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[57] ABSTRACT

A solid-state image sensing apparatus comprises a light
source (8) which emits a red monochromatic light (R),
a green monochromatic light (G) and a blue monochro-
matic light (B) repeatedly one for every field to illumi-
nate an object. A CCD solid-state image sensing device
(1) converts the light reflected back from the object into
charge signals. In the respective field periods, a charge
signal converted by the CCD solid-state image sensing
device (1) is expelled at a first timing and then read out

358/43 at a second timing. The first timing is controlled for the
(56] References Cited respective field periods. This allows an effective photo-
: electric conversion period between the first and second
U.S. PATENT DOCUMENTS timings to be controlled for the respective field periods.
4,709,259 11/1987 Suzuki .ccceoereeinreevcarnrrnnnnnns 358729 C
4,809,061 2/1989 SUZUKI .ooevrerveerenererenierenenes 358/29.C 20 Claims, 6 Drawing Sheets
20
/8 r A~ N
LIGHT
SOURCE 60
D ooy W0 2R CR 14R
- \$s [EXPEL ] BT c Cr[R= CONTROL SIGNAL |7
|l : [%Lss ; amm & [T ICOUNTER] _ [GENERATION __ |~ "R
. CeR! = N ~1{C - CG 146
1 o<|23 cB[e) CONTROL SIGNAC |/2° _
-\  \LREAD LT 2 & [F1COUNTERR,; |GENERATION ¢
S_F OF—Ter |25 W1Cbg- CONTROL SIGNALK B __
_|__[STORAGE] | LE© COUNTER] CB |GENERATION
] o PULSE 1+ - [sP .
P s, CK 22 218
3 Q@ __JOUTPUT | |
H ;¢ PULSE ) X
X H
3R ]
6C *# 2 R
36, 6 @
) “H T G
z3
B
yie e 74
)
3B 5 =



U.S. Patent Aug. 27, 1991 Sheet 1 of 6 5,043,801

FIG1 ?RIOR ART

tient L8
SOURCE
vD
l_
' 3 le—o CK
I~ 28
SZ
=0 7
Y
ya p sp
2{ &-—_::
3R ¢ R
4 :
AGC 'S/H R {E‘ 2 R
3G\—% N
S > 20 —o
2 — 46 z8
3 B N oP
}/H oo 8
A 5
CRCGCB
F IG- 2 PRIOR ART
I )
| T ‘ i
LC B X R X Y B X __R
- 1V . ,
vD L L U |R]

¢ EB ER ' EG EB
F N

6 ~~_ B N, R N\ _06 >\ 8

Y



5,043,801

Sheet 2 of 6

Aug. 27, 1991

U.S. Patent

s, g€
oW H
g T
(®)
z
9 mmw 9 I\mJ (
= ﬂ_JOm .
o dSj T Sye
BV HOS Hep| |
w3 oo & L [ 3sndL? H
oA | andinoTT o ¢
QH «— > ! 1 ’
= _mmfu’ % mS_
an | o aA | 351Nd | A
= .1 |30vHOLS| i
SN, TS5
ONTWIL —
3 ~7
gzl |
NTWIL] [, T1
521 =Slaig) m -a
9 NOILYH3NID ONTWIL]__} &3 r.okqmu ..... - .
o9l IVNOLS TOHLNOOF 53T z; o1d| 3 ww.ﬂ%m_
ONIWILL | @ | :
| H8jy)g g
~ J
ol
€old



U.S. Patent Aug. 27, 1991 Sheet 3 of 6 5,043,801

FIG.4
L
tc B X R X 6 X B X R
a Cc e
VD ?J ?_l Er U
5N .
BTR ] [ l l |
d
BTG | | | |
| '
BTB | I ll I l
l Y 4 4
BT ] 1 ] [
#o I 10 i i
EEB :ER ' EG EEB

