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Study on Screen Content Coding

Student : Mu-Hsuan Wu Advisor : Wen-Hsiao Peng

Institute of Computer Science and Engineering

National Chiao Tung University

ABSTRACT

Screen contents are synthesized images generated by computer, which are generally
composed by computer generated text, graphics, and natural images. Traditional hybrid video
coding is inefficient to deal with such-contents. To achieve a higher coding efficiency, this thesis
classifies screen contents into text and pictorial pixels, and aims at comparing the performances
of different methods for coding pictorial pixels. There are two kinds of pictorial pixels: one of
which is computer graphics such as color gradient, graphic texture, and etc., and the other is
natural images. The polynomial function is proposed mainly for dealing with color gradient while
traditional discrete cosine transform is suitable for natural image. However, pictorial pixels
cannot compose an entire image, and those non-pictorial pixels, which are viewed as holes, need
to be filled before such incomplete image can be processed by discrete cosine transform. Other
than that, this thesis also investigates other methods, such as matching pursuit and shape adaptive
discrete cosine transform (SADCT), for incomplete images. The matching pursuit performs
adequately for both color gradient and natural image, and is friendly for hardware design of the
core transformation at decoder. However, the bases of matching pursuit may sometimes not
suitable for characterizing the signal characteristics of graphic texture. A 2-D separable SADCT
transform incorporates with variable-length 1-D DCT bases according to the horizontal and
vertical lengths of input pixels. It will cause subjective discontinuity and will have distinct
distortion on big fragment. The polynomial function works well on color gradient due to the
capability of the polynomial function for generating similar gradient background. On the other
hand, graphic texture works well at high rate by using palette-based scheme.
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Hole filling
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2.3 & K FEH2 Y%k 34 (Layer based)
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Transform domain
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< 4I* Projectionsonto Convex Sets (POCS) 4% i & /2
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2.3.2 Matching pursuit® #3+ 5 DCT 4 #

[2] %74 d1 e % > ¥ 3 Bk 02 N > @ E_@ * Matching pursuit s 5 2 B o3 R0
fAE S B b oeniE > 1T E-4  Matching pursuit sh3m g = 5V o ie £ - faEg v DCT eng 3% 7%
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SR G RE(Cy - Ca) KA T S RHN N BHAP) Aad BRI E LN A
FH Ao kAN 3 g DCT AR GZ BB L F Y ApH i g HmRT o Fl 4 R
Bk 24302 K 500 3-8 8 il 4o 3 (2)977 Bk py B hifcE 5 % o Bl#ET
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7 on A K Ffz > Futizf - B over complete function € F &L % fE A 57 L
Tlac B B¢ gk o oTr#3R % Matching pursuit shix 5 2 KjE o

T
(i
e

5=C1E+CZE+C3E+---+an (1)
P1 b11 by, b3, bnl
0 0 0
p —C1|b13 +cy| bas [+cs| bas |+ +cp| bns (2)

[ P3
\pn \bln \bZn \b3n \bnn

Matching pursuit € - &4 * #icid = 2 &k ff2 i 52> 2 ¥ 2 j8_over complete function
R E Y KA - wfE e A RME S RRLe EFETHP I ARG DAR T ¥ ROGEH D
Gl B PTac o ™ A A jE_over complete dictionary ¢ iEHE 0 @ AP i ep] S ¢ 0 £ NS

(2)¢ e9( byy O bz ... bip)T =Ef£ (pr O D3 - Pu)T =p’> Rl over complete
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Input : signal: p dictionary : D, b +ED

Output : list of coefficients : (a;, nt)
Initialization :

ri=p'
t=1

Repeat :

find b ¢ € D with maximum inner product |<Ft TJ)

=
Qg = (Tt:bnt)
Tev1 =T — Qg nt
t=t+1
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- Z ARV UER AT HhioE f—ﬂ U R Ae B EART R
mﬁy}qw AR L B E 4o R 2()4Tr E RAF R 3 R E - bk B 122 F) 2(b)

23 REN P OREGL P Y BABCIM £ 87 i ek o

AR KB BCIM» L& B hzEfy » R 202 3 BRSO T RA -
m,\/g] B o Rh ARSI B HEST G TN B2 B3 G T G &
TN A R PR Rk 2 2P £41% DCT &7 HAplt > wd 3t ¢ 3 3 enf®
38 0 jE4p 1 iv¢ 3 @& * hole filling 2 Matching pursuit % = ~‘*fé@“’ L Fr: 4% » = hole filling
% Matching pursuit 3% ¢ ¥ 3 FR & + = > ¥ ¢b Matching pursuit » 3 i & p& i £ 2 K48
Flpt & g #-i¢ * SADCT & '\ KLTFHUBFLFTHRE A o

