PAI HOC QUOC GIA HA NOI
TRUONG PAI HOC CONG NGHE

PAO THI HUE LE

CAC GIAI PHAP NANG CAO HIEU NANG MA HOA
VIDEO KHA CHUYEN CHO HE THONG CAMERA
GIAM SAT HINH ANH

LUAN VAN THAC Si
NGANH CONG NGHE KY THUAT DIEN TU - VIEN THONG
Chuyén nganh: K§ thuit vién thong

HA NOI, 2019




LOI CAM DOAN

Tbi xin cam doan dé tai “CAC GIAl PHAP NANG CAO HIEU NANG MA HOA
VIDEO KHA CHUYEN CHO HE THONG CAMERA GIAM SAT HINH ANH” do
TS. Hoang Vin Xiém va TS. Pinh Triéu Duong huéng dan 1a cong trinh nghién ciu coa
t6i. Cac noi dung nghién cau, két qua trong luan van nay Ia trung thuc va khdng sao chép
cac cong trinh cua nguoi khac.

Tt ca céc tai liéu tham khao duoc sir dung trong khoéa luan nay dwoc ghi rd nguon gdc
va ghi tén tac gia. Néu co sai sot, toi xin chiu hoan toan trach nhiém.

Ha Noi, ngay  thang nam 2019

Tac gia

Pao Thi Hug L&



LOI CAM ON

Em xin bay t6 16ng biét on sau sic dén hai thay TS. Hoang Vin Xiém va TS. Dinh
Triéu Duong da tan tinh huéng dan va hd tro em hoan thanh luan vin nay.

Em ciing xin cam on céc thay, cd gi4o cua khoa Dién tir - Vién thong, Truong Pai hoc
Cong nghé - Pai hoc Quéc gia Ha Noi da giang day cho em nhitng kién thtc bé ich trong
suét qué trinh hoc tap tai truong.

Cong trinh nay duoc tai tro mot phan tir d& tdi KHCN cdp PHQGHN, Ma sb dé tai:
QG.19.22

Cubi ciing, con xin bay to long biét on vo han véi gia dinh than yéu cua minh. Cam on
nhitng nguoi ban than thiét da cham séc, khich 1& minh trong qué trinh hoc tap nghién ctu.

Trong qué trinh thyc hién luan van nay, do kién thirc con han ché, khdng thé tranh khoi
nhitng thiéu s6t, em rat mong nhan duoc nhitng y kién gop y cta cac thay co dé em co thé
tiép tuc hoan thién va phét trién dé tai nay.

Ha Noi, thang 5 nam 2019

Pao Thi Hug Lé



MUC LUC

CAC THUAT NGU VA CHU VIET TAT
DANH MUC HINH ANH/ HINH VE
DANH MUC BANG BIEU

PHAN MO PAU

PHAN NQI DUNG

CHUONG 1. GIOI THIEU CHUNG

1.1. Patvan dé
1.2. Téng quan vé ma hoéa video

=

1.2.1. Cau trac chung

o o A D D DN PP

1.2.2. Chire niing va vai tro mot s6 module chinh

CHUONG 2. TONG QUAN VE MA HOA VIDEO KHA CHUYEN

VA PAC TINH CUA VIDEO GIAM SAT 8
2.1. M4 hoa video kha chuyén thé hé cii 9
2.1.1. MPEG-4/FGS 9

2.1.2. SVC 9

2.2. Ma hoéa video kha chuyén thé hé¢ méi 10
2.2.1. SHVC 10

2.2.2. DSVC 10

2.3. Phan tich dic tinh cuaa video gidm sat 11
CHUONG 3. GIAI PHAP TREN SHVC 15
3.1. Gigithiéu 15
3.2. Céutric SHVC 16
3.3. Phuwong phap ma hoa lién quan 18
3.4. P& xuit trén SHVC 19
3.4.1. Kién tric SSVC 19

3.4.2. Céu truc tham chiéu thoi gian dai 21

3.4.3. Lwa chon va cap nhat khung tham chiéu thei gian dai thich nghi 23



3.5. Két qua giai phap SSVC
CHUONG 4. GIAI PHAP TREN DSVC

4.1. Cau tric DVC
4.2. Cau triuc DSVC
4.3. Pé xuat trén DSVC
4.3.2. Pé xuit tao khung SI
4.4. Kétqua
4.4.1. Cac diéu kién thir nghiém
4.4.2. Panh gia hiéu nang
4.4.3. Panh gia d¢ phic tap S-DSVC
4.4.3.1. Phan tich thanh phan S-DSVC
4.4.3.2. S-DSVC so véi SHVC

KET LUAN
TAI LIEU THAM KHAO

24
27

27
29
32
35
36
36
37
38
39
41

42
43



CAC THUAT NGU VA CHU VIET TAT
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PHAN MO DAU

1. Ly do chon d@ tai

Nén video 1a chu dé da va dang thu hat sy quan tdm caa cac nha nghién ciru trén thé
giéi. Ngay nay, cac ting dung truyén thong da phuong tién nhu truyén hinh hoi nghi, truyén
hinh quang bé hay truyén hinh Internet da va dang dong maot vai trd khdng thé thiéu trong
cudc séng hién dai. Co d¢én khoang 87% dich vu quang cao hién nay st dung cac doan video
clip va khoang 85% luong tac ngh&n mang vao nam 2019 s& nam & céac ludng di lidu video

[1].

Hién nay, dé dam bao an ninh ngay cang nhiéu hé thdng giam sét (Visual Surveillance
Systems - VSS) duoc lap dit. VSS 1a mot hé théng bao gom céc thiét bi dién tir duoc két
ndi véi nhau dé ghi nhan hinh anh tai dia diém can theo ddi va dua hinh anh téi nguoi sir
dung bang mang Internet va hién thi trén cac thiét bi nhu tivi, may tinh hay dién thoai. Hé
théng giam sat hinh anh duoc sir dung ngay cang rong rai bai ching cé thé hoat dong khdng
biét mét moi sudt ngay dém. Chinh vi su gia ting ctia cac hé théng giam st va viéc ap dung
rong rai trén toan thé gigi ma ta can phai c6 giai phap nén mot cach hiéu qua luong 16n
video khong 16 nay dé phuc vu viéc truyén va luu trir.

Hién tai c6 rat nhiéu loai thiét bi hién thi va céc loai dich vu mang véi bang théng khac
nhau ma cac chuan ma héa hién tai nhu H.264 Advanced Video Coding (H.264/AVC) [4]
hay H.265 High Efficiency Video Coding (H.265/HEVC) [2] khdng ¢ kha nang mé rong,
céc bitstream dau ra chi c6 thé giai ma mot lan, dong thoi chi cung cadp mot mie chat luong
phu hop cho cac wng dung vai mot loai thiét bi nhat dinh. Do dé viéc nghién ctru cac giai
phap ma hda video hiéu qua va c6 kha nang mé rong linh hoat cho hé théng camera giam
sat hinh anh 1a rat quan trong.

Do vay, luan vin nay tap trung va nghién ciu dé tai: Scalable Video Coding
Improvements for Visual Surveillance Systems (Cac giai phap nang cao hiéu ning ma
hoa video kha chuyén cho hé théng camera giam séat hinh anh). Céac noi dung cu thé
trong d¢é tai s& duoc md ta chi tiét & cac muc sau:

2. Muc dich nghién ctru

Luén van tap trung tim hiéu va nghién ciru vé cac giai phap nang cao hiéu nang ma hoa
video kha chuyén cho hé thong camera giam sét hinh anh.

1



3. Nhiém vu nghién ctiru
Tim hiéu m6 hinh ma héa video kha chuyén thé hé méi H.265/SHVC
Tim hiéu m6 hinh mi héa video kha chuyén phan tan DSVC

Tim hiéu phuong phap trich xuét thong tin tir 16p co ban ap dung cho 16p nang cao nham
xay dung thuat toan.

- Ap dung thuat toan vao chuong trinh va kiém thir danh gia thuat toan.
4. Gi6éi han pham vi nghién ctru

Luén van tap trung nghién ciu vé mé hinh ma héa video kha chuyén phan tan DSVC,
md hinh ma héa video kha chuyén thé hé méi H.265/SHVC va cac giai phap nang cao hiéu
ning mi hoa video cho hé théng giam sét hinh anh dwa trén cac chuan ma hoa video nay.

5. Dong gop cua luan vian

Luan vin nghién ctru c4c giai phap nang cao hiéu ning ma hoa video kha chuyén cho
hé théng camera giam sat hinh anh qua d6 ap dung kiém thi so véi chuan ma hoa HEVC
va SHVC. Két qua nghién ciru trong khuén khé luan van da duoc cong bd trén 04 bai bao
tap chi va hoi nghi uy tin, bao gom:

Journal(s):

1. Le Dao Thi Hue, Luong. P.V, Duong. D. T, and Xiem HoangVan, “Efficient and Low
Complexity Surveillance Video Compression using Distributed Scalable Video Coding,”
VNU Journal of Science: Computer Science and Communication Engineering, Vol. 34,
No. 1, pp. 38-51, 2018.

Conference(s):

1. Quang Hoang Van, Xiem HoangVan, Le Dao Thi Hue, Vien Dinh Du, and Vu Nguyen
Hong, “Complexity Controlled Side Information Creation for Distributed Scalable Video
Coding,” Sigtelcom, Mar. 20109.

2. Le Dao Thi Hue, Giap PhamVan, Xiem HoangVan, “Adaptive Long-term Reference
Selection for Efficient Scalable Surveillance Video Coding,” IEEE 12th International
Symposium on Embedded Multicore/Many-core Systems-on-Chip (MCSoC-2018), Sep.
2018.

3. Le Dao Thi Hue, D.T. Duong, and Xiem HoangVan, “HEVC based distributed scalable
video coding for surveillance visual system,” Nafosted Conference on Information and
Computer Science, Hanoi, Oct. 2017.



6. Cau tric luan van

Noi dung chinh cua luan van dugc trinh bay qua 4 chuong:

Chuong 1: Gioi thigu chung

Chuong nay trinh bay vé van dé nghién ciru va tong quan vé méa hda video.
Churong 2: Téng quan vé ma hoa video kha chuyén va déc tinh cia video giam sét

Chuong ndy trinh bay vé mot s6 md hinh ma héa video kha chuyén va phan tich dic
tinh cua video giam sat

Churong 3: Gidi phap trén chuan ma hoa video SHVC

Chuong nay trinh bay vé giai phap nang cao hiéu ning nén cho hé thdng giam sét hinh
anh cho chuan ma hoa video lién 16p thé hé mai H.265/SHVC. Két qua nghién ctu cua
chuong nay duoc cong b tai:

[1] Le Dao Thi Hue, Giap PhamVan, Xiem HoangVan, “Adaptive Long-term
Reference Selection for Efficient Scalable Surveillance Video Coding,” IEEE 12th
International Symposium on Embedded Multicore/Many-core Systems-on-Chip
(MCSo0C-2018), Sep. 2018.

Churong 4: Gidi phap trén chudn ma hoa video DSVC

Chuong nay trinh bay vé giai phap nang cao hiéu ning nén cho hé thdng giam sét hinh
anh bang cach két hop chuan ma hoa di doan va ma hoa phan tan. Két qua nghién ctu cua
chuong nay duoc cong bo tai:

[1] Le Dao Thi Hue, Luong. P.V, Duong. D. T, and Xiem HoangVan, “Efficient and
Low Complexity Surveillance Video Compression using Distributed Scalable Video

Coding,” VNU Journal of Science: Computer Science and Communication
Engineering, Vol. 34, No. 1, pp. 38-51, 2018.

