DESCRI PTI ON  NO SE REDUCI NG DEVI CE AND NO SE REDUCI NG METHOD TECHNI CAL

FI ELD The present invention relates to a noise reducing device, a noise
reduci ng nethod and the |ike used for video apparatuses such as television
sets and video cassette recorders. BACKGROUND ART A noi se reduci ng device
for achieving high image quality in video apparatuses will be descri bed.
Exanpl es of the noise reducing device include a two-dinmensional noise
reduci ng device reducing noise based on a signal in the sane field or

frame and a three-dinensional noisey j evi ce obtaining a signal
di fference between fields or franesq%y§€§fﬁg$b§ menory or the |I|ike and
reduci ng noi se based on the difference (for exanple, see Japanese

- Lai d- Open Pat ent Application No. HO3- 79L68) First, the operation of a

conventionahuhhﬁeqﬁﬁ; \ ﬁgﬁﬁ pikdp Priefly be
described. FIG 9 shows an exanﬁ? I@? structure of an 1mage formng
appar at us havi ng- t he conventi onal three drnensronal noi se reduci ng devi ce.
In FIG 9, reference nuneral 101 represents a solid-state inmge sensing

devi ce (hereimafii@iar, E&fEyed to as CCD) .. converting incident |ight
into an el ectric video signal, reference nuneral 102 represents an

aut omatic gain combEah, o AL iRt BT £81 L rEDYELNAIE rohBEEREGL QRS ACC

circuit)
a'noise.réducingrhethod;and the like used for video apparatuses

such as television sets and video cassette recorders.

BACKGROUND ART

A noise reducing device for aChieving‘high.image quality
in video apparatuses will be described. Exaﬁples of the noise
reducing device include a two-dimensional noise reducing device
reducing noise based on a signal in the same field or frame and
a three-diménsional noise reducing device obtaining a signal
difference between fields or frames by use of a memory or the
like and reducing noise based on the diffefepce (for example,
see 5apanese Laid-Open Patent Application No. H03-739168} .

First, the operation of a conventional threehdimensioﬁal
noise reducing device will briefly be described.

FIG. 9 shows an exampte ef the structure of an image

. forming apﬁaratue-having the conventional three—-dimensional

noise reducing device. |

In FIG. 9, reference numeral 101 represents a solid-state

image sensing device (hereinafter, referred to as CCD)



performng anplification so that the output signal |level is naintained
const ant even when the output signal fromthe CCD 101 is changed,

ref erence nuneral 103 represents an anal og-to-digital converter
(hereinafter, referred to as AAD converter) converting the anal og vi deo
signal fromthe AGC circuit 102 into a digital video signal, reference
nunmeral- 104 represents a subtracter performng on two input signals
subtraction of one input signal fromthe other input signal, reference
nuner al | L0ScRRREERENLS Ac egggknfﬁggergﬁees 05qEERYit {, yRgEbocTiagnonl i near

processi ng on t e ou tracter -erence nu
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converter) converting the analog video signal' from the AGC
circuit 102 into a digital video signal, reference numeral 104
represents a subtracter performing on two input signals
subtraction of one input signal from the other input signal,
reference numeral 105 represents a nonlinear processing circuit
performing nonlinear processing on the outputfof the subtracter
104, reference numeral 106 represents a subtracter subtracting
the output of the nonlinear processing circuit 105 from the
output signal of the A/D converter 103 for outputting a video
signal S0, reference numeral 107 représents a field memory
outputting the output video signal S0 to the subtracter 104 as
a r_eference signal delayed by one field, and reference numeral
108 represents a nonlinear processing control circuit changing
the characteristic of the nonlinear processing circuit 105 in
accordance with the factor of amplification of the AGC circuit
102.

The operation of the conventional three-dimensional

noise reducing device having the above-described structure will



is not less than a predetermned level, the signal is not anplified and is
outputted with the factor of anplification being 1. In a case where the

| evel of the input signal is not nore than the predeterm ned |evel, the
signal is anplified with an increased factor of anplification so that the
signal is of the predeterm ned |evel. Then, the output signal of the ACC
circuit 102 is converted into a digital video signal by the A/D converter
103. The video signal converted into a digital signal by the A/ D converter
103 is inpugte 1o L edsubtracter 104, undergoes the subtraction with the
out put signaF Fothe Fiel d menory 107, and is outputted as a difference

sional. Since theyguipute Sianal. o jthe T Leld pemn 107 L Sunlane i oh
that i stabhBRy o rRELGI Y S anar e M THOCPP HAGE F STEUDTARCTAFY t he
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an increased factor of amplificatioh so that the signal is of
the predetermined level.
Then, the output signal of the AGC circuit 102 is converted
into a digital video signal by the A/D converter 103.
The video signal converted into a digital signal by the
A/D converter 103 is inputted to the subtracter 104, undergoes
the subtraction with the output signal of the field memory 107,
and is outputted as a difference signal. Sirice the output signal
of the field memory 107 is a signal which is an |
already-noise-reduced output video signal SO delayed by one
field, when the video signal is representative of an object of
image formation that is stationary, thé video signals cof the
fields are substantially the same. Therefore, hardly any video
signals are includéd in the difference signal, and only noise
components are extracted. |
Therefore, by subtracting the output signal of the

subtracter 104 from the output signal of the A/D converter 103

by the subtracter 106, a noise-reduced new output video signal



In a noving i mage where the object of inmage formation is noving, since the
video signals of the fields are different from one another, a |arge nunber
of wvideo signhals are included in the difference signal. Therefore, if the
difference signal is subtracted as it is, although noise is reduced in the
out put video signal SO the imge signal of the immed ately preceding
field is added at the sane tine, so that after-imge degradation is caused
in the imge plane. This defect is handled as foll ows: Based on a

statistical r easor ard.ations with,ti of the anplitude of, noi.se are
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subtracted as it is, although noise is reduced in the output
video signal S0, the image signal of the immediately preceding
field is added at the same time, so that after—-image degradation
is c¢caused in the image plane.

This defect is handled as follows: Based on a statistical
reason that variations with time of the amplitude of noise are
generally smaller than those of video signals, regarding a part
of the difference signal with a large amplitude as a video signal
and a part thereof with a small amplitude as noise, only the
pért with thé small amplitude is extracted by the nonlinear
processing circuit 105. With a signal that is the extracted part
with the small amplitude as the difference signal, the
difference signal is subtracted from the A/D converted video
signal by the subtracter 106, whereby a video signal SO where
noisehaSh@énreducedwithoutanyafter—imagecanlxaoutputted.

FIG. 10 is a view showing an example of the characteristic

of the nonlinear procéessing circuit 105. The horizontal axis

represents the input of the nonlinear processing circuit 105,



When the absol ute value of the input |evel of the nonlinear processing
circuit that is the level of the output of the subtracter 104 is not nore
than a, regarding the output of the subtracter 104 as being substantially
all a noise signal, a signal having a magnitude of Kx (K<l, x is the input
of the nonlinear processing circuit and Ixj < a) and whose level is
reduced by a multiplication by the characteristic paraneter K is outputted
as the difference signal. Wen the absol ute value of the input signal |evel

of the nonkhAeRheP{AEESSLATaLELCULL LSNPL 1188So L0 aandd€ss, thang 2a,
t he out put of the subtracter 104 i1 ncludes both noise and video signals.

Ther ef or e, éﬁgaEHEQQCEE%i%%EEOp%%g&@%e éd%ﬂarﬁhqg@h%gﬁgkQQQ%eaSing as the

| evel increases, the output is uced with Kas t oportionality

const ant aschggaggéﬁggkgcivalue of the input signal |evel approaches froma
to 2a, and a signal of the absolute value of a |level close to zero is

outputted as the gLl asenoe. 519nal,.1 el the Alaal YEECY e, 0ok ] Lapu!

| evel of the nonlinear processing Circu regardi ng

the output gfotbe, st LacLes :104.g betng ;aLLacvi dga stanal. JEhe,gut put

to the subtracter 'S no cordi ng to this nonlinear processing

charact er| Stie2ac Lol shere Lhe-abssl ufe valug ol the Signal deyel of

the 5 input o e nonlinear procéssing Circ out put” of
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a signal reduced by the nonlinear “processing in
signal having a magnitude of K*x (K<1, x is the input of the
nonlinear processing circuit and lxl;éaj and whose level is
reduced by a multiplication by the characteristic parameter K
is outputted as the difference signal.

When the absolute value of the input signal level of the
nonlinear processing circudit is not less than a and less than
2a, the output of the subtracter 104 includes both noise and
video signals. Therefore, regarding the ratio of the video
signals as increasing as the level increases, the output is
reduced with K as the proportioﬁality constant as thelébsolute
valueYOf the input signal level approaches from a to 2a, and
la signal of the absolute value of a level close to zero is
outputted as the difference signal. When the absolute value of
rthe input level of the nonlinear processing circuit is not less
than 2a, regarding the output of the subtracter 104 as being
all a video signal, the output to the subtr’actér 106 is not made.

According to this nonlinear processing characteristic,

f”a signal where the absolute value of the signal level of the



accordance with the signal level is outputted to the subtracter 106 as the
difference signal, so that noise can be reduced while after-imge
degradation is suppressed. The entire disclosure of the above-described

. Japanese Lai d- Open Patent Application No. H03-79168 are incorporated
herein by citation (reference) inits entirety. Wen the quantity of the

| ight incident on the CCD 101 decreases to reduce the |evel of the output
video signal from the CCD 101, since the noise level is constant
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circuit 102@f|{héx%bove cf%g fgéd Japanese Lald—Open Patent Application
No. H03-79168 are incorporated herein by citation (reference)
in its entirety.
When the quantity of the light incident on the CCD 101
decreases to redﬁce the level of the output video signél from
the CCD 161, since the noise level is constant irrespective of
the output signal level, the S/N ratio deteriorates.. When the
level is further réduced.to a level lower than a predetermined
level, the AGC circuit 102 amplifies the input signal so that
the predetermiﬁed level is maintained. However, since bpth the
signal and noise are amplified with the sameé factor of
amplification with the $/N ratiobeing degraded, thé noise level
increases.
On the other hand, the nonlinear processing control
circuit-lOS changes the characteristic of the nonlinear
- processing circuit in accordance with the factor of
amplification of the.AGC circuit 102, Spegificallyy by setting
- the value of the characteristic parameter a to a high value,

the level of the signal regarded as noise is increased. By doing



However, in the output of the subtracter 105, it is inpossible to

di stingui sh by the nmagnitude of the anplitude between the video signal
intrinsically having a predeterm ned anplitude and the noi se whose | evel
is increased by the anplification. Therefore, when the value of the
characteristic paraneter a is set to a high value in accordance with the
anplified noise level, the video signal which is intrinsically necessary
is reduced together with noise by the nonlinear processing circuit 105.

Consequent | yy ;s £ he, out put o of £ ey, nopl %ﬂsgdggOtﬁSﬁhgggggésugt %9? j gl udes

a large nunber of video signals in't menor at t
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when it is necessary to a the vi |gna |f|er
circuit 102 begayse.fhe Ievel of t he output vi deo S|gnal frontthe CCD 101

is reduced, since noise is largely anplified conpared to the video signal,
it is difficult (SN ]j or;m r]%eseodiggmyagfv%ﬁg g@g@%ﬁ{% %5\5 of, after-inage
degradation by the non i'near processing circuit stanU|shes
bet ween ”0' %’c# d&ahséi T?i?r??e&d x?é‘ Ei@&&étéf% e?xﬁ%fu%%
vari ations WI e a I’lOI e are smal oSe of
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amplification. Therefore, when the value of the characteristic
parameter a is set to a high value in accordance with the
amplified noise level, the video signal‘whiéh.is intrinsically
necessary is reduceéed together with noise by the nonlinear
processing circuit 105. Consequently, the ocutput of the
nonlinear processing circuit 105 includes a large number of
video sigrnals in the field.mémory 107, so that the after-image
degradation in the output video signal SO increases:
That is, when it is necessary to amplify the video signal
. by the AGC amplifier circuit 102 because the level of the output
video signal from the CCD 101 is rediuced, since noise is largely
amplified compared to the video signal, it is difficult to
perform noise removal with consideration of after-image
degradation by the nonlinear processing circuit 105 that
distinguishes between noise and the video signal bascéd on a
statistical reason that variations with time of the amplitude -

of noise are smaller than those of vidéeo signals.



which noise is efficiently reduced and the generation of after-inmage
degradation is snmall even when the S/INratio of the video signal is
degraded and it is necessary to anplify the video signal. A first aspect
of the invention relates to a noise reducing device conprising: anplifying
means of anplifying a video signal; video signal |evel reducing neans of
splitting the video signal anplified by the anplifying neans into a
plurality of bands in accordance with a spatial frequency thereof,
reducing a_level of a higher frgﬁuency conponent of the video signal based
on a conpar PSohlBEVRBeRY al ¥V FET 1eNar act eri stic parameter based on an
factor of anplification of the a Iif%igg}nean nd the evelng t he

