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Giai thuat quan ly hang doi tich cwc BLUE-VPT
nang cao clat lweng truyén video

An Active Queue Management Algorithm BLUE-VPT Enharce The
Quality of Video Transmission

Cao Diép Thing, Nguyén Thac Hai, va Nguyén Linh Giang

Abstract: The growth in video applications over IPnhuoc diém cia FEC la gay ra ganhimg truyén tai
networks has been blooming in recent yearddi véi am thanh/hintinh video, dod6 lam tiéu én
Therefore, how to improve the quality of videdthém tai nguyénimg théng mng. Mot k§ thuat nham
transmission is becoming a challenge for researshercai thign higu ning mang rdi tiéng khac 1a cac hang
In this paper, we propose a mechanism to contrel thigi AQM [3,4] tai cac B dinh tuyén. Dic trung aia
marking (drop) packets in the BLUE active queuedc hangdoi AQM & didu chinh xac sét danh
management. To improve the quality of videdau/loai bo géi tin i cAc b dém routerdé ngin ngra
transmission, we have built the control function thién twong tic ngtén xay ra. Tuy nhién cac gi thuat
mark (drop) the packet based on the buffer sizbet AQM vin con hn ché khiang ding doi hoi daping
router, the status of the network and thehoi gian thrc nhr truyén phat video trén amg. Trong
characteristics of the video stream encoding MPE®ai bao nay ching téigstdp trung nghién eu mbt
The proposed method was experimented by simulatimang cac o ché quan ly hangdoi tich arc dién hinh la
on NS-2 platform, using objective measurement fbéngdoi BLUE do Feng Wu-chang v&eg sr gioi
video quality PSNR (dB) obtained through simulatiothiéu rim 2002 [5]dé dé xuit giai phap @i tién giai
experiments over IP network environment. The resuthuit khi st dung trong cécing ding truyén video
showed that the quality of video transmission & ththoi gian thyc. Nhr d& biét, cacirng ding truyén video
receiver improved approximately 5.12 % comparetién mang ngay nay #u hét sr dung cac chén

with the original BLUE queue. MPEG4 [6] va H.264 hay MPEG4AVC [6,7]. Tuy
] ) nhién, do &u trGc ma hoa lién khungia ching ma
l. GIOl THI EU viéc tn thit géi tin mic du nkb van c6 th gay ra ¥ 1&

Ngay nay i sy phat trén nhanh chongu@ cacing  15i khung hinh cao dn nhéu. Ching han, ty 16 mit
dung truyén am thanh hinkinh audio/video trén cac goi tin 3% c6 th lam gay ra xac 4 1di khung hinh
mang Internet, md hinh best-efforia Internet trugn  ting caodén 30% [9] dodé lam suy gim nghiém
thdng da khéngdu dé daptng Wi nhitng yéu au V&  trong cHit lwong truyén video. Hn nira, tai nguyén
chit luong dch w (QoS) khi c6 8 bung 1 cac lwng  mang b 1&ng phi do \ic truyén ti cac g6i tin Ga cac
dir liéu tham gia rang va lam cho cac natang trung  khung hinh b coi 1a khéng gii ma duoc dén may
tam nhanh chéngiliic ngten [1,2]. C6 nhiu heéng  nhan. Bé giai quyét sr suy gim chit lwong ludng
nghién &u dé cai thién chit luong video khi trugn  video do véc mit mat cac khung hinh quarpitig vi
qua mng, ching han nhr ky thuat sira bi (FEC) cAc g6i tin @a ching b ton thit/loai bo khi ar tic
[RFC2733]duoc dé xuit nam 1999 va &n dang tép  nghén mang xay ra trong qua trinh trén dan, ching
tuc phat trén [16]. Ky thuat FEC tén hanh éa cacdi  t6i da phan tich cadic tinh @a a ché quan Iy hang
xay ra khi dr liéu &én dau nhan. Nheng mot trong cac  doi tich arc BLUE 14 dra trén kich thréc by dém va
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mac do s dung duong truyén. Tir d6 dua radé xuit
cai tién giai thuat quan ly hangdoi BLUE bang céach
xay drng cac ham tun tinhdiéu chinh xac sét danh
dau (loai bo) c&c gai tin da trén cac §u t6 kich thrgc
bo dém tai router, mirc d6 Sir dung duong truyén va
cacdic tinh Iwng dr liéu trén mng. Gai thuat mai
dugc kiém ngheém bing céng a NS-2 [12,15], qua
thyc nghEm mo pldng trén mdi teong mang IP cho
thdy chét lugng truyén din videod phia nfan duoc i
thién dang K so \6i hangdoi BLUE bandau.

