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Linh vwe ky thuit dwoe dé cap
Sang ché dé cap dén cac k¥ thuat xir ly video, thiét bi va hé théng.

Tinh trang k§ thuit ciia sing ché

Mic du ¢6 c4c cai tién trong k¥ thuat nén video, video sb van st dung bang
thong 16n nhit trén mang Internet va céc mang truyén théng s khac. Do sé-
lugng thiét bi ngudi ding duge két ndi c6 thé nhan va hién thi video tdng, nén

mong dogi rang nhu cau bang thong sir dung video s0 sé tiép tuc ting.
¥ o < f=]

Ban chit ky thuit cia sing ché

Thiét bi, hé théng va phuong phap d& cip dén k¥ thut xir Iy video sb, va
chang han, céac phén dan xuét ché do tuyén tinh duge don gian héa cho ché do
du bao ché do tuyén tinh giita céc thanh phan (cross-component linear mode,
CCLM) trong k¥ thuat ma héa video dugc md ta. Cac phuong phap duoc md ta
¢ thé duoc ap dung cho ca chudn m3 hoa video hién cé (chéng han, ma hoéa
video hiéu suét cao (High Efficiency Video Coding, HEVC)) va cac chuin mi
héa video twong lai (ching han, mi héa video da dung (Versatile Video
Coding, VVC)) hoidc cac bd codec.

Theo mot khia canh dai dién, cong nghé duoc boc 16 c¢6 thé duge st dung
dé dé cép phuong phép xtt ly video. Phuong phap bao gém xéac dinh, ddi véi
bién ddi gitra khéi video hién tai ciia video vén 13 khdi sdc do va biéu didn
duoc ma héa cua video, cac tham sd cta ché do du bao md hinh tuyén tinh céac
thanh phan (Cross Component Linear Model, CCLM) dua trén cac méu sic do
that dugc lwa chon dua trén W mau 14n c4n bén trén kha dung, W 13 s6 nguyén;
va thuc hién bién ddi dva trén viéc x4c dinh.

Theo khia canh dai dién khac, cong nghé duogc bdc 10 c6 thé duge sir dung
dé dé cap phuong phép xir ly video. Phuong phép bao gdm cac bude: xac dinh,
dbi véi bién dbi gifta khéi video hién tai cta video vdn 12 khéi sc d6 va biéu

dién dugc ma héa cua video, cac tham sb cia ché do du bao CCLM dua trén
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cic mau sic d6 duoc lua chon dua trén H miu 14n cin bén trai kha dung cia
khéi video hién tai; va thuc hién bién ddi dua trén viéc x4c dinh.

Theo khia canh dai dién khéc, cong nghé duoc boc 16 c¢6 thé dugc sir dung
dé dé cap phuong phap xir Iy video. Phuong phap bao gbém cac budc: xac dinh,
dbi v6i bién doi gitra khdi video hién tai ciia video vén 13 khéi sic do va biéu
dién dugc mi héa cua video, cac tham sb ctia CCLM dua trén hai hoic bdn
mau sic do vi/hoic cic miu do sang twong tng; va thyuc hién bién d6i dua trén
viéc xac dinh.

Theo khia canh dai dién khéc, cong nghé duge bdc 16 cb thé duge sir dung
dé dé cap phuong phap xir 1y video. Phuong phéap bao gdm céc bude: lua chon,
dbi véi bién ddi gitra khéi video hién tai ctia video vbn 13 khdi sic do va biéu
dién duge m3 hda cia video, cidc miu sic do dua trén quy tic vi tri, cAc miu
sic do dugc st dung dé suy ra cac tham sb6 cia CCLM; va thuc hién bién ddi
dua trén viéc xéc dinh, trong d6 quy tac vi tri x4c dinh dé lua chon céc mau séc
d6 dugc didt trong hang bén trén va/hodc cot bén trai cia khdi video hién tai.

Theo khia canh dai dién khac, cong nghé dugc bodc 10 cod thé dugc st dung
dé dé cap phuong phap xir Iy video. Phuong phap bao gém cac budc: xac dinh,
d6i v6i bién ddi gitra khdi video hién tai ctia video von 1a khéi sic do va bidu
dién dugc ma hoa cia video, cac vi tri ma & d6 cac miu do sang duoc giam

kich thuéc miu, trong d6 cac miu do sang dugc giam kich thude mau duoc sir

r
A 9

dung dé x4c dinh cAc tham sd cia CCLM dua trén cac miu sic do va cic mau
do sang duogc giam kich thude mau, trong d6 cac mau do sang duogc giam kich
thuéc mau & cac vi tri tuong Umg véi cac vi tri clia cac mau sic do duoc st
dung dé suy ra cic tham sé cia CCLM; va thuc hién bién d6i dwa trén viée xac
dinh. |

Theo khia canh dai dién khac, cong nghé dugc boc 10 co thé duoc st dung
dé @& cap phuong phap xir Iy video. Phuong phap bao gdm cac budc: xac dinh,
d6i voi bién ddi gitra khdi video hién tai ctia video von 13 khéi sic d6 va bidu
dién dugc mi héa ciia video, phuong phap dé suy ra cac tham sb cia CCLM
nhd st dung cic miu sic dd va cac mau do sang dua trén diéu kién mi héa

duoc lién két véi khoi video hién tai; va thuc hién bién d6i dua trén viéc xac
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dinh.

Theo khia canh dai dién khéc nita, phuong phép néu trén dugc trién khai &
dang ma b6 xtt ly thuc thi dugc va dugce huu trit trong phuong tién may tinh doc
duoc.

Theo khia canh dai dién khéc nira, sang ché dé cap dén thiét bi dugc tao ciu
hinh hodc c6 thé van hanh d thyc hién phuong phép néu trén. Thiét bi c6 thé
bao gdm bd xir Iy duoc 14p trinh dé thuc hién phuong phap nay.

Theo khia canh dai dién khéic nita, by gidi ma video co thé thuc hién
phuong phap nhu dugc néu & day.

Céc khia canh khac va néu trén va céc diu hiéu cia sang ché dugc mé ta chi

tiet hon trong cac hinh v€&, phan mé ta va cac diém yéu cau bao ho.

MBS t4 vin tit cac hinh vé

Fig.1 13 hinh v& thé hién vi du ctia cac vi tri cta cac miu duoc sir dung dé
suy ra cac trong sb cia mé hinh tuyén tinh dugc st dung dé du bao gitra cac
thanh phan;

Fig.2 13 hinh v& thé hién vi du phén loai cdc mau 14n c4n thanh hai nhém;

Fig.3A 13 hinh v& thé hién vi du mau sic d6 va cac miu do sang tuong Gmg
cia no;

Fig.3B 12 hinh v& thé hién vi du loc xudng cho CCLM trong mb hinh khai
thac ddng thoi (Joint Exploration Model, JEM);

Fig.4A va Fig.4B 13 c4c hinh v& 14n luot thé hién cac vi du cua riéng céc
mau 1an cin bén trén va riéng cac mau lan c4n bén trai duoc sit dung dé du bao
dua trén mé hinh tuyén tinh;

Fig.5 13 hinh v& thé hién vi du dudng thing gitra cic gia tri d6 sang 16n nhét
va nhé nhét duéi dang ham ciia cc mau sic do trong tng;

Fig.6 13 hinh v& thé hién vi du khdi sic d6 hién tai va cac miu lan can cla
no;

Fig.7 13 hinh vé& thé hién vi du cac phén khéc nhau cta khéi sic do duge du
b4o bdi mo hinh tuyén tinh st dung chi cdc mAu l4n cn bén trai (LM-L) va mo

hinh tuyén tinh st dung chi cac mau 14n c4n bén trén (LM-A);
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Fig.8 13 hinh v& thé hién vi du khéi 14n cén trén bén trai;

Fig.9 1 hinh v& thé hién vi du cidc mau can duge st dung dé suy ra mé hinh
tuyén tinh;

Fig.10 12 hinh v& thé hién vi du cac cot bén trai va cac cot dudi bén trai va
cac hang bén trén va cac hang trén bén phai so voi khdi hién tai;

Fig.11 13 hinh v& thé hién vi du khéi hién tai va cac mAu tham chiéu ctia nd;

Fig.12 1a hinh v& thé hién cac vi du ciia hai mau mau 14n cn khi ca cic miu
tham chiéu 1an c4n bén trai va bén trén 12 kha dung;

Fig.13 13 hinh v& thé hién cac vi du cta hai miu mAu l4n c4n khi chi cic
mau tham chiéu 14n cin bén trén 13 kha dung;

Fig.14 13 hinh v& thé hién cac vi du cia hai miu miu Ian cén khi chi cac
mau tham chiéu 14n c4n bén trai 1 kha dung;

Fig.15 1a hinh v& thé hién cac vi du cia bén miu lan c4n khi cd maiu tham
chiéu 14n c4n bén trai va bén trén 1 kha dung;

Fig.16 13 hinh v& thé hién vi du cii cac bang tra ctru duoc st dung trong cc
phép din xuit LM ;

Fig.17 12 hinh v& thé hién vi du qua trinh din xuét tham s LM véi 64 muc;

Fig.18A va Fig.18B 1a c4c hinh v& thé hién luu dd cia phuong phap xir Iy
video 14y 1am vi du dwa trén mot s6 phuong 4n thuc hién sang ché;

Fig.19A va Fig.19B 1a cac hinh v& thé hién c4c luu dd cia cac phuong phéap
léy 1am vi du @& xu ly video dua trén mot sb phuong an thuc hién sang ché;

Fig.20A dén Fig.20C 13 c4c hinh v& thé hién cac luu dd cia cic phwong
phap 14y 1am vi du khac @ xir 1y video dua trén mot s& phuong an thuc hién
sang ché;

Fig.21A va Fig.21B 13 cac hinh v& thé hién cac so db khéi cia cac vi du vé
c4c nén tang phan ctg dé thuc hién k¥ thuét giai ma hosic m3 héa media hinh
anh dugc mo ta theo séng ché;

Fig.22A va Fig.22B 14 cac hinh v& thé hién cac vi du vé qua trinh din xuit
tham s6 LM c6 bbén muc. Fig.21A thé hién vi du khi ca cac mAu l4n cin bén
trén va bén trai 13 kha dung va Fig.22B thé hién vi du khi chi cidc mAu l4n can

bén trén 12 kha dung va cac miu lan cin trén bén phai khong kha dung; va

-5



41893

Fig.23 1a hinh v€& the hién céac vi du ctia cac mau 14n cén de€ suy ra LIC céc

tham s0.

M@ ta chi tiét sang ché

Do nhu cau ting Ién clia video d6 phén giai cao hon, cac phuong phap va
cac k¥ thuat ma héa video 13 phd bién trong cong nghé hién dai. Cac bd codec
video thudong bao gdm mach dién tir hoac phdn mém nén hodc giai nén video
sé, va lién tuc duge cai tién dé cho hiéu suit m3 héa cao hon. Bd codec video
bién dbi video khong duoc nén thanh dinh dang dugc nén hodc nguoc lai. Co
mbi quan hé phtc tap gifta chét luong video, luong dir liéu dugc sit dung dé -
biéu dién video (dugc x4c dinh bang tdc do bit), do phirc tap ciia cac thuit toan
mi hoéa va giai ma, d6 nhay vdi ton hao dir liéu va sai s6, d& chinh stra, truy
nhdp ngiu nhién, va d6 tré tir ddu nay dén dau kia). Pinh dang dugc nén
thirong tudn theo dic ta nén video chudn, ching han, chuin HEVC (ciing duogc
biét dén nhu 12 H.265 hodc MPEG-H Part 2), chuin VVC cin dugce hoan thién,
hoac cac chudn ma héa video hién tai va/hodc tuong lai khac.

Céc phuong 4n thuc hién sang ché c6 thé duge 4p dung cho cac chuin mi
hoéa video hién co6 (chéng han, HEVC, H.265) va cac chuin tuong lai dé cai
thién hi€u nang chay thuc. Tiéu dé mdi phén dugc st dung trong sang ché dé
c4i thién kha ning doc phin mé ta va khong giéi han bt ky phin mo ta hoic
céc phuong an thuc hién (va/hodc cac trién khai) cho riéng cac phan tuong img.
1 Du béo gifta c4 thanh phén theo cc phuong 4n thuc hién

Du bao gifta c4ac thanh ph?m 1a dang cuia céch thirc du béo tur sic do sang do
sang can b.'?mg tt lua chon gifta 4o phurc tap va cai thién hiéu suét nén.

1.1 Vi du vé CCLM

Theo mét sé phuwong 4n thuc hién, va dé giam do du thira giita cc thanh
phén, ché d6 du bao CCLM (ciing dugc goi 1a LM), duogc sir dung trong JEM,
ma cac mau sic dd dugc du bao cho né dua trén cac miu dod sang dugc téi tao
ctia cing CU nho st dung mé hinh tuyén tinh nhu sau:

predc(i,j) = a-rec,'(i,j) + B 1)

O day, pred(i,j) 1a cac méu sic d6 duge dy bao trong CU va rec,'(i,j) 1a
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cac miu 6 séng duoc tai tao bi giam kich thuée miu cta cung CU cho cac
dinh dang mau 4:2:0 hodc 4:2:2 trong khi rec;'(i, j) 1a cidc miu d6 sang dugc
tai tao cua cung CU cho dinh dang mau 4:4:4. Cac tham s6 CCLM «a va B duoc
suy ra bing cach giam t6i da 15i hdi quy gitta cic mAu sic do va do sang duoc
tai tao lan cén xung quanh khéi hién tai nhu sau:

_ NEm)-cm)-FLm)Tcm)
N-%(L(n)-L(n))-TL(n)-LL(n)

2)

vi B= LC)-a L) (3)

N

0 day, L(n) 1a cac mau do sang duoc tai tao 1an cén bén trai va bén trén ban
dAu (cho dinh dang mau 4:4:4) hoic duoc gidm kich thuée miu (cho cac dinh
dang mau 4:2:0 hodc 4:2:2), C(n) 12 cac méu sic do, dugc tai tao 1an cin bén
trén va bén trai va gia tri cia N = gép d6i gi4 tri nhé nhét cta chidu rong va
chiéu cao ctia khéi ma séc do hién tai.

Theo mot sb phuong 4n thuc hién, va d6i véi khdi ma cé hinh vudng, hai
phuong trinh néu trén dugc 4p dung truc tiép. Theo céc phuong an thuc hién
khéc, v ddi véi khdi m3 khong vudng, cac mAu 1an cin clia bién dai hon trude
hét dugc 14y mau phu dé co cing s6 luong mau nhu déi véi bién ngan hon.
Fig.1 thé hién vi tri cia cic miu dugc tai tao bén trai va bén trén va miu cia
khéi hién tai dugc bao gém trong ché d6 CCLM.

Theo mdt sb phuong 4n thuc hién, phép tinh giam t6i da 15i hdi quy duge
thuc hién duéi dang mét phén cua qud trinh gidi ma, khong chi duédi dang hoat
dong tim kiém cta bd ma héa, do vy khong cl phap nao dugc sit dung dé
truyén céc gid tri o va .

Theo mot s phuong 4n thuc hién, ché d6 du bao CCLM cling bao gé)m du
bao giita hai thanh phén sic do, chéng han, thanh phén Cr (sai léch d@d) dugce du
béo tir thanh phan Cb (sai 1éch Jam). Thay vi st dung tin hiéu mau dugc tai tao,
du bdo Cb sang Cr CCLM dugc ap duhg trong mién du. Didu nay duogc thuc
hién bang cach bd sung phan du Cb dugc tai tao b trong sd vao du bao trong
Cr ban du dé tao dy bao Cr cudi cung:

prede,(i,j) = prede,(i,)) + a - resic,'(i,)) 4

_7-



41893

O day, resic,’ (i, j) 12 mau du Cb dugc téi tao & vi tri (i,j).

Theo mot sb phuong an thuc hién, hé sb chia tyl€ a cod thé duoc suy ra theo
cach twong tr nhu trong du béo tir 46 sang sang sic @6 CCLM. Khac biét duy
nhét 12 viéc bd sung chi phi hdi quy so vé6i gia tri @ mic dinh trong ham sai sb
sao cho hé sb chia ty 16 dugc din xuét bi 16ch vé phia gia tri mic dinh —0,5 nhu
sau:

__ N-g(cb(n)-cr(n))-xCb(n)-yCr(n)+A-(=0.5) )
N-Y(cb(n)-cb(n))-%.Cb(n)-Y.Cb(n)+1

O day, Cb(n) 1a cac miu Cb dugc tai tao 1an cin, Cr(n) 13 cic miu Cr
dugc tai tao 1an can, va 1 =Y (Chb(n) - Cb(n)) > 9.

Theo mot sb phuong an thuc hién, ché do du bao tir 30 sang sang sic do
CCLM duge bd sung duédi dang mot ché d6 du bao trong sic do bd sung. o)
phia bd mi héa, thém mot phép kiém tra chi phi RD cho c4c thanh phan sic do
duoc bd sung dé lua chon ché d6 du bao trong sic d0. Khi cac ché do du bao
trong khac ngoai ché d6 du bao tir d sang sang sic d CCLM duogc st dung
cho cac thanh phén sic do cia CU, du bao tir Cb sang Cr CCLM dugc st dun
d& du béo thanh phin Cr.

1.2 Céc vi du v& CCLM da md hinh

Trong JEM, c6 hai ché 46 CCLM: ché d6 CCLM don mb hinh va ché do
CCLM da m6 hinh (MMLM). Nhu dugce chi bao bang tén, ché d6 CCLM don
mo hinh st dung mot ché @6 tuyén tinh dé du béo cac mau sic do tir cac mau
dd sang cho toan b CU, trong khi trong MMLM, c6 thé c6 hai md hinh.

Trong MMLM, cac mau d6 sang 1an cin va cac mau sic do 14n can cia khbi
hién tai dugc phan loai thanh hai nhém, mdi nhém dugc st dung l1am tap huin
luyén d& suy ra mé hinh tuyén tinh (tirc 13, a va S cu thé dugc suy ra cho nhém
cu th8). Ngoai ra, cic mau cia khéi do sang hién tai cling dugce phan loai dwa
trén cung quy tic dé phan loai cdc mau do sang 1an cén.

Fig.2 thé hién vi du phén loai céac mau l4n cin thanh hai nhém. Threshold
dugc tinh toan 1a gia tri trung binh cla cac mau do sang dugc tai tao lan can.
Mau 14n cin c¢b Rec';[x,y] <= Threshold dugc phan loai thinh nhém 1; trong
khi mAu 14n cén c6 Rec';[x,y] > Threshold dugc phan loai thinh nhém 2.
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{Predc[x, y] = a; X Reci[x,y] + B; if Rec|[x,y] < Threshold
Pred.[x,y] = a;, X Rec/[x,y] + B, if Rec|[x,y] > Threshold

(6)
1.3 Céc vi du ctia cac bo loc giam kich thude miu trong CCLM

Theo mét sé phuong 4n thuc hién, va dé thuc hién dy bao gifta cac thanh
phan, cho dinh dang sic do 4:2:0, trong d6 4 mau do sang twong tng véi 1 miu
sic do, khoi do sang dugec tai tao can dugc giam kich thuéc miu @ khép véi
kich thuéc cﬁa}tin hiéu sic d6. Bo loc giam kich thuéc miu mic dinh duoc st
dung trong ché d6 CCLM nhu sau:

Rec', [x,y] ={2x Rec, [2x, 2y] +2xRec, [2x, 2y +1] +
Rec, [2x—1,2y]+ Rec, [2x+1,2y]+ (7
Rec,[2x-1,2y +1]+ Rec, [2x+1,2y +1]+4} >>3

0 day, giam kich thudc miu gi4 sir mdi quan hé pha “loai 0” nhu dugc thé
hién trén Fig.3A cho céc vi tri cia cac mAu sic do so v&i cac vi tri clia cdc mau
d6 sang, ching han, 14y mau cung vi tri theo chidu ngang va liy miu ngoai nut
theo chiéu doc.

B¢ loc giam kich thuréc mau 6 budc 14y 1am vi du duge dinh nghia trong (6)
dugc sir dung 1am b6 loc mit dinh cho ca ché d6 CCLM don mé hinh va ché do
CCLM da md hinh.

Theo mét sb phuong an thuc hién, va dbi véi ché d6 MMLM, bd ma héa c6
thé Iwa chon theo cach khac mot trong bdn b loc giam kich thuéc miu d6 sang
b sung can duoc 4p dung dé du béo trong CU, va giri chi s6 bd loc dé chi bao
bd loc nao trong cac b loc duge sir dung. Bén bd loc giam kich thuéc mau do

sang c6 thé lua chon cho ché do MMLM, nhu duge thé hién trén Fig.3B, nhu

sau:
Rec', [x,y]=(Rec, [2x,2y]+ Rec, [2x+1,2y]+1) >> 1 (8)
Rec', [x,y] = (Rec, [2x+1,2y]+ Rec, [ 2x+1,2y +1]+1) >>1 9)
Rec', [x,y]=(Rec, [2x,2y +1]+Rec, [2x+1,2y +1]+1) >>1 (10)

Rec', [x,y]=(Rec,[2x,2y]+ Rec, [ 2x,2y +1]+ Rec, [ 2x+1,2y]+ Rec, [2x+1,2y+1]+2) >>2 (11)

1.4 LM da huéng (MDLM)
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Trién khai hién c6 dé xuét LM da huéng (MDLM). Trong MDLM, hai ché
d6 CCLM bb sung dugc dé xudt: LM-A, trong d6 c4c tham sé mé hinh tuyén
tinh duoc suy ra chi dua trén cidc miu lan c4n bén trén nhu duoc thé hién trén
Fig.4A, va LM-L, trong d6 c4c tham s6 mé hinh tuyén tinh duoc suy ra chi dua
trén cac mau lan cAn bén trai nhu duoc thé hién trén Fig.4B.

1.5 Don gian hoa CCLM

Céch trién khai hién tai d& xuit thay thé thuat todn LMS cia cac tham sé
md hinh tuyén tinh a va § bang phuong trinh dudng thing, dugc goi 12 phuong
phap hai diém. 2 diém (cap doi d sang va sic d0) (A, B) la céc gié tri nhé nhat
va 16n nhat bén trong tap hop cic miu do sang 1an can nhu duge md ta trén
Fig.5.

O day, cac tham sé mé hinh tuyén tinh a va B thu dugc theo phuong trinh
sau:

VB —Ya
X — X4

a= va f =y, — axy.

Theo mét s6 phuong an thuc hién, phép chia cin khi din xuét a duge tranh
va dugc thay bing cic phép nhén va chc phép dich nhu dudi day:
a=0; '
iShift =16;
int shift = (uilnternalBitDepth > 8) ? uilnternalBitDepth - 9 : 0;
intadd =shift ? 1 <<(shift-1):0;
int diff = (MaxLuma- MinLuma + add) >> shift;
if (diff > 0)
{
int div = ((MaxChroma- MinChroma) * g _ailL. MDivTableLow[diff - 1]
+ 32768) >> 16;
a = (((MaxChroma- MinChroma) * g_ailL MDivTableHigh[diff - 1] +
div + add) >> shift);
}
b =MinLuma[1] - ((a * MinLuma[0]) >> iShift);
0 day, S dugc gan bang iShift, a dugc gan bang a va B dugc gan bang b.
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Ngodi ra, g aiLMDivTableLow va g_aiLMDivTableHigh 13 hai bang ma mbi
bang ¢6 512 muc, trong d6 mdi myc luu trit s6 nguyén 16 bit.

Pé suy ra bo du bao sic do, nhu ddi véi tridn khai VIM hién tai, phép nhan
duoc thay bang toan tir sé nguyén nhu sau:

pred:(i, j) = (a : reci(i’j)) »>S+

Trién khai ndy ciing don gian hon trién khai VIM hién tai do phép dich S
ludn c6 clng gié tri. o
1.6 Céc vi du v& CCLM trong VVC

CCLM nhu trong JEM dugc st dung trong VTM-2.0, nhung MM-CCLM
trong JEM khong dugc st dung trong VIM-2.0. MDLM va CCLM don gian
da dugce dua vao VIM-3.0.

1.7 Cac vi du v& LIC trong JEM

LIC dua trén mo hinh tuyén tinh ddi vé6i cac thay ddi d6 sang, nho sir dung
hé s6 chia ty 1& a va d¢ léch b. Va c6 thé dugc kich hoat hodc v6 hiéu héa thich
tmg cho mdi CU c6 ché d6 ngoai duge m3 héa.

Khi LIC 4p dung CU, phuong phép sai s6 binh phuong nhé nhét duge sir
dung dé suy ra cac tham sb6 a va b nho sir dung céc m?lu lIan can ctia CU hién tai
va c4c mau tham chiéu tuong Uing cua n6. Cu thé hon, nhu duge minh hoa trén
Fig.32, cac miu lan cin duoc ldy mau phu (1iy mau phu 2:1) cta CU va 4c
pixel tuong g (dugc nhan dién béi thong tin chuyén. dong cia CU hoac CU
phu hién tai) trong anh tham chiéu duoc sir dung. Céc tham s IC dugc dan
xuét va duoc 4p dung riéng 1& cho mdi hudng du bao.

Khi CU dugc ma hoa béng ché d6 hop nhat 2Nx2N, c& LIC dugc sao chép
tir cac khéi 1an c4n, theo cach gidng nhur sao chép thong tin chuyén déng trong
ché do hop nhét; nguoc lai, c& LIC duoc bao hiéu cho CU dé chi bao liéu LIC
c6 ap dung hay khong.

Khi LIC duge kich hoat cho 4nh, kiém tra RD mtrc CU bd sung cin dé xac
dinh liéu LIC c6 dugc 4p dung hay khong cho CU. Khi LIC dugc kich hoat cho
CU, téng hiéu s tuyét dbi loai bé trung binh (mean-removed sum of absolute
difference, MR-SAD) va tong hiéu sb bién d6i Hadamard tuyét d6i loai bo

trung binh (mean-removed sum of absolute Hadamard-transformed difference,
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MR-SATD) duge st dung, thay cho SAD va SATD, 14n luot d6i véi tim kiém
chuyén déng pel nguyén va tim kiém chuyén dong pel phan sb.

pé gidm do phuc tap ma hoéa, phuong tién ma héa sau duge &p dung trong
JEM:

LIC duge vo hidu héa cho toan anh khi khong c6 thay ddi chiu sang giira
anh hién tai va cac anh tham chiéu cta né. P& nh4n dang truong hop ndy, cic
dudng tin sut cia anh hién tai vA mdi anh tham chiéu cia anh hién tai duoc
tinh toan & bd ma héa. Néu khac biét vé duong tin suét gira 4nh hién tai va
mdi anh tham chiéu cia anh hién tai nho hon ngudng cu thé, LIC bi vd hiéu
héa cho anh hién tai; néu khong, LIC duogc kich hoat cho anh hién tai.

2 Céc vi du vé cac nhuge diém trong cac cach trién khai hién tai

Céc trién khai hién tai dua vao phuong phép hai diém d& thay thé cach thirc
LMS ctia ché d6 LM trong JEM. Mic du phuong phép méi giam sd luong phép
cong va phép nhan trong CCLM, né din dén cac vin dé sau:

1) C4c phép so sanh duoc dua vao dé im cac gia tri d6 sang nhé nhét va
16n nhéit, vén khong than thién véi thiét ké phdn mém mot 1énh, nhidu dit lidu
(single instruction, multiple data - SIMD).

2) Hai bang tra citu ¢6 téng cong 1024 luu trir cac sb 16 Bit dugc dua
va0, v6i yéu ciu by nhd ROM 2K dwoc mong mudn trong thiét ké phan cung.

3 Céc phuong phép 14y lam vi du d du bao giira cac thanh phin trong ma héa
video

Cé4c phuong 4n thuc hién sang ché khic phuc cac nguoce diém cﬁa cac cach
trién khai hién tai, nhdr @6 ma héa video véi cac hiéu sut mi héa cao hon va do
phirc tap tinh todn thip hon. Cac phép din xuét ché d6 tuyén tinh dugc don
gian hoa dé du béao giira cac thanh phan, dwa trén sang ché, c6 thé ting cuong
c4 chudn m3 héa video hién tai 1an tuong lai, dugc liét ké chi tiét trong cac vi
du sau dugc mo ta cho cac trién khai khac nhau. Céc vi du vé sang ché duoc
néu dudi dy giai thich cac khéi niém téng quat, va khong duge hiéu nhu 1a
giGi han. Trong vi dy, trir khi c6 théng bao khac, cac ddu hiéu khéac nhau duge
néu trong cac vi du nay c6 thé dugc két hop.

Trong cac vi du va cac phuong phéap sau, cum tr “phuong phép LM” bao
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gbm, ma khéng bi gi6i han &, ché d6 LM trong ché d6 JEM hoic VTM, va
MMLM trong ché 6 JEM, LM bén trai chi sir dung c4c miu lan c4n bén trai
dé suy ra mé hinh tuyén tinh, ché d6 LM bén trén chi st dung cic mau 1an cén
bén trén dé suy ra mo hinh tuyén tinh hodc cac loai phuong phap khac st dung
cac mau tai tao do sang dé suy ra cac khdi du béo séc do. TAt ca cac ché do LM
khong phai 13 LM-L hoic LM-A dugc goi 13 cac ché do LM thong thudng.
Trong cac vi du va cac phuong phdp sau, Shift(x, s) dugc dinh nghia 1a
Shift(x,s) = (x + of f) > s, va SignShift(x, s) dugc dinh nghia 13

(x+off)>»s x=0
—((—x+off)>»s) x<0

O day, off 12 s6 nguyén chang han 0 hoac 2.

SignShift(x,s) ={

Chiéu cao v chiéu rong ctia khéi sic do hién tai dugc ky hiéu 14n luot 14 H
va W.

Fig.6 thé hién vi du cac mAu 1an c4n cta khéi sic do hién tai. Gia sit toa do
clia miu trén bén trai cua khéi sic d6 hién tai duoc ky hiéu 13 (x, y). Sau do,
cac mau sdc dd 1an can (nhu duge thé hién trén Fig.6) duoc ky hiéu 1a:

A: MAu trén & bén trai: [x-1, y],

B: Miu giita & trén & bén trai: [x-1, y+H/2-1],

C: MAu gifta & duéi & bén trai: [x-1, y+H/2],

D: MAu duéi & bén trai: [x-1, y+H-1],

E: Mau trén dudi mé rong & bén trai: [x-1, y+H],

F: MAu gifta trén duéi mo rong & bén trai: [x-1, y+H+H/2-1],

G: MAu gitta duéi dudi mé rong & bén trai: [x-1, y+H+H/2],

I: Mau duéi dudi mé rong & bén trai: [x-1, y+H+H-1],

J: MAu bén trai & trén: [x, y-1],

K: MAu gifta bén trai & trén: [x+W/2-1, y-1],

L: Méu gitta bén phai ¢ trén: [x+W/2, y-1],

M: MAu bén phéi & trén: [x+W-1, y-1],

N: Miu bén trai trén mo rdng & trén: [x+W, y-1],

O: MAu gifta bén trai phia trén mé rong & trén: [x+W +W/2-1, y-1],
P: MAu giita bén phai phia trén mé rong & trén: [x+W +W/2, y-1], va
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Q: MAu bén phai phia trén mé rong & trén: [x+W +W-1, y-1].

Vi du 1. Cac tham s6 o va B trong cac phuong phap LM dugc suy ra tir cic
mAu sic d6 & hai hodc nhiéu vi tri cu thé.

a. Viéc dan xuit cling phu thudc vao cic mau do sang bi gidm kich thudce
mau tuong g ciia cic mau sic d6 dugce chon. Theo cach khac, viéc din xuit
cling phu thudc vao cac mau do sang twong g cla cic miu séc do duoc chon
chéng han khi n6 1a dinh dang mau 4:4:4.

b. Chiang han, cic tham s a va B trong CCLM dugc suy ra tir cic mAu séc
d6 & 2° (ching han, S=2 hoic 3) vi tri, ching han:

i. Vitri {A,D,J, M};
ii. Vitri {A,B,C,D,J,K, L, M};
ii. Vit {A, L, ], Q};
iv. Vitri{A,B,D, LI, K, M, Q};
v. Vitri{A,B,D,F,J,K, M, O};
vi. Vitri{A,B,F,1,],K, O, Q};
vii. Vitri{A,C,E,LLJ,L,N, Q};
viii.  Vitri {A,C,G,1J,L, P, Q};
ix. Vitri{A,C,E G,]J,L,N,P};
x. Vit {A, B, C,D};
xi. Vitri {A,B,D,I};
xii. Vitri {A, B, D, F};
xiii. Vitri {A,C,E, I};
xiv. Vit {A, C, G, 1};
xv. Vitri {A, C,E, G};
xvi. Vitri {J,K, L, M};
xvii. Vitri {J, K, M, Q};
xviii.  Vitri {J, K, M, O}; .
xix.  Vitri {J,K, O, Q};
xx. Vitri {J,L, N, Q};
xxi. Vitrd {J,L, P, Q};
xxii. Vit {J,L, N, P};
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xxiii. Vitri {A,B,C,E, E,F, G, I};
xxiv. Vitri {J, K, L, M, N, O, P, Q};
C. Chéng han, c4c tham sb a va B trong CCLM duogc suy ra tir cac miu sic
do o&:
i. Tb hop bat ky gitta {A, B, C, D, E, F, G, 1} va {J, K, L, M, N, O, P, Q}
chang han
(@) Vitri Aval;
(b) Vitri Bva K;
(o) VitriCvalL;
(d) Vitri D va M;
(e) VitriEvaN;
() Vitri F va O;
(g) VitriGva P,
(h) Vitril va Q;
ii. Hai vi tri khac nhau bat ky duoc lay tir {A, B, C, D, E, F, G}
(a) Vitri A va B;
(b) Vitri Ava C;
(c) Vitri AvaD;
(d) Vitri A vaE;
(e) Vitri AvaF;
() Vitri AvaG;
(g) Vitri Aval,;
(h) Vitri D va B;
(1) VitriDvaC;
() VitriEva B;
k) Viti EvaC;
() VitrilvaB;
(m) VitrilvaC;
(n) VitriI va D;
(o) Vitril va E;
(p) Vitril va F;
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(@ VitriI va G;
iti.  Hai vi tri khac nhau bat ky duoc lay tir {J, K, L, M, N, O, P, Q}

(@ VitiJvak;

(b) VitriJval;

(¢) VitriJvaM;

(d VitdJvaN;

(e) VitriJvaO;

) VitriJvaPp;

(g) VitriJvaQ;

(h) ViriMvak;

(i) ViwiMvalL;

G) VitriNvak;

(k) VitriNvalL;

DO ViriQvak;

(m) VitriQvalL;

(n) ViriQvaM;

(o) VitriQvaN;

(p) VitriQvao;

(@) VitriQvaPp;

(r) ViriQvaqQ;

iv. Trong mot vi duy, néu hai vi tri duoc chon cé gia tri d6 sang giéng hét
nhau, nhiéu vi trf hon ¢6 thé duge kiém tra tiép.

d. Chéng han, khong phai tAt ca cac miu sic d6 kha dung duroc tim kiém dé
tim ra cac gi4 tri d0 sang nhd nhit va 16n nhat dé suy ra cac tham sé o va B
trong CCLM véi phuong phap hai diém.

i. Chi mau sic do ngoai K méau sic do (va cac mau do sang bi gidm kich
thuée mau tuong tng) duge bao gdbm trong tip hop tim kiém. K ¢ thé bang 2,
4, 6 hoac 8.

