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Tém tidt—Ngay nay, song song véi sw ra doi cia cac loai
video chét lwgng cao (4 phan giai lén dén 8kx4k) thi nhu ciu
vé dich vu video dap @ng dwoc kha ning truyén din (chwa thé
ting ngay vé th6ng lwong) trén ha tAng mang hién tai ciing nhw
trén céc thiét bi ca nhan hién dai (nhw dién thoai di dong, may
tinh bang) ngay cang gia ting. Vigc cai tién céc chuin ma héa
(nen) video la nhu cau tit yéu da va dang dwoc quan tam phat
trién trong vai thap ky qua. Chuin ma héa video hién dai nhét
cho dén thoi diém nay 1a chudn H.265/HEVC (High Efficiency
Video Coding) véi nhiéu cai tién vé higu qua ma héa, tich hep
hé théng truyén tai, khdi phuc mit mat di liéu ciing nhu thuc
hién kién trac xir Iy song song. Trén co sé do6, bai bao trinh bay
kién trac téng quan cia chuan H.265/HEVC, phan tich nhitng
diém méi, néi bat so véi cac chuin mi héa video cii va md
phéng danh gii hi¢u ning cia chuin H.265/HEVC trén co sé
hai yéu t6: hiéu ning nén va do phic tap thuat toan. Két qua
nghién cieu s&é gép phin thae ddy viéc khai thac chuin
H.265/HEVC trong cac ing dung thuc té tai Viét Nam va trén
thé gidi.

Tir kh6a—Chudn H.265/HEVC, M& héa video, higu nding
md héa, dp phirc tap

I.  GIOITHIEU

Trong nhiéu niam qua, nhu cau sir dung cac dich vy video
ngdy cang cao, doi hoi chét luong video tang vé do phan giai
da dat ra thach thuc trong gIO’I truyén thong la can co ky
thuat nén video hi¢u qua dé giam duoc lugng bit Can biéu
di2n cho mét video, ddng thoi dam bao nguoi ding van thu
duoc video ¢ chét luong cao nhu mong muodn. Co nhu vay,
mac du c6 nhiéu han ché Ve su phat trién cua hé thong kénh
truyén video (bi gidi han vé bang thong) va cua cac thiét bi
tur phia ngu'orl dung (han ché vé nguon nang luong van hanh
thiet bi) thi cac dich vu dép tng nhu cau ngay cang cao trong
sir dung video Van tang truong nhanh chong. Day cling la ly
do cho thdy trong hon 3 thap ky gan déy, cac chuan nén
video lién tuc duoc nang cap va chuan héa.

Sau 4 nam, ké tur khi chuan H.120 la chuan nén video dau
tién do mot don vi trong to chuc vién théng quéc té ITU-T
(the International Telecommunications Union
Telecommunication Standardization Sector) [1] gisi thi¢u
vao nam 1984 thi chuin H.261 ra doi. Ké tir do, ngoal ITU-T
con ¢6 mot to chirc khac cing dong hanh trong viéc cai tién
chuan nén video, d6 chinh 1a t5 chic cac tiéu chuan thé gisi
ISO/IEC (the International Standardization Organization/
International Electrotechnical Commission) [2]. Minh chiing
cho diéu ‘nay, cac chuan cai tién tiép theo cua chuan H.261 la
céc chuan H.262/MPEG-2 [3], H. 263, H.263++/MPEG-4
[4], H.264/AVC [5] lan lugt dwoc hai té chuc nay dong thol
(va sau d6 1a phoi hop) cong bd vao cac nim twong tn
1995, 1996, 1999-2000, 2003. Céac chuan nay dugc cai tlen
dé lan luot dép trng cac nhu cau phat trién cac dich vy nhu:
hoi nghi truyén hinh véi do phan giai video tiéu chuan SD
(Standard Def|n|t|on) c6 toc do 1. 5-2 Mbit/s (chua phat
quang ba va phan tan), hoi nghi truyén hinh quéc té (véi tc

do bitrate va do phan gidi tiéu chuan dugc mé rong hon), cac
dich vy DVD phd rong, truyén dan truyén hinh vé tinh s6 va
cac hé thong HDTV va phan tan video qua Internet, truyén
thong video thoi gian thuc.

