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Show Desktop Grey Scale as opening shot

The above test picture is essentially a low key image, and it will induce the eye into setting black level
to an appropriately dark value suitable for low key pictures. The background is a dark grey, not black.

The imaging chain-2.doc October 12, 2007 Page 2 of 53
© Ray Knight 2007 E&OE (Thankyou)




The Final Link in the Imaging Chain

Monitor Black Level, Flesh Colour & Picture Matching
Setting the black and white levels of a picture monitor, or projector, is extremely important for properly
judging the displayed image quality of stills or television pictures etc. Our subject includes picture
matching and flesh colour, which has engaged the creative minds of the film industry, television
broadcasting, graphics arts for design and print, and photography.

Our eyes are much more sensitive to tonal changes among dark greys as compared to the lighter
greys. Darkly pigmented areas of an oil painting that have dried dull are greatly enlivened with re-
touching varnish, to a far greater degree than the light areas. If you adjust the brightness control of
your television set or computer monitor (black level), the change in the dark greys is very easy to see,
even critical, yet a similar change that is occurring in the lighter areas goes quite unnoticed. We now
refer to the work of Wilhelm Eduard Weber (1804-1891) and Gustav Theodor Fechner (1801-1887).

The Weber-Fechner fraction specifies Brightness Discrimination as the fraction 4B/B, where 4B is the
increment of brightness which can just be detected at the brightness level B. The Greek character
delta, 4, is used to mean a small change of. As the brightness gets lower, into the dark greys, the
increment of brightness change that we can see also gets smaller, essentially remaining at the same
fraction that AB/B promises. This explains why we are so sensitive to, and critical of, the setting of
CRT or monitor black level, much more than the setting of the lighter greys and white level. We use a
AB/B fraction of 1%.

The critical aspect of setting black level is at the heart of this discussion, both setting the monitor black
level and the black level of the picture signal. To some degree a picture monitor that is sat down — a
phrase meaning that black level is set a little too dark — will induce the colorist (the operator
responsible for adjusting image quality) to sit or lift the picture up — this time the meaning is to lighten
black level a small amount — the overall effect being to establish a good looking picture. The foregoing
scenario has followed a well known principle, namely, that we look at a picture monitor and adjust the
picture signal to make the picture look good, on that picture monitor. There are certain limits to this self
compensating way of working. One of them being when the picture signals from these two separate
locations are editorially brought together we find they do not picture match. The picture monitors at the
two remote locations were dissimilar in their black level set up and the visual compensation practised
at each site produced an acceptable result at that site, but not a pair of matching pictures for editorial
use. An instance of “It looks OK leaving me”.

We are speaking about small changes here, and while we are all able to see such changes especially
when they are brought to our attention, most viewers will pass them bye. For this reason we aim to
operate in visual surroundings that stabilise the response of our eyes. (See 9, Viewing Conditions &
Monitor Calibration on page 32).

Picture Matching

Picture matching is the art of making two, or more images such as we see in a moving sequence, look
alike in all aspects of their image quality, appropriate to the story, production scene and atmosphere
being portrayed. This can be broken down into certain elements over which we have direct control
such as black level, exposure and colour balance. While some aspects of colour balance can be quite
accurately defined, such as the colour temperature of a white point, etc. the sense of black level,
exposure and colour balance within picture matching is a subjective assessment made with respect to
the adaptation of the colorists eye, and until a sequence of shots are presented to the eye we do not
know exactly how the eye is going to react. It is as important as ever for a digital image to be colour
balanced as well as being adjusted to look right in the colour managed sense of shot-to-shot picture
matching. This requires operators and designers etc. who are sensitive to these matters, to be able to
make and contribute to image balance adjustments aimed at improving or maintaining the appearance
of a good workflow, as seen on TV and in print. Such colour and picture matching requires access to a
good viewing environment that enables these fine adjustments to be seen and made. It is quite
surprising how careless some operatives can be over this fundamental requirement.

The Personality of Flesh Colour

As the sound of an orchestra can be traced back to many pure sounds, as for instance the BBC time
signal — which is a pure 1000 cycles per second, 1000 Hertz (Hz) — so our recognition of faces
includes the perception of the characteristic colour of skin. Skin colour is found to be particularly
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constant within ethnic groups and it is quite surprising how the constituents of blood leave their
signature as a constant factor that determines complexion colour. The hemaglobin products are
outstanding in the degree to which they shape the basic spectral reflectance of skin with their sharp
rise in reflectance at about 580 nm.

The constancy of skin colour, abstracted from our visual personality, is one factor among many that
contribute to the appearance of our physiognomy. The colour specification of some make up products
is accurately synonymous with skin colour which, seen in the three dimensional totality of the head
(and elsewhere), or its reproduction, provides us with the rich variety of individuality augmented by the
details of shape and texture as influenced, for example by lighting and perspiration.

