the incident to determine final taking exposure.  It also makes it easy to match the two by adjusting the spot meter to give the same reading from a gray card as the incident meter gave.  But in recent years some very nice combination meters have hit the market.  Sekonic and Minolta both have several great combination meters that provide highly precise and accurate readings in both modes and which allow you to independently adjust the sensitivity of the spot meter to match the incident meter.

Whether you have multiple meters or a single combination the procedure is the same.  

1. Put a gray card in the light so that it is not shadowing itself or creating highlights.  

2. Take an incident reading from just in front of it.

3. Take a spot reading of the gray card with the spot function.

4. Adjust the spot meter function to match the reading given by the incident meter.

Now you have a spot meter giving you true 18% gray values.

If you cannot adjust the sensitivity of the spot function independently of the incident meter, then adjust the ISO of the meter to a setting that indicates the same exposure you got with the incident meter.  This difference in ISO settings will need to be consistently applied regardless of actual film type being used.

Calibrating Your Digital Camera

If you have your meter calibrated, there are two calibrations you need to make for your camera.  The first is for the equivalent ISO rating (so you can set your meter properly) and the second is to determine the chip’s tonal range so you can know when you are shooting within it or when you need to make some light adjustment.

Testing Camera Speed (ISO)

The first step is to calibrate for the camera’s chip sensitivity.  But you might also want to determine which ISO setting is best for your camera.  What?  Yep, depending on the chip in your camera, it may be that the cleanest, most noise free files are not necessarily those with the slowest ISO.  Since the worst noise tends to fall in the darkest areas, this is easy to test with some evening shots with dark areas.  Turn the noise-reduction feature off (if you have one) then shoot some shots with larger dark areas at each of the ISO settings (adjusting exposures, of course) then enlarge them to at least 100% (and more is better) and see which gives the best results.  That ISO will then be your preferred chip speed and the default setting for your shooting unless you have to adjust it for some reason.

OK, chip speed calibrations coming up!  (By the way, you need to do this even if you are not using a hand-held meter but are relying on the TTL meter in the camera.  In that case since you only have specific equivalent ISOs to choose from, what this will determine is the exposure compensation to set into the camera.)  Our goal is to determine what setting we need for the camera to read and expose an 18% gray card that yields a tone in the file that has an RGB value of 127.

You will be using the hand held spot meter or the spot function in your built in meter to do this calibration.  You will also need a KODAK 18% gray card.  Make sure the gray card has even illumination and is as daylight neutral as possible.  For digital files, color imbalances, though they are often correctable, alter RGB values, so it needs to be a neutral card (Kodak) and daylight (5600 degree Kelvin) to be as accurate as possible.

And take CAREFUL and COMPLETE notes as you go along.

Oh yeah, this will be the easiest if you put the camera on a tripod so it can just sit there while you change settings.  

	Step
	Action
	Results/Comments

	1
	Set the functions to full manual for both exposures and focusing.  Set the exposure compensation to zero.
	

	2
	Fill the frame with the gray card and throw it out of focus. The easiest approach is to set focus to infinity.
	We simply want a smooth overall tone so that no matter where we put a probe on the resulting file, it will be the same density.

	3
	If you are using a hand-held spot meter, set it to the chip speed the camera indicates.  
	

	4
	Take a reading from as close to the camera lens’s axis as it possible.  (Or take a reading with the camera meter.)
	

	5
	Shoot a frame at this metered exposure.
	

	6
	If your camera has a histogram function, check the shot on the histogram. 

NOTE: If you have the histogram function with a center marking you can do this speed test all in the camera.  If not, you will need to shoot the full range then check the files in Photoshop
	You should see a spike somewhere close to the center of the histogram.  The exact center is the 127 RGB we need for the gray card.  

If the spike is in the exact center then you can stop this boring part and go on to the range test.


(A quick note is in order here.  If you are using a handheld meter, also take a camera meter reading and see how they compare.  The ideal situation is that they are the same and if your hand held is not calibrated they really should be almost identical within that 10% to 14% density range we mentioned above.  That would be ideal but not all that common…)  

	7
	If the spike in the histogram is on the right side of the center then stop the lens down by 1/3 to ½ stop and shoot another frame.
	Check the histogram again.  If it is not quite centered stop down another increment and shoot again.