Véi muc tiéu dap ung nhu cau ngay cang cao cho vigc
phét trién céc ung dung va dich vu truyén thdng video c6 do
phan giai 16n (HD, High Definition: 1280x720; full HD:
1920x1080) t&i siéu Ion (Ultra HD 4K: 3840x2160), nam
2013, chuan ma hoéa video H.265/HEVC (High Efficiency
Video Coding) ra doi [6] Cho den nay, chuan H.265/HEVC
van l1a chuan ma héa nén video tot nhat va van tuan theo kién
trac lai két hop gitra ma hoa dy doan va ma héa bién ddi [6 -
8]. So voi chuan H.264/AVC, H.265/HEVC tap trung gidi
quyét dugc viéc nén video co do phan giai tang cao va kién
trac xir ly song song, cu thé 1 cai tién cac phép du doan
trong khung, lién khung cho két qua dy doan tot hon, st
dung phép bién ddi cosin roi rac véi nhiéu kich thuée hon
[6]. Két qua la H.264/HEVC cai thién dugc hiéu suat nén, so
v6i H.264/AVC thi H.265/HEVC tiét kiém duoc tir 30% dén

50% luong bitrate ma van cho video co chit luong tuong
duong [9,10]. HEVC g|up phét trién cac tng dung truyén tai
video c6 do phan giai, toc do khung hinh va dai dong cao
cling nhu gam mau rong hon [8].

Pé c6 duoc cac cai tién manh mé& vé ma hda nén video
trong chuan HEVC, nhiéu nha nghién ctru da dua ra nhiéu dé
xuat moi nham nang cao chat luong ma hda theo hai khia
canh la cai thi¢n hi¢u ndng nén va giam do phirc tap cua cac
thuat todn nén di liéu video. Trong khudn khé cua bai bao
nay, chlng tdi tap trung md ta chuin m& héa nén video
HEVC (phan 1), tir d6, trong phan 11l md ta mot s dé xuat
méi trong chuan méa héa video H.265/HEVC cho truyén
thong da phuong tién theo hai hudng chinh, d6 la nang cao
hi¢u nang ma héa va giam d¢ phuc tap trong ma hoa video.
Tiép theo, trudc khi dua ra cac két luan, trong phan 1V chung
t6i trinh bay cac danh gia cu thé va phan tich cho ting dé
xuat méi thdng qua cac két qua chay thir nghiém cho cac dé
Xuit nhu bo toi wu phép luong tur (RDOQ: Rate-Distortion
Optimized Quantization), b bu mau thich tng (SAC:
Sample Adaptive Offset) va phan chia khoi chuyén dong bat
ddi xang (AMP: Asymmetric Motion Partitioning) hay
phuong thic tim kiém nhanh TZSearch (Test Zone Search),
FDM (Fast Decision for Merge RD Cost) va TransformSkip.

II. MO TA CHUAN MA HOA VIDEO THE HE MOl
H.265/HEVC

A. Kién tric chudn H.265/HEVC

Hinh 1 md ta kién trdc tong quan cia bo ma hoa
H.265/HEVC. Mot anh gc sau khi duoc chia thanh cac khéi
(block) c6 kich thuéc 8x8, mdi khéi c6 64 diém anh 8 bit thi
duoc dua vao bd méd hoa nén video clng véi anh du dodn
(duoc tao ra & ca phia md hda va phia glal md). B9 ma hoa
nén video chi ma hoa thong tin khac biét gilra anh goc va anh
du doan. Tuc 14 IGc nay, thdng tin khac biét lan luot dwoc tac
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dong bai cac phép bién dbi, luong tir hda (xudi va nguoc) roi
duoc thuc hién du doan (trong khung hoac lién khung), loc
vong lip, sau d6 cho duoc anh tai tao ¢ dau ra bo ma héa. Dir
ligu anh tai tao nay cling dwoc dwa vao luu trit ¢ bo d¢m
(phia bo giai ma) dong thoi duoc dung cho viéc tao thdng tin
du doén & phia bé6 méa héa.
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Hinh 1: Kién tric bg ma héa video H.265/HEVC

