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(57) Séng ché d& cap dén phuong phép gidi ma dong bit video dugc ma héa duge
trién khai bing bd giai ma video. Phuong phap bao gdm xéc dinh ring chudi
video dugc mi hoa (coded sequence video, CVS) cua dong bit video dugc ma
hoa bao gdm don vi 16p triru twrong mang (network abstraction layer, NAL) ctia
16p tao ma video (video coding layer, VCL) c6 loai don vi NAL 1am méi gidi ma
timg budc (gradual decoding refresh, GDR) (GDR_NUT), don VCL NAL-cd
GDR_NUT chira anh GDR; khdi tao gidi ma CVS ¢ anh GDR; va tao 4nh theo
CVS nhu dugc gidi ma. Sang ché ciing d& cap dén phuong phép twong tng mi

héa.
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Linh vire k§ thuit dwoc dé cap

Séang ché d& cap chung dén ky thuat hd trg 1am méi giai ma timg bude trong
k¥ thuat (gradual decoding refresh, GDR) trong k¥ thuat tao ma video. Cu thé
hon, sang ché cho phép 1am m&i ndi bd timg bude dé cé thé truy nhap ngdu nhién
ma khong phai stt dung vcéc anh diém truy nhap ngiu nhién ndi anh (intra random

access point, IRAP).

Tinh trang ky thuit ciia sing ché

Luogng dit liéu video can mo ta video thdm chi rat ngén c6 thé 12 16n, c6 thé
dan dén cac khé khan khi dit liéu dugc phét truc tuyén hoic duoc truyén qua
mang truyén théng v6i dung lugng biang thong hiru han. Do véy, dit liéu video
thuong duoc nén trude khi duge truyén gitta mang vién thong hién dai. Kich
thude cta video cling c6 thé 1a vin dé khi video dwogc lwu trit trén thiét bi luu trix
do tai nguyén bd nhd co thé bi giéi han. Céc thiét bi nén video thuong st dung
phin mém va/hodc phan cting & phia ngudn dé ma héa dit lidu video trude khi
truyén hodc luu tri¥, nhor 46 giam luong dit lidu cdn dé biéu dién céc anh sb video.
Sau d6 dit liéu duge nén dugc nhan & phia dich bang thiét bi giai nén video giai
mé dir liéu video. Vi cac tai nguyén mang hiru han va cac nhu cau ngady cang
tang cla chét lugng video cao hon, cic k¥ thudt nén va giai nén dugc cai thién

ma cdi thién ty 1€ nén ma khong 4nh huéng dén chat lugng dnh dugc mong mudn.

Ban chit ky thuit ciia sang ché
Khia canh thw nhit d& cdp dén phuong phap gidi ma dong bit video duoc ma
hoa dugc trién khai bing bo giai mi video. Phuong phép bao gém cac budc xac

dinh, bang bod gidi mi video, ring chudi video dugc mi héa (coded video

sequence, CVS) ctia dong bit video duge ma hoa bao gdm don vi 16p triru twong

mang (network abstraction layer, NAL) cta 16p tao ma video (Video Coding
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layer, VCL) ¢6 loai don vi NAL lam méi gidi ma timg budce (gradual decoding
refresh, GDR) (GDR NAL unit type, GDR_NUT), don VCL NAL ¢6 GDR_NUT
chtra anh GDR; khéi tao, béng b6 giai ma video, gidi mad CVS ¢ anh GDR; va
tao, bang bo giai ma video, anh theo CVS nhu dugc giai ma.

Phuong phép d& cip dén cac k¥ thuit cho phép 1am méi ndi anh ting bude
dé c6 thé truy nhap ngiu nhién ma khong phai st dung anh IRAP. Bon vi VCL
NAL ¢6 GDR_NUT dé chi bdo ring don VCL NAL chira anh GDR. Bing cach
str dung anh GDR thay cho 4nh IRAP, tdc d0 bit muot hon, nhéit quan hon c6 thé
dat dugc do, chéng han, kich thuéc cua anh GDR so véi kich thudce cda anh
IRAP, cho phép d6 tré giam tir dau nay dén dau kia (tirc 13, do tré). Do vay, bd
ma hoa/bd gidi ma (cling dugce biét 13, “codec”) trong k¥ thuat tao mi video duge
cai thién so v6i cac codec hién tai. Trén thuc té, qua trinh tao ma video dugc cai
thién mang lai cho nguoi dung trai nghiém t6t hon khi cac video duge giri, duge
nhén, va/hodc dugc xem.

Theo dang trién khai thir nhit ciia phuong phép theo khia canh thi nhét, anh
GDR 14 anh ban d4u trong CVS.

Theo dang trién khai thit hai ctia phuong phap theo khia canh thir nhét hoic
dang trién khai dimg truéc bét ky cta khia canh thir nht, anh GDR 12 anh ban
d4u trong chu ki GDR.

Theo dang trién khai thir ba ctia phuong phép theo khia canh thu nhit hoic
dang trién khai dimg trudc bét ky cta khia canh tht nhét, anh GDR ¢6 bd nhan
dang (identifier, ID) thoi gian bang 0. |

Theo dang trién khai thir tu ctia phuong phap theo khia canh thtr nhét hoic
dang trién khai dimg trudc bat ky ctia khia canh thit nhét, khéi truy nhap chira
don VCL NAL c¢6 GDR_NUT dugc chon 1a khéi truy nhap GDR.

Theo dang trién khai thir nm ctia phuong phép theo khia canh thir nhét hoic
dang trién khai démg trudce bat ky cua khia canh tha nhét, trong 46 GDR_NUT
chi béo cho bd giai ma video ring don VCL NAL c¢6 GDR_NUT chtra anh GDR

Khia canh thir hai d& cap dén phuong phap ma héa dong bit video dugc trién
khai bang bd ma hoa video. Phuong phép bao gdm xac dinh, bing bo mi héa

video, diém truy nhip ngau nhién cho chuoi video; ma héa, bang bd mi hda
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video, &nh GDR thanh don vi VCL NAL ¢6 GDR_NUT & diém truy nhap ngau
nhién cho chudi video; tao, béng bd ma hoa video, dong bit chira chudi video c6
anh GDR trong don VCL NAL ¢6 GDR_NUT & diém truy nhép ngiu nhién; va
luu triY, bdng bd ma héa video, dong bit dé truyén vé phia bd giai ma video.

Phuong phép dé cdp dén cac k¥ thuat cho phép lam méi ndi anh tirng buéc
dé c6 thé truy nhap ngiu nhién ma khong phai st dung anh IRAP. Pon vi VCL
NAL ¢6 GDR_NUT dé chi béo ring don VCL NAL chira anh GDR. Bing cach
stt dung anh GDR thay cho anh IRAP, tbc do bit mugt hon, nhét quén hon c6 thé
dat dugc do, chéng han, kich thudc cia anh GDR so véi kich thuée cda éﬁh
IRAP, cho phép d6 tré giam tir dau nay dén dau kia (ttc 13, do trd). Do vay, bd
ma hoa/bd gidi ma (ciing dugc goi 1a “codec”) trong k¥ thuét tao ma video duoc
cai thién so véi cac codec hién tai. Trén thuc té, qua trinh tao ma video dugc cai
thién mang lai cho ngudi dung trai nghiém t6t hon khi cac video dugc giri, duoc
nhan, va/hoac dugc xem.

Theo dang trién khai thir nhat cia phuong phép theo khia canh thit hai, anh
GDR 14 4nh ban déau trong CVS. ,

Theo dang trién khai thir hai ciia phwong phép theo khia canh thir hai hodc
dang trién khai dimg trude bit ky cia khia canh thi hai, anh GDR 1a anh ban dau
trong chu ky GDR.

Theo dang trién khai thi ba ctia phuong phap theo khia canh thit hai hodc
dang trién khai démg trudc bit ky ciia khia canh thtr hai, anh GDR ¢6 ID thoi
gian bang 0. |

Theo dang trién khai thi tu ctia phuong phap theo khia canh thtt hai hogc
dang trién khai dimg truéc bt ky cla khia canh thtr hai, don VCL NAL c6
GDR_NUT duoc chon 1a khéi truy nhap GDR.

Theo dang trién khai thir nim ciia phuong phép theo khia canh tht hai hodc
dang trién khai dtmg truéc bt ky ctia khia canh thit hai, trong & GDR_NUT chi
bao cho bd giai ma video ring don VCL NAL c6 GDR_NUT chira &nh GDR

Khia canh tht ba dé cap dén thiét bi giai ma. Thiét bi gidi ma bao gdbm bod
nhan dugce tao cAu hinh dé nhén dong bit video dugc ma hoa; bd nhé dugc ghép

noéi v41 bd nhan, bd nhd luu trir cac 1énh; va bd xir Iy dugc ghép nodi véi bd nhd,

3
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bo xit Iy dugc tao cAu hinh dé thyc thi cc 1énh dé khién thiét bi giai ma: xé4c
dinh ring CVS cua dong bit video dugc ma hda bao gdm don vi VCL NAL c6
GDR_NUT, don VCL NAL c6 GDR_NUT chira anh GDR; khdi tao giai ma CVS
& anh GDR; va tao anh theo CVS nhu dugc gidi ma.

Thiét bi giai ma d& cap dén cac k¥ thuat cho phép lam méi ndi anh timg budce
dé c6 thé truy nhap ngau nhién ma khong phai sir dung anh IRAP. Pon vi VCL
NAL c6 GDR_NUT d8 chi bao ring don VCL NAL chira anh GDR. Bang cach
str dung anh GDR thay cho 4nh IRAP, tdc do bit muot hon, nhat quan hon c6 thé
dat dugc do, ching han, kich thuéc ctia anh GDR so véi kich thuée cia anh
IRAP, cho phép do tré giam tir dau nay dén dau kia (tac 13, do tré). Do vay, bd
mé héa/bd giai ma (cling duge biét dén 14 “codec™) trong k§ thuat tao ma video
duge cai thién so véi cac codec hién tai. Trén thuc té, qua trinh tao ma video
duoc cai thién mang lai cho nguoi dung trdi nghiém t6t hon khi céc video duoc
gui, dugce nhan, va/hodc dugce xem.

Theo dang trién khai tht nhét cta thiét bi gii ma theo khia canh thu ba, thiét
bi giai ma con bao gdm bd phan hién thi dugc tao cau hinh dé hién thi 4nh nhu
duogc tao. _

Khia canh thi tu d& cap dén thiét bi ma hoa. Thiét bi ma hoa bao gdm bd nhé
chira céc 1énh; bd xit Iy dugc ghép ndi véi bd nhé, bd xir Iy duge tao cau hinh dé
thue hién cc 1énh dé khién thiét bi ma héa: x4c dinh diém truy nhap ngiu nhién
cho chudi video; ma héa anh GDR thanh don vi VCL NAL c¢6 GDR_NUT &
diém truy nhap ngiu nhién cho chudi video; va tao dong bit chira chudi video c6
anh GDR trong don VCL NAL c6 GDR_NUT ¢ diém truy nhép ngau nhién; va
b truyén dugc ghép ndi véi by xir 1y, bd truyén dugc tao cdu hinh dé truyén
dong bit vé phia bo giai ma video.

Thiét bi ma héa dé cap dén cac k§ thuat cho phép lam méi ndi anh timg budc
@2 c6 thé truy nhap nglu nhién ma khong phai sir dung &nh IRAP. Pon vi VCL
NAL c6 GDR_NUT d8 chi bao rang don VCL NAL chira anh GDR. Bang céch
sit dung anh GDR thay cho anh IRAP, téc do bit mugt hon, nhat quan hon 6 thé
dat duoc do, chang han, kich thuéc ctia anh GDR so v6i kich thuge cua anh
IRAP, cho phép d6 tr8 giam tir diu nay dén ddu kia (ttrc 13, do tré). Do vay, bd

4
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ma hoa/bd gidi ma (cling duge biét dén 14, “codec”) trong k¥ thuat tao ma video
dugc cai thién so véi cac codec hién tai. Trén thuc té, qua trinh tao ma video
duoc cai thién mang lai cho nguoi dung trai nghiém tdt hon khi cac video dugc
gtri, dugce nhan, va/hodc dugce xem.

Theo dang trién khai tht nhét cua thiét bi ma hoa theo khia canh thir tu, bd
nhé luu trix dong bit trude bd truyén truyén dong bit v& phia bd giai ma video.

Khia canh tht nim & cap dén thiét bj ma héa. Thiét bi ma héa bao gdm bd
nhan duge tao cAu hinh d nhan anh dé ma hoa hodc dé nhan dong bit dé giai ma;
bd truyén dugc ghép ndi véi bo nhén, bd truyén duoc tao cAu hinh dé truyén
dong bit dén b giai ma hodc truyén anh dugc giai ma dén bo hién thi; bd nhé
duogc ghép ndi vé6i it nhat mot trong bo nhan hodc bd truyén, bd nhG duge tao céu
hinh dé Tuu trit cac 1énh; va bd xir Iy dugce ghép nbi véi bd nhé, bd xit Iy duge
tao cAu hinh dé thyc thi cac 1énh dugc luu trit trong bd nhé dé thuc hién phuong
phap bét ky trong cac phuong phap dugc boc 10 & day.

Thiét bi ma hoa d& cip dén cac ky thuat cho phép lam méi ndi anh ting bude
d8 c6 thé truy nhap ngiu nhién ma khong phai st dung anh IRAP. Pon vi VCL
NAL c¢6 GDR_NUT d8 chi bao ring don VCL NAL chira anh GDR. Bang céch
sit dung anh GDR thay cho anh IRAP, tbc d6 bit mugt hon, nhit quén hon ¢6 thé
dat duoc do, chéng han, kich thuéc ctia anh GDR so véi kich thuge cua anh
IRAP, cho phép d6 tré giam tir diu nay dén dau kia (tic 13, do tré). Do véy, bd
ma hda/bd gidi ma (cling dugc biét dén 13, “codec™) trong k¥ thuit tao ma video
dugc cai thién so véi cac codec hién tai. Trén thuc té, qua trinh tao ma video
duoc cai thién mang lai cho nguoi dung trdi nghiém t5t hon khi cac video duoc
gui, dugc nhan, va/hodc duge xem.

Khia canh thir sau dé cap dén hé théng. He théng bao gdm bd ma héa; va bd
giai ma truyén thong véi bo ma héa, trong d6 b ma hoa hodc bd giai ma bao
gdm thiét bi giai ma, thiét bj ma hoa, hoic thiét bi ma héa duogc bdc 10 & day.

Heé théng dé cap dén cac k§ thuét cho phép lam m&i ni anh timg bude dé co
thé truy nhap ngau nhién ma khong phai st dung anh IRAP. Pon vi VCL NAL
¢6 GDR_NUT @& chi béo ring don VCL NAL chira anh GDR. Bang cach st
dung anh GDR thay cho anh IRAP, téc do bit mugt hon, nhit quan hon ¢6 thé
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dat duoc do, chéng han, kich thudc ctia anh GDR so voéi kich thuéc cua anh
IRAP, cho phép d tré giam tir dau nay dén dau kia (tc 1a, do tré). Do vay, bd
ma hoa/b6 giai ma (cling duoc biét dén 12 “codec™) trong k¥ thuit tao ma video
duge cai thién so véi cac codec hién tai. Trén thuc té, qua trinh tao ma video
duoc cai thién mang lai cho ngudi dung trdi nghiém t6t hon khi cac video dugc
gui, dugc nhén, va/hoac dugce xem. "

Khia canh thir bay d& cip dén phuong tién ma héa. Phuong tién ma hoa bao
gém phuong tién nhén dugc tao cAu hinh dé nhén 4nh d& ma héa hoic dé nhéan
dong bit dé giai ma; phuong tién truyén dugce ghép nbi v6i phuong tién nhén,
phuong tién truyén dugc tao ciu hinh dé truyén dong bit dén phuong tién giai
ma hodc truyén anh duoc gidi ma dén phuong tién hién thi; phuwong tién luu trit
duoc ghép ndi véi it nhét mét trong phuong tién nhan hoic phuong tién truyén,
phuong tién luu trit duoc tao céu hinh dé luu trir cac 1énh; va phuong tién xit ly
duoc ghép ndi véi phuong tién luu trit, phuong tién xu 1y dugce tao c4u hinh dé
thuc thi cac 1énh duoc luu trir trong phuong tién luu trit dé thuc hién phuong
phap bt ky trong céc phuong phép duge boc 19 & day.

Phuong tién ma héa dé cap dén cac k¥ thuat cho phép 1am méi ndi anh ting
budc dé c6 thé truy nhap ngiu nhién ma khong phai st dung anh IRAP. Pon vi
VCL NAL ¢6 GDR_NUT dé chi béo ring don VCL NAL chira anh GDR. Béng
cach str dung anh GDR thay cho 4nh IRAP, tbc do bit muot hon, nhat quan hon
¢6 thé dat duoce do, chéng han, kich thudc cua anh GDR so véi kich thude cua
anh IRAP, cho phép do tré giam tir ddu nay dén dau kia (ttc 13, do tré). Do vay,
bd mi hda/bd gidi ma (cling dugc biét dén 1a “codec”) trong k¥ thuat tao ma
video duoc cai thién so véi cac codec hién tai. Trén thuc té, qua trinh tao ma
video duoc cai thién mang lai cho ngudi dung trai nghiém t6t hon khi cac video

dugc gii, duge nhén, va/hodc duge xem.

MG ta van tat cac hinh vé
Dé hiéu rd hon sang ché, tham khao phan mo ta van tit sau, cing véi cac hinh
v& di kém va phan mo ta chi tiét, trong d6 cac so chi dan giong nhau bi€u dién

cac phan giong nhau.
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Fig.1 1a so dd khdi minh hoa hé théng ma héa vi du c6 thé sit dung céc k§
thuit GDR;

Fig.2 la so @ khdi minh hoa b6 ma héa video vi du c6 thé trién khai céc ky
thuat GDR;

Fig.3 1a so dd khéi minh hoa vi du ctia bd giai ma video c6 thé trién khai céc
k§ thuit GDR; ” |

Fig.4 12 hinh v& minh hoa mdi quan hé gitta anh IRAP so v&i anh dan dau va
c4c anh theo sau theo thit tu gidi ma va thi tu hién thi;

Fig.5 1a hinh v& minh hoa k¥ thudt GDR;

Fig.6 14 so @6 minh hoa tim kiém chuyén dong khong mong mudn;

Fig.7 1a hinh v& minh hoa dong bit m6 ta k¥ thudt GDR theo phuong 4n thuc
hién sang ché;

Fig.8 1a phuong phdp giai ma dong bit video dugc ma héa theo phuong an
thuc hién;

Fig.9 1a phuong phap ma hoa dong bit video theo phuong an thue hién;

Fig.10 la so dd cua thiét bi tao ma video; va

Fig.11 12 so 6 cta phuong tién ma héa theo phuong an thuc hién.

M ta chi tiét sang ché

Fig.1 la so 6 khdi minh hoa hé théng ma héa vi du 10 ¢6 thé st dung céc k§
thuat tao ma video nhu dugc mo ta & ddy. Nhu duoc thé hién trén Fig.1, hé théng
mi hoa 10 bao gém thiét bi nguén 12 tao dit liéu video dugc ma hda can dugc
oi4i ma & thoi gian sau nay boi thiét bi dich 14. Cu thé 13, thiét bi ngudn 12 ¢6
thé c4p dir liéu video cho thiét bi dich 14 qua phuong tién may tinh doc duoc 16.
Thiét bi ngudn 12 va thiét bi dich 14 c6 thé bao gdm thiét bi bt ky trong céc loai
thiét bi, bao gdbm mdy tinh ¢ ban, méy tinh notebook (ching han, xach tay), miy
tinh bang, set-top box, dién thoai cAm tay, chéng han, dién thoai “thdng minh”,
may tinh bang “thong minh”, TV, camera, thiét bi hién thi, may phat media $b,
bang didu khién trd choi video, thiét bi video streaming, hodc tuong tu. Trong
- mot sé trudng hop, thiét bi nguén 12 va thiét bi dich 14 ¢6 thé duoc trang bi dé
truyén théng khong day.
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Thiét bj dich 14 ¢6 thé nhén dit liéu video dugc ma héa can duge giai ma qua
phuong tién may tinh doc dugc 16. Phuong tién may tinh doc duoc 16 ¢co thé bao
odm loai phuong tién hoic thiét bi c6 thé di chuyén dit liéu video dugc ma hoa
tir thiét bi ngué)n 12 dén thiét bi dich 14. Trong mot vi dy, phuong tién mdy tinh
doc duge 16 c6 thé bao gdbm phuong tién truyén thong dé thiét bi ngudn 12 ¢6
th8 truyén dit liéu video duge ma héa truc tiép dén thiét bi dich 14 theo thoi gian
thuc. Dt liéu video dugc ma hda co thé dugc didu bién theo chuin truyén thong,
ching han giao thirc truyén thong khong day, va duoc truyén dén thiét bi dich
14. Phuong tién truyén thong c6 thé bao gdm phuong tién truyén thong khong
day hozc hiru tuyén, ching han, phd tin s6 vo tuyén (radio frequency, RF) hodc
mdt hodc nhidu dudng truyén vat ly. Phuong tién truyén thong c6 thé tao thanh
mot phén ciia mang goi, chéng han, mang cuc bd (local area network, LAN),
mang dién rong (wide-area network, WAN), hodc mang toan cau, ch'fmg han,
mang Internet. Phuong tién truyén thoéng cé thé bao gdm bd dinh tuyén, bo
chuyén mach, tram co s, hodc thiét bi khac bit ky c6 thé hitu ich dé tién truyén
thong tir thiét bi ngudn 12 dén thibt bi dich 14. |

Trong mot s6 vi du, dit liéu duoc ma hoa co thé dugc xuét ra tir giao dién dau
ra 22 dén bo phan luu trit. Tuong tu, dir liéu duge ma hoa c6 thé duge truy nhap
tir by phén luu trix bang giao dién d4u vao. Bo phan luu trit c6 thé bao gdbm mot
trong cac phuong tién luu trit dit liéu dugce truy nhap cuc b hodc phén tan, ching
han, 5 cung, dia Blu-ray, dia video sb (digital video disk, DVD), dia CD chi doc
(Compact Disc Read-Only Memory, CD-ROM), by nhé nhanh, by nhé kha bién
hodc bt bién, hoic phuong tién luu trit s6 bang thich hop khac dé Iuu trix dit liéu
video dugc ma hoa. Trong vi du khac, bd phén luu trit co thé tuong ng v6i may
chu tép tin hodc by phan luu trit trung gian khac ma co6 thé luu trir video dugc
mi hoa duge tao bing thiét bi ngudn 12. Thiét bi dich 14 ¢6 thé truy nhap dit liéu
video dugc luu trit tir bd phén luu trit qua streaming (phat truc tuyén) hodc tai
xubng. May chu tép tin c6 thé 12 loai may chii bat ky c6 thé lwu trit di liéu video
dugc ma hoa va truyén dit lidu video dugc ma hoa d6 dén thiét bi dich 14. Céc
may chu tép tin vi du bao gbm may chii web (ching han, dbi v6i website), mdy

chu giao thirc truyén tép tin (file transfer protocol, FTP), cic thiét bi luu trir gin
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Vao mang (network attached storage, NAS), hodc b dia cuc bo. Thiét bi dich 14
c6 thé truy nhép dit lidu video duge ma hoa qua két ndi dir liéu chudn bat ky, bao
gdm két nbi Internet. K&t ndi c6 thé bao gém kénh khong day (chang han, két
néi Wi-Fi), két ndi hitu tuyén (ching han, dudng thué bao sb (digital subscriber

line, DSL), modem cap, v.v.), hodc két hop ciia hai két ndi thich hop dé truy nhap

dir liéu video dugc ma hda dugce Iuvu trir trén may chua tép tin. Phién truyén dir

liéu video duge ma hoa tir bd phén luu trit c6 thé 1 phién truyén streaming, phién
truyén tai xudng, hoic két hop ctia né.

