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METHOD AND APPARATUS FOR LIGHTNESS
IMAGING

BACKGROUND OF THE INVENTION

This invention relates to the art of creating and of
processing images. It provides a method and apparatus
for computing or processing visually perceptible images
in terms of a lightness field. A lightness field is herein
defined as the output of a process that uses radiances 10
falling on a light-detector from an original image to
produce a new set of values that correspond to the
sensations of lightness produced by the human visual
system.

Vision science begins with the basic properties of 15
light, for which there are clearly established quantita­
tive concepts tied to physical measures. For example,
the radiance from a given region denotes flux ofradiant
energy per unit projected area per unit solid angle.
Reflectance of a surface denotes the fraction of incident 20
radiant energy (of a specified wavelength distribution)
reflected by the surface.

Less consensus has developed in characterizing
human reaction to light, and it is not surprising that a
term such as lightness, which generally refers to a sensa- 25
tion, has at different times been assigned different mean­
ings. Thus, in Webster's New International Dictionary,
Second Edition, lightness was defined as the "state or
quality of illumination, or degree of illumination," Le., a
physical measure. In Webster's New International Dic- 30
tionary, Third Edition, lightness in addition denotes a
sensation, namely, "the attribute of object colors by
which the object appears to reflect or transmit more or
less of the incident light and which varies for surface
colors from black as a minimum to white as a maximum. ·35

The later definition recognizes the importance of
appearance, Le. the sensation. Sensation is important
because the lightness of an object is not necessarily
related to the physical quantity of light from the object, 40
either in radiometric or photometric terms. An object
will hold its position on a lightness scale despite large
changes in its intensity. Much of the difficulty intermi­
nology thus arises because visual sensations characteriz­
ing a specific region cannot be directly related to any 45
physical measure of light from that region alone.

The term lightness as used in connection with these
teachings will have a primary meaning of a visual sensa­
tion as produced by biological systems such as human
vision. These lightness sensations are produced by a 50
biological system that takes the radiance at each point in
the field of view and yields a lightness value for each
point in the field of view. In particular, lightness de­
notes a visual sensation which ranges from dark to light
and which characterizes image regions in specific con- 55
ditions. One of the more interesting properties ofhuman
vision is that the cerebro-retinal lightness signal pro­
cessing system is such that the lightness sensed at any
point does not have a simple functional relationship to
the radiance at that point. Lightness thus does not de- 60
pend on the physical properties of single points or ob­
jects in the field; lightness instead depends on relation­
ships between physical properties of all the points or
objects across the field of view. Lightness does not
result from point by-point processing; lightness results 65
from processing the entire field.

Lightness can be quantified by employing a technique
of visual comparisons. First, one establishes a standard

2
display that includes reference areas covering the range
from minimum to maximum reflectance in controlled
illumination and surround. One then presents an ob­
server with another area in any viewing condition and
asks the observer to select the best visual match of that
area to a reference area of the standard display. Finally,
one takes the reflectance of the chosen reference area
and typically applies a monotonic scaling function so
that equal increments in the resulting lightness numbers
are assigned to equal changes in sensation. Such ap­
proach emphasizes the fact that although lightness is a
sensation produced by a human or other biological
system, it is a quantifiable entity. The correspondence in
reports from large numbers of observers in numerous
experiments of this type shows that these sensations are
generated by a repeatable set of physical relationships.
Since lightness depends on the entire image, a physical
definition of lightness must incorporate a process which
utilizes the entire field of view.

The teaching herein describes signal processing sys­
tems which generate quantities that correspond to light­
ness. The quantities, however, are generated by ma­
chine signal processing systems rather than biological
systems. For clarity we define a separate term to de­
scribed these machine-generated quantities that corre­
spond to lightness. We have chosen the term "lightness
field" as the name of the output of the machine for the
selected field of view. The choice emphasizes the fact
that a lightness field is derived from signal processing
operations which involve the field of view. This charac­
teristic of lightness field computation distinguishes it
from other signal processing strategies that involve
either single points or local areas of the image.

Human vision is remarkable for its ability to generate
sensations that correspond to the physical properties of
objects in the field of view regardless of the radiant
intensity and of the wavelength distribution of the light
falling on the retina. The wavelength-intensity distribu­
tion of the light from an object falling ona light detec­
tor such as a photosensitive element is a function of two
independent variables: the illumination at the object and
the ability of the object to reflect or transmit light.
However, the radiance measurements for any single
picture element, Le. pixel, are not subject to an analysis
which identifies the independent contributions of illumi­
nation and of object properties.

This invention, on the other hand, uses the entire field
of view to calculate visual properties of objects substan­
tially independently of the properties of the illuminant.
Using the entire field of view is considered essential to
a solution of the problem that cannot presently be
solved by processing information at individual pixels
independently of that at other pixels.

It is difficult for a photograph or like image to accom­
modate variabilities of lighting conditions, even when
care is taken to center the limited dynamic range of the
image medium on the dynamic range of the light being
recorded. Consider the light reflected from a collection
of different colored and textured objects, ranging from
the brightest white to the darkest black, when special
effort is taken to illuminate the collection so that the
same intensity of light of the same spectral composition
falls on each point in the field of view. The dynamic
range of the light reflected from this collection of uni­
formly-illuminated objects is significantly less than a
range of IOO-to-1. The brightest white objects may
reflect roughly only 92% of the light falling on them,
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whereas the darkest black velvet objects may reflect a complex original scene is provided in the form of a
roughly at least 3% of the light falling on them. The recorded and displayed television image. This image is
light reflected from objects having matte surface falls in full color and portrays a wide range of hues occur-
between these extreme values for bright white and for ring in varying densities, for example, a woman in a
black velvet. 5 colorful costume against a bright multicolored floral

These physical properties of objects limit reflective background.
reproduction media, such a photographic prints and In each experiment a control. image is described
printing, to a like dynamic range, i.e. to a range signifi- which represents the response to each original scene of
cantly less than lOO-to-1. a conventional photographic system that does not em-

However, the dynamic range of intensities from real 10 ploy this invention. The first such control image dem-
life, i.e. from natural images, is far larger than that in onstrates the mismatch commonly encountered be-
this special uniformly-illuminated experiment. Natural tween the dynamic color range ofan original scene and
scenes include sizable variations in the dynamic range of the limited color response characteristic of color mm.
the illumination. First, natural illumination varies both For example, highlights exhibit a degree of levelling
in overall total intensity and in local regions because 15 and desaturation, whereas shadow areas show little
some objects are shaded by others. Second, the spectral evident image detail. In the frrst experiment of the ~n-

composition of the incident light may vary dramatically vention, the same original scene is subjected to lightness
from skylight to sunlight to tungsten light to fluorescent analysis by the lightness imaging system defined below
light. As noted, human vision is remarkable in that it and is photographed on a standard photographic me-
generates image sensations which are nearly indifferent 20 dium. This first processed image is found to possess
to this extreme variability of lighting conditions. These much clearer image detail in shadow and. in highlight
same variations in illumination, however, produce areas, a better defined range of color values, and im-
marked and usually detrimental results in conventional proved saturation. To the eye of an observer, the pro-
image-reproducing systems, whether photographic, cessed image more accurately represents the content of
television or printing. 25 the original scene than does the control image. In pro-

The present invention endeavors to resolve these ducing the processed image 'in this first experiment, as in
imaging problems. More particularly, this invention the others described below, the only image information
provides mechanisms that detect the large dynamic available to the lightness imaging system is that which is
range of light intensities, that use a novel strategy to contained within the original scene itself.
calculate approximations of visual properties of the 30 In a second experiment, the same original scene used
objects in the field ofview, and that represent the entire in the first experiment is modified by the superimposi-
image in a limited dynamic range that is optimal for tion of a ten-to-one illumination gradient from one side
media such as photography, television and printing. A of the scene to the other. When this modified scene is
significant feature of the invention accordingly is the photographed, .using conventional techniques to pra-
calculation of lightness fields that portray large dyan- 35 duce a control image, most of the image detail is lost in
mic ranges of the original scene in terms of limited the darkest portions of the image, or in the brightest
dynamic ranges defined by the range of intensities avail- portions, and most of the color values are lost. But
able in various media. when this modified scene is analyzed and photographed

Various photographic defects result from attempting using the lightness imaging system of this invention, a
to photograph the natural environment "as is". Ordinar- 40 second processed color print is obtained which is virtu-
ily the photographer consciously tries to avoid or mini- ally indistinguishable from the first processed image
mize these defects by the practice of his art. He mea- described above. The ten-ta-one illumination gradient
sures the light coming from the objects in the scene and has disappeared, and the resultant image displays the
adjusts the time and the aperture settings so that the same saturation, image detail, and pleasing dynamic
exposure will fallon the desired portion of the limited 45 range as that of the first processed image. Furthermore,
dynamic range of the film. He artificially illuminates all this second processed image is obtained by the same
or part of the scene to compensate for non-uniformities lightness imaging system operating in the same way and
in illumination across the scene. He uses color-correct- with no further mOdifications, adjustments, or revised
ing filters to match the spectral properties of the scene programming.
to the spectral sensitivity of the film. The photographer 50 A third experiment is performed. The original scene
makes these corrections in part by estimating the physi- is now subjected to different modification representing
cal properties of the illumination, perhaps with the aid tungsten illumination of the scene. As a consequence,
of a light meter. A television cameraman and his crew the intensity of the middle-wavelength illuminant is
follow similar procedures. Further, present-day auto- only 41 % of that of the long-wavelength iIIuminant,
matic cameras determine the lens aperture and the shut- 55 and that of the short-wavelength illuminant is. ,a mere
ter time settings, but they do not do all that is necessary 5% of that of thfdong-wavelength illuminant. An ordi-
to correct the range of lighting problems found in a nary photograph of this modified scene is strongly red-
natural environment. dish with few discernible green color values and with

The power of the concepts set forth herein can be practically no visible blue color values. However, when
illustrated by the following practical experiments dem- 60 this modified scene is processed by the lightness imag-
onstrating advantages realized and realizable in one ing system, operating in the same unmodified way, a
practice of this invention. The description is of six ex- third processed color print is obtained which is virtually
periments that emphasize typical common handicaps indistinguishable· from the first two.
presently encountered in photographing complex im- Then in a fourth experiment, the original scene is
ages. Typical photographic defects result from the mis- 6~ subjected to both of the illumination modifications em-
match between the dynamic color range of an orginal ployed in the second and third experiments. Thus, not
scene and the limited color and intensity responses of only arethe color values of the entire scene altered by
photographic materials. For the following experiments, a tungsten illuminant, but the ilIuminant varies by a



SUMMARY OF THE INVENTION

The practice of the invention enables one to produce
images in a way that is analogous to human vision be­
cause it represents in a limited dynamic range the much
larger dynamic range of radiances found in the natural
environment. Media using lightness fields produced in
this way can have a far greater visual fidelity then previ­
ously available on a repeatable basis. Further, the media
images can be essentially free of defects such as illumi­
nation artifacts, color imbalance, and other spectral
mismatches.

In accordance with the invention an image is pro­
duced from multiple comparisons between radiance
information at different locations of an image field. The
different comparisons are made between different
groupings of locations, and at least some groupings
involve locations characterized by a spatial parameter
different from that of other groupings.

In further accordance with the invention, information
is provided, for example by viewing a scene with an
optical detector array, identifying the radiances associ-

60 ated with arrayed sections of an image field. Multiple
measures are made of transitions in the radiance infor­
mation between each segmental area of the image field
and other such areas of the field. The several measures
involve groupings of each area with other areas in a

65 way such that the areas of different groupings differ in
at least on spatial parameter. The different grouped
areas cover different sectors of the viewing field and
consequently can be areas separated by different dis-
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ten-to-one gradient from one side of the original scene Other publications in the imaging art are the article
to the other. A conventional photograph of this modi- by T. G. Stockham, Jr., "Image Processing in the Con-
fied scene is strongly reddish with few discernible green text of a Visual Model", Proceedings 0/ the IEEE. Vol.
color values and practically no blues, and all the image 60, No.7, July 1972, pages 828 through 842; the article
detail appears lost in the darker portion of the iIlumina- 5 by David Marr, "The Computation of Lightness by the
tion gradient. At this point it should come as no surprise Primate Retina", Vision Research. Vol. 14, pages 1377
to learn that indeed the fourth processed image obtained through 1388; and the article by Oliver D. Faugeras,
by the apparatus and method of this invention is not "Digital Color Image Processing Within the Frame-
only essentially free of the imposed modifications, but is work ofa Human Visual Model", IEEE Transactions on
substantially identical to the first, second, and third 10 Acoustics, Speech, and Signal Processing, Vol. ASSP27,
processed images. No.4, August 1979, pages 380-393. This invention em-

A common problem in photography, different from ploys techniques which differ significantly from the
those already considered, is that of preserving image image processing which these articles discuss.
detail in distinct areas of a scene that has different over- Objects of this invention, and advantages which it
all levels of illumination. Two additional experiments 15 brings to the art of imaging, include attaining lightness
are described with a new original scene that shows a imaging with fewer signal processing steps or computa-
household interior in which a person is seated by a tions in considerably less time then previously available.
window onto a colorful outdoor view. A further object is to provide a method and apparatus

In a fifth experiment, the new original scene is char- for lightness imaging applicable on a practical basis to
acterized by an eight-fold reduction in the illumination 20 numerous image processing and numerous image creat-
of the view outside the window; that is, this modified ing instances.
original scene depicts the illumination of an evening. Another object of the invention is to provide a
When this evening scene is photographed, with the method and apparatus for providing an image, termed a

lightness image, which represents a scene in a limited
same conventional practices previously used to produce 25 dynamic range that is optimal for display media such as
a control image, most of the image detail and color photography, television and printing.
values in the outdoor portion of the scene are lost. But It is also an object to provide image processing that
when this modified scene is analyzed and photographed uses information acquired at one segmental area of an
using the lightness imaging system of this invention, a image in evaluating information acquired at other seg-
fifth processed color print is obtained in which the 30 mental are/l& in a learning-like manner that attains a
scene is accurately represented both inside and outside desired lightness field in relatively small time and with
the window with the same improvements in image qual- relatively few processing steps.
ity described for the previous experiments and in which It is also an object to provide a method and apparatus
the outdoor view still appears somewhat darker, as is of the above character suited for commercial applica-
true of the evening setting. 35 tion.

In a sixth experiment, the new original scene is char- Other objects of the invention will in part be obvious
acterized by an eight-fold reduction in the illumination and will in part appear hereinafter.
of the indoor scene in front of the window with no
reduction in the illumination of the outdoor view be­
hind the window. The modified scene now represents a 40
daytime setting with the indoor portion relatively
darker than the bright outdoor view. When this daytime
setting is photographed, most of the image detail and
color values in the indoor portion are lost. But when
this modified scene is analyzed and photographed using 45
the lightness imaging system of this invention, a sixth
processed color print is obtained in which the scene is
accurately represented both inside and outside the win­
dow with the same improvements in image quality de­
scribed for the previous experiments and in which the 50
indoor scene appears somewhat darker, as is the actual
case for a daytime setting.

Furthermore, the fifth and the sixth processed images
are obtained with exactly the same lightness imaging
system operating in exactly the same way as for the first 55
four processed images.

The invention thus advances the art of retinex pro­
cessing as disclosed in the literature, examples of which
are:

U.S. Pat. No. 3,553,360
U.S. Pat. No. 3,651,252
E. H. Land and J. J. McCann, "Lightness and Retinex

Theory", J. Opt. Soc., Am., 61, I-II (1971).
E. H. Land, "The Retinex Theory of Colour Vision",

Proc. Royal Inst. o/Gr. Brit., 47 (1974).
J. J. McCann, S. P. McKee and T. H. Taylor, "Quan­

titative Studies in Retinex Theory", Vision Re­
search. 16, 445-458 (1976).
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tances, areas separated along different directions, and
areas of different sizes. These measures-produced in
response to radiance information and from such differ­
ently grouped segmental areas of the viewing field-are
combined to provide the desired lightness information 5
for the entire image field.

The measures of transition in radiance information
preferably are determined for different groupings of
segmental areas according to a sequential ordering
which proceeds, for example, from groupings of maxi- 10
mum spatial parameter to groupings of progressively
smaller spatial parameter. This sequential ordering has
been found to diminish the level of unwanted artifacts in
the processed image.

A feature ofthe invention is that it produces an image 15
from multiple comparisons between radiance informa­
tion at different locations in an image field by proceed­
ing on a field-by-field basis. Each iteration of the pro­
cess, in the illustrated embodiments, makes new com­
parisons for essentially all locations in the entire field. 20
This is in contrast to a prior practice in which each basic
operation provides a new comparison for only one loca­
tion.

Another feature of the invention is that it produces an
image from multiple comparisons between radiance 25
information at different locations in the image field by
also using a combined reset-pooling technique. The
technique enables image information accumulated for
each location to be used in evaluating image informa-
tion for other interacting locations. 30

It is also a feature of the invention that the multiple
image-producing radiance comparisons combine local
image information with information from more distant
parts of the image. This local-global computation at­
tains a lightness field of desired quality with relatively 35
few computations and in relatively short time.

Yet another feature of the invention is that it com­
bines the foregoing field-by-field computations, infor­
mation accumlation by reset-pooling techniques, and
local-global calculations to accomplish in real time all 40
calculations for imaging complex natural scenes.

In the embodiments described below, the groupings
of segmental areas are pairings, i.e. each involves two
segmental areas or picture elements. Further, each mea­
sure is made with two pixels, i.e. picture elements, that 45
are identical in size and in shape. The two pixels in an
illustrated pairing, however, differ in a spatial parame­
ter from other paired pixels. In one instance, the pixels
of one pair are of different size from the pixels of an­
other pair. In another instance, one pair involves pixels 50
separated by a distance different from the separation
between other paired pixels, and/or one pair involves
pixels separated along a direction different from the
separation direction of other paired pixels.

Also in the embodiments below, each measure of the 55
radiance information at the paired pixels is determined
with a transition measure e.g. with the ratio of the radi­
ance information associated with two paired pixels.
This ratio is multiplied by a dimensionless value previ­
ously assigned to or determined for one pixel ofthe pair, 60
i.e. for the divisor pixel of the ratio. The resultant prod­
uct is reset with reference to a selected limit. The reset
ratio product can serve as the desired comparison mea­
sure for a given pairing of pixels.

However, in a preferred practice of the invention, the 65
reset ratio product is pooled by combining it with a
dimensionless lightness-related value previously as­
signed to or determined for the other pixel of the pair.

8
The resultant from this operation is the desired measure
for that pair of pixels. This further step is desirable
because it increases the rate at which radiance informa­
tion is accumulated from different pixels. It hence de­
creases the number of computational steps needed to
attain a lightness image.

More particularly, each radiance-transition measure
for a pixel contains information regarding the lightness
generating property to be provided at that location in
the resultant image. An objective for lightness imaging
in accordance with the invention is to compare the
radiance information for each pixel with that ofsubstan­
tially all others and thereby determine the lightness
property which each pixel has in the complete image
field. The output of this process for all locations is the
lightness field. The repetitive replacement of the reset
ratio product information for one pixel in each pair
accumulates this information relatively slowly. The rate
of information accumulation is increased significantly
by combining the reset ratio product from one iteration
with the measure previously determined for or assigned
to one pixel in each pair, and using the combined mea­
sure for the next iteration, i.e. in the next pairing of that
pixel.

To this end, a preferred embodiment of the invention
provides that each reset ratio product measure of a
transition in radiance information be combined accord­
ing to an arithmetic averaging function with the prior
measure assigned to the other pixel of that pair. This
pooling of information provides a geometric increase in
comparisons of the radiance information of different
pixels from each measuring iteration to the next measur­
ing iteration. Consequently, it markedly decreases the
number of iterations required to produce an image, and
thereby contributes to a new fast rate for image produc­
tion. The combination of this pooling of reset ratio
product measures with a selected sequential ordering of
pixel pairings for effecting the measurements yields
compound advantages in accumulating information for
the creation of lightness images.

In a preferred practice of the pooling embodiment of
this invention, the imaging process accumulates infor­
mation in a learning-like manner. The information at
each pixel, at the end of any iteration, is the combined
measure of all the reset ratio products that have so far
reported to that pixel. Thus the number of pixels affect­
ing the reset ratio product can be equal to two raised to
the power of the number ofiterations. If there are eigh­
teen iterations, then the number of interactions is equal
to two to the eighteenth power. By way of contrast, a
prior process brings to each pixel a reset ratio product
carrying the information from a number of pixels equal
to only the number of iterations.

A mode of operation intermediate to the iterative
replacing of reset ratio product measures and the pool­
ing of such measures, is the averaging of reset ratio
product measures from different sets of pairings. An­
other operating mode involves determining reset ratio
product measures for a set of pixel pairings, and using
the resultant measure in determining further measures
with a successive set of pixel pairings with a different
magnification of the image field.

These and other features of the invention are de­
scribed below with reference to different image-pro­
ducing embodiments. One embodiment involves pairs
of pixels of identical size and configuration. It employs
a sequence of pixel pairings ordered both with succes­
sively smaller pixel spacings and with different direc-



DESCRIPTION OF ILLUSTRATED
EMBODIMENTS

BRIEF DESCRIPTION OF DRAWINOS

For a fuller understanding of the nature and objects
of the invention, reference should be made to the fol­
lowing detailed description and the accompanying 65
drawings, in which:

FIGS. lA, lB, lC and ID are diagrammatic illustra­
tions of an information pooling feature of the invention;
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tions of pixel separation. The processing of radiance FIG. 2 is a vector pattern partially illustrating a pro-
information in these embodiments preferably proceeds gression of spatial parameters for pairing pixels in ac-
on a field-by-field basis. That is, the iterations for any cordance with one practice of the invention;
one pixel or other segmental area of the image field FIG. 3 is a block schematic representation of an im-
occur essentially in step with iterations for other pixels 5 age-producing system embodying features of the inven-
of the field. The steps within each iteration can occur tion;
either time sequentially or in parallel· for the different FIG. 4 is a flow chart illustrating a practice of the
pixels. Radiance information is compared in the field- invention with the system of FIG. 3;
by-field basis by shifting a pattern of radiance informa- FIG. 5 shows five look up table functions for use in
tion and comparing it to the unshifted pattern. The 10 the system of FIG. 3;
shifting is illustrated both on a time basis, e.g. by use of FIGS. 6A, 6B, 6C and 6D are schematic drawings of
delay lines, and on a spatial basis, e.g. by the use of one image processor of the system of FIG. 3 illustrating
known scroll techniques. successive operating stages;

Other embodiments involve pairs ofpixels thatrepre- FIGS. 7A, 7B, 7C and 7D are diagrammatic repre-
sent areas of the image field different in size from those 15 sentations of a portion of an image processor of FIG. 3
which other pairings represent. The measurements of and illustrate one implementation of wraparound insula-
radiance transition in either instance can proceed in tion in accordance with the invention;
different sequences to attain replaced reset ratio prod- FIG. 8 shows two look up table functions for the
uct measures, to pool the measures from one iteration or practice of wraparound insulation as illustrated in
set of iterations to the next, or to average the measures 20 FIGS.7A-D;
from independent sets of iterations. FIG. 9 is a block schematic diagram of another em-

These and other image-producing features of the bodiment of an image processor in accordance with the
invention may have wide application. Specific instances invention;
include photographic· processing, e.g. in a camera as FIG. 10 is a diagrammatic representation of a map-
well as in print making, and television signal processing, 25 ping of information in a memory for practice of features
e.g. in broadcast equipment as well as in a receiver. of the invention;
Other instances include devices, for example laser scan- FIG. 11 is a block schematic representation of an-
ning devices, used in graphic arts to scan documents other image-producing system embodying features of
and generate corresponding printing plates. In these the invention; and
applications, as the above-described experiments illus- 30 FIG. 12 is a diagrammatic representation of a self-
trate, the invention enhances the overall lightness qual- developing camera in accordance with the invention.
ity of the displayed image. In addition, it corrects for a FIG. 13 shows a graph indicating the numeral trans-
variety of visually detrimental factors including illumi- formation of stage 60.
nation deficiencies and material and equipment limita­
tions in reproducing wide bandwidth and intensity 35
ranges.

Further applications of the invention can produce The processing of this invention determines a mea-
displays in instances where a scene is examined non- sure of all transitions in the radiance associated with
optically, and even where there is no original scene. each of different groups of areas or pixels in an image
Examples of the former include the creation ofan image 40 field. One practice involves groupings of two pixels, I.e.
display of an object examined with sonar techniques, pairs of pixels, and determines the desired measure as
with infrared techniques, or with .radar techniques. the product of (i) the ratio of the radiances at the paired
Instances of the latter application include displays pro- pixels and (ii) an existing measure initially assigned to or
duced with computerized axial tomography (CAT) previously determined for the pixel associated with the
scanners and with other nuclear medicine instruments. 45 denominator of the ratio. Numbers proportional to log-
All these applications of lightness imaging in accor- arithms of the relevant measures are typically em-
dance with the invention can produce images that are ployed, so that an adder can perform the computations:
consistently perceived as more satisfactory than those the log of the ratio is the sum of the log of one radiance
heretofore available. Those skilled in the art will realize plus the negative log of the other radiance, and the log
from these teachings that the practice of the invention 50 of the product is the sum of the log of the existing mea-
can also produce images with all manner of specially sure and the log of the ratio.
contrived lightness effects. The resultant ratio-product, also termed an interme-

The invention accordingly comprises the several diate product, is referenced to a selected lightness con-
steps and the relation of one or more of such steps with dition. A preferred practice is to reset each resultant
respect to each of the others, and the apparatus em- 55 which exceeds the value equivalent to maximum image
bodying features of construction, combinations of ele- lightness to that value. This reset operation establishes
ments, and arrangements of parts adapted to effect such those specific locations or pixels in the scene which are
steps, all as explained in the following detailed disclo- lightness reference points for subsequent operations.
sure, and the scope of the invention is indicated in the The above-noted U.s. Pat. Nos. 3,553,360 and 3,651,252
claims. 60 and the above-noted article of McCann, McKee and

Taylor discuss prior practices regarding the foregoing
ratio, product and reset operations.

