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Motion Estimation and Compensation based on -Advanced DCT
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Young Jang, Hyo~Moon Cho, Sang-Bock Cho

Abstract - In this paper, we propose a novel architecture, which is based on DCT (Discrete Cosine Transform), for
ME (Motion Estimation) and MC (Motion Compensation). The traditional algorithms of ME and MC based on DCT did
not suffer the advantage of the coarseness of the 2-dimensional DCT (2- D DCT) coefficients to reduce the operational
time. Therefore, we derive a recursion equation for transform-domain ME and-MC and design the structure by using
highly regular, parallel, and pipeline processing elements. The main difference with others is removing the IDCT block
by using to transform domain. Therefore, the performance of our algorithm is more efficient in practical image
processing such as DVR (Digital Video Recorder) system. We present the simulation result which is compare with the
spatial domain methods. it shows reducing the calculation cost. compression ratio. and peak signal to noise ratio (PSNR).

of itself is relatively high. Theréfore, we introduce the ad-
vanced DCT based algorithm” which solve these problems.
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1. INTRODUCTION
Recently, the video coding technologies are used in

many fields such as HDTYV,
Inter-Net and mobile phone. The most video compression
the DCT(Discrete Cosine
Transform). The DCT is widely used to reduce the com-

video streaming on the

technologies are based on
putational complex, because the motion estimation and
compensation with mode decision took the much portion of
the total computation in video compression such as H.264.

The motion estimation algorithms may be achieved by
spatial domain approaches and/or transform based
approaches. In spatial domain approaches of motion esti-
mation, block matching methods and gradient based meth-
ods are use. Otherwise in the transform based approaches,
phase correlation algorithms, wavelet-transform based al-
gorithms, and DCT based algorithm are included.

This DCT based algorithms have some advantages than
others in spatial domain approaches or transform based
approaches. Because, it can reduce the computational com-
plexity and be easy implemented by hardware or software.
the traditional DCT based algorithm

some problems such as design complexity, it means power

However, have

consumption is so high and the computational complexity
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The main concept of our proposal is eliminating of
IDCT(Inverse DCT) block for prac_ti__cél images, which have
much motion informations. - Thus,"'dtir algorithm is more
efficient for dynarnic- moving picturés; but it is inefficient
for relatively static add
switching block, which switches  between dynamic motion

images. .Futhermore, we will
processor and static motion, to this»proposed algorithm,

and then we can obtain the powerful DCT based
algorithm. ‘

This paper is organized as follows. In section 2, the
DCT based motion estimation and compensation algorithm
is explained. In the section 3, a new advanced DCT algo-
rithm is introduced. In the section 4, we describe the com-
paring result of the performance, such as computational
complexity and PSNR(Peak Signal to Noise ratio), between
And finally

in the section 5, we briefly summarize our work and con-

the proposed " algorithm and the conventional.
clude this paper.

2. Conventional DCT-based motion estimation -
The N x N DCT matrix T={t(k, n)}, where t(k, n) rep-
resents the matrix entry in the k-th row and the n-th
column, is give as
1 k=0

0<n<N-1
/ H2n+1)k

kn) (1)

1<k< N-1
0<n< N-1
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Fig.1 video encoder architecture (a) Conventional video
encoder with motion estimation and compensation in the
spatial domain (b) Simplified video encoder with motion
estimation and compensation in the transform domain.

And the 1-Dimensional DCT of a sequence x(n), 0<n<

N-1 is given as
M=t
ylk) = Z tkn)ain), 0 <k<N-1 (%)

n=4

- In case of N=8, the 8 x 8 block DCT is used according
to video compression standards. The shift matrix-based
technique, which is proposed by Plompen et al, improves
the image quality by using the integer-pixel accurate mo-
tion estimation and compensation. That is, more accurate
predictions increase the compression ratio and improve
PSNR. And the improving utilizing the prediction accuracy
is based on sub-pixel. Generally, the pixel values on the
half-pixel locations, which is the nearest pixel values of it,
are obtained by bilinear interpolation.

A predicted block forea can be represented as a summa-
tion .of horizontal and vertical shifted version of the four
~surrounding  blocks fy, fi, f;, and f5. The eq. (3) can be
calculated by applying vertical shifting matrix Vi and hori-
zontal shifting matrix Hi. The currently block fosr 18 pre-
dicted from the best estimated f. and the corresponding
motion vector as indicated in Fig. 2.
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‘ Fig. 2. Motion estimation
The predicted block fyed can be obtain by
3
Forea = 23 ViLH, (3)

iw=0

The vertical éhifting matrix Vi and the horizontal shift-
ing matrix H; are given as
Vim=Diony Vi=Deon Vo =05, V= Di, @
Hy= D} ay H, = Dy = Di_ . Hy =D, ®)
In {(4) and (5), displacement matrix Dn is defined as
|

i
L ©)
where I, is nxn identity matrix.

The motion estimation predicted error can be reduced
by using the sub-pixel. To reduce this error, the motion
vectors can be specified to half-pixel accuracy. However,
to do this increases the computational complex and storage
requirements.

Therefore, as shown in (7)-(10), we can derive the
generalized vertical shifting matrix V; and horizontal shift-
ing matrix Hi to support half-pixel accurate motion esti-
mation method in the transform domain without additional
expense. The calculation quantity diminishes.

