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NO SE REDUCI NG DEVI CE AND NO SE REDUCI NG METHOD TECHNI CAL F sent
invention relates to a noi se reducing device, a noise redu@ﬁ@ﬁ%ﬂ@ﬁ@@ﬁﬁand
the like used for video apparatuses such as television set

cassette recorders. BACKGROUND ART A noi se reducing device for*&sh evi ng
hi gh image quality in video apparatuses wll be described. Exanples of the

Foduci ng noi e based on & signal | IOERCRCAREN el d or f 1 ame MGG
t hr ee- di nensi onal noi se reduci ng devi ce obtaining a signal diflighgagnce
between fields or frames by use of a nenory or the |ike and reducing noise

based on t i ff f : ,d- Open Pat ent
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t hree-di nensi onal noi se reducing device will briefly be described. FIG 9
shows an exanple of the structure of an image form ng apparatus having the

conventi on -ﬂi ional noise reducing device. In FIG 9, reference

nuner al 10?£§é$ﬁ€§% t%fgﬁéolid-stape i mage sensing device (hereinafter,

referred to as OB, prboentoRNSH 19 LS A8 o Ll SDEsL Mo §ELELE, VI deo
a noise reducing method 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. Examples 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-dimensional 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 difference (for example,
see japanese Laid-Open Patent Application No. H03-79168).

First, the operétion.ofeaconventional three—dimensiohal
noise reducing device will briefly be described.

FIG. 9 shows an example of the structure of an image
forming apparatus 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)



reference nuneral 102 represents an automatic gain control anplifier
circuit (hereinafter, referred to as AGC circuit) performng anplification
so that the output signal level is naintained constant even when the
output signal fromthe CCD 101 is changed, reference nuneral 103
represents an analog-to-digital converter (hereinafter, referred to as A/AD
converter) converting the analog video signal fromthe AGC circuit 102
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converter) converting the analog wvideo 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 processingcircuit
performing nonlinear processing on the output of 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 SO, reference numeral 107 represents a field memory
outputting the output video signal SO to the subtracter 104 as
a reference signal delayed by one field, and reference numeral
108 represents a nonlinear processing control circuilt changing
the characteristic of thg 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



When the electric signal fromthe CCD 101 is inputted to the AGC circuit
102, in a case where the level of the input signal is not less than a
predeterm ned |l evel, the signal is not anplified and is outputted with the
factor of amplification being 1. In a case where the |evel of the input
signal is not nore than the predetermned |level, 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 AGC circuit 102 is
converted PatdeacBiBPeal video signal by the A/D converter 103. The video
signal converted into a di%ital,si%nal by the A/D converter 103 .is
inputted to the SIRRY dt%ePLE64T LGneePpdesiramétSubEPat? T o WP H45€ 58t put
signal of the field nenpry 107, , and is ou%ggt ed as i fference signal.
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al ready- noi se-reduced out put video signal SO del ayed by one _field, when
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an increased factor of amplification 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. Since 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 1s stationary, the video signals of the
fields are substantially the same. Therefore, hardly any video
signals are included 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



the field nenory 107 as the reference signal, and is used for the noise
reduction of the video signal of the next field. In a noving i mage where

t he object of image formation is noving, since the video signals of the
fields are different from one another, a |arge nunber of video signals are
included in the difference signal. Therefore, if the difference signal is
subtracted as it is, although noise is reduced in the output video signal
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video signal SO, the image signal of the immediately preceding
field is added at the same time, so that after-image degradation
is 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 thedifference signal with a large amplitude as a video signal
and a part thereof with a small amplitude as noise, only the
part with the small amplitude i1s 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
noise has been reduced without any after-image can be outputted.

FIG. 10 is a view showing an example of the characteristic
of the nonlinear processing circuit 105. The horizontal axis

represents the input of the nonlinear processing circuit 105,



are characteristic paraneters characterizing this characteristic. \Wen 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,
regardi ng the output of the subtracter 104 as being substantially all a
noi se signal, a signal having a magnitude of Kx (K<1, x is the input of
the nonlinear processing circuit and I x | :a) and whose level is reduced

b ltiplicati by th h teristi t K .l tputted th
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nonl i near processing circujit is not J|ess than a and less _than 2a, the

out put of t%%es%%??%%?%?li%hpiR%FﬂH% eﬁ%tﬂhﬂﬁ?%aeﬁhaln%iE%bssignals.

Ther ef or e, rqgarding.tge ratio of the video signals as increasing as the
| evel incré CtPedutPut is reduced with K as the proportionality
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outputted as the djfference, signal.,K Wen the absolute val ue of _t i nput
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characteri st SO Mohe bhe shepLul e Yol ve: o1 Lhey siapalpl evel of
signal having a magnitude of K*x (K<1, x is the input of the
nonlinear processing circuit and | x | £a) 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 circuit 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 proportionality constant as the ébsolute
value'of the input signal level approaches from a to 2Z2a, and
a signal of the absolute value of a level close to zero is
outputted as the difference signal. When the absolute value of
the 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 subtracter 106 is not made.

According to this nonlinear processing characteristic,

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



of the subtracter 104 is not nore than 2a is regarded as including noise,
and a signal reduced by the nonlinear processing in 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 Pat ent
Application No. HO03-79168 are incorporated herein by citation (reference)
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When the quantity of the light incident on the CCD 101
decreases to reduce the level of the output video signal from
the CCD 101, since the noise level 1s 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 predetermined level is maintained. However, since both the
signal and noise are amplified with the same factor of
amplificationwith the S/Nratiobeingdegraded, thenoise level
increases.

On the other hand, the nonlinear processing control
circuit 108 changes the characteristic of the nonlinear
processing circuit in accordance with the factor of
amplification of the AGC circuit 102. Specifically, 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



increased by the anplification by the AGC circuit 102, it can be reduced.
However, in the output of the subtracter 105, it is inpossible to

di stingui sh by the magnitude of the anplitude between the video signal
intrinsically having a predetermned anplitude and the noise 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
anpllfled noi se level, the video signal which s intrinsicall ecessary
i s reduced tobBt HEYeR THEROFRS %@l%%el%%%?ﬁﬁ@a+n pRBcELSPRgSE P%g £5105.
Consequently, the output of the nonlinear processing circuit 105 includes
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after-image degradation in the output video signal SO increases. That is,
when it is PRcESREFSto anplify the video S|gnal by the AGC anplifier
circuit 102 because the |level of the out vi deo S|%nal {@§n1the CCD 101
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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 which is intrinsically
necessary is reduced together with noise by the nonlinear
processing circuit 105. Consequently, the output of the
nonlinear processing circuit 105 includes a large number of
video signals 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 reduced, 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 based on a
statistical reason that variations with time of the amplitude

of noise are smaller than those of video signals.



conventional problem and an object thereof is to provide a noise reducing
devi ce, a noise reducing nethod and the like with which noise is
efficiently reduced and the generation of after-imge degradation is snall
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 noi se reducing devi ce conprising: anplifying nmeans of
anplifying a V|deo si gnal ; V|deo S|gnal | evel reducing neans of splitting
the video RIFraPSERpI0Fi EVENTIAR anplifying neans into a plurality of
bands in accordance with a spatial freque ere reducin | evel of
& arie et B rined

a hi gher frequencyPdifoidht BHVeHe A dt B ht npari son
belneen 2 LiSkesnaLact Ll skl e parareLer baserl o a0t actel Bl i «
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difference S'328"31%%%16‘1%%%%%%%@é‘r?éjl%efs"?lgce‘éggﬁ_»?féoeé}n% L& ParareLer: and
signal.
A first aspect of the invention relates to anoise reducing
device comprising:
amplifying means of amplifying 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 higher 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
level of the ﬂigher frequency component, and synthesizing the
reduced higher frequency component and a component of another
band with each other;
difference signal extracting means of extracting a
difference signal between an output of the video signal reducing
means and a predetermined reference signal;

difference signal level reducing means of reducing a

level of the difference signal based on a comparison between



subtracting neans of subtracting an output of the difference signal |evel
reduci ng neans fromthe video signal, wherein an output of the subtracting
means i s outputted as the video signal whose noi se has been reduced, and is
used as a new reference signal. Mreover, a second aspect of the invention
relates to a noise reducing device conprising: anplifying nmeans of
anplifying a video signal; difference signal extracting neans of
extracting a difference sigpal between an output of the anplifyin ans
and a predeterfiifed OFeFBFe&&Eng‘@ﬂ%?;Sb‘?WJe & ?F@ﬂSEng‘EBFdrﬁﬁgSP g
means of reducing a ,level of the difference signal; and subtracting neans
of subtractFHyFEN Yt PLtc PAEHRETRF { f&P8nce signal |evel reducing means
fromthe video signal, wherein an output of the conbining neans is
out putted as the SHAUSE S HRIMSHOS L ot RIS U A Y e?}ﬁ%%‘g? %ﬁdtsl?% used as
a new reference signal,, and wherein the difference signal | evel reducing
nmeans split(glff e%?f%lﬁvﬁﬁaFeFHFéng rb?%?%lﬁ?}“ ebé{ﬁggoi At8teor dance
with the spatial frequency thereof, reduces for each of the bapds l,evel
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on a conparison between a Ie\r/lel e. 9 difference, si
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bands, and conbi nes the ,
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 between 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 meéns of subtracting an output of the
difference signal level reducing means from the video signal,

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

wherein the difference signal level reducingmeans splits
the difference signal into a plurality of bands in accordance
with the spatial fregquency thereof, reduces for éach 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



split bands together to obtain the output. Mreover, a third aspect of the
invention relates to the noise reducing device according the first aspect
of the invention, wherein the first characteristic paraneter of the video
signal |evel reducing neans varies in accordance with the factor of
anplification of the anplifying nmeans. Mreover, a fourth aspect of the
invention relates to the noise reducing device according to any one of t he

first to th hi rd aspects. of he i nvention, wherein.the Seco d. he
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i ncr eased signa evel reducing méans varies in accordance with

factor of amplification of the amplifying means.

