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- 1 S03P1324 DESCRI PTI ON FLI CKER REDUCTI ON METHCD

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

met hod for reducing a fluorescent |ight 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) image pickup el ement when a

subj ect is photographed by-the-inmage pickup el enent

under light of a fluorescent |anp, an inmage pickdpspizog

device, such as a video canera or a digital stil

caner a enpl oyi ng the XY §¥HH i ng type scanning

i mage pigEup el enment sdg%§%s tEE%SCNCS i mage pi ckup

el enment, and a flicker reduction circuit for use in

the image pickup device. Background Art 20 Wen a

stibj GHRR iREDYRTTOYr Bphech byrMhor GeoKUANBEWT CHASD FRRCKER -

illumnation of a fluorescent |anp directly operated

from commercial AC POWEITI@hICGREUdGi cal bri ght ness

| evel variations in a video signal as an'imge

output, i.e., a fluorescent |ight fIickeE opcurshdue
: . dif ference between 25 the frequency (tw ce the
T%?%%ﬂ%ﬁtf%g rgj'the comercial AC 2 S03P1324 :

The present invention relates to a methed 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
CMCS 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 b;ightness level

variations in a video signal as an image output, i.e., a
fluorescent light flicker occurs due to a difference between

the frequency (twice the frequency 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 exanple,
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 fieldsfrequency is 1/60 second
while the period 10 of the |um nance change of thegy3pi3oq
fluorescent lanp is 1/100 second. The exposure timng

c iel 4 S t variations in
ﬁﬁ%&qu%{lan%gmg%lé&%é Cm ees@eﬁg £ faﬁ%ns%tr’?’d KR gROURE the
ofusaeeuie 1hinghindta 8GR Rixe M|
field. 15 If tﬁe exposurelgﬁﬁegyggﬁ?%%égggbﬁafreﬁhgnE9 of
Emourmeatz. exposure light is different wwthin the sane
exposure time fromduration al to duration a2 to
dur aFPsneadneckihd Wwhen zbhe whxpostire frienmensyshor ties
than 1/60 second (but not 1/100 second), the anount
Wﬁ&é&r 8C| PEFRT tl»SnréO #zdi pf srleiecayd bsi phohegsapied

po e fromdu at| bl to duration b2 to duration

&R 82 RE® eXp L stclf?leﬁao?eéi%r%l%fitzovfa%lcal

e gnt, | anp revert ack
%ﬂ*“*o e g ha) ety VEHBE T EFE S TR TR R BRS
ﬂﬂﬂ%ﬁhﬁ@@@&r'EY&%ré@%kﬁﬁg'lQHpZS ﬂHeéﬁéhfé'd%%Qrﬁggshéwn in
repeated every three fields. Mire S03P132 _
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 fluorescent

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 expésure 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 luminance
change of the fluorescent lamp reverts back to the original
timing every three fields,rthe 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 |level variation is repeated
every three frames if the vertical synchronization
frequency is 30 Hz. To emt white light, a plurality
of fluorescent |anps, for exanple, a red fluorescent
| anp, a green fluorescent - Il;anp, and a bl ue
fluorescent |anp are typically used. 10 . Fluoresggfpizzg
materials for these | anps have uni que persistence
ri.sti for duy at i of ., tine
S??%%nﬁfaéagltl&% 5:?1 %dlﬁts}lg lrﬁlg%?% Spa(ticoloa °subs 8{31 uEéln‘?P%t (;tr}}e of
a?iﬁé&f@d& REE & iFgREKERT SShOyLILGAYS 1 hNaRCGHAANCE YWt By,

e persistence characteristics. During this duration

 bot thempertibd oghtl apReAIhgrapiing ahchihgdd decays

whil e the hue thereof changes at the sanme tinme. If .

t he Texpopupreres sing chnicss suchotsoal diditelbriaghtaesshe

| evel variations but also the hue change occurs. - _
byl ghlatfe Ievgdr BeEtntiPans Hepeahegdueverspddimes frames if

characteristics that a strong peak is present in a 20
HRRTTCHR REPEPERGE RN drieaire ot otferdt® of a

sigrayl c i f f.erent f or-t Lar.. Th

col or ﬁﬁg%cﬁgﬁg%q%ﬁ%ﬁ%h%' ﬁ%gg;gﬁ e£§r1 qﬁgeggﬁpgb sy

FEPMMORRNt, f Eoﬂ'égofgﬁof@sé@{toﬁah?adat@rcﬁer?’ofl(r}%lr!e%@ent

color flicker. 25 As shown in the bott om portion of

- ldmmg. 28 at beuanblbrdsced03Rkd4 are typically used.

. Fluorescent materials for these lamps have unique

persistence characteristics thereéf, and for a duration of
time from a stop of discharging to a subéequent start of
discharging, light emission decays in accordance with the
persistence characteristics. Duriné this duration of time,
1ight appearing white at first decays while the hﬁe thereof

changes at the same time. 1If the exposure timing drifts,

~not only the brightness level variations but alsc 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
component from color to color lead to a so-called color
flicker. |

As shown in the bottom portion of Fig. 28, the amount
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of exposure light remains constant regardl ess of the
exposure timng if the exposure tine is set to be an
integer nultiple 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 [|anp is detected

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

~the illumnation of the fluorescent lanp. In thissﬁgPl324

arrangenent, a sinple nmethod can fully control the

ion of .the fli.ckering. wever, .since_this
O%gtg ﬁggg B%Slolr%}t al T oWt h‘éo%%)%ré}_%rreegatrfir]rgsﬁooget Bt to
AP%suab Ugimi e ff egdo ?gsﬁﬂg EXROSY G APRUPL 4 5 teger
adj ust nent neans for obtaining an appropriate anmount

nl3 b leXPOPHE dds r(eduoedsefod®t had thar 1hedNghag the
fluorescent light flicker wunder any shutter speed

" vegiposom eoff i) filsotrhaseneqlamed. NoAFlioRge fhakucurs,

device having all pixels in one frame exposed at the
sanelexposeréctPifhgd Buch idd vaigepiomege tE0 fPuckepcent

device, offers relatively easily such a nethod

BBRatR SRR IR fhEREER PEIRAL RRACEESPARE BhdR ceAnpra in

¥OEbAe Y e Bsttl O i st oL A00 CEL R oARE

thhb k1IN0 diABeAsheRRELL OTIARIBNEY ) 160! &Pl ilRe
as 25 shown in Fig. 287 To achieve a constant average
tual 1Bl wiitat3@3Pb324he fluorescent 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 to any value, the freedom of the exposure
amount adjustment means for obtaining an appropriate amount

of exposure is reduced.

A method 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 lével variations and color variations
due to the flickering appears only befween fields.

If the exposure time is not 1/100 second, thé
flickering has a repetition frequency of three fields as

shown in Fig. 28. To achieve a constant average value of
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the video signal of each field, current |um nance
variations 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 scanni ng i nage
pi ckup device, such as a CMOS i mage pi ckup devi ce,
however, the exposure timmrg-drifts successively from
pi xel to pixel by one 10 horizontal period of thegyspysoq
reading clock (pixel clock) in a screen horlzonta
e_al | els are dif enf int

rection c
ol S0 ol hic L KGN 2B B L L Bl ntrtc dRope tons
asyl t [ [ r u
fT1ckern ﬁg%%% SHELEon a%&%%gé.%*é‘?& B B e
s ES Wierelel W BYdk Nbd FEy S,CreRN theoghzl@n&altt{é K8akbOBi &Sal
di scussed above. One hori zont al period is
ofgddlrifertiby ishadf es td¢ddmastelde opethedpofdidid onvaesal tonso
of the fluorescent light. Based on the assunption
thafatthend lprkersisnrediceshie ki evhhvehathersseatsi ndng,
ng 20 .exposure timng of each line in a screen
PIRMEE 4P BFPEELFBN  becones sonething like the one
Lassunption presents

h F Thi .
;rggglcg b?d%% SSH%% Bosure T nda9s Bﬁ?gg?é%?Vlce’.

sidPRd ianenb8 Lfﬂ%'ﬂhc%edé¥lé rg&@&%tm% E&‘?Q%ﬁ&

i mge pickup device, such i mage pfc
t et @rastshsubcd £k Fied.y EoﬁlFbléel SO3RL3R4 by one

horizontal period of the reading clock (pixel clock) in a
screen horizontal Hirection. 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 shorter than thé.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 of each line in a screen vertical direction
becomes something like the one shown in Fig. 29. This
assumption présents no practical problem.

The exposure timing is different from line to 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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represents such a drift in the exposure timng). Since
the lines suffer froma difference in the anount of

exposure light, the brightness |evel variation and

the color variation 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 illustrgtes an on-screen flicker

if a subject 10 is a uniformpattern. Since one 03p1324

hori zontal period (one wavel ength) of the subject 1S

i cond, a stripe. tern of 1.666 periods

repie Y 0n 2, BT EP S L e FpeBust: CihgInunbapcst the
11084 dugres @%Bmfée&fkféygﬁd%ngnhgﬁéz Sl period of o

the stripe pattern corresponds to the nunber 0f read
1ighss the bEMROAO9. 1dveit Rias idesehi pid ameaandibhe

draw ng, an asterisk (*) represents a nultiplication
vapatdononake Aslabowiud drithe Bljickdrie; ficel ¢81¢t b&efeen

frames) correspond to five periods (five wavel engths)
Lisldsn&ust pilpe wathier macindipfidvi etk cignipiantieus| yppéduss

stripe pattern 20 appears to drift in a vertica

i ECEPSH. (WY B i HPiegeoB1aknehrilny theehorizontal

oHAReSsy Nl el AU g 0 e L ket

practi ce, owever,

verdficali ghrééspo@ddi tionally appears, thereby
substantially degradi ng i nage quality. The color 25

fliEker,30 nilpardtrakar anbesmspr ¢N1QUREET: 8S: tfect
_shutter 7 S03P1324
1s a uniform pattern. Since one horizontal period {one
wavelength) of the subject is 1/iOO second, a stripe pattern
of 1.666 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. In this description and the drawing, an
asterisk (*) represents a multiplication operation.

As shown in Fig. 31, three fields (three frames)

correspond to five periods (five wavelengths) of the stripe

_pattern, and 1f 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. 1In practice, however, the

above-described color variation also additionally appears,

thereby substantially degrading image quality. The color’

flicker, in particular, becomes pronounced as the shutter



10

15

20

25

speed becones fast. The XY addressing type scanning

i mge pickup device suffers nore frominmge quality
degradation because the effect of the color flicker
al so appears on the screen. 5 If the exposure timng
Is set to be an integer nmultiple of periods (1/100
second) of the lum nance variation of the fluorescent
light, the amount of exposure becomes constant

regardl ess of the exposure timng, and a fl uorescent
light flicker containing an;an-screen flicker does
not occur. 10 Wth a variable electronic shutter gpegds;oy
feature |ncorporated a CMOS i mage pickup device

I ryctu Ev.en |n an_im
BESATERRG0ED A" aRb i iR e et FRER B
pQEkhBedQ%P@@LH@f@F%UHLBreagk&ﬁ“ dTRRA 549 £Qr @gﬂ&a@l@l
an appropriate exposure is 15 reduce 3 y an
benbager thell df et off lhéoﬁoﬁ@ﬁoﬂlid}érsﬁﬂsoa§p§@§rs on the
exposure time to prevent flickering. Methods for
scegaekng the fluorescent light flickering for use in

the XY addreSS|ng type scanning i mage pickup device,
suchI%s Reh S*XCRPRIE Nl 1 cliup elietiPcbe wavintsrasy npdtiple

ose a t docunent 1 (Japanese Unexam ned
B PRRESSs I sarohit ?Eaﬁffeo&um&nagseovémmn ffdthe

f@ﬂ&?@gcgﬁ)ﬁ: tﬁ %thQIR%LS & éj ex%‘%‘gg%g? P%ome stant

plcatlon i cation

r@&f‘@ﬂés@foie-ﬁlﬂe”@%%)eguf‘ef&inﬁ‘?ﬁf %ﬁdcgnﬁgﬁgyésé%’xt light
measuri ng an anoun [ight of a fluorescent
fE08RiB2bntaining 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 expoéuré amount
adjusting means for achieving an apprdpriate 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

Applicatipn Publication No. 2000-350102) and pétent 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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lanp with a photosensitive elenment or a neasuring
el ement and controlling a gain of a video signal from
an i mage pickup elenent in response to the estimation
result. Patent docunment 3 (Japanese Unexam ned Patent
5 Application Publication No. 2001-16508) discl oses
anot her technique. In accordance with the disclosed
technique, two types of inmges are taken in two
conditions, nanely, a first electronic shutter val ue
appropriate for a current anmpient illum nation
condition and in a second electronic shutter 10 v3k%@1324
having a predeterm ned relationship to a |light an

k I f a fluarescent |lanp, a flicker conponent
N R S GRS T S
Bl Bon¥kde0i8d ANFa ik O BNvIIBYS ALEKUR UGV LEE hige
controlled in response to the estimation results? 15
pRakept clessrienin 4ospapaness Lnexan Red jRat eatyt.
Appli.cation Publication No. 11-164192) discl oses
anot hetentt eslmuingné. 3| nJasoorckante xwnt hetihea gésel osed
technique, a brightness variation under an
APl i AR hEPT ofiiofica tiPnoNesce®il -1 &8 )i slisedordedanother
tgﬁgotehand as a correction factor in _a 20 nenory, the

BLIBF - a 1 i39CEFeBRporiert Hhe dHisedrsgdt EerhalaNg ddoro
' f [ i ckup. devi ce, .t aki ng advant age of
bR PEr B D eon “Phe ? rBHUGHEyHGrOaSy | BRbe by grfal 1ot
<CORPEBEN mtmevgnsgu%%ouggigéee ol gkggrsgﬂpo leont

and the video signal ist corrected I'n accordance

il tohi hdvel A5 REIdieEbhoand att of ddtdn¥e cTBRBREYNE O shutter

response to the detection 9 _ S03P1324
value having a predetermined relationship to a light and

dark cycle of a fluorescent lamp, a 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. 1l~164192) discloses another
technique. In accordance with the disclosed technique, a
brightness variation undér an il;umination 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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results. 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 vi deo
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 of-the flicker conponent
by measuring the amount of |ight of the fluorescegkpi3oy
lanp with the photosensitive elenent or the neasuring
r t increases the size and the cost of the inmage
pl CKUp  system because the photosensitive el enment or
the JERAS LoGuRLRIEA! (JHAJACHEL,adPnl® Sl 4 108
pi ckup device. As disclosed I n patent docunent 3, the
ApSTIvH €ih Gfubleshimshing. theodligivern ) campensits nother
phot ographing the two types of inmages in the

telplidernet dhutther desntivéednssdiexposyur @ contk ¢t 0is)

requires a conplex systemin the image 20 pickup
cereld keierdnd sf geipetated sExaeiniqud des abynabprioprt atre

for, taking a noving inmage. The techni que disclosed in
oRFHIRT @ GrERFUAT LRESSHRRS URSSe PREEPEREd pY Biare ¢ ime
dPEEQ{%Q%Qd tLhe as a conrec% on_si gnal 8¥P

I's practi céFIL"Ey %Iﬁ%on%gl?% T prepard if‘vet%}é""%’or"rfe iGier
£608d Hiients bor18bladymas of fluorescent -

S03P1324 ‘

As disclosed in patent documents 1 and 2, the technique
of estimating of the flicker component by measuring the
amount of light of the fluorescent lamp with the
photosensitive element or the measuring element increases
the size and the cost of the 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 flicker component by photographing the two

- types of images in the different shutter conditions

(ekposure conditions) requires a coﬁplex system in the image
pickup device, and further this technique is not appropriate
for taking a moving image.

The technique disclosed in patent document 4 uses the
coefficient prepared beforehand in the memory as a
cérrection signal. It is practically impossible to prepare

the correction coefficients for all types of fluorescent
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| anps. Depending on the type of the fluorescent |anp,
detecting accurately the flicker conponent and
reducing reliably the flicker conponent are
difficult. As disclosed in patent docunent 4, the
techni que of extracting the 5 flicker conponent from
the video signal taking advantage of the difference

~ between the frequencies of the video signal conponent

and the flicker conponent has difficulty in detecting
the flicker conponent distinggtlLy fromthe video

si gnal conponent in a black background portion an%O§P1324
low 10 illum nance portion, each portion having a

snal | ker co If a noving i mage

unt .of fli nent .
TPeeg; e SHRPSTHTIY & B tYﬁ%??ﬁﬁ%ééW@S&@?&f@% the
dbkbekenaC &Egﬂfﬁg | $16S ially | owered. t he
techniq%égd!sc og'd%ﬁﬁ gg?éﬁgéd%%“ﬁﬁh”tsﬁn hgégﬁifng
rbe€hpi fluendli 5iG10e8d cbRpBAL 8Pt AOCUMEBNL 8 +f OT a5 qisclased
estimating the flicker conmponent by photographi ng he
ibwpatypesdofurieragds tht téehmhdierdtextirabngsg rai res
a _conpl ex systemin the image pickup device and is
théckappromanand ffgomt ke ngldeo nogmed itakgeg 2dvdntage of
accordance with the present invention, a fluorescent
the; dhtterengebetaracte i Stequaicias XY abdretdengitypd
' [ pi_.ckup devi ce such_as a, CMOS jnage

RIERUD T bl € TAERRT TP o fPEAARE TRl PRIy and
ds L Cl r; e I | gpal pr.ocessj ng
o e e S AL T8 G Evanr o SO di e

sofndhecdm@yelendf ia Wi gefck PhbxoHanal p8htdosubiect 1apd
the type of a fluorescent | anp.
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
technigque disclosed in patent document 5 for estimating the
flicker cqmponent by photographing the two types of images
at the different timings reéuires a complex system in the
image pickup device and is not appropriate for taking &
moving image.

In accordance with the present invention, a fluorescent

light flicker characteristic of an XY addressing type

scanning image pickup device such as a CMOS image pickup
device is accurately'detected and reliably and sufficiently
reduced through simple signal processing without using an

photosensitive element regardless of the level of a video



Di scl osure of Invention In accordance with a first
aspect of the present invention, there is provided a
flicker reduction method for reducing a fluorescent
light flicker conponent in a color signal or a

| um nance signal obtained by photographing a subject
t hrough an XY addressing type image pickup el enent
under an illum nation of a fluorescent |anp,
conprising: a step of inputtifg color signal or

| um nance signal, a step of integrating the color
signal or the |lum nance signal, as an input inage

sigAhgnak, avstibjéespant die eagh ber azentakekbbdet Dimgach
col or signal or said |um nance signal throughout a
duration of tine equal to or |onger than one |

hopk 260 8hre RSF | Gfherft RSP Of normalizing the
integrated value or a difference value between the

i NtgoLateds ¥t e of aacﬁlafs%maslpg'c%l ds fheadiacent

. frames with respect to each color signal, "~ a step of
invertiagt i Heere slgf:ecmqmd@fd ehdélackeul rzéuotm@gn@t@ﬂ for

redMéng foi‘ﬂfréls%é@é d'fflfl%&‘é?‘?%o }%Hgnw 1 %e&%ﬁc%
to ach or S|gna a stép of estrmafing a Tlicker
signahponemt1umrmnnddusmgmbﬂa©bedispdcbyuphmt@@mmphﬁngﬁato

eac oIor d a, ste erform a
sub§8FE, FRFRieh GHErG: oI oD o UOEi HARER P Ekg elenent
undé@n@ﬁnﬁﬁlulﬁﬂﬂaﬂlhﬁl gt Flegesskgial ambp EaSEl sl :

the estimated flicker conponent with respect to each

SteRoPHr IRP YNt |99 18dc Shdadde OFi LHMANEBED N Wiplctd oFtep

of lﬂge@f@%iﬁd‘ﬁhe ddT@Ee51§naﬁoﬁkdggealuﬁiﬁgﬁ%e reduedi oy s
hod for™ reducin [ uorescent light flicker

an @;@Iﬁ’@bn@mg@ rﬁleza@ﬂrofwstctbl sespeghats eafh clod oy zorgistlai e
of QXcHh86f6H5H¥5A¥1 %rsggh%pﬁu&QBgﬂgg Qggg%l 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 with respect to each color signal,
a step of extracting a spectrum of the normalized integrated
value or the normalized difference value with respect to

" each color signal, a step of estimating a flicker component
from the extracted spectrum with respect to each color
signal, 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 with respect

to each color signal.

In accordance with a second aspect of the invention,
there is provided 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

addressing type image pickup element under an illumination



addressing type i mage pi ckup el enent under an

illumnation 12 of a fluorescent |anp, conprising: a

step of inputting color signals of colors, a step of

integrating the color signal of each color, as an

i nput image signal, wth respect to each horizontal

Iine of each color signal throughout a duration of

time equal to or |onger than one horizontal period, a

step of normalizing the integrated value or a

di fference value between-th2 tntegrated val ues of

adj acent fields or adjacent franes with respect to
of @adﬁuoabspestgﬁaMp,acsmgpi@ingexarat¢pn@faismmxﬂimgnmﬁlor

nornal zed |nte rated va nor
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extrac spect espect to e
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of thmnestyiRl edo fdit CkBhgeoMROR@Nto@Ndnbhe- bR HEBRE8d, a
signal to cancel out the estimated flicker conponent
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l'i cker reduction ne ing a uor escent
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the col or signal of each color, as an
step of performing a calculation operatlon on the estimated
flicker component and the input image signal to cancel out
the estimated flicker component with respect to each color

signal.

