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(57) Sang ché dé xuat thiét bi (100) duoc tao ciu hinh dé thyc hién phuong phap (1700) dé
mi hoa ndi dung man hinh. Phuong phap gém budc suy ra (1701) ban d6 chi muc mau
(311, 601, 1301, 1600) dya trén CU (coding unit, khéi ma hoa) hién tai (101, 213, 401,
501). Phucrng phap con gdm ma hoéa (1703) ban do chi muc mau, trong do it nhat mot phan
ctia ban d6 chi muc mau duoc ma hoéa nhd st dung ky thuat ma héa thir nhat, trong d6 bo
chi bao thir nhat biéu thi khoang cach c6 nghia cua ky thuat ma hoa thir nhat. Phuong phap
con goém td hop (1705) ban d6 chi muc mau dugc ma hoa va bd chi bao thi nhat dé truyén
dén bo nhan (200).
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Linh vuc ky thuit dwoc dé cap
Sang che chu yéu lién dén ma hoa ndi dung man hinh, va cu thé 13, dén viéc
ma hoéa ndi dung man hinh ning cao véi bang mau cai ti€én va ma hoéa ban do

chi muc.

Tinh trang ky thuit ciia sing ché

- M3 héa ndi dung man hinh dit ra cac thach thirc méi dé nén video do cac
dic tinh tin hiéu ndi bat so vdi cac tin hidu video truyén théng. C6 nhidu k¥
thuét hién tai dé m3 héa noi dung man hinh nang cao, chéng han, gia so khép
chudi, mi héa bang mau, va b trir chuyén déng bén trong hoic sao chép khdi
bén trong. Trong sb cac k¥ thuat ndy, gia so khdp chudi thé hién d6 khuéch dai
cao nhét dé mi hoa khong ton hao, nhung véi chi phi bd sung dd phiic tap dang
ké va nhiéu kho khan & ché d6 ma héa tén hao. M4 hoa bang mau dugc phat
trién cho ndi dung man hinh véi gia thiét ring ndi dung khong duwoc camera
chup (ching han, noi dung dugc may tinh tao) thong thudong gdm sb lugng mau
ndi bat bi gi6i han, thay vi cac sic mau lién tuc hodc gin lién tuc duoc tim thay
trong nhiéu chudi video. Mic du gia so khép chudi va cac phuong phap ma héa
bang mau cho thiy tiém nang 16n, bu trir chuyén dong bén trong hoic sao chép
khéi bén trong duoc dwa vio sir dung phién ban 4 WD (working draft, phac
thao) va phin mém tham chiéu mé rong khoang ma héa video hiéu dung cao
(High Efficiency Video Coding, HEVC) hién tai & ma hoéa ndi dung man hinh.
Tuy nhién, hiéu ning m3 héa sao chép bén trong khdi bi chin do khai trién
khdi ¢ dinh. Viéc thuc hién so khép khéi (trong tu viée ude tinh chuyén dong
& bén trong anh) con ting dd phirc tap bd ma hoéa dang ké trén ca viéc tinh toan

va truy nhép bd nhé.
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Ban chit ky thuit ciia sdng ché

Theo mot phuong an thuc hién, phuong phdp ma héa ndi dung man hinh
dugc dé xuat. Phuong phap gdm budc suy ra ban dd chi muc mau dya trén CU
(coding unit, kh6i m3 héa) hién tai. Phuong phép con gdm mi héa ban db chi
muc mau, trong do it nhét mot phﬁn ctia ban d6 chi muc mau dugc ma héa nh
str dung k¥ thuat m3 héa thir nhat, trong d6 bd chi bao thir nhit biéu thi khoang
cach c6 nghia ctia ky thuat ma héa thi nhit. Phuong phép con gdm t6 hop ban
dd chi muc mau duoc mi héa va bd chi béo th nhit dé truyén dén bo nhan.

Theo phuong 4n thuc hién khac, phuong phap gidi ma ndi dung man hinh
dugc dé xut. Phuong phap gdm tiép nhan dong bit video bao gdm ban dd chi
muc mau. Phuong phap con gbm tiép nhan bod chi bao thir nhit. Phuong phap
con gdm giai m3 it nhit mot phin clia ban dd chi muc mau nh¢ st dung k¥
thuat giai ma thit nhit, trong d6 bd chi bio thtr nhat biéu thi khoang cach cé
nghia cta k¥ thuat giai m3 tht nhat. Ngoai ra, phuong phép gdm tii tao cc
diém &nh lién két v&i CU hién tai dua trén béﬁ dd chi muc mau.

Céc phuong 4n thuc hién khac gdm cac thiét bj duoc tao cdu hinh dé thuc

hién cic phuong phép nay.

M6 ta vin tit cac hinh vé

Pé hiéu 16 hon sang ché, va cdc vu diém cia né, tham khéo.pha‘“ln mo ta sau
cling véi cc hinh vé& di kém, trong d6 cac s6 gidng nhau chi dinh cac dbi trong
giéng nhau, va trong d6:

Fig.1 minh hoa so dd khéi chirc ning cia bd truyén ldy 1am vi du thuc hién
qué trinh m4 héa ndi dung man hinh theo sang ché;

Fig.2 minh hoa so dd khéi chirc ning ctia bd nhan 1dy 1am vi du thuc hién
qua trinh gii m4 ndi dung man hinh theo sang ché;

Fig.3 minh hoa vi du ciia cdc m6édun khac nhau va ludng xir 1§ bang cach st
dung bang mau va ban db chi muc, theo sang ché;

Fig.4 minh hoa CU ly l1am vi du véi cic thanh phin mau dugc thé hién

riéng 1€ va déng goi;
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Fig.5A minh hoa bang mau tham chiéu va bang mau hién tai str dung trong
qua trinh ma hoéa ndi dung man hinh;

Fig.5B minh hoa vi du du bao bang mau nhd sit dung cac khéi tai tao 1an
can;

Fig.6 minh hoa ban db chi myuc mau 14y 1am vi du cho CU 64x64 trong d6
viéc quét theo phuong ngang hoic thing ding c6 thé duoc sir dung;

Fig.7 minh hoa mét phan vecto chi muc mau mét chiéu (1D) sau phép tim
kiém 1D nho st dung quét theo phuong ngang;

Fig.8 minh hoa vi du cia khéi xir 1y diém anh co ban, goi 13 médun
U PIXEL; _

Fig.9 minh hoa vi du cia médun U ROW;

Fig.10 minh hoa vi du cia médun U_CMP;

Fig.11 minh hoa vi du cia médun U_COL;

Fig.12 minh hoa mddun U 2D BLOCK l4y lam vi du;

Fig.13 minh hoa cc vi du quét theo phuong thing ding va phuong nim
ngang dé xir Iy ban db chi muc;

Fig.14A va Fig.14B minh hoa cac vi du dinh dang léy mau sic d6 4:2:0 va
4:4:4;

Fig.15 minh hoa vi du ctia qué trinh ndi suy tir 4:4:4 dén 4:2:0 va nguoc lai;

Fig.16 minh hoa vi du x1t Iy ban dd chi muc mau st dung bd dém dong chi
muc trén hodc by dém dong chi muc trai;

Fig.17 minh hoa phuong phép m4 héa ndi dung man hinh theo sang ché; v

Fig.18 minh hoa phwong phap gidi mi ndi dung man hinh theo sang ché.

M0 ta chi tiét sang ché

Fig.1 dén Fig.18, néu dudi diy, va cac phuong an thuc hién khac nhau dugc
sir dung dé mé ta cac nguyén 1y ctia sang ché trong ban mo ta chi nhim minh
hoa va khong dugc hiéu theo cach bit ky dé giéi han pham vi cia sang ché.

Ngudi c6 hiéu biét trung binh trong linh vuc s& hidu ring cic nguyén 1y cia
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sang ché c6 thé dugc trién khai & loai thiét bi hodc hé théng dugc bd tri thich
hop.

Céc tai liéu va cac md ta chuln sau duge dua vao sang ché:

T. Lin, S. Wang, P. Zhang, K. Zhou, “AHG7: Full-chroma (YUV444)
dictionary+hybrid dual-coder extension of HEVC”, JCT-VC Document,
JCTVC-K0133, Shanghai, China, October 2012 (& day goi 1a “REF1”);

W. Zhu, J. Xu, W. Ding, “RCE3 Test 2: Multi-stage Base Color and Index
map”, JCT-VC Document, JCTVC-N0287, Vienna, Austria, July 2013 (& day
goi 1a “REF2”);

L. Guo, M. Karczewicz, J. Sole, “RCE3: Results of Test 3.1 on Palette
Mode for screen content coding”, JCT-VC Document, JCTVC-N0247, Vienna,
Austria, July 2013 (& day goi 1a “REF3”);

L. Guo, M. Karczewicz, J. Sole, R. Joshi, “Non-RCE3: Modified Palette
Mode for screen content coding”, JCT-VC Document, JCTVC-N0249, Vienna,
Austria, July 2013 (& day goi 1a“REF4”);

D.-K. Kwon, M. Budagavi, “RCE3: Results of test 3.3 on Intra motion
compensation, JCT-VC Document, JCTVC-N0205, Vienna, Austria, July 2013
(6 day goi 1a “REF5™);

C. Pang, J. Sole, L. Guo, M. Karczewicz, R. Joshi, “Non-RCE3: Intra
Motion Compensation with 2-D MVs”, JCT-VC Document, JCTVC-N0256,
Vienna, Austria, July 2013 (¢ day goi 1a “REF6”);

C. Pang, J. Sole, L. Guo, M. Karczewicz, R. Joshi, “Non-RCE3: Pipeline
Friendly Intra Motion Compensation”, JCT-VC Document, JCTVC-N0254,
Vienna, Austria, July 2013 (& day goi 1a “REF7”);

D. Flynn, J. Soel and T. Suzuki, “Range Extension Draft 47, JCTVC-L1005,
August 2013 (& day goi 1a “REF8”); va

H. Yu, K. McCann, R. Cohen, va P. Amon, “Draft call for proposals for
coding of screen content and medical visual content”, ISO/IEC
JTC1/SC29/WG11 N13829, July 2013 (& day goi 1a “REF9”).
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Cac phuong an thyc hién sang ché dé xuit qua trinh mi héa ndi dung man
hinh ning cao véi bang mau cai tién va ma héa ban dd chi muc. Cac phuong an
thuc hién t6t hon dang ké HEVC phién ban 2. Cic phuong 4n thyc hién gdm
nhiéu thuit toan cu thé dé m3 héa ndi dung man hinh. C4c thuat todn ndy gém
biéu dién diém anh nho sir dung bang mau, nén bang mau, nén ban dd chi muc
mau, so khop chudi, va nén du. Cac phuong 4n thyuc hién néu & day dugc phét
trién, hai hoa, va tich hop véi Rext (HEVC Range Extension, khoang HEVC
m& rong) nhu 13 cac phdn mé rong HEVC tuong lai dé hd tro mi héa ndi dung
man hinh hi€u qua. Tuy nhién, cdc phuong 4n thuc hién c6 thé dugc trién khai
bd sung hodc theo cach khac véi céac chudn video hién tai hodc cdc chun video
thich hop khac bat ky. Dé d& giai thich, HEVC RExt dugc sit dung & ddy lam
vi du dé mé ta cac phuong an thuc hién khac. Mot cach tuong tu, phﬁn mém
HEVC RExt dugc sir dung dé trién khai cac phuong 4n thuc hién khac dé thé
hién hiéu sut nén.

Fig.1 minh hoa so dd khéi chirc nang ciia bd truyén ldy 1am vi du thuc hién
qua trinh m4 héa ndi dung man hinh theo sang ché. Fig.2 minh hoa so d6 khdi
chirc ning ctia bd nhan 1iy 1am vi du thuc hién qua trinh gidi m3 ndi dung man
hinh theo sang ché. Bo truyén 100 va bd nhan 200 theo cac phuong an thuc
hién chi minh hoa. Theo céc phuong &n thuc hién khac, b truyén 100 va bo
nhan 200 c6 thé duoc st dung ma khong xa ro1 pham vi sang ché.

Bo truyén 100 dugc tao cAu hinh dé thuc hién qué trinh nén bang mau
(color palette compression, CPC) hiéu suit cao c6 thé dwgc thuc hién trén mdi
CU hoic khéi cdy mé héa (coding tree unit, CTU) trong dong bit. Nhu duoc
thé hién trén Fig.1, bd truyén 100 bit ddu véi CU 101 trong dong bit. CU 1a
khéi hoat déng co ban trong HEVC va HEVC RExt, va 13 khéi diém anh binh
phuong gém ba thanh phén mau (ching han, RGB, YUV, XYZ, hoic tuong tu,
nhu theo giai phap d biét). CU 101 14y 1am vi du duoc thé hién trén Fig.3. CU
101 12 CU 8 diém anh x 8 diém anh gdm gi4 tri mau tuong minh (ching han, 47,
48, 49, v.v.) cho mdi diém anh. Theo cic phuong an thuc hién khéac, kich thuéc
cia CU 101 c6 thé khac ngodi 8x8 diém anh (ching han, 16x16 diém anh,
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32x32 diém anh, v.v.). Theo mdt s6 phuong 4n thuc hién, bd truyén 100 c6 thé
bét ddu voi CTU 101 thay vi CU 101. Dé d& giai thich, bd truyén 100 s& duoc
mod ta v6i CU 101. Chuyén gia trong linh vuc s& hiéu rang bo truyén 100 c6 thé
thuc hién qué trinh tuong tu vé1 CTU 101.

Khéi tao bang mau 103 st dyng CU 101 dé suy ra hodc tao bang mau (doi
lac duge goi 1a bang mau). Bang mau 303 14y 1am vi du dugc thé hién trén
Fig.3. Dé suy ra bang mau 303, khéi tao bang mau 103 sip thir tr cic gid tri
mau theo mdt hodc nhidu quy tic sip xép. Bang mau 303 c6 thé duoc sip thi
tir theo tan s6 xuét hién ctia mbi gia tri mau, cudng d6 mau thuc cia mdi didm
anh ciia CU 101, hodc métric sip xép thich hop khac bit k¥, dé ting hiéu suét
cac hoat dong ma héa sau.

Dua trén bang mau duoc din xuét 303, khdi phén loai mau 105 str dung CU
101 dé gan cac mau hodc cac gia tri diém anh cia CU 101 vao ban dd chi muc
mau 311 va mot hogic nhidu so dd du du bao 313. Khdi mi héa bang 107 tiép
nhan bang mau 303 va mi héa cic muc trong bang mau 303. Khéi mi héa ban
dd chi muc 109 m3 hoéa ban dd chi muc mau 311 dugce tao boi khdi bd phan
loai mau 105. Céc hoat dong nay dugc mo ta chi tiét hon duéi day.

Khéi ma héa du 111 m& héa mbi ban dd thing du du bao 313 dugc tao bdi
khéi b6 phén loai mau 105. Theo mot sd phuong 4n thuc hién, khdi m3 héa du
111 thyc hién nhi phan héa thing du d6 dai bién thién hodc d6 dai cb dinh, nhu
dugc biéu thi ¢ 321 trén Fig.3. Sau do, khéi ghép kénh (MUX) 113 tao dong bit
nén nho st dung cac phép so khép chudi/khdi 319 va cac thing du du bao ma
héa 321. Theo mét s6 phuong an thuc hién, phuong phap CABAC (context
adaptive binary arithmetic coding, m3 héa sé hoc nhi phan thich g ngit canh)
323 c6 thé dugc sir dung dé két hop cac phép so khép chudi/khdi 319 va cac
thing du du bao m3 héa 321, nhu dugc thé hién trén Fig.3.

