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Speed Recognition of High-speed Train Based on Fuzzy Clustering
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Abstract: This paper proposes a speed recognition method for high-speed trains based on time series analysis and fuzzy
clustering analysis. First, the difference in acceleration response of bridge structure when the train passes through the
bridge at different speeds is analyzed, and the time when the train gets on and off the bridge is determined. Then, the
acceleration response time series model ( AR model) of the bridge at different vehicle speeds is established by time series
analysis, and the AR model coefficients are calculated. Finally, fuzzy clustering analysis is performed on the coefficients
of different AR models to recognize the speed of high-speed trains. In light of the sample data of the measured
acceleration of the Ganjiang Railway Bridge, the unknown speed ranges of high-speed trains are successfully determined
by comparing the clustering results of unknown speed and those of known speed based on the speed clustering results
under known speed conditions.

Key words: high-speed railway bridge ; speed recognition; time series analysis; fuzzy clustering

it e ] v R e ) PR HR R P s AT PRI A PP S R B R AR

PR sl I rERESR I T R I EOR . s st e xt FUR, 17 2282 3l far B 58 9 2 2895 3% T L
WRGE = HEAR SRR 55 for B A T, 91 A ff BOR SR SR O 3 2%
MR EENRZ — o 14504 2000 T (1) fEATF AT S A AR AR 48 (WIM) SR SE X

s H#7:2022-01-12

PEEE A FIM(1982-) 2, ##% .

EEWE:E K A AR 54 (51922046, 51778258) , [ K # & 0 & i1 %) A (2021 YFFO501001 ), o 4% — B TR 42 A1 4 IR 93 4F 20 ) i
(KYY2019029) , B33 DU £ 1 be 82 A 4 BR 23 1] B (2021 K085, 2020K006, 2020K172)

SITA& BT, RN, RSP A5 T RORIRZE i ) 42 AU [ ] s Bk B R ,2022,13(4) 213 -23.
WENG Shun, WU Liying, ZHU Hongping, et al. Speed Recognition of High-speed Train Based on Fuzzy Clustering[ J]. High Speed Railway
Technology, 2022, 13(4) ;13 -23.



B4 %

G, 25« AR R 1 g i ) 2 A R

2022 48 H

TR TEL I o e Rh Oy B RS I, T
FIFARIETE 2 0 7 254, EL AT I i ) R 4 B
e R o P B S LT A5 A I 45 5 S R AR R 2
B,

(2) FIZE - Hrkl e 2GR 3 7 Bk AT 75 2
A 5 A B ALk A R R 7, 0 H LR R
B4k, U0 1988 4F O"Connor Fil Chan'” Y4/ 2 2 i 1k
Sy p TG A5k B P 1 1 R R A T A L 0
W B RIRS BT R ) B I SRR R g,
S VP52 A A L R D B S e, BT T
(IM 1), Law fl Chan 5T RGBS I T iR
AR W 7 e IR (TDM) Y H AR R ik
(FTDM) " B J5 Sk T AE2E i fmdrs 15w
AR, R ERENRESEE, L5 ()
B fih 1) B2 % TS IR AT B R 4 R 2
MR

(3) AR 31y 3 0 107 0 3 17 28 45 B R BB b 44
f Jalt il B b R 4 4L 20 42 70 4R AR
Moses " 2571 FF 80— 5 211 70 28 14 30 0 o7 00 53 25 4 5
W2 % L A9 4 A, B o 7 A I 7 3 T R Y
BWIM £ 311 28R 51 75 ¥ ; Peters'™ fEEL 4 BWIM [ 3%
Fikt b3 2o 0 7 g 2 0 T AR B R T RS B R
TR A A A 5 T B A i SR
705 T 4 D 2 AP 2 AT TR B 9 R
SRR L2 30 I A5 0 17 1 B TR 2 A S L o
KA T A B AR  TZ 0 F, HRLA
R, LA R

N AT B 2R S () 8 Ak B 9 A AT
HCRE A T (SR I A T 14 23 X ) R a4
L) 25 T 2 S 5 O PR B AR SO e ek
SR AT S e A ) 2R 5 SR 4 B R S 80 O 7 1 KA
$12 R TR0 8 240 T 194 125 R B 91 7 A R B Dy
W, T B 4 2 o W O 4 A 3 W [ )
(AR R ) |5 Ao oF 1 0] 051 2 0 1 R A B 2 4 R ok
S W 2 A S X

1 SENEEFIRFEARE R

1.1 fnzE B 0 Rz e (8] P 51 4 B

BET I 6] e 21 A 5% I TR] et By S8 000 (L 18] 9 A 5 5
F, AR R 14 7 S 580 o AR R 18 & S A T T,
(B 51 53 M S R R AR 656 R 1 7 ik o ek )
AN M) R S L — R R B IR AL
S 38 1 R B AT SRR, 5] 4 2 AR A A 1y 28 ) 9
B2 BN TR] 423 51 6 A 58 77 A A [ £ o 3k B g

IO, AR T o 2 S 1 Rl M e RO R 2 A U
111 I B ] 51 B ] AR

E [l TG4 (Auto regressive, fij FF AR) & —Ff &
JET b BB ] 7 30 14 5 6 o BB — S A
HERE S A e, |, =1,2,3, -, n, % K47 A 1]
USEVSENRZE S (INNY

a, = Qe +@a, t@3a,3 + o Fpa_, t+e

(1)

FCH @, —— I JEE I R] P A ¢ I 20 8 WL 840 11

@i (i=1,2,3,,p)— A FTRLL;

p—AR BERIBYHULA G
BN % 2, A5 RN AR B 3l 1 B B
e, H—HHMH R 0. 07 2 H oo I MR
i,

A (D) B ERIAT RS AR (p) 5L
1.2.2  AR(p) BLRIRI %L p

AT AR (p) BB, T A E AR(p) 5
IR ER p, 5538 BT p BB R B s A B ARG 00 2
EAG, #fE AR(p) BBIY R p 197 54045 AIC HEN]
BIC Wi FPE ol )% AR SO 254K AT AILC i
JUAT FPE fENIEE B8 p (Ho L, AIC HEMI 93505
AF

