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Abstract
The SIPHER technique uses mathematically-uncomplicated processing to impart interesting effects upon a static image.
Importantly, it renders certain areas of an image more perceptible than others, and draws a human observer’s attention
to particular objects or portions of an image scene. By varying coefficients of the processing in a time-ordered sequence,
we can create a multi-frame video wherein the frame-to-frame temporal dynamics further enhance human perception of
image objects. In this article we first explain the mathematical formulations and present results from applying SIPHER to
simple three-dimensional shapes. Then we explore SIPHER’s utility in enhancing visual perception of targets or objects of
military interest, in imagery with some typical backgrounds. We also explore how and why these effects enhance human
visual perception of the image objects.
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1. Introduction

This article describes and demonstrates a mathematically
simple algorithm for modeling a moving light source,
using images taken with a single, relatively static light
source, such as the sun. The simulated source motion
causes shadows and intensity (brightness) gradients to be
modulated, as a function of ranges of settings in the algo-
rithm. This, in turn, produces interesting and recognizable
visual effects that enhance perception and recognition of
objects against backgrounds and clutter.

The simulation algorithm, which we have named a
‘Spatial Intensity Phase Evaluator’ or SIPHER, was origi-
nally discovered in a US Air Force Research Laboratory
(AFRL)-sponsored polarimetric imagery research project.
However, its effects and performance are by no means lim-
ited to polarimetric (Stokes) images – the process works in
any imaging modality. We first described SIPHER in an
article in Advanced Imaging magazine.1 Here, we further
explore SIPHER’s applicability as a modeling and simula-
tion technique for object detection.

We begin with an overview of the algorithm and its effects
on some common geometric solid shapes. Then, we show

how it affects objects of military interest in images with natu-
ral and typical surroundings. Finally, we assess how the visual
effects produced by the algorithm, both statically and dynami-
cally, can enhance visual perception of these objects by help-
ing the viewer distinguish them from the background.

2. Overview of the SIPHER algorithm

The mathematics of SIPHER are both conceptually and
computationally simple, and it is applicable to grayscale,
color, multi-spectral, or any imaging modality with one or
several arrays of pixel values. For grayscale images with
8-bit pixels, in bitmap (BMP) format for example, the
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range of pixel values is 28 or 256 values, ranging from 0
to 255. Here, a value of 0 represents black, a value of 255
represents white, and anything in-between is some shade
of gray. Similarly, 12-bit pixel values have a range from 0
to 212 − 1 and some formats, such as TIFF, permit nega-
tive and positive pixel values that are useful for polari-
metric imagery. For color images, there would be three
separate arrays of pixels, for the red, green, and blue color
planes, and multi-spectral images would have more arrays,
each representing some spectral region. Since SIPHER
can be applied to any or all sets of pixels in modalities
such as these, and for simplicity’s sake in this article, we
describe it over one array of 8-bit grayscale pixel values.

To begin, say we have some array of image intensity or
brightness pixel values that exist over some range, R. The
SIPHER algorithm sets a threshold value, T, within R,
and then performs the following calculation to convert an
original pixel value, PO, into a SIPHER-modified pixel
value, PS:

PS = T + PO ! Tj j ð1Þ

So, for some example PO values relative to T, SIPHER
calculates PS as follows:

If PO = T , PS = T no change in valueð Þ

If PO = T +X , PS = T + T +X ! Tj j=
T + T ! X +Tð Þ= T +X no change in valueð Þ

If PO = T ! X , PS = T + T ! X ! Tj j=
T + !T +X + Tð Þ= T +X

and we see that for the same absolute difference, X,
between PO and T, whether this difference is positive or
negative, the new pixel value is T + X. Hence, all we are
doing is reversing the relative intensity of every pixel value
with respect to the threshold. This means the new mini-
mum intensity value for the image is T. We also have to
protect against overflowing our integer pixel range, which
means that if PS > R, we need to limit its value to R:

If PS > R, PS =R ð2Þ

Then, if we want our resulting image, produced from
Equations (1) and (2), to have a maximal dynamic range, we
can detect the maximum PS value for any pixel, PMAX, pro-
duced by the algorithm, and then re-scale the whole image to
the complete range, R, by calculating a scaled PS value, PSS:

PSS =R PS ! Tð Þ= PMAX ! Tð Þ ð3Þ

Adding the scaling calculation (Equation (3)) to the
Equation (1) and Equation (2) processing sometimes pro-
duces a more useful, visual dynamic range in individual
processed images, but the limiting approach (Equation (2))
without further scaling often creates more visually percep-
tible changes under simulated dynamic conditions, as we
describe later in this article. It is a simple algorithm, and
easy to apply and experiment upon, with or without the
Equation (3) scaling.

