IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 8, NO. 8, AUGUST 1999 1117

Correspondence

An Efficient Motion Vector Coding Scheme pends on the predictor performance. Currently, the median predictor
Based on Minimum Bitrate Prediction is widely used in state-of-the-art low bitrate coding schemes such
as H.263 [8]. In many sequences having fast or complex motions,

Sung Deuk Kim and Jong Beom Ra however, the median predictor is not good enough for minimizing

the number of bits spent on motion vector coding.

In this correspondence, we propose a new motion vector coding
_ Abstract—Motion vector coding efficiency is becoming an important - scheme based on minimum bitrate prediction instead of a model-
issue in low bitrate video coding because of its increasing relative bit por- o0 hrediction scheme such as median prediction. For minimum
tion. This work presents a new motion vector coding technique based on . o ) . .
minimum bitrate prediction. In the proposed scheme, a predicted motion Pitrate prediction, the current block motion vector is predicted as
vector is chosen from the three causal neighboring motion vectors so that one of the three causal neighboring motion vectors so that it can
it can produce a minimum bitrate in motion vector difference coding. produce a minimum bitrate in motion vector difference coding. And
Then the prediction error, or motion vector difference (MVD), and the  {ha mode information for determining the predicted motion vector
mode information (MODE) for determining the predicted motion vector . - -
at a decoder are coded and transmitted in order. Sending bits for MVD in a decodgr_ and the predlctl.on. erro_r are coded and tra_nsmltted.
ahead of bits for the MODE, the scheme can minimize the bit amount Although minimum bitrate prediction gives the best results in terms
for the MODE by taking advantage of the fact that the minimum bitrate  of prediction error, the required mode information prevents it from
predictor is used for motion vector prediction. Adaptively combining this  heing widely used. In order to reduce its intrinsic burden and make

minimum bitrate prediction scheme with the conventional model-based i 1,0 efficient than median prediction, we propose a new bitstream
prediction scheme, more efficient motion vector coding can be achieved.

The proposed scheme improves coding efficiency noticeably for various Syntax of variable-length mode information. In addition, adaptively
video sequences. applying this new minimum bitrate prediction and the conventional
model-based median prediction guarantees coding performance im-
provement over various video features. Experimental results show
that the proposed scheme considerably reduces the number of bits
for motion vectors, especially in complex sequences where model-
I. INTRODUCTION based prediction does not work well (savings up to about 10% in bits

Various video coding schemes have been developed to reddfieemotion vector coding, in maximum).
bitrates without seriously degrading image quality. However, these
activities have been focused on reducing bits for texture coding 1l. PROPOSEDALGORITHM
because bits spent on other information such as motion vectors
and syntax were considered negligible. In video coding at very loy Minimum Bitrate Prediction
bitrates, however, the bit portion for motion vectors and syntax is . . . .
not negligible anymore. Especially, the number of motion vector qu motion vector codlng,_the c_urrent r_noUon VECEMV" ,'S
bits plays an important role in the overall coding performance Redicted as one of three neighboring motion vectbrsy, MV,
very low bitrate coding [1], [2]. There are two approaches to redu@é‘d M‘/‘* (see F'g_' D). 'I_'o predl_ct the current “_“0“0” vectqr, we
the amount of motion vector bits. The first approach focuses (%(amln? every neighboring motion vector candldgifﬂﬁ,lkﬂ_/g, .
finding an appropriate motion vector estimation scheme to reduce ,M"/‘“‘) and S,GIECt the one that produces the minimum bltra.te n
overall motion vector entropy without noticeably degrading motiomonon vector_ difference coding. Then we encode and transmit the
compensation performance. This approach includes the motion ﬁgfger_enceMV_Dmbp betwe(_an the true motion vectd_rﬂ/_fc and th_e
smoothing algorithm [3] and the vector quantization algorithm cHredlcted motion vector. S!nce the number of predlptlon candldgtes
motion vectors [4]. The second approach, which will be investigatéﬁ three at. most and _the bitrate for m_°t'°“ vector difference codln_g
in this work, involves finding a more efficient coding scheme fofan be estlma_ted easn)_/, _the computat_lonal burden tq se'e“_th‘? _motlon
already estimated motion vectors. Since these algorithms are balggfor producing the‘mlnlm.um b|trate |n.the encpder IS not §|gn|f|cant.
on differential pulse code modulation (DPCM) [5]-[7], the Iorc)Ioeﬁowever, to .determlne which nelgh_borlng motlon vector is selected
selection of a predictor based on motion vector correlation is the predicted one, the mode information (MODE) has to be
essential element of coding efficiency. prepared and sent to the decoder.
In the conventional block-based coding scheme, the motion vector
of each block is predicted as one of its neighboring motion vectoi, Syntax for MVD Code Bits and MODE Bits
and then the difference between the true (or current) and predictedFig. 2 shows the proposed bitstream syntax d#” D, and
motion vector is compressed using a variable-length coder. Sin@@®DE bits. In both cases;- and y-components are treated sepa-
motion vector coding is lossless, the coding performance mainly detely. It should be noted that/ V D,...,;, is ahead of MODE because
the number of MODE bits can be reduced by utilizing 8" D.,..,,,
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Mv, | mv,

