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Multi-dimensional regional traffic status analysis based on GTM-TT

ZHAO Zhi-qiang, ZHANG Yi, HU Jian-ming
(Department of Automation, Tsinghua University, Beijing 100084, China)

Abstract; The occupancy data of a small region contains 29 loops in Beijing city was analyzed using
generative topographic mapping through time (GTM-TT). The original data was mapped from 29-
dimensional space to 2-dimensional space which is easy for visualization and clustered into different
classes naturally. The statistics of states transfer show that the most probably transfer distance was
within 1 step. At last the 89 days was clustered into 4 types using hierarchical clustering method
according to the Euclidean distance between the tracks of different days in the latent space. It was
found that the day of different type had different traffic process.

Key words: engineering of communication and transportation; multivariate time series; GTM-TT;

traffic status analysis; unsupervised clustering; data visualization

DX AZ E IR S W R XA P sl gl 2 R — B4R i AR R e () L HE L
KO BASE ARSI ) ¢ R SRAE . — DA XS BT WL ST T LU R g A
T O IR R R AT W AR 4 AR WS AR L Y A3 ) Ch AR AT R S R
J5 0] AL 5 7 75 A0 B A i A I S 80 B 2 4B) B 4E Y[Rl SCREJS T BE Ok B AR e T e 4
Z, —MEE T I B DR XL e fE RIBRXIOCER . IF B T XN 2% 588 i 2 18 R

W58 B H#A - 2009-05-25.

BEETIHE 9737 F K E S IR BFST & KI5 B (2006CB705506) 5 [F 4 E 4R Bl 2% 5 4: W H (50708054, 60774034) 5
“863” [H Z W H A BF 5 K & BF 58 0F &) W H (2007AA117222); ¢ b — T E K R 3 H
(2006BAJ18B02).

EE A R SR (1981 ) W A gT A WFST 7 ) - 4 AE 338 R 48, E-mail: zhaozq03 @ tsinghua. edu. cn

BEMEE G RDI1975 ) 55 BIBEZ WL A5 7 1) . 8 AB 388 R 4. E-mail: hujm@mail. tsinghua. edu. cn



co F ook F MmO F )

AR R DGR A8 Ak SR RL PR e R S
23 (] Y B5CH A BT b R o0 A A — MR 4R B, 5
P AV Rl = el 1 ' 1 - TR S el R e
PR T X — T A A T X3 52 A
PEAT R AE RE R AT, R AT AT Y .

H 5w ) B B Ay vk 2 3 a4 T
L o 2 P T I A 4 4R T 25 B K O AR Sy Ak
PRl 7 1] 5 5 07 2 BN YR SRR LE . B
B A 7 ) R A R R AN L (E B JF A PCA R
FE DR T £ 40 78 1% 4 25 0] AH X 46 8 ¢ RO 48 5 16 4b
A B N R 2 B S AR AR e O R . AR BR
FHER M AR $ [ 28 7 3 0 A8 S B s AT 9 . BRI
KRAENY i g 4 8 m 4 ( Self-organizing
mapping , SOM) X 4l i X 3 52 3 bR 45 #EAT T 7l 9
AR AL, ST ) it 9 3 2 M W S RN 2R 2 AR
W5 Y 2 4T T b AT A8 38 BOHE Y S, B
TARERIBOR . 0 SOM A AR 4B Hi A ) 5 0% 1
Tk IR S8 B AC M ARDS JE — AW ] ¥ 51, AH 4B
iF 2] ) B HiE = E] B A A R R OG M B AR
SOM kb B, 2R TR ZER .

A S H D B 5 Y B ] Y (Generative
topographic mapping through time, GTM-TT)%H
EEE T GTM BE 5 B 5 - T KA (Hidden
markov model, HMM) , ‘& 8 5% Bi &1 4 it 8] 75 31)
P B8 A T W B SRS AT AR AR S R A A O
H AR 2t e 5 B 4 25 18] 1 iy 25 R RE S AT BE DR 15
BAR e S e zs ) AR MR SR . T XSS
RS ] 5 N R B A Y AR Ze v AR OGP L PR I
HRH GTM-TT B3k % 17 5 Hr i 5%

1 GTM-TT BE¥EANE

1.1 GTM &N A

GTM 2 H Bishop &0 78 1998 4E 42 i,
BIERISEH T SOM By HRE. {HAH K SOM,GTM
B WS E AEE SRR R S 50A 30

WH —H dgE=m T s =
(tratrsrent)T s i=1,2,0, N JHEKIEAT
LHER) (d=> D BRS¢ NFRIF AN 2 A5 et 7 o
FHOG TR AATE R A RO R . MRt 4K
T d gEzsa bR —A L e AERR Fas i, S T E
FRR . EE =3, 1=2 K 1R,

BB R—A 2 4510 x o x Fl x, HH 2
A A8 bRl 38 L — AR PR AL yCxs W) K T

% 39 %
13
Xz ] . \‘..._________._-'l ‘\ ‘[——— "‘
CRL Y
T Yo W) i ] '".""""'—b‘
X / i
il

