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Abstract—CAc tiéu chuan mé héa video da dugc phat
trién dé truyén va luu trlr video k¥ thuat s6 mot cach hiéu
qua, dap ng nhiéu yéu cau nhu bitrate, chét luong hinh
anh, do tre kha nang truy cép ngau nhién, do phuc tap, va
nhidu yéu t6 khac. Bén canh do, dir liéu k¥ thudt so cling
duoc khai thac dé dap tmg nhu ciu ctia ngudi dung trong
trai nghiém xem, bao gdm cé hinh anh trudng sang (Light
Field), diém dam may (Point Cloud), va hinh anh phan
chiéu (Holography). Hinh anh trudng sang hay con goi 1a
dit liéu anh Light Field, 1a mot phuong phap thu thap dir
liéu plenoptic cho phép xur Iy hinh anh da dang nhu trich
xuit 3D, thay d6i diém nhin, va liy nét ky thuat sO (lay nét
sau khi chup). Hon nira, Light Field cung cép kha nang ghi
lai thong tin phong pht vé mdt canh chup, vi du nhu cau
tric, thong tin hinh hoc, v.v. Do d6, viéc nén hi¢u qua dong
vai trd quan trong d6i véi Light Field do lugng dir liéu 16n
can thiét dé biéu dién. Céc tiéu chuan ma héa video tién
tién nhu H.264/AVC, H.265/HEVC, va H.266/VVC di
xem xét cac dac diém cua video thong thuong dé cai thién
hiéu suét nén. Hién nay, tiéu chuén ma héa video méi nhét
- H.266/VVC cung cap hiéu suit nén cai thién so véi cac
tiéu chuan khac, nhung di kém v6i do phic tap tinh toan
rat cao, do viéc thém vao mot sb céng cu ma hoa méi (vi
du: ché do phéan vung tam giac (TPM), don vi cdy ma hoa
(CTU) 16n véi 128x128 diém anh, v.v.). Tuy nhién, chua
¢6 mot phén tich ddy du nao vé cac cong cu ma hoa cho bd
m4 héa nay dé tan dung t6i da hiéu suat hiéu qua cua no,
dic biét doi voi dir liéu Light Field. Do do, bai bao nay
trinh bay mot nghién ciru toan dién vé cac cong cu ma hoa
cia tiéu chuin ma hoa video - H.266/VVC cho dir liéu
Light Field. Cac cong cu ma hoa ctia H.266/VVC (vi du:
SMVD, MIP, IBC, v.v.) dugc danh gia trén cac doan video
gia lap, tir d6 thong ké két qua vé hiéu suat nén va do phirc
tap.

Keywords— Ma hoa dir liéu Light Field, chét lugng anh
Light Field, @6 phuc tap, Chuan ma hoéa H.266/VVC.

l. GIOI THIEU CHUNG

Dit liéu hinh anh truong sang (LF) di tién xa va dugc ap
dung rong rai trong nhiéu linh vy nhu y hoc (nhu kinh soi
tai [1]), k¥ thuat vién tham (nhu kinh hién vi [2]), diéu
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khién robot dya trén thi giac [3], va do van toc [4]. Diéu
nay bat ngudn tir cdu trac dic biét cia may anh LF. May
anh LF khong chi ghi lai cuong d¢ anh sang ma con ghi lai
huéng anh sang dén cam bién cua may, thong qua cac thau
kinh nhé dugc thém vao 6ng kinh chinh trudc cam bién
may anh [5, 6]. Do d6, dit liéu anh LF ¢é ciu trac phtc tap
va kich thudc 16n, ddng thoi doi hoi phan tich va kham pha
k¥ ludng.

Dit liéu anh LF biéu dién tap hop céc tia sang truyén theo
moi huéng goc tai moi diém trong khong g1an 3D [6], v
do d6 chtra mot lugng 16n thong tin vé mdi tia sang bao
gdm vi tri x, y, z, goc ©, @, budc séng v, va thoi gian t. Dir
lidu anh LF c6 kich thudce 16n va thuong dwoc mé ta bing
ham da so d6 7D nhu sau, LF x,¥,2, 0,0,v,t) [6]. Tuy
nhién, tinh phirc tap ctia ham chtrc ning nay mang lai nhiéu
thach thirc trong viéc chup va xtr 1y hinh anh trong thuc té,
do d6, ham chirc nang nay thuong duge giam xudng thanh
ham chirc nang 4D.

Dir liéu hinh anh bao gdm céc thong tin nhu khong gian
(x, y, z), thoi gian (t) vi tri (0, @) va budc song cia anh
sang (k) N6 cung cap biéu dién anh LF. Trong Hinh 1,
tham so Pr(x,y, z, 6, @, A, t) nhu Hinh 1. Dé don gian hoa
tham sb cia LF gbc, chirc nang LF di dugc giam xudng
con 4 tham sb hay con goi la 4D-LF, Py = L(u,v,x,y),
Véi (x, ¥) 1a diém nhin con (u, v) la géc nhin.