[2] Quang Hoang Van, Xiem HoangVan, Le Dao Thi Hue, Vien Dinh Du, and Vu
Nguyen Hong, “Complexity Controlled Side Information Creation for Distributed
Scalable Video Coding,” Sigtelcom, Mar. 2019.

[3] Le Dao Thi Hue, D.T. Duong, and Xiem HoangVan, “HEVC based distributed
scalable video coding for surveillance visual system,” Nafosted Conference on
Information and Computer Science, Hanoi, Oct. 2017.



PHAN NOI DUNG

CHUONG 1. GIOI THIEU CHUNG

1.1. Dat van dé

Cudc cach mang thong tin ki thuat s da dem lai nhitng thay doi sau sac cho x& hoi va
doi sdng con ngudi. Trong cudc séng hién tai, khong thé thiéu céc thiét bi cd kha ning
chup, xt ly, két ndi va truyén dix lidu cho nhau thdng qua Internet. Bac biét 1a hién nay hé
théng giam sat hinh anh dé dam bao an ninh ngay cang tré nén phd bién. Cac hé thong nay
c6 thé truyén tai théng tin hinh anh va luu trit 1au dai. Bén canh nhitng thuan lgi ma théng
tin k¥ thuat sé mang lai ciing ton tai nhitng thach thirc va co hdi cho qué trinh doi méi. Hién
nay cac hinh anh va video dugc chup va tao tir bat ki thiét bi nao déu can luu trir dé xem
hoic chia sé téi cac thiét bi khac trong twong lai. Do d6, can cac giai phap dé luu trir va
truyén video hiéu qua. Muc dich chinh ctia cac chuan ma hoa video 1a giGip nang cao hiéu
qua str dung bang tan va ting kha nang luu trir thdng tin video bang cach lam giam s bit
can dé luu trit hay truyén di.

Chuong nay s& trinh bay tong quan vé ma hoa video cuing tinh hinh nghién ciu vé cac
chuan m4 hoa video trén thé gidi.

1.2.  Toéng quan vé ma hoa video

Mot tap hop hinh anh véi mi hinh anh 12 mét tap cac diém anh, méi diém anh bao gom
thanh phan d¢ sang va thanh phan mau sé& tao thanh mét video. Bé chira va truyén nhanh
chong luong dir liéu ndy, yéu cau mot lugng dang ké bo nhé, do vay viéc nén cac video nay
dong mot vai trd vo cling quan trong. Nén 1a qué trinh ma dir liéu biéu dién thong tin duoc
ma héa véi s6 lwong bit nho hon. Nén video 1a qué trinh biéu dién, két hop hay sap xép mot
tap hop video s6 véi s6 bit nhé hon. Hinh 1.1 biéu dién qua trinh tir thu théng tin dén hién
thi théng tin trong nén video, cé hai khdi chinh 12 bo ma hoa va bo giai ma, chung thudng
duoc goi 1a CODEC. Bo ma hoa bién ddi tir di liéu ngudn thanh mot dang nén dé luu trix
hoac truyén tai va bo giai ma bién doi dir liéu da nén thanh video di lidu géc.



Ngu6n video

——» Madhéa [—» Truyn/luutrt ——» Gidima

Hinh 1.1. M6 hinh chung cua bo ma hoa va giai ma héa video (CODEC)

Nén dit liéu 1 viéc loai bo dir liéu du thira, vi du cac thanh phan khdng can thiét dé c6
thé tai hién lai dir liéu mot cach dung nhat. Rat nhiéu loai dit liéu ¢d chira du thira tinh va
c6 thé nén mot cach hiéu qua bang céch nén khéng that thoat dit liéu, dit liéu tai cu tric &
dau ra cua bo giai ma 1a ban sao luu hoan hao cua dix liéu gc. Tuy nhién, cach nén nay chi
mang lai hiéu qua nén & muc trung binh.

Dé dat hiéu qua nén cao, hau hét cac phuong thirc ma hoa video déu khai thac du thira
vé mat khdng gian va thoi gian. Chudi hinh anh tao thanh video duoc goi la cac khung hinh
(frames). Thuodng co6 su tuong quan giita cac khung hinh véi nhau vé mat thoi gian khi
ching ta chup lai trong ciing mét khoang thoi gian. Cac khung lién ké thuong c6 do tuong
quan cao dac biét khi toc do 1y mau (frame rate) cao. Vé mat khong gian, thuong co su
tuong quan cao gita cac diém anh gan nhau, tic I gia tri diém anh tai nhitng diém gan
nhau thuong giong nhau (Hinh 1.2).

.

Tuwong quan kh6n gian

Hinh 1.2. Minh hoa si twong quan vé thoi gian va khéng gian trong video



Chuan m& hda video phé bién nhu MPEG-2/Video [3], H.264/AVC [4], H.265/HEVC
[2] hay SHVC [6] déu duoc xay dung trén nén tang khai thac tinh twong quan cao vé mat
thoi gian, khdng gian va théng ké cua cac khung hinh video ciing nhu ndi dung video. Cac
chuan ma héa video déu sir dung du doan bu chuyén dong dua trén khéi, bién d6i cosin roi
rac, luong tir hda va ma hoa entropy. Phan tiép theo s& trinh bay cac thanh phan co ban cua
kién trc ma hoa video.

1.2.1. Céu trac chung

Mot bo ma hoa va giai ma video (con goi 1a CODEC) mé hda chudi video hoic anh
ngudn thanh dang nén va giai ma né thanh video ban sao hoac xap xi so véi chudi video/anh
g6c. Qua trinh ma hoa dugc goi 14 ma hda video khdng ton that néu nhu video duoc giai
ma gidng hét nhu video gbc, nguoc lai, néu nhu video giai ma c6 sy khac biét so voi video
gdc, qua trinh nay duoc goi 1a ma hoa video ¢d ton tht.

CODEC dai dién cho ban video goc bang mét mé hinh (mot mé hinh ma hda hiéu qua
la c6 thé tai cau tric thanh video xap xi ban goc). M6 hinh 1y twéng phai sir dung it dung
lugng nhét va c6 do tin cdy cao nhat c6 thé. C6 hai muyc tiéu nén I hiéu ning nén va chat
luong nén cao nhung ching thuong xung khic nhau vi mét bo nén hiéu niang cao sé& tao ra
téc d6 bit (bitrate) thap thuong 1am giam chit lwgng hinh anh khi giai ma.

1.2.2. Chirc ning va vai tré mdt s6 module chinh

M4 hda video (Hinh 1.3) bao gém 3 chirc ning chinh: md hinh du doan, mé hinh khéng
gian va ma héa entropy. Pau vao caa mo hinh dy doan 14 chudi video chua nén (video thd
— “raw”). M0 hinh du doan gia dinh giam du thira vé mat thoi gian bang viéc khai thac su
khac biét vé thong tin gitra cac khung 1an can, thuong bang viéc xay dung du doan cua khdi
(block) hoic khung (frame) trong video hién tai. 0 MPEG-4 va H.264/AVC, viéc du doan
duoc thuc hién tir mot hay nhiéu khung trudce hodc sau d6 va duoc cai thién bang viéc du
doan bl chuyén dong gitra cac khung (motion compensated prediction). Pau ra caa m hinh
du doan 1a cac khung du thira (dwoc tao ra bang viéc trir khung hién tai goc cho khung du
doan) va mot tap cac tham sd, vi du nhu mot tap hop cac vecto chuyén dong md ta viéc bu
chuyén dong.
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Hinh 1.3. So' @6 khoi mé hinh ma héa video

Cac khung du thira 1a ¢au vao cua mé hinh khdng gian, mé hinh nay khai thac sy twong
quan giita cac mau lan can va khung du thira dé giam su du thira vé mat khong gian bang
cach bién ddi du thira theo hé sb va luogng tir hoa két qua. Hé s duoc luong tir hoa dé loai
bo cac gié tri khdng quan trong, gitt lai s6 luong nho céc hé sé co gitp cho khung du thira
gon nhe hon. Pau ra caa mé hinh khéng gian 1a mot tap cac hé sé luong tir bién doi.

Céc thong sé cua md hinh dy doan (vi du ché do du doan, cac vecto chuyén dong) va
mo hinh khong gian (cac hé s&) dugc nén boi md hinh ma hoa entropy. Mé hinh nay loai
bo cac du thira tinh trong dir liéu (vi du cac vecto thudng xuat hién va cac hé sé bang ma
héa nhi phan ngin hon) va tao ra mot tap tin hay bitstream nén c6 thé truyén hosc luu trir.
Chudi duoc nén bao géom céac thong sé du doan, cac hé s6 du thira va mot s6 thong tin phu
tro khac.

Bo giai ma tai cau truc khung video tir bo bitstream da nén. Céc hé sb va céc thdng sb
du doan duoc giai ma tir bo giai ma entropy sau ¢6 mé hinh khong gian dwoc giai ma dé
tai tao khung du thira. B giai ma sir dung cac théng sé du doan, cling véi cac thong tin giai
mi trude d6 dé tao du doan cho khung hién tai va khung tai tao caa chinh nd bang cach
cong khung du thtra vai khung dy doan.



CHUONG 2. TONG QUAN VE MA HOA VIDEO KHA CHUYEN
VA PAC TiNH CUA VIDEO GIAM SAT

Ngay nay, véi sy phét trién cua cong nghé video sé va tién bo trong co sé ha ting truyén
thong da thuc day sy tuong tac ciia cac tng dung truyén thong da phuong tién nhu truyén
hinh hoi nghi thoi gian thuc, website video tryc tuyén hay TV, di dong. Bén canh d6, ngudi
sir dung ludn mudn chét luong video tét nhit & bét cir dau va véi moi tinh trang caa duong
truyén mang. Do d6, cac dic tinh cia may thu nhu tdc d6 bit, do phan giai va ty 1é khung
hinh phai pht hop vai tée do truyén dan dé cung cap chat luong video tét nhat cho ngudi
st dung. Trén cuing mot duong dan video thuong chi cung cap mot muac chat lwgng cho cac
thiét bi nhat dinh. Ngoai ra, luong video truc tiép con phai ddi mit vai hién twong mat tin
hiéu & mang khong day. Vi vay nhitng mang khong dong nhat nay tao ra mot van dé khong
nho cho cac bo mé hoa video truyén théng.

Dé khic phuc nhuge diém nay, ma hda video kha chuyén duoc giéi thiéu. Nguyén ly
cua bo ma hoa video nay 1a chia doan video truyén thong thanh da ludng, bao gom thanh
phan riéng biét va bo sung, thuong duoc goi la céc 1op.

%% Do phan giai cag

) D0 phan gidi trung
i binh
‘ 1_} Do phén giéi thép » @

Hinh 2.1. Lép video m& hoa va cac lop gidi ma ¢ céc thiét bj khac nhau

BO m3 hda/
B6 chuyén déi

B m3 hda/
B6 chuyén déi

Video nguén

B ma hda/
B6 chuyén déi

Hinh 2.1 cho thdy video dau vao duoc chia thanh ba 16p. Ngudi nhan cd thé chon va
giai ma l6p khac nhau twong ng véi cac dic tinh cua mang va thiét bi duoc st dung.
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Trong c4c md hinh ma hda video kha chuyén, thong tin video duwoc ma hda va giai ma
theo nhiéu 16p khac nhau bao gom mét 16p co ban (Base layer) va mét hozc nhiéu 16p nang
cao (Enhancement layers). C hai hudng tiép cin chinh trong viéc xay dung cac md hinh
ma hoa video kha chuyén: mé hinh ma hoa video kha chuyén dir doan (Predictive scalable
video coding) va mé hinh ma hoa video kha chuyén phan tan (Distributed scalable video
coding).