The Aim of a Flesh Colour Test

To speak of flesh colour only is to isolate Hue, Value and Saturation from the personality of flesh
colour — from all the other details that add to the visual description of the three dimensional head,
hand or other anatomical feature. These subtle aspects of shape, ageing and general character are
often conveyed as three dimensional information enhanced with directional lighting, such as the
sagging of otherwise firm flesh and muscle, the wrinkling of smooth skin and the lines beside the eyes,
neck and elsewhere. If these character aspects are removed from consideration we are able to find a
basic colour that is quite representative of large groups of people within society, found by looking at
such relatively flat areas as the forehead, cheek, back of hand and palm of the hand, plus other areas
according to the state of undress. As soon as you see an abstracted skin colour it is clearly not real,
however that misses the point. This process of isolation is a concept with nothing to do with the
reproduction of colour in a prescriptive sense. It has everything to do with setting up colour
reproduction systems with a test colour, whose colour specification is placed somewhere in the colour
space of the reproducing system, and is a test that is accurately representative of skin colour, in order
that that system may then reproduce real object colours, close to and including skin colour with some
fidelity, when asked to do so. Imagine a scene in which two actors are performing, one black and the
other white. When both are in shot the camera is in need of a state of set-up that will enable both to
look good. They can only be treated separately in single shots and that may well lead to some picture
miss-matching on items other than the performers themselves.

This test is like the tube of flesh colour paint, thought by some to be a useless artistic anathema,
probably voted onto the colour card by the non-creative member of the board of directors that actually
looks very much like a cake of make up, an abstracted flesh colour that comes alive when applied to
the real shapes and contours of a three dimensional face. For a technical set-up test to be
representative of real object colours we need to look closely at those objects we wish to see
accurately or pleasingly reproduced, especially if they have an oddly shaped spectral reflectance
curve, in this instance skin colour. In fact make-up manufacturers have already done this. Reproduced
flesh colour is sometimes seen to vary greatly on broadcast television between programmes,
presenters and commercials. The displayed variety of flesh colour is the sum of natural character
variations (which we wish to retain) and imposed colour errors of reproduction (which we wish to
remove or minimise). It is not our intention to bring all flesh colour reproduction to one standard colour
although the means of colour control and analysis may make use of a standard sample representative
of flesh colour. Control is exercised over the basic colour reproduction characteristics of colour film
and camera equipment such that an original colour or colours are given acceptable reproduction. The
intention is that a variety of object colours in front of camera are treated the same from different
sources and are given the opportunity of individual colour reproduction as appropriate, especially if
seen in the same shot or adjacent sequential shots.

Even though great variety in the complexion colour of paintings can be seen, they all look credible. We
do not see groups painted with heads, or a head, looking different to a degree beyond its character
part such that it does not sit happily in that group. Life magazine for April 1987 was a special movie
issue. Sixty-two artists loyal to Paramount Studios attended a celebration group photo call, a double
spread on pages 130/131, which together with the cover shot, is an example of how make-up in the
film industry has, at least in the past, been able to impart a similar theatrical or professional look to all
artists — but the natural character of each artist was not compromised. On the other hand the 1905
portrait paintings by Henri Matisse and Andre Derain of each other are not wrong, but intensely
expressive. See Leymarie, Jean. Fauvism. SKIRA (1959). Pages 78 and 79. For the colour
reproduction of complexions, flesh, and blood, for use in remote medical diagnosis we would need to
see a screen image in a proper viewing environment that looked real, divorced from creative license or
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the hand of made-up uniformity. Kolor Rite fluorescent tubes were made to provide good quality
illumination in hospital situations where complexion colour matters, where the phrase “you do not look
well” carries a good deal of medical information. There is in normal reproduction — and such a phrase
as normal does exist within the requirements of picture matching — a spread of flesh colour that will be
close to some central colour or aim point that can be used for technical purposes. See Stimson,
Allen., and Fee, Edward. Color and Reflectance of Human Flesh Journal of the Society of Motion
Picture and Television Engineers, Vol 60. May (1953) pp. 553-558.

Logarithmic Graphs and Setting Black Level

The CRT characteristic curve is generally presented as a logarithmic graph conveniently made by
using logarithmic graph paper to plot the basic linear voltage input / light output values obtained from
measurements. A feature of logarithmic graphs is that a power law is represented as a straight line,
and zero (or nothing) is not represented on a logarithmic axis, which enables a very wide range of
values to be clearly represented. Starting from 100% or 1, numbering reduces in the sequence 100,
10, 1:0, 0-1 and 0-01 and so on, getting smaller and smaller but never reaching zero. Setting the
brightness control of a picture monitor to cut-off, by observing the condition of zero emitted light; just
prior to making practical measurements of the very small amounts of light emitted at the bottom end of
the CRT curve is very critical indeed. These measurements are made in darkness with the operator’s
eyes partly dark adapted, after about 5-10 minutes in complete darkness — full dark adaptation takes a
lot longer, in the order of hours. After one hours dark adaptation in a dark room the threshold stimulus
for a normal eye diminishes to one-hundred-thousandth of its initial value. The brightness control
(black level) is set as near as possible to the condition of no emitted light for zero signal input, not
below that setting or above it, if possible. The characteristic curve we then arrive at is the true static
curve of the CRT less the effect of any ambient room light, which is usually present in a practical
operational or viewing situation. The difficulty in accurately setting this black level accounts in part for
the variation in reported values of measured static CRT gamma. While this setting is never used in
practice — we do not view pictures in total darkness — this static figure is required to support further
dynamic calculations. It must be said in passing that whenever room lighting is reduced to a minimum,
in much the same way as movie film is viewed in darkened or dimmed auditoriums, the reproduction
seen on a picture monitor is greatly enhanced.

Seeing Black
There are two modes of seeing black. Dark adapted and light adapted.

DARK ADAPTED. The first is with the dark adapted eye, where you sit in a dark blacked-out
room for a while, say 10 minutes. This imposed darkness allows the eye to become very sensitive, in
which state it can detect extremely small brightness values — or dark greys. If room lights are
inadvertently switched on we are quite dazzled, like going outdoors into full sunshine.

