
EP 0 196 825 B1 This  invention  relates to  circuitry  for compensating
for the  effects of quantization  and (err) /rounding errors In signal
processing systems. The invention will be described In the environment of a
recursive filter in a video signal processing system, however, it is to be
understood that it is not limited to such applications. In video systems
recursive filters may be used to reduce noise in the frequency band of the
video signal. From frame-to-frame there is a relatively high degree of
signal correlation. Thus, if a video signal from successive frames  Is
summed, the correlated video signal will add linearly, but random noise 10
accompanying the signal will not. The summed signal is generally normalized
to a desired amplitude range and the signal-to-noise ratio of the averaged
signal is enhanced by the processing. A typical video recursive filter
includes a delay device coupled in a recirculating loop with circuitry for
combining a fraction of delayed signal with a fraction of incoming signal.
The combined signal is applied to the delay device which delays the
combined signal by the time period necessary to Insure that constituent 15
parts of each combined video signal samples are from corresponding pixels
of successive video frames. The fractional parts of the Incoming and
delayed signals are obtained by scaling the two signals by factors K and
(1-K) respectively. If the amplitude of the incoming signal is equal to the
amplitude of the averaged signal from the delay device, the new combined
signal will be normalized to equal the Input signal. In a digital
processing system, the normalization tends to minimize the sample bit size
required of the delay device. Thus, if the Incoming signal consists of
8-bit samples, the sample size in the delay device can be held to e.g. 9 or
10 bits. This is an important design aspect in reducing the manufacturing
costs of recursive filters for consumer applications.. Scaling circuits for
use in recursive filters in e.g. consumer television receivers are required
to be of relatively simple construction to be cost competitive. One of the
simplest scaling circuits and, thus, one 25  which is desirable for use in
a digital television receiver, is a bit-shifter. The bit-shifter, or barrel
shifter, shifts the bits of a sample rightward to less significant bit
positions to perform division and shifts sample bit leftward to more
significant bit positions to perform multiplication. In the divide mode,
which mode is appropriate to effect scaling by factors less than one, after
the sample bits are right shifted, the shifted sample is truncated  by  a
discarding a number of least significant bits equal in number to the number
of 30  significant bit positions the sample bits were shifted. Truncation
without e.g. rounding and truncation with improper rounding will tend to
generate significant anomalies in the processed signal. See B. Gold and
C.M. Rader, Digital Processing Of Signals, McGraw Hill, 1969, pp. 98-131.
In the context of a video signal processing systems the truncation
/rounding effects of a recursive filter may be manifested as the "ground
glass" effect. This is the result of samples applied to the recursive
filter having insufficient resolution to 35  permit the filter to converge
to the proper values. Scaling by bit-shifting and truncation is illustrated
In Table I. TABLE I Binary Input Value   Decimal  Right Shift 3 Bit Pos.
Binary        Decimal  Desired Equiv.                         Truncated
Value   Equiv.    Decimal Equiv. 111.01)0         7y           000.111
0            1 110.000          6            000.110              000
0            1 45.      1011.000          5            000.101
000            0            1 100.000          4            000.100
000            0            1 011.000          3            000.011
000            0             0 010.000          2            000.010
000            0            0 001.000          1            000.001
000            0            0 so       000W000           0
000.000              000            0            0 For illustrative
purposes a three bit binary Input signal is utilized. All possible three
bit binary input values are listed in the. leftmost column labelled Binary
Input Value and their decimal equivalents are listed 66  in the  second
column labelled Decimal Equiv. The three-bit Input values are written with
a decimal point and three trailing zeroes for the pupose of indicating the
significance of the bit positions. The third column labelled Right Shift 3
Bit Poe., Usts binary values corresponding to the values In the first
column which have been right shifted three significant bit positions, I.e.
the column one values divided by 8. Typically a scaling circuit will
truncate or drop off the trailing bits and the resulting binary values are
listed under the column 2    



EP 0196 825 B1 labelled Binary Truncated Value and their corresponding
decimal equivalents are shown to the right thereof under the column
labelled Decimal Equiv. It is seen that all the right shifted and truncated
values have a decimal value of zero. The rightmost column labelled Desired
Decimal Equiv. indicates the values that would be produced If the truncated
values were properly rounded. The values in this column are 5  determined
by assuming that all values having dropped bits, which are equal to or
greater than one-half the least significant bit of the truncated value,
should have the least significant bit of the truncated value raised by one
unit. J.K. Moore in U.S. Patent No. 4,196,350 entitled "Method And
Apparatus For Eliminating Deadband In Digital Recursive Filters" discloses
a method and apparatus for reducing the effects of truncating scaled 10
samples in a recursive filter. In this system samples are scaled by bit
shifting. Then the absolute value of the scaled sample is truncated by
dropping a number of least significant digits determined by the value of
the scale factor. If any of the dropped bits is a logic "one" value, the
value of the truncated sample is incremented by one unit. The Incremented,
truncated sample is then complemented or not depending on whether the
scaled sample was negative or positive respectively. 16     U.S Patent No.
4,236,224 entitled "Low Roundoff Noise Digital Filter" issued to T.L.
Change describes recursive filters wherein the sample sums from the
combining means are truncated by dropping a number of least significant
bits. The effect of truncation Is reduced by scaling the dropped or
roundoff bits, delaying and subtractively combining the scaled roundoff
bits with the incoming signal and the delayed combined signal samples. 20
The foregoing systems tend to reduce anomalies produced by sample
truncation, however, the corrections applied are constrained to the
quantization value of the processed samples. In accordance with an aspect
of the present invention truncation errors are reduced by introducing
correction factors with effective higher resolution than the quantization
value of the processed samples. The present invention is a scaling circuit
for scaling binary samples by a factor of one or less. The 25  scaling
circuit includes a bit shifter for bit shifting applied samples by N
significant bit positions to scale the applied samples by a factor of 1/2N
(where N Is an integer), and truncating the bits of the bit-shifted
samples. An adder is serially coupled to the input of the bit-shifter.