€,

AIC =NIn(a?) +2p (2)
A N——H T AR (p) B8 1 fin 8 BE 15 ] J 471
M

o — MR R %
H1 30 (2) AT, AIC (9 32 2 b PR o0 4, AT
oy EE SRR ER A, G 4T SRR B BORE O
REAEORE O , DTS 3 A BB /N, 10 ) 38 43 R (R
PR, ALC A 3RS e /MBS X 7 1 p (B B R (1) 53
FPE YEN Y 2k

FpE = (V*Ep) o (3)
N-p

FPE G e /ME IS 68 R 09 p 8 D AR 1Y) 5
i
1.2.3  AR(p) BRI ZH ATt

SRAFEAL T p J5 5 e 5200 Ay o 2 1] 7 51
FERLRAZXIR ) AR (p) S5, X AR (p) BRI S 44
R I7 AT 73 R 2 s — S X ) [E] P 91 { a, | iHEAT
HEAET, W Yule-Walker 3312 . Ulrych-Clayton il
BN 5 52X ] 5 AT B A
T, 40 Burg 35" [ LUD 3 | Levinson 32 13 i ft /N —
Feik5 o ASCR Yule-Walker 325, FLAR PSR fifeiod 2 4n



5 4 1] B, A TR SR 0 e 8 A A 2022 4 8 J
E JE LR SRR BEUE A 0 ~ 1, BN RIEHEAAMRE

X)) P FSE a,_, , k=0,75
a,_a =@l a,_; +@t,_a _, + - +(Pptt—kat—p +
a e, (4)
) %of 20 (4) B 21U, 75
Elaa,_ ] =¢,Ela,_ja,_,] +@,E[a,_,a, ]+
+gopE|:a[7pa[7k] +E[ea, ]
(5)
H ELaya, ] R g BT 51 { a, | B BT
FERREL:
Elaa ] =R =R, = Elaa,,] (6)
Mk=08f,E[aa] =R, =0, o Nk EE
WRIFES e t BT 220 2 k>0 I, N a5 e, A
KHE[e] =0 E[a,_ce]=E[a_]E[e] =0,
A (5) [ REN
R, =R +oR ., +
PR R, , 153 .
P = @pia F@apin + o Hep, k>0 (8)
;H\:'fljpk sz/Ro’ﬁ(S)ﬂ%%ﬁjﬂ:
Pr =@ T Qo 0 T QP
Pr = QP T T O,

+o, R, k>0 (7)

(9)

Pp = @iPp1 T Pp o +
K (9) BN Yule-Walker J5 8, AIICH -
b1 P

b=\ e = |7

@, Py
L p P
ol (10)
Poot Py Py 1

K, e, (i=1,2,3,-,p) h AR(p) BB S 45, =
R./Ry H R, I EERI AT H { a, | 1 H Pp 7 22 5REKL,
k=123, p;Ry =0, Fla il

MR (10) ,50(9) AT Rk N

¢=I"p (11)

MR AT RS 8 @, (i =1,2,3,+,p) 1Y
Yule-Walker {31
1.2 FEBRSWER

RAENPTE R RIS BRIGE A FFEM
WKL P T P O R 2k oy Herp
PG L B o R AR e o BRI R SRS I A T SR

RBER RN BIZ K,

N2 BB SRR T B o 2 R 1 H
PREQECAY ST o 1974 4F, thy Dunn 42 1 928 Beadek 4
I TR C - (5 (FCM 5535) 1 FCM 13k
HENL AR SRRSO R RS 5 S R AR AR H
R, 3 2 0T A e 8 32 AL A 32 B X A A 25 (1]
1153 o FCM BEEAL e H bR & BN -

J=X = X Y e - (12)
T e, ——55 i ERY PN I E] FF 31 AR B8 R R
Aerpuls;

£ AR BT R BOREHEA ;

55 AN BIHEAN S | AN EE PO IRR
B UEAEO ~ 1 Z LR Y, oy = 1
m—— IR SR, O 27
MRS B H B AR Y, uy = 15

AHER BB, S 0w R SR U O 4
H 0
=72":1u“rj (13)
S
. = O R
[Z“(nc—rn) ] )

AR (13) F1 (14) kAT R4 H 5 2R
BT IR B RAR .

FCM B35 kAR BT

(1) BEE R ANEL ¢ FRILGRJE A, U116
SRR E N TR TR RN 0 ~ 1 HAEAH
XA RSB B Z D 1R

(2) W HR LB R hn SR e BE AR I, th X (13) SR 4%
ANBEEPL ¢ ,i=1,2, ¢

)RR I DL o, B (14) KR8
TP w;

(4) QAR AT —UE R AE — KBRS H AR R
B 2R L A& E 1T = TV ) <o MU R AR,
o g IR AL, B, EE A (2) ~ 55 (4) 2, HE
T BESRA I, IR 75 3] 7 2R 28 v SR S 3 SRy il
FER RIS L ISR R B

2 BEINEEFRFNIFAIE

2.1 FIEIHAE
19 B A AN [+ 2 ol e A R e, A SR 4 R 1
L W) 7 RPN S8 850 T 7 A ) B 7 [ 7 ] A



B4 %

G, 25« AR R 1 g i ) 2 A R

2022 48 H

25, FUNNTH R we) 57 N 8] e 5 A AL 1 B . AR B
LSR5, I 51 2 0 ~ 900 iy o5 47 i 1
AT 2 B 2 g oz P ] 2 810 ( X BE 1) 5 30 e 310 A
900 ~ 1200 Hsf >y 51| 2= 368 ik Hsf A5 4% 14 Jon 3o 2 o 37 ]
FeBI (KB 2) s M A3F 51 1200 ~2 000 B2 51 4258
Ao S AT SR 14 T e 7 P [ P 81 (X BE 3) o

X B XB2 X B3
) |
0.06 ¥ :
0.04 -
0.02

0
-0.02 -
-0.04 -
-0.06 -
-0.08

I3 / (m/s?)