B. Céc thanh phan co bdn

La bo ma hoa video lai, chuan H.265/HEVC c6 cac khéi
chinh sau: khoi bién doi va Iuong tir hoa, ma hoéa entropy, mé
hoa du dodn trong khung va du doan lién khung, bo loc vong
1ap. Dudi day la cac mo ta chirc nang cho tirng khoi.

e Phép bién doi va lwong tir héa

Déu tién, thong tin khac biét nay s& qua khdi bién doi va
lugng tir hda. Muc tiéu cua phep bién doi la bién di cac hé
sb du thira thanh cac hé sb cang nho cang tot trong viing bién
d6i, do @0, pho bay bién do 16n, phan con lai coi nhu khong
dang ké. Hay chinh Ia giam sy twong dong van ton tai ¢ khoi
thdng tin khac biét (1a si khac biét (hi¢u) giira cac khoi ban
dau véi cac khoi du dodn).

_Phép bién doi hay diing trong méa héa nén video Ia phép
bién doi cosin roi rac DCT (Discrete Cosine Transform) loai
IL, dwoc dung nhiéu (ké tr H.261/MPEG-1). Con phép bién
dbi sin roi rac DST (Discrete Sine Transform) loai VII,
dugc chon bd sung trong HEVC [11 - 15].

Sau khi bién doi, dé giam bat s6 lugng dau ra (s6 trong
s6) ¢co the phep luorng tir hoa dugc ap dung. Day la phép
todn xap Xi nén c gay ra ton that dir ligu. HEVC su dung
phep lwong tir vo hudng (méi hé sé xap xi dgc ldp véi céac
gia tri xung quanh). Vigc lugng tir hoa la thao tac khong thé
hty bé trong toan b tién trinh ma hoa video lai (1a loai ma
hoa c6 mat mat dir liéu).

e Ma hoa Entropy

Ma& hoa entropy gilp giam Iuong bit truyén va la hoat
dong khong mat mat dir liéu vi 'khdng co tinh toan xap xi
trong giai doan nay. Trong chudn HEVC, ma hoa entropy
van dung ma hoéa so hoc nhi phén thich tng ngit canh
CABAC (Context Adaptive Binary Arithmetic Coding)
nhung ¢0 1 s6 cai tién so véi chuan trude do, dé cai thién toc
do truyén dir lidu (c6 kién truc xu ly song song) va tang hi¢u
nang nén ciing nhur giam yéu cau bo nhé ngit canh [6].

e Mahoa du doan

Tuy vao th(‘)ng tin tham chiéu ¢ trén cing mot anh hay
trén anh da c6 trude do, ta c6 hai phuong thic du doéan 1a du
doan trong khung hay dy doan lién khung. Céc khéi miu 1an
can cua khéi hién tai trong chinh anh dang duoc ma hoa co
thé dwoc ding dé bd ma hoa thyuc hién dy doan, cach thirc
nay goi la dy doan trong khung. Con cac anh dd dugc ma
hoa xong ¢6 thé duge bd ma hoa tham chiéu dé thuc hién dy
doan cho anh hién tai, cach thirc nay chinh la dy doan lién
khung. Dbi v6i anh dau tién ciia video khi mi hoa chi ap
dung dy doan trong khung vi khong c6 cac anh nao khac
phia trudc do de tham chiéu. Pdi v6i céc anh tiép theo, bd
ma héa s& quyét dinh lya chon cach thire du doan li€n khung
hay trong khung tily thudc vao mot sé chi sé nhu ti wu hoa
ti 16 méo [6, 7].

o Duw dodn trong khung (du dodn khéng gian)

Cé4c mau ranh gidi da giai ma trudc do cua cac khoi 1an
can sé la dix liéu tham khao cho dy doan trong khung. Trong
HEVC, du doan trong khung ¢ 35 ché do hay hudng, trong
khi chuan H.264/MPEG-4 AVC c6 8 ché do hay hudng. Cu
thé: 33 hudng [2+34]: dinh nghia cho PU (vuéng) kich ¢4 tir

4x4 dén 32x32 va 2 ché do: planar[0] va DC[1]. Céc gbc do
dugc thiét ké c6 chu dich (tang hidu qua dy doan tin hiéu).

rong g
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Hinh 2: Céc ché dg du dodn trong khung [6, 16]

o Duw doan lién khung (du dodn thoi gian)

