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sinusoidal family of unitary transforms, IEEE Trans. on Pattern Analysis and Machine Intelligence, 1,
356, 1979 oA AW ¥ = FUE WMo Ad9d el (sinusoidal family) o ddoleh= Zo] @l
*1 °‘Zf4°it} FUHY WS AA9E siEels vs3 2ol eAstE we 7|4 #WEHES o] &8st

o 2~ .

Pu(k) = A-eo+B- ke

9] et A, e = 2.71828 3} o FUI Ad =] ® (base) ©]al, A, B, ¥ 6 & dutHom K4
wolm, w8l gl BHEd.  FAgem, dAe waadd, I o mpen, o wy gy
A ATHES FASIa, i & Biado s455s gA st}

o|2F o] Wk z:Alel W3 L Alel W3E (sine transform), E (A 1-2F A vtz X T2 A2 thih)
KT & Sgshs 99 2 deld waEe fune wase o 4dsd Aude Qs s A



[0074]

[0075]

[0076]

[0077]

[0078]
[0079]

[0080]
[0081]

[0082]
[0083]

[0084]

SS=S0] 10-2798865
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Yk = Ln=0 ’;COS( N-1 *Wo " Xn »

14 {% k=0 32
» Wo =
L z-5

DCT E}FY-IIT (DCT-3):

__ vN-1 |2 m-n-(k+0.5) . .
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T gloen wE7hs e 2-D WEEe] 48E Fx 9]

1. 264/AVC 9} & 71E WYL ZYEoAM =, 4-EQ0E H 8-¥QE DCT EFJ-11 9o AHF AT SR
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ZE9 s SAES ¢ SEsA &3] sk, DCT EFY-11 o199 o A54 dv BYEY WEEo]
Al vl Q. sEle A AREHTH & E°], HEVC oA, 4-3Q1E BFY-VII DST o] A5 Absh= Qe
dZ ZAfe] thete] A" = ATt J. Han, A. Saxena % K. Rose, "Towards Jomtly optimal spatial

prediction and adaptive transform in video/image coding" IEEE International Conference on Acoustics,
Speech and Signal Processing (ICASSP), March 2010, pp. 726-729 oA Aw ¥ w}e} zFo], HEVC oA o] &
DST EFY-VII 2 QIEZ oF WEsS uet AFE xE S0 diste] DCT BgY-11 2o ¥ a&4olge

Aol o]2Ho g FHE AFPHor FadAiEE A s s dE& Zo}, DST EFyY-VII & 43
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HEVC ©lA:=, 4x4 Fup QIEZ o Ik EFEo] ofd ak EF5E9] dsle, 4-%QE, 8312l
16-EQ1E, 9 32-Q1E ICT Bl-11 o) 45 2APhEe] Sk, olstl A wAE vhst ol H88 F% 9
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4-¥QQE DCI-11:

(64, 64, 64, 64}

(83, 36,-36,-83}
(64,-64,-64, 64}
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8- E DCT-11:

(64, 64, 64, 64, 64, 64, 64, 64}
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{87, 57, 9,-43,-80,-90,-70,-25, 25, 70, 90, 80, 43, -9,-57,-87}
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31,61,88,22,-67,-85,-13,73,82,4,-78}
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80,25,90,9,-87,-43,70}
{67,-54,-78,38,85,-22,-90,4,90,13,-88,-31,82,46,-73,-61,61,73,-46,-82,31,88,-13,-90, -
4,90,22,-85,-38,78,54,-67}
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{54,-85-4,88,-46,-61,82,13,-90,38,67,-78,-22,90,-31,-73,73,31,-90,22,78,-67,-38,90, -
13,-82,61,46,-88,4,85,-54}
{50,-89,18,75,-75,-18,89.-50,-50,89,-18,-75,75,18,-89,50,50,-89,18,75,-75,-18,89,-50,-
50,89,-18,-75,75,18,-89,50}
{46,-90,38,54,-90,31,61,-88,22,67,-85,13,73,-82,4,78,-78,-4,82,-73,-13,85,-67,-22,88,-

