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- 1 SO03P1324 DESCRI PTI ON FLI CKER REDUCTI ON METHOD

| MAGE PI CKUP. DEVI CE AND FLI CKER REDUCTION CIRCU T 5
Technical Field The present invention relates to a

met hod for reducing a fluorescent light flicker
occurring in a video signal from an XY addressing
type scanni ng i mage pickup el enent (an 10 inmager or an
i mage sensor) such as a CMOS (conpl enentary netal

oxi de sem conductor) inage pickup el enent when a

subj ect i s photographed by the i nage pickup el enent
under light of a fluorescent |anp, an inmage pi cky®3P1324
device, such as a video canera or a digital stil
canera enpl oyi ng the XYDLSCROBTE®SIi ng type scanni ng

i mage pi ckup el enent such as the CMOS image pickup

el enment, and a flicker reduction circuit for use in

t he inage Eicku devi ce. Background Art 20 Wen a
< THAGRER; REDHOH S0t MSRAGDDy THAGH (G KORBEATGRARID B CKER

illumnation of a flﬂﬁBSé@f@% éﬂgﬁ%%irectly oper at ed
chro

from commercial AC power, i cal brightness
| evel variations in a video signal as an image
output, i.e., a fluorescent light flicker occurs due
Tehaidilf efenge between 25 the frequency (tw ce the
frequency of the commercial AC -2 S03P1324

The present invention relates to a method for reducing
a fluorescent light flicker occurring in a video signal from
an XY addressing type scanning image pickup element (an
imager or an image sensor) such as a CMOS (complementary
metal oxide semiconductor) image pickup element when a
subject is photographed by the image pickup element under
light of a fluorescent lamp, an image pickup device, such as
a video camera or a digital still camera employing the XY
addressing type scanning image pickup element such as the

CMOS image pickup element, and a flicker reduction circuit

for use in the image pickup device.

Background Art

When a subject is photographed by a video camera under

an illumination of a fluorescent lamp directly operated from

commercial AC power, chronological brightness level
variations in a video signal as an image output, i.e., a
fluorescent light flicker cccurs due to a difference between

the frequency (twice the freguency of the commercial AC
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power) of a |um nance change (light intensity change)

of the fluorescent |lanp and a vertica

synchroni zation frequency of the canera. For exanpl e,

in a zone where the frequency of the 5 commercial AC

power is 50 Hz, a subject may be photographed by a

CCD canera of an NTSC nethod (at a 60 Hz vertica

synchroni zation frequency) under the illum nation of

the non-inverter fluorescent |anp. In such a case as

shown in Fig. 28, one fietdfrequency is 1/60 second

while the period 10 of the | um nance change of thé&03P1324

fluorescent lanmp is 1/100 second. The exposure tim ng

ratveeachff & elwhidtdrides cbhle (ESfECtidtensatiyath&fge) L the

the | um nance of the fluorescent |anp, and an anount

fdfcszpesut el dniyndae achipiketyrotargégaticnnffemlahdy of

field. 15 If the exposure tine is 1/60 second, the
EﬁPeBF _exposure light is different within the sane

exposur e nﬁ_ fromduratign §EF %uratlon a2 t
dur a ?%ne% arid “h&n”“The "ﬂb PRSI o
t 1/
ERAELLLE0 Recai( 500k 113 9By, acsopdl ?%“ﬁ*ﬁ?%‘@‘é@%h@d

bYXROBUDECAHOME A ahi QAsB! md O ST @i QN 682yt Oveﬁwcﬁgll on
b3. Since the exposure timng responsive to the

slyorhnancest ohamgeqaknthe ﬁﬁw@weﬂﬁﬁﬂnlhﬁmnatfwﬁrdﬁ-mm&k
to the original timng every three fields, the
npRir ghveessr | Bvelrepaerhat lane 25 Gueuch Bl cekeranghiem in

repeated every three fields. Mire - 3 S03P1324
Fig. 28, one field frequency is 1/60 second while the period

of the luminance change of the fluorescent lamp is 1/100
second. The exposure timing at each field drifts with

respect to variations in the luminance of the Ffluorescent

'lamp, and an amount of exposure light at each pixel changes

from field to field.

If the exposure time is 1/60 second, the amount of
exposure light is different within the same exposure time
from duration al to duration a2 to duration a3, and when the
exposure time is shorter than 1/60 second (but not 1/100
second}, the amount qf exposure light time is different
within the same exposure from duration bl to duration b2 to
duration b3.

Since the exposure timing responsive to the iuminance
change of the fluorescent lamp reverts back to the original
timing evefy three fields, the brightness level variation

due to flickering is repeated every three fields. More
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specifically, the lum nance ratio of each field (the
appearance of a flicker) changes within an exposure
period, but the period of flickering remains
unchanged. In a progressive canmera such as a digital
canera, the 5 brightness |evel variation is repeated
every three frames if the vertical synchronization
frequency is 30 Hz. To emt white light, a plurality

of fluorescent lanps, for exanple, a red fluorescent

| anp, a green fluorescent tahp; and a blue fluorescent
| anp are typically used. 10 Fluorescent materi al $0B8t324
these | anps have uni que persistence characteristics
srkeridotaland oy lamdusatkopatio df rRchr enead sty of

di scharging to a subsequent start of discharging,
IPeght 2BAt sf on ddedkes )i phanees daddé nwehhexpesure period,

persistence characteristics. During this duration of
than elBeH%to%E&é&kPﬁ@n%W@ld‘ts Mmcgﬁna@féays vvhl l e
t he hue_t her eof chan%ms at_the sane tine.

expogﬁr%aﬁzq%reéséyef? S e Fh%l?ﬁF%ﬁnﬁﬁﬂﬁiﬂ'e€EF
b\f@ﬁhehéggsla}gl %'a%qawsnhyg %%%ﬁag%gggsth A Siatlr!(;ég if

| dor escent as uni que racteri s

thEa{reatﬁéPrh@&%@é i saPl8seRteddtay20sPabthcul ar
wavel ength, a variable conponent of a signal becones

~di f fBr emtitf mhteol bght 0 £@iaralThe 66| Hrudrssehangamps,
and the difference in the variable conmponent from

fesl exampleoloradeddurveacsnt canped acgkeen fluahearcens
As shown in the bottom portion of Fig. 28, the anount

lagap1ad HolepddipEerraht +atmiate coRseahty respetdl ess -

F?uorggcent materials for these lamps have unique
persistence characteristics thereof, and for a duration of
time from a stop of discharging to a subsequent start of
discharging, light emission decays in accordance with the
persistence characteristics. During this duration of time,
light appearing white at first decays while the hue thereof
changes at the same time. If the exposure timing drifts,
not only the brightness level variations but alsoc the hue
change occurs. Since the fluorescent lamp has unique
spectral characteristics that a strong peak is present in a
particular wavelength, a variable component of a signal
becomes different from color to color.

The color hue change and the difference in the variable
cemponent from color to color lead to a so-called color
flicker.

As shown in the bottom portion of Fig. 28, the amount



- 10

15

20

25

exposure timng if the exposure tine is set to be an
integer mnmultiple of periods (1/100 second) of the

| um nance variation of the fluorescent |anp. No
flicker then occurs. 5 1t is contenplated that
illumnation of the fluorescent I|anp is detected

t hrough signal processing of a canera in response to
an operation of a user, and that the exposure tine is
set to be an integer nultiple of 1/100 second under

~the illumnnation of the fluotescent lanp. In this 10
arrangenment, a sinple method can fully control th@&O03P1324

generation of the flickering. However, since this
detexpd sdeesi Nel  atdr@WnkhecfXPOsSHI & gdidiRskOobeciset to
any val ue, the freedom of the exposure anount
exdjossreenimieans? fidre elpasnragtiam dpprsepr itat be ammuintteger
15 of exposure is reduced. A nethod for reducing the
ulrdPésceht Perips f11/dREr segpmdr afhythshduménasgeed

exposure ti IS thus required. _An_image pickup
e nﬁ%! 3 LUses s R § e lé)?ﬂi%%gh%? TS -
SanEIEXRQ? rﬁe thggﬁ gug@ fﬁhﬁ?%ggihgggﬁe%%%dﬁk&ﬁ%%cent

device, offers Vel'y  easi suc

- Regausegthec-frd aHNess Leysl: vard ald an @@daceéxg ra in

variations due to the flickering appears only between
ddsgbdse td dheopxaasuvhecki deudisr NQindlihB0 srEOfthodifie
flickering has a repetition frequency of three fields
tdgie 25 séowre ive FEing in28gef anathipeve of AFNS0 asdcavbrager
value_of - 5 S03P1324 the video signal of each field,
tGr FehEmiRFE FRh & aei Alrergscent lamp. In this

arrangement, a simple method can fully control the
generation of the flickering.

However, since this method does not allow the exposure
time to be set te any value, the freedom of the exposure
amount adjustment means for obtaining an appropriate amount
of exposure is reduced.

A methed for reducing the fluorescent light flicker

‘under any shutter speed {exposure time) is thus required.

An image pickup device having all pixels in one frame

exposed at the same exposure timing, such as a CCD image

pickup device, offers relatively easily such a method

because the brightness level variations and color variations
due to the flickering appears only between fields.
If the exposure time is not 1/100 second, the

flickering has a repetition freguency of three fields as

shown in Fig. 28. To achieve a constant average value of
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and current color variations are predicted fromthe

video signal three fields before, and the gain of the

video signal of each field is adjusted based on the

prediction results so 5 that the flicker is reduced to

a level that presents no problemin practice. In the

XY addressing type scanning i nage pi ckup device, such

as a CMOS i mage pickup device, however, the exposure

timng drifts successively frompixel to pixel by one

10 horizontal period of the ¥eading clock (pixe

clock) in a screen horizontal direction. Since abb3ri324

pi xels are different in the exposure timng, the

tMovedesf 81 GREEh fTRlkad reanapt cuSHHY asmihbBce variations

flickering. Fig. 29 illustrates such flickering. The

Fuikelbsretd soubmessinietyodsi dteiprddietexpdsonetis ndingzo

in the screen horizontal direction as discussed

sHgaee. tonee hbie Knbgiforper fo@d the i eifehheyvidar tsdgnal

t han hhg,giripd of, the  variation of the fluorescent

95 GRED BhSEW Th aHESESSURPEFOP tildt PEREIFFXER s T tHe SO
iLne, have t.he sanme tipmng,.th Xposure timn ng

ST shR PR U BAReN B (P Rl BRei

c2QBBLAI nY bike fhe one shown in Fig. 29. This

assunption presents no practical problem The exposure

timng dife dyf eesssihgn jdd&de@nlingeihige thicY device,

~addressi ng type scanning | mage pi ckup device, such as

s28haa EMOSCN O gienggiec bupkdevidee: @s, Showrerp Fhe. e8P sde

- 6 S03P1324 represents such a drift in the exposure
tHrafigiriGhorqdessively from pixel to pixel by one
horizontal peried of the reading clock {(pixel clock) in a
screen horizontal direction. Since all pixels are different
in the exposure timing, the above-referenced method cannot
suppress the flickering.

Fig. 29 illustrates such flickering. The pixels
successively drift in the exposure timing in the screen
horizontal direction as discussed above. One horizontal
period is sufficiently sheorter than the period of the
variation of the fluorescent light. Based on the assumption
that the pixels on the same line have the same timing, the
exposure timing cf each line in a screen vertical direction
becomes something like the one shéwn in Fig. 29. This
assumption presents no practical problem.

The exposure timing is different from line te line in

the XY addressing type scanning image pickup device, such as

a CMOS image pickup device as shown in Fig. 29 (F1
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lines suffer froma difference in the anount of
exposure |ight, the brightness |evel variation and

the color wvariation take place due to the flickering
not only between 5 fields but also within each field.

A strip pattern appears on a screen (Wth strips
thereof aligned in the horizontal direction and the
density of the stripes changing in the vertica
direction). Fig. 30 illustrates an on-screen flicker

if a subject 10 is a uniferénpattern. Since one

hori zontal period (one wavel ength) of the subjectsoBgsl3z4
1/ 100 second, a stripe pattern of 1.666 periods
RARRALstENsRe 4 ranee Lat chhrepsensnt thihenghunber, &f the
read lines per field, and one horizontal peéeriod of

ltie sssrif per patdreran didfeespoadsn tithd kéonnaber etpsaac
lines 15 L=M60/100. In this description and the

Idradmir nghe apr igistnersiss kefe). vepiesiant snd wbkt eplexcati on
operation. As shown in Fi 31, three fields (three

ARG PT B RIFSId W6 vagﬁ%eﬂida%er(ipﬁvéomv@séﬁngn
f .the stripe pattern, apd.if. viewed continuously, the
SEPE3o B 1 Hin 35 apalRs Tt ol | fo Str IR DAFLFEAldppeats

I Leghl ' ' nl. .
ﬁ%ﬂag%%kggg ‘%%g1%Qggpgagb%ﬁeguégggﬁ%ﬁ%l¥l%gge??rﬁ%?ntal
dAf-acth 68, alDVWNEGenkhey 8BOMEs ARSGHREEnERL Ok in the
variation also additionally appears, thereby
veuhdtaht datdgtidegr.adi ng i mage quality. The col or 25
flicker, in particular, beconmes pronounced as the
shut F&g- -307 11308Pr329s speerhsegerps £l asker Thie aX¥ubject

.addressing type scanning i mage
13 a uniform pattern. Since one horizental periocd (one

.wavelength) of the subject is 1/100 second, a stripe pattern

of 1.66¢6 periods appears in one frame. Let M represent the
number of read lines per field, and one horizontal period of
the stripe pattern corresponds to the number of read lines
L=M*60/100. 1In this description and the drawing, an
asterisk (*) represents a multiplication cperation.

As shown in Fig. 31, three fields (three frames)
correspond tc five periods (five wavelengthé) of the stripe
pattern, and if viewed continuously, the stripe pattern
appears to drift in a vertical direction.

Fig. 30 and Fig. 31 show only the brightness level
variation due to the flicker. In practice, however, the
above-described color variation alsec additicnally appears,
thereby substantially degrading image'quality. The color

flicker, in particular, becomes proncunced as the shutter
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pi ckup device suffers nore frominmage quality
degradati on because the effect of the color flicker

al so appears on the screen. 5 If the exposure tinmng
is set to be an integer multiple of periods (1/100
second) of the |lum nance variation of the fluorescent
Iight, the anobunt of exposure becones constant

regardl ess of the exposure timng, and a fl uorescent
light flicker containing an on-screen flicker does

not occur. 10 Wth a variablé electronic shutter speed
feature incorporated, a CMOS i mage pi ckup devi ces03P1324
beconmes conplex in structure. Even in an i mage pickup
fGrddcechambagrddte  aheCkivonher sduitde iypkhechhexhdidrdge
of the exposure anmount adjusting neans for achieving
mrckappiopi cat @x ebaqpas nbeel Srdib Inedisc eghailfi tognlygpadation
integer multiple of 1/100 second is set as the

bkogeysar ehei et e mievdnt chleockekigkpr MBshodspéars on the
reduci ng the fl uorescent light flickering for use in
FHESRY addressing type scanning i mage pi ckup devi ce,

o opb 2ot B bR h R fhoBh Phemby e inle
8t oo d0Dl 08 LG BB ool mmna%%goﬁgm%n A tre

ent ocument apanese nexam ne at en

fm@&ega&m@ml@{ﬁ,l Gabl aRolBe o2W00523040bedbaed 0SB tant
nmet hods of estimating a flicker 25 conponent by
regasdlieng ah Erowxposhirki ghtinf, ard woreéscestcent8 light
S03P1324 | anp with a photosensitive el enent or a
fﬁé§§9r|9@p¥ﬁxﬂﬁgq an on-screen flicker does not occur.

With a variable electronic shutter speed feature
incorporated, a CMOS image pickup device becomes complex in
structure. Even in an image pickup device having the
electronic: shutter, the flexibility of the exposure amount
adjusting means for achieving an appropriate exposure is
reduced if only an integer multiple of 1/100 second is set
as the exposure time to prevent flickering.

Methods for reducing the fluorescent light flickering
for use in the XY addressing type scanning image pickup

device, such as the CMOS image pickup device, have been

" proposed.

Patent document 1 (Japanese Unexamined Patent

Application Publication No. 2000-350102) and patent document

2 (Japanese Unexamined Patent Application Publication No.

2000-23040) discloses methods of estimating a flicker

component by measuring an amount of light of a fluorescent
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and controlling a gain of a video signal from an image
pi ckup elenent in response to the estimation result.
Pat ent docunent 3 (Japanese Unexam ned Patent 5
Application Publication No. 2001-16508) discloses

anot her technique. In accordance with the disclosed
technique, two types of inages are taken in two
conditions, nanely, a first electronic shutter val ue
appropriate for a current anbient illum nation
condition and in a second el®&ctronic shutter 10 val ue
having a predeterm ned relationship to a light ando3pr1324
dark cycle of a fluorescent lanp, a flicker conmponent
latp €8EthMRE Sk RYsERMRALGENG LR T W S §RELS Yy 1 ARtk PorBiiicn
of a video signal froman image pickup device is
acghtcratketlimy « esionNs€ bovideo esitgnamt if@Bmr &5 Wrisge 1
Pat ent docunent 4 (Japanese Unexani ned Patent -
PAgplupc al eoenPubl irsesiooreNoe e 64192 idhscéosks.

anot her technique. In _accordance with the disclosed

t echPPbRRE 3PCUBERGhenédarangsatingranabed atent

 gBror ehan B BirielolPor LTI 21960 AEtLyoTHE

t%r&ﬂﬁgiqgé .a IA iacé%rrdgggoﬁ%% ’éh?c’e dcﬁts%cit ggdf Eg(r:.%r{f‘ %u\éeiédggio

signal froman inmage pirckup déeviceé taking advan

tgpdif ber enege balweenrthe: i remiensy:@fi odsYi 48R 8} 9nalsirst
conmponent and the frequency of the flicker conponent,
edrdtrbhec villet i gaabel apphuisr Gy gored tOraECOrdaicat
Wth the 25 correction factor in the nenory in
ildypdnseion adrslidéracendnin O scBRBA1824ctesml¢ sshutter

value having a predetermined relztionship to a light and
dark cycle of a fluocrescent lamp,ra flicker component is
estimated by comparing the two signals, and a gain of a
video signal from an image pickup device is controlled in
response to the estimation results.

Patent document 4 (Japanese Unexamined Patent
Application Publication No. 11-164192) discloses another

technigque. In accordance with the disclosed technique, a

'brightness variation under an illumination of a fluorescent

lamp is recorded beforehand as a correction factor in a
memory, the phase of a flicker component is detected from a
video signal from an image pickup device taking advantage of
a difference between the frequency of a video signal
component and the frequency of the flicker component, and
the video signal is thus corrected in accordance with the

correction factor in the memory in response to the detection
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~Patent docunent 5 (Japanese Unexam ned Patent

Application Publication No. 2000-165752) discl oses
anot her technique. In the disclosed technique, a
correction 5 coefficient is calculated fromtwo video
signals that are obtained as a result of exposures
performed with a tine difference, the tine difference
causi ng the phase of flicker to be inverted by 180
degrees. As disclosed in patent docunents 1 and 2, the
technique 10 of estimating ©f the flicker conponent
by nmeasuring the anount of |light of the fluorescengri3z4
lanp with the photosensitive elenent or the neasuring
ekement increases the size and the cost of the inmage
pi ckup system because the photosensitive elenment or

t he Peasiy idaguekatent (Fspaidsacadxahbnéd Rdentmge

pi ckup device. As disclosed in patent docunent 3, the
Appdhodgien cfublgshitiati Ng. t &0 TF1le0ker ) conpoheses @nother
phot ographi ng the two_ types of images in the

- tgEPRéFent sHutter ddBRUPEFO e uistSur 8 EORETE ioHs)

i . I in the i, .20 pi
GERLLEe fomlen sisten n he Lmge, 20, plokD o
oE‘BEiﬁ%'f' g £ Jé%‘ﬁg@go%”@:gﬁm&he% %J%%'%B'rﬂ%ﬁg v?ié%'aofi%e' n

pat en ocunment uses the coe | Cl en prepare

dbetorehand it theeNBIBEYraf& ca%%@.h@ct:fl@r%@é@@f il cker
is practically inpossible to preparé 25 the correction

toopéf igrerdesi fer 1abl déypess of fluorescent - 10

S03P1324 | anps. Depending on the type of the
f|ucm%gﬁ@nﬁoﬁadp;n patent documents 1 and 2, the technique
of estimating of the flicker component by measuring the
amount of light of the flucorescent lamp with the
photosensitive element or the measuring element increases
the size and the cost of ﬁhe image pickup system because the
photosensitive element or the measuring element is attached
to the image pickup device.

As disclosed in patent document 3, the technique of
estimating the fiicker component by photographing the two
types of images in the different shutter conditions
{exposure conditions) requires a complex system in the image
pickup device, and further this technigue is not appropriate
for taking a moving image.

The technigue disclosed in patent document 4 uses the
coefficient prepared beforehand in the memory as a

correction signal. It is practically impossible to prepare

the correction coefficients for all types of fluorescent
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detecting accurately the flicker conponent and
reducing reliably the flicker conponent are
difficult. As disclosed in patent document 4, the
techni que of extracting the 5 flicker conponent from
the video signal taking advantage of the difference
bet ween the frequencies of the video signal conponent
and the flicker conponent has difficulty in detecting
the flicker conponent distinctly fromthe video

si gnal component in a bl aekiBaekground portion and a
low 10 il lum nance portion, each portion having as03p1324
smal | amount of flicker conmponent. If a noving inage

liaSpldl, €S BBbehdh By ST €88, t g@r&@rmcﬁquo%sésﬁ@cur&g the
flicker conponent is %stantlally | owered. As the

degeleni ggeadtsed asigd t[hﬁ pai epér dosipmerht3antiheeddding

techni que di scl osed in patent docunment 5 for
redtipkdyi hige t flicldn cheposenpomentdifif iphotogr aphd iy lidsed
two types of images at the different timngs requires

in Eéﬁﬁ%xdgweé}ﬁ |4n the C¢auyEys aéuﬁxaévpébn@n@q s

t t f
fﬂ%sgé‘%aﬁe@éé%rﬁt oo EE e crk s CB R e tme of
theggngéfggég e %%t éISEreqéén %sng gﬁé§§léégl

scanni ng 1| mage pl C evi ce SUC

RhpkHENt A8V Gand Sfla@qaer:a&&hp/ordﬁite%%dd@@%é@i&y&w and
sufficiently reduced through sinple signal processing

deitebeihg usSha Of larc k2 pbabosensidisa nekereftof egoy dliess

of the level of a video - 11 S03P1324 signal of a
s§@bpeéctomprnarie inypebdhch Hdaiwmeoenpokahpn and a low-
illuminance portion, each portion having a small amount of
flicker component. If a moving image is present in a screen,
performance for detecting the flicker component is
substantially lowered.

As the technique disclosed in patent document 3, the
technique disclosed in patent document 5 for estimating the
flicker component by photographing the two types of images
at the different timings reduires a complex system in the
image pickup device and is not appropriate for taking a
moving image.

In accordance with the present invention, a f£luorescent
light flicker characteriétic of an XY addressing type
scanning image pickup device such as a CMOS image pickup
device 1s accurately detected and reliably and sufficiently

reduced through simple signal processing without using an

photesensitive element regardless of the level of a video
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Di scl osure of Invention A flicker reduction nmethod of
a first invention for 5 reducing a fluorescent |ight
flicker conponent in a video signal or a |um nance

si gnal obtained by photographing a subject through an
XY addressing type image pickup el ement wunder an
illumnation of a fluorescent |anp, includes a step of
integrating the video signal or the |um nance 10
signal, as an input inage signal, throughout a
duration of tine equal te of tonger than one

hori zontal period, a step of normalizing the S03p1324
integrated value or a difference val ue between the
JiRhedr stegd values %Edaghécﬁ{ e df & 4518k 80LACSNUmp .
frames, 15 a step of extr Ing a spectrum of the

nor mal i zed integrated value or the normalized

di fference value, a step of estimating a flicker
DderpoAent 9% omveméioextracted spectrum and a step of
perform ng a cal cul ati on operation on the

est | frefeF Y EL%QPCEb%d?@hoda@é ?hélFﬁEu%nYQf&gé’nslf@ﬁal

cancel _out heﬁg LLnate i cker conponent.
T et

IF%F‘S&%? F IS Aet b of s FBmPAERT | O 7 grideo
<G5lu51 09 2 fareecenlobl ons, dly gker comBRItio L each

or signals of OI‘S opt al ne

sApSUbL egir AR %&Owhaéaré%n%d ' AGaG¥ ﬁglé]ﬂ?gg%lement
|

pi ckup el ement under an - 12~ S03P1324 um nati on of
uadél ue esklentinaaipn bAch uflesorie e 0bmpnt £gr@Alddrg t he

col or signal of each col or

a step of integrating the video signal or the luminance
signal, as an input image signal, throughout a duration of
time egual to or longer than one horizontal period,‘

a step of normalizing the integrated wvalue or a
difference value between the integrated values of adjacent
fields or adjacent frames,

a step of extracting a spectrum of the normalized

integrated value or the normalized difference value,

a step of estimating a flicker component from the

extracted spectrum, and

a step of performing a calculation operation on the
estimated flicker component and the input image signal to
cancel out the estimated flicker component.