Quay lai Fig.2, bd nhan 200 dugc tao cAu hinh dé thuc hién qua trinh giai
ma ndi dung man hinh trong tu qué trinh ma héa ndi dung man hinh dugc thuc
hién boi bo truyén 100, nhur duge mé ta trén ddy. Bo nhan 200 tiép nhan dong
bit video nén, va sau d6, nho sir dung b gidi ghép kénh 201, phén tich ci phap
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dong bit thanh bang mau duoc mi héa, ban db chi muc mau, va cac thing du
du b4do m3 hoa. Khoi giai ma bang 203 va khéi tao bang mau 209 thuc hién cac
qua trinh nguoc v6i khdi ma héa bang 107 va khéi tao bang mau 103 dé ti tao,
cho mdi CU, bang mau hoan chinh. Tuong tu, khéi giai ma ban d6 chi muc 205
va khéi giai mi thang du 207 thyuc hién cac qua trinh ngugc v6i khdi ma héa so
d6 chi myc 109 va khoi ma héa dw 111 d€ tai tao ban dd chi muc méau. Khéi
giai phan loai mau 211 suy ra gi4 tri diém anh & mdi vi trf nhd két hop ban dd
chi muc mau va bang mau, nhd dé tai tao CTU hodc CU 213.

Mic du Fig.1 va Fig.2 minh hoa cac vi du ctia bd truyén 100 va bd nhén
200 dé thuc hién gidi ma va ma héa ndi dung man hinh, c6 thé thuc hién cac
thay dbi khac nhau cho Fig.1 va Fig.2. Ching han, c4c thanh phin khic nhau
trén Fig.1 va Fig.2 c6 thé dugc két hop, dugc phan chia nhé hon, hodc dugc bd
qua va cac thanh phin bd sung cé thé duoc thém vao theo cac nhu ciu thuec.
Nhu 12 vi du cu thé, cac thanh phﬁn khéc nhau c6 thé duoc bd tri cung nhau
trong mdt than hodc trén mot bang mach, hodc dugc thuc hién bdi mot bd xi Iy
hozic khéi xir 1y.

Dua trén bang mau duoc din xuat 303, mdi diém anh trong CU 101 gbc c6
thé duoc bién dbi thanh chi muc mau trong bang mau 303. Cac phwong 4n thuc
hién sang ché d& xuit cac phuong phap dé nén hidu qua bang mau 303 va ban
d6 chi muc mau 311 (dugc mo ta dudi diy) cho méi CU 101 thanh dong. O
phia bd nhén, dong bit duge nén ¢ thé duge phéan tich ¢t phap dé tai tao, cho
mdi CU 101, bang mau 303 hoan chinh va ban d6 chi muc mau 311, va sau d6
con suy ra gia tri diém anh & mdi vi trf bing cach td hop chi muc mau va bang
mau.

Fig.4 minh hoa vi du khac ctia CU 401 v6i cac thanh phin muc dugc thé
hién riéng r€ va goi gon. CU 401 cé thé dai dién CU 101. Nhu duge thé hién
trén Fig.4, CU 401 12 CU 8 diém anh x 8 diém anh. Di nhién, CU 401 c6 thé 1a
diém anh NxN, trong d6 N=8, 16, 32, 64 dé twong thich v6i HEVC. M3i diém
anh ctia CU 401 gbm ba thanh phin mau, & cac ty 16 14y mau khac nhau (ching
han, 4:4:4, 4:2:2, 4:2:0). Ttc 13, CU 401 gdm cac thanh phin mau dé (R) 402,



29679

thanh phin mau xanh 14 (G) 403, va thanh phan mau xanh d4m (B) 404 riéng r&.
Theo cac phuong an thuc hién khac, cac thanh phﬁn mau c6 thé 14 Y, Cb, Cr,
hodc X, Y Z hoic t6 hgp cac thanh phan thich hop khéc.

) Pé don gian, cic chudi 4:4:4 duoc sir dung trong ban md ta. Pbi véi cac
video 4:2:2 va 4:2:0, viéc la”iy mau 16n sic do c6 thé dugc ap dung dé thu dugc
céc chudi 4:4:4, hogc mdi thanh phan sic d6 402-404 6 thé dugc xit Iy doc 1ap.
Trong trudng hop cla cic video don sic 4:0:0, c6 thé dugc xir 1y 1am mat
phing riéng r& 4:4:4 khong c6 hai mit phing con lai. T4t ca cac phuong phép
cho 4:4:4 c6 thé dugc ap dung truc tiép.

Céc thanh phin mau 402-404 c¢6 thé duoc dan xen clng nhau trong qué
trinh déng go6i, thu dugc CU 401 dong goéi. Theo phuong 4n thuc hién, co
enable_gpacked_component_ﬂag dugc dinh nghia cho mdi CU 101 dé chi bao
liéu CU 101 c6 dugc xt 1y nho st dung ché @6 déng goi (do vay thu duge CU
401) hoic ché do phing da biét (tirc 13, cAc thanh phidn G, B, R hoic Y, U, V
402-404 dugc x1t ly doc lap).

Ca ché do dong goi 13n ché d6 phang c6 thé ¢ cac wu diém va cac nhuoc
diém. Chang han, ché d6 phing hd trg xt 1y thanh phdn mau song song cho
G/B/R hoic Y/U/V. Tuy nhién, ché d6 phéng ¢ thé din dén hiéu suit m3 hoéa
thip. Ché do déng g(’).i c6 thé chia sé thong tin tiéu d& (nhu bang mau 303 va
ban d6 chi muc mau 311) cho CU 101 trong s cac thanh phan mau khac nhau.
Tuy nhién, ché d6 dong go6i c6 thé ngan khong cho nhiéu thinh phin mau dwoc
xtr Iy ddng thoi hoic theo kiéu song song. Mot phuong phap don gian dé quyét
dinh xem liéu CU hién tai 101 c6 nén dugc ma héa trong ché do dong géi dé do
chi phi R-D (rate distortion, méo tbc do).

enable_packed component flag dugc sit dung dé bao hiéu tudng minh ché
dd md héa cho bo gidi mia. Bén canh viéc dinh nghia
enable packed component flag & miic CU dé xir 1y mirc thip, c& ¢6 thé duoc
sao chép & tiéu d& phién hodc tham chi mirc chudi (ching han, tip hop tham sb
chudi hoic tap hon tham s anh) dé cho phép xit Iy mirc phién hoic mirc chudi,

tiy thudc vao yéu cau tmg dung cu thé.
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Bang mau va din xuit ban dd chi muc

Phin sau mo ta cac hoat dong & khdi tao bang mau 103 va khdi ma hoa
bang 107 trén Fig.1. D6i voi mdi CU 101, cac vi tri diém anh duogc cit ngang
va bang mau 303 va ban dd chi muc mau 311 dé xir 1y tudn tu dugc suy ra. Moi
mau ndi bat duge sip thir tu trong bang mau 303, thy thudc vao bidu dd cua n6
(tire 13, tAn sb xudt hién), hodc cudong do, hodc phwong phap tuy y bat ky dé
tang hiéu sudt ctia qué trinh ma hoa tiép theo. Chang han, néu qua trinh ma hoa
stt dung phuong phép diéu bién mi xung vi phan (differential pulse code
modulation, DPCM) d& ma hoa hiéu sb gitra cdc diém anh lién ké, két qua ma
hoa tdi wu co6 thé thu duoc néu cac diém anh lién ké duge gan véi chi muc mau
lién k& trong bang mau 303.

Dan xuét bang mau dua trén bam mdi s& duge mo ta, co thé duoc st dung
dé xac dinh hidu qua cdc mau chinh va giam 16i. D6i véi mdi CU 101, khdi tao
bang mau 103 kiém tra gi4 tri mau cta mdi diém anh trong CU 101 va tao biéu
dd mau nho st dung ba thanh phé“m mau cung nhau, tic 13, G, B, R déng gdbi
hodc Y, Cb, Cr déng gbi theo tan s6 xuét hién ctia mdi mau theo tht tu giam
dan. D& biéu thi mbi mau 24 bit, cdc thanh phan mau G va B (hodc cic thanh
phin mau Y va Cb) c6 thé duoc dich chuyén bit twong tmg. Tirc 13, mdi mau
dugc dong goi co thé dugc dai dién theo gid tri (G<<16)+(B<<8)+(R) hoic
(Y<<16)+(Cb<<8)+(Cr), trong d6 <<x 1 toan tir dich bit trai. Biéu d6 dwgc sip
Xép theo tin s xudt hién mau theo thi tu giam.

Pé ma hoa tdn hao, sau d6 khdi tao bang mau 103 ap dung qua trinh nhém
mau lan cin dua vao bam trén dit liéu mau duoc sép thir tu béng biéu dd dé co
bidu din bang mau nhé gon hon. Pbi v6i mdi thanh phin mau, X bit trong s6
nho6 nhét (ty thudc vao QP (quantization parameter, tham s6 lugng tir hoa)
duoc x6a va bidu didn bam tuong Gng dwgc tao nhd sir dung ham bam
(G>>X<<(16+X))|(B>>X<<(8+X))|(R>>X<<X) hodc
(Y>>X<<(16+X))|(Cb>>X<<(8+X))|(Cr>>X<<X), trong d6 >>x la toan tir
dich bit sang phai, va X dugc xac dinh dua trén QP. Bang bdm hoac theo cach

khéc clu tric dir liéu BST (binary search tree, cdy tim kiém nhi phén) duoc
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khai thirc dé tim kiém nhanh cic mau c¢é chung gia tri bam. Ddi vdi hai gia tri
bam bét ky, khoang cich cia né dugc dinh nghia 13 hiéu s tuyét dbi 16n nhit
clia cac thanh phin mau twong Gng.

Trong qua trinh nhém mau 14n cén, khéi tao bang mau 103 x Iy cac mau
dugc déng goi theo thir tir giam cia tAn sd xudt hién, cho dén khi N mau duoc
xir Iy. Néu s6 lwvong mau & CU hién tai nhé hon N, thi tit c4 cAc mau trong CU
hién tai dugc xr ly. N duogc giéi han béi s6 mau 16n nhit dinh truée
(max_num_of colors). Theo mot s phuong an thuc hién, max_num_of colors
=128, tirc 1a, N <= 128. Sau khi nhém mau dua vao bim, N mau dugc chon
(hoic tit ca cac mau trong trudng hop ma sd lwong mau & CU hién tai nhé hon
N), sau d6 dugc sip thir tu lai bang cach sip xép mau theo thi tir ting dya trén
gi4 tri cia mdi mau duge dong goi. Két qua la bang mau nhu bang mau 303
duogc thé hién trén Fig.3. Bang mau 303 c6 kich thuéc bén mau (tic 13, N = 4).
Theo nhiéu phuong 4n thuc hién, N > 4. Tuy nhién, dé dé& giai thich, N duoc
lra chon bang 4 trén Fig.3.

- Khi sb luong mau dugce dai dién & CU 101 16n hon sb luong mau N trong
bang mau 303, cic mau xudt hién véi tn sé nhé hon duge bd tri nhu 13 céc
thang du ngoai bang mau 303. Ching han, cc gia tri mau 49, 53, 50, va 51 1a
mot phﬁn bang mau 303, trong khi cac gia tri mau 48, 52, 47, 54, 55, va 56 1a
céc maiu thing du 305 ngoai bang mau 303.

D4n xuit bang mau 303, nhu dugc thuc hién béi khéi tao bang mau 103, ¢6
thé dugc mo ta bang gia ma dudi day.

(Gia ma):

H = DeriveHistogram();

H’ = CreateEmptyHistorgram();

processed_color_count = 0;

while( processed color count <N and H is not empty )

{

C = GetMostFrequentColor( H );
if( lossy coding )
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hash = ComputeHash( C, QP );

find all colors Cx satisfying: dist( hash, ComputeHash( Cx, QP )) <=I;
merge all colors in Cx to C; |

remove Cx from H;

}

save C to H’ and remove C from H;

}
H=H’;
Reorder( H );

Trong doan gid ma trén day, ComputeHash(d, QP) 4p dung ham bam
(G>>X<<(16+X))|(B>>X<<(8+X))|(R>>X<<X) hoic
(Y>>X<<(16+X))|(Cb>>X<<(8+X))|(Cr>>X<<X) dé tao gi tri bam, trong d6
X phu thudce vao QP. Dist(hashl, hash?2) thu dugc hiéu sé tuyét dbi 16n nhét
ctia cac thanh phin mau twong tng trong hashl va hash2. O day, cac céu tric
dir liéu bang bam va BTS duoc tin dung dé tim nhanh c4c mau thoéa man diéu
kién cu thé dua trén gia tri bam cua no.

Nhu néu trén, dua trén bang mau duoc suy ra 303, khdi bd phan loai mau
105 sir dung CU 101 dé géﬁ c4c mau hodc cac gia tri diém 4nh ctia CU 101 vio
ban d chi muc mau 311 va mét hodc nhidu ban db thing du du béo 313. Tic
13, khéi bd phan loai mau 105 gén mdi mau trong bang mau 303 cho chi muc
mau trong bang mau 303. Ching han, nhu dugc biéu thi & 307 trén Fig.3, mau
49 dugc gan chi muc mau 0 (Colorldx = 0), mau 53 dugc gan chi muc mau 1,
mau 50 duoc gan chi muc mau 2, va mau 51 dugc gan chi muc mau 3
(Colorldx = 3). Khi cac mau trong bang mau 303 duoc gan chi muc, ban dd chi
muc mau 311 ¢6 thé dugc tao tr CU 101 nho st dung céc chi muc ciia mbi
mau. Viéc xir Iy ban d6 chi muc mau 311 dwoc mé ta chi tiét hon dudi day.

Tuong tw, mdi mau thing du 305 ngodi bang mau 303 dugc gan gia tri thing
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du du bao, nhu dugc biéu thi & 309. Khi cic mau thang du 305 dugc gan gia tri
thang du du bao, ban dd thing du du bao 313 c6 thé duge tao tir CU 101.

Dbi v6i CU phang, mdi thanh phin mau c6 thé c6 bang mau riéng, nhur
colorTable_Y, colorTable_U, colorTable_V hodc colorTable R, colorTable G,
colorTable B. Theo mot sb phuong an thuc hién, bang mau dbi véi thanh phin
chinh c6 thé dugc din xuét, nhu Y trong YUV hoidc G trong GBR, va bang niy
c6 thé duogc chia sé cho tit ca cic thanh phin. Thong thudong, bang cach sir
dung bang mau Y hodc G dugc chia sé, cac thanh phé‘m mau khac ngoai Y hoac
G s& c6 so khép sau twong dbi v6i cac mau diém anh gbe tir cdc mau trong
bang mau duoc chia sé. Sau d6 co cdu thing du (nhu cﬁc phuong phap ma héa
céc hé sb HEVC) c6 thé dugc ap dung dé ma héa céc thing du so khép 1éch do.
Theo céc phuong an thuc hién khac, dbi véi CU duge déng géi, m(f)t bang mau
c6 thé duoc chia sé trong sb tat ca cac thanh phan.

Gia ma sau léy bang mau va din xut ban dd chi muc 1am vi du minh hoa.

