US 20060274170A1
a9 United States

12y Patent Application Publication (o) Pub. No.: US 2006/0274170 A1l

Azuma 43) Pub. Date: Dec. 7, 2006
(54) IMAGE PICKUP DEVICE Jun. 7, 2005 2005-166924
Jun. 7, 2005 2005-166925
(75) Inventor: Motoo Azuma, Tokorozawa-shi (JP) Jun. 7, 2005 2005-166926
Correspondence Address: Publication Classification
WESTERMAN, HATTORI, DANIELS &
ADRIAN, LLP (51) Imt.CL
1250 CONNECTICUT AVENUE, NW HO4IN 9/64 (2006.01)
SUITE 700 (52) US. Cli oo 348/246
WASHINGTON, DC 20036 (US)
57 ABSTRACT
73)  Assi : OLYMPUS CORPORATION, Tok . . . . .
(73) Assignee (IP) oxye An image pickup device may include an optical system
having a distortion that captures a distortion-containing
1) Appl. No.: 11/446,355 optical image, a conversion unit that converts the distortion-
containing optical image into distortion-containing image
(22) Filed: Jun. 5, 2006 data, a storage unit that stores the distortion-containing
image data and additional data related to a distortion of the
(30) Foreign Application Priority Data distortion-containing image data, and a distortion correction
unit that corrects the distortion of the distortion-containing
Jun. 7, 2005 (JP) oo 2005-166923 image data with reference to the additional data.
CONTROL UNIT | OPERATING
UNIT
| N | Y
, DISTORTION
OPT I CAL |:ll> IMAGE »|  GORRECTION IMAGE DISPLAY
SYSTEM - SENSOR IMAGE PROCESSING UNIT
UNIT
)
101 102 103 —L 104
IMAGE STORAGE

\

105

Samsung Exhibit 1012, Page 1 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 1 of 30 US 2006/0274170 A1
1 86 107
OPERAT ING
CONTROL UNIT UNIT

[

OPTICAL
SYSTEM

101

N

¢

Y

DISTORTION
IMAGE - CORRECTION | | IMAGE DISPLAY
- SENSOR ~ | IMAGE PROCESSING UNIT
UNIT
| s
102 103 Y 104

IMAGE STORAGE

5

105

Samsung Exhibit 1012, Page 2 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC

IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 2 of 30 US 2006/0274170 A1

FIG. 2B

Samsung Exhibit 1012, Page 3 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 3 of 30 US 2006/0274170 A1

}
P 7 o L -
= ﬂ l (& k O o “/i'i CD
= |\ e
- =3
- I
: //
@ /
- A

LT

<< o0 O o W uw o I @ —

9 aoanaas)

)
=
\

//
I

m___
uy
Tt

FIG. 3A

. | —

> 7

- /

= /4/

N

= ={ [

s AN = S
<N O LW [ [4s] X

Samsung Exhibit 1012, Page 4 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 4 of 30 US 2006/0274170 A1

FIG. 4

401

402 \x
)

Samsung Exhibit 1012, Page 5 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



US 2006/0274170 A1

Patent Application Publication Dec.7,2006 Sheet S of 30

Of_m
LIND |
y0] —~— NO 1 SYIANDD [«
AV1dSIa [
LNn T LN T LNn LINN =
GOl ~—{NOISSTYAWOD F=—]{ NOT SHTANOD |= Y3114 —{ NOTLOna3y |=
YN | oh |d NOD3S [L_|NOTLYDI4INDVM |,
605 805 108 506 |
LN 1 1w LIND LINN
NO| 1934400 F—{ YL T4 F=—NO| 1¥Z |NONHONAS NO 11034409 [=—201
NOI1vyyaay | | Is¥id L 4oy ELIT
.I\ 05 €08 205 10§
€01
AHOWIW INvY4
~— 116G
¢ DIA

Samsung Exhibit 1012, Page 6 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC

IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 6 of 30 US 2006/0274170 A1

FIG. 6A

CYLINDRICAL DISTORTION

602

FI1G. 6B

COAXIAL DISTORTION

603 604

Samsung Exhibit 1012, Page 7 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



US 2006/0274170 A1

Dec. 7,2006 Sheet 7 of 30

Patent Application Publication

adl "OId

JL "DIA d. OId VL. DIA
0L 0L
X j= X )=
V1va 30VH| V1vQ 39VW|
K%)Y ANOWIH
A IS viva| T1avl | ssawav
7 1N319144300 NOILISOd INF19143300 |FONII™ o is0g
J1¥NT Q8009 JL¥NT Q4009
0L 10L

Samsung Exhibit 1012, Page 8 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC

IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 8 of 30 US 2006/0274170 A1

Iy

FIG. 8

=
<C
(]
(7]
Ll
(] ud
C —
| —_—
[ oz
Ll =
[—
=
— =
a — <
=4 e w
> ——t
[ o . Ly
= © I —
w S
= o
=< —J
a= o)
- -
o
<
Ll
(2
=
wl —
5 /e =
o e
5 £ —=
f—
[ 72}
=T
(2
L
=
(72}
[%e)
Ll
o
(<o)
o
o=
o

Samsung Exhibit 1012, Page 9 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



Patent Application Publication Dec. 7,2006 Sheet 9 of 30 US 2006/0274170 A1

[_[/—
~
h’ [=>)
o
&\ D
has
=
e
8 1
== M
5= o))
L
™~
8\/ L]
o & O
5.5 =
el
Iy

903
no© \(3)

~
8/’ ﬂ/_
S k1l
> AN
—/ O OAOWLOT—O X | = = =
=3
LI l o=y &

=

FIG. 9A

T O S o il 00 DRt Mo e

Co e N T AT R e R

=l I 2
|

ool NE¥

\ (1)) @ ?(3) ((4) ﬁS) ® 0 @ © 0 an a2 13

901 902 903 906 909

Samsung Exhibit 1012, Page 10 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 10 of 30 US 2006/0274170 A1

FIG. 10

Samsung Exhibit 1012, Page 11 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 11 of 30

FIG. 11

503

-

US 2006/0274170 A1

1103 1104 _1/106
\
1101 { >1 11107 \
LINE MEMORY ——E—e -
=1 11-1108

LINE MEMORY o+ JoH—

g = d§1

1102 1105 d21 33‘ '—\\-'1110

o5 o=

1109 d1 25
\ a2 2

cl1 di3 Zo -
B =5 [T
i | c21 =< -
o |22 =5
o |.c23 =5
2 Ledl

c32

c33

3 3 Ve <
Yzz Zcijxdij

~
Il

—_
.
]

~—

Samsung Exhibit 1012, Page 12 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC

IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 12 of 30

FIG. 12

1201
§

204

US 2006/0274170 A1

)

/COORD INATE DATA

—_—_————

CORRESPOND ING
COORD INATE
CALCULATION UNIT

A

\

\

2

- | CORRECTED PIXEL
IF_PIXEL ADJACENT PIXEL
="  MEMORY DATA READ UNIT VALUE ARITHMETIC
K ( [ [
\\ \\ ‘\
) )
1202 1203 1204

Samsung Exhibit 1012, Page 13 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC

IPR2025-00463



US 2006/0274170 A1

O¢l ‘DIA

Iy

£

C Ly
I

\;.

2

F TN

T{'\

@-ffu

=]

=

1

4
Va
EmR(micz

r

[am
L

o

3=
) S

(J+Ur1+UX) L OC L

(UA“1+UX) :GOE L

Patent Application Publication Dec.7,2006 Sheet 13 of 30

(WA "wy) :

(1+uA wy) : 90¢ |

\ (sA'sX):€0E |

v0€l

del "DId

e s = |

SRS S
m::w\ﬁl-/ L=
| JZM%
RS E= S
A
MHMW _L% M\E\. m
m

(SA'sX):

¢0€1

SA

Vel "DIA

KD

N

=
=Y

I \mZTET"%f ;

:‘_,

(UA"UX)

L0€1

UA

Samsung Exhibit 1012, Page 14 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC

IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 14 of 30 US 2006/0274170 A1

F1G. 14 505
1%01
T N
CORRESPOND ING
COORDINATE DATA COORD INATE
CALCULATION UNIT

1 [

- ~ CORRECTED PIXEL
| IF PIXEL ADJACENT PIXEL —
="  MEMORY DATA READ UNIT| : [VALUE ﬁﬁ{}HMET'.C) ey
N | —)
] ) ]
1402 1403 1404
FIG. 15

1503 1501 1505

1507 1502 1504 /// 1508
~\\1)

T/ IA T

1506 || oo / """ 1509
1510 et I I@L PRy -] 1513
15117 el O il TN 1512
1514 1516
\
1517
1515/

= 1518
1519

Samsung Exhibit 1012, Page 15 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



US 2006/0274170 A1

Patent Application Publication Dec.7,2006 Sheet 15 of 30

Of_m
LIND |
b0l - NO | SYTANQD [~
AVIdSIO [
1N [T LNn [T i T
GO ~—{NOISSTUN0D [=~—] NOISHIANOD | REIRIERS
JoVNI | TN B aN093s |
609 809 £0§
AMOWIW WV ~—11G
LIND NOliona3y [ | LiNn [T LINN LINN
NOILYDI4INOVW  |=—{ ¥3L714 [=—INOILVZ INOYHONAS|= N0 L1934¥00 f=—201
NO1L10TH¥0D NOILvdy3av|, | Ls¥Id | 49y JOVN|
\ 904 ¢0§ ¢0§ L0G
£01
91 "DIA

Samsung Exhibit 1012, Page 16 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC

IPR2025-00463



US 2006/0274170 A1

Patent Application Publication Dec.7,2006 Sheet 16 of 30

Of_m
1IN |
v0l - NO | SYIANOO =
AVIdSIa [«
LN T LN [ LINn [
GOl =~—{NOISSTYdWN0D l=— NO1SHIANQD | RETRIE
oW | A . aNoo3s |,
605 805 L0S
AYOWIW Fwvyd ~—11G
LINN LINA NOI1Ona3y LN LINN
NO | 1YZ INOYHONAS |- NOTLYOTAINOYN — f=—(oy 9y o4 NO | 1934409 +— 201
a0y NOI193¥¥09 NOI Lvyy3ay JOVK |
0Ll 90L1 €oL1 10G
€01 )
LT "OIA

Samsung Exhibit 1012, Page 17 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC

IPR2025-00463



US 2006/0274170 A1

Patent Application Publication Dec.7,2006 Sheet 17 of 30

018!

)

y0l -———

LINN
NOISY3ANOD
AVdS I

A A3

LINN

GO ~————{NOISS3YdNOD

JOVHI

A

)

605

Linn 7 LINN NOILong3y

REIRIERS NOILYOLAINDYW [

aN0D3S NOI 1034400 NOI1v¥y3gy

L081 908!

LN N LINA LINA

Y3714 [=— NOISYIANOD [«—{NOILYZ INOYHINAS NO | 1934409 f=— 201

1S414 | A - a9y JOVI|

€081 808! ¢0§ 10G

AYONIW TNvad
~—L1G
8T OIA

Samsung Exhibit 1012, Page 18 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC

IPR2025-00463



US 2006/0274170 A1

Patent Application Publication Dec.7,2006 Sheet 18 of 30

~— 01

o»w_
LIND
$0 | =———NO1SYIANOD =
AV1dSId
N [° imn |
GO | =———{NOI1SSTYdW0) | RETRIEN =
=L T aN0D3S |
609 L061
AYOWIW IWVY¥d ~—116
N I LINN LINR NOI19na3y LINN LINN
NO I SYIANOD [=—{NO I LYZ INOYHINAS | NOILYOIJINOVW  |=— ¥3L7I4 NO1 1934409
L a0y NOT193¥400 NOIL1v¥y3ay 15414 JoVHI
8061 FAVIA 90L1 g0L1 L0G
€01 .
61 DIH

Samsung Exhibit 1012, Page 19 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC

IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 19 of 30 US 2006/0274170 A1

FI1G. 20

|

NORMAL
PICKUP MoDE [ M1

l MODE BUTTON

WIDE/TELE
pickup mooe [ M2

l MODE BUTTON

WIDE MONITOR |- 3
TELE PICKUP MODE

MODE BUTTON

Samsung Exhibit 1012, Page 20 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 20 of 30 US 2006/0274170 A1

FIG. 21

w
N
o
o
o

SPECIAL

FRAME
| % = NORMAL
g

nﬁ “~~_ FRAME
|
MODE BUTTON = T \Cg

< ,I:l YN
RED .,@ﬁi@“\-NORMAL

33000 MODE BUTN 34000 ﬁ MODE BUTTON

O —>

WIDE BUTTON

—

TELE BUTTON

Samsung Exhibit 1012, Page 21 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 21 of 30 US 2006/0274170 A1

(9] (e}
o — —
N o~ o
[qN] [qV] g
l / ® )
;7 iy
2 3 e
[+ ] D
N
N
= \o
an) 10O a) 3
o~ = |0
N (@] °
@\ (@] c\x/ O
by o [ —
. 8" . g IilJ ®»
O N O o=
et f =
-~ . =
N‘-\
N
—
[an]
™
N
<+ o )
&N 2
~ o0
[N}
o L[] | =
=
(/0]
S |[=][E1 -8 X
~ I~ = - N1 =
< S E S @ e
(@ (@]
Q| x @\ 2
o 8§ ¢ 5 O
e Pt
LT-( — e
o _|
[oN]
[aN]

Samsung Exhibit 1012, Page 22 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



US 2006/0274170 A1

Patent Application Publication Dec.7,2006 Sheet 22 of 30

B
wﬂ o AA
T =L
g
g
i
00091

ERE]N

B[N

NOLLNG 3731

—>

‘NOLLNG 3JdIM

—

AT :
T NN R S :
N~ LT NoLing 3L |
E > —>
S To
ﬂ d1 ]
NOLLNg 3a1N

—

NOLLNG HOLINS M/L @ 0006V

NOLLNg 3731

—>

NOLLNG 3QIM

=

o BN

”m_”.”.”.H.H\.,_“.&_Vf_,).ﬂ.,...ﬂw\._../

NOLLNg 3131

NOLLNG 3QIM

(=

€C 'DId

000Z¥

o
o
. O
—
<t

Samsung Exhibit 1012, Page 23 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC

IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 23 of 30 US 2006/0274170 A1

I

\
\

FIG. 24B

A

A Ahd YYYWW)

J
//

A\

A\
\

FIG. 24A

, \

Samsung Exhibit 1012, Page 24 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 24 of 30 US 2006/0274170 A1

FIG. 25
30

Samsung Exhibit 1012, Page 25 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



US 2006/0274170 A1

Patent Application Publication Dec.7,2006 Sheet 25 of 30

¥09¢  €09¢  ¢09¢ 109¢
A L—~£192 f M
m 6092~ m I |
m 0192 2092 J9VY0LS JOVINI . 9097 - _m.h._ WW m
O\ L I m | = |84, vosnas AU LSS | |
[ vidsia 40104400 i 2| |SE[ | WL
i _ P | H | << [ !
L 3ovM [T Noildoisig  [FT¥AI0AR L= ] (=S |
| f T j ; |
! “ Ly m
| I ¥aTounoo 1097 | | |
| zo:My_u% AVTdS 1G-43A1 202 | m 43TI04INOD YHINYD m
w , m \/\/ | |
9e WILSAS ONI¥OLS | o |
| 19 ONIAITORY | | QVIH VeI "

9C "DIA

IPR2025-00463

Samsung Exhibit 1012, Page 26 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC



Patent Application Publication Dec.7,2006 Sheet 26 of 30 US 2006/0274170 A1

2604
\- 2705

=
)
b7
S 7L
~—"1 &Y=
N %D
S S
O o p—
= L1 =
=
5
=
S &5
— <C
o ) —
™ S oos— &
@\ ~—"1 >Ww= —
o~ = w
. S
® © S
}—
— L1 =
1 o=
= o
) o
s L
f— =
o~ N —
=) m—= =
~—"1 &= hd
o o
S =)
= —
> )
U) —
t o
=
S
> S5
R 2B
— o
oS
S
N
)
o
o~

Samsung Exhibit 1012, Page 27 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



US 2006/0274170 A1

Patent Application Publication Dec.7,2006 Sheet 27 of 30

019¢ =

wl

L087~ LINN 30V¥0LS NOILVWHOANI NOILYOLSIG
\ / y
- - Linn NorLona3y = - -
zo%y__mmx_z%ow Mwwmmm ) zon_mﬂw_mm_mzmwé ) N_mwwﬂ_ﬁ_w - "o _mw&m,__% ; SM \0ISS38eH0230
mOme vOwa mome NoMN ooxww —Ofww
\
8092
8¢ DIA

L09¢

Samsung Exhibit 1012, Page 28 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC

IPR2025-00463



US 2006/0274170 A1

Patent Application Publication Dec.7,2006 Sheet 28 of 30

mm | vm ! mm I
LINN
LINN LIND AVIdSIO | DNISSI004d JDVHI
ON | 1¥43d0 IOV NO11934409
NOIL1¥01S1a
A A F
L/
\l/
Y Yy 9V Y
LINN - LINN . LINN
ONIHOLINS Q0N :z>:54&omm_f28 ONIL13S M3 1A T04INOD 1ndLNO
A0 1d 9VH] - 40 3TNV AMOWAN VA4
02901 06901 01901
\ 02901
6C DIA

Samsung Exhibit 1012, Page 29 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC

IPR2025-00463



LINN ON1SS3004d JOVII
NO 1934400 NOI1¥01SIq

A

US 2006/0274170 A1

[01——{ LINn BNILvEdo

LINN ONTHOL I MS

W31A 40 TTONY
, LIND ONTHOLINS
0£901 1 300N dny0id JOVH| x
¢¢901
y
LINN TOMINOD
LINN TOMINOD
] , AVIdS1a ONTHOLIMS

05901 AVIdSId M3IA 40 TTONY

/

LINN TTO4LINOD
1nd1no
AJONIW VA

« )
¥2901 02901

0¢ "DId

Patent Application Publication Dec.7,2006 Sheet 29 of 30

01901

Samsung Exhibit 1012, Page 30 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC

IPR2025-00463



Patent Application Publication Dec.7,2006 Sheet 30 of 30 US 2006/0274170 A1

=

a7

<

o

Q

o

al

N = / = 7
- L N

—~

T

BM

4BW
1 1BW
\

4BM

4BS
1BS

4AW
TAW

\_ \_
= =
<C ] —~tT
= =
2 )

Samsung Exhibit 1012, Page 31 of 65

Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



US 2006/0274170 Al

IMAGE PICKUP DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention generally relates to an image
pickup device. More specifically, the present invention
relates to an image pickup device suitable for capturing
concurrently a plurality of images that are different in angle
of view.

1. Field of the Invention

[0003] Priority is claimed on four Japanese Patent Appli-
cations No. 2005-166923, filed Jun. 7, 2005, No. 2005-
166924, filed Jun. 7, 2005, No. 2005-166925, filed Jun. 7,
2005, and No. 2005-166926, filed Jun. 7, 2005, the contents
of which are incorporated herein by reference.

[0004] 2. Description of the Related Art

[0005] All patents, patent applications, patent publica-
tions, scientific articles, and the like, which will hereinafter
be cited or identified in the present application, will hereby
be incorporated by reference in their entirety in order to
describe more fully the state of the art to which the present
invention pertains.

[0006] Image input apparatuses such as a video camera
and a digital camera have widely used a zooming function
that adjust a focal distance of lenses for magnification and
reduction of an image of an object. The adjustment of the
focal distance is made in accordance with a distance to the
object and/or an angle of view of the object. Typical types
of the zooming function may be classified into an optical
zooming and an electronic zooming. The optical zooming
can be realized by moving lenses mechanically. The elec-
tronic zooming is to electronically magnify the image of the
object, wherein a portion of an image that has been outputted
from an image sensor is utilized and new pixels are inter-
polated between the existent pixels.

[0007] Japanese Unexamined Patent Application, First
Publication, No. 10- 233950 discloses a conventional tech-
nique for inputting electronically zoomed image. FIG. 31 is
a view illustrating a conventional technique for inputting
electronically zoomed image. As shown in FIG. 31, an
optical system is provided, which has a fixed focal distance.
The optical system is used for input of an image of an object.
The optical system has a function of compressing a periph-
eral region of the input image. A light receiving element is
further provided, which is adapted to receive the image from
the optical system. The light receiving element has a gen-
erally uniform density of pixels. The image received by the
light receiving element has a distortion. This distortion
image is corrected and transformed to generate a zoomed
image with the same resolution in an active region thereof.
Such optical system can be utilized to obtain an image that
has a center portion with less deterioration of quality and a
peripheral portion with substantive deterioration of quality
for both wide angle image and telescopic narrow angle
image.

SUMMARY OF THE INVENTION

[0008] In accordance with a first aspect of the present
invention, an image pickup device may comprise: an optical
system having a distortion characteristic, the optical system
capturing an optical image of an object, the distortion

Dec. 7, 2006

characteristic magnifying a center portion of the optical
image and reducing a peripheral portion of the optical
image; an image sensor that converts the optical image into
image data; a pixel defect correction unit that performs a
pixel defect correction of the image data; a first white
balance correction unit that performs a first white balance
correction of the image data, the first white balance correc-
tion being made at a first level accuracy; an image com-
pression unit that compress the image data that has been
subjected to the pixel defect correction and the first white
balance correction to generate compressed image data; an
image storage that stores the compressed image data; an
image decompression unit that obtains, from the image
storage, the compressed image data, the image decompres-
sion unit decompressing the compressed image data to
generate decompressed image data; a second white balance
correction unit that performs a second white balance cor-
rection of the decompressed image data, the second white
balance correction being made at a second accuracy level
that is higher than the first accuracy level; and a distortion
correction unit that performs a distortion correction of a
selected portion of the decompressed image data; the
selected portion being defined by an angle of view, the angle
of view being defined externally.

[0009] Preferably, the image pickup device may further
comprise: a shading correction unit that performs a shading
correction of the image data to generate shading corrected
image data, and the image compression unit may compress
the shading corrected image data.

[0010] Preferably, the image storage may store the com-
pressed image data in association with distortion data, the
distortion data being related to the distortion characteristic,
and the distortion correction unit may perform the distortion
correction with reference to the distortion data.

[0011] Preferably, the image pickup device may further
comprise: a first memory that stores a correspondence
between the distortion characteristic and a first index that
designates the distortion characteristic, and the image stor-
age may store the compressed image data in association with
the first index.

[0012] Preferably, the image storage may store the com-
pressed image data in association with shading data, the
shading data being related to a shading of the image data. A
shading correction unit may obtain the compressed image
data in association with the shading data from the image
storage. The shading correction unit may perform a shading
correction of the image data with reference to the shading
data to generate shading-corrected image data.

[0013] Preferably, the image pickup device may further
comprise: a second memory that stores at least a pair of a
parameter and a second index that designates the parameter.
The parameter is to be used by the shading correction unit
to perform the shading correction. The image storage may
store the compressed image data in association with the
second index.

[0014] Preferably, the image storage may store the shad-
ing-corrected image data in association with a first marker
representing that the shading correction has been made.

[0015] Preferably, the image storage may store the image
data in association with distortion data. The distortion data
is related to the distortion characteristic. The distortion
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correction unit may perform the distortion correction of the
shading-corrected image data that is associated with the first
marker. The distortion correction is made with reference to
the distortion data.

[0016] Preferably, the image storage may store the com-
pressed image data in association with first white balance
data. The first white balance data is related to the first white
balance correction at the first level accuracy. The second
white balance correction unit may perform the second white
balance correction at the second level accuracy with refer-
ence to the first white balance data.

[0017] Preferably, the image pickup device may further
comprise a third memory that stores a first white balance
correction information of the first white balance correction
in association with a third index that designates the first
white balance correction information. The image storage
stores the compressed image data associated with the third
index.

[0018] Preferably, the image storage may store the white-
balance corrected image data in association with a second
marker representing that the shading correction has been
made by the second white balance correction unit.

[0019] Preferably, the image storage may store the com-
pressed image data in association with distortion data. The
distortion data is related to the distortion characteristic. The
distortion correction unit may perform the distortion correc-
tion of the white-balance corrected image data that is
associated with the second marker. The distortion correction
is made with reference to the distortion data.