A flicker reduction method of a second invention for

reducing a fluorescent light flicker component in each of

color signals of colers obtained by photographing a subject

through an XY addressing type image pickup element under an
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as an input image signal, throughout a duration of
time equal to or |longer than one horizontal period, 5
a step of normalizing the integrated value or a
di fference val ue between the integrated val ues of
adj acent fields or adjacent franes, a step of
extracting a spectrumof the normalized integrated
value or the nornalized difference value, 10 a step
of estimating a flicker conmponent fromthe extracted
spectrum and a step of perfiarm ng a cal cul ation
operation on the estinmated flicker conponent andsphel324
i nput image signal to cancel out the estinmated
fﬂru&ﬁﬁgtg&@p&@emtflu&eécéhtCf&ﬁp,r %‘é%'d@@ met hod of a
third invention for reducing a fluorescent |ight

fIlCkegt@@nﬁpn@mbgkateﬁgftﬁ& db1drUlli BAACEsSigH candr,
each of color signals of colors, obtained by

gehehognaphi impge sulgnedt throwugiown aXduaddl essonigtineype

iqgge pi ckup el ement under an illum nation of a 20
r é§cent LongRy, thael gaeshar saep-adf Pertedrating each
of the |um nance signal and the color signal of each

~col of, SHP & Pﬁﬁﬁ?lﬁﬁb@% Eﬁ%ﬂﬁﬂtegrﬁﬁﬁﬁu M F 2

%iofageggglvafuén% Egn %8? 1nt é¥¥' tgggues ?% adjacent

FI"zZon erl 0d norwm

ﬁl@gggrggeggﬂggéﬂ% HraRes, 13 803P1324 dlfference val ue
between the integrated val ues of adjacent fields or
adj agested IFRKtracting a spectrum of the normalized
integrated value or the normalized difference value,

a step of estimating a flicker component from the

~extracted spectrum, and

a step of performing a calculation operation on the

estimated flicker component and the input image signal to

cancel out the estimated flicker component,

A flicker reduction method of a third invention for
reducing a fluorescent light flicker componsnt in each of a
luminance signal and each of color signals of colors,
obtained by photographing a subject through an XY addressing

type image pickup element undex an illumination of a

fluorescent lamp, includes

a step of integrating each of the luminance signal.and
the color signal Qf each color, as an input image signal,
throughout a duration of time equal to or longer than one
horizontal pericd,

a step of normalizing the integrated value or a
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a step of extracting a spectrumof the normalized

i ntegrated value or the nornalized difference value, 5
a step of estimating a flicker conponent fromthe
extracted spectrum and a step of performng a

cal cul ation operation on the estimated flicker
conponent and the input inage signal to cancel out
the estinmated flicker conponent. 10 In accordance MAth
the flicker reduction nethod of the present

i nvention, a signal conporenB ether than a flicker
conponent is renoved as the nornalized integratedso3ri324
value or the normalized difference value, and a

Sl :Raknthal, hd Wt welche thbi K885 AARoReN Lk 0o Pes@fsidny
estimated at a high 15 preC|S|on I.s obtained froma
filedels back@faune: makdeen and a | owillum nance
portion, each portion having a small anount of

fli ckestemnpdrestttracBynegxs rastdtnmgnt bé shectoum tizean -
appropriate order fromthe nornalized integrated val ue

lan@orehednbr heg | Fedhéi Ppém@h%@d/aikféer@ﬁéef V‘P%‘R%fr

conmponent is_20 thus, esti ed at a hi ci si
rega?df%%% B rarer a8 er Lk RupeenPrrsen
rac@n&e rlq?nmav%forn1even in an area where a

gnal dﬁgﬁ ‘bécones di scont i nuous by the effect

| of aasyﬁﬁ%f pEReokhigker COMAneAbni Spbehi B Yon and

sufficiently reduced fromthe input inmage signal by 25
pefihatsdngl 1 dwes € alcabathenagpettat iiepudn iinhge esidwet ad

- 14 S03P1324 flicker conponent and the input inmage
xingral out ntipardstduladged fhiakeordapoaentth the flicker
conponent

In accordance with the flicker reduction method of the
present invention, a signal component other than a flicker
component is removed as the normalized integrated wvalue or

the normalized difference value, and a signal that allows

the flicker component to be easily estimated at a high

precisidn is obtained from a black background portion and a

low-illuminance portion, each portion having a small amcunt
of flicker component. By extracting the spectrum tb an
appropriate order from the normalized integrated value and
the normalized difference value, the flicker component is
thus estimated at a high precision regardless of the type of
a fluorescent lamp and a luminance varied waveform even in
an area where a signal component becomes discontinuous by
the effect of a subject. The flicker component is reliably
and sufficiently reduced from the input image signal by

performing the calculation operation on the estimated
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reduction nmethod of the second or third invention, the
flicker conponent is detected fromthe col or signal of
each 5 color, obtained as the video signal, on a per
color signal basis, or on a per |um nance and col or

~signal basis, and the detected flicker conponent is

reduced. The fluorescent light flicker containing the
color flicker is thus = accurately detected and

reliably and sufficiently reduced. 10 Brief

Description of the DrawingsiEig. 1 illustrates a

system configuration of an inmge pickup device okpene3z4
enbodi nent of the present invention. Fig. 2

Al Ustr Bbfgondie SAMRhe ohode diglddlsighgnal 15

processor of a primary color system Fig. 3

I 11 ushrgdesi ONe reXanphec®fdahdd Giitcdl tBE 0Bl ckd RERSSAENL
of a conplenentary color system Fig. 4 illustrates a
rHeidnst iexamptieodfofa thii skeond eshticerird Engenbion, the

il lustrates one exanple of a calculating block 20
flakkay rarpezertatisr deteatedgiomm iy .codor| sigrahtals each
sicond exappl e of the flicker reducer. Fig. 7 i

G Past PRERSISE 131 fdCeXafApP et e I FcREF CPeducednal
b%g.gigbrSOillustrgtes one exggngéi %f t.he Elicger and the
Feadcer™- 15 Rd3ptd22° R HE1T GAPRALI RS bY 4
JReBELHOFESCRIY dARBneftdis Srddd st T akgs anQthelcent
exanpl e of the flicker

Light flicker containing the color flicker is thus

accurately detected and reliably and sufficiently reduced.

Brief Description of the Drawings

Fig. 1 illustrates a system configuration of an-image

- pickup device cf one embodiment of the present invention.

Fig. 2 illustrates one example of a digital signal
processor of a primary color system.

Fig. 3 illustrates one example of a digitél signal
processor of a complementary color system.

Fig. 4 illustrates.a first example of a flicker reducer.

Fig. 5 illustrates one example of a calculating block
taking into a saturation region.

Fig. 6 illustrates a second example of the flicker
reducer.

Fig. 7 illustrates a third example of the flicker
reducer.

Fig. 8 illustrates one example of the flicker reducer
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reducer under the illumnation of a non-fluorescent
lanmp. Fig. 10 illustrates an i mage pickup device that
takes 5 into account a subject that changes greatly in
a short period of tine in response to an operation or
an action of a photographer. Fig. 11 illustrates one
exanpl e of image pickup device that takes into
account the flicker conmponent reduction 10 process

t hat becones unnecessary depending on a photographing
condition. Fig. 12 illustrates-another exanple of

i mge pickup device that takes into account the sp3p1324
flicker conponent reduction process that becones

u&&ﬁ@%?%ﬁé af J}’lﬁ,lﬂﬁgﬂ%ﬁhfl??? Ny 3 ork 2 1RROLABEAPN

condi t1on. ustrates a basic configuration
to agjysts aniuesthids ethddHeKkagpMPOSL N he 10 cki4
illustrates a first specific exanple for adjusting
redecest un@d edHd iickenicotpanet .a 20nFiffJuoddscent lamp.
illustrates a second specific exanple for adjusting

t he B34 ndt éd lbikekiess conporaest PiFkyp devisisr vdstt hekes
.pur pose of explanation of Fig. 14 and_Fig. 15. Figs.
iIPPR ARECWTYB 3 [(TUhgeFat Bhaluhdvins geépethy tthe prt

. f. I ti f | e.of adjusti th
PES B Ch a4 edErHaEY 11 Tk CaRIONCt | < Fitf - T8RT =

paBd.d8B il ustrate equations serving the

Fig. 11 illustrates one example of image pickup dewvice
that takes into account the flicker component reductipn'
process that becomes unnecessary depending on a
photographing condition.

Fig. 12 illustrates another example of image pickup

~device that takes into account the flicker component

reduction process that becomes unnecessary depending on a
photographing condition.

Fig. 13 illustrates a basic configuration to adjust an
estimated flicker component.

Fig. 14 iliustrates a first specific example for
adjusting the estimated flicker component.

Fig. 15 illustrates a second specific example for
adjusting the estimated flicker component.

Fig. 16 serves the purpose of explanation of Fig. 14
and Fig. 15.

Figs. 17A and 17B illustirate equations serving the

'purpose of explanation of an example of adjusting the
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pur pose of explanation of the exanple of adjusting the
estimated flicker conponent. 5 Figs. 19A and 19B
illustrate equati ons serving the purpose of

expl anation of the exanple of adjusting the estinmated
flicker conponent. Figs. 20A - 20E illustrate
equations serving the purpose of explanation of the
exanpl e of adjusting the 10 estimated flicker
conmponent. Figs. 21A - 21Cillustrate equations
serving the purpose of expllanation of the exanpl e of
adjusting the estimated flicker conponent. Figs. s22A1324
and 22B serve the purpose of explanation of 15 Fig. 8
dnaitdd 81iEkdr dhddnUstrates a subject used in
tests. Fig. 24 is a plot of an integrated value of the
subj BtYys. ofsAigrd 2838 FlQus?fatss sanpltobnsf sardidd amence
val ue of the subject 20 of Fig. 23. Fig. 26 is a plot
wirr@spor ratxpbthai fdrecdncbe vakarp lof off k€isabjegt tiof
Fig. 23. Fig. 27 is a plot of a flicker coefficient
Sraseedt Lioked remeebEeét of Fig. 23. 25 Fig. 28

illggtratgéf? flugg scigt | i ght fIi%ker of a - 17
S03P13%% Ay gix‘: P R ETUREGON2 3T U rtdes
ﬁ%f&%§8r8§cé§ﬁléﬂé¥¥bﬁfBkc%ﬁé é%ﬁﬁgle of adjusting the
estimated flicker component.

Figs. 20A - 20E illustrate equations serving the
purpose of explanation of the example of adjusting the
estimated flicker component.

Figs. 21A - 21C illustrate equations serving the

purpose of explanation of the example of adjusting the

estimated flicker component.

Figs. 22A and 22B serve the purpose of explanation of
Fig. 8 and Fig. 9.

Fig. 23 illiustrates a subject used in tests.

Fig. 24.is a plot of an integrated value of the subject
of Fig. 23.

Fig. 25 is a plot of a difference value of the subject
of Fig. 23. |

Fig. 26 is a plot of a normalized difference value of
the.subject of Fig. 23.

Fig. 27 is a plot of a flicker coefficient estimated
for the subject of“Fig. 23.

Fig. 28 illustrates a fluorescent light flicker of a
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XY addressing type i mage pi ckup elenent. Fig. 30
illustrates a stripe pattern in one frane in 5 the
fluorescent light flicker in the XY addressing type

i mage pickup elenment. Fig. 31 illustrates a stripe
pattern in three consecutive franes in the
fluorescent light flicker in the XY addressing type
i mge pickup elenent. 10 Best Mdde for Carrying Qut
the Invention [Enbodi nents of image pickup devices:
Fig. 1 - Fig. 3] (System-configuration: Fig. 1) Fig.
1 illustrates a system configuration of one 15 S03P1324
enbodi ment of an inage pi ckup device in accordance

q@d:gmggg pfg%EFHH ~Jigention. The image pickup device

a vi camera enpl oying a CMOS i mage pi ckup
el enend. as 3 1VstddEgssi NG dniRecacaniyng #IMRGR P aKHR
elenment. In the i mge pickup device of this
xanhadireeaing namel Ymag20pi benyiddemenaner a, | i ght froma
'subj ect is incident on a CMOS inmmge pickup device 12
vi a 8igi mdyé lpivekuptepta cririppspentdin immpe frame in
phot oel ectrically converted into an anal og vi deo

HPgRARCTBSC A He 1EMES FirhgEe bi Lk ufcdévi 88912SS TR type

resultln anal o video signal is thus obtained from
CR/b’s‘gf%%ee Pdkup 25 dgw ce 12. - 18 S03P1324 The
CMOS: | agh Fl'ﬁ'ﬁHErgEé’é Ce gha Wg%c%:g{@%érn a1 M5

substrat e, pluralrty of nenS|on Iy arranged
cPhX8kStive frames in the fluorescent light flicker in the

XY addressing type image pickup element.

Best Mode for Carrying Out the Invention
[Embodiments of image pickup devices: Fig. 1 - Fig. 3]
(System configuration: Fig. 1)

Fig. 1 illustrates a system configuration of one
embodiment of an image pickup device in accordance with the
present invention. The image pickup device is here a video
camera employing a CMOS image pickup element as a XY
addressing type scanning image pickup element.

In the image pickup device of this embodiment, namely,
the video camera, light from a subject is incident onn a CMOS

image pickup device 12 via an image pickup optical system 11,

-and photoelectrically converted into an analog video signal

by the CMOS image pickup device 12. The resulting analog
video signal is thus obtained from the CMOS image pickup

device 12,
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each pi xel including a photodiode (a photo gate), a
transfer gate (shutter transistor), a switching

transi stor (address 5 transistor), an anplification
transistor, a reset transistor (reset gate), etc.,

and further a vertical scanning circuit, a horizontal
scanning circuit, and a video signal output circuit.
The CMOS i nage pi ckup device 12 nay be a primary col or
10 systemor a conplenentary color system and the
anal og video signal output 18Bremthe CMOS i mage pickup
device 12 is an R@B primary color signal or a S03P1324
conpl ementary col or signal. An anal og signal processor
13 p agesk 15 [ i ' ' P e

the anal oy Qed s PEnare HEm A 8% EhERlpd; REEo8s
APiteatd? QNpBuRAN t§ObOr tHbINBheRADNS1 1VN8ELBY ed pixels,
sanpl e- hol di ng the anal og video signal, gain

eaaht pakkil ngnthelianakoghetd@bodd gralphioicaga®ASC, a transfer
(automatic gain control) process, and A/ D converting
Jee ehebter greAnsiistre) a di gwitdhigiggiahns28tThe(address
.digital video signal fromthe anal og signal rocessor
tr3DpdShrhtesye By 1411 PRl t I HAt Opr 08eE3BPT Jpransistor

K d | C, i1 ], be di later, In the.
GRS ERRcr bnal Do BRs P e o IS en BRI PR,

al ﬁgyﬁgéntéfeségrmitn@l c}fkg&?t?igﬂgg 3 d@opgfgééﬂn&ltput

conmponent basis 25°using a net the present

- chipvgntion as will be discussed - 19 SO03P1324 | ater.

The digital video signal is finally converted into a
| um Tl g4 gmabe Ypiand rdxdriard 18| neyciod of it ifrfservenetor

system or a complementary color system, and the analog video
signal output from the CMOS image pickup device 12 is an RGB
primary color signal or a complementary color signal.

An analog signal processor 13 packaged in an IC

(integrated circuit) processes the analog video signal from

‘the CMOS image pickup device 12 on a per color signal basis,

4thereby sample-holding the analcg video signal, gain

contrelling the analeg video signal in an AGC (automatic
gain control) process, and A/D converting the video signal
intc a digital signal.

The digital videco signal from the analog signal
processor 13 is processed by a digital signal processor 20
packaged in an IC, as will be discussed later. In the
digital signal processor 20, a flicker reducer 25 reduces
the digital video signal on a per signal component basis

using a method of the present invention as will be discussed




signals R Y and B-Y to be output fromthe digital
signal processor 20. 5 A systemcontroller 14,

i ncluding a mcroconputer, controls each block in the
camera. More specifically, a lens drive control signa
Is supplied fromthe systemcontroller 14 to a |l ens
driver 15 packaged in an IC, and the lens driver 15
drives lenses in 10 an inage pickup optical system
11. The systemcontroller 14 supplies a timng contro
signal to a timng generatorsls. The tim ng generator
16 supplies a variety of timng signals to a CM3S03p1324
i mge pickup elenment 12 to drive the CMOS i nage
1%%8599 fﬂé”gﬁgifga'vléegh 1§y & %qggﬁgklggnéé%ted_ﬁnto a
recei ves detection Signals for = signal tonponents from
1hendhgbt @l gridgRal aRR0EES SREd FuelRB102Nal Pk S rERal
processor 13 gain controls the color signal in
sigaphASR-Y carah BAGCtSsI gaabu o Adven sYist ey LAl rsaldnanl
14. Signal processing of the digital signal processor
pZOcess@D £ontrol led by the systemcontroller 14, If a
subj ect changes in_a short period of time in response
to ah BEXHHh COPtRObHeE ogtrapierludine 3B EHACEBRELEN | er
14 detects a ougput froma hand- shake sensor 17
CEBhAR ?é%aﬁq;hﬁ? sy8t ENF cOMtF 51 er 14, and controls a

25 fil oG 5 i 1 e _di |.aLer 4 20
S03P 1934 RoCont ral baror- T Brdoa oy Snr oy TaE. *°
shepMag Afim it eybace dénraBGonneebed 1and hassust em

controller 14 via
packaged in an IC, and the lens driver 15 drives lenses in
an image pickup cptical system 11.

The system controller 14 suppliés a ﬁiming contrel
signal to a timing generatof 16. The timing generator 16
supplies a variety of timing signals tc a CMOS image pickup
element 12 to drive the CMOS image pickup element 12.

The system controller 14 receives detection signals for
signal components from the digital signal processor 20. The
. analog signal processor 13 gain controls the cclor signal in
response to an AGC signal from the system cont;oller 14.
Signal processing of the digital signal processor 20 is
controlled by the system controller 14,

If a subject changes in a short period of time in
response to an action of a photeographer, the system
controlier 14 detects an output from a hand-shake sensor 17

connected to the system controller 14, and contrels a

flicker reducer 25 as will be discussed later.
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an interface (I/F) 19 conposed of a mcroconputer. The
systemcontroller 14 detects a setting operation and a
5 selection operation on the control panel 18a. The
system controller 14 also displays a set status and a
control statue of the canera on the display 18b. If a
subj ect changes greatly in a short period of tine in
response to a canera operation, such as a zoom '
‘operation, 10 the systemcontroller 14 detects the
canmera operation, and contrgps-the flicker reducer 25
as will be discussed later. |If no flicker reductgomp13z4
process is required, the system controller 14 detects
t hat fl i Gk d [ IS 4 Lre a rols
z?‘ﬂ%c tfo&r ggnéf Hzg% aHy s dﬁgggg{g %y, %ﬁg& oh

I
t he er ucer as w | i scusse | ater

i0PeEABEY 00| QreS¥ehRBEtEN Go DneFis¢stémi EMStdIaless 1@Nvia

exanpl e of the digital signal processor 20 of a

apr Lneeyrad ofI /FyStlentonhesql idmaky mE ok otomyiSiea | Tha

t hree-panel systemor a 20 single panel system The
syREer- pareioldyst ém datecides tded tinpagee pittkaup aopt iEcal
system 11 of Fig. 1 including a light separation
S§§§?%&ﬁ¥(ﬂpﬁ§€§é9§tPﬁgt¢¢gﬁ¥“ﬁF6wPén§bb}%%t iThteo SYBRE™

RGB primary c Ioré, and a CNC% igage pi cku eIenEﬁt as
CPHEI% iTfage pi kB Y ettt S T AE1S t 7 F?%§°&3°Ir8 S.
sthe @%é'ﬂ}%‘ ; 8%%%' iyﬁ{leerajls{ﬂ)(il %d_eéb as the CMX i mge

plc%up - g 1323 el'enent 1. , a CMOS i mage pi ckup

el enent LNehHdENen R LY@ t1L1 LETS HRIHOHEAbEY of time

arranged on each pixel i'n a horizontal
in response to a camera operation, such as a zoom operation,
the system controller 14 detects the camera ogperation, and
controls the flicker reducer 25 as will be discussed later.

If no flicker reduction process is required, the system
controller 14 detects that no flicker reduction is required
and contreols the flicker reducer 25 as will be discussed
later.

(Primary color system: Fig. 2)

Fig. 2 illustrates an example of the digital signal
processor 20 of a primary color system.

The primary color system is a three-panel system or a
single panel system. The three-panel system includes the
image pickup optical system 11 of Fig. 1 including a light
separation system for separating light from a subject into
the RGB primary colcers, and a CMCS image pickup element as

the CMOS image pickup element 12 for the RGB colors. The

single-panel system includes, as the CMOS image pickup
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direction on the screen of a light input surface
thereof. 1In this case, the R@G primary col or signals
are read from 5 the CMOS i nmage pickup elenment 12. In
the digital signal processor 20 of Fig. 1, a clanp
circuit 21 clanps a black | evel of each of the RGB
primary color signals to a predetermned |evel, a
gain adjustnment circuit 22 gain adjusts the clanped
RGB primary color 10 signals in accordance with an
anount of exposure, and *FlRtker reducers 25R, 25G
and 25B reduce flicker conponents in the gain S03P1324
adjusted RGB prinmary color signals in accordance wth
cAefBhbofh of; PN RsER! i AMENH1RFenkN:1 hBEL G M tR)s color
si gnal processor 20 of %lg. 2, a white 15 bal ance
fadpust perntodidadlivt a2 faAdédisds daled bhkekeinr£ducadonBeB
primary color signals, a gamma correction circuit 28
dégeretens arhahshisceebal afcadl iadjtushed t REBr prdararhereolfor
signals, and a synthesis matrix circuit 29 generates
TPhEPLf (R FPan d&Ss RGRaP T Ynagh Falivs €obarlai 4¥erwance from
ig R-Y and 20 B-Y fromthe ganma-corrected RGB
tﬁ?'§@¢€ B9 PLCEHRI §L1SMMRE Préd'nary col or system

e, ' ' L..Y aft N '
of thb e b0 hAT, FRRRS, HePhRaper ' Bt &' 28 R

cifcli@.212.c19mpeeat Beadk i CkRST CRMRQRENL i fhe S %@@mary
primary color signals is reduced in the course of 25

coher priopeds @b bheprBRGE-PfmiTRIY 160k0) &1 el SdsilR€ment

flicker -22 503P1324 conponent in each of the col or
ctbrpohet?t gaandadhestantmmndenpedgRaB pseimaufyf icilent |y
sigggﬁE%hAaccordance with an amount of exposure, and
flicker reducers 25R, 25G, and 25B reduce flicker components
in the gain adjusted RGB primary color signals in accordance
with a method of the present invention.

In the digital signal processor 20 of Fig. 2, a white
balance adjustment circuit 27 adjusts the flicker-reduced
RGB primary color signals, a gamma correction circuit 28
corrects the white-balanced adjusted RGB primary color
signals, and a synthesis matrix circuit 29 generates the
luminance signal Y, and the color difference signals R-Y and
B~Y from the gamma-corrected RGB primary color signals.

The primary color system generates the luminance signal
Y after the processing of the RGB primary color signals is
complete as shown in Fig. 2. Since the flicker component in

the RGB primary color signals is reduced in the course of

the process of the RGB primary color signals, the flicker
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Al t hough flicker reducers 25R, 25G and 25B are
preferably arranged as shown in Fig. 2, the present 5
invention is not limted to this arrangenent.
(Conpl enentary col or system Fig. 3) Fig. 3
illustrates one exanple of the digital signa
processor 20 for a conplenentary color system The
primary color systemis a single-panel systemthat 10
i ncl udes, as the CMOS i mage pi ckup el enent 12 of Fig.
1, a OCMXS imge pickup el-egent having conpl enentary
color filters on a light input surface thereof. §hep1324
conpl ementary color filter, as shown as a col or

j i ' , g i | t s [ -
O oot & ebiar TP er Bt IR TS 1 (ot [hihine

sAlghennabebyr arsangeq eBdbbedpi xel s in a hori zontal
direction at one horizontal line position Lo at every

two Alimesgh &ldcheeyasdaodsy A5R,t e6Gseatd A@bH Greand a
yellow color filter |Ye are alternately arranged on
rredeppkéy sarrrngedhesi 2baval iniFlact iZonthe phesotther
horizontal line position 20 Le at every two lines. In
P tegRel st ANPSEPARGR PRk AFemgrBRht12

syntqgsi es and readf videq:ng al s gI two adj acent
hor i YoMt S S HE T oS PT PoreY S A ‘e 4df - hoti zont al peri od,
a  cplor signalsypthesizead 41,00 EFetQé €M G101 gnal

signal“and the 25 cyan color signal and a color si'gna
psyakbestzed 40 hRpieAdnta03R324 BRgeaha col or

signal and the yellow color signal are alternately
obt aime paitmaeye cylpr Xeysiodnodls fr simyhe-&MEB system that
inciudes, as the CMOS image pickup element 12 of Fig. 1, a
CMOS image pickup element having complementary color filters
on a light input surface thereof. The complementary color
filter, as shown as a color filter 1 in Fig. 3, a green
color filter section 1G and a magenta color filter section
1Mg are alternately arranged on the pixels in a horizontal
direction at one horizontal line position Lo at every two
lines, and a cyan color filter section 1Cy and a yellow
color filter 1Ye are alternately arranged on the pixels in a
horizontal direction at the other horizontal line position
Le at every two lines.