0 40 80 1200 1600
W A ) 1 41
B 1 32558 i B4 2 fm 53 i iz B 1] 51 [

SEBRE A X B 2 Bt o AR 2 R HER R
M B A, PRI AR A (19 B i) 7 51 24, 55 X B 2, T
WD DB 1 AL 3 B s e 514 LAy i o A
RN TEMT b1 v B8 I (AR, 52 BR TSR AR A3 8 X B 2
AR 1) e A BEAR R, S — 2 R Tl FE AR SR 2R 1 B
SR, HTRE A FARRISTHH RS AR E . PRI, AL
PERCAEBIX B 2 43 X Be 1 FNEB 4 X B 3 i &l it
139317

7 G i o M) 2R 450 e Mk iy 5 2 S e
SLEATIY, T8 ZE 28 W R A ) ) AR e HOAS 22 L 7E 51 4
ZETE TR IS 1 s FRD R IR B0, ey $2 B X B 2
YT S 85 () 3 870 18k R S R A Tl R, AR SR T
PR 775 P ABR X B 2 (%) o 38 J32 1k 8] 2 471 [ (LK)
Wi FIAEAS X () G T HE:

(1) AR BT 2 0 R o 3k 18 7 e — AL, > o
) 7 A {1 32 B ] st i F e — DX ) A0y v
PRI G5 S R AR A I ] o R IBETCH ) 4 30 2ok i ) i R
Wl W GE AR @, , WK na,,, s BE, Horp n O
WA L PRI DU R R OR R BCA K —md B2 1)
s at,i=1,2,,n, ZFHIW a,=na,, , A Hial
Ay e A G Ak B % A o S R e 1 ] 4], e
k=t—x,-0-1,0,t+1, t+y,{a}Cla},x Ffy
R AR S A7 150 SR B B () B R B 28, T & =y

FH T P A7 0% 5 i) AR A SR 1Y SR BE R 22, AT B
EE I A ok i 7 AR R e R, (LT P[]
RPN Gl R O, R RR N R . N IX oy
I I 5 IR AR SR B 7 2 2R - 78 B AR D A
il I e — DX TR] P i 52 S DR G At S5 000 80 40 s o o 3 R
(B, A AFAE 2 s e R AR 0, D] 10 7 Sy I s 1)

2000

PR (=R /S N

(2) FEAR DX TRLGE (BT R — o ok J32 g 7 B 6]
Fiat,i=1,2,,n R RHZDHEARXEat,,
k=1,2,,0l,m=12,t,{at,Slal, 23RS
REA DK E] (475 22 , A B — A X ] R AR 5 22 5 3
b DX (IR A 7 22 A 22 BRI (— AR 22 100 £%5 L )
AN 32 DX 8] AR S Bt 18 DB 2 7 B 58 o

5 BERIROEAR L, FEAR X R SE T HE TR R BOR,
TESE IR AR Y s I 2R 8 Hh A — i B T, [ B AR
SCRHBIE AR o
2.2 ENHIRRAELALIE

TERS I BE I 1) 7 51 338, e 0 AT A v A
AbEE, BISRGEAFAI  FBEACRIbR AL . B AT
S RE IR (] PP 51 B T AN R, 7E PRI it B2 5 AR I R
AISZIE T ANBES™ A B S R A, DR ke R0 He AT %
BEAFIbRHEA AL PE

(D) FHfH A

T nl REAFAE R LR 22, 3 B I B 39 (6 0
A0, R TN ERZE S R R . B
VO A P 3 fa b, e =1,2, -, n BORIMEA w, DU
FEACSS BT 1R] P30 2y

a/=a, —-u (15)

(2) brifiEf

Xof 7 M 0 A5 38 A B R A f e f e = 0
2, ,n, HAEGE RECE i /MR 25 AR R AR,
PRI — Bt X AT B v A AL B ST 3 1 ] J
Glat,e=1,2,n ER w, I 20 o WEREM
AR PRI )5y

(16)

ZARHEAL AL HRE A ]P0 § al B IEZS 90 A
A a;~N(O,1),
2.3 niEERTEFFS AR HE

RS R A 41 0 A 7 B A v 9 25—
IINGE BE I ] PP SRR A 23 8] S, S = { {afy, tat,, -,
taf oo tal b i fal AT A V, PHFRM
INGERE ] P31, i = 1,2, e me [) — 0 A3 76 R 0 42
BN I BE e P S REA S8 D, D = { {atl .,
talno,stal, g, tal b b el HPEARHIZE
BV, NI B A, o j=m o+ 1, m +2,
eomo+ Lo BUR T RO O 2 Ab B

(D) Hi%E AR BB

A (2) A (3) 7093155 AIC 545 Al FPE 45
B, SHETIB A p AT ~ 100 284k, I A8 B 1 A2
POl i E p B AL i R BESE [, 1 i MATLAB 3155



o4 4 ez}

JIGE, 45 « B TR SRS 1A e 1) 4 A i iRl

2022 =8 H

B p ET AR(p) BEBYR LG DERC AR, P D g 78
W3 s p AEAE AR SCHTEE S /Y AR BEBUAG B 45
(2) H57. AR(p) 1Y
I3 S I EE S B F 51 et Fltal; 19 AR(p)
BERIUNT
(17)

(18)

P
ai,l = 2 kzld)kai,n—k + el

i, = ztzlﬁpkaj,t-k T &
Koo, —— ATt v o 2091 ;
a; —— W EFS at; e i 2R ;
o —HFEFH {at, (1 AR BEAY [ [B]H R 5L
o.—— TSI el 19 AR AL [01H R EL,
X FREA 2 (8] o i B — S I () 3, Bk [ by b, o
&, BHE @i, 1A —DREREA, 23 B35 T2
VA RS R OR A R A, BE T ORE AR &S ]
S={tat,, tal,, -, tal, , tal,t AR
D={ial,i,tal e, iatas, tal gt & XM
ATEPRZS T B R IEREA S ] (EUFR S AR FEHY 225K
FEFE) 7030

b dn ¢]p
P = by P b, (19)
d) ml d) m2 d) m
p
¢(m+l)l d)(m+l)2 (r’)(m+l)p
@(l — ¢(m+2)] ¢(m+2)2 ¢(m+2)p (20)
(;b(m+l)l (;b(m+l)2 ¢(m+])p

WIBBUR <£~3 AR Kby e o S S1 i 8 N Al
BRGERGOEMERE T & HRBLERIFTHH,
PR S BR R B R T o @ T @ 5 9 R AREE
RPATREIE, KA S & =[ ;D" 1)
B, @ i —1T BRI (13) i —AREAR
2.4 FCM BHEiA5IFEE

