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ABSTRACT

DCT-based digital video coding standards such as MPEG
and H.26x have been widely adopted for multimedia appli-
cations. Thus video processing in the DCT domain usu-
ally proves to be more ef£cient than in the spatial domain.
To directly convert an inter-coded frameinto an intra-coded
frame in the DCT domain, the problem of DCT domain in-
verse motion compensation was studied in [1]. Since the
data is organized block by block in the DCT domain, DCT
domain inverse motion compensation is computationally in-
tensive. In this paper, alook-up-table (LUT) based method
for DCT domain inverse motion compensation is proposed
by modeling the statistical distribution of DCT coef£cients
in typical images and video sequences. Compared to the
method in [1], the LUT based method can save more than
50% of computing time based on experimental results. The
memory requirement of the LUT is about 800 KB whichis
reasonable. Moreover, the LUT can be shared by multiple
DCT domain video processing applications running on the
same computer.

1. INTRODUCTION

With the emergence of video compression standards such as
MPEG and H.26x, compressed digital video bit streams are
widely used for high eff£ciency of storage and transmission.
However, the compression schemes based on a combination
of Discrete Cosine Transform (DCT) and Motion Compen-
sation (MC) do not lead to easy manipulation and compo-
sition of the compressed video. There are two general ap-
proaches for processing compressed video bit streams. spa-
tial domain processing and DCT domain processing. In spa-
tial domain methods, the video bit stream is £rst fully de-
compressed to the spatial domain, then processed in the spa-
tial domain, and £nally re-compressed for storage or trans-
mission. In DCT domain methods, the video bit stream is
£rst partially decoded to the DCT domain, then processed
in the DCT domain, and £nally re-encoded. DCT domain
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Fig. 1. DCT domain inverse motion compensation.

processing methods prove to be more ef£cient than spatial
domain methods [1, 2] due to the following reasons. A)
smaller data volume to be processed since DCT blocks are
sparse; B) lower computational complexity due to elimina
tion of the process of IDCT-DCT . In DCT domain video
processing methods, DCT domain inverse motion compen-
sation isusually used to convert an inter-coded frameinto an
intra-coded frame for video manipulation and composition.
Since the data is organized block by block in the DCT do-
main, DCT domain inverse motion compensation has high
computational complexity.

This problem was studied by Chang et al. [1]. The gen-
eral setup isshownin Fig. 1, where i can be expressed as a
superposition of the appropriate windowed and shifted ver-
sionsof x1, 22 3 and x4, i.€,

4
r= Z qi1%i9qi2 )
i=1

where ¢;;,i = 1,...,4,5 = 1,2 are sparse 8 x 8 matri-
ces of zeros and ones that perform windowing and shifting
operations. For example, fori =1,

q11=(8g) Q12:(Zg) )

where I;, and I, are identity matrices of dimension i x h
and w x w, respectively. The values h and w are determined
by the motion vector of Z. By using the linear, distributive



and unitary properties of DCT, it follows that

4
X = ZQilXiQiz (3)

i=1

where X, X;, Q;; and Q;» are the DCT’s of i, x4, ¢;1 and
gi2, respectively.

Merhav et al. [2] proposed a fast agorithm to compute
(3) by factorizing the £xed matrices Q) ;; into aseriesof rela-
tively sparse matrices instead of fully pre-computing them.
Hence, some of the matrix multiplications can be avoided
by simple addition and permutation operations. Assuncao
et al. [3] approximated the elements of (;; by binary num-
bers with amaximum distortion of 1/32 so that al multipli-
cations can be implemented by shifts and additions. They
showed that in terms of operations (shift, add) required,
their algorithm has only 28% of the computational com-
plexity of the method proposed by Merhav et al. [2]. While
al these methods utilize 2-D implementations, Acharya et
al. [4] decomposed the problem into two separate 1-D prob-
lems. This decomposition proves to be more ef£cient than

computing the combined operation. In (3), we have Q12> =
def def def

Q32 = Qu0, Q22 = Qa2 = Q1 and Q11 = Q21 = Qyo,
Qs1 = Qu < Q1. By using the separable scheme, (3)

can be implemented as follows:

Go = X1Quo+ XoQu1 (4
G1 = X3Qz0+ X4Qu1 )
X = QuGo+QuGi (6)

where Gg and G; are two intermediate blocks generated
by horizontally shifting and windowing X;,i = 1,2, 3,4,
respectively.

