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(57) Sang ché @& cap dén phwong phap giai ma hinh anh, phuong phap ma hoa hinh
anh, phuong tién luu trit doc dugc boi mday tinh khong chuyén tiép va phwong phap
truyén dit liéu cho hinh 4nh. Theo phwong phap 14p ma hinh anh theo c4c phurong 4n ciia
sang ché, thong tin lién quan dén viéc loc trong vong lap c6 thé duoc bao hiéu mot cach
hiéu qua, va céac thu tuc lap lai dé bao hiéu thong tin lién quan dén anh con c6 thé duoc

giam.
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Linh vue ki thuit dwoc dé cap

Sang ché d& cap dén thiét bj va phuong phap l4p ma hinh anh dé diéu khién viéc

loc vong 1ap.

Tinh trang k§ thuit cia siang ché

Hién tai, nhu ciu vé hinh anh/video do phan giai cao, chat lwong cao nhu 14 hinh
anh/video 4K hoac 8K hodc do phan giai cuc cao (Ultra High Definition, UHD) khéc
dang gia tang trong cac linh vuc khac nhau. Vi dit li¢u hinh anh/video c6 do phan giai
cao va chét luong cao, nén lugng thong tin hodc cac bit can dwgc truyén gia ting twong
dbi voi dir 1iéu hinh anh/video sén c6, va vi thé, viéc truyén dit liéu hinh anh nho six
dung phuong tién nhu 13 dudng bing rong c6 diy/khong day sin c6 hodc phuong tién
lwu trit sin c6 hodc luu trit dir liéu hinh anh/video nhd sit dung phwong tién luu trit sén
¢6 1am tang chi phi truyén va chi phi luu tri.

Bén canh d6, sy quan tdm va nhu ciu cho phuong tién nhap vai nhu 14 ndi dung
thue té 4o (Virtual Reality, VR) va thyc té nhan tao (Artificial Reality, AR) hodc anh ba
chiéu gin ddy da ting 1én va viéc phat rong cho hinh anh/video dang c6 cac dic tinh
khac véi cac hinh anh 4o nhu 1a céc hinh anh tro choi da gia tang.

Theo d6, can c6 cong nghé nén hinh anh/video hiéu qua cao dé nén, truyén, luu
trit, va tAi san xudt mot cach hiéu qua théng tin ciia hinh anh/video d6 phan giai cao,
chét lugng cao c6 cac dac tinh khac nhau nhu duge mo ta & trén.

Cu thé 13, viéc loc vong lap va/hodc anh con co thé duogc st dung cho viéc nén
hinh &4nh/video. C6 théo luin vé phuong phap bao hiéu mot cach hidu qua thong tin dé

diéu khién viéc loc vong 1ap va’hodc st dung anh con.

Ban chit k§ thuit ciia sang ché

Theo médt phuong 4n ctia sang ché, phuwong phap va thiét bi 1am ting hi¢u qua

1ap ma hinh anh duogc dé xuat.

Theo mot phuong 4n cua sang ché, phuong phép va thiét bi tng dung loc hiéu
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qua dugc dé xuat.

Theo mdt phuong 4n cua sang ché, phuong phap va thiét bi dé ap dung mot cach
hiéu qua viéc giai khéi, dich chuyén thich tng mau (sample adaptive offset, SAO), va

loc vong lp thich tng (adaptive loop filter, ALF) dugc dé xuét.

Theo mot phuong an cua sang ché, viéc loc trong vong 1ap ¢6 thé duoc thure hién

dua trén cac bién ao.

Theo mot phuwong 4n ciia sang ché, viée liéu tap thong so trinh tu (sequence
parameter set, SPS) c6 gom thong tin lién quan dén cac bién ao bo sung (vi dy, thong
tin v& cac vi tri va sb lugng ctia c4c bién 40) hay khong duoc xac dinh dya trén viéc liéu

viéc 14y mau lai cho cc anh tham chiéu c6 dugc cho phép hay khong.

Theo mot phuong 4n cua sang ché, viéc 1ap ma hinh anh c6 thé dugc thuc hién

dua trén cac anh con.

Theo mot phwong én cua sang ché, cac anh con duge sit dung trong viéc 1ap ma

hinh &nh c6 thé dugc 1ap ma doc 1ap.

Theo mét phuong 4n cta sang ché, anh c6 the gom chi mdt anh con. Ngoai ra,

anh con c6 thé dugc 1ap ma doc 14p.

Theo mot phuong an cia sang ché, anh c6 thé duoc tao ra dya trén quy trinh hop

nhét ctia cac anh con. Ngoai ra, cac anh con c¢6 thé la cdc anh con dugc 1ap ma ddc lap.

Theo mdt phuong an cia sang ché, mdi trong s cac anh con dugce sir dung trong

viéc 1ap ma hinh anh ¢6 thé dugc xir Iy nhu anh.

Theo mot phuong 4n cia sang ché, thiet bi ma hoa dé thuc hién viéc ma hoa

video/hinh anh dugc dé Xut.

Theo mdt phuong an cua sang ché, co d& xuét phuong tién luu trit k§ thuat 5O
doc dugc boi mdy tinh trong d6 thong tin video/hinh anh duge mé hoda, dugc tao ra theo
phuong phép ma hoa video/hinh anh dugc boc 19 trong it nhit mot trong cac phuong 4n
cua sang ché, dugc luu trit.

Theo mdt phuong 4n cua sang ché, c6 d& xuét phuong tién luu trit k§ thuét sd
doc duge boi may tinh trong d6 thong tin duoc ma hoa hodc thong tin video/hinh 4nh

dwoc ma hoa, khién thuc hién phuong phap giai mi video/hinh anh dugc boc 10 trong it
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nhét mét trong cac phurong 4n cua sang ché boi thiét bi giai ma, duge Iuu trit.

Theo mdt phuwong &n cua sang ché, hiéu qua nén hinh anh/video tong cong co
thé dugc céi thién.

Theo mot phuong 4n cua sang ché, chét luong truc quan chu dong/bi dong co
thé duoc cai thién thong qua viéc loc hiéu qua.

Theo mot phuong 4n cia sang ché, quy trinh loc trong vong lap dua trén cac
bién 4o ¢6 thé duge thuc hién mot cach hiéu qua, va hiéu qua loc c6 thé dugc cai thién.

Theo mdt phuong an cua sang ché, thong tin vé viéc loc trong vong 1ap dua trén
c4c bién 40 c6 thé dugc bao hiéu mot cach hiéu qua.

Theo mdt phuong an cua sang ché, thong tin lién quan dén anh con c6 thé duge
bao hiéu hiéu qua. Do do, chit lwgng hinh anh chu quan/khach quan c6 thé duoc cai
thién, va c6 thé c6 su giam vé luong tiéu thu tai nguyén phan cimg dugc yéu cau cho
viéc 1ap ma.

M6 ta viin tit cic hinh vé

Fig.1 thé hién so luoc vi du cta hé théng 14p ma video/hinh anh ma cho no cac
phuong an cua sang ché ¢6 thé dugc ap dung.

Fig.2 13 hinh v& minh hoa so lugc cAu hinh cta thiét bi ma hoa video/hinh anh
ma cho no6 cac phuong 4n cua sang ché co thé dugc ap dung.

Fig.3 1a hinh v& minh hoa so lugc cAu hinh cta thiét bi gidi ma video/hinh anh
ma cho no6 cac phuong an cua sang ché c6 thé duoc 4p dung.

Fig.4 thé hién vi du kién triic phan c4p cho video/hinh anh dwgc 13p ma.

Fig.5 minh hoa vi du cia hinh dang b0 loc loc vong 13p thich iing (ALF).

Fig.6 minh hoa vi du cua quy trinh ALF sir dung bién 4o theo mét phuong an
clia sang ché.

Fig.7 1a luu @6 minh hoa phuong phédp mé hoa dua trén viéc loc trong thiét bi
ma hoa.

Fig.8 1 lvu d6 minh hoa phuong phéap giai ma dua trén viéc loc trong thiét bi

giai ma.

3/76



52273

Fig.9 va Fig.10 thé hién mot cach so luge vi du cia phuong phap ma hoa

video/hinh 4nh va cac thanh phén lién quan theo (cac) phuong én cua sing ché.

Fig.11 va Fig.12 thé hién mét cach so lugce vi du ctia phuong phép gidi ma hinh

anh/video va cac thanh phn lién quan theo (cac) phuong an ctia sing ché.

Fig.13 thé hién vi du cua hé thong phat Judng ndi dung cho né (cac) phuong 4n

duoc boc 10 trong sang ché co thé duoc ap dung.

Mo ta chi tiét sang ché

Sang ché c6 thé duoc stra d6i theo cac dang khac nhau, va cac phuong 4n cu thé
ctia sang ché s& dugc mo té va duoc minh hoa trén céc hinh v&. Tuy nhién, cac phuong
an nay khong nhim dé gidi han sang ché. Cac thuat ngit dugc st dung trong phan mb ta
sau day duoc su dung chi don thuin dé mo ta cic phuong 4n cu thé, chir khong nham
gi6i han sang ché. Su trinh bay dang sb it s& gbm su trinh bay dang s6 nhiéu, mién 1 n6
duoc doc khac nhau mot cach rd rang. Cac tir ngit nhu “gém” va “co” dugc nhim dé chi
ra ré'mg cac diu hiéu, cac s6 lugng, cac budce, cac hoat dong, cac ph??m tir, cac thanh phén,
hogc cac td hop ciia chiing, ma dugce st dung trong phén mb ta sau day, la ton tai, va vi
thé, nén duoc hiéu réng kha nang tOn tai hodc bd sung cia mot hodc nhiéu d4u hiéu, sb
luong, budc, hoat dong, phén tr, thanh phén khéc, hoac nhiing to hop cta chung, 1a
khong bi loai trur.

Ngoai ra, mdi cAu hinh cta cac hinh vé dugc md ta trong sang ché 12 minh hoa
doc 1ap dé giai thich cdc chire nang nhu cac d4u hiéu ma khac nhau, va khong c6 nghia
12 mdi cAu hinh duge thuc hién bdi phan cing khéc nhau hodc phan mém khac nhau
twong hd. Vi du, hai hogc nhiéu ciu hinh c6 thé dugc két hop dé tao thanh mot chu hinh,
va mdt cAu hinh ciing c6 thé dugc chia thanh nhiéu cdu hinh. Khong tréch khoi ban chét
cua sang ché, cac phuong 4n trong d6 cac cAu hinh duoc két hop va/hodc duge phan
tach dugc gdm trong pham vi cla cac diém yéu cau bao hd.

O duéi day, cac vi du vé cac phwong 4n ndy s& dugc md ta chi tiét véi su tham
khao dén céc hinh vé kém theo. Bén canh do, cac s6 chi dan gidng nhau duge dung dé
chi cac thanh phan gidng nhau trong subt cac hinh v&, va cic phan mo ta gidng nhau ctia

c4c thanh phan giéng nhau nay s& dugc lugc bo.

Sang ché lién quan dén viéc 1ap ma video/hinh anh. Vi du, cac phuong phap/cac
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phuong an dugc boc 10 trong tai li€u nay co thé lién quan té6i tiéu chuén 14p ma video
van nang (versatile video coding, VVC) (ITU-T Rec. H.266), ti€u chuin 1ap ma
video/hinh anh thé hé tiép theo sau VVC, hodc céc tiéu chuan lién quan dén viéc 1ap ma
video khac (vi du, tiéu chuén 14p ma video hi€u qua cao (high efficiency video coding,
HEVC) (ITU-T Rec. H.265), tiéu chuin 1ap ma video thiét yéu (essential video coding,
EVC), tiéu chuin AVS2, va twong tw).

Sang ché dé xuat cdc phuong an khac nhau ctia viéc lap ma video/hinh anh, va
cac phuong an & trén c6 thé dugc thyuc hién trong sy t0 hop voi nhau trir khi dugc chi rd

theo cach khéc.

Trong sang ché, video c6 thé dé cap dén mot loat cac hinh anh theo thoi gian.
Anh @ cap chung dén don vi bidu dién mot hinh anh tai mot khung thoi gian cu the, va
lat/phién dé cap dén don vi cAu thanh mét phan ctia 4nh vé viéc lap ma. Lat/phién c6 thé
gdm mét hodc nhidu don vi cdy 1ap méa (Coding Tree Unit, CTU). Mot anh ¢6 thé gdm
¢6 mot hodc nhidu 14t/phién. Mot anh c6 thé gdm mot hode nhiéu nhém phién. Mot

nhém phién ¢ thé gom mot hodc nhicu phién.

Piém anh (pixel) hodc pel c6 thé c6 nghfa la don vi nhé nhat cAu thanh mot anh
(hodc hinh anh). Ngoai ra, ‘mau’ ¢6 thé duoc st dung nhu 1a thuat ngilt twong tng voi
diém anh. MAu c6 thé bidu dién chung cho diém anh hodc gia tri clia diém anh, va c6
thé chi bidu din didm anh/gi4 tri diém anh ctia thanh phan do choi hodc chi diém anh/gia
tri diém anh cua thanh phén sic do.

Pon vi ¢6 thé biéu didn don vi co ban ciia viée xir Iy hinh anh. Pon vi ¢6 the
gbm it nhat mot thanh phén trong s6 ving cu thé cla anh va thong tin lién quan dén
ving. Mot don vi ¢6 thé gdm mot khdi do choi va hai khéi sac do (vi du cb, cr). Don vi
6 thé dugc str dung theo kiéu thay thé cho nhau theo nghia nhu la khéi hodc khu vuc
trong mot s6 truong hop. Trong trudong hop chung, cac khéi MxN ¢6 thé gdbm céc mau
(hodc cic mang mau) hodc tap hop (hodc cac mang) cua cac he s6 bién ddi cua M cot
va N hang. Theo céch thay thé, mAu c6 thé c6 nghia la gia tri diém anh trong mién khong
gian, hoac khi gia tri diém anh nay dugc chuyén ddi thanh mién tan s6, thi né ¢6 thé c6

nghia 1a hé s6 bién doi trong mién tan so.

Trong ban mo ta ndy, thuat ngit "/" va "," nén dugc hi€u la dé chi ra "va/hodc.”
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Vi du, cach thé hién “A/B” ¢6 thé nghia 1a “A va/hodc B.” Ngoai ra, “A, B” co thé nghia
1a “A va/hoac B.” Ngoai ra, “A/B/C” ¢ thé nghia la “it nhit mot trong sb6 A, B, va/hodc
C.” Ngoai ra, “A/B/C” ¢o thé nghia la “it nhét mot trong s6 A, B, va/hoic C.”

Ngoai ra, trong sang ché, thuat ngit “hodc” nén dugc hiéu 1 dé chi ra “va/hodc.”
Vi du, viéc dién dat "A hodc B" c6 thé bao gom 1) chi A, 2) chi B, va/hodc 3) ca Ava B.
Noi cach khac, thuat ngit "hodc" trong ban mo ta nay nén dugc hiéu 1a dé chi ra "ngoai

ra hodc mat khéc.”

Theo ban md ta ndy, “it nhat mot trong s0 A va B” c6 the nghia 1a “chi A”, “chi
B”, hodc “ca A va B”. Ngoai ra, trong ban md ta nay, viéc dién dat “it nhat mot trong s
A hoic B” hoidc “it nhat mot trong s6 A va/hodc B” c6 the dugce dién giai giong nhu “ft

nhat mot trong s6 A va B”.

Ngoai ra, trong ban mo ta nay, “it nhit mot trong s6 A, B va C” ¢6 thé nghia 1a
“chi A”, “chi B”, “chi C”, hodc “két hop bt ky ctia A, B va C”. Ngoai ra, “it nhat mot
trong sb A, B hoic C” hodc “it nhit mét trong sb A, B va/hoic C” ¢6 thé nghia la “it
nhét mét trong sb A, BvaC”.

Ngoai ra, diu ngodc don dugc st dung trong ban md ta nay c6 thé nghia 1a “vi
du”. Cu thé 13, trong truong hop ma “viéc du doan (viéc du doan ndi)” duogc dién dat,
n6 c6 thé duoc chira réng “viéc du doan ndi” dugc d& xuét nhu vi du ctia “viéc du doan”.
N6i cach khéc, thuat ngit “viéc du doan” trong ban mo ta nay khong bi gidi han & “viéc
du doan ndi”, va né cod thé duoc chira réng “viéc du doan ndi” duoc dé xuét nhu vi du
cia “viéc du doan”. Ngoai ra, ngay ca trong truong hop ma “viéc du doan (nghia 1a,
viéc du doan ndi)” dugc dién dat, no6 c6 thé duoc chi ra réng “viéc du doan nd1” dugc
d& xuét nhu vi du cia “viéc du doan”.

Trong ban md ta nay, cac déu hiéu k¥ thuat duge mo ta riéng 1¢ trong mot hinh
V& ¢6 thé duoc thue hién mét céch riéng 18, hodc c6 thé dugc thyc hién dong thoi.

Fig.1 minh hoa vi du cua hé théng 1ap ma video/hinh d4nh ma cho no6 phén bdc
1§ ctia sang ché c¢6 thé dugce ép dung.

Tham khao dén Fig.1, hé théng 1ap ma video/hinh anh c6 thé gdm thiét bi nguon
va thiét bi nhan. Thiét bi ngudn c6 thé truyén thong tin video/hinh anh da dugc lap ma

hodc dit lidu dén thiét bi nhan thong qua phuong tién luu trir k§ thuét sb6 hodc mang
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trong dang tép hodc phat ludng.

Thiét bi ngudn c6 thé gdm ngudn video, thiét bi ma hoéa, va bo truyén. Thiét bi
nhan c6 thé gdm bd nhan, thiét bi giai ma, va bd két xuét. Thiét bj ma héa c6 thé dugc
goi 12 thiét bi ma héa video/hinh anh, va thiét bi giai mé c6 the duoc goi la thiét bi giai
ma video/hinh anh. B truyén c6 thé dugc gbm trong thiét bi ma hoa. Bo nhén co6 thé
duoc gém trong thiét bi giai ma. B két xudt c6 thé g@)m bd phén hién thi, bd phan hién

thi ¢6 thé dugc tao cAu hinh 1a thiét bi riéng biét hogc thanh phan ngoai.

Ngudn video c6 thé gianh dugc video/hinh anh théng qua quy trinh chup, tong
hop, hodc tao ra video/hinh anh. Nguén video c6 thé g?)m thiét bi chup video/hinh 4nh
va/hoiic thiét bi tao ra video/hinh anh. Thiét b chup video/hinh anh c6 thé gom, vi du,
mot hoac nhiéu caméra, kho luu trit video/hinh anh gém cac video/hinh anh da duoc
chup truge do, va tuong tu. Thiét bi tao ra video/hinh anh c6 thé gém, vi du, may tinh,
mady tinh bang, va dién thoai thong minh, va co thé tao ra cac video/hinh anh (theo cach
dién). Vi duy, video/hinh 4nh 4o co thé dugc tao ra thong qua may tinh hodc twong tu.
Trong truong hgp nay, quy trinh chup video/hinh anh c6 thé dugc thay thé boi quy trinh

tao ra dir liéu lién quan.

Thiét bj ma hoa c6 thé ma héa video/hinh anh diu vao. Thiét bi ma héa c6 thé
thuc hién chudi cac quy trinh ching han nhu du doan, bién doi, va lugng tir héa cho hi¢u
quéa nén va 1ap ma. Dit liéu dugc ma hoa (thong tin video/hinh anh dwoc ma hoa) c6 thé

dugc xuit ra trong dang ludng bit.

BO truyén c6 thé truyén hinh anh/thdng tin hinh anh dugc mé hoa hodc dit licu
dwoc xuét trong dang ludng bit dén bd nhan cua thiét bi nhan thong qua phuong tién luu
trir k¥ thuat sb hodc mang trong dang tép hodc phat ludng. Phuong tién luu trit k§ thuét
s6 co thé gém cac phuong tién Iuu trir khac nhau nhu la USB, SD, CD, DVD, Blu-ray,
HDD, SSD, va tuong tu. Bd truyén c6 thé gbm phén tir dé tao ra tép phuong tién thong
qua dinh dang tép dugc xéac dinh trude va co thé gdm phan tir dé truyén thong qua mang
phat rong/truyén thong. B nhan c6 thé nhan/trich xuét ludng bit va truyén ludng bit

nhan duoc dén thiét bi giai ma.

Thiét bi giai mé co thé giai ma video/hinh anh béng cach thuc hién mdt loat céac

quy trinh nhu 13 khir luong tit hoa, bién dbi nguoc, va du doan twong ung véi hoat dong
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ctia thiét bi ma hoa.
B6 két xuét c6 thé két xudt video/hinh anh dugc giai ma. Video/hinh anh dugc

két xuét c6 thé duoc hién thi qua bd phan hién thi.

Fig.2 la so @6 minh hoa so luge cau hinh cia thiét bi ma héa video/hinh dnh ma
cho né phan boc 16 cua sang ché c6 thé dugc 4p dung. O duéi day, phan dugc goi 1a thiét
bi ma hoa video ¢6 thé gdm thiét bi ma hoa hinh anh.

Tham khéo dén Fig.2, thiét bi ma hoa 200 c6 thé gdm va dugc tao cAu hinh v6i
bd phan vung hinh anh 210, bo du doan 220, bo xur ly phé”m du 230, bd ma hoa entropi
240, b cong 250, bd loc 260, va b nhé 270. Bo dw dodn 220 ¢6 thé gdm bo du dodn
lien 221 va bo du don ndi 222. Bo xir 1y phan du 230 co thé gdm bd bién doi 232, bd
lwong i héa 233, bd khir lugng tir hoa 234, va bo bién doi nguoce 235. BY xir ly phan
du 230 ¢6 thé con gdm bé trir 231. B cong 250 c6 thé duoc goi 1a bd xay dung lai hodc
bo tao khdi duoc xdy dung lai. BO phén ving hinh anh 210, bd du doan 220, bo xu ly
phﬁn du 230, bd ma hoa entropi 240, bd cong 250, va b loc 260, ma da dugc mo ta &
trén, co thé dugc tao cu hinh bai mot hodc nhiéu thanh phﬁn phﬁn cing (vi dy, cac bd
chip bd ma héa hogc cac bd xir ly) theo mot phwong an. Ngoai ra, bd nhé 270 ¢o6 thé
gbm b dém anh dugc giai ma (decoded picture buffer, DPB), va cling co thé dugc tao
cAu hinh bdi phuong tién luu trit k§ thuat s6. Thanh phan phén cting c6 thé con gdm bd

nhé 270 nhu 14 thanh phan trong/ngoai.

Bo phan ving hinh 4nh 210 ¢6 thé chia hinh anh dau vao (hoge, anh, khung)
dwoc nhap vao thiét b ma hoa 200 thanh mot hodc nhiéu don vi xir ly. Nhu mot vi du,
don vi xir 1y ¢6 thé duge goi 1a don vi 1dp ma (coding unit, CU). Trong truong hop nay,
don vi 1ap ma co thé dugc chia theo cach dé quy theo cAu tric cdy tir phan cay nhi phan
cdy tam phan (Quad-tree binary-tree ternary-tree, QTBTTT) tir don vi cdy lap ma
(coding tree unit, CTU) hodc don vi 1dp ma 16n nhét (largest coding unit, LCU). Vi du,
mot don vi 1lap ma co thé dugc chia thanh nhiéu don vi 1ap ma c¢6 do sdu sau hon dua
trén cau tric cdy tir phén, cAu tric cay nhi phan, va/hodc c4u trac cdy tam phén. Trong
truong hop nay, vi du, cAu tric cdy ti phan duoc ap dung dAu tién va cu tric cay nhi
phan va/hoac cAu trac cay tam phan c6 thé duogc ap dung sau d6. Mt khic, cAu tric ciy
nhi phéan cling co6 thé duogc 4p dung trude tién. Quy trinh 1ap ma theo sang ché c6 thé

duoc thuc hién dua trén don vi 14p ma cudi cung ma khong duoc chia tiép nita. Trong
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trudng hop ndy, dua trén hiéu qua 14p mé theo cac dic tinh hinh anh ho#c tuwong tu, don
vi 1ap ma tdi da c6 thé dugc sir dung truc tiép nhu don vi 1ap ma cudi cung, hoic néu
cAn thiét, don vi 14p ma c6 thé duoc chia theo cach dé quy thanh cac don vi 1dp mé co6
d6 sau sau hon, sao cho don vi 1ap ma c6 kich thude t6i wru c6 thé duoc str dung lam don
vi 1ap ma cubi cang. O day, quy trinh 1ap ma co thé gdbm quy trinh ching han nhu dy
doéan, bién ddi, va x4y dung lai s& dugc mo ta sau. Theo mot vi du khéac, don vi xtt ly co
thé con gdbm don vi du doan (prediction unit, PU) hodc don vi bién ddi (transform unit,
TU). Trong truong hgp nay, mdi trong s6 don vi du doén va don vi bién dbi c6 thé dugc
chia tach hodc dugc phan vung tir don vi 1ap ma cudi cing duge dé cap ¢ trén. Don vi
dur dodn c6 thé 13 don vi cia viéc du doan mAu, va don vi bién déi c6 thé 1a don vi dé

tao ra hé sb bién d6i va/hodc don vi dé tao ra tin hi€u phan du tir hé so bién doi.

