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TOM TAT— Bii béo nay dé xudt mét phwong phdp cdi tién qudn Iy hang doi tich cuc Blue dé cai thién chat heong truyén video trén
moi truong mang IP. Chung toi da s dung phuong phdp diéu chinh xdc xudt danh dau (logi bo) goti tin trong giai thudt quan ly
hang doi tich ciee Blue dé lam gidm xdc sudt mat goi tin dang video trong cdc ung dung truyen video trén mang. Sir dung cong cu
mé phéng NS-2 d@é kiém nghiém trén cdc mau video chudn mpeg cho thdy chat liong truyén video di dwoc cdi thién ddng ké.

Tir khéa — Video, QoE, BLUE, AQM (Active Queue Management)..
I. GIOI THIEU

Hién nay, chit lugng dich vu QoS (Quality of Service), va chat lwong trai nghiém QoE (Quality of
Experience)[1] ngay cang tro thanh mot van dé rat dugc quan tAm trong cong nghé thong tin va truyen thong, dac biét
1a trong cac ng dung truyen video trén mang IP. Trong linh vyc g dung truyén phat video, dé c¢6 kha nang dap ung
yéu cau cua nguoi dung cudi thi viéc dam bao QoS va QOE 1a yéu cau bét buc. Trong bai bao nay chiing 61 d& xuat sir
dung hang doi tich cwe BLUE véi cac cai tién vé danh diu xac suit hay loai bo goéi tin nham cai thién chét luong trai
nghiém trong truyén video trén mang IP. Phan con lai ciia bai bao dugc trinh bay nhu sau: phan II. trinh bay ky thuat
ma hoa video va cac van d& vé dam bao chat luong dich vu QoS va chit lugng trai nghiém nguoi ding QoE. Phan 111,
trinh bay vé hang doi tich cyc BLUE [2], Phan IV gioi thiéu hai giai thuat BLUE cai tién giai phap diéu chinh xur Iy
Xac suat trude, va giai phap dleu chinh xur ly xéc suat sau. P4i sanh higu qua cta giai phap xir 1y trudce va xir 1y sau trén
mot s tham sd QoS ty 1¢ mat goi tin, mat goi tin video, va d6 do chat lugng video chu quan 4nh xa véi mot tham sb
trai nghiém QoE dién hinh MOS dé rut ra két luan cua bai bao.

II. PAM BAO CHAT LUQNG TRONG TRUYEN VIDEO TREN MANG IP
A. Ddc trung ky thudt nén video

Dir liéu video dugc tao thanh tir cac khung hinh video. Nén lién anh str dung tinh chét tuong tu gitta cac anh ké
tiép. Trong truong hop don gian nhét mdi khung hinh video Iuu trit mot hinh anh dugc hién thi trong thoi gian phat
khung hinh (bang nghich dao cua téc d6 khung hinh) trén man hinh. Tuy nhién, c¢6 mét sy twong quan manh mé gitra
cac khung hinh anh lién t1ep boi vi nhiing canh — scence - thuong thay d6i cham theo thoi gian. Vi vay, truyén mdi
khung hinh dc 1ap voi tat ca cac khung 1an cin cua no rét lang phi — cac khung hinh ké tiép mang nhiéu thong tin du
thira khong can thiét. B6 ma ho4 video hiéu qua s& loai bo sy du thira ndy va lam giam kich thudc (s6 byte) cua video.
V6i phwong phap mi hoa lién khung hinh mét chudi video c¢6 3 kiéu khung hinh: khung hinh I (khung chinh), P (khung
hinh du doén) hodc B (hai chiéu) trong d6:

= Khung hinh | (Intra-picture): 1a khung hinh chi sir dung nén trong anh, mang thong tin vé mot khung hinh
hoan chinh. Khung hinh I cho phép truy cap ngau nhién, c6 do nén thap nhat.

= Khung hinh P (Predicted-picture): khung hinh dy doén trudc, 1a khung hinh dwgc ma héa c6 bu chuyén dong
tur khung I hodc khung P trudce do.

= Khung hinh B (Bi-directional predicted picture): khung hinh du doan hai chiéu, 1a khung hinh dugc ma hoa sir
dung bu chuyén dong tir cac khung hinh I hodc P trudce va sau. Cac khung hinh B cho hé sé nén 1a cao nhét.

Trat tu xac dinh va tan s6 xuét hién cua cac khung I, P, B trong céac tap tin video. I-frame, xuét hién déu dan tai
cac doan, phén chia cac doan video thanh "Nhom céac hinh anh" hay GoP (Group of Picture). Khung hinh I dugc ma
hoéa mét cach doc 1ap voi cac khung hinh khac va vi vay n6 céd thé duoc giai ma mot cach doc lap. Khung P-frame dugc
mi hoa bang cach luu trir delta giita khung hinh trude va khung hinh dang duge méd héa, béi vay viée giai ma mot
khung hinh P phu thudc vao sy chinh xac trong viéc giai méa cac khung hinh trude d6. Mot khung hinh B-frame duoc
ma hoa dua trén cac khung I va P ¢ mi hoa thanh cong trude d6, do do viéc giai ma mot khung hinh B (B-frame) bét
budcyéu cau khung hinh I hodc P phai dugc giai ma mot cach chinh xéc.

