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VIDEO LINE RATE VERTICAL SCALER 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] This invention relates to video processing and more 
particularly to a vertical scaling process and apparatus. 

[0003] 2. Description of the Prior Art 

[0004] It is a Well knoWn problem to convert raster 
scanned RGB video to a television format. RGB video in 
this context includes VGA, SVGA and XVGA; these are 
examples of component video formats for personal comput 
ers. RGB stands for the red, green and blue channels that 
comprise the complete RGB video signal. Television refers 
to the NTSC, PAL and SECAM television timing standards 
Which are used in television sets. Common television data 
formats are composite video and S-video (Y/C). Most com 
monly, RGB video from personal computers uses a non 
interlaced (progressive) scan While television uses interlaced 
scan. In eg NTSC television there are 525 horiZontal scan 
lines of analog video data per frame divided into even and 
odd interlaced ?elds of 262.5 lines each. Each NTSC 
television frame thus includes an odd ?eld and an even ?eld 
Which are interlaced to form one frame. The refresh rate for 
NTSC television is 30 frames per second (30 HZ) While the 
?elds are refreshed at tWice the frame rate Which for NTSC 
is 60 HZ. 

[0005] Television sets use a technique knoWn as overscan 
to insure that the picture ?lls the entire video display, (e.g. 
picture tube) framed Within the beZel. Unfortunately, this 
overscan technique, When applied to the output video signal 
from a personal computer, may result in a display image 
having truncated upper and loWer portions as Well as trun 
cated left and right portions. For a computer display image 
such truncation is not acceptable since useful information 
may appear in the truncated portions. Thus, in order to 
display a high resolution personal computer video image on 
a television set, the siZe of the image must be decreased to 
make the picture vieWable Within the beZel. For most 
commercially sold television sets, vertical overscan is about 
12%. Thus if the personal computer output display image is 
vertically scaled to ?t Within 400 horiZontal scan lines and 
the length of the active video scaled by 0.88, all of the 
display image Would appear on a television Without being 
truncated due to overscan. 

[0006] Another problem encountered With displaying 
VGA video on a television set is caused by the loWer frame 
rate of television, (50 HZ for PAL, 60 HZ for NTSC) 
contrasted With the relatively high refresh rates of VGA, is 
typically 60-75 HZ. 

[0007] US. Pat. No. 5,510,843 issued to Keene et al., 
incorporated herein by reference, describes this situation and 
an attempted solution. Keene et al, FIGS. 6 and 7A illustrate 
a ?ltering technique Which provides vertical scaling, Which 
means reducing the number of input lines to a feWer number 
of output lines in the output video signal. (“Lines” refers to 
video horiZontal scan lines.) Keene et al., describes vertical 
scaling to reduce the 480 VGA lines to 400 lines for a 
television output signal. Note that in a typical NTSC tele 
vision set (or monitor) a total of only 400 horiZontal scan 
lines are available for the actual active video, alloWing for 
the vertical blanking interval and overscan. 
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[0008] Since therefore it is often desirable to scale doWn 
or shrink video frames in a horiZontal or vertical direction, 
the scaling typically involves selectively reducing the num 
ber of pixels or roWs in the frame. 

[0009] Hence, While prior art solutions are available to the 
scaling problem, there is need for improvement, especially 
in vertical scaling, because most prior art vertical scaling 
methods require the support of external video memory, 
increasing cost and complexity. One prior approach, using 
linear interpolation does not include the ?icker ?lter func 
tion. Adecimating linear interpolator requires tWo line stores 
While the folloWing ?icker ?lter requires tWo line stores. 
Consequently, four line stores are needed. Also, certain prior 
implementations produce artifacts such as intensity modu 
lation in the vertical direction When the incoming column of 
pixels has alternate pixels on/off. 

SUMMARY 

[0010] This disclosure is directed to a line rate vertical 
scaling process and apparatus. The vertical scaling is the 
reduction of M active video lines to N active video lines by 
eg polyphase ?ltering and matching the active period of the 
M lines to the active period of the N lines. 

