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(57) Séng ché dé cép dén cac phuong phap va hé thong cho kha ning thay ddi toc do
khung hinh. Su hd trg duge dua ra cho cac chudi video diu vao va du ra véi tdc do khung
hinh bién d6i va gbdc man trap bién ddi trén cac canh, hodc cho cac chudi video dau vao
v6i tde @6 khung hinh déu vao va géc man trap dau vao cd dinh, nhung cho phép bd giai
ma tao ra video duogc xuit ra & toc do khung hinh va géc man trap dau ra khac véi cac gia
tri diu vao twrong Gmg. Sang ché con dé cap dén cac k¥ thuat cho phép bd giai ma giai ma
c6 hiéu qua tinh toan hon déi véi téc dd khung hinh va géc man trip dich twong thich
nguoc cu thé trong s cac tdc d6 khung hinh dich va géc man trap. Ngoai ra, sang ché dé
cap dén phuong tién bét bién doc dugc bang bo xir Iy.

Tée d5 khung bién ddi va goc cira trdp bién dbi gbe
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Linh vie k¥ thuit dwoc dé cip

Noi chung, sdng ché de cdp deén céac anh. Cu thé hon, phuong 4n cua sang ché dé

cap dén viéc ma hoa video c6 thé didu chinh téc do khung hinh.
Tinh trang ky thuit ciia sang ché

Nhu duge dung trong sang ché nay, thuat ngir "dai dong" (dynamic range - DR) c6
thé lién quan dén kha ning ma hé théng thi gidc con ngudi (human visual system - HVS)
c¢6 thé nhan thuc dai cuong do (vi du, dd sang choi, do choéi) trong anh, vi dy, tir mau xam
t6i nhat (viing mau den) dén mau tring sang nhit (ving mau sang). Theo cach hiéu nay,
DR lién quan dén cudong d6 "dwa vao canh". DR ciing c6 thé lién quan dén kha nang ma
thiét bi hién thi c6 thé két xuit ddy du hodc gin dy du dai cudng d6 ctia d rong cu thé.
Theo cach hidu nay, DR lién quan dén cuong d6 "dwa vao hién thi". Trir khi mét cach hiéu
cu thé dugc quy dinh rd rang c6 y nghia cu thé tai doan nao d6 trong phan mod ta nay, thi
thuat ngit nay nén duoc hiéu 1a c6 thé dugc sir dung theo mot trong hai cach hiéu, vi du c6
thé hoan ddi cho nhau.

Nhu duoc ding trong sang ché nay, thuat ngit dai dong cao (high dynamic range -
HDR) lién quan dén d6 rong DR ma trai trén 14 - 15 bac d9 16n ciia hé thdng thi giac con
ngudi (HVS). Trén thuc té, DR ma trén d6 con ngudi ¢6 thé ddng thoi nhan thire duoc do

rong rdng trong dai cudng dd co thé bi cit b6t mét chut, so véi HDR.

Trén thuc té, cac anh bao gém mot hodc nhiéu thanh phén mau (vi du, d0 choi Y
va d6 mau Cb va Cr) trong do mdi thanh phén mau duoc biéu dién béi dd chinh x4c 7 bit
trén mdi diém anh (vi du, » = 8). Bang céch st dung k¥ thust ma héa dd sang choéi tuyén
tinh, cic anh trong d6 n < 8 (vi du, céc anh JPEG 24 bit mau) dugc xem la céc anh c6 dai
d6ng chudn (standard dynamic range - SDR), trong khi cac anh trong d6 7> 8 ¢6 thé duoc
xem 1a c4c anh c6 dai dong ting cuong. Cac anh HDR ciing ¢6 thé duge luu trit va phan
bd béng cach st dung céc dinh dang diu phéy dong c6 do chinh x4c cao (vi du, 16 bit),
nhu dinh dang tap tin OpenEXR duge phét trién béi Industrial Light and Magic.

Hién nay, viéc phan bd ndi dung dai dong cao video, nhu Dolby Vision tir Dolby
Laboratories hoac HDR10 trong Blue-Ray, bi giéi han & do phan giai 4K (vi du, 4096 x
2160 hoac 3840 x 2160, va cac d6 phan giai tuong tu) va 60 khung hinh trén gidy (frames
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per second - fps) béi céc tinh nang cta nhiéu thiét bi phat lai. Trong cac phién ban tuong
lai, du do4n rang ndi dung c6 d6 phan giai 1én dén 8K (vi dy, 7680 x 4320) va 120 khung
hinh trén gidy c6 thé 1a ¢ san cho viéc phan bd va phat lai. Mong mudn cac loai noi dung
trong twong lai s& twong thich v6i cac thiét bi phat lai hién c6 dé don gian héa hé sinh thai
ndi dung phat lai HDR, nhu Dolby Vision ching han. Ly tuéng, néu c4c nha san xuét ndi
dung c6 kha ndng chip nhén va phin phéi céc cong nghé HDR tuong lai ma khong can
phai 14y va phan bd céc phién ban ndi dung dic biét tuong thich véi c4c thiét bi HDR hién
c¢6 (nhu HDR10 hodc Dolby Vision). Theo dénh gid cla céc tac gia sang ché & diy, mong
mubn c6 céc cong nghé cai tién d& phéan b6 theo cach didu chinh duoc ndi dung video, nhit

la ndi dung HDR.

Céac phuong phap dugc mo ta trong phan nay 14 c4c phuong phéap c6 thé duoc theo
dubdi, chir khong nhat thiét phai la céc phuong phap da dugc biét hodc dugc theo dudi trude
d6. Do @6, trir khi ¢6 quy dinh khac, khong nén cho rang phuong phap bét ki trong s6 céc
phuong phap dugc md ta trong phén nay déu thoa man 1am giai phap ky thuat da biét chi
vi dua ching vao trong phan nay. Tuong tu, cic vin @& dugc x4c dinh lién quan dén mot
hogc nhidu cach tiép can khong nén gia dinh la da dugc cong nhén trong bét ky giai phap '
ky thuat da biét nao dua vao phén nay, trir khi dugc quy dinh khéc.

Ban chét ky thuit ciia sing ché

Céc phuong an 1am vi du dugc mo ta & day lién quan dén kha nang thay ddi tbc do
khung hinh trong ma héa video. Theo mot phuong an, hé théng c¢6 bo xtr 1y thu dong bit
da 14p ma bao gdm cac khung video da lap ma, trong d6 mot hodc nhiéu khung hinh & lap
mi duoc ma héa & tée @6 khung hinh thir nhét va géc man trap tha nhét. Bo xtt Iy thu cd
thtr nhat chi bdo su ¢ mit cia nhém cac khung hinh da 14p ma can dugc gidi mi & tdc do
khung hinh thtt hai va géc man trap thi hai, b xir Iy truy cp nhém céc khung hinh da 1ap
ma tir cac gia tri dong bit dd 1ap ma cua tdc @6 khung hinh thir hai va géc man trép thir hai,
va tao ra cac khung hinh dugc gidi ma ¢ tbc dd khung hinh thir hai va goc man trép thir hai
dua vao nhém cac khung hinh 43 14p m4, tbc d6 khung hinh thir nhét, géc man trap thir
nhét, tdc 6 khung hinh thir hai va goc man trép thi hai.

Theo phuong an thi hai, bd gidi ma c6 bo xur ly:
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thu dong bit da 1ap ma bao gdm cac nhém khung video da l4p ma, trong d6 tat ca
c4c khung video da 1ap ma trong dong bit da 14p ma dugc ma hoa & tbc do khung hinh tht
nhét;

thu s luong khung hinh dugc két hop N;

thu gié tri cho tdc do khung hinh dudng co s;

truy cdp nhém N khung hinh da 1ap ma lién tiép, trong d6 khung hinh da 14p ma thir
i trong nhém N khung hinh da lap ma lién tiép, trong d6 i= 1, 2, ...N, 12 s6 trung binh ciia
t6i da i khung video dau vao duoc ma hoa trong bd mé héa & tdc @6 khung hinh dudng co
s& va goc man trip tht i dua vao goc man trdp thir nhét va tbc dd khung hinh thtr nhét;

truy cap tbc d khung hinh thir hai va géc man trap thir hai tir dong bit da lp ma
hoc tir cac gid tri dau vao ngudi dung, dé giai ma nhom N khung hinh da 14p ma lién tiép
& téc @ khung hinh thir hai va géc man trép thir hai; va

tao ra cac khung hinh dugc gidi ma ¢ tbc d6 khung hinh thir hai va gbc man trép
thé hai dura vao nhém N khung hinh d 1ap ma lién tiép, tbc d6 khung hinh thi nhat, goc
man trép thi nhét, téc d6 khung hinh thit hai, va goc man trap thi hai.

Theo phuong an thir ba, c4u trac dong video ma hoa bao gbm:

phan hinh 4nh ma héa bao gdm dang mi héa cua chudi hinh anh video; va

phan bao hiéu bao gbm dang ma héa cla:

tham s6 thang do thdi gian trong khoang thoi gian man trap chi bao s6 luong

don vi thoi gian trdi qua trong mot gidy;

tham s nhip dong hd trong khoang thdi gian man trép chi béo s6 luong don
vi thoi gian ctia ddng hd hoat dong theo tan sd ctia tham sb thang do thoi gian trong khoang

thoi gian man trép,

trong do6 tham s6 nhip dong hd trong khoang thoi gian man trép chia cho

tham sd thang do thoi gian trong khoang thoi gian man trdp chi béo gid tri thoi khoang
phoi sang;

cd thoi khoang trong khoang thoi gian man trap chi bdo xem thong tin thoi

khoang phoi sang c6 1a cb dinh v6i tit ca cac 16p con thoi gian trong phan hinh anh

ma hoéa khéng; va
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néu c& thoi khoang trong khoang thoi gian man trép chi bdo thong tin thoi
khoang phoi sang la c¢b dinh, thi phién ban giai ma cla cac chudi hinh anh video
cho tAt ca cac 16p con thoi gian trong phan hinh anh ma héa dugc giai ma bang cach
tinh toan gia tri thoi khoang phoi sdng dua vao tham sb thang do thoi gian trong
khoang thoi gian man trdp va tham s6 nhip dong hd trong khoang thoi gian man

trap, néu khong thi

phan béo hiéu bao gbdm mot hodc nhiéu méang tham s6 16p con, trong d6 cac
gia tri trong mot hodc nhiéu mang tham s6 16p con két hop v6i tham s6 thang do
thoi gian trong khoang thoi gian man trdp duoc st dung dé tinh toan cho mdi 16p
con, gi4 tri thoi khoang phoi sang ctia 16p con tuong tng dé hién thi phién ban giai

m3 ctia 16p con thoi gian cia chudi hinh anh video.
MGo ta van tat cac hinh vé

Phuong 4n cta sang ché dugc minh hoa bang vi du, va khong bi gidi han & vi du,
trén cac hinh v& kém theo va trong d6 cac so tham chiéu gidong nhau chi cac thanh phén

gidng nhau va trong do:
Fig.1 mb ta vi du vé quy trinh cho duong 6ng phan phbi video;

Fig.2 thé hién vi du v& quy trinh két hop céc khung hinh gdc lién tiép dé két xuat

tbc d6 khung hinh dich & géc man trép dich theo mét phuong 4n cua sang ché;

Fig.3 thé hién vi du vé biéu dién chudi dau vao vai toc do khung hinh dau vao bién
d6i va goc man trap bién doi trong ving chira v6i toc dd khung hinh ¢6 dinh theo mot

phuong én cla sang ch€; va

Fig.4 thé hién vi du vé biéu dién kha ning mé rdng theo thoi gian & céac tbc do
khung hinh va géc man trip khac nhau v6i kha nang tuong thich nguge theo mot phuwong
4n cla sang ché.

Mo ta chi tiét sang ché

Céac phuong an lam vi du lién quan dén kha nang thay ddi tbc do khung hinh dé ma
hoa video duoc mé ta & ddy. Trong phan md ta sau day, nhim muc dich giai thich, nhidu
chi tiét cu thé duoc trinh bay nhim cung cép su hiéu biét cin k& v& cac phuong 4n khéc
nhau cta sang ché. Tuy nhién, ro rang la cdc phuong 4n khac nhau cla sang ché c6 thé

duge thue hién ma khdng c6 céc chi tiet cu thé nay. Trong cac vi du khéc, cac cau truc va

4
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thiét bi dugc biét rong rai khong duge mo t qua chi tiét, dé tranh lam rdi, tdi nghia va khé

hidu mot cach khong cén thiét cdc phuong 4n clia sang ché.
ViDU VE BPUONG ONG XU LY PHAN PHOI VIDEO

Fig.1 thé hién vi du vé quy trinh ctia dudng 5ng phan phdi video thong thudong (100)
thé hién céc giai doan khac nhau tir ghi lai video dén hién thi ndi dung video. Chudi céc
khung video (102) dugc ghi lai hodc dugc tao ra bing cach st dung khéi tao anh (105).
Céc khung video (102) c6 thé dugc ghi lai bing k§ thuat sb (vi dy, bang méy anh k¥ thuat
sé) hodc duoc tao béng mady tinh (vi du, st dung hoat hinh trén may tinh) dé cung cép dtr
liéu video (107). Theo céach khac, cac khung video (102) c6 thé dwoc ghi lai trén phim
bing may quay phim. Phim dugc chuyén ddi sang dinh dang k¥ thuat s6 dé cung cap dir
lidu video (107). Trong giai doan san xut (110), dit liéu video (107) dugc chinh stra dé

cung cap dong san xut video (112).

Dit lidu video ctia dong san xuét (112) sau d6 duge cung cép cho bo xir Iy & khéi
(115) @& chinh sira san xuét hau ky. Viéc chinh stra san xuit hau ky & khéi (115) c6 thé
bao gém diéu chinh hoic stra ddi mau séc hoac do sang & céac khu vuc cu thé ctia anh dé
nang cao chét lrong anh hodc dat duoc su thé hién cu thé cho anh theo muc dich sang tao
clia nguoi tao video. Viée nay do6i khi duoc goi la “can chinh mau séc” hoic “chinh mau
s&c”. Viéc chinh stra khéac (vi du, chon va tao chudi canh, cit anh, thém hiéu tmg dic biét
trec quan do mdy tinh tao ra, diéu khién rung lac hoic lam mo, diéu khién téc dd khung
hinh, v.v.) c6 thé dugc thuc hién & khdi (115) dé tao ra phién ban cubi cung (117) cta san -
phim san xuét dé phan phdi. Trong qua trinh chinh sira san xuét hau ky (115), cac anh
video duoc xem trén man hinh tham chiéu (125). Sau khi chinh sira san xuét hau ky (115),
dir liéu video cua quy trinh san xudt cudi cung (117) c6 thé dwgc phan phéi dén khdi ma
héa (120) dé phan phéi xudi dong cho céc thiét bi giai ma va phat lai nhu m4y truyén hinh,
d4u thu giai ma tin hiéu, rap chiéu phim, va tuong tu. Theo mot sb phuong én, khdi ma
hoéa (120) c6 thé bao gdm cac bd ma hoéa 4m thanh va video, ching han nhu c4c bd ma hoéa
dugce x4c dinh boi dinh dang ATSC, DVB, DVD, Blu-Ray va cac dinh dang phéan phéi
khac, dé tao dong bit dugc 14p ma (122). Trong bd thu, dong bit duge 18p ma (122) duoc
gidi ma bing don vi giai ma (130) dé tao ra tin hidu giai ma (132) bidu dién tin higu giéng
hodc gan giéng véi tin hiéu (117). Bo thu ¢6 thé duoc gin véi man hinh dich (140) ma c6

thé c6 cac dic diém hoan toan khac so v&i man hinh tham chiéu (125). Trong trudong hop
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6, khéi quan 1y man hinh (135) ¢6 thé dugc ding & 4nh xa dai dong cta tin hiéu duge
giai ma (132) thanh cac ddc tinh ctia man hinh dich (140) bing cé4ch tao ra tin hiéu 4nh xa
man hinh (137).
MA HOA CO THE MO RONG

M3 héa c6 thé mé rong di 1a mot phan trong sb cac chuin ma hoéa video, nhu,
MPEG-2, AVC, va HEVC. Theo mét sé phuong 4n ciia sang ché, ma héa c6 thé mé rong
duoc mé rong dé cai thién hiéu suét va do linh hoat, ddc biét vi né lién quan dén ndi dung
HDR c6 d6 phan giai rat cao.