Tir céu trac mad hoa phan cép cia MPEG, mdt khung hinh video c¢6 thé dugc coi khong giai ma dugc
(undecodable) truc tiép hodc gian tiép. Undecodable truc tiép ctia mot khung cho biét/chi ra rang khong 6 du cac goi
dir liéu ctia khung hinh video nhan dugc dé giai ma cac khung hinh d6. Mt khac, undecodable gidn tiép mot khung
hinh video s€ x4y ra khi mot khung dugc xem la undecodable bdi vi mot s6 khung né phu thude vao truc tiép
undecodable. Sy phu thuc cta khung hinh P va B vao cac khung hinh khac khi giai mi c6 nghia 1a néu c6 bt ky
khung hinh nao ma khung P hodc B phu thudc vao, ma khong dugc gidi ma boi bén nhan, thi khi d6 né khung P hoac B
nay ciing s& khong thé giai ma. Vi du, néu khung I bi mat, thi khi d6 tit ca cac khung khac trong GoP ciing khong dwoc
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giai ma. Khung phu thugc s& dong mot vai troé quan trong khi thiét ké bo giai ma gia dé phan tich chat luong video.
Anh hudng cua sy phy thudc khung, I, P va B dugc minh hoa trong hinh 1[5]; viéc mat di mot khung hinh I hay P s€
gdy anh hudng trong toan by GoP. Do vay mic du ty 1¢ mét goi tin thap 5% van co thé giy ra mot ty 1¢ ton that 1on dén
xap xi 30% trén cac khung hinh [3].
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Hinh 1. Sy phu thudc khung hinh trong ma héa video
B. Pé do chit lwong trii nghi¢m video

Do do PSNR. (Peak signal-to-noise ratio) dugc xem nhu mot trong cac d§ do khach quan nhét dé do chat luong
truyén video qua mang [1,7, 8, 9]. Theo huéng tiép can nay thi cam nhan cua con ngudi dwoc phan 1am nam mirc khac
nhau. Trén mdi mirc, chat lugng video s& dugc tinh theo mot cong thirc khac nhau, cin ctr vao gia tri tinh duge ma chat
luong video s€ dugc danh gia la thudc vao ngudng nao. DI nhién viéc anh xa cdc muc nay vdi cac khoang gia tri do
dugc can duoc nghién ciru trude thong qua thong ké. Phuong phap ndy dya trén co s¢ xac dinh ti s gitra tin hiéu dinh.
Cong thirc (2.1) dinh nghia PSNR giita thanh phan d6 chéi Y cua anh ngudn S va anh dich D.

\

peak

1 Neoy Nrow L. -
\/ Yo (i, J) = Yo (0, TP
NcoINr ow i=0 j=0 (21)

PSNR(n) 5 = 20l0g,,

Vpeak = 2k — 1.Trong d6: k 1 s6 bit ma hoa mot diém anh.
Mau s6 trong cong thire (2.1) 1a sai s0 binh phuong trung binh MSE (mean square error) gitra khung hinh guri va
khung hinh nhén, tinh tong cho tat ca cac diém anh trong khung hinh va NNy 18 s6 di€m anh trong khung hinh.

C. QoS va QoE trong truyén video

Dé dam bao chét luong truyén dan tin hiéu hinh anh video dén céac thiét bi dau cudi cia khach hang, cac nha
cung cap dich vu phai tudn theo cic tiéu chuin QoS. Tuy nhién, déi voi (g dung truyén video trén mang IP, ngoai
QoS con mot yéu té quan trong khac dé danh gia kha ning cung cap dich vu tot dén mirc nao ciia nha cung cép dich vu
dén voi nguoi st dung, do 1a QoE: chét lwong trai nghiém (Quality of Experience). QoE la nhan xét chi quan cua
ngudi dung cubi danh gia vé dich vy ho dang sir dung.

D. Cac tham sé chit luong dich vu trong mang IP

Theo lfhuyén nghi 1.380 ITUT dinh nghia mot s6 tham sb danh gia hiéu nang truyén goi tin IP gdm: Tré truyén
goi IP, ty 1€ 161 g6i tin IP, ty 1€ ton that gbi IP .

- Tré truyén gbi tin IP IPTD (IP Packet Transfer Delay): con duoc goi la tré dau cudi t6i dau cudi (end to end)
hoac tré mang, la thoi gian 1 goi tin truyén tir dau phat dén dau thu. IPTD thuong dugc hicu la tre trung binh (mean
delay) cua céc goi tin truyén qua mang IP.

