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An Efficient Low Bit-Rate Video-Coding Algorithm
Focusing on Moving Regions

Kwok-Wai Wong, Kin-Man Lam, and Wan-Chi Siu

Abstract—Block-based motion estimation and compensation than that of conventional fast search algorithms, such as the
are the most popular techniques for video coding. However, as the three-step search, the 2-D logarithmic search, the conjugate
shape and the structure of an object in a picture are arbitrary, girection search, etc. In our approach, an efficient method for

the performance of such conventional block-based methods may i timation that f . . is devised
not be satisfactory. In this paper, a very low bit-rate video coding maotion estimation that focuses on moving regions Is devised.

algorithm that focuses on moving regions is proposed. The aimis  AS the existing block-based coding schemes, such as H.263,
to improve the coding performance, which gives better subjective do not take into account the arbitrary shape of moving objects,
and objective quality than that of the conventional coding methods  their prediction efficiency will not be as good as expected. In

atthe same bit rate. Eight patterns are pre-defined to approximate g 16 reduce the prediction error for the arbitrary-shaped ob-

the moving regions in a macroblock. The patterns are then used . o A
for motion estimation and compensation to reduce the prediction ject, switching coders were reported [8]-[11]. In the switching

errors. Furthermore, in order to increase the compression perfor- coder, model-based and H.261/H.263 coders are employed for
mance, the residual errors of a macroblock are rearranged into a encoding the video. The working principle is to switch between
block with no significant inc_re_ase of.h_igh-order DCT coefficient_s. the two coders to generate a Compensated image for encoding_
As a result, both the prediction efficiency and the compression tpage switching coders might outperform the one using the
efficiency are improved. H.261/H.263 coder alone, but the model-based coded image
_Index Terms—Motion estimation and compensation, moving re-  might be discarded due to the accumulation of modeling errors.
gion detection, video coding. Takahiroet al. [12] proposed a block-partitioning method for
improving the prediction efficiency. Based on four pre-defined
|. INTRODUCTION patterns, a macroblock is divided into two parts in which mo-

S ... _tion estimation is performed separately. This approach gives a
E.CENTLY’ the _de”?a”d for appllcat_lons of the d'gl.tat)etter performance compared to the H.263, but the complexity
video communication, such as video conferencm%

i X e . : f motion estimation and compensation might be too heavy for
videophone, and high-definition television, has increased con- | .. o ) .

. o . .. real-time applications. Also, the four patterns might not be suffi-
siderably. However, the transmission rates over public switche

telephone networks (PSTN) are very limited. Therefore, vecsqent{ to represent ‘.h? moving quects for pra}cncal appllcatlo'ns.
. . L . L this paper, an efficient encoding method with less complexity,
low bit-rate video coding is an important technology for suc

applications. ITU-T recommendation H.263 [1] and H.263+ [é]|Slng e'ghF pre-def!ned patterns, 1S proposed.
. . : . The basic encoding and decoding structures of our approach
are the successful international standards for video compression

using block-based techniques. The coding structure of H.Z%Ese. based on H.263. It m_cludes mot|on.est_|mat|on and compen-
sation, DCT transformation, and quantization. In our approach,

is based on H.261 [3]. In these standards, motion estimation : . . .
. e moving regions in a frame are detected and then partitioned
and compensation are used to reduce temporal redundancies, . . X
; . ; . intd’ macroblocks. One of the eight pre-defined patterns will be
and discrete cosine transform (DCT) is then applied to encode . . .
. S ) ._used to represent the moving regions for the purpose of motion
the motion-compensated prediction difference. The quantized; . : :
;. ) o . estimation and compensation. The residual errors of the mac-
DCT coefficients, motion vectors, and the side information aré ; ; ; o :
roblock will be rearranged into a block without a significant in-

