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IIE2.-½ Pixel Interpolation in Both Directions for f8 of equation (1), one for the A or top field and one for 
the B or bottom field. A down sampling filter for the A field 
filter given by the following equation would be derived 
similarly to that of equation (1) but would include an 1/8 
sample shift: 

When both the horizontal and the vertical motion vectors 
are odd valued, the standard specifies a four way interpola-

5 
tion given by the following equation: 

[fAH-0.0104 -0.0057 0.1615 0.4130 0.3645 0.0973 -0.0156 
-0.0046] (124) 

Similarly, a down sampling filter for the B field given by the 10 

following equation would include an 1/8 sample shift in the 
opposite direction: 

l/sH-0.0046 -0.0156 0.0973 o.3645 0.4130 0.1615 -0.0057 
-0.0104] (125) 15 

Respective matching prediction filters would have to be 
derived for each of the fields in a manner exactly as 
previously described. 

IIE.-Drift Reduction for the Case of M Pixel 
Resolution Motion Vectors 

IIEl.-½ Pixel Interpolation in One Direction 

20 

l
a+b+c+d j 

4 
+0.5 

(127) 

Equation (127) shows how to handle the LSB of the calcu­
lated interpolated pixel. If a +b+c+d=S, and if S is evenly 
divisible by four ( case 1 ), the above operation is exactly 
equivalent to S/4. Otherwise, there are three other cases to 
consider (% denotes the modulo operation). In case 2, 
(S/4)%4=1, so that S/4=I.25. Equation (127) will reduce S/4 
by 0.25 (-¼ LSB). In case 3, (S/4)%4=2, so that S/4=I.5. 
Equation (127) will increase S/4 by 0.5 (+½ LSB). In case 
4, (S/4)%4=3, so that S/4=I.75. Equation (127) will increase 
S/4 by 0.25 ( +¼ LSB). 

Assuming all four cases are equally probable, then on 
average equation (127) requires an increase of (0-0.25 
+0.5+0.25)/4=1/8 LSB in the calculated interpolated predic­
tion pixel. Therefore, for the case of both horizontal and 
vertical odd valued motion vectors, the prediction output of 

25 FIG. 10 should be modified by adding 0.125 (equivalent to 
1/8 LSB) to the output of the vertical prediction filter 154 
and then rounding the prediction result to an eight bit integer 
before it is provided to the adder 108 of FIG. 5. 

As previously mentioned, motion vectors for MPEG-2 
encoded video have ½ pixel resolution. This ½ pixel reso­
lution means that, when a vertical or horizontal motion 
vector is odd valued, ½ pixel interpolation is required when 
forming a prediction from a full resolution reference or an up 30 

sampled reduced resolution reference, as is the case for the 
down converting decoder 100 of FIG. 5. The MPEG-2 
standard specifies that the ½ pixel interpolation for the case 
of either an odd valued horizontal motion vector or an odd 
valued vertical motion vector be calculated according to the 35 

following equation: 

(126) 

III.- Extension to Other Down Sampling Ratios 

It should be noted that, in the preceding section, both the 
horizontal and vertical down sampling have been effected by 
a factor of two . However, the method described is not so 
restricted, and may be extended to other down sampling 
ratios in a straightforward manner. For example, horizontal 
down sampling by utilizing a three point IDCT (instead of 
the above mentioned four point IDCT) results in horizontal 
down sampling by a factor of 8/3 and is well known in the 

where x and y are integers (assumed to be 8 bits) represent­
ing the values of full resolution reference pixels. 

This equation shows how to handle the least significant bit 
(LSB) of the calculated interpolated pixel. If x+y=S, and if 

40 art. The novel vertical methods described herein can be 
extended to down sampling by a factor, for example, of 8/5. 
A vertical filter f, similar to that of equation (1) may be used 
(perhaps one with somewhat less attenuation at higher 
frequencies). The down sampling process can be decom-

S is even, the above operation is exactly equivalent to S/2. 
45 posed into an up sample by five filter, then down sampled by 

eight. (Rational valued down sampling is well known). A 
minimum drift prediction filter may be derived from the 
down sampling filter f as previously described. 

But if S is odd, then S/2=I.5, where I is an integer, and 
equation (126) will effectively cause a round up to I+l. This 
increase from I.5 to 1+1 is equivalent to an increase of½ 
LSB. Assuming that on average, half the time S is even and 
half the time S is odd, equation (126) requires an average 
increase of ¼ LSB in the calculated interpolated prediction 
pixel. A decoder that linearly combines the calculation of S/2 
with other filtering operations (like the single step matrix 
operator of equation ( 66) executed by the vertical prediction 55 
filter 154 of FIG. 10) and that then rounds the result will 
effectively retain the fractional part of S (S=I.5 50% of the 
time instead of the desired I+ 1) until final rounding. Such a 
decoder, therefore, exhibits a DC prediction drift towards a 
darker picture until the next I frame. 

Certain modifications of the present invention have been 
so discussed above. Other modifications will occur to those 

practicing in the art of the present invention. For example, 
according to the description above, fourteen rows are used 
for performing a vertical IDCT during down conversion. 
However, any number of rows may instead be used. 

