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DANH MUC THUAT NGU VIET TAT

AMVP: Advance Motion Vector
Prediction

Dy doan vector chuyén dong tién tién

AVC: Advance Video Coding
(H.264/AVC)
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Khéi ma hoa cay

CU: Coding Unit
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CB: Coding Block
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CRA: Clean Random Access
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H

HEVC: High Efficiency Video Coding M4 hoa video hiéu suat cao

IDR: Instantaneous Decoding Refresh Giai ma tac thoi

IRAP: Intra Random Access Point Diém truy cap ngau nhién noi anh
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NAL.: Network Abstract Layer

Lép triru tugng ma hda mang

M

MPM: Most Probable Mode

Ché do dy doan dung nhat




PB: Prediction Block

Khéi du doan

PU: Prediction Unit

bon vi du doan

STSA: Step-wise Temporal Sublayer
Access

Truy cap tang phu tam thoi

T
TB: Transform Block Khéi bién dbi
TU: Transform Unit Pon vj bién d6i
Vv
VCL.: Video Coding Layer Lép mé hda video
w

WPP: Wave-front Parallel Processing

K¥ thuat xur Iy song song song trudc




TOM TAT

Video néu khong duoc nén s& c6 do phan giai va chit luong cao nhung khong thé
chuyén tin hiéu qua mang truyén thong boi vi dung lugng qua 16n, trong khi nhu cau
xem, su dung video ngay cang cao. Do do, cac k¥ thuat ma hoa nén video da duoc
phat trién va cai thién trong nhiéu thap ky dé khic phuc van dé nay, giam thiéu dung
lwong video, gitip cho viéc truyén dan video qua mang don gian hon. Hién nay,
H.264/AVC (Advance Video Coding - Nén video tién tién) 1a tiéu chuan nén ma hoa
video dugc sir dung phd bién trén toan thé giéi. Tuy nhién, nhu cau vé video chit
luong cao hon, tbc do khung hinh cao hon, chéng han nhu video HD, UltraH, 4K va
8K, thi H.264/AVC van chua c6 kha nang nén tdt nhat. Vi vay, mot chuan nén video
moi da duoc phat trién, phién ban dau tién cua H.265/HEVC di duoc cong bd vao
thang 1 nam 2013, khong chi c6 kha niang ma ho4 t6t nhitng video c6 d6 phan gii cao
ma con giam dugce dung luong video ma hoa mot nira so voi chuan nén H.264/AVC.
Muc tiéu cia ludn 4n 1a tim hiéu k§ thuat nén video méi nhat hién nay, d6 la
H.265/HEVC (High Efficiency Video Coding - M4 héa video hiéu suét cao). Luan an
s€ dua ra nhirng so sanh vé k¥ thuat nén H.265/HEVC va H.264/AVC, dé biét 1y do tai
sao hiéu qua nén cua H.265/HEVC t6t hon 50% so v&i chuidn nén trude do
(H.264/AVC). Ngoai ra, H.265/HEVC 1a mot chuan nén méi va con rat nhiéu k¥ thuat
c6 thé cai tién t6t hon, nén thong qua qua trinh tim hiéu so sanh, toi s& tim mot sd
phuong phap dé cai thién hiéu suat hoic giam do phuc tap, dac biét 1a trong k¥ thuat
du doan noi anh cua H.265/HEVC.



Chwong 1

Gioi thi¢u

Ngay nay, nhu cau sir dung nhitng dich vu truyén thong da phuong tién ngay cang
cao, dac biét 1a video. Cung vai do, nhitng yéu cau vé chét luong, tdc do truyén tai cua
video ciing ngay mot khat khe hon. Tir d6, mot van dé phat sinh, d6 1a van dé vé dung
lugng ctia mot video. Video cang c6 dd phan giai cao, chét luong cao thi di kém véi no
1a dung lugng cao. Mot video chua qua xtr 1y nén ¢6 dung lwong rat 16n. Vi du chi voi
video c6 dd phan giai 1a 720x576, 25 fps, d0 sdu mau 8 bit can tdc do bit:

720 x 576 x 25x8 + 2x (360 x 576 x 25 x 8)
= 1,66 Mb/s (46 sang + sac do)

Hay, véi HDTV, mot video c¢6 do phan giai cao 1a 1920x1080, ¢ sau anh 8 van
25fps, thi toc do bit 1a:
1920 x1080x60x8 + 2x (960 x 1080 x 60x8) = 1,99 Gb/s

Vay nén cho du 13 nhitng hé théng may tinh manh nhat, néu khong phai van dé
bang thong thi quan 1y lwong dir lidu video 16n ciing 12 mot van dé kho khan. Tuy
nhién, video 1a mot chudi 4nh ma sy khac nhau giita cac anh 1a rat nho, do do6 ton tai
mot lwong thong tin thira rit 16n néu video duoc truyén tai toan bo. Thay vi truyén hai
anh doc lap, ta co thé truyén chi mdt anh va sy khac nhau cua né voi anh con lai, qua
d6 giam luong dir liéu can truyén, giam toc do bit. Nén video ra doi nham giai quyét

van dé dung luong va truyén tai video trén. Phat trién qua nhiéu thap ki, nhiéu chuan



nén video da duogc cong bd va s dung. Mot s chuan nén video la H.261,

H.262/MPEG-1, H.263, MPEG-4, va H.264/AVC.

Nén video di phat trién dugc trong mot thoi gian dai, gitip giam dang ké dung
luong ctia mot video, ting kha ning truyén video qua cic kénh truyén cé bing thong
khac nhau. Pén nay, H.264/AVC (Advance Video Coding), cé tén diy du 1a MPEG-4
Part 10, Advanced Video Coding (MPEG-4 AVC) va 1a k¥ thu4t nén phd bién nhat.

Muc tiéu cua H.264/AVC la tap trung vao su cai tién trong ma hoa, kién trac dir
ligu va su linh hoat. H.264/AVC da dat dugc kha nang ma hoa tdt hon so véi chuin
nén trude do6 1a H.263 va MPEG-2, gidm mdt ntra lugng bit-rate can thiét dé hién thi
mot video trong khi nguoi dung cam nhéan vé chat lugng video van duoc dam bao.
Hiéu theo mot cach khac, d6 1a kha ning ting gap doi sé lwong kénh truyén video
trong mot mang truyén video quang ba. Video dugc nén qua H.264/AVC c6 thé truyén
trong cac kénh truyén khic nhau vé cac do tré cling nhu kha ning mat dir liéu. Ngoai
ra, nhitng video d6 c6 kha ning truyén real-time (thoi gian thuc) qua mang va ngudi

xem c6 thé truy cap ngu nhién ma khéng can phai truy cip tir dau video.

Nhu cau vé xem, thudng thirc cac video c6 chat lwong cao ngay cang 16n, ching
han nhu d6 phan giai cao (HD, ULTRA HD, 4K, 8K), tde do khung hinh cao hon va
d6 trung thuc cao hon, trong khi khong c6 gi thay d6i vé kha nang truyén tin hiéu qua
mang. Bén canh d6, video hién nay ngdy cang duoc st dung trong nhiéu Gmg dung
khac nhau, nhu ing dung di dong, chat video theo thoi gian thuc, camera di dong. Do
d6, video ¢ luong truyén tai 16n nhit trén cac mang truyén thong, vi viy chung ta can

mot chuan nén mai tot hon.

Mai hoéa video hiéu suat cao (H.265/HEVC) Ia tiéu chuan nén méi nhat, nham muc
dich cai thién dang ké hiéu sudt nén, do phan giai clia tat ca cac loai video, va cac Ung
dung da phuong tién. Chinh thtc ra phat trién tir thang 1 nim 2010 véi tén goi 1a
HEVC - High Efficiency Video Coding (M4 hoa video hiéu suét cao), phién ban dau
tién dd dugc hoan thanh, quy chuin H.265 va coéng bd vao thang 1 nam 2013, bai
Nhom cac chuyén gia hinh anh dong ISO/IEC (MPEG) va Nhom céc chuyén gia ma
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hoa video ITU-T (VCEG), nhitng ngudi di phat trién Ma hoa video tién tién
(H.264/AVC). H.264/AVC hién tai dang thong tri cac k§ thuit ma hoa video trén toan
thé gidi. Hiéu suat nén video t6t hon khoang 50% so véi tiéu chuan truéc
(H.264/AVC), c6 nghia 1a ting gip d6i kha ning nén, hay giam mdt nira tc do bit
trong khi dung luong cta video van khong doi, qua d6 H.265/HEVC s& sém dugc sir
dung phd bién. Hiéu suat nén video ctia H.265/HEVC cao, cho phép truyén céac video
chat luong cao hon, d6 phan giai, ty 1& khung hinh véi dai dong mau cao hon. Do chi
cung cap hiéu suat ma hoa cho cac bé ma hoa, nén nd khong dam bao video co chat
lugng cu thé, vi vay H.265/HEVC hién gid van con trong qua trinh phat trién va tdi wu

hoa.

Muc dich ctia ludn 4n nay 1a thé hién nhirng khia canh quan trong nhit va céc
thong tin, k¥ thut quan trong vé H.265/HEVC, sau d6 phan tich va so sanh vdi cac
tiéu chuan ma hoa trudc do, cu thé 1a H.264/AVC dé biét 1y do tai sao H.265/HEVC
c6 thé nén v6i hiéu suét cao nhu vay. No1 dung luan an duoc bd tri nhu sau:

- Chuong 2 md ta nén tang ciia H.265/HEVC va so sanh cac tinh ning chung vé
cau trac block véi H.264/AVC va k¥ thuat song song méi.

- Chuong 3 giai thich va so sanh k¥ thuat du doan ndi anh va du doan lién anh
trong H.265/HEVC, hai phan quan trong nht trong mé héa nén video.

- Chuong 4 giai thich mét s6 k¥ thuat duoc dé& xuat nham cai thién phuong phap
du doan intra prediction cia HEVC.

- Chuong 5 két luét nhirng muyc tiéu da dat dugc sau khi hoan thanh khoa luan va

nhitng hudng phat trién sip ti, c6 thé mo rong.
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Chuwong 2

Téong quan vé H.265/HEVC

2.1. CAu tric bac cao caa H.265/HEVC

CAu trac, cac thuat toan, k¥ thuat cua H.265/HEVC dugc mo rong , phat trién dua
trén chuan ma hoa H.264/AVC (M3 héa video tién tién) trudc day. N6 hd tro giao dién
mang, h¢ théng, va téng ma hoa video dé truyén tin hi¢u video. Cac tap tham s6 chua
dit liéu bac cao, c6 thé truy cip dé dang khi ma hoa toan bd video, nhém cac hinh anh
lién tiép nhau hodc timg slice bén trong mot birc anh. Tat ca cac dir liéu video di ma
hoa va gia tri cua cac tham s str dung trong qua trinh mi hoéa dwgc dong gbi va luu
trong cac goi tin cua 16p triru twong héa mang (goi NAL — Network Abstraction Layer)
trude khi truyén dén bo giai ma. Tir H.264/AVC t6i nay 1a H.265/HEVC, NAL duoc
thiét ké “than thién voi duong truyén”, nd cé chirc ning truyén tai dir liéu dang video
trén cac kénh truyén khac nhau, cho cac img dung khac nhau. Mdi g6i NAL chira mot
sO lugng byte han ché. Duya trén 2 byte dau tién ¢ tiéu dé gbi NAL, nguoi nhan c6 thé

xac dinh loai dir 1i€u c6 trong gdi NAL.
2.1.1. NAL va cdc logi hinh dnh

Trong H.265/HEVC, c6 tong cong 64 loai géi NAL, duoc chia thanh hai loai: ma
hoa video (VCL NAL) va ma hoa phi video (non-VCL NAL). Cac gbéi VCL NAL

mang mgt phan ciia mdt dir 1i€u hinh anh ctia video da dugc ma hoa, trong khi cac goi
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non-VCL NAL chura cac dit liéu kiém soat, théng s6 str dung trong qua trinh giai ma.
Dit liéu cia mot hinh anh da duge mi hoa voi non-VCL NAL (nhitng thong s6 kiém
soat qua trinh ma hoa hinh anh do) tao ra mdt goi truy cap cia H.265/HEVC. Do @6,
g6i truy cip cua H.265/HEVC bao gdém nhiéu hon mét gbéi VCL NAL, do da s cac
truong hop mot goéi NAL khong thé chira dugce dir liéu ma hod cua mot hinh anh,
truong hop dic biét 1a mot goi trong truong hgp hinh anh dugec ma hoda khong dugc

phan ving (nhiéu slice).