(Giad ma): .

deriveColorTableIndexMap()

{

deriveColorTable();
derivelndexMap();

deriveColorTable(src, cuWidth, cuHeight, maxColorNum)
{
// src — input video source in planar or packed mode
// caWidth, cuHeight — width and height of current CU
/* maxColorNum — max num of colors allowed in palette table*/
[*transverse */
/1
/I memset(colorHist, 0, (1<<bitDepth)*sizeof(UINT))
pos=0;
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cuSize=cuWidth*cuHeight;
while (pos<cuSize) {

colorHist[src[pos++]]++;

/*just pick non-zero entry in colorHist[] for color intensity ordered
table*/

i=0;
for(i=0;i<(1<<bitDepth);i++)
{
if(colorHist[1]!=0)
colorTablelntensity[j++] = colorHist[i];

}

colorNum=j;
/*quicksort for histgram™*/
colorTableHist = quickSort(colorTablelntensity, colorNum);

/*néu maxColorNum >= colorNum, all colors will be picked*/

/*if maxColorNum < colorNum, only maxColorNum colors will be
picked for colorTableHist. Trong truong hop nay, tit ca cic diém anh s& tim
thdy mau dugc so khép t6t nhit ctia né va chi muc tu’dng ung c6 khac bict
(diém anh thuc va mau tuong tng) duge ma héa bang co ciu thing du.*/

/*S6 mau t6t nhét trong bang mau c6 thé dugc xac dinh bang cach dan
xuét chi phi R-D 1ap lail*/

}

derivelndexMap()

{
pos=0;
cuSize=cuWidth*cuHeight;
while ( pos < cuSize)

{
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minErr=MAX _UINT;
for (i=0;i<colorNum;i++)
{
err = abs(src[pos] — colorTable[i]);
if (err<minErr)
{
minErr = err;
idx =1;
}

b
idxMap[pos] = idx;

XU ly bang mau

Déi v6i mdi CU 101, bd truyén 100 ¢6 thé suy ra bang mau 303 tir CU hién
tai 101 (duoc goi la ban trugt bang mau trdng minh) hodc bd truyén 100 c6 thé
suy ra bang mau 303 tur lan can trén hodc bén trai cua CU hién tai 101 (duoc
goi 13 ban trugt bang mau ngdm). Khbi ma hoa bang 107 tiép nhén bang mau
303 va mi hoéa cac muc trong bang mau 303.

Viéc xtr ly bang mau lién quan viéc ma hoa kich thuéc cia bang mau 303
(thce 1a, téng sb mau ndi bat) va chinh méi mau. Pa sd cac bit duoc ti€u thu
béng cdch ma héa mdi mau trong bang mau 303. O day, tiéu diém s& duoc dit
vao viéc ma héa mau (tic 13, ma héa mdi muc trong bang mau 303).

Phuong phép dé& nhit dé ma héa cac mau trong bang mau la st dung thuét
toan kiéu PCM (pulse code modulation, diéu bién ma xung), trong d6 mdi mau
dugc ma hda doc lap. Theo cach khac, du bao gén nhét cho mau ké tiép 6 thé
duoc ap dung, va sau dé delta du bao co thé dugc ma hoa thay vi cuong do
mau mdac dinh, von 12 kiéu PCM vi phan (differential PCM, DPCM). Sau d9, ca

hai phuong phap c6 thé duoc ma héa entropy bang cach sir dung md hinh xéc
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sudt can bang hodc mo hinh ngit canh thich ung, tuy thudc vao cén bang gitta
chi phi d6 phirc tap va hiéu suat ma hoa.

Céc phwong 4n thuc hién sang ché dé xudt phuong tién cai tién khac, goi 1a
hop nhét bang mau lan cén, trong d6 color_table merge flag dugc dinh nghia
dé chi bao liéu CU hién tai (chdng han, CU 101) sir dung bang mau lién két vé6i
lan can CU trai hodc 14n can CU trén. Néu khong, CU hién tai mang bao hiéu
bang mau tuong minh. Qué trinh nay cé thé con dugc goi 1a chia sé bang mau
lan can. V&i qué trinh hop nhét, co color_table_merge_direction biéu thi hudng
hop nhét, v6n 14 tir CU trén hodc tir CU trai. Di nhién, c4c (g vién huéng hop
nhét c¢6 thé theo cac hudng khac ngoai CU trén hodc CU trai (ching han, tréi
trén, phai trén, va twong tu). Tuy nhién, CU trén va CU trai dugc st dung trong
sang ché dé minh hoa khai niém. Mdi diém anh trong CU hién tai dugc so sanh
vd1 cac myc trong bang mau hién tai cung v6i CU trai hodc CU trén va duoc
gan chi muc tao ra hidu s6 du bao nho nhét (tc 13, didm anh trir mau gén nhét
trong bang mau) thong qua gia ma deriveldxMap() duoc thé hién trén day. Dbi
voi trudong hop trong d6 higu s6 du bao khac 0, tit ca cac thang du dugc ma
héa st dung co cdu thing du RExt. Quyét dinh liéu c6 st dung qud trinh hop
nhit bang c6 thé duoc xac dinh boi chi phi R-D.

Khi bang mau dugc mang tuong minh trong dong bit, ¢ thé duge ma hoa
tudn ty cho mdi thanh phin mau. Viéc nhdi bang mau lién bang hoac DPCM
mau bén trong bang dugce ap dung nhu duge mé ta dudi ddy dé ma hoa mdi

muc tudn tu cho tit ca ba thanh ph?m mau.

Nhdi bang mau lién bang

Tham chi khi phuong phép chia sé bang mau khong duge st dung, van co
thé c6 mau chung giita bang mau 303 va bd dy bao bang mau. Do vay, viéc ap
dung k§ thuat nhdi bang mau lién bang theo tirmg muc ¢ thé con cai thién hiéu
qua ma hoa. O déy, bo du bao bang mau duoc suy ra tir khoi 1an can, nhu CU
14n cén trai hodc CU lan cén bén trén. Fig.5A minh hoa b du bdo bang mau

551 va bang mau hién tai 553 c6 thé dugc sir dung v6i k¥ thuat nhdi bang mau
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lién bang theo sang ché. Bang mau 553 hién tai c6 thé dai dién bang mau 303
trén Fig.3. BO du bdo bang mau 551 cé thé dugc xay dung tb CU lan cén trai
ctia CU hién tai. O phia bo giai ma, bang mau dugc cip nhat thich hop theo bd
du bao bang mau 551 tir cac 1an cén tham chiéu. Theo mdt sb phuong an thuc
hién, by du bdo bang mau cé thé duoc suy ra tor CU lan can duogc tai tao hodc
CTU hoic tir bang toan cuc ¢ phién hodc mc chudi. Theo giai phéap k¥ thuat
da biét, phién gém nhiéu CU trong anh. Anh c6 thé gdm mét hodc nhidu phién.
Chudi gdm nhiéu phién.

Cho c(i) va r(j) 1an luot dai dién muc tha i trong bang mau hién tai 553 va
muc tht j trong bd du béo bang mau 551. Lai luu ¥ rang mdi muc chia ba
thanh phén mau (GBR, YCbCr, hodc tuong tu). DPéi voi mdi muc mau c(i),
i<=N, trong bang hién tai 553, khi ma hoéa bang 107 tim thdy so khop gidng
hét r(j) tr bd du bdo bang mau 551. Thay vi bdo hiéu c¢(i), j dwoc ma hoa du
bdo. BO du bao duoc x4c dinh lam chi sd nhé nhét k 16n hon ] duogc tai tao
true d6 va théa man r(k)[0] > = c(i — 1)[0]. Hiéu s du bao ( — k) duoc bao
hiéu trong dong bit. Do hiéu s6 (j — k) 1a duong, khong cin bit d4u.

Luu ¥ ring md hinh thich Gng ngit canh hodc mo hinh di vong c6 thé duoc
st dung dé ma hoa (j-k), theo giai phép k¥ thuat da biét. Thong thudng, md
hinh thich Gng ngit canh duoc stt dung cho cac muc dich hiéu suét cao trong
khi md hinh di vong dugc sir dung cho yéu cau théng cao va do phire tap thép.
Theo mét s& phuong 4n thyuc hién sang ché, hai md hinh thich ung nglt canh c6
thé duoc st dung dé ma hoa hiéu s du bao chi muc (j—k), nho st dung phuong

tién nhi phan héa mot ngdi nén cut dong .

DPCM mau bén trong bang

Néu khong tim thdy so khop trong bd du bao bang mau 551 cho muc thu i
trong bang mau hién tai 553, gia tri cta muc thir i dwoc trir khoi muc trude muc
thr (i-1) va hiéu s6 tuyét ddi (|d(i)|) dugc ma hoa sir dung DPCM mau cho mbi
thanh phan. N6i chung, it bit hon cho hiéu sé du bao tuyét dbi va bit déu s&

duoc tao va ma hoéa nho st dung DPCM mau bén trong bang. Md hinh thich
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ung ngit cdnh hodc mé hinh di vong c6 thé dugc st dung dé m3 hoa hiéu s du
béo tuyét dbi va bit ddu lién két, theo giai phap ky thuit da biét. Ngoai ra, bit
dAu c6 thé bi giéu hodc khong dugc ma héa cho médt ) truong hop. Chéng han,
cho truéc bang mau hién tai 553 da duoc sép thir ty theo thir tu tdng, hiéu sb
thanh phan Y (hoic G) khéng yéu ciu bit ddu. Twong tw, hiéu s6 thanh phin Cb
(hoac B) khong g:én bit d4u néu hiéu s6 Y (hodc G) tuong tmg bang 0. Ngoai ra,
hiéu sb thanh phin Cr (hoic R) khong can bit diu néu ca hidu s6 Y (hoic G)
13n Cb (or B) bang 0. Nhur 13 vi du khéc, bit ddu c6 thé duoc che gidu néu hiéu
s6 tuyét ddi bang 0. Nhur 12 vi du khac nita, bit ddu c6 thé dﬁcyc che gidu néu
diéu kién bién sau duoc théa man: c[i-1] - |d(i)| < 0 hoic c[i-1] + |[d(i)| > 255.

Pbi voi muc thir nhit ¢(0) ciia bang hién tai 553, néu k§ thuat nhdi bang
mau lién bang khong dugc st dung, mdi thanh phan c(0) c6 thé dugc ma héa
nho sir dung md hinh ngi canh di vong 8 bit c¢b dinh. Ngoai ra, c6 thé dugc ma
héa nhd sir dung mé hinh ngir canh thich tmg dé cai thién thém hiéu ning.

DPé minh hoa rd hon cac ky thuat nhdi bang mau lién bang va DPCM mau
bén trong bang, vi du st dung dit li€u & bang mau hié€n tai 553 s& dugc mo ta.

Bit dau tir myc thtr nhit ¢(0) ctia bang mau hién tai 553, tic 13, (G, B, R) =
(0, 0, 192), c6 thé thdy rang c(0) khéng c6 so khép trong bd du bao bang mau
551, do vay ¢(0) dugc ma hoa ddc 1ap. Muc thit hai c¢(1) cia bAng mau hién tai
553 ((G, B, R) = (0, 0, 240) con khoéng cé so khép trong bd du bado bang mau
551. Gia str muc thir nhét c(0) d3 duoc m3 héa, chi hiéu sd du bao giita c(1) va
¢(0) nén dugc mang trong dong bit, tac 1a, (0, 0, 240) — (0, 0, 192) = (0, 0, 48).
Pbi v6i muc thir ba c(2) ctia bang hién tai 553, nhan dién so khép chinh xac
trong bd du bao bang mau 551 trong d6 j = 1. Chi myc du bao bing cach sir
dung muc mau dugc ma héa trude @6 bﬁng 0, do vay, chi (1-0) =1 can duge
ma hoéa. Cac ky thust m3 héa ndy duoc 4p dung cho dén muc cudi cing cta
bang hién tai 553 (tac 13, idx = 12 trén Fig.5A) dugc ma hoa. Bang 1 minh hoa
ting budc cach ap dung chia sé lién bang va DPCM bén trong bang trén bang
hién tai 553 st dung bd du bdo bang mau kha dung 551.

Bang 1: Phuong phép mi héa cho bang 14y 1am vi du trén Fig.5A
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i (chi | Phuong phap ma héa |j (chi muc so |k  (chi | Phin tir mi héa
muc khép trong | myc so
bang bang tham | khép du
hién tai) chiéu (b6 du | bdo)
bao bang mau))
0 Bén trong bang (0,0, 192)
1 Bén trong bang (0,0, 48)
2 Lién bang 1 0 1
3 Lién bang 2 2 0
4 Lién bang 3 3 0
5 Bén trong bang (0,0,2)
6 Bén trong bang (60, 10, -12)
7 Lién bang 8 7 1
8 Bén trong bang (0, 30, -30)
9 Bén trong bang (20, -50, 0)
10 Lién bang 9 9 0
11 Bén trong bang (30,0, 0)
12 Lién bang 15 11 4

M3 héa tuong minh bang miu sic dugc tém tit trong doan gia mi sau,

trong d6 N va M 14n luot 13 s§ muc trong bang mau hién tai va chuén.

if exist j such that r(j) == c(i) / Lién bang palette stuffing

inter table sharing flag=1;

encode inter_table_sharing_flag;

k = minimum x satisfying x > prev_j and r(k)[0] >= c(i - |

(Gia ma):
encode N;
prev_j =0;
for (1=0;1<N;it++)
{
{
if(j==0)
k=0;
else
DIOL;

prev_j=k;
delta=j—k;
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encode delta;

}
else // bén trong bang color DPCM
{

if (prev_j<M)

{ -
inter_table sharing flag = 0;
encode inter table sharing flag;

}

if(i==0)
encode c(i) ;

else

{
delta =c(i) —c(i—1);
encode delta;

}

}
}
Viéc giai ma tuong minh bang mau sic dugc t6m tit trong doan gia mi sau.
(Gia ma):
decode N;
prev_j=0;

inter_table sharing flag =0;
for(1=0;i<N;itt)
{
if (prev_j<M)
decode inter table sharing flag;
if ( decode inter _table sharing flag==1)
{

decode delta;
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k = minimum x satisfying x > prev_j and r(k)[0] >= c(i —

DIO];
prev j=k;
j =k + delta;
c(i) =1();
}
else // bén trong bang color DPCM
{
if(i==0)
decode c(i);
else
|
decode delta;
c(i)=c(i—1) + delta;
)
}
}

C6 mét vai phuong phap tao cac bang mau lan cén st dung trong qua trinh
hop nhét khi m3 héa CU hién tai. Tuy thudc vao viéc trién khai, mot trong cac
phuong phép (dugc goi 13 Phuong phép A dé dé giai thich) can cap nhit & ca
bd ma héa 1an bd giai ma. Phuong phap khic (duoc goi 1a Phuong B) 1a xtr Iy
chi phia b ma héa. Ca hai phuong phap s€ dugc md ta.

Phuong phap A: O phuong phap niy, cic bang mau ctia cac CU lan cén
duoc tao trén diém 4nh duogc tai tao kha dung, bat ké do sau cua CU, kich
thudc, v.v.. Cho mdi CU, céc tai tao dugc truy tim cho CU lan cin cta né &
cung kich thudc va cing do sau (gia st d6 twong ddng mau s& cao hon trong

truong hop nay).
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Fig.5B minh hoa vi du tai tao bang mau sir dung Phuong phéap A, theo sang
ché. Nhu dugc thé hién trén Fig.5B, CU hién tai 501 1a khdi 16x16 c6 chiéu
sau = 2. Cac CU lan can cuia CU hién tai 501 g&“)m CU trén 502 va CU trai 503.
CU trén 502 1a khéi 32x32 ¢6 chidu sau = 1. CU trén 502 gdém khdi trén 16x16
504. CU trai 503 1a khdi 8x8 c6 chiéu sau = 3, va 1a mot phan cta khdi 16x16
505. Str dung phuong phép A, bat ké phan vung cac CU lan c4n (ching han,
CU trai 8x8 503 hodc CU trén 32x32 502), do 1éch diém anh (=16) s& dugc dit
tir gbc cia CU hién tai 501 sang huéng trai dé xu 1y khéi trai 16x16 505 va
sang hudng trén dé xr ly khéi trén 16x16 504. Ca bd ma hoa 1An gidi ma duy tri
do léch nay.