Accordingly, the description of the present invention is to 
be construed as illustrative only and is for the purpose of 
teaching those skilled in the art the best mode of carrying out 
the invention. The details may be varied substantially with­
out departing from the spirit of the invention, and the 

60 exclusive use of all modifications which are within the scope 
of the appended claims is reserved. Therefore, to more closely meet the requirements of 

equation (126) for operations such as that of equation (65) 
when the motion vector is odd valued, the prediction output 
from the vertical prediction filter 154 of FIG. 10 should be 
modified by adding 0.25 ( equivalent to ¼ LSB) to its output 65 

and then rounding the prediction result to an 8 bit integer 
before it is provided to the adder 108 of FIG. 5. 

What is claimed is: 
1. A method of down converting received frame and field 

DCT coded blocks to reconstructed pixel field blocks, 
wherein each of the received frame and field DCT coded 
blocks contains NxN values, the method comprising the 
following steps: 
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a) converting the received frame DCT coded blocks to 
converted field DCT coded blocks; 

34 
13. The method of claim 12 further comprising the post 

processing step of applying the following operator to the 
results of the operations recited in claim 12: 

[T] 

-/2 

b) performing a horizontal M point IDCT, a vertical N 
point IDCT, vertical spatial filtering, and down sam­
pling on the received field DCT coded blocks and on 5 

the converted field DCT coded blocks in order to 
produce residual and pixel field blocks, wherein at least 
the vertical spatial filtering and down sampling encom­
passes more than N points, and wherein N>M; and, 

wherein [T] is a horizontal IDCT opertor comprising M 

10 point DCT basis vectors. 
c) adding prediction reference pixels to the residual field 

blocks in order to form reconstructed pixel field blocks. 
2. The method of claim 1 wherein N=8>M. 
3. The method of claim 2 wherein M=4. 
4. The method of claim 1 wherein the down sampling of 15 

step b) is based upon a low pass symmetrical FIR filter. 
5. The method of claim 1 wherein the vertical IDCT and 

down sampling are combined as a single operator. 
6. The method of claim 1 wherein the vertical IDCT, 

spatial filtering, and down sampling are combined as a single 20 

operator. 
7. The method of claim 1 wherein step a) comprises the 

step of applying an unshuffling operator to the received 
frame DCT coded blocks in order to convert the received 
frame DCT coded blocks to corresponding converted field 25 

DCT coded blocks. 
8. The method of claim 7 wherein the vertical IDCT and 

down sampling are combined as a single operator. 
9. The method of claim 7 wherein the vertical IDCT, 

spatial filtering, and down sampling are combined as a single 30 

operator. 
10. The method of claim 7 wherein the unshuffling 

operator comprises a plurality of elements, and wherein all 
elements of the unshuffling operator are arranged to convert 
the received frame DCT coded blocks to corresponding 35 

converted field DCT coded blocks. 
11. The method of claim 7 wherein the unshuffling 

operator comprises a plurality of elements, and wherein the 
plurality of elements are arranged to convert a mix of the 
received frame DCT coded blocks and the field DCT coded 40 

blocks to converted field DCT coded blocks. 
12. The method of claim 1 wherein step b) comprises the 

step of applying an operator [Qa,,] to the received field DCT 
coded blocks, wherein [Qa;,] is given by the following 
equation: 

wherein [ d] is a down sampling filter generally having the 

45 

following structure: 50 

14. The method of claim 1 wherein steps a) and b) 
comprise the step of applying an operator [QL] to received 
macroblocks containing the frame DCT coded blocks, 
wherein [QL] is given by the following equation: 

[QL]=[d][US][IT] 

wherein [US] generally has the following structure: 

wherein [IT] is a vertical IDCT operator generally having 
the following structure: 

[F'T]T 0 

[IT] = 0 [FT]7 ... 

wherein [FT] comprises N point DCT basis vectors, wherein 
[ d] is a down sampling filter generally having the following 
structure: 

and wherein [ f] is a low pass symmetrical FIR filter. 
15. The method of claim 14 further comprising the post 

processing step of applying the following operator to the 
results of the operations recited in claim 14: 

[T] 

-/2 

wherein [T] is a horizontal IDCT operator comprising M 

55 point DCT basis vectors. 
16. The method of claim 1 wherein steps a) and b) 

comprise the step of applying an operator [QL] to received 
macroblocks containing mixed frame and field DCT coded 
blocks, wherein the operator [QL] is given by the following 

wherein [ f] is a low pass symmetrical FIR filter, wherein [IT] 
is a vertical IDCT operator generally having the following 
structure: 

[FT] 7 0 

[IT] = 0 [FTJ' 

and wherein [FT] comprises N point DCT basis vectors. 

60 
equation: 

[QL]=[d][OP] 

wherein [OP] is a matrix containing only [US][IT] elements 
for a picture having only frame DCT coded blocks, wherein 

65 [OP] is a matrix containing [IT] and [US][IT] elements for 
a picture having both frame and field DCT coded blocks, 
wherein [US] generally has the following structure: 
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r~ 
0 0 0 0 

···1 0 1 0 0 ... 

ru,1 ° r: 0 0 0 

···1 0 0 0 ... 