Tat ca cac gbi NAL déu c6 mot tiéu dé (header) va phan dit liéu (payload). Tiéu dé
ctia g6i NAL c6 do dai 1a 2 byte, duoc thiét ké dé dé dang phan tich va xac dinh muc
dich chinh cta géi NAL, hoic ting ma hod video (layer) ma phan dit liéu ctia né6 mang
theo. Tuy nhién, bit du tién 1a luén dugce dé "0" dé tranh gia 1ap (emulation prevention
bytes) hoac ngan ngura viéc mot mau dit liéu bi 1ap lai mot cach ngéu nhién bén trong
phﬁn dir li€u tai. Sau bit tiép theo duoc st dung dé xac dinh loai dir liéu trong phﬁn tai
ctia g6i NAL, sau d6 13 ID cua tang video di duoc dé cap ¢ trén. Ba bit cudi cung hién
thi mot trong bay gia tri nhan dang tam thoi.

Sy S RNy Ry Sy Sy +
[O111213141516]7101112131415]16]7]
tet—t—t—t—t—t—t—t—t—t—F—t—t—t—+—+

| F' NALType | LayerlId | TID |
Fmm e —————— Fmm e ———————— +

Hinh 2-1: Cau truc tiéu dé goi NAL [1]

Loai goi VCL NAL duogc phan loai dua trén cac goi truy cap va loai hinh anh. Co
ba loai hinh anh co ban trong H.265/HEVC: IRAP (Intra Random Access Point — tam
dich: Hinh anh diém truy cdp ngau nhién ndi anh), leading pictures and trailing
pictures (tam dich: hinh anh dau tién va hinh anh cudi cing cia mot nhém anh trong
mot doan video); va mot vai loai anh khac, STSA (Step-wise Temporal Sublayer
Access — tam dich: hinh anh truy cap tang phu tam thoi), TRAIL (Ordinary Trailing—
tam dich: anh cubi gbc), IDR (Instantaneous Decoding Refresh — tam dich: anh giai
ma tirc thoi), CRA (Clean Random Access — tam dich: hinh anh truy cip ngau nhién),
vv. Tt ca céc loai hinh anh déu c6 vai trd riéng trong vi¢c ma hoa video. Bén canh do,

cac loai goi phi VCL NAL dugc phan loai dya vao tap tham s6, dau phan tach, bo loc
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dir liéu, SEI (Supplemental Enhancement Information — tam dich: thong tin tang

cudng bd sung).

Non-VCL NAL unit types

Parameter sets 32 VPS_NUT Video parameter set
33 SPS_NUT Sequence parameter sct
34 PPS_NUT Picture parameter set

Delimiters 35 AUD NUT Access unit delimiter
36 EOS_NUT End of sequence
37 EOB_NUT End of bitstream

Filler data 38 FD NUT Filler data

Supplemental enhancement 39 PREFIX_SEI NUT

information (SEI) 40 SUEFIX SEI NUT
Reserved 4147 RSV
Unspecified 48-63  UNSPEC

Bang 2-1: Céc loai goi Non-VCL NAL[1]

Trailing non-IRAP pictures

Non-TSA, non-STSA trailing 0 TRAIL_N Sub-layer non-reference
1 TRAIL_R Sub-layer reference
Temporal sub-layer access 2 TSA_N Sub-layer non-reference
3 TSA_R Sub-layer reference
Step-wise temporal sub-layer 4 STSA_N Sub-layer non-reference
5 STSA R Sub-layer reference
Leading pictures
Random access decodable 6 RADL_N Sub-layer non-reference
7 RADL_R Sub-layer reference
Random access skipped leading 8 RASL_N Sub-layer non-reference
9 RASL_R Sub-layer reference
Intra random access point (IRAP) pictures
Broken link access 16 BLA_W_LP May have leading pictures
17 BLA_W_RADL  May have RADL leading
18 BLA_N_LP Without leading pictures
Instantaneous decoding refresh 19 IDR_W_RADL  May have leading pictures
20 IDR_N_LP Without leading pictures
Clean random access 21 CRA May have leading pictures
Reserved
Reserved non-IRAP [0-15 RSV
Reserved IRAP 22-23 RSV
Reserved non-IRAP 24-31 RSV

Bang 2-2: Cac loai goi VCL NAL[1]
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2.1.2. C4c tdp tham sé

VPS id <—I— SPSid <—L PPS id <—I— First slice flag
VPS index SPS index PPS index

Wl | Add'l Slice seg. header
SPS data PPS data
Slice segment data
VPS SPsS PPS Slice segment

Hinh 2-2: Céc tap tham sé trong H.265/HEVC[1]

Céc tap tham s6 trong H.265/HEVC vé co ban 1a gidng véi cac tap tham sd trong
H.264/AVC, ngoai trir mot tdp méi duoc goi 1a tip tham sd video (VPS — Video
Parameter Set), cic tdp khac giit nguyén: tdp tham sé chudi (SPS — Sequence
Parameter Set), tip tham sd hinh anh (PPS — Picture Parameter Set). Muc tiéu cta viéc
sir dung cac tap tham s6 1a 1am tang hiéu qua ty 18 bit, kha ning phuc hoi 16i, va cung
cip cac giao dién 16p cho hé théng. Cu thé 1a nhitng tham sé c6 thé duoc str dung
nhiéu 1an & trong qua trinh ma hoa nhimg anh khac nhau, manh (slice) khac nhau...
nén tuy vao pham vi st dung cta cac tham s6 ma phan chia vao cac tap khac nhau,
tranh truyén lp di 1ap lai nhiéu 1an — bit-rate ting. Mot manh hoic mau (sample) co
thé dé dang iy duogc gia tri ciia tham sd can dung bang cach truy cip vao cac tip tham
s6 thong qua ID, nhu thé hién trong hinh trén (hinh 2-2).

- Tap tham sb video (VPS) 1a mdt tip moi duge xac dinh trong H.265/HEVC. Céc
thong sb ctia nd dugc ap dung trong qua trinh ma hod toan bo video.

- Tap tham s6 chudi (SPS) chira thong tin 4p dung cho qua trinh ma hoa mot nhom
cac hinh anh.

- Tap tham s6 hinh anh (PPS) chira cac thong s 4p dung cho qua trinh ma hoa mot
hinh anh cu thé. PPS thay dbi theo hinh anh, nhung nhitng hinh anh khéc van c6 thé
tham chiéu toi PPS d6 (thong qua ID).
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2.2. CAu tric ma hoa

Input ,| Coder
Video Control
Signal T e Control
T 1 g P > Data
Fl ;; Transform/ _Quant. ‘\‘
] H Scal /Quant. I Transf. Coeffs,
o T ] k
Split Into Decoder 1 Scaling & Inv.
Macrobl_ocks . ik ha Transform
16x16 Pixels I !
I i Entropy
E : Coding
1 1
i i Deblocking
E Intra-Frame Filter
: Prediction J,
‘-r = \ Output
Motion- . B Video
Intra/Inter Comp.er]satlon Signal
T |
1
I _Motion
A " Data
Motion
Estimation
Hinh 2-3: Cau truc ma hoa video cua H.264/AVC
Ir_1put | General Coder General
V}deo Control Control
Signal I Data
[ A1
§ . Transform, o
Y Scaling & ¥ Quantized
Quantization Scaling & Transform
SplitintoCTUs | | __ el Inverse Coefficients
i P Transform \
L i : ‘ Coded
' o H Header Bitstream
E | Intra Predictiory' Fo(r;n;\?;grg N
: Intra-Picture Data
E Estimation y
i T Filter Control )
: : f’ Analysis Fllteé(a)gntrol
i Intra-Picture *—>
Y ® Prediction |
1 , Deblocking & .
H _ SAOFilters |  Motion
» O Motion . 1 Data
Intrafinter | COMpensation . Output
1 1
Selection v X Video
Motion ! " jJj Decoded Signal
Estimation e Picture
1 Buffer

Hinh 2-4: Cau tric mi hoa video Hybrid ciia phién ban H.265/HEVC dau tién

Theo hinh 2-4, ta c6 thé thiy rang ma hoa H.265/HEVC duoc xdy dung dua trén
nén tang co ban ciia H.264/AVC. Tt ca nhitng budc xir Iy chinh déu duoc giit nguyén,
nhu ma hoa ndi anh, ma hod lién anh, cac bo loc, lugng tir hod.... Tuy nhién bén canh
d6, H.265/HEVC da co nhimng thay d6i. D& nhan biét nhat 13 sy tach biét cia mi hoa

ndi anh thanh 2 khéi 1a du doan noi anh (intra-picture prediction) va udc tinh ndi anh
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(intra-picture estimation). Phan so d6 ctia H.265/HEVC chi ¢6 1 xtr Iy méi duy nhat 1a:
phan tich diéu kién b loc (filter control analysis). Piéu quan trong ta rat ra dugc 1a co
rat nhiéu sy cai tién trong H.265/HEVC tir H.264/AVC, nhung né chi dugc cai tién vé

k¥ thuat trong ting budc x1r Iy ciia bd ma hoa.

Cu thé nhiing sy thay d6i s& dugc giai thich chi tiét trong cac phan sau. Su ting
kich ¢& ctia khéi va cu tric cua né s& duge mé ta ngay phan tiép theo. Sau dé sé 1a
mdt trong nhiing cai tién quan trong nhat ciia H.265/HEVC, d6 1a xu 1y song song.
Chuong 3 s€ mo ta vé su khac nhau ciia du doan ndi anh va lién anh cua hai chuan
nén. Phan cudi cung 1a nhimg so sanh vé bd loc trong, va chirc niang khir rung, khir

blocked cua no.

2.3. CAu tric khoi va ky thuit song song

H.265/HEVC 1a mot phuong phap méa héa video hdn hop theo khdi, nén ting cta
mi hoa video, giéng nhu nhitng chuan ma ho4 trudc. Ciing nhu H.264/AVC, hinh anh
duoc chia thanh nhiéu khéi. Tuy nhién, H.265/HEVC dé xuit mét cdu trac dit liéu, co
thé cai thién dang ké kha ning du doan va chuyén d6i cia tiéu chuan nén

H.265/HEVC nay.