Phuong phap B: O phuong phép niy, qué trinh hop nhét xuét hién khi CU
hién tai chia sé chung kich thudc va do sau lam CU cua né trén 14n cin va/hodc
lan cin CU tréai cua nd. Cac bang mau cia céc lan cén kha dung dugc s dung
dé suy ra ban dd chi muc mau cua CU hién tai cho céac hoat dong tudn tu.
Chang han, d6i v6i CU hién tai 16x16, néu CU lan c4n cta né (tdce 14, 1an can
trén cua no6 hodc lan cén trai) dugc ma héa sir dung bang mau va phuong phap
chi muc, bang mau cua CU lan cdn dugc st dung cho CU hién tai dé suy ra chi
phi R-D. Chi phi hop nhét duoc so sanh véi truong hop trong d6 CU hién tai
suy ra bdng mau ciia né mot cich tuong minh (cling nhu cac ché do da biét
khéc c6 thé ton tai trong HEVC hodc HEVC RExt). Truong hop bét ky tao chi
phi R-D thép nhét duoc lua chon lam ché do duoc viét vao dong bit dau ra. O
phuong phap B, chi bd ma héa duge yéu cdu md phong cac ché do tiém nang
khac. O bd giai ma, color table merge flag va color table merge direction
flag chi bao quyét dinh hop nhét va hudng hop nhat ma khong cin xir Iy thém

bdi bd gidi ma.

Béang mau bd du bao
Dé giam d¢ phuc tap, bang mau bd dy bao dugc st dung dé trit cac mau dén
to bang mau dugc ma hda trudc do hodc bang mau bd du bao khac, dan dan

dén tr bang mau dugc ma hda trude d6. Theo mot phuong an thuc hién, céac
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muc trong bang mau bd du bdo dén tir bang mau bd du bdo hodc bang mau
dugc ma hoa cua CU trai hodc CU trén cua CU hién tai. Sau khi CU duoc ma
hoa béng bang mau, bang mau bd du bdo dugc cap nhat néu kich thuge CU nay
16n hon hodc bang kich thuéec CU cung véi bang mau bd dy bdo va bang mau
hién tai khac v4i bang mau bd du béo. Néu CU hién tai khong dugc méa hoa
bang cach str dung ché do bang mau, khong thay ddi véi bang mau bd dy bdo.
Day con duoc goi la lan truyén bang mau bd dy bao. Bang mau bd du béo co
thé duoc dit lai tir ddu mdi anh hodc phién hodc mdi hang CU.

Céc phuong phéap kha dung dé xiy dung bang mau bo du bao. O phuong
phéap tha nhét, cho mdi CU ma hoa, bang mau bd du bao dugc xdy dung tu
bang mau bd du bdo ctia CU trai hodc CU trén. O phuong phép nay, mot bang
mau bd du bao duoc luu lai cho mdi CU.

Phuong phap thit hai khic phuong phap thir nhat trong bang mau do, thay

vi bang mau bd du bdo, cung véi CU trén dugce st dung trong qud trinh du béo.

Xir Iy/ma héa ban dd chi muc mau

Khéi ma héa so d6 chi muc 109 ma héa ban dd chi muc mau 311 duoc tao
bai khdi bo phén loai mau 105. Dé ma hoa ban dd chi muc mau 311, khdi ma
héa so dd chi muc 109 thuc hién it nhdt mot hoat dong quét (phuong nam
ngang 315 hoic phuong thing dung 317) dé bién ddi ban dd chi muc mau 2D
311 thanh chudi 1D. Sau d6 khdi ma hoa so dd chi muc 109 thuc hién thuét
toan tim kiém chudi (néu dudi ddy) dé tao cac phép so khop. Theo mot sb
phuong 4n thuc hién, khéi ma hoa so d6 chi muc 109 thuc hién cc hoat dong
quét theo phuong nim ngang hodc thang ding va thuc hién thuat toan tim kiém
chudi dé xac dinh phuong nao cho két qua t6t hon. Fig.6 minh hoa vi du cua
cac hoat dong quét theo phuong thang dimg va phwong ndm ngang. Trén Fig.6,
ban dd chi muc mau 2D 601 léy lam vi du dugc thé hién. Ban dd chi muc mau
601 co6 thé dai dién ban do chi muc mau 311 trén Fig.3. Ban dd chi muc mau
601 1a ban dd 64x64, nhung céc kich thudc khac ctia ban dd chi muc mau la

kha thi. Nhu duoc thé hién trén Fig.6, quét (tim kiém) theo phuong ngang 602
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hoic quét (hoic tim kiém) theo phuong thing dimg 603 c6 thé dugc thuc hién
trén ban dd chi muc mau 601.

Cac phuong 4n thuc hién sang ché dé xuit ki thuat so khép chudi 1D va
bién thé 2D ddi v6i ma héa ban d6 chi myuc mau 311. G mbi vi trf, k§y thudt m3
héa tim théy diém so khép va ghi nhan khoang cach dugce so khép va d¢ dai dé
so khép chudi 1D, hoic ghi nhan d6 rong va chidu cao ciia phép so khép dbi
v6i so khép chudi 2D. Déi véi vi tri khong so khép, cudng d6 chi muc, hodc
theo cach khac, gia tri delta gifta cuong d6 chi muc va cuong d6 chi muc du
béo, c6 thé dugc ma héa truc tiép. 7

Phuong phép tim kiém 1D d& dang c6 thé dugc thuc hién trén ban d6 chi
muc mau 601. Chéng han,vFig.7 minh hoa mét phin cia vecto chi muc mau 1D
700 sau phép tim kiém 1D bang cach st dung quét theo phuoilg ngang tir vi tri
chi muc tht nhit cta ban dd chi muc mau 601. Sau d6, tim kiém chudi dugc ap
dung cho vecto chi muc mau 1D 700. Nhin & vi trf thir nhat 701 cia vecto chi
muc mau 700 (vén 13 ‘14’ nhu dugc thé hién trén Fig.7), do khéng cé tham
chiéu dém, vi tri thir nhat 701 duoc xtr Iy nhu 13 “cip khong so khép”. Cap
khong so khép duoc gan cac gi tri tir -1 va 1 dén khoang cach va d6 dai tuong
ung, dugc ky hi€u 1a (dist, len) = (-1, 1). Vi tri th hai 702 1a ‘14’ khac. Vi tri
thtr hai 702 13 chi muc thit nhit dugc mai héa lam tham chiéu. Do vay khoang
cach cua cé@p so khép, dist=1. Do céi ‘14’ khac & vi tri thir ba 703, @6 dai cua
cip so khép 13 2, tic 13, len=2. Di chuyén doc theo t6i vi trf thir tu 704, gip gia
tri ‘17°, khong duogc nhin théy truge d6. O d6, vi tri tht tv 704 dugc m3 hoa
duéi dang cap khong so khép khéc, tic 13, (dist, len) = (-1, 1). i voi mdi cip
khong so khép, c& so khép/khong so khép dugc ma héa dé bao hiéu khong c6
chi muc so khép duge tim thay cho chi muc hién tai, va c& nay tiép theo bdi gid
tri thuc ctia chi muc (ching han, xuit hién thir nhit ‘14°, ‘17°, ‘6’, v.v.). Pbi
v6i mdi cip so khép, cd so khép/khong so khép duge mi hda dé bao hiéu ring
d3 tim thay chudi chi muc so khép, va c& ndy theo sau béi do dai cia chudi so

khép.
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Phén sau 13 nhém két qua cho k§ thuat m3 héa sir dung mot phén cia vecto

chi muc mau 1D 700 duoc thé hién trén Fig.7.

dist=-1, len=1,  idx=14 (khong so khép)

dist=1, len=2 (c6 so khép)

dist=-1, len=1, idx=17 (khéng so khép)

dist=1, len=3 (c6 so khép)

dist=-1, len=1, 1dx=6 (khong so khép)

dist=1, len=25 (c6 so khop)

dist =30, len=4 (c6 so khép) /*cho “17” xuit hién trudc

do*/

Doan gi mi sau dugc danh cho din xuit cip so khép nay.

(Giad ma):

Void deriveMatchedPairs ( TComDataCU* pcCU, Pel* pldx, Pel* pDist,
Pel* pLen, Ulnt uiWidth, Ulnt uiHeight)

{
// pldx is a idx CU bounded within uiWidth*uiHeight

Ulnt uiTotal = uiWidth*uiHeight;
Ulnt uildx =0;

Intj =0;

Int len = 0;

// first pixel coded as itself if there isn't left/upper buffer
pDist[uildx] =-1;
pLen[uildx] = 0;

uildx++;

while (uildx <uiTotal )
{
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len =0;
dist =-1;
for (j=uildx-1;j>=0; j--)

{
/[ if finding matched pair, currently exhaustive search is
applied
// fast string search could be applied
if ( pldx[j] == pldx[uildx] )
{
for (len = 0; len < (uiTotal-uildx); len++ )
{
if ( pldx[j+len] != pldx[len+uildx] )
break;
}
}
if ( len > maxLen ) /*better to change with R-D decision*/
{
maxLen = len;
dist = (uildx-j);
}
}

pDist[uildx] = dist;
pLen[uildx] = maxLen;
uildx = uildx + maxLen;
}
}
M hoa ban db chi muc mau don gian
Theo mot sb phuong 4n thuc hién, cac hoat dong sau co thé duoc thuc hién

duédi dang phuong phap dwgce don gian hoa dé xir Iy ban dd chi muc mau theo
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cach thttc 1D. Nhu dugc mo ta trén day, ban dd chi muc mau 601 c6 thé dugc
biéu din bang cac cip so khép hodc khong so khép. Pbi véi cac cap so khop,
cdp khoadng céch va do dai dugc so khdp cuia cac chi muc nhém duge b4o hiéu
cho by nhéan.

' C6 céc ngit canh c6 thé nhan thiy trong d6 CU gdm chi mét s6 mau. Didu
nay co thé din dén mot hoic nhiéu doali lién tuc hodc lién két c6 gia tri chi muc
trong tu. O nhitng trudng hop niy, bao hiéu cap (khoang cach, do dai) c thé
din dén nhiéu chi phi bd sung hon so vé6i cin thiét. P& giai quyét vn dé nay,
qua trinh xir 1y ban dd chi muc mau don gian héa dugc mé ta dusi diy con
giam s luong bit duge ding khi ma héa ban d6 chi muc mau.

Nhu & giai phap ma hoa ban d6 chi muc 1D, khai niém “khoang cach” c6 thé
dugc phan chia thanh hai phan loai chinh: khodng céch c6 nghia va khoang
cach thudong. Khoadng cach thuong dugc ma hoda st dung cac ngir cdnh. Sau do,
cac do dai lién két dugc ma héa tuan tu.

Theo cac phuong 4n thuc hién, phuong phap nay st dung khoang cach cé
nghia. C6 hai loai khoang cach c6 nghia ddi véi phuong phap nay. Mét 1a
distance = blockWidth. Con lai 13 distance = 1. P4y 1a hai loai khoang cach cé
nghia phan 4nh quan sét distance = 1 va distance = blockWidth cting véi phan
trim c6 nghia nhat cia toan bd phan bd khoang cach. Hai loai khoang cach ¢
nghia s& dugc mo ta nham minh hoa.

Phuong phap ma héa stt dung distance = blockWidth con dugce goi 13 ma
héa CopyAbove. P& minh hoa phuong phap ma héa CopyAbove, ban dd chi
muc mau 64x64 601 trén Fig.6 lai dugc xem xét. Ban dd chi muc mau 601 ¢
blockWidth = 64. Trong ban dd chi muc mau 64x64 601 13 hai chudi 611-612
‘chi muc dugc chi béo bang dudng gach nét. Cc gia tri chi muc trong chudi 612
gidng hét cac gia tri chi muc tuong tng trong chudi 611 ngay phia trén. Do cac
gia tri chi muc trong chudi 612 gidng hét cac gia tri chi muc trong chudi 611,
cac gia tri chi muc trong chudi 612 c6 thé dugc ma hoa béng cach tham chiéu
cac gia tri chi muc trong chudi 611. Khi ban d6 chi muc mau 601 duoc bién dbi

thanh vecto chi muc mau 1D st dung quét theo phuong ngang (nhu dugc thé

-27-



29679

hién trén vecto chi muc méuhl 1D 700 trén Fig.7), “khoang cach” doc theo vecto
chi muc mau 1D gifta cac gia tr1 chi muc tuong g trong cac chudi 611-612
bang 64, von 1a do rong khdi ciia ban dd chi muc mau 601. Ching han, khi ban
dd chi myuc mau 601 duge bién ddi thanh vecto chi muc mau 1D c6 64 x 64 =
4096 phan tir, khoang cach doc theo vector giita gia tri chi muc ‘6’ vén 13 gia
tri thir nhét trong chudi 611, va gia tri chi muc ‘6’ vbn 13 gia tri thu nhét trong
chudi 612, bang 64. Po dai cua cic chubi so khép 611-612 bing 27, do mdi
chudi 611-612 gbm 27 gié tri chi muc. Do vay, chudi 612 c6 thé dugc m3 héa
chi bang cach chi bao phuong phap mi héa CopyAbove va do dai cia 27 cac
gié tri chi muc.

Phuong phédp ma hoéa st dung distance = 1 con dugc goi 1a ma hda
IndexMode hoic ma héa CopyLeft. Pé minh hoa mi héa IndexMode, xem xét
chudi 613 cia cac chi muc trong ban dd chi muc mau 601. Chudi 613 gdm gia
tri chi muc thtr nhét <14’ tiép theo bdi 51 gia tri chi muc tudn tu ‘14°. Do mdi
gia tri trong céc gia tri chi muc trong chudi 613 1 twong tu, 51 gia tri chi muc
ctia chudi 613 tiép theo ‘14’ thir nhét c6 thé dugc m3 héa ddng thoi sir dung
distance = 1 (v6n biéu thi ring gia tri chi muc vén 13 khoang c4ch bing 1 sang
trai gia tri chi muc hién tai c6 gia tri twong tu). PO dai cia chudi so khép 613
bang 51. Do vdy, chudi 613 c6 thé duoc mi héa don gian bing cach chi bao
phuong phép ma héa IndexMode va do dai cia 51 gia tri chi muc.

Nhu dugc mb ta trén ddy, ddi v6i phuong phap ma hoa ban dd chi muc mau
don gian, khoang cach dugc sir dung dé ma héa c6 thé duge gi6i han & chi cac
vi tri déng ké; tirc 13, khoang cach dbi véi cac phuong 4n thuc hién ndy c6 thé
bi gi6i han chi & 1 hodc blockWidth. P& giam thém chi phi bd sung, d6 dai cta
chi muc so kh6p con ¢ thé duoc giéi han & do rong CU. St dung dinh nghia
ndy, cip khoang cach va do dai c6 thé dugc bao hidu nhd sir dung chi hai co
nhi phan (tirc 13, 2 nhi ph4n) ma khéng giri chi phi bd sung cta do dai va
khoang cach (duogc suy ra dudi dang d6 rong khéi). Ching han, cd thir nhit c6
thé biéu thi néu viéc ma héa st dung khoang cach cé nghia hodc khong st

dung khoang cach cé nghia. Néu c& th nhat bi€u thi rang viéc ma hoda st dung
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khoang cach c6 nghia, thi c& thit hai c6 thé biéu thi néu khoang cich c6 nghia
bang 1 (tirc 13, IndexMode) hodc blockWidth (ttrc 13, CopyAbove). Do chudi so
khép xuat hién theo dong (hoic theo hang) trong CU, cc chi muc bét ky trong
dong khong dugc so khép bédi distance = 1 hodc distance = blockWidth dugc
xu 1y duéi dang cac chi muc khong dugce so khép. Cac chi muc khong dugce so
khép nay dugc mé héa 14n luot riéng ré. Pbi véi cac chi muc khong duge so
khép ndy, cac phuong phap du bao néu trén c6 thé duoc st dung dé cai thién
hiéu qua.