Don vi ¢6 thé duge sit dung thay thé 14n nhau v6i thuat ngit ching han nhu khéi
hodc khu vyc trong mot sb truong hop. Thong thuong, khéi MxN ¢6 thé biéu dién céc
mau duge ciu thanh tir M cot va N hang hodc nhém céac hé 56 bién dbi. MAu c6 thé biéu
didn chung diém anh hodc gid tri clia diém anh, va c6 thé ciing biéu dién chi diém anh/gia
trj diém anh ciia thanh phin do choi, va cling biéu dién chi diém anh/gid tri diém anh
ctia thanh phan sic dd. Mau c6 thé dugc sit dung lam thudt ngft twong g voi diém anh

hoidc pel cdu hinh mot anh (hodc hinh anh).

Bo trir 231 ¢6 thé tao ra tin hiéu phén du (khéi phé”m du, cac mau phén du, hoac
mang mau phan dur) bang viéc trir tin hiéu du doan (khdi duge du doan, cac mau du
do4n, hodc mang mAu du doan) dugce xuat tir bd dyr doan 220 tir tin hi¢u hinh anh dau
Vao (khéi géc, c4c mau géc, hodc mang mau géc), va tin hiéu phﬁn du duoc tao ra dugc
truyén t&i bd bién dbi 232. B6 du doan 220 ¢ thé thuc hién viéc du doan cho khdi muc
tiéu xr 1y (sau day, duoc goi la “khdi hién tai”) va tao ra khéi dugc du doan gdm cac
mau du doan cho khoi hién tai. Bo du doan 220 c6 thé x4c dinh liéu viéc du doan noi
hay viéc du doan lién duoc ap dung trén khéi hién tai hay trong don vi CU. Nhu duge
mo ta & dudi trong phén md ta cia mdi ché d6 du doan, bo du doén co thé tao ra cac loai
thoéng tin khac nhau lién quan dén viéc du doan, nhu thong tin ché @5 dy doan, va chuyén
thong tin dugc tao ra dén bd ma hoa entrdpi 240. Thong tin vé viéc du doan co thé dugc

m4 héa trong bd ma héa entropi 240 va duge xuét ra trong dang ludng bit.

Bo6 du doan nodi 222 c6 thé du doan khoi hién tai v6i tham chiéu t6i cac mau
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trong anh hién tai. Cac mAu duge tham chiéu c6 thé duoc dit 1an can véi khdi hién tai,
hoac ciing co thé duoc dat xa khoi khoi hién tai theo ché d6 du doan. Cac ché do du
doan trong viéc du doan ndi co thé gém nhiéu ché d6 khong c6 huéng va nhiéu ché d6
c6 huéng. Ché dd khong c6 hudéng c6 thé gdm, vi dy, ché d6 DC hodc ché do phang.
Ché do co hudng c6 thé gdm, vi du, 33 ché do dy doan c6 hudéng hodc 65 ché d6 du
doan c6 hudng theo do chi tiét cua huéng du doan. Tuy nhién, day 1a minh hoa va cac
ché 46 du doan c6 huéng ma lén hon hodc nho hon sb luong néu trén co thé duoc st
dung theo viéc thiét dat. Bo du doan ndi 222 cling ¢ thé x4c dinh ché d6 du doan duoc

ap dung cho khoi hién tai sir dung ché d6 du doan dugc ap dung cho khdi 1an can.

BoO du doan lién 221 ¢o thé tao ra khéi dugc du doan cia khdi hién tai dua trén
khéi tham chiéu (mang mau tham chiéu) duoc chi rd boi vecto chuyén dong trén anh
tham chiéu. Tai thoi diém nay, dé 1am giam lwong thong tin chuyén dong dugc truyén
trong ché do du dodn lién, thong tin chuyén dong c6 thé dugc du doan trong cac don vi
ctia khdi, khéi con, hoic miu dua trén sy tuong lién cla thong tin chuyén dong gifta
khéi 1an can va khdi hién tai. Thong tin chuyén dong c6 thé gdm vecto chuyén dong va
chi s6 anh tham chiéu. Thong tin chuyén dong c6 thé con gom thong tin huéng du doan
lién (viéc du doan LO, viéc du doan L1, viéc du doan Bi, hodc tuong tu). Trong truong
hop viéc du doan lién, khdi 1an cén co thé gém khéi 1an can theo khong gian c6 mat
trong anh hién tai va khdi 14n can theo thoi gian ¢6 mat trong dnh tham chiéu. Anh tham

chiéu gdm khdi tham chiéu va anh tham chic¢u gom khoi lan can theo thoi gian cling ¢
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thé 1a gidng v6i nhau, va cling c6 thé 13 khac nhau. Khéi 1an cén theo thoi gian c6 thé

duogc goi tén chéng han nhu khdi tham chiéu duoc dat cing mot chd, CU duoc dat cung
mot chd (collocated CU, colCU), hodc twong tu, va anh tham chiéu gém khéi 14n cén
theo thoi gian cling ¢ thé duoc goi 1a anh dugc dat cuing mot chd (collocated picture,
colPic). Vi du, bd du doan lién 221 c6 thé tao cAu hinh danh sach ng vién thdng tin
chuyén dong dua trén cac khdi 1an can, va tao ra thong tin chi ra ing vién nao dugc st
dung dé dan xuét vecto chuyén dong va/hodc chi s6 anh tham chiéu caa khdi hién tai.
Viéc du doan lién co thé duoc thuc hién dya trén cac ché do du doan khac nhau, va vi
du, trong truong hop ché do bo qua va ché d6 hop nhét, bd du doan lién 221 cb thé st
dung thong tin chuyén dong cua khdi 1an can nhu thong tin chuyén dong cta khéi hién

tai. Trong truong hop ché d6 bo qua, tin hiéu phan du c6 thé khong dugc truyén khong
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gidng ché d hop nhat. Ché d6 du doan vecto chuyén déng (motion vector prediction,
MVP) c6 thé chi ra vecto chuyén dong cla khéi hién tai bang viéc sir dung vecto chuyén
dong ctia khdi 1an c4n lam bo du doan vecto chuyén dong, va bao hiéu sy chénh léch

vecto chuyén dong.

B0 du doan 220 ¢c6 thé tao ra tin hiéu du doan dya trén cac phuong phép du doan
khac nhau dugc md ta dudi day. Vi du, bo du doan ¢ thé khong chi 4p dung viéc du
doan nodi hodc viéc du doan lién dé dy doan mot khdi ma cling c6 thé ap dung mot cach
ddng thoi ca viée dy doan ndi va viée du doan lién. Vige nay c6 thé dugce goi 1a viée dw
doan noi va lién duogc két hop (inter and intra prediction, CIIP). Ngoai ra, b0 du doan c6
thé thuc hién sao chép khéi ndi (intra block copy, IBC) cho viée dy doan cia khéi. Sao
chép khéi ndi ¢6 thé duge sit dung cho viéc 1ap ma hinh dnh dong/hinh anh ndi dung
ctia trd choi hodc tuong tu, vi dy, 14p méa ndi dung man (screen content coding, SCC).
IBC v& co ban thue hién viée du doan trong anh hién tai ma c6 thé dugc thuc hién twong
tu nhu viéc du doan lién ma trong do khéi tham chiéu dugc dan xuét trong anh hién tai.
Nghia la, IBC c6 thé sir dung it nhit mot trong sb cac k¥ thuat du doén lién duge mo ta

trong sang ché.

Tin hiéu du doan duge tao ra thong qua bo du doan lién 221 va/hoac b du doan
noi 222 ¢c6 thé dugc sir dung dé tao ra tin hidu dugc x4y dung lai hodc dé tao ra tin hiéu
du. B bién d6i 232 c6 thé tao ra cc hé s6 bién ddi bing cach 4p dung ky thudt bién dbi
cho tin hidu du. Vi du, k§ thuat bién déi c6 thé gdm it nhit mot ky thuat trong s6 bién
dbi cosin roi rac (Discrete Cosine Transform, DCT), bién ddi sin roi rac (Discrete Sine
Transform, DST), bién dbi dua trén dd thi (Graph-Based Transform, GBT), hodc bién
d6i phi tuyén tiy theo diéu kién (Conditionally Non-Linear Transform, CNT). O day,
GBT nghia la viéc bién ddi thu nhan dugc tir 0 thi khi thong tin quan hé gitra cac diém
anh duoc biéu didn bai dd thi. CNT dé cap dén viée bién doi thu dugc dya trén tin hiéu
du doan duoc tao ra nho st dung tat ca cac diém anh dugc xay dung lai trude do6. Bén
canh d6, quy trinh bién dbi c6 thé duoc ap dung cho cac khéi diém anh hinh vudng c6
cung kich thudc hoac co6 thé duogc 4p dung cho céc khdi c6 kich thudc khac hinh vuéng.

B lugng tir hoa 233 c6 thé luong tir hoa cac hé s6 bién dbi va truyén ching dén
bd ma héa entropi 240 va bd ma hoa entrdpi 240 co thé ma hoa tin hiéu duoc luong tir

héa (thong tin vé céc hé sb bién ddi dugc lugng tir héa) va xuit ra ludng bit. Thong tin

11/76



52273

v& céc hé sb bién dbi duoc luong tix hoa c6 thé duge goi 1 thong tin phan du. B luong
i héa 233 ¢6 thé sip x&p lai cac hé sb bién dbi dugc lugng tir hoa loai khoi thanh dang
vecto mot chiéu dua trén thir tw quét hé sb, va tao ra thong tin vé cac hé sb bién ddi duge
luong tir hoa dya trén cac hé s6 bién d6i duogc lwgng tir hoa trong dang vecto mot chiéu.
B0 ma hoa entropi 240 co thé thuc hién cac phuong phap ma hoa khac nhau, vi du, nhu
Golomb ham sb mii, 14p ma chiéu dai bién d6i thich tng ngit canh (Context-Adaptive
Variable Length Coding, CAVLC), 1ap méa s6 hoc nhi phén thich Gmg ngit canh (Context-
Adaptive Binary Arithmetic Coding, CABAC), va tuong tw. B ma hoa entrdpi 240 c6
thé ma héa thong tin can thiét cho viéc xay dung lai video/hinh anh cung v6i hodc tach
biét véi cac hé s6 bién dbi duogc lugng tir hoa (vi dy, cac gia tri ciia cac phﬁn tr cu phap
va tuong tu). Thong tin dugc ma hoa (vi du, thong tin video/hinh anh duoc ma hoa) co
thé duogc truyén hodc dugce luu trit trong don vi cia 16p triru tugng mang (network
abstraction layer, NAL) duéi dang ludng bit. Thong tin video/hinh anh c6 thé con gom
thong tin vé cac tap thong s6 khac nhau, nhu tip thong sb thich tmg (adaptation
parameter set, APS), tap thong s6 anh (picture parameter set, PPS), tap thong sb trinh tu
(sequence parameter set, SPS), hodc tap thong sb video (video parameter set, VPS). Bén
canh do, thong tin video/hinh anh co6 thé con gdm thong tin rang budc chung. Theo séng
ché, thong tin va/hodc céac phﬁn tir ¢t phap duge bao hiéu/dugc truyén dugc mo ta sau
¢6 thé dugc ma hoa qua quy trinh ma héa duge mo ta ¢ trén, va duoc gbm trong ludng
bit. Ludng bit c6 thé dugc truyén thong qua mang, hodc c6 thé dugc luu trit trong phuong
tién luu trit k¥ thuét s6. O day, mang c6 thé gdbm mang phat rong va/hodc mang truyén
thong, va phuong tién luu trit k§ thuét s6 ¢6 thé gdm cac phuong tién luu trit khéc nhau,
nhu USB, SD, CD, DVD, Blu-ray, HDD, SSD, va tuong tu. Bo truyén (khong duoc
minh hoa) truyén tin hiéu dugc xudt ra tir b ma hoa entrdpi 240 va/hodc don vi luu tri
(khong dugc minh hoa) lwu tri tin higu c6 thé duoc tao céu hinh duéi dang thanh phan
trong/ngoai cua thiét bi ma hoéa 200, va theo cach thay thé, bo truyén c6 thé dugce gdm

trong b6 ma hoa entropi 240.

Céac hé sb bién ddi duogc luong tir hoa ma duoc Xuét ra tir b luong tir hda 233
¢6 thé dugc sir dung dé tao ra tin hiéu du doan. Vi du, tin hiéu du (khdi phan du hoge
cac mau phan du) co thé dugc xay dung lai bang cach ap dung viéc khir lugng tir hoa va

bién ddi nguge cho cac hé s6 bién doi dugc lugng tir hoa qua b khir lwgng tir hoa 234
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va bd bién dbi nguge 235. Bo cong 250 cong tin higu phan du duge xay dung lai vao tin
hiéu du doan duoc xuit ra tir bd du doan 220 dé tao ra tin hiéu dugc xay dung lai (4nh
dugc xay dung lai, khdi dugc xay dung lai, cac mau duogc xay dung lai, hodc mang mau
dugc x4y dung lai). Néu khong c6 phan du cho khéi muc tidu xir 1y, ching han nhu
truong hop ma ché @6 bo qua duge ap dung, khéi duoc du doan ¢ thé duogc st dung
lam khdi dugc xay dung lai. Tin hiéu duoc xay dung lai duogc taora co thé duoc st dung
cho viéc du doan ndi cua khdi muc tiéu xu ly tiép theo trong anh hién tai, va c6 thé duoc

st dung cho viéc du doan lién ctlia anh tiép theo qua viéc loc nhur dugc md ta dudi day.

Trong khi d6, viéc anh xa do chéi voi viéc dinh c& sdc d6 (luma mapping with
chroma scaling, LMCS) c6 thé dugc ap dung trong sudt quy trinh ma hoa va/hodc xay

dung lai anh.

B6 loc 260 c6 thé cai thién chét luong hinh anh chu quan/khach quan bang cach
ap dung viéc loc cho tin hiéu dugc xay dung lai. Vi du, b0 loc 260 c6 thé tao ra anh dugc
xdy dung lai ma dugc sira dbi bang cach ap dung cac phuong phép loc khac nhau cho
anh duoc xiy dung lai va luu trit anh dugce xay dyng lai ma stra duge ddi trong bo nhé
270, cu thé 1a, trong DPB ctia bd nhd 270. Cac phuong phép loc khac nhau c6 thé gém,
vi du, loc khit khéi, dich chuyén thich tng mAu (SAO), bd loc vong ldp thich ing, bd
loc song phuong, va twong tur. Bo loc 260 ¢6 thé tao ra cac loai thong tin khac nhau lién
quan t6i viée loc va chuyén thong tin dugc tao ra dén bd ma hoa entrdpi 290 nhu s&
duoc mo ta sau trong phan mo ta cua mdi phuong phap loc. Thong tin lién quan dén viéc

loc ¢6 thé duoc ma hoa boi bd ma hoa entropi 290 va dugce xuét ra trong dang ludng bit.

Anh dugc x4y dung lai ma stra dugc ddi s& duoc truyén dén b6 nhé 270 c6 thé
dugc st dung lam anh tham chiéu trong bo du doan lién 221. Khi vi¢c du doan lién duogc
ap dung thong qua thiét bi ma hoa, thi su khong khop cia viéc dy doan gitta thiét bi ma
héa 200 va thiét bi giai ma co thé duoc tranh duoc va hiéu qua ma héa co thé duoc cai

thién.

DPB ciia bo nh6 270 ¢6 thé luu trit anh dugc xdy dung lai dwoc cai bién cho viée
st dung lam anh tham chiéu trong bo du doan lién 221. Bo nh¢ 270 ¢6 thé luu tri thong
tin chuyén dong cia khéi ma thong tin chuyén dong trong anh hién tai dugc dan xut
(hodc duge ma hoa) tir d6 va/hodc thong tin chuyén dong ctia céac khéi trong anh, da

dugc xay dung lai. Thong tin chuyén dong dugc luu trir ¢6 thé duoc truyén dén bo du
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doan lién 221 dé duogc sir dung nhu 1a thong tin chuyén dong ctia khoi 14n can theo khong
gian hodc thong tin chuyén dong ctia khoi 1an cén theo thoi gian. B nhd 270 ¢6 thé luu
trit cac mau dugce xay dung lai cia cac khdi duoc xay dung lai trong anh hién tai va c6

thé truyén cac mau duoc x4y dung lai dén bo du doan ndi 222.

Fig.3 12 so dd giai thich so luge cAu hinh cua thiét bi giai ma video/hinh dnh ma

cho no6 phan bc 19 ctia sang che c6 thé duge ap dung.

Tham khao dén Fig.3, thiét bi giai ma 300 co thé gdm va dugc tao c4u hinh v6i
bd giai ma entrdpi 310, bd xtt Iy ph?m du 320, bd du doan 330, bo cong 340, bd loc 350,
va bo nhé 360. BO dw doan 330 ¢6 thé gdm bd dy doan lién 331 va bo dy doan ndi 332.
B xtt Iy phan du 320 c6 thé gdm bo khir lwgng tir héa 321 va bo bién ddi ngugc 322.
B giai ma entropi 310, bd xu ly ph?m du 320, bd du doan 330, bo cong 340, va bo loc
350, ma da dugc md td & trén, ¢ thé dugc tao cAu hinh béi mot hodc nhiéu thanh phén
ph?m cing (vi du, cac bo chip bd gidi ma hodc cac b0 xtt Iy) theo mdt phuong an. Ngoai
ra, b0 nhé 360 ¢6 thé gdm bd dém anh dugc gidi ma (DPB), va co thé dugc tao céu hinh
boi phuong tién luu trit k§ thuat s6. Thanh phan phan cting c6 thé con gdm bd nhé 360
nhu 12 thanh phan trong/ngoai.

Khi ludng bit gdm thong tin video/hinh anh dugc nhép, thiét bi giai ma 300 c6
thé xdy dung lai hinh anh twong ung v6i quy trinh trong do6 thong tin video/hinh dnh
duoc xit 1y trong thiét bi ma héa duge minh hoa trén Fig.2. Vi du, thiét bi giai ma 300
c6 thé din xuét cac don vi/cac khdi dua trén thong tin lién quan dén viéc phan tach khéi
thu nhan dugc tir ludng bit. Thiét bi giai ma 300 c6 thé thuc hién viéc gidi ma sir dung
don vi xit Iy duoc 4p dung cho thiét bj ma héa. Do d6, don vi xit ly dé giai ma c6 thé 13,
vi du, don vi 14p ma, va don vi lap ma cé thé duoc chia tach theo cAu tric ciy tir phan,
cAu trac cdy nhi phan, va/hodc cAu trac cdy tam phén tir don vi cdy lap mé hodc don vi
14p ma t6i da. Mdt hodic nhidu don vi bién ddi c6 thé dugc dan xuét tir don vi 14p ma.
Ngoai ra, tin hiéu hinh anh dugc xay dung lai dugc giai ma va duoc xuét ra thong qua

thiét bi giai ma 300 c6 thé dugc tai tao thong qua thiét bi tai tao.

Thiét bi giai ma 300 c6 thé nhan tin hiéu duoc xuét ra tir thiét bi ma hoéa trén
Fig.2 trong dang ludng bit, va tin hiéu nhén dugc c6 thé duoc giai ma thong qua bd giai
ma entrépi 310. Vi du, b gidi ma entrdpi 310 co thé phan tich ct phép ludng bit dé dan
xudit thong tin (vi du, théng tin video/hinh anh) cén thiét cho viéc xay dung lai hinh anh
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(holic xAy dung lai anh). Thong tin video/hinh nh c6 thé con gdm thong tin vé céc tap
thong s6 khac nhau nhu tap thong sb thich img (APS), tap thong sb anh (PPS), tap thong
s6 trinh tu (SPS), hodc tap thong sb video (VPS). Bén canh d6, thong tin video/hinh anh
6 thé con gdm thong tin rang bude chung. Thiét bi giai ma con c6 thé giai ma anh dya
trén thong tin vé tap thong s6 va/hodc thong tin rang bude chung. Thong tin dugc bao
hiéu/nhan dugc va/hodc cac phéan tir ¢ phap dugc mo ta sau trong sang ché c6 thé duoc
gidi ma c6 thé giai ma quy trinh giai ma va thu nhan dugc tr ludng bit. Vi du, bd giai
m3 entrdpi 310 giai ma thong tin trong ludng bit dua trén phuong phap 1ap ma nhu la
14p ma Golomb ham mii, CAVLC, hoac CABAC, va XUt ra ra cac phﬁn tir cu phap can
thiét cho viéc xay dung lai hinh anh va céc gia tri duoc lugng tir hoa cla cic hé s6 bién
dbi cho phan du. Cu thé hon 13, phuong phap giai ma entropi CABAC co thé nhan ngin
tuwong ing voi1 ting phén tir ¢t phap trong ludng bit, xac dinh md hinh ngft canh nho s
dung thong tin phén tir cii phdp muc tiéu giai ma, thong tin giai ma ctia khdi muc tidu
giai mé hodc thong tin vé ky hiéu/ngan dugc giai ma trong giai doan trudc do, va thuc
hién viéc giai mi sb hoc trén ngin béng cach du doan kha nang xuét hién cia ngin theo
md hinh ngit canh dugc x4c dinh, va tao ra ky hiéu twong tmg voi gié tri cua mdi phan
tir cu phéap. Trong truong hop nay, phuong phap giai ma entropi CABAC ¢6 thé cap nhat
mo hinh nglt canh bang cach sir dung thong tin cia ky hiéu/ngén dugc giai ma cho md
hinh ngft canh cta ky hiéu/ngan tiép theo sau khi xac dinh mé hinh ngfr canh. Thong tin
lién quan dén viéc du doan trong s6 thong tin dugc gidi ma boi bd giai ma entropi 310
6 thé duoc cung cép cho bd du doan 330, va thong tin vé phﬁn du trén do viéc giai ma
entropi da duge thyc hién trong b giai mé entropi 310, nghia la, cac hé s6 bién d6i dugc
luong tir hoa va thong tin thong s6 lién quan, c6 thé duoc nhap vao by khir luong tir hoa
321. Bén canh do, thong tin veé viéc loc trong s6 thong tin duge giai ma bdi bo gidi ma
entropi 310 co thé duogc cung cp cho bd loc 350. Trong lic d6, bo nhan (khong dugc
minh hoa) dé nhan tin hiéu dugc xuét ra tir thiét bi ma héa c6 thé con duge tao cAu hinh
lam phan tir trong/ngoai clia thiét bi giai ma 300, hodc bo nhén c6 thé 1a phan tir chu
thanh ctia bd giai ma entropi 310. Trong luc do, thiét bi giai ma theo sang ché c6 thé
duoc goi 1a thiét bi giai ma video/hinh anh/anh, va thiét bi giai ma ¢6 thé duoc phan loai
thanh bo giai ma thong tin (b gidi ma thong tin video/hinh anh/anh) va bd giai ma mau
(bd giai ma mAu video/hinh 4nh/anh). B¢ giai ma thong tin c6 thé gdm bo giai ma entrdpi

310, va bo giai ma mau c6 thé gdm it nhit mot trong s6 b khir lugng tir héa 321, bo
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bién ddi nguoc 322, bd du doan 330, bd cdng 340, bd loc 350, va bd nhd 360.