In accordance with a third aspect of the inventiocn,
there is provided a flicker reduction method for reducing a
fluorescent light flicker component in both a luminance
signal and each of color signals of colors, obtained by
phetographing a subkject through an XY addressing type image
pickup element under an illumination of a fluorescent lamp,
comprising: a step of inputting both luminance signal and
color signals of colors, a step of integrating each of the
luminance signal and the color signal of each color, as an
input image signal; with respect to each horizontal line of
said luminance signal and each cclor signal throughout a
duration of time equal to or longer than one horizontal
periocd, a step of normalizing the integrated value or a

difference value between the integrated values of adjacent



I nput image signal, wth respect to each horizontal
line of said |um nance signal and each col or signa
t hroughout a duration of tine equal to or |onger than
one horizontal period, a step of normalizing the
integrated value or a difference value between the
i ntegrated val ues of adjacent 13 fields or adjacent
frames with respect to each color signal, a step of
extracting a spectrumof the nornmalized integrated
val ue or the normalized drff&rence value with respect
to each color signal, a step of estimating a flicker
fieddaponead] ad¢enmim finex widdt edsppett taneachhcobspestgrtal
h_gol or ignal, and.a ste performng.a.
2 oBBeaf ot P Spaih o e Sbrhibeiert Fegeinteorated
valaenponeind adchid hiezedplitf iaregecSivghak wiohcassgéciouto
%he stinmate fIicK%%%co onent with rgi ect to each
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. device conprising: an XY addressing_type image pickup
siggpéneditd FredliRP fOF ASfFRing acéPéFuéPéhﬁﬁ gperation on
thelEgtﬂﬁﬁﬁﬁdsfﬁﬁgﬂer'E%Hﬁ%ﬁ%%& bﬁhegﬁétiﬁgu@ iﬁgggrsignal
signal or a lum nance signal, as an Input iInage
to sagaal , owl ttthe exPagtatieg! dddiakhor ceoponent i wethhfregpdet
to ggégrcofﬁéﬂgﬁqégl§aid | um nance signal throughout a
uration of I me equal to or |onger than one
hog ) Z?&%oal.lﬂd%ec“ Qfhif e £y g0 shgnal jor f e, J umnance
si gna ei nNg obt'ai ne by " p o?ographlng a subjec
thet@r dsighrdheietY saddiess pd ckypedehge cpmskipi sy erantxy
nmeans for normalizing the integrated value or a .
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color signal or luminance signal, means for integrating a
color signal or a luminance signal, as an input image
signal, with respect to each horizontal 1line of each color
signal or said luminance signal throughout a duration of
time equal to or longer than one horizontal period, the
videco signal or the luminance signhal 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 adjacent frames with respect to each
color signal, means for extraéting a spectrum of the
normalized integrated value or the normalized difference
value with respect to each color signal, means for
estimating a flicker component from the extracted spectrum
with respect to each color signal, and means for performing
a calculation operation on the estimated flicker component
and the input image signal to cancel cut the estimated

flicker component with respect to each color signal.



adj acent fields or adjacent franes with respect to
each color signal, neans for extracting a spectrum of
the nornmalized integrated value or the nornalized
difference value with respect to each col or signal,
means for estimating a flicker conponent fromthe
extracted spectrum wth respect to each col or signal
and nmeans for performng a calculation operation on
the estimated flicker conponent and the input inage
signal to cancel out the-edBemated flicker conponent
Wi th respect to each color signal. 13a |n accordance
w fh actbfdﬁmegpmiﬂh(ﬁ ftifee h mserictopnf thheisvéstion,
rovided an.image kup .devi ce, _conprisin

e T AR Pt RS DI o S TaNE, CHBRRLS By an XY

addirapsihis n’gypéoilﬂigélggd’tﬂhﬁa @f] eg@ingr, Smeﬁ'ﬁanﬁofoinputtlng
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and neans for performng a calcul ation operatlon on
extypeting a spectrum of the normalized integrated value or
the normalized difference value with respect to each color
signal, means for estimating a flicker component from the
extracted spectrum with respect to each color signal, and
means for performing a calculation operation on the
- estimated flicker component and the input image signal to
cancel out the estimated flicker component with respect to

each color signal.

In accerdance with a sixth aspect of the invention,
there is provided an image pickup device comprising: an XY
addressing type image pickup element, means for inputting
both luminance signal and color signals of colors, means for
integrating each of a luminance signal and a color signal of
each color, as an input image signal, with respect to each
horizontal line of said luminance signal and each color
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



estimated flicker conponent and the input inmge signa
to cancel out the estinmated flicker conponent with
respect to each color signal. In accordance with a
si xth aspect of the invention, there is provided an
i mage pi ckup device conprising: an XY addressing type
i mge pickup elenent, neans for inputting both
| um nance signal and col or signals of colors, neans
for integrating each of a | um nance signal and a
col or signal of each coloid3bas an input image signal,
Wth respect to each horizontal line of said
XY khdritpantey stgral imagk gactkugoledemesitgnakabhr boghout a
nor g&ation f time e%%%Lito or laon
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In accordance with a seventh aspect of the invention,
there is provided a flicker reduction circuit for reducing a
fluorescent light flicker component in a video signal or a
luminance signal obtained by photographing a subject through
an XY addressing type image pickup element under an
illumination of a fluorescent lamp, comprising: means for
inputting color signal or luminance signal, means for
integrating the color signal or the luminance signal, as an
input image signal, with respect to each horizontal line of
said luminance signal or each color 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 with respect to each color signal,
means for extracting a spectrum of the normalized integrated
value or the normalized difference value with respect to
each color signal, means for estimating a flicker component

from the extracted spectrum with respect to each color



there is provided a flicker reduction circuit for
reducing a fluorescent |ight flicker conponent in a
video signal or a |um nance signal obtained by
phot ographi ng a subj ect through an XY addressing type
I mage pickup el enment under an illum nation of a
fluorescent |anp, conprising: neans for inputting
col or signal or |um nance signal, neans for
integrating the color signal or the |um nance signal,
as an input inmage signalts Wth-respect to each
hori zontal line of said |um nance signal or each
sigoel or and gnedns hfouglrotfioraingueatednudét { omeopeurat 1d¢ro on
or.Longer . than .one horizontal .period ans_for .
then ok Etd o Tt EP R0 sl Bhr Soo T { Pirdfcional
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adj acent franes with respect to each col or
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of time equal to or lconger than one horizontal period, meansr
for normalizing the integrated value or a difference value
between the integrated wvalues of adjacent fields or adjacent
frames with respect to each color signal, means for -
extracting a spectrum of the normalized integrated value or
the normalized difference value with respect to each color
signal, means for estimating a flicker component from the

extracted spectrum with respect to each color signal, and

- means for performing a calculation operation on the

estimated flicker component and the input image signal to
cancel out the estimated flicker component with respect to

each color signal.

In accordance with a ninth aspect of the inventiocn,
there is provided a flicker reduction circuit for reducing a
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



of a fluorescent |anp, conprising: nmeans for inputting
color signals of colors, neans for integrating the
col or signal of each color, as an input inmage signal,
with respect to each horizontal |ine of each col or
signal throughout a duration of time equal to or
| onger than one horizontal period, nmeans for
normal i zing the integrated value or a difference val ue
bet ween the integrated val ues of adjacent fields or
adj acent frames with respettdto each col or signal,
means for extracting a spectrumof the normalized
pickmpeghanedt vahder ozn ihiexmioratdlornzed di fllepreaseenal Lanp,

h.respect to.each caol .or I gnal., neans fort
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signal, wth respect to each horizontal |ine of
each color signal, means for estimating a flicker component
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from the extracted spectrum with respect to each color
signal, and means for performing a calculation operation on
the estimated flicker component and the input image signal
to cancel out the estimated flicker component with respect

to each color signal.

In accordance with the flicker reduction method -
according to embodiments of the present invention, a signal
component other than a flicker component may be removed as
the normalized integrated value or the normalized difference
value, and a signal that allows the flicker component to be
easily estimated at a high precision may be obtained from a
black background portion and a low-illuminance portion, each
portion having a small amount of flicker component. By
extracting the spectrum to an appropriate order from the
normalized integrated value and the normalized difference
value, the flicker component may be thus estimated at a high

precision regardless of the type of a fluorescent lamp and a



said Ium nance signal and each col or signal throughout

a duration of tine equal to or |onger than one

hori zontal period, neans for normalizing the

integrated value or a difference value between the

i ntegrated val ues of adjacent fields or adjacent

frames with respect to each color signal, neans for

extracting a spectrum of the normalized integrated

val ue or the normalized difference value with respect

to each color signal, nean$3&or estimating a flicker

conponent fromthe extracted spectrumw th respect to
luméaghceoleriedi gaaefommdevamans: faor aperf ehriragaasignal

cal cul ation operation on the estimat flicker :
con bR RE CARE L ML T PG i & Il 6 " BhoB SBRi=ct
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col or _si |n accordance with the flicker reduction
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callcvent bANoparst 9@l on ciPNENQlker than a flicker
conponent nay be renoved as the normalized integrated
value or the nornalized difference value, and a
signal that allows the flicker conponent to be easily
estimated at a high precision my be obtained froma
bl ack background portion and a |l owil |l um nance
portion, each portion having a snmall anount of
flicker conponent. By extracting the spectrumto an
appropriate order fromthe normalized integrated
val ue and the normalized difference value, the
flicker conponent may be thus estinmated at a high
preci sion regardl ess of the type of a fluorescent |anmp
and a 13e |um nance varied waveformeven in an area
where a signal



conponent becones di sconti nuous by the effect of a
subject. The flicker conponent nay be reliably and
sufficiently reduced fromthe input inmage signal by
performng the «calculation operation on the estinmated
14 flicker conponent and the input image signal. In
particular, in accordance with the above di scl osed
enbodi ments, the flicker conponent may be detected
fromthe color signal of gach 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

f detieet ednpdbhakemnaotponaputmayabe sigaduced. The
fluorescent light flicker containing the color
f1i dReP2¥EyCUlRLs Pe ascoudanes ywiddt blee edbayrddi eticsidy

nd. sufficient]y reduced. Brief Description of the
em%ogwﬂﬁﬁssfp%? ﬁiﬁﬁe&sfPaP%%erat A3t 8 BTG Gt AEPBNtRY
ccdBrM8 aﬂ“d§<%BcHea%§§%,0%592§ éﬁﬁgghﬂﬂ%nbigéotggﬁ)al, n
present 1 nvention. I'g. FITUstTates one exampl e’ of
a dedi gblad Siggaal bPENLESIOBN0s BePNUFBRRYNES| DG SYSHEM
Fig. 3 illustrates one exanple of a digital signa
signateszdirs,ofind tmplatwenedr §1 ctieor copstrant Fiag. bd
illustrates a first exanple of a flicker, reducer
regpgeds jihey SLparescedite LadBhpt 6 Sreraceri2inidyd hgeprotrr
- aki ' t ' egion., Fg. .6 iJlustrates a
e B e R B o R s B e L Bh8
subFlgsdiateseautdd rd exanple of the flicker

Brief Description of the Drawings

Fig. 1 illustrates a system configuration of an mage
pickup device of 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 digital 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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.. 14
photogf%pher.

reducer. Fig. 8 illustrates one exanple of the flicker
reducer - 15 S03P1324 wunder the illum nation of a

non-fluorescent lanp. Fig. 9 illustrates another
exanpl e of the flicker reducer under the illumnation
of a non-fluorescent lanp. Fig. 10 illustrates an

i mge pickup device that takes 5 into account a

subj ect that changes greatly in a short period of

time in response to an operation or an action of a

phot ographer. Fig. 11 illys{%qjes one exanpl e of image

pi ckup device that takes into account the fIicke§03P1324

conmponent reduction 10 process that becones

unnecessar{ dependi ng on a photographi ng condition.
upder e illygipatten fioth&erekaHpreseent -pi ckup

devigce that,takes .into _account the fli r menent -

red&g FOE ﬁ%%%%ﬁﬁ? Faf §§Sﬁe§xﬂﬁ%%_é§§§$§_%gggﬁafng
r&fh&r Ja%dQQO_‘cHQrEPi\hﬁh%acc%gf LoD 15 Or s ddld %?'i.t ﬁgfgg?’

a basic configuration to adjust an estlnatgg_ | i cker

conpagent.o Fitisthhidsl ust tahes gidiustacshee Ehet takes

exanple for adjusting the estimated flicker
igonparenhnt 20sEbPectl THAY udbhgbesgresecorich spebbkicc

exanple for adjusting the estimated flicker
P%@W%Eﬁéhﬁ;mﬁign Ngsarared ot he ppepaskornforedpl agatiponof a

of Fi and Fig. 15.

Fig. 11 illustrates one example of image pickup device
that takes into account the flicker component reduction
.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 illustrates a first specific example for
adjusting the estimated flicker componenf.

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 illustrate equations serving the

purpose of explanation of an example of adjusting the
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Figs. 17A and 17B illustrate equations serving the 25
pur pose of explanation of an exanple of adjusting the
16 SO03P1324 estimated flicker conmponent. Figs. 18A
and 18B illustrate equations serving the purpose of
expl anation of the exanple of adjusting the estimted
flicker conmponent. 5 Figs. 19A and 19B illustrate
equations serving the purpose of explanation of the
exanpl e of adjusting the estimated flicker conponent.
Figs. 20A - 20E illustrate Egugtions serving the
pur pose of explanation of the exanpl e of adjustingogpf324
10 estimated flicker conponent. Figs. 21A - 21C -
illustrate equations serving the purpose of : ‘
egkiraihd ifdd cdert RemeRaAPpre of adjusting the estimated

fli t. Figs, 22A.and 22B. th |
of | SiPandb Rorgr 108 sPusTig R fairpi et anyingh thE°SC
| i Bt ' ogF] | | ot
phipdSs [ St R gRiEh o oR 1hbBibler b ElP B ©

ekt OnaZh i3 idkRkOtofboRedt f f €rence val ue of the subject
20 of. Fig. 23. Fig. 26 is a plot of a nornalized

di f fregenceonakne D$R iliaissubjteceqodt s s&Fvibkiggthad?
is a plot of a flicker coefficient estimated
purpose of explanation of the example of adjusting the
estimated flicker component.

Figs. 202 - 20B illustrafe equations serving the
purpose of explanation of the example of adjﬁsting 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 purpoée of explanation of
Fig. 8 and Fig. 9.

| Fig. 23 illustrates 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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for the subject of Fig. 23. 25 Fig. 28 illustrates a
fluorescent light flicker of a 17 S03P1324 CCD i mage

pi ckup device. Fig. 29 illustrates a fluorescent |ight
flicker in an XY addressing type imge pickup
element. Fig. 30 illustrates a stripe pattern in one

frame in 5 the fluorescent light flicker in the XY
addressing type inmge pickup element. Fig. 31
illustrates a stripe pattern in three consecutive
franmes in the fluorescent |jght flicker in the XY
addressi ng type i mage picRuL el ement. 10 Best Nbdg JOr
Carrying Qut the Invention [Enbodi nents of inage 03FL324
pi ckup devices: Fig. 1 - Fig. 3] (System
CeBninaar nidwp Peyice) Fig. 1 illustrates a system

configuration.of one 15 enbodi mrent of. an i mage pi cku

devifid i 1% dABRAGHEER A I LORECOEPRE ekt S FanEReR, L1

' i ckup.device is here a videg, canera enploying
Xgngﬁiiééﬁﬁfletﬁ?@kﬁ%a%?e%ﬁﬁﬁupé§%§mﬁ - addr essi ng type

scansigng 3omage.pi cAUD; € eenbe bActdE, I TRGRPIFCKHD in
devi ce of this enbodi nent, nanely,. 20 the video

tB@MBT@ordd @it figALar SUbkHElin $hieNgi deddr &k itgChibe

i mage pi ckup device 12 via an i mage pickup optica

isygt emdklip ededephot oel ectrically converted into an
anal og video signal by the CMOS i nage pickup device
12. Fie Pdsdlivpbrairg g stripe pattern in three

consecutive 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 on a CMOS
image pickup device 12 via an image pickup optical system 11,

and photoelectrically convéerted into an analog vidéo signal

by the CMOS image pickup device 12. The resulting analog

videc signal is thus obtained from the CMOS image pickup

device 12.
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video signal is thus obtained fromthe CMOS i mage

pi ckup 25 device 12. 18 S03P1324 The CMOS i nage

pi ckup device 12 includes, on a CMOS substrate, a
plurality of two-dinmensionally arranged pixels, each
pi xel including a photodi ode (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 scanping circuit, a horizontal
scanning circuit, and a video signal output circgh% 324
The CMOS i nage pi ckup device 12 nay be a primary bt
10 system or .a conplenentary col or system and the

anal@§ HiPeoimaggnaicim paviceodlt hecmss i mage FMeRup
' 12 | [ col or, si | .
S i Py R OFY <o Ao Bg Loy gt = sk 8467 S+
' I ' t L.recui roce
o EAIt iRy & R dTERIR B0 BhOE el el ORI R e

gty i Cehulid N t2aREEs €O Of SiANAcHRAg Srah DL€y (address

~sanpl e-hol di ng the anal og video signal, gain

tca rstldr)ng ahhemahat Deg v dea r@ingiakor ) anrdM&E transistor
(automatic gain control) process, and A/ D converting

(19 tviadde)si ghal , amd ofwrtdhagi taalvesitgnal . s@Orifigy circuit,
%%g%tal vi deo signal fromthe anal og signal processor

2 fPRIZEde sSBRNEYI LM Giital EidgRarifeecedil Zatput

of Clc ed inan IC, as will be discussed later. In the

|gﬁtdl si gnal processor 20, a flicker reducer 25

redyeeScMos image pickup device 12 may be a primary color
system or a complementary color system, and the analog video
signal output from the CMOS image ﬁickup 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,
‘thereby sample-holding the analog videc signal, gain
-controlling the analog'video signal in an AGC (autcmatic

‘gain control) process, and A/D converting the video signal

inte a digital signal.
The digital video signal from the analog signal
processor 13 is processed by a digital signal processor 20

rackaged 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
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the digital video signal on a per signal conponent

basis 25 using a nethod of the present invention as

will be discussed - 19 S03P1324 |ater. The digital
video signal is finally converted into a |um nance
signal Y, and red and blue color difference signals
R-Y and B-Y to be output fromthe digital signa
processor 20. 5 A systemcontroller 14, including a

m croconputer, controls each block in the canera.

More specifically, a lens d%'yp control signal is
suppli-ed fromthe systen1co roller 14 to a lens

driver 15 packaged in an IC, and the |ens dri verS4¥1324
drives |l enses in 10 an inmage pickup optical system
181t1€r Thdhey digitebntidte erionelsdppFiealy tqquﬁqt@dnt-nm a

R R BT AT S 1 TR ] Mg et o
I t 12 t t
SRS 45 8821, i B, OB

pfgﬁgyg%@52@etectlon signals for signal conponents from
the digital signal processor 20. The analog signha

pr oaesgsted Scgrad fo Q@i nal, sihBeu€diPra siigRdbohputer,
response to an AGC signal fromthe systemcontroller
CqmﬁrolSigﬁah pitockessi ngheofcameeadi gi t al signal processor
20 is 20 controlled by the systemcontroller 14. If a
sub]MeE? BPRFEca i Va §hé?ﬂ8p@¥ﬂrw gmtrichesignat esponse

R OB tlon of a hoto t£ m controller
SIS Er AR B p FOREASTARE: Lhat Safesr drgver 15
packaged in an IC, and the lens driver 15 drives lenses in
an image pickup optical system 11.

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

rThe system controller 14 receives detection signals for

signal components from the digital signal processor 20, The

" analog signal processor 13 gain controls the color signal in

response to an AGC signal from the system controller 14,

Signal processing of the digital signal processor 20 is
controlled by the system controller 14.

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

connected to the syétem controller 14, and controls a

flicker reducer 25 as will be discussed later.
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iR 18 aver Fptede %

connected to the systemcontroller 14, and controls a
25 flicker reducer 25 as will be discussed later. 20
S03P1324 A control panel 18a and a display 18b,
form ng an' interface 18, are connected to the system
controller 14 via an interface (I/F) 19 conposed of a
m croconputer. 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,gcontrol statue of the
camera on the display 18b. Y a subj ect changes
greatly in a short period of time in response t oSg3Pt324
‘camera operation, such as a zoom operation, 10 the
sys#bﬁ?ééﬁ?iopﬁ%@lIﬁkﬁé¥§bﬁsdﬂﬁél@hﬁﬁﬂa eEminidoAn and

oIs he flicker red cer %ﬁ ' be dlscussed .
rbeRsen iy S Rh rdyis

h roll er ects t hat _no fllcker

ah Jietvrsfta. Lo (3088 9b! Eldd JELscool gk g 14 oketr e

sf@@iéi&%on%g‘ro@&ew Ul @@téﬁt%ués%%‘%tlﬁgl éf)@fat:ﬂcPr[ IdHY Y%

color system Fig. 2) Fig. 2. illuStrates an exanple

sefedthendiogietrat i 6H goal theprd2e@39Ar p3Re0f 18 PriTHRY ¥ yeekar

system The primary color systemis a three-pane
coyetdrhegr 14 a2@osihghmyparelsesy stetus Taed tahreetpaniel

system i ncl udes the i mage pickup optical system 11 of
SEigle Pf ﬁEPuGPﬁ@r% 1 ghte ddepapst L8h- system for

sep ratln ht froma subj into, the RGB pri
col ores B O Tz B bR Bl e it mperiol of Elne

in response to a camera operation, such as a zoom operation,
the system.controller 14 detects the camera operation, and
controls the flicker reducer 25 as willlbe discussed later.

If no flicker'reduction process 1is required, the system
controller 14 detects that no fiicker reduction is required
and controls 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 fromra subject into
the RGB primary colors, ‘and a CMOS 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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the CMOS i mage pickup elenment 12 for the RGB col ors.
The 25 singl e-panel systemincludes, as the CMOS i mage
pi ckup 21 S03P1324 elenent 12, a CMOS i mage pickup
el ement including RGB color filers periodically
arranged on each pixel in a horizontal direction on
the screen of a light input surface thereof. In this
case, the RG primary color signals are read from 5
the CMOS i mage pickup elenment 12. In the digital
si gnal processor 20 of Fig. %hwa clanp circuit 21
cl anps a bl ack I evel of ead% of the RGB primry c&%or
signals to a predetermned |evel, a gain adjustnE% Pl324
circuit 22 gain adjusts the clanped RGB primary col or
ehemadttyddl s & RMEE craemh &8 akivph eAamanb ubrc bidiep 868r eplor
fffgisflickgn rfgucers 25 25G, and, 25B reduce flicker
cotpohent- SR t he Ta H S Pls BadR ReE Dt i ¥y Pogigpntal
35 s i 0 ith, t hod of the present
o IR PRECREAHRE o diBnl Pt chui ol BB e R g
I, tH8 dRiake, 4R PRCERNSS G UShIBAt s ChR LM 14,27 @dlUSt Sy
the flicker-reduced RGB primary color signals, a
thgarmymsc Amaget pOoke rldnent812c0rrects the
whi t e- bal anced adj usted RGB primary col or signals,
andIa shatdesitslstignelcprocess@9 Yendr atigs fLhea clamp
lum nance signal Y, and the color difference signals

cigopidndloalanys 13 diadhe JgafacE orre tall tREBREB REEYArY
c:%%kpr.sigﬂal . Th%vggénarx cgl r sg;ten1generates t he
T RAAB §i‘§%aﬁl PRPAGHSEFLPR 3%% & i ioF 2CaESRegnt
ciRIuTR %208%?{1 i&fikﬂié e c?gﬂgéc?tﬁcﬁsp:?i'?n%% L315L9- 2
Since the fTicker conponent I
signals in accordance with an amount of exposure, and
flicker reducers 25R, 25G, and 25B reduce flicker componenfs
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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the RGB primary color signals is reduced in the course
of 25 the process of the RG primary col or signals,

the flicker 22 S03P1324 conponent in each of the
col'or conponents and the |um nance signal is
sufficiently reduced. Al though flicker reducers 25R
25G, and 25B are preferably arranged as shown in Fig.
2, the present 5 inventionis not limted to this
arrangement. (Conplenentary color system Fig. 3) Fig.
3 illustrates one exanple_of,the digital signa
processor 20 for a conplenentary color system T 3p1324
primary col or systen1|s a single-panel systemtha %?
i ncludes, as the CMOS i mage pi ckup element 12 of Fig

C‘imp%er(ﬁv@ ieﬁ'ﬁﬁeofm %ﬁﬁ%w@ﬁfﬂpﬁﬁ%ﬁl% Fhpihend H%P?n"é

A f||t f (gf Qpput surface thereof. The
al 1s su 101e t y %
npl ementary co er,” as shown as a col or

f' ' 78 hbubf Eiﬂcke?b r%d% %%Q 25R)] Oéscf' 'atn%iIr 288CLEon 1G

and a magénta color filter section are

- pidtefaately ranganged e npirxgl SZJ ntrae Imrdsé@r&t al

direction at one horizontal line position Lo at every
inwventildameés, nahdl smicheah teolthilsf Bktengsesaiti.on | Cy and a
yellow color filter |Ye are alternately arranged on
the(&0w§ﬂ§m$$ﬁQ$YlﬂﬂﬁOZoﬁUatemFrﬁ%QJdﬁ at the other
position 20 Le at every two_li

horlzontgl,Li
In €% CcabblUtHe ONOB PrEER Bl t&eeﬁ‘éﬁt‘ti% signal

pYUdIeS] 265 80d, reads Nideo ol dpals ofduo adjacent
or1zont 4l Flne posf% ions. A gac I zontal peri od,

& The primary color system is a single-panel system that

includes, 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 I in Fig. 3, a green

color filter section 1G and a magenta color filter section
iMg 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
horizontai direction at the other horizontal‘liﬁe position
Le at eﬁery two lines. _

In this case, the CMOS image pickup element 12

synthesizes and reads video signals of two adjacent

-horizontal line positions. At each horizontal period, a

color signal synthesized from the green coler signal and the

cyan color signal and a color signal synthesized from the
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color signal synthesized fromthe green color signa
and the 25 cyan color signal and a col or signa

synt hesi zed fromthe { 23 S03P1324 magenta col or
signal and the yellow color signal are alternately
obtai ned at every pixel clock fromthe CMOS i nmage

pi ckup elenent 12. In the digital signal processor 20
of Fig. 3, aclanp 5 circuit 21 clanps a bl ack |evel
of the conplenentary color signal to a predeterm ned
l evel, a gain adjustnent citguit 22 gain adjusts the
cl anped conpl enentary col or“signal in response t3‘391324
anount of exposure, a |lum nance synthesizing cir 8
23 generates a |lum nance signal Y fromthe gain 10

TAAPLSE RPAOMSiGREA R§ BoF ore Siqhatoloanaianak i awe y

| or eparati.ng .circuit 24 separates the
2 B PR Lo 32 B8P B BT ST P ot 0o LoFBnEF O nEle (R9SRep
Nolg ) ' . In the digital signal
1%%%%3%%%r 23h€F%F?S?b§, anflickeLglls rzagcer 25Y
redusesna bhibekel sopmoneiodddsbhenb usE rt%;gf.e 3,3%9%@5:[15
an e

fromthe | um nance synthesizing circuit 23,
circeker2r eduaessa2bRacR5(evalnh23Ber edtf e €dBf color
conponents in the RG primary color signals fromthe

. spunaarto colperedesepained Niew L, Cw a24 hdjasoosdandecuit

with a nethod of the 20 present invention. In the
24 FimEEugts throebamRd XrmFlemeytagy @olpFmaional in

correction circuit. 26_corrects the g&adation of the .
r??g%ﬂaﬁ“ﬁo an amount of exXposure, a luiminance synthesizing

circuit 23 generates a luminance signal Y from the gain-
adjusted complementary color signal, and a primary color

separating circuit 24 separates the gain-adjusted

complementary color signal into the RGB primary color

‘signals.