B gidi ma co thé thuc hién hoat dong gidi ma tuong tu cac k¥ thuit ma héa
CopyAbove va ma héa IndexMode néu trén. Chang han, bd giai ma c6 thé nhan
co thir hai, va dua trén gia tri cia co thr hai, bd giai ma biét giai ma theo k¥
thuat giai ma CopyAbove hodc IndexMode.

Bién thé 2D ciia k¥ thuét so khép chudi 1D néu trén c¢6 thé con duoc sir
dung. K¥ thuit so khép 2D gdm cac budc sau:

Buéc 1: Vi trf cua diém anh hién tai va diém anh tham chiéu dugc nhan
dién nhu 12 diém bét dau.

Budc 2: tim kiém chudi 1D nim ngang dugc 4p dung cho huéng phai cua
diém anh hién tai va diém anh tham chiéu. P9 dai im kiém 16n nhét bi giéi
han boi cudi hang ngang hién tai. D06 dai tim kiém 16n nhit c6 thé duoc ghi
nhan nhu 1a right width.

Budc 3: tim kiém chudi 1D nim ngang dugc 4p dung cho hudéng trai cia
diém anh hién tai va diém anh tham chiéu. Po dai tim kiém I6n nhét bi giéi han
béi bt ddu hang ngang hién tai, va c6 thé con bi giéi han béi right width cta
phép so khép 2D trude. Do dai tim kiém 16n nhét c6 thé dugce ghi nhan nhu 1a
left width.

Budc 4: Tim kiém chudi 1D tuong tu dugc thuc hién ¢ hang tiép theo, st
dung diém anh duéi diém 4nh hién tai va diém anh tham chiéu 1am diém 4nh
hién tai méi va diém anh tham chiéu.

Budc 5: Dung khi right width == left width == 0.
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Budc 6: Dbi v6i mdi height[n] = {1, 2, 3...}, c6 mang tuong tmg width[n]
(ching han, {left width[1], right width[1]}, {left width[2], right width[2]},
{left_width[3], right_width[3]}...}.

Buéc 7: Mang min_width médi duge dinh nghia 14 {{lwidth[1], rwidth[1]},
{Iwidth[2], rwidth[2]}, {Iwidth[3], rwidth[3]}...} dbi v&i mbi height[n], trong
do6 Iwidth[n] = min(left_width[1:n-1]), rwidth[n] = min(right_width[1:n-1]).

Buéc 8: Mang kich thuéce {size[1], size[2], size[3]...} con dugc dinh nghia,
trong d6 size[n] = height[n] x (Iwidth[n]+hwidth[n]).

Budc 9: Gia sir rang size[n] giit gia tri 16n nhit trong méang kich thuéc, do
rong va chidu cao ctia phép so khép chudi 2D duge lua chon bing cach sir
dung {lwidth[n], rwidth[n], height[n]} tuong Gng.

Mot k¥ thuat dé 61 uu hoa tde d6 cta phép tim kiém 1D hozc 2D 12 st dung
bam chay. Theo médt sb phuong 4n thuc hién, cAu trac bam chay 4 diém &nh c6
thé duoc sir dung. Biam chay duoc tinh toan cho mdi diém anh theo huéng
ngang dé tao mang bim ngang running_hash h[]. Bim chay khac dugc tinh
toan trén cing running_hash h[] dé tao mang bam 2D running_hash;_hv[]. Mbi
phép so khép gia tri trong mang bam 2D running_hash_hv[] biéu thi phép so
khép khédi 4x4. Dé thuc hién so khép 2D, cac phép so khép khéi 4x4 dugc tim
thdy trudc khi thuc hién so sanh theo diém anh véi cac 14n can. Do phép so
sanh theo diém 4nh bi giéi 4nh & 1 dn 3 diém anh, toc d6 tim kiém c6 thé
dugc ting dang ké.

Tir phin mé ta trén ddy, cac d6 rong so khép cia mdi hang khac nhau, do
vAy mdi hang phai duoc xtt 1y riéng r&. Dé dat hiéu suit va d6 phuc tap thip,
cac phuong 4n thuc hién sang ché @& xuét thuat toan dua trén khéi c6 thé duoc
sir dung khi trién khai ca phan céng 14n phan mém. Tuong tu theo mét sd khia
canh vé& udc tinh chuyén dong chuin, thuit toan niy xtr 1y mot khdi hinh chir
nht tai mot thoi diém.

Fig.8 minh hoa vi du ctia khéi xir Iy diém anh co ban & thuit toan ndy, dugc
goi 1a médun U_PIXEL 800. Modun U_PIXEL 800 tiép nhan tin hiéu dugc ma
héa 801 va tin hiéu dau vao 802, va gém céac cbng 16gic tir 803 dén 806. Tin
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hi¢u dugc ma héa 801 12 c& biéu thi néu diém anh tham chiéu da dugc ma héa
tir hoat dong so khép chudi trudc dé. Mot cach ity chon, tin hiéu dau vao 802
(Cmp[n-1]) c6 thé bi diy vé “0”, cho phép loai bo cdng “OR” 806 cudi cing
khéi m6dun U_PIXEL 800.

LAy khéi 4x4 1am vi du. Bu6c thi nhit 13 dé xir 1y song song mdi hang. Mbi
diém 4nh & mot hang chir nhat dugc gan cho mot modun U_PIXEL 800. Khéi
xtr Iy dé xir Iy mdi hang dugc goi 1a médun U ROW. Fig.9 minh hoa vi du cia
mddun U_ROW 900. Modun U ROW 900 gdm céc mddun U_PIXEL 800.
Dbi v6i truong hop cia khdi 4x4, médun U ROW 900 gébm bén médun
U_PIXEL 800. Nhu duoc thé hién trén Fig.9, médun U_ROW 900 dang x1r 1y
hang thir nhit, hang 0, nhu dugc biéu thi & 901.

Bén médun U ROW 900 duoc sir dung dé xir Iy bén hang cia khéi 4x4.
Bén médun U ROW 900 cé thé duge bd tri song song & mddun U_CMP.
Fig.10 minh hoa vi du cia médun U_CMP 1000 gdm bén médun U ROW 900.
Péu ra cia moédun U_CMP 1000 13 mang cmp[4][4].

Budc tiép theo ciia thuét toan 1a dé xir 1y song song mdi c6t clia mang cmp.
MJi cmp trong cdt ctia mang cmp duoc xit 1y béi mddun U_COL. Fig.11 minh
hoa vi du cia médun U_COL 1100 tiép nhén bbn cot 1101-1104 cua mang cmp.
Bén modun U_COL 1100 c6 thé duoc sir dung dé xtr 1y bon cot ciia khdi 4x4.
Bén médun U COL 1100 c6 thé dugc bd tri song song trong mddun
U 2D BLOCK. Fig.12 minh hoa médun U 2D BLOCK 1200 ldy 1am vi du
gébm bén médun U COL 1100. Piu ra ctia mdédun U 2D BLOCK 1200 13
mang rw[4][4].

Sau d6 sb luong 0 trong mbi hang clia mang rw[n][0-3] duoc dém va bén
két qua duoc ghi vao méang r width[n]. Mang r width[n] twong tr mang
rwidth[n] & budc 7 cia k¥ thuat so khép 2D néu trén. Mang 1 width[n] dugc
tao theo céch thirc twong ty. Mang min_width & budc 7 c6 thé thu duoc dudi
dang {{1 width[1], r width[1]}, - { 1 width[2], r width[2]}, { | width[3],
r width[3]}...}.
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Thuét todn nay cé thé dugc trién khai & phan cimg hoic t6 hop ca phin
ctmg 13n phan mém trong khung xtr 1y song song ctia CPU (central processing
unit, khéi xir Iy trung t4m) hién tai, DSP (digital signal processor, bd xit 1y tin
hiéu s6), hogc GPU (graphics processing unit, khdi xir ly d hoa). Gia ma don
gian hoa dé trién khai phdn mém nhanh dugc liét ké duéi day.

Gid ma :

//'1. Tao mang C[][]

For(y = 0; y < height; ++y)

{

For(x = 0; x < width; ++x)
{
tmpl = cur_pixel * ref pixel;
tmp2 = tmp1[0] | tmp1[1] | tmp1[2] | tmp1[3] | tmp1[4] | tmp1[5] |
tmp1[6] | tmp1[7];
Clyl[x] = tmp2 & (coded[y][x]);

}
// 2. Tao mang CMP[][]

For(y = 0; y < height; ++y)
{
CMP[y][0] = C[y][0];
}
For(x = 1; x < width; ++x)
{
For(y = 0; y < height; ++y)

{
CMP[y][x] = Cly][x] | CMP[y][x-1]

}
// 3. Tao mang RW[][] hodc LWI][]
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For(x = 0; x < width; ++x)
{
RW[0][x] = CMP[0][x];
} .
For(y = 1; y < height; ++y)
{
For(x = 0; x < width; ++x)

{
RW[y][x] = CMP[y][x] | RW[y-1][x];

}

// 4. Bién déi RW[][] thinh R_WIDTHI[]

For(y = 0; y < height; ++y)

{

// d€m 0, hodc do 0
R_WIDTH[y] = LZD(RW[y][0], RW[y][1], RW[y][2], RW[y][3]);

}

Nhu dugc thé hién trén doan gia ma trén, khéng c6 phu thudc dir liu trong
mdi vong lap FOR, do véy cac phuong phap xir 1y song song phdn mém dic
tfu’ng, nhu tha vong hoic MMX/SSE, c6 thé duoc 4p dung dé tang tdc do thuc
thi.

Thuét toan ndy c6 thé con 4p dung cho tim kiém 1D néu sé hang bi giéi han
bang 1. Poan gi4 m3 don gian héa dé trién khai phdn mém nhanh cia phép tim
kiém 1D dya vao d6 dai ¢b dinh duoc liét ké duéi day.

(Gia ma):

//'1. Tao mang C[]

For(x = 0; x < width; ++x)

{

tmpl = cur_pixel " ref pixel;
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tmp2 = tmpl[0] | tmpl1[1] | tmpl[2] | tmpl[3] | tmpl[4] | tmpl[5] |
tmp1[6] | tmp1[7];
" C[x] = tmp2 & ('coded[x]);

// 2. Tao mang RW[] or LW[]
If (last “OR” operation in U_PIXEL module is removed)
Assign RW[] = (][]
Else {
RW [0] = C[0];
For(x = 1; x < width; ++x)
{
RW [x] =C[x] | RW [x-1]

]

// 3. Bién d6i RW[][] thanh R_WIDTHJ]

// ém 0, hogc do 0

If(last “OR” operation in U_PIXEL module is removed)

R _WIDTH = LZD(RW/[0], RW[1], RW[2], RW[3]);

Else |

R WIDTH[y] = COUNT_ZERORW[0], RW[1], RW[2], RW[3]);

Sau khi hoan thanh ca phép tim kiém 1D 14n tim kiém 2D, gi4 tri 16n nhét
ctia (1D length, 2D size (width x height)) dugc lua chon 1am “gia tri chién
thing”. Néu Iwidth (left width) ctia phép so khép 2D khac 0, d6 dai cia phép
so khép 1D truée (length = length — Iwidth) ¢ thé dugc diéu chinh dé tranh
tring lap gitta phép so khép 1D trude va phép so khép 2D hién tai. Néu do dai
ctia phép so khép 1D trude bing 0 sau khi didu chinh, n6 nén dugc loai khéi
danh sach so khop.

Tiép theo, vi trf bit ddu duoc tinh toan st dung current location + length

néu so khép trude d6 1a so khép 1D, hodc current location + (Iwidth+rwidth)
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néu so khép trude d6 1a so khép 2D. Khi tim kiém 1D dugc thuc hién, néu
diém anh s& duoc so khdp bat ky nim trong ving so khép 2D truée d6 bt ky
trong d6 vi trf cia né da duge ma héa béi phép so khép 2D, diém anh tiép theo
hogc diém anh dugc quét qua cho dén khi diém anh dugc tim thiy khong duoc
ma héa bdi phép so khdp truéde.

Sau khi thu thap cac cip so khép, cdu tric entropy c6 thé duge ap dung dé
bién dbi cac phan tir ma héa niy thanh dong nhi phan. Theo mdt s6 phuong an
thuc hién, cdu tric entropy c6 thé st dung mé hinh x4c suét can bang. M6 hinh
ngit canh thich (mg ning cao c6 thé duoc 4p dung cho hiéu qua nén tét hon.
Doan gia mi sau 13 vi du cta thi tuc ma héa cho mdi cip so khép.

(Gia ma):

//13p cho m&i CU, uiTotal=uiWidth*uiHeight, uildx=0;

while (uildx <uiTotal) {

// *pDist: Iuu trit gi4 tri khoang cach cho mdi cip so khép

// *pldx: Iwu trir gi4 tri chi muc cho mdi cip so khép

// *pLen: hwu trit gi tri chidu dai cho mbi cip so khép

// encodeEP() va encodeEPs() sir dung lai HEVC hodc ma héa entropy

dudng vong.

if (pDist[uildx] ==-1)

{

//m3 héa motbin v6i mé hinh x4c suit cin bang dé biéu thi

//liéu cdp hién tai cé so khép hodc khong.
unmatchedPairFlag = TRUE;
encodeEP(unmatchedPairFlag);
//uilndexBits duge didu khién béi kich thudce bang mau
// tirc 13, déi v6i 24 mau khéc, can 5 bit, cho 8 mau, 3 bit
encodeEPs(pldx[uildx], uilndexBits);

uildx++;

else
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unmatchedPairFlag= FALSE;
encodeEP(unmatchedPairFlag);

/*lién két nhi phan héa véi gia tri kha thi max*/
Ulnt uiDistBits =0;
//offset dugc st dung dé thém cac tham chiéu bd sung tir cac khdi 1an cén
//& day, trude hét cho offset=0;
while( (1<<uiDistBits)<= (uildx+offset))
{
uiDistBits++;
}
encodeEPs(pDist[uildx], uiDistBits);
/*lién két nhi phan héa v&i gia tri kha thi max*/
Ulnt uiLenBits =0;
while( (1<<uiLenBits)<= (uiTotal-uildx))
{
uilLenBits++;
} .
encodeEPs(pLen[uildx], uiLenBits);
uildx += pLen[uildx];

}
}
Tuong tmg, qua trinh giai ma cho cdp so khdp duoc d& xuét trong gia ma
sau.
(Gia ma):

// 13p cho mdi CU, uiTotal=uiWidth*uiHeight, uildx=0;
while (uildx <uiTotal) {
// *pDist: Iuu trit gi4 tri khoang cach cho mdi cip so khép
// *pldx: Iuru trit gi tri chi muc cho mdi cip so khép
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// *pLen: luu trit gia trj chiéu dai cho mdi cap so khép
// parseEP() va parseEPs() st dung lai HEVC hodc ma héa entropy vong
tuong tur . '
// phén tich c4u triic c& cip khong so khép
parseEP(&uiUnmatchedPéirFlag);
if (uiUnmatchedPairFlag )

{
parseEPs( uiSymbol, uilndexBits );
pldx[uildx] = uiSymbol;
uildx++;

}

else

{

/*lién két nhi phan héa véi gi tri kha thi max*/

Ulnt uiDistBits =0;

// offset dugc sir dung dé thém céc tham chiéu bd sung tir cac

khéi 1an cén

// & day, trudc hét cho offset=0;

while( (1<<uiDistBits)<= (uildx+toffset))
uiDistBits++;

Ulnt uiLenBits =0;

while( (1<<uiLenBits)<= (uiTotal-uildx))
uilLenBits++;

parseEPs( uiSymbol, uiDistBits);

pDist[uildx] = uiSymbol;

parseEPs( uiSymbol, uiLenBits);

pLen[uildx] = uiSymbol;

for(Ulnt i=0; i< pLen[uildx]; i++)
pldx[ituildx] = pIdx[i+uildx- pDist[uildx]];

uildx += pLen[uildx];
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}

Luu ¥ ring chi diém anh & c4c vi tri khong so khép s& duoc ma héa thanh
dong bit. P& c6 mé hinh thdng ké chinh x4c hon, mét s6 phuong an thuc hién
c6 thé sir dung chi diém anh v c4c 14n c4n dé suy ra bang mau, thay vi st dung
tit ca diém anh trong CU.