- Bién dong tr& goi tin IP IPDV (IP packet Delay Variation): bién dong tré clia cac goi tin, duoc dinh nghia 1a
khoang chénh 1éch v€ d tre cua cac goi tin. C6 nhiéu phuong phap dé tinh IPDV, don gian nhat la lay chénh 1éch gitra
d6 tre 1om nhat va @6 tre nho nhat (dugc dung dé tinh IPDV trong khoang thoi gian ngén).

IPDV = IPTDpax — IPTDpin (2.2)

- Ty 18 13i goi tin IP IPER (IP Packet Error Ratio): 14 tham sé tinh theo ty 1& cac goi tin IP 13i trén tong s6 goi tin
IP nhan duoc:
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N
IPER=— ¢ (2.3)
) N Nerr + Nsuc
Nerr: s6 luong goi tin 161
Nsuc: SO lugng géi tin nhan dugc thanh cong (successful).
- Ty 1¢ ton that goi IP IPLR (IP Packet Loss Ratio): Ty s6 cac goi tin bi mét trén tong cac goi tin da truyén di.
N
IPLR = —9SS. (2.4)
Ntran

Nioss: so g0i tin bi mat (t6n thit)
Nyran: 6 g0i tin truyen di.

Ty 1& ton that g6i anh huong boi chét luong két ndi, cac ung dung trén IP thuong tinh trén 3 khia canh anh
huong cua ti 16 mat goi: gid tri ngudng, dung sai va anh huong cua ti 1¢ mat goi ddi v6i hidu nang tng dung. Goi tin
mat thuc te con phuy thude vao cac yéu t6 khac nhu co ché sira 18i ¢ phia truge - FEC hodc giao thire stra 101 lop trén.

- Ty 1& sap xép lai cac géi tin IP IPRR (IP Packet Reordering Ratio): viéc sip xép lai xay ra khi co su ton that géi tin
TCP, IPRR duoc dua ra dé danh gia tong sé goi bi mat dbi véi TCP.
E. Chét lupng trii nghi¢m QoE (Quality of Experience)

Theo tiéu chi ky thuat ITU P.10/G100 , QoE la “su chip nhan toan dién mot ung dung hay dich vu theo nhén
Xét chu quan cta ngudi ding” duge ITU dinh nghia. Mot cach don gian nhét, chit lwong trai nghiém QOE la nhan xét
chu quan cua khach hang vé dich vu ho dang sir dung. QOE thudng duoc biéu hién bang nhitng danh gid mang tinh cam
nhan c& nhan nhu “xuat sic”, “t6t”, “trung binh”, “tam chap nhan/xau”, “rat x4u”. Mot trong nhitng tham s6 danh gia
chat luong trai nghiém dién hinh 1a y kién trung binh ctia con ngudi (Mean Opinion Score - MOS)[1, 15]. Trong bang
1, thang do chét luong video theo mirc d§ cdm nhan cua con ngudi duge chia theo ndm mirc.

Bang 1. Thang do chét lwong video theo mirc d6 cam nhan ciia con ngudi

Mirc do (MOS) 5 4 3 2 1
Chit lugng Video Xuét sic Tt Trung binh Xau Rét x4u

F. Lién hé gita PSNR va MOS

MGdi lién hé giita thang do chii quan va khach quan duoc trinh bay trong bang 2, chét lugng PSNR (dB) ctia cac
khung hinh dugc anh xa vao thang do kinh nghi¢ém MOS.

Bang 2. Lién hé do do PSNR(dB) va tham s6 QoE (MOS).

PSNR[dB] MOS
>37 5 (Xuét sic)
31-37 4 (T6t)
25-31 3 (Trung binh)
20-25 2 (T6i)
<20 1 (Rét toi)

G. Quan h¢ giiza QoS va QoE

QoS chi yéu tap trung vao md ta céc tiéu chi khach quan, mang tinh k¥ thuat ma ha ting mang hay mg dung
can phai dat duge dé chit lugng dich vu dugc dam bao. QoE mang tinh chu quan, la cam nhan dénh gia c4 nhan theo
mot cach dién giai thong thuong khi sit dung dich vu. Giita QoS va QoE c6 mbi quan hé véi nhau. Chét luong trai
nghiém (QoE) va chit luong dich vu (QoS) thudng duoc coi la nhu nhau nhung thyc ra la hai khai niém khac nhau.
QoF 1a toan bo hiéu ning hé théng tir quan diém ngudi st dung. 'QoE la phep do hi¢u nang tur dau dén cu01 tai muc
dich vu tir nhin nhén cua ngudi dung va la chi diu cho biét hé théng dap tng nhu ciu cia nguoi st dung tot téi muc
nao. Mot tham sb QoE dién hinh MOS thuong duoc sir dung 1a phép do chu quan dé danh gia tic dong vé cam nhén
suy giam dich vu truyén video. QoS thi lai do hi€u nang & muc goi, tr quan diém mang. QoS cling dugc coi 1a mot tap
céc ki thuat (co ché QoS) cho phép nha quan tri mang quan 1y cac tic dong ciia tac nghén 1én hi¢u ning ing dung ciing
nhu cung cép dich vu phan biét cho cac ludng luu lugng mang duge chon luya hodc tdi cac khach hang/ngudi ding da
dugc chon lya. Trong phan tiép theo ching toi s& gidi thiéu mot trong cac giai phap ning cao chat lugng QoS tir d6 ci
thién chat lugng trai nghiém nguoi dung QoE trong truyén video trén mang IP. D6 1a giai phap cai tién hang doi tich
cuc AQM (Active Queue Management) duoc dé cap trong bai bao 1a giai thuat BLUE.
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III. GIAI THUAT BLUE
A. Hang dgi tich cwec BLUE

