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Abstract

This is a three-year project to use computer
vision and digital image processing methods for auto
white balance, auto exposure, and auto focus of digital
cameras. We will study the best camera, light source,
environment, and scene interaction. In the first year, we
will develop the auto white balance method for
optimum color response. In the second year, we will
control the optimum aperture size and shutter speed
and the influence of flash to achieve auto exposure. In
the third year, we will research various auto focus
sensing modules and methods to develop programs and
algorithms for auto focus. We would like to break the
patent and technology barriers of Japanese and
American companies and to enhance and
competitiveness of Taiwan companies in international
markets.

Keywords: Auto White Balance, Auto
Exposure, Auto Focus, Computer Vision,
Digital Image Processing
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AUTOMATIC WHITE BALANCE FOR DIGITAL STILL CAMERA

Varsha Chikane and Chiou-Shann Fuh ( )

Department of Computer Science and Information Engineering,
National Taiwan University, Taipei, Taiwan.

ABSTRACT

In recent years digital cameras captured the camera
market. Although quality and quantity factors are
considered, consumers are more nostalgic about the
quality of the picture. White balance is one of the factors
used to improve the quality of the picture. The basic
white balance methods are powerless to handle all
possible situations in the captured scene. In order to
improve the white balance we divide this problem in
three steps—white object purification, white point
detection, and white point adjustment. The proposed
method basically solves the problem of detecting white
point very well. The experimental results show the
proposed method has the best result in both objective
and subjective evaluative results. The complexity of the

proposed system is acceptable. The proposed method
can be easily applied to the digital cameras to get good
effects.

Keyword: white balance, gray world assumption,
perfect reflector assumption.

1. INTRODUCTION

Whenever the scene is captured by digital camera, every
pixel value of the recorded scene depends upon the 3-
sensors response and the 3-sensor response is affected
by the illuminant of that scene. As an effect the distinct
color cast appears over the captured scene. Such effect
of the light source appears on the recorded image due to
color temperature of the corresponding light source.
When a white object is illuminated with low color
temperature light source, the object in the captured
image will have reddish color. Similarly, if the white
object is illuminated with high color temperature light
source, the object in the captured image will have a
bluish color. For developing white balance algorithm it

This research was supported by the National
Science Council of Taiwan, R.O.C., under Grants NSC
92-2213-E-002-072, by the EeRise Corporation,
EeVision Corporation, Machvision, Tekom
Technologies, Jeilin Technology, IAC, ATM Electronic,
Primax Electronics, Arima Computer, and Lite-on.

is necessary to render the information about the
illuminant of the scene.

The human vision may not be able to distinguish the
color difference caused by various light sources due to
the “color constancy” of human eye [1]. Colors remain
constant through recognition despite they are viewed
under different light sources. In summary, the
mechanism employed in digital camera to compensate
the color difference caused by various light sources is
white balance. This is the main investigation.

2. BACKGROUND

The traditional methods used to adjust the white balance
automatically are mentioned below,

2.1. Gray World Method (GWM)

Gray world assumption [2] states that, given an image
with sufficient amount of color variations, the average
value of the RED, GREEN, and BLUE components of
the image should average out to a common gray-value.
With gray world assumption, the average of the
reflectance of the visible surfaces in every scene is
assumed to be gray to estimate the spectral distribution
of the illuminant. This method takes an image and scales
its red, green, and blue color components to make the
gray world assumption hold.

2.2. Perfect Reflector M ethod (PRM)

In perfect reflector assumption [4], it is considered that
the RGB values of the “brightest” pixel in an image
captured by digital camera, is the glossy or specular
surface. For any white balancing algorithm, it is most
important to gather information about surfaces in the
scene as well as illuminant of the scene. PRA focuses on
both of these facts by underlining the presence of
“specularity” or glossy surfaces in an image. The
specularity is helpful to convey a good amount of
information about the illuminant. Specularities or glossy
surfaces reflect the actual color of the light source
because these specularities have reflectance functions
that are constant over a wide range of wavelengths. By
detecting such specularities it is easy to find out the
actual color of the light source which is further used to
eliminate influence of illuminant over the scene. This



method exploits the perfect reflector assumption to
correct the image. It locates the reference white point by
finding the pixel with the greatest luminance value and
performs the white balance adjustment according to the
reference white point.

2.3. Fuzzy Rules M ethod (FRM)

In FRM [3] the image is converted from the RGB color
space to the YC,Cy, color space and seized the color’s
characteristics in the YC,Cy color space for the white
balance adjustment. Image is divided into 8 segments for
more precise white balancing.
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Fig, 1 Diiffererd codors show deéfferent denatiors

The experimental results shown in Fig.1 are:

1. A dark color has less deviation from
nominal position under different light
sources, as opposed to the bright color,
where the deviation is significant
on C; and C, components.