In the digital signal processor 20 of Fig. 3, a flicker
.reducer 25Y reduces a flicker component in the luminance
signal Y from the iuminance synthesizing ciréuitl23, and the
tlicker reducers 25R, 25G, 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 processor 20 of Fig. 3, a gamma
correction circuit 26 cOrrecfs 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 color
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in.the
& e 8P8rec8

reduced | um nance signal, thereby resulting in a

| um nance signal Y as an output, a white bal ance
adjustnment circuit 27 25 white-bal ance adjusts the
flicker-reduced RGB primary color 24 S03P1324

~signals, a gamma correction circuit 28 adjusts the

gradation of the white-bal ance adjusted RGB primary
color signals, and a synthesis matrix circuit 29
generates the color difference signals RY and B-Y
fromthe gamma-corrected F 4.primatry 5 col or signals.
In the primary col or syste the | um nance signal _and
the RGB primary color signals are generated in a S03F1324
relatively earlier phase of the process of the
SHIRR 1] SsidgHER pPotesten Rorcad tsR8wadiwstR he3 gr@dation
.S, . because the | um napce signal 10 is easily generated
O?riz}?ﬁt t?iﬁ??ﬁégf:?eﬁd%‘?ﬁ%ﬂ BUdRAEY SPYRH &1g8aier vard
p ss.; Jf _the RGB pri color sigpals .are ..
@ CERETENS PRER T ne EURt hes) SEReerURal ohr gt 4ifference
sdhid B enee 2pH0eesSrr GG Hd @ HALRBPEESLONRE Yrlifary
generated fromthe RGEB primary col or signals, and &n
c&ldt rdignalef. the 15 | uminance signal is |owered. |f
the Ium nance signal Y and the color signals are
pr odessbd phimangh cdpar atyetkinpeshe Mamelnancedd Cyngl tdrel
f1icker conponent in each color signal is not
the G pepmary ceher reditlisonref geherdted ey aconpohénely
um nance 20 signal. The flicker caonmponents in
oo

e erit” S PhethanfHaha! s"jl@ﬁgl RERCESSOr
2f S ISHRR! LY Feguced D SeRarglel Yoo Faaual A0 L8 signal

I'i cker cofiponent Th t'he™ Uiti nance si gna
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 p;;mary color signals, and an S)N ratic 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 color sigﬁal is not sufficient in

. the reduction of the flicker component in the luminance -

signal. The flicker components in each color component and

the luminance 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 are preferably

arranged as shown in Fig. 3, but the present invention is
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shown in Fig. 3. The flicker reducers 25R 25G and
25B are preferably 25 arranged as shown in Fig. 3,
but the present invention is - 25 S03P1324 not
limted to this arrangenent. [Enbodi nents of the
flicker reduction nethod: 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 follown
di scussion, an input inmage signal 10 refers to a FEFL32
primary col or signal or a |um nance signal input to
nethel ifmijteketor slieerrZBrgRmiemt.t 0 a flicker reduction
process, .and an out put ina%e signal refers to a RGB
pri hEPYOIEBrRrS Sl dtigkrPantRdneri @t gindihodsufpat 4 -
froqifhe flicker reducer 25, subsequent to the
C ér reduction process. 15 In the foll ow ng
di s Si ' [ ho raphe :
o s o T e i T oA oy} R P R, and
tHy MRceRirz 2blede 4 BENOBRf 2660 bBE spdeIgan are
illumnation of a fluorescent |anp operé%ing froma
caguimectedl aAGiponwetsed bales .of ThE FzicMhenddigers 25R,
fluorescent light flicker is not 20 reduced, the
2536, gmcn@3B fEY diensimiaditiconsoahdct heely| mfenrmd 4bi aasa
t.ake place not_only between fields but also wthin
TRt FEFUCSRhdZ S strip pattern of five periods (five

In the following discussion, an input image signal
refers to a RGB primary colof signal or a luminance signal
inpu£ 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
ieducer 25, subsequent to the flicker reduction process.

In the following diécussion, a subject is photographed
by a CMOS camera of an NTSC system (with a vertical
synchronization frequency of 60 Hz) under an illumination of
a fluorescent lamp dperating from a commercial AC power
source of_50 Hz. When the fluorescent light flicker is not
reduced, the brightness level variations and the qolor
variations take place not only between fields but also
within each field and a strip pattern of five periods ({five
wavelengths) appears over three fields (three waﬁelengths)
on a screen as shown in.Figs. 29 - 31.

In a non~-inverter fluorescent lamp as well as an
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wavel engt hs) appears over three fields (three
wavel engths) on a screen as shown in Figs. 29 - 31.
25 In a non-inverter fluorescent lanp as well as an 26
S03P1324 inverter fluorescent |anp, flickering takes
place if rectification is not sufficient. The present
invention is thus not limted to the non-inverter
type. (First exanple of the flicker reduction nethod:
Fig. 4) 5 Fig. 4 illustrates a first exanple of the
flicker reducer 25. As show in Figs. 30 and 31, the
subject is uniform The flTtker conponent is
typically proportional to a signal intensity of Fhepli2d
subject. 10 Let In'(x,y) represent an input inage
1%‘re%j‘n?§|r (féMOR@Cebhmgﬁ ddligkegiiggakakes plans nénce

' r% ng prlor to the flicker reducti-on process) a

Qeahy PPRFUIGENPPE i nThRyPFRRIRF n‘anﬁﬁ&lon is
: f t f f
tl{LEse X Wl 28 SYMYK Oet Bl ?xﬁrer];rgl ”EO”SP ree rrom

i ckef conponent “and & tonponent 15
pr OR@\Ekb@n@J{aﬁ&lé hﬁ %I}llggéhleggPOPgéucﬁ%nr FRERSAN By | Ny

equation (1) in In(x,y) represents t

si gmak. CQHDDDﬁHraﬁé@( %) EhREX, ¥Xamp BPIESMES £l heker

flicker conmponent, and Fn(y) represents a flicker
reghefelr ¢Sent. One horizontal period is sufficiently 20

shorter_than a |ight em ssion period (1/100 second) of

a f“-\Pué‘fl@%e%ﬁ Higp, 38naneghdlf | tekerubdests iei ent foBm.

r ired as beln%_ constant _on the sane line in the
k§5 8Fd?O%B%Pent s typically proportional to a signal

intensity of the subject.

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

In(x,y) represents the signal component, In(y)*In(x,y)
represents the flicker component, and I'm{y) represents a

flicker coefficient. One horizontal period is sufficiently

‘shorter than a light emission peried (1/100 éecond) 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 I'm(y).
As represented by equation (2) in Fig. 172, Im(y) is

expressed by Fourier series for generalization. In this way,
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the flicker coefficient is thus represented by Fn(y).
As represented by equation (2) in Fig. 17A, Tn(y) is
25 expressed by Fourier series for generalization. In
this way, 27 S03P1324 the flicker coefficient is
expressed in a formthat accounts for all of em ssion
characteristics and persistence characteristics,
different fromtype to type of fluorescent Ilanp. 5 In
equation (2), Ao represents the wavel ength of the
on-screen flicker shown in ig. 30. Let Mrepresent
the nunber of read Iines—ﬁg field,. and Xo is L
(=M60/100) lines. Here, coo represents a s03pl324
normal i zati on angul ar frequency normalized by Xo. 10
tTHér@iqhﬁrr éSﬁ@géﬁi@l%rﬁ-Eﬂrﬁaﬂﬁr@lﬁéedOintEh@CfIIHi ¢theit accounts
aonent of each order (nel,
gjlésé’rﬁ EMAFSIER ?‘?%‘Ta%‘?ﬁét&fzst ﬁ’éd fﬂ"?%te(?&ﬁponent
qr der er m_ned
CharasCi’Ceaf&%éFSodgt%ﬁ ORI VERAS (o tfoddpgrescent
14dyi ng of the fluorescent lanp. Since 'mm 15 reverts
back to the sane value every three fields, and a
di f frar egaet Dén D ,t Aot hepkapegi ately mﬁﬁf@@.éﬁgﬁﬂ bF etk
Is determ ned by equatlon (3) in Fig. 17A
cr=Calragnatfil dokandsisdvar dge Fafy .1 Blegraded waiptesehn the
exanpl e of Fi , an integrating block 3.1 20
glmmmen fdgddsi gndl Ae ntg L FMG$Er 16Ae
line in a horizontal direction on the screen as shown

139e5quEersn OPAFSBISIRRES FrBOLBkiARREYR ANRMIaT ect of
ff%éﬂéicgrgokﬂairgéd by ro.

Here, Ym represents an amplitude of the flicker

component 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 ®mn
reverts back to the same value every three fields, and a

difference of ®mn to the immediately preceding field is

determined by equation (3) in Fig. 17A.

<Calculation and storage of integrated value> -

In the example of Fig. 4, an integrating block 31
infegrates thé input image signal In'(x,y) over one'lihe in
a horizontal direction on the screen as éhown in equation
(4) of Fig. 17B to minimize the effect of a picture in the
detection of a flicker. An integfated value Fn(y) is thus
calculated. As represented by equation (5) of Fig. 17B,

an(y) in equation ({4) represents a value that is obtained by
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detection of a flicker. An integrated value Fn(y) is
thus calculated. As represented by equation (5) of

Fig. 17B, 25 an(y) in equation (4) represents a val ue
that is obtained by 28 S03P1324 integrating a signa
conmponent In(x,y) over one |line. The integrated val ue
Fn(y) thus calculated is stored in an integrated

val ue storage block 32 to detect flickering in

subsequent fields. The integrated val ue storage bl ock

32 is 5 designed to store the integrated val ues of at
least two fields. If a sﬁbf ct is uniform the
integrated value an(y) of the signal conponent S03P1324
_In(x,y) becones constant. It is thus easy to extract
integraikaly companaht campynent Mk, i orveheordd line.

i ntegrated val ue Fn( of the input inmage signa

I n' (eyypntepragege %ﬁ K\l o £PUS hBRATRFA tath () Stored in
ont.ai ns .mfwo _.co nent nd.it.is inpossible to . -
a@eﬁéég e gﬁ%ﬁ%gg Or%?%&%(xﬁhé?aieoggF?%Bﬁ%%ﬁ%ﬁ?}ngsln
s@oddd il FGRARANENthe T oMM aée‘chmvﬁﬁﬂgeig&%@% r}}:g%%kaaz is

col or conponent as a signdal conponent

desthyrent dot sebfe thei m&ﬁamcbkﬁlbese&r%tléwtv thdae
| C

flicker conponent. The ker conponent in a second
fiekdn. is significantly smaller than the signa

conponent in a first termin equation (4), and the

flidfer eBRpORENts iwifginrpsthpuineegiatacheradivgnahn (y) of
cSonpone t. 20 Fi%. 24 illustrates the integrated val ue
%ﬁ&%%gq CAPBENSEbnSR2 bt Vv orrBrascors Barlubj ddt igathus
a q:l’o %kEJrS(C\E n ctice) of 9. ,2 «FOr relerence.

%ﬁ%. 2} b a_p%oflﬁﬁﬁgr co onenE gn(y? fnfy) rom t%e
integrated value Fn(y) of the input image signal In' (x,Vy).

In a general subject, however, an(y) contains m*®o

component, and it is impossible to separate a luminance
signal and a color compeonent, as a flicker component, from a
luminance signal and a celor 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 componeﬂt 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+40
(selid line), Field: N+1 (dash line), and Field: N+2 {broken

line) represent first, second, and third fields appearing
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the integrated value Fn(y) of a red color, and Field:
N+O (solid line), Field: N+l (dash line), and Fi el d:
N+2 (broken 25 line) represent first, second, and
third fields appearing 29 S03P1324 consecutively. As
seen fromFig. 24, it is inpossible to extract the
flicker conmponent directly fromthe integrated val ue
Fn(y). <Average val ue cal cul ation and difference
calculation> 5 As shown in Fig. 4, the integrated
val ues of the three consec #Lye fields is used to
renove the effect of an(y) romthe integrated. %ﬁ#ﬁ%24
Fn(y). In this exanple, during the cal cul ation of®
integrated value Fn(y), an integrated value Fn |(y) on
coRecuty vedive | PReSeen tHronf iFigt. Bhectdi ¥y impsisgible to
i mredi a or to the current field and an

el
. e’f’?ﬁaecd} %‘}g%gr FROBRSSHn ERECESANEr P S AntRErated

q%l receding field imrediately prior to the first
prece fleld are read fromthe integrated val ue

st orage rhbecka B cﬁl@(ﬂ%@%n@ﬁ&‘%ﬁe@é‘n@%‘ pg; bh ook 33

15 cal cul ates an average val ue AVE|[ Fn(y)) of the three

I Nt @agr dhednVah Ueid-N(4)) theNidt¥gratdtd VAN udEYbs the tdifree
subject is identified as the sane entity during the
cartwegmtdorsédat dyeid iwedadh toameppvanyhde Eesitmed oo(pave
the sane value. If the notion of the subject is snal
oy dhsudhtaarahec teluchrfdd véonsecutive fields, this

resents nqQ propblemijin practice. In the

22?%5F%bﬁﬁn I“Fﬁ% d&&épggghﬁfc?}ﬁy%qﬁﬁﬁirSFeH Yal ue
1ﬁ%§§f¥%ehh9aﬁaée§h §¥““§EJ n%%grated value Fn 1(y) on the

same line 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 preblem 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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fields, equation (3) neans that signals with the
phases of the flicker conponents thereof successively
shifted by ( 25 2x/3)*m are sumred. As a result, the
flicker conmponents -- ---------- - - 30 503P1324
cancel out each other. The average value AVE[Fn(y)] is
expressed by equation (6) of Fig. 18A. The average
val ue of the integrated values for the three
consecutive fields is cal cul ated based on the 5
assunption that the apprOX|$€tion of equation (7) of
Fig. 18A holds. If the notton of the subject is
| arge, the approximation of equation (7) does not03p1324
hold. In the flicker reducer 25 intended to work with
cgnosly tﬂl@cteaﬁfbv Ph§e¥ n dheargyeragsuielue eVE HEregrdt ¢
\Hiég% b§torag§ 0&5 32 stores the i nt egrated val ues
Vet At PeaSfUethree! ¢ 1ugi%ind®fhe average val ue of
t he b nt e at, ast f
|ncTugl%gg?ﬁggfﬁggg?zFé%%e ntg ﬁ?t3 5FlFﬁb%§5ngﬁt

tHdead d’sods%chlﬂhﬁeV@ﬂeldsj"%@%ﬁ%‘lgrﬂegf phO¥ RASHSilters
functioning in tine axis reduces the effect of 15 the

ammmuﬂgxﬁwbhactthébMﬁMﬁﬁuﬂbhﬁoh|b@kéguaﬁl&ﬁp@@t%ﬁ evgry

three fields. To cancel out the flicker conponent,
1§mercdvisr-agé fvaheenafiort ke itheegubf edt vad Uescoef, jthean

i nt eger nultlgle of 3, gual to or greater than tw ce
aP?rC%IPéltffoneo gequatijory (@) dglogserst 201d be

cal cul at ed,.. The |nte rated_val ue rage block 32 is

thud” dgf;?gﬁle GR6eEngs ﬁ’f‘%@?‘i?‘gd:%é’loﬁéswai af
SJH§ES£ &bv1ng in a large amount, the integrated value
storage block 32 storea the integrated values over at least
three fields, and the average value of the integrated values

of at least four fields including the integrated value Fn{y)

-~ of the current field. In this way, the operation of low-

pass fi}ters functioning in time axis reduces the effect of
the moving subject,

However, the flicker is repeated every three fields.
To.canael out the flicker component, the average value of
the integrated values of j {(an integer multiple of 3, equal

to or gréater 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 which the approximation of

equation (7} of Fig. 18A holds. Furthermore in this example,

a difference calculating block 34 calculates a difference
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1) fields. Fig. 4 illustrates a case in which the

approxi mation of equation (7) of Fig. 18A hol ds.
Furthernmore in this exanple, 25 a difference

cal cul ating block 34 calculates a difference 31

S03P1324 between the integrated value Fn(y) of the
current field from the integrating block 31 and the
integrated value Fn | (y) of the field inmmediately

prior to the current field fromthe integrated value
storage bl ock 32. The difteggnge value 5 Fn(y)-Fn_I (y)
represented by equation (8) "0f Fig. 18Bis thus

cal cul ated. Equation (8) also holds on condition £RAF1L324
the approxi mation of equation (7) holds. Fig. 25

bpLyesk ridtesintrgrgiteerahee Kiafle oin(Cfp- FATIERY fisflq Heom

hree, consecutive fields of the subject of Fig._ 23.
thf SFrEE TR RS 5t IhE Ui, e dre e TRl (V) of
fua . ifferenc | ue._En -En t
BEITEE ARl PELELG e et Elld Mnerd 1y
iAREGr&i&d IOtdey s2BREFESHIh@D 34N e bnkegrated walue
Fn(y) of Fig. 24. <Nornmalization of difference val ue>

Fi by Furi etyorrepiresthee@ Xy guafidnl 48)4ofthRy. 18B is
normal i zing block 35 nornmalizes the difference val ue

thngygaldinidted. f Eqmutioe B farsendeldal onl atndig ibockat

34 by dividing the difference value Fn(y)-Fn | (y) by
thpPRRIEHFR iaruet ATER YY) (7 ) heddehe average val ue

ror T2 28" STFREF ERRE VAL TG F e b oM 7881 (V)
og%ﬁ&ﬁﬁﬂ%% \é:%lnlégcggg*yge ijfelecﬁao%?id%%eagubject of Fig. 23.
Since the effect of the subject is sufficiently removed from
the difference value Fﬁ(y)—Fn“l(y), the state of the.flicker
component (flicker coefficient) more distinctly éppears than
in the integrated value Fn(y) of Fig. 24.

<Normalization of difference value>

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 the
difference value Fn(y)-Fn 1l{y} by the average value
AVE[Fn(y)] from the average value calculating block 33,
thereby outputting the normalizedAdifference value gn(y).
The normalized difference wvalue gn{y) is expanded as

represented by equation (9) of Fig. 19A uéing equation (6)

~ of Fig. 18A and equation (8) of Fig. 18B and 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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represented by equation (9) of Fig. 19A using equation
(6) of Fig. 18A and equation (8) of Fig. 18B and the
sumto- product formula of trigononetry. The
normal i zed di fference 25 value gn(y) is also expressed
by equation (10) of Fig. 19B 32 S03P1324 using the
relati onship of equation (3) of Fig. 17A. Here, |Am
and Omin equation (10) are respectively represented
by equations (1la) and (11b). Since the effect of the
signal intensity of the subject 5 still persists in
the difference val ue Fn(y)- 1(y), the levels of

| um nance variations and col or variations due to SPfgl324
flickering are different fromarea to area.
UHbPﬁaﬂﬁ%unﬁglattH@néhf-Peeén%@aram@e (gn( 9¥ Esgdejs"lﬂrl bégre,

evel s of the nance vari ati ons and the
coI oFR M At 8ﬁ§a*ib°‘au{elucwo affe TPFPEREFTRLY FePresented by

egﬁaggaﬁgsﬁg_ ggdtp level. Fig. 26 illustrates

e nornm ere ce value gn(y) of the three
consaGidel vacf beFdst Oir thie $4YBhEET i Rfekd By A3 tnddsubiect
<Estimation of the flicker conponent through spect rum

sex1Y aedisdmesl Anl thadd SpE¢eapecvhakyrheprement &d ,bihe
equations (1l1a) and (Il1b) of Fig. 19B are an
lavipl§ tafddvandaanei natiatighlased oblbhevspbttiam afie to
each order, of the normalized difference 20 val ue
thR(3Hickmrdngorrel fiEfetRTY dremcareal bie aFRyy) iBY
Fourler tr%gsfg dto det%Tn1ne the aqglltude I Al
% ifference va

ue gn({ scribed above,

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>

[Am| and 6m respectively represented by equations (lla)
and {11b) 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 gnl(y) is
Fourier transformed to determine the amplitude |Am| and the
initial phase Om of the spectrum of each order. Equations
{(12a) and (1i2b)} of Fig. 20A show that an amplitude Ym and an
initial phase ®Pmn of the flicker component of each order

represented by eguation (2) of Fig. 17A'are thus obtained.
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15

initial phase On of the spectrum of each order.
Equations (12a) and (12b) of Fig. 20A show that an
anplitude ymand an initial phase (Dm of the flicker
conponent of each order 25 represented by equation (2)
of Fig. 17A are thus obtained. - 33 S03P1324 1In the
exanple of Fig. 4, a DFT block 51 discrete Fourier
transforns data of one wavel ength (of L lines) of
flickering of the normalized difference val ue gn(y)
fromthe normalizing bl ock §§._ .5 Let DFT[gn(y)]
represent a DFT operation, d Gi(m represent the 5F£324
result of order m and the DFT operation is expréQ
by equatlon (13) of Fig. 20B. Here, Win equation
(13)1% Shee remehtetl bl eqibt |aorPF(I'1lP¥OChc%br@+ﬂﬂjfett@

t he. deflnltl atlonsh|p betmee 10
ngﬁ% Fore® T%ééfﬂsaﬁat?lgg)o%ﬁuﬁﬁy 95H é?é) %ﬁnes) of
rgPkE? 89%5&%Q§d(é- ﬁég“j (13 F§9 £ the

he anmp |tude ym a e init ase-

nbkmgkﬁilﬂg Baelk asder are thus detern1ned fron1
equations (12a), (12b), (15a), and (15b) with

r ef feen@EFTOnequat rocesectit El®ar apdritHh), ofndrice (m)

20D. The data length of the DFT operation is set to
repecst they @FEngebul bfof didwes)m,ofintiheht | dPEkerperation

because a di screte spectrugggroup of an integer

LRSSt by paughihcobe (1) |B.9 0808 neder®0 WHa FFT
ESTIT [ andPof BPECTOTY T S P hni Libs e pording €0
tﬁ@W@a%inltlon of the DET, the relationship between
equations (lla) and (1lb) and equation (13) is represented
by equations (15a) and {15b) of Fig. 20C.
The amplitude Ym and the initial phase ¢ﬁh.of the
flicker of each order.are thus determined from equations

(12a), (12b), (15a), and (15b) with reference to equatiocns

(l6a}) and (16b) 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.