3

Foobd AR €3 b LnRE ﬁv’ e Transform 3% 3+ » 3 * $5 17 BCIM a7k 3+
EHE o FI T AR TG Btk 122 Transform rLrs_E R 2 5@ * BCIM
i@ DCT % fﬁ}\ B SiB 2 20 2 2 17 % BCIM ch¥m#8 = % ™ Intra prediction 82 58 o

3.1 AT a2 BCIM 2444

rE R L TR B hendF 2 Transform #rag = @ 8 > 20 {5 @@ * BCIM B~i% @
' DCT 7% 3% ¥ (B = 2 > 2 4 47 & BCIM hings = 2 Intra predlctlon -2

3.1.1 Transform 48 # B kM F2 & 47

gl &0 B AL R fengd e o 2 & @ S Hybrid coding ¥ Transform ¥ it 4 ok en
FORE > ¥ 7Y T OB IR Transform FER €T Bk 2 8 £/:275 Energy compaction
s o R g BRHE a0 E A 40 &« Correlation coefficient matrix srsiit P o AR T B A
% 4 i@ (Residual) & 4 fE(ResiduaI) & ei4p B 4 (Correlation) % 14 > F] b & 2 § send] *
Transform % % 1 -

B AN PRERARE B TR ‘éphiu;; ? 3t p RB A A E_4*Y Screen content #ir
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(a)

(b)

B 22 : 4 (Residual) & 2 Correlation coefficient matrix(a) Transform block;(b) Screen content block;

T oh g e R 0 VIS 53t H ik % 4k (Residual) s Correlation coefficient

matrix 4B 21 % @ 22 #77% >
(Correlation) » j€# & 1M F R p %

H
X

PX YR ERERT R LT RG> p, R G F 2R
AR AR B B ik AR E(Residual) F 3R iy - %en

AR > F]pt ¥ i * Transform endg 4k 4 “,$ H 4p B 1+ iE F] Energy compaction s % o

sk m # Screen content i+ e B0 H
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312 i * K-means & BCIMB~ % £ 1 2 4 %ff &k 3+

% - & ¢ A Bl 7 Transform £ A 44 2 45wl B o d 2B 5 Transform o i 2
(6 PRAFEAL Y 3 5 g FHP R WM FlC BT NI SRR & (Prediction) i
R ok BB T 0 4o 2L ol 22 2 B A d ik ERLSIE A AR I b
A& e BT A p] (Prediction) s & g g it > ¥ 7FjR] 22 <0 Correlation coefficient matrix
PR OUE L R R BT A * 3T B sien Transform T f fad i £ 1 s fleent 2 o Fp
POURRRAPN R EOE R AS R KR B ORES pBe RAaung R
MRt H - RHN B k-means jF B2 > 35 D4 E(Residual)snd i B s fe 0 T F AL S
Base Color Index Map (BCIM):zfd. %5 = 34 £ E & * {8 eh% B > oA S fl 5 BCIM mode -
L%

F % 55 FM7.00 ¥ % HM7.0 # Transform skip mode :z % BCIM mode » +* %t % %
HM7.0 i¢ * i * ehjplsdik € H 2F frdode Lo -

21 RHRFER

Reference software HM7.0

Quantization parameters 22, 27,32, 37

Coding structure Intra HE10(AH intra)

CU size 8x8~64x64

PU partition Symmetric

TU partition RQT

Intra prediction DC, Planar, 33 Directions, DM, LM Chroma
Transform DCT 4x4~32x32, Transform Skip 4x4
In-loop filter De-blocking, SAO, ALF

Entropy coding CABAC

Test sequence Class F

N

DL ok 2977 0 B TUSIze o a & P41 % o] 5 4x4 5 "2t 4x4 > 32x32~4x4
5 LiE 48 32x32~4x4 2 B eh Ak f s 8 P T F ] > @ % BCIM fbs i R )
Frim AT mAFT Rt 1% Ko 8RR 44 RROF RET 0 BT - ik A didp
TR Adag g0 A A R FIE F L AP A F o ] R H AT gE oh i) 3 (Overhead)
s s FtasF A R ERAT & * BCIM § i 4 e

St

3.1.3 4 ¥7intra prediction$BCIM2z_ g 3

b siening Rt o FEipl(Prediction) £ € £ SR HE1 L o 2 A A& Reih BCIM K3
DA YA R 2 R ERH R G BCIM 1 0 @ 3 LRGSR
(Residual) it & 1+ » F] gt A & -t i@ * 3¢ B (Prediction)f-iZ 3 g 2/ (No prediction) p %
BCIM =182 48 o