v tomy VDo

- MODE

VLC [

mv, | mv,

Minimum Bitrate|
Predictor

. MYV,
MV Current motion vector Va —¥
MV,, MV,, MV;: Candidates for motion
vector prediction

Fig. 1. Motion vector coding scheme.

MVDXpy | MODEx I MVDy,p MODEy ] | MVDowp = +1.0
(0~2 bits) (02 bits) MV, MV MV, My,
Jan | Jany Lo~ | |
Fig. 2. Bitstream syntax for motion vector coding. N AT T T T
0 1 2 3 4 5 6 7
| MVDmhp =+1.5 (a)
Mr‘r/\, ‘ A:r:/z 1 1 Mv, 1 ﬂ)?’ 1 MVD,yy MVDyyy ~ MVDpyy
|\ 728 IO TR EREAN 7Z0nn R A AR NN VAR B 1 |:+1.52 |=+1.sg I:+1.sz
0 1 2 3 4 5 6 7
@ MV, MV, MV,
a |
@ I X I = ] @ I X 1 I X % I i
MVD MVD MVD 0 1 2 3 4 5 6 7

|=+1.5 |=+1.5 I=+1.5 MVC, MVC, MVCy
(valid) (invalid) (valid)

MV, MV, MV,

Ot HK DK +O+— XK ®)
0 1 2 3 4 5 6 7 Fig. 4. MODE bit assigning example. (a) Encoder side. (b) Decoder side. In
MVC, MVC, MVC, this case, one bit is needed for the MODE.
(invalid) (invalid) (valid)
(b)
Fig. 3. MODE bit assigning example. (a) Encoder side. (b) Decoder side. In '_A/LV[)mhp =+0.5
this case, no bit is needed for the MODE.
MV, MV, MV. MV,
to a decoder is obtained on the basis of minimum bitrate prediction. <D+ DX+ S+—F—F+—
Depending on the values dffV;, MV,, MVs, and MV D,.;,;,, the 0 I 2 3 4 5 6 7
required number of bits for MODE varies from zero to two. How to @)
assign the minimum number of MODE bits can be demonstrated by
three different examples shown in Figs. 3-5, where zero, one, or two MVDpyy MVDyy, — MVDyy,
MODE bits are to be sent. =+0.5 =+0.5 =40.5
In Fig. 3, neighboring motion vectord/1; = 0, MV, = 2.0, |_> l_' H
and MV; = 4.5, and the current motion vectoM V. = 6.0. MV, MV, MV,

MNZ I | DN \ | |
Then, MV D,1,,, of +1.5 is coded in the encoder side and trans-~ /N T 1T 1T WA D >§ I N I

mitted to a decoder. At the decoder side, three candidates for 1 2 3 4 6 7

MV., MV Cy,MVCs, and MV Cs, can exist on the basis of the MVC’ M VCQ M VC‘

MYV D,.,,. However, MV C, cannot be the true motion vector (valid) (valid) (valid)

becauseMV Dy, for MV C; is not +1.5 but —0.5. Similarly, (b)

AH/,OQ .cannot be the true motion vector becam/.Dmbp for ._Fig. 5. MODE bit assigning example. (a) Encoder side. (b) Decoder side. In
MV is not+1.5 but —1.0. Therefore, the true motion vector isyis case, one or two MODE bits are needed for the MODE.

MYV Cs. It is noted in this case that no MODE bit is needed at the
decoder to find the true motion vector.