2. When a white color is illuminated with
different light sources, the ratio of C;
to Cp, will be approximately between -
1.5 to -0.5.

3. At high Iluminance, the color
components are easy to be saturated;
while at low Iuminance, the color
components become colorless.

The fuzzy rules based on experimental results are
described below:

1. The averages of C; and C, for each
segment will be weighted with small
values under the conditions of high-
end and low-end luminance in order to
avoid being saturated and colorless.

2. The averages of C; and C, for each
segment are weighted less for dark
colors than bright colors.

3. When a large object or background
occupies more than one segment, its
color will dominate that segment. The
ratio of C, to C,will be similar among
adjacent  segments. The  given
weighting for those segments having a
uniform chromatic color is small in
order to avoid over-compensation on
the color of the picture.

If the ratio of C; to C, for the segment is approximately
between —1.5 to —0.5, the probability of being a white
region increases, the given weighting is the largest.
Besides these basic methods another method is chiou’s
white balance [6] method which tries to overcome the
drawbacks of the basic methods.

2.4. Chiou’s White Balance M ethod (CWBM)

The component block diagram of CWBM is shown in

Fig.2.

| White Point Detecting Unit |
h 4
| White Balance Judging Unit |

| White Balance Adjusting Unit |

End

Fig. 2 The component block diagram of

AT

2.4.1. White point detecting unit

In this unit the reference white points are detected. First
the rough reference white pixels are detected. Convert
the image from RGB color space to the YC,Cy color
space. Next pick up the pixels satisfying the Equation

1.1.
\C?+C2 <CH,, (1.1)

where, threshold CHy, is equal to 60 in the experiment
and \/C? +C? be the chromaticity value. Second, select

the pixels among the rough reference white pixels
satisfying the Equation 1.2 as precise reference white
pixels.

RxR,,G>G,,B>B,
(1.2)

where, Ry, , Gﬂjc,:relnsdﬁ’ ’J%threél%‘ld picked up from

cighticth perceffile @& f@h<cbnponent histogram. AB;
(= 45), ABy (= 45) are the absolute values of C;, C,
respectively. R (= - 1.25), R, (= - 0.75) are lower and
upper range for ratio of C, to Cy,. Finally the averages of
rough reference white pixels and precise reference white



pixels are calculated as (R, , G, , B)) and (R, , G, , By)
respectively.

2.4.2. White balance judging unit

This unit judges whether or not to apply the white
balance on the desired image. Pick up the reference
white point data from the white point detecting unit.
First calculate the Rougn, ratio of rough reference white
pixels to all pixels of the image, and Ryecise, Tatio of
precise reference white pixels to all pixels of the image.
Second, determine whether Riggn is grater than equal to
Prougn, defined as prescribed proportion (0.2 in
experiment) and next determine whether Ryrecise is grater
than equal to Ppecise , defined as prescribed proportion
(0.05 in experiment) Finally mode M, is set to the value
0, 1, or 2 as shown in Fig 3.

R

Fig. 3 Conditions for setting mode

2.4.3. White balance adjusting unit
This unit adjusts the white balance according to the
mode M,. First calculate the scale factors according to
rough reference white point (Rigan, Grgain, Brgain) also
calculate the scale factors according to precise reference
white point (Rogain: Gpgains Bpgain)- If My is set to the value
2 then white balance is adjusted according to the (Rygain,
Gpgains Bpgain). If Mg is set to the value 1 then select the
minors between (Rigain, Grgain, Brgain) and (Rogains Gpgains
Bogain)- Next if My is set to the value 0 then do not apply
white balance adjustment.

For adjusting the extreme scale factors towards an
acceptable values sigmoid function shown in Equation
1.3 is used.

Y =1.05%(1+tanh(X —=1.25))+0.4  (1.3)

where, X is original scale factors and Y is adjusted scale
factors.

3. EXPERIMENTS

Camera used for experiments is set to the raw data mode
for avoiding any image processing. The binary color
interpolation scheme is applied for getting the RGB
image data. For more precise knowledge about the color
variations due to different light sources we capture the
images of GretagMacbeth ColorChecker in two

categories; varying lighting conditions and varying
object conditions. For varying lighting conditions, we
capture images of the GretagMacbeth ColorChecker
under standard light sources as shown in Table 1 and
also capture images of GretagMacbeth ColorChecker
under natural and household light sources.