14



R

T 55 FM7.00 ¥ 4 HM7.0 ¢ Transform skip mode :z = BCIM mode > +* #i ¥4t % =
HM7.0 @& * i * chjplidsk 20 B fdcd 1 977 - &% 4 3 7 7 5 3 &3 RI(No
prediction) ¥ BCIM efix % g FE R PR 2 7 %) 2% 0 2 &3 BARE L » 4ol 23 = 9 B Tor
BCIM f¢ # fEip|ps & & & 3 Lt 8 Fokend B o

% 2 BCIM z_ bits-rate saving

Y U Vv
4x4 4.0% 2.8% 3.1%
32x32~4x4 -11.4% -8.9% -8.3%
% 3 & * g p|(Prediction) 2 & 3 ;#|(No Prediction)r* BCIM 2_ bits-rate saving
Y U Vv
Prediction -11.4% -8.9% -8.3%
No Prediction -13.6% -10.3% -9.7%

restrictions as poss' restrictions as poss, restrictions as poss
the standardizatior the standardjz

development of the devetopment
to be used for gene tO &

ior the standardizatior
¢ development of the
2d forgéne to be used for gene

(a) (b) (c)
® 23 : 5 #& 3 p|(Prediction)  BCIM mode 2 i @£ £ (a) Original;(b)BCIM with prediction;(c)
BCIM without prediction;

e

(a)

Bl 24 B §F (@) R 4> % @ (Original);(b)3g ;¢ & (DC prediction);(c) £ & &
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B 34 : Normalize SADCT #%t DC «%*




DC- DC
Scaling

Y ’

C C
saer (= ¢, =DC |

X Mean
"] caleul

B

B 35 : 4 4 DC i A2 B (& % 4%)

DC DC-Re- m*

Scaling ’
*

< DC- c* [ Inverse X x*
1 eytraction saDCT ®

| T

ADC-
Correction

36 : 4 4 DC it A2 Bl (if W)

X

B 37 2B sk AHd = 5~ Ll % )i bty =

3.4.2 Entropy Coding

AmE RS ’fqﬁuiﬂbﬁ E AR 2E ’f#%] 29> "fﬁ' * BCIM #7% g iz ig » %
EH g slRle s BRAHEAT G m;{ MK FS 0 ARSI A m,ﬁ,n\ SADCT 4 #c >
BohAY Sk MY R A DCT Bdcinihfl S 5 iG> L d % SADCT “T5fh ih%
BT AR RS F A4 SADCT i@ 27 ¢ p &8 ﬂ\ﬁ%., ERIEE L
“"" A% B AR o 4o 37 477 X 5 SADCT fifici=® ~ H5f 4 345 2 5% 7 i
= BlehR A2, DCT #fy > ¥R gHENF IR ﬂ&%*ua»’ﬁ SADCT f#icihi= % > |t 42
¥4 SADCT tafich % » 4ol 37 L B*Tm 46 f HpBH 20 cniafic® o
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S d s HREFEHB

A1 FERAEM (PR T )2 BB E

hEHwHEY HM7.0 73 95T 5o S35 R4 %81 £ HM7.0 @ > ot i %
3 HMT.0 @ * i * shiplzaa 2[22] 0 2 % Hide % 10 407 o

Reference software HM7.0

Quantization parameters 22,27, 32,37

Coding structure Intra HE10(All intra)

CU size 8x8~64x64

PU partition Symmetric

TU partition RQT

Intra prediction DC, Planar, 33 Directions, DM, LM Chroma
Transform DCT 4x4~32x32, Transform Skip 4x4
In-loop filter De-blocking, SAOQ, ALF

Entropy coding CABAC

Test sequence Class F

%10: FHEH;
411 wUFEEZ? IFRELES

bt T E B E P o AmR NG - A Ik T g B G - 3RA G
ALREZER > FILAFHRBRUT S BEREEE2 2 0 T o8 (Mean) 2 ¢ ik
(Median) -
< Class F # il

JEPER s ClassF e e licdp 2 11 2 2 12 ¢ ¥ U B> AR EanEH @ ¥ Ti5
fcx ¢ A TR AT S S i*“'f*la‘vﬁ* Vo s T iofcan 2 80 3R 0Ly AT R e
oo T Ao s aF E i RNAMET 5 > d 2T s5fcen bits-rate saving v § 3t ¢ mdic s ©
PRI ERERFEZ TN AR EREY YOI RELER o
> B # R

AF B 5P kit HEVC € RY O ATHH 10 BRGER o 4oB 38 Arom 0 AT
BIREAR G g% A 142 £ 157 Mg R4 * T30 i R 0> %0 B bits-rate saving
fmug 309 m e, Fp2 (5 SkIDE Y T oMl 2 3
412  BCIM fribik i B 2 2 v &
< Class F # §pli®
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A S WBCIM foibr i B 2 0 i8¢ 4 12404 137 pI32 84t 5 Class F o3 5 #icd -
) ’ﬁ‘