The reset intermediate product determined with each
such measuring iteration can be used as the existing
measure for the next iteration. However, the invention
attains a decrease in the number of iterations required to
produce a high quality image by averaging the reset
product with the existing measure at the pixel which is
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associated with the numerator of the ratio for that pair. left to right represents a successive comparison-measur-
The resultant averaged product is the transition desired ing iteration. The top row shows the same sixteen ar-
measure for that pixel, as determined with that pair of rayed sections A, D, C ... 0 and X of an image field for
pixels at this iterative stage in the sequence. This aver- each of the four iterations. The sixteen sections of the
aged product also replaces the prior measure for that 5 field, or sixteen picture elements, i.e. pixels, are for
pixel and is used in the next measuring iteration. This clarity shown. well> spaced apart, but in actuality adja-
averaging operation increases significantly the informa- cent ones are ofren contiguous or nearly contiguous.
tion wEich the resultant. averaged product contains, The middle row of FIG. ;t shows those pixels of the top
because in each iteration information from nearly every row which, at the end of each iteration, have contrib-
pixel contributes to two resultant products. 10 uted radiance information to a measure made with the

The objective for lightness imaging in this way is to pixel (X). The lower row shows a vector representation
determine a comparison measure for each pixel relative of the magnitude and direction of the spacing between
to every other pixel, i.e. to compare the radiance of paired pixels,
each pixel with that of every other pixel by subjecting The first illustrated iteration, FIG. lA, shows the
selected radiance ratios to the foregoing product, reset 15 aforesaid measure of radiance transition between each
and averaging operations. In principle, there are many pixel and the pixel two locations to the left of it. Direct-
practices of these comparison measuring operations that ing attention to pixel (X), the radiance there is com-
can yield the desired lightness information for creating pared with the radiance of pixel (I). The specific com-
a high quality image. However, in addition to using an putation forms the ratio of the radiance at pixel (X) to
averaged product rather than simply the reset product 20 that at pixel (I) and multiplies the ratio by the existing
as just discussed, the invention minimizes computation measure at pixel (I) to form an intermediate product.
by using multiple groupings of pixels, each with a spa- The intermediate product is reset and averaged with the
tial parameter different from other groupings or at least existing measure at pixel (X). This computation yields
other sets of groupings. One specific example is to use the desired averaged product at pixel (X). It is a func-
pairs of pixels, each of which differs from other pairs in 25 tion of the radiances at pixels (X) and (I) and of the
the spatial separation between the paired pixels, and/or previously existing products at these two pixels. The
in the direction of the spacing between paired pixels. second row in FIG. lA accordingly shows these two
Another specific example is to compare with one pair- pixels. The third row designates with a single horizontal
ing pixels different in size from those compared in other vector the direction from which pixel (X) received
pairings. 30 radiance information. Simultaneous with these measur-

Another feature of this invention is the realization ing steps, every other pixel (A) through (0) in the upper
that an image can be broken down into multiple group- column of FIG. lA receives radiance information from
ings of pixels in a manner such that both local and the pixel two locations to the left of it, neglecting for the
global interactions, e.g. comparative measures with moment pixels in the left halfof the image field for there
proximate locations and with remote locations, can be 35 are no pixels two locations to the left of them.
calculated at an extremely rapid rate. Different segmen- FIG. ID illustrates that the next iteration measures a
tal areas are compared so that long-distance spatial radiance transition between each pixel and the pixel two
interactions can be computed in much less time than locations above it. The radiance at pixel (X) is accord-
with processes involving only contiguous pixels. By ingly compared with the radiance at pixel (C), and the
transforming the image into a representation that con- 40 ratio is multiplied by the existing product determined
tains comparatively few segmental areas, locations for pixel (C) in the fust iteration. After resetting and
which are separated by long distances in the original averaging with the existing product just determined for
representation of the image are now comparatively pixel (X), the result is a new averaged product for pixel
close. This strategy loses resolution, or introduces er- (X).
rors, due to the coarseness of the analysis. Nevertheless, 45 This averaged product is a function of both the radi-
this ability to perform long distance calculations in few ances at pixels (X) and (C), and the existing products,
iterations yields enormous reductions in the number of i.e. averaged products, determined for each of these
iterations and correspondingly in the processing time. locations in the first iteration. Hence the new averaged
Further, the problems regarding resolution and charac- product assigned to pixel (X), after the second iteration,
teristic errors are overcome by a judicious choice of 50 is a function of the radiance information at pixels (X),
segmental areas in subsequent stages of the calculation. (I), (C) and (A). The middle row in FIG. ID depicts this
A corollary feature is the provision for a subdivision of multiple feeding or contribution of radiance information
the image into various segmental areas for separate to pixel (X). The third row of FIG. IB represents the
calculations of various components of a lightness field, second iteration pairing as a vector whch starts from the
followed by a recombination of the processed informa- 55 terminus of the first iteration vector. This cumulative
tion into a lightness field that is influenced by each vector representation reflects the progressive accumu-
characteristic set of segmental areas. lation of information at pixel (X), that is, the measure at

Still another iteration-saving feature is to order the pixel (X) has a history from the prior iterations. Again,
comparison-measuring iterations according to the mag- information for every other pixel in the illustrated six-
nitude of the pixel spacings or other spatial parameter. 60 teen-pixel array is processed during the second iteration
These features, together with others described hereinaf- in the same manner as just described for pixel (X).
ter, are remarkably effective in attaining a close approx- The third iteration, shown in FIG. lC, pairs each
imation to the foregoing objective on a real~time basis. pixel with the pixel one location to the right; It hence

FIG. 1 illustrates the effectiveness of the foregoing relates pixels (X) and (K). The existing measure at pixel
features in inter-comparing various elements of an 65 (K) is an averaged product with a history of two itera-
image field with a limited number of operating. itera- tions and hence is a function of the radiancesat pixels
tions. FIG. 1 is arranged in four columns, i.e. FIGS. lA, (J), (D) and (D). Accordingly, the new averaged prod-
IB, Ie and ID, and in three rows. Each column from uct at pixel (X) is a function of the radiances at eight



(1)
log 1(0.0)log ~r(x.) = log r(x.y)

0.0

The second step in the processing iteration is to multi­
ply this ratio by a product previously assigned to or
determined for the origin pixel of each pair, to deter­
mine an intermediate product for the comparison pixel.
The multiplication can be performed by the addition of
logarithms of the numbers. Hence, the algebraic expres­
sion for the log of the intermediate product at the com­
parison pixel is

14
The process next uses a reset-pooling technique that

calculates, for each pixel, a combined measure that is an
optimal lightness field value for that pixel. This resul­
tant can be attained by averaging each new reset ratio
product value with the previously assigned or deter­
mined value. Each ratio product value is reset before it
is averaged with the previously determined value for
that pixel; the reset mechanism removes from the com­
bined measure those ratio product values that are

10 known to report lightness field values higher than the
particular imaging medium can display. The presence of
this severely non-linear resetting operation distin­
guishes this image processing from others that simply
compare radiances to average values computed over
portions of the image or over the entire image.

In addition to this reset-pooling technique, which
accumulates information in a learning-like manner, the
processing incorporates the noted local-global calcula­
tions that reduce the total number of calculations to
gain the same information. Local-global computations
are preferred to attain a satisfactory lightness field cal­
culation which does not ignore any portion of the image
field. The global or long-distance interactions provide
each portion of the image. with the correct relationship
to distant parts of the image. Local interactions are
important as well, because they provide high resolution
information which reliably relates nearby points to each
other. The composite technique just described pro­
cesses the entire image using field-by-field computations
to sample information for long distance interactions. It
then processes the entire image again using slightly
shorter distance interactions. and combines the results
with the reset-pooling technique. The process continues
in this manner until it examines the image with single
pixel resolution.

Each processing iteration illustrated in FIG. 1 prefer­
ably involves at least four steps, i.e. ratio, product, reset
and average, with a field of radiance information like
the field associated with the (4) X(4) array of pixels in
FIG. 1. Each item ofinformation in the field stems from
the radiance at a particular location, i.e. pixel, in the
two-dimensional image field and hence can be identified
by labeling with the coordinates of that pixel.

The first step of each iteration is to pair the pixels of
the image field and to compute for each pair the ratio of
the radiance values at the paired pixels. The ratio is a
measure which compares the radiance at one pixel,
termed a source pixel, to the radiance at the paired
pixel, termed a comparison pixel. When the radiance
information is logarithmic, the log of this ratio can be
calculated as the arithmetic difference between the logs
of the paired radiance values. Thus where r(o,o) repre­
sents the radiance information at the origin pixel and
r(x,y) represents the radiance value at the comparison
pixel, the ratio operation which the first step performs
can be represented by the algebraic expression:
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pixels, as the second column in FIG. lC depicts. The
vector representation of the pixel jump for this third
iteration appears in the lower row of FIG. Ie.

The illustrated fourth iteration pairs each pixel with
the one located one unit below it, FIG. 10. The infor- 5
mation for pixel (X) is hence compared with that at
pixel (N). The averaged product for each of these loca­
tions has a different eight-pixel history, as FIG. lC
shows in the middle row for pixel (X), developed over
the three prior iterations. Consequently, the resultant
new averaged product at pixel (X) is a function of the
initial radiances at each of the other fifteen pixels, as the
simplified FIG. 10 depicts in the second row. (The
simplification in the second row of FIG. 10 is that only
some prior interactions are shown.) The pairing vector 15
between pixel (N) and pixel (X) is added to the prior
vectors to yield the vector representation which ap­
pears in the lower row of FIG. 10. Note that successive
vectors extend at right angles to one another. Note also
that successive vectors, from iteration one to four, are 20
either of the same or lesser size.

In this manner, four relatively simple iterations com­
pare the radiance at each pixel with that of fifteen oth­
ers. Expressed mathematically, the process is such that 25
after (N) steps the radiance at each pixel is compared
with those at (2N -I) other pixels.

FIG. 2 shows twelve steps of an actual eighteen-step
vector pattern with which the invention has been suc­
cessfully practiced with an image field having a 30
(512)X(512) array of pixels. For clarity of illustration,
FIG. 2 omits the two initial largest steps and the final
four smallest steps. The illustrated pattern involves an
ordered progression of iterations commencing with two
successive steps of (256) pixels each (not shown in FIG. 35
2), followed by the two steps shown of (128) pixels
each, and proceeding as shown with two steps of sixty­
four pixels each, two of thirty-two pixels each, two of
sixteen pixels each, two of eight pixels each, and two of
four pixels each. These are foHowed by four steps not 40
shown: two of two pixels each and two of one pixel
each. The spacings between the pixels of successive
pairings thus progressively decrease in length. The
directions of the spacings also progressively change,
e.g. successive directions in the illustrated pattern (in- 45
eluding the six steps not shown in FIG. 2) are perpen­
dicular to one another in clockwise order. The eighteen
comparison-measuring iterations with this ordered suc­
cession of pairing steps yield an averaged product for
each pixel, aside from those which are to be compared 50
with locations beyond a boundary of the image field,
which is the result of comparing the radiance there with
those at over a quarter-million other pixels. The final
averaged products can be used to produce a photo­
graphic image having the significantly improved light- 55
ness qualities described in the foregoing examples.

The image processing described with reference to
FIGS. 1 and 2 incorporates several features. One is that
it uses field-by-field computations so that each iteration
calculates a new measure for each pixel. The example in 60
FIG. 1 explicitly describes the process that calculates
the measure for pixel (X). That process, however, is a
one-pixel part of multi-pixel field-by-field computations
that yield, at each iteration, a new resultant for each
pixel in the field. Further, each iteration after the first 65
one brings every pixel the information already accumu­
lated by another pixel, thus producing a geometric
growth of interactions.
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log np(x,y)= 112{[log op(x,y)]+ [log op(o.oH log
t(x.y)-Iog 1(O,o)l*}

log iP(x,y)=log op(o.oHlog 1(x,y)-log 1(0.0)

and is defined as

This log ofthe new averaged product at the comparison
location (x,y) is used as the log of the old product term
for that location in the next iteration. 40

The invention can be practiced without the fourth
processing step. That practice uses the reset intermedi­
ate product as the comparison measure assigned to the
comparison pixel for the next iteration. The preferred
practice, however, includes the fourth step, which im- 45
proves both the efficiency of the process and the quality
of the results.
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the red, blue and green color bands as conventional in
full color electronic image processing. Each processor
20, 22 and 24 processes the radiance-identifying signals
in a single color band to develop signals identifying the

5 image lightness property for that color band at each
point in the image field, e.g. in the field of view of the
lens system 18.

One processor 20, shown in further detail, has a first
refresh memory channel 26 which has a refresh memory

10 28, a scroll device 30, and a look up table 32. The re­
fresh memory can be a random access memory to store
the field of image information from the input stage. The
illustrated input stage detector has a (512)X(512) CCD
array and the refresh memory has capacity to store the

15 radiance information for each detector element as a byte
of eight bits. In a typical representation of signals, the
maximum possible response is assigned to the level 255,
and 0.01% response is assigned to the level 0, with
logarithmic signal increments evenly assigned to the
levels between. The scroll device 30 can displace the
field of image information from the refresh memory
independently along both the (X) and the (Y) directions
by a number of specified coordinates. It typically em­
ploys a shift register and a memory to recall a sequence
of scroll positions. The look up table 32 employs a ran-
dom access memory that is addressed by each informa­
tion byte being processed to provide a real time trans­
formation. The table 32 provides a negative transforma­
tion function. The term "negative" denotes an arithme­
tic function having a slope of (-1). The effect of pro-
cessing a field of image information with such a polarity
inverting function is to convert between a positive
image and a negative image.

35 The FIG. ;.; system has a second refresh channel 34
with a refresh memory 36, a scroll device 38, and a look
up table 40. A third refresh channel 42 has a refresh
memory 44 and a look up table 46, but requires no scroll
device. An adder 48 is connected with the look up
tables 32, 40,46 from each of the three channels 26, 34
and 42. It sums any active inputs and applies the resul-
tant to an adder output line 50. A feedback connection
52 applies the output from the adder, by way of a look
up table 54, selectively to the input of the second chan­
nel memory 36 and third channel memory 44.

The system output stages are illustrated as a nonlinear
color masking stage 58, an exposure control stage 60,
and a display stage 62. A program control unit 56, typi-

An Image Producing System cally including a programmable processor and con-
FIG. 3 shows a full-color image-producing system 50 nected with each processor 20,22 and 24 and with each

which implements the foregoing lightness-imaging stage 58, 60 and 62 as illustrated, controls the system
techniques. The system has an input stage 12 that devel- operation. The color masking stage 58 provides a color
ops information identifying the optical radiance of a masking operation which accentuates the color of each
field of view to be displayed. The illustrated input stage area of the image field and compensates for color desat-
is a camera, e.g. photographic or television, and has an 55 uration both in the input stage detector 14 and in the
optical detector 14 that receives the light energy from a display stage 62. By way of example, a general purpose
field of view or other original image 16 via a lens system of color masking in photography is to correct for differ-
18. The detector 14 is typically a multi-element array of ences between ideal dyes and dyes realizable in actual
photosensitive elements, each of which produces an photographic systems. The literature regarding such
electrical signal in response to the light energy incident 60 color masking includes: Clulow, F. W., Color Its Princi-
on it. The detector response preferably is proportional pIes And Applications, published by Morgan & Morgan
to the logarithm of the light energy to facilitate subse- in New York, 1972, pages 157-159 and 172-179; and
quent signal processing. Examples of such a detector Hunt, R. W. G., The Reproduction OJ Color, published
are an array of charge coupled devices, Le. a CCD by Wiley in London, 1967, pages 233-263 and 383-416.
array, or a charge induction (CID) array. 65 The color mask stage 58 can also correct for the limited

The input stage 12 thus applies electrical signals pro- color response and limited color transmission capabili-
portional to the logarithm of radiance to each of three ties in the various stages and elements of the system.
identical image processors 20, 22 and 24, one for each of The color mask stage 58 thus typically provides color

where:
log ip(x,y) is the log of the intermediate product at

the comparison pixel of the pair; and
log op(o,o) is the log of the old product previously

existing, i.e. old product, at the origin pixel.
The system is initialized for the first iteration by assign­
ing an old product to each pixel. The initializing prod­
uct preferably corresponds to an extreme optical condi­
tion such as total blackness or full whiteness. The illus­
trated embodiment initializes with the latter, which
corresponds to an initializing value of unity.

In each processing iteration the third step takes inter­
mediate products which are greater than unity and
resets them to unity. A star (*), designates a reset inter­
mediate product in the following equations (3) and (4).

The fourth processing step combines reset intermedi­
ate products to form, for each comparison pixel, a new 20
averaged product to be used in the next iteration. As
described with reference to FIG. 1, it has been found
preferable to produce the new averaged product as the
geometric mean of the existing or old averaged product
at the comparison pixel in each pairing and the new 25
value of the reset intermediate product that pixel,
formed as set forth in equation (2). Where the term "log
op(x,y)" is the logarithm of the old averaged product at
the comparison pixel, the new product (np) at that loca-
tion is thus calculated as 30

log np(x,y)=[log oP(x,yHlog tjJ*(x.y)]/2 (3)
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44 store can have any of(256) possible values. The FIG.
5 functions hence show the new values which the differ­
ent look up functions assign to each ofthe possible (256)
values, and to the possible values which the sum of two

5 bytes can have.
FIGS. 4 and 6A show that the aforementioned first­

step operation of pairing pixels is carried out by scroll­
ing the contents of the first channel refresh memory 28
with the scroll device 30. The scroll, which can be of
any magnitude in either or both directions, is designated
as being of (xn, Yn) pixels. The subscript (n) identifies the
number of the iteration being performed, inasmuch as
different iterations in an operating cycle can-and gen­
erally do-involve different scroll steps. The first illus­
trated step of the eighteen-iteration operating cycle
which FIG. 2 in part shows involves, by way of exam-
ple, a scroll of(128, 0) at this juncture. Where pertinent,
FIGS. 4 and 6 show the block representation of each
refresh memory with a coordinate designation in the
upper right corner to indicate whether the contents
correspond to the origin pixel or to the comparison
pixel of a pairing. FIG. 6A accordingly shows the re­
fresh memory 28 with the origin-designating coordi­
nates (0,0).

FIG. 6A also shows that the data path which the
program control unit.56 (FIG. 3) establishes in the pro­
cessor 20 for this scroll operation applies the contents of
the first channel refresh memory 28 to the scroll device
30, which introduces the specified scroll. The scrolled
image information is applied to the look up table 32,
which transfers it without change to the adder 48. The
adder has no other active inputs and hence simply ap­
plies the same scrolled image information to the feed­
back look up table 54. This element applies the linear
and reset function of FIG. 5R, which in this instance
imparts no transformation to the data, so that the
scrolled image information output from the scroll de­
vice 30 is applied to the refresh memory 36 of the sec­
ond channel 34. The memory stores this information
with an operation subsequent to FIG. 6A.

FIG. 4 designates the foregoing scroll and store oper­
ations in the first portion of Step I. At this juncture, the
radiance information for each pixel of the original
image is paired with the radiance information of the
pixel offset from it by Xn and yn pixels.

The illustrated image processor 20 executes the re­
maining first-step operation of computing the ratios of
paired radiance values by applying both the negative
contents of the first channel memory 28 and the con­
tents of the second channel memory 36 to the adder 48,
and by storing the resultant sum from the adder in the
memory 36. FIG. 4 designates these operations in the
last portion of Step I. FIG. 6B shows that to provide
this operation the program control unit 56 applies the
contents of the first channel memory 28 through the
scroll device 30, which imparts no scroll, and actuates
the look up table 32 to provide the negative function
and apply the transformed data to the adder 48. The
control unit also applies the scrolled image information
in the second channel memory 36 through the scrolled
device 38, again without scroll, and through the look up
table 40 without transformation to a second input of the
adder 48.

The adder sums the two binary input signals and
applies the resultant nine-bit byte to the feedback look
up table 54, which the control unit 56 actuates to pro­
vide the compress to eight-bit functiOI1 (FIG. 5D). This
function changes the nine-bit byte gutput from the
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correction, color enhancement and color masking to
optimize the output signals from the image processors
20,22 and 24 for subsequent color display. It can also
provide an antilog conversion function unless thaHunc­
ti0l1 has been provided in adder 48.

The exposure control stage 60 transforms the pro­
cessed and color masked lightness-identifying signals
into the format which matches the display stage 62. In a
television-imaging system, the display element 62 typi­
cally includes a cathode ray tube television display such 10
as a video monitor, whereas in a photographic camera
system this element typically inclUdes a light-emitting
diode (LED) array arranged to expose photographic
film.

The foregoing elements of the FIG. 3 system can be 15
conventional devices known to those skilled in the art,
including the arts of computer graphics, electronic
image processors, and image computers. By way of
example, the International Imaging Systems division of
Stanford Technology Corporation markets an image 20
computer which employs elements suitable for the im­
age-producing system of FIG. 3.

System Operation

FIG. 4 is a flow chart of the foregoing four step 25
iteration applied to the FIG. 3 processor 20. This pro­
cessor is typical of the other processors 22 and 24, for
the three image processors can be identical in construc­
tion and in operation, and operate independently of one
another except as the program control unit 56 imposes 30
simultaneous or other time-coordinated operation. The
three refresh memories 28, 36 and 44 of the processor 20
are assigned different rows of the flow chart, and suc­
cessive operations are shown at different positions along
the chart starting with the initial conditions at the left 35
and progressing to the right. The processor is initialized
by storing original image radiance information received
from the input stage 12 in the first channel refresh mem­
ory 28. The initial contents of the second channel mem­
ory 36 are not significant. The third channel memory 44 40
is initialized with reset ratio product values correspond­
ing to 100% reflectance, as discussed above.

The flow chart of FIG. 4 is described further to­
gether with FIGS. 6A, 6B, 6C and 6D, which show the
image processor 20 at different stages in the four-step 45
iteration. The several FIG. 6 drawings are thus identical
except that each shows different specific connections
which the program control unit 56 provides between
the elements of the processor. Further, each FIG. 6
illustration shows with a heavy line the path of informa- 50
tion transfer between the processor elements for a spe­
cific step in the operating sequence.

The FIG. 6 drawings also designate the functions
which each illustrated look up table 32, 40, 46 and 54
can provide, and FIG. 5 shows a graphical representa- 55
tion of each function. With particular reference to FIG.
6A, the look up table 32 can provide either no transfor­
mation or the negative function of FIG. SA. The look
up table 40 in the second refresh channel can provide
either no transformation, an expand to nine-bit function 60
of FIG. 5C, or a compress to seven-bit function of FIG.
5B. The feedback look up table 54 likewise can provide
any of three functions, i.e. no transformation, a com­
press to eight-bit function of FIG. 5D, or a linear and
reset function of FIG. 5E. 65

Each look up table 32, 40, 46 and 54 thus can assign
new values to each byte applied to it. The eight-bit
bytes which the illustrated refresh memories 28, 36 and



4,384,336
19 20

adder 48 to an eight-bit representation. The purpose is scrolled by (x) and (y) units from the initial coordinates,
merely to accommodate a memory 36 which has only as a result of the scroll operation performed in Step I,
an eight-bit byte capacity. (Note that each FIG. 6 draw- whereas the contents of the latter memory are at the
ing shows the contents of the refresh memories 28 and initial coordinates designated (0, 0). The reset product
36 and 44 at the beginning of the operation which it 5 contents of the refresh memory 36 accordingly are
depicts. Thus, FIG. 6A shows the contents of the re- scrolled back to the initial coordinates with the scroll
fresh memories at the beginning of the scroll operation, device 38 by the requisite ( - Xn) and (- yn) coordinates,
and FIG. 6B shows the memory contents at the begin- as FIG. 6D shows, before being applied to the adder 48.
ning of the ratio-computing operation.) With further reference to FIG. 6D, the second chan-

To execute the second step of an iteration, which 10 nel look up table 40 compresses the reset products to
forms the product of the ratio with a quantity desig- seven-bit bytes with the function of FIG. 5B. The third
nated an old product and which may be existing or channel look up table 46 imparts a similar compress
assigned, the program control nnit 56 conditions the function to the old product contents of the refresh mem-
channel two and channel three elements to sum the ory 44. The resultant two sets of numbers are applied to
contents of the refresh memories 36 and 44, as FIG. 6C 15 the adder 48. The compress operations imposed by the
shows. The resultant intermediate product is stored in look up tables 40 and 46 yield from the adder 48 an
the refresh memory 36, all as the flow chart of FIG. 4 eight-bit sum which can be stored directly within the
designates for Step II and in accordance with Equation eight-bit capacity of the refresh memory 44.
(2). More particularly, with reference to FIG. 6C, the More importantly, by compressing each set of num-
ratio information in the refresh memory 36 is applied 20 bers from the memories 36 and 44 in this manner prior
through the scroll device 38, without offset, to the ex- to the addition, the resultant sum from the adder repre-
pand function of the look up table 40. This transforma- sents an equal weighted, Le. fifty-fifty, average of the
tion expands the eight-bit representation of each num· two sets of numbers. Where unequal weightings are
ber to a nine-bit byte, FIG. SC. This expand operation desired for the averaging, the look up tables 40 and 46
restores to the information read from the refresh memo 25 can have appropriate compressing functions to yield a
ory 36 the nine-bit format it had prior to the compress to sum which is the appropriately weighted average. A
eight-bit function which the feedback look up table 54 further reason for the compress to seven-bit operation
imposed during the prior, ratio computing, step. The prior to addition is described hereinafter.
nine-bit output from the look up table 40 is applied to FIG. 6D also shows that the feedback look up table
the adder 48, as are the contents of the third channel 30 54 applies the linear the reset function (FIG. 5E) to the
refresh memory 44. For the first iteration of operation, resultant sum from the adder 48, and that the output
this memory stores an initialized old product for each from. the table is applied to the third channel refresh
pixel, preferably corresponding to a uniform field of memory 44. The numbers input to the look up table 54
100% reflectance as previously discussed. The adder 48 are all within the (0) to (255) range, and accordingly the
sums the two inputs to develop the. intermediate prod· 35 table applies the linear portion of its function to the sum,
uct. . i.e., applies the sum from the adder to the memory 44

The feedback look up table 54 performs the Step III without transformation.
reset operation on the intermediate product from the FIG. 4 shows the resultant averaged new product in
adder 48 as FIG. 6C shows. The reset intermediate the refresh memory 44 at the completion of this Step IV
product is applied to the second channel refresh mem- 40 operation in terms of equation (4).
ory36.Each byte input to the table 54is Ii sum from the The FIG. 3 image processor 20 is now ready to repeat
adder 48, and the reset portion of the FIG. SE function the four-step iteratIon. Each iteration after the first one
is effective at. this juncture. This function transforms uses the same original image field of radiance informa-
input numbers valued between (-255) and (0) to (0), tion which the first channel refresh memory 28 initially
transforms input numbers with a value between (0) and 45 stored. However, the succeeding iterations do not use
(255) to an eight·bit number of identical value, and the initialized conditions in the third channel refresh
transforms input numbers with a value greater than memory 44, but rather use the new averaged product as
(255) to the maximum value of (255). This reset function computed and stored in that memory in the last step of
thus produces a field of eight-bit reset products which the preceding iteration.
are limited to values between (0) and (255), and in 50 The FIG. 3 system performs a number of the itera-
which input values both lower and greater than this tions described with reference to FIGS. 3-6 and com-
range are effectively clipped. Prior to this reset opera- pares different pixels in each iteration. The comparisons
tion, each intermediate product identifies at least in part are made by scrolling the contents of the refresh memo-
a lightness value. The reset operation normalizes the ries 28 and 36 with the scroll devices 30 and 38 through
values of the highest Iightnesses in the image being 55 different coordinate distances in each iteration. The
produced, regardless of the radiance detected or sensed theoretical objective is to compare the original image
from that pixel in the original scene. radiance information, stored in the first channel mem-

The reset intermediate products output from the feed- ory 28, for each pixel with that stored for every other
back look up table 54 are stored in the second channel .pixel. FIG. 2 shows a sub-set of twelve scroll displace-
refresh memory 36 at the end of the Step III operation, 60 ments. It is a measure of the significance .of the inven-
as appears in FIG. 6D, which shows the condition of tion that a complete image-producing cycle requires
the memory 36 prior to the next operation. only eighteen such iterations. The operation com-

This next operation is the iteration Step IV determi- mences with a largest displacement, a,nd proceeds
nation ofa new average product for each pixel. The two through the cycle with successive sets of two iterations,
sets of logarithmic numbers to be combined for forming 65 each of which involves progressively. smaller scroll
the new product are in the second channel refresh mem- displacements. Note that in every iteration except the
ory 36 and in the third chanm:l refresh memory 44. final two,· (i.e. numbers seventeen and eighteen), each
However, the set of numbers in the former memory is pixel is, paired for comparison with a pixel spaced from
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images to reduce the influence of gradients on the dy­
namic range of calculated lightness fields.