2.1. M4 hoa video kha chuyén thé hé cii

M4 héa video kha chuyén thé hé cii bao gom cac md hinh ma hoa video kha chuyén
nhu chuan Fine Granularity Scalability (MPEG-4/FGS) [7] hay chuan Scalable Video
Coding (SVC) [5] dugc mé rong tir cac chuan ma hoa video thé hé cii nhu chuan MPEG-
2/Video [3], H.264/AVC [4].

2.1.1. MPEG-4/FGS

Chuan nay ra doi nam 2001, cac 16p nang cao duoc thiét ké ¢é ma hoa sy khac biét
giita anh video géc va anh giai ma tir cac 16p thap hon, sir dung phuong phap ma hoa theo
ting 16p thong tin (bitplane) cua cac hé sb bién d6i cosin roi rac (Discrete Cosine Transform
- DCT). MPEG-4/FGS duoc thiét ké dé phat tric tiép video qua mang truyén théng tét hon.
Véi chuan FGS, ludng video cd thé duoc cit ngan mot cach linh hoat & muc d6 chi tiét rat
t6t dé thich (ng véi cac tai nguyén mang cé san. Nhuoge diém chinh cua chuan ma hoa
MPEG-4/FGS la viéc chua khai thac dugc toan bd thong tin tai cac 16p thap hon. Do vay,
chuan MPEG-4/FGS khong mang lai hiéu ning ma hoa cao nén da khong duoc sir dung
pho bién.

2.1.2. SVC

SVC thyc chat 1a mot phan mé rong cua H.264/AVC, ra doi nim 2007. Chuan ma hoa
video SVC cua ludng video chat lugng cao con c6 thé chara mot hoac nhiéu ludng con.
Ludng bit con cd thé hién thi & ¢ phan giai thip hon (man hinh nhé hon) hoic véi toc do
khung thap hon. Bo giai ma video SVC cho phép truyén video vai noi dung khong bi suy
giam gitra cac dau ra khac nhau, vi du giita may tinh xach tay va thiét bi di dong. Nho kha
nang nay, SVC c6 thé duoc (ng dung trong cac tng dung thyc té nhu truyén hinh video



trén cac thiét bi di dong [8] hay phan tach dong video thoi gian thuc gitra nhitng nguoi ding
ngang hang [9].

2.2. Mahoa video kha chuyén thé hé méi

M4 hoa video kha chuyén thé hé mai ciing giéng nhu cac mé hinh ma hoéa video kha
chuyén thé hé cii, thong tin tir cac video ciing dugc ma hoa va giai ma theo nhiéu 16p khac
nhau bao gom mét 16p co ban va mét hoic nhiéu I6p ning cao. Co hai huéng xay dung mo
hinh 12: md hinh m& héa video kha chuyén di dodn va mé hinh ma héa video khda chuyén
phan tan. Tuong Gng Vi hai huéng mé hinh, phan nay gisi thiéu vé chuan ma hoa video
kha chuyén dyu doan, Scalable High Efficiency Video Coding (SHVC) [6] 1a phan m& rong
cua chuan H.265/HEVC [2] va chuan ma hoa video kha chuyén phan tan, Distributed
Scalable Video Coding (DSVC).

2.2.1. SHVC

Céc nghién ctru da cho thay H.265/HEVC di giam 52% luong bit can ma hoa ¢ do phan
giai video 12 480p va cd thé 1én dén 64% & d6 phan giai 4K UHD khi so sanh vai chuan ma
hoa tién nhiém 1a H.264/AVC mic di H.265/HEVC mang lai chat luong hinh anh tét hon
dang ké khi nén véi cung kich thudc video hozc ciing tée do bit (Bitrate). Nam 2014, chuan
ma hoa video kha chuyén du doan SHVC ra doi, duoc biét dén 1a phan ma rong cua chuan
HEVC. SHVC hd tro kha ning mé rong theo thoi gian, khong gian va chit luong video.
Ciing twong tu nhu tiéu chuan SVC trude ddy, SHVC cung cdp mot co ché cho viéc ma hoa
video da 16p, mdi 16p dai dién cho mot chat lwong hay d6 phan giai nhat dinh cho cling mot
bdi canh cua video. C4c nghién ctu gan day hau nhu chi tap trung vao viéc phat trién mo
hinh m& hda video kha chuyén du doan do hiéu ning ma héa cua chuan nay c6 nhiéu tiém
nang dé nang cao. Trong d6, hudng nghién cau chii yéu 14 tao ra cac cong cu du doan tét
hon nham sir dung mot cach cé hiéu qua dix lidu tir cac 16p thap hon.

2.2.2. DSVC

M6 hinh nay dugc xay dung dua trén su két hop hiéu qua cac thé manh cua hai ky thuat

m& hda video méi nhat hién tai: H.265/HEVC (High Efficiency Video Coding) [2] va DVC

(Distributed video coding - M& héa video phan tan) [10] nhim tao ra mot mé hinh mé hoa

video méi, thdng nhat va manh mé ca vé hiéu niang ma hoa 13n giam thiéu do phuc tap thuat

todn va mac tiéu thu ning luong. Viéc két hop gita chuan ma hoa truyén théng
10



H.265/HEVC véi phuong phap mé hoa video phan tan DVC la hoan toan phu hop vai cac
ing dung truyén thong da phuong tién. Dac biét 1a cac wng dung doi hoi hiéu ning ma hoa
cao, thoi gian ma hoa ngan va sy nhay cam thap di véi cac nhiu kénh truyén nhu trong
mang video cam bién diéu khién giao thdng, y té hay mang ludi céc thiét bi di dong théng
minh.

2.3. Phan tich dic tinh ciia video giam sat

Ngay nay, hé thdng giam sat video dwoc sur dung rong rai trong rat nhiéu ang dung
quan trong nhu bao vé c& nhan va an ninh cdng cong [11]. Mot VSS c¢6 thé giam sat va
phan tich trong mo6i trueong quan sat theo thoi gian thuc. Cac irng dung giam sat video trong
thoi gian thuc thuong yéu cau luu trit video ma khong bo qua bat ky phan nao caa noi dung
trong nhiéu tuan hoac nhiéu thang. Hinh 2.2 cho thay téng quan cia mot hé thong camera
giam sat, hé thong bao gdm 3 phan chinh: cac nut camera, may chi va phia nguoi ding.
Pau tién video dugc quay va xur ly tai nat camera, sau d6 duoc gui dén may chu, luong bit
video tai phia may chu c6 thé duoc truyén téi ngudi ding véi chat lugng va cac ¢ phan
giai khac nhau, tiy vao thiét bi phia nguoi dung dang st dung.

Cameral

Camera 2

‘ Server

Camera 3

Camera 4

Local PC

B8 Portable
s Decives

Remote PC

Hinh 2.2. Hé thong camera giam sat
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Trong hé théng giam sat, camera thudng dugc dat ¢d dinh & mét vi tri hoac di chuyén
véi goc quay rat nho. Xem xét thuc té nay, mot sb thi nghiém da dugc thuc hién trén cac
mau video huin luyén khac nhau. Ba video giam sat tir bo dir lieu PKU-SVD-A [12, 13] 1a
Mainroad, Classover va Intersection cung vai mot video thuong, BasketballDrill thu dugc
tir [14] duoc su dung cho thi nghiém.

Trude tién, dé danh gia mdi twong quan thoi gian va chuyén dong giita cac khung lién
tiép cua video gidm sat, su khéc biét gitta cac khung (Frame Difference — FD) duoc tinh:

FD, = XL |F (D) — Foypr (D] (1)

Trong d6 t™ va it" twong ung la chi s6 cua khung va vi tri diém anh trong mdi khung F;,
va N 1a s6 diém anh trong mdi khung.

Vi cé4c video huan luyén cé thé c6 do phan giai khac nhau, do d6 su khac biét trung
binh diém anh (pixel-averaged difference —~PAD) duoc str dung, nd duge tinh nhu sau dé
danh gia cac dac tinh chuyén dong:

PAD, == (2)

Hinh 2.3 minh hoa PAD theo cap khung lién tiép cua cac video théng thudng va céc
video giam sat da dé cap. C6 thé thay trong hinh 2.3, PAD gitra cac khung trong video giam
sat, dang chu y 1a Mainroad, Classover, va Intersection nhé hon rat nhiéu so véi video tiéu
chuan, BasketballDrill. Trong bi canh nay, PAD nho ngu ¥ mdi trong quan thoi gian cao
giita cac khung lién tiép. Do d6, can luu ¥ rang cac video giam sat thudng chta canh tinh
va it chuyén dong.
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Hinh 2.3. PAD gidza cac khung lién tiép

Trong thir nghiém thtr hai, viing nén trong mdi khung hinh cua video giam sat duoc
Kiém tra bang cach danh gia truong vecto chuyén dong lién quan dén ting khung hinh
video. Hinh 2.4 minh hoa 3 khung duogc lay tir video giam sét (a, b, ¢) va trudng vecto
chuyén dong twong (g cua chdng (d, e, ).

- B °
.
s / . .
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_ 7 s TR Y,

271 1113\
e

d e f
Hinh 2.4. Vi du Vé cdc khung hinh va truong vecto chuyén dong tiwong g trong video
giam sat
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Nhu dugc hién thi trong hinh 2.4, kich thuéc cua ving chuyén dong trong cac video
gidm sat nho hon nhiéu so véi dién tich ving nén. C6 thé két luan rang trong mot video
gidm sat, cac canh tinh thuong chiém ti 1é cao. Do d6, dic tinh quan trong nay duoc khai
thac dé xay dung kién tric nén video hiéu qua cho hé thdng gidm sat hinh anh trong luan

van nay.
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CHUONG 3. GIAI PHAP TREN SHVC

3.1. Gisi thigu

Chuan ma hoa video hiéu suit cao H.265/HEVC la chuan ma hoa video méi nhat hién
nay Véi tén goi day du la High Efficiency Video Coding (HEVC) dugc ty ban Vién théng
qudc té ITU-T thdng qua va bit dau duoc dua vao cac san pham thuong mai hda. Hién nay,
d6 phan giai video da 1én dén 4K/UHD hoic tham chi 1a 8K/UHD. Do d6, H.265/HEVC
dugc sinh ra dé nén hiéu qua cac video c6 d6 phan giai cuc cao nay vi & o phan giai cang
cao thi n6 cang thé hién duoc loi thé nén cia minh khi so véi H.264/AVC. Uu thé nay 1am
cho d6 phan giai video 8K c6 thé hién thi va phét truc tuyén thong qua mdi truong Internet,
SHVC la phan mé rong ciia HEVC, hd trg kha nang mo rong theo thoi gian, khdng gian va
chét luong video.

Trong nhitng ndm gan déy, cac kich thudc méi cua tin hiéu video da bat dau xuat hién.
Viéc trién khai video do phan giai cuc cao (Ultra High Definition — UHD) c6 d6 dai bit va
khoang mau rong hon nhitng video d6 net cao (High Definition — HD) da thu hut duoc
nhiéu sy quan tam cua thi truong. Dé cung cap kha nang tuong thich nguoc thi kha ning
ma rong vé do dai bit va kha nang mé rong gam mau ciing duoc hd tro bai chuan ma hoa
SHVC.