[0011] The line rate vertical scaling includes: (1) A 
polyphase ?lter to reduce the number of lines. In one 
example, nine lines are ?ltered doWn to eight lines. It may 
be easier in other embodiments to ?lter eight lines to seven. 
Also the Whole process may be programmable, for example, 
scaling With a range from 3%4 to 63/64 based upon repeating 
the scaling sequence every 64 lines. (2) Making the vertical 
active period of the incoming video source equal to the 
active video period of the outgoing TV signal. The horiZon 
tal scan rate is increased by 9/8 in one example. If the scaling 
factor is 7/8, then the frequency is increased by 8/7. (3) Flicker 
?ltering is inherent in one implementation because the 
?ltering is loW pass With polyphases. 

[0012] Thus in accordance With this invention, for line rate 
vertical scaling of video signals, scaling and ?ltering are 
combined into a single process, using a polyphase ?lter. The 
vertical scaling is implemented by processing columns of 
pixels. Only a feW pixels, e.g. four, are processed at any one 
time. The actual processing involves taking four successive 
pixels Which in the image are vertically adjacent and con 
volving them With an adaptive kernel With Weights (?lter 
coef?cients) preset by the line count to correctly interpolate 
the outgoing video line. Conversion in this case of 480 
incoming active video lines to e. g. 428 outgoing active video 
lines is executed modulo 9. Thus for every 9 incoming 
lines, there are 8 (n) outgoing lines. Each outgoing line is 
thereby the Weighted sum of the nearby incoming lines. 

[0013] In one embodiment, a ?eld buffer memory (e.g. 
frame store) is used in order to provide timing for dropped 
lines, and to accommodate a range of incoming vertical 
refresh rates and to accommodate standard VGA timing. In 
another embodiment the ?eld buffer memory is omitted and 
a much smaller FIFO (?rst in—?rst out) memory for only 
one or tWo lines is substituted. Therefore in this latter case 
While frame rate conversion is not available, the circuit may 
easily be implemented on a single integrated circuit. This 
latter embodiment requires that the incoming video frame 
rate equals the output video ?eld rate and that the incoming 
active video period equals the outgoing active video period. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 shows a portion of a video image (in terms 
of numbered pixels) for a raster display. 

[0015] FIG. 2 shoWs diagrammatically in accordance With 
the invention hoW nine incoming lines are ?ltered doWn to 
eight output lines. 

[0016] FIG. 3 is a block diagram of a vertical scaling 
circuit in accordance With this invention. 

[0017] FIG. 4 is a Waveform diagram for the circuit of 
FIG. 3. 

[0018] FIG. 5 is a block diagram of a second vertical 
scaling circuit in accordance With the invention Which does 
not use a frame store, but substitutes a FIFO therefore. 

[0019] 
FIG. 5. 

FIG. 6 is a Waveform diagram for the circuit of 

DETAILED DESCRIPTION 

[0020] Underscan as described above to correct for over 
scan can be divided into tWo processes: horiZontal and 
vertical scaling. HoriZontal scaling is conventional. Either 
the frequency of the incoming sampling clock ADCK is 
decreased or the frequency of the encoder pixel clock PXCK 
is increased. Reading pixels from memory in a shorter time 
moves them closer together on each scan line, thus horiZon 
tally scaling the image. Vertical scaling is more complex, 
requiring line, ?eld or frame stores and is the subject matter 
of this disclosure. 

[0021] As is Well knoWn, displays for PCs (personal 
computers) and television sets both use a raster scan format 
Where the CRT (cathode ray tube) spot is scanned from left 
to right in a short period (eg 32 microseconds) and from top 
to bottom in a longer period (eg 1/60 sec.). Each frame of the 
image consists of a collection of horiZontal scan lines Which 
are intensity modulated to form an image. For a 640x480 PC 
image (VGA), there are 480 visible (active) lines, each 640 
pixels long. Other VGA resolutions such as 800x600, 1024>< 
768 and 1280x1024 are frequently encountered. Common 
VGA vertical refresh rates are 60, 72 and 75 HZ. 

