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Automatic detection of colour charts in images

Abstract. This paper presents an algorithm of automatic colour chart detection and colour patch value extraction. The algorithm can detect different
types of colour charts in various images. The efficiency of algorithm is measured by successful detection of the X-Rite ColorChecker and compared
with the performance of the X-Rite ColorChecker Camera Calibration software. The experimental study shows that proposed algorithm successfully
found the colour chart in 77.3% of tested images while the X-Rite software in 53.8% of tested images. The experiments specify optimal image
acquisition conditions for successful colour chart detection.

Streszczenie. W artykule przedstawiono algorytm automatycznej detekcji wzornika barw i ekstrakcji wartosci barw jego pdl. Algorytm umozliwia
wykrycie réznych typéw wzornikéw barw w réznych obrazach. Efektywno$¢ poprawnej detekcji badano wykorzystujgc wzornik ColorChecker firmy
X-Rite i poréwnywano z efektywnos$cig detekcji programu X-Rite ColorChecker Camera Calibration. Badania dos$wiadczalne wykazaty, ze
zaproponowany algorytm poprawnie wykrywat wzornik barw w 77,3% badanych przypadkéw, podczas gdy oprogramowanie firmy X-Rite w 53,8%
badanych obrazéw. Eksperymenty pozwolity okresli¢ optymalne warunki akwizycji obrazu dla pomysinej detekcji wzornika barw.(Automatyczna

detekcja wzornika barw w obrazach)
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Introduction

Many image processing operations require faithful
colour information. The areas in which we use information
about real colours are: colorimetric calibration, colour
constancy, device characterization, white balance and more
[1-4]. We can get information about real colours by
capturing an image of scene with colour chart (CC). The CC
is a card which consists of a number of different colour
patches. Reading colour values of CC contained in the
image is not difficult, but when we have to repeat this
process frequently it becomes a hurdle. It is usually not
possible to place the CC in convenient position near colour
object of interest in image to make this process easier.
Hence, the idea of creating an automatic CC detection and
colour patch value extraction algorithm with easy possibility
of adding new types of CCs.

The research was focused on detection of X-Rite’s
ColorChecker Classic (CCC). This chart contains 24
patches, which represent colour samples important in
photographic practice. The CCC is a standard colour target.
The second tested CC was X-Rite ColorChecker SG
(CCSG) that contains 140 colour patches (Fig. 1). The
exact description of these CCs can be found on X-Rite’'s
website [5].

Detection of CC is associated with different areas of
colour science, but there are not many articles describing
methods of CC detection. Colour values of chart patches
are usually manually or semi-automatically extracted from
the image. The CC detection methods described in the
literature often have some restrictions. There are
restrictions on light conditions and location of chart in image
[6,7]. The CC can be detected, sometimes, with the use of
additional supporting elements in scene [8]. Detection
methods can be based on searching of white patch and
analysis of colour patches saturation for X-Rite
ColorChecker Mini [9] or searching based on Canny filter
and Hough transform for custom CC [10].

One of the few publications directly on the CC detection
is the work [11]. The semi-automatic CC detection
presented in this article requires an operator to select the
four corners of the chart. On this basis, the methods of
projective geometry estimate the coordinates of colour
patches. The essence of this method is a multi-stage colour
patch detection. In the first step, the colour image is
converted to the gray scale image with an additional
contrast enhancement by gamma correction and histogram

stretching. Next steps are edge detection with Sobel filter,
image correction by morphological erosion and thresholding
with Otsu’s method. Chart patches are localized in the
image with the use of information about their dimension
ratios. The important step in finding missing patches is a
projection of the CC grid on the image. The last step is the
calculation of colour patch values by averaging the colour
values of pixels belonging to them. Another publication
directly about CC detection is the work [12]. The automatic
CC detection procedure in this article uses a cost function
to find chart in image. Cost function compares colours of
chart patches with reference colours and value of standard
deviations of the colours within the patch regions. The
colour chart model is described by coordinates and colour
values of chart patches. In order to find the chart
coordinates in image, four corners of chart model are
projected on image with the use of Direct Linear
Transformation. Coordinates of colour chart are found by
minimizing cost function with the use Levenberg-Marquardt
algorithm. Procedure can detect colour chart if it is in front
of the camera within an allowed operating range. Simpler
than the detection task is a problem of CC location in the
image. The goal of locating CC is to find the CC coordinates
on the basis of local colour descriptors (e.g. colour SIFT)
and validation of relevant hypotheses [13].

