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INTERSTITIAL LINE GENERATOR 

This invention relates to video signal processing 
circuitry as for converting interlaced scanned to non-

5 interlaced scanned signals. 

It is known to convert video signals from 
interlaced format to non interlaced format in order to 
improve the apparent quality of reproduced images. In this 

10 procedure, in each field of video signal, lines of video 
signal are artificially generated, to occur interstitial to 
the standard field lines. Typical methods for artificially· 
generating·the interstitial lines include: repeating the 
values of the real line occurring immediately before or 

15 after the interstitial line; averaging the real lines 
occurring spatially above and below the interstitial line; 
averaging the real lines occurring temporally before and ~ 

after the interstitial line; or a combination of the latter 
two methods. In the last mentioned method, spatially and 

20 temporally averaged lines are combined in proportions 
depending upon detected motion between image frames·. A 
further method for generating interstitial lines, called 
fixed interpolation, includes averaging signals from a 
plurality of lines from a plurality of fields (e.g. five), 

25 which lines are symmetrically disposed about the 
interstitial line position. 

Each of the foregoing systems have particul~r 
disadvantages. The repeat line systems generate jagged 
edges on diagonal lines. The spatial averaging system 

30 tends to exhibit a loss in vertical resolution. The 
temporal averaging system introduces motion artifacts. The 
motion adaptive system tends to be complicated and the 
per~ormance of known motion detectors is marginal. For low 
amplitude video signals motion detectors tend to be unable 

35 to discrimi.nate motion information from signal noise. 
Finally the fixed interpolator method is relatively 
expensive and does exhibit some motion artifacts. 
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The present invention is directed to providing a 

method and apparatus for generating interstitial video lines 

with minimized undesirable artifacts using a minimum of processing 

circuitry. 

The interstitial line generator of the present 
invention includes signal delay circuitry for concurrently 
providing a plurality of lines of video signal disposed 
about the location of the interstitial line to be 

10 generated. The relative values of the amplitudes of the 
signals representing the plurality of lines are compared. 
The signals exhibiting the maximum and minimum extremesare 
eliminated arid the remaining signals are combined in 
predetermined proportions to provide the interstitial 

15 lines. 

20 

25 

30 

Brief Description of the Drawings 
Figure 1 is a pictorial representation of 

horizontal lines of video signal in a plurality of 
successive fields o.f video signals. 

Figure 2 is a block diagram of a portion of a 
television receiver including an interlaced scan to non 
interlaced scan converter. 

Figure 3 is a block diagram of an interstitial 
line generator embodying the present invention. 

:. 

Figures 4 and 5 are block diagrams of alternative 
interstitial line generators. 

Figure 6 is a circuit diagram of a max(min) 
selector which may be utilized in the Figure 3 and 4 
circuitry. 

Figure 1 shows a portion of a plurality of field 
intervals n-2, n-1, n, n+l, of an interlaced video signal. 
A portion of the number of video lines in the respective 
fields are indicated by the dots (assuming the lines go 

35 into the paper). Even numbered lines occur in even 

-----·----------
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numbered fields and odd numbered lines occur in odd 
numbered fields. The x's indicate interstitial lines that 
are to be generated to produce a non-interlaced video 
signal from the interlaced signal. 

Figure 2 illustrates the typical environment for 
an interlaced-to-non-interlaced video signal converter. 
Baseband composite video signal from, for example, the 

tuner/IF circuitry, 10, of a televi.sion receiver is coupled 
to video signal processing circuitry 12. The processing 

10 circuitry 12 may include conventional luminance and 
chrominance separation circuitry, hue correction circuitry, 
contrast and saturation control circuitry, and circuitry 
for generating deflection and synchronization signals. 
Samples of the chrominance component signals, CR, are 

15 coupled to speed up circuitry 14 wherein they are stored at 

the normal or received sample rate and then read out twice~ 
at double the normal sample rate. .The twice sample rate 
chrominance component signals are applied to a matrix 

circuit 20. 
20 If desired, rather than simply repeating lines of 

chrominance signal, interstitial lines of chrominance 
signal may be generated using circuitry of the type to be 

described below for generating interstitial lines of 
luminance signal. 

25 The luminance component signal provided by the 
processing circuitry 12 is coupled to an interstitial line 
generator 16, and to a speed up circuit 18. The speed up 
circuit 18 loads the luminance component Y at the ·normal 

rate, and provides a twice rate real line of luminance 
30 signal. The output signal from the speed up circuit 18 is 

coupled to a first signal input connection of a 2 to 1 
multiplexer 24. 

