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Application of Kalman Filter and Wavelet in Traffic Prediction
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Abstract: Traffic prediction is the core of network quality of service problems, such as traffic engineering and
congestion control, etc. According to the characters of traffic, a novel network traffic prediction algorithm in which
Kalman filter and wavelet are mixed is presented and proved abstractly. The simulation results show that the

proposed algorithm can guarantee higher precision and better real-time processing compared with traditional

algorithm.

Key words: Traffic prediction; Wavelet; Kalman filter
1 31§

5 45 1) ) 265 Jak ot A 3T 20 40 A B I 1Y) 9% A 11 R Tl
&, M558 B (service management ) LALSZHE QoS, L
EICE MR A TR, Ao T RIS AT R AR 2,
BN AT AP A% o o X 0% 0 TN 2 M 455 211
PR ) A, 0 8%t TOUIU (R RS At SEERE P, il
KRB A B R RE .

TIAT 19 1Y 4 G YN 43 g 2 T il AR Al e kol . Irp
ARIMA L 34 Sy 28 PE T 7 6 AR R A3 80 T )32 AT
ARIMA ) HE {8 5732 2 W 26 0 et H AT 2 1k v P B2 i R AR o
SCHR[4,5) 88 H ISR T M5t s HAT 281k, AR, R
SRRV o SCHR[6)FE H - TRAIE T P 45 AL s /AN [ (1) B ) AR
RE ERA BARBPERNZ RERE. PR ARIMA B T
HIRS REAG,  TOVEME R P 2 R R IE . SCR[7]) 4 H
THEETRR S UERETG, & TN TARESTT RN 577
T2, ARHANEE T RS0 R A, NI — e R L
PR T TR R, HLFLASEZRY (1% B G2 M s R H 2SI Y
L5 BARBIE, 2R CL K 2 REETERFIE . £FXT BIRA AL,
SCERBLT /i 431 R 2 99 26 D1 A4 119 Ak A F5 0
o AELZIE TN (0 S R 0 ST 2
HITII 7y, Lok R SR S KNS, I B 5 N Rk

2005-8-16 Y E, 2006-06-26 t4[H]
5 AR BE 2% 4 T 05 30 H (No0.60434020) « T 44 H AR Rb 5L 4
(0411014100)FM77] g K251 Py 2 a4 (XKO3YBSWO0138) ¥t By U

PE, I HLIN i) () S AR K

SCHR LR R 7R 2 B0 (KF) FIVINBE S T AR 45 5 LL 78 43
BAES F RIS RR L, sy S 8 H g F5000 mh AR R
WEEZNABEHLTON b, AR = T A . AEXS Bk s
BRBIF T SRR L, ASSCIE TSR (1 1] Pt e iR T iz, &5
PSR SRR R, R TR 9 % U ) T A
R, ARG T 0 % 3 e T AN PN S A

W 2% i & [ I 6, A7 2R VE AR AR 4, AR R PR AR AL
oy B2 LA RSy, AR R ST A B X
R 7 MR /N Mt AT AL PR . DA H FRRAS R AN
BT B A BENIR N KFERPRS 2R, BEMPRKEA 2 ]
IIITEMS G, Rl T LR SEN RS A A 2 R
J& 73 Ht B8 0 0 /N - R R 2 BOR A Al oE S TR O v
WKHEFA (Wavelet-Kalman filtering Hybrid Estimating
and Forecasting Algorithm),

AL R 2 WAL T WKHEFA [F 8454
595 3 R SRIEAT TR MBS RN B 4 T F A Rt
ATHEB T 5 5 TR ARG
2  WKHEFA KT &S]

Yt W 2 S R i () BoR, P AR R 2
PEWANNP AT FEHEAT RETT, SRR SR K TR .

d

a;%@):UV+1—HMRkKﬂ+%n+DMﬁHU)

—[(N =n)A +nulP,(#) @



726 mr 5 E A %W

EDIES

Hrb P () e SCHRSCEIRMECE , A 9 ON W [a]3% 7 844,
w A OFF IR Al 454
R4 X (1) £33 Kalman TR ;

#(k) = #(k — 1)+ Bu(k — 1) (2)
P(k) = P(k —1) + B*Q(n —1) (3)
1 Kalman fili v 7Y .
(k) = Z(k) + K(k)[y(k) — C(2(k))] 4)
K(k) = P(k)C /[P(k)C* + R(k)] (5)
P(k) = [1 - K(k)C]P(k) (6)
M B=D/C
C = L{l — ef(H’L)T]
A p
Y ~(A+u)T
D:m[(/\+p)Tf(lfe( ] (7)
o N
A+ I

