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TITLE OF THE INVENTION 

Noise Detector, Noise Detection Method, Signal Processor 

and Signal Processing Method 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a noise detector and 

a noise detection method for detecting noise of an image signal 

as well as a signal processor and a signal processing method 

10 employing the noise detector and the noise detection method. 

Description of the Prior Art 

For example, Japanese Patent Laying-Open No. 7-307942 

discloses a conventional signal processor eliminating noise 

15 from an image signal. Fig. 5 is a block diagram showing the 

structure of the conventional signal processor. 

The signal processor shown i.n Fig. 5 comprises a vertical 

adaptive filter 8 and a horizontal adaptive filter 9. The 

vertical adaptive filter 8 includes a vertical logical filter 

20 41, a vertical unevenness determi.nation part 42 and a selector 

43. The horizontal adaptive filter 9 includes a hori.zontal 

logical filter 44, a hori.zontal unevenness determinati.on part 

45 and a selector 46. 

When an image si.gnal is input, the verti.cal unevenness 

25 determination part 42 determines the magnitude of vertical 
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unevenness around each pixel and outputs the result of the 

determination to the selector 43. When the vertical unevenness 

determination part 42 determines that the vertical unevenness 

around the pixel to be processed is large. the selector 43 

5 outputs a signal of the pixel to the horizontal adaptive filter 

9 as such. When the vertical unevenness determination part 

42 determines that the vert;cal unevenness is small. the 

selector 43 outputs the image signal from which vertical noise 

is eliminated by the vertical logical filter 41 to the 

10 horizontal adaptive filter 9. 

Then. the hori~ontal unevenness determination part 45 

determines the magnitude of horizontal unevenness around each 

pixel and outputs the result of the determination to the 

selector 46. When the horizontal unevenness determination 

15 part 45 determines that the horizontal unevenness around the 

pixel to be processed is large. the selector 46 outputs the 

image signal output from the vertical adaptive filter 8 as such. 

When the horizontal unevenness determination part 45 

determines that the horizontal unevenness is small. the 

20 selector 46 outputs the image signal from which horizontal 

noise is eliminated by the horizontal logical filter 44. 

Through the aforementioned operations, the signal 

processor shown in Fig. 5 can eliminate noise from segments 

or edges included in the image signal without deteriorating 

25 the resolution, i.e., without blurring the segments or edges . 

:· ... ·.·· ... 
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While the aforementioned conventional signal processor 

can reproduce large-amplitude edges without blurring the same, 

however, the vertical and horizontal logical filters 41 and 

44 disadvantageously blur portions continuously exhibiting 

5 fine details, such as the surfaces of clothes, the skin of a 

human being and a wood, for example, specific to the image signal 

and reduce the texture thereof. 

10 

15 

20 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a signal 

processor and a signal processing method capable of properly 

correcting an image signal without reducing the texture 

specific to the image signal also in a portion continuously 

exhibiting fine details. 

Another object of the present invention is to provide 

a noise detector and a noise detection method, employed for 

the aforementioned signal processor and signal processing 

method, capable of detecting mosquito noise and ringing of an 

image signal. 

A noise detector according to an aspect of the present 

invention comprises a high-frequency component extraction 

circuit extracti.ng a high-frequency component of an input image 

signal, a level detection circuit detecting the level of the 

high-frequency component extracted by the high-frequency 

25 component extraction circuit and outputting the result of 



4 

detection as a level signal and a noise detection circuit 

detecting a small-amplitude edge around a large-amplitude edge 

of the image signal as noise on the basis of the level signal 

detected by the level detection circuit. 

5 The noise detector extracts the high-frequency component 

of the image signal and detects the level thereof,, whereby the 

small-amplitude edge around the large-amplitude edge of the 

image signal can be detected on the basis of the detected level 

and this portion can be detected as noise. Consequently, 

10 mosquito noise and ringing caused around the large-amplitude 

edge of the image signal can be detected. 

The noise detection circuit may include an extension 

circuit outputting an extended signal obtained by extending 

the peak of the level signal detected by the level detection 

15 circuit. a conversion circuit outputting a 1/n si.gnal obtained 

by converti.ng the level of the extended signal output from the 

extension circuit to l/n times and a small-amplitude detection 

circuit comparing the 1/n signal output from the conversion 

circuit with the level signal output from the level detection 

20 circuit for detecting the small-amplitude edge around the 

large-amplitude edge of the image signal. 

In this case, the small-amplitude edge,, existing around 

the large-amplitude edge corresponding to the peak of the level 

signal, smaller than l/n of the level of the large-amplitude 

25 edge can be detected by comparing the 1/n signal obtained by 
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extending the peak of the level signal and compressing the same 

to l/n times with the level signal, and the small-amplitude 

edge can be detected as mosquito noise and ringing. 

The noise detection circuit may further include a 

5 large-amplitude detection circuit comparing the extended 

signal output from the extension circuit with a prescribed 

reference ~alue for detecting a large-amplitude edge having 

a greater level than the reference value, for detecting the 

small-ampli.tude edge detected by the small-amplitude detection 

10 circuit as noise with respect to the large-amplitude edge 

detected by the large-amplitude detection circuit. 

In this case, the large-amplitude edge, which is a signal 

specific to the image signal having a greater level than the 

reference value can be detected by comparing the extended 

15 signal obtained by extending the peak of the level signal 

corresponding to the large-amplitude edge with the prescribed 

reference value. Therefore, a smal.1-ampl.itude edge around the 

large-amplitude edge, which 1s a signal speci.fic to the image 

signal, can be detected as noise, and mosqui. to noise and ri.ngi.ng 

20 can be more correctly detected. 