[0020] In accordance with a second aspect of the present
invention, an image pickup device may comprise: an optical
system having a distortion characteristic, the optical system
capturing an optical image of an object, the distortion
characteristic magnifying a center portion of the optical
image and reducing a peripheral portion of the optical
image; an image sensor that converts the optical image into
image data; a frame memory that stores the image data; a
frame memory output control unit that reads a first selected
portion of the image data out of the frame memory, the first
selected portion being defined by an angle of view, the angle
of' view being externally defined; a first filter unit that applies
a first filtering process to a second selected portion of the
image data to generate first-filtered image data, the second
selected portion being included in the first selected portion,
the second selected portion having a first range of distortion
that is smaller than a first threshold value; a distortion
correction unit that performs a distortion correction of the
first-filtered image data to generate distortion-corrected
image data; and a second filter unit that applies a second
filtering process to a third portion of the distortion-corrected
image data to generate second-filtered image data, the sec-
ond filtering process being different from the first filtering
process, the third selected portion having a second range of
distortion that is greater than a second threshold value.

[0021] Preferably, the image pickup device may further
comprise: an image data correction unit. The image data
correction unit may further comprises at least one of a pixel
defect correction unit that corrects a pixel defect of the
image data, a white balance correction unit that corrects a
white balance of the image data, and a shading correction
unit that corrects a shading of the image data. The frame
memory may store the image data that is outputted from the
image data correction unit.
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[0022] Preferably, the image sensor may have a color filter
array of Red (R) color filters, Green (G) color filters, and
Blue (B) color filters. The image pickup device may further
comprise: an RGB synchronization unit that generates color
image data for Red (R), Green (G), and Blue (B) from the
image data. The color image data is generated for each pixel
position of the image sensor. The first filter unit may perform
the first filtering process to the color image data.

[0023] Preferably, the image pickup device may further
comprise: a luminance chrominance conversion unit that
converts the second-filtered image data into luminance
chrominance signals representing luminance and chromi-
nance; and a compression unit that compresses the lumi-
nance chrominance signals.

[0024] Preferably, the image pickup device may further
comprise: a resize unit that resizes the distortion-corrected
image data to generate resized distortion-corrected image
data. The second filter unit performs the second filtering
process to the resized distortion-corrected image data.

[0025] Preferably, the image pickup device may further
comprise: a luminance chrominance conversion unit that
converts the second-filtered image data into luminance
chrominance signals representing luminance and chromi-
nance; and a compression unit that compresses the lumi-
nance chrominance signals.

[0026] Preferably, the image sensor may have a color filter
array of Red (R) color filters, Green (G) color filters, and
Blue (B) color filters. The image pickup device may further
comprise: a resize unit that resizes the distortion-corrected
image data to generate resized distortion-corrected image
data; and an RGB synchronization unit that generates color
image data for Red (R), Green (G), and Blue (B) from the
resized distortion-corrected image data. The color image
data is generated for each pixel position of the image sensor.
The second filter unit may perform the second filtering
process to the color image data.

[0027] Preferably, the image pickup device may further
comprise: a luminance chrominance conversion unit that
converts the second-filtered image data into luminance
chrominance signals representing luminance and chromi-
nance; and a compression unit that compresses the lumi-
nance chrominance signals.

[0028] Preferably, the image sensor may have a color filter
array of Red (R) color filters, Green (G) color filters, and
Blue (B) color filters. The image pickup device may further
comprise: an RGB synchronization unit that generates color
image data for Red (R), Green (G), and Blue (B) from the
image data, the color image data being generated for each
pixel position of the image sensor; and a luminance chromi-
nance conversion unit that converts the color image data into
luminance chrominance signals representing luminance and
chrominance. The first filter unit may perform the first
filtering process to the luminance chrominance signals.

[0029] Preferably, the image pickup device may further
comprise: a compression unit that compresses the second-
filtered image data.

[0030] Preferably, the image sensor has a color filter array
of Red (R) color filters, Green (G) color filters, and Blue (B)
color filters. The image pickup device may further comprise:
a resize unit that resizes the distortion-corrected image data
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to generate resized distortion-corrected image data; an RGB
synchronization unit that generates color image data for Red
(R), Green (G), and Blue (B) from the image data, the color
image data being generated for each pixel position of the
resized distortion-corrected image data; and a luminance
chrominance conversion unit that converts the color image
data into luminance chrominance signals representing lumi-
nance and chrominance. The second filter unit may perform
the second filtering process to the luminance chrominance
signals.

[0031] Preferably, the image pickup device may further
comprise: a compression unit that compresses the second-
filtered image data.

[0032] In accordance with a third aspect of the present
invention, an image pickup device may comprise: an optical
system having a distortion characteristic, the optical system
capturing an optical image of an object, the distortion
characteristic magnifying a center portion of the optical
image and reducing a peripheral portion of the optical
image; an image sensor that converts the optical image into
image data; an angle-of-view setting unit that sets a first
angle of view and a second angle of view for the image data,
the first angle of view being different from the second angle
of view; a distortion correction unit that performs a first
distortion correction of a first selected portion of the image
data to generate first-distortion corrected image data, the first
selected portion of the image data being defined by the first
angle of view, the distortion correction unit that performing
a second distortion correction of a second selected portion of
the image data to generate second-distortion corrected image
data, the second selected portion of the image data being
defined by the second angle of view; and a storage unit that
stores the first-distortion corrected image data and the sec-
ond-distortion corrected image data.

[0033] Preferably, the angle-of-view setting unit may set
the first angle of view and the second angle of view
separately.

[0034] Preferably, the angle-of-view setting unit may fur-
ther comprise: a first angle-of-view setting sub-unit that sets
the first angle of view; and a second angle-of-view setting
sub-unit that sets the second angle of view.

[0035] Preferably, the angle-of-view setting unit may fur-
ther comprise: an angle-of-view switching unit that switches
between the first angle of view and the second angle of view;
and an angle-of-view switching display unit that displays a
result of switch between the first angle of view and the
second angle of view.

[0036] Preferably, the angle-of-view switching display
unit may display the result of switch that is superimposed on
the image data.

[0037] Preferably, the angle-of-view switching display
unit may display the result of switch that is different in
position from the image data.

[0038] Preferably, the image pickup device may further
comprise: an image pickup mode switching unit that switch
between at least two of a first image pickup mode, a second
image pickup mode, and a third image pickup mode; and an
image pickup mode switching display control unit that
controls displaying a result of switch among the first image
pickup mode, the second image pickup mode, and the third

Dec. 7, 2006

image pickup mode. The first image pickup mode is to pick
up a single image at one of the first angle of view and the
second angle of view. The second image pickup mode is to
pick up images at the first angle of view and the second angle
of view simultaneously. The third image pickup mode is to
pick up an image at the second angle of view while moni-
toring the image at the first angle of view.

[0039] Preferably, the image pickup mode switching dis-
play control unit may display the result of switch that is
superimposed on the image data.

[0040] Preferably, the image pickup mode switching dis-
play control unit may display the result of switch that is
different in position from the image data.

[0041] Preferably, the image pickup mode switching dis-
play control unit may display the image in a color display
mode in accordance with the first image pickup mode. The
image pickup mode switching display control unit may also
display the image in the color display mode and a frame in
accordance with the second image pickup mode. The frame
is defined by the second angle of view. The image pickup
mode switching display control unit may also display a
frame-inside portion of the image in the color display mode
and a frame-outside portion of the image in a different
display mode from the color display mode. The frame-inside
portion of the image is inside the frame. The frame-output
portion of the image is outside the frame.

[0042] Preferably, the image pickup mode switching dis-
play control unit may also display the frame-outside portion
in one of a monochrome display mode, a luminance-modi-
fied display mode, and a chrominance-modified display
mode.

[0043] Preferably, the image pickup device may further
comprise: a display control unit that switches time-periodi-
cally between displaying the first distortion-corrected image
data and displaying the second distortion-corrected image
data.

[0044] Preferably, the image pickup device may further
comprise: a display control unit that displays a first one of
the first distortion-corrected image data and the second
distortion-corrected image data for a period of time. The
display control unit may also display a second one of the
distortion-corrected image data and the second distortion-
corrected image data when the angle-of-view switching unit
detects a condition for switching between the first distortion-
corrected image data and the second distortion-corrected
image data.

[0045] Preferably, the storage may store the first distor-
tion-corrected image data and the second distortion-cor-
rected image data, both of which are associated with an
index. The index presents that the first distortion-corrected
image data and the second distortion-corrected image data
are originated from a same image.

[0046] In accordance with a fourth aspect of the present
invention, an image pickup device may comprise: an optical
system having a distortion characteristic, the optical system
capturing an optical image of an object, the distortion
characteristic magnifying a center portion of the optical
image and reducing a peripheral portion of the optical
image; an image sensor that converts the optical image into
image data; a frame memory that stores the image data; a
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frame memory output control unit that reads a first selected
portion of the image data out of the frame memory, the first
selected portion being defined by an angle of view, the angle
of' view being externally defined; a first filter unit that applies
a first filtering process to a second selected portion of the
image data to generate first-filtered image data, the second
selected portion being included in the first selected portion,
the second selected portion having a first range of distortion
that is smaller than a first threshold value; and a distortion
correction unit that performs a distortion correction of the
first-filtered image data to generate distortion-corrected
image data.

[0047] Preferably, the image pickup device may further
comprise: a second filter unit that applies a second filtering
process to a third portion of the distortion-corrected image
data to generate second-filtered image data. The second
filtering process is different from the first filtering process.
The third selected portion has a second range of distortion
that is greater than a second threshold value.

[0048] Preferably, the second filter unit may enhance an
edge of the third portion of the distortion-corrected image
data.

[0049] Preferably, the second filter unit may reduce noise
of the third portion of the distortion-corrected image data.

[0050] Preferably, the image pickup device may further
comprise: an image data correction unit. The image data
correction unit may comprise at least one of a pixel defect
correction unit that corrects a pixel defect of the image data,
a white balance correction unit that corrects a white balance
of'the image data, and a shading correction unit that corrects
a shading of the image data. The frame memory may store
the image data that is outputted from the image data cor-
rection unit.

[0051] Preferably, the shading correction unit may correct
the shading based on the distortion characteristic and a
peripheral darkening characteristic that is caused by a lens
frame holding the optical system.

[0052] Preferably, the shading correction unit may com-
prise an optical filter that is placed on an optical axis of the
optical system.

[0053] Preferably, the shading correction unit may com-
prise an array of micro lenses provided on the image sensor.
Each of the micro lenses is provided for each pixel.

[0054] Preferably, the optical system may be held by a lens
frame. The lens frame may further hold a storage that stores
the distortion characteristic. The distortion correction unit
may perform the distortion correction based on the distortion
characteristic that has been read out of the storage.

[0055] Preferably, the first filter unit may perform a low-
pass filtering process to the second selected portion of the
image data.

[0056] Preferably, the image sensor may change a line-
subsampling rate for the image data depending on the
distortion characteristic.

[0057] Preferably, the image sensor may have a color filter
array of Red (R) color filters, Green (G) color filters, and
Blue (B) color filters. The image pickup device may further
comprise: an RGB synchronization unit that calculates an
addition of color image data sets of adjacent pixels to a target
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pixel to generate different color image data of the target
pixel. The adjacent pixels have a color different from a target
color of the target pixel. The calculation of the addition is
made with weighting the adjacent pixels based on distances
of the adjacent pixels to the target pixel. The distances is
defined under a condition that the distortion correction has
been made.

[0058] Preferably, the RGB synchronization unit may cal-
culate the different color image data “DX” of the target pixel
“DX” by using one of the following first to third equations:

D, ape=(image data of D1x(72/(T1472)))+(image data
of D%x(Tl/(Tl+72)))/2+(image data of D3x(74/(13+

74)))+(image data of DAx(73/(T3+74)))/2; Equation 1;
D, ape=(image data of D1x(72/(T1472)))+(image data
ofDix(Tl/(Tl+72))); and Equation 2;
D, ape=(image data of D3x(74/(73+74)))+(image data
ofDix(TB/(B+T4))), Equation 3;

where DX is the target pixel, D1 and D2 are adjacent pixels
positioned in first-opposing sides of the target pixel DX, D3
and D4 are other adjacent pixels positioned in second-
opposing sides of the target pixel DX, T1 is a first distance
between the adjacent pixel D1 and the target pixel DX, T2
is a second distance between the adjacent pixel D2 and the
target pixel DX, T3 is a third distance between the adjacent
pixel D3 and the target pixel DX, and T4 is a fourth distance
between the adjacent pixel D4 and the target pixel DX, the
first to fourth distances T1, T2, T3 and T4 are defined under
a condition that the distortion correction has been made.

[0059] Objects, features, aspects, and advantages of the
present invention will become apparent to those skilled in
the art from the following detailed descriptions taken in
conjunction with the accompanying drawings, illustrating
the embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] Referring now to the attached drawings which form
a part of this original disclosure:

[0061] FIG. 1 is a block diagram illustrating an image
pickup device in accordance with a first embodiment of the
present invention;

[0062] FIG. 2A is a view illustrating an example of an
optical image captured by an optical system having a
distortion;

[0063] FIG. 2B is a view illustrating an example of an
optical image captured by another optical system having
another distortion;

[0064] FIG. 2C is a view illustrating an example of an
optical image captured by a distortion-free optical system;

[0065] FIG. 3A is a schematic view illustrating an image
that is captured by the optical system 101 having the
distortion shown in FIG. 2A, wherein the distortion is
independent from the vertical and horizontal directions;

[0066] FIG. 3B is a schematic view illustrating an image
that is captured by a distortion-free optical system;

[0067] FIG. 4 is a view illustrating a configuration of the
optical system with the distortion shown in FIG. 2A;

[0068] FIG. 5 is a block diagram illustrating an example
of a configuration of the distortion correction image proces-
sor shown in FIG. 1;
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[0069] FIG. 6A is a view illustrating brightening and
darkening of a peripheral portion of an image captured
through an optical system having a cylindrical distortion, the
brightening being caused by compression of the peripheral
portion, the compression being further caused by the cylin-
drical distortion, and the darkening being caused by shading
the peripheral portion, and the shading being further caused
by a lens frame;

[0070] FIG. 6B is a view illustrating brightening and
darkening of a peripheral portion of an image captured
through another optical system having a coaxial distortion,
the brightening being caused by compression of the periph-
eral portion, the compression being further caused by the
coaxial distortion, and the darkening being caused by shad-
ing the peripheral portion, and the shading being further
caused by a lens frame;

[0071] FIG. 7A is a diagram illustrating an example of a
configuration of the shading circuit included in the image
correction unit shown in FIG. 5;

[0072] FIG. 7B is a diagram illustrating another example
of the configuration of the shading circuit included in the
image correction unit shown in FIG. 5;

[0073] FIG. 7C is a view illustrating an optical filter that
is provided on an optical axis to correct an optical shading;

[0074] FIG. 7D is a view illustrating an array of plural
on-chip lenses that are different in size and transmittivity, the
array being provided in an image sensor;

[0075] FIG. 8 is a view illustrating rearrangement of
image data using the frame memory;

[0076] FIG. 9A is a view illustrating an image data that is
obtained by uniformly sampling an image that is distorted by
an optical distortion;

[0077] FIG. 9B is a view illustrating a corrected image
data that has been obtained by correcting the image data of
FIG. 9A by the RGB synchronization unit shown in FIG. 5;

[0078] FIG. 10 is a view illustrating an image that has
been outputted from the image sensor shown in FIG. 1 and
another image that has been obtained by correcting the
distortion of the image;

[0079] FIG. 11 is a view illustrating an example of a
configuration of the first filter unit shown in FIG. 5;

[0080] FIG. 12 is a view illustrating an example of a
configuration of the aberration correction unit shown in
FIG. 5;

[0081] FIG. 13A is a view illustrating a distortion-cor-
rected image;

[0082] FIG. 13B is a view illustrating an image on coor-
dinates that are calculated by the corresponding coordinate
calculation unit shown in FIG. 12;

[0083] FIG. 13C is a view illustrating an image that has
been captured by the image sensor 102 shown in FIG. 1;

[0084] FIG. 14 is a view illustrating an example of a
configuration of the magnification reduction unit shown in
FIG. 5;

[0085] FIG. 15 is a view illustrating an image that has
been subjected to the magnification and reduction processes
performed by the magnification reduction unit shown in
FIG. 14
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[0086] FIG. 16 is a block diagram illustrating another
example of the configuration of the distortion correction
image processor shown in FIG. 1;

[0087] FIG. 17 is a block diagram illustrating still another
example of the configuration of the distortion correction
image processor shown in FIG. 1;

[0088] FIG. 18 is a block diagram illustrating yet another
example of the configuration of the distortion correction
image processor shown in FIG. 1;

[0089] FIG. 19 is a block diagram illustrating a further
example of the configuration of the distortion correction
image processor shown in FIG. 1;

[0090] FIG. 20 is a view illustrating an example of a
process flow of sequentially switching the three types of
image pickup modes by using a switch;

[0091] FIG. 21 is a view illustrating a process flow for
switching among different images captured in different
pickup modes;

[0092] FIG. 22A is a view illustrating an example of a
configuration of the operating unit shown in FIG. 1, the
operating unit being used to switch among the image pickup
modes shown in FIG. 21;

[0093] FIG. 22B is a view illustrating another example of
the configuration of the operating unit shown in FIG. 1, the
operating unit being used to switch among the image pickup
modes shown in FIG. 21;

[0094] FIG. 22C is a view illustrating still another
example of the configuration of the operating unit shown in
FIG. 1, the operating unit being used to switch among the
image pickup modes shown in FIG. 21;

[0095] FIG. 22D is a view illustrating yet another
example of the configuration of the operating unit shown in
FIG. 1, the operating unit being used to switch among the
image pickup modes shown in FIG. 21;

[0096] FIG. 23 is a view illustrating first to sixth images
that are switched by operating the telescope/wide witching
button and adjusting the zooming ratio in either the wide
angle and telescope simultaneous pickup mode or the wide
monitoring and telescope pickup mode in the camera with
the operating unit shown in FIG. 22C;

[0097] FIG. 24A is a view illustrating an example of an
image that has been read out at a high frame rate, the image
having been captured by an optical system having a distor-
tion;

[0098] FIG. 24B is a view illustrating another example of
an image that has been read out at a high frame rate, the
image having been captured by an optical system having a
distortion;

[0099] FIG. 25 is a view illustrating different images for
showing a zoom function of the digital camera;

[0100] FIG. 26 is a block diagram illustrating a configu-
ration of an image pickup device that serves as a monitoring
camera in accordance with a second embodiment of the
present invention;

[0101] FIG. 27 is a block diagram illustrating an example
of'a configuration of the image processor-compressor shown
in FIG. 26;
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[0102] FIG. 28 is a block diagram illustrating an example
of a configuration of the distortion corrector shown in FIG.
26; and

[0103] FIG. 29 is a block diagram illustrating an example
of a configuration of the control unit included in the image
pickup device shown in FIG. 1;

[0104] FIG. 30 is a block diagram illustrating an example
of a configuration of the angle-of-view setting unit included
in the control unit shown in FIG. 29; and

[0105] FIG. 31 is a view illustrating a conventional tech-
nique for inputting electronically zoomed image.

DETAILED DESCRIPTION OF THE
INVENTION

[0106] Selected embodiments of the present invention will
now be described with reference to the drawings. It will be
apparent to those skilled in the art from this disclosure that
the following descriptions of the embodiments of the present
invention are provided for illustration only and not for the
purpose of limiting the invention as defined by the appended
claims and their equivalents.

First Embodiment:

[0107] FIG. 1 is a block diagram illustrating an image
pickup device in accordance with a first embodiment of the
present invention. The image pickup device can typically be
realized by a digital camera. The image pickup device may
include, but is not limited to, an optical system 101, an
image sensor 102, a distortion correction image processor
103, an image display 104, an image storage 105, a control
unit 106, and an operating unit 107.

[0108] The distortion correction image processor 103 may
be configured to perform at least one of functions of the
following units. The distortion correction image processor
103 may typically include, but are not limited to, an image
correction unit, an RGB synchronization unit, a first filter
unit, an aberration correction unit, a magnification reduction
unit, a second filter unit, a YC conversion unit, an image
compression unit, a display conversion unit, and a frame
memory. The image correction unit may further include, but
is not limited to, a pixel defect correction unit, a white
balance correction unit, an image decompression unit, a
distortion correction unit, and a shading correction unit. The
YC conversion unit is a luminance chrominance conversion
unit that converts luminance and chrominance. The magni-
fication reduction unit is a resize unit that resizes the image.

[0109] The image storage 105 may be configured to per-
form at least one function. Typical examples of the function
of the image storage 105 may include, but are not limited to,
a frame memory, a storage, an image memory, and a table
memory.

[0110] FIG. 29 is a block diagram illustrating an example
of a configuration of the control unit 106 included in the
image pickup device shown in FIG. 1. FIG. 30 is a block
diagram illustrating an example of a configuration of the
angle-of-view setting unit 10620 included in the control unit
106 shown in FIG. 29. As shown in FIGS. 29 and 30, the
control unit 106 may typically include, but is not limited to,
a frame memory output control unit 10610, an angle-of-view
setting unit 10620, an image pickup mode switching unit
10630, and a display control unit 10650. Examples of each
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of the function units may include hardware and/or software
that is constructed and/or programmed to carry out the
respective function. Typical examples of the hardware may
include, but are not limited to, a device and a circuit.

[0111] The image pickup mode switching unit 10630 can
be configured to receive instructions that are at least related
to an image pickup mode from the operating unit 107. The
image pickup mode switching unit 10630 can be configured
to switch between at least two of first to third image pickup
modes based on the received instructions. The first image
pickup mode is to pick up a single image at one of the first
angle of view and the second angle of view. The second
image pickup mode is to pick up images at both the first
angle of view and the second angle of view simultaneously.
The third image pickup mode is to pick up an image at the
second angle of view while monitoring the image at the first
angle of view. The image pickup mode switching unit 10630
can be configured to supply a selected one of the first to third
image pickup modes to the angle-of-view setting unit 10620.

[0112] The angle-of-view setting unit 10620 can be con-
figured to receive instructions that are at least related to an
angle of view from the operating unit 107. The angle-of-
view setting unit 10620 can also be configured to receive a
selected one of the first to third image pickup modes from
the image pickup mode switching unit 10630. The angle-
of-view setting unit 10620 can be configured to perform two
different functions, for example, an angle-of-view setting
function and an image pickup mode switching display
control function based on the received instruction and the
selected one of the first to third image pickup modes.

[0113] The angle-of-view setting function can set a first
angle of view and a second angle of view that is different
from the first angle of view in accordance with the received
instructions and the selected one of the first to third image
pickup modes. The angle-of-view setting function can fur-
ther switch between the first angle of view and the second
angle of view in accordance with the received instructions
and the selected one of the first to third image pickup modes.
The angle-of-view setting function can also set the first
angle of view and the second angle of view separately in
accordance with the received instructions and the selected
one of the first to third image pickup modes. In a case, the
angle-of-view setting unit 10620 may further comprise a
first angle-of-view setting sub-unit that sets the first angle of
view, and a second angle-of-view setting sub-unit that sets
the second angle of view.

[0114] The image pickup mode switching display control
function can make the display control unit 10650 control the
image display unit 104 to perform a display in accordance
with the received instructions and the selected one of the first
to third image pickup modes. For example, the image pickup
mode switching display control function can control the
display control unit 10650 so that the image display unit 104
displays the image in a color display mode in accordance
with the first image pickup mode. The image pickup mode
switching display control function can also control the
display control unit 10650 to allow the image display unit
104 to display the image in the color display mode and a
frame in accordance with the second image pickup mode.
The frame is defined by the second angle of view. The image
pickup mode switching display control function can also
control the display control unit 10650 to allow the image
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display unit 104 to display a frame-inside portion of the
image in the color display mode and a frame-outside portion
of the image in a different display mode from the color
display mode in accordance with the third image pickup
mode. The frame-inside portion of the image is inside the
frame. The frame-output portion of the image is outside the
frame. The image pickup mode switching display control
function can also control the display control unit 10650 to
allow the image display unit 104 to display the frame-
outside portion in one of a monochrome display mode, a
luminance-modified display mode, and a chrominance-
modified display mode.

[0115] As shown in FIG. 30, the angle-of-view setting
unit 10620 may further comprise an angle-of-view switching
unit 10622 and an angle-of-view switching display control
unit 10624. The angle-of-view switching unit 10622 can be
configured to receive instructions from the operating unit
107. The angle-of-view switching unit 10622 can also be
configured to receive a selected one of the first to third image
pickup modes from the image pickup mode switching unit
10630. The angle-of-view switching unit 10622 can be
configured to perform the above-described two different
functions, namely, the angle-of-view switching function and
the image pickup mode switching display control function.
For example, the angle-of-view switching unit 10622 can
also be configured to switch between the first angle of view
and the second angle of view based on the received instruc-
tions and the selected image pickup mode. The angle-of-
view switching unit 10622 can also be configured to make
the display control unit 10650 control the image display unit
104 to perform a display in accordance with the received
instructions and the selected image pickup mode.

