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[FEEDERDEHICSIAIN-5IAXM2 THD.
Yu-Wen Huang et al., TE1: Decoder-Side Motion Vector Derivation with
Switchable Template Matching, Joint Collaborative Team on Video Coding
(JCT-VC) of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11, 2nd Meeting:
Geneva, CH, 20104 7 A, JCTVC-B076, pp.1-11 IZIX. LLTDE&EHLH S

(FEMAICEEBTHERLEZRREZFTT S, £, THRITBFAD-DHIZTHET
FL=. ) o

(7) TAbstract
This contribution describes MediaTek's work on decoder-side motion
vector derivation (DMVD). In prior arts, template matching (TM) is
always used to obtain motion information. In this proposal, it is

suggested to adopt a switchable TM, and therefore two DMVD modes,
DMVD_DIRECT and DMVD_TM, are provided. = = - For DMVD TM, TM is enabled.

The TM search algorithm begins with an initial stage followed by a
refinement stage. Moreover, adaptive template shape and boundary
weighting are newly developed to improve the coding efficiency with
low complexity overhead. ]

(EHY

CDFEF, To—FRTOEFHEARY FILEH (DMVD) [CBFTEMed i
aTekttDHARIZOVWTHERS, RO TIE, BITEMREGFL-HIZE
TV TL—bryFT (TM) BAERSNTER, RRETIE, YIYEZ
AL TMERERETSHZE%412EL,. DMVD_DIRECT&EDMVYVD. T
MD2DODDMVDE—FZ&iR#ET S, - - -DMVD_TMTIE, TMHAE
MIZEY ., TMER7ZILT) LI, DHERBENSIEEY . ZO®RITHBEERE
MR, SHIZ, BISHEBT O TL— M EREBREATITEHITHEL,
BEHLGA —N—~Ay FTHEEHEZMLEIETNS, )

(4) 11 Introduction
DMVD was first proposed by RWTH Aachen University [1]1[2][3][4][5][6]
The main concept is that since reference picture indices and MVs can
be derived by TM on both encoder and decoder sides, they do not have

to be transmitted. = - - Besides RWTH Aachen University, we also
proposed our DMVD in [7] at the first JCT-VC meeting in April
2010. = - - Recently, we keep improving our DMVD to achieve better

coding efficiency and less decoding complexity. The most significant
difference from prior arts is that TM can be turned on or off. When
TM is off, we call this mode DMVD_DIRECT. When TM is on, we call it
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DMVD_TM. |

(1 4>vraFH 3>

DMVDIERWTH7Z —AVKZIZLE->TRYICIEESNASE [1] [2] [3]
[4] [5] [6] . ELGEAAIE. BREIVF YA TYIROMVIETY
I—5FAlETO—FRIOBMAIZEVNT, TMICKYEBHRTELS-H., Tnb%E
EETIBENLGZVEVNSIEDTHSD, * =  RWTHT—AVKZELSNZE,
201 0F4ICHESN-E1E@JICT—VCELETIK., [7] TE#®OD
MVDZIRELE, - - "&IETEH, FYRBWFEEDIERLEIYDLLGEVNESD
BHIZEHTSH-HDIC. DMVDODHERBEHEITTLND, REDFEMEDERD
KELEWE., TMZA UFEREATICTESLZETHS, TMHA TDEIE
DMVD DIRECTEMYE, TMAAUDEZIX, DMVD_ TMERE
A6 )

(*2) T2 Algorithm description

First, we describe common properties of our DMVD work. = = = Currently,
our DMVD implementation is based on KTA2.6r1 [10]. DMVD is allowed for
three levels of CUs including 16x16, 32x32, and 64x64. A
dmvd_enable_flag is sent for each supported 2Nx2N CU (N=8, 16, 32)
when “the current CU is not split into four NxN CUs” and “the current
CU is not coded with 2NxN or Nx2N prediction unit (PU) mode” in order
to distinguish between the conventional 2Nx2N PU mode and the proposed
DMVD mode. If DMVD is applied, a dmvd_no_residue_flag is further sent
for the current GU to indicate if prediction residues are coded or not,
and a dmvd_template match _flag is also sent for the current CU to
select between DMVD_DIRECT and DMVD_TM, which will be described in
Section 2.1 and Section 2.2, respectively. ]

