USE OF ADAPTIVE RESIZING IN 3-D DCT DOMAIN FOR VIDEO CODING
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ABSTRACT | U—> 3-DDCT [ Quantization [ Scanning

8 x 8 x 8 cube v
bitstreamg—  Encoding

This paper proposes an adaptive resizing algorithm i
DCT domain for3-D DCT based video codec. A1x 8 x 8
cubeis resized to three modes along temporal dimension:

a singles x 8 block, a downsized X8 x4 cube and two bitstream__p pecoding
8 x 8 x 4 cubes. The mode selection is based on the local feconsgf“med v

motion activity and determined aftérD DCT on each 2,0¢ R verse
block. In addition, the proposed algorithm evengiifies I“ SD-IDCT 4 antizatio [€]  Scannin

the computational complexity for sequences with low
motion activity. Experimental results show that the Fig. 1 Block diagram of typica-D DCT based video codec
proposed algorithm can improve the coding efficiefar
different types of video sequences. Best performaram  maintains the same for those like Glasgow and Farem
be expected for those with low motion activity. Mover, In addition, since the motion analysis is alwaydgened
it outperforms other variable size 8fD DCT schemes. in the spatial domain, the computations are ine@an
Potential applications could be for portable digitavices 2005, a simplified3-D DCT scheme was proposed in [5].
with restrict battery lifetime and other areas wietstrict Compared to other approaches, it can simplify the
real-time requirement. computational complexity and increase the codiregedp

In what follows we describe an adaptive liegiz

Index Terms —3-D DCT, video compression, resizing,  algorithm in 3-D DCT domain. Thes x 8 x 8 cubes are

computational complexity resized to three modes based on the level of lmcdion
activity. Compared to other schemes, this technigquds
1. INTRODUCTION to lose less energy and thus gives better compressi

performance. Moreover, it even reduces the comiputat

Most today’s video coding standards suchi.as3and  cost compared to the baseline video codec.
MPEG-1, 2, 4rely on motion estimation/compensation to  The rest of this paper is organized as fadlown
exploit the temporal correlations among inter frame section 2 we briefly review the basics3b DCT and the
However, this requires a large number of computatio resizing algorithm. We describe the proposed algarin
and great computational power for hardware. Theegfibr section 3. The experimental results are presented in
is not appropriate for most portable devices likebite  section 4. Finally, we conclude the paper in sechio
phone and digital video cameras. Since for thepestyf
applications, low complexity implementation and low 2. OVERVIEW OF 3-D DCT AND RESIZING
power consumption are still the most critical issue ALGORITHM

An alternative approach is to use the threeedsional
discrete cosine transforif3-D DCT). A 3-D DCT based 2.1. Three-dimensional Discrete Cosine Transform
video codec extendzD DCT to the temporal dimension In a3-D DCT based codec, a video sequence is divided
and remove the temporal correlations instead dizinij into a number oMxNxL cubes, wheréixN is an image
motion estimation/compensation. Therefore, it ifead  block of pixels, and. is the number of successive frames.
reach adequate compression efficiency with muck lesThe forward3-D DCTis then defined as
computational complexity.

L-IN-1M-1

One of the major problems in3eb DCT video codec _
is that if only utilizing fixed-length transform gardless F(U’V'W)_C(U’L)C(V'N)C(W'M)gyzo = Tixy2)x (1)
the level of motion activity, the compression @iy is  cospx+lur cosRy+Ivz cos@z+wr
usually inferior to most today’s video standards.sbive oL “TTON T oM
this problem, adaptive-D DCT schemes are proposed in
[1]-[4]. These techniques utilize variable sife3-D DCT  where
based on local motion activity. All the methods Ids#h \/% k=0
sequences containing static background such as Miss C(k,P) = _
\/T:, otherwise

American and Akiyo well, but the compression ety



The 3-D DCT can be computed by taking one-
dimensional transform separately in each of theethr
Although a number of transforms are

dimensions.
required, the computational complexity — even witho
taking the motion estimation into account — is sigudo
2-D DCT based video encoder. A typicalD DCT based
codec is described in Fig. 1.

2.2. The Resizing Algorithm

The outline of resizing scheme [6]-[8] fbiD signals is
shown in Fig. 2. LeB; andB, denote the 4-poirdCT of
two consecutive 4-sample blocks andb,, and letB be
the resulting resized block. In principle, the rzésj
scheme can be viewed as follows.

1) Take 4-point DCT in block by, and similarly
for by,

Take 2-point inverse DCT of the two low-
frequency coefficients in By,
as By;

Combine the two 2-point blocks b; and b,
into one block (by,b;) and then take its
4-point DCT. The resulting block is the
desired block B.

2)
and the same

3)

The resizing method relies on two main principles

One, if the consecutive blocks are similar enouttle,
resizing operation does not produce significanthhig
frequency coefficients into the resulting block. Twfadhe
quantizer is going to remove the high-frequencytraf
blocks, the truncation of high-frequency informatiwith
downsizing operation is justified.