LIGHT ADAPTED. If we do go outdoors (leaving the room lights on) we wince and shade our
eyes ‘ill they become accustomed to the sunlight at which point our eyes are light adapted to a very
high ambient level. If we turn round and look back into the room we have just stepped from it will look
very dark, perhaps black.

We have illustrated two extreme states of adaptation. Dark adapted and light adapted, which are,
broadly, the two modes of seeing black. The many states of intermediate adaptation are illustrated in
Fig. 14 The Overall Adaptation of the Eye from Moonlight to Sunlight, and Fig. 15 Local Adaptation
as for Viewing a Print and its Surround.

We conclude that our perception of black is less to do with the actual brightness or luminance of the
object we look at, but more with our state of visual brightness adaptation at the time, and the relative
brightness of the black object in relation to the visual field it is within. It is therefore important to control
the average brightness of any test signal used to visually set black level. As indicated in Fig. 17
Details of the Desktop Greyscale. A design intended for low key images. In fact it is the same
requirement for standardising viewing conditions for general picture viewing.

A Case For Adaptation

Light can continue to diminish after we have perceived black, the quantity simply gets smaller, a figure
below our threshold of sight. But then, what is it that we see? for we have to see something for sight to
have a perception for us to consider. Our perception of a rich, velvety, jet black remains, even of the
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classic black cavity that represents absolute black by absorbing (nearly) all radiation (light). If black is
correlated with a non-stimulated condition then it has a parallel with silence in hearing. | have heard
silence, while sat amongst desert rocks — nothing could be heard. A contradiction in terms, may be,

but such a memorable experience. Black may also be the sensation attached to the resting stage of
the cortical process — reference lost.

How Black is Black?

Black is a relative figure of reflectance, where about 1% reflectance in a scene will have the
appearance of a good black. Now look at your television set switched off and note the brightness of
the CRT screen. This is the luminance starting point for picture blacks on the CRT, which is anything
but black, its actual brightness being the result of prevailing ambient light reflected off the glass screen
and phosphor arrangement. The appearance of good blacks in an image whose CRT is actually a dark
grey is due to our visual adaptation to the general image and its surrounding brightness. This general
process of brightness adaptation accounts for our normal perception of black in normal scenes.
Similarly, the projection of images onto a white screen as with motion picture film and slides, allows
the perception of black on the white screen from adaptation to the average scene brightness. Although
the auditorium is in near darkness there is sufficient flare to light up the white screen, but we read it as
black in the places that need to look black — in those image areas that have a high density in a colour
transparency or, those image areas in a digital file with pixel values close to zero.

A shiny black ceramic tile with a measured reflectance of 1% casually looks very black. But seen
against an area designed to reflect a minimum of light — much less than 1% — the shiny black tile is
clearly lighter than black, and this order of black differentiation can be seen, photographed and is
easily visible on screen via a scanned film image. See Fig. 1 Generating Kirchoff's Absolute Black. In
the tonal structure of scenes we note that black, as a reflective element, is a relative term, there is
always the possibility that a yet darker area will make an accepted black appear grey. It gets darker
and darker but never an absolute black — or zero light. That would compete with an astronomical black
hole!
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We Have A Camera To Use

The previous presentation by Mike Tooms has outlined the colorimetric basis of our digital camera for
it to produce good results. We assume that the manufacturers have taken note of this technology. We
make this assumption because so much technology of today is considered to be proprietary
information, even though it originated in 1931 and was then, and still is, openly available. However,
recent developments in computing, photography and printing have seen an incredible leap forward in
quality and manufacturing facility, with the computer industry standard Photoshop keeping sentinel
watch with the latest in colorimetric requirements. In order to facilitate the interchange of colour
images, we are now familiar with, or are offered the opportunity to become familiar, with the idea of a
three dimensional colour space — simply referred to as a colour space — in which each and every
colour can have a measured location. This is graphically illustrated in the MAC Colour Sync facility.

Nearly all digital camera techniques have a foothold in the history of silver film and its processing. This
is most certainly true for the older photographer amongst us. For young students this can change with
a modern educational process that takes its cue from a fast moving industry composed of elements
from computing, optics, physics, electronics and miniaturisation. At the end of all the steps in whatever
chain of events is an image, and this receives serious attention so that at least a thread from the best
of yesterday can be woven into today’s fabric. And similarly for speech (theatre), reading (typography
and graphic design and music (performance).

While the basic camera design is fixed we do have a number of buttons to push and the

following links in the chain are offered in explanation and encouragement. The latter because not
everybody is weaned off wet film to favour digital techniques: a process hastened by the
disappearance of film equipment. We eventually adopt the position of the last link in the chain, as the
viewer of the print. But first a look at the camera IMAGE SENSOR, shown in the following block
diagram, Fig. 2 (and Fig. 3). If you think Figure 2 looks complicated this is because we have tried put,
onto one A4 page, all the individual electronic processes that comprise our initial capture to eventual
print. Such blocked flow diagrams were the stuff of television development, which preceded the digital
photo revolution. Figure 2 is revived here in the face of industrial and commercial secrecy, because it
acts as a visual analogue of the processes we wish to understand and recall.