61,-31,90,-54,-38,90,-46 }
[0137]
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{43,-90,57,25,-87,70,9,-80,80,-9,-70,87,-25,-57,90,-43,-43,90,-57,-25,87,-70,-9,80,-
80,9,70,-87,25,57,-90,43}
(38,-88,73,-4,-67,90,-46,-31,85,-78,13,61,-90,54,22,-82,82,-22,-54,90,-61,-13,78 -
85,31,46,-90,67,4,-73,88,-38}
{36,-83,83,-36,-36,83,-83,36,36,-83,83,-36,-36,83,-83,36,36,-83,83,-36,-36,83 -
83,36,36,-83,83,-36,-36,83,-83,36}
{31,-78,90,-61,4,54,-88,82,-38,-22,73,-90,67,-13,-46,85,-85,46,13,-67,90,-73,22,38 -
82,88,-54,-4,61,-90,78 -31}
{25,-70,90,-80,43,9,-57,87,-87,57,-9,-43,80,-90,70,-25,-25,70,-90,80,-43,-9,57,-87,87, -
57,9,43,-80,90,-70,25}
{22,-61,85,-90,73,-38,-4,46,-78,90,-82,54,-13,-31,67,-88,88,-67,31,13,-54,82,-90,78, -
46,4,38,-73,90,-85,61,-22}
{18,-50,75,-89,89,-75,50,-18,-18,50,-75,89,-89,75,-50,18,18,-50,75,-89,89,-75,50,-18, -
18,50,-75,89,-89,75,-50,18}
{13,-38,61,-78,88,-90,85,-73,54,-31,4,22,-46,67,-82,90,-90,82,-67,46,-22,-4,31,-54,73 -
85,90,-88,78,-61,38,-13}
{9,-25,43,-57,70,-80,87,-90,90,-87,80,-70,57,-43,25,-9,-9,25,-43,57,-70,80,-87,90,-
90,87,-80,70,-57,43,-25.9}
{4,-13,22,-31,38,-46,54,-61,67,-73,78,-82,85,-88,90,-90,90,-90,88,-85,82,-78,73, -
67,61,-54,46,-38,31,-22,13 -4}

http://www.hhi.fraunhofer.de/fields-of-competence/image-processing/research-groups/image-video-
coding/hevc-high-efficiency-video—coding/transform-coding-using-the-residual-quadtree-rqt.html ol 4
WE upek Zo], Ixp EFE e 545 tis #8717 Sk, ™A JEEY (RN & 1%’5}
37 A EC A AR FE At Sl el AR v gel, el 4
e 54 B mE Leholzo] Y HaE A EME
(o)

=
= =
WAAY 299 £ du, Andl, AR, 29 = F=8 Ezﬂfg FE 9
) 5

2 %ﬂi fikcias| —’FE ATt CTU 7P wEe= Hﬂ
How 3 5, A7 (U & 8}% ol4e PU & ¥ & ol TU £ F7i= E3E 4% g, TU
E29 U 9 MY AED "Il 7238t AAXCRE 382 = ). ayrg, ztzke] (U
o Wzt Ase EY Fx, &, A A=EY RAD) ¢ o3 ZdHTt
RQT = TU 715 4x4 2HE 32x32 74A 9] Fvl AZES 583}, Z2% W7 2AE auA j =
HWZazl 10 7he] TU &5 Eftete o, B t&ste 5 FEMIdS A% RQT <] 2}2}94 AR
Aoz TU 4 % At} MEAR TU 52 A%x-9X4 3o (depth-first traversal) & 2zt AAZ Z-
20E& wEE, 9l FARA T 2 g4 Aol e AE-9M Ef dd SAR Z2ANE FE QT
AREY HIHLS B3 s WsHe 3T SAERY W AES JheetA & F= Ut
APHoz ¢ & FHA AYS 7HAe ¢ & ¥ E5 I718L2 ¢ 433 T8 Fe5s AT,
Ty, 9 A2 334 LS Ve 9 22 B3 55 75 9 dsg S04 E3les ATt
2 M9 I AL Fug BIlTE Alole] HF 3y BRE ;A & A"gE X o). dE
Eol, o & EE ¢ 22 W3 55 37|59 AYE HolE-d= HAS 7Ed 728 = . #lo]
E-g= HAg VRS 29 HEES testE 3 2 4749 29 BE (ddd, A R EF %) o g
2 d=r, dAad, dolE-g= v&& AT = vt F7HHow, #HolE-of HAF VP HA
HolE o= v&& Zte 39 REE HY RERA HAEE & Qltt
3 /18] sErEEe] RAT oA BoE F= AUt} RQT o Ad A%, RQT 9 FH4 518d ®¥g a7], 2 A4
8% W A7]. o 2L FHd W3 9788 4xd BHE 32x32 7MA 2] MEZES] W9 el ¥EE
T 9dar, o] A2 olHde ek AFH A —S—% HEEd g3 +% Urt. RAT o] Ao &&= A
T= U B9 8 AT = o, Aot w43 Ad A=e, 4749 x¥d wd 55 (B) o A
8% W3 7], o, 32x32 o =2 Agol, =¥ &F ((B) o] ¢ o &&= + o= AS o
T Ut
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3 709l detwlEsel A7k RQT 7Rk deAgstal RAT el 9 T FE (B A717h 64x64
olar, Hu AL7F Azt Tdsta, A WM A7)7F 32x32 o FLF AFE u AT
1