(2 73y XLggid

F9. ELAODMVDERIZHBT 2FHICOVWTEHBAT L, - - - RE.
KZODMVDEEIKTA2. 6r1 [10] #ZRA—=XIZLTHEY. DM
VDIZ16x16, 32x32, 64x64%Z8L3D2DLAR)LOCUTEHA
ShTW3, ED2NXx2N PUE—FKERBEESNATWADMVYDE—F
XBTBE=HIZ. THEDCUMAADONxxN CUIZHEIZATULVAELY]
MBEDCUMN2N xNFEEIEINx2NFHI=Y + (PU) E—FTa—F
feEnTWAEWL] BE, Y R—FSINTWSHE2NXx2N CU (N=8, 1
6, 32)I2x@LTdmvd _enable flagh&ElEEchsd, DM
VDMAWNERAEINTIEE. FARENFESILEINTLWEINENEZRT-HIZ, T
HOCUIZXLTdmvd _no _residue flaghdnhllEES
h, ES5CBEDQPCUICXLTDMVYD DIRECTEDMVYD TMAOLWL
FTHhANEEIRT H-HIZdmvd template match flag
NEEIN. ThEThE2. 1EHEKLUVE2. 2HBETHHAIND, )
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(x) T12.2 DMVD_TM mode
When dmvd template match flag is 1, DMVD TM is applied. For each PU of
a DMVD_TM CU, motion information is derived by TM. A few DMVD_TM
parameters including hypothesis number, matching criterion, boundary
weighting, and template shape, are provided at picture parameter set
(PPS) or CU level. |

(2. 2 DMVD_TME—F

dmvd template match flagh1DES. DMVD
TMAEREINS, DMVD_ TMZEALFZCUDZEPUIZR LT, TMIC
FYBEERNEHIND, RRES. Yy FUIRE FREAFIT. TV
TL—rEREZEEL WV OANADDMVY D TMIRSA—EN, ETFv/INT A
— B2ty hk (PPS) FIECULRILTIREEEINS, )

(A) T2.2.4 Template shape

In addition to the L-shape template, 3 more template shapes are
allowed. The L-shape mode, left mode, upper mode, and corner mode are
shown in Figure 6. For each DMVD_TM CU, dmvd_tm mode_b1l and
dmvd tm_mode b0 are compressed by CABAC and sent to decoders for
signaling the best mode. For easier explanation, neighboring 4x4
blocks to be included in the template region are numbered from 1 to
2N+1 as shown in Figure 6, where N depends on the CU size. The L-
shape template contains all 4x4 blocks numbered from 1 to 2N+1, while
left, upper, andcorner modes contain 4x4 blocks numbered from 1 to N,
from N+2 to 2N+1, and from N/2+1 to 3/2N+1, respectively. |

(2. 2. 4 FoTL— K
LFERTFOTL—RIMAZ, 51232 TTL—rEEMNAEFESATWLS,
HK6IZLFE—F, EE—F, FE—F, O—F—EF—F%TF9, EDMVD
TM CUIZDWWT, dmvd tm mode bl&édmvd tm
mode_ bOlk,. CABACTEMINTTI—RITELNEZEDTHY.
RRCE—FZEIHGFIITT B, REEZBRBRICTH=HIC, ToTL—ME
BICEENIRNEHETH4x4T0v01E, BGITRT LI, 1HhAB2N
+1FETOBEBEMNFFLATEBY., ST, NIZCUDY A XIZI&kFT S, L
FRFUOTL—FE, 152N+ 1FETOBEENFTFOoN-TRATDAL x4
JavYE&EH,. EE—F, LE—F, $&XUVa—F+—F—FlE. EhZh.
1TMABNET, N+2MB2N+1ET, BEKUN2+H1MB3 72N+ 1
FTOBEBENFITON-4x4T 0OV %8, )

(#) T
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L-shape mode left mode upper mode Comer mode

Figure 6 Illustration of 4 modes of template shapes]
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[1] Steffen Kamp, Michael Evertz, and Mathias Wien, “Decoder Side
Motion Vector Derivation” ITU-T SG16 Q.6 Document, VCEG-AG16, Oct.
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14 BIAXE2IZ2BVWTSRIN TS XE (SRITHEN)