Vian dé ¢ hitu véi nhitng thuat toan AQM la chiing sir dung d6 dai hang doi nhu cac chi s6 vé mirc d6 nghiém
trong ctia tinh trang tic nghén ma khéng quan tim dén cac yéu té khac ching han nhu mirc d6 sir dung duong truyén
mang. Str dung cdc thudt toan quan ly hang doi tich cuc duoc dé nghi boi IETF nhim ngan chén tac nghén va giam ty
1é mat 801 Nguyén tac chinh cua cac thuat toan 1a loai bo cac goi tin mot cach c6 hé théng dé thong béo cho cac nat
cudi vé tic nghén trén cac Gateway. BLUE, mét giai thudt quan ly hang doi tich cuc mdi, co nhiéu wu diém hon giai
thuat quan 1y hang doi tich cuc phd bién RED trong mot sé diéu kién cu thé [2, 4, 10].

BLUE da dugc Wu-chang Feng va cong su dé xuat nam 1999 [10]. Tac dong quan trong nhét ctia viée sir dung
BLUE la diéu khién tic nghén c6 thé dugc thuc hién véi kich thude khong gian dém t6i thleu [2, 4, 5, 10]. Dicu nay
lam giam do tré end-to-end qua mang, do d6 cai thién hiéu qua cta cac thuat toan diéu khién tic nghén.

BLUE la mét giai thuat quan 1y hang doi tich cuc dé quan 1y kiém soat tic nghén dya trén sy kién mat goi dir
lidu va mirc d6 s dung dudng truyén thay vi chiém dung hang doi. BLUE duy tri mot xac sudt pm duy nhét dé danh
dau (hodc loai bo) cac goi tin. Khi tran by dém, néu hang doi lién tuc loai cac goi tin, BLUE s& tang pm, do do tang tbc
do gui lai thong bao tac nghén hodc loai bo cdc goi tin. Nguoc lai, néu hang doi tré nén trong rdng hodc néu lién két
dugc nhan rdi, BLUE lai giam x4c suit danh ddu (hay loai) goi tin ctia no. Trong hinh 2 trinh bay mé gia cua giai thuat
BLUE:

Dwa trén sw kién méat goi tin hay gjen> L: Duwa trén sw kién dwong truyén rdi hay gje, = 0:
if (( now -last_update) > if ((now—last_update) >
freeze_time ) { freeze_time ){
Pm= Pm+d; Pm= Pm— da;
last_update = now; } last_update = now; }

Pdnh dau (logi bé) cac g6i tin véi xac sudt pp,

Hinh 2. Giai thuat BLUE
Céc tham sb sir dung trong giai thuat:
Pm: X4C sudt danh diu hoic loai goi tin,
freeze_time: 1a mot tham s6 xac dinh khoang thoi gian t6i thiéu giita hai lan cap nhat lién tiép cta pm,
d;: xac dinh lugng tang 1én ctia pm khi hang doi tran,
dy: xac dinh luong giam pm khi lién két 1a nhan rdi,
now: thoi diém hién tai,
last_update: thoi diém xay ra 1an cap nhat pm gan nhat,
Qren: 12 6 dai hang dgi hién tai,
L: xac dinh ngudng cho phép goi tin dén tai hang doi.
Giai thuét quan 1y hang doi BLUE ciing c¢6 thé trinh bay dang Iuu d6 nhu trong hinh 4.2.

Xay ra sy kién mét goi tin
(Hoac qien> L)?

Xay ra sw kién duwong
truyén réi?

Now — last_update >
Freeze_time ?

Now — last_update >
Freeze_time ?

Panh dau (hay loai bd goi)
v&i xac suét pm

Hinh 3. Luu db giai thuat BLUE
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B. Pé xuat cdi tien

Do xéc suit loai bo goi py, dong mot vai trd quan trong trong giai thuat quan 1y hang doi BLUE. Trong qua trinh
nghién cru tim cach cai tién giai thuat theo hudng tich hop co ché phén loai uvu tién goi tin video chung toi wu tién tap
trung vao hudng ti€p can xir Iy tham so pp,.

