Tap chi Tin hoc va Piéu khién hoc, T. 19, S. 3 (2003), 227232

PIEU KHIEN LUU LUONG PONG MANG ISDN BANG RONG

TRAN HONG QUAN!, PHAN HUU PHONG?

YVién khoa hoc ky thudat Buu dién
2 B6 Buwu chinh - Vién thong

Abstract. Stationary or dynamic stream methods were often used to control dynamic traffic in ATM
networks in particular, and ISDN networks in general. Such methods are usually related to solving
differential equations. However, in conditions of complicated networks with non-station informational
traffic, such solutions are no longer optimal.

To deal with this, the article presents the Kalman filter proposal which is more simple and
effective. Furthermore, the Kalman filter solution have fast control rate and economizing the capacity
of memory.

Tém tdt. Trude diy diéu khién lwu lwong dong trong mang ATM néi riéng va mang ISDN néi
chung nguoi ta thuong ding phuong phép ludng tinh hosc déng. Nhirng phuong phap dé thuong
lién quan dén viéc gidi cdc phwong trinh vi phan. Trong diéu kién mang phttc tap, cdc ludng thong
tin coi 13 khong dirng thi céc gidi phap trén sé gap rat nhiéu khé khan. Dé gidi quyét van dé dé, bai
bdo nay dwa ra gidi phip bang cich diing loc Kalman lam don gidn va hiéu qua hon.

1. GIOT THIEU

Trong diéu khién lru lwong mang vién thong nguoi ta thudmng ding mé hinh luéng tinh
([1, 2, 3]). Bai v6i mang vien thong B-ISDN, luu lwong dwoc sinh ra thwomg dwéi dang dot
bién tir nhiéu loai hinh dich vu thoai, phi thoai tao nén, vi vay lwru lwong mang 1 mot quéa
trinh khong dirng. Do dé sit dung mo hinh tinh dan dén sai léch két qua kh4 16, cho nén sau
nay nguoi ta st dung dieu khién lwu lwong dong ([4, 5]). Str dung mé hinh luu lwong dong
cho mang vién thong 13 mot linh vire méi. Nhiéu nha nghién citu da sir dung thanh cong céc
phuong phép t6i wu hodc mo hinh lwu lwong dong cho diéu khién Iwu lrong trong cdc mang
chuyén mach kénh va chuyén mach géi nhw phwong phap Pontryagin min ([6]), sau dé nguwoi
ta m& rong cho cic hé ¢6 dic tinh khong dirng. Tuy vay, khi mang phtrc tap: da dich vu, da
méi trudong, quy mo 1én thi viéc tinh todn, diéu khién hét stc phitc tap. O day, chung to6i
dwra ra giai phap dieu khién lwu lwong bang loc Kalman sé don gidn tinh toan, ton it dung
lrong bo nhé vi khong can nhé hét cdc gid tri quan sat qué khit.

2. MO HINH LUU LUQNG

Thi tuc dieu khién dong trong dinh tuyén dwoc tién hanh nhu sau:

Gia thiét lru lwong dén 13 hitu han trong khodng thoi gian ton tai, ta cé thé khai trién
toc dd dén dwéi dang chuoi Taylor:

Mzx) = M) + (@ —1)2+ - (1)

bat: z—t=T = z=T+1 va
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N (E),
oS0 .
i=2
tlr d6 ta c6 phwong trinh biéu thi téc do dén gan ding:
A+ T) = AE) + X" (O)T +w, (t). 3)
Pao ham hai vé cda (3) theo ¢ cho ta:
N+ T) =N+ A ()T + w(t). (4)
bat:  wa(t) = N ()T + w)(t), (5)
suy ra:
Nt +T) =2\ (t) +walt). (6)

(4 hai bieu thitc (2) va (5) dac trung cho sai s6 trong phép gan diing, d6i khi con dwoc goi
14 nhiéu. Tir (3) va (6) ta c6 biéu thitc dwéi dang ma tran:

R’%ﬁﬂ - [3 ﬂ WM ’ Wiﬂ ")
Tir phwong trinh (7), ta ky hiéu khong gian trang thai bang X :
X = @(@1’7@%) : (8)

& day trang thai X, 1a chwa biét, nhiém vu cia ching ta 1a phai wéc lwong dwoc né trén co
s& tap s6 lieu quan sat dwoc Y.

