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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
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competitiveness of Taiwan companies in
international markets.

Keywords: Auto White Balance, Auto
Exposure, Auto Focus, Computer Vision,
Digital Image Processing
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Nikon SB-27 AF Flash Unit

(Three-Dimensional ~ Multi-Sensor  Fill-in

Flash)
(Auto Focus Assist Beam),
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(Rear Synchronization)

Nikon AMP
(Automatic Multi-Pattern) [54, 55] ,

: (Scenes Involving
the Sun),

(Outdoors in Fine
Weather), (General Outdoor
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(Dark Night Scenes)

(Flat Contrast), (Some Contrast),
(Medium Contrast),

(Strong Contrast)

Strong Contrast),

(Very

: (CW: enter-Weighted
metering),

(BH: Bright-light
weighted metering), (AV:
Averaged metering), (BL:
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ABSTRACT
In this paper, we will present an automatic exposure method
Nikon’s  method  [9] AMP
{Automatic-Multiple-Pattern) [7]. Our method will add the
fuzzy control inte the AMP to get smooth transition effect

based  on and

and subject growing function to classifies subject and

background to get a better exposure. We also implement an

easy evaluative function to estimate what is a well exposad

picture in the same scene with different exposure parameters.

The experiment results show that our evaluative function
selects the best exposed picture similar to most people’s

selection.

1. INTRODUCTION

Niken  disclosed a  patent  “Three-Dimensional

Multi-Pagern Photo-Metering Apparans ” on August 21,

1990 [9]. The sensor is divided into five areas as shown

in Figure I
J I < Figure {: The CCD is divided
; into five segments.
4 | 5

The method based on the professional photographers’
experience under various weather conditions. AMP [7] is
similar to [9), however, it does not take flash into account
and it is only two-dimensional. AMP classified weather
into five different conditions {W/~W35), and contrast is
also classified into five conditions (CI~C5). We can
construct a two-dimensional reference table as shown in

Figure 2.

wi [ w2 | ws | owa | ows
L
2 .
1 Metering Method
4
5

Figure 2: Reference table, Wi~W35 is from bright
weather to dark weather, and CI1~C4 is from flat
contrast to strong confrast. (W1 Scene involves the
sun, W2 Owdoors in fine weather, W3 General
outdoor scenes, Wi: Sunsetftwilight scenes, W5: Dark
night scenes. Cl: Flat contrast, C2: Some contrast, C3:
Medium contrast, C4: Strong contrast, C5: Very strong

confrast

When weather, contrast, and distance information are
decided, a mapping metering method is selected. In this
paper, we extend the concept of [9] and [7], and apply
fuzzy control and subject growing function to get a better

result.

2. PROBLEMS OF AMPAND IMPROVEMENT
1A SURIECT CONDITION

In [7] and [9]. the CCD is divided to five segments as
shown in Figure 1. Center segment is weated as the
subject. Is it always this way? When we photograph,
our subject is usually in the centzr, but not always.
Sometimes, it may slight near right, left, top or bottom.
[7] and [9] fixes the subject in center, it is suitable for
most conditions, however, when subject shifts (not in

the middle center), the contrast between foreground



and background may wrong.

2.2 SMOOTH TRANSITION
AMP [7] does not mention how they handle the transition
between two weather or contrast conditions, if our table is
fine enough to cover all conditions, there is no problem
for smooth transitions. However, if we do not have a fine
reference table, apply fuzzy function to achieve smooth

transition is necessary.

L3 IMPROVEMENT OF AMP
In this paper, we define three reference tables for different
foreground and background contrast. Fuzzy control is
applied to achieve smooth transition and subject growing

function is implemented to guess where subject is.

LOURAUTOMATIC EXFOSURE METHOD

Unfortunately, most metering methods  are  hardware

dependent.  For  example, the three-dimensional
matrix-metering [¥] need special lens with a chip to detect
the subject’s distance. In this paper, we focus on the
metering method without additional hardware support. We
will extend the Nikon's AMP metering method and append
fuzzy control and subject growing function to smooth the

transition between conditions and guess the subject.