~

Nhu duge st dung & day, thuat ngit “goéc man trdp” c6 nghia la sy cai dat man trép
6 thé didu chinh dugc dé didu khién ty 16 thoi gian phim tiép xtic v6i dnh sang trong mdi
thoi khoang khung. Vi duy, theo phuong én

gécmantrip _ thoti gian phoi sang

(D

360 " khoang th¥i gian khung’

Thuat nglt nay dén tir cac man trap ké thira, co hoc, xoay; tuy nhién, cdc may anh
k¥ thuat sb hién dai cling c6 thé diéu chinh man trdp cua ching theo kiéu dién ttr. Cac nha
nhiép anh co thé st dung géc man trap dé diéu khién luong nhoe hodc rung do chuyén
dong ma dugc ghi trong mdi khung. Luu y 1a thay vi st dung “thoi gian phoi sang” cling
c6 thé str dung céc thuat ngit thay thé, nhu “thoi khoang phoi séng”, “khoang thoi gian
man trép”, va “tdc d6 man trap”. MOt cach tuong tu, thay vi str dung “khoang thoi gian
khung” c6 thé sir dung thuét ngit “thoi khoang khung”. Theo céach khac, co thé thay thé
“thoi khoang khung” vé1 “1/td¢c @6 khung hinh”. Gi4 tri thdi gian phoi sang thudng nhéd
hon hodc bang khoang thoi gian ctia khung. Vi du, goc man trap 180 dd chi bao thoi gian
phoi sang bang mdt nira thoi khoang khung. Trong mot sb truomg hop, thdi gian phoi sdng
¢6 thé 12 16n hon thdi khoang khung cta video dugce 1ap ma, vi dy, khi tdc @0 khung hinh
m3 hoa 1a 120 khung hinh trén gidy va tbc dd khung hinh ctia ndi dung video lién quan
truée khi ma héa va hién thi 12 60 khung hinh trén gidy.

Xem xét, ma khong giéi han &, phuong 4n ma ndi dung gbc duge chup (hoic tao
ra) & téc @6 khung hinh gbc (vi du, 120 fps) v6i goc man trdp 360 d9. Sau do, trong thiét
bi thu, ngudi c6 hiéu biét trung binh trong linh virc nay c6 thé két xuét dau ra video véi

nhiéu tdc d6 khung hinh biang hozc thip hon téc dd khung hinh gbc bang két hop cong
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bang cac khung hinh gbc, vi du, bing cach tinh trung binh hodc cac hoat dong khac da biét
dén trong linh vuc k¥ thuét.

Quy trinh két hop co thé dugc thuc hién véi cdc tin hiéu duge ma hoa phi tuyén
tinh, (vi du, st dung gama, PQ hodc HLG), nhung chét lugng anh t5t nhét thu duge thong
qua két hop céc khung trong mién 4nh sang tuyén tinh bang cach, dAu tién, chuyén ddi cac
tin hiéu ma héa phi tuyén tinh thanh cac dang biéu dién anh séng tuyén tinh, tiép theo, két
hgp cac khung duoc chuyén d6i, va cubi cing ma hoa lai dAu ra bang chtic ning truyén
phi tuyén tinh. Quy trinh nay mang lai sy m6 phéng chinh xac hon vé sy phoi sang cia
may anh vat Iy so vi két hop trong mién phi tuyén tinh.

N6i chung, quy trinh két hop céc khung c6 thé duoc biéu difn vé tbc d6 khung hinh
gbc, te @6 khung hinh dich, goc man trp dich, va s& luong khung can dugc két hop 1a:
n_frames = (target_shutter_angle/3 60)*(original frame rate/target frame_rate), (2)
tuong duong véi
target shutter angle = 360*n_frames*(target frame_rate/original_frame rate),  (3)
trong d6 n_frames la s6 luong khung dugc két hop, original frame rate 13 tbc d6 khung
hinh ctia ndi dung gbc, target frame rate 1a tbc do khung hinh can két xuét (trong do,
target frame rate < original frame rate), va target shutter angle chi bdo luong nhoe
chuyén dong mong mubn. Trong vi du ndy, gid tri cuc dai cta target_shutter_angle 1a 360
do va tuong tng véi do nhoe chuyén dong cuc dai. Gid tri cuc tiéu clia target_shutter angle
¢6 thé duoc biéu dién 1a 360 *(target frame rate/original frame_rate) va twong ing véi
dd nhoe do chuyén dong cuc tiéu. Gia tri cuc dai ctia n_frames c¢6 thé duoc biéu din 1a
(original frame rate/target frame rate). Cac gia tri clGa target frame rate va
target _shutter_angle nén dugc chon sao cho gié tri cia n_frames 1a sb nguyén khéc 0.

Trong truong hgp dic biét ma tdc do khung hinh gdc 14 120 fps, phuong trinh (2)
6 thé duoc viét lai 1a

n_frames = target_shutter angle/(3*target_frame _rate), 4)
tuong duong véi

target shutter angle = 3*n_frames*target frame rate. (5)
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Cac mdi quan hé gitta cdc gid tri cla target frame rate, n_frames, va
target shutter angle dugc thé hién trong Bang 1 cho truong hop original_frame_rate =
120 fps. Trong Bang 1, “NA” chi béo su két hop twong tng cua tdc do khung hinh dich va
s6 lwong khung dugc két hop khong duoc phép.

Bang 1:Méi quan hé giita tbc d6 khung hinh dich, sb lwong khung dugc két hop, va goc
man trap dich, vé1 tbc do khung hinh gbc bang 120 fps.

Téc @ S6 luong khung hinh dugc két hop
khung hinh 5 4 3 2 1
dich (fps) Géc man trdp dich (d9)
24 360 288 216 144 72
30 NA 360 270 180 90
40 NA NA 360 240 120
60 NA NA NA 360 180

Fig.2 thé hién vi du v& quy trinh két hop cac khung hinh gdc lién tiép dé két xuat
tbc d6 khung hinh dich & gbc man trdp dich theo mdt phuong én. Can clr vao chudi dau
vao (205) tai 120 fps va gbc man trdp 360 d9, quy trinh tao ra chudi video dau ra (210) &
24 fps va gbc man trap 216 dod béng cach két hop ba trong s6 cac khung dau vao trong tap
hop nam khung lién tiép (vi du, ba khung lién tiép dau tién), va bo hai khung con lai. Luu
¥ rang theo mot s6 phuong 4n, khung d4u ra-01 ctia chudi (210) co thé dugc tao ra bang
cach két hop cac khung dau vao khéc (205), nhu céc khung 1, 3, va 5, hodc cac khung 2,
4, va 5, va cac khung twong tu; tuy nhién, viéc két hop cac khung lién tiép duoc ky vong

s& tao ra dau ra video c6 chat lugng tot hon.

Mong mubn hd tro ndi dung géc v6i toe @6 khung hinh bién ddi, vi du, dé quan ly
hiéu ing nghé thuit va phong cach. Cling mong muén téc do khung hinh diu vao bién doi
ctia ndi dung gdc dwgc dong goi trong “ving chira” ma cé téc do khung hinh c¢b dinh dé
lam don gidn viéc san xuét, trao dbi, va phan phéi ndi dung. Vi dy, ba phuong an vé cach
bidu dién dit liéu video c¢6 tdc d6 khung hinh bién dbi trong viing chira c6 tbc do khung
hinh ¢d dinh duoc trinh bay. Nham muc dich rd rang va khong gidi han, céc phén mo ta
sau day str dung vung chtra c6 téc dd khung hinh ¢b dinh 120 fps, nhung céc cach tiép can

c6 thé duge mé rong dé dang dén ving chira c6 tdc d6 khung hinh khéc.

8
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Phiong 4n thit nhét (t6¢c do khung hinh bién d6i)

Phuong 4n thir nhét 1a mé ta ro rang ndi dung gbe c6 toe dd khung hinh bién doi
(khong phai hing s§) duoc dong goi trong ving chira ¢d té¢c do khung hinh khong dbi. Vi
du, ndi dung gbe ma c6 toe dd cac khung khéc nhau, tic 1a, & 24, 30, 40, 60, hodc 120 fps,
cho cac canh khac nhau, c6 thé duge déng géi trong ving chira co tbc 46 khung hinh khong
dbi 120 fps. Véi vi du nay, mdi khung dau vao c6 thé duoc trung lap 5x, 4%, 3x, 2x, hodc

1x 14n dé dong goéi né vao vung chira 120 fps chung.

Fig.3 thé hién vi du v& chudi video diu vao A véi tbe do khung hinh bién di va
gbc man trap bién dbi ma duoc biéu dién trong dong bit dugc 1ap ma B véi tbc do khung
hinh ¢é dinh. Sau d6, trong bd giai ma, bd gidi ma téi tao chudi video dau ra C & tbc do
khung hinh va gbc man trdp mong mudn, c6 thé thay ddi tir canh nay sang canh khac. Vi
du, nhu duoc thé hién trén Fig.3, dé tao ra chudi B, mot sb trong s6 cac khung dau vao
duoc trung 1dp, mot sb duoge lap ma nhu nguyén trang (khong c6 su trung ldp), va mot )
duoc sao chép bdn 14n. Sau do6, dé tao ra chudi C, chon mot khung bét ky tir mdi tap hop
khung trung 1ap @8 tao ra cac khung dau ra, so khép tbc dd khung hinh gbc va gbc man
trap.

Theo phuong 4n nay, siéu dit liéu dugc chén trong dong bit d8 chi bao tdc do khung
hinh va goéc man trap (co s&) gbc. Siéu dit lidu c6 thé duoc bao hiéu bang cach st dung ct
phép bic cao nhu tép hop tham sb chudi (Sequence Parameter Set - SPS), tap hop tham sd
hinh (Picture Parameter Set - PPS), phén dau nhom 14t hodc 8, va twong tu. Sw c6 mit cla
siéu dit liéu cho phép céc bd ma hoa va bd gidi ma thue hién cac chirc nang c6 lgi, nhu:

a) B0 ma hoa co thé bod qua cac khung tring 1dp, nho d6 lam ting tbc d6 ma hoa va
don gian hoa viéc xtr ly. Vi du, tAt ca cac don vi cdy ma hoa (coding tree unit -

CTU) trong cac khung trung lap co thé dugc ma hoa bang cach st dung ché @6 BO

QUA (SKIP) va chi sé tham chiéu 0 trong DANH SACH (LIST) 0 ctia céc khung

tham chiéu, chi ra khung hinh duogc giadi md ma cac khung tring 1dp dugc sao chép

tur do.

b) BO gidi ma co thé bo qua viéc giai ma cac khung tring 1dp nho d6 don gian hoa viée
xir ly. Vi dy, siéu dir liéu trong dong bit ¢6 thé chi bao khung 1a mdt sy trang lap
ctia khung da giai ma trude d6 ma bo giai ma co thé tai tao bang cach sao chép va

ma khong giai ma khung méi.
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¢) Thiét bi phét lai c6 thé ti wu viéc xi Iy phia sau bang cach chi bao tc do khung
hinh co s&, vi du bing cach diéu chinh cac thuat toan chuyén dbi tdc d6 khung hinh

hodc giam nhiéu.
Phuong 4n nay cho phép nguoi dung cubi xem nodi dung két xult & cac tbc d6 khung
hinh dugc du dinh bdi nhitng ngudi sang tao ndi dung. Phuwong 4n nay khong cung cap
kha ndng twong thich nguoc voi cac thiét bi ma khong hd tro tc dd khung hinh ctia ving

chira, vi du, 120 fps.

Céc bang 2 va 3 thé hién vi du vé ¢t phép ctia tai tin chudi byte thd (raw byte
sequence payload - RBSB) cho tip hop tham sb chudi va phan dau nhém 6, trong d6 cac
phan tir ctt phédp méi duge dé xuht duoc thé hién trong phdng chir in nghiéng. Ct phap con
lai theo sau ct phéap trong ban déc ta dugc dé xuit cua bd mi hoa-gii ma video da ning

(Versatile Video Codec - VVC) (Tai liéu tham khéo [2]).

Vi duy, trong SPS (xem Béang 2), ngudi ¢ hiéu biét trung binh trong linh vuc c6 thé
bd sung c&r dé cho phép tbc do khung hinh bién doi.

sps_vir_enabled_flag bang 1 chi ra chudi video dugc l4p ma (coded video sequence -
CVS) c6 thé chra ndi dung téc do khung hinh bién dbi. sps_vfr enabled_flag bing 0 chi
ra rang CVS chira ndi dung tbc do khung hinh c¢b dinh.

Trong tile_group header() (xem Bang 3),

tile_group_vrf _info_present_flag bang 1 chi ra cé4c phan tir ct phép tile_group_true fr
va tile_group_shutterangle c6 mit trong ct phép. tile_group_vrf_info present_flag bang
0 chi ra cac phan tir cti phap tile group_true_fr va tile_group_shutterangle khong c¢6 mat
trong ¢ phap. Khi tile_group vrf_info_present_flag khong c6 mit, thi né dugc suy ra la
0.

tile_group_true_fr chi bao tdc do khung hinh ding cta dit liéu video duoc mang trong
dong bit nay.

tile_group_shutterangle chi bdo gbc man trdp twong tmg voi tbc @0 khung hinh ding ctia
dit liéu video dugc mang trong dong bit nay.

tile_group_skip_flag bang 1 chi ra ring nhém 6 hién thoi duge sao chép tir mot nhém 0
khéc. tile group skip flag bing 0 chi ra ring nhém 6 hién thoi khong duge sao chép tir
mot nhom 6 khac.

10
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~ tile_group_copy_pic_order_cnt_lIsb chi ra s6 dém tht tu hinh anh MaxPicOrderCntLsb

cho hinh éanh gidi md truéc d6 ma tr d6 hinh anh hién thodi sao chép khi

tile_group skip flag dugc dat bang 1.

Béang 2: Vi du v& ¢t phap RBSP cua tap hop tham s6 cho ndi dung v6i toc d6 khung hinh

bien do1

seq parameter_set_rbsp( ) { Mo ta
sps_max_sub_layers_minusl u(3)
sps_reserved_zero_Sbits u(d)
profile_tier level( sps_max_sub_layers_minusl )
sps_seq_parameter_set_id ue(v)
sps_vfr_enabled_flag u(l)
sps_extension_flag u(l)
if( sps_extension_flag )
while( more rbsp data( ) )
sps_extension_data_flag u(l)

rbsp_trailing_bits( )

Bang 3: Vidu vé ¢t phap phan diu nhém 6 véi sy hd tro cho ndi dung c6 tbe do khung

hinh bién déi
tile group header( ) { Mo ta

tile_group_pic_parameter_set_id ue(v)
if NumTilesInPic > 1) {

tile group_address u(v)

num_tiles_in_tile_group_minusl ue(v)
)
tile_group_type ue(v)
tile_group_pic_order_cnt_Isb u(v)
if sps_vfr_enabled flag) {

11
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tile group vfr_info_present flag u(l)
if (tile_group vfr_info_present_flag) {
tile group true_fr u(9)
tile_group shutterangle u(9)
/
tile_group_skip flag u(l)
/
if( tile_group skip_flag )
tile group copy pic order_cnt Isb uv)
else{
TAT CA TILE_GROUP_SYNTAX KHAC
}
if( num_tiles in tile group _minusl >0) {
offset len_minusl ue(v)
for(i=0;1<num_tiles in tile group minusl; i++)
entry point_offset_minusl[ 1 ] u(v)

}

byte alignment( )

Phuong 4n tht hai — viing chira tdc do khung hinh cb dinh

12/65

Phuong 4n thir hai cho phép trudng hop st dung ma ndi dung gbc ¢6 tbc do khung

hinh va géc man trap b dinh ¢6 thé dugc két xuét bai bo gidi ma & tdc d6 khung hinh khac

va gbc man trdp mo phong bién d6i, nhu duge minh hoa trén Fig.2. Vi dy, trong truong

hgp ma ndi dung gbc co the @6 khung hinh 120 fps va géc man trap 360 do (nghia la man

trip m& 1/120 gidy), b giai ma c6 thé két xudt & nhiéu toc do khung hinh nho hon hodc

bang 120 fps. Vi du, nhu dugc md ta trong Bang 1, dé giai ma 24 fps v6i goc man tradp md

phéng 216 do, bo gidi ma c6 thé két hop ba khung da giai ma va hién thi & 24 fps. Bang 4

mé rong dua trén Bang 1 va minh hoa céch két hop cac sd lugng khung hinh ma hoa khac

nhau dé két xuét & cac toc @6 khung hinh dich dau ra va cac goc man trép dich mong muon.

Viéc két hop cac khung c6 thé dugc thuc hién bang cach tinh trung binh diém anh don
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thuén, béng cach tinh trung binh diém anh c6 trong $b, trong d6 cac diém anh tir mdt khung

nhat dinh c6 thé duoc gan trong s6 nhieu hon cac diém anh cta cac khung khac va tong

clia tAt ca cac trong sb cong lai bang mot, hodc bang cac so dd ndi suy bang bo loc khac

duoc biét dén trong linh vuc nay. Trong Bang 4, ham Ce(a,b) biéu thi su két hop ctia cac

khung hinh m4 hoa a dén b, trong d6 su két hop co thé duogc thuc hién béng cach tinh trung

binh, tinh trung binh c6 trong sb, loc, va tuong tu.