Thay vi ma héa truc tiép cac gia tri pixel thd cho mdi
block d6, nguoi ta tim mot khéi tuong ty trén khung da dugc
mé hoa trudc d6 dé tham chiéu. Néu tim kiém thanh cong thi
khdi nay dugc ma hoa bai mot vector chuyén dong (la vector
chi ra v; tri cia khéi pha hop véi khung tham chiéu). Qua
trinh xdc dinh vector Chuyen dong duoc goi la uéce luong
chuyén dcf)ng. Khoi tim thay c6 thé khdng phai 1a khoi phu
hop chinh xac vé6i khdi m& hda nén can tinh toan su khac biét
gitta chlng (cac gla tri dur thira ndy goi 1a 16i du bdo, durotc
chuyén doi va guri téi bg gidi ma) Vay dé tim duoc khoi phu
hop trén khung tham chiéu, cé 2 phan tir c6 thé phuc hoi cac
pixel tho cua khéi 1a vector chuyén dong tro t6i khéi phi hop
va 161 dy bao (tirc thdng tin khéc biét).

e Bdjloc

Muc dich ctia bg loc 1a gitp dat higu qua tot trong ma hoa
video va nang cao chat lugng hinh anh téi tao. Anh duoc loc
s& duoc Iuu trir trong bo dém anh giai ma dung dé tham khao
cho dy doan lién khung.

C0 2 loai bo loc 1a bo loc vong gidi ma khol DBF (In-
loop deblocking filtering) va bo loc mau bu dap thich nghi
SAO (Sample Adaptive Offset). B loc thir nhat 1a DBF,
duoc &p dung trén mot khu vuc hoac toan bd anh. Con bé loc
thir hai la bd loc SAO, dugc &p dung trén pham vi khong
gian cuc bo cua anh [6 - 8].



I1l. CAC DPE XUAT MGI TRONG CHUAN
H.265/HEVC

A. Cdc @é xuat nang cao hiéu nang ma héa

Nhu d3 no6i & trén, viéc cai tién chudn ma héa nén video
thuong dugc chl trong theo hai hudng chinh la néng cao
hiéu nang ma hoa va giam do phtc tap cho quy trinh thyc
hién ma hoa nén thdng tin video. Dudi day 1a cac dé xuat
huéng dén viéc nang cao hiéu nang ma héa.

e RDOQ (Rate-Distortion Optimized Quantization)

Muc dich cua RDOQ 1a tim ra tap hop cac hé s6 bién doi
lwong tir t6i wu dé biéu din dir liéu du thira trong khdi dwoc
ma hoa. RDOQ tinh toan bién dang hinh anh (bang cach
lwong tir hda cac hé sé bién doi) trong khdi dwoc ma hoa va
tinh toan mot lugng bit can thiét d& ma hoa hé sé bién doi
lugng tir trong tng [17]. Dya trén hai gia tri nay, bo ma hoa
chon hg sb tét hon, bang cach tinh chi phi RD.

e  SAO (Sample Adaptive Offset)

Mot s6 nhidu xut hién trong cAc tiéu chudn ma hoa trudc
do cling xdy ra trong HEVC vi vi¢c dy doén trong khung va
lién khung, phép bién doi va luong tir hoa trong HEVC van
dugc xir ly dua trén khéi. Cac nhiéu nay 1a nhidu khéi, nhiéu
Iap va nhiéu gay mo [18].

Dé loai bo céc nhidu nay, HEVC sir dung hai bo loc vong
lap, d6 1a DBF va SAO. DBF dugc ap dung cho céac ranh
gii cua khoi da tai tao lai dé giam céc thanh phan nhiéu
khoi. Ngoai DBF ra, mét ky thuat mgi SAO dugc &p dung
sau khi thyc hign DBF xong. SAO rét hitu ich dé giam nhiéu
1ap, 1a loai nhiéu chu yéu dén tir cac 16i lwong ti hda cua cac
hé s6 bién d6i [18].