Moreover, a fourth aspect of the invention relates to the
noise reducing device according to any one of the first to the
third aspects of the invention, wherein the second or the third
characteristic parameters of the difference signal level
reducing means varies in accordance with the factor of
amplification of the amplifying means.

Moreover, a fifth aspect of the invention relates to the
noise reducing de&ice according to the fourth aspect of the
invention, wherein when the factor of amplification of the
amplifying means is 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
means is increased, and

wherein when the factor of amplification is higher than.
the predetermined value, the first characteristic parameter of

the video signal level reducing means is maintained fixed, and
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Moreover, a sixth aspect of the invention relates to the noise reducing
devi ce according to the fourth aspect of the invention, wherein when the
factor of anplification of the anplifying neans is not nore than a
predeterm ned value, the first characteristic paraneter of the video
signal level reducing neans is maintained fixed, and the second
characteristic paraneter of the difference signal | evel reducing neans is
i ncreased, and mhere n _when the factor | i s_higher.than the
predeternihgﬁev%ﬁ%ﬁﬁ t9ﬂ§3ﬁﬁﬁﬁﬁf%ﬁﬁﬁwﬂﬁ?ﬁW%§Q%: 5; iﬁegéffe5anﬁesa9??grence
si gnal Ievei regu0|ﬁ€ means is maintained fixed, and the first

char act er i stF¥Spat SHEEEPI AR P dbRCTERYRAL | evel reducing means is
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the coring’ £HFEbi 00F EHCBRERLbE HEF LM J
reducing means is maintained fixed, and the second
characteristic parameter of the difference signal level
reducing means is increased, and

wherein when the factor of amplification is higher than
the 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 means is increased.

Moreover, a seventh aspect of the invention relates to
the noise reducing device according to the first aspect of the
invention, wherein the video signal level reducing means
comprises:

a plurality of filters including a low pass filter and
a high pass filter and frequency-dividing the wvideo 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 characteristic parameter, and reducing the

level when the level is higher than the first parameter; and
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Mor eover, an eighth aspect of the invention relates to the noise reducing
. device according to the first aspect of the invention, wherein the video.
signal |evel reducing nmeans conprises: a plurality of band pass filters
frequency-dividing the video signal; a coring circuit receiving an out put
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 | evel of the
output is not nore than the first characteristic¢c paraneter, a reduci ng
the | evel when thH&"% 17 MY aﬁYPﬁ SPLFSP %%ﬁﬁﬁﬁ?g?fﬂgﬁ&e 285

synt hesi zi ng neans .of synthesizing an output,K of, .of the ,plurality of band
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and an output of the coring circuit wth eac t her. Mreover % nigth
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t he second aspect, of the .invention wherein the difference signal vel
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video signal; a pluraljty of |evel reducin ns reducing a | evel of 12
an out put of MESRRIGR . FRSRP LR aFRE VPSP ] FHEPEL LS BaL oho 4 C EBHpRFFESN wi t h

the third characteristic paraneter of each of
comprises:

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 more than the first characteristic parameter, and
reducing the level when the level is higher 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 reducing 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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the | evel reducing neans; and synthesi zi ng neans synt hesi zi ng an out put of
the 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. Myreover, a tenth aspect of the invention relates to the noise
reduci ng device according to the ninth aspect of th i nventiqn wherein the
plurality offPPERRE %FeeﬁﬁﬁdoﬁaggefPFPE?EltKa9FnGlgF?F§rBﬁ?egagg Bands.

Mor eover, an el eventh aspect of the invention relates to the nois

reduci ng de9PRR2BLSPR Hihtiheadbded SFaFﬁEtFﬁﬁéﬁ%Fdﬂarﬁﬂiﬁ%frPé”%?%% Gfality
of filters include a |ow pass filter and a high pass filter. Moreover, a
twel fth aspERE 6BVEherPHVEARPORSPBFat 889 0 the noise reducing device
according to the first or the second aspects, of the invepti wherein the

video signal is i F?%ﬁlzé@%rWeﬁn§hSY?Eﬁﬂsb?lﬁgtﬁnhBFFQBFtﬁgnba?iod (nis
a natural number), and the difference signal corresponding to an mth
vi deo si gnaPl¥katif¥ PhpLeved redvsLaPn®83By using as the predeterm ned
reference signal a signgkfo?}ained att]eﬁst based on gn &y}%g-tqayidgo_
signal that is inpUe¥edn VE3UbPECVRTF B HhFrEERAT AT AEPECPHITHE Thiént i on
relates totgg Ilaft?}_gaeljtgé @fn%e%%‘iaﬁgéhjgiﬁgr%éﬁé r:ll%e 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 reducing 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 the ninth aspect of the invention
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 natural
number), and the difference signal corresponding to an m-th
video signal that is inputted 1is obtained by using as the

predetermined reference signal a signal obtained at least based

on an (m—-1)-th video signal that is inputted.
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t he noi se reduci ng device according to any one of the first to the twelfth
aspects of the invention; and i mage form ng neans of imaging an object and
obtaining a video signal. Mreover, a fourteenth el eventh aspect of the
invention relates to.a noise reducing nmethod 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 accord nce with a spati equ enc there

reducing a | eveMOFEo¥ SFigRel Feﬁﬁéﬁgya58ﬁﬁ5n8htt%? %h%e FHed %?{ﬁﬁﬁsbased
on a conparison between_a first characteristic, paraneter based on an
factor of &ﬁbﬁﬁw%ﬂﬁQ%nFQﬁm%qﬂa%ﬁﬁﬁ#ﬁ%ﬁ%mf%ﬁQﬁﬁ the |level of the higher
frequency conponent, apd synthesi zin the educed hi her fr n

component and a 56%5%%eh?r§%u§ﬁ8£’ ? %%ﬁ&cﬁf ﬁngéﬁha Yﬁ’efogqﬁﬁ f%é%hce
signal extracting step_qof extractin di fference signal between an out put
of the vidé® str% qwerle%'ﬁ% TPt nﬂ“ed Jﬁr‘é%‘eve‘?% reference signal; a
di fference signal, | evel_ reducing ste reducin .l evel of the, .,

di fference srgnal“ﬁ§§e5°§ﬁhggb8 EﬁlggnlBEQ&Bgn tﬁgj?ghe?ngfo?rﬁgnlng

di fference si and a predeternlned second characteristic paraneter; and
14 a subtrfac ﬁ&%f "subtracting an output of the difference signal

reduci ng ste fronrthe V|deo si gnal
g P Moreover, a foufteehth eleventh aspect of the invention

relates to . a noise reducing method comprising:

an amplifying step of amplifying a video signal;

a video signal level reducing step of splitting the video
signal amplified by the amﬁlifying 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 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 betwéen 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 between
the level of the difference signal and a predetermined second

characteristic parameter; and
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wherein an output of the subtracting step is outputted as the video signal
whose noi se has been reduced, and is used as a new reference signal.
Moreover, a fifteenth. aspect of the invention relates to a noise reducing
met hod conprising: an anplifying step of anplifying a video signal; a

di fference signal extracting step of extracting a difference signal

bet ween an output of the anplifying step and a predeternined ref erence

signal; a difference signal, |evel reducin ste reducing a _|level of the
di fference signal® & Sttt &t st qﬂl%%ﬁ: Stk pute of the
di fference signal reducjing step. fromthe video sjgnal wher ei n. an out put
of the subt%? TIPSR e'i)lqréajoﬂ%il}f‘fjer&ig B Thet ¥ e %lﬁh%?ovﬁb%%a%m se has

been reduced, and is used as_a new re erenge Si gnal %nd wher e Jg F %
di fference signal"%hAH" PRI QEitRY ts PEp EPENEUPEF AFEBHCRTEP ghal OF p’éjb FE into
a plurality of bands in  accordance with the spatial fre uency thereof a
level of a 2hi'giferifr8qdéHBgisTRRaP Ib‘?l??]eh‘?fr iR rr)?dﬂ)lfc 't PBPehie"8FYnal s
is reduced for each of the bands %fed on a conparison between a |evel of
the differeéite® SYhal P DrEd®Bi%®lnined third characteristic paraneter
determ ned for each of the bfng and - 15t E %Ht bands a%ﬁ %onbjcned
together to obtalPiIy Fut futt t%rf‘ VPG O xERR AN HEpestt T61-3CRE *°
i nventi on reI ates to
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 amplifying 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 reducing step from the video signal,
wheérein an outpﬁt 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 split into a plurality of bands in
accordance with the spatial frequency thereof, a level of a
higher frequency signal of the plurality of difference signals
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
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a programfor causing a conputer to function. as the followi ng neans of
t he noi se reduci ng device according to claim1: the anplifying neans of
anplifying the video signal; the video signal |evel reducing neans of
splitting the video signal anplified by the anplifying nmeans into a
plurality of bands in accordance with the spatial frequency thereof,
reduci ng the IeveI of the higher frequency conponent of the video signal
based on th ri son between the, fi st characteri st par anet er pbased
on the factTi® oD ol TAPLat bR Gf e @?%%@ AT STt Sk