1

Vo=V, = §(D8—\A.I'I+D8~{A.r}) n
1
1

Ho=flz=-2’(0§—my)+9§—my)} 9

H =H= ‘;‘(Dﬁam +D{Au1) 10)

The main characteristics of the DCT  are orthogonality
and separability. Thus we can obtain as belows

DOT(f) =f=TT 1
Toe Tte=1T (12)
DCT(db) = DCTa) DCT()) = ab. (13)

Therefore, the DCT coefficients of the predicted block fored
can be obtained by using the DCT coefficients of the pre-
vious surrounding blocks fo, f), 5, and f3 the pre-calculated
DCT coefficients of the horizontal shifting matrix H; and the
vertical shifting matrix V; can be obtained as shown in (14)

3
f]u('rl- Dc?l(fprt:d) = DCT(E) I/zfifiz)
= 3 DCT(V,)DCT, ) DOTUH)

i={

(14)

Ve=TV,T' f= 1,1, B= THT (15)
And also, the motion estimation and compensation are
derived by eq. (15).

3. Proposed DCT-based algorithm

The main defect of the conventional DCT-based mot;ion
estimation is a high computational complexity, since it is
constructed by eight matrix multiplications and three ma-
trix addition to obtain the DCT coefficients of the pre-
dicted block fpreq.

To reduce this computational complexity, we propoée a
new approach with the energy concentration property in
the frequency domain.



Table I . Average Number of Non-zero DCT coefficients per Block in the P frame

27

Table O. Slmulation Results of Spanal Domain Motion Estimation and Transforrn Domain Motion Estimation

Qo 3 6 9 12 1B 18 21 2 ) D
Forman@ PSNR 403520 | 363084 | BB 1 3B | 304664 | 07497 | BIR | B2 | 58 | 77U

CIr Total Bits /P frame 01 19957 1535 11583 10301 B3 89 340 8274 37
Spatial News PSNR 415328 | 371467 | B3 | 2B | 06977 | D806 | BT | VM6 | 21075 | 663
Dorein (Aol Total Bits /P frame 2525 17943 16606 14121 13506 12421 11840 163 10631 10440
Pans PSNR 40860 | 36300 | 330068 | 31368 | 0663 | BTHB | 277015 | 27040 | 63084 | BB

CIF Total Bits /P frame 1408% | 01 0744 66297 62734 5658 0004 SIS 49132 46406
Forman PSNR 406614 | 365406 | 336242 | 2208 | 07994 | 300861 | 21231 | B8 | 2119 | 7&K

QCIF Total Bits /P frame 38774 19512 14847 7 10127 9181 &3 8183 78 7603
Transform News PSNR 416080 | 372106 | 34588 | 34488 | 0N | 002 | BWI8 | WI72Z7 | 2i6 | 7166
Dotrzin QCIF Total Bits /P frame 2135 18027 16472 13031 13507 12434 1927 112 10673 10481
Paris PSNR 409251 | 364184 | 331009 | 314607 | 208147 | BB | 2780 | 2120R | BB | BIB

ar Total Bits /P frame 13885 | 814 0663 66134 62087 36308 5464 | 5017 43060 46220

Quantized block f(m, n)
which is the m~th column of matrix Vi and the row vec-
tor Hi(n), which is the nth row of matrix H;. Therefore,
(14) can be modified to the DCT coefficient block fureq, as
shown in (16) :

is calculated using Vi(m),

m,n) V m,n)H(m,n)

= 27_) é if(777 n) IZ(m n)H(m n) (16)

to this equation, the outer product is used because the
outer products can be omitted by zero values of ﬁ(m, n).
According to the DCT theory, the low frequency compo—
nents are non zero, but high frequency components are al-
most likely zero. Therefore, the computational complexity
can be reduced. Eq. (16) can be re-organized in zigzag
scan order as shown in (17)

forea= 2 E Ef {m.n) V(m,n)H(m n)

m= =0n= 01
-f0<p,o) %SO)IJ(,SO)+fI(P,O) ,@)H‘(Ao)

+£,(0,0) V,(0}H,(0) + f3(0 0) V,(0)H,(0)

+ee '+f9(77)V( VH(T)+ £, (11 V(1) H,(7)

+hE V(DB +£,(1.7) V(D H(7) (a7) -

4. Experimental results

This paper has described advanced DCT-based motion
estimation and compensation. As the quantization parame-
ter increases, the number of non-zero DCT coefficients
decrease significantly. But as many non-zero DCT co-
efficients increases, the image quality is decreased, and
quantization cost is increased as shown in table 1. Table
I shows the results of spatial domain motion estimation
and transform domain motion estimation using the full
search method. In this simulation, all the 8 x 8 DCT co-
efficients of the block are used to perform DCT-based
motion estimation. Using transfer domain methods. we can
obtain the high quality., The results of experimental, better

visual quality in the aspects of PSNR and compression ra-
tio are obtained.

5. Conclusion

A new algorithm, which uses the transform domain
DCT-based motion estimation, is proposed. As the quanti-
zation parameter increases, the number of non-zero DCT
coefficients decrease. The calculation cost and the number
of non-zero DCT coefficients have tradeoff relationship.
The proposed approach provides many useful features for
power-aware video encoding despite the intensive compu-~
tation, when compared to the spatial domain approaches. -
Simulation on video sequences of different characteristics
shows the compression efficiency of the transfer domain
approach with respect to the PSNR and the compression
ratio are higher than that of the spatial domain approach.
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