(a) Chang han, néu Rec[x,y] 12 mAu l4n cén phia trén, né dugc bao gbdm
trong tap hop tim kiém chi néu x%K==0. Néu Rec[x,y] 12 mAu 14n c4n bén trii,

n6 digc bao gdm trong tap hop tim kiém chi néu y%K==0.
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ii. Chi cac miu sic do & céc vi tri cu thé chalmg han duoc dinhv nghia trong
1.a.i~1.a.xxiv dugc bao gdm trong tap hop tim kiém.

e. Dbi voi ché 40 LM-L, tAt ca cac mau dugc chon phai 13 cac miu 14n
can bén trai.

f. Dbi voi ché @6 LM-A, tit ci cac mAiu duoc chon phai 13 cac mAu 1an
can bén trén.

g. Cac vi tri duge chon cé thé dugce ¢ dinh, hodc ching c6 thé 1a thich
ung.

i.  Trong mdt vi du, cac vi tri dugc lra chon nio c6 thé phu thudce vao chiéu
rong va chiéu cao cua khéi séq dd hién tai;

ii.  Trong mdt vi du, cac vi tri dugc lua chon nao cé thé duge bao hiéu tir bo
ma héa dén bd giai m3, ching han trong VPS/SPS/PPS/tiéu d& lat/tiéu d2 nhém
phién/phién/CTU/CU/PU.

h. Chc miu sic dd dugc chon dugc st dung dé suy ra cac tham sb a va B
v6i phuong phap quan phuong nhé nhit nhu duge thé hién trén Eq(2) va Eq(3).
Trong Eq(2) va Eq(3), N duoc 4n bing s lugng mau dugce chon.

i. Cip miu sic do dugc chon duge st dung dé suy ra cac tham sb6 a va B
v6i phuong phap hai diém.

j.  Trong mot vi du, cach thirc chon cdc mau c¢6 thé phu thudc vio tinh kha
dung cta cac khéi lan can.

1. Chéng han, c4c vi tri A, D, J va M duoc lua chon néu ca khdi 14n cén
bén trai va bén trén 13 kha dung; vi tri A va D duge lua chon néu chi khéi 1an
can bén trai 1a kha dung; va vi tri J va M dugc lua chon néu chi khéi 1an can
bén trén 1a kha dung.

Vi du 2. Cac tap hop clia cac tham sb trong ché @6 CCLM c6 thé duoc suy
ra trude va sau d6 dugc két hop dé tao tham sb ché do tuyén tinh cubi cung
dugc st dung dé ma hoa mot khdi. Gia st a; va B; dugc suy ra tir nhém mau
sic do & cac vi tri cu thé dugc ky hi¢u 1a Nhém 1, a, va B, dugc suy ra tir nhém
mau sic d§ & cac vi tri cu thé dugc ky hiéu 1a Nhém 2, ... , oy va Py duoc suy
ra tir nhém mau séc dd & cac vi tri cu thé dugc ky hiéu 12 Nhém N, sau d6 a va

B cubi cling c6 thé duogc suy ra tir (ay, By), ... (Gxs Bn)-
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k. Trong mdt vi du, a dugc tinh todn 14 gia tri trung binh cta ay, ... oy va
dugec tinh toén 1a gia tri trung binh cua B4, ... Bn.
i. Trong mot vi du, a=SignShift(a;+ a,, 1), B=SignShift(B;+ B,, 1).
ii. Trong mot vi du, a=Shift(a;+ a,, 1), =Shift(B;+ B,, 1).

iii. Néu (a5, By) va (ap, Br) ¢b6 dd chinh x4c khac nhau, ching han, dé thu
duoc du bao sic do CP tir mau do sang duoc giam kich thudc miu twong ung
LR, dugc tinh toan 1a

CP = SignShift(a, x LR+ B,,Sh) véi (a,, B1), nhung

CP = SignShift(a, x LR+ f,,Sh,) v6i (a, B,) Shy khong bang Shy, sau d6 céc
tham s cin duge dich chuyén trude khi dugc két hop. Gia sir Sh; > Shy, thi
trude hét két hop, cac tham sé nén duoc dich chuyén duédi dang:

(@) o, = SignShifi(c,,Sh —Sh,), B, = SignShift(B,,Sh,—Sh,)) . Sau d6 do
chinh x4c cubi cing 13 (ay, By).

(b) o =Shift(ay,Sh —Shy), B, = Shift(B,,Sh,—Sh,) . Sau d6, d6 chinh xac
cubi cing 13 (0, By).

© =0 <<(Sh~Sh), B, =B, <<(Sh~Sh,). Sau d6, 6 chinh xdc cubi
cung 1a (ay, By).

1. Mbt sb vi du vé céc vi tri trong Nhom 1 va Nhom 2:

i.  Nhém 1: Vitri A va D, Nhém 2: Vi tri J va M.

ii. Nhom 1: Vitri A val, Nhém 2: Vitri J va Q.

iii.  Nhém 1: Vi tri A va D, Nhém 2: Vi tri E va I, trong d6 cé hai nhém
duogc st dung cho ché d6 LM-L.

iv.  Nhém 1: Vi tri J va M, Nhém 2: Vi tri N va Q, trong d6 ¢é hai nhém
dugc st dung cho ché 46 LM-A.

v. Nhém 1: Vi tri A va B, Nhém 2: Vi tri C va D, trong d6 c6 hai nhéom
dugc st dung cho ché d6 LM-L.

vi. Nhoém 1: Vi tri J va K, Nhém 2: Vi tri L va M, trong d6 c6 hai nhom
duogc st dung cho ché d6 LM-A.

Vi du 3. Gia stir hai gia tri mau sic do duoc ky hiéu la CO va C1, va céc gia

tri mau d6 sang twong tng dugc ky hiéu 13 L0 va L1 (L0 < L1) 14 cac dau vao.
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Phuong phép hai diém c6 thé suy ra o va p véi dau vao 1a
_€1-C0
L1-1L0

Céac do sau bit cua cac mau do sadng va cac mau sac do dugce ky hiéu 1a BL

a va f =C0 - «LO.

va BC. M6t hoic nhiéu phép don gian héa cho cach trién khai nay bao gdm:

m. o duoc xuat ra bing 0 néu L1 = L0. Theo cich khac, khi L1 = L0, ché do
dir bao trong cu thé (chéng han, ché d6 DM, DC hoic phéng) dugc sir dung
thay cho str dung ché d6 CCLM dé suy ra khdi dur béo.

n. Phép chia dugc thay bang cac toan tir khac khong c6 bang tra ctru. Toan
tir log2 c6 thé dugc thue hién bang cach kiém tra vi tri ctia sb c6 trong sb 16n
nhét.

i.  a=Shift(C1-CO0,Floor(log,(L1- L0)) hodc
a = SignShift(C1-C0, Floor(log, (L1—- L0))
ii.  a=Shift(Cl1-C0,Ceiling(log,(L1- L0)) hoic
= SignShift(Cl-C0, Ceiling (log, (L1~ L0))
li. Viduihodc Vidu iic6 thé duge lua chon dya trén gia tri L1-LO0.
- (a) Chang han, Vi du i dugc str dung néu L1-LO<T, nguoc lai vi du ii dugc
st dung. Chéng han, T c6 thé 1a
(Floor(log, (L1 L0)) + Ceiling(log, (L1—- L0)))/ 2

(b) Ching han, Vi du i dugc st dung néu 3x(L1-L0) < 2" Eoeti-ton?
nguoc lai Vi du ii duoc st dung.
(c) Chang han, Vi du i dugc st dung néu (Ll1-L0)* < 2> oortest=LO)H
nguoc lai Vi du ii dugc st dung.
0. Phép chia dugc thay bing mét bang tra ctru duoc ky hiéu 13 M[K].
i. Kich thuéc cia bang tra ctru duoc ky hidu 1a V < 2°, trong d6 P 1a sb
nguyén chéng han 5, 6, hoac 7.
ii. M>bi muc cta bang tra ctru luu trir s6 nguyén F bit, ching han, F= 8 hoic
16.
(a) Trong mot vi du, M[k-Z]=((1<<S)+Off)/k, trong d6 S 1 s6 nguyén dinh
nghia d9 chinh x4c, chang han, S=F. Off 1a d6 1éch, ching han, Off=(k+Z)>>1.
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Z dinh nghia gia tri bat diu cua bang, chéng han, Z=1, hoac Z=8, hoic Z= 32.
Khéa hop 16 k truy vAn bang phai théa man k >=Z.
fii.  k=Shifi(L1-L0, W) dugc sit dung 1am khéa d& truy vAn bang tra ciru.
(a) Trong mot vi du, W tuy thude vao BL, V va Z.
(b) Trong mot vi du, W ciing tuy thudc vao gia tri L1-LO0.
iv. Néu k khong phai 13 khéa hop 18 @& truy vén bang tra ciru (k-Z < 0 hoic
k-Z >=V), o duoc xuit ra bing 0.
v. Ching han,
a = Shift((C1-C0)x M[k—Z],D), hoidc
a = SignShift(C1-CO)x M[k—Z],D) |

vi. Dé thu dugce du bio sic do CP tir miu do sang tuong tmg LR (éhéng

han, dugc gi_ém kich thuée miu cho 4:2:0), duoc tinh toan 13

CP = SignShift(ax LR+ 3,Sh) , hoac

CP = Shift(ax LR+ 3, Sh)
vii. Sh c6 thé 13 s6 cb dinh, hodc ¢ thé phu thudc vao cic gia tri cua CO, Cl,
L0, L1 dugc st dung dé tinh toén o va p.

(a)  Sh c6 thé phu thude vao BL, BC, V, S va D.

(b) D c6 thé phu thudc vao Sh.

viii.  Kich thuéc cia bang tra ctru duogc ky hi¢u 1a V = 2% trong d6 P 14 s
nguyén ching han 5, 6, 7 hoic 8. Theo cach khac, V dugc gén bang 2° - M
(ching han, M = 0).

ix. Gia sit @ = P/Q (chang han, Q = L1-L0, P = C1-C0, hodc ching dugc
suy ra theo cac cach khac), thi a dugc tinh todn vdi bang tra ctru nhu la
a = Shift(PxM[k—Z], D) hodc a = SignShifi(PxM[k—Z], D), trong d6 k 1a khba
(chi s6) dé truy vAn muc trong bang tra ciru.

(a) Trong mot vi dy, k dugc suy ra tir Q v6i ham: k= f(Q).

(b) Trong moét vi duy, k dugc suy ra tr Q va P, véi ham: k= f(Q, P).

(c) Trong mdt vi dy, k 12 hop 1€ trong khoang cu thé [kMin, kMax]. Ching
han, kMin = Z va kMax = V+Z.

(d) Trong moét vi du, k=Shift(Q, W),

a. W c6 thé phu thudc vao BL, V va Z.
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b. W c6 thé phu thudc vao gia tri cia Q.

¢. Trong mdt vi duy, khi k dugc tinh toan 12 Shift(Q, W), thi a dugc tinh
toan v6i bang tra ciu 1a a = (Shift(PxM[k—Z], D)) << W hoic
a = (SignShift(PxM[k—Z], D)) << W

(e) Trong mot vi du, k dugce suy ra theo cac cach khac véi cac gia tri khac
cua Q.

a. Ching han, k= Q khi Q<= kMax, va k = Shift(Q, W) khi Q > kMax.
Chang han, W duoc chon 1am s nguyén duong nho nhit khién Shift(Q, W)
khéng 16n hon kMax.

b. Ching han, k = Min(kMax, Q).

c. Ching han, k = Max(kMin, Min(kMax, Q)).

(f) Trong mét vi du, khi Q <0, -Q dugc st dung dé thay thé Q trong phép
tinh. Thi —a dugc xuét ra.

(g) Trong mot vi dy, khi Q = 0, thi a duge gan gia tri mic dinh chéng han 0
hoac 1.

(h) Trong mot vi duy, khi Q = 2F E>=0, thi o =Shify(P, E) hoic
a = SignShift(P, E). _

p. Tét ca cac phép toan dé :suy ra cac tham s6 LM phai niam trong K bit, K
c6 thé bang 8, 10, 12, 16, 24 hoic 32.

i.  Néu bién trung gian c6 thé virgt qua khoang dugc biéu dién bang cac bit
dugc gidgi han, né dugce xén hodc dugce dich phai trong céc bit dugce gidi han.

Vi du 4. Mot khéi sic do don c6 thé sir dung nhiéu ché do tuyén tinh va lya
chon nhiéu ché do tuyén tinh phu thudc vao vi tri ciia cic miu sic do trong
khéi sic do.

a.Trong mot vi du, ché @ LM-L va LM-A c6 thé duoc két hop trong mot
khéi sdc do.

b. Trong mot vi dy, mét s6 vi du duoc du bao bdi ché dd6 LM-L va cac miu
khéc dugc du bao béi ché @ LM-A.

i. Fig.7 thé hién vi du. Gia st mAu trén bén trai & vi tri (0,0). Cac mau & vi
tri (x,y) v6i x>y (hodic x>=y) duoc dur bao bdi LM-A, va cac mau khéc dugc du

bao boi LM-L.
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c. Gia st dy bao véi LM-L va LM-A d6i v6i mau & vi tri (x,y) duoc ky hiéu
1a P1(x,y) va P2(x,y), mdt c4ch lan luot, sau d6 ham dy bao cubi cing P(x,y)
duoc tinh toan 13 tdng c6 trong sb ciia P1(x,y) va P2(x,y).
i. P(x,y)=wl*P1(x,y)+w2*P2(x,y)
(a) wl+w2=1.
i.  Pxy)=(wl*P1(x,y)+w2*P2(x,y)+Offset)>>shift, trong d6 offset cé thé
bang 0 hodc 1<<(shift-1), v shift 12 s6 nguyén chang han 1,2, 3....
(a) wl+w2=1<<shift. ,
imi. P y)=(wl*P1(x,y)+((1<<shift)-w1)*P2(x,y)+Offset)>>shift, trong d6
offset c6 thé bang 0 hoic 1<<(shift-1), va shift 12 s nguyén ching han 1, 2,
3....
iv. w1 and w2 c6 thé phu thudc vio vi tri (x,y)
(a) Ching han, w1 > w2 (ching han, w1=3, w2=1) néu x<y,
(b) Chang han, w1l < w2 (ching han, wi=1, w2=3) néu x>y,
(c) Chang han, w1 = w2 (ching han, w1=2, w2=2) néu x==y,
(d) Ching han, w1l — w2 ting néu y-x ting khi x <y,
(¢) Ching han, w2 — w1 ting néu x-y ting khi x >y.
Vi du 5. Dé xuit viée cac mAu lan can (bao gém cac mau sic do va cic miu
do sang tuong tng, c6 thé duoc giam kich thude mau) duge phén chia thanh N
nhém. Gié tri 4o séng 16n nhat va gi tri do sang nho nhat cho nhém th k (véi
k=0, 1,...., N-1) duoc ky hiéu 1a MaxL, va MinL,, va c4c gia tri sic do tuong
ung lan luot dugce ky hiéu 1a MaxCy va MinC;. ' _
a. Trong mét vi dy, MaxL dugc tinh todn 1a MaxL=fl(MaxLg,, MaxLg;,
..., MaxLg,); MaxC dugc tinh toan 121 MaxC=f2(MaxCsy, MaxCs;,...MaxCgy);
MinL dugc tinh todn 12 MinL=f3(MinLg,, MinLg;,...MinLg). MinC dugc tinh
toan 13 MinC=f3(MinCg, MinCg;, ..., MinCgy,). f1, £2, 3 va f4 13 cac ham sd.
Phuong phép hai diém din xuit a va p véi dau vao 1a:

o= MaxC — MinC
MaxL — MinL
L =MinC—aMinL

i. Trong mdt vi du, f1, £2, f3, f4 déu 12 ham sb tinh trung binh.
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ii. SO, S1,...Sm 13 cAc chi sd cia cdc nhém dugc chon duge st dung dé
tinh toan a va f.

(1) Chrflng han, tit ci c4c nhém dugc st dung, chéng han, S0=0,
S1=1,... Sm=N-1.
| (2) Ching han, hai nhém dugc sit dung, ching han, m=1, S0=0, S1 = N-

(3) Ching han, khong phai tit ca cac nhom duge st dung, chang han, m
<N-1, S0=0, S1=2, S3=4, ...

b. Trong mot vi du, cac miu (hodc cic mau duge giam kich thude mau)
duoc dit & cac hang phia trén cé thé dugc phin loai thanh mot nhém va céc
mau (hodc cic mau dugc giam kich thudc mau) duoc dit & cic cot bén trai cua
khdi c6 thé dugc phan loai vao nhém khac.

c. Trong mot vi dy, cdc miu (hodc cic miu dugc gidm kich thudc miu)
dugc phan loai dua trén céc vi tri hodc cic toa dd cua nd.

1. Chéng han, cic mAu c6 thé duoc phan loai thanh hai nhém.

(1) Péi véi mau c6 toa do (x,y) duogce dét ¢ céc hang phia trén, dugc phan
loai thianh nhém SO néu x%P = Q, trong d6 P va Q 14 céc _sé nguyén, ching
han, P =2, Q =1, P=2, Q = 0 hodc P =4, Q = 0; Nguoc lai, dugc phan loai
thanh nhém S1.

(2) Déi véi miu c6 toa do (x,y) duoc dit & cac ¢t bén trai, duge phan
loai thanh nhém SO néu y%P = Q, trong d6 P va Q 13 cac sd nguyén, ching
han, P =2, Q =1, P=2, Q = 0 hodac P = 4, Q = 0; Nguoc lai; dugc phan loai
thanh nhém S1. _

(3) Chi c4c mAu trong mot nhém, ching han S0, duge sir dung dé tim ra
MaxC va MaxL. Chang han, MaxL= MaxLS0 va MaxC= MaxCS0.

d. Trong mot vi du, chi mot phdn mau l4n can (hodc cac miu duoc giam
kich thuéc méu) duoc sir dung dé phan chia thanh N nhém.

e. Sb lugng nhém (chﬁng han, N) va/hodc cac chi s6 nhém dugc chon
va/hodc cac ham sb (f1/£2/£3/14) ¢o thé duogc dinh trude hoac dugc bio hiéu
trong SPS/VPS/PPS/tiéu d& 4anh/tiéu @& lat/tisu dé nhém phién/cac
LCU/LCU/c4c CU.
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f. Trong mdt vi du, cach thirc Iira chon cac miu cho mbi nhém c6 thé phu
thudc vao tinh kha dung cua céc khdi 14n can.

i. Ching han, MaxL, /MaxC, v MinL, /MinC, dugc tim thiy tir vi tri A
va D; MaxL; /MaxC; va MinL; /MinC; dugc tim théy tr vi tri J va M, sau d6
MaxL~= (MaxL, + MaxL,;)/ 2, MaxC= (MaxC, + MaxC,;)/ 2, MinL= (MinL, +
MinL,)/ 2, MinC= (MinC, + MinC;)/ 2, khi c4c khdi 14n cn bén trén va bén
trai 1a kha dung.

ii. Chéng han, MaxL /MaxC va MinL /MinC dugc tim thdy truc tiép tir
vi tri A va D khi chi khéi 14n cin bén tri 13 kha dung.

(1) Theo cach khéc, o, va p dugc gan bang mot sb gia tri mic dinh
néu khéi 14n cin bén trén khong kha dung. Chéng han, o = 0 va
B=1<<(bitDepth -1), trong d6 bitDepth 14 chiéu sau bit ctia cdc mau sic do.

iii. Chang han, MaxL /MaxC va MinL /MinC dugc tim thiy truc tiép tir
vi tri J va M khi chi khéi 1an c4n bén trén 13 kha dung.

(1) Theo cach khéc, o, va p dugc gan bang mot sb gia tri mic dinh
néu khéi 1an c4n bén trai khong kha dung. Chéng han, a = 0 va p=1<<(bitDepth
-1), trong d6 bitDepth 14 chiéu sdu bit ctia cic mAu sic do.

g. Trong mdt vi du, cach thirc Iya chon céc mau cho mdi nhém c6 thé phu
thudc vao chiéu rong va chiéu cao cta khéi.

h. Trong mét vi du, cach thirc lwa chon cdc miu cho mdi nhém cé thé phu
thudc vao céc gia tri cia cac miu.

i, Trong mot vi du, hai miu c6 gid tri 46 sang 16n nhét va gia tri dJ sang
nhé nhéat duge chon nim trong nhém tha nhét. V2 tit ca cac miu khic nim
trong nhém thi hai.

Vi du 6. P& xuit viéc lidu va cach thirc ap dung ché d6 LM-L va LM-A c¢6
thé phu thudc vao chidu rong (W) va chiéu cao (H) ctia khéi hién tai.
(a) Chang han, LM-L khong thé dugc ap dung néu W > KxH. chéng
han, K =2.
(b) Ching han, LM-A khéng thé duoc 4p dung néu H > KxW. ching
han, K=2.
(c) Néu mot trong LM-L va LM-A khéng thé duoc 4p dung, c& chi bdo
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liéu LM-L hodc LM-A duogc st dung khong nén dugce bao hiéu.

Vi du 7. C duge bao hiéu dé chi bao liéu ché 46 CCLM c6 duge 4p dung
khéng. Ngit canh durge str dung trong ma héa sd hoc d& ma héa c& 6 thé phu
thudc vao liéu khéi 1an cén trén bén trai nhu dugc thé hién trén Fig.8 cé ap
dung ché ¢6 CCLM hay khong.

(a) Trong mdt vi du, ngit canh thir nhat duoc st dung néu khéi 1an cén
trén bén trai 4p dung ché 46 CCLM; va ngit canh thir hai duge st dung néu
khéi 14n cén trén bén trai khong 4p dung ché d6 CCLM.

(b) Trong mot vi du, néu khdi 1an cén trén bén trai khong kha dung,
duoc xem 13 khéng 4p dung ché do CCLM. ‘

(c) Trong mot vi du, néu khéi 14n can trén bén trai khong kha dung,
duoc xem 13 4p dung ché d6 CCLM.

(d) Trong mét vi du, néu khéi 1an c4n trén bén trai khong duge mi héa
trong, dugc xem 13 khong 4p dung ché 46 CCLM.

(e) Trong mét vi du, néu khéi 14n can trén bén trai khéng dugc ma hoa
trong, duoc xem 13 4p dung ché d6 CCLM.

Vi du 8. Céc chi bao hoic cac tir ma cia cac ché do DM va LM c¢6 thé dugc
mi héa theo céc thir ty khac nhau tr chudi nay sang chudi khdc/anh niy sang
anh khéc/phién nay sang phién khac/khbi ndy sang khéi khac.

(a) Tht ty ma héa ctia cic chi bao ciia LM va DM (ching han, trudc hét
mi héa lidu n6 12 ché d6 LM, néu khong, thi mi héa liéu nd 1 ché do DM;
hodc truée hét ma héa liéu né 1 ché do DM, néu khong, thi m3 héa liéu né 1a
ché do LM) cé thé phu thudc vao théng tin ché do ctia mot hodc nhiéu khdi 1an
can.

(b) Trong mdt vi du, khi khéi trén bén trai cta khéi hién tai 12 kha dung
va dugc md héa v6i ché do LM, sau d6 chi bao ciia ché do LM dugc mi héa
trudc.

(c) Theo cach khéc, khi khéi trén bén trai ciia khéi hién tai 13 kha dung
va dugc mi héa v6i ché dd6 DM, sau d6 chi bao cua ché d6 DM dugc ma hoa
trude.

(d) Theo cach khac, khi khéi trén bén trai ctia khéi hién tai 13 kha dung
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va duge m3 héa véi ché do phi LM (chéng han, ché 36 DM hoic ché d6 du bao
trong khac khong bao gdm LM), sau dé chi bao ctia ché d6 DM dugc m3 héa
trude.

(e) Trong mot vi du, cac chi bao cta thir tu ¢ thé dugc bio hiéu trong
SPS/VPS/PPS/tiéu dé anh/tiéu dé l1at/tiéu d& nhém phién/cac LCU/LCU/cac
CU.

Vi du 9. Trong cic vi du néu trén, cac miu (hodc cic miu dugc gidm kich
thudée méu) cé thé duoc dit bén ngoai khoang 2xW miu l4n cin bén trén hodc
2xH mAu l4n c4n bén trai nhu duoc thé hién trén Fig.6.

(a) V6i ché @ LM hoidc ché d0 LM-L, c6 thé st dung mau lan cén
RecC[x-1, y+d], trong d6 d nAm trong khoéﬁg [T, S]. T ¢6 thé nhé hon 0, va S
c6 thé 16n hon 2H-1. Chang han, T = -4 va S = 3H. Trong vi du khéc, T=0, S
= max(2H, W+H). Trong vi du khac nita, T=0 va S = 4H.

(b) Véi ché @6 LM hoic ché d6 LM-A, c6 thé su dung miu lan cin
RecC[x+d, y], trong d6 d nam trong khoang [T, S]. T ¢6 thé nhd hon 0, va S ¢é
thé 16n hon 2W-1. Ching han, T=-4 v S = 3W. Trong vi du khéc, T=0,S =
max(2W, W+H). Trong vi du khac nita, T=0va S =4W.

Vi du 10. Trong mét vi du, cc mu lan cin sic d6 va cac mau do sang
tuong tng (c6 thé duge giam kich thude miu) duoce giam kich thude mu trude
khi suy ra cac tham s6 mé hinh tuyén tinh o va B nhu duoc boc 16 trong céc vi
du tir 1 dn 7. Gia sir chiéu rong va chiéu cao cta khdi sic do hién tai béng w
va H.

(a) Trong mét vi dy, liéu va cach thirc tién hanh giam kich thuéc mau c6
thé phu thudc vao W va H.

(b) Trong mét vi du, sé hrong méu 14n cén dugc st dung dé suy ra cac
tham s6 bén trai khéi hién tai, va s lugng méau 14n c4n dugc st dung dé suy ra
cac tham sb phia trén khéi hién tai cin giéng nhau sau qué trinh giam kich
thudc mau.

(¢) Trong mot vi dy, cAc miu 1an cén sic d6 va cac mau do sang twong
g (c6 thé duoc giam kich thude mau) khéng duge giam kich thude miu néu

W=H.
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(d) Trong mdt vi du, cdc mau lan cén sic d6 va cac miu d6 sang tuong
tmg (c6 thé duoc giam kich thuée mau) nim bén trai khdi hién tai dugce giam
kich thuéc miu néu W < H.

(i) Trong mot vi du, mot mau sic do trong mdi H/W méu sic d6 duoc
chon d& duge st dung dé suy ra a va B. Cac miu sic dd khac duoc loai bo.
Chang han, gia s R[0, 0] 1a mAu trén bén trai cta khéi hién tai, thi R[-1,
K*H/W], K tir 0 dén W-1, duoc chon dé duge st dung dé suy ra a va f.

(e) Trong mdt vi du, cic mau l4n cin sic d6 va cac mau do séang tuong
g (c6 thé dugc giam kich thuéc miu) phia trén khéi hién tai duoc giam kich
thuée maiu néu W > H. . | » | v

(i1) Trong mot vi du, mdt mAu sic do trong mdi W/H miu séé do duoc
chon dé dugc st dung dé suy ra a va . Cac miu sic do khac duoc loai bé.
Ching han, gia st R[0, 0] 13 mAu trén bén trai cta khéi hién tai, thi R[ K*W/H,
-1], K tir 0 dén H-1, duoc chon dé duoc st dung dé suy ra o va B.

(1) Fig.9 thé hién cac vi du cla cac mau dugc chon khi vi tri D va vi tri
M trén Fig.6 dugc st dung dé suy ra a va f, va giam kich thuéc miu duoc thuc
hién khi W>H.

Vi du 11. Cic miu duoc tii tao ban diu/giam kich thuéc miu lan can
va/hodc cac mau dugc tai tao duge giam kich thudc mau/ ban dau co thé duoc
1am min thém trude khi duge st dung trong qua trinh du bdo md hinh tuyén
tinh hodc qua trinh dy bio gitta cac thanh phdn mau.

(a) “Cén dugc 1am min” c6 thé dé cap dén qua trinh loc.

(b) “Cén dugc 1am min” c6 thé dé cap dén qua trinh phi tuyén tinh bat ky

(c) Dé xuét viéc vai miu Ian cén (bao gém cic miu sic d va cac mau do
sang tuong ung, ¢ thé dugc giam kich thude miu) duoc chon dé tinh toan Cl,
CO, L1 va LO, dé suy ra a va B, chdng han a = (CI-C0) / (LI-L0) va
p=C0— al.

(d) Trong mét vi du, S miu d6 sang 1an c4n (c6 thé duoc giam kich thude
mau) duoc ky hidu 1a Lx1, Lx2,..., LxS, va cic mau sic dd twong tng dugc ky
hiéu 13 Cx1, Cx2, ... CxS duoc sir dung dé suy ra CO va L0, va T miu do sang
1an can (c6 thé duge giam kich thuée miu) duge ky hidu 1a Lyl, Ly2,..., LyT,
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va chc mau sic do tuwong ung dugc ky hiéu 1a Cyl, Cy2, ... CyT dugc sir dung
dé suy ra C1 va L1 duéi dang:
(1) CO=fO(Cx1, Cx2, ... CxS), LO=f1(Lx1, Lx2, ... LxS), C1=f2(Cyl,
Cy2, ... CyT), L1=f4(Lyl1, Ly2, ... LyT). 0, f1, f2 va f3 14 c4c ham sd bét ky.
(ii) Trong mot vi du, fO gidng hét f1.
(iii) Trong mdt vi du, 2 giéng hét £3.
(iv) Trong mot vi du, 0 f1 2 £3 13 giéng hét.
1. Chéng han, chiing déu 13 ham sd tinh trung binh.
(v) Trong mét vidy, S=T.
1. Trong mdt vi du, tap hop {x1,x2,...xS} gibng hét tap hop {yl,
v2, ..., yT}.
(vi) Trong mot vi du, Lx1, Lx2,..., LxS duoc chon 1d3m S miu do séng
nhé nhit cia nhém mau do sng.
1. Chang han, nhém miu dd sang bao gbm tit ca cac mau lan can dugc
sir dung trong VTM-3.0 d suy ra cac tham s tuyén tinh CCLM.
2. Chang han, nhém méu do sang bao gdm partial cAc miu l4n cén duoc
st dung trong VTM-3.0 dé suy ra c4c tham s tuyén tinh CCLM.
a. Chang han, nhém méu do sang bao gdm bdn mau nhu duoc thé
hién trén Fig. 2-5.
(vii) Trong mot vi dy, Lyl, Ly2,..., LyS dugc chon 1am S miu d9 sang
16n nhéit ctia nhém mau do sang.
1. Chang han, nhém mau do sang bao gé)m tAt ca cac mau 14n can duge
str dung trong VTM-3.0 dé suy ra c4c tham sb tuyén tinh CCLM.
2. Chang han, nhém mau d6 sing bao gdm mot phin cic miu lan can
dugce st dung trong VTM-3.0 dé suy ra c4c tham sb tuyén tinh CCLM.
a. Chang han, nhém mAu d6 séng bao gbm bdn mAu nhu duoc thé
hién trén Fig.2-5.
Vi du 12. Pugc d& xuit lra chon cic mau 1an can dugc giam kich thudc
mau hoic 14n can khéic dua trén mau l4n cin dugc giam kich thuéc mau hodc
lan can 16n nhét trong tap hop cu thé cac miu 1an cén duogc giam kich thuéc

mau hodc cac mau lan can.
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(a) Trong mét vi du, ky hiéu miu l4n c4n duoc giam kich thudc miu
hozc 14n c4n 16n nhét duge dat & vi tri (x0, y0). Sau d6 cac miu trong vung (x0-
d1, y0), (x0, y0-d2), (x0+d3, y0), (x0, y0+d4) cé thé dugc st dung dé lwa chon
cac mau khéc. Céc s6 nguyén {dl, d2, d3, d4} c6 thé phu thudc vio vi tri (x0,
y0). Chéng han, néu (x0, y0) ndm bén trai khdi hién tai, thi d1 = d3 = 1 va
d2=d4=0. Néu (x0,y0) & phia trén khéi hién tai, thi d1 = d3=0 v d2=d4 = 1.