20

25

The FFT (Fast Fourier Transform) is typically used as a

Fourier transform for digital signal processing. However,

. the DFT is intentionally used in this embodiment of the

présent invention. The DFT is more convenient than the FET
because the data length of the Foﬁrier transform is not a

power of 2. Alternatively, the FFT can also be used by
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the DFT is intentionally used in this enbodi nent of
the present invention. The DFT is nore conveni ent
than the FFT because the data |length of the Fourier
transformis not a 25 power of 2. Alternatively, the
FFT can al so be used by - 34 S03P1324 nmani pul ating
i nput data and output data. The flicker conponent is
sufficiently approxi mated wunder the illum nation of
an actual fluorescent |lanmp even if the order nunber
islimted to mth order. I% is not 5 necessary to
output all data in the DFT %é?ation. In conparison
with the FFT, the DFT suffers fromany particul arS03P1324
drawback in ternms of operation efficiency in the :

- maprilahinen inphtt data i anvemvitemt TreaDFT bl ock 51

extracts _the spectrumthrough the DFT 10 operation
def iTh&d THy CEGhatRPICRS) 1safAnffhelenichy FRPES*inated
[itude.ymand the initial phase. 'bm of the flicker,
S porent 6 TERCRESR ¢ ThPGTUR Lak-bpErsan |mP even if

LR8N : 20 ' 16a),.a 6b).,. I

t%igﬂple g%Q%?é-1§,PgR?$%§Q%}§béHe§g?é%g gﬁbg% ég% 15

n€d S8t @s dubtbhekerl cnald iiei @Ak brh, dpRrJreRhesented

- by equation (2) of Fig. 17A fromthe ‘esti mated val ues

conpaancdonddimhf then PiE, DRk Direckubie r ASEqdieWnQUBbYticular

di scussed, the flicker conponent is sufficiently

degheed dat éarondef enrrationnefficbenaf irhéhe2@pplghation

t.he fluorescent lanp even if the-order nunber is

- of .
OfﬂﬁFF%&nwsth%nn}th order. In the calcul ation of the

The DFT block 51 extracts the spectrum through the DFT
opefation defined by equation {(13), and then estimates the
amplitude Ym and the initial phase ®mn of the flicker
component of each order through an cperafion represented by
equations (l6a) and (16b).

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

calculates a flicker coefficient In(y) represented by

equation (2) of Fig. 17A from the estimated values Ym and
®mn from the DET block 51.

As previously discussed, the flicker component is

'sufficiently approximated under the illumination of the

light of the fluorescent lamp even if the order 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 infihity.

Fig. 27 illustrates the flicker coefficient I'm(y) of
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flicker coefficient rn(y) through equation (2), the
order of total sumis set to a predeternined order,
such as a second order, rather than infinity. 25 Fig.
27 illustrates the flicker coefficient Tn(y) of 35
503P1324 the three consecutive fields of the subject
of Fig. 23. In the preceding nethod, the difference
value Fn(y)- Fn-1(y) is calculated and then normalized
by the average value AVE[Fn(y)] in a black background
portion and a low 5 illugiggnge portion, where the
flicker conmponent is typicatty snmall and is entire
buried in the signal conponent in the integrated93F1324
val ue Fn(y). The flicker conponent is thus accurately
threttdriesd coThecesivenfiorofof vhef Fhbkert cofptient23f.r om
spectrumto an_ap rggriate order neans that
c

th 10

th:Inaﬁﬁ?o%%?%}g ime § AitfrreREhaatee Fedy) -
- di f - i | et el duced. E
Pl (A ah Eant BhEeg i e TR Y o vhn rsaave
vahidd enenes (yahuen ggsyack gasdcakggfgﬁﬂhtp&f:tﬂ%h 'aﬁlgp'gphs&@

reproduction, depending 15 on'the state of t
islubjieehcet portibekefhsmorent ioket habmphddd Qi i's
accurately estimated. <Cal culation for flicker
tyrachadiliyonma Fi oam@ gqleatdrani rgly bhrFeq. id e tdignaiignal
conponent In(x,y%¥having no flicker conponent is
cupsnEssedni e etpErIGIFeRvalv?) FofyFi g. TIOE Lilckerhe
exanpl e of Fi 4, a calculatingeglock 40 adds 1

componen% oL this accurately detec

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 place in the normalized difference value

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 equation (1) of Fig. 17A, the signél component
In(x,v) having no flicker component is expressed in equation
(17) of Fig. 20E.

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

The flicker componerit contained in the input image



10

15

20

25

dwratieat i°dn tlm%g?%rpnq

to the flicker coefficient Fn(y) fromthe flicker
generating block 53, and the input inage signa

In" (x,y) is divided by the resulting sum[1+l'n(y)].

25 The flicker conponent contained in the input inage

- 36 S03P1324 signal In'(x,y) is alnost entirely
renmoved in this way. The calculating block 40 results
in a signal conponent In(x,y) having no substantia
flicker conponent as an output inmage signal (as the
RGB primary col or signal or %hg | um nance 5 signa
subsequent to flicker r educt on). If all above

processes are not conpleted within the duration of3F1324
tinme of one field due to constraints on calculation
Sbﬂ%rfﬁa‘r{@e yof i h@l%‘yl%‘% entirelyneemonedfintgrisngayt heThe

k co ffl égg over the three fields is 10
HEO L R 1brg' 1) e %d%laﬁé&gﬁe  SRTRRReLthy FRC A Y
e AR 10 SR S o

sT@lLoul gisednbokrch hﬁrirﬁ%&t dJTRGE sighgnaby thd Xu¥dinance

subsequent to the three fields. (Exanple accounting

s fopraIs atulisatjient r egi ONicHdg.reBlict1bn) f the cal cul ating
bl ock 40 of Fig. 4 perforns the calculation
repﬁésehﬂedbﬁmeennnnHSGas(a?¢ bt hedripel dtedelwiahint fiee

i nput i mage signal falling within a
9§4 REE Enpomeiaifdsconor

nent or | unmi na onent) varies against

AT GI 8B PEFOTIFTRF (v el GWS By 3 HiWiHaboRE Phering
ufealfq&lc@ék_»ngoms@f&eﬂ T &) e69RLY 0as - &I T gk ke, of

prov1ded in the calculating block 40 taking advantage of the
repetition of the flickering every three fields. The stored
flicker coefficient I'n(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 block 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 compeonent or a
luminance compbnent) varies against the object of the
invention. For this reason, the calculating block 40
preferably has a structuré of Fig. 5.

The caléulating block 40 of Fig. 5 includes an adder
circuit 41 for adding 1 to the flicker coefficient I'n(y)
from the flicker generating block 53, a divider circuit 42

for dividing the input image signal In'(x,y) by the sﬁm
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The cal cul ating block 40 of Fig. 5 includes an adder
circuit 41 for adding 1 to the flicker coefficient
rn(y) fromthe flicker generating block 53, a divider
circuit 42 25 for dividing the input inmge signa
In (x,y) by the sum 37 SO03P1324 [1+l'n(y)], a switch
43 on the input side, a swtch 44 on the output side,
and a saturation level determning circuit 45. The
saturation level determning circuit 45 determ nes on
a- per pixel basis whether éhe | evel of the input
imge signal 5 1In'(x,y) Ts fiot Iower than a threshol d
| evel of the saturation region. If it is deterni néf3F1324
that the level of the input image signal In' (x,y) is
[1dvety)tthan shétehr&shol d-Heevigipusf st e, satwirtati did on the
region on each pixel, the saturation |evel 10 )
oY Mifeng 2B e (PRt UREAs v lspte R U Sidcad t 45
t he _.sides thereo o the divider circuit 42. As
T A ey PR Es SUE S P A G 1 Fe dseriiasonn @
t (1 ' H oMt c ' I,
A A g e
1d hat, ywha sl ayel 16bet hMdpUtHireBEB1dSigRA dn'de Y) 1S
not lower than the threshold level of the saturation
sagiadrioanceheéopl xel , the saturation | evel determning
circuit 45 sets the switches 43 and 44 to the sides
t heEéotl toppods iermfings thetdibe dbeveld rafuithe42npTheindge
Jnput inmage signal In (x,y) is output as is as an

SIFHRgutt™ ' dFghal 11 rifiahebeal ctrathrgsiptileanpl of the

saturation region on each pixel, the saturation lewvel

determining circuit 45 sets the switches 43 and 44 to the

'sides thereof to the divider circuit 42. BAs previously

discussed, the result of the calculation of equation (17) is
output from the calculating block 40 as an output - image
signal. |

If it is determined that the level of the input image
signal In'(xX,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
sigﬁal from the calculating block 40.

When the level of the input image signal In' (x,¥y) fallé
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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When the level of the input image signal In'(x,Yy)
falls wthin the saturation region, the signa
conmponent (the color component or the | um nance
conponent) is free from25 variations, and a

hi gh-quality inmage signal results. 38 503P1324
(Second exanple of the flicker reduction nethod: Fig.
6) If the difference value Fn(y)-Fn 1(y) is normalized
by the average value AVE [ Fn (Y)] as shown in Fig.

4, a finite 5 calculation accuracy is effectively
achi eved. |If calculation"a@@ufacy requi renent is
satisfied, the integrated value Fn(y) can be dir&&3EF}324
normal i zed by the average value AVE[Fn(y)]. Fig. 6

i |1 us¥PeAnEs exgellan oéxbhel Blickve nedmelizn nge tHd bIFgk
(35 perforns a normalization operation by dividing the
I'ntegrated value Fn(y) fromthe integrating block 31

by t vey.age val ue_ AVE[ Fn(y),] fr he average
vaIUEFGE culatiﬁﬁncglgékuéﬁgl@héﬁgbgq%&tbﬁt???ﬂéhﬂﬁ?d by
cher Bobi2ed Al ILTGRGen\9) Hoas Wl 15 £The ROTIBHZG
di fference value gn(y) is represented by~ eqlation

c18hietid ickAcyAS st Bpresentad, hirreayvati onr£19)  of
Fig. 21B, a subtracter circuit 36 subtracts 1 fromthe
cadbrwhiized adidufrecgncequatamsergn (i) Ja@pEESEAJ ethdy
.equation (18) and transfers the subtraction results
1pbeg Rt Tvadaie( drnd g efen Forird igrectilan sboma) i b dky Shet 0

awrrrgléa?gé hx?al%l%b%%%%%gt( y)i.

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 value 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 difference value gn(y) represented by equation

(18) and transfers the subtraction results to the DFT

. (discrete Fourier transform) block 51 to make the subséquent

- 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 from
equations (20a) and (20b) with reference fo eguations (15a)

and (15b) of Fig. 20cC.
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process of the arrangenent of Fig. 6 identical to the
subsequent process of the arrangenent of Fig. 4. Since
) Amry=ym and Orr(Dm, ym and cDm are determ ned from
equations (20a) and (20b) with reference to equations
(15a) 25 and (15b) of Fig. 20C. - 39 S03P1324 |In
the exanple of Fig. 4, the DFT block 51 estinmates the
anplitude ymand the initial phase (Dm of the flicker
conmponent of each order through the cal cul ati on of
equations (16a) and (16b) after extracting the
spectrum t hrough the 5 DFT:%%éTation defi ned by
equation (13). In the exanple of Fig. 6, the DFFV3P1324
bl ock 51 estimates the anplitude yin and the initial
phada tPemexdmplve offl Fdker 4cobipondit kofockabh estibrates
throu%h the cal cul] ati on of equations (ZQﬁ% and 520b)
Chf (WP LEREP R i he dpétirhimhanco M tdfe theTElicker

operation_defined equat | on .. The suhsequent
R P gr Tl i argag Vo, BiF e e OF e ons
PEd)angs f o Fi I-REe 1 eﬁﬁgp! of. . E 6
(dogs np?ggggg ?ﬁ%ﬁfé%??gfgggg gg_c_ atﬁ%glgﬁgégg%4fhe
piheddraeken ARl 18D doiat$bAPlid) ed 8L eRkdbRghy1e 15t
In this exanple as well, the calculating bl ock 40

Fig.eféer abkyDifAsbIdigk HIr uettimetef The.andpliltlider th exxanphe
of the flicker reduction nmethod: Fig. 7) [If the

irddedx Phase ofimded £ nekk bl isdeat compeaynpfofiepch v8der

hol ds, %he averaqs val ue AVE[Fn(y)] for use in the 20
IH%ﬂ“ﬁ?% 28t PR e SfaRBPateInEi 20 égdal(d0hh(ghter

eégygc%ﬁgg the spectrum through the DFT opération defined by

i
t
equatiqn (13) . The subsegquent process remains unchanged
from that of thé 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 equation (7) of Fig.
18A holds, the average value AVE[Fn(Y)] for use in the

normalization in the example of Fig. 4 equals an(y) defined

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

equation (4) of'Fig. 178 significantly smaller than the
first term dn(y) has an insignificant effect on the
normalization.

The integrated value Fn(y) is used instead of the
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by equation (6), and the second term[an(y)*rn(y)]of
equation (4) of Fig. 17B significantly smaller than
the first terman(y) has an insignificant effect on
the normalization. 25 The integrated value Fn(y) is
used instead of the 40 503P1324 average val ue

AVE[ Fn(y)] in the normalization wthout any

particul ar problem The flicker conponent is
effectively detected in the same manner as when the
average value AVE[Fn(y)] % used. 5 In the exanple of
Fig. 7, the nornalizing blo k 35 perforns a
normal i zati on operation by dividing the differeng@3El324
value Fn(y)-Fn | (y) fromthe difference calculating

'aTﬁﬁﬁﬁgiﬁﬁ BHE [Fatebt atred-healngerBif gyt fonmitheut any

i ntegratin [ ock 31. The subsequent process remains
P ifﬂ%‘r?:f 8g £7Bm t Fag %’flqw SPFRRBERENS G facively
Le_of Fi |s sufficient if the
dééﬁégﬁgkﬁéd val B S Ry e %ESIﬂ§e¥?ﬁ?|Wﬁ%§§rated
Avgﬁpﬁq f ;angsfiel d, and the aver age val ue cal cul ati ng
blockygg ﬁot required. The flicker reducer 25 is
thUSnStHE|é£amﬁhé'bf ¥4 g5t yctHE enotih 1o ¥aBBkes §s
wel |, the calculating block 40 preferably has the
p%iﬁamtsu renokmé&l Jzathi orf bramalte caf bgnoi Niediff QeSS
performed under non- fluorescent lanp: Fig. 8 and Fig.

'dlgf)fezr@nm@ Halue ol Br) Pirab! @ ifsopr ebend stfmendee above-

qalculatlng block 34 by the integrated value Fn(y) from 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 one field, and the average value célculating block 33 is
not required. The flicker reducer 25 is thus simplified in
structure.

In this example as well, the calculating block 40

preferably has the structure of Fig. 5.

(Example of another process performed under non-
fluorescent laﬁp: Fig. 8 and Fig. 9)

No particular problem is presented in the above-

. referenced flicker reduction process when a photographing

cperation is performed under the illumination of a non-

‘fluorescent lamp (under an non-fluorescent illumination

environment). However, if an otherwise unnecessary process

is performed, the effect on image quality becomes a concern
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,referenced flicker reduction process when a
photographlng operation is perfornmed under the
illumnation of a non- fluorescent |anp (under an
non-fluorescent illum nation ,environnent). However,
if an otherw se unnecessary process 25 i s perforned,
the effect on image quality becones a concern 41
S03P1324 even if the flicker conponent is |ow enough.
I f a phot ographing operation is perfornmed under the
illum nation of the non-fLu§£e§cent | anp, the flicker
reduction process is preferably disabled. The fIi§g§51324
5 reducer 25 is preferably designed to output the
input _image_ signal In' (x,y) as is as an output inage

exeRynif theormlikkert Forrenertieduc dow2snomly. 8

|II r at s an e | e of sych a flicker reducer éS.
PoRLORREPY T SRPREET IR 48 REFUmaS MY BFOE 30
%Msrpada% 1900 Ag AROVE | nretshengxaga' ° 4l Eélq r PO
e exanple™o

r@dﬁé@icﬁf‘%@:oc‘é@lsu§s Rk ¥d s b1l BG)J_SraBﬁEQr t'ﬂﬁan ﬂll'i%ker

integrated value Fn(y) is normalized, and f
redeniznde pkegxphianatdsyigridie toCBﬁtﬁ@’@GﬂfB raglpbltocﬁﬁage
is also referred to as a nornalized and 15 integrated
sigrlale Todl (eulvat agiblaclan lqutipue éragpl sigfalFifFom8tha

under-fluorescent-lanp determ nation block 52 is
f%&?@ﬁ@é@dﬁéﬁﬁeéﬁ the DFT block 51 and the fllcker
ock 53. Under the illumnatiqn. of th

t
T uSr B ot i e oG RERLe PRABIT Gud) iphPbI Tederer
2§?'9@EﬂhﬁﬂlﬁQBﬁ?Qﬁ@tréﬁeé¥§¥éd 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.1l(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-fluorescent-lamp

determination block 52 is arranged between the DFT block 51

+ and the flicker generating block 53.

Under the illumination of the fluorescent lamp, the
level (amplitude) yYm of the calculated 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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order is sufficiently higher at mel than a threshold

Th and sharply lowers as mincreases as shown in Fig.

22A. Under the illum nation of the non-fluorescent

| anp, the level of the conponent is |ower than the

threshold Th at every order 25 as shown in Fig. 22B.

- 42 S03P1324 The spectrumis ideally zero under the

i I'lum nation of the non-fluorescent lanp. In

practice, however, the subject noves, and the

normal i zed difference val ue %n(y) or the normalized

i ntegrated value gn(y)-1I, gé erated fromthe 5 signals

of a plurality of consecutive fields, inevitably 03p1324

contains a tiny anmount of frequency conponent. The
undeSf PREFESERNES | kiR ldet @erenanfien bhecikd Bmimagdon of
eterq%ﬂgs whet her the level at nmrl is above the

RRPEShATEO RO 187Rs dbt &RCHEGer hAPWRYRF4 e sybiect
[ .threshold Th, th
moni PG s cOEr Ll S kel biThpom vis o the

néatLriddee s nkthatatbe PO ARNI-AY egﬁtgﬁgeég{ #:%m the

performed wunder the illumnation o uor escent

- sigmgls Bfea e3tiraBied valdescRutyeandel d®, i apitdhe1PFT

bl ock 51 are directly output to the flicker
Corirpdret ian@ibloskodist dih fAreigmebbycasepohdet.
above-described flicker reduction process is
exellifebnd¢ ¥~ EHonasrentof aphede bepuireritica bietki §2 thus
l.ower, than the threshold Th, the,
i Isuglflgg%%ﬁtg?earﬁ?v&ét Efni'iat + 8n2BPR Khes Fhreshold
et eran;pes t t.QQr i eratian s
perforﬁpd 30 %%%%?ﬁrﬁgqﬁ%%-gﬁuo?ggggnléf%npfsaﬁgoggtghe
tHRSHRIt TR) eeh¥alM&r-fluorescent-lamp determination block

52 determines that the photographing operation is performed

under the illumination of the fluorescent lamp. The

‘estimated values of m and ®mn from the DFT block 51 are

directly output to the flicker generating block 53. In this
case, the above-described flicker reducfion process 1is
executed.

If the level of the component at m=1 is lower than the
threshold Th, the under~fluorescent—lémp determination blbck
52 determines that the photographing operation is performed
under the non-fluorescent lamp, and sets the estimated éalue
of ym of all order m to be zero. The flicker coefficient
I'm(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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of ymof all order mto be zero. The flicker

coefficient 1'n(y) becones zero, and the input inage

signal In" (x,y) is output as is as an output inmage

signal fromthe calculating block 40. 25 Fig. 9

illustrates such an exanple. In this exanple, - 43

S03P1324 as in the exanple of Fig. 8, the

under - fl uorescent -l anp determ nation bl ock 52

det ermi nes whet her the photographing operation is

performed under the under t illumnation of the

fluorescent lanp. If it is tetermned that the 5

phot ogr aphi ng operation is perforned under the 503p1324

illumnation of the non-fluorescent |anp, the
agiider-e gsrestentt |Big Slettdeninderoblunnssicebz~dems a

afiriRert ggﬁeﬁg?%’}%%r%%s%d%ﬁh@% Zfr%iﬁw"pftﬁtgrspw
oﬁg%aéyya Qgtﬁgifoﬁmed udﬁé unge? e 1 %yqlgﬁ-xén of

IS as an ou I mage  si gna f r'om

tHy qql&oﬁ‘:@scbﬁtl la$, determ E%ddéliléhixlﬂﬁj t‘?ﬁ‘%t egraphi ng

operation is performed under the illumnation of the

pHdtsgresheny bpedstidie isngertblren ess®y @M 11lunination
determ nation bl ock 52 resets the detection flag COW

Oﬁjﬁhelﬁoan@luhee$¢anﬂ<dmmmeduhe|andémmﬁkndnmscestkhmmp
perfornmed. If the photographing operation is perforned
e&‘ﬁ&&lﬂﬁﬁéon. Plemh r%t iSeHSof dhteqblen | {icce SOMRL OFBnpstops

not only an adverse effect on

exa | e_of
el BRI 5V ine T Bohe SR End sy and the
cd?%ﬁiHHEhbogléékréﬁju%%% outputs the input image signal

In' (x,y) as is as an output image signal from the
calculating block 40. 1If it is determined that the
photographing operation is performed under the illumination

of the fluorescent lamp, the under—-flucrescent-lamp

_determination 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 on image quality is

prevented. but also power consumption is reduced.