One mechanism alternative to a threshold for gradi­
ent removal is a system that combines a reset step with

5 a lightness field-determining operation in which many
different comparison segmental areas influence each
segmental area. Each segmental area has a different
history of spatial interactions with other areas. When
the history of interactions is limited, the influence of

10 random fluctuations is propagated along these limited
With further reference to FIG. 3, where it is desired directions and causes local areas of unwarranted higher

to impose a threshold on the ratio of radiances deter- or lower lightness. This unwanted propagation of ran-
mined in each processing iteration, the feedback look up dom fluctuations does not occur when each segmental
table 54 can provide this operation. The inset in FIG. area is influenced by very large numbers of comparison
5D shows a compress to eight-bit function which also 15 segmental areas. Instead, the random events cancel one
provides a threshold function. This illustrated threshold another.
function is such that all input values between (-2) units In addition, a gradient is by defmition a radiance
and (+2) units inclusive produce the same output value. change in a particular direction. The combination mea-
Such a threshold function can be advantageous in an sure which this invention provides does not emphasize
image processor according to the invention to yield a 20 radiance gradients. The contributions of such gradients
ratio of unity when the two radiance values being com- are different in magnitude for each direction and spatial
pared are within a specified percent of each other. This parameter of comparison. Further, a gradient produces
threshold removes the spatially slow changing effects of a smaller change in lightness field calculations than an

object edge ofthe same magnitude. An extended edge is
gradients of illumination found in many images. As 25 equally detectable in all directions that cross it. It is
desired, a suitable threshold does not visibly affect the

considered that the combination measure may empha­accurate imaging ofdiscontinuous changes in radiance size radiance changes produced by abrupt edges be­information. The latter radiance changes or transitions, cause most directions and most spatial parameters for
which are the ones measured with the practice of this grouping segmental areas for comparison yield the same
invention, generally stem from the changes in reflec- 30 measure of the change. Hence multiple measuring itera-
tance that occur at the boundaries or edge of an object tions as described herein yield measures which rein-
in the original scene or image. By way of specific exam- force one another.
pIe, where the memory levels (0) to (255) evenly repre- In the study of human vision one often finds in the
sent four log units of radiance, the foregoing threshold literature the division of segments of visual images into
suitably treats radiance values that are within seven 35 two arbitrary categories: objects, and illumination. In
percent (7%) of each other as being equal. This value is addition, the literature contains numerous discussions of
not critical; other values can be used as appropriate for how human vision discounts illumination, so that infor-
the implementation and the application. mation about objects in the field of view has greater

The threshold operation is applied to the ratio output emphasis. This arbitrary division of visual images has
from the adder 48 in Step I of the iteration described 40 many exceptions. For example, shadows produce large
above. That is, the feedback look up table 54 imposes changes in sensation, despite the fact that they are inten-
the threshold function simultaneous with the compress sity variations in illumination. As another example,
to eight-bit operation discussed with reference to FIG. gradual reflectance changes across the surface of an
6B. It will be appreciated that a threshold is to some object cause small changes in sensation, despite the fact
extent inherent as a result of quantifying data in the 45 that they represent changes in the properties of the
present embodiment of the invention. The practice of object.
the invention as described with the system of FIG. 3 Instead of characterizing different portions of images
hence can be considered as imposing a threshold" on as objects and as illumination, it is more useful to char-
each ratio computation. acterize them as radiance transitions that are abrupt, or

A further finding of this invention is that a threshold so as radiance changes that are gradual. Radiance transi-
alone is insufficient to remove from all images the unde- tions that are abrupt generate large changes in lightness,
sirable effects on total dynamic range of gradual whereas radiance transitions that are gradual generate
changes in illumination. When a uniformly illuminated small changes in lightness. Signal processing systems
image has pixel-to-pixel variations in radiance which that produce lightness fields produce quantities that
regularly exceed the threshold, the threshold alone is 55 correspond to lightness.
not sufficient to remove gra.dients superimposed on that The foregoing lightness image processing of this in-
image. The problem is typically encountered in images vention realizes these properties of visual processing by
with significant pixel-to-pixel signal fluctuations which calculating combination measures in such a way that
are introduced by limitations of the image detecting abrupt changes in radiance are characterized by a set of
mechanism. Within a single image object, these varia- 60 reports all of which are the same. Furthermore, combi-
tions commonly exceed the thresholds of plus or minus nation measures are calculated in such a way that gradi-
one or two grey levels which typically are adequate in ents are de-emphasized by either a threshold or a tech-
fluctuation-free images. This degree of consistency ex- nique using many comparison segmental areas with
ceeds the tolerance levels of typical electronic image different spatial interaction histories, or both.
systems. Even with low-fluctuation images, a predomi- 65
nance of minute object detail can have similar effects. Wraparound Insulation
Despite the already demonstrated abilities of a thresh- Each image processor 20, 22 and 24 of FIG. 3 pro-
old process, other techniques are important for many vides the foregoing measure of a radiance transition in a
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it by more than one pixel unit. That is, all but the final
two pairings are between pixels that are separated with
at least one pixel between them. The array of averaged
new products available from each processor 20, 22 and
24 at the completion of these eighteen iterations is ap­
plied, under control of the program control unit 56, to
the output stages 58, 60 and 62. This completes one
operating cycle of the FIG. 3 system.

Threshold
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manner different from that previously described in the
case of a pixel that is paired with a location that lies
beyond a boundary of the image field.· This different
operation, termed wraparound insulation, minimizes
errors that otherwise can arise from the foregoing de- 5
termination of a radiance transition measure, e.g. a new
product, for a pixel located such that after the scroll
displacement it is to be compared with an out-of-field
location, i.e. a location that lies beyond a boundary of
the image field being processed. 10

The image processor which the invention provides
avoids this error by identifying, in each iteration, each
pixel that is to be compared with an out-of-field loca­
tion. The processor retains the old product for that
pixel, and.uses it as the new product. This feature of the 15
invention is described with reference to an illustrative
iteration diagrammed in FIGS. 7A, 7B, 7C and 7D for
the image processor 20 and which involves pairing each
pixel with the one located (128) pixel units to the left.
Each FIG. 7 drawing shows only a portion of the pro- 20
cessor 20, and each designates the contents of each
illustrated refresh memory as mapped in four equal
sized regions, each of (128) pixels by (512) pixels. The
original image information which memory 28 stores in
the memory regions 28a, 28b, 28cand 28d is designated 25
as A, B, C and D, respectively.

The illustrated image processor 20 handles the out-of­
field situation which the scroll of (128) units presents in
a conventional manner. As FIG. 7A shows, the proces­
sor scrolls the information A, which is originally stored 30
in the leftmost region 28a of the first channel memory,
to the opposite side and places it into the right edge
region 36d of the memory 36 in the second channel.

FIG. 7A, which thus corresponds to FIG. 6A, fur­
ther illustrates this wraparound scroll operation with 35
the representation that the contents of the refresh mem­
ory 28, upon being scrolled (128) pixel units to the left,
have the format which appears in the memory map 64
shown to the right of the adder 48. This mapping of
information is stored in the second channel refresh 40
memory 36 by way of the feedback path 52. FIG. 7A
thus shows the contents of the two refresh memories 28
and 36 after the Step I scroll operation. The shading
designates the memory regions 28a and 36d which store
information that the scroll operation wraps around from 45
one memory border to the other, i.e. the memory region
which in this example stores the information A. Thus, in
every iteration described above with reference to
FIGS. 4 and 6, the image processor 20 scrolls the con­
tents of memory elements adjacent an edge or boundary 50
of the memory and wraps it around for storage in mem­
ory elements adjacent the opposite edge or boundary.

The transition-measuring image processing described
above with reference to FIG. 6, however, can encoun­
ter problems if it processes the wraparound information 55
in the same manner as other information. That is, imag­
ing errors are likely to arise in the present example if the
radiance information A wrapped around for storage in
region 36d of memory 36 is processed in the same man­
ner as the information in the other regions 360, 36b and 60
36c of that refresh memory. An example of this error
occurs where the original image being processed is of a
scene illuminated from the right side with ten times
more light than on the left side. The lO-to-l gradient in
illumination improperly dominates the Step I ratio cal- 65
culations where radiance information from pixels at
opposite sides of the image field are compared by virtue
of the scroll wraparound.
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The processor 20 which the invention provides

solves this problem by disregarding transition measures
which result from such wraparound ratios. The proces­
sor instead identifies each pixel where the radiance
information is compared with information that is
scrolled from edge to edge, i.e. where a wraparound
ratio is involved. The processor retains the old product
for each such identified pixel and uses that product in
the next iteration, instead ofdetermining a new product,
as occurs for all other pixels. The processor 20, typical
of the processors 22 and 24, thereby insulates each itera­
tion from communication between image locations that
are separated in a direction opposite to the direction of
the scroll for that iteration.

FIG. 7B shows the same portions of the processor 20,
with the mapped contents of memories 28 and 36, as
FIG. 7A. The mapping 66 at the right of FIG. 7B de­
picts the logarithm ofa ratio and hence depicts the sum
of the negative of the memory 28 contents and the mem­
ory 36 contents output from the adder 48 after the Step
I ratio computation of Equation (1). The right-most
mapping region 66d contains the sum designated
(A-D), wnich is a wraparound ratio, Le. a difference
between memory contents which in the first channel
memory 28 are separated in the direction opposite to the
direction of the scroll that preceded the ratio computa­
tion. This sum manifests the wraparound error dis­
cussed above. The contents of the remaining mapping
regions 660, 66b and 66c are correct and unaffected by
the scroll wraparound.

The illustrated processor proceeds in the same man­
ner described with reference to FIG. 6C with the Step
II computation of an intermediate product. FIG. 7C
shows the mapping of the refresh memory contents for
the second and third channels of the processor 20. The
contents of the memory 36 have the same mapping as
appears in the mapping 66 at the right side of FIG. 7B.
The refresh memory 44 contains old product informa­
tion designated as PA, PB, PC, and PD for the four
memory regions 440, 44b, 44c and 44d, respectively.
The mapping 68 of the sum of these two memory con­
tents with the adder 48 appears at the right side of FIG.
7Co This sum is the intermediate product computed
according to Equation (2). The sums mapped in regions
68a, 68b and 68c are in the desired form, unaffected by
the scroll wraparound. The sum mapped in region 68d,
however, is prone to scroll wraparound error.

The processor operation proceeds to the Step III
reset operation which the feedback look up table 54
performs, as described above with reference to FIG.
6D. The reset intermediate product is stored in the
second channel refresh memory 36, as FIG. 7D shows.

To execute the last iteration step, i.e. the Step IV
averaging computation, the scroll device 38 scrolls the
contents of the second channel memory 36 by an equal
and opposite amount from the scroll effected in the first
step of FIG. 7A, Le. a scroll of (128) pixels to the right
in this example. The mapping 70 in FIG. 7D represents
the second channel refresh memory 36 contents after
this scroll operation. The field of information is applied
to the adder 48 by way of the look up table 40. At the
same time, the contents of the channel three memory 44,
shown in mapping 72 juxtaposed with mapping 70, are
applied to the adder 48 by way of the look up table 46.

The illustrated processor 20 combines the two sets or
fields of information in a straightforward manner for all
regions of the mappings except for the region that in­
cludes information manifesting scroll wraparound. This
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is the information in the channel two memory region
36d, and which the scroll device 38· scrolled· to the
mapping region 700.

The processor 20 develops the new product informa­
tion for this region in response entirely to the old prod- 5
uct information in the mapping region 720, i.e: in the
region 44a of the third channel memory 44. As FIG. 7D
shows, the resultant mapping 74 of the adder 48 output
contains old product information in the region 740. This
mapping region corresponds identically to the memory 10
28 region 280 designated in FIG. 7Aas containing infor­
mation which this iteration would subject to a scroll
wrapround. The remaining mapping regions 74b, 74c
and 74d contain new products computed as described
above according to Equation (4). The modified new 15
product which the mapping 74 represents is stored in
the channel three refresh memory 44, in accordance
with the flow chart of FIG. 4, Step IV.

One detailed operating sequence for determining a
new product which retains old product information in 20
the foregoing manner, as mapped in the memory region
740. is to save the old product information in a buffer or
other store of the program control unit 56, FIG. 3, prior
to the product-producing addition operation of Step IV.
A subsequent operation writes the saved old product 25
information into the specified region of the third chan­
nel refresh memory 44. The program control unit 56
can identify the region of memory 44 which contains
old product information to be saved in this manner by
using the coordinate displacement information, i.e. (Xn, 30
YII), which controls the scroll devices 30 and 38 for the
iteration in process.

Another operating sequence for effecting the forego­
ing wraparound insulation involves inserting a marker
digit in each refresh memory location which stores 35
information that is to be subjected to a scroll wrap­
around. The look up tables 40 and 46 can effect a com­
press function, with the sets of marked information,
different from that of FIG. 5B to yield from the adder
48 an averaging in which the resultant for the marked 40
memory locations is responsive exclusively to the old
product information. More particularly, according to
this alternative sequence, after the reset intermediate
product is stored in the second channel memory 36 to
complete Step III (FIGS. 3 and 7D), the program con- 45
trol unit 56 clears the low order bit of every byte of
product information in both refresh memories 36 and
44. The control unit next writes a binary ONE into the
low order bit of only those bytes which the register of
the scroll device 38 identifies as being involved in a 50
scroll wraparound for that iteration. This selective stor­
ing of binary ONES tags or marks each byte of product
information in the memories 36 and 44 to identify those
which reflect scroll wraparound. The marked contents
of the memory 36 are next scrolled in the usual manner 55
with the scroll device 38.

However, instead of using the equal-weightin.g com­
press function of FIG. 5B as discussed above with refer­
ence to FIG. 60, the second channel look up table 40
provides a selective-averaging transfer function shown 60
in FIG. 8A, and the third channel look up table 46
provides a selective-averaging transfer function shown
in FIG. 8B. FIGS. 8A and 8B show each transfer func­
tion for inputs of decimal magnitude (0) to (10); each
function ranges in the same manner shown for inputs of 65
magnitude (0) to (255).

Each selective-averaging transfer function processes
a byte of marked information differently from a byte of
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unmarked information. 'More particularly, each marked
byte is an odd-valued number because it has a binary
ONE in the lowest order bit plane, whereas every un­
marked byte has a binary ZERO in the low order bit
and hence isvalued as lin even number. FIGS. 8A and
8B designate the transfer function for each odd-valued
input with a cross, and a circle designates the function
for each even-valued input.

The FIG. 8A transfer function produces a zerovalued
output in response to every odd-valued input, and pro­
duces a seven-bit output valued at one-half the magni­
tude of each even-valued input. That is, an input byte of
decimal value 1, 3, 5, 7 ••• 255 produces an output byte
of value zero, whereas an input byte of decimal value
(8), for example, produces an output value of decimal
(4). With this transfer function of FIG. 8A, the look-up
table 40 in the second refresh channel applies a zero­
valued input to the adder 48 in response to each marked
byte, which is a byte involved in a scroll wraparound,
and applies a one-half value byte to the adder in re­
sponse to every unmarked input byte.

The look up table of FIG. 8B likewise produces a
one-half valued output for every even valued input
byte. However, it responds to each odd-valued input
byte to produce an output value of the same magnitude.
With this transfer function, the look up table 46 re­
sponds to each unmarked input byte to apply a byte of
one-half the input value to the adder 48, but responds to
each marked input byte to apply a byte of the same
value to the adder 48.

The adder 48 responds to the fields of intermediate
product and old products transformed with these func­
tions to produce the desired "insulated" field of new
products which FIG. 7D shows with the mapping 74.

A Two Channel Image Processor

Before considering a further embodiment of the in­
vention, note that the image processor 20 described
with reference to FIGS. 6 and 7 employs three refresh
channels. The first stores original radiance information
regarding the image being processed. The second chan­
nel is used to perform calculations in accordance with
the lightness imaging process summarized in the flow
chart of FIG. 4. The third channel stores new product
information and presents it as old product information
for the next iteration. In contrast to these features, FIG.
9 shows another image processor 80 in accordance with
the invention. The processor 80 attains the same results
as the processor 20, but with two memory channels.
Further, it uses delay lines to effect scrolling in a time
domain, in contrast to scrolling in a spatial domain as in
the processor 20.

More particularly, the signal processor 80 has a first
refresh channel 82 with a refresh memory 84 that re­
ceives information from an input stage 86. The contents
of the memory 84 can be applied to different inputs of
an array adder 88 by way of either a negative look up
table 90 or a delay line 92. A second refresh channel 94
of the processor 80 has a memory 96 connected to apply
the contents to a further input of the adder 88 or to a
second adder 100 by way of a further delay line 98. A
reset look up table 102 is connected to receive the out­
put from the first adder 88 and apply it to the second
adder 100. The output from the adder 100 is applied to
a look up table 104 having a compress to eight-bit func­
tion as shown in FIG. 5D. The output of the look up
table 104 is the output from the processor 80. A feed­
back path 106 applied this output to the input of the
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second channel memory 94. The processor 80 operates
in conjunction with a program control unit 108.

The operation of the FIG. 9 processor 80 typically
commences in the same .manner as described for the
processor 20 with the first channel memory 84 storing a, 5
field of original image information proportional to the.:
logarithm of the radiance at each element of the image
field. The second channel memory 96 is initialized with
the logarithm of a selected uniform radiance field. The
processor 80 reads information from the refresh memo- 10
ries on a time sequential basis characteristic of conven­
tional shift register systems. With such operation, time
after onset of a memory scan or read operation is di­
rectly related to pixel location in the image field being
processed. That is, the information for successive pixels 15
is read out at known successive times in a memory read
operation. Further, each memory 84 and 96 can advan­
tageously use two orthogonal interconnections of the
memory elements therein, in order to accomplish image
displacements in either the x (horizontal) direction or 20
the y (vertical) direction with less delay than the time
required to read a single line of information from either
memory.

The processor 80 simultaneously performs the calcu­
lations of Equations (1) and (2) to produce an intermedi- 25
ate product. For this operation the processor simulta­
neously sums, with the adder 88, the three sets of infor­
mation identified by the three terms on the right side of
Equation (2), i.e. log op(o,o), log r(x,y) and the negative
of log r(o,o). To effect this operation, the contents of 30
the memory 84 as made negative with look up table 90
are applied to one input of the adder 88, the contents of
the memory 96 are applied to another input of the ad­
der, and the contents of the memory 84 are applied to a
third input of the adder by way of the delay line 92. The 35
delay line introduces a time delay that displaces the
information being read sequentially from the memory
84 in time by an amount equal to the desired (x,y) scroll.
The processor 80 thus generates the intermediate prod-
uct at the output from the first channel adder 88. 40

The intermediate product is reset with a transforma­
tion function similar to that of FIG. 5E by applying the
signals output from the adder 88 to the look up table
102. For memories 84 and 96 that store radiance infor­
mation as eight-bit bytes, the reset function for table 102 45
transforms ten-bit bytes, which the adder 88 produces in
summing three eight-bit input bytes, to eight-bit bytes.
The reset product is applied to the second channel
adder 100, which sums it with information identified by
the additional term on the right side of Equation (4), i.e. 50
the log op(x,y) term. This information is in the memory
96 and is applied to the adder 100 by way of the delay
line 98, which imparts the same time delay as delay line
92. The look up table 104 compresses the resultant sum­
mation signal output from the adder 100 to effect the 55
divide by two operation for completing the average
computation of Equation (4). The resultant averaged
product information is applied by way of the feedback
path 106 to the second channel memory 96, where it is
written on the same time sequential basis with which the 60
memories are read.

The FIG. 9 processor 80 further has a buffer 110 to
store the information in the memory 96 that is combined
with wraparound information from memory 84. The
program control unit 108 reads the buffer-stored infor- 65
mation back into the memory 96 in place of the new
product information which results from locations that
are paired by way of a· time-delay scan. wraparound.
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This use of the buffer 110 provides wraparound insula­
tion in the manner described above with reference to
FIGS. 7A through 7D.

Three image processors identical to the processor 80
of FIG.. 9. can provide a full-color image producing
system like the system of FIG. 3. That is, the system of
FIG. 3 can be constructed with a two-channel proces­
sor80 (FIG. 9) in place of each processor 20, 22 and 24.
It will also be apparent that the invention can provide
black-and-white and other single color imaging with a
system as shown in FIG. 3 which has only a single
image processor, instead of three as shown. Further, a
single-processor system can calculate all three lightness
fields for full. color imaging with a time-sharing opera­
tion, i.e. by processing the red, the green, and the blue
components separately on a time sequential basis.

Multi-Size Pairings

The embodiments of the invention described above
with reference to FIGS. 3 through 9 employ pixels
which represent image sections of uniform size. Also,
the spacings between elements paired in each iteration
with these embodiments bridge a variety of distances
and extend in different directions. The invention can
also be practiced using different elements to represent
image sections of different sizes. As with the foregoing
embodiments, these further embodiments can be prac­
ticed using independent iterations or averaged itera­
tions, i.e. using either a reset intermediate product or an
averaged product as the final combined measure for
each iteration.

A first embodiment of this practice of the invention
with image elements of different sizes is practiced with
the system of FIG. 3 using the image processors 20, 22
and 24, although it can equally be practiced with the
same system using the processor 80 of FIG. 9 in place of
each processor 20, 22 and 24. As will become apparent,
the embodiment employs refresh memories with greater
storage capacity than in prior embodiments to attain the
same level of image resolution. In this practice of the
invention, the radiance information identifying the
image to be processed is recorded or otherwise stored,
as in a memory element of the program control unit 56.
The program control unit 56 also records the original
image information, as thus recorded or stored, in a por­
tion 120 of the first channel refresh memory 28, as FIG.
10 shows. The identical image information is also cop­
ied into four other portions of the memory 28 with
different reduced sizes and orientations, as mapped in
FIG. 10 in the memory portions 122, 124, 126 and 128.
The illustrated mapping thus stores five image represen­
tations, each perpendicular to and one-half as large as
the next larger one. Further, the several image represen­
tations preferably are stored spaced apart.