S
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conponent and a copponent of _anot her band.mﬁ%h ﬁach theri difgggggcg
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out put of the, video signal reducing ,neans, and a predeterm ned reference
si gnal ; di fre+BRCERIGRA IPBYER - e a&Fﬁ&%ﬂﬂﬁﬁ?%ﬁ£F§8ﬁé?ﬁg%QeQVEV% 1§ t he
di fference sjgnal based on a_conparison he he | evel ,of th
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subtract i ng geans, of eubtract ing an outpy of (he. ol @)fnee.s) apaknbevel

videosignalisdegradedandjj:isnecéssary1x>amplifythevideo
signali |

Afirstaspectoftheinventionrelatestx>anoisereducing
device comprising:

amplifying means of amblifying a video signal;

video signal level reducing means of splitting the video
signal amplified by the amplifying means into a plurality of
bands in accordance with a spatial frequency thereof, reducing
a level of a highér frequency component of the video signal based
on-a comparison between a first characteristic parameter based
on-an factor of amplification of the amplifying means and the
lievel of the ﬂigher frequency component, and synthesizing the
reduced higher frequency component and a component of another
band with Qach other;

difference signal extracting means of extracting a
différencesignalbétweenanoutputofthevideosignalreducing
means and a predetérmined reference signal;

difference signal lével reducing mearis of reducing a

level of the difference signal based on a comparison between



wherein an output of the subtracting neans is outputted as the video signal
whose noi se has been reduced, and is used as a new reference signal.
Moreover, a second aspect of the invention relates to a noise reducing
devi ce conprising: anmplifying nmeans of anplifying a video signal

di fference signal extracting neans of extracting a difference signal

bet ween an out put of the anplifying nmeans and a predeterm ned reference
signal; difference signal |evel reducing nmeans of reducing a |evel of the

di fference signal; and subtracting neans, of subtracting an output of the
i tforonce si gL aGePts BRRiAIg SHERte PLORRE Y PIRECAPEREI ISP an
out put of the subtracting neans is outputted as the video signal whose

noi se has beeéMFEfI&Ed S AfdPPLafeEqT a8nd new ref erence signal, and wherein

the difference signag | evel, reduci ng- neans %ﬁéils the differ ncE si gnal
into a plurality ofUB4RAStEAYaBEBRBanEteSUNFE ?%ﬁg§ﬁhFW£pu¢r8%uE Ty

t hereof, reduces for each of the _bands a |level of a higher,freguenc¥
signal of théIfTFTENCeys bFna Y| fTesteAEEUSL AN BadeP RS FHtRArT-9bAL -
between a level of the (9 -0 difference signal and a Eredeternined third
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the split bands, together to qbtain the output. Mreover, a thjrd asg&ct of
t he inventioﬁsrapﬁt ﬁq)qqqyal whose noise has been reduced, and is us

as a new reference signal.
Moreover, a second aspect of the invention relates to a
noise reducing device comprising:
amplifying means of amplifying a video signal;
difference signal extracting means of extracting a
difference signal betweén an output of the amplifying means and
a predetermined reference signal;
difference signal level reducing means of reducing a
level of the difference signal; and
subtracting means of subtracting an output of the
difference signal level reducing means from the video signal,
wherein an output of the subtracting means is outputted
aé the video signal whose noise has been reduced, and is used
as a new reference signal, and
whereinthedifferencesignallevelreducingnwanssplits
the difference signal into a plurality of bands in accordance
with the spatial frequency thereof, reduces for each of the
bands a level of a higher frequency signal of the plurality of

difference signals based on a comparison between a level of the



noi se reduci ng device according the first aspect of the invention, wherein
the first characteristic paraneter of the video signal |evel reducing
means varies in accordance with the factor of anplification of the
anplifying neans. Myreover; a fourth aspect of the invention relates to the
noi se reduci ng device according to any one of the first to the third
aspects of the invention, wherein the second or the third characteristic
paranmeters of the difference signal |evel reducing nmeans varies in

accordance ﬁﬁ&@e&@%c@aEHBEananangl“géﬁgEéyﬁfﬁééiﬁﬁi I fayiong reans .. |

Moreover, a fifth aspect "of the invention relates to the noise reducing
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factor of amplification of the amplifyihg means.

More@ver’,— a fourth aspect of the invention relates to the
no.is'e reducihg device according to any one of the first to the
third aspécts of the invention, wherein the second or the third
characteristic.parameters of the difference signal level
reducing means vqries in accordance with the factor of
amplification of the amplifying means.

Moreover, a fifth aspect of the invéntion relates to the
noigse reducing device according to the fourth aspect of the
invention,; wherein when the factor of amplification of the
amplifying means 1s not more than a predetermined value, the
second characteristic parameter of the difference signal level
reducing means is maintained fixed, and the first
characteristic parameter of the video signal level reducing
medns 1s increased, and

Wherein when the factor of amplification is higher than.
the predetermined value, the first characteristic pérameter of

the video signal level reducing means is maintained fixed, and



i nvention, wherein when the factor of anplification of the anplifying
nmeans is not nore than a predeterm ned value, the first characteristic
paranmeter of the video signal |level reducing nmeans is naintained fixed,
and'the second characteristic parameter of the difference signal |evel
reduci ng neans is increased, and wherein when the factor of anmplification
is higher than the predeterm ned value, the second characteristic
paranmeter of the difference signal |evel reducing neans i s naintained

fixed, and tfig fddinf RMAGRES WG PRI O £ *&ﬁev&gffeﬁ%&?ﬁ%/jé#ﬁé(f'

reduci ng neans is increased. Mreover, a seventh aspect o tron
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aspect of tR€yst characteristic parameter of the video signal level
reducing means is maintained fixed, and the second
characteristic parameter of the difference signal level
reducing means is increased, and

whereéin when the factor of amplification is higher than
the predeéetermined valué, the secohd characteristic parameter
of the difference signal level reducing means is maintained
fixed, and the first characteristic parameter of the videb
signal level reducing means is increased.

Moreover, a seventh aspect of the invention rélates to
the noise reducing device according to the first aspect of the
invention, wherein the vided signal level reducing means
comprigses:

a plurality of filters including a low pass filter and
a high pass filter and frequency-dividing the video signal;

a coring circuit receiving an output from the high pass
filter, cutting the output when a level of the output is not
more than the first chaiacteristic:parameter, and reducing the

level when the level is higher than the first parameter; and



i nvention, wherein the video signal |evel reducing neans conprises: a
plurality of band pass filters frequency-dividing the video signal; a
-coring circuit receiving an output of, of the plurality of band pass
filters, a band pass filter whose pass band is a high frequency region,
cutting the output when a level of the output is not nore than the first
characteristic paraneter, and -reducing the |evel when the |evel is higher
than the first paraneter; and synthesizing neans of synthesizing an out put

f, of the pluraljty.of band filt a_band filt
band 1 5. a1 ow 11 oG gt Oh P ARG "R ot BERSOF - {HE LoAHg™t PEurke Wih

each other. Moreov a ninth aspect of the i.nvention,relates to the noise
Faduci ng. el SLEGPEHE 8 PhEbCeodnth e P L R T ERGR TGl
[ilters froquency Bevraing PRecYPRED “SPBRA STaprurs/Pey et TEVEIeT ddtci ng
nmeans reduc%n% aoLeveI f .12, an output of each of the plurality of
filters based oh ésecﬁﬁ'%%??‘%%rfiwjt% AREXFrG _Efﬁa?%%t % iaépﬁﬁlta%jt@re of
gﬁtcgu?f of t Pﬁgkr%\ﬁ%lio%e,dlﬂlv Ier}% irlrﬁ.eatrl!l%; v%_%%os ysr}:[gr}leasll leerlge lrreraertldsu csi)g(];} r11neesa{nzsl ng an
comprises:
a plurality of band pass filters freqguency-dividing the
video signal; -
a coring circuit receiving an output of, of the plurality
of band pass filters, a band pass filter whose pass band is a
high frequency région, cuttirig the output when a level of the
outputais not more than the first characteristic parameter, and
reducing thlie level when the level is highér than the first
parameter; and
synthesizing means of synthesizing an output of, of the
plurality of band pass filters, a band pass filter whose pass
band is a low frequency region and an output of the coring circuit
with each other. |
Moreover, a ninth aspect of the invention relates to the
noise reducing device according to the second aspect of the
invention wherein the difference signal level reéducing means
comprises:
a plurality of filters frequency-dividing the video
signal;

a plurality of level reducing means reducing a level of
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plurality of |evel reducing neans, wherein values of the third
characteristic paraneters of the plurality of |evel reducing neans are

hi gher as pass bands of the plurality of filters to which the
correspondi ng ones of the plurality of |evel reducing neans are connected
are higher. Mreover, a tenth aspect of the invention relates to the noise
reduci ng devi ce according to the ninth aspect of the invention wherein the
plurality of filters are band pass filters having different pass bands.

Mor eover, a I pect, of - the inventi r e Q

reduci ng de\%rgeO%\éT%]{ eoafzien%%h aésfpe%\?e oé]lf‘ﬂaeh?p e(% ?%:hfté Sérﬁeil]%c?hdeégﬁ urality
of filters i a f d hij s fli r. e a
twel fth aspeéclf%llpt)Jafdfejtﬁfloerl %\#\Fgln? ?lgnjdrﬁéggt%{s]art-aocat% lgbhtrlil.(;(?}eaJraenl b%rnayg%%l?%egf
according tq,the fjirst_or the second _aspects of the invention, wherein the
vi deo signaﬁjrgi%nﬁhtﬁ§ eV )ﬁ%ﬁ%iffﬁ%fd or n-th horizontal period (nis

a natural nunber n%%d t.he di fference %%'nal.corresgpqﬁkﬁgc&o&%n mth

vi deo signal that LS |ﬁ5&f€€§'ﬁ?agﬁiéﬁﬁe S¢Z&§9hﬁréslf € pre ter mi ned

reference signal i |, obt-ained at |east based on an (m1)-th video
si gnal thatQig%%%%ltgﬁé%ﬁyeﬁmﬁ%%ﬁﬁg¥lgﬁﬁ%%%eenth aspect of the invention

Govi co. accor di ng PHCARyToka P8RS Che e i 0 SV pRe g T CoepseTa Lt e
i nvention; %%% plurality of level reducing means are higher as pass bands
of the plurélity'of filters to which the corresponding ones of
the plurality of level reducing means are connected are higher.

Moreover, a tenth aspect of the invention relates to the
noise reduc¢ing device according to the ninth aspect of the
invention wherein the plurality of filters are band pass filters
having different pass bands.

Moreover, an eleventh aspect of the invention relates to
“the noise reducing device of thé ninth aspect ¢f the inveéntion
wherein the plurality of filters include a low pass filter and
a high pass filter.