3. PIRU KHIEN LUU LUQNG PONG BANG CACH LOC KALMAN

Loc Kalman biéu thi mot dang khéng gian trang théi cia céc hé thong dong tuyén tinh
c6 nghiém dwéi dang hoi qui cho bai toan loc tuyén tinh t6i wu, cé thé tng dung né cho moi
truong dirng va khong dung.

Nghiém hoi qui trong @6 moi wéc lrong cap nhat cla trang thai dwoc tinh duwa vao wéc
lwrong truede dé va s6 lieu dau vao méi, nhw vay chi can luu triv cde yéu cau wée lwong trude
dé ngoai ra khong can lwu trit toan bo s lieu gidm sat trong qua khit. Loc Kalman tinh todn
hiéu qud hon so véi viéc tinh todn truc tiép tir toan bo s6 lieu quan st dwoc trong qua khi
tai moi buéc cia qua trinh lap.

So do6 khéi mo ta Iwu do tin hiéu cia hé théng dong duw doén lwu lwong tuyén tinh:

|<7 Phuong trinh xir 1y 4,|‘_ Phuong trinh do —>|

W, Xy Ve
X k+1 1
1 —> H,

Fk+1,k Vi

Hinh 1. Lwru do tin hiéu hé théng dur dodn lru lrong tuyén tinh

Thuong Wi (k), Wa(k) 1 nhiéu trang Gauss ¢ trung binh 0, théa man phwong trinh sau:
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Qr ::n=k

E|W, W] = 9
Con Fiyq la ma tran chuyén doi dé chuyén trang thai X tir thoi diém k sang thoi diém

k+ 1. Truomg hop ta dang xét, ma tran chuyén déi cé dang:

0 T
Foiip= {0 1} (10)
Phuong trinh do ¢6 dang:
va tir (7), (10) ta cé:
Xk+1 = F]C+17]€.X]€ + W (12)

O day Y 1a véc to c6 thé quan sat dwoc tai thoi diem k, con Hj, la ma tran do. Gid thiét
nhiéu do V, 1a cong, trang, Gauss c¢6 trung binh 0 va ma tran hiép phwong sai. Xj, la dai
lrong chuwra biét.

E[Vo, V] =

{R’“ =k (13)

0 ‘n#k,

nhieu do V; khong twong quan véi nhieu Wy,

Muc dich cia bai toan loc Kalman la gidi phwong trinh xit Iy va phwong trinh do dé tim
trang thai chira biét, dé la sir dung toan bo s6 litu quan sat gom cic véc to 1, s, ..., yp Ng
véi mau k> 1, tim wée lwong sai s6 trung binh binh phuwrong bé nhat cia trang thai X;.

Ky hieu 2f la wéc lwong cia  xp theo cdc quan sat vy, s, ..., yp. NOI chung uéc lwong 2
khéc véi dai lwong chwra biét xj,. Dé dwa ra wéce lwong t6i wu, truede hét ching ta xay dung
ham muc tiéu thod man hai diéu kién sau:

- Ham muc tiéu khéng am.
- Ham muc tiéu dong bién véi sai s6 wéce lwong &y, -
€ — X — :fsk (14)
Hai yéu cau trén thod man ham 16i binh phuwong trung binh:
Ji = Elet]

bé dwa ra duwoc gia tri wéc lwong t6i wu iy, theo Iy thuyét thong ke ([14]), ching ta chap
nhan hai dinh ly:
Pinh 1y 1. Udc luong trung binh ¢ diéu kién: néu qud trinh thong ké {xy} va {yx} la Gauss

s g - A < z - ~ o Y Iy - A Iy - A g - -
c6 dicu kién, thi vdc lwong t61 vu 2y s€ la ham cuc tiéu ham muc tiéu Jy, va dvoc zdc dinh:

T = Elzslyr, yo, s i) (16)