B khir lugng tir héa 321 ¢6 thé khir luong tir hoa cac hé s bién doi duge luong
tt hoa dé xuit ra cac hé s bién d6i. Bo khir lwong tir hoa 321 ¢ thé sip xép lai cac hé
s6 bién dbi dugc lwong tir hoa trong dang khéi hai chiéu. Trong trudng hop nay, viéc
sp xép lai ¢6 thé durgc thuc hién dua trén thir tw quét hé s6 duoc thue hién boi thiét bi
mi hoa. BO khir lugng tir hoa 321 ¢ thé thue hién viéc khir lvgng ti hda cho cac hé sb
bién dbi duoc lugng tir hoa st dung thong sd lwong tir hoa (vi du, thong tin kich thude

budc luong tir hoa), va thu nhén cac hé so bién doi.

B0 bién doi ngugce 322 bién doi nguoc cac hé so bien d6i dé thu nhén tin hiéu

phan du (khdi phan du, mang mau phan du).

Bo du dodn 330 c6 thé thue hién viée du doan ciia khéi hién tai, va tao ra khoi
dugc du doan gf”)m c4c mau du doan cua khéi hién tai. Bd du doan c6 thé x4c dinh xem
viéc dy doan ndi duoc ap dung hay viéc du doéan lién dugc ap dung cho khéi hién tai
dua trén thong tin vé viéc du doan duoc xuét tir bd giai ma entr6pi 310, va xac dinh ché

do du doan ndi/lién cu thé.

B0 du doan c6 thé tao ra tin hiéu du doan dya trén cac phuong phap du doan
khac nhau dugc mo ta dudi day. Vi du, bd du doan c6 thé khong chi ap dung viéc du
doén ndi hodc du doan lién dé du doan mot khéi ma con c6 thé ap dung mot cach déng
thoi viée du doan ndi va dy doan lién. Viéc nay co thé dugc goi 1a viéc du dodn ndi va
lién duoc két hop (CIIP). Ngoi ra, bo du doan ¢6 thé thuc hién sao chép khdi ndi (IBC)
cho viéc du doén cua khdi. Sao chép khéi ndi ¢ thé duoc st dung cho viée 1ap ma hinh
anh dong/hinh anh ndi dung cla tro choi hodc twong tu, vi du, 14p ma ndi dung man
(SCC). IBC v& co ban thyc hién viéc du doan trong anh hién tai ma c6 thé duoc thyc
hién twong tw nhu viéc du doan lién ma trong do khéi tham chiéu dwoc din xuit trong
anh hién tai. Nghia la, IBC ¢6 thé sir dung it nhat mot trong sb cac k¥ thuat du doan li€n

duoc mo ta trong sang ché.

B du dodn ndi 332 ¢6 thé du doan khdi hién tai bing cach tham chiéu dén cac
mau trong anh hién tai. Cac mau dugc tham chiéu c6 thé duogc dat trong vung lan cén
ctia khéi hién tai, hodc c6 thé duoc dat cach xa khéi khdi hién tai theo ché d6 du doan.

Trong viéc du doan ndi, cac che do du doan co thé gom nhiéu ché do khong c6 hudng
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va nhidu ché do c6 huong. Bo du doan ndi 332 6 thé xéc dinh ché 4o dw doén can dugc
ap dung cho khoi hién tai bé‘mg viéc st dung ché d6 du doan dugc ap dung cho khéi lan

can.

Bo6 du doan lién 331 ¢o thé dAn xuét khéi duoc du doan cho khoi hién tai dua
trén khdi tham chiéu (mang mau tham chiéu) duge chi 8 boi vécto chuyén dong trén
anh tham chiéu. Trong truong hop nay, dé 1am giam luong thong tin chuyén dong duoc
truyén trong ché d0 du doan lién, thi thong tin chuyén dong c6 thé duoc du doén trong
don vi ctia cac khdi, cac khdi con, hodc cac mau dua trén sy tuwong lién cla thong tin
chuyén dong gifta khéi 1an cin va khdi hién tai. Thong tin chuyén dong c6 thé gdbm vecto
chuyén dong va chi sé anh tham chiéu. Thong tin chuyén dong c6 thé con gbdm thong tin
vé huéng du doan lién (viéc du doan L0, viéc du doan L1, viéc du doéan Bi, va tuong
tw). Trong truong hop du doan lién, khéi 1an can c6 thé gdbm khdi 1an cén theo khong
gian ton tai trong anh hién tai va khoi 1an can theo thoi gian ¢6 mat trong anh tham chiéu.
Vi du, bd du doén lién 331 ¢o thé x4y dung danh sach (mg vién thong tin chuyén dong
dua trén cac khéi 1an can va dan xuit vecto chuyén dong cua khdi hién tai va/hoic chi
s6 anh tham chiéu dua trén thong tin chon Gng vién nhan dugc. Viéc du doan lién c6 thé
dugc thuc hién dya trén cac ché do du doan khac nhau, va thong tin vé viéc du doan c6

thé gdm thong tin chi ra ché do du doan lién cho khoi hién tai.

Bo cong 340 co thé tao ra tin hiéu dugc xay dung lai (dnh duoc xay dung lai,
khdi duoc xay dung lai, hodc mang mau duoc xay dung lai) bang cach cong tin hiéu du
thu nhan duoc vao tin hi¢u du doan (khéi dugc du doan hodc mang mau duoc du doén)
dugc xuit ra tir bo du doan 330. Néu khong c6 phén du cho khdi muc tiéu xtt 1y, chéing
han nhu treong hop ma ché d6 bo qua dugc ap dung, khéi dugce du doan c6 thé duoc st

dung 1am khdi dugc xay dung lai.

Bd cong 340 co thé duoc goi 12 bd xay dung lai hodc bo tao khdi duogc xay dung
lai. Tin hiéu dugc xay dung lai dugc tao ra co thé dugc st dung cho viéc dy doan ndi
ctia khéi tiép theo can dugc xr Iy trong anh hién tai, va nhu dwge mo ta sau day, co thé
cling dugc xuét ra qua viéc loc hodc cling c6 thé dugce st dung cho viéc du doan lién

clia anh tiép theo.

Trong khi dé, viéc anh xa do chéi véi viée dinh c& sic do (LMCS) ciing c6 thé
duoc ap dung trong quy trinh gidi ma anh.
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B6 loc 350 c6 thé cai thién chét lwvgng hinh anh chu quan/khach quan bang cach
4p dung viéc loc cho tin hi€u dugc xay dung lai. Vi du, bo loc 350 c6 thé tao ra anh dugc
xdy dung lai ma dugc sua ddi bang cach ap dung cac phuong phap loc khac nhau cho
anh dugc xay dung lai va luu trir anh dwgc xay dung lai ma stra dugc d6i trong bd nho
360, cu thé 14, trong DPB cita bd nhé 360. Cac phuong phép loc khéc nhau c6 thé gom,
vi du, loc khtr khdi, dich chuyén thich tmg mau, bd loc vong 1ap thich ing, bd loc song

phuong, va tuong tu.

Anh dugc xay dung lai (dugc stra d6i) ma dugc luu trit trong DPB cua bo nhé
360 ¢6 thé duge sir dung 1am anh tham chiéu trong bd du doén lién 331. B6 nhd 360 c6
thé luu trit thong tin chuyén dong cua khéi ma thong tin chuyén dong trong anh hién tai
duoc dan xuit (hodc duge giai ma) tir d6 va/hodc thong tin chuyén dong cua cac khéi
trong anh hién da dugc xdy dung lai. Thong tin chuyén dong duge luu trit c6 thé duoc
chuyén dén bo du doan lién 331 dé duoc tan dung lam thong tin chuyén dong cua khéi
1an cén theo khong gian hoéc thong tin chuyén dong cla khéi 1an c4n theo thoi gian. Bo
nhé 360 ¢6 thé luu trit cac mau duoc xay dung lai cua cac khdi dugce xay dung lai trong

anh hién tai va truyén cac mau duge x4y dung lai dén bod du doan ndi 332.

Trong ban md ta ndy, cac phuong an duge mo ta trong bo du doan 330, bd khu
lwong tir hoa 321, bo bién ddi nguge 322, va bd loc 350 ctia thiét bi giai ma 300 ciing
¢6 thé duge ap dung theo cung cach hodc twong tmg v6i bd du doan 220, b0 khtr lugng

tir hoa 234, bd bién ddi nguoc 235, va bd loc 260 cua thiét bi ma hoa 200.

Trong khi d6, nhu dugc mo ta ¢ trén, trong khi thuc hién 14p ma video, viéc du
doan dugc thuc hién dé cai thién hiéu qua nén. Thong qua viéc nay, khéi dugc du doan
gdm cac mau dy doan cho khdi hién tai nhu khdi can duoc 1ap ma (tuc 13, khdi muc tiéu
1ap ma) co thé dugc tao ra. 0 day, khéi duogc du doan gém c4c mau du doan trong mién
khong gian (hodc mién diém anh). Khéi dugc du doan duge dAn xuét theo cach giéng
nh trong thiét bi ma héa va thiét bj gidi ma, va thiét bi ma héa c6 the bao hi¢u thong
tin (thong tin phan du) vé phan du gitta khéi gbe va khdi duoc du dodn, thay vi gia tri
mAu gdc cua khdi gbc, dén thiét bi giai ma, nho d6 lam tang hiéu qua 1p ma hinh anh.
Thiét bi giai ma c6 thé dan xuét khéi phan du gbm cac miu phan du dya trén thong tin
phﬁn du, bd sung khéi phﬁn du va khdi duge du doan dé tao ra céc khéi dugc xay dung

lai gdbm cac mau duge xay dung lai, va tao ra anh dugc xay dung lai gom céc khoi dugc
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xdy dung lai.

Thong tin phan du c6 thé dugc tao ra thong qua quy trinh bién ddi va luong tir
héa. Vi du, thiét bi ma hoa c6 thé din xuAt khdi phan du gitta khdi gbe va khoi duge du
doén, thuc hién quy trinh bién déi trén cac mau phan du (mang mau phin du) dugc gdm
trong khdi phan du dé din xuét cac hé sb bién d6i, thuc hién quy trinh luong tit hoa trén
cac hé sb bién ddi dé din xuét cac hé sb bién ddi duge lugng tir hoa, va béo hiéu thong
tin phan du lién quan dén thiét bi gidi ma (thong qua ludng bit). O day, thong tin phan
du c6 thé gdbm thong tin gia tri ctia cac hé s6 bién dbi duoc luong tir hoa, thong tin vi tri,
k§ thuat bién dbi, nhan bién ddi, thong s6 luong tir hoa, va twong tu. Thiét bi giai ma c6
thé thuc hién quy trinh khir lugng tir hoa/bién ddi ngwoc dua trén thong tin phan du va
dAn xuét cac miu phan du (hodic cac khéi phin du). Thiét bi giai ma co thé tao ra anh
dwoc xay dung lai dua trén khéi duoc du doan va khoi phan du. Ngoai ra, dbi véi su
tham chiu cho vide dw dodn lién ciia anh sau d6, thiét bi ma hoa ciing c6 thé khir lugng
tir héa/bién ddi nguoc céc hé sb bién dbi dugc lugng tir hoa dé din xuét khoi phén du

va tao ra anh dugc xay dung lai dya trén do.

Trong sang ché, it nhit mot hoat dong trong sb viéc luong tir hoa/viée khir lugng
tir héa va/hodic viée bién dbi/viec bién dbi nguoc ¢6 the duge luge bo. Khi viee lugng
tir hoa/viée khir lugng tr hoa dugce lugce bo, thi hé s6 bién ddi dugc luong tir hoa co thé
duoc goi 13 hé sé bién déi. Khi viéc bién di/bién doi ngugc duge luge bo, thi hé s6 bién
ddi c6 thé dugc goi 1 hé s6 hoge hé sé du, hodc ¢ thé vin dugce goi 12 hé s bién dbi

d8 trinh bay ddng nhat.

Trong sang ché, hé sb bién d6i dugc luong tir hda va hé s6 bién ddi c6 thé duoc
goi 1a hé s6 bién ddi va hé sb bién d6i duoc dinh c&, mot cach twong tmg. Trong truong
hop nay, thong tin phan du ¢6 thé gdm thong tin vé hé s6 bién doi (cac he 36 bién dbi),
va thong tin vé hé sé bién dbi (cac hé sb bién ddi) c6 the duge bao hiéu thong qua ca
phép 1ap ma phan du. Cac hé s bién dbi co thé dugc din xuit dua trén thong tin phan
du (hogc thong tin vé hé sb bién dbi (cac hé sb bién dbi)), va céc hé s bién ddi duge
dinh c& c6 thé duge dan xuit théng qua viéc bién dbi nguoc (dinh cd) trén cac hé s6
bién dbi. Cac mAu phin du ¢6 thé dugc din xudt dva trén viée bién doi nguoc (bién ddi)
clia cac hé sb bién ddi duoc dinh cd. Piéu nay ciing c6 thé duoc 4p dung/dugc trinh bay

trong cac phan khéac cua sang ché.
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B dur doan cita thiét bi ma hoa/thiét bi giai ma c6 thé dan xuét cic mau du doan
béng cach thuc hién viéc du doan ndi trong cac don vi cla cac khdi. Viéc du doén lién
c6 thé 1a viée du doan dugc dAn xuét theo cach ma phu thudc vao céc phﬁn tr dir liéu
(vi du, cac gia tri mau hozc thong tin chuyén dong v.v.) ctia (cac) anh khdc v6i anh hién
tai. Khi viéc du doan lién dwoc ap dung cho khoi hién tai, dva trén khéi tham chiéu (cac
manh mAu tham chiéu) duoc cu thé hoa béi vecto chuyén dong trén &nh tham chiéu dugc
tré t6i boi chi s6 anh tham chiéu, khdi duge du dodn (cac mang mau du doan) cho khoi
hién tai c6 thé duoc dan xuét. Trong trudong hop nay, dé 1am giam luong thong tin chuyén
dong duoc truyén trong ché @6 dy doan lién, thong tin chuyén dong cia khéi hién tai c6
thé dugc du dodn trong cac don vi clia cac khdi, cac khéi con, hodc cac mau dua trén su
tuwong lién giita thong tin chuyén dong giita cac khoi 1an cén va khéi hién tai. Thong tin
chuyén dong c6 thé gbm vecto chuyén dong va chi s6 anh tham chiéu. Thong tin chuyén
dong co thé con gém thong tin loai dy doan lién (viéc du doan LO, viéc du doan L1, viéc
du doén Bi, v.v.). Khi viéc dy doan lién dugc ap dung, céc khoi lan cén ¢6 thé gdm khbi
1an cin theo khong gian tdn tai trong anh hién tai va khéi 1an can theo thoi gian ton tai
trong anh tham chiéu. Anh tham chiéu gdm khéi tham chiéu va anh tham chiéu goém
khéi 1an cén theo thoi gian co thé 1a gidng nhau hodc khéac nhau. Khdi 1an can theo thoi
gian co thé dugc goi la khdi tham chiéu duogc dat cing mot chd, CU dugc dat cung mot
chd (colCU), v.v., va anh tham chiéu gdm khdi l4n can theo thoi gian c6 thé duoc goi la
anh duoc dit cing mét chd (colPic). Vi du, danh sach ng vién thong tin chuyén dong
6 thé dugc xdy dung dua trén cac khdi 1an cén cia khoi hién tai va c& hodc thoéng tin
chi s6 chi ra img vién nao duoc lua chon (dugc st dung) dé din xuét vecto chuyén dong
vavhoic chi sb anh tham chiéu ctia khéi hién tai c6 thé dugc bao hiéu. Viéc du dodn lién
c6 thé duogc thuc hién dua trén cac ché d6 du doan khac nhau. Vi dy, trong ché d6 bo
qua va ché d6 hop nhét, thong tin chuyén dong cua khéi hién tai c6 thé gidng véi thong
tin chuyén dong clia khéi 1an can dugc Iva chon. Trong ché d6 bo qua, khong gidng v6i
ché do hop nhat, tin hiéu du c6 thé khong dugc truyén. Trong truong hop ché do du
doan vecto chuyén dong (MVP), vecto chuyén dong cua khéi 1an can duoc lya chon ¢6
thé dugc st dung nhu bo du doan vecto chuyén dong, va su chénh léch vecto chuyén
dong co thé dugc bao hiéu. Trong trudng hop nay, vecto chuyén dong cta khéi hién tai
6 thé duoc dan xuit nho st dung téng cua bd du doan vecto chuyén dong va su chénh

léch vecto chuyén dong.
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Thong tin chuyén dong c6 thé gdm thong tin chuyén dong L0 va/hoac thong tin
chuyén déng L1 theo loai du doan lién (viéc du doan LO, viéc du doan L1, viéc du doan
Bi, v.v.). Vecto chuyén dong theo huéng L0 c6 thé duogc goi 1a vecto chuyén dong LO
hodc MVLO, va vecto chuyén dong theo huéng L1 co thé duoc goi la vecto chuyén dong
L1 hoic MVL1. Viéc du doan dua trén vecto chuyén dong L0 ¢6 thé duogc goi 1a viée
du doan L0, viéc du doan dya trén vecto chuyén dong L1 co thé duoc goi 1a viée du
doan L1, va viéc du doan dua trén ca vecto chuyén dong L0 va vecto chuyén dong L1
6 thé duoc goi 1a viéc dy doan doi. O day, vecto chuyén dong LO ¢6 thé chi ra vecto
chuyén déng dugc két hop v6i danh sach anh tham chiéu LO (L0), va vecto chuyén dong
L1 c6 thé chi ra vecto chuyén dong dugc két hop véi danh sach anh tham chiéuL1 (L1).
Danh sach anh tham chiéu L0 c6 thé gém cac anh ma sém hon anh hién tai theo thir tu
xuét ra nhu c4c anh tham chiéu, va danh sach anh tham chiéu L1 c6 thé gdm cic anh ma
mudn hon anh hién tai theo thu tu xuét ra. Cac anh trude d6 c6 thé duge goi 1a cac anh
(tham chiéu) chuyén tiép, va c4c anh tiép sau d6 c6 thé dugc goi la cac anh (tham chiéu)
ngugc. Danh sach anh tham chiéu L0 ¢6 thé con gém cic anh ma tiép sau anh hién tai
trong thir tu xuét nhu cac anh tham chiéu. Trong trudng hop ndy, cac anh trude do co
thé dugc dinh chi sb dau tién, va cac anh sau d6 ¢ thé dugc dinh chi s6 tiép theo trong
danh séch anh tham chiéu LO. Danh séch anh tham chiéu L1 ¢6 thé con gébm céac anh
phia truGe anh hién tai trong thir tu xuét nhu cac anh tham chiéu. Trong truong hop nay,
cac anh tiép sau do6 co thé dugc dinh chi sb truge tién trong danh sach anh tham chiéu
L1 va cac anh truéc do c6 thé duge dinh chi sb tiép theo. O day, thu tu xuét ra c6 thé

twong tng voéi tht ty s6 dém thir tw anh (Picture Order Count, POC).
Fig.4 thé hién vi du chu trac phéan cip cho hinh anh/video dugc 1ap ma.

Tham khao dén Fig.4, hinh anh/video duoc 1ap ma dugc chia thanh 16p 1ap ma
video (video coding layer, VCL) ma xur Iy quy trinh giai ma hinh anh/video va chinh no,
hé théng phu ma truyén va luu trit thong tin dugc 1p ma, va 16p triru tuong mang (NAL)
ma ton tai gitta VCL va céc hé théng phu va chiu trach nhiém cho cdc chirc nang thich
Ung mang.

VCL c6 thé tao ra dit liéu VCL gbm dit liéu hinh anh dugc nén (dit liéu lat), hodc
tao ra cac tap thong s6 gom tap thong sb anh (Picture Parameter Set: PPS), tap thong sb
trinh tu (Sequence Parameter Set: SPS), tap thong s6 video (Video Parameter Set: VPS)
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v.v. hoic tin nhén thong tin ting cudng bd sung (supplemental enhancement information,

SEI) can thiét b6 sung cho quy trinh gidi ma cta hinh anh.

Trong NAL, don vi NAL ¢o thé dugc tao ra bang viéc bd sung thong tin phan
dau (phan diu don vi NAL) vao phu tai trinh tu bit thd (raw byte sequence payload,
RBSP) dugc tao ra trong VCL. Trong truong hop nay, RBSP tham chiéu dén dit lidu 14t,
cac tap thong sb, cac tin nhén SEL v.v., dugc tao ra trong VCL. Phan dau don vi NAL
6 thé gém thong tin loai don vi NAL dugc chi 16 theo dit 1iéu RBSP dugc gé)m trong

don vi NAL tuong ung.

Nhu duoc thé hién trén hinh v&, don vi NAL ¢6 thé dugc chia thanh don vi NAL
VCL va don vi NAL khong VCL theo RBSP duoc tao ra trong VCL. Don vi NAL VCL
c6 thé nghia 1a don vi NAL gdm thong tin (di liéu dugc phan lat) v& hinh anh, va don
vi NAL khong VCL c6 thé nghia 1a don vi NAL chira thong tin (tap thong s6 hoic tin
nhén SEI) can thiét dé giai ma hinh anh.

Don vi NAL VCL va don vi NAL khong VCL dugc dé cap & trén co thé dugc
truyén qua mang bing viéc gin thong tin phan dAu theo tiéu chuan dit liu ctia hé théng
con. Vi du, don vi NAL co thé duoc bién dbi thanh dang dir liéu cua tiéu chuin duoc
xac dinh trudce chéng han nhu dinh dang tép H.266/VVC, giao thac van chuyén theo
thoi gian thuc (Real-time Transport Protocol, RTP), ludng van chuyén (Transport Stream,

TS), v.v. va duge truyén qua cac mang khéac nhau.

Nhu duge mé ta & trén, trong don vi NAL, loai don vi NAL co6 thé dugc cu thé
héa theo cdu trac dit liéu RBSP duoc gdm trong don vi NAL tuong tmg, va thong tin vé
loai don vi NAL nay ¢6 thé dugc luu trit va dugc bao hiéu trong phin dau don vi NAL.

Vi du, don vi NAL ¢6 thé duogc phan loai so luge thanh loai don vi NAL VCL
va loai don vi NAL khong VCL phu thudc vao viée liéu don vi NAL co gém thong tin
v2 hinh anh (dit liéu 14t) hay khéng. Loai don vi NAL VCL c6 thé dugc phén loai theo
dic tinh va loai cua anh duoc gém trong don vi NAL VCL, va loai don vi NAL khong
VCL ¢6 thé dugc phan loai theo loai clia tap thong s0.

Phén sau day 1a vi du cua loai don vi NAL dugc chi 1o theo loai cua tép thong

s6 duoc gébm trong loai don vi NAL khong VCL.

- Pon vi NAL tap thong s6 thich ung (APS, Adaptation Parameter Set): Loai db6i
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v6i don vi NAL gom APS

- Don vi NAL tép thong s6 giai ma (DPS, Decoding Parameter Set): Loai d6i
v6i don vi NAL gom DPS

- Pon vi NAL tép thong sb video (VPS, Video Parameter Set): Loai ddi véi don
vi NAL gébm VPS

- Don vi NAL tép thong s6 trinh tu (SPS, Sequence Parameter Set): Loai dbi voi
don vi NAL gdm SPS

- Don vi NAL tép thong sb anh (PPS, Picture Parameter Set): Loai dbi véi don
vi NAL gdm PPS

-Pon vi NAL phr:in dau anh (PH, Picture header): Loai dbi voi don vi NAL gém
PH

Céc loai don vi NAL dugc mo ta ¢ trén c6 thong tin ci phéap cho loai don vi
NAL, va thong tin cu phap co thé dugc luu trit va duge bao hiéu trong phan dau don vi
NAL. Vi du, théng tin ct phap c6 thé 1 nal unit_type, va cac loai don vi NAL co thé

duoc chi rd béi gia tri nal_unit_type.