Nhiém vu caa SAO la thuc hién bl cho cdc mau dugc tai
tao bang cach thém mot phan bu vao timg pixel, do d6, sy
bién dang gitra hinh 4nh tai tao lai va anh goc co thé duoc
giam. Véan d& chinh cua phuong phap nay 1a lam thé nao dé
phan loai cac mau da duoc tai tao lai va cach chon cac do
léch cho mdi loai [18]. C6 hai loai SAO khéc nhau dé lva
chon 1a bu dai (BO-band offset) va bu canh (EO-edge offset).

e  AMP (Asymmetric Motion Partitioning)

Viéc phan ving CB thanh PB thong thuong la phan vung
d6i xung, day 1a cach phan viung da duoc 4p dung tir chuan
H.264/AVC, nhung HEVC cho phep bd sung thém bén phan
ving khong ddi xang, gol la phan vung chuyén dong bét ddi
xang (AMP). AMP gilp phan vung hi¢u qua trong cac
truong hop co su chong chéo mot phan cua mot dbi tugng
nén phia tru¢e va nén phia sau trong khu vuc cia mot khoi
mé hoéa [7]. Kich thuéc khdi nho nhat dé du doan bu chuyen
dong 1a 4 x 8 va 8 x 4 (do d6, dy dodn lién khung véi cac
khéi 4 x 4 bj loai trir).

B. Cdc dé xudt giam do phirc tap thudt todn

Bén canh céac nghién cuu Vvé nang cao hiéu niang ma hoa
video, mot sb dé& xuét sau day da giop giam do phuc tap
trong nén video, tirc giam thiéu thoi gian ma héa.

e Timkiém nhanh (Fast Search )

Thuat toan TZSearch (Test Zone Search) la su pha tron
gitra tim kiém theo vung va cac mau tim kiém raster. Thuat
toan tuan theo cac budc sau:

- Dy dodn vecto chuyén dong: Thuat toan TZSearch sir
dung cdng cu du doan trung vi cho cé&c lan can trai, trén

va phai. Vigc t6i thiéu cac du doan dugc chon lam vi tri
bit dau cho cac budc tim kiém tiép theo.

- Tim kiém ludi ban dau: chon ctra sb tim kiém béng cach
st dung md hinh kim cuong hodc hinh vudng véi kich
thudc khac nhau tir 1 dén 64. Cac mau duoc sir dung la
tim kiém kim cuong tam diém hoac tim kiém hinh vuong
tam diém. Diém c6 vecto chuyen dong véi SAD nho nhat
duoc liy lam diém tim Kiém trung tim cho cac budc tiép
theo.

- Tim kiém raster: Tim kiém raster |a hoat dong tim kiém
quét toan ho (full search) mot phién ban dugc Iay mau
xuong cua ctra so tim kiem. Cira 6 tim klem s& bit dau
quét theo tuan ty tir trai qua phai va tir trén xudng dudi.

- Tinh chinh Raster/Star: sang loc tot cua cdc vecto
chuyén déng thu duoc tir bude trudc theo mot trong hai
tinh chinh raster hozc sang loc mau hinh vuong/klm
cuong (tinh chinh sao) co thé dugc kich hoat. Luc nay,
mau hinh vuéng tam diém hoic mé hinh kim cuong tam
diém duoc sir dung. Hai phuong phdp sang loc khac nhau
& hoat dong tim kiém cua ching. Tong sé diém tim kiém
phu thudc vao ting chudi video khac nhau.

e FDM (Fast Decision for Merge RD Cost)

FDM la viéc ra quyét dinh nhanh va hiéu qua cho thuat
toan hop nhét chi phi RD nham tranh wéc tinh tat ca céc chi
phi bién dang ty I¢ cua cac &g cir vién hop nhat. Hay noi
céch khac 1a dé khdng phdi thuc hi¢n mot s6 danh gia chi phi
bién dang ty & cho mot sé ing cir vién hop nhét, mot quy tic
cham duat sém viée wde tinh chi phi bién dang ty 1¢ cua cac
du doan vector chuyén dong dwoc thuc hién ¢ phia bo ma
hoa [19].

