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COMPLAINT .

Plaintiffs, IP Innovation, L.L.C.("IP Innovation"), and Technology Licensing Corporation

("TLC") complain of defendant, Thomson Consumer Electronics, Inc., ("Thomson"), as follows:
JURISDICTION AND VENUE

1. This is a claim for patent infringement arising under the patent laws of the United
States, 35 U.S.C. § 271. This Court has exclusive jurisdiction over the subject matter of this action
under 28 U.S.C. § 1338(2).

2. IP Innovation, L.L.C. ("IP Innovation") is a limited liability company, with a principal
place of business at 500 Skokie Boulevard, Suite 585, Northbrook, lllinois 60062.

3. TLC is a corporation organized and existing under the laws of the State of California
and has a principal place of business at 110 Knowles Drive, Los Gatos, California 95032,

4. IP Innovation and TLC together own the full and exclusive right, title and interest in
and have standing to sue for infringement in the field of consumer electronics products for United

States Patent No. 4,305,091 B2, entitled “Electronic Noise Reducing Apparatus and Method,” which

-]
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issued December 8, 1981, and was issued a reexamination certificate on February 10, 1998, (the
“091 patent”), for United States Patent No. 4,573,070, entitled “Noise Reduction System For Video
Signals,” which issued February 25, 1986 (the “‘070 patent”), for United States Patent No.
4,723,166, entitled “Noise Adjusted Recursive Filter,” which issued February 2, 1988 (the ““166
patent™), and for United States Patent No. 4,803,547, entitled “Adaptive Comb Filter System For
Processing Video Signals,” which issued February 7, 1989 (the “‘547 patent”).

5. Thomson Consumer Electronics, Inc, is a corporation organized and existing under
the laws of the State of Delaware, and having its primary place of business at 10330 North Meridian
Street, Indianapolis, Indiana.

6. Thomson transacts business in this judicial district by importing, selling or offering
to sell consumer electronics devices that are the subject of at least claims 3, 10-11, 28 and 33 of the
‘091 patent, at least claims 1, 9-12, 17, 25-26, 29-34, and 42 of the '070 patent, at least claim 1 of
the ‘166 patent, and at least claim 1 of the '547 patent or by practicing methods covered by one or
more claims of the patents at issue or by inducing others to infringe the patent through the use of
such consumer electronics products, or by otherwise conducting other business in this judicial
district.

7. Venue is proper under 28 U.S.C. § 1391 (d) and § 1400(b).

PATENT INFRINGEMENT

8. As set forth above, IP Innovation and TLC together own and have standing to sue for

infringement of United States Patent Nos. 4,305,091 B2, 4,573,070, 4,723,166 and 4,803,547 in the

field of consumer electronics.
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9. Thomson has infringed at least claims 3, 10-11, 28 and 33 of the ‘091 patent, at least
claims 1, 9-12, 17, 25-26, 29-34, and 42 of the '070 patent, at least claim 1 of the *166 patent, and
at least claim 1 of the '547 patent by making, using, importing, selling and offering to sell, and by
inducing, aiding and abetting, encouraging and contributing to others' use within the United States
of various consumer electronics products, including but not limited to Thomson consumer
electronics products which employ an adaptive comb filter feature, such as Thomson’s television,
VCR, Hi Fi VCR, camcorder and DVD model nos. F36718, F32668, F32648, G32705, F36668,
F32715,F35715, F36648, G36705, VR352, VR 354, VR 355, VRD 100, VR 556, VR 705 HF, VR
708 HF, VR 651 HF, VR 706 HF, VR 667 HF, VR 661 HF, CC 4252, CC 4393, CC 4352, RC
5910P, RC 5225P, RC 5215P, RC 6000P, and RC 5400P.

10. Other consumer electronics products sold by Thomson, and not yet identified, are also
believed to be covered by the asserted claims of the ‘091, '070, ‘166 and '547 patents.

11.  Suchinfringement has injured IP Innovation and TLC and they are entitled to recover
damages, under the law, adequate to compensate them for the infringement that has occurred, but
in no event less than a reasonable royalty.

12.  Upon information and belief, Thomson's infringement has been willful and wanton
with full knowledge of the 091, ‘070, ‘166 and ‘547 patents and without a reasonable investigation
or legal advice.

WHEREFORE, plaintifts, IP Innovation and TLC, respectfuily request judgment against the

Defendant and its subsidiaries and affiliates as follows:
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A. An award of damages adequate to compensate IP Innovation and TLC for the
infringement that has occurred, together with prejudgment interest from the date infringement of the
‘091, '070, ‘166 and ‘547 patents began;

B. Any other damages permitted by law, including any for willful infringement, under
35 U.8.C. § 284,

C. A finding that this case is exceptional and an award to IP Innovation and TLC of'its
attorneys’ fees as provided by 35 U.S.C. § 285;

D. An injunction permanently prohibiting Thomson, its customers and all persons in
active concert or participation with it, from further acts of infringement of the ‘091, ‘070, ‘166
and/or ‘547 patents; and

E. Such other and further relief as this Court or a jury may deem proper and just.

JURY DEMAND

Plaintiffs demand a trial by jury.

Respectfully submitted,

%ﬁz%@ﬂ

Raymond P. Niro

Arthur A. Gasey

Paul C. Gibbons

NIRO, SCAVONE, HALLER & NIRO
181 West Madison, Suite 4600
Chicago, Illinois 60602

(312) 236-0733

Attorneys for IP Innovation L.L.C.
and Technology Licensing Corp.
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1

ELECTRONIC NOISE REDUCING APPARATUS
AND METHOD

This application is a continuation in part of my U.5. 5
Pat. Application Ser, No. 763,904 {iled Jan. 3t, 1977
entitled “Electronic Noise Reducing Apparatus And
Method”, now abandoned. :

Electronic Noise is a physical property which is at
¥imes most troublesome to electronic cireuitry. In prac-
tical applications, unwanted noise is added or increased
in a wanted electronic signal every time that sigoal
passes through any resistance. Since ail electronic de-
vices contain some resistance, they are noise producers,
and when amplification is added to these devices, the
noise is amplified along with the wanted signals. While
it is possible to design electronic circuitry to minimize
the effects of noise on the wanted electronic signal, it is
impossible 10 completely eliminate these effects. As the
wanted signal passes through more and more stages of 20
circuitry, the unwanted noise will always increase, i.e.
the signal to noise ratio (S/N) will decrease until at
some point, no matter how well designed the circuitry,
the signal will become unacceptable because of the
noise. In order to improve on this situation, it is obvious
that the noise on the electronic signal must be removed
at some stage in order to prevent the eventual destruc-
tion of the signal. In order to demonstrate the problem
and its solution, 1 have selected television video signals.

Other objects and a fuller understanding of this in-
vention may be had by referring to the following de-
scription end clainis, taken in conjunction with the ac-
companying drawings, in which:

FIG. 1 is a typical steady state D.C. electronic signal
graph with detail 31;

FIG. 2 is a typical steady state D.C. signal 32 with
detail 33 as in FIG. 1, after noise has been impressed on
said signal and detail;

FIG. 3 is a typical electronic linear ramp signal 34
with detail 35; .

FIG. 4 is 2 typical ¢lectronic linear ramp signal 36
with detail 37 as in FIG. 3 after noise has been im-
pressed on said sipnal and detail;

" FIG. §is a typical sinusoidal electronic signal 38 with
detail 39;

FIG. 6 is a typical sinusoidal electronic signal 40 with
detail 4% as in FIG. 5 after noise has been impressed on
said signal and detail; C

FIG. 7is a typical D.C. electronic signal with noise of
even power distribution throughout frequency domain 50
(white noise). Refer to Motchenbacher and Fitchen
] ow Noise Electroric Design™ ©1973 John Wiley &
‘Sons, Inc., New York, N.Y. for further explanation.

FIG. 8 is a typical D.C. electronic signal with noise .
having an inverse power distribution with respect to 55
frequency (1/f noise). Refer to Motchenbacher and -
Fitchen “Low Noise Electronic Design” for further
explanation. ‘ Lo

FIG. 9 is a graph of a typical video signal 42 with
detail 29 with said signal and detail having noise im- 60
pressed on them; P

FIG. 9A is a graph of a typical video signal as in FIG.

9 with noise removed from signal areas 28 which donot -
contain detail; -

25

30

35

45

FIG. 9B is an indication of time durations during 65

which processing is turped on, and limited, in noise
removal circuitry. Note that FIGS. 9, 9A and 9B share
a common time axis; .

2

FIG. 10 is a graph of a typical signal containing a
linear ramp 43 and a sinusoid wave #4, including typical *
sample points in sequence 45-50 used by an A-D con-
verter and 8 bit binary data words 51-56 which are the
output of the A-D which correspond to the voltage of
the analog signal at the sample points 45-50 in sequence.

FIG. 11 is a block diagram of a typical 8 binary bit
analog to digital to analog conversion set. The set is
composed of an input 57 for the analog signal which is
to be converted, the analog to digital converter 58, the
output of the A-D comprised of 8 binary data lines
59-66 inclusive, the clock output 67, the digital to ana-
log (D-A) converter 68, which converts the series of
digital data words on lines 59~66, utilizing the clock on
line 67, to an analog circuit 69. The analog output 69
will cortespoond to the analog input 57 if the digital
data on lines 59-66 is not changed or modified;

FIG. 12 is a block diagram of a typical digital noise
reducer enit which utilizes an A-D, D-A conversion set
for ease of operation. The reducer is composed of ana-
log input 70 which corresponds to 57. FIG. 11, data
lines and clock line 72 which correspond to 59-67 of
¥1G. 11, the actual noise reduction circuitry 73, data
and clock outputs 74 from the noise reduction circuitry,
similar to 59-67 of FIG. 11, D-A unit 75, which corre-
sponds to 68 of FIG. 11, and analog output 76 which
corresponds to 69 of FIG. 11.

FIG. 13 is a block diagram of noise reduction uait
with the circuit input 77, the data delay block 78, the
comparison block 79, the processing block 80 and the
cireuit output §1. Dashed line RI indicates the recursive
input connection and NRI the nonrecursive connection
for the delay block 78. For a nonrecursive system NRI
is connected and R1 is removed. For a recursive system
NRI is disconnected and RI is connected.

FIG. 14 is 2 graph of a typical sinusoidal color sub-
carrier such as that in the National Television Standards
Committee (NTSC) Color Television System, with

40 A-D sample points 50-58 labeled 82-90 respectively;

FIG. 15 is a block diagram of prototype noise reduc-
tion unit having components grouped into 3 blocks,
comparison block 91, including components 96, 97, 98,
99, 100, delay block 92 inclading components 101, 102,
103, 104, processing block 93 including components

108, 106, and output register 95 and input register 94

shown for clarity. Parts listed are:

Number 96 identifies a binary number also known as
the detail threshold, which may be set by a series of
switches, ) '

Number 97 identifies an arithmetic lagic unit similar
to that in FIG. 23 set 1o determine if one input
number is larger than another.

Number 98 identifies a storage circuit for the output
of 97, having a storage time 3 clock pulses, similar
to that described in FIG. 21.

Number 99 identifies 2 shilt register for the output of
100 similar to that in F1G. 22.

Number 100 identifies an agithmetic logic unit, set to
subtract one number from another similar to that
described in FIG. 23.

Numbers 101-104 identify shift registers similar to
that described in FIG. 22.

Number 105 identifies an arilhmetic logic unit set to
add or subtract two numbers depending on a com-
mand from one of its inputs, similar to that de-

~ scribed in FIG. 23.
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Number 106 identifies an eight pole double throw -

3

clectronic switch also known as a line selector
similar to that described in FI1G. 20.

FIG. 16 is the same block diagram as FIG. 15, show-
ing the location of data words and internal calculations,
at points 107-117, in a specific example;

FIG. 17 is a schematic symbol for a digital inverter
118 and an explanation of its function. For further de-
tails consult manufacturers information for a type 7404
Integrated Circuit (I.C.);

FIG. 18 is a schematic symbol 119 for a digital Nand
gate and an explanation of its function. For further
details consult manufacturers information for a type
7400 1.C.;

FIG. 1% is a schematic symbol 120 for a digita] exclu-
sive or gate with a brief explanation of its function. For
further detail consult manufacturers information for a
type 7486 1.C,;

FIG. 20 is a schematic symbol 121 for a digital line
selector with a brief explanation of its function. For
further details consult manufacturers information for a
type 74157 1.C,;

FIG. 21 is a schematic symbol 122 for a digital D type
flip flop with a brief explanation of its use. For further
defails consult manufacturers information for a type
7474 1.C,;

FIG. 22 is a schematic diagram 123 for a digital shift
register (SR) with a brief explanation of its function.
For further details refer to manufacturers specifications
for 2 type 74198 I.C,;

FIG. 23 is a schematic diagram 124 for a digital arith-
metic logic unit (ALLY) with a brief explanation of its
function. For further details refer to manufacturers
specifications for a type 74181 1.C,;

FIG. 24 is a schematic diagram for prototype noise

10

15

20

3

4

their work 10 removing noise which has already been
generated. It is believed that this lack of attention is
primarily due to the common belief that once noise is
generated, it cannot be removed, except by bandwidth
limiting, which in its simple form eliminates or reduces
tesolution or detail. The present invention has come
about after an in depth study and analysis of noise in
video and audio signals over the past several years uti-
lizing several different approaches. Among the methods
used are spectrum analysis, waveform analysis, vector
gnalysis (for phase encoded color signals) and observa-
tion of CRT displays. Most observations confirm the

_standard noise models which are discussed by Motchen-

bacher and Fitchen in their book Low Noise Electronic
Design. Observation of noise on a video waveform
which has been recorded, and replayed in a frozen time
mode reveals a property of noise in the detail in that
signal that is not commonly known. This property will

be discussed later.

A steady state D.C. signal is shown in FIGS. 1, 2,7

and 8 of the drawings, which exhibit normal noise, in

white and 1/ domains. Bandwidth reduction will effec-
tively decrese this noise, and if the reduction is severe
enough, the noise will be virtually eliminated. See Low
Noise Electronic Design for further details,

Moise on a linear or approximately linear ramp can be
treated approximately the same as that of a steady state

" D.C. signal, except that bandwidth limiting cannot be as
. Severe since it is necessary to pass the D.C. shift. See

30

FIGS. 3 and 4. Noise anaylsis of a sine wave is some-
what more complex. See FIGS. 5 and 6. Most high

. frequency noise (primarily white and popcorn noise)
* can be effectively removed by band limiting above the

35

reduction circuit composed of comparison block 125

including ALU-1 130, 131, 132, 133, register C 136,
ALU-2, 134, 135, number set switches 137, 3 clock
delay 138, 139, 140 process block 126 composed of
ALU-3 141, 142, 143, 144, 145, 146, and SPST switch
147, 148, delay block 127, composed of shift registers
149, 150, 151, 152, input register 128 and output register
129, and clock inverter 153. Components are:
Numbers 128, 136, 129, 149, 150, 151, 152 identify a
74198 shift register. See FIG, 22.
Numbers 130, 131, 134, 135, 141, 142 identify a 74181
ALU. See FIG. 23.
Numbers 153, 146 identify an inverter. See FIG. 17.
Numbers 132, 133, 143, 144 identify an Exclusive Or.
See FIG. 19.
Numbers 147, 148 identify an SPST switch. See F1G.
20
Number 145 identifies a NAND gate. See FIG. 18.
Numbers 138, 139, 140 identify a flip flop. See FIG.
21
FIG. 25 is a representation of five scan lines taken at
any point in a television raster and as viewed on a televi-
sion CRT; and
FIG. 26 is a representation of the video waveforms
which correspond to the scan lines of FIG. 25.

NOISE ESSAY

A study of noise which is prevalent in a video signal
is necessary before one may attempt to reduce this
fnoisc. A great many engineers have devoted much time

40

frequency of the signal sine wave; however, 1/ noise
can be especially troublesome in this mode. IT the band-
width is lowered further to suppress 1/f noise, then the
signa! will also be suppressed. Since color information

_in a National Television Standards Committee (NTSC)

video signal is a sine wave which is phase and amplitude
modulated, variations will be subjectively observed as
color hue and saturation variations. These variations are

_ very annoying to most observers; therefore, it is espe-

45
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to the design of low noise circuitry in television cam- .

eras, video tape recorders, and video processing equip-
ment; however, relatively few engincers have devoted

cially critical to preserve this sine wave formation. The
mechanism for reducing noise on this signal must there-
fore be an averaging process, coupled with a band limit-
ing process. The average would sample the sine wave in
different spots, compute an average amplitude and
phase and then correct the sine wave to these average
values. Bandwidth limiting would reduce noise above
the frequency of the sine wave. The averaging process

.also works well on low frequency noise and linear ramp

signals, which could be treated as sinusoidal waves
having no sinusoidal amplitude.

Analysis of recorded noise reveals that the subjective
or visual noise in the color subcarrier is primarily domi-
nated by noise of those frequencies near and far below
subcarrier. The noise sbove subcarrier frequency is not
seen as color noise because of the band pass effects of all
state-of-the art color demodularors; this high frequency
noise is observed as Juminance noise. This luminance
noise (with the color subcarrier spectrum removed)
appears (o be the same as the linear ramp noise of FIG.
4 and may be removed by band limiting or averaging.

For video signals, analysis and observation of all
three signal cases in FIGS. 1-6 reveals that noise is
visually most noticeable on low bandwidth portions
(horizontal waveform portions of a video signal). This
implies once again the an averaging process is needed to
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remove the noise, since averaging works beiter than
bandiimiting at low frequencies.

Noise which has been impressed on a fast signal rise-
time such as in FIG. 6, component 41, tends only to
modify the rise time and phase of the signal and are not
readily visually apparent to the viewer.