QURYN R(K)%y B R G s FN Bk 75, P(k), P(k —1) %%
B TRIMR ZE A TR 2, a(k) ARG %, Kk) 2
MRPE (1) (7), HE7 W AR T
Py (t)=DB(t)+W(t)+v(t) (8)
Hrp P, (1) FRMB TR BB, B(t) FR MG TR TR,
W (t) R AR 2, v (t) RoRBENIAZALER 2, I H
B(t)=Cx(t), W(t) = Du(t) (9)
2.1 FRET ISR
X B (t)= Ca(t) AT B HU N5, BRI

2k M-1 2
B(t) = Z bcsljmqu.m(t) + Z Z bdejmu}]m(t) (10)
m=1 j=L m=1

Hep gy, (6) RIEREL v, (6) R EL, H 2" bl
R, H

be,, =< B(t),¢,,,(t) >, bdl, =< B(t),1;,,(t)>  (11)

FR 5 9 268 2t 1) L ARVARURR AR, X /NI 23 B 2R B3R AT Ak
Bl i L Y AR AR BWT (Base Wavelet Transform),
& FER T u(k) = bel,, /(bd?,,) s Hou(k) > 1o o u(k) 1
AT A AT BI85k 0, oA MEER ok BoE SR
N(j), WIBWTRA A : ERASE j b, HE N(j) bt
WA u(j) » be;, 1533

bd; = be; [ u(j) (12)
UL EPERESE j=0, HAMGH

.
WB =[bch bdf bdb bal bdi bd? bedbelit | (13)

2.2 FEHEAMEITLAEEY
XW(t) = Du(t) HATERUNEAZE, /I
M—-1 2/

W(t) = acy,dp, O+ DY adl, (0 (14)

m=1 j=L m=1

7H<EP ()bL,m(t) E:REI%‘%&’ 1/J],71L(t) féd‘%l%l%l, H?L %JF%?FH
JUE, H
begy =< W(8), 6, (8) > bdl, =<W(X),9;,,()>  (15)

s,m

5

b b 5 T
WA =[ac} ad} ad} ad} ad} adi adj-adli || (16)

2.3 KF A8
U LR 7
Z(k):WT~WB+WT.WA+V(k) (17)

bWl ol oy, (8) B RR B R A PRV, Btk sk 1
KF 75N

X(k) = &(k,k—D)X(k—1)+ J(k)]
(18)

Z(k) = C(k)X (k) + V (k)

HA B (ke k—1) NI, » ITRBBLFE, Jk), V(E)

o WB
SR E R, X (k) = wal°
3 WKHEFA &%
3.1 EiRR
i
Z(k) = [2(ky),2(ky) -+, 2(ky )] (19)
Zf =12"(1),27(2), -, 2" (k)] (20)

(k) F 7 k JE 39199 WU 3545 10 U R 91 2k, ), 2(ky) -
dhy) S, ZEFIR L2, k JEWIFTATIN 0

1 @R REALRS T R an =X (18);
SR 2 PEHIME= X, B, K, 5

T3 AR (k—1) AW

(1) K X(k—-11k=1), Pk—1|k-1)
(2) X

2) WH X(k|k—1), Pk—1|k—1), Hr

X(k|k—1)=E{X(k)| 2"} (21)
Pk|k—1)= E{[X(k)ff((k |k —1)]
X (k)= Xk | B=1)]"} (22)
(3) X X(k |k —1) NBETEM, KA kI S(k) HT0
{H:

Stk | k—1)=E{S(k)| 2/} (23)

FH A R EIN, KRN Z(k)HE

Fork=1to N

Begin
(1) H 2(k) X X, (k| kg ook, ) BEATSE T, A3 EDRA
X(k) ZET 207 MGG 2(ky) > 2(ky) oo, 2(k,) BIMGTHE
RN f A 358 2 B 2 B <



%5 33

A LTRSS B SR 5T 727

X, | by hyyee ) = E{X(R) | 27" 2(hy). 2(hy) -+, 2(k,) } (24)

Bk | bk k) = B{X(k | by ky,o k)X | By, b))

(25)

@) X, (k | k) BEAT /NS ERI T S(k) T 25 R
WAEBM 2(k), 2(ky) -, 2(k;) flivHE

S’(k | klvk27"'7kli) = E{S(k) ‘ Zf717z(k1)7z(kQ);--,z(kl)} (26)

End
MTTSEHUIET Z OIS B 2(k) + 2(ky) oo, 2(k;) X
s(ky) (1= i+1--,N) BATHER, T2 Xa(27) M (28)
P
§(kl ‘ k17k2’"'ak7‘,) = E{S(kl) | Zlkilvz(kl)vz(kQ)v"'az(ki)}a
l=i+1- N (27)