[0022] Images for PC displays are stored in frame buffer 
memory. Beginning at the top left-hand corner of the video 
picture (see FIG. 1) the pixels are stored in a linear sequence 
from left-to-right and from top-to-bottom. FIG. 1 thus 
shoWs the assignment of associated memory locations for 
the top left hand corner of the image, With each pixel 
numbered. 

[0023] The ?rst roW of pixels starts at location 00 and 
continues to the last pixel of the ?rst scan line, Which Would 
be number 639 for the 640x480 format. Other roWs of pixels 
folloW the ?rst roW. For the 640x480 format, the last roW 
Would be number 479. 

[0024] When such a raster image is digitiZed, the data 
format of FIG. 1 is retained. Vertical scaling is implemented 
by processing columns of pixels. For example, consider 
column 3. With a 640x480 image, to vertically scale doWn 
the image by 12% so as to eliminate overscan, the number 
of lines must be reduced from 480 to 426. 

[0025] Such line reduction (vertical scaling) is imple 
mented in accordance With the invention in the digital realm 
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by re-sampling after loW pass ?ltering a column of pixels to 
band limit the spatial frequencies. A polyphase ?lter loW 
pass ?lters and re-samples the column of pixels in one 
operation. The basic frequency response is virtually 
unchanged by the values of the coef?cients. Changing the 
phase of the ?lter response by manipulating the ?lter coef 
?cients sets the position of the interpolated samples. Deci 
mation occurs because n samples are reduced to m=n—1 
samples by ?ltering. Only a feW pixels need be processed at 
one time. For example, in one embodiment of this invention, 
one output pixel is generated by convolving the four shaded 
pixels 23, 33, 43, 53 in FIG. 1 With an adaptive kernel With 
?lter coef?cients preset by the line count to correctly inter 
polate the outgoing line. 

[0026] Integral in this resampling ?lter process is ?icker 
?ltering, an important and Well knoWn function incorporated 
into PC-to-TV video converters. Flicker ?ltering is imple 
mented in the polyphase ?lter. A loW pass ?lter having a 
cut-off set to at most 25% of the lines per picture height Will 
act as a ?icker ?lter. For example, With 480 active lines, 
there are 240 maximum incoming cycles, so one sets the 
bandpass of the ?lter to 120 lines per picture height to 
comply With Nyquist requirements. 

[0027] A polyphase ?lter used in accordance With this 
invention is a loW-pass ?lter With a ?xed cutoff frequency 
and a programmable delay. By changing the ?lter coef? 
cients of the kernel, the output can be time shifted by 
fractions of the clock period. For example, a Gaussian ?lter 
With coef?cients: 

[0028] 1A1, 1/2, 1A1, 0 
[0029] has approximately the same response as a ?lter 
With coef?cients: 

[0030] 1/8, 3/8, 3/8, 1/8 
[0031] but the output is delayed by 1/2 clock period. A one 
clock delay can be implemented by the coef?cients: 

[0032] 0, 1A1, 1/2, 1A1 

[0033] A useful property of a polyphase ?lter is that for a 
given cutoff frequercy, the output can be delayed in small 
increments. This is most important for vertical scaling 
because each output line is the Weighted sum of a cluster of 
e.g., 2 or 4 of incoming lines. 

[0034] Conversion of 480 incoming lines to 428 outgoing 
lines is executed e.g. module 9, so for every nine incoming 
lines, eight lines are outputted. Each outgoing line is a 
Weighted sum of the nearby incoming lines. 

[0035] FIG. 2 shoWs graphically in accordance With the 
invention the mapping of nine incoming lines (left column) 
to eight outgoing lines (second column) and the derivation 
of the associated ?lter coefficients (right column). At line 0, 
the samples line up. As the line count increases, the position 
of each outgoing line lags the incoming index by Vs for each 
increment as explained above. Each outgoing pixel is 
formed from the Weighted sum of either three or four 
incoming pixels as indicated by the arroWs. 