entropy coded using varlable-length codes (VLCs). The ke gpse in high-order DCT coefficients. However, if the patterns
differences between these two coding schemes are the tag}e. - . . .
: . . -aréinsufficient to represent the moving regions in a macroblock,
bit rates, the supported picture formats, the precision of mOtI%IP : ; .
L : ; e conventional DCT-based coding method will be employed.
estimation, the VLCs, and the motion-vector coding. . : ;
i RN . Experimental results show that both the picture quality and the
In fact, motion estimation is the most important process ' .. .
. . . . ; . fun time are improved.
for video coding. A precise motion predictor can achieve
a good performance with image quality, as well as a high
compression ratio. However, motion estimation is also the most
time-consuming process, so a fast and precise motion predictor
is necessary. A number of fast motion-estimation algorithmsA frame in a sequence may consist of moving regions and
have been reported [4]-[7], which can achieve better resultimtic regions. It is unnecessary to encode the static regions in
a frame, as they can be obtained from the reference frames di-
Manuscript received August 15, 2000; revised June 22, 2001. This paper\&ggtly' The movmg reg|0n§ should be encoded preusgly; this
recommended by Associate Editor K. Aizawa. is important for visual quality. In our approach, the moving re-
The authors are with the Centre for Multimedia Signal Processing, Depag'rons in a frame are detected, and one of the pre-defined patterns
ment of Electronic and Information Engineering, The Hong Kong Polytechn . . .
University, Hong Kong. 1S used to encode the moving region in a macroblock. The de-
Publisher Item Identifier S 1051-8215(01)09154-6. tails of our algorithm are described as follows.

II. Low BIT-RATE VIDEO CODING USING PATTERNS
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TABLE |
THE RULE FOR CLASSIFYING THE TYPES OFMB

Condition(s) for 15 o 7 min(D, ,)<T,
DM (i) < Ty S M (1, j1) %0, and AN TS TR

Macroblock Type ij=0 i1./1=0

Decision

sz(ilj‘Z)#O, and

i2./2=0

DM (i3, /3)# 0, and

i3./3=0

DM (04, j4) = o] or

i4.j4=0

min(Dy o) > Ty

Pattern (1} Pattern (2) Pattern (3) Pattern(¢) "} T

Pattern (5) Pattern (6) Pattern {7) Pattern (8)

Moving
Area

(b)

Fig. 2. Block type selection: (a) an AMB and (b) a RMB approximated by
Fig. 1. The eight patterns for moving region approximation. pattern (1).

further classification. Three types of MB are defined in our ap-
proach: static MBs (SMBSs), active MBs (AMBSs), and active-re-

The pre-defined eight patterns which approximate the movi@gbn MBs (RMBSs). If the contents of the MB are all zero or
region in a macroblock are shown in Fig. 1. The white aregse size of moving region is smaller than a threshold, it is as-
represent the moving region, while the black areas are the sta{igned to be a SMB. Otherwise, the MB will be divided into four
region. The pre-defined patterns are obtained by investigating-plocks for further classification. If the contents of all the
large number of training patterns for encoding. The most pogyh-plocks have a nonzero value, the MB is defined as an AMB.
ular eight patterns were selected and used for motion estimgy remaining MBs are assumed to be candidates of RMB. In
tion and compensation in our approach. The moving region s case, one of the eight pre-defined patterns will be used to
a frame is detected by comparing the current fraife, v) to  approximate the moving regions. The best match pattern is ob-
its previous frameP’(z, y). The moving regionV(x, y) in @  tained by finding a pattern that has the minimum valuBgf y,

A. Moving Region Detection

frame is obtained as follows: as shown in the following function:
15 15
M(z,y)=(T|C(z,y)eB—P(z,y)eB) (1) _ 1 i i
Dk, v = 556 ; ; |Mk (4, §) — Pn (i, J)] ()