Moreover, a twelfth aspect of the invention relates to
the noise reducing device according to the first or the second
aspects of the invention, wherein the video signal is inputted
every n-th field or n-th horizontal period (n is a natutral
number), and the difference signal corresponding to an m-th
video signal that is inputted is obtained by using as the
predeterminedreferences}gnalaisignalobtainedatleastbaSed

on an (m-1)-th video signal that is inputted.



i mge form ng neans of imaging an object and obtaining a video signal.
Moreover, a fourteenth el eventh aspect of the invention relates toa noise
reduci ng net hod conprising: an anplifying step of anplifying a video
signal; a video signal |evel reducing step of splitting the video signal
anplified by the anplifying step into a plurality of bands in accordance
with a spatial frequency thereof, reducing a level of a higher frequency
conponent of the video signal based on a conparison between a first
characteristic paranmeter based, on an factor of angliticat'on of ihe
anplifying step AMFIFVET 1 &véPigitagidmicghec™ Péql ﬁc§n383%638nf? Ang®

synt hesi zi ng the  reduced hjgher frequency conponpent and a conponent of
anot her  bael. 3 t a2 it GiHetd 2RPHT# Ff eReBPRT AT extracting step of
extracting a difference signal between an output of the vidgo signal
reducing step afd'enptedEESMAIREIIrEL ef S5CETSiIgRaTC 2RYATHT BF éméel 5 Yhal

| evel reducing step of reducing a |evel of the difference signal based on
a conpar | sofP bEtweeirl ftHe aRRFt oot Heni FHerRht i Al and a
predeterm ned second characteristic paranmeter; and 14 a sybtracting step.
of subtracting adTB@pFCrBinhaeagist Pér dH¢g18PgRRI OPeGer ?Eau%??ﬁﬁ%% from
the video signal, wherein an output of the subtracting step is outputte

as the vi ded &idfifalsifvs'e noi se has been reduced, and is used :

Moreover, a fourteenth eleventh aspect of the invention
relates to . a noise reducing method comprising:

an aﬁplifying step of amplifying a video signal;

a video signal level reducing step of splitting the video
signdl amplified by the amélifying step into a plurality of
bands in accordance with a spatial frequency thereof; reducing
alevelofeahigherfrequencycomponentof1ju3videosignalbased
on a comparison between a first characteristic parameter based
on an factor of amplification of the amplifying step and the
level of the higher frequency component, and synthesizing the
reduced higher frequency component and a component of another
band with each other;

‘a difference signal extracting step of extracting a
difference signal between an output of the video signal reducing
step and a predétermined reference signal;

a difference signal level reducing step of reducing a
level of the difference sigmnal based on a comparison between
the level of the differeénce signal and a predetermined second

characteristic parameter; and
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as a new reference signal. Mreover, a fifteenth aspect of the invention _
relates to a noise reducing nmethod conprising: an anplifying step of
anplifying a video signal; a difference signal extracting step of
extracting a difference signal between an output of the anplifying step
and a predeterm ned reference signal; a difference signal |evel reducing
step of reducing a |level of the difference signal; and a subtracting step
of subtracting an output of the difference signal |evel reducing step from
the video signal, wherein an output of the subtracting step is outputted
as the video signalavhdsterawiises kaspbedn subdueetingnahn i sutmed cfagh® new |
reference signal, and wherein in the difference signal |evel reducing step,
the differendbfEegmate issigsyplli flevelloradptimal stap diropaniie vhdeactigmtidnce
with the spatial frequency thereof, a level of a higher frequency signal
of the plurality ofwitirfefier enceuspghads the suddueedihgr staphisfoutmitiimeds
based on a conparison between a level of the difference signal and a
pr edet er m neda$ hilred vidbar atdesl sthias pacdmet ba s deter meaded etor ardchs ofsache
bands, and 15 -0 the split bands are conbined together to obtain the
out put. Mrewer naw siefleeenice asdpeefl.of the invention relates to a program
for causing a conputer to function as the followng neans of the noise
reduci ng- devi ce actiordongrt ca diditmebtht dspect of the invention relates to

a noise reducing method comprising:

an amplifying step of amplifying a video signal;
a difference signal extracting step of extracting a
difference signal between an output of the ampilifying step and
a predetermined reference signal;

a difference signal level reducing step of reducing a
level of the difference signal; and

a subtracting step of subtracting an output of the
difference signal level reducing step from the video signal,

wherein an output of the subtracting step is outputted
as the video signal whose noise has been reduced; and is used
as a new reference signal, and

wherein in the difference signal level reducing step, the
difference signal is sp;it into a plurality of bands in
accordance with the spatial frequency thereof, a level of a
higher frequency signal of the pluraiity‘of’difference signais
is reduced for each of the bands based on a comparison between
a level of the difference signal and a predetermined third

characteristic parameter determined for each of the bands, and

- 15 -



anplifying neans of anplifying the video signal; the video signal |eve
reduci ng neans of splitting the video signal anplified by the anplifying
means into a plurality of bands in accordance with the spatial frequency
thereof, reducing the |I|evel of the higher frequency conponent of the video
signal based on the conparison between the first characteristic paraneter
based on the factor of anplification of the anplifying neans and the | evel
of the higher frequency conponent, and synthesizi.ng the reduced hi gher

frequency c onent..and the conmponent of anqother band wi.th each other; the
di fference gﬁ%ﬂSPngngggfiﬁﬁengg I e eﬁgtPhQ%&FFPngﬁcgugfﬁﬁal
between the outpyt of the videg signal reduci means and the

pr edet er ni ned ref§?5ﬁ8¥e§?d%§F5tFﬁ@' FFB?EE&@PgﬁﬁnéPV?Egé?n:?%Hﬂﬁﬁh&oneans
of reducing_the level _of the difference signal_based on the conpparison
between t he® BERPTOT THe TRUTEIRACEOTENGRAl At P hk! PF ettt hithdd O¥dd6nd

characteristic a%?neter; .and the subtracting neans, of subtracting the

output of tHEELFi PFeFRRceC 5Tt et Y hearC It shthd Y idéd sitgnahe

Mor eover, a_se egteenth as ec% of gh invention relates to a_ program of
causi ng a CGWBX% YP8 FGABEI Bh 38Pth YFBQ]6%Fn§ldﬁ8aﬁ§98ﬁlﬁhEhﬁoFg@eO
reduci ng device Ef t he firét aspect of the - 1F invention: anplifying
means of anptPPFing®aeVi GESUSTgRaRSandi PrefBhLELIPGnEl CeXErEEt PRE Aeans of
extracting a differ [ et ween an out put of the, anplifying nmeans

. | i )
and a pred@l® ﬁFh%§q§§F@§@ gglégﬁﬁﬁgfnﬂ???éVE%bé-E%ﬁﬁ%%ngveib%ﬂ'S in

accordance with the spatial frequency thereof, reducing the
level of the higher frequency component of the video signal
based on the comparison between the first characteristic:
parameterbasedcn1thefactOIWJEamplification«xftheanplifying
means and the level of the higher frequehey component, and
- synthesizing the reduced higher frequency component and the
cempon_ent of another band with each other; the difference signal
extracting means ef extracting the difference signal between
the output of the video signal reducing means and the
predetermined reference signal; the difference signal level
reducing means of reducing the level of the difference signal
based on the comparison betﬁeen the level of the difference
signal and the predetermined second characteristic parameter:;
and the subtracting means of subtracting the output of the
difference signal reducing means from the video signal.
- Moreover, a seventeenth aspect of the invention relates
to a program of causing a computer to function as the feollowing

‘means of the noise reducing device of the first aspect of the
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reduci ng neans of reducing a |evel of the difference signal; and
subtracting nmeans of subtracting an output of the difference signal |evel
reduci ng neans fromthe video signal. Mreover, an eighteenth aspect of the
invention relates to a computer-processable recordi ng nmedi um hol di ng the
program according to the sixteenth or the seventeenth aspects of the

i nvention. BRI EF DESCRI PTION OF DRAWNGS FIG 1 is a bl ock diagram show ng
the structure of a noise reducing device according to a first enbodi nent
of the present _invention. .FIG 2 is a block diagram show ng an exanpl e of
the struct aFESEH e i GRPlidadencPrees if GWEdilty 114 Gs&dIPR PHEMPilrst  and
second enboghg%nts of the esent invention. Fig. 3 (a). is a frequency
char act eri stit&LFFERCENDWRG! tEFTFT e MEATEh R Ta T BFFSE1RY 6F dad TEPENSE used
inthe first,and econd enbodi nents qf the present invention. Fig. 3 (b)
is a frequeﬁ&?néﬂaﬁﬁgwgﬁpsﬁpcOVFBﬂﬁsﬁgwﬁﬁﬁ e L ifydgGeREF EnaPEcteri stic of
an HPF 21 used.in the first and second enbodi nents of the present

i nventi on. PTE9eteF@ingd; LeARTPREG FOAPRLE @Héﬁ&éﬁ@ﬁﬁs?F@n§ﬁe%ﬁ§ﬁémﬁng an
exanpl e of the input/output_characteristic of the coring circuit 14 used
inthe fi rs’fe§H81 Eclaﬁangn%d’f%%%n%faﬁ%velpr%‘%éﬁke idAFdRrpsae pilgnad;(a)

I's a view S.Qgc\élis%%ttrgectrienlgaéuiaggg gifpsgloe%\rAgggiItlg%n output of the difference
signal level reducing means from the video signal.

Moreovef, an elghteenth aspéct of the inveﬁtion relates

to a computer-processable recording medium holding the program

according to the sixteenth or the seventeenth aspects of the

invention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing the structure of a noise
reducing device according to a first embodiment of the present
invention.

FIG. 2-is a block diagram showing an example of the
structure of a high frequency coring circuit 14 used in the first
and second embodiments of the present invention.

Fig. 3 (a) is a freguency characteristic view showing the
frequency characteristic of an LPF 22 used in the first and
second embodiments of the present invention.

.Fig. 3 (b) is a frequency characteristic view showing'the
freéuency characteristic of an HPF 21 used in the first and

second embodiments of the present invention.



| evel of the CCD output signal and the quantity of the incident 1light in
the first enbodi nent of the present invention. Fig. 5 (b) is a relational
vi ew showi ng an exanple of the relationship between the value of the
characteristic parameter of a coring circuit 23 and the factor of
anplification of an AGC circuit 12 in the first enbodi nent of the present
invention. Fig. 5 (c) is arelational view show ng an exanple of the

rel ati onshi p between the val ue of the characteristic parameter of a

nonl i near prOCESSIn%rCIrCUIt 16 and the factor of nplification of the AGC
circuit 12 in the st Je%ﬁﬁ‘dFﬁEHF/BFtPPﬁeC}bﬁ“é%"eWH%’F/Jefht‘ﬁl@i‘f SEPYLng q) is

a rel ational V|e%%§hOMAng an exanple of the relationship between the val ue
of the char &¥&H Mt/ BFCHYe HEH 3 Heth Priveedisitiy G¥edia 16 and
the factor of anpllflcatlon of the AGC circuit 12 in the first enbodi nent
of the preSemCUliveédt terd PRGNS ifd o5 Btk HAGrAREHIG the stthret ur e

of a noise reducing device according to the second enbodi ment of the

present i nvEFESERL RRYSTFEICR)- is a relational view showi ng anot her exanpl e
18 of the relatlonsh|§ bet ween the value of a characteristic paranmeter m
and the factor of Fafpl f@éa%?dhvéﬁwtﬁ@oﬁEﬂgdﬂﬁcuﬁﬂatﬁ?nﬁﬁlpﬂ%e¥W?%@T%ﬁﬁ

second enbodi nents_of the present invention. Fig. 7 (b) is a relational

vi ew showi néegﬁ&t‘i’igrﬂ?xgﬁﬁl RUERE T tH&el &P%ﬁ%ﬁl%‘%%@ﬁftw valcdelesft a

characteristic
ght in the first embodiment of the present invention.

Figz 5 (b) is a relational view showing an example of the
relat’ionship between the valueé of the characteristic parameter
of a coring circuit 23 and the factor of amplification of an
AGC circuit 12 in the first embodiment of the present invention.

Fig. 5 (¢} is a relational view showing an example of the
relationship between the value of the characteristic parameter
of a nonlinear proc¢eéssing circuit 16 and the factor of
amplification of the AGC circuit 12 in the first embodiment of
the present invention.

Fig. 5 (d) is 4 relational view showing an example of the
relationship between the valq_e of the characteristic parameter
of the nonlinear processing‘circuit 16 and the factor of
amplification of the AGC circuit 12 in the first embodiment of
the present invention.

FIG. 6 is a block diagram showing the structure of a noise
reducing device according to the second embodiment of the
present invention. |

Fig. 7 (a) is a relational view showing another example
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paraneter a and the factor of anplification of the AGC circuit 12 in the
first and second enbodi nents of the present invention. FIG 8 is an

i nput/out put characteristic view showi ng another exanple of the

i nput/out put characteristic of the coring circuit 23 used in the first and
second enbodi nents of the present invention. FIG 9 is a block diagram
showi ng the structure of the conventional noise reducing device. FIG 10
is an input/output characteristic view showing the input/output
characteri sti-c, of ponlinear . processi.n circuit. in the cqonventi,onal

noi se reduc%%gtggv%%g[.a tgloél Sh%f e %)t"‘rieée nat\j}ll%ev‘\faslﬁloewonfg té\larrealcaelrc}r?s 1ip

bet th f _th t put si I d th it t.he .
'nci dont |1 BRESTEERe™ (L O T BOHL B OT HHEL LA inv BRI G SR 4

b) i ti | vi hawi t : I f th ti hi
(5) 2% FL B POAL MoAl SHAMAL ANSLNET, SR ¢ 9L Lhe Lol TSN
processing circuit.16 n&})t hle Bactg . of ?rr{gl ificati on of the AGC ci rlcuit
12 in the first enbddi e 6t *t h81pFE8BAL VAVENT YR " EP O T EF L

| ati | vi howi ng. h I 19 aof th | ati hi t
et onal YhepEha 00, oL Ber EXATRLE 0yl el slians i stieen |
fact f |ifjicati f.th CC ci it .12 in.the fifst di t of
the present T RUBREFortt S CPERRATOT & AR P Aot ar Al ooTenT

showi ng

12 in the first and second embodiments of the present invention.