t he hi gher frequenc onent, . and nthe5| E& t.he reduced

h
frequency corrpon@’l[ﬂy%voe hé S%ﬁﬁf)%ﬂﬁﬁt e GEhERe BARE Rt éggﬁ%&esha?; t he
diff t f t t t.h d ff |
et ween 1 1o AR G5 RevoL gag?safﬁ%?e?xléé%ﬁ.%%fﬁg Dbte kit
: det d f he diff | d
D F educt ngTIHES | S G HE g 'Qegﬁrlé%;rgc%ﬁ@é&goﬁot ReaiBmbar Pl

between the level of the diff renc rede erE%ned econd

nal. and, t he
char act er i STTR! pay HABUET21S oy Jsfﬁﬁf?%cﬁ%g Jrfé%?]sgjogn§ bt Fatt T hg P he
o Sl L%%%ﬁcg%@%%{'ﬁ%fra%%z&: BT AL 1 AR
b o B e T B PR S ATA 20 (R 16 BUSR  rar
of APl 11 Yinga i deo slanali. dhiferenee.siang) Xg{»gg%' "9, J520S5 L ne
level of the higher frequency component of the video signal
based on the comparison between the first characteristic:
parameter based on the factor of amplification of the amplifying
means and the level of the higher frequency component, and
synthesizing the reduced higher frequency component and the
component of another band with each other; the difference signal
extracting means éf extracting the difference signal between
fhe oufput 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 between 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 following

‘means of the noise reducing device of the first aspect of the
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si gnal between an output of the anplifying neans and a predeterm ned
reference signal; difference signal |evel reducing neans of reducing a

| evel of the difference signal; and subtracting nmeans of subtracting an
output of the difference signal |evel reducing nmeans fromthe video
signal. Mreover, an eighteenth aspect of the invention relates to a
conput er - processabl e recordi ng nedi um hol ding the program according to the
sixteenth or the seventeenth aspects of the jnyvention. BRI EF DESCRI PTI ON
OF DRAW NGS B IPT s 3l ok Y 43 Hovi Myt Yhe T 1 T ot H %ol se
reduci ng device according to a first enbodi nent of the present__invention.
FIG 2 is &iisHenfiagiantdn8ringcahnexanpie eﬁﬁéa%?@c?ﬁﬂef%?r%%?gh

frequency coring circuit 14 used in the first _and second enbodi nents of
the pr esents i AENHTTEH F0 PTHUT 5 HOUBHEY: BE S8 GT¢ U1 ow

show ng the frequenc haracteristic of.  an, L 22 used. in the first and
secondgenbé%ﬁerF{aerﬁ “blfry?cﬁer ee%eé'h(feiﬁﬁ%rfﬁ]ibnc.ll%:%?e%’c?bﬁlqréa]amﬁ‘é ency

characteristic view show ng the frequenc haracteristic_of an HPF 21 used
Ch the £ St I CET CdoGORSHTE G LENELoPESEHE TheERTToRE S1aW LR G 4
IS an input/out characteristic view show ng an__exanple of, the
ot out it RAPEECBET-CRIEATe PhE AR, LI P8 GHECPRE VB ehe B T HE R and
second enbodj ne t%_of t he , . .

signa evel reducing means from the video signal.

Moreover, an eighteenth aspect of the invention relates
to a computer-processable recording medium holding the program

according to the sixteenth or the seventeenth aspects of the

invention.

BRIEF DESCRIPTICN 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 frequency characteristic view showing the
frequency characteristic of an LPF 22 used in the first and
second embodiments of the present invention.

.Fig. 3 (b) 1s a frequency characteristic view showing the
freduency characteristic of an HPF 21 used in the first and

second embodiments of the present invention.
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present invention. Fig. 5 (a) is a view showing the relationship between
the level of the CCD output signal and the quantity of the incident |[|ight
in the first enbodi nent of the present invention. Fig. 5 (b) is a

rel ati onal view show ng an exanple of the relationship between the val ue
of the characteristic paranmeter 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 a relatiaonal view show ng.anp, exanpl e of .the

rel ati onshi p bet 'éh%sfﬁ}&BPBF/PH§p8ﬁa¥%%f%? §g?ﬁgbﬁﬁﬁggfépowépgéan
nonl i near processing_circujt 16 ,and the factor of _ anplifjcation, of the AGC
Circuit 12 PHATRRE (5 SHEmIRITARE AT CPRE BrESBT T nveht P, P95 (d) i s

a relational, view showi ng, an exanple of th rel ati onship betwee he val ue
of the char%b?%qrgtf '%%gﬁnﬁ?e e0#1{%E %%%I?%%%? p?%%%@g?ﬁ@£§i?£uﬁ?e16 and
the factor of anpljfication of the AGC circuit 12 in the first enbodi nent
of the preZEmteTnvERITOMCEI G 6 is a bl ock di agram showing the structure

of a noise reducing deyice according tq the second enbadinment of 't
present inventio ngig._%>6é381%&%ﬁ»%@%ﬂﬁ%&hEPGV€%%€EﬁﬁRﬁ h%ﬁ&ﬁﬁ@?‘gﬁgnple
18, o Pt el ) O, belueen.t e talue o, 5 CRBCRGLEE Lol £ cPALAIEL o
second enbofigﬁgtfnoghéf%&gggsg%%oé{%gggigg.the present invention.

.Fig. 5 (b) is a relational view showing an examplé of the
relaticnship between the value of the characteristic parameter
of a coring circuit 23 and the factor of amplification of an
AGC circult 12 in the first embodiment of the present invention.

Fig. 5 (c) is a relational view showing an example of the
relationship)betweenlthe'value of the characteristic parameter
of a nonlinear processing circuilt 16 and the factor of
amplification of the AGC circuit 12 in the first embodiment of
the present invention.

Fig. 5 (d) is a relational view showing an example of the
relationship between the value 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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Fig. 7 (b) is a relational view show ng another exanple of the

rel ati onship between the value of a characteristic paraneter a and the
factor of anplification of the AGC circuit 12 in the first and second
enbodi ments of the present invention. FIG 8 is an input/output
characteristic view showi ng another exanple of the input/output
characteristic of the <coring circuit 23 used in the first and second

he st T uct B B HR0=ORMUSHE GRASR 05 CIEI NG eV T 94 G210 15 an
out out PuL charact o o41..yigu shout g L 1e,L1put ol put gharacteristic
of 't he COD VAP FbRaF S EREN G I 1I B4 RE LInBrasRr NG T TPt he
Showi ng anot her  E3dnple (Bbi 1 e "FAFEESRaNT b oRer TERTPHE S I TE rotne
Fact or of A1 HEdo o6 he SACE T nelh (A3 104 o 1AL oot fent o
e present. LMl o0 1 Fh G d Lol sl ok LopeL Y phonpa anater
parameter gf, Lhe coring, cirpult 23 and the factor of  amplification of the
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 nolse reducing device.
FIG. 10 is an input/output characteristic view showing
the inpuﬁ/output chafaéteristic of the nonlinear processing
circuit in the conventional noise reducing device.
Fig. 11 (a) is a view showing the relationship between
the level of the CCD output signal and the quantity of the
incident light in the first embodiment of the present invention.
Fig. 11 (b) is a relational view showing another example
of the relationship between the value 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. 11 (c) is a relational view showing another example
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the present invention. Fig. 12 (a) is a frequency characteristic view
showi ng the frequency characteristic of a BPF 61 in the noise reducing
devi ce 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 nent of the present invention. Fig. 12 (c) is a frequency
characteristic view showi ng the frequency characteristic of the BPF 61 in
the noi se r¥fduihgretiEvieeSHiP thrtED R nFotifent Bret Hedprekehtstic
invention. Fig. 12 (d) _is an input/output characteristic view show ng the

i nput / out plRAIHER BRE et F sk Frime mbRfiheat3 PrOcERRi FRCEPFceft 62 in the
noi se reduci ng device of the second enbodinent of the present invention.
Fig. 12 (e)aVlbficatirmef ER&rACE e7ituict Vitenh sHewifnig s tt REPPAEHGBHRCHT
characteristic of the BPF 61 in the noise reducing device of the second
enbodi ment ©te tHeeFRRSeMVEMVENR i on. Fig. 12 (f) is an input/output
characteristic view show ng the input/output characteristic¢c of the,
nonlinear procedsithg ¥ rl@li 62 fHeEHENAYBI sRaF_AterAgtdevy ¢8VofRPHe"gecond

enbodi mrent of the present_invention. 20 (Explanatjon of reference |,
nuner al s) fhe dasaengecchpragiteristic of a BPF 61 in the nolse reducing

device of the second embodiment of the present invention.

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

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

Fig. 12 (d) 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.