5 

wherein [IT] is a vertical IDCT filter generally having the 10 

following structure: 

[F71 7 0 

[IT] = 0 [FTf 15 

wherein [FT] comprises N point DCT basis vectors, wherein 
[d] is a down sampling filter generally having the following 20 
structure: 

r[f] 

[d] = l 0 

0 0 0 0 ••• 1 
0 [~] 0 0 ••• j 

and wherein [f] is a low pass symmetrical FIR filter. 

25 

17. The method of claim 16 further comprising the post 
processing step of applying the following operator to the 30 
results of the operations recited in claim 16: 

[71 

-,fi 

36 

r 

[fl 0 0 0 0 

···1 [do]= 0 0 [fl 0 0 ... 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[u] = 

[g,] 0 0 

0 [gi] 0 

0 [g,] 0 

wherein [g1] and [g2] are derived from the following equa­
tion: 

wherein [ d] is a down sampling filter generally having the 
following structure: 

/(0) ... f(n), 0 ... 

f(-n + 2) ... f(n), 0 . 

[d] = 0, f(-n + l) ... /(n), 0 ... 

... 0, f(-n+ I) ... /(-1) 

. .. 0,/(-3) 

... 0 

and wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical 
FIR filter. 

35 21. The method of claim 19 wherein, for field prediction 

wherein [T] is a horizontal IDCT filter comprising M point 
DCT basis vectors. 

18. The method of claim 1 wherein the frame and field 
DCT coded blocks have motion vectors associated 

40 
therewith, and wherein step c) comprises the following 
steps: 

cl) selecting the prediction reference pixels by use of the 
motion vector; and, 

c2) adding the selected prediction reference pixels to the 45 
residual field blocks to form reconstructed field blocks. 

19. The method of claim 1 wherein the frame and field 
DCT coded blocks have full resolution vertical and hori­
zontal motion vectors associated therewith, and wherein step 
c) comprises the following steps: 50 

cl) selecting the prediction reference pixels based on the 
full resolution motion vectors; 

c2) up sampling the prediction reference pixels; 
c3) down sampling the up sampled prediction reference 

55 
pixels; and, 

c4) adding the up sampled and down sampled prediction 
reference pixels to the residual field blocks to form 
reconstructed field blocks. 

for field pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[ d0][ LI][ u] 

wherein [ d0] is a down sampling filter generally having the 
following structure: 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[u] = 

[g,] 0 0 

0 [gi] 0 

0 [g,J 0 

20. The method of claim 19 wherein, for field prediction 60 where1·n [g1J and [g2J are der1·ved from the follow1·ng equa­
for field pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference lion: 
pixels: 

[d0 ][u] 

wherein [d0] is a down sampling filter generally having the 
following structure: 

65 

wherein [ d] is a down sampling filter generally having the 
following structure: 
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/(OJ ... /(nJ. 0 ... 

f(-n+2J ... /(nJ.D .. . 

[d] = 0, f(-n + lJ ... /(nJ, 0 .. . 

. .. 0,/(-n+lJ ... /(-lJ 

... 0, /(-3) 

. .. 0 
5 

38 

ro [fl O O O O ···1 
[d,] = l O O ~ [fl O O •• j 

wherein [ u] is an up sampling filter generally having the 
following structure: wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 

filter, and wherein [LI] is a linear interpolator generally 
having the following structure: 10 [g,] 0 0 

0 [gi] 0 

0 [g,] 0 
rl/2 1/2 0 0 ··· 1 

[LI] = l o 1 /2 1 /2 o •• • r 

22. The method of claim 19 wherein, for field prediction 
for field pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[d1][u] 

15 

[u] = 

wherein [g1] and [g2] are derived from the following equa­
tion: 

[ d]'{[ dY{ d]}-1 

20 wherein [ d] is a down sampling filter generally having the 
following structure: 

/(0) ... f(nJ, 0 ... 

wherein [d1] is a down sampling filter generally having the 25 

following structure: 

f(-n + 2J ... /(nJ, 0 .. . 

[d] = 0, f(-n + lJ ... /(nJ, 0 .. . 

... 0, f(-n+ lJ ... /(-lJ 

. .. 0, /(-3J 

. .. 0 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[g2] 0 0 

[u] = 
D [gi] 0 .. . 

D [g2] 0 .. . 

wherein [g1] and [g2] are derived from the following equa­
tion: 

wherein [ d] is a down sampling filter generally having the 
following structure: 

/(OJ ... /(nJ, 0 ... 

f(-n+2J ... /(nJ,0 .. . 

[d] = 0, f(-n + lJ ... /(nJ, 0 .. . 

. .. 0,/(- n+lJ ... /( - lJ 

... 0, /(-3) 

... 0 

and wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical 
FIR filter. 

23. The method of claim 19 wherein, for field prediction 

wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 
30 filter, and wherein [LI] is a linear interpolator generally 

having the following structure: 

35 

1/2 1/2 0 0 ... 