FIG. 8 is an input/output characteristic view showing
another.example of the input/output characteristic of the
coring circuit 23 used in the first and second embodiments of
the present invention.

FIG. 9 is a block diagram showing the structure of the
conventional noise reducing device.

FIG. 10 is anh input/output characteristic view showing
the inpuf/output chafaéteristic of the nonlinear processing
circuit in the conventional noise reducing device.

7 Fig. 11 (a) is a view showing the relationship between
the level of the CCD output signal and the quaﬁtity of the
incident light in the first embodiment of the present invention.

Fig. 11 (b) is a relational view showing another éxample
of the relatioriship between the value of the characteristic
parameter of the nonlinear processing circuit 16 and the factor
of amplification of the AGC circuit 12 injthe first embodiment
of the present invenfion-

Fig. 11 (c) is a relational view showing another example
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the frequency characteristic of a BPF 61 in the noise reducing device of
the second enbodi nent of the present invention. Fig. 12 (b) is an

i nput/out put characteristic view show ng the input/output characteristic
of a nonlinear processing circuit 62 in the noise reducing device of the
second enbodi ment of the present invention. Fig. 12 (c) is a frequency
characteristic view showing the frequency characteristic of the BPF 61 in
t he noi se reducing device of the second enbodi nent of the present

invention. FLg, 12 %g% [ an,ingut/output characteristic view showi ng the
i nput / out puPfchBFaEterFsPRERoP PREVRBRAI Fheal2!pPolEs$Rg CBRFEGFETEBTER t he
noi se reduci ng device of the second  enbodi nent of the present invention.
Fig. 12 (e)p?gageF?EqﬁEnE?ecﬁ%FéﬁgeFF§FPétv?émﬁ§ﬁoﬁPﬁgfaPﬁ@rfquuency
characteristic of the BPF 61 in_the noise reducin devi ce of the second
enbodi ment OFPLhEIp7EERAtCT AENRPECIRF YLt 12 AP trglg Sht§ hsoesisme of
characteristic view show ng the input/output characteristic of the
nonl i near PrOCREFHYL cIPEERELBR-in the noi se reducing device of the second
enbodi ment of the present invention. 20 (Explanation of reference nunerals)
11 CCD 12 AGC ci rickfit 12384/ B onderEEETREY Rhglarteddetdy ¥éengheriedi t

‘the frequency characteristic of a BPF 61 in the noise reducing
device of the second embodiment of the present invention.

Fig. 12 (b) is an input/output characteristic view
showing the input/output c¢haracteristic of a rionlinear
processing circuit 62 in the noise reducing device of the second
embodiment of the present invention.

Fig. 12 (c) is a fregquency characteristic view showing
the frequency characteristic of the BPF 61 in the noise reducing
device'of the second embodiment of the present inventioﬁ.

Fig. 12 (d) is an input/outpiit characteristic view
showing the input/output ¢haracteristic of the nonlinear
processing circuit 62 in the noise reducing device of the second
.embodiment of the present invention.

Fig. 12 (g) is a frequency characteristic view showing
the frequency chatacteristic of the BPF 61 in the noise reducing
device of the second embodiment of the présent invention.

Fig. 12 (f) is an input/output characteristic view
showing the input/output characteristic of the nonlinear
processing circuit 62 in the noise reducing device of the second

embodiment of the present invention.

- 20 —-



15 subtracter 16 nonlinear processing circuit 17 subtracter 18 field
menory 19 nonlinear processing control circuit 21 HPF 22 LPF 23 coring
circuit 24 adder 61 BPF 62 nonl.inear processing circuit 63 adder BEST
MODE FOR CARRYI NG OQUT THE | NVENTI ON Her ei nafter, enbodi nents of the present
invention will be described with reference to the draw ngs. (First
enbodinment) FIG 1 is a block diagramillustrating the basic structure of
a relevant. part of an inmage form ng apparatus having a noise 21 reducing
device according to a first enbodi nent of the present invention. In FIG
1, reference nuneral 11 represents a CCD, corresponding to the inmage
formng neans of the present _invention, converting incident light into an
electric V|&%6P1§P©FéPn PEf BREREBNABMBIPRRT225) epresents an AGC ci rcui t
perform ng anplification so that the output signal |evel is naintained
constant even wheh tHe& out put signal fromthe CCD

12 AGC circuit

13 A/D converter

14 high frequency coring circuit
15 sgbtracter

16 nonlinear processing circuit
17 subtracter

18 field memory

19 nonlinear processing contreol circuit
21 HPF

22 LPF

23 coring circuit

24 adder

61 BPF

62 nonlinear processing circuit

63 adder

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, embodiments of the préesent invention will
be described with reference o the drawings.

{(First embodiment)

FIG. 1 is ablock diagram iliustrating the basic structure

of a relevant part of an image forming apparatus having a noise
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11 is changed, reference nuneral 13 represents an A/ D converter converting
t he output analog video signal fromthe AGC circuit 12 into a digital
video signal, reference nuneral 14 represents a high frequency coring
circuit perform ng nonlinear processing only on a high frequency signal of
t he output of the A/D converter, reference nuneral 18 represents a field
menory del aying an output video signal SO of this device by one field and
outputting the signal as the reference signal of the present invention,
reference nuneral 15 represents a subtracter obtaining the difference

bet ween t her®dupimg slgyHale arcoreimghora éférﬁéﬁc?mbegﬁnﬁatc‘?l? S PIASERY t he
out put. signal of the field nenory 18 and outputting the difference

ref erence nbREPRAFid®s- reprickentls ﬁ?ﬁﬁﬁﬁWQﬁxﬂuﬂﬁQ%%§g1ﬁﬁpéeﬁéﬁFF BerfBr ni ng
nonl i near processing on the output of the subtracter 15 by use of a
characterls@@%feiﬁﬁ%@mﬂ%rt%.E%?ré@ﬁ@ﬁdfﬁﬁm%ﬁgt%%a§§08§dtﬁﬁaP5%F%?Fst|c
paraneter of the present invention and a characteristic Earaneter , and
ref erence niEPRFIAT, rephedehind alBabiratt £#INsubRFaACET NG BHEL 6Tt PHESOf t he
nonl i near processing circuit 16 - 22 fromthe output signal of the high
frequency coHFIRYL cireifrenee Iawae?é@%ph%tm@r%ﬁ%nwd% %ﬁén%r@@tl nthis
structure, the AGC circuit 12 corresponds to the anplifying neans of the
pr esent |ﬁW%ﬁ@@@Wﬂnqrﬁﬂﬂﬁ{ﬁﬂ¢¢bh®@n%? E%??nbh%l?%EPPtlﬂlEB@%eéﬁﬁ%ﬁsl?o
the video signal |evel reducing neans of the present invention,

subtract er By FrehsRiES tao t RYSR fhaerde SUGRAIL SderedcErAl Frﬁ%n%c%f t he

present invention, the nonlinear
11 is changed reference numeral 13 represents an A/D converter

converting the output analog video signal from the AGC circuit
12 into a digital video signal, relfer'ence numeral 14 represents
a high frequency coring circuit performing nonlinéar processing
only on a high frequency signal of the output of the A/D converter,
reference numeral 18 r’ep’resen_ts a field memory delaying an
output video signal SO of thi.s device by one field‘and outputting
the signdl as the reference sigrnal of the present invention,
referénce numeral 15 represénts a subtracter obtaining the
difference between the output signal of the high frequency‘
coring circuit 14 and the output signal of the field memory 18
and outputting the difference, referénce numeral 16 represents
a nonlinear processing circuit performing nonlinear processing
on the output of the subtractef 15 by use of a characteristic
parameter a corresponding to the second characteristic
parameter of the present invention and a characteristic
parameter K, and reference numeral 17 represents a.subtracter

subtracting the output of the nonlinear processing circuit 16
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processing circuit 16 corresponds to the difference signal |evel reducing
means of the present invention, and the subtracter 17 corresponds to the
subtracting neans of the present invention. The operation of the noise
reduci ng device of the first enbodinment of the present invention having

t he above-described structure will be described, and wth this, an

enbodi nent of the noise reducing nethod of the present invention wll also
be described. The operation fromthe CCD 11 to the A/D converter 13 will

not be described since it is the sane as the operation fromthe CCD.101 to
the A/ D conv&PPetPa @361 K988 v‘éﬁt%‘%jﬂl%F§8un8&¥cF?ﬂle‘é\ﬁJc‘éCLEhTkoﬁ in
FIG 9. Then, .the video signal converted into a digital nal the A/D
converter 13" PsoVﬁ%ﬁ??%ﬂgt E%ﬁédﬁPgﬁl?P@&d@ﬁcﬁkaPFﬁgStE?? YFe. 14t pee 2
is a block dia rams owi ng an exanple of the high frequency coring circuit
14. Wen i nphEEedtt b2 tHRF RGP %d‘ﬁ’eﬁ@? a@QllEBF-Pﬁgm%??%Lﬁf e PtrﬁgeB &t put
video signal of the A/D converter 13 is first band- spllt into a hig
frequency. tBYFBRLIGRd T'F ShIDr FEGUERRGY refi ‘i By Tam IHPE (W@T‘Pﬁ%&‘@? |tPt er)
21 and an LPF QIOM/ pass fl|teGé 22. These filters have frequenc gﬁé

char act eri stP&71d9ppleRahpterehg ceNGiR Y IﬂeﬂlEOfSthﬁl%re%er(%}“gﬁ ofihe

frequency characterlstlc of the LPF, and FI% shows t he frequency
characterlsFP% DFPERRCHRE 15 corresponds to the dlfference signal

extracting means of the present invention, the nonlinear
processing circuit 16 corresponds to the difference signal
level reducing means of the present invention, and the
subtraﬁter 17 corresponds to the subtracting means of the
present invention.

The operation of the noise reducing device of the first
enibodiment of the present invention having the above-described
structure will be described; and with this, an embodiment of
the noise reducing method of the present invention will also
be described.

The operation from the CCD 11 to the A/D converter 13 will
nbtibe'described since it is the same a&s the operation from the
CCD 101 to the A/D converter 103 of the conventional noise
reducing device shown in FIG. 9.

Then, the video signal converted into a digital signal
by the A/D converter 13 is inputted to the high frequency corimj
circuit 14.

FIG. 2 is a block diagram showing an example of the high

frequency coring circuit 14. When inputted to the high frequency
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O the video signal split into the high frequency conponent and the | ow
frequency conponent by these filters, the signal of the high frequency
conponent havi ng passed through the HPF 21 is inputted to a coring circuit
23 performing nonlinear processing. FIG 4 shows an exanple of the

i nput/output characteristic of the coring circuit 23, and mis a
characteristic paraneter, corresponding to the first characteristic
paranmeter of the present invention, characterizing this characteristic.

The signals inputted to.the coring circuit 23 b hi.s i nput/out put
characterisf?ﬁgﬁﬁbﬁlfﬂ%ltéﬁbiFgﬁd%%tE%EF’ Cb%h%%?id’ﬂf?ﬁ'% gonverter
characteris;ic,paraneter, and as a consequence, only the ones whose
anpl i t udes are*faf §eft kit P bt eddt'et @ RedPafpPILGREY aF 8T LR AT &d 18 er
reduced in _accordance with the value of the characteristic paranmeter. That
i's, when théTEEPENCE TRRECT MPUERSTighdP1oh RIS dariteg cPt @G 2ndF s {1y a

signal where | x |_-mis not outputted, and a signal where | >mi s

[

) X.]
out put t ed wPEf St hel bbb dt-eTHaF & & oft ate avgna e Paen T e FER BT Rg trddGSed t o
a val ue | ower b¥ m The hi gh frequency signal conponent havin% passed
through théCEoF¥HEPE:r &R £1930ahd Blife Pow 19 equdreySRPYRAINC OHBEHEREY t hat
is the output of the LPF 22 are added toget her byban adder 24 to thereby

restore theCBREPFECBARGLEIOE e % ilddo $PGhELY - add(P) FDSH &S SSEGRANSHEYh t he
restored band is outputted to theHPgucceeding subtracters 15 and 17 as the

out put of tﬁgaﬁpgﬁerlstic of the

0f the wvideo signal split intc the high freqguency
component and the low frequency component by these filters, fhe
signal of the high frequency component having passed through
~the HPF 21 is inputted to a coring circuit 23 performing
nonlinear proceéssing.