SIAXEN2DEEE (4) IZTHELT lReferences [1] | ELTSEBENT
Wb, k& () oxXm T b. Steffen Kamp, Michael Evertz, and
Mathias Wien, “Decoder Side Motion Vector Derivation” ITU-T SG16 Q.6
Document, VCEG-AG16, Oct. 2007. 2 00 7&10A (LT, SHEX#EELVS)
[ZIE. BE1IR=—DF14T7~F2 2TICUTORENH S,

[Nnter-Prediction using Template Matching (TM)

In the case of inter-prediction the template matching process can be
seen as a motion vector search at the decoder side. Here, template
matching is performed very similar to traditional motion estimation
techniques: Motion vectors are evaluated by calculating a cost
function for accordingly displaced template-shaped regions in the
reference frames. The best motion vector for the template is then used
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to predict the target area. Only those areas of the image where
already a reconstruction or at least a prediction signal exists are
accessed for the search. Thus the decoder is able to execute the
template matching process and predict the target area without
additional side information. ]
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Decoder-Side Motion Vector Derivation with Switchable Template
Matching, Yu-Wen Huang, Ching-Yeh Chen, Chih-Wei Hsu, Jian-Liang Lin,
Yu-Pao Tsai, Jicheng An, and Shawmin Lei, http://phenix. int-
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JCTVC-BOTE

Template Shapes for DMVD_TM

+ CU-level adaptation

« 4 template shapes selected by a 2-bit flag
« Provide higher TM accuracy for object boundaries

« Reduces decoding complexity due to smaller templates

L-Shape Mode Laft Moda Upper Mode Comer Mode
Tod Tnd 1LV | Yol T T T [Tl [Td T [ e
T Ty T
T | Curent || T| Current Current | |[Ts Current
T PU T, PU PU PU
Ti : Tl
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TUTL— Iy FUOIMEBICEALT, UTOREENTEE INTWS, - TV
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14 FEPABESEBIZDOIVT
S|\AFBADER (a1) O T72—FBITOEETARY FILEH (DMVD) |
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TH-OT. B (a2) OMVIEHEEERY MLZT o O—FAIICTHT
TUOTL— by FUTICKYVERTEID. (X, #K (a3) OKS5IZ. BX
[CB#ER SNz, TRELELCELFAESHFEET SEBRDOBEEHOAHMNIER
DEHIZTIEREIN, TUoTL—FMIRELBHERNY MLABHEINBEZ E
No, BICBERIN-EBROBEEET VT L— AV DEWNZ D,

F593E 8K (a3) O TFUTL—Fk] & TEERER] A, ThE
N, REFBEXPORPABREEEBD F10EE] & ThoBERE®R]
HET 5,

Fi-. K (a3) #EELT-. SIAFEBEDEK (a 1) O [Ta2—FfIT
DEEARY F)LEH (DMVD) | THHOT. B (a2) OSBEYVFv A
VTV RABMVEIVA—FAIZEWNVTT YT L— MRy FUTICKYEH
T5HD. (. KAEFHEXBAOXKABFEEEBD FSLLEOMEIC, FE10
B, thOBEREBGREZRANT, BIZRI MLZEHL) ITHET 5,

v EAREFECIZTONT

(7) BIARBAOER (b) (c) O TREMCUIZFHLTDMVYD_DI
RECT&EDMVD_ _TMOWIIANZRINT H-BDICdmvd_temp |
ate _match_ flaghEEEh, dmvd template_ m
atch_flagh1DiHFaE, DMVD_TMAERSIN] 52 &I2DULVT,
K (a1) LS TDMVD_TMTIE, TMAERIZH] 22 &5,
EEEINAdmvd _template _match_ flaghl1Digs.
TA—FBITOFERY MLBHIZEITATUTL— Iy FUIDNEMICH
5ELVZ 5,

Ffz. LEB7DELY. CUZEIZHEEL LTINS END, LEEHERK
(b) Mdmvd template match flaghBEMDCUIZ
MLTEESNSZEEIE, FEESA-BEDCUE ELIZHFEILS (15/
EvFRR)—L) ELTEETINDIZETHDIEWVRD,