(b) Trong mot vi du, ky hiéu mau lan cdn duogc giam kich thudc miu
ho#c 14n c4n nhé nhét duge dit & vi tri (x1, y1). Sau dé cac miu trong ving
(x1-d1, yl), (x1, y1-d2), (x1+d3, y1), (x1, yl+d4) cé thé dugc sir dung dé lua
chon cac mau khac. Céc s6 nguyén {d1, d2, d3, d4} c6 thé phy thude vao vj tri
(x1, y1). Ching han, néu (1, y1) nim bén tréi khéi hién tai, thi d1 = d3 = 1 va
d2=d4=0. Néu (x1,y1) & phia trén khéi hién tai, thi d1 = d3=0 va d2=d4 = 1.

(c) Trong mdt vi du, cc miu bén trén bidu dién cdc miu ctia mdt thanh
phan mau (ching han, thanh phdn mau d6 sang). Cac miu duge sit dung trong
CCLM/qua trinh gifta c4c thinh phin mau c6 thé dugc suy ra bing cac toa do
tirong tmg cuia thanh phin mau thit hai.

(d) Céch twong tir ¢6 thé duoc st dung dé suy ra cdc mAu nhé nhét.

Vi du 13: Trong cac vi du néu trén, d6 sang va sic do co thé duoc chuyén
dbi. Theo cach khac, thanh phﬁn mau do sang cé thé duoc thay thé béng thanh
phan mau chinh (ching han, G), va thinh phan mau sic do c6 thé dugc thay thé
bang thanh phin mau phu thudc (chang han, B hoic R).

Vi du 14. Lva chon céc vi tri cla cac mau sic dd (vd/hodc cic miu do sang
~tuong Ung) co thé phu thudc vao thong tin ché d6 dugc m3 héa.

(a) Theo cach khac, ngoai ra, c6 thé phu thudc vao tinh kha dung ctia cac
mau 14n cén, chéng han liéu cot bén trdi hodc hang bén trén hoic hang trén bén
phai hodc cft dudi bén trai 1a kha dung. Fig.10 mé ta cac khai niém cla cdt bén
trai/hang bén trén/hang trén bén phai/cot dudi bén trai so véi khdi.

(b) Theo cach khac, ngoai ra, ¢ thé phu thudc vao tinh kha dung cua
cac mau dugc dit & cac vi tri cu thé, chéng han liéu mau trén bén phai thi nhét
va/hodc mau dudi bén trai thi nhét 13 kha dung.

(c) Theo cach khéc, ngoai ra, c6 thé phu thudc vao cac kich thude khéi.
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(i) Theo cach khac, ngoai ra, ¢ thé phu thudc vio ty 18 giira
chiéu rong va chiéu cao cia khdi sic do (va/hoiac d9 sang) hién tai.

(ii) Theo cach khac, ngoai ra, c6 thé phu thudc vao lidu chidu
rong va/hodc chidu cao =K (ching han, K = 2).

(d) Trong mét vi du, khi ché do hién tai 13 ché 46 LM théng thuong, cac
cach sau ¢6 thé dugc 4p dung d& lwa chon cic mau sic dd (va/hoic cac miu do
sang dugc giam kich thuéc mau hode khong duge gidm kich thude mau):

(i) Néu ca cot bén trai va hang bén trén 12 kha dung, hai mAu clia cdt bén
trai va hai mau cia hang bén trén c6 thé dugc Iwa chon. Chung cé thé duoc dat
& (gia st toa d6 trén bén trai cia khoi hién tai 13 (x, y)):

1. (x-1,y), (x, ‘y-l), (x-1, y—FH-l) va (x + W-1, y-1)

2. x-1, y), x, y-1), x-1, y + H - H/W -1) va (x + W-1, y-1).
Chéng han, néu H > W.

3. x-1, ), x, y-1), (x-1, y+ H-1) va (x + W - W/H-1, y-1).
Chéng han, néu H< W.

4. (x-1, y), (%, y-1), (x-1, y + H — max(1, H/'W)) va (x + W-
max(1, W/H), y-1).

(ii) Néu chi hang bén trén 13 kha dung, cdc mAu chi dugc lwa chon tir
hang bén trén.

1. Chéng han, bdn miu cia hang bén trén co thé duoc lya chon.

2. Ching han, hai mau c6 thé dugc lua chon.

3. Céch thirc lya chon cac mau c¢6 thé phu thudc vao chiéu réng/chjéu
cao. Chang han, bon mau dugc lya chon khi W>2 va hai mu dugc lya chon
néu W=2.

4, C4c mau dugc chon c6 thé duge dit & (gia st toa 4o trén bén trai clua
khéi hién tai 12 (%, y)):

a. (x,y-1), x + W/4, y-1), (x + 2*W/4, y-1), (x + 3*W/4, y — 1)

b. (x, y-1), x + W/4, y-1), x + 3*W/4, y - 1), (x + W-1, y -1)

c. (x, y-1), (x + @QW)/4, y-1), (x + 2*2W)/4, y-1), (x + 3*2W)/4, y - 1).

Chéng han, khi hang trén bén phai 13 kha dung, hozc khi miu trén bén phai
thir nhit 13 kha dung.
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d. (x, y-1), x + 2W)/4, y-1), (x + 3*QW)/4,y— 1), (x + QW)-1, y -1).
Chiang han, khi hing trén bén phai 13 kha dung, hoeflc khi miu trén bén phai
thir nhit 13 kha dung.

(ii1) Néu chi cot bén trai 13 kha dung, cac mau chi duoc hra chon tir cOt
bén trai.

1. Chéng han, bdn mau ciia cot bén trai ¢ thé duge lua chon;

2. Ching han, hai mAu ctia c6t bén trai cé thé duoc lra chon;

3. Céach thtc lua chon cac miu c6 thé phu thudc vao chiéu r(f)ng/chiéu
cao.- Chéng han, bdn mau duge lwa chon néu H>2 va hai miu dugc lra chon
néu H=2.

4. Cac mau dugc chon c6 thé duge dit 6:

a.(x-1,y), (x-1,y+H/4), (x-1, y+ 2*H/4), (x -1, y + 3*H/4)

b. (x-1,y), (x -1, y+ 2*H/4), (x -1, y+ 3*H/4) , (x -1, y + H-1)

c.(x-1,y), x-1,y+ 2H)/4), (x -1, y + 2*(2H)/4), (x -1, y + 3*(2H)/4).

Chéng han, khi cot duéi bén trai 13 kha dung, hoic khi miu duéi bén trai
thir nhit 12 kha dung.

d. x-1,y), (x- 1, y+ 2*QH)/4), (x -1, y + 3*2H)/4) , (x -1, y + (2H)-1).

Chéng han, khi cot dudi bén trai 13 kha dung, hodc khi miu duéi bén trai
tht nhét 12 kha dung.

(iv) Béi véi cac vi du néu trén, chi hai trong bén mau c6 thé duoc lua
chon.

(e) Tfong mot vi du, khi ché d6 hién tai 12 ché 46 LM-A, c6 thé chon céc
mau theo vi du 11(d)(ii).

(f) Trong mot vi duy, khi ché dd hién tai 1a ché 46 LM-L, c6 thé chon cac
mau theo Vi du 11(d)(iii).

(g) Cac miu do sang duge chon (ching han, theo cac vi tri sic d6 duoc
chon) cé thé dugc nhém thanh 2 nhém, mot véi gia tri 16n nhét va gia tri nho
nhét trong t4t ca cac mau dugc chon, nhdém con lai 13 véi tht ca c4 mAu con lai.

(i) Hai gia tri 16n nhét cta hai nhém duoc tinh trung binh nhu 13 gia tri
16n nhét trong phuong phap 2 diém; hai gi tri nho nhét cta 2 nhém dugc tinh
trung binh 1am gi4 tri nho nhét trong phuong phap 2 diém dé suy ra cic tham s
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LM.

(ii) Khi chi c6 4 mu dugc chon, hai gia tri miu 16n hon dugc tinh trung
binh, hai gi4 tri mau nhd hon dugc tinh trung binh, va céc gia tri dugc tinh
trung binh duoc sir dung 1am diu vao phuong phéap 2 diém dé suy ra céc tham
s6 LM.

Vidu 15. Trong céac vi du néu trén, 4 sang va sic d6 c6 thé duoc thay dbi.
Theo cach khac, thanh phin mau d6 sang c6 thé dugc thay thé bang thanh phin
mau chinh (ching han, G), va thanh phan mau sic d9 c6 thé dugc thay thé biang
thanh phén mau phu thude (chéng han, B hodc R).

Vi du 16. Pugc dé xuét lua chon cac miu sic d6 14n can néu trén (va/hoac
cac miu do sang tuong tng ctia né c6 thé dugc giam kich thuée mau) dira trén
gia tri d§ 1éch vij tri tha nhét (dugc ky hiéu 1a F) va gia tri bac (dugc ky hiéu 1a
S). Gia st chiéu rong clia cic mau lan c4n bén trén kha dung can duge st dung
la W.

q. Trong mét vi du, W c6 thé duoc gan biang chiéu rong ctia khéi hién tai.

r. Trong mot vi du, W c6 thé dugc gan bang (L* chiéu rong cia khdi hién
tai) trong d6 L 1a gia tri sé nguyén.

s. Trong moét vi du, khi cac khéi bén trai va bén trén 13 kha dung, W c6 thé
dugc gén b?mg chiéu rdng cua khéi hién tai.

i. Theo cach khac, khi khdi bén trai khong kha dung, W ¢ thé dugc gan
bang (L* chiéu rong ctia khéi hién tai) trong d6 L 13 gia tri s nguyén.

ii. Trong mot vi du, L c6 thé phu thudc vao tinh kha dung cua khdi trén bén
phai. Theo cach khac, L c6 thé phu thudc vao tinh kha dung cua mot mau trén
bén trai.

t. Trong mot vi du, W cé thé phu thudc vao ché 46 dugc ma hoéa.

i. Trong mét vi du, W c6 thé duoc gan béng chiéu rong cla khéi hién tai néu
khéi hién tai dugc ma héa duéi dang ché d6 LM;

ii. W co thé duoc gan bang (L* chiéu rong cia khéi hién tai) trong d6 L 1a
gia tri s6 nguyén néu khéi hién tai duoc ma héa dudi dang ché d6 LM-A.

(a) L c6 thé phu thudc vao tinh kha dung cia khdi trén bén phai. Theo cach

khac, L c6 thé phu thudc vao tinh kha dung cia mot mau trén bén trai.
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u. Gia st toa d0 trén bén trai cua khéi hién tai 12 (x0, y0), thi cdc mau lan
cédn bén trén & céac vi tri (x0+F+KxS, y0-1) véi K =0, 1, 2,...kMax duoc lua
chon.

v. Trong mot vi du, F= W/P. P 13 s nguyén.

i. Chéng han, P=2', trong d6 113 sb nguyén ching han 1 hoic 2.
ii. Theo cach khac, F=W/P+offset.

w. Trong mot vi dy, S= W/Q. Q 14 sé nguyén.

i. Chéng han, Q =2’, trong d6 j 12 sb nguyén ching han 1 hoic 2.

x.  Trong mot vi dy, F= S/R. R 12 s6 nguyén.

i. Chéng han, R =2™ trong d6 m 14 s§ nguyén chang han 1 hoic 2.

y.  Trong mét vi du, S=F/Z. Z 13 s§ nguyén.

i. Chang han, Z=2" trong d6 n1a sb nguyén ching han 1 hoic 2.

z. kMax va/hodc F va/hodc S va/hodc offset ¢ thé phu thudc vao ché do
du bao (chéng han LM, LM-A hodc LM-L) cua khdi hién tai;

aa. kMax va/hodc F va/hodc S va/hoac offset c6 thé phu thudc vao chiéu
rong vi/hoic chiéu cao ciia khéi hién tai.

bb. kMax va/hodc F va/hoéc S va/hodc offset c6 thé phu thudc vao tinh kha
dung ctia cic mau l4n can. ,

cc. kMax va/hoic F va/hoic S Vé/hoéc offset c6 thé phu thudc vao W.

dd. Chéng han, kMax=1, F= W/4, S= W/2, offset = 0. Theo cach khac,
ngoai ra, cac thiét 13p dugc thuc hién néu khéi hién tai dugc ma hdéa LM, ca
mau l4n cin bén trai va bén trén 13 kha duﬁg, va W>=4, v

ee. Chang han, kMax=3, F= W/8, S= W/4, offset = 0. Theo cich khic,
ngoai ra, cac thiét 1ap dugc thuc hién néu khéi hién tai duoc ma héa LM, chi
cic mau lan can bén trén 13 kha dung, va W>=4.

ff. Chéng han, kMax=3, F= W/8, S= W/4, offset = 0. Theo cach khéc,
ngoai ra, cac thiét 14p dugc thuc hién néu khéi hién tai dugc ma héa LM-A va
W>=4,

gg. Ching han, kMax=1, F= 0, S= 1, offset = 0. Theo cach khéc, ngoai ra,
cac thiét 1ap dugc thuc hién néu W = 2.

Vi du 17. Pugce dé xuat lua chon cac miu sic do 14n cin bén trai (va/hoiac
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their cic miu d¢ séng twong tng c6 thé dugc giam kich thudc miu) dya trén
gia tri do 1&ch vi tri thir nhit (dugc ky hiéu 13 F) va gié tri bac (dugc ky hiéu 1a
S). Gia sir chidu cao ciia cic mau 1an can bén trai kha dung can dugce sir dung 1a
H.

hh. Trong mét vi dy, H c¢6 thé dugc gan b%mg chiéu cao ciia khéi hién tai.

ii. Trong mét vi du, H c6 thé dugc gan bang (L* chidu cao cua khéi hién
tai) trong d6 L 13 gia tri s6 nguyén.

jj. Trong mot vi du, khi ca khdi bén trén 13n bén trai 13 kha dung, H c6 thé
duoce gan bang chidu cao cta khéi hién tai.

i.  Theo cach khac, khi khéi bén trén khong kha dung, H c6 thé dugc gin
bang (L* chiéu cao ctia khéi hién tai) trong d6 L 13 gia tri sb nguyén.

ii. Trong mdt vi du, L c6 thé phu thudc vao tinh kha dung cia khéi duéi
bén trai. Theo cach khac, L cé thé phu thudc vao tinh kha dung ciia mét miu
dui bén trai. |

iii. Theo cach khac, H c¢6 thé dugc gan bang (chidu cao cta khdi hién tai +
chiéu rong ctia khéi hién tai) néu cac khdi 1an cén trén bén phai duge yéu cau 1a
kha dung. _

(a) Trong mdt vi du, H mAu l4n cén bén trén giéng nhau dugce chon cho ché
dd LM-A va ché 40 LM khi c4c mau lan c4n bén tréi 13 kh()ng kha dung.

kk. Trong mot vi du, H co thé phu thudc vao ché do dugc mi héa.

i.  Trong mot vi du, H c6 thé duoc gan bing chidu cao cia khdi hién tai
néu khéi hién tai duge ma héa dudi dang ché d6 LM;

ii. W c6 thé duoc gan bang (L* chidu cao cua khéi hién tai) trong d6 L 1a
gia tri s6 nguyén néu khéi hién tai dugc m3 héa duéi dang ché 46 LM-L.

(2) L ¢6 thé phu thudc vao tinh kha dung cta khdi duéi bén trai. Theo cach
khac, L c6 thé phu thudc vao tinh kha dung ctia mot mau trén bén trai.

(b) Theo cach khac, W ¢6 thé dugc gan bang (chidu cao cua khéi hién tai +
chiéu rong ctia khdi hién tai) néu cac khdi 14n can dudi bén trai dugc yéu cau 13
kha dung.

(c) Trong mot vi du, W mau lan cén bén trai tuong tu dugc chon cho ché

d6 LM-L va ché d6 LM khi c4c mAu lan c4n bén trén 1a khéng kha dung.
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1. Gia st toa d6 trén bén trai cta khéi hién tai 13 (x0, y0), thi cAc miu lan
can bén trai & cac vi tri (x0-1, yO+F+KxS) véi K =0, 1, 2,...kMax duogc hra
chon.

mm. Trong mét vi dy, F=H/P. P la sb nguyén.

i.  Chinghan, P=2', trong d6 i 12 s6 nguyén ching han 1 hoic 2.
ii.  Theo cach khac, F=H/P+offset.

~ nn. Trong mét vi du, S=H/Q. Q 12 s6 nguyén. A
i.  Chénghan, Q =2, trong d6 j 13 s6 nguyén ching han 1 hozc 2.

00. Trong mot vi du, F=S/R. R 1a sd nguyeén.

i. Chinghan, R =2", trong dé m 13 s6 nguyén ching han 1 hoic 2.

pp. Trong mot vi dy, S=F/Z. Z 13 s6 nguyén.

i.  Chéng han, Z = 2" trong d6 n 13 s6 nguyén ching han 1 hozc 2.
qq.kMax va/hodc F va/hodc S va/hodc offset co thé phu thudc vio ché do
du bao (ching han LM, LM-A or LM-L) ctia khéi hién tai;

rr. kMax va/hodc F va/hodc S va/hodc offset cé thé phu thudc vao chiéu
rong va/hodc chiéu cao cua khéi hién tai. _

ss. kMax va/hodc F va/hoac S va/hodc offset co thé phu thudc vao H.

tt. kMax va/hodc F va/hodc S va/hodc offset co thé phu thudc Véo:tinh kha
dung cuda céc mau l4n cin.

uu. Ching han, kMax=1, F= H/4, S= H/2, offset = 0. Theo cach khac, ngoai
ra, cac thiét 1ap dugc thuc hién néu khéi hién tai duoc ma héa LM, ci cac miu
lan cén bén trai va bén trén 1a kha dung, va H>=4.

vVv. Chéng han, kMax=3, F= H/8, S= H/4, offset = 0. Theo céach khac, ngoai
ra, cac thiét 1ap duoc thuc hién néu khéi hién tai duoc ma héa LM, chi c4c mAu
lan can bén trén 1a kha dung, va H>=4.

ww.Chang han, kMax=3, F= H/8, S= H/4, offset = 0. Theo cach khAc, ngoai
ra, cac thiét 1ap dugc thue hién néu khéi hién tai duge ma héa LM-L va H>=4.

xx. Chéng han, kMax=1, F=0, S= 1, offset= 0 néu H = 2.

Vi du 18: P& xuét hai hoic bdn mau sic d6 1an can (vd/hodic cac mau do
sang tuong ng ciia n6 c¢b thé duge giam kich thude mau) duge Iya chon dé suy

ra cac tham s6 mo hinh tuyén tinh.
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yy. Trong mét vi du, maxY/maxC va minY/minC dugc suy ra tir hai hoic
bdn mAu sic do 14n can (vd/hoic cac miu do sang twong tmg cia né c6 thé
duoc giam kich thudc mau), va sau d6 duoc sir dung dé suy ra céc tham sé mo
hinh tuyén tinh v&i phurong phép 2 diém.

zz. Trong mét vi du, néu c6 hai miu sic d lan cin (vd/hodc cac mau do -
sang trong tmg clia n6 c6 thé dugc giam kich thuée mau) duoc hra chon dé suy
ra maxY/maxC va minY/minC, minY duoc gan bing gia tri miu do sang nhé
hon va minC 13 gi4 tri mAu sic d tuong ting clia né; maxyY dugc gan bing gia
tri mau do6 sang 16n hon va maxC 13 gi tri mau sic d6 twong tng cia nod.

aaa. Trong moét vi du, néu c6 bén mau séc do 1an cén (va/hodc cac mau do
sang twong tmg clia nd cb thé duoc giam kich thude mau) dugc Iya chon dé suy
ra maxY/maxC va minY/minC, cdc miu d9 sang va cac mau sic d6 trong tng
duge phan chia thanh hai mang GO va G1, mdi mang chtra hai miu miu do
sang va cic mau do sang trong rag ctia no.

i. Gia sit bdn miu d6 sang va cac mau sic do twong ing dugc ky hiéu 13
S0, S1, S2, S3, sau d6 c6 thé duge phan chia thanh hai nhém theo thit tu bét ky.
Chang han:

(a) GO={S0, S1}, G1={S2, S3};
(b) GO={ S1, SO}, G1={S3, S2};
(c) GO={S0, S2}, G1={S1, S3};
(d) GO={S2, S0}, G1={S3, S1};
(e) GO={S1, S2}, G1={S0, S3};
(H) GO={S2, S1}, G1={S3, S0};
(g) GO={S0, S3}, G1={S1, S2};
(h) GO={S3, S0}, G1={S2, S1};
(1) GO={S1, S3}, G1={S0, S2};
(G) G0={S3,S1}, G1={S2, S0};
(k) GO={S3, S2}, G1={S0, S1};
(1) GO0={S2, S3}, G1={S1, S0};
(m) GO va Gl c6 thé duoc hoan dbi.
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ii. Trong mot vi du, gi4 tri miu d sang ctiia GO[0] va GO[1] duoc so sanh,
néu gia tri mau do sang ctia GO[0] > gi4 tri miu d6 sang cua GO[1], miu do
sng va miu sic d twong Gmg clia né ctia GO[0] duoc hoan dbi véi gia tri cta
GO[1].

(a) Theo cach khéac, néu gia tri mau do sang ctia GO[0] > = gi4 tri mau dd
sang ctia GO[1], mAu d6 sang va mau sic do trong tng ciia nd ciia GO[0] dugc
hoén db6i véi gia tri cia GO[1].

(b) Theo cach khac, néu gia tri mau do sang cia GO[0] < gia tri mau d6
sang ctia GO[1], mAu d6 sang va mau sic d6 trong tng ciia n6 ciia GO[0] duoc
hoén d6i vé6i gi tri cia GO[1]. . |

(c) Theo cach khac, néu gia tri mAu do sang ctia GO[0] < = gi4 tri mAu d6
sang ctia GO[1], mAu do sang va miu sic d6 twong Ung clia né ciia GO[0] dugc
hoén d6i v6i gia tri cia GO[1].

iii.  Trong mot vi du, gia tri mau do sang cia G1[0] va G1[1] dugc so sanh,
néu gia tri mau d6 sang cia G1[0] > gi4 tri mu do sang ctia G1[1], miu do
sang va miu sic d twong tmg clia nd cia G1[0] duoc hoan dbi véi gia tri cla
GI[1].

(a) Theo cach khac, néu gia tri mau do sang cua G1[0] > = gi4 tri mau do
sang ctia G1[1], mAu d6 sang va mAu sic do twong tng ctia n6 ciia G1[0] duge
hoén dbi véi gié tri cia G1[1].

(b) Theo cach khac, néu gia tri mau do sang cia G1[0] < gi4 tri mAu do sang
ctia G1[1], mAu d6 sang va miu sic do twong Gmg cta né cia G1[0] duge hoan
d6i v6i gia tri ca G1[1].

(c) Theo cach khéc, néu gi4 tri mau d¢ sang ciia G1[0] < = gi4 tri mau do
sang ctia G1[1], mAu d6 sang va miu sic do trong tng ciia né cia G1[0] dugc
hoén d6i véi gié tri cia G1[1].

iv.  Trong mot vi duy, gi4 tri miu d6 sang ctia GO[0] va G1[1] dugc so sanh,
néu gia tri mau do sang ctia GO[0] > (hodc nho hon, hoic khéng 16n hon, hodc

khong nhé hon) gié tri mau d6 sang ciia G1[1], thi GO va G1 dugc hoén ddi.
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(a) Trong mot vi du, gia tri miu do sang ctia GO[0] va G1[0] dugc so sanh,
néu gia tri mau d6 sang ciia GO[0] > (hodc nhé hon, hoic khong 16n hon, hodc
khéng nhé hon) gia tri mau d6 sang ctia G1[0], thi GO va G1 duoc hoan dbi.

(b) Trong mot vi du, gia tri mAu do sang ciia GO[1] va G1[0] duoc so sanh,
néu gia tri mau d6 sang ciia GO[1] > (hodc nhé hon, hoic khong 16n hon, hodc
khong nho hon) gia tri mau d9 sang ctia G1[0], thi GO va G1 dugc hoan déi.

(c) Trong mdt vi du, gia tri mAu d sang ctia GO[1] va G1[1] dugc so sanh,
néu gia tri mau d6 sang ciia GO[1] > (hoic nhé hon, hoic khong 16n hon, hodc
khong nhé hon) gi4 tri mAu do sang ctia G1[1], thi GO va G1 duoc hoan dbi.

v. Trong mdt vi dy, gia tri mAu do sang ctia GO[0] va G1[1] dugc so sénh,
néu gia tri mau d6 sang-cua GO[0] > (hodc nhé hon, hodc khéng 16n hon, hoic
khong nhé hon) gia tri mau do sang cua G1[1], thi GO[0] va G1[1] dugc hosn
doi.

(a) Trong mot vi du, gia tri mau do sang cia GO[0] va G1[0] duoc so sanh,
néu gi4 tri mau do sang ctia GO[0] > (hodc nhd hon, hodc khong 16n hon, hoic
khoéng nhd hon) gia tri mau do sang cua G1[0], thi GO[0] va G1[0] dugc hoan
doi.

(b) Trong mot vi du, gia tri miu d6 sang cia GO[1] va G1[0] dugc so sanh,
néu gia tri mau do sang ciia GO[1] > (hodc nho hon, hoic khong 16n hon, hodc
khong nhé hon) gia tri mau do sang cia G1[0], thi GO[1] va G1[0] dugc hoan
doi.

(c) Trong mdt vi du, gia tri mau do sang ctia GO[1] va G1[1] dugc so sanh,
néu gia tri miu d6 sang ciia GO[1] > (hoic nhd hon, hoic khong 16n hon, hodc
khong nhé hon) gia tri mau do sang ciia G1[1], thi GO[1] va G1[1] dugc hoan
doi.

vi.  Trong mot vi du, maxyY duogc tinh to4n 13 trung binh ctia c4c gi tri mau
do sang cua GO[0] va GO[1], maxC dugc tinh toén la trung binh cda céc gia tri
mAu sic d6 ctiia GO[0] va GO[1].

(a) Theo céach khéac, maxY duoc tinh to4n 13 trung binh clia cic gia tri mau
do sang cua G1[0] va G1[1], maxC dugc tinh todn la trung binh cta céc gia tri
mAu sic d6 cua G1[0] va G1[1].
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vii.  Trong mdt vi du, minY dugc tinh todn 13 trung binh cta c4c gia tri miu
d6 sang cta GO[0] va GO[1], minC duogc tinh todn 1a trung binh cua cac gia tri
mAu sic do cia GO[0] va GO[1].

Theo cach khic, minY duge tinh todn 13 trung binh cla cic gia tri miu do
sang ciia G1[0] va G1[1], minC dugc tinh toan 13 trung binh cla céc gia tri miu
sfc d6 cua G1[0] va G1[1].

bbb. Trong mdt vi du, néu chi c6 mau sic d6 1an can (va/hoidc cac miu d6
sang tuong tng cia né c¢6 thé duge giam kich thuée méiu) 13 kba dung, ching
duoc dém trude dé thanh bén miu sic d6 (va/hodc cac miu dod sang trong vng
cia no), sau do bdn méu sic do (va/hoic cac miu do sang twong Ung ciia nd)
dugc sir dung dé suy ra cac tham s6 CCLM.

i. Trong mdt vi dy, hai méu sic d6 dém (vd/hodc cac miu do6 sang tuong
g ciia nd) duoc sao chép tir hai miu sic d6 14n cin c¢6 sin (vi/hodc cac miu
d6 sang twong tmg c6 thé dugc giam kich thudc mau)

Vi du 19: Trong tht ca cac vi du néu trén, cac maiu sic do dugc chon s&
duoc dat trong hang bén trén (tac la, véi W mau) nhu duge md ta trén Fig.10,
va/hodc ¢t bén trai (tic 13, v6i H mau) trong d6 W va H 13 chiéu rong va chiéu
cao cta khdi hién tai.

cce.  Theo cach khéac, phin gioi han néu trén ¢ thé duge 4p dung khi khéi
hién tai dugc ma hoa bang ché d6 LM théng thuong.

ddd. Theo céch,khéc,cécrnﬁu,séc dé duogc chon s& dugc dat trong hang
bén trén (tic 13, véi W méu) va hang trén bén phai ¢6 H mau.

i.  Theo cach khac, ngoai ra, gioi han trén c6 thé dugc ap dung khi khéi
hién tai duoc mé héa bang ché o LM-A.

ii. Theo cach khac, ngoai ra, giéi han trén cé thé dugc ap dung khi khoi
hién tai dugc ma hda béng ché d6 LM-A hoic ché 46 LM thong thudong véi
hang trén kha dung nhung ¢t bén trai khong kha dung.

eee. Theo cach khac, cac mau sic dd duge chon s& dugc dit trong ct bén
trai (tc 13, véi H mau) va cot dudi bén trai véi W mau.

i.  Theo cach khac, ngoai ra, giéi han trén cé thé dugc 4p dung khi khébi

hién tai dugc ma hoa bang ché d LM-L.
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ii.  Theo cach khéic, ngoai ra, giéi han trén c6 thé dugc 4p dung khi khéi
hién tai dugc ma hoa being ché d6 LM-L hoac ché d6 LM thong thudng véi
hang trén khong kha dung nhung cdt bén trai kha dung.

Vidu 20

Trong mdt vi duy, chi cac mau do sang 14n c4n & cac vi tri trong d6 cic miu
sic do tuong tng dugc yéu ciu dé suy ra cac tham sé CCLM, cin dugc giam
kich thuéc mau.

Vidu21

Céch thirc tién hanh cac phuong phap dugc néu trong sang ché c6 thé phu
thudc vao dinh dang mau (chang han 4:2:0 hodc 4:4:4).

fff. Theo cach khéc, cach thirc tién hanh cic phuong phap duoc néu trong
sang ché c6 thé phu thudc vao chiéu sau bit (chiang han 8-bit hodc 10-bit).

ggg. Theo cach khac, cach thirc tién hanh cac phuong phap dugce néu trong
sang ché c6 thé phy thudc vao phuong phap biéu dién mau (ching han RGB
hoac YCbCr).

hhh. Theo cach khac, cach thirc tién hanh cic phuong phap dugc néu trong
sang ché c6 thé phu thude vao phuong phap bidu difn mau (ching han RGB
hodc YCbCr).

iii. Theo cach khéc, cach thic tién hanh cac phuong phap dugce néu trong
sang ché c6 thé phu thudc vao vi tri giam kich thude mau sic do.

Vidu22

Liéu c6 suy ra cac gia tri nhé nhat/Ién nhét cta cac thanh phan do sang va
sic d6 duogc sir dung dé suy ra cac tham s6 CCLM c6 thé phu thudc vao tinh
kha dung ctia cac khéi 1an can bén trai va bén trén. Ching han, cic gi4 tri nho
nhat/16n nhét cho c4c thanh phén do sang va sac do duoc st dung dé suy ra cac
tham s6 CCLM khéng thé duoc suy ra néu ca hai khéi 14n cén bén trai va bén
trén 13 khong kha dung.

jij. Liéu c6 suy ra cac gia tri nhé nhat/lén nhét ciia cac thanh phan d6 sang
va sic d6 duoc sir dung dé suy ra cac tham s6 CCLM c6 thé phu thudc vao sb
lugng mau 14n cin kha dung. Chéng han, cac gia tri nho nhét/16n nhét cho céc

thanh ph?m do sang va sic d6 duge st dung dé suy ra cac tham s6 CCLM
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khéng thé duge suy ra néu numSampL == 0 and numSampT == 0. Trong vi du
khéc, cac gia tri nhé nh4t/16n nhét cho cic thanh phan d6 sang va sic do duoc
st dung dé suy ra cac tham s6 CCLM khong thé duoc suy ra néu numSampL +
numSampT == 0. Trong hai vi du, numSampL v numSampT 13 sé lugng mau
1an can kha dung tir cac khéi 1an cin bén trai va bén trén.

kkk. Liéu 6 suy ra cac gia tri nhé nhit/Ién nhit cia cac thanh phan d6 sang
va sic do duoc st dung dé suy ra cac tham s6 CCLM c6 thé phu thudc vao sb
lwong mau dugc chon duoc sir dung dé suy ra cac tham sb. Chang han, cac gia
tri nho nhat/16n nhét cho c4c thanh phin do sang va sic d6 duoc sir dung dé suy
ra cic tham s6 CCLM khong thé duge suy ra néu cntL == 0 va cntT == 0.
Trong vi du khéc, cac gia tri nh6 nhat/Ién nhét cho cic thanh phan d9 sing va
sic d6 duoc sir dung dé suy ra cac tham s6 CCLM khéng thé duogc suy ra néu
cntL + cntT == 0. Trong hai vi dy, cntL va cntT 1a s6 luong cac mau duge chon
tlr cac khoi 1an can bén tréi va bén trén.

Vidu23

Trong mot vi du, phuong phép duoc dé xuét dé suy ra cac tham sé dugc sir
dung trong CCLM, c6 thé duoc str dung dé suy ra cac tham sb dugc sir dung
trong LIC hodc céc cong cu ma hoa khac dua vao ché d6 tuyén tinh.

