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Abstract — A color restoration algorithm is proposed to restore
the color information of <till images in low luminance
conditions. The 175 color scheme cards taken under low and
standard illumination provide color change vectors. Adding the
color vector in a color change vector for an input pixel value
restores color information of a pixel in the input image. Under
various luminance conditions, color change vectors are
changed with considering color information of an input image
and color scheme cards. Experimental results show that the
restored image by the proposed algorithmis the same as that of
the previoudly proposed algorithm in terms of color-difference
(with an uncertainty 10%). A proposed algorithm will be used
as a basis of the surveillance camera system.

Index Terms— color information , Restoration.

1. Introduction

The algorithm that restores the color information of
images taken under low illumination with a surveillance
CCD camera is useful for constructing the real world
security systems.

The manual operation for restoring the color information
from images taken under low illumination has been widely
used. However, the manua operation has disadvantages
against the automatic processing in terms of the processing
time as well as the image quality (i.e., the resultant image
highly depends on the individual capability). Moreover, the
manual operation simply enhances the image taken under
low illumination by uniformly increasing luminance in value
at al pixels. This simple operation causes unnecessary
correction to some regionsin the image.

To solve the above-mentioned problems, the agorithm [1]
that automatically restores the color information of the till
image taken under low illumination has been proposed.

This algorithm takes 175 pairs of the color information
under low and standard illumination as the instances, based
on which the color information of each pixel is restored.
The restored image quality is enough for a surveillance
system. But this algorithm restores the target image in a
fixed lighting condition.

In this paper, the restoration algorithm with color change
vectors in various luminance conditions is proposed. The
proposed agorithm restores the target image with color
change vectors in the L*a*b* color metric space which is
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created with color information of color scheme card [2]. In
this algorithm, the L*a*b* color metric space is employed
as the color space to compare with the previously proposed
algorithm [1] which employsthe L*a*b* color metric space.

A color restoration experiment with the proposed
algorithm is performed, based on which the proposed
algorithm is compared with the previously proposed
algorithm [1] in terms of the color-difference.

In Section 2, the color restoration algorithm for a still
image is explained, and Section 3 shows its experimental
results.

2. Color restoration algorithm with color change
vectors

Color change vectorsin the L*a*b* color metric space are
constructed with color information of 175 color scheme
cards under low illumination (target illumination) and
standard illumination. In various luminance conditions,
color change vectors are changed considering the average of
color information in the input image (target illumination)
and color scheme cards (different illumination).

2.1 Color change vector in color metric space

In the instance-based algorithm [1], the input image is
restored with 175 color change vectors of color scheme
cards from low illumination to standard illumination. Fig.1
shows the color change vectors of color scheme cards in the
L*a*b* color metric space. The difference of each color
change vectorsislarge, and arestored image is not smooth.

The proposed agorithm creates the color change vectors
of al color information in a color space with that of color
scheme cards.

The color change vector of target color information is
calculated with neighbor color change vectors of color
scheme cards.

VCSC ={CCV}(i =12,---175) 1)
cev, ={Cl!,cV)) @
Cl! ={L*,a*,b*} (3)
CV, ={al*,aa*,ab*} 4



The VCSC in (1) is a set of color change vectors of 175
color scheme cards. The CCV, in (2) is the ith color

change vector, which consists of low color information (Cl'
in (3)) and a color vector from low illumination to standard
illumination (CV in (4)) . These parameters are given.
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Fig.1 Color change vectors of color scheme cards

VCMS={CCV,. ...} (5)
(0<L*<100 -45<a*,b* <45)

CCV,. 4oy ={CI% 4, Vo i}

cl ILnab ={L*,,a%,,b*}

in?

The VCMS in (5) is a set of color change vectors in a
color metric space. In the restoration process, this VCMS

isused. The Calculation of CV,. ... (Fig.2) isasfollows.

Sepl (Acquisition of vectorsin color scheme cards)

The Color change vector of color information, which is
the same as color information of color scheme cards, is same
as the color vector of VCSC.

(If Cli . =Cl!, CV. . =CV, )

In other cases, Stepl isdonefor N =1 in Step 2.

Sep2 (Average of CV)
This step is calculation of average (in (6)) of CV in
neighbor color information.

N —
aveVis g =

NCIY ., .- ={L*, & b*}
(L*-L*, Llax —a®, |, |b* —b*, [< Nxwid)

: Neighbor color information

The number of CI' which is in

N
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wid : Congtant (wid =5 in3.2)

If Num,fn*,%*,hn* =0, the caculation process goes stepd
without calculation of an averagein (6).

Sep3 (Calculation of color vector)
If CV..,={000,CV",. . =avweV', .. In the other

case,

N-1 N
v NxCVIT L raveV o
CVi g = N+ 1 .

(7)

Step4 (Termination condition)
If N<N;n,, N=N+1 and the calculation process

goes step2.
If N=Ngw, CVipy =CV . p
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Fig.2 Calculation of color vectors

2.2 Color change vectors in various luminance

conditions

In the previousy proposed algorithm [1], one of
experiment conditions is that an image is taken under the
uniform lighting condition. The lighting condition of color
change vectorsin 2.1 is fixed. The color change vectors are
changed to restore the input image in various luminance
conditions.

In restoration process, the given data is color information
of color scheme cards and an input image. TheVCMS



divides into 5 areas (L*,a*=0,a*<0,b*>0, b*<0) and
are changed with considering the given data. The concrete
procedure (Fig.3) is asfollows.
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Fig.3 Color change vectors in various luminance conditions

If CV adds by Aave instead of Aavex Dis in (8), (9),
and (10), color information of the restored image is not
correct. Thisresult isshownin 3.2.