[LI]= 0 1/2 1/2 0 

24. The method of claim 19 wherein, for field prediction 
40 for frame pictures, steps c2) and c3) comprise the step of 

applying the following operators to the prediction reference 
pixels: 

[d0 ][u] 

45 wherein [d0] is a down sampling filter generally having the 
following structure: 

50 

55 

r [fl o o o o ... 
1 [do]=l O O [~] 0 0 ••• j 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[u] = 

[g2] 0 0 

0 [g,J 0 

0 [g,] 0 

for field pictures, steps c2) and c3) comprise the step of 60 

applying the following operators to the prediction reference 
pixels: wherein [g1] and [gJ are derived from the following equa-

[d1][LI][u] 

wherein [d1] is a down sampling filter generally having the 
following structure: 

65 

tion: 

[ d]'{[ dY{ d]}-1 

wherein [ d] is a down sampling filter generally having the 
following structure: 
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/(OJ ... /(nJ , 0 ... 

f(-n+2J ... f(nJ , 0 .. . 

[d] = 0, f(-n + l) ... f(n), 0 .. . 

... 0,/(-n+lJ ... /(-lJ 

... 0, /(-3) 

. .. 0 

and wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical 
FIR filter. 

5 

25. The method of claim 19 wherein, for field prediction 10 

for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[d0 ][LI][u] 

wherein [d0] is a down sampling filter generally having the 
following structure: 

15 

20 

25 
wherein [ u] is an up sampling filter generally having the 
following structure: 

[u] = 

[g2] 0 0 ... 

0 [gi] 0 

0 [g2 ] 0 ... 
30 

40 

ro [fl O O O O ···1 
[d,] = l O O O [fl O O ••• j 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[u] = 

[g,] 0 0 

0 [gi] 0 

0 [g,] 0 

wherein [g1] and [g2] are derived from the following equa­
tion: 

[ d]'{[ d]Tidl}-1 

wherein [ d] is a down sampling filter generally having the 
following structure: 

/(0) ... /(nJ, 0 ... 

f(-n + 2J ... /(nJ, 0 . 

[d] = 0, f(-n + lJ ... /(nJ, 0 ... 

... 0, f(-n+ lJ ... /(-lJ 

... 0,/(-3J 

. .. 0 

and wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical 
FIR filter. 

wherein [g1] and [g2] are derived from the following equa- 35 27. The method of claim 19 wherein, for field prediction 
tion: for frame pictures, steps c2) and c3) comprise a the step of 

applying the following operators to the prediction reference 
[ d]r {[ dY[ d]} - 1 pixels: 

wherein [d] is a down sampling filter generally having the 40 [d,][LI][u] 
following structure: 

/(OJ ... /(nJ, 0 ... 

/(-n+2J ... /(nJ,0 .. . 

[d] = 0, f(-n + l) ... /(nJ, 0 .. . 

... 0,/(-n+lJ ... /(-lJ 

... 0, /(-3) 

... 0 45 

wherein [ d1] is a down sampling filter generally having the 
following structure: 

wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 
filter, and wherein [LI] is a linear interpolator generally so 
having the following structure: wherein [ u] is an up sampling filter generally having the 

following structure: 

1/2 1/2 0 0 

[LI] = 0 1/2 1/2 0 

26. The method of claim 19 wherein, for field prediction 
for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[d,][u] 

wherein [d1] is a down sampling filter generally having the 
following structure: 

55 
[u] = 

[g,] 0 0 

0 [gi] 0 

0 [g,] 0 

60 wherein [g1] and [gJ are derived from the following equa­
tion: 

65 

[ d]'{[ djTidl}-1 

wherein [ d] is a down sampling filter generally having the 
following structure: 



US 6,628,714 Bl 
41 

/(OJ ... / (nJ. 0 ... 
f(-n+2J ... / (nJ.D .. . 

[d] = 0, f(-n + lJ ... /(nJ, 0 .. . 

. .. 0,/(-n+l J ... /(-lJ 
. .. 0, /(-3) 

... 0 

wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 
filter, and wherein [LI] is a linear interpolator generally 
having the following structure: 

rl/2 1/2 0 0 ··· 1 
[LI] = l o 1 /2 1 /2 o •• • r 

28. The method of claim 19 wherein, for frame prediction 
for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[d0 ][u] 

wherein [d0] is a down sampling filter generally having the 
following structure: 

[do] = [
do1 D l 
0 do2 

wherein d01 and d02 are given by the following equation: 

r[f] o o o o ... 
1 [d0i] = [d02 ] = l O O [fl O O ... j 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[gx2] 0 0 0 ... 

0 0 [gxi] 0 ... 

0 0 [gx2] 0 ... 

[u] = 
0 [gx2] 0 0 0 ... 
0 0 0 [gxi] 0 ... 
0 0 0 [gx2l 0 ... 

wherein [gx1] and [gx2] are derived from the following 
equation: 

wherein [ d] is a down sampling filter generally having the 
following structure: 

/(OJ ... / (nJ, 0 ... 
f(-n+2J ... / (nJ.O .. . 

[d] = 0, f(-n + lJ ... /(nJ, 0 .. . 