3.1 FUZZY WEATHER

Figure 3.3: Membership functions of different weather
conditions and x-axis is LV (Light Value), and v-axis is

probability.

The membership functions of the five different weather
conditions are shown in Figure 3.3, Red line represents
W1; blue line represents W2: green line represents W3;
cyan line represents W4: and magenta represents W3, If
BMAX (luminance of the brightest segment in Figure 3.7)
==LV 16.3, it means the probability of W7 is 1. If LV
13, 5=AMAX ==LV [1.5, it means the probability of #2
is 1. If LV 9.5-=BM4X == LV &5, it means the
probability of F3 is L. If LV 4.5-=BM4X ==LV 35, it
means the probability of W4 is 1. If LV BMIN (luminance
of the darkest segment in Figure 3.0) <=LV 1.5, it means
the probability of W5 is 1. When BMAY or BMIN does
not fall into the range that exactly belongs to any one
weather condition, in other words, they fall into the
gradient line segments {gray zones). Camera will take the
combination of the two different weather conditions
according to their probabilities. For example, if program
selects bright table (Figure 3.6) as reference table and
BMAX falls into the gray zone between WY and W2 If
probability of W1 is 0.3 and probability of B2 is 0.7, the
fuzzy weather will return 0.3*(AY or BL) +H0.7*CW
(assume contrast is flat). The pricrity of the five weather
conditions is: Wi = Wi = W2 > W3 = W4, This is
because W is extremely bright weather condition and it
may lead to under-exposure. W5 is extremely dark and it

may result in over-exposure.

LIFULEY CONTRAST

Figure 3.4: Membership functions for different conirast



levels (red: CI, green: C2, Wue: C3, cyan: C4, magenta: C5)
and x-axis s LV (Light Value), and y-axis is probability.

Let C=RMAX-BMIN, (BMAX and BMIN is the maximmum
and minimum LF of the five segments shown in Figure
an

Probability of very strong contrast is | when O==5.5.
Probability of strong contrast is | when 4 5==>=315,
Probability of medium contrast is | when 3>=C>=2,
Probability of some contrastis | when [.5>=C>/.
Probability of flat contrast is | when O<=/

When C falls into gray zone, it is similar to fuzzy
weather.

F3FULEY SUBJECT

Figure 3.5: Membership functions jor different subject
conditions (red: moderately bright subject, green: bright
subject, blue: dark subject).

When we photograph, we usually have a subject to
emphasize. In this paper, we assume subject is not fixed
in center. We construct three reference tables for different
subject conditions, bright subject, moderately bright
subject and dark subject. These tables are shown as
Figure 3.6, Figure 3.7, and Figure 3.8

"“\-\.'d\-_&d-r Eoam mrmhos Caldxnofim | e oddoor Eosuibedaht | Dok zxghl came 4
Carker. ™, ha n - fp— U
[p— e e e W | W &EBLe
[r— A e e e CWa | W & BLeh
[T —— BL- oW oW B EE| CWEEBH| W &EH-|
[p— BL- faTR CW R EHY| CWEEHS| OW & BHo|
- BL- TR OW B EE| W & BH| CW R BH|
e
Figure 3. 6 Reference table jor bright subject.
T et Jeaen mrm ey Crdearminfws | Carsral oo door Cweretibget | Tiwdewgphd ssme
Cloatina e ths [rse e v P
Flid onicwct Afa ) A Lagt] [y W & EL-
Zoms oot Fals O LI [ it W & ELs
[P —— L BLe a1 o oy -2
Ambig ot BL+ BL+ W e W
L— 2L EL- et o W
it

Figure 3.7 Reference table for moderately bright

siubject.
it Sourm mmbe | Cwbimrinfes | Gamnlodder | Gokbedighl | Dasorght s
Corat . ™. - v — —
Pew— BL: TR e W | oW &EL
T mr . EL - [ F i CTala W & BLs
Madoum et EL- BL+ EL- EL- BL-
Sy eordrart EL. BLs EL- EL« BL<
Fary g EL- BL+ EL- BL- EI}
oiran

Figure 3.8: Reference table for dark subject.