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

Fig. 12 (f) is an input/output characteristic view
showing the input/output characteristic of the nonlinear
processingcircuit62j11thenoisereducimgdevicecﬁfthesecond

embodiment of the present invention.
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13 A/D converter 14 high frequency coring circuit 15 subtracter 16
nonl i near processing circuit 17 subtracter 18 field nenory 19 nonli near
processing control circuit 21 HPF 22 LPF 23 coring circuit 24 adder 61
BPF 62 nonlinear processing circuit 63 adder BEST MODE FOR CARRYI NG OUT
THE | NVENTI ON Her ei nafter, enbodi nents of the present invention will be
described with reference to the drawings. (First enbodinent) FIG 1 is a
bl ock diagramillustrating the basic structure of a relevant part of an

i mage 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 repr esentEXRL- T 100 R F eSPORERHEE tHTRE? + Fhge formi ng neans of the

present invention, converting incident light into an electric video
signal, referencélndifétal 12 represents an AGC circuit

12 AGC circuit

13 A/D converter

14 high frequency coring circuit
15 subtracter

16 nonlinear processing circuit
17 subtracter

18 field memory

19 nonlinear processing control 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 present invention will
be described with reference to the drawings.

(First embodiment)

FIG. 1 is ablock diagram illustrating the basic structure

of a relevant part of an image forming apparatus having a noise
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performng anplification so that the output signal |level is naintained
const ant even when the output signal fromthe CCD 11 is changed, reference
nuneral 13 represents an A/ D converter converting the output anal og 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 the output of the A/ID
converter, reference nunmeral 18 represents a field nenory delaying an

out put vide%eg?%%ﬁﬁ dg gye ?ﬁF@rééﬁﬂbEOByféﬁétf?@Pﬂdéﬁﬁn60¥%ﬁf¥ﬁHﬁe tRE
signal. as the reference sﬁgnal of the present invention, reference nuneral
15 representRVESHMR r okt rlobtlai ASTFIHAES FHEErende BEPREER"Re2obtPut
signal of the high frequency coring circuit 14 and the output signal of
the field nENTS ALY bt bt RYSE hECHT RS r BRARRS PEf ERBnRESHTREral 16
represents ,a non|inear processing cjrcujt ferforning nonLinear processi ng
on the out ptRVEH TR sTHYSELEPI 157 0yA%RE bHIRE chAFAcERr FSEFEr 1pa¥anePer a
correspondi ng to_ the second characterjstic garaneter of the present
nvention ahtERALhat SETEFPSE] RINGET hbd of SRECARACT eRBr BAGeChENST Bl 17
represents a subtracter subtracting the output of the nonlipear ocessi ng
circuit 16 RSBOTRILG ¥R bt Pt gRdl tortt }a,eh?@hpweaaaﬂﬁy i%Yngls
circuit 14 and outg tti@g the video signal SO In this tructurﬁ, %&e AGC
circuit 12 BHTPERPUIFISC® tHet &R T MhSTY (PITEIT [§e &rtT FrgehtPon,

coring circuit 14 corr onds to the video sign

ﬁggugggg L;ﬁﬂgﬁgg%§ﬁgegrég%gﬁrQQ§¢éﬁyp8ﬁ§lgﬁ?represents an A/D conv r%érlevel

converting the output analog video signal from the AGC circuit
12 into a digital video signal, reference'numeral.14 represents
a high frequency coring circuit performing nonlinear processing
onlyonahigh frequency signal of the output of the A/D converter,
reference numeral 18 represents a field memory delaying an
output video signal SO of thi.s device by one field and outputting
the signal as the reference signal of the present invention,
reference numeral 15 represents 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, reference numeral 16 represents
a nonlinear processing circuit performing nonlinear processing
on the output of the subtracter 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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the subtracter 15 corresponds to the difference signal extracting neans of
the present invention, the nonlinear processing circuit 16 corresponds to
the difference signal |evel reducing nmeans of the present invention, and
the subtracter 17 corresponds to the subtracting neans of the present

i nvention. The operation of the noise reducing device of the first

enbodi nent of the present invention having the above-described structure
will be described, and with this, an enbodL nt of the noi se .reduyci

met hod of tHePPridSeRt T PRveRt #oR i T IERS1 869 bk YL FH&P T Hife C&ﬁé:rué‘t%i 8% from
the CCD 11 to_the A/D converter 13 wll _not be described since it js.the
sane as t heRpEHRGT MDirenit dees 45 (‘?Ot'hgn Lot B 0306 A?ﬁe

conventi onal , noi se _ reduci ng devi ce shown éih |G 9. Then, tge vi deo_si gnal
converted i A HilA COrr&sprRds 9 the 209 HortRy fgans ok b ﬁpHFF@ﬁn{?o t he
hi gh frequency coring circuit 14. FIG 2 is a block djagram show ng an
exanpl e of YHEEMFHIP - fhsghié ARyt LR SRFE IGOEHT Eﬁ?c‘v‘\ﬁgnl‘? PPES R hi gh
frequency - 23, coring circuit 14, the output video signal of the AD
converter 3® VadE0r §+IBRAd-SRY FeHREHRY W%P’F PrettR mAF 38 oRVERELE"F ow
frequency region by an HPF (high pass filter) 21 _apd an LPF (|l ow, pass
filter) 22.“Hhe3dPFreckrs %éV€9¥?£ﬁ%%%%§ Eﬂa%%%t%??g?Fﬁg?e FoP8xanpl e, as

shown in FIG 3. Fjig.
extractiéb é%égg g Q&ﬁetgge;éggufgggntion, the nonlinear

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

The operation of the noise reducing device of the first
embodiment 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
not be described since it is the same as 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 coring
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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characteristic of the LPF, and Fig. 3 (b) shows the frequency
characteristic of the HPF. O the video signal split into the high
frequency conponent and the | ow frequency conponent by these filters, the
signal of the high frequency conmponent havi ng passed through the HPF 21 is
inputted to a coring circuit 23 performng nonlinear processing. FIG 4
shows an exanpl e of the input/out put characteristic of the coring ci rcuit

char act er | SSTAAPAREESE b | ﬁegﬁ R e R S
characteris t e i ng

h t I t t t.h t 23

ot out putS ditarAgel %?P§Sh§5§ L aee s ”’”Lorr%papé I‘% this
ol udes e Iarcéfe”‘%%%tﬁﬁanﬁﬁd ""%ﬁ&@‘)”%e@“e”%e%l?udeZéiI‘e o8 EPROR N (o
_reduced in accgé_rdL e%%t II%II?te gﬁ%ﬁ%ggﬁ hef%Q%%%?%ﬁ&f& Tpalfzjgsn@tgg That

is, \/\/nentIID rlng CII’CUI a
si gnal

t t, I
Ut put t ed Vi SREPLBsof SE VA 48 BIC Iﬁeai‘lgnaﬁ O gl Bt Xecié“eiséd to
I I b The h I h
Chrough |t RO TR E1 LU B3°aftEt H S o 7 Gadency 8l anal cOrBonenty t hat
is the outp of the F 22 e d together by an adder 24 to thereby
restore thé&HEHTTE bah ‘?ateh o signal, and

Of the video signal split into the high frequency
component and the low frequency component by these filters, the
signal of the high frequency component having passed through
the HPF 21 is inputted to a coring circuit 23 performing
nonlinear processing.

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,
characterizing this characteristic. The signals inputted to the
coring circuit 23 by this input/output characteristic have the
amplitudes thereof compared with this characteristic parameter,
and as a consequence, 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 circuit
23 is x, a signal where | x | =m is not outputted, and a signal

where Ix |>n1is outputted with the absolute value of the signal
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the video signal with the restored band is outputted to the succeeding
subtracters 15 and 17 as the output of the high frequency coring circuit
14. Noi se has not only a characteristic as nmentioned above that variations
with time of its anplitude are generally smaller than those of video
signals but also a characteristic that noise is nore |largely distributed
in a high frequency region than in a |low frequency region in the spati al
frequency. In ase where the video signal includes a certain degree of
noi se by  t H& HigPeMBqIRHMSFEOTT iy W3 He%itOM% Rpetifically, the output
signal of the A/D converter 13 includes noise of a level Sn in the

absol ute val ue, WHNPSASHE SFHENTY LI _Y SOTPE NIRRT Y PASSET TRT g Hhen
Sn>m it is . reduced to Sn-m_ FEurther, in_the_noise reduction by the high
frequency cdtS MPicite Gt it r?rg AffefPPmagl FECgRRRFYL %ﬂgﬁ“ﬁfp?? PHFRE The
operations qQf the subtracter 15, the subtracter 17, the nonlinear

processi ng Tiacdist t28 AnPThe T FBPd“REror P FE82AdGE R ML by ARghdder
frequency cq£ing %irCHit 14 are %inilan to  thos f the subtracter 104,
the subtracterrC18B8STERE ToRFPHRde FrdceSsPARICY T Uit VA6 aRdItAS - f7RY d
menory 107 of the 25 conventjaonal noise reducing device. Therefore, the
nonl i near S NF T B DR ® (.P%Yg%pitﬁ Vi LR RUbET? alh®r
104 in accordance with the characteristic. shown in FIG 10, the .output of
the high fretfiRaRI DrIHFAT@RT 1 o thf thertiadisRvedute %ﬁalgk?

out putted as t he out put video, signhal SO and
requency coring circuit 14.

Noise has not only a characteristic as mentioned above
that variations with time of its amplitude are generally smaller
than those of video signals but also a characteristic that noise
is more largely distributed in a high frequency 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,
and when Sn>m, it is reduced to Sn-—m. Further? in the noise
reduction by the high frequency coring circuit 14, no
after-image is generated in principle.