While these statements may appear at

first glance to .

be relatively unimportant, careful thought reveals that .
in the process of noise teduction, it is relatively unim-

portant to try to correct the noise in fast risetimes, such

as FIG. 2, 33, FIG. 6,41. Therefore, noise in high fre-
quency video components is not as important as that in
low frequency componenis. ’
Noise in the slow risetime components such 2s in
FIG. 4, item 36, tend to modify the amplitude of the
signal causing readily apparent visual annoyance, there-
fore, this noise should be of prime concern to a designer
who is invelved in reducing visual noise effects. Since
coler information is both phase and amplitude encoded
in an NTSC system, phase variations of the color sub-
carrier are also of concern. With an averaging téch-
nique this would be corrected. :

THEORY OF NOISE REDUCTION
First, a plan for noise reduction of steady state D.C.

[

0

and linear ramps is disclosed. Processing such as, but

not limited to, averaging and bandwidth limiting to a
low frequency for these waveforms will give a propor-

tional decrease in white noise and a restricted decrease.

in excess, 1/f and other types of noise for these signals.
The amount of reduction can be rather dramatic since
virtually all of the noise can be limited if the upper
frequency of the bendwidth is severely limited. ‘In
video, any noise below 15kh; would appear 45 a lirie to
line brightness change and any noise above 15kh,; would
be eliminated with sufficient processing. Obviously,
with flat 15kh, filtering, there would be no signal data or
information passed, 5o it is necessary to determine when
high frequency. signal information is present and re-
mave, restrict, or turn off the processing during the
time this information is present. As discussed previ-
ously, noise has a small visual effect on high frequency
signal information, so that restricting the processing
during this time to preserve the high frequency signal
will have little visual effect on this portion of the signal.
A graphic example of the above is given in FIGS. 9,9A,
9B. .

In order to process the video waveform, it is easiest to
first convert the analog waveform to a digital represen-
tative of the waveform. This will make it easier to per-
form the mathematical averaging function. The conver-
sion equipment, (See FIGS. 10 and 11), known as an
analog to digital converter or A-D is commercially
available and will not be discussed extensively. A repre-
sentative input waveform to the A-D with a linear ramp
43 (FIG. 10) and a sinusoidal waveform 44 is shown,
The A-D samples, 45-50, occur on the waveform at a
frequency which is exactly 3 times the frequency of the
color subcarrier. The output of the A-D is aseries of 8
bit binary data words (FIG. 10, items 51-56) which

40

45

£
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time when the § data bits may be stored or transferred
with the assurance that they are valid and stable. This’
clock is provided because between sample paints there
is a period of uncertainty when the data is changing.
There will be ane clock pulse for each data word. A-D
conversion techniques are by ro means limited to 8 bits
or 3% subcarrier nor is processing limited to NTSC
video signals. Arithmetic operations such as addition
which change the binary data, will change the analog
waveform correspondingly, when the binary data is
converted back to analog, in z digital to analog con-
verter (D-A) FIG. 11, 68. For example, if all the data
words are multiplied by 2, the analog output will be
doubled. In order to utilize the digital domain to do the
noise reduction, the actual digital circuitry to perform
the arithmetic functions, such as comparing and averag-
ing, is inserted in the binary data line between the A-D
and D-A as in FIG. 12. The continual stream of 8 bit
data words from the A-D is fed via a transmission line
72 to-the noise unit 73 where the noise unit stores, com-
pares and processes the data, then the data which has
been processed is fed via a transmission line 74 to the
D-A 75 where the digital data is converted back to
analog data and applied to the output 76. A further
discussion and detailed description of analog to digitat
and digital to analog conversion may be found by refer-
ring to U.S. Pat. No. 3,860,952 This patent covers the
Consolidated Video Corp. Model No. 504A. Digital
Time-base Corrector, utilizes the A-D 10 D-A process
to facilitate time-base correction of a video signal. The
A-D converter of this device was utilized to implement
the invention herein disclosed.

THEORY OF OPERATION FOR COLOR
| PHOTOTYPE

In order to process color properly in the NTSC sys-
tem, care must be taken to ensure that comparisons and
computations are made only on samples of successive
corresponding parts of the color subcarrier waveform
(5.C.). Refer to FIG. 14 where a sine wave subcarrier is
shown with A-D sample spots (S0-58)82-90 indicated
occurring at a 3 time S.C. rate. If comparisons are made
between successive samples or data bits 80, 51, 52, etc.,
the difference in the value of these bits would be af-
fected by both noise on the signal and-the normal dis-
placement due to the sinusoidal waveform. Obviously,
it would be difficult to compute the amount of noise
present by first correcting the bits to remove, or com-
pensate for, the amount of color subcarrier present.
Now consider the case where every bit is compared to
the one 3 bits before i.e. S1 and S4, 52 and 85, el
Clearly, in a steady signal, these bits will differ only by
the noise difference between the two bits being com-
pared. It is possible to average these samples to deter-
miine the average value of the samples and correct these
subcarrier samples accordingly to remove the variation.
Refer to FIGS. 15, 16 and FIG. 24 (FIGS. 15 and 16 are

. block diagrams of FIG. 24).

23]

occur at a rate which is exacily 3 times (3X) the color .

subcarrier frequency of the NTSC video signal. The
individual data word is a binary number whose magni-
tude js directly related to the magnitude {voitage) of the
incoming video waveform which it represents. In addi-

tion 1o these B bits of data, (FIG. 11, items 59-66), there
is also available a square wave clock pulse (FIG. 1,67 .

65

whose negative to positive transition corresponds to the

In order to analyze the operation of the noise reduc-
tion circuitry first assume that data word 1(D1) (Refer
specifically to FIG. 15) which corresponds to sample 1
(S1) is present 2t the input register when the first clock
pulse arrives. Data word 1 (DY) will be transferred to
the inputs of register A, 101 and ALUY, 100. The input
register 94 is not necessary to the operation of the unit
but does serve to minimize reflections on interconnect-
ing lines. In a similar manner, at the next clock pulse,

‘data word 1 will pass through Register B, 102, and with
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successive clock pulses, will pass through Register E,
103 and Register D, 104 and it will then appear at the
input of ALU-3,105. In a similar manner, data words 2,
3, and 4 will also propagate through this string. Regis-
ters A, B, E, and D make up the delay block of the
circuit. Now consider the time period just after clock
pulse 4 when we have the situation shown in FIG. 16.
We earlier assumed the output of register 94, point 108

8
of the signal in these areas. Those areas which are of fast
risetime or high detail are bypassed. This preserves the
detail;’but no noise limiting will take place. Since noise
is not as noticeable on these high detail areas, there
would be little visnal improvement of the signal any-

" way.

is applied to the input of ALU-1,100, ALU-! performs

a subtraction function, subtracting Data Word 1 from
Data Word 4. An output of ALU-I1, point 109 gives the
result of the subtraction and 2 second output from
ALU-1 indicates whether the answer is positive or neg-
ative. This information is stored in Register C, 99 at the
next clock pulse. We may assume that Register C al-
ready has stored the difference of the previous subtrac-
tion which was D3-DO. We may also assume that Reg-
ister- D has Data DO already stored. ALU-3,105 aver-
ages DO with the difference of D3 and DO from Regis-
ter C according to the formula X=DQ+({D3—-D0)/2,
The previously stored sign (+ or —) information for
the quanity (D3—D0O) is used by the ALU-3 in order to
perform the plus or minus function so that if D3 is
greater than DO, (D3-D0O)/2 is added to DO and if
D3 is smaller, (D3—DQ)/2 is subtracted from DO.
Since the difference between D3 and DO is the low
frequency noise impressed on the waveform, the output
of ALU-3 will be DO with & of the noise removed by
this averaging process. This noise averaging process
will continue indefinitely, processing every bit of infor-
mation in the waveform. Now assume the case where
the subcarrier has a long term D.C. shift in either a
positive or negative direction. Since the difference in
data is only corrected by a factor of 0.50, 3 clock pulses
after the shilt appeared at input point 108, the shift will
appear at the output of ALU-3, 116, offset by i of the
D.C. shift over the 3 clock period, but having the same
slope as the input. For most applications, this shift is not
noticeable to a viewer watching a picture monitor; if it
were, further circuitry could compensate for it. Next
assume the case where there is a step function or & large
D.C. shift in the input waveform. This is where ALU-
2,97 and the switch 106 come into operation. As soon as
the new level and old level are subtracted by ALU-I,
and subsequently clocked through Register C, the dif-

ference at point 114 is presented to the input of ALU-2.

ALU-2 compares this difference to a fixed number X,96
which is set by a series of switches. If this difference is
greater than the number X (detail threshold) ALU-2
sends a signal via point 115 to the switch, which
switches it from the averaged output of ALU-3 to the
uncorrected output of Register D, This effectively by-
passes the processing action for the duration of the large
level shift and preserves the detail of the risetime. The
delay 98 between ALU-2 and the switch passes a switch

The overall effect of the processing. as viewed on the

_ picture monitor will be that of a much more pleasing

image which still has its original detail but has fost much
of the ‘objectionable graininess. The foregoing circuit
was designed primarily to demonstrate the principle of
noise reduction of an electronic signal. With 2 little
study one sees that by adding more delay to increase the
time between compared pulses to a single or one hori-

_zontal line, the net effect is to compare successive verti-

cal picture elements. Also, it would be advantageous Lo
compare several different adjacent picture elements so

. that comparisons could be made in a plane and make the

25

bandwidth limiting and averaging more exacting. These
methods would, of course, require much more circuitry
to implement but can be accomplished under the teach-
ings of the present invention.

The above analysis may be expanded to include pro-

_cessing of a television video signal. It will be seen that

the comparison of adjacent picture elements, as de-
scribed above, will be most useful. Referring to FIG.
25, onc sees a representation of five scan lines which
may be taken from any point in the television raster, as
viewed on a television CRT. The scan lines are adjacent
in location on the CRT but will not necessarily be se-
quential in. time, depending on the type of television

~ system used.

40

45

- ‘The lines in FIG. 25 are broken into segments A
through H, A, B', C', F,, G, H', and X which represent
picture elements and may be equated to the digital sam-
ples which were previously discussed. By envisioning
the picture elements of FIG. 25 as being segments or
pixels of an actual display of a television scene, one may
understand that elements D and E will be very similar
to element X. The video waveforms which correspond
to these scan lines might look like those in FIG. 26
where pixel A corresponds to voltage a, A’ to a’, etc. As
previously discussed, in a noisy signal, by averaging

pixels D and X a better approximation of the true noise

free value of the waveform in the area around pixel X is
obtained. Statistically, it can be shown that the greater

. the number of pixels which are compared to pixel X,

55,
"would compare pixel X to pixel D or E-and if these

off command instantly and delays the following switch

on command for 3 clock pulses. This allows the detail to

clack through the Register chain 101-104 to the cutput. _

ALU-1, REG C, ALU-2, X, the 3 CLK hold and their

associated component make up the comparison block of 60 |

the circuit. ALU-3 and the SPDT switch make up the
processing block of the circuit. The output register 95 is
not necessary to the operations but was included in
order to minimize transmission. line reflections in the

prototype. The net effect of these three actions is that.

the noise on color subcarrier will be reduced by a factor
of 3 for both steady state subcarrier and for slowly
shifting color subcarrier, this will give an improvement

and used 1o determine a new approximated value for the
true value of pixel X before noise was added, the better
that approximation will be.

. This process of approiimating or predicting the true

value for a series of pixels, which have noise impressed
on them, is called noise reduction. In a simple low cost
form the circuitry used to accomplish noise reduction

" pixels were approximately the same, the two would be

averaged, giving a new value for pixel X, If the pixels

" were very different, no average would take place. The

65

next pixel would then undergo the same process thus
making the system continuous. This is the theory of
operation of.the device which has been previously de-
scribed. An imporvemerit.to. this system would be to
weight the averaging so that as the pixels get farther

.and farther apart in magnitude, the comparison pixel

(D) would affect the prediction less and less. A formula
which would accomplish this s (I-Z)xD4ZxX
where Z is the weighting factor and Z =0.5 for D=X
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and increases as the magnitude of D —X increases un|
Z=1 where D=—-X. _ i

Another logical improvement on this system isto use ...
several adjacent pixels with each pixel being compared,.
to X and then averaged with X according to some. 5
weighted averaging process. Of course, instead of an,._....
actual sum and divide type of average the hardwary
would operate more efficiently if a prediction of the
amount of nois¢ on pixel X were computed by inspect- .
ing the adjacent pixels with respect to pixel X, and this_10.
amount of noise subtracted from pixet X. e srsiotns

In the actual hardware implementation of a scheme,
where several adjacent pixels are compared to an input
pixel, there are many considerations to be made. Refer-
ring again to FIG. 25 and assuming a NTSC system, 15
those pixels which are truly adjacent to pixel X are A',
P, ¢, D, E, F, G' and H". Since pixels D and E are,
very close to pixel X in time, there is a good probability
that any low frequency noise on pixel X will also.be
spread over pixels D and E. An average of pixels D and 20
E 10 provide a reference for determining an estimateof .
the true value of X will be of limited use for low fre-
quency noise. Pixels A', B, C', F', G” and H' are physi-
cally adjacent to X but in time are quite separate from X _
and therefore both low frequency and high frequency 25
noise impressed on these adjacent pixels would be very .
random with respect ta X. One may assume that pixels .
A’, B’ and C’ may however contain different amountsof
high frequency picture information or detail, so it
would be wise to select only the one of the three that.is 30
closest in magnitude to X or to average all 3 of these
pixels to remove or reduce this high frequency detail ..
befare computing a reference. A similar technique may .
be used for pixels F', G’ and H', to provide another ...
reference for comparison to pixet X. T -

In the NTSC system, in order to have the adjacent
pixels A, B, C, F', G, and H' available for comparison -
at the same time as pixel X, a large delay or raemory of .
approximately 1 field must be used. Large delays, with _
current techniques, are very costly. In order to reduce 40
this cost, it would be possible to use pixels A, B, C, F,

G, and H, which are taken from the.same field as X, in .
place of those truly adjacent pixels which would come...
from the previous field. These pixels from the same field ,
would sti)l be relatively similar to pixel X and would 45
have random noise impressed on them. A very good
cost/performance tradeoff can be expected by using;;
pixels which are not adjacent to the input pixel X, but.. .
are close to i, such as those pixels to the left and right .
of pixels D and E respectively. .

In the previous discussion, no mention has been made .
of the order of processing the various pixels with re-
spect to time. One variation of pote relates to pixels .
which happened in time before the pixel which js cur- .
‘rently being input to the system. Referring to FIG. 25, 55
in the NTSC system, pixels A, B, C,and Daswellas A,
B, C', F, G, and H' would have happened before inpul.
pixel X, if one assumes pixel X is in the second field. It~
should be obvious that it would be quite easy to derive
& recursive type of system so that those pixels which are
used for a reference for estimating the true value of X
have also been previously processed in order to remoyve
part of the noise from them. This process would- be
easily accomplished by delaying the output of the de-
vice and using the output of the delay as the reference
for the comparison to the input. Referring to. FIG. 13,
and assuming connection NRI is deleted and R is con-
nected to form a recursive system, the comparison

e

60

4,305,09.1

_ endless. . -
~ + Actual electronic ¢

01/14/03 Page 20 of 59 PagelD #:20

10

block will now compare the delayed output signal to

- the input signal. The delay d output signal is a noise ’

reduced version of the input signal which allows the
input picture element to be compared to a noise reduced
picture clement which was previously input to the sys-
tem. For example, in FIG. 25, any of the pixels A, B, C,
D, A", B, C, F;, &', or H' can be compared to pixel X
with these pixels having been previously noise reduced,
if it is assumed that pixel X is in the second field. It
should be noted that in actual practice the signal delays

through the processing means will contribute to the

delay time between the two inputs to the comparison

‘means, thus this delay must be subtracted from the delay

means. This and other changes necessary to convert the .
noise reduction system from a nonrecursive to a recur-
sive system are very similar to classic textbook treat-
ment of digital filters. The processing means is so con-
structed that whenever the difference between the input
signal and the delayed output signal is below a given
threshold it provides an average of the input and de-
layed output signals. Otherwise it provides the equiva-
Ient of the input signal. :

.The principle of comparing two or more points on an
electronic signal and mathematically processing the
signal to remove the random noise on that signal is by
ro meaos limited to the field of television. Any elec-
tronic signal which has information of a periodic or
predictable nature can be processed in. this mangaer by
selecting the delays such that signal elements having
some predictable relationship can be compared to deter-
mine how well these elements fit- their predicted value.
For example, Radar signal elements which correspond
to the same area of the display CRT on diiferent sweeps
could be compared. In the audio domain, most wanted
audio is composed of repetitive bursts of frequencies.
For any given frequency in the audio spectrum, a
wanted piece of information will contain several cycles

_of this frequency. A random noise at this frequency

would be composed of a very few cycles or less than
one cycle. By comparing the signal toa point or several
points which are integral cycle lengths apart at the
frequency being processed, a prediction can be made as
to how much noise a given cycle of information has on

'it. The number of other intelligent signals to which

variations of this technique can be applied to are almost:

ircuitry to accomplish these func-
tions is shown in. FIG. 24. This circuitry is typical of
state of the art digital electronics and utilizes large scale
integration components: which are standard manufac-
tured parts. A short functional explahation for each of
these componeats i3 included in FIGS. 17-23. Manufac-

turers data sheets may be consulted for forther informa-

tion. It will be seen that the circuitry follows very
closely the block diagrams given previously and the
operational description given for the block diagram

* FIGS. 15 and 16 is the same as for the circuit of FIG. 24.

. Actual circuit construction was made using computer
type wire wrap techniques; however, printed circuit,
hand wiring or any type of construction should work
equatly as well.