2.3.1. Phan viing khai

2.3.1.1. Khéi ma héa cdy va don vi ma héa cdy

Thay vi st dung khbi macroblock nhu H.264/AVC va tat ca cac tiéu chudn ma hoa
video trudc, trong H.265/HEVC, mot hinh anh dugc phén chia thanh nhiéu khdi
vuong, goi 14 khdi ma hoa cidy (CTB — Coding Tree Blocks), nhu thé hién trong hinh
2-5 (macroblock) va 2-6 (CTB). Nhirng khéi vuong CTB trong H.265/HEVC c¢6 kich
thudce tir 4x4 dén 64x64, 16n hon so véi kich thude 16n nhit cia mdt macroblock
(16x16) duge st dung trong H.264/AVC. Mot CTB, chinh nd c6 thé chia ra cac CTB
khac dya trén do phirc tap ctia anh theo céu truc dit liéu dang cdy (quad-tree structure).
Nhitng CTB nhé hon ndy giéng nhau vé ca thanh phan d6 sang (luma) va mau sac
(chroma) . Do d6, mot thanh phan sang CTB va 2 thanh phan mau CTB tuong (g s&

tao ra mot don vi ma hoa cdy (CTU — Coding Tree Units) néu dinh dang nén video 13
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4:2:0, gidng nhu macroblock, 14 don vi xtt Iy trong H.265/HEVC. M6t nhém cac CTU
lién ké cung nhau cu thanh nén mot manh, tuong tu nhiéu macroblock tao nén manh

trong H.264/AVC.

Hinh 2-5: Vi dy phan ving hinh anh thanh nhiéu khdi macro 16x16[1]

L

Hinh 2-6: Vi du vé phan ving hinh anh thanh nhiéu CTU 64x64[1]

Do kich thudc khi 16n, viéc ma hoa ctia H.265/HEVC trd 1én hiéu qua hon, nhung
doi hoi bd nhé tot hon, 1am tang do tré va su phuc tap trong tinh toan & ca hai bd ma
hoa va giai ma. Tuy nhién, kich thudc khéi 16n hon cho phép cau tric mi héa cua
H.265/HEVC phu hop véi dic diém nodi dung video c6 do phan giai cao, so voi tit ca
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cac tiéu chuan ma héa truéc d6. Cu thé nhu trong hinh 2-6, hinh anh c6 nhiéu ving
gidng nhau nén viéc st dung khdi kich thudce 16n s& hiéu qua hon, bao phu dugc rong
hon so véi khéi kich thude nho, tir d6 giam sb khéi, giam s6 xir Iy ma hoa. B4 ma hod
s& can bang giira diéu kién phan cimg va yéu cau cua dinh dang video ma hoa ma chia
anh ra thanh cac CTB mot cach hop ly. Kich thudc CTU duge xac dinh boi bd ma hoa,

sau d6 truyén dén bo giai ma théng qua céc tap tham sé chudi (SPS).

Ciing nhu CTB, CTU thé duoc phan chia thém thanh cac don vi hinh vudéng nho
hon, duoc goi 1a don vi mi hoéa (CU — Coding Unit) dua theo cau trac dir liéu dang cay
dé giai quyét mot sd van dé: nhu viéc lua chon ché d6 du doan cho khdi 1a ndi anh
(intra) hay lién anh (inter) 12 khong thich hop do gip van dé bat loi trong qua trinh dy
doan ty 18 bién dang (rate-distortion). Phan ving dé quy chia CTU thanh nhiéu CU c6
kich thudc khéi khac nhau, nhé hon, lam cho H.265/HEVC c6 thé quyét dinh mot cach
linh hoat va hiéu qua vé du doan ndi anh hay lién anh, dac biét 1a lam giam mbi tuong

quan gitra cac khoi trong cung mot anh.

>
’ T 1 64x64
f 54 -3 ".,-'- 4
R o/ 0O 32x32
[E— —— ‘_;v .’.’ ’ - L 4
1m Aﬂ 16x16
_,," T T ; Bi - it <
{;,— i T
i i i __8x8
2 _.3,,-—"

Hinh 2-7: Vi du vé phan ving CTU theo thir tu chiéu sau

2.3.1.2. Khéi dw dodn va don vi dw dodn

Truong hop CU dugc ma hda theo du doan lién anh (inter-picture prediction),
thanh phan sang (luma) va mau (chroma) ctia CU d6 c6 thé duogc chia thanh cac don vi
nho hon 1am co s& dé du doan, goi 1a cac khdi du doan (PB — Prediction Blocks). Do
d6, PB duoc dinh nghia 1a cAc mau chira thanh phan sang hoic mau ma st dung thong

s6 chuyén dong (motion parameters) gidng nhau. Trong do, cac thong sé chuyén dong
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bao goém céac vector chuyén dong dugc du doan va nhimg anh tham chiéu cua céc
vector d6. Tuong tu véi ¢ phap ciia CU, mot don vi du doan (PU — Prediction Units)
dugc tao ra bdi mot PB do sang va PB mau sdc tuong g cia nd. Mot CU co thé chira
nhiéu don vi du doan, truong hop dic biét 1a khi kich thude cua PU bang véi gbc CU
nén CU chi c6 mot PU. Bén trong mot PU, tat ca qua trinh dy doan dugc thuc hién va
thong tin dugc truyén dén bo giai ma. Theo ché do du doan lién anh, H.265/HEVC c6
tam hinh dang chia tach tir CU thanh PU, xem hinh 2-8. Véi sb luong kich thuéc PU
da dang hon thi hi¢u qua ma cua cia H.265/HEVC ciing cao hon. Hi¢u qua dy doan bu
chuyén dong trong H.265/HEVC cao hon. Tuy nhién, c¢6 su can nhic giita s6 luong
nho hon cac phuong thirc du doan va hiéu qua ma hoa. Kich thudc khéi téi thicu cua

PU trong H.265/HEVC la 4x4.

Skip mode Intra mode (square)

2Nx2N 2N*2N NxN

Inter mode (square and rectangular)

2Nx2N NxN 2NxN Nx2N

Intermode (asymmetric)

2NxnU 2NxnD nLx2N nRx2N

Hinh 2-8: T4t ca cac kich thudc caa PU trong H.265/HEVC[1]
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Video coding standard Supported block sizes for motion-compensated prediction

H.262 | MPEG-2 Video 16 x 16

H.263 16 x16,8x 8

MPEG-4 Visual 16 x16,8x 8

H.264 | MPEG-4 AVC 16 x 16,16 x8,8x 16,8 x 8, 8x4,4x8.4x4

HEVC 64 X 64, 64 x 48, 64 x 32, 64 X 16, 48 x 64, 32 x 64, 16 x 64,

32x32,32x24,32x16,32x8,24x32,16x 32,8 x 32,
l6x 16,16 x 12,16 x8. 16 x4, 12x 16,8 x 16,4 x 16,
8x 8. 8x4,4x8

Bang 2-3: Kich thudc khéi bu chuyén dong da duoc hd trg trong H.265/HEVC va
trong k¥ thuat trudc day[1]

2.3.1.3. Khéi bién déi va don vi bién doi

Mot block md hoa (CB) c¢6 thé duoc chia thanh nhiéu khoi bién d6i (TB —
Transform Blocks). Mot TBs duoc mo ta 1a mot khéi hinh vudng chira thanh phan
sang hodc mau, ma tai d6 anh xa hai chiéu duge st dung dé ma hoéa. Viéc chia CB
thanh nhiéu TB dugc dua trén céu tric dang cay, nhu trén hinh 2-9. Trong do, vi tri
gbc 1a CB va cac 14 1a cac TB. Mot nit 14 duoc xac dinh trong RQT (Residual Quad-
tree Structure) khi kich thudc khéi bién d6i nho nhat, tuy nhién sy phan chia RQT bi
han ché boi d6 sau toi da. Vi du, néu d6 sau tdi da cua RQT 1a 1, thi CB 2Nx2N chi ¢o
thé dugc phan chia mot 1an thanh 1 TB c¢6 cung kich thuéc hodc 4 NxN. Truong hop
dic biét néu do su tdi da 1a 0, kich thude ciia CB hién tai la 64x64, trong khi kich
thudc bién doi tdi da 1 32. Tai thoi diém nay, CB bi ép chia thanh 4 TB 32x32 dé dap
mg gidi han vé kich thuéc bién doi t6i da. Ciling nhu CB, TB sang va cac TB mau

turong tng cu thanh nén don vi chuyén dbi (TU — Transform Unit).

5 o luma coding tree block (CTB)
12'1 |
1 2 8
14 | 15
3|4
7 16 17
5|6
19 | 20 LTAN
23 g KN
¢ ¢ 0 o
21| 22 19 20 21 22 25 26 27 28
18
25 | 26 )
24 ® luma coding block (CB)
aZi]i28 e luma transform block (TB)

Hinh 2-9: Vi du vé chia mdt CTB thanh nhiéu TBs
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32x32 — depth 1

16 x 16 — depth 2

8 x 8 — depth 3

Hinh 2-10: Mbi quan h¢ giita CU, PU va TU trong H.265/HEVC

2.3.2. Phan vung hinh d@nh

2.3.2.1. Mdnh (slice), phan mdnh (slice fragmentation), phdn doan mdnh (slice segments) va

tdp hop phdan doan manh(slice segment subsets)

Giéng nhu tiéu chuin ma héa H.264/AVC trude day, trong H.265/HEVC, mét hinh
anh dugc phan chia thanh mot hoac nhiéu manh (slice). N6 chira mot hodc nhiéu CTU,
nhu macroblock trong H.264/AVC. Su khac biét trong H.265/HEVC la mot manh ¢6
thé giai ma doc l1ap ma khong phu thudc vao nhitng manh khac trong ciing mot anh.
Céac manh dugc chia sao cho théa man dugc ba muc dich: c6 kha ning khic phuc 16i,

khép voi kich thude don vi truyén tai toi da (MTU — Maximum Transmittion Units),

va xu ly song song.

4
Independent — -

Slice Segment

Dependent —

Slice Segment

1 121 13| 14

15

16 | 17 | 18 | 19| 20

21

22 | 28| 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32
33| 34| 359 36 | 37 | 38 | 39 | 40 | 41| 42| 43
44 | 45| 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54

55

56

57

58

58

Slice Segment
Boundary

Slice Boundary

Hinh 2-11: C4u trac cac manh doc 1ap trong H.265/HEVC[1]
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Mot manh ¢6 hai phﬁn: tiéu dé va dit liéu. TAt ca cac thong tin, thong s6, hé sb lién
quan téi qua trinh giai m3 ctia manh va CTU cua né chta trong tiéu dé& manh. Nhiéu
manh trong mot hinh anh c6 thé c6 cing mot header, giup cho viéc ma hoa hiéu qua
hon va giam tbc d6 bit. Nhu tén goi cia no, dir liéu manh chtra dir liéu ma hoéa cua
manh. Trong mgt manh, tat ca cac CTU truc thude dugc mi héa theo thu tu quét
manh, tir trai sang phai, tir trén xudng duéi. Ciing gidng nhu H.264/AVC, c6 ba loai
manh Gng v6i anh chtra nd: méanh I (tat ca cac CTU bén trong nhitng manh nay duoc
ma hoa b?mg cach chi st dung dy doan ndi anh), manh P (tét ca cac CTU bén trong
nhitng manh nay duoc mi hod bang cach sir dung du doan lién anh (diéu kién: tat ca
cac hinh anh tham chiéu cta n6 déu phai dugc ma hoa trude hinh anh hién tai, 1a hinh
anh trong danh muc danh sach hinh anh tham chiéu 0 — list 0) va manh B (twong tu
nhu manh P nhung manh B c6 thé st dung hinh anh trong danh sach 1 1am hinh anh

tham chiéu — list 1)).