Trong lic d6, nhu dugc mo ta & trén, mot anh co thé gém nhiéu 1at, va mot 1at
¢6 thé gdbm phan dau 14t va dit lidu 1at. Trong trudng hop nay, mot phan diu anh c6 thé
con duge bd sung cho nhiéu 1at (phan dau 14t va tap dit ligu 1at) trong mot anh. Phan dau
anh (ct phap phan dAu anh) c6 thé gdm thong tin/cac thong s6 ¢ thé ap dung chung cho
anh. Trong sang ché, 14t c6 thé duoc tron 1an hodc dugc thay thé v6i nhom phién. Ngoai
ra, trong sang ché, phan dau l4t c6 thé dugc tron 1an hodc dugc thay thé v6i phan dau

nhém loai.

Phan dau 14t (ct phap phén d4u 14t hodc thong tin phin dau l4t) c¢6 thé gém thong
tin/cac thong sb thuong co thé 4p dung cho 1at. APS (ct phap APS) hodc PPS (ct phép
PPS) ¢6 thé gdm thong tin/cac thong s& thudng c6 thé dp dung cho mot hodc nhiéu lat
hoic anh. SPS (ct phép SPS) ¢6 thé gdm thong tin/cac thong s6 thuong c6 thé dp dung
cho mdt hodc nhiéu trinh tu. VPS (ct phap VPS) c6 thé gdm thong tin/cac thong s6
thuwong c6 thé ap dung cho nhidu 16p. DPS (ct phap DPS) c6 thé gom thdng tin/cac
thong sb thuong c6 thé ap dung cho toan bo video. DPS ¢6 thé gdm thong tin/cac thong

s0 lién quan tGi sy moc ndi cua chudi video duoc 14p ma (coded video sequence, CVS).
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Trong tai lidu nay, ca phap mic cao (high level syntax, HLS) c6 thé gbm it nhét mot
trong sb ¢t phap APS, cu phap PPS, ct phap SPS, ci phap VPS, ct phap DPS, ci phap

phin dau anh, va ct phép phan dau lat.

Trong tai liéu nay, thong tin hinh anh/video dwgc ma hoa trong thiét bi ma hoa
va dugc bao hiéu duéi dang ludng bit t6i thiét bi giai ma c6 thé gom, cling nhu thong
tin lién quan dén viéc phan vung anh trong &nh, thong tin du doan ndi/li€n, thong tin
phan du, thong tin loc trong vong ldp, v.v. thong tin dugc gdm trong phan dau lat, thong
tin duoc gdm trong phén dau anh, thong tin dugc gbm trong APS, thong tin duoc gdm
trong PPS, thong tin dugc gém trong SPS, thong tin duoc gém trong VPS, va/hodc thong
tin dwgc gdm trong DPS. Ngoai ra, théng tin hinh anh/video c6 thé con gdm thong tin
ctia phan dau don vi NAL.

Trong lac do, dé bu sy chénh léch gitra anh gbc va hinh dnh dugc xay dung lai
do 131 xay ra trong quy trinh ma hoa nén nhu 1a luong tir hoa, quy trinh loc trong vong
lap co thé duoc thuc hién trén cac mau duoc xay dung lai hodc cac anh dugc xay dung
lai nhu duoc mo ta & trén. Nhu duge mo ta ¢ trén, viéc loc trong vong lap ¢ thé dugc
thuc hién bai bd loc cua thiét bi ma héa va bd loc cia thiét bi giai ma, va b loc giai
khoi, SAO, va/hoic bd loc vong lap thich tmg (adaptive loop filter, ALF) c6 thé duoc
4p dung. Vi du, quy trinh ALF c6 thé dugc thuc hién sau quy trinh loc giai khéi va/hodc
quy trinh SAO dugc hoan tAt. Tuy nhién, ngay ca trong trudong hop nay, quy trinh loc
giai khéi va/hodc quy trinh SAO c6 thé duge bd qua.

Sau day, viéc xay dung lai anh va viéc loc s& dugc mo ta chi tiét. Trong lap ma
hinh anh/video, khdi duoc xay dung lai c6 thé dugc tao ra dua trén viéc du doan noi/viéc
du doan lién trong mdi don vi khdi, va anh dugc xay dung lai gbm céc khéi duge xay
dung lai co thé dugc tao ra. Khi anh/Iat hién tai a anh/lat I, cac khéi dugc gém trong
anh/14t hién tai co thé dugc xay dung lai dua trén chi viéc dy doan ndi. Cung luc doé, khi
anh/lat hién tai a anh/l1at P hodc B, cac khdi duoc g@)m trong anh/lat hién tai ¢o thé dugc
xdy dung lai dya trén viéc du doan ndi hodc viéc du doan lién. Trong truong hop nay,
viéc du doan ndi co thé duoc 4p dung cho mot s6 khéi trong anh/lat hién tai, va viéc du

doan lién c6 thé duogc ap dung cho cac khoi con lai.

Du doan noi c6 thé thé hién viéc dy doan dé tao ra cac mau du doan cho khoi

hién tai dua trén cdc mau tham chiéu trong anh (sau day, anh hién tai) ma khoi hién tai
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thudc ve. Trong truong hop ma viéc du doan ndi duogc ap dung cho khéi hién tai, thi cac
mAu tham chiéu 1an can cin dé duge st dung cho viéc du doan ndi ctia khoi hién tai ¢6
thé duoc dan xuét. Cac mAu tham chiéu l4n cin cla khdi hién tai c6 thé gff)m mau lién
18 v6i bién trai ctia khéi hién tai ¢6 kich thuée 1a nWxnH, tong cong 2xnH mau 1an can
phan dudi cing bén trai, mu lién k& v6i bién trén clng cia khdi hién tai, tong cong
2xnW méAu lan c4n phén trén cling bén phai, va mot mAu lan can phan trén cung bén trai
ctia khéi hién tai. Mt khdc, cdc mAu tham chiéu lan can cta khéi hién tai c6 thé gdm
mau 14n can trén cung cla nhiéu cot va mau 1an c4n bén trai cia nhiéu hang. Mt khéc,
c4c mAu tham chiéu 1an can ctia khdi hién tai c6 thé gdbm téng cong nH mau lién ké véi
bién bén phai cita khéi hién tai c6 kich thudc 1a nWxnH, tong cong nH mau lién ké véi
bién bén phai cua khdi hién tai, tong cong nW mau lién k& v6i bién dudi cing ciia khdi
hién tai, va mot mAu lan can phin dudi cing bén phai ciia khoi hién tai.

Tuy nhién, mot s6 mau tham chiéu 1an c4n cua khéi hién tai c6 thé van chua
dugc giai ma hodc ¢o thé khong c6 san. Trong trudng hop nay, by giai ma co thé tao cu
hinh cdc miu tham chiéu 14n can cin duogc sir dung cho viéc du doan thong qua viée
thay thé cac mau sin c6 cho cac miu khong sin c6. Theo cach thay thé, cac mau tham
chiéu 14an cén can duoc st dung dé du doan c6 thé dugc tao cAu hinh thong qua phép ndi

suy cua cac mau kha dung.

Khi c4c mau tham chiéu 1an can dugc din xuét, c6 hai truong hop, ma 1a, truong
hop (i) trong do mAu du doan c6 thé duge dan xuit dua trén trung binh hodc phép noi
suy cua cac mAu tham chiéu 14n cén cla khdi hién tai, va truong hop (ii) trong do mau
du doan co thé duoc dan xudt dua trén mau tham chiéu c6 mit theo huéng (du doan) cu
thé cho mau du doan trong s6 cac mAu tham chiéu 1an can cta khdi hién tai. Trudng hop
(i) ¢6 thé dugc goi la ché d6 khong c6 hudéng hodc ché do khong c6 goc va trudng hop
(i1) c6 thé duoc goi la ché do c6 hudng hoic ché d6 c6 goc. Ngoai ra, mau du doan cling
6 thé duoc tao ra thong qua phép ndi suy gitra mAu Ian cn tht nhit va miu lan can thi
hai duoc dat theo huéng nguoc lai voi huéng du doan cia ché do du doéan noi ctia khdi
hién tai dua trén mau du doan cua khoi hién tai trong s6 cac mau tham chiéu 1an can.
Truong hop & trén co thé dugc goi 1a viéc du doan ndi ndi suy tuyén tinh (Linear
Interpolation Intra Prediction, LIP). Bén canh do, cac mau du doan sic do cling c6 thé

duoc tao ra dva trén cic mau do choi nho sir dung m6 hinh tuyén tinh. Truong hop nay
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6 thé dugc goi 1a ché d6 LM. Ngoai ra, mau du doan tam thoi cua khéi hién tai c6 thé
duogc dan xuat dua trén cac mau tham chiéu 14n cén duogc loc. It nhat mot mau tham
chiéu, ma duogc dan xuit theo ché d6 du doan noi trong s6 cac mAu tham chiéu 1an can
san co6, nghia 13, céac mAu tham chiéu 14n can khong duoc loc, va mau du doan tam thoi
c6 thé dugc 1§y téng dat trong s6 dé din xuAt miu du doéan cuia khéi hién tai. Trudng
hop & trén co thé duoc goi 1a viéc du doan ndi phu thudc sy dinh vi (Position Dependent
Intra Prediction, PDPC). Bén canh d6, dudng mau tham chiéu c6 dd chinh xac du doan
cao nhét trong s6 cac dudong mau nhidu tham chiéu lan cén cua khoi hién tai c6 thé dugc
Irra chon dé din xuit miu du dodn bé‘mg cach st dung mau tham chiéu dugc dat theo
huéng du doén trén duong twong tmg, va dudng mau tham chiéu duoc st dung tai day
¢6 thé duoc chi ra (duge bao hiéu) cho thiét bi giai ma, nho d6 thue hién viéc ma hoa
du doan noi. Truong hop 6 trén cd thé duogc goi 1a viéc du doan ndi dudng nhiéu tham
chiéu (Multi-Reference Line, MRL) hodc vi¢c dw doan noi dua trén MRL. Bén canh do,
viéc du doan ndi co thé dugc thuc hién dua trén cung mot ché do du doan noi béng cach
phén chia khdi hién tai thanh cac phan ving con doc hodc ngang, va cic mAu tham chiéu
1an can c6 thé duoc din xuét va duogc sur dung trong cac don vi phan ving con. Nghia
13, trong truong hop nay, ché @6 du do4n noi cho khoi hién tai duoc ap dung ngang bang
cho cac phan vung con, va hiéu qua du doan nodi co thé duoc cai thién trong mot sd
truong hop bang viéc dan xuht va st dung cdc miu tham chiéu 1an cén trong cac don vi
1a cac phan ving con. Phuong phap du doan nhu véy co thé duoc goi 1a cac phan ving
con trong anh (Intra Sub-Partition, ISP) hoac viéc du doan ndi dua trén ISP. Cac phuong
phap du doén ndi dugc d& cap & trén c6 thé dugc goi 1a loai du doén noi riéng biét v6i
ché d0 dy doan noi trong céac ph?ln 1.2. Loai du doan ndi co thé duogc goi theo céc thuét
ngit khéc nhau nhu 1a k¥ thuat du doan noi hodc ché do du doan ndi ) sung hodc tuong
tu. Vi du, loai du doan ndi (hoac ché d6 du doan noi bd sung hodc tuong ty) ¢ thé gém
it nhat mot trong s6 LIP, PDPC, MRL, va ISP dugc dé cdp ¢ trén. Phuong phap dy doan
ndi chung ngoai trir loai dw doan noi cu thé nhu la LIP, PDPC, MRL, hogc ISP ¢6 thé
duoc goi 1a loai dy doan ndi thong thuong. Loai du doan ndi thong thudng c6 thé dugc
4p dung chung khi loai du dodn ndi cu thé khong duoc ap dung, va viéc du doan co thé
duoc thuce hién dua trén ché do du doan noi dugc dé cap ¢ trén. Trong khi d6, mot cach

tiy chon, viéc loc sau xtr Iy c6 thé duoc thuc hién trén mau du doan dugc dan xuat.
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Cu thé 13, quy trinh dy dodn no1 ¢6 thé g@)m thao tac xac dinh ché do/loai du
doan nodi, thao tac din xuét mAu tham chiéu lan c4n, va thao tac dAn xuét mau du doan
dua trén ché d6/loai du doan ndi. Ngoai ra, mot cach tuy chon, thao tac loc sau xur ly c6

thé duoc thuc hién trén mau du doan duoc dan xuat.

Anh duoc xay dung lai dugc cai bién c6 thé dugc tao ra thong qua quy trinh loc
trong vong lap, va anh dugc xdy dung lai duoc cai bién c6 thé dugc xuét ra dudi dang
anh dugc giai ma trong thiét bi giai ma va cling c6 thé duoc luu trit trong by nhé hoac
bd dém anh duoc gidi ma ciia thiét bi ma hoa/thiét b giai ma va dugce sir dung nhu anh
tham chiéu trong quy trinh dy doén lién khi anh dwge ma héa/dugc gidi ma ¢ thoi diém
sau d6. Quy trinh loc trong vong lap co6 thé gdbm quy trinh loc giai khéi, quy trinh dich
chuyén thich tng mau (SAO), va/hodc quy trinh bd loc vong 1dp thich img (ALF) nhu
duge mo ta & trén. Trong trudng hop nay, mot hodc mot sd trong sb quy trinh loc giai
khéi, quy trinh SAO, quy trinh ALF, va quy trinh loc song phuong ¢o thé dugc ap dung
lan luot, hodc tAt ca cac quy trinh co thé dugc ap dung 1an luot. Vi dy, quy trinh SAO
6 thé dugc thuc hién sau khi quy trinh loc giai khdi duoc ap dung cho anh duoc xay
dung lai. Mat khac, vi du, quy trinh ALF ¢6 thé dugc thuc hién sau khi quy trinh loc giai
khéi dugce ap dung cho anh dugc xdy dung lai. Viéc nay cling ¢6 thé dugc thuc hién

ngang bang trong thiét bi ma hoéa.

Viée loc giai khéi 1a k§ thudt loc ma loai bo sy bién dang xdy ra ¢ cdc bién gitta
cac khdi trong anh dwgc xay dung lai. Quy trinh loc giai khéi c6 thé, vi du, din xudt
bién muc tiéu trong anh dugc x4y dung lai, xac dinh do bén bién (bS) cho bién muc tiéu,
va thue hién viée loc giai khéi trén bién muc tiéu, dua trén bS. bS ¢6 thé duge xac dinh
dua trén ché d6 du doan, su chénh 1&ch vecto chuyén dong, xem cac anh tham chiéu co
gidng hét hay khong, xem hé sd dang ké khac khong c6 ton tai hay khong, v.v., ciia hai
khéi lién ké v6i bién muc tiéu.

SAO la phuong phép trong d6 su chénh 1&ch phan bu gifta anh dugc xay dung
lai va anh géc duogc bu trén co sO mau. Vi du, SAO ¢6 thé duogc 4p dung dua trén loai
chéng han nhu phén bu dai, ph?m bu mép, hodc tuong tu. Theo SAO, cac mau c6 thé
duoc phan loai vao cac danh muc khac nhau theo mdi loai SAO, va gia tri phﬁn bu cbd
thé duoc bd sung vao mdi mau dya trén danh muc. Thong tin loc cho SAO c6 thé gdm

thong tin vé viéc litu SAO c6 dugc ap dung hay khong, thong tin loai SAQO, va thong
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tin gia tri phén bu SAO, hoidc tuong ty. SAO cb thé dugc ap dung cho anh dugc xay

dung lai sau khi viéc loc giai khdi duoc ap dung.

Loc vong lap thich tmg (Adaptive Loop Filter, ALF) 1a k§ thuat dé loc anh dugc
xay dung lai trén co sO mau, dua trén cac hé s6 bo loc theo hinh dang bd loc. Thiét bi
m3 hoa c6 thé xac dinh xem ALF c6 dugc ap dung hay khong, hinh dang ALF va/hodc
hé sb loc ALF hoic twong tu bang viéc so sanh anh dugc xay dung lai va anh gbc va co
thé bao hiéu két qua xac dinh i thiét bi giai ma. Nghia 13, thong tin loc cho ALF ¢6 thé
gbm thong tin vé viéc liéu ALF c6 duge ap dung hay khong, thong tin hinh dang bo loc
ALF, thong tin hé s6 loc ALF, hoic tuong tu. ALF ¢6 thé duoc 4p dung cho anh dugc

x4y dung lai sau khi viéc loc giai khéi duoc ap dung.
Fig.5 minh hoa vi du cta hinh dang bd loc ALF.

Fig.5, (a) minh hoa hinh dang b0 loc kim cuong 7x7, va (b) minh hoa hinh dang
b0 loc kim cwong 5x5. Trén Fig.5, Cn la hinh dang bo loc thé hién hé $6 bo loc. Khin
1a giéng hét trong Cn, né c6 nghia rang cing hé s6 bd loc co thé duge phan phdi. Theo
sang ché, vi tri va/hodc don vi trong d6 hé s6 bo loc duoc phan phéi theo hinh dang bd
loc ALF co6 thé duoc goi la diém ndi bo loc. Trong trudng hop nay, mot he s6 bd loc c6
thé dugc phan phdi cho mdi diém néi bo loc, va hinh dang trong d6 diém nbi bd loc
duoc sép Xép c6 thé twong tng v6i hinh dang bo loc. Piém ndi bd loc duge dit ¢ trung
tam cua hinh dang bd loc ¢o thé duoc goi l1a diém ndi b loc trung tam. Cung hé sb6 bo
loc co thé duoc phéan phéi cho hai diém ndi bo loc c6 clng gia tri n va c6 mit & cac vi
tri twong ing véi nhau d6i voi didm ndi bo loc trung tAm. Vi dy, trong truong hop hinh
dang b6 loc kim cuong 7x7, 25 diém ndi bd loc duogc gém, va céc hé sd bo loc CO dén
C11 duogc phan phéi trong hinh dang dbi xung tdm. Do d9, cac hé s6 bo loc ¢ thé duogc
phan phéi t¢i 25 diém ndi bd loc béng viéc stir dung chi 13 h¢ s6 bo loc. Ngoai ra, vi du,
trong truong hop hinh dang bd loc kim cuong 5x5, 13 diém nbi b loc dugc gém, va cac
hé s6 bd loc CO dén C5 duogc phan phéi trong hinh dang d6i xung tdm. Do do, cac hé sb
b0 loc ¢co thé duoc phan phéi t6i 13 diém ndi bo loc b:?mg viéc st dung chi 7 bo loc. Vi
du, dé giam lugng dit liéu cta thong tin vé cac hé s6 bo loc can duoc bao hiéu, 12 hé )
b0 loc trong s6 13 hé s6 bo loc cho hinh dang b loc kim cuwong 7x7 ¢ thé duogc bao
hiéu (tudng minh), va mot hé sé b loc ¢6 thé duge dan xult (ngam dinh). Ngoai ra, vi

du, 6 hé sb b loc trong s6 7 hé s6 bo loc cho hinh dang bd loc kim cuong 5x5 ¢ thé
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dwoc bdo hiéu (twong minh), va mot hé s6 bd loc c6 thé dwge dan xuét (ngam dinh).

Fig.6 minh hoa vi du ciia quy trinh ALF st dung bién 40 theo mot phuong an

cua sang ché.

Bién 4o c6 thé 1a duong dugc xac dinh bang viéc chuyén dich bién CTU ngang
theo N mau. Trong mdt phuong an, N ¢ thé 12 4 cho thanh ph?ln do choi, va/hodc N co
thé 12 2 cho thanh phan sic do.

Viéc phan loai khdi dugc cai bién c6 thé dugc ap dung cho thanh phén do choi.
Péi voi viée tinh toan gradien 1D Laplacian cia khéi 4x4 bén trén bién 4o, chi cac mau
bén trén bién 4o c6 thé duge sit dung. Twong tu nhu vay, cho vigc tinh toan gradien 1D
Laplacian cua khéi 4x4 dudi bién a0, chi cac mau dudi bién 4o c6 thé duge st dung.
Viéc luong ti hoa cua gia tri hoat dong A co thé dugc dinh c& theo do bang viéc xem
xét b lugng dugc gidm cua cac mau dugc st dung trong viéc tinh toan gradien 1D

Laplacian.

Déi véi quy trinh loc, thao tac dém doi xing & cac bién a0 c6 thé dugc sir dung
cho ca cac thanh phan do choi va sac d9. Tham khao dén Fig.6, khi mau duoc loc duoc
dit bén dudi bién 4o, cac mau 1an can duogc dit bén trén bién 4o co6 the dugc dém. Cung

lac d6, cac mAu trong ng & phia bén kia ciling c6 the duge dém, mot cach doi xtmg.

Khi bd loc khong duoc cho phép ngang qua cac bién, quy trinh dugc mo ta theo
Fig.6 cling co thé duoc st dung cho céc bién cua lat, vién gach, va/hodc phién. béi voi
viéc phan loai khdi ALF, chi cac mau dugc gém trong cung lat, vién gach, va/hodc phién
¢6 thé duoc st dung, va gid tri hoat dong c6 thé duge dinh c& theo d6. Doi voi viée loc
ALF, viéc dém dbi ximg c6 thé dugc ap dung ca trong cac chiéu ngang va doc tuong ddi
s0 voi cac bién ngang va/hodc doc.

Fig.7 1a luvu dd minh hoa phuong phap ma hoa dua trén viéc loc trong thiét bi
ma héa. Phwong phéap ciia Fig.7 c6 thé gdm cac bude S700 dén S730.

Trong bude S700, thiét bi ma hoéa co thé tao ra anh duoc xay dung lai. Budc
S700 c6 thé duoc thuc hién dua trén quy trinh tao ra anh dugc xay dung lai dugc dé cap
& trén (hodic cac mau duge xay dung lai).

Trong bude S710, thiét bi ma hoa c6 thé x4c dinh xem viéc loc trong vong 1ap

c6 dugc 4p dung (ngang qua bién ao) hay khong dua trén thong tin lién quan dén viéc
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loc trong vong 1dp. o) day, viéc loc trong vong 1dp co thé gém it nhat mot trong s6 viée

loc giai khbi dugc dé cap & trén, SAO, va ALF.

Trong budc S720, thiét bi ma héa co thé tao ra anh duoc x4y dung lai dugc cai
bién (cac mau duogc xady dung lai dugc cai bién) dua trén viéc xac dinh cua bude S710.
(3 day, anh duge xdy dung lai duge cai bién (cac mau duge xay dung lai dugc cai bién)

¢6 thé 13 anh dugc x4y dung lai duoc loc (céc mau duoc x4y dung lai dugc loc).

Trong budc S730, thiét bi ma hoa c6 thé ma héa thong tin hinh dnh/video gbm

thong tin lién quan dén viéc loc trong vong lap, dya trén quy trinh loc trong vong lap.

Fig.8 1a luu dd minh hoa phuwong phép giai ma dua trén viéc loc trong thiét bi

giai ma. Phuong phap cta Fig.8 co thé gdbm céc buée S800 dén S830.

Trong buéc $800, thiét bi giai ma c6 thé thu nhén thong tin hinh anh/video gbm
thong tin lién quan dén viéc loc trong vong lap tir ludng bit. O day, ludng bit c6 thé dya

trén thong tin hinh anh/video duge ma hoa dugc truyén tir thiét bi ma hoéa.

Trong bude S810, thiét bi giai ma co thé tao ra anh dugc xay dung lai. Buéc
S810 c6 thé duoc thuc hién dua trén anh dugce xay dung lai dugc dé cap ¢ trén (hodc

cac mau duge xay dung lai).

Trong budc S820, thiét bj giai ma c6 thé xac dinh xem viéc loc trong vong 1ap
¢6 duoc ap dung (ngang qua bién d0) hay khong dua trén thong tin lién quan dén viéc
loc trong vong lap. O day, viéc loc trong vong lap c6 thé gbm it nhit mot trong s viée

loc giai khéi dugc dé cap o trén, SAO, va ALF.

Trong budc S830, thiét bi giai ma co thé tao ra anh duoc xay dung lai dugc cai
bién (cac mau duge xay dung lai dugc cai bién) dua trén viéc xac dinh cua bude S820.
O day, anh dugc xay dung lai duoc cai bién (cac mau dugc xay dung lai duogc cai bién)

¢6 thé 14 anh dugc x4y dung lai dugc loc (cic mau duge x4y dung lai duge loc).