... 0, /(-n+l J ... /(-lJ 
... 0, /(-3J 

... 0 

and wherein [f]=f(-n+l) . . . f(n)=a low pass symmetrical 
FIR filter. 

5 

10 

15 

20 

25 

30 

42 
29. The method of claim 19 wherein, for frame prediction 

for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[ d0 ][ SLI][ u] 

wherein [ d0] is a down sampling filter generally having the 
following structure: 

[do]=[do1 0 l 
0 do2 

wherein d01 and d02 are given by the following equation: 

r[f] o o o o ... 
1 [d0i] = [d02 ] = l D O [~] 0 0 ••• j 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[u] = 

[gx2 ] 0 0 0 .. . 
0 0 [gxiJ O .. . 

0 0 [gx2 ] 0 

D [gx2 ] 0 0 0 
0 0 0 [gx1] 0 
0 0 0 [gx2 ] 0 

35 
wherein [gx1] and [gx2] are derived from the following 
equation: 

wherein [ d] is a down sampling filter generally having the 

40 
following structure: 

/(0) ... f(nJ, 0 ... . .. 0,/(-n+ IJ ... /(-lJ 
f(-n + 2J ... /(nJ, 0 ... . .. 0,/(-3J 

[d] = 0, f(-n + lJ ... / (nJ, 0 ... . .. 0 

45 

wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 
filter, and wherein [SLI] is a linear interpolator generally 

50 
having the following structure: 

r 1 /2 0 0 0 
l O I /2 0 0 

[SL/]= ro 1/2 0 0 

lo o 112 a 

.. 1 r 1 /2 

•• J l 0 

.. 1 r 1 /2 

•• J l o 

60 30. The method of claim 19 wherein, for frame prediction 

65 

for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[d1][u] 

wherein [ d1] is a down sampling filter generally having the 
following structure: 
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[dil=[du O l 
0 d12 

wherein d11 and d12 are given by the following equations: 

r

o [fl 0 0 0 

···1 [du]= 0 0 0 [/] 0 ... 

r

[/l 0 0 0 0 

···1 [d12l = 0 0 [fl 0 0 ... 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[gx,] 0 0 0 

0 0 [gxi] 0 ... 

0 0 [gx,] 0 ... 

5 

10 

15 

20 

44 

r[fl o o o 
[d02 ] = l O O [fl 0 

0 ••• 1 
0 ••• j 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[gx,] 0 0 0 

0 0 [gxi] 0 ... 

0 0 [gx2] 0 ... 

[u] = 
0 [gx2 ] 0 0 0 

0 0 0 [gxi] 0 ... 

0 0 0 [gx2] 0 ... 

wherein [gx1] and [gx2] are derived from the following 
equation: 

[ d]'{[ dY[ d]}-1 

[u] = 
0 [gx,] 0 

0 0 0 

0 0 

[gxi] 0 ... 
25 wherein [ d] is a down sampling filter generally having the 

following structure: 
0 0 0 [gx2] 0 ... 

wherein [gx1 ] and [gx2 ]are derived from the following 
equation: 

[d]T{[d]'Id]}-' 

30 

35 
wherein [ d] is a down sampling filter generally having the 
following structure: 

/(OJ ... f(n), 0 ... . .. 0,/(-n+l) ... /(-1) 

f(-n+2) ... f(n),0 ... . .. 0, /(-3) 40 
[d] = 

0, f(-n + l) ... f(n), 0 ... . .. 0 

and wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical 45 
FIR filter. 

31. The method of claim 19 wherein, for frame prediction 
for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 50 

wherein [d1] is a down sampling filter generally having the 
following structure: 

[dil=[du O l 
0 d12 

wherein d11 and d12 are given by the following equation: 

ro [/] 

[du]= l O 0 

0 0 0 ••• 1 
~ [/] 0 ••• j 

55 

60 

65 

/(0) ... f(n), 0 

f(-n + 2) ... f(n), 0 .. . 

[d] = 0, f( - n + l) ... f(n), 0 .. . 

. .. 0, f( - n+ l) ... /( - 1) 

... 0, /(-3) 

. .. 0 

wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 
filter, and wherein [SLI] is a linear interpolator generally 
having the following structure: 

r l~2 
0 0 0 .. 1 r 1~2 

0 0 0 

···1 1 /2 0 0 1/2 0 0 ... 

[SL/]= 

r ~ 
1/2 0 0 

r 1~2 
0 0 0 

···1 ···1 0 1 /2 0 ... 1/2 0 0 ... 

32. The method of claim 19 wherein, for frame prediction 
for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[d2 ][u] 

wherein [ d2] is a down sampling filter generally having the 
following structure: 

[d2]=[d21 0 l 
0 d22 

wherein d21 and d22 are given by the following equation: 

r O [/] 

[d21] = [dd = l O 0 

0 0 0 ••• 1 
~ [/] 0 ••• j 

wherein [ u] is an up sampling filter generally having the 
following structure: 
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[gx2] 0 0 0 

0 0 [gx,] 0 

0 0 [gx2] 0 

[u] = 
0 [gx,] 0 0 0 

0 0 0 [gxi] 0 ... 