Bang 4: Vi du vé két hop cac khung dAu vao & 120 fps dé tao ra cac khung dau ra & cac

gid tri fps dich va géc man trap

Dau vao sl s2 s3 s4 s5 s6 s7 s8 s9 s10
M3 hoa el e2 | €3 ed eS eb e7 e e9 el0
Gial ma
1201ps
@360 el |e2| €3 e4 e5 e e7 |e8| €9 el0
Giai ma
601ps
@360 Ce(1,2) Ce(3,4) Ce(5,6) Ce(7,8) Ce(9,10)
@180 el e3 es5 e7 e9
Giai ma
401ps
Ce(10,12
@360 Ce(1,3) Ce(4,6) Ce(7,9) )
Ce(10,11
@240 Ce(1,2) Ce(4,5) Ce(7,8) )
@120 el e4 e7 el0
Giai ma
301ps
@360 Ce(1,4) Ce(5,8) Ce(9,12)
@270 C(1,3) Ce(5,7) Ce(9,11)

13
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@180 Ce(1,2) Ce(5,6) Ce(9,10)
@90 el e5 e9
Giai ma

241ps

@360 Ce(1,5) Ce(6,10)

@288 Ce(1,4) Ce(6,9)

@216 Ce(1,3) Ce(6,8)

@144 Ce(1,2) Ce(6,7)

@72 el eb

Khi gi4 tri ctia goc man trdp dich nhé hon 360 d9, thi bd giai ma co thé két hop céac
tap hop khung giai ma khac nhau. Vi du, tir Bang 1, cén ¢ vao dong gbc 120 fps @ 360-
do, dé tao ra dong & 40 fps va gbc man trap 240 do, bd giai ma can két hop hai khung trong
sb ba khung c6 thé. Do d6, bd giai ma co thé két hop hozc khung th nhét va khung tht
hai hoic khung thi hai va khung tht ba. Viéc chon céc khung nao dé két hop co thé duoc

mb ta lién quan t6i “pha giai ma” dugc biéu dién dudi dang:
decode phase = decode_phase_idx*(360/n_frames), (6)

trong d6 decode - phase_idx chi bao chi sb d6 1&ch trong tap hgp cac khung hinh tun tw 6
cac gia tri chi sb trong [0, n_frames max-1], trong d6 n_frames dugc dua ra bgi phuong

trinh (2), va
n_frames max = orig_frame rate/target frame rate. (7

Noi chung, decode phase_idx nam trong khoang tir [0, n_frames_max-n_frames].
Vi du, d6i v6i chudi gbe & 120 fps va goc man trép 360 do, ddi véi toe d khung hinh dich
40 fps & goc man trap 240 d9, n_frames_max =120/40 = 3. Tir phwong trinh (2), n_frames
=2, do viy decode phase idx nam trong khoang tir [0, 1]. Do véy, decode_phase_idx =0
chi b4o chon cac khung véi chi s6 0 va 1, va decode phase_idx =1 chi bdo chon cac khung
v6i chi s6 1 va 2.

Theo phuong 4n nay, tdc do khung hinh bién d6i dugc két xuit theo du tinh cia
ngudi sang tao ndi dung co thé duoc bao hiéu dudi dang siéu dir liéu, nhu ban tin thong

tin ning cao bd sung (supplemental enhancement information - SEI) hoac dudi dang thong
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tin kha nang st dung video (video usability information - VUI). Tuy ¥, tbc @ khung hinh
duge két xuat co thé duoc didu khién boi bo thu hogc ngudi ding. Vi du vé ban tin SEI
chuyén dbi tbc @6 khung hinh ma chi ra tdc dd khung hinh va géc man trap dugc uu tién
cua ngudi sang tao ndi dung dugc thé hién trong Bang 5. Ban tin SEI ¢c6 thé con chi bao
xem Viéc Kkét hop cac khung dugc thyc hién trong mién tin hiéu duoc 1ap ma (vi dy, gama,
PQ, v.v.) hay & mién anh sang tuyén tinh. Luu y rang viéc xir Iy hau ky yéu cau bd dém
khung bd sung cho bd dém hinh anh giai ma (decoder picture buffer - DPB). Ban tin SEI
c6 thé chi bao cin thém bao nhiéu bd dém khung, hodc mot phuong phip khac nao do dé
két hop cac khung. Vi du, dé 1am giam d6 phtc tap, cac khung c6 thé duoc két hop lai &
do phén giai khong gian giam.

Nhu duge thé hién trong Bang 4, tai céc két hop nhét dinh cta téc d6 khung hinh
va géc man trip (vi du, 6 30 fps va 360 4o hodc & 24 fps va 288 hodc 360 do) bd giai ma
c6 thé can két hop nhidu hon ba khung gidi mé, lam ting s6 luong khong gian bo dém
dugc yéu cdu béi bd giai ma. P& 1am giam ganh ndng vé thém khong gian bo dém trong
b giai m3, theo mot sé phuong 4n, cac két hop nhat dinh cta toc do khung hinh va gée
man trép co thé ndm ngoai cc gidi han & tip hop tham sb giai ma dugc phép (vi duy, bang

céach cai dit cac bién dang va mirc ma hoa thich hop).

Xem xét lai, nhu mot vi du, truong hop phat lai & 24 fps, bd giai ma 6 thé quyét
dinh hién thi cing mot khung nam 1an dé hién thi & tbc d6 khung hinh ddu ra 120 fps. Biéu
na‘ly gidng chinh x4c nhu thé hién khung mot lan & tbc do khung hinh dau ra 24 fps. Uu
diém ctia viéc gitt téc do khung hinh dAu ra khong dbi Ia & chd man hinh c6 thé chay & toc
d6 xung nhip khong dbi, khién tit ca phan ctg don gian hon nhiéu. Néu man hinh c6 thé
thay ddi dong tée do xung nhip thi diéu d6 c6 thé hop 1y hon khi chi thé hién khung mot
lan (cho phan thir 1/24 cta gidy) thay vi 1ap lai cing mdt khung nam lan (mdi phan thtr
1/120 cua gidy). Cach tiép cén trudce c6 thé din dén chét lvgng hinh anh cao hon mét chit,
hiéu sut quang hoc t6t hon, hodc hiéu suit ning lugng t6t hon. Cac cén nhéc twong tu

ciing 4p dung duoc cho cac tdc @6 khung hinh khéc.

Bang 5 thé hién vi du vé ¢t phap ban tin SEI chuyén ddi téc dd khung hinh theo

mot phuong an.
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Bang 5: Vi du vé ct phép bén tin SEI cho phép chuyén ddi téc ¢ khung hinh

framerate conversion( payloadSize ) { Mo ta

framerate conversion_cancel_flag u(l)

if( !frame_conversion_cancel flag ) {

base frame rate u(9)

base shutter_angle u(9)
decode_phase_idx_present_flag u(l)
if ( decode phase idx present flag) {

decode phase_idx u(3)
)

conversion_domain_idc u(l)

num_frame_ buffer u(3)

framerate_conversion_persistence_flag u(l)
}

framerate conversion_cancel_flag bang 1 chi béo ban tin SEI hity bo sur tiép tuc ctia ban
tin SEI chuyén ddi tc d6 khung hinh bit ky truéc d6 theo the ty dau ra.
Framerate conversion cancel flag bang 0 chi bo thong tin chuyén d6i tbc d6 khung hinh

nhu sau.
Base frame_rate chi ra toc d khung hinh mong muén.
Base_shutter_angle chi ra géc man trdp mong muon.

Decode_phase_idx_present_flag bang 1 chi ra thong tin pha gidi mi 1a c6 mit.

Decode phase idx present flag bang 0 chi ra thong tin pha giai ma 1a khong c6 mit.

Decode_phase_idx chi béo chi sb d6 1éch trong tap hop cac khung hinh tuan tu ¢ cac gia
tri chi s6 0..(n_frames_max-1) trong d6 n_frames_max = 120/base_frame_rate. Gid tri cua
decode phase idx s& nam trong khoang 0..(n_frames max-n_frames), trong d6 n_frames
=base_shutter_angle/(3*base frame_rate). Khi decode_phase idx 1a khong c6 mat, thi nd

dugce suy 1a 0.
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Conversion_domain_ide bang 0 chira sy két hop khung dugc thuc hién trong mién tuyén
tinh. Conversion domain_idc bang 1 chi ra su két hop khung duge thuc hién trong mién

phi tuyén tinh.
Num_frame_buffers chi ra sb lugng bo dém khung bd sung (khong tinh DPB).

Framerate conversion_persistence_flag chi ra tinh tiép tuc ctia ban tin SEI chuyén ddi

tdc do khung hinh cho 16p hién thoi. Framerate_conversion_persistence_flag bang 0 chira

ban tin SEI chuyén ddi tbc d6 khung hinh chi 4p dung cho hinh giai ma hi¢n thoi. Dat picA

14 hinh anh hién thoi. Framerate conversion persistence_flag bing 1 chi ra ban tin SEI

chuyén dbi tbc do khung hinh tiép tuc cho 16p hién thoi theo thi tw dAu ra cho dén khi mot

hoic nhiéu trong sé cac didu kién sau 1a ding:

—  Chudi video theo 16p dugc 1ap ma (coded layer-wise video sequence - CLVS) moi cta
16p hién thoi bat dau.

— Dong bit két thiic

—  Hinh anh picB trong 16p hién thoi trong don vi truy cép chira ban tin SEI chuyén ddi
tdc do khung hinh ma c6 thé &p dung vao 16p hién thdi duoc xuit ra cho
PicOrderCnt( picB) ndo 16n hon PicOrderCnt( picA), trong d6 PicOrderCnt( picB) va
PicOrderCnt(picA) 14n luogt 14 cac gid tri PicOrderCntVal ctia picB va picA, ngay sau
khi goi quy trinh gidi ma dé dém th tu hinh anh cho picB.

Phuong 4n thit ba — Pau vao duoc mi hdéa & nhiéu géc man trap

Phuong 4n thtt ba 1a so dd ma hoa cho phép trich xut téc d6 khung hinh con tir
dong bit, do @6 hd trg kha ning twong thich ngugc. Trong HEVC, didu nay dat duoc bang
kha nang md rong theo thdi gian. Kha ning mé rong 16p thoi gian duge cho phép bang
cach gan cac gia tri khac nhau vao phan tir ¢t phép temporal_id cho cac khung gidi ma.
Do d6, dong bit c6 thé dugc trich xuit mot cach don gian trén co s& cla gia tri temporal_id.
Tuy nhién, cach tiép can kha ning mé rdng theo thoi gian kidu HEVC khéng cho phép két
xuét tbc dd khung hinh diu ra véi cac goc man trap khac nhau. Vi dy, tbc d6 khung hinh
co s& 60 fps dugce trich xuét tir tbe do khung hinh gbc 120 fps sé& ludn c6 goc man trép 180
do.

Trong ATSC 3.0, mot phuong phép khac duoc mo ta trong d6 cac khung tai 60 fps

¢6 géc man trap 360 dd dugc mod phong 1a trung binh ¢o trong sb cua hai khung 120 fps.
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Céac khung 60 fps dugc md phong duge gan gia tri temporal id bang 0 va dugc két hop
vé6i cac khung 120 fps gdc dan xen duge gan gia tri temporal_id bang 1. Khi can 60 fps,
thi bd giai ma chi cAn gidi ma cac khung v6i temporal_id bang 0. Khi can 120 fps, thi bd
giai ma co thé trir m&i khung temporal id = 1 (ttc 13, khung 120 fps) tir phién ban m& rdng
ctia mdi khung temporal _id = 0 twong tng (tirc 13, khung 60 fps dugc md phong) dé khoi
phuc khung 120 fps gbc trong mg ma khong dugc truyén 1 rang, do d6 tao lai tAt ca cac

khung 120 fps gbc.

Theo mét sb phuong 4n, sing ché mb ta thuét todn méi hd tro nhidu toc do khung
hinh dich va géc man trap dich theo cach tuong thich nguge (backward compatible - BC).
Dé xuét 1a xtr Iy trude nodi dung 120 fps gbe & tdc @6 khung hinh co s& & mot s6 géc man
trdp. Sau do, tai bo gidi ma, cac tde dd khung hinh khéc & nhiéu goc man trap khac khac
nhau c6 thé duge suy ra mot cach don giadn. Cach tiép can ATSC 3.0 co thé duoc coi 1a
mot truong hop dic biét cua so dd duogc d& xuét, trong d6 cac khung véi temporal _id=0
mang cac khung & goc man trip 60fps@360 va cac khung v6i temporal_id=1 mang cac

khung & gbc man trap 60fps@180.

Vi du thir nhit, nhu dwoc thé hién trén Fig.4, xem xét chudi dau vao ¢ 120 fps va
goc man trdp 360 duge st dung d& ma hoa chudi v6i tbe do khung hinh 16p co s& 40 fps
va gbc man trap & 120, 240, va 360 do. Theo so d6 nay bd giai ma tinh toan cac khung
m&i bang cach két hop nhiéu nhét ba trong s6 cac khung du vao gde. Vi du, khung hinh
ma hoéa 2 (En-2) biéu dién dau vao & 40 fps va 240 do duogc tao ra bang cach két hop céc
khung dAu vao 1 va 2, va khung hinh ma héa 3 (En-3) biéu dién dau vao & 40 fps va 360
@ duge tao ra bang cach két hgp khung En-2 v6i khung dAu vao 3. Trong bd gidi ma, dé
t4i tao chudi dau vao, khung giai ma 2 (Dec-2) dugc tao ra bang cach trr khung En-1 tir
khung En-2, va khung gidi ma 3 (Dec-3) dugc tao ra bang cach trir khung En-2 tr khung
En-3. Ba khung giai ma biéu dién ddu ra & tbc @ khung hinh co s& 120 fps va géc man
trap 360 do. Cac tdc d6 khung hinh va géc man trap bd sung c6 thé duge ngoai suy bing
cach sir dung cac khung giai ma nhu duoc thé hién trong Bang 6. Trong Bang 6, ham sb
Cs(a,b) biéu thi viéc két hop cac khung dau vao a dén b, trong d6 viec két hop ¢6 thé duge
thuc hién béng c4ch tinh trung binh, tinh trung binh c6 trong sb, loc, va tuong tu.

Bang 6: Vidu vé viéc két hop khung véi dudng co s& 40 fps
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Céc
khung
dau vao
1201ps
@360

sl

s2 s3 s4

S5 s6

s7 s8

s9

Cac
khung
ma hda

1201ps

si

e3 =
Cs(1,3
ed=s4

es5= e6=
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e8 =
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e7=s7 )
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€9-
e8+el
@360 e3+ed4 =Cs(1,4) e6-ed4+e8 = Cs(5,8) 2
€9-
e8+el
@270 e3 =Cs(1,3) e6-e5+e7 = Cs(5,7) 1
€9-
e8+el
@180 e2 =Cs(1,2) e6-e4=Cs(5,6) 0
@90 el e5-e4 =5 €9-e8
| | | | |
Gidi ma
241fps
@360 e3+e5 = Cs(1,5) e6-e5+e9+el10= Cs(6,10)
@288 e3+ed = Cs(1,4) e6-e5+e9 = Cs(6,9)
@216 e3 =Cs(1,3) e6-e5+e8 = Cs(6,8)
@144 e2 =Cs(1,2) e6-e5+e7=Cs(6,7)
@72 el =sl e6-e5 = s6

Ul diém cta céch tiép can nay 1a & chd, nhu thé hién trong Bang 6, tht ca céc phién
ban 40 fps c6 thé duge gidi md ma khong can xtr Iy thém. Mot uu diém khac 12 & chd cac
tdc @6 khung hinh khac ¢6 thé duoc suy ra & cdc goc man trap khac nhau. Vi du, xem xét
bd giai ma gidi ma tai 30 fps va goc man trap 360. T Bang 4, dAu ra trong tmg véi chudi
céc khung dugc tao ra boi Ce(1,4) = Cs(1,4), Cs(5,8), Cs(9,12), va tuong tu, ma cling khép
v6i chudi giai ma duge thé hién trong Bang 6, tuy nhién, trong Bang 6, Cs(5,8) = e6-e4-+e8.
Theo mét phuong an, cac bang tra ctru (look-up table - LUT) c6 thé dwoc st dung dé xac
dinh cach céac khung giai mi can dugc két hop dé tao ra chudi dAu ra & tdc dd khung hinh
diu ra duoc xac dinh va goc man trap dugc md phong.