Il. PQ PO CHAT LUQNG VIDEO
[I.1. M& hoa video MPEG
Ma hoéa Video MPEG [6fuoc dac trung hoi ba
kiéu khung hinh 1, P, B vaia trac GoP(Group of
Picture), trongio:
» Khung hinh l:dugc ma héaioc lap.
» Khung hinh P: khung hinhudodo ma héaitcac
khung I.
» Khung hinh B: Khung hinfdtugc ma hoéa hai
hudng tir cac khung hinh I, P.
Trong Hinh 1 1a rét vi du vé ma hoa lién khung
video MPEG.

i

& Ad 4

GoP GoP
Hinh 1. Ciu tric ma héa MPEG

Bang 1.Thangdo chit lugng Video theo mic do cam
nhan aia con ngoi.

Micdo |\ 5 | 4, | 3 2 1
(MOS)

CHit ]

lwong R?t Tt Tr\ung Xau | Ritxiu
. tot binh

Video

Pbé¢ do chit luong video c6 niiiu phrong phap,
dudi day chung toi gii thiéu hai phrong phapdo i
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tiéng 1a phrong phépdanh gia ch quan va khéach
quan.
[I.2. Thang do chi quan MOS

Mot trong nlitng phrong phapdanh gia cht luong
video cho Kt qua tot nhit d6 1a phrong phapdanh gia
cha quan @a con ngoi (Mean Opinion Score - MOS)
[10,11]. Trong Bng 1, thangio chit lugng video theo
mirc d6 cam nhin aia con ngoi duoc chia theo &m
muc.
[1.3. Thang do khach quan PSNR

PSNR (Peak signal-to-noise ratidoc xem nlx
mot trong caaio do khach quan rit dé do chit luong
truyén video qua rng [10,11].D6 do nay dra trén ©
s& xac dinh t s5 giira ning lrong tin hgu dinh va
ning hrong aia nhéu theo trng anh. PSNR so sanh
gita ning lrong arc dai cé thé cua tin hgu so \6i
nang lrong nhéu. Coéng tiic (1) va (2) minh ba cac
dinh ngha 16i binh phrong trung binh (MSE) va
PSNR gira khung hinh video nga S va khung hinh
video nkin dugc D, cO kich tkdéc mxnpixel va
MAX, biéu dién gia ti co thé dat cuyc dai cua mot
pixel.

1 oot .
MSE=——> 2 |Sid)-di) @
LT 5=0 j=0
PSNR=20log,, (%) (2

Sai $ binh phlrong trung binh MSE gia khung
hinh gri S va khung hinh rim D, tinh 6ng cho fit ca
cacdiém anh trong khung hinh S va D, m.n &diém
anh trong khung hinh.

I1.4. Lién hé giiva thangdo PSNR(dB) va MOS

Chét lvong PSNR @a cac khung hinh anhawao
thangdo MOS theo Bng 2.

Bang 2.Lién ke gitta PSNR va MOS

Miic d6
(MOS) 5 | 4 3 2 1
Chitluong | Rit | ., | Trung| oz Rat
video | tt | TOU | binh | Y | xau
PSNR(dB) >37 | 31-37 25-31 20-25 <20
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lll. C O CHE QUAN LY HANG PQI TiCH C UC
BLUE [5, §]

BLUE la mjt giai thuat quan ly hangdoi tich arc
dé quan ly kiém soat ic ngten dra trén & kién mit
g6i di liéu va mic do sr dung dudng truyén thay vi
chiém dung hangdoi. BLUE duy tri ndt xac sut py,
duy nHit ¢¢ danh diu (haic loai bo) cac goi tin. Khi
tran B dém, réu hangdoi lién tuc loai cac géi tin,
BLUE s3 ting py, dod6 ting tc do gui lai thdng bao
tic ngtén haic loai bo cac goi tin. Ngoc lai, néu
hangdoi tré nén tbng Bng haic réu lién kKt dugc
nhan Bi, BLUE lai giam xac sét ¢anh du (hay lai)
goi tin aia nd. Trong Hinh 2 trinh bay m&gita géi
thuat BLUE