0 0 0 [gxz] 0 ... 

wherein [gx1 ] and [gx2 ] are derived from the following 
equation: 

[dY{[d]T[dl}-1 

wherein [ d] is a down sampling filter generally having the 
following structure: 

/(0) ... f(n), 0 ... 

f(-n+2) ... f(n),0 .. . 

[d] = 0, f(-n + 1) ... f(n), 0 .. . 

. .. 0,/(-n+l ) ... /(-1) 

... 0, f(-3) 

... 0 

and wherein [f]=f(-n+ 1) ... f(n)=a low pass symmetrical 
FIR filter. 

33. The method of claim 19 wherein, for frame prediction 
for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[ d2][ SLfj[ u] 

46 

/(0) ... f(n), 0 ... 

f(-n + 2) ... f(n), 0 .. . 

[d] = 0, f(-n + l) ... f(n), 0 .. . 
5 

... 0, f(-n+ l) ... /(-1) 

... 0, /(-3) 

... 0 

wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 

10 
filter, and wherein [SLI] is a linear interpolator generally 
having the following structure: 

15 

20 

25 

r 1 /2 o o o 
l o 112 o o 

[SL/]= ro
0 

1/2 0 0 

l o 112 o 

. -1 r 1 /2 

•• J l o 

. · 1 r I /2 

•• J l 0 

0 0 0 1 
I /2 0 0 : :j 

: :1 
0 0 0 

1 /2 0 0 

34. The method of claim 19 wherein, for frame prediction 
for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[d3 ][u] 

wherein [ d3] is a down sampling filter generally having the 

30 
following structure: 

wherein [d2] is a down sampling filter generally having the 
following structure: 

35 
wherein d31 and d32 are given by the following equations: 

wherein d21 and d22 are given by the following equation: 

ro [fl O O O ••• 1 
[d2il=[d22l=lo o ~ [fl o ... j 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[gx2] 0 0 0 

0 0 [gxi] 0 

0 0 [gx2 ] 0 

[u] = 
0 [gx2 ] 0 0 0 

o o o [gx1J o 
0 0 0 [gx2] 0 

wherein [gx1] and [gx2] are derived from the following 
equation: 

[dY{[dY[dU-' 

wherein [ d] is a down sampling filter generally having the 
following structure: 

40 

45 

50 

55 

60 

65 

[d,il = r~ 0 [fl 0 0 

···1 0 0 0 [fl ... 

[d3i] = r~ 0 [fl 0 0 

···1 0 0 0 [fl ... 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[gx2 ] 0 0 0 

0 0 [gx1l 0 

0 0 [gx2] 0 

[u] = 
0 [gxz] 0 0 0 

0 0 0 [gx1] 0 

0 0 0 [gx,] 0 

wherein [gx1 ] and [gx2 ] are derived from the following 
equation: 

wherein [ d] is a down sampling filter generally having the 
following structure: 



US 6,628,714 Bl 
47 

/(OJ ... /(nJ. 0 ... 

f(-n+2J ... /(nJ.D .. . 

[d] = 0, f(-n + lJ ... /(nJ, 0 .. . 

. .. 0,/(-n+lJ ... /(-lJ 

... 0, /(-3) 

. .. 0 

and wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical 
FIR filter. 

5 

r l~2 
0 0 

1/2 0 

IWS
0 r: 1/2 0 

0 I /2 

48 

0 ___ 

1 

r 1 /2 0 0 0 

···1 0 ... 0 1/2 0 0 . .. 

0 ... j r I /2 
0 0 0 

···1 0 .. . 0 1/2 0 0 ... 

36. The method of claim 1 wherein down sampling is 
performed using a down sampling ratio of two. 

37. The method of claim 1 wherein horizontal down 

35. The method of claim 19 wherein, for frame prediction 10 

for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

sampling is by a rational factor 8/x, and wherein x=2, 3, 5, 
15 6, or 7. [d3 ]1.SLfj[u] 

wherein [d3] is a down sampling filter generally having the 
following structure: 

wherein d31 and d32 are given by the following equation: 

r

o o [fl 0 0 ••• j 
[d3i] = 0 0 0 0 [fl ... 

[d32] = r~ 
[fl 0 0 0 

···1 0 0 [fl 0 ... 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[gx,] 0 0 0 

0 0 [gx1l 0 

0 0 [gx,] 0 

[u] = 
0 [gx,] 0 0 0 

0 0 0 [gx1l 0 

0 0 0 [gx,] 0 

wherein [gx1 ] and [gx2 ] are derived from the following 
equation: 

wherein [ d] is a down sampling filter generally having the 
following structure: 

/(OJ ... /(nJ, 0 ... 

/(-n+2J ... /(nJ,0 ... 

[d] = D, f(-n + lJ ... /(nJ, 0 . 