Ty s6 tin hiéu trén nhidu SNR (Signal to Noise Ratio) duoc str dung nhu mét thude do
vé chat luong cua tin hiéu va do d6 tinh chat ma rong chat lwong ciing dugc goi 1a kha ning
mé rong SNR. Trong ma hoa video, ty so tin hiéu cuc dai trén nhidu PSNR (Peak Signal to
Noise Ratio) thuong duoc st dung lam thude do SNR.

Trong ma hoa anh va video, dé do chat lwong tin hiéu khdi phuc cta c4c thuat toan nén
c6 mat mat ngudi ta ding PSNR. PSNR la mét thuat ngir dung dé tinh ty 1¢ giira gia tri ning
luong t6i da cua mot tin hiéu véi nang lugng nhidu c6 anh hudng dén do chinh xac cua
thong tin. Pon vi ciia n6 thudng duoc biéu dién boi logarit decibel (dB).

MAX
PSNR = zo.logw(ﬁ%{ ) (3)

Trong d6: MAX, 1a gia tri ti da cta diém anh trén anh. Khi mot diém anh duoc biéu
dién bai 8 bit thi gia tri ctia n6 s& 1a 255. Téng quat, khi tin hiéu duoc biéu dién boi b bit
trén mot don vi ldy mau thi MAX, bang 2° — 1.
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MSE (Mean Squared Error) 1a sai s6 toan phuong trung binh duoc dung cho anh hai
chiéu c6 kich thudc 1a MxN. Trong d6 Org 1a anh gdc con Rec 12 anh duoc khdi phuc tuong
ung. MSE dugc tinh qua cong thuc:

MSE = MG B3 [0rg (i, ) = Rec (i, )T? @

Gia tri thong thuong ciia PSNR trong nén anh va video c6 mat mét s& nam tir 30 dén 50
dB, gia tri PSNR cang cao thi cang tét vi n6 s& mang lai chit lugng hinh anh tét hon. Gia
tri c6 thé chap nhan duoc khi truyén tin hiéu khdng day c6 ton hao vao khoang tir 20 — 25
dB.

3.2. CAutric SHVC

Nhu hinh 3.1 minh hoa, SHVC bao gém: Lép co ban (BL — Base Layer) chtra cac thong
tin co ban nhat dé dam bao chat lugng toi thiéu dé bo giai ma cé thé giai ma duoc. Lép
nang cao (EL — Enhancement Layer) duoc tao ra nham nang cao chat luong vé ty 18 khung
hinh, d6 phan giai va tai tao d6 nét khi dugc noi suy tir 16p co ban BL. Bai vi tin hiéu video
dau vao cho cac 16p co ban va nang cao cd clng ndi dung nén su twong quan giita cac 16p
nay la rat 16n. Do d6, s6 lugng bit (bit rate) can thiét d& ma hoa I6p nang cao co thé duoc
giam déng ké néu ta co thé khai thac duoc sy twong quan nay. Vi du, trong cac chuan nén
H.264/SV/C, s6 bit can dé ma hoa Iép ning cao dugc giam bang thuat toan du doan lién 16p
ILP (Inter Layer Prediction) vé&i ba ché o co ban 1a du doan két cau lién 16p (Texture), su
doan chuyén dong lién 16p (Motion) va dy doan tin hiéu du thira (Residual). Trai nguoc véi
SVC, SHVC d3 ap dung cau trdc md hoa vong kin & mdi 16p nén va do do, chi c6 thé thay
d6i phan ttr ci phap mirc cao (High Level Syntax - HLS) dé nang cap tir giai phap HEVC
lén SHVC. Theo céch tiép can HLS, mo dun xit ly lién 16p duoc thém vao dé lién két 1op
co ban vai cac 16p nang cao. Trong md-dun ndy, thong tin vé két cau va chuyén dong co
ngudn gdc tir cac 16p BL hodc thap hon s& duoc tién hanh dé sir dung tdi wu tai cac 16p EL.
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Hinh 3.1. Cdu triic SHVC 2 I6p

C6 thé thay trong cau trdc ma hda video SHVC & Hinh 3.1, video nguon duoc chia
thanh 2 16p riéng biét, trong khi 16p BL duoc giri dén bo ma héa HEVC thi EL duoc gui
dén bo ma hoa SHVC. bé dat dugc hiéu qua du doan 16p EL, viéc xu Iy lién 16p dugce &p
dung cho cac hinh anh BL da giai m& trong bo dém hinh anh da giai m&d (Decoded Picture
Buffer - DPB) BL, sau khi hinh anh dugc xir Iy s& dugc dua vao EL DPB. Chét lwong sau
giai ma cua I6p BL dung bo mé hoa va giai ma HEVC, chi dat 29 dB trong khi dung SHVC
dé ma hda va giai ma cho 16p EL, c6 sir dung thong tin cua I6p BL va md-dun xt ly lién
I6p, chat lugng da tang 1én 40 dB.

Ngoai viéc ma hoa st dung mot bo ma hoéa don 16p HEVC thi SHVC con c¢d thé st
dung cac bo ma hoéa nhu H.264/AVC, MPEG4 hoac tham chi 1a cac b codec khac dé ma
hda va giai ma, do d6 né con c6 thém kha nang mé rong gitra cac bo codec voi nhau. Didu
nay cho thiy duoc su linh hoat cua chuan ma hda kha chuyén SHVC so véi cac chuan ma
hoa khong kha chuyén khéac. Sau khi giai ma, hinh anh EL tai tao duoc cung cip cho bo
giai ma SHVC cling véi mot so thong tin lién quan dén hinh anh BL.

Hinh 3.1 chi m6 ta hé thong ma hoa video SHVC véi hai 16p. Tuy nhién, ta c6 thé st
dung chuan ma hoa SHVC dé ma rong ra thém nhiéu 16p hon. Khi thém nhiéu 16p, chi c6
BL c6 thé duoc cung cap tir cac chuan ma hoa khac va tat ca cac 16p con lai phai duoc g
trong bang tan nhu mot phan dong bit SHVC. Bén canh do, viéc xu Iy 16p lién két c6 the
dugc &p dung trén cac hinh anh tai tao tir bat ky Iép tham chiéu nao ma I6p hién tai tham
chiéu toi. Bang céch gitr lai cach thuc hoat dong cua bo ma héa video mét 16p nhu bd
HEVC do d6 thoi gian m hda cia SHVC c6 thé duoc giam di dang ké. Dé dat duoc du
doan lién 16p, thdng tin BL duy nhat ma EL can truy cap d6 14 hinh anh duoc tai tao tir DPB
cua BL.
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3.3.  Phuwong phap ma héa lién quan

Trong ma hoéa video, mot nhém cac hinh anh GOP (Group of Picture) chi dinh tha tu
cac khung noi anh (intra) va cac khung lién anh (inter) duoc sip xép. GOP la tap hop céc
hinh anh lién tiép trong mét ludng video dugc ma hoa. Bai vi céc khung hinh lién tiép trong
mét video déu cd su trong quan vé thoi gian va khong gian nén do d6 cac khung hinh trong
mot GOP s& ¢6 sy twong quan véi nhau rat Ién. Mai ludng video duoc ma hda bao gom céc
GOP lién tiép nhau tir ¢6 khung hién thi duoc tao ra. Mot GOP méi duoc tao ra trong qué
trinh nén thi khéng can bét ky nhirmg khung hinh ngoai GOP d6 d¢é mi héa cho né do d6
mdi GOP ¢6 tinh doc 1ap vé ma hoa.

Mot GOP ¢6 thé chua cac loai khung hinh sau:

« Khung hinh I (M4 héa trong khung — Intra coded pictures) la mét hinh anh dugc ma
hoa doc 1ap, khéng phu thudc vao céc hinh anh khac. Pay 1a khung hinh dau tién trong moi
GOP va ludn c6 chét luong cao nhat vi dugc ma héa & mic lugng tar hda QP (Quantization
Parameter) 1a thap nhat. N6 c6 chat lugng cao nhat 1a do no s& dugc dung dé lam tham
chiéu dén cac khung hinh khac trong GOP dé ma hoa cac khung hinh con lai do.

« Khung hinh P (M& hoa dy doan hinh anh — Predictive coded pictures) chira théng tin
sai khac cua chuyén dong lién quan dén hinh anh duoc giai ma trude do.

« Khung hinh B (Bi-predictive coded pictures) 1am viéc giéng véi khung hinh loai P
va str dung cac khung hinh I va P 1am tham chiéu.

Theo thir ty trong mot GOP thi khung hinh 1 ¢6 chat lwong cao nhét vi n6 1a khung hinh
gdc duoc dung dé ma héa cac khung hinh khac trong GOP va sau d6 dén cac khung hinh P
va B.

Chuong nay trong ludn vin sé tap trung khai thac kiéu ma hoa theo Low-delay P (LDP).
Trong cau tric ma hoa nay thi hinh anh dau tién duoc ma hoa dudi dang khung | va cac
hinh anh tiép theo s& dugc ma hoa dudi dang khung P. Do ché d6 low-delay khéng cho
phép sap xép lai thir tw ma hoa do d6 do tré trong ché dd ma hoa nay 1a rat nho vi céc khung
hinh dugc ma hda lién tiép nhau do d6 ché ¢6 ma hdéa nay phu hop véi ma hoa cac video
online hon 13 offline. Trong low-delay, ¢ level cang thap thi cang can cé chat luong cao va
chung dugc ma héa vai chi sé QP thap hon cac level cao hon.
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Level 2

Level 1

Level 0

Hinh 3.2. Cdu trlc du dodn theo low-delay P

Hinh 3.2 md ta ciu tric dy doan trong low-delay P. Chiéu miii tén s& Ia chiéu tham
chiéu téi. N6 s& tan dung nhiing dic diém giéng nhau vé mat thoi gian giita cac khung hinh
dé tang hiéu qua nén.

Bai vi hau hét céc video giam sat 1a cac video thoi gian thyc, do d6 trong khudn kho
luan vin nay s& chu yéu tap trung vao st dung kiéu ma hoa low-delay vi né c6 do tré thap.

3.4. Deé xuit trén SHVC

Mic du SHVC Ia tiéu chuan ma hoa video kha chuyén mai nhat nhung né van khéng
phai 1a mot giai phap nén tdi wu cho cac hé thdng giam sat vi né chu yéu dugc thiét ké cho
noi dung video thong thuong. Trong mot hé thdng giam sat hinh anh, camera thuong duoc
dat & mot vi tri cd dinh hodc di chuyén véi gdc rat hep; do do, ndi dung video giam sét
thuong chira dién tich nén 1on ciing nhu ¢6 mdi twong quan thoi gian cao giira cac khung.
Dé khai thac cac dic diém nay, luan vin nay dé xuat mot giai phap nén SHVC cai tién duoc
thiét ké cho noi dung video giam sat.