Those skilled in the art will recognize that other
devices can be used to generate different size images of
the same scene on a single detector array. Except for
the different orientations, the same image representa­
tions as shown in FIG. 10 can be produced by using five
lenses of different focal lengths and five different lens­
to-detector distances. The shortest focal length lens
forms an image representation analogous to the one
mapped in the memory portion 128 in FIG. 10. Each
successively larger image representation is made with a
longer focal length lens that makes the image represen­
tation twice the size of the previous lens. The longest
focal length lens forms the largest image representation,
analogous to the one mapped in the FIG. 10 memory
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30
portion 120. This embodiment does not require a high TABLE I-continued
resolution record of the entire image in the program
control unit 56 because each lens in the system makes 24 0 -1 83 1 1

25 -I -1 84 1 0
individual minified image representations of the scene. 26 0 -I 85 1 1
The image representations, whether optically or elec- 5 27 -1 -I 86 1 0

tronically minified, are processed in the same manner. 28 0 -I 87 1 1

The FIG. 3 system computes transition measures for 29 1 -1 88 1 0
30 0 -1 89 1 1

each image representation, in the same manner as de- 31 -1 -1 90 0 1
scribed above with reference to FIGS. 6A through 6D 32 -1 0 91 I 1

and the flow chart of FIG. 4 (and with wraparound 10 33 -1 -I 92 0 1

insulation according to FIGS. 7A-7D), to compute a 34 0 -1 93 -I 1
35 -1 -I 94 0 1

field of new products for each of the multiple image 36 0 -I 95 -I I
representations mapped in the memory 28 as shown in 37 -I -I 96 0 1

FIG. 10. The scroll in each iteration, however, is se- 38 0 -1 97 1 1

lected to compare only elements of the same image 15 39 1 -1 98 1 0
40 0 -1 99 I -1

representation. That is, the image representation stored 41 1 -I 100 1 0
in each memory portion 120, 122, 124, 126 and 128 is 42 0 -1 101 I -1

compared only with elements within that memory por- 43 -1 -I 102 0 -1

tion. Comparisons between different image representa- 44 -I 0 103 1 -1
45 -1 1 104 0 -1

tions are avoided or are processed as scroll wrap- 20 46 -1 0 105 -I -I
arounds in the manner described above with reference 47 -I 1 106 0 -1

to FIG. 7. With perpendicular or like differently-ori- 48 0 I 107 -1 -1

ented image representations as in FIG. 10, the system 49 -1 1 108 -1 0
50 -1 0 109 -1 1

operates with uniformly-directed scrolls, which can 51 -1 1 110 0 1
yield economies in implementation. 25 52 -1 0 III -1 1

Upon completion of the selected number of such 53 -1 -1 112 0 1

iterations, the final new products for the several image 54 -I 0 113 1 I
55 -1 1 114 1 0

representations in the third channel refresh memory 44 56 -I 0 115 1 1
represent the results of five independent lightness imag- 57 -1 -1 116 1 0

ing calculations that use diverse path directions to com- 30 58 0 -I 117 1 1

pare elemental areas of different real size. The program 59 -1 -1 118 0 1
119 1 1 178 0 -1

control unit S6 electronically zooms and rotates the 120 1 0 179 1 -1
resultant average products for the different image rep- 121 I I 180 0 -1

resentations to identical size and orientation, and then 122 I 0 181 1 -1

averages the several new product fields to form the final 35 123 I -1 182 I 0
124 0 -1 183 1 1

single field of lightness-imaging products. 125 I -1 184 0 1
Table I lists, in order, the scroll coordinates for a 126 1 0 185 I 1

two-hundred-iteration operating cycle for processing 127 1 1 186 1 0

different image representations as shown in FIG. 10 in 40 128 I 0 187 I I
129 1 1 188 1 0

the foregoing manner. The Table identifies each itera- 130 1 0 189 1 -1
tion by number, i.e. (I) through (200), and presents the 131 1 1 190 1 0

(x) and (y) scroll displacement coordinates for each 132 1 0 191 I 1

iteration. The practice of the invention as described 133 I -1 192 1 0
134 0 -1 193 1 I

with reference to FIGS. 3 and 10 and Table I employs 45 135 1 -1 194 1 0
larger capacity memories to store the multiple image 136 0 -1 195 1 -1

representations with equivalent resolution, as compared 137 1 -I 196 0 -1

to the practice according to FIGS. 3 and 6. 138 i 0 197 -1 -1
139 1 1 198 -1 0

TABLE I 140 I 0 199 -1 1

50 141 1 I 200 -1 0
I I 1 60 0 -1 142 0 1

'2 0 1 61 1 -1 143 1 I
3 1 1 62 0 -1 144 0 1
4 0 1 63 -1 -I 145 1 1
5 -1 1 64 0 -1 146 1 0
6 -1 0 65 1 -1 147 1 1
7 -1 1 66 0 -1 55 148 0 1
8 -1 0 67 -I -1 149 1 1
9 I -1 68 -I 0 150 0 I

10 0 -1 69 -I -1 151 I 1
11 -1 -1 70 -1 0 152 0 1
12 0 -1 71 -1 I 153 -1 I
13 -1 -1 72 0 1 60 154 -I 0
14 0 -1 73 -1 1 155 -I -1
15 1 1 74 0 1 156 -I 0
16 0 -I 75 1 1 157 -I 1
17 1 -I 76 0 I 158 0 1
18 -1 0 77 -I 1 159 -I 1
19 -1 -I 78 0 1 65 160 -I 0
20 -I 0 79 1 1 161 -I 1
21 -1 -1 80 0 1 162 0 1
22 -1 0 81 1 1 163 I 1
23 -I -1 82 1 0 164 I 0



TABLE II

Another embodiment of the multiple-size patnngs
uses a combination of optical and electronic techniques
to change the size of the image. Here a zoom lens· is
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memory 148 of each processor. The control unit 138
similarly initializes, preferably with the logarithm of a
selected uniform radiance field, a correspondingly lo­
cated one-sixty-fourth portion of the second channel

5 refresh memory ISO in each processor 140, 142, 144.
The control unit then performs with each processor a
selected number of iterations, each as described above
with reference to FIG. 9, using only the one-sixty­
fourth portion of each memory which stores image

10 information.
Before the program control unit 138 executes a sec­

ond cycle of iterations, the new product results of the
last iteration of the prior, first cycle are magnified, with
the zoom stage 145 and by enabling data paths 152 and
154 shown in the processor 144, by a linear factor of
two to initialize the second channel memory 150 of each
processor for the next set of iterations. The zoom stage
145 initializes each first channel memory 148 with a
sixteen-to-one area reduction of the information field in
each associated memory 132, 134,136, using one-six­
teenth of the refresh memory. The resultant new prod-
uct in each second channel refresh memory 150 is again
electronically magnified and placed in a one-quarter
portion of that memory to initialize it for the third cycle
of iterations. Similarly, the first refresh memory in each
processor receives, in a one-quarter portion, a four-
to-one area reduction of the original image field infor­
mation in its associated memory 132, 134 and 136. After
executing the third set of iterations, each processor is
again initialized, this 1ime using the entirety of each
refresh memory. The results of the fourth set of such
iterations yield in each second channel memory 150 a
full-size field oflightness-identifying new product infor-
mation for producing the desired display of the image
field.

The system of FIG. 11 thus performs multiple cycles,
each of multiple iterations and each using a successively
larger field of image-identifying information. Each
cycle produces a field of new product information
which is electronically zoomed or magnified to form
the initial old product for the start of the next set of
iterations. FIGS. 10 and 11 thus illustrate practices of
the invention using differently-sized image elements in
different processing iterations.

Table II is a list of thirty-two numbered pairs of rela­
tive time delays for one specific practice of the inven­
tion, used for each ofthe four cycles as described for the
system of FIG. 11.

4,384,336
31

1
o
1
1
I
1
1
o

-1
-1
-1
-1
-1

TABLE l-continued
1
1
1
o
I
o

-1
-1
-I

o
-1

o
1

165
166
167
168
169
170
171
172
173
174
175
176
177

Another embodiment of the invention with pairings
of multi-size image sections is identical to that described 15
with reference to FIG. 10 except that each image repre­
sentation is processed with a sequence of iterations
which may differ from the sequences used to process
other image representations. Each sequence has approx­
imately the same number of iterations, but the magni- 20
tudes of the distances between paired segmental areas
are tailored for each size of image representation. It will
also be apparent that each image representation mapped
in FIG. 10 can be processed with a separate image pro­
cessor tailored for the size of whichever image repre- 25
sentation it processes.

Sequential Progression of Sizes

Alternative to processing the different image repre­
sentations independently of one another, as described 30
with reference to FIG. 10, improved image quality after
equal or fewer iterations results when the several image
representations are processed sequentially and the new
product determined for each image representation is
used as the initialized information for the third channel 35
refresh memory 44 (or for the second channel memory
96 when each processor is of the two-channel construc­
tion shown in FIG. 9). It is further advantageous to
process the image representations in this ordered se­
quence starting with the smallest image representation 40
as shown in FIG. 10 in memory region 128, and pro­
gressing to the largest.

FIG. 11 shows a full-color image-producing system
for this practice of this invention. The illustrated system
has an input stage 130 which applies image-responsive 45
radiance information for each of three color bands to
different ones of three memories 132, 134 and 136. A
program control unit 138, illustrated as connected with
all other elements of the system beyond the input stage,
controls the operation of three image processors 140, 50
142, 144, illustratively each of the two-channel con- --1-------1----17----1----0--

struction described above with reference to FIG. 9. 2 1 18 1 1
Each processor 140, 142, 144 is connected to receive 3 1 19 1 1
image information from one memory 132, 134, 136, 4 1 20 0 I

respectively, by way of a zoom stage 145. An output 55 ~ : ~i _~ :
stage 146 receives the processed image signals from the 7 0 23 -1 1
three processors to provide the color masking, exposure 8 0 24 -1 1
control and like further signal processing as appropriate 9 0 25 - 1 1

and to provide the desired display or other output pre-:~ ~ ~~ =: :
sentation of the lightness processed image. 60 12 0 28 _ 1 1

The system first stores the logarithm of the radiance 13 -1 29 -1 1
information for each element of the image field, for each 14 -1 30 -1 1
of three wavelength bands, in different ones of the 15 -1 31 -1 1
memories 132, 134 and 136. The program control unit 16 -1 32 -1 1

138 reduces the size of the information field in each 65
memory 132, 134 and 136 by a factor of sixty-four with
the zoom stage 145, and stores the minified image field
in a one-sixty-fourth portion of the first channel refresh



4,384,336
34

This type of camera has a number of unique design
features that take advantage of the physical properties
of the components. The individual detector elements in
the array 166 can be small, even in comparison to the
size ofthe individual elements in the light emitting array
170. The latter array in turn is matched to the resolution
of the film. The use of a small detecting array is advan­
tageous because it allows the use of relatively short
focal length lenses for the same size final image, i.e. film
unit 178. A short focal length lens 164 means that the
camera is proportionally less thick, and that the optical
image has proportionally greater depth of field, thus
making the requirements for focusing less demanding.
In addition, shorter focal length lenses have smaller
flnumbers for the same diameter aperture.

An array of charge coupled devices (a CCD array) or
of charge induction devices (a CID array) is particu­
larly appropriate for the practice of this invention be-
cause of a combination of physical properties. First, this
type of photoelectric transducer is specifically designed
to report the radiances of a large number of pixels.
Second, these detectors respond to a large range of
radiances. This enhances the ability of the system to
correct for the large dynamic ranges of radiances found
in natural illuminations. Third, either array can addi­
tionally serve as a memory device. In principle this dual
property of the CCD or CIl) array, being both detector
and memory, can lead to a multilayered embodiment of
FIG. 9 that includes at least an input stage 86 and mem­
ories 84 and 94 in a single integrated circuit chip. Corre­
spondingly, a FIG. 3 processor 20 can be constructed
with at least the input stage detector 14 and the first
channel memory 28 in a single IC chip.

The embodiments described above thus provide effi­
cient lightness-imaging systems that provide both local
and global computational interactions of radiance infor­
mation. A succession of the interactions compares radi­
ance information from image locations that are spaced
apart by an ordered succession of distances, or com-
pares radiance information of image representations
having an ordered succession of magnifications. The
embodiments further advance retinex processing by
operation on a field basis, rather than on a location by
location basis. A practice of this feature with a field of

45 (512)2 locations, and employing two memories each
having capacity to store the entire field, can rapidly
calculate and store one-quarter million parallel one-step
sequences of reset ratio products. The advantage of this
approach is that a single operation comparing two fields
of information accomplishes-in this example-one­
quarter million parallel computations. Succeeding itera-
tions can build on the sequential product image in such
a manner that N iterations accumulate information at
every location along a patterned N-jump excursion on
an individual path. Compared with prior practices in
which each operation deals with only a single pair of
pixels, these features can achieve time savings over
prior practices of a factor approaching the number of
locations.

The described embodiments manifest a further signifi­
cant advance in processing efficiency by using field-by­
field processing.

Combining image-information fields produced with
successive processing iterations in accordance with the
invention has maximal productivity in conjunction with
another feature which the foregoing embodiments dem-
onstrate. This feature is the pairing of image field loca­
tions employing a spatial parameter that changes from

A Lightness Imaging Camera

FIG. 12 illustrates, in a schematic manner, an applica­
tion of the invention to a self-developing camera 160. A
light-tight camera housing 162 mounts a lens 164 that
focuses the desired viewing field onto the photosensi- 50
tive surface of a multi-element CCD array 166. The
array 166 includes the electronic circuits of a program
control unit and of three image processors, together
with color masking and exposure control circuits as
described above. A multiconductor cable 168 applies 55
the resultant lightness imaging signals to a light emitting
diode (LED) array 170. The lightness imaging signals
from the CCD array 166 energize the arrayed light
emitting diodes to expose a film unit in a film pack 172
through a transparent optical plate 174, which could, if 60
desired, be lenticulated. The camera includes a pair of
motor driven spreading rollers 176 and associated
mechanism for withdrawing each film unit from the
film pack after exposure and ejecting it from the cam­
era, as illustrated with the film unit 178, in a manner 65
which initiates the self-developing process known for
self-developing cameras such as those manufactured by
the Polaroid Corporation.
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employed to make a series"of different size image repre­
sentations of the same'scene. The' system first' sets the
zoom lens to the smallest specified representation of
objects in the scene. The c;>ptical image under tliis condi­
tion includes more ofthe entire field of view because at 5
this setting the lens has its widest angle. The desired
portion of the sceneis imaged in the center ofthe.detec­
tor array and represents the image in relatively few
pixels. The remainder of the image formed by the lens is
called the peripheral image. In some applications the 10
process can ignore the entire peripheral image by using
techniques analogous to those described regarding
wraparound insulation. In other applications,the pro­
cess benefits from using the peripheral image informa­
tion in calculating lightness fields that are influenced by 15
segmental areas outside the final desired image.

In both cases, whether the peripheral image is in­
cluded or not, the lightness field is calculated in the
manner described with FIG. 9. The long distance,
global interactions are performed first, in relatively few 20
iterations. The processed image is then zoomed by elec­
tronic means to twice its original size by rewriting each
pixel in the preceding image representation as four pix­
els. If desired, any known shading element can be used 25
to smooth the edges of each four-pixel area. The new
enlarged image is sent to the product memory 96 in
FIG. 9 to serve as the array of previously determined
values for the next stage of computation. The system
next sets the zoom lens to form an image twice the size 30
of the previous image and enters it at the input stage 86
in FIG. 9. The process then computes the next stage of
the calculation for the slightly less global interactions.
The system repeats this sequence a number of times, and
for each successive iteration stage, the contents of the 35
second channel memory 96 are zoomed by electronic
means, and the image information in the input stage 86
is zoomed by optical means, each time to produce im­
ages of the same size. The final calculated lightness field
has the benefit of both global and local interactions. As 40
described above, this system can be implemented so that
the lightness field ofthe desired image benefits from the
information in the ultimately discarded peripheral im­
ages.



1S6x,y pixel jump components; one pairlline

I 18x,y pixel jump components; one pairlline

18 jumps, controlled, (nol used),
mulli-color, separations 0 10 2
1zoomed face image, scaled to 4 decades
1threshold=0 grey levels
1weighting of old 10g(sum)=50%

Data File for 18-step Operation

18,0,0,1,0,2.
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nally, a separate list is included of the subroutines, with
comments on the functions they serve.
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A program (named EYEFLY) is provided with a
data file (in lines 51-77 of the following program lis­
ting), and the operator controls specific features of the
sequence of iterations. Two samples of this data file
follow: The first specifies a set of eighteen iterations as 60
discussed with reference to FIG. 2. The second speci­
fies a set of fifty-six iterations for use in producing a
variety of images that exhibit the effectiveness of the
process.

Following the data files is a complete, commented, 65
277-line listing of EYEFLY, after which appear indices
of program sections, statement functions, variables,
arrays, labels, and functions and subroutines used. Fi-
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iteration to iteration. Every pairing, and correspond­
ingly every iteration, brings to one pixel or location the
information accumulated by the pixel paired therewith.
This process yields a geometric growth in information
accumulation such that there are (2N -1) such accumu- 5
lations after N iterations. One end result of a lightness-
computing process which employs diverse interactions BAZ4
in this manner is a real time imaging system. 0

Yet another feature of the invention which the fore- .5...
going embodiments implement is the ordering of itera- 10 256,0, I
tions. The resetting function, which the lightness-image 0,256 I
processing of the invention employs to establish lighter I
areas as references, is a non-linear operation that makes -128.0 I
the ordering of iterations important. The combining of I
successive iterations in accordance with the invention 15 0,-

128 1
with a geometric average has been found to produce 64,0]
optimal results when the larger field displacements pre- I
cede smaller ones. The resetting function preferably 0,64 I
establishes reference to an extreme or limit level of -32,0 J
lightness, e.g. bright white or total black. 20 I

Three appendices are attached hereto. Appendix I is 16,0 I
a computer program listing for one specific practice of I

0.16 I
the invention as described above with reference to I
FIGS. 3 and 6 and using either the eighteen-step cycle 25 -8,0 I
described with reference to FIG. 2 of a fifty-six step I

0,-8 Icycle. The listing is in Fortran language and is prepared I
for use with an International Imaging Systems Model 70 4.0]
image processor controlled by a DEC PDP 11/60 com- I
puter operating under RSX 11M. .30 0,4 l

Appendix II is a further description of a preferred -2,0 ]
form of the color mask stage 58 of FIG. 3 for one prac- I
tice of the invention. 0,-2 I

Appendix III and FIG. 13 further describe a pre- II1,0
ferred embodiment of the exposure control stage 60 of 35 I
FIG. 3 for one practice of the invention. . 0,1 I

It will thus be seen that the objects set forth above, -....;,.--:..----------------
among those made apparent from the preceding de-
scription, are efficiently attained. Since certain changes
may be made in carrying out the above methods and in 40 D_a_ta_F_i1_e_fo_r_5_6-_ste...:..p...0pe~ra_l_io_n_+_----

the constructions set forth without departing from the 56,0.0,1,0.2, 56 jumps, controlled, (not used).
scope of the invention, all matter contained in the above multi-color, separations °10 2
description or shown in the accompanying drawings is BAZ4 lzoomed face image, scaled 10 4 decadeso lthreshold =0 grey levels
to be interpreted as illustrative and not in a limiting .5", lweighting of old log(sum)=5O%
sense. One change, among numerous ones, is that the 45 128,128 I
invention can be practiced with equipment which oper- -128,0 ]
ates on an analog basis, rather than with the digital -128,0 ]

0.-128]
equipment of the described embodiments. 0.-1281

It is also to be understood that the following claims 128,0 I
are intended to cover all of the generic and specific 50 128,0 I
features of the invention herein described, and all state- 0,128]64,64 J
ments of the scope of the invention which as a matter of -64,0 I
language might be said to fall therebetween. 0,-64 ]

0,-64 I
64,0 I
64,0 ]
0,64 I
32,32 J
-32,0 I
-32,0 I
0,-32 I
0,-32 I
32,0 I
32,0 I
0,32 ]
16,16 I
-16,0 I
-16,0 I
0,-16 I
0.-16 ]
16,0 ]
16,0 I
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-continued

Data File for 56-step Operation

0,16
8,8
-8,0
-8,0
0,-8
0,-8
8,0
8,0
0,-8
0,-8
8,0
8,0
0,8
4,4
-4,0
-4,0
0,-4
0,-4
4,0
4,0
0,4
2,2
-2,0
-2,0
0,-2
0,-2
2,0
2,0
0,2

FCJR'l'R.I\N !V-PLUS V02-51
EYErLY. f'7lII /'IR:AIJ.,IWR

20:31:22 22-JUL-80 PlIGE 1

0001

oe02
ooo~

0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0015
0017

OOle

c

c

PRO::;R1\M EYEFLY
EYEFLY does instantaneous Retinex processing on a (log-energy) image.
PAAA,....ETER 1':XITERz16, MXC1'Rl.>o100
INTOCER IOIRX(0:7) ,IDIRY(0:7) , U1I'NEG (256) ,Wl'RAT(256) ,TOI'X,'I'C7I'Y
integer indirx (0 :7) , indi~y(O: 7) ,RF.NI:OM,cfalse ,fulimg
integer jlJTl(mxiter) ,nho(:IlXiter) ,iep(mxiter) ,npil (mxiter)
real chi (mxiter) ,dhi (mxiter) ,ehi (mxiter) ,llha(mxiter)
rmmER JCX(MXC'IRL) ,,lCY(MXC'IRL)
real co(O:l)
integer buff (2048)
integer lutl in(256) ,'I»olP,avp!lth(O: 255,0: 1)
INTmER FCB(6) ,VRTC, ICIWl(3) ,scrach(0:255,O:1)
byte MCflE, OK, ISLGi, IPAnl,onloerd ,ever ,name(30) ,canfil (30) ,basis(30)
byte t.n<!lll1e(30) ,namout(36)
equ:valence (avpath(O,O) ,buff(l) ,(lutneg(l) ,buff(l025»
DATA INDIRX /0,1,1, I, 0,-1,-1,-1/
D.t.TA INDIRY /1,1,0,-1,-1,-1, 0, 1/
oldp( i hop, i tot) -<:+ O/ihop + (E" ihop) /i tot !Define cOlllbining fraction

of successive iterations as a fll"lction of hop mllIber.
call normal (fcb,buff,3,-5)

INITIAUZE SYSTD1

call rbutn(fcb,icbut,icx,icy)
00 3 N=l,256
rand '{'" ran (irl,ir2)
WTLIN.(N)zt;-l
LU'l'RAT(N)=2" (N-128) !will eXpilnd canpresst!d ratios
Ltn'NEG(N)-256-N !\oiill help cOr.lpJte ratios
LlTl'RhT(256)=255 IElse lOOuld overflow, fran 256 to -256.
call data (name, '4,,3',')
call data (basis, '1,,')
do 4 1'1"1,1024
buff(n)-O
call ofm(fcb,buff,l,O,O) Il1\llke blue invisible; grffn will be

too, d UI! to CXI'lST, most 0 f the time, except in FREElE.
00 434 N-l,255,2
SCRAOI (N , 1)-0
SCRAOl(N,O)-N IClX>-NtJ'lBER SIGlS FULL~IGHT TO OLD PRow:T.

3

C

434
C

c=~======~~==~~~~~==~===~~~

c
c
c
c===~~~~~~-~~~~=~~=~,===~~~~~

0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030

0031
00]2
0033

0034
0035
0036
0037
0038
0039
0040
0041
0042 20

CA!..L WT(FCB,U1I'NEG,2,4,0,0) IGreen gets neg. input fran chan. 2
CAll Ll1T (FCB, ImUN,2, 2,0,0)
CA!..L L'I'C'l\'l'(FCB,6,2,O,O) !Grffn" channell - channel 2
CA!..L Ll1T(FCB,lJ.1I'R!.T,4,2,O,O) !Ready to use ratios
CAll LUT(FCB,ImLIN,4,l,O,O) ! AND old sequential products
00 20 N=1,512 IIfl'I maps -255 to 0, 0 to 127, and 255 to 255.
TEMP-< (N-l )/2
IF(I.a.!lS (N-255) .LE. n."I'EPS) '1'D'IP-127
buff (N)-TD1P
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40
0043

C
0044
0045
0046 30
0047
0048 31
0049
OOSO

C
C
C
C
C

CALL IFMIFCB,buff,512,5ll,O,0,O) ICl!l\1CE, 2/20/80, TO LO.'D ONCE:.OOLY
USE GREEN COOSTa512; 1«lrl'taffect normal feedback of green,SY1'IFM.

call constlfc::b,0,512,O,O,O)
do 30 j-l,256
t:K.lfflj)-j-l
do 31 j z 257,511
t:K.lff(j)-25S lw:1ite refer~......rces all Ilhit_l:tleders bilc:k to 2S!).
call ifmlfcb,buff,O,511,O,O,0)
type 19,' '.7

0051 call dllllOl'£YEFLY' ,inp.Jt:)
0052 ITYP-o
0053 U(inr:ut.ne.l) go to 2300
0054 type • ,'Enter datafl1e for EYEFLY. I

0055 accept 19, (CX1IIlfll(j),j-l,29)
0056 DO 2200 N-l,29
0057 IF(alMFIL IN).N£.' ') I'J'YPtol
DOSS 2200 extn'INU'E
0059 2300 IF (IT':(P.£Q. 0) call datalc::omfll,' [l,5Jeyefly.dat')
0060 OPEN (llNI'I'=2, WJllEac::omfU,'tYPE-'OW' ,R£AIXlNLY)
0061 read (2,9) nhi ,RANlXJoI,cfa1se,ful img ,minc::h,llaxch

C -Inp.Jt: • hierarchies, randarllcontrolled switch, llIult1-eolor/l separaUon
C -switch, unllSed vnlable CFALSE, lIinlllUlll, _imUlll color channel "s.

0062 JIlIIDlet-4
0063 if(fulimg.eq.l) lllftlet-7
0064 relIC! (2,19) (Nllllell), i-llMllet,291
0065 if(lWlOOM.NE.1) GO TO 350

C
c
C Fl:R Rl\NlXI'1 WALKS, for each -hierarchy of lWeI-,
C here inp.Jt: the j\.lllP slZIt, • junp;, threshold, • paths, , that junp ahud,
C and coefficients fOr pooling fraction.
C·
C

0065
0067
0068
0069

0070
0071
C072
0073
0074
0075
0076
0077

0078
0079

0080

0081
0082
0083
0084
0085
00B6
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098

300

C-
c
c
C
C
C
C
C
350

360

400
C
c
c
c
c

490

495
496
2400

2410

do 300 1'l"'l,nhi
read (2,39) jun(n),nho(n),iep(n) ,npa(n) ,aha(n)
read (2,59) chi In) ,dhi(n) ,ehi(n)
GO TO 400

CR, Fl:R CCNI'ROLLEO JlJ'!!'S. read in the single threshold, pooling
fraction coefficients, and the x,y, COIllponents of every
jUll1>V"Ctor, and conventionally define exactly one -hierarchy"
of one -Path- c::omposed of these vlICtors.

read (2,9) inteps
read (2,69) C,D,E
do 360 ""l,nhl
read (2,9) jcx(n) ,jcy(n)
nlJll'Onhi .
tlU-l ItlfI for controlled _ri...l long path of v.riable jllllp-sizes!
NPA'I'Hs-l
CtoSE (UNl'I""2)

if(input.ne.l) go to 2400
type 509,7, (Nlllle(i),i-lllftlet,29)
U(fulim;.eq.l) type ., 'Will store sections of color image:
1 <ret> or enter input I1'IIlG£-name.'
accept 99, (l:mlllle(i) ,l'"Nllllet,29)
do 490 j=namll!'t,29
if(l:name(j).ne.' ') go to 495
continue
00 TO 2400
do 496 j-namlet,29
llllIlle(j)-tNlllle(j) lwe allow terminal input of iIllage-naml!
lIIItland-o
lIlltbiIncl-o
if(fulim;.ne.ll go to 2500
IIIl'lbam"'lllinch
mxbiIrd-nllIxch
call data(naIllOlIl:,'l,sl,JI,')
call data (Nllllout (9) ,name(7»
do 2410 1-9,30
if(namout(l) ••q.' '.or.namout(l).eq.' .') go to .,411
o::>ntinue
stop 'Disk filename too long.'
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0099 2411
0100
0101
0102 2415
0103 2420
0104
0105 2500
0106

C
C
C
C
C

0107
0108

C
C
C
C
C
C

0109
0110
0111
0112
0113

C
C
C
C
C
C

0114
0115
0116
0117
0118
OU9
0120
0121
0122
0123

0124
0125
0126
Oj~7

0128
0129
0130
0131
0132
0133
0134
0135

0136
0137
0138
0139
0140
0141

5

6
C
C
C
C
C
C
ISO

H{ll/Il'IDut(l) .eq.'. ') go to 2415
MIIOut(l)-'P' IprocesSild iluges gets *p. at the end of its ,nlll\e.
90 to 2500
clo 2420 n-29,l+1,-1
MIIOut {n)-MIIOut (n-l) lbunp letters forwerd to llI8ke roam for, .p.
namout(1)-'P'
continue

• TIMEO-secnds(O.)