As used previous

ly in- these descriptions, the word

Noise is meant to mean any unwanted disturbances

superimposed upon a useful electronic signal that tends
to obscure the information content of said electronic

- signal. Data shall refer to any signal to which intelli-
. gence may be assigned, and Detail shall refer to any

element of a data signal which differs significantly from
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those elements which surround it. NTSC or National
TFelevision Standards Committe is at present an inactive
organization which previously set up the television
system currently in use in the US, -

Although this invention has been described in its 5

preferred form with a certain degree of particularity, it

is understocd that the present disclosure of the pre- -
ferred form has been made only by way of example and

that numerous changes in the details of construction and
_ the combination and arrangement of parts may be re-

scope of the invention as herginafter claJmed
What is claimed is:

1. Apparatus for reducing noise on an input electronic

srgnal including in combination, delay means for delay-
ing said input electronic signal to produce a delayed _

input signal, comparison means responsive to said input
electronic signal-and said delayed input signal which

has the same bandwidth as said input electronic signal
which comparison means may always determine if the
difference between said signals is greater than & refer-
ence and processing means responswe to said compari-

son means and said delayed input signal to generate an

output signal which is either an average of said input.

12

‘means to correspond to different locations on the televi-

3i0p, saster.

10. Apparatus as set forth in claim 9, including in

“combination, means for processing color subcarrier of

_television signal.

11. Apparatus as set forth in claim 9, including in
robination, means for comparing corresponding parts
NTSC video color subcarrier and means responsive
said subcarrier comparison for processmg said NTSC

10 Pcolor video subcarrier to reduce no:se m said television
sorted to without departing from the spirit and the

video signal.
12, Appara:us for gerierating a noise reduced version
Lofan mput electronic signal which has been derived by

_scanning a spatial image, including in combination delay

15 means for delaying the output signal which is output
f;g_m said apparatus which output signal represents a
..hQise reduced version of the electronic signal previ-
ous! ously mput ‘to said- apparatus, companson means for

mparing at least one element of said input electronic
el to at least ‘one element of said delayed output

" signal to determine the difference in said input and said

delayed output signal elements and to perform a thresh-
. old comparison to determine if said difference is greater
a threshold, said elements correspondmg to differ-

and delayed signals when said difference is less than said 25 ent pomts on the scanned image, and processing means

reference or said delayed signal otherwise, as deter-
mined by said comparison means.

2. Apparatus as claimed in claim 1 including means to '

determine the presence of detail in said input electronic
signal as part of said comparison means.
3. Apparatus 25 claimed in claim 1 including means {o

remove detail in said delayed input signal as part of said

comparison means.

4. Apparatus as claimed in claim 1 wherein said pro- '

cessing means operates in response to said comparison
means to allow detail in said input electromc signal to be
presant on said output signal.

%, Apparatus for reducing noise on an mput electronic
signal which noise has a peak to peak amplitude which

respouswe to said difference and said threshold compar-

..ison of said comparison means and at least one element
. of said output signal which has been delayed to generate

_said output signal which represents an average of said
30 input electronic signal and said delayed output signal

 said difference is less than said threshold and with
| output signal being equivalent to said input elec-
tronic signal otherwise.

" 13, Apparatus as set forth in claim 12 wherein said

35 -|nput ¢lectronic signal is a television video 51gna.l with

said input and delayed output elements being plcturc

. tlements and said délay means utilizes a delay that is less

__than one television frame and allows said delayed out-
put srgnal picture element or elements to be adjacent to

is less than the peak to peak amplitude of said mput 40 theplcture element of the i input electronic signal which

electronic signal, to a level lower than that at the input

of said noise reducing apparatus, with said apparatus
requiring no special processing of said input electronic

signal before noise is added, including in combination |

delay means for delaying said input electronic signal to

provide a delayed input signal, comparison means for -
comparing said delayed input signal to said input elec- -

tronic signal to determine the differerice thereof and
comparing said difference to a reference which may
allow the larger of said reference or said difference to

an average of said input electrome signal and said de-

_i5 _being input to said comparison means where said

~ picture element or picture elements which are from said
_delayed output signal are derived from the same field as

the field previous to said input eleelromc signal pic-

14 Appnratus as set forth in clarm 12 wherein said
input electronic signal is a television video signal-with
said input and delayed cutput clements being plcture
,.clements and said delay means utilizes a delay that is

so greater than one television frame and ellows said de-
. always be determined, and processing means responsive .-
10 said comparison means and the full amplitude of said
delayed input signal to select as the output signal either.

layed output signal picture ‘clement or elements 1o be.
adjacent to the picture clement of the mput electronic
srgnal which is being input to'said comparison means

... where said picture element or picture clements from

layed signal if said difference is less than said, referedice’ ss said delayed output signal are derived from a field or

or said delayed signal otherwise which selection is in,_
‘response to said comparison nieans. L

6. Apparatus as described in claim 5 whereby said
comparison means operates to determine the presence
of detail in said input electronic signal. ‘

Ids which cccurred previous to the field containing

] amd input electronic signal picture element.

 15. Apparatus as set forth in claim 13 wherein said

7delayed output and input elements are substantially
60_ close but not adjacenl to each other in the televjsion’

7. Apparatus as set forth in claim § wherein said com- e dLAMIE,

parison means includes means to remove detail from
said input electronic signal.

16. Apparatus as set forth in claim 12 wherein said

... delayéd output and input elements are multiple elements

8. Apparatus as set forth in c]axm 5 wherem digital _ ;g_luch are selected from a rectangular area within a
representation of said mput electronic signal is utilized. Gs %;J'ew;mn frame.

&, Apparatus as set forth in claim 5 wherein said input
¢ :clronic signal is a television video signal and said

delay means allows said signals input to seid comparison

-17. Apparatus for removing noise from an input video

_ stgnal which is a color television video signal, including

ombmamn, ‘delay means for delaymg said input
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video signal to provide a delayed input video signal .
" formulas may be changed to svit the amount of noise of *

corresponding to a point on the raster different from
said input video signal, comparison means responsive to. .
said defayed input video signal and said input video .

14

26. Apparatus as set forth in claim 25 whereby said

said input video signal.
27. Apparatus as set forth in claim 26 whereby said

signal to determine the difference thereof for all signal 5 formulas operate relative to constants which may be
conditions and comparing said difference to a refetence.. ...changed to suit said input video signal.

to determine if said difference is less than said reference, ..
and processing means responsive to said comparison .-

means to construct a noise reduced version of said input

28. The method of removing noise on an input color
television signal including the steps of delaying said
input video signal to provide a delayed input video

videa signal which version is an average of said inpu: 10 signal corresponding to 2 point in the raster different

and defayed input video signals if said difference is less

than said reference with said processing means respon-
sive to said delayed input video signal and said compari-

son means to output said delayed input video signal if . -.
v ¥ P e 15 ence to a reference to determine the larger thereof and

said difference is not less than said reference. B
18. Apparatys as set forth in claim 17 wherein said |

color television video signal is represented in digital -

form o
.19, Apparatus as set forth in claim 17 including in -
combination, digital shift registers or digital mmemories

20. Apparatus as set forth in claim 17 including in -
combination, digital arithmetic circuitry as part of said -
comyparison means and processing means. e

.21, Apparatus as set forth in claim 17, including in
means, digita! logic circultry as part of said processing -
meansand digital logic circuitry as part of said compari- -
son- fneans. : T

22. Apparatus as set Jorth in claim 18, including in’
combination, digital arithmetic logic means and digital
memory means as part of satd processing means.

23. Apparatus as set forth in claim 17, including in

which comprise seid delay means. e

- combination, digital shift registers as part of said delay.

from said input video signal, comparing the delayed
input video signal to the input video signal in its unde-
layed condition to determine the difference thereof
uander all signal conditions and to compare said diffet-

processing the delayed input video signal and said dif-
ference in direet response to the aforementioned com-
parison jo said reference to produce an output signal
.which js either an average of said input and delayad

20 input video signal when said difference is less than said

reference, or is equal to said input video signal.

_ 79. The method of generating a noise reduced version
ot an input electronic signal including the steps of delay-
ing said input electronic signal to produce a delayed

25 input signal having the same bandwidth es said input

electronic signal, comparing said input electronic signal
to said delayed input signal to determine the difference
. thereof and comparing said difference to a reference
. which miay allow the Jarger of said difference or said

0 reference to always be detetmined, and processing said

- delayed input signal in response to said comparisons 10
generate a signal which may be changed from an aver-
age of said input and defayed input electronic signals to
8 signal equivalent to said input electronic signal in

combination, said processing means utilizing mathemat- 35 response to said comparisous.

ical altering of said delayed input video signal and the ™
difference of said input and said delayed input video ™
signals, with said processing means operating in re:
sponse to said comparison means, with said coraparison

30. The method of generating an output clectronic
signal which is a noise reduced version of an input elec-
tronic signal which hes been derived by scanning a
spatial image, including the steps of delaying said output

means performing comparisons of said input video 8ig- 40 electronic signal, comparing at Jeast one element of said

nal and said delayed input video signel to determine the
presepce of detail in said input video signal.

24. Apparatus s set forth in clait 17 including said

delay means which utilizes a delay of substantiaily one

delayed output electronic signal to at least one element
of said input electronic signal to determine the differ-
- ence to said elements and comparing said difference to
a reference to determine the larger thereof, said ele-

television pixel, or one television horizontal line or 0fie 45 ments corresponding to different points on the scanncd

television field or & combination of pixels, lines, or fields

to enable said comparison means to compare at least one
pixel of said delayed input video signal t0 at least or
pixel of said input video signal with said pixels bei
adjacent to each other gs viewed on a television screen. 3
25. Apparatus as set forth in claim 24 including said
processing means having binary mathematical formulas
to modify said input video signal. . Lo 4

image, and processing said delayed output electronic -
signal with said difference in direct response to the.
_ aforementioned comperison of said difference and said
.reference to generale said-output signal which is an

réen. 50 dverage Of said delayed output and input- electronic

signals when aid dilference is less than-said reference
-or is equivalent to said input signal otherwise.
- LI B B T _
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THE PATENT IS HEREBY AMENDED AS s - 35.The method as claimed in claim 2 28, 30, or 39 wherein
INDICATED BELOW. " _._..said comparison of delayed and undelayed signals involyves

poinrs whwh are integral cycle lengths apart.’

Maiter enclosed in huvy brackets[ ] appeared inthe .
patent, but has been deleted and is nolongera part of the
patent; matter printed in italics indicates additions made-
to the patent.

" 36 The method as claimed in claim 28, 29, or 30 wherein
said delayed signal Kas been previously noise reduced.

37, T?ze method as claimed in clain 28, 29, or 30 wherein
o said. delayed video signal has been prewausty compared
AS A RESULT OF REEXAMINATION, IT HAS pEgN ~~ 2907 4 delaying.
DETERMINED THAT: - 38. The method as claimed in elaim 28, 29, or 30 wherein
S— said @verage is an average wherein the welghting thereof is
The patentability of claims 2, 3, 6, 7, 10-16, 23, 25-28 respomlve to said difference.
and 30 is confirmed. T
. 39.The method of generating a nolse reduced version of
C.lanns 1,4,5,8, 9, 17-22, 24 and 29 are cancelled. 2 input electronic color television signal including the steps
. of delaying said input electronic video signal to produce a
delayed input video signal having the same bandwidth as
,sg_xcd input electronic video signal and corresponding to a
[ point in the raster d:_ﬁ'erem from said input electronlc video
signal, comparing said input electronic video signal. in its
31 The method as claimed in claim 28, 25, or 30 wheren 35 .w;';:layedngndnfan to ;::pzd delayed input wdefz?gmt to
said difference is combined with said delayed signal to je termine the difference thereof under all signal condifions
generate said eqmvalem to said input video signal wben

_and comparing said difference to a reference to allow the
said difference is greater than.sald reference. _larger of said d(ﬂ‘emnce or sald reference to always be

" determined, and processing said delayed input video signal
.and said difference in direct response to said comparisons to

New claims 31-39 arc added and determined to be .
patentable. s

32. The method as claimed in claim 28, 29, or 30 wherein Y

a portion of said difference is combined with said delayed _said reference fo generate an output signal which is either
signal to generate said average when said difference is k_rm an average of said input and delayed input electronic video
than said reference. " slgnals when said difference Is less than said reference, or is
_a signal equal to said input electronic video signal in

33. The method as claimed in claim 28, 30, or 39 wherein 54 _response to said comparisons.

sald comparison of delayed and undelayed signals invalves
adjacent elements. e * Kk x kX
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SIGNALS
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2

FIG. 6 is a spread video power spectrum 13 with
comb filter bandpass envelopes 11 and 12;

FIG. 7 is a drawing of 3 scan Jines from some random

_ point in a television raster, showing the location of 9

This application is a continuation of Ser. No. 268,87
filed 06-01-8], now abandoned and a continuation-in

part of U.S. patent application Ser. No. 30,288 filed .

Apr. 16, 1979 now U.S, Pat. No. 4,305,091 entitled. ..
“Electronic Noise Reducing Apparatus and Method"”,
which application in tura is a continuation-in-part of, 10
U.S. patent application, Ser. No. 763,904 filed Jan. 31,
1977, now abandoned, entitled “Electronic Noise Re-

ducing Apparates and Method.”
Noise on video signals and in particular low amph-

noise have been developed which include coreing,
comb filters, and recursive temporal integration sys-
tems. Coreing systems are generally unacceptable be-
cause along with the noise a large amount of detail is
lost. Line type comb {ilters have long been used for

chroma separation, with a small signal to noise improve- "~
ment, and now large scale digital noise reducers which

utilize frame delays to implement recursive temporal
integration or time averages, are available. Two such
devices are described in detail in U.S. Pat. Nos.
4,058,836 Drewery et al. and 4,064,530 Kaiser et al.
These recursive lime integration systems do a fairly
good job of noise reduction, but always introduce an
artifact known as motion effect due to the infinite im-

pulse response characteristic of recursive filters, and the

problcm of frame 1o frame video differences. The mo-
tion effect problem in genera] prevents the cascading of

5. picture elements A thru H and X;

FiG.Bisa drawmg of a typical delay configuration

_ for the non-recursive form of the noise reducer, having

1 horizontal line deIays 15a, 1 pixel delays 16a and com-
" parison and processing circuit 17a;
FIG. 9 is a drawing of a typical delay configuration .

_.for the recursive form of the noise reducer having 1
_ horizontal line delay 155, 1 pixel delays 16b, 1 field
. delay 18 and comparison and processing circuit 175;

FIG. 10 is a shifted video power spectrum 21 with

tude random noise is a very troublesome problem in. 15 ‘shifted bandpass envelope 20 and noise reducer band-

television systems. Several methods of removing this

pass envelopes 19a and 195;
FIG. 11 is a shifted video power spectrum 23 with

--_shifted bandpass envelope 22;

FIG. 12 is an adaptable nonrecursive filter having

20 delays 24, 25a, 25b and processing circuit 17¢;

FIG. 13 is a detailed block diagram of a comparison
and processing circuit having inputs A thru H and X,

.absofute value difference computers 26g, magnitude

comparators 27a, video switches 284, threshold number

25 29, processing circuit 38a composed of coefficient
_adder 31 with output 38, pixel summer 32 with output
*..34 and divider 33;

FIG. 14 is a drawing of 3 scan lines from a random

point in a television raster showing the locations of
30 pixels A thro D and X;

FIG. 15 is a detailed block diagram of a comparison
and processing circuit having inputs A thru D and X
with absolute value difference computers 264, threshold
number 295, rank computers 354, magnitude compara-

devices, and limits the amount of useful no:sereductxon _35.tors 27, rank mag‘mtudc comparators 36z, video

of an individual unit.

It is the object of this invention to provide a hlgh
level of noise reduction similar to the temporal integra~""
tion systems without the inherent motion effect arti-
facts, or loss of detail as in coreing systems. This is
accomplished with a filter operating on picture ele-

ments in a continuous anzlog system, or a discrete sam- .

ple time system such as would be provided ina digital
or charge coupled device system, in either a recursive

or non-recursive configuration. Because the filters g5 45

delay times may be cha.nged awtomatically in response
to the motion of elements in the video, and because the
number of coefficients of the filter may also be changed
autornatically, the bandpass characteristics of the filter

switches 284, processing circuit 385 and noise reduction
. Jevel 37q;

FIG. 16 is a detailed block diagram of a comparison
and processing block having absolute value difference

40 computers 26, rank computers 355, dual magnitude

comparators 27c, rank magnitude comparators 36b,

_video switches 28c and 284, processing circuit 38¢c, X

high computer 38, noise reduction number 376 and
.. threshold numbers 29c.

It is the object of video noise reduction systems de-
veloped as comb {ilters to provide a bandpass character-

. istic which matches the spectrum of the video signal to

be improved thus rejecting the noise which is contained
in the unused spectrum. The merit of these systems may

may be automatically adjusted to fit the input video .50_be understood by inspecting the power versus fre-

signal to a close degree. -
Other objects and a fuller understanding of this in-

vention may be had by referring to the following de-
scription and claims, taken in conjunction with the ac=™™
'55 ning frequency w. FIG. 2 is a more detailed drawing of
...one of the harmonics mw, showing the sidebands 2 of
_each cluster which are spaced a nominal 30 hz apart in
frequency for complex changing video. The 30 hz offset
_.is a result of the frame repetition rate used and would be

companying drawings, in which:

FIG. 1 is a typical video power spectrum with char-
acteristic power clusters k;

FIG. 2 is a more detailed drawing of one of the power
clusters with typical 30 hz. separated sidebands 2;

quency spectrum of video signals, which are shown in
simplified graphic examples in FIGS. 1-4. In FIG. 1a
"typical power spectrum is shown with the characteristic
power clusters 1 at harmonics of the horizontal scan-

FIG. 3 is a typical video power cluster envelope 3; 6025 hz for 50 cycle European systems. If one considers a

FIG. 4 is a typical video power cluster envelope 4

which depicts characteristic envelope shape changes;

FIG. 5§ is a typical video power cluster spectrum 5.,

single picture element, it is obvious that the lowest
frequency component of the video signal corresponding
to that element, if it is stationary, is the frame rate. Ina

having a peak amplitude 9, with an upper band edge at___ . static video signal, i.e., one scanning a non-changing
8 and a lower band edge at 7, and a typical comb filter 65 scene, the amplitude and number of the 30 hz sidebands

bandpass envelope 6 having 2 peak allowable amplitude.