Phan tich so 6 giai thuat BLUE gdc ban dau ciia W.Feng (hinh 3) ta c6 thé thdy viéc nghién ciru diéu chinh
tham so pp d€ c6 thé diéu chinh xac suat danh dau pn, (loai bo) goi tin trong cac giai thuat BLUE ban dau (xem hinh 4)
c6 thé tién hanh ¢ hai giai doan nhu sau.

Giai doan 1: tac dong diéu chinh xéac suat p,, ngay khi xay ra sy kién mat goi tin, hodc su kién duong truyén
khong ban. Viéc xtr Iy tham so pn, ¢ giai doan nay chung toi goi la xir 1y trude.

Giai doan 2: tic dong diéu chinh xac suit p, sau khi da xtr Iy ca hai sy kién mét goi tin va duong truyén khong
ban. Viéc tinh toan diéu chinh, xu 1y tham so pn, ¢ giai doan ndy chung toi goi la xur 1y sau.

X3y rasykién mit gdi tn
(Ho$o Que> L)?

Xt Iy diéu chinh
X4c suat trudce Now-—last_update >

Freeze_time ?

Now— last_update >
Freeze_time ?

¢ X
¥ —v — S—
| Pm = Pm *+ 0y Prm = Pm - & ] >
! § .

>y

T
< P R Xir 1y diéu chinh

VO A C suht pm X4c sudt sau

1 =

Hinh 4. Bé xuét didu chinh xir Iy x4c suit py, trude/sau.

Trong phén tiép theo, chung toi gidi thiéu hai giai thuat cai tién didu chinh, xtr Iy x4c sudt py, truée va diéu chinh
xur 1y pm sau cung cac danh gia doi sanh chat lugng theo cac d6 do QoS, QOE trong truyén phat video trén mang IP.

IV. PE XUAT CAI TIEN BLUE
Dé xuit cdi tién xir Iy trwée BLUE-VPT (BLUE-Video Packet Type)[11]

Dua trén ciu trac chudi video MPEG, ¢6 3 kiéu khung hinh I, P, B dugc ma hoéa lién khung trong do, khung
hinh I 14 quan trong nhét va co kich thudc 16n nhat. Mt khac, nhu da trinh bay & trén, giai thuat BLUE dua trén 2 sy
kién: Mat g6i tin va mirc do sir dung dudng truyén. Do dic tinh ctia BLUE, gié tri ctia tham s6 d1>>d2 nén dép tng véi
su kién mat goi tin rit nhanh. Dya trén cac dic tinh ma hoa khung hinh lién khung cia MPEG chiing t6i dé xuét cai
tién giai thuat BLUE dé giam b6t viéc méat cac goi tin dwa vao phan loai cac géi tin tity theo ching thugc khung hinh I,
P, B truée khi diéu chinh xé4c suét py.

M0 ta giai thuat: dua trén 2 dac tinh sy kién mat 261 (qier> L) va su kién duong truyén o1 cia BLUE chung t6i
dé xuat dinh nghia hai ham tuyén tinh nhu sau:
a. Dinh nghia ham tuyén tinh f(X)

X
f(x)=1-a.— (4.1)

Trong do:
« a<[0]]
= L la kich thudc hang doi tinh theo s6 goi tin;
= x la kich thudc hién thoi ctia hang doi.
b. Binh nghia ham tuyén tinh g(y).
g =1-By; (4.2)



Cao Diép Théng, B Tudn Hanh 411

Trong do:

= pel0;1], i
* yla mic 46 su dung dudng truyén va dugce tinh nhu sau:

_byte _departures,
Bxt (4.3)

= byte_departurest: s bytes dugc truyén di trong t gidy,
= B: bang thong cua duong truyén,
» t: Thoi gian truyén;

Hién nhién f(x), g(y) luén nhan gia trj trong khoang [0; 1].

Xdc dinh gid tri a cia ham f(x): Khi dinh nghia ham tuyén tinh f dé diéu chinh xac sudt danh déu hay loai bo
cac goi tin trong qua  trinh thir nghiém m6 phong nhiéu lan, ching t6i da phat hién ra khi liy cac gia tri o 16n hon hoac
nho hon 0.02 thi cac gia tri anh huong dén chat lugng truyén video thé hién qua cac d6 do PSNR(dB) va sb goi tin
video bi mit trong qué trinh truyén video qua cac thir nghiém mé phong véi cing cau hinh mang, va file vét video 1a
akio.yuv thi Kkét qua thtr nghiém thu duoc vai cac gia tri khac nhau cua léy & 1an can 0.02. No6i cach khac a = 0,02 co
thé xem nhu diém t6i han ctia mot ham véi bién s6 o, va gia tri tra vé 1a do do PSNR(dB) hay gié tri ton that goi tin
video. Tlr d6 chung t6i chon cac gia tri tham s6 o, B cua ham f(x) , g(y) duwoc chon trong md phong co gia tri twong tng
120.02 va 0.98.