{Subject greatly changing in response to an operation
or an action of a phlotographer: Fig. 10)
A subjegt 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. 18A fails to hold. As a result, the
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20 (Subject greatly changing in response to an

operation or an action of a photographer: Fig. 10) A
subj ect occasionally changes in a short period of

time in response to zoom ng, panning, tilting, or

hand- shaki ng of a photographer. In such a case, .the
assunption 25 of equation (7) of Fig. 18A fails to

hold. As a result, the 44 SO3P1324 flicker detection
accuracy i s degraded. The inage pickup device is
constructed as shown in Fig., 10 taking into

-consi deration a subject tﬁa€4changes greatly in a

short period of time in response to an operation 6P38h324
5 action of a photographer. As shown in Fig. 10,
Ldhrkenede BB tdve Becanecy ¥4 iddanadest or age bl-ock 57 are
arrqggfd bet ween the flicker generating block 53 and,

t he ¢hl cHPEEi RICHR e drenddi CPBARFESEED ashehomr dreFig-

edugc 25 .of Fig..4. Fig. 6, or. Fig, ., 7. The 10
1fePaERlg it opdiodiall By Deieshotudt S sty
ihremndihe e eopifol {6 dnsef £d %ﬁ?é SMACRES o

55 and 56 as a switching signal. The i cker storage
abtbek &F stbicesgblgnhétj cker coefficient Fn(y) of the
three fields. Each time the 15 process of one field is
confeetsbownhénf Figkdr0 ceefifticheants dndi(5p ansl st dledker
for use in the next field. The output read fromthe

SEPrI@Placdr adeabt RkrBTGS baiveehethev@rickdn @enerating

. fiel The stemcontroller 14 detects a subject if
bi?é?cgﬁ and t%% calculating block 40 additionallg to the

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 Ehe awitches 55 and 56 as
a switching signal, o

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

process of one field is complete, the flicker coefficient

‘Fn(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 changés greatly in a short period of fiﬁe in
responée to the operation or the action of the photographer.

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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20 subject changes greatly in a short period of tine
in response to the operation or the action of the
phot ographer. For exanple, if the photographer presses
a zoom key on the control panel 18a, the system
controller 14 detects the pressing via the interface
19. The systemcontroller 14 25 controls lenses in
response to the photographer's zoom 45 S03P1324
operation such as a tel ephoto and a w de-angl e
operation. The hand-shakLng of the photographer is
detected by the hand-shake densor 17, and the

i nformati on of the hand- shaking is sent to the s§§§gﬁ§24
controller 14. In response to 5 the hand-shake
OPREBFhelt | DIED %e aseilenhebatant lewitig-apgieopperation.

of » B syclentebnian onite-a
T??f%?Iﬁ%?‘s“ﬁ%%%é?eﬁpsﬁﬁﬁ%%ﬁﬁ%}gH%SH?'@%%t%’%emae@eFe

5 SALAK ! |
ks R, Ghde el (W HTRCNRROA FromARbLe.

shgﬁln?rﬁs s tPRLS @hEBLyh P AN 168M8EES . 1A Ned fonse to
exanpl e of Fig. 10, the systemcontroller 14 sets the

tHeteaid-ehadeag nBeIm@EEohf tHe palal centes1ide 1action
of the photographer causing the subject to be changed

pgréathy antiasbhget cpptirol. ofUddmelecitecdehecpavhinther

system 15 controller 14 resets the detection flag DET
t B9, rdie wyptenf conbrobber drd drghhenactherdegree of

ggrjq%QEd. In a normal state under which the subject
AYLESS TS ONARGEIGReGETINY P RGrt TREr PHIFRES 1 | I

t [ a IS _reset. t he .fl.icker-
c%e J%Eﬁ%%%ﬁ.tu%gsgﬁ?%ggééggianged %rom Lﬁose 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 pericd of time is detected. The system
controller 14 resets the detection flag DET OFF if néither
oflsuch operation and action is performed.

In a normal state under which the subject does not
change greatly in a short pericd of time, the detection flag
DET OFF is reset. In thé.flicker_reducer 25, the switch 55
is set to the‘side thereof to the flickef generating block
53. The flicker coefficient Fn(y) is fed from the fliéker
generating block 53 to the calculating block 40. The
flicker reduction operation is performed. With the switch
56 turned on, the flicker coefficient I'n(y) is stored in the

flicker storage‘block_57.
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20 is set to the side thereof to the flicker
generating block 53. The flicker coefficient Fn(y) is
fed fromthe flicker generating block 53 to the

cal cul ating block 40. The flicker reduction operation
Is performed. Wth the swwtch 56 turned on, the
flicker coefficient rn(y) is stored in the 25 flicker
storage block 57. 46 S03P1324 The detection flag
DET _OFF is set if the subject changes greatly in a
short period of time in response to the operation or
the action of the photograp er. In the flicker p1324
reducer 25, the switch 55 is set to the side t her 2%t

to the 5 flicker storggf bl ock 57. The cal cul ating
bl o&bemiefcse*émlésfl% T OFFefscort fititdm Sﬁlﬂ?@?‘ftat a

RS SO B ECLRLEN rh St TR ELY RO 18 e
%éfﬁ%f&ﬁady' 5egc§58§qg§;$1 %%o%%gra%ﬂ%%eaQZ t.%h%llcker

['i cker coefficlent ectlon

rofecssixy) kevekwitbr £ 1 CKefetr QQUEBéOQl@@etHﬁiﬂe@f kS the

performed. The switch 56 is turned off, and thus
fpiekentsscorbhe blbckes7 coaffd ciaebtldti{yy Blodih&ll @vceives
detection precision |evel frombeing stored onto the

the i Bkierkegt opagdéibieck By(y)The &l higerdemecidroprecision

accur acy i.s hei ghtened even when 15 the subject
1e¥eh e@’ﬁésﬁw PRLAE sHRIrthep OPPEALHP t 9Trehieh 2cté8BoRte
ati.on or of the phot og

eh I RERLE Y B e OEHF%%n%‘%Far%ed HABAE 57,
iEsd e LR Eheget e&ééﬁic&%ﬁ RE&)OF{ %ldupglelt'ggtl{(&

the normalized and i ntegrated val ue ca atlng b
ps¥kision level. The flicker reduction operation is

performed. The switch 56 is turned off, and thus prevents

the flicker coefficient In(y) at the low detection precision

level from being stored onté the flicker storage block 57.

The flicker detection accuracy is heightened even when
the subject changes ‘greatly in a short period of time in
response to the operation or the action of the photographer.
The flicker is -reliably and sufficiently‘reduced.

Furthermore, the detectionr flag DET OFF is supplied to
the normalized and iritegrated 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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20 the DFT bl ock 51, and the flicker generating bl ock
53. If the subject changes greatly in a short period
of time in response to the operation or the action of
t he photographer, the detection flag DETOFF is set.
The set detection flag DET OFF stops the process of
each of the normalized and 25 integrated val ue
cal cul ating bl ock 30, the DFT bl ock 51, and 47
503P1324 the flicker generating block 53. In this
case, power consunption is also reduced. In this case,
the flicker coefficient Fh(@@‘?s replaced wth the
i mmedi ately prior flicker coefficient thereof. A S&P1324
nore front stage signal, for exanple, an integrated
thea|fud cketypenenyt ey replcdcéd .wi Th thes i casgi gtesley
prior signal thereof. (Exanple of another process
¢ 8 de8pRhIP nFdiredhot ogr aphi ng condition: Fig.
11 and _Fig. 12) 1 will be djiscussed later, the
fli EeFK}gaﬁ%ﬁ%bﬁ%eéﬁéﬁgb‘ﬁancgﬁ%%@f% &lddsgpyreplaced
5 i B . ; [ k110 I ' of
s A e R s R
md#@WQQ@§%a§¥a§é|§$§Haﬂ}eq&§3|e9€m§9@[a$ﬁcihté§%ated value
undesi rabl e when the phot ographi ng operation is

Frpgnf, onagdbd Sreplteted ha tH kue hahe@Da®dly rior signal
non-fl uorescent |anp as described above. First, the

thsi¥etodgr aphi ng conditions that require no flicker

reduction operation include the case in which a video
caneF3emRle ofi gincdhest Prrcesferer faded depaprénsfon

photographing condition: Fig. 11 and Fig. 12)
As will be discussed later, the flicker reduction

operation beccmes unnecessary depending on the photographing

~condition. 1In view of the effect on image quality;

performing otherwise unnecessary flicker reduction operation
is undesirable when the photographing operation is performed
under the illumination of the non-fluorescent lamp as
described above.

First, the photogrgphing conditions that require no
flicker.reduction operation include the casé in which a
video camera or a digitél still camera, each capable of
taking both a moving image and a still image, phofographs a
still image.

A 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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20 taking both a noving inage and a still inmage,

phot ographs a still image. A canmera enploying an XY
addressing type i mage pickup elenment such as a CMOS

i mage pi ckup el enent can set exposure timngs of al

pi xel s in one frame (including exposure start 25

timngs and exposure end timngs) to be uniform and

can - 48 S03P1324 control the effect of the
fluorescent light flicker.. A reading operation from
the i mage pickup elenment is free from the [imtation

of frane rate that is appli fo noving i mage

capturing, and is thus performed at a sl ow speed PR3BL324
light 5 blocked state with a nechanical shutter

cenbsel. tiBasdfest afcaher flwpmsaendn ldght hEl bomer.ol A

anel 18a in  the enbodinent of Fig. 1, the system

TR BRI R4 O E F i WB o TR CILD FARBERE o33 |fFee From
j mage W th the exposure . of .all .pixels.in one frane,
té%t %g%?ﬁ§9§aﬁ§ ??ﬁ?ﬁg?aqﬁ1§%%bﬁﬁ,aPﬁZlﬁﬂoY?mﬁ%ﬂﬁﬂghémage
cabBlethd halnN88dtARs \fl\#]é med SAUGL 590,,006L A1 19D 8h S0+

i nclude the case in Ich a photograpﬁlng operati on
bilsciped faiatRd vahdgonschdytasalt Reuttieght188c4 he sun, and
the case in which the exposure tine (electronic
shutBesedt bmey tameed dpedagian bAt egercondAdiplantd o8a in
periods (1/100 second) of |um nance changes of the .
the osdawnt] edhFigy hdjtdst isvgtehe canbuntlexf ldkposur e.
Whet her the phot ographi ng operation is perforned under

A RFHNSTYREENER BP tHE 13 WoriddcdRRIrafpth SheesPRPHER
o%’ %ae 1 erng_ligzre(igC iiplg O}lg ef :lcaerrYee ! £-3e%f ttoh %h%p ngtné uﬂxrleixr}gr.ac t. ed by
Second, the photographing stateé that need no_flicker
reduction operation also include the case in which a
photographing operation is perfofmed 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 exﬁracted by the DFT
block él 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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20 bl ock 51 as previously discussed wth reference to

Figs. 8 and 9. The phot ographi ng operati on perforned

out doors under the light of the sun is categorized as

a phot ographing operation under the illum nation of

the non-fluorescent lanp, and in this case, the

systemcontroller 14 directly 25 determ nes fromthe

anmount of light of a subject that a - 49 S03P1324

phot ogr aphi ng operation is perforned under the

illumnation of the non-flugrescent [anp. As

previously discussed, the “cArera enpl oyi ng the X

addressi ng type image pickup el enent such as a CM@B391324

i mage 5 pickup elenment is free fromthe fl uorescent

PPP§ﬁ91¢P¢¥ﬂGHOReﬁatﬂhe exposufantddrendsrs ehet Dl beniamtion
h? er multiple of the periods (1/100 second) of the

OFu a%%%?ﬁﬁﬁﬂﬁ§§§EBF 1®®P- f| uorescent |anp. The system

tyoll tl whet h th
T s i gty EEh A i rETare TP e bl K3
aﬁaﬁeéymd“aﬂ&)% Qﬁéage 9ékﬁ;§]eefér&é%fte§‘égﬂt ak agrpCM(%/ image

adj usting the exposure anmount

pLoRhp b 1dfentd ideteedl NS thal ﬂﬂ@%re@ggﬁggi 'Eli%&%&elf
requires no flicker reduction operation, the flicker

thedexponrreopemat isnsés mtbeefafneQh&dgefhﬁuﬁﬂﬁiﬁnof15hle3
desi gned so that the input imge signal In" (x,y) is
P%vp@q @8’31% ascandbueputhe dugenshgaathénges tdfe the
%Ilcker ducer 25 Fig. 11 illustrates one exanple
‘f%%‘-‘c‘f?nat em la%nffsr@ﬁﬁﬂaﬁ%ﬁm%erhlé Szarflly detects

wﬁg%hég éﬂge XESQHggrtlmé is set to be an integer multiple

of peridds of the luminance change of the fluorescent lamp
by adjusting the exposure émount.

| If the system controller 14 determines that the
photographing séate requires 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 output image signal from the flicker

reducer 25.

Fig. 11 illustrates one example of such a system
configuration. In this example of the flicker réducer 25, a
nulling block 59 is arranged between the DFT block 51 and
the flicker generating blockA53. The nulling block 59 is.

contrelled 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 required, the flicker reduction
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20 nulling block 59 is arranged between the DFT bl ock
51 and the flicker generating block 53. The nulling
block 59 is controlled by a flicker reduction on/off
control signal from the systemcontroller 14. If the
systemcontroller 14 determ nes that the flicker 25
reduction operation is required, the flicker reduction
50 S03P1324 on/off control signal is set to an on
state, and the nuIIing bl ock 59 out puts the estimated
val ues of ymand ' bnn fron1$ e DFT block 51, as are,
to the flicker generating b ¥ck 53. In this case, the
flicker reduction operation is effected. 5 If th%03Pl324
systemcontroller 14 determnes that the flicker
ot regesaghnoh is sathdeessaoy, sthee f |[dmkdahe nulling
' égﬂictlon on/off control signal is set to an off
bieck ° AVEPHEFI FRY ebHgtatesh Yades Pﬁe%@tnfirrﬂ’c“@d fygmyghe
f the order mta n this case,
I‘ﬁru °é3?‘ cctaléf PPcPBRt YR(YC aﬁrls%kfé 88%%’?%%1%?&“%83
14 Nl SRidledl MRAE BLO0R: LEdbothol SoOLLOMS, 5 Je3cRtean
e ca Iblock X

out put i naege signal from atlng

Fi g1r12nkl bystemt@misidilkranat hefe Sxamy @nalhehe flicker

cal culating block 40 in the flicker reducer 25
redugituices opkeat 16n atkl arnrod deGigiatr v4 1 thé hel iR efedaic 6 bh t

42 and the switches 43 and 44, all shown in Fig. 5,

- ompfidcentnel Phetaubelis et d@t anablbnstatel ddeermilhing

circuit 45 of Fig 5. The sw tches 43 and 44 are
blask o P&&lﬁth%vﬁfclﬁ?ar@doyatlﬁé of | Tt ledr thedaegesm to

zecg:'y.off nC%ﬂ&rsoLagé,grBie ff’l%rgktegecgg.%%lc1ent I'n{y) also

becomes zero, and the input image signal In'(x,y) is output
aé is as an output image signal from the calculating block
s0.

Fig. 12 illustrates still another example. The
calculating block 40 in the flicker reducef 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
controller 14.

If the system controller 14 determines that the flicker

~reduction operation is necessary, the sw1tches 43 and 44 are

set to the 51de thereof to the divider circuit 42.- As
previously discussed, the calculation result of equation

{(17) is output as an output image signal from the
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determ nes that the flicker reduction operation is
necessary, the switches 43 and 44 are set to the side
thereof to the divider circuit 42. As previously _
di scussed, the calculation result of equation 25 (17)
.1s output as an output image signal fromthe 51
S03P1324 cal culating block 40. If the system
controller 14 determnes that no flicker reduction
operation is necessary, thegsw tches 43 and 44 are

set to the sides thereof opposite fromthe d'V'd%&891324
circuit 5 42, and the input imge signal In'(x,Y)

$ gn out put image signal fromthe

%iﬁqgﬂ b BFgcﬁ In the exanple of Fig. 12, the

fl tr I f d t.h
'%%eEhgegg§%% r%éﬁyf% C?Q :gﬁfatlng %?0 g e

normal i zed egra value

récﬂﬁ:t@f-ﬁ Bbackt ddn ﬂ"q'xetd%%s r'kaEEe 1%39&&@ atghngn g @@kare

If the system controll {4 det'ermines ‘that no

seftl itekeher eddeli bife0per a;tpparglrta AeeRSSa Miviiler PipEEssS
of each of the nornmalized and integrated val ue

4%alapdl gbengnbhiocknd stilgeaDFTnbleck) Sis awdpubeat| igkes
generating block 53 is stopped. Power consunption is

a&tﬂH§Puf51Wéaec§H9m¢ﬂtﬁ¥qw eranphéculding ek 66 -

det d fI k . 13 - 5
accOPdENR e HHH At Eop 1 ha- aa%evefwxe%egac%mdayoff_
c%ﬂﬁ%b&LF%Egglcggpﬁg?Qo tﬂe grhgfygeénﬁgﬁlnt grateg value

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

~generating block 53. If the system controller 14 determines

that no flicker réduction operation 1s necessary, the
process of each of the normalized and integrated value
calculating block 30, the DET block 51 and the flicker
generating block 53 is stopped. Power consumption is thus
reduced in this exampie.

(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 fluorescent light flicker
is steadily and regularly generated.

However, in each of the above-referenced methods, the.
averagé=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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20 and effectively reduced when the fluorescent |ight
flicker is steadily and regularly generated. However,
in each of the above-referenced nmethods, the average
calculation or the difference calculation is
performed throughout a plurality of fields to detect
the 25 flicker conponent. For this reason, the flicker
conmponent - 52 S03P1324 cannot be accurately detected
in a transitional and unstable state, for exanple, at
the nonent the fluorescent np is switched on or off
or at the nmoment of any perg n's entrance into or
exit out of the roomillum nated by a f1 uor escent S83P1324
|l anp. If the flicker reduction operation is effected
cpRnochced rafgvEa tilyhdehected ckera dmmnémpn@btcwdl amstgble
transi tional and unst abl e st ate,

h
Sgﬁﬁ%sﬁ%ﬁé{ae@ EecftohPe AMRE ptéﬁérlﬁa@aeaﬁe%elq%ms
h%gﬁeél&in%lfo o?lfvgrl alt: QIQeInI? Ir?ennta%gfl g{ Sr];]p% esg:oonse entrapce

orizont r&ct on-can cause
ihebigpnt:ale MRt 8R cRE éoéﬂbiﬁﬁhu@at%@ﬁﬁ&a Oﬁfﬁéﬁé&ént
such as panning and zoom ng, and hand Shaking of
1ghot ograher £150kBrvasiati 06 e atiohi abl ¥r skt albll
reduced. However, flicker reduction performance is

- asteghanae Waivebr ede_f bt ickeardaiparentn obheiaagl i 1biof a

viewin a vertical direction caused in response to a
t?&%ﬁ*ﬁ‘é}eﬂﬂ%tﬁﬁénﬂ@ﬁt@%e s} ot ant wedeaherhl @ pramagcdd on

d ! d .hand shaki f th
Bhats GHrRERearALs ChF oOrant s [ARRLA by  he et hod
ot el b S S Hnd Re229004205% U A

owever
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 variation in the angle

~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 shaking of the photographer.
This problem is eliminated by the method illustrated in

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

‘flicker component I'm(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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20 flicker component Fn(y) is switched between when

the subject 1is stable free froma large variation in

a short period of tinme and when the subject changes
greatly in a short period of tine in response to an
operation or an action of the photographer. For this
reason, the photographer may feel 25 the inmage of the
subj ect discordant. 53 S03P1324 The effect of

external disturbance cannot be controlled even in a
normal stable state. In the gethod of Fig. 10, the

i mge pi ckup device respondg directly to the externa

di sturbance because of the fast tracking feature S03%1324
thereof, 5 and suffers froman error in the flicker

r ed Jée; @ﬁfagéu @n%texw@adbjde@fcu@bam@ ¢arirgiee ber edottébied

eration. ce the effect of external ]
cra et k?aﬁ‘é’é’ma%\ " SFHE e 9 i operian LOR BRIV @F Fép- 10,
f
té%t% c?hée§%|€§er gﬁ%%ne%ﬁreTgfghgggﬁﬁfﬁ?ternal

d£§ﬁﬁﬂ5§ﬂbetB@E§Q§e|éE éHéﬂf%@&e@r58k§égmké£%hré'Eﬂ%%bgﬁ

feature in the flicker estination wever

arsetifAfgrel febovan rackdndd edlureiaksp rd88Wilch hfadnst
sl ow tracking feature in the above-referenced

the aigjiecitonél ths¢ af el ckéde Adduckennr egercdtosn .oper at i on
cannot 15 be perforned quickly although the flicker
redd€t F%ﬂu%"bé?l“ﬁ iedifsicd p%qa%ct@@nalf otisdwaiphes, a2 the
the f]uorescent EEFIS switched on or at the

b, Poarst {0 SROGH aramprantaviines i esbr
pdddainat adeby écthefsef | JoreseRnt; Lanp,, ¢ ?Je%etxmp&?eent

1 cker reducti
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 operation cannot
be performed quickly although the flicker reduction
operation is required, for eXample, at the moment the

fluorescent lamp is switched on or at the moment of any

person'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 exit out of the room illuminated by

the fluorescent lamp.

Instead of performing the calculation operation on the
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20 operation is continuously perforned although the
flicker reduction operation is required no |onger,
for exanple, at the nonment the fluorescent lanp is
switched off or at the nonment of any person's exit
out of the roomillum nated by the fluorescent |anp.
25 Instead of performng the cal cul ati on operation on
the 54 S03P1324 detected flicker conmponent and the
i nput image signal, the anplitude and the phase of
the detected fllcker conpoqﬁ t are adjusted as
necessary, and then the adjusted flicker conpone
and the input image signal are subjected to the 5
calculatlon operation. In this way, the flicker
deterftiad Shickperegmrmmnent fanskithey iapdt pregss 13ignal, the
In the follown

B ds'grnaﬁ%t@{%se%éﬁtwcﬁ%%?ﬁaedfﬂw e eresH
axpeﬁ agjtdsggd ggr r%)argj the %IE‘BI I Hil ustecp &1ck r

the es Tll er conpone are a

053p1324

- chm;gmel& bhhusté af@;ﬁl@ BARYLC sTHRHEL 4EL squﬁéa%dar& the

arrangenent. In this exanple, 'the systemcontroller 14
cdlapilytesndaperHiidrhe apldnivdeaym amgl e ddl tedluction
phase 'bmm of the estimated flicker conponent from
opdratDEen hbofkebiblin il tdhrepklrilgkper feaduckrir?® vAriety of
paranmeter controller 14a in the systemcontroller 14
C“&fiusts the data as described later, and inputs the
m_ and |n|t|al phase

adj gt fle JB4S of, the anplitude

O F0° ¢ FL I o FGBRL A PREFER S 58 eEnge the
ffﬂéﬁ%&e&eﬁﬁgfgﬁﬁ ég%ration, for example,‘the,amplitude and
the phase of the estimated flicker component are adjusted.

Fig. 13 illustrates a basic structuré of such an

arrangement. In this example, the system controller 14
éaptures data of the amplitude Ym and thé initial phase ®mn
of the estimated flicker component from the DET block 51 in
the flicker reducer 25. A parameter controller l4a 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 blockr53 in the

flicker reducer 25.

