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Abstract

In this report we describe how an RGB component colour image may be expanded into a
set of channel images, and how the original colour image may be reconstructed from these.
We also demonstrate the effect of averaging on the channel images and how it differs from
conventional averaging. Finally we demonstrate how boundaries can be detected as a
change in the confidence of colour state.

1 Introduction

There are several advantages with separation of the brightness and colour information
in image processing. The human visual system (HVS) also seems to have reached this
conclusion since it has different pathways for colour and structural information [2]. Per-
ceptual experiments indicate that the HVS has a much higher sensitivity to changes in
brightness than in colour. This is exploited for instance in image transmission and com-
pression, where colour information is stored and transmitted at half the resolution of the
brightness [6].

There are many different ways to separate brightness and colour, here we will use
a representation of luminance and chrominance. The luminance is a scalar value that
corresponds to a weighted summation of the intensities in the colour bands. The weights
are chosen to give an image which corresponds to the perceived brightness in the human
visual system. The chrominance is a vector with the argument corresponding to the hue,
and the magnitude corresponding to how confident we are in this colour statement. A
high confidence should correspond to a high degree of both saturation and signal strength.

The idea of having the magnitude of the chrominance vector correspond to a certainty
makes vector field averaging meaningful [4]. Colour averaging is necessary for instance in
scale space decomposition [9]. A related approach is to perform a normalized averaging
of colour, where the colour samples are weighted with a relevance statement. This is
done in [9], with the luminance as a colour relevance. Note however that when the vector
magnitude represents the relevance, no explicit weighting is necessary.



2 Luminance and Chrominance

The pixel value vector of a colour image [ at position p = ( Dz Dy )T consists of red,
green, and blue components:

1(p) = ( L(p) L(p) L))" (1)

We can compute a luminance image as a pointwise projection of the pixel value vector
onto a vector wy:

Ii(p) = w/I(p) where w; = (0.2989 0.5866 0.1145 ) (2)

If the RGB image is gamma corrected, this projection gives us the luminance compo-
nent, as defined by CIE in [1]. This luminance is used in the YCrCb colour space, and by
NTSC and PAL television standards. A colour image, and the corresponding luminance
image are shown in figure 1.

Figure 1: A colour image and its luminance component.

The chrominance is represented as a vector 1., which is computed using another pro-
jection:

I.(p) = W'I(p) where W! = ( cos(0) cos(2m/3) cos(4m/3) > 3

sin(0) sin(27/3) sin(47/3)

The rows of the matrix W, correspond to three symmetrically arranged unit vectors
in R? as shown in figure 3. This makes our chrominance image different from the one
in YCrCb, which has a slight asymmetry in the colour vector arrangement. Figure 2
shows a colour representation of the I. vectors, and an image of their magnitudes. In the
colour image the intensity corresponds to the magnitude, and the hue corresponds to the
argument of I..



Figure 2: Visualisation of the chrominance component, and its magnitude.

Due to the symmetrical arrangement of the colour vectors, a scaling of the input image
I will be propagated to the chrominance vector I, but an additive offset will not change
the chrominance vector at all. This means that we can only reconstruct I from I., up
to an additive offset in each point. This offset can later be restored using the luminance
image I;.
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Figure 3: Modular representation of chrominance.

Since the vectors in W, are symmetrically arranged, they constitute a tight frame for
the chrominance subspace. The inverse frame operator is thus a scaling of W7

2
Wi = -w! (4)

By Iy we denote the image obtained by applying W1 to I.. Figure 4 shows Iy with a
constant offset added to avoid negative intensities.
As stated earlier the Iy image equals the original image I plus an unknown offset €(p):

I(p) = (W) Lp)=1I(p)+ (1 1 1) ep) (5)

This means that the projection of Iy onto w; can be written as:
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Figure 4: Image I before luminance and saturation adjustment.

wily(p) =wiI(p) +wi (1 1 1)" e(p) = L(p) +e(p) (6)

since the coefficients in w; sum to 1. We can now find the offset € in each point, as:

e(p) = w/Io(p) — Li(p) (7)

and reconstruct the image I as:

Ip)=Lp)— (1 1 1) e(p) (8)

3 Channel Representation

The luminance and chrominance images obtained in section 2 can be expanded into the
channel representation [5, 7]. For the luminance we will use a linear channel representation
with padding channels placed outside the interval we want to represent, as is illustrated
in figure 5.