3.4.1. Kién triac SSVC

Giai phap ma hda video kha chuyén cho giam sat (Surveillance Scalable Video Coding
- SSVC) duoc tao ra dya trén: i) ciu tric SHVC thong thuong; ii) co ché cap nhat va lya
chon tham chiéu dai han thich &ng.
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Hinh 3.3. Kién tric SSVC

Hinh 3.3 minh hoa kién trac SSVC dugc dé xuat trong luan vin, trong do6 chi thé
hién nén va giai nén cho mot 16p BL va mot 16p EL. Co ché cap nhat va lra chon tham
chiéu dai han thich tng (Adaptive Long-term Reference Selection - ALRS) duoc lam noi
bat trong kién tric SSVC & hinh 3.3. Phuong phap nay dé xuét sir dung khung tham chiéu
dau tién trong GOP lam khung tham chiéu dai han cho céc khung tiép theo cua chudi video.
Viéc sir dung khung dau tién trong GOP lam khung tham chiéu dé ma hoa cho céc khung
tiép theo 1a do khung dau tién trong mdi GOP ludn c6 chat lwgng cao nhét vi duoc ma hoa
boi chi sb lwong tir hda QP 14 thap nhat. Khung nay cé thé duoc st dung 1am tham chiéu
cho bat ky cac GOP tiép theo ma chuan ma héa SHVC khong co. Ky thuat nay duoc ap
dung gidng nhau ddi vai ca hai l6p BL va EL. Pay 1a mot ki thuat don gian nhung n6é mang
lai hiéu qua ma héa twong ddi tét.

Video giam sat sau khi duoc ghi lai tir cam bién camera, dugc xir Iy bang giai phap
SSVC theo céac budc chinh sau:

Buwdée 1. Adaptive Long — Term Reference Selection (ALRS): M0-dun nay dinh nghia
khung tham chiéu phu hop cho du doan lién khung SSVC. Néu khung dugc chon s&
duoc danh chi s6 1a khung tham chiéu dai han va duoc luu trong b dém anh da giai
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M4, can mdt cd mi hoa dé bao hiéu thong tin nay dé dam bao phia giai ma ciing biét
khung duoc chon.

Buwéc 2. M& hoa BL: Sau khi dinh nghia chi s6 khung tham chiéu dai han, khung BL
duge mi hoa st dung chuan HEVC théng thuong. Cau trac va chuyén dong cia nd
dugc luu & bo dém anh giai ma (DPB) dé khai thac sau nay cho ma hoa cac khung EL.
Buéc 3. M3 hoa EL: O budc ndy, théng tin BL di giai ma s& duoc xir Iy boi mo-dun
xur 1y lién 16p [6]. Cung véi cac khung tham khao thoi gian dai, tham khao thong tin tir
BL dé nén thong tin EL tbt hon.

Buéc 4. Ca ludng BL va EL duogc gop lai dé giri t6i phia giai ma.

3.4.2. Céu tric tham chiéu thoi gian dai

Dé 1am rd cau tric tham chiéu dai han duoc dé xuat st dung trong SSVC, cau tric ma
hoa do tré thap (low-delay - LD), thuong dugc sir dung trong céc tiéu chuan HEVC va
SHVC [4] dugc so sanh nhu trong Hinh 3.4. Can luu ¥ rang cau tric tham chiéu dai han
dugc st dung cho ca hai l6p co ban va néng cao.

Nhu duoc hién thi trong hinh 3.4, & chuin ma héa video thong thuong, mot khung hinh
c6 thé duoc dung boi téi da 5 khung hinh lién tiép khac, tic 1a s6 khung 1, 2, 3, 4 va 5 ¢6
thé tham chiéu thong tin duoc giai ma cua khung s6 0. Tuy nhién, doi voi dé xuat tham
chiéu dai han thich nghi, khung sé 6, 7, 8 hodc hon thé ciing c6 thé tham chiéu dén khung
s6 0. Biéu nay c6 thé cho phép khai thac méi tuong quan thoi gian cao giira cac khung trong
video giam sat.

Theo c4c phan tich & trén, sy thay doi nén cia cac video giam sat 1a tuong d6i thap. Vi
vay viéc tan dung loi thé cua khung dau tién trong GOP nhu 1a mot khung tham chiéu dai
han sé& gilp tan dung duoc cac dac tinh riéng biét cua cac video giam sat qua d6 nang cao
hiéu suat ma hoa cho toan bo video. Béi vi nén ciing sé& thay doi theo thai gian nén khung
tham chiéu dai han LTR ciing can phai dugc cap nhat dé cai thién hiéu suat ma hoéa. Co ché
cap nhat nay sao cho tdi wu s& dugc trinh bay trong phan tiép theo cua luan van.
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\I/ GOP1 \l/ \I/ GOP 2 \l/

\l/ GOP1 \l/ \l/ GOP 2 \I/

(b)

Hinh 3.4. Cdu trlc du dodn do tré thap (LD) trong chudn md héa video théng thwong (a)
va trong SSVC (b)
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3.4.3. Luwa chon va cip nhit khung tham chiéu thoi gian dai thich nghi

Trong video giam sat, khi mot ddi tugng chuyén dong thi mot sé canh bi thay doi.
Trong trudng hop ndy, chi dung duy nhat mét khung tham khao dai han thi s& khéng hiéu
qua. Xem xét van dé ndy, luan vian dé xuét giai phap cap nhat thich nghi khung tham khao
dai han.

Hinh 3.5 minh hoa mét vi du vé co ché cap nhat khung tham chiéu dai han trong d6
khung tham chiéu dai han méi dugc cap nhat dya trén dic tinh noi dung cua video giam
sat.

5 5
x -------- x
1 1
<4“—GOP1 —Mpe4¢— GOP2 —» 4— GOP —P<4¢—GOPn —M»

n-1
Hinh 3.5. Gigi phap ALRS

Xét tir GOP thir nhat dén GOP tha n-1, néu sy thay doi khong qua khéc biét, xét qua
thong so tong tri tuyét d6i sai khac (Sum of Absolute Differences - SAD) la mot thude do
tinh twong quan giira cac hinh anh, néu SAD nho hon ngudng nhat dinh thi khung tham
chiéu dau tién caa GOP 1 van duoc sir dung cho GOP n-1. Tiép theo, dén GOP th n, néu
khung hinh dau tién cua GOP n khi so véi khung tham chiéu c6 SAD 16n hon ngudng thi
LTR s& dugc thay thé bang khung hinh dau tién cia GOP n-1. Ly do la cac khung hinh gan
nhau thi s& c6 su twong quan 16n vé mat thoi gian do d6 khung hinh dau tién cia GOP duoc
chon. Piéu nay sé& duogc 13p lai twong tu cho cac GOP tiép theo cho ma hda chudi video.
Viéc lya chon ngudng sao cho phu hop s€ dugc noi dudi day. Mot thuat toan lya chon tham
chiéu dai han don gian dugc dé xuat sir dung tong chénh léch tuyét d¢6i (SAD) gitra khung
duoc ma hoa hién tai, F, va khung tham chiéu dai han caa nd, LTR,.

SAD dugc do bang cong thuc:

N-1
SAD, = ) |F,(i) - LTR,(0)| (5)
i=0

O day, i 1a chi s6 cua diém anh ciia khung ¢6 N diém anh trong khi t 1a chi sé cua khung
hinh trong chudi video giam sat. F, 1a khung dau tién cua mdi GOP trong video giam sat va
LTR, 1a khung tham chiéu dai han gan nhat duoc sir dung.
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Dé danh gia mbi tuong quan giita khung dau mdi GOP va khung tham chiéu caa no, sir
dung ngudng thich nghi, ngudng ban dau duoc khai tao nhu sau:

7
1
ThD, = = > |s4D)| (6)
=0

Vi céc khung hinh trong mot GOP ¢6 tinh twong quan vé mit thoi gian cao va do chi
sau it nhit 2 GOP thi LTR méi duoc cap nhat LTR mai nén gid tri sai khac trung binh cua
2 GOP nay s& duoc chon la ngudng khoi tao dé cap nhat LTR cho cac GOP tiép theo. Trong
co ché lra chon khung tham chiéu dai han, néu (SAD, > ThD,), khung tham chiéu gan
nhat s& duoc cap nhat 1a khung tham chiéu dai han cho khung hién tai va cac khung lién
tiép, ngudng mai duoc cap nhat bang gia tri SAD méi, nguoc lai néu (SAD, < ThD,), van
sir dung khung tham chiéu dai han hién tai.

3.5. Két qua giai phap SSVC

Dé danh gia giai phap SSVC duogc dé xuét trong chuong nay, bn video giam st phd
bién thu duoc tir b dit liéu PKU-SVD-A [13] dugc sir dung cho thi nghiém. Bang 1 trinh
bay tén va dic diém trong khi hinh 3.6 minh hoa cac khung dau tién cia cac video duoc sir
dung.

_ 7 AFLER RN Y~

/RN

—

Crossroad Intersection Mainroad Overbridge

Hinh 3.6. Khung dau tién cia cac video thiz nghiém
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Bang 1. Tong hop cde diéu kién kiém tra SSVC

1. Crossroad, 720x576
Tén va do phan giai cac video tuong 2. Intersection, 1600x1200
ung 3. Mainroad, 1600x1200
4. Overbridge, 720x576
Téc do khung hinh va sb khung hinh @30Hz, 297 khung
duogc nén
Nhém anh (Group of Pictures - GOP) Low delay P (IPPP...) (GOP4)
Tham sé luong tir (Quantization QPs = {38, 34, 30, 26)
Parameters -QP) QPe=QPgs-4
Phan ciing - Processor: Intel® Core i7 - 3.2 GHz
- RAM: 8.00 GB
- System: Win 10, 64-bit
- Environment: Microsoft Visual
Studio 2017

Hinh 3.7 minh hoa RD performance trong khi Bang 2 thé hién két qua tiét kiem BD-
Rate khi so sanh giai phap SSVC d¢ xuat voi chuan SHVC cho 4 chudi video giam sat.
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Hinh 3.7. So séanh RD performance véi trurong hop SSVC ¢6 cdp nhdt khung tham chiéu

dai hgn

Bang 2. Tiét kiém BD-Rate vdi SSVC

Chubi video SSVC-woUpd vs. SHVC | SSVC-wUpd vs. SHVC
Crossroad -1,08 -4,56
Overbridge -2,57 -6,15
Mainroad -1,79 -8,56
Intersection -0,69 -2,24
Trung binh -1,53 -5,38

Nhu thé hién trong Bang 2, ca SSVC-woUp (khéng cap nhat LTR) va SSVC-wUp (c6
cap nhat LTR) déu thu duoc hiéu ning nén tt hon khi so v6i chuan SHVC, trung binh BD-
rate saving la 1,53% va 5,38% tuong tng. Giai phap dung LTR trong chuong nay thu lai
két qua tot cho tat ca video duogc kiém thir, dic biét 1a video Mainroad vai it chuyén dong

va déi teong don.
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CHUONG 4. GIAI PHAP TREN DSVC

Mot sb chuin mé héa video nhu HEVC [2] va phan mé rong cua nd, SHVC [6] cha
yéu duoc thiét ké cho cac video thong thuong. Xem xét dic tinh tinh cta cac video giam
sét, C4c tac gia trong [15, 16] di dua ra mo hinh nén dya trén du doan thich nghi cho nén
video giam sat. Sau d6 c6 mét lwong 16n cac cai tién ma hoa video cho hé thong giam sét
duge duara [17 - 19]. Tuy nhién, vi cdu trac ma hoa video giam sat thuong dugc phét trién
dwa trén cac chuan ma héa video du doan thong thudng, vi du: H.264/AVC [4] hoic HEVC
[2], hiéu ning m3 héa cta né thuong di cung véi mic d6 tinh toan cao, vi thé phia ma hoa
rat phuc tap. Trong trudng hop nay, yéu cau do phirc tap ma hda thap cho hé thong video
giam sét co thé khong duoc thoa man. Ngoai ra, cac giai phap ma hoa video giam sét trudc
d6 [15 - 19] khdng kha chuyén vi chi m& héa mot 1op.