[0036] Outgoing pixel Zero (OPO) is formed from incom 
ing pixels IP1, IPO and IP8 (previous 8) With Weights 
(coefficients) 2, 4, 2, 0 in eighths. Pixel OP1 is formed from 
pixels IPO, IP1 and IP2. Each incoming line of pixels leads 
to an outgoing line of pixels, as indicated by the arroWs, until 
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line 4 is reached. Line 4 does not initiate an output. Instead 
pixels OP3 and OP4 are formed from four nearby lines With 
1, 3, 3, 1 Weights. 

[0037] This process is a convolution of incoming vertical 
data samples V(n) With a polyphase kernel, Pn(k) Which has 
coef?cients set by the index n of the incoming data sample. 
For any column of pixels on a raster display: 

[0038] Where: 

[0039] Pn(k)=2, 4, 2, 0 for n modulo 9= 0, 1, 2, 5, 6, 7 
(lines 0-2, 5-7); and 

[0040] 1, 3, 3, 1 for n modulo 9=3, 4 (lines 3, 4) 

[0041] Based upon a +9 counter incremented after each 
line, counts 0, 1, 2, 5, 6 and 7 each assign Weights 2, 4, 2, 
0 to the kernel; counts 3, 4 each assign Weights 1, 3, 3, 1. 

[0042] A frame store folloWing such a polyphase ?lter is 
useful for three reasons: timing can be corrected for dropped 
lines; a range of incoming vertical refresh rates can be 
accepted; and output TV video timing is standard. 

[0043] Consider a VGA output consisting of 480 active 
lines and 525 total lines refreshed at 60 HZ for a progressive 
scan. Since interlacing is merely the discarding of alternate 
lines on alternate frames, consider ?rst VGA to progressive 
scan conversion. A 12% underscan can be approximated by 
8/9th scaling to yield 426.7 lines; one uses 428 lines to avoid 
edge effects. If one truncates the last line at the loWer 
boundary of the picture, then a full intensity line could occur 
next to blank Which is black. Adding the extra line alloWs 
fading of the last line, avoiding ?icker effects. 

[0044] FIG. 3 is a block diagram of an exemplary circuit 
for performing this vertical scaling process. It is to be 
understood that typically this circuit is a portion of an 
integrated circuit Which performs a number of other func 
tions involved With VGA to NTSC/PAL television conver 
sion, such as the Raytheon TMC2360 Flicker Free Video 
Encoder Which is a commercially available product. The 
various blocks shoWn in FIG. 3 are each conventional and 
hence not shoWn in any further detail. The circuit shoWn on 
FIG. 3 is only for the function of vertical scaling and 
?ltering and does not perform the horiZontal scaling function 
or any of the other functions involved With VGA to televi 
sion conversion. In the FIG. 3 circuit the main input is 
digitiZed VGA video data input at port 10. It is to be 
understood that port 10 is an P bit parallel port Where P is 
equal to eg 8. In this case digitiZed VGA data refers to only 
one of the VGA components; the VGA components are 
typically R, G, B or Y, U, V. Therefore in actuality the circuit 
of FIG. 3 is replicated for instance three times for RGB, one 
for each of the R, G, and B VGA video components. 

[0045] The simplest but most expensive (circuitry inten 
sive) implementation is to use RGB processing With eight 
bits per channel for a total of 24 bits. Each pixel Would 
consist of 3x8 bits. Usually, one transcodes to the 16-bit 
YUV422 format Where Y is the luma signal and chrcma 
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signals: U=B—Y, V=R—Y. Y is sampled at full rate. U, V are 
sampled at half rate and multiplexed to form a full rate 
stream. With YUV422, one Would use tWo parallel ?lters. 
Since data samples proceed: YOYJLY2 and UOVOU2V2U4V4 
etc., for each line, the columns of pixels alWays contain the 
correctly aligned Y, U or V data. So both ?lters act correctly 
although they are entirely ignorant of the incoming data 
format. 

