DOI:10.16749/j.cnki.j ecjtu.2014.06.009

553155 6 R KK ¥ IR Vol.31 No.6
2014412 H Journal of East China Jiaotong University Dec.,2014

X EHS:1005-0523(2014)06-0001-06
V9 1T VA TE B B AT A2 B (8] Tl AR g9 Rz

REAE T, WAk A

(LPGIE Tl R A shibabe  Bept 7922 71007252 8 48 388 Ko b 700 85 330013)
FEEE . R BATAZ B A) AR AT FRARGE 30 &5 S8 o7 S0 2 69 o ah , R 42 B 38 TR 49 77 ik T VAR A ok R AN a2 69 B8 ELAT
RO KA AL T AR R, BFEE L RE AR, ABHEETRKSERE, BAESH & Karhunen—Loeve % 3
SHREALA 9 oG o g b5 My fk B i AR IR IE B LATAZ R 1A B ) 5 AT A AT AR B 1) B B R AR LM A AR BEAT A 9 A, SR
P} )G — B B ISR AT AR RS 8] 69 TR, 45 R B 7, A ok LA B A T AE
IR ATAZRT 18] 5 A2 AT 38 FAM]  Karhunen—Loeve & 3% ;
HESES:U491.4 ARG A

s BUA TR I )2 A2 875 37 e A R B I FER 2, R AT o D I AT IR S5 4 AR 2 — , (HIE
e b B S AR ZS R R T AL, L 5 A I A8 8l ) T — ok 220 P Sl A g 7 05 8 AR AR T SR
Ja TP SGHARZS AAE R, TR 5 850 4 o A RE A 2 i e 1 S G 5w B5oRs f M i 5 HE s ok A
IS BE , 40 5~30 703 1) 6 BEA T AR A TR1 RS , ARG R 0 8 15 507 58, U7 S R A X AN S 4l 245 210 3
T BB TP AR R AL AT, T AT ARG B AT B AR AL A 707 3, T 2 AT i), 3
EE R TR o AT LE SR KRBT 0 IR, — IR T 07 ik, iR el A2 Hela | A 1]
VPRI AR R S PR = /NI TR S TR AR S AT  ASORM T AR T T B SRR R |
PR R ZRARI R K AR o 22 sl DA A — BBl AT, T AN 2 17 s B e K B B R R T 1 |
HAT—E etk S B ARl /s G2 AR BE T 2255

S BEA T RIS 18] B s Bt 14 I sl i s A28k, HAT — € B REAILIE , ] it LA AR i A AL , X1
(7] — 2% % , 42 KA BRI A 5 R 1] AT 44 J8— A I ) P 41, 5308 B )90 s 4 AL P R P e
TE T AT AR (8]0 AT [F L A BEATLE RIS A , 8% BeA T R i 8] 77 91 ] 7 0 — 4 HAT — @ LA BEALAS
T o R EBIE RIS T T DU 7R B TEREAIL 91 58 55 SR M S B BEALAE 5 5O Ak
o RIS HT R —IRE , WA ABERLAY P s 4 7R 18] e 91 Hh s i s st st e , AT S B0 — f B
FREm A Al B AR HAT AT A M . 19744, Nicholson and Swann " 55— UK 431 7 i F 38 i
TN, At B B R R 81 2 g T IESS I R AR5, R/ D TR T T PO . R R
X — 5 BAT B W TS 1L, (R A3 B R b 5 ik Ao — 25 TR ABIE ST, TS J3E R i i A
— APyl AW 10 EAS L, BTS04 5920 S S e TR E e O AL 1 B R A
SEEXH I BEA TR A T A I

Wk HHA: 2010-09-20

E2TH : LA RS TRHS 05 B (20123BBE50094) ; VT PG48 [ 28R 34: 15 H (20142BAB201015)

VEZ B XBIIE (1978—) 55, URII , B W58 A=, FE0F98 07 ] 38l R GE Ak e sl s i A2 (1964—) 2o, 2082, i1,
FEGE )5 1] R A A I Bl

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1
o
s
B
S+
S
B
b=

2014 4

1 EShRE

AT AL B BLT AL R R T SRR P 9020 2 AR 53 S DLBEBLI 10
B RS R E T A (AR TS BUR BB SRR IR 0 R R 1L T34 B 2t
47270, J B Karhunen-LoeveK-L) A L BBBUR 9125 A FIE AR 079 )y 25 ST R 2
B, A SR A AR T, LB R TSGR S S BERERLT S e (e
AL (K R