FCM SR 1) 4 3 10 1 72 3 20 40 46 1 o R 2o
OB H R R . BRPESRAS A AR (p) TR R
BURFE @ AR ) AR RECH B AR 3 1F R
A AR (p) BERIAY X A G e Vi =1,2, -,
m, A JEH @ BIREE R E A IS AR e
PEEF 2R VR0 50 A ¢ A DX TR] 2 T3 A 240 2 o
K LIX ¢ DNFHE XA B H XS, ¢ ok, BE R0
ANE 2 | A X AR, U 25 SR O AR . SR, B
F o IR, FCM T2 50 1 45 S 140 87 , TR o i
FAEE Y o (H I E A LA 53 38 R 2
HUDAE ¢ N 30 SR FOCM B3k 0 B R e A

O = [ @ " AT RIS 5y, 155 F i ARG -

Uy Up Uyl
u u u
21 22 2(m+l)
u = (21)
U, Uy o uc(m+l)

P, uy FoRE AR S | DRI OIIRIEE
Y S5 LA 4 ] B 3 P £ [X [

3 EHEBMEEIEEZEIR

3.1 HEIRTHRNA

FRRBEMFR BT L 250 km/h, 1B 47 72
J¥ 350 km/h, IEZREKIHIEE 5. O m, BB CAEHIE . EHF
IR AT ST2. 1 m(FREE) o BE KA P s Rt
TN TR SE AR, s E RO RS IR AN — IR BE 2
B, ERCRANR G RAH , Bin 2 #5155. 75 mily
] AR TR B AR 2R 4 M, AR A BN - TREE+
LA, PR HNIR S & B . RIERAAN TR
TRBE LIS, PR RS2 m 700 0 124.5 m 127. 6 m £
TP b8 88 m, oy RS 1/3.409 FIERAO &
ABERLRL , R & W) B8 R R, R R R P
PRUESEIE 1 670 MPa B AF-F-FT 40 22 3 , 23 6] DU [l

R BIEATE, L 48 X R

SO B R R AR Oy 30 Ha, Sl 4 4~
B M 0 AT O e G5 40 %1 Dl 10-ZD02
10-ZD03 ,11-ZD02 Fl 11-ZD03 ., T4 H1 4 H1 4 3 F #f
R Iy BEE (R R AR 1 BR .

F 1 REZFETNEE )00 R EFSIE %R
T |WEF sl ] ¥ 1)
/(km/h)| T8 TFHA I a] 45 ]

160 1 2019 =09 —05 09:00:00 |2019 —09 —05 09:59:59
160 1 2019 =09 —05 13:00:00 {2019 =09 —05 13:59:59
180 1 2019 -09 - 06 13:00:59 {2019 —09 - 06 13:59.59
200 1 2019 —09 - 06 16:00:00 {2019 =09 - 06 16:50:59
318 1 2019 =09 - 17 10:50:00 {2019 =09 — 17 11:15:00
321 1 2019 =09 —17 12:00:00 {2019 =09 — 17 12:59:59
330 1 2019 -09 —19 08:00:00 {2019 —09 - 19 08:59:59
330 1 2019 =09 - 19 15:00:00 {2019 =09 — 19 15:59.:59
340 1 2019 -09 —17 17:00:00 {2019 =09 —17 17:59:59
340 1 2019 =09 - 19 09:40:00 {2019 —09 —19 095959
350 1 2019 -09 =17 192811 [2019 =09 —17 194021
350 1 2019 =09 - 18 14:00:59 {2019 =09 — 18 14:59.:59
370 1 2019 -09 -21 12:00:00 {2019 -09 —21 125500
371 1 2019 =09 - 19 13:00:00 {2019 —09 —19 13:25:00
380 1 2019 =09 - 19 14;00:00 {2019 =09 —19 14:59.59
380 1 2019 =09 - 19 16:00:00 {2019 =09 — 19 16 :40:00
Rl 1 2019 — 10 - 04 09:00:00 {2019 — 10 — 04 10:59:59
Gl 3 2019 =10 - 08 19:00:30 {2019 - 10 —08 19:59:59
| 2 2019 —10 —=08 20:00:00 {2019 — 10 — 08 20:59:59
Rl 2 2019 —10 —08 21:00:00 {2019 — 10 —08 21:59:59




B4 %

G, 25« AR R 1 g i ) 2 A R

2022 48 H

PAZR 1 AN [R) 2l g . 00, v s ) 4 7
IR Wl i 1] Be PN 91 4 28 sk W 22 i 8 (BT
TG SRS (0 A [ o 3 32 v 07 B ] 40 7 TSR0
B — I BsF [) 1) 7 10 5% By — i i 00, D e ] 43
25 A, o 2 RN T 17 Fofr, AR T
8 Fh TCLRNFIAIN G Tl 4N 2 FER 3 Fon, R
AV, T

x2 BHEERIAFER

THF 5 /(fm%h) LB /(fn%h) LU /(fm]%h)
1 160 7 330 13 360
2 160 8 330 14 370
3 180 9 340 15 371
4 200 10 340 16 380
5 318 11 350 17 380
6 321 12 350

0.25
0.2
&~ 0.15
E 0.1
w005
= 0
1% -0.05
% 0.1
= .0.15
0.2
-0.25 ] T E S —
0 400 800 1200 1 600 2000
i} 151 7 41
(a) A7 25.10-ZD02
0.3
({‘\ 0‘27
E
= 01f
g
R .
>
& o1f
L}é
02
03 ‘ ‘ ‘ ‘
0 400 800 1200 1600 2000
18] 7 %71

(c) LH17M 5 11-ZD02

K3 RAFETRERR

TS AN THFS AHNF
18 V| 22 Vs
19 v, 23 Ve
20 Vs 24 v,
21 V, 25 A
3.2 IEMEEEEMTmAE
HEi#r 228 b 7R 17 W B, &0t 1 = 81 42

16 AR, th ILI AR 2050 EAER B2 L iz A TR
B8 10 ~ 30 s, MR ik B2 54 19 SR AR AL %8 4y 30 Hz,
Sk B P A AR K I TR 2 09 1 1 E A S 2 000,
PLTEOE 17 ), AR 408 2. 1 540 B B FI i, 4 A
N A e 5 A B ()P 31 AN ] 2 s

BB T B S AR 2.2 1 i Oy i 0 A
P AT AL B, 15 2] A B ] P A0 an i) 3 s (AT
17 1)