Céc k¥ thuét cia sang ché khong nhit thiét bi giéi han & céc tng dung khong
day hodc céc thiét 1ap. Céc k¥ thuat c6 thé duoc 4p dung cho tao mi video véi
su hd trg cta Gng dung bat ky trong cic tng dung da phuong tién, chang han,
phat séng truyén hinh trén khong trung, truyén hinh cap, truyén hinh vé tinh,
truyén video streaming qua Internet, ching han, truyén thich Gng dong trén
HTTP (dynamic adaptive streaming over HTTP, DASH), video s6 duge m3 hoa
trén phuong tién luu trit dir liéu, gidi ma video s6 dugc luu trit trén phuong tién
luu trix dir liéu, hodc cac ung dung khac. Trong mot s6 vi du, hé théng ma hda
10 ¢6 thé duoc tao cAu hinh dé hd tro truyén video mdt chiu hoic hai chiéu dé
hd trg cac tmg dung, chéng han, video streaming, phat lai Video, phét song video,
va/hodc dién thoai video.

O vi du trén Fig.1, thiét bi ngudn 12 bao gbm ngudn video 18, bd ma hoa
video 20, va giao dién dAu ra 22. Thiét bj dich 14 bao gdm giao dién dau vao 28,
b6 giai ma video 30, va bd phan hién thi 32. Theo séng ché, bo ma hoa video 20
cia thiét bi ngudn 12 v/hodc bd gidi ma video 30 ciia thiét bi dich 14 c6 thé
duoc tao ciu hinh dé 4p dung cac k¥ thuat cho tao ma video. Trong céc vi du
khéc, thiét bi ngudn va thiét bi dich c6 thé bao gdbm cac thanh phan hoic cac thiét
bi khac. Chang han, thiét bi ngudn 12 ¢6 thé nhan dit liéu video tur nguén video
bén ngoai, ching han, camera bén ngoai. Tuong ty, thiét bi dich 14 c¢6 thé gaio
tiép v6i bo phan hién thi ngoai, thay vi bao gdm b phén hién thi dugc tich hop.

Hé théng ma hoa 10 duge minh hoa trén Fig.1 chi 1a mot vi du. Céc k§ thuat
tao ma video c6 thé duge thuc hién bang thiét bi ma hoa video vi/hodc gidi ma

video sb bat ky. Mic du cac ki thuat ctia sang ché néi chung dugce thuc hién bang
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thiét bi tao ma video, céc k¥ thuat c6 thé ciing duge thuc hién bing bd ma héa
/b0 giai ma video, thuong duogc goi 1a “CODEC.” Ngoai ra, cdc k¥ thuat ciia sing
ché ciing ¢ thé dugc thuc hién bang bo tién xir ly video. BO ma héa video
va/hodc bod giai ma co thé 1a khéi xtr Iy d6 hoa (graphics processing unit, GPU)
hodc thiét bi tuong tu.

Thiét bi ngudn 12 va thiét bi dich 14 chi 1a cac vi du cta cac thiét bi ma hoa
nay trong do thiét bi ngudn 12 tao dit lidu video dugc tao ma dé truyén dén thiét
bi dich 14. Trong mot s vi du, thiét bi ngudn 12 va thiét bi dich 14 c6 thé hoat
dong theo cich gan nhu d6i ximg sao cho mdi thiét bi trong cac thiét bi ngudn
va thiét bi dich 12, 14 bao gbm céc thanh phan mi héa va gidi ma video. Do vay,
hé théng ma héa 10 ¢ thé hd trg truyén video mot chiéu hoic hai chiéu gifta cac
thiét bi video 12, 14, chéng han, cho video streaming, phat lai video, phat song
video, hodc dién thoai video.

Ngudn video 18 cia thiét bi ngudn 12 c6 thé bao gdm thiét bi chup anh video,
chéng han, video camera, bd luu trit video chtra video da dugc ghi lai trudce do,
va/hodc giao dién cip video dé nhan video tir nha cung cAp ndi dung video. Theo
tuy chon khéc, ngué)n video 18 ¢6 thé tao dit liéu dua trén dd hoa may tinh nhu
la video ngu@m, hodc két hop cua video truc tiép, video duogc luu trir, va video
duoc tao biang méy tinh.

Trong mot ) truong hop, khi nguén video 18 1a video camera, thiét bi nguén
12 va thiét bi dich 14 c6 thé tao cac dién thoai camera hoic dién thoai video. Nhu
néu trén, tuy nhién, cac k¥ thudt dugec mo ta theo sang ché ¢6 thé duge ap dung
cho tao ma video néi chung, va c6 thé duge 4p dung cho céc tng dung khong
day va/hodc hitu tuyén. Trong mdi trudng hop, video duge ghi nhan, dugc ghi
nhén trude d6, hodc dugc tao béng may tinh co thé dugc ma hoa bé”mg bd ma hoa
video 20. Sau do, thong tin video dugc ma hoa ¢ thé duoc xuit ra boi giao dién
dAu ra 22 trén phuong tién mdy tinh doc duge 16.

Phuong tién may tinh doc dugce 16 ¢o th8 bao gdm phuong tién kha bién,
ching han truyén mang hiru tuyén hodc phat khong day, hoic phuong tién luu
trit (tirc 14, phuong tién luu trit bat bién), ching han dia ctmg, 6 nhé nhanh, CD,

dia video sd, dia Blu-ray, hodc cac phuong tién mdy tinh doc dugc khac. Trong
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mot s& vi dy, may chi mang (khoéng duge thé hién trén hinh v&) c6 thé nhan di
liéu video duoc ma hoa tir thiét bi nguén 12 va cép dir liéu video dugc ma hoa
cho thiét bi dich 14, ching han, qua truyén mang. Twong tur, thiét bi tinh toan ctia
b6 phén san xuét da phuong tién, ching han, by phan dan nhan dia, c6 thé nhén
dit liéu video duoc ma hoa tir thiét bi ngudn 12 va tao dia chira dit lidu video
duoc ma hoa. Do vay, phuong tién mdy tinh doc duge 16 ¢é thé dugc hiéu 12 bao
gdm mot hodc nhidu cac phuong tién méy tinh doc duge & cac dang khéac nhau,
trong cac vi dy khéc nhau.

. Giao dién du vao 28 cﬁa thiét bi dich 14 nhan thong tin tir phuong tién may
tinh doc dugc 16. Thong tin cia phucng tién mdy tinh doc dugce 16 ¢6 thé bao
gbm thong tin ct phap dugc dinh nghia bang bd ma héa video 20, cling duge st
dung bang bo giai ma video 30, ma bao gdm cac phan tir ci phdp ma mo ta cac
dic tinh va/hodc xur 1y cta céc khdi va cac don vi dugc ma hoa khac, chéng han,
nhém anh (group of picture, GOP). Bo phin hién thi 32 hién thi dit liéu video
duoc gial ma d&én nguoi ding, va c6 thé bao gdm thiét bi bat ky trong céc bo
phan hién thi, chéng han, 6ng tia catot (cathode ray tube, CRT), man hinh tinh
thé 1éng (liquid crystal display, LCD), man hinh plasma, man hinh di6t phat
quang hitu co (organic light emitting diode, OLED), hodc loai khac cta bd phéan
hién thi.

B6 ma héa video 20 va b giai ma video 30 ¢o thé hoat dong theo chuén tao
ma video, ching han chudn tao ma video hi¢u sudt cao (High Efficiency Video
Coding, HEVC) hién dang dugc phat trién, va c6 thé tuan theo mo hinh kiém tra
HEVC (HEVC Test Model, HM). Theo cach khéac, bd ma hoa video 20 va b0 giai
ma video 30 c6 thé hoat dong theo chudn céng nghiép hodc doc quyén khac,
ching han chuin H.264 nganh chuén hoa vién théng cua lién doan vién thong
qudc té (International Telecommunications Union Telecommunication, ITU-T)
H.264, dugc goi theo cach khac 14 chudn ctia nhém chuyén gia énh dong (Moving
Picture Expert Group, MPEG)-4, Part 10, chuin tao ma video cai tién (Advanced
Video Coding, AVC), H.265/HEVC, hodc cac mé& rdng cua cac chuin nay. Tuy
nhién, cdc k¥ thuat clia sang ché khong bi gi6i han & chudn ma héa cu thé bitky.

Céc vi du khéc cta cac chuin tao ma video bao gdm MPEG-2 va ITU-T H.263.
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Mic du khéng dugce thé hién trén Fig.1, theo mdt s6 khia canh, mdi bd trong bo
ma hoa video 20 va bd gidi ma video 30 co thé dugc tich hop v6i bo ma hoéa
audio va bd giai ma audio, va c6 thé bao gdm céc khdi ghép kénh — phéan kénh
(multiplexer-demultiplexer, MUX-DEMUX) thich hop, hodc phan cing va phan
mém khac, dé xtr Iy ma hoa ca audio 14n video trong dong dit liéu chung hodc
cac dong dif liéu riéng r&. Néu co thé ap dung, cic khéi MUX-DEMUX c6 thé
tuan theo giao thirc ghép kénh ITU H.223, hodc c4c giao thuc khéc, ching han,
giao thirc lugng dir liéu nguoi dung (user datagram protocol, UDP).

M&éi b phén trong by ma héa video 20 va bd gidi ma video 30 ¢o thé duoc
trién khai duéi dang thiét bi bat ky trong hé mach ma hoa thich hop, ching han
mdt hodc nhidu b vi xt Iy, bd x1r Iy tin hidu sb (digital signal processor, DSP),
mach tich hop Gng dung cu thé (application specific integrated circuit, ASIC),
mang cbng dang truong 1ap trinh dugc (field programmable gate array, FPGA),
16gic rdi rac, phan mém, phan ctmg, firmware hoic cac t6 hop bat ky ctia n6. Khi
cc k¥ thuat dugc trién khai mot phan trong phin mém, thiét bi c6 thé luu trit céc
1énh cho phdn mém trong phuong tién mdy tinh doc dugc bat bién, thich hop va
thyc thi c4c 1énh trong phin cimg nhd sir dung mot hodc nhiéu bg xir ly dé thyuc
hién céc k¥ thuat cua sang ché. Mbi bd phéan trong bd ma héa video 20 va bd giai
ma video 30 ¢6 thé dugce bao gém trong mot hodc nhiéu bd ma hoéa hoic bo giai
m4, mdi bd phan c6 thé duge tich hop dudi dang mot phan clia bd ma hoa/bo gidi
m3 (CODEC) dugc két hop trong thiét bi twong tmg. Thiét bi bao gom bo ma
héa video 20 va/hodc bo giéi ma video 30 c6 thé bao gdm mach tich hop, bd vi
xir Iy, va/hodc bd phén truyén thong khong day, ching han, dién thoai té bao.

Fig.2 1a so d6 khéi minh hoa vi du ciia b ma héa video 20 c¢6 thé trién khai
céac k¥ thuét tao ma video. B ma hoa video 20 cé thé thyuc hién tao ma trong va
ngoai cac khéi video trong céc 14t video. K§ thuét tao ma trong dwa vao du bao
khong gian d& giam hoic loai bd du thira khong gian trong video trong khung
video hodc anh cu thé. Tao ma ngoai dua vao du béo thoi gian dé giam hodc loai
b6 du thira thoi gian trong video trong cac khung hodc anh l4n cén cua chudi
video. Ché d¢ ndi ving (ché do I) c6 thé dé cap dén ché do bét ky trong vai ché

dd ma hoa dua trén khong gian. Céac ché d6 lién ving, ching han, du bao don
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huéng (hay con goi 1, du bdo don) (ché @6 P) hoic du bao hai huéng (hay con
ooi 12 du bao kép) (ché do B), c6 thé @& cap dén ché do bit ky trong vai ché do
ma hoa dua trén thoi gian.

Nhu duoc thé hién trén Fig.2, bd ma hoa video 20 nhan khéi video hién tai
trong khung video can duoc ma hoa. O vi du trén Fig.2, b6 ma hda video 20 bao
cdm khdi chon ché do 40, bd nhé khung tham chiéu 64, bd cong 50, khéi xir Iy
bién dbi 52, khéi lugng tir hoa 54, va khbi ma hoa entropy 56. Sau d6, khdi chon
ché @ 40 bao gdm khéi bi chuyén dong 44, khéi udc tinh ché do 42, khdi du
béo trong (cling duoc biét 1a du bdo trong) 46, va khéi pﬁén ving 48. Pé tai tao
khéi video, bd ma hoa video 20 ciing bao gdm khéi lugng tir hoa nguoc 58, khéi
bién dbi nguge 60, va bd cong 62. Bo loc tach khdi (deblocking filter, DBF)
(khong duoc thé hién trén Fig.2) c6 thé ciing dugc bao gbm dé loc cac duong
bién khéi dé loai bo cac gia tuong khéi tir video duoc tai tao. Néu mudn, DBF
s& thudng loc ra dau ra ciia bd cong 62. Céac bd loc bd sung (trong vong hoic sau
vong) cling cé thé dugc st dung bén canh DBF. Cac bd loc nay khong dugc thé
hién trén hinh vé dé ngén gon, nhung néu can, ¢ thé loc d4u ra cia bd cong 50
(dudi dang bd loc trong vong).

Trong qua trinh ma hoa, bd ma héa video 20 nhan khung hoic 14t video can
duge tao ma. Khung hoic 14t ¢6 thé dwoc phén chia thanh nhiéu khdi video. Khbi
wéce tinh ché do 42 va khédi bu chuyén dong 44 thyc hién tao ma du bdo ngoai
khdi video duoc nhan so véi mot hoidc nhiéu khoi trong mot hodc nhiéu khung

tham chiéu dé du bao thoi gian. Theo cach khac, khéi du bao trong 46 c6 thé

thuc hién tao ma du bdo trong khoi video dugc nhan so v6i mot hodc nhiu cac

khdi 1an can trong khung hoic lat gibng nhu khéi cin duoc tao ma dé du bao
khong gian. B ma héa video 20 co thé thuc hién nhiéu buéc tao ma, chéng han,
dé chon ché d6 tao ma thich hop cho mdi khdi caa dir liéu video.

Ngoai ra, khéi phan viing 48 c6 thé phan ving céc khéi dit lidu video thanh
cac khéi phu, dua trén ddnh gid cc phuong 4n phén ving trude d6 trong cac
buéc tao ma trude d6. Ching han, khdi phan ving 48 c6 thé ban dau phan ving
khung hodc 14t thanh cdc don vi mé 16n nhét (largest coding unit, LCU), va phan
ving mbi LCU trong cac LCU thanh céc don vi mé phu (sub-CUs) dua trén phan
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tich méo dang tdc d6 (chang han, t6i wu héa méo dang tbc d6). Khdi chon ché
d6 40 c6 thé con tao clu tric dit liéu cay t phan chi bio phan ving LCU thanh
cac CU phuy. Céc CU nut 14 cta cdy tir phén co thé bao gdm mot hodc nhiéu don
vi du béo (prediction unit, PU) va mét hodc nhidu don vi bién ddi (transform
unit, TU).

Sang ché sir dung cum tu “khéi” dé dé cap dén mot trong CU, PU, hodc TU,
trong ngtt canh cia HEVC, hodc cédc ciu trac dir liéu twong tu trong ngit canh
ciia céc chuén khac (ching han, cac khéi 16n va cic khdi phu ctia n6 trong
H.264/AVC). CU bao gdm nut ma, PU, va TU dugc lién két véi nat ma. Kich
thudc ciia CU tuong tng vai kich thude clia ntit ma va c6 hinh vuong. Kich thude
ctia CU ¢6 thé ndm trong khoang tir 8x8 pixel dén kich thudce cta khdi cdy c6 toi
da 64x64 pixel hodc 16n hon. M8i CU ¢6 thé chira mot hodc nhiéu PU va mét
hodc nhidu TU. Di liéu ct phép dwoc lién két véi CU c6 thé mé ta, ching han,
phan ving CU thanh mét hogc nhidu PU. Céc ché d6 phan viing c6 thé khac nhau
gitta liéu CU la ché d6 bo qua hoic truc tiép duge ma hoa, ché @6 du bao trong
duoc ma hoéa, hodc ché @6 du bao ngoai (cling dugc biét dén 1a du bao ngoai)
duoc ma héa. Cac PU c6 thé duge phan ving 14 hinh khong vudng. Dt liu cu
phap duge lién két véi CU cling c6 thé mo t4, ching han, phan ving CU thanh
mdt hogc nhiéu TU theo cdy t phan. TU ¢6 thé 1a hinh vudng hoic khong phai
hinh vudng (chang han, hinh chit nhat). '

Khéi chon ché d6 40 co thé lua chon mot trong céc ché d6 tao ma3, trong hoac
ngoai, chéng han, dua trén céac két qua sai s6, va cép khéi dugc mé héa trong
hogc ngoai cho bd cong 50 dé tao dir lidu khdi dur va cho b cong 62 ¢ tao khdi
duge ma héa dé sir dung 1am khung tham chiéu. Khéi chon ché d6 40 ciing cip
céc phan tir ¢t phép, chang han cac vecto chuyén dong (motion vector, MV), céc
b chi béo ché d6 ndi ving, théng tin phan viing, va thong tin ct phap khéc, cho
khdi ma héa entropy 56. _

Khdi uée tinh ché do 42 va khdi bu chuyén dong 44 c6 thé dugc tich hop chit
ché, ma dugc minh hoa mdt céch riéng ré vé mit khai niém. Uéc tinh chuyén
dong, duoc thuc hién biang khéi udc tinh ché do 42, 14 qua trinh tao cac MV, ma
wéc tinh chuyén dong cho cac khdi video. MV, ching han, c6 thé chi bao dich
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chuyén ctia PU ctia khéi video trong khung video hodc anh hién tai so v&i khéi
du béo trong khung tham chiéu (hoic khéi duoc tao ma khac) so véi khéi hién
tai dang duoc tao ma trong khung hién tai (hodc khéi dugc tao ma khac). Khéi
du béo 1a khdi duoc tim ra dé so khép chit ché véi khdi cin duge tao ma, lién
quan dén hiéu sb pixel, ma c6 thé dugc xac dinh bang téng hiéu sd tuyét dbi (sum
of absolute difference, SAD), tong hiéu sé binh phuong (sum of square
difference, SSD), hoac cac phép tinh hiéu s6 khac. Trong mot sb vi du, bd ma
héa video 20 ¢ thé tinh toan céc gia tri dbi v6i cac vi tri pixel phu sé nguyén
clia c4c anh tham chiéu duge luu trit trong bd nhé khung tham chiéu 64. Ching
han, bd ma hda video 20 co thé noi suy cac gia tri cia céc vi tri pixel 1/4, céc vi
tri pixel 1/8, hodc cdc vi tri pixel phan sb khéc ciia 4nh tham chiéu. Do vay, khdi
udc tinh ché do 42 c6 thé thue hién tim kiém chuyén dong so vdi céc vi tri pixel
hoan chinh va c4c vi tri pixel phan s6 va MV dau ra c6 do chinh x4c pixel phan
5.

Khéi uée tinh ché do 42 tinh toan MV cho PU cua khéi video trong 14t duge
tao ma ngoai béng cach so sanh vi tri cia PU v6i vi tri cia khdi du bdo cta anh
tham chiéu. Anh tham chiéu c¢6 thé dugc chon tir danh séch anh tham chiéu tht
nhét (Danh sach 0) hodc danh sach anh tham chiéu thr hai (Danh sach 1), mdi
danh séach trong d6 nhan dién mdt hodc nhiéu céc anh tham chiéu dugc luu trix
trong b nh¢ khung tham chiéu 64. Khéi ude tinh ché do 42 giri MV duge tinh
toan dén khdi ma hoa entropy 56 va khéi bu chuyén dong 44.