FIG. 4 shows an example of the input/output
characteristic of the coring circuit 23, and m is a
characteristic parameter, corresponding to the first
characteristic parameter of the present invention,
characterizingthischafacteristic.Thesignalsinbutt@itothe
coring circuit 23 by this input/output chafacteristicjhave the
amplitudes thereof compared with this characteristic parameter,
and as a comnsequence, only the ones whose amplitudes are larger
than a predetermined amplitude are outputted after reduced in
accordance with the value of the characteristic parameter. That
is, when the level of the input signal of the coring dircuit
23 is x, a signal where f x];Snlis not ocutputted, and a signal

where | x f >m is outputted with the absolute value of the signal



frequency coring circuit 14. Noise has not only a characteristic as

menti oned above that variations with tinme of its anplitude are generally
smal l er than those of video signals but also a characteristic that noise
is nore largely distributed in a high frequency region than in a |ow
“frequency region in the spatial frequency. In a case where the video
signal includes a certain degree of noise by the high frequency coring
circuit 14, specifically, the output signal of the A/D converter 13

i ncl udes noise of. a.level .Sri .in the bsol ut e _val ue, when Sn-<m the noise
level is re%ﬁggg P§iodr 6°U5RY gﬁeﬁ §ﬁiHF HFE ?gdﬁCed to.Sn-m Furt her,
in the noise redyctiaon. by the high.frequency cori circuit

after-image is ge#%??i‘tlg&l %ﬁe%‘f?lﬁﬂgﬁllg.n#h%o%%%?%?? g%‘sfl&gq Sese;%lg?ggggrelr 15,
the subtracter 17,. the, nonlj r ocessing . circuit 16.and.th

ooy 16 SOECEBHIRG ThECRI BT FERhants LB fag e ¢ 3a%r ShiFEF 1o
t hose of the subtracter 104, t subtracter 106,. the nonlinear __prqcessing
circuit 105-3R %%3: 8PBPH§ﬁﬁE31Tb3%%¥S%H%“§§ d@@nggﬁ?ggﬁﬁlEBSFsggggﬁucing
device. Therefore, the nonlinear rocessing circujt 16 processes the

out put of t%g'gﬁ é?ref@ﬁr?ht%%é%?E%ﬁ%égﬁF{H%th & SHrS8 £4PPEL ¢S own
in FIG 10, the ,output of_the hi frequency coring circuit 14 js further
noise-reducEHeaﬁﬂgﬁﬁtﬁﬁ??%ﬁ Eét?hgﬂ8uF33Fo§?§e8a§?gﬂﬁlO ﬁ?ugﬁﬁé t%e 5%t put
video signal SO ig.stored in the fieldr ry.18 in_order to,be outputted
Vo the subtPucrerTisacs thbtrerer anks and 17" ¥s'Ent oubhEE ok OeRE BHLR

frequency coring circuit 14.
Noise has not only a characteristic as mentiomed above
‘thatvariationswithtimecﬁfitsamplitudearegenerallySmaller
than those of video signals but also a characteristic that noise
is more largely distributed in a high freduency region than in
a low frequency region in the spatial frequency. In a case where
the video signal includes a certain degree of noise by the high
frequency coring circuit 14, specifically, the output signal
of the A/D converter 13 includes noise of a level Sn in the
absolute value, when Sn=m, the noise level is reduced to zero,
aﬁd when Sn>m, it is reduced to Sn-m. Further; in the nolse
reduction by the high frequency coring c¢ircuit 14, no
after-image is generated in principle.
The operations of the subtracter 15, the subtracter 17,
the nonlinear processing cifcuit 16 and the field memcry 18
succeeding the high fregquency coring circuit 14 are similar to
those of the subtracter 104, the subtracter 106, the nonlinear

processing circuit 105 and the field memory 107 of the
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signal of the present invention in the noise reduction processing of the
video signal of the next field. Specifically, of the noises whose absol ute
value levels ate reduced to Sn-mby the high frequency coring circuit 14,
noi ses whose absolute value |levels are not nore than 2a are further
reduced to Ka at the maxi numin accordance with the characteristic shown
in FIG 10. The nonlinear processing control circuit 19 perfornms control
as shown in FIG 5 on the characteristic paraneter m of the coring circuit

23 in the hi %vteﬁ%%ﬁa&ynwgbnse&ﬁéfmgtdeélc@ndrﬁ@@em aGY hehhGnear

paraneter a of the nonlinear processing circuit 16 in accordance with the

factor g%hbgg gj aa.-Q lft C&ﬁ%&éggggttﬂ@ ol i tme@uhka@a%@&t' ty

of the Ilgh I nci on t decreases to reduce the level of the
out put vi degogi ghal. ;o) e . &9 QiR flOsndyn (@) p1ENA ACERe
circuit 12 increases the actor o) i cation hat a predet’erm ned

level is majntaipedel ike | pgkh%regﬁex% tb%@ghggéaqehgt aqdswheq, Lhe.f act or

of amplific is 2 nor e predeterm ned val ue as sﬁomm in

Fi 5 (b t h t
Zgg is fnlrggééér§%ﬁuaggé%? er Jﬁx%% gﬁarac éP?ggpgbpgfgﬁilgg)Cbhgglthe
nonl i near pEpcessing. Gl Ll ¢ ﬁjggalsﬁgalgtﬂ é’dflbﬁ(%ﬂe £l Jrc'f' moxsk @) inSi NCE

a=0 is mai ntarned as an exa € Sl gna stanti a oes "not pass

thr ough theopaBl! PEALePLOESERLON o6 ERY bubfrdbeal! 1sThe ¢har ackerbsbic

par anet er a
51gnal of the present invention in the noise reduction

processing of the video signal of the next field.
Specifically, of the noises whose absolute value levels
are reduced to Sn-m by the high frequency coring circuit 14,
"noises whose absolute value levels are not more than Za are
further réduced to K*a at the maximum in accordance with the
characteristic shown in FIG. 10.

The nonlihear processing controel circuit 19 performs
control as shown in FIG. 5 on the characteristic parameter m
of the coring circuit 23 in the high frequency coring circuit
14 and the characteristic parameter a of the nonlinear
processing circuit 16 in accordance with the factor of
amplification of the AGC circuit 12. That is, when the gquantity
of the light incident on the CCD 11 decreases to reduce the level
of the output video signal from the CCD 11 as shown in Fig. 5
(a), the AGC Gircuit 12 increases the factor of amplification
s0 that a predetermined level is maintained like in the

conventional example, and when the factor of amplification is
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mai ntai ned fixed at a given value. The high frequency coring circuit 14
reduces the noise distributed in a high frequency region of the signal.
However, since the high-frequency video signal such as detail is
simlarly reduced, detail degradation becomes conspicuous if mis

i ncreased too nuch. Therefore, after the factor of anplification of the
AGC circuit 12 reaches 61, even if the factor of anplification further

i ncreases, the characteristic parameter mis fixed to a value m where

detai | degrﬁgﬁtrita@eei&arF%Lé%éﬁEPle?miﬁBﬂ Lasheash Jhenehar acterd st Gy,

paranmeter a o nonl i r processing circuit 16 i's increased as shown

(0 PG 5 £8LeeBYoldics, 0RRAALI QM LYRAE LD [ACTAL Of Apldilifati 08 of

the AGC circuif 1271 ncreases to I ncrease the noise Sn~ of the output

i gnal of t t : f i fi:caLl e, Lo pot
si gnal o g,s AR EODVET LT 13, o%ﬁggrlg\gﬁ% 2 egr%hﬁgfahcfeg%!%eé%ﬁgs% £$epo

mor e. t han noi se reduction is or ncy coring

i ot o 08 0L BT L0000 SVEChed 9 CORALGTES Beksq.
caused evenynhan, t Qe%é’)' P'%Rn%:ceg{l‘% j_'s”ﬁ%&g?ﬁéi%ﬁ%&' Qé‘%n”B%éBﬁl?]?%OQEBBﬁ for

exanpl e, notT on “Coiponeht’s of Tow spati requenci €s such’as notions of

the subl ect. (i selfe p0d poki o0%,o O LNl SNKIS, 1UTROGC 3080V oPARDLRGNG! ¢ e

i mage forming ~ appara on ‘conponent's o spati a
frequenC|escfyggi@slgaggrglfha¥ﬁe characteristic parameter a may be

maintained fixed at a given value.

The high frequency coring circuit 14 reduces the noise
distributed in a high frequency region of the signal. However,
"since the high-frequency video signal such as detail is
similarly reduced, detail degradation becomes conspicuous if
m is increased too much. Therefore, after the factor of
amplification of the AGC circuit 12 reaches Gl, even if the
factor of amplification further increases, the characteristic
parametér'm is fixed to a value ml where detail degradation is
permissible, and instead, the characteristic paramgter a of the
‘nonlinear processing circuit 16 is increéSed as shown in Fig.
5 {(c).

‘ . By this operation, even if the factor of amplification
of the AGC éircuit 12 increases to increage the noise level Sn
of the output signal of the A/D converter 13, when the factor
of amplification is not more than GLl, noise :eduction is

. performed by the high frequency coring circuit 14, and noise

reduction by the succeeding operation is not performed.
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Mor eover, when the factor of anplification is not less than G,
after-i nage degradation can al so be reduced nore than in the conventi onal
exanpl-e because the value of the <characteristic parameter a can be
suppressed to a value lower than that of the conventional exanple since
noise is reduced by a certain |level by the high frequency coring circuit
14. Moreover, the nonlinear processing control circuit 19 perforns the
control of the characteristic paraneter mand the characteristic paraneter
ain the follown ner: Wien.th quant i f.%{ | i g&_ig%hggng on the
— d
CCD 11 decrggsgngSH?g ice™ ¢ 8t|§§§F'o otﬁ§¥§%iﬁu%%v?§% gignél f6m t he
CCD 11 as shown_ .n_Fig. . 11 , the AGC circuit .12 in the.factor of
arpl 11 cat | GACS8t RAE " BrBaSTE: MHEq FETEr Sosaficn Ned TiRe rd o he
conventi onal __exa and when the factor of anplificati IS .nore t han
2 bt edet or RGBT L8 ChOKe SRBRAS | HoERgn. TOPR et oo ok o ead

h teristi et f the. | i [ ' it _16.i :
“nor sased. - ERCIREPGLRer S HaRG: "Ciid PHAPACLEFi STPICphr ANt ot THDICEAE Sor i ng

i it 23 | -.28 .maintained fixed, In_ Fig. 11 v +Si N
ol ntai ned 85 TAA GRimbFeLfene BrHE x BePhlpeansy thes Ml BE g Bne

[ [ it 14. Th teristi t b i ined fixed

2t & i ven SUPUES (4t RORE FnoaPopPatiesl AG EPPEUIC. e PadUceBatRE inoi se
distributedfén gehi?h frﬁg ency re%iop ﬁg the spatial frequency of the
Signal . HowbUET e F Far - P Ratec degPadati BRAKE caused i n

Moreover, when the factor of amplification is not less

D
i

than G1, after—-image degradation can also be reduced more than
in the conventional example becauise the value of the
characteristic parameter a can be suppressed to a value lower
than that of the conventional example since noise is reduced
by a certain level by the high frequency coring circuit 14.
Moreover, the nonlinear processing control circuit 19
performs the control of the characteristic parameter m and the
chéracterist‘ic parameter a in the following manner: When the
quantity of the light incident on the CCD 11 decreases to reduce
the level of the output vidéo signal from the CCD 11 as shown
in Fig. 11 (a), the AGC citrcuit 12 increases the factor of
amplification so that a predetermined level is maintained like
in the conventional example, and when the factor of
amplification is not more than a predetermined value G2 as shown
in Fig. 11 (b), first, the characteristic parameter a of the
nonlinear processing circuit 16 is increased. On the other hand,

the characteristic parameter m of the coring circuit 23 is
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the image if the paraneter a is excessively increased as described in the
background art. Therefore, after the factor of anplification of the AGC
circuit 12 reaches &, even if the factor of anplification further

i ncreases, the characteristic paranmeter a is fixed to a value a4 where
after-image degradation 1is perm ssible, and instead, the characteristic
paraneter mof the coring circuit 23 is increased as showmn in Fig. 11 (c).
In the case of this operation, even if the factor of anplification of the

AGC ci roui L d2,i-0sneases,ta | 867 pase Wﬁecpo'éﬁlé@%@io S Ofa e 1ML

signal of t A/'D converter actor of anplification is not

more than G, @g&g@l %%técgagﬂans £{£ﬁ {9% g he 0RkLI-BEEE ﬂ&@%%%%%g

circuit 16, se reducftion er t i's not perforned.