Trong mot vi du khéc, @2 xuét két hop nhidu nhét nim khung trong bd ma hoa aé
don gian héa viéc trich Xuét 16p co s& 24 fps & goc man trap 72, 144, 216,288, va 360 do,
nhu duogc thuc hién dudi day. Pay 1a mong mudn d6i véindi dung phim &nh ma duge trinh

dién t6t nhat & 24fps trén céc tivi ké thira.
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Bang 7: Vi du v& viéc két hop khung v6i dudng co s 24 fps

21/65
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@24
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Nhu duwge thé hién trong Bang 7, néu téc do khung hinh gidi ma khép véi toc do
khung hinh duong co s& (24 fps), thi, trong mdi nhém gdém nim khung (vi dy, el dén e5)
bd gidi ma co thé don gian lua chon mot khung & géc man trap mong mudn (vi du, e2 cho
o6c man trip tai 144 d0). Dé giai ma & toc do khung hinh khéc va géc man trap cu thé, bd
giai ma s& can x4c dinh cach Kkét hop chinh x4c (tic 1a, béng cach cong hodc trir) cac khung
gidi ma. Vi du, dé giai ma tai 30 fps va goc man trap 180 dd, céc budc tiép theo c6 thé 1a

nhu sau:

a) BO giai ma ¢6 thé xem xét bd ma hoa gia dinh truyén & 120 fps va 360 do ma khong can
xem xét dén kha nang twong thich nguoc, sau do, tir Bang 1, bo gidi ma can két hop 2 trong
sb 4 khung @& tao ra chudi dAu ra & toc d6 khung hinh va gbc man trdp mong mudn. Vi du,
nhu duoge thé hién trong Bang 4, chudi bao gém, Ce(1,2) = Avg(sl, s2), Ce(5,6) = Avg(ss,
s6), va tuong tu, trong d6 Avg(sl,s2) ¢6 thé biéu thi trung binh cta cac khung s1 va s2.

b) Ciin cir vao viée theo dinh nghia céc khung hinh ma hoéa ¢6 thé dugc biéu dién 1a el =
s1, €2 = Avg(sl, s2), €3 = Avg(sl, s3), va tuong tu, ngudi co hiéu biét trung binh trong
[inh vuc nay c6 thé d& dang suy ra chudi cac khung trong budc a) cb thé con duge bidu

dién dudi dang:
e Ce(1,2)=Avg(sl,s2)=¢€2
o Ce(5,6) = Avg (s5,56) = Avg(sl,s5) — Avg(sl,s4) + 56 = e5-e4+e6
e V.V.

Nhu néu trén ddy, su két hop chinh x4c ctia cac khung giai ma c6 the dugc tinh toan trude

va la kha dung dudi dang LUT.

Uu diém ctia phuwong phép @ xuit 1a & chd no6 cung cip céc lya chon cho ca ngudi
séng tao ndi dung va ngudi dung; tire 1a, n6 cho phép lya chon cua dao dién/bién tap va
lwa chon ctia ngudi dung. Vi dy, viée xtr ly trude ndi dung trong bo giai ma cho phép tde
d6 khung hinh co s& dugc séng tao v6i cdc goc man trap khac nhau. Mbi gbc man trap co
thé dugc gan gia tri temporal_id trong khoang [0, (n_frames -1)], trong d6 n_frames co6 gia
tri bing 120 chia cho td¢ do khung hinh co s&. (Vi du, v6i toc d khung hinh co s 24 fps,
temporal_id ndm trong khoang [0,4].) Su lua chon c¢6 thé duge thyc hién dé toi wu hoa

hiéu suét nén, hodc cho cac ly do thdm my. Trong mot sb trudng hop s dung, tic 1a, dé
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vuot qua dong trén ciing, nhiéu dong bit v6i cac 16p co s¢ khac nhau ¢6 thé duge mé hoa

va luu trit va dugce cung cap cho ngudi dung lua chon.

Trong vi du tht hai vé cac phuong phap duoc boc 19, nhiéu tdc do khung hinh twrong
thich nguoc c6 thé duge hd tro. Ly tudng néu ngudi co hiéu biét trung binh trong linh vuc
nay c6 thé mudn c6 kha ning giai ma & 24 khung/gidy dé c6 duoc 16p co s& 24 fps, & 30
khung/gidy dé c6 dugce chudi 30 fps, & 60 khung/gidy dé c6 duoc chudi 60 fps, va twong
tu. Néu goc man trap dich khong duoc xac dinh, thi géc man trap dich méc dinh, trong sb
cac goc man trdp pht hop voi cac tbc d khung hinh ngudn va dich, gan nhét ¢6 thé voi
180 d6 duoc d& xudt. Vi du, v6i cac gia tri thé hién trong Bang 7, gbc man trap dich duge

wu tién cho fps tai 120, 60, 40, 30, va 24 14 360, 180, 120, 180, va 216 dd.

Tir céc vi du trén day, c6 thé thiy rang viéc chon cdch ma hoa ndi dung cb thé anh
huéng dén @6 phitc tap trong viéc giai ma cac tbc @ khung hinh 16p co s& cu thé. Mot
phuong an cua sang ché 1a chon thich tmg so d6 ma héa dya vao tbc dd khung hinh 16p co
s& mong mubn. Pbi v6i ndi dung phim anh, tdc do nay co thé 1a 24 fps, vi dy, trong khi d6

dbi v6i thé thao, tde d6 nay c6 thé 1a 60 fps.

Cu phép vi du cho phuong 4n BC theo sang ché dugc thé hién dudi day va trong
cac Bang 8 va Bang 9.
Trong SPS (Bang 8), hai phan tir ¢t phap dugc bd sung: sps_hfr BC enabled flag, va
sps_base framerate (néu sps_hfr BC enabled flag dugc thiét 14p bang 1).
sps_hfr_BC_enabled_flag bang 1 chi ra tbc d6 khung hinh cao v6i kha nang tuwong thich
nguoc duge phép trong chudi video dugc 1ap ma (CVS). sps_hfr BC_enabled_flag bang
0 chi ra téc d6 khung hinh cao v6i kha nang twong thich nguge khdng dugc phép trong
CVS.

sps_base_framerate chira tbc d6 khung hinh co s& cho CVS hién thoi.

Trong phin diu nhém 6, néu sps_hfr BC_enabled_flag duoc thiét 1ap bang 1, ¢ phap

number avg_frames dugc giri di trong dong bit.

number avg frames chira s6 lugng khung & tdc d6 khung hinh cao nhét (vi du, 120 fps)

ma duge két hop dé tao ra hinh anh hién thi & toc d6 khung hinh co s6.
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Bang 8: Vi du vé ct phap RBSP cho d4u vao & cac goc man trap khac nhau

25/65

seq parameter _set rbsp( ) { Mo ta

sps_max_sub_layers_minusl u(3)
sps_reserved_zero_Sbits u(s)
profile tier level( sps_max_sub_layers minusl )
sps_seq_parameter_set_id ue(v)
sps_hfr BC enabled flag u(l)
if( sps_hfr BC enabled flag) { u(l)

sps_base_frame_rate u (9)
/
sps_extension_flag u(l)
if( sps_extension_flag )

while( more rbsp data( ) )

sps_extension_data_flag u(l)

rbsp trailing bits( )

Bang 9: Vi du vé& cti phdp RBSB tip hop tham s6 hinh anh cho dau vao & cac géc man

trdp khac nhau
pic_parameter_set rbsp( ) { Mo ta
pps_pic_parameter_set_id ue(v)
pps_seq_parameter_set_id ue(v)
if( sps_hfr BC enabled flag)
number_avg frames se(v)

rbsp _trailing_bits( )

}

Céc thay dbi dbi v6i phuong an thir hai (tdc d6 khung hinh c6 dinh)
25
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Chuin ma hoa HEVC (H.265) (Tai liéu tham khao [1]) va chuin ma hoa video da
ning (thudong duge goi 12 VVC, xem Tai liéu tham khao [2]) dang phat trién, xac dinh
phén tlr ¢l phap, pic_struct, chi bdo xem hinh anh nén dugc hién thi duéi dang khung hay
dudi dang mot hodc nhiéu truong, va xem hinh anh dugc gidi ma c6 nén duoc 13p lai
khéng. Ban sao ctia Bang D.2, “Interpretation of pic_struct,” tt HEVC dugc cung cap dé

d& tham chiéu trong Phu luc.

Cén luu ¥ rang, theo danh gia clia cic tac gia sang ché, phén tir ca phap pic_struct
hién c6 ¢6 thé chi hd trg tip hop con tbc @6 khung hinh ndi dung cu thé khi str dung ving
chita ma hoéa toc do khung hinh ¢ dinh. Vi dy, khi s& dung ving chira tdc do khung hinh
c¢d dinh 60 fps, thi cti phép pic_struct hién c6, khi fixed pic_rate_within_cvs_flag bang 1,
¢6 thé hd tro 30 fps bang cach st dung k§ thuat ghp ddi khung, va 24 fps bang cach str
dung k¥ thuat gp ddi khung va gép ba khung trong su két hop dan xen trén mdi khung
khic. Tuy nhién, khi st dung vung chira tdc dd khung hinh ¢ dinh 120 fps, thi ct phap
pic_struct hién thoi co thé khong hd tro tc d6 khung hinh 24 fps hogc 30 fps. Dé giam bét
van d nay, hai phuong phap méi duoc dé xuét: mdt 14 mé rong phién ban HEVC, va

phuong phéap con lai 1a khong mé rong.
Phuong phép 1: pic_struct ma khong c6 kha nang twong thich nguoc

VVC van dang phat trién, do d6 ngudi c6 hiéu biét trung binh trong linh vurc c6 thé
thiét ké cu phép véi su tu do tdi da. Theo mdt phwong é4n, trong pic_struct, d@é xudt loai bd
céc tuy chon gip doi khung va gép ba khung, st dung gia tri cu thé cua pic_struct dé chi
bdo su lap lai khung tuy vy, va bd sung phin tr ci phip méi,
num_frame_repetition_minus2, chira s6 lwong khung can lap lai. Vi du vé ¢t phép dé
xuit dugc mo ta trong céc bang sau déy, trong d6 bang 10 bidu thi c4c thay dbi so v6i bang
D.2.3 trong HEVC va Bang 11 biéu thi c4c thay ddi ctia Bang D.2 dugc thé hién trong Phu

luc.
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Bang 10: Vidu vé ¢l phap ban tin SEI dinh thoi hinh anh, phuong phép 1

pic_timing( payloadSize ) { Mb ta
if( frame field info_present flag ) {
pic_struct u(4)
if{ pic_struct ==7) u(4)
num_frame_repetition_minus2 u(4)
source_scan_type u(2)
duplicate_flag u(l)
}
.... (nhu ban g6c)

num_frame_repetition_minus2 cong 2 chi bao rang khi fixed pic rate within_cvs_flag
bang 1, khung nén dugc hién thi num_frame_ repetition minus2 cdng 2 1an lién tiép trén
c4ac man hinh véi khoang thoi gian lam méi khung bang DpbOutputElementallnterval[ n ]

nhu duoc dua ra bdi phuong trinh E-73.

Béang 11: Vi du vé pic_struct stra dbi theo phuong phap 1

Gia tri | Man hinh biéu thi hinh dnh Cic gi6i han
dwgce chi bao

0 Khung (lién tuc) field seq flag s€ bang 0

1 Truong trén cung field seq flag s€ bang 1

2 Truong dudi cung field seq flag s& bang 1

3 Trudng trén cung, trudng dudi field seq flag sé bang 0
cung, theo thtr tu do

4 Trudong dudi cung, trudng trén field seq flag s€ bang 0
cung, theo thir tu do

5 Trudng trén cung, trudong dudi field seq flag s€ bang 0

cung, truong trén cung dugc

1ap lai, theo thtr tu 46
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6 Truong dudi cung, truong trén field seq flag s€ bang 0
cung, truong dudi cung dugc

1ap lai, theo thir tu do6

7 Sw ldp lai khung field seq flag sé bang 0
fixed _pic_rate within_cvs_flag sé bing 1

8 Truong trén cung ghép cap voi field seq flag s& bang 1

trurong dudi cung trude do theo

th tu dau ra

9 Trudng dudi cung dugc ghép field seq flag sé bing 1

cdp voi truong trén cung trude

d6 theo tht tu dau ra

10 Trudng trén cing ghép cap voi field seq flag s& bang 1

tredong dudi cing tiép theo theo

thi tu dau ra

11 Truong dudi cung duoc ghép field seq flag s& bang 1
cdp voi truong trén cung tiép

theo theo thit tu dau ra

Phuong phép 2: Phién ban mé rong cua phién ban HEVC cua pic_struct

Céc bd giai ma AVC va HEVC da duoc trién khai, do d6 c6 thé mong mudn mé
rong don gian ct phéap pic_struct hién c¢6 ma khong loai bo céc tuy chon cil. Theo mot
phuong 4n, pic_struct m&i = 13, gid tri “mé& rong lap lai khung”, va phan tir ¢t phép méi,
num_frame_repetition_minus4, dugc bd sung. Vi du vé ¢t phap d& xuit duoc md ta
trong cac Bang 12 va 13. D& véi céc gia tri pic_struct 0 dén 12, ca phap @& xuit 1a gidng
vGi ¢t phép trong Bang D.2 (nhu dugc thé hién trong Phu luc), do d6 céc gia tri nay dugc

lugc bo dé 1am don gian.
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Bang 12: Vidu vé ¢l phap ban tin SEI dinh thdi hinh anh, phuong phép 2

pic_timing( payloadSize ) { M6 ta
if( frame field info present flag) {
pic_struct u(4)
if{ pic_struct ==13) u(4)
num_frame_repetition_minus4 u(4)
source_scan_type u(2)
duplicate_flag u(l)
3
... (nhu ban gbc)

num_frame_repetition_minus4 cong 4 chi bao khi fixed _pic_rate_within cvs_{flag bang
1, khung nén duoc hién thi num_frame_ repetition minus4 cdng 4 lan lién tiép trén céc
man hinh v4i khoang thoi gian 1am méi khung bang DpbOutputElementallnterval[ n ] nhu
dugce dua ra boi phuong trinh E-73.

Bang 13: Vidu vé pic_struct dugce sta dbi, phuong phép 2

Gia tri Man hién thi hinh dnh Cac gi6i han
dwgc chi bao
0-12 Nhu trong Bang D.2 Nhu trong Bang D.2
13 Mo rong sw ldp lai khung field seq flag sé bang 0

fixed_pic_rate_within_cvs_flag sé

bang 1

Trong HEVC, tham sb frame field info present flag c6 mat trong thong tin kha
ndng st dung video (VUI), nhung cac phan tir ci phép pic_struct, source_scan_type, va
duplicate flag ndm trong ban tin SEI pic_timing(). Theo mdt phuong an, @& xuét chuyén
tAt ca cac phan tir ct phép lién quan dén VUI, cung véi frame field info_present_flag. Vi

du vé& ca phép dé xuét duge thé hién trong Bang 14.
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Bang 14: Vidu vé ¢t phap tham s6 VUI véi su hd trg cho phan tir ¢t phap pic_struct sta

dbi
vui_parameters( ) { Mo ta
u(l)
field _seq_flag u(l)
frame field_info_present flag u(l)
if{ frame_field info_present flag ) {
pic_struct u(4)
source_scan_type u(2)
duplicate_flag u(l)
/
3

B4o hiéu luan phién thong tin géc man trép

Khi xi Iy tbe d6 khung hinh bién dbi, mong muén nhan dang ca téc do khung hinh
mong mudn va gbéc man trdp mong mudn. C4c chuén ma hoa video da biét, “thdng tin kha
nidng st dung video” (VUI) cung cép thong tin thiét yéu cho man hinh ndi dung video thich
hop, nhu ty 1€ co, cdc mau co ban, viéc léy mau phu dd mau, v.v. VUI ¢o thé con cung cép
théng tin the d6 khung hinh néu tdc @ hinh c6 dinh duoc thiét 1ap bang 1; tuy nhién, khong
6 su hd trg dbi véi thong tin géc man trap. Cac phuong an cho phép st dung cac goc man
trap khac nhau cho céc 16p thoi gian khéac nhau, va bd giai mé co thé str dung thong tin géc

man trip de cai thién sy nhin cudi ciing trén man hinh.

Vi du, HEVC h tro cac 16p con thoi gian ma sir dung co ban cdc k¥ thuét bo khung
dé di tir tbc do khung hinh cao hon xuéng toc do khung hinh thdp hon. Van dé chi yéu véi
diéu nay 1a & chd goc man trap hiéu dung bi lam giam véi mdi 1an bo khung. Vi dy, 60 fps
6 thé duoc suy ra tir video 120 fps bang cach bd moi khung khac; 30 fps c6 thé duoc suy
ra bang cach bé 3 trong s6 4 khung; va 24 fps c6 thé dugc suy ra bang cach bo 4 trong sb
5 khung. Gia stir man trap 360 do day du cho 120Hz, v6i k§ thuét bo khung don gian, goc
man trip cho 60 fps, 30 fps, va 24 fps 1an luot 12 180, 90, va 72 dd [3]. Kinh nghiém da

chimg minh ring c4c gbc man trap dudi 180 do thudong khong phu hop, nhét 12 v6i cac te
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d6 khung hinh duéi 50 Hz. Bing cach cung cAp thong tin géc man trap, vi du, néu mong
mudn 12 man hinh tao ra hiéu tng dién anh tir video 120 Hz v&i géc man trdp duge giam
xubng cho mdi 16p thoi gian, cac k¥ thuat thong minh c6 thé dugc 4p dung dé cai thién su
nhin cubi clng.