3. Effects on geometric shapes

Consider the four objects and illumination situation shown
in Figure 1. These objects are what artists call ‘3D

Figure 1. Simulated view of 3D primitive objects. Graphics rendering by Alan Hirsch Creations. FOV: field of view.
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primitives,’ consisting of a cube, a sphere, a cylinder, and
a cone. Here, these are synthetically drawn objects created
in a graphics application (Adobe Photoshop"), and not
natural images. However, they are a good set of objects to
illustrate SIPHER’s modeling effects. In this case, we are
simulating an imaging sensor (a camera) viewing the four
objects, simply by shading areas of the objects according
to some type of assumed illumination intensity and direc-
tion. Judging from the objects’ shadows, the natural illu-
mination appears to be coming from a source, S1, which is
above and to the right, and at some distance, D, from the
plane where these objects reside in three-dimensional (3D)
space. The brightness across these objects’ shadow gradi-
ents are reflected source illumination intensity, which are
functions of S1’s position, intensity, and distance (which
also affects intensity at the objects’ locations), and of
course the objects’ reflectivity over the source illumination
spectrum. The sensor captures these objects in its field of
view (FOV), against an arbitrarily assumed medium-gray
background.

Next, we will take a look at what happens when we add
another illumination source, S2, to this situation. Figure 2
illustrates S2 in a location below and to the left, and at
some distance, d, from the objects. Assuming S2 is similar
to S1 in its illumination spectrum, S2 is apparently brighter
than or closer to the objects than S1, since its illumination
is causing brighter areas to appear, most noticeably on the
lower-left part of the sphere, the left portions of the cone
and cylinder, and the left and front facets of the cube. The
assumed background is too distant from S2 to be

noticeably affected by the S2 illumination, and appears the
same brightness as before (as it did in Figure 1).

Now let us assume we increase S2’s brightness. This
could be done by modulating (increasing) its intensity, or
moving it closer to the objects. This modulation or move-
ment of S2 creates the effects shown in Figure 3. Here, the
brighter areas shown previously in Figure 2 are growing
larger and even brighter than before, as we would expect
from the increased S2 illumination intensity incident upon
the objects. The darker shadow areas in the objects appear
to be ‘moving’ across the object, from bottom-left to
upper-right, as we look at these images through the Figures
1–3 sequence.

We see that the ability to move or modulate an illumi-
nation source can produce discernible effects in the ima-
gery of 3D objects. The size, shape, and intensity of the
shadowed and illuminated areas of the objects change in
recognizable ways – as apparent from increased bright-
ness, contrast changes, and shadow movement, indicating
the types of objects we are viewing. In other words, the
cone, sphere, cube, and cylinder become more recogniz-

able as what they actually are, by observing changes in
the size, shape, and intensity of their shadowed and illumi-
nated areas.

So how does SIPHER achieve its simulation of such
illumination effects? Well, it already has. While Figure 1
was a synthetic image, Figures 2 and 3 were not created in
a graphics application, but were produced simply by
applying the SIPHER process (Equations (1) and (2)),
described earlier, to the Figure 1 image. Figure 1 is an

Figure 2. Three-dimensional primitive objects with second illumination source. Graphics rendering by Alan Hirsch Creations,
processed by SIPHER.
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8-bit grayscale image, with pixel intensity (or brightness)
values ranging from 0 to 255. Figures 2 and 3 were pro-
duced from Figure 1 simply by setting thresholds of T =
120 and T = 190 for Figures 2 and 3, respectively. This
illustrates how the SIPHER algorithm can cause the inten-
sities of certain spatial areas to increase, while the intensi-
ties of other areas decrease. With changing thresholds
over time, these different spatial areas’ intensities behave
out of phase with one another. This is a different effect
than simply applying brightness or contrast changes to the
image, and is where we get the ‘spatial intensity phase’
term for our SIPHER acronym. We are basically simulat-

ing motion or modulation of an additional illumination

source, without actually having one to move or modulate.
This effect occurs because, as the threshold changes across
some shadow intensity gradient, the relative intensities of
parts of the gradient are reversed with respect to the
threshold, thus making darker portions of the gradient
brighter. So as the threshold changes across consecutive
frames of a video, this effect occurs over different areas of
the gradient, and the illumination and shadow areas appear
to be ‘moving.’ We cannot actually control the apparent
direction or location of this pseudo-motion – this is a
visual effect and not a realistic or deterministic simulation
of some particular light source position or intensity. In
other words, we cannot necessarily correlate the intensity
changes we see with absolute object or illumination source
parameters. However, this is an effect we can exploit to
enhance our perception of objects and backgrounds. Next,
we will see how this works in natural imagery of interest
to us.