The flicker generating block 53 caléulates the flicker

‘coefficient In(y), represented by equation (2) of Fig. 174,

from the adjusted data of the amplitude vm' and initial
phase ®mn' instead of the amplitude ym and initial phase ®Pmn
obtained from the DFT block 51. In this example, Ym and ®Pmn

are replaced with ym' and ®mn’ in equation (2) of Fig. 17A.
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20 The flicker generating bl ock 53 cal cul ates the
flicker coefficient Fn(y), represented by equation
(2) of Fig. 17A, fromthe adjusted data of the
anplitude ym and initial phase "Imm' instead of the
anplitude ymand initial phase 'Dm obtained fromthe
DFT block 51. In this exanple, ymand Im 25 are
replaced with ym and 4Dm' in equation (2) of Fig.
17A. 55 S03P1324 As shown in Fig. 13, the normalized
and integrated val ue calcglgéing bl ock 30 in the
flicker reducer 25 has the ame structure as'the
counterpart in Fig. 4. Alternatively, the nor mal F2&g1324
and integrated value cal culating block 30 may 5 have
t he ZFamdoynr bt Hig- ak3 4 Hovecogmmaitpaed adwntiayrEitgd 6
<First _specific exanple: Fig. 14> Fig. 14
V?J}Hl%s‘?ar]aﬁ‘iésat&nﬁ PLOCE i ¥ ct@afﬂﬁr%eaf refuces iy dips the
ntroller 14. 10. The nunber es a of the
SANpI T Tu gcufr% gr‘?’dgpﬁecou tefrpaa]r%pﬁéls lgrm fr%ﬁ#‘i%é‘aﬁﬁ’ew’
t@éoﬁ$%ﬁ§hfy€a Ehgeﬁnéé Fedd) vARCTHLE BT Hi?élﬁidgﬂ &0 may

l'ine onIylssovvn The sane Is true e out put

hated acref sahe arplictude a/éﬂtrﬁﬁ@om%etcﬁaktaéhonﬂh@ﬁ rilgm's
fromthe parameter controller 14a. 15 The data of the

canpigt Wde ymand the initial phase Dm fromthe DFT
block 51 are fed to digital LPFs (lowpass filters)
61 afdred, sphelbie putamgdea Ehgt heddigital LPF 61 is
fed_ to a, aln adjusting circuit (multiplier circuit)
63, 'afd 1 hé b‘&?{iﬁﬁteo%taa tdrsthargad i adiirsnlsg o FE%ut

sPtd® dMRYL158r 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 same is true
of the output data of the amplitude Ym' and the initiai
phase ®mn' from the parameter controller 14a.

| The data of the amplitude ym and the initial phase ®mn
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 output data of the gain adjusting circuit 63 is input to

the flicker generating block 53 as adjustéd amplitude ym"'.

‘The output data of the digital LPF 62 is input to the

flicker generating block 53 as adjusted.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 bldck_65. A gain (multiplication
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20 the flicker generating block 53 as adj usted

anplitude ym. The output data of the digital LPF 62

is input to the flicker generating block 53 as

adjusted initial phase Om'. Atinme constant Ta of the

digital LPF 61 and a tine constant Tp of the digital

LPF 62 are set by the tine 25 constant setting bl ock

65. A gain (nultiplication 56 S03P1324 coefficient)

Ka of the gain adjusting circuit 63 is set by a gain

setting bl ock 66. Preferab;y the tine constants of

the digital LPFs 61 and 6 %fé continuously set to

any value within a constant 5 range. |f a desiretf3F1324

time constant cannot be set, a tine constant close to
codel iddsinted Kane £ nblye b igetadjuktangi agteuitd B3 danmet by a

cpntinuqusl% change the tine constant, a plurality of
IRPESHHEHgP8pkr &%e time constants may be internally

arranged d b r.avi din i me copnstants Ta and_ 10 T
2o BREEREFBY coths (0 NEnE IPERT TR & gl LAk Ay LB OF
arfel ected 59@#!3&@1{@8 5 %ngEfue The s G al, phase
m periodically varies during the generation of
rdddeckernimg. gEof r&X UL conkthRe ELiegvensy A, Lheime
commerci al AC power source is 50 Hz and the vertica

- cdisteynchioskzabi oine fdeguedcynef mbhebeat@mr.a its 60sHigle

the initial phase Dm becones the sane val ue every
LEHhcagnoitecdstinapids ly dibfahgeehbe bime heorigtianital aphase
Dmm t akes Elace from the immediately prior field as

Pl &nCEJLBYS eRpiEtiDFeparatef timg. copphants may be

internally arranged, and by providing time constants Ta and

Tp as a control code to the LPFs, a single LPF may be

selected from the plurality of LPFs.

The initial phase ®mn periodically varies during the.
generation of flickering. For example, if the frequency of
the commercial AC power source is 50 Hz and the vertical
synchronization frequency of the camera is 60 Hz, the

initial phase ®mn becomes the same value every three fields,

" and a difference of the initial phase ®mn takes place from

the immediately prior field as represented by equation (3)
of Fig. 17Aa.
The digital LPF 62 must serve as one LPF for the data

of the same phase taking into consideration the wvariation 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



i0

15

20

25

20 The digital LPF 62 nust serve as one LPF for the
data of the sanme phase taking into consideration the
variation in the initial phase Dm. Mre
specifically, if the variation period of the initia
phase cmm is three fields as described above, three
LPFs are arranged as the digital LPF 62, and 25 the
data of the initial phase Om is distributed anong the
57 S03P1324 three LPFs. A state detecting bl ock 68
receives the data of the anplitude yin and the
initial phase tDm, and AE %gUTonatic exposure)
control information and AWB (automatic white 5  S03P1324
bal ance) control information, obtained in the system

thzse AdiHser 14. More specifical ly, the AE control

information_is on-screen brightness information, and

t he A\F/\Eateoﬁﬂ-%ﬁt%w oieeki 88 Fecebvwt thempeitat af ethe
f. n nf or nat i o whet her the canmer a
amﬁl un1na %q%ﬁﬁéplglai ﬁ%r%@%eﬁ?“? aPﬁomatlc

ﬂyﬁg%&@a bR LOESE ¢ ; aShike
© 8 detecfs t he photograpﬂnhg%bo%ﬁ tlonéﬁﬁy%%ctlng t he

bageneseat icontob1 t herdhmiariescerbehighl fi iwersysMane
specifically, the state detectlng bl ock 68 aétern1nes

cobErwidelmefda cMsrerdpauiidtiegnaphi oge cndidntali S under
the illumnation of the fluorescent |anp, or a
infoamsitiicanaf ontakedny dmighsnebk ubhfatiadicof, Bhd the AWB

%% flyorescent lanp tQq the illumnation of the
CHGE e dBERTTR GiP vef?er?qlﬁé tergsEaseehtinforpatd opurndd

1n%%r%at§o£rggsﬁo %be t%%% Eg%era is illuminated under a
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. 1In 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
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20 the illumnation of the fluorescent lanp to the
illumnation of the non-fluorescent |anp when the
fluorescent lanmp is turned off. In response to the
determination results, a control node is deternined.

A control node indicating signal is fed to the tine

25 constant setting block 65 and the gain setting

bl ock 66 to 58 S03P1324 indicate the determ ned
control node thereto. In response, the time constant
setting block 65 sets the tine constants Ta and Tp in
the digital LPFs 61 and 62,5?e§pectively, and the
gain setting bl ock 66 sets the gain Ka in the gai A0&F1324
adjusting circuit 63. Fig. 16 lists determ nation
ipditetré atiodatkens hat econfetec magie Ghetfieo st dire.response,
detecting block 68. |f the flickering occurs steadily
thadtimgyufaratipningeftine Plegdkifihaeitents time constants
fluorescent |am, the anplitude ymof 10 the estimte
Th) Rk D Cohpdife gb‘é%nﬂﬁﬁgeﬁiﬁgﬁ ﬁgcoﬁ%ﬁ%%ﬁ*ewe&ﬁq R

i Qi i kes t.anti.al | ue
chOl b4 Al PHASECILLR i Subs BibYicd N6, SHE 94l

every constant period (every thr

- a89PFPRILd i rRQWeE3source frequency of 50 Hz and a

canera vertical synchronization frequency of 60 Hz).

15 TEHese lienNptlk s adet Stififnatiiont ckoteall efdrhehst 8ktate
detecting block 68 to deternmine that the flicker is

dgepetrimredsttdadiskgtande regpilray bloghdéd. t HeE the

Il lum nation of the fluorescent |anp. Since the

bR gh BiUgRt AESRA kY | gesedarly under the

illumination of the fluorescent lamp, the amplitude yYm of

hid

the estimated flicker component becomes generally éonstant,
and the initial phase ®mn takes substantially the same value
every constant period (every three fields at a commercial
power source frequency of 50 Hz and a cameré vertical
synchronization frequency of 60 Hz).

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

Since the on-screen brightness varies generally
pefiodically under the illumination of.the fluorescent lamp,
the brightness information for the AE control is sufficient
to cause the state detecting block 68 to determine that the
camera l1s under the iilumination.of the fluorescent lamp.

In the AWE control, a light source is estimated from

detected coler information, and a determination of whether
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20 periodically under the illum nation of the
fluorescent |anp, the brightness information for the
AE control is sufficient to cause the state detecting
bl ock 68 to determ ne that the canera is under the
illumnation of the fluorescent lanp. In the AW
control, a light source is estimated from 25 detected
color information, and a determ nati on of whether 59
S03P1324 the light source is a fluorescent lanp is
determ ned based on the estimted |ight source. A

det ermi nati on of whether tR& Camera is under the _
illumnation of the fluorescent lanp can be perf &OFEd324
based on the |light source estimating 5 information for
thhel B contrasl isThe fabovesceierlenged si dboemined wameyd
a plurality of past fields is generally checked to
OenE%ﬁc%S%Pé%aém ditghicenraes. Updsieteemépatapngof e thrs

| ickering takes place. 10 steadily and regularl
t&ﬁd%‘?m‘?’ﬁse%isi Rl aF?‘SanmPJrféa“fﬂ%ﬁe&&n?g}l%%?g?rhte lamp

ﬁggi l.ock 68 ts, .as t ont.r ol de, a

cﬁggégﬁﬁf%_ e*%?§%ﬁ§§eag|% %rﬁu¥ﬁlﬁgggfgcﬁé%%ﬁﬁggﬁ es
iRk8eRaf £GUIRIH ¥nenNdRE EBfcrdl ] UM nation of the

non-fl uorescent |anp, the anplitude ym 15 of the

est iTrRt ethofrbi-gkEereNORDNETHO rGRREBNNEvER| ¥ WL RIISRy of
conmponent, and varies randonmly in the vicinity of
pagtofiaimts itshgenertildy phesledrmr cahdookydebedeson
because of the noise. Such information is sufficient
2FBrTITe state detecting block 68 to determine that no

fli%ﬁ%&.E%gggkiggngptrégiéﬂ; %iickering takes place
steadily and regularly under the illumination of the
fluorescent lamp, the state detecping block 68 sets, as the
contrel mode, a mode A to be discussed later.

If no flickering takes place regularly under the
illumination of the non-fluorescent lamp, the amplitude m
of the estimated flicker component contaiﬁs only a noise
cqmponent, 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 reduction operétion is
necessary under the illumination'of the non-fluorescent lamp.

From the brightness information for the AE control
indicating that variations ig the screen brightness have no
periodicity under the illumination of the non-fluorescent
lamp, the state detecting block 68 determines that the

camera 1s under the illumination of the non-fluorescent lamp.
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20 necessary under the illum nation of the
non-fluorescent lanp. Fromthe brightness infornmation
for the AE control indicating that variations in the
screen brightness have no periodicity under the
illumnation of the non-fluorescent I|anp, the state
detecting block 68 determ nes that the 25 canera is
under the illum nation of the non-fluorescent [anp. 60
S03P1324 Fromthe light source estimating information
for the AWB control, the state detecting block 68
deternines that the camera®?s under the illunination
of the non-fluorescent lanp. In this exanple, the03F1324
above-referenced information over 5 a plurality of

Fpamtthq dligditi sogenerattimattieck éd foomehhamcEor ddtee@¥Bon
accuracy. Upon determ ning that no flickering takes

CO Gt éih@a&itPffeaﬂﬁt?%‘@’tﬂ%%ly’cﬁné@r deferminesn thati she
of the non-. fluprescent, | that no flicker

PR Cib AR 5r SOF R BHA e eeaF )] nomet Kidgegcent lanp.
get gel 'tﬂgsbég&hppég,l Srﬁ'{es ’ablg‘?fet—pgfe§é)r%étcg l%r{?%@%at@oﬂ?&?er

to be discussed later. I n response e contro

a nederdeater Birngdsbyrideistial Gendeheel i A MOk S8nnkhce

time constant setting block 65 sets” the tine
deiomrgttiamt actaragd. Tp of the digital LPFs 61 and 62, 15

and the gain setting block 66 sets the gain Ka of the

gai Nrcadfiasefminigia dirat 68. fTAttked ineltirde st plbeeset
Sare, det ermi ned_ as. descri bed below in response to the

iy 2pEnfFrEutat b ornEiRE FOguitt ErBRAt ! (He thpspenT
f]ﬁb%%s?%&cg%tpaqléhg@ 1'10<:>f fth%kglrglrggll;lc%fo[:n 60]belrsation is
necessary), the state detecting block 68 sets, as the
contrel 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 previously discussed, the amplitude ym of thé
estima?ed flicker component slightly varies in the vieinity

of zero and is generally constant in both the mode A (in

- which the flickering takes place steadily and regularly

under the illumination of the fluorescent lamp) and the mode

B (inrwhich no flickering takes place regularly under the
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20 first.. As previously discussed, the anplitude ym
of the estimated flicker conponent slightly varies in
the vicinity of zero and is generally constant in
both the node A (in which the flickering takes pl ace
steadily and regularly wunder the illum nation of the
fluorescent |anp) and the node 25 B (in which no
flickering takes place regularly under the 61
S03P1324 illum nation of the non-fluorescent |anp).
If external disturbance is %gplied the anplitude ym
is not constant. To nake t system robust to the
external disturbance, the tine constant Ta of th&03P1324
digital LPF 61 is preferably set 5 to be |onger.
i Howehrert, idnf ofthéhe ombi-of Lumdacieatt Lans) t | dnedxtieramlt he
node A to the node B or fromthe node B to the node
distyrhanderd scenslied, Theofmpld tudgi tmlisLpPtegonstant.
preferably set to be shorter to achi eve a fast
trag?|W§ kpehber 2V A ﬁﬁbuFFaﬁglFh%r@?tgﬂyaﬁbﬁéSturbance'

é)etCI fd %%lnl n%h§ the ggr@aqu? ?f %re\%%rtabn\é set

tuarﬂ con radi Ct ory requirrenen e salre

tc;rh:?e l Q_d Of—loﬁé%lfy’lﬂ:'tgle @on@i‘of' Igodc—_7 iy %Wa%%%tfilened

algorithm origina robust to the external
£ S tiHDaRER. Al BoPERCtHdeR, BACTNOELAT the MRoLOFS ttantthdamode
is set with a 15 viewto the tracking feature. Most
A prigfeertdloley codyhant cTa cdntuhel digytbe LPAT rédducegrederably
provide a longer tinme constant Ta in either the node
set dgro tee shpdEeB Bprchisiver eeifaptnbraghing dimatnye duging
tranS|t|on fromthe node Ato the node B or in a
*6n fromthe node B to the node A

More specifically, the amplitude yYm must satisfy two

mutually contradictory requirements at the same time. The

‘method of Fig. 4, Fig. 6, or Fig. 7 provides an algorithm

" originally robust to the external disturbance.

In practice, a shorter time constant Ta is set with a

- view to the tracking feature. Most preferably, dynamic

control 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 ﬁhe mode A to the mode B or
in a transition from ﬁhe mode.B to the meode 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
substaﬁtially the same value evéry constant period based on

the principle of the flicker generation as shown in Fig. 16.
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20 The time constant Tp of the digital LPF 62 is

di scussed now. During the node A (when the flickering
takes place steadily and regularly under the
illumnation of the fluorescent lanp), the initia
phase ' Dm beconmes substantially the sane val ue every
constant period based on 25 the principle of the
flicker generation as shown in Fig. 16. 62 S03P1324
A sufficiently longer tine constant Tp needs to be set
to be robust to the external disturbance. In
contrast, the initial phase6€hﬁ takes a random nunber
during the mode B (when no flickering takes placeS08P1324
regul arly under the illum nation of the
Anegnf ficmresice dongamp ) i mandcomot guer t']]pcmleadsatlwam age it be
provi ded by the setting of a longer tinme constant
repuskpte i EstiesarlydisHerbanrahe node B, the tinme
coné#ant Tp may be set to agﬁ‘ value taking into
consTHEPRTEA tr hERef Fektidf PRagsi “Tth&FEs?nﬁﬁﬁdQW) be

i t d ti
nBhBEHSRGAGR Lo pndhE b IRndPlR) B IR FhEd WiRce
rgg@wppgﬁ xﬁxde@%hgamﬂﬁamétm? cqzalt%eaﬁbHSﬂwrééée% t

I's now discussed. During the node A (when t

lahprKedidigid pesichdapl ageastRrdiilsy pa8dineg %@rﬂﬂé
under the illum nation of the fluorescent |anp), the

sahpquLﬂﬁa%uhqngesubsman¢¢m&ﬁqpt dpnst 8nteaspshiotireally,
Fig. 16, and the gain Ka can be set to 1. The gain Ka

dgBtRY rfiifeiosiec By r BBE| biMT crAPRANEP 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 constanf 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 substanfially
constant as shown in Fig..16, and the gain Ka can be set to
1. |

The gain Ka determines a correction rate'of the
amplitude ym (if a gain Ka=1 is set, 1.00% of the input is

output with a correction rate at zero), and the correction

rate of the amplitude yYm is directly controlled by varying

the gain Ka.
Under actual photographic environments, the amplitude

may be intentionally enlarged or intentionally decreased.



10

15

20

25

20 anplitude ym(if a gain Ka=1 is set, 100% of the
input is output wwth a correction rate at zero), and
the correction rate of the anplitude yin is directly
controlled by varying the gain Ka. Under actua
phot ographi c environnments, the anplitude 25 may be
intentionally enlarged or intentionally decreased. 63
S03P1324 For this reason, the gain Ka is not limted
to 1, and the system may be designed to set the gain
Ka to be larger than 1 or smaller than 1. During the
mode B (in the state that n®3fticker is 5 generated
steadily under the illunination of the non- S03p1324
fluorescent |anp), the anplitude ymtakes a random
Fgnl tiel s rrease, vibengdin da zier moitn 1iespedse 110 roidSehe
Since no flicker reduction operation is required by
St daduiengeshenpddec Bet tihe gain Ka e byetlargezefban
to di sahl e the unnecessary 10 process. The node A and
L% °8 483Pht-steady state (the state that the
fli . 1S eadi generated _or the state..that no
flic gﬁnﬁstg é%%? §3g§ﬁ%F§Feafaﬁ%vQ“Bééﬁ’ ﬁ%guggeﬁé
gbleddiedBdeadel hateLYLHd S 1AL R IEL RS NPk 68
Is 15 transitioned fromthe node Ato the node B, it
flsoddeRing 1S, tfite Pt 0GhARNIE €Y ANFBAHOAASalue in
changed fromunder the illumnation of the ‘
th¢ yordedent of anpre alnnderpdrise tbl hohseat iOmoef nbhélicker
non-fluorescent lanp. If the node detected by the
reduittd Merperabhion| brlke@pined: pansstionetiiring the mode B,

the gain Ka is set to zero to disable the unnecessary
process.

The mode A and the mode B as the steady state {the
state that the flicker is steadily generated or the state
that no flicker is steadily generated) have been discussed.
If the mode detected by the state detecting block 68 is
transitioned from the mode A to the mode B, itris likely
that the photographic environment has changed from under the
illumination of the fluorescent lamp to under the
illuminétion of the non—fiuorescent lamp. If the mode
detected by the state detecting block 68 is transitioned
from the mode B to the mode A, it is likely that the
photographic environment has changed from under the

illumination of the non-fluorescent lamp to under the

| illumination of the fluorescent lamp.

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

6, or Fig. 7, in accordance with the basic method of the
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20 fromthe node Bto the node A, it is |likely that
the phot ographi c environnment has changed from under
the illumnation of the non-fluorescent |anp to under
the illumnation of the fluorescent |anp. As
previously discussed with reference to Fig. 4, Fig.
25 6, or Fig. 7, in accordance with the basic nethod
of the 64 S03P1324 present invention, the flicker
conponent is extracted through the averagi ng operation
or the difference operation_throughout a plurality of
fields. During the transitibh,~ one portion of a
signal string for use in the averaging 5 operatiofi0dF1324
the difference operation contains a flicker conponent
paerErEnciiventpont | bie of 1 idlersiqpnglonshiti hg draisratced
flicker conponent. As a result, an error takes place
throygle the @veragépaporrertisst sitndhet Ai 6Gependse operation
aver agi ng operation or_the 10 difference operat.iqn,
CERE IR PoP AT ShUTRKES ISHES - n PReNget B (igEns tion,
ggmg' ngd,lnifi . cbmm. .1 f _the flicker
Ocoef?%%$§n¥%}%(§}é$%£6%%8%#@?%5 ?an%?h%he averaging
o faticaf beckad qappdiddide Jpoard ohnkbi Al phase DM -
the output inmage signal is also adversely affected.
cdipohenal badi ahethdét oqlede the gabRaseldding blaecko
66 detects a transitional state and controls the gain
fikeckay compposse.to the transitional state. Mre
specifically, if the control node is shifted from the
nod8S A2t B REE mude SBrorhsakes | Bbate tin dheef3RChErt he

component obtained through the averaging operation or the
difference operation, and an error also takes place in the

detected amplitude ym and initial phase ®mn. If the flicker

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

émplitude-wn and initial phase ®mn, the output image signal
;s also adversely affected.

To alleviate this problem, the gain setting block 66
detects a transitional state and controls the gain Ka in
response to the transitional state. .

More sbecifically, if the control 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
?ransition, the gain Ka is switched from 1 to zero, and the
flickerrreduction operation of the flickeﬁ generating block
53 and the calculating block 40 is stopped. Alternatively,

the gain Ka is gradually lowered, and the flicker reduction
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20 anplitude yin and the initial phase 'Dm has
dropped at the start of the transition. Imrediately
subsequent to the transition, the gain Ka is swtched
from1l to zero, and the flicker reduction operation
of the flicker generating block 53 and the
calculating block 40 is stopped. Alternatively, 25 the
gain Ka .is gradually | owered, and the flicker
reducti on 65 SO03P1324 operation of the flicker
generating bl ock 53 and the %alculating bl ock 40 is
snoot hly st opped. Cbnversélf, if the control node is
transitioned from the node B to the node A, the S03P1324
reliability of -each of the 5 anplitude ymand the
ﬁh%'%heIﬁﬁiQMﬁrsgBherﬁtWMqubﬂdui 58t anl dfiet he
an gltlon After tinme elapse until. the reliability

ghtof kfjl'Pé:karf'ﬁl |1tsu3§°9 Ihoskmpeachitial  phase bm
[ ff . the fl
encratToE BVeck 5 5P ot H L aER i1 REeBPbCTRs £rom
ther £osgss 1, the ﬁn'o'd%kﬁr Eﬁguﬁéiﬂbg eclyaB'fOQach £ the

Al'ternatively, the gain I's gradual’ly rai Sed so

alpaittde vid bakethgenes atd NGl @Ckbéﬁlsae@lwelow at the

cal cul ati ng bl ock 40 smoothly performthe flicker
steducef orheopematiaion<SeRdher speri kilapesaipt el HHig.