Figure 5: Positions of channels representing an intensity interval.

For an encoding with K channels, using an overlap of w = 7/N we should map the
desired interval [ry, 73] into the interval [1 + (N —2)/2, K — (N —2)/2]. This can be done
using a mapping:



Figure 6: Luminance image (top left) and eight luminance channels.

z(p) = shi(p) —t (9)

Where the scaling s, and translation ¢, are computed as:

K—N+1

Th — T

s and t=sr;— N/2 (10)

The channel vector in each position is now defined as:

T
x(p) = (1(z(p).1) @a(z(p).1) ... ex(z(p),1)) (11)
where @ (x,r) is the channel envelope function:
rcos’(w(z —k)) when |z —k| < L

T,r) = 12
Pk(.7) 0 otherwise (12)

The parameter r in the channel encoding signifies the relevance of the current pixel.
With this formulation, operations on irregularly sampled images, and images with missing



Figure 7: Chrominance image (centre) and eight chrominance channels.

data, can be performed in the same manner as when the sampling is dense (see section
5). A channel encoding of a luminance image into K = 8 channels is shown in figure 6.
The chrominance image is expanded into channels using a modular channel encoding:

2 —k hen d k) < X
ou(zr) = rcos*(w(z —k)) when | k(z, k) < 55 (13)
0 otherwise

K
(Jn—k)modK—E

K
where dg(z,k) = 5

The chrominance image I. is mapped to x, and r using:

K 1
z=arg[(1 i)Ic]2—+1 and r= (I'L.)® (14)
s
A channel encoding of a chrominance image into K = 8 channels is shown in figure 7.
The position of the channels in the figure correspond to the hue representation in figure
3.



4 Reconstruction

To go back from the channels to the luminance and chrominance images, we will make
use of the local reconstruction developed in [3]. We start by describing the reconstruction
for the luminance image.

Each reconstruction hypothesis is computed from a consecutive group of channel val-
ues, for instance {x1, x9, z3}. The index of the first channel in the group is denoted . For
overlaps of w = /N where N = 3,4,5..., the number of channels related to a specific
scalar becomes! N, and we can compute a reconstruction hypothesis & as a local weighted
summation of complex exponentials:

1 I+N-1
i(p) =1+ 2,218 [ > mk(P)em(k_l)] (15)

W
k=l

The relevance measure embedded in the channel representation is retrieved as:

20 I+N-1
*(p) = - Z 21 (P) (16)
k=l

In each point p, we try all consecutive groups of channels, i.e. we let [ vary in
[1...K — N + 1], and select the reconstruction which has the highest relevance measure
7(p). We then map the result back to the correct luminance range, using the inverse of
the mapping in equation 9:

i(p) + - (17)

S

Ii(p) =

>
®» |

Where the coefficients s, and ¢ are those defined in equation 10.

When reconstructing the chrominance, we will use the same approach to obtain hy-
potheses, but we will also consider groups of channels that are neighbours modulo K.
For w = w/3 this means that we also have to consider the groups {zg,z;,z2} and
{fL‘K_l,l'K,l‘l}. R

The chrominance vector I.(p) is then computed from the hypothesis z(p) with the
highest relevance 7(p) as follows:

L.(p) = #(p) ( cos((#(p) — 1)%) sin((@(p) —1)%) )" (18)

The final reconstructed colour image i(p) can now be computed using equations 5, 7,
and 8.

TActually the number of related channels becomes N — 1 at regularly occurring locations, but this
does not affect the resultant reconstruction.



5 Channel Averaging

A classical problem in image processing is that of image enhancement [4]. In image
enhancement we want to suppress noise and at the same time enhance the image structure.
Clearly this cannot be accomplished by plain averaging, since a high degree of noise
reduction implies averaging over a large region, and this is guaranteed to remove the fine
details of the image.