whereT’(+) is a thresholding function ang is the structuring
element of morphological operations [13], [14]. The structuringhere M- represents thé(th macroblock in the processed
elementB is a square pattern of size 8 3. Performing the frame M(z, y), and Px(i, j) represents the pre-defined pat-
closing operation of a frame by the structuring element can riern numberN. The value of the patterns for moving regions
duce the noise in the frame. A pixel at positian §) will then is defined as one, while that of the static regions is zero. If the
be declared in a moving region if the difference of the processedmputedD x x is greater than a threshold, this implies that the
current frameC(z, y) ® B and the processed previous fram@atterns are not good enough to represent the moving region. In
P(z, y) e B is greater than that of a threshold of value 2. Otfthis case, the MB is assumed to be an AMB, and the conven-
erwise, the value oM (x, y) is assumed to be zero. tional motion estimation and DCT-based methods will be em-
From (1), the computed value of the static regions in a franpéoyed. Otherwise, the MB is declared to be a RMB, and one of
is zero, while the value of the moving regions is nonzero. Thbe pre-defined patterns will be used for encoding. The rule for
processed frame is then divided into macroblocks (MBs) fafassifying the types of macroblocks is shown in Table I.
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Fig. 3. Block diagram of the encoder.

The Mg, Mgo, Mgs, and Mg, in Table | represent the a block of size 8x 8. Hence, fast DCT algorithms can
four sub-blocks oM i, Tsar g andT'r s g are the thresholds for be used to encode the block. Similarly, the output from
macroblock type classification. In our approach, the threshold the IDCT will be rearranged in an inverse manner by
setting of I'spy;p andTryrp are 8 and 10, respectively. The connecting the switch S2 to the “Inverse Rearrangement”
function of T'sp; 5 is to verify if there is no significant move- unit.

ment inside a MB, whilé'r,s5 is used to determine a suitable 4) Motion EstimationThe respective prediction procedures
pre-defined pattern for approximating the moving region. Ex- for AMB and RMB are different. The switch S3 is con-

amples of an AMB and a RMB are illustrated in Fig. 2(a) and nected to the upper path for AMB, while it is connected
(b), respectively. to the lower path for RMB, to which moving regions pre-

diction is applied. The block predictor employs the con-

B. Architecture of the Encoder and Decoder ventional block-based motion estimation for encoding the

The block diagram of the proposed video encoder is shown
in Fig. 3. The structure is similar to a conventional video en-
coder, but includes additional features for encoding the moving
regions:

1)

2)

3)

AMBs. For RMB, the proposed moving region predictor
as described in Section II-C is used for finding the motion
vector which best represents the motion of the moving re-
gion. The static region is obtained directly from the ref-
erence frame. According to the MPMODE (motion pre-
dictor mode), the switch S4 will select the compensated
image from either the block predictor or the moving re-
gion predictor. The MPMODE together with the motion
vector are encoded by the VLC.

The architecture of the decoder is shown in Fig. 4. When the
cludes block motion estimation, motion vector encodin ,RMODE |pd|cates the cur“rent Input M,B to be_a R,',VIB’ the
and residual error encoding. If RMB is detected, the be Y‘”tCh S1will connect to the "Moving Region Predictor” to gen-
match pre-defined pattern will be extracted by the «paprate the compensated image. The switch S2 will also select the

tern Matching " unit for motion estimation and compenypper path, the “Inverse Rearrangement” unit, to rearrange the
sation residual error. For the AMB, the conventional block predictor

Pattern Matching: The function of the “Pattern will be employed, and the residual error will be decoded by in-

Matching” unit is to find a pre-defined pattern which js/erse quantization, and then inverse DCT.
the best representation of the moving region in a RMB,
The PMB (pre-defined pattern information) will beC
generated from this unit, and then encoded by VLC. The coding performance, which includes the picture quality,
Block Rearrangementf the input is a RMB, the switch the runtime, and the compression ratio, is affected by the motion
S1 will be connected to the “Block Rearrangement” unistimation and compensation process. In our approach, the con-
to rearrange the residual errors of the moving regions intents of SMB are copied from the reference frame directly. For

Type of MB:A MB will be classified according to the
results of moving region detection. Different encoding
methods will be applied for different types of macroblock.
If a SMB is detected, it is encoded as a skipped MB,
which is supported by H.263. For the AMB, the con-
ventional block-based encoding method is used. This in-

. Motion Estimation and Compensation
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Fig. 6. The principle of interframe coding for RMB.