10 and having upper and lower band edges also at 8and - .

T

..associated with a given harmonic pewer spectrum will
vary according to the line to line changes in picture

__deta:l and for this purely static signal any given side-
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band group of a horizontal harmonic has no amptitude

modulation or frequency modulation components with
respect to time. In a normal video scene having motion
and changing images, any of these 30 hz sidebands, 2 of .
FIG. 2, will have time changing amplitude and fre- !
quency components which will take up 2 part or all of

the spectrum around the horizontal harmonic, this spec-
trum may be depicted as the envelope 3 shown in FIG.
3. The width and amplitude of the envelope will of
course be independently changing with the scene infor-
mation, as is shown by envelope 4 in FIG. 4. For the

purpose of the following disclosure, reference to power |

and bandpass envelopes are in relation to one or more
given horizontal harmonic power clusters within the
video bandwidth,

In this high performance noise reduction device, the

object is to model a comb filter such that the bandpass..
envelope of the teeth of the filter fit the expected video
power clusters at the horizontal harmonics. A diagram |
of a video power envelope 5 and a comb filter bandpass
envelope or tooth 6, for one of the 30 hz sideband
groups is shown in a simplified graphic example in FIG.
5. In actual practice, the envelopes of FIGS. 3-6 would

be much more complex if viewed on a spectrum analy-
zer or plotted with a high degree of accuracy, however 2

these drawings will still serve to illustrate the important .
concepts relating to this invention. Obviously, the

closer the bandpass envelope 6 fits the video power
envelope 5 with respect to their upper-and lower cutoff

frequencies 8 and 7, the better the rejection of out of
band noise and thus noise reduction of the signal will be.
+If the bandpass envelope also limits the video amplitude
9 to a level slightly higher than that needed to pass the. .
video information as is shown by 10, thus high ampli-
tude noise spikes will also be limited. Both cnvelopes 513
and 6 in FIG. 5 are representations of complex series of
-30 hz elements. The devices in the previously men-
tioned Drewery and Kaiser patents operate to adjust the
-width of the bandpass envelope, i.e., changing the al-
lowable number of the 30 hz elements within the band-
pass.envelope so that the entire video power envelope
may be passed, while keeping the distance between

upper and lower cutoff frequencies, or width of the .

bandpass envelope 6 as small as possible, however it is.
not possible to adjust the cutoff frequencies and width
independently. In the device described by Kaiser et al. .
the coefficients of the input and delayed signals are
changed in order to vary the noise reduction levels
which causes the size of the bandpass envelope to.
change. It should be noted that by changing these coef-

ficients that it is not possible to modify the shape of the .

bandpass envelope, ie., to change the width indepen-

dent of the amplitude, or to change the center fre-

quency of the envelope of the 30 hz components. As
shown in FIG. 6, when the video power spectrum 13
broadens due to changing video, the bandpass envelope

may be increased as is shown in 11 to pass all of the

video spectrum with very little noise reduction, or a .
compromise is set such as 12 which achieves moderate _
noise reduction and some loss of video information. As

a result of the limited control over the shape, and posi-
tion of the 30 hz components within the bandpass enve-

lope, serious mismatching of the bandpass and power
sl 0.0f FIG. 9 are labeled A thru F and X corresponding

envelopes can occur, such as in FIG. 6.
The noise reduction system for electronic 51gnals

disclosed herein operates on a spatial technique in

which each picture element within a television raster 14_
is compared to the elements surrounding it such as X -

4

“and A thru H respectively, as shown in solid line typi-
cally in FIG. 7, with said picture element being selec-
tively combined with those surrounding elements
which are similar to the central element in a product, a
sum, 8 mean, a weighted average or similar mathemati-
cal process. The actual mathematical process used is
'relatively unimportant from a noise performance stand-

__ point since ali average and mean type processes give
apprommately the same level of noise reduction, how-
10 ever other image processes may be combined in this
. function as will be discussed later. It is important to note
that for removing low amplitude noise the surrounding

__picture elements are not compared with each other, but
only with the central element and there is no need to
15 ‘compute any two dimensional measure of the surface
d_ev:auon or flexure about the central element. As was
_disclosed previously the surrounding elements do not
.. have to be truly adjacent or symmetrically patterned,
_however experimental results indicate that the adjacent
20 symmetrically patterned elements are best. Note, how-
" _ever, that serrounding elements can be directly com-
pared as shown for example in dotted line in FIG. 7.
-.The area covered by these the examined clements may
...be referred to as the mspection area, For the purpose of
the following disclosure it will be assumed that these
_elements are discrete time elements such as samples in a
~ digital system, however the disclosed concepts will
apply equally to any continuous analog system where
_..the elements are continuous and not broken or sampled
into individual units. This may be effected in hardware
by replacing ali memories or shift registers used by
digital systemns with analog delay lines. Analog delay
_..lines are of course available in either fixed delay length
and variable delay length configurations.
~ The above process may take on either a recursive or
_,,,Jxonrecurswe form and may operate on a varying num-
..ber of surrounding elements depending on the desired
T¢ost versus performance and complexities involved.
. The sampling system nsed and as a result the alignment
40 of the sampled elements from line to line will also affect
th;: pumber of elements used and delay structure to
...arrive at those elements. One should note that the ele-
ments shown in FIG. 7 are aligned vertically and those
.of FIG. 14 are offset from line to line showing 2 com-
45 mon sysiems which may be used. The particular consid-
e,,ratlons of sampling schemes will be obvious to one
W,slulled in the art and will not be discussed further. A
typical nonrecursive system would look like that of
. ...FIG. 8 and a recursive system like that of FIG. 9. The
50, .dotted line FIG. 8 recognizes that the element x can be
_.omitted from the comparison and processmg of the
signals, FIGS. 13, 15 and 16 disclose various embodi-
ments of the comparison and processmg circuitry of
GS. 8 and 9. The object and operation of the compar-
55_ ison and processing circuits are the same for any system;
_only the configuration of the delays 15, 16 and 18 used
to generate the central and surronndmg picture ele-
_ments X and A through H respectively is changed in
order to optimize the system for a particular apphca-
n. The changes from non-recursive 1o recursive sys-
ms are essentially the same as for 1extbook digital
ilters and will not be extens:vely discussed. Inputs to
the comparison and processing circuit 172 in FIG. 8 and

65 to where these elements appear in the raster as shown in

FIG. 7.

MAS was prev:ously mentioned, the video 30 hz side-
.. band shape is a result of both the line to line detail




Case: 1:03-cv-00276 Document #: 1 Filed: 01/14/03 Page 36 of 59 PagelD #:36

4,573,070

5

changes and frame to frame detail changes. A special.,._,.",

case where a displayed image changes in its raster pos:-

6

‘wave length thus giving an output equal to twice the

input. If another signal is input which has a wave length

tion from frame to frame while the image itself remains_ . of 2t there will be no output since the input will be
relative unchanged frequently occurs in video. An ex: . combined with the signal delayed by t, which corre-
ample of this would be where a camera pans a fixed 5 sponds to a 180° phase shift, i.e, two signals of exact

scene with little detail around the edges of the frame;

The effect of this type of changing video is to greatly
broaden and frequency shift the 30 hz components of

the video power envelope while the amplitude remains

"opposite phase are added with a sum of 0. If the wanted

_signal now shifts either up or down in frequency by an
amount 1/a a different switch position may be selected

. to adjust the filter bandpass characteristic accordingly.

relatively constant such as shown in FIGS. 10 and 11.1f 10 Thus fora signal having a repetition period of t+2a the

one considers a given pixel which is moving in the,

frame, that element’s lowest frequency component isno____

longer the frame rate that it was when stationary, but

has been changed by the amount of motion. If the ele-

right switch position would need to be selected to give
the optimum delay, and for a signal having a repetition
periad of t the left switch would be selected. In general
for this type of filter the delay should be selected to

ment were to move 2 scan lines up per frame, the lowest .15 . match the repetition period of the wanted signal. The

frequency component would be 1 frame less 2 H, thus__ .

giving a positive frequency shift by an amount a to the .
. cepts of this device and method, as will be discussed

video power spectrum such as is shown by 21 in FIG.
10. This sitvation gives rise to the mismatching of envels

method of determining what delay length is to be used
is a nontrivial matter, and is one of the inventive con-

.Jater in this disclosure. One skilled in the art can envi-

opes similar to that previously mentioned, and is shown 10 Sion a system where the three delays and switch would

by 195 and 21 of FIG. 10. If the picture elements were,.

to move down in the frame a negative frequency shift

such as shown by 23 of FIG. 11 would be created. .
Because the envelope center frequency cannot be

" be replaced with a single variable length delay such as

..a CCD device clocked with a variable frequency clock.
Referring to FIG. 13, the least complex comparison

" and processing system, each of the pixels from the de-

shifted the two options available to a temporal integra- 25 lays is input to an arithmatic block 262 along with pixel

tion noise reducer such as those previously discussed

are to increase the bandpass envelope like 194 of FIG.
10 1o broaden the allowable number of 30 hz cornpo-

nents to pass all of the components of the video informa:""~

X, where the absolute value of the difference between X
"~ and the respective pixel is computed. Each of these
" absolute vaive differences, a for plxel A,bfor B, etc. is
compared to a threshold t, 29g, in blocks 27a to deter-

tion but provide little noise reduction, or to set a comsz, 30, mine if the difference is less than the threshold 2%« If
promise position such as shown by 194 of FIG. 10,_ __ the difference is less than the threshold, a switch 284 is

which provides moderate noise reduction, and some.
loss of video information. Unfortunately, in most state,
of the art noise reducers, the smaller envelope 195 will |

be used and most of the video information which is lost,

contains frame to frame detail information. In a recu.r-_

sive type of system this lost detail is accentuated due

the infinite impulse response characteristic, giving ‘2

smear effect on the edges of moving images which is
known in the industry as motion effect. The primary
reason for motion effect is the lack of ability of noise

reducers to change the shape and frequency position of

the bandpass envelope, independent of the allowabl
amplitude characteristic to match the video envelope

Closed which allows the corresponding pixel to be input
_.to the processing circuit 384, otherwise the switch 28¢

" is opened which inputs a zero, this action allows only

35 picture elements which are similar to X to be input to

the processing circuit 38a. For the purpose of this expla-

_nation the threshold is assumed to be a fixed number,
. however one skilled in the art recognize that it would
_be useful to make the threshold automatically variable

40 _in response to the signal to noise ratio of the incoming

video signal, or to the video content of said signal. The

.threshold would be adjusted to a relatively small value
. for good S/N ratios, and a large value for poor S/N
ratios. In section 32 the processing circuit sums all of

adequately. The mechanism needed to accomplish this_45 the pixels including pixel X, which are input to it. Sec.

is an adaptive time delay system which can track mov- -
ing picture elements from frame to frame or field to_

field.
A simple diagram of such an adaptive system is

m‘.‘r*

tion 3% adds the coefficients of the elements.input to the
processing circuit at section 32, either by summing all
the coefficients of the switches {one or zero) or alter-
.nately by adding multiplier coefficients as discnssed

shown in FIG. 12. If the 3 position switch of 17¢isin the SO later, and section 33 divides 34, the sum of the picture

middle position the filter will have bandpass teeth at
some frequency spacing w which is determined by the. .

length of delays 24 and 25a. If one assumes 24 is a delay
of t—a, and 25a and & each have a delay of a with t_

being much larger than a, then the 3 position switch will_5!

be able to select delays of t—a, t and t+a. The switch .,
selection will then have the effect of shifting the band-
pass envelope in frequency by a small amount deter-

mined by a. The bandpass envelope will ook like 20 and .

elements by the total of coefficients of picture elements
summed 30, thus computing the average of those ele-

_..Toents. Alternately the root mean square, product or
..other combination could be used to generate a replace-
5,.ment value or output for element x. This average is the

_normalized noise reduced signal which is output from

.the device. Of course each of the switch functions 28a

. could be replaced with or supplemented by a multiplier

{or divider) as shown in the H signal path in FIG. 13, to

22 of FIGS. 10 and 11 and one ¢an see that by selecting 60 perform a weighted average such as a gaussian

the proper switch position the filter's frequency charac- =
teristic can be made to closely match the video power

spectrum. The operation of the filter may be simply
explained by assuring that the delay t is equal to the

weighted response of the elements selected. Such a
system might perform the weighting function in a fixed
on/off mode or the weighting might be adjusted ac-
cording to the computed difference A thru H of FIG.

repetition period, i.e., 1/frequency of a sine wave 51gna1 65 13, or alternately according to the rank which will be

to be passed by the flter. The middle switch position

will be selected and the input signal will be summed ...
with the input signal which has been delayed bytorone. . .

_discussed later. For example the weighting given to
element A might be {1 —a") where the function is de-
fined by A(l—a") where A is the value of element A, 2’
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is the normalized value of a, i.e, a=-(2X maximum
allowable value of A). The multiplier could also be used

in order to provide weighting of cach element to per-... .

form other image operations such as unsharp masking,

lag reduction and spatial enhancement, or as a replace- §°
ment for the switch 28a. The coefficient of the multi- .
plier (or divider) would be controlled by the difference.

computed in 26q or the threshold comparison output

from 27a. Typlcai noise reduction results outpat from .

the processing means would then be like (4 +B+C+-
D4 E+F+G+H+X)+-9 where all differences are

less than t, or (A+B+C+X)+4 where only differ- ...
ences a, b and c are less than t or only X where all

differences are greater than t. For spatial enhancement

+kE+jF+kG+jH+X)-=m where the coeffictents j
and k are fixed multiplier comstanis, or zero as deter-,
mined by 264 and 274, and m is the normalization num-
ber, i.e., the sum of the absolute value of the coefficients .

one typical output would be (jA-+kB+jC4+kD- 15

8

video. Since any difference greater than 295 will proba-
bly have a high rank it also would be possible to delete
29b and 27b at a sacrifice in performance, and small cost
_savings. The processing circuit will compute the aver-
age of all elements input to it as in the system 38z of
FIG. 13. If either the difference for an element is larger
than the threshold t, 295, or the rank of that difference
is Jarger than the N.R. level, 37a, then the switch 285 or
_multiplier for that element is forced to input a zero to
the processing circuit 385, Of course individual thresh-

re......0lds or N.R. levels could be used for each element,

which would give preference to the direction of ele-
ments averaged and the switch 28b could be replaccd

ously.
If one assumes that in the area of inspection the pic-

...ture had moved 1 vertical line up in the past field of
Wume. then element X which is currently input to the

. device would be from the same point on the televised

+1, corrcspondmg to 30. The actual weighting func- 20 image as that which is output from the memory corre-

tion and vatues used would depend on the quality of the _ .

video signal being processed. If the signal were soft due

tial enhancements would be used to sharpen the video

to the use of a low quality camera for origination, spa-

sponding to the area immediately below X, on the Jine
_from the preceding field. This point is represented by
the junction between pixels C and D of FIG. 14 (or
pixel G of FIG. 7). These elements would then have a

images to a more pleasing level, if the video contained 25 very low rank, since t.hey correspond to approximately

lag due to low light conditions a lag reduction operation .
could be performed, Actual coefficients to accomplish

_the same pomt on the image as x, and would be input to
__t_l_1e processing block. The filter will have tracked the

. these functions have been developed by computer__,,';;; movement cansing the time delay to be adjusted accord-

.. image processing devices wh:ch operate on still pxc-
~ reveal actual coefficients which can be used to correct
.. video image defects. A typica] set of values for a high
pass (detail enhancement) filter would be j=
= —(.5, [T A, B, and C had differences less than t the
output would then
L [(~0.25A)+(—0.5B)+(—~0.25C) + X} <+ 2.
In FIG. 15 a more complex processing and compari-

__son system for a five element scheme such as is shown _
“in FIG. 14, is illustrated. FIG. 15 contains the same |

ingly, by the process of rank selection of pixels. One can

_ _system to cover all of the possible locations that an

input pixel could move to or from within a one field (or

—0.25and ___ alternatively I frame) amount of time, in order for the

Jfilter to track any possible motion in the input video

be _35 signal. Referring to FIG. 16. It will be seen that the
~“system of FIG. 16 is similar tothat of FIG. 15, except

that 2 thresholds are output from 29¢, 2 contparisons are
ade in each of the magnitude comparators 27, an
xtra circuit, the X high circuit 38 has been added

difference computing arithmetic block, 265, corre- 40_which controls a video switch 284 in the X video line

sponding to 26a for each element, the same threshold
comparison system, 296 and 274 corresponding to 29a 4
and 27z respectively, the same picture element
switches, 285, corresponding to 284 and the same pro-
cessing circuit 385 corresponding to 38z to average the 45

selected pixels as does the system of FIG, 13. FIG. 18
does differ by the addition of a rank computers 352 and

rank to noise reduction level comparison 36z for each
difference. It is the function of the rank computers 35z

mput to the processmg circuit 38z In the previously

discussed circuits of FIG, 13 and FIG. 15 it has been

assumed that pixel X would always be averaged with
the other elements input to the processing circuit.

