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ABSTRACT

This is to report on a new video cam-
era control system developed for extending
the dynamic range of present single-chip
CCD camera of which dynamic range is in-
herently limited.

This is accomplished by controlling
the dynamic range by utilizing a signal
which discriminates the contrast of object,
by compensating the white balance by detec-
ting achromatic parts of object out of
video signals, and by reducing pseudo-color
effects produced at a region where high-
fregquency components are abundant. This re-
ports further on new LSIs and other func-
tions developed for realizing this system.

I._INTRODUCTION

Whereas consumer-use video cameras
have to be single-chip CCD types from the
imposed size, weight and cost limitations,
their dynamic range are inevitably narrow
because of the limited capability of CCD
and the inadequate system control capabili-
ties.

There are some basic problems such as
inadeguate saturation characteristics and
glooming also. Fundamental solutions of
these problems involve the improvement of
CCD itself, but this requires long-term ad-
vancements of LSI device and process tech-
nology.

In order to improve the present situa-
tion, however, the authors developed a
method for extending its dynamic range by
acquiring contrast informations of objects
from CCD image signals and by controlling
the camera system accordingly.

Together with this new dynamic control
method, this paper reports further on a new
method to compensate white-balance more ac-
curately by means of signals discriminating
the achromatic part of object from the CCD
image signals. This paper further reports
on a method for reducing psuedo-colors that

could take place in regions where high-
frequency components are abundant. This
phenomenon is inherent to single CCD video
cameras. Also reported here is an outline
of LSIs developed to implement the present-
ly developed digital camera system.

2. FUNDAMENTAL CONCEPT

Consumer-use video cameras respond to
changes in luminance and contrast of an ob-
ject by controlling only their iris and AGC
gains. This control is adequate to maintain
the signal level at constant when the
change of luminance is in a range from 10
to several hundred thousand lux, and is
also adequate for taking a low-contrast ob-
ject such as gray scale image under a
front-lighted condition.

However, if a portion of object is
placed in an excessive frontlighted and
high-contrast condition, the bright area
may be staurated or dark area may be
masked, or both effects may take place even
if the contrast increase were only 6 dB,
and this would result in poor image repro-
duction on a monitoring screen.

Although narrow dynamic range is in-
evitable characteristics of single-chip CCD
video cameras, a substantial improvement of
image reproduction character-istics is pos-
sible by changing the camera characteris-
tics according to the contrast of object.

In order to accomplish this, a video
camera system having capabilities to detect
the contrast of object and to control the
camera characteristics beside the gain cha-
racteristics is developed. These two capa-
bilities are essential to control the
dynamic range and system characteristics in
response to the changes of contrast levels.

A method for detecting the contrast of
object from the image signal level dis-
tributions is described in Chapter 3. Upon
contrast detection, either one of three
control processes described below are ex-
ecuted.
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(1) When the contrast of object is low, the
dynamic range of detected image signals is
narrow so that only the iris control is
performed as in a case of conventional
video camera system.

(2) When the contrast is slightly higher
than the case of (1) and the deficiency of
dynamic range is within 6 dB, the iris is
closed, and the average signal level drop
caused by this is compensated by increasing
the system gain. At the same time, the sig-
nal level is compressed below the standard
level by controlling the knee circuit in
order to prepare for the peak level in-
creases.

(3) When the contrast is still higher and
the deficiency of dynamic range is more
than 6 dB, the iris is opened to make the
image luminance higher so that the signal
would not be masked under the dark level.

The narrow dynamic range of single-
chip CCD video camera can be brought at the
near center of contrast by employing the
above described control processes. This
prevents excessive iris closing and satura-
tion of highlight portions, and the sub-
stantial expansion of apparent dynamic
range, and thus a camera having a nearly
idealistic performance can be accomplished.

3. CONTRAST DETECTION AND SYSTEM CHARAC-
TERISTICS CONTROL

3.1 Detection of Object Contrast

In order to make the application of
contrast information to video camera con-
trol possible, stable contrast informa-
tions have to be acquired from the CCD
image signals independent of the iris con-
ditions. The implementation of these func-
tion within a smallest scale circuit is
another task to be done.

In order to accomplish the first
task, the authors developed a method to
determine the contrast by dividing CCD
image signals into a sufficiently large
number of blocks for signal level evalua-
tions. Then, by setting an average level
locating at 25% below the peak level as a
reference level, the iris is so controlled
to maintain this reference level constant.

Under this iris control condition,
five typical images including two low-
contrast images under frontlighting shown
in Photographs 1 and 2, two high-contrast
images under backlighting shown in Photo-
graphs 3 and 4, and one relatively high-
contrast image having an excessively front
lighted part at around the center shown in
Photograph 5 are prepared, and the control
situations for these are consideregd.
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The signal levels of these blocks are
arranged in a descending order at an de-
crement of 4% and are averaged. Fig. 1
shows five distribution patterns of signal
levels taken for these five images. The
level-order numbering along the horizontal
axis shows a signal level distribution ar-
ranged in a descending order.