[0046] The other main signal input to the FIG. 3 circuit is 
the horiZontal clock signal HCK Which is input to a module 
9 counter 12. Such a counter, as is Well knoWn, increments 
from 0 to 8 and then resets to 0 folloWing the 8 count. 

[0047] The digitiZed VGA data input at 10 is coupled into 
a ?rst conventional line store (single horiZontal scan line 
memory) 16. The output signal from line store 16 is then fed 
to the second line store 18, the output signal from Which is 
coupled to a third line store 20. Thus one has three delayed 
video lines plus the original input video line at port 10. Since 
the sampling clock signal SCK clocks each pixel, these 
circuits operates individually on each pixel. (Note that 
typically, for NTSC, there are 800 SCK ticks and one HCK 
tick per horiZontal line.) Hence the line stores 16, 18 and 20, 
With reference to FIG. 1, are each outputting pixels 33, 43 
and 53 respectively While the digitiZed VGA data at port 10 
is pixel 23. These four pixels 23, 33, 43, 53 respectively, are 
then applied to an input terminal of each of four multipliers 
24, 26, 28 and 30. 

[0048] Decoder 38, Which operates in response to the 
count of counter 12, outputs a set of ?lter coef?cients to each 
of the multipliers 24, 26, 28 and 30. The value of these 
coef?cients (Weights) is thus dependent on the count of the 
counter 12. Hence, as described above, for lines 0, 1 and 2 
and 5 to 7 the coefficients are (2, 4, 2, 0) Whereas for lines 
3 and 4 the coef?cients are (1, 3, 3, 1). Hence this circuit is 
a loW pass ?lter With a ?xed cut off frequency and a 
programmable delay, the delay being adaptively determined 
by decoder 38 Which changes the coef?cients betWeen (2, 4, 
2, 0) and (1, 3, 3, 1). By thus merely changing the coef? 
cients of the kernel (?lter), the output signal is time shifted 
by fractions of the clock signal HCK as described above. 
The cutoff frequency is set by the ?lter coef?cients. 

[0049] The output signals (products) from each of the 
multipliers 24, 26, 28, and 30 are summed by adder 40 Which 
provides an n bit digital summed output signal Which is input 
to a ?eld memory (frame buffer) 44. Field buffer memory 44 
operates in response to Four control signals, Which are the 
Write reset, read reset, sample clock (SCK) and pixel clock 
(PXCK) signals. Write reset sets the Write pointer to memory 
location Zero; read reset sets the read pointer to memory 
location Zero; SCK is the incoming pixel clock; and PXCK 
is the outgoing pixel clock. At the beginning of each 
incoming frame the pointers are both reset. Field buffer 
memory is eg a ?eld memory, DRAM, SRAM, or other 
memory. 

[0050] The output signal from ?eld buffer memory 44 
provided on port 48 is sent to an encoder Which converts this 
digital data into analog data for display on a conventional 
television set. This encoder, being conventional, is not 
shoWn but is eg of the type of the Raytheon TMC2490 
encoder. Besides modulating the UV components on the 
subcarrier and adding the color burst, encoders also add 
composite sync (synchroniZation pulses), including horiZon 
tal and vertical sync. 
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[0051] Operation of the FIG. 3 circuit is illustrated by the 
Waveforms in FIG. 4 Which indicates processing of lines of 
data, each consisting of pixels clock by the SCK clock. 
HVGA refers to the VGA horizontal sync. HTV refers to the 
television horizontal sync. Each group of nine incoming 
lines is scaled to eight by the polyphase ?lter to convert 480 
lines to 428 lines. An output line is generated for every 
incoming line. HoWever, lines 3 and 4 initiate redundant 
outputs alloWing one of these lines to be dropped. In FIG. 
4, the dropped line is ?lled black on the “8/9 lines” Waveform. 