Li=A->T. L2# (b) dmvd template match
flagldXRGEHEXHAORBEIFESECHD EY R MI—L] IZTEFEFNS.
[FaA—FICEVWTEERY MLZEHT OIEEEEZAINCT EIHLELNETRTH
1 DER] ([THET S,

(4) ERBA4DEBY., B (a3) O TTFoTL—b] DNRGEMHBERBAD
M5 1 DEER] ITHET 5,

Ff-. SIAERBADER (c¢) O TFUoTL—FrFBREET WL DOHODMYV
D_TMITA—=EM, CULR)LTIREESHh] 52 &, B (d1) O TL
FRTFUTL—MERICMZ, SSI23D2DTUTL—FEEAZFIATE Y.
H6IZ;RILFEFE—F, EE—F., EE—FK, Oa—F—F—FKhdHhl 52 ¢&.
B (d2) ® T£DMVD_TM CUIZDWWT, dmvd_ tm_mod
e _bl&dmvd tm_mode bOlX,. "A+FE—FKZITFYDY
51 ZEML, UTOZENNZ B,
*DMVD_TMNSA—=2D550T>TL— FERKIER6IZRT LFE—
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dmvd tm_ _mode blédmvd tm_ mode boOl., 4
DDE—FDTUTL—FERKMNOARRME—FEITFILT S, CULARN)L
TRESINSDADVMD_TMNSA—=EDS550TYTL—FRKIZCEAT 5%
DTHD &

FThHHhHE, dmvd _tm _mode blédmvd tm_ _mode
bOIXTUTL—FDREIZCHVWSERTHY . FEELSIh-HEDCUL L
HIZFHEIES (Ev FRMY—=L4L) ELTOTFILENEEWNZ D,

Lf=A>T. L&k (d2) Ddmvd tm_mode_ bl&kdmyv
d_tm_mode_ bORARHGHHERADOKAREEFECH EY KR LY
—L] [2EFNS. THESEICAVLHIELE 1 OEBRDREICANSE 2DIFE
;] ITHEET S,

I ¥BABESIEDIZDOLT

EREY (1) ODEBY. B (d2) Ddmvd_tm_mode__b1l&
dmvd _tm_mode_ boOl&, 4D20F—FKDTFTL—FrEREMLA
ARE—FZITFNLTEI3DTHY . REHEXBAORKBFESEED D MH]
FE2DFERIE. F1OEBOBHIEHED S BEOWVWITANTDERT] £DT
HHEWVNZRD,

fzZL. AW ERBOFIZE 2BHRIEI 1 DDA 0TI I RATHDIDIZH L,
¥k (d2) ®dmvd_tm_ _mode _bl&édmvd tm_ _mode
_bOlE. 1DDATYIRTHANE S NNIFRALLRTHET D,

F EAREFEEIZDWNT

rtETDELY., 8 (d2) IZEIFAdmvd _tm_ _mode b1l
dmvd tm mode bOl&X, 420F—FDOTTL—rEEMDAR
ALE—FESTFTLTEHLEOTHY., LEEY (1) DEBY. 4D2DE—F
DTrTL—rERKREFRGICRTLFE—F, EE—F, LE—F, O—F
—E—FTHY. CNoDMNEXBHLNZELZ TN,

L7=A>T. #m (d2) ddmvd_tm_mode_bl&dmvd__
tm_mode_bOlX, KREHEXBEDEREDE 2DIFHREBHKRIZ. ZD
EBIZIEC T, THIREE 1DEZE L TRHAWSBEEREBROMENEL D] &5
[ZLTWSEWVR S,

ULDOREICEDICE, AEFHEFRBALSIAFEAO—BA, HERITLUTD
EBYTHD

(—#R)

A BEREZJ0OY Y CEICRBIET AFEIEAETH- T,

B HELNEDOMEIZ. F1DEKERE., thOBEREGREEZRANT, B1ERY
MLZEEBHL.

C EYyhrRIMNJ—=AIE, TA—FIZTEVWTEERY MLZEHT S#EEEH
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DT EOENZTRTHE1DFERE. FESEICAVDHEIEE 1 DEBROREIS
RAWSE2DF/MEZTEH.