In some video applications, in particular digital eppli-

cations, a noise situation exists which corresponds to a

. digital bit error which will cause a gross amplitude
“"¢hange in an individual pixel. An example of this would

be in an apphcatmn using a solid state RAM or in a

to compare each difference a thru d to all of the other 50 digital data transmission channel where a MSB bit is

differences to determine how many of the other differ- __ d

ences it is greater than. Each difference is given a rank’
from 0 to N where N is one less than the total number
of differences, in this instance N=3, For example, if the

...defective due to noise. In the circuits of FIGS. 13 and
‘15 this gross amplitude change occurring on pixel X

...would cause all of the magnitude comparators to sense

differences greater than the threshold t, thus effectively

differences had magnitudes of: a=3, b=4, c=9, d=5, 55 passing pixel X to the output unaveraged. In the circuit

the ranks would be a=0, since a is larger than none of

the other dilferences, b=1, c=3, d=2. It is of course

of FIG. 16 the magnitude comparators essentially com-
pare the differences to two thresholds, t1 and t2.

possible for two or more dtfferenoes to have the same ,w_ﬂn:esho]d t1 can be assumed to have the same value

rank, if lhey had the same difference value. Each differ~

_and effect as does t of FIGS. 13 and 15. Threshold t2 is

erice’s rank is in turn compered to the noise reduction 602 much higher threshold used to detect gross amplitude

level 37a in 364, if the rank is smaller than the N.R. level
37a and if the difference is smaller than the threshold t, |
295, the correspondmg switch 286 for that element is__

closed inpuotting said element to the processing circuit

_differences. The t2 threshold comparison for each dif-
ference is input to the X high circuit 38. If a number of
dift‘erences, rominally two or more, have exceeded the
_12 threshold, 38 opens the video switch 284 for pixel X

3856, Switch 285 could be replaced or augmented by a 65 5. and forces the other rank comparators to close their

multiplier or other operation as in the previous example.
As with the threshold 292 of the previous example, the

rcspect:ve video switches thus inputting all pixels ex-

. =.Sept X into the processing circuit 38~ In the simplest

N.R. level 37a could be adjustable in response to input __ configuration, processing circuit 38c will average all the
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pixels input to it, thus owrputting this value for the noise
reduced value of X,

Experimental results have shown the above process-.
ing system adequate for occasional random gross ampll-
tude errors, however when these gross amplitude ertors” 5
increase in frequency it may be desirable to average
only a small number of surrounding pixels, those which
are closest in magnitude to each other. These close
magnitude pixels represent the minimum brightness
gradient or the surface contour having the least amount 10
of deflection or change within the area under inspec-
tion, and their average statistically represents the high-
est probability of the true noise free value of X. For the
pixels within the area of FIG. 7 the minimum gradient
would be the smaliest magnitude of A-H, B-G, C-F or
D-E which would be determined with difference cir-
‘cuits like 265 operating on each pair of elements and -
rank computer 35a of FIG. 15, i.e., the minimum gradi-
ent would also have the smallest rank. The output of the
processing system would be the average of those two 20
pixels having the smailest difference if X was deter-
mined to have a gross error. The circuitry which would
need to be added to the processing circuit of FIG. 16 to
accomplish a minimum gradient average is minimal and
would be an elementary design task to one skilled in the 25
art. Similar minimum brightness gradient circuitry was -
also discussed by Graham in U.S. Pat. No. 3,009,016 It .
should be noted however that if pixel X does not suffer
from gross amplitude noise, and has a difference less.
than threshold t, the system of either FIG. 15 or 16 will 30 ;
inrherently compute an average of pixels because of the
operation of the rank computers and rank threshold :
comparison, as was previously discussed. e

In many systems which operate on digital vndeo s:g- '
nals there is circuitry included to detect bit or gross
errors as part of such systems. In these systems it would
be unnecessary to include the X high circuitry 38 and

the associated threshold t2 and comparison circuitry - ?
components of the bandpass envelope to change inde-

since errors on pixel X have already been detected. The
external system error detector would merely need to be 40

38.
The element x need not be used in the treatment of

normal television signals (clement x containing very 45.

little information not present in neighboring pixels)orin .
defective television images (wherein the neighboring
pixels statistically have a high probability of represent-
ing the true noise free value of x). The neighboring
pixels could thus be directly compared with the results_50

used to replace a different pixel. A mathematical pro-_ .

cess 1o do this could be accomplished by deleting ele-
ment x from the processing means in FIGS. 15 and 16,
using a different subtrahend in FIG. 13, or otherwise,

The operatmn of the noise reduction device has been 55

discussed in relation to FIGS. 13, 15 and 16 in order to. .
clearly explain how the device functions, however it _ .
will be clear to one skilled in the art that several of the ..

functions could be combined or implemented in a differ- "~

ent fashion as s convenient in order to optimize the, 60,
“ ‘responding to input element X i.e. that element corre-

. sponding to the same point on the raster as X need not

design to meet a particular set of goals such as low cost,
portability or high performance. It is considered obvi-
ous that the hardware used to implement any of the
various functions such as the delays 15z, & and 18 could
be shared with another device, such as would be the
case if this invention were constructed as a secondary

35
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output from the main memory via a different port thus
giving the video output a variable delay and essentially
the ability to perform a timebase corrector or synchro-
nizer capability.

Of particular interest for state of the art television
systems is the recursive system shown in FIG. 9 because
of its unique and efficient relationship when used in a 2;1
interlace system. In the arrangement of FIG. 9 the input
video picture element X is compared to those surround-
ing it (sec FIG. 7). However it may be noted that by
carefully selecting the length of the large delay 18, so

. that it provides at its output the line above the input

ling, (which may require a change in delay length to

 compensate for interlace on even or odd fields) ele-

ments ABCFG and H will be from the field previous to
element X. This situation has the requirement of ap-
proximately a | field delay for 18, rather thana 1 frame

-~ delay which is most often used in recursive temporal

average systems, with the obvious cost advantage. By
combining the system configuration of FIG. 9 with the
processing and comparison system of FIG. 15 or FIG.
16, which has been expanded to handle 9 total elements,
a very good cost vs. performance ratio is achieved. One
can see that by the previously described system of FIG.
15 or FIG. 16 of selecting pixels which surround X to
average together in this, recursive scheme of FIG. 9, a

. form of adaptive recursive comb filter is effected. It is

most important to note that the delay used is variable by
the amounts controlled by the selection of the surround-
ing elements. For example, in FIG. 9, if pixel C is se-

. lected the delay is 1 H more than if pixel H is selected.
...Referring to the previous discussion Line relating to the

shape of the bandpass envelope one should understand
that it is this variable delay arrangement which coupled
with averaging variable numbers of pixels, which may

. have variable weighting, can cause both the width and

allowable amplitude of, as well as the position of 30 hz

pendently and automatically in order to provide a close

coupled to the rank computers 365, the X video switch . fit to the video power spectrum envelope, as well as

284 and processing means 38¢ as was the X high circoit .

providing spatial image processing.
The above described system which utilizes a field

_delay proves in practice to be extremely cost effective
-and of high performance when compared 1o frame re-

cursive devices which are currently commercially

_available. To one skilled in the art it should be obvious
_that there are many variations of this system which may

be constructed to fit a given need. In particular a much
more elegant system could be built which utilizes a full
frame delay thus allowing an input pixel to be compared

_with those pixels surrounding it in both the previous

field and the previous frame. Less or more than the

“suggested nine elements could also be used with a group
of central elements being compared to 2 group of sur-

rounding elements. A system could also be built which
allows the comparison of one or more input pixels to a

number of the pixels surrounding it, but from the previ-

ous frame or a multiple number of frames or fields. It
may be noted that in all cases the delayed element cor-

... be used if a sufficient number of surrounding elements
are used, since it is reasonable to assume that the de-

 layed element corresponding to X contains very little

-information not already contained in those pixels which

feature or option of another device such as a televns:on,,msurround it, for normal television scenes.

frame synchronizer, or that the video sipnal could be

What is claimed is:
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1. Apparatus for reducing noise on an input televison ... . 6. A method as claimed in claim 5 wherein said two
video signal which apparatus contains a comparison __ combined surrounding samples have a difference which
circuit means responsive to said input video signal to _ _js less than the difference of any two other surrounding
compare a central picture element of said video signal ~ samples as determined by a further comparison step.
to at least one of the surrounding picture elements of 5. 7. A method as claimed in claim 5 wherein said two
said video signal to determine the difference thereof and____combined surrounding samples are adjacent to said
to further compare said difference to a threshold, said  noisy central video sample and constitute the minimum
threshold adjusted automatically in response to said . brightness pradient across said noisy video sample as
input television video signal, and a processing circuit . determined by said further comparison step.
responsive to said picture elements and said comparison_10.... 8. The method of claim 5 wherein the surrounding
to sum portions of said surrounding element and said___video elements of the combination are from the scan
central element if said difference corresponding to said ... line above and scan line below the central video element
surrounding element is less than said threshold, with . _and from the same field.
said portion of surrounding element being decreased 9, A method for reducing noise on a set of pixels
otherwise, which decreased portion may be zero and 15 derived from an optical image including the steps of
which sum is the noise reduced value substituted for _ comparing two pixels to determine the difference
said central element by said processing circuit before thereof, comparing said difference to a reference to
said signat is output from said apparatus. ~ determine the larger thereof and replacing a given pixel

2. Apparatus for reducing noise on an input televison _ with a combination of other pixels in response to said
video signal which apparatus contains a comparison 20 comparison to said reference, said combination repre-
circuit means responsive to said input video signal to __senting a noise reduced given pixel.
compare & centraj picture element of said video signal . 10. The method for reducing noise of claim 9 wherein
to at least one of the surrounding picture elements of  the twa pixels being compared to determine the differ-
said video signal to determine the difference thereof and . __ence thereof are different than the given pixel replaced.
to further compare said difference to a threshold, a 25_..11. The method for reducing noise of claim 10
processing circuit responsive to said picture elements " wherein the given pixel is used in the combipation of
and said comparison to sum portions of said surround- _ pixels.
ing element and said central element if said difference  12. The method of claim 9 wherein the given pixel is

. corresponding to satd surrounding element is less than . located between two compared pixels.
_.said threshold, with said portion of said surrounding 30....13. The method of claim 9 wherein the given pixel

element being decreased otherwise, which decreased __and compared pixels arc each on a scparate scan line

_ portion may be zero and which sum is the noise reduced . from the same field and are aligned in a straight line on
-..value substituted for said central element by said pro- __the raster,

cessing circuit before said signal is output from said .14, The method of claim 9 wherein the given pixel
apparatus, 2 second comparison circuit responsive to 35 _and compared pixels are from the same point on the
differences from muliiple surrounding elements _raster but each located in a different frame.

. wherein said differences are compared to each other. .. 15. A method for reducing noise on a video signal
-allowing said multiple surrounding elements to be  comprising the steps of comparing a given pixel to other

ranked according to their respective differences with  pixels to determine whether the difference between

. only a number of said surrounding elements which have 40,_each of such other pixels and the given pixel is less than

the smallest differences being summed with said central | __a reference threshold level, combining said given pixel
element which number of surrounding elements may be ~ and those other pixels that are within said reference
a number set by an operator or may be responsive to . threshold level of said given pixel, the totzl number of
said input video signal in either delayed or undelayed pixel signals used in this combining varying and output-
form. ' 45 ing the combination, this combination increasing the
3. Apparatus as claimed in claim 2 wherein the num- ‘apparent signal to noise ratio of the video signal,
ber of said surrounding elements combined is respon- . _16. Method as claimed in claim 15 wherein said com-
sive to the amount of noise on said input video signal in _ binations includes summing said given pixel and those
delayed or undelayed form. " other pixels within said reference threshold of said
4. Apparatus as claimed in claim 2 wherein the num- 50 given pixel and dividing said sum by the total number of

ber of said surrounding elements combined is respon-
sive to the information content of said input television
video signal in delayed or undelayed form.

5. A method for reducing noise on a video signal
which noise may result from errors occurring in a video
signal system with said method containing a comparison
step t0 compare a central video element of said video
signal to two or more of the video elements surrounding
said central element as viewed on the television raster to
determine the difference thereof, and a processing siep
responsive to said comparison to determine if said dif-
ference is greater than a threshold and to replace a noisy
central video element with a combination of at least two
surrounding elements which may be the same or differ-
ent elements as said compared elements with said re-
placement ocuring when said central video element
differs from said two or more of the compared sur-
rounding elements by more than said threshold.

pixels summed.
_17. A method for reducing noise on an electronic
signal derived by scanning 2 image comprising the steps
of comparing a given elernent of said signal to each of

55 two or more other elements of said signal to determine
_ the difference thereof, comparing each difference to the
__other differences to determine which of said other ele-
_..ments has the smallest corresponding difference and

“combining the element having the smallest correspond-

60 .ing difference with at least said given element to pro-

_vide a noise reduced element which may be substituted

. for said given element.
.. 18. A method for reducing noise on a signal derived

by scanning an jmage comprising the steps of establish-

65 ing a reference threshold level, comparing a central

“pixel to adjacent pixels to determine whether the abso-

__lute value of the difference between each of such adja-

cent pixels and the central pixel is less than said refer-

ERTLr
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ence threshold level, and computing an average of said,,_  whether the difference between each of such surround-
central pixel and those adjacent pixels that are within. . ing pixels and the central pinel is less than 'said reference
said reference threshold level of said central pixel, the . threshold level, means to average said central pixe! and
total number of pixel signals used in computing this, .. those surrounding pixels that are within said reference
average varying and outputing this average as the value_ 5 threshold level of said central pixel, the total number of
of said central pixel, this averaging increasing the appar- pixel signals used in this average varying and means to
ent signal to noise ratio of the video signal. output this average as the value of said central pixel, this
19. A method for reducing noise on a signal derived_ _averaging increasing the apparent signal to noise ratio
by scanning an image comprising the steps of establish of the video signal. :
ing a reference threshold level, comparing the level of a, 10. . 24. Apparatus for reducing noise on a group of pixels
centrat pixel to the levels of a plurality of the surrounds, . derived from a video signal including in combination
ing pixels to determine whether the absolute value of .. means responsive to the difference between a given
the difference between each of such surrounding pixels .~ pixel and at least one other pixel 1o compare said differ-
and the central pixel is less than said reference threshold . ence to two threshold levels to determine the greater of
level, computing the sum of the levels of said surround-_15. said difference and each of said threshold levels and
ing pixels that are within said threshold reference level. . means for substituting a combination of two or more
of said level of said central pixel plus the level of said. . pixels for said given pixel in response to said compari-
central pixel, computing the number of pixels summed, . sons.
dividing said sum by said number to determine an aver-" . 25. A methed for reducing noise on a set of pixels
age value for the levels of similar pixels, and cutputing 20_derived from an optical image including the steps of
said value for said central pixel, this process increasing comparing two neighboring pixels to determine the
the apparent signal to noise ratio of the video signal. __ difference thereof, comparing said difference 10 a refer-
20. A method for reducing noise on a video signal  ~ ence to determine the larger thereof and replacing a
comprising the steps of establishing a reference thresh- third neighboring pixel located between said first two
old level, comparing the level of a first pixel to the 25 neighboring pixels with a combination including neigh-

levels of 2 plurality of the adjacent pixels to determine . _boring pixels in response to said comparison to said

whether the absolute value of the difference between, . reference, said combination representing a noise re-

each of the compared adjacent pixels and said first pixel. . duced third pixel.

is lJess than said reference threshold level, computing _  26. Method of claim 25 where first two pixels are

the sum of the levels of said compared adjacent pixels 30 choses so that they have the same color subcarrier

that are within said threshold reference level of said  phase

level of said first pixel pius the level of said first pixel, - 27. The method for reducing noise of claim 28

computing the number of pixels summed, dividing said,.. wherein the two neighboring pixels are combined to

sum by said number to determine a value for the levels . produce the combination of the neighboring pixels used

of similar pixels, and outputing said value for said.first_33. to replace the third pixel.

pixel, this process reducing the apparent noise of the. . 28. The method for reducing noise of claim 27

video signal. . wherein the third neighboring pixel is also used in the
21. A method for reducing noise on a video signal ., combination of the neighboring pixels.

comprising the steps of comparing the level of a given. . = 29. The method for reducing nolse of claim 25

pixel to the level of neighboring pixels to determine. 40. wherein the reference is a percentage of signal type

whether the difference between each of said neighbors, .. reference.
_ 30. The method of claim 25 wherein said set of pixels

ing pixels and said given pixel is less than a reference. .
threshold level, computing the sum of the levels of said... . . consists of three pixels 1aken from three consecutive

neighboring pixels that are within said threshold refer- . ..scan lines from the same field of an NTSC video signal
ence level of said level of said given pixel plus the level. 45 with said third neighboring pixel being from the central
of said given pixel, computing the number of pixels.. . scan line of said three scan lines and with one said com-
summed, dividing said sum by said number to dezerming_  pared neighboring pixel being from one of the other of
a value for the levels of similar pixels, and outputing . the three scan lines and the other said compared neigh-
said value for said given pixel, this process increasing ' boring pixel being from the third scan line.

the apparent signal to said noise ratio of the video sig- 50,.... 31, The method of ¢claim 25 wherein said combination
nal. of pixels is made such that noise is reduced on the color

22. An apparatus for reducing noise on a series, of. ... subcarrier.

pixels derived from a video signal, said apparatus co: * 32. The method of claim 25 wherein determining said
prising means to compare a given pixel to other pixels to . difference includes subtracting a first pixel from a sec-
determine whether or not the difference between each 55 ond pixel, and further including taking the absolute
of such other pixels and the given pixel is less than a . . value of the result.

referance threshold level, and means to compute an . 33. The method of claim 25 wherein said pixels in-
average of said given pixel with those other pixels that . clude the color subcarrier of an NTSC video signal.
are within said reference threshold level of said given . 34. The method of claim 25 wherein said pixels are

pixel, the total number of pixel signals used in comput: 60 represented in digital form.

ing this average varying and means to output the aver- 35. The method of claim 25 wherein said pixels are

age as the value of said given pixel, this averaging in~ represented in analog form.

creasing the apparent signal to noise ratio of the video. 36. A method for reducing noise on a video signal

signal. . _ 777" comprising the steps of selecting neighboring picture
23. An apparatus for reducing noise on a series of 5. elements from the signal, examining said elements to

pixels derived from a video signal comprising means of _determine their respective levels, ranking said elements

establishing a reference threshold level, means of com- . according to their respective levels, combining 21l said

paring a centra) pixel to surrounding pixels to determine .. elements within a chosen rank to produce a replacement