Values are coupled to the adder to precondition the samples to be scaled so
that the bit-shifted and truncated samples are rounded to the nearest whole
value of the truncated samples. 30     The invention will now be described
by way of example with reference to the accompanying drawings in which:
FIGURE 1 is a block diagram of a digital recursive filter employing scaling
circuitry embodying the present invention, which recursive filter Is
arranged to perform noise reduction and separation of the luminance
component from composite video signal; 36    FIGURES 2, 3 and 6 are block
diagrams of digital scaling circuits embodying the present Invention, for
use in the FIGURE 1 circuitry; FIGURE 4A is a graphical representation of
the result of right shifting a binary value three significant positions and
truncating the shifted value to the original most significant bit
positions; FIGURE 4B is a graphical representation of the response of the
scaling circuit of FIGURE 2; 40      FIGURE 6 is a logic diagram of a
dither generating circuit for use in the FIGURE 3 circuit. In the Figures,
broad arrows interconnecting circuit elements represent multiconductor
connections for passing parallel-bit samples. Narrow arrows Interconnecting
circuit elements represent single conductor connections for serial bit
digital samples or analog signals. FIGURE 1 is a motion/noise adaptive
recursive filter for processing video signals. The circuitry 45
circumscribed by the dashed line boxes 21 and 31 defines the more general
system. The entire circuitry Shown in FIGURE 1 is directed toward the more
specific application of separating a luminance component from Composite
video signal. The circuitry circumscribed in the, dashed box 21 is a
recursive filter of the type generally described in U.S. Patent No.
4,485,403, and is adaptive by virtue of the capability to change the scale
factor K,, of so  scaling circuit 16. Noise reduced video signal is
available at the output connection, 27, of the video sample delay element
22. Alternatively noise reduced video signal may be taken from the input
connection 11 of the video sample delay element 22. Briefly, circuit 21
operates as follows. Video signal samples, Vx, to be processed are applied
from input port 10 to a subtractor 12. Delayed samples VDy from delay
element 22 are coupled to a second Input port 55  of subtracter 12  which
develops the difference samples (Vx VDY). The difference samples are
coupled via compensation delay element 14 to the input of scaling circuit
16. Scaling circuit 16 develops scaled 



difference sample Values Km(Vx-VDy which are coupled to an input port of
adder 20. Delayed samples VDY from delay element 22 are coupled via
compensation delay element 18 to a second input port of adder 20 3    EP O
196 825 B1 which develops the sample sums Vy given by (err) (err) 5 The
delay element 22 and the compensation delay elements 14 and 18 are designed
so that the samples represented by Vx and VDy correspond to like pixels of
succeeding frames. Compensation delay element 14 is required to afford
Circuitry 31 time to develop scale factors Km, for scaling circuit 16 on a
pixel-by-pixel basis, i.e. a sample-by-sample basis. Compensation delay
element 18 is provided to accommodate the io delay Introduced by both the
compensation delay element 14 and the scaling circuit 16. The samples VDy
correspond to the samples Vy delayed by one video frame period. Assuming
the system 21 Is in the steady state and there is no interframe image
motion and expanding equation (1) by substituting Vy forVDy with the
appropriate time shift and simplifying, it can be shown that the signal
component Vsy of Samples Vy equal the signal component, Vsx, of the Input
samples Vx.The noise 15 component VNy of the samples Vy Is reduced by the
factor 4K,/(2-Km). These results assume that the signal component Vsx Is in
component video form, I.e. either luminance or chrominance signal. However,
If the signal component V5s is a ohrominance component or composite video
Including a chrominance comporient, provision must be made to Invert the
phase of the chrominance component before it is fed back from the delay
element 22 to elements 12 and 20. Such chrominance component phase
inversion is known in the art of video, signal recursive filters. Assuming
that the input signal Is a composite video signal and no provision is made
for chrominance phase inversion. The samples Vsy will have a luminance
component VLy and a chrominance component Vcy. In the abseries of
interframe Image motion, the luminance component VLY will converge to a
value which Is equal in amplitude to the amplitude of the input luminance
component VLx. The chrominance component 25 VcY the absence of motion will
tend to converge to the value given by (err) The value of the scale factor
Km Is determined on a pixel-by-pixel basis according to the history of 30
interframe image motion for each pixel. If motion exists between the
current frame and the preceding frame the scale factor, Km. may be set to a
value of one in order not to incur a signal bandwidth reduction. When
interframe image motion ceases the scale factor Km Is established at a
value or a sequence of values less than one, which values are determined by
time desired for the system to converge to the steady state and the deired
amount of noise  reduction. For an example of a recursive filter which
determines the scale 35 factors as a function of both motion history and
the amplitude of frame-to-frame Image differences see U.S. Patent No.
4,240,106 entitled "Video Noise Reduction". The circuitry circumscribed by
the dashed box 31 generates the appropriate sequences of scale factors for
the scaling circults on a pixel-by-pixel basis. The scale factors or
control signals corresponding to scale factors are programmed in a read
only memory (ROM 38). ROM 38 produces the scale factors on its output ~w6
bus responsive to sigWnu Indicative of image motion and noise applied as
address codewords to its address input port. The address codewords are
supplied from Logic 46, comparator 30 and motion memory 34. Circuitry 31 is
responsive to the sample differences from subtractor 12. The luminance
components of input sample Vx and delayed samples Vy cancel in subtracter
12 when there Is no motion and will produce sample difference when image
changes occur from frame-to-frame. These luminance sample 45 differences
indicate motion. If the Input signal Vx contains a chrominance component
e.g. the input signal is composite video signal, the chrominance component
of VDy will be 180 degrees out of phase with the component of input samples
Vx, and they will add constructively In subtractor 12 even when there is no
motion. In order to detect motion from the sample differences the
chrominance component must first be removed from the sample differences.
This is accomplished by the low-pass filter 19 which has a 50 pass-band
designed to attenuate the frequency spectrum occupied by chrominance
signals. The luminance component of the sample differences from low-pass
filter 19 is applied to the absolute value circuit 28 which converts all of
the luminance sample differences to a single polarity, e.g. positive. These
samples are applied to a second low-pass  filter 32 which smooths the
output of the absolute value circuit. 



