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Abstract

The traditional mono-color statistical pressure snake was modified to function on
a color image with target errors defined in HSV color space. Large variations in target
lighting and shading are permitted if the target color is only specified in terms of hue.
This method works well with custom targets where the target is surrounded by a color
of a very different hue. A significant robustness increase is achieved in the computer
vision capability to track a specific target in an unstructured, outdoor environment.
By specifying the target color to contain hue, saturation and intensity values, it is
possible to establish a reasonably robust method to track general image features of a
single color. This method is convenient to allow the operator to select arbitrary targets,
or sections of a target, which have a common color. Further, a modification to the
standard pixel averaging routine is introduced which allows the target to be specified
not only in terms of a single color, but also using a list of colors. These algorithms
were tested and verified by using a web camera attached to a personal computer.
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Statistical Pressure Snakes based on
Color Images

Introduction

Statistical pressure snakes (or snakes for short) are a method to analyze an image. A closed
curve is parameterized through a set of control points which form the snake. The goal
of the snake is to wrap around a specific image target. In practice, such snakes can be
used to track targets moving along the image, as well as identify target properties such
as size and shape. In traditional black and white images, the target might be defined in
terms of a specific gray level. The snake will then outline a continuous contour in the
image encompassing pixels with the target gray level. While computing the parametric
snake curve, the control points are algorithmically adjusted along the image to attempt
to satisfy various snake conditions, such as smoothness criteria and an equal-point-spacing
criteria. An image pressure force is used to make the snake outline the image target. Various
techniques have been established to include image pressure. The current work is based on
statistical pressure snakes developed by C. Smith,1 which utilize a pressure force function
developed by Ivins and Porrill.2 This pressure force function will make the snake explore
an image and outline the target. It is not required to setup all initial snake points outside of
the target, as is the case with the older image pressure methods.

The snake algorithm by C. Smith was found to provide a fast and reasonably robust
solution. However, it only operated on a gray scale image. This snake routine was modified
to operate on a full color image instead. The goal of this change is to obtain a new snake
algorithm that is more robust to lighting changes and will be able to track an object even
when portions of this object are subjected to very different lighting conditions. The HSV
color space target selection algorithm is illustrated in Figure 1 where a door’s wood color
is being tracked.

Gray-Scale Pressure Force Computation

The statistical pressure snake routine needs to compute an image pressure force. This force
pushes the snake control point outward (relative to the snake center) if the current mean
pixel value at the control point is over an image target pixel. If not, then the snake control
point has an image pressure force applied which will cause this point to contract. The
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Figure 1. Statistical Pressure Snake Tracking the Wood Door

target pixels can be defined in many ways. In the original snake code, the target was simply
defined as a gray scale valueτ. The error signalε of the current average pixel valuep to
the target valueτ is then computed using

ε =
|p− τ|

kσ
(1)

wherek is a user-chosen scaling factor andσ is the standard deviation of the target valueτ
in the image. The largerk is, the more forgiving the target value selection process is. Ifk is
very small, then the target error signal will grow rapidly if the current mean pixel value is
not equal to the target pixel value. The scalar target error signalε is then processed in the
snake code to produce the image pressure force for the current snake control point.

Color-Space Target Specification

Target Error Signal Computation

The pressure force calculation only requires a scalar measure indicating how well the cur-
rent pixel values match those of the target. To make the snake routine work with the full
color image, the target is specified in terms of all three color channels. Here the target error
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signal is defined as

ε =

√(
p1− τ1

k1σ1

)2

+
(

p2− τ2

k2σ2

)2

+
(

p3− τ3

k3σ3

)2

(2)

wherepi are local average pixel color channel values,τi are the target color channel values
andσi are the target color channel standard deviations. The change to the pressure force
subroutine code was minimal to incorporate a full 3 color channel image target specifica-
tion.

Color Space Conversion

The key to making this color image error signal routine function well is the choice of color
space to use. A standard Firewire web camera was used in developing this routine. The
images captured are stored as a Red-Green-Blue (RGB) color image, where the three color
channels contain the red, green and blue image components. This color space is commonly
used by many cameras, since it emulates how the human eye perceives color. The incoming
light is sensed by cones in the retina which measure the specific red, green and blue content
of the light. With the web camera, an 8 byte number is used to store this information. A
value of 0 means that no light was measured with the specific channel color, while a value
of 255 means that a full value of that color was measured. A triad(0,0,0) in RGB space
provides a black color,(255,255,255) is white,(255,0,255)would provide purple, and so
on.

While the RGB color space is routinely used when manipulating and printing images,
it isn’t ideal for the snake algorithm code. The goal is to have the target be identified
under a range of lighting conditions. This means that if the target is specific type of red,
for example, then we would like to register all shades of this red as the target color. It is
possible to compute such a set of target colors in RGB space, but it is a very complicated
function. Instead, it is convenient to map the image color channels from RGB space to Hue-
Saturation-Value (HSV) color space. A similar color space is the Hue-Saturation-Intensity
(HSI) color space. In the HSV color space the hue value determines the general color of
the pixel (think of the color selection in a rainbow), the saturation value determines how
rich or washed out the color is, and the value determines the brightness or darkness of the
color.

The HSV color space is illustrated in Figure 2. Assuming the hue begins with red at 0,
the hue values cycle through all possible colors until they return to blue at 360 degrees. For
example, a pure green color would have a hue value of 120, while a pure blue would have
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Figure 2. Illustration of the HSV Color Space

a hue of 240. If the saturation valueS is 0, then the valueV control the gray scale of the
pixel. For gray scale images, the hue value is ill-defined.