0.15

0.1+
~ 005F
g o0
a2
@ -0.05
=0

0.15

02 I I I I

0 400 800 1200 1 600 2000
] 271
(b) THL17 £510-2D03

g
=
P
=
=3
~
%

0.2 1 1 1 1

0 400 800 1200 1 600 2000
8] e 271

(d) L1790 4511-2D03

B2 T517EfEFSIE

3.3 fEEBTEIFS] AR(p) R T

(1) HiE AR(p) BERIEY ik

TS5 A 11-ZDO03 [ ins B2 B ) ) 57 Sk i
SERLT B H0, AR 4 ALC Y U AN FPE o D) 3 550 455 7 iy
AR E 4 FE S PR,

HIE 4 FIEL S AT, B AR AR [ £50 i 14

AIC #1 FPE [{EARLEA S /1N , (30071 W 2 1) 353
Mo URETIRI RN 1 ~ 10 F1 10 ~ 100 A2 L, AIC
OMEL A FPE 1R i Dol 3 A7 AR B0OR 1 22 57, BT i
BORT 10 Br/a MR bR REA B L. HiE 6 "],
KT 10 Bir o #E B D B RAZ LR/ 255 5 U8, B
AR(p) BB EE B ECH 10 Bire



o4 4 B, A TR R Y v 1 8] 4 A ) 2022 48 J

10 8
8+ 6l
~ 6 —~
& & 4r
E 4 )
w2 a2
B0 o0
§ 2 § 2
& 4 E
8+ -6
_10 Il Il Il Il Il Il Il Il _8 Il Il Il Il
0 400 800 1200 1600 2000 0 400 800 1200 1600 2000
I 8] 7 471 I ] 5 37
(a) L1730 5510-ZD02 (b) T.H5L179 £110-ZD03
15 8
6,
10
& & 4r
£ s g o
~ S~
i =
® o0 i =
= 5 27
ES) KN
&St = A4f
10 f
-8t
15 -10 -
0 400 800 1200 1 600 2000 0 400 800 1200 1 600 2000
e 1) 7 471 e 18 7 471
(c) THL17 55 11-ZD02 (d) LHL17 £ 11-ZD03

3 T8 17 AR fRHIEY iE FF 5 B

:

50
= 45
;t 40
£ 3
S} = 30
< # 2
20
150 1‘0 2‘0 3‘0 4‘0 5‘0 66 7‘0 8‘0 ‘;O 100
~ ARBEAI H
_1'40 1‘0 2‘0 3‘0 4‘0 5‘0 60 7‘0 éO 96 100 6 *EEEIT_EEE'.%EE?%
ARFERI %
B4 AIC HE (2) #37. AR(p) 157
y T E AR AR [ v R A T M R
' it T 7 114 J35 F B 1] R 301, 47 D5 6D 5 90 5 5 458 F
0o AT He e, e 0 7 AR B0 R 7545 & R
033 DA 5 ], AR BRI E [E1E RN 4 TR, 4%
" O D A T 7 97 MRS 75 [ 97 LA 22
= 04 W7 Bis. HIE 7 AT, AR E 0 £ ) i
04 R B 4 P 3015 S50 i 4 7 371 25 Al R S A
035 — 5k, Al FHF BRI
03 IR, X 45 2 F1 3 F 3 B A T B 4%
0'250 1‘0 2‘0 3‘0 410 gO 6‘0 7‘0 é() 9‘0 100 ,ﬁﬁﬁlﬁjf?ﬁﬂi&ﬁ AR @*E#:k% AR %ﬁo
ARBETH 3 3.4 AR BB HKIRFZEE

5 FPE gy&E BEHCR SO AECH 3 35553 Hr o X A2



%4 F O, S BT SR 2R R 4 R R ) 2022 428 J
F4 IRSTEUS AR KB RER 8
L e
AR Z¥L LS % j | ;;Zﬂjgﬁ
10-ZD02 10-ZD03 11-ZD02 11-ZD03 g
@ -0.889 2 -0.6727 -0.8280 | -0.6184 w2
@ 0.130 3 0.047 4 0.092 0 0.124 7 "o
®; -0.028 6 -0.260 0 -0.0813 | -0.1126 § 2
@4 0.076 5 0.103 0 0.108 4 -0.001 6 i -4
s -0.0325 -0.138 4 0.061 9 -0.027 9 -6
@5 -0.068 9 0.168 8 0.038 9 0.2115 -8 0 200 200 1200 1600 2000
®; 0.146 0 0.081 1 -0.0283 | 0.0018 B 7 41
@5 -0.076 5 -0.147 3 -0.0636 | -0.1997 (a) W1 15.11-ZDO3 T [/ 51 1~2 000
@ -0.566 7 -0.5477 -0.5829 | -0.4594
®10 0.437 3 0.463 9 0.429 4 0.203 4

Y 17 FhTO0 T B0 d BE B 1)y 510 1 AR R BOE
HEAT FCM R854 , 459 2 O 43 00T A S s B A5
Bo LA KL 10-ZD03 X &, 545 2 R K .04
B3 FIRIBEES S, GRS s, AR I

b

HEAL IR P/ (m/s?)
[>T~ N U \C RN N S RN e NI

700 900 1100 1300
2]
(b) M 5 11-ZDO3} [A] 7 511500~1 500

1500

700 900 1100

B[] /5 91)
(c) M 15.10-ZD02

1300 1500

900 1100
i w7 51

(d) M £510-ZD03

1300 1500

8 s o 500
FzS5 MK 10-ZD02 ZEFMNIREEBER
N N 6
) BEEPOHRIEE 4
T N N N a
51 Ze 2 53 )
g
1 0.757 6 0.090 0 0.152 4 = 0
= o,
2 0.708 4 0.117 0 0.174 6 = .
B -
3 0.802 9 0.078 1 0.1190 > 4
4 0.789 3 0.086 9 0.123 8 E 8
1
5 0.190 6 0.5653 0.244 1 12
6 0.1512 0.6715 0.177 3 500
7 0.0219 0.949 0 0.029 1
8 0.054 8 0.8729 0.072 2 6
4
9 0.188 6 0.3873 0.424 0 )
g 2
10 0.158 5 0.425 1 0.416 4 =
E ]
11 0.068 4 0.051 4 0.880 2 ]
= 2
12 0.105 4 0.164 5 0.730 0 S
& 4
13 0.164 3 0.102 0 0.733 7 I .
14 0.239 7 0.161 2 0.599 0 g
15 0.183 0 0.176 3 0.640 7 500
16 0.2322 0.213 1 0.554 7
17 0.198 6 0.349 5 0.4519 10