Fig. 1 shows that the backlighted
images can be discriminated at Level-
orders 1 and 2, and the frontlighted and
excessively frontlighted images can be
discriminated at Level-orders 11 to 16. By
combining these two conditions together,
discriminations between the backlighted,
frontlighted, and excessively frontlighted
images are possible.

In order to accomplish the latter
task, the number of divided blocks was
decreased from 1,600 to 400, 100, and 25,
and the changes in signal level distribu-
tions were analyzed. Figs. 2 and 3 show
the respective signal level distributions
which are different from those shown in
Fig. 1, and show the cases of 100 and 25
blocks. The backlighted and high-contrast
images can not be accurately distinguished
in these cases because of the decreased
values at Level-orders 1 and 2 which cor-
respond to peak 1levels of these two
images. Therefore, an employment of
another small scale detection circuit is
permissible for the peak level detection.

As for Level-orders 13 to 17, there
are distinctive differences in the signal
level distribution between front-lighted
and excessively frontlighted conditions so
that the contrast of objects can be deter-
mined without difficulties. From now, the
values at Level-orders 13 to 17 are
referred to as median values.
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Fig. 1 Distribution of Block Signal Levels
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Photo 1 Front-lit image 1 Photo 2  Front-lit image 2

Photo 4 _ Back-lit image 2

Photo 3  Back-lit image 1

| )
Photo 5 Excessive front-lit image
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In addition to the above, distribu-
tions of both peak and median values are
examined when the control target level of
the reference value set for the iris con-
trol is varied centering around 50%. 1In
order to reduce the circuit scale, the
number of block division is determined to
as 25 in the present case.

Fig. 4 shows changes of
the five typical images by varying the
control target level of reference value
from 10% to 80% in a step of 5%.

peak values of

The above shows that backlighted
high-contrast images can be distinguished
within a range of 15% to 55% of the con-
trol target level of reference value. Fig.
6 shows a region wherein this discrimina-
tion is effective. This region can be
divided into two regions of high-level (H)
and the median and low levels (M, L).

Fig. 5 shows changes in the median
values of five images of different dynamic
ranges when the control target level of
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Fig. 5 Median Values of the Test Images

the reference value is varied from 10% to

80% in a step of 5%.

These indicate that the low-contrast
images taken under a frontlighted condi -
tion or the relatively high-contrast
images taken under an excessive front-
lighted condition can be distinguished in
an entire range of reference level.

Fig. 7 shows a region where this dis-
crimination is possible, and this region
is divided into two regions of the high
and median levels (H, M) and the low level
(L). Table 1 shows a method to discrimi-
nate the dynamic ranges from the respec-
tive region distributions shown in Figs. 6
and 7.

By analyzing the distribution of
block signal levels as above, the discri-
mination of image contrasts in a range
from 15% to 55% of targeted reference
level becomes possible.
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% 3.2 System Characteristics Control

(%)

As shown in Sec. 3.1, a total camera
system control for achieving an ideal im-
age reproduction becomes possible by de-
termining the contrast level of object.
The camera system elements controlled by
contrast level informations include the
lens 1iris, circuit gain, knee-point and
the highlight aperture. Table 2 shows con-
trols reguired at various contrast condi-

X tions i.e., frontlighting, backlighting,
20 T T T T T T 1 1 1 T 4 T 1 T i ‘ Iy .
and excessive frontlighting.
10 20 30 40 50 60 70 80
Control Target Level (%) For a low contrast image taken under
a frontlighting condition, only the iris
Fig. 6 Region of Peak Values control is necessary as done in a conven-
tional camera system. For an image having
a slightly higher (+6 dB) contrast taken
under an excessive frontlighting, the iris
has tc be slightly closed for preventing
70 g CCD saturations. In this case, the peak
& level 1is set at a control target level,
60 - . x and a maximum attainable reduction is ap-
prox. -6 dB.

Peak Level

(%)

A drop of average signal level, if
took place, is compensated by increasing
the system gain for a maximum of +6 dB. If
the signal peak level is increased at the
same time, the knee-point circuit is con-
trolled to compress the signal level to or
below the reference level.