In this paper, a look-up-table (LUT) based method for
DCT domain inverse motion compensation is proposed by
modeling the statistical distribution of DCT coeffcients in
typical images and video sequences. By pre-computing the
multiplication resultsin (4 — 6) for those DCT coef£cients
with absolute value bel ow acertain threshold, the LUT based
method can save more than 50% of computing time, relative
to Chang's algorithm [1]. The memory requirement of the
LUT isabout 800 KB which is reasonable based on the cur-
rent computer memory capacity. Moreover, the LUT can be
shared by multiple DCT domain video processing applica-
tions running on the same compuiter.

2. THELUT BASED METHOD

2.1. Modelingdistribution of DCT coef£cients

All DCT coeffcients in MPEG or H.26x coded images are
guantized to integerswith value ranging from -2048 to 2047.
Since the DCT concentrates most of the signal energy into

relatively few coef£cients, most AC coeffcients have small
values. The distribution of AC coef£cients can be modeled
as a L aplacian distribution with zero mean asfollows|[5, 6]:

p(x) = Seap(-al) Q
where 1
A= B ©

Let 02 bethevariance of X, theno = @ Given apositive
threshold T'H, one can have
TH
/ p(z)dz

—TH

P(X|<TH) =

"TH
= / A exp(—Az)dx (9)
0

A few JPEG-coded imagesand | framesfrom several MPEG-
coded video sequences are selected to estimate the value of

A according to (8). Asaresult, weobtain A ~ 0.0284. If we
set athreshold TH = 20 ~ 100, then more than 94% of AC

coef£cients have absolute value smaller than the threshold

TH accordingto (9). Thisimpliesthat alot of computation

can be saved by pre-computing the multiplication resultsfor

al those coef£cients having absolute value smaller than the

threshold 7'H. In the following, the implementation of the
LUT based method will be discussed.

2.2. LUT design

By using the separable approach [4], only 1-D case needs
to be considered to build the LUT. So only two tables are
needed to save al multiplication results with Q.o and Q1
in (4) and (5). In Fig. 1, w has 16 possible values in-
cluding half-pixel resolution, i.e. w = 0,0.5,1,...,7.5.
For 1-D case, each non-zero element in {X;} contributes
to eight entries of G or GG;. As aresult, a four dimen-
sional table is needed to save the pre-computed resullts, i.e.
Table[V][p][w][i], where v represents the absolute value of
DCT coef£cients, p represents the column position of DCT
coefEcientsin {X;}, wis shown in Fig. 1 and i represents
the column position of the pre-computed results in the tar-
get block. Both p and i have eight possible values each. v
has 100 possible values since T'H is 100. If four bytes are
used to store each entry of thetable, the size of tableis

size =4AxXvXpxwxi=4x100x8%x16x 8 = 400K B.

(10)
Hence, the total memory requirement for two tablesis about
800K B when TH = 100. Thisis reasonable based on the
current computer memory capacity. The vertical operations
in (6) can be converted to the horizontal operations via ma-
trix transposition so that the LUT can be reused.



2.3. DC coeffcients

In DCT-coded images, the distribution of DC coef£cients
has a large mean value (eg. 1000) and a larger variance
relative to the distribution of AC coeffcients as shown in
Fig. 2. Since the LUT is created by modeling the distri-
bution of AC coeffcients, it doesn't apply to DC coef£-
cients because most DC coef£cients are much larger than
the threshold T"H . For adjacent DCT blocks, the DC coef£-
cientsare highly correlated intypical images[7]. Therefore,
the difference between adjacent DC coef£cients should have
much smaller mean value and dynamical range than the DC
coefEcient itself. With this observation, (4) can berewritten
as

Go

X1Qz0 + X2Qa1
= %(on +Qq1) +
X — X
2
Let Q1 = Qo0 + Qz1, Q4 hasthe property:
Q+(0,0) =1Q4+(0,5) = Q+(5,0) =0;5=1,...,7.