V“

u

Hinh 1. Cdu triic anh Light Field theo khéiu d¢ (Sub-
Aperture Image -SAI)

Mot hinh anh LF gbc bao gdom cac hinh anh cyc nhé (MI)
va mot tap hop cac hinh anh khau d6 kém theo (SAI) thu
dugc bang cach sip xép lai cac pixel cing vi tri tir mdi MI
nhu Hinh 2.
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Hinh 2. Cdc logi thong tin thé hién cho dit liéu Light Field

Dir liéu hinh anh LF, do c4u tric ciia né, c6 dung lugng
khoang 50 MB. Gan day, van dé ma hoa LF d thu hut sy
chu y dé giai quyét van dé nay. Nhu cau luu trir dugc giai
quyét bang cac phuong phap xir Iy khac nhau, bao gdm nén
dit liéu LF va tai tao ché d6 xem. Nam 2017, nhém nghién
ctru chuan héa JPEG di dua ra myc tiéu nghién ctru vé nén
4D LF [2] va chuén héa JPEG Pleno dé dugc gidi thiéu, c¢6
dit 1iéu anh LF [3].

Tiéu chuén ma hoa video méi nhat, H.266/VVC [7], 1a
mot tiéu chudn ma hoa video méi xuit hién, duoc cong bd
chung boi ITU-T va ISO/IEC. Dy an ma héa video nay da
khoi dau tir ndm 2015 trong giai doan kham pha; trong giai
doan phat trién, nhom cdng tac chung da bét ddu soan thao
phién ban dau tién ciia codec ndy vao nam 2018. Vao thang
7 ndm 2020, codec VVC duoc cong bd 1a tiéu chuan nén
video thé hé ké tiép. Tiéu chuan video nay duoc thiét ké dé
dap tmg nhu cau truyén thong da phwong tién hién dai bang
céch cai thién hiéu sudt nén, cho phép truyén thong va luu
trlr hi€u qua ndi dung video 16n.

Pé ting hiéu suit ma hoa, H.266/VVC da thém vao
nhiéu céng cu ma hoéa méi so véi tiéu chuan trude d6
H.265/HEVC [8], nhu d6 phan giai vecto chuyén dong
thich tmg (AMVR), ché d6 phan chia tam giac (TPM), du
doan noi suy dya trén ma tran (MIP), phén chia khéi linh
hoat véi nhiéu loai cdy (MTT), du doan song hudng véi
trong s6 CU (BCW), bién d6i phan khéi con (SBT), don vi
cdy ma hoa 128x128 diém anh 16n (CTU), va nhiéu cai tién
nho trong thiét ké ma hoa video hdn hop cb dién [7]. Dya
trén sy cai tién ctia cac cong cu ma hda méi, giam ty 18 bit
duogc bao cao 1a khoang 50% so v&i H.265/HEVC, déc biét,
H.266/VVC c6 thé dugc sir dung cho video siéu nét, vi du
4K hoac 8K, cung nhu ¢6 pham vi dong rong va khong gian
mau rong [7]. B6i v6i tinh da dang, tiéu chuén ma hoa méi
bao gdom ba khia canh quan trong, dugc giai quyét cho cac
ung dung cu thé, tuc 1a ma hoa ndi dung man hinh cho néi
dung m&i ndi (vi du: choi game, chia sé¢ man hinh), tai mau
anh tham chiéu cho truyén straming thich tng véi viéc
chuyén d6i d¢ phan giai va cac phan hinh anh con doc lap
cho viée truyén streaming cua video 360 do [7].

Mot cha d& nghién ciru dang thu hut sy cha ¥ trong ngit
canh nay la viéc nén hinh anh LF dya trén tiéu chuén
H.266/VVC. Mot s6 nghién ctru da d& xudt va danh gia
hiéu suét nén LF cta codec H.266/VVC. Vi du, Avramelos
va dong nghiép [9] da thyc hién nghién ciru dau tién vé viée
nén hinh anh LF sir dung H.266/VVC bang cach so sanh
hi¢u sudt ma hoa ctia ba thé h¢ tiéu chuan nén video méi
nhit: H.264/AVC [10], H.265/HEVC [8] va H.266/VVC
[7]. Nghién ctru gan day ctia Amirpour va dong nghiép [11]
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tap trung vao phan mém ma hoa bao gdm HM, VP9 [12],
AVI [13], XVC [14], x265 [8], va VIM [7]. Nghién ctu
nay di so sanh hi¢u suét ctia cac trinh ma hoa video trong
viéc nén hinh anh LF. Tuy nhién, Umebayashi va dong
nghiép [15] da st dung hinh anh da tap trung va céc quan
diém tham chiéu dé nghién ctru nén LF 4D véi codec VVC.
Vé phuong phap mé hinh mang, céng viéc cua Bakir va
dong nghiép [16] da sir dung kha nang mo rong thoi gian
ctia VVC dé chon cac quan diém tham chiéu va bi loai bo
cho hinh anh LF v6i mé hinh Mang Sinh hoc dbi 1ap kép
(GAN) hai b6 phan. Mat khac, ma héoa VVC néi suy voi do
phtrc tap thap cho hoc tap hai ché do nhe 1a chu dé cua
Pakdaman va dong nghiép [17].