Light Daylight Cool TL84 | Inc. A’ | Horizon
source white
Color
temperature 6500 4180 4100 2850 2300
CK)

Table 1 Light sources used in our experiments

For varying object conditions, images are capture
with and without ColorChecker. According to the
CWBM and FRM the white points are detected by using
predefined values of C, and Cy. In most of the cases, this
predefined range for C, and C, selects another color
pixel as white point. Our main purpose is to use the
small range to detect the white points from the desired
image. After some experiments and observations, we
propose new approach for white balance adjustment.

4. NEW APPROACH FOR WHITE BALANCE

We propose original idea of white object purification
step. According to the observations based on
experiments, if we purify the white object, then it is easy
to detect the white point from the images. For this
purpose we apply histogram equalization on the desired
image and extract information about the pixels
belonging to the white point and then wuse this
information to select the white point from the original
image. The new approach for white balance follows the

steps as shown in Fig. 4.

| White Object Purification |
v
| White Point Detection |

4

| White Balance Adjustment |

End

Fig. 4 The steps followed in proposed method.

4.1 White Object Purification

The first step, white object purification purifies the
white object in such a way that the color cast over the
white object is removed. Applying histogram
equalization on the RGB channel separately results in
removing the color cast over the white object. After this
step white object detection becomes easier.




The flow chart of the white object purification is
shown in Fig. 4.1. First store the original image data.
Next apply histogram equalization to each RGB channel
separately. For further processing use the Histogram
equalize image data in YC,C, color space.

Store the original image data
Iorg (Rorg, Gorg, Borg)

v

Apply the histogram
equalization to Image

v
Covert image space from RGB to
YC.C,
Y

White point detection

Fig. 4.1 Flowchart of white object purification.

4.2 White Point Detection

In this step, we make use of histogram-equalized image
data (Yhig, Cinigs Conig) in YC,.C, color space. First,
detect those pixels satisfying Equation 1.4 as probably
white pixels and next calculate averages of selected

probably white pixels as,y29, C29

Hist > “rHist ?
the probably white pixel is detected then we stop for
white balance.

ce . If none of

Yhig =210, and
-3<C, s C

(1.4)
I Hist > ~bHist <43
The flow chart of the detection of probably white

pixels is shown in Fig. 4.2.1.

Next, find out the  brightest pixels
yprge cpion cprdt with maximum Yiig value, and Cig,

Copnig values should be closest to zero, among all
probably white pixels. Second, if the pixels, from the
histogram-equalized image data satisfy Equation 1.5,
then select the corresponding position pixels from the
original RGB color space image data as reference white
pixels.

Y =Yg <Y,

C, < CrHist s C:I’u

rr =

C:bl s CbHist = Cbu

(1.5)

where, Y,,C  ,andC, are lower limits; the minimum
bright bright bright avg
values between YHist 5CrHist 5CbHist and YHisl > Clin >

czo, . Similarly Y,,C, ,andC, are upper limits; the
Y3,

Finally, the average of those reference

ru?

maximum values between it chrigt | ¢ brght and

rHist > ~bHist
avg avg
CrHist > CbHiSt :

white pixels is calculated as reference white point W (R,
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Guw, Bw). The collected white balance data are transferred
to the white balance adjustment unit. The flowchart of
the white point detection is show in Figure 4.2.2.

White object

v

Pick up the pixel one by one from
data luiet (Yuie. Conier. Chmier)

Y, 2210,and

Hist =

35Ce:C

The pixel is counted as
probably white pixels

Detect the brightest pixel o gt brigh

> “rHist > ~bHist

among the probably white pixels.

Does Probably

L . Stop
white pixels exits?

A 4

Calculate the average of
probably white pixels as

ag, (Cavg ag .
YH\S, CrHia’ CBHISI

White point detection

Fig. 4.2.1 Detection of probably white pixels.




Detection of probably white

v

Select the minimum and maximum between

bright bright bright and avg
Yuis > Crria > Coriia Yiia®

avg avg  as
Cilia’ Chiis

Y,C,,andC,> Y,,C,,,and C, Tespectively.

ru?

4

Y\ N YH\S < Yu
Cr\ N CrH\S < Crl

Cbl = Cans < b

Count current position pixel (Rorg, Gorg,
Borg) as reference white pixels.

Calculate the averages of reference
white pixels as W ( R,G, BW)

v

White balance adjustment

4.2.2 White point detection.

4.3 White Balance Adjustment

First, collect the data from the white point
detection unit and proceed for white balance adjustment.
Second, scale factors are calculated according to the
reference white point w ( R,,G,,B, ) for respective

color component as shown in Equation 1.6.