The operations of the subtracter 15, the subtracter 17,
the nonlinear processing circuit 16 and the field memory 18
succeeding the high frequency 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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the output video signal SOis stored in the field nenory 18 in order to be
outputted to the subtracter 15 as the reference signal 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
absol ute value levels are not nore than 2a are further reduced to Ka at

th i i d Wth the., ch teri i h i FI G. 10. Th
honl i near - MoveIG At toise deitinGy §eBTLEL| ThofePdPll Lk gty tisar IV

5 on the character.istic par, ter m of the, cori ircuit 23 .in the high
fr equency GIEAGRS Gtk GiE CUIA dfdPERSSEREFabher PEEPR CoBT aTfet & el RS T

[ i i i it 16, ] / ith . the f
ol 11 on (SRR o bty chS ARSI SRR AR, Porthte
light incident aon t A creases to reduce the |evel, of the output
Ui G001 ondi b A OB JE AN e St Vi nde ke t it
increases the factor of  amplification so. that a Ered term ned |evel és
i Nt ai ned TGUES THE AR BB AP OREFS BBPeo BRACREES e IPgdt 80/ Gt
amplification is - 26 .not npre than.a predeterm ned value Gl as own in
A Ty R Plrrufre fra, aner | ol ad B g Rehel N I AR peraeY TP ' 25
is increased.. On .the other nd, the characteristic paraneter of the
ol | mear Bgeg sich bed atgm A o L A e el & P AT S oflinddS

a=0 Is mal nstiacjln%%.d o%st r(‘—: Ef)xrae elne’d itntlfeensi'! '%r}lalin the noise reduction

processing of the video signal of the next field.
Specifically, of the noises whose absoclute value levels
are reduced to Sn-m by the high frequency coring circuit 14,
"noises whose absolute value levels are not more than 2a are
further reduced to K*a at the maximum in accordance with the
characteristic shown in FIG. 10.

The nonlinear processing control 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 quantity
of the 1light 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 circuit 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
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substantially does not pass through the nonlinear processing circuit 16 at
all. The characteristic paraneter a may be nmaintained fixed at a given

val ue. The high frequency coring circuit 14 reduces the noise distributed
in a high frequency region of the signal. However, since the

hi gh-frequency video signal such as detail is simlarly reduced, detai
degradati on becones conspicuous if mis increased too nmuch. Therefore,
after the factor of nplification of the AGC gerU|t 12 re chesPC?¢ even

if the fadtdr n@freaﬁsﬁrlf?cpaﬁ HETUPHRS Yo gdesS THAVEH Adfer

parameter mis fix to a value m where detail ge radati,on is

per mi ssi bl &1 &Hdr |t1%set EaAT2ChET CARFERBTTRTTET PaP n&‘%rcofl(ﬂg Fﬁécuﬁgfnﬁ near
rocessing circuit 16 js_inc eas d as shown

gperatlongJé%éﬁqqeﬁﬁﬁﬁffggtB %b ii PgnCE8?aFﬁ8rgﬁ%98| % Teiﬁr

i ncreases to i ease he noi se | evel Sn .of t.h eP put .s 3 Al D

converter 18° éﬁ the f%@?ﬁrpr%ﬁe%ﬁﬁﬁgfq%ﬁﬁq%$%l o ?aﬁB#glPﬁg tﬁe hoi se

Feduct i on By ERE-shclaedr NBCBFErEraiE [ o mOReper BP At S - hrsehRat 1y,

S gnal i nol UHRASVATTHHSY B Ao %%%%h3%@@%?%%3&3%?(iﬁe%fé‘a%@%%%%o%ems

ot ons. ol CHREENCTE A ribge: b G E AN HOL D TN Thage T OPR g
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
parameter m is fixed to a value ml where detail degradation is
permissible, and instead, the characteristic parameter a of the
nonlinear processing circuit 16 is increased as shown in Fig.

5 (c).

. By this operation, even if the factor of amplification
of the AGC éircuit 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 Gl, noise reduction is
performed by the high frequency coring circuit 14, and noise

reduction by the succeeding operation is not performed.
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apparatus itself, and notion conponents of high spatial frequencies such
as canera shake. Mreover, when the factor of anplification is not |ess
than GL , after-inage degradation can al so be reduced nore than in the
conventi onal exanple because the value of the characteristic paraneter a
can be suppressed to a value lower than that of the conventional exanple
since noise is reduced by a certain I evel by the high frequency coring
circuit 14. Moreover, the no |nea rocess%mé Control circuit, 19 $erforns
ar

the cont r ol CB¥S SHETEHAF acitier't arftt &t an“?%ee R
parameter a in the follown nanner When the, qua of the |

i nci dent orfdHECEY L "Hlf‘d}gta{éee VPG ethel tjrfécjr% Ef’ %?r%%‘és dﬁ?bg " vi deo
signal fromthe CCD 11 as shown . in FH? 11 ( B t he Al ﬁérCUIt 12

i ncreases tHERUEGYS of L TR tat iH-SY 1 HAE A B hePi el i

mai ntained like in the conventional ex | e nd when t tor of

anpl i fi cat i GPTELHOIEHTHE ﬁénmﬁtb?%ﬁeQ rg% éfﬁéléf g? WﬂOt?%nilg
11 (b) , fir the characteristj r anet er non rocessin
Giroult’ 1695 Pt raueeir J@P%e@mé%sﬁmm% %hﬁ?%c%%?%t TPt dmeter m
of the corin CIrCUIt 23 | nt ai ned fixed. . si nce
m=0 is mairft ]ei'arﬁﬂ% rTE&Ch]e OT | AW ORTIDST a%f %Jr% é%% t hr ough
the coring CIrCUIt 14. The characterléﬁlc parameter m nmay be mai nt ai ned

fixed at a giSBIERAETR.S HorfaWet Prtessing circuit 16 reduces the

noi se
Moreover, when the factor of amplification 1is not less

than Gl1, after-image degradation can also be reduced more than
in the conventional example because 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
chéracteristic 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 video signal from the CCD 11 as shown
in Fig. 11 (a), the AGC circuit 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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distributed in a high frequency region of the spatial frequency of the
signal. However, after-inmage degradation is caused in the image if the
parameter a is exceSS|ver i ncreased 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 increases, the
characteristic paraneter ais fixed to a value a4 where after-imge
degradation js ible and |nséﬁaﬂ the,characteristic arangter m of

the coring ¥t %n %5? criéhded a G Fﬁnﬁlg 1lchal? the%cde of
this operation, even if the factor_o i.ficat on circuit 12
i ncreages A iTHerRase the Sifide Slugﬁélan%ﬁa&flytlﬁﬁs%ﬁ? q%hggco?lfh (IJA/ D
converter 13, of anpli.fication s not oi se
reducti on |%1E%H¥%U%£d%&f ﬁ%ﬂﬁqéﬁiﬁubF@EQ?§Fﬁ§ 8|W8¥| %alngaﬁnnglse
reduction other than that is %ft performed. Consequently, in that case,

noi se can Yo oAtV YR UGf ter-i mage degradati on |n a pern155|ble
range. Further, en the factor of anp. |Iflcatloq%;é not g rho£%%
since three-di menstodfi® ot T HT & Perto e n0| Se'7s
reduced u oint hy also.u t he hi gh frequency cor

circuit 12,é}ﬁt? Y dest dryeht rggPePﬁg 36318% %N%Sp@ﬁlr ¥5?9g g Y
parameter a of the nonlln rocessl Gircuit at _i.s

t han t hat '%gt?ﬂﬁ gﬁﬁﬁféﬁénﬁiée% §8ﬁ9ﬁége§FFg9%lﬁggéSdcaPﬁa ?% can

r r han h
be'reduced ore, then | p e SOMNERL] oDl QATBL Eivery sncrensea oo

described in the background art. Therefore, after the factor
of amplification of the AGC circuit 12 reaches G2, even if the
factor of amplification further increases, the characteristic
parameter a is fixed to a value a4 where after-image degradation
is permissible, and instead, the characteristic parameter m of
the cofing circuit 23 is increased as shown in Fig. 11 (c).

In the case 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 processing 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 range.