Output samples  from low-pass filter 32 are applied to one input of the
comparator 30 which compares 55  them to a refernce valuee from adder 42.
If the samples from low-pass filter 32 exceed the reference value,
comparator 30 provides a motion signal for the respective pixel sample, on
output connection 13. Low-pass filter 32, smooths the sample differences
from circuit 28, to preclude the comparator from developing a jittering
motion signal for successive samples. 4    EP 0196 825 B1 The motion - no
motion signals from comparator 30 are applied to a motion memory 34 which
delays them by one or more frame periods. The motion - no motion signals
and delayed motion - no motion signals from comparator 30 and motion memory
34 are coupled as partial address codewords to ROM 38 which outputs the
desired sequences of scale factors for scaling the respective circuits on a
pixel-by-pixel 6  basis. Table ll shows illustrative scale factors output
by ROM 38 for the possible combinations of current and delayed motion - no
motion signals. A "1" indicates motion has been detected and a "0"
indicates no motion has been detected. In Table 11 it is presumed that the
motion signal Is delayed by two frame periods and that signals delayed by
one and two frame periods are available from motion memory 34. 10
Table II Motion  Delayed 1  Delayed 2  Km Signal    Frame    Frames (err)
10             1       1 10             0       1 0        1          1
1/2 20                                0         1         0       1/2 0
0          1       1/4 0        0          0       1/8 Element 36 coupled
to low-pass filter 32 detects the smallest image sample difference in each
field or frame of video signal. The amplitude of this sample is presumed to
be a measure of the noise In the video signal. The minimum differences from
detector 36 are smoothed in low-pass filter 40 which is a digital filter
clocked at the field or frame rate. The output of low-pass filter 40 is
applied as one input to adder 42 and provides the base line for the
reference values coupled to comparator 30. Onto this baseline Is added a
motion threshold value VTH supplied by source 44. The motion reference
value coupled co comparator 30 is therefore noise dependent. The noise
related signal from low-pass filter 40 is also coupled to the address Input
of a range logic circuit 46. Range logic circuit 46 which may consist of a
priority encoder or a read only memory, generates partial address codewords
for ROM 38, which codewords correspond to amplitude ranges of the noise
related signals applied to its input. For each successively larger range of
noise related samples circuit 46 develops a codeword to condition ROM 38 to
select a different set of scale factors. The selected set of scale factors
will be used for the entire field or frame period to determine the scale
factor sequences for each pixel according to the state of Image motion
Involving each pixel. If the difference samples indicate that the noise
content of the input signal is relatively large, the scale 40 factors Km,
produced by ROM 38 will in general be relatively small and vice versa. The
set of scale factors K, listed in Table 11 correspond to a moderate range
of signal noise. If the signal noise falls into a smaller noise range the
programmed set of scale factor values for this range may be 1,1, 1, 1, 1/2,
1/2, 1/4, 1/4 and if the signal noise falls Into a larger range the set of
scale factor values may be 1, 1, 1, 1, 1/2, 1/2, 1/8, 1/32. In addition to
providing the sets of scale factors which are sequenced responsive to the
motion signals, ROM 38 provides the control signals to connection 59 of the
FIGURE 3 scaling circuit and connection 49 of the  FIGURE 5 circuit.' ROM
38 provides a "0" value on connection 59 when the address codewords from
ROM 45 indicate that the current range of noise values is other than the
smallest range, and a "1" value when the noise value is within the smallest
noise range. The number of noise ranges will nominally be determined by
user preference but it is anticipated that for most purposes three ranges
will be sufficient. ROM  38 produces a logic one value on connection 49
(FIGURE 5) for the first frames of no motion and zero values at other times
Referring to FIGURE 2,a scaling circuit 62, is shown which embodies the
present Invention and may be substituted for the scaling circuits 16 and 24
of the FIGURE 1 system. Scaling circuit 62 consists of a bit- 



shift and truncate scaler, 61, e.g. a barrel shifter, and an adder, 60,
coupled in series with its input port. Samples to be scaled are applied to
one input port, 15, of the adder and scaled and rounded samples are
produced at the output 25 of the bit-shifter. A value equal to 1/2K,
supplied from the motion adaptive circuitry 31, is applied to the second
input port of the adder 60 where K is the scale factor by which the sealing
circuit alters the applied samples. A shift control signal corresponding to
the scale factor K is applied to the bit-shifter from circuit 31. 5    EP
0196 825 B1 Referring to FIGURE 4A, the graph illustrates the output
produced by a bit-shift and truncate circuit in dividing respective input
values by 8. The ordinate corresponds to the value In units of scaled and
truncated value, and the abscissa corresponds to input values in units.
FIGURE 4A corresponds in part to the values listed in Table I. It is
apparent from the graph of FIGURE 4A that the simple bit-shift and truncate
function 5  produces a result which is biased negatively. The adder 60 in
the scaling circuit of FIGURE 2, adds an amount to offset the Input values
that are applied to the bit-shift and truncate circuit, by an amount
approximately equal to the bias introduced by the truncation. The amount
added is equal to 2N"- where N is the number of significant bit positions
that the bits of a sample are shifted rightward to effect scaling. Adding
the values 2N-1. to the samples to be scaled may be seen to compensate for
the truncation offset 10  as follows. The Input samples have values S. The
samples applied to the bit-shift-and truncate circuit have values (S+2N.1).
The scaled values output by the bit-shift and truncate circuit have values
(S 2Ny)/2N which is equal to (KS+ I). This indicates that every value KS
having a fractional part of * or greater is elevated to the next highest
whole number. FIGURE 4B illustrates the output values of the FIGURE 2
scaling circuit where the bit-shift and truncate 15 circuit is conditioned
to scale' applied samples by 1/8 and a value of four units is added to the
respective input values in adder 60. Each output level corresponds to an
input level extending approximately half way on either side of each
corresponding multiple of the scale factor. This corresponds to, within a
one-half least significant input bit value, a properly rounded, truncated
scaled input value. FIGURE 3 illustrates the details of a scaling circuit
16' which operates in accordance with the principles of the FIGURE 2
scaling circuit but which provides more accurately rounded output values.