K¥ thuit bu chuyén dong, dugc thuc hién bang khéi bu chuyén dong 44, co
thé bao gém nap hodc tao khéi du bo dua trén MV duge xac dinh bﬁng khéi uée
tinh ché do 42. Khdi u6e tinh ché do 42 va khbi bu chuyén dong 44 lai c6 thé
dugc tich hop v& mat chuc nang, trong mot s6 vi du. Khi nhan MV d6i v6i PU
ciia khdi video hién tai, khéi bu chuyén dong 44 c6 thé dinh vi khéi du bdo ma
MV tré dén & mot trong cac danh sach anh tham chiéu. Bo cong 50 tao khéi
video du bing cach 14y cac gia tri pixel ctia khdi video hién tai dang dugc tao ma
trir di céc gié tri pixel cua khdi du bdo, tao céc gié tri hiéu sb pixel, nhu dugce dé
cap dudi day. Noi chung, khéi ude tinh ché d6 42 thyuc hién ude tinh chuyén dong

so v&i cac thanh phén d6 sang, va khoi bu chuyén ddng 44 stir dung cac MV duoc

15

15/75



46013

tinh toan dua trén céc thanh phén d6 sang cho ca thanh phﬁn sic d6 1an thanh
phén d6 sang. Khdi chon ché 5 40 c6 thé ciing tao cac phan tir ¢t phap duge
lién két vé6i cac khdi video va 1at video dé sir dung bang bo giai ma video 30 khi
giai ma céc khéi video cia l4t video.

Khdi du bao trong 46 ¢6 thé du bao trong khdi hién tai, nhu 1a tly chon véi

du bdo ngoai dugce thuc hién b:%mg khéi udce tinh ché do 42 va khéi bu chuyén

dong 44, nhu duge mo ta trén diy. Cu thé 13, khéi du bdo trong 46 c6 thé xac

dinh ché do du béo trong dé sir dung dé ma hoa khéi hién tai. Trong mot sb vi
du, khdi dy bao trong 46 c6 thé ma hoa khbi hién tai nho st dung cac ché do du
béo trong khéac nhau, ching han, trong cic budc ma hoa riéng r&, va khéi du bao
trong 46 (hodc khdi chon ché db 40, trong mot sb vi du) co thé lua chon ché do
du bao trong thich hop dé sir dung tir céc ché do duoc kiém tra.

Chéng han, khdi du béo trong 46 c6 thé tinh toan cac gia tri méo dang téc dd
nho st dung phéan tich méo dang tbc d6 ddi véi cac ché do du bao trong dugc
kiém tra khac nhau, va lya chon ché do du bao trong cé cac ddc tinh méo dang
tbc do tbt nhét trong s6 cac ché 46 dugc kiém tra. Phan tich méo dang tde @6 noi
chung xac dinh lugng méo dang (hodc sai sd) gitta khéi dugc ma hoa va khbi
ban dau, khéi khong dugc ma héa da duge ma hoa dé tao khéi dugc ma hoa,
cling nhu tdc do bit (tire 13, sb luong bit) dugce sir dung dé tao khdi duoc ma hoa.
Khéi du béo trong 46 c6 thé tinh toan céc ty 1é tir cdc méo dang va céc tbc do
cho cac khéi dugc ma héa khéc nhau dé xac dinh ché do du béo trong nao bidu
dién gia tri méo dang téc do tbt nhét cho khdi.

Ngoai ra, khdi du bao trong 46 c6 thé duoc tao cAu hinh d& ma hoa céc khéi
chidu siu ctia ban dd chiéu sau st dung ché d6 tao m6 hinh chiéu sdu (depth
modeling mode, DMM). Khéi chon ché do 40 c6 thé x4c dinh liéu ché 46 DMM
kha dung tao céac két qud ma hoéa t6t hon ché do du béo trong va cac ché @6 DMM
khac, ching han, st dung t6i wu héa méo dang tbc do (rate distortion
optimization, RDO). Dit liéu dbi v6i anh két ciu twong tmg véi ban d6 chiéu sau
c6 thé duoc luu trit trong bd nhé khung tham chiéu 64. Khdi ude tinh ché @ 42
va khéi bu chuyén dong 44 cé thé cling duoc tao céu hinh dé dy bdo ngoai cac

khoi chiéu sau ctua ban do6 chiéu sau.
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Sau khi lua chon ché do du bao trong cho khéi (chéng han, ché @ du bao
trong da biét hodic mot trong cac ché d6 DMM), khdi du bao trong 46 co thé cép
thong tin chi bdo ché d du béo trong dugc chon cho khéi cho khbi ma héa
entropy 56. Khéi ma héa entropy 56 c6 thé ma hoa thong tin chi bao ché d6 du
bao trong dugc chon. B ma hda video 20 c6 thé bao gbm trong dit liéu cAu hinh
dong bit duogc truyén, ma c6 thé bao gbm céc bang chi sé ché do du bao trong va
cac bang chi s6 ché 36 du bao trong duoc chinh stra (cling duge goi 1a cic bang
anh xa tr m), cac dinh nghia ma hoa cac nglt cadnh cho céac khéi khac nhau, va
cac chi béo vé ché do du bao trong c6 x4c sudt 16n nhit, bang chi sb ché d6 du
bdo trong, va bang chi s6 ché do du bao trong dugce chinh stra dé st dung cho
moi ngit canh trong cic ngit canh.

B6 ma héa video 20 tao khdi video du bing cach 14y khdi video ban dau dang
duoc tao ma trir di dit liéu du béo tir khdi chon ché d6 40. BO cong 50 1a thanh
phan hoic cac thanh phan thuc hién phép trir nay.

Khéi xt Iy bién d6i 52 4p dung phép bién ddi, ching han, bién ddi cosin roi
rac (discrete cosine transform, DCT) hodc bién d6i tuong tu vé mat khai niém,
cho khdi du, tao khéi video bao gdm cac gi4 tri hé sd bién d6i du. Khdi xir ly
bién ddi 52 c6 thé thuc hién cac phép bién dbi khac vén tuong tw vé mit khai
niém véi DCT. Céc phép bién d6i Wavelet, cac phép bién d6i sb nguyén, cac
phép bién ddi bang phu hoic cc loai bién dbi khac ciing c6 thé dugc st dung.

Khéi xtt Iy bién dbi 52 4p dung phép bién ddi cho khdi du, tao khdi clia cic
hé sb bién ddi du. Phép bién ddi c6 thé bién ddi thong tin du tir mién gid trj pixel
sang mién bién dbi, ching han mién tin s6. Khéi xir Iy bién ddi 52 c6 thé giri cac
hé sb bién ddi thu duge dén khdi lwong tir hoa 54. Khdi lugng tir héa 54 lugng
tir hoa cac hé sb bién dbi dé giam tiép tdc do bit. Qua trinh Iugng tir héa cé thé
giam chidu sau bit duge lién két véi mot s6 hoic tit ca cac hé s6. Muc do lugng
tir hoa 6 thé duge thay dbi bang cach diéu chinh tham s6 luong tir (quantization
parameter, QP). Sau d¢, trong mdt s6 vi du, khdi lugng tir hoa 54 co thé thuc
hién quét ma trn bao gdm céc hé s6 bién dbi dugc lugng tir hoa. Theo cach khéc,
khdi ma hoa entropy 56 ¢6 thé thuc hién quét.

Tiép theo luong tir héa, khéi ma héa entropy 56 ma hoa entropy cac hé sd
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bién dbi duge luong tir hoa. Chéng han, khéi ma hoa entropy 56 co thé thuc hién
tao ma c6 chiéu bién thién thich tng ngit canh (context adaptive variable length
coding, CAVLC), tao mi s6 hoc nhi phan thich g ngft canh (context adaptive
binary arithmetic coding, CABAC), CABAC dya trén cu phép (syntax-based
context-adaptive binary arithmetic coding, SBAC), ma hoéa entropy phén ving
khoéang xéc suit (proBability interval partitidhing entropy, PIPE) hodc k§ thuat
ma hoa entropy khéc. Trong truong hop ma héa entropy dua trén ngt canh, ngir
canh c6 thé dua trén cac khéi 1an can. Tiép theo ma héa entropy béi khéi ma hoa
entropy 56, dong bit dugc ma hoéa cé thé duge truyén dén thiét bi khac (ching
han, bd giai ma video 30) hodc duoc luu trir dé truyén hodc truy xuat sau nay.

Khéi luong ti hoa nguoc 58 va khéi bién dbi nguoc 60 1an lugt 4p dung phép
lwong tir hoa nguoc va bién d6i ngugc, dé tao khdi du trong mién pixel, ching
han, d& st dung sau nay 1am khéi tham chiéu. Khéi bu chuyén dong 44 c6 thé
tinh toén khéi tham chiéu bang cach bd sung khdi du vao khéi du bao ctia mot
trong cac khung ctia bd nhd khung tham chidu 64. Khéi bu chuyén dong 44 ¢6
thé cling 4p dung mot hoac nhiéu bd loc néi suy cho khéi du dugc tai tao dé tinh
todn céc gia tri pixel con sd nguyén dé sir dung trong udc tinh chuyén dong. Bo
cong 62 bd sung khéi du duoc tai tao vao khdi du bao bu chuyén dong dugc tao
b%mg khéi bu chuyén dong 44 dé tao khéi video dugce tai tao dé luu trix trong bo
nh¢ khung tham chiéu 64. Khéi video dugc tai tao c6 thé duoc st dung lam khéi
uée tinh ché d 42 va khéi bu chuyén dong 44 1am khéi tham chiéu dé ma héa
ngoai khéi trong khung video tiép theo.

Fig.3 1a so d6 kh&i minh hoa vi du ciia bd giai ma video 30 ¢6 thé thuc hién
céc k§ thuat tao ma video. O vi du trén Fig.3, b gidi ma video 30 bao gdm khéi
giai ma entropy 70, khéi bu chuyén dong 72, khéi du bao trong 74, khéi luong
tir hda ngugc 76, khéi bién dbi ngugc 78, bd nhé khung tham chiéu 82, va bo
cong 80. Bo gidi ma video 30 co thé, trong mot s6 vi dy, thuc hién buéde gidi ma
no6i chung nguoc véi buge ma hda duge mo ta dwa vao bd ma héda video 20
(Fig.2). Khéi ba chuyén dong 72 c6 thé tao dit liéu du bo dya trén cac MV dugce
nhan tir khéi giai ma entropy 70, trong khi khéi du bao trong 74 c6 thé tao dir

liéu du bdo dua trén cac bd chi bao ché @6 du bao trong dugc nhan tir khéi giai
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mai entropy 70.

Trong qua trinh giai ma, b giai ma video 30 nhén duoc mé héa video dong
bit vén 1a cac khéi video cua 14t video dugc ma héa va cac phan tir ¢t phap dugc
lién két tir bd ma hoa video 20. Khéi giai ma entropy 70 ctia bd gidi ma video 30
giai ma entropy dong bit dé tao céac hé s6 dugc lurong t& hoa, cac MV hodc céc
b chi béo ché do du bao trong, va cac phin tr ct phap khac. Khéi giai ma
entropy 70 chuyén tiép cac MV va cac phan tir ct phap khac dén khéi bu chuyén
dong 72. B giai ma video 30 c6 thé nhan cdc phan ti ca phap & mic lat video
va/hodc mire khéi video.

Khi 14t video duge ma héa dudi dang 14t dugce tao ma trong (I), khéi du bao
trong 74 co thé tao dir liéu du bao cho khéi video cta 14t video hién tai dua trén
ché @6 du béo trong va dit liéu duoc bdo hiéu tir cac khéi duoc giai ma trude d6
cua khung hodc anh hién tai. Khi khung video dugc ma héa duéi dang lat duge
ma hda ngoai (ch'fmg han, B, P, hoac GPB), khéi bu chuyén dong 72 tao cac khéi
du bao cho khdi video ctia 14t video hién tai dua trén cac MV va céc phén tr ca
phép khac dugc nhén tr khéi giai ma entropy 70. Khéi du béos c6 thé duge tao
tir mOt trong cac anh tham chiéu trong mot trong cac danh sach anh tham chiéu.
B6 giai ma video 30 ¢o thé tao cac danh sach khung tham chiéu, Danh sach 0 va
Danh sach 1, sir dung cac k¥ thuét tao dung mdc dinh dua trén cdc 4nh tham
chiéu dugce luu trit trong bd nhd khung tham chiéu 82.

Khéi bu chuyén dong 72 xé4c dinh thong tin du béo cho khdi video cua 14t
video hién tai bing cach phan tich cac MV va céc phén tr ¢t phép khéc, va st
dung thong tin du bao dé tao cac khéi du bao cho khdi video hién tai dugc giai
ma. Ching han, khéi bu chuyén dong 72 st dung mot s& phan tir ¢t phép dugc
nhén dé xac dinh ché d6 du bao (chéng han, du bao trong hodc ngoai) dugc st
dung dé ma héa cac khéi video ctia 14t video, loai 14t du bdo ngoai (ching han,
14t B, 14t P, hodc lat GPB), thong tin tao cho mot hodc nhiéu danh sach anh tham
chiéu cho 14t, cac MV cho mdi khdi video duoc mi hoa ngoai cia 14t, trang thai
du bao ngoai cho mdi khéi video dugc ma hoa ngoai ciia lat, va thong tin khéc
dé giai ma cac khéi video trong 14t video hién tai.

Khéi b chuyén dong 72 ¢6 thé ciing thuc hién noi suy dua trén cic bd loc

19

19/75



46013

ndi suy. Khéi bu chuyén dong 72 co thé sir dung cac bg loc ndi suy nhu dugc su
dung bing bd ma héa video 20 trong khi ma héa cac khdi video dé tinh toén céc
gid tri dugc ndi suy cho céc pixel phu sd nguyén cia cac khdi tham chiéu. Trong
truong hop nay, khdi bu chuyén dong 72 c6 thé xac dinh céc bo loc tuyén tinh
dugce st dung bé‘mg bo ma hoa video 20 tir cac phén t ct phap dugc nhén va st
dung céc bo loc tuyén tinh dé tao cac khéi du bao. » |

Dit liéu déi v6i anh két chu twrong tmg véi ban dd chidu sau cé thé dugc luu
trlt trong bd nhd khung tham chiéu 82. Khéi bu chuyén dong 72 ¢ thé cling dugc
tao cAu hinh dé du bao ngoai cac khbi chidu sdu ctia ban dd chiéu sau.

Luu ¥ rang, cac k§ thuat nén video thuc hién du bao khong gian (trong anh)
va/hoac du bao thoi gian (ngoai anh) dé giam hoic loai bé du thira con lai trong
cac chudi video. Dbi v6i tao ma video dua trén khdi, 14t video (tc 14, anh video
hodc mot phén ciia anh video) co thé dugc phan ving thanh cac khéi video, c¢6
thé cling duoc goi 14 cac khéi cay, cac khéi cdy mi (coding tree block, CTB), céc
don vi cy ma (coding tree unit, CTU), cac don vi ma (coding unit, CU) va/hodc
cc nit ma. Cac khéi video trong lat T ciia anh dugc ma hda su dung du bao
khéng gian dwa vio cdc miu tham chiu trong céc khéi 1an can trong cling anh.
Cac khéi video trong 14t duoc ma hoéa ngoai (P hoéc B) ctia 4nh c6 thé sir dung
du bao khong gian dua vao cidc miu tham chiéu trong cac khi 14n cén trong
cing 4nh hoic du béo thoi gian dwa vao cdc mau tham chiéu trong cac anh tham
chiéu khac. Cac anh c6 thé dugc goi la cac khung, va céc dnh tham chiéu c6 thé
dugc goi 1a cac khung tham chiéu.

Du béo thoi gian hodc khong gian dan dén khéi du bao cho khdi can duoc
tao ma. Dir liéu du la cac hiéu sb pixel gifra khéi ban diu can dugc tao ma va
khéi du bao. Khdi dugec ma héa ngoai duge ma hoa theo MV ma trd dén khéi
clia cdc mau tham chiéu tao khdi dy bao, va dit liéu du chi béo hiéu ) gifra khéi
duoc ma hoa va khéi du bao. Khéi duge mi hoa trong duge ma héa theo ché do
ma hoa trong va dir liéu du. Dé nén tiép, dir liéu du c6 thé dugc bién ddi tir mién
pixel sang mién bién dbi, dAn dén cac hé sd bién ddi du, ma sau d6 c6 thé duoc
luong tr héa. Cac hé sb bién dbi duoc luong tir hoa, duge bb tri ban dau trong

mang hai chiéu, ¢6 thé duge quét dé tao MV mdt chicu cla cac hé so bien doi,
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va ma hoa entropy ¢6 thé duge ap dung @& nén duoc nhidu hon.

K§ thuét nén anh va video da phat trién nhanh chéng, dan dén cac chun ma
hoa khéc nhau. Céc chuén tao ma video nay bao gdbm ITU-T H.261, ISO/IEC
MPEG-1 Part 2, ITU-T H.262 hoac ISO/IEC MPEG-2 Part 2, ITU-T H.263,
ISO/IEC MPEG-4 Part 2, AVC, cling dugc biét 1a ITU-T H.264 hoidc ISO/IEC
MPEG-4 Part 10, va HEVC, cling dugc biét 14 ITU-T H.265 hoic NIPEG-H Part
2. AVC bao gém cac ph?m mao rong, chéng han, tao m3i video kha mé& (Scalable
video coding, SVC), tao ma video da khung nhin (Multiview video coding,
MVC)- va MVC ¢6 chiéu sau (MVC plus Depth, MVC+D), va 3D AVC (3D-
AVC). HEVC bao gbm céc phdn mé rong ching han HEVC kha mé (Scalable
HEVC, SHVC), HEVC da khung nhin (Multiview HEVC, MV-HEVC), va 3D
HEVC (3D-HEVC).

Ciling c6 chudn tao ma video mdi, tén 1a VVC, dugc phét trién béi nhom
chuyén gia video chung (joint video experts team, JVET) ctia ITU-T va ISO/IEC.
Trong khi chudn VVC c6 vai phac thao cong viéc, mot phac thao (Working Draft,
WD) cia VVC cu thé 1a, tirc 1a B. Bross, J. Chen, va S. Liu, “Versatile Video
Coding (Draft 4),” JVET-M1001-v5, 13th JVET Meeting, Jan. 2019 (VVC Draft
4) duoc tham khao & day. |

Phén mo ta cua cac k¥ thuat duoc boc 16 & day dua trén chuén tao ma video
dang dugc phat trién VVC béi JVET ctia ITU-T va ISO/IEC. Tuy nhién, cac ky
thuét also dp dung cho céc déc ta codec video khac.

Fig.4 1a biéu dién 400 clia mdi quan hé gifta anh IRAP 402 so v6i anh dan
dAu 404 va cac anh theo sau 406 theo thir ty giai ma 408 va thi tw hién thi 410.
Theo phuong an thuc hién, anh IRAP 402 duogc goi 1a anh truy nhép ngau nhién
(clean random access, CRA) hodc anh IDR c6 anh dAu c6 thé giai ma truy nhap
ngau nhién (random access decodable leading, RADL). Trong chudn HEVC, céc
anh IDR, c4ac anh CRA, va céac anh truy nhép lién két dat giy (Broken Link
Access, BLA) déu dugc xem 1a anh TRAP 402. Déi v6i chuén VVC, trong cudc
goi thir 12 vao thang 10, 2018, ddng y xem céac anh IDR va CRA 14 c4c anh IRAP.

Nhu duoc thé hién trén Fig.4, anh din ddu 404 (ching han, c4c anh 2 va 3)
tiép sau anh IRAP 402 theo th tu giai ma 408, nhung dung trude anh IRAP 402
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theo thi tw hién thi 410. Anh sau 406 di sau anh IRAP 402 ca theo thi ty gidi ma
408 va theo thir tu hién thi 410. Trong khi hai anh din dau 404 va mot anh sau
406 dugc md ta trén Fig.4, ngudi c6 hiéu biét trung binh trong linh vuc s& hiéu
ring vai anh din dau 404 va/hoic cac anh theo sau 406 cé thé xuét hién theo thix

© tur gidi m3 408 va thu tu hién thi 410 trong cac tmg dung thuc.

Anh din dAu 404 trén Fig.4 da duoc phan chia thanh hai loai, tirc 12 4nh dén “

"d4n bo qua truy nhap ngiu nhién (random access skipped leading, RASL) va dnh
RADL. Khi giai ma bt diu véi anh IRAP 402 (ching han, 4nh 1), &nh RADL
(chéng han, anh 3) ¢6 thé duoc gidi ma ding; Tuy nhién, anh RASL (ching han,
4nh 2) khong thé dugc giai ma ding. Do vay, anh RASL bi loai bo. Do khac biét
giita cc anh RADL va RASL, loai anh dan diu dugc lién két véi anh IRAP nén
dugc nhan dién nhu 1a RADL hgec RASL dé ma hoa dung va hiéu qua. Trong
chudn HEVC, khi cac anh RASL va RADL xuét hién, n6 bi gi6i han ring d6i véi
céc anh RASL va RADL dugc lién két v6i cling 4nh IRAP, cdc anh RASL s&
dting trude cac anh RADL theo thit tw hién thi 410.

Anh IRAP 402 tao hai wu diém/chirc nang quan trong sau. Tru6e hét, su xuit
hién ciia anh TRAP 402 chi bao ring qud trinh giai ma c6 thé bit dau tir anh do.