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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(Second enbodinent) FIG 6 is a block diagramillustrating the basic
structure of a relevant part of an inage form ng apparatus having a noise
reduci ng devi ce according to a second enbodi nent of the present invention.
In FIG 6, since the sane reference nunerals are used for function bl ocks
the same as or corresponding to those of the first enbodinent of FIG 1,
no description of the blocks wll be given. In FIG 6, reference nunerals
61-1 to 61-n represent,K BPFs (band pass filters) splitting the ou%put of
the subtrKIEMAFinREE I urldl ity BREEETFLLY ¢ PERc ERRUNBFERSO62E1S (o
62-n represent a plurality of nonlinear processing circuits K performng
nonl i near gt B ¢ Ré reMeSrsa §E FE@ BPESI 32 Progegfing circult
respectivegy and reference nuneral 63 represents an adder adding all of
the out put st§ FohRthEPASHEF nkaYepriRas TR 18 FO6i FEPESR 1 PB2622 % TBYRt her
and outputting the sumto the subtracter 17. The nponljnear processin
circuits 62'3-01%316‘%?351%65?émaﬁgsqe@f@ii&tﬁlfqrétcé‘ﬁtb%H%ﬁdéJ&eéir W@Flec&bad? &ﬁe?%gs,
respectively, and the values of these paraneters are increased by the
nonl i near RSPt ¥ PPES rcuit 108 in accordance with the 30 factor
of anplification of the AGC circuit 102 like in the conventional exanple
and the first enbfGRIKE SRR S ructure, the BPFs 61-1 to 61-n, the
nonl i near processing circuits 62-1 to 62-n and the adder 63 constitute

the difference sifgifal 0l%evai>lasdudt AGTABans Wit Hdte- ot bigMAs e structure

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 blocks 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 a plurality of bands, reference numerals 62-1
to 62-n represent a plurality of nonlinear processing circuits
performing:nonlinear'processing'on'the outputs of the BPFs 61-1
to 61l-n, respectively, 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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invention, the BPFs 61-1 to 61-n correspond to the plurality of filters of
the present invention, the nonlinear processing circuits.62-1 to 62-n
correspond to the |l evel reducing nmeans of the present invention, and the
adder 63 corresponds to the synthsizing neans of the present invention.
The operation of the noise reducing device of the second enbodinent of the
present invention having the above-described structure will be described,
and with this, an epbodi t of, the_naise reducing, me d. of the present
Mvent i on WTETOH <OF D HGALTT B ST ek CHES ror 580 Batis bt devi Relor ¢ he
present enbodinent is different fromthe noise reduci ng device of the
first enbodfPEFEFHPIde BEELPHL - ot - %rﬁﬁeeﬁﬁﬂgiﬂ%% - processing
circuits 62-1 to 62-n .and the adder 63, description_wll be given in the
fol lowing with enphddils SHTERTELEpeFARi BRE'S The bdtP ol ~&irghaf g@n%h’éear
subtracter 15 is split into a Iuraligy of bands in the spatial frequency
by the BPFPBACASSIRY @LELUHRY Gront ithedr Br 686s$PrgadrRir| 47 €onehatube t he
first enbodinment is individually performed thereon by the nonlinear

processi ng ©F clt %19 1 D2 h. 19Heh, T eHeC bid phe_N8f Ot hele ndhe F #ar

rocessing circuits are synthesized intg one by the 31 adder_63._The
oper at i on - GrEYFRC T [T hi b ededi G GArBurPSrESPPRd GO6B0R RRTabbtY

described in gﬁﬁégl. FI.G . 12 shows the frequenc characteristics of the
BPFs 61-1 t®F 6113 SHifeRTnEa® RIngSEhe 1MVt © BRAr-atteriBfrPcs st "¥he

nonl i near processjn .
pcf&cuf%sF%Z-l to 62-n correspond to the level reducing means

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
the 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 BPFS 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
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circuits 62-1 to 62-3 for the outputs thereof. Fig. 12 (a) shows the
frequency characteristic of the BPF 61-1, and Fig. 12 (b) shows the

i nput/out put 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)éﬁ{OMB t he input/output characteristic of the nonlinear
processing 62-3. As shown in FIG 12, a relationship al <a2<a3

hol d th t ud f h t t net ers 3. That

o “the val ues 34 HeeERraret “%e?@%?p ﬁaf%é%rép‘g‘éaé%‘%ﬁgdwfacms %tk al ity
f [ s t di ff f

oot her 1n e ReTRanEk et fmted ght %?afﬁﬁ%@pa%?aa qv%sea ErPBIHERT ¢ he
i I th d ng. circuit and so

as o PLﬁciiaireacgsevwﬁﬁse g il el '”6241 T T R

d wi,th t h eristic ranet e e first enbodi nent,
R b A G B BT i e B 4G o espond

¥8rt?ﬁet¥‘1)hd&%%as?é§shf“ o B o P TR B P LV Tl
Frequency T4 67 SPHAR T HoFBGE o RERAENGS TEQiOrT 41 Ohe Baf Har 1‘$ea%)ency,
in the nonllnearthe 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 holds among the
magnitudes of the characteristic parameters al to a3. That is,
the values of the characteristic parameters assigned to the
plurality of nonlinear 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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processing circuit 62-1 receiving | ow frequency conponents including nore
noti on conponents than noise, by setting the characteristic paraneter al
to a |l ow value, reduction of the nption conponents is nore suppressed than
noi se reduction. In the nonlinear processing circuit 62-3 receiving high
frequency conponents including nore noise conponents than notion
conponents, by setting the characteristic paraneter a3 to a high value,

hi gher priority is pla e&aon reducti on of poises having a somewhat | arge
anpl i t ude. 9§F%ﬁﬁ;%£ﬁ?fn ¢ Drotessi Wy errteuit  62-2 receiving nidrange

frequency conponent,s incl] uding _both  notion conponents and noi se conponents
to the same exte r}‘,lst hé fth%?%dngﬁpéﬁ’th@ Ib%ﬁ‘%%?grs sl RehiPdin% lggtas to

take a val ue . somewher e bet ween a d q%.,ByBErovi ing the fbove-described
structure, ehe tRQAVSOHFL %BWGF cet i ot of 1ERR A et rthiTei2
beconmes not. | ess. than a predeterm ned value, for exanple not | ess than Gl
or @, to CHARI RS ‘ge]d} &d &% TR RS CYuE SO d86 s gnal R%V),

noi se can be reduced whi]e after-in%%g degrgdation is pore ingrgved t han
in the first” EHETURemtI it LSRR TRERWFLRY t nt? BPRS BI24119%81- n,

the 33 nonlinear. processin ircuits 62-1 to 62-n and the adder 63 are
added to t RERTTUCIF € HTCHhe 1475t SrBbEHENtOY oL HREETR BRI RO LR Eabove,

t he high freq:eqf. corin ci{cuitcl4 m be omtted. That ig Ehe present

[ nvent fon mHSE DET A MU GUTC 0 ETRROTIONT | T 9T R0 (DY 0BShF T e

Conventionqhugégg é§i§%¥gwbggg$gé%r al to a low value, reduction of the
motion components is more suppressed than noise reduction. In
the hoﬁlinear"processing'circuit 62-3 recelving high frequency
components including.more noise components than motion
components, by setting the characteristic parameter a3 to a high
value, higher priority is placed on reduction of noises having
a somewhat large amplitude. In the nonlinear processing circuit
62-2 receiving midrange frequency components including both
motion components and noise components to the same extent, the
characteristic parameter a2 is controlled so as to take a value
somewhere between al and aZ2.

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 SO,
noise can be reduced whilelafter—image degradation is more

improved than in the first embodiment.

While a structure in which the BPFs 61-1 to 61l-n, the
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9 being replaced with the BPFs 61-1 to 61-n, the nonlinear processing
circuits 62-1 to 62-n and the adder 63. Wiile in the first and second
enbodi ments, when the factor of anplification is increased to not |ess
than GlL, the characteristic paranmeter a is controlled so as to gradually
increase in accordance with the factor of anplification, for exanple as

showmn in Fig. 5 (c) , the present inventionis not I|imted thereto; for
exanple as shown in Fig. 5 (d), the L paraneter may be previously set to a
fixed val ud*q% Je%epae%ﬁrgé?es TOhelFGetbF & ahfl ?%T%éﬂdoﬁgeﬂﬁ%ewl%u%r?s of

a | evel such,  that t hough an after-i e is slightly generated when the
factor of aarfjp)q?(#]i%(?aﬂ%ns%}?u(fﬂér% @FEE?FSE?WQOC?HW,XYHQd8§€§lbﬁ9’[111eads
to image quality degradati,o nd causes no, prohl em, rther, even if the
factor of arpi faﬁoggt,i Tglﬁeg’é@g"ng@ﬁ?‘&%y ‘E%Hpg éll,rcélilrjfcggt”i‘?e\’ ERaCBEtERRsti ¢
par amet er b@l%tiox.ed, the after-ipmage does not becone |arge and, im

e
qual ity do 15 degrade S AT T LRV HR B erP Rt FE pee At erv it sthe so
gradual | y io%c?{,eased i,n acco&@gnce with the factor of anplification of the
AGC ci rcui "R P hELEEGHE o3& pBP It IEse RkAMRYENT RO +0 BEG - s
not limted, thereto;, the characteristic paraneter mmay be set_to a fixed
val ue with TR PRI i hed 81 8F 7 L obt B nel 2 i nthideReta®36n of
the factor of anplification, of ghe AGC circuit 12. Further, while the
control of RHRES N4 1 GhE@ s 62-1 to 62-n and the adder 63.

While in the first and second embodiments, when the factor
of amplification is increased to not less than Gl, 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 (c), the present invention is not
limited thereto; for example as shown in Fig. 5 (d), the
parameter a may be previously set to a fixed value irrespective

~of the factor of amplification. This value is of a level such
that although an after-image i1s slightly generated when the
factor of amplification of the AGC circuit 12 is low, that does
not leads to image quality degradation and causes no problem.
Further, even if the factor of amplification becomes higher than
Gl, since the characteristic parameter is fixed, the
after-image does not become large and image quality does not
degrade.