B1 GITMHE&RE
Fig. 1 Basic idea of GTM model
WS 2 3 23 | T Hp A — AR 4 e i b
WS B RE, R AR R x A 2 2R
I x i K A A R CnE 1 AR, K= 9), B
e A pCo RC M. 78 T . TR
A AR AL T — MR GE W IE b i DA S 3
FEAFAERENLIE RS n CANIE 1 ZE 7R, 9 A s e 3
A9 AERIRA D
t= y(x;W) +n
PR SA T SOk [l U A B B R B 1Y 0 O R
I3 T LA WS R B N
y(x;W) = Wo(x)
AP o) = [ (0,0, ou(x)]",
@n(x) S M A [ 5E H 242 A TR #9428 10
H R B (Radial basis function), W H—/>d X M
TR . AR B e T RE ) 5 2 R A S N R 2% A
[Al .
FHHOA T y(xsW) By 228 B
ARXS R o 07 eR B E Ry x 7E o 22 [ BT A ¢ (AR
AP AR PR

pCt| x.W.p = (Ziir)éexp [—‘2@ | yCx;W) — ¢]| 2]
X ox AT RS AT A
pCt| W,p = Jp(t | x,W,p p(x)dx
VSR IRAIE - YOIy (R B 8 W TV e 2 )
W55 AE K AN x, B 8 pRE AnF TR
p(a) = %gau— 20
YN

K
Pt | W.B) = %2 p(t | X WP
k=1

T ¢ 1Y 5345 1F 2 78 (= 48 5040 25 18] H i 2 F000
I ARAC AT R AT WAL B . GTM Bk 1T I3 44
BRI AL E] R x B ST 5 o A6 A EE 2 6] T
RUECHE B2 Ruw. ff F  2 f% K fk (Expectation
maximization , EM) 83k f K AL B8R 26 50, oK fi =
W B G RE xRS p(x] O 155



¥ 2

RER,F KT GTM-TT F ik o 3m i K 3R 8 R A 57 « 3 .

PURIUE A€/ B ODIATO] NN
1.2 GTM-TT &EiE N 4

WS BHE ¢ BCH — AR B B TR AR T Y
B 1R] LA B R R AH DG SR D GTM B8 08
FARFE R, T GTM 8k 5 B 5 R ] Jefi
RIZEA

B B IR AT AR R Za i — 2 B IR A AN ] B
T2 5% CER L R BCBR 25 o i U 2 1) £ P Uk 25 4%
— B AR A HBROIR S 1 3 B e IR AT
KRBV FE . B B R A e B 4 TR A H
B FURAS s A BEALGE B, e i R0 AT R
AT AW AE B SR B T R

— R E R R A S8 A= (7, A, B)
ik Hob o RGORS IRIG A6, A JIREF
BMERAE B, B g WA R 5 B . GTM KA iy
SR A= (W, B filiid AR T B PRS0 5 B 0 i)

ZIE] B — o A et e, AT LA R R RS R

s B as ] b AH AR AR S M RN Py B
TR HER S 0 A N = 4 GTM-TT # #4 af
HBH A= (o P, W.P ik, B 2K GTM-TT
B B R R B B K A T SRR T R
REWER R T H SRR TRREN B

P-':' Pn
—_— —_— e e

(W.5) l

B2 GTM-TT &EX#EH
Fig. 2 Basic idea of GTM-TT model
AR S B WL E5 8 T 80 Ra = {8 s tos 200 s
e} HOOF N A 7E 7 S A N B L SOIR S F 81 X
= {2 ) IR FF 51 R B0 A
=
P(Ria) =

Z n'XHp(tIx)XHp(erlx)

J:_tmﬂ‘%:_fk_ Hy 19 J5 ) 8 % (forward-

backward algorithm) fijfk .

GTM-TT B H8 R © B2 Hh x /Y

Je B 43 A FECHE 25 1) T AP 0 IR P 81 R e » A 31
ZH P, WHIB, GTM-TT 0t 5
GTM FEEM . BARMGMSE A = (2, Py ,W. D
BRI SR 5 10 FH EM 2403 55 Ak % 5001 4R iR
B ORI ER S BUE R IH S 8UE , 2 i
B, HE2SHE WS, X3t & Baum-Welch 5
?215[7]

M GTM-TT BRSO Gk Z 5, 5
AT LLSR A Viterbi 53324l 3 B AT B ™ A2 00 5 51
{hstysmr sty BIBRCRESFH {2752

2 T GTM-TT & arrk

2.1 HRERENA

WF 5% X SR BE £ an & 3 97 7 i A s Tl AR D - 4%
B3 /NI, XS N LA 30 AR £ B, Forf 12 45
PR ER TR WA R I . SRR Y 29 A4
2 P A I 2] A DU g BsF ) 7 A 3 A 2 DX R
A5 LI 6] o e

t(i) = [Occy ()3 Occy (1) 4o+

i=1,2,,N

Ik HSR T B TR] A SRS A R
0 I B B L R TR o R TR RAE AT 3
ARFS B BUIE B T ARkt

Bl RS RN 5 A% 1K, BR 288 4
M, BHEA 2006 458 A 10 HE| 11 A 6 H, 3k 89
X,

’ ()('('29 ( i) ]T

|l~0  ~&¥ke
O 1w || @ éfanw

I |
q

Elﬂ—%

%
CP—CP4,2 %?

5

K B
~®

9> @9~

() RWLREALES %S
<~ WK AZE L T 1)

B3 #MRXETEE
Fig. 3 Sketch map of studied traffic network region
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Fig.5 Typical vector of different states in latent space
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Fig. 6 Distribution of state transfer distance
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