Consequent | y, in;thag Gﬁ?ﬁgﬂ'&fé@t&? Eﬁ ggi‘%ﬁe ORI i e %fal%rta'lﬁ%%e

degradation in a pern ssible range n the factor of

anplificati t h , since three-di nensional noise reduction
is perforneggxkﬁege no?gge#sggéguced up to a point by also using the high

frequency 29  CORLOG GLf 4L, 18 oEESLaNNEEERRAr Yol otbebheruabyeaal the

characteristic paraneter a o e non ar processing circuit 16 t

that is ovge Lhag,that d 9 ANG; GoRERL tg!eg%ém' Ene SOailal f%feh%nbsfﬂge

degradatlon can pbe reduce convention exanp e. Secon

enbodi ment)  El G0 6,4 5 & DlipGle gl Aoramd Ll ystgating 06 2351 G %au%%tduaﬁ

the image if the parameter a is excessively irncreased as
described in the background art. Therefore, after the factor
6f amplification of the AGC circuit 12 reaches G2, even 'if the
facteor of amplification further increases, *_.:he cliaracteristic
parameter a is fixed to a value a4 where after—image degradation
is permissible, and instead, the characteristic parameter m of
the coz_;ing circuit 23 is increased as shown in Fig. 11 (c}.

In the caée of this operation, even if the factor of
amplification of the AGC circuit 12 increases to increase the
noise level Sn of the output signal of the A/D converter 13,
when the factor of amplification is not more than G2, noise
reduction is performed by the nonlinear préc‘esSing circuit 16,
and noise reduction other than that is not performed.
Consequently, in that case, noise can be reduced only with
after-image degradation in a permissible rahge.

Further, when the factor of amplification is not less than
G2, since three-dimensional noise reduction is performed after

noise is reduced up to a point by also using the high frequency
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of a relevant part of an image form ng apparatus having a noise reducing
devi ce according to a second enbodi nent of the present invention. In FIG
6, since the sane reference nunerals are used for function blocks the same
as or corresponding to those of the first enmbodinent of FIG 1, no
description of the blocks wll be given. In FIG 6, reference nunerals
61-1 to 61-n represent BPFs (band pass filters) splitting the output of
the ilbtracter 15 into a plurality of bands, reference nunerals 62-1 to

nonl | nar eE?@%&g i 3%%}%'1%@9%% ar SheRESEERY' BY §H€ {Hhq v PR T RS

I 63 i
he. out put &Pf%ctéil%rgﬁﬁfﬁaeﬁ%g%ﬁ%z B e R e e

and outputting the symta t I The nan

circuits 62'1E 3 %‘ﬁ aaJCI' e® g?%’ledfn%%‘a& %‘F‘gﬂ:eﬁf’ %rcaecrfve%ﬁqlg c%ge?ga té%rgs
respectivel and the values qf thes araneters_are_iin

nonl i near %86%%§?ﬁitfﬁhﬁpﬁﬁ' g?gﬁﬁﬁa%6 FUESHFE %H%%dmfiﬁgﬁh DB%H act or
of anpllflcatl g ﬁ AGC circuit 102 Ilke in the conventional exanple
and the fir§P™ gﬁﬁ arhé teXPHP%ﬁ.s structure, the BPFs 61-1 to 61-n, the

nonl i near proces % 8 C|r%$b @. % to 62-n and the adder 63 constitute
the difference sig aFOTSVeTPPEHlUE tY means of the present invention, the
BPFs 611 to 61 ncorespond La, the PLUraliiy.,of: e 8a0lc G RIgAe

i nvention, the no n&at

of a relevant part of an image forming apparatus having a noise
reducing device according to a second embodiment of the present
invention. In FIG. 6, since the same reference numerals are used
for function biocks the same as or corresponding to those of
the first embodiment of FIG. 1, no description of the blocks
will be given. In FIG. 6, reference numerals 61-1 to 6l-n
represent BPFs (band pass filters) splitting the output of the
subtracter 15 into & plurality of bands, reference numerals 62-1
to 62-n represent a plurality of nonlinear processing circ‘:uits
performing' nonlinear processing on the outputs of the BPFs 61-1
to 61-n, respéctively, and reference numeral 63 represents an
adder adding all of the outputs from the nonlinear processing
circuits 62-1 to 62-n together and outputting the sum to the
subtracter 17.

The nonlinear processing circuits 62-1 to 62~n are
assigned different characteristic parameters, respectively,
and the values of these parameters are increased by the

nonlinear processing control circuit 108 in accordance with the
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circuits. 62-1 to 62-n correspond to the |evel reducing nmeans of the
present invention, and the adder 63 corresponds to the synthsizing neans
of the present i:nvention. The operation of the noise reducing device of the
second enbodi nent of the present invention having the above-descri bed
structure will be described, and with this, an enbodi ment of the noise
reduci ng nethod of the present invention wll also be described. Since the
noi se reduci ng device of the present enbodinent is different fromthe

noi se reduckng. devi ge, %ﬂfficafc&{:ﬁt 8%”?8@ Hggt Ciig‘cgq% %’ES (ii!ce éhotﬁé n,

the nonlinear " processi Ci rcui n-and thée ad

descrlpt|0n$ﬁw%%ht98 ivgxa n, %hgﬁeo£L m%ng ﬁiggg%ggggﬁks on this

oper ati on e outpu trac rs split into a

plurality of bandfn triu.shes S ac{' %{%at%%]l‘]g?ﬁg $¥ ihgo %f%% 61:hje n%ﬁlgﬁegr and

nonl i near processing it ar t o rst odi ment

to 6o-n. THER 88%%%”&?%%?%5% £ i%%”é)iﬁ'egi‘ef# &éﬁe&?f@%?&‘é#m 438t
syntheS|zed by the, 31 dde The o eratlo the.n i near
processi ng Polli Ph8raee %G%altn ifﬁt%iasigﬁ ﬁgﬁn X ofhe) ;ﬁf%ﬁ 2
shows e fre c icg 0 e s 0 an
t he |nput/ou€ F %%af% gﬁ%éilcs G R noﬁorﬁéaﬁ)ﬁ?ocgsgﬁﬁg CF?%EF
62-1 to 62-3. for . the a ts_therepf 12 ( ho t.he fr ]
characteri ST c bt t?ﬁ? O%PEH%EQE?S%% kﬂveéﬁﬁPTtnéﬁe Sutineai®prbELSihiy
circuits. 62-1 to 62-n correspond to the level reducing means

h
P
D

of the present invention, and the adder 63 corresponds to the
synthsizing means of the present invention.

The operation of the noise reducing device of the second
embodiment of the present invention having the above—-described
structure will be described, and with this, an embodiment of
theé noise reducing method of the present invention will also
be described. Since the noise reducing device of the present
embodiment is different from the noise reducing device of the
first embodiment in the BPFIS 61—-1 to 61-n, the nonlinear
processing circuits 62-1 to 62-n and the adder 63, description
‘'will be given in the following with emphasis on this operation.

The output signal of the subtracter 15 is split into a
plurality of bands in the spatial frequency by the BPFs 61-1
to 61-n, and nonlinear processing similar to that of the first
embodiment is individually performed thereon by the nonlinear

-processing circuits 62-1 to 62-n. Then, the outputs of the

nonlinear processing circuits are synthesized into one by the



shows the input/output characteristic of the nonlinear processing circuit
62-1. Fig. 12 (c) shows the frequency characteristic of the BPF 61-2, and
Fig. 12 (d) shows the input/output characteristic of the nonlinear
processing circuit 62-2. Fig. 12 (e) shows the frequency characteristic

of the BPF 61-3, and Fig. 12 (f) shows the input/output characteristic of
the nonlinear processing circuit 62-3. As shown in FIG 12, a relationship
al <a2<a3 hol ds anong the magnitudes of the characteristic paraneters al to
a3. That isyggthegyal ues of the characteristic paraneters assigned to the
plurality of nonllnear processing circuits are set so as to be different

from one anot her gf@%ﬁ@%b?w #ﬂe the, nelaht of o cle%%m%pé&s:é{u%ge@»epcy

band of the signa cesse correspon g nonl i'near processing

circuit and.sqas, L0 HChEES8: Asq Lheal Laayency; bandAnet easeseodsotly

exanpl e, when npare characterlstlc parameter a in t

enbodi nment , erjsti e, to a3
correspond ‘%ﬂrt%%t% r‘gl %ar ag&en stic &%%%aér%nﬁet@e%ﬁ?{%e %?&ezte}?]ét
invention. |l rst
:am\;odi Ims\nt e n0| &%%#e&# t er egt}%%&ﬁfﬁé%%f%%%eé% >

di stribut edc%&lﬁ@g @a flr@oqt%gn%yfé B Lhancl i o Eieauonqu, ragion in

t he spatl al requency, In e no I near rocessing circua recei vi ng

'Sg‘t"’tfagqfﬁe%ye GYRANGUS cnh G HAL0G  TRM S "PAL AbF QIRANeRLS FAgn Dol g, DY
shows the input/output characteristic of the nonlinear
processing circuit 62-1. Fig. 12 (c) shows the frequency
characteristic of the BPF 61-2, and Fig. 12 (d) shows the
input/output characteristic of the nonlinear processing
éircuit 62=2. Fig. 12 (e) shows the freqguency chaﬁacteristic
of the BPF 61-3, and Fig. 12 (f) shows the input/output
characteristic 6f the nonlinear processing circuit 62-3. As
shown in FIG. 12, a relationship al<a2<a3 holds among the
magnitudes of the characteristic parameters al to a3. That is,
the values of the characteristic parameters assigned to the
plurality of nonlirear processing circuits are set so as to be
different from one another in accordance with the height of the
spatial frequency band of the signal processed by the
corresponding nonlinear processing circuit and so as to
increase as the frequency band increases. As an example, when
compared with the characteristic parameter a in the first
embodiment, al<a, a2=a, and a3>a. The characteristic.

parameters al to a3 correspond to the third characteristic
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characteristic paraneter at to a | ow value, reduction of the notion
conponents is nore suppressed than noise reduction. In the nonlinear
processing circuit 62-3 receiving high frequency conponents including nore
noi se,conmponents than notion conponents, by setting the characteristic
paranmeter a3 to a high value, higher priority is placed on reduction of
noi ses having a sonmewhat |arge anplitude. In the nonlinear processing
circuit 62-2 receiving mdrange frequency conponents including both

noti on conponents and noi se conponents to the sane extent, the

char act eri st iR2panelfst @f ghe presentoinggngdons to take a value sonewhere
between al and a3. By providing the above-described structure, even if the
factor of anplificdhisnivfor FaeAtd kiwing reagonedsmes dbadesthe fdnsk
predeterm ned val ue, -for exanple not |less than G or &,  to _cause
after-image degiasdatendn ithet heiset poecluiddolini ghalvisise sigingd dgnlMpEe
reduced while after-inmage degradation is nore inproved than in the first
enbodi ment . \WHngely gisheibrEedninm dhiathd BEmeNEY- TegoR1thAN tife 2 38W. o
nonl i near processing circuits 62-1 to 62-n and the adder 63 are _added to
t he st ruct ur EXSAUEREYT LpFEoBmbBdERensPR S1iabsEreBEnNdh ihdhehHPELLERR  hi gh
frequency coring circuit 14 may be omtted. That is, the present invention
may be carri &FogeESkPEhcikeuihoh?hebecel Y g t1or0F HSIAUHEYe SRVERPEBREI
exanpl e shown in FIG 9 being replaced with the BPFs 61-1 to 61-n, the
nonlinear pioEdysiing BPEe N tieR-domprments dithnt Mo idddebyegetting the

characterist;c pérameter al to a low value, reduction of the
motion components is more suppressed than noise reduction. In
the nonlineai'proceSSing'circuit 62-3 receiving'high.frequency.
components including more noise components than motion
componernts, by setting the characteristic parameter a3 to a high
value, higher‘priqrity'is placed on reduction of noises having
a somewhat large amplitude. In the nonlinear processing circuit
62-2 recelving midrange frequency components including both
motion components and noise components fo the same extent, the

| characteristic parameter a2 is ;ontrolled.so as to take a value
somewhere between al and a3.

By providing the above-described structure, even if the
factor of amplification of the AGC circuit 12 becomes not less
than a predetermined value, for example not less than Gl or G2,
to cause after—-image degradation in the output video signal S0,
noise can.be feduced while after-image degradation is more
improved than in the first embodiment.