The small-amplitude detection circuit may output a first 

detection result signal indicating that the 1/n signal output 

from the conversion circuit is greater than the level signal 

output from the level detection circui.t, the large-ampli.tude 

25 detection circuit may output a second detecti.on result signal 
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indicating that the extended signal output from the extension 

circuit is greater than the reference value, and the noise 

detection circuit may further include a logic circuit ANDing 

the first detection result signal output from the small-

5 amplitude detection circuit and the second detection result 

signal output from the large-amplitude detection circuit. 

- In this case. the first detect1.on result signal indicates 

a portion where the l/n signal is greater than the level signal, 

i.e., a portion excluding a large-amplitude edge portion while 

10 the second detection result signal indicates a portion where 

the extended signal is greater than the reference value, i.e. , 

a small-amplitude edge portion around the large-amplitude edge 

including the large-amplitude edge portion. Therefore, only 

the small-amplitude edge around the large-amplitude edge can 

15 be detected by ANDing the outputs. Consequently, only mosquito 

noise and ringing can be detected from the portion around the 

large-amplitude edge of the image signal with a simple 

structure employing a binary signal. 

The high-frequency component extraction circuit may 

20 include a horizontal extraction circuit extracting a 

horizontal high-frequency component of the input image signal, 

a vertical extraction circuit extracting a vertical high-

frequency component of the input image signal and an adder 

circuit adding the horizontal high-frequency component 

25 extracted by the horizontal extraction circuit and the vertical 

· .. -.·._._, .. , .. 
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high-frequency component extracted by the vertical extraction 

circuit to each other, the level detection circuit may detect 

the level of the sum of the high-frequency components by the 

adder circuit and outputting the result of detection as the 

5 level signal, and the noise detection circuit may detect 

horizontal and vertical small-amplitude edges around 

horizontal and vertical large-amplitude edges of the image 

signal on the basis of the level signal detected by the level 

detection circuit. 

10 In this case, the horizontal and vertical high-frequency 

components are extracted and added to each other, and the level 

of the sum of the high-frequency components is thereafter 

detected so that the horizontal and vertical small-amplitude 

edges around the horizontal. and vertical large-amplitude edges 

15 of the image signal can be detected as noise on the basis of 

the level signal. Therefore, horizontal and vertical mosquito 

noise and ringing caused around the horizontal and vertical 

large-amplitude edges of the image signal can be detected. The 

extracted horizontal and vertical high-frequency components 

20 are added to each other for performing subsequent horizontal 

and vertical processing in common, whereby the structure 

following addition is so simplified that the horizontal and 

vertical mosquito noise and ringing can be detected with a 

simple structure. 

25 A signal processor according to another aspect of the 

.·y 
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present invention comprises a detection circuit detecting 

horizontal and/or vertical small-amplitude edge(s) around 

horizontal and/or vertical large-amplitude edge(s) of an i.nput 

image signal as noise and a processi.ng circuit performing 

5 horizontal and/or vertical correction of the image signal in 

response to the result of detection in the detection circuit. 

The signal processor detects the horizontal and/or 

verti.cal small amplitude edge(s) around the horizontal and/or 

vertical large-amplitude edge(s) of the image si.gnal as noise 

10 thereby detecting mosquito noise and ringing of the image 

signal and performing horizontal and/or vertical correction 

of the input image signal in response to the result of detection. 

Therefore, ·the image signal can be properly corrected in 

response to the states of mosquito noise and ringing. 

15 Consequently, the image signal can be properly corrected 

without reducing the texture specific to the image signal also 

in a portion continuously exhi.biti.ng fi.ne details. 

The processing circui.t may i.nclude a smoothing circuit 

performi.ng horizontal and/or vertical smoothing of the i.mage 

20 signal in response to noise detected by the detection circuit. 

In this case, the image signal is subjected to horizontal 

and/or vertical smoothing in response to the detected noise, 

i.e. , rnosqui to noise and ringing, whereby proper smoothing can 

be performed in response to the states of the mosquito noise 

25 and the ringing. 
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The smoothing circuit preferably performs horizontal 

and/ or vertical smoothing of the image signal when the 

detection circuit detects noise. 

In this case, the image signal is subjected to horizontal 

5 and/or vertical smoothing when noise, i.e., mosquito noise and 

ringing take place, whereby only mosquito noise and ringing 

can be smoothed for implementing an image having neither 

mosquito noise nor ringing. 

The processing circuit may include a contour correction 

10 circuit performing horizontal and/or vertical contour 

correction of the image signal in response to noise detected 

by the detection circuit. 

In this case, the image signal is subjected to horizontal 

and/ or vertical contour correction in response to the detected 

15 noise, i.e., mosquito noise and ringing, whereby proper contour 

correction can be performed in response to the states of the 

mosquito noise and the ringing. 

The contour correction circuit preferably performs the 

horizontal and/or vertical contour correction of the image 

20 signal when the detection circuit detects no noise. 

In this case, the image signal is subjected to horizontal 

and/or vert:i.cal contour correction when no noise, i.e., neither 

mosquito no:i.se nor ringing takes place, whereby a high-quality 

image enhanced in an edge portion specific to the image s:i.gnal 

25 can be implemented without enhancing mosquito noise and 

• • • ~.- '·. ;'.~·{. >,:" •• 
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ringing. 

The detection circuit may include a high-frequency 

component extraction circuit extracting a high-frequency 

component of the input image signal, a level detection circuit 

5 detecting the level of the high-frequency component extracted 

by the high-frequency component extraction circuit and 

outputting the result of detection as a level signal and a noise 

detection circuit detecting the small-amplitude edge around 

the large-amplitude edge of the image signal on the basis of 

10 the level signal detected by the level detection circuit. 

In thi.s case, the high-frequency component of the image 

signal is extracted for detecting the level thereof, whereby 

the small-amplitude edge around the large-amplitude edge of 

the image signal can be detected on the basis of the detected 

15 level and this portion can be detected as noise. Therefore, 

mosquito noise and ringing caused around the large-amplitude 

edge of the image signal can be detected. 