Dwa trén sr kién mat
goitin hay Qen>L:

if (( now -last_update) >

freeze_time ) {

Duwa trén ar kién dwong

truy &n réi hay ge,=0:

if ((now-last_update)
freeze_time ) {

B~ Pn— b
last_update = now; }

Pn= Pntdy
last_update = now; }

DPanh diu(loai bo)cac goi tin i xac sit py,
Hinh 2. Ma gia giai thuat BLUE .

Céc tham & st dung trong ghi thuat:

Pm: X&c st danh diu haic loai goi tin,

freeze_time: 1a @t tham $ xacdinh khaing thi
gian Bi thiéu giira hai in cip nhit lién tiép caa py,

d;: xacdinh lrong ting 1€n @a p, khi hangdoi
tran,

dy: xacdinh krgng gam py, khi lién két 1a nhan §i,

now: thyi diém hién tai,

last_update: i diém xiy ra Bn cip nhit p, gin
nhat,

Qen l2dd dai hangioi hién tai,

L: xac dinh ngrdng cho phép goi tidén tai hang
doi.
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Xay ra s kién duwong N
truyén réi?
N Now - last_update >
Freeze_time ?

Goi tin dén

Xay ra sy kién mét g6i tin
(Ho&c qien> L)?

Banh déu (hay loai bd gbi)
VGi xac suat pm

Hinh 3. So d6 giai thuat BLUE

bic tinh quan tng nHit caa viéc sr dung BLUE
la diéu khién tic ngten co thé duoc thee hién vai kich
thuéc ti thiéu caa khéng gian & dém tir ¢6 lam gam
do tré end-to-end qua ang, do iy BLUE la nmjt cai
tién cia cAc gii thuat diéu khién tic ngten. Tuy
nhién, BLUE \in con c6 hn cké khi quan 1y cac goi
tin trong maing da luwong cé & tham gia aa cac liéng
video, d6 1a @ ché loai bo géi tin aia BLUE khéng
hé phan bét géi tin la di lisu theong hay goéi tin
video. Vi\ay, dé cai thién chit lugng truyén video @n
xay ding @ ché uu tién phan lai uu tién cac goi tin
khi danh diu hay lai bo, ching tdidé xuat hai ham
tuyén tinh tacdong dén xac sét p,, khi danh diu hay
loai bo goi tin nhr trong pln IV.

IV. PE XUAT CAI TI EN BLUE
IV.1. Y twéng giai thuat BLUE-VPT

Dva trén du tric chéi video MPEG cé 3 Ku
khung hinh I, P, B va@ugc ma hda lién khung trong
d6, khung hinh | 14 quandng nhit va c6 kich tiréc
lén nhit. Mat khac, nlr d& trinh bayd phan Ill, giai
thuat BLUE dua trén 2 s kién: Mat g6i tin va nirc d6
st dung duong truyén. Do dic tinh @ia BLUE, gia ti
cia tham 8 d;>>d, néndap tng Wi sy kién mit goi
tin rit nhanh. Vi gy, ching tdidé xuit cai tién giai
thuat BLUE dé giam bst viéc mit cac géi tin da vao
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phan lai cac goi tin tuy theo chung tha khung hinh

I, P, B trdc khi diéu chinh xac sét p,. Nhu vay y
tuong cii tién nay dra trén & phan lai goi tin video
(VPT-Video Packet Type).
IV.2. M0 ta giai thuat
Truéc hét ta dinh ngha hai ham tu§n tinh nhr
sau:
Pinh nghia 4.1
binh ngha ham u(x)
u(x) = La.x/L; *
Trongdo:
- aJ[0, 1]
e L la kich thréc b dém;
» x la kich thréc hién thoi caa b dém.
Pinh nghia 4.2.
binh ngha ham v(y) :

v(y) =1-B.y; (**)
Trongdo:
. pOI0; 1].
« y la mic do s dung duong truyén va dugc
tinh nhr sau:
_ byte_departures
y= Bxt
« byte_departurest:dsbytesdugc truyén di trong t

giay,

«  B: bang théng @éaduong truyén,

« t Thoi gian truyn;

Hién nhién u(x), v(y) ludn rdn gia ti trong
khoang [0;1].