The interstitial line generator 16, responsive to 

the luminance component Y, generates an imaginary or 

35 interstitial line Y
1 

of luminance signal. This 
interstitial line is applied to a further speed.up circuit 

22. The .speed up circuit 22 loads the interstitial line at 
the normal rate and outputs the line at twice the normal 
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rate. The twice rate interstitial line signal is coupled 
to a second input terminal of the multiplexer 24. The 
multiplexer 24 is controlled by a line rate square wave 
signal to alternately couple the twice rate real luminance 

5 signal YR and the twice rate interstitial luminance signal 
YI to a second input connection of the matrix 20, wherein 
the luminance and chrominance components are combined to 
produce primary color signals R, G, B for enerqizinq, for 
example, a display device (not shown). In the circuitry of 

10 Fiqure 2 it may be necessary to include compensatinq delay 
elements in ones of the chrominance and luminance signal 
paths to time align the respective signals. For example 
dependinq upon the particular interstitial line·· qenerator 
implemented; it may be necessary to delay the chrominance 

15 component c, and the real luminance component, YR, by a 
field interval. 

An exemplary interstitial line qenerator 
embodyinq the present invention for generating an 
interstitial line I (Figure l) is illustrated in Figure 3. 

20 In Figure 3 a video signal, for example the luminance 
component y from ·the processinq circuitry 12 of Figure 2 is 
coupled via a connection SO to a cascade connection of 
delay elements 52-56 which respectively provide luminance 
signal delayed by 262, 263 and 525 line intervals. The 

25 respective signals provided by delay elements 52-56 
correspond to the lines designated E, D, B in Figure 1. 
The input to delay element 52 corresponds to the lin~ 
designated G in Figure 1. 

The signal provided from the delay element 52 is 
30 coupled to respective first input terminals of a maximum 

detector 58 and a minimum detector 60. The signal provided 
by the delay element 54 is· coupled to respective second 
input connection of the maximum detector 58 and the minimum 
detector 60. The maximum and minimum detectors 

35 respectively pass the larger and smaller (in amplitude) of 
the two signals coupled thereto. 
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The signal provided by the maximum detector 58 is 

coupled to a first input connection of a minimum detector 

70. The signal provided by the minimum detector 60 is 

coupled to a first input connection of a maximum detector 
5 66. 

The input signal to delay element 52 is coupled 
to respective first input connections of a maximum 

detector, 62, and a minimum detector 64. Output signal 

provided by the delay element 56 is coupled to res~ective 
10 second input connections of the maximum detector 62 and the 

minimum detector 64. The maximum and minimum detectors 62 

and 64 respectively pass the larger and smaller of the two 
signals applied to their respective input connections. 

Output signal provided by the maximum detector 62 

15 is coupled to a second input connection of the minimum 

detector 70. Output signal provided by the minimum 

detector 64 is coupled to a second input connection of the 

maximum detector 66. 

The maximum and minimum detectors 58 and 60 

20 respectively pass the larger and smaller of the signals 

representing lines D and E. The maximum and minimum 

detector 62 and 64 respectively pass the larger and smaller 

of the signals representing the lines B and G. The maximum 
detector 66 passes the larger of the signals passed by the 

25 miminum detectors 60 and 64 thereby· excluding the smallest 

of the signals representing line B, D, E and G. The 

minimum detector 70 passes the smaller of the signals 

passed by the maximum detectors 58 and 62, thereby 
excluding the largest of the signals representing the lines 

30 B, D, E and G. 

The sigrtals passed by the minimum detector 70 and 

the maximum detector 66 are respectively coupled to the 

signal combining circuitry illustrated.as an adder 68. The 

output signal provided by the combining circuitry is 

35 normalized by the divide-by-two circuit 72, the output of 

which represents the interstitial line. 
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It is to be noted, that in selecting the signals 
to be combined to provide the interstitial line, the 

signals having the most similar amplitudes are not 

selected. Rather the signals whose amplitudes are the 

5 extremesof the available signals are eliminated. For 

example assume that signals B, D, E and G have amplitudes 
corresponding to O, 1, 20, and 22·units respectively. The 

signals 1 and 20 representing lines D and E will be 

combined, rather that the signals O and 1 or 20 and 22 
10 which have similar values. 

The apparatus illustrated in Figure 3 utilized 

information from four lines in three fields to generate an 
interstitial line and provides good performance for most 
images. Certain images, however, such as images with 

15 alternating light and dark lines, are not correctly 

reproduced using a four point system. These images may be~ 
properly handled by incorporating information from a 

greater number of image lines. The circuitry illustrated 

in Figure 4 utilizes information from eight image lines to 

20 form the interstitial line. The eight image lines are the 
lines designated A, B, C, D, E·, F, G and H in the Figure 

1. 