Déi voi cac ché 36 ma hoa xac dinh chi muc hodc dau ra delta, cac két qua
mi héa cha yéu chira s6 lwong hiru han cic gia tri duy nhdt. Cac phuong 4n
thuc hién sang ché bang mau delta thi hai dé tin dung quan sat nay. Bang mau
delta nay cé thé dugc tao sau khi tit ca dir liéu chir thu duoc & CU hién tai.
Bang mau delta c6 thé dugc bao hiéu tudng minh trong dong bit. Theo cach
khéc, c6 thé dugc tao mdt cach thich Gng trong qua trinh ma hoéa, sao cho bang
khong duoc gém trong dong bit. delta_color table adaptive flag dugc dé xuét
dé chon.

Theo mdt sb phuong 4n thuc hién, phuong tién nang cao khéc, dugc goi 13
hop nhét bang mau delta 14n can, duge dé xuét. Dé tao bang mau delta thich
g, bd mi héa c6 thé sir dung bang mau delta tir trén hoic CU trai 1am diém
bt diu ban diu. D& tao bang mau khong thich tmg, bd ma hoéa cé thé con st
dung bang mau delta tir trén hodc CU trai, va sau d6 so sanh chi phi R-D trong
s6 céc CU trén ciing, bén trai vA hién tai. |

delta_color table merge flag dugc dinh nghia dé chi béo liéu CU hién tai
co str dung bang mau delta tir CU trai hodc CU trén. CU hién tai mang bao hiéu
bang mau delta tudng minh chi khi delta color table adaptive flag==0 va
delta_color table merge flag==0 cung liic. Pdi v6i qua trinh hop nhét, néu
delta_color table merge flag dugc xac nhén, co khéc,
delta_color table merge direction, dugc dinh nghia dé chi bao liéu tmg vién
hop nhét 1 tir CU trén hoic CU trai.

Néu delta_color_table adaptive flag==1, phan sau 13 vi du ciia qu4 trinh

m4 héa dé tao bang mau delta thich tmg. O phia bd giai mé, bat cir khi ndo bd
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giai mé tiép nhan dir liéu dang chit, sau d6 bd giai ma c6 thé tao lai bang mau
delta nho st dung céc buée nguge lai.

Budéc 1: Cac mang palette table[] va palette count[] dugc dinh nghfa.

Buédc 2: Mang palette table[] dugc khéi tao dudi dang palette table(n) =n
(n=0...255). Theo cach khac, palette table[] tir CU trén cung hoaflc CU trai c6
thé duogc sir dung 1am gi4 tri ban dau. _

Buéc 3: Mang palette_count[] dugc khéi tao dudi dang palette count(n) =0
(mn=0...255). Theo céch khac, palette count[] tir CU trén cung hodc CU trai c6
thé dugc st dung 1am gi4 tri ban dau.

Budc 4: Dbi véi gia tri delta ¢’ bAt ky, cac hoat dong sau dugc thuc hién:

a) Pinh vi n sao cho palette_table(n) == delta ¢’;

b) St dung n 1am chi muc mdéi cia delta ¢’;

c) ++palette_count(n);

d) Sip xép palette_count[] sao cho né theo thir tr giam; va

e) Sap xép palette_table[] twong tng.

Budéc 5: Qua trinh tré vé budce 1 va qua trinh duogc 1ap lai cho dén khi tit ca
delta ¢’ trong CU hién tai dugc xur 1y.

Péi voi khéi bit ky gdm ca vin ban 14n dd hoa, c& mit na c6 thé dugc sir
dung dé tach riéng phan van ban va phan db hoa. Phin vin ban c6 thé duoc nén
nhd sir dung phuong phép nén néu trén; phan dd hoa cé thé dugc nén boi
phuong phép nén khéc. Do gia tri ctia diém anh bat ky dugc bao phi béi cd
mat na dugc ma héa khdng tdn hao béi 16p vén ban, mdi diém anh trong phé‘m
dd hoa c6 thé dugc xem 1a “diém anh khong ban tan”. Khi phin db hoa dugc
nén, gia tri tiy ¥ bt ky c6 thé dugce gan cho diém anh khong ban tim dé c6
hiéu nang nén t6i wu.

Ban db chi muc va cac thing du dugc tao trong qué trinh din xuit bang
mau. Viéc nén khéng ton hao ban dd chi muc cho phép xir 1y hiéu qua nho sir
dung phép tim kiém chudi 1D hodc 2D. Theo mét sé phuong 4n thuc hién,
phép tim kiém chudi 1D hodc 2D bi gi6i han trong CU hién tai; Tuy nhién, ctra

s6 tim kiém c6 thé dugc mé rong vuot qua CU hién tai. Khoang cach so khép
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c6 thé duoc ma hoa nho st dung cip vecto chuyén dong theo cac phuong
ngang va thiang dung, ching han, (MVy=matched distance/cuWidth,
MVy=matched distance-cuWidth*MVy).

Do anh c6 thé ¢6 cac dinh hudng két cdu khong gian khac nhau & cac ving
cuc by, phép tim kiém 1D c6 thé duoc thuc hién theo céc hudng ngang hodc
thang ding dwa trén gia tri ctia bd chi bao color_idx map_pred direction.
Hudng quét chi muc t8i wu co thé duoc xac dinh dua trén chi phi R-D. Fig.13
minh hoa vi du ctia cac hoat dong quét theo phuong ngang hodc thing dung.
Trén Fig.13, ban dd chi muc mau 2D 1301 14y lam vi du duoc thé hién. Ban d
chi muc mau 1301 c¢6 thé dai dién ban dd chi muc mau 311 trén Fig.3. Ban dd
chi muc mau 1301 la ban d 8x8, nhung cdc kich thude khéc ctia ban d6 chi
muc mau 1a ¢é thé. Nhu duoc thé hién trén Fig.13, quét theo phuong ngang
1302 hodc quét theo phuong thing dung 1303 c6 thé duoc thuc hién trén ban
dd chi muc mau 1301. Theo mot sb phuong 4n thuc hién, deriveMatchPairs()
va cac budc ma hoa entropy lién két dugc thuc hién hai 1dn dé quét theo
phuong ngang 1an quét theo phuong thiang dung. Sau do, huéng quét cudi cung

duoc chon lam hudng véi chi phi R-D nhé nhit.

Nhi phén hoa cai tién

Nhu duoc thé hién trén ddy, bang mau va cip thong tin so khdp cho ban dd
chi muc mau c6 thé duoc ma hoéa nho st dung nhi phan hoa do dai c¢b dinh.
Theo céach khéac, nhi phan héa cé chiéu dai bién thién co6 thé dugc st dung.
Chang han, dbi v6i bang mau ma héa, bang mau ¢ thé ¢6 tam gia tri mau khéc
nhau. Do vdy, ban dd chi muc mau tuong tng c¢6 thé chira chi tam chi muc
khac nhau. Thay vi st dung ba bin c¢d dinh dé ma hoa ting gia tri chi muc
ngang bang, chi mot bin ¢ thé dugc st dung dé biéu thi diém anh nén. Ching
han, diém anh nén c6 thé duoc biéu thi bing 0. Sau d6, bay gié tri diém anh con
lai c6 thé duoc biéu thi béng cach sir dung céc tir mi ¢ do dai c¢d dinh nhu
1000, 1001, 1010, 1011, 1100, 1101, va 1110 dé ma hoa chi muc mau. biéu

nay dua trén thuc t€ 1a mau nén c6 theé chiém phan tram anh 16n nhat, va do vay
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tir ma ndi bat chi mot bit cho mau nén c6 thé tiét kiém tdng khong gian. Ngir
canh nay xuét hién thong thudng cho ndi dung man hinh. Nhu 13 vi dy, xem xét
CU 16x16. Sir dung nhi phan héa ba bin ¢6 dinh, ban d6 chi muc mau yéu ciu
3x16x16=768 bin. Theo cach khac, cho mau nén, chiém 40% anh, dugc danh
chi muc bing 0, trong khi cic mau con lai dugc phan bb déu. Trong trudng hop
nay, ban dd chi muc mau chi yéu ciu 2,8x16x16<768 bin.

Pé m3 hoa cip so khép, gia tri kha thi 16n nhit ctia khoang cach va do dai
so khép cé thé duoc sir dung dé glO‘l han nhi phan héa, cac giéi han hién tai cu
thé ciia cong nghé trong khu vuc ctia CU hién tai. V& mit toan hoc, khoang
cach va chidu dai so khép dai bing 64x64=4K trong mdi trudng hop. Tuy
nhién, didu nay thong thuong khong xuat hién dong thoi. Péi véi timg vi trf so
khép, khodng cach so khép dugce gidi han bdi khodng cach gifra vi tri hién tai
va vi tri thtr nhit trong bd dém tham chiéu (chzflng han, vi tri thr nhat & CU hién
tai), c6 thé dugc biéu thi nhu 1a L. Do vy, cac bin 16n nhit dé nhi phan héa
khoang cach bang log2(L)+1 (thay vi fixed length), va cAc bin 16n nhat dé nhi
phan héa d¢ dai 13 log2(cuSize-L)+1 véi cuSize=cuWidth*cuHeight.

Bén canh bang mau va ban dd chi muc, m3 héa hé sb du c6 thé duoc cai
thién d4ng ké bdi cic phuong phap nhi phan héa khac nhau. Nhu déi véi cac
phién ban HEVC RExt va HEVC, hé sb bién dbi duoc nhi phan héa nho sir
dung chidu dai bién thién dua trén quan sat rﬁng hé sb dugc tao sau khi du bao,
bién ddi va lugng tir héa nho sir dung cac phuong phap di biét thong thudng co
d6 16m gan bang 0, va cac gi tri khéac 0 thuong duoc dit & gbe trén bén trai ctia
khéi bién ddi. Tuy nhién, sau khi giéi thiéu dung cu mi héa bo qua bién dbi
trong HEVC RExt ma cho phép di vong toan bd qua trinh bién d6i, viéc phan
tan d6 16n thang du da thay déi. Pic biét khi cho phép bé qua bién ddi trén nodi
dung man hinh véi cdc mau nbdi bat, théng thudng cé cac hé sd véi cac gia tri
16n(tic 13, cac gia tri khong gin bang 0, nhu “1°, <2°, hodc ‘0°) va cac gia tri
khac 0 c6 thé xuit hién & cac vi tri ngdu nhién trong khdi bién ddi. Néu nhi
phan héa hé sé HEVC hién tai duoc st dung, cé thé thu duoc tir ma rat dai.
Theo cach khéc, nhi phan héa d dai cb dinh c6 thé duoc sir dung, c6 thé tiét
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kiém do dai ma cho cac hé sd du dugc tao bang bang mau va ché d6 méa hoa chi

muc.

Phuong phap tao diém anh du bao mdi

Nhu duge mo ta trén day, tim kiém chudi 1D/2D dugc thuc hién trong ma
hoa ban b chi muc mau. O vi tri bat ky trong ban db chi muc mau trong do6 chi
muc so khép duogc tim thiy, bd giai ma 1ay diém anh & vi tri so khép va diém
anh gbc trir n6 dé tao diém anh thing du. Thi tuc nay c6 thé duge thuc hién
hodc bang cach st dung mau twong tng trong bang mau dugc dai dién bang chi
muc mau ¢ vi tri so khép, hoac béng cach st dung diém anh duoc tai tao 0 vi
tri so khép.

C6 hai phwong phép tao gid tri du béo dua trén hai phuong phéap néu trén. O
phuong phap thir nhit, dbi voi vi tri diém anh dich bét ky, gia tri RGB duoc
suy ra tir bang mau bdi chi muc mau chinh & vi tri so khép, va gia tri RGB nay
duoc sir dung 1am gid tri du bao cia diém anh dich. Tuy nhién, phwong phép
ndy budc bd gidi ma thuc hién thu tuc dan xuét chi muc mau dén diém anh
ngoai CU hién tai, lam tang thoi gian giai ma.

Pé tranh thu tuc din xudt chi muc mau & phuong phap thu nhét, phuong
phap thir hai dwoc 4p dung trong d6, ddi v6i vi tri diém anh dich bét ky, gid tri
diém anh duogc tai tao & vi tri so khdp dugc st dung lam giéd tri du bdo. O
phuong phép nay, gia tri dugce tai tao khong hop 1€ khi diém anh du bao trong
CU hién tai. O truong hop nay, tuy nhién, chi muc mau 1a kha dung va mau
trong Umg trong bang mau c6 thé duoc sir dung lam diém anh dy bao.

Gia tri thang du cua diém anh bat ky trong CU hién tai c6 thé dugc suy ra
béng cach léy gia tri géc trir gid tri dy bdo. Sau do, dugc lugng tir hoa va dugc
ma héa thanh dong bit. Gi4 trj tai tao ctia diém anh bat ky & CU hién tai c6 thé

duoc suy ra béng cach thém gia tri du bdo va gid tri thing du lugng ti hoa.

Ché d6 mau don
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CU mau don c6 thé 1a CU ¢6 duy nhét mdt mau & moi vi tri diém anh hodc
CU c¢6 mau don trong bang mau véi ban dd chi muc don gia tri ddng déu. Co
nhiéu phuong phéap dé nén CU don mau & ché do bang mau. Theo mot phuong
phép, tac 1a, ché do don mau, chi thong tin bang mau mau don nay dugc ma
hoa va duoc bao gém trong dong bit. Toan by doan ban dd chi muc mau bi bd
qua. Piéu nay nguoc v6i ma hoa va truyén ban dd chi muc toan 0 dong déu. O
phia bo giai ma, néu chi ¢6 mau don trong bang mau ma khéng c6 ban dd chi
muc, mdi vi tri diém anh trong CU hién tai s& duoc lip ddy mau trong bang

mau.

Sao chép chudi mién diém anh

Nhu dugc md ta trén day, sao chép chudi 1D/2D duge 4p dung trong mién
ban d6 chi muc mau. Sao chép chudi 1D/2D c6 thé con duge ap dung trong
mién diém anh. So v&i mién ban dd chi muc sao chép chudi 1D/2D, sao chép
chudi 1D/2D trong mién diém anh gém nhiéu thay ddi. Cac thay ddi nhu sau:
1. Bang mau va qua trinh tao ban dd chi muc khong can thiét va c6 thé dugc bo
qua. Tuy chon khéc, thuc hién tat ca viéc tao bang mau, tao ban dd chi muc, va
tim kiém chudi 1D/2D trén mién chi muc vin duoc thuc hién, nhung bang mau
khong duoc viét vao dong bit. Ban d6 dugc ma héa duo tao dua trén do dai cua
phép so khép chudi 1D hodc chidu rong va chidu cao ciia phép so khép chudi
2D. Ban d6 dugc ma hoa biéu thi liéu vi tri diém anh c¢6 duoc bao phu bdi phép
so khop trude hay khong. Vi tri bit dau tiép theo 14 vi tri tht nhit khong dugc
bao phu baoi phép so khép trude.
2. Khi ma hoéa dir liéu khong dugc so khop, gia tri RGB cta né (thay vi gia tri
chi muc mau) duoc viét vao dong bit. Khi ma hoa dir liéu khong duoc so khap,
phuong phdp ma héa chi myc diém anh c6 thé con duoc 4p dung trong do co
mdt bit duge thém vao trude gid tri RBG nay trong bang ciu truc. Néu gia tri
RBG nay xuét hién 1an thir nhit, co dwoc dit bing 1 va chinh gid tri RBG nay

dugc ma hoa vao dong bit. Gié tri RBG nay duogc thém vao bang tra ctru sau do.
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Néu gid tri RBG nay lai xut hién, ¢ duoc dit bing 0 va gia tri chi muc bang
tra ctru thay vi gid tri RBG nay duoc ma hoa.