Nhu d& trinh bayo trén, do BLUEdap tng rt
nhanh i sy kién mit g6i tin nén ta tich p ham u(x)
dé wu tién cac goi tin thic khung hinh I, @i khi tién
hanhdiéu chinh xac sét p,. Mit khac, do ¢>>d, nén
BLUE dap ang wi sy kién duong truyén rdi (thoi
diém by dém tréng) chim hon, nén § tich hyp ham
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2

Xay ra sw kién mét géi tim
(hay qen > L) ?

Y N
Goéi tin dén la P/B?

e T

| |

Danh d4u (hay loai bd)
cac goi tin véi xac suét pm

Hinh 4. So d6 giai thuat cai tién BLUE-VPT

Vi u(x) nhan gia ti O[0;1] véi moi goi tin dén bo
dém nén trong dii thuat cai tién sr dung hamdiéu
chinh u(x), gia tr cia Xac sét p, duoc cip nhit lai
nhu sau:

Pm = U(X).pn haic pn =V (y). pn VoI moi X, y.

Khi goi tin ¢én la dia mot trong ba kéu khung
hinh I, P, B thi gia trxac sit danh diu (loai bo) goi
tin pn, € dugc cp nhit theo ham u hic ham v. Do
viéc xay drng ¢ hai ham u, v chnhan gia ti trong [O;
1] néu khi @p nhit py,, du theo ham u @u.p,) hay
ham v (g=V.py) thi gia ti p, déu giam xuong nén &
lam gim xac sét loai cAc géi tin Bu ching thac
mot trong 3 lai khung hinh I, P, B. Mt khac, gia tr
u, v luén < 1 nén gidittham $ p, trong gii thuat
BLUE-VPT < ludn nh hon p, trong thédt BLUE va
s8¢0 the dat bing gia ti p, trong BLUE khi cac goi
tin dén khong phi |a video. Vi \dy, cé th xem nhr sy
tacdong aia giai thuat BLUE-VPT déi véi cac goi tin
di qua B dém hangdoi tai bo dinh tuyén R1 € luén
xap xi nhe BLUE khi trong mng khong cé s tham

v(y) dé uu tién cac goi tin thic khung hinh P, B theo gia aia cac léng video. Hay c6 thnéi la gii thuat

sy kién duong truyén rdi. Tir d6, ta co gii thuat cai
tién BLUE-VPT nhr md # trong hinh 4.

cai tién BLUE-VPT hi tu V& giai thuat BLUE bandau
trong tirong hyp thdng throng.

Mit khac gii thuat cai tién voi hamdiéu chinh tinh
toan xac sit loai goi tin & ludn i tu dén gia ti
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BLUE bandau, dong thyi do tich lyp co ché uu tién
phan lai cic goi tin video theo fit d6 quan tpng aia
chang trong chdi GoP nén gim dwoc ar mit khung
hinh va tranh I1ang phiabg théng.Diéu nay lam @i

thién chit luong luong videodugc truyén qua mang

nhu cac Kt qua thir nghiém md plong, danh gia trong
phan V.