The circuitry shown in Figure 4 will perform 

either of two algorithms. The input signals applied to 

25 elements 410-414 are determinitive of the particular 
algorithm. For the first algorithm the signals A, o, F, c, 

E, H, B, and G, (from lines A-G) coupled to elements 

410-414 and shown not in parenthesis in Figure 4, are 

utilized. For the second algorithm the signals A, B, C, F, 

30 G, B, D, E (from lines A-G) coupled to elements 410-414 and 

· shown in parenthesis in Figure 4 are used. 
In the first algorithm ·signals from the lines A, 

D and F are examined and the two extremesare excluded. 

Signals from the lines C, E and B are also examined and the 

35 two extremesexcluded. The resulting signals from the 

examination of the lines A, O, F and c, E, B are compared 

with signals from the lines Band G, and the extremesof 

these four signals are excluded. The interstitial line is 
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then generated from the average of the remaining two 
signals. 

In the second algorithm signals from the lines A 
B and C are examined and the extremes of these signals are 

5 excluded. Signals from the lines F G and H are examined 
and the extremesof these signals are excluded. The 
resulting signals from the examination of the lines A, B, C 
and F, G, H are compared with the signals from the lines D 
and E and the extremesof these four samples are excluded. 

10 The interstitial line is generated from the remaining two 
signals. 

In Figure 4, signals from the lines A-H are 
provided by a tapped delay line 400 which includes the 
cascade connection of two 1-H delay elements, a 261-H delay 

15 element, a 1-H delay element a further 261-H delay element 
and two further 1-H delay elements. Signals from lines A 

:. 

and D are coupled to a maximum/minimum circuit 410 which 
provides the signals of lesser and greater amplitudes at 
output connections designated L and H respectively. Signal 

20 from the line F and the greater of signal from lines A and 
D, provided by circuit 410, are coupled to a minimum 
detector 411 which passes the signal having the lesser 
amplitude. The signal from the minimum detector 411 and 
the lesser signal provided by the circuit 410 are coupled 

25 to a maximum detector 420, which passes the greater of 
these two signals. The output signal from the maximum 
detector 420 is the signal from lines A D or F having the 
intermediate amplitude value. 

Signals from the lines C E and H are coupled to 
30 similar circuitry 412, 413 and 422. The circuit 422 passes 

the signal from the lines C, E, and H having the 
intermediate amplitude value. 

Signals from the circuits 420 and 422 are coupled 
to a maximum/minimum detector 424, which passes the s.ignals 

35 having the lesser and greater amplitudes at respective 
output connections L and H. Signals from the lines B and G 
are coupled to a maximum/minimum detector 414, which passes 
the greater of signals B and G at an output connection H, 
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and the lesser of signals B and G at an output connection 
L. 

The signals of lesser amplitude value provided by 
the maximum/minimum detectors 424 and 414 are coupled to a 

S maximum detector 426 which passes the greater of the lesser 
valued signals thereby excluding the relatively more 
negatively valued extremes. The greater valued signals 
provided by the maximum/minimum detectors 414 and 424 are 
coupled to a minimum detector 428. The minimum detector 

10 428 passes the lesser of the greater valued signals thereby 
excluding the relatively more positive extremes. The 
signals passed by the maximum detector 426 and the minimum 
detector 428 are summed in an adder circuit 430 to produce 
the interstitial line. 

15 Figure 5 illustrates a further alternative 
interstitial line generator. This circuitry develops an ~ 
interstitial line from four lines (B, O, E, G) as does the 
Figure 3 circuitry, but includes added signal information 
taken in the horizontal dimension along each of the four 

20 lines. In Figure 5 each of the blocks designated T
8 

is a 
delay element which provides a delay of an integral number 
of sample periods. The horizontal information along 
respective lines is first examined by the respective 
detectors DET1-0ET4, each of which excludes the relative 

25 extrema from each line. OET1-0ET4 may be configured in a 
manner similar to elements 410; 411 and 420 in Figure 4. 
The output signals representing the four lines, which are 
passed by the detectors DET1-DET4, are thereafter processed 
like the signals from four lines in the Figure J_apparatus. 

30 A still further embodiment may include circuitry 

35 

of the type shown in Figure 3 and circuitry of the type 
shown in Figure 4 with additional circuitry for combining, 
in predetermined proportions, the signals provided by the 
two circuits. 

Figure 6 illustrates circuitry which may· be 
implemented for the maximum and/or the minimum detectors. 
In the exemplary circuitry the applied signals are assumed 
to be in sampled data format occurring at a rate f s and 
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synchronous with a clock signal Fs. The signals may be 
parallel bit binary samples. The two input connections are 
designated Inl and In2. These input connections are 
coupled to the data input terminals of a pair of 110 11 type 

5 latches 77 and 79. The latches 77 and 79 store successive 
input samples responsive to a sample rate clock signal F . s 
The respective samples stored in the latches 77 and 79 are 

coupled to the minuend and subtrahend input terminals of a 

subtracter 81 and to the signal input terminals of a 
10 two-to-one multiplexer 82. The sign bit output connection 

of the subtracter 82 is coupled to the control input 
terminal of the multiplexer 82. If the sample applied to 
the terminal lnl is greater than the sampled applied to the 
terminal ln2, the sign bit of the difference generated by 

15 the subtracter will exhibit a "one" state and condition the 
multiplexer to pass the samp_le provided by the latch 77. 