The FIGURE 3 circuit may be substituted for the scaling circuit 16 of
FIGURE 1. In FIGURE 3, element 56 Is a scaling circuit and may be of the
type illustrated in FIGURE 2. In addition, elements 53 and 54 correspond to
a scaling circuit such as the one illustrated In FIGURE 2 with the
exception that the offset value applied to the adder 53 is a dithered value
rather than a constant equal 30 to 2N-1 25     The recursive filter 21 of
FIGURE 1 tends to average the samples applied to the circuit. Therefore,
the samples process by the scaling circuit 16 will tend to be averaged.
Thus, if different offset compensation values are added to the scaling
circuit (consisting of adder 53 and bit shift circuit 54) the truncated
values output by the bit shifter will tend to be averaged. Refer to FIGURE
3 and in particular elements .53, 54, 56 and 57. Samples to be scaled from
bus 15 are 30  applied  to one input port of adder 53, the output of which
is coupled to the Input port of bit-shift and truncate circuit 54. Bit
shift control signals corresponding to the requisite scale factor are
applied to circuit 54 from the motion adaptive circuitry 31. Truncation
offset compensation values are applied to a second input port of adder 53
from scaling circuit 56. Input values are applied to scaling circuit 56
from a dither signal generator 57. In the illustrated circuit, dither
generator 57 randomly generates values from zero to 15, 35  I.e. It
produces sixteen four Bit values. These values are scaled in circuit 56 by
a scale factor equal to 1/- (16Km) where Km iS the current scale factor by
which samples applied to input 15 are to be scaled. More generally the
scale factor, KD, applied to scaling circuit 56 is equal to 1/(Km times 2R)
where R Is the number of bits In the binry values produced by the dither
generator 57. The time average compensating value is (2N-1-o5 As an example
assume Km equals 1/8 and R equals 4. Then the scale factor KD equals 1/2.
The offset compensation values applied to adder 53 from scaling circuit 56
will therefore range from zero to 7. If these values are generated randomly
the average compensation value over time will equal 3.5. Note that this
value has a higher effective resolution than the least significant bit of
the applied values. As a result the scale rounded and truncated values
produced by circuit 54 will have a higher effective resolution than the
resolution of the least significant bit output by circuit 54. In relation
to FIGURE 4B,on the average,the output levels provided by the FIGURE 3
circuit will tend 



to be shifted rightward by 0.5 input units which corresponds to a rounding
to within one-quarter the input An alternative circuit for providing
dithered offset compensation values to adder 53 consists of a further 60
adder with its output connected to adder 53 and one input port connected to
ROM 38. To the second input of this adder,a value if minus one unit is
applied for alternate difference samples applied to bus 15. ROM 38 applies
values equal to     1/(2Km) to the other input of the adder. The offset
compensation values coupled to adder 53alternate between 1/(2Km) and
(1/(2Km)-1) the time average of which is (2N.1-0.5). The foregoing process
applies If the scale factor applied to the circuitry 16' Is held constant
for a length 55  of time sufficient to allow sample averaging.  If the
motion adaptive circuitry 31 applies a sequence of scale factors to the
circuitry immediately after motion stops, in order to cause the recursive
filter to converge rapidly, and each scale factor in the sequence is
applied for only e.g. one or two frame periods until the steady state scale
factor is applied, then during the application of the sequence of scale
factors It may be 6    EP 0196 825 B1 desirable to apply alternate offset
compensation values to adder 53. These alternate offset compensation values
may all be selected to equal a zero value. The compensation value during
this time Is somewhat arbitary because the system is not expected to
converge during the sequencing of scale factors but only to tend toward
convergence. To generate the zero valued offset compensation values the
scale factor KD may 5  be set to zero by the motion adaptive circuitry 31.
Alternatively, respective offset compensation values equal to (err)for.
each scale factor Km of the sequence, may be multiplexed to the adder 53
from the motion adaptive circuit 31. Scaling circuit 16  Includes
additional circuit elements 50, 51, 52 and 55 to add the values + 1, 0 and
-1 to the scaled output values from the bit-shift and truncate circuit 54,
when less noise reduction is required 10  on the current signal. The values
+ 1, 0 and -1 are added when the sample differences from subtractor 12
applied to the input of the scaling circuit 16' are positive, zero and
negative respectively. The effect of adding *1 to the scaled output values
is to lessen the effect of the scale factor, i.e. to Increase the scale
factor. The value of the scale factor modified In this manner Is equivalent
to the applied scale factor Km plus the reciprocal of the value of the
current sample difference applied to the input of the scaling circuit. 15
A signal on connection 59 from the motion adaptive circuit 31 enables the
circuit elements 50, 51 and 52. When the signal noise level is low or high
the signal on connection 59 Is high and low respectively. The 41, 0, -1
values are coupled to adder 55 on bus 58. The least significant bit of
these values is supplied from AND gate 52. the remaining bits are supplied
by AND gate 50 and all have the same value. Assuming that the signal
samples are processed in two's complement form a negative one is
represented by all 20  "ones", a positive one is represented by a "one."
least significant bit and all zeroes In the more significant bit positions
and a zero value Is represented by all zeroes. The control signal on
connection 59 is applied to respective inputs of AND gates 50 and 52. If
the noise level is high, the signal on connection 59 is low and both AND
gates 50 and 52 produce zero outputs producing all zero bits on bus 58.
Alternatively if the noise level is low and the control signal on
connection 25 59 is high the output of AND gate 50 will be controlled by
the sign bit of the sample differences which is connected to its second
input. if the sample difference is negative its sign bit is a one value and
AND gate 50 will develop all ones on the more significant bit lines of bus
58. if the sample difference Is positive, its sign bit is a zero value and
AND gate 50 will produce all zeroes on the more significant bit lines of
bus 58. AND gate 52 and consequently the least significant bit of bus 58 is
determined by the output of OR 30 gate 51 when the control signal Is high.