BL: Dim light metering
BH: Bright light metering

CW: Center welghted

AV: Average metering

After introducing the three fuzzy models (fuzzy subject,

fuzzy weather, and fuzzy contrast), it shows when the

light condition of a scene falls into gray zones of all the
three models. We need to take a combination of eight



metering methods.

J.3SUBJECT GROWING

When photograph, subject is what we want to emphasize.
In Figure 3.1, subject is assumed in the cemter. In fact,
when we photograph, subject is not always in the center.
Maybe subject is in the center near left, right, bottom or
top, therefore, the assumption is incorrect. In this paper,
subject information is important for us to support correct
contrast between foreground and background. In AMP,
some scenes may fool it, because subject location is fixed.

In the szction, we assume parts of the subject would

in the center as Figure 3.9:

Figure 3.9: In initial state, segment | Is assumed part of
subfect (In our experiment camera, CCD iy divided into

25 segments)..

In initial state, only segment | is the subject. We extend
subject by combine the segments (connected component
of segment 1) according to the luminance. If the
differences of luminance of other segments and segment
1 are less than 2.0 LV, then the segments are appended to
subject. If the number of member segments of the
growing connected component is less than & or greater
than 20, the subject is defined as default setting as shown
in Figure 3.4.

After subject growing process, we can get a vague
foreground and wvague background, therefore, more
precise contrast between foreground and background
could be obtained. Therefore, a suitable reference table

could be szlected.
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£ OPTIMAL EXPOSURE SELECTION
If there are two or more pictures only different in
exposwre, and which one is preferred by most people?
There is no tool for the decision making. It is intitive
for people. However, different people may prefer
different pictures. In this section, we develop an easy
method for the decision making according to histogram

distribution, hue, saturation, intensity, and entropy.

4.1 IMAGE SEGMENTATION AND IMAGE
INFORMATION RETRIEVAL
Picture is divided into 8x8 segments as shown in
Figure 32.10. Subject is assumed to contain cyan region.
Few people photograph too bright and flat subject.
Thus, if intensity of cyan region is greater than 220,
program will shift the cvan region to find an optimal
232 region as the new subject in vellow region. When
cyan region is found, the growing process is similar to

subject growing in Section 3.3

Figure 3.10: Subject is assumed to contain cvan region
i{n computer simulation, we divide a piciure into 8x8

Segmenis).

Step 1: Subject is extended based on the cyan region
according to hue and CrCh distance. After Step 1. the
rough subject region would be marked.

Step 20 Caleolate means, standard deviations, hue,

saturation, intensity, and intensity entropy of subject



region and global image.

Mean:
We know the closer the mean value is to 128, the higher
probability people may prefer it. If the mean value is near
0 or 255, the picture may be under-exposed or
over-exposed. In this paper, we divide the range of 0 to
255 mto 12 zones. Figure 3.1 shows zone numbers and

their relative gray values and points and Figure 3.2

shows curve of weight function.

Zone 0 | 2 3 4 5
Gray | O [ 48 | 97 | 108 | 120 | 134
value

Pts ] | 3 5 7 9
Zone & 7 ] 9 1o 11
Gray | 149 | 166 | 185 | 206 | 220 | 255
valug

Pts 1| é 4 3 | 0

Figure 3.11.: Table of zone numbers and their relative

gray valuwes and points,

12
1 —
%y ey
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o L . _
@01 2 3 4 5 & 7T 8 % W 1
Zons

Figure 3.12: Curve af weight function.

Standard Deviation and Entropy:
The larger the intensity standard dewviation, the higher
probability of high contrast of the picture may be. The
larger the intensity entropy is, the more uniform
distribution of gray wvalues is. Histogram equalized
images have the highest intensity entropy. We need to
take standard deviation and entropy into account at the

same time, because they are dependent. The maximum

entropy of gray values in an image is 8 and the maximum

standard deviation is 128.

Colorful
Most people like colorful image. In application, YCrChb
color space is preprocessed by hardware. Y represents
the luminance information. We can distinguish subject

is colorful easily from Cr and Cb information.