While a structure in which the BPFs 61-1 to 6l1-n, the
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Wiile in the first and second enbodi nents, when the factor of
anplification is increased to not less than A, the characteristic
parameter a is controlled so as to gradually increase in accordance with
the factor of. anplification, for exanple as shown in Fig. 5 (c), the
present invention is not Ilimted thereto; for exanple as showm in Fig.-5
(d), the paraneter a nay be previously set to a fixed value irrespective
of the factor of anplification. This value is of a |level such that

APl 117 cat B b R Thac e Ty RS F P el e e Rmge
qual 1y degsadag ,on 30 £RUSes, 00, PNl 91 FULEL, YN, LEoLerkactgr of

anpllflcatlon econes 'h Sinee aracterls ar anet er
is fixed, r e does ec r.ge Fag es not
degr ade. wﬂﬂﬁea?ﬁk%ﬁhgggc éﬁl% “83? 8?% §1|s gﬁgbh §ﬁggﬁ$&£?%%§eased
in accorda ith t e factor_of.a écatlo of t he. GC C|rc

|
t he above escrlﬁ%ion the” prnt l? % Carrilie

n 10 'S no |m e t%ereto

t.he characterl IIC aranet r et o f|xe h
predet er m neone Cu&t%t nzfy ﬁ% V Hera |lor(?x%fﬂpfaL 5 OW cJ)LrnV\%

anplificatipn of tlbéa X &IWI’J.(_:%H h1 I:l): té’nler V\hléf_thetlgontrojh of Lhe
characteristic ﬁ%ra Sre &7 ARy T epmnsely perfoTnedaa own in
LG 5 Aok d b AP LR SRR ME 62 LR RN adduEgd on 1o not
While in the first and second embodiments, when the factor
of amplification 1s increased to not less than G1, the
characteristic parameter a is controlled so as to gradually
increase in accordance with the factor of amplification, for
example as shown in Fig. 5 (¢), the present invention is not
limited thereto; for example as shown in Fig. -5 (d), the
parametér a may be previocusly set to a fixed value irrespective
- of the factor of amplification. This value is of a level such
that although an afterfimage is slightly generated when the
factor of amplification of the AGC circuit 12 isr low, that does
not leads to image guality degradation and causes no problem.
Further, evén if the factor of amplification beécomes higher than
G1, sihce thé characteristic parameter is fixed, the
after-image does not become large and image quality does not
degrade.
While the characteristic parameter m 1s also gradually

increased in accordance with the factor of amplification of the

AGC circuit 12 in the above description, the present invention
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limted thereto; for exanple as shown in FIG 7, the characteristic
paraneters mand a nay be increased at the sane tinme. By setting the
inclinations of the straight lines in FIG 7 (a) (b) to appropriate val ues
| ower than those shown in FIGs. 5 or 11, detail degradation can be
suppressed while after-image degradation is maintained at a |evel
sonewhere between those of the conventional exanple and the first

enbodi nent. While in the first and second enbodi nents, the characteristic
of the nonlinear processing circuits 16 and 62-1 to 62-n is the sane as
that of the conwert Ldmateddilsereateduthrgchdesdter st shoaranater @ MEY, behe
present invention is not limted thereto; in short, the characteristic is
set to one sumdt twata fomey vhedupawithwiwhhch snpité¢derpiningde efdcthésSout put
signal of the subtracter 15 can be extracted based on a conparison between
the | evel of diteimetphutinscgnaldefatie subtihectferted ahdnHd figlafdonopLt he
characteristic paraneter a. Wiile the coring circuit 23 having a
characteri st itheagGCsledwauiih FEG 4 is used as the nonlinear processing
circuit in 35 the high frequency coring circuit 14, the present invention

is not linited thBnetberforhibanpie,cattercharfadther icheirackayipbias shown
in FIG 8. According to this characteristic, although sone noise
conponent s aperhektesisnaeand gh ifsr eqepmdypediygnak §ovhed aelshowioi ipBEESt han
t he absol ute value mdo not conpletely becone nonexistent, detail signals
with a small Saapditlude the Hesitebnbodtwendi ngle present invention is no
limited thereto; for example as shown in FIG. 7, the
characteristic parameters m and a may be increased at the same
time. By setting the inclinations of the straight lines in FIG.
7 (a) (b) to appropriate values lower than those shown in FIGs.
5 or 11, detail degradation ‘can be suppressed while after—image
degradation is maintained at a level somewhere between those
Ofrthe conventiqnal example and the first embodiment.
While in the first laild second embodiments, the
characteristic of the nonlinear processing circuits 16 and 62~1
to 62—11 is the same as that of the conventional noise reducing
device as shown in FIG. 10, the present invention is not limited
thereto; in short, the characteristic is set to one such that
only the part, with a small amplitude, of the output signal of
the subtracter 15 can be extracted based on a comparison between
the level of the output signal of the subtracter 15 and the value
of the charactéristic parameter a.

While the coring circuit 23 having a characteristic as

shown in FIG. 4 is used as the nonlinear processing circuit in



Mor eover, while the high frequency coring circuit 14 has the structure
shown in FIG 2, the present invention is not |imted thereto; in short,
the high:frequency coring circuit - 14 has a structure such that nonlinear
processing can be perforned on the high frequency region of the video
signal. While the high frequency coring circuit 14 of the first enbodi nent
has two filters, the HPF 21 and the LPF 22, the nunmber of HPFs and the
nunber of LPFs nay each be nore than one. Mreover, it may be inpl enented

by a plural 5y 10fg1BRFe@Endif £6F8AL PASS.: PINAScn¥WL)esihe ;ahave-des¢si bed
second enbodi nent” has a pldrality of BPFs 61-1, 61-2 to 62-n, it may be

I npl ement edy 88 1 GniGUIIEARLERR ;0Fo 2 &AM d [ Y nQf <HEES caRd i kPES ndPhgs, the

vi deo signal noi se reducing neans and the difference signal noi'se reducing

means of thende98ntid NYeHI Q- A& 80 h1d BhEed k@ iRe ki ofy fAAPEDGH.
coring circuit 14 and the nonlinear processing circuits 16 and.” 62-1 to

62-n, they maysbeombER %‘E%gﬁxﬁ!?lQXtasfﬁéé‘ﬁ&?ﬁ?frsé’cﬁfbﬁ@?tsi&;ﬁ%\%ﬁf‘o}éﬁiﬁ%l%ihgl q

i nput 36 signal is reduce gl ven processi ng.  Moreove

menmory is uged r@ére% &, JBans. ol s ST QELNGa 1 He QUERUL LY g?fﬁPﬂaggﬁ P87 t he

reference signal o the present Tnvention, the presen nventfon I s not

'n;m' ted thereloisddnd s \%%?H%cﬂle§§g¥181§aw¥i£1}?a§ sﬁTg&@Hﬁ H?:‘EH{;'cX cdiPbeCXEFp! €,
y be used. Moreover, ile thetreld nenory i nputs the out put
accordingly.

Moreover, while the high frequency coring circuit 14 has
the structure shown in FIG. 2, the présent inverntion ‘is not
limited thereto; in short, the high frequeﬁc’y coring circuit
14 has a structure such that nonlinear processing can be
performed on the high frequency tegion of the video signal.

While the high frequenc¢y coring circuit 14 of the first
embodiment has two filters, the HPF 21 and the LPF 22, the number
of HPFs and the number of LPFs may each be more than one. Moreover,
it may be implemented by a plurality of BPFs of different pass
bands.

While the above-described seéond embodiment has a
plurality of BPFs 61-1, 61-2 to 62-n, it may be implemented as
a combination of a plurality of HPFs and LPFs.

Further, the video signal noise reducing means and the
difference signal noise reducing means of the present invention
are not limited to the high frequency coring circuit 14 and the
nonlinear processing circuits 16 and.62—1 to 62-n, they may be

implemented by a structure such that the level of the input
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video signal SO of the imrediately preceding field to the subtracter 15 in
the first and second enbodi nents, as the reference signal of the present

i nvention, the output video signal 'SO of a field preceding the

i mredi ately preceding field nay be used. Mreover, the present invention
may be inplenented as an image form ng apparatus provided with the
above-descri bed noise reducing device of the present invention and anot her
imge form ng means capabl e of obtaining video signals such as a CCD or a

CMOS, and ex;ggggslgfrgﬁgheanbyngggekohgkggsggggratus i ncl ude videp

canmeras for use an €ssi o use, “digital caneras having a

moving i mage takipg, functi or Jtl@behe cibsbephenes . peisenal, digidalys of

assi stants and person reover rogram according to t he

present invention 01?%3 v Am.af nC U?Pngsatl'georg)%eefer&?e RY! %rlmof

functions O? OgﬁPg e nean e above-descri

d d it t .
Cooper ati on%fﬁr%’ﬁ%nﬁ h%%%% m%ﬁéﬁCeF%PﬁZ%e‘Eéﬁ? Phvani i %‘ﬁ' E%fyﬁ““-sé

di hal. di f |1
Com o t NECPURER T arfs* o ST OF° SO 1 Eiict TRahE BPTCR - 2ioes=RBLEr bed

noi se redUC|%§ geV|ce of the present invention, said recordlng medi um
bei ng conpd? Badabie and said program that is read out performng the

functhns In COOQ&;@K&&§EVM%£&1€ the field memory 18 inputs the output

video signal SO of the immediately preceding field to the
subtracter 15 in the first and second embodiments, as the
reference signal of the present invention, the output video
signal SO of a field preceding the immediately preceding field
may be used. |

Moreover, the present invention may be implemented as an
image forming apparatus provided with the above-described noise
reducing device of the present invention and another image
forming means capable of obtaining video signals such as a CCD
or a CM0S, and examples of such an 'imarge foirming apparatus
include video cameras for home use and for professional use,
digital cameras having a moving image taking function, mobile
telephones, personal digital assistants and personal
computers.

Moreover, the program actording to the present invention
rﬁay.be a program of causing a computer to pérform functions of
all or some of the means of the above-described noise reducing

device of the present invention, said program operating in



t he conputer. The above-nentioned "sone of the neans" of the present

i nvention neans sone neans of the plural neans, or neans the operations of
sone functions of one means. Moreover, a conputer-readabl e recordi ng nmedi um
on which the program of the present invention is recorded is also

included in the present invention. Mreover, a usage of the program of the
present invention nmay be such that the programis recorded on a
conput er -readabl e recordi ng nmedi um and operates in cooperation with a

conput er. I\/bcgoeover . & usage f thelgﬁlrlgglrtam of the present invention my be
such that tHERFoYrEM i'E v arishi ¢ ver a transmission medium is read

out by a conputer,_and o ergges in cooperatian_ wth the co t§%1 Q@rﬁover
o . m !

the recording medfUMIHE udBE BARS andVERe - ARY esasllroer?o%djin Frcilides:

transnissigg g%a such asmthﬁ | nt er net; Ii% t; %adig %@%ﬁ%ﬂ_a”% sQund

waves. Mor 8VETEY e PABEYEThRht FONET € SIrer 6F TR Present 38T PAVEnt i on

isnot imt qitoéfurqjhardggée-f%ch as a QQE’ Qut Qn% igc#gde firmware,

an OS, andcﬁgriﬁ% H A dEs bt aBTUE, T hE"StPTEtUr e of "The present

i nvention be |nple Q;gd.eithe vja_ggft%aQF f% viasﬁyq%dx@rg&io

| NDUSTRI AL 9 i S 48§ T BT AHITE L CE AP B S hE" pressRE

I nvention, said recording medium being computer—-readable and said program

"~ that is read out performing the functions in cooperation with

the computer.

The above-mentioned "some of the means" of the present
invention means some means of the plural means, or means the
operations of some functions of one means.

Moreover, a computer—readable recording medium on which
the program of the present invention is recorded is also
included in the present invention.

Moréover, a usage of the program of the present invention
may be such that the program is recorded on a computer—-readable
recording medium and operates in cooperation with a computer.

Moreover, a usage of the program of the present invention
may be such that the program is transmitted over a transmission
medium, is réad out by a computer and operates in cooperation
with the computer.

Moreover, the recording medium includes ROMs, and the
transmission medium includes: transmission media such as the

Internet; light; radic waves; and sound waves.