All of the bits of the difference samples are applied to respective inputs
of the OR gate 61. It any one of the sample bits, including the sign bit,
is non zero, indicating a non zero. sample difference,. OR gate 51 produces
a one value at its output which in turn conditions AND gate 52 to produce a
one on the least significant bit of bus 58. The bus 58 will have all zero
bit values for the condition that the control signal Is low or for the
condition 35 that the control signal Is high and all of the bits, including
the sign bit, of the sample difference are zero. Elernents 24 and 26 are
added and coupled with recursive filter 21 In order to process composite
video to produce a noise reduced luminance component with complete
cancellation of the chrominance compo- nent. To accomplish this, the
chrominance component Vcy must be made to converge to a steady state value
in the first frame of no motion. If this condition is obtained, a portion
of the input chrominance 40 component can be subtracted from Vy orto
completely cancel the chrominance component therein. Causing the
chrominance component to converge in the first frame after motion may be
achieved if three values for 



K, are applied which correspond to "one" for motion, 1/(2-Km) for the first
frame of no motion, and Km for successive frame periods of no motion. With
this sequence of scale factors Km,the chrominance component, Vcy converges
to KI/(2-Km) times the input chrominance component value in the first frame
of no motion. 45     Noise reduced luminance, with the chrominance
component cancelled, is available at the output port of 25. Samples from
delay element 22 are coupled via compensation delay element 23 to one input
port of adder 56 scaled sample differences from scaling circuit 24 are
coupled to a second input port of adder 26 sample difference from
subtracter 12 are applied to the input of scaling circuit 24. Output
samples, V., from the adder 26 are expressed by the equation 50 (err) where
Ko Is the scale factor applied to the scaling circuit 24. The values of the
scale factor K0 are "one" during interframe image motion, "one-half" for
the first frame of no motion, and Km/2 for succeeding frames. 55
Rearranging equation (3) and solving for the luminance component VLO and
the chrominance Vco (err) (err) 7    EP 0196 825 B1 From equations (4) and
(5) for Ko equal to "one" i.e. during motion periods, VLO and Vco are equal
to VLx and Vcx respectively. Thus, alternate means must be provided to
separate luminance and chrominance during motion intervals. An example of
such alternate means may be a low-pass filter connected in parallel 5  with
the recursive filter, which is switched into the circuit when motion is
detected. In the first frame of no motion, K. Is set to one-half. The
samples VDY correspond to the unaltered composite video Of the previous
frame. Since there is no motion the luminance component of signal, VDy, is
correlated with the luminance component of the incoming samples, but the
chrominance component Is shifted 180 degrees in phase. Under these
conditions, and with the scale factor Ko equal to one-half, the 10
luminance and chrominance components from equations (4) and (5) are (err)
(err) 15 which indicates that the chrominance component is completely
cancelled during this frame. For this inverval the system has functioned as
a frame comb filter with a luminance output. Note that during this frame
the chrominance component Vcy Is equal to VcxKm/(2-Km). These values will
be the values VCDY during the next frame period and succeeding frame
periods in which there is no interframe image motion. In the second and all
succeeding frame periods In which there Is no motion the scale factor K0 is
set equal to Km/2. Substituting this value for K( in equations (4) and (5)
and solving (err) (err) 25 indicating that for all non motion frames the
chrominance component is cancelled. For the above system the motion
adaptive circuit 31 provides the scale factors to scaling circuits 16 and
24. However, each set of scale factors will contain only three values as
indicated in Table Ill. Table Ill 30 (err) (err) (err) 35
(err) The value Km1 is variable  according to the noise content of the
input signal at 10. The scale factor (err) places a constraint on scaling
circuit 16. If the steady state scale factor Km Is chosen so that a
bit-shift and truncte type of scaling circuit may be employed for element
16, it will not be possible to realize the scale factor 1/(2-Km) with the
same scaling circuit. The scaling circuit 16" shown In FIGURE 5 is a
variation of the FIGURE 3 circuit with additional elements 90, 91, and 92
to provide scaling by reciprocal binary multiples and by a scale factor
which approximates the  factor the  factor  1/(2-Km). In FIGURE 5, elements
designated with like numbers as elements of equivalent elements are the
same or equivalent elements. During intervals that the  scaling circuit 16"
is conditioned to scale input samples by "1" or the 



reciprocal of a binary  multiple, elements 53, 54, 56 and 57 in FIGURE 5
operate as described with refrences to FIGURE 3.Gate 91n disabled
effectively disconnecting elements 90 and 91 from the circuitry. The output
of the scaling of the circuit which corresponds to the output of adder 92
is equal in value to the output of bit-shift and truncate circuit 54. When
it is desired to scale by the factor 1/(2-Km), the gate 91 is conditioned
by the motion/noise adaptive  circuit 31 4 to  couple  the divide-by-two
circuit, 90, between the adder 92 and the input bus 15. Concurrently, the
elements 53 , 54. 58 and 57 are programmed by circuitry 31 to scale the
input samples by K,,i/4. When so programmed, the composite scale factor of
circuit 16" Is (1/2 + K1/4). For Km equal to 2.N with N equal to 2. 3, 4
and 5. the maximum error of the composite scale factor with respect to the
scale factor 1/(2-Km) is 1.6 percent. And it can be shown that the FIGURE 5
scaling circuit will cause the chrominance component Vey to converge in
approximately five frame periods. The maximum amplitude of 8    EP 0 196
825 B1 the chrominance component contaminating the luminance signal output
from adder 26 is about 6 percent of the input chrominance amplitude and
this occurs for only one frame period and then rapidly decreases. Scaling
circuit 24 may be realized with e.g., a FIGURE 2 type circuit or a FIGURE 3
type circuit. The FIGURE 3 circuit is applicable even if there is no
subsequent circuitry to average the output samples from 5  elements 24 and
26 if the signal will be used to create a display on a kinescope. In this
Instance, the persistence of the kinescope phosphor coupled with the
relatively slow response time of the human eye tend to perform the
integration or averaging. FIGURE 6 is a psuedorandom number generator 57'
which may be substituted for the dither generator 57 of FIGURE 3. The
random number generator 57' is of conventional design and consists of the
cascade 10  connection of five one sample period delay stages 72-76. The
delay stages 72-76 are clocked synchro- nously at the Input sample rate f,
by clocking signal F. The input to the first delay stage is derived from
the output connection of delay stages 75 and 76 via exclusive OR gate 78.