Fig. 5. An example of pattern approximation for the sequence “News”:
(a) detected moving regions and (b) results of pattern approximation.
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the AMB, the conventional motion estimation and DCT-base( e e s e s s s sit s ss000s ossessesciosssccss
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methods are used. For RMB, both moving and StatiC regiON ¢ e e s e s s sie s s ssvs0 sossnssesionssnssess
exist, but it is not necessary to use the static region in motio ¢***s*esisccsesses sesstersossessee
. . . S & & 8 05 P 59 00004 L B N R BN N BN 2T B BN B BN B BN ONE )
estimation. In [15], an efficient method was proposed forre- e ses s e s sie e s esees soesosnesiesseseces
. . . . . . ® & & 6 0 OO O O OO OSSP LA B BN BN BN BN R RE BN B B BN 2 BN BN ]
ducing the missing edge effect by using the edge iNformatior e c e e s ¢ s eis s o o o« cesscseesencns
In our approach, the motion vectors for the RMB are obtainet J ; 25222 0is o0 WSS M
by considering the moving regions only, which can reduce thi = e e« » s« sesrsons
. . . . LN N N ) L N I ]
complexity of the motion estimation process as well as prever ..d ﬁ % &\:&
the missing edge effect. The matching process is more preci: P‘lt:mm Patte:n(Z)
as the static region is neglected in motion estimation.
The mean-absolute difference (MAD) criterion function MO SIS bt
is employed for motion estimation. The motion vector for csoslesessses ssveervsitene
. . . . . . *. e
the moving region in a RMB can be obtained by finding the b Mg
minimum value of the function defined as follows: MDD MDA M
1 LN B B SN BN BN BN B R BN RN 3 LR N BN BN BN BN BN BE BN BN BE
. . . . * o w00 ee o LN B AR 2 4 . . [
MAD(d.T,dy)I— Z |C(L,J)—G(L+d$,J+dy)| ......-::..: o-n-oo:o:o:o
64 .. LR B R X BN BN B R N BN N LB BE 2B BN BN BN BN BRI BN B N J
VPN(Z:J) R HEE R X e s ees s oive e
= L2 B BN AN BN B BN BE EE BN BN 3 4 5600 e 000 0
(3) S s 0o 00000 29800000000
whereG(z, j) represents the MB from a reference picture, and OB DR AD A D
(dz, dy) is a vector representing the search location. From (3) Pattern (3) Pattern (4)

the total number of points used for calculating the MAD is re-

duced. For example, in each search location using conventiopgl 7. Rearrangement of the residual errors.

methods, 256 “minus” operations, 255 “sum” operations, and

256 “absolute” operations are required. With our approach,dbpied from the previous frame, while the motion vector of the
requires only 64 “minus” operations, 63 “sum” operations, andoving region is determined by using (3). The determination of
64 “absolute” operations. For the motion estimation and cortie best-matched pattern in a video sequence and the principle
pensation of a RMB, the contents of the static region are directl interframe coding for RMB are illustrated in Figs. 5 and 6,
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TABLE I
SIMULATION RESULTS

Target bit Average bit per frame Average PSNR (dB)
Sequence Picture format
rates H.263 Proposed method H.263 Proposed method