[0116] The angle-of-view switching display control unit
10624 can be configured to receive an angle-of-view switch
signal and a display control signal from the angle-of-view
switching unit 10622. The angle-of-view switch signal is
generated by the angle-of-view switching function. The
display control signal is generated by the image pickup
mode switching display control function. The angle-of-view
switching display control unit 10624 can be configured to
decide whether the result of the angle-of-view switch should
be displayed so as to be superimposed on the image data or
to be distanced from the image data. The angle-of-view
switching display control unit 10624 can be configured to
supply a result of decision on display to the display control
unit 10650. The display control unit 10650 controls the
image display unit 104 to display the image and the result of
switch in accordance with the result of decision.

[0117] The angle-of-view switching unit 10622 can also
be configured to supply the result of angle-of-view switch to
the frame memory output control unit 10610. The angle-of-
view switching unit 10622 can also be configured to supply
the result of angle-of-view switch to the distortion correction
image processing unit 103.

[0118] The frame memory output control unit 10610 can
be configured to receive the result of switch from the
angle-of-view switching unit 10622. The frame memory
output control unit 10610 can be configured to receive the
first angle of view and the second angle of view from the
angle-of-view switching unit 10622. The frame memory
output control unit 10610 can be configured to recognize the
selected one of the first angle of view and the second angle
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of view. The selected one has been switched or selected by
the angle-of-view switching unit 10622. The frame memory
output control unit 10610 can be configured to recognize the
first angle of view and the second angle of view that have
been set by the angle-of-view switching unit 10622. The
frame memory output control unit 10610 can be configured
to access a frame memory that is included in the distortion
correction image processing unit 103 so that the frame
memory output control unit 10610 reads a selected portion
of the image data. The selected portion is defined by the
recognized angle of view. Namely, the selected portion is
defined by a portion of the image, the portion being defined
by the selected or recognized angle of view. The frame
memory output control unit 10610 can be configured to
supply the selected portion of the image data to the display
control unit 10650. The display control unit 10650 controls
the image display unit 104 to display the recognized angle
of view and the image defined by the recognized angle of
view.

[0119] The display control unit 10650 can be configured to
receive distortion-corrected image data from the frame
memory output control unit 10610. The display control unit
10650 can also be configured to receive, from the frame
memory output control unit 10610, first distortion-corrected
image data and second distortion-corrected image data. The
second distortion-corrected image data is different from the
first distortion-corrected image data. The display control
unit 10650 can further be configured to switch time-peri-
odically between displaying the first distortion-corrected
image data and displaying the second distortion-corrected
image data. The display control unit 10650 can also be
configured to display a first one of the first distortion-
corrected image data and the second distortion-corrected
image data for a period of time. If the angle of view
switching unit 10622 switches between the first angle of
view and the second angle of view during the period of time,
then the display control unit 10650 displays a second one of
the first distortion-corrected image data and the second
distortion-corrected image data.

[0120] The optical system 101 has a distortion character-
istic that magnifies a center portion of an optical image and
reduces a peripheral portion of the optical image. The image
sensor 102 can be realized by a photoelectric converter that
converts an optical image into an electric signal, wherein the
optical image has been supplied through the optical system
101 with the distortion. Typical examples of the photoelec-
tric converter may include, but are not limited to, a CCD or
a CMOS sensor.

[0121] The distortion correction image processor 103 is
adapted to transform an image signal into a transformed
signal in a format that needs to display and compress the
image. The image signal has been outputted from the image
sensor 102. The distortion correction image processor 103 is
also adapted to correct an optical distortion. The distortion
correction image processor 103 is further adapted to perform
image processing to improve the quality of image. The
distortion correction image processor 103 is furthermore
adapted to compress data for storing the compressed data.

[0122] The image display 104 can typically be realized by
a liquid crystal display. The image display 104 displays the
image taken. The image storage 105 is configured to store
data of the image taken. The image storage 105 can typically
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be realized by a semiconductor memory and a magnetic
memory. The controller 106 controls the optical system 101,
the image sensor 102, the distortion correction image pro-
cessor 103 and the image display 104 in accordance with a
control program. This control program may be stored in a
storage or a storage medium typically a ROM (read only
memory). The operating unit 107 can be used to allow an
operator to operate the image pickup device. The operating
unit 107 may have buttons and switches that correspond to
functions and an information display unit.

[0123] FIG. 2A is a view illustrating an example of an
optical image captured by an optical system having a
distortion. FIG. 2B is a view illustrating an example of an
optical image captured by another optical system having
another distortion. FIG. 2C is a view illustrating an example
of an optical image captured by a distortion-free optical
system. FIG. 2A illustrates the example of the optical image
captured by the optical system that has a distortion that
compresses the optical image. The degree of compression
increases as the position on the optical image comes close to
the periphery of the optical image. The degree of compres-
sion along the vertical axis is independent from that along
the horizontal axis. FIG. 2B illustrates the example of the
optical image captured by a coaxial optical system that has
a barrel distortion that compresses the optical image. The
degree of compression increases co-centrically as the dis-
tance from the center position of the optical image increases.
FIGS. 2A through 2C illustrate the optical images of the
same object.

[0124] The optical system 101 is configured to have a
distortion that magnifies the center portion of the optical
image and reduces the peripheral portion of the optical
image. The optical system 101 may be configured to have a
complex distortion that contains the distortion of FIG. 2A
and the distortion of FIG. 2B. In general, the distortion of
FIG. 2A may be suitable for correcting the distortion to
obtain a higher quality of image as compared to the distor-
tion of FIG. 2B. The following descriptions will be made
assuming that the optical system 101 has the distortion of
FIG. 2A.

[0125] FIG. 3A is a schematic view illustrating an image
that is captured by the optical system 101 having the
distortion shown in FIG. 2A, wherein the distortion is
independent from the vertical and horizontal directions.
FIG. 3B is a schematic view illustrating an image that is
captured by a distortion-free optical system. As similarly to
FIG. 2A, FIG. 3A illustrates the example of the optical
image captured by the optical system that has a distortion
that compresses the optical image. The degree of compres-
sion increases as the position on the optical image comes
close to the periphery of the optical image. The degree of
compression along the vertical axis is independent from that
along the horizontal axis. In FIGS. 3A and 3B, (1), - - - (13)
represent a first set of coordinate positions on an object, the
first set of coordinate positions being aligned in a horizontal
direction at a constant pitch on the object, while (A), - - - (O)
represent a second set of coordinate positions on the object,
the second set of coordinate positions being aligned in a
vertical direction at a constant pitch on the object. In FIGS.
3A and 3B, the same portion of the image is positioned at
the same coordinate position. For example, the same portion
of the image appears at the same coordinate position ((7), H)
in FIGS. 3A and 3B.
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[0126] FIG. 4 is a view illustrating a configuration of the
optical system with the distortion shown in FIG. 2A. The
optical system with the distortion can be realized by a
combination of paired cylindrical lenses 401 and 402. Each
of the cylindrical lenses 401 and 402 has a flat surface and
a curved surface opposing the flat surface. The curved
surface constitutes a part of a side wall of a cylinder. Each
of the cylindrical lenses 401 and 402 further has a longitu-
dinal axis that is parallel to a center axis of the cylinder so
that the curved surface curves partially surrounding the
longitudinal axis. The paired cylindrical lenses 401 and 402
are aligned so that the flat surfaces of the cylindrical lenses
401 and 402 are parallel to each other and the directions of
the longitudinal axes of the cylindrical lenses 401 and 402
are different from each other by a right angle.

[0127] When the image pickup device captures the view
image shown in FIG. 3B, the optical image is transmitted
through the optical system 101 with the distortion that
enlarges a center portion of the optical image and com-
presses a peripheral portion thereof so that a distorted optical
image is formed on the image sensor 102. This distorted
optical image is converted into an electrical signal by the
image sensor 102. The image sensor 102 is configured to
perform a function that converts an optical image into an
electrical signal, but is not limited to a particular configu-
ration. The image sensor 102 may typically have a Bayer
array of color filters so as to output sequentially pixel data
that contain the color information of the Bayer array. These
pixel data are converted into a digital signal by an analog
front-end circuit (CDS, PGA, A/D). The digital signal is
inputted into the distortion correction image processor 103.

[0128] FIG. 5 is a block diagram illustrating an example
of a configuration of the distortion correction image proces-
sor 103 shown in FIG. 1. The distortion correction image
processor 103 may be configured to perform at least one of
functions of the following units. The distortion correction
image processor 103 may typically include, but are not
limited to, an image correction unit 501, an RGB synchro-
nization unit 502, a first filter unit 503, an aberration
correction unit 504, a magnification reduction unit 505, a
second filter unit 507, a YC conversion unit 508, an image
compression unit 509, a display conversion unit 510, and a
frame memory 511. The image correction unit 501 may be
configured to perform at least one function. Typical
examples of the function of the image correction unit 501
may include, but are not limited to, a pixel defect correction
function, a white balance correction function, and a shading
correction function. Whereas illustrations are omitted in the
drawings, the above functions can be realized by function
units. Examples of each of the function units may include
hardware and/or software that is constructed and/or pro-
grammed to carry out the respective function. Typical
examples of the hardware may include, but are not limited
to, a device and a circuit. The YC conversion unit 508 is a
luminance chrominance conversion unit that converts lumi-
nance and chrominance. The magnification reduction unit
505 is a resize unit that resizes the image.

[0129] The image correction unit 501 is adapted to receive
the captured image from the image sensor 102. The image
correction unit 501 is adapted to perform, to the received
image, a pixel defect correction, a white balance correction,
and a shading correction. The shading correction is to
correct the quantity of light.
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[0130] FIG. 6A is a view illustrating brightening and
darkening of a peripheral portion of an image captured
through an optical system having a cylindrical distortion, the
brightening being caused by compression of the peripheral
portion, the compression being further caused by the cylin-
drical distortion, and the darkening being caused by shading
the peripheral portion, and the shading being further caused
by a lens frame. FIG. 6B is a view illustrating brightening
and darkening of a peripheral portion of an image captured
through another optical system having a coaxial distortion,
the brightening being caused by compression of the periph-
eral portion, the compression being further caused by the
coaxial distortion, and the darkening being caused by shad-
ing the peripheral portion, and the shading being further
caused by a lens frame. An image 601 of FIG. 6A is
captured by the optical system having the cylindrical dis-
tortion that compresses a peripheral portion of the image
601. The image 601 has the compressed peripheral portion
that has an increased intensity of light or brightening. An
image 602 of FIG. 6A is captured by the optical system
having the cylindrical distortion that provides a rectangle-
shaped lens frame that shades a peripheral portion of the
image 602. The image 602 has the shaded peripheral portion
that has a decreased intensity of light or darkening. An
image 603 of FIG. 6B is captured by the optical system
having the coaxial distortion that compresses a peripheral
portion of the image 603. The image 603 has the compressed
peripheral portion that has an increased intensity of light or
brightening. An image 604 of FIG. 6B is captured by the
optical system having the coaxial distortion that provides a
circle-shaped lens frame that shades a peripheral portion of
the image 604. The image 604 has the shaded peripheral
portion that has a decreased intensity of light or darkening.
The image correction unit 501 may be adapted to perform a
shading correction to the captured image by taking into
account the brightening and darkening. The image correc-
tion unit 501 may include a shading correction unit that is
dedicated to perform a shading correction. The shading
correction unit may be realized by a shading correction
circuit. The shading correction unit may correct the shading
based on the distortion characteristic and a peripheral dark-
ening characteristic that is caused by a lens frame holding
the optical system. Preferably, the shading correction unit
may comprise an optical filter that is placed on an optical
axis of the optical system. Preferably, the shading correction
unit may comprise an array of micro lenses provided on the
image sensor. Each of the micro lenses is provided for each
pixel.

[0131] FIG. 7A is a diagram illustrating an example of a
configuration of the shading circuit included in the image
correction unit 501 shown in FIG. 5. FIG. 7B is a diagram
illustrating another example of the configuration of the
shading circuit included in the image correction unit 501
shown in FIG. 5. FIG. 7C is a view illustrating an optical
filter that is provided on an optical axis to correct an optical
shading, wherein the optical filter has a proportion of
transmittance that cancels a brightening of a peripheral
portion and a darkening of the peripheral portion, the
brightening being caused by the distortion, and the darken-
ing being caused by shading due to the lens frame. FIG. 7D
is a view illustrating an array of plural on-chip lenses that are
different in size and transmittivity, the array being provided
in the image sensor.
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[0132] A shading correction circuit shown in FIG. 7A
may comprise a multiplier 703 and a reference table memory
701. An address is inputted into the reference table memory
701, the address representing physical coordinate positions
of an input image that is supplied from the image sensor 102
shown in FIG. 1. The reference table memory 701 outputs
a coeflicient of correction as data. The multiplier 703 mul-
tiplies the input image data from the image sensor 102 by the
coeflicient of correction to perform a shading correction to
the input image data.

[0133] A shading correction circuit 704 shown in FIG. 7B
may comprise a multiplier 704 and an arithmetic unit 702.
The arithmetic unit 702 is configured as a product of a
function F(X, y) and another function G(x, y). The function
F(x, y) represents a relationship of the brightening due to the
distortion and the physical coordinate positions (X, y). The
function G(X, y) represents another relationship of the dark-
ening due to the lens frame and the physical coordinate
positions (X, y). An address is inputted into the arithmetic
unit 702, the address representing physical coordinate posi-
tions of an input image that is supplied from the image
sensor 102 shown in FIG. 1. The arithmetic unit 702 outputs
another coefficient of correction as an arithmetic result. The
multiplier 704 multiplies the input image data from the
image sensor 102 by the coefficient of correction to perform
a shading correction to the input image data.

[0134] Even illustration is omitted, it is possible as a
modification for the reference table memory 701 to have a
limited capacity for partial coordinate positions, while fail-
ing to store remaining coordinate positions. A coefficient of
correction of coordinate positions that are not stored in the
reference table memory 701 can be calculated by a linear
interpolation from available data of proximal coordinate
positions that are stored in the reference table memory 701.

[0135] The shading correction can also be realized by
using the optical system having a distortion in combination
with a neutral density filter. The neutral density filter has a
transmittivity that is adjusted by taking into account the
distortion and the lens frame of the optical system as shown
in FIG. 7C. The distortion compresses the peripheral por-
tion of the image thereby increasing the intensity of light or
brightening. The lens frame shades the peripheral portion of
the image thereby decreasing the intensity of light or dark-
ening.

[0136] The shading correction can also be realized by
using an array of on-chip lenses of the image sensor as
shown in FIG. 7D. The array of on-chip lenses has a
variation in aperture ratio. The variation depends on the size
and transmittivity of on-chip lenses. The variation is deter-
mined based on the brightening and darkening. The bright-
ening is caused by compressing the peripheral portion of the
image. The compression is caused by the distortion of the
optical image. The darkening is caused by shading the
peripheral portion of the image. The shading is caused by the
lens frame.

[0137] The frame memory 511 stores the corrected image
signal that has been corrected by the image correction unit
501. FIG. 8 is a view illustrating rearrangement of image
data using the frame memory 511. An array of data outputted
from the image sensor is an array for progressive raster scan
or interlace scan. The array of data is once stored in the
frame memory 511. The array of data is read out of the frame
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memory 511 with rearrangement of data so that a rearranged
array of data is an array for block line scan. The array for
block line scan allows continuous spatial image processing
without using the frame memory 511. Reading the rear-
ranged array of data is made with partially overlap in
multistage spatial image processing. The reason why the
image signal is once stored in the frame memory 511 is to
rearrange, as shown in FIG. 8, the data array for the
progressive raster scan or the interlace scan into the other
data array for the block line scan that allows the continuous
spatial image processing without using the frame memory
511. The other reason is to allow capturing both a wide angle
image and a telescopic image simultaneously.

[0138] The RGB synchronization unit 502 is configured to
read, from the frame memory 511, a Bayer array of image
data that corresponds to an angle of view that is externally
designated. The RGB synchronization unit 502 is further
configured to generate all color data of RGB for all coor-
dinate positions, the generation being made from the Bayer
array of image data by using an interpolation. This synchro-
nization process is performed by an interpolation from the
image data of proximal filters of the same colors.

[0139] FIG. 9A is a view illustrating an image data that is
obtained by uniformly sampling an image that is distorted by
an optical distortion. FIG. 9B is a view illustrating a
corrected image data that has been obtained by correcting
the image data of FIG. 9A by the RGB synchronization unit
502 shown in FIG. 5. Now attention is made on the red color
data. As shown in FIG. 9A, data of a position 902 can be
generated by interpolation from data of proximal positions
901 and 903. Data of a position 904 can be generated by
interpolation from data of proximal positions 901 and 907.
If the optical system is free of any distortion, the interpo-
lation can be made by averaging two pixels. Notwithstand-
ing, the captured image data of Bayer array shown in FIG.
9A is the image data that has been obtained by uniformly
sampling the image that is distorted by the optical distortion.
Thus, an actual view or the corrected image is as shown in
FIG. 9B, wherein the coordinate positions of the obtained
image are non-uniform. In FIGS. 9A and 9B, (1), - - - (13)
represent a first set of coordinate positions on an object, the
first set of coordinate positions being aligned in a horizontal
direction at a constant pitch on the object, while (A), - - - (O)
represent a second set of coordinate positions on the object,
the second set of coordinate positions being aligned in a
vertical direction at a constant pitch on the object. In FIGS.
9A and 9B, the same portion of the image is positioned at
the same coordinate position. For example, the same portion
of the image appears at the same coordinate position ((2), B)
in FIGS. 9A and 9B.

[0140] Interpolating the captured image at a high quality
needs to correct the captured image in accordance with a
distance of the actual view or the corrected image. For
example, when the pixel color data of the coordinate posi-
tion 902 is interpolated from the pixel color data of the
coordinate position 901 and the pixel color data of the
coordinate position 903 shown in FIG. 9A, the red color
data of the coordinate position 902 is given by:

R-data of the position 902=(R-data of the position

901x(XB/(X4+XB)) +(R-data of the position 903x(X4/

(X4+XB))
where “XA” is a distance between the pixel data of the
corrected coordinate position 901 and the pixel data of the
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corrected coordinate position 902 in the corrected image
shown in FIG. 9B, and “XB” is another distance between
the pixel data of the corrected coordinate position 903 and
the pixel data of the corrected coordinate position 902 in the
corrected image shown in FIG. 9B.

[0141] Also when the pixel color data of the coordinate
position 904 is interpolated from the pixel color data of the
coordinate position 901 and the pixel color data of the
coordinate position 907 shown in FIG. 9A, the red color
data of the coordinate position 904 is given by:

R-data of the position 904=(R-data of the position

901x(YB/(Y4+YB)) +(R-data of the position 907x(¥4/

(Y4+YB))
where “YA” is a distance between the pixel data of the
corrected coordinate position 901 and the pixel data of the
corrected coordinate position 904 in the corrected image
shown in FIG. 9B, and “YB” is another distance between
the pixel data of the corrected coordinate position 907 and
the pixel data of the corrected coordinate position 904 in the
corrected image shown in FIG. 9B.

[0142] R-data, B-data and G-data of the other coordinate
position can also be generated by the above-described
interpolation.

[0143] The above-described interpolation is made from
the proximal two coordinate positions. G-data can also be
generated by another interpolation from proximal four coor-
dinate positions so as to improve the quality of image. The
interpolation from proximal four coordinate positions can be
made with weighting the data of the proximal four coordi-
nate positions. The weighting is made inversely proportional
to a distance of a corrected target coordinate position and a
corrected proximal coordinate position.

[0144] When the pixel color data of the coordinate posi-
tion 905 is interpolated from the pixel color data of the
coordinate position 902, the pixel color data of the coordi-
nate position 904, the pixel color data of the coordinate
position 906, and the pixel color data of the coordinate
position 908 shown in FIG. 9A, the green color data of the
coordinate position 905 is given by:

G-data of the position 905=(G-data of the position

904x (XB/(X4+XB)) +(G-data of the position 906x(X4/

(X4+XB)/2) +(G-data of the position 902x(YB/(¥A+

YB)) +(G-data of the position 908x(Y4/(Y4+YB)/2)
where “YA” is a distance between the pixel data of the
corrected coordinate position 902 and the pixel data of the
corrected coordinate position 905 in the corrected image
shown in FIG. 9B, and “YB” is another distance between
the pixel data of the corrected coordinate position 908 and
the pixel data of the corrected coordinate position 905 in the
corrected image shown in FIG. 9B, “XA” is still another
distance between the pixel data of the corrected coordinate
position 904 and the pixel data of the corrected coordinate
position 905 in the corrected image shown in FIG. 9B, and
“XB” is yet another distance between the pixel data of the
corrected coordinate position 906 and the pixel data of the
corrected coordinate position 905 in the corrected image
shown in FIG. 9B.

[0145] The color data of the coordinate position can also
be interpolated from diagonal proximal coordinate positions
that are diagonal to the coordinate position. For example, the
red color data of the coordinate position 905 can be inter-
polated from the pixel data of the diagonal proximal coor-
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dinate position 901, the pixel data of the diagonal proximal
coordinate position 903, the pixel data of the diagonal
proximal coordinate position 907, and the pixel data of the
diagonal proximal coordinate position 909.

[0146] The first filter unit 503 shown in FIG. 5 is config-
ured to receive the RGB-synchronized image data from the
RBG synchronization unit 502. The first filter unit 503 is
also configured to apply spatial filtering processes to each
color signal of the RGB color signals independently. This
first filtering process is to prevent the distortion correction
from causing that a high frequency component of the image
be folded to deteriorate the quality of image when com-
pressing the center portion of the image. The first filter unit
503 acts as a low pass filter. Characteristics of the low pass
filter can be adapted in accordance with the angle of view or
zooming position.

[0147] FIG. 10 is a view illustrating an image 10000 that
has been outputted from the image sensor 102 shown in
FIG. 1 and another image 20000 that has been obtained by
correcting the distortion of the image 10000. When the
image 10000 outputted from the image sensor 102 is sub-
jected to a distortion-correction process to obtain the image
20000, a reduction process is applied to a portion of the
image 10000. Namely, the image 10000 includes a center
region 1001 and a peripheral region 1002. The reduction
process is applied to the center region 1001 only. A magni-
fication process is applied to the peripheral region 1002.

[0148] FIG. 11 is a view illustrating an example of a
configuration of the first filter unit 503 shown in FIG. 5. As
shown in FIG. 11, the first filter unit 503 may be configured
as a 3x3 spatial filter. Setting coefficients C11, - - - , C33
permits the 3x3 spatial filter to act as a low pass filter. The
coefficients C11, - - - , C33 are stored in a register. The
coeflicients C11, - - - , C33 need to be changed in accordance
with the coordinate positions of the pixels. For example, in
accordance with the peripheral region 1002, only the coef-
ficient C22 is set to be “1”, the remaining coefficients C11,
- - -, C21 are set to be “0” to prevent the filter from being
activated. The coefficients of the center region 1001 may
depend on the coordinate positions. The coefficients vary in
accordance with the reduction rate in order to improve the
quality of image. The reduction rate is determined based on
the degree of distortion and the angle of view.

[0149] The first filter unit 503 shown in FIG. 11 is
configured to allow setting all coefficients independently
taking into account the effect of distortion. If a deterioration
of the quality of image is accepted and the distortion is
symmetrical in vertical and horizontal directions, then it is
possible as a modification for the first filter unit 503 to have
a reduced circuit scale with a reduced number of multipliers.
An addition of the pixel data of symmetrical positions in
vertical and horizontal directions is operated prior to the
multiplication of the common coefficients.

[0150] Tt is also possible that the center region 1001 and
the peripheral region 1002 have constant coefficients,
respectively, even the quality of image can be deteriorated.
A boundary between the center region 1001 and the periph-
eral region 1002 needs to be gradated. If the distortion is
large and the reduction rate of the center region 1001 is
large, then a larger circuit scale is necessary for the first filter
unit 503. A 4x4 or 5x5 spatial filter is necessary for the first

Dec. 7, 2006

filter unit 503. The configuration of the first filter unit 503
should not be limited to the matrix filter illustrated in this
embodiment.

[0151] The aberration correction unit 504 is configured to
receive the filtered image signals from the first filter unit 503
independently for each of the RGB colors. The filtered
image has the center region that has been low-pass-filtered,
the center region being compressed by the distortion cor-
rection.