15> 15 Fig. 15 illustrates a second specific exanple
r8f 1ol Ly stferpebnpf obheramall i Yuget hsamX gl énitial

nories 71-74, switches 75-78, and a state detecting
PR ookPES BItFhddod (5 IERE:ERANDIBLGT JEgl 14he Thicker

gQRQEEQ&JE' %&e§3tgﬁdd€h£-églédT%tﬁﬁglkﬁggﬁ Xgnpegggrms

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 block 69 are addgd to the example of Fig. 14.

The memory 71-stores the daéa of the amblitude 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 tﬁe output data of the
digital LPF 62. The switches 75-78 select the input data
and the ocutput data of the memories 71-74, respectively, in

response to the detection results of the state detecting
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the nmenory 73 stores the output data of the gain
adjusting circuit 63, and the nenory 74 stores the
out put data of the digital LPF 62. The swi tches 75-78
select the input data and the output data of the
menories 71-74, respectively, in 25 response to the
detection results of the state detecting - 66
S03P1324 bl ock 69. The output data of the switch 75
is fed to the digital LPF 61, the output data of the
swtch 76 is fed to the 6|5|tal LPF 62, the output
data of the switch 77 is fed to the flicker 503p1324

enerating block 53 as the data of the 5 anplitude
bgmzk ahd tHee output data of tiwe suitcbh778is sf¢<éd:o ttdhe

e flicker_ generating block 53 as the data_ of

dﬁﬂ%F?%uL%%a@e BEnoutiknE dita @%é&%ﬁfﬂﬁ@%%ékl%gfed to
Eecglve%xFQE%l%%{egg%gég t%@? qggfgggggﬁgaggj177 is fed

f or ion

tbnfzﬂénﬂi%r Reeshat By st &Gt I at.z,'% gtg%frﬁ'ﬂ es

whet her alarge varlatlonlnt eang view ta

aftb8C€udd Ym' SRAASERd L AAOKIRE Bet tl@é‘,sv@inﬂzﬂ W8 is fed
response to the hand-shake information, the state

tdetieet f nigKuroglen6fat tieg es M ale s 3vaat hae aat:arcgie the
variation in the angle of view 15 takes place in
ipgswhsthase Pmni-ng and tilting actions and a

| arge- anpl i tude hand shake. If it is determ ned that

no 1a¥gé t3&Pi Q?F%%ll%%@%%&é rPRe{ VRS a%fgqrrém&f view,
t ecting b ck 69 sets the _switches 7
R S REP IO ool S e egdnd o e
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 wvariation 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 sideé
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 plabe'
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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20 of the nmenories 71-74. Normally, the flicker
reduction operation is perfornmed as in the exanpl e of
Fig. 14. If it is determned that a |arge variation
takes place in the angle of view, the state detecting
bl ock 69 sets the swtches 75-78 to the sides thereof
to the nmenories 71-74. 25 Since the reliability of
each of the anplitude ymand 67 S03P1324 the initia
phase (Dm drops when a large variation occurs in the
angl e of view, anplitude d _and initial phase data
acquired in the past and respectively stored int P1324
menory 73 and the nmenory 74 are input to the fliT

enerating 5 blo 53 as the anplitude yni and the
t %nlﬁlgrla h%’%%se(dﬁﬂn dreps wderhe éﬁﬁgﬁet%@%%&%ﬁés in

jNni_ti se cbnn r. st ea th
tqﬁwahg at a1t he éﬁﬁ% erﬁngg RS ge & % nB?Fea%%T@
&$g gul,a ﬁggga f e
f g%gsggn%ﬁ%anp a§£2§gﬁkggﬂ1€§&§(Hkof%dhgguggeo?eT?ﬁy
731@nBashe datmoPy esEnRire RAPREORS eﬂﬂ@tflaﬂdkeroqehBEating
contrary, the past data should be positively used.
blldowerdr 2si the camprleltivelel it yardhtthel $ndutadsshaed yPrmmput
to the digital LPFs 61 and 62 in the m ddl e of
var $ ¢ rthe arpid tadgl Bn ¢indyithe, inheiahyphiaasd&mmmarend
itial phase 15 Inmm' obtai ned i medi ate

StEASYREEHS (1S TP | A BlFet?f%ates\/’v'ihtaGh&‘e??X%ﬁ]éerglg
istﬁgkgga§é e§t rH%l Ogn%p@ {ron1 &CEY umln 1on

Su fer error. mna pro

_.ofd%tenna&_ee%wrleam afs §hovjn‘?r39r? E\a@rl atgl, oehénuégeof the

angle of view, the State detecting
past data presents no problem at all. On the contrary, the

past data should be_positively used.

~ However, if low~réliability data is successively input
to the digitai LPFs 61 and 62 in the middle of variation in
the angle of view, the amplitude ym' and the .initial phase
®nn' obtained 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

largervariation in the angle of view, the state detecting
block €9 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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20 bl ock 69 not only sets the switches 77 and 78 to
the sides thereof to the nenories 73 and 74,
respectively, but also sets the switches 75 and 76 to
the sides thereof to the nenories 71 and 72,
respectively. Wth this arrangenent, the
lowreliability data are not input to the digital LPFS
25 61 and 62, and high-reliability data obtai ned prior
to the 68 SO3P1324 occurrence of the large variation
in the angle of view and stored in the nmenories 71
and 72 are input to the d|g§§ al LPFs 61 and 62.
Regardl ess of the zooming information and the haniP31324
shake information, the reliabilities of the anplitude
oyeHIRNCE lod ithiet 1@rg€F)h&SIelaftDlmn anetsepaglteelof view and
determined. Reliability level information as a result
SB?r‘?ijetlé’r mhﬁafnﬁraﬂrw% Thped 78 ere stpitte Wettdet dagital

0C the reliability |level information
ls
|nd|cat@§ at t he rellablllty 10 of the anplitude yin

and Rteesramg;— ¢ ool %# %aél% %YX' Eﬁhgq DFZ- 8

are set to t e SI es ‘t her eof e menor i es
sﬂdké|ﬂd$oWﬁMt16@§ttKEuf%ﬂﬁﬂﬁh@gtﬁeQ'8@ {ﬁg'dﬂﬂlhkhﬁe'ﬁh and
used. <Advantages> 15 In accordance wth t
thabave-tief eprase dbarbotkh rmemas:,atetmed&téﬁfdﬁﬁed.educt on
operation is less sensitive.to the externa
RediighidBanc bevupt einfdmationnhaat i oeswit dtheletermination
fluorescent | anp and under the illum nation of the

l%uﬁ¥P“FlGBrEgﬁeﬁﬁaq%uﬁ?te§ﬁén§tPl@cbrﬁﬂn déd$ fthst
réffgggai%yaﬂevel 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 éf‘the
fluorescent lamp and under the illumination of the non-

fluorescent lamp, and still provides fast response and

. tracking features during thertransitional 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 view, or when.the flicker detection parameter is

low in reliability.
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20 tracking features during the transitional state.
The i mage pickup device perfornms the proper flicker
reduction operation snoothly w thout discordance at
the moment of the state transition, at the occurrence
of the variation in the angle of view, or when the
flicker detection paraneter is 25 lowin reliability.
69 S03P1324 [Alternate enbodi nents] (Integration)

In each of the above-referenced exanples, the input

i mage signal In' (x,y) is Lngggrated throughout one
line. 5 Since the input inmage signal In'(x,y) is S03p1324
integrated to obtain a sanple value of the flickeér

co nt_ with the . effect of a pattern of the imge
regﬁggg?r?%%ei?ﬁ%ﬁﬂ%ﬁﬁngﬁ% may be perforned throughout
a pkqhgg?£¥t95 jyines rather than only one Iine. One
period of the ?Iuorescent light flicker 10 (on-screen

flickeshcRpPLAHNGIRY A rakbi-BRG-PALLE QN LRE 18GLEEN
corresponds to L (=Mr60/100) lines as previously

irggecrilgedl L' at, yeast integsamphetNabutsos enebtiahsed

in one period, i.e., L lines, the flicker conponent
Singedéhectegut bbmaak criarsd. Jatpki ph iheortegraltsd no
practice, a plurality of sanple values, for exanple,
obIaine 35 FaRple avplue W (de Afécheef eomsinerdbiaithedher om

' i.e., i f th - flicker.
o B L0Mhely B oo SR, S) Lhe o0 seteen TLcker.
ma@”%g?p§£999$ed{{?éﬁﬁdﬂ%uﬁsa'Biﬁggfggycﬁyﬁﬁn%sd%%%ﬁégnthan

of tinme equal

. only one line. One period of the fluorescent light flicker

{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 obtained in
one period, i.e., L lines, the flicker component is detected
based on the sampling theorem.

In practice, a plﬁrality of sample values, for example,
at least 10 sample values are preferably obtained from one
period, i.e., L lines of the on-screen flicker. Even in
ﬁhis case, the horizontal period of the input image signal
in'(x,y) is integrated over a duration of time equal t¢ or
more than several times the horizontal-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 acéeptable.

If the integration time is prolonged and a sample count
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20 nore than several tines the horizontal periods,.
nore particularly, ten tines |onger than the

hori zontal period. The integration tine is not
limted to an integer nultiple of horizontal periods,
and for exanple, 2.5 tines the horizontal period is
perfectly acceptable. 25 If the integration tine is
prol onged and a sanple count 70 s - S03P1324 per
unit tinme is reduced, workload involved in the DFT
operation by the DFT block 34 is lightened. Wen a
subject noves in a vertical direction of the SCr 860,154
the effect of the notion is reduced. 5 (O her

al terpat e enmhodi nents) In the primary col or system of

PRT gUnBt e 115 CREFCeLonpoierfad ilpvekEge e prisdisy ,
. Sl l.s i efect nd .r.educed,b he flicker
oBELL1 S WPkl BriCLELLE AN, riedyoed by be U LSKSL
mb@SE Sin Al LRIAALLYCLY re LOELDTEYIQUS ls%rggﬁcr{lpeedef#%ct of
flicker reducer 25 1's arranged on the output™ side of

théenotion rAancedakghal Y of the synthesis matrix _
circuit 29 in order to detect and reduce the flicker
conp®idetr ehtéheatd umibnaticensisgnal Y. I n accordance
with the above-referenced enbodi nents, 15 the digital
si gA&@ tpeopesmary Xpiarclsyditey theFigi ckerther dddceer 25

c%ﬁ(%gg%gpenteg bé hardmare._Part or. whol e of the '
gk r &duCBP 288 T Y Wi Al SipgRkY 1t stedssedzend
<R ) BT B8 e B | BsBCCRISER O Lo
color signal basis. Alternatively, the previously described
flicker reducer 25 is arranged on the output side of the
luminéncé signal Y of the synthesis matfix circuit 29 in
order to detect and reduce.the.flicker component in the
luminance signal Y.

In accordancé 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 software.

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

second) is an integer multiple (the stripe pattern of the -
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20 the vertical synchronization frequency is 60 Hz

(with one field period equal to 1/60 second). The
present invention is applicable to a progressive type
canmera having a vertical synchronization frequency of
30 Hz (with one frame period being 1/30 second). In
this case, three frane period (1/10 25 second) is an
integer multiple (the stripe pattern of the 71

S03P1324 flicker is 10 wavel engths over three franes)
of the em ssion period of f / 100 second) of a
fluorescent |anp, and the eld of the
above-referenced enbodi nent may be substituted fpp3Fpl3z4
the frame. 5 The present invention is applicable to an
fkw’a%‘arléséonga‘f?%@gt%g?éfqﬁ dogeeFeapas) sot s e ssion

enent er than a CMOS i nage pickup
pef T A 308, F?ﬁ?ﬂ%pcr‘? @auﬁm%ssen?nl%%or%&@
re entlon t he fI|c er

}fl%%&(;rc‘g;g%%t ?gﬁ% app%%erncnegdl H% &%y a%%lr E‘SSI BEEd
f@fﬁﬁﬁé[ﬁﬂa@ép el ement such as a CNCS i mage p|ckup

el enent is detected and reduced reliably and

suf frihei epébynt hiroughithe isi BppeisaNal+ Pr-LC &¥ShRGressing
wi t hout 15 using a photosensitive el enent regardl ess
tyde tivegsubjiiebtp eldmenti demwhsiagnah Leagd paridig kdetmyppe

of the fluorescent lanp. |In particular, when the
O?hﬁﬁﬂ&gﬁnrédG@@$oﬁmﬁﬁédﬁﬁﬂ%ﬁ’@ﬂeﬁﬁ@tpresent i nvention

Is.used for the RGB primary color signals, not only
the light and dark flicker but also the 20 color

1ddusakani 8pBEeULL £, detected, and reliably and

In accordance with the present invention, the flicker
unique 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
color 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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sufficiently reduced. If the level of the signal falls
within the saturation region, the flicker reduction
is disabled. In this way, the signal conponent is
prevented from being affected by the 25 flicker
reducti on operation. 72 S03P1324 The flicker
reduction operation is disabled under the
illum nation of the non-fluorescent lanp. In this way,
the effect of the flicker reduction operation on the
image quality is controlled. 5 If the subject changes
greatly in a short period"o?2 Tinme in response to the
operation or the action of the photographer, theS03P1324
i mredi ately precedingly estimated flicker conponent
or the flicker reohpurent cpstiaihtedid rdimatled under the
|y preceding signal is calculated. In this 10

. di at.e

1Ja]|r»m‘i‘§ﬁ’§é+€ﬁt off Fhe keendeiicceisernacéamrey I thigewhyonthe
r.adat i.on e | ar change in the subject .

eﬁﬁ%pter?ﬁugtgﬁngglcg%ﬁ 68 GPSERRES" THe 1S dreee

quLeaduGt i;en-gReLai{on is disabled in the photographing

condi'tion that does not need the flicker 15 reduction.

operat tha, sife&XdMhGesi §ribe1ptid | 1R Lakifg oI N

this way, the effect of the flicker reduction
tiggeriat responset e im@pequalibhyot StkOMdtaldneds The

estimated flicker conponent is adjusted, and the
phafiogsephiert i Eheriremriotedy andcedingputstimagedsfEyhaker

are 20 calculated. Wth this arrangenent, the signa
CQHERESHEnPr{Ehe flicker component estimated from the
immediately preceding signal is calculated; In this
arrangement, flicker deteétion accuracy is free from
degradation due a large change in the subject happening in a
short period of time, .

The flicker reduction operation is disabled in the

photographing condition that does not need the flicker

reduction operation, for 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
adjﬁsted flicker compohent aﬁd‘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 excellent response and tracking features at

the transition. Furthermore, the image pickup device



robust to the effect of external disturbance under the
illumnation of the fluorescent |anp and under the
illum nation of the non-fluorescent |anp. The image
pi ckup device achi eves excell ent response and
tracking features at 25 the transition. Furthernore,
the i mage pickup device - 73 S03P1324 perforns the
processes snoothly w thout discordance at the state
transitions, at the variation in the angle of view or
when the reliability of the tlicker detection
paraneters is low - 74 CLAIMS 1. A flicker
reducti on method for reducing a fluorescent Iights03P1324
flicker conponent in a color signal or a |umnance.
P&f §RENS o@teamweweshém@gﬂabmWgtlwué:uﬁjleeprcﬂmcmgﬂt tére

I essi n ckup el enment under an

SRR R D a0 o BBFouky "elrﬂt’t"éhﬂn cfipPetht ansetwepor
I t Mol g unln ance signal, a ep

o) BRE ARy B5PEe P he L RRRE Tofl B et R

lghgnal as an input inage signal, Mﬁth respect to each

hori zontal line of each col or S|gnal or said |um nance

signal throughout a duration of tine equal to or

| onger than one horizontal period, a step of

normal i ziing the integrated value or a difference

‘val ue between the integrated val ues of adjacent

fields or adjacent franmes with respect to each col or

'si gnal ,



a step of extracting a spectrumof the normalized
integrated value or the nornalized difference val ue
with respect to each color signal, a step of
estimating a flicker conponent fromthe extracted
spectrumw th respect to each color signal, and a step
of perform ng a cal cul ati on operation on the
estimated flicker conmponent and the input inmage signa
to cancel out the estinateg flicker conponent with
respect to each color sign f.72. Aflicker reduction
nmet hod for reducing a fluorescent light flicker
qyi nent in each of color signals of colors obtained
yq%%otographing a subj ect through an XY addressing
typelerageApi ckmepk@f enmestudtider a\ﬁthbdiun’fcﬁhatiﬂétiudifnga a

| uor escent , risin .a step of inputtin
SRR SEER I 1 SRURE BuREindlR L% B SRooby DRGRA W o
l(mditnanse gsvadn aaf oeaahn@@lkgr ,pho&ﬁgaﬁlphﬂp}lta isiBgecsi gnadugh
resagct to each hori zont al i ne of each colégr

S|gnal oughdthk aY&tr at 3% fp%qﬁﬁ? EJ65F to Gt

ildngeénathan che fonbzentalt pemnpodcompsiApgof
di.fference

nornal 2|n efthe |Q£H?rat d val ue gr a. 1,

val ug Dettneen 'PRE TR grArCed Sy aP e s o WdPaeent Stonal, a

ﬂﬁe@lcbf otnaeoenty ftlaares sdlidy respect 6 aaeh T@hiMance
2 ste of extractin pectrum of the

FGPRLT 780" hiBhpSr daR0h (eBrIE nev il nap e to each

hebirfi keneqce l\tabueaﬂM thchr espeet $iymwachoeolsarndsi pa@inance

signal throughout a duration of time equal to or longer than

an

" one horizontal period,

a step of normalizing the integrated wvalue or a
difference value between the integrated values of adjacent
fields or adjacent frames with respect to each color signal,

a step of extracting a spectrum o©f the normalized
integrated value or the normalized difference wvalue with
respect to each color signal,

' a step of estimating a flicker component from the
extracted spectrum with respect to each color signal, 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 with respect to

each color signal.

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
addressing type image pickup element under an illumination

of a fluorescent lamp, comprising: -



a step of estimating a flicker conmponent fromthe
extracted spectrumwi th respect to each col or signal,
and a step of performng a cal cul ati on operation on
the estimated flicker conmponent and the input inage
signal to cancel out the estimated flicker conponent
Wth respect to each color signal. 3. A flicker
reducti on method for reducing a fluorescent |ight
flicker conponent in both | um nance signal and each
of color signals of col or’s, bt ai ned by phot ographi ng
aI subj eeép chm qmg;hplainn@(_\(cc@_dﬁr %&g'fhags ﬁ/ﬂoe:dlré&ge Ioi ckup
el ement under an illunination of a fluorescent |a
conpfi §thY: °8 é?%ﬁﬁ?ﬁtﬁqﬁpﬁpﬁiﬁQlBBtﬁlg%ﬁﬁrﬁﬁuﬁ??ﬂlﬁ%ﬂor'
afdagobofut SitghRd SsifnaQQl afish @eSpePr Ofoi PLEWI BEEIMbntal
gach of the | um_ nance si?nal and the col or signal of,
Hh @bl 6RRaSCARTI AR megE Pyt , @ WirRtreEpaét Hge
eqaedl hor bzond@ded ithenobns ahék-il AvHtaangeri&d gnal and
each _col or signal throughout duration of tine equa
to of |3nger A haRCbhz! gzoﬁgﬁl PerSwated stapior °r 2
Mof fdlehzengal he batwgmted ialtegrated vaiddLrenceijacent

al ue betweep. the in%eﬁéated,vglues of adjacent 76
19 Gs OF U EGERT f FEREY Wi eEpRACT 0 FRack Tl GPlor

sidgnaal,, a step of extracting a spectrum of the
normal i zed i tegrated_value or the normalized

di f f 2r SVEB uE*W Rt 1% s BectPaG T88c P L oltBF  Stfarized

integrated value or the normalized difference value with
respect to each color signal,

a step of estimating a flicker component from the
extracted spectrum with respect to each color signal, 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 with respect to
each color signal.

3. A flicker reduction method for reducing a
fluorescent 1light flicker component in both 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:

a step of inputting both luminance signal and color
signals of colors,

a step of integrating each of the luminance signal and
the color signal of each color, as an input image signal,
with respect to each horizontal 1line of said luminance
signal and each color sigral throughout a duration of time
equal to or lenger than one horizontal period,
| a step of normalizing the integrated wvalue or a

difference value between the integrated values of adjacent




a step of estimating a flicker conmponent fromthe
extracted spectrumwi th respect to each col or signal,
and a step of performng a cal cul ati on operation on
the estimated flicker conmponent and the input inage
signal to cancel out the estimated flicker conponent
Wth respect to each color signal. 4. The flicker
reducti on nmethod according to one of <clains 1 to 3,
wherein the normalizing steg conprises dividing the
di fference val ue by the ave %gé val ue of the

irnt e@s atad vabdesnof raapkyrakidyy obspopseaid i vachi eddlisr
or _consecutive frames. 5. The flicker reduction
fefRdtr according to one of claims 1 to 3, wherein the

normal i gt&y Yrepegorgydises adidadRamt her dichter enefi1ized
val ue by the average value of the integrated val ues

Ot eI al T %f OB ot88c 9@ 1t Fef dSidEerenredat ioe With

Feapms, randasybisast isagnalpredeterm ned value from
the resulting quotient. 6. The flicker reduction

net hdd 2tTor fitngetoriféngf 2 cifdilvket (&P™PonGRér ef 71t héhe

aofmiteadl BgeSt A GARAr k88Sectdity diubl tde difilanenceng
val ue by the int%%rated value. 7. The flicker,
r edudt iSORPMEhRF FOCBERP NG 153161 abion cPRPRREHOT oo1B, the

shareicadt e i speet EspentaGidnG het aRpuONREES€Signal to
Fourier trapsformng the normalized integrated 77

SPEeL3HT FaPUBSITERE rdrEFF ZEEMRRTYET eHdE F&PRECT 8o
he tbiskesideduction net hod according to one of

4, The flicker reduction method according to one of
claims 1 to 3, wherein the normalizing step comprises
dividing the difference wvalue by the average value of the
integrated wvalues of a plurality of consecutive fields or
consecutive frames.

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

6. The flicker reduction method according to 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 spectrum extracting step

comprises Fourier transforming the normalized integrated
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claims 1 to 3, wherein it is determ ned whether a

| evel of the input inmage signal falls within a

saturation region, and 5 if it is determned that the

| evel of the input image signal falls within the

saturation region, the input inage signal is output

as is as an output imge signal. 9. The flicker

reducti on nmethod according to one of <clains 1 to 3,

wherein it is determ ned based on a level of 10 the

extracted spectrum whet her the input inmage signal is

fromunder the illuminationh7f “the fluorescent |anp,

and if it is deternmined that the input inage sigif3FPl324

is not from under the illumnation of the fluorescent

viadwp, orhehé npetmaliimegedsEfaabnts wmhypit as i s as an

out put image signal. 15 10. The flicker reduction

net hBd adtorfdilsFerorsdecsion aietihesl accorgingher eine iof

is.detﬁrnin d whet her .the subject, changes greatly in

CA34RBr t pRriod ettt 75 r deporsinach e theper ate ot Gif
is .deternj

i on, cand if it d
PR R ey S BRI SIS i Ph i, e S50 g ano

igf iti 0B, aonsmhean tharedh at ely. pree etgliengk!¥u€8}_l{’1£% ec!Lgnal
flicker conponent and a flicker conponent™ esti na ed
fe10m althinmid dhelyapiesetbdtosi atdl inplf 1hSgd PYnal
.image signal are subjected to a calculation

~ippertriores Ik aFhenf buther irexhectdigmanet hod accordi ng

to one of 25 claims 1 to 3, wheréin it is determned
whettrer TRe781ipker cepdipHiing cetdcti spcerding 6 ane of
Cilicge#‘ge uctépn .operatiqp and if it is deternined

at” the™ IMcREF T PLAULY i th “YriemireonPrecdeterhiifadlt oF
the é§%¥§§¥§%a%¥eckpﬁml%ﬁ%%hé£n¥¥% 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 cutput image signal.

