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Annomayus: IIpuBeneHbI Pe3yIbTaThl 10 YCKOPEHHIO IPOLIEAYPBI aHAIN3a ABMKCHUS, SBISIONICHCS 0HOI 13 Hanbosee 3aTPaTHIX IPU
KOIMPOBAHWH AMHAMHYECKUX M300paxkeHnid 1mo cranmapty MPEG-1/2. B npennaraeMom crocobe JOCTHTAeTCsi YCKOPEHHE ITOMCKa BEKTOPOB
JBWKeHNS B 16 pa3 npu motepe B ko3 duiuente cxatust He 6oiee 2%.

KonupoBanue nuHaMUYeCKHX U300pa)KCHUU cOriacHO cTaHmapTam cxatus MPEG-1/2 [1,2], MPEG-4 [3],
H.261 [4] u H.263 [5,6] B KauecTBE OCHOBHOI'O 3JIEMEHTa BKJIIOYAET MEXKKAJAPOBYIO KOMIICHCAIMIO JIBHXKCHHUS.
Hcrmonb30BaHre MEKKaIPOBOH KOMIIEHCAIIMH JBHYKEHISI TIO3BOJISIET JOCTUTHYTH 00JIbIero kodddumnmenta cxarus (B
2-3 paza), ueM 0e3 ee ucCHoib30BaHUA. CTaHIAPTHBIM AITOPUTMOM KOMIICHCAIIMU JBIDKEHUS SIBIISCTCS OJIOYHBIIN
METOJI, B KOTOPOM KOMITCHCAITUS JIBMKEHHS BBITTONHAETCS IO MakpoOiokaM. JIJis 3TOro TeKyIuid Kajap pa30ouBaeTcst
Ha TPSAMOYTOJILHBIC AJIEMEHTHI (PUKCHPOBAHHOTO pasMepa (MaKpoOJOKH), 0OBIYHO pa3Mep MaKpoOJIOKa COCTaBISIET
16x16 THMKCENOB Al APKOCTHOW KOMITOHEHTHI M 8X8 MHKCENOB ISl IIBETOPAa3HOCTHBIX KOMITOHEHT, YYUTHIBAs TOT
(hakT, 9TO MPOCTPAHCTBEHHOE pa3pelicHHe BETOPA3HOCTHOT'O CUTHAJNIA BIBOEC MEHBIIIE Pa3pelIeHUs CUTHAIA SPKOCTH.

Kax1oMy MakpoOIOKy CTaBHTCS B COOTBETCTBHE BeKTop ABmkeHus (V =(V,.,V)), XapaKTepH3yIOLHA IOI0KCHHE

JAHHOTO MaKpOOJIOKa B MPEIBIAYIIEM Kaape:

H= Y |C(xyt)= ¥ ‘F(x,y,t)—F(x—Vx,y—Vy,t—At) (1)
x,y=1,16 x,y=116

3mecs F - 3Ha4Ye€HWE SPKOCTH, (X,y) - MPOCTPAHCTBEHHBIE KOOPIMHATHI KaXXIOTO IHKCENa MakKpoOJoKa,
OTCUUTBHIBAEMBIE OT €T0 JICBOI'O BEPXHETO YIJIa, f - BDEMEHHOM MHJIEKC KaJlpa, CYMMHUPOBaHHUE ITPOU3BOAUTCS 110 BCEM
niKcenam Makpobioka. 3Hayenust C B (1) mpeacTaBisioT co0OH pa3HOCTh MEXAY TEKYIIMMH 3HAYEHHSMH SPKOCTH
MakpoOJIOKa ¥ 3HaUYCHHSMH, COOTBETCTBYIOIMMH IOJIOKEHUIO MAaKpOOJIOKa B IPENBIAYIIEM Kajpe, CABUHYTHIMU Ha
BEKTOp ABWXeHMs. Ecimy M3MeHeHms OT Kaapa K Kajapy CBOJSTCS, TJIaBHBIM 00pa3oM, K HPOCTPAaHCTBEHHOMY
CMEIICHHIO y4YacTKOB M300paXkeHMs (YTO TPaKTUUECKH HMeeT MecTo), BenmumHa C mama. B sTom ciywae mus
JOCTIDKEHHSI OOJIBIIETO CKaTHsA BBITOJHEE IIepenaBaTh Pa3sHOCTHBIM curHaam C BMECTO HCXOJHOTO CHTHama Y.
Bemmyuaa H B (1) uMeeT cMbICT HOpMBI (MOIIHOCTH) CHTHAJIa IMOCIE KOMIIEHCAIMH IBMXKEHHS. KomrieHcarwst
IBIDKEHHS TeM 3 QeKTuBHEe, YeM MeHbIIe 3HaueHne H. AHanormyHas cxeMa MCIIONb3YeTCs M ISl IBETOPa3HOCTHBIX
curHanoB. Cremayer Takke OTMETHTh, uTo B MPEG-1/2 cranmapTe cCymecTByeT BO3MOXHOCTh KOJWPOBAHHUS
MaKpoOJIOKa ¢ MCHOJIH30BaHHUEM JIBYX BEKTOPOB ABIKCHHUS, B 3TOM CIIydae IepenacTcs pasHOCTh MEXIy WCXOIHBIM
CUTHAJIOM W HMHTEPHOJSIMOHHBIM 3HA4YE€HHEM, BBIYHCICHHBIM C HCIOJB30BaHHEM ABYX BEKTOPOB M JBYX OIIOPHBIX
kaapoB. Kpome toro, B MPEG-1/2 koHe4Hasi TOYHOCTb BEKTOPOB ABIKEHHs MOKeT cocTaBisaTh 0.5 mukcena. [Ipn