Ham nay cho phép dic tinh truy nhap ngu nhién trong d6 qu4 trinh giai ma bit

dAu & vi tri d6 trong dong bit, khong nhét thiét 14 bit diu clia dong bit, mién 1a
anh IRAP 402 xuét hién & vi tri d6. Thtr hai, su xudt hién cta anh IRAP 402 1am
méi qua trinh gidi ma sao cho dnh duoc tao ma bat dau ¢ anh JRAP 402, khong
bao gém c4c anh RASL, dugc ma hoa khong cé tham chiéu bét ky dén cac anh
dung trudce. Két qua 13, viéc c¢6 anh IRAP 402 xuét hién trong dong bit s& dirng
181 bit ky ma c6 thé xuét hién trong khi giai ma cac anh dugc tao mé trudc anh
IRAP 402 d& lam truyén anh IRAP 402 va cic anh d6 theo sau anh IRAP 402
trong thtr tur giai ma 408.

~ Trong khi c4c anh IRAP 402 tao cac chtrc nang quan trong, chung gy anh
hudng dén hiéu qua nén. Sy xuét hién ciia anh TRAP 402 lam ting vot toc do bit.
Viéc anh hudng dén hiéu qua nén 1a do hai nguyén nhan. Trudce hét, do anh IRAP
- 402 1a &nh dugc dy bao trong, chinh &nh s& yéu cdu twrong dbi nhiéu bit hon dé

- biéu dién khi so véi cdc anh khac (chang han, anh dan dau 404, cac anh theo sau
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406) vén 1a cac anh duge du béo ngoai. Thir hai, do sy xut hién cia dnh IRAP
402 lam hong du bao thoi gian (ddy 1a do bd gidi ma s€ lam méi qua trinh giai
m4, trong d6 mot hoat dong cuia qua trinh gidi ma cho né la loai bd c4c anh tham
chidu dimg truée trong DPB), anh IRAP 402 khién mi hoa anh tiép theo anh
IRAP 402 theo thir tur gidi ma 408 trd nén it hi€u qua hon (tac 1a, can nhiéu bit
hon dé biéu dién) do ching c6 it anh tham chiéu hon d& ma héa du bao ngoai.

Trong sb céc loai anh dugc xem xét 12 cdc anh IRAP 402, anh IDR trong
chuin HEVC ¢6 béo hiéu va dan xudt khac khi so véi cac loai anh khéc. Mot sb
hiéu s nhu sau. '

Déi véi bao hidu va din xuét cta gia tri s6 dém tht tu anh (picture order
count, POC) cda anh IDR, phan bit ¢6 trong s6 16n nhét (most significant bit,
MSB) ctia POC khéng dugc din xudt tir anh chinh trudc d6 ma don gian duge
gan bang 0.

Déi véi thong tin bao hiéu cin dé quan ly anh tham chiéu, tiéu dé 14t ctia anh
IDR khong chira thong tin cAn dé bao hidu dé hd trg quan 1y anh tham chiéu. Déi
vé6i cac loai anh khac (tirc 13, CRA, tiép sau, truy nhap thdi gian 16p con (temporal
sub-layer access, TSA), v.v.), thong tin, ching han, tdp hop 4dnh tham chiéu
(reference picture' set, RPS) dugc mo ta dudi day hodc cac dang khdc cua thong
tin twong tu (ching han, cic danh sach anh tham chiéu) can cho qua trinh ddnh
dAu céc anh tham chiéu (tirc 13, qua trinh x4c dinh trang thai cia cac anh tham
chiéu trong DPB), duoc st dung @ tham chiéu va khong duoc st dung dé tham
chiéu). Tuy nhién, d6i v6i anh IDR, thong tin nay khong cin duge bdo higu do
su xuét hién ctia IDR chi bdo ring qué trinh giai ma s& don gidn dénh diu tat ca
céc anh tham chiéu trong DPB nhur 1a khong duge st dung dé tham chiéu.

Trong chuin HEVC va VVC, mdi anh trong céc anh IRAP 402 va anh dan
d4u 404 c6 thé dugce chira trong mot don vi NAL. Tép hop cac don vi NAL cd
thé dugc goi 1a khéi truy nhap. Cac anh IRAP 402 va anh din dau 404 1a céc loai
don vi NAL khéc nhau dugc cép sao cho chiing c6 thé d& dang dugc nhén dién
bdi cac tng dung mirc hé thdng. Chang han, bd ndi video can hiéu céc loai anh
duge tao md ma khong phai hidu qué nhiéu chi tiét vé phan tr ca phap trong

dong bit dugc ma hoa, cu thé 1a dé nhan dién cac dnh IRAP 402 tir c4c anh phi
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TRAP va dé nhan dién anh din diu 404, bao gdm x4c dinh cac anh RASL va
RADL, tir c4c anh theo sau 406. Cac anh theo sau 406 1a c4c 4nh duogc lién két
v6i anh TRAP 402 va tiép theo anh IRAP 402 theo thir tr hién thi 410. Anh c6
thé tiép theo anh IRAP 402 cu thé theo thtr tu giai ma 408 va ding trude anh
IRAP 402 khac bét ky theo thi tir giai ma 408. V& vén d8 nay, viéc cip cho cac
anh IRAP 402 va anh dan ddu 404 loai don vi NAL cua riéng né sé& giup cho céc
ung dung nay. '

Péi v6i chudn HEVC, cac loai don vi NAL déi véi cac anh IRAP bao gdm
c4c tham sb sau: |

BLA c6 anh d&n ddu (BLA_ W_LP): don vi NAL ctia &nh BLA c6 thé tiép sau
b&i mot hodc nhidu anh din dau theo thi tir gidi ma.

BLA v6i RADL (BLA_ W _RADL): don vi NAL ciia anh BLA c6 thé tiép sau
b&i mot hodc nhidu anh RADL ma khong c6 anh RASL theo tht ty giai ma.

BLA khong c6 anh din dau (BLA N _LP): don vi NAL cua énh BLA khong
duge tiép sau boi anh din du theo thir tu giai ma.

IDR véi RADL (IDR_ W _RADL): don vi NAL ciia anh IDR c6 thé tiép sau
bd1 mot hoadc nhiéu a&nh RADL ma khong c6 anh RASL nao theo tha tu gidi ma.

IDR khéng c6 anh din dau (IDR_N_LP): don vi NAL cua anh IDR khong
dugc tiép theo béi anh dan dau theo thir ty gidi ma.

CRA: don vi NAL ciia anh CRA c6 thé tiép sau boi anh din ddu (tic 13, cic
anh RASL hodc cdc anh RADL hoéc cd hai).

RADL: don vi NAL ctia anh RADL.

RASL: don vi NAL ctia anh RASL. A

Péi v6i chudn VVC, loai don vi NAL déi vdi cac anh IRAP 402 va anh dén
dau 404 nhu sau:

DR c¢6 RADL (IDR_W_RADL): don vi NAL ctia anh IDR ¢6 thé tiép sau
bdi mot hodc nhiéu cac anh RADL nhung khong anh RASL nao theo thir tu giai
ma.

IDR khong c¢6 4nh dan dau (IDR_N_LP): don vi NAL cua anh IDR khong
duoc tiép theo bsi anh dan déu theo thir tu gidi ma.

CRA: don vi NAL ciia &nh CRA ma c6 thé tiép sau bai anh dan dau (tac 13,

24

24/75



46013

cac anh RASL hodc cic anh RADL hoéc cd hai).

RADL: don vi NAL cta anh RADL.

RASL: don vi NAL cia anh RASL.

Lam méi ndi anh tirng bude/lam mai gidi ma ting bude duoc néu dudi day.

Ddi véi cac ung dung do tré thép, can tranh tao mé anh dudi dang anh IRAP
(ching han, anh IRAP 402) do yéu ciu tbc do bit trong ddi 16n so véi cac anh
phi IRAP (tirc 13, P-/B-), két qué 13 gdy ra nhiéu d tr& hon. Tuy nhién, viéc hoan
toan tranh st dung IRAP c6 thé 14 khong thé trong tt ca cac ing dung do tré
thdp. Ching han, d6i v6i cac tng dung hoi thoai, ching han, hoi ﬁghi fir xa da
bién, thi can thiét cung cip cac diém chinh quy trong d6 ngudi dung méi c6 thé
gia nhap hoi nghi tor xa.

Dé tao truy nhap vao dong bit cho phép ngudi dung méi gia nhdp Gmg dung
héi nghi tir xa da bién, mot chién lugc kha thi 13 sit dung k¥ thuat lam méi ndi
anh timg budc (Progressive Intra Refresh, PIR) thay cho viéc s dung cdc dnh
IRAP dé tranh c6 dinh trong tbc do bit. PIR c¢6 thé cling dugc goi 1a GDR. Cym
tir PIR va GDR c6 thé dugc sir dung qua lai theo séng ché.

Fig.5 minh hoa k¥ thudt GDR 500. Nhu dugc thé hién, k§ thuat GDR 500
dugc md ta nho st dung anh GDR 502, m6t hoic nhiéu anh tiép sau 504, va anh
diém khéi phuc 506 trong CVS 508 ctia dong bit. Theo phuong 4n thuc hién, dnh
GDR 502, céc anh tiép sau 504, va anh diém khéi phuc 506 c6 thé dinh nghia
chu ky GDR trong CVS 508. CVS 508 1a chudi anh (hogc c4c phan clia anh) bét
dAu v6i anh GDR 502 va bao gdm tat ca cic anh (hoéc céc phén ctia nd) 1én t6i,
ma khong bao gdbm, anh GDR tiép theo hoic cho dén khi két thuc dong bit. Chu
ky GDR 1a chudi anh bét diu v6i anh GDR 502 va bao gdm tt c4 céc anh t6i va
bao gbém anh diém khoi phuc 506.

Nhu dugc thé hién trén Fig.5, k§ thudt GDR 500 hodc nguyén ly lam viéc
trén chudi anh bit dAu v6i anh GDR 502 va két thiic v6i anh diém khoi phyc 506.
Anh GDR 502 chira viing sach/dugc lam méi 510 chira céc khéi déu da duge ma
héa stir dung dyu bao trong (tic 13, cac khdi dugc du bao trong) ving ban/khong
duoc lam m&i 512 chira cac khdi déu da dugc ma hoa s dung dy bao ngoai (tire

1a, cac khoi dugce du bao ngoai).
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Anh sau 504 lién k& ngay trudc anh GDR 502 chita ving dugc 1am méi/sach
510 c6 phan thir nhit 510A dugc tao ma nho sir dung du béo trong va phén thi
hai 510B duoc tao ma nho st dung du bao ngoai. Phéan thir hai 510B duoc tao
ma nho tao tham chiéu viung dugc 1dam méi/sach 510 cua, chéng han, anh ding
truge trong chu ky GDR cia CVS 508. Nhu dugc thé hién, ving dugc lam
mé&i/sach 510 cua céc anh tiép sau 504 mé rong khi qua trinh tao ma di chuyén
hoic tién trién theo huéng nhit quan (ching han, tir trai sang phai), mdt cach
twong (mg co lai ving bin/khong dugc 1am mdi 512. Dan dan, anh diém khoi
phuc 506, chi chtra viing dugc lam méi/sach 510, thu dugc tr qua trinh tao ma.
Déng luu y, va nhu s€ dugc néu thém dudi day, phan thtr hai 510B cia ving
dugc lam mébi/sach 510, dugc ma hda dudi dang cac khéi dugce du bao ngoai, cb
thé chi tham chiéu dén ving duge lam méi/ving sach 510 trong anh tham chiéu.

Trong chudn HEVC, k§ thuat GDR 500 trén Fig.5 duoc hd trg khong chuin
téc sﬁ:'dung thong diép thong tin tdng cuong bd trg (Supplemental Enhancement
Information, SEI) diém khoi phuc va thong diép SEI thong tin 1am méi vung.
Hai thong diép SEI nay khong dinh nghia cach thic GDR duoc thuc hién. Thay
vao do, hai thong di¢p SEI chi néu co ché chi bao th nhét va céc anh cudi ciing
trong chu ky GDR (tirc 14, dugc tao bdi thong diép SEI diém khoi phuc) va ving
duge 1am méi (tirc 13, duge tao bdi théng diép SEI thong tin lam méi ving).

Trén thuc té, k¥ thuadt GDR 500 dugc thuc hién béng cach st dung hai k¥
thuat déng thoi. Hai k§ thuat d6 1a du bdo trong rang budc (Constraint Intra
Prediction, CIP) va céc rang budc ciia bd ma héa ddi véi cac MV. CIP c6 thé
dugc st dung cho GDR, cu thé 12 dé tao ma vung dugc tao ma chi duéi dang céc
khéi dugc du bao trong (chang han, phan thir nhét 510A cta ving dugce lam
méi/sach 510) do CIP cho phép viing khong sir dung céc mau tir ving dugc 1am
md&i (ching han, ving bin/khong dugc 1am méi 512) duge st dung dé tham
chiéu. Tuy nhién, viéc st dung CIP gy ra suy giam hiéu nang tao ma nghiém
trong do rang budc voi cac khéi trong phai dugc 4p dung khdng chi cho cac khéi
trong trong vung dugc 1am mdi, ma con ca voi tht ca cac khéi trong trong anh.
Céc rang budc bd ma hoa cho cac MV gidi han by ma hoda _khéi viéc st dung cac

mau bat ky trong cac 4nh tham chiéu ma dugc dit ngoai ving dugc lam maoi.
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Rang budc nay gay ra tim kiém chuyén dong khong tdi uu.

Fig.6 1a so dd minh hoa tim kiém chuyén dong khong mong muén 600 khi sir
dung giéi han bd ma hoa dé hd trg GDR. Nhu duge thé hién, tim kiém chuyén
dong 600 md ta anh hién tai 602 va anh tham chiéu 604. Mbi anh trong anh hién
tai 602 va anh tham chiéu 604 bao gém ving dugce lam mdéi 606 duge ma hoda
vol du b.éo trong, vung dugc 1am méi 608 duge ma hoéa véi du bdo ngoai, va
ving khong duoc lam méi 608. Vung duge lam méi 604, viung dugc lam méi
606, va the ving khong dugc lam méi 608 gidng nhu phan thi nhit 510A cla
viung dugce lam méi/sach 510, phén tha hai 510B cia viing duge 1am méi/sach
510, va viing ban/khong duge 1am méi 512 trén Fig.5.

Trong qua trinh tim kiém chuyén dong, b ma hoa bi gidi han hodc bi ngin

khéong cho Iya chon MV 610 bét ky din dén mot sé mau ciia khdi tham chiéu

612 dugc dit ngoai ving dugce lam méi 606. Diéu nay xay ra tham chi khi khéi
tham chiéu 612 tao céc tidu chi méo dang tdc d6 ot nhét khi du bao khéi hién tai
614 trong anh hién tai 602. Do vay, Fig.6 minh hoa nguyén nhén d6i véi viee
khong t6i vu trong tim kiém chuyén dong 600 khi str dung giéi han b ma hoa
dé hd trg GDR. |

Céc thanh phan JVET JVET-K0212 va JVET-L0160 mé t4 trién khai GDR
dua trén viée sit dung CIP va cach thire rang budc bd ma hoa. Trién khai c6 thé
dugc tom tit nhu sau: ché d6 du béo trong duoc tap trung vao CU trén co s& cot,
du bao trong bi rang budc dugc kich hoat dé dam bao tai tao CU ndi ving, cic
MYV bi rang budc dé tro dén trong khu vue duge 1am méi trong khi xem xét bién
bd sung dé tranh lan rong sai sé cho céc bd loc (6 pixel, ching han), va loai bd
cac anh tham chiéu trude d6 khi 1ap lai cot ndi ving.

Thanh phan JVET JVET-M0529 d& cap dén phuong phép chi béo rang anh
12 thtr nhét va cudi ciing trong chu ky GDR mdt cach chuén tic. Y tudng duoc
dé xuét nhu sau. A

Dinh nghia don vi NAL méi ¢6 chi bdo diém khoi phuc loi don vi NAL dudi
dang don vi VCL NAL. Tai tin cia don vi NAL chira phin tir ct phap dé xac
dinh thong tin ¢6 thé duoc sir dung dé dan xuat gia trj POC ctia anh cuéi trong

chu ki GDR. Khéi truy nhap chira don vi phi VCL NAL véi chi béo diém khoi
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phuc loai duoc goi 1 khéi truy nhép (access unit, AU) bat dau diém khoi phu
(recovery point begin, RBP) va anh trong RBP AU dugc goi 12 anh RBP. Qua
trinh gi4i ma c6 thé bat dAu tr RBP AU. Khi giai ma bit du tir RBP AU, tat ca
céac anh trong chu ky GDR, ngoai trir 4nh cubi cung, khong dugc xuét ra.

Mot s van dé véi thiét ké GDR hién tai dugc thao luén.

Thiét ké/cach thire hién tai dé h3 trg GDR it nhit ¢ cac vén dé sau.

Phuong phap dinh nghia GDR chuén tic trong JVET-M0529 c¢6 céc van dé
sau. Phuong phéap duoc dé xuit khong md ta cach thitc GDR dugce thuc hién.
Thay vao d6, phuong phap dugc d& xuét chi néu mot vai bao hiéu cho chi bao
thi nhét va cac anh cudi cling trong chu ky GDR. D&i v6i chi bao thir nht va
cac anh cudi cung trong chu ky GDR, can don vi phi VCL NAL méi. Day 1a du
thira do thong tin dugc chita trong don vi NAL chi bao diém khoi phuc (recovery
point indication, RPI) ¢6 thé chi duogc bao gdm trong tidu d& nhom phién cia anh
thi nhét trong chu ki GDR. Phuong phép dugc d& xuét ciing khong thé mo ta
ving nao trong c4c &nh trong chu ky GDR la ving duoc lam méi va vung khong
duoc lam méi.

Cach thitc GDR duge mo ta theo JVET-K0212 va JVET-L0160 co6 cac van
d& sau. Trude hét, stt dung CIP. CAn thiét tao ma ving duoc 1am méi ¢6 du bao
trong v6i mot s6 rang bude dé ngan khong cho cdc miu bat ky v6i ving khong
dugc lam méi duge st dung lam tham chiéu khong gian. Khi CIP duge st dung,
tao ma dugc dua trén anh, nghia 1a tat ca céc khéi ndi viing trong anh ctiing phai
duoc tao ma dudi dang cac khbi ndi ving CIP. Két qua 13, gy ra suy gidm hiéu
ning. Ngoai ra, viéc st dung rang budc bo ma héa dé gi¢i han tim kiém chuyén
dong ngdn khong cho bd mi héa chon MV t5t nhat khi cac mau cia khéi tham
chiéu duoc lién két véi MV khong hoan toan nam trong ving duge lam méi trong
&anh tham chiéu. Ving duge 1am moi duge tao ma chi véi du béo trong cling
khong phai kich thuge CTU. Thay vao d6, vung dugc lam md&i c6 thé trd nén nhod
hon kich thuée CTU, gidm xubng t6i kich thuée CU nho nhét. Didu nay khién
viéc trién khai tré nén phirc tap khong can thiét do n6 c6 thé can chi bdo & mic
khéi.

Céc k¥ thuét hd trg GDR trong tao ma video dugc bdc 1§. Cac k¥ thuét duoc
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boc 16 cho phép lam m&i ndi anh timg bude ¢ c6 thé truy nhap nghu nhién ma
khong phai st dung anh IRAP. Nhu s& dugc giai thich day di hon duéi day, don
vi VCL NAL c¢6 GDR_NUT dé chi bo rang don VCL NAL chira anh GDR. Tirc
l1a, GDR_NUT ngay lap tirc chi béo dén bo giai ma video rang don VCL NAL ¢6
GDR_NUT chtra &nh GDR. Bing cach sir dung danh GDR thay cho anh IRAP,
tdc do bit mu:of hon, nhét quén hon cém thé dat dugc do, chéng han, kich thudc
ctia anh GDR so vdi kich thuée ciia anh IRAP, cho phép d6 tré gidm tur du nay
dén diu kia (ttc 13, d0 trd). Do vy, bd ma hoa/bd giai ma (ciing dugce biét 1a
“codec”) trong k¥ thuit tao ma video dugc cai thién so v6i cc codec hién tai.
Trén thuc té, qua trinh tao ma video dugc cai thién mang lai cho ngudi dung trai
nghiém t8t hon khi cac video duoc giri, duge nhén, va/hodc duge xem.

Dé giai quyét mot hodc nhiéu van dé néu trén, sang ché boc 16 cac khia canh
sau. Mdi khia canh trong c4c khia canh c6 thé dugc ap dung riéng ré&, va mot )
c6 thé duoc ap dung két hop.

1) Don vi VCL NAL c6 loai GDR_NUT dugc dinh nghia.

a. Céc anh c6 loai don vi NAL GDR_NUT dugc goi 1a 4nh GDR, tirc 13, 4nh
thir nhét trong chu ky GDR.

b. Anh GDR c6 temporalID bang 0.

c. Khéi truy nhép chtra 4nh GDR dugc goi 1a khéi truy nhap GDR. Nhu luu
¥ trén déy, khéi truy nhap 1a tap hop don vi NAL. Mdi don vi NAL c6 thé chira
mdt anh.

2) CVS c6 thé bit dau véi khéi truy nhap GDR.

3) Khéi truy nhap GDR 1a khéi truy nhap tht nhét trong CV'S khi mét trong
céc diéu kién sau 1a ding:

a. Khéi truy nhap GDR 1a khéi truy nhép thir nhit trong dong bit.

b. Khéi truy nhap GDR theo sau ngay khdi truy nhap két thiic chudi (end-
of-sequence, EOS).

c. Khéi truy nhap GDR theo sau ngay khéi truy nhap két thuc dong bit (end-
of-bitstream, EOB).

d. Co bd giai ma NolncorrectPicOutputFlag dugc lién két v6i anh GDR va

gia tri cia c& dugce gén bang bang 1 (tic 13, true) béi thuc thé nim ngoai bo giai
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ma.