1. CAc phén danh diu tron néu trén c6 thé dugc ap dung cho LIC, ching
han bing cach thay thé “cac mau lan cin sic d6” bang “cic mau lan cn cia
khdi hién tai” va thay thé “cac mau do séng tuong Ung” béng “cac mau lan cin
ctia khéi tham chiéu”.

mmm.  Trong mot vi du, cac mau duoc sir dung dé suy ra tham s6 LIC ¢6
thé khong bao gém cac miu & cac vi tri cu thé trong hang bén trén va/hodc cot
bén trai.

i.  Trong mét vi du, cic miu dugc st dung dé suy ra tham s6 LIC c6 thé
khong bao gdm mAu thir nhit & hang bén trén.

(a) Gia st ring toa dO clia mau trén bén trai 13 (x0, y0), Pugc dé xuét
khéng bao gdm (x0, y0-1) dé sir dung cac tham s6 LIC.

ii. Trong mot vi du, cac miu dugc sir dung dé suy ra tham s6 LIC c6 thé

khong bao gdm mau thir nhit & cot bén trai.
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(a) Gia st ring toa d6 ctia mau trén bén trai 13 (x0, y0), Puoc @& xuit
khéng bao gbm (x0-1, y0) dé sir dung cac tham s6 LIC. v
iii.  Liéu c6 ap dung céc phuong phép néu trén va/hodc cach thirc dinh nghia
cac vi tri cu thé c6 thé phu thudc vao tinh kha dung cta cft bén trai/hang bén
trén.
iv.  Li€u c6 4p dung cic phuong phap néu trén va/hodc cach thirc dinh nghia
cac vi tri cu thé c6 thé phu thudc vao kich thuée khdi.
nnn.  Trong mdt vi dy, N miu lan c4n (co thé dugc giam kich thuéc mau)
. ctia khéi hién tai va N mau 1an cén tuong tmg (c6 thé duoc giam kich thuée
mAu twong tmg) ctia khdi tham chiéu c6 thé duge st dung dé suy ra cac tham
sb duoc sir dung cho LIC.
i. -Chinghan, N=4.
ii. Trong mdt vi du, N mau 14n c4n c6 thé dugc dinh nghia 13 N/2 miu tir
hang bén trén; va N/2 cic mau tir cdt bén trai.
(a) Theo cach khac, N mau l4n cn c6 thé dugc dinh nghia 13 N cac mau tir
hang bén trén hodc cot bén trai.
iii.  Trong vi du khéc, N = min (L, T), trong 46 T 1a tong sé_céc mau lan
cén kha dung (c6 thé duge giam kich thudc mau) ciia khdi hién tai.
(é) Trong mot vi du, L duge gén bang 4
iv.  Trong mot vi du, viéc lua chon céc toa do ciia N mau cé thé tuan theo
quy tic Iva chon N mau trong qua trinh CCLM.
V. Trong mdt vi du, viéc lua chon céac toa dd ciia N mau c6 thé tuan theo
quy tic lya chon N m?lu trong qua trinh LM-A.
vi. Trong mét vi du, viéc lwa chon céc toa dd cia N miu co thé tuan theo
quy tic lya chon N mau trong qua trinh LM-L.
vii. Trong mét vi du, cach thirc lwa chon N miu cé thé phu thude vao tinh
kha dyng ciia hang bén trén/ct bén trai.
000. Trong mét vi du, N mAu 14n cén (c6 thé duoc giam kich thuéc mau)
ctia khdi hién tai va N mau lan cén tuong tng (cé thé dugc giam kich thude
mAu trong tmg) ciia khéi tham chiéu dugc st dung dé suy ra cac tham sb duge

str dung trong LIC, c¢6 thé duoc chon dua trén cac vi tri miu.
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i. Phuong phép chon c6 thé phu thudc vao chiéu rong va chidu cao cia khéi
hién tai.

ii. Phuong phap chon cé thé phu thudc vao tinh kha dung cta cac khdi 1an
can.

1ii. Chéng han, K1 mAu l4n c4n c6 thé dugc chon tir cic miu 1an can bén trai
va K2 miu 1an cén duogc chon tlr cdc mau 14n cin bén trén, néu ca cac mau lan
can bén trai 13n bén trén 12 kha dung. Ching han, K1=K2=2.

1v. Chéng han, K1 mAu I4an c4n ¢6 thé duogc chon tir cdc miu 1an cin bén trai
néu chi cac miu 14n can bén trai 13 kha dung. Chéng han, K1 =4.

v. Ching han, K2 c4c miu lan c4n c6 thé dugc chon tir cac mAu 14n cin néu
trén néu chi cdc miu 1an can bén trén la kha dung. Chéng han, K2 =4.

Vi. Chéng han, cidc miu bén trén ¢ thé dugce chon véi gia tri d6 léch vi tri
thir nhit (dugc ky hidu 13 F) va gia tri bac (duoc ky hiéu 13 S) ¢6 thé phu thudc
vao kich thude ciia khdi hién tai va tinh kha dung ctia céc khdi 14n can.

(a) Chang han, cac phuong phap trong phin danh diu 13 c6 thé duge ap
dung dé suy raF va S.

vii. Ching han, cdc mAu bén trai c6 thé dugc chon véi gid tri do 1éch vi tri
thr nhat (duoc ky hiéu 1 F) va gi4 tri bac (dugc ky hiéu 12 S) ¢6 thé phu thude
vao kich thudce ciia khdi hién tai va tinh kha dung cua cac khéi 14n can.

(a) Chang han, cdc phuong phap trong phan danh diu 14 c6 thé dugc ap
dung dé suy raF va S.

ppp. Trong mdt vi du, phuong phap duoc dé xuit dé suy ra cac tham sb
dugc st dung trong CCLM, ciling c6 _thé dugc st dung dé suy ra cac tham sb
dugc sit dung trong LIC, khi khéi hién tai dugc m3 héa afin.

qqq. Céc phuong phap néu trén c6 thé duge sir dung dé suy ra céc tham sd
dugce st dung trong cac cong cu ma hda khac dua vao ché do tuyén tinh.

Trong Vf du khac, ché do du bao gifta cac thanh phf?ln duoc dé xuit trong d6
cac mau sic do duoc du béo véi cac mau do sang dugc tai tao tuong ung theo
ché d@6 du bao, nhu duoc thé hién trén phuong trinh 12. Trong phuong trinh 12,
Pred(x, y) k¥ hiéu miu du bao cia sic dd. a va S 13 hai tham s6 mé hinh.

Rec’L(x,y) 1a mau d6 sang duoc giam kich thuéc mau.
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Prede(x, vy = o x Red (x. ¥} + 4.
(12)
B loc sau bude duge dua vao qua trinh dugce gidm kich thude mau d6 sang
cho khéi A trén Fig.11, nhu duoc thé hién trén phuong trinh 13.
Re{f}“ {x,¥%) .: 2% Recp Cx. 2y)+2 x Reep {26, 2% + 1)
4+ Rec; (2x — 1, 2v) 4 Recp (2x 4+ 1. 2%)

CARec; 2x =12y + 1)

+Recp 2x + 12y + 134 4) »> 3.

(13)

Céac mAu tham chiéu do xséng bao quanh néu trén dugc t6 mau trén Fig.11
dugc giam kich thlic’)’c miu béng bd loc 3 bude, nhu duge thé hién trén phuong
trinh 14. C4c mAu tham chiéu d6 sang bao quanh bén trai dugc gidm kich thude
mau theo phuong' trinh 15. Néu cdc mau bén trai hoic bén trén khong kha
dung, bd loc 2 budc dinh nghia trong phuong trinh 16 va phuong trinh 17 s&
dugc st dung.

Rec;(x,y) = (2XRec,(2x,2y) + Rec, (2x ~ 1,2y) + Rec, (2x + 1, 29} »2 (14)

Rec)(x,v) = (2xRec,(2x,2y) + Rec,(2x,2y + 1) + Rec, (2x,2y — 1)) » 2 (15)
Rec {x,y) = (3%Rec, (2%, 2y) + Rec,(2x + 1,2y) + 2) > 2 (16)

Rec;(x,y) = (3%Rec, (2x,2y) + Rec, (2x,2y + L} + 2} > 2 (17)

Cu thé 13, cac mAu tham chiéu do sang bao quanh dugc gidm kich thuée léy
mAu xudng kich thudc bang véi cac mau tham chiéu sic do. Kich thude duge
ky hiéu 13 chiéu réng va chiéu cao. Pé suy ra a va f3, chi hai hoic bbén miu 14n
can dugc bao gbm. Bang tra ctru dugc 4p dung dé tranh phép chia khi suy ra a
va f8. Cac phuong phap din xuat duge minh hoa duéi day.

3.1 Céc phuong phép vi du c6 t6i hai mau
(1) Ty 1 r cta chiéu réng va chiéu cao duge tinh ton duge thé hién trong

phuong trinh 18.

width N ; )
=
» = Jheight if width = height
T Yheight N o
width if height < width

(18)
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(2) Néu cac khéi bén trén va bén trai déu kha dung, 2 miu dit & posd
cua dong trén thir nhét, va posL cua dong bén trai thur nhét duogc lua chon. Dé
don giadn hdéa mo ta, chiéu rong dugc gia sir 1a canh dai hon. Viéc suy ra pos4
va posL duoc thé hién trong phuong trinh 19 (Chi sb vi tri bit diu tir 0). Fig.12
thé hién mot sd vi du c6 ty 1é chiéu rong va chiéu cao khac nhau (1, 2, 4 va 8,
mot cach lan lugt). Cac miu duoc chon dugc t6 mau.

posA = width —r
posL = height (19)

(3) Néu khéi bén trén 13 kha dung trong khi khéi bén trai khong kha
dung, cac diém thir nhit va pos4 cta dong trén dugc lya chon, nhu duge thé
hién trén Fig.13.

(4) néu khéi bén trai 13 kha dung trong khi khéi bén trén khong kha
dung, cac diém thir nhit va posL cia dong bén trai dugc lua chon, nhu duge thé
hién trén Fig.14.

(5) Mb hinh du béo sic d6 duoc suy ra theo cac gia tri d6 sang va sic do
clia cac mau dugc chon. |

(6) Néu khong khéi nao trong cac khdi bén trai va bén trén 1a kha dung,
mo hinh du bdo méic dinh dugce st dung, v6i o = 0, S = 1<<(BitDepth-1), trong
d6 BitDepth 13 chiu sdu bit ciia cic mau sic do.

3.2 Céc phuong phap ldy 1am vi du c6 t6i bén miu

(1) Ty 1é r cia chiéu réng va chidu cao dugc tinh toan trong phuwong
trinh 18.

(2) Néu cac khéi bén trén va cac khéi bén trai déu kha dung, 4 mau dit &
diém thtr nhét va pos4 cta hang trén thir nhat, cac diém thtr nhat 92‘1 posL cua
dong bén tréi thi nhét duoc lua chon. Viée suy ra pos4 va posL duge minh hoa
trong phuong trinh 19. Fig.15 thé hién mot sb vi du ¢ ty 1€ chiéu rong va chiéu
cao khac nhau (1, 2, 4 va 8, mot cach 14n lugt). Cac miu dugc chon duge t6
mau.

(3) néu khdi bén trén 13 kha dung trong khi khéi bén trai khong kha
dung, cac diém thir nhat va posd4 cia dong bén trén dugc lya chon, nhu duge

thé hién trén Fig.13.
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(4) néu khdi bén trai 13 kha dung trong khi khéi bén trén khong kha
dung, cac diém tht nhét va posL ctia hang bén trai duoc lva chon, nhir dugc thé
hién trén Fig.14. ,

(5) Néu ca khbi bén trai va bén trén khéng kha dung, mé hinh du béo
mdt dinh dugc st dung, v6i a = 0, B = 1<<(BitDepth-1), trong d6 BitDepth la
chiéu sdu bit ciia cic mAiu sic do.

3.3  Céac phuong phap vi du sir dung cac bang tra ctru khi din xuit LM

Fig.16 thé hién céc bang tra ciru vi du c6 128, 64 va 32 muc va mdi muc
dugc biéu dién bang 16 bit. Qua trinh din xuit LM 2 diém duogc don gian hoéa
nhu dugc thé hién trén Bang 1 va Fig.17 c6 64 muc. Can lvu ¥ ring muc thir
nhét khc“)ng thé duoc hru trfr vao bang. |

Ciing luyu ¥ rang mic dit mdi muc trong cic bang ldy 1am vi du duge thiét
ké 13 6 16 bit, c6 thé d& dang dugc bién dbi sang s6 c6 it bit hon (ching han 8
bit hosic 12 bit). Ching han, bang cta cic muc cb 8 bit c6 thé dugc duy tri dudi
dang:
g ailLMDivTableHighSimp 64 §[i]= (g_aiLMDivTableHighSimp 64[i]+128)
>> 8. ,

Ching han, bang ctia cac muc c¢6 12 bit c6 thé duge duy tri dusi dang:
g ail MDivTableHighSimp 64 12[i] = (g_aiLMDivTableHighSimp 64[i]+8)
>> 4,

Bdng 1: Qud trinh dén xudt LM dwoc don gidn héa

int iDeltaluma = maxLuma — minLuma;

const int TABLE_PRECISION = 16; // C6 thé = 8 hodc 12.

const int BIT_DEPTH = 10; // Chiéu sau Bit cho cdc mau.

int shift = TABLE_PRECISION;

if(iDeltaluma > 64) {
int depthshift = BIT_DEPTH - 6; // 64 = 2/6.
iDeltaLuma = (iDeltaLuma + (1<<(depthshift-1)))>> depthshift;
shift -= depthshift;
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a = (((maxChroma -
minChroma)*g_aiLMDivTableHighSimp_64[iDeltaluma-1] + (1<<(shift-
1)))>>shift;

Cén lwu ¥ ring maxLuma va minLuma c6 thé chi bdo cac gia tri miu d6
sang 16n nhét va nho nhét cia céc vi tri duge chon. Theo cach khac, c¢6 thé chi
bao ham sb cua céac gi4 tri mau do sang lén nh4t va nhé nhét cia céc vi tri duqc
chon, chéng han tinh trung binh. Khi chi ¢6 4 vi tri dugc chon, cling c6 thé chi
bao trung binh cua hai gia tri d§ sang 16n hon va trung binh cia hai gid tri do
sang nhé hon. Luu ¥ thém rang trén Fig.17, maxChroma va minChroma 13 céc
gi4 tri sic d6 twong tng v&i maxLuma va minLuma.

3.3 Phuong phéap #4 c6 t6i bén mau

Gi4 st chiéu rong khdi va va chiéu cao cia khéi sic d6 hién tai 14n luot 1a
W va H. Va toa d0 trén bén trai ciia khéi sic do hién tai 12 [0, 0].

Néu cac khéi bén trén va khdi bén trai déu kha dung va ché do hién tai 13
ché d6 LM thong thudong (khong bao gdbm LM-A, va LM-L), 2 méu sic do dat-
& hang bén trén, va 2 mau sic d duoc dat & cot bén trai duge lua chon.

CAc toa do cia hai mau bén trén 13 [floor(W/4), -1] va [floor (3*W/4), -1].

Céc toa do ctia hai mau bén trai 13 [-1, floor(H/4)] va [-1, floor (3*H/4)].

Cac mau duge chon dugc td6 mau d6 nhu dugc md ta trén Fig.22A.

Lan luot, 4 miu duoc sip xép theo cudng dd6 miu do sang va duge phan
loai thanh 2 nhém. Hai mAu 16n hon va hai mau nho hon dugce tinh trung binh
mot cach 14n lugt. M6 hinh dir bao gifra cac thanh phan duoc suy ra véi 2 diém
duoc tinh trung binh. Theo cach khac, gia tri 16n nhét va nhé nhét ciia bén mau
duoc sir dung dé suy ra cac tham sé LM.

Néu khdi bén trén 12 kha dung trong khi khéi bén trai khong kha dung, bdn
mau sic do tir khdi bén trén duge lya chon néu W>2 va 2 miu sic do dugc lua
chon néu W=2.

Céc toa do ciia bdn mau bén trén duge chon 13 [W/8, -1], [W/8 + W/4, -1],
[W/8 +2*W/4, -1], va [W/8 + 3*W/4 , -1].

Céc mau duoc chon dugce t6 dé nhu duge mo ta trén Fig.21B
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Néu khdi bén trai 13 kha dung trong khi khdi bén trén khong kha dung, bén
mau sic do tir khdi bén trai dugc lya chon néu H>2 va 2 mau sic do duogc lua
chon néu H=2.

Céc toa do ctia bén mau bén trai duge chon 12 [-1,H/8], [-1, H/8 + H/4], [-1,
H/8 + 2*H/4, -1], va[-1, H/8 + 3*H/4 ].

Néu khong khéi ndo trong cac khdi bén trai va bén trén 13 kha dung, khéi du
bdo mic dinh duoc s dung. Véi a = 0, f = 1<<(BitDepth-1), trong do6
BitDepth 13 chiéu su bit cia cc mAu sic do. |

Néu ché d¢ hién tai 1a ché do LM-A, bn miu sic d¢ tir khdi bén trén dugc
lya chon néu Wf>2 va 2 mAu sic d6 dugc lwa chon néu W’=2. W’ 13 sb Iugng
kha dung ctia cac mAau 14n cén Bén fréﬁ, célthé =2*W.

Céc toa d6 ctia bén mau bén trén duge chon 1a [W’/8, -1, [W/8 + W’/4, -
11, [W’/8 +2*W’/4, -1], va [W’/8 + 3*W’/4 , -1].

Néu ché d¢ hién tai 1a ché 6 LM-L, bdn mAu sic d6 tir khéi bén trai dugc
lua chon néu H’>2 va 2 miu sic do duoc lua chon néu H’=2. H’ 12 s6 kha dung
clia cac mau 14n cdn bén trai, c6 thé = 2*H.

Céc toa d6 ciia bén mau bén trai dugc chon 1a (-1, H*/8], [-1, H’/8 + H’/4],
[-1, H’/8 + 2*H’/4, -1], va [-1, H’/8 + 3*H’/4 ].

3.5 Phuong 4n thuc hién ldy 1am vi du dé thay ddi chudn VVC hién tai dé sir
dung du bao CCLM.

8.3.4.2.8 M6 ti ché d6 du bdo trong INTRA_LT CCLM, INTRA L CCLM va
INTRA T CCLM

Céc phuong trinh dugc md ta trong phin ndy nhd sir dung cac sb phuong
trinh trong g véi cac sb trong ban phac thao cia chuén VVC.

Céc d4u vao qua trinh nay 13:

—  ché d6 du béo trong predModelntra,

— vi trd mdu (xTbC, yTbC) ctia miu trén bén trai ciia khdi bién ddi hién
tai so véi mau trén bén trai cua anh hién tai,

—  bién nTbW x4c dinh chiéu rong khdi bién déi,

—  bién nTbH x4c dinh chiéu cao khbi bién dbi,
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— chc mAu lan can sic d p[x][y], ¢c6 x=-1,y=0.2*nTbH—1 va
x=0.2*nTbW—-1,y=—1.

Piu ra clia qué trinh nay 13 cic miu duge du bao predSamples[x][y], véi
x=0.nTbW -1, y=0.nTbH — 1.

Vi tri d6 sang hién tai (xTbY, yIbY) dugc suy ra nhu sau:

(xTbY, yTbY) = (xXTbC << 1, yTbC << 1)

Céc bién availL, availT va availTL duoc suy ra nhu sau:

Néu predModelntra = INTRA_LT_CCLM, c4c phuong trinh sau ding:

numSampT = availT ? nTbW : 0 (8-156)

numSampL = availL ? nTbH : 0 (8-157)

Nguoc lai, cdc phuong trinh sau dung:

numSampT =
(availT && predModelntra == INTRA T CCLM) ? (nTbW + numTopRig
ht) : 0 (8-158)

numSampL =
(availL && predModelntra== INTRA L CCLM) ? (nTbH + numLeftBelo
w) : 0 (8-159)

Bién bCTUboundary dugc suy ra nhu sau:

bCTUboundary = (yTbC & (1 << (CtbLog2SizeY —1)—1) == 0) ? TRU
E : FALSE. (8-160)

Cac miu du bio predSamples[x][y] véi x=0.nTbW — 1, y=0.nTbH — 1
duogc suy ra nhu sau:

Néu ca numSampL 13n numSampT = 0, cac phuong trinh sau ding:

predSamples[x][y] = 1 << (BitDepthc — 1) (8-161)

Ngugc lai, cac bude ¢é thir tu sau dung;:

1. ...[khong thay d6i mé ta hién tai]

A S
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6. ... [khéng thay d6i mo ta hién tai]

7. Céc bién minY, maxY, minC v maxC dugc suy ra nhu sau:

— Bién minY duoc gin bing 1 << (BitDepthy) + 1 va bién maxY duoc gan
bang —1.

— Néu availL = TRUE va predModelntra = INTRA_LT CCLM, bién
abovels4 dugc gan béng 0; Nguoc lai, dugc gan béng 1.

— Néu availT = TRUE va predModelntra = INTRA LT CCLM, bién
Leftls4 duoc gan bang 0; Nguoc lai, dugc gan bing 1.

—  Bién mang startPos[] va pickStep[] duoc suy ra nhu sau:

—  startPos[0] = actualTopTemplateSampNum >> (2 + abovels4);

—  pickStep[0] = std::max(l, actualTopTemplateSampNum >> (1 +
abovels4));

—  startPos[1] = actualLeftTemplateSampNum >> (2 + leftls4);

—  pickStep[1] = std::max(l, actualLeftTemplateSampNum >> (1 +
leftls4));

—  Bién cnt dugc gan bing 0.

—  Néu predModelntra = INTRA_LT CCLM, bién nSX duoc gin bing
nTbW, nSY dugc gan béng nTbH; Nguoc lai, nSX dugc gan béng
numSampLT va nSY duoc gan bing numSampL.

— Néu availT = TRUE va predModelntra khong bing
INTRA L CCLM, céc bién selectLumaPix, selectChromaPix dugc suy ra nhu
sau:

—  Trong khi startPos[0]+cnt* pickStep[0] < nSX va cnt < 4, cadc phuong
trinh sau ding:

- selectLumaPix[cnt] = pTopDsY[ startPos[0]+cnt* pickStep[0]];

- selectChromaPix[cnt]= p[startPos[0]+cnt* pickStep[0]][—1];

- cnttt;

—  Néu availL = TRUE va predModelntra khong bing INTRA T CCLM,
Céc bién selectLumaPix, selectChromaPix dugc suy ra nhu sau:

— Trong khi startPos[1]+cnt* pickStep[1] < nSY va cnt < 4, cidc phuong
trinh sau ding:
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- selectLumaPix[cnt] = pLeftDsY [ startPos[1]+cnt™ pickStep[1] ];

- selectChromaPix[cnt]= p[-1][ startPos[1]+cnt* pickStep[1]];

- cntt+ty

—  Néu cnt =2, cac phuong trinh sau dung:

—  Néu selectLumaPix[0] > selectLumaPix[1], minY dugc gin bing
selectLumaPix[1], minC dugc gan bang selectChromaPix[1], maxY duoc gan
bing selectLumaPix[0] v maxC dugc gan bang selectChromaPix[0]; Ngugc
lai, maxY dugc gén bing selectLumaPix[1], maxC duoc gin bing
selectChromaPix[1], minY dugc gin bing selectLumaPix[0] va minC dugc
gan bang selectChromaPix[0]

Ngwoc lai, néu cnt = 4, cac phuong trinh sau ding:

— Bién mang minGrpldx va maxGrpldx dugc khéi tao duéi dang:

—  minGrpldx[0] = 0, minGrpldx[1] = 1, maxGrpldx[0] = 2, maxGrpldx[1]
=3;

—  Cac phuong trinh sau dliing

- Néu selectLumaPix[minGrpldx[0]] > selectLumaPix[minGrpldx[1]],
hoan d6i minGrpIdx[0] va minGrpldx[1];

- Néu selectLumaPix[maxGrpldx[0]] > selectLumaPix[maxGrpldx[1]],
ho4n d6i maxGrpldx[0] va maxGrpldx[1];

- Néu selectLumaPix[minGrpIdx[O]] > selectLumaPix[maxGrpldx[1]],
ho4n d6i minGrpldx va maxGrpldx;

~ Néu selectLumaPix[minGrpIdx[1]] > selectLumaPix[maxGrpldx[0]],
hoan d6i minGrpIdx[1] va maxGrpldx[0];

- max Y, maxC, minY va minC dugc suy ra nhu sau:

- maxY =(selectLumaPix[maxGrpldx[0]]+selectLumaPix[maxGrpldx|[
1+D>>1;

- maxC =(selectChromaPix[maxGrpldx[0]]+selectChromaPix[maxGrpl
dx[1]H+1)>>1; |

- maxY =(selectLumaPix[minGrpldx [0]]+selectLumaPix[minGrpIldx
[1+1)>>1;
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- maxC =(selectChromaPix[minGrpIldx[0]]+ selectChromaPix
[minGrpldx [1]]+1)>>1;

8. Céc bién a, b, va k dugc suy ra nhu sau:

[két thuc thay dbi]

3.6 Phac thao l4y lam vi du khac v& dy bao CCLM duoc d& xuit

Trong phan nay, phuong 4n thuc hién 14y 1am vi dy khac thé hién céc thay
ddi co thé duogc thue hién v6i phac thao hién tai cia chuidn VVC dugc mo ta.
Céc sb phuong trinh & day dé cap dén cac sb phuong trinh tuong tng trong
chudn VVC.

M3 ta vé ché do dy bdo trong INTRA_LT CCLM, INTRA_L_CCLM va
INTRA T CCLM.

[thém vao ban phac thao VVC hién tai nhu dudi day]

Sé lrgng mau sic do 1an can kha dung trén mau bén trén va trén bén phai
numTopSamp va sb luong miu sic dd 1an cén kha dung trén mau bén trai va
dudi bén trai nLeftSamp duge suy ra nhu sau: '

— Néu predModelntra = INTRA_LT CCLM, cic phuong trinh sau dung:

numSampT = availT ? nTbW : 0 (8-157)

numSampL = availL ? nTbH : 0 (8-158)

— Nguoec lai, cac phuong trinh sau ding:

numSampT = (availT && predModelntra == INTRA_ T CCLM) ?

(nTbW + Min(numTopRight, nTbH)) : 0 (8-159)

- numSampL = (availlL && predModelntra == INTRA L. CCLM) ?

(nTbH + Min(numLeftBelow, nTbW)) : 0 (8-160)

Bién bCTUboundary duogc suy ra nhu sau:

bCTUboundary = (yTbC & (1 << (CtbLog2SizeY — 1) — 1) == 0) ? TRU
E : FALSE. (8-161)

Bién cntN va mang pickPosN[] c6 N dugc thay thé béng L va T, dugc suy
ra nhu sau:

— Bién numlIs4N dugc gan bang ((availN &&
predModelntra==INTRA_LT CCLM)?0: 1).
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— Bién startPosN dugc gan bing numSampN >> (2 + numls4N).

— Bién pickStepN dugc gan bing Max(1, numSampN >> (1 + numls4N)).

— Néu availN = TRUE va predModelntra = INTRA_LT CCLM hoic
INTRA N CCLM, cntN dugc gén bing (1 +numlsdN)<<1, va
pickPosN[pos] duoc gin bing  (startPosN + pos * pickStepN),  véi
pos =0..(cntN —1).

— Nguoc lai, cntN duoc gan bang 0.

Cac miu du bio predSamples[x][y] v6i x =0.0TbW — 1, y=0..0TbH — 1
dugc suy ra nhu sau:

— Néu ca numSampL 13n numSampT = 0, c4c phuong trinh sau ding:

predSamples[x][y] = 1 << (BitDepthc — 1) (8-162)

- — Nguoc lai, cac budc c6 thir tu sau ding:

1. Cac miu do6 sang cung vi ti pY[x][y] véi x=0.nTbW *2 —1,
y= 0.nTbH * 2 — 1 dugc gan bing cac mau do sang dugc tai tao trude qua trinh
loc khir chédn & cac vi tri (xXTbY + x, yTbY + y).

2. Cac mau d6 sang lan can pY[x][y] duoc suy ra nhu sau:

— Khi numSampL 16n hon 0, ciAc méu dd sang bén trai 1an can pY[x][y] v6i

x= ~1..-3, y=0..2 * numSampL — 1, duoc gan bing cac mAu do6 sing duge tai
tao trudc qué trinh loc khir chdn & cac vi tri (xTbY + x , yTbY +y).

— Khi numSampT 16n hon 0, cic miu do sang bén trén 1an can pY[x][y]
v6i x=0..2 * numSampT — 1, y=—1, -2, duoc gin bing cic miu do sang
dugc tai tao trudc qua trinh loc khit chan & cac vi tri (xTbY+ x, yTbY +y).

— Khi availTL = TRUE, c4c mau d¢ sang trén bén trai 1an cén pY[x][y] v&i
x=-1,y=-1,-2, dugc gan béng cac mau dd sang duoc tai tao trudc qua trinh
loc khir chédn & cac vi tri (xTbY+ x, yTbY +y).

3. C4c miu do sang cung vi tri dugc giam kich thuée mau pDsY[x][y] véi
x=0.nTbW — 1, y=0.0nTbH — 1 dugc suy ra nhu sau:

— Néu sps_cclm_colocated_chroma_flag = 1, cic phuong trinh sau dung:

— pDsY[x][y] v6ix = 1.nTbW — 1, y=1..nTbH — 1 dugc suy ra nhu sau:

pDsY[x][y] = (pY[2 *x][2*y— 1]+
pY[2*x—1][2*y]+4*pY[2 *x][2*y]+pY[2 *x+ 1][2 *y] +
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(8-163)
pY[2 *x][2*y+1]+4)>>3

— Néu availL = TRUE, pDsY[0][y] véiy = 1.nTbH — 1 duoc suy ra nhu
sau:

pDsY[0][y]l = (Y[0][2 * y— 1] +
pY[-1][2 *y] +4 *pY[0][2 * y] + pY[1][2 * y] + (8-164)

' pY[0][2 *y+1]+4)>>3

—Nguoc lai, pDsY[0][y] v61i y = 1.nTbH — 1 dugc suy ra nhwr sau:

pDsY[0][y] = (pY[0][2 * y — 1]+ 2 * pY[O][2 * y] + pY[0][2 * y + 1] + 2)
>> 2 (8-165)

— Néu availT = TRUE, pDsY[x][0] ¢6 x =1.nTbW — 1 duoc suy ra nhu
sau:

pDsY[x][0] = (pY[2 * x][-1] +
pY[2 *x—1][0] + 4 * pY[2 * x][0] + pY[2 * x + 1][0] + (8-166)

pY[2*x][1]+4)>>3

— Nguorc lai, pDsY[x][0] véi x = 1.nTbW — 1 dugc suy ra nhu sau:

pDsY[x][0] = (pY[2 * x — 1][0] + 2 * pY[2 * x][0] + pY[2 * x + 1][0] + 2)
>>2 (8-167)

_ Néu availl = TRUE v availT = TRUE, pDsY[0][0] dugc suy ra nhu sau:

pDsY[0][0] = (pY[O][-1] +

pY[—1][0] + 4 * pY[0][0] + pY[1][0] + (8-168)

| pY[O][1] +4) >>3

— Nguoc lai néu availL = TRUE va availT = FALSE, pDsY[0][0] duoc suy
ra nhu sau:

pDsY[0][0] = (pY[—1][0] + 2 * pY[O][0] + pY[1][0] + 2) >>2 (8-169)

— Nguoc lai néu availL = FALSE va availT = TRUE, pDsY[0][0] duoc suy
ra nhu sau:

pDsY[0][0] = (pY[O][-1] + 2 * pY[0][0] + pY[O][1] + 2) >>2

(8-170)

— Ngugc lai (availL = FALSE va availT = FALSE), pDsY[0][0] dugc suy

ra nhu sau:
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pDsY[0][0] = pY[0][0] (8-171)

— Ngugc lai, cic phuong trinh sau ding:

— pDsY[x][y] v6ix=1..nTbW — 1, y = 0.nTbH — 1 dugc suy ra nhur sau:

pDsY[x][y] = (pY[2 *x - 1J[2 *y] + pY[2*x—1][2*y+1]+
2% pY[2 *x][2 *y] +2*pY[2 *x][2 *y+ 1] + (8-172)
PY[2Z*x+1J2*y]l+pY[2*x+1][2*y+1]+4)>>3

— Néu availL = TRUE, pDsY[0][y] v6iy=0..nTbH — 1 dugc suy ra nhu
sau: ,

pDsY[0 ][yl = (Y[-1][2 * y] +pY[-1][2 * y + 1] +
2* pY[0][2 * y] + 2*pY[0][2*y + 1] + (8-173)
pY[1][2*y] +pY[1][2*y+ 1] +4)>>3

— Ngugc lai, pDsY[0][y] v6i y = 0.nTbH — 1 dugc suy ra nhur sau:

pDsY[0 ][yl = (@Y[0][2 * y] + pY[0][2Z * y + 1] + 1) >> 1 (8-174)

4. Néu numSampL 16n hon 0, cic miu sic dd bén trai 1an cén duoc chon
pSelC[idx] dugc gan bang p[-1][pickPosL[idx]] c6 idx = 0..(cntL — 1), va cac
mau d0 sang bén trai lan cén duoc giam kich thuéc miu dugc chon
pSelDsY[ idx ] vé6i idx = 0..(cntL-1) dugce suy ra nhur sau:

— Bién y duoc gan bang ‘pickPosL[idx]. _

— Néusps_cclm_colocated_chroma flag = 1, c4c phuong trinh sau dung:

— Néuy>0] availTL == TRUE,

pSelDsY[idx] = (pY[-2][2 *y— 1]+ ,

PY[-3][2 * y] + 4 * pY[-2][2 * y] + pY[-1][2 * y] + (8-175)
pY[2][2 *y+ 1] +4)>>3

— Nguoc lai,

pSelDsY[idx] = (pY[-3][0] + 2 * pY[-2][0] + pY[-1][0] +2) >>2 (8-177)

- Ngugc lai, cdc phuong trinh sau dung:

pSelDsY[idx] = (pY[—1][2 * y] +pY[-1][2 *y + 1] +
2% pY[-2][2 * y] + 2*pY[2][2 *y+ 1] + (8-178)
pY[3]2*yl+pY[3][2*y+1]+4)>>3

5. Néu numSampT 16n hon 0, cac miu sic do bén trén 1an can dugc chon

pSelC[idx] dugc gan bang p[pickPosT[idx]][-1] v6i idx = 0..(catT — 1), va cac
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mau do sang 1an cin bén trén dugc gidm kich thuéc miu pSelDsY[ idx ] véi
idx = cntL..(cntL + cntT — 1) duge x4c dinh nhu sau:

— Bién x dugc gan bang pickPosT[idx - cntL].