3TOM 3HAYeHHE CUrHana B omopHoM kaupe F(x—Vy,y —Vy,t — At ), coOTBEeTCTBYIOIIEE HELENOMY 3HAYCHHIO
BEKTOPA, BEIYUCISIETCS C UCIIOJIB30BAaHUEM HHTEPIONALNN MEXIY COCEIHUMH ITUKCEIaMU.

CyHleCTByIOT pa3janvdHbIC AJITOPUTMbI TIOUCKAa BEKTOPOB JIBUKCHUS. Hawnbonee MNpOCTbIM U Hanboiee
3aTPATHBIM ABJIACTCA AJITOPUTM nepe60pa BCEX BO3MOJXKHBIX 3HAUYCHUM BCKTOPOB B HCEKOTOPOM OKHE IIOHCKa

min <V,,V, <max . 3Hauenue V , ana xotoporo Hopma H B (1) nmeer HauMeHbllee 3HaYeHUE, IPUHUMAETCS 3a

HCKOMEIHN BekTop. [Ipenmomnaras, 9ro pa3Mep OKHA MOWCKA paBeH N MHUKCENOB 110 KOOPAWHATAM X H Y, HOIYIUM IS
yycla omepaiuid, HeOOXOAMMBIX ISl ONPEACICHUS BEKTOpa JABIXKCHHS OJHOTO MakpoOioka pasMepoMm 16x16

2 o
MUKCENOB, BemmuuHy mopsiaka 3-256 (2N +1)° . Ha oxun mukcen MakpoGIIOKa KOJMYECTBO ONEPAIlfii COCTaBISICT

3.(2N+1 )2, YTO yXK€ MPH THITMIHOM 3HaueHHH N = 15 (BEKTOp IBIDKCHHS B IpenesaXx +15 TOYEeK) COCTaBISIET

3HAYUTENIHYIO BEJTUIHHY OoJiee 10° onepanuii / mukcen. J[aHHBIA CrIoco0 MaeT HAWIYUIINA Pe3yabTar, HO SBISIETCS
CJIOXKHBIM C TOYKHU 3peHHs 00beMa BBHIYHCICHUH. [103TOMY OH OOBIYHO HCIOJIB3YEeTCS B Ka4eCTBE JTANIOHHOTO IS
OLICHKH KaueCTBa JPYTHX CIIOCOOOB MOMCKA BEKTOPOB JIBUXKCHHUS.

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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©)

Puc. 1. Texymmii (a) 1 onopHEIiA (0) Kaapsl BUIEOMIOCIEI0BATENEHOCTH «Call IIBETOBY.
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OpnnauM 13 Hambonee 3 (HEKTUBHBIX CIIOCOOOB MOMCKA BEKTOPOB SIBIISETCS CIIOCO0, pa3paboTaHHbIi B [7]. B
9TOM cmocobe cymmmupoBanue B (1) 3ameHsercs Ha CyMMHpPOBaHHE JIMIIb IO HEOONBIIOMY YHCIYy IHKCEIOB
MakpoOioka. Maes meToa 3aKkimodaeTcsi B BRIOOpE HEOONBIIOro YHcia MUKCEI0B MaKpoOJIOKa, KOTOPhIE HAWITYUIINM
00pa3oM XapaKTepu3yIOT U3MEHEHHE penbeda CUrHaia sSpKocTH Makpobioka. Ha Puc. 1 mpuBenens! npa xaapa u3
mociuenoBaTenbHOCTH «Cajl IIBETOBY, a Ha Puc.2 — o1uH MakpoOJIOK M COOTBETCTBYIOIIUHA €My y4acTOK M300paKeHHUS
B omopHOoM Kanpe. Ha Puc.3 mokazaH penbed curHaia spKOCTH B BBIOPAaHHOM MAakKpoOJIOKe W Tabiwia 3HaYeHUI
SIPKOCTH B KaXKJIOM ITHKCEJIE.