[0152] FIG. 12 is a view illustrating an example of a
configuration of the aberration correction unit 504 shown in
FIG. 5. The aberration correction unit 504 may include, but
is not limited to, a corresponding coordinate calculation unit
1201, an IF pixel memory 1202, an adjacent pixel data read
unit 1203, and a corrected pixel value arithmetic unit 1204.
The corresponding coordinate calculation unit 1201 is con-
figured to calculate a coordinate position having a distortion
on the image, the calculated coordinate position correspond-
ing to coordinates of the distortion-corrected image data.
Namely, the corresponding coordinate calculation unit 1201
is configured to calculate original coordinate values on the
original image that has not yet been subjected to optical
distortion correction or magnification chromatic aberration
correction.

[0153] The IF pixel memory 1202 is configured to receive
the filtered image data from the first filter unit 503, and to
store the filtered image data. The adjacent pixel data read
unit 1203 is configured to receive the calculated coordinate
position from the corresponding coordinate calculation unit
1201. The adjacent pixel data read unit 1203 is configured to
calculate coordinates of adjacent pixel data that have been
stored in the IF pixel memory 1202. The calculated coordi-
nates need to obtain pixel data of the target coordinates
calculated by the corresponding coordinate calculation unit
1201. The adjacent pixel data read unit 1203 is configured to
read, from the IF pixel memory 1202, data of the calculated
coordinates. The read data represent the adjacent pixel data.
The corrected pixel value arithmetic unit 1204 is configured
to receive the calculated coordinate position from the cor-
responding coordinate calculation unit 1201. The corrected
pixel value arithmetic unit 1204 is also configured to receive
the adjacent pixel data from the adjacent pixel data read unit
1203. The corrected pixel value arithmetic unit 1204 is
further configured to calculate pixel data of the target
coordinates, the calculation being made from the adjacent
pixel data.

[0154] Distortion correction performed by the aberration
correction unit 504 shown in FIG. 12 will be described with
reference to FIGS. 13A, 13B, and 13C. FIG. 13A is a view
illustrating a distortion-corrected image. The aberration cor-
rection unit 504 is directed to obtain pixel data of a crossing
point of a grid shown in FIG. 13A. The following descrip-
tions will be made assuming that pixel data of a pixel 1301
positioned at coordinate values (Xn, Yn) is obtained.

[0155] The coordinate values (Xn, Yn) are entered into the
corresponding coordinate calculation unit 1201. The corre-
sponding coordinate calculation unit 1201 calculates origi-
nal coordinate values (Xs, Ys) on the original image that has
not yet been subjected to optical distortion correction or
magnification chromatic aberration correction. When the
distortion may be isolated into two one-dimensional distor-
tions in vertical and horizontal axes, respectively, coordinate
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values on the vertical and horizontal axes can be calculated
independently. This calculation depends on lens design. In
case of the one-dimensional distortion, the corresponding
coordinate calculation unit 1201 can be realized by a simple
arithmetic circuit. In another case, the corresponding coor-
dinate calculation unit 1201 can also be realized by using a
table memory that stores input coordinates for addresses and
output coordinates for data corresponding to the addresses.
The original coordinate values (Xs, Ys) can be found in
accordance with a broken-line approximation method in
combination with making an interpolation method, wherein
the number of table memories is limited.

[0156] FIG. 13B is a view illustrating an image on coor-
dinates that are calculated by the corresponding coordinate
calculation unit 1201 shown in FIG. 12, wherein the image
of FIG. 13B corresponds to the image of FIG. 13A. A
coordinate position 1302 (Xs, Ys) on the calculated coordi-
nates of FIG. 13B corresponds to the coordinate position
1301 (Xn, Yn). The grid of the coordinates shown in FIG.
13B corresponds to the grid of the coordinates shown in
FIG. 13A. In FIG. 13B, the image has such a distortion that
the center portion of the image is decompressed while the
peripheral portion thereof is compressed. Namely, the cal-
culated coordinate position 1302 is physically displaced
from the target coordinate position. The calculated coordi-
nate position 1302 is positioned at the corresponding portion
of the image.

[0157] FIG. 13C is a view illustrating an image that has
been captured by the image sensor 102 shown in FIG. 1. As
shown in FIG. 13C, the image has the distortion while the
grid of the coordinates is not distorted. This means that the
image data at the coordinate position 1303 in FIG. 13C is
different from image data of the position of the target pixel.
The adjacent pixel data read unit 1203 reads, from the IF
pixel memory 1202, data of coordinate positions 1304 (Xm,
Ym), 1305 (Xn+1, Yn), 1306 (Xm, Ym+1), and 1307 (Xn+1,
Yn+1), wherein those coordinate positions 1304, 1305,
1306, and 1307 are adjacent to the coordinate position 1303.
The corrected pixel value arithmetic unit 1204 calculates
data of the coordinate position 1303 (Xs, Ys) at the target
pixel from the data of the adjacent coordinate positions
1304, 1305, 1306, and 1307, wherein the calculation is made
by interpolating the data of the coordinate position 1303
from the data of the adjacent coordinate positions 1304,
1305, 1306, and 1307.

[0158] In this embodiment, the data of the target coordi-
nate position is interpolated from data of the adjacent four
pixel positions. The interpolation calculation should not be
limited to this method. It is possible as a modification to
interpolate data of the target coordinate position from the
most adjacent pixel position. A cubic interpolation is also
available to interpolate data of the target coordinate position
from data of sixteen adjacent pixel positions. Any other
available interpolations may also be selected.

[0159] Inaccordance with this embodiment, the aberration
correction is made to each color of the RGB color signals
independently. When the optical system has the magnifica-
tion chromatic aberration, it is possible as a modification that
a degree of correction is adapted for each color. Namely, the
aberration correction can be made in combination with the
distortion correction. When the magnification chromatic
aberration of the optical system is so small as a correction to
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the magnification chromatic aberration is not needed, the
corrected pixel value arithmetic unit 1204 is commonly used
to each color. This allows a possible reduction of the circuit
scale.

[0160] In this embodiment, the optical distortion correc-
tion is made independently between in the vertical and
horizontal directions. The optical system including a coaxial
lens or lenses causes a coaxial distortion. In this case,
coordinate values can be found by Y=multinomial. The
address can be inputted as the coordinates, and table memo-
ries can be used that store corresponding data sets in
combination with output coordinates. The original coordi-
nate values can be found in accordance with a broken-line
approximation method in combination with making an inter-
polation method, wherein the number of table memories is
limited.

[0161] The magnification reduction unit 505 is configured
to receive the distortion-corrected image data from the
aberration correction unit 504. The magnification reduction
unit 505 is also configured to calculate pixel values to be
interpolated, the calculation being made in accordance with
an interpolation such as a linear interpolation or a cubit
interpolation.

[0162] FIG. 14 is a view illustrating an example of a
configuration of the magnification reduction unit 505 shown
in FIG. 5. The magnification reduction unit 505 may
include, but is not limited to, a corresponding coordinate
calculation unit 1401, an IF pixel memory 1402, an adjacent
pixel data read unit 1403, and a corrected pixel value
arithmetic unit 1404. The corresponding coordinate calcu-
lation unit 1401 is configured to calculate corresponding
coordinate values (Xs, Ys) from the input coordinate values
(Xn, Yn). The coordinate values (Xs, Ys) belong to the
original image that has not yet been subjected to the mag-
nification and reduction processes. The IF pixel memory
1402 is configured to store the distortion-corrected image
data. The adjacent pixel data read unit 1403 reads, from the
IF pixel memory 1402, data of pixels adjacent to a target
pixel in order to calculate a pixel value of the target
coordinate position. The corrected pixel value arithmetic
unit 1404 is configured to calculate the pixel value of the
target coordinate position from the adjacent pixel data.

[0163] FIG. 15 is a view illustrating an image that has
been subjected to the magnification and reduction processes.
A real line grid 1518 represents positions of pixels, for
which the input image data are stored in the IF pixel memory
1402. A broken line grid 1519 represents coordinate posi-
tions of pixels that are needed to perform the reduction
process. A pixel value of a coordinate position 1501 on the
broken line grid 1519 will be found. The coordinate position
on the broken line grid 1519 is inputted into the correspond-
ing coordinate calculation unit 1401. The coordinate posi-
tion is transformed into a transformed coordinate position on
the real line grid 1518. This transformed coordinate position
is then inputted into the adjacent pixel data read unit 1403.
The adjacent pixel data read unit 1403 calculates sixteen
coordinate positions of sixteen pixels 1502-1517 that are
adjacent to a target pixel 1501, wherein the sixteen coordi-
nate positions of sixteen pixels 1502-1517 are positioned on
the real line grid 1518. The adjacent pixel data read unit
1403 reads out sixteen sets of image data of the sixteen
adjacent pixels 1502-1517 from the IF pixel memory 1402,
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the reading operation being made with reference to the
calculated sixteen coordinate positions of the sixteen pixels
1502-1517. The adjacent pixel data read unit 1403 supplies
the sixteen sets of image data to the corrected pixel value
arithmetic unit 1404. The corrected pixel value arithmetic
unit 1404 calculates a pixel value of the target pixel 1501,
wherein the calculation may be made by a cubit interpola-
tion. The interpolation can be made with reference to the
most adjacent pixel. A linier interpolation may also be
available with reference to four adjacent pixels. Other inter-
polations may also be available.

[0164] The image data has been resized at a desired size.
The resized image data is inputted into the second filter unit
507 shown in FIG. 5. The second filter unit 507 performs a
spatial filtering process. Typical examples of the spatial
filtering process may include, but are not limited to, an
edge-enhancement filtering process and a noise-reduction
filtering process. The edge-enhancement filtering process
recovers a deteriorated resolution or definition, wherein the
deterioration has been caused by decompression of a periph-
eral portion of the image, the decompression being caused
by the correction to the distortion. The noise-reduction
filtering process reduces a noise level difference between the
peripheral and center portions of the image, wherein the
center portion of the image has a reduced noise, the reduc-
tion of noise being caused by the first filter unit 503 or by the
compression by the distortion correction.

[0165] It is preferable to selectively apply the last-men-
tioned process to only the peripheral region 1002 shown in
FIG. 10, wherein, in the peripheral region, the image
outputted from the image sensor is decompressed, and the
peripheral region 1002 depends on the angle of view or
zooming position. The center portion of the image has been
compressed without deteriorating the resolution. The above
process prevents the peripheral portion of the image from
blurring, while decompressing the image. The center portion
of the image is compressed with reducing the noise of the
center portion thereof. The above process prevents the
peripheral portion of the image from having a remarkable
noise. The center portion of the image does not need to be
subjected to the same process as the edge-enhancement
process or the noise reduction process that is applied to the
peripheral portion of the image.

[0166] The second filter unit 507 can be realized by the
same configuration of the first filter unit 503 as the low pass
filter. Setting coeflicients (C11-C33) permits the second
filter unit 507 to perform as the edge-enhancement filter. The
coeflicients (C11-C33) are stored in the register. The coef-
ficients (C11-C33) need to be changed depending upon
coordinate positions of the image. In the center region 1001
of'the image shown in FIG. 10, only the coefficient C2 is set
“1” and the other coefficients are set “0” so as to inhibit the
second filter unit 507 from performing as filter.

[0167] In accordance with the configuration shown in
FIG. 11, each of the coefficients can be set independently in
consideration of the influence of the distortion. It is possible
that the add operation is made for pixel data sets of pixels
that are positioned symmetrical in vertical and horizontal
directions before a multiplication of a common coefficient is
made, so as to reduce the number of multipliers and reduce
the circuit scale, whereas the quality of image is deteriorated
and the influence of the distortion is not removed. A large
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distortion and a large magnification ratio of the peripheral
portion of the image need a large circuit scale of the filter
unit. A large circuit scale of the filter unit such as the 4x4
scale or the 5x5 scale can improve the quality of image. The
coeflicients of the center portion 1001 and the peripheral
portion 1002 may also be constant while allowing deterio-
ration of the quality of image. A boundary between the
center region 1001 of the image and the peripheral region
1002 thereof needs to be blurred. The second filter unit 507
should not be limited to the matrix filter illustrated in this
embodiment.

[0168] The set of filtered data of the image including the
quality-recovered peripheral portion is then inputted into the
display conversion unit 510 shown in FIG. 5. The set of
filtered data is converted into a data format that needs for an
image display device such as a TFT liquid crystal panel.
Examples of the conversion may include, but are not limited
to, resizing the image or an interlace conversion for adap-
tation to the NTSC format. The converted set of data is then
supplied to the image display unit 104 shown in FIG. 1. The
set of filtered data is also supplied to the YC conversion unit
508 so that the set of filtered data is subjected to a conversion
from the RGB color space into a YCbCr color space. The set
of converted data is then supplied to the image compression
unit 509 so that the set of converted data is then compressed.
The set of compressed data is then supplied to the image
display device 105 shown in FIG. 1.

[0169] In accordance with this embodiment shown in
FIG. 5, the distortion correction process is independent from
the magnification and reduction process. Both the distortion
correction process and the magnification and reduction
process are to generate new image data of a new coordinate
position from the image data of the adjacent pixel data. Both
a function of distortion correction and another function of
magnification and reduction can be combined together.

[0170] FIG. 16 is a block diagram illustrating another
example of the configuration of the distortion correction
image processor 103 shown in FIG. 1. The distortion
correction image processor 103 may typically include, but
are not limited to, an image correction unit 501, an RGB
synchronization unit 502, a first filter unit 503, an aberration
correction magnification reduction unit 506, a second filter
unit 507, a YC conversion unit 508, an image compression
unit 509, a display conversion unit 510, and a frame memory
511. The image correction unit 501, the RGB synchroniza-
tion unit 502, the first filter unit 503, the second filter unit
507, the YC conversion unit 508, the image compression
unit 509, the display conversion unit 510, and the frame
memory 511 shown in FIG. 16 are the same as those shown
in FIG. 5. The aberration correction magnification reduction
unit 506 shown in FIG. 16 corresponds to a combination of
the aberration correction unit 504 and the magnification
reduction unit 505 shown in FIG. 5. Use of the aberration
correction magnification reduction unit 506 reduces the
circuit scale of the distortion correction image processor
103.

[0171] FIG. 17 is a block diagram illustrating still another
example of the configuration of the distortion correction
image processor 103 shown in FIG. 1. The distortion
correction image processor 103 may typically include, but
are not limited to, an image correction unit 501, a first filter
unit 1703, an aberration correction magnification reduction
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unit 1706, an RGB synchronization unit 1702, a second filter
unit 507, a YC conversion unit 508, an image compression
unit 509, a display conversion unit 510, and a frame memory
511. The image correction unit 501, the second filter unit
507, the YC conversion unit 508, the image compression
unit 509, the display conversion unit 510, and the frame
memory 511 shown in FIG. 17 are the same in function and
operation as those shown in FIG. 16.

[0172] In accordance with this configuration, the first filter
unit 1703 reads out the image data in the Bayer array from
the frame memory 511. The first filter unit 1703 applies the
low pass filtering process to the center portion of the image.
The aberration correction magnification reduction unit 1706
receives the filtered image data from the first filter unit 1703.
The aberration correction magnification reduction unit 1706
performs both the distortion correction process and the
magnification and reduction process to the filtered image
data. The RGB synchronization unit 1702 receives, from the
aberration correction magnification reduction unit 1706, the
image data that have been subjected to the distortion cor-
rection process and the magnification and reduction process.
The RGB synchronization unit 1702 performs the RGB
synchronization process to the image data. The second filter
unit 507 receives, from the RGB synchronization unit 1702,
the image data that have been subjected to the RGB syn-
chronization process. The second filter unit 507 performs the
same process as described above to the image data. The YC
conversion unit 508, the image compression unit 509, and
the display conversion unit 510 perform the same processes
as described above.

[0173] Similarly to the above-described configurations
shown in FIGS. 5 and 16, the configuration shown in FIG.
17 permits the distortion correction independently for each
color of RGB. This correction can be made for only the same
color of the adjacent pixels to the target pixel. This con-
figuration is not so suitable to correct the magnification
chromatic aberration of a high quality of image. Simplifying
the circuit can make it difficult to correct the magnification
chromatic aberration.

[0174] FIG. 18 is a block diagram illustrating yet another
example of the configuration of the distortion correction
image processor 103 shown in FIG. 1. The distortion
correction image processor 103 may typically include, but
are not limited to, an image correction unit 501, an RGB
synchronization unit 502, a YC conversion unit 1808, a first
filter unit 1803, an aberration correction magnification
reduction unit 1806, a second filter unit 1807, an image
compression unit 509, a display conversion unit 1810, and a
frame memory 511. The image correction unit 501, the RGB
synchronization unit 502, the image compression unit 509,
and the frame memory 511 shown in FIG. 18 are the same
in view of fimction and operation as the functions and
operations those shown in FIG. 5. The display conversion
unit 1810 shown in FIG. 18 is the same in view of function
and operation as the display conversion unit 510 shown in
FIG. 5. The aberration correction magnification reduction
unit 1806 shown in FIG. 18 corresponds to a combination
of the aberration correction unit 504 and the magnification
reduction unit 505 shown in FIG. 5.

[0175] In accordance with this configuration, the RGB
synchronization unit 502 reads out the image data in the
Bayer array from the frame memory 511. The RGB syn-
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chronization unit 502 performs the RGB synchronization
process to the image data. The YC conversion unit 1808
receives the RGB synchronized image data from the RGB
synchronization unit 502. The YC conversion unit 1808
converts the RGB synchronized image data into luminance
and chrominance signals (YCbCr signals). The first filter
unit 1803 receives the luminance and chrominance signals
from the YC conversion unit 1808. The first filter unit 1803
applies a low pass filtering process to each of the luminance
and chrominance signals for the center portion of the image.
The aberration correction magnification reduction unit 1806
receives the filtered image data from the first filter unit 1803.
The aberration correction magnification reduction unit 1806
applies both the aberration correction process and the mag-
nification reduction process to the filtered image data. The
second filter unit 1807 receives the image data from the
aberration correction magnification reduction unit 1806. The
second filter unit 1807 performs the edge-enhancement
filtering process and the noise reduction filtering process of
the image data.

[0176] As compared to the above-described configurations
shown in FIGS. 5 and 16, the configuration shown in FIG.
18 is not so suitable to perform the correction to the
magnification chromatic aberration because the aberration
correction is made for each color of RGB independently.
The configuration shown in FIG. 18 applies highly accurate
processes to the luminance signal only, wherein the resolu-
tion largely depends on the luminance signal. The configu-
ration shown in FIG. 18 can realize both the high quality
image and the low cost.

[0177] FIG. 19 is a block diagram illustrating a further
example of the configuration of the distortion correction
image processor 103 shown in FIG. 1. The distortion
correction image processor 103 may typically include, but
are not limited to, an image correction unit 501, a first filter
unit 1703, an aberration correction magnification reduction
unit 1706, an RGB synchronization unit 1702, a YC con-
version unit 1908, a second filter unit 1907, an image
compression unit 509, a display conversion unit 1910, and a
frame memory 511. The image correction unit 501, the
aberration correction magnification reduction unit 1706, the
RGB synchronization unit 1702, the image compression unit
509, and the frame memory 511 shown in FIG. 19 are the
same in view of function and operation as those shown in
FIG. 17. The display conversion unit 1910 shown in FIG.
19 is the same in view of fimction and operation as the
display conversion unit 510 shown in FIG. 17.

[0178] In accordance with this configuration, the first filter
unit 1703 reads out the image data in the Bayer array from
the frame memory 511. The first filter unit 1703 applies the
low pass filtering process to the center portion of the image.
The aberration correction magnification reduction unit 1706
receives the filtered image data from the first filter unit 1703.
The aberration correction magnification reduction unit 1706
performs both the distortion correction process and the
magnification and reduction process to the filtered image
data. The RGB synchronization unit 1702 receives, from the
aberration correction magnification reduction unit 1706, the
image data that have been subjected to the distortion cor-
rection process and the magnification and reduction process.
The RGB synchronization unit 1702 performs the RGB
synchronization process to the image data. The YC conver-
sion unit 1908 receives, from the RGB synchronization unit
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1702, the image data that have been subjected to the RGB
synchronization process. The YC conversion unit 1908
converts the image data into luminance and chrominance
signals (YCbCr signals). The second filter unit 1907 receives
the luminance and chrominance signals (YCbCr signals)
from the YC conversion unit 1908. The second filter unit
1907 performs the edge-enhancement filtering process and
the noise reduction filtering process of the image data.

[0179] As compared to the above-described configurations
shown in FIGS. 5 and 16, the configuration shown in FIG.
19 is not so suitable to perform the correction to the
magnification chromatic aberration because the aberration
correction is made for each color of RGB independently.
The configuration shown in FIG. 19 applies highly accurate
processes to the luminance signal only, wherein the resolu-
tion largely depends on the luminance signal. The configu-
ration shown in FIG. 19 can realize both the high quality
image and the low cost.

[0180] In accordance with the present embodiments, the
image pickup device can be realized by a digital camera. The
following descriptions are directed to a user interface and a
method of operating the user interface. The digital camera
simultaneously can be configured to pickup both images,
namely, a telescope image and a wide angle image from the
original image data. The original image data has been
captured by an optical system that has a distortion. The
digital camera can also be configured to set three different
types of image pickup modes, namely, a normal pickup
mode, a wide angle and telescope simultaneous pickup
mode, and a wide angle monitoring and telescope pickup
mode. The wide angle and telescope simultaneous pickup
mode is suitable for picking up simultaneously both the wide
angle image and the telescope image that has a magnified
center portion. The wide angle monitoring and telescope
pickup mode is suitable for picking up a magnified image,
while following to a rapidly moving object.

[0181] FIG. 20 is a view illustrating an example of a
process flow of sequentially switching the three types of
image pickup modes by using a switch. The three types of
image pickup modes can be switched in the sequence shown
in FIG. 20. Switching the three types of image pickup
modes using the switch needs to show the currently selected
mode to a photographer.

[0182] FIG. 21 is a view illustrating a process flow for
switching among an image 31000 captured in the wide
monitoring and telescope pickup mode, another image
32000 captured in the wide angle and telescope simulta-
neous pickup mode, still another image 33000 captured in
the telescope pickup mode, and yet another image 34000
captured in the wide angle pickup mode. The images 33000
and 34000 are captured in the telescope pickup mode and the
wide angle pickup mode. The images 33000 and 34000 are
displayed in the normal color display mode. The image
31000 is captured in the wide monitoring and telescope
pickup mode. The image 31000 is displayed in the special
display mode. The displayed image 31000 includes an
actually captured image portion and a non-recorded image
portion. The actually captured image portion is encom-
passed by a frame. The non-recorded image portion is
positioned outside the frame. In one case, the actually
captured image portion may be displayed in the normal color
display mode, while the non-recorded image portion may be
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displayed in a monochrome display mode. In another case,
the display is made to differentiate the luminance between
the actually captured image portion and the non-recorded
image portion. In still another case, the display is made to
selectively enhance the color tone or to selectively lighten
the color.

[0183] The image 32000 is captured in the wide angle and
telescope simultaneous pickup mode. The image 32000 is
displayed in the normal wide angle display mode, while a
frame is further displayed to notity, to the photographer, that
the current mode is the wide angle and telescope simulta-
neous pickup mode, wherein the image portion inside the
frame is simultaneously captured in the telescope pickup
mode. The photographer can recognize, from viewing a
monitor such as a TFT liquid crystal display, that the current
mode is the wide angle and telescope simultaneous pickup
mode.

[0184] FIG. 22A is a view illustrating an example of a
configuration of the operating unit 107 shown in FIG. 1, the
operating unit 107 being used to switch among the image
pickup modes shown in FIG. 21. FIG. 22B is a view
illustrating another example of the configuration of the
operating unit 107 shown in FIG. 1, the operating unit 107
being used to switch among the image pickup modes shown
in FIG. 21. FIG. 22C is a view illustrating still another
example of the configuration of the operating unit 107
shown in FIG. 1, the operating unit 107 being used to switch
among the image pickup modes shown in FIG. 21. FIG.
22D is a view illustrating yet another example of the
configuration of the operating unit 107 shown in FIG. 1, the
operating unit 107 being used to switch among the image
pickup modes shown in FIG. 21. Operations of the digital
camera will be described with reference to FIG. 22A. A
photographer operates a mode button 2202 to select a
desired mode from the three different types of image pickup
mode. When either one is selected of the wide angle and
telescope simultaneous pickup mode and the wide monitor-
ing and telescope pickup mode, it is necessary to permit the
photographer to set zooming ratio for each of the telescope
image pickup and the wide angle image pickup indepen-
dently. In accordance with the example shown in FIG. 22A,
the operating unit 107 has a first pair of a telescope button
Tele12205 and a wide angle button Wide12206 for the wide
angle image pickup and a second pair of a telescope button
Tele22207 and a wide angle button Wide22208 for the
telescope image pickup. Both angles of view can be set for
the situation of an object. After the angle of view has been
determined, a shutter button 2201 is pushed to capture an
image.