While the characteristic parameter m is also gradually
increased in accordance with the factor of amplification of the

AGC circuit 12 in the above description, the present invention

- 34 -



paranmeters a and mis stepw sely performed as shown in FIGs. 5 and 11 in
the first enbodi nent, the present invention is not I|imted thereto; for
exanple as shown in FIG 7, the characteristic paraneters mand a nay be
increased at the sanme tine. By setting the inclinations of the straight
lines in FIG 7 to appropriate values |ower than those shown in FIGs. 5 or
11, detail degradation can be suppressed while after-inage degradation is
mai ntai ned at a | evel saonewhere between those of the conventional exanple
and the firkt “@ﬁbg&%ﬁﬁ tORERECH ntRRSCHIFRE TR e G ABRIGH HeRey, Pehe
characteristic of the nonlinear processing circuits 16 and 62-1 to 62-nis
the same assﬁmaﬁoo? #JI’FéeQ:o‘f‘F\‘/Je‘h?l"t’)h'%@? Hot Sl ¢ SRERIAESTBEYPEeSaEeShoth i n
FIG 10, q? resent jinvention is not limted thereto; in, short, the

character|§? e @HlQ(?Qﬂﬁ% YT Shiey TeRECEaPE, SHPLHE ACFRPT OF

anplitude, of the output, signal of the subtracter 15 can be extracted

based on a ‘ﬁﬁé 1 SO Pet : the | evel of the output signal of the
subtracter 15 and, th vaIu t he character%stlc ar anet er Wil e the
coring circuit 2 Sy & a@}eercios“ﬁrcmaso Wb%\n#ii‘%ﬁ@r%s?%c used as

t he nonlinear processin rcyit in t he hi gh frequency corin CIrCUIt
14, the pré?%ﬁ? gﬁ“{§11ﬁoFtFPWPF§&YtH@FégEmeﬁog eiaﬂﬂPelntﬁ%
character|%{ ngi shown in FIG 8. According to this

char act eri st @4 atth §6ﬁ§t ﬁ@PQ@l@SﬁﬁonEﬁ?§9%ﬁ%?W¥#%HW9W%ﬁ9nhF§h“Ot

frequency sjgnal s_of Ievels not nore than the absolute val ue mdo not
conpl etely thereto; for example as shown 1in 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 to appropriate values lower than those shown in FIGs. 5 or
11, detail degradation can be sﬁppressed while after-image

degradation is maintained at a level somewhere between those
of the conventional example and the first embodiment.

While in the first and second embodiments, the
characteristic of the nonlinear processing circuits 16 and 62-1
to 62-n 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 characteristic parameter a.

While the coring circuit 23 having a characteristic as

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

_35_



nonexi stent, detail signals with a small anplitude can be |eft

accordingly. Moreover, while the high frequency coring circuit 14 has the
structure shown in FIG 2, the present invention is not limted thereto;
in short, the high frequency coring circuit 14 has a structure such that
nonl i near processing can be perforned on the high frequency region of the
video signal. Wile the high frequency coring circuit 14 of the first
enbodi nent asr}mgiékgtersb the HPF 21 al&aig PF 22, the nunber of HPFs
and the nu TH&§ %a%‘??brég rore Y 18 hSRRAr I0VERTIRR bR

i mpl t I BPFs of differ ass _bapds, Wile the

bbove. dosc i Tod SRR TBRBBRP eis RIS L i A § @r%?t%mz%tsﬁ 7EV 65210

62-n, it b a conbination of a urallty of HPFs an

CPre. Furt A9 FEAATTeD SIS 6t O8 HrOEh RS B GRES hha: R BrBace

si gnal noise reducin ns of t? 1EJorese nventlon are. ni limted to
BrFRG ; s

the high frEguEhey™e SELTLP LSS AP lgRete S hgVetFeui ts

16 and 62-1 to 62-n, they may _be ntedds a structure such that the
level of tHET ABRS sﬁfb%aa}b%%lwfg% %erh%r%%%%%@%y NBR ERRr
while the field nenDr IS us as t ns of toring the output_video

si gnal SO é%oqefﬁalsrteef 'eﬁl(?é:aé’ gﬁégna s ‘”EJh Gr 8984 ?W%ﬁ?‘il%‘ﬁ,catrh epteSknt

i nvention |s not m!ted thereto; it is needless to say that a frane

nenory, for® gaﬁﬂﬂ

Morecver, while the high frequency coring circuit 14 has
the structure shown in FIG. 2, the present invention is not
limited thereto; in short, the high frequency coring circuit
14 has a structure such that nonlinear processing can be
performed on the high frequency region of the video signal.

While the high frequency 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 second 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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may be used. Moreover, while the field nmenory 18 inputs the output video
signal SO of the immedi ately preceding field to the subtracter 15 in the
first and second enbodi nents, as the reference signal of the present
invention, the output video signal SO of a field preceding the i mredi ately
preceding field nmay be used. Mreover, the present invention may be

i npl emented as an image form ng apparatus provided with the
above-descri bed noj se edqugg devi ce of the%gresent i nvention and anot her

i mge forning treahs Capabt Dbt Ty YTt si gnal s such as a CCD or a
caner ae for home TREHR 1 57 HForaest Dl NP deghiar TardrmaeREn i a
2551 ot ant o Gt HHF AP UCSRILTARE0 SHBRabYEY 2T REDrELFARTACCRLarR] ©6 the
Flncti ons o dr=or e ohe St FIRY Mo Br The HDBVEL fbor f otk nbt Sted
Cooper ati on HARET hd CUMPIren S StbFBGvar Ehahie fr BUEnt TR BrenagP be o
recordi ng nedium holding a program of causing a conputer to performall or

sone of tR&e¥ UnettoHs of all or some of the means of the above-described

noi se reduci ng device of th resent ji.nvention,
: 9 %%reover, é%i e é%e fielé1memory 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 S0 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 CMOS, and examples of such an image forming 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 according to the present invention
may 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
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sai d recordi ng nmedi um bei ng conput er-readabl e and said program that is
read out performng the functions in cooperation with the conputer. The
above-nentioned "sone of the nmeans" of the present invention neans sone
means of the plural neans, or nmeans the operations of sone functions of
one neans. Moreover, a conputer-readable recording nediumon which the
program of the present invention is recorded is also included in the
present invention. usage of the program of the present

Moreover, a
i nvention ®SPPEEUSH YhiR FA® BPBYPLRFis recorded on a conputer-readabl e
recordi ng nmedi um and qferat S in cooperation with a conputer. Mreqgver, a
usage of the prodranTVFeE hdDFrRERAED T ARG RaY Bfed SRIPIHAT PRELERogr am
is transnitteg pver a transm ssion ,medium is read out by a conputer and
operates i nRtBpR? & PHTITR ATt FRUSLRP R &CMPMEEEoveroe T Fet P edor Aitn§OREdi um
i ncl udes RCNP, and_the ,transpi ssion medi uminc]udes: transm ssion nedia
such as the® IR?%rR%??t+?ﬁﬁt?P1%§'ooﬁa§8§? 8ﬁdté8uﬁ8aﬂév8§.tﬂﬁreover, t he
above-nenti gned c uter of the present - 38 i ntionis not limted to
pure har dm‘ag%ogﬁﬁﬁgggrgb?%ﬂo Gt Pe%é?/l?g\gfeﬁ’dgef?g R S S tos v EREon
peri pheral s, descrj.bed ahove, the structure of t present, . invention
may be irrplse%pg]tréeécoé:i W MG A PG g 5%?%@&‘%&9&%3%“ 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.

Moreover, a usage of the program of the present invention
may be such that the program is fecorded(n1a.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 read 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; radio waves; and sound waves.

Moreover, the above-mentioned computer of the present
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| NDUSTRI AL APPLI CABI LI TY As descri bed above, according to the present

i nvention, a noise reducing device, a noise reducing nethod and the |ike
can be provided where noise is effectively reduced and after-inmge
degradation is small even when the S/INratio of the video signal is
degraded and it is necessary to anplify the video signal. - 39 CLAIMS 1.
A noi se reduci ng device conprising: anplifying nmeans of anplifying a video
signal; video signal |evel reducing neans of splittin he vi deo  sj gnal
anmpl i fied b§nY%%9%%%I+?y?%b eSS rﬁ?)g¥ﬁﬁtﬂ%ﬁ%ﬁif%ﬁéﬂéaaﬁﬁsaiﬁpgccbgaance
with a spatigl freﬁﬁgncg.thereof, reggcing a Ievgl OE a higher frequency
conponent of°Y he"'GT 2D sHHALT Bas2l “on &' CoRGArPEGhabEt ween a first
characteristic paraneter based , on an factor of anpljfjcation of the

ol LTy ing eans Mod s Lretatodfe e h b r iR ahoh S cHEBARHE | and

synt hesi zing_t he, . reduce higge% fregu&ncy conponent gnd a _conponent of
anot her bahd’ W thRalH of heF P UPPFRIEACE 5 Ghal t1@xPPEAEYRRE REalis2of

extracting garg&fierence si gnal between an output of the video signal
reduci ng neans Aha a predeterm ned reference signal; difference signal

| evel reducing nmeans of reducing a |evel of the difference signal based on
a conpari son between the |level of the difference signal and a

predeterm neg, SEEON apprrcaBILITY

As described above, according to the present invention,
a noise reducing device, a noise reducing method and the like
can be provided where noise is effectively reduced and
after-image degradation 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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characteristic paraneter; and subtracting nmeans of subtracting an output of

the difference signal |evel reducing neans fromthe video signal, wherein
an out put of the subtracting nmeans is outputted as the video signal whose
noi se has been reduced, and is used as a new reference signal. - 40 2.