3. Phuong phép tao diém anh du bao st dung tiy chon 2 cua ché d6 don mau
(gia tri diém anh duoc tai tao tur vi trf diém anh du bao duoc st dung lam gia tri
du béo).

4. Pbi véi CU don mau, tiry chon 1 hodc tuy chon 2 clia ché dd don mau c6 thé
dugc lya chon. Khi tuy chon 1 dugc lua chon, gia tri RGB ciia mau chinh duoc
viét vao doan bang mau cua dong bit. Khi tiry chon 2 duge lya chon, néu dong
trén khong duoc st dung trong phép tim kiém 1D va tiy chon 2D khong dugc
phép cho CU hién tai, gi4 tri RGB cta mau chinh duoc viét vao doan bang mau
cua dong bit.

Noi chung, sao chép chudi 2D 14 thuét toan linh hoat; c6 thé thuc hién cac
hoat dong trén céc khdi ¢6 cac do rong va chiéu cao khéac nhau dé tim khdi so
khdp. Khi sao chép chudi 2D bi gi6i han & do rong va chibu cao cia CU, sao
chép chudi 2D tré thanh sao chép khéi do rong/chiéu cao c¢b dinh. IBC (Intra
block copy, sao chép bén trong khéi) gan nhu gidng hé trudong hop cu thé sao
chép chudi 2D nay ma hoat dong trén khdi do rong/chidu cao ¢ dinh. Khi sao
chép chudi 2D do rong/chiéu cao cb dinh, gia tri thang du ciing duoc ma hoa.
Diéu nay ciing gin nhu tuong tu vo1 phuong phadp ma hoéda thang du duoc su

dung bdi IBC.

Lay mau sic do thich Gmg cho ndi dung hdn hop

Cac phuong 4n thuc hién néu trén dé xuét cac ky thuat khac nhau dé ma hoa
ndi dung man hinh hiéu sudt cao dudi khudn khd cta HEVC/HEVC-REXxt.
Thuc té, bén canh noi dung man hinh thudn tay (nhu vin ban, dd hoa) hodc
video tu nhién thuin tiy, con c6 ndi dung chira chét liéu man hinh duoc may
tinh tao ra va video tu nhién do camera bat gitr. DAy duoc goi 1a ndi dung hon
hop. Hién tai, ndi dung hdn hop dugc xu ly béng viéc léy mau sic do 4:4:4.
Tuy nhién, ddi v6i phin video ty nhién dugc camera bét gilt dwgc nhing trong

ndi dung hén hop nay, viéc Iéy mau sdc do 4:2:0 c6 thé du dé cho chat luong
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khong tén hao vé& mit cam tinh. Py 1a do thuc té ring thi gidc con ngudi it
nhay cam véi céc thay ddi khéng gian & cic thanh phin sic dd so v6i cac thay
'd6i tir cac thanh phin so vé6i thay ddi tir cac thanh phin do chéi. O day, viée ldy
mau phu thuong duogc thuc hién trén c4c thanh ph'?ln sic do (chéng han, dinh
dang 4:2:0 phé thong) dé dat duoc viée giam tdc do bit nhan tha"ly duogc trong
khi duy tri cht luong hinh anh dugc tai tao gidng hét.

Céac phuong an thuc hién sang ché dé xuét cd, enable chroma subsampling,
duoc dinh nghia va bao hiéu & mirc CU mot cach dé quy. Pbi voi mbi CU, bd
ma hoda x4c dinh li¢u ¢6 dugc ma héa nhé st dung 4:2:0 hodc 4:4:4 theo chi phi
R-D. Fig.14A va Fig.14B minh hoa cac vi du vé cac dinh dang léy mau sic do
4:2:0 va 4:4:4. Fig.14A thé hién vi du 14y mAu 4:2:0 va Fig.14B thé hién vi du
14y mau 4:4:4. 6

O phia bd ma héa, cho mbdi CU, gia sir dau vao 13 ngudn 4:4:4 dugc thé hién
trén Fig.14B, chi phi R-D duogc suy ra truc tiép nh¢ st dung tha tuc ma hoda
4:4:4 v6i enable chroma_subsampling = 0 hoic FALSE. Sau d6, qua trinh 1dy
mAau phu cic mau 4:4:4 dén 4:2:0 dé suy ra viéc tiéu thu bit. Pinh dang 4:2:0
duogc tai tao dugc ndi suy ngugce vé dinh dang 4:4:4 dé do d6 bién dang (chéng
han, str dung tong 131 binh phuong (SSE), hodc tdng hiéu sb tuyét dbi (SAD)).
Cung v6i ti€u thu bit, chi phi R-D dugc suy ra khi ma héa CU & khdéng gian
4:2:0 v so sanh n6 véi chi phi khi ma héa CU & 4:4:4. Sau d6, phuong phap
m3 héa bét ké nao cho chi phi R-D thip hon dugc chon d& ma héa cubi cing.

Fig.15 minh hoa vi du cia qua trinh ndi suy tir 4:4:4 dén 4:2:0 va nguoc lai.
Thong thuong, qua trinh bién ddi dinh dang 14y mau mau video éé thé yéu cau
s6 lugng bo loc ndi suy lon. pé gidm do phuc tap trién khai, bo loc nodi suy
HEVC (tirc 13, DCT-IF) c6 thé duoc sir dung. Nhu duge thé hién trén Fig.15,
cac hop vudng biéu thi cac mau 4:4:4 ban dau. Tir 4:4:4 d&n 4:2:0, diém anh
ntra diém (duoc biéu thi bing cic dudong tron) dugc ndi suy st dung DCT-IF
thing dimg cho c4c thanh phan sic dd. Con duogc thé hién trén Fig.15 14 cac vi
trf mot phan diém anh, duoc biéu thi bang cac hinh kim cuong. Cac dudng tron

sic d6 xam dugc lwa chon dé tao cac mau 4:2:0. Dé noi suy tir 4:2:0 dén 4:4:4,
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qud trinh bat dau véi cac dudng tron xam & cac thanh phan sic dd, cac vi tri
ntra di€m anh dugc ndi suy ngang dé thu dugc tat ca cac duong tron, va sau do
cac 6 vudng duoc ndi suy nho sit dung DCT-IF theo phuong thiang ding. Tat

ca cac 0 vuong dugc ndi suy dugc lua chon dé tao tin hiéu 4:4:4 duoc tai tao.

Diéu khién by ma hoa

Nhu néu trén, nhidu c& duge d& xudt dé diéu khién xt Iy mac do thap & bo
ma héa. Chang han, enable packed component_flag dugc st dung dé chi bao
liéu CU hién tai ¢6 str dung dinh dang duge déng goéi hodc dinh dang phing da
biét dé xr Iy ma hoa. Quyét dinh lidu co cho phép dinh dang dong goi hay
khong co thé tuy thudc vao chi phi R-D dugc tinh toan & bd ma hoa. Khi trién
khai bo ma héa, c6 thé dat duoc giai phap do phuc tap thip nho phén tich biéu
d6 cia CU va tim ngudng tdt nhét cho quyét dinh.

Kich thuéc cta bang mau c6 tac dong truc tiép 1én do phuc tap. Tham sb
maxColorNum dugc dwa vao dé didu khién cin bing gitta do phtre tap va hiéu
qud ma hoa. Cach dé nhit 1a chon lya dan dén chi phi R-D thap nhét. Hudng
ban dd chi muc ma hoa c6 thé duoc xac dinh nho tdi vu hoa R-D, hoac béng
cach sir dung dinh huéng khong gian cuc bo (chéng han, udc lugng hudng bién
st dung bd van hanh Sobel).

Mot s6 phuong 4n thyc hién néu trén c6 thé gisi han xt ly trong mdi CTU
hodc CU. Thuc té, c6 thé ndi long rang budc nay. Chéng han, dé xu Iy ban do
chi muc mau, bo dém dong tir CU trén hodac CU trai co thé duoc su dung, nhu
duoc thé hién trén Fig.16. Fig.16 minh hoa vi du x& 1y ban d6 chi muc mau st
dung bo dém dong chi muc trén hodc by dém dong chi muc trai. V4i bd dém
trén va by dém trdi, tim kiém c6 thé dugc mo rong dé cai thién thém hiéu qua
ma hda. Gia st cdc bd dém trén va trai dugc tao nho st dung diém anh duoc tai
tao tir cac CU lan c4n, cac diém anh nay (cling nhu cac chi muc tuong mg clua
n6) kha dung dé tham chiéu trudc khi xir Iy CU hién tai ban dd chi muc. Chéng
han, nhu dugc thé hién trén Fig.16, sau khi sép lai trat tw, CU hién tai ban dd

chi muc 1600 c6 thé 1a 14, 14, 14, .... 1, 2, 1 (dwoc bidu thi du6i dang chudi
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1D). Khong c6 tham chiéu bd dém dong, “14” tht nhét ¢6 thé duge ma hoa nhu

1a ciip khong so khép. Tuy nhién, v6i bd dém dong lan cén, “14” tha nhét so

khop “14” trong b dém dong chi muc trén hodc bo dém dong chi muc trai. Do

vay, sao chép chudi c6 thé bat ddu & diém anh tht nhét.

Cu phép bo gidi ma

Thong tin dudi ddy c6 thé duoc s dung d& mo ta cac hoat dong giai ma cla

bo nhan 200 dugc thé hién trén Fig.2. Cu phap dugc thé hién dudi day dugc

cin thang véi ban dy thao cia HEVC RExt.
7.3.5.8 Ca phap CU:

coding unit( x0, y0, log2CbSize ) {

Descriptor

if( transquant bypass enabled flag )

cu_transquant bypass flag

ae(v)

if( slice type !=1)

cu_skip flag[ x0 ][ yO ]

ae(v)

nCbS = (1 << log2CbSize)

if( cu_skip flag[ x0 ][ y0])

prediction unit( x0, y0, nCbS, nCbS )

else {

if( intra_block copy enabled flag)

intra_bc flag[ x0 ][ yO0 ]

ae(v)

if( color table enabled flag )

color table flag[ x0 ][ yO ]

ae(v)

if( delta color table enabled flag)

delta color table flag[ x0 ][ yO ]

ae(v)

if( lintra be flag] x0 ][ y0 ]) {

if( slice type = 1)

pred mode flag

ae(v)

if(( CuPredMode[x0][y0] != MODE_INTRA ||
log2CbSize == MinCbLog2SizeY )

part mode

ae(v)

}

if( CuPredMode[ x0 ][ y0 ] == MODE INTRA ) {

if( PartMode == PART 2Nx2N && pcm_enabled flag

&& lintra_bc flag
log2CbSize >= Log2MinlpecmCbSizeY &&
log2CbSize <= Log2MaxIpcmCbSizeY )

pem_flag[ x0 ][ yO ]

ae(v)

if( pcm flag[ x0 ][ y0]) {

while( 'byte aligned( ) )
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pem_alignment zero bit (1)
pcm sample( X0, y0, log2CbSize )
} else if(intra bc flag[ x0 ][ y01]) {
mvd coding( x0, y0, 2)
} else if( color_table flag[x0][y0] |
delta color table flag[x0][y0]) {
enable packed component flag ae(v)
if(color table” flag[x0][y0] ) {
color table merge flag - ae(Vv)
if (color table merge flag){
color table merge idx ae(v)
yelse{
color table size ae(v)
for(i=0;i< color table size;i++)
color table entry[i] ae(v)
}
color idx map pred direction ae(v)
}
if(delta color table flag[x0][y0] ) {
delta color table adaptive flag ae(v)
delta color table merge flag ae(v)
if (delta color table merge flag){
delta color table merge idx ae(v)
telse if (!delta color table adaptive flag){
delta color table size ae(v)
for(i=0;i< delta color table size;i++)
delta color table entryl[i] ae(v)
}
}
Pos=0; cuWidth=1<<log2CbSize; cuHeight=1<<log2CbSize;
while (Pos<cuWidth*cuHeight){
matched flag ae(v)
if(matched flag) {
matched distance /*MVx, MVy*/ ae(v)
matched length ae(v)
Jelse{
index delta ae(v)
}

}

} else {

.....pbOffset = ( PartMode ==

PART NxN)? (nCbS/2):nCbS
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Fig.17 minh hoa phuong phép m3 hoéa ndi dung man hinh theo sang ché.
Phuong phap 1700 dugc thé hién trén Fig.17 dua trén cic khai niém cha yéu
néu trén. Phuong phép 1700 c6 thé dugc thuc hién béi bd truyén 100 trén Fig.1.
Tuy nhién, phuong phap 1700 c6 thé con dugc st dung véi thiét bi thich hop
bét ky khac hoic hé théng.

O hoat dong 1701,_thiét bi suy ra ban dd chi muc mau dya trén CU hién tai.
O hoat dong 1703, thiét bi m3 héa ban dd chi muc mau. Thiét bi m3 héa it nhit
mot phan ciia ban d6 chi muc mau nho st dung k¥ thuat ma héa thir nhat. Bo
chi béo thir nhat biéu thi khoang c4ch cé nghia clia k§ thuat md héa thtr nhét.
Chéng han, theo mdt sé phuong 4n thuc hién, gia tri thir nht ctia bd chi bao
thir nhét biéu thi k§ thuit m3 héa IndexMode ma st dung khoang cach cé nghia
bang 1, va gia tri thir hai clia bd chi béo thir nhét biéu thi k§ thuat m3 hoa
CopyAbove ma st dung khoang cach c6 nghia bang chiéu rong khbi cia CU
hién tai.

Mot phin cia ban db chi muc mau ma thiét bj ma hoéa bang cach sir dung k§
thuit m3 hoéa thr nhét 13 chudi chi muc thir nhit c6 chudi chi muc thi hai so
khép ngay phia trén chudi chi muc thtt nhat & CU hién tai, hodc chudi chi muc
thir ba déu c6 gi tri tuong tw nhu gia tri chi muc tham chiéu ngay sang trai cua
chi muc thir nhét trong s6 chudi chi muc thit ba & CU hién tai.

O hoat dong 1705, thiét bi két hop ban db chi muc mau dugc ma héa va bo
chi bao thir nhit dé truyén dén bd nhan.

Mic du Fig.17 minh hoa mét vi du vé phuong phap 1700 d& ma héa noi
dung man hinh, c¢6 thé thuc hién céc thay dbi khac nhau véi Fig.17. Chéng han,
trong khi dugc thé hién dudi dang mot chudi cac budc, cac bude khac nhau
dugc thé hién trén Fig.17 c6 thé trung 13p, xuit hién song song, xuit hién theo
thir tw khac nhau, hoic xuét hién nhiéu 1an. Ngoai ra, mot s budc cé thé duoc
Kkét hop hodc loai bo va cac bude bd sung cé thé dugc thém theo cic nhu ciu
thuec.

Fig.18 minh hoa phuong phap giai mi ndi dung man hinh theo sing ché.
Phuong phap 1800 duoc thé hién trén Fig.18 dwa trén cic khéi niém chinh néu
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trén. Phuong phap 1800 c6 thé duoc thuc hién boi bd nhan 200 trén Fig.2. Tuy
nhién, phuong phap 1800 con cé thé dugc st dung vé6i thiét bi hodc hé théng
thich hop khac bat ky. '

O hoat dong 1801, thiét bi tiép nhan dong bit video nén tir bd truyén. Dong
bit video gdm ban db chi muc mau dugc ma héa. Thiét bi con tiép nhan bd chi
béo thir nhit. Bo chi bao thir nhét biéu thi khoang cich c6 nghia cta k¥ thuat
gidi ma th nhét. Chéng han, theo mét sd phuong an thuc hién, gia tri tha nhét
cia bd chi bao thir nhat biéu thi k§ thuat giai mi IndexMode ma sir dung
khoang cach c6 nghia bing 1, va gia tri thir hai ctia bd chi bao thir nhit biéu thi
k§ thuat giai md CopyAbove ma st dung khoang cich c6 nghia bing chiéu
rong khéi ctia CU hién tai.