4) Khi anh GDR 1a khéi truy nhép tht nhét trong CVS, diéu kién sau 4p
dung:

a. TAt ca cac anh tham chiéu trong DPB dugc danh déu 14 “khéng duoc st
dung @& tham chiéu.”

b. POC MSB cita anh dugc gin bing bing 0.

c. Anh GDR va tit ca cic anh di sau anh GDR theo tht tir du ra cho dén
khi anh cudi cing trong chu ky GDR, khong bao gbm anh cubi cling trong chu
ky GDR, khong duoc xuét ra (tic 13, duge danh déu 12 “khéng can cho dau ra”).

5) Co dé xac dinh liéu GDR duoc kich hoat dugce bo hiéu trong tdp hop
tham s6 muc chudi (ching han, trong SPS).

a. Co c6 thé dugc chi dinh gdr_enabled_flag.

b. Khi co bing 1, anh GDR c6 thé hién ¢6 trong CVS. Nguoc lai, khi co
bing 0, GDR khong dugce kich hoat sao cho anh GDR khong hi¢n ¢6 trong CVS,

6) Thong tin ma c6 thé duge sit dung dé din xudt gia tri POC cta anh cudi
cung trong chu ky GDR dugc béo higu trong ti€u dé nhom 6 vudng ctia anh GDR.

a. Thong tin dugc bdo hiéu dudi dang POC delta giita anh cubi cling trong
chu ky GDR va anh GDR. Théng tin ¢6 thé dugc bdo hiéu st dung ph?m tr cu
phép dugc chi dinh recovery_point_cnt.

b. Su xuét hién ciia phan tir cti phép recovery_point_cnt trong tiéu d& nhom
6 vudng c6 thé ¢o didu kién theo gia tri ciia gdr_enabled flag va loai don vi NAL
cda anh, tirc 13, co hién c6 chi khi GDR_enabled_flag bang 1 va nal unit_type
cta don vi NAL chtra nhém 6 vudng 1a GDR_NUT.

7) C& dé x4c dinh liéu nhom 6 vudng c¢6 phai 1a mot phan cua ving duge
lam m&i hay khéng duge bdo hiéu trong ti€u dé nhom 6 vudng.

a. Co c6 thé dugc chi dinh refreshed region flag.

b. Su xuét hién c& c¢6 thé thy thudc theo gié tri cia GDR_enabled_flag va
liéu anh chtra nhom 6 vudng cé nim trong chu ky GDR. Do vay, ¢& hién ¢6 chi
khi tit ca cac didu kién sau 13 ding:

i. Giatricia gdr _enabled flag bang 1.

ii. Giatri POC cua anh hién tai béng hodc 1én hon gia tri POC ctua anh GDR
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cudi cing (khi 4nh hién tai 1 &nh GDR, anh GDR cudi cling 12 4nh hién tai) va
nho hon gia tri POC cta anh cubi cling trong chu ky GDR.

c. Khi co khong c6 trong tiéu dé nhom phién, gid tri clia cd dugce suy ra bang

8) Tt ca cac nhém 6 co refreshed region flag bang 1 bao pht ving dugc
két nbi. Tuong i, tt ca cac nhém 6 c6 refréshed_region_ﬂag bang 0 cling bao
phi viing duoc két ni.

9) Nhom 6 vudng co refreshed region flag cé thé ¢6 loai I (tc 13, nhém 6
vudng trong) hodc B- hodc P- (tic 14, nhém 6 vudng ngoai).

10)MBbi anh bit ddu tir anh GDR dén anh cubi cuing trong chu ky GDR chta
it nh4t mot nhém 6 vudng co refreshed region flag bang 1.

11)anh GDR chia it nhdt mot nhém 6 vudng c6 refreshed region_flag bing
1 vatile group type bang I (ttic 14, nhém 6 vudng trong).

12)Khi GDR_enabled flag bing 1, thong tin vé nhém 6 hinh chit nhat, tic
1a, s luong nhom 6 va cac dia chi cua no, dugc phép dugce bdo hi€u trong PPS
hogc trong tiéu d& nhém 6 vudng. Dé 1am vay, c& duge béo higu trong PPS dé
x4c dinh liéu thong tin nhoém 6 hinh chit nhat hién c6 trong PPS hodc khong. Co
nay c6 thé duoc goi 1a rect_tile_group_info;in _pps_flag. Co nay co thé bi gi6i
han bang 1 khi GDR_enabled flag bing 1.

a. Theo mot ty chon, thay cho béo hiéu li¢u thong tin nhém 6 hinh chit nhét
hién c6 trong PPS hay khong, co tbng quat hon c6 thé dugc bao hiéu trong PPS
8 x4c dinh liéu thong tin nhom 6 vudng (tic 13, loai bat ky clia nhém 6 — chang
han nhém 6 hinh chir nhat, nhom 6 quét manh) hién cé trong PPS.

13)Khi thong tin nhom 6 vudng khong co trong PPS, ¢o thé con bi giéi han
rang béo hiéu vé théng tin ID nhém 6 tuong minh khong 6. Thong tin ID nhém
0 tuong minh bao gom: signaled tile group id flag,
signaled tile group id length minusl, vatile group_id[i].

14)Co dugce bao hiéu dé x4c dinh liéu hoat dong loc vong gitta cac dudng
bién gitta ving dugc 1am méi va vung khong duoc lam méi trong anh duoc phép.

a. CO niy c6 thé dugc bdo hiéu trong PPS va duge goi la

loop _filter across_refreshed region_enabled flag.
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b. Su xuit hién cua loop_filter across refreshed region_enabled flag c6
thé c6 diéu kién theo gia tri ciia loop_ filter across_tile enabled_flag. Khi
loop_filter across_tile_enabled_flag bang 0,
loop_filter across refreshed region_enabled flag co thé not hién c6 va gia tri
ciia nd dugce suy ra bang 0.

c. Theo mot tuy chon, cd ¢cd thé dugce bao hiéu in tidu dé nhom phién va su
xuét hién ctia n6 ¢6 thé tlly thudc vao gia tri cla refreshed region_flag, tirc 14,
¢ hién c6 chi khi gié tri cia refreshed_region_{flag bang 1.

' 15) Khi dugc chi béo ring nhém 6 vuodng la ving dugc lam méi va duge chi
béo rang hoat dong loc vong gilta ving dugc lam méi khong duoc phep, didu
kién sau ap dung:

a. Budc tach khdi duong mép & bién cta nhém 6 vudng khong duge thuc
hién khi nhém 6 14n cén chia sé dudng mép 1a nhém & khong dugc lam ma&i.

b. Qua trinh SAO cho céc khéi & dudng bién ciia nhom 6 vudng khéng sir
dung cac miu bét ky tlr ngoai dudng bién ving dugc 1am méi.

c. Qua trinh loc vong thich tng (Adaptive loop filtering, ALF) cho cac khéi
& dudng bién ctia nhom 6 vuong khong sur dung cac mAu bit ky tir ngoai duong
bién ving duoc lam méi. |

16)Khi GDR_enabled_flag bang 1, mdi anh dugce lién két voi cac bién dé xéc
dinh cac dudng bién cia viing dugc lam méi trong anh. Cac bién nay c6 thé dugc
goi la:

a. PicRefreshedLeftBoundaryPos cho vi tri duong bién trai cia vung dugc
lam m¢i trong anh.

b. PicRefreshedRightBoundaryPos cho vi tri duong bién phai cua vang duge
lam méi trong anh.

c. PicRefreshedTopBoundaryPos cho vi tri duong bién trén cua ving dugc
lam méi trong anh.

d. PicRefreshedBotBoundaryPos cho vi tri duong bién dudi cta ving dugc
lam mdi trong anh.

17)Céac dudng bién cua ving dugc lam méi trong anh c6 thé duoc dan xuat.

Céc duong bién clia ving duge 1am mdi ciia anh duge cap nhét bang bo giai ma

32

32/75



46013

sau khi tiéu d& nhém 6 vudng duoc phan tach va gia tri cia refreshed_region_flag
ctia nhdém 6 vubng bang 1.

18)Theo mot tiy chon véi giai phap 17), cac duong bién cta vung duoc lam
mdi trong 4nh dugc bao hiéu tudng minh trong mdi nhém 6 cia anh.

a. Co c6 thé duoc bao hidu dé chi bao lidu anh ma c6 nhém 6 vudng c6 chira
vung khong dugce lam méi hay khong. Khi xac dinh duge rang 4nh khong chira
ving dugc 1am méi, khoéng thoéng tin dudng bién duge 1am méi nao dugce bao
hidu va c6 thé chi dugc suy ra bing cac dudng bién anh.

19)D6i vOi .énh hién tai, cdc dudng bién cia vung duoc lam mdi duge s
dung trong qua trinh lgc trong vong nhu sau:

a. Dbi v6i qua trinh loc tach khéi, dé xdc dinh duong mép ctia ving dugc
1am méi @& quyét dinh liéu dudng mép c6 can dugc tach khdi hay khong.

b. Déi v6i qua trinh SAO, dé x4c dinh dudong bién clia ving 1am méi sao
cho qué trinh cét xén c6 thé dugc ap dung dé tranh sir dung cac mau tr ving
dugce 1am mdéi khi qua trinh loc vong gilta ving dugc lam méi khdng dugc phép.

c. D&ivéi qué trinh ALF, dé x4c dinh dudng bién ciia viing 1am méi sao cho
qué trinh cit xén co thé dugc ap dung dé tranh sir dung cic miu tr ving khong
dugce 1am mé1i khi quad trinh lgc vong gitta ving duge lam méi khong duogc phép.

20)Pdi v6i qua trinh bu chuyén dong, thong tin vé cac duong bién ving duge
lam méi, cu thé 1a cac dudng bién ctia ving dugce lam méi trong 4nh tham chiéu,
dugc st dung nhu sau: khi khéi hién tai trong anh hién tai nim trong nhém o

7vu6ng c6 refreshed region flag bing 1 va khéi tham chiéu ndm trong anh tham
chiéu chtra viing khong duge 1am méi, diéu kién sau 4p dung:

a. MV tir khdi hién tai dén anh tham chiéu d6 dugc xén tia bing céc dudng
bién ctia ving dugce 1dm mdi trong anh tham chiéu do.

b. Dbi vé6i bd loc ndi suy phéan sb cho cic miu trong dnh tham chiéu d6, nso
duoc xén béi cac duong bién cia vung dugce lam méi trong anh tham chiéu do.

Céac phuong an thyc hién sang ché dugc mo ta chi tiét. Phan mé ta duge so
v6i vin ban co ban, vén 14 thanh phan JVET JVET-M1001-v5. Ttc 14, chi delta
duge mo ta, trong khi cdc van ban trong van ban co ban khong duoc néu dudi

day ap dung ding theo thuc té. Vian ban dugc chinh sira so v6i vin ban co ban
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dugc in nghiéng.

Céc dinh nghia dugc néu.

3.1 Anh CRA: Anh IRAP ma mdi don vi VCL NAL cho né cé nal_unit_type
bing CRA NUT.

Luu ¥ — Anh CRA khong d& cdp dén anh bét ky ngoai chinh né dé du bao
ngoai trong qua trinh giai ma cla nd, va co thé 1a 4nh thtr nhét trong dong bit
theo thir tu giai ma, hodc co thé xuét hién sau trong dong bit. Anh CRA c6 thé
c6 cac anh RADL hoic RASL lién két. Khi anh CRA c6
NolncorrectPicOutputFlag béﬁg 1, cac anh RASL lién két khong dugc xuét ra
bing b gidi mé, do céc anh RASL khong thé giai ma duge, do ching c6 thé chira
céc tham chiéu dén cac anh khong c6 trong dong bit.

3.2CVS: Chudi khéi truy nhép bao g6m, theo thtr tu giai ma, cla khéi truy
nhap IRAP v6i NolncorrectPicOutputFlag bang 1 hodc khéi truy nhdp GDR véi
NoIncorrectPicOutputFlag bang 1, tiép theo bdi 0 hodc nhiéu khéi truy nhép
hon ma khong phai 1a cac khéi truy nhap IRAP v&i NolncorrectPicOutputFlag
bang 1 hodc khéi truy nhdp GDR cé NolncorrectPicOutputFlag bang 1,bao gdm
tht ca cac khéi truy nhép tiép theo ma khong bao gbm khéi truy nhap tiép theo
vén 1a khéi truy nhap IRAP v6i NolncorrectPicOutputFlag bang 1 hodc khéi
truy nhdp GDR cé NolncorrectPicOutputFlag bing 1.

Luuy 1 —Khéi truy nhap IRAP c6 thé a khéi truy nhdp IDR hogc khéi truy
nhap CRA. Gia tri cia NolncorrectPicOutputFlag bing 1 cho mdi khéi truy nhap
IDR va m&i khéi truy nhap CRA vén 1a khéi truy nhap thir nhét trong dong bit
theo th tu gii ma, 1a khéi truy nhap thi nhat tiép theo don vi NAL EOS theo
thi tu giai ma, hoic c6 HandleCraAsCvsStartFlag bang 1.

Luu y 2 — Gid tri ciia NolncorrectPicOutputFlag bang 1 cho méi khoi truy
nhdp GDR von la khéi truy nhdp thir nhdt trong dong bit theo thit tw gidi ma, la
khéi truy nhdp thit nhat tiép theo don vi NAL EOS theo thir ty gidi md, hodc co
HandleGdrAsCvsStartFlag bang 1.

3.3 Khéi truy nhdp GDR: Khoi truy nhdp trong dé anh dugc tao md la anh
GDR.

3.44nh GDR: dnh ma méi don vi VCL NAL cho né nal_unit _type bang
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GDR _NUT.

3.5Anh RASL: Anh dugc tao m3 ma mdi don vi VCL NAL cho né cb

nal_unit_type bang RASL NUT.

Luu y— T4t ca cac anh RASL 13 4nh d4n dAu ctia anh CRA lién két. Khi anh
CRA lién két c6 NoIncorrectPicOutputFlag bang 1, anh RASL khéng duoc xuét

ra va khong thé duge giai ma ding, do &nh RASL c6 thé chira cac tham chiéu

dén céac anh khong c6 trong dong bit. C4c anh RASL khong dugce sir dung lam

céc anh tham chiéu cho qud trinh giai ma ctia cac anh phi RASL. Khi hién ¢4, tat

c& céc anh RASL ding trudc, theo thir tu giai ma, tit c cac anh tiép sau cla

cing anh CRA lién két.

Cu phap va ngit nghia tai tin chudi byte thd (raw byte sequence payload,

RBSP) ctia tip hop tham s chudi.

35/75

seq_parameter_set_rbsp() {

M6 ta

u(l)

gdr enabled flag

gdr_enabled flag bang 1 xdc dinh céc anh GDR ¢4 thé hién cé trong CVS.

gdr_enabled flag bang 0 xdc dinh rang cdc anh GDR khéng c6 trong CVS.

Ct phép va nglt nghia RBSP tap hop tham s6 anh.

pic parameter set rbsp() { Mo ta
single tile in pic flag u(1)
if(!single tile in pic flag) {
ue(v)
single tile per tile group flag u(l)
if(!single tile per tile group flag)
rect tile group flag u(l)
if(rect tile group flag)
rect tile group info in pps flag u(l)
if(rect tile group flag && Isingle tile per tile group flag &&
rect tile group info in pps flag) {
num_tile groups in pic _minusl ue(v)
for(=0;i <= num tile groups in pic minusl; i++) {
if(i > 0)
top left tile idx[i] u(v)
bottom_right tile idx][i] u(v)
}
}
loop filter across_tiles_enabled flag u(l)
if(loop filter across tiles enabled flag)
loop filter across tile groups_enabled_flag u(l)

iflloop filter across tile groups enabled flag)

35



46013

36/75

loop_filter across_refreshed_region_enabled flag u(l)

rect _tile group info_in_pps_flag bing 1 xdc dinh rang théng tin nhém 6
hinh chit nhdt dwoc bdo hiéu trong PPS. rect tile_group info_in _pps_flag bang
0 xde dinh rang thong tin nhém 6 hinh chit nhdt khéng dwoc bdo hiéu trong PPS.

Sw twong thich dong bit yéu cau rang gid tri cla
rect tile group info_in_pps flag phdi bang 0 khi gié tri ciia gdr_enabled flag
trong SPS hoat déng bang 0. |

loop_filter_across_refreshed_region_enabled_flag bing 1 xdc dinh rang céc
hoat déng loc trong vong cé thé duoc thuc hién giita cdc duong bién ciia nhém
6 voi refreshed region flag bang 1 trong cdc danh dé cdp dén PPS.
loop_filter across_refreshed region _enabled flag bang 0 xdc dinh rdng cdc
hoat dong loc trong vong khéng dwoc thuc hién gitta cdc duong bién cua nhdm
6 Vi refreshed _region_flag bang 1 trong cdc danh dé cép dén PPS. Céc hoat
dong loc trong vong bao g5n1 DBE, bé loc SAO, va cdc hoat dong ALF. Khi khong
co, gid tri cua loop ﬁlter_across_reﬁ*eshéd_region_enabled ' flag duoc suy ra
bang 0.

signalled tile group id flag bang 1 xac dinh ring nhém 6 vudng ID cho mdi
nhém 6 duge bao hiéu. signalled tile group index flag bing 0 xac dinh rang
cic ID nhém 6 khong dugc bdo hiéu. Khi khdng cd, gid tri cua
signalled tile group index flag dugc suy ra bang 0. |

signalled tile group id length minusl plus 1 x4c dinh s6 lugng bit dugc sir
dung dé biu didn phan tir ca phap tile group id[i] khi hién c6, va phan t ¢l
phap tile group address trong cic ti€u d¢ nhém 6 vudéng. Gid tri cua
signalled tile group index length minusl s& nim tron trong khoang tir 0 dén
15. Khi khéng c6, gid tri cua signalled tile group index_length _minusl dwoc
suy ra nhw sau: |

If rect_tile_group info_in pps flag bing 1,
Ceil(Log2(num_tile groups in pic_minusl + 1)) — 1.

Else, Ceil(Log2(NumTilesInPic)) — 1
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Ct phép va ngit nghia tiéu d nhém 6 vudng téng quét.

37/75

tile group header() { Mo ta

if(rect tile_group flag || NumTilesInPic > 1)

tile_group address u(v)

if(/rect tile group info in pps flag && !single tile per_tile group flag) {

if(rect tile group flag) :

bottom_right tile id u(v)
Else
num _tiles in_tile group minusl . ue(v)
}
tile group type ue(v)
tile group pic_order_cnt Isb ' u(v)

if(gdr enabled flag) {

if(nal unit type == GDR _NUT)

recovery poc_cnt se(v)
if(PicOrderCntVal >= LastGDRPocVal &&
PicOrderCntVal < RecoveryPointPocVal)
refreshed region_flag : u(l)
}
)

tile_group_address xac dinh dia chi 6 vuong cta & vudng tha nhét trong
nhém 6 vudng. Khi khong cd, gia tri cla tile_group_address dugc suy ra bang 0.

Néu rect_tile group flag bang 0, diéu kién sau ap dung:

tile_group address 1a ID phién nhu duoc xac dinh béng Phuong trinh 6-7.

Chiéu dai cua tile_group_address 1a Ceil(Log2 (NumTilesInPic)) bit.

Gia tri cda tile group address s& nim tron trong khoing tir 0 dén

NumTilesInPic — 1.

Else if rect tile_group_flag bang 1 va rect_tile_group_info_in_pps bang 0,

diéu kién sau dp dung:

tile_group address la chi $6 6 ctia 6 dwoc ddt & géc trén bén trdi ciia nhém
O thir i.

Chiéu dai cua tile_group _address duoc bao
hiéu_tile group index length minusl + 1 bit.

if signalled_tile group id flag bang 0, gid tri clia tilé _group_address s€ nam
tron trong khodng tur 0 dén NumTilesInPic — 1. Nguwoc lai, gid tri cta

tile_group address  sé€ nam  tron  trong  khoang tr 0 dén

Z(Signalled_tile ' group_index_length_minusl + 1) __ ]
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Else (rect tile group flag bang 1 va rect_tile_group_info_in_pps bang 1),
diéu kién sau 4p dung:

tile_group address 14 ID nhém 6 vudng ctia nhém & vuodng.

Chiéu dai cla tile_group address dugce bao
hiéu tile group index length minusl + 1 bit.

Néu signalled tile group id flag bang 0, gia tri cla tile_group address s&
- nim tron trong khoang tir 0 dénnum_tile groups_in_pic_minusl. Ngugc lai, gid
tri cuia tile group address s€ ndm tron trong khodng ta O dén
7 (signalled_tile_group_index_length_minus1+1) _ ]

bottom_right tile id xdc dinh chi 6 6 cta 6 dwoc ddt & géc dudi bén phdi
cia nhém 6 vudng. Khi single tile_per tile_group_flag bang 1
bottom_right tile id duoc suy ra bang tile_group address. Chiéu dai ciia phan
tir cii phdp bottom_right tile_id la Ceil(Log2(NumTilesInPic)) bit.