Nhu dé cap 0 trén, mot manh co thé dugc chia thanh nhiéu manh nho, goi la cac
phan doan manh phu thudc. Tiéu dé ciia nhitng méanh nay sir dung chung véi manh dau
tién, qua d6 manh dau tién bao gid ciing 13 manh doc 1ap. Cac doan manh khéc 13 phu
thude, do d6 khong cod phﬁn tieu deé. Trong cung mdt manh, khong c6 han ché vé du
doan va ma hoa entropy ctia phan phu thuéc CTU qua céac ranh gidi phan khic manh.
Ngoai ra, mot phén dit liéu manh c6 thé duoc chia thanh céc phén nho hon, goi 1a cac
nhom phan doan manh (slice segments). Nhitng nhdm nay dugc chia sao cho thich hop

nhat d6i voi viée sir dung cac cong cu song song trong H.265/HEVC.

2.3.3. Xar ly song song trong H.265/HEVC

2.3.3.1. Mirc do song song

Song song 1a mot trong nhitng k¥ thuat quan trong tao nén sy khac biét vé hiéu qua
ma hda trong H.265/HEVC, so véi nhitng tiéu chuan ma hoa khac trude d6. Pa ludng
khong phai 13 khai niém moi trong 1ap trinh, nhung dén gio né méi duge ap dung vao
tiéu chuan nén video. Nho cac bd xur ly nhiéu nhan trong mot CPU, mdt hinh anh, mot
manh hay mot khdi ¢6 thé duoc ma héa mot cach doc 1ap trong mot 161. biéu nay lam

cho qua trinh ma hoa c6 thé thuc hién khong dong bo, do d6 1am giam thoi gian ma
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hoa, giam do6 tré ma hoa trong H.265/HEVC, so v6i qua trinh ma héa dong bo ciia cac

tiéu chuan cu.

Trong H.265/HEVC, c6 ba cap do cdu trac co thé thyuc hién theo xir 1y song song:

Song song cap hinh anh: nhiéu hinh anh c6 thé duoc ma hoa cing mét lac. Do
d6, cac thanh phan phu thudc thoi gian cho du doan bu chuyén dong dugc dap
rmg. Moi 15i trong mot bd xir 1y ¢ trach nhiém ma héa mot hinh anh.

Song song cép manh: Nhu da thao luan, trong H.265/HEVC, mdt hinh anh dugc
phan chia thanh nhiéu manh. Nhitng manh nay cé thé duoc mi héa mot cach
doc 1ap v6i nhitng manh khéc trong cting mot hinh anh, do d6 cac manh co6 thé
duoc sir dung dé song song hoa. Tat ca cac dit liéu can thiét dé giai ma chira
trong ti€u dé manh, dit liéu manh va céc loai tap tham $0.

Song song cap khdi: dya vao cic qué trinh doc 14p cua mot khdi ma hoa, song
song cap khdi c6 nghia 1a mot khéi co thé duge du doan trong mot 13i, trong
vong loc trong mot 13i, va entropy duoc ma hoa trong mot 18i khac. Mdi buédc

mi hoa mot khoi cé thé duoc xir Iy ddng thoi trén cac 16i khac nhau.

C6 ba mirc ma hoa song song trong H.265/HEVC. Khong phai tat ca déu hiéu qua

ma van c6 nhitng han ché. Song song cép hinh anh chi c6 thé ap dung tét trong du

doan ndi anh, ma khong hi€u qua trong dy doan lién anh, vi néu mdt hinh anh tham

chiéu ciia hinh anh hién tai khong duoc mi hoéa dung thoi gian, qua trinh nay phai

dimg lai cho dén khi tat ca cac hinh anh tham chiéu di sin sang. Song song cap hinh

anh lam ting tbc d6 xtr Iy nhung khong lam giam thoi gian chd vi thoi gian ma hoa /

gidl ma gitra cac anh khac nhau. Song song cap manh c6 bat lgi trong viéc du doan, ma

hoa entropy, xung dot & danh gidi cic manh. Song song cap khdi lam tang bo nhd,

cling nhu 1am giam thoi gian giai ma doan ma hoa entrop. Phién ban H.265/HEVC dau

tién da cung cap hai cong cu song song dé gidi quyet cac van deé trén: title va song

song song trudc (WPP - Wave-front parallel processing)
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2.3.3.2. Cdc cong cu song song cdp cao st dung trong H.265/HEVC

1. Tiles

Tile 1a mot trong nhitng tinh nang madi duge su dung trong H.265/HEVC. NO cé
mot sd diém twong ddéng v6i nhom manh, dugc st dung trong H.264/AVC. Tile 1a
nham muc dich dat dugc hiéu qua xir 1y song song ma khong anh hudng nhiéu dén

chat lugng video, va ki€m soat can bang gitra cac 161 trong bo ma hoa/giai ma.

Néu tile duge kich hoat, hinh anh s& duoc chia thanh nhiéu khu vuc hinh chit nhat
(phan nhom hinh anh). Dua trén co ché phan ving theo do phirc tap ctia anh mot cach
linh hoat, viéc bd tri cac khu vuc hinh chit nhat (tile), bao gém ranh gioi cua chung,
khac nhau gitta mdi btrc anh. Do phitc tap cua anh cang cao, cang can nhiéu xu 1y,
cang nhiéu vung hinh chir nhat dugc chia. Tuy nhién, s6 tile 1a g161 han, dugc xac dinh
boi mot sd bién dugce truyén trong PPS. Piém dau ciia moi tile ciing duogc truyén trong
tiéu d& manh. Tile phai tudn theo it nhat mot trong hai diéu kién. Pau tién 1a tat ca
CTU trong mét phan doan manh phai thudc vé mot tile, va thir hai 1a tit ca CTU cua

mot tile thude cung mot phan khic manh.

Khi stir dung tile, thir ty ma hoa cac CTU trong mdt blrc anh thay ddi theo thir tu
quét manh dya vao tile. Diéu d6 c6 nghia 1a CTU duoc xir Iy theo hang tir trai sang
phai trong pham vi tile. Do hai diéu kién trén, néu diém khoi ddu ciia mot manh khong

giong voi mot tile, manh co thé khong co nhiéu tile bén trong.

Mic du nhitng loai tile ndy c6 thé dugc xur 1y doc 1ap trong ca hai bd mi hoa va
giai ma, viéc cai dat lai ma hoa entropy tai céc diém dau cua tile, phd v& cac thanh
phﬁn phu thudc nhu trong du doan ndi anh, co thé tao ra cac hién vat truc quan tai
danh gi6i Tile, va do d6 lam giam chit luong ma héa. BO loc vong (B6 chin va SAO)
c6 thé chin cac hién vat tai danh giéi Tile, cac bo loc niy s& dugc giai thich trong phan

sau.

Str dung Tile, du bao ndi anh ¢o ca loi thé va bt loi. Uu diém la giam khoang cach

khong gian, ting hiéu suat khai thic cac moi twong quan khong gian giita cac mau,
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CTU bén trong mot ngdi. Hon nita, c6 thé gitp giam cac thong tin tiéu dé manh d3 bao
hiéu néu khong phai 1a phai st dung co ché mdi manh mdi Tile. Nguoc lai, nhitng bt
lg1 cua viéc st dung Tile la tao ra hién vat tryc quan, pha v& sy phu thuoc nhu da dé

cap ¢ trén, dac bi¢t 1a néu co6 nhiéu Tile trong mdt hinh anh, s€ khéi tao vdi nhiéu tile.

24 25 26 27 28
3 a2 33

+ +
1 I 20 21 l
12 | 13 14 15 I z 23 ‘
h— — c— — — —
5 48 47 I 52 53 ' 56 5T 58 5
55 81 62
'

3 3B 36 K14 38

39 40 41 42 43

| —
60

83 65

pr— o— | —

66 87 &8 69 78

86 B8

—
59
64
— —
&
70 n 72 73 | 80 81 %2

ag a3

o 95 96 a7 88

74 75 76 7 l 82 83

Hinh 2-12: Vi du vé st dung tile chia hinh dnh thanh 9

vung, duong gach thé hién ranh gidi cac vung. [1]

4 Syntax ™ \Decoded
I lements' Pixels

Yt
= —

l Syntax I |Decaded

Elemenls Pixels
% m Decompressmg

[4 Tiles in a Slice/Frame]

l ooo-—p oo ;—}

e oam e e P

Parallel Parallel

Hinh 2-13: Quy trinh cua tiles
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2. X1r ly song song song trudc (WPP - Wave-front parallel processing)

Thread1 | o | 1+ | 2 | 3| 4 | 5 | 6 | 7 | 8 | 9 | 10
y
Thread 2 11 |12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 —p
y 4
Thread 3 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 —p
y 4
Thread 4 33 | 34 | 35 | 36 | 37 | 38
Thread 5 44 | 45 | 46 | 47 —p
y 4
Thread 6 55 | 56 —p»
y 4
Propagation of
CABAC context
variables

Hinh 2-14: Xt 1y song song song trudc

Xu ly song song song trude (WPP — Wave-front parallel processing ) 1a mdt cong
cu song song chu yéu, thuc hién trong H.265/HEVC. Khac véi tile, WPP chia mét
hinh anh thanh cac hang riéng biét. Nhitng hang nay ciing c6 thé duoc mi hoa hay giai
ma mgt cach doc lap, nhu tile. Néu WPP duoc kich hoat, mdi hang duoc xu 1y trong
theo thtr tur quét manh, va bit dau ngay sau khi hai CTU & cac dong trude d6 duge ma
hoa. WPP luu trit tot hon so véi Tile vi nd khong pha vo sy phu thudc nhu Tile.
CABAC (Context-Adaptive Binary Arithmetic Coding) bi chim dit & mdi hang dé
cho phép xtr 1y song song. Pé giam b6t nhiing thiét hai do qua trinh khai tao CABAC
truyén théng tai diém bat dau mot hang, ndi dung cua CABAC da duogc thich img duogc
truyén tr bd ma hoa hodc giai ma téi cai khac. Do d6, ton that 13 nho dya trén WPP.
So véi tile, WPP dat hi¢u qua ma hoa cao hon. Ly do 1a n6é khong phé v& su phu thudc
nhu trén, khong thay dbi thi ty mi hoa, va qua trinh tai thiét. SO ludng bang véi s6
hang trong mét hinh anh. Do d6, néu c6 diéu x4u xay ra 6 dong trudc, tit ca cac hang

dudi dong co thé khong duoc ma. D6 1a nhuoc diém cua viée str dung WPP.
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2.4. Két luan