HIZE S Al RO B 3 1, To 1 ~ T
D4 X5 1R SRJE B AR 0.7 RLE, X265 2 Al 3
(SR BE XA 0. 18 LIRS @ LAY 22 5 Bk, nlf I
DL 1~ 004 R oAdH) 15 ToL S5 ~ 008 X285 2
AR 8 X 7R 0.56 DL b, KR 1 0.67 DL L, X

b

WAL / (m/s2)
S o hNONRA X

S LA 3 (SR B BERIAE 0. 25 DUR , K731 0. 20 LI
T ARRE TS ~ 00 8 R4y e 25 Tt 11 ~ T4

17 %F 2 913 1 3 @ BE X460, 45 L) |, KER 43 £E0. 60

700 900 1100

I 8] 7 371
(e) WM £11-2D02

1300 1500

7 THS B EIEX L E



i

o4 4

&
&

3, A L TR BRI v

B A R

2022 =8 H

? —e A1
o) ¥ —0 %}é%ljz
08 | ® o — 3

A FIRE

0.2 - o ® 1 ° !, [ ]

1234567 89 1011121314151617
T
(a) F I H IR BEXT LA

©

0.8 |-
0.6 -

0.4

) 1]

5678910111234151617
R/
(c) Fm2sk g

s s

— o
N 9
w o
N )

SEh R

Gt SR

0.9

0.8 |
0.7 ?
0.6 -
0.5
0.4
0.3
02

i

T[ 1] [

123 45

8 9 1011 121314151617
I/R

(b) R B

0.9
0.8
0.7
0.6 -
0.5 [
04
03
02
0.1

¥

o

W

(d) 29

B8 BEAEAFULAECA 3 A 10-ZD03 BRERE

DAL 2850 1 A 3 fysRIE BE 34 0. 35 LLTF, KR4y
7E0.20 DUR, AR 00 11 ~ T80 17 K143 R 28 51 3
G20 1 X5 7 ) 2 X (1] 2 160 ~ 200 km/h,jcﬁjz
X7 ) DX 1] Oy 318 ~ 340 km/h, 28 51| 3 % v 9 4
X ] 4 340 ~380 km/h,
AR E M ZEE A AR R B AL

AR ZBUERF R IETT FCM R 280001, 15 845 AR50 4

HTOLT SR E A B a3 6 ~ 9 Fin, BEZCER
FAnE 9 Bis .

F6 MW 10-ZD02 BEFMITRAREESR

FHREFLRIBEL
[ERUINRYY

Z 1 2 25 3
18 0.166 2 0.267 5 0.566 4
19 0.350 4 0.3349 0.314 6
20 0.1393 0.244 6 0.616 1
21 0.065 5 0.836 1 0.098 4
22 0.152 4 0.215 2 0.632 4
23 0.078 9 0.786 5 0.134 6
24 0.337 6 0.289 1 0.373 3
25 0.061 4 0.764 6 0.174 0

7 8 9 10111213141516 17

T
11338

RT MR 10-ZD03 BFM TR EEBER

J. HREPLHE
RN T80 -
2501 25 2 25513
18 0.205 3 0.250 8 0.544 0
19 0.653 4 0.183 1 0.163 5
20 0.153 8 0.130 1 0.716 0
21 0.0329 0.921 7 0.045 4
22 0.162 4 0.107 5 0.730 1
23 0.0550 0.866 5 0.078 5
24 0.591 0 0.141 3 0.267 7
25 0.054 7 0.868 9 0.076 4
*8 MA11-Z2D02 ZFEFMNLRAREESR
JR. BREDOFRBE
(SRIUMBRITA - - -
FH 1 F5 2 e 3
18 0.168 1 0.2220 0.609 9
19 0.450 9 0.3147 0.234 3
20 0.096 3 0.097 9 0.805 8
21 0.076 2 0.803 2 0.1207
22 0.132 6 0.112 5 0.754 9
23 0.093 9 0.769 4 0.136 6
24 0.762 9 0.094 2 0.143 0
25 0.060 2 0.860 9 0.079 0




L] B, A T RO SR A R S 4 ) 2022 48 J

1 1
Q
o)
089 ? 08F oo
° ) E [ ] N F X
° X ? 5 °
0.6 0.6 o 3 (R
IS Y r
|ng |ng
0.4 r 04
& &
021 F 8 ° 0.2 s ° ! slee °
| k Fy ! ] ) P ] L) £ I ° b 2
*ls (AREK) §||¢ s 8|8
0 0 @
1 3 5 7 9 11 13 15 17 19 21 23 25 1 3 5 7 9 11 13 15 17 19 21 23 25
R R/
(a) M £10-ZD0O2 (b) M £10-ZD0O3
0.9 0.9
©
0 8 -® 2 K 0.8 I
®
0711 ? 0.7 | ?
®
0.6 * ¥ - 1 0.6 ) [} °
M | M | ® [ ]
% 0.5 % 0.5
% 0.4+ pa 0.4
& o3 & o34
79 b1 Te * ? °
02+ F [ ] i ] s 02+ (o} s 'y =
0.1} i i ® ISS2YY 0.1 +] R . !
* ¢ ) o|e 3
0 0
1 3 5 7 9 11 13 15 17 19 21 23 25 1 3 5 7 9 11 13 15 17 19 21 23 25
T T
(c) M 5 11-2D02 (d) M £511-2D03
0.9 1
©
0.8 ®
0.7 0.8
e 3
06 1 1 .
fead ki 206k °
M 0.5 M 3
® =%
o 04+ 4o
W @ 04
03}
0.2 | - °
0.1 1 ? ! 1 2 7 3 ?
' $ ? ° i §
0 0 ¢
18 19 20 21 22 23 24 25 18 19 20 21 22 23 24 25
T T
(e) Il 5.10-ZDO24 I T4 (F) I £510-ZDO03 753 T35
0.9 0.9
0.8 3 08k
3 [ ] °
0.7 0.7
0.6 f 0.6
i i ? 'Y
E 05 IE 0.5
* ®
o 04 4o 04+
& &
03 03|
02} 02} $ 4
[ ] A A L ]
0.1} ° '; 8 ° ) 0.1} k )
0 0
18 19 20 21 22 23 24 25 18 19 20 21 22 23 24 25
T T
(g) W 15 11-ZD 024351 L5 (h) W 5. 11-ZDO3 5 T35