The noise detection circuit may include an extension 

circuit outputting an extended signal obtained by extending 

20 the peak of the level signal detected by the level detection 

circuit, a conversion circuit outputting a l/n signal obtained 

by converting the level of the extended signal output from the 

extension circuit to l/n times and a small-amplitude detection 

circuit comparing the l/n signal output from the conversion 

25 circuit with the level signal output from the level detection 
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circuit for detecting the small-amplitude edge around the 

large-amplitude edge of the image signal. 

In this case, the small-amplitude edge, existing around 

the large-amplitude edge corresponding to the peak of the leve·1 

5 signal, smaller than l/n of the level of the large-amplitude 

edge can be detected by comparing the 1/n signal obtained by 

extending the peak of the level signal and compressing the same 

to l/n times with the level signal, and this small-amplitude 

edge can be detected as mosquito noise and ringing. 

10 The noise detection circuit may further include a 

large-amplitude detection circuit comparing the extended 

signal output from the extension circuit with a prescribed 

reference value for detecting a large-amplitude edge having 

a greater level than the reference value, for detecting the 

15 small-amplitude edge detected by the small-amplitude detection 

circuit as noise with respect to the large-amplitude edge 

detected by the large-amplitude detection circuit. 

In this case, the large-amplitude edge, which is a signal. 

specific to the image signal having a greater level. than the 

20 reference value, can be detected by comparing the extended 

signal obtained by extending the peak of the level signal 

corresponding to the large-amplitude edge with the prescribed 

reference value. Therefore, a small-amplitu(le edge around the 

large-amplitude edge, which is a signal spec:ific to the image 

25 signal.. can be detected as noise, and mosquito noise and ringing 
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can be more correctly detected. 

The small-amplitude detection circuit may output a first 

detection result signal indicating that the l/n signal output 

from the conversion circuit is greater than the level. signal 

5 output from the level detection circuit, the large-amplitude 

detection circuit may output a second detection result signal 

indicating that the ~xtended signal output from the extension 

circuit is greater than the ·reference value, and the noise 

detection circuit may further include a logic circuit ANDing 

10 the first detection result signal output from the small­

amplitude detection circuit and the second detection result 

signal output from the large-amplitude detection circuit. 

In this case, the first detection result signal indicates 

a portion where the 1/n signal is greater than the level signal, 

15 i.e. , a portion excluding a large-amplitude edge portion while 

the second detection result signal indicates a portion where 

the extended signal is greater than the reference value, i.e., 

a small-amplitude edge portion around the large-amplitude edge 

including the large-amplitude edge portion. Therefore, only 

20 the small-amplitude edge around the large-amplitude edge can 

be detected by ANDing the outputs. Consequently, only mosquito 

noise and ringing can be detected from the portion around the 

large-ampl.i tude edge of the image signal with a simple 

structure employing a binary signal. 

25 The high-frequency component extraction circuit may 
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include a horizontal extraction circuit extracting a 

ho~izontal high-frequency component of the input image signal, 

a vertical extraction circuit extracting a vertical high-

frequency component of the input image signal and an adder 

5 circuit adding the horizontal high-frequency component 

extracted by the horizontal extraction circuit and the vertical 

high-frequency component extracted by the verti.cal extraction 

circuit to each other, the level detection circuit may detect 

the level of the sum of the high-frequency components obtained 

10 by the adder circuit and outputting the result of detection 

as the level signal, and the noise detection circuit may detect 

horizontal and vertical small-amplitude edges around 

horizontal and vertical large-amplitude edges of the image 

signal on the basis of the level signal detected by the level 

15 detection circuit. 

In this case, the horizontal and vertical high-frequency 

components are extracted and added to each other, and the level 

of the sum of the high-frequency components is thereafter 

detected so that the horizontal and vertical small-amplitude 

20 edges around the horizontal and vertical large-amplitude edges 

of the image signal can be detected as noise on the basis of 

the level signal. Therefore, horizontal and vertical mosquito 

noise and ringing caused around the horizontal and vertical 

large-amplitude edges of the image signal can be detected. The 

25 extracted horizontal and vertical high-frequency components 

. _; : ·-~·~\(. 
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are added to each other for performing subsequent horizontal 

and vertical processing in common, whereby the structure 

following addition is so simplified that the horizontal and 

vertical mosquito noise and ringing can be detected with a 

5 simple structure. 

A noise detection method according to still another 

aspect of the present invention comprises steps of extracting 

a high-frequency component of an input image signal, detecting 

the level of the extracted high-frequency component and 

10 outputting the result of detection as a level signal, and 

detecting a small-amplitude edge around a large-amplitude edge 

of the image s.ignal as noise on the basis of the level si.gnal. 

The high-frequency component of the image signal is 

extracted for detecting the level thereof in the noise 

15 detection method, whereby the small-amplitude edge around the 

large-amplitude edge of the image signal can be detected on 

the basis of the detected l.evel. and th:i.s portion can be detected 

as noise. Consequently, mosquito noise and ringing caused 

around the large-amplitude edge of the image signal can be 

20 detected. 

The noise detection step may include steps of outputting 

an extended signal obtai.ned by extending the peak of the level 

signal, outputting a l/n signal obtained by converting the 

level of the extended signal to 1/n times. and compari.ng the 

25 1/n signal with the level signal and detecting the small-
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amplitude edge around the large-amplitude edge of the image 

signal. 

In this case, the small-amplitude edge, exi.sting around 

the large-amplitude edge corresponding to the peak of the level 

5 signal, smaller than 1/n of the level of the large-amplitude 

edge can be detected by comparing the l/n signal obtained by 

extending the peak of the level signal and compressing the same 

to 1/n times with the level signal, and thi.s small-amplitude 

edge can be detected as mosquito noise and ringing. 