In the work presented here, an experimental study uses
images from two databases: Gehler's database [14] and
Silesian University of Technology (SUT) database. There
are images taken in different environments: streets,
bazaars, exhibitions, shops, forests etc. The images are
characterized by various light conditions and different
locations of CC. SUT image database have images that
may contain different types of CCs in single image, while
Gehler’s image database contains images with CCC only.

Algorithm of automatic CC detection and colour patch
values extraction presented in this paper is universal. It
allows to find different types of CCs in single image in
various scene conditions. Detection of CC requires the
fulfilment of following conditions: each colour patch should
have uniform colour and the shape of CC in the image
should be a parallelogram.

Detection algorithm

The proposed here detection algorithm determines the
type of CC and locations of colour patches (Fig. 2). Most of
the figures presented in this paper depict partial results of
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the algorithm performed on the same image. The main
steps of the algorithm are described below

(@) ' (b)

Fig. 1 X-Rite colour charts: (a) ColorChecker Classic, (b) Digital
ColorChecker SG

Colour quantization and binarization

The goal of the binarization process is to separate
patches from background (Fig. 3). We can easily separate
patches, if we process image by colour quantization. Colour
quantization eliminates small differences in colour values
between image regions with similar colours. Therefore,
each patch of chart has a chance to be one region in
quantized image. Colour quantization reduces the number
of colours in image. It can be performed with the k-means
method [16] in following steps:

a) select 25 colours as initial cluster centres,

b) calculate distances between colour pixel values and
selected colours,

c) assign colour pixel value to the nearest cluster centre,

d) calculate new cluster centres as arithmetic mean values
of colours assigned to colour clusters,

e) if the difference between new and old values of cluster
centres is not small - go to point b).

Fig. 3 An example of colour quantization and binarization stage.
Original image and 5 selected binary images from 25 resulted
images
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Fig. 2 Flow chart of proposed colour chart detection algorithm [15]
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The number and values of initial cluster centres should
ensure that even small number of pixels of chart patches
will be not included to the cluster containing the pixels in
colour of the chart's frame. Therefore, the number and
values of initial cluster centres do not have to match the
number of patches of specific CC. The initial cluster centres
are represented by 24 colour values of CCC patches and
an additional black colour. All 25 colours are rescaled to
correspond to the maximal colour values of image. The
same initial cluster centres were used for detection both
CCC and CCSG. The number of colours and values of
cluster centres have been established in experiments on
SUT image database. It should be noted that in colour
quantization process a few clusters may be empty, but this
have no significant impact on the whole detection process.

Binarization process assigns each colour a separate
binary image. New binary images are formed by checking
colour of each pixel in quantized image:

1 I(X’ )=[RkGKBK]
W 'k:{o )2 RO ]

where: Il«(x,y) is binary image for k-th cluster centre, I(x,y) is
colour value of pixel of quantized image in coordinates (x;y),
[RkGkBy] is final colour value of k-th cluster centre.

In this way each binary image contains the potential colour
patches. Because, borders of the CC have a colour different
from colour patches, after binarization process we get the
patches separated from the frame of CC.

Removal of selected regions

Binary images obtained in previous stage have large
number of regions. We can improve received binary images
by two operations [17]. In the first operation we remove
small regions by median filtering with 5x5 pixels window
size. Then we perform a morphological closing operation
with the same window size to fill small holes in regions.
Next we check if the shape of the region is similar to the
shape of colour patch. Square shape of chart patches is
distorted due to acquisition process and image processing
in previous step of algorithm (Fig. 4). In many cases,
patches have square shapes with rounded corners.

The regions are examined by the use of the Euler
number [18], which must be equal to one (region without
"holes”). The second condition for region checking is proper
value of circularity factor [19]:

47A

P2

(2) 0.65< <0.95

where: A is region’s area, P is region’s perimeter.
Regions that do not meet above conditions are removed
(Fig. 5).

Patch grouping

Previous stage, however, did not remove all the regions that
are not potential patches. In order to detect a colour chart,
geometrical properties of colour patches can be used (size
and location). We used for that purpose a hierarchical
clustering algorithm [20]. The grouping is based on
differences in areas between potential patches:

® Any =|A - A

where: AA; is the absolute difference between i-th and j-th
areas, A; and A; are the areas of ith and j-th potential
patches.

IO

Fig. 4 Examples of chart patches after binarization process

(b)

Fig. 5 Example of image after binarization process (a) and after
removal of selected regions (b)

First, we join the patches with the smallest absolute
difference between areas. Patches are joined to groups as
long as the relative differences between the mean areas of
both groups are less than 30%:

where Am and An are the mean areas of m-th and n-th
groups.