Repeat this step until it is centered then jump to step 9 

	8 
	If the spike in the histogram is on the left side of the center then open the lens up by 1/3 to ½ stop and shoot another frame.
	Check the histogram again.  If it is not quite centered open up by another increment and shoot again.

Repeat this step until it is centered then jump to step 9

	9
	Once you have a spike in the center of the histogram (or, if you have to review frames in Photoshop, when you find the file which gives you a reading of RGB 127 or closest to it) you need to see how far off that exposure is from the original one called for with the initial reading of the gray card.
	This difference is the adjustment you will need to make either to the ISO setting of your light meter or to the exposure compensation dial on your camera.

	10
	Congratulations, you now know how to set your camera to capture that middle gray as a middle gray.
	As much of a pain as that was, wasn’t it a lot easier than messing with film?


Chip Tonal Range

You now need to determine what is the tonal range your camera can capture and how far off are the equivalent “Dark with Detail” tones from the “Light with Detail” tones from the middle gray tone.  In film use, they are the same distance from the middle tone, but on your chip they may not be the same. So we need to find out so that you can previsualize and then measure a scene properly for your new medium.

The good news is that you can use the exact same set up with the gray card.  In fact if your camera has the histogram function you learned your film speed on the spot and can proceed to this step immediately without further set-up.

If you have come back at another time, remember you need the gray card to be evenly illuminated by daylight, and you need to fill the frame with it.  Ideally your camera is still set to completely manual functions and you are ready to go.  Again, take very careful notes.  When we are through we will end up picking two images and will need to know how far apart they are from each other and how far apart they are from the meter reading.  That will be difficult if you have not written it down.  The appendix contains a form you can use if this will help.
There is also a variable we have to mention at this point: the difference between the range of tones in a capture RAW file and that capture in a JPEG file.  More importantly the exposure setting to capture the highest useable tone will very likely vary between a gamma encoded and highly compressed JPEG and a RAW file even when converted to a 16 bit TIFF or PSD file by as much as ½ to 1 full stop of exposure. 

Following is the procedure to allow you to determine the complete tonal range (dynamic range) your chip can capture.  For a long time as the chip technology was advancing this was the best way to determine this for a specific camera.  But sometimes progress works to our advantage and that is definitely the case here.  The second procedure will provide the steps necessary to calibrate your exposure system to shoot for Digital Zone VII and thereby place the vulnerable highlight tones at the luminosity levels to maximize detail across the board.
Procedure: Determining the Chip’s Dynamic Range 
	Step
	Action
	Result

	1
	Set your meter to the calibrated speed or make the exposure adjustments on the camera determined from the chip speed test.  Take a shot to start the process and let you see the starting point.
	Write this down and note which frame in the upcoming sequence repeats the setting.

	2
	Set your camera to a five-stop underexposure and take the first frame.
	You can do this by manually adjusting the aperture or shutter speed or both.  Chips obey the same law of reciprocity
 as film so you can create equivalent exposures in exactly the same way.

	3
	Open the lens 1.3 to ½ stop at a time and take a series of exposures until you are five stops over exposed from the initial reading.
	If you have calibrated film you know this is a much greater range than used for film tests.  That is because of the chips potentially greater tonal range.

	4
	Open this image range in Photoshop then using the eyedropper tool, pick a central point in the first frame. The first one shot at the meter reading.
	This should give you an RGB value of 127 within one or two points.  While you are at it, check all over the frame to make sure it is evenly illuminated.  If not, you may need to do the shots over but better to find out now.

	5
	Starting with the darkest end, read each frame until you find one that gives your system a Zone III RGB value.
	Using your notes, determine the difference in exposure from the metered exposure to see how far apart the middle tones and the shadow tones can be and still show some texture.

	6
	At the light end of the sequence determine the frame with an RGB value for your system yielding a Zone VII.
	Using your notes, determine the difference in exposure from the metered exposure to see how far apart the middle tones and the highlight tones can be and still show some texture. 