Duya trén tai liéu nghién ciru, c6 thong tin cho thay hiéu
sudt nén xuét sic ctia H.266/VVC dong thoi di kém véi do
phttc tap tinh toan dang ké cao hon nhiéu lan so véi
H.265/HEVC. Vi du, trong cac cau hinh Low-Delay (LD)
va All-Intra (AT), H.266/VVC doi héi d6 phuc tap tinh toan
lan luot 1a 5 va 31 lan so véi ma héa H.265/HEVC [18].
Mitrc d6 phtre tap tinh toan gia tang nay dat ra mot thach
thirc dang ké d6i vai viéc trién khai ma hoa thoi gian thuc
sir dung H.266/VVC, dic biét trong bdi canh truyén phat
video. Dé dat dugc su can bang hop 1y giita do phirc tap
tinh toan va hiéu suit nén trong codec VVC, viéc st dung
cac cong cu mi hoa xuat phat co vai tro quan trong. Tuy
nhién, hién tai con thiéu tai liéu nghién ctru phén tich khia
canh nay Vi ly do d6, bai bdo nay mang lai phan tich toan
dién dau tién vé cac cong cu ma hoa cua H.266/VVC ap
dung vao hinh anh LF. Cac dong gdép cua bai bao nay co
thé duoc tom tit nhu sau:

= Phdn tich toan dién vé cdc céng cu md héa pham
vi_réng: Cic cong cu mad hoéa ddi méi cua
H.266/VVC dugc phan loai va nghién ctru k¥
ludng voi trang thai bat hoac tat. Cu thé, chung
duogc chia thanh cac nhém nhu: nhém phén chia
khéi (vi du: Quadtree két hop MTT, v.v.), nhém
du doan chuyén dong gitra cac khung hinh (vi du:
Du doan Vector Chuyén bong Thoi Gian Dya
Trén Phan Khéi (SBTMVP), Hiéu Chénh Vector
Chuyén Dong Dbi Xang (SMVD), v.v.), nhom du
doan trong cung khung hinh (vi du: Nhiéu Puong
Tham Chiéu (MRL), Dy doan Trong Cac Khung
Hinh Dya Trén Ma Tran (MIP), v.v.), va nhom
bién ddi va lugng tir héa (vi du: Lugng tir hoa Phu
Thudc (DQ), Lua Chon Nhiéu Bién D6i (MTS),
v.v.). Két qua bao gdm do phuc tap tinh toan va
hiéu sudt nén.

» Phén tich khd nang nén dwa trén néi dung LF:
Nghién ctru tap trung vao nhidu diéu kién noi
dung LF khac nhau, chang han nhu diéu kién hep
va rong (lién quan dén sau do truong anh), dicu
kién phtec tap va don gian (lién quan dén mirc d6
phirc tap cua ddi tuong trong hinh anh LF), va
diéu kién tién canh va hau canh (lién quan dén
diém léy nét), duoc lya chon tur tap dit liéu EPFL
dé cung cép mot phan tich k¥ ludng vé do phirc
tap tinh toan va hi¢u sudt nén cia H.266/VVC.

Chu trac cua bai bao duge phan chia nhu sau. Phan 2
trinh bay bdi canh va cong trinh lién quan dén cac bo ma
hoa video ciing nhu tong quan vé cac cong cu ma hoa trén
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Hinh 3. Cau tric md hoa ¢ cap cao

H.266/VVC. Phan 3 trinh bay phan tich vé cac cong cu ma
héa nay kém theo phuong phap quan sat va danh gia. Sau
d6, phan 4 trién khai danh gia thuyc nghiém. Cudi cing,
phan 5 tém tit cong trinh va tién hanh thao luan.

II. NHO’NG NGHIEN CU'U LIEN QUAN

Trong phﬁn nay, ching t6i s& tién hanh mot tom tat va
md ta ngan gon vé cac nghién ciru lién quan, dac biét tap
trung vao cac cong cu ma hoa déi méi cia mdi tiéu chuan
ma hoa video, ciing nhu cac cong trinh lién quan dén viéc
nén hinh anh LF bang cach st dung H.266/VVC.

A. Cdc chudn ma héa video

Trong sudt ba thap ky vira qua, cic tiéu chuan mi hoa
video da phat trién trong Nhém Chuyén gia Ma hoa Video
(ITU-T VCEG) ctia T6 chtre Tiéu chudn Vién théng Qudc
té (ITU-T). H.261, ra doi vao ndm 1990, di dinh rd cach
mé hoa va giai mi video kém 4m thanh & téc do px64
kbit/s, trong d6 p nam tir 1 dén 30. Hon nita, H.261 ciing
xac dinh hai dinh dang hinh anh, goi 1a Pinh dang Trung
gian Phé bién (CIF) va Dinh dang Trung gian Phé bién Gép
Doi (QCIF). Codec nay quan trong ddi voi hoi nghi video
va hé thong truyén thong, tuy nhién, né pht hop hon cho
Frame Relay hoéc Internet TCP/IP vi t8i wu hoa cho tée do
dir liéu thap va video it chuyén dong.

Sau phién ban dau tién ciia H.261, ITU d b6 sung thém
tinh nang va dua vao nhiéu thanh vién méi vao gia dinh ma
hoéa video H.26x, bao gém H.263, H.264/AVC,
H.265/HEVC va ban méi nhat 1a H.266/VVC. Mbi thanh
vién trong gia dinh H.26x mang lai wu diém va han ché
riéng, phii hop vdi yéu cau cu thé ciia nguoi dung va dix
liéu. Trong thuc té, H.264/AVC van la codec phé bién nho
tinh don gian ciia nd. Ciu triic ma héa tiéu chuin nay glong
Vi cac tidu chuan video 16n trude do, dua trén méa hoa bién
d6i dugc bu trir chuyén dong.