2.3 Color restoration process with color change
vectors
The input pixel value Input, ., isrestored by adding CV .

This calculationis shown in (12).

Output, , = Input, , +CV,

L By (12)
Input, , ={L*y,a*xy,b*y}
: Color information of input image
( X,Y : Coordinates of the objective pixel in
the input image)
Input, , =ClI "

L*xy @ x vy .bxy

Output, , : Color information of the restored image

3.Experiments on color information restoration
3.1 Experimental conditions

The images taken with a CCD camera under low
illumination are used as the input images, and the outputs
are the images restored to the color information under
standard illumination with using the proposed algorithm.
Experimental conditions are shown below.

® Thelighting type (color temperature) is fixed.
® An image is taken under the low illumination, under
which the contours of subjects are visible.

3.2 Experimental result

Fig.4 shows VCM S constructed with VCSC (Fig.1). The
left image in Fig.5 is an input image. The luminance
condition of this image is the same as that of low
illumination in VCSC (Fig.1). The right image is taken
under standard illumination. The left image in Fig.6 is the
restored image with VCM S (Fig.4). The right image is the
restored image by the previously proposed agorithm [1].

Fig.7 shows VCMS™® in various luminance
conditions (Fig.8 left). The images in Fig.8 are input and
taken under standard illumination. The left image in Fig.9 is
the restored image with VCMS™®* of Fig.7.The right
image is the restored image with VCM S whose luminance
condition is the same as the left image in Fig.8. Fig.10
shows the restored image of the left image in Fig.5 with the
proposed agorithm whose CV adds by Aave instead
Aavex Dis in (8), (9) and (10).



e Fig.8 Input image (left) and Image taken under standard
i illumination (right).

Fig.4 Color Change Vectors calculated by Fig.1
- 1 -. ]
Fig.5 Input image (left) and Image taken under
standard illumination (right).

Fig.9 Restored images by proposed algorithm with

VCMS™ of Fig.7 (left) and VCMS whose luminance
condition is same as |eft image of Fig.8 (right).

Fig.6 Restored image by proposed algorithm (left) and
restored image by previously proposed algorithm (right).
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6. 5 3.2 Comparison experiment with the restoration
e in a fixed luminance condition
Vi The color-difference between an image under standard
A illumination and a restored image is shown in table 1,2 and
3.
Fig.7 VCMS™® calculated with Fig.4 In table 1, the luminance condition of color scheme cards

(Target luminance is same as Fig.8 |eft) issameas Fig.5. And the luminance conditions of an input



image are the same as the left image of Fig.5. The
color-difference of the proposed algorithm is the same as
that of the previously proposed algorithm. And the color
noise of the restored image with the proposed agorithm is
low than the previously proposed algorithm.

In table 2, the luminance condition of color scheme cards
in VCMS™%|s the same as that in Fig.5. The luminance
condition of color scheme cards in VCMSis the same as
that in Fig.8. And the luminance conditions of an input
image are the same as the left the image of Fig.8. The
color-difference of VCMS™* jssame asthat of VCMS
(with an uncertainty 8%).

In table 3, the luminance condition of color scheme cards
in VCMS™* js same as Fig.8. And the luminance
conditions of an input image same as the left image of Fig.5.
The color-difference of VCMS™* s the same as that of
VCMS inFig.4 (with an uncertainty 10%).

The image of Fig.10 is a reddish image. And the
color-difference is 31.5. From this result, Dis is necessary
in (8), (9) and (10).

Blue | Red (Fig.6) | Yellow | Green
Proposed 19.1 221 21.7 16.8
Previous 16.8 20.3 222 222
Table 1 color-difference between an image under standard
illumination and the restored image whose subject has each
color shirt (luminance condition is same as Fig.5. VCMS
isFig.4)

Blue |Red (Fig.9)

VCMS™®* | 35.1 26.4
VCMS 34.3 24.0

Table 2 color-difference between an image under standard

illumination and the restored image whose subject has each
color shirt (luminance condition is same as Fig.8.

VCMS™® js calculated with Fig.4)

Blue | Green | Red | Ydlow

VCMS™ | 20.2 | 234 | 229 | 195
Table 3 color-difference between an image under standard
illumination and the restored image whose subject has each
color shirt (luminance condition is same as Fig.5.Luminance
condition of VCM S is same as Fig.8)

From these experimental results, it is conducted that the
restored image in various luminance conditions with the
proposed agorithm is the same as that of the same
luminance in terms of the color-difference.

4. Conclusion

The problem of color restoration in images under various
low luminance conditions is addressed, and a color
restoration algorithm is proposed. The proposed agorithm
enhances the image quality using color change vectors. To
evaluate the performance of the proposed agorithm, two
experiments are performed using real images. First, for an
input image, the restored image obtained by the proposed
algorithm is compared with that obtained by the previously
proposed algorithm in terms of color difference. The
experiment shows small color difference between the two
images. Thus, the proposed agorithm is the same as the
previously proposed algorithm in terms of color difference
in the restored image. Next, the experiment is performed
under two luminance conditions, and the restored images are
compared in terms of color difference. The experiment
shows that the change in lighting conditions does not affect
restored results. Thus, the proposed algorithm is considered
to work under various luminance conditions.

The proposed agorithm gives the foundation of the
security system to identify an invader, in cooperation with
the CCD cameraof low cost.
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