12

3] BCIM ehi=~ ¥ j324 156%% % » @ Bk x5 2+ ¥ ja% %) 15.2% =~
FooFSr At RER S kg o BCIM ok H v ER9L7 S m Ay 0 2 B
SlideEditing TRIEREGT o Bk FEE N BCIM 5 &85 1% B4 &7 Jﬁ'r/%i F B en
FE G B F R ORI RT R REDERERE > R0 A E B «El’é B oo d iz
FbR TG 2 T AT BEH- B BT G TR him A gt BCIM ¥ - Ed
B % > #rr24p et BCIM H'L'r?':'rfw;ﬂ' g oo

I RS Al R IR o i U S SlldeEdltlng SRR 0 B HM
@‘fﬁ dPES g%-ﬁ? 3—”}5 1‘3—%‘“”"%/‘3@ 4 > m BCIM e 2278~ F L5 ) 7 oo e 15g %A
—,?“K; )3 4?”%;"1”& v 4 9 ’ ]Lm%‘%/ﬁr}%]lmmlﬁ-ﬂ‘/zlf n/pgﬁ b rﬂ%’*‘ﬂﬁlm
FTEARMOG R @Y RN FEAL 2 €4oBCIMEKAL 02 E o

S -E A

AR B s BT 1T HEVC €32 > A3tk 10 B P2 R0 > 4o B 38 #77r » AT
BIFEB e anig %k > 8 152 216 v w5 3] > B8 X BCIM Gt ibrk i 8% 5 R4
1A% =+ hiz~ 2 REBFHE & f'r/é] R m«? BRG TR T Ao H - FdAp
¥ BCIM * ¥ - £ 5 (Basecolor) > ~ 51 ¢ £ 3 1% =+ iz~ o

pu

# 11 : wf BCIM # R bk T o ~ *7 Bl 2] (¢ 1~ 8)2 bits-rate saving

Class F Y U V
BasketballDrill Text -2.2% 0.0% -0.1%
ChinaSpeed -15.9% -12.6% -9.4%
SlideEditing -29.3% -21.0% -21.8%
SlideShow -10.9% -8.1% -8.9%
All -14.6% -10.4% -10.1%

# 12w § BCIM » # Fiork L 5~ *7 B A4d*» 1| (-F 324c) 2 bits-rate saving

Class F ¥ U V
BasketballDrill Text -2.2% 0.0% -0.1%
ChinaSpeed -16.0% -12.6% -9.4%
SlideEditing -30.5% -21.9% -22.7%
SlideShow -12.1% -9.0% -9.7%
All -15.2% -10.9% -10.5%

# 13 : BCIM z_ bits-rate saving

Class F Y U V
BasketballDrill Text -2.6% -0.7% -0.8%
ChinaSpeed -16.7% -13.5% -11.1%
SlideEditing -29.4% -21.2% -22.3%
SlideShow -13.5% -10.4% -10.5%
All -15.6% -11.4% -11.2%
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@ MCS Hybrid Coder used in MAMC coding
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B 38 : HEVC * &7tk cripl:# 8 1§(a) sc_cad_waveform;(b) sc_cg_twist_tunnel;(c) sc_map;(d)
sc_pch_layout;(e) sc_ppt_doc_xls;(f) sc_ppt_doc_xls;(g) sc_programming;(h)
sc_video_conferencing_doc_sharing;(i) sc_web_browsing;(j) VenueVu;

% 14w §F BCIM » # F ik Toa ~ = && =7 2 (7 i~ #) 2 bits-rate saving

Other sequence Y U \Y
sc_cad waveform -31.7% | -18.6% | -18.1%
sc_cg_twist tunnel -54.9% | -46.0% | -46.4%
SC_map -7.8% | -0.7% | 2.1%
sc_pchb layout -25.1% | -13.9% | -12.3%
sc_ppt_doc_xls -25.5% | -13.1% | -11.7%
SC_programming -25.1% | -17.7% | -18.4%
sc_video conferencing_doc sharing| -30.5% | -20.1% | -17.9%
sc_web_browsing -25.2% | -12.1% | -10.1%
sc_wordEditing -27.1% | -20.0% | -17.9%
VenueVu 0.1% | 0.0% | 0.1%
All -23.0% | -14.8% | -13.7%