Nhu duge md ta & trén, quy trinh loc trong vong ldp ¢6 thé dugc ap dung cho
anh duogc x4y dung lai. Trong truong hop nay, bién 4o c6 thé duge xac dinh dé cai thién
thém chét lwong truc quan chi quan/khach quan cta anh dugc xay dung lai, va quy trinh
loc trong vong 1dp co thé duoc 4p dung ngang qua bién do. Bi€n ao co6 thé gom, vi du,
mép khong lién tuc chéng han nhu hinh anh 360 d9, hinh anh VR, bién, anh trong anh

(Picture In Picture, PIP), hodc twong tu. Vi du, bién 4o co thé c6 mit & vi tri duoc xac

30/76



52273

dinh trudc, va su c6 mat va/hodc vi tri cia nd c6 thé dugc bao hiéu. Vi dy, bién 4o c6
thé dugc dat & duong mau th{ tu bén trén cua hang CTU (cu thé 13, vi duy, phia trén mau
thir tu bén trén ctia hang CTU). Nhu mot vi du khac, thong tin vé su c¢6 mat vashodc vi
tri ctia bién 4o c6 thé dugc bao hiéu thong qua HLS. HLS ¢6 thé gdbm SPS, PPS, phan

diu anh, ph?m dAu 14t, hoic twong tw nhu duge mo ta & trén.

Sau ddy, viéc bao hiéu cu phap mic cao va ngilt nghia s€ dugc mo ta theo cac

phuong an cia sang ché.

Mot phuong 4n cua sang ché c6 thé gdbm phuong phap didu khién céc bo loc
vong lap. Phuong phap diéu khién cac bo loc vong 1ap nay co thé duoc 4p dung cho anh
duoc xay dung lai. Cac bd loc trong vong 13p (céc bd loc vong lap) co thé dugc sir dung
dé giai ma céc ludng bit dugc ma hoéa. Cac bo loc vong lap co thé gbém viéc giai khéi
duoc dé cp & trén, SAO, va ALF. SPS ¢6 thé gém cac co lién quan dén mbi trong sb
viéc giai khdi, SAO, va ALF. Céc c0 ¢ thé chi ra xem mdi trong s cac cong cu la san
¢6 cho viéc 1ap ma cua trinh ty video 16p dugc 1ap ma (coded layer video sequence,

CLVS) hay trinh tu video dugc 13p ma (CVS) tham chiéu dén SPS.

Trong mot vi dy, khi céc bd loc vong 1dp dugc cho phép cho vigc 1ap ma cda cac
anh trong CVS, viéc ap dung cuia cac bd loc vong lap co thé dwoc diéu khién khong
ngang qua cac bién cu thé. Vi du, cac bo loc vong lap co thé duogc diéu khién khong
ngang qua céc bién anh con, cic bo loc vong lap co thé duogc diéu khién khong ngang
qua céac bién phién, cac bd loc vong lap c6 thé duoc didu khién khong ngang qua cac
bién 14t, va/hodc cac b loc vong 1ap co thé duoc didu khién khong ngang qua cac bién
ao0.

Thong tin li€n quan dén viéc loc trong vong 1ap co thé gom thong tin, cu phap,
c4c phan tir cti phap va/hodc cac ngit nghia duge md ta trong sang ché (hodc cac phuong
4n dugc bao gdbm trong d6). Thong tin lién quan dén viéc loc trong vong 1ap co thé gdbm
thong tin lién quan dén viéc liéu (toan bo hodc mot phén cua) quy trinh loc trong vong
13p c6 duge cho phép ngang qua céac bién cu thé (vi du, bién 4o, bién anh con, bién lat,
va/hodc bién phién) hay khong. Thong tin hinh anh dugc gdm trong ludng bit c6 thé
gdm ct phap murc cao (HLS), va HLS c6 thé gdm thong tin lién quan dén viéc loc trong
vong lap. Cac mau dugce xay dung lai dugc cai bién (hoic dugc loc) (cac anh dugc xay

dung lai) c6 thé duoc tao ra dua trén viéc xac dinh xem quy trinh loc trong vong 1ap ¢o

31/76



52273

duogc 4p dung ngang qua cac bién cu thé hay khong. Trong mot vi du, khi quy trinh loc
trong vong 1dp dugce bét hoat cho tit ca cic khéi/cac bién, cac miu dugc xay dung lai
duoc cai bién c6 thé 1a gidng hét voi cac méu dugc xdy dung lai. Trong mot vi du khac,
c4c mau duoc x4y dung lai dugce cai bién c6 thé gém c4ac mAu duge x4y dung lai dugc
c4i bién dugc din xuét dua trén viéc loc trong vong 1dp. Tuy nhién, trong truong hop
nay, mot sb miu duoc xay dung lai (vi dy, cac mau duoc xay dung lai ngang qua cac
bién 40) co thé khong duoc loc trong vong 1ap dua trén viée xac dinh duogc dé cap & trén.
Vi du, cac mau duoc x4y dung lai ngang qua bién cu thé (it nhit mét trong sb bién 2o,
bién anh con, bién 14t, va/hodc bién phién cho né viéc loc trong vong 1ap dugc cho phép)
¢6 thé dugc loc trong vong 13p, nhung cic mau dugc xdy dung lai ngang qua cac bién
khéc (vi dy, bién a0, bién anh con, bién lat, va/hodc bién phién cho né viéc loc trong

vong lap dugce bét hoat) c6 thé khong dugc loc trong vong lap.

Trong mot vi duy, lién quan dén viéc lidu quy trinh loc trong vong 1dp c6 duge
thuc hién ngang qua bién 4o hay khong, thong tin lién quan dén viéc loc trong vong lap
c6 thé gbdm co biéu dién cac bién 4o SPS, co bidu dién céac bién 4o phan d4u anh, thong
tin sb lugng cua céac bién 4o, thong tin vé cac vi trf ctia cac bién 4o, hoac tuong tu.

Trong cac phuong an dugc gdm trong sang ché, thong tin vé vi tri cac bién 4o
6 thé gdm thong tin vé toa d6 x ctia bién 4o doc va/hodc thong tin vé toa d0 y ctia bién
ao ngang. Cu thé 13, thong tin vé vi tri cac bién 4o ¢ thé gdm thong tin vé toa do X clia
bién 4o doc va/hodc thong tin vé toa d0 y cta bién 4o ngang trong cdc don vi cua cac
mau do choi. Ngoai ra, thong tin vé vi tri cac bién 40 c6 thé gdm thong tin vé s6 lugng
clia cac mau thong tin (céc phén tir cti phap) trén toa do x cla bién 4o doc ma c6 mat
trong SPS. Ngoai ra, thong tin vé vi tri cac bién 40 ¢ thé gbm thong tin vé s6 luong cua
c4c mAu thong tin (cac phéan tir cti phép) trén toa do y cua bién 4o ngang ma c6 mdt trong
SPS. Mat khac, thong tin vé vi tri cac bién 4o ¢ thé g@)m thong tin vé sb lugng cua cac
méu thong tin (cac phan tir ct phap) trén toa do x ctia bién do doc ma ¢6 mit trong phan
d4u anh. Ngoai ra, thong tin vé vi tri cac bién 4o c6 thé gdm thong tin vé sb lugng cla
cac miu thong tin (cac phén tir ¢t phép) trén toa do y clia bién do ngang ma c6 mat trong

phan dau anh.

Céac bang dudi day thé hién ct phéap vi du va cac ngit nghia ctia SPS theo phuong

an nay.
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[Bang 1]
seq _parameter_set_rbsp() { Descriptor
subpics_present_flag u(l)
if( subpics_present_flag ) {
sps_num_subpics_minus1 u(8)
for(i=0;i <= sps_num_subpics_minusl; i++) {
subpic_ctu_top_left x[1] u(v)
subpic_ctu_top_left_y[1 | u(v)
subpic_width_minus1[i ] u(v)
subpic_height minusl[1 ] u(v)
subpic_treated_as_pic_flag[ i ] u(l)
loop_filter_across_subpic_enabled_flag[ i ] u(l)
)
5
sps_sao_enabled_flag u(l)
sps_alf_enabled flag u(l)
sps_loop_filter_across_virtual_boundaries_disabled |_present_flag u(l)
if(sps_loop_filter_across_virtual_boundaries_disabled | present_flag ) §
sps_num_ver_virtual boundaries u(2)
for(i=0;1i< sps_num_ver_virtual_boundaries; 1++ )
sps_virtual_boundaries_pos_x[ 1] u(13)
sps_num_hor_virtual_boundaries u(2)
for(i=0; i< sps_num_hor_virtual_boundaries; i++)
sps_virtual_boundaries_pos_y[ i ] u(13)

e

[Bang 2]
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subpics_present_flag equal to 1 specifies that subpicture parameters are present in in the SPS RBSP syntax.
subpics_present_flag equal to O specifies that subpicture parameters are not present in the SPS RBSP syntax.

sps_num_subpics_minus] plus 1 specifies the number of subpictures. sps_num_subpics_minus] shall be in the range of 0
to 254. When not present, the value of sps_num_subpics_minus] is inferred to be equal to 0.

subpic_ctu_top_left_x[ i ] specifies horizontal position of top left CTU of i-th subpicture in unit of CtbSizeY. The length
of the syntax element is Ceil( Log2( pic_width_max_in_luma_samples / CtbSizeY ) ) bits. When not present, the value of
subpic_ctu_top_left x[i]is inferred to be equal to 0.

subpic_ctu_top_left_y[ i] specifies vertical position of top left CTU of i-th subpicture in unit of CtbSizeY. The length of
the syntax element is Ceil( Log2( pic_height max_in_luma_samples / CtbSizeY ) ) bits. When not present, the value of
subpic_ctu_top_left_y[ i]is inferred to be equal to 0.

subpic_width_minus1[ i ] plus 1 specifies the width of the i-th subpicture in units of CtbSizeY. The length of the syntax
¢lement is Ceil( Log2( pic_width_max_in_luma_samples / CtbSizeY ) ) bits. When not present, the value of
subpic_width_minusl[ i ] is inferred to be equal to Ceil( pic_width_max_in_luma_samples / CtbSizeY )~ 1.
subpic_height_minus1[ i ] plus 1 specifies the height of the i-th subpicture in units of CtbSizeY. The length of the syntax
element is Ceil( Log2( pic_height max_in_luma_samples / CtbSizeY ) ) bits. When not present, the value of
subpic_height_minus1[ 1] is inferred to be equal to Ceil( pic_height max_in_luma_samples / CtbSizeY ) — 1.
subpic_treated_as_pic_flag[ i ] equal to 1 specifies that the i-th subpicture of each coded picture in the CLVS is treated as
a picture in the decoding process excluding in-loop filtering operations. subpic_treated_as_pic_flag[ i ] equal to 0
specifies that the i-th subpicture of each coded picture in the CLVS is not treated as a picture in the decoding process
excluding in-loop filtering operations. When not present, the value of subpic_treated_as_pic_flag[ i] is inferred to be
equal to 0.

loop_filter_across_subpic_enabled_flag[ i ] equal to ] specifies that in-loop filtering operations may be performed across
{he boundaries of the i-th subpicture in each coded picture in the CLVS. loop_filter_across_subpic_enabled_{lag[ i]
equal to 0 specifies that in-loop filtering operations are not performed across the boundaries of the i-th subpicture in each
coded picture in the CLVS. When not present, the value of loop_filter_across_subpic_enabled_pic_flag[i] is inferred to
be equal to 1.

sps_loop_filter_across_virtual_boundaries_disabled | present_flag equal to 1 specifies that the in-loop filtering operations
are disabled across the virtual boundaries in pictures referring to the SPS.
sps_loop_filter_across_virtual_boundaries_disabled | present_tlag equal to 0 specifies that no such disabling of in-loop
filtering operations is applied in pictures referring to the SPS. In-loop filtering operations include the deblocking filter,
sample adaptive offset filter, and adaptive loop filter operations.

sps_sao_enabled_flag equal to 1 specifies that the sample adaptive offset process is applied to the reconstructed picture
after the deblocking filter process. sps_sao_enabled flag equal to O specifies that the sample adaptive offset process is not
applied to the reconstructed picture after the deblocking filter process.

sps_alf_enabled_{lag equal to O specifies that the adaptive loop filler is disabled. sps_all_enabled_flag equal to 1
specifies that the adaptive loop filter is enabled.

sps_num_ver_virtual_boundaries specifies the number of sps_virtual_boundaries_pos_x[ i ] syntax elements that are
present in the SPS. When sps_num_ver_virtual_boundaries is not present, it is inferred to be equal to 0.

sps_virtual_boundaries_pos_x[ i | is used to compute the value of VirtualBoundariesPosX[ 1 ], which specifies the
location of the i-th vertical virtual boundary in units of luma samples. The value of sps_virtual_boundaries_pos_x[ i ]
shall be in the range of 1 to Ceil( pic_width_in_luma_samples + 8 ) -1, inclusive.

sps_num_hor_virtual_boundaries specifies the number of sps_virtual_boundaries_pos_y[ i | syntax elements that are
present in the SPS. When sps_num_hor_virtual_boundaries is not present, it is inferred to be equal to 0.

sps_virtual_boundaries_pos_y[1] is used to compute the value of VirtualBoundariesPos Y[ i ], which specifies the

location of the i-th horizontal virtual boundary in units of luma samples. The value of sps_virtual_boundaries_pos_y[ 1]
shall be in the range of 1 to Ceil( pic_height_in_luma_samples + 8 ) — 1, inclusive.

r
A 2

Céac bang du¢i day thé hién ca phap vi du va cac ngit nghia cua tép thong s6 a

(PPS) theo phuong an nay.
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pic_parameter_set_rbsp() { Descriptor

no_pic_partition_flag u(l)

if( 'no_pic_partition_flag ) {

loop_filter_across_tiles_enabled_flag u(l)

loop_filter_across_slices_enabled_flag u(l)
5
deblocking_filter_control_present_flag u(l)
if( deblocking_filter_control_present_flag ) {
deblocking_filter_override_enabled_flag u(l)
pps_deblocking_filter_disabled_flag u(l)
if( 'pps_deblocking_filter_disabled flag ) {
pps_beta_offset_div2 se(v)
pps_te_offset_div2 se(v)
5
¥
)
[Bang 4]

no_pic_partition_flag equal to 1 specifies that no picture partitioning applied to each picture referring to the PPS.
no_pic_partition_flag equal to 0 specifies each picture referring to the PPS may be partitioned into more than one tile or
slice.

loop_filter_across_tiles_enabled flag equal to 1 specifies that in-loop filtering operations may be performed across tile
boundaries in pictures referring to the PPS. loop_filter_across_tiles_enabled_flag equal to 0 specifies that m-loop filtering
operations are not performed across tile boundaries in pictures referring to the PPS. The in-loop filtering operations
include the deblocking filter, sample adaptive offset filter, and adaptive loop filter operations.
loop_filter_across_slices_enabled_flag equal to 1 specifies that in-loop filtering operations may be performed across slice
boundaries in pictures referring to the PPS. loop_filter_across_slice_enabled_flag equal to 0 specifies that in-loop
[iltering operations are not performed across slice boundaries in pictures referring to the PPS. The in-loop filtering
operations include the deblocking filter, sample adaptive offset filter, and adaptive loop filter operations.

deblocking_filter_control_present_flag equal to 1 specifies the presence of deblocking filter control syntax elements in
the PPS. deblocking_filter control_present_flag equal to 0 specifies the absence of deblocking filter control syntax
elements in the PPS.

deblocking_filter_override_enabled_flag equal to 1 specifies the presence of pic_deblocking_filter_override_flag in the
PHs referring to the PPS or slice_deblocking_filter_override_flag in the slice headers referring to the PPS.
deblocking_filter_override_enabled_flag equal to 0 specifies the absence of pic_deblocking_filter_override_flag in PHs
referring to the PPS or slice_deblocking_filter_override_flag in slice headers referring to the PPS. When not present, the
value of deblocking_filter_override_enabled_flag is inferred to be equal to 0.

pps_deblocking_filter_disabled flag equal to 1 specifies that the operation of deblocking filter is not applied for slices
referring to the PPS in which slice_deblocking_filter_disabled_flag is not present. pps_deblocking_filter_disabled_flag
equal to 0 specifies that the operation of the deblocking filter is applied for slices referring to the PPS in which
slice_deblocking_filter_disabled_flag is not present. When not present, the value of pps_deblocking_filter_disabled_flag
is inferred to be equal to 0.

pps_beta_offset_div2 and pps_tc_offset_div2 specity the default deblocking parameter offsets for p and tC (divided by 2)
{hat are applied for slices referring to the PPS, unless the default deblocking parameter offsets are overridden by the
deblocking parameter oflsets present in the slice headers of the slices referring to the PPS. The values of
pps_beta_offset_div2 and pps_tc_offset_div2 shall both be in the range of =6 to 6, inclusive. When not present, the value
of pps_beta_offset_div2 and pps_tc_offset_div2 are inferred to be equal to 0.

Céac bang sau day thé hién ca phap vi du va cac ngit nghia cua phan dau anh theo

phuong an nay.
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[Bang 5]
picture_header_rbsp() { Descriptor
if( Isps_loop_filter_across_virtual_boundaries_disabled _present_flag ) {
ph_loop_filter_across_virtual_boundaries_disabled_p resent_flag u(l)
if(ph_loop_filter_across_virtual_boundaries_disabled | present flag) {
ph_num_ver_virtual_boundaries u(2)
for(i=0;1<ph num_ver_virtual_boundaries; i++)
ph_virtual_boundaries_pos_x[ 1 | u(13)
ph_num_hor_virtual_boundaries u(2)
for(i=0;1<ph_num_hor_virtual_boundaries; i++)
ph_virtual_boundaries_pos_y[ 1] u(13)
;
)
if( sps_sao_enabled_flag ) {
pic_sao_enabled_present_flag u(l)
if( pic_sao_enabled_present_flag ) {
pic_sao_luma_enabled_flag u(l)
if(ChromaArray Type != 0)
pic_sao_chroma_enabled_flag u(l)
)
)
if( sps_alf_enabled_flag ) {
pic_alf_enabled_present_flag u(l)
if( pic_alf enabled_present_flag) {
pic_alf_enabled_flag u(l)
if( pic_alf enabled flag) {
pic_num_alf aps_ids_luma u(3)
for(i=0;1<pic_num_alf aps_ids luma; i++)
pic_alf_aps_id_lumal[i ] u(3)
if( ChromaArray Type != 0)
pic_alf_chroma_idc u(2)
if(pic_alf_chroma_idc )
pic_alf_aps_id_chroma u(3)

——

-
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if( deblocking_filter_override_enabled flag ) {

pic_deblocking_filter_override_present_flag u(l)
if( pic_deblocking_filter_override_present_{lag ) {
pic_deblocking_filter_override_flag u(l)
if( pic_deblocking_filter_override flag) {
pic_deblocking_filter_disabled_flag u(l)
if( !pic_deblocking_filter_disabled flag ) {
pic_beta_offset_div2 se(v)
pic_tc_offset_div2 se(v)

-

——

-~

-~

-

[Bang 6]
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ph_loop_ﬁhcr_across_\firtual_boundaﬁes_disabled present_flag equal to 1 specifies that the in-loop filtering operations
are disabled across the virtual boundaries in pictures associated to the PH.
ph_loop_ﬁltcr__across_viITual_boundarics_disablcd_present_ﬂag equal to 0 specifies that no such disabling of in-loop

filtering operations is applied in pictures associated to the PH. The in-loop filtering operations include the deblocking
filter, sample adaptive offset filter, and adaptive loop filter operations.

ph_num_ver_virtual_boundaries specifies the number of ph_virtual_boundaries_pos_x[ 1] syntax elements that are
present in the PH.

ph_virtual boundaries_pos_x[ i] is used to compute the value of VirtualBoundariesPosX] i ], which specifies the
location of the i-th vertical virtual boundary in units of luma samples. The value of ph_virtual_boundaries_pos_x[ i ] shall
be in the range of 1 to Ceil( pic_width_in_luma_samples +8 ) — 1, inclusive.

ph_num_hor_virtual_boundaries specifies the number of ph_virtual_boundaries_pos_y[ i] syntax elements that are
present in the PH.

ph_virtual_boundaries_pos_y[ i ] is used to compute the value of VirtualBoundariesPosY[ i ], which specifies the
location of the i-th horizontal virtual boundary in units of luma samples. The value of ph_virtual_boundaries_pos_y[1]
shall be in the range of 1 to Ceil( pic_height_in_luma_samples + 8 ) — 1, inclusive.

pic_sao_enabled_present_flag equal to 1 specifies that pic_sao_luma_flag and pic_sao_chroma_flag are present in the
PH. pic_sao_enabled_present_flag equal to O specifies that pic_sao_luma_{lag and pic_sao_chroma_{lag are not present
in the PH. When pic_sao_enabled_present_{lag is not present, it is inferred (o be equal to 0.

pic_sao_luma_enabled_flag equal to 1 specifies that SAO is enabled for the luma component in all slices associated with
the PH; pic_sao_luma_enabled_flag equal to 0 specifies that SAO for the luma component may be disabled for one, or
more, or all slices associated with the PH.

pic_sao_chroma_enabled_flag equal to 1 specifies that SAO is enabled for the chroma component in all slices associated
with the PH; pic_sao_chroma_enabled_flag equal to O specifies that SAO for chroma component may be disabled for
one, or more, or all slices associated with the PIL.

pic_alf_enabled_present_flag equal to 1 specifies that pic_alf_enabled_{lag, pic_num_alf_aps_ids_luma,
pic_alf_aps_id_luma[ i ], pic_al{_chroma_idc, and pic_alf_aps_id_chroma are present in the PH.

pic_alf enabled_present_flag equal to O specifies that pic_alf_enabled_[lag, pic_num_alf_aps_ids_luma,
pic_alf_aps_id_lumal i ], pic_alf_chroma_idc, and pic_alf_aps_id_chroma are not present in the PH. When
pic_alf_enabled_present_{lag is not present, it is inferred to be equal to 0.

pic_alf enabled_flag equal to 1 specifies that adaptive loop filter is enabled for all slices associated with the PH and may
be applied to Y, Cb, or Cr colour component in the slices. pic_alf_enabled_tlag equal to 0 specifies that adaptive loop
filter may be disabled for one, or more, or all slices associated with the PH. When not present, pic_alf_enabled_flag 18
inferred to be equal to 0.

pic_num_alf aps_ids_luma specifies the number of ALF APSs that the slices associated with the PH refers to.

pic_alf aps_id_luma] i ] specifies the adaptation _parameter_set_id of the i-th ALF APS that the luma component of the
slices associated with the PH refers to.

The value of alf luma_filter_signal_flag of the APS NAL unit having aps_params_type equal to ALF_APS and
adaptation_parameter_set_id equal to pic_alf_aps_id_luma[ i] shall be equal to 1.

pic_alf chroma_idc equal to 0 specifies that the adaptive loop filter is not applied to Cb and Cr colour components.
pic_alf chroma_idc equal to 1 indicates that the adaptive loop filter is applied to the Cb colour component.

pic_alf chroma_idc equal to 2 indicates that the adaptive loop filter is applied to the Cr colour component.

pic_alf chroma_idc equal to 3 indicates that the adaptive loop filter is applied to Cb and Cr colour components. When
pic_alf chroma_idc is not present, it is inferred to be equal to 0.

pic_alf aps_id_chroma specifies the adaptation _parameter_set_id of the ALF APS that the chroma component of the
slices associated with the PH refers to.

pic_deblocking_filter_override_present_flag equal to 1 specifies that pic_deblocking_filter_override_flag is present in the
PH. pic_deblocking_filter_override_present_flag equal to 0 specifies that pic_deblocking_filter_override_flag is not
present in the PH. When pic_deblocking_{ilter_override_present_{lag is not present, it is inferred to be equal to 0.
pic_deblocking_filter_override_flag equal to 1 specifies that deblocking parameters are present in the PH.
pic_deblocking_{filter_override_flag equal to 0 specifies that deblocking parameters are not present in the PH. When not
present, the value of pic _pic_deblocking_filter_override_flag is inferred to be equal to 0.

pic_deblocking_filter_disabled_flag equal to 1 specifies that the operation of the deblocking filter is not applied for the
slices associated with the PH. pic_deblocking_filter_disabled_{lag equal to 0 specifies that the operation of the
deblocking filter is applied for the slices associated with the PH. When pic_deblocking_filter_disabled_{lag is not
present, it is inferred to be equal to pps_deblocking_filter_disabled_flag.

pic_beta_offset_div2 and pic_tc_offset_div2 specify the deblocking parameter offsets for p and tC (divided by 2) for the
slices associated with the PH. The values of pic_beta_offset_div2 and pic_tc_offset_div2 shall both be in the range of —6
to 6. inclusive. When not present, the values of pic_beta_offset_div2 and pic_tc_offset_div2 are inferred to be equal to
pps_beta_offset_div2 and pps_tc_ofset_div2, respectively.
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Céc bang sau day thé hién ct phap vi du va cac ngit nghia cua phén dau 1t theo

phuong an nay.