Let us define our target color in the HSV color space. If we specify the target to only
have a specific hue value (with associated standard deviation), then the target error function
ε will return 0 if the current image pixels are of this hue type, regardless of how light or
dark, saturated or wash-out the current pixel color is. All shades and variations of a color
will be accepted. If the target is surrounded by a color with a clearly different hue (for
example red box surrounded by a blue frame), then the snake will be able to easily track
the red box, even tough the target might have drastically different lighting conditions across
its surface. This idea is illustrated in Figure 3. Similarly, if portions of the box are more
brightly lit, then these red zones with lower saturation value would also still be registered
as the correct color. Such robustness to lighting changes between images, as well as across
images, is not possible with classical gray-scale images. By moving to the HSV space,
it is possible to make the snake routine a lot more robust to lighting changes as would
be experienced in a typical unstructured outdoor environment (shadows being cast across
object, clouds move in, etc.)
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Figure 3. Illustration of shadow across Red Target Box

If the snake is to outline a general target, however, then only looking at the hue value to
determine the error signalε to the target color could be to forgiving. For example, consider
that a blue suit-case is to be acquired. If only the hue value of a pixel is considered to
generateε, then a very white pixel, with only a slight hint of blue, would still be considered
to be the target color. However, in practice this very light or dark color is often the color
of another object in the scene. While the hue proximity is typically clipped with a gain of
k = 2, it is found that for general target tracking the saturation valuesSand intensity values
V should also be clipped with a gain of aboutk = 6. Thus, we are still weighting mostly on
the hue parameter, but also penalizing for drastic departures from the target saturation and
intensity values.

Using this HSV color space target selection scheme will have issues when the target
color is near white or near black. For example, assume the target is nearly white, but has
a slight shade of red to it. In this case it is possible that a different portion of the target
might have a slightly blue shade (from a different light source, reflection off another target,
etc.). The target selection scheme which mostly weighs the hue color component would
have trouble here. If the target is mostly white (or black) a scheme which looks at the target
saturation value would provide better results.
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Multi-Color Snakes

Algorithm Changes

The previous algorithm assumed that the target was specified by a single HSV color. The
target tracking error is computed by averaging the colors in a box of pixels about the current
pixel of interest, and comparing thisaveragedcolor to the target color. However, if the
target is specified by multiplied colors, this logic will fail at the border between two target
colors. For example, consider the case where both blue (with a hue value of 240) and red
(with a hue value of 0) are target colors. Next, assume the best case scenario where the box
of pixels being averaged only contains these blue and red values. The numerical average
will bet somewhere around 120, which corresponds to the color green. Thus, at this color
border where both target colors are visible, the standard box averaging routine can result in
a very large target error value.

The following algorithm modification will allow snakes to be defined in a multitude of
colors, without causing the averaging problems at color borders. Instead of computing the
required target error signalε using the averaged pixel valuespi , we now compute an error
signalεln for each pixel in the 3x3 averaging box. Given theith color channel image pixels
mi jk of pixel at(l ,n), this intermediate error signal is computed using

εln =

√(
m1ln− τ1

k1σ1

)2

+
(

m2ln− τ2

k2σ2

)2

+
(

m3ln− τ1

k3σ3

)2

(3)

Applying this algorithm to each pixel for the 3x3 averaging box, we then compute an
averaged target error signalε for a snake point at( j,k) using

ε =
1
9

j+1

∑
l= j−1

k+1

∑
n=k−1

εln (4)

If the target is defined through multiple target HSV color sets, then the smallest error signal
ε is used to drive the current snake point. For example, if the target color values are red and
blue, and the local image color is red, then the error signal to the red target is very small,
while the error signal to the blue target is very large. In this case, the error signal to the red
target would be used to compute the image pressure term on the snake control point.
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Numerical Results

This algorithm was implemented in the visual snake C-code. The results are shown in
Figure 4. First, only a single target color (yellow) is selected in Figure 4(a) by simply
double clicking on the image. Next, an additional target color is added by clicking on the
green folder behind the yellow target. The snake expands to encompass both the yellow and
the green targets. These images were taken with the Pyro firewire web camera. In this case,
at least, little bleeding of the colors is seen. Without the current algorithm, the snake had
great difficulties in crossing the yellow-green boundary. With the presented modification in
the target error signal computation, the multi-color target acquisition became much more
robust and simpler to use.

Conclusion

The standard statistical pressure snake routine of C. Smith was modified to function on a
color image in HSV color space. If the target color is only specified in terms of hue, then
large variations in target lighting and shading are permitted. This provides a significant
robustness increase in the computer vision algorithm’s capability to track a specific target
in an unstructured, outdoor environment. One requirement here is that the target is sur-
rounded by a frame of a clearly different hue to avoid the snake spilling over to other image
components with a similar hue. By specifying the target color to contain hue, saturation
and intensity values, it is possible to a establish reasonably robust method to track general
image features of a common color. Here it is important to strictly penalize hue variations
from the target color and only mildly penalize the saturation and intensity variations. Fur-
ther, a modification to the standard pixel averaging routine is introduced. Here the target
error signal is computed for each pixel of the 3x3 box first, before averaging the values.
This allows us to specify the target not only in terms of a single color, but also using a list
of colors. These algorithms were tested and verified by using a web camera attached to a
personal computer.
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(a) Single Color Target

(b) Dual Color Target

Figure 4. Single and Dual Color Target Acquisitions
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