D’ ®IELE 2DERIE. AILE 1 DEGRDEREFERD S LEONTAN1DZE
TTLOTHY.

E RIEEE 2DFEMICIEL T, AIRRE 1DEBZRE LTHVWSBEEREGROLE
AN R AN

A ®EIEHE.

(B2 =)

D ICEALT. AEFHERRIE. AIEEE 1 OEBROEHDRFED > B0
WIFhh1D%FFT TFE20FHRI X, T1201VTvHIR] THERIND
DIZH LT, 5|AFBEADIdmMvd _ tm _mode bl&é&dmvd tm
mode__bOX1D2DAUTYIRELTEREINENESISNIFTHATHS
50
(83—5) HHERIIXT S¥IM

FEESIAXE 2 [T S XERICEEE SNI-FEHIZENnE, DMVD_TM
TOTYTL—FERKIZDOWT, 2EY I35 I2&2T4D20TTL—F
IR S DEIRAEEINDZ EIE, AMOBRMEBIEICT EFYS ., 5IHEBICHT
5. 420 TVTL—FERIOLDZERTHD. LEE—F, £EE—F. LA
EF—FK, O—F—F—FOHBEILALDARRMNE—KDITFI)2T5DEHIZ. T
a—4AI2EbNDddmvd _tm _mode _bléldmvd _tm_ _mod
e__bODERIZHT, LESIAXM2 ITHET S XEICEHE SN-FESE
BAL., 2EY FISTICKYBRT A LITUERICE>TRLE#AELE
LAF-3DELNZ S,

., EE2EY IS5 HI2&2TA4DDTFUTL— MDA L DEIRE
T5UE, CO2EY FISTIE1EY FFDIZREILE=-2D0D1EHRE LTH
WoNnd3DTIEHLEL, 2EYFZFEEHTIDOOA TV I RELTHWT
WbdEWA, ChIFLERERICEAT SERICHE S LY,

(4) BHBERADERICDOWNT

BHBERAEIFHM1IEFEOA24BFHTEHFERED 3. KERANEFS
NEREHEAHA] O T (c—2) 5IAXBK2IZDLTI IZTEWVT, UTDLS#
FERZLTLAHADT, INBITDOVTERET %,

(FERADER)

[ (c—2) BIAX#E 212DV T

-, BIAX@E 211X, #EMIZ. 7 dnvd_tm_mode_b1 and dmvd_tm_mode_b0
are--- (Hf%) ---sent to decoders for signaling the best mode” & ) E2&E
AHYET, LMLENS, ik, dnvd_tm_mode_bl & dmvd_tm mode_b0 @
2 ODER/REAVT 1 DD mode £FRMTHZEAFTRIATEY., 120
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mode Z—EITIRET S 1 DDEHR. $74b. [HIEEHEFERE. FIEENED
AT TL—FOWVWTAN1DERT 1 DDA UTIIRATHD] EWVSHE
i, SIAXE 2 ICRBEHEELETEBELINTEYEFEA, LEN-T, DPLRVEE

 FEERICAVWVOREEBET Y T L— EAERIRED S DO NVTNTH D
MNE—EITERL, T2—454DONEENEFBTESLEVSHMRIEIELEEA,

LA, 5IAXEL2I1Z2H LT dnvd_tm_mode_b1 & dmvd_tm_mode_b0 M 2 DD
BHREAWVD EWVWSFRIE, TRIEEHEIEERIE. AIEENBEOERTTL— b
@ufh#1d§%110®4/?17X1&61&uS%&# DMVD_TM
mode MREFICH VT, HBEFICE-TESZICEELBAIELDTIEILLI EMNFE
SINTWBHEEZRFT, LE=A-T. 5IAXE 1 8LV 2ZAEahEEC
AT, FEIEZDOFEXKRIE 11225 FBIL. @%Lﬁﬂb 5HDTIEHY FHA,