Bién NumTilesInCurrTileGroup, x4c dinh sb lugng 6 trong nhom 6 hién tai,
TopLeftTileldx ma xéc dinh chi s6 6 cia 6 trén bén trai cia nhém 0 vudng,
BottomRightTileIdx ma xac dinh chi s6 6 ctia & dudi bén phai cia nhém 6 vudng,
va TgTileldx[i], ma xac dinh chi s6 0 ciia 6 thit i trong nhom 6 hién tai, dugc dan
xuét nhur sau: |

if(rect tile group flag) {

if (tile_group info_in_pps) {
tileGroupldx = 0
trong khi(tile group address =
rect tile group_id[tileGroupldx])
tileGroupldx++
tileldx = top left tile_idx[tileGroupldx]
BottomRightTileldx = bottom_right_tile_idx/[tileGroupldx]
Jelse {
tileldx = tile_group address
BottomRightTileldx = bottom_right tile_id

/
TopLefiTileldx = tileldx
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deltaTileldx = BottomRightTileldx — TopLeftTileldx

NumTileRowsInTileGroupMinus I =
deltaTileldx/(num_tile columns _minusl + 1) (7-35)

NumTh z'leColumnsfnTileGroupMinus] = deltaTileldx %
(num_tile columns _minusl + 1)

NumT; iles[nt'urrTileGroup = (NumTileRowsInTileGroupMinusl + 1) *

(NumTileColumnsinTileGroupMinusl + 1)
for(j = 0, tIdx = 0; j < NumTileRowsInTileGroupMinus1 + 1;

jtt, tileldx += .

num_tile columns minusl + 1)

for(i = 0, currTileldx

tileldx; 1 <
NumTileColumnsInTileGroupMinus1 + 1;
i++, currTileldx++, tldx++)
TgTileldx[tldx] = currTileldx
} else {
NumTilesInCurrTileGroup = num_tiles in_tile group minusl +1
TgTileldx[0] = tile_group address
for(i = 1; i < NumTilesInCurrTileGroup; i++)
TgTileldx[i] = TgTileldx[i — 1]+ 1
}
recovery_poc_cnt xdc dinh diém khoi phuc ciia cdc anh duoc gidi md theo
thir tw dau ra. Néu c6 anh picA tiép sau anh hién tai (tiec la, anh GDR) theo thir
tw giai md trong CVS va co PicOrderCntVal bang PicOrderCntVal ctia dnh hién
tai cong gid tri cia recovery poc_cnt, anh picA dwoc goi la anh diém khéi phuc.
Nguoc lgi, anh thir nhét theo thir tr dau ra ¢é PicOrderCntVal 16n hon
PicOrderCntVal cia danh hién tai plus gid tri cua recovery poc_cnt duoc goi la
anh diém khéi phuc. anh diém khoi phuc sé khong dung trudce anh hién tai theo
thie tw giai ma. T Gt cd cde dnh duoc giai md theo thir tur dau ra duoc chi bdo la
ding hodic gan diing trong ndi dung bét dau tir vi tri thir tw dau ra cia anh diém
khéi phuc. Gia tri cua recovery poc_cnt Sé nam tron trong khodng tir

—MaxPicOrderCntLsb/2 dén MaxPicOrderCntLsb/2 — 1.
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Gid tri RecoveryPointPocVal duoc dén xudt nhw sau:

RecoveryPointPocVal = PicOrderCntVal + recovery_poc_cnt

refreshed_region_flag bang I xdc dinh rdng gidi md nhém 6 vudng tao cdc
gid tri mau duoc tdi tao ding bat ké liéu gid tri cia NolncorrectPicOutputFlag
ctia Gnh GDR lién két. refreshed_region_flag bang 0 xdc dinh rang giai md nhom
6 vuong c6 thé fqo cdc gid tri méu duoc 1di tao khong ding khi bét dau tir anh
GDR lién két véi NoIncorrectPicOutputFlag bang 1. Khi khéng cé, gid tri cia
refreshed region_flag dwoc suy ra bang 1.

Luu ¥ x-—chinh dnh hién tai c¢6 thé la dnh GDR vdi
NolncorrectPicOutputFlag bang 1.

Cdc dwong bién ¢ nhém é vudng duwoc lam moi dugc dan xudt nhie sau:

tileColldx = TopLeftTileldx % (num_tile_columns_minusl + 1)

tileRowldx = TopLefiTileldx/(num_tile_columns_minusl + 1)

TGRefreshedLeftBoundary = ColBd[tileColldx] << CtbLog2SizeY

TGRefireshedTopBoundary = RowBd|[tileRowldx] << CtbLog2SizeY

tileColldx = BottomRightTileldx % (num_tile_columns_minusl + 1)

tileRowldx = BottomRightTileldx/(num_tile_columns_minusl + 1)

Tt GReﬁeshedRightBoundary = ((ColBd[tileColldx] + ColWidth(tileColldx])
<< CtbLog2SizeY) — 1

TGRefreshedRightBoundary = TGRefreshedRightBoundary >
pic_width_in_luma_samples ?

pic_width_in_luma_samples

TGRefreshedRightBoundary

TGRefreshedBotBoundary =
((RowBd[tileRowldx] + RowHeight[tileRowldx]) << CtbLog2SizeY) —1

TGRefreshedBotBoundary = TGRefreshedBotBoundary >
pic_height in_luma_samples ?

pic_height in_luma_samples

TGRefreshedBotBoundary

Ngit nghia tiéu dé& don vi NAL.

Bang 7-1 — M2 loai don vi NAL va 16p loai don vi NAL
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4175
nal_unit_type | Tén cia | Noi dung ciia chu tritc ci phap dom vi NAL va | Lép  loai
nal_unit_type RBSP dom vi NAL
0 TRAIL_NUT Nhém 6 dwoc ma héa cia anh tiép sau phi STSA VCL
tile group layer rbsp()
1 STSA NUT Nhéom 6 dugc md hdéa cua anh STSA | VCL
tile_group layer rbsp()
2 RASL _NUT Nhéom & dugc m& hdéa cua anh RASL | VCL
tile group layer rbsp()
3 RADL NUT Nhém 6 dugc ma héa cua anh RADL | VCL
tile group layer rbsp()
4.7 RSV_VCL 4. Céc loai don vi VCL NAL phi IRAP danh riéng VCL
RSV_VCL 7 ]
8 IDR_ W _RADL Nhém 6 duge ma hda cia anh IDR VCL
9 IDR N LP tile group layer rbsp()
10 CRA NUT Nhém 6 dugoc mad hdéa cua 4anh CRA | VCL
tile_group layer rbsp()
11 RSV _IRAP _VCLI1 | Céac loai don vi VCL NAL IRAP danh riéng VCL
12 1
‘ RSV _IRAP_VCLI1
2
13 GDR NUT Nhém 6 duwoc md hoa cua anh GDR | VCL
tile_group layer rbsp()
14..15 RSV_VCLI14.. Cac loai don vi VCL NAL phi IRAP danh riéng VCL
RSV VCLI15
16 SPS NUT SPS seq parameter set rbsp() phi VCL
17 PPS NUT PPS pic_parameter_set rbsp() phi VCL
18 APS NUT Tap hop  tham s6  thich  ung | phi VCL
adaptation_parameter set rbsp()
19 AUD NUT DAu phan cdch AU access unit_delimiter rbsp() phi VCL
20 EOS NUT Két thiic ciia chudi end of seq rbsp() phi VCL
21 EOB _NUT Két thuc ctia dong bit end of dong bit rbsp() phi VCL
22,23 PREFIX SEI NU | SEIsei_rbsp() phi VCL
T
SUFFIX_ SEI NU
T
24.27 RSV_NVCL24.. Céc loai don vi phi VCL NAL danh riéng phi VCL
RSV _NVCL27
28.31 UNSPEC28.. Céc loai don vi phi VCL NAL khéng xéc dinh phi VCL
UNSPEC31

Khi nal_unit_type bang GDR_NUT, nhém 6 duwoc md héa thudc anh GDR,

Temporalld phéi bang 0.

Thir ty ctia UE va lién két véi cac CVS duge d& cap.
Dong bit tuan theo chudn dic ta (tic 14, thanh phan JVET JVET-M1001-v5)

bao gém mot hodc nhiéu CVS.

CVS bao gdm mét hodc nhiéu AU. Thir tw ciia cdc don vi NAL va céc anh
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dugc tao ma va lién két ciia n6 véi cac AU duge mo ta trong ménh d87.4.2.44.

Khéi truy nhdp thit nhat cua CVS 1a mét trong cdc khéi sau:

—  khéi truy nhdp IRAP c6 NoBrokenPictureOutputFlag bang 1.

—  khéi truy nhdp GDR cé NolncorrectPicOutputFlag bang 1.

Twong thich dong bit yéu cau rang, khi xudt hién, AU tiép theo sau khéi truy
nhdp ma chita don vi NAL EOS hodc don vi NAL EOB s la mét trong cdc khdi
sau:

—  khéi truy nhdp IRAP, c6 thé Ia khéi truy nhdp IDR hode khdi truy nhdp
CRA.

—  khéi truy nhdp GDR.

8.1.1 Qua trinh giai ma cho dnh dugc tao ma duoc dé cap.

Khi &nh hién tai 1a anh IRAP, diédu kién sau 4p dung:

— Khi anh hién tai 12 anh IDR, 4nh thir nhit trong dong bit theo tht tw giai
ma, hodc anh thit nhat tiép sau don vi NAL EOS theo thr tyr gidi ma, bién
NolncorrectPicOutputFlag dugce gan bang 1.

— Nguoc lai, khi mot sd phuong tién ngoai khong dugc xac dinh trong dédc
ta nay (ching han, dau vao ngﬁbi dung) khd dung d8 gin bién
HandleCraAsCvsStartFlag béng gia tri cho anh hién tai, bién
HandleCraAsCvsStartFlag dugc gan bang gia tri dugc tao bdi cac phuong tién
ngodi va  bién  NolncorrectPicOutputFlag ~ dugc  gén bang
HandleCraAsCvsStartFlag.

— Nguoc lai, bién HandleCraAsCvsStartFlag duoc gan bing 0 va bién
NolncorrectPicOutputFlag dugc gan bang 0.

Khi anh hién tai la anh GDR, diéu kién sau dp dung:

—  Khi anh hién tai la anh GDR, dnh thit nhdt trong dong bit theo thir t gidi
md, hodc danh thir nhdt tiép sau NAL EOS theo thir tw gidi md, bién
NolncorrectPicOutputFlag dwoc gdn bang 1.

—  Nguoc lgi, khi mét s6 phicong tién ngodi khong dugc xde dinh theo sdng
ché kha dung dé gdn bién HandleGdrAsCvsStartFlag bang gid tri cho dnh hién
tai, bién HandleGdrAsCvsStartFlag dwoc gdn bang gid tri duoc tao béi phuong
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tien ngoais va bién NolncorrectPicOutputFlag — dwoc — gdn bing
HandleGdrAsCvsStartFlag.

— Nguoe lgi, bién HandleGdrAsCvsStartFlag duoc gdn bang 0 va bién
NolncorrectPicOutputFlag duwoc gan bang 0.

Céc qua trinh gidi m4 hoat dong nhu sau cho 4nh hién tai CurrPic:

1. Céac don vi NAL giai ma duoc x4c dinh trong ménh dé 8.2.

2. Céac qua trinh trong ménh d 8.3 x4c dinh cdc qua trinh gidi ma sau s&r
dung céc phan tir cti phép trong 16p tiéu d& nhém phién va néu trén:

— Céc bién va cac ham lién quan dén POC dugc dan xuit nhu duge xac dinh
trong ménh dé 8.3.1. Diéu nay can duoc goi chi cho nhém 6 vudng thit nhét ctia
anh.

— Luc bét diu qué trinh giai ma cho mdi nhém 6 cua anh phi IDR, qué trinh
giai ma dé tao cac danh sach anh tham chiéu dugc xac dinh trong ménh dé 8.3.2
duoc goi dé din xuét anh tham chiéu danh sach 0 (RefPicList[0]) va anh tham
chiéu danh sach 1 (RefPicList[1]).

— Qué trinh giai ma dé danh d4u anh tham chiéu trong ménh dé 8.3.3 dugc
g0i, trong d6 cac anh tham chidu c6 thé dugc danh diu 1a “khong dugc sir dung
dé tham chiéu” hodc “duoc st dung cho tham chiéu dai han.” Tham sb dugc goi
chi cho nhém 6 vudng thir nhat cia anh.

—  PicOutputFlag duoc thiét lp nhu sau:

—  Khi mét trong cdc diéu kién sau la ding, anhOutputFlag dwoc gdn bang

— dnh hién tai la dnh RASL va NolncorrectPicOutputFlag cua dnh IRAP
dueoc lien két bang 1.

— gdr _enabled flag bang 1 va danh hién tai la dnh GDR ¢6
NolncorrectPicOutputFlag bang 1.

— gdr _enabled flag bang 1 va dnh hién tai chita mét hodc nhiéu nhém 6
vuong co refreshed_region_flag bang 0 va NoBrokenPictureOutputFlag ctia dnh
GDR lién két bang 1.

— Nguoc lai, PicOutputFlag dugc gan bang 1.
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3. Céc qua trinh giai ma duge goi cho cac CTU, phép chia ty 1&, bién dbi,
loc trong vong, v.v..

4. Sau khi tit c4 cdc nhom 6 cua anh hién tai d3 dugc giai m4, anh duoc giai
ma hién tai duoc danh diu 12 “duge sit dung cho tham chiéu ngin han.”

Qué trinh giai ma cho POC dugc d cap.

Dau ra cla qua trinh nay 1a PicOrderCntVal, POC ctia anh hién tai.

Mbi anh dugc tao mi dugce lién két v6i bién POC, duge ky hiéu la
PicOrderCntVal.

Kﬁi anh hién tai khong phai la anh IRAP véi NolncorrectPicOutputFlag
bang [ hodc dnh GDR c6 NolncorrectPicOutputFlag bing 1, chc bién
prevPicOrderCntLsb va prevPicOrderCntMsb dugc dan xut nhu sau:

— Gia st prevTidOPic 13 anh dung trude theo thir tur gidi ma c6 Temporalld
bang 0 va khong phai 1a anh RASL hoic RADL.

— Bién prevPicOrderCntLsb dugc gan bang tile group pic order cnt Isb
cua prevTidOPic.

— Bién prevPicOrderCntMsb dugc gén bang PicOrderCntMsb clia
prevTidOPic.

Bién PicOrderCntMsb ctia anh hién tai duge dan xuét nhu sau:

— Khi anh hién tai 1 anh IRAP c6 NolncorrectPicOutputFlag bang 1 hodc
énh GDR ¢6 NolncorrectPicOutputFlag bang 1, PicOrderCntMsb dugc gan
bang 0.

— Nguoc lai, PicOrderCntMsb dugce dan xuét nhu sau:

if((tile_group pic_order cnt Isb < prevPicOrderCntLsb) &&

((prevPicOrderCntLsb — tile group pic_order cnt Isb) >=

(MaxPicOrderCntLsb/2)))

PicOrderCntMsb = prevPicOrderCntMsb + MaxPicOrderCntLsb
(8-1)

else if((tile_group pic_order cnt lsb > prevPicOrderCntLsb) &&

((tile_group pic_order cnt Isb — prevPicOrderCntLsb) >

(MaxPicOrderCntLsb/2)))

PicOrderCntMsb = prevPicOrderCntMsb — MaxPicOrderCntLsb
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else
PicOrderCntMsb = prevPicOrderCntMsb
PicOrderCntVal dugc dan xuét nhu sau:
PicOrderCntVal = PicOrderCntMsb + tile _group pic_order_cnt_Isb
(8-2)

Luu § 1 — T4t ca cac anh IRAP c6 NolncorrectPicOutputFlag bang 1 s& c6
PicOrderCntVal bang tile_group pic_order cnt lsb do dbi v6i cac anh IRAP ¢6
“NolncorrectPicOutputFlag bang 1 PicOrderCntMsb dugc gan bang 0.

Luu y 1 — Tat cd cdc.dnh GDR ¢6 NolncorrectPicOutputFlag bang 1 sé c6
PicOrderCntVal bang tile_group_pic_order cnt Isb do déi véi cde anh GDR ¢6
No[néorrectPicOutpurF lag bang 1 PicOrderCntMsb duwoc gan béng 0.

Gi4 tri cia PicOrderCntVal s& ndm tron trong khoang tir —2°! dén 23! — 1.

Khi anh hién tai la anh GDR, gid tri cua LastGDRPocVal duoc gdn b&ng
bang PicOrderCntVal.

Qud trinh gidi ma déi véi vi tri bién c6 anh dvoc lam mdi duoc de cdp.

Qud trinh nay duoc goi chi khi gdr_enabled_flag bang 1.

Qud trinh nay dwoc goi sau khi hoan thanh phdn tdch tiéu dé nhém phién.

Pau ra cha qud trinh nay la  PicRefreshedLeftBoundaryPos,
PicRefreshedRightBoundaryPos, PicRefreshedTopBoundaryPos, va
PicRefreshedBotBoundaryPos, vi tri dwong bién ciia ving dwoc lam mdi cua anh
hién tai.

Méi anh duoc tao ma duoc lién két véi tdp hop cdc bién cia cdc vi tri duwong
bién vimg dwoc lam mdi, duwoc ky hiéu la PicOrderCntVal.

PicRefreshedLeftBoundaryPos, PicRefreshedRightBoundaryPos,
PicRefreshedTopBoundaryPos, va PicRefreshedBotBoundaryPos duoc dén xudt
nhw sau:

Néu nhém 6 vuong la nhém é vuéngdwoc nhdn thir nhét cia dnh hién tai cé
refreshed_region_flag bang 1, diéu kién sau dp dung:

PicRefreshedLeftBoundaryPos = TGRefreshedLeftBoundary

- PicRefreshedRightBoundaryPos = T GRefreshedRightBoundary
. PicRefreshedTopBoundaryPos = TGRefreshedTopBoundary
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PicRefreshedBotBoundaryPos = TileGroupBotBoundary

Else if refreshed region flag bang 1, the followings apply:
PicRefreshedLeftBoundaryPos = TGRefreshedLeftBoundary <
PicRefreshedLeftBoundaryPos ?

TGRefreshedLeftBoundary : PicRefreshedLeftBoundaryPos
PicRefreshedRightBoundaryPos = TGRefreshedRightBoundary >
PicRefreshedRightBoundaryPos ?

TGRefreshedRightBoundary : PicRefreshedRightBoundaryPos
PicRefreshedTopBoundaryPos = T GReﬁeshedTopBoundary <
PicRefreshedTopBoundaryPos ?

TGRefreshedTopBoundary : RefreshedRegionTopBoundaryPos
PicRefieshedBotBoundaryPos = TileGroupBotBoundary >
PicRefreshedBotBoundaryPos ?

TileGroupBotBoundary : PicRefreshedBotBoundaryPos

Qua trinh giai ma dé tao cac danh sach anh tham chiéu dugc dé cap.

Tuong thich dong bit yéu cAu rang cho mdi anh hién tai ma khong phai 12 &nh

IRAP ¢6 NolncorrectPicOutputFlag bang 1 hoic dnh GDR ¢d

NolncorrectPicOutputFlag  bang 1, gid tri cia maxPicOrderCnt —
minPicOrderCnt phai nhé hon MaxPicOrderCntLsb/2.

Qué trinh giai ma d& danh d4u anh tham chiéu

Néu anh hién tai 12 &nh IRAP ¢6 NolncorrectPicOutputFlag bang 1 hodc dnh

GDR c6 NolncorrectPicOutputFlag bang 1, tat c cic anh tham chiéu hién tai

trong DPB (néu c6) dugc danh d4u 12 “khong duoc st dung dé tham chiéu.”

Qua trinh din xut cho du bo vecto chuyén dong d6 sang thoi gian dugc dé

cap.

Bién currCb x4c dinh CB d0 sang hién tai & vi tri d0 sang (xCb, yCb).
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Céc bién mvLXCol va availableFlagl. XCol dugc dén xuit nhu sau:

— Néu tile_group temporal mvp_enabled flag bing 0, c4 hai thanh phan

ctia mvLXCol dugc gan bing 0 va availableFlagLXCol dugc gén bang 0.

— Nguoc lai (tile_group temporal mvp enabled_flag bang 1), cac bude co

thir tu sau &p dung:

1. MV cing vi tri bén phai phia duéi duoc dan xuét nhu sau:

xColBr =xCb + cbWidth (8-414)
yColBr = yCb + cbHeight (8-415)
leftBoundaryPos = gdr_enabled flag ?
PicRefreshedLeftBoundaryPos  cia  4nh  dugc
RefPicList[X][refldxLX] : |
0 (8-415)
topBoundaryPos = gdr enabled flag ?
PicRefreshedTopBoundaryPos cia  anh  dugc
RefPicList[X][refldxLX] :
0 (8-415)
rightBoundaryPos = gdr_enabled_flag ?
PicRefreshedRightBoundaryPos  cia  anh  duoc
RefPicList[X][refldxLX] :
pic_width_in luma samples (8-415)
botBoundaryPos = gdr enabled flag ?
PicRefreshedBotBoundaryPos  cla  anh dugc
RefPicList[X][refldxLX] :
pic_height in luma samples : (8-415)

gol

goi

goi

goi

bing

bing

bing

bing

— NéuyCb >> CtbLog2SizeY bing yColBr >> CtbLog2SizeY, yColBr

nim tron trong khoang tir topBoundaryPos dén botBoundaryPos, va xColBr nim

tron trong khoang tir leftBoundaryPos dén rightBoundaryPos, diéu kién sau ap

dung:

— Bién colCb x4c dinh CB dd sang bao phu vi tri duge chinh stra thu duge

bang ((xColBr >> 3) << 3, (yColBr >> 3) << 3) bén trong anh cung vi tri

dugc x4c dinh béi ColPic.
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— Vi tri d6 sang (xColCb, yColCb) dugc gan bang mAu trén bén tréi cia CB
dd sang cung vi tri dugc xac dinh bdi colCb so véi mau do sang trén bén tréi cia
anh cung vi tri dugc xac dinh béi ColPic.