[Bang 7]
slice_header( ) { Descriptor
if( pps_cu_chroma_gp_offset_list_enabled_flag)
cu_chroma_gp_offset_enabled_flag u(l)
if( sps_sao_enabled_flag && !pic_sao_enabled _present_{flag ) {
slice_sao_luma flag u(l)
if( ChromaArrayType != 0)
slice_sao_chroma_flag u(l)
}
if( sps_alf_enabled_flag && !pic_alf _enabled_present_flag) {
slice_alf_enabled_flag u(l)
if( slice_alf enabled flag ) {
slice_ num_alf aps_ids_luma u(3)
for(i=0;1 <slice num_alf aps_ids_luma; i++)
slice_alf _aps_id lumal i ] u(3)
if( ChromaArray Type != 0)
slice_alf_chroma_idc u(2)
if( slice_alf chroma_idc)
slice_alf_aps_id_chroma u(3)
}.
3
if( deblocking_filter_override_enabled_flag &&
Ipic_deblocking_filter_override_present_flag )
slice_deblocking_filter_override_flag u(l)
if( slice_deblocking_filter_override_flag ) {
slice_deblocking_filter_disabled_flag u(l)
if( !slice_deblocking_filter_disabled flag) {
slice_beta_offset_div2 se(v)
slice_tc_offset_div2 se(v)

b
s

Ny

——

[Bang 8]
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cu_chroma_gp_offset_enabled flag equal to 1 specifies that the cu_chroma_qp_offset_{lag may be present in the
transform unit and palette coding syntax. cu_chroma_qp_offset_enabled flag equal to 0 specifies that the
cu_chroma_gp_offset_flag is not present in the transform unit or palette coding syntax. When not present, the value of
cu_chroma_gp_offset_enabled flag is inferred to be equal to 0.

slice_sao_luma_{lag equal to 1 specifies that SAO is enabled for the luma component in the current slice;
slice_sao_luma_flag equal to 0 specifies that SAO is disabled for the luma component in the current slice. When
slice_sao_luma_flag is not present, it is inferred to be equal to pic_sao_luma_enabled_flag.

slice_sao_chroma_flag equal to 1 specifies that SAO is enabled for the chroma component in the current slice;
slice_sao_chroma_tlag equal to O specifies that SAO is disabled for the chroma component in the current slice. When
slice_sao_chroma_{lag is not present, it is inferred to be equal to pic_sao_chroma_enabled_{flag.

slice_alf enabled_flag equal to 1 specifies that adaptive loop filter is enabled and may be applied to Y, Cb, or Cr colour
component in a slice. slice_alf_enabled_flag equal to 0 specifies that adaptive loop filter is disabled for all colour
components in a slice. When not present, the value of slice_alf enabled_flag is inferred to be equal to

pic_alf enabled_flag.

slice num_alf aps_ids_luma specifies the number of ALF APSs that the slice refers to. When slice_alf_enabled_flag is
equal to 1 and slice_num_alf_aps_ids_luma is not present, the value of slice num_alf aps_ids_luma is inferred to be
equal to the value of pic_num_alf aps_ids_luma. '

slice_alf aps_id_luma[ i ] specifies the adaptation _parameter_set_id of the i-th ALF APS that the luma component of the
slice refers to. The Temporalld of the APS NAL unit having aps_params_type equal to ALF_APS and
adaptation_parameter_set_id cqual to slice_alf_aps_id_luma[ i ] shall be less than or equal to the Temporalld of the
coded slice NAL unit. When slice_alf_enabled_flag is equal to 1 and slice_alf aps_id_lumal 1 ] is not present, the value
of slice_alf aps_id_lumal i | is inferred to be equal to the value of pic_alf_aps_id_luma i ].

The value of alf_luma_filter_signal_flag of the APS NAL unit having aps_params_type equal to ALF_APS and
adaptation_parameter_set_id equal to slice_alf aps_id_luma[ i ] shall be equal to 1.

slice_alf chroma_idc equal to O specifies that the adaptive loop filter is not applied to Cb and Cr colour components.
slice_alf chroma_idc equal to 1 indicates that the adaptive loop filter is applied to the Cb colour component.

slice_alf chroma_idc equal to 2 indicates that the adaptive loop filter is applied to the Cr colour component.

slice_alf chroma_idc equal to 3 indicates that the adaptive loop filter is applied to Cb and Cr colour components. When
slice_alf chroma_idc is not present, it is inferred to be equal to pic_alf chroma_idc.

slice_alf aps_id _chroma specifies the adaptation _parameter_set_id of the ALK APS that the chroma component of the
slice refers to. The Temporalld of the APS NAL unit having aps_params_type equal to ALF_APS and
adaptation_parameter_set_id equal to slice_alf aps_id_chroma shall be less than or equal to the Temporalld of the coded
slice NAL unit. When slice_alf enabled_flag is equal to 1 and slice_alf_aps_id chroma is not present, the value of
slice_alf aps_id_chroma is inferred to be equal to the value of pic_alf aps_id_chroma.

The value of alf_chroma_filter_signal_flag of the APS NAL unit having aps_params_type equal to ALF_APS and
adaptation_parameter_set_id equal to slice_alf aps_id_chroma shall be equal to 1.

slice_deblocking_filter_override_flag equal to 1 specifies that deblocking parameters are present in the slice header.
slice_deblocking_filter_override_flag equal to 0 specifies that deblocking parameters are not present in the slice header.
When not present, the value of slice_deblocking_filter_override_flag is inferred to be equal to
pic_deblocking_filter_override_tlag.

slice_deblocking_filter_disabled_flag equal to 1 specifies that the operation of the deblocking filter is not applied for the
current slice. slice_deblocking_filter_disabled_flag equal to 0 specifies that the operation of the deblocking filter is
applied for the current slice. When slice_deblocking_filter_disabled_flag is not present, it is inferred to be equal to
pic_deblocking_filter_disabled_flag.

slice_beta_offset_div2 and slice_tc_offset_div2 specify the deblocking parameter offsets for p and tC (divided by 2) for
the current slice. The values of slice_beta_offset_div2 and slice_tc_offset_div2 shall both be in the range of —6 t0.6,
inclusive. When not present, the values of slice_beta_offset_div2 and slice_tc_offset_div2 are inferred to be equal to
pic_beta_offset_div2 and pic_tc_offset_div2, respectively.

Sau day, thong tin lién quan dén cac anh con, thong tin lién quan dén cac bién

20 ¢c6 thé sir dung trong viéc loc trong vong ldp, va viéc bao hiéu cua n6 s& dugc mo ta.

Khi khong c6 anh con nao c6 cac bién dwge doi xur nhu céc bién anh ngay ca
néu 4nh gdm vai anh con, vu diém cua viéc st dung anh con khong thé dugc tan dung.
Trong mdt phuong 4n cla sang che, thong tin hinh anh/video cho viéc 14p ma hinh anh

6 thé gbm thong tin dé d6i xu v6i anh con nhu anh, ma c6 thé dugce goi 1a co xr ly anh

(nghia 13, subpic_treated_as_pic_flag[i]).
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D& bao hiéu sy bd tri ctia anh con, cd (nghia 13, subpic_present_flag) lién quan
dén viéc liéu cac anh con c6 mat hay khong dugc bao hiéu. N6 co thé duoc goi la co
bidu didn anh con. Khi gi4 tri cua subpic_present_flag 1a 1, thong tin (nghia 1a,
sps_num_subpics_minus1) lién quan dén s6 luong ctia cac anh con cho viéc phén vung
anh dugc bao hiéu. Trong mot vi du, $6 luong cua cac anh con cho viéc phan vung anh
c6 thé bing vo6i sps num_subpics_minusl + 1 (1 dugc cOng vao
sps_num_subpics_minusl). Céac gia tri san c6 ctia sps_num_subpics_minusl gbm 0, ma
c6 nghia 1a chi mot dnh con co thé c6 mat trong anh. Néu anh gém chi mot anh con, viéc
b4o hiéu cua thong tin lién quan dén anh con c6 thé dugc coi 1a quy trinh thira do anh

con ty no 1a anh.

Trong phurong 4n sin co, néu anh gém chi mot anh con va viéc béo hiéu anh con
13 c6 mit, gia tri chia ¢ xtt Iy anh (nghia 14, subpic_treated_as _pic_flag[i]) va/hodc gia
tri cha co (nghia 1a, loop_filter across_subpic_enabled flag) lién quan dén viéc lidu
viée loc vong lap c6 dugce thyc hién ngang qua céc anh con hay khong c6 thé 13 0 hoic
1. O day, ¢6 van dé & chd trudong hop trong do gid tri cua subpic_treated_as _pic_flag[i]
120 1a khong nhét quan v6i trudng hop trong d6 cac bién anh con 1a cac bién anh. Diéu
nay doi hdi quy trinh thira bd sung trong d6 viéc giai ma dugc cho phép dé xac nhan
rang cac bién anh 1a céc bién anh con.

Khi anh dugc tao ra dua trén quy trinh hop nhét cta hai hodc nhidu anh con, tit
ca céac anh con dugc st dung trong quy trinh hop nhét s& 1a cac anh con dugc 1ap ma
doc 14p (anh con trong do6 gia tri clia co xtt Iy anh (subpic_reated as pic_flag[i]) la 1).
D6 1a boi vi, khi anh con (dugce goi 1a ‘anh con thir nhét’ trong doan nay) khac véi anh
con dugc 1ap ma doc 1ap dugc hop nhét, cac khdi trong anh con thu nhét dugc 14p ma
bing viéc tham chiéu dén khéi tham chiéu ton tai bén ngoai anh con thir nhat, ma c6 thé

gdy ra van d& sau khi hop nhat.

Ngoai ra, khi anh dugc phan ving thanh céc anh con, viéc bao hiéu ID anh con
¢6 thé c6 mat hodc co thé khong c6 mat. Khi viéc bdo hi¢u ID anh con c¢6 mat, viéc bao
hiéu ID &nh con c6 thé ¢6 mat (dwoc gdm) trong SPS, PPS, va/hogc phan du anh (PH).
Trudng hop trong d6 viéc béo higu ID anh con khong c6 mat trong SPS ¢o thé gém
truong hop trong d6 ludng bit dugc tao ra 1a két qua cta quy trinh hop nhét anh con.

Theo d6, tot hon 1a tAt ca cac anh con dugc 14p ma doc 14p khi viéc bao hi€u ID anh con
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khong duoc gdm trong SPS.

Trong quy trinh 14p ma hinh anh trong d6 céc bién do dugc stir dung, thong tin
v& cdc vi trf cita cac bién 40 c6 thé dugc bao hiéu trong SPS hogc phan dau anh. Viéc
b4o hiéu cua thong tin vé céc vi tri ciia cac bién 4o trong SPS c6 nghia 1a khong co su
thay dbi vé cac vi tri trong toan bd CLVS. Tuy nhién, khi viéc 14y mau lai anh tham
chiéu (reference picture resampling, RPR) dugc cho phép cho CLVS, céac anh trong
CLVS ¢6 thé c6 cac kich thuéc khac nhau. 0 day, RPR (ciing duoc goi la thay dbi do
phan giai thich Gmg (adaptive resolution change, ARC)) duoc thye hién cho thao tac 1ap
ma thong thudng clia céc anh c6 cdc do phan giai khac nhau (cac d6 phan giai theo
khong gian). Vi du, RPR ¢6 thé gdom viéc 14y mAu 1én va viéc 14y mAu xubng. Hiéu qua
1ap ma cao cho viéc thich Gng cta tdc do bit va do phan giai theo khong gian c6 thé dat
duoc thong qua RPR. C6 nhu cAu dam bao rang tit ca cac vi tri cla cac bién 4o 1a co

mat trong mot anh, béng viéc xem xét RPR.

Trong quy trinh ALF hién c6, ma Golomb ham mi thr k v6i k=3 dugc st dung
& béo hidu cac gié tri tuyét déi ciia cac hé s& ALF sdc do va do choéi. Tuy nhién, viée
1ap ma Golomb ham mii thir k ¢ vAn dé bai nod gay ra do phirc tap va phi ton tinh toan

dang ké.

Céc phuong an dugc md ta sau day co thé dé xuét cac giai phap cho vén dé dugc
dé cap ¢ trén. Cac phuong an ¢ thé dugc 4p dung mot cach doc lap. Mat khac, it nhét

hai phuong an ¢6 thé dugc ap dung két hop.

Trong mot phuong an cua sang ché, khi viéc bao hiéu anh con la c6 mit va anh
¢6 chi mot anh con, chi mdt anh con 12 anh con dugc lap mé doc 14p. Vi du, khi 4nh co6
chi mdt anh con, chi mot anh con 1a anh con dugc 14p ma doc 14p, va gia tri cla c& xur
Iy anh (nghia 13, subpic_treated_as_pic_flag[i]) cho chi mot anh con 1a 1. Theo do, quy

trinh thira lién quan t6i anh con co thé duoc bd qua.

Trong mot phuong 4n cua sang ché, khi viéc bao hiéu anh con la c6 mit, sb
lugng cua céc anh con ¢o thé 14 16n hon 1. Trong mot vi du, néu viéc bao hiéu anh con
1a c6 mit (nghia 13, gié tri ctia subpics_present_flag la 1), thong tin vé sd luong clia céc
anh con (nghia 1a, sps_num_subpics_minusl) c6 thé 1a 16n hon 0, va sb lugng cla cac

anh con c6 thé 1a sps num subpics minusl + 1 (1 dwgc cong vao
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sps_num_subpics_minus1). Trong mot vi du khac, thong tin vé sb lugng cla cac anh
con c6 thé 13 sps num_subpics_minus2, va sb lugng ctia céc anh con cé thé 1a
sps_num_subpics_minus2 + 2 (2 dugc cong vao sps_num_subpics_minus2). Trong mot
vi du khéc, c& biéu dién anh con (subpics_present_flag) 6 thé dugc thay thé vé6i thong
tin vé sb luong ctia cac anh con (sps_num_subpics_minusl), va do do viéc bao hiéu anh

con c6 thé ¢6 mat khi sps_ num_subpics_minusl la 16n hon 0.

Trong mot phuong an cua sang ché, khi anh dwoc phan vung thanh cic anh con,
it nhat mot anh con trong s6 cac anh con c6 thé 1a anh con dugc 14p ma doc lap. O day,
gia tri cta cO XU ly anh (nghia la, subpic_treated as pic_flag[i]) cho anh con dugc 1ap

ma doc lap co thé1a 1.

Trong mot phuong 4n cia sang ché, cac anh con cua anh dua trén quy trinh hop

nhét ctia hai hodc nhiéu anh con c6 thé la cac anh con duoc 1ap ma doc lap.

Trong mot phuong 4n clia sang ché, khi viéc bdo hiéu dinh danh anh con
(subpicture identification, ID) la c6 mit & vi tri khac véi SPS (théng tin cu phap muac
cao khéc, ca phap khéc), tAt ¢4 cac anh con c6 thé 1a cac anh con dugc 14p ma doc lap,
va gié tri ctia co xtt ly anh (nghia 12, subpic_treated_as _pic_flag) cho tit ca cac anh con
6 thé 12 1. Trong mot vi dy, viéc bao hiéu ID anh con c6 thé c6 mit trong PPS, va trong
truong hop nay, tAt c& cac anh con c6 thé 1a cac anh con dugc 14p mé doc lap. Trong mot
vi du khéc, viéc bao hiéu ID anh con c6 thé c6 mat trong phin dau anh, va trong trudng

hop nay, tat ca cac anh con la cac anh con duoc 1ap ma doc 1ap.

Trong mdt phuong 4n cua sang ché, khi viéc bao hiéu bién &o 1a c6 mét trong
SPS cho CLVS va viéc léy mau lai 4nh tham chiéu dugc cho phép, tAt ca céac vi tri bién
4o ngang co thé 1a trong do cao anh t6i thiéu ctia cac anh tham chiéu toi SPS, va tht ca
cac vi tri bién do doc co thé 1a trong do rong anh t6i thidu ciia cac anh tham chiéu t6i
SPS.

Trong mot phuong 4n cua sang ché, khi viéc léy mau lai anh tham chiéu (RPR)
dugc cho phép, viéc bao hiéu bién o co thé duoc g@)m trong phﬁn dau anh. Nghia 13,
khi RPR dugc cho phép, viéc bao hiéu bién 4o co thé khong duge gbm trong SPS.

Trong mot phuong an cta sang ché, viéc 1ap ma do dai ¢ dinh (fixed length

coding, FLC) vé1 sb luong cua cac bit (hodc do dai bit) co thé duoc str dung dé bao hiéu
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dit liéu ALF. Trong mét vi du, thong tin vé dit liéu ALF c6 the gdm thong tin vé& do dai
bit clia gid tri tuyét dbi ctia hé s6 do choi ALF (nghia 13, alf luma_coeff_abs_len_minusl)
vi/hoiic thong tin vé do dai bit ciia gid tri tuyét dbi ctia h¢ s6 sic d0 ALF (nghia 13,
alf chroma coeff abs_len_minusl). Vi dy, thong tin v& do dai bit cua gia tri tuyét dbi
ciia hé s& do chéi ALF va/hojc thong tin vé do dai bit clia gid tri tuyét dbi cua hé s6 sic

d6 ALF c6 thé 12 ue(v) dugc 14p ma.

Bang dudi day thé hién ca phap vi du cua SPS theo phuong an nay.

[Bang 9]
seq_parameter_set_rbsp() { Descriptor
subpics_present_flag u(l)

if( subpics_present_flag ) {

sps_num_subpics_minus2 u(8)

for(i=0;1 <= sps_num_subpics_minus2 + 1:i++) {

subpic_ctu_top_left x[1] u(v)
subpic_ctu_top_left y[i] u(v)
subpic_width_minus1fi] u(v)
subpic_height_minus1[i] u(v)
subpic_treated_as_pic_flag[ 1 ] u(l)
loop_filter_across_subpic_enabled_flag| i | u(l)
J
)
sps_subpic_id_present_flag u(l)

if( sps_subpics_id_present_flag ) {

sps_subpic_id_signalling_present_flag u(l)

if( sps_subpics_id_signalling_present_flag) {

sps_subpic_id_len_minus1 ue(v)

for(i=0;1 <= sps_num_subpics_minusl; 1++)

sps_subpic_id[ 1] u(v)

——

N~

——

Bang dudi day thé hién ngit nghia vi du clia cac phén ti ¢t phap duoc gdm trong

cu phap.

[Bang 10]
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sps_num_subpics_minus2 plus 2 specilics the number of subpictures. sps_num_subpics_minus2 shall be in the
range of 0 to 253. When not present, the value of sps_num_subpics_minus] is inferred to be equal to 1.

subpic_treated_as_pic_flag[ i] equal to 1 specifies that the i-th subpicture of each coded picture in the CLVS is
treated as a picture in the decoding process excluding in-loop filtering operations. subpic_treated_as_pic_flag[1]
equal to 0 specities that the i-th subpicture of each coded picture in the CLVS is not treated as a picture in the

subpic_treated_as_pic_flag[ 1] is inferred to be equal to 0.

It is a bistream conformance constraint that there shall be at least one value of subpic_treated_as pic_flag[1] be
equal to 1.

It is a bistream conformance constraint that when sps_subpic_id present_flag is equal to 1 and
sps_subpic_id_signalling_present_{lag is equal to 0, the value of subpic_treated_as_pic_flag[ i ] for all subpictures
shall be equal to 1.

decoding process excluding in-loop filtering operations. When not present, the value of

Bang duéi day thé hién ct phap vi du cia SPS theo phuong an nay.

[Bang 11]
seq_parameter_set_rbsp() { Descriptor
ret *_pic_resampling_cenabled_flag u(l)
ls-].)s_loop_ﬁ]ter_across_virtual_boundaries_disabled _present_flag u(l)

if( sps_loop_ﬁlter_across_virtual_boundaries_disabled | present_flag ) {

sps_num_ver_virtual boundaries u(2)

for(1=0; i <sps_num_ver_virtual_boundaries; i++)

sps_virtual_boundaries_pos_x[ i ] u(13)

sps_num_hor_virtual_boundaries u(2)

for(i=0:i<sps_num_hor_virtual_boundaries; i++)

sps_virtual_boundaries_pos_y[ 1 | u(13)

—~

Bang duéi day thé hién ngit nghia vi du cla cac phan t ¢ phap duoc gdm trong

cu phéap.

[Bang 12]
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sps_num_ver_virtual_boundaries specifies the number of sps_virtual boundaries_pos_x[1] syntax clements
that are present in the SPS. When sps_num_ver_virtual_boundaries is not present, it is inferred to be equal to 0.

sps_virtual_boundaries_pos_x[ 1] is used to compute the value of VirtualBoundariesPosX[ 1 ], which specifies
the location of the i-th vertical virtual boundary in units of luma samples. The value of
sps_virtual_boundaries_pos_x[ i] shall be in the range of 1 to Ceil( pic_width_max_in_luma_samples + 8 ) — 1,
inclusive.

Let minPicWidthInCL VS be the smallest value of pic_width_in_luma_samples in PPSs referring to the SPS, 1t is
a bistream conformance constraint that the value of sps_virtual_boundaries_pos_x[ i ] for 1 in the range from O to
sps_num_ver_virtual_boundaries — 1, inclusive, 1s less than or equal to Ceil( minPicWidthInCLVS +8) - 1.

sps_num_hor_virtual_boundaries specifies the number of sps_virtual_boundaries_pos y[i] syntax elements
that are present in the SPS. When sps_num_hor_virtual_boundaries is not present, it is inferred to be equal to 0.

sps_virtual_boundaries_pos_y[ 1] is used to compute the value of VirtualBoundariesPosY[ 1], which specifies
the location of the i-th horizontal virtual boundary in units of luma samples. The value of
sps_virtual_boundaries_pos_y[ 1] shall be in the range of 1 to Ceil( pic_height_max_in_luma_samples = 8) — 1,
inclusive.

Let minPicHeightInCL VS be the smallest value of pic_height_in_luma_samples in PPSs referring to the SPS, it is

a bistream conformance constraint that the value of sps_virtual_boundaries_pos_y[i] for 1 in the range from O to
sps_num_hor_virtual_boundaries — 1. inclusive, is less than or equal to Ceil( minPicHeightlnCLVS = 8) - 1.

Bang duéi day thé hién ct phép vi du cua dit liéu ALF theo phuong an nay.

[Bang 13]
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alf data() { Descriptor
alf_luma_filter_signal flag u(l)
alf_chroma_filter_signal_flag u(l)
if( alf luma_filter_signal_flag) {
alf_luma_clip_flag u(l)
alf luma_num_filters_signalled_minus1 ue(v)
if(alf luma num_filters_signalled minusl >0)
for( filtldx = 0; filtldx < NumAlfFilters; filtldx++)
alf luma_coeff_delta_idx[ filtldx | u(v)
for( sfldx = 0: sfldx <= alf_luma_num_filters_signalled_minusl; sfldx++)
alf_lauma_coeff_abs_len_minus1][ sldx ] ue(v)
for(j=0;) <12;j++) {
alf_luma_coeff_abs[ sfldx ][] ] u(v)
if( alf luma_coeff abs[ sfldx ][] ])
alf luma_coeff_sign[ stldx ][ ] u(l)
}
if(alf luma clip flag)
for( sfldx = 0; sfldx <= alf luma_num_filters_signalled_minusl; stldx++)
for(j=0:) <12:j++)
alf_luma_clip_idx[ sfldx ][ ] u(2)
h
if( alf chroma_filter_signal flag) {
alf_chroma_num_alt_filters_minusl ue(v)
for( altldx = 0; altldx <= alf_c}u‘oma_num_alt_filters__minus1; altldx++) {
alf_chroma_clip_flag] altldx ] u(l)
alf_chroma_coeff_abs_len_minus1[ altldx ] ue(v)
for(j=0;j <6, 7++) {
alf_chroma_coeff_abs[ altldx [ j ] u(v)
if( alf chroma_coeff abs[ altldx][j]>0)
alf_chroma_coeff_sign[ altldx ][ j | u(l)
;
if( alf chroma_clip_flag[ altldx ])
for(j=0;]<6:j++)
alf_chroma_clip_idx[ altldx ][] ] u(2)

——

——

o

Bang dudi day thé hién ngit nghia vi du cta cac phéan tt cti phap dugc gbm trong

cu phép.