.
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value and outputing said replacement value in the place __of said elements are dissimilar by more than said sefer-
of one of said elements within chosen rank, this process- | _ence from the others of said elements, combining some
ing increasing the apparent signal to noise ratio of the __of said elements that are within said reference of each
video signal. +  _other, to produce a replacement value and outputing

37. A method for reducing noise on a video signal 3 said replacement value of some of szid elements that are
comprising the steps of selecting a first and neighboring _“within said reference of each other in place of one of
picture elements from the signal, examining said first  said elements that is dissimilar by more than said refer-
and neighboring elemenis to determine their respective  ~~ence of the others of said elements, this process increas-
levels, setting a threshold, examining the levels of said Hihg the apparent signal to noise ratio of the video signal.
neighboring elemenl_s to determine whethc_:r the level of 10, .41. A method for reducing noise on a video signal
any of said neighboring elements are within the level of comprising the steps of selecting 2 first and neighboring
said threshold of the level of said first element, ranking  ejements from the signal, setting a threshold, comparing
said neighboring elements within said threshold of said " " pe jevels of said neighboring elements to the level of
first element, combining all said within threshold neigh- " 3 firsy element to determine whether the level of all
boring elements within a chosen rank and outputing 15 of said neighboring elements are dissimilar by more than

§aid combinatic?n pf al_l said within tl!r_eshold neighbqr- sxgi_c_l_'_.shrcshold from said first element, and if all of said
ing elements within said chosen rank in the place of said ~“*™3" 1

- - ; . neighboring elements are dissimilar by more than said
first element, this process increasing the apparent signal * ~y echolg from said first element then combining said
to noise ratio of the video signal : . . ; o
38. A method for re ducing noise on a video signal 20 neighboring elements and outputing said combination
coml.’risi:;ethe steps of selegting neighboring p?;%ure - of said nfaighboring elements i"ﬁl:' lace of said !'u'si;]el&
elements from the signal, selecting a reference, examin- r'ﬂ"':m't:'i'; gfﬁﬁfiiégﬁr:fs";f ¢ apparent signal to
ing the levels of said elements to determine whether the ’““"*‘ngfz‘e “Th thod of pr fsn " detail in 2 noise re-
level of any of said elements are within said reference of - Wt:ﬁce-d viflergesigon alowl;xefe??l:gise reduction is per-
the other of said clements, combining said elements that 25 formed by combining a group of three or more pixels

are within said reference to each other, to produce a .~ s - . o E \ ]
replacement valuc and outputing said replacement - and substituting said combination for one pixel of said

value of said elements that are within said reference of - BrOUP: incl.uding the step of_compari'n g two or more

each other in place of one of said element that is within pixels °.f said group to determine the differeace there'of.

said reference of each other, this increasing the appar- 30 SOMmparing said difference to a reference to determine

ent signal to noise ratio of the video signal. e j.lle lm:ger thereof, and mh_lbmng said substitution when
39. A method for reducing noise on a video signal .52l difference exceeds said reference.

comprising the steps of selecting a first and neighboring ... 43. The method of preserving detail in a noise re-
picture elements from the signal, examining said ele- - - duced video signal which is the chroma subcarrier por-

ments to determine their respective levels, setting a 35 tion of an NTSC television video signal wherein noise
threshold, comparing the levels of said neighboring ... feduction is performed by combining a first element and
elements to determine whether the level of any of said _...\WO neighboring elements of the input NTSC television
neighboring elements are within said threshold of said ...video signal, said combination being the noise reduced
first element, combining said neighboring elements that -....¥alue substituted for said first element, including the
are within said threshold of said first element, and out- 40_step of comparing two of said elements which are nor-
puting said combination of said neighboring etements  mally combined to determine if they are similar within
that are within said threshold of said first element in .....a threshold value of each other, the step allowing said
place of said first element, this process increasing the . substitution to be made if said compared elements are
apparent signal to noise ratio of the video signal. __similar within said threshold and inhibiting said substi-

40. A method for reducing noise on a video signal 45_tution if said compared elements are not similar within
comprising the steps of selecting neighboring picture .. said threshold thereby outputing said first element un-
elements from the signal, selecting a reference, compar- . combined,
ing the levels of said elements to determine whether any B
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. [571 ABSTRACT
A noise adjusted recursive filtering apparatus is pres-

" ented for use in processing video signals having picture

portions and predetermined nonpicture portions. A

. noise detector responds to video signals during a non-

picture portion for providing a noise signal having a
magnitude representative of the average noise level on
the video signal. A recursive filter is provided for filter-
ing the video signal and this filter includes a delay for
delaying the input video signal together with circuitry
for determining the difference between a present input
video signal and a delayed video signal. The difference
signal as well as the noise level signal are employed for

AR e .y 1 . - .
purposes of providing a correction signal which is
4,064,530 1271977 Kaiser ...ommsininicniscarinne 358/36_

added to the input signal 1o provide an output video
signal. The correction signal is a nonlinearly related
percentage of the difference signal and varies as a func-
tion of the difference signal and the noise level signal.

10 Claims, 10 Drawing Figures

{ID ﬁ-\ si2 .
oW BAK ] oo
_VIDED s PASS ASD
FILTER L 0c Bl e 4
{DC RESTORER)
6 jt:!
y & ? .
BURST A
SYNC CLOCK:
. | veo

. 20
r---- ——————————————
] ChROMA | | .-200
s i (“m—l‘j—m—l v
a0 | 1 !
| ; . . fmz 204? :
T ] SIGNAL /| FRAME O,
:"5 Sooe, 7 | WIXER H MEMORY [T
H2 o 3BT - !

- = -



Case: 1:03-cv-00276 Document #: 1 Filed: 01/14/03 Page 43 of 59 PagelD #:43

US. Patent  Feb.2,1988  _ Sheet1of3 4,723,166
(lo o H\ ,-|2
8 BIT
ow / BACK | )
VIDEO PASS | PORCH [—»i A/D {
FILTER CLAMP CONVERTER
]
(DC RESTORER) '
BURST ' | K B CLOCK]
DETECTOR |- - | oeTector : ‘
> veo |
™ N
20
IG. et ittt aliedondonia 1
FlG. | s ! FIFO CHROMA | | ,~200
. i “INVERTER |
™ o 206 !
20 | 1 2087 : !
Lo __[202 204, l
O c , SIGNAL |- i FRAME | lviEo ouT,,
L chggurr T MIXER MEMORY |7
_M_E.Q...__.y.. SBIT; . - Il
Hi e FRAME RECURSIVE FILTER |
Hs -

"2

7 B
R o | S
PULSE GEN. -
>
i ST SAMPLE
‘ PULSE GEN. [ |-B
DE'%%E’FOR v 7%
B

?70 .
‘ — 1_4,4__. A~y




Case: 1:03-cv-00276 Document #: 1 Filedf 01/14/03 Page 44 of 59 PagelD #:44

US. Patent  Feb. 2, 1988 Sheet 2 of 3 4,723,166

. . -
FP BP P FP BPy
BRAS | § L FIG. 3A
Tl T T 7 P I |
\\ST ' . lsr'
Hs _ HS
u / _ — & FIG. 3B
. /‘/A.' .‘ /_/A
- FIG. 3C
/B B-'\ |
e — 'L g3
0.0y
=05V
~{0V
FROM 447 N
BE
82 W Y+ ¥ +
X~ - - 65 [T:VN_—

I/-M Y?- ‘ . ‘ 90/~—';—|j

—
&Yy (UNFILTERED)



Case: 1:03-cv-00276 Document #: 1 Filed: 517_14/03 Page 45 of 59 PagelD #:45

US. Patent  Feb. 2, 1988 Sheet 30f3 4,723,166

Vduntiltered)

HI NOISE IMPULSE

VN(OVC.) 20 2‘07 gaqo +
B M e:P- 20db . / /
' ' 29277 \&
(-%ﬂ / ™ ra 2% \-:20
=Ll 222 =
226 MED. 266" a5
s Vj>-30db ™ v
I 3
Vy>~40db
F1G.6

Vp>-15db
N> 5 260
OFF ————m A
LOW. ———= 70 SIGNAL MIXER
MED ——— P ‘
HIGH
| 202
_ 7 [274
o£3 BIT MIX_CONTROL BuS s | 7
‘ 276
(%?9, (
: I}

c('FRAME{DELAYEO SIGNAL 1
B BIv

MIX e B
CONTROL S__,.
PROM ¥

27

| FL!NPUT. g gt | F‘ C.7



Case: 1:03-cv-00276 Document #: 1 Filed:’ 01/14/03 Page 46 of 59 PagelD #:46

4,723,166

1

NOISE ADJUSTED RECURSIVE FILTER ___ .

'BACKGROUND OF THE INVENTION

This invention relates to the art of processing video -
signals and, more particularly, to improvements in re-

cursive [ilters. e

Recursive filters are known in the art and an example
takes the form of the U.S. patent to A. Kaiser et al,, U.S,
Pat. No. 4,064,530, The recursive filter described there
serves to reduce noise in a color television signal even

in the presence of motion between successive [frames. -
The system includes a delay or frame storage device for

storing a single television frame and a summing device

for adding a fractional amplitude pornon of the stored

signal to a fractional amplitude portion of the present or

mcommg video signal. The system functions as a recur- ~
sive filter and is operative automatically to change the -

fractional amplitude portion of the stored signal fed

ence between the stored and present signels. This

changes the integration time constant of the filter so as’
to accommodate a certain amount of motion between -

the arriving signal and the stored frames. Motion is

ment through the system, and in response to the evalua-
tior of such motion alters the contribution of the stored.

2
present input signal is adjusted in dependence upon

noise in the video signal.
It is a still further object of the present invention to
provide a noise adjusted frame recursive filter which is

5 adjusted for poise as measured during a nonpicture

portion of the video signal.

In accordance with the present invention, there is
provided a noise adjusted recursive filtering apparatus
for processing video signals having picture portions and

10 predetermined nonpicture portions. The noise detector

is responsive to the video signal during a nonpicture
portion for providing a noise sigoal having a magnitude
representative of the average noise level on the video
signal. A recursive filter is provided for filtering the

15 video signal and this filter employs a delay means for

delaying the video signal, together with means for de-

_ termining the difference between a present input video

signal and a dclayed signal. Circuitry is employed
which responds to the difference as well as the noise

back to the summing device as a function of the diffe- 20 signal for providing a fractional difference signal to be

added to the input signal to provide a new output signal.
BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other objects and advantages of

tion will bec dil; ent fi
detected as it exists between stored frames and the in- 25. the invention ome more readily apparent from

coming signal as the picture proceeds element-by-ele- "~

the following description of the preferred embodiment

., of the invention es taken in conjunction with the accom-
~ panying drawmgs which are a part hereof and wherein:

FIG. 1 is a schematic-block diagram illustration of a

past signals to the noise reduced video output signal, If 55 portion of a frame synchronizer employing the present

a picture element from the same scene object in the
stored past signals is sufficiently different in amplitude ™

from the same element in the arriving video signsal, the -
past history of that picture is ignored and only the ‘pra- .

ent signal is transmitted to the output terminal.

made for adjusting the fractional amplitude portion of
the stored signal which is fed back into the summing
device as a function of noise as well as a function of the

. invention;

FIG. 2 is a schematic-block diagram illustration of
the sync detector shown in the block diagram of FIG. 1;
FIGS. 3A-3D are waveforms vseful in describing the

35 operation herein;
In the Kaiser et al. system, supra, 0o provision is

FIG. 4 is a waveform relating to the operation of the

sync detector;
FIG. 5 illustrates the noise detector in greater detail

than that illustrated in FIG. 2;

difference between the stored and the present signals. 40  FIG. 6 is a schematic-block diagram fllustration of

To the contrary, Kaiser et al. provides only for adjust-
ment of the fractional amplitude portion of the stored
signal as a fuaction of the difference between the storecl
and the present signals.

It is, however, known to provide a noise measure- 45 . DESCRIPTION OF P

ment circuit in con_]uncnon with a video noise reduction
system as is described in the patent to R. Storey et al,,

U.S. Pat. No. 4,249,210. Storey contemplates a some-
what different filtering than that of Kaiser, supra. In
Storey et al,, a signal is derived from a preceding output
signal and is then subtracted from the input signal for .
the current field to provide a difference signal. Low
amplitude portions of the difference signat are attenu-_

ated relative to the high amplitude portions thereof,

the logic circuit illustrated in F1G. 1; and
FIG. 7 is a schematic-block diagram illustration of

" the signal mixer illustrated in FIG. 1.

REFERRED EMBODIMENT
Reference is now made to the drawings for purposes

" of presenting a preferred embodiment of the mvention

only and not for purposes of limiting same. Reference is
pnow made to FIG. 1 which illustrates a portion of an

50 input processot circuit of a frame synchronizer for pro-

cessing the signals. The composite video signal is passed
by & low pass filter 10, which in this example may be
considered as passing signals up to a frequency of 5.5
MHz. This is within the range of operation of an analog-

The thus attenuated signal is added to the precedmg ss to-digital converter 12 which converts the analog video

output signal to provide a new output signal for the.
current field. While the system operates differently than =~

__signal into a train of 8 bit digital samples which may be
" supplied to a frame storage for subsequent use. Prior to

that of Kmser, Storey et al. nevertheless contemplégg_ﬁ_ the video signal being applied to the analog-to-digial
that a noise measurement circuit be employed for mea- . converter 12, it is passed through a back porch clamp
suring the noise on the difference signal and then adjust- 60 circuit 14 to clamp a predetermined nonpicture portion

ing the gain of a variable gain element employed in,
attenuating the difference signal as a functior of the .
" employed herein for the same circuit. In this applica-
. tion, a video signat is clamped to 2 DC level on the
5 order of —2.0 volts in the back porch portion of the

output obtained from the noise measurement circuit,
SUMMARY OF THE INVENTION

It'is an object of the present invention to p'rdwde
improvements to a recursive filter system so that the,

pornon of a difference signal which is added to the

10 a desired level. Sometimes a back porch clamp circuit
is referred to as a DC restorer and both terms may be

video signal. The intelligence or picture content portion
of the video signal will then vary between -2 volts and
" 0 volts which is within the operating range of the ana-
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log-to-digital converter. In some applications, the video

signal may be clamped 1o ground level or some other
desired signal level. Additionally, the circuitry in FIG.
1 includes a burst detector 16, which may be of conven-
tional design, and a sync detector 18, which is conven-
tionally eraployed for supplying timing information to a
voitage controlled oscillator 20 which, in turn, provides
clock pulses o operate the analog-to-digital converter
12.

The output of the analog-to-digital converter in this
embodiment is preferably noise reduced by a digital

noise reducer 200. This may take a form conventional in

the art and, for example, in the embodiment illustrated,
it takes the form of a frame recursive filter employing a
signal mixer 202, a frame memory 204, a chroma in-
verter 206 and an asynchronous first-in, first-out mem-
ory buffer 208 interconnected as illustrated in FIG. L.
This digital noise reducer is a frame recursive filter
wherein each pixel of a stored image in the frame mem-
ory 204 is successively updated once per frame by mix-
ing it at a signal mixer 202 with incoming data obtained
from the analog-to-digital converter 12, with the incom-

4
“of the frequency band of the video signal. The filtered
_video signal is then passed by a buffer 32 and a capacitor

..33.t0 the negative input of a comparator 36 which oper-

.ates as a sync slicer. This comparator 36 compares the

5_filtered video signal with a threshold for the purposes of

_recovering the sync signal from the filtered video sig-
_nal, This may be appreciated with reference to the

The waveform in FIG. 3A is representative of the

_..wayeforms in FIGS. 3A and 3B.

10 composite video signal. As seen, the video signal has a

picture portion ¥ intermediate the front porch portion
FP and a back porch portion BP. A horizontal sync
signal separates the front porch portion from the back
porch portion and this sync signal is referred to as the

15 sync tip ST. Conventionally, the front porch portion
.. and the back porch portion are at the same DC signal

, such as ground. The sync tip is also meintained at

" “a constant level which is conventionally ncgative with

pect to the front porch or back porch portions. -

20 The sync slicer comparator 36 compares a threshold

signal with the filiered composite video signal in ordct

_ to recover or detect the horizontal synchronizing signal

_and produce a horizontal sync signal Hs in accordance

ing data corresponding to the same pixel location. The |
mix ratio employed will control the degree of filtering. _therewith (see FIG. 3B). The threshold in FIG. 2 is
If mostly memory data is used in the mix, then the de- 25_obtained from the junction of a pair of resistors 40 and

gree of filtering is high, and the image will be slow to 42 _connected between the output of a buifer 44 and

respond to changes (motion or noise) in the input signal.
If mostly input data is used, then the degree of filtering
is low, and the image will quickly respond to changes in

“gronnd. It should be noted that whereas ground poten-
_tial is fllustrated herein, a different reference level may
be employed. The buffer 44 obtains its input from a

the input signal. Front panel selection is provided for 30 charge stored on 2 capacitor 46, 2 sample and hold
the digital noise reducer and this includes off, low, med  _arfangement. This arrangement also includes a switch
and hi switch positions for use in determining the mix = 48 which is periodically closed in synchronization with
ratio. Additionally, in accordance with the present in- _ _detection of the horizontal sync pulss to complete a
vention, the front panel control settings are combined  path so that the filtered composite video signal may be
with measured noise obtained from a noise detector 35 sampled and stored in capacitor 46. The sampled volt-
circuit located within the sync detector 18. A logic  age takes place during the sync tip portion ST of the
circuit 210, to be described in greater detail hereinafter, video signal. The capacitor 46 charges toward this level
combines the measured noise with the front panel con- __and the charge of the capacitor is buffered through
trol settings. The pixel-by-pixel difference between the ___buffer 44 and applied across the voltage divider consist-
" stored and input levels is also used to obtain the mix 40 ing of resistors 40 and 42 to provide a threshold level to
ratio. Pixel differences which are smail are assumed to  _ the ‘positive input of the sync slicer comparator 36.
be the effect of mndom noise, and are comsequently . Whenever the filtered video input signal becomes nega-
heavily filtered. Differences which are large are as- _ tive with respect to the threshold, the sync slicer 36 will
sumed to be the effect of motion in the picture, and are _output a positive pulse representing the horizontal sync
lightly filtered. 45 signal Hs, as is seen in FIG. 3B. The leading edge of the
Because the chroma signal phase changes 180 degrees . _ horizontal sync signal triggers a sync tip sample pulse

between one frame and the next in an NTSC video
signal, a chroma inverter 206 is employed in the frame
delayed data path (otherwise the chroma signal would
be lost in the mixing process). The memory buffer 208 is
an asynchronous first-in, first-cut memory buffer which

memory timing (which is locked to the output signal) to
the input timing (derived from the input signal), making
possible the pixel-by-pixel alignment of input and frame

delayed datz required by the signal mixer 202. The
chroma inverter 206 is preferably an adaptive filter used
in the frame delayed signal path to extract the chroma.
portion of the signal, invert its polarity, and recombine

it with the noninverted luminaace portion of the signal,

thereby correcting the chroma phase difference be- |
tween the input and the frame-delayed signals prior to |

mixing the signals at mixer 202. .