— Néusps_cclm _colocated chroma flag = 1, cic phuong trinh sau dtng:

— Néux>0:

— Néu bCTUboundary = FALSE, cac phuong trinh sau dung:

pSelDsY[idx] = (pY[2 * x][-3] +
pY[2 *x—1][-2] +4 * pY[2 *x][-2] + pY[2 *x + 1][2] + (8-179)

pY[2 *x][-1]+4)>>3

—  Nguogc lai (bCTUboundary = TRUE), cac phuong trinh sau dung:

pSelDsY[ idx ] = (pY[ 2 * x — 1 J[-1] + 2* pY[ 2 * x ][-1] +

(8-180)
pY[2*x+1][-1]+2)>>2

— Nguoc lai:

— Néu availTL = TRUE va bCTUboundary = FALSE, c4c phuong trinh sau
dang: ,

pSelDsY[idx] = (pY[0][-3] +pY[-1][— 1+ 4 * pY[O][-2] + pY[1][-2] +

pY[0][~1] + 4) >> 3 (8-181) |

— Neguoc lai néu availTL = TRUE va bCTUboundary = TRUE, céc
phuong trinh sau dang: '

pSelDsY[ idx ] = (pY[—-1][—1] + 2* pY[O][—1] +

pY[1][~1] +2) >>2 (8-182) ’

— Nguoc lai néu availTL = FALSE va bCTUboundary = FALSE, céac
phuong trinh sau ding:

pSelDsYT[idx] = (pY[0][— 1+ 2 * pY[0][-2] + pY[O][—1] +2) >>2 (8-183)

— Nguogc lai (availTL = FALSE va bCTUboundary = TRUE), cic phuong
trinh sau dung:

pSelDsY[idx] = pY[0][—1] (8-184)

— Nguoc lai, cac phuong trinh sau ding:

~ Néux>0:

— Néu bCTUboundary = FALSE, c4c phuong trinh sau ding:
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pSelDsYT[idx] = (pY[2 *x— J[2] +pY[2 *x — 1][-1] +
2* pY[2 * x][-2] + 2*pY[2 * x][—1] + (8-185)
pY[2 *x+ 1][-2]+pY[2 *x + 1][-1] + 4 >>3
— Ngugc lai (bCTUboundary = TRUE), cac phuong trinh sau dung:
pSelDsY[idx] = (pY[2 * x — 1][-1] + 2* pY[2 * x][-1] + (8-186)
pY[2 *x+1][-1]+2)>>2

—  Nguoc lai:

— Néu availTL = TRUE va bCTUboundary = FALSE, céc phuong trinh sau
dang:

pSeIDsY[idx].= Y[~ 1][-2] + pY[~ 1][-1] + 2* pY[0][—2] + 2*pY[O][ -1
1+ (8-187)

pY[11[-2] + p¥[L][-1] + 4) >> 3

— Nguoc lai néu availTL = TRUE va bCTUboundary = TRUE, céc
phuong trinh sau dung:

pSelDsY idx] = (pY[— 1][-1] + 2* pY[O][-1]+ (8-188)
pY[1][-1]+2)>>2 |

—  Nguoc lai néu availTL = FALSE va bCTUboundary = FALSE, céc
phuong trinh sau ding: |

pSelDsY[idx] = (pY[0][2] + pY[O][-1] + 1) >>1 (8-189)

— Nguogc lai (availTL = FALSE va bCTUboundary = TRUE), c4c phuong
trinh sau ding:

pSelDsY[idx] =pY[0][—1] (8-190)

6. Céc bién minY, maxY, minC va maxC dugc suy ra nhu sau:

- Néu cntT+entl = 2, thiét 18p pSelC[idx + 2] = pSelC[idx] va
pSelDsY[idx + 2] = pSelDsY[idx], véiidx = 0 va 1.

— Chc mang minGrpldx[] v4 maxGrpldx[] dugc thiét lap bang:
minGrpldx[0] = 0, minGrpldx[1] = 1, maxGrpldx[0] = 2, maxGrpldx[1] = 3.

— Néu pSelDsY[minGrpldx[0]] > pSelDsY[minGrpldx[1]],
Swap(minGrpldx[0], minGrpldx[1]).

— Néu  pSelDsY[maxGrpldx[0]] > pSelDsY[maxGrpldx[1]],
Swap(maxGrpldx[0], maxGrpldx[1]).
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~ Néu pSelDsY [minGrpldx[0]] > pSelDsY[maxGrpIdx[1]],
Swap(minGrpldx, maxGrpldx).

- Néu pSelDsY [minGrpldx[1]] > pSelDsY[maxGrpldx[0]],
Swap(minGrpldx[1], maxGrpldx[0]).

—  maxY = (pSelDsY[maxGrpldx[0]] + pSelDsY[maxGrpldx[1]] + 1) >>

I

maxC = (pSelC[maxGrpldx[0]] + pSelC[maxGrpldx[1]] + 1) >> 1.

— minY = (pSelDsY[minGrpldx[0]] + pSelDsY[minGrpldx[1]] + 1) >> 1.
— minC = (pSelC[minGrpldx[0]] + pSelC[minGrpldx[1]] + 1) >> 1.

7. Céc bién a, bz _Va k dugc suy ra nhu sau: |

- Néu numSampL = 0, va numSampT = 0, cic phurong trinh sau ding:

k=0 (8-208)

a=0 (8-209)

b =1 << (BitDepthc — 1) (8-210)

— Nguoc lai, cac phuong trinh sau dung:

diff = maxY — minY (8-211)

— Néu diff khong bing 0, cac phuong trinh sau dung:
diffC = maxC — minC (8-212)

x = Floor(Log2(diff)) (8-213)
normDiff = ((diff << 4)>>x) & 15 (8-214)

x += (normDiff = 0) ? 1 : 0 (8-215)

y = Floor(Log2(Abs (diffC))) + 1 (8-216)
a = (diffC * (divSigTable[ normDiff ]| 8) + 2~ ) >>y (8-217)

k=((B+x-y)<1)?21:3+x-y (8-218)
a=(B3+x-y)<1) ? Sign(@*15 : a  (8-219)
b = minC — ((2 * minY) >> k) (8-220)

trong d6 divSigTable[ ] dugc x4c dinh nhu sau:

divSigTable[ 1={0,7,6,5,5,4,4,3,3,2,2,1,1,1,1,0} (8-221)
— Nguoc lai (diff = 0), cac phuong trinh sau dung:

k=0 (8-222)

a=0 (8-223)
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b=minC (8-224)

8. Cac mau du bio predSamples[x][y] véi x=0.nTbW —1,y=0..
nTbH — 1 dugc suy ra nhu sau:

predSamples[x][y] = Clipl C(((pDsY[x][y] * a) >> k) +b) (8-225)

[Két thic vi du phuong 4n thuc hién]
3.7 Phéc thao vi du khac vé dy bdo CCLM dugc dé xuit

Trong phin nay, phwong 4n thuc hién 14y 1am vi du khéc thé hién cac thay
dbi ¢ thé duoc thue hién voi phéac thao hién tai theo chudn VVC dugec mo ta.
Céc sb phuong trinh & day dé cap dén cac s6 phuong trinh trong mg trong
chuén VVC. , ‘

Mo ta vé ché d6 du bao trong INTRA LT CCLM, INTRA L CCLM va
INTRA T CCLM

Sb lugng cac mau sic do lan cédn kha dung & trén va trén bén phai
numTopSamp va s6 luong cac miu sic d6 1an can kha dung & bén trai va dudi
bén trai nLeftSamp dugce suy ra nhu sau:

— Néu predModeIntra = INTRA LT CCLM, céc phuong trinh sau dtng:

numSampT = availT ? nTbW : 0  (8-157)

numSampL = availL ? nTbH : 0 (8-158)

— Nguogc lai, cac phuong trinh sau ding:

numSampT = (availT && predModelntra == INTRA T _CCLM) ?

(nTbW + Min(numTopRight, nTbH)) : 0 (8-159)

numSampL = (availL && predModelntra== INTRA L. CCLM) ?

(nTbH + Min(numLeftBelow, nTbW)) : 0 (8-160)

Bién bCTUboundary duoc suy ra nhu sau:

bCTUboundary = (yTbC & (1 << (CtbLog2SizeY —1)—1) == 0) ? TRU
E : FALSE. (8-161)

Bién cntN va mang pickPosN[] v6i N duoc thay bang L va T, duoc suy ra
nhu sau:

— Bién numlIs4N dugc gan bing ((availN &&
predModelntra==INTRA LT CCLM)?0:1).
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— Bién startPosN duoc gan bang numSampN >> (2 + numIs4N).

— Bién pickStepN dugc gan bang Max(1, numSampN >> (1 + numlIs4N)).

— Néu availN = TRUE va predModelntra = INTRA LT CCLM hoic
INTRA N _CCLM, cntN duogc gan bing Min(numSampN,
(1 + numls4N) << 1), va pickPosN[pos] duoc gan bing
(startPosN + pos * pickStepN), with pos = 0..(cntN — 1).

— Nguoc lai, cntN dugc gan bing 0.

Cac miu du bao predSamples[x][y] véi x =0.nTbW — 1, y=0..nTbH — 1
dugc suy ra nhu sau:

— Néu ca numSampL va numSampT = 0, cic phwong trinh sau dung:

predSamples[x][y] = 1 << (BitDepthé —-1) (8-162)

— Nguoc lai, cac budc cé tha ty sau ding:

1. Cac miu d6 sang cing vi tri pY[x][y] v6i x=0.nTbW *2 -1,
y=0..nTbH * 2 — 1 dugc gan bang cac mau do sang dugc tai tao trudc qua trinh
loc khir chidn & céac vi tri (xXTbY + x, yITbY + y).

2. Cac mAu dd sang 1an can pY[x][y] duoc suy ra nhu sau:

— Néu numSampL 16n hon 0, cic miu dd sang bén trai 1an cén pY[x][y]
v6i x=-1.-3,y=0..2 * numSampL — 1, dugc gin bing cic miu dd sing
dugc tai tao trude qua trinh loc khir chdn & cac vi tri (xTbY + x, yTbY +y).

— Néu numSampT 16n hon 0, cAc miu do sang bén trén 1an can pY[x][y]
v6i x=0.2 * numSampT — 1, y=—1, =2, dugc gin bing cic miu do sing
duoc tai tao trude qua trinh loc khir chén & cac vi tri (xTbY+ x, yTbY +y).

— Néu availTL = TRUE, c4c miu do sang trén bén trai 14n can pY[x][y]
v6i x =—1, y=—1, =2, dugc gan bing cac miu do sang dugc tii tao trudc qua
trinh loc khir chan & cac vi tri (xTbY+ x, yITbY +y).

3. Cac mAu do sang cung vi tri dugc giam kich thudc mau pDsY[x][y] véi
x=0.nTbW — 1, y=0.nTbH — 1 dugc suy ra nhu sau:

— Néusps_cclm colocated chroma flag = 1, cic phuong trinh sau dung:

— pDsY[x][y] v6ix = 1.nTbW — 1, y = 1.nTbH — 1 dugc suy ra nhu sau:

pDsY[x][y] = (@Y[2 *x][2 *y— 1]+
pY[2*x—1][2*y]+4 *pY[2 *x][2 *y] +pY[2 *x+ 1][2 *y] +
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pY[2*x]2*y+1]+4)>>3 (8-163)
— Néu availL = TRUE, pDsY[0][y] v6i y= 1.nTbH — 1 dugc suy ra nhu
sau:
pDsY[0][y] = (Y[0][2 * y — 1] +
pY[-1][2 * y] +4 * pY[O][2 * y] + pY[1][2 * y] +
pY[0][2 *y+ 1] +4)>>3 (8-164)
— Nguoc lai, pDsY[0][y] v6i y = 1.nTbH — 1 dugc suy ra nhu sau:
pDsY[0][y] = (pY[0][ 2 * y— 1]+ 2 *pY[0][2 * y]l+pY[0][2 * y +
11+2)>>2 (8-165)
— Néu availT = TRUE, pDsY[x][0] v6ix = 1.nTbW — 1 duoc suy ra nhu
sau:
pDsY[x][0] = (pY[2 *x J[-1] + |
pY[2*x—110]1+4*pY[2*x][0]+pY[2*x+1][0]+ (8-166)
pY[2*x][1]+4)>>3
— Nguoc lai, pDsY[x][0] véi x = 1.nTbW — 1 duoc suy ra nhu sau:
pDsY[x][0]1=(pY[2 *x—1][0]+2 *pY[2 *x ][0] +pY[2 *x+1][0] +
2)>>2 (8-167)
— Néu availL = TRUE va availT = TRUE, pDsY[0][0] duoc suy ra nhu
sau: | '
pDsY[0][0] = (pY[O][-1] +
pY[—1][0] + 4 * pY[O][0] + pY[1][0] + (8-168)
pY[0][1]+4)>>3
— Nguoc lai néu availL = TRUE va availT = FALSE, pDsY[0][0] duoc suy
ra nhu sau:
pDsY[0][0] = (pY[-1][0] + 2 * pY[O][Oj +pY[1][0] +2)>>2
(8-169)
— Nguoc lai néu availL = FALSE va availT = TRUE, pDsY[0][0] duogc suy
ra nhu sau:
pDsY[0][0] = (pY[O][—1] + 2 * pY[0][0] + pY[O][1] + 2) >> 2
(8-170)
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— Nguoc lai (availL = FALSE va availT = FALSE), pDsY[0][0] dugc suy
ra nhu sau:

pDsY[0][0] = pY[0][0] (8-171)

— Ngugc lai, cac phuong trinh sau ding:

— pDsY[x][y] v6ix=1.nTbW — 1, y= 0..nTbH — 1 dugc suy ra nhu sau:

pDsY[x][y] = (@Y[2 *x—1][2*y]+ pY[2*x—1][2 * y + 1]+
2*¥*pY[2*x][2 *y]+ 2*pY[2 *x][2 * y + 171+ (8-172)
pY[2*x+1]2%y]l+ pY[2*x+1]2*y+1]+4)>>3

— Néu availL = TRUE, pDsY[0][y] v6i y=0..nTbH — 1 duogc suy ra nhu
sau:

pDsY[0][y] = (@Y[-1][2 * y] + pY[-1][2 * 'y + 1]+
2* pY[0][2 * y] + 2*pY[O][ 2*y+ 1]+ (8-173)

pY[1][2 * y]+ pY[1][2*y+ 1]+ 4)>>3

— Ngugc lai, pDsY[0][y] v6i y = 0..nTbH — 1 dugc suy ra nhu sau:

pDsY[0][y] = (pY[O][2 * y] +pY[O][2 *y+ 1]+ 1)>>1  (8-174)
4. Khi numSampL 1én hon 0, cac mau sic dd bén trai lan can dugc chon
pSelC[idx] dugc gan bang p[ -1 ][ pickPosL[ idx ]] véi idx = 0..(cntL — 1), va
cic miu do sang bén trai 1an cin dugc giam kich thuéc miu duge chon
pSelDsY[ idx | véi idx = 0..(cntL-1) dugce suy ra nhu sau:

— Bién y dugc gan bang pickPosL[idx].

— Néu sps_cclm_colocated chroma_flag = 1, cac phuong trinh sau dung:

— Néuy>0] availTL == TRUE,

pSelDsY[idx |=(pY[2][2*y—1]+
pY[ 312 * yl+4*pY[-2]2 * yl+pY[-1]2 * yl+ (8-175)

pY[2][2*y+1]+4)>>3

—  Nguoc lai,

pSelDsYT idx 1= (pY[ -3 ]J[0] + 2 * pY[ =2 ][0] + pY[-1][0] + 2) >>2
(8-177)

— Nguoc lai, cdc phuong trinh sau dung:
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pSelDsYT[ idx 1= (pY[-1][2 * y] + pY[-1][2 * 'y + 1]+
2*pY[ 212 *  y]l+2*pY[2]2 * y + 1]+ (8-178)
pY[-3]2*yl+pY[3]2*y+1]+4)>>3
5. Khi numSampT 16n hon 0, cac mau sic d6 bén trén 14n c4n dugc chon
pSelC[idx] duoc gan bang p[ pickPosT[idx]][-1] véi idx = 0..(catT — 1), va cac
mAu do sang bén trén 1an c4n duoc gidm kich thuéc mau pSelDsY[idx] véi
idx = cntL..(cntL + cntT — 1) duge xac dinh nhur sau:

—  Bién x dugc gan bing pickPosT][ idx - cntL ].

—  Néusps_cclm_colocated chroma_flag = 1, c4c phuong trinh sau dung:

~ Néux>0:

—  Néu bCTUboundary = FALSE, cic phuong trinh sau ding:

pSelDsY[idx = (pY[2 *x ][-3] +
pY[2*x—1][2]+4*pY[2*x][-2] +pY[2*x+1][2]+ (8-179)

pY[2*x][-1]+4)>>3

— Ngugc lai (bCTUboundary = TRUE), cac phuong trinh sau dung:

pSelDsY[ idx J=(pY[2*x—1][-1]+
2*¥pY[2*x ][-1]+ (8-180)
pY[2*x+1][-1]+2)>>2

— Nguoc lai:

— Néu availTL = TRUE and bCTUboundary = FALSE, cac phuong trinh
sau dung:

- pSelDsY[idx 1= (pY[0][ -3 ]+
pY[-1[ -2 ]+4*pY[O][ -2 ]+ pY[1][ 2]+ (8-181)
pY[O][-1]+4)>>3

— Nguoc lai néu availTL = TRUE va bCTUboundary = TRUE, cic phuong
trinh sau dung:

pSelDsY[idx] = (pY[-1][-1] + 2* pY[O][—1] +

pY[1][-1] +2)>>2 (8-182)

— Nguoc lai néu availTL = FALSE and bCTUboundary = FALSE, cac
phuong trinh sau ding:

pSelDsY[idx] = (pY[O][ -3 ]+ 2 *pY[O0][ -2 ] + pY[0][-1] +2)>>2
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(8-183)

— Ngugc lai (availTL = FALSE va bCTUboundary = TRUE), cac phuong
trinh sau ding:

pSelDsY[ idx | =pY[0][—1] (8-184)

—Ngugc lai, cadc phuong trinh sau ding:

~ Néux>0:

— Néu bCTUboundary = FALSE, c4c phuong trinh sau dting:

pSelDsY[ idx = (pY[2 *x — 1][-2] +pY[2 *x — 1][-1] +
2* pY[2 * x][ 2 ] +2*pY[2 * x][-1] + _ (8-185)
pY[2 *x+1][ -2 J+pY[2*x+1][-1] +4)>>3

—  Ngugc lai (bCTUboundary = TRUE), céc phuong trinh sau dting:

pSelDsY[idx [=(pY[2*x—1][-1]+2*pY[2 *x ][-1] +
pY[2*x+1][-1]+2)>>2 (8-186)

— Ngugc lai:

— Néu availTL = TRUE and bCTUboundary = FALSE, cac phuong trinh
sau dung:

pSelDsY[idx ]=(pY[—1][2]1+pY[—-1][-1]+
2* pY[O][ 2 1+ 2*pY[0][-1] + (8-187)
pY[1][ -2 ]+ pY[1][-1] +4)>>3

— Nguoc lai néu availTL = TRUE vi bCTUboundary = TRUE, céc
phuong trinh sau ding:

pSelDsY[ idx | = (pY[ — 1 ][-1]+2* pY[0][-1] + (8-188)
pY[1][-1]+2)>>2

—  Nguoc lai néu availTL = FALSE va bCTUboundary = FALSE, céc
phuong trinh sau ding: |

pSelDsY[ idx 1= (pY[0][ -2 ] + pY[O][-1] + 1) >>1 (8-189)

— Nguoc lai (availTL = FALSE va bCTUboundary = TRUE), c4dc phuong
trinh sau dung:

pSelDsY[ idx ] =pY[0][-1] (8-190)
6. Néu cntT+ cntL khong bing 0, Cac bién minY, maxy, minC va maxC

duoc suy ra nhu sau:



41893

— Néu cntT+entL = 2, gan pSelComp[3] = pSelComp [0], pSelComp[2] =
pSelComp[1], pSelComp[0] = pSelComp [1], va pSelComp[l] =
pSelComp[3], v6i Comp dugc thay thé bing DsY va C.

— Cac mang minGrpldx[] va maxGrpldx[] dugc gan bing: minGrpIdx[0]
=0, minGrpldx[1] = 1, maxGrpldx[0] = 2, maxGrpldx[1] = 3.

~ Néu pSelDsY [minGrpldx[0]] > pSelDsY[minGrpldx[1]],
Swap(minGrpldx[0], minGrpldx[1]).

- Néu pSelDsY[maxGrpldx[0]] > pSelDsY[maxGrpldx[1]],
Swap(maxGrpldx[0], maxGrpldx[1]).

- Néu  pSelDsY[minGrpIdx[0]]

V

pSelDsY[maxGrpldx[1]],
Swap(minGrpldx, maxGrpldx).

—- Néu pSelDsY[minGrpldx[1]] > pSelDsY[maxGrpldx[0]],
Swap(minGrpldx[ 1], maxGrpldx[0]).

-maxY = (pSelDsY[maxGrpldx[0]] + pSelDsY[maxGrpldx[1]] + 1) >> 1.

—maxC = (pSelC[maxGrpldx[0]] + pSelC[maxGrpldx[1]] + 1) >> 1.

—minY = (pSelDsY[minGrpidx[0]] + pSelDsY[minGrpldx[1]] + 1) >> 1.

— minC = (pSelC[minGrpldx[0]] + pSelC[minGrpldx[1]] + 1) >> 1.

7. Céc bién a, b, va k dugc suy ra nhu sau:

— Néu numSampL = 0, va numSampT = 0, cic phuong trinh sau ding:

k=0 (8-208)
a=0 v (8-209)

b =1 << (BitDepthc — 1) (8-210)

— Ngugc lai, cadc phuong trinh sau dung:

diff = maxY — minY (8-211)

— Néu diff khéng = 0, cac phuong trinh sau dung:
diffC = maxC — minC (8-212)

x = Floor(Log2(diff)) (8-213)
normDiff = ((diff << 4) >>x) & 15 (8-214)

x += (normDiff = 0) 2 1 : 0 (8-215)

y = Floor(Log2(Abs (diffC))) + 1 (8-216)
a = (diffC * (divSigTable[ normDiff]|8) + 27 ") >>y (8-217)

-65-



41893

k=(@B+x—-y)<1)?71:3+x-y (8-218)

a=(3+x—y)<1) ? Sign(a) *15 : a (8-219)

b=minC — ((a * minY) >> k) (8-220)

trong do6 divSigTable[] dugc x&c dinh nhur sau:

divSigTable[ ]={0,7,6,5,5,4,4,3,3,2,2,1,1,1,1,0 } (8-221)

— Ngugc lai (diff = 0), cac phuong trinh sau dung:

k=0 (8-222)

a=0 (8-223)

b =minC (8-224)

8. Cac miu du bao predSamples[x][y] v6i x=0.2TbW—1,y=0..
nTbH - 1 dugc suy ra nhu sau‘: ‘

predSamples[x][y] = Clipl C(((pDsY[x][y] * a) >>k) +b) (8-225)
3.8 Phac thao khac vé du bdo CCLM duogc dé xuit

Trong phan nay, phuong an thyc hién 14y 1am vi du khéc thé hién céc thay
dbi khac c6 thé duge thuc hién véi phéc thao khac vé chuin VVC dugc md ta.
Céc sb phuong trinhg & day dé cap dén céc sb phuong trinh tuong Ung trong
chudn VVC. _

Dic ta v& ché do du bao trong INTRA LT CCLM, INTRA_L CCLM va
INTRA T CCLM.

Sé long mAu sic d6 1an can kha dung & bén trén va trén bén phai
numTopSamp va sd hIQ‘rig mAu sic d6 1an can kha dung & bén trai va dudi bén
trai nLeftSamp dugc suy ra nhu sau:

— Néu predModelntra = INTRA_LT CCLM, céc phuong trinh sau dung:

numSampT = availT ? nTbW : 0  (8-157)

numSampL = availL ? nTbH : 0 (8-158)

— Nguoc lai, cdc phuong trinh sau dung:

numSampT = (availT && predModelntra == INTRA T CCLM) ?

(nTbW + Min(numTopRight, nTbH)) : 0 (8-159)

numSampL = (availL && predModelntra== INTRA L. CCLM) ?

(nTbH + Min(numLeftBelow, nTbW)) : 0 (8-160)
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Bién bCTUboundary dugc suy ra nhu sau:

bCTUboundary = (yTbC & (1 << (CtbLog2SizeY —1)—1) == 0) ? TRU
E : FALSE. (8-161)

Bién cntN va mang pickPosN[] véi N dugc thay thé bang L and T, duoc suy
ra nhu sau:

— Bién numls4N duoc gan bang ((availT && availl &&
predModelntra==INTRA LT CCLM)?0:1).

— Bién startPosN duoc gan bang numSampN >> (2 + numIs4N).

— Bién pickStepN duoc gan bang Max(1, numSampN >> (1 + numlIs4N)).

— Néu availN = TRUE va predModeIntra = INTRA LT CCLM hoic
INTRA N CCLM, cntN duoc gan bang Min(numSampN,
(1 + numls4N) << 1), va pickPosN[pos] duoc gan bang
(startPosN + pos * pickStepN), véi pos = 0..(cntN — 1).

— Nguoc lai, cntN dugc gan bﬁng 0.

Cac mau du bao predSamples[x][y] vi x=0.nTbW — 1, y=0.nTbH — 1
duoc suy ra nhu sau:

— Néu ca numSampL 14n numSampT are = 0, cac phuong trinh sau ding;:

predSamples[x][y] = 1 << (BitDepthc — 1) (8-162)

— Nguoc lai, cac budce co thr ty sau dung:

1. Cac mau dd sang cung vi tri pY[x][y] véi x=0.nTbW *2—1,
y=0.nTbH * 2 — 1 duoc gan bang cac mau do sang duoc tai tao trude qua trinh
loc khtr chédn & cac vi tri (xTbY + x, yTbY +y).

2. Cac mau d6 sang 1an can pY[x][y] dugc suy ra nhu sau:

— Néu numSampL 16n hon 0, cac mau do sang bén trai 1an can pY[x][y] véi
x=-1.-3, y=0.2 * numSampL — 1, duoc gan bang cac mau d6 sang duoc tai
tao trude qua trinh loc khir chan & cac vi tri (xTbY + x, yTbY +y).

— Néu numSampT 1én hon 0, cac mau do sang trén lan can pY[x][y] véi
x =0..2 * numSampT — 1, y = —1, -2, duoc gan bang cac mau do sang duoc tai

tao trude qua trinh loc khir chan & cac vi tri (xTbY+ x, yTbY +y).
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— Néu availTL = TRUE, c4c mau d6 sang trén bén trai lan c4n pY[x][y] v6i
x=-1,y=-1, -2, dugc gan béng cac miu do sang duoc tai tao trudc qua trinh
loc khir chédn & céc vi tri (xTbY+ x, yTbY + ).

3. Céac mau do sang cung vi tri dugc giam kich thudc miu pDsY[x][y] véi
x =0..0TbW — 1, y=0.nTbH — 1 dugc suy ra nhu sau:

— Néusps_cclm_colocated chroma flag = 1, cic phuong trinh sau dang:

— pDsY[x][y] with x =1.nTbW — 1, y = 1.nTbH — 1 duogc suy ra nhir sau:

pDsY[x][yl=(@Y[2*x][2*y—1]+

pY[2*x—1]2*y]+4*pY[2*x]2*y]l+pY[2*x+1][2*y]+

(8-163)
pY[2*x][2*y+1]+4)>>3

— Néu availL = TRUE, pDsY[0][y] ¢6 y= 1.nTbH — 1 dugc suy ra nhu
sau:

pDsY[0][y] = (pY[0][2*y— 1]+

pY[-1][2 * y]+4 * pY[0][2 * y] + pY[1][2 * y] +

(8-164)
pY[0][2 *y+1]+4)>>3 |

— Nguogc lai, pDsY[0][y] v61 y = 1.nTbH — 1 dugc suy ra nhu sau:

pDsY[Cl[y] = (pY[O}[ 2 *y—1]+2*pY[0][2 * yl+pY[O][2 * y +
11+2)>>2 (8-165) '

—  Néu availT = TRUE, pDsY[x][0] v6i x = 1.nTbW — 1 duoc suy ra nhu
sau:

pDsY[x][0] = (Y[ 2 *x J[-1] + |

pY[2*x—1]0]+4*pY[2*x][0]+pY[2*x+1][0]+ (8-166)
pY[2*x][1]+4)>>3

— Ngugc lai, pDsY[x][0] véix = 1..nTbW — 1 dugc suy ra nhu sau:

pDsY[x][0]=(Y[2*x—1][0]+2 *pY[2 *x ][0O] +pY[2 *x+ 1 ][0] +
2)>>2 (8-167)

— Néu availL = TRUE va availT = TRUE, pDsY[0][0] duoc suy ra nhu

sau:
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pDsY[0][0] = (pY[O][-1] +
pY[-1][0] +4 * pY[O][0] + pYT1][0] + (8-168)
pY[0][1]+4)>>3

—  Nguoc lai néu availL = TRUE va availT = FALSE, pDsY[0][0] duoc
suy ra nhu sau:

pDsY[0][0] = (pY[-1][0] + 2 * pY[O][0] + pY[1][0] +2) >>2

(8-169)

— Nguoc lai néu availL = FALSE va availT = TRUE, pDsY[0][0] duoc
suy ra nhu sau:

pDsY[0][0] = (pY[O][—1] + 2 * pY[O][0] + pY[OI[1] + 2) >>2

(8-170)

— Nguoc lai (availL = FALSE va availT = FALSE), pDsY[0]{0] dugc suy
ra nhu sau:

pDsY[0][0] = pY[0][0] (8-171)

— Nguoc lai, cac phuong trinh sau dung:

— pDsY[x][y] v6i x = 1.nTbW — 1, y = 0..nTbH — 1 dugc suy ra nhu sau:

pDsY[x][y]= (Y[ 2 *x—1]2*y]l+ pY[2*x—-1]2 * y + 1]+
2*pY[2*x 2 *y]l+ 2*pY[2*x][2 * 'y + 1]+ | (8-172)
pY[2*x+1]2*y]+ pY[2*x+1]2*y+1]+4)>>3

— Néu availL = TRUE, pDsY[0][y] v6iy=0.nTbH — 1 dugc suy ra nhu
S sau:

pDsY[0][y] = (pY[-1][2 * y] + pY[-1J[2  * oy o+ 1]+
2* pY[0][2 * y] + 2*pY[O][ 2*y+ 1 ]+ (8-173)

pY[1][2 * y]+ pY[1][2*y+ 1] +4)>>3

— Nguoc lai, pDsY[0][y] véi y = 0..nTbH — 1 dugc suy ra nhu sau:

pDsY[0][y] = (pY[O][2 * y] + pY[0][2 *y + 1]+ 1) >>1 (8-174)

4, Néu numSampL 16n hon 0, cac mau sic dd bén trai 14n can duoc chon
pSelC[idx] dugc gan bang p[-1][pickPosL[idx]] v&i idx = 0..(cntL — 1), va cac
miu dd sang bén trdi l4n cin dugc gidm kich thuéc miu dugc chon
pSelDsY[ idx | with idx = 0..(cntL-1) dugc suy ra nhu sau:

— Bién y dugc gan bang pickPosL[ idx ].
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— Néu sps_cclm colocated chroma_flag = 1, cic phuong trinh sau ding:

— Néuy>0|| availTL == TRUE,

pSelDsY[idx | =(pY[2][2*y—1]+
PY[-312 * yl+4*pY[212 * yl+pY[-12 * yl+ (8175

pY[ 212 *y+1]+4)>>3

— Ngugc lai,

pSelDsY[idx 1= (pY[ -3 1[0} + 2 *pY[ -2 ][0] + pY[-1][0] +2)>>2

8-177)

— Nguoc lai, cac phuong trinh sau ding:

pSelDsY[ idx ] = (pY[—1]{2 * y] + pY[-1][2 * 'y + 17+
2%pY[ 212 * yl+2%pY[-2]12 * y + 1]+ (8-178)
pY[-312*yl+pY[3]2*y+1]+4)>>3

5. Néu numSampT 1én hon 0, cac mau sic dd bén trén 1an cén dugc chon
pSelC[idx] dugc gan bang p[ pickPosT[idx — cntL]][-1] véi idx = cntL..(cntL
+ cntT - 1), va cac mau do sang bén trén 14n cin dugc gidm kich thude mau
pSelDsY[idx] v6i idx = entL..(cntlL + cntT — 1) dugce x4c dinh nhu sau:

— Rién x duoc gan bang pickPosT] idx — cntL ].