Vé co ban, H.265/HEVC c¢6 phuong phap ma hoa gidng v6i chuan H.264/AVC.
Su khéc nhau nam & ciu trac khoi cia H.265/HEVC da c6 su thay ddi hoan toan, tir
macroblock chuyén sang CTU, PU, TU.... Thay d6i ndy nham t&i nhitng xir 1y song
song ctia H.265/HEVC ma nd s& dugc dé cip toi trong phan sau. Dic biét, kich thuée
khdi da duoc tang 1én tir 16x16 thanh 64x64 1a diém nhén trong chuan ma hoa mai
nay. Kich thudc 16n gitip cho H.265/HEVC c¢6 kha nang ma hoa, nén nhirng video co
d6 phan giai cao trong khi do nén nhitng video nay v6i H.264/AVC chua tét.
H.265/HEVC s& ma hoa nén video c6 do phén giai cao tt hon H.264/AVC do kich
thude khéi cling nhu k¥ thuat nén ciia H.265/HEVC phitic tap hon. Tuy nhién, véi
nhirng video c6 d6 phan giai dudi HD, H.264/AVC s& t6t hon vi kich thuéc khdi nho
hon va xtur 1y it phirc tap hon H.265/HEVC. Do xtr 1y trong H.265/HEVC phtic tap, nén
qué trinh ma hoa nén s€ khéo dai hon H.264/AVC. Vi vay, ap dung str Iy song song s¢€
giam bét dang ké thoi gian xir 1y, nhung yéu cau phai c6 mot hé thong xur Iy manh

hon.
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Chuong 3

Dw doan noi anh va dw doan lién anh

3.1. Dw doan ngi anh

Du doan noi anh 13 mot trong nhiing tinh ning quan trong nhat trong ma hoa video.
Phuong phéap chinh cta dy doan ndi anh Ia sir dung cac mau lién ké dugc ma hoa trong
noi bo anh dé du doan mau hién tai, dua trén khai niém vé cac mau 1an can co cau tric
tuong tu vai nhau. Trong H.265/HEVC, vai viéc thuc hién k¥ thuat song song, du
doan ndi anh c6 3 budc: xay dung mang mau tham chiéu, du doan mau, va xir Iy sau
du doan. Sau do, du doan ndi anh dugc chia thanh 2 loai: phuong phap du doan goc
(angular prediction), cung cap kha ning du doan cac miu chinh xéac bang cach dya
trén cac canh hudng; du doan phang (DC prediction) va du doan planar cung cap cac
kha ning wdc luong, 1am min anh. S6 hudng goc trong H.265/HEVC 1a 34, nhiéu hon
rat nhiéu hudng so véi 8 huéng trong H.264/AVC. Véi kich thuéc CTU Ién hon, diém
cot 16i cua thiét ké H.265/HEVC 1a nham dat hiéu qua mi héa cao hon so véi tiéu
chuan nén trudc d6 théng qua giam tuong quan khong gian. Tuy nhién, nhiing tinh

toan trong dy doan noi anh trong H.265/HEVC phirc tap hon nhiéu.
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Planar mode DC mode
0 1
Angular modes

—
|. |. |‘ |‘ |‘ I -
2 3 4 5 6 7 8 9

11

,_ _,.T,.T T T T i

26 27 28 29 30 31 32 33 34

Hinh 3-1: Vi du vé cac ché d6 du doan ndi anh ctia
H.265/HEVC[1]

Functionality H.264/AVC HEVC
Prediction block sizes dx4, 8x8and 16 x 16 4x4,8x8, 16 x 16and 32 x 32
Luma intra prediction modes 94 x4and 8 x8), 4 35
(16 X 16)
Chroma intra prediction modes 4 4 4 the luma mode
Reference sample smoothing 8§x 8 8 x 8 and above
Boundary smoothing N/A Used for directly horizontal,
vertical and DC modes
Operation when reference Use DC mode Reference sample substitution
samples missing
Number of most probable 1 3

modes in mode coding

Bang 3-1: Su khac nhau co ban cta du doan ndi anh gitra
H.265/HEVC va H.264/AVCJ[1]

3.1.1. Thiét Igp mdu tham chiéu

Khac voi H.264/AVC, H.265/HEVC gisi thiéu mot ky thuat méi duoc goi 1a mau
tham chiéu thay thé, tao ra mot bo cac ché do du doan ndi anh hoan chinh sir dung céc
mau tham chiéu lan can. Do d6, dé ting s6 luong cac mau du doan, mot qua trinh loc
thich tmg dugc ap dung, gilp loc cac mau tham chiéu theo phuong thirc du doan ndi
anh.
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3.1.1.1. Thay thé mau tham chiéu

Du doan ndi anh sir dung nhiéu mau lién k& dé miu dy doan hién tai. Tuy nhién,
trong mot sé trudng hop, ¢6 cac mau khdng c6 sin, chang han nhu mau bén ngoai hinh
anh, manh hoic tile; hoic mau thudc vé mot PU véi ché do du doan lién anh. Tat ca
cac tham chiéu khdng c6 san duoc thay thé bang cach quét theo hudng kim dong ho va
str dung cac mau c6 da c6 sdn mai nhat. Qua trinh thay thé 1a:

- Néu p [-1] [2N-1] khdng c6, n6 s& dugc thay thé bang mau tham chiéu c6 sin dau
tién khi quét cac mau theo thi tu chiéu doc p [-1] [2N-2] téi p [-1] [-1], sau d6
theo hudng ngang tu p [0] [-1] téi p [0] [2N-1].

- T4t ca cac mau khong cé san theo chiéu doc cua p [-1] [y] (y = {2N-2, ..., -1})
dugc thay thé bang cac mau tham chiéu duéi day p [-1] [y + 1]

- T4t ca cac mau khdng c6 san theo chiéu ngang cua p [X][- 1] (x = {0, ..., 2N-1})

duogc thay thé bang cac mau tham chiéu duéi day p [x-1] [- 1]

a
p[O][-1] P[2N£1][-1]
pi-1-11~ Je|F[G[H] | | | | DIE|F|G|H|H|H|H]|H]
D D
| C |Block to be | C |Block to be
B | predicted B | predicted
P-1]IN-1] - A [ A
A
[ ] N
| A
pl-1][2N-1] = | N

Hinh 3-2: Qua trinh thay thé mau (a) Mau tham chiéu trude khi thuc
hién qua trinh, cac mau khong c6 sin ky hiéu bang mau xam

(b) Mau tham chiéu sau khi thuc hién qua trinh[1]

3.1.1.2. Qud trinh loc cdc mdu tham chiéu

Pé tranh cac hudng khdng mong muén gitta cac mau dugc ma hoa noi anh, dya
trén phuong thuc dy dodn ndi anh va kich thudc cia mau hién tai, bo loc min duoc ap

dung trong H.265/HEVC. N6 ciing giéng nhu khdi du doan ndi anh 8x8 cua H.264.
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Tuy nhién, qué trinh loc duoc thuc hién véi mot sé khdi cu thé va ché do du doan noi
anh. Trong trudng hop ché d6 du doan noi anh 1a DC hoic kich thuéc cua khdi 12 4x4,
qua trinh nay s& khéng say ra. Ddi véi cac mau du doan 8x8, qué trinh nay chi &p dung
theo ba huéng: ché do goc 2, 18 va 34. Pdi véi cac khdi du doan 16x16, qué trinh nay
duoc ap dung cho hau hét cac phuong thic du doan ndi anh, ngoai trir: 9, 10, 11, 25,
26 va 27. Béi voi cac khdi du doan 32x32, qua trinh nay khong 4p dung cho hai ché do

du doan noi anh: huéng ngang (ché do 10), va hudéng doc (ché do 26).

Quié trinh loc ¢6 hai budc tuy thudc kich thudc khéi va tinh lién tuc cua cac mau tham
chiéu. Céac p [-1] [2N-1] va p [2N-1] [1] khong duoc thay doi trong qué trinh nay. Tat
ca cac khoi khac 1a céc bd loc:

p[—1]1[-1] = (p[-1][0] + 2p[—1][—1] + p[O][—1] + 2) > 2
pl=1lly] = (p[-1l[y + 1] + 2p[-1][y] + p[-1]l[y — 1] + 2) > 2

pl=11[x] = (p[x + 1][-1] + 2p[x][-1] + plx — 1][-1] + 2) > 2

Trong d6 x =y = {0,..., 2N-2}.
Déi vai khoi du doan 32x32, sau khi ap dung quy trinh dau tién, néu cac mau tham
chiéu 1a phang, qua trinh tht hai dugc ap dung. D6 phang dugc phét hién bang céach sir

dung phuong trinh nay:

Ip[—=1][-1] + p[2N — 1][-1] = 2p[N — 1][-1]] < (1 < (b - 5))

lp[=11[-1] + p[-1][2N — 1] = 2p[1][N - 1]| < (1 < (b = 5))
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Trong d6 b 1a mau do sau bit. Néu 2 phuong trinh trén 1a ding. Cac mau tham

chiéu duoc tiép tuc sira d6i nhu sau:

pl—11[y] = ((63 — y) * p[—1][-1] + (y + 1) * p[—1][63] + 32) » 6

plx][—1] = ((63 — x) * p[-1][—1] + (x + 1) * p[63][-1] + 32) »> 6
a (C+2Y+D)/4 b Linear interpolation
~= |
| [ | fcly[p] | —B8[ [ [ | | [v] [c]
| g |
| | Block to be %= | [_] Block to be
predicted 3 predicted
B 3| ]
(A+2X+B)f4{ | X g : X
A =
Eal S
[ A

Hinh 3-3: Qua trinh loc min (a) Budc thtr nhét (b) budc thir hai[1]
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3.1.2. Dwr dodn méu ngi anh

3.1.2.1. Dw dodn goc
18 19 20 21 22 23 24 25 26 27 28 29 30 3 32 33 34

V-32 V-26  V-21 V-17 V-13 V-9 V-
| I
| L0

L

6 OF L 2L €1 % SI 91

8

6tHS*H Z+H OH 2-H S-H 6'H €-H Z1-H 12-H 92-H

L

9
LHH EL+H
NN

S

€ ¥

4
2EtH  92tH IetH L

Hinh 3-4: Cac ché do goc trong dir doan ndi anh [1]

H.265/HEVC cung cap 33 ché do du doan gbc, véi do chinh xac 1a 1/32 mau. Viéc
ting sd lwong cac ché do gitp ting hiéu qua cua H.265/HEVC trong viéc du doan

huéng pht hop nhat cho cadc mau du doan, giam du thira mau du doan géc.

Pé giam bt su phic tap cia du dodn noi anh trong ky thuat H.265/HEVC, cac
mau tham chiéu trén p[x][-1] va khéi p[-1][y] duoc sira doi, sau d6 dwoc sap xép thanh
mang mat chiéu, bang cac phurong trinh thay thé:

- Ché do doc:

_(p[—1+ x][-1] ,  x20
reflx] = { pl-1][-1+ ((x * B+ 128))8), x<0

- Ché d6 ngang:

(p[-1][-1+ ] o y=20
reflyl = { pl=1+((y*B+128))8][-1], y<0
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Trong d6 B 1a goc nghich d4o ciia tham sé goc A. Cu thé, tham s A cho biét s6

1/32 don vi luéi mau mdi hang cua mau phai dwge doi chd véi hang trude do.