Moreover, the above-mentioned computer of the present
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a noi se reduci ng device, a noise reducing nmethod and the like can be

provi ded where noise is effectively reduced and after-imge degradation is
smal | even when the S/Nratio of the video signal is degraded and it is
necessary to anplify the video signal. 39 0 0 0 40 CLAIMS 1. A noise
reduci ng device conprising: anplifying nmeans arranged to anplify a video
signal; video signal |evel reducing neans arranged to split the video
signal anmplified by the anplifying neans into a plurality of bands in
accordance with a. spatial, frequency, thereof, and to reduce I | .of_ a
i gher 1 aqUBREY ¢BRpORERL Cof I By Fds  EPQhaF A ed B o Loman seh ©

bet we first.characteristi ed . factor of
anpl 1 11 cat 1 BAYofERECApI-F ARG, mBANC and the TaVbi6r sthe  hi gher

frequency conponent, .and to synt hesi ze the_reduced hi.gher fre cy
conponent and a cgﬁp%ﬁﬁﬁfl%?aaﬁ%?ﬁir ﬁ%ﬁdS%FPﬁ%ggshogtﬁgF;Pa%?%ﬁ?ence

si gnal extracting.neans rangeg to ﬁétract a ditfere% e %%gn%]ngetmeen an
output of thBVGIGE8 slgKaPer eHEPRG™TEENS “4hE “a VpPe 88L& Rt Ted r &F&r ence
signal; difference signal |evel reducing neans arranged to reduce a |evel

of the dif %Fgﬁéﬁesignal based on a conparison between the level of the
difference signal and a predeterm ned second characteristic paraneter; and
subtracting neans arranged to subtract an output ‘of the difference signal

Lg;ﬁ; reduckﬁgUH¥39§LfﬁggiiggB?ﬂ&ggt of the video signal |evel reducing

As described above, according to the presént invention,
a noise reducing device, a noise reducing method and the like
can be provided where noise is effectively reduced and
éfter—image‘jegradation.is small even when the S/N ratio of the
video signal is degraded and it is necessary to amplify the video

signal.
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wherein an output of the subtracting neans is outputted as the video signal
whose noi se has been reduced, and is used as a new reference signal,
wherein the video signal |evel reducing neans conprises a coring circuit
for cutting the output when a | evelgof the output is not nore than the
first characteristic paraneter, @and rucing the | evel when the level is
hi gher than the first paraneter, wherei when the factor of anplification
of the anplifying nmeans is not no a predeterm ned val ue, a

sel ectabl e one of the first characteristic paraneter of the video signal

| evel redbci ngAmwngechnﬂ:lgtdwicﬂecmpﬁs‘ﬁgar acteristic paraneter of the

di fference si g&?ll. evel reduci ng means is maintained fixed, and the other
one of the firsStrthaFaetass fafnged japmntifier vidéo sigmlyi deo si gnal | evel

reduci ng neangdand; racteristic parangter of the difference
signal |evel, reduc}%gpéﬁ?%?gaﬁgcmgﬁeﬁ?%ﬂ t gnlip ther wigeer eignal when t he

fact or of2phsict fhycthe iaopliffing hecaaghtby pREIE 8PSl E a%ggrrgﬂl ctsepyg@ht he

pr edet er 1y val ue ai d, ot her one of the first charac far anet er

of the @b%ﬁag Heduspsy tﬁ%%fr anchtpuervRy Misuelsofanid ghdreramensytcoipmagidr i Stic

par anet etheotidef i@l LhgHe | I level reducing nmeans i s naintained

fixed, and said égedlaec%%gl ‘g‘fgnfzdﬂ%(}?lsg%geﬁchta gﬁ%r‘g‘élaémm Papmetaret er  of

the vi de83sflgiap fraorbf aagiifcapinetis angtithe meaLONM fRaLeG! ‘ﬁrti]St e

par amet eEigﬂEr %ﬁu%{ffer ence signal |evel® reduci ng neans i€ i Rased. 2.
n

The noi se T educrng deV{ERPERE ofti £y svothesias rtha reduved ehighérh eefidnsy

char act ecompirenpaidai®nSioneht 4 ' .gnal . | evel reduci ng means varies in
accordance V\né‘?@t he fact or ofﬂg?r% l|d$a|%(‘§la ﬁb??cgfﬁ{eﬁe anplifying nmeans. 3. The

noi se reduci n Wp%éi@@bg?&hMQgtm??lbmgecpfo @kt?ﬁcﬁ‘azdﬁff@p&rggis%épe second
\Sa?ir th e{dtﬁééncanp&rtﬂﬂ%tfﬁ{e Hled sq,gena(ji Ireach.t(ca:irnegr;J(J:F.-ean: Ia,z?dn : predgiifnﬁnrec? r:fg;ence R
signal;
differsnce signal level reducing means arranged to reduce a level of the
difference signal hased on a comparison between the level of the difference signal
and a predetermined second characteristio parameter; and
_ subtracting means arranged to subtract an output of the differenée signal
level reducing means frorz the output of the videa signal level reducing means,
wherein an output of the subtracting means is outputted as the video signal
whose noise hag been reduced, and is used as a new reference signal,
wherein the video signal Jevel reducing means comprises a coring circuit for
cutting the output when a Jevel of the output is not more than the first characteristic
patameter, and reduciung the level when the level is higher than the first parameter,
wherein, when the factor of amplification of the amplifying means is not
more than a predetsrmined value, a selectable one of the first charactenstic
parameter of the video signal level reducing means and the second characteristic
parameter of the difference signal leve] reducing me.;ms is maintained fixed, and the
other one of the first characteristic parameter of the video signal level reducing
means and the second characteristic parameter of the difference signal level
reducing means is inereased, and



in accordance with the factor of anplification of the anplifying neans. 4.

The noi se reduci ng device according to claim1, wherein the video signal

| evel reducing neans conprises: a plurality of filters including a | ow pass
filter and a high pass filter arranged to frequency-divide the video
signal; wherein the coring circuit isearrgnged to receive an output from
the high pass filter; and synt hesPzi A4 neans arranged to synthesize an
output of the low pass filter and an output of the coring circuit with

each other. 5. Thehefdh Sehdedite ﬂea\fi cording to claim1l, wherein the
vi deo signal, |evel redug:inﬁ%l %ﬁ%s co%ﬁcgﬁ .Ogé’ﬁlg@ﬂjgfﬁf‘%&mﬁﬁn&)adﬂglmss
filters arré]i‘?@e’geﬂ?@d?k@qwd@h&j sdidieth=heny bgge ﬁgt%ﬂeﬂéﬁgb in Ehe coring
circuit is %gﬁa&egéﬁaﬁlregel ve_an output of, of the plurall gram(?erﬁgnd pass
filters, a band pase i1 FerdirBE Measadfhaaciond shitaghristicanuanay: Gagd on;

and 0 0 o 4iffesynthggurind BB .1 0. synt hesi ze an out put of, of
the pluralit ﬁ of b%?ild Sass fil t%?%?ﬁs;g ﬂhuataglgégitx]e& adrsayycheplectabds snband i s
a | ow frequehly e ghamcigristicparanetprist G videe STkl le%lﬁéﬁmg;m%\‘#gh@ﬁ%% ot her.

6. The noi sg..f, ] vice according to claiml, erel si gnal
is inputted ce@%?&%&ﬁﬁﬁ BYREET 191 the diffarensat egnap deved doduping nap@tyr al
nunber), anbictehged, di f f erence signal corresponding to an mth video signal
that is inputted is obtained by using as the predeterm ned reference

signal a signal obtained at |east based on an (m1)-th video signal that

is inputteds 7. Ap iﬂaﬁgeréﬁgfﬁign%e%gg agc%gr%?ngccigp (r:I:':usnll n%: wherein the first
characteristic parameter of the video signal level reduciug means vares in
accordance with the factor of amplification of the amplifying means,

3. The noise reducing device according to elaim 1 or claim 2, wherein the
second characteristic parameter of the difference signal level reducing means varies

n gecordance with the factor of amplification of the amplifying means.

4, The noise reducing device according to claim 1, wherein the video signal
level reducing means COmprises:

2 plurality of filters including 2 low pass filter and a high pass filter atranged
to frequency-divide the video si gnal;

wherein the coring circuit is arranged to receive an output from the high pass
filter; and

synthesizing means arranged to synthesize an output of the low pass filter
and an output of the coring circuit with each other.

5. The noise reducing device according to claim 1, wherein the video signa}
level reducing means comprises:
a plurality of band pass filters arranged to frequency-divide the video signal;
wherein the coting circuit is arranged to receive au output of, of the plurality

of band pass filters, a band pass flter whose pass band is a high frequency region:
and |



t he noi se reduci ng device according to any one of clains 1 to 6; and inmage
form ng neans arranged to i mage an object and obtain the video signal. 8.
A noi se reduci ng nethod conprising: an anplifying step of anplifying a
video signal; a video signal level reducing step of splitting the video
signal anplified by the amplifying gtep pnto a plurality of bands in
accordance with a spatial frequency tirereof, reducing a | evel of a higher
frequency conponent of the video signal based on a conparison between a

first characteristj raneter based on a factor of anplification of the
anpl i fying step ;Sk%ﬁFﬁgmgé%ﬂﬂs GFTaRgRS i Resies aywsimy of cafithe phuaklityastd
synt hesi zi n@ahthpassdilieeed bbh@pasks Hfife nent _and a conponent of
anot her band gth ach ot h.er? a dit gglrggﬁaesgg%}giﬁlglaq&?%]%ﬁ‘qyg‘e@?éﬁﬂ@ﬂ
extracting ZVHLF PEEARBISFIWY witieeavhatheran out put of the video signal

reduci ng step and a predeterm ned reference signal; a difference signal
| evel reducing step of reducing a |level of the difference signal based on

a conpari sof. bet MhenoishesdieMR dfcet i.ffer i.,gnal .and.a . .
predet ermi ned second char ac%{%ri stﬁecﬂg%@gﬁﬁgf&%?ﬁgv Tt he Weeq rignaldep of

subt r act i ng SRR Yy noh fisdé odinfthehoeiaoutalpaival (nl ievelatnrPAUEHAY SHGR. f rom

reducing .step, 0 0 43 whereln an

the out put gfretdge ViH80,. Si .| evel p, 0
out put of the cséalb% \réfggfgll %°3+e§£®€‘?%t°o%ﬂ it Aepoad stk dhay iy iputted) fagbtaindtbs e

noi se has beensingaiihe gredemtmimed4sREENSS sidndlON; ' | _wherein the
vi deo si gnaﬁll el.dr educing step cuts the Sutpu gﬁvﬁéﬁ&gﬂegggﬂa‘g%m%e
out put is ndt bt BIehsgnal fat i3 inguttedhar act eri sti ¢ parameter, and reduces the

| evel when the level is higher than the first paraneter, wherein, when the

factor of anplification of the anplifying step is not nore
An image forming apparatus comprising:

the noise reducing device according to any one of claims 1 to 6; and

Image forming means amanged to image an object and obtain the video
signal.

8. A noise reducing method comprising:

an amplifying step of amplifying a video signal;

& video signal level reducing step of splitting the video sjgnal amplified by
the amplifying step into a plurality of bands in accordance with a spatial frequency
thereof, reducing a level of a higher frequency component of the video signal based
on a comparison between a first characteristic parameter based on a factor of
amplification of the atmplifying step and the level of the higher frequency
component, and synthesizing the reduced hipher frequency component and a
component of another band with each other;

a difference signal extracting step of extracting a difference signal between
an output of the video signal reducing step and a predetermined reference signal;

a difference signal level reducing step of reducing a level of the difference
signal based on a comparison betwesn the level of the difference signal and a

predetermined second characteristic parameter; and

a subfracting step of subtracting an output of the difference signal level
reducing step from the output of the video signal level reducing step,



than a predeterm ned value, a selectable one of the first characteristic
paraneter of the video signal |evel reducing step and the second
characteristic paraneter of the difference signal |evel reducing step is
mai ntai ned fixed, and the other one of the first characteristic paraneter
of the video signal level reducing sfep amd the second characteristic
paraneter of the difference signalelevws reducing step is increased, and
wherein, when the factor of anplification of the anplifying step is higher
than the predeter ned val ue, id other one of the first characteristic

paraneter of the" E&Boa“s?%‘éﬁ tpetubRaciing siep it eppuitnd sshthesedan signal
characteri stw}@s@gﬁ@gﬁﬁﬁgeeﬁfm&&@d aggfg&reggggP%?%grlep{:éaégwéredum ng step is

mai nt ai ned fixed, and sai d sel ectabl'e one © haracteristic
parameter of the whetmmlm gdedr slgeaidbval eeliieinatt st its ﬁfédo CORGL] of

characteri sglljc ararret the di fference signal |evel dh%gl ng step IS
i ncreased. ‘RB e {55t chargeteristivopasameter, tandp;aiu‘cey thetlbe:! met hod

of claimsS. whl;ﬁﬂwqe%grﬁ)hll értgﬁipﬁgﬁﬁst%a?ne&e?cord' ng medi um hol di ng t he

program according to cl
wherein, when the factor of amplification of the amplifying step is not more

than a predetermined value, a selectable one of the first characteristic parameter of
the video signal level reducing step and the second characteristio parameter of the
difference signal level reducing step is maintained fixed, and the other one of the
first characteristic parameter of the video signal level reducing step and the second
charactenistic parameter of the difference signal level reducing step is increaged, and
wherein, when the factor of amplification of the amplifying step is higher
than the predetermined value, said other one of the first characteristic parameter of
the video signal Jevel teducing step and the second characteristic parameter of the
difference signal level reducing step is maintained fixed, and said selectable one of
the first characteristic parameter of the video signal level reducing step and the
second characteristic parameter of the difference signal level reducing step is

increased.
9. A program arranged to cause & computer to perform the method of claim 8.

10. A computer-processable recording medium holding the program according to

clajm 9.



