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Abstract

Color correlograms have been presented as an efficient color feature for image databases.
The attempt to use this feature for video indexing revealed a more efficient way to compute
color correlograms than the original solution. A family of related features is presented.

1 Introduction

Color correlograms have been presented in [2] as a promising image feature for the registration
of pictures in an image database and content based retrieval.

The presented algorithm has a high running time complexity that greatly reduces its
usability, and has therefore not been used in video indexing or other time-critical applications.

In this paper, we present a different solution that overcomes these problems, and makes a
whole field of different image features accessible.

The rest of this article is organized as follows: First we recapitulate how color correlograms
are defined and computed, then we present our approach and a short comparison. Finally, we
show some interesting new features that can be computed easily with our algorithm.

2 Color Correlograms

This image feature computes the propability for pixels of a specific color ¢; that neighbouring
pixels (in a distance d) have color ¢;. For the following formal definition, the set I, is introduced
as a convinient short form that contains all pixels in I that are colored with ¢ ( I := {p|I(p) =

c}):
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The authors of [2]| define the autocorrelogram as the correlation of one color with itself:

(1) =21 (2)
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As a computationally efficient distance measure, the Ly,-norm is used:

|p1 — p2| := maz(|z1 — z2|, ly1 — y2l)



As a trade-off between accuracy and storage size, the authors propose to compute auto-
correlograms for all colors and for a set of distances d € D. This reduces storage needs from
O(m?|D|) to O(m|D]) (where m is the number of colors).

For the actual computation, the authors introduce intermediate quantities:

A () = {(z +i,y) € L0 < i < d} 3)

e (d) = {(z,y+i) € L0 <i < d}]
These are used to compute a quantity that is closely related to the correlogram, and is defined
by

Pg;i,)cj- (I) = ‘{pl € Iciapz € IC]‘| |p1 _p2| = d}‘ (4)

where 78?0]. (I) = r&f}ci (I)/(h¢;(d) * 8d). The actual value is computed by adding the proper
values of the intermediate matrices:
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Due to the nature of the intermediate quantities running time of the overall algorithm is
O(n?d), where n? is the number of pixels.

3 An alternative approach

The attempt to use color correlograms as a feature for video segmentation and indexing showed
that the algorithm presented by the original authors needs a good amount of processing
time. The authors point out that the main problem is their intermediate construct they use:
Computation time grows linear with the distance d the correlogram shall be computed for.
They propose two different approaches to save computing time, depending on the magnitude
of d, but stay roughly in the same order of complexity.

3.1 Cumulative matrices

We introduce a different data structure to overcome this issue: Our algorithm makes use of a
cumulative matriz as a helper construct that is invariant to the changing distance.

Each cell p(z,y) of a cumulative matrix I°*™ contains the sum of all cells of the original
matrix I that lie in the upper left rectangle of the cell:

I*™z,y) = Y, 1(i,)) (5)

i<z, j<y
The matrix may be built using an incremental approach:
IE™ (@, y) =10 (@ — 1, y)+ 12" (2, y — D)+-I12" (2 — 1,y — 1)+Le(,y)
For cells outside the matrix itself, the following rules apply. This can be verified by placing
the original matrix in a plane of zeroes.
I&™(z,y) = 0, if <0 or y <0
1" (@, y) = I (z,h) if y>h
I8™(z,y) = Ie(w,y) if z>w



Using the binary images I. as the original matrix, a cumulative ’image’ I¢“™ can be
computed and used to count the number of pixels in an arbitrary rectangular area defined by
the points pi(z1,y1) and pa(z2,y2):

pr.(p1,p2) = I3 (1, y1) — IS (21, y2 — 1) — IS*™(z2 — 1,y1) + 15" (x2 — L,y2 — 1)  (6)

As we are interested in quadratic areas, weuse an alternative definition of equation 6 that
uses a single point and a radius d:

pr.(z,y,d) = &z +dyy +d) — I8z —d — 1,y + d) (7)
T (g tdy—d—1)+ 1% (g —d— 1,y —d — 1)

3.2 Computing correlograms

In our video indexing system, we compute a cumulative matrix for each color I7*™and derive
the number of pixels for a fixed distance by using equation 7 to compute the total count:

d
T =3 pr, @ps Uprd) — pr,, (29 Yprd — 1) (8)
pele;

Note that the last entry of the cumulative matrix (the one to the lower right) contains the
number of pixels that have the specified color, or, in other words, the value of the histogram
for that color. This can be easily used to compute the final correlogram or stored as a second
feature for comparison.

4 Evaluation

Looking at the definition of our helper construct (eqn. 5)we use, it is easy to see that the
running time for its computation is O(n?) - or linear to the number of pixels. Due to its
invariance to the distance d, the cumulative matrix for a color may be computed once and
reused for the whole range of distances d € D.

Furthermore, the complexity of equation 8 is also O(n?), so the total complexity is also
linear to the number of pixels. It can be also seen that the distance sets may contain larger
values without impacting performance (D = {1,2,4,8,16,32} for example), so larger image
properties may also be taken into account.

5 Derived features

By varying several details in equation 8, a whole range of different image features can be
created. In the following paragraphs, we will present some of these, but note that they still
need to be evaluated regarding their performance for video segmentation or image retrieval.
Note that it influences retrieval and segmentation performance if the scaling of the indi-
vidual entries by h% is added - we present only the associated pixel counts, but the relation

is analog to v and T'.



5.1 Correlogram stripes

To overcome noise and motion, it may be favorable to have a more relaxed view on the
distance. Using thicker stripes than only the one pixel wide line in the original formula might
compenstate for these phenomena.

d,
DI = 3 pr., (29 Yprd) — pe; (29, Yprd — f) 9)
pel;,

In [1] a new image feature is introduced, called banded color correlogram, that can be seen
as a special case. The following count is equvalent:

d
B =3 pr,, (29, vp, ) (10)
pele;

5.2 Color density measures

As a variant to the autocorrelogram, the following count computes the density of pixels for a
given distance:

AT =3 pr., (Tps Yps d) — pr., (Tps Yprd — 1) (11)
pel
Note that this feature is nothing less than the sum of all color correlograms for a specific
color: AY(I) = ¥, W2, (1)

5.3 Inter-frame correlation

Especially for video-indexing applications, it could be useful to investigate inter-frame color
correlations. Care has to be taken, though, as this is inherently motion-sensitive, but may
provide interesting results for analysing intra-shot activity.

5.4 Arbitraty Rectangular areas

The use of cumulative matrices opens another aspect: It is possible to calculate color densities
(or correlations) not only for quadratic, but also for rectangular areas. This could lead to
image features that are sensitive to tilts: Using for example a 11z3-recangle around a point,
horizontal areas should result in peak values - rotation should result in a decrease for the
horizontal, but in an increase for the corresponding vertical filter kernel.

6 Finally

We showed a new approach to efficiently compute a promising image feature. This opens the
way for further study as the new algorithm can be applied to a whole range of related image
features.
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