Median Level

50 60 70 80 To the highlight signals ;ompressed
10 20 30 40 by the knee-point circuit, highlight aper-
Control Target Level(%) ture signals are synthesized to improve

the image definition. For the higher con-
Fig. 7 Region of Median Values

Table2 System_controls for different
contrast condition

Tablet ification of ditferent
contrast condition
Condition Iris Gain KneefHL-ap
Condition | Contrast Peak Median
Back
lighting Open Up ON
Back
lighting High H -
Front
lighting Normal Normal OFF
Front
lighting | Low ML HM )
Excessive
front Close Up ON
lighting
Excessive
front Middle M.L L-
lighting

H: High Level  M: Middle Level  L: Low Level
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trast images taken under a backlighted
condition, the iris is opened to introduce
brighter images toward CCD. This 1is
carried out because the compensation by
closing the iris and by increasing the
circuit system gain reduces the S/N ratio
of image excessively and these are con-
sidered impractical.

The above described algorithm enables
the shifting of narrow dynamic range of
single-chip CCD video camera to a near
center of the contrast of object placed
under a backlighted condition. Since this
sets the control at the highlighted area
of object wunder an excessively high
frontlighted condition, this extends the
dynamic range by 6 dB maximum.

Thus, this feature prevents both ex-
cessive iris closing and saturation of lo-
calized highlighted area, and enabling a
video camera to take full advantages of
single-chip CCD video camera performance.

Photographs 6 to 8 show the results
of video cameras controls performed by the
informations obtained from above described
contrast detection processes. Photograph 6
shows a case where only the iris control
is performed i.e., no dynamic range con-
trol is made, and Photograph 7 shows a
case where a dynamic range control based
on the contrast detection is performed.
Photograph 8 shows a case where iris is
gradually opened without dynamic range
control to bring the darker gray scale
area to a level that could be attained by
dynamic range control. In this case, the
brighter gray scale area is saturated be-
cause the limited dynamic range of camera.

photo 6 A case without

Photo 7 A case with
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A comparison between these three
photographs proves that the saturation of
bright image can be substantially reduced
and the glooming of gray scale area can be
improved by applying the presently
developed dynamic range control.

4. COLOR TEMPERATURE DETECTION

Knowledges of color temperature of
lighting or lighting equipment illuminating
a white object are essential for executing
an authentic white balance. The presently
employed automatic white balance control is
performed by clipping color difference sig-
nals for averaging, and by controlling the
gain of color difference processor to bring
the averaged value to zero.

This bases on a concept that the aver-
aging of image signals over an entire frame
averages the hue of object, and makes the
image nearly achromatic also. However, a
drawback of this method is that discoloring
may take place if a chromatic object is
taken. This problem is particularly pro-
nounced when the object has a light color,
and it is impossible to reproduce the
original colors in such a case.

For solving this problem, the authors
devised a new white-balance control method
referring to a white object recognized by
video cameras in advance. A table of color
difference signal levels is prepared by
taking an achromatic color chart under
varying color-temperature illuminations.

Photo 8 A case iris was opened

dynamic range control

dynamic range control without dynamic range control
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White balance control algorithm
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Then, an acquired picture is divided
into 25 blocks, and a search is made to de-
tect if there is any block of which charac-
teristics are close to one of those data
stored in the table, and the white-balance
control is executed by referring those
data.

Fig. 8 shows a range of achromatic
colors of wvarious color temperatures em-
ployed to detect white colored objects, and
Fig. 9 shows a detailed white-balance con-
trol algorithm.

By endowing the system achromatic
color data at various color temperatures,
discriminations between the color dif-
ference signals produced by 1lighting and
the color difference signals produced by a
chromatic object becomes possible, and the
exact determination of color-temperatures
becomes possible also. Therefore, this con-
tributes to solve the most of discoloring
problem due to the presently employed white
balance control process.

An exceptional case where the dis-
crimination between chromatic and achroma-
tic colors can not be made is a case where
a chromatic color of object is close to the
spectrum of lighting source.

5. SYSTEM CONFIGURATION AND LSIs

5.1 System configuration

Fig. 10 shows a schematic system con-
figuration developed for video cameras. The
sample hold, AGC, and ¥-correction sections
are constituted of analog circuits for re-
lieving the circuit from excessive A/D con-
version loads. The 2H delay circuit is
shared between the separation process of
color difference sequential signal from CCD
and the vertical aperture compensation pro-
cessing.

The vertical and horizontal aperture
compensations are adaptively performed by
controlling the AGC gain and YL signal
level. When AGC gain is high and YL signal
level is low, the aperture compensation is
lowered for reducing noises and picture
degradation. Fig. 11 shows a relationship
between aperture compensation and YL levels
taking the AGC gain as a parameter beside
NF shown by a broken line. The value of NF
is derived by the following eguations.

NF = 10 Log ((G2_+ (1+G)2/2)
YL(Z) = Z° + 27
AP(Z) = G(-1 + 27V + 272 _ g73)
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wherein YL(Z) and AP(Z) represent filter
characteristics by which YL and aperture
compensation signals are synthesized, and G
is a factor indicating the aperture compen-
sation signal gain.