BRIk =1, 2, N RS BTHBEBUE AU 5 2 O Rt

= ore ). m=loo M (0

A w, (k) Fs MY S 2R m AP SIS kSIS Ta] BB IR s e, (k) IS ZIB0 TR 22 5 (k) 9—2HIEAS
45 ¢, A NLHY R T K-LAE#e i AE R AR e, Rt (1) 20 BB AT i KB . B i=1,2, -,
Ko WENEA PR RN, (1) A Mk AR A7 M & T %, (k) o

X D) 2 ) KR
X=C¢' +E (2)
A X =[x, k)], MxN
C=lc,] . MxK
@' =[p(k)] ,KXN
E=[e, (k)] ,MXN
e/ IMETR ZEH R -
J=(X-Ce")(X-Ce") (3)
IR @ =1, TUHERAE [ R B
C=Xolp'p)'=Xo (4)

CH By RE— e AR E T, O W00 ) BAS AR SG ) —~ 3% . Davenport and Root""', &I AT
DU S HOE 2 K-L AR B FRBENLIF 91 B Iy 2236 e o3 . an=C(5)

N
Ao (k)=D R@(k), k=1,..,N;i=1,...K (5)
k=1

A R=X"X (6)

FH(5) A A SRAFERAE ) 55 B @ LUK I BRFIEAR AL B AL F R B /NHES , H A AR AR X6 1 471 1)
FE Sy, HA MR, RAE 7 91 1) F 2R SR, B INRAEAR XS 7 91 () i s 43 o3t (R BRLT 471)
P B AL 2 R MR B AR AIE , SRR 11 ) 22 BRI 29 B AR e A 0 107 () AR A1 1) 2t B4 Jist P 470 48 P R ARAR /N33
wE,
2 EFEs TR BB A iE

i FIR O, MRIG REC IS A5 a Re ik AR Q, th =X (2) AT SRt a] 8] X, Big |, 4= (1D)
W) k#iE S5 TR, X=X o

X [F]— 25 T8 I, AH IR TAF H 3R A T AR B A4 52 38 AR feoit , BRI E , GEi b 8 B R—A T4 Hi%iE
B4 15 4 el B () - 240 AR [R] P S, 4 KA 96 LH R , i 440 it S, 34—~ Sx96 11 1 s 5] 46
M, H1(6) . (5) . (4) 3R A5 SXK 4 i) ZEIEFE €, LA KT RFAE 1) A0 I @ o YR BE 2 B k6l - 41)
X J LI B A 7 AR (0] 77 A 5 0], A 8 T b AR B s ), 44 1 — A8 40 X, AR S sy 41
HIFRHEm R R C, o

X =T, Ty, T, T, ) o T~ TR SRR A, T, A LB 220 17 s B4, i (4) SORAS IXK 2

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



%614 ARHA 2 T AT IR A % B A TR N 1] F00 v 4 15 A 3

FHmE C K C 5 CoAIFRAS+DXKYERHERE C 31X C M7 I R IACK A, 15 XK 45/ REOMECF
i C, , 1 (2)ZARAG ¢+ 1B ] B B A & 74
C.=WC ,(1xK) (7)
A WO AR &
P T B 25 X 7 Ao ] A () R B, L2 ) R A DG PR e, sz =2 DU 553, DRkt , i v B 2% PR Y i B 2 i
F) A BT B I3 B S S ai s g DA RN A BT . X RRAE ] FR R @ VR AL BT SE X — H
Pio BIFESKRAFE M) REL C. B, BEBURFIE )

gDzl—m-l ¢12—1¢+l QDI,K—M-]
1 2 K
¢l—u+2 ¢l—::+2 th—a+2
o= .. (8)
1 2 K
¢I ¢L GDL
1 2 K
¢/+1 gDHl QDH.I
BBCHETR IS X, =T, ... T, 00n 1T, (9)

WMy X=Ce" , X FFAIBI TR @ BT M ARARIF, Horb, X, ROLHTA IO 2 258 21751, X,
¢ W2 S PN . AR — T ARSI s , A T — U3 A2 2 J5 — Sy Be A P, Qe
B, A Al SR A R T 8 H AR
3 C &RHREMRK

C, B9 TIC AR TR — Dy S P ST SR T A:, T 224 i S8 00 ) P ) 5 g — I SR 9 A (AR
ARLPE , 45 R - 2 RGN 2 P Py 1 EAR AL g k2 P 1, SRS 07 ) 724 28 S0 ) e o7 o A 5K, B Tk, DA
SRR Py 47)-5 Xk Rz Pk B Ay S P L2 [ P9 R ER B A s HE AR AR o 38 S A DML 25 13 L PP 4 3 i
EMRRECHEES ) d) U C, FP A8 AT AR 1) o

w(j)= J/d(j) , j=1,2,-,K (10)
Zl/d(i)

el d)= J 3 D) 5w, ST, S50 A LA ST B 2

ADIIBL, TR FAGEE R AU C,, = WC, , mAGAFHEN R € =aC +(1-aC,, , 0<a<1. H
o IR AT AR S B DU E
4 TR

ATFIE SIS BT

1) BT LA TREE ] P4 AR R X,

2) TR AT REI ] PR A A AR R

3) T R FEFFIFFIE ) B @ FIRHER A

4) THERHE R R AL C, = Xe

5) HRCYEIFARHE R R R C = X @

6) 10 [T IS BE A, 78 [ A B A 1350 24 iy e 471 45 68 Iz st B3 7 5 1 F R 1, A BRI 1) o R
c,, =Wwc,