In this case, the CMOS image pickup element 12
synthesizes and reads videc signals of two adjacent
horizontal liﬁe positions. At each horizontal period, a

color signal synthesized from the green ccleor signal and the

cyan color signal and a color signal synthesized from the
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i mage pickup elenent 12. In the digital signa
processor 20 of Fig. 3, aclanp 5 circuit 21 clanps a
bl ack | evel of the conplenentary color signal to a
predeterm ned | evel, a gain adjustnent circuit 22
gain adjusts the clanped conplenentary color signal in
response to an anount of exposure, a |um nance
synthesizing circuit 23 generates a | um nance signha
Y fromthe gain 10 adjusted conpl enentary col or
signal, and a primary col er 23separating circuit 24
separates the gain-adjusted conplenentary color sp3p1324
signal into the R& prinmary color signals. In the
iai.tal -si ; c 0 0] [ ] ] 15
e I e ST g P Toadr Sigmaf
al¢el-Ranety SbidedYakl 8GEPes 1441 RARCR $¥Hh hesd v
circuit 23, and the flicker reducers 25R 25G and
idaBer pddrep fdliadeerc ¢anponents in the RGB primary
color signals fromthe primary color separating
ci rcli tti digigedopdemee MiadessometAodf ofig hed,2@ clamp
present invention. In the digital signal _ processor 20
C&FCFFE.2%,C%F%ﬁ%ﬂ%ablEEFr%%Y?grp§ﬂqh§uPPmﬁée%%ﬁ?%ﬁMs?q;ﬁé

radatj on of t flicker- reduced |l.um nance signal .
FRER o b o T atid s e T Somcs S fonds s tagn il voni ¢
utpul ., 5 Wy al dj L.L,Ccuj 752 in

22 b, i ditd SRR A T Bk L UL o b dihal i
r60bBhse 24 ar@3RL324081 8RBbSurd, FAMRIRRRELCEJ i hesizing

circuit 28 adjusts the gradation of the white-bal ance
cadpust e?l3 RisBepraitedr § tokDiasdgraloghalaldfrom the gain-
adjusted complementary color signal, and a primary color
separating circuit 24 separates the gain-adjusted
complementary color signal inte the RGB primary color
signals.

In the digital signal processor 20 of Fig. 3, a flicker

reducer 23Y reduces a flicker component in the luminance

signal Y from the luminance synthesizing circuit 23, and the

flicker reducers 25R, 253G, and 25B reduce flicker components

in the RGB primary color signals from the primary color
separating circuit 24 in accordance with a method of the
present invention.

In the digital signal preocesscr 20 of Fig. 3, a gamma
correction circuit 26 corrects the gradation of the flicker-
reduced luminance signal, thereby resulting in a luminance
signal Y as an output, a white balance adjustment circuit 27

white-balance adjusts the flicker-reduced RGB primary coclor
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a synthesis matrix circuit 29 generates the col or
difference signals RY and B-Y fromthe
gamma-corrected RGB primary 5 color signals. In the
primary col or system the |um nance signal and the
RGB primary color signals are generated in a
relatively wearlier phase of the process of the
digital signal processor 20 as shown in Fig. 3. This
i s because the |um nance signal 10 is easily generated
fromthe synthesized signal sythrough a sinple additive
process. If the RG primary col or signals are S03P1324
generated fromthe synthesized si gnal through a

rence the.l um.n e Sl

e?ate% $&§ fﬁ?rﬁiﬁé r?h%?%l%o or gﬁalghe pdgtion
oc-‘f NhreagthtQibéﬁﬁlce]-%dljUﬁ‘t@@nﬁ?B SRRy %ohgweéfﬁlallsf and
the | um nance signal Y and the color Signals are
Prucenseds ths ouoh Sepanat eol faesraty ehy ceduei digr tdience
flicker conponent in each color signal is not
syiilei BnY #md B¥e firoduthi opamha-tdre relcite K eRGB apmpiomemit
in the lunm nance 20 signal. The flicker conponents in
CACH éégeﬁl%onponent and the lumi nance signal are

suffrcrent reduced b rately _reducing the
fli c%r Kol ¥ FRIPheS %ﬁ%aﬁ@@ IPGHETNGES SSHGMn 2PA

t!%lleg 8%1}%1;?}5'0%'&% s? Hgggs%tzmﬁ%er?e%%tegng 2% @{Eﬁclvely

pre era arrange
R-E3eRt phWEM 4 Ahd Srocdls @%%ﬂgﬁ@ell st ed $Qcessor

t hi s arrangenent
20 as shown in Flg 3. This is because the luminance signal

is easily generated from the synthesized signal through a

~ simple additive process. If the RGB primary color signals

are generated from the synthesized signal through a
difference process, and the luminance signal Y is generated
from the RGB primary color signals, and an S/N ratio of the
luminance signal. is lowered.

If the luminance signal Y and the color signals are
processed through separate lines, merely reducing the
flicker component in each ceclor stgnal is not sufficient in
the reduction of the flicker component in the luminance
signal. The flicker components in each color component and
the_lumihance signai are sufficiently reduced by separately
reducing the flicker component in the luminance signal as
shown in Fig. 3.

The flicker reducers 25R, 25G, and 25B afe preferably

arfanged as shown in Fig. 3, but the present invention is
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[ Enbodi nents of the flicker reduction nmethod: Fig. 4 -
Fig. 27] The flicker reducers 25R, 25G and 25B of
Fig. 2, and 5 the flicker reducers 25R, 25G and 25B
of Fig. 3 are constructed as discussed bel ow. The
flicker reducers 25R ~ 25G and 25B are hereinafter
collectively referred to as a flicker reducer 25. In
the followi ng discussion, an input inmage signal 10
refers to a RGB primary color signal or a | um nance
signal input to the flickepsreducer 25 prior to a
flicker reduction process, and an output inmage Stgfsos
refers to a RG primary color signal or a |lum nance

g romthe flicker reducer 25,
néhbgé%b%?¥'¥ot¥hg it %ﬁ%anléﬂuctlon process 15 In the

fol | pigy ssko c @g&fd -
CMOS caneﬁgkgggaﬁfN@gégﬁégggﬁlE§P§ a vertica Flgy #

Fsynchrpni zati on frequency of 60 Hz) under an
illTumnation of a fluorescent |anp operating froma
conBrecif@lick€rponguce solrie @HGH0ahiz. 23Merf tiig. 2, and
fluorescent light flicker is not 20 reduced, the

thei §hipless Heslpeergar it | s and €RB o6l Big- VArALE i ons
take place not only between fields but also wthin

CERRFIITEAd 4@ 14CEFPPD RakdEr n 1B FLVEXPRI TSRO ¢aR,
uBveL ROl ), APREALFONEL, Lhge Lhelds (LPLSe ro s

27avetEh on-a sereen as SHOW T
fg§ckékekégﬁgérn§g(ter fluorescent lamp as well as an -

26 S03P1324 inverter fluorescent |anp, flickering

t akes prac@olfowing discussion, an input image signal
refers to a RGB primary colof signal or a luminance signal
input to the flicker reducer 25 prior to a flicker reduction
process, and an output image signal refers to a RGB primary
color signal or a luminanée signal, output from the flicker

reducer 25, subsequent to the flicker reduction process.

In the following discussion, a subject is photographed

by a CMOS camera of an NTSC system (with a vertical

synchronization frequency of 60 Hz) under an illuminatiocn of

a fluorescent lamp operating from a commercial AC power
source of‘50 Hz. When the fluorescent light flicker is not
reduced, the brightness level variations and the color
variations take place not only bhetween fields but also
within each field and a strip pattern of five periods (five
wavelengths) appears over three fields (three wavelengths)
on a screen as shown in Figs. 29 - 31.

In a non-inverter fluorescent lamp as well as an
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rectification is not sufficient. The present invention
is thus not limted to the non-inverter type. (First
exanple of the flicker reduction nmethod: Fig. 4) 5
Fig. 4 illustrates a first exanple of the flicker
reducer 25. As shown in Figs. 30 and 31, the subject
is uniform The flicker conponent is typically
proportional to a signal intensity of the subject. 10
Let In"(x,y) represent an input inage signal (an RGB
primary col or signal or a-lugginance signal prior to
the flicker reduction process) of a subject at aB¥%3p1324
pixel n(x,y) inany fieldn, and In'(x,y) is a sum of
.a_signal .co onent free the f ker_conpo,
SREORR! cEOOnat free o e
Islcgaﬂcger@@nl@ nAS shePLesant ed 7 p%ggéhrorb&éatﬂaa is

Fig. 17A. In(Xx, y) represents the signal component,

thaeYh&t N ¥med rRPEBSEALS- e AddCkgpbecomponent, and
rn(y) represents a flicker coefficient. One

hor i giointsil epeampde bS s i lciicwetr] yedGcshon trertHddanFag. 4)
l'ight em ssion period (1/100 second) of a fluorescent

| anpEiand tiHdupltireke? & ddffstcicsnmpls ebngialdrildgkess
bei ng constant on the sanme line in the sanme field, and
rFHBCgFl%%er coefficient is thus represented by Fn(y)

A Teprasented by equation (2) LOFLG JIA PO LS

25 expressed by Urier Bt ie I"Zat'i on

TBQ'§1%@Wer cé%éon%g%P}§2€y§{E%flﬁ %h%%o?@@gﬂéf'ﬁg“ 'éignal

expressed in formthat” account
intensity of the subject.

Let In'(x,y) represent an input image signal (an RGB
primary color signal or a luminance signal prior to the
flicker reduction process) of a subject at any pixel n(x,y)
in any field n, and In'{x,y) is a sum of a signal component
free from the flicker compeonent and the flicker component
proportional to the signal component as represented in
equation (1) in Fig. 17A.

n(x,y) represents the signal component, In(y)*In(x,y)
represents the flicker component, and In(y) represents a
flicker coefficient. One horizontal period is sufficiently
shorter than a light emission period (1/100 second) of a
fluorescent lamp, and the flicker coefficient is considered
as being constant on the same line in the same field, and
the flicker coefficient is thus represented by In(y).

As represented by equation (2) in Fig. 17A, In(y) is

expressed by Fourier series for generalization. In this way,
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for all of em ssion characteristics and persistence
characteristics, different fromtype to type of
fluorescent lanp. 5 In equation (2), % represents

t he wavel ength of the on-screen flicker shown in Fig.
30. Let Mrepresent the nunber of read |ines per
field, and ko is L (=M60/100) Ilines. Here, (Do
represents a normalization angular frequency
normal i zed by Xo. 10 Here, ymrepresents an anplitude
of the flicker conponent_ofyeach order (n¥l, 2,
3,...). cbm represents an initial phase of t he S03P1324
flicker conponent of each order, and is determ ned by

ﬁ%gefalgpe¥eggé¥¥lcﬁ gigﬁu éé%g% %%gnd} c%haq)%$Cf§nts

exposure timn resce nce

frc:%ngL_tLSopa&ﬁéﬂoﬁqh%héﬁggté/ﬁéﬁ@svgﬁ}ﬁ bswfséér?deds and

di fference of (Dhm to the I nmediately preceding

chibebdtésisehaisr M:iredrbyc eatst 119 3b khp&i & MiAdrescent
<Cal cul ati on and storage of integrated value> In the

lexanpl e of Fig. 4, an integrating block 31 20
integrates the input inage signal In'(x,y) over one

| i nel® requatheni 28hi ale digrsesiean sorhe heastiedeirhas s Aban
in equation (4) of Fig. 17B to mnimze the effect of
°8‘5Fg?%?ef%%F5ﬂ¥eSh8§Fe%%|%ﬁ91ﬁ391 f FREKYrremppsent the

e YAINE ENCO) E5 d0US poAloulal et 00

represente y equati on

18AMAL I O ) JEILSRAESLE ¥ %éﬁnélﬁ%t&%n@ﬁ&\hf&ﬁ by -
28 S03P1374 integrating a signal component 1 n(X,y)
fO¥GleRe ndfiilized by Ao.

Here, 'Ym represents an amplitude of the flicker
éomponent of each order (m=1, 2, 3,...). ®mn represents an
initial phase of the flicker component of each order, and is
determined by the light emission period (1/100 second) and
the exposure timing of the fluorescent lamp. Since ©Pmn
reverts back to the same value every three fields, and a
difference of ®mn to the immediately preceding field is
determined by equatien (3) in Fig. 17A.

<Calculation and storage of integrated wvalue>

In the example of Fig. 4, an integrating block 31
inﬁegrates the input image signal In'(x,y) over one line in
a horizontal direction on the screen as shown in equation
(4) of Flg. 17B to minimize the effect of a picture in the
detection of a flicker. An integrated wvalue Fn(y) is thus

calculated. As represented by equation (5) ¢f Fig. 17B,

an(y) in equation {(4) represents a value that is obtained by
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The integrated value Fn(y) thus calculated is stored
in an integrated value storage bl ock 32 to detect
flickering in subsequent fields. The integrated val ue
storage block 32 is 5 designed to store the integrated
values of at least two fields. If a subject is
uniform the integrated value an(y) of the signa
conmponent In(x,y) beconmes constant. It is thus easy
to extract a flicker conponent an(y)*fn(y) fromthe 10
integrated value Fn(y) of -thg Lnput inmage signa
In"(x,y). In a general subject, however, an(y) sp3p1324
contains mwo conponent, and it is inpossible to

parate a | um nance L ﬁ% col or. conp nent, as
l“ TP ckerd conpohient COF‘PSﬁwe% }afh NAn &S a’ﬁ%l o a
col thgwkeasvaléé gméymmgnsaic&?apéd lfgestOﬁed in
itself

subj ect I's 1nmpossible to extract only t

al iiekegrsosponanie stheahbisketk CoNpeNa@Blebh £1 586Gy in
term iIs significantly smaller than the signa

scowpgnent fielals.fi Mot teteyrateduativenstdraganslddie 32 is
flicker conponent is alnobst buried in the signa
d@@ﬁﬁ@ﬁén‘@o PR ghe2dntpivsiedtvwes uelke of nebgieasd el ue
ﬁ in three consecutive fields of a subject (a
Ld&ILEF - subj ect practice) of Fig. 23 for ref er ence.

in
red o vedeh L‘COES?QMJ%\?T%“' (o B PR R ) ot
a8 0ohi N)on ARLET €hl D2 {%Jn%kse%o%étghge) Jenessnt

first; secon thir S appearing -
e§@§Pi32éx’§ﬁtS_€%Utfll‘i@k¥r Lsms@ehtf b@MyFkgn (24, fidm ithe

i npossible to
integrated value Fn(y) of the input image signal In’ (x,y).
In.a general subject, however, @n{y) contains m*0o
component, and it is_impossible to separate a luminance
signal and a color component, as a flicker component, from a
luminance signal and a color component as a signal component
of the subject itself. It is impossible to extract only the
flicker component. The flicker component in a second term
is significantly smaller than the signal component in a
first term in equation (4}, and the flicker component is

almost buried in the signal component.

Fig. 24 illustrates the integrated value Fn(y) in three

consecutive fields of a subject (a color subject in

practice) of Fig. 23 for reference. Fig. 24 is a plot of
the integrated value Fn{y) of a red color, and Field: N+O
{solid line), Field: N+1 (dash line), and Field: N+2 (broken

line) represent first, second, and third fields appearing
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extract the flicker conmponent directly fromthe
integrated value Fn(y). <Average val ue cal cul ation
and difference calculation> 5 As shown in Fig. 4, the
integrated values of the three consecutive fields is
used to renove the effect of an(y) fromthe
integrated value Fn(y). In this exanple, during the

cal culation of the integrated value Fn(y), an
integrated value Fn I (y) on the 10 same line in the
first preceding field i medipately prior to the current
field and an integrated value Fn 2(y) on the samBg3pi1324
line in the second preceding field i mrediately prior
c&psekn%'gi{St EF%%%ing f%e%d agg%rﬁiéigrggwégga le to
N egra%e% Yal u€ °SE6r 58 bt BTk . average val'ue
Salgulkatho0s Pl Agk 33mbancat C4d Al 8S AR -8HerAge; Yial ted

~ AVE[ Fn(y)] of the three integrated value Fn(y), Fn

vEQye, Fangd) Fn 2(y). If the subject is identified as the
sanme entity during the three consecutive fields,

an( yyAvenadze vasdsenedltoldiaiken anhleds aferyataiezalduliheon>
notion of the subject is small 20 enough during the

t hr e@s corwer Uty Véofi &} dshe tiHitegggsadprabees prieddst shaee
problemin practice. In the calculation of the
CRPEFSHEL BT fﬂr?equmlég FEPEdtY A YRR RgeERBCE PR (V)

S tive fields, .equation (3) means that signals
f%%ﬂh%gﬁel%ﬁﬁiﬁﬁ§eo Va%ﬁ% Pﬁ%&ér conponent s t her eof

successinel L. ShbhLedabyidg 292 EhAZN M 2L summRd. As a
result, the flicker conponents - 30 303P1324 cance
iBtgeacdd ofdiefe FRNE)avehagerdmtdiedAVEEEB(¥)] 119 on the
same iine in the first preceding field immediately prior to
the current field and an integrated value Fn 2(y) on the
same line in the second preceding field immediately prior to
the first preceding field are read from the integrated value
storage block 32. A average value calculating block 33
calculates an average value AVE[Fn(y)] of the three
integrated value Fn(y), Fn 1(y), and Fn_2(y).

If the subject is identified as the same entity during
the three consecutive fields, on(y) may be assumed to have
the same value., If the motion of the subject is small
enough during the three consecutive fields, this assumption
presents no problem in practice. In the calculation of the
average of the integrated value during the three consecutive
fields, equation (3) means that signals with the phases of

the flicker components thereof successively shifted by (-

2n/3)*m are summed.  As a result, the flicker components
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expressed by equation (6) of Fig. 18A. The average

val ue of the integrated values for the three
consecutive fields is calcul ated based on the 5
assunption that the approxi mati on of equation (7) of
Fig. 18A holds. If the notion of the subject is

| arge, the approximtion of equation (7) does not
hold. In the flicker reducer 25 intended to work with
a subject noving in a |large anmount, the integrated
val ue 10 storage bl ock 32-stipres the integrated val ues
over at least three fields, and the average val ugpgbi1324
the integrated values of at |least four fields

Incl.udi [ r at % ( 0

%dﬁ%eg bPQ &%?% %ﬁﬁ%} thgg%pgég. QE]J%qu EVE gy#f ter s
dxprekieni BY dquddiR a¥hSo feﬁyf.e_slatme ,effect Of 15 the
nmovi ng subj ect. However, the tlicker is repeated every
t hr eehé | £t dlsage Taleaneel tiadtiddegrblkeakes 1 easmpienthe

t he average value of the integrated values of j (an
ﬁhﬁﬁ@gepnﬁﬂ¢m¢¥ﬂqaﬂﬁélgs eguatlcilmtmd greatiernthimn twi ce
3, nanely, 6, ...) fields needs 20 to be
acsél‘lE‘HFéP’édthaﬁheth%ta@@?f%é‘da’%@%@fste&uéﬁéobl 6tk B2 Fig.

S|gn to store th nt egrat ed val yles of at
f@aﬁf’g? i FOTLPNgOT 40T | QRICRTed Sal AT | The

BrERiAIE: APRLOUBLLR 0f) SMELANHELL, “of Fig. 18A

ernD I's exa a difference
cal cth aiﬂéwmqlc@;%% §éd&@élctﬂsat1@&eadgaf terenoe witdl a

S03P1324 between the integrated val ue Fn(y) of the
scbheentmévelg ifr @nNlarge amount, the integrated value
storage block 32 stores the integrated values over at least
three fields, and the average value of the integrated values
of at least four fields including the integrated wvalue Fn{y)
of the current field. In this way, the operaticn of low-
pass filters functioning in time axis reduces ﬁhe effect of
the moving subject.

However, the flicker is repeated every three fields.
To'cancel out the flicker component, the average value of

the integrated walues of j (an integer mulitiple of 3, equal

to or greater than twice 3, namely, 6, 9, ...) fields needs

to be calculated. The integrated value storage block 32 is

thus designed to store the integrated values of at least (j-
1} fields.

Fig. 4 illustrates a case in whiph the approximaticn of
equation {7} of Fig. 18A holds. Furthermore in this example,

a difference calculating block 34 calculates a difference
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the integrating block 31 and the integrated val ue Fn
1(y) of the field imediately prior to the current
field fromthe integrated value storage block 32. The
di fference value 5 Fn(y)-Fn_Il (y) represented by
equation (8) of Fig. 183 is thus calculated. Equation
(8) also holds on condition that the approxi mation of
equation (7) holds. Fig. 25 illustrates the difference
value Fn(y)-Fn | (y) of the three consecutive fields
of the subject of Fig. 23.-. 310-Since the effect of the
subject is sufficiently renoved fromthe differenggspizos
value Fn(y)-Fn | (y), the state of the flicker
e (flicker coefficie di stinct

b%%p%%?s%ﬁ Jlch"z"’(:'tlrattne i R egr at ﬁrﬁtéleFﬁFyfenJ? %‘eld from
: 15%'@595&1%@%12{!:]@%1%5&9’61%‘%‘:1 éqfé%%dlgafﬁétﬁ?ﬁ”@r)e of
in the exanple of Fig. 4, the normalizing block
ther maki aesmhde: didifiepensce val tee Rpenknrhéyd fro@Mthe
the difference cal culating block 34 by dividing the
iditkberntnd evyhikaies famagk- Bhotk yj2 by TtHee divéragece ataieie
AVE Fn(y%] fromthe average val ue cal cul ati ng bl ock
F3gdy) 286nt éYbbsﬁRﬁﬁWﬁﬁnQthmqml (f2e@fdFt9 ereifte s
value &g% nornallzed di fference val ue gnt%%

tE¥5afided teﬁ‘eprEé%léﬁtl@B bY) Rt iR eoProf O LT &hat

tﬁé'g9€§§¥§%%9?ﬁ£6f X agign éﬁAt qgiequat|on (8) of

suny ornula of

trigenonety ylnm%raeégratﬂez%ttfftefrfe%@n@sz@é E\ﬂ'g(lgq?-}?glgﬁ“{)

is al so expressed by equation (10) of
c303RE32Ur &5 digh ddtantiebati onsdigr O:fheeq;ulageaﬂ ¢8)rif. 23
Fig. 17A. Here
Since the effect of the subject is sufficiently removed from
the difference wvalue fn(y)—Fn_l(y), the state of the flicker
component (flicker coefficient) more distinctly appears than
in the integrated value Fn{y) of Fig. 24.

<Normalization of difference wvalue>

Furthermore in the example of Fig. 4, the normalizing
block 35 normalizes the difference value Fn(y)-Fn_1(y) from
the difference calculating block 34 by dividing £he
difference value Fn(y)-Fn 1(y) by the average value
AVE[Fn(y)] from the average value calculating block 33,
thereby outputting the normalized difference value gn(y).

The normalized difference value gn(y) is expanded as

represented by equation (2) of Fig. 19A using squation (6)

~of Fig. 18BA and equation (8} of Fig. 18B aﬁd the sum-to-

product formula of trigonometry. The normalized difference

value gn(y) is also expressed by equation (10} of Fig. 19B
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A and Omin equation (10) are respectively
represented by equations (1la) and (11b). Since the
effect of the signal intensity of the subject 5 stil
persists in the difference value Fn(y)-Fn | (y), the

| evel s of |um nance variations and col or variations
due to the flickering are different fromarea to
area. By normalizing the difference value gn(y) as
descri bed above, |evels of the |um nance variations
and the color variations 10zdue to the flickering are
set to be consistent to the same level. Fig. 26 gp3p1324
illustrates the normalized difference value gn(y) of

i.ve fields, of t iect Fi
e e e S o, RaSFr el Hpndne 1 ol
[SRAC LMD et raptdtana AT é%gifggﬁé%%@%€§§vﬁgﬁ%ifegﬁ§g by

represented by equations (1la) and (I1b)” of 'Fi

aymtdpnanplidudenand ian.initial phase of the spectrum
of each order of the nornmalized difference 20 val ue

gn( ypindhethvoredfifleicredf difi¢ esiamed \alteesghy y9f ithe subject
Fourier transformed to determ ne the anplitude |Pni
Strid 1t RBrSiffe il Hicasé foarence Helypedindyim BR_kach the
ordir. Eqﬁatjons (12a), and éle of Fig. 20A show t hat
LAV CARpPT t LA ARSI A 2EA2 T ATE | 219 fiRdee PRRmabiorhglue to
£l , t Qf 0 5 _represent ed, by

e dt o Y ot e BOGRE PG 2 R RSN 2
neAB1324nd Neitd 111 PRIBKE Ofa Fhd - grfhy) 2 aBF e BL ALK P anove,

di screte

levels of the luminance variations and the color variations
due to the flickering are set to be consistent to the same
level.

Fig. 26 illustrates the normalized difference value
gn(y) of the three consecutive fields of the subject of Fig.
23.