Trong mdt vi du khac, ngudi ¢o hiéu biét trung binh trong linh vuc nay c6 thé mudn
hd tro 16p thoi gian khac (tie 13, dong bit con 60 fps bén trong dong bit 120 fps) v6i cung
g6¢ man trap. Sau do, vAn d& chi yéu 12 & chd khi video 120 fps dugc hién thi tai 120Hz,
cac khung chan/lé c6 goc man trép hiéu dung khic nhau. Néu man hinh c6 thong tin lién
quan, thi céc k¥ thuat thong minh ¢6 thé duoc ap dung dé cai thién sy nhin cudi cung. Vi
du vé& ct phap d& xuit dugc thé hién trong Bang 15, trong d6 bang cu phap tham s6 VUI
E.2.1 trong HEVC (Tai liéu tham khdo [1]) dugc sta ddi dé hd trg thong tin gbéc man trap
nhr duge Ivu y. Luu v rang theo mot phuong an khac, thay vi biéu dién ct phap
shutter angle béng cac do tuyét dbi, n6 c6 thé duge biéu dién khac duéi dang ty 1€ clia tde

d6 khung hinh trén tbc d6 man trap (xem phuong trinh (1)).
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Bang 15: Vi du v& ct phap tham sd VUI v6i su hd trg géc man trap

vui_parameters( ) { Mo ta

vui_timing_info_present_flag u(l)

if( vui_timing_info present flag ) {

vui_num_units_in_tick u(32)
vui_time_scale u(32)
vui_poc_proportional_to_timing_flag u(l)

if( vui_poc_proportional to_timing_flag )

vui_num_ticks_poc_diff one_minusl ue(v)

vui_hrd_parameters_present_flag u(l)

if( vui_hrd parameters_present flag )

hrd parameters( 1, sps_max_sub_layers_minus] )

}
vui_shutter_angle_info_present flag u(l)
if{ vui_shutter _angles_info_present flag ) {
fixed _shutter_angle_within_cvs_flag u(l)
if (fixed_shutter _angle_with_cvs_flag ) |
fixed shutter_angle u(9)
else {

for(i=0;i<=sps max_sub_layers_minusl; i++ ) {

sub _layer _shutter_angle[ i | u(9)

vui_shutter_angle_info_present_flag bang 1 chi ra rang thong tin gdc man trip c6 mit
trong céu tric ca phdp vui_parameters( ). vui_shutter_angle info_present_flag bang 0 chi

ra rang théng tin géc man trap khong c6 mit trong cdu tric ¢t phap vui_parameters( ).
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fixed_shutter_angle within_cvs_flag bang 1 chi ra ring thong tin géc man trép 1a gidng
nhau v6i tt ca cac 16p con thoi gian trong CVS. fixed_shutter_angle_within_cvs_flag
bang 0 chi ra rang thong tin géc man trap co thé khong giéng nhau cho tat ca cac 16p con

thoi gian trong CVS.

fixed shutter_angle chi ra gbéc man trap bing d6 trong CVS. Gid tri cla

fixed shutter angle s& ndm trong khoang tir 0 dén 360.

sub_layer_shutter_angle[ i ] chi ra goc man trép bang dd khi HighestTid bang i. Cac gia

tri clia sub_layer shutter _angle[ 1] s€ nam trong khoang tir 0 dén 360.

Cép nhat tdc dd khung hinh dan dan trong chudi video dugc 14p ma (coded video sequence-

CVS)

Céc thi nghiém da chimg minh rang d6i véi ndi dung HDR hién thi trén man hinh
HDR, @& nhén thirc su rung do chuyén dong gidng nhu phat lai dai dong chuén (standard
dynamic range - SDR) trong man hinh 100 nit, tbc dd khung hinh can duogc tang 1én dua
vao do sang cia ndi dung. Trong hau hét cac chudn (AVC,HEVC, VVC, v.v.), téc do
khung hinh video ¢6 thé duoc chi bao trong VUI (duge chira trong SPS) bang cach sir
dung céc phan tir ¢t phép vui_time_scale, vui_num_units_in_tick va
elemental_duration_in_tc_minusl[temporal_id_max], vi dy, nhu dugc thé hién trong

Bang 16 dudi day (xem phan E.2.1 trong Tai liéu tham khao [1]).

Bang 16: Céc phan tir ¢t phap VUI @& chi bao téc dd khung hinh trong HEVC

vui_parameters( ) { Mo ta

vui_timing_info present flag u(l)

if( vui_timing_info present flag ) {

vui_num_units_in_tick u(32)
vui_time_scale u(32)
vui_poc_proportional to_timing_flag u(1)

if( vui_poc_proportional to_timing_flag )

vui_num_ticks poc_diff one_minusl ue(v)

vui_hrd parameters_present_flag u(1)

if( vui_hrd parameters_present flag )
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hrd parameters( 1, sps_max_sub_layers_minus] )

Nhu dugc mo ta trong Tai liéu tham khao [1],

Bién ClockTick duge suy ra nhu sau va dugc goi 1a nhip ddng ho:
ClockTick = vui_num_units_in_tick + vui_time_scale

picture_duration = ClockTick * ( elemental duration_in_tc minusl[i]+ 1)

frame rate = 1/pic_duration.

Tuy nhién, téc d6 khung hinh ¢6 thé chi dugc thay ddi tai céc thoi diém cu the, vi
du, trong HEVC, duy nhét tai cac khung diém truy c4p ngau nhién ndi anh (intra random
access point - IRAP) hodc tai ltc bat dau ctia CVS méi. V6i phat lai HDR, khi ¢6 trudng
hop 1am r& dn hodc lam m& ddn, do do sang cta hinh 4nh dang thay ddi timg khung, ¢6
thé cAn phai thay déi téc 49 khung hinh hoic thdi khoang khung cho moi hinh anh. D¢ cho
phép 1am méi lai tée 4o khung hinh hodc thoi khoang hinh 4nh tai thdi diém bat ky (tham
chi trén co s& timg khung), theo phuong 4n, ban tin SEI méi cho “td¢ @6 1am m&i dan dan”

duoc d& xuét, nhu dugc thé hién trong Bang 17.

Bang 17: Ct phap lam vi du dé hd trg tbc d6 khung hinh ldm méi dan dan trong ban tin

SEI
gradual refresh rate( payloadSize ) { Mo ta
num_units_in_tick u(32)
time_scale u(32)
}

Dinh nghfa v& cd phép méi num_units_in_tick 1a gibng nhu
vui_num_units in tick, va dinh nghia vé time scale 1a gidng nhu dinh nghia cua
vui_time_scale.
num_units_in_tick 1a sb luong don vi thoi gian cua déng hd hoat dong tai tan sb

time scale Hz ma twong rng véi mot sd gia (duoc goi 1a nhip ddng hd) cia bo dém nhip
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d6ng hd. num_units_in_tick s&16n hon 0. Nhip d6ng hd, tinh theo don vi gidy, bang thuong
clia num_units_in_tick chia cho time_scale. Vi duy, khi toc do hinh anh cua tin hiéu video
1a 25 Hz, time_scale c6 thé bing 27 000 000 va num_units_in_tick c6 thé bang 1 080 000
va do vay nhip dong hd c6 thé bang 0,04 gidy.

time_scale 1a sb lwong don vi thoi gian troi qua trong mot gidy. Vi dy, hé toa do thoi gian
ma do thoi gian st dung ddng hd 27MHz c6 time_scale bang 27 000 000. Gia tri clia

time_scale s& 1én hon 0.

Thoi gian hién thi hinh anh cho hinh anh st dung ban tin SEI gradual refresh_rate dugc
xac dinh la:
picture duration = num_units_in_tick + time_scale.
B4o hiéu thong tin géc man trdp thong qua ban tin SEI

Nhu duoc thao luén trén day, bang 15 cung chp vi du vé ca phép tham s6 VUI véi
su hd tro gbc man trap. Vi du, va khong gidi han ¢ vi du, bang 18 liét ke cac phén tir ca
phép gibng nhau, nhung bay giv 1a mot phan ctia ban tin SEI cho théng tin géc man trép.
Luu ¥ rang ban tin SEI duge st dung chi nhuw mét vi du va ban tin twong tu ¢6 thé duoc
tao tai cac 16p khac ctia cti phap béc cao, nhu tép hop tham sb chudi (Sequence Parameter
Set - SPS), tip hop tham sé hinh (Picture Parameter Set - PPS), phan dau nhom lat hogc 6,

va tuong tu.

Bang 18: Cti phap ban tin SEI lam vi du cho thong tin gbc man trap

shutter angle_ information ( payloadSize ) { Mo ta

fixed_shutter_angle within_cvs_flag u(l)

if (fixed shutter angle within_cvs_flag)

fixed shutter_angle u(9)

else {

for(i=0;i<=sps_max sub layers_minusl; i++ )

sub_layer_shutter_angle[ 1 ] u(9)
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Go6c man trap thuong duoc bidu dién bang o tir 0 dén 360 do. Vi du, goc man trép
180 dd chi bao thoi khoang phoi sang 12 ¥ thoi khoang khung. G6c man trép co thé duoc
bidu dién la: shutter angle = frame rate * 360*shutter_speed, trong d6 shutter_speed la
thoi khoang phoi sang va frame rate 1a ty 18 nghich cta thoi khoang khung. Frame_rate
cho 16p con thoi gian cho trude Tid co thé dugc chi bdo bdi num_units_in_tick,
time_scale, elemental duration_in_tc_minus1[Tid]. Vi du, khi

fixed pic_rate within_cvs_flag[ Tid ] bang 1:

frame rate =

time_scale / (num_units_in_tick * (elemental_duration_in_tc_minus1{Tid] + 1 ))-

Theo mdt s6 phuong 4n, gia tri cta gbc man trap (vi dy, fixed shutter_angle) c6 thé
khong phai la ) nguyén, vi du, n6 co thé 12 135,75 do. Dé chinh x4c hon, trong Bang 21,
ngudi c6 hidu biét trung binh trong linh vuc ¢6 thé thay thé u(9) (9 bit khong dau) voi
u(16) hodc mdt do sau bit phu hop khac nao d6 (vi du, 12 bit, 14 bit, hoac nhiéu hon 16
bit).

Theo mdt sb phuong 4n, c6 the ¢6 loi néu biéu dién thong tin géc man trdp bang

“c4c nhip dong hd.” Trong VVC, bién ClockTick dugc suy ra nhu sau:
ClockTick =num_units_in_tick + time_scale . (®)

Sau d6, ngudi c6 hidu biét trung binh trong linh vue ¢6 thé biu dién ca thoi khoang khung

va thoi khoang phoi sdng dudi dang boi s6 hodc phén sb ctia cdc nhip ddng ho:
exposure_duration = fN*ClockTick , 9)
frame duration = fM*ClockTick , (10)
trong d6 fN va fM 1a céc gia tri ddu phiy dong va fN < fM.
Sau do6
shutter angle = frame rate * 360*shutter_speed =
= (1/frame_duration)*360*exposure_duration = (11)
=(exposure_duration*360)/frame_duration =
=(fN*ClockTick*360)/(fM*ClockTick ) =

= (fN/fM) * 360 = (Numerator/Denominator) * 360,
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trong d6 tir s6 va mau s 1a cac so nguyén xap xi ty 1 IN/fM.

Bang 19 thé hién vi du v& ban tin SEI chi bao béi phuong trinh (11). Theo vi du

ndy, gbc man trap phai 16n hon 0 d6i véi may quay thé gidi thue.

Bang 19: Ban tin SEI lam vi du cho thong tin gbc man trép dua vao cac nhip dong hd

shutter angle information ( payloadSize ) { | M ta

fixed_shutter_angle within_cvs_flag u(1)

if (fixed_shutter angle within cvs_flag) {

fixed_shutter_angle_numer_minusl u(16)
fixed_shutter_angle_denom_minusl u(16)
b
else {

for(i=0;i<=sps_max_sub_layers minusl; i++) {

sub_layer_shutter_angle numer_minusl[ i ] u(16)

sub_layer shutter_angle denom_minusl[1i ] u(16)

Nhu duge thao luan trén ddy, viée sit dung u(16) (16 bit khong dau) dé dat do chinh xac
gbc man trip duge thé hién lam vi du va twong tmg v6i do chinh xac: 360/2' = 0,0055.
D& chinh xac co thé duogc didu chinh dwa vao cdc tng dung thuc té. Vi du, st dung u(8),

d6 chinh x4c 1a 360/2% = 1,4063.

Luu ¥ — G6c man trdp duge biéu didn bing do 1on hon 0 nhung nhd hon hodc bang
360 do. Vi du, goc man trap 180 do chi bao thoi khoang phoi sang 1 /2 thoi khoang
khung.
fixed shutter_angle_ within_cvs_flag bang 1 chi ra gia tri géc man trép la gidng nhau
v6i tht ca cac 16p con thoi gian trong CVS. fixed_shutter_angle within_cvs_flag bang 0
chi ra gia tri gbc man trép co thé khong gidng nhau véi tat ca cc 16p con thoi gian trong
CVS.

37



49296 38/65

fixed_shutter_angle numer_minusl cong 1 chi ra tir sO dugc s dung d€ suy ra gia tri
gbc man trap. Gia tri cta fixed_shutter_angle numer minusl s& nam trong khoang tr 0

dén 65535, bao gdm ca cac gid tri dau mut.

fixed_shutter_angle demom_minusl cdng 1 chi ra mau s dugc sir dung dé suy ra gia
tri géc man trip. Gié tri cua fixed_shutter_angle demom_minusl s& nam trong khoang tu

0 d&n 65535, bao gdm ca céc gia tri dau mit.

Gi4 tri cta fixed shutter angle numer minusl s& nhé hon hodc bang gia tri cua

fixed shutter angle demom_ minusl.
Bién shutterAngle theo dd dugc suy ra nhu sau:

shutterAngle = 360 * (fixed shutter angle numer_minusl +

1) + (fixed_shutter angle demom_minusl + 1))

sub_layer_shutter_angle numer_minusl[i ] cdng 1 chira tir sb duoc st dung dé suy
ra gia tri goc man trap khi HighestTid bang i. Gia tri ciia

sub layer shutter angle numer minusl[ 1] s& nam trong khoang tir 0 dén 65535, bao
gOm ca céc gia tri dau mut.

sub_layer shutter_angle demom_minusl[i] cong 1 chira mAu sb duoc st dung dé
suy ra gia tri goc man trap khi HighestTid bang i. Gia tri cia

sub layer shutter angle demom_ minusl[i] s€ nam trong khoang ttr 0 dén 65535, bao
gdm c cac gia tri dAu mit.

Gia tri ctia sub_layer shutter angle_numer minusl[ i ] s& nh6 hon hoac bang gi4 tri caa

sub_layer shutter angle denom minusI[1i].
Bién subLayerShutterAngle[ i ] theo d6 duoc suy ra nhu sau:

subLayerShutterAngle[ 1 ] =360 *
(sub_layer shutter angle numer minusl[i]+ 1)+ (sub_layer shutter angle demom_
minusl[i]+ 1)

Theo mét phuong 4n khéc, thoi khoang khung (vi du, frame_duration) ¢6 thé duoc
chi ra boi mot sd cach khiae. Vi dy, trong DVB/ATSC, khi
fixed pic_rate within cvs_flag[ Tid ] bang 1:
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frame rate =

time_scale / (num_units_in_tick * (elemental duration_in_tc_minus1[Tid] + 1 )),
frame duration =1/ frame_rate.

Ct phép trong Bang 19 va trong mot sb ct phép trong cac bang tiép theo gi sir ring
gdc man trdp s& ludn 16n hon 0; tuy nhién, gbc man trap = 0 co thé duoc sir dung dé bao
hiéu muc dich séng tao trong d6 ndi dung s& dugc hién thi ma khong c6 bit ky do nhoe
chuyén dong. D6 c6 thé 1a trudmg hop dbi v6i db hoa chuyén dong, hoat hinh, két cau CGI
va man chiéu, v.v. Nhu vay, vi dy, bdo hiéu gbc man trap =0 cd thé 13 hitu dung cho viéc
quyét dinh ché do trong bd chuyén ma (vi dy, @8 Iua chon cac ché do chuyén ma ma bao
toan c4c bién) cling nhu trong man hinh nhén siéu dit ligu vé gbc man trap trén giao dién
CTA hodc giao dién 3GPP. Vi du, géc man trdp = 0 ¢ thé dugc str dung dé chi bao cho
man hinh rang khong nén thuc hién viéc xir ly chuyén dong bét ky nhu giai nhiéu, ndi suy
khung, va twong ty. Theo phuwong 4n nay, cac phan tr ca phap
fixed_shutter_angle numer_minusl va sub_layer_ shutter_angle numer_minusl1[1 ]
c6 thé dugc thay thé boi cac phan tir ct phap fixed shutter_angle numer va

sub_layer shutter_angle_numer[ i ], trong do

fixed shutter_angle numer chira tu sd duoc st dung dé suy ra gia tri goc man trap. Gia
tri ctia fixed shutter angle numer s€ nam trong khoang tir 0 dén 65535, bao gdm ca céc
gia tri dau mat.

sub_layer_shutter_angle numer] i ] chira ti s6 dugc sir dung dé suy ra gia tri goc man
trap khi HighestTid bang i. Gié tri ctia sub_layer_shutter angle numerf i ] s& nim trong

khoéng tir 0 dén 65535, bao gbm ca cic gia tri d4u mat.