Tiéu chuén H.264/AVC thuc hién nén hinh anh tir mot
chudi béng cach chia thanh mot hodc nhiéu "slice". Mbi
slice bao gém cac "macroblock" c6 kich thudc ¢b dinh
(16x16 mau). Cac cong cu ma hoa bao gom: du doan khong
gian ngi (dya trén cac khéi), dy doan thoi gian ngoai, tinh
nang ma hoéa xen k&, lugng tu hod véc-to, bo loc gidm
nhiéu, v.v. Cong cu méi cia H.264/AVC so véi tiéu chuén
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trudc d6 1a bo loc giam nhiu linh hoat va du doan noi
khung. B loc giam nhiéu linh hoat duoc sir dung dé giam
cac hién tuong artefact khoéi trong vong lap du doan. Poi
véi viée du doan khdi can ma hoa, ché d6 noi cua tiéu
chuan H.264/AVC st dung tin hiéu hinh anh cua céac
macroblock truyén di trong cung mot hinh anh. Phép bién
d6i sb nguyén cua Bién d6i Cosin Roi rac (DCT) dugc ap
dung dé thay thé cac tiéu chuan trude do. Diéu quan trong
1a tiéu chuén nay c¢6 kha nang luu trir nhiéu khung video
hon so véi tiéu chuan truée do (Hinh 3).

Dé cai thién hiu suat ma héa, tiéu chuan H.265/HEVC
da duge hoan thién vao nam 2013 véi ciu tric tuong tu
nhu tiéu chuén tién nhiém nhung c6 thém maot sd tinh ning
ndi bat. Tiéu chuan nay gidi thidu biéu dién khéi dua trén
cay phan tang (Quadtree) va Pon vi Cay Ma hoa (CTU)
véi kich thudce 18n dén 64x16 mau. CTU c6 thé duge chia
thanh cac "CUs" véi ciu tric cdy phan tang dé c6 biéu dién
khdi linh hoat hon. Ngoai ra, Tién doan Vector Chuyén
dong Néng cao (AMVP) duoc su dung trong viéc truyén
tin hiéu vector chuyén dong (MV), kém theo ché d6 hop
nhét cho viéc mi héa vector chuyén dong. Didu quan trong
1a tiéu chuén H. 265/HEVC str dung bo loc 7-tap hodc 8-tap
de ndi suy vi tri mau phén s thay vi bd loc 6-tap cho vi tri
mau nira. Hon nita, du doan hinh anh néi cia tiéu chuén
nay hd tro 33 ché do hudng so v6i 8 ché do trong tiéu chuan
H.264/AVC, bao gdm ché d6 du doan phang va DC.

Tiéu chuin ma hoa video méi nhét 1a H.266/VVC, dugc
cong bd vao thang 7 nam 2020, da dem lai nhiéu cai tién
quan trong vé hiéu suat ma héa. Dau tién, tiéu chuan nay
cap nht cau tric khdi linh hoat va 16n hon bang cach ting
kich thuéc Pon vi Ma hoa Cay (CTU) lén 128x128 mau
luma. Piéu nay cho phép tiéu chuan xur Iy d6 phéan giai cao
va cac ddc tinh video HDR mot cach hi¢u qua. Ngoai ra,
n6 ap dung céc ky thuat ma hoéa dugce thira hudng tir ti€u
chuin mé rong ma hoa ndi dung man hinh H.265/HEVC,
nhu Intra Block Copy (IBC), block-level differential pulse
code modulation (BDPCM) va Adaptive Color Transform
(ACT). Tiéu chuén ciing gi6i thiéu ma hoa da tang, cho
phép mé rong thoi gian, khong gian va chat lugng, cling
v6i ma hoa nhidu goc nhin. Pac biét, du doan bu trir chuyén
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Bang. 1 Téng quan vé dinh nghia dit liéu LF

Loai liy nét LF Mo ta S6 lrgng miu
CWF L6p phirc tap voi FOV rong va ldy nét vao Tién canh 10
CwB Lép phtrc tap voi FOV rong va liy nét vao Hau canh 10
CNF Lép phirc tap v6i FOV hep va lay nét vao Tién canh 10
CNB L6p phirc tap voi FOV hep va liy nét vao Hau canh 10
SWF Lép don gian véi FOV rong va ly nét vao Tién canh 8
SWB L6p don gian v6i FOV rong va liy nét vao Hau canh 8
SNF Lép don gian voi FOV hep va lay nét vao Tién canh 10
SNB Lép don gian véi FOV hep va lay nét vao Hau canh 10
Bang 2. Cdu hinh thay déi diém nét cho dit liéu LF
Tén LF LF Nét hau Nét tién Nét trung Tén LF LF Nét hau Nét tien  [Nét trung
slope canh canh tam slope canh canh tam
House_Lake - -0.3 0 Backlight_1 0.4 -0.4 -
Overexposed_Sky 0.3 -0.3 - Bench_in_Paris 0.4 -0.4 -
Paved_Road 0.2 -0.3 Black_Fence - -0.4 0
Red_White_Building - -0.3 0 Fountain_Vince 0.6 -0.3 -
sw nt_2 cwW
Reeds - -0.3 0 Friends_3 0.6 -0.3 -
Semi_reflecting_Struc - -0.3 0 Palais_du_Luxe 0.3 -0.6 -
ture_1 mbourg
Semi_reflecting_Struc - -0.3 0 Parc_du_Luxe 0.3 -0.6 -
ture_2 mbourg
Wheat_Silos 0.3 -0.6 - Pillars - -0.6 0
Rolex_Learning 0.6 -0.3 -
- Center
Chain_link_Fence_1 1.6 - 0 -
Swans_1 0.4 -0.3 -
Bikes 0.5 -0.6 -
Color_Chart_3 - -0.3 0 Books 1 -0.7 -
Fountain_1 SN 0.3 -0.3 - Bridge 1 -0.7 -
Geometric_Sculpture - -0.5 0 Danger_de_Mo 0.6 -0.3 -
r
ISO_Chart_16 - -0.3 0 Mirabelle_Prun 0.6 -0.7 -
- = — CN
e Tree
Perforated_Metal_1 1.6 -0.5 - Poppies 0.5 -0.7 -
Perforated_Metal_3 0.3 -0.3 - Rusty_Fence 0.4 -0.5 -
Sewer_Drain 0.5 -0.3 - Stone_Pillars_|I 0.7 N/A 0
nside
Wall_Decoration 0.7 -0.7 - Stone_Pillars_ 0.4 -0.4 -
Outside
Water_Drops 0.3 -0.3 - University 0.3 -0.4 -