Akiyo QCIF 8kbps 735.67 734.73 35.15 35.39
Salesman QCIF 8kbps 844.81 842.05 31.27 31.35
Akiyo QCIF 10kbps 914.02 913.11 36.80 36.99
Claire QCIF 10kbps 940.65 935.75 35.83 36.07
Salesman QCIF 10kbps 1020.90 1020.86 3242 32.46
Akiyo CIF 16kbps 1508.11 1510.84 33.02 33.19
Miss America QCIF 16kbps 1474.58 1463.46 38.42 38.53
Mother-daughter QCIF 16kbps 1518.28 1515.08 32.60 32.68
Akiyo CIF 24kbps 2216.69 2211.39 35.75 35.82
Mother-daughter QCIF 24kbps 2313.95 2310.36 35.45 35.49
Foreman QCIF 24kbps 2372.27 2409.95 30.59 30.57
News CIF 32kbps 3183.74 3198.74 30.25 30.44
Foreman QCIF 48kbps 4700.82 4730.65 34.50 34.45
News CIF 48kbps 4805.11 4801.83 33.55 33.58

respectively. As a result, both the prediction errorsandthe co 36 |- = e

plexity required for motion estimation are reduced. 35.8 ' W:

- . 35.6 A /\4
D. Prediction Error Encoding /\\ A[ \/\\ /\\ ,’\
The encoding of residual errors for an AMB is based on tfg o4 /\A/\v\/\,\/\/ SN vv v“
conventional DCT-based coding methods. However, if this cog 35.2 P N
ventional method is applied directly for encoding a RMB, tw& . f/ S L TR
blocks will have to be processed. In our approach, the pred
tion errors of the moving region in a RMB are rearranged 1 ,
a block of size 8x 8, and DCT transform is then employed 345
Based on the distributions of the residual errors, the rearran
ment method is devised without a significant increase in the hi
order transform coefficients. As a result, only a block is needeu
to encode for a RMB, and the compression ratio is increas%. 8. PSNR of the first 100 frames for the video sequence “Akiyo” (target
The rearrangements of the residual errors in the spatial domeitftate=8 kbps).
for four of the patterns are illustrated in Fig. 7. The arrows in
the diagrams indicate the rearrangement order in a MB. The [g3] head-and-shoulders video sequences, smooth motion
arrangements for patterns 5-8 are not illustrated, as they ares%'quences, and active motion sequences. The results of our
ready in the form of a block. proposed method are compared to the H.263. Full-search
In our coding method, two extra codewords, *"MPMODE'ytion estimation and the TMN-8 [16] rate control method
and “PMB?, a_re_needed. The MPMODE uses 1 bit to ePr€re employed for obtaining the encoding results. Table Il and
;ent the predlcjuon que: the popvenhonal block-based Pre‘jf-‘ig. 8 illustrate the encoding results of the first 100 frames
.“0’? or the moving region prediction. The “PMB” uses 3bitst sing our approach, as well as the H.263 scheme. It can be
|tinodr:cate the pattern being selected for the moving region predbcf)served that our proposed method generally gives better
' image quality than that of the H.263 for low and high bit rates.
However, its performance regarding motion-intensive video
(e.g., Foreman) is reduced. There is no prediction gain for such
The performance of the proposed algorithm is evaluatsgquences using our approach. This is due to the fact that these
based on a variety of image sequences, which include typnds of video sequences result in a small number of RMBs,

—— Proposed
method
--H.263

i

34.8

SURNCU R - e — -+ Frame number
1 10 19 28 37 46 55 64 73 82 91 100

[ll. SIMULATION RESULTS
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TABLE Il
ENCODING TIME SAVED PER FRAME COMPARED TOH.263