CorylacHO MeTOly XapaKTepHBIX IHKCEJIOB MakpoOIoK pasmMepoM 16x16 mukcenoB aenuTcs Ha 16 y4yacTKOB
(Puc.4), B xax10M M3 KOTOPBIX BBHIOMpAETCSl TOJIBKO OAMH MHKCEJN, UMEIOMNI MaKCUMaJbHOE, MO0 MHHHUMAJILHOE
3HaYeHHe. MaKCUMyMbl 1 MUHHMYMEI 9epeIyIOTCs B IIaXMaTHOM MOPSIKE, KaK Moka3aHo Ha Puc.4. B manpHeimem
TOJIBKO XapaKTEePHBIE IINKCEIIBI HCIIOJIB3YIOTCS ISl pacdeTa KOHTPOJIBHOW CyMMBI MakpoOJIoKa:

Hl= D F(x,y,t)-F(x—-V,,y—=Vy,t —At) (2)
(x,y)—K0OpOUHAMbI BLIOPAHHBIX MOYEK
8 COOMBEMCMBYIOUUX YUACMKAX MAKPOOIIOKA

C ucnonp3oBaHreM 16 XapaKTepHBIX MHKCEJIOB pacdeT KOHTPOIBHOM CyMMEI (2), IO CPaBHEHHIO C CYMMOH, B
KOTOPYIO BXOIAT Bce 256 muKcena, yckopseTcs B 16 pas.

Crnenyer OTMETUTh, YTO, HECMOTpSI HA CBOIO MPOCTOTY, HM3JIOKEHHBIH alropuT™M o00JaJaeT BBICOKOM
a¢¢exTBHOCTRIO. [IpH 3HaYMTENEHOM YCKOPEHHH TOMCKAa BEKTOPOB ABIKEHHUS (B 16 pa3), MOTepH CXKaTHA 3a CUET
OIMOOK B TIOMCKE BEKTOPOB HE MPEBBIMAIOT HECKOJIBKHUX MPOICHTOB (cM. Taom. 1).

Tabmuna 1. Pasmep koma MPEG-2 (Gaiit) mis mocnenoBarensHocTn "Can nseros", 97 KaapoB C pa3pelieHHeM
640x480 nuKcenos.

Koneunast TOUHOCTH BEKTOPOB IIpeanaraemblit anroput™ c ANTOpPUTM C UCTIOIB30BAaHUEM BCeX 256
JIBIDKCHUS HCIOJIb30BaHueM 16 MUKCeNoB MakpooOioka (1)
XapaKTEPUCTHICCKHUX MUKCEIIOB (2)
0.5 nukcena 3295558 3242122
1 mukcen 3699264 3545362

(@) (6)
Puc. 2. YBennueHHoe M300pakeHHWE OJHOTO MakKpoOJOKa M3 TEKyHIero Kajapa (a - momedeH Oenoi pamkoil) n
COOTBETCTBYIOIIUH €My y4acTOK H300paKeHusI B ONTOPHOM Kazipe (0 - IToMedeH YepHOi paMKoii).
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[4] “Line transmission of non-telephone signals/ video codec for audiovisual services at px64 Kbits”, ITU-T
Recommendation H.261, March 1993.
[5] “Line transmission of non-telephone signals/ video coding for low bit rate communication”, ITU-T
Recommendation H.263, March 1996.
[6] “Line transmission of non-telephone signals/ video coding for low bit rate communication”, ITU-T
Recommendation H.263, Jan. 1998.
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JeTajell B TMHAMAYEeCKUX n300pakeHusx», [latent PO Ne 2137194 ot 15.07.98.
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82 81 97 102 94 105 100 132 171 189 196 181 151 140 151 151
126 125 127 125 127 127 112 104 117 137 150 144 125 117 125 135
167 165 168 142 153 174 115 62 64 87 118121 86 84 106 117
166 163 158 154 161 165 147 126 123 127 125114 101 103 115 128
160 156 156 164 183 178 174 186 168 138 115 100 119 131 131
140 140 135 128 125 132 145 153 147 128 117 126 143 157 159 157
120 122 116 104 75 80 117 136 123 80 82 139 186 203 195 170
164 149 131 120 115 115 120 126 134 143 160 182 191 187 178 170
221 179 136 142 147 151 125 111 152 197 235237 204 172 166 163
10 142 120 100 90 87 85 88 109 148 182 195188 170 150 132 125
11 70 61 55 39 23 24 41 91 151180 171141 139 126 95 78
12 78 63 61 64 69 80 103 136 159 163 153 148 153 151 139 131
13 68 61 68 85 120 124 161 188 179 157 134143 178 186 177 180
14 146 143 138 134 140 148 158 162 151 133 124 140 166 174 170 166
15 210 236 210 169 172 161 163 148 124 110 97 127 174 169 155 161
16 181 189 176 145 120 113 121 124 112 94 86 97 112 110 99 94