Reae = Yo /Ry (1.6)
Geae =Y, /G,
Beye =Y, /B,
where, Y is calculated by Equation 1.7.
Y, =0.299*%R, +0.587*G, +0.114*B,  (1.7)

Next the scale factors are calculated according to GWA

as shown in Equation 1.8.
Rowa = Yaug / Rag
Gawa = Yag / Cayg
BGWA = Yavg / Bavg

(1.8)

Finally decisions are made for selecting proper
scale factors based on color cast over the desired image.
For determining the color cast over the image, convert
the average values of the probably white pixels, 29

ist ?
cM., cae, from RGB to YC,C, color space as R, G2,

Bae . Next use Equations from 1.9 to 1.11 to find bluish,

greenish, and reddish color casts respectively. Although
these equations are determined based on observation, it
is consistent to make use of those equations for finding
the color cast over the image.

avg avg avg avg
Biis 732Gy and Blg > Rig

(1.9)
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Gl +3> Ry > B (1.10)

Ris

After finding the color cast, the scale factors are applied.
In case of bluish cast, the scale factors are selected as
shown in Equation 1.12.

>G28 >BR9 (1.11)

Rfactor = Rsca]e
Gfactor = Gscale (112)
Bfaclor = BGWA

In case of reddish cast the scale factors are selected as
shown in Equation 1.13.

Rfaclor = RGWA
Gfactor :Gscale (113)
Bfaclor = Bscale

In case of greenish cast the scale factors are selected as
shown in Equation 1.14.

Rfactor = Rsca]e
Gracor = Goma (1.14)
Bfaclor = B&alle

White point

v
Calculate the scale factors
Reae=Ya/ Ry Cuge =Y/ Gy andByy =Y, / B,
h 4
Calculate the scale factors
Rawn™ Yoo/ Rue Gonn™ Yo/ G a0 Byn= Yo/ B
v

Calculate the color cast
colorcastas 0, 1, 2, or 3.

Apply the scale factors,
Rfaclor = Rscale’GYaclov :Gscaie’

and By, = Boy

Apply the scale factors,
Riactor = Recaes Gracior = Cowns
and By = By

Apply the scale factors,
Riactor = Rowa Gracior = Cocates
and B =Bga

factor

Fig. 4.3 Flowchart of white balance adjustment.

e

Those selected scale factors are applies to the whole
image in order to get white balanced image. The



flowchart of the white balance adjustment is shown in
Figure 4.3.

5.RESULTS

We captured the test images of GretagMacbeth
ColorChecker under five light sources and also under
the household light sources. In addition to check
stability of proposed method we also capture test images
of the same scene with and without ColorChecker. Next
apply the white balance method based on basic
assumptions and proposed method to the test images.
For more precise comparisons between all methods, we
calculate the average chromaticity, /Cf +c; of the

achromatic patches of the ColorChecker as objective
evaluative values. Besides the objective evaluation we
also ask group of people to choose the best image
among the five methods, which they would like. The
image of the GretagMacbeth ColorChecker under
daylight source and visual results after applying five
methods are shown in Fig. 5.

(a) (®)
() @

© ®

Fig. 5 (a) Original image captured under daylight visual results
after applying (b) GWM, (c) PRM, (d) FRM, (e) CWBM, (f)
Our method.

Besides, these the observations under standard light
source we also capture images of the ColorChecker
under natural light source; sunny climate. The visual
results under sunny climate are shown in Fig. 6.
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Fig. 6 (a) Original image- Greenery: captured under cloudy
weather visual results after applying (b) GWM, (c) PRM, (d)
FRM, (e) CWBM, (f) Our method.

For more precise results we also capture the images
with and without ColorChecker in order to test the
stability of our method. The visual results with and
without ColorChecker are shown in Fig. 7. In Fig. 7 left
column resultant images with ColorChecker and right
column images are without ColorChecker.



fl

Fig. 7 (al, a2) Original image- Pots: capture under sunny
climate with (al) and without (a2) ColorChecker. Visual
results after applying (b1, b2) GWM, (cl, c¢2) PRM, (d1,
d2) FRM, (el, e2) CWBM, (f1, f2) Our method.

We make the use of average chromaticity value of
achromatic patches of the ColorChecker as objective
evaluative values, for comparing the all five methods.
The method which forces the chromaticity value closer
to the zero is said to be best among five methods.
Subjective evaluative values are vote of the group of
people.

The objective and subjective evaluative values for
all test images captured under standard as well as natural
and household light sources, are shown in Table 2.