Ft-. HERDFERESDESAHEIL, BRKE1DOFFILAEICHIET DA
ETHDH-0. HERDFERIE1 LRBDIENEZAFT,

InIT, WIERDEERIE1 5TIE, MERDHERE1 LRk, THEIEIZH
WAHE1DEBRDREICAHAWNSE2DEHR] A THIEEE 1 OBEBGOESIRHED
SEOVWTNMNTI DERT 1DO2DAUTYIR] THYET, £f-. HIEERD
FAKRIE16ICRDPESHZEDRHRAIX., TOFEKIE15DOFEILAEDFKBAIZK
6T 5FHHETT, LEA->T, CNODHERDFHI-LHEKRKE155KU16
[T LTH, AFEMERDFERIE1 LRBODZENEZAFT,

Li=M>T., RFEEWHEZRDEKRKIE1, 8. 158KV 16IZZRIFKBEOHBE
B LUESEIE, BSIAXH 1 BEUV 22L& TEEIRGVERHILV-LE
T, AFEWEEDERE2 -7, 9—14, 178LU18I2F2FEHEL, K
FEFIERDFEKRIE1, 8. 158KV 16ICFRSEALRABEOEHEELTL
51-8. REME#RDERE2—7,. 9—14., 1 78LU18IZ{Z5HHED
FRESLVESHEEEEINGTNERH LV -LET, |

LERFRIZDODVTHRET 5,

L& (3—5) IZTEITHHEERICTHTHHIEDEL Y. 5IHFKBAIZENT.,
LBEE—F, £E—F, LBE—F, O—F—F—FOFHIHELRX+E—F%
DOF) T AREHIZTa—FIZELNDSdmvd_tm_mode__b 1
Edmvd tm _mode bOZ4DNDTUITL—FrEEMNADL 1 DEER
THHD2EY bD ISV ELTHERT A LITHEENRZIZELALE
DTHAN., CO2EY DTS TIF1EY FTFDIZREILI-2DODIFFHE L
THVLWLNEEDTIEHGL., 2EY FEFEHTIDO2DAUTYIRELTH
WohddDTHD.

T, COEREEELESDET, 2EY FEVWSAOHBEVWFEET, FE1EICH
WonziaET Y T L— FOEBIEHEDO S BEOWVWThTHLIhME—EITERL.
TA—FDUEBENEIFETESLEVIMREEETHEDENZ S,

Ut EBY THA AN L., BHIFERADERITIFEATEELY,

(5) /ME
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UEtDEEY ., REMERRAZ, SIAXM 2 ICRBSN-RALLVIAX
B2 I A XERICEBDEEICE DT, BEBENBRZICHKHET L L
NTEELDTHAINL., BHFEF29FFL2HORATEICLY . FHHEDORK
(S L THEFZZTAIEATEDLDTEEL

3 LIV
UEDEREYTHAIND, REMIEX, B EFE17ED2FE6EIZENT
2RI IREE1 26 KE7TENHRTEITERTANDT., RIEE1595F 118
CBWTHAB A TCERATIRZEES SEE1HOHTEIZLYATIRELD
TH5,

£3 AERERBITONT

1 A
SMI1EORA24BFHTOFHEEFLEDEF YT EINIzDT, KXFED
FERBICHRIEHAZ. FRI1E481 8ENTOFHEBEIZLIYBES
BB ROEEDHERE1HAVL 1 8ICREBEINEFHICLIYBESIADILOD
THY. D56, BRE1SITHRLHIFER (LIT. TXREFEHA] &0V 5, ) (&,
ERE2D1ITRLT: (HERMDERIET1S) [CEBESNE-FEHICKYBES
ndEBEYDLDTHS,

2 REFEIZHITHIEEDIEH
FEEDEEDEHTHAFERISI 1E 181 0B ITEEERDANEIE. #
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SNF-RAXIEREERHKZELC TARICHATTREE Lo =RBIZE T,
ZTOHRBERIZZOEBADORER T IHEMDOAFICETLIBEDOHFEZETLIENE
DGICHRPZTEHIENTELLDTHSIMN D, BHHFEFE29FKF2IHDAEIC
KUEHEZITHEMNTELRLY,

5l 3@k 2 : YuWen Huang et al., TE1: Decoder-Side Motion Vector
Derivation with Switchable Template Matching, Joint Collaborative Team
on Video Coding (JCT-VC) of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11,
2nd Meeting: Geneva, CH, 20104 7 A, JCTVC-B076, pp.1-11
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TO5395HE. AMMEFRKAL L LREBERZRVV-AGEFHKRALSIHFKRADRE
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