10 

15 

T~e noise detection step may further include a step of 

comparing the extended signal with a prescribed reference level 

and detecting a large-amplitude edge having a greater level 

than the reference value, for detecting the small-amplitude 

edge as noise with respect to the large-amplitude edge. 

In this case, tl~e large-amplitude edge, which is a signal 

specific to the image signal having a greater level than the 

reference value, can be detected by comparing the extended 

signal obtained by extending the peak of the level signal 

corresponding to the large-amplitude edge with the prescribed 

20 reference value. Therefore, a small-amplitude edge around the 

large-amplitude edge specific to the image signal can be 

detected as noise. and mos qui to noi.se and ringing can be more 

correctly detected. 

A si.gnal processi.ng method according to a further aspect 

25 of the present invention comprises steps of detecting 

-~.···<· .:.f ·.: 



.-·.~-~-~-'''""~-~ 

16 

horizontal and/or vertical small-amplitude edge(s) around 

horizontal and/or vertical large-amplitude edge(s) of an input 

image signal as noise and performing horizontal and/or vertical 

correction of the image signal in response to the result of 

5 detection of the noise. 

In the signal processing method, mosquito noise and 

ringing of the image signal are detected by detecting the 

horizontal and/ or vertical small-amplitude edge ( s) around the 

horizontal and/vertical large-amplitude edge(s} of the image 

10 signal for performing horizontal and/or vertical correction 

of the input image signal in response to the result of detection. 

Therefore, the image signal can be properly corrected in 

response to the states of the mos qui to noise and the ringing. 

Consequently, the image signal can be properly corrected 

15 without reducing the texture specific to the image signal also 

in a portion continuously exhibiting fine details. 

20 

25 

The step of performi.ng correction may include a step of 

performing horizontal and/or vertical smoothing of the image 

signal when noise is detected in the noise detection step. 

In this case, the image signal is subjected to horizontal 

and/or vertical smoothing when noise, i.e., mosquito noise and 

ringing take place, whereby only the mosquito noise and the 

ringing can be smoothed for implementing an image having 

neither mosquito noise nor ringing. 

The step of performing correction may include a step of 

· .. ·. •. ·: . . :. ·~···· ..... :.::~t:-·:.~. 
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performing horizontal and/or vertical contour correction of 

the image signal when no noise is detected in the noise detection 

step. 

In this case, the image signal is subjected to horizontal 

5 and/or vertical contour correction when no noise, i.e. , neither 

mosquito noise or ringing takes place, whereby a high-quality 

:lmage having an enhanced edge portion specific to the image 

signal. can be implemented without enhancing mosquito noise and 

ringing. 

10 The foregoing and other objects, features, aspects and 

advantages of the present invention will. become more apparent 

from the following detailed descripti.on of the present 

invention when taken in conjunction with the accompanying 

drawings. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the structure of a si.gnal 

processor according to a first embodiment of the present 

invention; 

20 Fig. 2 is a block diagram showing the structure of a 

ringing detector shown in Fig. l; 

Fig. 3 is a waveform diagram for illustrating operations 

of the ringing detector shown in Fig. 2; 

Fig. 4 is a block diagram showing the structure of a signal. 

25 processor according to a second embodiment of the present 
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invention; and 

Fig. 5 is a block diagram showing the structure of a 

conventional signal processor. 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A signal processor according to a first embodiment of 

the present invention is now described with reference to the 

drawings. Fig. 1 is a block diagram showing the structure of 

the signal processor according to the first embodiment of the 

10 present invention. In the following description. digital data 

corresponding to an image displayed on a screen is employed 

as an exemplary image signal, and it is assumed that terms 

"horizontal and vertical directions" indicate those of the 

screen respectively. 

15 The signal processor shown in Fig. 1 comprises a ringing 

detector 2 and a signal smoother 3. The signal smoother 3 

includes a horizontal/vertical low-pass filter (LPF) 4 and a 

selector 5. 

The ringing detector 2 detects horizontal and vertical 

20 small-amplitude edges around horizontal and vertical 

large-amplitude edges of an image signal input through an image 

signal input terminal 1 as noise, and outputs the result of 

detection to the selector 5. The noise detected by the ringing 

detector 2, including ringing caused when transferring a 

25 digital image and mosquito noise caused when compression-
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coding the digital image, corresponds to ringing components 

caused around the large-amplitude edges. 

The horizontal/vertical low-pass filter 4 performs 

smoothing for eliminating horizontal and vertical high-

5 frequency components of the image signal input through the 

image signal input terminal l, and outputs the smoothed image 

signal to an input terminal BO of the selector s. The image 

signal is input in another input terminal AO of the selector 

5 as such through the image signal input terminal 1. In 

10 response to the noise detection result output from the ringing 

detector 2, the selector 5 selects the image signal input 

through the input terminal AO or the output signal of the 

horizontal/vertical low-pass filter 4 input through the input 

terminal BO and outputs the select.e~ .. signal to an image signal 

15 output terminal 6. 

20 

In the signal processor according to this embodiment, 

the ringing detector 2 corresponds to the detection circuit, 

and the signal smoother 3 corresponds to the processing circuit 

and the smoothing circuit. 

Operations of the signal processor shown in Fig. 1 are 

now described. The image signal is input through the image 

signal input terminal 1, so that the ringing detector 2 detects 

portions causing mosquito noise and ringing around the 

large-amplitude edges of the image signal and outputs the 

25 result of detection to the selector s. 

. ;. .. 
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When the ringing detector 2 detects that neither mosquito 

noise nor ringing takes p1ace, the selector 5 outputs the image 

signal input in the input terminal AO from the image signal 

input terminal 1 to the image signal output terminal 6 as such. 