[0052] Since one line out of every nine has been dropped 
by the polyphase ?lter, the 428 lines are stored in the frame 
buffer in an uneven timing sequence during a 15.24 msec 

period. The 428 lines are read out of the frame store in an 

even timing sequence over a 13.54 msec period, as shoWn in 

Table 1: 

TABLE 1 

Frame Store Embodiment Process Timing 

Frame 
Buffer 

Unit VGA In Input Output Interlaced 

No. of 525 537 525 262.5 
Lines/?eld 
Vertical Hz 60 6O 6O 60 
Frequency 
Frame Period rnsec 16.67 16.67 16.67 16.67 
Horizontal kHz 31.5 31.5 31.5 15.75 
Frequency 
No. of Active 480 428 428 214 
Lines 
Active Period rnsec 15.24 15.24 13.54 13.54 
Blank Lines 45 45 98 49 
Blank Period rnsec 1.428 3.12 3.12 3.12 
Active Period rnsec 15.238 15.24 15.24 15.24 

[0053] At the input to the Frame Buffer Memory (“Frame 
Buffer Input”), the number of lines has been reduced but 
there are gaps Where lines have been ?ltered aWay. 

[0054] In another embodiment Where frame rate conver 
sion betWeen VGA and television can be omitted, vertical 
scaling is implemented in accordance With the invention 
Without a frame buffer (the ?eld memory). Then the timing 
of the VGA image source is altered such that the number of 
visible VGA lines (eg 480) occurs in the same time period 
(eg 13.54 msec.) as the outgoing lines (eg 427) for the 
necessary scaling factor (e.g. 0.89). There are three neces 
sary conditions to eliminate the frame buffer: 

[0055] 1) VGA Frame rate equals TV ?eld rate; 

[0056] 2) 480 active lines; 

[0057] 3) The VGA active video period equals the 
television active video period. 

[0058] The third condition is key, because then no frame 
buffer memory is required to change the time scale of the 
active period; only a single line FIFO memory is needed to 
average the line rate. Parameters for this embodiment are 
shoWn in Table 2: 
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TABLE 2 

FIFO Embodiment Process Timing 

VGA FIFO 
Unit In Input Output Interlaced 

No. of 591 537 525 262.5 
Lines/?eld 
Vertical Hz 60 6O 6O 60 
Frequency 
Frame Period rnsec 16.67 16.67 16.67 16.67 
Horizontal kHz 35.44 35.44 31.5 15.75 
Frequency 
No. of Active 480 427 427 213.5 
Lines 
Active Period rnsec 13.54 13.54 13.54 13.54 
Blank Lines 111 111 98 49 
Blank Period rnsec 3.12 3.12 3.12 3.12 
Active Period rnsec 15.24 15.24 15.24 15.24 

[0059] In the Table 2 embodiment, 8/9 scaling is used, as in 
Table 1. To create 480 active lines in 8/9 of the active time, 
the horizontal line rate is increased from 31.5 kHz to 35.44 
kHz. Instead of 525 lines per VGA frame, there are 591. 

[0060] FIG. 5 shoWs a circuit very similar to that of FIG. 
3 With similar elements identically labeled for this vertical 
scaling process Without a frame buffer. The only difference 
is that instead of the frame buffer memory 44, a FIFO 
memory 50 is substituted. The FIFO memory 50 stores only 
one or tWo lines. Hence the FIG. 5 circuit is more suitable 

for integration onto an integrated circuit, Without external 
memory, than is the FIG. 3 circuit, since it is usually 
considered dif?cult (expensive) to put an entire frame store 
on a single integrated circuit device With other circuitry. The 
FIFO memory 50 is timed by only tWo signals, the sampling 
clock signal SCK and the modi?ed clock signal SCK*8/9, 
Which is the SCK clock signal multiplied by 8/9. Hence SCK 
is the FIFO input (Write) clocking signal and SCK*8/9 is the 
FIFO output (read) clocking signal. 