V. MO PHONG VA PANH GIA K ET QUA

DPé kiém nghBm hiéu qua cia gii thuat cai tién
BLUE-VPT, chung t6i 8 dung khung lam \ic
EvalVid [12,13] m6 phng vadanh gia cht luong
truyén video trén mng IP. Trong md ping nay
chang tdi &n ot s dung cac gii thuat quan ly hang
doi tich arc BLUE va gii thuat BLUE-VPT aii tién.
Cé4c gia tr tham $ «, p caa ham u(x), v(y}tuoc chon
trong moé pling co gia tr trong tng la 0.02 va 0.098.
Céu hinh (topo) rang md pléing (Hinh 5), c6 32 nat
s dung giao tiirc UDP & truyén video va giao tic
TCP ddi véi cac Ing dr ligu khac. Videoduoc
truyén tir nGt iy dén nGt n, cac nat sy. sy gai dir
lidu c6 Hc do bit khéngddi trén giao tiic UDP dén
cac nut dich ru..rus, cac nut st st,...Sto truyén oo
liéu theo giao thc FTP trén TCR¥én nt dich rt,
rty,...rto, thoi gian thrc hién mo plong la 10s. p tin
vét video (video trace) [13Jisdung trong mé péing |a
Akio.yuv [14], d6 phan gii 352x288 cé 300 khung
hinh dugc phéats téc do 30 khung hinh @t gidy (30
fps). Ghi thuat quan ly hangdoi duoc Sr dung tai
router R1 1& BLUE, BLUE-VPT, € ché hangdoi tai
cacduong truyén khac 1a DropTail. 8 dung kich hin
md phong trén NS-2 [15], trongd @ ché DropTail
da duoc cai mic dinh €in, ma ngdn BLUE duoc tich
hop bd sung vao & md ptng NS-2. Trong gi file
sinh dr liéu lru lugng trong kch kin viét bing ngdn
ngr kich bin cia NS-2, chdng taia sr dung cong a
EvalVid dé tao ra file video ¢t tr tép video @c
Akio.yuv. Tép Vét video nayda chra théng tin phan
loai cAc gdi tin theo @ liéu video MPEG. MA ngin
BLUE sir dung ot bién dé quan ly cac goi tin trong
hang doi, st dung mot bién F_video (& video) dé
danh diu d6i chiéu vi bién “co video” dé xac dinh
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géi tin video. Cac & qua thyc nghém md plbng sr
dung khung lam \ic Vi cac @ ché BLUE-VPT,
BLUE dé danh gia cht luong truyén video.

Video receiver

Video Sender

Hinh 5. Cau hinh mang sr dung mé plbng truyén
video Wi cac @ ché BLUE va BLUE-VPT &i router
R1.

Bang 3.Lién ke do tré va king théng trérmtuong
truyén R1-R2

Bandwidth BLUE (ms) | BLUE-VPT (ms)
(Mbps)
0.5 0,245204 0,24576
1 0,115455 0,130999
15 0,083562 0,087997
2 0,068456 0,087861
2,5 0,061724 0,061789
3 0,055764 0,066882
3,5 0,052837 0,064877
4 0,050869 0,058963
45 0,048891 0,053555
5 0,047817 0,057803
o1 BLUE-VPT
0,05 P e — - a2

Bandwidth(Mbps)

Hinh 6. Lién h¢ gitradd tré va bing thong trén R1-R2
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Trong Hinh 6, ta thy qua cacan thir nghiém mé
phong Wi biang théng trériuong truyén R1-R2 & 0.5
Mbpsdén 5 Mbpsdd tré truyén khi 9t dung cac o ché
BLUE va BLUE-VPT giam din. Chénh dch do tré
phét sinh dadong Xip xi trung binh 0.0869 msrtxap
xi 0.00006 msién xip xi 0.0194 ms va c6 xuuldng
tién dén hoi tu. Nhu vay khi tich bop cac ham u(x),
v(y) diéu chinh xac sét p, trong gii thuat BLUE-
VPT mic du cé lam giadng do tré nhueng & mot mirc
do rat nho va khéng gayanh hrong dén chit lugng
truyén video.

S6 ligu mat goi tin videodo duoc trong Bing 4, va
thé hién quadd thi Hinh 7, cho thy lién k¢ giira t 1é
mat cac goi tin video khits dung gii thuat cai tién
BLUE-VPT ding dat mic d6 thap hon trung binh
8.32% so vi BLUE.

Bang 4. Ty I¢ mat g6i tin khi sr dung cac o ché

hangdoi BLUE, BLUE-VPT ti R1.

Bandwidth BLUE BLUE-VPT

(Mbps) % %
20 0,288392 0,228492
25 0,241779 0,232469
30 0,194961 0,195851
35 0,184561 0,182201
40 0,145001 0,131001
45 0,090001 0,081001
50 0,088384 0,079394
55 0,082322 0,075345
60 0,071023 0,070023
- BLUEveT
0,20 ) ) NG

Packet Loss (%)

o
a
1

0,10 o

T T T
20 30 40 50 60
Bandwidth(Mbps)

Hinh 7. Lién k¢ ti I¢ méat gai tin video va bng théng
gitta R1-R2.
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Chung t6ida thr nghiém do cac théng & vé mic
d6 sr dung duong truyn cia ghi thuat cai tién
BLUE-VPT vadéi sanh i giai thuat BLUE cac Kt
qua do mirc d¢ s dung duong truyén duoc trinh nay
trong Bang 5 va d6 thi Hinh 8 cho thy mac do s
dung duong truyén cia ghi thuat cai tién da duoc cii
thién trung binh &p xi 6.47% so i BLUE.