5 In this case, therefore, the image signal is not smoothed but 

output as such. 

When the ringing detector 2 detects that the image si.gnal 

has a portion causing mosquito noise and ringing, on the other 

hand, the selector 5 outputs the signal input in the input 

10 terminal BO, i.e., the image signal smoothed by the 

horizontal/vertical low-pass filter 4 to the image signal 

output terminal 6. 

Thus, only mosquito noise and ringi.ng around the 

large-amplitude edges of the image signal can be smoothed due 

15 to the aforementioned operations, for implementing an image 

having neither mosquito noise nor ringing without reduci.ng the 

texture of a portion continuously exhibiting fine details. 

The ringing detector 2 shown in Fig. 1 is now described 

in more detail. Fig. 2 is a block diagram showing the structure 

20 of the ringing detector 2 shown in Fig. 1. 

The ringing detector 2 shown in Fig. 2 includes a 

horizontal high-pass filter (HPF) 10, a vertical high-pass 

filter (HPF) 11, an adder 12, an absolute value detector 13, 

a signal extender 14, a level converter 15 and a ringing 

25 determination part 19. The ringing determination part 19 

: ·.'."';. . :-. .. ·. . "":':•".. . ..· . . . . •;.: .: ... : -~ ·<. ·. · . 
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includes comparators 16 and 17 and an AND gate 18. 

The horizontal and vertical high-pass filters 10 and 11 

are connected with the image signal input terminal 1 shown in 

Fig. l, for receiving the image signal respectively. The 

5 horizontal high-pass filter 10 extracts the horizontal 

high-frequency component of the input image signal and outputs 

the same to the adder 12. The vertical high-pass filter 11 

extracts the vertical high-frequency component of the input 

image signal and outputs the same to the adder 12. 

10 The adder 12 adds the horizontal high-frequency 

component extracted by the horizontal high-pass filter 10 and 

the vertical high-frequency component extracted by the 

vertical high-pass filter 11 to each other, and outputs the 

result to the absolute value detector 13. 

15 The absolute value detector 13 obtains the absolute value 

of the sum of the high-frequency components, and outputs the 

result to the signal extender 14 as a level signal. 

The signal extender 14 outputs an extended signal 

obtained by horizontally and vertically extending the peak of 

20 the level signal output from the absolute value detector 13 

to the level converter 15. 

The level converter 15 outputs a l/n signal obtained by 

converting the level of the extended signal output from the 

signal extender 14 to l/n times to an input terminal Al of the 

25 comparator 16. 

·.··:5 ... ~:·.:·. 
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Noting that the levels of mosquito noise and ringing are 

smaller than those of the high-frequency components specific 

to the image signal, the value n is set for detecting 

small-amplitude edges having levels less than l/n of the levels 

5 of the large-amplitude edges as mosquito noise and ringing. 

The value n, which can be set to an arbitrary value such as 

an integer or a real number, is preferably set to a value of 

at least 2 and not more than 8, more preferably at least 4 and 

not more than 8 . The value n can be arbitrarily set from outside 

10 the signal processor, or may alternatively be previ.ously stored 

in the signal processor if the value n is previously decided. 

The comparator 16 compares the 1/n signal input in the 

input terminal Al from the level converter 15 with the level 

signal input in another input terminal Bl from the absolute 

15 value detector 13 and outputs "1" (high in this embodiment) 

to the AND gate 18 when the l/n signal is greater than the level 

signal whi1e otherwise outputting "0" (low in this embodiment) 

to the AND gate 18. 

The comparator 17 compares the extended signal input in 

20 an i.nput terminal A2 from the signal extender 14 wi.th a reference 

value SL input in another input terminal B2, for outputting 

11 l11 to the AND gate 18 when the extended signal is greater than 

the reference value SL, while otherwise outputting "O" to the 

AND gate 18. 

25 The reference value SL is employed for detecting a signal 

- .. · . _. "':-: .• ... .- ~ . 
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specific to the image signa1 from the 1arge-amp1itude edges 

of the image signa1. Whi1e an arbitrary va1ue such as an 

integer or a rea1 number can be emp1oyed as the reference va1ue 

SL, a va1ue of at 1east 64 is preferably employed when employing 

5 data of eight bits, i.e., 256 gradations as the maximum level 

of the image signa1, for example. The reference va1ue SL may 

be arbitrarily set from outside the signa1 processor, or may 

alternative1y be previously stored in the signa1 processor when 

the value thereof is previous1y decided. The comparator 17 

10 may alternatively compare the l/n signal output from the level 

converter 15 with the reference value SL, which is also set 

to l/n times in this case. 

The AND gate 18 is connected to the selector 5 shown in 

Fig. l, for outputting a signal of "1" to the selector 5 when 
··~"' . 

15 both of the output signa1s from the comparators 16 and 17 are 

"1", while otherwise outputting a signal of "O 11 to the se1ector 

5. 

In the aforementioned ringing detector, the horizonta1 

high-pass filter 10, the vertical high-pass fi1ter 11 and the 

20 adder 12 correspond to the high-frequency component extraction 

circuit, the absolute va1ue detector 13 corresponds to the 

1evel detection circuit, and the signal extender 14, the level 

converter 15 and the ringing determination part 19 correspond 

to the noise detection circuit. The signa1 extender 14 

25 corresponds to the extension circuit, the level converter 15 
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corresponds to the conversion circuit. the comparator 16 

corresponds to the small-amplitude detection circuit, the 

comparator 17 corresponds to the large-amplitude detection 

circuit, and the AND gate 18 corresponds to the logic circuit . 
. 
5 The horizontal high-pass filter 10 corresponds to the 

horizontal extraction circuit, the vertical high-pass filter 

11 corresponds to the vertical extension circuit, and the adder 

12 corresponds to the adder circuit. 