“generator 50 to produce a sync tip control signal A
_(F1G. 3C) which is then employed for closing switch 48
during the sync tip portion ST of the filtered video:

50 signal. Similarly, the lagging edge of the horizontal
_5ync signal Hgtriggers a back porch clamp pulse gener-
is employed to convert the frame delayed signal from

ator 52 to produce a trigger signal B (see FIG. 3D)
_Wwhich is employed to temporarily close a switch 54 so
as to clamp the filtered video signal to ground during

55 _the back porch portion BP.
medteferring again to FIGS. 2, 3A and 3B, it is recalied

that the horizontal sync signal Hgis produced when the
fitered video signal has its DC level change to the point
at it is more negative than the threshold supplied to
_the positive input of the sync slicer 36. The reference

vel or threshold may be called the slice level SLA,
; is illustrated in FIG. 3A. as being midway between
of the back porch portion BP and the sync tip

Reference is now made to FIG. 2 which provides a mpomon ST. For example, if the back porch portion BP
more detailed illustration of the sync detector 18 in 65_is at 0 volts and the sync tip portion ST is normally at
FIG. 1. The video signal is first passed through a low __+=1.0 volts, then the threshold or slice level SLA may

pass filter 30 which, for example, passes signals having

a frequency up to 1.5 MHz, This, then, is a small portion

_be set at —0.5 volts. Consequently, as the video signal
becomes more negative than the threshold or slice level
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SLA, the output of amplifier 36 wilt go positive_apd, . illustrated as simpie mechanical switches, they, in prac-
stay positive to provide the horizontal sync signal Hy  tice, would normally take the form of solid state
until the video sync signal once again increases posi= = switches operated in 2 well known manner. The noise
tively toward the back porch level and becomes mor " detector 70 is discussed in greater detail with reference
positive than the threshold or slice level SLA. This s 3 to FIG. 5.
illustrated in FIGS. 3A and 3B. The discussion thus far.. .. Reference is now made to FIG. § which illustrates
assumes that there is no noise to contend with during _ the noise detector in greater detail. This detector may
the horizontal sync recovery. . beconsidered as an analog multiplier filtered at its input
Reference is now made to FIG. ¢ which illustrates _ _and its output. The analog multiplier 80 may conven-
the video signal having noise and located on what was. 10 _tionally take the form of an analog mrultiplier provided
assumed to be constant level nonpicture portions, in-, - by Motorala Corporation and known as their Model
cluding the front porch FP, the syuc tip ST, and the, . MCI1495. The input to multiplier 80 is taken from the
back porch BP, as well as the trasitions between these | output of buffer 44 (FIG. 2) and is supplied to unfiltered
levels. The noise includes peaks and valleys which may . X+ and Y+ inputs of the multiplier. The signal from
cross the normal slice level SLA at times which will. 15, buffer 44 is also applied through a resistor 82 and a
create a false indication of a horizontal sync signal re- . capacitor 84 to ground. The junction of resistor 82 and
covery. For example, a noise valley point 60 in F1G. 4. ~ capacitor 84 supplies a filtered second ioput to the X—
is clearly more negative tban the slice level SLA and .. and Y- inputs of the multiplier 80. The multiplier ef-
this would cause the sync slicer 36 to erroncously pro- _ fectively multiplies the difference between the inputs
duce an indication of 2 horizontal sync signal, Similerly, 20 applied to the X+ and X~ terminals by the difference
a noise peak point 62 is clearly more positive than the __between the inputs applied to the Y-+ and Y — inputs.
slice level SLA and would cause the sync slicer 36 to.  The outputs taken from the positive and negative output
erroneously provide an indication that the borizontal ___ terminals of the multiplier 80 provide z balanced output
sync recovery has been completed. Consequently, noise. _ and this is supplied to an operational amplifier 86 with
such as that illustrated in FIG. 4 can provide erroneous. 25. its output being supplicd to a filter including resistor 88
horizontal sync recovery information. ~ and a capacitor 90 taken 1o ground. The signa! across
In accordance with the embodiment illustrated im, - resistor 82 represeats fluctuations of the input signal at
FIG. 2, the threshold or slice level is varied in the pres- . 44 caused by noise. This signal is multiplied by itself by
ence of noise from that of its low noise or normal .. multiplier 80 to give an absolute representation of noise
threshold level SLA. For example with reference to 30 at the output of amplifier 86. This, then, provides an
FIG. 4, in the presence of noise, the negative going . output +Vx which represents the average noise over
valley point 60 while being more negative than slice. several lines of video information. A negative output
fevel SLA is not more negative than an offset slice level ~ —Vy may be obtained with an inverter amplifier 87
SL2. However, as the video signal becomes more nega- _having its positive input connected to ground through a
tive than the offset slice level SL2, the sync slicer 36 35 resistor 89. ‘
will provide a positive horizontal sync signal. Similarly, . The measured noise (FIG. 5) is supplied to the logic
whereas the noise peak 62 is more positive than the low . . _eircuit 210 (F1G. 1) which combines the measured noise
noise or normal slice level SLA, it is not more positive . .. with the front panel control settings for use along with
than the modified or offset stice level SL1 However,as”  the pixel-to-pixel differences in determining the mix
the video signal becomes more positive, it will éxceed 40 ratio. The logic circnit 210 and the signal mixer 202 are
that of the offset slice level SL1, causing a termination of . illustrated in greater hereinafter with reference to
the horizontal sync signal. This operation is achieved by ... FIGS. 6 and 7 respectively.
employing a noise detector generating information " Reference is now made to FIG. 6 which illustrates
modify the slice level during noisy conditions as mi _ the logic circuit 210 in greater detail than that in FIG.
sured during one of the predetermined nonpicture por- 45 1. The logic circuit as shown in FIG. 6 has two inputs
tions of the video signal : eeommvimions, 13K @s the unfiltered and filtered noise measurements;
In the embodiment of FIG. 2, the noise level is meg- , . thatis, Vv (unfiltered) and V. The average noise signal
sured by a noise detector 70, to be described in greater . = Vivis supplied to an input of each of three signal com-
detail hereinafter, which measures noise during the sync~ -~ parators 220, 222 and 224, each of which produces a
tip sample periods and provides an output indication, 50 positive output signal for a time duration so long 2s the
representative of the average noise. This includes.a. .. . noise signal is greater than the reference signal. The
positive signal +V, as well as a negative signal —~Vy . reference signals at the second input of each of these
1o be added or subtracted to the normal slice level SLA . comparators may be referred to as threshold levels TLL
s0 as to vary the slice level in accordance with mi ‘TL2 and TL3. These are obtained from the wiper arms
sured noise. Both of these offset adjustments are sup- 55 of potentiometers 226, 228 and 230, respectively. The
plied to the positive input of the sync slicer 36 by way threshold levels are set such that an output is obtained
of a resistor 72 which scales the offset signal. These . from comparator 220 when the noise level is considered
offset signals are supplied by way of switches 74 and 76, relatively high, such as being greater than —20 db.
which operate such that when one of the switches is . Similarly, an output voltage is obtained from compara-
closed, the other is open. The switch control is cbtained, 0. tor 222 for medium noise when the noise level is greater
from the sync slicer 36 such that when the output i3  than —30db. The output of comparator 224 is positive
positive (during a sync tip interval), the switch 74 is . _so long as the noise level is low (this is considered as
closed, as is shown in FIG. 2, so that the slice level is = being preater than —40 db). An additional comparalor
raised to that of slice level SL1. When the output of the . 232 has an input for receiving the unfiltered noise level
sync slicer 36 is at ground potential (during the front 65 signal and this is compared with a threshold level TL4
porch or back porch portions) the switch 74 isopenand  obtained from a potentiometer 234. This threshold is set
switch 76 becomes closed by way of an inverter 78, Itis  so that the output of the comparator is positive for high
to be appreciated that whereas switches 74 and 76 are. noise impulses which may be greater than —15 db. The




Case: 1:03-cv-00276 Document #: 1 Filed: 01/14/03 Page 49 of 59 PagelD #:49

4,723,166 g

outputs of comparators 220, 222, 224 and 232 are sup- _ 0-100% depending on the desired mix ratio) which is
plied to a programmable array logic (PAL) circuit 240,  _then added to input signal. Thus, deperding on the
The PAL logic circuit is provided with front panel ~ proportion of the difference which is added, the output
displays in the form of light emitting diodes 242, 244, signal can take on any value between the input signal
246 and 248. These are connected by means of resistors 5_and the frame delayed signal. .
250, 252, 254 and 256 to a B+ voltage supply source.. .. Although the invention has been described in con-
These are arranged in conjunction with the logic cir-  junction with a preferred embodiment, it is to be under-
cuitry so that diode 242 is iliuminated when the mea- . stood that various modifications may be made without
sured noise approaches ~20 db. Similarly, diode 244 is.  departing from the spirit and scope of the inventior as
illuminated when the measured neise is in the range of .10, defined by the appended claims.
—320 1o —30 db. Diode 246 is illuminated when the _ Having described a specific preferred embodiment of
measured noise is in the range of —30 to —40 db. Also, ___the invention, the following is claimed:
diode 248 is illuminated when the measured noise is in . L. A noise edjusted recursive filtering apparatus for
excess of —40 db. _ processing each of a plurality of successive video sig-

The operator is provided with front panel control 15 mals each having a picture portion and predetermined
settings to adjust the mix ratio of the digital noise re- onpicture portions, comprising:
ducer. These settings are OFF, LO, MED.,, and HI. _____ poise detector means responsive to each said video
Suitable switching is provided so that two inputs are = signal during one of said nonpicture portions
supplied to the PAL circuit 240 with cach input carry- ... . thereof for providing a noise signal having a magni-
ing either a binary 1 or a binary 0level representative of 2¢._. . tude representative of a noise level on said video

one of the front panel control settings. The setting of - signal;
OFF is indicative that all pixel-to-pixel differences will __, _ recursive filter means for filtering each said video
be considered as motion, and hence, no noise reduction -~ signal and including means for delaying each said

is achieved by the digital noise reducer. The setting of . . video signal, means for determining the difference
1.0 is indicative that above this setting, pixel-to-pixel 25. .. between said delayed video signal and a successive
differences will be considered as motion and not noise. ... undelayed one of said video signals, means respon-

Similarly, the setting of MED. is indicative that at some sive to said difference and said noise signal for
higher noise levet than LO, the operation will assume ~~  providing a fractional portion of said difference as
that pixel-to-pixel differences of this leve! will be con- " ' & correction signal, and means for adding said cor-
sidered as motion and uot noise. Similarly, a selection of 30, rection signal to said undelayed video signal to
HI is indicative that a level greater than that for MED. ~  provide an output signal.

pixel-to-pixel differences will be considered as motion 2. Apparatus as set forth in claim 1 wherein said pre-

and not noise. The PAL circuit 240 combines the inputs __ determined nonpicture portions include at least a front
obtained from comparators 220, 222, 224 and 232 with __porch portion, a sync tip portion and a back porch
that cbtained from the front panel control settings to 35 portion and said noise detector means is responsive 10
provide a three bit output on a mix control bus 260. . __ said video signal during one of said nonpicture portions

Reference is now made to FIG. 7 which provides a____for providing said noise signal.
greater illustration of the signal mixer 202 than that - 3. Apparatus as set forth in claim 2 including noise
illustrated in FIG. 1. The eight bit frame delayed signal .. level comparing means for comparing said noise signal
obtained from the frame memory 204 is supplied to the 40, with a plurality of noise reference levels and providing
signal mixer, by way of the buffer 208, and is supplied to . _ an output indication in accordance therewith for use in
one input of an ADDER 270. The present input video -~ energizing noise level indicator means.
signal as obtained from the analog-to-digital converter - - - 4. Apparatus as set forth in claim 3 including a plural-
12 (FIG. 1) is supplied to a second input of ADDER ity _of visual indicator means, each when energized,
270 by way of an inverter 272 such that the output as 45 representative of a different noise level of said video
taken from ADDER. 270 represents the difference be- ~ ‘signal and means for interconnecting the visual noise
tween the frame delayed signal and the input signal. .. Jevel indicator means with said noise level comparing
This difference signal is supplied as a nine bit address to .. ,__means for energizing said visuzl noise level indicator
a mix control PROM 274. This nine bit address is com- .. means in dependence upon said output indication.
bined with the three bits from the mix control bus to 50_ 5. Apparatus as set forth in claim 3 wherein said noise
obtain a twelve bit address for addressing PROM 274, level comparing means includes a plurality of compara-
The mix control PROM outputs an 8 bit signal which is ____tor means, each for receiving said noise signal and com-
a fractional part of the 9 bit difference signal from  pating said noise signal with & different one of said
ADDER 270, the fractional value depending on the 3 plurality of noise reference levels and providing an
bit address on the bus 260, The output of PROM 274 is 55 output signal so long as said noise signal is greater than
added to the input video signal by means of sn ADDER _ said. different one of said plurality of noise reference
276 to provide an eight bit output. - Jevels,

It is to be appreciated that the input video signal and 6. Apparatus as set forth in claim 5 including logic

the frame delayed video signal are mixed in proportions. . . means interconnected with the output of each of said
which partly depend upon the three bit signal obtained 60 comparator means for providing a multi-bit digital sig-
from the control bus. This is a function of the front, ___pal having a bit pattern which varies as a function of the
panel switch control setting as well as the noise level of  noise levels as determined by said plurality of compara-
the input signal, as measured by the noise detector 70. . tor means.
The mix proportion for any given pixel also dependson____ 7. Apparatus as set forth in claim 6 wherein said cor-
the pixel-by-pixel difference between the frame delayed tion signal providing means includes an addressable
signal and the input signal as detected by the signal " memory means for storing a plurality of correction
inverter 272 and ADDER 270. The mix control FROM  signals as multi-bit correction signals at addressable
274 outputs some part of the difference signal (from. .., locations within said memory means.
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8. Apparatus s set forth in claim 7 including analog-  ory means for addressing said addressable memory
to-digital converting means coupled to said recursive,.  means to obtain therefrom one of said multi-bit correc-

filter means for converting each said picture portion of . tiop signals having a value which is a percentage of said
each said video signal into a plurality of multi-bit video. . myi-bit difference signal and with the percentage
signals, said recursive filter means being a digital frame 5 y,rying 45 a function of said multi-bit noise level signal
filtering means for filtering said multi-bit video signals ™ e said multi-bit difference signal.

and wherein said difference determining means includes 10, A tus as set forth in claim 9 wherein-said
means for determining the difference between one of .- ’ l‘pp”:di 9 tion signal to said und
said undelayed multi-bit video signais and one of said .- E::gsv:;’; : sigzglsifa 3?;;3 ;‘L’;:B::’mi ::1: ad:in:

i-bit vi i to provide a2 muiti-bit 10
delayed multi-bit video eignals 1o provide 2 said multi-bit undelayed video signal and said one multi-

. difference signal. - e S . e
9. Apparatus as set forth in claim 3 including circuit..  bit correction signal to provide a multi-bit video output

means for applying said multi-bit difference signal and signal.
said multi-bit noise level signal to said addressable mem-
15
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1
ADAPTIVE COMB FILTERING SYSTEM FOI
PROCESSING VIDEO SIGNALS
RELATED APPLICATIONS ~ ~™™§

This application is related to my co-pending U.S. . -
application Ser. No. 850,956, filed Apr. 11, 1986 and ..
entitled “Noise Adjusted Recursive Filter” now U.S.
Pat. No. 4,723,166 issued Feb. 2, 1988, 0

BACKGROUND OF THE INYENTION

This invention relates to the art of processing video
signals and, more particularly, to improvements in fl.!~
tering video signals.

Filters are known in the art and may be employed for, 13
separating the luminance and chrominance components .
of a compasite NTSC color television signal. Two types
of filters are employed including a bandpass filter and
an adaptive comb filter. A bandpass filter, for example,
may operate to receive the composite television signal
and operate to pass a band of frequencies, centered
about the chrominance frequency of 3.58 MHz, soas'to
pass the chrominance components and some high fre-
guency luminance components. This bandpass filter
signal may be considered as the separated out chromi- 23
nance componeat and the luminance component cai
then be obtained by subtracting the chrominance com- -
ponent from the composite television signal. However,

this bandpass filtered chrominance component, some- -

times referred to as the filtered chroma, does include 30

some high frequency lominance components. Adaptive.

comb filters are known which operate in certain condi-
tions to provide a chrominance component relanvely -

Ina typlcal adaptive comb filter, the incoming video 35
signal is separated by delay lines into line components
representative of three successive television scan lines.
These are typically referred to as the main or middle._
(M) line component and two vertically adjacent line
components referred to as the top (T) and bottom (B) 40
components. The middle (M) component and the top
(T) component are respectively delayed by one and two .
horizontal lines relative to the bottom (B) component.