Target Total number of RMB | Encoding time
Sequence Picture format :
bit rates in the first 100 frames saved per frame
Akiyo QCIF 8kbps 1803 18.01%
Salesman QCIF 8kbps 4359 42.31%
Claire QCIF 10kbps 3226 53.53%
Miss America QCIF 16kbps 3545 38.71%
Mother-daughter QCIF 16kbps 1976 8.69%
Akiyo CIF 24Kkbps 6009 32.13%
News CIF 32kbps 9669 34.07%
Foreman QCIF 48kbps 737 -2.69%
pos o I the four-pattern approach are about 0.6 and 0.5 dB, respectively.
3228 /{; However, the H.263 scheme outperforms the four-pattern ap-
42.00 / T proach at high bit-rates. This is due to the fact that the four pat-
N o0 ) By .. terns are insufficient to approximate the moving regions, so the
g 4050 7 _"j patterns prediction gain is not as good as when using eight patterns or the
Z a050 - / LT nggerns: H.263. In conclusion, the coding efficient using eight patterns
‘g o I I/ ] ~--—-—==1 g petter than that of using four patterns as well as the H.263
e S scheme.
< 37.00 Lt
36.50 ,{L
36.00 + IV. CONCLUSION
35.50 ){1 - L . . .
Py I We proposed an efficient very low bit-rate video coding
34,00 ‘ ﬁ;’:fjse’r“;r'::f; scheme. Eight pre-defined patterns were chosen by experiments
500 1000 1500 2000 2500 3000 3500 to represent moving regions. Based on the predefined patterns,
Fig. 9. Simulation results for the video sequence “Akiyo” with differentn€ CompUtat'or.] r?qu're.d for motion e§t|mat'on can be rgduqed
bit-rates. and better prediction gains can be achieved. The encoding time

of our approach is much less than that for H.263 for smooth
otion sequences. Furthermore, in order to reduce the size of

while our approach requires additional bits to represent tﬁ"elvIB to be encoded, we devised a rearrangement method to

MB type: ansquently, there s no advantage of encodin mpact the residual errors of a MB into a block of size 8.
high motion-intensive sequences using our approach, Tableil e simulation results show that our approach outperforms the

shows the improvement n the e.ncodlng time and thg to .263 scheme for encoding the head-and-shoulders and smooth
number of detected RMBs in the first 100 frames. Experiment .
otion sequences. However, the total number of detected RMB

results show that the encoding time of our approach is muck: . L L ) o
Wwill decrease in motion-intensive video sequences, in which its

less than that of the H.263. The amount of time saved f.ofarformance will be degraded and close to that of the H.263.
encoding a frame for head-and-shoulders or smooth mouE

n : . .

sequences varies from 8.69% to 53.53%. For encoding t[neconclusmn, this apprqach outperforms the H.263|nterms of
k . N S . .~ <. the PSNR and the run-time for sequences of smooth motion.

active sequence “Foreman”, the approximating simulation time

is 2.69% longer than that using the H.263. As a small number

of RMBs are detected in this sequence, the time saved on

bitrate communication,” Draft ITU-T Recommendation H.263, 1996.

spent on the pre-processing step in our approach. In genera;giz] ITU Telecom. Standardization Sector of ITU, “Video coding for low
when the number of RMBs detected increases, the required bitrate communication,” Draft ITU-T Recommendation H.263 Version
encoding time will also decrease, while the PSNR will increase. 2. 1998. o , _

. . .. [3] ITU Telecom. Standardization Sector of ITU, “Video codec for audio-
However, the run time will become longer and the PSNR will ™ yig ;a1 services gt x 64kbit/s,” ITU-T Recommendation H.261, 1993.
be reduced slightly when fewer RMBs are detected. [4] Y. L. Chan and W. C. Siu, “New adaptive pixel decimation for block

We have also selected four pre-defined patterns onIy patterns motion vector estimation,JEEE Trans. Circuits Syst. Video Technol.
ltod t de th “AKivo.” Th . ’t It vol. 6, pp. 113-118, Feb. 1996.
0 4, 10 encode the sequence Iyo. € experiment resu S[5] L. M. Po and W. C. Ma, “A novel four-step search algorithm for fast

are shown in Fig. 9. It can be observed that the PSNR using  block motion estimation,|EEE Trans. Circuits Syst. Video Technol.
eight patterns is higher than that of using four patterns and the _ Vol. 6, pp. 313-317, June 1996. _ _ _

H 263 scheme at the same bit-rates: the maximum red'ct'or{G] C.H.LinandJ. L. Wu, “Alightweight genetic block-matching algorithm
. ! ; Ximum predictl for video coding,IEEE Trans. Circuits Syst. Video Technabl. 8, pp.

gains using eight patterns compared to the H.263 scheme and 386-392, Feb. 1998.
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