7) R RAGHAHER i RE C, =aC +(1 -,

8) A2 TR, 4 5 I [B) 1 by (A1) , ZEIN TA) 7 DA B4 00 IO AR AIE 1) T4 I @ BN 2 P P 91 1

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



4

1

St

s
&
S+
S
B

e 2014 4F

fhiHE X=C.p"

9) Xt MiE B L A1 AP E0 A [ e BEAS T, Joe e — A B — 25 B, 4 4 TN
10) SAEAGI B AR ISR =0+ 1, 08T X & [91(5)

5 R FSEH

F IR B T SRR AR LS A, 00— AGH B4 15 23+ ] B A s R e 11K o FHAS ST 07 ik e A 54 T
DT BblE N Sy I WA R €L (E/SES a o  RE DSTIL -4 €1 D SN A 4 €7 v € T e w w iA:
R 1T IR BE A R LA T T o DAy A B L, 20 e BCP- R AR DR 22 , BT AR 22 , 4985 R BSF Fabm xot
PSSR IEF T 730, 7 Matlab - 55 b, SEIUA SO 23, i A IR 2238 bR R 1.

x1 BNHEES TR
Tab.1 The prediction results
[ s B A SR AXF R 22 % B iiR %1% HRERAL
1 9.28 12.08 0.931
2 8.51 11.28 0.935
3 8.69 11.43 0.934
4 8.69 11.56 0.933
5 8.78 11.33 0.935
6 9.01 11.53 0.936

Hi B AT UL, 2 el BRI 2 I, AR PR A A s B EA T vk X A A A T AR S ] SR 5
SR APERE , VT RE T H 2SS N BP A28 2% [ 12 ] 7 125 PO AR SO 75 J] B0 5t , K 1 1) ) A 2 22 14 8
PSR — i AR OO 6, Jeitb T FEHER e ] i th o Jr ISR, iR %450 28, N BP i
22Nk, HTINZRAF ) RO 2% TG ER 75 R BOA TR RIEcH . ANSCO vk S 3k 12 Dy ik i th £ean i 1.

50t
45t
40
351
30
25+
20
151

AT LR [B]/min

5 -

e ASCHINAE
-= 3CHR[12]

0

0:00:00

_|#60)-
i EPPR =

4:00:00 |
5:00:00 1
6:00:00 L
7:00:00 |
8:00:00

9:00:00 |

—_—

21:00:00 |
22:00:00 |
23:00:00

i e e e e T

E1 FiES ScmERT
Tab.1 Comparison chart between prediction and detection

11 1 7R SRR B, PRI % (8 00N ER 22 FRAH XS B, A2 i BEI R A 15 R 4T

O e 135 ¢ A B (AT 522

LT 2, o xG) SR TN, () 2SI 2

B A SO IEAE m g B, SR ZEEOR, W0 TR, BR 25 B i 309 , (BAE- PG BE, HARZE S DL B4 T3
Bk[12]. FRERWIRN S EPPR BUISME , A SO0 8.51% , SCHR (1217710 7.78% . AR , SCHk[ 12 1i9%
TE TEAIG BE RIS 4 T A STk

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



£ 6 30] ARHA 2 T AT IR A % B A TR N 1] F00 v 4 15 A 5

TEVERCE I, [FRE B S B A6 UE B , A8 SO i ISE A e 2178 50 58 5 96 K iE B e FE R {77
0.836 s, M 7E [ — & WK L, [FAE 3T matlabF- 5, SCHR[ 12 J58 5 B 41435325, #ERT 22.461 s, Y Zr X 45 FERT
27.895 s, i FH I 2l 1) ) 285 5 B FOUI AE B 0.677 s, SCRik [ 12 58 B T M FE R 51.033 s AR, AR S 1Y

AR B i SCmk[ 12]
357 BRSOy ik
30 o Cik[ 12107 1k
s 257
W20t
K
?;‘15'
oo
= 10
’ A H\| I
. H\ IR |
OOOOOOOOOOCOOOOOOCOOCCCO
SRR IR B R B R R B = = = = = = = = B = = = B = = R ==
OOOOOOCOCOOCOOCOOCCOOCCC
S22 3S3S2S S
O—‘NM#W\OI\OC@O—'NM#V‘)\CI\OO@O—'NM
e e e e e T e T e T e e T < I o I o\ B o |
BF 20/ (hh:mm:ss )