— Qué trinh din xuét cho c4c vecto chuyén dong ciing vi tri nhu duge xac
dinh trong ménh dé 8.5.2.12 dugc goi véi currCh, colCb, (xColCb, yColCb),
refldx.X va sbFlag duoc gan bang 0 dudi dang céc dAu vao, va dau ra duoc gan
bing mvLXCol va availableFlagl. XCol.

— Nguoc lai, ca hai thanh phdn cta mvLXCol dugc gin bang 0 va
availableFlagl. XCol dugc gan bang 0. |

2. ..

Qua trinh ndi suy song tuyén tinh mau do sang dugc dé cap.

Cé4c dau vao cho qua trinh nay la:

— vi tri 6 sang theo cac don vi mau hoan chinh (xIntr, ylnty),

— vi trf 46 sang theo cac don vi miu phan sb (xFracy, yFracy),

— méng mau tham chiéu do sang refPicLX.

— cdc duwong bién vimg dwoc lam moi cua dnh tham chiéu
PicRefreshedLeftBoundaryPos, PicRefreshedTopBoundaryPos,
PicRefreshedRightBoundaryPos, va PicReﬁeshedBétBoundaryPos.

Céc vi trf d0 sang theo cac don vi mau hoan chinh (xInt;, yInt;) dugc dan xuét
nhu sau v6i1=0..1:
— néu gdr_enabled flag bang 1, diéu kién sau dp dung:
xInt; = Clip3(PicRefreshedLeftBoundaryPos,
PicRefreshedRightBoundaryPos, xIntL + i) (8-458)
yInt; = Clip3(PicRefreshedTopBoundaryPos, PicRefreshedBotBoundaryPos,
yinty + i) (8-458)
— Nguoc lai (gdr_enabled flag bing 0), diéu kién sau 4p dung:
xInt; = sps_ref wraparound enabled flag ?
ClipH((sps_ref wraparound offset minusl + 1) * MinCbSizeY, picW,
(xIntL +1)) : (8-459)
Clip3(0, picW — 1, xInty + 1)
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yInti = Clip3(0, picH — 1, yInt + i) (8-460)

Qué trinh loc ndi suy 8 bac miu do sang duoc dé cap.

Céc dau vao cho qué trinh nay 1a:

— vi tri d6 sang theo cac don vi mau hoan chinh (xIntr, yIntr),

— vi trf d6 sang theo cac don vi miu phan s6 (xFracy, yFracr),

— mang mau tham chiéu d6 sang refPicL. Xy,

— danh sach padVal[dir] véi dir = 0,1 x4c dinh huéng va lugng dém mau
tham chiéu.

— cdc duong bién ving duwgc lam mdi cua dnh tham chiéu
PicRefreshedLeftBoundaryPos, PicRefreshedTopBoundaryPos,
PicRefreshedRightBoundaryPos, va PicRefreshedBotBoundaryPos.

Céc vi tri d0 sang theo cac don vi mau hoan chinh (xInt;, yInt;) duoc dan xuét
nhu sau v6ii=0..7:
— Néu gdr enabled flag bang 1, diéu kién sau dp dung:
xInt; = Clip3(PicRefreshedLeftBoundaryPos,
PicRefreshedRightBoundaryPos, xInt, + i — 3) (8-830)
yInt; = Clip3(PicRefreshedTopBoundaryPos, PicRefreshedBotBoundaryPos,
yinty +i— 3)(8-830) '
— Nguoc lai (gdr_enabled flag bang 0), diéu kién sau 4p dung:
xInt; = sps_ref wraparound enabled_{flag ? 7
ClipH((sps_ref wraparound offset minusl + 1) * MinCbSizeY, picW,
xIntp +1—3): (8-831) /
Clip3(0, picW — 1, xInt. +1—3)
yInt; = Clip3(0, picH — 1, yIntp +1— 3) (8-832)
Qua trinh ndi suy mau sic do duge dé cap.
Céc dau vao cho qu4 trinh nay 1a:
—  vi tri sic d0 theo cac don vi mau hoan chinh (xIntc, yIntc),
—  vi trf séc d0 theo cac don vi 1/32 mau phan sb (xFracc, yFracc),

— tmang mau tham chiéu sac d¢ refPicL.Xc.
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— cdc duong bién vimg duwgc lam mdi cua dnh tham chiéu
PicRefreshedLeftBoundaryPos, PicRefreshedTopBoundaryPos,
PicRefreshedRightBoundaryPos, va PicRefreshedBotBoundaryPos.

Bién xOffset dugc gan bang (sps_ref wraparound offset minusl + 1) *
MinCbSizeY)/SubWidthC.
Céc-vi tri sic d9 theo cac don vi mAu hoan chinh (xInt;, yInt;) duge dan xuét
nhu sau v6i1=0..3:
—  Néu gdr enabled flag bang 1, diéu kién sau ép dung:
xInt; = Clip3(PicRefreshedLeftBoundaryPos/SubWidthC,
PicRefreshedRightBoundaryPos/SubWidthC, xInt + i) (8-844)
yInti = Clip3(PicRefreshedTopBoundaryPos/SubHeightC,
PicRefreshedBotBoundaryPos/SubHeightC, yInt, + 1) (8-844)
— Nguoc lai (gdr_enabled flag bing 0), didu kién sau 4p dung:
xInti = sps_ref wraparound enabled flag ? ClipH(xOffset, picW¢, xIntc + 1
—1): (8-845)
Clip3(0, picWc — 1, xIntc +1— 1)
yInt; = Clip3(0, picHc — 1, yIntc +1— 1) (8-846)
Qua trinh loc tach khéi duge dé cap.
Qua trinh tong quat.

Qué trinh DBF duoc ap dung cho tit ca cic mép khéi phu ma va cac mép
khi bién ddi cua anh, ngoai trir cac loai mép sau:

— Céc mép ndm & dudng bién cia anh,

— Cdc duwong mép trung voi duong bién trén cua nhom 6 vuong tgA khi tat
cd cde diéu kién sau dwoc théa man.:

— gdr _enabled flag bang 1

— loop _filter_across_refreshed _region_enabled_flag bang 0

— cdc duong mép trung vdi duong bién dudi ciia nhom 6 vuong tgB va gid
tri ca refreshed_region_flag ciia t1gB khdc véi gid tri clia refreshed region_flag
cua tgA
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— Cdc dwong mép trung vdi duong bién trdi ciia nhdm 6 vuong 1gA khi tat
cd cdc diéu kién sau dwoc théa man:

— gdr_enabled flag bang 1

— loop filter_across refreshed_region_enabled_flag bang 0

—  cdc duong mép tring v&i duong bién phdi ciia nhém 6 vuong tgB va gid
ri ciia refreshed _region_flag cia tgB khdc vdi gid tri cua refreshed_region_flag
cua tgA

— Céc duong mép truing VG cac duong bién o6 khi
loop_filter across_tiles enabled flag bang 0,

— Céc duong mép trang véi cac dudng bién trén hodc trdi cia cac nhom 6
c6 tile group loop filter across tile groups enabled_flag bing 0 hoic
tile_group deblocking_filter disabled flag bang 1,

coO

(@)

— Céc duong mép trong Cac nhom
tile_group deblocking filter disabled flag bang 1,

—  Céc dudng mép khong twong ting véi céc dudng bién luéi mau 8x8 cua
thanh phan dugc xem xét

— Céc duong mép trong cac thanh phén sic d6 ma cé hai phia cia duong
mép str dung du bdo ngoai,

— Céc duong mép cua cac khéi bién ddi sic do khong phai 1a cac duong
mép ctia TU lién két.

— Céc duong mép giflra cac khéi bién ddi d6 sang cia CU ma c6 gid tri
IntraSubPartitionsSplit khéng bing ISP NO_SPLIT.

Qué trinh DBF cho mot huéng dugc dé cép.

Déi v6i mdi CU c6 chidu rong CB 1og2CbW, chidu cao CB log2CbH va vi
trf ctia mAu trén bén trai ciia CB (xCb, yCb), khi edgeType bing EDGE_VER va
xCb % 8 bing 0 hoic khi edgeType biang EDGE _HOR va yCb % 8 bang 0, cac
duong mép duge loc bang cac bude c6 thir ty sau:

1. Chiéu rong CB nCbW dugc gan bang 1 << log2CbW va chiéu cao CB
nCbH duoc gan bang 1 << log2CbH

2. Bién filterEdgeFlag dugc dan xuit nhu sau:
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— Néu edgeType bing EDGE_VER vi mot hogc nhiéu diéu kién sau 1a
dung, filterEdgeFlag dugc gan bang 0:

— Dudng bién trai ciia khdi ma hién tai la dudng bién trai cua anh.

— Puong bién trai ciia khbi ma hién tai 12 dudng bién trai ciia 6 vudng va
loop_filter_across_tiles enabled_flag bang 0.

— Duong biénytréi ctia khdi ma hién tai 1a duong bién tri cia nhém 6 vudng
vatile group loop_ filter across tile- groups_enabled flag bang 0.

—  Puong bién trdi ciia khoi ma hién tai la dwong bién trdi cuia nhém 6 vuong
hién tai va tét cd cde diéu kién sau dwoe théa man:

— gdr _enabled flag bang 1

— loop_filter_across_refreshed region_enabled_flag bang 0.

— nhém 6 vubng da chia sé duong bién véi duwong bién trdi cua nhom 6
vuéng hién tai hién cd va gid tri cua its refreshed_region_flag khdc vdi gid tri
cua refreshed_region_flag cua nhom 6 vuong hién tai.

— Nguoe lai néu edgeType bing EDGE_HOR va mdt hodc nhiéu diéu kién
sau 12 dung, bién filterEdgeFlag dugc gén bang 0:

— Dudng bién trén ctia CB do sang hién tai 1a duong bién trén cua anh.

— Dudng bién trén ctia khdi ma hién tai 1a dudng bién trén ctia 6 vudng va
loop_filter across_tiles_enabled_{flag bang 0.

— Duong bién trén cua khdi ma hién tai 1a dudong bién trén cta nhéom 6
vudng va tile_group loop filter across_tile groups_enabled flag bang 0.

— Duong bién trén cua khéi ma hién tai la dwong bién trén cua nhém 6
vuéng hién tai va tét e cdc diéu kién sau duwoc théa man:

— gdr enabled flag bang

— loop filter _across_refreshed_region_enabled_flag bang 0.

— nhém 6 vuéng da chia sé duong bién véi duong bién trén cua nhom o6
vuéng hién tai hién cé va gid tri ciia its refreshed_region_flag khdc voi gid tri
cua refreshed_region_flag cia nhom 6 vuoéng hién tai.

— Nguoc lai, filterEdgeFlag dugc gan bang 1.

Thich ng cu phap khi cac 6 duge tich hop.

3. Tét ca cac phan tir ciia mang (nCbW)x(nCbH) hai chiéu edgeFlags dugc
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khoi tao bang 0.
Qué trinh chinh stta CTB cho SAO dugc dé cap.

Déi véi tht ca cac vi tri mau (xS, ¥S;) va (xYs, YYj) ¢6 i = 0..nCtbSw — 1 va
j = 0..nCtbSh — 1, tuy thudc vao céc gid tri cia pcm_loop_filter_disabled_flag,
pem_flag[xYi][yY;] va cu_transqﬁant_bypass flag cua CU bao gbm CB bao pht
recPicture[xSi][ySj], diu kién sau 4p dung:

Thay déi cdc phan dwoc in ddm tiy thudc vao bude divong lwong tir héa/bién
doi quyét dinh sau nay.

— Nguoc lai, néu SaoTypeldx[cldx][rx][ry] bang 2, cc bude cé thit tr sau
ap dung:

1. Céc gia tri hPos[k] va vPos[k] v6i k = 0..1 dugc xé4c dinh trong Béang 8-
18 dua trén SaoEoClass[cldx][rx][ry].

2. Bién edgeldx duoc din xuat nhu sau:

— Céc vi tri mau (xSi, ySjx) va (xYik, yYi) dugc chinh stra duge dan xuét
nhu sau:

(xSik, ySix) = (xS; + hPos[k], ysj + vPos[k]) (8-1128)

(xYik, YYix) = (cIldx == 0) ? (xSi, ySi) : (xS * SubWidthC, ySj *
SubHeightC) (8-1129)

— Néu mdt hodc nhidu didu kién sau voi tat ca cac vi tri mau (xSi, ySik) va
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— MAu & vi trf (xSik, ySj) ndm ngoai cac dudng bién anh.

— gdr_enabled flag bang 0 1,
loop_filter _across_refreshed_region_enabled_flag bang 0,
refreshed_region flag cua nhém 6 vudng hién tai bang 1, va
refreshed_region_flag cuia nhom 6 vuéng chita mau & vi tri (xSw, ySix) bang 0.

— Mau & vi tri (xSi, ySjk’) thudc nhom 6 vudng khac nhau va mot trong hai
diéu kién sau 1a dung:

— MinTbAddrZs[xYix >> MinTbLog2SizeY][yYik >>
MinTbLog2SizeY] nhé hon MinTbAddrZs[xY; >> MinTbLog2SizeY][yY; >>

53

53/75



46013

MinTbLog2SizeY] va tile_group loop_filter across_tile_groups_enabled flag
trong nhém 6 vuéng ma mau recPicture[xSi][yS;j] thudc bing 0.

— MinTbAddrZs[xY; >> MinTbLog2SizeY][yY; >> MinTbLog2SizeY]
nhé hon MinTbAddrZs[xYik >> MinTbLog2SizeY][y Y >>
MinTbLog2SizeY] va tile_group loop_filter across_tile_groups_enabled flag
trong nhém 6 vuéng ma mau recPicture[xSix] [ijk'] thudc bang 0. “

— loop_filter across_tiles_enabled flag bing 0 va miu & vi tri- (xSi, ySjk)
thudc 6 khac.

Chinh stra céc phén duoc in ddm khi cac 6 ma khong c6 cdc nhém & duge
bao gém

— Nguoc lai, edgeldx dugc din xuét nhu sau:

— Pidu kién sau ap dung:

edgeldx = 2 + Sign(recPicture[xSi][yS;] — recPicture[xS; + hPos[0]][yS; +
vPos[0]]) +

Sign(recPicture[xSi][yS;] — recPicture[xS; + hPos[1]][yS; + vPos[1]])(8-
1130)

— . Khi edgeldx bé'mg 0, 1, hodc 2, edgeldx dugc chinh stra nhu sau:

edgeldx = (edgeldx == 2)?0: (edgeldx+1)  (8-1131)

3. Mang miu anh dugc chinh stra saoPicture[xSi][yS;] dugc dan xuét nhu
sau:

saoPicture[xSi][ySi] = Clip3(0, (1 << bitDepth) — 1, recPicture[xSi][yS;] +

SaoOffsetVal[cIdx][rx][ry][edgeldx])  (8-1132)

Qua trinh loc CTB cho cac mau d9 séang cho ALF dugc dé cap.

D& dan xuét cac mau do sang dugc tai tao dugc loc alfPictureL[x][y], mdi
mau d0 sang duoc tai tao bén trong CTB d¢ sang hién tai recPictureL[x][y] dugc
loc nhu sau vé6i x, y = 0..CtbSizeY — 1:

— Céc vi tri (hy, Vy) cho mdi miu ciia cac mau do sang tuong tmg (X, y) bén
trong mang cu thé recPicture clia cac mau do sang dugc dan xuét nhur sau:

— Néu gdr_enabled flag bang 1,
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loop filter_across_refreshed region_enabled_flag bing 0,
refreshed_region flag cua nhom 6 vudng tg4 chira méu dé sdng 6 vi tri (x, y)
bang 1, diéu kién sau ép dung:

— Néu vi tri (h, v,) duoc ddt trong nhém 6 vudng t1gB khdc va
refreshed_region_flag cua tgB bang 0, cdc bién lefiBoundary, rightBoundary,
topBoundary, va  botBoundary  dwoc  gdn lan ot bang
TGRefreshedLeftBoundary, TGRefreshedRightBoundary,
TGRefreshedTopBoundary, va TGRefreshedBotBoundary.

- Nguoc lai, cdc bién leftBoundary, rightBoundary, topBoundary, va
botBoundary dwoc gdn lan luot bang PicRefreshedLeftBoundaryPos,
PicRefreshedRightBoundaryPos, PicRefreshedTopBoundaryPos, va
PicRefreshedBotBoundaryPos.

hy = Clip3(leftBoundary, rightBoundary, xCtb + x) (8-1140)

vy = Clip3(topBoundary, botBoundary, yCtb +y)  (8-1141)

— Ngugc lai, diéu kién sau ap dung:

hx = Clip3(0, pic_width_in luma samples — 1, xCtb +x) (8-1140)

vy = Clip3(0, pic_height in luma samples — 1, yCtb +y) (8-1141)

Qua trinh dan xuit ddi vé6i chi 36 loc va chuyén vi ALF cho céc miu do séng

dugc dé cap.

Céc vi tri (hy, vy) cho mdi mau cla cc mau do sang tuong tmg (X, y) bén
trong mang cu thé recPicture clia cac mau d6 sang duoc dan xuét nhu sau:

— Néu gdr_enabled flag bang 1,
loop_filter_across_refreshed_region_enabled flag bang 0,
refreshed_region_flag ctia nhom 6 vudng tg4 chita the mdu dé sdng & vi tri (x,
y) bang 1, diéu kién sau dp dung:

— Néu vi tri (hy, vy) duwoc dit trong nhém 6 vuéng tgB khdc va
refreshed_region_flag of tgB bang 0, cdc bién lefiBoundary, rightBoundary,
topBoundary, =~ va  botBoundary  duoc  gdn lan  lwot  bang

TGRefreshedLeftBoundary, TGRefreshedRightBoundary,
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TGRefreshedTopBoundary, va TGRefreshedBotBoundary.
— Nguwoc lagi, cdc bién leftBoundary, rightBoundary, topBoundary, va
botBoundary duwgc gdn lin lugt bing PicRefreshedLeftBoundaryPos,

PicRefreshedRightBoundaryPos, PicRefreshedTopBoundaryPos, va
PicRefreshedBotBoundaryPos.

hx = Clip3(lefiBoundary, rightBoundary, x) (8-1140)

vy = Clip3(topBoundary, botBoundary, y) (8-1141)

— Nguoc lai, diéu kién sau 4p dung:

hx = Clip3(0, pié_width_in_luma_samples - 1,x) (8-1145)

vy = Clip3(0, pic_height in luma_samples — 1, y) (8-1146)

Qua trinh loc CTB cho cic miu sic do dugc dé cap.

Dé din xuit cac mAu sic do dugc tai tao dugc loc alfPicture[x][y], mdi miu
sic do dugce tai tao bén trong CTB sic d6 hién tai recPicture[x][y] dugc loc nhu
sau voi x, y = 0..ctbSizeC — 1:

~ — Cécvi tri (hy, Vy) cho mdi mau trong cac mau sdc d6 tuong ung (X, y) bén
trong mang cy thé recPicture clia cc mau sic d6 duge din xuét nhu sau:

— Néu gdr_enabled flag bing 1,
loop_filter _across_refreshed_region_enabled_flag bang 0,
refreshed_region flag ciia nhom 6 vuong 1gA chita mdu do séng ¢ vi tri (x, y)
bang 1, diéu kién sau dp dung:

— Néu vi trf (hy W) dwgc ddt trong nhom 6 vudng tgB khdac va
refreshed _region_flag cua tgB bang 0, cdc bién lefiBoundary, rightBoundary,
topBoundary, =~ va  botBoundary  dwoc  gdn lan  lwot  bang
TGRefreshedLeftBoundary, TGRefreshedRightBoundary,
TGRefreshedTopBoundary, va TGRefreshedBotBoundary.

— Nguwoc lagi, cdc bién leftBoundary, rightBoundary, topBoundary, va
botBoundary dugc gadn lan lwot bang PicRefreshedLeftBoundaryPos,
PicRefreshedRightBoundaryPos, PicRefreshedTopBoundaryPos, va
PicRefreshedBotBoundaryPos.

hx = Clip3(leftBoundary/SubWidthC , rightBoundary/SubWidthC , xCtbC +
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x) (8-1140)
vy = Clip3(topBoundary/SubWidthC , botBoundary/SubWidthC , yCibC + y)
(8-1141)

— Ngugc lai, didu kién sau &p dung:

hx = Clip3(0, pic_width_in luma_samples/SubWidthC — 1, xCtbC + x) (8-
1177)

vy = Clip3(0, pic_height in luma samples/SubHeightC — 1, yCtbC + y) (8-
1178)

Fig.7 minh hoa dong bit video 750 duogc tao céu hinh d& thyc hién k§ thuat
GDR 700 theo phuong an thyc hién sdng ché. K§ thuat GDR 700 c6 thé gidng
nhu k¥ thuit GDR 500 trén Fig.5. Nhu dugc st dung & day, video dong bit 750
c6 thé cling dugc goi 1 dong bit video dugc ma hoa, dong bit, hodc cac bién thé
ctia n6. Nhu duoc thé hién trén Fig.7, dong bit 750 bao gdm SPS 752, PPS 754,
tiéu dé 14t 756, va dit liéu anh 758.