— Néu sps_cclm_colocated chroma_flag = 1, cdc phuong trinh sau ding:

— Néux>0:

— Néu bCTUboundary = FALSE, c4c phuong trinh sau ding:

pSelDsY[idx ]=(pY[2*x ][ 3]+
pY[2*x—1][-2]+4*pY[2*x][2]+pY[2*x+1][2]+ (8-179)
pY[2*x][-1]+4)>>3

— Nguoc lai (bCTUboundary = TRUE), céc phuong trinh sau dung:

pSelDsY[ idx ]=(pY[2 *x— 1 ][-1]+
2*pY[2*x ][-1]+ (8-180)
pY[2*x+1][-1]+2)>>2

— Nguoc lai:

— Néu availTL = TRUE va bCTUboundary = FALSE, cdc phuong trinh sau
ding:
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pSelDsY[ idx | = (pY[0][ 3]+

pY[-1[—2]+4*pY[O][ -2 ]+ pY[1][ 2]+ (8-181)
pY[0][-1]+4)>>3

— Nguoc lai néu avail TL = TRUE va bCTUboundary = TRUE, c4c phuong
trinh sau ding:

pSelDsY[ idx ] = (pY[-1][~1] +2* pY[0][-1] + (8-182)
pY[1][-1]+2)>>2

— Nguoc lai néu availTL = FALSE va bCTUboundary = FALSE, cac
phuong trinh sau dang:

pSelDsY[ idx ] = (pY[0][ -3 ]» +2*pY[0][ -2 ]+ pY[0][-1] +2)>>2

(8-183)

— Nguoc lai (availlTL = FALSE va bCTUboundary = TRUE), cac phuong
trinh sau dang:

pSelDsY[ idx ] =pY[0][-1] (8-184)

— Nguoc lai, cic phuong trinh sau dung:

— Néux>0:

— NéubCTUboundary = FALSE, c4c phuong trinh sau ding:

pSelDsY[idx |=(pY[2*x—1][2]+pY[2*x—1][-1]+
2*pY[2*x][2]+2%pY[2 *x ][-1]+ (8-185)
pY[2*x+1][-2]+pY[2*x+1][-1]+4)>>3

— Nguoc lai (bCTUboundary = TRUE), cac phuong trinh sau ding:

pSelDsY[idx | =(pY[2*x—1][-1]+2*pY[2 *x ][-1] + (8-186)
pY[2*x+1][-1]+2)>>2

— Ngugc lai:

— Néu availTL = TRUE va bCTUboundary = FALSE, cac phuong trinh sau
ding:

pSelDsY[idx |=(pY[—-1][2]+pY[—1][-1]+
2*pY[O][ -2 ]+ 2*pY[0][-1]+ (8-187)
pY[1][ -2 ]+ pY[1][-1] +4)>>3

— Nguogc lai néu availTL = TRUE va bCTUboundary = TRUE, cac
phuong trinh sau ding:
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pSelDsY[ idx | = (pY[ — 1 J[-1] + 2* pY[O][—1] + (8-188)
pY[1][-1]+2)>>2

— Nguoc lai néu availTL = FALSE va bCTUboundary = FALSE, céc
phuong trinh sau dung:

pSelDsY[ idx ] = (pY[0][ =2 ] + pY[0][-1] + 1) >>1 (8-189)

— Nguoc lai (availTL = FALSE va bCTUboundary = TRUE), cac phuong
trinh sau ding:

pSelDsY[ idx ] =pY[0][-1] (8-190)

6. Néu cntT+ cntL khong = 0, cic bién minY, max¥, minC va maxC dugc
suy ra nhu sau:

—Khi entT+entL = 2, thiét 1ap pSelComp[3] = pSelComp [0], pSelConp[2]
= pSelComp[1], pSelComp[0] = pSelComp [1], va pSelCompll] =
pSelComp[3], v6i Comp dugc thay thé bing DsY va C.

— Céac mang minGrpldx[] va maxGrpldx[] dugc thiét 18p dudi dang:
minGrpldx[0] = 0, minGrpldx[1] = 2, maxGrpldx[0] = 1, maxGrpldx[1] = 3.

—Néu pSelDsY [minGrpIdx[0]] > pSelDsY [minGrpldx[1]],
Swap(minGrpldx[0], minGrpldx[1]).

—Néu pSelDsY[maxGrpldx[0]] > pSelDsY[maxGrpldx[1]],
Swap(maxGrpldx[0], maxGrpldx[1]).

— Néu pSelDsY [minGrpldx[0]] > pSelDsY[maxGrpldx[1]],
Swap(minGrpldx, maxGrpldx).

_Néu  pSelDsY[minGrpldx[1]] >  pSelDsY[maxGrpldx[0]],
Swap(minGrpldx[1], maxGrpldx[0]).

—maxY = (pSelDsY[maxGrpldx[0]] + pSelDsY[maxGrpldx[1]] + 1) >> 1.

—maxC = (pSelC[maxGrpldx[0]] + pSelC[maxGrpldx[1]] + 1) >> 1.

—minY = (pSelDsY[minGrpldx[0]] + pSelDsY[minGrpldx[1]] + 1) >> 1.

— minC = (pSelC[minGrpldx[0]] + pSelC[minGrpldx[1]] + 1) >> 1.

7. Céc bién a, b, va k dugc suy ra nhu sau:

— Néu numSampL = 0, v numSampT = 0, cadc phuong trinh sau diung:

k=0 (8-208)

a=0 (8-209)
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b =1 << (BitDepthc — 1) (8-210)

— Nguoc lai, cdc phuong trinh sau dung:

diff = maxY — minY (8-211)

— Néu diff is not = 0, cic phuong trinh sau ding:
diffC = maxC — minC (8-212)

x = Floor(Log2(diff)) (8-213)

normDiff = ((diff << 4) >>x) & 15 (8-214)

x += (normDiff = 0) ? 1 : 0 (8-215)

y = Floor(Log2(Abs (diffC))) + 1 (8-216)

a = (diffC * (divSigTable[ normDiff ]| 8) + 2° ") >>y (8-217)

k=(B3+x-y)<1)?1:3+x-y (8-218)
a=(3+x—y)<1) ? Sign(a) *15 : a (8-219)
b=minC — ((a * minY) >> k) (8-220)

trong d6 divSigTable[] dugc xé4c dinh nhu sau:

divSigTable[]={0,7,6,5,5,4,4,3,3,2,2,1,1,1,1,0 } (8-221)

— Nguogc lai (diff = 0), cac phuong trinh sau ding:

k=0 (8-222)

a=0 (8-223)

b =minC (8-224)

8.  Cac mau du bio predSamples[x][y] v6i x=0.nTbW —1,y=0..
nTbH — 1 dugc suy ra nhu sau:

predSamples[x][y] = Clipl C(((pDsY[x][y] * a) >> k) + b) (8-225)

Céc vi du dugc md ta néu trén c6 thé duge dua vao nglt canh clia céac
phuong phap duge néu dudi ddy, ching han, cic phuwong phép tir 1900 va 2000,
c6 thé duge thuc hién & bd ma hoéa va/hodc bd giai ma video.

Fig.18A thé hién luvu d6 cua phuong phap xir Iy video 1y 1am vi du.
Phuong phap 1810 bao goém, & budc 1812, x4c dinh, dbi véi bién doi gitra khbi
video hién tai cta video von 13 khdi sic dd va biéu dién dugc mi héa cua video,
cac tham s cia CCLM dua trén cac mau sic dd duoc lya chon dua trén W
mAu lan c4n bén trén kha dung, W 13 sb nguyén. Phuong phap 1810 con bao

gbm, & budc 1814, thuc hién bién ddi dua trén viéc xac dinh.
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Fig.18B thé hién luu dd cua phuong phap xu Iy video ldy Iam vi du.
Phuong phap 1820 bao gdm, & budc 1822, xac dinh, dbi véi bién dbi gitra khébi
video hién tai ciia video vén 12 khéi sic d6 va biéu dién duoc mi héa cia video,
cac tham sb cia ché d6 du bdo CCLM dua trén cic mau sic dd dugc lua chon
dua trén H mAu 14n c4n bén trai kha dung cua khdi video hién tai. Phuong phap
1820 con bao gbm, & budc 1824, thuc hién bién ddi dua trén viéc xac dinh.

Fig.19A thé hién lru dd cta phuong phap xir ly video 1dy 1am vi du.
Phuong phéap 1910 bao gdm, & budc 1912, xac dinh, dbi voi bién dbi gitra khdi
video hién tai cia video vén 13 khéi sic d6 va bidu didn dugc ma héa cia video,
céc tham sb cia CCLM duya trén hai hodc bdn mau sic dd va/hodc cic mau do
sang tuong tmg. Phuong phap 1910 con bao gdm, & budc 1914, thuc hién bién
ddi dua trén viéc xac dinh.

Fig.19B thé hién luu dd cta phuong phap xir Iy video 14y lam vi du.
Phuong phéap 1920 bao gdm, & budc 1922, Iya chon, dbi véi bién dbi gitra khdi
video hién tai ctia video vbn 12 khdi sic dd va bidu dién dugc ma héa cta video,
cAc méu sic dd dua trén quy tc vi tri, cac mau sic do duge st dung dé suy ra
cac tham sb ciia CCLM. Phuong phap 1920 con bao gbm, & budc 1924, thuc
hién bién d6i dva trén viéc xac dinh. Trong vi du, quy tic vi tri x4c dinh dé lya
chon cic miu sic d6 dugc dat trong hang bén trén va/hodc cdt bén trai cla khéi
video hién tai.

Fig.20A thé hién luu dd cta phuwong phap xir ly video 1y lam vi du.
Phurong phap 2010 bao gdm céc budc, & bude 2012, xac dinh, déi véi bién dbi
gita khdi video hién tai ctia video vén 13 khéi sic d6 va biéu dién duge m3 héa
ctia video, céc vi tri ma & d6 cac mau do sang duoc giam kich thudc mau, trong
d6 cac mau do sang duoc giam kich thudc miu duoc st dung dé xac dinh cac
tham s6 ctia CCLM dua trén cac mau sic d6 va cac miu do sang dugc gidm
kich thuéc miu, trong d6 cac mau d6 sang duoc giam kich thudc mau & cac vi
tri twong tmg véi cac vi tri clia cac mau sic do dugc sir dung dé suy ra cac tham
sd ciia CCLM. Phuong phap 2010 con bao gom, & budc 2014, thuc hién bién
d6i dya trén viéc x4c dinh.

Fig.20B thé hién lwu d6 ctia phuong phép xir ly video ldy 1am vi du.
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Phuong phéap 2020 bao gdm, & bude 2022, xac dinh, ddi vé6i bién dbi gitra khbi
video hién tai ciia video von 13 khéi sic d6 va biéu dién dugc mi héa ciia video,
phurong phap suy ra cac tham s ctia CCLM nhé st dung cac miu sic d6 va céac
mAu dd sing dua trén diéu kién m3 héa dugc lién két v6i khéi video hién tai.
Phuong phap 2020 con bao gdm, & budc 2024, thuc hién bién dbi dua trén viée
xac dinh.

Fig.20C thé hién lvu dd cia phwong phdp xir Iy video ldy 1am vi du.
Phuong phap 2030 bao gdm, & budc 2032, x4c dinh, d6i v6i bién ddi gitta khbi
video hién tai ctia video vén 13 khéi sic do va biéu dién dugc mi héa cia video,
liéu c6 suy ra cic gia tri I6n nhit va/hodc cac gia tri nhd nhét cta thinh phan d6
sang va fhénh phén sic d@ duogc st dung dé sﬁy ra cc tham sé ciia CCLM dua
trén tinh khi dung cia khdi 14n c4n bén trai va khéi 1an can bén trén ctia khéi
video hién tai. Phwong phap 2030 con bao gbém, & budc 2034, thuc hién bién
d6i dua trén viéc x4c dinh.

4 Céc trién khai vi du cua sang ché

Fig.21A 1a so dd khi ciia thiét bi xir Iy video 3000. Thiét bi 3000 co thé
dugc st dung dé thuce hién mot hoic nhiéu phuong phép duge md ta & day.
Thiét bi 3000 c6 thé duoc lip vao dién thoai théng minh, may tinh bang, may
tinh, bd thu Internet van vat (Internet of Things, IoT), va v.v.. T hiét bi 3000 c6
thé bao gdbm mot hodc nhiéu bd xir Iy 3002, mdt hodc nhidu by nhd 3004 va
phin ctng xir ly video 3006. (Cac) bd xir Iy 3002 c6 thé dugc tao ciu hinh dé
thue hién mot hodc nhidu phuong phap (bao gdm, ma khong bi gi6i han &, cac
phuong phap nhu dugc thé hién trén cac hinh v& tir Fig.18 dén Fig.29C) duoc
mo ta theo sang ché. Bo nhé (cac bg nhg) 3004 co thé dugc sir dung dé luu trix
dir liéu va mé duogc st dung dé thuc hién cac phuong phép va cac k§ thuét
duoc mo ta & ddy. Phin ctng xir Iy video 3006 c6 thé duge sir dung dé thuc
hién, trong h¢é mach phén ctiing, mot s6 k¥ thuét duoc mo ta theo sang ché.

Fig.21B 1a vi du khéc cia so dd khéi ctia hé thdng xir 1y video trong d6 bdc
16 cac k¥ thuét c6 thé duoc thuc hién. Fig.21B 1a so dd khéi thé hién hé théng
xir Iy video 3100 14y 1am vi du trong d6 cac ky thuat khac nhau dugc boc 10 &

day c6 thé duoc thuc hién. Cac trién khai khac nhau c6 thé bao gdm mét sb
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hoic tAt ca cac thanh phin cta hé théng 3100. Hé théng 3100 c6 thé bao gdm
dau vao 3102 dé nhén ndi dung video. Nbi dimg video c6 thé dugc nhén & dinh
dang tho hoic khong nén, ching han, cic gia tri pixel da thanh phan 8 hoic 10
bit, hogic c6 thé & dinh dang nén hogc mi héa. Pau vao 3102 c6 thé 1 giao dién
mang, giao di¢n buyt ngoai vi, hodc giao dién luu trit. Cac vi du cua giao dién
mang bao gdm cac giao dién hitu tuyén ching han Ethernet, mang quang hoc
- thu dong (passive optical network, PON), v.v. vi c4c giao dién khong diy
chéng han giao dién Wi-Fi hoic té bao. ]

Hé théng 3100 c6 thé bao gdm bd phan m3 héa 3104 cé thé thuc hién cac
phuong phap ma héa hodc giai md khac nhau duge mo ta theo sang ché. B
phan ma hda 3104 c6 thé giam toc do bit tfung bﬁlh ctia video tir ddu vio 3102
dén dau ra ctia b6 phan ma héa 3104 dé tao bidu dién duge mi héa cia video.
Do vy, céc k¥ thudt ma héa doi lic duge goi 1a cac k§ thuit nén video hoic
chuyén m3 video. Du ra ctia bd phén m3 héa 3104 c6 thé duge Iwu triv, hoic
duogc ﬁ'uyén qua kénh truyén théng duoc kéi ndi, nhu duoc biéu dién béi thanh
phén 3106. Bidu dién dong bit dugc luu trir hodc duoc truyén thong (hodc duge
m3 héa) cia video dugc nhan & du vao 3102 cé thé dugc st dung bdi thanh
phin 3108 dé tao cAc gié tri pixel hodc video hién thi dugc ma duoc giri dén
giao dién hién thi 3110. Qua trinh tao video ngudi ding xem dugce tir biéu dién
dong bit d6i lic duge goi 13 gidi nén video. Ngoai ra, trong khi cac hoat dong
xur Iy video cu thé dugc goi 13 céc hoat dong hodc cic cong cu “m3 héa”, cin
hidu réng cac cong cu hodc cic hoat dong ma hoéa dugc sir dung & bd ma hda va
cac hoat dong hodc cac cong cu gidi ma twong tmg nguoc lai v6i cac két qua
ma hoa s€ dugce thuc hién bdi bd giai ma.

Céc vi du vé giao dién buyt ngoai vi hodc giao dién hién thi c6 thé bao gdm
buyt ni tiép da nang (universal serial bus, USB) hoic giao dién da phuong tién
dd nét cao (high definition multimedia interface, HDMI) hodc Displayport, va
v.v.. Cac vi du vé cac giao dién luu trit bao gdbm SATA (serial advanced
technology attaéhment), PCI, giao dién IDE, va tuong ty. Cac k§ thut duge
mo ta theo sang ché c¢6 thé dugc trién khai trong cac thiét bi dién tir khac nhau

ching han dién thoai di dong, may tinh x4ch tay, dién thoai théng minh hoic
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cac thiét bi khéc c6 thé thuc hién xir Iy dir liéu sé va/hodc hién thi video.

Theo mét sd phuong 4n thuc hién, cic phuong phdp mi héa video cé thé
dugc thuc hién nhd st dung thiét bi dugc trién khai trén nén tang phén cung
nhur duge mo ta dua vao Fig.30A hodc Fig.30B.

Céc k¥ thuat tot hon 14 duge dua vao cac phuong an thuc hién khac c6 thé
dugc mo ta nho str dung dinh dang dua trén ménh dé sau.

Tap hop ménh dé thir nhit mé ta cac ddu hiéu va cac k¥ thuét cu thé cia cac
k¥ thuit dugc bde 16 dugce liét ké trong ph.;ln trude do, bao gém, chéng han, Vi
duloval7.

1. Phuong phéap xur ly video, bao gﬁ@m cac budc: xac dinh, d6i voi bién dbi
gitra khéi video hin tai clia video vén 13 khéi sic 46 va bidu difn duoc mé héa
cuia video, cac tham sb dya trén cac miu sic do duge lua chon dua trén W miu
14n c4n bén trén kha dung, W 1a sb nguyén; va thuc hién bién dbi dua trén viéc
xac dinh.

2. Phuong phap theo ménh dé 1, trong d6 ché @6 du bao CCLM sir dung ché do
tuyén hinh @& suy ra cac gia tri du bao ciia thanh phin sic d6 tir thanh phin
khéc. , ,

3. Phuong phép theo ménh dé 1, trong d6 W dugc gan bang i) chidu rong cua
khbi video hién tai, ii) L 14n chidu rong ciia khéi video hién tai, L 13 s nguyén,
iii) tdng cua chiéu cao cua khéi video hién tai va chidu rong cta khdi video
hién tai, hodc iv) tdng ciia chiéu rong ctia khéi video hién tai va sd lwong céc
mau l4n cén trén bén phai kha dung.

4.. Phuong phép theo ménh dé 1, trong d6 W tiiy thudc vao tinh kha dung cua it
nhét mot trong khdi 1an can bén trén hodc khdi 1an cin bén trai cua khéi video
hién tai.

5. Phuong phap theo ménh dé 1, trong d6 W tity thudc vao ché d6 ma héa cua
khéi video hién tai.

6. Phuong phép theo ménh dé 3, trong d6 L ¢6 gia tri phu thudc vao tinh kha
dung cua khdi trén bén phai hoic mau trén bén trai duge dit lién ké khéi video
hién tai.

7. Phuong phap theo ménh dé 1, trong d6 cac mau sic do dugc lua chon dua
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trén gia tri do 1éch vi tri thr nhét (F) va gié tri bac (S) ma phu thuéc W.

8. Phuong phap theo ménh dé 7, trong d6 mau trén bén trai cé toa do (x0, y0)
va céc mau sic dd dugce chon cb cac toa dd (x0+F+KxS§, y0-1), K 1a s6 nguyén
gitra 0 va kMax.

9. Phuong phép theo ménh dé 7, trong d6 F = W/P hoic F = W/P + offset, P 13
s6 nguyén.

10. Phuong phap theo ménh dé 9, trong d6 F= W >> (2 + numlIs4T), trong d6
numls4T = 1 trong trudng hop c6 bén mau 1an cin dugc lwa chon trong hing
1an cén bén trén va nguge lai numls4T = 0, trong d6 ky hiéu >> duge dinh
nghia 12 ky hiéu dich phai s hoe. |

11. Phuong phap theo ménh d& 7, trong d6 S = W/Q, Q 12 s6 nguyén.

12. Phuong phap theo ménh dé 7, trong d6 S khong < 1.

13. Phuong phdp theo ménh d8 11 hoic 12, trong d6 S= Max(l,
W >> (1 + numls4T)), trong d6 numlIs4T = 1 trong truong hop cd bbén miu
1an can dugc lua chon trong hang 14n cén bén trén va ngugc lai numls4T = 0,
trong d6 ky hiéu >> dugc dinh nghia 13 ky hiéu dich phai sb hoc.

14. Phuong phép theo ménh @& 10 hoic 13, trong d6 numlIs4T = 1 trong trudng
hop ma cac miu lan c4n bén trén 13 kha dung, cac mau 14n cén bén trai 13 kha
dung, va khdi video hién tai duoc mi héa bing CCLM thong thudng khac véi
CCLM tht nhét st dung chi cac mau lan cén bén trai, va khac véi CCLM thir
hai st dung chi cac mau 1an cin bén trén. ,

15. Phuong phép theo ménh dé 7, trong d6 F = S/R, R 14 s6 nguyén.

16. Phuong phéap theo ménh & 7, trong d6 S = F/Z,7Z1a sd nguyén.

17. Phuong phap theo ménh dé bét ki trong cic ménh dé tir 8 dén 16, trong d6
it nhat mot trong Kmax, F, S, hodc offset tuy thudc vao ché d6 du bao cia khbi
video hién tai von 13 mét trong CCLM thir nhit st dung chi cAc mAu lan cin
bén trai, CCLM thir hai sir dung chi cac mau 14n cén bén trén, CCLM théng
thuong st dung ca cac mau 14n cdn bén trai va bén trén, hoic cac ché o khac
ma khac véi CCLM thir nhdt, CCLM thtt hai, vd CCLM théng thudng.

18. Phuong phép theo ménh dé bat ki trong cac ménh dé tir 8 dén 16, trong d6
it nhat mot trong Kmax, F, S, hodc offset tuy thudc vao chiéu rong va/hodc
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chiéu cao cua khéi video hién tai.

19. Phuong phéap theo ménh d& bit ky trong cac ménh d tir 8 dén 16, trong dé
it nhat mot trong Kmax, F, S, hodc offset ty thudc vao cac tinh kha dung cia
c4c mau lan cén.

20. Phuong phép theo ménh dé bét ky trong cac ménh dé tir 8 dén 16, trong d6
it nhit mot trong Kmax, F, S, hoic offset tiy thudc vao W.

21. Phuong phép xir 1y video, bac gdm céc budc: xac dinh, ddi véi bién dbi
gitra khéi video hién tai ctia video vén 13 khdi sic d6 va biéu dién dugc ma héa
ctia video, cac tham s6 cta ché d6 du bao CCLM dua trén cac miu sic do duoc
lua chon dwa trén H mau 14n cin bén trai kha dung cta khéi video hién tai; va
thyre hién bién ddi dya trén viée x4c dinh.

22. Phuong phép theo ménh d& 21, trong d6 ché do dir bao CCLM sir dung ché
do6 tuyén tinh dé suy ra céc gia tri du bdo cia thanh phin sic do tir thanh phin
khac.

23. Phuong phap theo ménh dé 21, trong d6 H duoc gan bing mot trong 1)
chiéu cao ctia khdi video hién tai, ii) L 14n chiéu cao cia khéi video hién tai, L
13 s6 nguyén, iii) tdng ciia chidu cao cta khdi video hién tai va chiu rong cua
khéi video hién tai, hodc iv) tbng cia chiéu cao clia khdi video hién tai va sb
lwong mAu 14n c4n dudi bén trai kha dung.

24. Phuong phép theo ménh dé 21, trong d6 H tity thudc vao tinh kha dung cia
it nhit mot trong khdi 14n c4n bén trén hodc khdi 1an can bén trai cia khoi
video hién tai. |

25. Phuong phép theo ménh d 21, trong d6 H tuy thude vio c_hé d0 ma hoéa
ctia khéi video hién tai. |

26. Phuong phép theo ménh dé 23, trong d6 L ¢6 gié tri phu thudc vao tinh kha
dung ciia khéi duéi bén trai hodc mau dudi bén trai duoc dat 1ién k& voi khdi
video hién tai.

27. Phuong phéap theo ménh dé 21, trong d6 cac mau sic do duoc lua chon dua
trén gia tri do 1&ch vi trf thir nhit (F) va gia tri bac (S) ma phu thude H.

28. Phuong phap theo ménh dé 27, trong ¢6 miu trén bén trai c6 toa do (x0, y0)

va cac mau sic do dugc chon c6 cac toa d6 (x0-1, yO+F+KxS), K 1a sb nguyén
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gitra 0 va kMax.

29. Phuong phap theo ménh dé 27, trong d6 F = H/P hoic F = H/P + offset, P 13
s6 nguyén.

30. Phuong phap theo ménh dé 29, trong 6 F=H >> (2 + numls4L), trong d6
numls4L = 1 trong truong hop ma co bdn mau 14n cén duge lira chon trong cot
14n cén bén trai; ngugce lai n6 = 0.

31. Phuong phép theo ménh dé 27, trong d6 S = H/Q, Q 14 s6 nguyén.

32. Phuong phap theo ménh dé 27, trong d6 S khong < 1.

33. Phwong phdp theo ménh d& 31 hoic 32, trong d6 S= Max(l,
H >> (1 + numls4L)), trong d6 numlIs4L = 1 trong trudng hop c6 bén miu lan
can duogc lra chon trong cot 1an cén bén trai va ngugc lai numls4L = 0.

34. Phuong phap theo ménh dé 30 hoic 33, trong d6 numIs4L =1 trong trudng
hop ma cac mau 14n cn bén trén 1a kha dung, céac mAu 14n cén bén trai 13 kha
dung, va khéi video hién tai dugc ma héa bing CCLM thong thudong khac véi
CCLM thir nhét sir dung chi cac mau 14n c4n bén trai, va khac véi CCLM thir
hai str dung chi cac mAu 14n can bén trén. ,

35. Phuong phap theo ménh d& 27, trong d6 F = S/R, R 14 56 nguyén.

36. Phuong phap theo ménh dé 27, trong d6 S =F/Z, Z 14 s6 nguyén.

37. Phuong phap theo ménh d& bét ky trong cic ménh dé tir 28 dén 36, trong
d6 it nhat mot trong Kmax, F, S, hodc offset tuy thudc vao ché @6 du béo cia
khéi video hién tai vén 12 mot trong CCLM thir nhét sir dung chi cac mau lan
can bén trai, CCLM thir hai sir dung chi cidc mau lan cin bén trén, CCLM
thong thudng nhd sit dung ca cac miu 14n cin bén tri va bén trén, hoic cac _
ché d6 khac ma khac v6i CCLM thir nhit, CCLM tht hai, vd CCLM théng
thuong.

38. Phuong phap theo ménh d& bét ki trong cic ménh dé tir 28 dén 36, trong
d6 it nhat mot trong Kmax, F, S, hoic offset tuy thudc vao chiéu rong va/hodc
chidu cao ctia khéi video hién tai.

39. Phuong phéap theo ménh dé bét ky trong cac ménh dé tir 28 dén 36, trong
d6 it nhat mot trong Kmax, F, S, hoic offset ty thudc vao H.

40. Phuong phap theo ménh d& bt ky trong cac ménh dé tir 28 dén 36, trong
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d6 it nhat mot trong Kmax, F, S, hoic offset tiy thudc vao cic tinh kha dung
cla cac mau l1an cén.

41. Phuong phap theo ménh dé 21, trong d6 H dugc gan bang tdng ctia chidu
cao cua khéi video hién tai va chidu rong cta khdi video hién tai trong trudng
hop ma khéi 14n cén trén bén phai cia khéi video hién tai 12 kha dung.

42. Phuong phép theo ménh dé 21, trong d6 trong trudng hop ma cic mau lan
can bén trai 12 khong kha dung, cic miu sic d6 dugc chon ¢ chidu cao H bét
ké 1idu khéi video hién tai c6 CCLM thtr nhit sir dung chi cdc miu 14n c4n bén
trén hay khong.

43. Phuong phap theo ménh dé 1, trong d6 W dugc gan bing téng ciia chidu
cao cua khdi video hién tai va chiéu rong cua khdi video hién tai trong trudng
hop ma khéi 1an can dudi bén trai ciia khédi video hién tai 12 kha dung.

44. Phuong phép theo ménh @ 1, trong d6 trong truong hop ma cac miu Ian
can bén trén 1a khong kha dung, cac mau sic do duge chon c6 s ler,)ng W bt
ké liéu khdi video hién tai c6 CCLM thir nhit sir dung chi c4c mAu 14n cin bén
trai hay khong. _
45. Phuong phép theo ménh d@ bét ky trong cac ménh dé tir 1 dén 44, trong d6
viéc thyuc hién bién ddi bao gf‘)m tao biéu dién dugc m3 hoa tir khodi hién tai.
46. Phuong phép theo ménh d8é bt ky trong cac ménh dé tir 1 d&én 44, trong do
viéc thyuc hién bién ddi bao gém tao khoi hién tai tir biéu dién dugc ma hda.

47. Thiét bi trong hé thdng video bao gdm bd xir Iy va bd nhé bat bién c6 cc
1énh trén d6, trong d6 cac 1énh khi thuc thi bang bd xt 1y, khién bd xir 1y thuc
hién phuong phép theo mot trong cic ménh dé tir 1 dén 46.

48. San pham chwong trinh may tinh dugc luu trit trén phuong tién may tinh
doc duoc bét bién, san phim chuong trinh méy tinh bao gdm m3 chuong trinh
@& thyuc hién phrong phép theo mot trong cac ménh d tir 1 dén 46.

Tép hop thtr hai theo cac ménh dé mod ta cac ddu hiéu va cac khia canh cu
thé cua cac k¥ thuédt duge boc 10 duge liét ké trong phén trude do, bao gém,
chéng han, cac Vi dul8valo9.

1. Phuong phap xi Iy video, bao gdm: x4c dinh, ddi vé6i bién dbi gitra khéi

video hién tai ctia video von 1a khoi sac do va bi€u dien dugc ma hoa cua video,
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cac tham sb ctia CCLM dua trén hai hodc bdn mau sic d6 vi/hoic cac mau do
sang tuong tng; va thuc hién bién dbi dua trén viée xac dinh.
2. Phuong phéap theo ménh dé 1, trong d6 cic miu do sing twong tmng thu
duoc bang cach giam kich thuéc miu.
3. Phuong phap theo ménh dé 1, trong d6 maxY, maxC, minY, va minC dugc
suy ra trugce va dugc st dung dé suy ra cac tham sb..
4. Phuong phap theo ménh d& 3, trong d6 cac tham sd dugc suy ra dua trén
cach tiép c4n hai diém.
5. Phuong phép theo ménh dé 3, trong d6 hai mau sic d6 dugc lua chon dé suy
ra maxY, maxC, minY, va minC, va trong d6 minY dugc gan bing gi4 tri mau
d6 sang nhé hon, minC 13 gi4 tri miu sdc do twong Gmg ctia né, maxY dugc gin
bing gi4 tri mAu d6 sang 16n hon, va maxC 13 gi tri mAu sic 6 twong tmg ciia
no.
6. Phuong phéap theo ménh d& 3, trong d6 bén méu sic do dugc Iua chon dé
suy ra maxY, maxC, minY, va minC, va trong do bdn miu sic dd va cic mau
d6 sang tuong tng duoc phan chia thanh hai mang GO va G1, mdi mang bao
gbm hai miu sic d6 va cac miu do sang trong tng.
7. Phuong phép theo ménh dé 6, trong d6 hai mang GO va G1 bao gdbm mét
trong cac tap hop sau:

1) G0={S0, S1}, G1={S2, S3},

il) G0={S1, S0}, G1={S3, S2},

ii1) GO={S0, S2}, G1={S1, S3},

iv) G0={S2, S0}, G1={S3, S1},

v) GO0={S1, S2}, G1={S0, S3},

vi) G0={S2, S1}, G1={S3, SO},

vii) GO={S0, S3}, G1={S1, S2},

viii) GO={S3, S0}, G1={S2, S1},

ix) G0={S1, S3}, G1={S0, S2},

x) GO={S3, S1}, G1={S2, S0},

xi) GO={S3, S2}, G1={S0, S1}, or

xii) GO={S2, S3}, G1={S1, SO0}, va
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trong d6 SO, S1, S2, S3 bao gdm bdn méu sic d, mdt cich l4n lrot, va
‘cOn bao gdm cac mau dd sang turong g, mot cach 14n luot.
8. Phwong phap theo ménh d 7, trong d6 khi so sanh hai gi4 tri miu d sang
GO[0] va GO[1], mAu sic d6 va mAu do sang twong ng cia GO[0] bi hodn ddi
voi cac gia tri cda GO[1].
9. Phwong phép theo ménh dé 8, trong d6 miu sic d6 va miu do sing twong
tng ctia GO[0] bi hoan ddi véi cac gia tri cia GO[1] trong trudng hop ma gia tri
mau do sang ctia GO[0] 16n hon gi4 tri mAu do sang cia GO[1].
10. Phuong phép theo ménh d& 7, trong d6 khi so sanh hai gi4 tri mau do sang
ctia G1[0] va G1[1], mAu sic d6 Va mau d6 sang twong tmg ciia G1[0] bi hoan
dbi vdi cac gia tri cia GI[1].
11. Phwong phép theo ménh dé 10, trong d6 miu sic do va miu do sang tuong
tng cia G1[0] bi hoan dbi véi cac gia tri cia G1[1] trong trudng hop ma gia tri
mAu dd sang cia G1[0] 16n hon gi4 tri miu dd sang ctia G1[1].
12. Phuong phép theo ménh d 6, trong d6 khi so sanh hai gi4 tri miu do sang
ctia GO[0] va G1[1], c4c mAu sic d6 va cac mau do sang tuong tmg clia nd ciia
GO bi hoan dbi véi cac gia tri cia G1.
13. Phuong phép theo ménh d 12, trong d6 cac miu sic dd va cac miu do
sang twong tmg ctia n6 ctia GO bi hoan dbi véi cac gia tri cia G1 trong trudng
hop ma gia tri miu do sang ctia GO[0] 16m hon gi tri mAu do sang cta G1[1].
14. Phuong phép theo ménh dé 7, trong d6 khi so sanh hai gi4 tri m3u d6 sang
ciia GO[1] va G1[0], miu sic d6 Va miu do sang twong tmg ctia GO[1] bi hoan
di vdi cac gia tri cua G1[0].
15. Phuong phéap theo ménh d& 14, trong d6 miu sic do va miu do séng tuong
mg ctia GO[1] bi hoan dbi véi cac gia tri ctia G1[0] trong trudng hop ma gia tri
mau do sang cia GO[1] 16n hon gi4 tri mAu d6 sang cua G1[0].
16. Phuong phép theo ménh dé 7, trong d6 khi so sanh hai gia tri mau do sang
cia GO[0], GO[1], G1[0], va G1[1], c4c hoat dong hoan ddi dugc tién hanh cé
chon loc theo tha tu: i) hoat dong hoan dbi cia mau sic do va mau do sang
tuong tng cia GO[0] v6i cac gia tri cua GO[1], ii) hoat dong hoén dbi ctia miu

sic d6 va miu d6 sang twong ung ctia G1[0] véi cac gia tri ciia G1[1], iii) hoat
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dong hoan doi ctia cac mau sic dd va cac miu do sdng tuong Gng cla né clia
GO vdi cac gia tri cia G1, va iv) hoat dong hoén dbi ciia miu sic do va mau do
sang tuong ung cua GO[1] vai céc gia tri cia G1[0].