o]
Holm & W sEMEE = e, oA a8A @Fe Ao, 270l F8HA @S T 3T 64x64 TB
I =

of o1F Zol7] wielch, R setelelE, A, Hvl R AR, Hx R Ao W 27 AAs s
e AE Aueld WEAEDAA $48 S5 Ak RAT Alme] Beled, Aold gEo] A= 0 A
S99 (U B etel 548 S5 da Aa¥3dE FE Ao

AmEd ABE P e R Y A BREO| Yatel 487 £E Avk. @A A3 A=EY 3
g4 BU% 2719 DCI-11 W@e] A S tistel 89 S k. e, A9 A A=Y
25o] 4xd ol QI dlZol &Ja] WY A%, ) 4xd DSTVIL Wso] ALH F= AT, HEVC oA,

S5, oA, 6464 AHS F2 0 ATE A, D YUHen o 42 AP wesd
=

ola) AEE ) er=th,

=
BY-IT o Mlatste] QE A EHS ERHOE AN FE ek Ao

DST EFQJ-VII o] 71¥¢] DCT 2]
T B3Ea, o= AxSo] tord EASS AASER, W 58 AFow AFE 4% 9, DCT EFY
-1 2 DST EFI-VII o A H ALE3e BE 7153 A9-Bo da) 2830z FeA7A &S +5 9

Lim 5, "Rate-distortion optimized adaptive transform coding", Opt. Eng., vol. 48, no. 8, pp. 087004-
1-087004-14, Aug. 2009 oA Awg wpe} o] W3k whAe DCT Hi= DST WEko] o= el thsto] o] &y
A AR Al g EE A7 EFd tiete], o5 Axakel gk DCT %= DST o A #Hds ASAoR
&3k}, Proc. 15th IEEE Int. Conf. Image Process., Oct. 2008, pp. 2116-2119 <A<} Y. Ye % M.
Karczewicz, "Improved H.264 intra coding based on bidirectional intra prediction, directional
transform, and adaptive coefficient scanning" °A] AW E n}e} o] Zhzbo] e ET o= R KT #o
24 wg AHe®, WEES 1HFT A (AFidl, ¢ 2 R) o WAL F AolA, R FEHH WHE (mode
dependent transform; MDDT) ©] A-&¥t}. ol#]3t Hpalo g Aoldk KLT 2 Aold JEF oF Zrg
of tste] o]&d = qltt. e, o= WSS o] & ZQIA = Wl FojH i, ED oS REd o