<Estimation of the flicker component through spectrum
extraction>

[Bm| and 6m respectively represented by equations (lla)
and (llb) of Fig. 19B are an amplitude and an initial phase
of the spectrum of each order of the normalized difference
value gn(y). The normalized difference value gn(y) is
Fourier transformed to determine the amplitude |Am| and the
initial phase Om of the spectrum of each order. Eguations
(1Za) and (12b) of Fig. 20A show that an amplitude ym and an
initial phase ®mn of the flicker component of each order

represented by equation (2) of Fig. 17A are thus obtained.
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Fourier transfornms data of one wavel ength (of L |ines)
of flickering of the nornmalized difference val ue
gn(y) fromthe normalizing block 35. 5 Let DFT[gn(y)]
represent a DFT operation, and Gi(m represent the
DFT result of order m and the DFT operation is
expressed by equation (13) of Fig. 20B. Here, Win
equation (13) is represented by equation (14).
According to the definition of the DFT, the

rel ati onshi p between 10 equaki ons (1la) and (11b) and
equation (13) is represented by equations (15a) apdpi3224
(15b) of Fig. 20C. The anplitude ymand the initia
phas of the flLicker of e de e.lhus

ot of i eg TIOMLE A Fofis T oat CLn, St Tifiose,
HolR b W L Bn & BESELNER o @ reGHAL | NS enb2 H( 162) .angdn 16R)r
of Fig. 20D. The data length of the 'DFT operation is
Salcke@ihheoPNEhe WiialaaRgbh Goffdrdddteshiob Hheyf|fwdserhe
because a discrete spectrum group of an integer
muisilpkénofbimcicaid .be directly obtained. 20 The FFT
(Fast Fourier Transforn) is typically used as a

Four lef RFRIMEf(on h teprdafegit a8 Eilgearrptberssing.6n (m)
However the DFT is_intentionally used in_this

rERB6arRentN P haesylés 8ht OF deriti 6id Fhe PET PReTRIriE™

. [ h he .FET . th I
SERNBILSBL LA DS EET npeausg et 2l gnot g

er orm’i power o

u%%&gﬂth§JYEstﬂgirgganQE @&Séhd%%ﬂ6%EQ1Q¥.' ﬁécording to
3P1324 mani pul ati ng 1 nput data and out put data.

the definition of the DFT, the relationship between

equations (lla) and (1llb) and equation (13) is represented

by equations (15a) and (15b) of Fig. 20C.

The amplitude ym and the initial phase ®mn of the
fliéker of each order are thus determined from equations
{12a), (12b), (1l5%a), and (15b) with reference to equations
{l16a) and (lébk) of Fig. 20D,

The data length of the DFT operation is set to the one
wavelength (of L lines) of the flicker because a discrete
spectrum group of an integer multiple of ®o can be directly
obtained.

The F¥T (Fast Fourier Tfansform) is typically used as a
Fourier transform for digital signal processing. However,
the DFT is intentionally used in this embodiment of the
present invention. The DFT is more convenient than the FET

because the data length of the Fourier transform is not a

power of 2. Alternatively, the FFT can also be used by
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The flicker conponent is sufficiently approxi mted
under the illum nation of an actual fluorescent |anp
even if the order nunmber is limted to mth order. It
is not 5 necessary to output all data in the DFT

~operation. In conparison with the FFT, the DFT

suffers fromany particular drawback in terns of
operation efficiency in the application of this

i nvention. The DFT block 51 extracts the spectrum
through the DFT 10 operati gp defined by equation

(13), and then estimates the anplitude ymand thggspi324
initial phase cpmm of the flicker conponent of each

d t t t db ti
SESR e N Spalon sprosenLel By eval o
genefﬁg'fﬂiéyeqc%oééonéﬁk(¥g f%&%%eﬁti%léégy imated

coefficient Fn(y) tepresente equa of Fig.

uhaérfEH@1iimhmﬁﬂéﬂﬁ%herVéﬁLﬁﬁtdéﬁ @ﬁ@orgﬁﬁeﬁﬁ(mﬁﬂkh%v@ETlf.
bl ock 51. As previously discussed, the flicker

toenpodent nunsoers ufsf |l¢menediytcapmtdm<|orrﬁtaed uhdets trive
illumnation of the 20 Iight of the fluorescent |anp
NEGERASRTY thre Vrtdrert mddberts sid itkiet 8Tt opehetinnh dinder.
‘In the calculation of the flicker coefficient In(y)

CORPBEYTCR U die( IFT  t Hee driders Ut ereof AP syH Rgrddprular
d&grﬁ req$%%ﬁﬁlne% ordﬁgtkpn é%faclepu§f$§?thetﬁﬁgflcatlon

Han ST St y?

o%ltﬁggr &4@H€1&H ent In(y) of - 35 S03P1324 the three
consecutive fields of the subject of Fig. 23.

The DFT block 51 extracts the spectrum through the DFT
operation defined by equation (1i3), and then estimates the
amplitude Ym and the initial phase ®mn of the flicker
component of each order through an operation represented by
equations (l6a) and (16b).

In the example of Fig. 4, a flicker generating block 53

calculates a flicker coefficient I'm(y) represented by

equaticen (2) of Fig. 17A from the estimated wvalues Ym and
@®mn from the DFT block 51.

As previously discussed, the flicker component is
sufficiently approximated under the illumination of the
light of the fluorescent lamp even if the crder number is
limited to the m-th order. In the calculation of the
flicker coefficient I'm(y) through equation (2), the order of
total sum is set to a predetermined order, such as a second
order, rather than infinity.

Fig. 27 illustrates the flicker coefficient In{y) of




10

15

20

25

In the preceding nethod, the difference value Fn(y) Fn
1(y) is calculated and then normalized by the average
val ue AVE[Fn(y)] in a black background portion and a

low 5 illum nance portion, where the flicker

conmponent is typically small and is entirely buried in
the signal conponent in the integrated value Fn(y).

The flicker conponent is thus accurately detected.

The estimation of the flicker conponent fromthe 10
spectrumto an appropriate ggder neans that the
approximation is effected wwth the nornalized S03P1324
di fference val ue gn(y) inconpletely reproduced Even

I f Lscontin |t I ize
R R e o S A TR VS| R S e s
repr pdugtd %ec@%@ﬁ@%é‘@hé@ %et '&%f%ﬁéﬁcé’fvél% Fn
subject, the flickér conponent of thaf portion |s

rac Yk at ek yeLsdy 1mlead andCah el i nen ifze6 E&lﬁkﬁraverage :
reducti on> From equation (1) of Fig. 17A the signa
vedApoRER{ Fn (n(Ix,iy) ahdlany pockdraker poohponemd iss Low-
expressed in equation 20 (17) of Fig. 20E. In the
ldtumpranes moyg-ion, gheapcthatilFksicockmaoneridsisl to
the flicker coefficient rn(%% fraomthe fllcker

LBRERALY nPal SO 58, eBhtre h%ﬁ}@@ i habR s?JQEH’ai’]
CSEpéﬁéX%lin é% 1%%d8b¥t &h&ares ng Sﬁﬂé[%fl

i'CKer- Conmponent . cont at ne e |npu nage

ete

| conBBneSO3R1 425 haval oot { 1d0edisaal MOSL ent i rel y

renmoved in this way.
The estimation of the flicker component from the

spectrum to an appropriate order means that the
approximation is effected with the normalized difference
value gn{y) incompletely reproduced. Even if a
discontinuity takes placé in the normalized difference wvalue
gn{y), as a result of an incomplete reproduction, depending
on the state of the subject, the flicker component of that
portion is accurately estimated.

<Calculation for flicker reduction>

From eguatiocn (1) of Fig. 17A, the signél component
In{x,vy) having no flicker compenent is expressed in egquation
(17) of Fig. 20E.

In the example of Fig. 4, a calculating block 40 adds 1
to the flicker coefficient Im(y) from the flicker generating
block 53, and the input image signal In'({x,y) is divided by
the resulting sum [14+In(y)].

The flicker component contained in the input image
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cal cul ating block 40 results in a signal conponent
In(x,y) having no substantial flicker conponent as an
out put imge signal (as the RG@ primary col or signa
or the lum nance 5 signal subsequent to flicker
reduction). If all above processes are not conpleted
within the duration of tine of one field due to
constraints on calculation performance of the system
a function of storing the flicker coefficient In(y)
over the three fields is 10zgrovided in the

cal cul ati ng bl ock 40 taking advantage of the 903pP1324
repetition of the flickering every three fields. The

sto I|c er, co ff| y) is cgalculated for

TRESE Bt (Frblge = BigRar PhEHel Hemslafiubhe ks e The
ount F

Fogroa %%@%”%?u?ﬁ% ILL 10 SBUBALCN )

halvEng4nfesddintile reabeul atdblLRr asentedudt image

equation (17) with the level of the input image

ssiggnal (&8’ fhe WGH airimagywedhemn saigatiupat tha Lureigizome

t he signal conponent (a col or conponent or a

sigriphaseleseprpydndet Flvakéesredmition)the obj ect of the

20 invention. For this reason, the cal cul ati ng bl ock

40 P Hler ABPYChRECEE 2T URTR E05f CRRgleted PHehin the
al cul atjng bl 40 of. F | ud dd
BT T SN R e b il 1o ERBPEERMRTY b

c%lgﬁzﬁttléﬁ %rtf%%ﬂ%ksgkﬁf &?Q%ﬁﬂeﬁg | @ﬁﬁcéigon &t storlng

divider circuit or dividing the Input I mg

tBegRal ckér (coabribY chBersuy -ovr tHR3PE324 fﬂéidsﬂ(:)é)]

a swwtch 43 on the input side, a switch 44 on the

provided in the calculating block 40 taking advantage of the

repetition of the flickering every three fields. The stored
flicker coefficient I'm(y) is calculated for the input image
signal In'(x,y) subsequent to the three fields.

{Example accounting for saturation region: Fig. 5)

If the calculating bliock 40 of Fig. 4 performs the

calculation represented by equation (17) with the level of

the input image signal In' (x,y) falling within a saturation

region, the signal component (a color component or a
luminance component) varies against the object of the
invention. For this reason, the calculating block 40
preferably has a structure of Fig. 5.

The calculating block 40 of Fig. 5 includes an adder
circuit 41 for adding 1 toc the flicker coefficient In(y)
from the flicker generating block 53, a divider circuit 42

for dividing the input image signral In'(x,v) by the sum
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out put side, and a saturation |evel determ ning
circuit 45. The saturation |evel determning circuit
45 determ nes on a per pixel basis whether the |evel
of the input image signal 5 1In'(x,y) is not |ower
than a threshold | evel of the saturation region. If it
is determned that the |evel of the input inmge

signal In" (x,y) is lower than the threshold |evel of
the saturation region on each pixel, the saturation

| evel 10 determ ning circu 745 sets the switches 43
and 44 to the sides thereof to the divider circuighsp13z4
42. As previously discussed the result of the

aarevEl of S ee 88 SR HiBae f%‘f‘?g%%f?e%oﬁ frhe
dulephi® Q?&@r%{}f% ts'%%rE'E?ohe %L 1°fdett'a§m res oéf%?cﬁﬁt 45,

S|gna I's not | ower an the t

Tofe EReurselsk atdvn HedboRniAind e Riviel 45t herSahinad i,
| evel determning circuit 45 sets the swtches 43 and

P4 boxthebasigdedethereohe oppeosi tef frhemihpet dimdglersignal
circuit 42. The 20 input image signal In" (x,y) is
Tit(puy) abs inctasiameroGhpot a Shrgriloif dmvehectatioul ati ng
bl ock 40. Wen the |evel of the input inmage signa
SPRUEREYF™ 997 wi thin the saturation region, the

U Haride BoMBORERt] Sh s T GRI3E Va1 (ORE 4RSS

| um nance “corponen ree

@l asal L% q%gso%gng+aﬁea&gt dhrezndde RS dc?él,;he
(Second exaripl e of the I cker diction met
gsaturation region on each pixel, the saturation level
determining circult 45 sets the‘switches 43 and 44 to the
sides thereof to the divider circuit 42. As previously
discussed, the result of the calculation of equation (17} is
output from the calculating bleck 40 as an output image
signal. |

If it is determined that the level of the input image
signal In'(x,y) is not lower than the threshold level of the
saturatioﬁ region on the pixel, the saturation level
determining circuit 45 sets the switches 43 and 44 to the
sides thereof opposite from the divider circuit 42. The
input image signal In'(x,y) is output as is as an output
signal from the calculating block 40.

When the level of the input image signal In'{x,y) falls
within the saturation region, the signal component (the

color component or the luminance component) is free from

variations, and a high-quality image signal results.
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6) If the difference value Fn(y)-Fn | (y) is normalized
by the average val ue AVE[Fn(y)] as shown in Fig. 4, a
finite 5 calculation accuracy is effectively achieved.
If calculation accuracy requirenent is satisfied, the
integrated value Fn(y) can be directly normalized by
the average value AVE[Fn(y)]. Fig. 6 illustrates such
an exanple. The normalizing 10 block 35 perforns a
normal i zati on operation by dividing the integrated
value Fn(y) fromthe integraging block 31 by the
average value AVE[Fn(y)] fromthe average value gp3p1324
cal culating block 33, thereby outputting the

nor i zed. difference value . gn(y). .15 The naormalized
it £ PEEEE arnE Enon, A% sHebukedach]on aRtaPRon 1o
4)18) of Fig. 21A. As represented by equation (19) of
&ig. 21B, a subtracter circuit 36 subtracts 1 fromthe

' nor et i z2aed diftbecgnsevyBldergR) Ynr epy esented iy i zed by

equation (18) and transfers the subtraction results
the therdid 20l yairdEreheyFpuas eshdwmansaf oig) ) ackfiml tieo
make the subsequent process of the arrangenent of
CRiLgulatieremdarladyo ishef feetbisejuemichpevyedss bf t he
arrangenent of Fig. 4. Since Anm =ym and Orrcmm, ym and
cail fRLaF PR A ETHRATd Y EEBRT SeRftiatlifo §e tEsBAaFd andq 20b)

(P ED-LELEAICE L8 saumLiong LS, 2R (1ohh g
aPETa84 0k Rl AR5 IFTRL$S .

Fig. 6 illustrates such an example. The normalizing
block 35 perfprms a normalization operation by dividing the
integrated value Fn(y) from the integrating block 31 by the
average value AVE{Fn(y)] from the average value calculating
block 33, thereby outputting the normalized difference value
gn{y) .

The normalized difference walue gn{y) is fepresented by
equation {18) of Fig. 21A. As represented by eguation (19)
of Fig., 21B, a subtracter circuit 36 subtracts 1 from the
normalized diffeience value gn(y) represented by equation
(18) and transfers the subtraction results tec the DFT
(discrete Fourier transform) block 51 to make the subseguent
process of the arrangement of Fig. 6 identical to the
subsequent process of the arrangement of Fig. 4.
| Since |Am|=ym and Om=®mn, ym and ®mn are determined frém
equations (20a) and (20b) with reference to equations (15a)

and (15b) of Fig. 20C.
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the anplitude ymand the initial phase cDm of the
flicker conponent of each order through the

cal cul ation of equations (16a) and (16b) after
extracting the spectrumthrough the 5 DFT operation
defined by equation (13). In the exanple of Fig. 6,
the DFT block 51 estimates the anplitude ym and the
initial phase IDm of the flicker conponent of each
order through the cal culation of equations (20a) and
(20b) after extracting thezgpectrumthrough the DFT
operation defined by 10 equation (13). The subseqygtdiz24
process remai ns unchanged fromthat of t he

f 4. .. Si
oD e ol e dog i3y e shaapEl S %0%1 Segingtes
th@eaﬁﬁlfg@ﬁeﬁﬁdgﬁgrt 1ﬁitf§u”BF a@mﬁcs éﬂqg%cké§

In this exanple as well, the ca atlng

cprebaeabl yr hasH Bedstr uetsidh ea‘heFlcglcalaéT&h rek ex@aph 6ns
of the flicker reduction nethod: Fig. 7) If the

(appi oxndmtidn ddftemedxbyaeusd ithie Eppcoturi throu®Athe
hol ds, the average val ue AVE[Fn(y)] for use in the 20
DE&r ﬁﬁ??%‘%ﬂfoﬂe\fﬁnﬁﬁeb?@x%ﬁﬁﬂ@@f (Kitg.- 4Iequbd s=xampyp of
deflned by equati on nd the second term

FEdn( §) *HR BT &fl°°§qéit%w(a$)esofﬂhpu @mpiﬂﬂslde ym and the
1B ORLL SR R Shel BERCHLE cdnierieo gl SREY iR,

an |nS| %5 can fect "on't

thggﬁ a%ﬁgjéﬁ%c%gagggﬂ)of3%%55%105@3tQﬁg oéné*“?Ub 4gfter
S03P1324 aver age val ue AV In t e nornallzatlon
ewtthotin@Mhe spectrum through the DFT opération defined by
equation (13). The subsegquent process remains unchanged
from that of the arrangement of Fig. 4.

Since the example of Fig. 6 does not need the
difference calculating block 34, the flicker reducer 25 is
simplified accordingly.

In this example as well, the calculating block 40
preferably has the structure of Fig. 5.

(Third example of the flicker reduction method: Fig. 7)

If the approximation defined by eguation (7) of Fig.

18A holds, the average value AVE[Fn(y)] for use in the

normalization in the example of Fig. 4 eguals dn(y) defined

'by equation (6), and the second term [an(y)*In(y)] of

equation (4) of Fig. 17B significantly smaller than the
first term on(y) has an insignificant effect on the
normalization.

The integrated value Fn(y) is used instead of the
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particul ar problem The flicker conponent is
effectively detected in the sane nanner as when the
average value AVE[Fn(y)] is used. 5 In the exanple of
Fig. 7, the normalizing block 35 perforns a
normal i zati on operation by dividing the difference
value Fn(y)-Fn 1(y) fromthe-difference calculating
bl ock 34 by the integrated value Fn(y) fromthe
integrating block 31. The subsequent process remains
10 unchanged fromthat of _tRig arrangenent of Fig. 4.
In the exanple of Fig. 7, it is sufficient if thegyspi3og
i ntegrated val ue storage bl ock 32 holds the integrated

val ue of.one f] nd the average val ue cal.cul ating

HoeRe st i Erdylrba. Hind Trear SR earion” mey
hopl i f i j n r | i $.€

i S E R S i S e e

Rtede byl en Ofhd sGmedmahEXANPL 651000 amat REE - PEOCESSIe

performed under non- fluorescent lanp: Fig. 8 and Fig.

AYE PO (Np] pby tuseudl.ar problemis presented in the above-

referenced flicker reduction process when a

phot byridphioxgmpodpecfit Fion. % péef opmedl imider bllvek 35

i1l um nation of a non- fluorescent |[anp (under an
PREACEIEOF dxettl LZRE&AT N2 6 h Wiy BAEATDY Hefwever ,

d%%fgg?géquilégég‘n?g ssary, proce ezg.' erégrned,

& t O 33 qﬁ%+ff%) cghgi a %%ﬁ%ﬁ#? L 41
cSBR12n SUBNLIL 3Ly T LI CKEL SATRAREDL )18 J:Lr?wg)e UGN the
integrating block 31. The subsequent process remains
unchanged from that of the arrangement of Fig. 4.

In the example of Fig. 7, it is sufficient if the
integrated value storage block 32 holds the integrated value
of cne field, and the average wvalue calculating block 33 is
not required. The flicker reducer 25 is thus simplified in
structure.

In this exampie as well, the caiculating block 40
preferably has the structure of Fig. 5.

{Example of another process performed under non-
flucrescent lamp: Fig. 8 and Fig. 9)

No particular problem is presented in the above-
referenced flicker reduction process when a photographing
operation is performed under the illumination of a non-
fluorescent lamp (under an nbn*fluorescent illuminafion
environment). However, if an ctherwise unnecessary process

is performed, the effect on image quality becomes a concern
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I f a photographing operation is perfornmed under the
illumnation of the non-fluorescent |anp, the flicker
reduction process is preferably disabled. The flicker
5 reducer 25 is preferably designed to output the
input image signal In'(x,y) as is as an output inmage
signal fromthe flicker reducer 25. Fig. 8 _
illustrates an exanple of such a flicker reducer 25.
A normalized and integrated value cal cul ating bl ock 30
10 i s designed as shown in yhe_exanple of Fig. 4, Fig.
6 or Fig. 7. In the exanple of Fig. 4 and Fig. 7, gphe1324
di fference value Fn(y)-Fn_I(y) rather than the
i.ntegqgrated | Fn i.s,. nornalized nd for
Sg%bgﬁléﬁceyf‘:expla PRERT the!O% %PPS%%Onding bl ock
s k80 S AldsedphendSofe NONTR 112CdeaRdrroy L HAG! 2hed
val ue calcul ating block. In the exanple of Fig. 8, a
iungen nkt Ueh eSE€ eiHe hanP r1deiesdamatian , bkaeks b-isr
arranged between the DFT block 51 and the flicker
mgelnetabn ngrdt ek i53preideabl heliddblrdnat Tha Hfidiwe
fluorescent |anp, the 20 level (anplitude) ymof the
r@élluéa{f af edi T amsdrerblyf deattnedrigeoutyus uk e ciunit yimage
% r_at nel than a threshold Th and sharf | oners
S&g i IR r E598s 5s 18hBFNAT nORERPE IZRISURFBRal  Freom the
fﬁﬁcﬂg}n§éé€ of the non-fl uorescent |anp, the | evel of

€ conponen |s ‘Il ower than the threshold Th at every
or deﬁf‘l 2% aﬁ.l%@@&é@téé‘ 5111 gexa%gﬁe of4gucl$0§P§-l%L%4<e-£h§educer
spectrun1|s ideally zero under the i1llum nation of

25. A normallzed_and 1ntegrated value calculating block 30
is designed as shown in the example of Fig. 4, Fig. 6 or Fig.
7. In the example of Fig. 4 and Fig. 7, the difference
value Fn(y)-Fn I(y}) rather than the integrated value Fn(y)
is normalized, and for convenience of explanation, the
corresponding block is also referred to as a normalized and
integrated value calculating block.

In the example of Fig. 8, a under-flucrescent-lamp
determination block 52 is arranged between the DFT block 51
and the flicker generating block 53.

Under the illumination of the flucrescent lamp, the
level (amplitude) Ym of the calcﬁlated component of each
order is sufficiently higher at m=1 than a threshold Th and
sharply lowers as m increases as shown in Fig. 22A.  Under
the illumination of the non-fluorescent lamp, the level of
the component is lower than the threshold Th at every order

as shown in ¥Fig. 22B.
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the non-fluorescent lanp. In practice, however, the
subj ect noves, and the normalized difference val ue
gn(y) or the nornalized integrated val ue gn(y)-1,
generated fromthe 5 signals of a plurality of
consecutive fields, inevitably contains a tiny anount
of frequency conponent. The under-fl uorescent-|anp
determ nation block 52 thus determ nes whether the

| evel at nm¥1 is above the threshold Th. If it is
determ ned that the |evel _ayynel is above the 10
threshol d Th, the under-fluorescent-lanp determ naphensog
bl ock 52 determ nes that the photographi ng operation

i der ;the, il I uninati he, .
1 uor B8 con T2 SriRSE LY | ARRD A RrLBhe of YAV 6t

i cker generating block 53.7In this 15 case,

_ ’d;f{eomohhgll%ﬂ—e%% l%%np@r eIn%fa?&é"c)é,o%BRQEeEP ’%lﬁa: subject
| nelvewe- descthdethildi1Gken peductd it RQ6RSSni$) or the

executed. If the level of the conponent at n¥l is
noowed ighdnit ey ratiedeshabd Jh(yitHle generated from the
under-fl uorescent-lanp determ nation block 52
HENeLAi abs2 tiairalidyphét egraphiiycogérdtFonipevitably
erformed 20 under the non-fluorescent |anp, and sets
4%%§aé§?i?ﬁﬁ¥ﬂy\ﬁﬂqﬂgt 8f {Re¥IeTAN coF@EeReRtto be zero.

The | cker coefficient, J1'n( becones. zer.a, and.th
hpuitd e RIS p i el B BERTNRELES B o' R

RYERPHEnd SBHS SigNahf fop 1 he %]C li'sa%'bBQ bl g kth%%sh%tid
Fig. 9 illustrates such an exanple. In {his exanpl e, -
43 BO3P13 RsdrmihbBe exarpie QfevEilgat8m=1 s above the

under - fl uorescent - | anp

threshold Th, the under-fluorescent-lamp determination block
52 determines that the photographing operation is performed
under the illumination of the fluorescent lamp. The
estimated values of ym and Pmn from the DFT block 51 are
directly output to the flicker generating block 53. In this
case, the above-described flicker reduction process is
executed.

If the level of the component at m=1 is lower than the
thrgshold Th, the under-fluorescent-lamp determination block
52 determines that the photographing operation is performed
under the non-fluorescent lamp, and sets the estimated value
of ym of all order m to be zero. The flicker coefficient
I'n(y) becomes zero, and the input image signal In'(x,y) is
output as is as an output image signal from the calculating

block 40.

Fig. 9 illustrates such an example. In this example,
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determ nation bl ock 52 determ nes whether the
phot ogr aphing operation is perforned under the under

the illumnation of the fluorescent lanp. If it is
determ ned that the 5 photographing operation is
performed under the illum nation of the

non-fl uorescent | anp, the under-fluorescent-I|anp
determination block 52 sets a detection flag COWP OFF
stops the process of the flicker generating bl ock 53
and the calculating block 48, -and outputs the input

i mage signal 10 In'(x,y) as is as an output inmagespipl1324
signal fromthe calculating block 40. If it is

et.er pi.pe t ot .phot,ogr.aphi ng operation is
SORTIR e ot g A T e S
ded@Rmi hALi NI sdi Wor @S Eenh 1 h &RnAGLET FhEabi bl 25K ng
52 resets the detection flag COW OFF 15 and the
dpleirakebnr edusdd IrmeBeLalibONchS dries peef ormegindfidohet
phot ogr aphi ng operation is perforned under the
tihel dirbna¢somtoflampe ndfi- £ uby eboenmihadpthat t e
exanple of Fig. 9, not only an adverse effect on .
PhREgeT gl 1Y yoHeratipay bat kel inmesl s@dpswehe chhsompritean
i.s reduced, 20 (Subject greatly changing in response
%o thR B%?%%%SC&P%&‘%%{ i i drderphoraErapHEt ARy
d%?éré&ﬁé%&éﬁnbf%%ia%bogngyaqggygg%%ohnfeaah?6&€Fg?ﬁ,o%tops
of "tine In responsSé to zoom ng, panning; tilt+ng,” Or
thangdrosbaki g 9fe 21RBRELUSARNEI i NN LIUER 83 Ca%E cHe
assunption 25 of equation (7) of Fig. 18A falils to
chabdliaAsng vlesiK 4o, t BRd- oddout0IRE324ptiki chk&fe signal
detection accuracy is degraded.
In'(x,y) as is as an output image signal from the

calculating block 40. If it is determined that the
photographing operation is performed under the illumination

of the fluorescent lamp, the under-fluorescent-lamp

'déterminatiqn block 52 resets the detection flag COMP_OFF

and the flicker reduction operation is thus performed.