Tién hanhdanh gia tham&PSNR(dB) nhn duoc
khi thir nghiém truyén video \6i cdu hinh mang (Hinh
5) va @ ché quan ly hangdoi tai router R1 4n luot l&
BLUE va BLUE-VPT.

Trong Bing 6 1a trich Et qua cac $ do PSNR(dB)
cua thr nghiém cho thy giai thuat cii tién BLUE-
VPT da cii thién dugc chit lugng PSNR(dB) trung
binh so wi BLUE x4p xi 5.12 %. Kt qua dugc thé
hién tréndd thi Hinh 9.

Trong Hinh 10.a va 10.b khung hinh 177 c6 gia tr
PSNR(dB) trong tng khi sr dung BLUE va BLUE-
VPT la 40.4 dB va 48.47 dBanh gia theodan nhan
chia quan Bng mit thuong ching ta thy chit lugng
khung hinh khi 8 dung BLUE-VPT da dugc cii thién
hon so Wi khung hinh nhan dugc khi ar dung BLUE
goc.

Biang 5.Lién ¢ giira mirc d6 sir dung dudng truyén
va kich thréc hangdoi

Queue Sizes BLUE | BLUE-VPT

(s6 goi tin) %
100 0,91421 0,91921
200 0,92221 0,92771
300 0,92362 0,92862
400 0,93221 0,93821
500 0,94121 0,04983
600 0,04411 0,95111
700 0,94744 0,95214
800 0,95233 0,95833
900 0,95232 0,95932
1000 0,95521 0,96121
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Bang 6.Gia ti PSNR(dB) cac khung hinh Videoarh

duoc khi ar dung hangloi BLUE, BLUE-VPT tai

Router R1
chung hinh BLUE | BLUEVPT
(dB)
168 41,43 47,55
169 47,2 48,25
170 41,73 48,57
171 41,79 48,89
172 41,39 50,01
173 41,8 50,21
174 42,2 50,91
175 43,03 50,93
176 42,13 47,39
177 40,4 48,47
178 41,35 49,38
179 40,35 47,38

0,96 H

0,95 A

0,94
BLUE-VPT.

—=— BLUE
BLUE-VPT

0,93

Utilization (%)

T T T T T
o 200 400 600 800 1000
Queue size (packets)

Hinh 8. Muc do sir dung dudng truyén va kich thréc
hangdoi

55 4

50 - BLUE-VPT
45 o M

A W rlk -
30 4 eLUE

25 -{""‘

20 4

PSNR(dB)

T T T T T 1
o 50 100 150 200 250 300
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Hinh 9. PSNR(dB) khi & dung & ché BLUE, BLUE-
VPT
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(b)
Hinh 10.a, b.Khung hinh nAn dugc khi ar dung o
ché BLUE va BLUE-VPT &i R1

VI. KET LUAN

Qua bai bao nay ching téé dé xuat giai phap s
dung cac ham tudn tinh didu chinh xac sét loai bo
goi tin dra trén o ché quan ly hangdoi BLUE. P06 la
vira dra trén kich thkéc hangdoi, vira dra trén niéc
d6 sir dung duong truyén va co tich bp co ché phan
loai wu tién géi tin @a ludng video. Ching tdi@ giai
thuat hangdoi cai tién nay l1a BLUE-VPT, qua cacith
nghiém mé plong, déi sanh i giai thuat quan ly
hang doi tich arc BLUE gic ban dau. Giai thuat
BLUE-VPT d4 i thién duoc chit lugng truyén video
trén mang IP trongdiéu kién mang céda luwdng dr liéu
tham gia va cén hao.

Hudng nghién 6u tiép theo ching t6i &p tuc cii
tién hangdoi BLUE ¢ cac giaidoan khac nhau trong
qua trinh % ly diéu khién géi tin, xacdinh tham 6
cia ham udé dat két qua tot hon khi truyén phat dk
liéu dang video trén nng IP trong mdi trong mang
da luwng va mng khéng day.
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