dong duoc tinh todn mot cach hiéu qua dé bao quanh bién
d6 hinh anh, h trg cac img dung thyc té o va ting cudong
cho video 360°. Hon nira, ddi véi truyén phét truc tuyén,
tiéu chuan nay cung cap kha ning truyén phét truc tuyén
v6i d6 tré cuc thap va diéu chinh linh hoat thong qua viéc
xtr ly Gradual Decoding Refresh (GDR) tich hop sin va tan
dung loi ich cua Reference Picture Resampling (RPR).
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B. Chudn ma héa video H.266/VVC va dir liéu Light
Field

Hiéu suit nén video H.266/VVC, dugc cong bd vao
thang 7 nam 2020, vuot trdi so vdi cac ti€u chuin khac
[22]. Diéu nay khién n6 tré thanh mot codec phd bién dé
su dung cho cac tap dit liéu hién dai nhu video c6 d6 phan
giai cao (vi du: 4K, 16K), video sdng dong (vi du: video
360 d9), Cloud Point va LF Image. Mat khac, nghién ctru
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v& viée nén hinh anh LF dua trén H.266/VVC van con rét
som.

Cac nghién ctru ban dau da so sanh phuong phap nén LF
[9,11,23] dé danh gia hiéu suat nén gilta, nhiéu tiéu chuan
Két qua cho thdy H.266/VVC 1a tiéu chuin ma hoa tot hon
dang ké so v6i cac tidu chuin va phan mém khac. Pic biét,
viéc bd sung va cai tién cac cong cu hd trg mi hoa cua
H.266/VVC di lam ting dang ké sy hiéu qua va tinh linh
hoat ctiia nd. Néu H.266/VVC duoc chuén bj dé dap ung
nhu ciu cong nghé mdi nhu nén video 360 do, thuc té o0
va xu ly hinh dnh Point Cloud, thi cac cong cu nay s€ hiru
ich.

Dbi véi ché do ma héa lién khung ciia chudn mi hoa
video, do twong tu gitra cac SAI 1a mot tham sd quan trong
trong hiéu suat nén. Tir nghién ciru ctia Liu et al. [32], chudi
gia 4D-LF dugc tao bang cach to chirc SAI tir cau trac
mang Ong kinh. Tuy nhién, thir tw ma hoa va quan 1y khung
tham chiéu duoc trién khai mot cach thé so theo cach
khong thich img véi cac kich ban cu thé. Li va cong sy [33]
trinh bay giai phap khai thac triét dé thong tin giita cac goc
nhin khéc nhau. Vi vy c6 thé thay dir ligu anh Light Field
va noi dung cua cac SAI s€ la mot trong nhimg yéu t6 ¢6
thé anh huong téi hidu suit nén va cac tham sb nén.

ll. DO LIEU LIGHT FIELD VA CAC CONG CU MA
HOA H.266/VVC

A. Dirliéu anh Light Field

Bo dir lidu anh Light Field (LF) dugc liwa chon tir ngudn
dir liéu EPFL [34]. N6 bao gdm céc loai khac nhau vé
Chiéu Sau Truong (DOF) va Truong Nhin (FOV) duoc tao
ra dé hién thi cho ngudi quan sat. Bang 1 tong quan vé dir
liéu nay va giai thich 1y do lwa chon, ciing v6i cac cdu hinh
thay doi diém nét tai Bang 2. Dit liéu nay duoc chia thanh
hai phan dua trén d6 phuc tap cuia FOV LF, cu thé 1a FOV
16p phirc tap va FOV 16p don gian (don gian hay phuc tap
dua trén sb lwong vat thé trong canh ma ching ta c6 thé tap
trung va xac dinh mot cach dé dang; néu c6 hon hai vat thé
thi dugc coi 1a 16p phirc tap). Mdi loai FOV LF chira 2 loai
DOF LF: DOF hep va DOF rong (hep va rong tuong uing
v6i pham vi chiéu sdu dugc tap trung trong canh). Dé thay
d6i tiéu cu cua anh LF, chung toi diéu chinh thong sb
dudng nghiéng cia anh LF bang cach s dung Matlab LF
toolbox v.0.4 [35].