a F4Holt,

a3y}, X. Zhao %, "Video coding with rate-distortion optimized transform", IEEE Trans. Circuits
Syst. Video Technol., vol. 22, no. 1, pp. 138-151, Jan. 2012 oA A= ule} o], © L ¥WIEo] o
49 Fx ga, ogd dEL ox-gel Efold TRAARRE fFREyE HE FRE vg AHow AE
2RE WIS gk QP AE HAHoR Aladyd £t (7l Q1Y 2E FAlEHE HolHE X
33h). MDDT ¢} FAeHAl, oleldh dlgolA, Z47te] QEe oF Wik e 1 aFd NES
7Hd xSl el o= WEE o] AERRYH MEUEeAE 5AH7] fstd Aa1dgE s
AT} dE Bof, A EE AV|E 4x4 ol tiste] 4 Aol ol2E =4 gL
Sol 9 FE Qlth. 2EmE, of delA, 16 o) EiEe] g FE k. H 2 2% A7%
of atel, B Ae ol £FEo] 0§ FE k. o] ANBIA ANE AWELS Fae] A= % 9l
B o5 dapel] A& = gt o] MAIEAA, JAEZ oS Fake QEH oF

Z} dHolH & A3 gt T3, o] A=A, AH oF Fake < o

& AH. A o F afel thate], KLT 9 16 7ol o2& %%

16 7

A
R H
) 9 shbel g Qe 2o BE diste] AdYE FE gt

l

Saxena &, "DCT/DST-based transform coding for intra prediction in image/video coding", IEEE Trans.
Image Processing, 2 Yeo %, "Mode-dependent transforms for coding directional intra prediction
residuals", IEEE Trans. Circuits Syst. Video Technol., vol. 22, no. 4, pp. 545-554, 2012 oA} A=
vkel o], o] WSS o] o] gd S Qrh. g, ol g dEoAe=, (Edeldd Fx d¥E) KLT

S5 o838 diAlel, DCT (DCT-11) X+ DST (DST-VII) 9] o= sty (Sdst Al z5 2 -5 wHis
Z2) WE ol skl o8-8 FE 9, ol o] olgEojol sh=A AdYE Eejol os) 2

e},

oxl flo

=

w3, Zou 5, "Rate-Distortion Optimized Transforms Based on the Lloyd-Type Algorithm for Intra Block
Coding", IEEE Journal of Selected Topics in Signal Processing, Volume:7, Issue: 6, Nov. 2013 oA A
o wuhol gol, 2 vle] gelEl KT 4ol ol 4w, M gl tig Qese @y 1l gjekel (FEd
galel) AdeE 5 QoA (U o) 22 T & BAF F9 MAEL o] §3,
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An %, "Non-CE7: Boundary-Dependent Transform for Inter-Predicted Residue", JCTVC-G281 oA ™ ¥ n}
9} o], tho WEHEL CU YolAe 1 Aol S0 wet TU E9 AF oASH zxto] tieted 8" Fx
= FAte] ¢ B R W35 DST-VII 9 DST-VII ¢ E9H¥ WA (flipped version) 22FH Hdejd 4
= Q. aBug, 4 A o]2% FFE] CU WdAe] TU &9 sty 7ted +% Urt. e,
Z3to] PU £9] 2Ao|M 3] dxs] AAHE & Jon=, °1L Z3o] o] &HI JYEAE AL
g 8 Aol gls & U,

2015 3 3 ¥ 23 YR EYH v J1EY Al 62/137,038 &, 2015 9 1 € 26 dAE EYE v =

Al 62/107,996 &, R 2016 W 1 ¥ 25 UAE ZUH w5 53 &9 A 15/005,736 ZoAA =, F4E v
W3S (Enhanced Multiple Transforms; EMT) 7]Wo] &Fzbe] <QlEg 9 Q¥ doF Zapel tiste] A|ote ).
EMT oA, CU-2lld Zef1= @2 7|9 DCT-2 H+= v H]-DCT2 BFY] WEEo] o] 5= %5 FAIEH]
Hate] Ald"E & 9l CU-zllo] 1 A Al2dg " A5, 2-HE TU-d2 lElxes Wk HAE
2REHE o= $3 /54 %%‘rl A2 TU °l ﬂlé}ﬂ o] & EHE=AE ZAISHY] flte] dAle] CU <] ZHzhe]
TU o tigte] Frt2 Alagdgd & A B A Ex DST-VII, DCT-VIII, DCT-V, @ DST-1 &3E
Aded 2 e MIAES XY £ Qla, A % EE} & B, g o] £ EE £z WHE AHAE