Pr R ""NL—_N I




US. Patent  Aug 27, 1991 Sheet 4 of 6 5,043,801

FI1G.5
14R
141 143 s 4
{ N
VIN 3
FLIP-FLOP
142 o CR
S| .
* FLIP-FLOP}—{ © |DPOWN
Vi— b
3
144,
VD
FI1G.6

12R
121 D
[ VD(RESET) 1
STEP

123
HD ~ICOUNTER j] g

COMPARISON|— BTR

| 12 .
| uP UP\DOWN |
CR { —{COUNTER
DOWN -




Sheet 5 of 6 5,043,801

Aug. 27, 1991

U.S. Patent

S g€
X H
g «— %% \m
o<z
O — mw ﬂ_.M
= —¥_ Of
4 e—roy>% HE 29V
T \-ue
H
aiz 720 W) A
( ( ds
——__.J T NOrivyanzg H3INNOD] S |
8 gy TvNaIS TOMINODI-=H —  -8lGS| 3 i
O ——— NOILVEaNT0| 2+ ke o m 3z
ot LN 9) (5) nlu_ €2\ A ,
M- - zo:éuzuell._mudﬂqu& o S ]
v IVNOLS TOHINO—= ; = F5) 3
Hiz an| b7 =
09 ¥N0S
-{"1HO17
N ~— —/ g/
02
L 914




U.S. Patent Aug. 27, 1991 Sheet 6 of 6 5,043,801

Et-..__

203, COMPARISON

STEP
HD —1GoUNTER

1

202,

>FT

F
VD= 1IMING
201,

| lpuLse vo
CK o=—ceneration[ ™ HD
I — sp

L~

_2-15._._ ______________

e e e e e e e e e e ——



1

SOLID-STATE IMAGE SENSING APPARATUS
WITH AN INDEPENDENTLY AND
INDIVIDUALLY CONTROLLED
PHOTOELECTRIC CONVERSION PERIOD FOR 5
EACH PRIMARY COLOR FOR USE IN
ACHIEVING A WHITE BALANCE

BACKGROUND OF THE INVENTION

1. Field of the Invention 10

The present invention generally relates to solid-state
image sensing apparatuses, and more particularly, to a
solid-state image sensing apparatus provided with an
adjusting function for white balance, and a white bal-

ance adjusting method. 15

2. Description of the Art

In general, color image sensing with the use of a
solid-state image sensing device such as CCD (Charge
Coupled Device) has been implemented by provision of
a color separating filter on an image sensing portion of
a CCD. Meanwhile, a CCD camera for specific applica-
tion has implemented color image sensing by using a
light source of periodic emitting-type. The periodic
emitting-type light source emits monochromatic lights

such as red (R), green (G) and blue (B) repeatedly one 25

for every field. An object is illuminated by this periodic
emitting-type light source and sensed for its image by
the CCD having no color filter mounted thereon, from
which picture signals are obtained to be combined for

every field. In such a manner, color image sensing has 30

been implemented.

FIG. 1 is a block diagram showing a structure of a
solid-state image sensing apparatus using a periodic
emitting-type light source as described above.

A timing control circuit 7 generates, based on a basic 35

clock CK, a horizontal scanning signal {or horizontal
synchronizing signal) HD, a vertical scanning signal (or
vertical synchronizing signal) VD, a sampling pulse SP
synchronized with the vertical scanning signal VD, and
a read timing signal FT. The read timing signal FT gets
a read transfer pulse at a specific timing during the
respective blanking periods of the vertical scanning
signal VD. A light source 8 for illuminating an object is
synchronized with the vertical scanning signal VD to
emit the monochromatic lights R, G and B repeatedly
each for one V period (one period of the vertical scan-
ning signal). The light source 8 is constituted as being
provided with a rotating filter plate in the optical path
of white light illuminating an object, which comprises

color filters of red, green and blue, and is synchronized 50

with the vertical scanning signal VD for rotation.

A CCD solid-state image sensing device of the frame
transfer type (referred to as CCD hereinafter) 1 com-
prises a photosensitive portion 1, a storage portion S and

a horizontal register H. This CCD 1 is driven by a drive 55

circuit 6. The drive circuit 6 comprises a read transfer
pulse generating circuit 6F for generating a read trans-
fer pulse ¢F, a storage transfer pulse generating circuit
6S for generating a storage transfer pulse ¢s and an

output transfer pulse generating circuit 6H for generat- 60

ing an output transfer pulse ¢g.

These pulse generating circuits 6F, 6S and 6H oper-
ate based on the basic clock CK from the same oscilla-
tion source for generating the transfer pulses ¢, ¢sand

&, respectively. 65

The photosensitive portion I photoelectncally con-
. verts the light reflected back from the object for every
one picture frame. Picture information (charge signals)
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obtained from the photosensitive portion I are read out
in response to the read transfer pulse ¢r, to be first
transferred to the storage portion S. The picture infor-
mation stored in the storage portion S is transferred to
the horizontal register H in response to the storage
transfer pulse ¢s with one scanning line for a single
horizontal blanking period. The picture information
having been transferred to the horizontal register H is
outputted as a picture signal Y in response to the output
transfer pulse ¢x.