Pinh ly 2. Nguyén ly truc giao: gid st qud trinh théng ké {x,} va {yx} c6 trung binh 0:
Elay] = Elye] =0V k (17)
thi:
1) Qud trinh thong ké {x} va {yr} la Gauss ¢d diéu kién, hodc:

2) Néu ude lwong t6t vu 2y la mot ham tuyén tinh cia cdc quan sdt va ham muc tiéu la
trung binh binh phwong thi wéc hrong t61 vu &, theo cdec quan sdt yi,ys, ...,y la phép
chi€u truc giao cia xy, lén khong gian cia quan sdt nay.
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Hai dinh 1y trén lam co s& chon loc Kalman dé wéc lwong lru lwong cia bai toan.

O day ta viét lai d do lwu lrong ciia hé théng da dwoc biéu thi bdi (11) va (12) tai thoi
diém k. Ching ta can sit dung nhitng théng tin méi chita trong két qua do mitc 1,y trudc
clia trang thai, ching ta c6 thé biéu thi wéc lwong sau &, 1a mot t6 hop tuyén tinh cia wéc
lrong va d6 do mirc nhu sau:

X =cWMilV 4Gy (18)
O day céc heé s cia ma tran G,(Cl) va (), phai dwoc x4c dinh. Dé xdc dinh hai ma tran nay,
ching ta phai dwa vao Dinh 1y 2. Véc to sai s6 trang théi cé thé bi€u thi:
ern = X — Xe. (19)
Theo dinh 1y d6, ex,y; truc giao, ta cé:
Elewyl| =0 v6i i=1,2,..k—1. (20)
St dung (9), (18), (19) thay vao (20) ta cé:
E|(Xn — GLXp_1 — GHp Xy — GWR)Y,T| =0 véi i=1,2,.. k-1, (21)
vi nhiéu qud trinh xit Iy W, va nhiéu do Vj, 1a khong twong quan nén:
E[Wiy! | =0, (22)
str dung quan hé nay va siap xép lai chiing ta cé:
E[(I = Gyl — G Xl + G (X = Xyl | =0, (23)
& day I 1a ma tran don vi. T dinh 1y true giao:
E[(X = X )yl | =0,
thi (23) bay gio ¢6 dang:
(I = GrHe —GOE[Xeyl ] =0 véi i=1,2,.,k—1, (24)

thod man v&i moi Xy va g, Vay tir (24) rit ra cic hé ma tran s G,(Cl) va G ¢6 quan hé nhw
sau:
(I - GpH, - Gy =0,

Rt ra
G\ = 1 - GLH, (25)

Thay (24) vao (17) chiing ta wéc lwong lwu lwong tai thoi diem & sé la:
X = Xeor + Guly — HiXi—1), (26)

trong d6 ma tran Gy, dwoc goi la d6 loi Kalman.
DPé wéc lwong lwu lrong tai thoi diem & ching ta cin biét ma tran G. Can tinh G, xudt
phat tir dinh ly truc giao:

E|[(X), — Xn)yi ] =0. (27)
Ky hiéu sai s6 gitra lwru wéce lwong ¢, va gid tri thue yi, 13 9, = v — s (28)

Qua trinh ddi méi bicu thi do do thong tin chita trong v, ¢ thé bicu thi:

T =y — HiXe 1 = Hi Xy — v — Ho X1 = Hyer 1 — v, (29)
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st dung (27), (28) rit ra:

E|(Xy — Xp)iE] =0. (30)
St dung (13), (26) chiing ta cé thé biéu thi vécto sai s6 trang théi (19) dudi dang:
Xi — X = ex—1 — Gr(Hrer—1 + i) = (I = GeHy)er—1 — Gy, (31)
thay (28) va (30) vao (29) ta cé:
E[{(I = GxHp)ex — Gy} (Hper—1 + vi)] = 0. (32)

Vi nhiéu do lwdmg V4 khong phu thude vao trang thai X, va vée to 161 e,_1, do dé (32) trd
thanh:
(I — GeHp)E|erel |HE — GLE vl | =0, (33)

~ [N . 9 -~ , ’
ma tran hiép phuwong sai cua sai s6 wéc lwong truede :