... 0,/(-n+lJ ... /(-lJ 

. .. 0, /(-3) 

. .. 0 

wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 
filter, and wherein [SLI] is a linear interpolator generally 
having the following structure: 

20 

25 

30 

35 

38. The method of claim 1 wherein vertical down sam­
pling is by a rational factor 8/x, and wherein x=2, 3, 5, 6, or 
7. 

39. A method of decoding a received first DCT coefficient 
block to a reconstructed field pixel block comprising the 
following steps: 

a) applying a vertical operator and a horizontal operator to 
the first DCT coefficient block in order to produce 
intermediate residual or pixel values, wherein the ver­
tical operator is applied concurrently to the first DCT 
coefficient block and to coefficients in second and third 
DCT coefficient blocks, wherein the second DCT coef­
ficient block is above the first DCT coefficient block, 
wherein the third DCT coefficient block is below the 
first DCT coefficient block, and wherein the horizontal 
operator is applied to the first DCT coefficient block but 
not concurrently to the second and third DCT coeffi­
cient blocks; and, 

b) adding prediction reference pixels to the intermediate 
residual values to form reconstructed pixels. 

40. The method of claim 39 wherein step a) comprises the 
further step of applying a vertical down sampling filter 

40 operator in order to produce the intermediate pixel values. 
41. The method of claim 40 wherein the vertical down 

sampling filter operator is a matrix comprised of low pass 
symmetrical FIR filter elements. 

42. The method of claim 40 wherein the vertical operator 
45 and the vertical down sampling filter operator are combined 

as a single operator. 
43. The method of claim 42 wherein the first, second, and 

third coded DCT coefficient blocks are field DCT coded 

50 blocks, wherein step a) comprises the step of applying an 
operator [Ga;,] to the received field DCT coded blocks, 
wherein the operator [Qa,,l is given by the following equa-

55 

60 

tion: 

wherein [ d] is a down sampling filter generally having the 
following structure: 

65 wherein [f] is a low pass symmetrical FIR filter, wherein [IT] 
is a vertical IDCT filter generally having the following 
structure: 
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[FT] 7 0 

[IT] = 0 [FTf 

50 
all of the elements of the unshuflling operator are arranged 
to convert the frame DCT coded blocks of the first DCT 
coefficient macroblock and frame DCT coded blocks of the 
second and third DCT coefficient macroblocks into corre-

5 sponding field DCT coded blocks. 

wherein [FT] comprises N point DCT basis vectors, and 
wherein [T] is a horizontal operator comprising M point 
DCT basis vectors. 

56. The method of claim 48 wherein the first, second, and 
third DCT coefficient macroblocks are comprised of a mix 
of frame DCT coded blocks and field coded blocks, wherein 
step a) comprises the further step of applying an unshuffling 

44. The method of claim 43 further comprising the post 
processing step of applying the following operator to the 
results of the operations recited in claim 43: 

10 operator, wherein the unshuflling operator has a plurality of 
elements, wherein substantially all of the elements of the 
unshuffling operator are arranged to convert the mix of 
frame DCT coded blocks and field DCT coded blocks into 

[T] 

Y2 

wherein [T] is a horizontal operator comprising M point 
DCT basis vectors. 

15 

45. The method of claim 40 wherein down sampling is 
20 

performed using a down sampling ratio of two. 
46. The method of claim 40 wherein horizontal down 

sampling is by a rational factor 8/x, and wherein x=2, 3, 5, 
6, or 7. 

47. The method of claim 40 wherein vertical down 
sampling is by a rational factor 8/x, and wherein x=2, 3, 5, 25 

6, or 7. 
48. A method of decoding a received first DCT coefficient 

macroblock, having frame DCT coded blocks, to recon­
structed field pixel blocks comprising the following steps: 

a) applying a vertical operator and a horizontal operator to 30 

the first DCT coefficient macroblock in order to pro­
duce intermediate residual or pixel values, wherein the 
vertical operator is applied concurrently to the first 
DCT coefficient macroblock and to coefficients in sec­
ond and third DCT coefficient macroblocks, wherein 35 

the second DCT coefficient macroblock is above the 
first DCT coefficient macroblock, wherein the third 
DCT coefficient macroblock is below the first DCT 
coefficient macroblock, and wherein the horizontal 
operator is applied to each block of the first DCT 40 

coefficient macroblock but not concurrently to the 
second and third DCT coefficient macroblocks; and, 

b) adding prediction reference pixels to the intermediate 
residual values to form reconstructed pixels. 

49. The method of claim 48 wherein step a) further 45 

comprises the step of applying an unshuffling operator in 
order to convert the frame DCT coded blocks of the first 
DCT coefficient macroblocks and frame DCT coded blocks 

corresponding field DCT coded blocks. 
57. The method of claim 48 wherein the first, second, and 

third macroblocks comprise frame DCT coded blocks, 
wherein step a) comprises the step of applying an operator 
[QL] to the first, second, and third macroblocks, wherein the 
operator [QL] is given by the following equation: 

wherein [US] generally has the following structure: 

0 0 0 

0 ~ :: j 

0 ••• 1 
0 •• j 

1 0 0 

0 0 I 

wherein [IT] is a vertical operator generally having the 
following structure: 

[FT]T 0 

[IT] = 0 [FTf ... 

wherein [FT] comprises N point DCT basis vectors, wherein 
[ d] is a down sampling filter generally having the following 
structure: 

of the second and third DCT coefficient macroblocks into 
field DCT coded blocks. 