Theo mdt phuong 4n khac, fixed_shutter angle denom_minusl va
sub_layer shutter angle denom minusl[i] co thé con duge thay thé bai cac phan tir cd
phap fixed_shutter angle denom va sub_layer_shutter_angle denoml[ 1 ].

Theo mot phuong an, nhu thé hién trong Bang 20, ngudi c6 hiéu biét trung binh
trong linh vuc ¢o thé dung lai cti phap num_units_in_tick va time_scale xac dinh trong
SPS bang cach dit general hrd parameters_present_flag bang 1 trong VVC. Theo kich
ban niy, ban tin SEI c6 thé duoc ddi tén 1a ban tin SEI vé thoi khoang phoi sang.
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Bang 20: Ban tin SEI lam vi du dé bao hiéu thoi khoang phoi sang

exposure duration_information ( payloadSize ) { Mo ta

fixed exposure_duration_within_cvs_flag u(1)

if (fixed_shutter angle within cvs_flag) {

fixed_exposure_duration_numer_minusl u(16)
fixed exposure_duration_denom_minusl u(16)
}
else {

for(i=0;i<=sps_max sub_layers_minusl;i++) {

sub_layer_exposure_duration_numer_minusl[i ] u(16)

sub_layer exposure_duration_denom_minus1[ i ] u(16)

fixed_exposure_duration_within_cvs_flag bang 1 chi ra gia tri thoi khoang phoi sang
hiéu dung 13 gibng nhau véi tit ca cac 16p con thdi gian trong CVS.
fixed exposure duration_within_cvs_{flag bang 0 chi ra gia tri thoi khoang phoi sang hiéu

dung c6 thé khong gidng nhau véi tAt ca cac 16p con thoi gian trong CVS.

fixed_exposure_duration_numer_minusl congl chi ra tir s dugc st dung d€ suy ra gia
tri thoi khoang phoi sang. Gié tri cua fixed exposure_duration_numer_minusl s& nam
trong khoéng tir 0 dén 65535, bao gom cé cac gia tri ddu mut.
fixed_exposure_duration_demom_minusl cong 1 chira mau s6 duoc st dung dé suy ra
gi4 tri thoi khoang phoi sang. Gié tri clia fixed_exposure_duration_demom_minusl s& ndm
trong khoang tr 0 dén 65535, bao gom ca cdc gia tri ddu mut.

Gia tri cua fixed exposure during numer minusl s& nho hon hodc bang gia tri cua
fixed exposure duration demom_minusl.

Bién fixedExposureDuration dugc suy ra nhu sau:

fixedExposureDuration = ( fixed exposure_duration_numer_minusl +

1)+ ( fixed exposure duration_demom minusl + 1) * ClockTicks
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sub_layer_exposure_duration_numer_minus1[ i ] cong 1 chira tir sé duoc st dung dé
suy ra gid tri thoi khoang phoi sdng khi HighestTid bing i. Gid tri cua
sub_layer exposure duration numer minusl[ i ] s€ nim trong khoang ttr 0 dén 65535,

bao gdm ca cac gia tri ddu mat.

sub_layer exposure duration_demom_minus1[i] cdng I chira mau s dugc sir dung
dé suy ra gi4 tri thoi khoing phoi sang khi HighestTid bang i Gid tri cla
sub_layer exposure_duration_demom_minus1[i] s& nam trong khoang tr 0 dén 65535,

bao gdm cé céc gié tri dAu mut.

Gi4 tri ctia sub_layer exposure duration_numer minusl[ i ] s€ nh6 hon hoac bang gia tri
cia sub_layer exposure duration demom_minusl[ 1 ].

Bién subLayerExposureDuration[ i ] cho HigestTid bang i duge suy ra nhu sau:
subLayerExposureDuration[ i | = ( sub_layer_exposure_duration_numer_minusI[i ]+
1)+ (sub_layer exposure duration_demom_minus1[i]+ 1) * ClockTicks.

Theo mdt phuong &n khéac, nhu dugce thé hién trong Bang 21, ngudi ¢6 hiéu biét
trung binh trong linh vuc ¢6 thé dinh nghia 1o rang clockTick bang cac phén tir ¢t phap
expo_num_units_in_tick va expo_time_scale. Uu diém & day 12 & chd n6 khong dua vao
viéc general hrd parameters present flag c¢6 dugc thiét 14p bang 1 trong VVC nhu

phuong an trude d6 hay khong, thi

clockTick = expo_num_units_in_tick + expo_time_scale : (D)
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Bang 21: Ban tin SEI lam vi du dé bao hiéu thoi gian phoi sdng

exposure_duration_information ( payloadSize ) { Mo ta
expo_num_units_in_tick u(32)
expo_time_scale u(32)
fixed exposure_duration_within_cvs_flag u(l)

if (Ifixed exposure duration within_cvs_{flag)

for(i=0;1i<=sps_max sub layers minusl;i++) {

sub_layer exposure_duration_numer_minusl[ i ] u(16)

sub_layer exposure duration_denom_minus1[ i ] u(16)

expo_num_units_in_tick la s6 luong don vi thoi gian cla ddng ho hoat ddng tai tan sb
time_scale Hz tuong tmg véi sé gia (dwoc goi 1a nhip ddng hd) cta by dém nhip dong ho.
expo_num_units_in_tick s& 16n hon 0. Nhip ddng hd, xéc dinh bai bién clockTick, tinh
theo don vi gidy, bing thuong ctia expo_num_units_in_tick chia cho expo_time_scale.
expo_time_scale la sb lugng don vi thdi gian troi qua trong mot gidy.

clockTick = expo_num_units_in_tick + expo_time_scale.

LUU Y: Hai phin tir cti phdp: expo_num_units_in_tick va expo_time_scale dugc xac dinh
dé do thoi khoang phoi sang.

Yéu ciu v& su phit hop dong bit 1a clockTick s& nhé hon hodc béng ClockTick khi
num_units_in_tick va time_scale c6 mat.

fixed exposure_duration_within_cvs_flag bang 1 chi ra gia tri thoi khoang phoi sang
hiéu dung la gibng nhau véi tit ca cac 16p con thoi gian trong CVS.
fixed exposure duration within cvs_flag bang 0 chi ra gia trj thoi khoang phoi sang hiéu
dung c6 thé khong giéng nhau véi tit ca céc 16p con thoi gian trong CVS. Khi
fixed exposure duration within cvs_flag bing 1, bién fixedExposureDuration dugc dt
bang clockTick.

sub_layer exposure duration_numer_minusl[i ] cong 1 chira tir s§ duge str dung dé

suy ra gia tri thoi khoang phoi sang khi HighestTid bing i. Gid tri cla
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sub layer exposure duration_numer minusl[ i ] s& nim trong khoang tir 0 dén 65535,

bao gdm ca céc gia tri ddu mut.

sub_layer_exposure_duration_demom_minusl1[i ] cong I chi ra mau sé dugc st dung
& suy ra gid tri thoi khoang phoi sing khi HighestTid bing i. Gid tri cla
sub layer exposure duration_demom minusl[1 ] s& nam trong khoang tr 0 dén 65535,
bao gom ca c4c gié tri dau mut.

Gié tri ctia sub_layer exposure_duration_numer_minus1[ i ] s&€ nho hon hoic bang gia tri
clia sub_layer exposure_duration_demom_minus1[1i ].

Bién subLayerExposureDuration[ i ] cho HigestTid bang i dugc suy ra nhu sau:
subLayerExposureDuration[ i ] = ( sub_layer exposure_ duration_numer minusl[i]+
1)+ (sub_layer exposure_duration_denom minusl[i]+ 1 ) * clockTick.

Nhu duge thao ludn trén ddy, cdc tham sb cti phap
sub_layer exposure duration _numer minusl[i] va
sub layer exposure duration_denom minusl1i] c6 thé con dugc thay thé boi

sub_layer exposure_duration_numer[ i ] va sub layer exposure_duration_denom[ i ].

Theo mo6t phuong an khic, nhu dugc thé hién trong Bang 22, ngudi c6 hiéu biét
trung binh trong linh vuc c6 thé x4c dinh tham sb ShutterInterval (ttc 13, thoi khoang phoi
sang) bang cac phan tir ¢ phép sii_num_units_in_shutter_interval va sii_time_scale, trong

do

ShutterInterval = sii_num_units_in_shutter_interval + sii_time_scale . (2)
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Bang 22: Ban tin SEI 1am vi du cho vi¢c bdo hiéu thoi khoang phoi sang (thong tin

khoang thoi gian man trép)

shutter interval information ( payloadSize ) { Mo ta
sii_ num_units_in_shutter_interval u(32)
sii_time_scale u(32)
fixed_shutter_interval within_cvs_flag u(l)

if ( fixed_shutter interval within_cvs_flag)

for(i=0;1i<=sps_max_sub_layers_minusl; i++) {

sub_layer shutter_interval_numer][ i ] u(16)

sub_layer_shutter_interval_denom][ i | u(16)

Cic ngir nghia béan tin SEI chira thong tin khodng thoi gian man trap

Ban tin SEI thong tin khoang thdi gian man trdp chi bao khoéng thoi gian man trap cho
ndi dung video lién quan trudc khi ma hoéa va hién thi — vi du, cho no6i dung dugc ghi lai
bang méy quay, thoi lwgng bd cam bién anh duge phoi sang dé tao ra hinh anh.
Sii_num_units_in_shutter_interval chi ra sb luong don vi thoi gian cla dong hd hoat
dong tai thn sb sii_time_scale Hz tuong tmg v6i s6 gia ctia bd dém nhip ddng hd man trap.
Khoang thoi gian man trap, dugc xdc dinh baoi bién ShutterInterval, tinh bang don vi gidy,
bang thuong cta sii_num_units_in_shutter interval chia cho sii_time_scale. Vi du, khi
ShutterInterval bang 0,04 gidy, sii_time scale c¢6 thé bang 27000000 va
sii num_units_in_shutter_interval c6 thé bang 1 080 000.
Sii_time_scale chira sb lugng don vi thoi gian troi qua trong mét gidy. Vi dy, hé toa do
thori gian do thor gian sit dung ddng hd 27MHz c6 sii_time_scale bang 27 000 000.
Khi gi4 trj cla sii_time_scale 16n hon 0, thi gid tri cta ShutterInterval dugc x4c dinh boi:
ShutterInterval = sii_num_units_in_shutter_interval + sii_time_scale
Néu khong (gié tri cta sii_time_scale bang 0), thi ShutterInterval nén dugc hidu 12 4n s6

hoic khong duge xac dinh.
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LUU Y 1 — Gi4 tri ctia ShutterInterval bing 0 c¢6 thé chi bdo ndi dung video lién
quan chtra ndi dung ghi hinh, n6i dung dugc tao ra béng may tinh, hodc ndi dung

khac khong duge ghi lai bang may quay.

LUU Y 2 — Gia tri ctia ShutterInterval 16n hon gia tri ctia nghich dao cua toc do
hinh &nh dwoc 14p ma, khoang thoi gian hinh anh duge 1ap ma, ¢6 thé chi bao toc
@0 hinh 4nh duoc 14p ma 1a 16n hon tdc d6 hinh anh ma ndi dung video lién quan
duoc tao ra — vi duy, khi tdc do hinh anh duge 1ap ma 1a 120 Hz va tdc do hinh anh
cia ndi dung video lién quan truée khi ma héa va hién thi 12 60 Hz. Khoang thdi
gian dugc 1ap ma cho Tid 16p con thoi gian cho trude co thé dugc chi bao bdi
ClockTick va elemental duration in_tc_minus1[ Tid ]. Vi dy, khi

fixed pic rate within_cvs_flag[ Tid ] bang 1, thi khoang thoi gian hinh anh cho
Tid 1ép con thdi gian cho trude, dugce xac dinh boi bién Picturelnterval[ Tid ], c6
thé duoc xac dinh bai:

Picturelnterval[ Tid ] = ClockTick * ( elemental duration_in_tc_minusl[ Tid ] + 1 ).

fixed_shutter_interval_within_cvs_flag bang 1 chi ra gié tri cua ShutterInterval 1a gibng
nhau véi tt ca cac 16p con thoi gian trong CVS. fixed shutter interval within cvs_flag
bang 0 chi ra gi4 tri cua ShutterInterval c6 thé khong giéng nhau véi tat ca cac 16p con thoi |

gian trong CVS.

sub_layer_shutter_interval numer] i ] chira tu s6 duoc st dung dé suy ra khoang thoi
gian man trdp 16p con, dugc xac dinh bdi bién subLayerShutterInterval[ i ], tinh bang don
vi giay, khi HighestTid bang i.

sub_layer_ shutter_interval_denom] i | chi ra mau sb duoc st dung dé suy ra khoang
thoi gian man trép 16p con, duge xac dinh boi bién subLayerShutterInterval[ i ], tinh bang
don vi gidy, khi HighestTid bang i.

Gi4 tri ctia subLayerShutterInterval[ i ] cho HighestTid bang i duge suy ra nhu sau. Khi
gia trj ctia fixed_shutter_interval_within_cvs_flag bang 0 va gia tri clia
sub_layer shutter interval denom] i ] la 16n hon 0:

subLayerShutterInterval[ i ] = ShutterInterval *

sub layer_ shutter interval numer[i]+ sub_layer shutter interval denom[ i ]
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Néu khong (gia tri ctia sub_layer_shutter_interval _denom[ i ] bang 0), thi
subLayerShutterInterval[ i ] nén dugc hiéu 12 4n s6 hodc khong duoc x4c dinh. Khi gia tri
ctia fixed shutter interval within_cvs_flag khong bang 0,

subLayerShutterInterval[ i ] = ShutterInterval.

Theo phuong an khac, thay vi st dung ti s6 va mau sb dé bao hiéu khoang thoi
gian man trdp 16p con, ngudi ¢ hiéu biét trung binh trong linh vuc st dung mot gia tri. Vi

du vé ct phép nhu vay duge thé hién trong Bang 23.

Bang 23: Ban tin SEI lam vi du dé bao hiéu khoang thoi gian man trép

shutter interval information ( payloadSize ) { Mo ta
sii_num_units_in_shutter_interval u(32)
sii_time_scale u(32)
fixed shutter_interval within_cvs_flag u(l)

if ( !fixed shutter interval within_cvs_{flag )

for(i=0;1i<=sps_max sub_layers minusl;it+) {

sub_layer num_units_in_shutter_interval[ i ] u(32)

Céc ngit nghia clia ban tin SEI thong tin khoing thoi gian man trap

Ban tin SEI thong tin khoang thdi gian man trdp chi bao khoang thoi gian man trdp cho
noi dung video lién quan truéce khi ma héa va hién thi — vi du, cho ndi dung duge ghi lai

bing may quay, thoi lugng bd cam bién anh duoc phoi sang dé tao ra hinh.

sii_num_units_in_shutter chira sb luong don vi thdi gian cla d6ng ho hoat dong tai tn
sb sii_time scale Hz twong tng véi sb gia ctia bd dém nhip dong hd man trap. Khoang
thoi gian man trdp, dugce xdc dinh boi bién ShutterInterval, tinh béng don vi gidy, bé'mg
thuong cua sii_num_units in_shutter_interval chia cho sii_time_ scale. Vi du, khi
ShutterInterval bang 0,04 gidy, sii time scale co thé 1a bang 27 000000 va

sii_ num_units_in_shutter_interval c6 thé 1a bang 1 080 000.
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sii_time_scale chi ra sb luong don vi thoi gian trdi qua trong mot gidy. Vi du, hé toa do

thoi gian do thoi gian str dung ddng hd 27MHz c6 sii_time_scale bang 27 000 000.
Khi gi4 tri cta sii_time scale 1a 1én hon 0, thi gié tri ctia ShutterInterval duoc chi ra boi:
ShutterInterval = sii_num_units_in_shutter interval + sii_time_scale

Néu khong (gia tri cta sii_time scale bang 0), thi ShutterInterval nén dugc hiéu 1a 4n s

hodc khong dugc xac dinh.

LUU Y 1 - Gia tri cta ShutterInterval bing 0 c¢6 thé chi bédo noi dung video lién
quan chira ndi dung ghi bing man hinh, ndi dung duoc tao ra bing may tinh, hoic

ndi dung khéac khong duge ghi bing may quay.