For the second example, Fig. 4 shows tAdl; = 0, MV, =
3.0,MVs = 4.5, and MV. = 1.0. In this case,MV D, of
+1.0 is coded in the encoder and transmitted first. At the decoder
side, candidates forl V. are alsoMVCi, MV >, and MV (3.  No. of valid True motion vector among No. of bits Code
But MV C> cannot be the true motion vector becadg&’ D,...,,, for MvC, valid MVC,
MV Cy is not+1.0 but —0.5. Therefore, the true motion vector is Unigue 9 *

TABLE |
SYNTAX FOR MODE BiTs

. X . Maximum onc 1 “0”
either MV (' or MV Cs. In this case, 1 bit is needed at the decoder 2 Minimum one I o
to find the true motion vector. Median one 1 0"

Finally, Fig. 5 demonstrates the example &fV, = 0, MV, = 3 Maximum one 2 “10”
3.0,MVs = 4.5, and MV = 3.5. At the encoder sideMV Dyupp Minimum one 2 “11”
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TABLE I
MoTion VECTOR CopING RESULTS UsING MINIMuM  BITRATE PrepiciTON (MBP) wiTH AND WITHOUT MODE BIT REDUCTION

Bits for motion vector coding (300 frames)
Bic MBP without MODE | MBP with MODE
rates Sequences Res. | FR VM bit reduction bit reduction
Total MODE Total MODE
only only
Hall monitor | QCIF | 10 | 18369 | 19589 5242 18590 4243
24 | Containership | QCIF | 10 | 12709 | 13162 2022| 13091 1951
kbps | Mother&daughter | QCIF | 10 | 39956 | 42136 | 12829 | 39701 10394
Silent voice | QCIF | 10 | 72543 71589 | 20472 | 66764 15647
Foreman QCIF | 10 | 138584| 135887 | 38172 | 127857 | 30142
kiis Coastguard | QCIF | 10 | 83430 | 82742 | 24217| 78773 | 20248
News CIF | 75| 142087 | 136723 | 39684 | 128546 | 31507
Foreman CIF | 15 | 673168 | 645013 | 85637 | 606819 | 77399
ka12 Coast guard CIF | 15 | Si6648 | 528274 | 170246 | 496718 | 138690
ps News cIF | 15 | 212377 210819 | 626590 197979 | 49819
TABLE Il

EXPERIMENTAL RESULTS OF MOTION VECTOR CODING AND TOTAL IMAGE SEQUENCE CODING USING
THE VM PREDICTION SCHEME AND THE PROPOSED ScHEME WITH THR oF 1.0, RESPECTIVELY

Bits for motion vector coding Total bits for image sequence

rlzz‘t:-s Sequences Res. | FR (300 frames) Sovires coding (300 framcss)avmgs
VM Proposed (%] VM Proposed (%]
Hall monitor QCIF | 10 18369 18281 0.48 245064 244896 | 0.07
24 Container ship QCIF | 10 12709 12703 0.05 265176 265168 0.00
kbps | Mother&daughter | QCIF | 10 39956 39308 1.62 234960 234336 0.27
Silent voice QCIF | 10 72543 66606 8.18 245304 239432 2.39
Foreman QCIF | 10 | 138584 127504 8.00 481104 469984 2.31
k?)f)s Coast guard QCIF | 10 83430 77697 6.87 510328 504624 1.12
News CIF | 7.5 | 142087 128327 9.68 461088 447344 2.98
Foreman CIF | 15 | 673168 606504 9.90 1233464 [ 1166816 5.40
12 Coast guard CIF | 15 | 516648 496534 3.89 1102928 | 1082816 1.82
Kbps News CIF | 15 | 212377 196522 | 747 1160648 | 1144768 1.37
of +0.5 is coded and transmitted first. In this cadé¢} C,, MV Cs, [ll. EXPERIMENTAL RESULTS

and MV'Cs can be a candidate fai/Ve. at the decoder, because  gjmylation was performed on the basis of the MPEG-4 verification
MYV Duy forall MV Cy,i = 0, 1, 2, have the same value #0.5.  mqqel (VM) 7.0 [6], which uses the model-based median predictor
Therefore, 1 or 2 bits are needed for mode information. for motion vector coding. We substituted the motion vector prediction
Using the procedure adopted in the three examples above, we §af ith our proposed version but used the same variable length
assign MODE bits for any set oftljreg ne!ghbc_)rlng and current motion jar (VLC) table. In the simulation, the motion search range
vectors. The syntax for MODE bits is given in Table I. of —16.0 to 15.5 was used, and the advanced prediction mode
was enabled. Various MPEG-4 test sequences that have differ-
ent amounts of movement were used for proper evaluation of the