# 15: % § BCIM ~ ¥ Fiork T & ~ = &4 % 1] (T $5¥K) 2 bits-rate saving

Other sequence Y U \Y
sc_cad_waveform -32.9% | -19.2% | -18.9%
sc_cg_twist_tunnel -55.0% | -46.0% | -46.4%
SC_map -8.9% | -0.3% | 2.6%
sc_pch_layout -25.3% | -14.1% | -12.5%
sc_ppt_doc_xls -27.2% | -13.4% | -11.7%
SC_programming -25.4% | -17.9% | -18.6%
sc_video_conferencing_doc_sharing| -31.7% | -20.6% | -18.2%
sc_web_browsing -32.4% | -15.2% | -12.3%
sc_wordEditing -28.4% | -21.0% | -18.7%
VenueVu 0.1% | 0.0% | 0.1%
All -24.3% | -15.2% | -14.1%
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4 16 : BCIM z_ bits-rate saving

Other sequence Y U V
sc_cad_waveform -34.1% | -20.9% | -20.5%
sc_cg_twist_tunnel -54.2% | -46.5% | -46.7%
sC_map -125% | -0.3% | 1.7%
sc_pch_layout -27.4% | -16.2% | -14.8%
sc_ppt_doc xls -29.0% | -15.7% | -13.9%
SC_programming -26.5% | -19.2% | -20.0%
sc_video_conferencing_doc_sharing| -32.8% | -21.2% | -19.0%
sc_web_browsing -34.9% | -16.1% | -13.1%
sc_wordEditing -30.7% | -22.1% | -19.6%
VenueVu 0.1% | 0.1% | 0.0%

All -25.7% [-16.2% | -15.1%

]
ning in frame packing ama

in for MvC buffernng probiemegn for MyC bufferin
ditorid work needed on vangditorid work n

ning in frame packing amrane
n for MvC buffenng proble
ditorid work nesded on van

(©) (d)
Bl 39 : SlideEditing =2 AR 4 (a) Original;(b) HM 7.0: 14308.00 kbps;(c)
HM+BCIM: 14705.96 kbps;(c) HM+Linear plane: 12297.26 kbps;
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()
) 40 : Gradient % Qp37 Z 2 Ak % (a) Original;(b) HM7.0: 0.26 bits/pixel;(c) HM+BCIM: 0.27 bits/pixel;(d)
HM+BCIM: 0.21 bits/pixel (e) HM+LinearPlane(LC): 0.24bits/pixel;(f) HM+LinearPlane(GT): 0.24 bits/pixel;

and Informatic

Resesrch Cent, Rom 704 8 720, 001 T Hch ., Heinchu, X010, Tavn,
4Microotoctronics and Iformatian Systonts Resoarch Contar, Room 704 & 720, 1001 Ta-Hsuoh R, Hinch, 30010, Tabwan.

16-Microelectronics and Information Systems Research Center, Room 704 & 720, 1001 Ta-Hsueh Rd.,
24-Microelectronics and Information Systems Research Center, Room 704 &
30-Microelectronics and Information Systems Research Centg
36-Microelectronics and Information Systems Rese;
46-Microelectronics and Information S

24-Microelectronics a

30-Microelectronics and Ini
36-Microelectronics 2
46-Microelectron:

(@)

B 41 : (a) White;(b) Gradient;

2017 % E P

(b)

BCIM £ & TG Sdic
R 3| - RS < F it E =T = 4
T HE F LR (Base color) (@~b-~c)
BCIM F BCIM FEZII.):)e:JIt;ISt)S F
LinearPlane (LC) C(l_r:gtaer?gus BCIM gl ] I?l)ée:)ﬁ;t)s 3x8 bits
LinearPlane (GT) | Ground truth BCIM e A Pixel .bits 3x8 bits
(10 hits)
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White Gradient

75 55

70

65 50

60 45
E-SS E
©
=0 Z 40 "
Z45 HM £
<10 : ——HM+BCIM > —HM=BCIM

——HMsLinearPlane(LC) 35 +HM+L!nearPIane(LC]
35 —m-HM+LinearPlane(GT) —m-HM+LinearPlane(GT)
30 30
0.3 0.4 0.5 0.6 0.7 0.8 0.2 03 0.4 0.5 0.6 0.7
Rate (bits/pixel) Rate (bits/pixel)
B 42 : ok T & 4p B F 2 <1 Rate distortion curves
White Gradient

75 55

70 53

65 %

60 49

47

.5.55 s
Zs50 x
o E 43
Z45 =11
“'40 ~4— HM+LinearPlane(LC} - —+—HM+LinearPlane(LC)
> L) —# HM+LinearPlane(LC}_SkipABCbits 39 e “e HM+LinearPlane(LC}_SkipABCbits

35 ~@—HM+LinearPlane{(GT) 37 —#—HM+LinearPlane(GT)