4. Detecting objects against backgrounds
or in clutter

Let us look into how the SIPHER process works on some
real-world image analysis problems of military relevance,
and especially how this provides improved visual segrega-
tion of objects and backgrounds. We’ll begin with the large
and obvious and work down to the small and subtle.

To begin, consider Figure 4. Here, in Figure 4(a), we
have the ever-popular SCUD-B mobile missile launcher,
comfortably settled in amongst some trees and brush. Now
this is just about as big as it gets, but not necessarily obvi-
ous. Our image is a close-up view, and it occupies a
320× 240 pixel format. In actual reconnaissance or sur-
veillance imagery, the format could be thousands by thou-
sands of pixels, which would make the image of the
SCUD, on first glance, appear about the size shown in
Figure 4(b). Here, the rather predominant front radiator
area may appear as just another dark blob among many,
where the terrain could be littered with all manner of
brush, foliage, and other clutter. The image analyst’s task
is to find things quickly in such large-format, spatially
complex imagery, and since our SCUD has about the same
grayscale composition as other objects in the image, this
could be a daunting task in a large image.

However, image analysts already have all the daunting
tasks they need. So it would be nice for them to be able to
perceptually detect this SCUD, without having to pains-
takingly scan through many glimpses of enlarged small
areas, one at a time. One option would be to hack the

Figure 3. Three-dimensional primitive objects with moved or modulated second illumination source. Graphics rendering by Alan
Hirsch Creations, processed by SIPHER.
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SCUD command’s tactical network and direct the opera-
tors to put a flashing spotlight on their vehicle, but that
would probably not be very practical. Another would be to
run the SIPHER algorithm over a range of thresholds, and
see what we can see with our simulated source motion. As
it happens, when we move through threshold settings
between T = 40 and T = 140 (again on an 8-bit intensity
scale of 0–255), an interesting simulated effect occurs. We
get a contrast reversal on parts of the SCUD and its sha-
dows, while most of the surrounding vegetation stays
about the same, in terms of visual brightness. We can see
this effect by comparing the two images of Figure 5,
which show the resulting images from these two threshold
settings.

If we create a dynamic sequence of all the settings from
40 to 140, in increments of 20, and repeatedly view them
as frames of a video, at a nominal frame rate of 10–30
frames per second, we model the effect we would have
asked the SCUD operators to create with a flashing spot-
light. Here, the vehicle and some of its surroundings flash
between bright and dark, and most of the surrounding fore-
ground and background vegetation and the far-background
sky, remain somewhat constant. The flashing effect is
actually a rendition of the ‘moving’ light source we dis-
cussed earlier, due to threshold increment and surface
shape. Typically, if we use smaller threshold increments
over time over a rounded surface with relatively large and
gradual shadow intensity gradients, we get an illumination
source ‘motion’ effect. However, if we use larger threshold
increments, or have flat instead of rounded surfaces with

abrupt or constant shadow gradients, we get a ‘flashing’
effect. Both effects can enhance viewer perception. Too
bad we cannot show this dynamic video effect on the
printed page. However, by creating a difference image
(subtracting the T= 40 image from the T= 140 image), and
adjusting the brightness a little, we can see the relative,
end-point results of this simulated dynamic sequence in
Figure 6. This shows a large difference in the SCUD and
near-SCUD shadow intensities, and minimal difference in
most of the surrounding vegetation and sky areas.

Obviously, some of the surrounding vegetation areas
also behave like the SCUD and its shadow areas, but these
areas lack the well-defined structural lines of the vehicle
body, and appear as randomly shaped small patches of
contrasting vegetation. The dynamics of the video simula-
tion also produce a kind of pseudo-3D effect. It is not as
good as watching Avatar, so this is likely not a threat to
the 3D cinema industry, but when this occurs some objects
actually appear to ‘move’ out in front of their surround-
ings. We will look into this dynamic, simulated 3D effect
a little more, later on.

To further clarify, there are actually three visual
effects in play: (1) intensity; (2) texture; and (3) shading
(intensity gradients), which may be due to color non-uni-
formity, shadows cast upon the object by surrounding
objects, or shadows due to contours in the shape of the
objects. The SIPHER algorithm discriminates different
objects primarily based upon the contour shading effects.
Clearly, if some man-made objects are uniform in color,
and nearby background are non-uniform, these objects

Figure 4. SCUD-B in partial tree cover, close-up (a) and typical (b) sizes. CACI stock photographs.
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will be more easily noticed. However, by using the algo-
rithm in a dynamic sequence as video frames made from
different SIPHER threshold settings, even when objects
and backgrounds are both non-uniform (such as camou-
flage and vegetation), perceptual discrimination is
enhanced. This is because the algorithm causes the dif-
ferent objects and backgrounds, with their different
(non-uniform) intensity gradients, to change asynchro-
nously from frame to frame – the ‘out of spatial phase’
effect we mentioned earlier.