D. Adaptive Application of Minimum Bitrate Prediction proposed scheme.

Minimum bitrate prediction has a considerable gain in motion T0 €xamine the MODE bit reduction effect in motion vector
vector coding compared to a model-based prediction scheme suctf@@ng, we compared bits for motion vectors for three cases, i.e.,
median prediction, when the prediction model does not coincide wiR€dian prediction in VM and minimum bitrate prediction with
the actual situation. But, in video sequences with very homogenedti¥l without MODE bit reduction (see Table Il). As shown in the
motions, model-based prediction may provide a slightly better pd@ble, the conventional minimum bitrate prediction without MODE
formance. Therefore, if we adaptively combine the minimum bitraféit reduction increases the amount of bits compared with median
prediction scheme with the model-based one according to the disifediction in VM. However, the proposed MODE bit reduction
bution of neighboring motion vectors, we can expect improvemefgheme reduces the MODE bit amount (up to about 20%) so that
in coding efficiency. minimum bitrate prediction becomes more efficient than median

As a measure to find a case when the median predictor works weNediction. According to this result, MODE information is a critical
we UseA = | M Vinin — M Vinax|, Where M Vinin and M Vinax are the factor in coding efficiency. However, bit amounts for MV coding are
minimum and maximum motion vectors among the three neighboristightly larger in a couple of sequences containing mainly small and
ones, respectively. Sinc& tends to represent a spreading degree@omogeneous motion vectors. This is because the median predictor is
of neighboring motion vectors, median prediction is more likely tonore efficient for homogeneous motions than the minimum prediction
succeed forA < THR. Therefore, if A < THR, we apply the predictor which requires mode information. Hence, the proposed
median predictor, otherwise, the minimum bitrate predictor. adaptive prediction is a good candidate for solving this problem.
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Table 1l shows the experimental results from the adaptive motion Minimum Error Rate Training for
vector prediction and compares them with those of the ordinary PHMM-Based Text Recognition
median prediction in VM. For this experiment, THR was heuristically
determined and set to one. As shown in the table, by using the Chinching Yen, Shyh-shiaw Kuo, and Chin-Hui Lee
proposed adaptive scheme, the amount of bits for motion vector
coding is saved consistently for all the test sequences with various
bit rates. And also, total bit savings in sequence coding demonstrat@bstract—n this work, discriminative training is studied to improve
that the bit portion for motion vector information is big enough téhe performance of our pseudo two-dimensional (2-D) hidden Markov
be considered seriously in very low bitrate coding. The number pyodel (PHMM) based text recognition system. The aim of this discrim-

Inative training is to adjust model parameters to directly minimize the

bits needed for motion vector coding is reduced especially in tIE_f?alssification error rate. Experimental results have shown great reduction

video sequences with complex or random motion fields, such asiinrecognition error rate even for PHMM's already well-trained using
the foreman, silent voice, and news sequences. This is because céowventional maximum likelihood (ML) approaches.

complex or random mF’“O” fields, the proposed S(_:heme pe'iformqndex Terms—Discriminative training, document image processing,
better than the conventional scheme based on median predictionidden Markov models, image recognition, learning system, optical char-
acter recognition, pattern recognition, stochastic models.

IV. CONCLUSIONS
- . . . . I. INTRODUCTION
Even though minimum bitrate prediction in motion vector coding o ¢ th hes to the text | i b
fully exploits motion vector correlation with neighboring blocks, —n¢ ©' th€ approaches lo ne lext image recognilion problem

model-based prediction has been preferred because it does not re By Use staﬂshcql pattern recognl_tlc_m method. S_tat_ls_tlcal mode_l
extra MODE information indicating the selected neighboring motio a_1rar_neters are estimated overa t_raln_lng set by optimizing a certain
vector unlike minimum bitrate prediction. In this work, we haveterion. For example, maximum likelihood (ML) scheme has been

proposed a novel scheme to efficiently utilize the minimum bitrafd'® of the most popular optimization criteria for model estimation

prediction scheme by minimizing mode information bits. By combinn statistical pattern classification. The scheme attempts to find the

ing minimum bitrate prediction and median model-based predictic?r?t'mal parameter set that maximizes the class-conditioned obser-

properly, we can noticeably reduce the bit amount for motion vectoi%t'on probability (the likelihood) over the training set. Due to the

We have shown that this method is well suited to the further reducti gk of the exact knowledge about the _statlstlcal prop_ertleS Of. t.h €
of motion vector information in very low bitrate coding, especiall)? servations, th? modgl paramgters Obtam?(.j through this ML training
for complex or random video sequences. do not necess_arll)_/ a_chu_ave minimum classification error (MCE).
Recently, discriminative training (DT) has been proposed and
studied in speech recognition [1]-[4]. Instead of adapting model pa-
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