30 —® HM+LlinearPlane(GT)_SkipABCbits 35 =% HM4+LinearPlane(GT)_SkipABCbits

0.3 03 0.4 0.4 0.5 0.5 0.2 03 0.3 0.4 0.4 0.5
Rate (bits/pixel) Rate (bits/pixel)

B 43 Bk TG x5 2 @ 7 i@i% a~ b~ ¢ % Rate distortion curves
<> B WR IR

AF P - %P WenR s L B 41(a) White 2 B 41(b) Gradient - White .2 ¢ <~ 3
ERAE S 20 pIFER o Cradient £ 2 ¢ 2 3 EFed F 5ok pER o B 42 o
RD ¥ 7 Irend & s w4 7 P 5 o HM+X % 77 5 HEVC %f *t #5ie X mode » ] HM+ BCIM
# HEVC #pe BCIM mode > A 9§ %*¥ & ”g: HM ~ HM+BCIM ~ HM+LinearPlane (LC) -
HM-+LinearPlane (GT) » & = /2P 4r £ 17 o

IR 42 7 ammraRDwa?%%%?u%ﬁ’iﬁﬁ% BeafiinaT o
HM+BCIM i B % Ap ot HM+LinearPlane shiw B 2 > &% & 1 5 fopr H Bigocs § 7 % o
S et R MR ST M S
7 #B F*mfﬁn? RIF R 23Rt dome ¥ L LRP o R '%'»%“i’f*m‘/ﬁk"‘i 3
F ook nﬁﬂﬁPd“BmMg%@ﬁm“ﬁﬂ$ﬁ—&“’ﬂ _ﬁwﬁﬁ AERE

RS L XS ESUPVOEERENEE £ R E A R o 5 4 917

v ¢t & Fl 42 * White shRD # MR %5 %7 R 20 % § T - HM+BCIM th%
BARB G AMEAFETRAY 10dB 2+ 3 =AFRFHERAL S dBo AR
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HM-+LinearPlane ;% & iz » + = 9dB » 7&{’&_% EPFARF B RERAT o bk
T 5 o BCIM ¢ £ 1dB 11« R A REE At 2 B FHRT B Y bt R A
25 e d 4«:’7; B-gd > F| 822 & ab a‘ag,:, e & HM+LinearPlane =g & j# = i»
¥ P S A A FA ATt P HMHBCIM » B G R T w4 g

#PeBCIM £ d i > S bk To TV R LERILT BFa b Sk

3431

Bfss BB § 72 BET g S8 bk T g i 5 I g o R 43 ¢ RD & R
7 g o 3 ¢ HM+LinearPlane(LC)_SKipABCDbits % 7 § bk T & i# & /2 Bf’% @3% a~b -~
CH¥c KR ? ¥ UFRA R 2 BER S BT R ABEFOH 4 1 dB =+ 9 PSNR > 7]
PArkd-asb-c ;}ﬁﬁ::z@m'ﬁ 3 A dh L AR AT o

¥+ i * Linear Consensus (LC)H’J*J' iq 22 > 5B 42 % [B) 43 ¢ 5@;3@# IR

-
B ek B fek * Groundtruth £ 7 5 > Flpt s * LC A 25w 8 2 A7 1 7l 4 3
To#Famesk o

4.2 %3+ B % (SADCT)Z ¥ % & %

AE#H2 T HM7.0 iF % ‘,55;1 g0 I FR R A Sgs 1 £ HMT7.0 ¢ o vt et %
s HM7.0 i¢ * 3@ * ciplidek 2[22) > 2 2 4o 10 9157 o

421 SADCT % 7% # = % ik®

R A4 T g R B2 FIAANE 0 2 F i 67 - BED Rt > HEEd 4
TEFF LR FIT MF R F AT A BEH - gad A e S SR e T
$0A i % SADCT » 5 LB # § 2cd 7 o

[uenc

hould

) 44 : SlideEditing ~ F %4
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# 18 : % F SADCT ~ # Bk T 5 ~ *» Bl & |27 2] (L 54c)2 bits-rate saving

Class F Y U \Y/
BasketballDrillText] -1.0% 0.2% 0.1%
ChinaSpeed -12.1% -10.5% -7.5%
SlideEditing -15.9% -12.4% -13.8%
SlideShow -3.6% -3.5% -3.7%
All -8.2% -6.6% -6.2%
# 19 : % F SADCT ~ # Bk T 5 ~ *» Zls |2 *r 2] (T 54c)2 bits-rate saving
Other sequence Y U V
sc_cad_waveform -19.2% | -13.6% | -13.1%
Sc_cg_twist_tunnel -43.3% | -38.1% | -38.2%
sc_map -3.0% | 0.5% | 3.7%
sc_pch_layout -13.8% | -9.1% | -7.6%
sc_ppt doc xlIs -12.0% | -6.7% | -5.5%
SC_programming -15.9% | -13.5% | -13.4%
sc_video _conferencing_doc_sharing| -18.2% | -14.7% | -14.0%
sc_web browsing -13.7% | -5.7% | -3.3%
sc_wordEditing -9.8% | -8.4% | -7.4%
VenueVu 0.1% | 0.1% | 0.1%
All -13.5% | -9.9% | -9.0%