O 00O\ W AW —
—_
(=N
=)}

©)

Puc. 3. Penbed makpoOiioka (a) n ucxoHble uQpoBbIe 3HaYEeHHs CUTHana sipkocTH (0).

y\x 1234 5678 9101112 13141516
1

2 Max Min Max Min
3

4

5

6 Min Max Min Max
7

8

9

10 Max Min Max Min
11

12

13

14 Min Max Min Max
15

16

Puc. 4. Pa3buenue MakpoOjoka Ha Y4YacCTKH, B KaXKIAOM M3 KOTOPHIX BBIOMPAETCS OAMH XapaKTEPHBIA IHKCET,
HMMEIOINI MaKCUMallbHOE, TH00 MUHIMAaTbHOE 3HAYCHNE B TAHHOM y4JacTKe.

*
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ON ACCELERATION OF MOTION ANALYSIS FOR DYNAMIC IMAGE CODING
Dvorkovich V.P., Dvorkovich A.V., Sokolov A.Yu.

Radio Research & Development Institute (NIIR)
16, Kazakova str., Moscow 103064

Abstract: The results on the acceleration of motion analysis procedure being one of the most computationally consuming elements in
dynamic image coding according to MPEG-1/2 standard are reported. In the proposed method the acceleration of motion vector search algorithm in
16 times in comparison with the standard algorithm results in the loss in compression ratio less than 2 %.

Coding of dynamic images according to MPEG-1/2 [1,2], MPEG-4 [3], H.261 [4] and H.263 [5,6] standards
includes motion compensation as the main element. The use of the motion compensation allows one to obtain higher
compression ratios (in 2-3 times) than without it. The standard method of motion compensation is the blocked based
one, in which motion compensation is applied to each block of the frame. In the method current image frame is
divided into the rectangular blocks of fixed size (called later as “macroblocks”). The typical size of the macroblock is
16 x 16 pixels for the luminance component and 8x8 pixels for each of the chrominance components, taking into
account that resolution of the chrominance is usually twice less than that for the luminance. Each macroblock is

assigned a motion vector (V =(V,,V, ) characterizing the position of the macroblock in the previous frame:

H= 3 |C(xyt)= 3 |F(xyt)=F(x=Vyy=Vy,t-At) (1)
5116 516

T 2T

Here F is the pixel luminance value, (x,y) are spatial coordinates of the pixels of the macroblock being
counted from its left-up corner, ¢ is temporal reference to the current frame, ¢ — At is the temporal reference to the
previous frame. The summation in (1) is carried out for all pixels in the macroblock. The values of C represent the
difference between the current luminance values in the macroblock and the values in the previous frame,
corresponding to the the position of the macroblock with the shift on the motion vector. If all changes from the current
and referenced frames can be almost reduced to the spatial shift of the image elements (which is the case in many
situations), the value of C is small. In this case higher compression can be achieved by encoding the value of C instead
of the original signal Y. The value of H in (1) plays the role of the norm (power) of the motion compensated signal C.
The smaller the value of H, the more effective motion compensation is. The similar coding scheme is applied to the
chrominance signals. It is necessary to mention that there is a possibility in MPEG-1/2 standard to code the
macroblock with the use of two motion vectors. In this case the difference between the original signal and the
interpolation reference value, calculated with the use of two motion vectors and two referenced frames, is encoded. In
addition, the motion vectors in MPEG 1/2 standards can be represented with half pixel accuracy. In this case the value

of the luminance in the referenced frame F/( x—Vx,y—Vy,t — At ) corresponding to sub pixel position is

calculated with the use of the linear interpolation between neighboring pixels.
There are various algorithms of motion vector search. The most simple and the most computationally
consuming is the algorithm based on the full search among all possible values of the motion vector in some search

window min <V, ,V, <max . The value of ¥V for which H in (1) has the smallest value is taken as the sought vector.

