39 % A 12 ] B ) b 4R Vol. 39, No. 12
2013 4 12 J] ACTA AUTOMATICA SINICA December, 2013

ETF HMM B ERITIRSSE M F 2l A 7R R

Tk AFF FRR REE!

B OE NGO PO N AL T ) 4 AT BOR A AT ORI, Sl T AR TR S R BB (Hidden Markov
model, HMM) 4817 BORE SEI AR T5 5. 8 56X HUE P ST T 26 T HUE K LA TERENIE 51 6 A w751
(I Z ARV DR AN S/ IR MU IO TRAR B, ORAIE T BT ARAFPIL P SO 20 L, R —Fhdt T 4 mis 4T pidk ni )y
B3 160 S B A R A s D RN 1077 1 41 DX TR R 23 ) MM RSP 50 7 7 i, %0774k LU 1) 41 FRD DX TR AR AKX
S AR R RFAE; )5, K 2 8751 T () Baum-Welch FE I ZR13 24 SCAL il 3 sl iR I s HMM. 2
B, IR SN AR A AT BB B g A AR R DGR, SEBIGS 4 AT R A R SIS 7 FCSEER IR T AT AR A R
AR EE.

KR WGP, BE S RBHIRERY, 5y, ATBIIRAS, SEr D)

IR A, WG, JrFe R, Z#IEE. JET HMM 24047 BORAS SE 0 07 i 0F 98, A 3249, 2013, 39(12):
2131-2142

DOI 10.3724/SP.J.1004.2013.02131

Determination of Real-time Vehicle Driving Status Using HMM

WANG Xiang-Hai'? CONG Zhi-Huan' FANG Ling-Ling'*? QIN Ju-Ao*

Abstract In this paper, we propose a method for determination of vehicle driving status from its time-ordered trajectory
data using the hidden Markov model (HMM). Firstly, we take some preprocessing including linear smooth filtering and
least square fitting to abandon the trajectory sequences whose lengths are not enough, so as to guarantee the usability of
acquired trajectory sequences. Secondly, we extract trajectory direction angle features from the trajectory sequences, and
on this basis we propose a direction angle region partition algorithm to generate the observation sequences, which will
determine the different trajectory patterns acquired by vehicle real-time various driving status. Finally, we get the optimal
HMM model parameters of each trajectory pattern in specific traffic scene by multiple observations based Baum-Welch
algorithm, then through matching with the above trained HMM models, we can determine the real-time vehicle driving
status. Experiment results demonstrate the effectiveness and stability of this method.
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Fig.7 Four kinds of trajectory models of initial

direction for crossing situation

(a) 55 19 050 % 19 830 WAIHI 4L
(a) The results from 19 050 to 19 830 frames

(b) 5 74 610 Z 75 390 WUAYHI B4 5
(b) The results from 74 610 to 75 390 frames
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Fig.8 The vehicle automatic identification from

the west to the north
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(a) 55 49110 % 49 890 M5 45 5
(a) The results from 49110 to 49890 frames

(a) 55 28 380 % 29 160 MUY HI A 45 1
(a) The results from 28 380 to 29 160 frames

A1) 3

(b) 55 52020 % 52800 it F 5 45
(b) The results from 52020 to 52800 frames
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(b) % 89 460 % 90 240 i f1F 5] 45 Fig.11 The vehicle automatic identification from
the north to the south

(b) The results from 89 460 to 90 240 frames
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Fig.9 The vehicle automatic identification from
the west to the north
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Fig. 12 Four kinds of trajectory models of initial

m p’. 07

direction for single intersection

Frame:4/040

(b) 55 49 800 & 50 580 MIAIHIBISE 1
(b) The results from 49 800 to 50 580 frames
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Fig.10 The vehicle automatic identification from (a) 55 46260 &= 47040 MyirkIH) 5 45 R
the north to the west (a) The results from 46 260 to 47 040 frames
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(b) 5 69780 & 70560 M¥IFI 545 R
(b) The results from 69 780 to 70560 frames
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Fig. 13 Vehicle automatic identification in

straight vehicles

(a) 55 124 920 & 125 700 Mk A1 5] 45 5
(a) The results from 124 920 to 125 700 frames
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(b) 25 229 740 F 230 520 MRTHI ISR
{b) The results from 229 740 to 230 520 frames

B 14 AT BE A B
Fig.14 Vehicle automatic identification in

right turn vehicles

B 15 AT RN R g 5w
Fig.15 Six kinds of trajectory models of initial

direction for night intersection
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(a) 55 33 720 %= 34 500 MR A BI4S 4
(a) The results sfrom 33 720 to 34 500 frames

(b) 28 36 330 7 37 110 M1 45 R
(b) The results from 36 330 to 37 110 frames
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Fig.16 Vehicle automatic identification in different time
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Table 1  The probability statistics results between the

vehicle trajectory and Fig. 7

A3 37 A
7245 ID
P1 P2 P3 P4
050 —10.862 —12.507 —14.476 —11.740
050 —10.483 —12.326 —14.832 —11.627
262 —10.314 —12.273 —14.476 —11.549
262 —9.274 —12.893 —15.636 —10.224

M 1 R T MERAE I G845 S AT LS 31, 050
AR 262 S P1 U R TS AR AT
R A B, TR 8 (a) A 8 (b) K 5 24 1)
AT RR A A A B R PO B ) h R
5 SIZ o A T AR A ) S IS AT BIR A EA T X L
NS PR A0 T BOTR 2 1 SN S ) &5 2R TR A
(A, IX U T A SCHH Baum-Welch 18RI ) 2k
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Table 2 The statistical results of initial direction for
crossing situation
B P1 P2 P3 P4
Ta 251 486 41 183
To +Ty 260 501 54 183
T+ Te 260 488 48 202
w (%) 96.5 99.6 85.4 100
n (%) 96.5 99.6 85.4 90.6
x 3 WIETT s DA R
Table 3  The statistical results of initial direction for
single intersection
[EE e C2 (C1) C3 C4
T, 132 13 —
To +Ty 135 17 —
Ty +Te 136 16 —
1 (%) 97.8 76.4 -
n (%) 97 81.3 -

A T~ 16 IS g R K& 2~ 4 X YU
HERA AN A A R (R GT v o3 Bl U Y, AEAT 28000
AT B A A A T RS U AT R B ) Bty L, SR AR SCHE T
HMM 82250547 B AT A 40590 S0 m] LAAT 280 S BLx
ZEAMAT RS 131

R4 WIETT RN R RS SE R

Table 4  The statistical results of initial direction for
single intersection

iR K 52 (C1) S3 54 S5 56

T, 106 10 — — -
T, + Ty 106 10 — — -
T, +T. 106 10 - — —
1 (%) 100 100 - - -
n (%) 100 100 - - -

5 iR

ARHEH —FhIET HMM (A8 38 044047 3
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S 2k, 15 Baum-Welch 553225 418 88U DL K H:
J€ L X IR ARIE R 07 AN 2545 21 1) B 2 HMM A5
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