Dua vao dinh nghia b dit li¢u LF trong Bang 1, b dir
lidu c6 thé duoc phan loai theo ba diéu kién phac thao canh:
do phirc tap (don gian va phuc tap), d6 sau (hep va rong),
va tiéu cu (phan trude va phan sau). Trong nghién ciru nay,
bo dir liéu LF duoc chon tir nhiéu ndi dung hinh dnh LF
khéc nhau dé thuc hién dénh gia nén toan dién. Bo di liéu
LF nay dugc tao ra bang phuong phap khong can thiép sir
dung chudi video gia tao (PVS) dua trén anh SAI va
phuong phéap hinh anh duoc tiéu cy lai (RI). Ky thuat PVS
sir dung 193 anh SAI ctia hinh anh LF véi thir ty quét xoan
dc véi toe dd 30 khung hinh mdi gidy (fps). Ngoai ra, cic
PVS nay ciing duoc sir dung véi cac tiéu diém tiéu cy khac
nhau, va cac pham vi d6 sau dua trén cac k¥ thuat RI.

Mot 1énh chay thir nghiém di dugc viét trén Matlab két
hop v&i cong cu trinh chiéu MPV player, cac anh SAI s&
duogc thé hién song song vai cac d6 nén va do 1dy nét khac
nhau. Tir d6, két qua cua nguoi quan sat s€ dugc thu thap
thong qua diém s6 binh phuong thip nhat (Mean Opinion
Square — MOS). Biém MOS nay duoc sir dung dé xac dinh
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cac thay ddi vé ndi dung cuia anh LF c6 anh huong ra s20
téi nguoi dung, dua trén do, dua ra phan tich sy thay doi
cua cong cu ma hoa véi bd ma hdéa H.266/VVC.

B. Cdc cong cu ma hoa trén bé ma héa H.266/VVC

e  Nhom Dy doan hinh anh lién khung (inter-picture)

- Vecto chuyén dong theo thoi gian dua trén khoi
con (SBTMVP): TMVP & ché d6 hop nhit ké thira
mot tap hop thdng tin chuyén dong dwoc phan
vung theo thoi gian tr CU. Trong VVC, phuong
phap SBTMVP cho phép ké thira thdng tin chuyén
d6ng tir hinh anh duoc chinh mau theo don vi khéi
con 8 x 8.

- MVD dbi xiing (SMVD): Khi chuyén dong cua
khéi hién tai nam trén mot quy dao chuyén dong
khong ddi gitra qua khir tam thoi va hinh anh tham
chiéu tam thoi trong tuong lai theo thir tu hién thi,
cac MV twong tng va hinh anh tham chiéu cua
céc chi s6 ¢6 xu hudng dbi Diéu nay duoc SMVD
str dung dé bao hiéu chi muc hinh anh tham chiéu
va luu cac bit cho MVD.

- Ché d6 phan ving hinh hoc (GPM): 1a mét bién
thé cua ché d6 hop nhét trong VVC, cho phép bu
chuyén dong trén cac phan vang khdng hinh chir
nhat caa khi. Khi ché d6 nay duogc sir dung, CU
duoc chia thanh hai khu vuc hinh hoc nam trén
duong thang. Hai chi sé hop nhit, mot chi s cho
mdi khu vuec, ciing duoc hién thi.

- Du doan nbi bo/lién anh két hop (CIIP): Khi CU
dugc ma hoa & ché d6 hop nhat trong VVC, mot
tin hiéu b6 sung duoc truyén dat dé xac dinh liu
mot ché do CIIP c6 duoc &p dung cho CU hién tai
hay khong. Khi CU c6 chiéu rong va chiéu cao
nho hon 128 mau luma, ché do CIIP ¢ thé duogc
ap dung.

e Nhom du doan hinh anh lién khung (inter-picture)

- Nhiéu duong tham chiéu (MRL): d du doan
trong anh, viing 1an can khong gian gan nhat céc
mau duoc tai tao s& ¢6 nhidu duong tham chiéu
hon. Trong ché d6 nay, c6 thé sir dung mau tir hai
dong - mot dong tham chiéu hai dong cach xa va
mot dong tham chiéu ba dong cach do - thay vi st
dung dong gan nhat caa mau lam dong tham chiéu
cho dy doan trong anh.

- Du doan khong gian anh dua trén ma tran (MIP):
mot ché do du doan méi da duoc thém vao VVC.
No ban dau dugc dé xuit nhu mot du doan dua
trén mang no-ron, nhung sau d6 né dugc don gian
hoa dé st dung phép nhan ma tran va lap chi muc
bang ma tran.

- Phéan vung phu néi bé (ISP): ché do chia mot
Luma CU theo chiéu doc hoic ngang thanh hai
hozc bén phan viing con tly thudc vao kich thuéc
khdi. Ché d6 nay ma hoa tat ca cac tiéu dé con,
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nhung du doan va bién d6i duoc lam riéng. ISP c6
thé c6 kich thudc khéi téi thiéu 1a 4 x 8 hoic 8 x
4 va kich thuéc khdi toi da 1a 64 x 64.

e Nhom bién ddi va luong tir héa

- Lua chon nhiéu bién d6i (MTS): duoc st dung dé
ma héa du cho ca ma héa gitra anh va ndi anh cua
céc khéi. N6 cung cap kha nang lya chon trong sé
mot tap hop cac phép bién doi hinh sin dugc ting
cudng, bao gém Bién ddi DCT loai II, DST loai
VII va DCT loai VIII cho CU nhé hon hoic bang
32.

- Luong tir héa phu thudc (DQ): day 1a mot phuong
phép trong d6 tap hop cac gid tri tai tao cd sin cho
mot hé sb bién dbi phu thudc vao cac gié tri tai tao
da dugc chon cho céc hé sb bién doi ding trude
no theo thir ty quét. Hiéu qua chinh cta phuong
phap nay 1a c6 thé giam d6 méo trung binh giita
vecto dAu vao va vecto tai cau trlc gan nhat.