Trong béi canh nay, xem xét nhu cau ciia mot giai phap ma hoa video manh mé thuong
doi hoi hiéu qua nén cao, kha ning mo rong va do phic tap thap, luan vin da dé xuat mot
giai phap ma hoa video cd thé ma rong méi, duoc thiét ké dac biét cho dit liéu video giam
sat. Dé &n ma hoa video c6 thé mo rong cho giam sat duoc phat trién duwa trén su két hop
cua c4c tiéu chuan ma hoa video du doan truyén thong, HEVC va SHVC véi mé hinh ma
héa video phan tan mai noi [20]. Khi ciu tric ma hoa lép dugc théng qua, giai phap ma
hoa video phan tan kha chuyén cho hé théng giam sét dugc dé xuat, cu thé 1a (Surveillance
— Distributed Video Coding S-DSVC), ¢6 thé cung cap céc tinh ning mo rong theo thoi
gian va chat lugng. Ngoai ra, mot s6 cong cu ma héa ciing duoc giéi thiéu dé ting thém
hiéu suat nén cua giai phap S-DSVC duogc dé xuat.

4.1. CAu trac DVC

Pé hiéu hon vé DSVC, trudc hét ma hda ngudn phan tan duoc gidi thiéu vi day 1a nén
tang cho ma hoa video phan tan. M& hda ngudn phan tan dua trén hai két qua ly thuyét
thdng tin quan trong la dinh ly Slepian-Wolf va Wyner-Ziv.

Distributed video coding (DVC) la mét cach tiép can ma hoa khac, nham vao do phic
tap ma hoa thap tai phia ma héa va tranh 15i tai phia giai ma [20]. DVC duoc phat trién tir
2 dinh ly théng tin ndi tiéng, Slepian-Wolf [21] and Wyner-Ziv [22]. D3 ¢6 sy chii ¥ 16n vé
DVC trong nhiing thap ky gan ddy véi nhiéu dong gop dang ké, dang chii y 14 ca kién tric
ma hoa thuc té va cai tién cac cong cu ma hoa [23, 24]. Trong DVC, mdi twong quan thoi
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gian chi yéu duoc khai thac ¢ phia b gidi ma bang cach tao thong tin phu trg (Side
Information — SI) [25] trong khi phia bd ma hoa duoc thiét ké theo cach rat don gian. Do
d6, giai phap ma hoa nay rat hap dan ddi véi cac tmg dung mi héa video méi ndi, vi du:
mang cam bién hinh anh, hé théng gidm st va vién tham. Céc nghién ctru gan day ciing chi
ra rang DVC thuong phd hop dé ma hoa céc video ¢ nodi dung chuyén dong thap va tinh
[20, 26]. Nhu dugc danh gia trong [27], giai phap ma hoa thuc té DVC yéu cau do phuc tap
ma hda thip hon nhiéu so véi cac tidu chuan ma héa video di doan truyén thong, vi du,
H.264/AVC hoic HEVC trong khi cung cap kha ning phuc hdi 15i manh m& hon va mé héa
video hiéu qua hon.

Dinh ly Slepian va Wolf (1973) néi rang toc do ti thiéu dé ma héa hai nguon twong
quan, X va Y giéng nhu toc do téi thiéu cho joint encoding, diéu ndy c6 nghia 1a joint
entropy H(X,Y), vai x4c suat xuat hién 18i nho tly y cho céc chudi dai, voi dicu kién 1a
mbi trong quan cia chung duoc biét dén tai phia ma hoa va giai ma. Binh ly nay rat quan
trong vi ddy 1a lan dau tién thiét Iap ranh gidi ty 1é cho mot ma hoa riéng biét nhung giai
ma chung cua hai ngudn twong quan nhu duoc trinh bay trong cac bat dang thuc sau:

Ry 2H(X |Y),Ry = H(Y | X) (7)
Ry + Ry = H(X,Y)
& day H(Y | X) biéu thi entropy co6 diéu kién va H(X,Y) biéu thi joint entropy ctiia nguon
Xvay.

Tuy nhién dinh ly Slepian va Wolf chi dé cap dén truong hop ma hoéa khong ton that
ma khdng xem xét ddi voi cac giai phap ma hoa video thyc té do ty Ié nén thap lién quan.
Nam 1976, Wyner va Ziv [22] d@ md rong dinh 1y Slepian va Wolf sang treong hop nén co
t6n that. Binh Iy Wyner va Ziv n6i rang, d6i voi ngudn X ¢é thdng tin phu trg 1a Y ¢6 sin
& bo giai ma, tée do can thiét dé dat duoc mot bién dang nhat dinh khi mot sé thong tin bén
c6 san tai bo giai mé chi tuan theo Rxyy(D) < R{yfy, (D) trong d6 R x|yy(D) la toc do
thu duogc khi SI ¢6 sin & ca bo ma hoa va bo giai ma. Do d6, khi phu thudc théng ké chi
duoc khai thac tai bo giai ma, toe do téi thiéu dé truyén X ¢ ciing mot bién dang D c6 thé
tang hoic bang so véi treang hop phu thudc thong ké duoc khai thac & ca bo ma hoa va bo
giai ma (thuong dugc ap dung trong céc tiéu chuan ma hoéa video, vi du, H.264/AVC va
HEVC).

Hai dinh ly nay da mo ra cac co hoi méi cho cho ma hoa video hay con goi la ma hoa
video phan tan. Do viéc ma hoa dugc thuc hién doc 1ap va viéc giai ma thyuc hién két hop
nén du thura thoi gian chi duoc khai thac tai b giai ma thay vi b mé hoa, do d6 b6 mé hoa
¢ @6 phuc tap rat thap néu so voi ma hoa video truyén thng. Trong DVC, chudi X 14 théng
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tin goc, thong tin dugc ma hda Wyner-Ziv va chudi Y 1a thdng tin phu trg (S1). Théng tin
phu tro 1a mot du doan cia thdng tin chinh va duoc tao ra ¢ phia giai ma. Bo giai ma sé sir
dung thong tin phu tro ndy két hop vai mot sé thdng tin bd sung tir phia ma hoa gui dén dé
du doén ra théng tin chinh X (Hinh 4.1). Do d6, néu tuwong quan gitra chudi X va chudi Y
cang cao thi sé luong bit bo ma héa can giri sang cho bo giai ma cang it. N6i cach khac,
hiéu qua céac ky thuat tao thdng tin phu tro s& anh hudng déang ké dén hiéu ning tong thé
cua codec video phan tan hay con goi la codec video Wyner-Ziv (WZ).

. Parity bits e
— | M3 hoa Giaima ————p
X (Théng tin gbc) X' (Thong tin
duwoc giai ma)

Y (Thong tin phuy trg —SI)

Hinh 4.1. Phuong phap nén video phan tan vai théng tin phy tro

4.2. CAu trac DSVC

DSVC dé chi tat ca c4c giai phap ma hoa video ma ¢ dé co sir dung cac nguyén tac ma
hoa video phan tan ddng thoi van kha chuyén. Ciing giéng nhu cac hé théng ma héa video
lien 16p khac, DSVC gom moét 16p co ban (BL) va mot hoac nhiéu 16p nang cao (EL).

Nhom cac khung hinh (GOP) duoc thiét 1ap bang 2, nghia 1a cr mot khung hinh WZ
nam gitra hai khung hinh chinh. Mét trong nhiing tinh ning chinh ctia m hoa video c6 thé
mé rong thé hé mai 1a 16p co ban phai twong thich véi khdng chi H.264/AVC trude d6 ma
ca cac chuan H.265/HEVC nhu minh hoa trong Hinh 4.2 bén duéi. O phuong phap ma hoa
video DSVC nay, video ngudn duoc chia thanh 2 16p BL va EL. Tai phia ma hoa, dé c6 thé
tuong thich véi cac chuan ma hda video hién nay, thong thuong I6p co ban dugc ma hoa
bang cac chuan ma hda video truyén thong nhu H.264/AVC hay HEVC va 16p nang cao
dugc ma hoa theo nguyén tic ma hda video phan tan hay con goi 1a ma héa Wyner-Ziv
(W2Z). Sau dé cac ludng bitstream cua EL va BL duogc két hop va chuyén dén bo dém. O
phia giai ma, thong tin trong bo dém duoc tach thanh ludng BL va EL, sau d6 giai ma bang
c4c chuan twong tng nhu khi mi hoa.
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Hinh 4.3. B¢ ma héa DSVC

Hinh 4.3 thé hién qua trinh ma hoa trong DSVC. Pau tién, chudi video gbc s& dugc dua
qua module giam do phan giai dé tao ra cac khung hinh c6 d6 phan giai khéng gian nho
hon cho 16p co ban. Céc khung hinh 16p co ban s& duoc ma hda bang bo ma héa HEVC.
Péi vai 1op nang cao, qua trinh ma hoéa nhu sau:

- Chia tch khung: Cac khung EL dugc chia thanh cac khung WZ (WZ frame) va khung
chinh (Key frame) xen k& nhau. Céac khung hinh 1& la cac khung chinh con cac khung chan

la cac khung WZ.
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- B4 mad hoa SHVC: Céc khung chinh dwgc ma héa bang cach st dung bo ma hda
SHVC, chuan mé rong kha chuyén cua chuan ma hda video HEVC.

- M0 hinh nhiéu twong quan: Phuong phap ma héa video WZ thyc hién ma hoa sy sai
khac gitra thdng tin gbc tai bo ma hda va thdng tin phu trg dugc tao ra tai phia giai ma. Do
d6, ca bo ma hoa va bo giai ma can phai biét vé twong quan théng ké giira thong tin goc va
thong tin phu tro. Vi thé khdi nay thuc hién mé hinh héa nhidu twong quan giita khung hinh
WZ géc va khung hinh théng tin phy tro twong tng. Thong tin dau ra s& dugc giri téi bo
ma héa entropy dé ma héa cho khung hinh WZ.

- DCT: Dé khai thac du thira khdng gian, cc khung hinh WZ sé& duoc bién d6i DCT dé
tao ra cc ma tran hé sb twong ung.

- Luong tir hoa: Dé loai bo du thira khong gian va tan dung cac dic diém cua thi giac
nguoi, cAc ma tran hé s6 DCT duoc dua qua bd lugng tir hoa vai cac hé sé lugng tir tly
theo chat lugng mong mudn.

- M4 hoa entropy: Bé ma hda nay thuc hién ma hoa cac hé s6 DCT da luong tir hoda c6
sir dung thong tin tir khdi md hinh héa nhiéu twong quan. B ma hoa nay c6 thé 1a bo ma
hoa kénh hodc bo ma hoa syndrome tily thudc vao cac cach tiép can khac nhau.