This means that the summation of the DC components of
X, and X, only contributes to the DC component of Gy.
So we can just sum up both DC coef£cients from X; and
X5, then £ll it in the DC entry of G without any further
computation. The difference between the DC component of
X; and that of X4 hasdistribution similar to the distribution
of AC coefEcientsasshownin Fig. 3. In the selected JPEG-
coded images, more than 70% of the difference values have
absolute value below the threshold T'H so that their multi-
plication resultsin (11) can be directly obtained from the
LUT.

(QxO - Qxl) (11)

3. EXPERIMENTAL RESULTS

Both Chang's method [1] and the LUT based method were
implemented. Four MPEG-coded video sequences with in-
tensive motion activities were selected for our experiments,
i.e., “Foreman”, “Coastguard”, “Mobile” and “Stefan”. All
sequences are CIF resolution with 352 pixels and 288 lines.
All P and B frames in the selected video sequences were
converted into | frames by using both methods. Inthe LUT
based method, for those DCT coef£cientswith absolute value
greater than the threshold T'H, Chang's method was em-
ployed to compute the corresponding multiplication results.
The time for reconstructing one P or B frameto an | frame
for both methods was measured on a Windows NT work-
station with 300 MHz CPU and 512 MB memory, respec-
tively. The average time for converting one P or B frame
into an | frameistabulated in Table 1. On average, the LUT
based method saved the computing time by more than 70%

Video sequence | Chang's method The LUT based mehtod
Pframe | B frame | Pframe B frame
“Forman” 0.3137 | 0.4738 | 0.0931 0.1423
“Coastguard” 0.2374 | 0.3417 | 0.0912 0.1190
“Mobile’ 0.3487 | 04136 | 0.1462 0.2000
“ Stefan” 0.2057 | 0.3667 | 0.0780 0.1416

Table 1. The average computing time to convert one P or B
frameto an | frame (Unit: second)

in “Forman”, 60% in “Coastguard” and “ Stefan” and 50%
in“Mobile” according totheresultsin Table 1. InFig. 4, the
time for reconstructing each P frameto an | framein the se-
guence “Mobile” is plotted for both methods. Fig. 5 shows
the time for each B frame. As can be seen, the computing
timein the LUT based method was almost constant for dif-
ferent P or B frames while the computing time in Chang's
method changes dramatically. One reason isthat for motion
vectors with half-pixel precision, the complexity of Chang's
method is doubled due to the interpolation, while it is con-
stant in the LUT method because the results for half-pixel
resolution are pre-computed and saved in the LUT.

4. CONCLUSION

In this paper, aLUT based method for DCT domain inverse
motion compensation is proposed by modeling the distri-
bution of DCT coef£cients in typical images and video se-
quences. Relative to Chang's method, more than 50% of
computing time can be saved based on the experimental re-
sults. Compared to other fast algorithms [2, 3], the LUT
based method is straightforward to implement and intro-
ducesno error. Moreover, for motion vectors with half-pixel
precision, the algorithms in [2, 3] have the same problem
as Chang's agorithm, i.e., the computational complexity is
doubled. However, the LUT method has no such problem
since all corresponding results are pre-computed and saved
inthe LUT. This can help reduce the jerkiness in video ma-
nipulation and composition applications. The memory re-
quirement of the LUT is about 800 KB which is reasonable
based on the current computer memory capacity. In addi-
tion, the LUT can be shared by multiple video processing
applications running on the same machine. For example, in
a video editing server, usually multiple processes are run-
ning simultaneously to process different video bit streams.
Only one LUT is needed for these parallel processes to con-
duct DCT domain inverse motion compensation.
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Fig. 2. Histograms of DC coefEcients in images with the
Bin size 40.
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Fig. 3. Histograms of difference between adjacent DC co-
efEcients in images with the Bin size 20.
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Fig. 4. The computing time for reconstructing each P frame
to | framein the video sequence “Maobile”.

T T
—¥— Chang's method
— & - The LUT based method

0.5 ]

I
IS
T

3

Time (second)
o
w

&
s Py
Lo 9000000000000 BT o4
o D

o
)

0.1} d

0 5 10 15 20 25
Frame number

Fig. 5. The computing time for reconstructing each B frame
to | framein the video sequence “Maobile”.