Vecto dau vao duge dua vao khong gian vecto M
chiéu, bao gom tat ca c4c hé sé bién dbi trong mot
TB.

- Giai mi du thira sic d6 chung (JCCR): dwoc st
dung dé giam thém su du thira cia hai sic do tin
hiéu du cua cac thanh phan khi chung tuong tu
nhau. Mét trong ba ché d6 JCCR véi cac két hop
trong s khac nhau cua mot ma don du sic d6 c6
thé dugc &p dung mot cach chon loc & mic CU,
thay Vi b&o hiéu phan du cho hai thanh phan sic
d0 khac nhau.

e Nhoém ma hoéa ndi dung man hinh

- Intra-picture block copy (IBC): str dung cac mau
Iap lai bén trong mot buc tranh. N6 ¢6 thé dugc
coi 1a mét co ban dang du doan bu chuyén dong
véi vecto khéi (s6 nguyén MV) tham chiéu dén
cac khu vuc dugc ma hoéa trude d6 cua cung mot
hinh anh (thay vi cac hinh anh tham chiéu duoc
ma hoa trude do). IBC trong VVC don gian hon
vé bo dém mau tham chiéu so vai cac phan mo
rong HEVC SCC.

- Ché d6 Bang mau (PM): Céc gié tri mau trong CU
duogc hién thi bang cac gia tri mau dai dién trong
ché d6 bang mau (PM). Tap hop mau nay cé tén
1a bang mau. Pdi voi CU dwoc ma héa trong ché
d6 bang mau, bang mau déu tién dugc hién thi va
sau d6 mot chi s6 bang mau dugc hién thi cho mdi
mau CU. Trong VVC, dbi vai cac lat c6 cay ma
hoéa luma va chroma khéac nhau, bang mau duoc
sir dung cho ca luma (thanh phan Y) va chroma
(thanh phan Cb va Cr). Bang mau luma muyc nhap
chi chaa gid tri Y, trong khi bang mau chroma
muc nhap chi chira gié tri Cb va Cr.
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IV. KET QUA VA KIEM THU
A. Phwong phdp kiém thir

Chudi gia 4D-LF véi tht ty quét xoan d¢ duge tao ra tir
nhiing hinh anh LF nay. Chi ¢6 193 khung hinh dugc chon
chu yéu tir trung tAm, ngoai trir cac SAI tir cac goc xa hon,
dé giam hiéu Gmg lam mo nét anh. Cac chudi gia thir
nghiém dugc chon & d phan gidi 624 x 432, tdc do khung
hinh 30 Hz, dinh dang yuv va kiéu ndi dung LF phrc tap
va don gian. Chudi dit liéu LF s& duoc sir dung dé kiém thir
nhu hinh 4.

Hinh 4. Phuong phép quét xodn éc cho chudi gi 4D-LF

Dua trén sy trong quan cao cua cac SAI va cac loai LF,
nghia 1a cac 16p phtc tap va don gian, cac cong cy ma hoa
ctia VVC codec duoc danh gia bat va tit twong tng dé xac
dinh cac cong cy ma hoa khong duoc s dung Cac cong cu
mé hoéa VVC codec dugc danh gia cao nhit vi ching doi
hoi lugng bitrate 16n nhung thu dugc it man biéu dién do
su trong quan cao cia SAI va cac loai LF, nghia 1a cac 16p
phtrc tap va don gian. Nhung hinh anh LF ¢ mdi twong
quan cao giita tit ca cac SAIL vi vay thir nghiém déu tién
can dugc xem xét nhu sau:

- Mai thir nghiém chay nam 14n lién tuc véi céc cdu hinh
gidng nhau (luu y: can dong tat ca phin mém nén) dé
xéac dinh d6 phuc tap vé thoi gian.

- Mai cong cu ma héa can chay hai lan, mot cho TAT
va mot cho BAT, dé xac dinh cong biang

B. Ket qua so sanh vdi cac cong cu ho tro ma hoa

Hiéu suit thong qua BD-PSNR cuia cac cong cu ma hoa
duoc thé hién cho dit liéu anh LF trong Bang 3, 4 va Hinh
6. Két qua BD-PSNR cao hon cho thay hiéu suét cao hon.
Bo mi hoa VVC thuong duge mi hoa néu tat ca cac cong
cu hd tro déu duge bat. Do do, tac gia sé thir nghiém so
sanh diéu kién khi cac cong cu mi hoa duge tit. Bang 3
cho thdy cac cong cu nao c6 chi sé BD-PSNR t6t s& lam
giam hiéu nang cta bd ma hoa VVC khi chung dugc bat.
Tuy nhién, Bang 3 cho thiy phan 16n cc cong cu mi hoa
déu ¢6 chi sb am, ngoai trr hai cong cu c6 gia tri duong la
CIIP va MIP. Céng cu MTS c6 gia tri cao nhét 1a 0,04 dB,
nhung chi dugc st dung cho mét dang dir li¢u LF. Hi¢u
suét thay ddi clia cac gia tri ndy khong déng ké va rt nho.
Do d6, ¢6 thé thdy rang hi¢u ning mi héa ctia chinh n6
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Hinh 5. Cdc dit liéu LF sir dung kiém thir: (a) Mirabelle Prune Tree, (b) Bench in Paris, (C) Poppies, va (d)
Black fence, (e) Books, (f) Red and white building