[0185] It is not essential that two pairs of the zooming
buttons, namely, wide angle and telescope buttons are pro-
vided for the wide angle image pickup and the telescope
image pickup. It is possible as shown in FIG. 22B that a
single pair of zooming buttons, namely, wide angle and
telescope buttons 2209 and 2210 is provided in combination
with a telescope/wide switching button 2203. In this case, it
is preferable to provide the telescope/wide switching button
2203 adjacent to the single-paired wide angle and telescope
buttons 2209 and 2210. The currently selected image pickup
mode is represented by a character or characters or a symbol
or symbols on a monitor, or a different color of the frame to
permit the photographer to recognize the same. As shown in
FIG. 22C, it is also possible that a switching lever 2204 is
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provided which acts as both the zooming buttons and the
mode switch. As shown in FIG. 22D, it is also possible that
display lumps 2211 are provided in addition to the switching
lever 2204 shown in FIG. 22C. The display lumps 2211 can,
for example, be realized by light emitting diodes. The digital
camera is configured to switch the image pickup mode
during the image pickup operation.

[0186] FIGS. 22A through 22D show simultaneously
picking up two frames, namely, a wide angle frame and a
telescope frame. The digital camera is configured to simul-
taneously pick up three or more frames of different angles of
view from the original image that has been captured by the
optical system having the distortion. In this case, the con-
figuration of FIG. 22A needs to have an additional pair of
telescope and wide buttons, while the other configurations
shown in FIGS. 22B, 22C and 22D do not need to be
modified.

[0187] With reference again to FIGS. 20 and 21, descrip-
tions will be made which are directed to relationships
between operating buttons and displays in the wide angle
and telescope simultaneous pickup mode and the wide
monitoring and telescope pickup mode.

[0188] As shown in FIG. 20, when the image 34000
captured in the wide angle pickup mode M1 is displayed,
pushing the mode button switches the wide angle pickup
mode M1 into the wide angle and telescope simultaneous
pickup mode M2. When the image 32000 captured in the
wide angle and telescope simultaneous pickup mode M2 is
displayed, pushing the mode button switches the wide angle
and telescope simultaneous pickup mode M2 into the wide
monitoring and telescope pickup mode M3. When the image
31000 captured in the wide monitoring and telescope pickup
mode M3 is displayed, pushing the mode button switches the
wide monitoring and telescope pickup mode M3 into the
wide angle pickup mode M1. When the image 34000
captured in the wide angle pickup mode M1 is displayed,
pushing the telescope button switches the wide angle pickup
mode into the telescope pickup mode to display the image
33000. When the image 33000 captured in the telescope
pickup mode is displayed, pushing the wide angle button
switches the telescope pickup mode into the wide angle
pickup mode to display the image 34000 again.

[0189] FIG. 23 is a view illustrating first to sixth images
that are switched by operating the telescope/wide witching
button and adjusting the zooming ratio in either the wide
angle and telescope simultaneous pickup mode or the wide
monitoring and telescope pickup mode in the camera with
the operating unit shown in FIG. 22C.

[0190] FIG. 23 shows first to sixth images 41000, 42000,
43000, 44000, 45000, and 46000, each of which includes a
center portion and a peripheral portion. The center portion of
the image is a telescope image portion that is captured in the
telescope pickup mode. The peripheral portion of he image
is a wide angle image portion that is captured in the wide
angle pickup mode. For each of the first to third images
41000, 42000, and 43000, the peripheral image portion is
encompassed by a broad real line, while the center image
portion is encompassed by a narrow real line. This means
that the peripheral image portion as the wide angle image
portion is placed in condition for a zooming adjustment. For
each of the fourth to sixth images 44000, 45000, and 46000,
the peripheral image portion is encompassed by the narrow
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real line, while the center image portion is encompassed by
the broad real line. This means that the center image portion
as the telescope image portion is placed in condition for a
zooming adjustment.

[0191] In FIG. 23, the second image 42000 is captured in
the wide angle and telescope simultaneous pickup mode.
The wide angle image portion as the peripheral image
portion of the second image 42000 is activated for the
zooming adjustment. The second image 42000 includes the
zoom-adjustment effective portion as the wide angle image
portion that is encompassed by the broad real line as a frame.
Changing the width of the frame line, the color thereof, or
the luminance thereof can notify a user that which portion of
the image is currently activated for zooming adjustment.

[0192] The switch lever 2204 turns right to zoom up and
magnify the entirety of the second image 42000 including
the frame so that the second image 42000 is switched into
the first image 41000. In contrast, the switch lever 2204
turns left to zoom down and reduce the entirety of the second
image 42000 including the frame so that the second image
42000 is switched into the third image 43000. The switch
lever 2204 is operated to change or switch between the first
and second images 41000 and 42000 or between the second
and third images 42000, and 43000, thereby notifying the
user of the image pickup region.

[0193] While displaying the second image 42000, the
switch lever 2204 is pushed to switch the zoom-adjustment
effective region from the wide angle image portion as the
peripheral image portion into the telescope image portion as
the center image portion, so that the second image 42000 is
switched into the fifth image 45000. The fifth image 45000
includes the telescope image portion as the center image
portion and the wide angle image portion as the peripheral
image portion. The telescope image portion as the center
image portion is encompassed by the broad frame line, while
the wide angle image portion as the peripheral image portion
is encompassed by the narrow frame line. The zooming
adjustment is effective to the center image portion as the
telescope image portion. While displaying the fifth image
45000, the switch lever 2204 turns right to shrink or reduce
the frame encompassing the center image portion as the
telescope image portion, while the entirety of the image
remains unchanged. The fifth image 45000 is switched into
the fourth image 44000. Shrinkage or reduction of the frame
makes narrow the image pickup portion that is subjected to
the image pickup with magnification to obtain a more
telescopic image.

[0194] In contrast, the switch lever 2204 turns left to
enlarge or magnify the frame encompassing the center
image portion as the telescope image portion, while the
entirety of the image remains unchanged. The fifth image
45000 is switched into the sixth image 46000. The enlarged
or magnified broad frame encompasses the image portion
that is subjected to the image pickup with magnification.
Enlargement or magnification of the frame makes wide the
image pickup portion that is subjected to the image pickup
with magnification. The switch lever 2204 is operated to
change or switch between the fourth and fifth images 44000
and 45000 or between the fifth and sixth images 45000, and
46000, thereby notifying the user of the image pickup
region.

[0195] While displaying the fifth image 45000, the switch
lever 2204 is pushed again to switch the zoom-adjustment

Samsung Exhibit 1012, Page 47 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



US 2006/0274170 Al

effective region from the telescope image portion as the
center image portion into the wide angle image portion as
the peripheral image portion, so that the fifth image 45000
is switched into the second image 42000. The second image
42000 includes the telescope image portion as the center
image portion and the wide angle image portion as the
peripheral image portion. The telescope image portion as the
center image portion is encompassed by the narrow frame
line, while the wide angle image portion as the peripheral
image portion is encompassed by the broad frame line. The
zooming adjustment effective region is switched from the
center image portion as the telescope image portion into the
peripheral image portion as the wide angle image portion.

[0196] While displaying either one of the first to sixth
images 41000, 42000, 43000, 44000, 45000, and 46000, the
switch lever 2204 can be operated or pushed to switch the
zoom-adjustment effective region between the peripheral
image portion as the wide angle image portion and the center
image portion as the telescope image portion.

[0197] As described above, the broad frame that repre-
sents the zoom-adjustment effective region is superimposed
over the captured image that is displayed by the image
display unit 104 shown in FIG. 1. Instead of broadening the
frame, as shown in FIG. 22D, the operating unit 107 shown
in FIG. 1 can have a pair of light emitting diodes 2211 which
represents either the wide angle image portion as the periph-
eral image portion or the telescope image portion as the
center image portion is subjected to the zoom adjustment. A
liquid crystal display panel may also be provided for rep-
resenting either the wide angle image portion as the periph-
eral image portion or the telescope image portion as the
center image portion is subjected to the zoom adjustment. A
toggle switch may be used. Any combination of the above-
described elements or configurations can be used to repre-
sent either the wide angle image portion as the peripheral
image portion or the telescope image portion as the center
image portion is subjected to the zoom adjustment.

[0198] When the wide angle and telescope simultaneous
pickup mode is activated, an output signal from the image
sensor 102 is once stored in a temporary storage medium
such as a DRAM that is provided in the distortion correction
image processing unit 103. The temporary storage medium
is not illustrated. For the distortion correction image pro-
cessing unit 103, a variety of parameters such as a coeflicient
of luminance correction, a coefficient of filtering, and mag-
nification and reduction ratios are set in accordance with a
wide angle setting value or values that have been set by a
user. The above described image processing is performed to
obtain the distortion-corrected wide angle image. The dis-
tortion-corrected wide angle image is then compressed. The
compressed image is then stored in the image storage 105.

[0199] A set of image data is read out of the temporary
storage medium such as the DRAM provided in the distor-
tion correction image processing unit 103. For the distortion
correction image processing unit 103, a variety of param-
eters such as a coeflicient of luminance correction, a coef-
ficient of filtering, and magnification and reduction ratios are
set in accordance with a telescope setting value or values
that have been set by the user. The above described image
processing is performed to obtain the distortion-corrected
telescope image. The distortion-corrected telescope image is
then compressed. The compressed image is then stored in
the image storage 105.
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[0200] Activating the wide angle and telescope simulta-
neous pickup mode permits capturing both the wide angle
image and the telescope image simultaneously. A prefix may
be used for a file name of the image that is stored. The prefix
permits determining that the image has been captured in the
wide angle and telescope simultaneous pickup mode. The
recorded images are preview-displayed. The wide angle
image portion and the telescope image portion can be
displayed time-sequentially and automatically. Either one of
the wide angle image portion and the telescope image
portion can also be displayed, while representing that the
displayed image has been captured in the wide angle and
telescope simultaneous pickup mode. The displayed one can
be switched to another one by operating the switching
button. The sequence or order of generating the wide angle
image and the telescope image from the distortion-contain-
ing original image should not be limited. Either one of the
wide angle image and the telescope image can be generated
prior to generating the remaining one.

[0201] In the normal image pickup mode or the wide
monitoring and telescope pickup mode, a set of image data
is read out of the temporary storage medium such as the
DRAM provided in the distortion correction image process-
ing unit 103. For the distortion correction image processing
unit 103, a variety of parameters such as a coefficient of
luminance correction, a coeflicient of filtering, and magni-
fication and reduction ratios are set in accordance with a
view angle setting value or values that have been set by the
user. The above described image processing is performed to
obtain the distortion-corrected image. The distortion-cor-
rected image is then compressed. The compressed image is
then stored in the image storage 105. The recorded image is
preview-displayed. The image can be displayed for a period
of time, without switching the modes or the wide angle and
telescope.

[0202] The digital camera can be configured to display the
image that has been captured. The image captured in the
wide angle and telescope simultaneous pickup mode can be
displayed so that the wide angle image portion and the
telescope image portion are displayed alternately and time-
sequentially. Either one of the wide angle image portion and
the telescope image portion is displayed with representing
that the displayed one has been captured in the wide angle
and telescope simultaneous pickup mode. In this case, a
wide angle telescope switching button can be operated in
addition to a frame-by-frame button so as to switch between
the wide angle image portion and the telescope image
portion. Operating the frame-by-frame button displays the
image in a single angle of view.

[0203] The digital camera is configured to correct the
distortion of the optical system for displaying a through
image as a finder in the image display unit 104. FIG. 24A
is a view illustrating an example of an image that has been
read out at a high frame rate, the image having been captured
by an optical system having a distortion. FIG. 24B is a view
illustrating another example of an image that has been read
out at a high frame rate, the image having been captured by
an optical system having a distortion. As shown in FIG.
24A, the image sensor can often have a finder mode that
reads the image at a high frame rate while subsampling
vertical lines of the image. The image has the distortion that
compresses the peripheral portion thereof. This image is
subjected to a uniform subsampling. The uniformly sub-
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sampled image is then subjected to the distortion correction.
The distortion-corrected image is further subjected to an
interpolation to interpolate necessary lines. The interpolated
image has a large variation in line density that causes a
remarkably deteriorated quality. As shown in FIG. 24B, the
image can also be subsampled so that the peripheral portion
of the image is subjected to a high density subsampling,
while the center portion of the image is subjected to a low
density subsampling. The subsampled image is then sub-
jected to the distortion correction. The distortion-corrected
image is further subjected to an interpolation to obtain an
image that has a uniform density of lines. The above-
described modified subsampling process can obtain a high
quality through image.

[0204] Plural sets of information related to the distortion
and lens frame of the lens can be stored together with a
focusing distance and an F-value in an information storage
unit such as a ROM provided in a lens unit that includes one
or more optical lenses. The sets of information are read out
of the lens unit so as to convert the coordinates for perform-
ing filtering process, shading-correction process, and distor-
tion-correction process. This technique is applicable to the
lens-exchangeable camera. Exchanging the lens unit can
perform a variety of the distortion correction.

[0205] The outline of the zoom function of the digital
camera will be described. FIG. 25 is a view illustrating
different images for showing a zoom function of the digital
camera. A first image 51000 is an image that has been picked
up by the optical system 101 having the distortion shown in
FIG. 1. The first image 51000 has a distortion so that the first
image 51000 includes a magnified center portion and a
compressed peripheral portion. The first image 51000 has a
first closing line 2501, a second closing line 2502 and a third
closing line 2503. The first closing line 2501 is the innermost
closing line. The third closing line 2503 is an outermost
closing line. The second closing line 2502 is an intermediate
closing line. When the image pickup device can be used to
capture a wide angle image, all of pixels encompassed by the
third closing line 2503 are used to perform the distortion
correction, while compressing the enter portion of the image
and decompressing the peripheral portion of the image,
thereby obtaining a distortion-corrected second image
52000 that has the original size.

[0206] When the telescope image is obtained, all of pixels
encompassed by the first closing line 2501 in the first image
51000 are used to perform the distortion correction, while
unchanging the enter portion of the image and decompress-
ing the peripheral portion of the image, thereby obtaining a
distortion-corrected third image 53000 that has the original
size.

[0207] When an intermediate image is obtained at the
intermediate angle of view, all of pixels encompassed by the
second closing line 2502 in the first image 51000 are used
to perform the distortion correction, while compressing the
enter portion of the image and decompressing the peripheral
portion of the image, thereby obtaining a distortion-cor-
rected fourth image 54000 that has the original size. Each of
the first, second and third closing lines 2501, 2502, and 2503
represents the same angle of view among the first to fourth
images 51000, 52000, 53000, and 54000. The zooming
function can be realized without using any driving mecha-
nism. As compared to an electronically zoomed image that

Dec. 7, 2006

has been captured by a distortion-free optical system, the
telescope image obtained in the above manner has a higher
quality due to a large cutting extent and also due to no need
to magnify the center portion of the image.

[0208] The following descriptions will be directed to that
the digital camera shown in FIG. 5 captures object in the
wide angle and telescope simultaneous pickup mode. A user
uses the digital camera in the wide angle and telescope
simultaneous pickup mode while viewing or observing an
object displayed on a display monitor. At this time, the
digital camera drives the image sensor 102 in a finder mode
and obtains continuously subsampled images that have a
reduced number of lines, for example, 200. The image is
inputted into the image correction unit 501, wherein the
image is subjected to the pixel defect correction, the white
balance correction, the shading correction (the correction of
the quality of light). As described above, the correction is
made taking into account the effect by the distortion. The
corrected image data sets are sequentially stored in the frame
memory S11.

[0209] When the user is operating to determine the wide
angle of view, the image data sets are re-ordered and read out
of the frame memory 511 . The image data sets are included
in the wide angle image portion that is defined by the wide
angle of view, the wide angle image portion being displayed
on the display monitor and being also observed by the user.
The RGB synchronization unit 502 receives the Bayer array
of the read image data and applies the RGB synchronization
process to the Bayer array of the read image data. As
described above, the correction is made taking into account
the effect by the distortion.

[0210] The RGB synchronized image data is then inputted
into the first filter unit 503. The RGB synchronized image
data is filtered by the first filter unit 503. The filtering
process is performed tanking into account the effect by the
distortion. The center portion of the image is subjected to a
strong filtering. The filtering coefficient is selected so as to
reduce or shrink the image into an appropriate size for
displaying the image on the display monitor. The peripheral
portion of the image is compressed by the distortion. The
peripheral portion of the image can not be reduced, depend-
ing on the target image size and the size of the peripheral
image portion. Unreduced portion of the image is made free
from the low pass filter while the coefficient of the center
portion of the matrix filter is made 1 and other coefficients
are made 0.

[0211] The filtered image data set is inputted into the
aberration correction unit 504 so that the filtered image data
is subjected to the coordinate conversion process for cor-
recting the distortion. The image data is then inputted into
the magnification reduction unit 505 to reduce the image
size into an appropriate size to be displayed on the display
monitor. If the image includes a magnified portion, the
magnified portion is subjected to the edge-enhancement
process and the noise reduction process, both of which are
performed by the second filter unit 507.

[0212] The image data is outputted from the second filter
unit 507. The image data is then inputted into the display
conversion unit 510. The image data is converted into a
format, for example, data formats, size or scanning formats
that needs displaying the image on the display monitor. The
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converted image data is then stored in a frame memory for
display that is provided in the display conversion unit 510.
The display conversion unit 510 reads out the image data
from the frame memory for display that is provided therein.
The display conversion unit 510 supplies the display moni-
tor with the converted image data.

[0213] While the wide angle image portion is activated for
zooming adjustment, a user can operate the telescope button
2209 or the wide angle button 2210 shown in FIG. 22 so as
to switch or change the angle of view. The angle of view of
the image data to be read out of the frame memory 511 is
changed in accordance with the angle of view of the image
that is displayed on the display monitor and observed by the
user. This operation changes the degree of distortion and the
angle of view or the number of image data sets that are
outputted from the frame memory 511. In response thereto,
the process by the RGB synchronization unit 502, and
parameters of the first filter unit 503, the aberration correc-
tion unit 504, the magnification reduction unit 505, and the
second filter unit 507 are also changed.

[0214] A user can operate the telescope wide snitching
button 2203 shown in FIG. 22B to fix an angle of view of
zoom-adjusted one of the wide angle image portion and the
telescope image portion, while another one being activated
for a new zoom-adjustment. If the user operates the tele-
scope button 2209 or the wide angle button 2210 to switch
the angle of view, the angle of view remains unchanged,
which is displayed on the display monitor and observed by
the user. The display monitor continues to display the image
at the unchanged angle of view. The angle of view of the
image data to be read out of the frame memory 511 is the
fixed angle of view. The process by the RGB synchroniza-
tion unit 502, and parameters of the first filter unit 503, the
aberration correction unit 504, the magnification reduction
unit 505, and the second filter unit 507 are selected for the
fixed angle of view.

[0215] Operating the telescope button 2209 and the wide
angle button 2210 shown in FIG. 22B changes the frame
that represents the telescope image portion displayed on the
display monitor. The frame is reduced by pushing the
telescope button 2209. The frame is enlarged by pushing the
wide angle button 2210.

[0216] When the user determines the angle of view of the
telescope image portion and operates the shutter button 2201
shown in FIG. 22B, the processes such as AE/AF are
performed before the image sensor 102 is driven in the
normal image pickup mode, wherein all pixel data are output
in a progressive or interlace format. The image is inputted
into the image correction unit 501. The image is thus
subjected to the pixel defect correction, the white balance
correction, and the shading correction or correction of the
quantity of light. The corrections are made taking into
account the effect by the distortion.

[0217] The corrected image data is then stored by one
frame in the frame memory 511. In order to generate the
wide angle image portion firstly, the image data sets are
re-ordered and read out of the frame memory 511. The image
data sets are included in the wide angle image portion that
is defined by the wide angle of view, the wide angle image
portion being set by the user.

[0218] The RGB synchronization unit 502 receives the
Bayer array of the read image data and applies the RGB
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synchronization process to the Bayer array of the read image
data. As described above, the correction is made taking into
account the effect by the distortion. The RGB synchronized
image data is then inputted into the first filter unit 503. The
RGB synchronized image data is subjected to the low pass
filter process that is performed by the first filter unit 503. The
filtering process is performed tanking into account the effect
by the distortion. The center portion of the image is sub-
jected to a strong filtering. The filtering coefficient is
selected depending on the degree of reduction of the reduced
portion, the reduction being made to reduce or shrink the
image into an appropriate size that is set by the user. The
peripheral portion of the image is compressed by the dis-
tortion. The peripheral portion of the image can not be
reduced, depending on the recording image size and the size
of the peripheral image portion. In this case, a coeflicient
C22 positioned at the center of the space filter shown in FIG.
11 is set 1, while the other coefficients C11, C12, C13, C21,
(23, C31, C32, and C33 are set 0. Unreduced portion of the
image is made free from the low pass filter while the all
coeflicients of the matrix filter are set 0.

[0219] The filtered image data set is inputted into the
aberration correction unit 504 so that the filtered image data
is subjected to the coordinate conversion process for cor-
recting the distortion. The image data is then inputted into
the magnification reduction unit 505 to reduce or magnify
the image size into an appropriate size to be stored. If the
image includes a magnified portion, the magnified portion is
subjected to the edge-enhancement process and the noise
reduction process, both of which are performed by the
second filter unit 507.

[0220] The image data is outputted from the second filter
unit 507. The image data is then inputted into the display
conversion unit 510. The image data is converted into a
format, for example, data formats, size or scanning formats
that needs displaying the image on the display monitor. The
converted image data is then stored in a frame memory for
display that is provided in the display conversion unit 510.
The display conversion unit 510 reads out the image data
from the frame memory for display that is provided therein.
The display conversion unit 510 supplies the display moni-
tor with the converted image data.

[0221] The image data that is outputted from the second
filter unit 507 is also supplied to the YC conversion unit 508.
The YC conversion unit 508 converts the RGB signal to a
color space to obtain luminance and chrominance signals
(YCbCr signals). In accordance with the JPEG compression
mode, the luminance and chrominance signals are sub-
sampled to match it to the JPEG 422. The luminance and
chrominance signals in the color space are then supplied
from the YC conversion unit 508 to the image compression
unit 509. The image compression unit 509 performs the
JPEG compression of the signals. The JPEG-compressed
signals are stored as a wide angle image in an image storage
unit such as a memory card.

[0222] 1In order to generate the telescope image portion
after the generation of the wide angle image portion, the
image data sets are re-ordered and read out of the frame
memory 511. The image data sets are included in the
telescope image portion that is defined by the narrow angle
of view, the narrow angle image portion being set by the
user. The RGB synchronization unit 502 receives the Bayer
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array of the read image data and applies the RGB synchro-
nization process to the Bayer array of the read image data.
As described above, the correction is made taking into
account the effect by the distortion.

[0223] The RGB synchronized image data is then inputted
into the first filter unit 503. The RGB synchronized image
data is subjected to the low pass filter process that is
performed by the first filter unit 503. The filtering process is
performed tanking into account the effect by the distortion.
The center portion of the image is subjected to a strong
filtering. The filtering coefficient is selected depending on
the degree of reduction of the reduced portion, the reduction
being made to reduce or shrink the image into an appropriate
size that is set by the user. The peripheral portion of the
image is compressed by the distortion. The peripheral por-
tion of the image can not be reduced, depending on the
recording image size and the size of the peripheral image
portion. In this case, a coefficient C22 positioned at the
center of the space filter shown in FIG. 11 is set 1, while the
other coeflicients C11, C12, C13, C21, C23, C31, C32, and
C33 are set 0. Unreduced portion of the image is made free
from the low pass filter by activating the center portion of
coeflicients of the matrix filter. If no portion of the image is
compressed, all the coefficients of the space filter are set O
to prevent the image from being subjected to the low pass
filter.

[0224] The filtered image data set is inputted into the
aberration correction unit 504 so that the filtered image data
is subjected to the coordinate conversion process for cor-
recting the distortion. The image data is then inputted into
the magnification reduction unit 505 to reduce or magnify
the image size into an appropriate size to be stored. If the
image includes a magnified portion, the magnified portion is
subjected to the edge-enhancement process and the noise
reduction process, both of which are performed by the
second filter unit 507.