The resizing algorithm can be applied to 2he DCT
video coding process to remove the temporal cdrogla
more effectively. If consecutivBCT cubes contain only
low-frequency contents, the algorithm can prodigieter
information representation, thus obtain better c@sgion
performance.

3. PROPOSED ALGORITHM AND
ARCHITECTURE

We proposed &-D DCT algorithm with variable size
of cube. The mode selection is determined relyingha
local motion activity within each cube. Totally, éer
modes are utilized to perform the transform in terap
direction. One, if the adjaceatD DCT coefficients in a
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Fig.2 Resizing in DCT domain
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where p(x, y,t) is the pixel value at positio(x, y,t) in
the cube and~(u,v,t) is the transformed coefficients.

3.1Model: 2-D DCT

The selection betweenD DCT and the approximation
algorithm 2-D DCT is made by computing Normalized
Pixel Difference KPD) of DC coefficient and a fewAC
coefficients and by comparingPD with the threshold;.
TheNPD is calculated between the first and the rest seven
time-dependerg x 8 blocks within the cube as

NPD(t) = fizl:\F(u,v,t) ~F(uvo)| VtE{l2..7}

u=0 v=0

A=Y

®3)

IN

If even one of the seven resulting values excéleels
fixed threshold, which means that the cube is postant
enough to be approximated, ti3D DCT is selected.
Otherwise, we applg-D DCT only to the first block of the
cube. In the decoding side, pixels in the recoocstd
block will be duplicated in the remaining sevendi®.

3.2Mode 2: Resizing of 3-D DCT
Mode 1 is only suitable for the cubes with lowtion
activity. For other cubes containing mild motiortiity,

cube are almost equal in the temporal dimension¢ctwh o a50roximation algorithre-D DCT does not work well
means that the cube contains no motion or very oW,y more  pecause simple duplication will signifiban
motion, we apply2-D DCT only to the first block instead yecrease the reconstructed video quality. For thgses
of the whole cube. . . . _ of cubes, using of the resizing algorithm can reenthe

Two, if the cube contains mild motion, we resize thegmnoral correlations more effectively and obtaioren

Bx8x8 C#bf] to a new x 8 x 4 cube 'Il;gird, i thfe cuhbe compact coefficients presentation. The resizing3df
contains high motion activity, we tak®D DCT for the  Herincludes the following steps.

two 8 x 8 x 4 cubes separately.

In the proposed method, the mode decision and the 1)  agter the2-D DCT for each block done, we continue
resizing operation are operated in the proceseroporal the transform along temporal dimension on the first
transform, thus the-D DCT can be first performed for four blocks and the last four blocks.

each block as



= y M i)
- e
Fuv,w = C(W,4)i F (W’V’t)w (5)

2) The two8x8x4cubes are then quantized by

guantization parametér,,,,,,

F2 (w,v,w) = (F;(1,v,W))/Quow (6)

vu,v € {0,1,..,7L,0<w<3andi=12
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Fig. 3 Architecture of proposegD DCT based encodeimD
denotes mode decision a® is the gantization parameter of
Modei.

3) As aforementioned, two conditions have to be

satisfied to ensure that the resizing algorithnilyea
improve the compression efficiency. This is done
by comparingNPD of the two transformed cubes

and checking the high-frequency information.

11 1 1
NPD = ézzz\ao(u,v, w) - FR(uv,w) ()
u=0 v=0 w=0
Fo(u,v,w)=0 Vu,ve{01..7}. (8)
i=12,w=23

If both NPDis smaller than the threshdly and (8)
is fulfilled, we apply the resizing afkigom.

4) Since the high-frequency coefficients are truncated

to zeros, we only take the inverBET in temporal

3) If NPD>T, take 1-D DCT along temporal
direction for each consecutive four
blocks.

4) Calculate NPD of the two cubes. If NPD<T,

and (8) is fulfilled, encode as mode 2.

5) Otherwise, encode as mode 3.

Fig. 3 gives the architecture of the proposacbder.
Moreover, two extra bits are encoded for each dabe
indicate the mode decision in the encoder. In the
decoder, all steps from the encoding process, ¢xbep
mode analysis, are implemented in the reverse order

4. EXPERIMENTAL RESULTS

dimension for the first two blocks of each cube and D€ Proposes-D DCT algorithm was tested against the

then combine them into a néx 8 x 4 cube.

[IFi(u,v,O)}_ 1 [1 1} [Fi(u,v,o)} i=12 (9)

—_ X
1 -1 F (u,v)])

IFvd | V2

The new combined cube|'§w, it satisfies

IF, (u,v,t) if
IF,(uv,t-2) if

t=01
t=23

I, (UV,t) = { (10)

5) Take the transform in temporal dimension fer_

as (4) we resize a8 x8x8 cube into a new

8 x 8 x 4 transformed cube.