The chrominance signal reverses in phase from line-to- ..
line, When the three components are combined in the 45

amplitude ratios of T/2+B/2—M, then, the luminance ~

1s cancelled out to thereby derive the negative of the |
chrominance component at twice its value, i.e, —2C, .
This derived chrominance component is sometimes
referred to as the combed chroma, which is obtained. 50

from the adaptive comb filter, as opposed to the filtered -

chroma. The three line components B, T, and M may -

also be combined in such a manner that the chromi- . .

nance cancels out leaving only the derived luminance™
component. 35
The separation and cancellation technique described .

2
chrotninance output s:gnal Such transition detectors
are disclosed, for example, in the US. Pat No.
4,050,084, to Rossi, and U.S. Pat. No. 4,072,984 to Kai-
ser. Kaiser's transition detector makes the selection of
combed chroma or bandpass filtered chroma on the
basis of vertical picture detail or vertical transition only,
Horizontal transition is not considered. Rossi's transi-

~ tion detector makes the selection based on vertical tran-

sitions between the middle (M) line and the top (T) line
and between the middle (M) line and the bottom (B) line
along with a horizontal transition between an undeiayed
middle line pixel (M) and a delayed middl: line pixel
(M?. These transitions ar¢ individually compared
against a reference and based on the comparisons, the
detector selects either a combed chroma or a bandpass
filtered chroma to serve as the output chrominance
signal.

In the presence of vertical transitions, the comb filter
algorithm begins to breakdown, in that the luminance

0 signal does not cancel out, and chroma transitions are

smeared over the three lines, reducing vertical resclu-
tion. It has been determined that bandpass filtering in
the presence of horizontal transitions causes horizontal
smearing, since high frequency luminance components
are inverted along with the chroma. Low frequency
luminance components are rejected by the bandpass
filter, and 5o do not impair the output signal.

It is seen, then, that there is a trade-off as to whether
the output chrominance signal should be obtained by
bandpass filtering only, or by a comb fiiter. Thus, if
there is more horizontal detail, then combing will pre-
serve the horizontal detail with litrle loss of vertical

free of luminance components. or o, detail, If there is more vertical detail, the vertical detail

may be preserved by bandpass filtering. By comparing
vertical transitions against horizontal transitions, a de-
termination can be made as to which process, combing
or bandpass filtering, will best preserve picture detail.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
improvements in filters of the nature discussed above

. wherein a transition detector compares vertical and

horizontal transitions in deciding whether to uttlize the
comb filtered output or the bandpassed filtered omput

.as the chrominance output signal.

In accordance with the present invention, an adaptive
comb filtering system is employed for separating the

. luminance and chrominance components of the com-

posne video signal w}uch mcludes a plurallty of succes-

separatcd into a middle (M)} scan Ime component and
vertically adjacent top (T) and bottom (B} scan line
components. These components are utilized for deriv-
ing therefrom a combed chroma signal. An uncombed

..Chroma signal is derived from one of the components, A

above assumes there are no changes or transitions_in ,  transition detector seiects as a chrominance output sig-
picture detail from top to bottom through three succes- .~ nal either the combed chroma signal or the uncombed
sive lines. If substantial vertical transitions do take . chroma signal in dependence upon the point-by-point
place, then smearing of the picture occurs in the vertical 60 amplitude comparison of any vertical transitions to any -

direction, presenting a loss in vertical picture detail. In
such case, the comb filter is made inoperative and the

chrominance output is the filtered chroma fromaband-, .-

pass filter.

~The prior art includes transition detectors which 65,
serve to determine whether there is a sufficient vertical

picture detail or vertical tramsition to automatically
select the combcd chroma or the filtered chroma as the ‘

_horizontal transitions.

BRIEF DESCRIPTION OF THE DRAWINGS

The foreoging and other objects and advantages of
the invention will become more readily apparent from
the following description of the preferred embodiment
.of the invention as taken in conjunction with the accom-
__panying drawings which are a part hereof and wherein:
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FIG. 1 is a block diagram illustration of a frame re- ___ the mixing process). The chroma inverter 1815 an adapt-
cursive filter which may be employed in conjunction ... jve filter used in the frame delayed signal path to extract
with the present invention; and ._..the chroma portion of the signal, invert its potarity, and
FIG. 2 is a schematic-block diagram illustration of ___recombine it with the noninverted luminance portion of
the improved adaptive comb filter system in accordance 3 the signal, thereby correcting the chroma phase differ-
with the present invention, . mLlice between the input and franée _}i;lay;d signals prior
: .10 mixing the signals at mixer 16. The chroma inverter
DESCRIPTION OF A PREFERRED 18 prefefably lai:l:s the form described below with re-
EMBODIMENT . ‘spect to FIG. 2. o
Reference is now made to the drawings which are_10 . Having now described one application to which the
presented for purposes of illustrating a preferred em-  present invention may be applied, reference is now
bodiment of the invention only and not for purposes of ___ made to FIG. 2 which provides a more detailed repre-
limiting the same. Reference is made to FIG. 1 which - sentation of the chroma inverter circuitry. The digitized
shows an application of the invention as applied to 2 " eight bit samples of the compesite video signal are sup-
digital noise reducer which serves to reduce noise in a 15 P]_ied to the chroma inverter 18 and are filtered by a
color television signal. Such a digital noise reducer may "“bandpass filter 30 which is centered at the chroma fre-
be empioyed 2s a portion or in conjunction withaframe  quency of 3.58 MHz. The bandwidth of this filter may
synchronizer for processing video signals. The compos- ~ _be on the order of from approximately 2.58 MHz t0 4,58
ite video signal may be initially applied to a low-pas8 _ "MHz so that it passes the chroma signal along with
filter (not shown) for passing video signals up to a fre- 20 gome high frequency [uminance components. The unfil-
quency on the order of 5,5 MHz. This is within the " tered composite signal which includes full band tumi-
range of operation of an analog-to-digital converter 12 pance and chrominance components is supplied to an

which converts the analog video signal into a train of

output ADDER 32 by way of a cnie scan line delay 34.

eight bit digital samples which may be supplied t0 8 _ The delay imposed by a one line delay should be on the

frame storage, in the form of frame memory 14, for 25

rphrian

subsequent use. In this application, the output of the
analog-to-digita} converter is noise reduced by the noise

_“Q:der of 63.5 microseconds or one television scan line.
_This unfiltered composite signal will be combined with

the cutput of the adaptive filter at the ADDER 32.

reducer 10. This may take a form conventional in the art  The adaptive filter circuit operates to provide a chro-

and, for example, in the embodiment iilustrated, it takes

mixer 16, the frame memory 14, a chroma inverter 18
and an asynchronous first in, first out memory buffer 20

connected as illustrated in FIG. 1. This digital noise

reducer is a frame recursive filter wherein each pixel of

a stored image in the frame memory 14 is successively 35

updated once per frame by mixing it at a signal mixer 16
with incoming data obtained from the analog-to-digital
converter §2, with the incoming data corresponding to
the same pixel location. The mixer ratio employed will

control the degree of filtering. If mostly memory data is 40

used in the mix, then the degree of filtering is high, and
the image will be slow to respond to changes (motionor ™~
noise) in the input signal. If mostly input data is used,
then the degree of filtering is low, and the image will

quickly respond to changes in the input signai. Pixel 45

differences which are small are assumed to be the result
of random noise, and are consequently heaviiy filtered.
Differences which are large are assumed to be the resuit
of motion in the picture, and are lightly filtered.

The eight bit frame delayed signal obtained from the 50

frame memory 14 is supplied to the signal mixer by way
of the buffer 20 and is supplied to one input of an
ADDER 22. The present input video signal as obtained
from the analog-to-digital converter 12 is supplied to

the second input of ADDER 22 by way of an inverter 55

24 such that the cutput as taken from ADDER 22 repre-
sents the difference between the frame delayed signal
and the input signal. This difference signal is supplied as
a nine bit address to a mix control PROM 26. The mix

control PROM 26 outputs an eight bit signal which isa 60
fractional part of the nine bit difference sigral from "

ADDER 22. The output of PROM 26 is added to the .
input video signal by means of an ADDER 28 to pro-
vide an eight bit cutput.

Because the chroma signal phase changes 180° be- 65

tween one frame and the next in an NTSC video signal,
a chroma inverter 18 is employed in the frame delayed
data path (othérwise, the chroma signal would be lostin’,[

! . . _ minance signal to be combined with the unfiltered com-
the form of a frame recursive filter employing a signal 30

posite signal at ADDER 32. This chrominance signal is
either a combed chroma signal or is a bandpass filtered
signal which has not been combed. A transition detec-
tor. determines which of these two signals will be em-
ployed as the cutput chrominance signal.

..Lhe adaptive [ilter employs circuitry for separating
the filtered composite signal into a middle (M) scan line
component and vertically adjacent top (T) and bottom
(B) scan line components. This is achieved through the
use of one line delays 40 and 42, each of which serves to
delay the input signal by one television line which is on
..the order of 63.5 microseconds. This, then, provides an
undelayed bottom line component B, a one line delayed
middle line component M and a two line delayed top
line component T. An inverter 43 is located in the signal
path between delay 40 and delay 42 so that the middle
line component is inverted in phase. Line component B
.is applied to one input of an ADDER 44. The output of

s the delay 42 is inverted by an inverter 45 5o as to supply

“anoninverted line component T to the second input of
ADDER 44. This adder provides an output of one-half
of the sum of components T and B in accordance with
equation (T+ B)/2. This signal is then supplied to an-
qther ADDER 46, which receives the inverted middle
line component —M. ADDER 46 provides an output
corresponding to (T+B)/2—M which serves as the
combed chroma output of the adaptive filter. In the
absence of vertical transitions, the components T, B and
M can be characterized as: :

M=L+C, where L=luminance, C=Chioma

" T=L-C

B=L-C

[
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orizontal transition comparator 74 supplies a control

.. signal to the switch control 76 which operates switch 52
.30 output the uncombed bandpass filtered signal —2M
-n @8 the chrominance signal. The comparator may be
5 .gonstructed so as to have an offset favoring either the
horizontal or vertical transition in selecting the un-

50 that: (T+B)y/2=L~C,

and {T+B)/2—M=—2C

This means that in the absence of verticalltransitions,
the luminance components from the three lines cancel . \
out, and the combed cutput signal is all chroma at two: -~ ¢0mbed signal —2M on the combed signal —2C.
times normal amplitude, and inverted in phase. This is . . In the descnptlon_tl?us far, tl}e selection of wheth_er )
the signal — 2C. This signal —2C may be considered ag~ - “Output as the chrominance signal the combed signal
the combed chroma which has been combed in accor- 10 =2C or the uncombed signal —2M has been automatic.
dance with the comb filter algorithm performed by It may be desirable in certain applications to override
ADDERS 44 and 46. e D8 automatic contrel and to cause the chrominance
The uncombed filtered output will be provided dur.  output signal to always be the combed signal ~2C or
ing periods of transition as detected by the transition  _ 2lways be the uncombed signal —2M. In such case, the
detector. This output may take the form of a bandpass,,. 5 < normally closed switch 80, interposed between swiich
filtered signal only, no combing involved. This is ob-__ 52 and inverter 54, is opened. This permits the operator
tained from the output of inverter 43 which is multiplied___ 0. manually override the function by closing either
by a factor of 2 by a suitable muitiplier 50 to provide the ormally open switch 82 or normally open switch 84.
signal —2M. The selected chrominance cutput, either __ The closure of switch 82 will cause the output chromi-
the signal —2C or —2M, is applied to the ADDER 32 2 nance signal to always be the combed chroma signal
by way of a switch 52 and an inverting circuit 54. The . —2C. Alternatively, leaving switch 82 open but closing
inverting circuit 54 is toggled by a control signal for_ ~—SWitch 84 will cause the output chrominance signal to
each frame so that on alternate frames, the chrominance .--always be the uncombed signal —2M.
signal is i.l'l\{CﬁCd bet:or_e being added to the unfiltered Although the invention has been described in con-
composite signal. This is done because the chroma sig- “* junction with a preferred embodiment, it is to be under-
nal phase changes 180" between one frame and the next ' swood that various modifications may be made without

in an NTSC video signal. . departing from the spitit and scope of the invention as
In the presence of vertical transitions, the comb filter —idefined Ey the appenl:led claims. P -

algorithm begins to break down in that the luminance ™" ..Having described a prcferred embodiment of the

signal no longer cancels out and ciroma transitions are wgl_\rentxon the following is claimed:

smeared over three lines, reducing vertical resolution, ™™™ "o 5 adaptive comb filtering system for use in sepa-

In accordance with the present invention, the transition umin miran

detector 60 shown in FIG. 2 operates to compare hori- :f)t::go:xte “a;:f sT;:alcmch mzﬁl;;mapo?li::“oro?
zontal and vertical de_tai.l and if vertical detail prpdom_i- 35 Successive scan lines comprising: P Y
nates the comb filter is disabled and the —2M signal is means for receiving said composite video signal and

outputted as the chrominance signal. This preserves : . 2 . . .

.. Sseparating said video signal into a middle (M) scan
vertical resolution, but may impair horizontal resolu- Jine com gonent and ve r%::: ally adjacent mé (.1).) and
tion, since high frequency luminance components are = bottom (B) scan line components;

inverted along with the chroma. Low frequency lumi- . ? P
nance composents are rejected by the bam;lpass glter p - m;.;ans tesponsive to said middle, top and bottom scan
and, hence, do not impair the ontput signal. . line components for deriving 2 combed chroma

The transition detector 60 includes a pair of AD- signal therefrom; . .

DERS 62 and 64. ADDER 62 receives the inverted . means for deriving from one of ?md scan line compo-
middle line component —M from inverter 43, The com- - 180t an uncombed chroma signal; and

ponent —~M is also supplied to a four pixel delay 66 and 45 . Signal sclection control means for selecting as a chro-
then inverted by an inverter 68 5o as to apply an in- . minance output signal either said combed chroma
phase delayed component M’ to ADDER 62. ADDER  5ignal or said uncombed chroma signal in depen-
62 also providcs an output M'-M indicative of the hori- . dence upon the relative relationship of any vertical
zontal transition spaced four pixels apart. This transition ~ -~ transition of two of said scan line components to
or difference represents the signal difference which iy 50 - any horizontal transition of one of said scan line
comprised of both luminance and chrominance informa- ~ -~ components,

tion, since some high frequency luminance is passed by ..2. A system as set forth in claim 1 wherem said signal
bandpass filter 30. This is supplied to a PROM 70 which selecuon control means includes means for determining
provides an output which is a function of the detected . Said vertical transition as the difference between two of
transition M'-M. .55_said scan line components.

In 4 similar manner, the bottom line component B and .3 A system as set forth in claim 2 wherein said two
inverted top line component —T are supplied to__._scan line components are said bottom component B and
ADDER 64, which then provides as an output their_ _ $aid top component T.
difference or transition B-T. This is supplied to a .4 A system as set forth in claim 1 including means for
PROM 72 which provides an output which is a function, @ delaymg said M middle scan line component to provide
of that transition. These two transitions M'-M and B-T . . a delayed middle scan line component M’ and means for
are compared with a comparator 74 and, if the vertical . determlmng the difference between said delayed com-
transition B-T is greater than the horizontal transition ~ponent M’ and said component M to ptovide said hori-
M’'-M, then, the comb filter is disabled and the un- . zontal transition.
combed bandpass filtered signal —2M is output as the 65 . 5. A system as set forth in claim ¢ including means for
chrominance signal. Otherwise, the combed chroma .. determining the difference between said top scan line
signal ~2C is outputted as the chrominance signal. ~ component T and said bottom scan line component B to
Consequently, then, if the vertical transition exceeds thed_# prowde said vemcal transition.
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6. A system as set forth in cla'u:; Sincluding means for .

comparing said vertical transition with said horizontal
transition for use in controlling the selection of said
chrominance output signal in dependence thereon.
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.actuatable output signal selecting means for selecting
cither said combed chroma signal or said un-
combed chroma signal as an output chrominance
signal;

7. A system as set forth in claim 6 including bandpass ° “lr?“mr::tﬁ?mbﬁm f;" detecting any, vertical
filtering means for passing the chrominance component .. Sign silion BEtween 1Wo of saud scan fine com-
it i . ponents and any horizontal signal transition of the

of said video signal and located such that atleastsaid M gy e craa e pine components; and
middle scan line component is a bandpass filtered com~ -~ “comparison means for comparing said vertical and
ponent {rom which said uncombed chroma signal is (g horizontal transitions and actuating said signal se-

derived.

8. A filter system for use in separating luminance and
chrominance components of a composite video signal
compnsed of a plurality of successive scan lines, com-.
prising;

means for receiving said video signal and separating

said video signal into a middle scan line component--~
and vertically adjacent top and bottom Scan lme
components;

comb filtering means for receiving said bottom, mid-"

dle and top scan line components and deriving - _' ing
" nent and the undelayed said middle scan line component

therefrom a combed chroma signal;
means for deriving from one of said scan line compo-
nents an uncombed chroma signal;

25

. lecting means for selecting said combed chroma
signal or said uncombed chroma signal as said out-
put chrominance signal in dependence upon said
comparison.

JSI_,; 9. A system as set forth in claim 8 wherein said transi-

tion detector means includes means for determining any
dlfl'erence between said top and bottom scan line com-
ponents as said vertical transition.

e A0 A system as set forth in claim 9, including means
20, for delaying said middle scan line component to provide

a delayed middle component, and means for determin-
any difference between said delayed middle compo-

as said horizontal transition.

« ® & § &
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