The noi se reduci ng device according to claim11, wherein the first
characteristic paraneter of the video signal |evel reducing neans varies
Fn accordance with the factor of anpl i&fi clg%g'mon of the anplifying neans. 3.
The noi se reduci ng device according t T 1 or 2, wherein the second
characteristic paraneter of the difference signal |evel reducing neans
varies in accordance with the factor of anplification of the anplifying
means. 4. The noise }geduci n dgvi ce accor di ng to claim3, wherein when the
factor of anplifitat?dh’ ol the a9 f9Thg" TeaiePT§°Ho¥" nore than a

predet erm ned val ue%]g{%g second char act ej(;i tic paraneter.of the difference

& I TN T e HTRE Y12 dE Bhde nal 95t

signal |evel reduCi
characteristic paranet er, o d nal | evel. reducin

( Bl e nftgV i de sirg r ( ans,i.s
i ncreased, and wherein vj\ﬁe_r?lt 5h]é ?gclf%cgu%l_f AN R&tT% l?%lrg? gﬁl&f’fﬂgﬂ the
S anal 1 ever 7iEh ot REM TL R R e % ARG ené BALERAL T Sr
fgg;ggggaiSééﬁdg%ﬂﬁggEgEngc%hﬁitiEJ§£2@9315%§%Eﬂené§“§ﬂe£€% ,CLQQuQEQS$ s
a level of a higher 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
level of the higher frequency component, and synthesizing the
reduced higher frequency component and a component of another
band with each other;
difference signal extracting means of extracting a
difference signal between an output of the video signal reducing
means and a predetermined reference signal;
difference signal level reducing means of reducing a
level of the difference signal based on a comparison between
the.level of the difference signal and a predetermined second
characteristic parameter; 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

as the video signal whose noise has been reduced, and is used

as a new reference signal.
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S. The noi se reduci ng device according to claim3, wherein when the factor
of .anplification of the anplifying neans is not nore than.a predeterm ned
value, the first characteristic paraneter of the video signal |eve
reduci ng neans is maintained fixed, and the second characteristic
paranmeter of the difference signal |evel reducing neans is increased, and
41 wherein when the factor of anplification is higher than the

pr edet er mi ned vahge t he ,secon chargfterlstlc ggraneter of the dlfference

signal level red BerPeoaﬁFse f SORERE AHETE ?F&%% 1BHFG b2t lst whered
characteri st c ar ameter of the deo cing nme
|ncreasedI %%%%ﬁ?gtv%e\ﬂad:@% r(?f é%teov& é I %gn@,ﬂeiﬁ?’ﬁl t he
vi deo S|gnal evel reduci ng_ means, co rls ality_of filt

[l udi ng. o T BRI e 411 S5Rhcd PHER Hhe £ 265 bbnes . 3 vi di ng
t he deo s coring circuit, rece ng an output fromthe high pass
filtgl, cut%ﬁgéﬁq%ﬁf?ﬁﬂ?iﬂ vﬁéﬁn%&?% léng %n%utgufuls not nDreI?hag t he
first ch teri ar anet er uctn the | evel n t

hi gher than the fi1 ?rh%ngéﬁ& 5B REECRT HEE) S HEBR T DI Ry HeSFoing an

out put of tﬁf | ow ,pass filter. and n 0 of the cor t%mr |t W th
I

oach ot her “Eer St PR Begopddathge se%%ﬁga&ﬁw%@w et TRherern
t he video signa &evetL %gluc]ﬁé(?mneans co. |seasCcor a!nucreaxlﬂllgcx tqu Qgggogass
[ ters Tr StORREy L BYG i F O HE miraae S ghai

of amplification of the amplifying means.

4. The noise reducing device according to claim 3, wherein
when the factor of amplification of the amplifying means is 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 means is increased, and

wherein when the factor of amplification is higher than
the predetermined value, the first 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.

5. The noise reducing device according to claim 3, wherein
whén the factor of amplification of the amplifying means is not
more than a predetermined value, the first characteristic
parameter of the video signal level reducing means ismaintained
fixed, and the second characteristic parameter of the

difference signal level reducing means is increased, and
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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 |Ievel when the |level is higher
than the first paraneter; and - 42 synthesizing neans of synthesizing an
output of, of the plurality of band pass filters, a band pass filter whose
pass band is a |ow frequency regi.on_and an ou t of,the coring circuit
with each ot her. @be%%%nﬁgﬁgétFEHGEFﬁﬁrdggi%%pgﬁghﬁéﬁ+ﬁﬁt%ﬁ %%ﬁ%?l? erein
the video sjgnal _is inpuited ever -th field or n-th horizontal period (n
is a natura# %d%%%?ﬁ%eﬁ%ﬁn? ey%ﬁq¥9r c@%ﬁoﬁﬁaF%aESFF8§ﬁgﬁanBaFSmﬁﬁeﬁ}th
video signal .that iis.Lnputted is bt ai ned_by using as_the predeterm ned
e orence sPinarcalEEEARFRCEhphinal AE Foasetpataa BRnR Car HR rh v HEo
signal that_is .inputted. 9. An i e form apparat us_conprising:, the

noi se reducFﬁﬁe%evggé gg%o?ﬁfﬁg ?gggﬁﬁ 8ﬁésg?cc$§Fﬁ@e%§rt8gng§anpﬁﬁge
form ng neans of . i ing aa obhect and obtaining g video signal. 10. A

noi se reducfh%nﬁ%pﬂ%ge ohpfi*Sihg: "aA"anpPi tHFRGSPEp of anplifying a video
signal; a video Ség%%gxhsﬂggrg %%Eh% é%fggggc%%EH%%Hp c&ggm%fgggerein

the video signal level reducing means comprises:

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 characteristic parameter, and reducing the
level when the level is higher than the first parameter; and

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

7. The noise reducing device according to claim 1, wherein
the video signal level reducing means comprises:

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 more than the first characteristic parameter, and
reducing the level when the level is higher than the first

parameter; and
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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 anplification of the
anplifying step and the |evel of the higher frequency conponent, and
synthesi zing the 43 reduced higher frequency conponent and a conponent of

-another band with each-other; a difference signal extracting step o
o racting o o (TE et ST GRS o TR ANt Tor it HECUT Y s CanaPe

reducin st and a det er mi ned .ref erence si gnal ; di fference signal

| evel rgduc}?ﬁgr ?éﬁyocg)f ﬁ’eadlfgipr"f‘gq‘sa%lllg\?éls'of" }E’ﬁ%gcﬁﬁ“’f%r 5 GRS° BASEd on
a conpari son betwee the level of the difference signal and a . _

o oot i B o AR B SEEE OB et ettt b e e RATERES of
subtracting a outgut of the difference signal reducing step fromthe

video si gnaf'* ™" whgFRi AtBRTout put of the subtracting step is outputted as
t he vi deo signal yh%%e noj se has heen, reduced
11

, and i s used., as a_ new,
eference si gnal .® 11 DSANBH B FARPEAT STt g 96 CCORMRLeT £ - Trict FBRZEA™ he
(ol foni 19 npans, oft beanol s, [edupl aq device spopiding Lo alabm L Lhe
educi 19 e, o8 TR Lk gathe. i 850,31 9neL o IRk! 89Dy, e SpLY 1Y o

corresponding to an m-th video signal that is inputted is
obtained by using as the predetermined reference signal a signal
obtained at least based on an (m-1)-th video signal that is
inputted. |

9; An image forming apparatus comprising:

the noise reducing device according to any one of claims
1 to 8; and

image forming means of imaging an object and obtaining
a video signal.

10. A noise reducing method comprising:

an amplifying step of amplifying a video signal;

a video signal level reducing step of splitting the video
signal amplified by the amplifying step into a plurality of
bands in accordance with a spatial frequency thereof, reducing
alevelofzahigherfrequencycomponentofthevideosignalbased
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
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accordance wth the spatial frequency thereof, reducing the |evel of the
hi gher 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 synthesizing the reduced hi gher frequency
conponent and the 44 conponent of another band with each other; the

di fference si%nal extrac nmeans of extractlag the difference signal

betveen  t hESQRE Ut BT he RFEEEE: GREPOPEHICPRY P ot g another

predeternlned reference 5| nal ; the difference signal |evel reducing nmeans
of reduci ngPERe YEER| afF¢ Ehaffference signal based on the conparison

bet ween the | evel %b%ge difference naI and tge pr det Eed second
characteristic pdtd ren%%ds%gﬁﬁ%u%¥ BREFhgY mehii F?% tifhg?t he
output of the__difference signal reducing neans fron1the V|deo signal . 12

A conput er - %+6Ee§elaﬁeélrg@@df‘gﬁﬁe%&iw ¥ 5 gt}’ﬁ?]gldﬁf’oﬁlr%}?ﬁ”aé@gg&lﬁg to

claim1l. 45 . ,
step and a predetermined reference signal,

a difference signal level reducing step of reducing a
level of the difference signal based on a comparison between
the level of the difference signal and a predetermined second
characteristic parameter; and

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

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

11. A program for causing a computer to function as the
following means of the noise reducing device according to claim
1: the amplifying means of amplifying the video signal; the
video signal level reducing means of splitting the video signal
amplified by the amplifying means into a plurality of bands 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
parameter based on the factor of amplification of the amplifying
means and the level of the higher frequency component, and

synthesizing the reduced higher frequency component and the
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component of another band with each other; the difference signal
extracting means of 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 between 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.

12. A computer-processable recording medium holding the

program according to claim 11.
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