So now that we have waded through an example of the
large and obvious, let us turn our attention to the small and
subtle, in a scenario typically of significant interest to mili-
tary operations – detecting small objects of interest (tar-
gets) in various types of clutter and backgrounds. We will
look at two cases – a small, obscured target and a partially
buried one.

Figure 6. SCUD-B SIPHER difference image, close-up (a) and typical (b) sizes. CACI stock photograph, processed by SIPHER.

Figure 5. SCUD image with SIPHER thresholds of T = 40 (a) and T = 140(b). CACI stock photograph, processed by SIPHER.

Figure 7. Partially obscured box in a lightly wooded area.
Author-provided photograph.
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Consider the image of Figure 7. Here, we have a small
box (the obscured target) in a lightly wooded area, par-
tially hidden by some scrub brush. Do you see it? It is at
pixel (Px) location x = 230, y = 150. The box is about the
same brightness as some of the sunlit areas in the image,
so it is kind of camouflaged by this lighting effect as
well. In fact, its only distinguishing features are its rather
straight edges, which contrast the warped and wiggly
lines of the surrounding vegetation. Now in a real situa-
tion, there may be many such containers or packages,
and not all of them would be targets. However, in a given
tactical operation, they all may need to be checked and
cleared, so what we want is a technique that will call an
image analyst’s attention to such things, regardless of
how many of them there may be. We want to enhance

the perceptual contrast of any such objects with their
surroundings, using SIPHER’s modulated, moving-
source simulation effects.

In this case, making a series of images using SIPHER
threshold settings from 80 to 140, and viewing them as a
video, creates the dynamic simulation effect we want. Of
course, the content, in terms of objects in the scene of the
T=140 image is exactly the same scene as that in the T=80
image (see Figure 8). What is different is that the whole
scene appears under different simulated illuminants. You
can think of this as different ‘points of view’ with regard
to the perspective of illumination. Played quickly together,
then, the movie simulates the viewer ‘moving’ through that
illumination space, not unlike a viewer moving through
physical space, gaining different views of the objects in the
scene. What happens when we do this? Perceptually, it
makes the box segregate from the background and appear
as if it were closer, thereby producing that pseudo-3D
effect we have been talking about.

The example of Figures 7 and 8 offer a good case for
exploring how we obtain enhanced visual perception. The
perceptual segregation of the box from the background is
caused by a combination of factors that are made espe-
cially powerful by dynamic properties created by playing
the sequence as a movie. Figure 8 helps illustrate what is
happening. In a single static image, such as the T=80
image in Figure 8(a), there are features of the box that will
weakly induce a tendency for the parts of the image that
include the box to be grouped together and segregated
from the surrounding background. These features include,
for example, color (lightness), straight enclosing edges,
and particular types of intersection, such as t-junctions,
which are created when one object, such as the box,
occludes another, such as the tree trunk (e.g. Palmer2).
However, because the box is similar in brightness to many
other parts of the scene, and because its edges are similar
in brightness, and form similar intersections to the
branches, these factors are not strong factors in the single
static image, and the box does not segregate from its sur-
roundings well. This is what it means to be camouflaged
(e.g. Cuthill et al.;3 Troscianko et al.3,4). To understand
what happens with the movie sequence, imagine a camou-
flaged moth that is nearly invisible when it sits still on a
lichen-covered tree trunk, but becomes clearly visible
when it moves. This happens because the different parts of
the pattern on the moth move together when it moves and,
critically, they move differently to the pattern of the
static lichen (e.g. Perskie and Meinhardt Ref. [5]). This
reveals that there is an object (the moth) that is separate
from the tree in the scene. A similar segregation can occur
when a light source moves (or otherwise changes). The
different SIPHER images are like multiple views of the
same scene, illuminated in systematically different ways.

Figure 8. Box-woods image with SIPHER thresholds of T = 80 (a) and T = 140(b). Author-provided photograph, processed by
SIPHER.
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The systematic changes in luminance and contrast values
reveal the objects in the scene, similar to the way the sys-
tematic changes in edge locations and relative edge loca-
tions reveal the moth as distinct from the tree when it
moves.