Horizontal modes
Mode 2 3 4 5 6 7 8 9 10 1
A 32 26 21 17 13 9 5 2 0

1 12 13 14 15 16 17
-2 =5 =9 —13 —17 =21 =26

Vertical modes
Mode 18 19 20 21 22 23 24 25 2
A -32 =26 —-21 —17 —13 -9 —5 =2

27 28 29 30 31 32 33
2 5 9 13 17 21 26

Bang 3-2: Gia tri cua tham s6 A[1]

—26 —21 —17 —13 —9 —5 —2
6 =315 —390 —482 —630 —910 —1638 —4096

4
tn 2

Bang 3-3: Gia tri cua tham s6 B[1]

Sau khi tao ra mang mau tham chiéu, qua trinh tiép theo 1a xay dung cac miu du
doan. Str dung phuong phap noi suy, cdc mau du doan dugce tao ra nhu sau:
- Ché d¢ ngang:
plx]ly] = ((32 —f)xrefly+i+ 1]+ f*refl[y+i+2]+ 16) > 5

Trongddéi= (x+1)«A)»5vaf= ((x+1)*A)&31

- Ché do doc:
plxllyl = (B2 = f) xreflx +i+ 1]+ f*ref[x+i+2]+16) > 5

Trongdoi= ((y+1)*xA) »5vaf= ((y+1)=*A4)&31

34



|
oioooooooooo
\\
l\
\

Hinh 3-5: Vi du vé viéc doi chd mau tham chiéu bén trai

dém & rong hang tham chiéu doc ¢ ché d6 noi anh 23[1]

3.1.2.2. Dw dodn DC va Dw dodn Planar

Néu ché do du doan DC duoc chon, mau dugc du doan 1a gia tri trung binh cua hai
mau tham chiéu: ngay bén trai va phia trén cua khéi dang duoc du doan hién tai. Muc

dich cta dy doan DC 1a 1am mém cac canh trai va dinh cta khéi dang duoc du doan.

Du doan Planar ctia H.265/HEVC dugc thiét ké dé 1am min cac khdi cang nhac
quan sat dugc khi ché @6 du doan DC duoc ap dung hoic video cé tdc do bit thap hon.
Phuong phap du dodn planar 1a dé dy doan ra mot bé mat ma khong lam ngat quéang

cac ranh gigi. Gia tri cua cac mau duoc tao ra I gia tri trung binh, nhu sau:

plxlly]l = (pulx]ly] + pylx]ly] + N) > (log,(N) + 1)
Trong do6:
pulxllyl = (N =1 —x) » p[-1][y] + (x + 1) * p[N][-1]

polxllyl = (N — 1 —y) «plx][-1] + (y + 1) * p[-1][N]

35



" pINIT] - P °

= i
PI-1][N]

Hinh 3-6: Vi du veé viéc st dung ché d6 du doan planar ndi anh
(a) Tinh thanh phan ngang (b) Tinh thanh phan doc
(c) gia tri trung binh cuta (a) va (b) [1]

3.1.2.3. Hau xir Iy cdc mdu dw dodn

Con ton tai mot sb ranh giGi bi gian doan cuia mot s6 mau du doan noi anh, dac biét
la véi ché do du doan DC, du doan doc truc tiép (ché do goc 26) hoac du doan ngang
(ché do goc 10). Su gian doan xay ra doc ranh gisi khdi. Hau xt ly 1a qué trinh nay
duoc thuc hién trong H.265/HEVC sau khi thuc hién du doan ndi anh dé giai quyét

nhitng van dé nay.

3.1.3. Ché @4 ma hda ngi d@nh

Du doan noi anh trong H.265/HEVC c6 khdng chi gilp du doan tot hon vi ché do
s6 huéng da tiang 1én 35, ma con dam bao ché do da chon dugc truyén mot cach chinh

xé&c chi véi lwong dit liéu toi thiéu.

3.1.3.1. Ché dé dw dodn néi anh sang

Dbi véi cac thanh phén sang, so voi H.264, H.265/HEVC ¢ ba ché do thay vi mdt.
Ba ché d6 duoc dua trén cac ché do bén trai va PU 1an can. Néu mot trong cac khdi
duge ma hoa 1a ché do tin hiéu, hodc duoc ma hoa 1a ché d6 diéu ché xung ma (PCM —
Pulse Code Modulation), khéi hién thoi s& dwoc thiét 14p ap dung ché do DC. Gia sir
réng cac ché d6 dy doan ndi anh cua cac khdi bén trai va trén 1a A va B, tuong ng.

Trong trudng hop do A hodc B nim ngoai CTU, khdi dugc dy doan véi ché do DC.
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Néu A khac voi B, ché d6 dau tién va thi hai dé xay ra nhat duoc thiét 1ap bang voi
A va B. Ché do cubi cung MPM [2] dugc xac dinh nhu sau:

- Ché do Planar, néu A hoic B khong & ché do Planar

- Ché d6 DC, néu A hoic B khong & ché @6 DC mode.

- Ché d6 doc (ché d6 goc 26), néu A hay B duoc du doan v6i ché d6 DC va khoi

con lai dugc du doan véi cheé do planar.

Néu A c6 ché d6 du doan ndi anh giéng B thi 3 ché do du doéan c6 kha nang cao
nhat dugc quy dinh nhu sau:
- Néu A va B cé hai & ché d6 khong goc canh. Thi:
e MPMJ0] la ché d¢ planar;
e MPM[1] la ché d6 DC;
e MPM]2] 1 ché d6 goc 26
- Néu A va B ca hai & ché d6 goc. Thi:
e MPM[0]=A
e MPM[1]=2+((A-2-1+32)% 32)
e MPM[2]=2+((A-2-1)% 32)

Sau khi tao ra MPM, céc ché d6 nay duoc sép xép theo thtr tu tang dan cua sb ché
dd. Néu ché d6 du doan ndi anh cua khéi hién thoi béng chinh xac v&i mot phﬁn tr cua
MPM, chi ¢6 chi sb cua phﬁn tir do duoc truyén dén bo gidl ma. Néu khong, ché d6 du
doan duoc bién d6i thanh mot ma tir CABAC (Context-Adaptive Binary Arithmetic

Coding) 5-bit, sau d6 truyén dén bd giai ma.

3.1.3.2. Ché d6 dw dodn ndi dnh mau

Trong ma hoa video, gén nhu tit ca céac truong hop, ché do du doan ndi anh cua
mau mau dién ra sau mau sang. Theo kinh nghiém, H.265/HEVC 4ap dung mot phuong
phap maoi dé xac dinh ché d6 mau mau. Cu thé, ché d6 du doan nodi anh ctia mau mau
la mdt trong nam ché do: phéng, gbc 26, goc 10, DC hodc ché d6 dan xut. Ché do dan

xuit 13 ché d6 du doan noi anh sang. Phuong phap nay duoc sir dung dé ting kha ning
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hon, né thé hién trong hinh duéi dy:

dinh hudng trong du doan mau ndi anh va han ché tbi da cac dit liéu bao hiéu. Cu thé

Initial chroma intra mode

Final chroma intra mode
when derived

mode # initial chroma
intra mode

Final chroma intra mode
when derived

mode = initial chroma
intra mode

INTRA_PLANAR
INTRA_ANGULAR]26]
INTRA_ANGULARJ10]
INTRA_DC
INTRA_DERIVED

INTRA_PLANAR
INTRA_ANGULAR]|26]
INTRA_ANGULAR]|10]
INTRA_DC

Luma intra mode

INTRA_ANGULAR([34]
INTRA_ANGULAR([34]
INTRA_ANGULAR([34]
INTRA_ANGULAR([34]
N/A

Bang 3-4: Ché do du doan ndi anh mau dua theo ché d6 du doan noi anh[1]

3.2. Du doan lién anh

Trong khi du doan noi anh sir dung cac méi tuong quan khong gian cia cac khoi
lien ké dé du doan khéi hién tai, du doan lién anh su dung cac khdi dugc ma hoa cua
cac hinh anh truéc. Vi du mot vat chuyén dong trong mot video, hinh anh cua né la
nhu nhau, nhung né lai & nhiing vi tri méi khi di chuyén tir hinh anh nay dén hinh anh
khéc, vi vay bo giai ma cd thé du doan chinh xac vat chuyén dong néu né cé hinh anh
trude d6 va mot vector chuyén dong. Do d06, du doan lién anh mot khdi 1a mot qua
trinh lya chon cac khéi tng vién phu hop nhat va vector chuyén dong lién quan cua no.
Khai niém co ban cua du doan lién anh dugc giai thich trong hinh bén dudi, trong do
At 12 chi sb hinh anh tham chiéu trudc, Ax va Ay la cac hé sé ngang va doc cua vector
bl chuyén dong, twong &ng.

At: Reference picture index:

AX Ay: Spatial displacement:

AX

-

4

Ay

Prior Decoded Pictures as Reference

Current Picture

Hinh 3-7: Khai niém co ban vé dy doan lién anh[1]
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" Inter-picture Motion
s——>| Prediction Compensated
\ Block Merging Fractional Prediction 0 Weighted Final Motion
M Sample Sample > Compensated
Advanced r Interpolation Motion Prediction Prediction
o ygé?;igﬁdor \ Compensated
! 5 Prediction 1
/| Motion Data Coding| Motion Data
/ MV: (Ao, Ayy), (Ax;,Ay)
MVP Index 0,1 Refldx: Aty At,
MVD 0,1
Refldx Aty,At,

Hinh 3-8: Qua trinh du doan lién anh trong H.265/HEVC[1]

Mic di dy doan lién anh trong H.265/HEVC vé co ban giong nhu ngudi tién
nhiém H.264, n6 van c6 hai ky thuat cai tién mai. Pau tién 1a cach tiép can moi, duoc
goi 1a du doan vector chuyén dong tién tién (AMVP — Advance Motion Vector
Prediction ), 12 qua trinh cai tién vé viéc tao ra vector chuyén dong. Tht hai la ky thuat
nhap khéi dy doan lién anh, trong d6 khdi ctr vién thay thé hoan toan khéi hién thoi,
néu ché do du doan cua né dugc quyét dinh 1a ché do truc tiép hoic bo qua nhu H.264.
Hinh 24 thé hién qua trinh du doan lién anh trong H.265/HEVC.

3.2.1. Dw dodn vector chuyén déng tién tien (AMVP)

Du doan vector chuyén dong duogc su dung dé c6 duge du doan vector bu chuyén
déng (MCP — Motion Compensated Prediction). Nhu vi du trén vé mot dbi tuong
chuyén dong, vi d6i twong nay thuong 16n hon mot khdi, do d6 déi twong dang chuyén
dong c6 nghia 1a mot nhom cac khdi 1an can ciing dang chuyén dong. Vi vdy, vector
chuyén dong cua khdi hién tai 1a gan giéng vai khdi lién ké cta no. P6 1a 1y do tai sao
vector du doan chuyén dong (MVP — Motion Vector Predictor) thudng duogc tao ra tir
cac khdi lién ké vé mat khong gian. Ky thuat du doan vector chuyén dong da duoc ap
dung trong hau hét tit ca cac tiéu chuin mi héa trude. Trong H.265/HEVC, vector
duoc dan xuat br:ing cach thuc hién mot k¥ thuat mai, goi 1a canh tranh vector chuyén
dong. Bo ma hoa tao ra mot danh sach cac MVP, sau d6 chon mot trong $6 ching dé
truyén dén bo giai mi. Du doan vector chuyén dong tién tién (AMVP) ting kha ning

linh hoat ctia k¥ thuat canh tranh vector chuyén dong.
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Budc dau tién trong AMVP 1a tao ra mot danh sach vector gdm 5 ng vién. Nhing
mg vién duoc lya chon 13: ba trong nim vecto chuyén dong cua khdi khong gian 1an
can (Ag, Ay, and By, By, By), thir 4 1a vector trung binh cua ba vector trén, va vector
chuyén dong cua khéi cung vi tri voi khéi hién tai nhung cta anh trude (Co or Cy).

Nhirng khoi dugc dé cap ¢ trén néu dugec ma hoa la dy doan ndi anh thi s€ bi loai bo.

A

O\
A AN
\a

Co-located block

Current block

_

Hinh 3-9: Céc khéi ¢ cac tng vién vector chuyén dong[1].