The circle on the exclusive OR gate input connection coupled to the output
of stage 75 indicates that this input is an Inverting input. The feed back
connection conditions the outputs of all five delay stages 72-76, taken In
parallel, to successively is sequence through the five-bit binary numbers
corresponding to 0-31 (decimal). The sequence is not monatonic but rather
tends to be random. The output, 56, from generator 57' Is a sequence of
parallel four- bit values derived from the output connection of the last
four delay stages 73-76. Since the output 56 consists of four bit values of
the random sequence 0-31, it tends to be a random sequence of the numbers
0-15 (decimal). The random number generator 57' Is exemplary of a large
number of such circuits which 20 may be utilized for the purpose of
developing psuedorandom numbers in a given range. Claims 1. Scaling circuit
for scaling pulse code modulated (PCM) signal samples characterized by 25
a signal input port (15) for applying said PCM signal samples; shift and
truncating circuitry (61), having an Input port and having an output port,
said shift and truncating circuitry being arranged to shift the bit
significance of samples applied to its input to produce bit-shifted samples
and to truncate the bit-shifted samples to effect a scaling of samples
applied to Its input by 2-N where N is an Integer, the bit-shifted and
truncated samples corresponding to Input 30     samples scaled by a factor
of 2-N; an adder (60) having a first input and an output terminal
respectively coupled to said signal input port and the input port of said
shift and truncating circuitry, and having a second input port; and means
(38) coupled to the second input port of said adder for applying
compensating values to reduce rounding errors generated by truncation of
said bit-shifted samples. 35 2. The scaling circuit set forth in Claim 1
characterized in that the means coupled to the second input port of said
adder is a source of values of magnitude 2N-1. 3. The scaling circuit set
forth in Claim 2 further characterized by 40        means, having an input
port coupled to said signal input port, and having an output port, said
means for dividing applied samples by a factor of two; means for combining
samples from the output port of said shift and truncating circuit and from
said means for dividing applied samples by a factor of two, to generate
samples at. the output port thereof scaled by a factor of (err). 



45 4, The scaling circuit set forth in Claim 1 further characterized by
means coupled to said signal input port and the output port of said shift
and truncating circuit for incrementing said scaled samples by one unit for
positive PCM input samples, and decrementing said scaled samples by one
unit for negative PCM input samples. 50 5. The scaling circuit set forth in
Claim 1 characterized in that the means for applying compensating values
comprises: apparatus for generating a sequence of different compensating
values synchronous with said PCM signal samples, the time average of the
different values of said sequence being substantially equal to 56     the
value (2N.1-0.5). 6. The scaling circuit set forth In Claim 5 characterized
in that said apparatus for generating a sequence of different values
comprises a psuedorandom number generator.    the chrominance component
contaminating the luminance signal output from adder 26 is about 6 percent
of the input chrominance amplitude and this occurs for only one frame
period and then rapidly decreases. Scaling circuit 24 may be realized with
e.g., a FIGURE 2 type circuit or a FIGURE 3 type circuit. The FIGURE 3
circuit is applicable even If there is no subsequent circuitry to average
the output samples from 5 elements 24 and 26 if the signal will be used to
create a display on a kinescope. In this instance, the persistence of the
kinescope phosphor coupled with the relatively slow response time of the
human eye tend to perform the integration or averaging. FlGURE 6 is a
psuedorandom number generator 57' which may be substituted for the dither
generator 57 of FIGURE 3. The random number generator 57' is of
conventional design and consists of the cascade 10 connection of five one
sample period delay stages 72-76. The delay stages 72-76 are clocked
synchro- nously at the Input sample rate f. by clocking signal F,. The
Input to the first delay stage Is derived from the output connection of
delay stages 75 and 76 via exclusive OR gate 78. The circle on the
exclusive OR gate Input connection coupled to the output of stage 75
indicates that this input Is an Inverting Input. The feed back connection
conditions the outputs of all five delay stages 72-76, taken In parallel,
to successively 15  sequence through the. five-bit binary numbers
corresponding to 0-31 (decimal). The sequence is not monatonic but rather
tends to be. random. The output, 56, from generator 57' is a sequence of
parallel four- bit values derived from the output connection of the last
four delay stages 73-76. Since the output 56 consists of four bit values of
the random sequence 0-31, it tends to be a random sequence of the numbers
0-15 (decimal). The random number generator 57' is exemplary of a large
number of such circuits which 20 may be utilized for the purpose of
developing psuedorandom numbers in a given range. Claims 1. Scaling circuit
for scaling pulse code modulated (PCM) signal samples characterized by 26
a signal input port (15) for applying said PCM signal samples; shift and
truncating circuitry (61), having an input port and having an output port,
said shift and truncating circuitry being arranged to shift the bit
significance of samples applied to its input to produce bit-shifted samples
and to truncate the bit-shifted samples to effect a scaling of samples
applied to its input by 2N where N is an integer, the bit-shifted and
truncated samples corresponding to input 30     samples scaled by a factor
of 2 N; an adder (60) having a first input and an output terminal
respectively coupled to said signal Input port and the input port of said
shift and truncating circuitry, and having a second input port; and means
(38) coupled to the second Input port of said adder for applying
compensating values to reduce rounding errors generated by truncation of
said bit-shifted samples. 35 2. The scaling circuit set forth in Claim 1
characterized in that the means coupled to the second input port of said
adder is a source of values of magnitude 2N-1 3. The scaling circuit set
forth in Claim 2 further characterized by 40        means, having an input
port coupled to said signal input port, and having an output port, said
means for dividing applied samples by a factor of two; means for combining
samples from the output port of said shift and truncating circuit and from
said means for dividing applied samples by a factor of two, to generate
samples at the output port thereof scaled by a factor of (err). 



4  The  scaling circuit set forth in Claim 1 further characterized by means
coupled to said signal Input port and the output port of said shift and
truncating circuit for incrementing said scale samples by one unit for
positive PCM input samples, and decrementing said scaled  samples by one
unit for negative PCM Input samples. 50 5  The scaling  circuit set forth
in Claim 1 characterized in that the means for applying compensating values
comprises apparatus for generating a sequence of different compensating
values synchronous with said PCM signal samples, the time average of the
different values of said sequence being substantially equal to 55    the
value (err) 6. The scaling circuit set forth in Claim 5 characterized in
that said apparatus for generating a sequence of different values comprises
a psuedorandom number generator.    EP O 196 825 B1              (err) 7.