[0061] Timing for the FIG. 5 circuit is shoWn in FIG. 6. 
The 480 active lines are converted to 428 lines using the 
polyphase ?lter. Nine incoming lines are mapped to eight 
outgoing lines, each a Weighted sum of three or four 
incoming lines. 

[0062] At the FIFO memory input, the horizontal fre 
quency of the eight outgoing lines is still 35.44 kHz. Average 
line rate in equals average line rate out, but the incoming 
lines have shorter periods. One of every m lines missing 
equalizes the rates. At this point, the image has been 
vertically scaled but the occurrence of the lines is interrupted 
once every nine lines. 

[0063] To convert this image to progressive scan for 
television, the one line FIFO memory 50 is provided in FIG. 
5. Every outgoing eight lines are noW evenly spaced over the 
period of nine incoming lines. Thus 425 lines are generated 
and 98 blank lines are appended to yield 525 lines per frame. 

[0064] For interlacing, the active video is divided into 240 
odd lines and 240 even lines. Odd and even lines are inserted 
into odd and even ?elds, each consisting of 262 1/2 lines for 
NTSC or 312.5 lines for PAL. To correct the line rate to 
15.75 kHz, for NTSC TV or 15.625 kHz for PAL, the FIFO 
memory is extended to tWo lines. 
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[0065] This disclosure is illustrative and not limiting. 
Further modi?cations Will be apparent to one skilled in the 
art in light of this disclosure and are intended to fall Within 
the scope of the appended claims. 

I claim: 
1. A method for vertical scaling of an incoming video 

image, the video image being an array of pixels, the method 
comprising the steps of: 

selecting at least four vertically adjacent pixels, 

convolving the selected piXels adaptively by predeter 
mined Weights; 

outputting a video image having n—1 vertical lines for 
every n lines of the incoming video image. 

2. The method of claim 1, Where n=9. 
3. The method of claim 1, Wherein the step of convolving 

forms each piXel in the output video image selectively from 
three or four piXels of the original video image. 

4. The method of claim 1, Wherein the step of convolving 
uses eXactly tWo sets of predetermined Weights. 

5. The method of claim 1, further comprising the step of 
storing an entire frame of the output video image, thereby to 
accommodate a plurality of refresh rates of the incoming 
video image. 

6. The method of claim 1, further comprising the step of 
storing tWo or less lines of the output video image. 

7. The method of claim 1, Wherein the step of convolving 
includes multiplying each of the selected piXels by one of the 
predetermined Weights, and adding the resulting products to 
arrive at a piXel in the output video image. 

8. An apparatus for vertical scaling of an incoming video 
image, comprising: 

an input port for receiving the incoming video image; 

at least three series-connected line stores being coupled to 
the input port; 
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at least three multipliers, each multiplier having a ?rst 
input port coupled to an output port of one of the line 
stores; 

a modulo n counter having an input terminal coupled to 
receive a video line clock signal; 

a decoder coupled to receive a count from the counter and 
storing at least tWo sets of coef?cients, having one 
coef?cient in each set for each multipliers, the decoder 
being coupled to a second input terminal of each 
multiplier; 

an adder coupled to receive a product from the multipliers 
and to sum all the products; and 

a memory to receive the summed products. 
9. The apparatus of claim 8, Wherein the memory is a ?eld 

buffer memory. 
10. The apparatus of claim 8, Wherein the memory is a 

FIFO memory. 
11. The apparatus of claim 8, Wherein n=9. 
12. The apparatus of claim 8, Wherein the coef?cients are 

such as to selectively convolve three or four piXels of the 
original video image. 

13. An apparatus for vertical scaling of an incoming video 
image, comprising: 

a port for receiving digitiZed incoming video data; 

a terminal for receiving a horiZontal line clock signal; and 

a polyphase ?lter coupled to received the digitiZed video 
data and the clock signal and Which convolves either 
three or four vertically adjacent piXels of the video data, 
using at least tWo different sets of coef?cients, the set 
of coefficients for each output piXel being selected 
depending on a count of the horiZontal line. 

* * * * * 