In contrast, the overall wet film printing process could be seen (in dim safe lighting) as a row of
shelved chemicals waiting to be decanted and a line of dishes each the size of the finished print — and
more of them if you were processing to archival standards. The process was extremely tactile, clear to
see and easy to remember. We look for the same clarity in our computers, electronic cameras and
peripherals and to promote this we have Figure 2, a diagram prepared, as a metaphor for complex
thinking, that hopefully reduces the problem to a simple analogy or a number of small analogies that
are easy to comprehend individually, enabling their relationship to the complicated whole to become
evident, permitting a complexity of thoughts to be built up and conveyed between minds.
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Dynamic Range and Dynamic Exposure Range

The first word in the above phrase — Dynamic — refers to the indeterminate nature of the range of
values referred to because they are dependant upon a previous function, such as scene illumination
being Sunny or Cloudy Dull. These values are variable, moving or subject to change, converting static
signals to dynamic ones.

The second word of the phrase — Range — refers principally to the limit of a sequence of values which,
in image work, might be the extreme limits of black and white, including all intermediate values (greys).
In numbers this might be expressed in analogue exposure figures presented to an imaging device
such as film or an electronic sensor (‘f’ stops). In output terms this relates to film density (D Log E) or a
voltage output from an electronic sensor (OETF, Opto Electronic Transfer Function). Both D Log E and
OETF plot the shape of what has become known as a transfer characteristic, the function that
describes the passage of data through a device as being either (1) linear, with no distortion, or (2) non
linear, implying a form of distortion or image enhancement (Photoshop curves).

So far we have only considered analogue values. At some stage the output of the image sensor within
a modern digital film scanner, or digital camera, will be passed to an A to D (Analogue to Digital)
converter for conversion to a digital signal. It now becomes convenient to understanding to refer
sensor data to its input, or output. Exposure data is clearly input referred (or scene referred) and the
signal output is output referred.

Whatever these signals are called, and wherever they are measured, they relate to the original input
exposure data. It is the range of exposure values (greys), derived from the operation of lens aperture
and shutter speed that the sensor is capable of differentiating between the limits of black and white. It
is the nature of these ever changing exposure values to call for the description Dynamic, the limiting
Range of which is determined by the sensor and given in exposure terms, hence the explicit phrase
Dynamic Exposure Range.

The image sensor places range limits on the levels we name as black and white. At black level it is
the device (sensor) noise that obscures any smaller signals being seen from smaller exposures (less
light), sometimes called a noise floor. At white level it is the Sensor Saturation that prevents a higher
signal output from greater exposures (more light). Between these limits the sensor is assumed to have
a linear transfer characteristic, or OETF.

The voltage output from the sensor, and the A to D converter, follows the sensor input exposure
variations and as such has a similar Dynamic Range, measured in terms of repeating a halving of
exposure at white level until the noise floor is reached (similar to the doubling of ISO speed rating).
Dynamic Range is often given as so many lens stops, from white level down to the noise floor. (One
stop being a halving of exposure).
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The digital values given to the sensor output, via the A to D converter after digitisation, will depend
upon the chosen bit depth. For 8 bits this is the ubiquitous 256. Raw files are of higher bit depth, in the
order of 12 to 14 bits, depending upon the manufacturer. Higher bit depths result in greater numbers,
such as a 12 bit RAW file with 4096 levels: these levels are set to operate between the limits of black
(level zero) and white (level 256 or 4096, as discussed here), and increase the numerical number of
signal levels between the fundamental limits of black and white. A RAW 12 bit file is numerically more
accurate than the 8 bit standard file but, with the same characteristics that the sensor offers to all A to
D conversions by way of the its Dynamic Exposure Range.

Exposure

Exposure is the integration of light intensity and time (lens aperture and shutter speed), and at this
stage (at the sensor input) it includes the secondary effects of depth of field (lens aperture) and the
stopping / or blurring of image motion (shutter speed). This only happens once per image, at the initial
image capture — when you go click. Subsequent adjustment of quasi exposure in software is possible
due to the similarity of effect between a linear sensor and a linear adjustment of circuit gain following
to the sensor output.

Output (@ . (b)

11 (1s0 50)W, . (1so 100)W= R

(180 100)W-=
0-5

w W W+ B W- W W+
(black) (white) (black) (white)
Exposure

Sensor Characteristic Curve

Fig. 3 The Sensor Characteristic and ISO Speed Rating

Referring to Fig. 3 The Sensor Characteristic and ISO Speed Rating. The transfer characteristic of an
image sensor has a linear response. As exposure increases the sensor output increases to a point
where no further output results. This point of limiting is at or near to white level and we measure grey
steps down to black from this white point. We call this working from white downwards. This range from
white to black level is the dynamic signal range of the sensor in question. It is also the dynamic signal
range of the sensor at the cameras lowest ISO speed rating. Higher speed ratings are obtained by
appropriate increases of circuit gain. A limit to the number of steps discernible from white occurs near
black level due to the presence of noise, (and the physics of the sensor). High circuit gain, associated
with high ISO speed rating, increases the visibility of this noise, not unlike the worsening of film grain
as film and its processing could be adjusted to produce higher film speeds.

The principle pictorial difference between 8 bit and 16 bit image processing is a freedom from
layering, after image manipulation. The tonal steps of 8 bit encoding are chosen to be subliminal, as
Fig. 4 Tonal Layering attempts to show.
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(a

(b)

Fig. 4 Tonal Layering
The tonal reproduction of the top image (a) is quite smooth with a minimum of layering (some can be
seen near black level), using about 256 greys. The lower image at (b) is reproduced with only 15
greys, and clearly suffers from insufficient grey levels, the effect called layering is clearly illustrated.