17. Phwong phép theo ménh d& 7 hoidc 16, trong d6 maxY duge tinh ton dya
trén téng ciia gia tri trung binh cla cac gi4 tri miu d6 sang cia G1[0] va G1[1],
va maxC dugc tinh toan diwa trén tdng cia cic gia tri miu sic do G1[0] va
-GI1[1].

18. Phuong phap theo ménh d& 7 hodc 16, trong d6 maxY dugc tinh todn dua
trén gi4 tri trung binh ciia cac gia tri mau do sang ctia G1[0] va G1[1], va maxC
duge tinh toan dwa trén gid tr trung binh ciia cac gia tri mAu sic dd ctia G1[0]
vaGli[l].

19. Phuong phép theo ménh dé 7 hoic 16, trong d6 minY duogc tinh toan dua
trén tong ciia cac gia tri miu do sang ctia GO[0] va GO[1], va minC dugc tinh
toan dya trén tng cta cac gia tri miu sdc do cta GO[0] va GO[1].

20. Phuong phap theo ménh dé 7 hodc 16, trong d6 minY dwgc tinh to4n dua
trén gia tri trung binh ciia cc gia tri mau dd sang ctia GO[0] va GO[1], va minC
duge tinh toan dwa trén gia tri trung binh ciia cac gia tri mau sic do ctia GO[0]
va GO[1].

21. Phuong phép theo ménh d& bat ky trong cac ménh dé tir 17 dén 20, trong
do6 cac phép tinh todn maxY va maxC hodc cac phép tinh toan minY va minC
duoc tién hanh sau khi mot trong cac hoat dong hoan ddi duoc thue hién khi so
sanh hai gia tri miu do sang ctia GO[0], GO[1], G1[0] va G1[1], trong d6 cac
hoat dong hoén ddi bao gém: 1) hoat dong hoan dbi cia miu sic do va maiu do
sang tuong tng cua G1[0] v6i céac gia tri ctia G1[1], i1) hoat dong hoédn d6i cia
cac mAu sic do va cac miu do sang tuong tmg ctia né ciia GO véi cac gia tri cia
G1, iii) hoat dong hoan ddi cia mau sic d6 va miu do sang tuwong tng clia
GO[1] v6i céc gia tri caa G1[0], hodc iv) hoat dong hoan ddi cia cac mau sic
d6 va cac mau do sang twong ung ciia GO[0] v6i cac miu ctia GO[1].

22. Phuong phap theo ménh @& 1, trong d6 trong trudng hop ma chi cé hai miu
sic d6 13 kha dung, hoat dong dém dugc thuc hién trén hai miu sic d6 kha

dung dé€ tao bon mau sac do, va bon mau do sang twong Gtmg bao gom hai mau
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d6 sang kha dung va hai miu d6 sing dém duoc sao chép tir hai miu d6 sing
kha dung.

23. Phuong phap theo ménh dé 22, trong d6 bén miu sac d6 bao gdm hai miu
sic d6 kha dung va hai mau sic do dém dugc sao chép tir hai mau sic d6 kha
dung.

24. Phuong phép theo ménh dé 7, trong d6 SO, S1, S2, S3 13 cac mau sic d6 va
c4c mau do sang twong Ung duoc lua chon theo thir tu cu thé trong hang bén
trén vi/hodc cot bén tréi clia khéi video hién tai.

25. Phuong phép xt 1y video, bao gdm céc buéc: Iya chon, dbi véi bién ddi
gifra khéi video hién tai cfla video Vén 12 khéi sic d6 va biéu dién duoc ma hoa
cua video, ééé mau sic dé dira trén quy tic vi trd, cac mﬁﬁ sdc d6 duge sir dung
dé suy ra cac tham s6 cia CCLM; va thyc hién bién dbi dya trén viée x4c dinh,
trong d6 quy tac vi tri xac dinh dé lira chon cac méu séc do duge dit trong hang
bén trén va/hodc cOt bén trai ctia khdi video hién tai.

26. Phuong phap theo ménh dé 25, trong d6 hang bén trén va cot bén trai c6 W
mAu va H mAu, mot cach 1an lwot, W va H 14n luot 13 chiéu rong va chiéu cao
ctia khéi video hién tai.

27. Phuong phap theo ménh dé 26, trong d6 quy tic vi tri dugc 4p dung cho
khéi video hién tai duoc m3 héa véi ché 0 CCLM thong thudng khac véi ché
do CCLM tha nhét ma st dung chi cac mAu 14n c4n bén trén dé suy ra cac tham
s6 ctia CCLM va tir ché d6 CCLM thtr hai ma sir dung chi cac méu 14n c4n bén
trai dé suy ra cac tham s6 ctia CCLM.

28. Phuong phép theo ménh d 26, trong d6 quy tic vi tri xac dinh dé Iyra chon
cac mau sic dd dugc dit trong hang bén trén va hang trén bén phai ctia khéi
video hién tai.

29. Phwong phap theo ménh dé 28, trong d6 hang bén trén va hang trén bén
phai 13n luot c6 W miu va H miu, W va H 1an luot 13 chiéu rong va chiéu cao
ctia khdi video hién tai.

30. Phuong phap theo ménh dé 28, trong d6 chi cic mau kha dung trong hang
bén trén va hang trén bén phai dugc lua chon.

31. Phuong phap theo ménh dé 28, trong d6 quy tic vi tri duge 4p dung cho
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khéi video hién tai duoc m3 héa véi ché d6 CCLM thir nhit ma st dung chi cac
maAu 14n can bén trén dé suy ra cic tham sb ctia CCLM.
32. Phuong phéap theo ménh dé 28, trong d6 quy tic vi tri dugc 4p dung cho
truong hop ma hang phia trén 1a kha dung va cot bén trai khdng kha dung va
rang khéi video hién tai duoc m3 hoéa bang ché d6 CCLM thong thudng khic
v6i ché 30 CCLM thir nhit ma st dung chi cic mau 14n cin bén trén dé suy ra
cac tham s cia CCLM va tir ché d6 CCLM thir hai ma sir dung chi cic mau
14n c4n bén trai dé suy ra cac tham sé ctia CCLM.
33. Phuong phéap theo ménh dé bét ky trong cac ménh dé tir 26 dén 32, trong do6
numSampT duoc thiét 1ap dya trén quy tic xac dinh rang numSampT duoc gan
bang nTbW frong trLrEmg hop ma c4c miu 14n cin bén trén 13 kha dung va
numSampT duoc gan biang 0 trong trudmg hop ma cac mau lan cén bén trén
khong kha dung, va trong d6 numSampT 13 sé lueng cic miu sic dd trong
hang 14n c4n bén trén dugc sir dung dé suy ra cac tham s cia CCLM va
nTbW 13 chidu rong ctia khéi video hién tai.
34. Phuong phap theo ménh d& 33, trong d6 quy tic dugce ap dung cho khéi
video hién tai dugc m3 héa véi ché do CCLM thong thudong khac véi ché do
CCLM thir nhit ma str dung chi cic miu lan c4n bén trén dé suy ra CCLM va
tir ché 46 CCLM thtr hai ma st dung chi cic mau l4n cin bén trai dé suy ra cac
tham s6 cia CCLM.
35. Phuong phap theo ménh d8 bt ky trong cac ménh d@ tir 26 dén 32, trong d6
numSampT dugc thiét 1ap dua trén quy tic x4c dinh ring numSampT dugc gan
“béng nTbW + Min(numTopRight, nTbH) trong truong hop ma cic mau lan cin
bén trén 13 kha dung va khdi video hién tai duoc ma héa bing ché 6 CCLM
thtr nhit ma st dung chi cdc mau 1an c4n bén trén dé suy ra cac tham sb cua
CCLM, va ngugce lai numSampT duogc gan bang 0, va trong d6 numSampT la
s6 lugng mAu sic d6 trong hang 1an can bén trén dugc sir dung dé suy ra cac
tham s6 ctia CCLM, nTbW va nTbH 14n luot 13 chiéu rong va chiéu cao cua
khéi hién tai, va numTopRight 1a s6 luong mAu 14n c4n trén bén phai kha dung.
36. Phuong phép theo ménh dé 25, trong d6 quy tic vi tri xac dinh dé lwa chon

cac mAiu sic dd duoc dit trong cot bén trai va cdt dudi bén trai cta khoi video
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hién tai.

37. Phuong phép theo ménh dé 36, trong d6 cot bén trai va cdt dudi bén trai 1An
lugt c6 H mau va W miu, W va H 14n luot 13 chiéu rong va chiéu cao cta khéi
video hién tai.

38. Phuong phap theo ménh dé 36, trong d6 chi cic miu kha dung trong cot
bén trai va ¢t dudi bén trai dugc lua chon.

39. Phuong phap theo ménh d& 36, trong d6 quy tic vi tri duge ap dung cho
khdi video hién tai dugc ma héa véi ché 46 CCLM thir hai ma sir dung only
cac mau 1an c4n bén trai dé suy ra cac tham sb cia CCLM.

40. Phuong phap theo ménh dé 36, trong dé quy ‘téc vi tri dugc ap duﬁg cho
truong hop ma hang bén trén khong kha dung v cot bén trai 13 kha dung va
- khéi video hién tai dugc m3 hoa bang ché ¢ CCLM thong thuong khac véi
ché 46 CCLM thtr nhit ma sit dung chi cic mau 14n c4n bén trén dé suy ra cac
tham sb cia CCLM va tir ché do CCLM thir hai ma str dung chi cac miu lan
c4n bén trai dé suy ra cac tham sb ciia CCLM.

41. Phuong phap theo ménh d bit ky trong cac ménh dé tir 36 dén 40, trong
d6 numSampL duoc thiét 1ap dua trén quy tic xac dinh ring numSampL duoc
g4n bang nTbH trong trudng hop ma cic miu 1an cén bén trai 12 kha dung va
nguoc lai numSampL duoc gan bang 0, va trong dé numSampL 13 s§ luong
mau sic do bén trong cot 1an cadn bén trai dugc st dung dé suy ra cac tham sb
ctia CCLM va nTbH 1a chiéu cao cta khdi video hién tai.

42, Phwong phap theo ménh d& 41, trong d6 quy tic dugc ap dung cho khédi
video hién tai dugc mi hoa véi ché @6 CCLM théng thuong khac véi ché do
CCLM thtr nhit ma sir dung chi cdc mAu 14n cdn bén trén dé suy ra cac tham sé
ctia CCLM va tir ché §6 CCLM tht hai ma st dung chi cac mau l4n cén bén
trai dé suy ra cac tham sb cia CCLM.

43. Phuong phap theo ménh d& bit ki trong cac ménh dé tir 36 dén 40, trong d6
numSampL duoc thiét 1ap dua trén quy tic x4c dinh ring numSampL duoc gan
bang nTbH + Min(numLeftBelow, nTbW) trong trudng hop ma cic mau lan
can bén trai 13 kha dung va khéi video hién tai dugc m3 héa béng ché o

CCLM thir hai ma st dung chi c4c mau 14n cin bén trai d€ suy ra cac tham sb
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cia CCLM va nguoc lai numSampL dugce gan bang 0, va trong dé numSampL
1a sb lugng cac mau sic do trong cOt 14n cén bén trai dugce st dung dé suy ra
cc tham sb cia CCLM, nTbW and nTbH lan luot 13 chiéu rong va chiéu cao
ctia khdi hién tai, va numLeftBelow 13 ) lugng cac mau 14n cdn dudi bén trai
kha dung.

44. Phuong phap theo ménh d& bit ky trong cac ménh d tir 25 dén 43, trong d6
cac mau do sang twong Ung v&i cac mau sic do duoc chon dugc sit dung dé suy
ra cic tham s6 cia CCLM. |

45. Phuong phép theo ménh dé 44, trong d6 cac mau d6 sang dugc suy ra bing
cach giam kich thuéc maiu. . ' '

46. Phuong phéap theo ménh dé bét ky trong c4c ménh dé tir 1 dén 45, trong d6
viéc thuc hién bién d6i bao gdm tao biéu dién duoc ma héa tir khdi hién tai.

47. Phuong phép theo ménh dé bét ky trong cac ménh dé tir 1 dén 45, trong d6
viéc thuc hién bién dbi bao g6n1 tao khéi hién tai tir biéu dién dugc mi hoa.

48. Phuong phép theo ménh dé bit ky trong cac ménh @& tir 1 dén 47, trong dé
CCLM d3 sir dung cdc miu thanh phan d6 sang cing vi tri duoc giam kich
thudc mau dé suy ra cac gia tri du bao cua cac mau thanh phén sic d0 cia khéi
‘'hién tai dira trén m6 hinh tuyén tinh bao gém cac tham sb ctia CCLM.

49. Thiét bi trong hé théng video bao gdm bd xi 1y va bd nhé bt bidn c6 cac
1énh trén d6, trong d6 cac 1énh khi thuc thi béng bd xir 1y, khién bd xir ly thuc
hién phuong phép theo mot trong cdc ménh dé tir 1 dén 48.

50. Sén phérri chuong trinh may tinh dugc luu trit trén phuong ﬁén may tinh
doc dugc bat bién, san phdm chuong trinh may tinh bao gdm ma chuong trinh
dé thuc hién phuong phép theo mot trong cac ménh d tir 1 dén 48.

Tap hop tht ba theo cac ménh dé mé ta cac du hiéu va cac khia canh cu
thé cta cac ky thuat duoc boc 16 duoc liét ké trong phan trude d6, bao gbm,
chang han, cac vi du 20, 21, 22.

1. Phuong phép xtt Iy video, bao gdm cac budc: xac dinh, dbi véi bién dbi gitra
khdi video hién tai ctia video vén 14 khéi sic dd va biéu dién duoc ma héa cia
video, cc vi tri & d6 cac mAu do sang dugc giam kich thudc mau, trong d6 cac

mau dé sang duoc giam kich thuéde mau duoc st dung dé xac dinh cac tham s6
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ctia CCLM duya trén cic mau sic d6 va cac miu do sang dugc giam kich thuée
mAu, trong d6 cic miu d6 sang duge giam kich thuéc maiu & cac Vl tri tirong
urng vai cac vi tri cla cac mau sic do dugc st dung dé suy ra cac tham sb cua
CCLM,; va thuc hién bién ddi dva trén viéc xac dinh.

2. Phuong phép theo ménh dé 1, trong d6 cac miu do sang khong bi gidm
kich thuéc miu & vi tri nim ngoai khdi video hién tai va khong dugc sir dung
& xéc dinh c4c tham s6 cia CCLM.

3. Phuong phép xir Iy video, bao gdm: x4c dinh, d6i voi bién dbi gitta khéi
video hién tai ctia video vdn 12 khéi sic d6 va biéu dién dugec mi héa cua video,
phuong phap suy ra cac tham s6 cia CCLM nho sir dung cac mAu sic do va céc
mau dd sang dua trén didu kién m3 hoa duogc lién két v6i khéi video hién tai; va
thyre hién bién ddi dua trén viée x4c dinh.

4. Phuong phép theo ménh dé 3, trong d6 diéu kién ma héa twong ung véi dinh
dang mau cta khéi video hién tai.

5. Phuong phap theo ménh de 4, trong d6 dinh dang mau 1a 4:2:0 hodc 4:4:4.
6. Phuong phap theo ménh d& 3, trong d6 diéu kién ma héa tuong Gng véi
phuong phép biéu dién mau cia khéi video hién tai.

7. Phuong phép theo ménh dé 6, trong d6 phuong phap biéu dién mau 1a
RGB hoic YCbCr.

8. Phuong phap theo ménh dé 3, trong d6 cic mau sic do dugc giam kich
thuéc mau va viée xac dinh tiy thudc vao céc vi tri cta cac miu sic do duoc
giam kich thuéc mau. |

9. Phuong phéap theo ménh dé 3, trong d6 phuong phéap dé suy ra cac tham s6
bao gém x4c dinh cac tham sb cia CCLM dua Hén cac mau sic dd va cac mau
d6 sang dugc lua chon tir nhom mau sic d6 14n cin dua trén quy tac vi tri.

10. Phuong phép theo ménh dé 3, trong dé phuong phép dé suy ra cc tham sb
bao gdm buée x4c dinh cac tham sé cia CCLM dua trén cac gia tri 16n nhét va
nhé nhét ciia cic miu sic dd va cac mau do sang.

11. Phuong phép theo ménh dé 3, trong d6 phuong phép dé suy ra cac tham sd
bao g@)m xac dinh cac tham s6 ctia CCLM c6 thé hoan toan xac dinh duoc bé"mg

hai mau sic dd va hai mau mau do sang tuong ng.
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12. Phuong phéap theo ménh d& 3, trong d6 phuong phap dé suy ra cac tham sb
bao gdm x4c dinh c4c tham s§ cia CCLM nhd sit dung bang tham s ¢ céc
muc dugc truy xuit theo hai gia tri mau sic d6 va hai gia tri miu d6 sang.

13. Phuong phap xir Iy video, bao gdm cac buéc: xac dinh, dbi véi bién dbi
gitta khdi video hién tai ctia video v6n 12 khéi sic do va biéu dién dugc ma héa
ctia video, liéu c6 suy ra cac gia tri 16n nhat va/hodc cac gia tri nho nhéit cia
thanh phén d6 sang va thanh phé‘m sic do dugc st dung dé suy ra cac tham s6
cua CCLM duya trén tinh kha dung cia khéi 14n cin bén trai va khéi 1an cin bén
trén cta khdi video hién tai; va thuc hién bién ddi dva trén viéc x4c dinh,

14. Phuong phap theo ménh dé 13, trong d6 cac gia tri 16n nhét va/hodc cc gia
tri nhé nhit khéng dugc suy ra trong truong hop ma khdi 14n cén bén trai va
khéi 14n cén bén trén 13 khong kha dung.

15. Phuong phép theo ménh dé 13, trong d6 viéc xac dinh s& xac dinh dua trén
sb luong mAu 14n can kha dung cia khéi video hién tai, va trong d6 cAc mau lan
can kha dung dugc st dung dé suy ra cac tham s ctia CCLM.

16. Phuong phap theo ménh d& 15, trong d6 cac gia tri 16n nhat va/hoic céc gia
tri nhé nhdt khong dugc suy ra trong truong hop numSampl == 0 va
numSampT == 0, numSampL va numSanipT chi bao s6 luong mau 1an can kha
dung tr khdi 14n cin bén trai va sb lugng mAiu 1an cin kha dung tir khdi 1an can
bén trén, mot cach 14n luot, va trong d6 cac mAu lan cin kha dung tir khéi 1an
can bén trai va cac mau lan cin kha dung tir khdi 14n can phia trén dugc st
dung dé suy ra cac tham sé cia CCLM. v

17. Phuong phap theo ménh dé 15, trong d6 céc gia tri 16n nhét va/hodc cac gia
tri nhé nhit khong duoc suy ra trong trudng hgp numSampL + numSampT ==
0, numSampL va numSampT chi bao sb lugng mAu l4n cin kha dung tir khdi
14n c4n bén trai va sb lugng mAu 14n c4n kha dung tir khéi 14n can bén trén, mot
c4ch 14n luot, va trong d6 cic mau 1an cin kha dung tir khéi 14n can bén trai va
cac mau lan cin kha dung tir khdi 1an can phia trén dugc st dung dé suy ra cac
tham s6 cia CCLM.

18. Phwong phép theo ménh dé bét ky trong cac ménh d& tir 1 dén 17, trong d6

viéc thuc hién bién d6i bao gdm tao biéu dién duge ma héa tir khoi hién tai.
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19. Phuong phép theo ménh d& bit ky trong cic ménh dé tir 1 dén 17, trong d6
viéc thuc hién bién ddi bao gém tao khéi hién tai tir biéu dién dugc ma héa.
20. Thiét bi trong hé théng video bao gdm bo xir If va bd nhé bt bién cé cac
1énh trén do, trong d6 cac 1énh khi thuc thi bang bd xir 1y, khién bd xtr 1y thuc
hién phuong phap theo mdt trong cac ménh dé tir 1 dén 19.
21. San phim chuong trinh may tinh dugc lru trit trén phuong tién may tinh
doc duge bt bién, san phdm chwong trinh may tinh bao gdm m3 chuong trinh
dé thuc hién phuong phap theo mdt trong cac ménh dé tir 1 dén 19.
Tap tha tu theo cac ménh d& mo ta cac ddu hiu va céc khia canh cu thé cua

cac k¥ thuat dugc boc 10 dugce liét ké trong phén trudce do.
1. Phuong phap xtt ly video, bao gdm cac budc: xéc dinh, d6i véi khdi video
hién tai bao gém khdi sic dd va dua trén hai hoic nhiéu mau sic do, tap hop
c4c gia tri cho c4c tham sé ciia mo hinh tuyén tinh, trong d6 hai hoic nhiéu
mau sic do dugc chon tir nhém cac miu séc do 1an can dén khéi sic d6; va tai
tao, dua trén mo hinh tuyén tinh, khéi video hién tai.
2. Phuong phap theo ménh dé 1, trong d6 mAu trén bén trai cla khéi sic do 13
(x, y), trong d6, chiéu rong va chiéu cao ctia khéi sic do 1an lugt 12 Wva H, va
trong d6 nhém cac mau sic d6 1an can bao gdm: |

mau A cécactoadd (x—1,y), |

miuD cécactoadd (x—1,y+H—1),

mauJcécactoadd (x,y—1),va

mauMcodcactoadd (x+W—1,y—1).
3. Phuong phép theo ménh d& 2, trong d6 khéi 14n can trén bén trai va khéi lan
can bén trén cua khdi video hién tai 13 kha dung, va trong d6 hai hoic nhiéu
mAu sic d6 bao gdm cac miu A, D, J va M.
4. Phuong phép theo ménh d& 2, trong d6 khéi 1an can trén bén trai cia khéi
video hién tai 12 kha dung, va trong d6 hai hodc nhidu mau sic dd bao gdm cac
mau A va D.
5. Phuong phap theo ménh dé 2, trong d6 khéi 1an can bén trén cia khdi video
hién tai 13 kha dung, va trong d6 hai hodc nhiéu mau sic do bao gf)m cac mau J

va M.
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6. Phuong phép xt Iy video bao gdm céc bude: tao, cho khéi video hién tai bao
gbm khéi sic @, cac nhém bao gébm cac mau do sang va sic dd cia khéi lan
can ctia khdi video hién tai; x4c dinh, dya trén cdc nhém, cac gia tri 16n nhit va
nho nhét cia cac mau do sang va séc dd; xé4c dinh, dua trén cac gia tri 16n nhét
va nhé nhét, tdp hop céc gia tri cho cac tham s6 ctia mé hinh tuyén tinh; va tai
tao, dira trén md hinh tuyén tinh, khéi video hién tai.
7. Phuong phap theo ménh d 6, trong d6 budc tao cic nhém dua trén tinh kha
dung cua khéi 1an can cua khdi video hién tai.
8. Phuong phép theo ménh d 6, trong d6 cac nhém bao gém Sy and S;, trong
d6 gi tri d6 sang 16n nhét duoc tinh 13 maxL = I (maxLe, maxLsy,..., maxLgy),
trong d6 /1 12 ham tha nhét va maxLg; 13 gia tri do séng 16m nhit ciia nhém S;
nhém, trong d6 gia tri sic do l6n nhit dugc tinh 13 maxC = f2(maxCs,
maxCsj, ..., maxCs,,), trong d6 2 13 ham thtr hai va maxCs; 13 gi4 tri sic d6 16n
nhit cia nhém S, trong d6 gia tri dd sang nhd nhit dugc tinh 13 minl =
f3(minLgy, minLgy, ..., minLs,), trong d6 f3 1a ham thir ba va minLg; 1a gia tri do
sang nho nhat ciia nhoém S, trong d6 gia tri sic d6 nhé nhét duoc tinh 13 minC
= f4(minCgp, minCsj, ..., minCsgy), trong d6 f4 1a ham thir tu va minCyg; 12 gia tri
sic do 16n nhét cta nhém S, va trong d6 cac tham sd ciia mé hinh tuyén tinh
bao gém a va A duge tinh 13 a = (maxC — minC)/(maxL — minL) va B = minC
— oxminL. '
9. Phuong phép theo ménh d& 8, trong d6 mau trén bén trai ctia khdi sic do 1a
(%, y), trong d6 chiéu rong va chiéu cao ciia khbi sic d6 1an luot 13 W VéH, va
trong 6 nhém cac mAu sic d6 1an c4n bao gom:

mau A c6 céc toa d6 (x — 1,y),

mauD cédcactoadd (x— 1,y +H—1),

mau J c6 cac toa d6 (x, y— 1), va

mau M cé cactoa ddo (x + W—1,y—1).
10. Phuong phap theo ménh dé 9, trong d6 khéi 1an cén trén bén trai va khbi
14n c4n bén trén cia khéi video hién tai 13 kha dung, trong d6 cac gia tri sic do
va do sang l6n nhét va céc gia tri sic do va do sang nho nhéit cho nhém AY)

(maxLgy, maxCsy, minLgy va minLgy, mdt cach 1an luot) dua trén cic miu A and

-02-



41893

D, trong d6 cac gia tri sic d6 va do sang 16n nhét va céc gia tri sic d6 va do
sang nhé nhét cho nhém S; (maxLs;, maxCs;, minLg; va minLg;, mot cach 1in
luot) dua trén cac mau J va M, va trong d6

maxL = (maxLgy + maxLg;) / 2, maxC = (maxCgy + maxCg;) / 2,

minL = (minLgy + minLg;) / 2 and minC = (minCg + minCg;) / 2.
11. Phuong phép theo ménh dé 9, trong d6 khdi 1an cén trén bén trai ctia khdi
video hién tai 1a kha dung, va trong d6 maxL, maxC, minL va minC duya trén
cac miu A va D.
12. Phuong phép theo ménh dé 9, trong d6 khdi 1an can bén trén cia khéi video -
hién tai 13 kha dung, va trong d6 maxL, maxC, minL va minC dya trén cic miu
JvaM.
13. Phuong phap theo ménh dé 6, trong d6 cac tham sé ctia mé hinh tuyén tinh
bao gbém a va B duoc tinh 13

 0=0vap=1<<(bitDepth— 1),

trong d6 bitDepth 14 chiéu sau bit ciia cac miu sdc do.
14. Phuong phép theo ménh dé 6, trong d6 viéc tao cac nhom dua trén chiéu
cao hoic chibu rong ciia khdi video hién tai.
15. Phwong phép xir Iy video bao gdm cac budc:

tao cAc mau do sang va sic d6 bi giam kich thudc mau bing cach giam
kich thudc mau cic miu do sang va sic do cla khéi 1an can cua khéi video
hién tai c6 chiéu cao (H) va chiéu réng (7);

xac dinh, dua trén cic miu do sang va sic d6 bi giam kich thuéc miu,
tap hop céc gia tri cho cac tham sb ctia md hinh tuyén tinh cho khéi video hién
tai; va

tai tao, dua trén mo hinh tuyén tinh, khdi video hién tai.
16. Phuong phép theo ménh d 15, trong d6 budc giam kich thudc miu dua
trén chiéu cao hoic chiéu rong.
17. Phuong phap theo ménh d 16, trong d6 W < H.
18. Phuong phap theo ménh dé 16, trong d6 W > H.
19. Phuong phép theo ménh dé 15, trong d6 mau trén bén trai cta khéi video

hién tai 1a R[0, 0], trong d6 cac mau sic d6 bi giam kich thudc mau bao gbm
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cac miu R[-1, KxH/W], va trong d6 K 13 sb nguyén khong 4m nim trong
khoang tir 0 dén W—1. '
20. Phuong phap theo ménh dé 15, trong d6 mau trén bén trai ctia khdi video
hién tai 1a R[0, 0], trong d6 cac mau sic do bi giam kich thude mau bao gém
cac mau R[KxH/W, —1], va trong d6 K 12 sd nguyén khong 4m nim trong
khoang tir 0 dén H-1.
21. Phuong phap theo ménh d& 15, trong d6 qua trinh tinh loc duge thuc hién
trén cac mau do sang va sic do bi giam kich thude mau truée khi duge sir dung
dé xac dinh tap hop cac gia tri cho cac tham sb ctia m6 hinh tuyén tinh cho khéi
video hién tai. , ‘ ,
22. Phuong phép theo ménh d 21, trong d6 qué trinh tinh loc bao gdm qui
trinh loc.
23. Phuong phép theo ménh dé 21, trong d6 qua trinh tinh loc bao gém qua
trinh phi tuyén tinh.
24. Phuong phép theo ménh @ 15, trong d6 céc tham sb ctia mé hinh tuyén
tinh 1a o va B, trong dé6 a = (CI—C0)/(LI-L0) va g = C0O — aL0, trong d6 CO
va C1 14 cac mAu sic do, va trong d6 L0 va L1 1a cac mAu d6 sang.
25. Phuong phap theo ménh dé 24, trong d6 CO va LO dya trén S miu do séng
va sdc do bi giam kich thudc miu, duoc ky hiéu 1a {Lx1, Lx2, ..., LxS} va
{Cx1, Cx2, ..., CxS}, mot cach 1an luot, trong d6 C1 va L1 dua trén T mau do
sang va sic do bi giam kich thudc miu, duoc ky hiéu 1a {Lyl, Ly2, ..., LyT}
va {Cyl, Cy2, ..., CyT}, mét cach lan luot,

trong d6 CO = fO(Cx1, Cx2, ..., CxS), L0 = f1(Lx1, Lx2, ..., LxS), Cl1 =
f2(Cyl, Cy2, ...,CyT) vaL1 =fl(Lyl, Ly2, ..., LyT), va

trong d6 0, f1, 2 va {3 1a cac ham.
26. Phuong phap theo ménh d& 25, trong d6 f0 va 1 13 ham thir nhét.
27. Phuong phap theo ménh d&25, trong d6 £2 va f3 12 ham thir hai.
28. Phuong phap theo ménh d& 25, trong d6 f0, f1, £2 va £3 12 ham thi ba.
29. Phuong phap theo ménh d& 28, trong d6 ham thir ba 13 ham tinh trung binh.
30. Phuong phap theo ménh d& 25, trong d6 S =T.
31. Phuong phép theo ménh dé 25, trong d6 {Lx1, Lx2, ..., LxS} 14 cic mau
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nhé nhét trong nhém mau do séng.

32. Phwong phép theo ménh dé 25, trong d6 {Lx1, Lx2, ..., LxS} 13 cac miu
16n nhét ciia nhém cac mau do sang.

33. Phuong phap theo ménh dé 31 hoic 32, trong d6 nhém cac miu do sing
bao gdm tit ca cic miu lan can duge st dung trong VIM-3.0 dé suy ra cac
tham sb ctia m6 hinh tuyén tinh.

34. Phuong phap theo ménh d 31 hoic 32, trong d6 nhém cic miu d6 sing
bao gff)m tap hop con cla céc mau 1an can duge sit dung trong VIM-3.0 dé suy
ra cic tham sé ctia m6 hinh tuyén tinh, va trong d6 tp hop con khéng bao gdm
tAt ca cac mau 14n can. .