B. Qua trinh giai ma

KhungWzZ | Giaima IDCT Qfl
entropy

f A

Két hop

5 i Tao SI -
Luéng bit EL : khung —>

4 A
Khung chinh | B{ giai ma
SHVC

| I

Y

Y

Ludng bit BL
_| B giai ma
HEVC

\j

Hinh 4.4. B¢ giai mad DSVC

Kién tric bo giai ma DSVC duoc mo ta trong Hinh 4.4. Trude hét, ludng bit co sé duoc
giai ma boi bo giai ma HEVC. Ludng bit nang cao duoc chia thanh cac khung hinh chinh
va khung hinh WZ. Cac khung hinh chinh dugc giai ma boi bo giai md SHVC. Cac khung
hinh WZ dugc giai ma nhu sau:
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- Tao SI: Thong tin phu trg dugc coi nhu mot phién ban nhiéu caa thong tin géc. N6
duoc tao ra dua trén cac thong tin sin co & phia giai ma. Trong kién trdc DSVC lién 16p
khong gian, thdng tin phu tro ¢é thé dugc xay dung dia trén cac khung hinh chinh trudc va
sau va cac khung hinh twong trng ¢ 16p co ban.

- Giai m4 entropy: thuc hién giai ma thong tin gbc bang céach sira sai théng tin phu tro
dua trén cac théng tin nhan dugc tir phia ma héa gui toi.

- Q' va IDCT: Sau khi giai ma entropy, thong tin duoc tai tao bang cach giai luong tir
va bién dbi DCT nguoc.

- Két hop khung: Céc khung hinh WZ va khung hinh chinh dwgc hop nhat véi nhau tao
nén I6p nang cao.

4.3. D& xuat trén DSVC

Thanh tuu nghién ciu hién tai caa cac tiéu chuan ma hoa video kha chuyén kha han
ché, dang chu y 1a trong cac tng dung da phuong tién mai ndi nhu mang cam bién hinh
anh, hé théng giam sat video va truyén khéng gian tir xa, thudng yéu cau tiéu thy ning
lugng thap phia ma hoa video dé st dung trong thoi gian dai va kha niang chiu 15i cao, nhan
video lién mach. B¢ giai quyét van dé nay, luan vin nay dé xuat mot giai phap ma hoa video
kha chuyén phan tan (S-DSVC) thé hé méi, két hop tiéu chuan H.265/HEVC gan day nhat
v6i mo hinh ma hoéa video phan tan (DVC) day hira hen. S-DSVC duoc dé xuat nham muc
dich sir dung hiéu qua ma hoa cua ca H.265/HEVC va DVC dé dap tng muc tiéu thy nang
luong thap va kha niang chiu 15i cao.

4.3.1. Kién truc S-DSVC

Hinh 4.5 minh hoa kién trlic cia giai phap ma hoa video giam sat dugc dé xuat, trong
d6 cac thanh phan ma héa phan tan méi dugc 1am ndi bat. Cach tiép can dugc dé xuét ciing
tuan theo cach tiép can ma hoa lién 16p dé cung cap tinh niang mé rong. Khéi niém méa hoa
phén tan duoc st dung & c&c 16p nang cao trong khi mé hinh mé hda video du doan, dang
chu y 1a HEVC dugc st dung & 10p co ban. Bé dat duoc yéu cau do phic tap tinh toan thap,
ca hai 16p co ban va 16p nang cao déu duoc mi hoa Intra; do d6, ddn dén do phuc tap tinh
toan thip & phia bo ma hoa.
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Video géc

- Tao M3 héa _| Gidima Téi tao L)
Syndrome Syndrome "| Ssyndrome Syndrome A
. A £ n X
' Mise B V¥
EL Xg I Nisg | K | ELtditao
> Tach chudi [ | M6 hinh Teodu | M&hinh Gop chudi ——»
twong quan thira SI twong quan 7Y
A f
Khung
chinh _ | BOma hda | Bo gidima
| SHVC Intra "| SHVC Intra
BL | Bomahoa | Bogiaima X, BLtaitao
"l HEVClntra "] HEVClIntra
B ma hoa S-DSVC B gidi ma S-DSVC I

Hinh 4.5. Cdu tric S-DSVC

Y tudng co ban cua giai phap duoc dé xuat la phan EL du thira dwoc ma hda khai thac
mét s6 tuong quan thoi gian theo cach phan tan [20], va do d6 chi 1a mot phan cua EL du
thira khong thé wdc tinh dugc bang cach tao thdng tin phu trg bén b giai ma (SI), dwoc ma
hoa va giri dén bo giai ma. Bé tranh giri thong tin co thé dugc suy ra tai bo giai ma, md hinh
tuong quan (Correlation model - CM) xac dinh sb luong bit it quan trong nhat, phan khac
nhau gitta EL du thira va SI dugc ma hoa va truyén di.

Déi vi ma hoa EL, cach tiép can DVC da duoc sir dung trong phuong phap duoc dé
Xuat, trong d6 cac khung video dau vao dugc chia thanh hai phan: khung chinh va khung
WZ nhu trong Hinh 4.5. Trong phuong phap ndy, cic khung chinh dugc ma hoa bang
SHVC thong thuong [6] trong khi cac khung WZ duoc ma héa bang cach sir dung tao
Syndrome, ma héa Syndrome va moé hinh twong quan. Tai b giai ma, dong bit nhan duoc
duogc xir Iy dé thu duoc dit liéu video gc bang céch giai ma Syndrome, tai tao Syndrome,
mo hinh tuong quan va tao théng tin phu tro (SI). Trong so d6 ma héa nhu vay, céc tinh
nang phuc tap thap caa DVC mét lan nita duoc khai thac hiéu qua trong phuong phap nay
trong d6 ca khung chinh va khung WZ dwuoc ma héa bang céch sir dung phuong phap ma
hoa Intra don gian va truyén; do dé, khéng c6 udc tinh chuyén dong phic tap nao dugc
thuc hién tai bo ma héa S-DSVC dugc dé xuat [24].
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Tom lai, chudi cde budc ma hda EL c6 thé duroc tom tat 1a:

E1)

E2)

E3)

E4)

Tach chudi: Dau tién, cac khung EL dugc chia thanh cac khung chinh va WZ. S
lwong khung WZ giita hai khung chinh lién tiép dugc xac dinh béi kich thude GOP.
Puong nhién, kich thuéc GOP 1a 2 thuong duogc st dung do su can bang giita hiéu
qua nén va yéu cau do tré giai mi cua video.

Tao Syndrome: Béi voi cac khung WZ, phan thdng tin EL du dugc tao bing cach
trir khung giai ma BL tir khung gbc. Phan du nay sau d6 duoc bién d6i véi bién ddi
cOsin roi rac s6 nguyén (DCT) va dugc luong tir vo hudng véi kich thude bude
lwong tir hoa EL dé tao ra du luong luong tir EL. Trong giai phap S-DSVC duoc dé
xudt, chi mot phan du lwong tir EL, duoc goi 1a Syndrome, dugc mé hoa va giri dén
bd giai ma. Kich thudc Syndrome duoc dic trung chu yéu boi sy trong quan gitta
du lugng ban dau va du lugng Sl dugc tao ra tai bd gidi ma.

Mo hinh twong quan (CM): Bé nén hiéu qua du luong EL, mdi twong quan giita du
lugng EL gdc va du luong Sl phia giai ma dugc wéc tinh ¢ bude nay. O ddy, mirc
d6 twong quan dugc xac dinh thong qua mot sb bit co ¥ nghia nho nhat, n, g, can
dugc truyén dén ngudi nhan. Trong dé xuat ndy, n,gp c6 thé dugc tinh twong ty nhu
dugc trinh bay trong [28].

M4 hoa Syndrome: Syndrome dugc tao ra tir budc trude s& duge nén bang cach sir
dung giai phap ma Context Adaptive Binary Arithmetic Coding (CABAC) nhu trong
céc tiéu chuan ma hoa video du doan nhu H.264/AVC va HEVC.

Tai phia thu, chudi cdc buéc giagi ma EL bao gom:

D1)

D2)

D3)

Giai ma Syndrome: Pau tién, Syndrome EL nhan dugc dugc giai ma bang cach st
dung giai phap giai ma Context Adaptive Binary Arithmetic Decoding (CABAD).
Syndrome 1a mot phan quan trong cta thong tin ban dau khong thé udc tinh dugc &
bd giai ma su dung gidi phap tao thong tin phu trg (SI) duoc trinh bay trong budc
tiép theo.

Tao du thira Sl: Sl 1a phién ban nhiéu cua thong tin gbc c6 thé dugc tao & phia bd
giai ma. Puong nhién, chét lvong SI cao hon, bitrate thip hon 12 can thiét dé giri dén
bo giai ma. Do d6, chat luong SI dong vai tro cuc ky quan trong trong giai phap S-
DSVC duge dé xuat. Xem xét mdi twong quan thoi gian cao giira cac khung lién tiép
trong chudi video giam sat, trong bai viét nay dé& xuit mot giai phap tao SI hiéu qua
nhu duoc mod ta trong muc nhé tiép theo.

Mob hinh hoa tuong quan: Tuong tu nhu bd ma héa, mé hinh twong quan dugc tién
hanh trong bd giai mi ciing nham muyc dich wdc tinh mdi twong quan giira khung
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gbc va du luong SI. Mbi twong quan ndy ciing dugc thé hién théng qua mét sb luong
bit c6 y nghia va dugc tinh toan nhu ¢ phia bd ma hoa.

D4) Tai tao Syndrome: Cudi cung, thong tin EL duoc xay dung lai bang cach sir dung
Syndrome dugc gui tir nguoi nhan va du luong SI dugc tinh toan tai bd giai ma. bé
dat duoc khung EL chét luong cao nhat, mot giai phap téi cu tric thong ké nhu
dugc trinh bay trong [29] dugc ap dung.

4.3.2. P& xuit tao khung SI

Dé tao khung SI, luan vin dé xuat mot so d6 mai, cu thé 1a Loc thoi gian bu chuyén
dong (Motion Compensated Temporal Filtering - MCTF), ¢6 thé khai thac hiéu qua tinh
tuong quan thoi gian cao gitra hai khung chinh EL lién tiép duoc dic trung cho video gidm
sat. Hinh 4.6 cho thay so d6 MCTF duoc dé xuat trong d6 cac khung dau vao bao gom
khung BL hién tai da giai mé, khung giai ma EL trudc va sau, X5, X/, X2, twong ing.

- .
— ) ¥ — " | =
X U’dcn,lu’ng BU chuyén MCTF [ J

& , chuyéndong > 46 ] |
o ong \

hai chiéu '

X/ (lr-ﬂ — / |

=" L— L
a) Soddo MCTF b) Uéc luong chuyén dong 2 chiéu

Hinh 4.6. So d6 MCTF dé xuat

Nhu duoc trinh bay trong Hinh 4.6, mi twong quan thoi gian duoc khai thac dé cai
thién chat luong khung BL bang céch tim su dich chuyén cua ting khéi BL (chat luong
thap hon) trong hai khung EL (chit lwong cao hon), sau d6 1dy trung binh céc khéi EL dich
chuyén va khéi BL dé dat duoc khung S cudi cuing. Do d6, MCTF c6 thé duogc thyuc hién
nhu sau:

o Ubc luong chuyén déng hai chiéu (Bi-directional Motion Estimation - BiME):
Budc nay nham tim mét tap hop cac vecto chuyén dong (Motion Vector — MV) thé
hién tSt chuyén dong cua timg khdi BL duoc giai ma X5 ddi v6i khung EL phia sau
da giai ma, X2 va khung EL phia trudc di giai ma, X g . BIME s¢ tao ra mét cap MV

d6i xtmg, mot MV chi vao X2 va mot MV khac chi vao X Ef .
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e Bu chuyén djng (Motion compensation - MC): Sir dung cic MV thu duogc tir buéce
trudc, hai tmg cir vién wéc luong SI (X g (i + mv), X2(i —mv)) bang cach thyc
hién bu chuyén dong dua trén hai khung tham chiéu EL trudc va sau. Tiép theo,
trung binh uéc luong bu chuyén dong nay va khung BL dugc tinh dé thu dugc khung
MCTF SI, Yy,crr, nhu sau:

1 . o
Vurcre () = 5 [R20 — 705) + K50 + K (0 + 7)) @)

trong d6 i 1a khdi thir i trong khung.