B2 £XBMRESE

Tab.2 Prediction error distribution for the whole day

5 it

A 1% 53 B v 4 0 ik -5 T A JELREUR FH T S s R st 1 ), S RE ek 5 S e /A o 1 it B £ 7
Bl , U ARSI [T B Ry 2 B, AT 3R A e e ) TR B, BID S5 5 2 i s 220 i R A B B ) T
B AT SEA T |5 AT R A P TR R R o TSRS R, T AE X 2 25 4 8.51% , b F AT ISR
(R AKOF, IS4 2K, TR A0 2045 22 08T 7 0.9 L b 33X 156 BH I (155 S (38 2 AT b il o 24
SRIZIT AT HE— A AR R 2 8], L an , anfal i — 250 B 43 L FE AR 0T B ] 3 SRR A A R PR IR T h,ﬂn
i) DT 527 B0 (A 2N ] RS i) PR A7 T, F25 4 50 (AR S, AR Ab g st P SRR 1) e R BN, (I R BRE 8
SRS B b A4 B Y T SC R A A AR Ak A, LU ARAS B = i OORS 142, W] an e 7 e {922 T e 8 S il 2
A

S 3L -

[1] DAVIS G A, NIHAN N L., Nonparametric regression and short—term freeway traffic forecasting[J]. J. Transp. Eng, 1991,117(2):
178-188.

(2] 5K A, - AR EILA. HE TR AT RIBE 1228 o0 265 14 A 538 i T[] AR 48 T-A,2007,25(11):25-30.

(3] P BV, 0 B FLA AR o o S O L 1 TS 0 2 0 (). AR 8 TR FEE 5 521, 2011,31(3):561-568.

[4] BIDISHA G, BISWAJIT B, MARGARET O’ M. Random process model for urban traffic flow using a wavelet—bayesian hierarchi-
cal technique[J]. Computer—Aided Civil and Infrastructure Engineering, 2010,(25):613-624.

5] M4 5 MIRTE A i 4, 55 T/ NP BT ) S8 2 5 T 7 D 3 RO 41: T2, 2010,40(5):1220-1224.

[6] YIN H, WONG S C, XU J, et al. Urban traffic flow prediction using a fuzzy—neural approach[]J]. Transp. Res. Part C: Emerging
Technol.,2002,10(2):85-98.

7] AR, BT BRI SR T ROMIZE G VPRI 0 AR TR ) 0 S8 ] AR AR AE T K 272 412,2012,29(4):6-10.

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



k

6 S NN BN e 20144

[8] SU HAOWEI YU SHU. Hybrid GA based online support vector machine model for short—term traffic flow forecasting[C]//APPT
2007, LNCS 4847, pp. 743-752.

[9] SONG GUOJIE, HU CHENG, XIE KUNQING, et al. Process neural network modeling for real time short—term traffic flow predic-
tion[J].Journal of Traffic and Transportation Engineering, 2009,9(5):73-75.

[10] NICHOLSON H, SWANN C D. the prediction of traffic flow volumes based on spectral analysis[J]. Transpn Res, 1974(8):533~

538.

[11] DAVENPORT W B, ROOT W L. An introduction to the theory of random signals and noise[M]. New York: McGraw—Hill, 1958:
1-4.

[12] 2B SCRIG 2= A5, 55 T2 F A SIS — 45 Ao 228 000 245 1) 5308 Yt L P 00 [ . 75 RO 272 54 T2 R, 2011,41(4):938—
943.

Application of Spectral Analysis Method in Road

Travel Time Prediction

Deng Mingjun'?, Qu Shiru', Qin Ming’

(1. School of Automation, Northwestern Polytechnical University, Xi”an 710072, China;2. School of Civil Engineering and
Architecture, East China Jiaotong University, Nanchang 330013, China)

Abstract: Road travel time prediction is a crucial foundation for dynamic traffic guidance and the short traffic fore-
casting method can be applied to get near future travel time of the road. But the previously developed models have
some deficiency, such as bad adaptability, large amount of calculation needing and history data requirement. This
study is to develop a model that can estimate the road travel time by using spectral analysis and Karhunen—Loeve
transformation. Karhunen—Loeve transformation can decompose and restructure random sequences, utilize the sim-
ilarity of current detection series and history series, and then realize estimation of the following travel time series
by means of reconstruction. The case study suggests that the proposed method has a good performance.

Key words: travel time; short traffic prediction; Karhunen—Loeve transformation
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