B9 REAMRE



o4 4 ez}

JIGE, 45 « B TR SRS 1A e 1) 4 A i iRl

2022 =8 H

®9 W 11-ZD03 EFMITRARBESR

RS LRIR I
T o s o
R Vil R

18 0.278 7 0.2652 0.456 1
19 0.740 3 0.164 4 0.095 4
20 0.377 3 0.289 0 0.3336
21 0.087 6 0.849 8 0.062 6
22 0.365 1 0.276 7 0.358 2
23 0.2317 0.562 3 0.206 0
24 0.544 4 0.249 4 0.206 1
25 0.137 4 0.7350 0.127 6

135 6 A HIAR A 10-ZD02 (i SRR 45 5 ff il 1
L 19 FRFI T 40 24 XF 3 ARE .o B I R TE
0.3 A4, B, N 00 19 00 24 mIRER 3 2851
AR 28 R T 21 T A0 23 00 25 %2851 2
PSR EEIIAE 0.76 DL b X200 1 285 3 /s i
BIAE 0. 17 IR, AT 2850 25 1 08 18 T4 20
TG 22 X200 3 WS B FE TR 0.56 D b, X2 1
) 2 BB EEYIAE 0. 27 LR, Al # 2  3.

H R BT Es v AL B T B T, Har T
LA oy FEA B FFI AL 19 T80 24 2000 1
B I A 42 B X ] Ry 160 ~200 km/h R T8 21, T
23 T 25 S0 2 B I 1) 2R B X ] Oy 318 ~
340 km/h; R0 TH 18 . TG 20 T8 22 R 251 3 1t
X I 1 25 3 X 6] 2y 340 ~380 km/h,

4 LERIE

ARSCR HI R P81 AR RBORIEH T ik, LB T
X e A A R R A R R e R
] 741 AR ZRBOF BEATREOMI RIS, 7oA 17 AN [ 2 3
B 2 3 IO S8 7 A 1A I 3 i 7 ) 2% S A, a0k ]
TONEHE

DAB 25 3o A7 s A R 0 7 B 18] P 510 R 2
XGRS AN ) 23 T AR B8 B 8] 2 1) 3 57 AR AT
e T AR B [ B 40, XA 00 R Y AR R &k
PRI RIS A C R4 R 50 o 3 AN RR X T, I
LA 225 0 1 R T AL Y X 18]

Sk

(1] Bhse. TSl AL 8 s i U Sl gy [ D]. &
PR EIRAGH AR, 2017.
HUANG Liang. Moving Load Identification and Experimental Study of

Bridge Based on Measured Dynamic Strain [D]. Chongqing:

(9]

[10]

[11]

[12]

[13]

Chongging Jiaotong University, 2017.

O’CONNOR C, CHAN T H T. Dynamic Wheel Loads from Bridge
Strains[ J]. Journal of Structural Engineering,1988,114(8) ;1703 —
1723.

LAW S S, CHANTH T, ZENG Q H. Moving Force Identification: a
Time Domain Method [ J]. Journal of Sound and Vibration, 1997,
201(1): 1-22.

LAW S S, CHANTH T, ZENG Q H. Moving Force Identification—
A Frequency and Time Domains Analysis[ J]. Journal of Dynamic
Systems, Measurement, and Control, 1999, 121(3): 394 -401.
CHANTHT, LAWS S, YUNG T H, et al. An Interpretive Method
for Moving Force Identification[ J]. Journal of Sound and Vibration,
1999, 219(3) : 503 - 524.

ETUe, ARBH, 0. FET R A R RS S AT R L]
¥Egh Huhik, 2013, 32(3) ; 129 - 133.

WANG Ningbo, REN Weixin, LI Miao. Moving Load Identification of
a Bridge Based on Influence Line [ J]. Journal of Vibration and
Shock, 2013, 32(3) : 129 - 133.

MOSES F. Weigh-in-Motion System Using Instrumented Bridges[ .
Transportation Engineering Journal of ASCE, 1979, 105(3) . 233 -
249.

Peters R J. An Unmanned and Undetectable Highway Speed Vehicle
Weighing System [ C]. ARRB, Proceedings of the 13th Australian
Road Research Board Conference. Adelaide: Australian Road
Research Board, 1986 70 —83.

Bt RT 2 AR RIS O (D] . BT
BHEREE, 2019.

ZHAI Jiayi. Research on Analysis and Prediction of Multivariable
Time Series [ D]. Chengdu; University of Electronic Science and
Technology of China, 2019.

Yule G U. On a Method of Investigating Periodicities in Disturbed
Series, with Special Reference to Wolfer’s Sunspot Numbers [ J ].
Philosophical Transactions of the Royal Society of London, 1927,
226(226) : 267 —298.

BUIIR. e TR 5 SIS A 1] 77 51 16 45 40 458 00 801 O 125 T 5
[D]. RIL: EpRHRE, 2018.

YAN Yongyi. Reaserch on the Structural Damage Identification
Method Based on the Fuzzy Clustering Algorithm and Time Series
Model [D]. Wuhan:
Technology, 2018.
T WHEFEII AT — 2T RIMT. Jbat: dbatoss it
2003.

Huazhong University of Science and

Wang Yan. Time Series Analysis-Based on R[ M]. Beijing: Peking
University Press,2003.

W, S, FRESE, S RS AT A9 TR A - B
[M]. BB Ao AL, 2007.

YANG Shuzi, WU Ya, XUAN Jianping. Time series Analysis in
Wuhan;

Engineering Application [ M ]. Huazhong University of

Science and Technology Press, 2007.

(T#529 1)



554 B4 Dy AR, 45 :200 km/h HP 4 fe N i 2R AR U IS 2022 48 A
[2]  #25F, BRIE, HPSH. 160 km/h w3 77 220 2 48 10 4k AR n) Curve of High-speed Railway Based on Dynamic Analysis [ D ].