If we perform averaging of the channel decomposition presented in this report however,
we are able to average homogeneous regions, and still keep edges. Figure 8 demonstrates
how the number of channels controls how steep the edges have to be in order to be kept.
For 3 channels the method is equivalent to plain averaging—it always performs smoothing.
As we increase the number of channels however, increasingly small edges will be kept.
Apparently the method has a behaviour similar to image enhancement—homogeneous
regions are smoothed, but edges which are steeper than a given distance (the metameric
distance [3]) are kept.

T

Figure 8: Varied number of channels.
left to right, top to bottom: Number of channels varied from 3 to 18. All images use
o = 3.86.



A side effect (which is not visible in these images) is that there is a slight dependency on
alignment of the grey levels to the channel grid when the reconstruction decides whether
to average or keep an edge, i.e. the metameric distance is intensity variant.

The effect of channel averaging is somewhat similar to non-linear Gaussian filtering
[8, 11]. The channel decomposition can be seen as a means of making a filter, acting both
spatially and intensity wise, separable. Differences between the approaches are that the
intensity window here is a cos? instead of a Gaussian, and that channel averaging appears
to be less sensitive to outliers. However, the non-linear Gaussian filter does not have the
channel alignment problem.
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Figure 9: Boundary confidence measure under varied number of channels.
left to right, top to bottom: Number of channels varied from 3 to 18. White is zero, black
is 1. All images use o = 3.86.

6 Boundary Detection

The regions where channel averaging differs from plain averaging can be identified by
looking at how ambiguous the channel vector is in each point.



When no ambiguity in grey level is present, the channel value vector should contain
only one valid reconstruction hypothesis #(p). In these situations, the channel vector sum
should thus equal the local relevance measure sum in equation 16. Using this observation,
we define a boundary confidence as the difference between the total channel value sum,
and the largest local sum:

K I+N-1
é(p) = % (Z r(p) — mlaX{ > xk(p)}) (19)
k=1

k=l

Figure 9 shows this measure for the images in figure 8. By visual inspection, we
can infer that, at least qualitatively, the boundary confidence measure indicates positions
where edges are kept.

7 Dealing with Missing Data

In section 3 we mentioned that if we use the channel magnitude to represent a relevance, we
can deal with missing data in a transparent manner. The classical example of operations
on missing data is expansion of sparsely and irregularly sampled data to a dense grid. In
the spirit of [4] we will now remove all but 10% of the pixels in the luminance image (see
figure 10), and set the relevance of the remaining pixels to zero.

Figure 10: Sparsely sampled image.
Left:Original image. Right:Image with only 10% of pizels left.

We now compare averaging in channels followed by a reconstruction, with a method
called normalized averaging [4, 10]. In normalized averaging, the resultant image is defined
by the quotient:

; (fi - * a)(p)

hp) = ) (20)

Where * denotes convolution, and a is an averaging kernel [4].
Figure 11 shows a comparison of normalized averaging and channel averaging with 14
channels. Both methods are applied to both the dense, and the sparse luminance images
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Figure 11: Comparison to normalized averaging.
Left to right: channel averaging on full image, channel averaging on sparsely sampled
image, normalized averaging on sparsely sampled image, averaging on full image. Top to
bottom shows varying degrees of blurring. A Gaussian with a support of 23 x 23 pizel has
been used, with o = 0.69,1.20, 1.83,2.68,3.86. The channel averaging uses 14 channels.

in figure 10. The averaging is performed using a Gaussian kernel, with varying standard
deviation o. As can be seen, channel averaging and normalized averaging tend to have the
same behaviour for small o values. For higher degrees of smoothing however, normalized
averaging tends to approximate blurring on the full image, whereas channel averaging on
the sparse image tends to approximate channel averaging on the full image.

8 Concluding Notes

The goal of this report has been to demonstrate how colour images can be decomposed
and reconstructed using the channel representation. An important aspect of the decom-
position is the joint representation of statement and relevance, something which greatly
simplifies meaningful averaging. Future research will attempt to make use of the presented
decomposition for efficient image analysis.
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