If the threshold would be bigger, the groups will include
objects which are not patches. If the threshold would be
smaller, the groups will be too small and will be harder to
detect the colour chart in the next steps of algorithm. The
patch grouping process ends, when it no longer can create
a new group (Fig. 6).

Colour patches belonging to the same CC are near each
other. The obtained groups of patches with similar area are
then grouped based on the coordinates in the image (Fig.
6). The goal of this step is to remove the elements of group
which do not belong to chart patches. This grouping is done
with hierarchical clustering using the Euclidean distance
between coordinates of centroids of two groups. Similarly to
the previous clustering method, we first join groups with the
smallest distance between their centroids. But, the stop
criterion is now a number of formed groups: 1, 2, ..., 8. We
assumed the final number of groups as eight. These both
clustering methods define the groups of potential patches
for further processing.

Detection of colour chart type

The rectangular shape of CC can be distorted by
various image acquisition conditions. Therefore we assume
that the shape of parallelogram is the best simplification of
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shape of distorted CC. The parallelogram without distortions

is a rectangle. We can determine the type of colour chart by

checking the following properties:

e the number of colour patches,

¢ the ratio between the length of the shorter and the
longer sides of minimal bounding parallelogram,

e the ratio between the mean square root of patch area
and the length of the longer side of minimal bounding
parallelogram,

e the ratio between the mean square root of patch area
and the length of the shorter side of minimal bounding
parallelogram.

If the tested group meets all the above requirements we will
find a specific type of colour chart. We determine minimal
bounding parallelogram (Fig. 7) with the use of algorithm
described in [21] on convex hull [22] of patch groups. Based
on coordinates of parallelogram are determine information
about the length of shorter and longer sides of
parallelogram.

(b)
Fig. 6 Grouping of potential patches by area (a) and by coordinates

(b).

Labelling of colour patches

The first step in determining a location of each colour patch
is initial labelling. We can see an example of initial labelling
on image containing CC with shape distortion (Fig. 7). This
stage of algorithm uses data about location and proportions
of CC patches in form of CC grid. Therefore, the algorithm
to detect a new type of CC needs only information about
CC grid. The initial labelling (Fig. 8) is performed by
projecting points representing the corners of CC grid on the
corners of a bounding parallelogram known from the
previous stage. The Direct Linear Transformation that
allows transforming any coordinates to coordinates of
image is based on principles of affine geometry. Each point
in the affine geometry is represented by three spatial
coordinates (x,y,7) and the same point in Euclidean
geometry is represented by two coordinates (x,y). The point
(kx,ky,k) describes the same point for each non-zero value
of k. We perform the Direct Linear Transformation in the
following steps [23]:

a) determine at least four points with coordinates (x,y,z) in
projected image and the same number of matching
points on desired position with coordinates (x’y’,z’) in
detected image. Assume following pairs of points in
labelling process:

200

e initial labelling: (x,y,z) represents corners of CC
grid and (x’y’,z’) represents corners of minimal
bounding parallelogram found in detected image,

e final labelling: (x,y,z) represents centres of CC grid
patches and (x’,y’,z’) represents centres of actual
CC patches found in detected image.

In case of two-dimensional images the coordinates z
and Zz’ should be equal 1. Assume the following
transformation matrix H:

X' h11 h12 h13
®) y'|= h21 hzz hz3
zZ' h31 h32 h33 z

where: hy1;h12;...,h3z are elements of H.
b) forz =2z =1 we transform the previous equations:

_ h11X+ h12y+ h13

- hy X +hy,y+hy;
_hx+h,y+h,

hyx+h,y+hy

(6)

1

After small modifications of equations (6) we obtain:
7) hy X =hy xx+h,,y —hy, yx+h,; —h,;x'= 0
hy X =hy xy*+hy, y —hy, yy'+h,, —h;; =0

We can write elements of equations (7) in matrix form:

o, =
8)| i 0 -xx" vy 0 -yx' 1 0 —x'
0 X -xy;'" 0 vy -yy' 01 -y

h = [hll h21 h31 h12 h22 h32 h13 h23 h33]T

where: (x,y)) is i-th point in projected image, (x;,y)) is i-th
point in detected image.

Matrix for pairs of points is as follows:
€) o=O, 0, .. 6 o,

where: n is a number of pairs of points, e.g. 4 pairs of
points in initial labelling.

c) we can calculate nine unknown elements of matrix h:

minhH®hH2

(10)
=1

The solution of above task is a matrix D coming from
Singular Value Decomposition method [24]:

(11) ®=SVD'

where: Q is an nx9 matrix, S is an nxn unitary matrix, V
is an nx9 diagonal matrix with nonnegative real
numbers on the diagonal and DT is a 9%9 unitary matrix
that contains the elements of matrix h.