10. _The flicker reduction method according to one of
claims 1 to 3, wherein it is determined whether the subject
changées 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 flickér com?onent 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 .



signal is output as is as an output inmage signal. 12.
The flicker reduction nmethod according to one of

claims 1 to 3, wherein the estinmated flicker conponent
is adjusted and the adjusted flicker conponent and

the input 1inmage signal are subjected to the

cal cul ation operation. 13. The flicker reduction

nmet hod according to one of clainms 1 to 3, wherein
anplification data and initial phase data of the
estimated flicker conmponent’®&re adjusted through
PHRIPEEEINEnd OVeP@$SSe ffdr t efsquiad a |1 ekesx&ONMPeasttion
to be, subjected to the calculation operation together
HERTEAR aihpdt 1Fnagedtepmineds thehetlit dd iG&rhgredection
Adrdst 66 ianpbtdigiatdion data A bbBsasgd] usiediifid i fhage
phase data. 14. The flicker reduction nethod according
el af n CUPUEWRES &F AR HE SYEESE et I151008é - dat a and

the aglj ushed £1ii Bkét akcfh@stodata € 1Qr8dnkNtd one of
nory, and if a predeterm ned condition is detected,

FRETF] tckér cotPGisAr Y6 I5etdmBfeet B4l ek neomponent is

aegheubat koa eper abll 08cd@get e W ddinpdrRati BRUL dHBGSput
signal is generated using the store anpl i tude data
15aget k9 RtloPes ?HH?%t‘redp%@séhaF%%cq@tlﬂﬁ PREHREHtkup
devic®. CORPI if§i BRer aReVc R aSdd 1R riBge tBi Gkup of
el enent, neans for inputting color signal or | um nance
C%F"@ﬁ%l 1 toedmetedeipn Byt Frf orcsleér argniribialy phase

detBl pANGER: E3+ishe8@l 1185 AN coRPYhehTBOR $1908Eed WHIbugh
respect to each horizontal |ine of each color signa

r§PPREF S UkAiacE IdiLERAF t ARGUGhELECKEHURAAGENSF to be
stbfBcesvakot @n@r d0RF8Ltion operation together with the

input image signal is generated using the adjusted
amplification data and the adijusted 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 1is generated wusing 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 inputting color signal or luminance signal,

means for integrating a color signal or a luminance



than one horizontal period, the video signal or the

| um nance signal being obtained by photographing a

subj ect through the XY addressing type inmage pickup

el ement, neans for normalizing the integrated val ue or
a difference value between the integrated val ues of
adjacent fields or adjacent franes with respect to
each color signal, nmeans for extracting a spectrum of
the nornmalized integrated Z@Iue or the nornalized

di fference value with respett to each col or signal,
seansl f oss eshi matgutg amddd ckesnLlonpenent rbepart heéo each

extracted spectrumw th respect to each col or. sjgnal,
B el P LT G SalEs bt oo L Gidnce
shenast tmedethdulti ckeduconpenest angke t Bguanpib idAJenger
gﬂgﬁal to .cancel out the esti tedj%%jcket co onenth
WiTh r&SpefPrtdonetoh PESISF: si Bl .VifE° AfiPRAge °F the
pirckismcdevigaal OpPLASi dS&%jﬁai&i’éedX\Sy&@ﬂb@S@%:@@hiw% : sﬁﬁ:gj%ct
i cku e t nmeans for inputting color. signals o
Bhfeith BhETRD 490 Ra0Ra | lrd o PUr D ar cach
col omgams &Y | Maunail IAGEy s:@mal ,in\mielt;haﬁéﬁpeﬁildeo each a
hori zontal line . of each color signal throughout a
FA SR o 2t el RGIRHT 10C orPteaiabrdt Kaligheot adjacent
hoglidzonbal peTdceett t Beated owishgnabspded ngoobtatmed:dyr
$hotqgraphing a subj ect through the XY addressing
VPBE"mage pickup el enent, neans for nornalizing the

i nt egeated foal uexofaddindi f 4 ersgreerval uer behveefodnta ized
Lﬂ&? %%ggdv%?hge%ronjggjgg;gglized difference wvalue with
respect to each color signal,
means for estimating a flicker component from the
extracted spectrum with respect to each color signal, and
means for performing a calculation operation on the
estimated flicker component and the input image signal to

cancel out the estimated flicker component with respect to

‘each color signal.

16. An image pickup device comprising:

an XY addressing type image pickup element,

means for inputting color signals of colors,

means for integrating a color signal of each color, as

an input image signal, with respect to each horizontal iine

. of each color signal throughout a duration of time equal to

or longer than one horizontal period, the color signal
being obtained by photographing & subject through the XY
addressing type image pickup element,

means for normalizing the integrated wvalue or a
difference value between the integrated wvalues of adjacent

fields or adjacent frames with respect to each color signal,



fields or adjacent franmes with respect to each col or
signal, - 80 neans for extracting a spectrumof the
normal i zed integrated value or the normalized
difference value with respect to each col or signal,
means for estimating a flicker conponent fromthe
extracted spectrumw th respgdct-to each col or signal,

and ns f.or i ng a cal cul.ation operation on ..
t he "6S ?nafgg f??é %%P%%%pd%en?p%ﬁ§f%qua?runﬁ%%rnﬁﬁ?mallzed
igiguratdd vedneel coutthichenestahhted fdifckeenconpoiiard with

ertrE{ zpect to each.coHpr signal. 17. An inage
BIRKUp Jevirce EBMPFi 31HY 'an XY addressing type i mage
pi ckepnel efent , egeanst oy iJunﬁlidﬁhﬂﬂﬁdbdpﬂﬂeﬁanCErom the
signal and color sjgnals of colors, neans for
TR PRGCGaLR 6F 12 TUREnCe SPGRaFoLRt i Itdiornd
si gnahnof eRch peolfoiming an idyuli-Aage SbEeddsioM thn the
respect, to each horizontal |ine of said |um nance
eiigdiedantt 1gsth E81BPRYt ignahdt NilsughBEYE a 18308t | BHITFL  to

cdrdm egu@l the Astihapegr finakePne-MYJdreent ali Pertthect to
the color signal and the |um nance signal being
eastht sicded BYy9Iphbt ogr aphi ng a subject through the XY

addr gssi g9 iR IJTRGGLPHEKYR. e&&msmagans for

normel i zing the integrated value or a i fference
val ae Petagressiadi hvegr dneek \wiladlkew efleadpacent

[ Shiln ! gk LTSI ERREELS! 00 < conen
sigoertal pZzedolami,egrated val ue or the normalized
dif$§1%§C§o¥aEH§e$4£€Hng each of a luminance signal and a

color signal of each color, as an input image signal, with
respect to each horizontal line of said luminance signal and
each color signal throughout a duration of time equal to or
longer than one horizontal period, the color signal and the
luminance signal being obtained by photographing a subject
through the XY addressing type image pickup element,

means for normalizing the integrated wvalue or a
difference value between the integrated values of adjacent
fields or adjacent frames with respect to each color signal,

means for extracting a spectrum of the normalized
integrated value or the normalized difference value with
respect to each color signal,

means for estimating a flicker component from the
extracted spectrum with respect to each color signal, and
means for performing a calculation operation on the
estimated flicker component and the input image signal to

cancel out the estimated flicker component with respect to

each color signal.
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respect to each color signal, neans for estimating a
flicker conmponent fromthe extracted spectrumwth
respect to each color signal, and neans for

performng a cal cul ati on operation on the estinmated
flicker conponent and the input inmge signal to

cancel out the estimated flicker conponent with

respect to each color signal. 81 S03P1324 18. The

i mage pickup device according to one of clains 15 to
17, wherein the normalizing_neans divides the

di fference val ue by the aVePégé val ue of the

integrated values of a plurality of consecutive S03P1324
fields or consecutive 5 franmes. 19. The image pickup
devit® adber dragetpiohir clewicsi ascot8ing U¥ onsherfeichains
1%h§ nggnalizin neans divjdes the difference value by

he aver PETFAPuEDST PR} it idt Aea@s Garvides ofhay
' f..consecutive fields or cansecutive 10

aPEELAACS M BIBT RS Lot MatiienGa ThF b T sk
vEBols tdMG quat-bent 89-¢Jﬁ§éd%¥¥¥% %LQEH GeViSifsecutive
according to one o¥ claims 15 to %, erein the
framem) i zi ng neans divides the difference value by the
Integrated value. 15 21. The image pickup device
accdrdi nghe oimangpe (ficdhad REvith bocdrdindedeichet BE claims

spectrum extracting neans Fourier transforms the
1 orrell -z @ e pi B gERE erbxed g img meenpodial dedhe

.d£¥§ference al ue

erence value by the average value of the integrated
values of a plurality of consecutive fields or cdnsecutive
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 normalizing means divides the
difference value by the integratea value.

21. The image pickup device according to one of claims
15 to 17, wherein the spectrum extracting means Fourier
transforms the normalized integrated value or the normalized
difference value.

22. The image pickup device according to one of claims
15 to 17} comprising means for determining whether a level
qf 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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22. The image pickup device according to one of clains
20 15 to 17, conprising neans for determ ni ng whet her

a level of the input imge signal falls within a
saturation region, and outputting the input inmage
signal as is as an output inmage signal if it is

determ ned that the level of the input inmge signha
falls within the saturation region. 25 23. The inage

pi ckup device according to one of clainms - 82

SO03P1324 15 to 17, conprising nmeans for determ ning,
based on a level of the §p%%t?un1extracted by the
spectrum extracting means, whether the input inagg3Fl324
signal is fromunder the illum nation of the

13| vorkbc avmpiraapng ancawst fun detgrinheify i rpaged mage level
gL&ggl as is as an output inmage signal if it is
CHettF MAREF T Rab*ERRCFIDRY ithegEPSFERAT $xtrfsttimdomeans,

nder_the .illumnation of the fluorescent |anp. 24.
W#%% el'rrrﬁ:g‘éa F@Eﬁp”&%@‘? & HEor'di rﬁﬁo’f‘ourb‘%eer g%l ains 15
i 1 Dardiha (PP LESERY Pﬁ?tf!ée d m nj Lot 10
lsubfggi changes great_y:%%%g'g%%?f_%gggggﬂﬁgngﬁﬁégﬁﬁ
ifEBPOReRel 018Aa0PLE afd UL Qin ¥NtBGEI PR fignal if it is
- photographer, and if it is determ ned that™ the
dstdyjreictedc hangeshgraghlty inho@ sshasl pemad Qfond ukBer the
_causing the calculating nmeans to subject to the
1 thdnadtioanodpelirat fomresmensf lampli cker 15 conponent

o diately precedingly estimated by the flicker )
cgzgénen?h%s%m§ﬁﬁi afASVARE 2CFHLRGr teoRpBneRtclaims

1 3 Bt e by.the flicker co nent estinatin neans
st CoRRET Al ST oo ECETEHTS AP ERE FHBu
sUdRLS %hgﬂags 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

shoxrt period 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

photographing condition requires a flicker reduction
operation and if it is determined that the flicker reduction
dperation is unnecessary, outputting the input image signal
as is as an output image signal.'

"26. The image pickup device according to one of claims



25. The image pickup device according to one of clains
20 15 to 17, conprising neans for determ ni ng whet her

a photographing condition requires a flicker

reduction operation and if it is determ ned that the
flicker reduction operation is unnecessary, outputting
the input inmage signal as is as an output inage

signal. 25 26. The i mage pi ckup device according to

one of clains - 83 15 to 1% conpri sing adj usting
means for adjusting the fl tker conponent esti mat ed

by tive LV) ckempeosponenatijuesitdiiieffs TEaRS &disting the

nerating the flicker.co nent to be _subjected to
?Eécg%ﬁcu %ﬁRQ5?n5peFﬁ%?%ﬁgggggﬁhert ttF%PﬁggrinﬁB?ponent
erafeatsirggnalean?7and hgenamgd npi ekepr Upre caaeohdhngtd ve
gne.of clains, .15 to 1 conprising | owpass filter
A8 205 LA e T T T LR Tty o i e i the
phase detge efighde. flicker conponent estimated by the
flicker conmponent estimating neans, and generating

the flicker conponent to be subjected to the
cal cavat ibr dpegat porkipgethies wetbrdihe itepvhei 8BOELaims

i gnal ..28. The.imge. pi ckup devjce according to._claim
3708 Ahor COTREL ST abe” HERTs TOI"&h g9 tHer adjusting
anliift vaei gat @aeandant heniipi 4l abhphaseaadat ar agdjeustetbker

ow pass._ fi,lter nd neans for

by the ans, . . .

%ﬁg%ng?#nﬁit e R, Eggpo ieﬁb b LtitecfREH Y119
rchescabodl gtiamtdper ahboilLoget hegmpainkhtt B bénpuiected
domage $.9nah using, the stored applitudg data and the e

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 to the calculation operation together with the
input image signal using the stored amplitude data and the
stored initial phase data if a predetermined condition is

detected.

29. A flicker reduction circuit for reducing a
fluorescent light flicker component in a video signal or a
luminance signal obtained by photographing a subject through

an XY addressing type image pickup element under an




stored initial phase data if a predeterm ned condition
is detected. 29. A flicker reduction circuit for
reducing a fluorescent light flicker conponent in a
video signal or a |um nance signal obtained by
phot ogr aphi ng a subject through an XY addressing type

i mge pickup el enent under an 84 illumnation of a
fluorescent | anp, conprising: neans for inputting
col or signal or |um nance signal, neans for

integrating the col or sigﬁaﬁ or the |um nance signal,

as an input inmage signal, with respect to each

hgrizontal line of said | um nance signal or each col or

g éHﬁfna‘iW’oﬁghauFlﬁomﬁ%ﬂtoﬁa%?r t5MPEGEAF  to or

| ongefeahbBafo ®NEnp t@ihg0Bs Bdr REIMNAA, oPBBRE HBlce signal,
normalizing the integrated value_ or a  difference )

val udBBtweBh tRESIItedrattbd vaPU8E BFI%RY dfenthe luminance
tighas, oasadpaceitipdtr amRsg th gnaspechidd @a6Pe€P! Mo each

i gphal , ns for. extracting a spectrum of the .
RGP HaTAdd PR 8dr ftd VAMGETGE PREDAbr Yal §3dy color signal

dhtbegente yabuearidh or espréet choatach o orosddNathan one
ans for estimating a flicker conponent fromthe

ggf?%ﬁﬂ?ﬁ} 8FELPTum with respect to each col or signal,

and maeass fter peckAEM Nhy Ceh&ul ahi Q- LRGN AlYLMON or  a

éh estinatggH%Jigker conPonept and the input image _.
%{%ﬁﬁeqﬂﬁ Eaittel POt Fhet RSt FRBEER T cketionpbnéfdacent
fidluy espeatatont 6aChegOkOfh StdiiRlct 80. edel |dLKBY signal,
reduction circuit for reducing a ,

means for extracting a “spectrum of the normalized
integrated value or the normalized difference value with
respect to each color signal,

means for estimating a £flicker component from the
extracted spectrum with respect to each color signal, and

means for performing a calculation operation on the
estimated flicker component and the input image signal to
cancel out the estimated flicker component with respect to
each coler signal.

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 illumination of
a fluorescent lawp, comprising:

means for inputting color signals of colors,

means for integrating the cclor signal of each color, as
an input image signal, with respect to each horizontal line of
each color signal throughout a duration of time egual to or
longer than one horizontal period,

means for normalizing the integrated value or a difference

value between the integrated wvalues of adjacent fields or

“adjacent frames with respect to each color signal,



fluorescent light flicker conponent in each of color
signals of colors obtai ned by photographi ng a subj ect
through an XY addressing type inmage pickup el ement
under an illumnation of a fluorescent |anp,
conprising: means for inputting color signals of

colors, neans for integrating the color signal of each
color, as an input imge signal, with respect to each
hori zontal Iine of each colgr signal throughout a
duration of tine equal to of Tonger than one

hori zeninal peri ettraeansy f @r Bpécma&dnziagbtm norrﬁalized
i.ntegrated value or a difference  val etween the |
SREERFATEY ValfrosObr Th OSHELF et 40l R T mcR e with
freapest Wid kedcdspetbrtoigaah) col or signal, 85 neans

for extracting a spectrum of e nornmalized
ot ediarig of SRR Al | Set i FPRPNEE vAFgR the

et hact@s peeictomeacth eelspecsi gnadacH®ansrf fgnal, and
estimating flicker conponent from.the extracted
spectFIHP W tH rRSPEH™ P8 Each LG &P griEcr34Ag" mBanse
et iperddr filingea cahpuhaht oAndpenat iopuoOnihdgs signal to

timted flicker t and the input i i gnal
FE*=Chrtdl iRt Gid "BSPR et HERT] | CREPTEGpUREA TRRTF L tO

cespesildro sigagh. col or signal. 31. A flicker reduction

circui,t for_reducing a fluorescent |ight flicker
gt 12" ST St e O e Shepe o
tolafesslegnalsgf €0l sy, hipaheed by <pbrt 6gr aphiungnance

SHBlSctaffguon 89 XY a0casaing e Lymge plokup.
photographing a subject through an XY addressing type image
pickup element under an illumination of a fluorescent lamp,
comprising:

means for inputting both luminance signal and color
signals of colors,

means for integrating each of the luminance signal and
the color signal of each color, as an input image signal,
with respect to each horizontal line of said luminance
signal and each color signal throughcout a duration of time
equal to or longer than one horizontal period,

means for normalizing the integrated wvalue or a
difference value between the integrated values of adjacent
fields or adjaqent frames with respect to each color
signal,

means for extracting a spectrum of the normalized
integrated wvalue or the normalized difference value with
respect to each color signal,

means for estimating a flicker component from the
extracted spectrum with respect to each color signal, and

means for performing a calculation operation on the



conprising: neans for inputting both |um nance signa
and color signals of colors, neans for integrating
each of the |um nance signal and the color signal of
each color, as an input inage signal, wth respect to
each horizontal |ine of said |umnance signal and

each col or signal throughout a duration of tinme equa
to or longer than one horizontal period, neans for
normal i zing the integrated value or a difference

val ue between the integrét@é val ues of adjacent
efsiteindlse@r faﬂd;]aizemoﬁproaxrms \sinidh dhes piegiutt qfn%@ﬁh Lehan to
signal, peans for, extracting a spectrum of, the

RBPRRl PBa o ne SR el GEogr CORECTS maft Jegrespect to
edichf esBcesivakiie with respect to each col or signal
means_for_estinmating a, flicker conponent fromthe

ext 1381 e EpELt b WFTHP T oOPectl P barh Uo igH digifae, OF
candms neansof 81, pem%ﬂz:crilm n-%ea rc@n@mhaih@nm@@wd hadiﬂme@n the
t, - 86 estimte i cker conmponent and the | nput
dﬂﬁga’ée%‘?egngf&‘f% E’éfantzlf‘eel BT 197 ‘é%}‘ilehand 8 ckigregrated
vaoupenent awpl Br& BSPEGr teonLeachice! GieSdgnat . coBecutliee
flicker reduction circuit according to one of «clains
£58M¢%° 31, wherein the normalizing neans divides the

di f fEyenaievah uekdy tdticavenagervaltica®foddi®y to one of

c#?%ﬁ gg%fg%oxﬁégw%p%%naﬁ%%ﬁégkngigingo£§§§gné£Gides the
difference value by the average wvalue 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 one of
claims 29 to 31, wherein the normalizing means divides the
difference wvalue by the intégrated value.

35. The flicker reduction circuit according to one of
claims 29 to 31, wherein the spectrum extracting means
Fourier transforms the normalized integrated wvalue or the
normalized difference wvalue.

36. The flicker reduction circuit according 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

ocutput image signal if it is determined that the level of



33. The flicker reduction circuit according to one of

clains 29 to 31, wherein the normalizing neans divides

the difference value by the average val ue of the

integrated values of a plurality of consecutive

fields or consecutive franes, and subtracts a

predeterm ned value fromthe resulting quotient. 34.

The flicker reduction circuit according to one of

claims 29 to 31, wherein the normalizing neans divides

the difference value by the8iintegrated value. 35. The

~flicker reduction circuit according to one of clains
29 to 31, wherein the spectrumextracti ng neans

Rour iiewutr amsgorsiirishe rA0L 8% &gt ichkeghah ek M3 Y8 49bn.

the normalized difference value. 36. The flicker

r educBien Big Aliickeccoediaigido dreudt act@tdimg28ot ne of

31, conprising nmeans for determ ning whether a |evel

dla nBﬁpE? hragemprgaang fragdss iioxhdetarsmtingt based on

%Fqgon a?d out putting the input inage signal as is as.
£h 2gtph F*h%gsg’eﬁtg | S¥Fr3¢ied hyetBenfpeattyhextacting
I l. o [ t.image signal falls withjn the
oRHs o PBned e DRYLe RES MR 18 qheeT oindar: ey

| 3000hehREi &P NGRS L L3 L s n G OORE LS (1 ns

for deterhining, bagégbgﬁgagagéﬁé ’o?ngh% %ﬁé;ﬁ%%gg?ge

dxpuactragdys ighalSpech § ums ext rAfipuRy imaf&éms%iigidmeti&e&t is
[

the i nput image signal is fromunder the um nation
Getennifediortedcehe Lappt amcboutipnbtii Dg dde FidrPuhder the
i.mage . signal as is as an output image signal if it is
d‘étlE’F‘i’TPﬂ%bort 4t thRefilnpresterdgdasipgnal is not from
underBéheThe flicker reduction circuit according to 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 coﬁponent estimated by the -
flicker component estimating means based on an immediately
prior signal, and the input image signal.

39. The flicker reduction circuit according to one of
claims 29 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



illumnation of the fluorescent |anp. 38. The flicker
reduction circuit according to one of <clains 29 to
31, conprising means, under the control of externa
means, for causing the cal culating neans to perform
the cal cul ati on operation on one of the flicker
conponent immedi ately precedingly estimted by the
flicker conmponent estimating neans and the flicker
conmponent estimated by the flicker conponent
estimati ng neans based on ap_i nmedi ately prior
signal, and the input ina@eggiﬁnal. 39. The flicker
reduction circuit according to one of claims 29 $§3F1324
31, conprising means for outputting the input image
egtgratl Reqns agngntbat pepv nepgssisggaklunder the
control of external neans. 40. The flicker reduction
circuit according to one of clains 29 to 31,
conprising nmeans for performng the calculation
operation on the flicker conponent, estimated by the
flicker conponent estimating neans and adj usted by -
88 S03P1324 external neans, and the input image

si gnal . ' '