00 1000 IBANtlooI'lN8ANP,MXliIl\NO I!!!do ",ultiple colors in "ne rur:!!!!!
call ones(buff,1,-1) IWREF (all bits on) in chan. O.

LOOP OF SUCCESSIVE HI£RAACHY lEVELS F£R AANIXJol PATHS
OF DIFF£R!N'I' JlJU'-SIZE

clo 500 IHI-1,tfI1
U(fulill9.eq.ll ~e(S}-u.nd+'O' tinput chaMel picked frem iluge
call dazz(_)
type *.' • Iskip alOlllJ, ~ TOTX etc. doell'l't over-write lnI!ISII9es.
if (rlll'ldCll\.ne.ll 90 to ISO

INITIALIZE HIERARCHY-Sm:::IFIC CXIlST»ITS (jllllp si%!!,
possible vector canponents, pooling fraction coefficients)

jllllpiSz-jllll(ihi)
IFAR-S12..vuMPSZ !fiIr -'Ile of a:reen (requiring insulation) starts here.
....nho(ihi)
lntAtppiep( !hi)
npeth..-npe (W)
ahelld-aha(ihi)
e-c::hi Uhi I
ct-dhi (iM I
..ehl(ihi)
TYPE ., 'JlIllp r.ize (1IllIX 8), • of hops, integer thresh, NPATRS.
1 .IUlEAD (415,f7.2)'
TYPE 39,JUMPSZ,NlJ'l, intep;,NPATHS,l\llEAD
if(npaths.le.O) npIlthPl
if (lIhelld.le.OI ahead-C.3
type ·,'Relll coefficients C.D,E to calc. fraction weighting old S£(JIR'
type 79,nllll,nllll
'rYP:: 69,c,d,e
type *, 'Hit button II to pause arK! consider early edt.'
TYPE: 19 ISpace mrwreS
IF(JUMl'SZ.t.T.O .CR~ JIJlPSZ.G'1'.5llC) J\IMIlSZ-e
oo6H-O,7
,IP!Il,X (N)-INPIRX (N).JUMPSZ
IPIRY(N)-INPIRY(NI*JUMPSZ

LOOP OF "'lILTI?"£ P"THS ,,1 G1\1:I> JlIEN.'':CHY LEVE:L
(First, InitlllHzt' path-specific par_eters)

do 200 np-l,npaths
111stgo-rlln(lrl,ir2)*S. '
TOTX-D
'JOI'YtoO
If(np.eq.l.or .ihi .gt.ll go to 8
call ones(buff,l,-I) IWREF (all bits on) in chan. O.

c
c
c
c
c-

0142 8
C
e-
C
C

0143
0144
0145
0146
0147
0148
0149 7
0150
0151

LOOP OF INOMra.L JIJolPS -the INN£I\ WCJOO:NGS! I

00 100 NllOP-1,1Ul
H(!>'CSTOP.eq.l} GO TO 16

q.tionally, view progfesson this path 80 fllr.

If(N£tDCR••q.1} call rbutn(fcb,icbut,lx,ly}
CALl. 'RBlJI'N(I'CB, mUT, IX, IV}
N£EJ:CR-o Iusually 10/1.11 not need to c1fIlIf button rMlXt tillle.
nIIBUT.NE.l) GO TO 16
TYPE *, 'HIT button B to relllllle process, C to Me original, D to uit.'
TYPE 19 lSpllce mr.-rei
call WIIi tic(2)
call rbutn(fcb, ibut,ix,lYI
Iflibut.ne.l.and.ibut.ne.2.ar.:l.IBUT.Nt.3.and.lbut.ne.4.ar.:l.lbut.ne.8)
1 9Oto7
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IF 1WlIXJt. II:TEAM1'.M£ SPU:IFIC vtrrCI'I l'Cfl 'l'B1S JUMP:

(pI"obIIbility - 1.-M£At) of vlHIri1"l!l off c:our.. of hat jlalpl

~, 'DU(£ VEX:'1't:Jl frgm lnp.d: 11st, and find
Its IlIgnitlJ3e"and that of _pl.,.,.,tary wrap-aroll'll! tdge.

~jc::xCntlDpl

D:I\I'Y"'jc:yCntlDpl
j\llllS-Cabs(IlCMCI ,aba(IIOII)'))
ifltr-S12-jllllplz
'J'01'l(otI'OrX-tMO\IX
'l'O'I"VooTO'n'-tMOW
TYPE 49, 'ltn'X, 'Jt7I'l(,ntlDp IType aceunulated excursion of jllllpl so far.

U(ibut.eq.BI call exit
if(ibut.eq.2.or •IBU.f.EQ.'31 }io:~tc> 15
c:all Itc:nt(fcb,ibut,4,0,01 1ft'" channel °vs. eblInnel :2
go to 7
NEEtX:R-l tllilit ,here>.,.ust clNr;.and now is too ..rly.
c:all Itc:nt(fcb,I,4,0,OI
U(ibut.ne.31 go tc> 17
type .. , 'Enter FREtZE 1IIISk: 1 Ihlft, 2 ratio, 4 new product'
ceept 9,llfroze
IF1JWm:lK.NE:.1I GO 'l'O 11

!XT£ND SE~:tA.L PRt:ll1t.'TSl! lIlll ttl IIIt tUIIlI
Next five lines beginning wlt:b .tAU..... perfom tile vItal f~t1ons:

11 9\1ft original II\ll;e
2) hed it tc> Intel'lll«l iate Qlannel
3) PHd back Ratio of shifted original to the Intermctiate. poannel
4) Enable the Cbntrib.utors .to the Intermediate ProdllCt .
5) PHd the Intlll'lll«liate ProdllCt back to the Intel'lll«liate Qlannel

tAU. L'I'CIl1'ClCiI,4,1,0,OI tEnable blue frlllll eblIn. 2; latest iIlIg...IlhUt.
tAU. fftdm2 (buff,I,I,-l,l,MOVX,MOIIYI
1f(iand(lllfro%fl,l) .ne.OI call freeu(2,21 l(optional paUlle for a look)
CALL FlllCKClCiI,2,2,-I,O,0,O,0) tStDre -ratios· in channa1.1.
CALL L'I'CIl1'(lCiI,3,4,0,0) lAId fram (log _qprl+(log ratio) .
if(iw(lllfro::ae,21.ne.Ol wI fr-eeu(2,4} IRED uses ratio wr

I (opl:ionel p._ for a lookl
CALL f~lbuff.4.l,-1,0.0,0)
If(lw(mfrou,41.ne.0) call fr,,~C2,2) t(Optlonal PlUM for a look)
c:all Itc:nt(fcb,I,4,O,Ol ".nt to wtcb the progress of sequential prod.

IP MOI/EO)O, infilRnc:e jl.lllt spreaCI in positive direction,so
W Ilust safekeep 1st several ro.. frgm wrap-aroll'll! by copyi1"l!l
the a:D prodllCt (chan. 0) there into the plIrt of new produc:t
(far .sgej that w:xJU) otherwise change the IIben old, neware
average.

IP 1«lWD<0, vic:..-versa. '2hat is, ..f.keep higher rOll5 of old
into lowr of MW.

rancly-ran(irl,ir21
~

IF(rwy.le.waCI} GO'l'O 10
IIELsl
IF(rwy.LT. (l.+&leaCIln.1 Il:ELio-l
MClVE-.JFMCD U:AS'IW+lIEL, Bl
IAS~

PIOVX-IDIRX(MClVEI
JIICI'li-IDIRY 1MCI\IE1
go tc> 12

c
c
c
c
c
c
c
c
C -flevlsion AGlUN, 2/16180, 11 pn. New _thad is laster and will han'le
C cases lotlere botil MOVX and POlY are .nonzero•., wrap-aroll'll! z:o~s are
C .-rked with ones in bit-plane zero (detail lost anyway with c>.SO!)
C "lbese marked areas effect 100' wlghti1"l!l' of old produc:t, thanks
C to 434-1oop initializing of SCRAaf arrays, above.
C

0152
0153
0154
0155
0156 15
0157
01:sB 16
0159
0160
0161 17

C
c
C

C
C
C

0162
0163
0164
0165
0166

>J

0167
0168 10
0169
0170
0171

C·
C
C
C
C
C

0172 11
0173
0174
0175
0176 12
0177
0178

C
C
C
C
C
C
C
C
C
C
C

0179
01SO
0181
0182
01B3
0184

0185
0186
0187

01BB
0189

0190
0191
0192
0193
0194
0195

c
c
C
0--

c

Cllll fdbcklfc:b,2,3,1,1,0,O,11 luro.out plane °of Cha'IS 0.1
IF(JU~PS;.£O.2S61C') TO 1035

100 -w:rap-a:o~w W)rries for unique JUMPSZ-(r:::nen widtilln!
do 1030 jwO,l ",;~,

lllC:NedSlllClllY 13 (directionl 0-> roloB, for lohich Y-c:ha1"l!le is 01'.
if(j •eq.l' maved'"IIDYX
ifllllC:Ned.eq.Ol 90 tD 1030 tm W)rk neede
lfr~O

UClllC:Ned.h.Ol ifr~lfllr
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ITRaJlLE, if don't reset.

(Residual) UN-SCIlOLLIN:; OF INT~E'DlA'l'£ PRODXT

0-to-7 pille1 "offset" for precise UIlscrolling

call scrol(fcb,rnx,my,2,O,O)

if(nhDp.9t.l.and.d.~.0.and.e.eq.0.l90 to 435 ISCRACH /lrrlys rMdy.
oh-oldp( nhop,nun)
if(oh.1 t.O) ohaO.
if(oh.gt.l.) oh-1.
00(0)-00
oo(l )-l.-oh
do 34 ie:-o,l
do l' ",,0,254,2
scraeh(n,icl-co(ic)"n
do 3S ie:-o,l
call 1ut (fcb,scrach{O, lc) ,1,2"ic,O,O)
call Itcnt(fcb,3,1,0,0) IBlue will be /I wlghtllCl 1IIIOil. of old,new l!lEQIlRs

1f(ipx.~.O) go to 33
call image (fcb,buff ,512-ipx,0, 512"lpx,1,2,-1,1,1,0,0,0,0, 1)
~LL LTCNT(FtB,2,2,0,01
0411 fdbck(feb,2,2,-l,l,ipx,0,0)
call ltent(fcb,6,2,0,0) !Get green r"'y for next RATIO actin.
call image( feb ,buff ,0, O,SI2"ipx,l, 2,-1,1,1,0,0, O,O,Ol

itoaifar-ifrCll'l\
call markl (buff ,junp:;z,ifrCll'l\,ito,l,j ,21
oontinue
continue
my-lI1OVy
_(-1llCl\I'X/8)"S
if (mx.lt.-lllOVX) _l!IlI+f.'
ipprnx- (-lIlClYx) lNeed to "Ullscroll" the new sequential product

before it can be (averaged with old) and fed back to chan. O.
So, /IS in feedm2, we break d01o«l every l( scroll into a scroll am

a (negative) rightwsrd 0-7 pixel offset: do the offset first.

34

35
435
CC----------.....----------......-
C .
C

call sero1(feb,O,O,2,0,O)
100 CCNTINUE
e****.*****

if(np!lths.~.l) 90 to 200 lno averaging to dole-.----..==...-~~~..._---------,--~-=---=-----

36

c-----------~--------------_c
c--..,...-----,-----------.....------...~-.........-

224
225

226

0223

0211
0212
0213
0214
0215
0216
0217
0218
0219
0220
0221
0222

0196
0197
0199 1030
01!l9 1035
0200
0201
0202
0203

C
C

,C
e-
c
c

0204
0205
0205
0207
0208
0209

C
C
C

0210 33
c~

C
C
C
C

CAtCULA'l'£ RESULT FRO! AVEIWlE OF MANY PAntS, /lnd
(optlon.ally) COftlp!lU it to single IllOst recent pith.

195

nCNP.NE.O) call da:tz('2.. ,eye.tllll;l')
do 180 ",,0,255
avpath(n,l)" (Cnp-ll-OOllt(nll/floal(np) laverlllJe of old paths

180 IIVp!lth(n,O)"Ooat(n)/float(np) !I'\('W path
C Weight aeeunulated 11"9. UP by II factor of (NP-l) compllred to nf:W sil"ll4' p!lttlo

do lB5 ",,0,1
185 call lut(fcb,avplth(O,n) ,4,2"n,0,0) lmake RED - updaled aver"'Je.

call ltent(feb,3,4,1l,1l)
call fdbck( feb, •• 2,-1, 1,0,0,0)
CALL Ll1l'(FtB, Ll1l'Llll,4, 3,0,0) Ifor exanin.ation, linear; later restore RAT
call 1tcnt(fcb,2,4,0,O)
type S9,7,np,np
ipuslrlaO
heit-O

190 call WIIitic(2)
heit-iWllit+1
if(ipuslrl.eq.O.and.iWllit.gt.30) go to 195 1110 prog can run several

C J piths on its 010«1.
call rbutn(feb,ibut,lx,iy)
if (ibut .ne.1. and.lbut .ne.2.aOO. ibut .ne.4.and .ibut .ne.B) go to 190
if(ibut.eq.B) go to 195
call 1tent (feb, ibut ,4,0,0)
ipushd-1 lQK:e you make a reoquest, must push 0 to go on.
go to 190
C/lll rbutn( feb, icbut, lx, 11') ICur button
call daZ%(' 2,1, ,eye.tl!ll\; 1')
If(np.eq.npaths) go to 200

c
c
c
cC---......---------.-.--227

228
229
230

231
232
233
234
~35

236
237
De
~39

240
~41

242

~43

~44

245
~46

147
148
149
!50
151
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!S2 call Itent(feb,l,4,O,O)
!S3 call lut(feb,lutrat,4,2,O,O) Iratios frem chan 1 to Red enabled, """'IN!
!S4 200 continue

e*•••**••••••••***•••

tskip storing of resu! ts.

C

99
509

9
19
39
49
59

c

l5I
:62
:63

275
275

!se
!S9
l60

!5S
!S6
!S7

273 " 59
274 79

267
268
269
270
271
272

:64
lEiS
l66

IFCNHI.tE.l) CO TO SOD
call Itentlfeb,2,4,O,O)
call fdbc:lclfeb,4,1,-1,1,0,O,O) Jhed reel (lIY9. at this level)

to chllnnel 0 for next level
call Itentlfc:b,1,4,O,O)
eall lutCfcb,lutrJIt,4,2,O,0) Iratios frem.chan 1-> Red enabled, AGAIN!

500 continue
e*•••••••••**.**••••••••••**...

Iflfulimg.ne.l) go to 1000
namout (3)-'+'
1f(ibw.gt.OI ~ut(3).'-' 1101'£: II rid record is written to NE'o'i

file; other records aur;pllent or update an OW fUe.
namout(7 l-iband+'0 ,
call daz:r.(namoutl

1000 continue
e*•••••••••••••** .

type *,'Tillie elapMd-' ,sec:ms( tlJMOl , 'SlI!:OIlds. '
FaW.T(l6i5l
FaW.T(80Al1
Pl:MAT (41S,f7.2)
~T ('+rorX,TC1MI-' ,US,' hop" ,15)
fortl\lt (lx,al,'path'.13.' done: button ....lut,~. of',n,
I' C-or1qlnal, Do<iO ONl',l)
fortl\lt (lOf8.2)
fonut (' lunetion is C + Dlnhop +E*(nhopl' ,13,'J, nmp varying
1 frOlII 1 to' ,13,' an NdI PIth. ')
fonut (80al)
format (lx,al,' (return> tID p.-oeHS:' ,26al,' lor Il'lter ItlISK,
1 InPlt-file. 'l

277 £NO

fIAOOlWl stCTIM

tt.tlIEft Ift£ SIZE ATmIIllJTES

1 CCOlEl 01073'1 zzo; RN,J,~.I.Q.
2 Sl'D'lTA DOlors 2S" "H. D.COll,l.a.
a SI!lATA BG1EiGO "'7.2 r''''.D.~,Lr.t.

'" WMS 016220 3SSS 1lI-I.D.<Xltl.LCL
5 srtl·ps ElOO01o .. Rl-l, II, CO!i.l.Cl.

STftTDDfT NlCTIOI'lS

tw£ T'lP£ lOH:SS Ift£ T'lP£ PIICIlCSS tw£ T'lP£ NIIH:SS rA£ TIft: fIIDlESS tM: TYllE AIJD'lESS

lll.J'P ... 1-4111D678

UMIAILES

tw£ TIft: - tw£ TIft: I'lI:lIR:!lB tw£ TIft: AIlIlR£SS Ift'E T'lP£ f'lIlIJl£SS tw£ TIft: AIlIlR£SS

fltOII "" ...e161S C ... ,,-olli83:! Cf'IUE J.2 .....11106 0 • 4 ..o9Ul8• E ... .....16642
tI.I:R Lt! 4-41115S?5 FU.JI'G 1'2 4-911111 t U2 ....I&liS IIWG It2 4-016126 IU 1.2 .....16158
IC 1'2 4-4111&212 -leu Ill! +01£.04G 10< 1'2 ..-81lS858 Jet 1'2 ..-816052 1m. I.! .....1615"
IF"M 1'2 <HI1S13.. mOl 1*2 ..-OIGI74 IHI 1'2 4-916130 JKlP 1*2 r~ IIflUT Itl! 4-01Gtl72
IHTIJIS IU +016OG& JPATH Ltl ..-oISS73 JfIU5ICJ U2 "-01&21" IPl< J.Z +-01620'1 lRI 1)2 +0161ilG2
IRZ In ..-816084 J!iLOW Ltl .. -91$72 JTO It2 ..-016116 ITor ItZ F'-aJlUH. IT'l'P HZ <HI16074
JIlAIT ItZ ..091&216 IX 1'2 "'-016152 1'1' 1*2 +-816154 J "2 ..o9l6f.l78 JUoFSZ 1'2 +-8161<lZ
I. I'! +016129 LASTGO !.tZ <4-016144 l'RDI 1"2 "'-91G1G2 tFROZE ItZ 4-016100 HItCH 1.2 ..-816190
Ifl8AItIl*2 ..-01611.. I'IlA£ I._I +-OlS'i70 to.E Jt2 +-81616Z to.ED If2 "-OIGln l'lOU)( It! "-IU6166
I1OV\' It2 +-816178 I1X J'! ..-81620Z I1XlftG J.2 +-816116 tl'I' 1.2 4-0162eI1l H IfZ .....16B5..
tftLET 1*2 ...-e161e" t£EDCR J'2 "-1:315150 ttil ttz ..-811lil76 tKiP U! ..-0161-46 tf' 1.2 ..-o16H2
tfIlIIlHS ItZ "'-016112 I'U1 1'1'2 4-016119 CIH Rt4 "'-816206 OK Ltl ....015571 OH'1I'lRD Lltl <HI1SS7..
lWIIOtl 1f2 4-o111114 IlfttllV R:t;4 "-1)100!.i6 TOP 1*2 "'-813'.>42 TJt£8 .4 4-916122 TOT)( 1.2 +011"
TOT'( IU 4-011lH2 IMTC J't2 4-013568

/lMflVS

. tf'tE TIft: fIlID£SS SIZE DIt£H5ICIHS

I'H\ Rf4 ..-011612 BOOl00 :iI2 (6)

Fl.f'l"ITH nz 4.-oooocoO co.:ooa SIZ co; <:55. e: 1)
£ASIS 1.'1 -'ooOl!::..G';Z 0CJ00.:ltt . 15 ( JI,)
1U"F' nz "-0'..10000 GJOOOO 2G40 (20'191
(HI ~~4 4-011:::12 lU3HX:l 32 USI
CO FH'! ....OI.<:s:l2 eocmn .. (0 11
COl'FIL Ul "'-015634 00,1036 IS (001
lJiI R~'" ..-oU412 OOI:llOO 3? USI
£HI Rt4 "-911S12 eool00 :iI2 ClIH
rell ItZ "'-01354'" lXllXl14 6 (6)
JCi¥l"I ttl ·H313SG2 l1IJl::'llm 3 (3)
IDJRX It,:: 4-o1lDXJ 00l'll.k"a 8 (Ii);?)
IIlIRY I'4'2 ..-010020 lJ(;(lIJ.."B 8 {O' ?)
ll:P It! 4-011212 00»)10 16 ClGl
INtlIIlX J'2 <1-0110·14 (;UJ[J~e e (I); 71



49
4,384,336

ltlDIRY liI'Z 4-0111:6<1 OOlO"e a (e:?)

JO< 1'2 "'-011712 000310 100 (l~)

KY nz 4-l'lIZZZZ 0DIi:tlO 100 (00)

JLJ1 I" 4-01111, a::lOO1O 16 OU}
LlJTLIH H2 4-01ZS"'2 00lmJ 2'".>6 (Z!:6)

wnt:G HZ "-OO1l3OO 001000 2!i6 (2"..6)

LUTRAT 1:'2 ..-01(QIIQ 001000 zr..6 (2'".>6)
rA'E Ul 4-Q1557El EllOO36 15 (30)

...,.'aJT Ul 4-01S7CO 001,10"" 19 (;:lG)

fffi It? 4-911152 000010 16 <lS)

1Pf\ 1t2 4-OllZ'.;l EX'K&l0 Ie. (16)

V.RACl1 1'2 4-913579 OOZOOO 512 (0: 255,8: U
Itft'£ Lal ..-015"730 000036 15 (38)

JlllD.S

LAIEL flIDl£SS LAlEI. flIDl£SS LABEL fiflIR:ss

3 11'.
'"

It.:<< 5 ••
8 l-m4S-1B 9' 3-00000O 19 l-IJ35.G:
IS l-«'SICS 16 1-«'S15G 17 l-1.'D526O
1I0 n 31 ., 33 1;'f1JlXi671
36 •• 39' 3-meD19 4S' 3-G.lOO29
79' :HlOO172 99' 3-000316 100 ••
ISS Iff 100 1-011XlOO 195 1-910.;00
3'".>0 1-eB29ZB ';168 u 400 l-Be?272
490 4'''' 495 l-OOZG24 496 t'f.
IlJOO 1-91llS58 10110 l-ea;a"ro 1035 l-1B>112
Z'l00 1~ 2418 n 2111 1-003182
zr.>OO l-IlO3Z3S
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LAIlEL fVllJIESS UlIlEl. fQIlESS

6 .. 7 .1-8lM724
11 .1-OOSS36 12 l-ClQC'...EIi&
IS' 3-lilOlDM 20 fI
31 n 3S n
5!:l' 3-QBaliS4 69' ~1&4

158 1-00437.. 100 lk.
,'B0 l-B1D2i'G :ooe ltt
431 f. 435 1-00726"
5CG 1-1110426 509' 3-0003Z2
22UI •• 23lle ' 1-001266
2"15 1-(1)31.... Z..2O ..

"IKTlCHi fH) 5UlJlCIUTlt£S RETEflD'lCED
0.05$ WIST DATA DAZZ ~ EXIT F'1lllCK n:E1l'IZ F'REEZ£ IFll
CflI Ct£5 lRJiS RIV'l RIIJTN SCROL SEOlDS ~'UTlC SI'W«il

fOTA. 5l'fY.£ FLl.OCATED - 83Z14Z lrnl5

,1P1: U, SS3£'1'tf\.Y"!'«l5PJ'LI: 6-1P1; U, SSJE:YEFl.Y
SUBROl1I'lNE C:tST (FCB, CCNl, CCIlG, mm, VR'1'RTC, READ)

SUBROOTlNE RFMSOO WRITES nn: CQIlSTANr REXiISTER.

CCNB - nn: AOOITM CCNSTlI.NT USEP BY THE BLUE S1J'I PROC!SSOIl
CQlG - THE AlDITM CG.'STAN'I' USED BY THE GREEN Stlol ~OCESSOO

ca.'R - Tll£ AOOrrlVE cnlST"I'.rr USED BY THE RED Sl.t\ PROCESSOR
l'l£1\D - 0 IMPLIES WRITE, 1 IMPLIES READ.

SUIlRO\1l'INE FtIlCK (FeB, COLOR, CHI'.NL, tim, e'iPIFK,
1 PIXOFF, EXTERN, ZERO)

INTEGER FCB(1) , COLOR, OWlL, em, IM'IFK, PIXOFf'
INTEGER £lm:RN, ZERO, VR'1'RTC

SUIlROl1l'I'm: TO RtAD AND wt<ITE THE F££I:BAC'J( LOOP camoL W:;JlL

FeB - AN IN'l"tQ;R AAAAY USED f'CJl SYS'l'D! I£P£NlENT INf'CIlI"TIO'
COL£ll - COLOR SEl.ECT WOOD

4 -> RED, 2 -> GREEN, 1 -> IlWE
C'IWIL - A err MAP SELECTm:; Tll£ CH1IMl£L f'CJl THE DES'l'IN1tTION

1 -) IIWZ 0
2 -> IIWlE 1
4 -> IIWlE 2..

Itf'Q: Jl'i1Do LTOil LUT

IHTP

B'iPIFM
PIXOfF"
£lCI'ERN
ZERO

16384 &) IIWZ 14
-32768 -> IIWZ 15 (GlW'IlICS)

- A SIT MAP SELEeTm:; nn: BIT PLANES ro Rf:.AO/WRrT'E
N:lRMAllY -1, I.E. ALL srrs. 'l'llE EXCEP:rIO' 'l'O THIS
RULE IS WIlEN WRI'rm:; IN nn: GlW'!!ICS CIl1IWEI••

- 0 IMPLIES USE IFM, 1 IMPLIES BYPASS IFK.
- PIX£L OFFSET, C <. N <- 7.
- 1 IMPLIES~ INPUT. I.E. DIGITIZER
- 0 -> NCR\IU.: 1 -> FEED B1<Q( ALL 0'5

(USEFUL roo llt.ANK:IN:i Tll£ t£STDP,nON CKIUl.)