The reasons for NF taking a negative
value when the aperture compensation is
zero is that YL is synthesized from signals
of two pixels. The color signal gain is
controlled by detecting edges of image for
reducing psuedo-colors generated at loca-
tions where an abrupt luminance signal
change takes place. This phenomenon 1is
characteristic of single CCD video camera.

Because a detected edge could be chro-
matic, the suppression of color difference
signal gain is limited to 12 dB at maximum.
The horizontal aperture compensation signal
synthesizing filter is utilized for the
edge detection, and its characteristics are
shown in Fig. 12.

The color difference sequential sig-
nals derived from CCD are separated and
synchronized by using three lines of sig-
nals. The white-balance control is so per-
formed that each pixel signal gains a to d
could satisfy the following conditions:

a (Ye + Mg) - b (Cy + G)

0
c (Mg + Cy) - d (Ye + G) 0

The pixel signals used here are block-
by-block signals derived by algorithm in
Fig. 9 based on the achromatic color tables
prepared for various color temperatures.
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The white clipping is performed on
each pixel signal by obtaining a cor-
responding clip value for each pixel level
based on the white balance gain. The clip
level CL{px) for each pixel can be derived
by solving the following equations.

CL(Ye + Mg) = min (a,b)/a
CL(Cy + G) = min (a,b)/b
CL(Mg + Cy) = min (c,d)/c
CL(Ye + G) = min (c,d)/d
By employing the above shown signal

clipping method by which the signal clip-
ping is made for each pixel, the point
where a color difference signal is clipped
at white can be brought up to a saturation
level of each pixel signal. The gain of
color difference signal is adaptively con-
trolled by utilizing the level of YL and
AGC gains like it was performed in the gain
control made for the aperture compensation
signal.

Fig. 13 shows a typical control char-
acteristics where AGC is used as a control
parameter. The adaptation of this method
reduces the gain at the parts where sub-
stantial noise increases by the higher ap-
plication of AGC and ¥ -correction are in-
evitable, and this reduces the noises also
for preventing picture guality degradation.

5.2 LSI Developments
The above described functions are im-
plemented into two newly designed LSIs.

Table 3 shows a summarized specifications
of these LSI chips of which photographs are
shown in Fig. 14. The neg/pos switcher,
signal word-length limiter, and title in-

serting functions are also implemented

IEEE Transactions on Consumer Electronics, Vol. 36, No. 4, NOVEMBER 1990

A 10,000 gate LSI with 14.4 K bit RAM
is incorporated in DSP1, and a 15,000 gate
processing circuit is incorporated in DSP2.
Both LSIs are fabricated under a 1.5 micron
design rule occupying approximately 58 mm
chip area.

Totally new unit function cells are
developed specifically for digital signal
processing for achieving higher integration
order. Furthermore, dynamic flip-flops are
employed in the signal processing circuits,
and a dynamic RAM is employed for the 2H
signal delay circuit. Both LSIs are driven
by 13.5 and 15.75 MHz master clock signals
respectively.

6. CONCLUSION

The saturation and glooming problems
involved in present consumer-use video
cameras caused by narrow dynamic range of
single CCD camera system and lack of signal
processing capability are solved by the
methods developed by the authors.

One of the problems is solved by at-
taining detection of contrast level by
analyzing the distributions of CCD signal
levels independent of iris operations.

The adaptive control of signal pro-
cessing characteristics to the object con-
trast level to compensate the narrow dyna-
mic range is accomplished by the thus ob-
tained contrast informations. This pre-
vents excessive iris closing under back
lighting and saturation of locally bright
area of images produced by excessive for-
ward lighting. An extension of the dynamic
range by as much as 6 dB became possible by
this.

therein.
Table 3 Specification of LSls
1 -
crees PR - T, R, |t | Gesl
d + unctions o egen| o Ty
1 - ) tion (W) | (Gate) (bit)
“aGgheo
0.5 2 Horizontal Delay
Horizontal Aperture Compensation
DSP1| Vertical Aperture Compensation 5 310 10,000 14.4k
Auto Knee Correction
Hi-light Aperture Compensation
False Color Detection
0 Y i
0 50 100 Color Separation
0572 | alss Color Suparenst 5 %0 5,000 -
Fig. 13 Characteristics of color difference alse Color Suppression 15
signal gai Peak Level Detection
Blocked Average Level Detection
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DSP1 DSP2

Fig. 14 _Qverview of LS| chips

Furthermore, a new white balance con-
trol for minimizing discoloring effects by
recording achromatic signals obtained under
varying color temperature and fluorescent
lighting is also developed.

Two LSIs incorporating these functions
and those of other control circuits are

developed and the effectiveness of these
are experimentally confirmed.
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