If the photographing operation is performed under the
illumination of the non-fluorescent lamp in the example of
Fig. 9, not only an adverse effect con image guality is
prevented but also power consumption is reduced.

{Subject greatly changing in response to an operation
or an action of a plictographer: Fig. 10)

A subject occasionally changes in a short period of

time in response to zooming, panning, tilting, or hand-

'shaking of a photographer. In such a case, the assumption

- of equation (7) of Fig. 182 fails to hold. As a result, the
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The i mage pickup device is constructed as shown in
Fig. 10 taking into consideration a subject that
changes greatly in a short period of tine in response
to an operation or an 5 action of a photographer. As
shown in Fig. 10, switches 55 and 56 and a flicker
storage block 57 are arranged between the flicker
generating block 53 and the cal cul ating bl ock 40
additionally to the flicker reducer 25 of Fig. 4,

Fig. 6, or Fig. 7. The 10 dejsection flag DET_OFF, to
be discussed |ater, output from the system contrald:2f324
14 is fed to the switches 55 and 56 as a switching

' | glhe flicker stora | ock.57 stores the
ﬁl%]%er eggg% ?%l%c?urﬁﬁéfyg ge%’ﬁ%d?%'r ee fields. Each
ti meqgihe; rOGESS e lete .
fli ckgg é%§?£|0|ent QEVQ?@)i%Sééh%ﬁ%égggH g%s%h%¢?:ﬁ$ Fig-
Texdadiingl dntdheostpitatieada Enofedhe-Hdd ekahgst ofaae 1y
bl ock 57 is switched every three fields. The system
gort radldrér pédideétecttsma subrespoméetﬁuaanzapsupr@m or an
changes greatly in a short period of tine in response
&%-itHe odper ahPeruPhefe action of the phot ographer.

For exanple, jf the ghotographer resses a zoom key on
the ESnEROY pahdiiorgal, t fklsyRee %@ﬁ?réﬁl%‘?d 1 flicker

é%% Bk tS Ehgﬁ4gég§ig%trgbgeph§e££g§gft éﬁgéT?gg% é%a ing

COﬂt enses

'kQQQkP@%aQHSVtﬁe499Eh1a%§ng39§5@§2ﬁ3%Rﬁﬁﬁﬁbﬁgl§yc@oaéu§

tel ephoto and a w de-angl & operati on.
flicker reducer 25 of Fig. 4, Fig. 6, or Fig. 7. The

detection flag DET_OFF, to be discussed later, output from

the system contreller 14 is fed to the switches 55 and 56 as
a switching signal. |

The flicker storage block 57 stores the flicker
coefficient I'n(y) of the three fields. Each time the

process of one field is complete, the flicker coefficient

I'm(y) is stored for use in the next field. The output read

from the flicker storage block 57 is switched every three
fields.

The system controller 14 detects a subject if the
subject changes greatly in a short period of time in
responée to the operation or the action of the phcetographer.

For example, if the photographer presses a zoom key on
the control panel 18a, the system controller 14 detects the
pressing via the interface 19. The system controller 14

controls lenses in response to the photographer's zoom
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The hand-shaki ng of the phot ographer is detected by
the hand-shake sensor 17, and the information of the
hand- shaking is sent to the systemcontroller 14. In
response to 5 the hand-shake information, the system
controller 14 perfornms anti-shake control. Upon
detecting panning or tilting, the systemcontroller
14 lightens the degree of anti-shake correction
during panning, for exanple. Such control techniques
remai n unchanged from thosegsghat are 10 perfornmed in
ordi nary canmeras. In the exanple of Fig. 10, the SO3P1324
systen1contro||er 14 sets the detection flag DET OF

f .th
Esra g TR Y aberathet ot RaRRR TR #lin
I
PRI HAAIOIhIL IRy o dBLCEhEloqTlig Sleblacconti Pl

14 resets the detection Iag nei t

. 1eiheh sBPRE ad dFb AN a6 hHOBhE S1PESFAHTRE. okN:Re NOLHR

state under which the subject does not change greatly
shakanghos t sper itwd toke tyreemtdentdetldetd 0. f | by rdighrEeFto
is reset. In the flicker reducer 25, the switch 55 20
the Sepdrehakr igifgamenapaef the TyrRten icokErogbmerkt i ng

bl ock 53. The flicker coeff|C|ent ["n(y) is fed from

BEREOF TP et ~wikér &PPF@O b 0P BB deGecheng AP ERT R

P oot Wi The Bl bEREE St CRREERon e eIy
a‘i‘%‘?‘cf-fsh&k@rﬁoﬂréﬁ(ﬁﬁ)n' ﬁu]s_h%%g@aﬂ zi?‘e fo 5eI<<l:uh K8 such
st orage bl ock . P1324 etect on flag
CBETQGFFtééhﬁ%ﬁuesfr%ﬁalﬁubm&ﬁﬁnged from those that are
performed in ordinary cameras,

In the example of Fig. 10, the system controller 14
sets the detection flag DET OFF if the operation or the
action of the photographer causing the subject to be changed
greatly in a short period of time is detected. The system
controller 14 resets the detection flag DET_OFF if neither
of such operation and action is performed.

In a normal state under which the subject does not
change greatly in a short period of time, the detection flag
DET OFF is reset. 1In thé flicker reducer 25, the switch 55
is set to the side thereof to the flicker generating block
53. The flicker coefficient rn(y) is fed from the flicker
generating block 53 to the calculating block 40. The
flicker reduction operation is performed. With the switch

56 turned on, the flicker coefficient In(y) is stored in the

flicker storage bklock 57.
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changes greatly in a short period of tine in response
to the operation or the action of the photographer.
In the flicker reducer 25, the switch 55 is set to
the side thereof to the 5 flicker storage block 57.
The cal cul ating bl ock 40 receives the flicker
coefficient Fn(y) at a high detection precision |evel
i mredi ately prior to the operation or the action of

t he phot ographer, read fromthe flicker storage bl ock
57, instead of the flicker 46oefficient I'n(y) at a

| ow detection 10 precision level. The flicker S03p1324
reduction operation is performed. The switch 56 is

tur nede dfdneandrt RuagPpeY ehiEs 1<t Ref hieckgr gaefdd.ci ent
Fn(y) at the | ow detéction precision |evel from being

Steowed gneéstihed ld chertsporage di eGkeSin FhepdhdL ke the

detection accuracy is hei ghtened even when 15 the

ogrjeddon chantes artdan pi hha shhordgrpehiead ofntile fildicker

response to the operation or the action of the

nSROCEGr aphethe SPHE O Pekéf $at r'e ithis| pidadthereof to the
ufficiently reduced. _Furthernore, the detection flag

%é?ﬁ_‘éﬁps %r%%gﬁo ¥ 53 1 hes ot Préd9aRdCrht ¥y racsd ves
| ue. ul atd bl oc 0 20 the. DET, bl ock 51, and

R R R Rt S BT oL 63 o RSt b S rect¥on

1ehaNgesndd RAld1Y, ipFi18rShEr EnPeIdd tQbnt bIBLAD a2dE@IRORTE
to the operation or the action of the photographer,

thieepHetegtdief,| agaBEfrGhFths SalkeThetsehgdairaid an,
flag DET_OFF stops the process of each of the

ipsicaatii e dcrend 125 kiemt egef eddiard] lie (gal etl at lomg deteckion
30, . the DFT block 51, and - 47 S03P1324 the flicker
PgERLFLPT N Wi lock ThS. TLhckdr sredmssiopoqepration is

performed. The switch 56 is turned off, and thus prevents
the flicker coefficient I'n(y) at the low detection precision
level from being stored onto the flicker storage block 57.
The flicker detection accuracy is heightened even when
the subject changes greatly in a short pericd of time in
response to the operation or the action of the photegrapher.
The flicker is reliably and sufficiently reduced.
Furthermore, the detection flag DET OFF is supplied to
the normalized and integrated value calculating block 30,
the DFT block 51, and the flicker generating block 53. If
the subject changes greatly in a short period of time in
response to the operation or the action of the photographer,
the detection flag DET OFF is set. The set detection flag
DET_OFF stops the process of each of the normalized and

integrated value calculating block 30, the DFT block 51, and
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consunption is also reduced. In this case, the flicker
coefficient Fn(y) is replaced wth the i mediately
prior flicker coefficient thereof. A 5 nore front
stage signal, for exanple, an integrated value Fn(y),
may be replaced with the inmmedi ately prior signa

t hereof. (Exanple of another process perforned
dependi ng on photographing condition: Fig. 11 and
Fig. 12) 10 As will be discussed |ater, the flicker
reduction operation beconegyunnecessary dependi ng on
the photographing condition. In view of the effegh39Mmsy
i mage quality, perform ng otherw se unnecessary

Li duction, t i irabl e when th
S T Tt S SRl TR LA Sl
cohbumb path oy of sbhe.BQBs& ! uorescent | anp as descri bed

above. First, the photographing conditions that
requid ecni® chlbGkeke r£0UGLH0R cRREE 81 b 0N Irrn@))uql%l tB81aced

case in which a video canera or a digital 'sti
wi¢ahethe bachlicaeall prodr 26 itceddm@gobafhc e it dofagen
and a still image, photographs a still imge. A
meEfref aorhpl idgengigha Xy bedreesgivdg t ypelineges fsdc kapgue
el ement such as_a CMOS i mage pickup el ement can set
FRABbsUPRY RS heRgaces with pibeelidmedisaely rrpder signal
t%gggéyding exposure start 25 timngs and exposure end
rmngs) to be uniform and can - 48 S03P1324 contro

the ﬁ&&ﬁ&heogftQﬁoéﬂ&p&ﬁ§ﬁggg ngpér$&§Q§%Emdiﬁg on
photographing condition: Fig. 11 and Fig. 12}
As will be discussed later, the flicker reduction
operation becomes unnecessary depending on the photographing

condition. In view of the effect on image guality,

performing otherwise unnecessary flicker reduction operation

is undesireble when the photographing operation is performed
under the illuminaticn of the non-flucrescent lamp &as
described above.

First, the photographing conditions that require no
flicker.reduction operation include the case in which a
video camera or a digital still camera, each capable of
taking both a moving image and a still image, photographs a
still image.

L camera employing an XY addressing type image pickup

element such as a CMOS image pickup element can set exposure

‘timings of all pixels in one frame (including exposure start

. timings and exposure end timings) to be uniform, and can
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readi ng operation fromthe i mage pickup elenent is
free from the |[imtation of frame rate that is
applied to noving imge capturing, and is thus
performed at a slow speed in a light 5 bl ocked state
wi th a nmechani cal shutter closed. Based on a canera
operation on the control panel 18a in the enbodi nent
of Fig. 1, the systemcontroller 14 determ nes
whether to take a still image with the exposure of
all pixels in one frane set ggo_the sanme timng. 10
Second, the photographing states that need no f||§b§§1324
reduct i on operation also include the case in which
oper n erfor d under

FREOY, B QP2 B RO B e P e
I@é@@ﬁﬁr Spéférl?lor( %Ir%ﬁlt QA Emé@é“ﬁﬁ!ku B8 Lrb S S f].%eb%rom
an integer multiple 15 of periods (1/100 second)
thmil irDeet Change S rahet Pete ftikor eisCc e lhéghiotﬁbv1ng image
adj usting the anmount of exposure. et her the
Eirttognaphimy iopehati parferpat far red lordeped¢diein 2 light
i_llum nation of the fluorescent lanp is determ ned by
blerkpenttdie tHeh avarchanigrl sputttegnréssedct ed by the
DFT _20 plock 51 as previously discussed with
ref &F Yo BFFGESTE WRFaFiotherphBe ogPapifilnganel 18a in

HRBECRRLAMART 1 e, O OB SIS cobPEal LODL OF | ne

sun |I's categori z as"a pnho operation under

dbRBrhdhdrifHaldR? @ thee nonsduongseent;lam,. e%%su;ee

this case, the systemcontroller 147directly 25

odet Bl nbhesl d riemohbe rasmendet0fd itglt sehear stigct that

a - 49 S03P1324 phot ographi ng operation is perforned
undeFeddnsl,i thenphatéomephing states that need no flicker
reduction operation also include the case in which a
photographing operation is performed outdoors under the
light of the sun, and the case in which the exposure time
{electronic shutter time) is set to be an integer multiple
of periods (1/100 second) of luminance changes of the
fluorescent light by adjusting the amount of exposure.

Whether the photographing operation is performed under

the illumination of the fluorescent lamp is determined by

referencing the level of the spectrum extracted by the DFT

block 51 as previously discussed with reference to Figs. 8

and 9. The photographing operation performed outdoors under

the light of the sun is categorized as a photographing

operation under the illumination of the non-fluorescent lamp,
and in this case, the system controller 14 directly

determines from the amount of light of a subject that a
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of the non-fluorescent |anp. As previously discussed;
the canera enploying the XY addressing type inmage

pi ckup el ement such as a CMOS i nage 5 pi ckup el enent
is free fromthe fluorescent light flicker if the
exposure tinme is set to be an integer nultiple of the
periods (1/100 second) of the |um nance changes of the
fluorescent |anp. The systemcontroller 14 directly
detects whether the exposure tine is set to-be an
integer multiple 10 of perd @ds-of the | um nance change
of the fluorescent [anp by adjusting the exposur@gspizog
amount. |If the systemcontroller 14 determ nes that

8o g@ggh%aﬁ@é% i3] g}eréggy' 58S %glg;'g't %gefi dujg&at%n

oper uctron o

&ﬁfﬂy@tggn e dambs designed so that the input
i mge signal In' (x,y) is output as is as an output

I mages spghalodfsngmiti Beubbégkedhe desr edSiofirgy tht xv
illustrates one exanple of such a system -
asoireisgdrat tywe imagehipd cbranplenaft tsmehf b ckeCMo2 ducere
25, a 20 nulling block 59 is arranged between the DFT
PiIchER Siemert tie Hreiec Kepmgeher Biargseotk153ht THelcker if
nulllngablock 59 is controlled by a flicker reduction

8/ GEPCERRT riomSsiignartt FBnbe t3e %Wsm EBhEIRIS & e
per;%E %y?% s %dgll%rt%4.Petern]ne%hgggést?ﬁ the

n operatlon 'S requir

fﬁbb%ggéeﬁ€dH£&J0nThe5g s S03R1324 5190401 § &f?@éfﬁy detects

signal is set to an on state and the nulling
whether the exposure time is set to be an integer multiple

of periods of the luminance change of the fluorescent lamp
by adjusting the exposure amount.
| If the system controller 14 determines that the
photeograrhing séate reguires no flicker reduction operation,
the flicker reduction operation is not effected. The system
is designed so that the input image signal In'(x,y) is
output as is as an cutput image signal from the flicker
reducer 25.

| Fig., 11 illustrates one example of such a system
configuration. In this example of the flicker reducer 25, a
nuiling block 59 is arranged between the DFT block 51 and
the flicker generating block 53. The nulling block 59 is

controlled by a flicker reduction on/off control signal from

the system controller 14.

If the system controller 14 determines that the flicker

reduction operation is reguired, the flicker reduction
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bl ock 59 outputs the estimted val ues of ymand cbm
fromthe DFT block 51, as are, to the flicker
generating block 53. In this case, the flicker
reduction operation is effected. 5 If the system
controller 14 determnes that the flicker reduction
operation is unnecessary, the flicker reduction

on/ of f control signal is set to an off state. The
nulling block 59 nulls the estimted val ue of ym of
the order mto zero. In thisg case, the flicker
coefficient Fn(y) also 10 becones zero, and the iBBYb1324
inage signal In (x,y) is output as is as an output

W%Q% ébgpgglfrowgﬁh§ Calguéatan>b %g%eca?% léhﬁlﬂflllng

Iustr €es Stl ano her “exa e.

Hl'o@:ﬁkfaéooufbﬁth:e trd %&%Emaggaw\%&% loRcl b fds}ﬁq 13 om the

adder circuit 41, the divider circuit 42 and

DEW bebes 98, ANGtréd, tal khshpWridy Gelerhi: Ryt 0QES 50t

include the saturation level determining circuit 45

Ipf thig. c&se,Thehe fliitkhesrduanicbrdbparet tont ¥ |4 &tk dted .

switching by the flicker reduction on/off contro

si gnef Fromvehensgerere D drft dekkerings tlfat Haesydieker
ntroller 14 determnes.that the flicker reductiaon

f8§8?5%% nof??aijféé’éls d8r POneFRS RN cf88 A31GRRKE 4edcdion

oﬁ?&f%°c$xf‘€r§_ tnE_eJ?Qtﬁ £ E?hiad'o%'fd§£ £l ”’”1“% 148

previ ous ds€ed e ca ati ol result

egURl 5O, u nal
bfron1theI%Qj(¥%§O%%%%%%ﬂ%gﬂ%§f%?F%g%gﬁg%ﬁﬁ%%sr%bg il to

zero. In this case, the flicker coefficient I'n{y) also
becomes zero, and the input image signal In'(x,y) is output
as is as an output image signal from the calculating block
40.

Fig. 12 illustrates still another example. The

calculating block 40 in the flicker reducer 25 includes the

- adder circuit 41, the divider circuit 42 and the switches 43

and 44, all shown in Fig. 5{ but does not include the
saturation level determining circuit 45 of Fig. 5. The
switches 43 and 44 are controlled for switching by the
flicker reduction on/off control signal from the system
cbntroller 14.

If the system controller 14 determines that the flickser

~reduction operation is necessary, the switches 43 and 44 are

set to the side thereof to the divider circuit 42. As
previocusly discussed, the calculation result of equation

{17) is output as an output image signal from the
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If the systemcontroller 14 determ nes that no flicker

- reduction operation is necessary, the switches 43 and

44 are set to the sides thereof opposite fromthe

divider circuit 5 42, and the input inage signa

In"(x,y) is output as is as an output inmge signha

fromthe calculating block 40. In the exanple of Fig.

12, the flicker reduction on/off control signal is

fed to the normalized and integrated val ue

cal cul ating bl ock 30, the-DET bl ock 51, and the

flicker 10 generating block 53. If the system S03P1324

controller 14 determnes that no flicker reduction

d@@@ﬁggtgﬁgu§uﬂgpqgsary, the process of each of the

normal i zed and integrated value calculating bl ock 30,

t he DFTtHY agletlh asdAtideldd i1ekaetegoinesating BloogkidRer

is stopped. Power consunption is thus 15 reduced in

rediist exmngbexa t(iAd dst nentésofryetdet edittheket3 and 44 are
onent: Fig. 13 - Fig. 15) In accordance with each

SSFn?ﬁet%ﬁF@%%ﬁéeéﬁéédomm fromhghe| dEkeder circuit

onpone in the i nput e S|gnal is reliably 20
42 ng%‘f‘f@“cefﬁ}‘btﬂj: ﬁ@&@&eﬂlwg’h %e(wuoftés%?ﬁuﬁ |a§htls as
steadily,apd regul arl er at ver,
Sgg?F #ﬁ 8%% ?e ef%hce ?ﬁga%g e§%0 érage
Cal CiH ail'ﬂeo%ngnpﬁ.geof“ﬁjfcfr ance gal eyt Atd,ONdRiction on/off
perforned throughout a plurality of fields to detect
cbherdb digreker sc@gponenthe Frrahiischeas@nintdif-dtledc kel ue
conponent - 52 S03P1324 cannot be accurately detected
chhcal ariamsitlicokalBOanthendfalleck 51, and the flicker

“generating block 53. If the system controller 14 determines

that no flicker reduction operation is necessary, the

process of each of the normalized and integrated value

‘calculating block 30, the DFT block 51 and the flicker

generating block 53 is stopped. Power consumption is thus
reduced in this example.

(Adjustment of detected flicker component: Fig. 13 -
Fig. 15)

In accordance with each of the above-referenced methods,
the flicker component in the input image signal is reliably
and effectively reduced when the flucrescent light flicker
is steadily and regularly generated.

Eowever, in each of the above-referenced methods, the.
average calculation or the difference calculation is
performed throughout a plurality of fields to detect the

flicker component. For this reason, the flicker component
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state, for exanple, at the nonent the fluorescent |anp
is switched on or off or at the nonent of any
person's entrance into or exit out of the room
illumnated by a fluorescent 5 lamp. If the flicker
reduction operation is effected in accordance with
the flicker conponent obtained in such a transitiona
and unstable state, an undesirable correction can be
performed on the input inmage signal. A variation in an
angle of field in a horizantal -10 direction can be
caused in response to a horizontal nmotion of a gg3p13og
subj ect, a canera operation such as panni ng and

N d_hand shaki of a photographer._ Such
G e B0y RO P P B PR SRR it hereote
Stlaltek eEoF eduGtd Q) REEHATHBRGS: IheSleigBLLY Loversd, fiar
a variation in the angle 15 of viewin a vertica
stliifeBbbHofn CatISETt ok BESPRASEokdhtd ofVahll galsd®td Ahtefnce
t he subject, the canera operation such as panning and
ingonprgexanddtand $hakiagmof 1 v rphetdoyyaphluorBscent
problemis elimnated by the nethod illustrated in
1pmg - 16f the dddskganeedwrthen renmaihodis hefkaated tme
20 flicker component Fn(y) is switched between when
SERETEABFRATI T Shet ABEERET cePMRBVIRY PRFGANGAr FatTER #n

ri ' and when the subject changes

FeRSPFoRE 00, Shorabl® SN WARCSIBLEE S on
c@REHAt bR et ACEhAN: Rbut NGyaRNQLGgLapher. For this
reason, the photographer may teel 25 the i mage of the
subjectardizzdendant an -arkple SF3R1324 Thes efdecionebl
external disturbance cannot be controlled
direction can be caused in response to a horizontal motion

of a subject, a camera operation such as panning and zooming,
and hand shaking of a photographer. Such variations are
reliably and stably reduced. However, flicker reduction
performance is slightly lowered for a wvariation in the éngle
of view in a vertical direction caused in response to a
vertical motion of the subject, the camera operation such. as
panning and zooming, and hand éhaking ¢of the photographer.
This problem is eliminated by the method illustrated in

Fig. 10. 1In accordance with this method, however, the

"flicker component I'nm(y) is switched between when the subject

is stable free from a large variation in a short period of

- time and when the subject changes greatly in a short period

of time in response to an operation or an action of the
photographer. For this reason, the photographer may feel

the image of the subject discordant.
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even in a normal stable state. In the nethod of Fig.
10, the image pickup device responds directly to the
external disturbance because of the fast tracking
feature thereof, 5 and suffers froman error in the
flicker reduction against the object of the flicker
reduction operation. To reduce the effect of externa
di sturbance, a filtering operation using an LPF

(Il owpass filter) is perforned in the course of
estimating the flicker conpggent, 10 and a tine
constant thereof is prolonged to slow the trackig@spi3os
feature in the flicker estimation. However, the

sett Low-tracking feature also results in_a

ST ow (T EORRG PEattre T (e Shbe0acT e Brinedy cottrolled
slbansht Mm-St akgp1dhecdid cker, redugt r@ly,0
cannot 15 be perfor%egtéiﬁckﬁglg ghgﬁgﬁa%ﬁggﬁﬁ%%kgp'
thedmag@rpictp@qoaaie@mcéSré@@éﬁdse@,ir%euﬁxaapiree Altetrhgl
noment the fluorescent lanp is switched on or at the
direhrenibante dprauger sbntise efdsrtanceckhto féstuwomhereof,
illumnated by the fluorescent |anp. Conversely, the
apfj gkEfereducn 8n 20ropetmatiihen fild ckont Fredistisiop against
Berforned al though the flicker reduction operation is
EPREPIRTE F ItBRgEFICkeF Esdufiiier gPerEhEChonent t he

fluoge I is-switched.off or_ at. the nonent of
any pereants S Bt e Fobali vl AErel by the

11 HOF B0 Qe bRABn 291 dfSheath:of 1BRLEQLYI A L8 ;4

cal cul ati on operation on the - 54 03P1324 det ect ed
pétfekatd donpeseabuagd dheddipdl ihgagRe SfNler RBponent,
and a time constant thereof is prolonged to slow the
tracking feature in the flicker estimation.

However, the setting of slow tracking feature also
results in a slow tracking feature in the above-referenced
transitional state. The flicker reduction cperation cannot
be performed gquickly although the flicker reduction

operation is required, for example, at the moment the

fluorescent lamp is switched on or at the moment of any

Pperscon's entrance into the room illuminated by the

fluorescent lamp. Conversely, the flicker reduction
operation is continuously performed although the flicker
reduction operation is required no longer, for example, at
the moment the fluorescent lamp is switched off or at the
moment of any person's eiit out of the room illuminated by
the fluorescent lamp.