SUBRMDIt IFK (FeB, MAP, START. COUNT, PACK, VRTRTC, REMJ)

SUIlRO\1l'INE 'l'O RF.AD OR WRrT'E A SECTION Cf' Tll£ INPU'l' FLNCTION MnolY (IFK).

IN'llIitR FCB (1), MI'J>Cl), S"J'M(T, caJN'I', PACl(, VRTRTC, JlEIU)

IN'l'EX>ER Brrs (16), fBrrs

MAP - A 'Ct:lIJ',"I" wam AAAAY 'l'O RE:CEIVElcn."I'''Il' THE IFM CClN'I'ENI'S
STAAT - Tll£ POSrrION (ZERO REL) IN nn: IFK WHERE Tll£

'1'lWlSFER IS ro START
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COON'!' - 'mE Nl.tlBER c:E IF!'! EIDlEN1'S TO 'X'IWQ'!R
READ - 0 IMPLIES WRI"I'E. 1 IMPLIES READ.
PACK - 1 IMPLIES PAO<ED MalE 'mANSFER
SUBROl1l'IN£ I:Ki\GE (FCB. PIXEts.

1 XJNIT, YINIT. Il!'IXEL. DIRECT.
2 a~L. PLNlES.
3 PiI.CI<ED. SltPIFI'\, BYTE. JlJXWRT. BtIIST.
.. v:R'IRTC, R£llD)

INTEX;ER Fa(l)" PIXELS (1) , XINIT. YINIT. NPIXEL, DIRECT
II\'TEGER COUNT, CIlA"~L, Pl.ANES
I1\'TEG£R PiI.CI<ED, SYPIFI'\, BYI'!. JlJXWRT, VIOORO. 1IURS1'. VR'mTC. JIE'Al)

PIXELS - AN rNTEGERARAAY TO RECEIVE/CcmADl 'mE :tM1tGE IlI'''l'A
xnm: - TIlE X~cawI~TE OF TIlE FIRST PIXEL TlWSFERED (0 REL)
YINIT, - TIlE Y COORDINATE OF THE FIRST PIXEL TAAHSn:RED (0 REL)
NPlXEL.. - TIlE TOTAL NtJlBER f:E PIXEts TO TMNSF'ER
DIREX:.'T - 0 IMPLIES'REI'.o/WRITE PROCEEDlloXl TO THE RIGHT,

1 II".?l.IES R£I:.D/I''lUTE PROCEEDlloXl~
~L - A BIT MAP SELECTING THE C~L(S) TO REAtlIWlITE:

1 -> IMAGE 0
.2 -> I"WZ 1
.. -> IMAGE .2

rn:;.
16384 -> IfWOE 14

"'32768 -) I~ 15 (GMPHICS)
WHEN WRITING OfoILY. 'lHESE Co::£S M.II.Y BE ClJmINED
TO WRITE TIlE SM.E IlI'''l'A DlTO TWO (II I'lCRE ClWiM:ts.
Fa< ElWlPLE. ClWtJL • -3.2758 WCULD MEAN CtWM:LS
1. 3, , 15.

Pl.ANES - A BIT MAP SELEX:.'TOO TIlE BIT PLANES TO REAtlIWlITE,
NOl'lMALLY -I, IE. ALL Bl'I'S. TH£ EXC£F'1'ION TO 'nIIS
RULE IS "'!lEN WRITOO IN TIlE GJlAPtiICS CIWIlEL.

PACKED - Ii IMPLIES 1 B'tl'tIWCJW, 1 IMPLIES .2 BY'1'ES/W(IlI)
BYPIFM - 0 IMPILES USE IFI'\, 1 IMPLIES BYPASS IFI'\
BYTE - 0 IMPLIES NCIlMAL, 1 IMPUES 8 PlXEWBYTt,

I.E•• BINARY D\TA.
•• Nal'E - XIIIIT fIIS'l' BE " MULTIPLE ':6' 8

.I\tIlWRT - 0 IMPLIES NCffW., 1 IMPLIES THAT TIlE D\"l'A IN
fIID1CI'lY(S) IS (II'ED TO TIlE IlI'TA PRES!2m:D I"RCJt
'nIE CCJ'llVrER AND THE RESu:.r IS STCIlED IN TIlE Ml.MCIlY(S).
•• IlCT£ - USED WiEN WRITOO ONLYI!

IlI\ST - 0 IMPLIES NCRW. TMNSf'!R, 1 IMPLIES IltllS'l' (!'UT) xn:R.
** N:r.'E BYT!>ol MUST BE SPl!CtFIED.

VR'l'R'lt: - 0 IMPLIES WRITE ANYTlMt.
1 IMPLIES "''RITE IUl.OO VERTICAL RE':IRl'C£ CIIl:.Y.

READ - 0 IMPLIES WRITE, 1 IMPLIES READ.
SUBllOUTIIl£ CflI (FCB. MAP, c:otCIl. VR'l'RTC, R£llD)

Sl.BROOl'IIl£ TO REI\l.lIWUT£ AN E.W1'IRE 00l'fiUT PtN:TION MD'ICIlY (Cftl)

:rNTEGER FCB(I) , M\P(024), cx:.uJl. VR'.m1'C. 1l£Al)

MAP - A 1024 WCIID ARRAY TO REC£IVE/Cl:JI,'TI\Dl TIlE CflI et:IlTEN'I'S
COLCll -" CODE INDICATJIoXl 1NlIICll OFM TO RFAD/WRIT£:

I -> BWE
.2 -) GRED/
.. -) RED

WHEN WRITING ONLY. nlESE cca:s MAY 1£
cnmINED TO WRITE THE SAME: D\TA INTO TWO
Cfl Trl;:U;£ C:EM'S. Fa< EX.VoI?LE. COUfl-5 WaJU>
"''RITE Ban! TIlE BLUt J\ND RED CflI'S.

READ - 0 IMPLIES WRITE. 1 IMPLIES RFAD.

stSROO'TIIiE SCROL. (FCB, SCROLX. 9:ROLY. OWlNL., VR'l'RTC. RFADl

SUBROl1l'IIl£ RUItG (II WRITES A SCROLL CONTROL. REGISTER.

INTEGER FCB (I), 9:ROLX. 9:ROLY, CIWfiL, VR'l'RTC. RFAD

9:ROLX - AN INTEGER SPECIMN:; TIlE SCROLLOO OFPSf:r
IN TIlE X (IlORIZ0'071\L) DIR£CTI(IoI
(NCII'E 'mAT ONLY HORIZ. SCROLLS IN INCREMENTS CE'

8 PIXELS ARE rossmLE- TIlE 3 LEAST SIG. SITS
or SCROLX ARE I~CflED)

9:ROLY - AN INTEX;£R SPEClrYIloXl THE SCROl.L.JIoXl OFFSET
IN TIlt Y (VERTICAL) DIRECTI(IoI

CH1.NNL - A BIT MAP S::LECTJIoXl THE CIlANl\lEL(S) TO RFAD/Wl'lITE:
1 -> 111A::E 0
2 -) IMAGE 1
.. -) IMAGE 2

ETC

52



16384 -> IMAGE 14
-32768 -> IMAGE 15 (GAAAiICS)

WIlEN WRITI:N:; OOLY, 'l'HESE COl:£S AAY BE C'Cf'ISINEO
TO WRITE 'I'liE S»IE MTA 1N'I'O TWO ffi MffiE C~LS.
Fa! EXAMPLE, awtJL" -32758 WCJJLl) MEAN CIWM:LS
1, 3, .. 15

RElID - 0 IMPLIES WRITE, 1 IMPLIES READ.

SUBRO'.1I'INE RBl1l'N (FCB, ~, X, 'I)

ROOl'INE 'l'O READ BtJl"l'aIl W'C.RO AND
CURSffi POSITlOO
SUBROlTl'INE LTCNT (FCB, AASK, COLOR, VRTR':'C, R'9.D)
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SUBROOl'INE TO READ ffi WRITE 'mE Ll1I' MASK(S)

Dl'l"!XiER FCB(1), Ml\SK, COLOR, VRTR'l'C, READ

AASK - AN INTEGER Wl«)SE BIT MAP DETERMINES
WHICH I.OOK UP TABLES ME ENABLED 11."/1) OISABLEO
LSS .. 1 -> ENABLE 0'l'H Ml'l'IffiY
•••E'1'C.

COLOO - A c:ott INOlCATI:N:; WHICH Ll1I' MASK TO READIt.o.'RITE:
1 - BLUE
2 - GREDI
.. - REO
7 - RID+GFlEEN+6LUE

RElID - 0 IMPLIES WRITE, 1 IMPLIES RElID

SUBROUTINE Ll1I' (FCB, MAP, COLOO, CK1INNL, VRnm:, READ)

SUBROUTINE TO R.FADIWRITE AN ENTIRE l.OOK-lJP TABlE (Ll1I')

INTEGER FC8(ll, fill'J'(2S6), COLOR, awtJL, VR'IR'l'C, READ

MAP - A 255 "'CIU> Nl».Y TO RECEIVE/CCNrAIN TH£ Ll1I' cam::N'1'S
COLClR. - A c:ott INDlCATIN:; WHICH Ll1I' TO RtADlWRITE:

1 -> BLUE
2 -> GREEN
.. -) REO

WHEN WRITI:N:; ONLY, 'l'HESE CaES MAY SE
CCJ1BINE:O TO WRITE '!'HE S»IE MTA IJ-'TO TWO
ffi 'l"IlR::E wr·S. Fa! EXI\.~LE, CQLOl1-5 WOOLO
WRITE BO'I'Il 'mE SLUE AND REO Ll1I"S.

~L - A SIT MAP SELEC'l'IN:; TH£ Cftl\NNEL(S) TO R.FADIWRIT£:
1 -> Il110GE 0
2 - > Il110GE 1
.. -> Il110GE 2

ere
16384 -> I~ 14

-37768 -> IMGt 15 (GRAPHICS)
WIlEN WRITIN:; ONLY, 'l'H£S£ Cca:S AAY BE CCMBINED
TO WRITE 'I'liE SAME MTA. 1N'I'O TWO OR MffiE CHANNELS.
Fa! EXNlPLE, CfIll.NNL .. -32758 WOULOM~ CiWlM:LS
I, 3, , 15.

READ - 0 IMPLIES WRITE, IMPLIES READ.
F'CRTRf'fi Iv-FUJ5 U0Hl 12: "12: 19 29-AJ:Hl0 .I'AGE 1
rf'oA<l. nN /Tl<: fl.l./IoR

uu
c
c
c
c
c
c
c
c
c
c
c

eeez
Ill!03
eea~

lDl5
I/lOO6
l!OO7
IIll'l0El
llOO9
l!Illl0
OOH

c
l!Illl2
l!Illl3
l!Illl"!
SUS
l!IlllG
OOl?
1Il1S 5

.ubr'out Inc ....rkUbuff ......",lln. Ilnd...."'t. Ichon. IcUr.llEST)
11"B<1 1. a .p9C I0 l-purpose. ...n'1len"ro I • ..,brout Ine to

mork " 512-bI/-N.J1..IN "actl"n 0; 11108" In two channel •.
\A¥lIRB.J:S:
buff- acrotch buffe" of 102<4 lnteg"r. needed bw eubroutlno.
1'1'11\11- la th" bt 1"0", or colu.....
nowl- Is 'the nal&l 1st row or- cotumn
IcL..n- I" the ,..Ieu.:lnt csa..Ra:) <:1\""".1 .....k
lri, ... - I. €I for rows. 1 .fot" &;Oh"'1'
Idast- dut Inat 101'1 channa I ...."k; If III.. ln8 or e, defaul b i.o -10ft0i.

l:EGO£RATE CASE' IF" JlE5T-IOfti lind l£Iol1....UE1. 1."-1'1 only
one ".t of one" Ie drown In. 1.0 e"u. " bit of tIN: <4/4'"

Int"9"" fcbe6l,,,HfIl 1 l,,,olli!. 1 l.bl/t.
Int";,,r buHtlaz~)

eoll orgchk~7J IGc't,)
do 1 n-l, 102'4
I tt(n)-l

by1..-1
Jdl,.-Idlr
Ja.~t-Idest
HeJdlr It 0.or.JCllr.Il1..1l ,jdlr-e
IfC""'dCnuOIlln,91ne.01 bllte-e ! In thte application. 1.h'" conditiOI'>

I. au;;lcl.nt to ....old ItllTX non__alpl. of at
If ( Jd"st . aq.l!l) JCla.t-1 chon
npa...-l""..lln+31)/32
last.....,d(n"",' 11'.321
If<lost ... lit) IC1et-32
do 5 n-e,l
"o(n)-e
"ICnl-e
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12:42:19

100-1
IEf'lDotf'ASS
If'C-1
!f(1I...1.gt.I'llIlIIO eo \0 2S
III°-npa..
'Ind-l
Inc-l

C
2IIil

!ftlo1. fl'p rd... 1.0 ovoId .arly 0........... '1... of ports perhop.
!"".ded 'n I 01..1' chunko.

do 3lil '-1110, land, Inc
_32
!fll.a",."""•• ' ........1081.
xl( 1-JlIlr '-lln81+( l-l)'13Z
xo( 1-JCflr , .......1+( l-l)1l32
coli 1...(fcb,bufl,xH.),Il.IU'.S~,Jlllr,lctwan,l,I,I,¥.,e,.,I,Ill)
\t·(Jd.U.n•. lch"n 1.n.a.lln.1> call I""'SI.
1 (feb,buff, xo(e"XCI( 1), 61ZM'U'l, Jdl", JCfe.1.,l,I,1,bwtl, 9, 9, I, I)

11833 3lil contI....,.
IB34 r.1.urn
1835 and
l"amIIfIol lu-flUJS U8Z-51
ft'fI(l. "" ;''fR: f'I.LAft

f'IlOGJW1 SECTI"

IUIIER tfI£ 6I2£ RTTRIam:S

1 SC()[E1 0911l6Z 281 1lW. I. Cai, La.
2 tf'DRTA l!Il!l0ll14 6 1lW, D, Cai, La.
3 SImlA 09lU2Il 4l! llW, D, Cai, La.
-4 tu'RS B1DJ5.4 2Z 1lW, D, Cai, La.
S STDf>S il09IilIl4 :2 RIoI, D, CUN, La.

EHTR'l' fIOlKTS

tfI£ 'M'E NIR:SS tfI£ 'M'E fIIllKSS Ift£ T'r1'E AIDlESS lft£ 'M'E NIR:SS Ift£ T'r1'E -1ftI(1 l-eal!ll!1B1a

UflIllfllL£S

Ift£ T'r1'E NIR:SS lft'£ 'M'E flIIJlR:SS Ift£ T'r1'E AIDlESS HAI'£ T'r1'E AIDlESS HAI'£ 'M'E -I'f1'E 1*2 +-eiIllllZ1 I 1'2 +t'IflllB5B IACT 1*2 4-1l1lBl!26 lQW1 1*2 1"__1211
lIEST 1*2 1"__1...

IDIR 1*2 1"-l!Il!l0ll14' lOt] 1.2 4-Blilll1M4 leo lIZ 4-E1BBe42 IrC 102 4-i!llOliH1i .t1EST 162 ............
JDIR lIZ 4~ LAST lIZ -4-e00B48 LII£1 1'2 I"--elDlIl6t " lIZ <HDlB3liJ t£W1 1*2 1"....1..
H'I'lSS 1'2 4-lill:l0B36 N.J1 lIZ 4-liDlllI!i2 ruLI" 1*2 I"-eliIlllllH1

"flRIAVS

HAI'£ T'r1'E NIR:SS SIZE D1l'I:HSICIiS

a.fT 1*2 1"-eBIill!ll2* IlMlIlI8 1e:z... ue:z... )
I"CB 1*2 4-eal!ll!1B1a l!Il!l0ll14 6 (6)
XI 1*2 4-QJllll14 il09IilIl4 2 (9: 1)
)(0 1*2 4-l!1l!l0ll29 9IBlO4 2 (8: 11

L NIR:SS

II 5 II

TOTAL 5f'AC£ Pl..L.OCATED - lil91216 361

tIO f"I'P IHSnu::nCNS GO£Rf\TED

_1 ~II£ F'tED1Z( buff. ICCII..OR, IOCST, IlDF',lM'lf1'l, IX, IV)
C Ft:£D1Z f ••d. color lca..OO (R-4, GZ, Bll 1.0 chann.1 IIEST, oU..ttl... the
C 1....11. (1H'\i'E\..£R 11.8 orlllln) bll Ix ond Iv. ("'DInED!v.!S1'7'9 to -'<
C for fItt( IX,ly by u.lnll IPXaT In f'IJID< for .-off••u not dlvl.lbl.
e by 8.'
e --1.0 potch the olnllla.,.I ••1 In. occurocy cl.lMC! 8 _tho .,
C (--lI'XaT In f.odboek 1.0 01 block col In 10M
t I.ft....t ....an 0' the do.t1nc11.lon.....Ich can IMl
e .v..o1.o1.lng; ,
C F'tED1Z u... 11FT o""plled 1.0 kluli. In 'l.h••• f ... CClI_,
t ..I\h 2 colla \0 II'R:i£. (1"811lD)
e Th. US scroll convont len. OJIPh,j 1.0 1.1110 coil. 'Tho1. Ill,
e IX>e .crcl I. on IN;e to tho UTT, and 1'1')9 .croll. 1J'W'lRII. ThII
e operot Ion "",uld produce Interutlng but nor_I III uncHtslroble re.ul1..
e If IlXST channel contrlblJ1.Id 1." IC\i..OO, 1Mtc0u.. the acrolilld ICCII..OR
e '''';.0011 b. dlstor1.ld during f ••dback ttl Trr<tt. To ovoId ouch probla••
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e ch"""., 11tl'P ilIOn ... fltd ".aulta \0 f on to 11l£ST. ~11
e eo.. of .. co""""".1 _1.,.1 ....1,1"11 1.0 1\ co II.d nlf· "lIqul"..... 11tl'P
e c"_1 blI ""011 ....1.. If I1tl'P la not d•••1. It to -1.
e -f"o.. "0". U't-SCROUJ:D ORf'£l.S Cltt.Y con cont"lbut. 1.0
C ICOLOR. a.n...oltzlng ...... Id ..,c.,,'aln cur".n, oc"allo f\"OM all
e cont.. lbutlng cllcnntola. and Individually updot. ond r ...t soch ono.
C ""'1"" la I to u...... 1 to bypo.. the Input functl"" ."'''11'
e Not. tfl,lSl79) thot Oftlol coil to f.cd Dock • colO!" to ..... Ich 1,ho
C digitizer co"trlbut•• ...1. Includ. on I1tl'P chonnol ••Ifte. 'ho
C digitizer ·co..........l· con flOt blI ocrDII." --ftC tho 1lI"IIInoi ••111'
C of 'crolilng tho .,UflOUD" 11W.....11I follt __ It ... MOT
e offllCt feodbock!
e IUT ""'It blI llr,JfllDdt 1".8>1 ISIZ but., long. 0I'ld .tart ... a ..... 1Iourldarv.

ll"lTE:CER IJ1'P'lnV·CIlt61.CJfTR18
Int.r buUt2561 !_t MOT tw-t on !IV" ........
H..t'l1-I1tl'P
IF'IIU'I1. L.T.eI KJU.I1E!lT
au. L,TQiTtF'CB.OflRIB.ICXUlR,I. U

III typo '.' cntrlb-' ._tlt
IllB1 JIl"I"
_ ''l"off''
_ _lIll".8>
8811 Ift....q .• , go to 21
88n J,,"I t".... ,tB
eelZ If I jlc . It. t" I JIl.JIl'"
ee13 Ip....".p-I"
8814 21 IftltHp.lt,11 au. SCRQ.(F'CB.JX.IY,omtII.'."
.15 au. F"DIlCKtf"ce. lCXl.OR.~. -1.8'l'PIf1\ •••••>
8816 If(tpl<Dff .•q.lIl) go \0 2S lno "carr.ctlon" .......11 to fill I" I.ft ttdgo,
8817 coil lIoolil,(fcb. buff. 51Z-tpl<off , •• 51Ztlp.off.l.zn;",.,.,I. -1.1.1.8 U
Bela au. f"lB::KtF'CB. lCXl.M.2UI'U11. -l,l'I'Pl"". IIl••ff••••>
Bel9 coil 1"'S.tfcb.....U. e. e. 512flp.off.l.2INnIMo1. -1.1.1••••••••••>
liII!IZ0 2S HtltHpgl.I'goto3B
BeZI CR.l. !llCRQ..tf"CI••••• amtI.....,
8BZ2 go to 1.
IIBZ3 3B DO 5 J·I.256
BeZ4 6 bunUl-J-l .
IIIil2S au. L.TQiTIF'CB.l'A5I<. !tItZ-1EESTI. I. 11 !Read _,....1. l'A5I< for fIl£ST CDID"
IIiI26 au. UJTlrCB.buH.Zt.t2-11l£ST>.2Ul1tl'P.I.I> IL.Dod II...... UJT , .. FmQ(.
BilZl' au. LTOiTtrCB. ZtlITEI'P. ZtltZ-11l£STI. II••,
II82S cooll.erollfcob.J".11I.2"I'.IIIp.lll.llU
Ill29 au. F"DIlCKt F'CB. ZUt Z-11l£ST>. 2UIIEST, -1,1,"'.')
8B38 coli .c:roltfeb.e.lll.Z**I\OIIIp••••,
11131 au. LTQiTIF'CB.tRiJ<.2aIZ-IIEST)•••• ) 1..\_ eel... to ....... tou. a""'.
8B3Z 188 ~
1133 IHl
f"ORTRIfl Iv-flIJ.B WZ-.51
F'E£D'IIl!."" /Ifl: Al.J..AoR

I'IlOCIW1 lECTI(lHi

IU'&:It tR£ SIZE ATlRIIUItS

1 «011£1 Be1'l42 .1 1lW. 1.CXltl. LCL
Z tPOATfIl _14 6 IlW, D. caH. La...
3 SlllATA lll!Ill3S6 1Z3 1lW. O. CXltl. La...
4 tl.IRS lllBliJiD2 13 1lW. O. COt, LCL
S 11UI'S IIiIB0lllZ 1 Ilol. O. CXltl. La...

Dfl'Ifi fIODmI

IfII£ 'I'M fIlIIJl£SI IfII£ 'I'M NlIIlE!J9 tR£ 'I'M ,.... tIlE
'MIl: _

tIlE 'MIl: ....
FD:IJCZ 1..-

U'RIM.DI

tR£ T'I'I'I: -- tR£ T'I'I'I: - tR£ T'I'I'I: flIIIUS tR£ 1'I'I"E -- tIlE T'I'I'I: --HI"" 1*2
r__l2*

omtIllt2 4-8BB014 10>I.CIt 112 r--... llEST Itl!
r__

IPlOTIIZ +.-zz
I1tl'P lIZ

r__l. Il< lIZ
r__1.

IY 1*2 r__16a J lIZ ....... .IX 1*2 +.-ze
It 1*2 ~4 tfl!lK 1*2 ......... KJU 1*2 4-lllB0lll16

llIRWi

l'Rf: T'I'I'I: -- 91ZE O1telSlatJ

IUT 1*2 ,....... 881_ S C2&61
fCI 1*2 <HIIlliIIIiIlit _14 6 (6)

F"DIlCK IIftE LTOn' UJT
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l:Pl:n::ED1Z,~:S

DPtZZ -takes. charllCter string ClCIIBAI'Iding II trlln.lfer of 51211512
image separations bet_n disk n refrellb -..cry.

_its specified nl:lllber of 60ths of a AC01ld~

-puses to allow ex_inatlon of content..s of IJilI'Clflad c:bInnel.
~ processing. ' .
-fill an entire iluge plane or pl..nel v!th'Onel.
-initialize an ..rray with a glv.,aliNnlaeric literal.
-pUS<! and ..it INVer.l ae<:oIll5s; report bKk if ther. i.

input during tMt tiae.
_nuUzes ..11 fla'lCtiolllll tlbl•• in the~.

In performing this second transformation, the only
new requirement concerns results more extreme than

50 the storage range (0) to (225), which can occur because
of the expansion. Such values are replaced with the
appropriate limit, i.e. either (0) or (255).

35 After placing L, Cl, and C2 into the three memories,
ZOWIE then expands Cl and C2 by the amount speci­
fied in ZOWIE.DAT. The inverse transform proceeds
in a similar ,manner.

Beginning with L, as is, and the two expanded color
40 difference channels, each minus 127.5, the mathematical

inverse of the above matrix is multiplicatively applied:

the color space. As in the second operation, the charac­
IS teristic range of values associated with the particular

system can be linearly expanded to fill the range of
potential color differences.

After this expansion of the color difference proper­
ties, the color masking stage recombines the expanded

20 transformations of the image by computing inverse
transforms of the original transforms. This produces a
color-enhanced image that is sent to the exposure con­
trol stage 60.

The initial transformation and the color expansion
25 described above are fully detailed by the following

listing of a program termed ZOWIE and the data file it
requires, termed ZOWIE.DAT. The listing and the
data file· are. in the same language and for the same
equipment as described for Appendix 1

30

APPENDIX II

A preferred color masking stage 58 of FIG. 3 per­
forms linear transformations of all three sets of proc­
essed-image information from the image processors 20,
22 and 24. A first operation calculates the average of the
combined outputs from the three processors 20, 22 and
24. With most images this average has an approximately
uniform distribution of values from (0) to (255).