Why does the box appear to be in front? If you could
view the movie of the sequence of SIPHER images of the
scene shown in Figure 8, you would notice that not only
does the box appear to separate from the background, but
it appears to be in front of the rest of the scene. In particu-
lar, it looks sort of like a ‘sticker’ placed on the image of a
background, like one might see in a child’s activity book.
This phenomenon probably arises as a consequence of the
tendency for the human visual system to perceive smaller
grouped regions of images that are surrounded by larger

grouped regions as the ‘figure’ and the larger surrounding
region as the ‘ground’ (e.g. Harrower Ref. [6]). The figure
is the part (or parts) of an image that have shape and make
up the content (i.e. the objects) of the scene, while the
ground extends amorphously behind the figure(s). In other
words, the figure is in front and the background is behind.
If part of an image is ‘assigned’ as the figure, therefore, it
will appear as though it is in front of any part that is
‘assigned’ as the ground. Importantly, there is no metric
quality to figure–ground assignment alone. Instead, figure–
ground assignment is simply a relative depth ordering of
parts of an image. It is this aspect that gives rise to the
sense of artificial depth, or ‘pseudo 3D’, which we have
described as looking like the box is like a sticker that has
been affixed to a background of foliage.

To finish the box-woods example case, in the static
sense we can obtain a condition where one of the thresholds
does a nice job of outlining the box shape by itself, when
we apply the Equation (3) scaling process. Figure 9 shows
the result of a very high threshold setting of T = 200, with
this scaling applied. Here the distinctive, straight outlines
of the box edges are quite apparent.

Now you are probably saying to yourselves something
like ‘I could just fool around with threshold, contrast, and
brightness settings, and maybe some intensity inversion,
and get these same effects!’ – and you are right, you
could. However, it is a lot easier to just let SIPHER do all
that work through simulation, and then simply view the
static or dynamic results. The SIPHER algorithm may be
applied using incremental threshold steps through some
range, thus creating the frames of a video or a series of
images automatically. The user does not need to pick and
evaluate the effects of individual threshold settings, but
can simply view the aggregate results, and then refine the
range and increments of the threshold steps to optimize

Figure 9. Box-woods image at SIPHER threshold of T = 200,
and Equation (3) scaling. Author-provided photograph, processed
by SIPHER.

Figure 10. Partially buried 120mm shell in gravel, along a ridge.
CACI stock photograph.

Figure 11. Shell-gravel image, with useful contrast reversals.
CACI stock photograph, processed by SIPHER.

276 Journal of Defense Modeling and Simulation: Applications, Methodology, Technology 9(3)



these results. Time is valuable to an image analyst, and
effective modeling-based shortcuts to useful results with
intuitive visual cues are essential.

Next, let us try the partially buried target situation. In
Figure 10 we have a 120mm shell (the assumed target),
which is partially buried in some gravel. Now this is not
particularly difficult to see, even in this raw image.
However, by choice or chance, whoever placed this object
managed to set it along the edge of a ridge, where the
visual brightness of the shell kind of blends into the simi-
lar brightness of the gravel above the ridge, compared to
the darker shadow area along the front of the ridge, and
below the shell in this image. Here, SIPHER can simulate
a contrast reversal of the darker and brighter gravel
areas, thus rendering the shell more visible in a single
image. This situation happens to occur at a threshold set-
ting of T = 115, with the Equation (3) scaling process also
applied. Figure 11 illustrates this visual effect.

Figure 12 shows the end-point images for a range of
SIPHER threshold settings, from T = 100 to 140, which
produce the 3D effect when viewed dynamically. This is
similar to the situation we looked at earlier, for the box-
woods case. In the T = 100 image (left side of Figure 11),
the area above the ridge appears brighter than the ridge’s
lower, shadow area. However, in the T = 140 image (right-
hand side of Figure 11), the area above the ridge is dimmer
than the shadow area. Across this same threshold range,
from T = 100 to T = 140, the tubular object becomes only
slightly dimmer. The effect of this simulated brightness or
intensity in different areas moving in different directions
and across different ranges provides the 3D effect.

5. Summary

We have described an image-processing technique that can
impart some interesting and useful pseudo-dynamic effects

upon single images. These effects include apparent motion
and flashing, which can improve a human viewer’s visual
perception of objects versus backgrounds. The technique is
mathematically simple and straightforward, thus easily coded
and tried with variations on processing. For example, some
metric on average pixel values in a neighborhood, subject to
changes in the threshold, might provide an objective measure-
ment useful for differentiating man-made material from natu-
ral features. There are myriad possibilities for improvement,
evolution and testing, and we hope SIPHER will be tried,
used, and evolved by image analysts or image-processing tool
developers in many image-processing domains.
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