The layering at black level in (a) is the likely result of image manipulation that can result in the loss of
some code levels, seen as tonal layers. This is why care has to be taken if you only have 256 initial
levels to deal with. Tonal resolution greater than 8 bit, or 256 levels, is called for in very high quality
work.

Layering generally degrades an image. It is also printed from a laser printer of limited tonal resolution.

Fig. 5 JPEG Compression Artefacts (See p. 13)
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Analogue vs. Digital Imaging

This is included as a reminder of how analogue film compares to digital imaging. We bear in mind the
vast number of photographers practising a hobby as a craft, and the enthusiasts of many principles
and persuasions that populate all the photo Clubs and Societies. All that photo craft, acquired over
time, is now being supplanted and so quickly.

Some essential and significant differences between analogue and digital photo imaging are:

(1) The continuous nature of analogue signals (film) is broken up into a fixed number of digital
levels. The popular number for 8 bit encoding is 256, or 2 to the power of 8. 2% = 256.
When some of these levels get lost, or replaced, an effect called laying may be seen. See
Figure 3, Tonal Layering.

(2) The pixelated nature of the image, as a digital file. These pixels can sometimes become
visible.

(3) The possible introduction of unwanted artefacts due to file compression.

It is required that all these unwanted effects are kept to subliminal levels. By subliminal we mean
below the threshold of sensation: we cannot see them, at any time. By allowing their occasional
visibility certain financial gains may be made. When subliminal levels are maintained the digital print
can give its silver counterpart a good run for its money! We note that some Photographic Societies do
not differentiate between wet silver and digital work at exhibition time.

We hear cautions to stay away from JPEG compression because it can bring with it some nasty
artefacts. Fig. 5 JPEG Compression Artefacts, reveals the structure of JPEG artefacts.

An image size of 75 pixels square shows how the JPEG artefacts are collected into squares of 8 x 8
pixels each, counting from the top left corner of the picture. The original file was a smooth gradation
from a bluish hue to white, with a black line triangle 1 pixel wide and one or two single stand-alone
black pixels. This file was given maximum compression in Photoshop, shown on the right.

This is a fearful demonstration of JPEG artefacts, made so to be quite explicit. The whole montage —
as seen here — was then saved as a JPEG file of maximum quality. N.B. There are no artefacts to be
seen on the left hand side of this image: that is a measure of how sensible JPEG compression can be,
at Photoshop level 12. They are there but at a subliminal level.

I emphasise this point because | was recently told, on good authority (shown, even!) that JPEG has
some undesirable qualities as compared to an original RAW file. | believe that JPEG compression at
quality level 12 (highest quality in Photoshop) produces an image that is virtually indistinguishable
from its original at all normal viewing. Those changes that can be measured are of the order of 1 in
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subliminal and consequently could not be seen.

The image | used is shown below at Fig. 6 High Quality JPEG lllustration and the processing
workflow was as follows:

The cleanest image | could find for this test was from an early Kodak Photo CD sampler. | downloaded
image 15 as an RGB file, 2048 x 30762 pixels, 16 bits per channel, and converted this to 8 bits per
channel. In order to be able to measure any image changes | imported the test chart TC-2 to provide
unambiguous flat areas for measurement. This 8 bit TIFF file then measured 26 mB. After JPEG
compression at level 12 its file size was reduced to 4 mB. Two A4 prints were made which were

indistinguishable apart after an appropriate drying time. The two files measured as follows:

The imaging chain-2.doc
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The Subliminal Nature of Level 12 JPEG

TIFF JPEG (12)
26 mB 4 mB
Patch %
99 3 3
98 5 5
97 8 8
96 9 9
95 13 13
90 25 25
Black
1 252 252
2 250 250
3 247 247
4 245 245
5 242 242
10 229 229
white
R 255/0/0 0/255/0
G 0/255/0 0/255/1
B 0/0/255 0/0/254
C 0/255/255 1/255/255
M 255/0/255 255/0/255
Y 255/255/0 255/255/1

Box outline & inches wide

95% 98% 97% 6% g5% 90% 0-1/0-2pt1* 0-1/0-2p1*
s
8
b4
u
% % % 4% 5% 10% 5% Black " 5% White

TC-2 NS

Fig. 6 High Quality JPEG lllustration

October 12, 2007
E&OE (Thankyou)

Page 14 of 53



The Final Link in the Imaging Chain

100%
-
Y / 7
) - !
@ (3 6
7
7 5 5
Output 7)
Screen drive /\ZJ 4 4
/ 3 3
77 /2 2
/ 1 1
Zero 0
Black Input White
Code values
(a) (b)

Fig. 7 The Destructive Nature of Image Manipulation

Digital File Structure

We refer to Fig. 7 The Destructive Nature of Image Manipulation. The solid linear graph at (a)
represents a digital file with all code values undisturbed and present between black and white,
reduced in this illustration to 7 greys. Each value occupies an intersection, numbered from 1 to 7.
There are no other values available, in this representation. If a Photoshop curves adjustment is
applied to this set of values, as indicated by the dotted line, then the adjusted image occupies new
code values from amongst this existing set. Greys 2 and 4 (circled) look for and find new values, as
shown on the right hand graph at (b). All the remaining greys shown as solid black squares are
deleted, allowing any code value gaps to become potential tonal gaps: hence tonal layering. Such
image manipulation is said to be destructive of parts of the file structure

If this illustration was to mimic an 8 bit depth file then we would have 255 greys to deal with. Should
we use 16 bit depth then the number of code values rises to approximately 65,000. The chances of
layering then occurring are much reduced.