SPS 752 chira dit liéu chung cho tit ca cac anh trong SOP. Ngugc lai, PPS
754 chira dit lidu chung cho toan bd anh. Tiéu d& 14t 756 chira thong tin vé 1at
hién tai chéng han, chéng han, loai l4t, anh nao trong céc anh tham chiéu s& dugc
str dung, va v.v.. SPS 752 va PPS 754 ¢6 thé duoc goi chung 14 tip hop tham sd.
SPS 752, PPS 754, va tiéu d& 14t 756 1a cac loai don vi NAL. Don vi NAL 14 cu

triic ¢t phap chira chi bao loai dir liéu tiép theo (ching han, dit liéu video dugc
tao ma). Cac don vi NAL dugc phén loai thanh cac don vi NAL VCL va phi
VCL. Céac don vi VCL NAL chra dit liéu von 14 céc gia tri cla céc mau trong
céc anh video, va cac don vi phi VCL NAL chtra thong tin b sung lién két bit
ky, ching han, céc tp hop tham s6 (dir liéu tiéu dé quan trong c6 thé ap dung
cho s6 luong 16n don vi VCL NAL) va SEI (thong tin thdi gian va dit lidu bd
sung khéc ma cd thé ting cudng kha ning st dung cua tin hiéu video dugc giai
ma ma khong cin dé giai ma cac gid tri cua cac mau trong c4c anh video). Ngudi
¢6 hiéu biét trung binh trong linh vuc s& hiéu ring dong bit 750 ¢6 thé chira cac
tham sb khéc va thong tin trong céc tmg dung thuc.

Dt liéu anh 758 trén Fig.7 bao gdm dit liu duoc lién két v6i cac anh hoge

video dugc ma hoa hodc duge giai ma. D liéu dnh 758 ¢o thé dugc goi don gian
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14 tai tin hodc dir liéu dugc mang trong dong bit 750. Theo phuong &n thuc hién,
dit lieu anh 758 bao gdm CVS 708 chira anh GDR 702, mét hodc nhidu c4c anh
tiép sau 704, va anh diém khdi phuc 706. Theo phuong 4n thyc hién, &nh GDR
702, cac anh tiép sau 704, va anh didm khoi phuc 706 c6 thé dinh nghia chu ky
GDR trong CVS 708.

Nhu duoc thé hién trén Fig.7, k§ thuat GDR 700 hoic nguyén ly hoat dong
trén chudi anh bét diu véi 4anh GDR 702 va két thic véi anh diém khoi phuc 706.
Anh GDR 702 chtra ving dugc lam méi/sach 710 chtra céc khéi déu dugec ma
héa st dung du bao trong (tire 13, cac khéi duge du béo trong) ving ban/khong
duoc lam méi 712 chira céc khéi déu da dugc ma hoa st dung du bio ngoai (tire
13, cac khdi duge du bao ngoai).

Anh tiép sau 704 dting ngay gan anh GDR 702 chira ving dugc lam méi/sach
710 ¢6 phén thir nhit 710A duge tao ma nho sit dung du bdo trong va phén tha
hai 710B duoc tao ma nho st dung du bdo ngoai. Phan tht hai 710B dugc tao
ma nhd tao tham chiéu ving dugc lam méi/sach 710 cua, ching han, anh ding
trude trong chu ky GDR cua CVS 708. Nhu dugc thé hién, vung dugc lam
md&i/sach 710 cia cac anh tiép sau 704 mé rong khi qué trinh tao ma di chuyén
hoic tién trién theo huéng nhit quan (ching han, tir trdi sang phai), mot cach
tuong Ung co lai vung ban/khoéng duge lam méi 712. Dén dén, anh diém khoi
phuc 706, chi chira ving dugc 1am mdi/sach 710, thu dugc tir qua trinh tao ma.
Phén thtr hai 710B ctia ving dugc 1am méi/sach 710, ma duge ma hoa dudi dang
- cac khéi duge du bdo ngoai, ¢6 thé chi tham chiéu dén viung dugc lam méi/viung
sach 710 trong 4nh tham chiéu. ,

Nhu dugc thé hién trén Fig.7, mdi 4nh trong anh GDR 702, c4c anh tiép sau
704, va anh diém khéi phuc 706 trong CVS 708 dugc chira trong don vi NAL
VCL 730 cta n6. Céc tdp hop don vi VCL NAL 730 trong CVS 708 ¢6 thé dugc
goi 12 khéi truy nhap.

Don vi NAL 730 chira anh GDR 702 trong CVS 708 c6 GDR_NUT. Tuc 13,
theo phuong an thuc hién, don vi NAL 730 chtra 4&nh GDR 702 trong CVS 708
c6 loai don vi NAL duy nhét so v6i cac anh tiép sau 704 va anh diém khoi phuc
706. Theo phuong 4n thuc hién, GDR_NUT cho phép dong bit bat ddu véi anh
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GDR 702 thay cho dong bit ¢6 bit dau véi anh IRAP. Viéc chi dinh don VCL
NAL 730 cia anh GDR 702 lam GDR_NUT c6 thé chi béo cho, ching han, bo
giai ma ring don vi VCL NAL 730 ban dau trong CVS 708 chira anh GDR 702.

Theo phuong an thuc hién, &nh GDR 702 1a anh ban dau trong CVS 708.
Theo phuong an thyuc hién, &nh GDR 702 1a anh ban dau trong chu ky GDR.
Theo phuong an thuc hién, anh GDR 702 c6 ID thoi gian bang 0. ID thoi gian 12
gié tri hodc ) nhan dién vi tri hodc th tu clia anh so vdi cac anh khéc. Theo
phuong &n thuc hién, khéi truy nhép chira don VCL NAL 730 ¢6 GDR_NUT
duge chon 13 khéi truy nhap GDR. Theo phuong 4n thyc hién, 4nh GDR 702 12
14t duge ma hoa cua anh GDR khéac (chéng han, 16n hon). Ttc 14, anh GDR 702
c6 thé 12 phan cia anh GDR 16n hon.

Theo phuong an thuc hién, Fig.8 1a phuong phap 800 giai ma dong bit video
dugc ma hoa duge tridn khai bing bd giai ma video (chang han, bd gidi ma video
30). Phuong phép 800 co thé dwogc thuc hién sau khi dong bit dugc gidi ma da
duge nhan gian tiép hodc truc tiép tir b ma hoa video (ching han, by ma héa
video 20). Phuong phéap 800 cai thién qua trinh gidi ma do phuong phéap cho
phép lam méi ndi anh timg bude dé c6 thé truy nhap ngiu nhién ma khong phai
stt dung anh IRAP. Bing céch st dung dnh GDR thay cho anh IRAP, toc d¢ bit
muot hon, nhét quan hon cé thé dat duoc do, chéng han, kich thudc cta anh
GDR so véi kich thuéce cia anh IRAP, cho phép do tré giam tir dau nay dén dau
kia (tuc 1a, do tré). Do vay, trén thuc té, hiéu nang cia codec dugc cai thién, lam
lam cho trai nghiém ngudi dung tét hon. -

Trong khéi 802, bo giai ma video x4c dinh ré‘mg CVS ctia dong bit video dugc
ma héa bao gdm don vi VCL NAL ¢6 GDR_NUT, don VCL NAL ¢6 GDR_NUT
chua 4nh GDR.

Theo phurong an thyc hién, anh GDR 1a énh ban dau trong CVS. Theo phurong
4n thuc hién, anh GDR 12 anh ban déu trong chu ky GDR. Theo phuong an thuc
hién, &nh GDR ¢6 ID thoi gian bang 0. ID thoi gian 0 c6 thé chi bio ring anh
GDR la anh thtr nhét trong, ching han, CVS hoic chu ky GDR. Theo phuong 4n
thyc hién, khéi truy nhap chira don VCL NAL c¢6 GDR_NUT duoc chon 1a khoi
truy nhap GDR. Theo phuong én thyc hién, anh GDR 1a 14t dugc ma héa cua anh
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GDR khéc.

Trong khéi 804, bo giai ma video khéi tao giai ma CVS & anh GDR.

Trong khéi 806, bo gidi ma video tao anh theo CVS nhu dugc giai ma. Sau
d6, 4nh c6 thé duge hién thi cho ngudi dung cia thiét bi dién tir (ching han, dién
thoai thong minh, tablet, may tinh xach tay, mdy tinh c4 nhén, v.v.).

Theo phuong an thuc hién, Fig.9 14 phuong phép 900 ma héa dong bit video
dugc trién khai bang bd ma hoa video (ching han, bd ma hoa video 20). Phuong
phép 900 co thé dugc thuc hién khi anh (chéng han, tir video) can dugc ma hoa
thanh dong bit video va sau d6 dugc truyén vé phia b gidi ma video (ching han,
bd giai ma video 30). Phuong phép 900 cai thién qua trinh ma héa do phuong
phép cho phép 1am méi ndi anh timg budc @& co thé truy nhap ngiu nhién ma
khong phai st dung &nh IRAP. Bing cach sir dung anh GDR thay cho anh IRAP,
tdc dd bit muot hon, nhét quan hon co thé dat dugc do, chéng han, kich thudc
ctia 4nh GDR so véi kich thudc ciia anh IRAP, cho phép do tré giam tur dau nay
dén dau kia (ttc 13, 46 tré). Do vay, trén thuc té, hidu nang cua codec dugc cai
thién, 1am cho trai nghiém ngudi ding tét hon.

Trong khéi 902, bo ma hoa video xac dinh diém truy nhap ngau nhién cho
chudi video. Trong khdi 904, bd mi héa video ma hoa anh GDR thanh don vi
VCL NAL ¢6 GDR_NUT ¢ diém truy nhap ngau nhién cho chudi video.

Theo phuong an thuc hién, anh GDR 14 anh ban dau trong CVS. Theo phuong
4n thyuc hién, &nh GDR 12 4nh ban déu trong chu ky GDR. Theo phwong 4n thuc
hién, &nh GDR c6 ID thoi gian bang 0. ID thoi gian 0 ¢6 thé chi bdo ring anh
GDR 12 anh thtr nhit trong, ching han, CV'S hozc chu ky GDR. Theo phuong 4n
thue hién, khéi truy nhap chira don VCL NAL ¢6 GDR_NUT dugc chon 12 khéi
truy nhip GDR. Theo phuong an thyc hién, anh GDR 1a 14t dugc ma héa ctia anh
GDR khéc.

Trong khéi 906, bd ma hoa video tao dong bit chira chudi video c6 anh GDR
trong don VCL NAL ¢6 GDR_NUT ¢ diém truy nhap ngau nhién.

Trong khdi 908, dong bit dugc luu trit ¢ truyén vé phia bd gidi ma video.
Dong bit video c6 thé ciing duge goi 1a dong bit video dugc mé hoa hodc dong

bit video dugc ma hoa. Bd ma hoa video c¢6 thé truyén dong bit vé phia bd giai
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ma video. Khi dugc nhén béng b0 giai ma video, video dugc ma hda dong bit co
thé duogc giai ma (ching han, nhw dugc mo ta trén day) dé tao anh dé hién thi dén
nguoi dung trén man hinh cta thiét bi dién tir (chang han, dién thoai thong minh,
mady tinh bang, may tinh xach tay, mdy tinh c4 nhan, v.v.).

Fig.10 12 so dd ciia thiét bi tao ma video 1000 (ching han, by ma héa video
20 hoaé b6 giai ma video 30) theo phuong 4n thuc hién sang ché. Thiét bi tao ma
video 1000 thich hop dé thuc hién céc phuong 4n thuc hién duogc boc 16 nhu
dugc md ta & ddy. Thiét bi tao ma video 1000 bao gdm céc céng vao 1010 va cac
bd nhan (Rx) 1020 dé nhan dir liéu; bd xir Iy, don vi 1ogic, hoic CPU 1030 dé
xtr ly dit lidu; céc bo truyén (Tx) 1040 va cac cong ra 1050 d truyén dit licu; va
bd nhé 1060 dé luu trix dit lidu. Thiét bi tao ma video 1000 c6 thé ciing bao gom
cac thanh phin quang sang dién (optical-to-electrical, OE) va céac thanh phan
dién sang quang (electrical-to-optical, EO) dugc ghép nbi véi cac cong vao 1010,
cdc b nhan 1020, céc bd truyén 1040, va cic cdng ra 1050 dé xudt hoic nhap
tin hiéu quang hodc dién.

B0 xtt ly 1030 duoc trién khai bang phan cting va phan mém. B xir Iy 1030
c6 thé dugc trién khai duéi dang mot hodc nhiéu chip CPU, Iai (chéng han, duéi
dang b xt 1y nhidu 16i), FPGA, ASIC, va DSP. Bo xir Iy 1030 truyén thong v6i
cac cbng vao 1010, cac bd nhan 1020, cac bd truyén 1040, cic cong ra 1050, va
bo nhd 1060. Bo xir Iy 1030 bao gdm modun ma héa 1070. Mddun ma héa 1070
trién khai cac phuong 4n thuc hién dugc boc 16 néu trén. Chéng han, mddun ma
héa 1070 trién khai, xir ly, chuén bi, hodc tién hanh céc chirc nang codec khac
nhau. Do vay, viéc dua vao modun ma héa 1070 céi thién dang ké véi chire nang
clia thiét bi tao ma video 1000 va bién ddi thiét bi tao ma video 1000 sang trang
thai khéc. Theo cach khac, médun ma héa 1070 dugc trién khai duéi dang céc
1énh duoc luu trir trong bd nhd 1060 va dugce thuc thi bang bo xir Iy 1030.

Thiét bi tao ma video 1000 c6 thé ciing bao gém cac bg phén nhap va/hoac
xuét (Input/Output, I/0) 1080 dé truyén thong dit liéu dén va tir ngudi ding. Céc
bd phén I/O 1080 co thé bao gdm céc bd phan d4u ra, ching han, bd phan hién
thi dé hién thi dit liéu video, loa dé xuét ra dit liéu audio, v.v.. Céc bd phan /O

1080 ¢6 thé cling bao gdm cac bd phan dAu vao, ching han ban phim, chudt, bi
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xoay, Vv.v., va/hodc céc giao dién tuong ung @8 twong tac v6i cac bd phan dau ra
nay.

Bo nhé 1060 bao gém mot hodc nhiéu dia, 6 bang, va b trang thai rin (solid-
state drive, SSD) va co thé duoc st dung nhu 1a bd phén luu trir dit li€u tran, dé

luu trit cac chuong trinh khi cdc chuong trinh nay dugce chon dé thuec thi, va luu
» trir cac 1énh va dir liéﬁ duoc doc trong khi thyc thi chuong trinh. B nhé 1060
c6 thé 1a kha bién va/hodc bét bién va c6 thé 12 bd nhé chi doc (read-only
memory, ROM), bd nhé truy nhép ngau nhién (random access memory, RAM),
bd nhé ¢6 ndi dung danh dia chi dugc (ternary content-addressable memory,
TCAM), va/hodc RAM tinh (static random-access memory, SRAM).

Theo phuong an thuc hién, Fig.11 1a so d6 cua phuong tién ma héa 1100.
Theo phuong an thyc hién, phuong tién ma héa 1100 dugc trién khai trong thiét
bi tao ma video 1102 (chéng han, bd ma hoa video 20 hoac bd giai ma video 30).
Thiét bi tao ma video 1102 bao gbm phuong tién nhan 1101. Phuong tién nhan
1101 duge tao cAu hinh d& nhan anh d& ma hoa hodc dé nhan dong bit ¢ giai ma.
Thiét bi tao ma video 1102 bao gdm phuong tién truyén 1107 duoc ghép ndi véi
phuong tién nhan 1101. Phuong tién truyén 1107 dugc tao ciu hinh dé truyén
dong bit dén bd giai ma hodc truyén anh duoc gidi ma dén phuong tién hién thi
(chdng han, mot trong cac bd phan I/O 1080).

Thiét bi tao ma video 1102 bao gdm phuong tién luu trit 1103. Phuong tién
luu trit 1103 duge ghép nbi vai it nhat mot trong phuong tién nhan 1101 hodc
phuong tién truyén 1107. Phuong tién luu trit 1103 dugc tao c4u hinh dé luu trit
céc 1énh. Thiét bi tao ma video 1102 ciing bao gdbm phuong tién xir Iy 1105.
Phuong tién xt Iy 1105 dugce ghép ndi véi phuong tién luu trit 1103. Phuong
tién xir Iy 1105 duoc tao cau hinh dé thuc thi cac 1énh duge luu trit trong phuong
tién luu trir 1103 dé thyc hién cac phuong phap duge boc 10 & day.

Ciing can hiéu rang cic budc ciia cdc phuong phap 14y 1am vi du duoc néu &
day khong nhét thiét duoc yéu cau thuc hién theo tht tu duge md ta, va thir tu
cta cac budce cia cac phuong phap nay nén dugce hiéu chi 14 vi du. Tuong tu, céc
bude bd sung c6 thé duoc bao gdm trong cac phuong phap ndy, va cac budce cu

thé c6 thé duge boé qua hodc két hop, & cc phuong phap nhit quan véi cac
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phuong an thuc hién khéc nhau cua sang ché.

Trong khi vai phuong an thuc hién da dugc néu theo séng ché, can hiéu ring
cac hé théng va cac phuong phép duge boc 1 c6 thé dugc trién khai & nhiéu
dang cu thé khac ma khong xa roi nguyén Iy cla sang ché. Céc vi dy hién tai
dugce xem 12 minh hoa va khong giéi han, va y dinh khong bi gidi han & céc chi
tiét dugc néu & day. Chang han, cic phn tr hodc cac thanh phan khac c6 thé
duge két hop hoic tich hop trong hé théng khac hoic cic dic diém cu thé c6 thé
bi b6 qua hodc khéng dugc trién khai.

Ngoai ra, cac k¥ thuat, cic hé théng, cac hé théng phy, va cac phuong phép
duoc mo ta va dugce minh hoa trén cac phuong an thuc hién khéc nhau duéi dang
rdi rac hodc riéng ré ¢ thé dugc két hop hoic tich hop véi cac hé théng, cac
mddun, cac k§ thuat, hodc cadc phuong phap khac ma khong xa roi pham vi cia
séng ché. Cac muc khac dugc thé hién hodc duoc dé cap nhu 1a dugc ghép ndi
hoic duge ghép ndi truc tiép hodc truyén théng véi nhau 6 thé duoc ghép nbi
gian tiép hodc truyén thong qua mot sé giao dién, thiét bi, hoic thanh phan trung
gian bit ké dang dién, co, hoic nguge lai. Cac vi du khac vé cac thay ddi, cac
thay thé, va cac chinh stra dugc chép nhén boi ngudi c6 kién thie trung binh
trong linh Vyfc va c6 thé duoc thuc hién ma khong xa roi pham vi va nguyén ly

duoc boc 16 ¢ day.

63

63/75



46013

YEU CAUBAO HO

1. Phuong phap dugc trién khai bang bd giai ma, trong d6 phuong phap bao gbm
cac budce:

nhan dong bit bao gdm chudi video dugc tao ma (coded video sequence,
CVS) bao gém don vi 16p triru twong mang (network abstraction layer, NAL)
cua 16p tao ma video (Vided coding layer, VCL); H

xéc dinh rang don vi VCL NAL c6 loai don vi 16p triru tugng mang (network
abstraction layer, NAL) lam mé&i giai ma dan din (gradual decoding refresh,
GDR) (GDR_NUT), trong d6 don vi truy nhép GDR tuong tmg véi don vi VCL
NAL la don vi truy nhap bat ddu CVS; va

giai ma anh GDR tuong tmg véi GDR_NUT.
2. Phuong phép theo diém 1, trong d6 anh GDR 1 anh thtr nhét trong CVS.
3. Phuong phéap theo diém 1, trong d6 anh GDR 14 anh ban dau trong chu ky
GDR.
4. Phuong phap theo diém 1, trong d6 anh GDR c6 bd nhén dang thoi gian
(identifier, ID) bang 0.
5. Phuong phéap theo diém 1, trong d6 GDR_NUT chi bo cho bd gidi ma rang
don vi VCL NAL c6 GDR_NUT chtra 14t ctia &nh GDR.
6. Phuong phap ma hoa dong bit video dugc trién khai bang bo ma héa video,
trong d6 phuong phép bao g0m céc bude:

xé4c dinh diém truy nhép ngau nhién cho chudi video;

ma héa anh GDR thanh don vi VCL NAL & diém truy nhap ngdu nhién ddi
v6i chudi video;

tao dong bit chira chudi video c¢6 &nh GDR & diém truy nhép ngau nhién,
trong d6 don vi VCL NAL c6 loai don vi GDR NAL (GDR-NUT), trong d6 don
vi truy nhap GDR tuong tmg v6i don vi VCL NAL 14 don vi truy nhap bat dau
CVS;va

luu trir dong bit dé truyén vé phia bd gii ma video.
7. Phuong phap theo diém 6, trong d6 4nh GDR 14 4nh ban dAu trong chudi video.
8. Phuong phép theo diém 6, trong d6 anh GDR 14 anh ban dau trong chu ky
GDR.
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9. Phuong phép theo diém 6, trong d6 4nh GDR ¢6 ID thoi gian bang 0.
10. Phuong phép theo diém 6, trong & GDR_NUT chi béo cho b giai ma video
rang don vi VCL NAL ¢6 GDR_NUT chta l4t ctia anh GDR.
11. B0 gidi ma video bao gom:

bo nhan duogc tao cAu hinh dé nhén dong bit bao g?)m CVS bao gém don vi
VCL NAL; va '

bo xit Iy duoc ghép ndi voi bd nhén, b xir Iy duge tao cau hinh dé:

xac dinh réng don vi VCL NAL ¢6 loai don vi GDR NAL (GDR-NUT), trong
d6 don vi truy nhdp GDR tuong tng v6i don vi VCL NAL 1a don vi truy nhap
bat dau CVS; va

giai ma anh GDR tuong tmg v61 GDR-NUT.
12. B giai ma video theo diém 11, trong d6 anh GDR 14 anh thi nhat trong CVS.
13. B9 gidi ma video theo diém 11, trong d6 anh GDR 14 &anh ban dau trong chu
ky GDR.
14. B0 gidi ma video theo diém 11, trong d6 anh GDR c6 ID thdi gian bang 0.
15. B9 gidi ma video theo diém 11, trong d6 GDR_NUT chi béo cho b gidi ma
video rang don vi VCL NAL c¢6 GDR_NUT chua 14t ciia &nh GDR.
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