50. The method of claim 49 wherein step a) further 
comprises the step of applying a vertical down sampling 
filter in order to produce the intermediate residual or pixel 
values. 

50 and wherein [ f] is a low pass symmetrical FIR filter. 

51. The method of claim 50 wherein the vertical down 55 

sampling filter is a matrix comprised of low pass symmetri­
cal FIR filter elements. 

52. The method of claim 50 wherein down sampling is 
performed using a down sampling ratio of two. 

53. The method of claim 50 wherein horizontal down 60 

sampling is by a rational factor 8/x, and wherein x=2, 3, 5, 
6, or 7. 

54. The method of claim 50 wherein vertical down 
sampling is by a rational factor 8/x, and wherein x=2, 3, 5, 
6, or 7. 

55. The method of claim 49 wherein the unshuffling 
operator has a plurality of elements, wherein substantially 

65 

58. The method of claim 57 further comprising the post 
processing step of applying the following operator to the 
results of the operations recited in claim 57: 

[T] 

Y2 

wherein [T] is a horizontal IDCT filter comprising M point 
DCT basis vectors. 

59. The method of claim 48 wherein step a) comprises the 
step of applying an operator [QL] to the first, second, and 
third macroblocks: 

[QL][OP][d] 

wherein [OP] is a matrix containing only [US][IT] elements 
for a picture having only frame DCT coded blocks, wherein 



US 6,628,714 Bl 
51 

a [OP] is a matrix containing [IT] and [US][IT] elements for 
a picture having both frame and field DCT coded blocks, 
wherein [US] generally has the following structure: 

r~ 
0 0 0 0 

···1 0 0 0 ... 

[US]= 

r~ 
0 0 0 

···1 0 0 0 ... 

wherein [IT] is a vertical IDCT filter generally having the 
following structure: 

[FT] 7 0 

[IT] = 0 [FTf 

wherein [FT] comprises N point DCT basis vectors, wherein 
[ d] is a down sampling filter generally having the following 
structure: 

r[f] 

[d] = l 0 

0 0 0 0 ••• 1 
0 [~] 0 0 ••• j 

and wherein [f] is a low pass symmetrical FIR filter. 
60. The method of claim 59 further comprising the post 

processing step of applying the following operator to the 
results of the operations recited in claim 59: 

wherein [T] is a horizontal IDCT filter comprising M point 
DCT basis vectors. 

61. An apparatus arranged to reconstruct pixels from a 
target DCT coefficient macroblock comprising: 

a vertical operator having sufficient size to be applied 
concurrently to the target DCT coefficient macroblock 
and an adjacent DCT coefficient macroblock; 

a horizontal operator arranged to horizontally filter the 
target DCT coefficient macroblock in order to produce 

5 

52 
intermediate pixel values in conjunction with the ver­
tical IDCT filter; and, 

an adder arranged to add prediction reference pixels to the 
intermediate pixel values in order to form reconstructed 
pixels. 

62. The apparatus of claim 61 further comprising a 
vertical down sampling filter arranged to produce down 
sampled intermediate pixel values. 

63. The apparatus of claim 62 wherein the vertical down 
10 sampling filter is a low pass symmetrical FIR filter. 

64. The apparatus of claim 62 wherein the vertical opera­
tor and the vertical down sampling filter are combined as a 
single operator. 

65. The method of claim 62 wherein down sampling is 
15 performed using a down sampling ratio of two. 

66. The method of claim 62 wherein horizontal down 
sampling is by a rational factor 8/x, and wherein x=2, 3, 5, 
6, or 7. 

67. The method of claim 62 wherein vertical down 
20 sampling is by a rational factor 8/x, and wherein x=2, 3, 5, 

6, or 7. 
68. The apparatus of claim 61 wherein the target and 

adjacent DCT coefficient macroblocks are corresponding 
target and adjacent frame DCT coded macroblocks, and 

25 wherein the vertical IDCT filter includes an unshuffling 
operator arranged to convert the target and adjacent frame 
DCT coded macroblocks to corresponding converted target 
and adjacent field DCT coded macroblocks. 

69. The apparatus of claim 68 wherein the unshuffling 
30 operator and the vertical operator are combined as a single 

operator. 
70. The apparatus of claim 68 further comprising a 

vertical down sampling filter arranged to produce down 
sampled intermediate pixel values, and wherein the unshuf-

35 fling operator, the vertical operator, and the vertical down 
sampling filter are combined as a single operator. 

71. The apparatus of claim 68 wherein the unshuffling 
operator comprises a plurality of elements, and wherein all 
elements of the unshuffling operator are arranged to convert 

40 only frame DCT coded macroblocks to corresponding con­
verted target and adjacent field DCT coded macroblocks. 

72. The apparatus of claim 61 wherein the vertical opera­
tor includes an unshuflling operator arranged to convert a 
mix of frame and field DCT coded macroblocks to corre-

45 sponding converted field DCT coded macroblocks. 

* * * * * 