The number of code values for some bit depths are: 8 bit — 256; 12 bit — 4096; 14 bit — 16,384; 16 bit —
65,536.
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Fig. 8 reveals layering from a JPEG camera file (Canon IXUS 850)

Quadrant 2 is a detail of an original IXUS 850 JPEG image, 3072 x 2304 pixels compressed to
approximately 3 MHz.. This is converted to native Photoshop PSD format at 1. To make the layering

more apparent at 3 and 4 | have reduced chroma to zero and increased contrast. This image does not
make a good laser print.

The imaging chain-2.doc October 12, 2007 Page 16 of 53
© Ray Knight 2007 E&OE (Thankyou)



The Final Link in the Imaging Chain

WE HAVE A CAMERA TO USE ...
CAMERA DYNAMIC EXPOSURE RANGE
ANALOGUE VS DIGITAL IMAGING
4. THE JUST NOTICEABLE DIFFERENCE OR JND
THE SCENE BRIGHTNESS RANGE & LIGHTING CONTRAST
THE BRIGHTNESS RANGE OF A PRINT
BRIGHTNESS ADAPTATION OF THE EYE
COLOUR ADAPTATION OF THE EYE & WHITE BALANCE
VIEWING CONDITIONS & MONITOR CALIBRATION
ADOBE RGB & sRGB COLOUR SPACES
COLOUR SEPARATION & BLACK GENERATION
PRINT PROFILE GENERATION
DOT GAIN
... & APRINT TO MAKE

The Just Noticeable Difference or IND

In order to talk about subliminal values (signal levels) we introduce the term Just Noticeable
Difference, or JND. Anything less than a JND will not be seen. The 256 8 bit levels, in a clean and
completed file, are close enough together to not be individually discernible, together they can look like
a smooth continuous grey scale because each step is visually less than one JND from its neighbour.
However, if we adjust the tonal scale of the image to make it lighter or darker, then some signal levels
are likely to become unused, possibly increasing the contrast between certain adjacent levels, which
may then be seen as layering. Had this image adjustment been made on a 16 bit file then the above
mentioned increase in contrast may not have been seen because many more 16 bit levels equate to
an 8 bit JND.

(a (b) (c) (d)
Fig. 9 lllustrating the Idea of a Just Noticeable Difference (JND)

Tonal Layering

There is a fixed 8-bit file structure to accommodate all values from zero to 255 and a precise 16-bit
structure from zero to 65,535, and so on for other bit depths. These structures can only accommodate
a signal at their fixed locations: not a little lower or higher but at that prescribed value only. If any
image manipulation takes place, causing some values to move elsewhere — perhaps to make the
image look lighter or darker, we may then find some values vacated or unoccupied which means there
may be tonal gaps in the file structure, coarse enough for us to see, an artefact called layering, as in
Fig. 4 Tonal Layering. 8-bit is only smooth to look at when all values are present. There is then a
possible general loss of grey code values as image manipulation takes place, which is why it is
recommended that 16-bit is used (if available) for initial image processing before conversion to its final
8-bit form. A new image grey due to manipulation, or an image import, cannot find a place in between
any two adjacent code values from zero to 255 in an 8 bit system.

If the number of printed pixels per length are kept above a certain figure, say of 300 ppi (pixels per
inch) they will not be seen. They are subliminal. The demonstration folder (available to view) compares
prints from a 300 dpi Photoshop file and the same file compressed to JPEG 8. The relative file sizes
were 9.6 MB to 785 KB.
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The Scene Brightness Range & Lighting Contrast

The dynamic exposure range of a camera is what you have to make pictures of your chosen
composition with. Later you may wish to consider certain software processing tricks to handle large
brightness ranges. High figures of brightness range come to mind including all highlight's, specula’s
and cast shadows: to a simple scene of plain reflectance only that might be in the region of 100:1. We
need figures for some discussions but very soon we are concerned with the appearance, or absence,
of print shadow or highlight detail. We are back to the principles enunciated by Ansel Adams, of
adjusting exposure and processing with print values in mind, embodied in his Zone System.

The brightness range of your scene is the basic reflectance of items within the composition (object
contrast), for a dull day or with the sun from behind the camera casting very little shadow for the
camera to see. Since light travels in straight lines we may be quite precise about the formation of
shadows.

If the sun is positioned to one side and you are shooting, as we say, the shadow side then the basic
scene contrast (object contrast) is increased by the cast shadows. Outdoor lighting contrast is the ratio
of the sun shining from a partly clouded, or a clear sky, known as Key + Fill, to Fill, lighting ratio. This
lighting ratio increases the basic object contrast to become the scene brightness ratio. The two sides
of a three dimensional object, as seen by the camera, are illuminated by the sun and the sky (Key +
Fill) on one side, and on the other by the sky alone (Fill). For completeness we should mention the
totally overcast situation of flat, shadow-less and potentially uninteresting lighting.

Leonardo da Vinci supported the continuous gradation of shadows as a primary way of describing
form, of bringing three dimensional objects alive on the two dimensional painting surface. He would
appreciate the smoothness of today’s 8-bit files of 256 grey levels. “... still it appears to me that these
gradations are infinite upon a continuous surface which is in itself infinitely divisible.”

We illustrate lighting contrast with Figure 12, a Fence Repair photo.
Fig. 10 The Anatomy of a Shadow.

Fig. 11 The Quality of Shadow Depending on the Relative Geometry of Distance and Size.
Fig. 12. Fence Repair. (1) In overcast skylight and (2) In Sunlight.