e Transform Skip

Viéc thyc hién thong thuong cua bién doi 2D trong bo
ma hoa video tiéu chun dua trén phép bién d6i DCT va DST
v6i s6 nguyén - vi cac bién dbi 1D duoc &p dung trén cac
hang va cot cua cac don vi bién dbi. Trong khi d6i voi mot s6
loai tin hiéu r]hat dinh, viéc thyc hign cac b|e|j ddi theo ca hai
hudng cé thé 1a mot sy lya chon t6i wvu vé mat nén nang
lugng, cho tin hiéu véi cac tinh chét khac nhau, mot s6 chién
lugc khac c6 thé dan dén hiéu sut Ty I¢- Bién dang (RD) t6t
hon. Piéu nay c6 thé xay rava phd bién trong mot so truong
hop tin hi¢u 2D & dau vao cua phep bién dbi dé hién thi
thong ké khac nhau theo truc doc va truc ngang. Phuong
phap nay da duoc giai quyét trong HEVC bing cach ap dung
DST déi véi thong tin du thira trong khung lién quan den cac
ché @6 dy doan theo huéng nhat dinh. Tuy nhién, mot s loai
thong tin du thira c6 thé du’oc’huorng loi tir viéc bo qua hoan
toan bien doi trong khung. Doi véi tin hi¢u bu chuyén dong
thua (sparser) ma ciing thé hién cac dac tinh khac nhau theo
chiéu ngang va doc thi co thé dwoc xir Iy bang phuong phap
bo qua bién doi cac khdi theo chiéu ngang va/hoic doc, dé
cai thién nén [20].

IV. DANHGIAVAPHAN TICH

DPé danh gid hiéu nang mi hoa chuian H.265/HEVC,
ching toi thyc hién viéc md phong va kiém thir trén 04 chudi
video véi do phan giai 832 x 840 va 416 x 240 tuong tng
[21]. Ché @6 ma hoa Random Access dugc thiét lap trén bo
codec HM16.10 véi nén tang phan ctng Intel core i7, RAM
8GB. Cac thuat toan méi dugc kiém thir va danh gié 1an luot.
Théng sé cu thé va tén goi cac chudi video duoc md ta &
Bang 1. Hiéu nang ma hoéa dugc xac dinh thdng qua phép



tinh dai luong BD-Rate (Bjontegaard Delta rate) [22], trong
d6 néu BD-Rate mang gia tri 4m thi phuong phap dé& xuat
nang cao hiéu nang ma hoa va nguoc lai.

BANG 1: CAC PIEU KIEN CHAY KIEM THU'

X Tong so Tocdd |Nhém
T Chuoi video frargne khung hinh |video
1 | RaceHorses -f 297 | 30 frames/s D
2 | BlowingBubbles | -f497 | 50 frames/s
3 | PartyScene -f 497 | 50 frames/s c
4 | BasketballDrill -f497 | 50 frames/s

A. Banh gia hiéu nang ma hoa

Bang 2 trinh bay két qua danh gia so sanh hiéu ning ma
hda video cua tirng thuat todn véi truong hop kich hoat toan
b6 cac thuat toan.

BANG 2: KET QUA NANG CAO HIEU NANG NEN VIDEO

ClassD ClassC
TT Tool RaceHorses BlowingBubbles PartyScene|BasketbaIIDriII
BD-Rate (%)
1 RDOQ -4.61 -4.78 -5.25 -4.11
2 [HadamardME -2.21 -1.76 -1.39 -1.23
3 |AMP -1.26 -1.07 -0.82 -0.70
4 |SAO -1.37 051] -0.23 -2.10
5 |FastSearch 1.45 0.77 1.01 0.88
6 [FEN 0.51 0.36 0.51 0.74
7 [FDM 0.08 0.06 0.07 0.13
8 [TransformSkip 0.02 -0.53| -0.71 -0.28

Két qua thuc nghiém cho thay:

Dé xuat toi wu cac hé sé bién ddi lugng tr RDOQ gilp
cdi thi¢n hiéu ning ma héa dang ké nhat khi chay thuc
nghiém cac kh’OI méi (bang 2), ket,qua cai thién duoc tu 4-
5% bitrate. Tiep theo 1a cac de xuat HadamardME va AMP
cling cho céc két qua twong déi kha quan, tiét kiem dugc 1-
2% bitrate. Ngoai ra, by loc SAO cai thign két qua tét cho
mot s6 video, mot s6 video khéc thi bo loc nay khong phat
huy duogc vu diém caa nd (xem Bang 2).