IMAGE SIMULATION
ORIG-
aNALlewM PR [FRM O flcwBM Jour
METHOD
DAY A 23474 171(1) 2.06|0) 15.62 1) 4.77)5) 171
LIGHT IB)[ 15.65(3) 1.26J0)15.650) 11.15[3) 9.97|(3) 136
cooL [A)] 1657k2) 143() 142f0)11.50f6) 368(3) 142
WHITEIB)] 939@) 171f0) 7700) 7.04}2) 6263) 380
TLea (A)| 16.35(7) 1.470) 1.420) 11.66 |(0) 3.99|(3) 1.29
@) 9615 15240) 4.990) 1099 f0) 399f(5) 397
INC.'A’w)] 20.073) 1.05f0) 3.44f0) 14.40]2) 7.66f4) 2.08
B)| 1056]4) Loif1) 9.45(1) 7.60f2) 5.97|5) 1.08
HRZ [Aa)] 33.19@) o0.650) 8.66)0)22.28]2) 17.26}4)  0.76
)| 10.913) 1570) 9.470) 13.36](3) 9.35|4) 231
GREEN 20.73(0) 25.11J(2)20.73}0) 20.90 |(0) 21.18)(7)  9.11
STEPS 20.09)(1) 16.36)2) 5.79)(1) 19.28 |(4) 17.93|(3)  2.97
CAT 15.51|(1) 19.34k1) 6.30)1) 1622 |(2) 19.38)6)  2.64
LCD 10.50k0) 12.821) 5.00}0) 11.85 §3) 13.95|5)  2.50
FOG 24.62|(1) 15.70|(0)24.62|(0) 16.83 [(3) 14.50}(5)  7.93

Table 2 Objective and subjective (backed values) evaluative values
for all test images

The objective and subjective evaluative values for the
test images with and without ColorChecker are shown in
Table 3. Note that in Table 3 (B) row of each image is
without ColorChecker so chromaticity value for such
images is not available so those block are shown by
using dotted lines.

IMAGE |[ORIG-

INAL

SIMULATION

GWM | PRM FRM | CWBM

DOLL |(A)

(B)

3) 7.94f1) 7.10{(1) 9.49f6) 9.97

FOOT -
BALL

(A)
(B)

LAB |A)

(B)

POTS |(A)

(B)

BUILD|A)
NG [
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Table 3 objective and subjective evaluative values for the test
images with and without ColorChecker.

6. CONCLUSION

According to the experiments, we find that there are
some serious problems with GWM, PRM, FRM, and
CWBA. There are some situation where adjusting the
white balance destroys the consistency of colors in the
image. Therefore, to avoid such situations we make use



of color cast finding equations and some conditions in
order to make decision, whether or not to apply white
balance adjustment. Sometimes, under the situations
such as greenery, applying any white balance algorithm
may result in the bluish cast instead of removing the
original color cast. In our method we also try to get rid
of such situations. Under natural light sources and
household lights our method performs the best.

The simulation result shows that, our method has
the best performance in both objective as well as
subjective evaluation. Experiments performed with and
without Macbeth ColorChecker shows, the stability of
our method in removing the color cast over the scene
under object varying situations. Besides object varying
situations we also consider the light varying conditions
by capturing the same scene under different light sources
the results again remains stable so our method can be
applicable for the moving pictures white balance.
Consideration of single brightest pixel for white
balancing, which is the main drawback of PRM is
overcome by our method. Because we make use of some
range for finding the brightest pixel, detected brightest
pixel always belongs to the white color. Our method
works under all possible situations because of the
brightest pixel is used for finding the range to detect the
white pixels under the color cast. In this way, our
method either removes the color cast completely or
stops for white balance adjustment. Complexity of
proposed method is also acceptable.

Uniqueness of our method is white object
purification step and it also opens the new way for the
white balance algorithm. Due to the white object
purification, the proposed method successfully finds the
white object under any color cast as effect of
surrounding light source.

7. FUTURE WORK

We are continued to perform the experiments mainly in
white object purification unit. Under some rare
situations histogram equalization could not do best to
purify the white object in the desired image. Another
area of improvement is the white balance adjustment, as
we observed that the different color shown different
color deviations due to the light sources and we are just
adjusting the white object properly. If we find some way
to apply the scale according to the color then it would be
the proper solution for removing the color cast over the
all scene colors. Whenever there is no white object
present, proposed method does not apply white balance
for such scenes. Color cast over the scenes without white
objects will not be removed so we will continue to find
some solution to solve this problem.
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