	7
	From your notes, calculate the range from the Zone III frame to the Zone VII frame.  That is the detail holding tonal range, in stops, of your camera’s chip.
	Note this is NOT the full tonal range of the chip from tone change to tone change light to dark.  To determine that measure the difference between the frame giving an RGB values of 10-14 and one giving an RGB value of 243-248.


(Addition to the 2008 Version)  Although the material for measuring tonal range still works and still is important to know, improvements in camera technology and processing, especially in the metering systems, have made it less necessary since now using the histogram in the monitor can answer many of the questions.  This histogram is actually for the imbedded gamma-encoded JPEG image you see in the monitor.  As such it has, depending on the specific camera being used ½ to 1 stop LESS range on the high end than the chip can record in a RAW image.  Clearly is you light a subject so that ALL of the tones except specular highlights are contained in the camera’s histogram you will have captured EVERYthing in the scene.  You can then use the RAW converter to optimize the files.

This approach can work pretty well.  But if you need to squeak every possible bit of data out of your image, then you need to know, up front, what levels of luminosity your chip can record on the highlight end in RAW and still be useable even if they appear clipped in the camera’s histogram.  The following procedure will let you test for that and then use your spot meter to set exposures accordingly.)   
Procedure: Determining Exposure Setting for Digital Zone VII

	Step
	Action
	Result/Notes

	1
	Set up target white card
	We will be testing for Digital Zone (DZ) VII (RGB 215+/- )

	2
	Adjust camera to where card fills the frame.  Set focus to infinity to create soft even tone.
	Make sure card is evenly lit

	3
	Set the Camera to your shooting/testing ISO
	

	4
	Set meter to the exposure index you have determined for this camera’s ISO setting.
	

	5
	Read the target card.  Take a note of the meter reading.
	Note this setting as “Meter”

	6.
	Adjust the settings to allow two more stops of light.  This will place the card in Zone VII for that camera
	Note this as “Indicated”

	7.
	Take a reference shot at this setting
	This will be frame 0 on the form

	8.
	Open up by 2-5 stops
	Although it is unlikely the final settings will require more than 2 stops, as with any test, if you have not gone too far in all directions you really do not know where the parameters are.

	9.
	Take first shot and record the setting in the correct row on the form
	

	10.
	Take shots in 1/3 stop increments, stopping down with each shot until you have ended up 2 or more stops below the indicated setting.
	

	11.
	In the raw converter, see which frame gives you an RGB luminosity value of approximately 215.
	If necessary due to converter limitations, convert all files to 16 bit TIFF files with ZERO changes and then read them in Photoshop.

	12.
	The row with the file giving the correct luminosity reading is the one showing the proper ISO reading.  This will become your personal E.I. (Exposure Index) for that system.
	

	13
	In the field, determine what should be represented as Zone VII and meter for that.
	


With this data in hand, you can now precisely meter your scenes and adjust your lighting to maximize the chip’s dynamic range with a minimum of noise and a minimum of processing loss due to major levels or curves adjustments.

An example of how this can work for you under controlled environments like a studio would be to use the incident meter to indicate a taking exposure, then using the spot meter to determine if the highlights and shadows fall within the range, based on their variance from the middle gray reading, that your chip can handle.
If you make sure that the scene or subject is within the dynamic range of your chip, which will minimize noise and minimize the artifacting that can result from editing, you’ll be amazed at how good the quality of enlargements from 6 megapixel and up cameras can get.  That is not always possible in the field for location shooting or landscape photography.  However by knowing how to meter for and shoot for the Digital Zone VII you will maximize the chip’s ability to render that scene with a minimum of noise and a maximum of detail.
In the film negative world the mantra was: “Expose for the Shadows and Develop for the Highlights.”  In the digital world there are two variations:

In controlled environments: “Expose for the highlights and fill the shadows.”

In uncontrolled environments: Expose for the highlights and process for the shadows.”

Of course in the digital world it is also possible to capture ALL of the tones in a scene using a technique called HDR/Tonemapping.  But that is the subject of a different lecture and document.