[0225] The image data is outputted from the second filter
unit 507. The image data is then inputted into the display
conversion unit 510. The image data is converted into a
format, for example, data formats, size or scanning formats
that needs displaying the image on the display monitor. The
converted image data is then stored in a frame memory for
display that is provided in the display conversion unit 510.
The display conversion unit 510 reads out the image data
from the frame memory for display that is provided therein.
The display conversion unit 510 supplies the display moni-
tor with the converted image data. Upon receipt of the
converted image data, the display conversion unit 510
switches the current wide angle image display into a tele-
scope image display.

[0226] The image data that is outputted from the second
filter unit 507 is also supplied to the YC conversion unit 508.
The YC conversion unit 508 converts the RGB signal to a
color space to obtain luminance and chrominance signals
(YCbCr signals). In accordance with the JPEG compression
mode, the luminance and chrominance signals are sub-
sampled to match it to the JPEG 422. The luminance and
chrominance signals in the color space are then supplied
from the YC conversion unit 508 to the image compression
unit 509. The image compression unit 509 performs the
JPEG compression of the signals. The JPEG-compressed
signals are stored as a wide angle image in an image storage
unit such as a memory card.
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[0227] The following descriptions will be directed to that
the digital camera shown in FIG. 16 captures object in the
wide angle and telescope simultaneous pickup mode. The
processes by the digital camera shown in FIG. 16 are almost
the same as the above described processes of the digital
camera shown in FIG. 5. The digital camera shown in FIG.
16 has the following differences in processes from the digital
camera shown in FIG. 5. The coordinate conversion process
for correcting the distortion is performed by interpolating a
target pixel data set from the adjacent pixel data set or sets.
The magnification and reduction processes for magnifying
and reducing the image into an appropriate size to be
displayed or stored are also performed by the interpolation.
Namely, both processes need the interpolation. Thus, a
calculation is made to find a coordinate position on the
original image, the coordinate position corresponding to a
target coordinate position on the corrected image. The
aberration correction and the magnification reduction pro-
cess are performed together.

[0228] The following descriptions will be directed to that
the digital camera shown in FIG. 17 captures object in the
wide angle and telescope simultaneous pickup mode. A user
uses the digital camera in the wide angle and telescope
simultaneous pickup mode while viewing or observing an
object displayed on a display monitor. At this time, the
digital camera drives the image sensor 102 in a finder mode
and obtains continuously subsampled images that have a
reduced number of lines, for example, 200. The image is
inputted into the image correction unit 501, wherein the
image is subjected to the pixel defect correction, the white
balance correction, the shading correction (the correction of
the quality of light). As described above, the correction is
made taking into account the effect by the distortion. The
corrected image data sets are sequentially stored in the frame
memory S11.

[0229] When the user is operating to determine the wide
angle of view, the image data sets are re-ordered and read out
of the frame memory 511. The image data sets are included
in the wide angle image portion that is defined by the wide
angle of view, the wide angle image portion being displayed
on the display monitor and being also observed by the user.

[0230] The Bayer array of image data is then inputted into
the first filter unit 1703. The Bayer array of image data is
filtered by the first filter unit 1703. The filtering process is
performed tanking into account the effect by the distortion.
The center portion of the image is subjected to a strong
filtering. The filtering coefficient is selected so as to reduce
or shrink the image into an appropriate size for displaying
the image on the display monitor. The peripheral portion of
the image is compressed by the distortion. The peripheral
portion of the image can not be reduced, depending on the
target image size and the size of the peripheral image
portion. In this case, a coeflicient C22 positioned at the
center of the space filter shown in FIG. 11 is set 1, while the
other coeflicients C11, C12, C13, C21, C23, C31, C32, and
C33 are set 0. Since the Bayer array of image data is filtered,
a single system circuit can be used. Notwithstanding, the
adjacent same color pixels are used and the coefficients are
set for each color independently.

[0231] The Bayer array of the filtered image data is
inputted into the aberration correction magnification reduc-
tion unit 1706. The aberration correction magnification
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reduction unit 1706 performs both the aberration correction
process and the magnification and reduction process. The
coordinate conversion process for correcting the distortion
uses interpolating the target pixel data from the adjacent
pixel data. The reduction process for reducing the image to
be displayed on the display monitor also uses interpolating
the target pixel data from the adjacent pixel data. Thus, a
calculation is made to find a coordinate position on the
original image, the coordinate position corresponding to a
target coordinate position on the corrected image. The
aberration correction and the magnification reduction pro-
cess are performed together by the aberration correction
magnification reduction unit 1706 for each color using the
same color pixels.

[0232] The Bayer array of the image data that has been
subjected to the aberration correction process and the mag-
nification and reduction process is supplied from the aber-
ration correction magnification reduction unit 1706 into the
RGB synchronization unit 1702. The Bayer array of the
image data is thus RGB-synchronized by the RGB synchro-
nization unit 1702. If the RGB-synchronized image data
includes a magnified portion, the magnified portion is sub-
jected to the edge-enhancement process and the noise reduc-
tion process, both of which are performed by the second
filter unit 507.

[0233] The image data is outputted from the second filter
unit 507. The image data is then inputted into the display
conversion unit 510. The image data is converted into a
format, for example, data formats, size or scanning formats
that needs displaying the image on the display monitor. The
converted image data is then stored in a frame memory for
display that is provided in the display conversion unit 510.
The display conversion unit 510 reads out the image data
from the frame memory for display that is provided therein.
The display conversion unit 510 supplies the display moni-
tor with the converted image data.

[0234] While the wide angle image portion is activated for
zooming adjustment, a user can operate the switch lever
2204 shown in FIG. 22C so as to switch or change the angle
of view. The angle of view of the image data to be read out
of the frame memory 511 is changed in accordance with the
angle of view of the image that is displayed on the display
monitor and observed by the user. This operation changes
the degree of distortion and the angle of view or the number
of image data sets that are outputted from the frame memory
511. In response thereto, the process by the RGB synchro-
nization unit 502, and parameters of the first filter unit 1703,
the aberration correction magnification reduction unit 1706,
and the second filter unit 507 are also changed.

[0235] A user can operate or push the switching lever 2204
shown in FIG. 22C to fix an angle of view of an adjusted
one of the wide angle image portion and the telescope image
portion, while another one being activated for a view angle
adjustment. If the user operates the switching lever 2204
shown in FIG. 22C for zoom adjustment, the angle of view
remains unchanged, which is displayed on the display moni-
tor and observed by the user. The display monitor continues
to display the image at the unchanged angle of view. The
angle of view of the image data to be read out of the frame
memory 511 is the fixed angle of view. The process by the
RGB synchronization unit 502, and parameters of the first
filter unit 1703, the aberration correction magnification
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reduction unit 1706, and the second filter unit 507 are
selected for the fixed angle of view.

[0236] Operating the switching lever 2204 shown in FIG.
22C changes the frame that represents the telescope image
portion displayed on the display monitor. The frame is
reduced by having the switching lever 2204 turn right to
telescope. The frame is enlarged by having the switching
lever 2204 turn left to wide.

[0237] When the user determines the angle of view of the
telescope image portion and operates the shutter button 2201
shown in FIG. 22C, the processes such as AE/AF are
performed before the image sensor 102 is driven in the
normal image pickup mode, wherein all pixel data are output
in a progressive or interlace format. The image is inputted
into the image correction unit 501. The image is thus
subjected to the pixel defect correction, the white balance
correction, and the shading correction or correction of the
quantity of light. The corrections are made taking into
account the effect by the distortion.

[0238] The corrected image data is then stored by one
frame in the frame memory 511. In order to generate the
wide angle image portion firstly, the image data sets are
re-ordered and read out of the frame memory 511. The image
data sets are included in the wide angle image portion that
is defined by the wide angle of view, the wide angle image
portion being set by the user.

[0239] The read image data is then inputted into the first
filter unit 1703. The image data is subjected to the low pass
filter process that is performed by the first filter unit 1703.
The filtering process is performed tanking into account the
effect by the distortion. The center portion of the image is
subjected to a strong filtering. The filtering coefficient is
selected depending on the degree of reduction of the reduced
portion, the reduction being made to reduce or shrink the
image into an appropriate size that is set by the user. The
peripheral portion of the image is compressed by the dis-
tortion. The peripheral portion of the image can not be
reduced, depending on the target image size and the size of
the peripheral image portion. In this case, a coefficient C22
positioned at the center of the space filter shown in FIG. 11
is set 1, while the other coefficients C11, C12, C13, C21,
(23, C31, C32, and C33 are set 0. Unreduced portion of the
image is made free from the low pass filter by activating the
center portion of coefficients of the matrix filter. Since the
Bayer array of the image data is filtered, the adjacent same
color pixels are used and the coefficients are set for each
color independently.

[0240] The Bayer array of the filtered image data is
inputted into the aberration correction magnification reduc-
tion unit 1706. The aberration correction magnification
reduction unit 1706 performs both the aberration correction
process and the magnification and reduction process. The
coordinate conversion process for correcting the distortion
uses interpolating the target pixel data from the adjacent
pixel data. The reduction process for reducing the image to
be displayed on the display monitor also uses interpolating
the target pixel data from the adjacent pixel data. Thus, a
calculation is made to find a coordinate position on the
original image, the coordinate position corresponding to a
target coordinate position on the corrected image. The
aberration correction and the magnification reduction pro-
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cess are performed together by the aberration correction
magnification reduction unit 1706 for each color using the
same color pixels.

[0241] The Bayer array of the image data that has been
subjected to the aberration correction process and the mag-
nification and reduction process is supplied from the aber-
ration correction magnification reduction unit 1706 into the
RGB synchronization unit 1702. The Bayer array of the
image data is thus RGB-synchronized by the RGB synchro-
nization unit 1702. If the RGB-synchronized image data
includes a magnified portion, the magnified portion is sub-
jected to the edge-enhancement process and the noise reduc-
tion process, both of which are performed by the second
filter unit 507.

[0242] The image data is outputted from the second filter
unit 507. The image data is then inputted into the display
conversion unit 510. The image data is converted into a
format, for example, data formats, size or scanning formats
that needs displaying the image on the display monitor. The
converted image data is then stored in a frame memory for
display that is provided in the display conversion unit 510.
The display conversion unit 510 reads out the image data
from the frame memory for display that is provided therein.
The display conversion unit 510 supplies the display moni-
tor with the converted image data.

[0243] The image data that is outputted from the second
filter unit 507 is also supplied to the YC conversion unit 508.
The YC conversion unit 508 converts the RGB signal to a
color space to obtain luminance and chrominance signals
(YCbCr signals). In accordance with the JPEG compression
mode, the luminance and chrominance signals are sub-
sampled to match it to the JPEG 422. The luminance and
chrominance signals in the color space are then supplied
from the YC conversion unit 508 to the image compression
unit 509. The image compression unit 509 performs the
JPEG compression of the signals. The JPEG-compressed
signals are stored as a wide angle image in an image storage
unit such as a memory card.

[0244] In order to generate the telescope image portion
after the generation of the wide angle image portion, the
image data sets are re-ordered and read out of the frame
memory 511. The image data sets are included in the
telescope image portion that is defined by the narrow angle
of view, the narrow angle image portion being set by the
user. The read image data is then inputted into the first filter
unit 1703. The image data is subjected to the low pass filter
process that is performed by the first filter unit 1703. The
filtering process is performed tanking into account the effect
by the distortion. The center portion of the image is sub-
jected to a strong filtering. The filtering coefficient is
selected depending on the degree of reduction of the reduced
portion, the reduction being made to reduce or shrink the
image into an appropriate size that is set by the user. The
peripheral portion of the image is compressed by the dis-
tortion. The peripheral portion of the image can not be
reduced, depending on the recording image size and the size
of the peripheral image portion. In this case, a coeflicient
(22 positioned at the center of the space filter shown in FIG.
11 is set 1, while the other coefficients C11, C12, C13, C21,
(23, C31, C32, and C33 are set 0. Unreduced portion of the
image is made free from the low pass filter by activating the
center portion of coefficients of the matrix filter. Since the
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Bayer array of the image data is filtered, the adjacent same
color pixels are used and the coefficients are set for each
color independently.

[0245] The Bayer array of the filtered image data is
inputted into the aberration correction magnification reduc-
tion unit 1706. The aberration correction magnification
reduction unit 1706 performs both the aberration correction
process and the magnification and reduction process. The
coordinate conversion process for correcting the distortion
uses interpolating the target pixel data from the adjacent
pixel data. The reduction process for reducing the image to
be displayed on the display monitor also uses interpolating
the target pixel data from the adjacent pixel data. Thus, a
calculation is made to find a coordinate position on the
original image, the coordinate position corresponding to a
target coordinate position on the corrected image. The
aberration correction and the magnification reduction pro-
cess are performed together by the aberration correction
magnification reduction unit 1706 for each color using the
same color pixels.

[0246] The Bayer array of the image data that has been
subjected to the aberration correction process and the mag-
nification and reduction process is supplied from the aber-
ration correction magnification reduction unit 1706 into the
RGB synchronization unit 1702. The Bayer array of the
image data is thus RGB-synchronized by the RGB synchro-
nization unit 1702. If the RGB-synchronized image data
includes a magnified portion, the magnified portion is sub-
jected to the edge-enhancement process and the noise reduc-
tion process, both of which are performed by the second
filter unit 507.

[0247] The image data is outputted from the second filter
unit 507. The image data is then inputted into the display
conversion unit 510. The image data is converted into a
format, for example, data formats, size or scanning formats
that needs displaying the image on the display monitor. The
converted image data is then stored in a frame memory for
display that is provided in the display conversion unit 510.
The display conversion unit 510 reads out the image data
from the frame memory for display that is provided therein.
The display conversion unit 510 supplies the display moni-
tor with the converted image data. Upon receipt of the
converted image data, the display conversion unit 510
switches the current wide angle image display into a tele-
scope image display.

[0248] The image data that is outputted from the second
filter unit 507 is also supplied to the YC conversion unit 508.
The YC conversion unit 508 converts the RGB signal to a
color space to obtain luminance and chrominance signals
(YCbCr signals). In accordance with the JPEG compression
mode, the luminance and chrominance signals are sub-
sampled to match it to the JPEG 422. The luminance and
chrominance signals in the color space are then supplied
from the YC conversion unit 508 to the image compression
unit 509. The image compression unit 509 performs the
JPEG compression of the signals. The JPEG-compressed
signals are stored as a wide angle image in an image storage
unit such as a memory card.

[0249] The following descriptions will be directed to that
the digital camera shown in FIG. 18 captures object in the
wide angle and telescope simultaneous pickup mode. A user
uses the digital camera in the wide angle and telescope
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simultaneous pickup mode while viewing or observing an
object displayed on a display monitor. At this time, the
digital camera drives the image sensor 102 in a finder mode
and obtains continuously subsampled images that have a
reduced number of lines, for example, 200. The image is
inputted into the image correction unit 501, wherein the
image is subjected to the pixel defect correction, the white
balance correction, the shading correction (the correction of
the quality of light). As described above, the correction is
made taking into account the effect by the distortion. The
corrected image data sets are sequentially stored in the frame
memory S11.

[0250] When the user is operating to determine the wide
angle of view, the image data sets are re-ordered and read out
of the frame memory 511. The image data sets are included
in the wide angle image portion that is defined by the wide
angle of view, the wide angle image portion being displayed
on the display monitor and being also observed by the user.
The RGB synchronization unit 502 receives the Bayer array
of the read image data and applies the RGB synchronization
process to the Bayer array of the read image data. As
described above, the correction is made taking into account
the effect by the distortion.

[0251] The RGB synchronized image data is then inputted
into the YC conversion unit 1808. The YC conversion unit
1808 converts the RGB signal to a color space to obtain
luminance and chrominance signals (YCbCr signals). The
luminance and chrominance signals in the color space are
then supplied from the YC conversion unit 1808 to the first
filter unit 1803. The luminance and chrominance signals are
low-pass filtered by the first filter unit 1803. The filtering
process is performed tanking into account the effect by the
distortion. The center portion of the image is subjected to a
strong filtering. The filtering coefficient is selected so as to
reduce or shrink the image into an appropriate size for
displaying the image on the display monitor. The peripheral
portion of the image is compressed by the distortion. The
peripheral portion of the image can not be reduced, depend-
ing on the target image size and the size of the peripheral
image portion. In this case, a coefficient C22 positioned at
the center of the space filter shown in FIG. 11 is set 1, while
the other coefficients C11, C12, C13, C21, C23, C31, C32,
and C33 are set 0.

[0252] The filtered luminance and chrominance signals
are inputted into the aberration correction magnification
reduction unit 1806. The aberration correction magnification
reduction unit 1806 performs both the aberration correction
process and the magnification and reduction process. The
coordinate conversion process for correcting the distortion
uses interpolating the target pixel data from the adjacent
pixel data. The reduction process for reducing the image to
be displayed on the display monitor also uses interpolating
the target pixel data from the adjacent pixel data. Thus, a
calculation is made to find a coordinate position on the
original image, the coordinate position corresponding to a
target coordinate position on the corrected image. The
aberration correction and the magnification reduction pro-
cess are performed together by the aberration correction
magnification reduction unit 1806 for each color using the
same color pixels. If the luminance and chrominance signals
include a magnified portion, the magnified portion is sub-
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jected to the edge-enhancement process and the noise reduc-
tion process, both of which are performed by the second
filter unit 1807.

[0253] The luminance and chrominance signals are sup-
plied from the second filter unit 1807 into the display
conversion unit 1810. The image data is converted into a
format, for example, data formats, size or scanning formats
that needs displaying the image on the display monitor. The
converted image data is then stored in a frame memory for
display that is provided in the display conversion unit 1810.
The display conversion unit 1810 reads out the image data
from the frame memory for display that is provided therein.
The display conversion unit 1810 supplies the display moni-
tor with the converted image data.

[0254] While the wide angle image portion is activated for
zooming adjustment, a user can operate the telescope button
2205 or the wide button 2206 shown in FIG. 22A so as to
switch or change the angle of view. The angle of view of the
image data to be read out of the frame memory 511 is
changed in accordance with the angle of view of the image
that is displayed on the display monitor and observed by the
user. This operation changes the degree of distortion and the
angle of view or the number of image data sets that are
outputted from the frame memory 511. In response thereto,
the process by the RGB synchronization unit 502, and
parameters of the YC conversion unit 1808, the first filter
unit 1803, the aberration correction magnification reduction
unit 1806, and the second filter unit 1807 are also changed.

[0255] While the telescope image portion is activated for
zooming adjustment, a user can operate or push the tele-
scope button 2207 or the wide button 2208 shown in FIG.
22A to fix an angle of view of the image data to be read out
of the frame memory 511, while continuing to read out the
angle of view of the wide angle image portion. Since the
degree of distortion and the angle of view (the number of
pixel data sets) to be outputted from the frame memory 511
remain unchanged, the process by the RBG synchronization
unit 502 and parameters of the YC conversion unit 1808, the
first filter unit 1803, the aberration correction magnification
reduction unit 1806 and the second filter unit 1807 are also
unchanged.

[0256] Operating the telescope button 2207 or the wide
button 2208 shown in FIG. 22A changes the frame that
represents the telescope image portion displayed on the
display monitor. The frame is reduced by pushing the
telescope button 2207. The frame is enlarged by pushing the
wide button 2208. A user can also operate to change both the
telescope angle of view and the wide angle of view simul-
taneously.

[0257] When the user determines the angle of view of the
telescope image portion and operates the shutter button 2201
shown in FIG. 22A, the processes such as AE/AF are
performed before the image sensor 102 is driven in the
normal image pickup mode, wherein all pixel data are output
in a progressive or interlace format. The image is inputted
into the image correction unit 501. The image is thus
subjected to the pixel defect correction, the white balance
correction, and the shading correction or correction of the
quantity of light. The corrections are made taking into
account the effect by the distortion.

[0258] The corrected image data is then stored by one
frame in the frame memory 511. In order to generate the
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wide angle image portion firstly, the image data sets are
re-ordered and read out of the frame memory 511. The image
data sets are included in the wide angle image portion that
is defined by the wide angle of view, the wide angle image
portion being set by the user.

[0259] The read image data is then inputted into the RGB
synchronization unit 502. The RGB synchronization unit
502 performs the RGB synchronization of the Bayer array of
image data. The RGB-synchronized image data is performed
tanking into account the effect by the distortion. The RGB-
synchronized image data is also supplied to the YC conver-
sion unit 1808. The YC conversion unit 1808 converts the
RGB synchronized image data into luminance and chromi-
nance signals (YCbCr signals).

[0260] The first filter unit 1803 receives the luminance and
chrominance signals from the YC conversion unit 1808. The
first filter unit 1803 applies a low pass filtering process to
each of the luminance and chrominance signals for the
center portion of the image. The center portion of the image
is subjected to a strong filtering. The filtering coefficient is
selected depending on the degree of reduction of the reduced
portion, the reduction being made to reduce or shrink the
image into an appropriate size that is set by the user. The
peripheral portion of the image is compressed by the dis-
tortion. The peripheral portion of the image can not be
reduced, depending on the target image size and the size of
the peripheral image portion. In this case, a coefficient C22
positioned at the center of the space filter shown in FIG. 11
is set 1, while inactivating the other coefficients C11, C12,
C13, C21, C23, C31, C32, and C33 are set 0. Unreduced
portion of the image is made free from the low pass filter by
activating the center portion of coeflicients of the matrix
filter.

[0261] The low-pass filtered luminance and chrominance
signals are inputted into the aberration correction magnifi-
cation reduction unit 1806. The aberration correction mag-
nification reduction unit 1806 performs both the aberration
correction process and the magnification and reduction
process. The coordinate conversion process for correcting
the distortion uses interpolating the target pixel data from the
adjacent pixel data. The reduction process for reducing the
image to be displayed on the display monitor also uses
interpolating the target pixel data from the adjacent pixel
data. Thus, a calculation is made to find a coordinate
position on the original image, the coordinate position
corresponding to a target coordinate position on the cor-
rected image. The aberration correction and the magnifica-
tion reduction process are performed together by the aber-
ration correction magnification reduction unit 1806 for each
color using the same color pixels.

[0262] The luminance and chrominance signals that have
been subjected to the aberration correction process and the
magnification and reduction process is supplied from the
aberration correction magnification reduction unit 1806 into
the second filter unit 1807. If the luminance and chromi-
nance signals include a magnified portion, the magnified
portion is subjected to the edge-enhancement process and
the noise reduction process, both of which are performed by
the second filter unit 1807. The luminance and chrominance
signals are outputted from the second filter unit 1807. The
luminance and chrominance signals are then inputted into
the display conversion unit 1810. The luminance and
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chrominance signals are converted into a format, for
example, data formats, size or scanning formats that needs
displaying the image on the display monitor. The converted
image data is then stored in a frame memory for display that
is provided in the display conversion unit 1810. The display
conversion unit 1810 reads out the image data from the
frame memory for display that is provided therein. The
display conversion unit 1810 supplies the display monitor
with the converted image data.

[0263] The image data that is outputted from the second
filter unit 1807 is also supplied to the image compression
unit 509. The image compression unit 509 performs the
JPEG compression of the signals. The JPEG compression is
made by subsampling CbCr signals so as to match to the
JPEG-422 format. The JPEG-compressed signals are stored
as a wide angle image in an image storage unit such as a
memory card.

[0264] In order to generate the telescope image portion
after the generation of the wide angle image portion, the
image data sets are re-ordered and read out of the frame
memory 511. The image data sets are re-ordered and read out
of the frame memory 511. The image data sets are included
in the wide angle image portion that is defined by the wide
angle of view, the wide angle image portion being displayed
on the display monitor and being also observed by the user.
The RGB synchronization unit 502 receives the Bayer array
of the read image data and applies the RGB synchronization
process to the Bayer array of the read image data. As
described above, the correction is made taking into account
the effect by the distortion.

[0265] The RGB synchronized image data is then inputted
into the YC conversion unit 1808. The YC conversion unit
1808 converts the RGB signal to a color space to obtain
luminance and chrominance signals (YCbCr signals). The
luminance and chrominance signals in the color space are
then supplied from the YC conversion unit 1808 to the first
filter unit 1803. The luminance and chrominance signals are
low-pass filtered by the first filter unit 1803. The filtering
process is performed tanking into account the effect by the
distortion. The center portion of the image is subjected to a
strong filtering. The filtering coefficient is selected so as to
reduce or shrink the image into an appropriate size for
displaying the image on the display monitor. The peripheral
portion of the image is compressed by the distortion. The
peripheral portion of the image can not be reduced, depend-
ing on the target image size and the size of the peripheral
image portion. In this case, a coefficient C22 positioned at
the center of the space filter shown in FIG. 11 is set 1, while
the other coefficients C11, C12, C13, C21, C23, C31, C32,
and C33 are set O.