Nhu dugc xac dinh trong (8), khung MCTF SI, Yycrr, duoc tao ra khong chi tir BL
d4 giai md ma con tir bu chuyén dong hai khung c6 ngudn gdc tir cac khung dugc giai ma
EL phia trudc va phia sau dé xem xét ca trong quan khong gian va thoi gian. Diéu nay c6
thé dam bao chét lwong Sl tét ngay ca khi khung giai ma BL c6 chat lwong thap hon.

4.4. Két qua
4.4.1. Cac diéu kién thir nghi¢m

Viéc danh gia hiéu ning cho giai phap S-DSVC duoc thyc hién dbi véi sau video
giam sat thu duoc tir bo dir lieu PKU-SVD-A [12, 13]. Hinh 4.7 cho thay cac khung dau
tién cia cac video giam sat duoc thir nghiém trong khi Bang 3 tom tat mot sé dic diém
chinh cua ching va cac tham sé lugng tir hoa duoc sir dung dé nén khung BL va EL. Nhu
thuong 18, két qua duoc trinh bay cho thanh phan do chéi va véi tat ca cac khung (khung
BL, khung chinh EL va khung WZ EL).

s " B e
Crossroad Office Overbridge
Hinh 4.7. Khung dau tién cia cac video thiz nghiém
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Bang 3. Piéu kién thiz nghiém S-DSVC

Kich thuéc, tc d6 khung hinh, | 720x576, @30Hz,
s6 khung duoc nén

201 frames

Kich thuéc GOP

2 (Key-WZ-Key-.

)

Théng sé lugng tr

QPe=QPs -4

QPs = {38;34;30;26}

4.4.2. Panh gia hiéu ning

Nhu d3 dé cap & trén, trong nghién ciru ma hoa video, RD performance thudng duoc
st dung dé danh gia mot giai phap ma hoa video méi. Trong bbi canh nay, hai chuan ma
hoa video giam sat phii hop nhat duoc so sanh vai giai phap S-DSVC dugc dé xuat, dang

chay 1a giai phap SHVC-intra [6] va giai phap HEVC-simulcasting. Can luu ¥ rang, SHVC-

intra duoc thuc hién bang céch nén dit liéu video giam sat bang phan mém SHVC [30] va
cau hinh ma hoa Intra trong khi HEVC-simulcasting duoc thuc hién bang cach nén dir liéu
video giam sat bang phan mém HEVC [31] va véi hai 16p doc 1ap. So sanh RD performance
dugc hién thi trong Hinh 4.8 trong khi Bang 4 thé hién mac tiét kiém BD-Rate [32] khi so

sanh giai phap dé xuat S-DSVC véi cac chuan lién quan.

Bdng 4. Tiét kiem BD-Rate S-DSVC

Chubi video SHVC-intra vs. S-DSVC vs. HEVC- | S-DSVC vs. SHVC-
HEVC-simulcasting simulcasting intra

Bank -32,85 -39,19 -9,04

Campus -28,93 -38,54 -941

Classover -28,93 -36,83 -10,58

Crossroad -34,58 -38,62 -5,93

Office -32,41 -37,08 -6,55

Overbridge -34,14 -40,56 -9,46

Trung binh -31,97 -38,47 -8,49
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Hinh 4.8. So sanh RD performance S-DSVC

Tur két qua thu duoc, ¢d thé rat ra mot sb két luan:

Bitrate[Mbps]

40
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N
o
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30

0
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40 50

e Nhu duoc hién thi trong Hinh 4.8 va Bang 4, giai phap S-DSVC duoc dé xuét vuot
troi dang ké so voi tiéu chuan HEVC-simulcasting véi muc tiét kiém bitrate khoang

38,5% trong khi van duy tri chat lugng twong tuy.

e Dat dugc hi¢u ndng nén cao hon cho cac chudi video chtra it chuyén dong hon, vi
du: Overbridge va Classover. Diéu nay 1a do viéc tao thong tin phu tro bén trong
ciu trac ma hoa duoc dé xuat thuong hoat dong t6t d6i voi ndi dung video chuyén

dong thap, do d6 mang lai hiéu qua nén cao cho giai phap S-DSVC duoc dé xuét.

e S-DSVC duoc dé xuit cling dat dugc muirc tdng nén tdt hon khi so sanh véi tiéu

chuan SHVC thong thuong, dang chui ¥ 1a véi muc tiét kiém bitrate khoang 8,5%.

4.4.3. Panh gia d¢ phirc tap S-DSVC

Trong phan nay, chang t6i danh gia sy phic tap lién quan dén kién tric S-DSVC duoc
dé xuat ciing nhu so sanh véi tiéu chuan SHVC néi tiéng. Dé dat dugc ddi tugng nay, thoi
gian xu 1y [gidy] dugc sir dung nhu mot dai dién cho d6 phuc tap tinh toan cua tung giai
phap m& hoa. Cau hinh cia may tinh duoc sir dung dé thir nghiém dugc chi dinh trong Bang

5.
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Bang 5. Cau hinh phdn citng d@é thir nghiém S-DSVC

e Processor: Intel® Core™
i7-4800MQ @2.7 GHz

e RAM: 8.00 GB
e System: Win 10, 64-bit

e Environment: Microsoft
Visual Studio 2017
Community

Hardware
configuration

4.4.3.1. Phan tich thanh phan S-DSVC

Nhu d4 thao luan, trai nguoc VGi cac tiéu chuan ma hda video dy doan théng thudng
[3, 4], S-DSVC duge dé xuat chuyén mot trong nhitng phan phuc tap tinh toan nhat, wéc
tinh chuyén dong, sang phia b giai ma. Piéu nay din dén mot giai phap ma hoa video phic
tap thap. B¢ hiéu duoc hiéu tng nay, luan vian da do luong va so sanh do phuc tap lién quan
dén tirng mat ma hoa (bo ma hoa va bo giai ma) cho codec S-DSVC duoc dé xuat. Hinh 4.9
cho thay su so sénh gitra cac qua trinh ma hda va giai ma cho sau video giam sat duoc thir
nghiém.

S-DSVC Processing Time
1800 | I Fncoding Time
Decoding Time
1600 ] ng i

1400 -

1200 -

1000

800

600 -

Processing Time [s]

400 -

200 -

Bank  Campus Classover Crossroad Office Overbridge

Hinh 4.9. So sanh thoi gian ma héa va giai ma

Nhu duoc hién thi, d6 phtc tap tinh toan lién quan dén phia bo ma héa thap hon
nhiéu so véi phia bo giai ma. Bé hiéu 16 hon vé do phuc tap tinh toan lién quan dén tung
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cdng cu ma hoa cua giai phap S-DSVC duoc dé xuat, phan tich do phirc tap cho tirng thanh
phan duoc thuc hién cho ca bo ma hoéa va bo giai mé va duoc hién thi trong Hinh 4.10 va
Hinh 4.11, twong tng.

Bank Campus Classover
16%

14% _ 13%

6%

67%

Crossroad Overbridge
17% o 14% 19% 16% _ 13%

“% “% “2 %

68% 65% 69%

Hinh 4.10. Thoi gian m& hda — céc thanh phan

10

Bank <1% 1% Campus <19 .,Classover . 4

2% g 2% % s
[_Icm
ElIDsI

BlRec 92% 92% 91%
BlINSQ
Bl oCT
2% Crossroad . 1o, 2%Qffice < 1% Overbridge < 1%
o Lross <1% oo e 1% 9 .
2% 4% o— o 29 4%

92% 92% 92%

Hinh 4.11. Thei gian gigi md — Cac thanh phan

C6 thé thiy rang trong qua trinh ma héa, Luong tir hda (Quant) tiéu thu phan trim
thoi gian xir 1y cao nhat, khoang 60-70% va tiép theo 1 Bién doi Cosine rdi rac (DCT), M
hinh twrong quan (CM) va Luogng tir vé hudéng 16ng nhau (NSQ).
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O phia bo giai m&, Thong tin phy tro phia bo giai ma (DSI) tiéu thy ty 18 phan trim
xur Iy cao nhat, véi khoang 90%. Diéu nay chu yéu 1a do sy phic tap cao - qué trinh wdc
tinh chuyén dong caa DSI. Céc thanh phan khac, mé hinh twong quan (CM), nghich dao
DCT (IDCT), tai cau trdc (Rec) va ngich d4o luong tir vo huéng 1ong nhau (INSQ) tiéu thu
it hon 10% thoi gian giai ma tong thé.

4.4.3.2. S-DSVC so véi SHVC

Mot trong nhirng lgi ich chinh cua giai phap S-DSVC 1a d6 phc tap tinh toan lién
quan dén phan ma héa. Bé chang minh su tién bo nay, ching tdi so sanh thai gian ma hoa
[gidy] cua S-DSVC dugc dé xuat véi diém chuan SHVC. Thi nghiém nay duoc thuc hién
trong sau chudi video thir nghiém va dugc hién thi trong Hinh 4.12.

Encoding Time Comparison

Bl s-DSVC
BsHvC
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T

4000 1

w
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o
o

Processing Time [s]
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[¢)] o
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o o

2000 -

1500 -
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Hinh 4.12. So sanh thoi gian ma héa

Nhu c6 thé thiy trong Hinh 4.12, d6 phuc tap lién quan dén giai phap S-DSVC duoc
dé xuat thap hon nhiéu so véi tiéu chuan SHVC, dang chi y 1a giam khoang 60% thoi gian
mi hoa. Tinh ning quan trong nay lam cho giai phap S-DSVC dugc dé xuat phi hop véi
mét s6 lugng 6N cac tng dung giam sat video, thuong bi han ché béi nguon va ning luong.
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Luén vin nay trinh bay céc giai phap ma hoa video kha chuyén dé nén noi dung hinh
anh cho hé thdng giam sat. Mot giai phap ma hoa video kha chuyén cho hé théng giam sat
dugc xay dung trén nén chuan SHVC va khai thac dic tinh chuyén dong thap cua video
giam sat thong qua co ché lya chon tham chiéu dai han thich ¢ng. Theo danh gia, SSVC
dugc dé xuat vuot troi dang ké so véi tieu chuan SHVC. Trong tuong lai ¢6 thé xem xét dé
cai thién hon nira tinh chinh xac cia co ché luya chon tham chiéu dai han hoic tao ra mét
giai phap ma hoa video giam sat tét hon dé tinh dén chat lugng cua khung tham khao dai
han cho giai phap SSVC.

Ngoai ra giai phap S-DSVC theo cach tiép can ma hoa theo 16p trong khi két hop
hiéu qua gitra ma hda video du doan va phan tan cling mang lai hiéu qua cao khi so véi cac
chuan ma hoa lién quan. Phuong phap ma héa phan tan dugc sir dung dé nén dix liéu 16p
nang cao trong khi tiéu chuan HEVC duogc str dung dé nén dit liéu caa lop co ban. Giai
phap dugc chon nay c6 thé khai thac mdi trong quan thoi gian gitra cac khung video giam
sét tai bo giai ma dong thoi dam bao kha ning twong thich ngugc véi HEVC ndi tiéng &
16p co ban.
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