CHIECI LY moR E T Ok R Rk Vol. 51 No.9
2019494 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Sep. 2019

DOI;10.11918/j.issn.0367-6234.201811079
A “B A = /—\ V A \ : — Al P4 l A Y [m|
EREYERIZEHE®RE TR EIIZLEE R
BER BIH, K W R
(1. AaiAE SomiEheEe, JUat 100044258 A SOl AR IR SSmizbiy il T 9k (s sai k) | JLst 100044)

M OE AHANAREYZER(AER)EWMETH EEY TR ES XA RN BREEATEHEARA-RL R LEA
(GMM-HMM) #y 7% b & LR B o7 3. 3¢ 4% GPS g £ T EM m EmaEm il A R HATHE 5 ¥ 8, A& L D-
OPTICS 4 3% 3¢ & 25 77 28 R 2 45 2 V8 30 3 X s ARG 78 20 37 8 A0 MRRRAE T 22 AT 44 oy 35 JB SR A An BT 40 # X W9 B AR AE AT £
REBALR R A2 W3t B T 047 2047 P 4 40 32, A Bl GMM-HMM A9 2 &5 0% 4505 25 £ AR JIAE A 38 3 Baum-Welch & 3% 3
ATH B A, FER Viterhi £k A EERAB AN B THEEL T T AWEA R ER. AINELREIREE L HERIT
PR3- KB B M A A T B0 BT POL K5 8 T4 B4R O Sk Xt A MU GPS SUaB W E B sy X AR FIR R, LB 4R
FU A9 MIE S KA RH LS P T CMM-HMM #y AT 8 78 20 K AR5 7 Sk W78 20 R B £ A3t 80%. WA E R H T4
A i AT AR, Bt R I3 E B, O G e S E A A R A S R

KHER: AR EHCPS BRI TR FEN XA SRERMERL ;R RARER G RAHEA

FESES ., U492.3+36.3 HRPRAERD: A MERS: 0367-6234(2019)09-0193-08

Activity type recognition of trip chain for hazmat road transportation vehicle
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Abstract: This paper proposes a method based on Gaussian-Mixture-Model Hidden Markov Model ( GMM-HMM )
to recognize the activity-node type of trip chain for hazardous-materials ( hazmat) transportation vehicle. The GPS
data of vehicle were pre-processed to identify the activity nodes of the trip chains using a Decision-Tree based move-
stop detection algorithm. Then the activity nodes were grouped into the activity hotspots by a dropout-based OPTICS
(D-OPTICS) algorithm. A multi-scale feature system was constructed according to the individual features of the
activity nodes, the relative features of the corresponding trip chains, and the group features of the related hotspots.
These feature vectors were further transformed into low-dimensional vectors using Factor Analysis method. Finally, a
GMM-HMM based activity type recognition model for hazmat transportation vehicles was built where Baum-Welch
algorithm was used for parameter estimation, and Viterbi algorithm for decoding the hidden state to obtain the
recognition results of the activity-node type of trip chains. Not only the accuracy of the proposed method was directly
verified based on the small-scale real-activity dataset, but also the effectiveness of the proposed method on the
activity type identification of large-scale GPS data was evaluated indirectly using the Point-of-Interest ( POI)
information. The results demonstrate that the identification rate of the GMM-HMM based activity type recognition
method was more than 80% in the task of nine-type activity recognition. The recognition results can help analyzing
the activity behavioral patterns, discovering the abnormal activities, and providing effective decision-making support
for hazmat transportation supervision.

Keywords: hazardous-materials transportation; GPS data; activity type of trip chain; multi-scale feature system;

Hidden Markov Model; Gaussian Mixture Model
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Fig.4 Ilustration of multi-scale feature extraction
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Tab.2  Comparison of model effects before and after data

supplementation

WM JFREAR L RS I & F1 #F1
L 0.42 0.30 0.88 0.90
U 0.16 0.17 0.73 0.83
Y 0.10 0.10 0.74 0.84
J 0.05 0.07 0.56 0.72
T 0.13 0.13 0.73 0.86
R 0.04 0.06 0.56 0.76
H 0.03 0.05 0.48 0.74
(0] 0.05 0.07 0.70 0.77
E 0.03 0.05 0.55 0.73
ALL 1.00 1.00 0.77 0.84
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