-
Conversely if the sample applied to terminal In2 is greater 
than the sample applied to terminal Inl, the sign bit will 

exhibit a O state and condition the multiplexer to pass the 
20 sample provided by the latch 79. If the samples at both 

terminals Inl and In2 are equal it does not matter which 
sample is passed by the multiplexer. Samples provided by 
the multiplexer are coupled to a synchronizing latch 84 

which is clocked by the ~ample clock Fs. 
25 As set forth above the circuitry of Figure 6 

operates as a maximum detector. This circuitry can be 
arranged to operate as a minimum detector by either 

interchanging the signal input connections to the 
multiplexer 82 or complementing the sign bit used to 

30 control the multiplexer 82. 
The foregoing circuitry has been configured for 

processing NTSC signals. Signals formatted in other 

broadcast standards may be processed by appropriately 

altering ones of the delay elements. For example PAL 
35 signals may be processed using circuitry of the type shown 

in Figure 3 if the delay elements 52 and_56 are designed to 

provide delay intervals of 312 line periods. 
----·-····------------·--·- ·----···:----
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CLAIMS: 
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1. Video signal processing apparatus for increasing the 
number of raster scan lines of a displayed image including an 
interstitial line generator comprising: 

a video signal input terminal (50); 
means (52,54,56) coupled to said input terminal for 

producing a plurality of relatively delayed signals representing 
horizontal lines disposed temporally and spatially about the location 
of an interstitial line; 

means (58,60,62,64,66,70) responsive to said plurality of 
relatively delayed signals for excluding the relatively positive and 
relatively negative extremes of said plurality of relatively delayed 
signals; and 

means (68) for combining the remaining of said relatively 
delayed signals in predetermined proportions to generate said 
interstitial line of signal. 

2. The apparatus set forth in Claim 1 wherein the means 
for providing a plurality of relatively delayed signals includes: 

first and second delay elements, each providing a: delay 
of 262 horizontal line intervals; 

a third delay element providing a delay of one horizontal 
line interval; and 

·means for cascade coupling said first delay element, said 
third delay element and said second delay element in the order 
recited, and wherein said plurality of relatively delayed signals are 
provided at an input terminal of said first delay element and at 
respective output terminals of said first, second and third delay 
elements. 

3. The apparatus set forth in Claim 2 wherein the means 
for excluding the relatively positive and relatively negative extremes 
comprises: 

first and second means having respective first input 
connections coupled to the input terminal of said first delay element 

-- -----------·--
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(Claim 3 Continued) 

and respective second input connections coupled to the output 

terminal of said second delay element, said first and second means 

for passing respectively the larger and smaller of two signals applied 

to their respective first and second input connections; 

third and fourth means having respective first input 

connections coupled to the output terminal of said first delay 

element and having respective second input connections coupled to 

the output terminal of said third delay element, said third and fourth 

means for passing respectively the larger and smaller of two signals 

applied to their respective first and second input connections; 

fifth means, coupled to said first and third means, for 

passing the smaller of two signals passed thereby; 

sixth means, coupled to said second and fourth means, for 

passing the larger of two signals passed thereby; 

said fifth means excluding said relatively positive :. 

extremes and said sixth means excluding said relatively negative 

extremes. 

4. An interlace to non-interlace scan converter including 

an interstitial line generator comprising: 

an interlace scan video signal input terminal (IN); 

means (400) responsive to said input interlace scan video 

signal for providing a vlurality of relatively delayed video signals 

representing video signals from a plurality of field intervals; 

first means (410,411,420), responsive to a first subset of 

said plurality of relatively delayed video signals for excluding the 

relative extremes thereof and passing at least a first signal 

representing at least one of said relatively delayed video signals 

from said first subset; 
second means (412,413,420), responsive to a second 

subset of said plurality of relatively delayed video signals for 

excluding the relative extremes thereof and passing at least a second 

signal representing at least one of said relatively delayed video 

signals of said second subset; 

- -- - - ---- ----------
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(Claim 4 Continued) 

third means (414,424,426,428), responsive to a third 
subset of said plurality of relatively delayed signals, said at least 
first signal and said at least second signal, for excluding the relative 
extremes thereof and for combining ( 430) the remaining signals of 
said third subset, said at least first signal and said at least· second 
signal in predetermined proportions to generate said interstitial line . 
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