3.3Mode3: 8x 8 x 4 3-D DCT

If mode 1 and 2 are not fulfilled, it indieatthat the

cube contains high local motion activity. In thiase,
smaller cube size in temporal dimension is usuaditer
since the temporal information is not highly coatet.
Therefore, if one of the two conditions in (7) a8yl i€ not
fulfilled, we directly encode the tw®x 8 x 4 cubesF°
and F instead of the x 8 x 8 cube.

The proposed algorithm to encode 8axn8 x 8 cube
can be summarized as

1) Take 2-D DCT for each block of the cube ;
2) Calculate NPD among blocks. If NPD<T,,
encode as mode 1;

baseline3-D DCT codec and the reference codec in [1].
Video sequences with various motion activities were
encoded and decoded. The Peak Signal to Noise Ratio
(PSNR)versus compression ratiGR) curves were plotted
based on the obtained results.

The quantization paramete&yr) for AC coefficients is
uniform, and they satisfy the following relationghfor
different mode

2QP, = QP, = QP;

whereQP; denotes th@P of modei.

In the experiments, the thresh@]dandT, were fixed
to a constant value of 8. The quantization paranfete
DC coefficients was 10 for the three modes. Expertaien
results show that the proposed algorithm can gefteb
compression performance for different type of seqgas.
Best improvement can be expected for sequencedamith
motion activity. For others containing high motiactivity
the proposed algorithm can gain 0.5dBZor luminance
components and 0.3-@B for chrominance components.
Fig. 4 shows the luminandeSNR versusCR curves of
Akiyo and Glasgow. According to the obtained restile
proposed scheme shows notable improvements over the
baseline codec. Moreover, it gives better compoessi
result than the reference codec.

Table | shows the utilization ratio of the #hmodes in
the proposed video codec. Since Mode 1 is detednine
irrelevant toQP, the utilization ratio is a constant value for
a specific sequence. Whereas, the decision of Moaled
Mode 3 is partly dependent @P, the utilization changes
with differentQP. Fig. 5 shows the utilization of the three
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Fig. 4 The luminance PSI curves are plotted versus 1
compression rat for (a) Akiyo and b) Glasgow based on thr
different codec: the baselin-D DCT based codec, the propo:
3-D DCT based codec and the refere coderin [1].

modes on frame 100 of Akiyo sequence and frameof:
Glasgow sequence and how it chai with differentQF.

Moreover, the proposed algorithm can even redue
computations for sequences with low motion acti
Take Akiyofor example therequiredcomputatioss for 3-
D DCT in the proposed codeare less tha 84.9% of the
baseline codedor Glasgow the increase does not exc
18.4% at the worst cas

The selection of the thresholT; andT, is empirically
determined. In the experiments, \also tested differen
thresholds of 0, 4, 8, 12, 20 and fingthe threshold of ¢
usually gives besPSNR versus Clresult.

5.CONCLUSION

An adaptive resizing algorithm iDCT domain is
proposed foi3-D DCT based video process. This propo
3-D DCT coding adaptively resize the temporal lengtt
the cube depending on the Ic motior activity. A series
of experiments show that the proposed resizingrilgo
can give better compression results than baseline
codec and the reference cod

Although the compression efficiency is still lowbah
H.264, the encoding process 3-D DCT is much faster
This makesthe 3-D DCT video codec especially suitat
for such devices with estrict computational pow.
Potential applications of the propos3-D DCT approact
could be for portable digitedeviceslike mobile phone
and digital video camer. Moreover, since the propos
algorithm requires less computations, ilalso suited for
applications with restrict re-time requirement

Table |Utilization Ratic of Proposed Modt

Akiyo Foremal Glasgow

QP [ ML [ M2 | M3 |[ML| M2]| M3 |[ML|]M2][ M3

(%) | () | (%) | (%) | (%) | (%) | (%) | (%) | (%)
8 | 661 23.7/ 102 | 21| 29.6€ | 68.3]| 24 | 13.1| 84:E
16 | 66.1 | 28.9| 5.0 21| 49.€ | 48.0| 24 | 23.8| 73.t
24 | 66.1| 31.0{ 29 | 21| 614 | 36.5| 24 | 32.0| 65.€
32 | 66.1| 323| 16 | 21| 69.2| 28.6| 24 | 38.8| 58.¢
40 | 66.1 | 33.0] 0.9 21| 752 | 227 24 | 446 | 53.C
50 | 66.1 | 334| 05| 2.1|80.5|176| 24 | 51.1| 46.5
66 | 66.1 | 33.7] 0.2 21|85 |126] 24 | 60.1| 37.5

QP=2«

Fig. 5Utilization of proposed modes on frame 10CAkiyo and
frame 145 of GlasgovBlack: Mode 1, White: Mode 2 ar
Other area: Mode
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