The scaling eircuit set forth in Claim 5 characterized in that the means
for applying compensating values includes a dither generator. The scaling
eircuit set forth in Claim 7 characterized in that said dither generator
comprises: 5         a psuedorandom number generator for developing
sequences of R-bit numbers; a scaling circuit coupled to psuedorandom
number generator for scaling said R-bit numbers by a factor (err)  and for
applying the scaled R-bit numbers to the second input port of said adder.
9. The sealing circuit set forth in Claim 8 further characterized by 10
means, having an input port coupled to said signal input port, and having
an output port, said means for dividing applied samples by a factor of two;
means for selectively combining samples from the output port of said shift
and truncating circuit and from said means for dividing applied samples by
a factor of two, to generate samples at the output port thereof sealed by a
factor of (err) 15 10. The scaling circuit set forth In Claim 1
characterized by a source of predetermined control signals corresponding to
different values N; means responsive to said PCM signal samples for
selectively applying said control signal to said shift and truncating
circuit to establish the scale factor 2-N of said circuit. Revendleatlons
1. Circuit d'dtalonnage pour multiplier des dchantillons d'un signal modul4
code par impulsion= s (PCM) caractdri$ par 26         une borne d'entree de
signal (15) pour appliquer lesdits dchantillons du signal PCM; un circuit
dce dala-ge et de troncation (61), ayant une borne d'entrte et ayant une
borne de sortie, ledit circuit do #4calqge et deo troncation dtant agenc6
pour d~caler les bits significatifs d'dchantillons appliquds a son entrdo
pour produire des dchentillons decalds et de bits et pour tronquer les
dchantillons ddcalds de bits pour effectuer une mutiplication
d'dchantillons appliques I son entree par 30    2zN ob N eat un entior, lee
dchantillons de bits decalds et tronquds correspondant aux echantillons
d'entree multiplies par un factour de 2 N; un additionneur (SO) ayant une
promibre entree et une borne de sortie respectivement coupiees a la borne
d'entr*w du signal et & la borne d'entree du circuit de ddcalage et de
troncatlon, et ayant une seconde borne d'Vnt4.r; et 36         un moyen
(3$) coupid a la seconde borne d'entrde dudit additionneur pour appliquer
des valeurs de compensation pour rdduire des orreurs arrondies produites
par troncation et des dchantillons de bits d~cald. 2. Lo circuit 'talonnage
selon la revendicatlon 1, caracterise en ce quo le moyen couple a la
seconde -46     borne d'entrje de l'additionneur precite est une source de
valeurs de grandeur 2'N". 3. Le circuit d'etalonnage solon la revendlcation
2, caract~ris4 de plus par un' moyen, Ayn t usne borne d'entrde coupide A
la borne d'entrde de signal precitee, ayant une borne do sortie, Ie4it
moyen divisant des echantillons appliques par un facteur de deux; un moyen
pour combiner lea echantillons de la borne de sortie du circuit de decalage
et de ftg  -          .t . ijelij E,, tt moyen do division d'Echantillons
appliques par un facteur do deux, pour mio'Fclui cje   a       4cWtilone &
lo borne de sortie de celul-ci multiplies par un facteur de (1/2 + 21N +
2). 



&  Le earirt cl'4todnn4g colon la revendication 1, caractdrisd de plus par
50         un moyon couplE & la borne d'entree de signal prdcitde et A la
borne de sortie du circuit de dtculg et 01  trgn8otion pr~citd pour
incrdmenter les echantillons multiplies prdclt~s d'une unite pour gin
4eha.ntillon d'entrre PCM positifs, et dclcrdmenter les echantillons
multiplies d'une unitE pour des 4chantilJng d'entrEo PI9M noatifs. w6  5
Le circuit d'4tolpnnago solon la revendlcation 1, caractdrisd en co quo le
moyen pour appliquer des valeurs de compensation comprend: un qispooltif
pour prqduire une sdquence de valours de compensation diffErentes
synchrones aux Echantillone du signal lCIM precites, la moyenne dans le
temps des valours differentes de ladite 10    EP 0 196 825 Bi            I
1          M ! li, sequence dtant sensiblement dgale  l la valour
(2N1'-0,5). L Le circuit d'4talonnage solon la revendication 5, caractdris6
en co quo le dispositif precite pour produire une saquence de valours
diff6rentes comprend un gdndrateur de nombre pseudoaldatolre. 6 7. Le
cirmuit d'Otalonnogo selon la revendication 1, caracterise en ce quo le
moyen precite des valeurs de compensation comprend un generateur de
tremblottement. 8. Le circuit d'dtalonnage selon la revendication 7, caract
rise on ce que le g6neratbur de tremblotoment 10     prdcitd comprond: un
gen~rateur de nombre psoudoal6atoire pour produire des sequences de nombres
de R-bits; un circuit d'dtalonnage couple au gqndrateur de nombre
psoudoaldatolre pour multiplier les nombres de R-Oits par un facteur 2N.R
et pour appliquer le nombre multiplie de R-bits a la seconde borne d'entroe
de l'additionneur preclte. 16 9. Le circuit d'dtalonnage selon la
revendication 8, caracterise de plus par un moyen, ayant une borne d'entreo
couplee a la borne d'entreo de signal precitdee et ayant une borne de
sortie, ledit moyen divisant les dchantillons appllques par un factour de