X (k[ koo k) = X (k) = X, (klky, gy K,
1<i<N (28)
HH S5 AL DR 3 U 4 mZRIPIRE X (k)
BT 20 WAk VTRV S (R A T35 2 By g 22 B o )

X(k | k)= X, (k| ky)=E{X(k)| 2} (29)
P(k| k) = B(k | ky) S S(HIET Z§ (04 o4
S(k | k) = S(k | ky) (30)

FH6 BELES3, LW4, LB, HILLIEH
.
LA 1 PR

(k)
Q
i z X(n—1|n—1 _
HIfE @ Q ™ p((:,l,_”‘:,’,_l)) X(n+1|n+1)
Ko.Xo,Po) /" WT \\ //Hnﬂnﬂ)
KAE : . X(1[1) Kalaman || X(Z\Z)
P(1]1) IED RS P(2]2)
WT \
X(1]1)
X(0[0)
T P0]0) PAL)
o

WT- /N R
K 1 WKHEFA $¥:REE

4 {FEXE

AU R ANS2 FiMatlab, HAALES: (1)7ENSH
FEAERENLIINE, SRS RENUERE— AT . (2)7EMatlab',
S ARIMA S MIWKHEFASEY | (3)30 b5 e i 133
1) Kl L P B A6 O BE 4 AR N ARIMA Fil i &% 3% F
WKHEFA TN (4)F) I MatlabZz 8 T H 2 61 & o
4.1 BEMMNME T EREEHERIE

7EE 2 AR SCH WKHEFA St 483 34T T 4 2RI
FEOHT, b A1 FoR e 1 ZIRIERE, A2 Wi 2 ZR
FEREL, A3 M5B 3 ERIERE, DA RSN 4 2R
XRRBEHM SRR, Hh X =410420 A3® A4® D4,

DB Bl T S ILARIMASE SCHR[L], WKHEFASK ] T Haar/ il
WAk

M 2 /1, BT AR Y WKHEFA 318 W 28 3 w42 6 HL R RFAE
SYRITE 4 BREE R T LAMENT, JLRERED A1, A2, A3,
A4 iR, TR WKHEFA % 455 b A — J2 A0 36 2333k
70, BRI NERE D4 Fion, WKHEFA 2 R
FERI AT RITE R, A5 R) BRSPS SRR T W 4 = T
TR AN R PE AR AR AE, A6 5 AR v T IR 4% 0 = T 0 K

.
45
e i

0 50 100 150 200 250 300

250 300

35
g ' : :
Z 2 W’ {
w3 ‘ ‘ -
= - 0 50 100 150 200 250 300
e~ A ]
=
35 : s s . :
45 0 50 100 150 200 250 300
)
=
b= ’/\/\/\_/\/' {
35 s s s . -
45 0 50 100 150 200 250 300
)
g ]
35 : : ‘ '
0 50 100 150 200 250 300

M1 (ms)
2 PSSR R 5 A
4.2 WKHEFA 5 ARIMA {FEZ Ry LLE
& 3 4 WKHEFA 5 ARIMA f9 243 - Fme 5 L .
REARKTE R RAEIS 2, PAAAT N P At o HoF S s I 468 97
55 A VE T (AT X H . PR LG Y WKHEFA Tt
SR 28 B IR A B A T ARIMA FUIAAY, 3 20
ARIMA T A5 28 (4 5 48 4 Atk L Sk Bk ) J 41) 2 B P A 7R
2 LS M 4% A A VAR A X FE I 4 . WKHEFA
A Sz I b PR 9 2 R R R A1 AR 4k, AP 3 Hpar LU B
TR 2 SURI AR A 8 4 WKHEFA R85 DL LLAHIR Y
TR 2 s e oK

40
39

— FUCR S

0 5I0 1(.10 1!:)0 '2(I10 '2:50 300
IR (ms)
K 3 WKHEFA 5 ARIMA {) BEL45 JL i b
Kl 4 2 ARIMA F1 WKHEFA KJRZEG8 & . BEAAKR N
RZEAH, PRI A AT BUZIE WKHEFA 12 72X 4]
H(-2.6,+2.6), ARIMA KJiRZ X [A] /2 (-3.2,+5.4), JEHX T
RZELE(-1,+1) 2 A G5, WKHEFA B & 5T ARIMA,
K5 2 g RAH TR, PRt WKHEFA P25 i A8 (1)

TRUMIHRS B 83 = T ARIMA .