The picture signal Y is controlled in gain at an AGC
circuit 2 before entered in sample and hold circuits 3R,
3G and 3B. The sample and hold circuits 3R, 3G and 3B
sample and hold the picture signal Y for every vertical
blanking period, based on the sampling pulse SP. This
permits the picture signal Y to be separated in color
component signals R, G and B, and then entered in gain
control amplifiers 4R, 4G and 4B, respectively. The
gain control amplifiers 4R, 4G and 4B are responsive to
gain control signals CR, CG and CB for controlling the
color component signals R, G and B in level to apply
them to a signal processing circuit 5. The signal process-
ing circuit 5 performs gamma correction, pedestal con-
trol and the like to output the color component signals
R, G and B. _

Light emission LC of such a light source 8 as de-
scribed above is, as shown in FIG. 2, synchronized with
the vertical scanning signal VD to take colors of red R,
green G and blue B repeatedly one for every one V
period. The photosensitive portion I is driven by the
read transfer pulse ¢so that a charge signal can be read
out during a blanking period of the vertical scanning
signal VD. Respective periods between one reading of
a charge signal and the subsequent reading of another
charge signal are regarded as photoelectric conversion
periods Er, Egand E . These photoelectric conversion
periods Eg, Eg and Ep correspond to the respective
monochromatic lights R, G and B of the light source 8.
Picture information having been obtained during the
respective photoelectric conversion periods is read out
in the subsequent fields, producing a picture signal Y.
Therefore, in the picture signal Y, color components R,
G and B appear by turns repeatedly, with one field IV
period) as a unit of the turn, to be outputted with a delay
of one field with respect to the light emission LC.

The picture signal with the color components R, G
and B appearing field by field is, as described above,
sampled and held by the sample and hold circuits 3R,
3G and 3B sequentially for every one field to be sepa-
rated in color component signals R, G and B.

When white balance of the picture signal is to be
adjusted in the above solid-state image sensing appara-
tus, the color component signals R, G and B are individ-
ually changed in level by changing the gain control
signals CR, CG and CB to be entered in the gain control
amplifiers 4R, 4G and 4B, based on the light source.

However, when there are excessive differences be-
tween the levels of color component signals R, G and B,
the gains of the gain control amplifiers 4R, 4G and 4B
for the respective color components must be changed
considerably in order to adjust white balance. This may
disturb the balance of S/N ratio of the color component
signals R, G and B, possibly resulting in degraded pic-
ture quality of a reproduced picture plane.
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SUMMARY OF THE INVENTION

An object of the present invention is to adjust white
balance in a solid-state image sensing apparatus using a
periodic emitting-type light source which emits a plu-
rality of monochromatic lights field by field, without
disturbing the balance of S/N ratio of the respective
color component signals.

A solid-state image sensing apparatus according to
the present invention comprises a light emitting device
for emitting a plurality of monochromatic lights repeat-
edly at predetermined periods to illuminate an object, a
photoelectric conversion element for converting the
light reflected back from the object into charge signals,
and a control device for making the charge signals con-
verted by the photoelectric conversion element disap-
pear at a first timing and then reading out the same at a
second timing. The control device sets the first and
second timings at predetermined periods to control an
effective photoelectric conversion period between the
first and second timings at the predetermined periods.

In the solid-state image sensing apparatus, by individ-
ually controlling the effective photoelectric conversion
periods at the respective predetermined periods corre-
sponding to the plurality of monochromatic lights from
the light emitting device, balance of the color compo-
nents corresponding to those monochromatic lights is
adjusted in the photoelectric conversion element. This
permits picture signals balanced in their color compo-
nents to be outputted from the photoelectric conversion
element. Accordingly, it is no longer necessary to adjust
the respective picture signals in level for every color
component so that dispersion in S/ N ratio of the color
component signals can be prevented.

The foregoing and other objects, features, aspects
and advantages of the present invention will become
more apparent from the following detailed description
of the present invention when taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a structure of a
conventional solid-state image sensing apparatus.