-
-
-
-

Sau do, sau khi phan loai danh sach theo thir tu kha nang chinh xac, loai bé mdt )
yéu td & vi tri sau trong danh sach, danh sach trng vién chinh thic c6 hai MVP, 1a mét
hodc hai img vién khong gian (vector chuyén dong lién quan t6i cac khbi 1an can), mot
trong nhing (mg vién thoi gian (vector chuyén dong lién quan téi khdi cung vi tri &
anh trudc) néu hai ing vién khong gian gidng nhau hodc khong co sin, hodc vector

khong néu tat ca cac vector ing vién trudc déu bi loai bo.

3.2.2. Nhdp khéi duw dodn lién anh

Do cau trac phan ving dang cdy ciia H.265/HEVC, mdi kh6i mi hoa c6 thong tin
du doan cua riéng minh, dugc truyén doc lap voi bd ma hoa dén bd gidi ma. Pay la
nhuge diém cua ciu tric nay. Van ton tai mot sd khdi ¢6 ché do du doan giéng nhau,
do d6 s& khong hiéu qua néu bo mi héa ra hiéu 1énh cho tit ca thong tin. Dé giam bat
cac tap tham sé ma hoa du thira, k¥ thuat nap khdi du doan lién anh duoc ap dung. K§
thut nay tap hop tat ca cac khéi 1an can co cung thong tin chuyén dong. Qua trinh sap
nhap ¢ ching myc nao dé gibng nhu AMVP. Buéc dau tién 13 lya chon danh sach tng

vién hgp nhat, sau d6 truyén nhiing chi s6 xac dinh tng vién dén by gidi ma.
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(a) (b)

Hinh 3-10: (a) Céc tng vién c6 thé chon trong danh sach sat nhap ctia khdi X,
chung sap nhap thanh cing dong dam, (b) Cac budc kiém tra du dé thém tng

vién vao danh sach. [1]

Danh sach tng vién hop nhat chi c6 mét tinh ning khac véi cac danh sach vector

ung

vién chuyén dong. o 1a thanh phan ang vién hop nhat phai chta tat ca céac dir

licu chuyén dong c6 tat ca cac thdng tin du doan, chang han nhu loai du doan lién anh

(P hoic B), trong khi danh sach vector (ng vién chuyén dong chi chira cac vector

chuyén dong. Cac tng vién hop nhat duoc lra chon bai:

T6i da bdn tmg vién duoc chon tir nam khéi 1an can khong gian (A1, B1, BO,
A0, B2)

Mot tng vién thoi gian, gidng nhu ¢ng vién thoi gian trong danh sach wng vién
vector chuyén dong.

Céc (ng vién bd sung duoc tao ra bang cach két hop thdng tin chuyén dong da
ton tai trong danh sach, hoac khéng c6 tng ctr vién nao. Vi du vé céc tng vién
b sung dugc minh hoa trong hinh 2-20.

Tat ca cac tng vién duoc ma hoa st dung dir doan lién anh.

3.2.3. Ngi suy mdu phan so

Tuong tu véi H.264, H.265/HEVC hd tro du doan vai d6 chinh xac mot phﬁn tam

pixel véi thanh phan mau, mot phan tu pixel v6i thanh phan sang. Cy thé, phép ndi suy

mau

phan s6 dugc sir dung dé tao ra cac mau tham chi€u néu cac hé s6 vecto du doan

chuyén dong khong phai 14 s6 nguyén.
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Qua trinh ndi suy tao mau ti diém anh cua H.264 co 3 giai doan. Giai doan dau
tién 1a tao ra nira mau, st dung bo loc 6-tap, c6 do tré pha khong ddi 14 0,5, sau d6 lam
tron két qua trudc khi trung binh né v6i mau sé nguyén gan nhat dé tao ttr diém anh
gitta chiing. Qu4 trinh nay duoc thay d6i trong H.265/HEVC. Cac miu tir diém anh
duoc tao ra truc tiép béng cach str dung by loc 7-tap hoac 8-tap trén céc diém anh
nguyén. Piéu nay gitip ting hiéu qua ma héa trong du doan, do chinh xéac cao vi loai

bo qua trinh [am tron, 161 [am tron.

A Ag1 [0 [ byt | Coq | A Ay
Ao Aoo | 8o | Pop | Cop | At Az
d.ip doo | €op | foo | Goo | dig dap
h.io Moo | Top | Joo | Koo | Mg hao
Mo Nop | Poo | Qo0 | Too | Mo N2g
Ay Ags |8y | bos | Cor | Ay Az
Az Aoz | 8oz | boz | Coz | Az Azz

Hinh 3-11: Vi tri mAu va phan s6 dé ndi suy [1]

Vi du, ag dugc tao ra béng cach stir dung bd loc 7-tap, nhu cq, €90, Jo .. .trong khi
Do.0, To.. dugc tao ra bang cach sir dung bo loc 8-tap, nhu thé hién trong hinh 2-21. Do
st dung bo loc co sb tap nhiéu hon, H.265/HEVC ¢6 thé dy doan chinh x4c hon so véi
bd loc 6-tap sir dung trong H.264, nhung n6 lam ting sb luong cac dit lidu can phai
duoc luu ciling nhu su phtc tap cua by ma hoa. Vi thé. H.265/HEVC c6 mot han ché
dé giam bang thong bo nhé. Thay vi miu 4x4, kich thude khdi du doan nho nhat 1a

8x4 hodc 4x8, dé c6 thé duge du doan don 1é.
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3.3. B0 loc vong trong

/' ® |ntra Mode Information —I
al

| Entropy ® |nter Mode Information
Decoding ?. Sample Adaptive Offset Information
® Residues —
Intra
Prediction
\. Reconstruction | [IErEs - R
Motion /' Transform|[ |Quantization
Compensation —*
f | Deblocking Filtar |
Decoded Picture | ]
Buffer | Sample Adaptive Offset |'

Hinh 3-12: De-blocking filter va SAO trong H.265/HEVCI[1]

B6 loc vong trong 1a mot trong nhimg phan quan trong nhat ciia H.265/HEVC. Hai
bd loc vong trong la deblocking filter va do léch twong thich mau (SAO — Sample
Adaptive Offset). Do H.265/HEVC 14 k¥ thuat ma hoa video hybrid dia theo khdi, nd
tao ra cac khdi va gian doan ¢ ranh gidi du doan va khéi trong sudt toan bd qué trinh
ma hda. B loc deblocking 1am giam tat ca cac nhiu khdi vuong, trong khi SAO 1am
giam cac nhiéu rung va thay doi cuong do ciia mot sé6 mau. Ca hai déu duoc ap dung
nhu 13 budc cudi cing sau qua trinh tai xdy dung hinh anh trudc khi luu vao bo dém
hinh anh dugc giai ma, theo thir ty SAO duoc thuc hién sau bd loc deblocking filter.
Ngoai ra, bo loc deblocking filter va SAO khong phu thudc vao cdu hinh ctua bo ma
hoa. Muc dich cta bd loc vong trong la nang cao chét lugng cua hinh anh dugc giai

ma, do d6 nang cao hiéu qua nén.

Trong H.265/HEVC, b6 loc deblocking filter dugc stir dung trén ranh gidi giira cac
don vi ma héa (CU), cac don vi du doan (PU) va cac don vi bién d6i (TU). Viéc quyét
dinh lidu khéi c6 duge loc hay khong dua vao ché do du doan, cac khoi lién ke, cac
vector chuyén dong, cu thé hon mot bién goi 1a sirc manh ranh giéi (Bs — Boundary
strength).

- Bs =2 néu ton tai it nhat mot trong cac khéi lién ké trong anh.
- Bs=1néu:

o Mot trong cac khdi lién ké co hé s6 bién ddi khac khong
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o Cac khoi lien ké co khac biét tuyét doi vé vecto chuyén dong do 1a 16n
hon mdt mau sang s6 nguyén

o Cac khéi lién k& c6 c4c vecto chuyén dong lién quan dén cac hinh anh
khac nhau, hodc sb lugng vector giira cac khdi khong giéng nhau.

- Néukhéng, Bs = 0.

Trong H.264, Bs c6 thé c6 5 muc {0, 1, 2, 3, 4} trong nhiéu hoan canh, trong khi
H.265/HEVC chi hd tro 3 mirc Bs. Ngoai ra, vi kich thudc khéi 16n hon, c6 nghia 1a sb
khéi nho hon, su phtc tap cta bd loc deblocking filter trong H.265/HEVC ciing giam
di so voi H.264.

B0 loc deblocking filter dwoc sir dung trén ranh gi6i ctia khéi néu Bs cua cac khi
16m hon 0. Tuy nhién, can thuc hién mot budce thim dinh trude khi st dung b loc. Poi
véi cac ranh gidi khdi chéi, cac can ctr quyét dinh bo loc dya trén mdi phan doan bon
mau. Theo biéu thirc sau:

|P2,o —2p1o + P0,0| + |P2,3_2P1,3 + P0,3| + |CI2,0_ZCI1,0 + CIo,ol
+ |QZ,3_ZQ1,3 + CI0,3| <p

Trong do B 1a cac can clr ngudng veé tham so so lugng tir hoa.

O O 0 0 |Pgg Pao Pio Poo | %0 %10 Y20 G0/ © © O O
o O 0 O Psq P21 P11 Pot1 | Y91 9414 Y21 G934 © O 0 0
© ©° 0 O Pso Poz P12 Po2 | %2 Y12 Y22 Gz2 © O 0 0
o 0 0 O | Pas Pos Pia Pos | Gos G1s Go3 Qs © O 0 0
0 o} o} 0 0 0 (0] 0 0 0 0 0 0 0 0 0
0] o} o} o} 0 0 (0] 0 0 0 o} 0O (0] 0 0 O
0 o} 0 0 0 0 (0] 0 0 0 0 0 0 0 0 0
0 o} 0 0 0 0 (0] 0 0 0 0 0O (0] 0 0 O
Block P Block Q

Hinh 3-13: 4 miu va vi tri ciia chiing giita ving ranh gidi cua 2 khéi P va Q[1]
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C6 2 ché d6 loc deblocking filter: ché d6 binh thuong va ché d6 manh. Ché do
manh dugc ap dung néu ca ba biéu thirc duéi day 1a ding:
B

|P2,i —2py; + Po,i| + |CI2,i —2qq; + cIo,il < 3

B

|p3,i - pO,i| + |CI0,i - q3,i| < §

[P0, — 90,1 < 2.5¢t¢

Chirc nang chinh ciia SAO 13 giam nhiéu rung giita cac anh trude khi anh duoc luu
vao bd dém (Decoded Picture Buffer). Néu b6 loc SAO duoc kich hoat, qua trinh ctua
nd s€ duoc thuc hién sau bd loc de-blocking. Trong H.265/HEVC, b loc SAO cling
c¢6 2 ché do 1a EO (Edge Offset) va BO (Band Offset).