529 2%

728 A R -
K 80 T 80
= 40 i = 40 . ‘
8 0 8 0
-4 =2 0 2 4 6 =3 =2 -1 0 1 2 3

T
(b) WKHEFA #4011 P

T
(n) ARIMAS 2 EE1 4

& 4 ARIMA 1 WKHEFA ()it 258515
5 HEERiE

X TAE S Kalman S BUNALAS, 00 & A8 ) R4S 70
e 0RO 6 N 1 4y AT SR A . BT
WKHEFA 1, #8144 H AR KN AR 4 2 55 n) =4l iR 4
KF PR &, A A R BEAS 43 i B8 R IR S A2 5 (¥ i
A AT G, BEMA N BCE R AR X — 2R AR
FABEHUIL R PR o 1 AN 7 AT SERTAL TE, XK
LT AR AN 30 P9 R AN I 20 B G LU AR A SR 305 P
A ZIFEAT TR, RSN T JRA A SER R BhA 2 BTl [
B, SN AR L, WKHEFA HA7 S2iPE R 3 v,
AR IS X ) 8 B AT S I B A Al TR AT 2
1 LR WKHEFA SR EAT S0k, LLSIIL M 26 3 & 1)
KT o

& % x ¥

1] &, EEF, Ktk ARIMA BT MR ET], 1%
HLF R R 2 R (B AR B2 AR, 2003, 6(3): 6-10
Jin qgi, Pei Chang-xing, and Zhu Chang-hua. ARIMA analysis
method in network traffic. Journal of Xidian University(Natural
Science), 2003, 6(3): 6-10.

[2]  Yu Guo-giang and Zhang Chang-shui. Switching ARIMA
model based forecasting for traffic flow[C]. ICASSP '04.
Canana, 2004, Vol.(2): 429-432.

[3] Sang Ai-min and Li San-qi. A predictability analysis of
network traffic[C]. INFOCOM 2000. Nineteenth Annual Joint
Conference of the IEEE Computer and Communications
Societies. Tel Aviv, Israel, 2000, Vol.(1): 342-351.

[4]  Leland W E, Taqqu M S, Willinger W, and Wilson D V. On
the self-similar nature of Ethernet traffic [J]. IEFE/ACM

Transactions on Networking, 1994, 2(1): 1-15.
[5] Park Kihong and Walter Willinger. Self-Similar Network
Traffic and Performance Evaluation[M]. Wiley, U.S.A, 2000.
[6] Gao Chuan-shan, Han Liangxiu, Cen Zhiwei, and Chu
Chun-bo. A new multi fractal traffic model based on the
Proceedings of the ISCA 14th
Distributed

wavelet transform[C].

International ~ Conference:  Parallel  and
Computing Systems, Richardson, Texas USA, Aug. 8-10,
2001: 157-162.

[7]  Kolarov A, Atai A, and Hui, J. Application of Kalman filter
in high-speed networks[C]. GLOBECOM '94. San Francisco,
U.S.A, 28 Nov.—2 Dec. 1994 vol.2: 624—628.

(8] R, AP, AR, L. TR R LS R L
Zw[J]. NG LRSE, 2001, 22(9): 1110-1113
Han Liang-xiu, Cong Suo, and Yan Hua, et al.. Characterizing
network traffic based on the wavelet technique. Mini-micro
Systems, 2001, 22(9): 1110-1113.

9] Yu E S, Chen C Y R. Traffic prediction using neural
networks[C]. Global Telecommunications Conference, 1993,
including a Communications Theory Mini-Conference.
Technical Program Conference Record, IEEE in Houston.
GLOBECOM '93., IEEE29 Nov.—2 Dec. 1993 vol.2: 991-995.

[10]  SCHobk, FZR#. 2 A THES LR (M. Jbat: ik
KA RRAL, 2002: 98-112

[11] Zheng Tong-xin, Girgis A, Makram B. A hybrid wavelet-
Kalman filter method for load forecasting[J]. Electric Power
Systems Research, 2000, 54 (1): 11-17.

[12] Kawahara R and Komatsu N. A scalable IP traffic control
method for weighted bandwidth allocation per-flow. IEICE
Trans. Commun., 2001, E84-B(10): 2815-2829.

2 FE. Y, 19759EA, T, R, BEST R OATP 48 QoS.
O AL IR I 2555

BEHLL: o, 19574, BIBER, W5 N TR RE. B
%55

WA U, 197944, WA, WETTN 1A TP N4 s
P 2 AT



	基于卡尔曼滤波和小波的网络流量预测算法研究 
	Application of Kalman Filter and Wavelet in Traffic Prediction  
	1    
	1  引言( 
	2  WKHEFA的预测模型 
	2.1 平稳变化模型 
	2.2 周期性变化模型 
	2.3  KF方程 

	3  WKHEFA算法 
	3.1  算法描述 

	4  仿真实验 
	4.1  算法预测网络流量尺度性仿真验证 
	4.2  WKHEFA与ARIMA仿真结果的比较 

	  
	5  结束语 