deux; un moyen pour s~lectivement combiner des echantfllons de la borne de
sortie de circuit de 20     d~calage et de troncation prdclt4 et dudit
moyen pour divisor les echantillons appliquds par un facteur do deux, pour
produire des echantillons a la borne de sortie de. celui-ci, multiplies par
un factour de (1/2 + 2ON + 2). 10. Le circuit dcdtalonnage selon la
revendication 1, caracterise par 25        une source de signaux de
commando pred6termines correspondant aux valeurs differentes N; un moyen
rdpondant aux 6chantlllons du signal PCM pr6cites pour appliquer
selectivement ledit signal de commando au circuit de d6calage et de
troncation prdcit6 pour dtablir le facteur d'echelle 2N dudit circuit. 30
PatentansprUch, 1. Skaliersehaltung zum Skalieren von pulscodemodulierten
(PCM) Signalabtastwerten, gekennzelchnet durch einen SignaleingangsanschluR
zum Anlegen der PCM-Signalabtastwerte; 35        eine Verschiebungs- und
Abbrochschaltung (61), welche einen Eingangsanschlue sowle oenen
AusgangsanschluB aufweist, ftr ein Verschleben der ihrem Eingang
zugefUhrten Abtastwerte ausgebil- dot Ist und bitverschobene Abtastwerto
erzougt sowie die bitverschobenen Abtastwerte abbrlcht urn ein Skalieren
der lhrem Eingang zugefUhrten Abtastwerte um 2.N zu bewirken, wobei N elne
ganze Zahl ist und wobei die bWtvorghobenen und abgebrochenen Abtastwerte
Eingangs-Abtastwerten entsprechen, 40     die mit dem Faktor 2,N skaliert
worden sind; oenen Addieror (60), der oenen ersten EingangsanschluR und
einen AusgangsanschluB, die mit dem Signaleinganggsnschluo bzw. dem
EingangsanschluD der Verschiebe- und Abbrechschaltung gekoppelt sind, und
onen zweiten OingangsanschluO aufweist; und eine mit dom zweiten
ElngangsanschluB des Addlerers gekoppelte Anordnung (38) zurn Anlegen von
Kompensiorungswerten zur Verringerung von Rundungsfehlem, die durch das
Abbrechen der b-ierm hobanen Abtlstworto entstehen. 3. Skaliorschalting
nach Anspruch 1, dadurch gekennzelohnet, daB die mit dem zwelten
Eingangsan- schuR dos Addierers gekoppelte Anordnung elne Quelle far Werte
der Grole 2N-1 Ist. 



60 a  $lkelLgrachaltung nach Anspruch 1, weiterhin gokennzelchnet durch
gine Ilnrichtung zurn Dividieren von angelegten Abtastwerten durch zwei,
welche olnen mit dem SignaleingangaanaehluRl gokoppelten ElngangsanschluS
sowie eonen AusgangsanschluB aufwelst und eine einrichtuung zum Kombinieren
von Abtastwerten vom AusgangsanschluB der Verschiebe- und 85
Abbrechachaltung und von der angelegte Abtastwerte durch zwei teilenden
Elnrichtung, um an Ihrem Ausgangsanschlul Abtastworte zu erzeugen, die mit
dem Faktor (* + 2  sN+2 ekaliert sind. 4. Skalierschaltung nach Anspruch 1,
weiterhin gekennzelchnet duroh slne mit dem Signaleingangsan- 11    EP 0
196 826 BI             I I!III  IIIj li 111 I I!I * C  L  M   S* schlmfi
und dern Aisgangsanschlufl der Verschiebe- und Abbrechschaltung gekoppelten
Einrichtung zuum Inkrementieren der skalierten Abtastwerte um eine Einheit
fUr positive PCM-Eingangsabtastwerte und zum Daekrqmentiergn der skalierten
Abtastwerte um eine Einheit fUr negative PCM-Eingangsabtast- 6 8
Skalierschaltung nash Anspruch 1, dadurch gekennzeiohnet, daB die Anordnung
zurn Anlegen der Kompene.ationewrtg sine Einriohtung zurn Erzeugen einer
Folge von verschiedenen Kompensations- werten synchron mit den
PCM-Signalabtastwerten enthfilt, wobei das zeitliche Mittel der
verschiedenen Warte ler Foige Im wp"sntiohen gleich dern Wert (21 -0,5)
ist. 10 6. Skaliersehultung noh Anspruch 5, dadurch gekennzelchnet, daB die
Einrichtung zurn Erzeugen elner Folge von verwhid Onon Werten einen
pseudostochastischen Zahlengenerator enthalt. 7. Skulieruchaltung naieh
Anspruch 5, dadurch gekennzelchnet, daB die Einrichtung zurn Erzeugen der
I6     Kompensationswerte ainen Zittergenerator enthalt. &
Skalierschaltung nagh Anspruch 7, dadurch gekennzeIchnet, daB der
Zittergenerator einen pseudostochastischen Zahlengenerator zurn Erzeugen
von Folgen von R-Bit-Zahlen, und eing mit dem pseud,.tchastischen
Zahlengenerator gekoppelte Skalierschaltung zurn Skalieren der R-Blt-Zahlen
mit dern Faktor 2N-R und zurn Anlegen der skalierten R-Blt-Zahlen an den
zwelten '  Eingangsanschluli d; Addierers enthalt. 9. Skalierschaltung nach
Anspruch 8, weiterhin gekennzeIchnet durch eine Anordnvnq ;zym Tellen von
zugefthrten Abtastwerten um den Faktor zwei, welche einen 25
Eingangsanschlul, der mit dem Signaleingangsanschlul gekoppelt ist und
eanen Ausgangsanschlull aufweiet, und gine Elnrlchtung  urum selektiven
Kombinieren von Abtastwerten vom Ausgangsanschluti der Verechiebe. und
Abbrechschaltung und von der die zugeftUhrten Abtastwerte um den Faktor
zwei teilenden Einrichtung. um an ihrem Ausgangsanschli Abtastwerte zu
erzeugen, die mit dern Faktor 30     (+*  Nt*2) skliert sind. 10.
Skalierschaltung nWh Anspruch 1, gekennzelohnet durch eine Quelle fUr
vorgegebone Steuersignale entsprechend verschiedenen Werten N und ein a,,uf
dig FQM-Signalabtastwerte reagierende Einrichtung zurn selektiven Anlegen
des Steuersi- 96     gnals an die Versohiebe- und Abbrechschaltung um den
Skaiierfaktor 2N dileser Schaltung festzuset- zen. : 4 50 55 12    