B. Pdnh gid dé phic tap ma héa

BANG 3: KET QUA GIAM PO PHUC TAP NEN VIDEO

ClassD ClassC
TT Tool RaceHorses ‘BlowingBubbles PartyScene ‘BasketballDrill
AT (%)
1 RDOQ 10.40 10.26 11.18 9.78
2 |HadamardME 10.34 12.94 12.40 14.34
3 |AMP 20.26 14.84 15.63 14.66
4 |[SAO 0.43 0.7 0.61 0.50
5 |[FastSearch -95.54 -96.48 | -96.20 -95.64
6 [FEN -23.38 -21.06 | -21.27 -23.41
7 [FDM -5.27 -8.69 -7.43 -10.52
8 [TransformSkip| 7.89 7.98 7.33 7.76

Bang 3 téng hop két qua so sanh d¢ phuc tap ma hoa
video cua tirng cong cu véi truong hgp tat ca cac thuat todn
duoc kich hoat, v&i dai lugng AT dugc tinh béi cong thac
sau:

Ton - To}’f

+100 (1)
Torr

AT =

Trong d6: T, la thoi gian ma hoa video khi kich hoat tat
ca cac cong cu; T,¢ la thoi gian mé hoa video khi tat cong
Cu tuong ng.

Két qua thuc nghiém cho thiy:

Vé6i cac dé xuit giam do phic tap cua thuat toan, viéc
dua ra dugc giai thut toi uu thoi gian tim kiém trong dy
doan véc to chuyen dong la mot dé xuat c6 tinh dot pha,
dong gop rét 1on cho cai tién chuan nén video. Két qua thyuc
nghiém & bang 3 chi ra dé xuit nay da gitp giam dén trén
95% thoi gian can d& ma hda nén video trong khi chét luong
nén video gan nhu giam khong déng ké (1%). Con dé xuat
FEN va dé xuat giam thiéu viéc woc tinh cac chi phi bién
dang ty I ciia céc tng ctr vién hop nhat FDM, két qua thuc
nghiém cho thay hai k¥ thuat nay da gop phan giam lan luot
twong tng khoang 22% va gan 8% thoi gian nén video.

BANG 4: PANH GIA TONG HGP TUNG BE XUAT

Nhén xét khi bat tool
TT Tool - -
Hiéu ning nén Thoi gian ma hoa
1 | RDOQ ting dang ké nhét tiang (10%)
2 HadamardME tang (1,65%) tang (11%)
3 | AMP tang (gan 1%) ting (16%)
4 | SAO co sequence tang, co gin nhu khong ting
sequence giam
.z N . x| gidm dang ke nhat
5 | FastSearch giam khong dang ké (96%)
6 | FEN giam rat it (0,5%) giam nhiéu (30%)
7 | FOM gan nhu KOG | oiany 5 1006
giam
8 | TransformSkip | ting (0,38%) tiang (7%)

Ngoai ra, vi¢c chay thuc nghigm véi chuﬁi _video
PartyScence, khi thay phién tat cac thuat toan, da so déu cho
két qua thay doi khong dang keé.

KET LUAN

Trong bai bao nay, chung t6i da tong hop va dua ra
nhitng danh gia vé hiéu ning ma hoa va kha ning giam do
phuc tap cua chuian ma héa video H.265/HEVC. Véi cac
dong gép dang ké, cac cong Cu trong chuan md hoa
H.265/HEVC da khic phyc va giai quyét duoc nhirng van dé
con ton tai & chuan mé& hoa video H.264/AVC. Cu thé la
dong gop cua dé xuat RDOQ da cai thién dwoc 4-5% luong
bitrate qua viéc toi wu cac hé s bién d6i luong tir va bén
canh dong goép giam khoang 95% thoi gian ma hoda cua thuat
toan TZSearch thi dé xuat FEN ciing giup glam do phuc tap
thuat toan, tiét kiem dén 22% thoi gian ma héa. Dya trén
danh gia tong quan niy, bai bao ciing s& 1a co s dé phan tich
va so sanh hiéu nang cua H.265/HEVC véi c&c chuan ma
hoa khac trong tuong lai.

LOI CAM ON
Nghién ctru nay duoc tai trg boi Truong Dai hoc Cong
nghé, Dai hoc Quoc gia Ha Nai theo de tai ma so CN18.13.
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