LUU Y 2 — Gia trj cta ShutterInterval 16n hon gia tri ctia nghich dao cia toe do
hinh &4nh dugc 14p mé, khoang thoi gian hinh dnh dugce lap ma, co thé chi bao tbc
d6 hinh anh duoc 1ap ma 16n hon tbc d6 hinh anh ma nodi dung video lién quan
dwoc tao ra — vi du, khi téc do hinh anh duoc 1ap ma 1a 120 Hz va tc 6 hinh anh
ctia ndi dung video lién quan trudc khi ma hda va hién thi 12 60 Hz. Khoang thoi
gian hinh anh dugc 1ap ma cho Tid 16p con thoi gian cho trude cd thé duoc chi
béo béi ClockTick va elemental duration in tc_minusl[ Tid ]. Vi du, khi

fixed pic_rate within cvs flag[ Tid ] bang 1, khoang thoi gian hinh cho Tid Iép
con thoi gian cho trude, dugce xéc dinh béi bién Picturelnterval[ Tid ], c6 thé duogc
chi ra béi:

Picturelnterval[ Tid | =

ClockTick * ( elemental duration in_tc minusl[ Tid]+1).

fixed shutter_interval_within_cvs_flag bing 1 chi ra rang gia tri cia ShutterInterval 13
gibng nhau v6i tit ca cic 16p con thoéi gian trong CVS.
fixed shutter interval within cvs flag bang 0 chi ra gid tri clia ShutterInterval c6 thé

khong gidng nhau véi tit ca cac 16p con thoi gian trong CVS.

sub_layer num_units_in_shutter_interval[i] chira s6 luong don vi thoi gian ctia ddng
hd hoat dong tai tan sb sii_time_scale Hz twong tng véi sé gia ctia bd dém nhip ddng hd
man trdp. Khoang thoi gian man trdp 16p con, dugc xéac dinh béi bién
subLayerShutterInterval[ i |, tinh bang don vi gidy, khi HighestTid bang i, bang thuong

cua sub_layer num_units in_shutter intervall i ] chia cho sii_time_scale.
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Khi gi4 tri cua fixed shutter_interval_within_cvs_flag bang 0 va gié tri cia sii_time_scale

12 16n hon 0, gi4 tri ctia subLayerShutterInterval[ i | dugc chi ra boi:

subLayerShutterInterval[ i ] = sub_layer num_units_in_shutter_interval[i ]+

sii_time scale

Néu khoéng (gia tri cua sii_time_scale bang 0), thi subLayerShutterInterval[ i ] nén duge
hidu 12 4n sb hoic khong dugc x4ac dinh. Khi gid tri cua

fixed shutter interval within cvs_flag khong bang 0,
thi subLayerShutterInterval[ i | = ShutterInterval.

Bang 24 cung cip ban tom t4t ctia s4u cach tiép can dugc thao luan trong cac Bang

18 @én 23 dé cung cip ban tin SEI lién quan dén géc man trap hodc thoi khoang phoi sang.

Bang 24: Tém tht v& céch tiép cin ban tin SEI d€ béo hiéu thong tin goc man trap tin

hi¢u
Bing sb Cac ph?ln tir bao hiéu chinh va phﬁn ti phu thuoc
18 G6c man trap (0 dén 360) duge bao hiéu rd rang
19 G6c man trip dugc biéu thi dudi dang ty sb ctia cac gié tri tir 6 va

miu sb cin chia ty 1& béi 360 (gi4 tri nhip ddng hd duoc hiéu ngam)

20 Thoi khoang phoi sang duge bao hig¢u dudi dang ty sb clia céc gid tri

tr sO va mau so (gia tri nhip dong hd duge hiéu ngam)

21 Thoi khoang phoi sang duge bao hiéu dudi dang ty so clia cac gia tri
tr s6 va mau so; gia tri nhip dong ho dugc béo higu rd rang la ty sd

cua hai gié tri

22 Thong tin khoang thoi gian man trdp duoc bdo higu dudi dang ty 5O
ctia hai gia tri: s6 lugng don vi nhip d6ng hod trong su phoi sang va ty
1€ thoi gian phoi séng; cac 14n phoi sang lién quan dén 16p con duge

b4o hiéu dudi dang ty 1€ ctia hai gia tri

23 Théng tin khoang thdi gian man trdp hodc thoi khoang phoi séng

dugce bao hiéu dudi dang ty sb ctia hai gi tri: luong don vi nhip

d6ng hd trong su phoi séng va ty 1& phoi sang theo thoi gian; céc lan
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phoi sang lién quan dén 16p con duge bao hiéu bang s lugng don vi

thoi gian nhip d6ng hd trong su phoi sdng trong mdi 16p con

Béo hiéu téc dd khung hinh bién dbi

Nhu duoc md ta trong don tam thoi My sb 62/883,195, ndp ngay 16/08/2019, trong
nhiéu ng dung mong mudn bd giai ma hd tro phat lai & tbc @ khung hinh bién doi. Su
thich tmg téc d6 khung hinh thuong 1a mot phan ciia c4c hoat dong trong bd giai ma tham
chiéu gia dinh (HRD), nhu dugc mo ta, vi du, trong Phu luc C cta Tai liéu tham khéo [2].
Theo mot phuong an, @8 xuét bao hiéu thong qua ban tin SEI hodc phurong tién khac phén
tlr ¢t phap xac dinh thoi gian trinh dién hinh anh (picture presentation time - PPT) nhu
dudi dang ham cta xung nhip 90 kHz . Day la kiéu lap cua thoi gian du ra ctia bd dém
hinh &anh giai ma (decoder picture buffer - DPB) danh nghia nhu dugc chi ra trong HRD,
nhung hién nay st dung do chinh xac ClockTick 90 kHz nhu duoc chi ra trong hé théng
MPEG 2. Loi ich cua ban tin SEI nay 1a a) néu HRD khong duoc kich hoat, thi nguoi c6
hiéu biét trung binh c6 thé vAn st dung ban tin SEI PPT d€ chi bao s dinh thoi cho moi
khung: b) n6 ¢6 th hd tro phép tinh tién cua dinh thoi dong bit va dinh thoi hé thong.

Béng 25 md ta vi du vé cti phap ciia ban tin dinh thoi PPT duoc dé xuét, khép véi
ca phép cua bién du thoi gian trinh dién (presentation time stamp - PTS) dugc st dung

trong truyén tai MPEG-2 (H.222) (Tai liéu tham khao [4]).

Bang 25: Cti phéap lam vi du cho ban tin thoi gian trinh dién hinh anh

picture presentation_time ( payloadSize ) { Mo ta

PPT u(33)

PPT (thoi gian trinh dién hinh 4nh)

Thoi gian trinh dién s& lién quan dén thoi gian giai ma nhu sau: PPT 1a s6 33 bit duge 1ap
mi trong ba trudng riéng biét. PPT chi béo thoi gian trinh dién, tp(k), trong bd giai ma
dich hé thdng ctia don vi trinh dién & cua dong co ban n. Gid tri cua PPT dugc xac dinh
theo don vi ctia khoang thoi gian cua tan sb ddng hd hé thdng chia cho 300 (tao ra 90 kHz).
Thoi gian trinh dién hinh anh dugc suy ra tir PPT theo phuong trinh dudi day
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PPT(k) = ((system_clock_frequency x tp,(k))/300)%2%trong d6 ipa(k) 1a thoi gian
trinh dién ctia don vi trinh dién Pa(k).

Ban tin khoang thoi gian man trap trong AVC

Theo mdt phuong an, néu ban tin SEI thong tin khoang thoi gian man trép (shutter
interval information - SIT) ton tai cho hinh anh bit k¥ trong chudi video duge 1ap ma (coded
video sequence - CVS), thi ban tin SEI SII duoc goi ¥ 1a phai tdn tai trong don vi truy cap
thir nhét ctia CVS. Khong gidng véi HEVC, chi sb theo thoi gian (dugc st dung dé nhan
dang chi s6 16p con) khong tdn tai trong dong bit mot 16p AVC. Dé giai quyét vAn d8 nay
khi khoang th&i gian man trép khong dugc c¢b dinh trong CVS, sang ché d& xuét ring ban
tin SEI thong tin khoang thoi gian man trap phai c6 mét cho moi hinh anh dé gan gia tri
cua sii_sub_layer idx cho mdi hinh anh dé nhan dang chi sd 16p con cua hinh anh hién
thoi. Cac thdng tin khac lién quan dén khoang thoi gian man trip s&€ dugce trinh dién chi
cho don vi truy cap tht nhit ctia CVS va tiép tuc cho dén khi CVS méi bét dau hozc dong
bit két thic.

Trong AVC, don vi truy c¢dp dugce dinh nghia 1a tap hop cac don vi NAL lién tiép
theo thtr tu giai ma va chira chinh x4c mot hinh anh duoc 1ap ma so cip. Ngoai hinh &nh
duogc 13p ma so cép, don vi truy cép cling co thé bao gém mot hodc nhiéu hinh anh duoc
14p ma du, mot hinh anh duoc 1ap ma phu tro, hodc cac don vi NAL khéc khong chira cac
14t hodc phan ving dit liéu dang 14t cua hinh anh dugc 18p ma. Viéc giai ma don vi truy
cap ludn dan dén hinh giai ma.

Céac gia tri phén tlr ¢t phép vi du cho truedng hop ma khoang thoi gian man trap la
¢b dinh cho CVS dugc thé hién trong Bang 26. Cac gia tri phan tir ci phap vi du cho ban
tin SEI thong tin khoang thoi gian man trdp thi nhét va tiép theo cho trudng hop ma
khoang thoi gian man trép co thé khac ddi véi cac 16p con khac nhau duge thé hién trong
Bang 27. Trong cac Bang 26 va Bang 27, cac 6 v6i “(khong)” chi b4o rang khong c6 gia
tri nao dugc béo hidu trong ban tin SEI thong tin khodng thoi gian man trap cho phan tir

cl phép tuong Ung.

Bang 26: Vidu vé céc gia tri phan tir cti phép ctia ban tin SEI thong tin khoang thoi gian

man trip cho khoang thoi gian man trp c¢d dinh dbi véi don vi truy cdp IDR
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Ban tin SEI thong
PhAn tir cti phap tin Khodng thot
gian man trap thi
nhit trong CVS
sii_sub layer idx 0
shutter interval info_present flag 1
sii_time scale u(32)
fixed shutter interval within_cvs_flag 1
sii_num_units_in_shutter_interval u(32)
sii_max_sub_layers_minusl (khdng)
sub_layer num_units_in_shutter interval[ i ] (khdng)
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Bang 27: Vidu vé céc gi4 tri phan tir ¢t phap ban tin SEI thong tin khoang thoi gian man

trap cho khoang thoi gian man trap khong cb dinh dbi véi don vi truy cap IDR

Ban tin SEI
thong tin
. khoang Ban tin SEI thong tin
Phan tir ci phap thoi gian khoang thoi gian man
man trap trap tiep theo trong CVS
thir nhat
trong CVS
sii_sub_layer idx 0 0 ue(v) >0
shutter interval info present flag 1 0 (khong)
sii_time scale u(32) (khong) (khong)
fixed shutter interval within_cvs_flag 0 (khong) (khong)
sii num_units in_shutter_interval (khong) (khong) (khong)
sii_ max_sub layers minusl u(3) (khong) (khdng)
sub_layer num_units_in_shutter_interval] (khong) (khong)
i] u(32)

Béng 28 thé hién cAu tric ¢t phap vi du cho ban tin SEI SII trong AVC.
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Bang 28: Vi du ct phép ban tin SEI SII trong AVC

shutter interval info( payloadSize ) { C | Mo ta

sii_sub_layer_idx 5 ue(v)

if( sii_sub_layer idx==0)

shutter interval _info_present_flag 5 u(l)

if( shutter interval info present flag )

sii_time_scale 5 u(32)

fixed_shutter_interval within_cvs_flag 5 u(l)

if( fixed shutter interval within_cvs_flag )

sii_num_units_in_shutter_interval 5 u(32)
else {
sii_max_sub_layers minusl 5 u3)

for(i=0;1i<=sii_max sub_layers _minusl; i++)

sub_layer num_units_in_shutter_interval[ i ] 5 u(32)

Ban tin SEI thong tin khoang thdi gian man trép chi bdo khoang thoi gian man trap
cho céc hinh anh ngudn video lién quan trrde khi ma héa va hién thi, vi dy, cho ndi dung
duoc ghi lai bing may quay, khoang thdi gian man trip 12 thi lwong bd cam bién anh

dwoc phoi sang dé tao ra mdi hinh anh nguon.

sii_sub_layer_idx chi ra chi s6 16p con theo thoi gian trong khoang thoi gian man trap
cta hinh anh hién thoi. Gié tri ctia sii_sub_layer_idx s€ bang 0 khi don vi truy cip hién
thoi 1a don vi truy cap thir nhét ctia CVS. Khi fixed shutter interval within_cvs_flag
bang 1, thi gi4 tri cla sii_sub_layer_idx s& bang 0. Néu khong,

fixed shutter interval within_cvs_flag bing 0, thi gi4 tri ctia sii_sub_layer_idx s& nho

hon hodc bang gid tri cua sii_max_sub_layers_minus].

shutter_interval_info_present_flag bang 1 chi bao rang cac phan tir ¢t phap

sii_time_scale, fixed_shutter_interval within_cvs_flag, va
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sii_num_units_in_shutter_interval hodc sii_max_sub_layers_minusl va

sub layer num units_in_shutter_interval[ i ] 1& c6 mat.

shutter interval info present flag bang 0 chi bdo ring cic phan tir ct phap
sii_time_scale, fixed_shutter_interval within_cvs_flag,

sii_ num_units_in_shutter interval, sii_max_sub_layers minusl, va

sub layer num units_in_shutter interval[ i ] 1a khong c6 mat. Gia tri cia

shutter interval info present flag s€ bang 1 khi don vi truy cp hién thoi 1a don vi truy
cap tht nhét ciia CVS. Néu khong, thi don vi truy cép hién thai khong phai 12 don vi truy

cap thu nhét ctia CVS, gid tri cua shutter_interval info_present_flag s& bang 0.

sii_time_scale chira sb lugng don vi thdi gian troi qua trong mot gidy. Gia tri cua
sii_time_scale shall s& 16n hon 0. Vi du, hé toa do thoi gian do thoi gian st dung ddng hd

27 MHz ¢6 sii_time_scale bang 27 000 000.

fixed shutter interval_within_cvs_flag bang 1 chira rang khoang thoi gian man trap
duoc chi bao 1a gibng nhau véi tAt ca c4c hinh anh trong CVS.
fixed shutter interval within cvs_flag bang 0 chi ra rang khoang thdi gian man trap

duoc chi bao c6 thé khong giéng nhau v6i tat ca cac hinh trong CVS.

sii_num_units_in_shutter_interval, khi fixed_shutter_interval within_cvs_flag bang 1,
chi ra s6 lugng don vi thoi gian cla ddng hd hoat dong & tan s sii_time_scale Hz tuong
mg v6i khoang thoi gian man trap dugc chi bédo cua mdi hinh anh trong CVS. Gia tri 0
c6 thé duge st dung dé chi bo ring noi dung video két hop bao gdm ndi dung ghi bang
man hinh, ndi dung dugc tao ra béng mady tinh, hodc ndi dung khéac khong dugc ghi béng

may quay.

Khoang thoi gian man trip dugc chi bdo, dugc ky hig¢u bai bién shutterInterval, tinh bang
don vi gidy, bang thuong cla sii_num_units_in_shutter_interval chia cho sii_time_scale.
Vi du, dé biéu dién khoang thoi gian man trép bang 0,04 gidy, sii_time scale c6 thé bang

27 000 000 va sii_num _units_in_shutter_interval c6 thé bang 1 080 000.

sii_ max_sub_layers_minus1 cong 1 chi ra so luong chi so luong t6i da céc 16p con thoi

gian trong khoang thoi gian man trap co thé ¢6 trong CVS.

sub_layer num_units_in_shutter_interval[ i ], khi c6 mat, chira s6 lwong don vi thoi
gian ctia déng hd hoat dong & tan sb sii_time_scale Hz twong tmg v6i khoang thoi gian
man trip ctia mdi hinh &nh trong CVS ma gié tri clia sii_sub_layer_idx bang i. Khoang
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thoi gian man trdp 16p con cua mdi hinh ma gia tri cta sii_sub_layer_idx bang i, duge ky
hiéu béi bién subLayerShutterInterval[ i ], tinh bang don vi gidy, bang thwong ctia

sub layer num units_in_shutter_interval[ i ] chia cho sii_time_scale.