L

Figure 3.13: Red (340 degree), green (220 degree),
blwe (100 degree), cvan (160 degree), vellow (250
degree), and magenta (40 degree) showed on CrCh
plane.

The more CrCb distance from the origin, the colorful

they are.

4.2 DECISION MAKING
In this section, we will count the points of mean,
standard deviation, and HSL. After subject growing, a
virtual subject emerges, hence, we have subject mean,
HEl,

deviation, and H31. We will put more weight in subject

standard  deviation, global  mean, standard
information.
®  Subject Mean (SM): R pts.
® Subject Entropy and Standard Deviation
(SED): R pts.
Subject vivid {(5H). R pts.
Global Mean {&eM): R/2 pts.
Global Entropy and Standard Deviation
(GEDY: B2 pts.
SM=weight(zone of subject). {Figure 3.12)

11



CM=1/2*weight(zone of glebal image).
SED=R2%Entropy/8 + Standard_Deviation/127.5).
GED=RA*Entropyw8 + Standard_Deviation/127.3).
SH=R*distance/133).

Toral points=SM+SED+GM+GED+SH

5 EXPERIMENT RESULT
In the section, we compare three experiment results and
show their scored points given by optimal exposure

selection function (select by computer), and votes that

voting from different people (select by human).

(b} Our method
Point : (a) 11.449,
(b 16810,
(c) 14.262
(a) 3, (k) 20, {c) 9.

(a) Center weighted

Vote:

(c) Reference camera

FIGURE 2.14: experiment resull.

ia) Center weighted by Cur method

Point : (a) 13.199,
by 15.297,
() 14.254

Wote : (a) 8, (b) 24, (c) 6.

() Reference camera

FIGURE 3.15:

Experiment result.

(b} Crur method

Point : (a) 9.068,
(by 14013,
() 11011
Yote:  (a) L. (b) 29, (c) 5.

{c) Reference camera

FIGURE 3.16: Experiment result.
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{b) Our method

(a) Center weighted

3?'

Point : {a) 9.913,
(b 15.558,
(c) 9.526

i) Cur method

Wote:  (a) I, (b) 27, (c) 5.

(c) Reference camera

FIGURE 3.17: Experiment resull,

Point : {a) 18,935,

ib) 13.650,

ic) 17.262
Yote:  (a) 16, (b) 9, (&)
1&.

(c) Reference camera

(@) Center weighted by Car method

Pomnt : {a) 11.423,
by 14.602,
(c) 12618

Yote:  (a) 4, (b) 26,0c) 7.

i) Reference camera

FIGURE 3.18: Experiment resull,

FIGURE 3.10: Experiment result.

The experiments show our autfomatic exposure method get
maore points and voles than the other two methods. If
meany most voter prefer our exposure method, and our
evaluative function (Optimal Exposure Selection) for

expasure selection matches human s perceptive.

6. CONCLUSION AND FUTURE WORKS
Our method has  good  performance under  various
conditions. Automatic exposure is easily fooled under
extreme conditions, and our method performs well under
extreme conditions. Our subject growing function can
separate foreground and background. In our method,
subject is not fixed in the center.
We have experimented for various scenes, and some
predictable conditions may fool our method. If subject
does not contain the middle center segment, and
growing function can not work, our method degrades
fixed center metering,

6.1 PROBLEMS STATE

i. Assumption for subject locaiion.

We assume subject always contain the middle

center segment. This is not always established.

13



2. Bubject growing criterion:

Subject growing is the key function directing the
final exposure. In this paper, the growing criterion is only
to restrict LV (light value) difference. We can not get an
accurate extended subject by using only LV information.
In ow implementation, we also try to append color
criterion for growing function, however, we can not get
accurate color information from our camera. Therefore,
we suspend the eriterion for now due to color information

aceuracy.

62 FUTURE WORK
In future work, 1. Color compensation, 2. Dynamic
subject assumption, and 3. Append Optimal Exposure

Selection (OES) to assist automatic exposure can be
enhanced.
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