[0266] The filtered luminance and chrominance signals
are inputted into the aberration correction magnification
reduction unit 1806. The aberration correction magnification
reduction unit 1806 performs both the aberration correction
process and the magnification and reduction process. The
coordinate conversion process for correcting the distortion
uses interpolating the target pixel data from the adjacent
pixel data. The reduction process for reducing the image to
be displayed on the display monitor also uses interpolating
the target pixel data from the adjacent pixel data. Thus, a
calculation is made to find a coordinate position on the
original image, the coordinate position corresponding to a
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target coordinate position on the corrected image. The
aberration correction and the magnification reduction pro-
cess are performed together by the aberration correction
magnification reduction unit 1806 for each color using the
same color pixels.

[0267] If the luminance and chrominance signals include
a magnified portion, the magnified portion is subjected to the
edge-enhancement process and the noise reduction process,
both of which are performed by the second filter unit 1807.
The luminance and chrominance signals are supplied from
the second filter unit 1807 into the display conversion unit
1810. The image data is converted into a format, for
example, data formats, size or scanning formats that needs
displaying the image on the display monitor. The converted
image data is then stored in a frame memory for display that
is provided in the display conversion unit 1810. The display
conversion unit 1810 reads out the image data from the
frame memory for display that is provided therein. The
display conversion unit 1810 supplies the display monitor
with the converted image data.

[0268] The image data that is outputted from the second
filter unit 1807 is also supplied to the image compression
unit 509. The image compression unit 509 performs the
JPEG compression of the signals. The JPEG compression is
made by subsampling CbCr signals so as to match to the
JPEG-422 format. The JPEG-compressed signals are stored
as a wide angle image in an image storage unit such as a
memory card.

[0269] The following descriptions will be directed to that
the digital camera shown in FIG. 19 captures object in the
wide angle and telescope simultaneous pickup mode. A user
uses the digital camera in the wide angle and telescope
simultaneous pickup mode while viewing or observing an
object displayed on a display monitor. At this time, the
digital camera drives the image sensor 102 in a finder mode
and obtains continuously subsampled images that have a
reduced number of lines, for example, 200. The image is
inputted into the image correction unit 501, wherein the
image is subjected to the pixel defect correction, the white
balance correction, the shading correction (the correction of
the quality of light). As described above, the correction is
made taking into account the effect by the distortion. The
corrected image data sets are sequentially stored in the frame
memory S11.

[0270] When the user is operating to determine the wide
angle of view, the image data sets are re-ordered and read out
of the frame memory 511. The image data sets are included
in the wide angle image portion that is defined by the wide
angle of view, the wide angle image portion being displayed
on the display monitor and being also observed by the user.

[0271] The Bayer array of image data is then inputted into
the first filter unit 1703. The Bayer array of image data is
filtered by the first filter unit 1703. The filtering process is
performed tanking into account the effect by the distortion.
The center portion of the image is subjected to a strong
filtering. The filtering coefficient is selected so as to reduce
or shrink the image into an appropriate size for displaying
the image on the display monitor. The peripheral portion of
the image is compressed by the distortion. The peripheral
portion of the image can not be reduced, depending on the
target image size and the size of the peripheral image
portion. In this case, a coefficient C22 positioned at the
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center of the space filter shown in FIG. 11 is set 1, while the
other coeflicients C11, C12, C13, C21, C23, C31, C32, and
C33 are set 0. Since the Bayer array of image data is filtered,
a single system circuit can be used. Notwithstanding, the
adjacent same color pixels are used and the coefficients are
set for each color independently.

[0272] The Bayer array of the filtered image data is
inputted into the aberration correction magnification reduc-
tion unit 1706. The aberration correction magnification
reduction unit 1706 performs both the aberration correction
process and the magnification and reduction process. The
coordinate conversion process for correcting the distortion
uses interpolating the target pixel data from the adjacent
pixel data. The reduction process for reducing the image to
be recorded also uses interpolating the target pixel data from
the adjacent pixel data. Thus, a calculation is made to find
a coordinate position on the original image, the coordinate
position corresponding to a target coordinate position on the
corrected image. The aberration correction and the magni-
fication reduction process are performed together by the
aberration correction magnification reduction unit 1706 for
each color using the same color pixels.

[0273] The Bayer array of the image data that has been
subjected to the aberration correction process and the mag-
nification and reduction process is supplied from the aber-
ration correction magnification reduction unit 1706 into the
RGB synchronization unit 1702. The Bayer array of the
image data is thus RGB-synchronized by the RGB synchro-
nization unit 1702. The RGB-synchronized image data is
then supplied to the YC conversion unit 1908. The YC
conversion unit 1908 converts the RGB signal to a color
space to obtain luminance and chrominance signals (YCbCr
signals). In accordance with the JPEG compression mode,
the luminance and chrominance signals are subsampled to
match it to the JPEG 422. The luminance and chrominance
signals in the color space are then supplied from the YC
conversion unit 1908 to the second filter unit 1907. If the
RGB-synchronized image data includes a magnified portion,
the magnified portion is subjected to the edge-enhancement
process and the noise reduction process, both of which are
performed by the second filter unit 1907.

[0274] The image data is outputted from the second filter
unit 1907. The image data is then inputted into the display
conversion unit 1910. The image data is converted into a
format, for example, data formats, size or scanning formats
that needs displaying the image on the display monitor. The
converted image data is then stored in a frame memory for
display that is provided in the display conversion unit 1910.
The display conversion unit 1910 reads out the image data
from the frame memory for display that is provided therein.
The display conversion unit 1910 supplies the display moni-
tor with the converted image data.

[0275] While the wide angle image portion is activated for
zooming adjustment, a user can operate the switch lever
2204 shown in FIG. 22C so as to switch or change the angle
of view. The angle of view of the image data to be read out
of the frame memory 511 is changed in accordance with the
angle of view of the image that is displayed on the display
monitor and observed by the user. This operation changes
the degree of distortion and the angle of view or the number
of'image data sets that are outputted from the frame memory
511. In response thereto, the process by the RGB synchro-
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nization unit 1702, and parameters of the first filter unit
1703, the aberration correction magnification reduction unit
1706, and the second filter unit 507 are also changed.

[0276] Operating the switching lever 2204 shown in FIG.
22C changes the frame that represents the telescope image
portion displayed on the display monitor. The frame is
reduced by having the switching lever 2204 turn right to
telescope. The frame is enlarged by having the switching
lever 2204 turn left to wide.

[0277] A user can operate or push the switching lever 2204
shown in FIG. 22C to fix an angle of view of an adjusted
one of the wide angle image portion and the telescope image
portion, while another one being activated for a view angle
adjustment. If the user operates the switching lever 2204
shown in FIG. 22C for zoom adjustment, the angle of view
remains unchanged, which is displayed on the display moni-
tor and observed by the user. The display monitor continues
to display the image at the unchanged angle of view. The
angle of view of the image data to be read out of the frame
memory 511 is the fixed angle of view. The process by the
RGB synchronization unit 1702, and parameters of the first
filter unit 1703, the aberration correction magnification
reduction unit 1706, and the second filter unit 1907 are
selected for the fixed angle of view.

[0278] When the user determines the angle of view of the
telescope image portion and operates the shutter button 2201
shown in FIG. 22C, the processes such as AE/AF are
performed before the image sensor 102 is driven in the
normal image pickup mode, wherein all pixel data are output
in a progressive or interlace format. The image is inputted
into the image correction unit 501. The image is thus
subjected to the pixel defect correction, the white balance
correction, and the shading correction or correction of the
quantity of light. The corrections are made taking into
account the effect by the distortion.

[0279] The corrected image data is then stored by one
frame in the frame memory 511. In order to generate the
wide angle image portion firstly, the image data sets are
re-ordered and read out of the frame memory 511. The image
data sets are included in the wide angle image portion that
is defined by the wide angle of view, the wide angle image
portion being set by the user.

[0280] The Bayer array of the read image data is then
inputted into the first filter unit 1703. The image data is
subjected to the low pass filter process that is performed by
the first filter unit 1703. The filtering process is performed
tanking into account the effect by the distortion. The center
portion of the image is subjected to a strong filtering. The
filtering coefficient is selected depending on the degree of
reduction of the reduced portion, the reduction being made
to reduce or shrink the image into an appropriate size that is
recorded. The peripheral portion of the image is compressed
by the distortion. The peripheral portion of the image can not
be reduced, depending on the target image size and the size
of the peripheral image portion. In this case, a coeflicient
(22 positioned at the center of the space filter shown in FIG.
11 is set 1, while the other coefficients C11, C12, C13, C21,
(23, C31, C32, and C33 are set 0. Unreduced portion of the
image is made free from the low pass filter by activating the
center portion of coefficients of the matrix filter. Since the
Bayer array of the image data is filtered, the adjacent same
color pixels are used and the coefficients are set for each
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color independently. If the center portion and the peripheral
portion of the image are not compressed, only the coeflicient
C22 positioned at the center of the space filter is set 1 to
prevent the entirety of the image from being low-pass
filtered.

[0281] The Bayer array of the low-pass filtered image data
is inputted into the aberration correction magnification
reduction unit 1706. The aberration correction magnification
reduction unit 1706 performs both the aberration correction
process and the magnification and reduction process. The
coordinate conversion process for correcting the distortion
uses interpolating the target pixel data from the adjacent
pixel data. The reduction process for reducing the image to
be recorded also uses interpolating the target pixel data from
the adjacent pixel data. Thus, a calculation is made to find
a coordinate position on the original image, the coordinate
position corresponding to a target coordinate position on the
corrected image. The aberration correction and the magni-
fication reduction process are performed together by the
aberration correction magnification reduction unit 1706 for
each color using the same color pixels.

[0282] The Bayer array of the image data that has been
subjected to the aberration correction process and the mag-
nification and reduction process is supplied from the aber-
ration correction magnification reduction unit 1706 into the
RGB synchronization unit 1702. The Bayer array of the
image data is thus RGB-synchronized by the RGB synchro-
nization unit 1702. The RGB-synchronized image data is
supplied to the YC conversion unit 1908. The YC conver-
sion unit 1908 converts the RGB-synchronized image data
to a color space to obtain luminance and chrominance
signals (YCbCr signals). In accordance with the JPEG
compression mode, the luminance and chrominance signals
are subsampled to match it to the JPEG 422. If the luminance
and chrominance signals include a magnified portion, the
magnified portion is subjected to the edge-enhancement
process and the noise reduction process, both of which are
performed by the second filter unit 1907.

[0283] The luminance and chrominance signals are out-
putted from the second filter unit 1907. The luminance and
chrominance signals are then inputted into the display
conversion unit 1910. The luminance and chrominance
signals are converted into a format, for example, data
formats, size or scanning formats that needs displaying the
image on the display monitor. The converted image data is
then stored in a frame memory for display that is provided
in the display conversion unit 1910. The display conversion
unit 1910 reads out the image data from the frame memory
for display that is provided therein. The display conversion
unit 1910 supplies the display monitor with the converted
image data.

[0284] The image data that is outputted from the second
filter unit 1907 is also supplied to the image compression
unit 509. The image compression unit 509 performs the
JPEG compression of the image data. The JPEG-com-
pressed signals are stored as a wide angle image in an image
storage unit such as a memory card.

[0285] In order to generate the telescope image portion
after the generation of the wide angle image portion, the
image data sets are re-ordered and read out of the frame
memory 511. The image data sets are included in the wide
angle image portion that is defined by the wide angle of
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view, the wide angle image portion being displayed on the
display monitor and being also observed by the user. The
Bayer array of image data is then inputted into the first filter
unit 1703. The Bayer array of image data is filtered by the
first filter unit 1703. The filtering process is performed
tanking into account the effect by the distortion. The center
portion of the image is subjected to a strong filtering. The
filtering coefficient is selected so as to reduce or shrink the
image into an appropriate size for displaying the image on
the display monitor. The peripheral portion of the image is
compressed by the distortion. The peripheral portion of the
image can not be reduced, depending on the target image
size and the size of the peripheral image portion. In this case,
a coeflicient C22 positioned at the center of the space filter
shown in FIG. 11 is set 1, while the other coeflicients C11,
C12, C13, C21, C23, C31, C32, and C33 are set 0. Since the
Bayer array of image data is filtered, a single system circuit
can be used. The adjacent same color pixels are used and the
coeflicients are set for each color independently.

[0286] The Bayer array of the low-pass filtered image data
is inputted into the aberration correction magnification
reduction unit 1706. The aberration correction magnification
reduction unit 1706 performs both the aberration correction
process and the magnification and reduction process. The
coordinate conversion process for correcting the distortion
uses interpolating the target pixel data from the adjacent
pixel data. The reduction process for reducing the image to
be recorded also uses interpolating the target pixel data from
the adjacent pixel data. Thus, a calculation is made to find
a coordinate position on the original image, the coordinate
position corresponding to a target coordinate position on the
corrected image. The aberration correction and the magni-
fication reduction process are performed together by the
aberration correction magnification reduction unit 1706 for
each color using the same color pixels.

[0287] The Bayer array of the image data that has been
subjected to the aberration correction process and the mag-
nification and reduction process is supplied from the aber-
ration correction magnification reduction unit 1706 into the
RGB synchronization unit 1702. The Bayer array of the
image data is thus RGB-synchronized by the RGB synchro-
nization unit 1702. The RGB-synchronized image data is
then supplied to the YC conversion unit 1908. The YC
conversion unit 1908 converts the RGB signal to a color
space to obtain luminance and chrominance signals (YCbCr
signals). In accordance with the JPEG compression mode,
the luminance and chrominance signals are subsampled to
match it to the JPEG 422. The luminance and chrominance
signals in the color space are then supplied from the YC
conversion unit 1908 to the second filter unit 1907. If the
RGB-synchronized image data includes a magnified portion,
the magnified portion is subjected to the edge-enhancement
process and the noise reduction process, both of which are
performed by the second filter unit 1907.

[0288] The image data is outputted from the second filter
unit 1907. The image data is then inputted into the display
conversion unit 1910. The image data is converted into a
format, for example, data formats, size or scanning formats
that needs displaying the image on the display monitor. The
converted image data is then stored in a frame memory for
display that is provided in the display conversion unit 1910.
The display conversion unit 1910 reads out the image data
from the frame memory for display that is provided therein.
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The display conversion unit 1910 supplies the display moni-
tor with the converted image data.

[0289] At this time, the display monitor switches the wide
angle image display into the telescope image display. The
luminance and chrominance signals outputted from the
second filter unit 1907 are also inputted into the image
compression unit 509. The image compression unit 509
performs the JPEG compression. The compressed image
data is then stored as a telescope image in the image storage
105 such as a memory card. The wide angle image and the
telescope image are generated from the single image data.
The same prefix can be attached to the file name so as to
represent that the wide angle image and the telescope image
have been generated from the single image data. A relation-
ship between the images can be confirmed.

Second Embodiment:

[0290] FIG. 26 is a block diagram illustrating a configu-
ration of an image pickup device that serves as a monitoring
camera in accordance with a second embodiment of the
present invention. As shown in FIG. 26, the monitoring
camera may include, but is not limited to, a camera head
2606 and a receiving storing system 2613. The camera head
2606 may include, but is not limited to, an optical system
2601 having a distortion, an image sensor 2602, an image
processor-compressor 2603, an image transmitter 2604, and
a camera controller 2605. The receiving storing system 2613
may include, but is not limited to, an image receiver 2607,
a distortion corrector 2608, an image storage 2609, an image
display 2610, a receiver-display controller 2611, and an
operation unit 2612.

[0291] The optical system 2601 has a distortion charac-
teristic that decompresses a center portion of the image but
compress a peripheral portion of the image. The image
sensor 2602 may include a photoelectric conversion element
that converts an optical image into an electrical image
signal, wherein the optical image has been captured by the
optical system 2601 with the distortion. Typical examples of
the image sensor 102 may include, but are not limited to, a
CCD or a CMOS sensor.

[0292] The image processor-compressor 2603 is config-
ured to perform a compression process of the image signal
which has been subjected to a correction of a pixel defect of
the image signal that has been supplied from the image
sensor 2602. The image processor-compressor 2603 is also
configured to perform a compression process of the image
signal which has been subjected to a shading correction of
the image signal that has been supplied from the image
sensor 2602. The compression process may be reversible or
non-reversible. The image transmitter 2604 is configured to
perform a communication to the image receiver 2607 of the
receiving storing system 2613. The communication may be
a wired-communication or a wireless communication. The
image transmitter 2604 is configured to convert the image
signal in accordance with the communication protocol. The
image transmitter 2604 is further configured to add an error
correction code to the converted image signal. The camera
controller 2605 controls the camera head 2606 in accordance
with a predetermined control program.

[0293] The image receiver 2607 is configured to receive
the image signal from the image transmitter 2607 of the
camera head 2606. The image receiver 2607 stores the
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image signal in the image storage 2609. The distortion
corrector 2608 is configured to read the image data out of the
image storage 2609. The distortion corrector 2608 is also
configured to decompress the read image data and then
converts the image data into a format that allows the
converted image data to be displayed by the image display
2610. The image storage 2609 stores the compressed origi-
nal image data that has the distortion that has been supplied
from the image receiver 2607. The image display 2610 is
configured to receive the image data from the distortion
corrector 2608. The image display 2610 is configured to
display the received image data. The image display 2610 can
be realized by any available display such as a liquid crystal
display.

[0294] The operation unit 2612 is configured to allow an
operator of the monitoring camera system to designate a
display state of the image display 2610 and also designate
the state of the camera head 2606. The operation unit 2612
sends the receiver-display control unit 2611 operation sig-
nals that correspond to the designated states. The receiver-
display control unit 2611 is configured to control, based on
the operation signals, the image receiver 2607, the distortion
corrector 2608, and the image display 2610 of the receiving
storing system 2613. The receiver-display control unit 2611
is also configured to send additional control signals to the
image receiver 2607 so that the additional control signals are
further transmitted to the camera head 2606. As long as the
present embodiment is directed to the monitoring camera
system, it is possible that the camera head 2606 is configured
separately from the receiving storing system 2613. The
monitoring camera system may include the single receiving
storing system 2613 and a plurality of the camera heads
2606, each communicating with the single receiving storing
system 2613 so that the single receiving storing system 2613
stores the image signals from the plurality of the camera
heads 2606.

[0295] FIG. 27 is a block diagram illustrating an example
of a configuration of the image processor-compressor 2603
shown in FIG. 26. The image processor-compressor 2603
may include, but is not limited to, an image correction unit
2701, an RGB synchronization unit 2702, a YC conversion
unit 2703, an image compression unit 2704, and a distortion
information storage unit 2705. The image correction unit
2701 is configured to receive the Bayer array of the image
signals from the image sensor 2602. The image correction
unit 2701 is also configured to perform a pixel defect
correction of the Bayer array of image signals. The image
correction unit 2701 is also configured to perform a simple
while balance correction of the Bayer array of image signals,
wherein the simple while balance correction makes uniform
sizes of RGB signals of the Bayer array of image signals.

[0296] The RGB synchronization unit 2702 is configured
to receive the Bayer array of the corrected image data from
the image correction unit 2701. The RGB synchronization
unit 2702 is also configured to interpolate RGB signals of
each pixel from the Bayer array of the corrected image
signals. The YC conversion unit 2703 is configured to
receive the RGB signals from the RGB synchronization unit
2702. The YC conversion unit 2703 is also configured to
convert the RGB signals into luminance chrominance sig-
nals. The image compression unit 2704 is configured to
receive the luminance chrominance signals from the YC
conversion unit 2703. The image compression unit 2704 is

Dec. 7, 2006

also configured to compress the luminance chrominance
signals. The compression may be a JPEG compression.

[0297] The distortion information storage unit 2705 is
configured to store a first set of information that relates to
optical characteristics for correcting a distortion of an opti-
cal system. The distortion information storage unit 2705 is
also configured to store a second set of information that
relates to shading. The shading is caused by brightening and
darkening of a peripheral portion of the image. The bright-
ening is caused by the distortion. The darkening is caused by
the lens frame. The distortion information storage unit 2705
is also configured to store a third set of information that
needs to perform an accurate white balance correction and a
simple while balance correction. The first, second and third
sets of information may be stored as a table that contains
characteristic values and parameters. The first, second and
third sets of information may be stored as another table that
contains pairs of indexes that represent the characteristics
values and the parameters.

[0298] FIG. 28 is a block diagram illustrating an example
of a configuration of the distortion corrector 2608 shown in
FIG. 26. The distortion corrector 2608 may include, but is
not limited to, a decompression unit 2801, an image correc-
tion unit 2806, a first filter unit 2802, an aberration correc-
tion magnification reduction unit 2803, a second filter unit
2804, a display conversion unit 2805, and a distortion
information storage unit 2807.

[0299] The decompression unit 2801 is configured to
receive the compressed image signals from the image
receiver 2607. The decompression unit 2801 is also config-
ured to decompress the compressed image signals. The
image correction unit 2806 is configured to receive the
decompressed image signals from the decompression unit
2801. The image correction unit 2806 is also configured to
perform an accurate while balance correction of the image
signals. The image correction unit 2806 is also configured to
perform a shading correction of the image signals. The first
filter unit 2802 is configured to receive the corrected image
signals from the image correction unit 2806. The first filter
unit 2802 is also configured to apply a low pass filtering to
a center portion of the image, the center portion of the image
being to be reduced.

[0300] The aberration correction magnification reduction
unit 2803 is configured to receive the low-pass filtered
image data from the first filter unit 2802. The aberration
correction magnification reduction unit 2803 is also config-
ured to perform a distortion correction of the image data.
The aberration correction magnification reduction unit 2803
is further configured to resize the distortion-corrected image
data into a proper size. The second filter unit 2804 is
configured to receive the resized image data from the
aberration correction magnification reduction unit 2803. The
second filter unit 2804 is also configured to apply an edge
enhancement process to the peripheral portion of the image
data. The second filter unit 2804 is further configured to
apply a noise reduction process to the peripheral portion of
the image data. The display conversion unit 2805 is config-
ured to receive the image data from the second filter unit
2804. The display conversion unit 2805 is also configured to
interlace the image data and to encode the image data into
NTSC. The display conversion unit 2805 is further config-
ured to supply the image data to the image display 2610.
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[0301] Operations of the monitoring camera shown in
FIG. 26 will be described with reference to FIGS. 27 and
28. With reference to FIG. 27, an optical image is captured
by the optical system 2601 with a distortion. The optical
image is then supplied to the image sensor 2602. The optical
image is converted by the image sensor 2602 into a Bayer
array of electrical image signals. The Bayer array of the
image signals is supplied from the image sensor 2602 to the
image correction unit 2701. The Bayer array of image
signals is subjected to the pixel defect correction that is
performed by the image correction unit 2701. The Bayer
array of image signals is further subjected to the simple
while balance correction, wherein the simple while balance
correction makes uniform sizes of RGB signals of the Bayer
array of image signals.

[0302] The Bayer array of the corrected image data is
supplied from the image correction unit 2701 to the RGB
synchronization unit 2702. RGB signals of each pixel are
interpolated from the Bayer array of the corrected image
signals by the RGB synchronization unit 2702. The RGB
signals are supplied from the RGB synchronization unit
2702 to the YC conversion unit 2703. The RGB signals are
converted into luminance chrominance signals by the YC
conversion unit 2703. The luminance chrominance signals
are supplied from the YC conversion unit 2703 to the image
compression unit 2704. The luminance chrominance signals
are compressed by the image compression unit 2704. The
compression may be a JPEG compression.

[0303] The first set of information that relates to optical
characteristics for correcting a distortion of an optical sys-
tem is stored in the distortion information storage unit 2705.
The second set of information that relates to shading is also
stored in the distortion information storage unit 2705. The
shading is caused by brightening and darkening of a periph-
eral portion of the image. The brightening is caused by the
distortion. The darkening is caused by the lens frame. The
third set of information that needs to perform an accurate
white balance correction and a simple while balance cor-
rection is also stored in the distortion information storage
unit 2705. The first, second and third sets of information
may be stored as a table that contains characteristic values
and parameters. The first, second and third sets of informa-
tion may be stored as another table that contains pairs of
indexes that represent the characteristics values and the
parameters.

[0304] The processor-compressor 2603 stores the charac-
teristic values and the parameters or the indexes in a header
of a JPEG file. In case of storing the indexes in the header
of the JPEG file, an index table as another file is transmitted
to the receiving storing system 2613 or linked indexes are
transmitted together with the JPEG file. Transmission of the
indexes for the corrections can advantageously prevent any
undesirable increase of the JPEG file capacity.