AA of ol 7] 2e 2 Tt

T 3a & "YU d3y (20) ¢ 2 YL QAo A o] WE T2 A 29 oAjzolt), =3 &
TS f3Zy (30) ¢ &2 vgQ fagdae o o9 Wd a2 A~ o ALo|t}. = 3a 9 dolA,
it Jd3d (20) & W& 1 2 ¥3 (40) (fwdD), I 9oz, 2 2} W3 (41) (fwdR), I o=, &
ek okzlsl (42) (fwdQua) & # &3k}, E 3b 9 oA, HYL g3y (30) & 9Y¥As (43) (invQ),
I ogez, 9 2 2 W3k (44) (invR), I oo, 9 1 2 W3 (45) (invlran) & #-83kc}, THRF
1 2 W3 (40) & A AEES J4A EHRIcZRE T4 THRloAe WE AFER Hsd 2 .

9 1A M3 (43) & FIF mdoA e W3 AlFES A mdoAe A MEFER HEE Fx 3
o,

2 2 A8 (41) & W3 AFEY o 433 oyx LHS Ysle] o]gE Fx . T 3a @ & 3b oA
of| Al whe} o], 2 A W (41) 2 Al 1 W3 T2 ANA2RH FEd ¥ AFEdd d§ E e His A
&3 5 Q).

E. Alshina, A. Alshin, F. Fernandes, A. Saxena, V. Seregin, Z. Ma, W.-J. Han (Samsung), "CE7:
Experimental results of ROT by Samsung" ITU-T SG16 WP3 % I1SO/IEC JTC1/SC29/WG1l 2] w|tle =gl 3t
% @3 ® (JCT-VC), JCIVC-E380, Geneva, CH, 16-23 March, 2011 oA AwWH wje} o], 2 2 WS 3
A W3 (rotational transform; ROT) ¥ 4% Qt}. ROT & 1 =t ®ighs iAh=] =t 2
ROT &= R AlFs ddo o4 AT gEd gk 2 A} HgowA 28T}, flollA dwe npep 2
< ROT =, Z}zte] QIEe}t midd TU o diste], o= ROT 7} 4 719 mlg] Fojd We Alssayt H8y¥e
AS FASHE QQYart Al adg 4x4 2 2} WEE 4x4 RJIEZ 3YE TU 5ol tiste] A& v,
8x8 2 A} Wghe 8x8 Bl ] & QEZ} mdE T o iste] A8}, & Eol, oolA, 2 2 W&
gew 2ol 549 Fr iy
R (O, 0005 ) =
(cosmcosw, - sinocoswsing,  -snocosw, - cosgcoseosinn,  snodng, 0

||:05:E.._5&1I1_.,+Sl-1‘111':05u11205ﬂ.3 -siff SN0, +COSQ,COSMLCosn, -sinoucosw
=|

I sifi, sine, COSO, S, COSLL, 0
e 0 0 0 1}
R (o 00, )=
"cosu‘cosué - SN0 COSKLSING, -S5O, COSN, - COSOLCOSK Sing,  sino sina, o0
cosy Sing, + SN0 COSML.COSN,  -Sing Sne, +oose cose.cosn, -snocose, 0 !
Nl S, Sifn. COSO, SN, COSI, 0 |
L 0 0 0 1;

Aol A dlAlE 4 o] WEk FREA, shte] SR 2 2 W3S A 85HA] e Al gk, v 3 e
‘_Sr“y—l:é% al, a2, ey (I6 ’] 3 7H’] /\1—016]' /g léOH 9]6‘H /Kg/lé%]_ vartical ‘;l Rhorizontal oﬂ EH%?J‘E]' Eﬂ

A% A2 K. McCann, W.-J. Han, I.-K. Kim, J.-H. Min, E. Alshina, A. Alshin, T. Lee, J. Chen, V.
Seregin, S. Lee, Y.-M. Hong, M.-S. Cheon, N. Shlyakhov, "Video coding technology proposal by Samsung
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(and BBC)" ITU-T SG16 WP3 2 ISO/IEC JTC1/SC29/WG1l ] H|t]$
Al24, Dresden, Germany, 15-23 April, 2010 oAl A= 4= r}.