Instead of performing the caiculation operation on the
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anpl i tude and the phase of the detected flicker
conponent are adjusted as necessary, and then the
adjusted flicker conponent and the input inmage signa
are subjected to the 5 calculation operation. In this
way, the flicker reduction operation is flexibly and
properly perforned in a variety of cases. In the
foll owi ng exanple, paraneters related to the flicker
reducti on operation, for exanple, the anplitude and
10 the phase of the estinated £li cker conponent are
adjusted. Fig. 13 illustrates a basic structure okg3pi324
such an arrangenent. In this exanple, the system

ler. 14 t dat f t.h litude,
SRR P O B eCole, o L0 ST et

a%@ﬁ@@ﬁﬁ@taﬁécﬂné:%%aQETo?lgﬁg égkéd%eQSfibgkéfié%ﬁ%bnent

reducer 25. A paraneter controller 14a in the system

a@entlghbedd b adicesksriNeatldtiheds tlesehiRetkd atBloker
and inputs the adjusted data of the anplitude ym and
doppthaht praseMominptid ihagé | 3igker)l genesabjegidd dok ths
in the flicker reducer 25. 20 The flicker generating
cBileEka 53R ArarEates - t henf ek ety c6BEf FELekrr ripdpction

re resentedjﬁy e%uatioHpéz% of Fig. 17A, fromthe

OSBFEH%% Tar S PlKed FeRffe %y RETAREME R 11 4 VaFHASE ©f

C%EEEZ instead of the anplitude yin and initial phase
obtained fromthe DFT block 51. In this exanple,

ym and & f%@l@ﬁr?n&e@ié}%ﬁ%,w bhayle ANd-HMYed Ro the
equation (2) of Fig. 17A - g% S03P1324 As shown in

£l gked Iredita iRor BRbrZedo@NddNe@@hpl 8 the amplitude and
the phase of the estimated flicker component are adjusted.

Fig. 13 illustrates a basic structure of such an
arrangement. In this example, the system controller 14
captures data of the amplitude Ym and the initial phase ®mn
of the estimated flicker component from the DFT block 51 in
the flicker reducer 25. A parameter controller 14a in the
system controller 14 adjusts the data as described later,
and inputs the adjusted data of the amplitude ym' and
initial phase ®mn' to the flicker generating block 53 in the
fiicker reducer 25.

The flicker generating block 53 calculates the flicker
coefficient I'n(y), represented by egquation (2) of Fig. 17A,
from the adjusted data of the amplitude Ym' and initial
phase ®mn' instead of the amplitude Ym and initial phase ®Omn

obtained from the DET block 51. 1In this example, Ym and ®mn

are replaced with ym' and ®mn' in equation (2) of Fig. 17A.
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val ue cal culating block 30 in the flicker reducer 25
has the sanme structure as the counterpart in Fig. 4.
Alternatively, the normalized and integrated val ue
cal culating block 30 may 5 have the sane structure as
the counterpart shown in Fig. 6 or Fig. 7. <First
specific exanple: Fig. 14> Fig. 14 illustrates a first
speci fic exanple of the systemcontroller 14. 10 The
nunber of lines for data of the anplitude ym and the
initial phase Om fromthe BET-bl ock 51 are m per

~field in practice, but a single line only is showgspi324

The sane is true of the output data of the anplitude
ym d i.ni ti.al hase cPm’'_ .f.romth raneter
Con iy 0 W B e T PR B
vieN8el Bhitdlahas @163 0f Lomide kbl 0ckuody &€ Hf@d the
to digital LPFs (lowpass filters) 61 and 62, the
satibput rdet @rofad R edeghhabrpfh 6h ir8g.f8d (@ Ge@RItively,
adjusting circuit (rmultiplier circuit) 63, and the

toet parnaat zedfartché ngagna bl ustliveg @ilcolibtifd blodnEot may
to 20 the flicker generating block 53 as adj usted

hawgl Fhadeaysistrupfareueputhelateanderphetdplgpwal i PR 962 6
is_input to the flicker generating block 53 as

°4dft8ted initial phase com' A time constant Ta of the

digi Jrgéngg%igggt%%&hg%g gonstant Tp of the digital

LPF are y 't _ 25" const ant setting bl ock
65. Agaimn (imill.lglt:?été@td %r’sﬁSQpeg_@gE&gengample é)sf itISW.e

coefficient) Ka of the gain adjusting circuit
sgetebyc@ntroller 14,

The number of lines for data of the amplitude ym and the
initial phase ®mn from the DFT block 51 are m per field in
practice, but a single line only is shown. The sanme is true
of the output data of the amplitude ym' and the initial
phase ®mn' from the parameter controller l4a.

The data of the amplitude ym and the initial phase ®Pmn
from the DFT block 51 are fed to digital LPFs (low-pass
filters) 61 and 62, the output data of the digital LPF 61 is
fed to a gain adjusting circuit (multiplier circuit) 63, and
the cutput data of the gain adjusting circuit 63 is input to
the flicker generating block 53 as adjusted amplitude ym'.
The output data of the digital LPF 62 is input to the
flicker generating block 53 as adjuéted initial phase ®mn’'.

A time constant Ta of the digital LPF 61 and a time

constant Tp of the digital LPF 62 are set by the time

constant setting block 65. A gain (multiplication
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gain setting block 66. Preferably, the tine constants
of the digital LPFs 61 and 62 are continuously set to
any value within a constant 5 range. If a desired
time constant cannot be set, a tine constant close to
the desired one may be set. If a single LPF cannot
conti nuously change the tinme constant, a plurality of
LPFs havi ng separate time constants may be internally
arranged, and by providing tinme constants Ta and 10 Tp
as a control code to the LPBEg,-a single LPF may be
selected fromthe plurality of LPFs. The initial phasessa
tmm periodically varies during the generation of

[ ] r le, if.the frequency.of. the
Jolef‘fgg_rdeﬂ )A%o ofe)\(_%gp gin aﬁl%u{tomﬁz%alrr]augﬁ 53 elrst isceél:I by a

commercil a power source ev

gkanS¥Behy epigaldionef requency of the camera is 60 Hz,
the initial phase cbmm becones the sanme val ue every

threeréietasy, and aimkfédalaneesobrt bReididitall phases
(Dm takes place from the inmediately prior field as
angpbésent ecbryireguatyoset 3o afy Faguel¥Ath20 ahenstant
digital LPF 62 nust serve as one LPF for the data of
rERECsankl phalts e R§MPnfonTiorsi dgerartohet fret v ar itdMeon
Cin tthe %fitial pﬂasg %Dnn. Mor e specificallf i f the
VAPFAPT ot OFferi®d st SERET ¢ ti%aleghREesebm s & figgle
b eE%§ as ?gﬁﬁﬂﬁ % d, agg t.hree.LPFs ar rranged as
tEe |I§| tal _ K g_, an %Igg? h%edg‘tllgeo o?ﬁgarllatrﬁ t3 al
p?E@§@ngrbL b4 S, 5HsS bk PHE el DN ke <84stA03PI34A be
ree S. :
internally arranged, and by providing time constants Ta and
Tp as a contrel code to the LPFs, a single LPEF may be
selected from the plurality of LPFs.

The initial phase ®mn periodically varies during the
generation of flickering. For example, if the freguency of
the commercial AC power source is 50 Hz and the vertical
synchronization frequency of the camera is 60 Hz, the
initial phase ®Pmn becomes the same value every three fields,
and a difference of the initial phase ®Pmn takes place from
the immediately prior field as represented by eguation (3)
of Fig. 17A.

The digital LPF 62 must serve as one LPF for the data

of the same phase taking into consideration the variation in

the initial phase ®mn. More specifically, if the variation

period of the initial phase ®mn is three fields as described
above, three LPFs are arranged as the digital LPF 62, and

the data of the initial phase ®mn is distributed among the
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A state detecting block 68 receives the data of the
anplitude ymand the initial phase cDm, and AE
(automati c exposure) control information and AVB
(automatic white 5 bal ance) control information,
obtained in the system controller 14. More
specifically, the AE control information is on-screen
bri ghtness information, and the AWB contro
information is color tenperature information and
information as to whether -tlhe canera is illum nated
under a 10 fluorescent lanp. In response to thesgp3ipizzg
inputs, the state detecting block 68 detects the
gahetogeaphi ng conditions affecting the generation of
the fluorescent light flicker. More specifically, the
state geiectddtachliagknb&dederiicaesedSenbeiNe & the
current phot ographing condition is under the
ampllumiadat jrorndf thheifd tioflestent Bamp, afd BF (automatic
transitional state fromthe illum nation of the
eﬁ@ﬁsﬂrebrﬁﬁﬁﬁﬁﬂlIiaﬁprm@ti©$uﬁﬂdlﬁmﬁ nationabic twieite
fluorescent |anp when the fluorescent |anp is turned
PehaBFeh TrHt .l&ﬁarmg*fa%r feRiAizEdt he Fhe uwsfeﬁm on of
or a , il lum nation t he
ﬁ%ﬁr #gorgicenpoﬁg pﬁﬁ% l??ﬁQWIIEHFeQEeﬁ?nF%%b i's
1&%91%&955 id r%%EgQﬁebiP%ﬁ%?es%eﬁﬁEHkH ic%‘ &GS aws

a control node is determ contro

cbRgr6at i Mih19ia3A3h 1§ £80c1 O dff e Eéf&ﬁﬁb%l%ﬂ and
setting block 65 and the gain setting block 66 to - 58

1 808EM32or redh ¢@t@hehﬁedetmﬂrnamyiacmst[Dlumﬁnktdduﬁnaba a
I n response,
fluorescent lamp.
In response to these inputs, the state detecting block
68 detects the photographing conditions affecting the

generation of the fluorescent light flicker. More

specifically, the state detecting block 68 determines

- whether a current photographing condition is under the

illumination of the fluorescent lamp, or a transitional
state from the illumination of the non-fluorescent lamp to
the illumination of the fluorescent lamp when the
fluorescent lamp.is turned on or a transitional state from

the illumination of the fluorescent lamp to the illumination

- of the non-fluorescent lamp when the fluorescent lamp is

turned off. In response to the determination results, a
control mode is determined.
A control mode indicating signal is fed to the time

constant setting block 65 and the gain setting block 66 to




10

15

20

25

the tinme constant setting block 65 sets the tine
constants Ta and Tp in the digital LPFs 61 and 62,
respectively, and the gain setting block 66 sets the
gain Ka in the gain 5 adjusting circuit 63. Fig. 16
lists determnation criteria for the state detection
of the state detecting block 68. If the flickering
occurs steadily and regularly under the illum nation
of the fluorescent |anp, the anplitude ymof 10 the
estimated flicker conponent sheconmes generally
constant, and the initial phase cDm takes 303P1324
substantially the same value every constant peri od
(exery three.fields at a rc aI r spurce
RS ot R TR e BaS. S Ssponse,
Henehrant2at oo fsreefﬁliﬁﬁ(:%l}]&f:k 685 FAZQt %%JE%@ 1: dhts
are sufficient to causé the state etecting bloc
10 s6het epnk nechdatidiheif boekeg: i sng generatgdest eady) )émd
and regularly under the illumnation of the
fHeugresceattimnmhldbiknéé taes othsoysen Kar ighthesgain
varies generally 20 periodically under the

- gqimgiiipat Forcwit t9% fl uorescent |anp, the brightness

inforpation for the AE control is sufficient to cause

the §tt el%eltlééﬁ ﬁstﬁrw@@q Srdceeifi her tihg sheee

-q@@g@gg ﬁ gder tté%e Qatl of t e f&go escent

contro oK iPce 15 ?lnated

e cetested gl Qﬁﬁgﬂaég%ﬁigaﬁgdﬁe Yt

iSQumERat Sol &t UNLFCaBte k3Pt | SanfiSt @MET BRE: bas®d m of
the estimated flicker component becomes generally constant,
and the initial phase ®Pmn takes substantially the same value
every constant period (every three fields at a commercial
power socurce frequency of 50 Hz and a camera vertical
synchronization frequency of 60 Hz).

These inputs are sufficient to cause the state
detecting block 68 to determine that the flicker is
generated steadily and regularly under the illuminatibn of
the fluorescent lamp.

Since the on-screen brightness varies generally
periodically under the illumination of-the fluorescent lamp,
the brightness information for the AE control is sufficient
tc cause the state detecting block 68 to determine that the
camera 1s under the illumination of the fluorescent lamp.

In the AWE control, a light source is estimated from

detected color information, and a determination of whether
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on the estimated |ight source. A determ nation of
whet her the canera is under the illum nation of the
fluorescent lanp can be perfornmed based on the |ight
source estimating 5 informati on for the AWB control.
The above-referenced information over a plurality of
past fields is generally checked to enhance detection
accuracy. Upon determ ning that the flickering takes
place 10 steadily and regul arly under the

i I'lum nation of the fluoresgent |anp, the state
detecting bl ock 68 sets, as the control node, a M@gphs3o4
to be discussed later. If no flickering takes place

| d th || t f .th .
by SRS o e Skhath R i %%86?11?%% based
(ﬁ?ﬁﬂﬁﬁk%Q1ﬁgtégeiléHH“@@ﬂ%SE Coﬁté%ég?dyﬁd%;@nngf ether

conponent, and varies randomy in e vicinity o

Zef Gamafd ikhendd tdrdl iphagend Dreh randel YiustésSent lamp
because of the noise. Such information is sufficient
daor behpestatmedetasid g bhecklﬁstt@uteieeemtmmattm no
flicker reduction operation is 20 necessary under the
injorerarnofonf thehdosontuet escent |anp. Fromthe

bri htness i nformation for the AE control indicating

that DarPryoire fereprad st?%éwa&ﬁo&hpﬁégsamwty of
t
}_J:rl:l%r %ﬁa%éyléquer{ﬁra'l‘iy tcheé‘}(r‘& ’éeoogeen[%a&c 8e5?3%%.}(o%8

non-fluorescen
feterpi,nes that the 25 canera i s under the
illum nation of the non-fluorescent [anp. - 60

SO3Pig2¢ detpntig nkji ghht Seny cAl iesderiBli BgkeHTIrame i on
for the AVB 7

steadily and regularly under the illumination of the
fluorescent lamp, the state detec?ing block 68 sets, as the
control mode, a mode A to be discussed later.

If no flickering takes place regularly under the
illumination cf the non-~fluorescent lamp, the amplitude ym
of the estimated flicker component contaiﬁs only a noise
component, and varies randomly in the vicinity of zero, and
the initial phase ®mn randomly varies because of the noise.

Such information is sufficient for the state detecting
block 68 to determine that no flicker reduﬁtion cperation is
necessaxry under the illumination.of the non-fluorescent lamp.

From the brightness information for the AR control
indicating that variations in the screen brightness have no
periodicity under the illumination of the non-fluorescent

lamp, the state detecting bleck 68 determines that the

camera is under the illumination of the non-fluorescent lamp.




10

15

20

25

control, the state detecting block 68 determ nes that
the canera is under the illumnation of the
non-fluorescent lanp. In this exanple, the
above-referenced information over 5 a plurality of
past fields is generally checked to enhance detection
accuracy. Upon determning that no flickering takes
place steadily and regularly under the illum nation
of the non- fluorescent lanmp (that no flicker
reducti on operation is 10 -neggessary), the state
detecting block 68 sets, as the control node, a rRde1324
B to be discussed later. In response to the contro

e term pe t e _detectin | ock
R e SR el Touthdh Fas LR, B B AP

438

Sanglant sndasand E%t%ﬁ:ttihg digii adg la%’%%rﬁlnégdtﬁaf?t Rk

and the gain setting block 66 sets the gain Ka o

Gdicta ad) UsdéNore HQUini63tidctdmltneandas fi GobesSeit lamp.
are determ ned as described belowin response to the
syst ém ttbhfexpmpedei ohhandbeexriafementsdt bnf denasyisinegver
The tine constant Ta of the digital LPF 61 is '
HPdegadéty 26 Haststficlds peeverriAlvdichegisadto terhance
d;%Ir{plitude %n1of the estimated flicker conponent

PHREPY IETHAEYn the vicinity of zero and is

genegﬁéa ydecc%rzﬁnﬁﬁthi o, both, t %Jﬁ%@gng\ {1fes vg}ia% t he

flickering takes prace steadily an egul ar | under
s&%@dﬁh&uﬁﬁémﬁédﬂldgﬁytBﬁdEEUQE@SQQRﬁdE%%EBnaag tihe fmde

25 B (in which no flickering takes place regularly
flndepstéaet -14f0 (SB321334f11 tredt nadlduetioh bperation is
non-fl uorescent |lanp). If externa

necessary), the state detecting block 68 sets, as the
control mode, a mode B to be discussed later.

In response to the control mode determined by the state
detecting block 68, the time constant setting block 65 sets
the time constants Ta and Tp of the digital LPFs 61 and 62,
and the gain setting block 66 sets the gain Ka of the'gain
adjusting circuit 63. Actual values to be set are
determined as described below in response to the system
configuration and requirements to the system.

The time constant Ta of the digital LPF 61 is discussed

first. As previocusly discussed, the amplitude yYm of the

- estimated flicker component slightly varies in the vicinity

0f zero and is generally constant in both the mode A (in
which the flickering takes place steadily and regularly
under the illumination of the flucrescent lamp) and the mode

B (in which no flickering takes place regularly under the
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di sturbance is applied, the anplitude ymis not
constant. To nake the systemrobust to the externa
di sturbance, the tinme constant Ta of the digital LPF
61 is preferably set 5 to be longer. However, if the
control node is transitioned fromthe node A to the
node B or fromthe node B to the node A, the tine
constant Ta of the digital LPF 61 is preferably set
to be shorter to achieve a fast tracking feature
during transitions. 10 Maregispecifically, the
anmplitude ym nust satisfy two nutually contradi ckggyi324
requirenents at the sanme tine. The nethod of Fig. 4,
Fi 7 provi-des an aI r|thn1 i gi,hal
1%m1? F?gn 38 tne RLQVE g ﬁbanceampﬁ prgg é%;ernéi

r obus 0 the external

BReLLBantL NBs CQNStiaRt Iﬁ‘e' SmS et Md Brndi s ]:§3tV|C%Wstt9nEhe
tracking feature. Mst preferably, dynan1c contr ol

My De mditd atieCegstemProidle R korgektéin®l Cinthabbnce,
Ta in either the nopde A or the node B and a shorter

thiemgime onsharentT da wfathe adisyittizdn IffFolilt he posierkktly set
the node B or in a transition fromthe node B to the
tRole ACnQRr ThdlaWevereohst B qqsltéfolt Reddi §f t BfansPrtigped
f|s di scuss Now. Durln% the node A (when the

FPTICKR?  Tgia dkdo jPacBotd bt 15 P ar¥ v moce

th f.th uo
|n?t|a#HH%ase n%bg%oﬁgs A antlaF?nE% §HEferably
sual ug @yegwomtt%ngcﬂféef@da b@ass%d t&lgc%i?n& hfeam{émd%'r%ng

of the flicker generation as shown in FIg. 16. -
t583P1824nA sufficiently | onger tine constant Tp needs
to be set to be

More specifically, the amplitude Ym must satisfy two
mutually contradictory requirements at the same time. The
method of Fig. 4, Fig. 6, or Fig. 7 provides an algorithm
briginally robust to the external disturbance.

In practice, a shorter time constant Ta is set with a
view to the tracking feature. Most preferably, dynamic
contreol may be introduced to‘provide a longer time constant
Ta in either the mode A or the mode B and a shorter time
constant Ta in a transition from fhe mode A to the mode B or
in a transition from the mode B to the mode A.

The time constant Tp of the digital LPF 62 is discussed
now. During the mode A (when the flickering takes place
steadily and regularly under the illumination of the
fluorescent lamp), the initial phase ®Pmn becomes

substantially the same value every constant period based on

the principle of the flicker generation as shown in Fig. 16.
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robust to the external disturbance. In contrast, the
initial phase cnmm takes a random nunber during the
node B (when no flickering takes place 5 regularly
under the illum nation of the non-fluorescent |anmp),
and no particul ar advantage is provided by the

setting of a longer tinme constant Tp. More
specifically, during the node B, the time constant Tp
may be set to any value taking into consideration the
effect of a gain 10 adjustigat -t o be di scussed | ater.
The tinme constant Ta and the tinme constant Tp may she@p1324
al ternated between the node A and the node B. The gain

e Qfe;Lhe, gal,n gﬁ% i i ' i_s._now, dj scussed.
Sotes b R R LAY, BREFH s O R BT S v
eeadl by and seauhan yiuedekatidbe, i1l umnation of the
fluorescent |lanp), the anplitude ymis substantially
constAntomSradtQWthieN i fi giall Ghaad diie t@&iel Karsgmdoe
set to 1. The gain Ka determ nes a correction rate of
rue20danphy t tde nade( Bf (ahgai mo K-k kexisgt fa k9% afce
the input is output with a correction rate at zero),
&SRy coriRetitn 11 aménatieh e fangle ngaefynprascent
dir§ctl controILedlb varying the gain Ka. Under
T0Pal “PROROGTHHI L8k FRBRHES, 3 e SARAPR1 Ble-5
SIY;R bﬁtgni%§§5¥l n| g Orpd ntention %%yf' 11
%ﬁ%regsed._- S5§5%35§£%€r ?hﬁ% reasgn,8 e ﬁ%?nyka
dugiRet theé MhéLd B,0 the 8MetBSnstant Tp may be set to any
value taking into consideration the effect of a gain
adjustment to be discussed later,

The time constant Ta and the time constant Tp may be
alternated between the mode A and the mode B.

The gain Ka of the gain adjusting circuit 63 is now
discussed. During the mode A (when the flickering takes
place steadily and regularly under the illumination of the
fluorescent lamp), the amplitude ym is substantially
constant as shown in Fig. 16, and the gain Ka can be set to
1.

The gain Kz determines & correction rate of the
amplitude yYm (if a gain Ka=1 is set, 100% of the input is
output with a correction rate at zereo), and the correction
rate of the amplitude Ym is directly controlled by varying
the gain Ka.

Under actual photographic environments, the amplitude

may be intentionally enlarged or intentionally decreased.
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system may be designed to set the gain Ka to be | arger
than 1 or smaller than 1. During the node B (in the
state that no flicker is 5 generated steadily under
the illum nation of the non- fluorescent |anp), the
anplitude ymtakes a randomvalue in the vicinity of
zero in response to noise. Since no flicker reduction
operation is required by nature during the node B

the gain Ka is set to zero to disable the unnecessary
10 process. The node A and tgae_nobde B as the steady
state (the state that the flicker is steadily 503P1324
generated or the state that no flicker is steadily

t d h di d I.f, th de, det ect.ed
P b ke L B
J}fs(%@mt ﬁgyr@g%é tg‘?letdh%onggg Bre 1dairs ®al k8l ¥e 1 ehfeh:%an

phot ogr aphi ¢ environnment has c%anged from under

1 ldrugimaat encfn tthe fl uorescent | anp to under the
il'lum nation of the non-fluorescent |lanp. If the node

det eBtetndytiehaosicaBe (ilet et i sigpds abkt68oi Slicker is
transitioned 20 fromthe node B to the nbde A it is
gereeryFethateadicdy piseagiaphi tlemviatdenert has =Prnged
fromunder the illumnation of the non-fluorescent

flarp Se6°Bhdki™ e el PRRL ABFAR MO 2KAR 7| tIREb &Rt ue in.
FE%W%lCAglg%q€§%%§%y glscussed with referepce to Fi éilcker

Prh®actor ance w ThEE he” basi

x‘é‘é‘ih[’;@%ﬁfoﬁ&%tlo%”f 153%8&?_’2&1 péf%%’c‘ﬁ LNYERE AN hd %de B,

flicker conmponent is extracted
the gain Ka is set to zero to disable the unnecessary

process.
The mode 2 and the mode B as the steady state (the
state that the flicker is steadily gensrated or the state
that no flicker is steadily generated) have been discussed.
If the mode detected by the state detecting block €8 is
transitioned from the mode A to the mode B, it is likely
that the photographic envircnment has changed from under the
illumination of the fluorescent lamp to under the
illumination of the non-fluorescent lamp. If the mode

detected by the state detecting block 68 is transiticned

~from the mode B to the mode A, it is likely that the

photographic environment has changed from under the
illumination of the ncon-fluorescent lamp to under the
illumination of the fluorescent lamp.

As previocusly discussed with reference to Fig. 4, Fig.

'6;_or Fig. 7, in accordance with the basic methed of the
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t hrough the averagi ng operation or the difference
operation throughout a plurality of fields. During
the transition, one portion of a signal string for
use in the averaging 5 operation or the difference
operation contains a flicker conponent and anot her
portion of the signal string has no flicker

conponent. As a result, an error takes place in the
flicker conponent obtained through the averaging
operation or the 10 difference operation, and an
error also takes place in the detected anplitude ¥mpi324
and initial phase 'Dm. If the flicker coefficient
ﬁE@%%%k gﬁv&§££%ﬂ‘ﬂéﬁl &ﬁ?gképec ééﬂéh.ftgcgggra ted
anplitude ymand initial phase m, € output T rmage
Hah the avehAdeLpekyabhest ade 18 rFarahéeVi@dBtion
this problem the gain setting block 66 detects a
thrranghbuonal pBiaild t3nd fcontIa s the-igai AhKatisnsition,
response to the transitional state. Mire specifically,
drfe Pletiont»odla rrodeails s¢hifig efbf rnom inheheaodesveding he
mode B, the reliability of each of the 20 anplitude
QRATARAORheT | iR i fKgsee cppRr Halord coppednat 2 t hlel e t
of the transitiaon. Immediately subsequent to, the
FRREFPF ofs tEI’PeOté’ﬁrnpRﬁthns%%/ (Hod FPom TEEBD s mo

andithe fll _reduction operation of the flicker
generatf%&kg%%ﬁi 53 and the cal culating block 40 is

- stoppedh AldiarNabhVekyor 25 1ihe (9 Ka e oraduall y -

| owered, and the flicker reduction - 65 S03P1324
coperathonolofaideel fthirelen gedhedrwiriaydnkl opkr&3i @t hae

difference operation, and an error also takes place in the

detected amplitude ym and initial phase Pmn. If the flicker

-coefficient I'n(y) is calculated from the error-affected

amplitude Ym and initial phase ®mn, the output image signal
is also adversely affected.