Nhan xét: do BLUE dap tmg rat nhanh véi sy kién mét géi tin nén ta tich hop ham u(x) dé wu tién cac goi tin
thuge khung hinh I, mdi khi tién hanh diéu chinh xdc suat pp,. Mat khéc do d1>>d2 nén BLUE dép tmg v6i su kién
duong truyén rdi (thoi diém hang doi trong) chém hon, nén s€ tich hop ham g(y) dé uu tién cac goi tin thudc khung
hinh P, B theo su kién duong truyén rdi. Tir d6 ta c6 giai thuat cai tién BLUE-VPT hinh 5.a.

Vi f(x) nhan gia tri €[0;1] v&i moi géi tin dén hang doi nén trong giai thuat cai tién st dung ham diéu chinh
f(x), gia tri ciia xac suat py, dugc cdp nhat lai nhu sau:

Pm = f(X).pm hodc pm =9 (Y). pm VGi moi x, y.

Goi tin dén
Xay ra su kién
dudng truyén rdi
Y
N Now - last_update >
Freeze_time ?
Y
Y N
Goi tin dén la 1/P/B?

Ay ra sy kién mét goi tin
(ho&c Qren > L)?

|=

@y ra sy kién mét goi tin
(hay qen > L) ?

Now - last_update > N
Freeze_time ?
Y

Xay ra sw kién
duong truyén réi?
Y

Now — last_update >
Freeze_time ?

P = P + 0y ’ Pn=0.Pn P = P — 02 Goi tin dén la video
o |
Danh déu (hay loai bd) Danh déu (hozc hay bd)
cac g6i tin voi xac sultpy \ goi tin v&i xac suat pn, ) j
+ L
A
- (3). BLUE-VPT (a). BLUE-U

Hinh 5.a. Luu d giai thudt cai tién BLUE-VPT; b. Luu d6 giai thuat cai tién BLUE-U

Khi goi tin dén thudc vao mot trong ba kiéu khung hinh I, P, B thi gia tri x4c suat danh dau (loai bd) goi tin pm
s€ duoc cap nhat theo ham u hodc ham v. Do viéc xay dung ca hai ham u, v chi nhan gia tri trong [0; 1] néu khi cap
nhét py, du theo ham A(x), (pm=F.pm) hay ham g(y), (Pw=9.pm) thi gia tri pm déu giam xudng nén s& lam giam xac suat
loai cac géi tin néu chiing thugc mot trong 3 loai khung h1nh I, P, B. Mit khéc, gia tri f, g luén < 1 nén gié tri tham s6
Pm trong giai thudt BLUE-VPT s€ lu6n nho hon py, trong giai thuat BLUE va s& co thé dat bang gia tri pm trong
BLUE khi cac géi tin dén khong phai 1a video. Vi vay ¢6 thé xem nhu sy tic dong cua giai thuat BLUE-VPT ddi voi
cac goi tin di qua hang doi tai bo dinh tuyén R1 s& luén xap xi nhu BLUE khi trong mang khong c6 sy tham gia cia
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cac ludng video. Hay co thé néi 1a giai thudt cai tién BLUE-VPT hoi tu vé giai thuat BLUE ban diu trong truong hop
thong thuong. Mit khac do tich hop co ché wu tién phan loai cac goi tin video theo murc do quan trong cua ching trong
chudi GoP nén BLUE-VPT con giam dugc sy mat khung hinh va tranh lang phi bang thong. Diéu nay lam cai thién
chat luong ludng video dugce truyén qua mang nhu cac két qua thir nghiém mo phong.

B. Pé xuit gidi thudt cdi tién xir Iy sau BLUE-U [12]

Dua trén dic diém cua thuat toan BLUE, chung t6i da xay dung mdt ham tuyén tinh u diéu chinh xac suit danh
dau (loai bd) cac gobi tin dya trén cac yéu to kich thude hang dgi tai router, mirc 46 str dung dudng truyén va cac dac
tinh trong ma hoa luong video Mpeg.

Chung t6i dé xudt tich hop ham tuyén tinh hai bién dé diéu chinh xc suét trong thudt todn BLUE khi tién hanh
danh dau (loai bd) goi tin & giai doan sau (hinh 5.b) nhu sau:

Kiém tra néu g0i tin dén 12 video cap nhat gia tri py = U.pm, nguoc lai pm= P
Dé phan loai wu tién cac gbi tin video ham u dwoc xay dung sao cho u nhan gia tri [0, 1];
Pinh nghia ham tuyén tinh u(x,y):
u(x, y)=1—a.%—ﬂ.y (4.4)

Trong do:
= L lakich thudc hang doi cho trude tai bo dinh tuyén (tinh theo s6 goi tin)
= o, Bnhan giatr € [0, 1],
= x la kich thudc hién thoi ciia hang doi.
*  ylamirc d6 st dung dudng truyén va dugce tinh nhu trong (4.3).