35. Phuong phap theo ménh dé 1, tfong d6 hai hodc nhiéu miu séc.d(f) duoc
chon tr mot hogic nhiéu trong sb cot bén trai, hang bén trén, hang trén bén phai
hodc cdt dudi bén trai so v6i khdi video hién tai.

36. Phuong phap theo ménh dé 1, trong d6 hai hoc nhidu miu sic do dugc
chon dya trén ty 1€ cia chidu cao cta khdi video hién tai trén chiéu rdng cia
khéi video hién tai.

- 37. Phuong phéap theo ménh dé 1, trong d6 hai hoic nhiéu miu sic do dugc
chon dua trén ché d6 ma cta khdi video hién tai.

38. Phuong phép theo ménh d& 37, trong d6 ché d6 mi cua khéi video hién tai
13 ché d6 tuyén tinh thir nhat khac v6i ché d6 tuyén tinh thir hai str dung chi cac
mau 14n cin bén trai va ché do tuyén tinh thir ba st dung chi cac miu l4n can
bén trén, trong d6 céc toa do clia mau trén bén trai cua khdi video hién tai 1a (x,
y), va trong d6 chidu réng va chiéu cao cia khéi video hién tai 1an lugt 13 W va
H.

39. Phuong phép theo ménh dé 38, trong d6 hai hodc nhiéu mau sic do bao
gbm cac mau c6 cac toa dd (x-1, y), (x, y-1), (x-1, y+H-1) va (x + W-1, y-1).
40. Phuong phép theo ménh @& 38, trong d6 hai hodc nhiéu miu sic do bao
gdm cac miu c6 cac toa dd (x-1, y), (x, y-1), (x-1, y + H - H/W -1) va (x + W-
1, y-1), vatrong do H > W.

41. Phuong phép theo ménh dé 38, trong d6 hai hoic nhiéu miu sic do bao
gdm cac miu ¢ cac toa dd (x-1, y), (x, y-1), (x-1, y + H-1) va (x + W - W/H-
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1,y-1), vatrong d6 H < W.

42. Phuong phap theo ménh dé 38, trong d6 hai hodc nhidu miu sic d6 bao
gdm cac mau cé cac toa dd (x-1, y), (%, y-1), (x-1, y + H — max(1, H/W)) va (x
+ W- max(1, W/H), y-1).

43. Phuong phép theo ménh dé 38, trong d6 hai hodc nhiéu miu sic do bao
gbm cac mau cb cac toa do (x, y-1), (x + W/4, y-1), (x + 2¥W/4, y-1) va x+
3*W/4,y-1).

44, Phuong phap theo ménh dé 38, trong d6 hai hodc nhiéu mau sic d6 bao
gbm cac mau cb cac toa dd (x, y-1), (x + W/4, y-1), (x + 3*W/4, y— 1) va (x +
W-1, y-1). | | o |
45. Phuong phap theo ménh @ ‘38, trong d6 hai hodc nhidu miu sic do bao
gbm cac miu c6 cac toa dd (x, y-1), (x + QW)/4, y-1), (x + 2*QW)/4, y-1) va
x+3*QW)4,y-1).

46. Phuong phap theo ménh dé 38, trong d6 hai hoic nhidu mau sic d6 bao
g0m cac mau ¢ cac toa dd (x, y-1), (x + QW)/4, y-1), (x + 3*QW)/4, y — 1) va
x+ (2W)-1, y-1).

47. Phuong phap theo ménh dé 38, trong d6 hai hodc nhiéu miu sic do bao
gdm céc mau co cac toa do (x-1,y), (x -1, y + H/4), (x -1, y + 2*¥H/4) va (x -1,
y + 3*H/4).

48. Phuong phép theo ménh @ 38, trong d6 hai hodc nhidu miu sic d¢ bao
gbm cac miu cb cac toa d6 (x-1, y), (x - 1, y+ 2*H/4), (x -1, y + 3*H/4) va (x -
1, y+H-1).

49. Phuong phép theo ménh dé 38, trong d6 hai hodc nhiéu mau sic do bao
gbm cac miu c6 cac toa dd (x-1, y), (x -1, y + QH)/4), (x -1, y + 2*(2H)/4) va
(x -1, y +3*(2H)/4).

50. Phuong phap theo ménh @ 38, trong d6 hai hodc nhidu miu sic do bao
gbm cac mau cb cac toa do (x-1, y), (x - 1, y+ 2*¥(2H)/4), (x -1, y + 3*(2H)/4)
va (x -1, y+ (2H)-1).

51. Phuong phép theo ménh d bét ky trong cac ménh dé tir 39 dén 50, trong do
chinh xé4c hai trong bdn mau dugc chon dé x4c dinh tip hop céc gia tri cho cc

tham s ctia m6 hinh tuyén tinh.
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52. Thiét bi gidi ma video bao gE‘)m bo xr ly duogc tao cAu hinh dé thuc hién
phuong phép dugc néu theo mot hodc nhidu ménh dé tir 1 dén 51.

53. Thiét bi m3 hoéa video bao gé)m bd xir ly duogc tao ciu hinh dé thuc hién
phuong phép dugc néu theo mot hoic nhidu ménh dé tir 1 dén 51.

54. Thiét bi trong hé théng video bao gém bd xir Iy va bo nhd bét bién cé cac
1énh trén d6, trong d6 cac 1énh khi thuc thi bing bo xir 1y, khién bo xtr 1y thuc
hién phuong phép theo mét trong cac ménh dé tir 1 dén 51.

55. San pham chuong trinh may tinh dwgc luu trit trén phuong tién may tinh
doc duoc bat bién, san phdm chuong trinh may tinh bao gdm mi chuong trinh
dé thuc hién phuong phép theo mot trong cdc ménh dé tir 1 dén 51.

Tu phﬁn néu trén, can hiéu réng cac phuong an thuc hién cu thé cua sang
ché d3 dugc mé ta & ddy dé minh hoa, nhung céc thay dbi khac nhau c6 thé
duogc thue hién ma khéng xa roi pham vi sang ché. Do d6, sang ché khong bi
gi6i han ngoai trir béi cac diém yéu cdu bao ho di kem.

Viéc thuc hién d6i tugng va céc hoat dong chic nidng dugc mo ta trong
sang ché c6 thé duoc trién khai trong céc hé théng khéc nhau, hé mach dién tir,
hodc trong phin mém mady tinh, firmware, hodc phin ctmg, bao gbém cac cu
tric dugc néu trong ban md ta va cac tuong duong vé cau tric, hodc két hop
v6i mot hodc nhidu trong sd chung. Trién khai d6i twong dugc néu trong ban
1n6técéthéduqcthuclﬁ@nduéidangrnéthoécrﬁﬁéusinphénlchuongtﬂnh
- may tinh, tic 1a, mdt hodc nhiéu médun cta cic lénh chuong trinh may tinh
~ dugc mé héa trén vat méy tinh doc dugc hitu hinh bat bién dé thuc thi béi, hode
dé diéu khién hoat dong cua, thiét bi xir Iy dir liéu. Vat may tinh doc duge cb
thé 13 bd luu trir may doc dugc, nén luu trit may doc dugc, bd nhé, hop chét
thuc hién tin hiéu dugc lan truyén may doc duogc, hodc tb hop cia mot hodc
nhiéu trong s6 chiung. Cum tir “khdi xir ly dir liéu” hodc “thiét bi xtr ly dir lidu”
bao gbm tat ca thiét bi, bd phan, va may dé xir ly dir liéu, bao gdbm théng qua vi
duy, bd x1r 1y 14p trinh dugc, may tinh, hodc nhiéu bd xir ly hoac may tinh. Thiét
bi c6 thé bao gdm, bén canh phin cimg, m3 tao mdi trudng thue thi cho chuong
trinh may tinh dang thuc hién, chéng han, ma tao thanh firmware ctia bg xit 1y,
xép chdng giao thirc, hé thdng quéan 1y co sé dir liéu, hé diéu hanh, hoic t6 hop
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ctia mot hodic nhiéu trong s chung.

Chuong trinh may tinh (ciing duoc biét dén 1 chuong trinh, phin mém, ung
dung phin mém, tap lénh, hoic mi) c6 thé dugc viét & dang ngbn ngir 1ap trinh
bét ky, bao gdm céc ngdn ngit duge bién dich hodc théng dich, va c6 thé dugc
khai trién & dang bat ky, bao gém dudi dang chuong trinh doc 1ap hodc duédi
dang m&dun, thanh phén, trinh con, hodc khdi khac thich hop dé st dung trong
moi trudng tinh toan. Chuong trinh may tinh khong nhat thiét trong tng voi
tép tin trong hé théng tép tin. Chuong trinh c6 thé duoc luu trit trong mot phin
tép tin chira cac chuong trinh hodc dir liéu khéc (chéng han, mdt hodc nhiéu mi
1énh duoc Iuu trit trong tai lidu ngdn ngit danh dau), trong mét tép tin danh cho
chuong trinh dang chay, hodc trong nhiéu tép tin duoc phdi hop (ching han,
cac t€p tin luu trlt mot hodc nhiéu modun, chuong trinh con, hodc céc phén
m3). Chuong trinh méy tinh cé thé duoc khai trién dé dugc thuc thi trén mét
may tinh hodc trén nhiéu may tinh dugc dat & mdt dia diém hoic dugc phan tan
gifta nhiéu dia diém va duoc lién két bang mang truyén théng.

Céc tién trinh va céc ludng 16gic duoc néu trong ban md ta c6 thé duoc thuc
hién bing mét hodc nhidu bo xir ly lap trinh dugc thuc thi mét hodc nhidu
chuong trinh may tinh dé thuc hién cac chtrc ning bang cach hoat dong trén dix
liéu d4u vao va tao ddu ra. Céc tién trinh va céc ludng logic cling ¢6 thé dugc
thue hién boi, va thiét bi ciing c6 thé dugc trién khai dudi dang, hé mach 16gic
chuyén dung, chéng han, mang céng dang truong l4p trinh dugc (field
programmable gate array, FPGA) hoic mach tich hop tng dung cu thé
(application specific integrated circuit, ASIC).

Cac bd xur 1y thich hop d thuc thi chwong trinh méy tinh bao gbm, thong
qua vi dy, cd bg vi xtt ly da ndng va chuyén dung, va mdt hodc nhiéu bd x1 ly
ctia loai may tinh s§ bt ky. Néi chung, bd xir 1y s& nhan 1énh va dir liéu tir
ROM hodc RAM hoic ca hai. Cac phén t&r co ban clla may tinh 1a bo xu ly dé
thuc hién c4c 1énh va mot hodc nhiéu bo nhé dé Iuu trit cac 1énh va dit lidu. N6i
chung, may tinh ciing s& bao gdm, hoic dugc ghép nbi van hanh dé nhén dix
lidu tir hodc truyén dir liéu dén, hodc ca hai, mot hodc nhidu bd nhd 16n dé luu

trit dit liéu, ching han, dia tlr, quang tir, hodc dia quang. Tuy nhién, may tinh
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khéng cin c¢6 cic bd phan nay. Phuong tién méy tinh doc duge thich hop dé Iuu
trit cac 1énh chuong trinh may tinh va dit liéu bao gdm tit ca cac dang cia bd
nhé bét bién, phuong tién va bd nhé, bao gdm thdng qua vi dy, cic bd nhé ban
dan, ching han, EPROM, EEPROM, v bd nhé nhanh. Bo xtr 1y va bd nhé ¢6
thé dugc bd sung béng, hodc dugc dua vao, hé mach 16gic chuyén dung.

Mong doi ring ban mé ta, cing véi cac hinh v&, duoc xem 13 chi 1dy 1am vi
~du, trong d6 léy lam vi du nghia 1a vi du. Nhu duge st dung & day, viéc st
dung “hodc” s€ bao gém “va/hodc”, trir khi ngir canh chi b4do ngugic lai ro rang.

Trong khi sang ché chira nhidu dic ta, chung khong nén dugc hiéu nhu 12
c4c gidi han & pham vi clia sang ché bit ky hodc phan c6 thé dugc bao hd, md
thay vao d6 nhu 13 cac phin mé ta cua cac déu hiéu c6 thé riéng cho cac
phuong 4n thuc hién cu thé cia sang ché. Cac du hiéu cu thé dirge mo ta trong
sang ché trong ngit canh cua cac phurong 4n thuc hién riéng ré ciing c6 thé duoc
trién khai két hop theo mdt phuong &n thuc hién. Nguogc lai, cac dAu hiéu khac
nhau duoc mé ta trong ngit canh clia mot phuong 4n thuc hién ciing c6 thé
duoc trién khai theo nhidu phuong 4n thuc hién riéng & hoic két hop phu thich
hop bét ky. Ngoai ra, mic di cic ddu hidu co6 thé duge mo ta néu trén nhu 13
hoat dc}ng trong céac to th cu thé va thdm chi duoc bao ho ban ddu, mdt hoic
nhiéu ddu hiéu tir td hop dugc néu co thé trong mot sb trudng hop dugc thuc
hién tir t& hop ndy, va t6 hop dugc néu ¢ thé danh cho t& hop phu hoic bién
thé cta t6 hop phu.

Tutdng tu, trong khi cac hoat dong dugc mo ta trong cac hinh vé theo tha tu
cu thé, diéu nay khong nén duoc hiéu nhu 13 viéc yéu cdu cic hoat dong nay
can dugc thuc hién theo thir tu cu thé duge thé hién hoic 14n lrot, hodc tt ca
cac hoat dong dugc minh hoa dugc thuc hién, dé co cac két qua mong mudn.
Ngoai ra, viéc tach riéng cac thanh phan hé thong khac nhau theo cic phuong
an thuc hién dugce néu trong ban md ta s€ khong dugce hiéu nhu 13 yéu ciu tich
riéng & tit ca cac phuong 4n thuc hién.

Chi mot sb trién khai va vi du duge md ta va cac trién khai khac, cac phan
tdng cudng va cic thay ddi c6 thé dugce thuc hién dua trén ph?m dugce mo ta va

duoc minh hoa trong sang ché.
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YEU CAUBAO HO

1. Phuong phap xit Iy dit liéu video bao gbém cac budc:

xéac dinh, ddi vi phép bién dbi gitta khdi video hién tai cta video vén
13 khéi sic do va dong bit ciia video, cac tham sé cia m6 hinh tuyén tinh chéo
thanh phin (cross-component linear model, CCLM) it nhit dya trén cic miu
sic do dugc chon vbn duoc chon tir cac mAu sic dd 14n can cia khdi video hién
tai, trong do céc Vi tn clia cac mau sic d6 dugc chon dugc din xuét tir gia tri do
1éch vi tri thi’r_nhét (F) va gia tri bac (S), va trong d6 F va S duoc din xuét it
nhét dya trén cac tinh kha dung cta cac mau sic do 14n can ctia khéi video hién
tai va kich thudc cita khéi video hién tai;

&p dung CCLM vao cac miu do sang dugc dit trong khdi d6 sang tuong
ung véi khdi video hién tai d& din xuit céc gia tri dg bdo cia khdi video hién
tai; va

thuc hién phép bién dbi dwa trén cac gia tri du bao,

trong dé cac mau sic do duoc chon 14 tdp con cua cic mau sic d6 l4n can
dua trén kich thuc clia khéi video hién tai, va CCLM 14 ché d6 du béo trong,

trong d6 cic mau sic dd 14n can bao gém cic mAu sic do 1an can bén trai,
cic mau sic do 1an can bén trén, cac mau sic do 14n cén trén bén phai, hodc céac
mAu sic d6 14n c4n dudi bén trai so v6i khdi video hién tai,

trong d6 dap lai cac mau sic d6 lan can cia khéi video hién tai dang khong
kha dung, céac gia tri du bdo cua khdi video hién tai duoc gan béng gia tri mic
dinh, va

trong d6 gia tri mic dinh bang 1<<(BitDepth-1), trong d6 BitDepth 14 chiéu
sau bit clia cac mau sic do,

trong d6 F= Floor (M/2"), trong d6 M 12 sb luong cac mau sic do lan cén
dugc st dung dé dan xuit cac mau sic d6 dugc chon theo chiéu ngang, hodc F=
Floor (N/2Y), trong d6 N 1a sb luong cac mau sic d6 14n cén dugc st dung dé
din xuét cac miu sic do duoc chon theo chidu doc, i bing 2 hoic 3, va phép

Floor dugc sir dung dé thu dugc ph?m nguyén cua sb,
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trong d6 S=Max(1, Floor (M/2)), hodc S=Max(1, Floor (N/2})), j bing 1
ho#c 2, va phép Max dugce sir dung dé thu dugc sd 16m nhét trong nhiéu sb,

trong d6 ché ¢ CCLM ctia khéi video hién tai 13 mét trong ché d6 CCLM
thir nhat ma dan xuit cac tham sb cia CCLM dya trén cdc mau sic do 1an can
bén trai va cdc mAu sic do 1an can bén trén, ché @0 CCLM thit hai ma din xuét
cac tham sd cia CCLM dua trén cac mau sic d6 14n cin bén trai va cac mau 1an
can duéi bén trai, va ché 46 CCLM thir ba ma din xuit cac tham s cia CCLM
dua trén cac mau sdc do 1an can bén trén va miu sic d6 1an can trén bén phai,

trong do6 dap lai ché d6 CCLM 1a ché d6 CCLM thtr nhét va cac miu séc do

14n c4n bén trén dang kha dung, M bang W.

2. Phuong phap theo diém 1, trong 6 M va N déu nhé hon hodc bang W-+H, va
duoce xac dinh dya trén ché dd CCLM cia khdi video hién tai, trong do W va H

1an luot 13 chi€u rong va chi€u cao cua khoi video hién tai.

3. Phuong phép theo diém 1, trong d6 dap lai lua chon hai mAu sic do theo
chiéu ngang, cic vi tri ctia hai mau sic dd dugc chon theo chiéu ngang la

Floor(M/4) va Floor (M/4) + Floor (M/Z).

4. Phuong phap theo diém 1, trong d6 dap lai viéc lwa chon hai miu sic do theo
chiéu doc, cac vi trf cta hai mau sic do duoc chon theo chidu doc 13 Floor(N/4)

va Floor (N/4) + Floor(N/2).

5. Phuong phéap theo diém 1, trong d6 dap lai viéc Iya chon bdn miu sic do
theo chiéu ngang, c4c vi tri ciia bdn mau sic do duoc chon theo chiéu ngang 1a
Floor(M/8), Floor (M/8) + Floor (M/4), Floor (M/8) + 2*Floor (M/4), Floor
(M/8) + 3*Floor (M/4).

6. Phuong phép theo diém 1, trong d6 dap lai viéc lya chon bén mau sic do

theo chiéu doc, cac vi tri cia bon mau sac d duoc chon theo chiéu doc la
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Floor(N/8), Floor(N/8)+Floor (N/4), Floor(N/8)+2*Floor (N/4),
Floor(N/8)+3*Floor (N/4).

7. Phuong phép theo diém 1, trong d6 déap lai ché 46 CCLM 1a ché d6 CCLM
thir ba, cc mAu sic d6 14n cin bén trén dang kha dung, v cac miu sic d6 1an

can trén bén phai dang khong kha dung, M bing W.

8. Phuong phép theo diém 1, trong d6 dap lai ché d6 CCLM la ché d6 CCLM

thtr nhat va cac mau sic d6 14n cén bén trai dang kha dung, N bing H.

9. Phuong phép theo diém 1, trong d6 dap lai ché d6 CCLM 1a ché d6 CCLM
thir hai, cdc mau sic d6 1an can bén trai dang kha dung, va cic miu sic d6 lan

can dudi bén trai dang khong kha dung, N bang H.

10. Phuong phap theo diém 1, trong d6 phép bién ddi bao gdm m4 héa khbi
video hién tai thanh dong bit.

11. Phuong phap theo diém 1, trong d6 phép bién ddi bao gbm giai m3 khdi

video hién tai tir dong bit.

12. Thiét bi xir Iy dir liéu video bao gdm bod xir Iy va bd nhé bét bién c6 cac
1énh trén do, trong d6 cac 1énh khi thuce thi bing bd xir 1y, khién bo xtr ly:

xé4c dinh, d6i voi phép bién ddi gitta khéi video hién tai cia video vén
12 khéi sic do va dong bit cta video, cic tham s6 ctia CCLM it nhit dua trén
cac miu sic do dugc chon vén duge chon tir cAc mAu sic d6 14n cin cia khbi
video hién tai, trong d6 cac vi tri ciia cac mau sic dd duoc chon duge din xuit
tir gia tri do 1éch vi tri thu nhét (F) va gia tri béc (S), va trong d6 F va S duoc
dAn xuét it nhat dua trén cac tinh kha dung cta cac mau sic do 14n can cua khbi

video hién tai va kich thuéc cta khoi video hién tai;
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4p dung CCLM vao cac miu do sang dugc dit trong khéi do sang tuong
tng v6i khéi video hién tai d& din xuét cac gia tri du bao cia khéi video hién
tai; va
thuc hién phép bién ddi dua trén cac gia tri dy béo,
trong d6 cic miu sic d6 dugce chon 12 tdp con clia cic mau séc do lan cin
dua trén kich thudc cta khdi video hién tai, va CCLM 1a ché @6 du bao trong,
trong d6 cic mau sic d6 1an can bao gbm cic miu sic dd 1an cin bén trai,
cac mau sic do 14n can bén trén, cic mAu sic do 1an cén trén bén phai, hodc cac
mAu sic d9 1an can dudi bén trai so véi khéi video hién tai, -
trong do6 dép lai cac mau sic d6 14n cin cia khdi video hién tai dang khong
kha dung, céac gia tri du bao 'cﬁa khéi video hién tai dugc gan béng gia tri mic
dinh, va
trong d6 gi tri mic dinh bang 1<<(BitDepth-1), trong d6 BitDepth 1a chidu
sdu bit cia cac mau sic do,
trong d6 F= Floor (M/2"), trong d6 M 12 sb luong cac mau sic do lan cin
duogc st dung dé dan xuét cac mau sic dd duoc chon theo chiéu ngang, hodc F=
Floor (N/2'). trong d6 N 1a s luong cic miu sic do Ian cén dugc sir dung dé

din xuat cac miu sic d6 dugc chon theo chiéu doc, i bang 2 hodc 3, va phép

7
A

Floor dugc st dung dé thu duge phan nguyén cia sd,

trong d6 S=Max(1, Fioor (M/Zj)), holic S=Max(1, Floor (N/2%), j bang 1
hodc 2, va phép Max dugce st dung dé thu duge sb 16n nhét trong nhiéu sb,

trong d6 ché 46 CCLM cuia khéi video hién tai 1a mot trong ché do CCLM
thtr nhit ma din xuét cac tham sb ctia CCLM duya trén cic mu sic do 1an can
bén trai va cac mau sdc d¢ 1an can bén trén, ché ¢ CCLM thtt hai ma din xut
céc tham s6 cia CCLM dua trén cdc mau sic do 1an cAn bén trai va cac mau lan
can dudi bén trai, va ché d6 CCLM thit ba ma dan xut cic tham sb cia CCLM
dua trén cic mau sic do 1an can bén trén va mau sic d6 14n cin trén bén phai,

trong d6 déap lai ché d6 CCLM 1a ché 6 CCLM thir nhit va cic mau sic do
]an c4n bén trén dang kha dung, M bang W.

13. Vat ghi may tinh doc duoc bat bién luu trir cac 1énh khién bd xir 1y
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xé4c dinh, d6i v6i phép bién ddi gitra khdi video hién tai cia video vén
12 khéi sic d6 va dong bit cda video, cac tham s ctia CCLM it nhat dya trén
cAc mau sic d6 duge chon von duge chon tir cac miu sic dd 14n cin cia khbi
video hién tai, trong d6 cac vi tri clia cac mau sic do dugc chon duge din xuét
tir gi tri d6 1éch vi tri thir nhét (F) va gia tri bac (S), va trong d6 F va S duge
dAn xudt it nhit dua trén cac tinh kha dung ciia cac miu sic d6 l1an cén cia khéi
video hién tai va kich thuéc cta khdi video hién tai;
4p dung CCLM vao cic miu do sang dugc dit trong khdi do séng tuong
g voi khdi video hién tai d& din xudt cac gi tri du bdo cua khéi video hién
tai; va ‘
thyc hién phép bién ddi dua trén cc gia tri du bao,
trong d6 cac miu sic d6 duge chon 12 tdp con cla cdc mau séc db 1an can
dura trén kich thuée ciia khdi video hién tai, va CCLM 13 ché d6 du bao trong,
trong d6 cac mAu sic d6 1an can bao gdm cac mau sic d6 14n can bén trai,
cac mau sic dd 14n can bén trén, cdc mAu sic d6 14n c4n trén bén phai, hodc cac
mau sic d6 14n can dudi bén trai so véi khdi video hién tai,
trong d6 dap lai cac mau sic dd 1an cin cia khdi video hién tai dang khong
kha dung, cac gia tri du bac ctia khéi video hién tai dugc gan b?mg gia tri mac |
dinh, va ,
trong d6 gia tri mic dinh bang 1<<(BitDepth-1), trong d6 BitDepth 14 chiéu
sau bit ciia cac mau sic do,
trong d6 F= Floor (M/2"), trong d6 M 1a s luong cac mau sic do l1an can
dugc st dung dé dan xuit cac mau sic d6 dugc chon theo chiéu ngang, hoic F=
Floor (N/2i), trong dé N la sb lugng cac miu sic do 1an can dugc su dung Gé

din xuit cac mau sic dd duge chon theo chiéu doc, i bang 2 hoac 3, va phép

7
A

Floor dugc st dung dé thu duge phan nguyén cia sd,
trong d6 S=Max(1, Floor (M/2})), hodc S=Max(1, Floor (N/2%), j bang 1

hodc 2, va phép Max duoc sir dung dé thu dugc sb 16n nhét trong nhiéu s,
trong d6 ché d6 CCLM cuia khdi video hién tai 1a mot trong ché 46 CCLM

thtr nhat ma din xuét cdc tham sb cia CCLM dua trén cic mau sic do 1an can

bén trai va cac mau sic do 1an cin bén trén, ché d6 CCLM tht hai ma dan xuét
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céc tham s cia CCLM dura trén cic mAu sic d0 1an can bén trai va cic mau lan
can duéi bén trai, va ché 40 CCLM thir ba ma din xuit cac tham s cia CCLM
dua trén cac miu sdc d6 14n cAn bén trén va mau sic d0 l1an c4n trén bén phai,

trong d6 dap lai ché d6 CCLM 13 ché d6 CCLM thir nhit va cac miu
sic d6 14n can bén trén dang kha dung, M béng W.

14. Vat ghi may tinh doc duoc bit bién lwu trir dong bit cia video duoc tao
bang phuong phép dugc thuc hién bang thiét bi xtr ly video, trong d6 phuong
phap bao gdm cac bude:
xc dinh, d6i v6i phép bién ddi gitra khéi video hién tai ctia video vén
12 khéi sic do va dong bit, cac tham sé cia CCLM it nhit dua trén cac miu sic
dd duoc chon vén duge chon tir cdc mau sic do 1an can cia khdi video hién tai,
trong d6 cac vi tri clia cac miu séc d6 duoc chon duge din xut tir gia tri d6
16ch vi tri thir nhét (F) va gia tri bac (S) value, va trong d6 F va S dugc din
xut it nhat dyua trén c4c tinh kha dung cua cac méau sic do lan can cta khdi
video hién tai va kich thuéc cta khéi video hién tai;
ap dung CCLM vao cac mau d0 sang duoc dit trong khéi d6 sang twong

g v6i khdi video hién tai dé din xuét cac gia tri du bao cia khdi video hién
tai; va

tao dong bit tur khdi video hién tai dua trén viéc xac dinh,

trong d6 cac mau sic dd duge chon 1a tdp con clia cac mau séc do lan can
dua trén kich thudce cia khdi video hién tai, va CCLM 1 ché d6 du bao trong,

trong do6 céc mau sic d6 1an can bao gém cac mau sic d6 1an cin bén trai,
cic mau sic do 1an cin bén trén, cac mau sic d6 14n cin trén bén phai, hoac cac
mau sic do 1an cin dudi bén trai so véi khéi video hién tai,

trong d6 dap lai cac mau sdc d6 lan can cua khdi video hién tai dang khong
kha dung, cac gia tri du bao cua khdi video hién tai dugc gan béng gia tri mac
dinh, va

trong d6 gia tri mic dinh bang 1<<(BitDepth-1), trong d6 BitDepth 1 chiéu

sau bit cua cdc mau sac do,
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trong d6 F= Floor (M/2i),‘trong dé M 1a sb lugng cac mau sic doé 1an cin
dugc st dung dé dan xuét cac mau sic do duge chon theo chidu ngang, hoic F=
Floor (N/Zi), trong d6 N 1a sb luong céc miu sic d6 1an can dugc st dung dé
dan xuét cac miu sic do dugc chon theo chidu doc, i bing 2 hoic 3, va phép
Floor dugc st dung dé thu duoc phan nguyén cta sb,

trong d6 S=Max(1, Floor (M/2%)), hodc S=Max(1, Floor (N/2)), j bang 1
hodc 2, va phép Max dugc sir dung dé thu duoge s6 16n nhét trong nhiéu s,

trong d6 ché d6 CCLM ctia khéi video hién tai 13 mét trong ché 46 CCLM
thir nhat ma din xuét cac tham sd cia CCLM duya trén c4c mau sic d6 1an can
bén trai va cic mau sic do 14n cin bén trén, ché d6 CCLM thir hai ma dan xuét
che tham sé ciia CCLM dua trén cic mAu sic d6 14n cin bén trai va cic mau lan
can dudi bén trai, va ché 40 CCLM thir ba ma dan xuét cic tham s cia CCLM
dua trén cic miu sic do lan cin bén trén va miu sic d6 14n c4n trén bén phai,

trong d6 dap lai ché 6 CCLM 1a ché 6 CCLM thir nhit va cac mAu sic do
1an c4n bén trén dang kha dung, M bing W.
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10/20

L — 1810

Xac dinh, di véi bién déi gitra khdi video hién tai ctia video von
1a khoi sic d6 va biéu dién dwoe ma hoa cia video, cac tham sd
ctia CCLM duya trén cac méau sic do duge lra chon dua trén W
méu lan cén bén trén kha dung, W 14 s6 nguyén

Thue hién bién d61 dia trén viée xéc dinh

N\ 1814

Fig.18A
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11/20

/ 1820

Xac dﬁm- 361 véi bién ddi gilta khéi video hién tai cua video von
12 khéi sdc dova biéu dién dugc ma héa cuav uieo céc tham sb
ctia ché d6 du bao CCLM duya trén cac mau sic dé duoc lya chon
dira trén H mau 14n can bén trai kha dung cia khéi video hién tai

Thuc hién bién 461 dya trén viée xac dinh

1824

Fig.18B
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12/20

— 1910

X4c dinh, d6i véi bién dbi gitra khdi video hién tai cia video vén  p~_ 1912
12 khoi sic do va biéu dién duge ma héa cta video, cac tham sd
ctia CCLM dura trén hai hodc bén mau sdc d6 va/hodc cac mau
do sang twong ung

Thure hién bién d61 dua trén viée xac dinh L~ 1914

Fig.19A
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13/20

/ 1920

Luya chon. d6i véi bién ddi gitva khoi video hién tai cia video von 14 khoi N 1922
sac d6 va bidu dién dugc ma héa cia video, cac mau sic 46 dua trén quy
tic vi tri, céc mau sic dd duoc st dung dé suv ra cac tham so cia CCLM
Thyre hién bien d6i dya trén viée xac dinh A~
1924

Fig.19B
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14/20

/ 2010

Xéc dinh, d6i v6i bién dbi gitra khdi video hién tai ctia video von
12 khéi sdc do va biéu dién duoc ma héa cia video, céc vi trima &
d6 céc mau d6 sang dwgc giam kich thude mau, trong d6 cac mau
d6 sang duge giam kich thude mau duge st dung dé xac dinh cac
tham sb cia CCLM dua trén cac mau sic dd va cac mau do sang
duoc giam kich thwde mau, trong d6 cac mau do sang duge gidm
kich thudc mau & cac vi tri twong tng véi cace vi tri cia cac mau
sic d6 duwoc s dung dé suy ra cac tham sé caa CCLM

Thire hién bién doi dwa trén viéc xac dinh

N\ 2014

Fig.20A
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15/20

/ 2020

Xéac dinh, dbi véi bién dbi gitra khdi video hién tai cia video von 14 khéi N 2022
sac d6 va biéu dién duge ma hoa cua video, phwong phép suy ra cac tham
s6 cia CCLM nho st dung cac mau sic 36 va cac mau d6 sang dya trén
didu kién ma héa duge lién két véi khéi video hién tai

Thue hién bién d6i dira trén viée xac dinh N 5024

Fig.20B
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Xac dinh, d6i véi bién d6i gitta khéi video hién tai cia video vén
12 khéi sic do va biéu dién duoc ma héa cta video, lidu ¢6 suy ra
chc gia tri 16n nhat va/hodc céc gid tri nho nhat cta thanh phan
d6 sang va thanh phin sic d6 dwoc s dung @8 suy ra cac tham
s6 ciia CCLM dua trén tinh kha dung ctia khéi 1an can bén trai
va khéi 18n can bén trén cua khéi video hién tai

[~
o
4d
10

Thuyre hién bien 461 dua trén viée xac dinh

N\ 2034
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17/20

3002

Boxuly

Hé mach xt Iy video

3004

Bo nhe

3006

Fig.21A
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