A second operation, performed in parallel with the
first, calculates the difference between the outputs of
the information processors 20 and 22, which process the
long wavelength image information and the middle
wavelength information, respectively. The resultant
color difference between the two outputs is represented
on a scale of(0) to (255). At a given pixel, all colors with
equal output from processors 20 and 22 will have a vlue
of (128) on this scale. The difference value at most
pixels in the image falls in the vicinity of this middle
value, i.e. (128). Only the most saturated colors ap­
proach the extreme values of (0) to (255). In fact, if the
color detecting system 14 has overlap in its spectral
sensitivity functions it will cause the total range of dif­
ference values to be limited to values higher than (0)
and lower than (255). Based on the range ofdifference
values found in a variety of typical images, one can
expand the limited range found in the particular hard­
ware system to fill the, range of potential color differ­
ences. This can be implemented by taking the range of
values determined in taking the long wavelength minus
middle wavelength difference, in this case at difference
values from (80) to (175), and linearly expanding that
distribution to values that range from (0) to (255). "

A third operation of this color masking stage 58;
performed in parallel with the first two, is thecombina­
tion of half of the long-wavelength information from
processor 20 plus half of the middle-wavelength infor­
mation from processor 22, minus the short-wavelength
information from processor 24. The resultant represents
the color differences between two other color bands in

45

[ 0.330.33 0.33) R
[ O.SO -O.SO O.OOJ x G
[-0.25 -0.25 O.SO) B

[1.00 1.00 -0.67]
[1.00 -1.00 -0.67]
[1.00 0.00 1.331

L
CI -127.5
C2-127.5

10:41:00 14-AUG-80FORTR,l\N IV-PLUS V02-51
ZCJftIE _F'ft,l I'm:AL.t,II.;R

OOdl PRCGW! Z<WIE
0002 INTa:;ER FCB(6), BUFFER(O,l023)
0003 I'N'l1XlER BUFUlM(0:2551, 8UI"fll"(;(O:2551 f BllFIlMY(0:2551
0004 Dl'I'El:;ER ~,HIR,LOlTI',HIOUT

0005 OPEN(UNITZl, tw!£o" {1lI,4JZcwn:.DlT' ,TYPE='OLD',~LY}
0006 1000 f'CRl«AT12151
0007 RElIDIl,1000} ,~,HIR,LOllT,HIOUT

0008 0013 I-o,~

0009 13 BUFUJol(t}-LQUT
0010 00 14 I~IR,255

0011 14 BUFU1'l(I)-HlOUT
0012 XINC-FLOATIHlOUT-LOI1l'}IFLOo\T(HIR-LRI
0013 00 15 I-LR.HIR
0014 15 BUFUJolIIl-NINT(f'I.MT(LOllTI+FUllIT(I-LR}"XINCI
0015 IlEADll,10001.~,HIR,LDI1l',HIOUT

0016 00 213 lllO{),l1l
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0017 213
DOle
0019 214
0020
0021
0022 215
0023
0024
0025 313
0026
0027 314
0028
0029
0030 315

C
0
0
C
C

0031
0032

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
0
C
C
C
C
0

0033
0034 10
0035
0036
0037 20
0038
0039

61
Bl.JFRloC (I)"LOl1r
00 214 1=HIR,255
B~(I)-HIOOl'

Xm::-FlQ\T(HlOOl'-LOU'l'I/'FWAT(HIR-LRI
co 215 IaLR,HIR
BlJFRI'(; (I)-Nnrr ('FWAT(LOl1r1 +FlQ\T(I-LR)"XXNCI
READ(1,1000),LR,HIR,LOU'l',HIOUT
co 313 1*0, LR
BUFllMY (X I"'LOl1r
!Xl 314 I-aIR, 255
Bl.lf1:lMY (I)·HIOUT
XINC-FLOAT(HIOUT-LOUT)/FLOAT(HIR-LR)
!Xl 315. X"LR,HIR
B1JFBIolY(I) -HINT (FLClA'T (LOU'l') +FlQ\'I' (I-LRI*XINC)

CALL N~(.fCll,IlUFFER,3,0)

CALL LTCNT(l"C:B, 7,7,0,0)

THIS PROOlW'l SIIlULD TAKE liN :rN.GE IN REFRESH WITH RED (I'll,
GREEN (G),.l\N!) BLUE (BI S£PAAATIQIS IN Cw.NNELS-O,1,2, RESPECTIVELY,
AND R£Pl..ACE IT BY A~ IMAGE IN WHICH C~L 0 WILL ClNI'AIN
"LI.tllNANCE" (L), IEFINED AS :

IJo (1/3)" (R-4G+B)

QW.lNEL 1 WILL OlNI'AIN THE COLOR DIFFERENCE RED MmllS GREEN
SC1lLED TO THE RNa: 0 TO 255:

O· (1/2)" (2SS+R-G)

~L 2 WILL CXJf.t'AIN THE COLOR DIFF£REN::E BLUt I'lINUS YE~
SCALED TO THE RNG!: 0 TO 255:

C2=(1/41"(S10+2B-(R+G))

THE PROCI:llJRE WILL NOT REQUIRE ANY MOVING CJl STCIlING OF Il'VIGES, .lUST
l5E Cf'~ UP TABLES, ClB>TANT RECISTER, IFI'l, .l\N!) FEttBACK.

STEP 1. REPlACE CHI\N:lEL 0 BY L

co 10 1*0,255
BUFFER(I)"'I
CALL LUT(Fal,BUFFER,4,7,O,0)
co 20 1*0,765
BUFFER (I) =Nnrr (FlQ\T(I) /3. I
CALL IFI'l(Fal,BUFFER,0,766,0,0,0)
CALL FI:BCl«.fCll,4,l;255,0,0,0,O)

62

ST£P 2. REPLACE~L 1 BY 01

Cl"'(3/4) " (2L+ (-4/3 IG+ (-2/3) 8+1701

IN LINE WITH THE ABOVE. WE R&lRITE THE FCIl.MULA FCJl C1:

THE LOOK UP TABLE Fa< THE IMAGE WITH THE I'IAXIl'ltM SCALED AAN:;!':
(N.l\MELY (3/2l"L) WILL BE SCALED TO llSE AS MOCH OF ITS R1II'>tlE AS
I'OSSIIlLE. THE tmIER TABLES WILL BE SCALED APPROPRIATEt.Y. THE
MULTIPLICATIVE SCALE FAC'ltIl 1'lllST, Cf' COllRSE. BE THE SAME FCJl ALL
THREE LO'.)f( UP TABLES. '!'HE VM.IOUS AtlOITIVE Of"F5£'1'S (USED TO IW(E
THE LCWE5T OUTPUT BE MAPPED TO THE BEX3INNING OF '!'HE LOOK UP TABLE
OUTPUT, -256) WILL BE CCI'lPENSATED Fell WITH THE CCtlSTANT REX3IS'l'ER.
THIS REX3ISTER WILL ALSO BE USED TO 1l/1.!'lDLE THE 255 OVERALL AtlOITIVE
amTANT. THE WOOLE THING WILL THEN BE FED BACK TO THE 0 TO 255
IWlGE OF REFRESH 'l'HR0lGIl THE INPUT fWCTION Ml!l'IORY (IfM).

C
c'-------·---------------------
C
o
o
o OOI'E: SINCE OHAmEL 0 lIAS BEEN REPLACED BY L, WE USE A tlIFFERENT FCRMU:tA
o FCJl CO'U'UTING Cl:
o
o
C
C oorE:
C
C
C
C
C
C
C
C
C
C
C OOI'E: 1l.N!l.I.OGOUSLY FCJl C2.
C
C-------------------
C
C
C
o
C

0040 co 30 1*0,255
0041 30 BUFFER (l) - 2"1 - 256
0042 CALL Ll1r(.fCll,BUFFER.2.1,O,O)
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0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053

C
C
C
C
C
C
C
C
C
C
C
C

0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066

C
C
C
C
C

0067
0068
0069
0070
0071
0072
0073
0074

63
00 40 1-0,255

40 Bl.lFFER(Il-NINT(-4.*FUlI'.T(I)/J.l + 84
CALL LUT(FCB,BUFFER,2,2,0,Ol
00 SO 1-0,255

50 1l1JFFER(I)-NINT(-2.*FUlI'.T(I)/3.) - 86
CALL tuT(FCB,BUPFER,2,4,0,0)
CALL CONST(FCB,0,428,0,0,Ol
00 60 1-0,340

60 BIJFFER(I}-NINT (3.*FUlI'.T(ll/4.)
CALL IDI(FCB,BIPFER, 0, 341,0,0,0)
CALL FDBCK(FCB,2,2,255,0,O,0,0)

STEP 3. IlEPtN.:E CIWM:L 2 BY C2

AS FeR Cl, ABOVE, WE MlS'I' RDfRl'1'E f'CJlMl.IIA Pm C2 USn«; THE: OWiTITIES
'l'HIiT STILL EXIST IN REFRESH: L, Cl, B. (CI IS IiO'I' REQUIRED HERE.)

C2-(3/4l*(l7O+B-Ll

00 70 1..0,255
70 BUFFER(I)-!

CALL LUT (FCB, BUFFER,1,4,0,Ol
00 80 1-0,255

80 IlUFFER(I)--I
CALL LUT(FCB,BUFFER,l,l,O,O)
CALL LTCN1'{FCB,5,1,0,0)
CALL CONST(FCB,l70,O,O,O,Ol
00 90 1-0,340

90 BUFFER(I)-NINT(3 .*FUlI'.T{Il/4.)
CALL IDI{FCB,BllFFER,0,341,0,0,0)
CALL F'£BCI«(FCB,1,4,2S5,0,0,0,Ol
CALL NORMAL (FCB, BUPFER, 3,0)

CALL LUT (FCB, IlUFUl!'l, 4,1, 0, 0)
CALL Fm..'"K(FCB,4,1,255,I,O,O,O)
CALL LUT (FCB, 1ltJFRM:;, 2, 2,0, 0)
CALL FDBCK(FCB,2,2,255,I,O,O,0}
CALL LUT(FCB,BUfBMY,1,4,0,0)
CALL FIIlCK(FCB,l,4,255,1,0,0,0)

srop 'ZCWIE'
£NO

64

~~WIE.DAT 'file that specifies ma9nitude of color maskin9 transformatio
(for pro9ram ZOWIE)

o 255 LU'lINANCE ClWM:L IN (LOW, HIGIl) (2I5)
o 255 0l1I' (LOW, HIGIl) (215)

80 175 RED-GREEN ClMNEL IN (LQI/, HIGIll (215)
o 255 0l1I' (LQI/, HIGIll (215)

80 175 BUlE-YElJ..aroI ClWM:L IN (LOW, HIGIl) (215l
o 255 0l1I' (LQI/, HIGIl) (215)

FORTRAN IV-PLUS V02-51 10:41:00 14-J\u:;..s0
z~n:.f'ItI /'IR:AU.IWR

PROORAM SfX:TlOOS

NUMBER NAME SIZE ATI'RIIlUTES

1 $C0DE1 003030 780 RW,I,CCIl,LCL
2 $POATA 000110 36 RW,D,CCIl,LCL
3 $IOATA 000542 177 AN,D,CCIl,LCL
4 $VAAS 007032 1~5 RW, D,CCIl, LeL
5 $TEMPS 000004 2 RW,D,CCIl,LeL

~I1IBIES

NAME TYPE 1IDDRESS NAME TYPE AtDlESS NAME 'lYPE AOORESS N1II'lE 'lYPE AOORl"~

H10UT 1*2 4-007022 HIR 1*2 4-007016 I 1*2 4-007024 LOUT 1*2 4-o07~

LR 1*2 4-007014 XINC R*4 4-007026

ARRAYS

NAME TYPE AttRESS SIZE DIMDJS10tS

Btm3MY 1*2 4-006014 001000 256 (0:255)
BUFFER 1*2 4-000014 0.04000 1024 (0:1023)
BUFUJM 1*2 4-004014 001000 256 (0:255)
BtJFRM:; 1*2 4-005014 001000 256 (0,255)
FCB 1*2 4-000000 000014 6 (6)
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lABELS

lABEL AOORESS lABEL ~ lABEL AImESS lABEL ADllllESS

10 ** 13 ** 14 ** 15 **
20 ** 30 ** 40 *" 50 ..
60 ** 70 ** 80 ** 90 **
213 ** 214 .... 215 ** 313 **
314 .... 315 ** 1000' 3-000000

f'IN:TI(H; AND SUBROOI'INES REFERDCEO

CQlST FtI!CK IFM L'IQlI' wr l«R'W.. OPE:N$ $NINT

TOTAL SPACE ALLOCAn:Il .. 012740 2800

•ZCWIEINOSP-ZCWIE/LI:6

55

APPENDIX III

A preferred exposure control stage 60 of FIG. 3 uses
the output from the color masking stage 58 and com­
putes an optimal use of the characteristic dynamic 20
ranges of each color component of the color display, in
this case Polaroid SX-70 Time Zero brand instant film.
Exposure control functions that map the numerical
output of the FIG.3 system into those which produce
the desired representation on this film are calculated. 25
These transformations are small because of the power-
ful improvements already incorporated in the image
processing stages 20,22 and 24, and in the color mask­
ing stage 58. This final exposure control stage is thus
designed to fit the limited dynamic range of outputs 30
from processors 20, 22 and 24 more closely to the par­
ticular dynamic range of the display device, e.g. the
photographic film being used. The numerical transfor­
mation performed in one control stage 60 for the above­
noted film is shown in the plot of FIG. 13. The transfor- 35
mation is identical for the red, green, and blue channels.

Having described the invention, what is claimed as
new and secured by Letters Patent is set forth in the
appended claims.

1. Apparatus for producing an image of a subject 40

which comprises
A. means for detecting radiance ratios between differ­

ent areas of said subject and producing a first light­
ness-determining quantity in response to each such
ratio, 45

B. means for effecting said ratio detection for each
area of said subject a multiple number of times with
other areas of said subject which are at different
locations on said subject relative to that area,

C. means for combining each first lightness-determin- 50
ing quantity with a second lightness-determining
quantity associated with one area in that ratio and
replacing the second lightness-determining quan­
tity associated with another area in that ratio in
response thereto, and

D. means for producing an image of the subject in
which the lightness oftherespective image areas is
determined by the last replacement values of said
second lightness-determining quantities.

2. Image processing apparatus for determining a field 60
ofaccumulating measures of image lightness in response
to information identifying optical radiance associated
with arrayed sections of an image field, said apparatus
having the improvement comprising· 65

A. means for sequentially determining a comparative
measure of the radiance information for each seg­
mental areaof said image field relative to said in-

fo~mation for each of plural other segmental areas,
said means
(i) providing a new intermediate value of each such

measure in response to the product of a ratio
function of the radiance information associated
with each first-named segmental area and with
each second-named segmental area and of a like
measure previously determined for the second­
named segmental area, and

(ii) determining a sequentially new value of each
said measure in response to a selectively
weighted averaging of said new intermediate
value and a like measure previously determined
for said first-named segmental area, and

B. means for the prior measure for each first-named
segmental area in response to said newly-deter­
mined value, thereby to determine each measure in
the field thereof in response to an accumulating
succession of said measures.

3. Image processing apparatus according to claim 2
further characterized in that said measure-determining
means includes means for determining different ones of
each said plurality of measures for first-named and se­
cond-named areas that correspond to spatially different
sections ofsaid image field, where said spatial difference
includes at least a difference in size of or in separation
between first-named and second-named areas for which
that measure is being determined.

4. Image processing apparatus for determining a field
of accumulating measures of image lightness in response
to information identifying optical radiance associated
with an image field, said apparatus having the improve­
ment comprising

A. means for sequentially determining a comparative
measure of the radiance information for each seg­
mental area of said image field relative to said in­
formation for each of plural other segmental areas
of that field, said means
(i) providing a new intermediate value of each such

comparative measure in response to the product
of a ratio function of the radiance information
associated with each first-named segmental area
and with each second-named segmental area and
of a like measure previously determined for the
second-named segmental area, and further pro­
viding each such intermediate value with refer­
ence to a selected condition of said product, and

(ii) determining a sequentially new value of each
said comparative measure in response to a selec­
tively weighted averaging of said new intermedi­
ate value and a like measure previously deter-
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mined for said first-named segmental area, and having the further improvement in which said means
B. means for replacing the previously determined for effecting multiple determinations is further arranged

measure for each first-named segmental area in to produce for each segmental area a lightness-identify-
response to said sequentially-determined new ing quantity that is responsive to radiance.identifying
value, thereby to determine each measure in the 5 information for substantially every other segmental area
field in response to an accumulating succession of of the image field.
said comparative measures. 13. Image processing apparatus for determining infor-

5. Image processing apparatus according to claim 4 mation corresponding to image lightness in response to
further characterized in that said measure determining radiance-identifying information for a selected image
means includes means for determining said measure for 10 field, said apparatus having the improvement compris-
each first-named area relative to each of a set of second- ing
named other areas, where said set includes areas at A. means for representing said radiance-identifying

information for each of selected segmental areas ofselected different image-field locations relative to said
first-named area. the viewing field,

15 B. means for determining a selected comparison mea-
6. Image processing apparatus according to claim 4 sure between said identifying information for each

further characterized in that said measure determining
means includes means for effecting a determination of segmental area and said information for another

segmental area, and for determining therefrom and
said measure for each of a selected plurality of areas from a previously-determined lightness-identifying
prior to effecting a further such determination for an quantity for each latter segmental area a newly-
area of that plurality. 20 determined lightness-identifying quantity for each
" 7. Image processing apparatus for determining infor- former segmental area, said means for determining

mation corresponding to image lightness in response to including means for effecting a determination of
radiance-identifying information for a selected image said measure for each of a selected plurality of
field, said apparatus having the improvement compris- 25 areas prior to effecting a further such determina-

ing . h ad' 'd'f . tion for an area of that plurality,
A. means for representing t e r lance-I entl yIng C. means for effecting a selected multiple of said

information for each of selected segmental areas of determinations for said plurality of areas sequen-
the viewing field, tially, different ones of said sequential determina-

B. means for determining a selected comparison mea- 30 tions being between segmental areas having a spa-
sure between said identifying information for each tial parameter different from that of the areas of
segmental area and said information for another other such determinations, and for applying each
segmental area, and for determining therefrom and newly-determined quantity ofone determination as
from a previously-determined lightness-identifying a previously-determined quantity- in a subsequent
quantity for each latter segmental area a newly- 35 determination, and further including means for
determined lightness-identifying quantity for each ordering said determinations acl;)ordingto the mag-
former segmental area, nitude of said spatial parameter, and

C. means for effecting a selected multiple of said D. means for producing said lightness-information for
determinations sequentially and between segmental said image field in response to said multiple deter-
areas that correspond to differently-spaced loca- 40 minations.
tions in said field of view, and 14. Lightness-imaging apparatus having means for

D. means for producing said lightness-information for providing information identifying optical radiance asso-
said image field in response to said multiple deter- ciated with arrayed sections of a selected image field,
minations. said apparatus further comprising ,

8. Image processing apparatus according to claim 7 45 A. means for selectively grouping segmental areas of
having the further improvement in which said means said image field a selected number of times, differ-
for effecting said determinations sequentially includes ent ones of at least some of said groupings involv-
means for applying each newly-determined quantity of ing areas having at least one spatial parameter dif-
one determination as a previously-determined quantity ferent from other groupings of areas,
in a subsequent determination. 50 B. means for providing, for each grouping of segmen-

9. Image processing apparatus according to claim 7 tal area, at least one measure of visually significant
having the further improvement in which said means transition in· said radiance information between
for effecting said determinations with differently- areas of that grouping, said measures being with
spaced locations includes means for ordering said deter- reference to a selected lightness condition, and
minations according to the magnitude of the spacing 55 C. means for determining image lightness for each
between locations. arrayed section of the image field in response to a

10. Image processing apparatus according to claim 9 plurality of said measures, at least some of which
having the further improvement in which said me~nsare provided for groupings which differ from one
for ordering said determinations effects said ordermg another in at least one spatial parameter.
with determinations between areas of largest spacing 60 15. Imaging apparatus according t? claim 14 in whi~h

being performed first. each segmental area has a geometrical center, and In
11. Image processing apparatus according to claim 7 which said means for grouping provides different ones

having the further improvement in which said means of at least some of said groupings among areas having a
for determining includes means for operating on a set of different spacing parameter between the geometrical
said identifying information that i~ responsiye ~o said 65 centers thereof. ....
selected image field to effect one SaId determmatton for 16. Imaging apparatus accordmg to claim 14 In which
each segmental area of the image field prior to effecting each segmental area has a geometrical center, and in .
a further determination for any such segmental area. which said means for grouping provides different .ones

12. Image processing apparatus according to clainJ 7 of at least some of said groupings among areas haVIng a
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different spacing dimension between the geometrical B. in which said measure-providing means includes
centers thereof. means for providing said sequential measures or-

17. Imaging apparatus according to claim 14 in which dered between groupings oflargest spatial parame-
each segmental area has a geometrical center, and in ter and groupings of smallest parameter.
which said means for grouping provides different ones 29. Imaging apparatus according to claim 14 in which
of at least some of said groupings among areas having a said measure-providing means includes
different spacing direction between the geometrical A. means for sequentially providing different ones of
centers thereof. said measures of visually-significant transition in

18. Imaging apparatus according to claim 14 in which radiance information for the same segmental area,
said means for grouping provides different ones of at 10 B. means for assigning each segmental area an initial-
least some of said groupings among areas having differ- izing prior value of said measure,
ent separations between the edges thereof. C. means for providing an intermediate value of each

19. Imaging apparatus according to claim 14 in which said measure in response to the product of a ratio
said means for grouping provides different ones of at function of the radiance information associated
least some of said groupings among segmental areas 15 with grouped areas and the measure already as-
having a size different from the sizes of segmental areas signed to a first of said grouped areas,
in other groupings. D. means for providing each said measure in response

20. Imaging apparatus according to claim 14 in which to a selectively weighted averaging of an interme-
said means for grouping provides at least a first of said diate value provided sequentially previously for
groupings with areas of uniform size and provides dif- 20 said first of said grouped areas and of the prior
ferent ones of such groupings among areas having dif- measure for a second of said grouped areas, and
ferent separations in terms ofat least one spatial parame- E. means for replacing the prior measure for said
ter selected from the parameters of distance and of second of said grouped areas in response to said
direction. averaging, thereby to determine image lightness in

21. Imaging apparatus according to claim 14 25 response to an accumulating succession of said
A. further comprising means for assigning each seg- measures.

mental area an initializing value of said measure. 30. In lightness-imaging apparatus having
B. in which said measure-providing means includes (i) means for providing information identifying opti-

means for providing each said measure in response cal radiance associated with each arrayed section
to the product of a ratio function of the radiance 30 of a selected image field,
information associated with grouped areas and the (ii) means for selectively pairing segmental areas of
measure already assigned to a first of said grouped said image field a selected number of times, each
areas, and said pairing being of segmental areas of identical

C. further comprising means for replacing the mea- confignration and size,
sure assigned to a second of said grouped areas in 35 (iii) means for providing, for each pairing of segmen-
response to said product-responsive measure. tal areas, at least one comparative measure of said

22. Imaging apparatus according to claim 14 further radiance information at the paired areas, and
including means for resetting said product-responsive (iv) means for resetting each said measure with refer-
measure with reference to said selected lightness condi- ence to a selected limit condition,
tion. 40 the improvement comprising means for determining

23. Imaging apparatus according to claim 21 in which image lightness for each arrayed section of the image
said measure-providing means includes means for im- field in response to a plurality of said reset measures, at
posing a threshold on said ratio function. least some of which are provided for pairings which

24. Imaging apparatus according to claim 21 further differ from one another in at least one spatial parameter.
comprising means for retaining the measure assigned to 45 31. In imaging apparatus according to claim 30, the
said second of said grouped areas, in lieu of said replac- further improvement
ing, for each said second grouped area which is grouped A. comprising means for assigning each segmental
with an area located beyond said image field. area an initializing value of said measure,

25. Imaging apparatus according to claim 14 in which B. in which said measure-providing means includes
said measure-providing means includes means for reset- 50 means for providing each said measure in response
ting at least selected ones of said measures with refer- to the product of a ratio function of the radiance
ence to said selected lightness condition. information associated with paired areas and the

26. Imaging apparatus according to claim 14 in which measure already assigned to a first of said paired
said determining means determines image lightness in areas, and
response to an arithmetic averaging function of plural 55 C. further comprising means for assigning a replace-
ones of said measures provided for groupings which ment value to the measure assigned to a second of
differ from one another in at least one spatial parameter. said paired areas in response to said product-

27. Imaging apparatus according to claim 14 in which responsive measure.
said measure-providing means includes means for pro- 32. In imaging apparatus according to claim 30. the
viding at least some said measures in sequence with one 60 further improvement in which said means for pairing
another and for providing sequentially-successive mea- segmental areas includes means for providing different
sures in response, at least partially, to a preceding mea- ones of said pairs of said areas with different spacing
sure for an area of a grouping, thereby to determine said parameters ordered in said sequence from pairings of
image lightness in response to an accumulating succes- the largest parameter to pairings of the smallest parame-
sion of said measures. 65 ter.

28. Imaging apparatus according to claim 27 33. In imaging apparatus according to claim 30, the
A. in which said means for grouping provides group- further improvement including

ings which differ by a magnitude parameter, and A. memory means arranged for storing said radiance-
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identifying information,
B. scroll means arranged with said memory means for

providing said selective pairings of segmental ar·
eas,

C. signal transformation means for providing said 5
resetting of measures and for providing selectively
transformed information in said memory means,
and

D. adder means arranged with said memory means,
said scroll means and said transformation means for 10
providing said comparative measures ~ respo?se
to selectively scrolled and transformed mformatton
in said memory means, and for providing an arith­
metic averaging of plural reset measures, at least
some of which are provided for pairings which 15
differ from one another in at least one spatial pa·
rameter.

34. In imaging apparatus according to claim 30, the
further improvement

A. in which said means for pairing segmental areas 20
inclUdes means for providing said number of pairs
sequentially,

B. comprising means for assigning each segmental
area an initializing value of said measure, and

C. in which said measure-providing means includes 25
(1) means for providing an intermediate value of

each said measure in response to the product of a
ratio function of the radiance information associ­
ated with paired areas and the measure already
assigned to a first area of each pair, . 30

(2) means for providing each said measure m re·
sponse to a selectively weighted averaging of the
last previously provided intermediate value for
said first area of each pair and the last previously
provided prior measure for a second area ofeach 35
pair, and

(3)means for proving a replacement for the prior
measure for each second area in response to said
averaging, thereby to determine image lightness
in response to an accumulating succession of said 40
measures.

35. In imaging apparatus according to claim 34, the
further improvement in which said measure·providing
means includes means for providing a unity ratio in
response to radiance values within a selected measure of 45
one another.

36. In imaging apparatus according to claim 34 the
further improvement in which sa~d me~ure-providing
means includes means for producmg SaId measure, for
each second area which is paired with a first area 10- 50
cated beyond the image field. in response exclusively to
the measure already assigned to that second area.