1. Gage, John. Colour and Culture, T&H (1993), chapter 7, page 135.
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Fig. 10 The Anatomy of a Shadow
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light source

hard or point
light source

soft light source

Cross sections of shadow

Fig. 11 The Quality of Shadow Depends on the Relative Geometry of Distance and Size

Fig. 12 Fence Repair (1) Overcast sky, (2) Sunlight.
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The Brightness Range of a Print

Ink jet prints on a paper base will offer a similar brightness range as their wet darkroom predecessors,
measured from white to black, which means they can look as good. We loosely speak of paper white
as being of 100% reflectance and solid black being 1% reflectance, or density 2. This amounts to a
brightness range of 100:1 which is very convenient for discussions and plotting graphs. In actual fact
neutral looking white paper is never 100% reflectance, except for one special case, called a Hi-white
or Whiter-than-white — which is strictly not a neutral white. This can be caused by adding a fluorescent
dye to the paper and illuminating it with a little UV light. Fig. 13 Paper Reflectance Showing the Blue
Peak due to Fluorescence, was measured at Westminster University lab at Harrow and shows a
modest blue increase to 100%. The ICC White Paper #14. 2005, reports a blue increase to 120%.
Such techniques lead to papers called Hi White, or whiter than white. Upon becoming familiar with
such Hi-white papers a neutral sample will, by comparison, look darker and possibly less attractive.

100 T T
Letraset Permajet Museum Classic P
___________ E :
80 e \C——\// \L

Instrument CAL. White ceramic

60 // |
Reflectance / I :
I

. |

(%) :
40
/_::Gretag Macbeth Chart

20

400 450 500 550 600 650 700
Wavelength (nm)

Fig. 13 Paper Reflectance Showing the Blue Peak due to Fluorescence
Westminster University, Harrow.

The imaging chain-2.doc October 12, 2007 Page 21 of 53
© Ray Knight 2007 E&OE (Thankyou)




The Final Link in the Imaging Chain

WE HAVE A CAMERA TO USE ...
CAMERA DYNAMIC EXPOSURE RANGE
ANALOGUE VS DIGITAL IMAGING
THE JUST NOTICEABLE DIFFERENCE OR JND
THE SCENE BRIGHTNESS RANGE & LIGHTING CONTRAST
THE BRIGHTNESS RANGE OF A PRINT
7. BRIGHTNESS ADAPTATION OF THE EYE
COLOUR ADAPTATION OF THE EYE & WHITE BALANCE
VIEWING CONDITIONS & MONITOR CALIBRATION
ADOBE RGB & sRGB COLOUR SPACES
COLOUR SEPARATION & BLACK GENERATION
PRINT PROFILE GENERATION
DOT GAIN
... & APRINT TO MAKE

Very bright White
scenes | AT T - ———————— — =
(sunlight)
Brightness
range
_________ Black White
Brightness
range
~ Black _
Sensation | _ _ _ _ _ _ _ _ __ _ _ _ - — White
Brigh
Black to White :I gness
Brightnessrange | ¥__ _~ __ _ _ _
Black
White
"R Brightness =
_y_range__
Black
Very dark
scenes
(moonlight)
Scotopic Mesopic Photopic
Moonlight Scene lllumination Sunlight

The Scene lllumination axis is marked from moonlight to sunlight, together with three states
of adaptation for the eye ie., scotopic, mesopic and photopic.

Adaptation of the eye to a wide range of scene illumination is shown, indicating the relatively small
range of percieved black and white sensation that occurs at every level of adaptation.

| have added the three ranges of eye adaptation corresponding to full colour vision, photopic: no

colour vision, scotopic and the intermediate range of mesopic vision (shaded above) where both
rods and cones operate to produce the Purkinje effect. After Marshall & Talbot..

Fig. 14 The Overall Adaptation of the Eye from Moonlight to Sunlight
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Brightness Adaptation of the Eye

The performance of the viewers eye is critical to this whole process, of looking at the scene to
photograph and eventually viewing a print. This process is about making something for the eye to see,
and in some instances for that eye to make a meaningful comparison to the original, even if that
cannot be seen at the time of print viewing. Our print assessment may well then be coloured by
memory.

Fig. 14 The Overall Adaptation of the Eye from Moonlight to Sunlight. We note the eye’s ability to
make any scene comfortable to view. It always makes an adjustment to cause the brightest part of the
scene to be easy to see. It is never the blacks that receive viewing attention: they are the result after a
white adaptation has taken place.

Fig. 15 Local Adaptation as for Viewing a Print and its Surround, is the classic picture of some grey
patches, all of the same tone, looking different according to the background they are seen against.
This does not occur as dramatically in colour as indicated by the inserted face, on the right, even when

chroma is removed (not shown here).

The light details above, surrounded by white, look darker than their counterparts
surrounded by black.

Note how the effect is greater on the smaller items.

The dark grey details below, surrounded by white, look darker, possibly black,
compared to their counterparts surrounded by black.

.

The grey series above is after Hering (1834-1918). All the grey circles have the same value. A similar effect may be
seen to the right, using flesh colour.

Fig. 15 Local Adaptation as for Viewing a Print and its Surround
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Lastly, there is the adaptation that occurs within an image. For this we turn to Fig. 16 Relative
Brightness Adaptation Among Print Details. The steps of this small grey scale will each appear slightly
shaded by adaptation to their adjacent step. In fact we can conclude that the appearance of black
within any image is due to the presence of other brighter details in the image. That is how we see a
black on an otherwise white projection screen, accepting the effects of flare.