2l
ofl
2

4
o
o

= &9 g (JCT-VC), JCIVC-

= 4 = 9Ye gAY (30) oF #2 Hge gade &) Fg¥ A o ROT 9 dAr]x=olt}. =4 9 9
oA, HYe URUE 4x4 2ZHE 32x32 74A 9] A7oA Y Hel W AL BEZE (62) o W A
(60) (Inv Q) & 33t} T3, 2 4 9 delA, ¥Ye YzgiE 9 ROT (64) (Inv ROT) & W3 Al
S PEE9] 232 AFu E e 2 2} ygo g HLI) & 5o, = 4 9 oA Z=AE up
o} Zo], 4x4 9 8x8 WiZt AF WAL BE W AFES W AF dHE AFTs JEEY e Ao
2 18¥ &= . Ty, E o4 oA EAE ukel 2o, 16x16 @ 32x32 WE Alg gEAE5 AR H=

A

g

8x8 MB-BEFoAe WMe AFEL oA WM AFs FPEo ATy JGEEC de Aew o

FAES WA 552 MEsy] 9ske] o DT 66)
(Inv DCT ¥ & Wk A PHEo] H&3et. %4 9 delA=, o DCT Wk (66) & 16x16 3 32x32
W3 Al AdE H83t7] o]dell, Htje HFE = 16x16 B 32x32 W3 Al AHE] A 5 8x8 AH
—=5E2 9 ROT (64) o A&l os) Ade W&l 8x8 W& A FH52 AT += 3.

E
—~

E. Alshina, A. Alshin, J.-H. Min, K. Choi, A. Saxena, M. Budagavi, "Known tools performance
investigation for next generation video coding", ITU-T SG16 Doc. VCEG-AZ05, Jun. 2015 oA A% wje}
Zol, ROT & A AFv 3EZ}F ofve}, AA U 2 42 +% . o FARe R, 3 /9 4x4 #
Zrbssk 2 2k W3k $HEo] vg Aojd Fr i, AEE shvbs (U-glEoAe] 2 HlE QEag A4 o
2 Aladdd F5 9t 2-H|E Qlejxz= ROT QlElzmA HeloA A" = Jlv. shitel
ool A, ROT Q1e)=7F 0 wf, 2 A} Wgko] 28¥x] =t} e, o] delA, ROT 18 ~7F 1, 2, %
34w, 3709 mE AHeH 2 2 g $RE T Sl tigsts 2 &} Wk Aol CU W] wl TU o
dste] A&d Fx gl AeE 2 2 fgo] FoAW, @AAS TU & i 4x4 AMHE-EZF] tiste], 2 A}
4x4 w3 7Fsgk 2 2} ®igte] A&d FE Q).

2 A} MBES AL b ABS 2 4 WBORA HEF FE Aok, e, u-Reksd s
of 2D o]r)A] BEEA Y@ o $5F TY o5 AFY FE QOB 2 A WG ko] AN FE 9
B gelsl wahd, wde myel AueledAE, 99 W x o quATt o4 o] WE AFE
A BAE FE QT, UeA o] M AFEe] AFHOR 0 of THT FE YES, W AFES
derdow w-gdusn st S Aok elelAl, w-Relsbed WMl KT & o] ASES T4 w
Moo ERE Fis ; 2 W

KeX

=5 9% VIEER @/ ol&d %tk Ao oldiEojoF Fr}. o] HAEE= o] JfAIECdA
Aot dE3E VPES Aye T 9z (20) H/EE ¥ Yzy (30) & dE3td 7HE
S MEFozm AHgsd = ). et oz  mige 9xy (20) 2/EE= HYL t=E (30) & 53
H 7IHEY do 2¢S 483 Fx Qo
A1 71 2|, vde A3y (20) R/EE HYe g (30) & AR 2 A T2 A2 Alo]9] H]-
BEyrhssd 2 2k WS AR es AT & Eol, Wy RrEo tigte] AEH (3 /Mo v-Egrt
T3 HMPBES ¥es) B-RYrksd b AEE g 28 FE .
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