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ABSTRACT

To improve the highway safety, the regulation and management of driving
behaviors is one of the most critical issues. The highway safety management
policy which made by the concerned departments usually depends on the
historical traffic crash events or macro traffic flow. However, it is hard to have a
depth knowledge of microscopic driving behaviors due to the limited data
granularity, which is insufficient to achieve the safety regulation improvement.
Related studies usually take near crash events extracted from the driving
behavior data as the main input of crash prediction and safety improvement.
Nevertheless, the driving behaviors varies from drivers, not all drivers react
dangerous while emergency. Different from near crash event which owns static
and fixed standard, the standard of abnormal driving behavior is dynamic and
comparatively. This research uses Variational Autoencoder to detect the
abnormal driving behaviors from the data of highway bus and explores the
relations between the historical traffic crashes with the comparison. This
research can discover the potential risk before crash, which makes highway
safer actively.

Key Words: Deep Learning; Driving safety; Abnormal Driving Behavior,
Variational autoencoder
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AHFFE:82 H Romera, Bergasa, and Arroyo ™ i H ) UAH-DriveSet [ SR BRI
FESTREEHER B S0 1 TES2E TF - LB RIEEZ B Bergasa, Almeria, Almazéan, Yebes, and
Arroyo ) B HIECRY i0S RAERHHME AL, : DriveSafe » SEHEEEIE 500 53 FAPEHEA I
ARSI HIE - RS EMERIES - etk - GPS FHmEIREE R - EEh R ErY 6 2
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GPS ZEFF BRI 63 A TE, + FURT TSR AR IS S EITFS I GPS
SHIZORH s © 8L safety domain (8) + SRV (v,) KBS (v,) » NG S
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SIS (ap) 35 8 TARFAL G 17) - Hoh » v, s GPS HARSRIMGm AT SO
T GPS FAMRSTHISEm T Sk SORIREF ISR » nhBASRST (sample size) o
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FERENTHIFEE /) H AN Variational AutoEncoder, VAE) AR S T8 L2 B B
#E%  A:2% Van Ly, Martin, and Trivedi (2013) ") §5 FIRGRPERR HIS AR EOREES TR
) AR - T2 5 MDA LI Ry EEREAOHAE T i G 8-12) : HURRIRF RIS AT (@)
HBRIRF T e/ INITBUE (i) ~ HUBRIRFRT AR L AR 1 km/hr? RE(Cy,,) ~ BAAZIRFREDIHE
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RUFIR - BeRa A A B R AR IR E IR A R AU AR (R 1 -

Amax = Max (an)

Qpin = Min (an)

=1if a, > lkm/hr?
C — n _ , { X m , €
an = Lm=1X 0, otherwise Gm € Gn
_yn x =1if a, <—1km/hr?
Cay m=1X,{ 0, otherwise +@m € An
c, =Z%=1X’{x=1if vm>95.km/hr v € v,
h 0, otherwise
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Layer (type) Output Shape Param # Connected to
input_data (Inputlayer)  (None, 780) e
dense_6 (Dense) (None, 128) 99968 input_data[@][@]
dense_7 (Dense) (None, 2) 258 dense_6[0][Q]
dense_8 (Dense) (None, 2) 258 dense_6[0][9]
lambda_2 (Lambda) (None, 2) 2] dense_7[0][0]

dense_8[0][Q]

dense_9 (Dense) (None, 128) 384 lambda_2[0@][0]

dense_10 (Dense) (None, 780) 100620 dense_9[0][9]

Total params: 201,488
Trainable params: 201,488
Non-trainable params: ©
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ESE AT ASORATE R IRIRERE (n, 60, 13) EEHEEy (n, 780) {ERyiEA -
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JiR R f R U 2238 Normal RYFE BT Fef% » 5 B B I BN [A A Normal AYEEBEIRREIRVEIRE - VAE
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AR L 57 » 5 R TR AR th v RERI Rl i MBS S R 1R B [RIagE
% Nesterov Hfj5 Adam (Nadam) {FRall##E2{L8 - Nadam 5 [ AYBHEIEAIES: - E i
P& SIS S TR R A/ NRE N RAEEERY AV - DU Zem fmiils i IMBER RIS » 122
EH5E Ry 0.0001 GRS A S 52 BT A/ N s BN kR -

HRAEFHR 200 KAYEEHY » ARHTORHENE M (Aggressive) {F RS2 EF1EH (Normal) #%
A 20 ZEHIES - (EHRAG AL R L ELARRRSEE A (B 4~ 3% 1) 7] RS (B E F E AR
FERIRA - AE S B E -
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FHEECAREIENE - SR LA RREAERE - Kt - FE BRI SRR AT
PR R FHEY 5 (AT MERGIARE TR BECCRHSE RN AN AR - MR EaR
B - HEWTTCERNEE 3.4 fIRFRURHGER - R 2t GPS ZORtaipa B B Ry 8 kY
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S8 1.89437 0.784
FEAE A 3.896211 3.89

ook TR DAL VAE DU SIS PIRGRYRRE - AT9EZ VAE BRI 2% Matsubara et
al. ") R A Z48H - 76 Matsubara et al ! h2BI3@IEA VAE 385y (o R AU FE I ] Bk
JRIEHE » B H KL 8 (Kullback - Leibler divergence) #E1TEORIERIL - ZRTT LB HFBEAR
HHEAER ~ SRS H BRI Fs 54 o (Kt Matsubara et al 'Y SEHHEIFH R EHEAIN
= URIGHEE LT EREE (Mahalanobis distance) G HRE T 2 IEREK i &R H -

less frequently frequently
appearing class appearing class
normal
—_
8
S’
=%
normal anomaly
Nmaly /
T
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Fo AT BRI RS R3A LU R P R a9 2 8 AT Sest S At RIS TH%E - I
ARHEFEE R —XZHIL - TULEZIE (re_mean) FIEHZEE (re_var) - ARFFERE
PRAUENIANT -

input_data: InputLayer

dense_1: Dense

dense_2: Dense

VRN

z_mean: Dense z_log var: Dense
z: Lambda

/

dense_3: Dense

dense_4: Dense

VRN

re_mean: Dense re_var: Dense

6 EPFEMF Variational AutoEncoder ¥3E&FEHE
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AWTFEFTe iy VAE BRI - 1ERSGE0E A R R Ry i 04T - RIPAE R
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Layer (type) OQutput Shape Param # Connected to

input_data (Inputlayer)  (Wne, 8 o
dense_1 (Dense) (None, 128) 1152 input_data[@][e]

dense_2 (Dense) (None, 64) 8256 dense_1[@][@]

z_mean (Dense) (None, 2) 13@ dense_2[a][0]

z_log war (Dense) (None, 2) 13@ dense_2[8][0]

z (Lambda) (None, 2) a ean[@][@]

zZ_m
z_log var[e][e]

dense_3 (Dense) (None, 64) 132 z[e][e]

dense_4 (Dense) (None, 128} 8320 dense_3[a][0]
re_mean (Dense) (None, 8) le32 dense_4[a][0]
re_wvar (Dense) (None, B) le3z dense_4[@][a]

Total params: 20,244
Trainable params: 28,244
Non-trainable params: @
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i/ME (min)
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F—VAE e (25%)

2.388494e+00

B (50%)

3.441959e+00

=P8 (75%)

5.037858e+00

BAfH (max)

2.768500e+05
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TEAEHE A MO PR - LB RS T R B S B INIsE Ay SRy ~ R DLRe T eSS AR A S iceR
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