< Class F # i§Jp] 3

J 3 18 ¢ plER ks Class F riaf B & & i'g » b2 E gp st HM7.0 &0 & 8 5 8% e
AK s L AR BERE LR j#ﬁ'é@f{ﬁﬁwézé‘; W KRR Ra A 12404 18 ¢
LRV ICFE R AR R R ABA T 5 2 fp B2 2 pRAT o w2 % BCIM 4prt

2

% g% SADCT 2% » 4 5 & 45 97%= L chiz < 53%3§T?§ﬂ ARG
B RS R o e 23k % BCIM ehim g 5 S g ok o

> B iR

AR SRR 5T HEVC g™ 0 ATt e 10 BRIGFER oo 4oB 38 #77 » AAT
PIER Y g% > KA 162 £ 197 g5 A& B %k ClassF e s 8 % >
384+ BCIM 07 2 i £ j »a 5 o

422 SADCT 4+ % § B ikif®

Kov o FRER > R 2 FILEY BCIM R EE ek fiid » FPt A F R
SADCT # 7 % § %4 » » %%aﬁwwwmﬁﬁ‘l'?\%\% o @t Class F ¥ chip| i 8% i
E p tEy R BY SRS ) I 7 A PG % 0 T TP SehE s p oAl
1 ko) 45 0 1 @ * Ground truth 5 *» ;i:u &5 o

37



< Class F # i§Jp|:&

AR L B A TG ¢ ey BE B 2 (LC) Ry ] 0 2RI Class F diiy
R S % 40154 202 £ 21t 7 10 F 3]0 & LC#2 2d) ken% 4§ & * SADCT
Matching Pursuit 2ot T 5 > H RiEscic 35473 % > REF L * LC 7o HHT 5 LM
BTG > DCT & ¥ &7 T G > Fpt o0 @RI RS £ 7 5 0 Flb 2 {8 eni s s
* p LR Ac R 45 0 ¥ i@ % Ground truth 3 7 2] k4 e

% 20: = F BCIM ~ # § SADCT ~ *» 2| 4} %7 3] (L $24K) 2 bits-rate saving

Class F Y U \Y/
BasketballDrill Text -1.9% 0.5% 0.4%
ChinaSpeed -17.1% -12.7% -9.6%
SlideEditing -29.7% -18.7% -19.5%
SlideShow -11.7% -8.4% -8.4%
All -15.1% -9.8% -9.3%

4 21: % § BCIM ~ % £ Matching Pursuit ~*» 2] 444 *» £|(L 353¢) 2. bits-rate saving

Class F Y U V
BasketballDrill Text -1.9% 0.5% 0.4%
ChinaSpeed -17.4% -12.7% -9.4%
SlideEditing -30.5% -18.5% -19.3%
SlideShow -11.7% -8.5% -8.4%
All -15.4% -9.8% -9.2%

B BT R WS

*F ERIET - sk p @ enBl s 5 B 45(a) Natural_ocean % [ 45(b) Natural_cloud » i+
P GEFFEL AR A w R a2 FRE RN H Y Natural_ocean e7p A% § 4@
+ % % # Natural_cloud 4 32 - B] 47 A RD ¥ & d 2 & W] & 7 3P 5 > HM+X 4 71 &
HEVC % *t £ fe X mode » &#] HM+BCIM % HEVC # 7 BCIM mode » # % » & 7 HM ~
HM+BCIM ~HM+LinearPlane (LC) - HM+LinearPlane (GT)~HM+SADCT (GT) ~HM+Matching
Pursuit (GT) » & 2 2P 4ok 17 2 % 22 -

—

‘and Information Systems Research Center, Room 704 & 720, 1001 Ta-Hasueh Rd., Hsinchu, 30010, Taiwan.