To alieviate this problem, the gain setting klock 66
detects a transitional state and controls the gain Ka in
response to the transitional state. ‘

More specifically, if the contrel mode is shifted from
the mode A to the mode B, the reliability of each of the
amplitude ym and the initial phase ®mn has dropped at the
start of the transition. Immediately subsequent to the
transition, the gain Ka is switched from 1 to zero, and the
flicker reduction operation of the fiicker generating block
53 and the calculating block 40 is stopped. Alternatively,

the gain Kz i1s gradually. lowered, and the flicker reduction
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cal cul ating block 40 is snoothly stopped. Conversely,
if the control node is transitioned from the node B
to the node A the reliability of each of the 5
anplitude ymand the initial phase (Dm is still |ow
at the start of the transition. After tinme el apse
until the reliability of each of the anplitude ym and
the initial phase (Dm rises to a sufficiently high

| evel, the flicker generating block 53 and the

cal cul ating block 40 perferms 20 the flicker reduction
operation. Alternatively, the gain Ka is gradual lsp3p1324
rai sed so that the flicker generating block 53 and

ddwakabgubating Alegk 4 eﬁgpgmgv SIkOER 5{%& % d cker

reduction operation. <Sécond Sspeci |c exanpl e
zulatbhg. bldc i ldoustsr alestiRL penspbespeci fic exanple
of the systemcontroller 14. In this exanple,
menotomwse 7Bl 4, iswichehesntbel7 hodendsatrshat € deiediribng
bl ock 69 are added to the exanple of Fig. 14. The
Hendrgde 7 & dries mode dat bhofreHebddpitivt adecyalh ehehzo

gn ﬁ€72 stores the data of the |n|t|al phase cpm,
R T HEROIy 278 ERBr -1t Gieset Tamt dSoftihe Jg%ﬂ’r?t the

t .63, th 74 st th
FUobE the U180, LR SR i RhELE AT 7
x%qllsgmw;ldmrététchd%tfathan&ngﬂecﬁét taﬁét&eofmtlf&%ﬁe

menori es respectively, in response to f
platecOmanri esyl s Dfsddre cstatey detprtidR@ 1, €8e flicker

S03P1324 bl ock 69. The output data of the switch 75 is
gkadrévindidlock 53 and the calculating block 40 performs
the flicker reduction operation. Alternatively, the gain Ka
is gradually raised so that the flicker generating block 53
and the calculating block 40 smoothly perform the flicker
reduction operation.

<Second specific example: Fig. 15>

Fig. 15 illustrates a second specific example of the
system controller 14.

In this example, memories 71-74, switches 75-78, and a
state detecting bleck 69 are added to the example of Fig. 14.

The memory 71 stores the daéa of the amplitude Ym, the
memory 72 stores the data of the initial phase ®mn, the
memory 73 stores the output data of the gain adjusting
circuit 63, and the memory 74 stores the output data of the
digital LPF 62. The switches 75-78 select the input data

and the output data of the memories 71-74, respectively, in

response to the detection results of the state detecting
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digital LPF 61, the output data of the switch 76 is
fed to the digital LPF 62, the output data of the
switch 77 is fed to the flicker generating bl ock 53
as the data of the 5 anplitude ym, and the out put
data of the switch 78 is fed to the flicker
generating block 53 as the data of the initial phase
tmm'. The state detecting block 69 receives zoom ng
i nformati on and hand-shake information. In response to
the 10 zoom ng information,se he state detecting bl ock
69 determ nes whether a large variation in the anglggri324
of view takes place in response to a zoom ng action,

| ol €S S hand: . Jd Qf o, [
e 5t oot ng BT Sc k68 horar ms el Mo Rey 78, £ Gpe

dafiltatll oprrl 81} henangl@uef qukeVeAStiakes tRhage L8 fed to
response to panning and tilting actions and a

itar geganpli LEHes harthesshakeut| faté o whet enwatord7t hiad fed
no large variations take place in the angle of view,
thdhet dlacler egenanpingckl69kseld a3 Hde gatachestirs- 78
to_the sides thereof opposite fromthe sides 20 of the

WEHorE8 -7 £NNSPREPEEUE AT iadkEPer edlieth ofp 1s fed
ti.on | f d in t I f FiLg., 14.
L L GF a0 e SaoTar 06 VarTR Fone akeS Dl ace
imtihe gﬂggg_@&ﬂv[ema the state detecting block 69
C

sets the swi t ches 75-78 to the sides_thereof to the
MenorheSs Falce’ e t22tShhCB1IEME deliaRiihbtY ofngash of

the anplitude ymand - 67 S03P1324 the initial phase
igRommdOps avidrhand-ahgevanf atmHtE @CCUTR kBsponse to the
zooming information, the state detecting block 69 determines
whether a large variation in the angle of view takes place
in response to a zooming action, and in response to the
hand-shake information, the State'detecting block 69
determines whether a large variation in the angle of view
takes place in response to panning and tilting actions and a
large-amplitude hand shake.

If it is determined that no large variations take place
in the angle of view, the state detecting block 69 sets the
switches 75-78 to the sides thereof opposite from the sides
of the memories 71-74. Normally, the flicker reduction
operation is performed as in the example of Fig. 14.

If it is determined that a large variation takes place
in the angle of view, the state detecting block 69 sets the

switches 75-78 to the sides thereof to the memories 71-74.

Since the reliability of each of the amplitude ym and
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the angle of view, anplitude data and initial phase
data acquired in the past and respectively stored in
the nenory 73 and the nmenory 74 are input to the
flicker generating 5 block 53 as the anplitude ym and
the initial phase (Dm'. Since the anplitude ym and
the initial phase cbnmm are steady during the node A
(in the state that the flickering is generated

steadily and regularly under the illum nation of the
fluorescent |anp) as shown bW Fig. 16, the use of the
10 past data presents no problemat all. On the S03p1324

contrary, the past data should be positively used.
thHeweretjal fpHzomr KBl abichist Ynaat 2 18 UGEeISLYSh YoddWY in
to the digital LPFs 61 and 62 in the m ddl e of
thar baglect viavhe aapgieudd ddtewanthenatpil tpideseyatand
the initial phase 15 'mm' obtained i nmedi ately
asgpsegticht the PRetsendi mprscitivelysaipch@siy thenteRi8ry
7;0 thetsides thegﬁsf opposite fromthe nenories 73
N899 451G dih BFF ot P t ithenat eCkRR HSRSTRGBrEm

i Ngly t C ace . of g _large varjiation in the |

oRuEk et B PRI g ol el PRy P ockegs B
onl y5:5RtsS e LI ohes 7 | . | r

to the neﬁ%?iggﬂg% andvé4?§$gg%gé¥?ﬁégg,nggéé%gg §Q£
ssehdy tdieris teBesodd ANCin/ GHkOstheeSthgs teraakkbo:ing
the nenories 71 and 72, respectively. Wth this
iaryemgertett steebely osnd eldgallialrilyy uddaéa dite iNatuminpdion
to the digital LPFs 25 61 and 62, and high-reliability
oHatle obtuitiredepEi bfmplo ashehowsginsPapl3Dd, ddrumsencé the

of _the large variation in the angle of view and
past data presents no problem at all. On the contrary, the

past data should be positively used.

- However, if low-reliability data is successively input
-to the digital LPFs 61 and 62 in the middle of variation in
the angle of view, the amplitude ym' and the initial phase
®mn' cbtained immediately subsequent to the setting of the
switches 77 and 78 to the sides thereof opposite from the
memories 73 and 74 suffer from error.

To eliminate such a problem, during the occurrence of a
large variation in the angle of view, the state detecting
block 69 not only sets the switches 77 and 78 to the sides
thereof to the memories 73 and 74, respectively, but also
sets the switches 75 and 76 to the sides thereof to the
memories 71 and 72, respectively. With this arrangement,
the low-reliability data are not input to the digital LPFs

61 and 62, and high-reliability data obtained prior to the
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stored in the nmenories 71 and 72 are input to the
digital LPFs 61 and 62. Regardl ess of the zoom ng
informati on and the hand 5 shake information, the
reliabilities of the anplitude yin and the initia
phase Dm are separately determned. Reliability
| evel information as a result of determination is
input to the state detecting block 69. If the
reliability Ievel information indicates that the
reliability 10 of the anplkitgde yin and the initia
phase Dm is low, the switches 75-78 are set to ghepi324
sides thereof to the nenories 71-74. In this way,

o%%é&rgﬂgg &9%&%%l?ﬁeggba£f£{§9lH&{%h@sang§SQHfview and

vant ages> accordance with the
skbeva- I ef exenced cabodi neay s72 the fihboketoreuictiARal
operation is less sensitive to the externa
LeiFst aebancesander the il |l um nation of the fluorescent
| anp and under the illumnation of the non-
f | uoRemTEhitessap, thadzetiiny pndeirdesifémasind esdpomsedand
20 tracking features during the transitional state.
sPRES| HMRHRr T idkup theviedipetiories Chethe opyepl Ftydecap and
eductj o eratj on snoothly w thout di scordance at
t%ﬁelﬂbﬁ%éh éﬁé%?hgmwbﬁﬁﬁes?Pa tetwifeter™Redoccur r ence
. i-afjQn.i ; of _vi.ew, _or en . .
ROLAERELYE] (AT hBeklife BIUE Lhethith off a B s on

is 98puS08PL324 slAktespat & &POAIRNES] 1f the

reliability level information indicates that the reliability
of the amplitude Ym and the initial phase ®mn is low, the
switches 75-78 are set to the sides thereof to the memories
71-74. In this way, past data having a high reliability is
used.

<Advantages>

In accordance with the above-referenced embodiments,
the flicker reduction operation is less sensitive to the
external disturbance under the illumination of the
fluocrescent lamp and under the illumination of the non-
fluorescent lamp, and still provides fast response and
tracking features'during the transitional state. The image
pickup device performs the proper flicker reduction
operation smoothly without discordance at the moment of the
state transition, at the occurrence of the variation in the
angle of wview, or ﬁhen the flicker detection parameter is

low in reliability.
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(Integration) |In each of the above-referenced

exanpl es, the input image signal In' (x,y) is

i ntegrated throughout one Iine. 5 Since the input

i mge signal In' (x,y) is integrated to obtain a

sanpl e value of the flicker conponent with the effect

of a pattern of the image reduced, the integration

may be performed throughout a plurality of lines

rather than only one line. One period of the

fluorescent light flicker-16%(on-screen flicker)

appearing as a striped pattern on the screen S503P1324

corresponds to L (=Mr60/100) lIines as previously

desclabeskndte athbbemséntyo sanpl e val ues are obtai ned

in one period, i.e., L Ilines, the flicker conponent

i s déirtagthtilpased on the sanpling theorem 15 In

practice, a plurality of sanple values, for exanple,

at | %Tas&‘eaqm @aﬁbﬁea%v%@e%r@nﬁeéf examEp e obttdienddrEEom
erio n-screen flicker.

] FAaR
lﬁegﬁ R e &) iR Ros Tar pEPFRATbf SR heH fput
sifiBgCeiL Oalye 06X ¥l ghs THRALR, e OVEL A AU St ON

time eq Sévera nes t
oBQéh_ﬁoiE‘t@émpp_L%r Qdse BBrenpaFt Ic%'raeb ok &f LHBS the
| onger than the horizontal period T%e I ntegration
efifaeti of notpdtteirhedrt Bh@.nlrhanjeeg:%ﬁuﬁﬁht | phe iegration
hori zontal periods, and for exanple, 2.5 tinmes the
mhyr be opraforyyed cHrpsghent extd yuraddept abl Bin@b ddtielre than
integration tinme is prolonged and a sanple count - 70

- ORHBPIBR4 PE- URPE PRARCT SO ddisc ddlores kivad taivolfldgker

in the.

DFT.
(on-screen flicker) appearing as a striped pattern on the

.screen corresponds to L (=M*60/100) lines as previously

described. If at least two sample values are cbtained in
one period, i.e., L lines, the flicker component is detected
based on the sampling theoremn.

In practice, a plurality of sample values, for example,
at least 10 sample values are preferably obtained from one
period, i.e., L liﬂes of the on-screen fiicker. Even in
this case, the horizontal period of the input image signal
In'(x,y) is integrated over a duration of time egual to or
more than several times the hcrizontal'periods,_more
particularly, ten times longer than the horizontal period.
The integration time is not limited to an integer multiple
of horizontal periods, and for example, 2.5 times the
horizontal period is perfectly acceptable.

If the integration time is prolonged and a sample count
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operation by the DFT block 51 is |ightened. Wen a
subject noves in a vertical direction of the screen,
the effect of the notion is reduced. 5 (O her
alternate enbodi nents) In the primary col or system of
Fig. 2, the flicker conponents in the RG primary
color signals is detected and reduced by the flicker
reducers 25R, 25G and 25B on a per color signa

basis. Alternatively, the previously described 10
flicker reducer 25 is arrangéd-on the output side of
the lum nance signal Y of the synthesis matrix S03p1324
circuit 29 in order to detect and reduce the flicker
PRRNpAnentind tdheedudBhnNapsexSdaNainviivky 8 coidanee

wi th the above-referenced enbodi ments, 15 the digital
ayegaahomh@@Gﬂ&nﬁﬁﬂObunckuﬂlr&btﬂugHHemeHer Whieducerudsct
i's inplenmented by hardware. Part or whole of the
molvegken 2 echicwicads dgretheoni @f ttdle sicgrah, prloe estisct20 £
may be inplenmented by software. In accordance with
t@ﬁemaBbQ% YT ERWYEEd enbodi ments, 20 the vertica

t f 60 Hz ith field
;gpf&%ﬁg&ﬁ%ﬁ'ogni %ggg%ﬁﬁ§ ghe psggentorﬁvenlson
is lJ.cabl r e C r
vor TR LH Red a0 BBl S0 EARINE oy R o L e T te? e

chihpBReRed | 0d tHReiRRg %ﬁ’»&aﬁﬁ@ﬂdﬁ shgnbhisi §agssedtieana
franme period (1/10 25 second) is an integer multiple

reBheesty pehpatitiekerotetiiCers PER,SQ3B1324d 23k kar d per
10 wavel engths over three frames) of the em ssion

color signal basis. Alternatively, the previously described
flicker reducer 25 is arranged on the output side of the
luminance signal Y of the synthesis matrix circuit 29 in
order to detect and reduce the flicker compenent in the

luminance signal Y.

In accordance with the above-referenced embodiments,

- the digital signal processor 20 including the flicker

reducer 25 is implemented by hardware. Part or whole of the
flicker reducer 25 or the digital signal processor 20 may be
implemented by scftware.

In accordance with the above-referenced embodiments,
the vertical synchronization frequency is 60 Hz (with cone
field period equal to 1/60 second). The present invention
is applicakble to a progressive type camera having a vertical
synchronization frequency of 3¢ Hz (with one frame period
being 1/30 second). In this case, three frame period (1/10

second) is an integer multiple (the stripe pattern of the -
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period of (1/100 second) of a fluorescent |anp, and

the field of the above-referenced enbodi nent may be

substituted for the frame. 5 The present invention is

applicable to an XY addressing type image pickup

el ement such as an inmage pickup el enment other than a

CMOS i mage pickup elenment. Industrial Applicability 10

In accordance with the present invention, the flicker

uni que to the fluorescent |anp appearing in the XY

addressing type image pickupilelenent such as a CMOS

i mge pickup elenment is detected and reduced rel isabby324

and sufficiently through the sinple si gnal processing
it t 15 0 [ g I

AR RS G e e LD M St

wfritode offl Yoy esgedicdn@Pof hnfp@éﬁés@én&r J.alf@?naltldﬂethe
flicker reduction operation of the present invention

fiizldsed tbe ilerdRGER feremaey cabatimesitgralyspenstbonltnted
the light and dark flicker but also the 20 col or

fqr ¢hker framaecuratel y detected, and reliably and
sufficiently reduced. If the level of the signal falls
W thFHetP%?%ﬁﬁﬁJH§FPBElOPe@ﬁ(ﬁPp%HﬂébﬂﬁlERe?nr FrEFS1ng

bled. In |
t3PeveReda 1 HOM e T RET SRE R by H258 PLEEREre]Shent

Jt&QYCLhQR QP& 1:9ge” gakugoéfel&’é% .The flicker

reducti on operation |s I sabl ed under the
illumnation of the non-fluorescent lanp. In this way,

t he
Industrial Applicability

In accordance with the present invention,.the flicker
unigue to the fluorescent lamp appearing in the XY
addressing type image pickup element such as a CMOS image
pickup element is detected and reduced reliably and
sufficiently through the simple signal processing without
using a photosensitive element regardless of the subject,
the video signal level, and the type of the fluorescent lamp.

In particular, when the‘flicker reduction operation of
the present invention is used for the RGB primary color
signals, not only the light and dark flicker but also the
coleor flicker is accurately detected, and reliably and
sufficiently reduced.

If the level of the signal falls within the saturation
region, the flicker reduction is disabled. In this way, the
signal component is prevented from being affected by the

flicker reduction operation.
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effect of the flicker reduction operation on the inmage
quality is controlled. 5 If the subject changes
greatly in a short period of tinme in response to the
operation or the action of the photographer, the
i mredi ately precedingly estimated flicker conponent
or the flicker conponent estimated fromthe
i mredi ately preceding signal is calculated. In this 10
arrangement, flicker detection accuracy is free from
degradation due a | arge change-in the subject
happening in a short period of tine. The flickergp3p1324
reduction operation is disabled in the photographing
condi,t | t 0 ed _the flicker .15 [
opor 11 gt PRy $2836PEn RERER BN O Ra R BEL O
10hLR 1 MBYi od N &Hee@bnOk1 EdHe §ddrfik@hmp@dUEt il s way, the
operation on the image quality is controlled. Thé
e€sbtoad Lot Hd | Ukekegorp@eon oprdjatsbaden afngk tikige
adjusted flicker conmponent and the input inmage signa
qapéitPOizataiiratlédd.Wth this arrangenment, the signa
component is robust to the effect of external
di sttlr bdfc SURABEF FMNIST |anPEfali &R BfShart Pegéreseént
lLanp, and under the illum nation of the |
CABR- 11 UCTEEER HahPS TR 3 nede 9Fi CREpACHERR & the

i cekl e b [N tur
L e
cef¥bEEnt i3 tne03R1324y PELH UG RS tRPLACES SES s TRRE Nl Y
wi t hout di scordance at the state transitions, at the
ivmed bt taly igredadiaggbegmdl iiseWaleilated. In this

arrangement, flicker detection accuracy is free from
degradation due a large change in the subject happening in a
short ﬁeriod of time.

The flicker reduction operation is disabled in thex
photographing condition that does not need the flicker
reduction operation, forxr example, in the still image taking.
In this way, the effect of the flicker reduction operation
on the image quality is controlled.

The estimated flicker component is adjusted, and the
adjusted flicker component and the input image signal are
calculated. With this arrangement, the signal component is
robust to the effect of external disturbance under the
illumination of the fluorescent lamp and.under'the
illumination of the non-fluorescent lamp. The image pickup
device achieves excellient response and tracking features at

the transition. Furthermore, the image pickup device




when the reliability of the flicker detection
paraneters is low - 74 CLAI M5 S03P1324 1. A flicker
reducti on nmethod for reducing a fluorescent |ight
flicker conponent in a video signal or a 5 | um nance
si gnal obtai ned by photographi ng a subject through an
XY addressing type i nage pickup el enent under an
illum nation of a fluorescent |anp, conprising: a step
of integrating the video signal or the |um nance
signal, as an input inmage-siygnal, throughout a
duration of 10 tinme equal to or |onger than one s03p1324
hori zontal period, a step of normalizing the

[ t r..a ' | ue t.he

Ao EhE, Bk VR R e bt RRgR, UEORHIERD 1 e
tadBeerafs St Ol a@XthaCll Pt @i PaG KU Qfglid&r view, or
normal i zed 15 integrated value or the nornalized

wiiehf enencel Madilg ryaost epe of 1 BSidateitegtach | pakefeters is
conmponent fromthe extracted spectrum and a step of
lg@rform ng a cal cul ati on operation on the estinmated
flicker conponent and the input imge signal to 20
cancel out the estimated flicker component. 2. A

flicker reduction nmethod for reducing a fluorescent
l'ight flicker conponent in each of color signals of

col ors obtai ned by phot ographi ng a subject through an

XY addressing type inmage pickup el enent under an

illum nation
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25 of a fluorescent lanp, conprising: - 75 S03P1324 a
step of integrating the color signal of each color,

~as an input image signal, throughout a duration of

time equal to or longer than one horizontal period, a
step of normalizing the integrated value or a 5
di f ference val ue between the integrated val ues of
adj acent fields or adjacent franes, a step of
extracting a spectrum of the nornalized integrated
val ue or the normalized di-f f7érence val ue, a step of
estimating a flicker conponent fromthe 10 extraetedl3z24
spectrum and a step of perform ng a cal cul ation
operation on the estimategdafgcker conponent and the
I nput image signal to cancel out the estimated
flicker conmponent. 3. A flicker reduction nethod for
reducing a 15 fluorescent light flicker conponent in
bot hla |Aininarkee rsdgoblocmnektéach for cellorisy gnal s of
col ors, obtained by photographing a subject through
Anoxes g8t es Gy ftlypecrnagerotk iy al EHEne el &y 2
illum nation of fluorescent |anp, . .conprising: a
B G el ched S S HETE A S M s SR

he.col.or_si [, of h color, a n_in i e
T Srarolte it Al 860 B Shen PeRitatolizet (B9,
ihangehathan one Mobk2eRtal Pafd,0¢om@rsheRg Of
normal i zing the integrated value or a

a step of integrating the video signal or the luminance

signal, as an input image signal, throughout a duration of

time equal to or longer than one horizontal period,

a step of normalizing the integrated value or a
difference value between the integrated values of adjacent
fields or adjacent frames,

a step of extracting a.spectrum of the normalized
integrated value or the normalized difference value,

.a step of estimating a flicker component from the
extracted spectrum, and

| a step of performing a calculation operation cn the
estimated flicker compenent and the input image signal to
cancel out the estimated flicker component.

2. A flicker reduction method for reducing a
fluorescent light flicker component in each of color signals
of colors obtained by photographing a subject through an XY
éddressing type image pickup element under an illumination

of a fluorescent lamp, comprising:
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25 difference val ue between the integrated val ues of
adj acent - 76 S03P1324 fields or adjacent franmes, a
step of extracting a spectrum of the nornalized
integrated value or the normalized difference value, a
step of estimating a flicker conmponent fromthe 5
extracted spectrum and a step of performng a

cal cul ati on operation on the estimated flicker
conmponent and the input inmage signal to cancel out
the estimated flicker conpomgnt. 4. The flicker
reduction nethod according to one of 10 clains lsbopizz4
3, wherein the nornmalizing step conprises di vi di ng

|t ooty Y atRbbge B o MSLA0E UL B0 e PP

i nt egr at val'ues~o | 'ural |ty O onsecutive

2@l anCORSEE Uinat fsiafBs, Onrdlhddt ekatrsediictdOnime
nmet hod according to one of 15 clains 1 to 3, wherein

ehinel nos nedt | Zamg rStt@pnconPri&eszontiali gengod he

di fference val ue by the average val ue of the

inte@r%ﬁ&ﬂjOiaMQésab£Z%pqﬂuheaumﬁngﬁt@®n®@bxﬂioweafields
consecutive frames, and subtracting a

dfnfé@é?%‘?‘?n Frogiey BeGEcerr e tHEqwEsterd Feldedtaferndiaggnt
he flicker uction nethod according to one of

f&Fégﬁsoﬁ % éfenﬁh%FQWﬁ Sthe normalizing step conprises
d' vi eé‘tg-ﬁﬁ he @kfcfzg&?ﬂ?ge & ‘é%t%%mt e { dﬂ%}%ﬁ%ﬁ@z‘é@' ue.

I cker GCTion nethod accor g to one of
1§Eé{;ﬁ§téd e WREERE MM SR UFrE¥EREEIING1ST ep

a step of estimating a flicker component from the
extracted spectrum, and

a step of performing a calculation operation on the
estimated flicker component and the input image signal to
cancel out the estimated flicker component.

3. A flicker reduction method for reducing a
fluorescent light flicker compenent in both a luminance
signal and each of color signals of colors, obtained by
phetographing a subject through ar XY addressing type image
pickup element under an illumination of a fluorescent lamp,
comprising:

a step of integrating each of the luminance signal and
the color signal of each color, as an input image signal,
throughout a duration of time equal to or longer than one
horizeontal period,

a step of normalizing the integrated value or a

difference value between the integrated values of adjacent
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25 conprises Fourier transformng the normalized
integrated - 77 S03P1324 value or the nornmalized

di fference value. 8. The flicker reduction nethod
according to one of <clains 1 to 3, wherein it is
determ ned whether a level of the input inmage signa
falls within a saturation region, and 5 if it is
determined that the I evel of the input inage signa
falls within the saturation region, the input inmage.
signal is output as is as ap eutput image signal. 9.