Van dé dat ra khi chon gié tri a cho trudc ae[0; 1] ching ta phai tinh toan dwoc gi tri twong tng cua B trong
mién [0;1] sao cho u(x,y) nhén gia tri € [0; 1] vdi cac tham s0 x, y thoa mén diéu kién cta thuat toan BLUE.

bat t = E €[0;1], ta tim max, min cta ham s (4.4) trén tap hop D :={(t,y):t,y [01]}

DO max,Z=1min,Z=1-a—p nén d& zc[o1] thi [l-a—-F1c[01] suy ra 1-q-pg>0. Vy voi
B<l-athi u(x,y)=ze[0]]. Vay néu chon 0=0.002 ta c6 thé chon B nhan gia tri xp xi trong [0; 0,098].

Viu(x,y) nhan gid tri €[0;1] voi moi goi tin dén hang doi nén trong thudt toan cai tién sir dung ham diéu chinh

u(x,y), gia tri cua xac suat Pm = U.Pm, VI U(X,Y) < 1 => pp<uU.pm vOi moi x, y, do vay thudt toan cai tién voi ham diéu
chinh tinh todn x4c sudt loai goi tin s& ludn hoi tu dén gia tri BLUE ban dau, ddng thoi do tich hop co ché wu tién cac
g6i tin video nén chit lugng ludng video duoc truyén qua mang sé dugc cai thién dang ké.
C. Xdy duwng kich bin mé phéng: Dé kiém nghiém hiéu qua cia giai thuat cai tién BLUE-U va BLUE-VPT, ching toi
str dung cong cu NS.2 dé md phong va danh gia chét lugng truyén video trén mang IP. Trong mé phong ndy ching toi
lan luot sir dung céc giai thuat quan ly hang doi tich cyc BLUE va giai thuat BLUE-U, BLUE-VPT cai tién. Sau khi
tién hanh md phong nhiéu lan, gia tri tham s6 o cia ham u(x) dugc chon trong m6 phong co gia tri 1a 0.02. Céu hinh
(topo) mang md phong (Hinh 6), ¢ 60 ludng giri dir lidu 6 toc do bit khong doi trén giao thirc UDP tir niit su; dén rugg
va 40 luéng FTP sur dung giao thirc TCP tur st; dén rtyo. Video duoc truyén tr nut ng dén nat ny, thoi gian thyc hién mo
phong 14 10s. Tép tin video str dung 1a Akio.yuv[13,14], d phan giai 352x288 c6 300 khung hinh duoc phat & toc do
30 khung hinh mét giay (30 fps) dugc chuyén sang dang file vét (video trace) [16] dé tién hanh mo phong. Giai thuat
quan 1y hang doi dugc sir dung tai router R1 1a BLUE, BLUE-U, BLUE-VPT, co ché hang doi tai cac duong truyén
khéc la DropTail.

Video Sender
UDP( o )
sl BLUE

— M,
(o p po i;l.;:clfvgr

Video receiver ( o )

o+ 456Mbps, 20ms

Hinh 6. Ciu hinh mang st dung trong mo phong
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+ 01 ludng video phat file video Akio.yuv, tir nut no dén ny

+ Cb 60 luéng UDP: tir nlit suy+ rugg

+40 Luéng TCP: tir nut sty+ rtyg

+ Bang théng R1 - R2 thay ddi tir: 5+45 Mbps.
D. Poi sanh chit lwgng truyén video trén BLUE-U va BLUE-VPT

+ Ty 1¢ mat g6i tin

Bang 3. Dbi sanh ty 16 mat goi tin khi truyén video st dung céc giai thuat BLUE, BLUE-VPT va BLUE-U

Bandwidth Ty 1¢ mét géi tin
(Mbps) BLUE-U BLUE-VPT BLUE
5 0240121 0210121 0310121
10 0,245313 0,215313 0,298313
15 0,221421 0211421 0,283121
20 0,203484 0,193484 0263121
25 0171141 017111 0,191219
30 013121 012121 015031
35 0091324 0,090324 0112124
20 0.081734 0,080734 0,093112
45 0,081612 0,079612 0,002112

Trén bang 3 ta thiy khi’ bang thong gifrz} R1-R2 thép tir 5 Mbps, dén 20 Mbps, thi do mat goi tin cua BLUE-
VPT cai thién hon BLUE-U rat o rét, ty 1¢ mat goi tin caia BLUE-VPT khi d6 thap hon BLUE-U trung binh xap xi
9,53%, khi bang thong trén R1-R2 tang 1én tir 25-45 Mbps thi ty 1¢ sai khiac cua BLUE-VPT trung binh chi con thip

hon xap xi 2,6% va khi bang thong trén R1-R2 16n hon 40Mbps thi chénh 1éch d6 tr& gin nhu hoan toan xap xi.