(3]

[4]

(5]

(6]

(7]

(8]

BT, WP s E TS, 2019, 22(9) ; 21 -26.
LIANG Xiao, CHEN Feng, FU Qingxiang. Key Technical Issues on
160 km/h Medium-speed Maglev Transit System [ J]. Urban Mass
Transit, 2019, 22(9) : 21 -26.
EFfE, PR, wEE, . PR ERE E A A BT
[J]. HOPLESIRE R, 2021, 44(3) : 20 -23.
WANG Jiaheng, LUO Huajun, GAO Feng, et al. Structural Design of
Equipment Connection-Chasis of Medium Speed Maglev Vehicle[ J].
Electric Locomotives & Mass Transit Vehicles, 2021, 44(3) . 20 -
23.
WE, PR, wiE, F PRI R G ORMEOR 5 RHE
(I WAL S 424, 2022, 45(1) . 1 -7,
YANG Ying, LUO Huajun, GAO Feng, et al. Key Technologies and
Characteristics of Medium Speed Maglev Transportation System[ J].
Electric Locomotives & Mass Transit Vehicles, 2022, 45(1) . 1 -7.
A, KISt , Wi, 5. R VR S BRI A5 9 e
BRGTEMFRI]. BWEEKEESOR, 2022, 13(1): 7 - 11.
HOU Shengjie, LIU Xiankai, TANG Kaiyi, et al. Study on Plan of
High-speed Maglev Traffic Environment and Disaster Monitoring and
Early Warning System[ J]. High Speed Railway Technology, 2022,
13(1): 7 -11.

B BRI RIS BRI B ARZMALT]. T E R,
2001(8) : 42 -43.
YI Sirong. Alignment Technique Specification of Maglev Demostration
Line in Shanghai [J]. Chinese Railways, 2001(8) ; 42 -43.
AR AR. i AR - T 2R RS R S B AR D ] R
H: PYRIACIE R, 2012,
ZHAO Shusen. Study on the Overlapped Setting of Plane Curves and
Vertical Curves of High-speed Railway [ D]. Chengdu: Southwest
Jiaotong University, 2012.
FACE. FET 0100 M i R B i AR BRI [ D] IR
H: VRSSO, 2012.
WANG Daifu.

Study on Technological Conditions of the Vertical

[9]

Chengdu: Southwest Jiaotong University, 2012.

IS, T3 15 0 A (9 Hh R T %8 2 O T
[D]. J&#8: Pimgscim k¥, 2015.

GE Dai. Study on the Vertical Curve Paramenter Standard of Low-
Medium Speed Maglev System Based on Dynamics Analysis [ D ].
Chengdu: Southwest Jiaotong University, 2015.

[10] FBWJg. BT 50y 24347 o vh B B T TN e S BT 52 (D ]

AR VUG ACIE K, 2018.
ZHENG Yalong. Study on the Parameters of Plane of Mid-speed
Maglev Based on Dynamics Analysis [ D ]. Chengdu; Southwest

Jiaotong University, 2018.

[LL] SRBRAR. ST 50y 28 AT i v 1 0 2 B L BT T B R 2 OBt o

[D]. Bk PIRISCHE K, 2018.

WU Yuecheng. Research on the Medium-speed Maglev Line

Technical Parameters Based on Dynamics Analysis[ D]. Chengdu;

Southwest Jiaotong University, 2018.

[12] WFEE, BURW, AX T, 4. RSB R I 30 T 20 31 1B i 4 R B PR

[13] XIRHDE,

ZRRIFE[ C1// AT RREE S g 1 v [ 2830 ——2005 4 [ 1 A 2
AR (SCiBEk TAERL) 134 2005 :391 - 396.

Shi Jin, Wei Qingchao, Zhao Jinshun, etc. Research on Alignment
Parameters of High-speed Maglev Railway Route [ C ]//National
Doctoral Academic Forum 2005 ( Transportation Engineering ) , 2005 ;
391 -396.

RRZR, VRMEME. BT S A A R s ) 2R Y
RS [T]. BiBEdRERTT, 2019, 63(1): 61 -64.

LIU Yangguang, YI Sirong, XU Jianxiong. Research on Vibration
Sensitive Point of High-speed Railway Space Route Based on
Dynamics Analysis[ J]. Railway Standard Design, 2019, 63 (1)
61 -64.

[14] GB/T 5599 - 2019 #L % -4 3l Jy 2 Pk RE ¥ 52 M il 4 45 5 LT

[S].
GB/T 5599 —2019 Specification for Dynamic Performance Assessment
and Testing Verification of Rolling Stock [ S].

(E#%23 1)

[14]

[15]

[16]

[17]

BRiabk, Xk, AR (p) BT S 400 105 125 LA RS S [T ]
R B R (BIRHR) , 2014, 38(2) : 124 —127.

CHEN Yanglin, LIU Ye. On Comparison and Empirical Analysis of
AR(p) Model Parameter Estimation Methods [J].
Nanchang University ( Natural Science) , 2014, 38(2); 124 - 127.

B A=, Boliihi, SRMUE. BT Burg FHE 00T A1 A Y
(V] YL TR R, 2005, 32(5) : 724 -728.

LUO Feng, DUAN Peipei, WU Shunjun.

Journal of

Research on Short
Sequence Power Spectrum Estimates Based on the Burg Algorithm
[J]. Journal of Xidian University, 2005, 32(5) : 724 - 728.
fIGeRE. ZImgEit [ M]. ut: EARKS R, 2015,
HE Xiaoqun. Multivariate Statistical Analysis| M]. Beijing: China
Renmin University Press, 2015.

%y TR, B, RGRIOE LI AN BTN
HRINAILT]. A EE5RE, 2017(4) « 45 =51,

QIN Ming, NING Jianbiao, DENG Mingjun. Application of System

Clustering Method in Illegal Driving Behavior of Motor Vehicle Drivers
[J]. Highways & Automotive Applications, 2017(4) . 45 -51.

[18] BEZDEK J C, EHRLICH R, FULL W. FCM: The Fuzzy C-Means

Clustering Algorithm[ J]. Computers & Geosciences, 1984, 10 (2/
3): 191 -203.

[19] i, XPESE, £, 55 EEEIPRRIERIIET]. &

[20] soEzmn. HOBERISTIBNRAEARIEMBIZRID]. Kik:

[E F 4 I 244, 2012, 17(4) . 447 -458.

LI Xuchao, LIU Haikuan, WANG Fei, et al. The Survey of Fuzzy
Clustering Method for Image Segmentation[ J]. Journal of Image and
Graphics, 2012, 17(4) . 447 —458.

K
T.oR2%, 2017.

SHI Yanli. The Research on Fuzzy Clustering and Fuzzy Cluster
Validation[ D]. Dalian: Dalian University of Technology, 2017.

[21] MAHARAJ E A, D'URSO P. Fuzzy Clustering of Time Series in the

Frequency Domain[ J]. Information Sciences,2011,181(7) ;1187 —
1211.