Fig. 16 Relative Brightness Adaptation Among Print Details

The grey scale above at (a) has steps formed as shown in (b), which shows level flat step distribution.
A visual study of the individual grey scale steps reveals an apparent brightness distribution more in
line with that shown at (c).
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0 1 2 3 4 5 6 7 8 9 10
Black White
Grey scale Pixel values Pixel values
Step 0-100 (rounded) | 0-255 (rounded)
0 0 0
spot in black 3) (8)
1 10 25
background (15) (38)
2 20 51
3 30 77
4 40 102
5 50 127
6 60 153
7 70 179
8 80 204
9 90 230
10 100 255
spot in white 97) (247)

See Tabled data at end of text for converting between values 0-100 and 0-255.

Background tone surrounding the greyscale, to fill the desktop. Its tonal value
is between steps one and two, at about 15% of white level, NOT to match any
grey scale step.

File resolution to size the grey scale to about 2/3 of monitor width, as below.

Desktop Greyscale for Monitor Set-up

Fig. 17 Details of the Desktop Greyscale

This greyscale for desktop set up has a dark background intended to simulate a low key image. |
found an 18% average figure too bright and | have settled for something darker. 38 on the 0-255
scale. Clearly, the setting of screen black level is significant for critical on-screen assessment of
images: hence the care we take about what your eye may be adapted to when making this very

important adjustment.

If you use a screen calibration device it is as well to have a known test image at hand to check out the
devices auto settings.
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Colour Adaptation of the Eye

The eyes ability to adapt to the colour of daylight outdoors at sunrise and sunset, compared to a
midday value of colour are of interest here, and speak for all the other instances of colour adaptation
we meet. We can, of course, make use of Automatic White Balance (AWB) or the nominated and fixed
white balances of Daylight, Cloudy, Tungsten, Fluorescent, Fluorescent H and Custom, to name those
available in my wee Cannon IXUS 850, and other digital cameras. But the only “organic auto” facility
we have with which to view a print, or DTP screen are our eyes. This auto facility cannot be
switched off, but we can pre-set it with external data to calibrate it, as it were.

Colour Temperature

At the heart of this is the subject of colour temperature, measured in degrees Kelvin looking at a
heated black body: that is a measurement made in a laboratory. A black body is a definition — made
practical — that radiates light but does not reflect any. The work of a blacksmith comes to mind as a
practical example, of heating metal for Forging, Hardening and Annealing.

Fig. 18 The Spectral Distribution of Colour Temperature shows how increasing temperature increases
the total emission of radiation. As the peak of radiation increases, and moves towards the Ultra Violet
wavelengths (to the left), the section of visible wavelengths tilt from being rich in red to rich in blue.
The lower diagram emphasises this relative red / blue composition of a few colour temperatures by
aligning their values at 560 nm to 100 in each case.

Each visible colour temperature can be plotted on a chromaticity diagram as in Fig. 20 The Planckian
Locus plotted on the u’.v’ Chromaticity Diagram. The plotted curve is called the Planckian Locus.
These are strictly correct colour temperatures (CT), derived from a black body, as outlined above.
Colours that are near to the Planckian Locus, and look similar, are called Correlated Colour
Temperature (CCT). Note that D65 is such a Correlated Colour Temperature, and that its point sits on
the green side of the Planckian Locus.

For artists, designers and all creative’s who wish to speak of just “temperature” and “cool” and “warm”
colours, the phrase Aesthetic Colour Temperature permits the wildest imagination without flouting the
formal rules of Colour Temperature.

It is instructive to see the colours represented by the Planckian Locus, the Colour Temperature
colours, and is shown in Fig. 19 The Colour Temperature Colours as Seen Along the Planckian
Locus. A colour cast will start at (say) red and pass through a well balanced white point, on to blue,
not having passed through green. This occurs because at the white point Green is balanced out in the
R=G=B triple.

Adaptation

With the foregoing red / blue tilt of the colour temperature curves in mind, and the fact that our eyes
are able to adapt to the red rich light of sunrise and sunset (within n hours of each event) and at
another time to the blue rich light of midday, so making these scenes all look similar, we need to do
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something to make our camera exposures look similar too. Otherwise we shall record the various
colour temperatures that the eye has become accustomed to, as colour casts.

White Balance
The solution to this is to ensure that the white point of the camera is set to the same colour
temperature as the prevailing illumination.

A certain white balance rule (not the only onel!) is that a grey card as a scene element should look
grey when reproduced. NO colour in should lead to NO colour out. With Appearance Modelling in mind
this may not be exactly correct however, this type of grey balance will invariably get pretty close to
looking good.

Control of white balance with film was via two types of film: Daylight and Tungsten balanced, and a
camera bag full of light balancing filters, such as the 85 (orange looking) and 80 series (blue looking)
Wratten filters. Today we make relative adjustment or R, G and B circuit gain as in the pre-set settings
of digital cameras. It is interesting to note that mired filters of equal value but opposite sign, orange
and blue , if used together will look neutral. An orange 85B (+131 mired) together with a blue 80A (—
131 mired) has an equivalent density of just over two stops, a useful emergency ND (neutral density)
filter if a proper ND filter is not in the camera bag.

Failing this, then the use of a number of facilities within Photoshop in post production will allow colour
balance to be subjectively adjusted, as some RGB triples are adjusted to be equal. (Enter RAW files,
but not with me!).
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That part o