Operations of the ringing detector having the 

10 aforementioned structure are now described. Fig. 3 is a 

waveform diagram for illustrating the operations of the ringing 

detector shown in Fig. 2. Only horizontal processing of the 

ringing detector is hereafter described for simplifying the 

illustration. Vertical processing of the ringi.ng detector is 

15 substantially similar to the horizontal processing described 

below except that delay processing is different due to 

different delay times for the processed signal and a memory 

corresponding thereto is employed. and hence redundant 

description is not repeated. 

20 When an image signal shown at (1) in Fig. 3 is input, 

the horizontal and vertical high-pass filters 10 and 11 extract 

horizontal and vertical hi.gh-frequency components from the 

image signal respectively, and the adder 12 adds the extracted 

high-frequency components to each other. 

25 Then, the absolute value detector 13 obtains the absolute 
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value of the sum of the high-frequency components and outputs 

a level signal having a peak point Pl corresponding to a 

large-amplitude edge shown at (1) in Fig. 3, as shown by a solid 

line at (2) in Fig. 3. 

5 Then, the signal extender 14 outputs an extended signal 

obtained by extending the peak point Pl of the level signal 

four pixels to the right and four pixels to the left, as shown 

by a solid line at ( 3) in Fig. 3. While the peak point Pl is 

extended four pixels to the right and four pixels to the left 

10 in this embodiment, the width of extension is not particularly 

restricted to this but properly decided in response to the noise 

to be detected. 

Then, the level converter 15outputsa1/n signal obtained 

by converting the extended signal shown by the solid line at 

15 (3) in Fig. 3 to l/n times, as shown by a broken line at (2) 

in Fig. 3. At this time, the comparator 16 compares the l/n 

signal shown by the broken line at ( 2) in Fig. 3 with the level 

signal shown by the solid 11.ne, for outputting a result signal 

of "l" to the AND gate 18 when the 1/n signal is greater than 

20 the level signal, While otherwise outputting a result signal 

of "O" to the AND gate 18. In this case, the 1/n signal is 

greater than the level signal except the peak point Pl, and 

hence the part other than the peak point Pl is output as "1" 

while the part of the peak point Pl is output as "O". 

25 The comparator 17 compares the extended signal shown by 

... · •.·1.;. . .. ·; ·. -~. · . .-·· 
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the solid line at (3) in Fig. 3 with the reference value SL 

shown by a broken line, for outputting a result signal of "1" 

to the AND gate 18 when the extended signal is greater than 

the reference value SL, while otherwise outputting a result 

5 signal of "O" to the AND gate 18 . In this case. the extended 

signal is greater than the reference value SL in a peak part 

P2 corresponding the central pixel, the four pixels on the right 

and the four pixels on the left, i.e •• nine pixels in total, 

and hence the peak part P2 is output as • 1" while the remaining 

10 part is output as "O". 

Finally, the AND gate 18 ANDs the result signals output 

from the comparators 16 and 17, and outputs a si.gnal shown at 

( 4) in Fig. 3 to the selector 5 shown in Fig. 1 . In thi.s case, 

the part corresponding to the peak poi.nt Pl is output as "O", 

15 the parts corresponding to the four pixels on the right and 

the four pixels on the left are output as "1" and the remaining 

parts on both sides of these parts are output as "O". 

As hereinabove described. the comparator 16 compares the 

level of the small-amplitude edge around the large-amplitude 

20 edge with the level of the large-ampli.tude edge converted to 

l/n times and the comparator 17 compares the level of the 

large-amplitude edge with the reference value SL, thereby 

detecti.ng the small-amplitude edge around the large-amplitude 

edge as noise only when the large-amplitude edge has a level 

25 greater than that of the reference value SL and the level of 

.. · .·\>.·.· . ~~-~,.. : . . ,· 
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the small-amplitude edge around the same is less than the level 

of the large-amplitude edge converted to l/n times. 

Consequently, only mosquito noise and ringing can be correctly 

detected independently of parts specific to the image signal. 

The ringing detector 2 shown in Fig. 2, performing 

verti.cal processing similarly to the above, can detect vertical 

and horizontal small-amplitude edges around vertical and 

horizontal large-amplitude edges of the image signal as noi.se, 

for detecting horizontal and· vertical mosquito noise and 

10 ringing around the horizontal and vertical large-amplitude 

edges of the image signal. 

A signal processor according to a second embodi.ment of 

the present invention 1s now described with reference to Fig. 

4. Fig. 4 is a block diagram showing the structure of the signal 

15 processor according to the second embodiment of the present 

invention. 

The signal processor shown in Fig. 4 comprises a ringing 

detector 2 and a contour corrector 7. The contour corrector 

7 includes a horizontal/vertical high-pass filter (HPF) 22, 

20 an adder 23 and a selector 24. The ringing detector 2 shown 

in Fig. 4 is similar to that shown in Fi.g. 2, and hence redundant 

description is not repeated. 

The horizontal/vertical high-pass filter 22 extracts 

horizontal and vertical high-frequency components from an 

25 image signal input through an image signal input terminal 1, 



28 

and outputs the extracted high-frequency components to the 

adder 23. The adder 23 adds the horizontal and vertical 

high-frequency components output from the horizontal/vertical 

high-pass filter 22 and the image signal input through the image 

5 signal input terminal 1 to each other. and outputs a 

contour-corrected image signal to an input terminal A3 of the 

selector 24. Another input terminal B3 of the selector 24 

receives the image signal as such through the image signal input 

terminal 1. The selector 24 selects either the contour-

10 corrected image signal input from the input terminal A3 or the 

image signal input from the input terminal BJ in response to 

a noise detection result output from the ringing detector 2 

and outputs the selected signal to an image signal output 

terminal 6. 