[Bang 14]
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alf_luma_coeff_abs_len_minus1[ sfldx | plus 1 specifies the number of bits used to represent the syntax
element alf luma_coeff_abs[ sfldx ][ j ]. The value of alf luma_abs_len_minus] shall be in the range of 0to 15,
inclusive.

alf_luma_coeff_abs[ sfldx ][ j ] specifies the absolute value of the j-th coefficient of the signalled luma filter
indicated by sfldx. When alf luma_coeff_abs[ sfldx ][] ] is not present, it is inferred to be equal 0.

alf_chroma_coeff_abs_len_minus1[ altldx ] plus 1 specifies the number of bits used to represent the syntax
element alf_chroma_coeff_abs[ altldx ][ j ]. The value of alf_chroma_abs_len_minus] shall be in the range of 0
to 15, inclusive.

alf_chroma_coeff_abs[ altldx ][ j ] specifies the absolute value of the j-th chroma filter coefficient for the
alternative chroma filter with index altldx. When alf_chroma_coeff_abs altldx ][ j ]is not present, it is inferred
to be equal 0.

Theo cac phurong an cla sang che dugc mo ta cung véi cac bang néu trén, thong
qua viéc 14p ma hinh anh dya trén cac anh con va/hodc céc bién 4o, chat luong hinh anh
cht quan/khach quan c6 thé dugce cai thién, va 6 thé c6 su giam vé luong tiéu thu tai

nguyén phan ctng dugc yéu cau cho viéc lap ma.

Fig.9 va Fig.10 thé hién mét cach so lugc vi du cia phuong phap ma hoa

video/hinh anh va cac thanh phan lién quan theo (cac) phuong an cua sang ché.

Phuong phap dugc boc 19 trong Fig.9 ¢6 thé duoc thuc hién boi thiét bi ma hoa
duoc boc 16 trong Fig.2 hodc Fig.10. Cu thé 1a, vi du, $900 dén $920 ctia Fig.9 ¢6 thé
duge thuc hién bai bd xir 1y phan du 230 cta thiét bi ma hoa cia Fig.10, S930 va $940
ctia Fig.9 ¢o thé duge thuc hién bdi bd dw doan 220 ciia thiét bi ma héa cia Fig.10, 950
ctia Fig.9 ¢6 thé duge thuc hién bai b loc 260 ctia thiét bi ma héa cia Fig.10, va $960
cia Fig.9 c6 thé dugc thyc hién boi bd ma hoa entrdpi 240 cla thiét bi ma hoa ctia Fig.10.
Phuong phap duoc boc 16 trong Fig.9 ¢o thé gdm cac phuong an dugc dé cap & trén

trong sang che.

Tham khao dén Fig.9, thiét bi ma héa c6 thé dAn xuét cdc mau phan du. Thiét bi
ma hoa c6 thé dan xuit cac mau phén du cho khéi hién tai, va cac mau phén du cho khéi
hién tai c6 thé duoc dan xuét dua trén cic mau géc va cac mau du doan cta khdi hién
tai. Cu thé 13, thiét bi ma héa c6 thé dan xuét cac mau du do4n cta cac khdi hién tai, dua
trén ché do du doan. Trong trudong hop nay, cic phuong phap du doan khac nhau dugc
boc 10 trong sang ché, chéng han nhu viéc dy doan lién hodc viéc du doan ndi, co thé
duogc ap dung. Cac mau phan du ¢6 thé duoc dan xuat dua trén cac mau du doan va cac
miu gbc. D6i véi du dodn lién, thiét bi ma héa co the dan xuét it nhit mot anh tham

chiéu. Viéc du doan lién c6 thé duogc thuc hién dua trén it nhat mét anh tham chiéu. Céc
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mau du doan c6 thé dugc tao ra dua trén viec du doan lién. Thiét bi ma hoa c6 the tao

ra thong tin lién quan dén anh tham chiéu, dua trén it nhat mot anh tham chiéu.

Thiét bi ma hoa c6 thé din xuat cdc mAu phan dw (8900). Thiét bi ma hoa c6 thé
dAn xuét cac mau phén du cho khéi hién tai, va céc mau ph?m du cho khéi hién tai c6
thé dugc dan xut dua trén céc mau géc va cac mau du doan cua khoi hién tai. Cu thé
13, thiét bi ma hoa c6 thé din xuét cac mau du doan ctia cac khdi hién tai, dua trén ché
d6 du doan. Trong trudng hop nay, cac phuong phap du doan khac nhau dugc boc 10
trong sang ché, chéng han nhu viéc du doan lién hodc viéc du doan noi, co thé duoc ap

dung. C4c mau phan du c6 the duge dan xuit dua trén cdc mau dy doan va cadc mau goc.

Thiét bi ma héa c6 thé din xuét cac hé sb bién ddi ($910). Thiét bi ma héa co
thé dn xuét cac hé sb bién do6i dua trén quy trinh bién dbi cho cac miu phan du. Vi du,
quy trinh bién déi c6 thé gdm it nhat mot k§ thudt trong s bién dbi cosin roi rac (DCT),
bién dbi sin roi rac (DST), bién dbi dua trén db thi (GBT), va bién ddi phi tuyén tiry theo
didu kién (CNT).

Thiét bi ma hoa co6 thé dan xudt cac hé sb bién doi dugc lugng tir héa. Thiet bi
mi héa c6 thé din xuét cac hé sb bién ddi dugc lugng tir hoa dua trén quy trinh lugng
ttr hoa cho céac hé sb bién d6i. Cac hé s6 bién doi dugc luong tir hoa cé thé c6 dang vecto

1 chiéu dua trén thir tw quét hé s6.

Thiét bj ma hoa c6 thé tao ra thong tin phan du ($920). Thiét bi ma héa ¢6 thé
tao ra thong tin phﬁn du, dua trén cac hé s6 bién ddi. Thiét bi ma hoa c6 thé tao ra thong
tin phan du chi ra cac hé s6 bién d6i duoc lugng tir hoa. Thong tin phan du c6 thé duoc
tao ra théng qua cac phuong phap ma héa khac nhau nhu la Golomb ham mii, CAVLC,
CABAC, hoéc tuong tu.

Thiét bi mé hoa c6 thé din xuat céc mAu du doan (S930). Thiét bi ma hoa c6 thé
dAn xuét cdc mAu du doan cua céc khéi hién tai, dya trén ché do dy doan. Thiét bi ma
hoa c6 thé din xuét cac mau du doan cua cac khéi hién tai, dya trén ché do du doan.
Trong trudng hop nay, cdc phuong phap du doan khac nhau dugc boc 10 trong sang ché,

ching han nhu viéc du doan lién hoac viéc du doan ndi, c6 theé dugc ap dung.

Thiét bi ma héa c6 thé tao ra théng tin lién quan dén viéc du doan (S940). Thiét

bi ma hoa c6 thé tao ra thong tin lién quan dén viéc du doan, dua trén cadc mau du doan
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va/hoidc ché do duoc ap dung cho né. Thong tin lién quan dén viéc du doan co thé gdbm
thong tin v& cac ché do du doan khac nhau (vi du, ché d6 hop nhét, ché do MVP, v.v.),
thong tin MVD, hodc tuong tu.

Thiét bi ma hoa c6 thé tao ra cac mau duge xay dung lai. Thiét bi ma héa co thé
tao ra cadc mau duoc xdy dung lai, dua trén thong tin phén du. Cac mau duge xay dung
lai 6 thé duoc taora béng viéc bd sung mau du doan va cac mau phén du dua trén thong
tin phan du. Cu thé 13, thiét bi ma héa c6 thé thuc hién viéc du doan (viéc du doan noi
hodc lién) trén khdi hién tai, va c6 thé tao ra cdc miu duge xay dung lai dua trén céac

mau goc va cac mau du doan dugc tao ra tir viéc du doan.

Cac miu dugc xay dung lai ¢6 thé gdbm cac mau do choi dugc xdy dung lai va
cac mau sic do dugc xay dung lai. Cu thé 13, cac mau phﬁn du c6 thé gém cac mau do
chéi phén du va cic mau sic do phan du. Cac mau do choi phan du co thé dugce tao ra
dua trén cac mau d6 choi géc va cac mau dd choi du doan. Cac mau sic do phr?m du co
thé duoc tao ra dua trén cac mau sic do géc va cAc mau sic do du doan. Thiét bi ma hoa
c¢6 thé din xuét cc hé s bién dbi cho cac mau d6 choéi phan du (cac hé sb bién dbi do
choi) va/hoidc céc hé sb bién dbi cho cac mau sic do phan du (cac hé sb bién dbi sic do).
Céc hé sb bién ddi dugc luong tir héa c6 thé gdm cac hé sd bién ddi d6 chéi dugc luong

tr hoa va/hodc céac hé so bién doi sac do duoc lugng tir hoda.

Thiét bi ma hoa c6 thé tao ra thong tin lién quan dén viéc loc trong vong lap cho
cac mau dugc xay dung lai (S950). Thiét bi ma hoa c6 thé thuc hién quy trinh loc trong
vong lap trén cac mau dugc x4y dung lai, va c6 thé tao ra thong tin lién quan dén viéc
loc trong vong 1ap, dua trén quy trinh loc trong vong 1ap. Vi du, thong tin lién quan dén
viéc loc trong vong lap c6 thé gdm thong tin duge dé cap & trén vé cac bién 4o (cd duoc
cho phép cac bién ao SPS, ¢ dugc cho phép céc bién 4o phén dau anh, co biéu dién cac
bién 40 SPS, co biéu dién cac bién 4o phan dau anh, thong tin vé cic vi tri clia cdc bién
40, V.V.).

Thiét bi ma hoa c6 thé ma héa thong tin video/hinh anh (S960). Thiét bi ma hoa
c6 thé ma hoa thong tin video/hinh 4nh gdm thong tin phan du, thong tin lién quan dén
viée dy doén, thong tin lién quan dén anh tham chiéu, thong tin lién quan dén anh con,
thong tin lién quan dén viée loc trong vong lap, va thong tin lién quan dén cac bién 4o

(va/hodc théng tin lién quan dén cac bién 4o bd sung). Thong tin video/hinh anh dugc
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mi héa c6 thé dugc xuét dudi dang ludng bit. Ludng bit c6 thé dugc truyén t6i thiét bi

giai ma thong qua mang hodc phuong tién luu tri.

Thong tin hinh anh/video ¢6 thé gdm nhiéu thong tin theo mot phuong an cia
sang ché. Vi dy, hinh anh/video c6 thé gdm thong tin dugc bdc 10 trong it nhit mot trong

sb cac bang tir 1 dén 14 & trén.

Trong mdt phuong an, thong tin hinh anh c6 thé gom tap thong s6 trinh tir (SPS),
va thong tin phin diu anh tham chiéu dén SPS. Vi dy, viéc liéu théng tin lién quan dén
c4c bién 40 bd sung dugc gdm trong SPS hay thong tin phan dAu anh c6 thé duoc xac
dinh dua trén viéc li€u viéc 1§y mau lai anh tham chiéu c6 duogc cho phép hay khong. O
day, viéc 14y mau lai anh tham chiéu c6 thé duoc thuc hién theo RPR dugc dé cap & trén.
Thong tin lién quan dén cac bién a0 bd sung ciing c6 thé dugc goi don gian 1a thong tin
lién quan dén c4c bién ao. Thuft ngir 'b6 sung' dugc sir dung dé duoc phan biét voi thong
tin lién quan dén cic bién a0 ching han nhu co biéu dién cac bién 4o SPS va/hodc co
biéu din céc bién do PH.

Trong mot phuong an, thong tin lién quan dén cac bién 4o bd sung co thé gbm
sb luong clia c4c bién 4o va céc vi tri clia cdc bién ao.

Trong mdt phuong an, thong tin lién quan dén cac bién 4o bd sung c6 thé gdm
thong tin vé sb luong cua céc bién ao doc, thong tin vé cac vi tri ciia cac bién 4o doc,
thong tin vé s luong cua céc bién do ngang, va thong tin vé céc vi tri ciia cac bién 40

ngang.

Trong mot phwong an, thong tin hinh anh co6 thé gdbm c& duge cho phép 14y mau
lai anh tham chiéu. Vi du, viéc liéu viéc 14y mAu lai anh tham chiéu c6 dugc cho phép

hay khong cé thé dugc x4c dinh dua trén c& dugc cho phép 14y mAu lai anh tham chiéu.

Trong mdt phuong an, SPS co thé gdbm cd biéu dién céc bién ao SPS lién quan
dén viéc liéu SPS c6 goém thong tin lién quan dén céc bién 4o b sung hay khong. Gia
tri ciia co biéu dién cac bién do SPS ¢6 thé dugc xac dinh 12 0, dya trén viéc ldy mau lai
anh tham chiéu dugc cho phép.

Trong mot phuong an, thong tin lién quan dén cac bién 4o bd sung c6 thé khong
duoc gém trong SPS, dua trén viéc léy mau lai anh tham chiéu duoc cho phép. Trong

truong hop nay, vi du, thong tin phin dau anh c6 thé gdm thong tin lién quan dén cac
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bién 40 bo sung.

Trong mot phuwong an, anh hién tai ¢ thé gdm anh con dudi dang chi mot anh
con. Anh con c6 thé dugc 1ap ma doc lap. Cac mau duogc xay dung lai c6 thé duoc tao
ra dua trén anh con, va thong tin lién quan dén anh con c6 thé dugc tao ra dua trén anh

con. Ngoai ra, thong tin hinh anh c6 thé gdm thong tin lién quan dén anh con.

Trong mot phuong 4n, co xi Iy anh cho anh con (co
subpicture_treated_as_picture) co thé khong c6 mit trong thong tin hinh anh. Do do, gia
tri ctia co subpicture treated as_picture c6 thé duoc thiét dit thong qua viéc suy ludn
(u6c tinh hodc du doan) & dau dugc giai ma. Trong mot vi du, gid tri cia co

subpicture_treated_as_picture cO thé dwoc thiét datla 1.

Trong mdt phuong an, anh hién tai cé thé g@)m cac anh con. Trong mot vi du,
céc anh con c6 thé duoc din xuat dya trén quy trinh hop nhat cta hai hodc nhiéu anh
con dugc 1ap ma doc lap. Cac mau duogc xay dung lai co thé duoc tao ra dua trén céc
anh con. Thong tin lién quan dén anh con c6 thé duoc tao ra dua trén cic anh con. Ngoai

ra, thong tin hinh anh co thé gdm thong tin lién quan dén anh con.

Fig.11 va Fig.12 thé hién mdt cach so luge vi du cia phuong phap giai ma

video/hinh anh va cdc thanh phan lién quan theo (cac) phuong 4n clia sang ché.

Phuong phap dugc boc 10 trong Fig.11 ¢ thé dugc thuc hién boi thiét bi gidi ma
dwoc boc 19 trong Fig.3 hode Fig.12. Cu thé 1, vi du, S1100 ctia Fig.11 c6 thé dugc thuc
hién boi bo giai ma entropi 310 cua thiét bi giai ma, S1110 va 81120 ¢6 thé duge thuc
hién bdi b xit Iy phin du 320 cua thiét bj giai ma, S1130 ¢6 thé dugc thuc hién béi bd
dur dodn 330 ctia thiét bi giai ma, S1140 6 thé dugc thuc hién bsi b cong 340 ciia thiét
bi giai ma, va S1150 c6 thé duge thuce hién boi bo loc 350 cua thiét bi giai ma. Phuong
phéap dugc boc 10 trong Fig.11 ¢o thé gdm céc phuong an dugc dé cap & trén trong sang

ché.

Tham chiéu dén Fig.11, thiét bi giai ma c6 thé nhan/thu nhén video/thong tin
hinh anh (S1100). Thong tin video/hinh anh ¢6 thé gdm thong tin phan du, thong tin lién
quan dén viéc dy doén, thong tin lién quan dén anh tham chiéu, thong tin lién quan dén
anh con, thong tin lién quan dén viéc loc trong vong 1ap, va/hodc thong tin lién quan dén

c4c bién 4o (vi/hodc thong tin lién quan dén cac bién 4o bo sung). Thiét bi giai ma co
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thé nhan/thu nhan thong tin hinh anh/video théng qua ludng bit.

Thong tin hinh anh/video ¢o thé gébm nhiéu thong tin theo m§t phuong 4n cla
sang ché. Vi dy, hinh anh/video c6 thé gém thong tin dugc boc 10 trong it nhéit mét trong

sd cac bang tir 1 dén 14 & trén.

Thiét bi gii ma c6 thé din xudt cac hé sb bién doi dugc luong tir héa. Thiét bi
giai ma co thé din xuét cac hé sb bién ddi dugc luong tir hoa, dya trén thong tin phén
du. Cac hé sb bién ddi duoc luong tir hoa co thé c6 dang vecto 1 chiéu dua trén thi tu
quét hé s6. Céc hé sb bién dbi duge luong tir héa c6 the gom cac hé s6 bién d6i do choi
duoc luwong tir hoa va/hodc cac hé s6 bién dbi sac d6 duge lugng tir hoa.

Thiét bi giai ma c6 thé din xudt cac hé sb bién ddi (S1110). Thiét bi giai ma co
thé din xuét cic hé sb bién ddi, dua trén quy trinh khir lugng tir héa cho céc hé s6 bién
dbi dwoc lugng tir hoa, Thibt bi giai ma c6 thé dAn xudt cdc he sb bién doi do choi thong
qua viéc khtr lugng tir hoa, dua trén cac hé s6 bién ddi do choi duoc lugng tir hoa. Thiét
bi gi4i ma c6 thé din xudt cc hé s6 bién doi sac do thong qua viéc khir lugng tir hoa,

dya trén cac hé so bién doi sac do dugc lugng tur héa.

Thiét bi gidi ma c6 thé tao ra/dan xuét cdc mAu phan dw (S1120). Thiét bi giai
ma c6 thé din xuét cdc mau phén du, dua trén thu tuc bién ddi nguoc cho cac hé s6 bién
di. Thiét bi giai ma c6 thé din xuét cac miu do chéi phan du thong qua quy trinh bién
dbi nguoc, dua trén cac hé s6 bién ddi @6 choi. Thiét bi giai ma co thé dAn xuét cac mau

sac do phan du thong qua bién doi ngugc, dua trén cac hé so bién doi sac do.

Thiét bi giai ma c6 thé dan xuét it nhat mot anh tham chiéu, dva trén thong tin
lién quan dén anh tham chiéu. Thiét bi gidi ma c6 thé thuc hién quy trinh du doan, dua

trén it nhat mot anh tham chiéu.

Thiét bi gii ma c6 thé tao ra cac mAu dy doan (S1130). Thiét bi giai ma c6 thé
tao ra cac mau du doan cho khdi hién tai, dua trén thong tin lién quan dén viéc du doan
va/hoiic théng tin lién quan dén anh tham chidu. Thiét bi gidi ma c6 thé tao ra cc mau
du doan cua khéi hién tai trong anh hién tai, dya trén thong tin lién quan dén viéc du
dodn va/hoic it nhit mdt anh tham chiéu. Thiét bi giai ma c6 thé thuc hién viée du dodn
dua trén thong tin hinh anh/video, va co thé din xuét cac mau du doan cia khdi hién tai.

Théng tin lién quan dén viéc dy doan c6 thé gdm thong tin ché do du dodn. Thiét bi giai
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mi c6 thé x4c dinh xem viéc du doan lién c6 dugc ap dung cho khoi hién tai hay khong,
dua trén thong tin ché do du doan, va c6 thé thyc hién viéc du doan dua trén diéu nay.
Céac mau du doan co thé gém c4c mau d6 choi du doan va/hodc cac mau sic do du doan.
Vi du, thiét bi giai ma c6 thé thyuc hién quy trinh dy doan lién, dya trén it nhét mot anh

tham chiéu, va co thé tao ra cac mau du doan, dua trén quy trinh dy dodn lién.

Thiét bi gidi ma c6 thé tao ra/dan xuét cac mau dwoc xdy dung lai (S1140). Vi
du, thiét bi giai ma co thé tao ra/dan xuét cdc mau dd choi dugce xdy dung lai va/hodc
cac mau sic dd duoc xay dung lai. Thiét bi giai ma c6 thé tao ra cac mau do choi duge
xay dung lai va/hodc cac mau sic dd duoc xay dung lai, dua trén thong tin phan du.
Thiét bi gii ma c6 thé tao ra cac mau duoc xay dung lai dua trén thong tin phan du. Céc
miu duoc xay dung lai c6 thé gdm céc mu do choi duge xay dung lai va/hodc cac mau
sic d0 duoc xay dung lai. Thanh phan dd chéi cla cac mau dugc xay dung lai c6 thé
tuong tng voi cac mau do choi duge xay dung lai, va thanh phn séc do cta cac mau
duogc xay dung lai c6 thé twong tng véi cac mau sdc do duoc xay dung lai. Thiét bi giai
mi c6 thé tao ra cac mau do choi dy doan va/hodc cac mau sic d6 du doan thong qua
quy trinh du doan. Thiét bi giai ma co thé tao ra cac mau do choi duge xay dung lai dua
frén cac mAu do choi du doan va cic mAu do chéi phin du. Thiét bi giai ma c6 thé tao
ra cAc mau sac do xay dung lai dya trén cac mau sic do du doan va cac mau sic dod phén

du.

Thiét bi giai ma co thé tao ra cac miu dugc xay dung lai (dugc loc) dugc cai
bién (S1150). Thiét bi giai ma c6 thé tao ra cic mau duge xdy dung lai dugc cai bién
bang viéc thuc hién quy trinh loc trong vong 1ap cho cac mau duoc xay dung lai ciia anh
hién tai. Thiét bi giai ma co thé tao ra cac mau dugc xay dung lai duoc cai bién, dua trén
thong tin lién quan dén viéc loc trong vong ldp (va/hoac thong tin li€n quan dén cac bién
40). Thiét bi giai ma c6 thé sir dung quy trinh giai khoi, quy trinh SAO, va/hodc quy

trinh ALF d€ tao ra céc mau dugc x4y dung lai dugc cai bien.

Trong mdt phuong an, budc S1150 o6 thé gdm viéc xac dinh xem quy trinh loc
trong vong lip c6 dugc thuc hién ngang qua cac bién ao hay khong. Nghia 1a, thiét bi
giai mé co thé xac dinh xem quy trinh loc trong vong ldp c6 dugc thuc hién ngang qua
cac bién ao hay khong. Thiét bi gidi ma c6 thé xac dinh xem quy trinh loc trong vong

lap c6 dugc thuc hién hay khong dua trén thong tin lién quan dén viéc loc trong vong
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lap (va/hodc thong tin li€n quan dén cac bién 40).

Trong mdt phuong an, thong tin hinh anh c6 thé gdm SPS, va thong tin phan dau
anh tham chiéu dén SPS. Vi du, viéc liéu thong tin lién quan dén cac bién a0 bd sung
duge gdm trong SPS hay thong tin phin diu anh hay thé dugc xac dinh dya trén viéc
lidu viéc 14y mau lai anh tham chiéu c6 duoc cho phép hay khong. O day, viéc 1dy mau
lai 4nh tham chiéu c6 thé dugc thuc hién theo RPR dugc dé cap ¢ trén. Thong tin lién
quan dén cic bién 40 bd sung ciing ¢6 thé dugc goi don gian 1a thong tin lién quan dén
céc bién a0. Thudt ngit 'bd sung' duoc st dung dé dugc phan biét v6i thong tin lién quan
dén céc bién 4o ching han nhw c& biéu difn cac bién do SPS va/hodc cd bicu dién cac
bién 4o PH.