The flicker reduction nmethod according to one of s03p1324

clains 1 to 3, wherein it i's determ ned based on a
dievak 9f dQ.ddhe extracted spectrum whether the input
image signal is fromunder the illumnation of the

fl uos eseantos am@raddong fa ddedtsufieber praachAriat zkhe

i nput image signal is not from under the illum nation
ioftethetéd uorlescent thanportdel Adpuli £ feragee Srgnad, | S
output as is as an output inmage signal. 15 10. The
flickettaredicesbamabitdee adldekeirngonporgret dirorcitiiens 1
to 3, wherein it is determ ned whether the subject
“ShaAgEsd gIREAIY ™ n289short period of time in response
to an _.operation_or an actian of a photographer d
1 11 TP Aot BPRFREN That THE S0 Bht RHGER GPeklty
B 4 ris er.| [ e s N | | .at.ely
eSFéggggﬁdﬁvggggiEgggggé?fic epggbﬁ% Hgn%h%%%q%' %ﬁcﬁgr
ceaEponsen B8t iorrt fdtEh oM fked batgty preceding
signal, and the input inage signal are subjected to a
cal cul atihen fdpekat | vadudtlionlTme thbd cketordiduc ticopne of

nmet hod according to one of
claims 1 to 3, wherein the normalizing step comprises

dividing the difference value by the average value of the

integrated values of a plurality of consecutive fields or
consecutive frames.

5. The flicker reduction method according to one of
claims 1 tc 3, wherein the normalizing step comprises
dividing the difference value by the average value of the
integrated values of a plurality of consecutive fields or
consecutive frames, and subtracting a predetermined vaiue
from the resulting quotient.

6. The flicker ﬁeduction method according tc one of
claims 1 to 3, wherein the normalizing step comprises
dividing the difference value by the integrated value.

7. The flicker reduction method according to one of
claims 1 to 3, wherein the speétrum_extracting step

comprises Fourier transforming the normalized integrated
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25 claims 1 to 3, wherein it is determ ned whether a -
78 S03P1324 phot ographing condition requires a
flicker reduction operation and if it is determ ned
that the flicker reduction operation is determned to
be unnecessary, the input imge signal is output as
is as an output image signal. 5. 12. The flicker
reducti on nmethod according to one of <clains 1 to 3,
wherein the estimated flicker conponent is adjusted
and the adjusted flicker comgponent and the input

i mage signal are subjected to the cal cul ation S03P1324
operation. 13. The flicker reduction nmethod according

ne_o 10 cI mhereln anplification
‘%ﬂf% gﬁdghe §E%§§%dlga?ren Yre"Ssti mated f1icker

como@ne%h@rﬂl%%e@&%u&m&y%tﬂo%s BEELLY End OV RARS of
filters, and a flicker conmponent to be subjected to

dlmn@allcubas; OfhOREMAtORst QgeE ALInal tihethBr ANDiel of
i mage signal is generated using the adjusted 15
tdArplinpbutainage datgradndafiihe wifhist ed sativtrhaiophasgion, and
data. 14. The flicker reduction nethod according to
idi ditmigadetopeinach thag bpubeesll anpltheudepdht megrl tilgeal
€%$ usted initial phase data are stored in a nenory

Si FLER PR R e?%%é&loﬁoﬁﬁ?%‘?fbn the dapuét &929¢% h’%%gnal

ngoﬁgﬁﬁtcggp onent é&po sgb%ected 20 _to the

al’curati on operation toget Her I T Pre i nput i mage
signal is,generaked, Bshog: dNeshoued agphitdids, daldor

and the stored initial phase data. 15. An 1nmage
diatkepldeyi e @HARYinSiAg1s ade dSrlid@e a8l by PE 14WRge of
pi ckup el erment,

the extracted spectrum whether the input image signal is
from under the illumination of the fluorescent lamp, and if
it is determined that the input image signal is not from
under the illumination of the fluorescent lamp, the input
image signal is output as is as an output image signal.

10. The flicker reduction method according to one of
claims 1 to 3, wherein it is determined whether the subject
changes greatly in a short period of time in response to an
operation or an action of a photographer, and if it is
determined that the subject changes greatly in a short
period of time, one of an immediately precedingly estimated
flicker component and a flicker component estimated from an
immediately preceding signal, and the input image signal are
subjected to a calculation operation.

11. The flicker reduction method according to one of

claims 1 to 3, wherein it is determined whether a
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25 neans for integrating a video signal or a |um nance
- 79 S03P1324 signal, as an input image signal,

t hroughout a duration of tine equal to or |onger than
one horizontal period, the video signal or the

| um nance signal being obtained by photographing a
subj ect through the XY addressing type image 5 pickup
el enent, nmeans for normalizing the integrated val ue or
a difference value between the integrated val ues of
adj acent fields or adjacent8f+anes, nmeans for
extracting a spectrumof the normalized 10 integsaBset3z4
value or the nornalized difference value, neans for

@2itoBRhbRgnG dditkalhnCoaReNess rﬂ@éﬂé@‘c rsa&&@i:&rﬁd

spectrum and neans for performng a cal cul ation

apeeral bonand thelt dst deatedifdd ckert corpaneakedntkduag ion
i nput inmage signal to 15 cancel out the estimated
drieirekeépn cofpdrierrningg. tAnbE mayeqEscleny , debecenput image
conpri sing: an XY addressing type inmage pickup

SHOBAENtS PRERIT 13 iPnREgFAtPHEH dEree §F§ﬁ%]r of each

I I h hou
o of2 on e B iaREs F 9%\‘013%%%%@%%%9{% e ome of
Ak iz oft@%} Perid.c;the,go OLi2d: @g&a §9‘5£ 1 ned By

phot ogr a ing a subject t rou S ng
adypetbaBged piHek tamﬁlseaanfh@@én%oﬁr@ron@gwaha ZiWy et

integrated value or a difference value between the
imagegs fedl wadcdlesibgbcadfiacemthe calculation operation.

13. The flicker reduction method according te one of
claims 1 to 3, wherein amplification data and initial phase
data of the estimated flicker component aré adjusted through
respective low-pass filters, and a flicker component to be
subjected to the calculation operation together with the
input image signal is generated using the adjusted
amplification data and the adjusted initial phase data.

14, The flicker reduction method according to claim 13,
wherein the adjusted amplitude data and the adjusted initial
phase data are stored in a memory, and if a predetermined
condition is detected, the flicker component to be subjected
to the calculation operation together with the input image
signal is generated using the stored amplitude data and the
stored initial phase data.

15. An image pickup device comprising:

~an XY addressing type image pickup element,

means for integrating a video signal or a luminance
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25 fields or adjacent franes, - 80 SO03P1324 neans for
extracting a spectrumof the normalized integrated
val ue or the nornalized difference value, neans for
estimating a flicker conponent fromthe extracted
spectrum and 5 nmeans for performng a cal cul ation
operation on the estimated flicker conponent and the
i nput inmage signal to cancel out the estinmated
flicker conmponent. 17. An image pi ckup device
conprising: an XY addressing% ype i mage pi ckup

el enent, 10 neans for integrating each of a | um namce1324
signal and a «color signal of each color, as an input

éiﬁﬁ#i,sbgnﬁhainﬁ&%(Eﬂﬂﬁ%ygiéngy[aﬁﬁfgh '%uk'gedﬁgé%QOA(%f
or longer than one horizontal period, the video
tsingnalquand tbher | WwhgEana@asi ghal hobeidigaabbarned, byhe

phot ographi ng a subj ect through the XY 15 addressing
Tigee isdagelpockiipe dlwrmanceneamsal dreimor whkbzhagd he
integrated value or a difference value between the
BAtegrarbdnd ap v ictadinacuah the efdaddresdingenype image

ﬁﬁznes, nmeans for extracting a spectrum of the
EHbﬁﬁ?lF%SﬁenEo i ntegrated val ue or the nornalized

di ffﬁggﬁge;ovla'n% 2178308 fQL gstd mating a flicker
corrponent romthe ex? acte Sp ctrum anlélerreans for

RFREALBYvAL 6l KdthRlhORKEPER AL O LN NG seSE T AR £nt
flicker conponent and the input inmge signal to

fields or adjacent frames,

means for extracting a spectrum of the normalized
integrafed value or the normalized difference value,

means for estimating a flicker component from the
extracted spectrum, and

means for performing a calculation operation on the
estimated flicker component and the input image signal to
cancel out the estimated flicker component.

16. An image pickup device comprising:

an XY addressing type image pickup element,

means for integrating a color signal of each éolor, as
an input image signal, throughout a duration of time equal
to or longer than one horizontal period, the color signal
being obtainéd by photographing a subject through the XY
addressing type image pickup element,

means for normalizing the integratedhvalue or a
difference value between the intégrated values of adiacent

fields or adjacent frames,
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25 cancel out the estimated flicker conmponent. - 81
S03P1324 18. The inmage pickup device according to one
of clainse 15 to 17, wherein the normalizing neans

di vides the difference value by the average val ue of
the integrated values of a plurality of consecutive
fields or consecutive 5 frames. 19. The i mage pickup
devi ce according to one of clains 15 to 17, wherein
the normalizing nmeans divides the difference val ue by
t he average val ue of the ingegrated values of a
plurality of consecutive fields or consecutive 10s03p1324
frames, and subtracts a predeterm ned value fromthe

f oS . . The i o .
ccordimg e SHe e e TPty 1o uparaeiized
iheegaktEd Nga RARS dh¥i desnd e didfifrgeenses walug by the
integrated value. 15 21. The i mage pi ckup device
acconghimy ficx eseindtthdqiarslithetrocarpondret eiront ke
spectrum extracting nmeans Fourier transforns the
SHGFAEF S e¥PeFitreyr atdd val ue or the nornalized

di fference val ue, 22, The image pi.ckup device
accd?%ﬁWﬁJQQE SReEfeFtrdhiansaleplesiey areratdmer P8 ke
‘nmeans, for_determ ni ng whet he | evel . of the input
SPREEEST GHACKER FETHRPR 1 AL 0T atPBR TR Dre I £
cRHEPU SO HNR JheBRUEoh TBOEIG 0RRBReh as an out put

image signal if it i's determined that the level of the
i nput7. | magemsEeNgl clbd e WickhicBmbhes sag.ur ati on
r egi on.

i an XY addressing type image pickup element,
means for integrating each of a luminance signal and a
color signal of each color, as an input image signal,

throughout a duration of time equal to or longer than one

horizontal period, the video signal and the luminance signal

- being obtained by photographing a subject through the XY

-addressing type image pickup element,

means for normalizing_the integrated value or a
difference value between the integrated values of adjacent
fields or adiacent frames,

means for extracting a spectrum of the ﬁormalized
integrated valiue or the normalized difference value,

means for estimating a flicker component from the
extracted spectrum, and |

means for performing a calculation operation on the
estimated flicker compenent and the input image signal to

cancel out the estimated flicker component.
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25 23. The image pickup device according to one of
clains - 82 S03P1324 15 to 17, conprising neans for
determi ning, based on a level of the spectrum
extracted by the spectrum extracting nmeans, whet her

the input imge signal is fromunder the illumnation

of the fluorescent |anp, and outputting the 5 input

i mge signal as is as -an output inage signal if it is
determ ned that the input imge signal is not from

under the illumnation of- Bhe-fluorescent |anp. 24.

The i mage pi ckup device according to one of claingp3tdiza
to 17, conprising nmeans for determ ning whether the 10
subj g6t CAANGER.AI BaLk¥ol dedt SNACLoRRERGY: Ofortd B Lhains
response to an operation or an action of a
Phatographigdze BNdhd holrhal $z Od efddrmnRedithatst g

subj ect changes greatly in a short period of tine,
ddfifeirnget hea tad dut afhiengvarags talueswli etk iotédwnted

cal cul ati on operation, one of a flicker 15 conponent
vigrhvedi af e? yo brerlddivngify cess ¢ aielt otk yietlle Pri eRegecutive
conmponent estinmating neans and a flicker conponent
f&éfFRated by the flicker conponent estimating nmeans
fronlgn &pnediatelﬁ prec di.ng si gnal ang the i ut .

i mage” si gnal 95 RREFPRegR PicRIpCESVTE e  AcE St itng RS
18N€ 00 7 ¢l A dRe 1 2 Q LS nBQm%Zizméa%sngliggagé s
determ ni ng whether a photographing condition
digauirefSe avd 1Lkl theddebiahe RPRlaldroRhandntdqgidtdds
determned that the flicker reduction operation is
vadneses§ar \pluwnatlgutt icfigcbheedupiute ifiedessbgnadnsasitiise
as an output image signal.

frames, and subtracts a predetermined value from the
resulting quotient.

20. The image pickup device according to one of claims
15 to 17, wherein thé nermalizing means divides the

difference value by the integrated wvalue.

21. The image pickup device according to one of claims

15 to 17, wherein the spectrum extracting means Fourier

transforms the normaliized integrated wvaiue or the nérmalized
difference value.

22. The image pickup device according to cne of claims
15 to 17, comprising means for determining whether a level
of the input image signal falls within a saturation region,

and outputting the input image signal as is as an output

-image signal if it is determined that the level of the input

image signal falls within the saturation region.

23. The image pickup device according to one of claims
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25 26. The image pickup device according to one of

clains - 83 S03P1324 15 to 17, conprising adjusting
means for adjusting the flicker conponent estimated

by the flicker conmponent estinmating nmeans and
generating the flicker conponent to be subjected to

the cal cul ati on operation together with the 5 input

i mge signal. 27. The image pi ckup device according to
one of clains 15 to 17, conprising |ow pass filter

means for adjusting anplifiggation data and initia

phase data of the flicker conponent estinmated byghbeizo4

- flicker conponent estinating 10 neans, and generating

J%h%o FVCkggm geﬁga% %ﬂgkag%%? tobég d. on a level

cal cul'afi on “opeérati on oge he’ i i nput i nage

of @Ral sp@8erdih@xcFagechi SHUphda-ce ranCok it g 1y Gedh®

27, conprising storage neans for storing the

waephet utee dafputanehagdSsiigal nid iAonphager dat &,

adjusted by the |owpass filter nmeans, and neans for

iddnninethen tdfe thei ckeprresnpundrimpl0abé ostpjtetingd the

the cal cul ation operation together with the input

lF’RHEjel%?%a?l%@iln@St hé 3% otledPuhiyiti tudecdat@ahd & A& is
stored jniti phase data if, a predeternned

d?%ﬁﬁﬁ“%?% et &gﬁe&PBHt TAIN % kel 5 BQuctYh under the

1G1LAME IO UGl RO.Bo LI aaggnt 1ot Tl cker

conmponent 1n a video signal or a” |um nance signha
- obt aj ned Ty @RQ&Q%P&MﬁQie%l%@bh@EBr&M§@ one of claims

15 to 17, comprising means for determining whether the

subject changes greatly in a short period of time in

- response to an operation or an action of a photographer, and

if it is determined that the subject changes greatly in a
short periecd of time, causing the calculating means to
subject to the calculation operation, one of a flicker
component immediately precedingly estimated by the flicker

component estimating means and a flicker component estimated

_ by the flicker component estimating means from an

immediately preceding signal, and the input image signal.

25. The image pickup device according to one of claims
15 to 17, comprising means for determining whether a
photeographing condition requires a flicker reduction
operation and if it is determined that the flicker reduction
operation is unnecessary, outputting the input image signal
as 1s as an output image signal.

26. The image pickup device according to one of claims
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25 an XY addressing type i mage pickup el ement under an
- 84 S03P1324 illum nation of a fluorescent |anp,
conprising: neans for integrating the video signal or
the lum nance signal, as an input inmage signal,
t hroughout a duration of tinme equal to or |onger than
one horizontal period, 5 neans for normalizing the
integrated value or a difference val ue between the
i ntegrated val ues of adjacent fields or adjacent
frames, neans for extracti-ngza-spectrum of the
normal i zed integrated value or the normalized S03P1324
di fference value, 10 neans for estimating a flicker
onent tr.acted t ean or
S e L S T
flliickeer ceappasente ANthaltB8 bPthe | FBU&KS EBRAbohENt
cancel out the estimated flicker conmponent. 15 - 30. A
ddtiigkern nyedeaghs ond igetieirtting tleduflinkead chbhponescerd be
l'ight flicker conponent in each of color signals of
e¥llecseabtai Hed 3l prHotoégraphengt fors Uisjigether hvbtiyhttam
XY addressing tfpe i mage pi ckup el enent under an

Pt RaErPoRt9%# L a 1 uorescent |anp, comprising: 20
nean§7forTinte ratin thedcojor s%%ngL of each co o&,,
as afi'i nplt® i M&gE ?thﬁ?, TR SUGTSOE A Aur At 9on Of ctatms

1l B8 189uabnbo; Ofnd qngen,Lhap; pne Rprizontal a@iﬁé@ﬁg

nmeans for nornaliZzing the integrated val ue or
stiph i € eReoN abates belineanci e bl £0rated ovatHessDfcker

adj acent _ _

component estimated by the flicker component estimating
means, and generating the flicker component to be subjected
to the calculation operation together with the input image
signal.

28. The image pickup device according to claim 27,
comprising storage means for storing the amplitude data and
the initial phase data, adjusted by the low-pass filter
means, and

means for generating the flicker component to be
subjected te the calculation operation together with the
input image signal using ﬁhe stored amplitude data and the
stored initial phase data if a predetermined condition is
detected.

29. A flicker reduction circuit for reducing a
flucrescent light flicker component in a video signal or a

luminance signal obtained by photographing a subject thiough

an XY addressing type image pickup element under an
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-25 fields or adjacent franmes, - 85 S03P1324 neans for

extracting a spectrumof the normalized integrated

val ue or the nornalized difference value, neans for
estimating a flicker conponent fromthe extracted
spectrum and 5 nmeans for performng a cal cul ation.
operation on the estinmated flicker conponent and the

i nput image signal to cancel out the estinmated

flicker conponent. 31. A flicker reduction circuit for
reducing a fluorescent |ighlt flicker conponent in

each of a lum nance 10 signal and each of color S03P1324
signals of colors, obtained by photographing a subject
11nedigha taBn XY aé:idﬂe,ﬁﬁela,gehypgam@pgﬁmpml@iug el ement

under an illum nation of a fluorescent |anp,
conpresnagfomearisofretingt egg atidep edghadf ot hehe luminance
| um nance signal and 15 the color signal of each

Hgngrl, &s an er}m impgige ssvgahbl , thridyaheghoat daration of

duration_of tine o or Ionger t han one

|
T SOHER! SRer o]an o Spor oty Peod
'nteﬂég%ggfygl ln%Iffere %ilge bet ween the
a . UeS sz

i ntegr acen rel 43 oF adjacent

_ Jﬂf%gﬁéncgeégﬁuéCHeﬁWQéEaEkén9n€b§¥§¥3d'%%hQEStQF adjacent

normal i zed integrated value or  the nornmali zed
tlifider epcedyatate, £amers for estimating a flicker

conmponent fromthe extracted spectrum and

means for extracting a spectrum of the normalized
integrated value or the normalized difference value,

means for estimating a flicker component from the
extracted spectrum, and

means for performing a calculation operation on the
estimated flicker component and the input image signal to
cancel out the estimated flicker component.

30. A flicker reduction circuit for reducing a
fluorescent light flicker component in each of color signals
of colors obtained by photographing a subject through an XY
addressing type image pickup element under an iliumination
of a fluorescent lamp, comprising:

means for integrating the color signal of each color,
as an input image signal, throughout a duration of time
equal to or longer than one horizontal period,

means for normalizing the integrated value or a

difference value between the integrated values of adjacent

fields or adjacent frames, .
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- 25 neans for performng a cal cul ati on operation on t he

- 86 503P1324 estinmated flicker conponent and the

i nput inmage signal to cancel out the estinmated
flicker conponent. 32. The flicker reduction circuit
according to one of <clains 29 to 31, wherein the
normal i zing neans divides the 5 difference value by
the average val ue of the integrated val ues of a
plurality of consecutive fields or consecutive

frames. 33. The flicker red@6t+on circuit according to
one of clains 29 to 31, wherein the nornmalizing ¥©ans324
di vides the 10 difference value by the average val ue
of tﬁ@aﬁ£“f%¥”ﬂ%%§a¥@£ﬂ§sangékﬂydﬁr@E'Eﬁeoﬁofﬁgﬁﬁ%gﬂt've
fields or consecutive “franes, and subtracts a
iprtedeteed nethe alruehkr afrinbes zéces;wftﬂeagnqu ovhbmd, 34.
The flicker reduction circuit according to one of 15
cl ai msa2® for 3Etiwhéiedna t el ademebneongnegsn dibel des
the difference value by the integrated value. 35. The
SFtrerErdr BRREETWh éPfcuit according to one of claims
29 to 31 erein the spectrum.extracti ng neans

Four Pe3% P& th%gn%r?ﬁ%9?£€&lPHt8@? TR AruEREr
| 6. The fl
Sbadmaf ParPLIBdZ BrgOhLEL ShEE M UGy PO snBE LI4EKeto

c3hcelOBRE i BAG:JRAATHOE ) deker B RGWRet her a |evel
of the input inmage signal falls within a saturation

regi ®n, andlaukput bedgethen idipwuitmEge sé@i@in@as IS as
an
fluorescent light flicker component in each of a luminance

signal and each of color signals of colors, obtained by

photographing a subject through an XY addressing type image

- pickup element under an illumination of a fluorescent lamp,

comprising:

means for integrating each of the_luminance signal and
the color signal of each colcr, as an input image signal,
throughout a duration of time equal to or lenger than one
herizontal peried,

means for normalizing the integrated value or a

difference value between the integrated.values of adjacent

fields or adjacent frames,

means for extracting a spectrum of the normalized
integrated value or the normalized difference value,.

means for estimating a flicker component from the
extracted spectrum, and

means for performing a calculation operatiocn on the
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25 output image signal if it is determned that the

| evel of - 87 S03P1324 the input imge signal falls
within the saturation region. 37. The flicker
reduction circuit according to one of clains 29 to 31,
conprising nmeans for determning, based on a |level of
the spectrum extracted by the spectrumextracting 5
nmeans, whether the input image signal is from under
the illum nation of the fluorescent |anp, and
outputting the input inage8signal as is as an out put
image signal if it is determned that the input B0BgE324
signal is not fromunder the illum nation of the
éHt&ﬁ&%é@eﬁiléEHHJco%%oﬁgntTiﬁafﬂHéﬂﬁﬂ'u&egHQQéCERéHéf”¥&
according to one of  clains 29 to f conpri sing

cqamand, outidete tdtieamrtHok 1 Dfke € Xdi@ipt@enieans, for
causi ng the cal culating nmeans to perform the

cal ct? at iTGre dpercaeironedwcine afi riche tf Accketirgprigporent of
i.medi atel y precedingly estimated by the flicker
Sdérfisnéft ta 5> s iR Agt e arreiid 2img PEpRRefivides the

onent e by the flicker conponent
TR P g A Vb GEB B 2P Toth ALeFyS brﬁeoqrated
v%h QQ'quygprP%fl% ugf ggﬁgé Ié¥¥% fl%%ds éé%ﬁ%gﬁi
re uctlon I'rcurt ccor rng toone ™0
f34megOnpri sing means for outputting the |nput 20
i mage signal as is as an output inage signal under the
cont3®dl daheexterral n@mnsicA0cithait! bekerdirgduet bad of
circuit according to one of clains 29 to 31,
céompPi 39 nep Méanshkoeipetiormmg ltiké ngcakewd atiwnles the

operation on the flicker conponent, estimated by
difference value by the average value of the integrated

values of a plurality of consecutive fields or consecutive
frames, and subtracts a predetermined value from the
resulting quotient.

34, The flicker reduction circuit according to cne of

claims 29 to 31, wherein the normalizing means divides the

difference value by the integrated value,.

35. The flicker reduction circuit according to one of
claims 29 to 31, wherein the spectrum extracting means
Fourier transforms the normalized integrated value cr the
normalized difference value.

36. The flicker reduction circuit acceording to one of
claims 29 to 31, comprising means for determining whether a
level of the input image signal falls within a saturation
region, and outputting the input image signal as is as an

output image signal if it is determined that the level of
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25 the flicker conponent estimating neans and adj usted
by the - 88 S03P1324 external neans, and the input
i mage signal .

- 87 -
S03P1324

the input image signal falls within the saturation region.

37. The flicker reduction circuit according to one of
claims 29 to 31, comprising.means for determining, based on
a level of the spectrum extracted by the spectrum extracting
means, whether the input image signal is from under the
illumination of the fluorescent lamp, and outputting the
input image signal as is as an output image signal if it is
determined that the input image signal is not from under the
illumination of the fluorescent lamp.

38. The flicker reduction circuit acceording te one of

~claims 29 to 31, comprising means, under the control of

external means, for causing the calculating means to perform
the calculation operation on one of the flicker component
immediately precedingly estimated by the flicker component
estimating means and the flicker component estimated by the
flicker component estimating means based on an immediately
prior signal, and the input image signal.

3%9. The flicker reduction circuit according to one of
claims 292 to 31, comprising means for outputting the input

image signal as is as an output image signal under the

-control of external means.

40. The flicker reduction circuit according to one of

~claims 29 to 31, comprising means for performing the

calculation operation on the flicker component, estimated by

the flicker component estimating means and adjusted by the
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§ external means, and the input image signal.