15 In the signal processor according to this embodiment. 

the ringing detector 2 corresponds to the noise detection 

ci.rcui t, and the contour corrector 7 corresponds to the 

processing circuit and the contour correction circuit. 

Operations of the signal processor shown in Fig. 4 are 

20 now described. First, the image signal J.s J.nput through the 

image signal input terminal 1. and the ringing detector 2 

detects portions causing mosquito noise and ringing around 

large-amplitude edges of the input image signal and outputs 

the result of detection to the selector 24. 

25 When the ri.nging detector 2 detects portions causing 

::·:_ .. _ 
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neither mosquito noise nor ringing, the selector 24 outputs 

the signal input in the input terminal A3, i.e. , the image signal 

subjected to contour correction by the horizontal/vertical 

high-pass filter 22 and the adder 23 to the image signal output 

5 terminal 6 • 

When the ringing detector 2 detects portions causing 

mosquito noise and ringing. the selector 24 outputs the image 

signal input from the image signal input terminal 1 .in the input 

terminal BJ to the image signal output terminal 6 as such. In 

10 this case, therefore, no contour correction is performed but 

the image signal is output as such. 

Only portions of the image signal causing neither 

mosquito noise nor ringing are subjected to contour correction 

while portions causing mosquito noise and ringing are not 

15 subjected to contour correction due to the aforementioned 

operations, whereby a high-quality image can be implemented 

by enhancing edge portions specific to the image si.gnal without 

enhancing mosquito noise and ringing. 

While the ringing detector detects portions causing 

20 mosquito noise and r.1.nging for deciding whether or not to 

perform smooth.1.ng or contour correction on the detected 

portions .in each of the aforementioned embodiments, the ringing 

detector 2 may alternatively detect the levels of the mosquito 

noise and the ringing for deciding whether or not to perform 

25 smoothing or contour correction in response to the levels of 
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the mosquito noise and the ringing or changing the degree of 

the smoothing or the contour correction in response to the 

1evels of the mosquito noise and the ringing. 

While the image signal is horizontally and vertically 

5 processed in each of the aforementioned embodiments. the 

present invention is also applicable to the case of only 

horizontally or vertically processing the image signal. 

While the ringing detector 2 and the signal processor 

are formed by hardware in each of the aforementioned 

10 embodiments. the processing of the aforementioned parts may 

alternatively be performed through software with a DSP (digital 

signal processor) or the like, to attain effects similar to 

the above. 

Although the present invention has been described and 

15 illustrated in detail-, it is clearly understood that the same 

is by way of illustration and example only and is not to be 

taken by way of l.imitation, the spi.rit and scope of the present 

invention being limited only by the terms of the appended 

claims. 
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1. A noise detector comprising: 

a high-frequency component extraction circuit 

5 extract:i.ng a high-frequency component of an input image signal; 

a level detection circuit detecting the level of said 

high-frequency component extracted by said high-frequency 

component extraction circuit and outputting the result of 

detection as a level signal; and 

10 a noise detection circuit detecting a small-amplitude 

edge around a large-amplitude edge of said image signal as noise 

on the basis of said level signal detected by said level 

detection circuit. 

15 2. The noise detector according to claim 1, wherein 

said noise detection circuit includes: 

an extension circuit outputting an extended si.gnal 

obtained by extending the peak of said level signal detected 

by said level detection circuit, 

20 a conversion circuit outputting a l/n signal obtained 

by converting the level of said extended signal output from 

said extension circuit to l/n times, and 

a small-amplitude detection circuit comparing said l/n 

signal output from said conversion circuit with said level 

25 signal output from said level detection circuit for detecting 

. ;.·;·'· 
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said small-amplitude edge around said large-amplitude edge of 

said image signal. 

3. The noise detector according to claim 2, wherein 

5 said noise detection circuit further includes: 

a large-amplitude detection circuit comparing said 

extended signal output from said extension circuit with a 

prescribed reference value for detecting a large-amplitude 

edge having a greater level than said reference value. 

10 for detecting said small-amplitude edge detected by said 

small-amplitude detection circuit as noise with respect to said 

large-amplitude edge detected by said large-amplitude 

detection circuit. 

15 4. The noise detector according to claim 3, wherein 

said small-amplitude detection circuit outputs a first 

detecti.on result signal indicating that said 1/n signal output 

from said conversion circuit is greater than sai.d level signal 

output from said level detection circuit, 

20 said large-amplitude detection circuit outputs a second 

detection result signal 1.ndicating that said extended signal 

output from said extension circuit is greater than said 

reference value, and 

said noise detection circuit further includes a logic 

25 circuit ANDing said first detecti.on result signal output from 
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said small-amplitude detection circuit and said second 

detection result signal output from said large-amplitude 

detection circuit. 

5 5. The noise detector according to claim 1, wherein 

said high-frequency component extraction circuit 

includes: 

a horizontal extraction circuit extracting a horizontal 

high-frequency component of said input image signal, 

10 a vertical extraction circuit extracting a vertical 

high-frequency component of said input image signal, and 

an adder circuit adding said horizontal high-frequency 

component extracted by said horizontal extraction circuit and 

said vertical high-frequency component extracted by said 

15 vertical extraction circuit to each other, 

said level detection circuit detects the level of the 

sum of said high-frequency components obtained by said adder 

circuit and outputting the result of detection as said level 

signal, and 

20 said noise detection circuit detects horizontal and 

vertical small-amplitude edges around horizontal and vertical 

large-amplitude edges of said image signal on the basis of said 

level signal detected by said level detection circuit. 