Bdng 3. Két qud so sanh BD-PSNR cuia cdc cong cu ho tro ma héa khi tdit va bat

8

g

Dt ligu LF Loai BD-PSNR véi cac cong cu hd trg ma hoa tat (OFF)
LF GPM MRL SBTMVP SMVD clip DQ JCCR MTS PM IBC ISP MIP
(on)
Mirabelle Prune Tree  CN N/A 002 -0.01 0.01 003 001 -011 N/A 002 NA  -002 N/A
Poppies CN -0.01 -0.02 0.05 -0.01 0.02 -0.06 -0.11 N/A -0.01 0.02 -0.02 0.01
Black fence cw N/A N/A  N/A N/A 004 -001 -012 N/A 002 NA 001 NA
Bench in Paris cw 001 -0.03 006 -0.02 002 004 N/A 003 -001 NA N/A 001
Books N 2001 -002 N/A -0.04 001 -006 -008 N/A -001 002 NA 001
Red and white SwW N/A NA 001 N/A N/A N/A 006 004 001 -001 N/A 002
building
Badng 4. Két qud so sanh BD-Rate cua cdc cong cu hé tro md héa khi tdt va bat
Dt liéu LF Loai BD-Rate v&i cac cong cu hd trg ma hoa tt (OFF)
LF GPM MRL SBTMVP SMvD ClIP DQ JCCR MTS PM IBC ISP MIP
(on)
Mirabelle Prune N -0.08 -0.02 -0.03 N/A 001 N/A 022 -014 -006 004 002 -0.09
Tree
Poppies CN 0.02 0.06 N/A -0.04 0.06 0.23 0.49 -0.01 0.03 -0.05 0.02 -0.05
Black fence cw 001 -0.05 N/A N/A  -0.03 -002 056 N/A 011 -0.02 003 0.05
Bench in Paris cw 003 004 0.02 007 -008 015 N/A 012 006 -001 N/A 0.06
Books cN 002 006 N/A 004 006 023 049 -001 003 -0.05 002 -0.05
Red and white sw 003 003 0.02 007 -005 015 N/A 012 006 -001 N/A 0.06
building
150 CIIP-OFF e 150 GPM-OFF 0o 150 MRL-OFF o
008 ™ ass
002 § 5 002 8 5 00z

Meabele Prune
T N
" Chusi video

@)

N
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khong bi anh hudng boi viée tit cac cong cu hd trg mi hoa
clia chuan VVC.

Duya trén két qua cho thay, khi tit mo doc lap cac cong
cu ma hda cua bd ma hoéa H.266/VVC thi hi¢u nang khong
thay d6i ddng ké. Tuy nhién, mot sé cong cu ma hoa nhu
CIIP va MIP di c6 sy thay di, tir 46 ching minh rang néu
két hop céc cong cu ma hoa theo cip hoic theo nhom sé& ¢d
kha nang cai thién va thay doi hiéu suat ciia bd mi hoa tién
tién nay, dic biét cho bo dir liéu anh LF.

V. KET LUAN

Mot nghién ctru toan dién vé cac cong cu hd trg ma hoa
trong bd méi hoa H.266/VVC duoc cung cip trong bai bao
nay. Két qua cho thay hi¢u ning va su tiét kiém bitrate ctia
cac cong cu hd trg ma hoa khong thay d6i nhiéu khi tit ma
hoa. Didu nay cho thdy ring su phirc tap ciia bd ma hoa
ndm & mot noi khac va can phai dwoc nghién ciru 13 hon
va rong hon. Pac biét, mot diéu dang cht y 1a ndi dung cua
dir liéu anh LF anh huong dang ké dén cac cong cu ma hoa.
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VERSATILE VIDEO CODING BASED LIGHT
FIELD IMAGE COMPRESSION: A
COMPREHENSIVE STUDY ON CODING TOOLS

Abstract: Video coding standards have been developed
to efficiently transmit and store digital video with a variety
of requirements on bitrate, picture quality, delay, random
accessibility, complexity, and so on. Meanwhile, the digital
data is also explored to meet the user’s need for the viewing
experience, including the Light Field, Point Cloud, and
Holography. Light Field (LF) imaging is a plenoptic data
collection method enabling a wide variety of image post-
processing such as 3D extraction, viewpoint change, and
digital refocusing. Moreover, LF provides the capability to
capture rich information about a scene e.g., texture,
geometric  information, etc. Therefore, efficient
compression plays a significant role in Light Field imaging
due to the huge amount of data needed for their
representation. The state-of-the-art video coding standards
have taken into account the characteristics of common
videos to improve the compression efficiency such as
H.264/AVC, H.265/HEVC, and H.266/VVC. Currently,
the latest video coding standard — H.266/VVC provides
outstanding compresison performance comparing to other
standards, but it comes at price of extremely high
computational complexity due to several innovation
coding tools added (e.g., triangle partition mode (TPM),
the large 128 x 128 pixels Coding Tree Unit (CTU), etc.).
However, there is not yet have an extensive analysis of
coding tools for this codec to take the most advatnage of
its performance efficiency, especially for LF images.
Hence, this paper presents a comprehensive study on
coding tools of the up-to-date video coding standard —
H.266/VVVC for LF images. Most of the coding tools from
H.266/VVC (e.g., SMVD, MIP, IBC, etc) are evaluated on
4D-LF pseudo-sequences, then the compression and
complexity performance are reported.

Keywords: Light Field Coding, Light Field Imaging,
Video coding standards, Coding tools.
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