[0305] In the present embodiment, the accurate white
balance correction and the shading correction can be made
in the receiving storing system 2613. In other case, the
image correction unit 2701 of the processor-compressor
2603 in the camera head can be modified to perform the
accurate white balance correction and the shading correc-
tion. In addition, it is also possible as a modification for the
camera head 2606 to perform an encryption process before
or after the compression is made by the processor-compres-
sor 2603.
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[0306] The compressed image signals that have been
generated by the processor-compressor 2603 are then sup-
plied to the image transmitter 2604. The image signals are
converted by the image transmitter 2604 in accordance with
the communication protocol. The image signals are also
added with the error correction codes by the image trans-
mitter 2604. The image transmitter 2604 performs a wireless
or wired communication with the receiving storing system
2613 to transmit the image data to the receiving storing
system 2613.

[0307] The image transmitter 2604 is further configured to
receive the camera control signals that have been transmitted
from the receiving storing system 2613. The image trans-
mitter 2604 is ftrther more configured to transmit the camera
control signals to the camera controller 2605. The camera
controller 2605 is configured to receive the camera control
signals from the image transmitter 2604. The camera con-
troller 2605 is also configured to control shutter or aperture
of the optical system 2601. The camera controller 2605 is
also configured to control driving modes of the image sensor
2602. The camera controller 2605 is further configured to set
parameters for the processor-compressor 2603. The image
signals having the distortion are compressed. The com-
pressed image signals with the distortion are thus generated
by the camera head 2606.

[0308] The distortion-containing image signal is transmit-
ted from the camera head 2606 to the receiving storing
system 2613 so that the image receiver 2607 receives the
distortion-containing image signal. The image receiver 2607
is configured to decode the image signals. The image
receiver 2607 is also configured to perform the error cor-
rection. The image signals are then supplied from the image
receiver 2607 to the distortion corrector 2608 and the image
storage 2609.

[0309] The image storage 2609 can be realized by a
storage of large capacity. Typical examples of the large
capacity storage may include, but are not limited to, a
semiconductor memory, a magnetic disk drive, and a mag-
neto-optical disk drive. The image storage 2609 can be
configured to store a dynamic image that has been trans-
mitted from the camera head 2606. The image storage 2609
can also be configured to store a static image periodically.
The image storage 2609 can also be configured to store the
static image every time when a predetermined condition is
satisfied or a predetermined event occurs. A typical example
of the predetermined event may include, but is not limited to
any change of the displayed image.

[0310] The image signals stored in the image storage 2609
are the compressed image signals that have the optical
distortion of the optical system 2601. The compressed image
signals accompany the characteristic values, the parameters,
or the indexes representing the sets of information that need
to perform a plurality of corrections. The plurality of cor-
rection may include, but are not limited to, the distortion
correction of the optical system 2601, the accurate while
balance correction, and the shading correction. In case of the
indexes, a correspondence table is also stored. The corre-
spondence table gives the indexes correspondences to the
characteristic values or parameters.

Samsung Exhibit 1012, Page 60 of 65
Samsung Electronics Co., Ltd. et al. v. Optimum Imaging Technologies LLC
IPR2025-00463



US 2006/0274170 Al

[0311] As shown in FIG. 28, the decompression unit 2801
receives the compressed image signals from the image
receiver 2607. The compressed image signals are decom-
pressed by the decompression unit 2801. The decompressed
image signals are then subjected to the accurate while
balance correction and the shading correction, both of which
are performed by the image corrector 2806. The first filter
unit 2802 receives the corrected image signals from the
image correction unit 2806. The first filter unit 2802 applies
a low pass filtering to a center portion of the image, the
center portion of the image being to be reduced. The
aberration correction magnification reduction unit 2803
receives the low-pass filtered image data from the first filter
unit 2802. The aberration correction magnification reduction
unit 2803 performs a distortion correction of the image data.
The aberration correction magnification reduction unit 2803
further resizes the distortion-corrected image data into a
proper size that is suitable to be displayed. The second filter
unit 2804 receives the resized image data from the aberra-
tion correction magnification reduction unit 2803. The sec-
ond filter unit 2804 applies an edge enhancement process
and a noise reduction process to the peripheral portion of the
image data. The display conversion unit 2805 receives the
image data from the second filter unit 2804. The display
conversion unit 2805 interlaces the image data and encodes
the image data into NTSC.

[0312] The sets of information that need to perform the
accurate white balance correction and the shading correction
are stored together with the image data in the image storage
2609. The sets of information are supplied together with the
image data to the distortion corrector 2608. The sets of
information are then stored or held in the distortion infor-
mation storage unit 2807. The image corrector 2806 per-
forms, based on the sets of information, the accurate while
balance correction and the shading correction. The shading
correction process can be performed using one of the
reference table 701 and the arithmetic circuit 702 that are
shown in FIGS. 7A and 7B, respectively. The corrected
image data is then supplied to the first filter unit 2802.
Further, a marker representing that the image data has been
corrected is stored in the header of the file. The corrected
image data is further compressed again. The compressed
image data is then stored again in the image storage 2609.
The image data is then read out of the image storage 2609.
The image data is further supplied to the image decompres-
sion unit 2801. The decompressed image data is further
supplied from the image decompression unit 2801 to the first
filter unit 2802 with by-passing the image correction unit
2806. The reason for by-passing the image correction unit
2806 is that the image signal has already been corrected by
the image correction unit 2806. By passing the image
correction unit 2806 is decided depending on the marker that
is stored in the header.

[0313] The first filter unit 2801 can apply the low-pass
filter to the center portion 1001 of the image shown in FIG.
10. The configuration of the first filter unit 2801 may be the
same as shown in FIG. 11. The configuration of the aber-
ration correction magnification reduction unit 2803 can be a
combination of the configuration shown in FIG. 12 and the
other configuration shown in FIG. 14. The corresponding
coordinate calculation unit 1401 shown in FIG. 14 converts
the coordinate positions on the broken line grid 1519 shown
in FIG. 15 into the other coordinate positions on the real line
grid 1518 shown in FIG. 15. The corresponding coordinate
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calculation unit 1401 calculates the corresponding coordi-
nate values on the original image that has not yet been
subjected to the optical distortion correction and to the
magnification chromatic aberration correction. The calcula-
tion of the corrected pixel values can be made by the cubit
interpolation from adjacent sixteen points or the linear
interpolation from the adjacent four points. The second filter
unit 2804 applies the edge-enhancement filter and the noise
reduction filter to the peripheral portion of the image. The
configuration of the second filter unit 2804 can be the same
as that shown in FIG. 11.

[0314] As shown in FIG. 26, the receiving storing system
2613 includes the operation unit 2612. An operator of the
monitoring camera can operate the operation unit 107 so that
the operation unit 2612 generates camera control signals.
The camera control signals are then transmitted through the
receiver-display controller 2611 to the image receiver 2607.
The camera control signals are further transmitted from the
image receiver 2607 to the camera head 2606. The receiver-
display controller 2611 also controls the distortion corrector
2608 and the image display 2610 based on the camera
control signals. The angle of view of the image can be
changed. The stored image is replayed.

[0315] As described above, the image storage 2609 stores
the original image that has not yet been distortion-corrected.
The image storage 2609 further stores the sets of informa-
tion of the optical system that need to perform the correction
processes. In replaying the image, the angle of view of the
image can be changed to magnify the center portion of the
image or to display the entirety of the image. The presence
of the image storage 2609 permits the replayed image to be
free from any substantive deterioration of the image quality
even the conventional electronic zooming causes a substan-
tive deterioration of the image quality.

[0316] The additional sets of information related to the
distortion of the optical system and to the lens frame are
stored together with the focusing distance or the F-value in
an additional information storage such as a ROM. The
additional information storage is provided in the lens frame.
These additional sets of information are read out of a camera
body. The read additional sets of information are stored in
the distortion information storage unit 2705 so as to perform
the filtering processes, and the coordinate conversion pro-
cess for the shading correction and the distortion correction.
The above configuration is applicable to a lens-exchange-
able camera, wherein the distortion correction can be
adjusted for each lens unit.

[0317] Moreover, the term “unit” is used to describe a
component, section or part of a hardware and/or software
that is constructed and/or programmed to carry out the
desired function. Typical examples of the hardware may
include, but are not limited to, a device and a circuit.

[0318] While preferred embodiments of the invention
have been described and illustrated above, it should be
understood that these are exemplary of the invention and are
not to be considered as limiting. Additions, omissions,
substitutions, and other modifications can be made without
departing from the spirit or scope of the present invention.
Accordingly, the invention is not to be considered as being
limited by the foregoing description, and is only limited by
the scope of the appended claims.
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What is claimed is:
1. An image pickup device comprising:

an optical system having a distortion characteristic, the
optical system capturing an optical image of an object,
the distortion characteristic magnifying a center portion
of the optical image and reducing a peripheral portion
of the optical image;

an image sensor that converts the optical image into
image data;

a pixel defect correction unit that performs a pixel defect
correction of the image data;

a first white balance correction unit that performs a first
white balance correction of the image data, the first
white balance correction being made at a first level
accuracy;

an image compression unit that compress the image data
that has been subjected to the pixel defect correction
and the first white balance correction to generate com-
pressed image data;

an image storage that stores the compressed image data;

an image decompression unit that obtains, from the image
storage, the compressed image data, the image decom-
pression unit decompressing the compressed image
data to generate decompressed image data;

second white balance correction unit that performs a
second white balance correction of the decompressed
image data, the second white balance correction being
made at a second accuracy level that is higher than the
first accuracy level; and

distortion correction unit that performs a distortion
correction of a selected portion of the decompressed
image data; the selected portion being defined by an
angle of view, the angle of view being defined exter-
nally.

2. The image pickup device according to claim 1, further
comprising: a shading correction unit that performs a shad-
ing correction of the image data to generate shading cor-
rected image data, and

wherein the image compression unit compresses the shad-

ing corrected image data.

3. The image pickup device according to claim 1, wherein
the image storage stores the compressed image data in
association with distortion data, the distortion data being
related to the distortion characteristic, and

wherein the distortion correction unit performs the dis-

tortion correction with reference to the distortion data.

4. The image pickup device according to claim 1, further

comprising: a first memory that stores a correspondence

between the distortion characteristic and a first index that
designates the distortion characteristic, and

wherein the image storage stores the compressed image

data in association with the first index.

5. The image pickup device according to claim 1, wherein
the image storage stores the compressed image data in
association with shading data, the shading data being related
to a shading of the image data, and

wherein the image pickup device further comprises a
shading correction unit that obtains the compressed
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image data in association with the shading data from
the image storage, the shading correction unit perform-
ing a shading correction of the image data with refer-
ence to the shading data to generate shading-corrected
image data.

6. The image pickup device according to claim 5, further
comprising: a second memory that stores at least a pair of a
parameter and a second index that designates the parameter,
the parameter being to be used by the shading correction unit
to perform the shading correction, and

wherein the image storage stores the compressed image

data in association with the second index.

7. The image pickup device according to claim 5, wherein
the image storage stores the shading-corrected image data in
association with a first marker representing that the shading
correction has been made.

8. The image pickup device according to claim 7, wherein
the image storage stores the image data in association with
distortion data, the distortion data being related to the
distortion characteristic, and

wherein the distortion correction unit performs the dis-
tortion correction of the shading-corrected image data
that is associated with the first marker, the distortion
correction being made with reference to the distortion
data.

9. The image pickup device according to claim 1, wherein
the image storage stores the compressed image data in
association with first white balance data, the first white
balance data being related to the first white balance correc-
tion at the first level accuracy, and

wherein the second white balance correction unit per-
forms the second white balance correction at the second
level accuracy with reference to the first white balance
data.

10. The image pickup device according to claim 9, further
comprising a third memory that stores a first white balance
correction information of the first white balance correction
in association with a third index that designates the first
white balance correction information, and

wherein the image storage stores the compressed image

data associated with the third index.

11. The image pickup device according to claim 9,
wherein the image storage stores the white-balance cor-
rected image data in association with a second marker
representing that the shading correction has been made by
the second white balance correction unit.

12. The image pickup device according to claim 11,
wherein the image storage stores the compressed image data
in association with distortion data, the distortion data being
related to the distortion characteristic, and

wherein the distortion correction unit performs the dis-
tortion correction of the white-balance corrected image
data that is associated with the second marker, the
distortion correction being made with reference to the
distortion data.

13. An image pickup device comprising:

an optical system having a distortion characteristic, the
optical system capturing an optical image of an object,
the distortion characteristic magnifying a center portion
of the optical image and reducing a peripheral portion
of the optical image;
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an image sensor that converts the optical image into
image data;

a frame memory that stores the image data;

a frame memory output control unit that reads a first
selected portion of the image data out of the frame
memory, the first selected portion being defined by an
angle of view, the angle of view being externally
defined;

a first filter unit that applies a first filtering process to a
second selected portion of the image data to generate
first-filtered image data, the second selected portion
being included in the first selected portion, the second
selected portion having a first range of distortion that is
smaller than a first threshold value;

a distortion correction unit that performs a distortion
correction of the first-filtered image data to generate
distortion-corrected image data; and

a second filter unit that applies a second filtering process
to a third portion of the distortion-corrected image data
to generate second-filtered image data, the second
filtering process being different from the first filtering
process, the third selected portion having a second
range of distortion that is greater than a second thresh-
old value.

14. The image pickup device according to claim 13,

further comprising:

an image data correction unit that comprises at least one
of a pixel defect correction unit that corrects a pixel
defect of the image data, a white balance correction unit
that corrects a white balance of the image data, and a
shading correction unit that corrects a shading of the
image data, and

wherein the frame memory stores the image data that is

outputted from the image data correction unit.

15. The image pickup device according to claim 13,
wherein the image sensor has a color filter array of Red (R)
color filters, Green (G) color filters, and Blue (B) color
filters,

wherein the image pickup device further comprises:

an RGB synchronization unit that generates color image
data for Red (R), Green (G), and Blue (B) from the
image data, the color image data being generated for
each pixel position of the image sensor, and

wherein the first filter unit performs the first filtering
process to the color image data.
16. The image pickup device according to claim 15,
further comprising:

a luminance chrominance conversion unit that converts
the second-filtered image data into luminance chromi-
nance signals representing luminance and chromi-
nance; and

a compression unit that compresses the luminance
chrominance signals.
17. The image pickup device according to claim 13,
further comprising:

a resize unit that resizes the distortion-corrected image
data to generate resized distortion-corrected image
data, and
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wherein the second filter unit performs the second filter-
ing process to the resized distortion-corrected image
data.

18. The image pickup device according to claim 13,
wherein the image sensor has a color filter array of Red (R)
color filters, Green (G) color filters, and Blue (B) color
filters,

wherein the image pickup device further comprises:

a resize unit that resizes the distortion-corrected image
data to generate resized distortion-corrected image
data; and

an RGB synchronization unit that generates color image
data for Red (R), Green (G), and Blue (B) from the
resized distortion-corrected image data, the color image
data being generated for each pixel position of the
image sensor, and

wherein the second filter unit performs the second filter-

ing process to the color image data.

19. The image pickup device according to claim 13,
wherein the image sensor has a color filter array of Red (R)
color filters, Green (G) color filters, and Blue (B) color
filters,

wherein the image pickup device further comprises:

an RGB synchronization unit that generates color image
data for Red (R), Green (G), and Blue (B) from the
image data, the color image data being generated for
each pixel position of the image sensor; and

a luminance chrominance conversion unit that converts
the color image data into luminance chrominance sig-
nals representing luminance and chrominance, and

wherein the first filter unit performs the first filtering
process to the luminance chrominance signals.
20. The image pickup device according to claim 19,
further comprising:

a compression unit that compresses the second-filtered

image data.

21. The image pickup device according to claim 13,
wherein the image sensor has a color filter array of Red (R)
color filters, Green (G) color filters, and Blue (B) color
filters,

wherein the image pickup device further comprises:

a resize unit that resizes the distortion-corrected image
data to generate resized distortion-corrected image
data;

an RGB synchronization unit that generates color image
data for Red (R), Green (G), and Blue (B) from the
image data, the color image data being generated for
each pixel position of the resized distortion-corrected
image data; and

a luminance chrominance conversion unit that converts
the color image data into luminance chrominance sig-
nals representing luminance and chrominance, and

wherein the second filter unit performs the second filter-
ing process to the luminance chrominance signals.
22. An image pickup device comprising:

an optical system having a distortion characteristic, the
optical system capturing an optical image of an object,
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the distortion characteristic magnifying a center portion
of the optical image and reducing a peripheral portion
of the optical image;

an image sensor that converts the optical image into
image data;

an angle-of-view setting unit that sets a first angle of view
and a second angle of view for the image data, the first
angle of view being different from the second angle of
view;

a distortion correction unit that performs a first distortion
correction of a first selected portion of the image data
to generate first-distortion corrected image data, the
first selected portion of the image data being defined by
the first angle of view, the distortion correction unit that
performing a second distortion correction of a second
selected portion of the image data to generate second-
distortion corrected image data, the second selected
portion of the image data being defined by the second
angle of view; and

storage unit that stores the first-distortion corrected
image data and the second-distortion corrected image
data.

23. The image pickup device according to claim 22,
wherein the angle-of-view setting unit sets the first angle of
view and the second angle of view separately.

24. The image pickup device according to claim 23,
wherein the angle-of-view setting unit further comprises:

a first angle-of-view setting sub-unit that sets the first
angle of view; and

a second angle-of-view setting sub-unit that sets the
second angle of view.
25. The image pickup device according to claim 23,
wherein the angle-of-view setting unit further comprises:

an angle-of-view switching unit that switches between the
first angle of view and the second angle of view; and

an angle-of-view switching display unit that displays a
result of switch between the first angle of view and the
second angle of view.

26. The image pickup device according to claim 25,
wherein the angle-of-view switching display unit displays
the result of switch that is superimposed on the image data.

27. The image pickup device according to claim 25,
wherein the angle-of-view switching display unit displays
the result of switch that is different in position from the
image data.

28. The image pickup device according to claim 22,
further comprising:

an image pickup mode switching unit that switch between
at least two of a first image pickup mode, a second
image pickup mode, and a third image pickup mode,
the first image pickup mode being to pick up a single
image at one of the first angle of view and the second
angle of view, the second image pickup mode being to
pick up images at the first angle of view and the second
angle of view simultaneously, the third image pickup
mode being to pick up an image at the second angle of
view while monitoring the image at the first angle of
view; and
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an image pickup mode switching display control unit that
controls displaying a result of switch among the first
image pickup mode, the second image pickup mode,
and the third image pickup mode.

29. The image pickup device according to claim 28,
wherein the image pickup mode switching display control
unit displays the result of switch that is superimposed on the
image data.

30. The image pickup device according to claim 28,
wherein the image pickup mode switching display control
unit displays the result of switch that is different in position
from the image data.

31. The image pickup device according to claim 28,
wherein the image pickup mode switching display control
unit displays the image in a color display mode in accor-
dance with the first image pickup mode,

wherein the image pickup mode switching display control
unit also displays the image in the color display mode
and a frame in accordance with the second image
pickup mode, the frame being defined by the second
angle of view, and

wherein the image pickup mode switching display control
unit also displays a frame-inside portion of the image in
the color display mode and a frame-outside portion of
the image in a different display mode from the color
display mode in accordance with the third image
pickup mode, the frame-inside portion of the image
being inside the frame, the frame-output portion of the
image being outside the frame.

32. The image pickup device according to claim 31,
wherein the image pickup mode switching display control
unit also displays the frame-outside portion in one of a
monochrome display mode, a luminance-modified display
mode, and a chrominance-modified display mode.

33. The image pickup device according to claim 22,
further comprising:

a display control unit that switches time-periodically
between displaying the first distortion-corrected image
data and displaying the second distortion-corrected
image data.

34. The image pickup device according to claim 25,

further comprising:

a display control unit that displays a first one of the first
distortion-corrected image data and the second distor-
tion-corrected image data for a period of time, the
display control unit displaying a second one of the
distortion-corrected image data and the second distor-
tion-corrected image data, the second one differing
from the first one, when the angle-of-view switching
unit detects a condition for switching between the first
distortion-corrected image data and the second distor-
tion-corrected image data.

35. The image pickup device according to claim 22,
wherein the storage unit stores the first distortion-corrected
image data and the second distortion-corrected image data,
both of which are associated with an index, the index
presenting that the first distortion-corrected image data and
the second distortion-corrected image data are originated
from a same image.

36. An image pickup device comprising:

an optical system having a distortion characteristic, the
optical system capturing an optical image of an object,
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the distortion characteristic magnifying a center portion
of the optical image and reducing a peripheral portion
of the optical image;

an image sensor that converts the optical image into
image data;

a frame memory that stores the image data;

a frame memory output control unit that reads a first
selected portion of the image data out of the frame
memory, the first selected portion being defined by an
angle of view, the angle of view being externally
defined;

a first filter unit that applies a first filtering process to a
second selected portion of the image data to generate
first-filtered image data, the second selected portion
being included in the first selected portion, the second
selected portion having a first range of distortion that is
smaller than a first threshold value; and

distortion correction unit that performs a distortion
correction of the first-filtered image data to generate
distortion-corrected image data.

37. The image pickup device according to claim 36,
further comprising:

a second filter unit that applies a second filtering process
to a third portion of the distortion-corrected image data
to generate second-filtered image data, the second
filtering process being different from the first filtering
process, the third selected portion having a second
range of distortion that is greater than a second thresh-
old value.

38. The image pickup device according to claim 37,
wherein the second filter unit enhances an edge of the third
portion of the distortion-corrected image data.

39. The image pickup device according to claim 37,
wherein the second filter unit reduces noise of the third
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43. The image pickup device according to claim 41,
wherein the shading correction unit comprises an array of
micro lenses provided on the image sensor, each of the micro
lenses being provided for each pixel.

44. The image pickup device according to claim 36,
wherein the optical system is held by a lens frame, the lens
frame further holding a storage that stores the distortion
characteristic, and

wherein the distortion correction unit performs the dis-
tortion correction based on the distortion characteristic
that has been read out of the storage.

45. The image pickup device according to claim 36,
wherein the first filter unit performs a low-pass filtering
process to the second selected portion of the image data.

46. The image pickup device according to claim 36,
wherein the image sensor changes a line-subsampling rate
for the image data depending on the distortion characteristic.

47. The image pickup device according to claim 36,
wherein the image sensor has a color filter array of Red (R)
color filters, Green (G) color filters, and Blue (B) color
filters, and

wherein the image pickup device further comprises:

an RGB synchronization unit that calculates an addition
of color image data sets of adjacent pixels to a target
pixel to generate different color image data of the target
pixel, the adjacent pixels having a color different from
a target color of the target pixel, the calculation of the
addition being made with weighting the adjacent pixels
based on distances of the adjacent pixels to the target
pixel, the distances being defined under a condition that
the distortion correction has been made.

48. The image pickup device according to claim 47,
wherein the RGB synchronization unit calculates the differ-
ent color image data “DX” of the target pixel “DX” by using
one of the following first to third equations:

portion of the distortion-corrected image data. . ?fmﬁ‘wi:((ﬁé(l%qf%;fg%ﬁié (ﬁtﬁ?ggizé}%i(%i
40. The image pleup device accordmg to claim 36, T4)))+(image data of DAx(T3/(T3+T4)))/2; Equation 1;

further comprising: D, ...=(image data of D1x(72/(T1+12)))+(image data
an image data correction unit that comprises at least one OfDix(Tll/(nJrD))); and . Equation 2;
of a pixel defect correction unit that corrects a pixel gé%ii(}g}?%fﬁ%‘fmxm“ (I3+T4)+(image data Equation 3:

defect of the image data, a white balance correction unit
that corrects a white balance of the image data, and a
shading correction unit that corrects a shading of the
image data, and

wherein the frame memory stores the image data that is

outputted from the image data correction unit.

41. The image pickup device according to claim 40,
wherein the shading correction unit corrects the shading
based on the distortion characteristic and a peripheral dark-
ening characteristic that is caused by a lens frame holding
the optical system.

42. The image pickup device according to claim 41,
wherein the shading correction unit comprises an optical
filter that is placed on an optical axis of the optical system.

where DX is the target pixel, D1 and D2 are adjacent
pixels positioned in first-opposing sides of the target
pixel DX, D3 and D4 are other adjacent pixels posi-
tioned in second-opposing sides of the target pixel DX,
T1 is a first distance between the adjacent pixel D1 and
the target pixel DX, T2 is a second distance between the
adjacent pixel D2 and the target pixel DX, T3 is a third
distance between the adjacent pixel D3 and the target
pixel DX, and T4 is a fourth distance between the
adjacent pixel D4 and the target pixel DX, the first to
fourth distances T1, T2, T3 and T4 are defined under a
condition that the distortion correction has been made.
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