Determining Printer Capabilities
Just as in the wet darkroom, the final step in the process is to create a print and in digital too, this is the weak link in the process vis-à-vis dynamic range.  In order to better edit your files for printing you need to know with certainty, not what your computer can display, but what your printer can display, that is, where will the PRINTER clip black and white values.  It is pretty easy to test however… To test your printer’s tonal capabilities take the following steps, 

1. Download from my web site the graphics file: 


                              “B&W Point Ramp for Printer/Paper Test”

2. Print this AS IS using your printer and paper (it will need to be done for each printer/paper combination you use).

3. Let dry thoroughly

4. Look for the FIRST light and Dark steps in which you can barely read the numbers.

5. When you first open your file in Photoshop, in LEVELS, (Image(Adjustments(Levels) set the highlight (white) slider to the light number and the Shadow (dark) slider to the dark number.

6. Now what you can SEE in your file is what can be printed on your printer.

7. You can create a Photoshop Action to apply this setting to your printing files.

If you wanted to factor in this material when doing your calibrations then apply these settings to your test files before you look for the RGB values of various exposures.

CONCLUSIONS
If you read many of the Photography, and especially Digital Photography forums on the World Wide Web you will see a boatload of “experts” having, paradoxically, diametrically opposed views and guidelines on virtually every aspect of this evolving technology.  Sometimes that is simply because of the date the entries were written.  As things progress yesterday’s gospel has become today’s obsolescence.  Other times it is because of all of the variables and because digital workflow is a non-commutative processes. Varying the steps in a procedure can result in quite different results.
But sometimes it is simply repeated wisdom that may have been accurate at some point but no longer is or which was someone’s “best guess” at the time and though never accurate has become accepted through repetition.  Often this resulted when someone has tried to accommodate linear digital issues into the language and approach of the non-linear analog world of film such as confusing the linear way that bits represent data with the non-linear way light accumulates with “stops” of exposure.

But in all cases it means you, the reader, need to take everything, including what I have written here, with a certain healthy skepticism and test it out for yourself.  The correct version is the one that works for YOUR system and approach to photography.  What I write I have thoroughly tested and it has worked for me when applied AS I HAVE WRITTEN IT.

But digital technology is changing all the time.  This is the second version of this document in as many years, the changes necessitated by changes in that technology.  Tomorrow?  Who knows?  None of us, not me or anyone else, can possibly stay on top of every change, every advance, every new approach no matter how hard we try.  Again, the solution is to TEST everything.

Digital Photography Capture Calibration Form
Test For:     (  Grey (ISO)    ( Black or Zone III (RGB 25)    ( White or Zone VII (RGB 245)
	#
	ISO
	F-Stop
	Speed
	JPEG #
	RAW #
	Notes

	0
	
	
	
	
	
	Reference shot at Camera ISO

	1
	
	
	
	
	
	5 Stops Under

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	4 Stops Under

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	

	7
	
	
	
	
	
	3 Stops Under

	8
	
	
	
	
	
	

	9
	
	
	
	
	
	

	10
	
	
	
	
	
	2 Stops Under

	11
	
	
	
	
	
	

	12
	
	
	
	
	
	

	13
	
	
	
	
	
	1 Stop Under

	14
	
	
	
	
	
	

	15
	
	
	
	
	
	

	16
	
	
	
	
	
	Indicated Exposure for Camera ISO

	17
	
	
	
	
	
	

	18
	
	
	
	
	
	

	19
	
	
	
	
	
	1 Stop Over 

	20
	
	
	
	
	
	

	21
	
	
	
	
	
	

	22
	
	
	
	
	
	2 Stops Over

	23
	
	
	
	
	
	

	24
	
	
	
	
	
	

	25
	
	
	
	
	
	3 Stops Over

	26
	
	
	
	
	
	

	27
	
	
	
	
	
	

	28
	
	
	
	
	
	4 Stops Over

	29
	
	
	
	
	
	

	30
	
	
	
	
	
	

	31
	
	
	
	
	
	5 Stops Over


� There is one difference, however, chips do not exhibit ‘Reciprocity Failure’ at slower or faster speeds.  However slower speeds and prolonged exposure times create more noise.
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