Trong mdt phuong an, thong tin lién quan dén céc bién 40 bd sung co thé gdom
s6 luong clia c4c bién 4o va céc vi tri ciia cac bién éo.

Trong mot phuong an, thong tin lién quan dén cac bién 4o bd sung c6 thé gém
thong tin vé sb luong cua cac bién ao doc, thong tin vé céc vi tri cia cac bién 4o doc,
thong tin vé sd lugng cla cc bién 40 ngang, va thong tin vé céc vi tri ciia céc bién o

ngang.

Trong mdt phuong an, thong tin hinh anh co6 thé gdbm c& duge cho phép 14y mau
lai anh tham chiéu. Vi dy, viéc lidu viéc ]dy mAu lai anh tham chiéu c6 duoc cho phép

hay khong cé thé dugc xac dinh dua trén c& dugce cho phép 14y mAu lai anh tham chiéu.

Trong mot phuong an, SPS ¢6 thé gom c& bi€u dién c4c bién 40 SPS lién quan
dén viéc liéu SPS c6 gom thong tin lién quan dén cac bién 4o bo sung hay khong. Gia
tri cua co bicu din cac bién 40 SPS c6 thé dugce xac dinh 1a 0, dua trén viéc lay mau lai

anh tham chiéu duoc cho phép.

Trong mdt phuong an, thdng tin lién quan dén cac bién 40 bd sung c6 thé khong
dugc gom trong SPS, dua trén viée 14y mau lai anh tham chiéu duoc cho phép. Trong
truong hop nay, vi du, thong tin phan dau 4nh c6 thé gém thong tin lién quan dén cac
bién 40 bd sung. |

Trong modt phuong an, anh hién tai co thé gébm anh con dudi dang chi mot anh
con. Anh con ¢6 thé dugc 1ap ma doc 1ap. Cac mau dugce xay dung lai co thé duoc tao

ra dua trén anh con, va thong tin lién quan dén anh con ¢ thé duoc tao ra dua trén anh
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con. Ngoai ra, thong tin hinh anh c6 thé gdm thong tin lién quan dén anh con.

Trong mot phuwong 4an, ¢ xi Iy anh cho anh con (co
subpicture treated_as_picture) co thé khong c6 mit trong thong tin hinh 4nh. Do do, gia
tri ciia co subpicture treated_as_picture cO thé duoc thiét dat thong qua viéc suy ludn
(uéc tinh hodc duy doan) & dau dugc giai ma. Trong mot vi duy, gia tri cua co

subpicture_treated as_picture co thé dugc thiét datla 1.

Trong mdt phuong an, anh hién tai ¢ thé gém cac anh con. Trong mot vi du,
céc anh con c6 thé dugce dan xuat dua trén quy trinh hop nhét cia hai hodc nhiéu anh
con dugc 1ap ma doc lap. Cac mau dugce x4y dung lai ¢ thé duoc tao ra dua trén cac
anh con. Thong tin lién quan dén anh con c6 thé dugc tao ra dua trén cac anh con. Ngoai

ra, thong tin hinh anh c6 thé gdm thong tin lién quan dén anh con.

Trong sy c6 mdt cua mau phﬁn du cho khéi hién tai, thiét bi gidi ma co thé nhan
thong tin phan du cho khéi hién tai. Thong tin phan du c6 thé gdm hé s bién ddi cho
chc mAu phan du. Thiét bi giai ma c6 thé din xuét cdc miu phan du (hoic ming mau
phin du) cho khéi hién tai, dya trén thong tin phan duw. Cu thé 13, thiét bi giai ma c6 thé
din xuit cac hé sb bién ddi duge lugng tr hoa, dua trén thong tin phén du. Cac hé sb
bién dbi duoc lugng tir héa co thé c6 dang vecto 1 chiéu dya trén thir tw quét hé s6. Thiét
bi giai ma c6 thé din xuét cac hé sb bién d6i, dua trén quy trinh khir lwong tir héa cho
cdc hé sé bién dbi duoc luong tir hoa. Thiét bi gidi ma c6 thé dan xuat cac mau phan du,

dua trén cac hé so bién doi.

Thiét bi giai ma co thé tao ra cac mau dugc xay dung lai, dua trén céc mau du
doan (ndi) va cac mau phﬁn du, va co thé din xuét khoi duoc xdy dung lai hodc anh
duoc x4y dung lai, dya trén cac mau dugce x4y dung lai. Cu thé 14, thiét bi giai ma co
thé gém cac mau duogce xay dung lai, dua trén téng gifta cac mau du doan (ndi) va cac
mAu phan du. Sau d6, nhu dugc md ta & trén, thiét bi giai ma c6 thé 4p dung tiy chon
quy trinh loc trong vong lap ching han nhu viéc loc giai khdi va/hodc quy trinh SAO
cho anh duoc xay dung lai dé cai thién chat lugng hinh anh chi quan/khach quan.

Vi du, thiét bi giai ma c6 thé thu nhan thong tin hinh anh gdm tat ca hodc cac
phan cuia cac mau thong tin dugc mo ta & trén (hodc céc phan tir cti phép) bing viéc gidi

ma ludng bit hodc thong tin duoc ma hoa. Ngoai ra, ludng bit hodc thong tin dugc ma
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héa c6 thé duoc luu trit trong phuong tién Iuvu trit doc duge boi may tinh, va co thé khién

phuong phap giai ma dugc mo ta & trén dugc thuc hién.

Mic du cac phuwong phap dd duge mo ta trén co s¢ luu dd trong d6 cac budc
hodc cac khdi duoc liét ké theo trinh tu trong cac phwong an dugc mo ta & trén, cac budce
cua sang ché khong bi gidi han & thir tw cu thé, va buéde nhét dinh ¢6 thé duoc thuc hién
trong budc khéc hoac theo thir tw khac hodc dong thoi véi bude duge mod ta & trén. Ngoai
ra, s& dugc hiéu bdi ngudi c6 trinh do trung binh trong linh vure rang cac budce cua cac
luu dd 1a khéong bat budc, va bude khac ¢ thé duoc gém trong d6 hodc mot hodc nhiéu
budc trong luu dd c6 thé dugc x6a ma khong tao nén sy anh huong dén pham vi cua

sang che.

Phuong phap duoc dé cap & trén theo sang ché c6 thé co dang phan mém, va
thiét bj ma héa vi/hodc thiét bi giai mé theo sédng ché 6 thé duge gdm trong thiét bi daé
thuc hién xt¢ 1y hinh anh, vi du, TV, may tinh, dién thoai thong minh, hop thu tin hi€u
truyén hinh, thiét bi hién thi, hodc tuong tu.

Khi cac phuong an cua sang ché dugc thue hién béi phan mém, phuong phap
dugc dé cap o trén c6 thé dugc thuc hién bdi modun (quy trinh hodc chirc nang) ma thuc
hién chitc nang dugc dé cap & trén. Modun c6 thé duoc luu trit trong bd nhé va duoc
thuc thi boi b xir 1y. BO nhé ¢6 thé duoc lép dit phia trong hodc phia ngoai bg xt Iy va
6 thé duoc két ndi voi bd xir 1y thong qua cac phuong tién da biét khac nhau. Bo xir ly
c6 thé gdbm mach tich hop tmg dung cu thé (Application-Specific Integrated Circuit,
ASIC), céc bd chip khéc, mach logic, va/hodc thiét bi xit Iy dit liéu. Bo nhé ¢6 thé gdbm
bd nhé chi doc (Read-Only Memory, ROM), bo nh¢ truy cép ngau nhién (Random
Access Memory, RAM), by nh¢ tac dong nhanh, thé nh¢, phuong tién luu trit, va/hodc
thiét bi luru trit khac. Noi cach khac, cac phuong an theo sang ché c6 thé duoc thuc hién
va duoc thuc thi trén b xtt 1y, bd vi xtt Iy, bd diéu khién, hodc chip. Vi dy, cac don vi
chirc ning dugc minh hoa trén céac hinh vé& tuong ung co thé duge thuc hién va duoc
thue thi trén méy tinh, bo xir 1y, bd vi x 1y, bd didu khién, hogc chip. Trong truong hop
ndy, thong tin vé viéc thuc hién (vi du, thong tin vé céc 1énh) hodc cac thudt toan co thé

duoc luu trit trong phuong tién luu trit ky thuét so.

Ngoai ra, thiét bi giai ma va thiét bi ma héa ma choné (cac) phuong an cua sang

ché duoc ap dung c6 thé dugc gdm trong bo thu phat phat rong da phuong tién, dau cubi
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truyén thong di dong, thiét bj video dién anh tai nha, thiét bi video dién anh ky thuat sb,
camera giam sat, thiét bi tro chuyén video, va thiét bi truyén thong thoi gian thuc ching
han nhu truyén théng video, thiét bi phat ludng di dong, phuong tién luu trit, may quay
video, nha cung cip dich vu video theo yéu cau (video on demand, VoD), thiét bi cung
cip dich vu ndi dung trén nén mang vién thong (Over The Top, OTT), thiét bi cung céap
dich vu tao ludng Internet, thiét bi video 3D, thiét bj thuc té ao (VR), thiét bi thuc té
ting cudng (AR), thiét bi video dién thoai hinh anh, dau cudi phuong tién (vi du, dau
cudi phuong tién (gdm phuong tién tu dong), d4u cubi may bay, hodc dau cudi tau), va
thiét bi video y t&; va c6 thé dugc sir dung dé xt ly tin higu hodc dit liéu hinh anh. Vi
du, thiét bi video OTT ¢6 thé gdm may choi trd choi, may doc phat Bluray, TV duge két
ndi Internet, hé thdng rap hat gia dinh, dién thoai thong minh, PCT mdy tinh bang, va
dAu ghi video k§ thuat sé (Digital Video Recorder, DVR).

Ngoai ra, phwong phap xt Iy ma cho né (céc) phuong an ctia sang ché dugc ap
dung co thé duoc tao ra dudi dang chuong trinh duge thuc thi bdi may tinh va co thé
duogc luu trir trong phuong tién ghi doc dugc béi may tinh. Dir liéu da phuong tién co
chu trac dir liéu theo (cac) phuong an cua sang ché ciing c6 thé duogc Iuvu trit trong
phuong tién ghi doc dugc bdi may tinh. Phuong tién ghi doc dugc boi may tinh gbm tat
¢4 cdc loai thiét bi luu trit va céc thiét bj luu trit duge phan phdi trong do di liéu doc
duoc boi may tinh dugce luu trit. Phuong tién ghi doc duge boi may tinh ¢6 thé gdm, vi
du, dia Bluray (Bluray Disc, BD), bus ndi tiép van ning (universal serial bus, USB),
ROM., PROM, EPROM, EEPROM, RAM, CD-ROM, bang tir, dia mém, va thiét b luu
trit dit liéu quang. Phuong tién ghi doc dwgc béi may tinh cling gbdm phuong tién duoc
trién khai dudi dang song mang (vi du, truyén qua Internet). Ngoai ra, ludng bit dugc
tao ra boi phuong phap ma hoa co thé dugc luu trit trong phuong tién ghi doc duge boi

may tinh hodc duoc truyén thong qua mang truyén thong c6 day hodc khong day.

Ngoai ra, (cdc) phuong an cla sang ché co thé dugc trién khai duéi dang san
pham chuong trinh mdy tinh dva trén ma chuong trinh, va ma chuong trinh cé thé duoc
thue thi trén may tinh theo (cac) phuong an cua sang ché. M4 chuong trinh ¢6 thé dugc

luru trit trén vat mang doc duge boi mdy tinh.

Fig.13 biéu dién vi du cua hé thdng phat ludng ndi dung ma cho n6 phuong an

cia sang ché c6 thé dugc ap dung.
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Tham khao dén Fig.13, hé théng phat ludng ndi dung ma cho né cac phuong an
ctia sang ché dugc 4p dung thuong cé thé gdbm may chu ma hoa, may chi phat ludng,
méy chii web, bo lru trit phuong tién, thiét bi ngudi dung, va thiét bi nhap da phuong
tién.

M4y chii ma héa thyuc hién chiic ning nén t6i dir liéu k¥ thuat s6 cac ndi dung
dugc nhdp tir céc thiét bi ddu vao da phuong tién, chang han nhu dién thoai thong minh,
camera, may quay video va tuong tu, dé tao ra ludng bit, va dé truyén né vao may chi
phat ludng. Theo mot vi du khéc, trong trudong hop trong d6 thiét bi dau vao da phuong
tién, chéng han nhu, dién thoai thong minh, camera, may quay video hodc tuong tu, truc

tiép tao ra ludng bit, may chi ma hoa co thé duoc bo qua.

Ludng bit c6 thé duogc tao ra bang phuong phap mé hoéa hodc phuong phap tao
ra ludng bit ma cho n6 cac phuwong an cia sang ché duoc 4p dung. Va may chu phat

ludng c6 thé luu trit tam thoi ludng bit trong quy trinh truyén hozc nhin ludng bit.

May chu phat ludng truyén dit liéu da phuong tién t6i thiét bi nguoi dung trén
co sO cua yéu cAu cua nguoi ding thong qua may chi web, ma dong vai tro 1a phuong
tién ma thong tin cho nguoi dung vé viéc dich vu 1a gi. Khi ngudi dung yéu cau dich vu
ma nguoi dung mudn, may chi web truyén yéu cAu t6i may chu phat ludng, va may chu
phat ludng truyén dit liéu da phuong tién t6i nguoi dung. Theo do, hé théng phat ludng
noi dung c6 thé gdbm méy chu diéu khién tach biét, va trong trudng hop nay, may chu
didu khidn déng vai trd didu khién céc 1énh/cac phan hdi giita thiét bi twong tng trong

hé théng phat ludng ndi dung.

May chu phat ludng c6 thé nhan cc ndi dung tlr b luu trit phuong tién va/hoac
may chii ma hoa. Vi dy, trong trudng hop cac ndi dung dugce nhin tir may chu ma hoa,
c4c noi dung c6 thé duge nhan trong thoi gian thue. Trong truong hgp nay, may chu phat
ludng c6 thé luu trit ludng bit trong khoang thoi gian dwgc xac dinh trude dé cung cip

dich vu phét ludng tron tru.

Vi du, thiét bi ngudi ding c6 thé gdm dién thoai di dong, dién thoai thong minh,
may tinh xach tay, thiét bi ddu cudi phat rong k¥ thudt so, trg 1y k§ thuat s6 c4 nhan
(personal digital assistant, PDA), mdy phat da phuong tién cam tay (portable multimedia
player, PMP), b0 diéu huéng, PC dang tAm, PCT mady tinh bang, may tinh ultrabook,
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thiét bi deo duoc (vi du, dAu cudi kidu dong hd (dong hd thong minh), dau cubi kiéu
kinh (kinh thong minh), bd hién thi gén trén dau (head mounted display, HMD)), TV k§
thuét sd, may tinh dé ban, bién bao k¥ thuat sb hoic twong tu.

MB&i trong sb cac may chu trong hé théng phat ludng ndi dung c6 thé dugc thao
tac nhu may chi duge phan phéi, va trong truong hop nay, dit liéu duge nhan boi mbi

may chu co thé dugc xit 1y theo cach dugc phan phdi.

Céc diém yéu ciu bao ho trong phan mo t ndy c6 thé dugc két hop theo cach
khac nhau. Vi du, cac ddu hiéu k¥ thuét trong cac diém yéu cau bao h phuong phép ctia
phin mo ta nay c6 thé dugc két hop dé dugc thuc hién hodc dugc trién khai trong thiét
bi, va cac ddu hiéu k¥ thuat trong céac diém yéu cAu bao ho thiét bi co thé duoc két hop
dé dugc thuc hién hodc duoc trién khai trong phuong phap. Ngoai ra, cac déu hiéu k¥
thuéat trong (cac) diém yéu cAu bao hd phuwong phap va (cac) diém yéu cAu bao ho thiét
bi c6 thé duoc két hop dé duge thuc hién hoc duogc trién khai trong thiét bi. Ngoai ra,
cac diu hiéu k¥ thuat trong (cac) diém yéu cau bao hd phuong phap va (cic) diém yéu
cAu bao ho thiét bi c6 thé dugc két hop dé dugc thuc hién hodc duoc trién khai trong

phuong phap.
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YEU CAU BAO HQ

1. Phuong phép gidi ma hinh anh duoc thuc hién boi thiét bi giai ma, phuong phap nay

bao gom cac budc:

thu nhén thong tin hinh anh gbm théng tin phan du, thong tin lién quan dén viéc

du dodn, va thong tin lién quan dén viéc loc trong vong lap thong qua ludng bit;
dan xuét cac hé sb bién ddi, dya trén thong tin phan du;
tao ra cac mau phén du, dua trén cac hé s6 bién dbi;
tao ra cac mau du doan, dva trén thong tin lién quan dén viéc du doan;

tao ra cac mau dugc x4y dung lai, dya trén cdc mau phan du va cic mau du doan;

va

tao ra cac mau duogc xay dung lai duoc cai bién bang viéc thuc hién quy trinh loc
trong vong ldp cua cac mAu dugc xdy dung lai, dwa trén thong tin lién quan dén viée loc

trong vong lap,

trong d6 thong tin hinh anh gbm tap thong sb trinh tu (sequence parameter set,

SPS), va thong tin phan dau anh tham chiéu dén SPS, va

trong d6 viéc liéu thong tin lién quan dén cac bién 40 bd sung dugc gbm trong SPS
hay thong tin phan dAu anh dwoc xac dinh dwa trén viée lidu viéc ldy mau lai anh tham

chiéu c6 duge cho phép hay khong.

2. Phuong phip ma hoa hinh anh duoc thyc hién boi thiét bi mai héa, phuong phap nay

bao gém cac budc:
dAn xuit cac mau phén du cho khdi hién tai;
dAn xuét cac hé s6 bién ddi, dua trén cac mau phén du cho khdi hién tai;
tao ra thong tin phén du, dua trén cac hé s6 bién doi;
tao ra cac mau du doan cho khdi hién tai, dua trén céac mau phﬁn du;
tao ra thong tin lién quan dén viéc du doén, dua trén céc mau du doén;

tao ra thong tin 1ién quan dén viéc loc trong vong 13p cho quy trinh loc trong vong

lp ctia cac mau duoc xdy dung lai; va
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ma hoéa thong tin hinh 4nh gbm thong tin phén du, thong tin lién quan dén viéc du

doan, va thong tin lién quan dén viéc loc trong vong lap,

trong do thong tin hinh anh gbm tap thong sb trinh tur (SPS), va thong tin phan dau
anh tham chiéu dén SPS, va ‘

trong d6 viéc liéu thong tin li€n quan dén c4c bién 40 bd sung dugce gbm trong SPS
hay théng tin phin diu anh dugc xé4c dinh dya trén viéc lidu viée 14y mau lai anh tham

chiéu c6 dugc cho phép hay khong.
3. Phuong phap mé hoa hinh anh theo diém 2,
trong d6 anh hién tai gém anh con dudi dang chi mot anh con,
trong d6 anh con dugc 1ap ma doc lap,
trong do6 cac mau dugc xay dung lai dugc tao ra dya trén anh con,
trong d6 thong tin lién quan dén anh con duoc tao ra dua trén anh con, va
trong d6 thong tin hinh 4nh gbm thong tin lién quan dén anh con.

4. Phuong phap ma hoa hinh anh theo diém 3, trong d6 c& xt 1y anh cho anh con (co
subpicture_treated_as_picture) khong c6 mat trong thong tin hinh anh.

5. Phuong phdp ma hoa hinh anh theo diém 4, trong d6 gia tri cia co

subpicture_treated_as_picture dugc thiét dat 1a 1.
6. Phuong phap ma héa hinh anh theo diém 2,
trong d6 anh hién tai gém cac anh con,

trong d6 cac anh con dugc dAn xuét dua trén quy trinh hop nhét cua hai hodc nhiéu

anh con duoc 1ap ma doc lap,
trong do cac mau duoc xay dung lai duoc tao ra dua trén cac anh con,
trong d6 thong tin lién quan dén anh con duogc tao ra dua trén cac anh con, va
trong d6 thong tin hinh 4nh gbm thong tin lién quan dén anh con.

7. Phuong phap truyén dit liéu cho hinh anh, phuong phép nay bao gdm cac buéc:

thu nhén ludng bit cho hinh anh, trong d6 ludng bit dugc tao ra dua trén viéc dan

xuét cac mau phan du cho khoi hién tai, dan xuat cac hé so bién doi dua trén cdc mau
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phan du cho khéi hién tai, tao ra thong tin phan du dya trén céc hé s6 bién dbi, tao ra
c4c mau du doan cho khoi hién tai dua trén céc mau ph?ln du, tao ra thong tin lién quan
dén viéc du doan dua trén céac mau du dodn, tao ra thong tin lién quan dén viéc loc trong
vong lap cho quy trinh loc trong vong 13p cua cac mau dugce x4y dung lai va ma hoa
thong tin hinh 4nh gdm thong tin phan du, thong tin lién quan dén viéc du dodn, va thong

tin lién quan dén viéc loc trong vong lap; va
truyén dit liéu bao gom ludng bit,

trong d6 thong tin hinh anh gdm tap thong s trinh tu (SPS), va thong tin phan dau
anh tham chiéu dén SPS, va

trong d6 viéc liéu thong tin li€n quan dén cé4c bién 40 bd sung dugc gdm trong SPS
hay thong tin phﬁn d4u anh duoc x4c dinh dwa trén viée lidu viéc léy mau lai anh tham

chiéu c6 duge cho phép hay khong.
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FIG. 5

Co Co
Ci|1C |G c c .
Cs|Cs|Cs|Cr|Cs 1 ’ ’
Co |Ci10]C11|C12{C11{C10| Co Ca | G| Co | Cs | Ca
Cs|C7|Cs|Cs5|Ca G ol
C3|Ca|Cy
Co Co
(a) (b)
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FIG. 7

Tao ra anh dugc xay dung lai L S700

Y

Xac dinh xem viéc loc trong vong (it nhat mot trong s6

viéc giai khéi, SAO, hoic ALF) ¢6 duoc ap dung [~ S710

(ngang qua bién 40) hay khong dua vao thong tin lién
quan dén viéc loc trong vong

Y

Tao ra anh dugc x4y dung lai duoc cai bién
dua trén viée xac dinh —~— S720

|

Ma hoéa thong tin hinh anh/video gbm thong tin
lién quan dén viéc loc trong vong —— S730
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FIG. 8

Thu nhén thong tin hinh anh/video gdm thong tin lién
quan dén viéc loc trong vong tir luong bit —— 5800

Y

Tao ra anh dugc xay dung lai —~ S810

!

Xac dinh xem viéc loc trong vong (it nhét mot trong sb

viée giai khéi, SAO, hodc ALF) ¢6 duge ap dung [~ 5820

(ngang qua bién 40) hay khong dua vao thong tin lién
quan dén viéc loc trong vong

!
Tao ra anh dugc x4y dung lai duoc cai bién
dua trén viéc xac dinh — 5830
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FIG. 9

Dan xuat cac mau phan du L5900
!
DAn xuit cc hé s bién ddi L5910
|
Tao ra thong tin phan du 5920
Y
Tao ra cac mau du doan 5930
\
Tao ra thong tin lién quan dén viéc du doan 5940
\
Tao ra thong tin lién quan dén viéc loc trong vong cho
quy trinh loc trong vong ctia cac mau duge xay dung lai f—~ S950
!
M3 hoéa thong tin hinh anh/video <960
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FIG. 11

Thu nh4n thong tin hinh anh/video

—— 51100

!

Dan xuat cac hé sb bién doi

— S1110

|

Tao ra cac mau phan du

—— 51120

¥

Tao ra cac mau du doan

—— 51130

!

Tao ra cac mau dugc xay dung lai

— 51140

|

Tao ra anh duogc xay dung lai duoc cai bién bing
viéc thuc hién quy trinh hoc trong vong cua cac
mau duoc xay dung lai

— 51150
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