0,30 -

Packet koss rale

0,10 -

0,08

————— —-— BLUE-U
> - BLUE-VPT

R e BLAJE
g
i
. -
g =2 \ %

nd

Bandwidth (Mbps)

Hinh 7. Déi sanh ty 1& mit goi tin video

Tt bang 4, ta thé hién d6i sanh do mat goi tin video cua ba giai thuat BLUE, BLUE-U va BLUE-VPT trén d6
thi hinh 7. Ty 1& mit goi tin video ciia cac giai thuat BLUE-U, BLUE-VPT, EBLU, VBLUE trong cac m6 phong déu &
murc < 5%. Theo ITU (Y.1291) 2004 la chap nhan duoc. Khi bang thong trén dudng truyén cd chai R1 -R2 thay dbi tur
5Mbps dén 20Mbps thi ty 1¢ mat g6i tin video ciia VBLUE gidm 10 rét hon so véi BLUE dat trung binh xap xi 15,26%
va chénh Iéch giam xudng xap xi trung binh 12,7% khi bang thong trén R1-R2 1a 30-40Mbps va giam xudng 5,6% khi

bang thong nam trong khoang 40-45Mbps.
Bang 4. Ty 1§ mat g6i tin video trén cac giai thuat BLUE-U, BLUE-VPT, BLUE, EBLUE va VBLUE

Bandwidth Ty 1& mat gdi tin video
(Mbps) BLUE-U BLUE-VPT BLUE
5 0,230121 0,2001208 0,3001
10 0,225919 0,1953133 0,2973
15 0,211498 0,1814521 0,2811
20 0,197486 0,1734864 0,2611
25 0,160641 0,1511100 0,1902
30 0,121811 0,1002602 0,1500
35 0,088324 0,0800043 0,1111
40 0,071734 0,0700391 0,0930
45 0,071612 0,0655191 0,0920
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Ttr phén tich cac tham sb QoS anh hudng dén chét luong truyén video chung t6i tién hanh dbi sanh gaiir thuat
BLUE-U va BLUE-VPT trém tham s6 danh gi4 chét lugng video cht quan PSNR(dB), két qua ddi sanh dugc biéu dién
trén d6 thi hinh 8, cho thdy gi4 tri PSNR(dB) trung binh khi truyén video trén BLUE-VPT tang xap xi 5,35% so voi
BLUE-U. Va 4nh xa twong tng véi gia tri PSNR(dB) 1a tham s MOS ciia BLUE-VPT ciing dwoc cai thién so véi
BLUE-U.

— BLUE-U
——— BLUE-VPT

45 -

40 —

PSNR(dB)

B30

—p

20 - - - ~ -+ -
(8] S50 100 150

v~ v

—~ - — —r
200 250 300

Frames (n)
Hinh 8. Di sanh gia tri PSNR khi truyén video giita BLUE-U va BLUE-VPT

V. KET LUAN

Trong bai bao nay chung t6i da deé xué:c hai giai phap cai tién giai thuat BLUE dé nang cao chat luong dich vu
mang va chat lrgng trai nghiém nguoi ding d6i véi truyén video trén mang.

Chung toi dua ra giai phap giai thuat cai tién va ddi sanh hai giai thuat trén cac tham sé chét luong dich vu
mang va chét luong trai nghiém truyén video. Chung t6i da d6i sanh cac giai thuat cai tién tién xur Iy day da BLUE-
VPT va hdu xtr Iy ddy di BLUE-U Cubi cung tién hanh dbi sanh giai thuat xir 1y trudc BLUE-VPT va giai thuat xu Iy
sau BLUE-U chiing t6i da rat ra két luan 1a giai thuat cai tién xir 1y ddy truéc BLUE-VPT da t6 ra hiéu qua hon trong
viéc cai thién chit lugng QoE so véi BLUE-U, tir d6 di dén cac két luan sau:

Ca hai giai thuat cai tién déu giam ty 16 mat gbi tin chung trén toan mang va dic biét cac giai thuat cai tién lam
giam ty 1& mat goi tin video mot cach rd rét.

Khi tién hanh danh gi4 theo thang do khach quan PSNR(dB) cac giai thuat cai tién ciing déu c6 cac gia tri
PSNR(dB) 16n hon so véi giai thuat BLUE va BLUE-VPT dat gia tri PSNR(dB) trung binh cao nhat. Tir d6 anh xa mdi
lién hé giita thang do chi quan va tham s ¥ kién trung binh MOS c6 thé thiy cac giai thuat cai tién BLUE-VPT c6 thé
cai thién chat luong trai nghiém QoE trong truyén video trén mang IP.
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AN METHOD TO IMPROVE THE QUALITY OF EXPERIENCE OF VIDEO
TRANSMISSION ON IP NETWORK

Cao Diep Thang, Do Tuan Hanh

ABSTRACT— This paper proposes an improved method of the Blue active queue management to transmit videos over IP network
environment. We have used the probability adjusting method of marking (removing) packets in Blue positive queue management
algorithms to reduce the probability of video packet loss in different video transmission applications on the network. NS-2
simulation tool used to test on mpeg video samples shows that the video transmission quality has been improved significantly.
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