O hoat dong 1803, thiét bi giai ma it nhét mot phén ctia ban d6 chi muc mau
st dung k¥ thuat giai ma thir nhét, trong d6 bo chi bao thir nhit biéu thj khoang
cach c6 nghia ctia k¥ thuit giai ma tht nhit. Sau d6, & hoat dong 1805, thiét bi
tai tao diém anh ciing véi CU hién tai dya trén ban dd chi muc mau.

Mic du Fig.18 minh hoa mét vi du vé phuong phap 1800 dé giai ma néi
dung man hinh, c¢6 thé thyuc hién cac thay d6i khac nhau déi véi Fig.18. Ching
han, trong khi dugc thé hién dudi dang chudi cac buédc, cac budc khac nhau
dugc thé hién trén Fig.18 c¢6 thé tring 1ap, xuét hién song song, xuit hién theo
thtr tu khac, hodc xuét hién nhiéu lan. Ngoai ra, mot s6 budc co thé duge két
hop hoic loai bé va cac budce bd sung c6 thé duoc thém theo cac nhu cau thuc.

Theo mot sb phuong 4n thyc hién, mdt sb hodc tat ca cac chirc nang hoic
cac qua trinh cia mot hodc nhiéu thiét bi duoc trién khai dugc trién khai hodc
duoc hd trg béi chuong trinh may tinh duge tao trén ma chuong trinh méy tinh
doc dugc va dugc trién khai trong vat Iuu trit mdy tinh doc dugc. Thuit ngit
“mi chuong trinh may tinh doc dwoc” gdm loai ma may tinh bét ky, gdbm ma
nguén, ma dbi tugng, va ma thuc thi dugce. Thudt ngit “vit luu trit may tinh doc
dugc” gdm loai mdi truong bit ky c6 thé truy nhap bsi may tinh, nhu bd nhé
chi doc (read only memory, ROM), bd nhé truy xuit ngiu nhién (random
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access memory, RAM), 6 dia cing, dia CD, DVD, hodc loai bd nhé khac bét
ky.

C6 thé ¢6 1oi khi néu céac dinh nghia vé céc tr cu thé va cac thuét ngflt dugc
str dung trong sudt ban md ta. Cac thuét ngir “gdm” ciing nhu cac din xuat cia
n6, nghia bao gdm khong gi¢i han. Thuat ngir “hodc” bao gdm, nghia va/hoic.
Céc thudt ngir “cing voi” va “lién két v6i,” cing nhu cac din xuét cta no,
nghia gdm, dugc bao gdm trong, lién két véi, chira, dugce chira trong, ndi véi,
ghép ndi voi, truyén thong dugc véi, phéi hop v6i, dan xen, ké nhau, gén voli,
bi gidi han &, c6, ¢ thudc tinh, hodc tuong tu.

Trong khi sang ché da mé ta cac phuong an thuc hién cu thé va cac phuong
phap lién kiét chung, cac thay thé va hoan vi ctia cac phwong 4n thyuc hién va
céc phuong phap sé& 14 1 rang v6i ngudi ¢6 hidu biét trung binh trong linh vuec.
Do d6, phan mo ta trén day cia cac phuong an thuc hién lam vi du khong dinh
nghia hodc gi¢i han sang ché. Cac thay doi, thay thé, va con ¢6 thé ma khong
xa roi ban chit va pham vi sang ché, nhu duoc dinh nghia bdi céac diém yéu ciu

bao ho sau.
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YEU CAUBAO HO

1. Phuong phap ma hoa ndi dung man hinh, trong d6 phuong phap bao gom céac
budc:

dAn xuit ban do chi s6 mau dua trén khbi ma héa (coding unit, CU) hién tai;

ma héa ban d6 chi s6 mau, trong d6 it nhat mot phan ban d6 chi s6 mau
dugc ma hoa nho st dung k¥ thuat ma hoa th nhét, trong d6 b chi bdo th
nhat chi bao khoang cich quan trong ctia k§ thuat ma hoa thi nhét; va

két hop ban d6 chi sé mau dugc ma hoa va bo chi bao thi nhét dé truyén
dén bo nhén;

trong d6 gia tri thir nhit ctia bd chi bao tht nhat chi bao k§ thuit ma hoa
IndexMode ma sir dung khoang céch quan trong bang 1, va gia tri tha hai cta
bd chi bao thtr nhét chi bao k§ thuat ma hoa CopyAbove ma sir dung khoang

cach quan trong bing chiéu rong khéi cia CU hién tai.

2. Phuong phép theo diém 1, trong d6 it nhdt mot phan ban dd chi sé6 mau duoc
ma hoa nho st dung k¥ thuit ma hoa thir nhit 1a mot trong:

chudi chi sé thit nhit ma c6 chudi chi sb tht hai so khép ngay phia trén chudi
chi sb thtr nhét trong CU hién tai; hodc

chudi chi s thir ba déu c6 gia tri giéng nhu gia tri chi s6 tham chiéu ngay bén

trai cta chi sb thi nhat trong s& chudi chi s6 thir ba trong CU hién tai.

3. Phuong phap theo diém 2, trong d6 chudi chi s& thir nhat duoc ma hoa nho
st dung ky thuat ma héa CopyAbove, va ddu ra cta ky thuit mi hoa

CopyAbove bao gém chiéu dai cta chudi chi s6 thi nhat.
4. Phuong phéap theo diém 2, trong d6 chudi chi s6 thi ba duoc ma hoa nhd sir

dung k¥ thudt ma hoa IndexMode, va dau ra cia k¥ thuat ma hoa IndexMode

bao gdbm chicu dai cda chuoi chi so thtr ba.
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5. Phuong phép theo diém 1, trong d6 bd chi béo thi hai chi bao ring it nhét
mot phén ban dd chi s mau dugc ma hoa nho st dung k¥ thuat ma hoa tha

nhét thay vi k¥ thuat ma hoa thir hai.

6. Phuong phap theo diém 5, trong do:

céc bo chi bao thir nhét va thtr hai 1in luot bao gdm cac cd nhi phan tht nhét va
tht hai;

cO nhi phan thir hai chi bao réng k¥ thuat ma hoéa thir nhét duoc st dung;

¢ nhi phén tht nhét chi bdo ring khoang cich quan trong bing chiéu rong
khéi ctia CU hién tai; va

duong ma hoa ciia CU hién tai giéng hét dudng néu trén duge bao hiéu nho st

dung chi cic co nhi phéan th nhét va tht hai.

7. Thiét bi dugc tao ciu hinh dé ma hoa ndi dung man hinh, trong do thiét bi
bao gom:

it nhat mot bo nha; va

it nhat mot bo xir Iy duge ghép ndi véi it nhdt mot bd nhd, it nhit mot bo xur
ly dugc tao cdu hinh dé:

dan xuit ban d6 chi s mau dua trén CU hién tai;

ma hoa ban d6 chi s6 mau, trong d6 it nhit mot phan ban dd chi sb mau
duge ma hoa nho st dung k¥ thuat ma hoa thir nhat, trong d6 bd chi bao thir
nhét chi bao khoang cach quan trong cta k§ thudt ma hoa tha nhat; va

két hop ban d6 chi sé mau duge ma hoa va bd chi bao thir nhit dé truyén
dén bo nhan;

trong d6 gi4 tri tho nhit ctia bd chi bao thi nhét chi bao k¥ thuat ma hoa
IndexMode ma sir dung khoang céch quan trong bang 1, va gi4 tri thir hai cta
bd chi bao thir nhét chi bdo k§ thuit ma hoa CopyAbove ma st dung khoang

cach quan trong bang chidu rong khéi ctia CU hién tai.
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8. Thiét bi theo diém 7, trong do it nhét mot ph?m ban dd chi s6 mau duoc ma
hoa nho str dung ky thuat ma hoa thu nhat 12 mot trong;:

chudi chi s§ thd nhit ma c6 chudi chi s& thir hai so khép ngay phia trén
chudi chi s6 thir nhét trong CU hién tai; hoac

chudi chi sé thi ba déu c6 gid tri gibng nhu gia tri chi sé tham chiéu ngay

bén trai cta chi s6 thir nhit trong s chudi chi s thir ba trong CU hién tai.

9. Thiét bi theo diém 8, trong d6 chudi chi sé tht nhit dugec ma hoa nhd su
dung k¥ thuat ma hoa CopyAbove, va dau ra cia ky thuat ma hoa CopyAbove

bao gém chiéu dai ctia chudi chi s6 thir nhét.

10. Thiét bi theo diém 8, trong d6 chudi chi s6 th ba duoc ma hoa nho st
dung k¥ thuat ma héa IndexMode, va dau ra cia k¥ thudt ma hoa IndexMode

bao gdm chiéu dai cua chudi chi s6 thit ba.

11. Thiét bi theo diém 7, trong d6 bd chi béo thi hai chi bdo rang it nhit mot
phén ban d6 chi s mau duoc ma hoa sit dung k¥ thudt ma hoa thir nhét thay vi

k¥ thuit ma hoéa tht hai.

12. Thiét bi theo diém 11, trong do:

céc bod chi béo tht nhat va thir hai 1an lugt bao gdm cic ¢d nhi phan thir
nhat va tht hai;

cd nhi phan th{r hai chi bao réng k¥ thuat ma hoéa thu nhét duoc su dung;

cd nhi phan thtr nhit chi bao ring khoang cach quan trong bing chiéu rong
khdi cua CU hién tai; va

duong ma hoa cua CU hién tai ma c6 gia tri giéng hét dugc bao hi€u nho st

dung chi cc co nhi phéan thir nhat va thi hai.

13. Phuong phap giai ma nodi dung man hinh, trong d6 phuong phap bao gém

cac budc:
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nhan dong bit video bao gdm ban dd chi s6 mau;

nhan b¢ chi bao thtr nha;

giai ma it nhdt mot phan ban dod chi s6 mau nhd st dung k¥ thuat giai ma
thr nhét, trong d6 bd chi bao tht nhat chi bao khoang cich quan trong cta k¥
thuét giai ma thir nhat; va

tai tao cdc diém anh duoc lién két v6i CU hién tai dua trén ban dd chi s
mau;

trong do gia tri thi nhit cta bo chi bao thir nhét chi bao k§ thuat giai ma
IndexMode ma st dung khoang cach quan trong bing 1, va gia tri thi hai cua
bd chi bao thu nhét chi bao k§ thuat giai ma CopyAbove ma str dung khoang

cach quan trong bang chidu rong khoi ciia CU hién tai.

14. Phuong phap theo diém 13, trong d6 it nhat mot phan ban dd chi sé mau
duogc giai ma nho st dung k§ thuat giai ma tho nhit 12 mot trong:

chudi chi s6 thir nhit ma ¢6 chudi chi sé thir hai so khép ngay phia trén
chudi chi s6 thir nhét trong CU hién tai; hodc

chudi chi sé tht ba déu c6 gia tri giébng nhu gid tri chi s6 tham chiéu ngay

bén trai cta chi sb thir nhét trong s6 chudi chi sé thir ba trong CU hién tai.

15. Phuong phap theo diém 14, trong d6 chudi chi s6 thtr nhéat dugce giai ma
nho st dung k§ thuét giai ma CopyAbove, va ddu vao cia ky thudt giai ma

CopyAbove bao gém chiéu dai ciia chudi chi s6 thir nhat.

16. Phuong phap theo diém 14, trong d6 chudi chi s6 thi ba duge giai ma nho
st dung k¥ thuat giai ma IndexMode, va dau vao cua k§ thuit ma hoa

IndexMode bao gdm chiéu dai ctia chudi chi b thir ba.
17. Phuong phép theo diém 13, trong d6 bd chi bdo thit hai duoc nhéan chi béo

rang it nhat mot phan ban do chi s6 mau dugc gidli ma nho st dung k¥ thuat

giai ma thtr nhét thay vi ky thuét giai ma thir hai.
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18. Phuong phap theo diém 17, trong do:

cac bd chi bao thtr nhit va thi hai 1an luot bao gdm cac cd nhi phan thu
nhét va th hai;

cd nhi phan thir hai chi bao ring k¥ thuat giai ma tht nhét duoc sir dung;

cd nhi phan thir nhit chi bdo ring khoang cach quan trong bang chidu rong
khéi ctia CU hién tai; va

dudong ma hoa ctia CU hién tai giéng hét duong néu trén duge bao hi¢u nho

stt dung chi cac c¢d nhi phan thi nhat va tha hai.

19. Thiét bi duoc tao cdu hinh dé gidi ma ndi dung man hinh, thiét bi bao gdm:

it nhat mot bd nha; va

it nhit mot bo xr Iy dwoc ghép ndi vai it nhat mot bd nhd, it nhat mot bo xir
ly duogc tao cAu hinh dé:

nhén dong bit video bao gdm ban dd chi s6 mau;

nh4n bg chi bo thir nht;

giai ma it nhit mot phan ban dd chi s mau nho st dung k¥ thuat giai ma
thtr nhét, trong d6 bd chi bao thir nhit chi bao khoang cach quan trong cta ky
thudt giai ma tha nhét; va

ti tao cac diém anh dugc lién két v6i CU hién tai dua trén ban do chi sd
mau;

trong d6 gia tri th nhit cta bd chi bao thir nhit chi bao ky thuét gidi ma
IndexMode ma sir dung khoang cach quan trong bang 1, va gid tri thir hai cia
bd chi bao thtr nhat chi bao k§ thuat giai ma CopyAbove ma st dung khoang

cach quan trong bang chiéu rong khdi ctiia CU hién tai.

20. Thiét bi theo diém 19, trong d6 it nhit mot phan ban do chi sé mau duoc
giai ma nhd st dung k¥ thuat giai ma thtr nhat 1a mot trong:
chudi chi sb thir nhit ma c6 chudi chi sb thi hai so khép ngay phia trén

chudi chi sé thu nhét trong CU hién tai; hodc
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chudi chi s6 tht ba déu c6 gia tri gidng nhu gid tri chi s6 tham chiéu ngay

bén trai ctia chi sé thir nhét trong s& chudi chi sb thir ba trong CU hién tai.

21. Thiét bi theo diém 20, trong do chudi chi sb tht nhét duoc gidi ma nho s
dung ky thuat giai md CopyAbove, va diu vao cua ky thudt giai ma

CopyAbove bao gdm chiéu dai ctia chudi chi s& thir nhét.

22. Thiét bi theo diém 21, trong d6 chudi chi s6 thir ba duoc giai ma nho st
dung ky thuat giai ma IndexMode, va ddu vao ctia k§ thuit ma hoa IndexMode

bao gom chicu dai cda chuoi chi so tht ba.

23. Thiét bi theo diém 19, trong d6 bo chi bao thr hai chi bao ring it nht mot
phan ban dd chi sé mau duoc gidi ma nho sir dung k¥ thuat gidi ma thi nhit

thay cho k¥ thuat giai ma th hai.

24. Thiét bi theo diém 23, trong do:

cac bd chi bao thtr nhit va tht hai 1an luot bao gém cac cO nhi phan tht
nhét va thtr hai;

cd nhi phan thir hai chi bao ring k¥ thuat giai ma thir nhit duoc sir dung;

¢ nhi phéan thir nhét chi bao ring khoang cach quan trong bang chiéu rong
khéi ctia CU hién tai; va

duong ma héa cua CU hién tai ma cé gia tri giéng hét dugc bao hi€u nho st

dung chi cac c& nhi phan thir nhat va thi hai.
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