3.4. Két luan

Du doan noi anh va du doan trong anh 12 hai ki thuat xu ly quan trong nhat trong
nén video cua tat ca cac chuan tir trude téi nay. Trong H.265/HEVC, du doan ndi anh
da duoc cai tién hon nhiéu so véi H.264/AVC dé thich hop voi méd hda nén video c6
d6 phan giai cao. Dau tién, tap hop kich thudc caa block du doan da dugc mé rong téi
32x32, trong khi H.264/AVC chi la 16x16. Cung vai cau tric khoi thay doi, khdi dy
doan s& duoc tai cau trlc gitp hinh anh duoc tron tru hon. Thir hai 1a s hudng trong
du doan goc tang tir 8 téi 33 hudng. DB phuc tap tinh toan cao hon nhung bu lai dy
doan ndi anh trong H.265/HEVC sé& du doan chuan xac hon H.264/AVC. Nhiéu block
& ranh giéi khéi ciing dugc xt Iy tot hon véi bo loc nhidu block, bo loc vong trong. Xt
ly thiét 1ap mau tham chiéu gitp cho du doan noi anh c6 thé duoc xir 1y song song, dic
biét 1a nhitng mau & ranh gidi cac tile khi sir dung k¥ thuat song song tile. Du doan
lién anh trong H.265/HEVC chi phaét trién hon mét chit so véi H.264/AVC. Vector
chuyén dong duoc di doan nhanh va chinh xac hon véi ki thuat AMVP. K5 thuat
nhap khoi du doan lién anh gitp cho xu ly giai ma nhanh hon va hinh anh s& muot ma
hon & ranh gigi khéi khi da duoc nhap. Cudi cing la xir Iy du doan truc tiép mau phan

s6 cuia H.265/HEVC giam dang ké sai s6 mau so vai chan ma hoa trudc, H.264/AVC.
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Chuong 4

Nhirng sira doi dé xuat vé dw doan
nol anh

4.1. Ché a@ dy doan ndi anh co ban trong H.265/HEVC

PU for Intra
prediction

i

Reference sample
padding & Filtering

l

Rough mode decision . )
. ' N candidates
for N candidate e 35 for all size

l i mmmm ,

i
. 1 M candidates
Full RD-cost calculation | |+ 8+MPM for 4x4,
1
1
1

1
1
1
for M candidate 8x8 i
1
1

s+ 3+MPM for 2
16x16,32x32,64x64

l A _1

Best mode decision

Hinh 4-1: Qua trinh quyét dinh ché d6 du doan noi
anh trong H.265/HEVCI[5]
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Phan nay giai thich chi tiét qua trinh lya chon ché d6 du doan ndi anh ciia mot PU.
Con s trén cho théy toan bo budc quyét dinh ché d6 du doan ndi anh trong
H.265/HEVC. Sau khi da tao ra cac khdi tham chiéu, tat ca 33 ché do gbc canh dugc
moc ndi lai dé tinh toan quyét dinh ché d6 thé (RMD - Rough Mode Decision) bang
cach bién d6i Hadamard, trong khi H.264/AVC st dung cach bién ddi cosin 101 rac

(DCT - Discrete Cosine Transform). N6 lam giam sy phirc tap ctia thuat toan.

Trong qua trinh RMD, biéu thirc 1a:
CRMD = HSAD + A Rmode

Trong do,

W H
HSAD = Z |H(cyj — p)HT|
Jj

i

HSAD I tong tuyét ddi cua sd du bién doi Hadamard, Rnege 14 céc bit ché do du
doan, A la Lagrange multiplier, ¢;; 1a khoi hién tai va p 1a yéu t6 du doén l1a diém anh
lan can tuong Uimg voi ché do du doan. W va H 1a chiéu rong va chiéu cao cua khoi

hi¢n nay ¢;; twong tmg. Ma tran H, la hat nhan bién Hadamard, dugc xac dinh nhu sau:

1 1 1 1
1 1 -1 -1

Hia =11 4 21 1
1 -1 1 -1
H — H4x4 H4x4
8x8 H4x4 _H4x4

Budc cudi cung 1a tinh chi phi bién dang theo ty 1& du (Cegrp):
CFRD - SSD + A RbitS
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Trong d6 SSD (Sum of Square Difference) 1a tong chénh 1éch vudng gitta khéi da
duoc tai xay dung va khdi ban dau, va Ry 12 s bit caa khéi hién tai. Sau khi thuc
hién tat ca cac budc, tat ca cac gia tri CFRD duoc sip xép trong thir ty ting dan. Céc
ché d6 t6t nhit duoc sip xép ¢ dau danh sach. C6 8 ché d6 Gmg vién tot nhét cho khéi

8x8 va 4x4, cac khdi khac c6 3 ché do tot nhat.

4.2. Thuét toan chen ché dé nai anh nhanh

Phén 4.1 thé hién tinh phtrc tap va mirc tiéu thu thoi gian cia ché d6 dy doan noi
anh co ban ctia H.265/HEVC. Cu thé, c6 hai lan 35 huong. Vong mot 1a tinh RMD,
sau d6 vong hai 14 dé danh gia chi phi RD, va giita mdi vong lap 14 hai qua trinh phan

loai. Ngoai ra, su phtc tap trong tinh toan chi phi RD rat cao.

Do d6, dé cai thién toc do lwa chon ché do ndi anh trong H.265/HEVC. Mot 1y
tuong di dugc tim ra. Trong [5] va [6] déu dong ¥ rang ché do ndi anh t6t nhét cia
mot khoi c6 mbi quan hé véi danh sach da duogc sip xép sau khi tinh RMD. Ty 18 lua

chon céac ché do tot nhat trong danh sach 1a 90%.

Nhu dé cap O trén, c6 3 ché d6 nodi anh t6t nhat cho cac khdi, c¢6 kich thudc 1a 8x8
va 4x4, va 8 ché d6 cho cac kich thudc khac. Vi vay, thuat toan co ban duoc thay doi
nhu sau: sau khi tinh toan va phan loai tat ca 35 két qua RMD, mdt s6 ché do ¢ trén
cung cua danh sach di sap xép dugc giit dé danh gia chi phi RD phu thudc vao kich
thude cta khoi hién tai (PU). Cac ché do khac déu bi loai.
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Thuét toan dé xuét 1a:

Tinh RMD

¥

Sap xép danh sach theo
thir tw tdng dan cua RMD

¥

Kich thwde PU

False
hién thoi lon hon
8x8 7?7
hd
Gitt lai ba ché do6 & ddu danh Gitr lai 8 ché d6 & ddu danh
sach da phan loai, loai bo cac sach da phaén loai, loai bd cac
ché d khac ché do khac

L

A J

Tinh chi phi RD

v
Cac ché do tot nhat

Hinh 4-2: Qua trinh lwa chon ché d6 ndi anh da duogc sira doi

Ap duyng thuat toan mai nay, so lan lap dugc giam nhiéu nhat cé thé, giong nhu
tinh phirc tap ctia qué trinh tinh chi phi RD. Thuat toan nay c6 thé don gian hon néu né
giit 8 ché do tmg vién ma khong tinh dén kich thudc cua PU, hodc thay doi s6 ché do

dé tang co hoi tim duoc ché do tét nhat.

4.3. Qua trinh dw do4an ndi anh nhanh bing k§y thuat song song

Trong phan 2.3.3, WPP duoc giai thich chi tiét. N6 1a mét trong nhitng cong cu
song song duoc st dung trong H.265/HEVC, va phu hop véi du doan ndi anh. Mot
hinh anh dugc chia thanh nhiéu hang. Mdi ludng noi anh dugc xu ly tat ca cac CTU
trong hang 6, bat dau tir CTU & bén trai sang cudi ciing bén phai. Do rang bugc véi
khdi tham chiéu trong anh, hang duoc bt dau dy doan ngay khi tat ca cac khéi trén

cua khéi hién thoi dau tién két thic qua trinh du doan. Vi du, tat ca cac khdi duoc chia
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cung kich thudc, qua trinh du doan hang hién tai c6 thé bat dau o cing thoi diém véi

khdi thir ba cia hang trén, xem hinh 4-3.

thread) A

threadl A

thread2

threads3

thread4 L~

threadd Ny
threads =

thread?

Hinh 4-3: WPP budc thit nhat

H.265/HEVC dugc thiét ké dé thuc hién song song. Hau hét tat ca cac quy trinh,
don vi thuoc H.265/HEVC c6 thé thuc hién song song. Phan nay giai thich qua trinh
song song. Qué trinh nay bao gom 2 budc: xur 1y song song va mi hoa entropy. Budc
dau tién la WPP, 1a qua trinh du doan noi anh ciia mét hang. Ngay sau khi hoan thanh
budc dau tién, thdng tin ndi anh duoc luu lai, sau d6 buéc thir hai duoc bat dau bang
viéc tao ra mot ludbng méi dé ma hoa entropy. Theo cach don gian, phuong phap két
hop qua trinh du doan ndi anh véi qua trinh mé hoa entropy.

threadd
threadl
thread?

thread3

thread)

threadl

thread?

thread3

Hinh 4-4: Ludng 4 bit ddu qua trinh ddng thoi véi bude dau tién
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Thuat toan nay c6 mot sb thuan loi. Thuan loi dau tién 1a ti da hoa ty 1é ting toc &
budc WPP. Cong cu song song day nhanh qué trinh du doan noi anh. Thuan loi tha hai
la giam thiéu hao hut hiéu suat. Qu4 trinh ma hoa Entropy duoc xu |y theo thir tu quét
mang tu dé nd co thé dugc khoi dong va chay lién tuc véi cac ludng WPP, do d6 thuan

loi thir ba 1a: tbc d6 nhanh.

thread

threadl

1||r'--f|u| ]
threads

thread’
threadd

threadl
thread?2

thread3

Hinh 4-5: Ludng 4, mi hoa entropy dang chay theo thir tr quét
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Chuong 5

Tong két

5.1. Két luan

NGi chung, tat ca cac ky thuat thuc hién trong H.265/HEVC duoc cai tién dua trén
H.264 AVC. Mot sb ki thuat phtc tap hon so véi ki thuat trudc, vi du 64x64 CTU, du
doan noi anh véi 35 ché do ¢ san, bo loc vong trong c6 b loc 7 hoac 8 van, vv. Kich
thudc khéi ting 16n dén toi da 64x64, gap 16 so vai khdi macro trong H264, 1a mot
trong nhitng cai tién quan trong. Ngoai ra, H.265/HEVC duoc thiét ké dé ung dung ky
thuat song song. Tinh ning mai nhat tuyét véi nhat trong tiéu chuan nén video gidp
day nhanh thoi gian ma hoa va giai ma, dua trén cdng nghé phan cing da duogc cai
tién. Hau nhu tit ca cac c phap va ciu tric cta H.265/HEVC déu hd trg bo ma hoa va
giai mad mot cach doc lap. Du tinh phtc tap trong thuat toan va tinh toan, thoi gian mé

hoa va giai mé giam nho k¥ thuat song song.
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5.3. Hwéng phat trién tiép theo

Mic du H.265/HEVC dugc cong bd vao dau nam 2013, tiéu chuan ma hoa video
pho bién nhat van la H.264. Gan day, c6 rat nhiéu nghién ctu dé nang cip
H.265/HEVC, ca thuat toan cho phan mém va phan cing. Do dé, bai toan dit ra 1a can
phai tim ra mot y tuong dé phat trién H.265/HEVC tré 18n tét hon, dic biét trong duy

doan noi anh 1a phan ma t6i tap trung phan tich.

Trong luan an, cé nhitng phén tich chi mang tinh khai niém ma khéng c6 mé hinh
va md phong. Do d6, trong tuong lai gan, diéu phai 1am Ia thuc hién nhiing ky thuat dé
Xuat da duoc dé cap trong chuong trude. Dac biét, nhimg budc phét trién sau, phan
mém ma nguén mo HM (https://heve.hhi.fraunhofer.de/) sé duogc sir dung dé thuc hién

mo phong.
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