Proy = B|(Xr — X5 ))(Xe — X 1)T] = Elenre} ] (34)
thay (34), (14) vao (33) ta ¢6: (I — GxHy)Ps—1HF — G Ry, = 0, gidi phuong trinh nay doi véi
G, ta c6 cong thirc dé xdc dinh do loi Kalman Gy,

G = Po  HI[Hi Py HF + Ry (35)

Tinh ma tran hiép phuwong sai ctia sai s6, gom hai giai doan:
Giai doan 1. Ma tran P, dwoc tiép theo (35). Sau d6 trén co s& P, ; tinh P, tai thoi diém
k.
Giai dogn 2. Tinh: P, = Flegel | = F|(Xy — )?k)(g(k — Xo)T] (36) Thay (31) vao (36) va lwu
v rang qua trinh nhiéu V; khong phu thudc vao 16i wée lwong e,_1. Ching ta thu dwoc:

P, = (I —GpHp)Eler 1el | |(I —GrHy)T + GuE vl |GE

(37)
= (I — GpHp)Pe (I — GpHy)T + GrRLGT.

Khai trién cdc thanh phan trong (37) sau d6 st dung (35) dan dén biéu thitc hoi qui dé tinh
Pk .

P, = —-GpHp)Py 1 — (I = GLHy) Py HI'GL + GLR,GE

(38)
= (I — GpHp) Py 1 — GeReGE 4+ GuReGE = (I — GpHy) Py 1.

Trong giai doan thi hai, phai thira nhan wéc lwong trang théi trude dé da dwoc xéc dinh
theo cdc thanh phan ci la:

er = Xp— Xp 1 — (Frp-1Xp—1 +Wi1) = (Fr p—1Xp-1)

I (39)
=Fop1(Xpo1— Xp1) + Wioq = Foprep—1 + Wi_1.

St dung (38) thay vao (33) va lwu y rang nhiéu W, khong phu thuoc vio e, i, ta nhan dwoc:
Py = Fk,qu[ekqeg,l]FkT’k,l + E[WkAWkT,l] = Fk,kflpklelzjk71 + Qr—1, (40)

bang cac phuwong trinh (40), (35), (26) va (38), ching ta c6 thé tém tat lai thuat todn hoi qui
uée lwong luu lvong nhu sau:
Chon uwéc lwong ban dau: Xo = Elzo). (41)
Mo hinh khong gian trang thai:
X1 = Frp1 10X + W,
yr = HpXp + v,
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& day Wy, va vy, 1a nhiéu Gauss doc lap, trung binh 0 ¢é cdc ma tran hiép phwong sai Qy va
Ry twong ung. R

Trang théi ban dau: véi k=0 ta c¢6: Py = E[(Xo — Eo[Xo|)(Xo — E[Xo])T].

Daoi véi k=1,2, ...

+ Panh gia trang thai: X, = F;M,l)?k,l

+ Hiép phwong sai 16i: P = Fk,kqpqukT’k,l + Qn_1
+ Ma tran do loi Kalman: Gr = Po1H! [HyPo 1 H + Rk]fl
+ Uéc lrong luu leong: )?k = )?k,l + Gp(Yy — Hk)?k,l)

+ Hiép phwong sai 16i cap nhat: P, = —-GrHp)Py

Gi4 tri ban dau clda ma tran hiép phwong sai:
Po = E|(Xo — E[Xo])(Xo — E[Xo])7],
Py = (I — GrHy)Pi.

4. KET LUAN

bieu khién Iru lrong trong mang vién thong B-ISDN 14 mot bai toan phitc tap, tir truéc
téi nay chi yéu diing céc phwong phéap luong tinh hoac dong va gidi phwong trinh vi phan
théng thwong dé tim nghiém. Cac phwong phap nay rat hop ly khi nghién cttu lwu lwong tai
mot nit mang. Nhung khi ta md rong né trong mot mang da dich vu da méi trweong thi cdch
giai trén vo cung khé khan. Bai toan lic nay dwa ra gidi phdp diung loc Kalman dé gidi duéi
dang hoi quy, khong can phai lwu trit toan bo s6 hiéu giam st trong qué khit.
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