37. In imaging apparatus according to claim 30, the
further improvement in which

A. each segmental area corresponds to a coordinate· 55
identified location of said image field, and

B. said means for pairing provides a pairing of each of
plural second areas with a different first area re·
moved therefrom by the same coordinate direction
and spacing. 60

38. In imaging apparatus according to claim 37, the
further improvement

A. in which said means for pairing segmental areas
includes means for providing said number of pairs
sequentially, 65

B. comprising means for assigning each segme~tal

area an initializing prior measure and for updatmg
each prior measure in response to the measure
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provided for each sequential pairing, and

C. comprising means for providing said measure, for
each second area paired with a first area located
beyond said image field in said coordinate direc­
tion, in response only to the prior measure assigned
to that second area.

39. Image processing apparatus comprising
A. first and second signal addder means,
B. first and second delay means, each arranged to

apply signals output therefrom to an input of the
same-numbered adder means,

C. first and second signal transformation means, each
arranged to apply signals output therefrom to a
further input of the same·numbered adder means,
said first transformation means having a polarity
inversion function and said second transformation
means having a reset function and being arranged
to receive signals output from said first adder
means,

D. first memory means arranged to apply signals read
therefrom to said first transformation means and to
said first delay means,

E. second memory means arranged to apply signals
read therefrom to a further input of said first adder
means and to said second delay means,

F. further signal transformation means having a com­
press function and arranged to receive s~gnals from
said second added means and to apply SIgnals to an
input of said second memory means. and

G. control means for controlling said adder means,
delay means, transformation means and memory
means for applying signals to said first adderm~s
from said first transformation means and from SaId
fIrSt delay means and from said second memory
means with selected relative timing, and to apply
signals to said second adder means fro~ said sec­
ond transformation means and from saId second
delay means with selected timing relative to one
another and relative to said application ofsignals to
said first adder means.

40. Lightness-imaging apparatus having ~eans for
providing information identifying optical ra~lance asso­
ciated with arrayed sections of a selected Image field.
said apparatus further comprising .

A. means for pairing identically configured and Sized

segmental areas of said viewin~ ~eld differ~ntly a
number of times and for provldmg a multIple of
sets of said different pairings, each said set involv­
ing areas of a size different from other sets,

B. means for providing, for each pairing of s:gmen~l
areas, a comparative measure of said radIance m­
formation at the paired areas,

C. means for resetting each said measure with refer­
ence to a selected limit, and

D. means for determining image lightness for each
arrayed section of the image field in response to a
plurality of said reset meas~res. .

41. Imaging apparatus accordmg to ~la~m 40
A. further comprising means for asslgmng each seg­

mental area an initializing value of said measure,
B. in which said measure-providing means incl~des

(1) means for providing each said measure m re­
sponse to the product of a ratio function of the
radiance information associated with the two
paired areas and the measure already assigned to
a first of said paired areas, and

(2) means for replacing the measure assigned to
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log np(x.y)= 1/2([log oP(x.y)J+[log op(o.oHlog r
(x.y) -log 1(0.0)])

logip(xy)= log op(o.o)+ log I(x.y)- log 1(0.0)

where
log np(x,y) is the log of the measure for a first

segmental area at location (x,y) in the image field
relative to a reference location for a second area
paired therewith,

log op(x,y) is the log of the measure previously
assigned to or determined for said first area,

log op(o,o) is the log of the measure previously
assigned to or determined for said second seg­
mental area at said reference location (0,0) in the
image field and paired with said first area, and

log r(x,y) and log r(o,o) are the logs of the radiance
information for said first and second paired ar­
eas, respectively,
and where each said term [log op(o,o)+ log

r(x,y)-log r(o,o)] is reset with reference to a
selected limit.

45. Imaging apparatus according to claim 44 further
comprising means for determining image lightness for
each arrayed section of the image field in response to an
arithmetic averaging' 'of a plurality of said reset mea­
sures at least some of which are provided for pairings
which differ from one another in at least one spatial
parameter.. '

46. A method for producing an image of a subject
comprising the steps of

A. detecting radiance ratios between different areas
of said subject and producing a first lightness­
determining quantity in response to each such ra­
tio,

B. effecting said ratio detection for each area of said
subject a multiple number of times with other areas
of said subject which are at different locations on
said subject relative to that area,

where 35 c. combining each first lightness-determining quan-
log ip(x,y) is. the log of the measure for a first seg- tity with a second lightness-determining quantity

mental area at.1ocation (x,y) in the image field associated with one area in that ratio and replacing
relative to a reference location for a second area the second lightness-determining quantity associ-
paired therewith,. .'.. ated with another area in that ratio in response

log op(o,o) is the log of the measure previously 40 thereto, and
assigned to or determined for said second seg- D.' producing an image of the subject in which the
mental area at said reference location (0,0) in the lightness of the respective image areas is deter-
image field and paired with said first area, and mined by the last replacement values ofsaid second

log r(x,y) and log r(o,o) are the logs ofthe r~diance lightness-determining quantities.
information for said first and second paIred ar- 45 47. An image-processing method for determining a
eas, respectively, . field of accumulating measures of image lightness in

C. means for resetting each said measure with refer- response to information identifying optical radiance
ence to a selected limit. and associated with an image field, said method having the

D.. means for determining image lightness for each improvement comprising the steps of
arrayed section of the image field in response to an 50 A. sequentially determining a comparative measure
arithmetic averaging· of a plurality of said reset. of the radiance information for each segmental area
measures, at least some of which are provided for of said image field relative to said information for
pairings which differ from one· another in at least each of plural other segmental areas, said method-
one spatial parameter. determining step including

44. Lightness-imaging apparatus having means for 55 (i) providing a new intermediate value ofeach sU~h
providing information identifying optical radiance asso- measure in response to the product of a ratIo
ciated with each arrayed section of a selected image function of the radiance information associated
field, said apparatus further comprising' with each first-named segmental area and with

A.. means for selectively pairing segmental areas of each second-named segmental area and of a like
said image field a selected number of times, each 60 measure previously determined for the second-
said pairing being of segmental areas of identical named segmental area,
configuration and size; (ii) determining a sequentially new value of each

B. means for providing, for each pairing of segmental said measure in response to a selectively
areas, at least one measure of transition in said weighted averaging of said new intermediate
radiance information between the paired areas, said 65 value and a like measure previously determined
measure conforming to the equation: for said first-named segmental area, and

B. updating the previously determined measure for
each first-named segmental area in response to said
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each second area of a pair in response to said
product, and

C. in which said means for determining includes
(I) means for providing said replaced measures for

each set of pairings sequentially for different sets 5
thereof, and

(2) means for producing an initializing value of said
measure for all but' the sequentially first set of
pairings in response to the replaced measure
produced with the last pairing of the sequentially 10
preceding set thereof.

42. Imaging apparatus according to claim 40
A. in which said measure-providing means includes

means for providing multiple measures of image­
field lightness for said pairings in each set thereof, 15
and

B. in which said means for determining includes
means for arithmetically combining said measures
from each set of pairings.

43. Lightness-imaging apparatus having means for 20
providing information identifying optical radianc~ asso­
ciated with each arrayed section of a selected Image
field, said apparatus further comprising

A. means for selectively pairing segmental areas of
said image' field a selected number of times, each 25
said pairing being of segmental areas of identical
configuration and size,

B. means for. providing, for each pairing ofsegmental
areas, at least one measure of transition in said
radiance information between the paired areas, said 30
measure conforming to the equation:
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sequentially-determined new value, thereby to de- mined lightness-identifying quantity for each for-
termine each measure in the field in response to an mer segmental area,
accumulating succession of said measures. C. effecting a selected multiple of said computations

48. An image processing method according to claim sequentially· between segmental areas that corre-
47 further characterized in that said measure-determin- 5 spond to differently-spaced locations in said field of
ing step includes determining different ones of each said view, and
plurality of measures for first-named and second-named D. producing said lightness-information for said
areas that correspond to spatially different sections of image field in response to said multiple determina-
said image field, where said spatial difference includes tions.
at least a difference in size of or in separation between 10 53. An image processing method according to claim
first-named and second-named areas for which that 52 having the further improvement in which said step of
measure is being determined. effecting said determinations sequentially includes ap-

49. An image processing method for determining a plying each newly-determined quantity of one determi-
field of accumulating measures of image lightness in nation as a previously-determined quantity in a subse-
response to information identifying optical radiance IS quent determination.
associated with an image field, said method having the 54. An image processing method according to claim
improvement comprising the steps of 52 having the further improvement in which said step of

A. sequentially determining a comparative measure effecting said determinations with differently-spaced
of the radiance information for each segmental area locations includes ordering said determinations accord-
of said image field relative to said information for 20 ing to the magnitude of the spacing between locations.
each of plural other segmental areas of that field, 55. An image processing method according to claim
said measure-determination including 52 having the further improvement in which said step of
(i) providing a new intermediate value ofeach such determining includes operating on a set of said identify-

comparative measure in response to the product ing information that is responsive to said selected image
of a ratio function of the radiance information 25 field to effect one said determination for each segmental
associated with each first-named segmental area area of the image field prior to effecting a further deter-
and with each second-named segmental area and mination for any such segmental area.
of a like measure previously determined for the 56. An image processing method according to claim
second-named segmental area, and further pro- 52 having the further improvement in which said step of
viding each such intermediate value with refer- 30 effecting multiple determinations is further adapted for
ence to a selected condition of said product. and producing for each segmental area a lightness-identify-

(ii) determining.a sequentially new value of each ing quantity that is responsive to radiance-identifying
said comparative measure in response to a selec- information for substantially every other segmental area
tively weighted averaging ofsaid new intermedi- of the image field.
ate value and a like measure previously deter- 35 57. An image processing method for· determining
mined for said first-named segmental area, and information corresponding to image lightness in re-

B. replacing the previously-determined measure for sponse to radiance-identifying information for a se-
each first-named segmental area in response to said lected image field, said method having the improvement
sequentially new value, thereby to determine each comprising the steps of
measure in the field thereof in response to an accu- 40 A. representing said radiance-identifying information
mulating succession of said comparative measures. for each ofselected segmental areas of the viewing

SO. An image processing method according to claim field,
49 further characterized in that said measure-determin- B. determining a selected comparison measure be-
ing step includes determining said measure for each tween said identifying information for each seg-
first-named area relative to each of a set of second- 45 mental area and said information for another seg-
named other areas, where said set includes areas at mental area, and determining therefrom and from a
selected different image-field locations relative to said previously-determined lightness-identifying quan-
first-named area. tity for each former segmental area a newly-deter-

51. An image processing method according to claim mined lightness-identifying quantity for each latter
49 further characterized in that said measure determin- 50 segmental area, said measure-determination includ-
ing step includes effecting a dete~ination of said. mea- ing means for effecting a determination of said
sure ~or each of a selected pl~ral.lty of areas prior to measure for each of a selected· plurality of areas
effect~ng a further such determmatlOn for an area of that prior to effecting a further such determination for
plurality. .. . . . an area of that plurality,
. 52. A? Image proce~smg m~thod f<,>r det~mmg 55 C. effecting a selected multiple of said determinations
mformatlon ct?rresp?ndl~g .to I~age h!;htness m re- for said plurality of areas sequentially, different
sponse to radlance-Identlfymg mformatlon for a se- ones of said sequential determinations being be-
lected ~~age field, said method having the improvement tween segmental areas having a spatial parameter
compnsmg th~ steps, of. . ... . . different from that of the areas of other such deter-

A. representmg said radlance-Identlfymg mformatlon 60 . f d I' hid te . d
for each of selected segmental areas of the viewing mmati~otns, fan aP

d
P tymg. ea~ new y- e ~mle

field, quan ~ 0 one. e.erm18atlon as a pre~lo~ y-
B. determining a selected comparison measure be- determmed 9uant1~y 18 a su~seque.nt determ~nat~on,

tween said identifying information for each seg- and fw:ther 18cludmg ~rdermg s~ld det~rm18atlOns
mental area and said information for another seg- 65 accordmg to the magnItude of said spatial parame-
mental area, and determining therefrom and from a ter, and . .. . . .
previously-determined lightness-identifying quan- D., producm~ said hghtness~Jnform~tJon for ~ald
tity for each latter segmental area a newly-deter- Image field 18 response to saId multIple determma-
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66. An imaging method according to claim 65
A. in which said grouping step provides groupings

which differ by a magnitude parameter, and
B. in which said measure-providing step includes

providing said sequential measures ordered be­
tween groupings of largest spatial parameter and
groupings of smallest parameter.

67. In a lightness-imaging method in which informa­
tion is provided identifying optical radiance associated
with each arrayed section of a selected image field, and
including

(i) selectively pairing segmental areas of said image
field a selected number of times, each said pairing
being of segmental areas of identical configuration
and size,

(ii) providing, for each pairing of segmental areas, at
least one comparative measure of said radiance
information at the paired areas, and

(iii) resetting each said measure with reference to a
selected limit condition,

the improvement comprising the further step of deter-
25 mining image lightness for each arrayed section of the

image field in response to a plurality of said reset mea­
sures, at least some of which are provided for pairings
which differ from one another in at least one spatial
parameter.

68. In an imaging method according to claim 67, the
further improvement

A. comprising the step of assigning each segmental
area an initializing value of said measure,

B. in which said measure-providing step includes
providing each said measure in response to the
product ofa ratio function of the radiance informa­
tion associated with paired areas and the measure
already assigned to a first of said paired areas, and

C. comprising the step of assigning a replacement
value to the measure assigned to a second of said
paired areas in response to said product-responsive
measure.

69. In an imaging method according to claim 67, the
further improvement in which said step of pairing seg-

45 mental areas includes providing different oes of said
pairs of said areas with different spacing parameters
ordered in said sequence from pairings of the largest
parameter to pairings of the smallest parameter.

70. In an imaging method according to claim 67, the
50 further improvement

A. in which said step of pairing segmental areas in­
cludes providing said number of pairs sequentially,

B. comprising the step of assigning each segmental
area an initializing value of said measure, and

55 C. in which said measure-providing step includes
(1) providing an intermediate value of each said

measure in response to the product of a ratio
function of the radiance information associated
with paired areas and the measure already as­
signed to a first area of each pair,

(2) providing each said measure in response to a
selectively weighted averaging of the last previ­
ously provided intermediate value for said first
area of each pair and the last previously pro­
vided prior measure for a second area of each
pair, and

(3) providing a replacement value for the prior
measure for each second area in response to said
averaging, thereby to determine image lightness
in response to an accumulating succession ofsaid
measures.

71. In an imaging method according to claim 70, the
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tions.
58. A lightness-imaging method in which information 5

is provided identifying optical radiance associated with
arrayed sections of a selected image field, said method
further comprising the steps of

A. selectively grouping segmental areas of said image
field a selected number of times, different ones of at 10

least some of said groupings involving areas having
at least one spatial parameter different from other
groupings of areas,

B. providing, for each grouping of segmental areas, at
least one measure of visually significant transition 15
in said radiance information between areas of that
grouping, said measures being with reference to a
selected lightness condition, and

C. determining image lightness for each arrayed sec­
tion of the image field in response to a plurality of 20
said measures, at least some of which are provided
for groupings which differ from one another in at
least one spatial parameter selected from the· pa­
rameters of distance, direction and size.

59. An imaging method according to claim 58 in
which said grouping step provides at least a first of said
groupings with areas of uniform size and provides dif­
ferent ones of such groupings among areas having dif­
ferent separations in terms of at least one spatial parame- 30
ter selected from the parameters of distance and of
direction.

60. A imaging method according to claim 58
A. further comprising the step of assigning each seg­

mental area an initializing value of said measure, 35
B. in which said measure-providing step includes

providing each said measure in response to the
product of a ratio function of the radiance informa­
tion associated with grouped areas and the measure
already assigned to a first of said grouped areas, 40
and

C. further comprising the step of assigning a replace­
ment value to the measure assigned to a second of
said grouped areas in response to said product­
responsive measure.

61. An imaging method according to claim 60 further
including the step of resetting said product-responsive
measure with reference to said selected lightness condi­
tion.

62. An imaging method according to claim 60 in
which said measure-providing step includes imposing a
threshold on said ratio function.

63. An imaging method according to claim 60 further
comprising the step of retaining the measure assigned to
said second of said grouped areas, in lieu of said assign­
ment of a replacement value, for each said second
grouped area which is paired with an area located be­
yond said image field.

64. An imaging method according to claim 58 in
which said determining step includes determining 60
image lightness in response to an arithmetic averaging
function of plural ones of said measures provided for
groupings which differ from one another in at least one
spatial parameter.

65. An imaging method according to claim 58 in 65
which said measure-providing step includes providing
at least some said measures in sequence with one an­
other and for providing sequentially-successive mea­
sures in response, at least partially, to a preceding mea­
sure for an area of a grouping, thereby to determine said
image lightness in response to an accumulating succes­
sion of said measures.
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the last pairing of the sequentially preceding set
thereof.

76. A lightness-imaging method in which information
is provided identifying optical radiance associated with
each arrayed section of a selected image field, said
method comprising the steps of

A. selectively pairing segmental areas of said image
.fie~d a selected number of times, each said pairing
bemg of segmental areas of identical configuration
and size,

B. providing, for each pairing of segmental areas, at
least one measure of transition in said radiance
information between the paired areas, said measure
conforming to the equation:

log IjJ(xy)=log op(o,oHlog r(x,y)-Iog 1(0,0)

where
log ip(x,y) is the log of the measure for a first seg­

mental area at location (x,y) in the image field
relative to a reference location for a second area
paired therewith,

log op(o,o) is the log of the measure previously
assigned to or determined for said second seg­
mental area at said reference location (0,0) in the
image field and paired with said first area, and

log r(x,y) and log r(o,o) are the logs of the radiance
information for said first and second paired ar­
eas, respectively,

C. resetting each said measure with reference to a
selected limit, and

D. determining image lightness for each arrayed sec­
tion of the image field in response to an arithmetic
averaging of a plurality of said reset measures, at
least some of which are provided for pairings
which differ from one another in at least one spatial
parameter.

77. A lightness-imaging method in which information
is provided identifying optical radiance associated with
each arrayed section of a selected image field, said
method comprising the steps of

A. selectively pairing segmental areas of said image
field a selected number of times, each said pairing
being of segmental areas of identical configuration
and size,

B. providing, for each pairing of segmental areas, at
least one measure of transition in said radiance
information between the paired areas, said measure
conforming to the equation:

log np(x,y)= 1I2{pog op(x,y)l+[log op(o,oH!og
r(x,y)-Iog I(o,o)l}

where
log np(x,y) is the log of the measure for a first

segmental area at location (x,y) in the image field
relative to a reference location for a second area
paired therewith,

log op(x,y) is the log of the measure previously
assigned to or determined for said first area,

log op(o,o) is the log of the measure previously
assigned. to or determined for said second seg­
mental area at said reference location (0,0) in the
image field and paired with said first area, and

log r(x,y) and log r(o,o) are the logs of the radiance
information for said first and second paired ar­
eas, respectively,
and where each said term [log op (o,o)+log

r(x,y)-Jog r(o,o)] is reset with reference to a
selected limit.
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furth~r improvement in which said measure-providing
step mcludes providing a unity ratio in response to
radiance values within a selected measure of one an­
other.

72. In an imaging method according to claim 70, the 5
further improvement in which said measure-providing
step includes producing said measure, for each second
area which is paired with a first area located beyond the
image field, in response exclusively to the measure al­
ready assigned to that second area.

73. In an imaging method according to claim 67 in
which each segmental area corresponds to a coordinate­
identified location of said image field, the further im­
provement

A. in which said pairing step provides a pairing of ·15
each of plural second areas with a different first
area removed therefrom by the same coordinate
direction and spacing,

B. in which said step of pairing segmental area in­
~~es providing said number of pairs sequentially, 20

C. comprising the steps of
(1) assigning each segmental area an initializing

prior measure,
(2) updating each prior measure in response to the 2S
:~sure provided for each sequential pairing,

(3) providing said measure, for each second area
paired with a first area located beyond said
image field in said coordinate direction, in re- 30
sponse only to the prior measure assigned to that
second area.

74. A lightness-imaging method in which information
is provided identifying optical radiance associated with
arrayed sections of a selected image field, sald method 35
comprising the step of

A. pairing identically configured and sized segmental .
areas of said viewing field differently a number of
times and for providing a multiple of sets of said
different pairings, each said set involving areas of a 40
size different from other sets,

B. providing, for each pairing of segmental areas, a
comparative measure of said radiance information
at the paired areas,

C. resetting each said measure with reference to a 4S
selected limit condition, and

D. determining image lightness for each arrayed sec­
tion of the image field in response to a plurality of
said reset measures.

75. An imaging method according to claim 74
A. further comprising the step of assigning each seg­

mental area an initializing value of said measure
B. in which said measure-providing step includes '

(I) providing each said measure in response to the
product of a ratio function of the radiance infor- 55
mation associated with the two paired areas and
the measure already assigned to a first of said
paired areas, and

(2) replacing the· measuring assigned to each sec­
ond area of a pair in response to said product, 60
and

C. in which said determining step includes
(1) providing said replaced measures for each set of

pairings sequentially for different sets thereof,
and 6S

(2) producing an initializing value of said measure
for all but the sequentially first set of pairings in
response to the replaced measure produced with
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78. An imaging method according to claim 77 further

comprising the step of determining image lightness for
each arrayed section of the image field in response to an
arithmetic averaging of a plurality of said reset mea­
sures, at least some of which are provided for pairings 5
which differ from one another in at least one spatial
parameter.

79. Image processing apparatus comprising
A. means for receiving information responsive to the

radiance values defining an image field, and 10
B. means for deriving from said information a light­

ness field containing final lightness values for pre­
determined segmental areas ofsaid image field, said
final lightness value deriving means establishing
initial lightness values for all areas of said image 15
field and sequentially performing a selected num­
ber of process steps for said image field, in each
step of which process selected areas of said image
field are selectively paired with different areas of
said image field and in successive steps of which 20
process such pairings of areas differ from other
pairings in at least one spatial parameter according
to a predetermined sequence, and in each of which
steps such paired areas are compared to establish a
new lightness value for each said selected area as a 25
function of the ratio of its radiance value to that of
the different area with which it is paired and as a
function of lightness values established for such
paired areas in a preceding process step, and
wherein said final lightness value for each said 30
segmental area comprises an effective comparison
of information responsive to its radiance value to
information responsive to the radiance value from
substantially all other areas of said image field
without a direct comparison to each of said other 35
segmental areas.

80. Image processing apparatus according to claim 79
in which said lightness-value deriving means includes
means for establishing each new lightness value with
reference to at least one selected lightness condition. 40

81. Image processing apparatus according to claim 79
in which said lightness value deriving means includes
means for pairing areas of umtorm hke sIze throughout
at least a selected portion of said process steps and for
selecting at least one spatial parameter for pairing, in 45
successive steps, areas spaced apart by a distance that
decreases progressively in the course of at least said
portion of said process steps.

82. Image processing apparatus according to claim 79
in which said lightness value deriving means includes 50
means for pairing areas of like size in each said process
step, and for selecting at least one spatial parameter to
decrease the sizes, in said image field, of said paired
areas in at least selected different steps progressively in
the course of said process steps. 55

83. Image processing apparatus according to claim 79
in which said lightness value deriving means includes
means for selecting said one spatial parameter to de­
crease in magnitude, at at least selected successive steps,
in the course of said process steps. 60

84. Image processing apparatus comprising

A. means for receiving information responsive to the
radiance values defining an image field, and

B. means for deriving from said information a light- 65
ness field containing final lightness values for pre­
determined segmental areas of said image field, said
final lightness value deriving means establishing
initial lightness values for all areas· of said image
field and performing a selected number of process

steps for said image field, in each step of which
procesS selected areas of said image field are selec­
tively paired with different areas ofsaid image field
and in different steps of which process such pair­
ings of areas differ selectively from other pairings
in at least one spacial parameter, and in each of
which steps such paired areas are compared to
establish a new lightness value for each said se­
lected area as a function of the ratio of its radiance
value to that of the different area with which it is
paired and as a function of lightness values estab­
lished for such paired areas in a different process
step, and in which said one spatial parameter is
selected, for at least selected different ones of such
pairings, to establish new lightness values for areas
that are at least relatively small or relatively closely
spaced apart using lightness values established for
areas that are comparatively larger or compara­
tively further spaced apart, and wherein said final
lightness value for each said segmental area com­
prises an effective comparison of information re­
sponsive to its radiance value to information re­
sponsive to the radiance value from substantially
all other areas of said image field without a direct
comparison to each of said other segmental areas.

85. An image processing method comprising the steps
of

A. receiving information responsive to the radiance
values defining an image field, and

B. deriving from said information a lightness field
containing final iightness values for predetermined
segmental areas of said image field, said final light­
ness value deriving step establishing initial light­
ness values for all areas of said image field and
sequentially performing a selected number of pro­
cess steps for said image field, in each step ofwhich
process selected areas of said image field are selec­
tively paired with different areas ofsaid image field
and in successive steps of which prg,geSs such pair­
ings of areas differ from other pairings in at least
one spatial parameter according to a predeter­
mined sequence, and in each of which steps such
paired areas are compared to establish a new light­
ness value for each said selected area as a function
of the ratio of its radiance value to that of the dif­
ferent area with which it is paired and as a function
of lightness values established for such paired areas
in a preceding process step, and wherein said final
lightness value for each said segmental area com­
prises an effective comparison of information re­
sponsive to its radiance value to information re­
sponsive to the radiance value from substantially
all other areas of said image field without a direct
comparison to each of said other segmental areas.

86. An image processing method comprising the steps
of

A. receiving information responsive to the radiance
values defining an image field, and

B. deriving from said information a lightness field
containing final lightness values for predetermined
segmental areas of said image field, said final light­
ness value deriving step establishing initial light­
ness values for all areas of said image field and
performing a selected number of process steps for
said image field, in each step of which process
selected areas of said image field are selectively
paired with different areas of said image field and
in different steps of which process such pairings of
areas differ selectively from other pairings in at
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84
least one spacial parameter, and in ,each of which
steps such paired areas are compared to establish a
new lightness value for each said selected area as a
function of the ratio of its radiance value to that of
the different area with which it is paired and as a 5
function of lightness values established for such
paired areas in a different process step, and in
which said one spatial parameter is selected, for at
least selected different ones of such pairings, to
establish new lightness values for areas that are at 10
least relatively small' or relatively closely spaced,
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apart using lightness values, established for areas
that are comparatively' larger or comparatively
further spaced apart, and wherein said [mal light­
ness value for each said segmental area comprises
an effective comparison of information responsive
to its radiance value to information responsive to
the radiance value from substantially all other areas
of said image field without a direct comparison to
each of said other segmental areas.

• • * * *
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