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 90 NR 9/2014



Fig. 7 Example of initial labelling: (a) the colour chart grid, (b)
minimal bounding parallelogram with marked corners, (c) results of
initial labelling
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Fig. 8 Result of: (a) initial labelling, (b) colour chart detection

In initial labelling we also transform coordinates of centres
of CC grid patches onto corresponding coordinates in the
image. Then we calculate the distances between all patch
centres in the image and transformed centres of CC grid
patches. The shortest distances between centres determine
the ordinal numbers of colour patches. Because initial
coordinates of colour patches could be inaccurate, we
repeat once again the calculation of transformation matrix
based on new precise coordinates of centres of patches
(Fig. 8).

The colour values of chart patches are compared in order to
determine which patch on corners of parallelogram has the
first ordinal number. Now we have all geometric data to
determine the mean colour values for all colour patches.

Experiments and results

The effectiveness of the proposed colour chart detection
algorithm was compared with the detection results of X-
Rite’s ColorChecker Camera Calibration software [5].
Detection of CCs was rated according to the following rank
scale (1): 0 - no detection, 1 - incorrect detection, 2 - correct
detection of colour chart. The incorrect detection of colour
chart occurs when the algorithm correctly detects the type
of colour chart, but its coordinates with some defects, e.g.
at least one patch contains chart frame pixels. If the image
contains more than one CC we recognize each colour chart
separately. The X-Rite software was not able to detect more
than one colour chart in the same image and allows to
detect few types of CCs only (Fig. 9). Therefore, we have
not compared the performance of detection algorithm for
SUT image database that contains images with more than
one colour chart in single image.

Fig. 10 Examples of images with successful colour chart detection

Table 1. Comparison of colour chart detection results

Image Colour | Rank scale Detection
database Chart [0 1 [2 Rate
Proposed algorithm

Gehler's[13] | CCC 110 | 19 | 440 | 77.3%

SUT CccC 15 3 55 75.3%
CCSG | 14 4 20 52.6%

X-Rite software
Gehler's[13] | CCC 241 | 22 | 306 | 53.8%
SUT CCC 30 4 39 53.4%

Chart detection results show an advantage of proposed
detection algorithm over X-Rite’s algorithm. The difference
was quite significant and proposed detection algorithm had
about 23% more correct detections. Our algorithm was
more robust to various scene conditions (Fig. 10).

Presented detection algorithm can detect CCs even if
few patches are concealed (Fig. 11). The differences
between proposed algorithm and X-Rite’s algorithm are
forming probably in early stages of CC detection. In Fig.
12a-b we can see the CC without deformations, but one of
the compared algorithms did not find the chart. In proposed
algorithm the reason of bad detection is the small number of
detected patches. Unsuccessful detection of colour chart by
X-Rite’s algorithm is probably caused by lower tolerance in
deviation of size and shape of CC.

The reasons of main difficulties in CC detection are a
deformation of shape of CC and a small size of chart in the
image. The deformation of shape of CC is connected with
orientation and location of chart in the image. It can change
the actual rectangular shape into the nonlinear shape
(Fig.12a). Distortions are made by: location of colour chart,
not rigid material of colour chart and camera optics. Due to
the small number of pixels representing the chart patches
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the algorithm has the small influence on quantization
process and has deformed shapes of colour patches (Fig.
12b). Therefore, CCs should be clearly visible in image.
Influence on the proper detection have also the light
conditions. The ambient light causes changes in the colour
values and high colour variations due to nonuniformity. The
lower detection rate of CCSG was caused by the smaller
size of chart patches in the image in comparison to CCC. If
the size of CCSG patches in the tested images would be
similar to size of CCC patches, probably the rate of
detection of these two charts would be comparable.

Fig. 11 Examples of images with successful colour chart despite
the masking of few patches

(b)

Fig. 12 Examples of images with: (a) successful detection by

proposed algorithm only,
algorithm only

(b) successful detection by X-Rite

Conclusion

The proposed detection algorithm allows to work faster
and more stable in comparison to manual reading of colour
information from the image containing the CC. Proposed
algorithm can detect more than one colour chart on the
same image in different scene conditions. Detection rate of
proposed algorithm was higher than in case of X-Rite
software and was respectively 77.3% to 53.8% of tested
images. The research allowed to identify scene conditions
for successful CC detection. The algorithm can correctly
detect the CC when it occupies at least 10% of the image
area for CCC and 20% for CCSG, and the colour chart is
perpendicular to the optical axis of the camera.
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