T

14-Microeloctronics and Information Systoms Research Conter, Room 704 & 720, I(ww. Tatwan. |

i wcm Room 704 & 720, 1001 Ta-Hsueh Rd.,

6-Microelectronics W S@

ctronics and Information S cetmnter, Room 704 &
-MicroMnf ation Systems Research C‘

36-Microelectronics ‘ ,rmatign' Systems Rese
46-Microelectronics and Information S

(a) (b)

] 45 : (a) Natural_Ocean;(b) Natural_cloud,;

Room 7048 720, 1001 Ta-Hsueh Rd... Hsinchu, 30010, Tabwan.
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222 s Ewp

a5 o iy BCIM £z | T ¥
xp F 3] 24:‘ > = Z 9 R - ..
7HA R # 3 5% (Base color) | (Coefficient)
. Pixel bits .
BCIM # BCIM (10 bits) £
Pixel bits
SADCT (GT) Ground truth BCIM SADCT (10 bits) HM
Matching Pursuit Matching Pixel bits
ursui its
(GT) Ground truth BCIM P t (10 bits) HM
50
48
46
44
&_42
240
ESB
> 36
34 —+—Natrual_OceanBG
32 - Natrual_CloudBG
30
0.0 0.5 1.0 1.5

Rate (bits/pixel)
] 46 : Natural_Ocean # Natural_cloud = # £ & * HM /&< Rate distortion curves

Natural_ocean Natural_cloud
44 50
2 48
- 46
40 / 44
= 38 §42
k) :40
« 36 HM =38 HM
= —=HM+BCIM 236 —~HM+BCIM
o 34 —+—HM+LinearPlane(LC) > —+—HM+LinearPlane(LC)
> ~m-HM+LinearPlane(GT) 34 ~#-HM+LinearPlane(GT)
32 HM+SADCT(GT) 32 HM+SADCT(GT)
30 —<—HM+Matching Pursuit(GT) 30 —<—HM+Matching Pursuit(GT)
03 05 07 09 11 13 15 17 19 0.1 03 05 07 0.9 11
Rate (bits/pixel) Rate (bits/pixel)

B 47 : p X% F 8 1 F 5% o Rate distortion curves

BB 46 ch RD o &¢ T ugm s AR HRE T HM xpzfiﬁﬁﬂf > Natural_cloudBG
(Natural_cloud z_ # % B®])= RD # #t+ Natural_oceanBG (Natural_ocean z_ % § B]):B & *4_>
% 34 57 Natural_ocean ## ¥ B4 +* Natural cloud B & 4§ & - j£ ®] 47 ¢ Natural_ocean
RD W ¥ g 3 &4 R hp BRI G AR S enfin T > HM+BCIM 2 HM+SADCT (GT)
¥ag %4 »ck 2 PSNR> @ # * HM+Matching Pursuit (GT)== 5% 7 4% 2 ¥ 0.5dB :7PSNR >
Rm gt p 2R F F fd B o Natural_cloud- /< 2 B 47 # Natural_cloud <7 RD & &+ 5 1| -
HM-+Matching Pursuit (GT) ¥+ < 5+ < % 5dB PSNR>HM+SADCT (GT)~ * + < 1 3dB
7PSNR > HM+BCIM R|§ 2dB = + > Flpt &4 p 22 % B 4% DCT 3\ cndisd = 5% > v &
K- el s BE S RF R T2k § & (882X HM+SADCT (GT)
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% HM+Matching Pursuit (GT)3=ic # & B 454 e fe R S B #1 % HM+Matching Pursuit
(GT)eh¥ a5 > i #0¢ HM+SADCT g = X § 7% o

enZ I+ » HM+Matching Pursuit
B3N R BB

¥R AR L 1— ' < R) 48 ¥ ?—ﬁflj’&_iﬁfﬁ;
Y ﬁ i =
40 B e 3 a4 B ok

(GMend g 5 p & > HM+BCIM 7L H
BB DL L4 ¥ 4 HM+SADCT (GT) t=
% .'ﬂﬁ“-tf 3 i 424 25 SADCT R 4E o

B8] 48: Natrual_cloud # Qp37 2. i gk (a) Original;(b) HM+BCIM 7.0: 0.31 bits/pixel;(c)
HM+SADCT: 0.32 bits/pixel;(c) HM+Matching Pursuit: 0.32 bits/pixel;
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sctronics and Information Systems Research Center, Room 704 8 720, 1001 Ta-Hsueh RS, Hsinchy, 30010, Teiwan,

14-Microslectronies and Information Systsms Research Centar, Room 704 & 720, 1001 Ta-Hsueh 30010, Tatwan. |

S
6-Microelectronics and Inggmﬁon Systems Research Center, Room 704 & 720, 1001 Ta-Hsueh Rd., H{

>

: -
stronics and Information S: tem% Center, Room 704 &
O-Micrmmgnf ation Systems Research C‘
\s

m-»"’ k.
36-Microelectronics rmation Systems Rese

: m -
46-Microelectronics and Information S
(@ (b)
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