Considering the rectangular search window of the size of =N pixels along coordinates x and y, the estimation of the
necessary value of computational operations to find the motion vector per macroblock gives the value of

3-256(2N +1 )2 . This is equal to 3-( 2N +1 )2 operations per pixel, and for the typical value of the search window

size N=15 becomes the significant number of the order of 10° operations/pixel. This method provides the best result,
but it is complicated one from the view point of the amount of computations. For this reason it is usually used only as
the standard referenced method for the estimation of the quality of other motion vector search techniques.

One of the most effective methods of motion vector search is the method described in [7]. In this method the
summation in (1) is replaced by the summation only with the small number of macroblock pixels. The idea of the
method is to select the small number of macroblock pixels which characterize in the best manner the shape of the
luminance signal in the macroblock. Fig.1 shows two frames from the test sequence “Flower Garden”. Fig.2 shows
one macroblock and the region in the reference frame that corresponds to this macroblock. Fig.3 shows the relief of
the luminance signal in the macroblock and the table of values at each pixel.

According to the method of characteristic pixels each macroblock of the size of 16x16 pixels is divided in 16
areas (Fig.4), and only one pixel having maximum or minimum value is selected in each area. Maximums and
minimums have the chess-order as it is shown in Fig.4. Only these characteristic pixels are used for the calculation of
the control sum of the macroblock:
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Hl= 2 F(x,y,t)_F(x_Vx,y_Vy,t_At) 2)
( x,y J-xKoopounamsi
8bIOPAHHBIX MOYEK
8 COOMBEMCMBYIOUUX

yuacmkax Maxkpoonioka

The calculation of the control sum (2) with the use of 16 characteristic pixels is 16 times faster compared to
the calculation of the control sum (1).
In spite of its simplicity the proposed method is characterized by high efficiency. Under the considerable

acceleration of motion vector search procedure (x16 times), the loss in compression ratio due to the errors in motion
vector search does not exceed 2% (see Table 1).

(b)

Fig. 1. Current (a) and referenced (b) frames of the sequence “Flower Garden”
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(a) (b)

Fig. 2. Enhanced view of one macroblock from the current frame (a: marked by white color) the corresponding to it
region in the referenced frame (b: marked with black color).

(a)
y\x |1 2 3 4 S5 6 7 8 9 10 1112 13 14 15 16
1 82 81 97 102 94 105 100 132 171 189 196 181 151 140 151 151
2 126 125 127 125 127 127 112 104 117 137 150 144 125 117 125 135
3 167 165 168 142 153 174 115 62 64 87 118121 86 84 106 117
4 166 163 158 154 161 165 147 126 123 127 125114 101 103 115 128
5 166 160 156 156 164 183 178 174 186 168 138 115 100 119 131 131
6 140 140 135 128 125 132 145 153 147 128 117 126 143 157 159 157
7 120 122 116 104 75 80 117 136 123 80 82 139 186 203 195 170
8 164 149 131 120 115 115 120 126 134 143 160 182 191 187 178 170
9 221 179 136 142 147 151 125 111 152 197 235237 204 172 166 163
10 142 120 100 90 87 85 88 109 148 182 195188 170 150 132 125
11 70 61 55 39 23 24 41 91 151180 171141 139 126 95 78
12 78 63 61 64 69 80 103 136 159 163 153 148 153 151 139 131
13 68 61 68 85 120 124 161 188 179 157 134 143 178 186 177 180
14 146 143 138 134 140 148 158 162 151 133 124140 166 174 170 166
15 210 236 210 169 172 161 163 148 124 110 97 127 174 169 155 161
16 181 189 176 145 120 113 121 124 112 94 86 97 112 110 99 94

(b)

Fig. 3. Macroblock’s relief (a) and the values of luminance at each pixel (b).

Table 1. The size of the MPEG-2 encoded “Flower Garden” sequence (bytes).
97 frames of the resolution [640x480] have been encoded.

Motion vector accuracy Proposed algorithm with 16 | Standard algorithm with all 256
characteristic pixels (2) pixels (1)

0.5 pixel 3295558 3242122

1 pixel 3699264 3545362
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y\x 1234 56 78 9101112 13141516
1

2 Max Min Max Min
3

4

5

6 Min Max Min Max
7

8

9

10 Max Min Max Min
11

12

13

14 Min Max Min Max
15

16

Fig. 4. Division of macroblock into regions, only one pixel having maximum or minimum value in the particular
region is selected as the characteristic pixel.
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