25 6. A signal processor comprising: 

·. ~· - ·. ~: · . .-. -~ ·: .-: . ..... . ·_. 
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a detection circuit detecting horizontal and/or vertical 

small-amplitude edge{s) around horizontal and/or vertical 

large-amplitude edge(s) of an input image signal as noise; and 

a processing circuit performing horizontal and/or 

5 vertical correction of said image signal in response to the 

result of detection in said detection circuit. 

7. The signal processor according to claim 6, wherein 

said processing circuit includes a smoothing circuit 

10 performing horizontal and/ or vertical smoothing of said image 

signal in response to noise detected by said detection circuit. 

8. The signal processor according to claim 7. wherein 

said smoothing circuit performs horizontal and/or 

15 vertical smoothing of said 1.mage signal when said detection 

circuit detects noise. 

9. The signal processor according to claim 6, wherein 

said processing circuit includes a contour correction 

20 circuit performing horizontal and/or vertical contour 

correction of said image signal in response to noise detected 

by said detection circuit. 

10. The signal processor according to cla.im 9, wherein 

25 said contour correction circuit performs horizontal 
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and/or vertical contour correction of said image signal when 

said detection circuit detects no noise. 

11. The signal processor according to claim 6. wherein 

5 said detection circuit includes: 

a high-frequency component extraction circuit 

extracting a high-frequency component of said input image 

signal, 

a level detection circuit detecting the level of said 

10 high-frequency component extracted by said high-frequency 

component extraction circuit and outputting the result of 

detection as a level signal, and 

a noise detection circuit detecting said small-amplitude 

edge around said large-amplitude edge of said image signal on 

15 the basis of said level signal detected by said level detection 

circuit. 

12. The signal processor according to claim 11, wherein 

said noise detection circuit includes: 

20 an extension circuit outputting an extended signal 

obtained by extending the peak of said level signal detected 

by said level detection circuit, 

a conversion circuit outputting a l/n signal obtained 

by converting the level of said extended signal output from 

25 said extension circuit to l/n times, and 
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a small-amplitude detection circuit comparing said l/n 

signal output from said conversion circuit with said level 

signal output from said level detection circuit for detecting 

said small-amplitude edge around said large-amplitude edge of 

5 said image signal. 

13. The signal processor according to claim 12. wherein 

said noise detection circuit further includes: 

a large-amplitude detection circuit compar.1.ng said 

10 extended signal output from said extension circuit with a 

prescribed reference value for detecting a large-amplitude 

edge having a greater level than said reference value. 

for detecting said small-amplitude edge detected by said 

small-amplitude detection circuit as noise with respect to said 

15 large-amplitude edge detected by said large-amplitude 

detection circuit. 

14. The signal processor according to clai.m 13. wherein 

said small-amplitude detection circuit outputs a first 

20 detection result signal indi.cating that said l/n signal output 

from said conversion circuit is greater than said level signal 

output from said level detection circuit. 

said large-amplitude detection circuit outputs a second 

detection result signal i.ndicating that said extended signal 

25 output from said extension circuit is greater than said 

. . . ·::}).: _:.-.-\.: :·· 
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reference value, and 

said noise detection circuit further includes a logic 

circuit ANDing said first detection result signal output from 

said small-amplitude detection circuit and said second 

5 detection result signal output from said large-amplitude 

detection circuit. 

15. The signal processor according to claim 11, wherei.n 

said high-frequency component extraction circuit 

10 includes : 

a horizontal extraction circuit extracting a horizontal 

high-frequency component of said input image signal, 

a vertical extraction circuit extracting a vertical 

high-frequency component of said input image signal, and 

15 an adder circuit adding said horizontal high-frequency 

component extracted by said horizontal extraction circuit and 

said vertical. high-frequency component extracted by said 

vertical extraction circuit to each other, 

said level. detection circuit detects the level of the 

20 sum of said high-frequency components obtained by said adder 

circuit and outputting the result of detection as said level 

signal, and 

said noise detection circuit detects horizontal and 

vertical small-amplitude edges around horizontal and vertical 

25 large-amplitude edges of said image signal on the basis of said 

. ·~ · .. :... .. 
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level signal detected by said level detection circuit. 

16. A noise detection method comprising steps of: 

extracting a high-frequency component of an input image 

5 signal: 

detecting the level of said extracted high-frequency 

component and outputting the result of detection as a level 

signal; and 

detecting a small-amplitude edge around a large-

10 amplitude edge of said image signal as noise on the basis of 

said level signal. 

17. The noise detection method according to claim 16, 

wherein 

15 said noise detection step includes steps of: 

outputting an extended signal obtained by extending the 

peak of said level signal, 

outputting a 1/n signal obtained by converting the level 

of said extended signal to l/n times, and 

20 comparing said l/n signal with said level signal and 

detecting said small-amplitude edge around said large-

amplitude edge of said image signal. 

18. The noise detection method according to claim 17, 

25 wherein 

.•.; .··/_;: "-~--}~·.-:;.~ . . 
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said noise detection step further includes a step of 

comparing said extended signal with a prescribed reference 

level and detecting a large-amplitude edge having a greater 

level than said reference value, 

5 for detecting said small-amplitude edge as noise with 

respect to said large-amplitude edge. 

19. A signal processing method comprising steps of: 

detecting horizontal and/or vertical small-amplitude 

10 edge(s) around horizontal and/or vertical large-amplitude 

edge(s) of an input image signal as noise; and 

performing horizontal and/ or vertical correction of said 

image signal in response to the result of detection of noise. 

15 20. The signal processing method according to claim 19, 

wherein 

said step of performing correction includes a step of 

performing horizontal and/ or vertical smoothing of said image 

signal when noise is detected in said noise detection step. 

20 

21. The signal processing method according to claim 19, 

wherein 

said step of performing correction includes a step of 

performing horizontal and/or vertical contour correction of 

25 said image signal when no noise is detected in said noise 
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detection step. 
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