FIG. 2 is a timing chart for explaining operation of
the solid-state image sensing apparatus in FIG. 1.

FIG. 3 is a block diagram showing a structure of a
solid-state image sensing structure according to an em-
bodiment of the present invention.

FIG. 4 is a timing chart for explaining operation of
the solid-state image sensing apparatus in FIG. 3.

- FIG. 5 is a block diagram showing a structure of a
control signal generating circuit contained in the solid-
state image sensing apparatus of FIG. 3.

FIG. 6 is a block diagram showing a structure of a
expel timing generating circuit contained in the solid-
state image sensing apparatus of FIG. 3.

FIG. 7 is a block diagram showing a structure of the
solid-state image sensing apparatus according to an-
other embodiment of the present invention.

FIG. 8 is a block diagram showing a structure of a
timing generating circuit contained in the solid-state
image sensing apparatus of FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, embodiments of the present inven-
tion will be described in detail with reference to the
accompanying drawings.
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FIG. 3 is a block diagram showing a structure of a
solid-state image sensing apparatus according to an
embodiment of the present invention.

In FIG. 3, a CCD solid-state image sensing device
(referred to simply as CCD hereinafter) 1, an AGC
circuit 2, sample and hold circuits 3R, 3G and 3B, and
a signal processing circuit 5 are constituted in the same
manner as those in the solid-state image sensing appara-
tus of FIG. 1. Meanwhile, the CCD 1 has an expel drain
D for expelling charges. A picture signal Y obtained by
the CCD 1 is first controlled for its gain in the AGC
circuit 2 being before sampled and held by the sample
and hold circuits 3R, 3G and 3B based on a sampling
pulse SP so as to be separated in color component sig-
nals R, G and B. Processing including gamma correc-
tion, pedestal control and the like is performed on these
color component signals R, G and B in the signal pro-
cessing circuit 5.

A timing control circuit 10 comprises a read timing
generating circuit 11, expel timing generating circuits
12R, 12G and 12B, a selector 13 and a pulse generating
circuit 14. The pulse generating circuit 14 generates,
based on a basic clock CK, a horizontal scanning signal
(or horizontal synchronizing signal) HD, a vertical
scanning signal (or vertical synchronizing signal) VD,
and the sampling pulse SP synchronized with the verti-
cal scanning signal VD.

The read timing generating circuit 11 is responsive to
the vertical scanning signal VD for generating a read
timing signal FT. The expel timing generating circuit
12R is responsive to a control signal CR applied from a
control signal generating circuit 14R and the vertical
scanning signal VD for generating an expel timing sig-
nal BTr. The expel timing generating circuit 12G is
responsive to a control signal CG applied from a con-
trol signal generating circuit 14G and the vertical scan-
ning signal VD for generating a expel timing signal
BT¢. The expel timing generating circuit 12B is respon-
sive to a control signal CB applied from a control signal
generating circuit 14B and the vertical scanning signal
VD for generating a expel timing signal BT p.

The selector 13 is synchronized with the vertical
scanning signal VD to select one of the expel timing
signals BT g, BT gand BT gsequentially for outputting it
as an expel timing signal B7.

A drive circuit 60 comprises, like the drive circuit 6 in
FIG. 1, a read transfer pulse generating circuit 6F, a
storage transfer pulse generating circuit 6S, an output
transfer pulse generating circuit 6H, and additionally an
expel transfer pulse generating circuit 6B. The read
transfer pulse generating circuit 6F is responsive to the
read timing signal FT from the read timing generating
circuit 11 for applying a read transfer pulse ¢rto a
photosensitive portion I. The expel transfer pulse gener-
ating circuit 6B is responsive to the expel timing signal
BT from the selector 13 for applying an expel transfer
pulse ¢p to the photosensitive portion I. The expel
transfer pulse ¢p and the read transfer pulse ¢ have .
phases different from each other. A charge signal ob-
tained in the photosensitive portion I is transferred to a
drain D, in response to the expel transfer pulse ¢p,
where thaf charge signal disappears. The storage trans-
fer pulse generating circuit 6S applies a storage transfer
pulse ¢s to a storage portion S. The output transfer
pulse generating circuit 6H applies an output transfer
pulse ¢y to a horizontal register H.

Meanwhile, a light source 8 for illuminating an object
is synchronized with the vertical scanning signal VD to