Bién subLayerShutterInterval[ i ], tuong tng v6i khoang thoi gian man trap dugc chi bao
ctia mdi hinh trong biéu dién 16p con véi Temporalld bang i trong CVS, do d6 dugc suy

ra nhu sau:

if( fixed shutter interval within cvs_{flag )

subLayerShutterInterval[ i ] = sii_num_units_in_shutter interval +
sii_time_scale
else

subLayerShutterInterval[ 1 ] =

sub_layer num_units_in_shutter_interval[ i ]+ sii_time scale

Khi ban tin SEI théng tin khoang thdi gian man trdp c6 mit trong don vi truy cap bat ky
trong CVS, thi ban tin SEI thong tin khoang thoi gian man trép s& co mat d6i v6i don vi
truy cap IDR la don vi truy cap thir nhét ctia CV'S. Tét ca cdc ban tin SEI thong tin khoang

thoi gian man trdp ap dung cho don vi truy cép gidng nhau s& c6 ndi dung gidng nhau.

sii_time_scale va fixed_shutter_interval within_cvs_flag tiép tuc tir don vi truy cép thar

nhét ciia CVS cho dén khi CVS méi bat diu hodc dong bit két thuc.

Khi gié tri cua fixed_shutter_interval within_cvs_flag bang 0, thi ban tin SEI thdng tin
khoang thoi gian man trdp s& ¢6 mit trong moi hinh anh trong CVS. Khi ¢6 mat,
sii_num_units_in_shutter_interval, sii_max_sub_layers minusl, va

sub layer num units_in_shutter_interval[ i ], tiép tuc tir don vi truy cép thir nhit ctia

CVS cho dén khi CVS méi bét ddu hoic dong bit két thic.

Tai liéu tham khao
Céc tai liéu dugc liét ké duéi ddy dé tham khao.
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Vi DU VE PHUONG AN THUC HIEN HE THONG MAY TINH

Céac phuong an cua sang ché c6 thé dugc thuc thi bang hé théng méy tinh, cdc hé
théng duoc tao cAu hinh trong mach va thanh phan dién tt, thiét bj mach tich hop
(integrated circuit - IC) ching han nhu b6 vi didu khién, mang cong I4p trinh dugc theo
truong (field programmable gate array - FPGA), hoac thiét bi logic ¢6 thé tao cu hinh
hoic ¢6 thé 14p trinh dugc (programmable logic device - PLD) khéc, bd xu Iy thoi gian roi
rac hodc bd xi ly tin hidu sb (digital signal processor - DSP), mach tich hop chuyén dung
(application specific integrated circuit - ASIC), va/hoidc thiét bi bao gém mdt hodc nhiéu
trong sb cac hé théng, thiét bi hoac thanh phin nhu viy. May tinh va/hogc IC c6 thé thuc
hién, didu khién, hogc thuc thi cac 1énh lién quan dén kha nang thay déi toc do khung hinh,
nhu cé4c 1énh duge mo ta trong ban md ta nay. May tinh va/hoac IC ¢6 thé tinh toan bét ky
trong sb cac tham s6 hodc gia tri lién quan dén kha ning thay d6i téc dd khung hinh nhu
dugc mo ta trong sang ché. Cac phuong 4n hinh hodc video ¢6 thé duoc thuc thi trong

phan ctmg, phan mém, firmware hodc cac to hop khéc caa ching.

Mot sb phuong an thuc hién clia sang ché bao gdm céc bo xit Iy mdy tinh thuc thi
cac 1énh phé“m mém khién cho cac bd xir 1y thuc hién phuong phép cia sang ché. Vi du,
mot hodc nhidu bd xit Iy trong man hinh, bd ma hoa, diu thu gidi ma tin hiéu, bo chuyén
ma hogic tuong tu ¢6 thé thuc thi cdc phuong phap lién quan dén kha nang thay ddi toc do
khung hinh nhu dugc md ta trén day bang céach thuc thi cac 1énh phin mém trong bd nhé
chuong trinh truy cdp dugce boi cac bd xir Iy. Cac phuong an cua sang ché ciing c6 thé
duoc dé xuit dudi dang san pham chuong trinh. San pham chuong trinh ¢6 thé bao gdm
phuong tién bét bién va hitu hinh bt ky mang tap hop tin hiéu doc duoc bang may tinh
chira cac 1énh ma, khi dugc thuc thi bdi b xtr Iy dit lidu, khién cho bd xit Iy dit lidu thuc
thi phuong phép theo sang ché. Cac san phim chuong trinh theo sang ché c6 thé c6 dang
bét ky trong s c4c dang bat bién hoic hiru hinh. San phim chwong trinh ¢6 thé bao gom,
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vi du, phuong tién vat ly ching han nhu phuong tién luu trit dir liéu tir tinh bao gdm dia
mém, & dia ctng, phuong tién luu trit dit liéu quang bao gdbm CD ROM, DVD, phuong
tién luu trit dir li€u dién tr bao gém ROM, RAM flash, hodc twong tu. Tin hiéu doc duoc

bang mdy tinh trén séan pham chwong trinh c6 thé dugc nén hodc ma hda mot cach tuy y.

Truong hop thanh phén (vi du, modun phén mém, bd XU ly, td hop, thiét bi, mach,
v.v.) dugc d& cap & trén, thi trir khi c6 quy dinh khac, tham chiéu dén thanh phan d6 (bao
gbm tham chiéu dén “phuong tién”) nén duge hiéu 1 bao gdm duéi dang cac tuong duong
ctia thanh phéan d6 thanh phan bét ky thuc hién chirc ning cta thanh phan dugc mo ta (v
du, thanh phan twong duong vé mit chrc ning), bao gdm ca cac thanh phan khéng twong
dwong v& mit cAu triic v6i cu trac dugc boc 16 thue hién chirc ndng theo cac phuong dn

lam vi du duoc minh hoa ctia sang ché.
CAC PHUONG AN TUGNG PUONG, MG RONG, THAY THE VA CAC PHUONG AN KHAC

Céac phuong an lam vi du lién quan dén kha ning thay dbi tbc @6 khung hinh dugc
mo ta nhu vay. Trong phan md ta & trén, cac phuong an theo sang ché d3 dugc mo ta dua
vao nhidu chi tiét cu thé ma c6 thé thay ddi tir phuong 4n thuc hién niy dén phuong an
thuc hién khéac. Do d6, phan duy nhit va riéng thé hién cai gi 1a séng ché, va duoc ngudi
ndp don du dinh 14 1am sang ché, 12 bo yéu cau bao ho ndp kém theo don nay, dudi hinh
thtc cu thé ma & d6 cac diém yéu ciu bao hd duogc thé hién, bao gém ca su chinh stra sau
d6 bt ky. Moi dinh nghia dugce néu rd rang & day vé cac thuat ngit dugc chira trong cac
diém yéu ciu bao ho s& diéu chinh nghia ctia c4c thuat ngit ndy nhu duge sit dung trong
c4c didm yéu cau bao hd. Do @6, trong moi truong hop, khong sw gi6i han, phan t, tinh
chét, ddu hiéu, vu diém hodc thudc tinh ndo ma khong duoc thé hién rd rang trong yéu cu
b&o hd lam gidi han pham vi cua diém yéu ciu bao ho d6. Do d6, ban mo ta séng ché va
cac hinh v€& phai duoc hiéu theo nghia c6 tinh chit minh hoa chir khong phai theo nghia c6
tinh chat thu hep pham vi bao hd sang ché.

Phu luc

Phu luc nay cung cip ban sao ctia Bang D.2 va thong tin vé pic_struct lién quan tir ban dac

t4 k§ thuat H.265 (Tai lidu tham khao [1]).

Bang D.2 — Dién giai pic_struct
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Gia tri | Man hinh biéu thi hinh Céc giéi han
anh dwoc chi bao
0 Khung (lién tuc) field seq flags€ bang 0
1 Truong trén cung field seq flag sé bang 1
2 Truong dudi cung field seq flag s& bang 1
3 Truong trén cung, truong field seq flag s& bang 0
dudi cung, theo thir tu d6
4 Truong dudi cung, truong field seq flag s& bang 0
trén cung, theo thtr tu do
5 Truong trén cung, trudng field seq flag sé bang 0

dudi cung, truong trén

cung 1dp lai, theo thir tw 6

6 Truong dudi cung, truong field seq flag s& bing 0
trén cung, truong dudi
cung l3p lai, theo thir tw 6
7 Gép d6i khung field seq flag s& bang 0
fixed pic rate within cvs_flag s&
bang 1
8 Gap ba khung field seq flag sé bang 0
fixed pic_rate within cvs_flag s&
bang 1
9 Truong trén cung ghép cap field seq flags€ bang 1
véi trudng dudi cung trude
d6 theo thir tu dau ra
10 Trudng dudi cung ghép field seq flag s€ bang 1
cdp voi truong trén cung
trude dé theo thir tu dau ra
11 Trudng trén cung ghép cadp field seq flags€ bang 1

véi truomg dudi cung tiep

theo theo th tu dau ra
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12 Truong dudi cung ghép field seq flag s€ bang 1
cdp voi truong trén cung

tiép theo theo thir tw dau ra

Céac ngli nghia vé phan tir ct phap pic_struct

pic_struct chi bdo xem hinh anh nén dugc hién thi dudi dang khung hay du¢i dang mot
hodic nhidu trudng va, d6i véi hién thi cac khung khi fixed_pic_rate_within_cvs_flag bing
1, c6 thé chi bao thoi gian 13p gép d6i hoic gép ba khung cho céc hién thi ma st dung
khoang thoi gian 1am méi khung cb dinh bang DpbOutputElementallnterval[ n ] nhur dugc
dwa ra béi Phuong trinh E-73. Dién giai vé pic_struct dugc chi ra trong Bang D.2. Céc gid
tri cta pic_struct ma khong duoc liét ké trong Bang D.2 dugc dy trit dé st dung trong
tuong lai boi ITU-T | ISO/IEC va s& khong c6 mit trong dong bit tudn theo phién ban cua

ban dic ta nay. Cac bd gidi ma s& bd qua cac gid tri dy trir cua pic_struct.

Khi c6 mat, yéu ciu vé su phit hgp v6i dong bit 1a gia tri ctia pic_struct s& bi rang budc sao

cho chi mot trong sb cic diéu kién sau day 1a ding:

_  Giatri clia pic_struct bing 0, 7 hodc 8 v6i tat ca cac hinh anh trong CVS.

— (Gia tri cta pic_struct béng 1,2,9, 10, 11 hodc 12 vé1 tt ca cac hinh anh trong CVS.
—  Giatri clia pic_struct bang 3, 4, 5 hodc 6 v6i tét ca céc hinh nh trong CVS.

Khi fixed pic rate within cvs_flag bang 1, gp doi khung dugc chi bdo bai pic_struct
bing 7, chi bdo ring khung nén dugc hién thi hai lan lién tiép trén man hinh véi khoang
thoi gian 1dm méi khung bang DpbOutputElementallnterval[ n ] nhu dugc dua ra boi
Phuong trinh E-73, va su gép ba khung dugc chi bdo béi pic_struct béang 8, chi bao ring
khung nén dugc hién thi ba 14n lién tiép trén c4c man hinh v&i khoang thoi gian 1am méi
khung bang DpbOutputElementallnterval[ n ] nhu dugce dua ra boi Phuong trinh E-73.
LUUY3- Gép doéi khung co thé duogc st dung dé tao thuén loi cho viéc hién thi,
vi du, video quét lién tuc 25 Hz trén man hinh quét lién tuc 50 Hz hodc video quét
lién tuc 30 Hz trén man hinh quét lién tuc 60 Hz. St dung k¥ thuét gép d6i khung
va gip ba khung trong su két hop dan xen trén timg khung khéc c6 thé duogc st
dung dé tao thuan loi cho viéce hién thi video quét lién tuc 24 Hz trén man hinh quét

lién tuc 60 Hz.
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Cac vi tri 14y mAu doc va ngang danh nghia cta cac mau trong céc truong trén cung va
dudi dung cho cac dinh dang mau 4:2:0, 4:2:2 va 4:4:4 dugc thé hién 14n luot trén Fig.D.1,
FigD.2, va FigD.3.

Céc bd chi bao két hop cho cac trudng (pic_struct bang 9 dén 12) cung clp cac goi y dé
két hop céc trudng c6 tinh ch&n 1¢ bd sung cung nhau lam céc khung. Tinh chan 1& cua
trudmg c6 thé 1a & trén cing hodc dudi ding va tinh chin 1é ctia hai trudng duge coi 1a bd
sung khi tinh chan 1¢ cia mdt trudng 13 & trén cung va tinh chin 18 cta truong khéac 1a &
dudi cung.
Khi frame field info present flag béng 1, yéu ciu vé su pht hop véi dong bit 14 cac rang
budc dugce chi ra trong cot thit ba cua Bang D.2 phai duoc ap dung.
LUU Y 4 —Khi frame field info_present flag bang 0, thi trong nhiéu trudng hop céc
gia tri mdc dinh c6 thé duoc suy ra hodc dugc chi béo béng phuong tién khac. Khi khong
c6 céc chi bao khac vé loai hién thi hinh anh duoc du dinh, b giai ma s& suy ra gia tri

cla pic_struct la bang 0 khi frame_field info present flag bang 0.
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YEU CAU BAO HO
1. Phuong tién b4t bién doc duoc bang bd xir 1y luu trit trén d6 chu tric dong video dugc

ma hoa, cau trac dong video dugc ma hda bao gom:
phan hinh anh dugc ma hoa bao gom dang ma hoa cua chudi hinh anh video; va
phan béo hiéu bao gom dang ma hoa cua:

tham sd thang do thoi gian trong khoang thoi gian man trép chi bao sb luong

don vi thoi gian troi qua trong mot gidy;

cd thoi khoang trong khoang thoi gian man trap c¢b dinh chi bao xem thong
tin thoi khoang trong khoang thoi gian man trip c6 ¢b dinh véi tat ¢a cac hinh anh

trong phan hinh anh dugc ma hoa hay khong; va

néu co thoi khoang trong khoang thdi gian man trp c¢d dinh chi bao ring
thong tin thoi khoang trong khoang thoi gian man trap 1a ¢ dinh, thi phan bao hiéu

bao gdm

tham s& nhip ddng hd trong khoang thdi gian man trdp chi bao sb
luong don vi thoi gian cua ddng hd hoat dong tai tan sb cua tham sb thang do thoi gian
trong khoang thoi gian man trép, trong d6 tham s6 nhip dong hd trong khoang thoi gian
man trdp chia cho tham s6 thang do thoi gian trong khoang thoi gian man trép chi bdo gia

trj thoi khoang phoi séng cho tét ¢a cac hinh anh video trong phan hinh anh dugc ma hoa,

néu khong, thi phan bio hiéu bao gdm mang gdm mot hodc nhiéu tham sb
nhip ddng hd trong khoang thoi gian man trép 16p con chi bao s6 luong don vi thoi gian
ctia ddng hd & tan s6 ctia tham sb thang do thoi gian trong khoang thoi gian man trap cho
mdt hoac nhiéu 16p con trong phén hinh 4nh duoc ma hoda, trong do, dbi véi 16p con thir
nhit trong phan hinh dnh duge ma hoa, tham sé nhip dong hd trong khoang thoi gian man
trip cua 16p con tuong ung chia cho tham s6 thang do thoi gian trong khoang thoi gian
man trap chi bo gia tri thoi khoang phoi sang cho tAt ca cac hinh anh video trong 16p con

thir nhat ctia phan hinh anh dugc ma hoa.

2. Phuong tién bét bién doc dugc béng bo xtt ly theo diém 1, trong do phﬁn bao hiéu con
bao gdm tham sd chi s6 16p con trong khoang thoi gian man trdp chi rd chi s6 16p con clia

hinh anh hién thoi.
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3. Phuong tién bét bién doc duge bing bo xir Iy theo diém 2, trong d6 phan hinh anh dugc
ma hoa bao gdm hai hodc nhiéu don vi truy cép, va tham s6 chi s 16p con trong khoang
thoi gian man trap la bang 0 d6i véi don vi truy cép thir nhét trong s6 hai hodc nhiéu don

vi truy cdp va néu khong thi 1a khéc 0.

4. Phuong tién bét bién doc dugc béng bo xt 1y theo diém 2, khi tham sb chi sb 16p con
trong khoang thoi gian man trap bang 0 khi c& thoi khoéng trong khoang thoi gian man

trap c¢b dinh chi bao rang thong tin thoi khoang trong khoang thdi gian man trép 1a c¢b dinh.

5. Phuong tién bat bién doc dugc bing bd xir Iy theo diém 1, trong d6 néu cd thoi khoang
trong khoang thoi gian man trép c¢b dinh chi b4o rang thong tin thoi khoang trong khoang
thoi gian man trép la khong cb dinh, thi phan bio hiéu bao gbm tham sd chi bao sb lugng
tbng cac phan tir trong mang gdm mat hoic nhiéu tham sb nhip déng ho trong khoang thoi

gian man trép cta 16p con.

6. Phuong tién bat bién doc dugc bang bd xit 1y theo diém 1, trong d6 phan bao hiéu bao
gbm phén ban tin thdng tin ning cao bd sung (supplemental enhancement information -

SEI) hoic phan ban tin thong tin ngudi dung video (video user information - VUI).
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