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A Study of Driver Behavior Inference Model at Time of Lane Change using
Bayesian Networks
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Recent years have brought hope that driving support systems tailored to the characteristics of each driver can be
developed. To accomplish this, a driver model must be constructed that considers the driver’s psychological function
when inferring driver behavior. This paper thus proposes a method to infer driver behavior by capturing time-series
steering angle data at the time of lane change. The proposed method uses a static type conditional Gaussian model on
Bayesian Networks. By using this method, if the driver behavior of the subject and learned data nearness of features
(norms) are below a certain level, it is possible to infer driver behavior with nearly 100% probability. Moreover,
compared to the HMM models, this method reduces the rate of incorrect inference inclusion.
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Level 4: Goals for life and skills for living
Overriding function over levels 3-1,
independent of the traffic domain

Level 3: Goals and context of driving
Traffic domain specific function

Level 2: Mastering traffic situations
Situation specific function

Level 1: Vehicle maneuvering Driver model
Executive function

Fig.1 Hierarchical levels of driver behavior (adapted from Keskinen, 1996).
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Fig.2 Driver behavior inference model at time of lane change
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Fig.5 Normal right lane change data
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Fig.6 Emergency right lane change data

—J202¢

(1) NFRA—FE] . 28T H1-7 A= OBHEET — %1%, Leave-one-out Cross-validation {EI(ZHI Y,
WEFMAR L RIBERET — 2 2RVBRW-BAET—2 L L. £/, BhUVRERSFA—-FT
H AN, FREICHEREZRIBIAENOEAIENREHNZHE L, Bt —% & L

7.

Z OB, BRACHIBNIY, BAERLAREND L LT, TR ETIE, HERMERHMTE L.

b OERE

T — & LEBRCH T — 2 2V T, BRREOEWELBIRAIT —% L LT RTIA—FFBE2{T-
7. 8%, FEPWHKHTDHET, 2FY, BFT—FITKHTHLEERRKRERDETITo .

(2) HERD HMM (IZ X BET L : GHlO RS L 72 2 HMM I K » THEEE T 5 LKN, LCN, LCE i3,
ROV TETANLEREINTEY, ZRENOREEITE.
LKN = {lkn}, LCN = {Icnl, Icn2,lcn3}, LCE = {icel, Ice2,Ice3}
P TEF AL, left-to-right DIRHERL 3 TH Y > 7 A& T, REBBEE T=5E (0.25sec) &
L7=. Y7 =T L0EEEZX 7 1077, YT7ETAOFEEFIT, 8 [T T & 9 IREEER EIEAE Y O
BEICY T ET AR BREAEICE D YT TTo72. 813, BNs ETLVOFEEFHLELLTH
D, EERRKERDETHTo. FEBIOHEIZ, A7 Baum Welch 7L =) X A% E/H L
7=. HMM OFHEMIZ1E, A U< U.C.Berkeley TBE% & #17- Hidden Markov Model (HMM) Toolbox'"
ZHWT T 7.



Lane keeping Normal lane change Emergency lane change

LKN

Sub-model

= {lkn} LCN = {lcn1,lcn2,lcn3} LCE = {lce1,Ice2,Ice3}

-10

Structure of
sub-model
State transfer times T=5 times(0.25sec)
Fig.7 HMM sub-model structure
0.25sec 0.25sec 0.25sec |0.25sec
90 e
80 +«— | Emergency
70 Z lane change
w0 (LCE)
'E 50
 , //
§ 30 /
? // /
10 /
B | | a -
Time(sec) v

3-4 EREEHTERRLER

Fig.8 HMM sub-model allocation

(1) BEAEGERHEERON  BiEAET — % OBRINE L HER R%Z, BNs 7 /L CTOHER
RIE(E HMM EF L TOHEY 7T AL L THEEL, K9 Z7RT. KPORR 013, #ithish
B A EWNT 5. BNs ETFAZAWVZIE D TiE, BAERRLA 5 0.15sec R T “BHHEHEE" & 90%
DHERTHEL TS, —F, HMM EF /L ZHW21E ) TiE, BAERRLE) 5 0.10sec B A Tl HAR
BEYTET I lenl %, 0.40sec T len2 %, 0.65sec Tlenm3 ZHEL TWDH. T2, BHEREEORER
FEBRIAE R OER TIX, BAERLEFEY TET lcel bERHEEIN TV, BFERERHEDOZ O
BT, BNs ETALEZHAWVWEIZIOPREREL THETE TSI LADNS.



(=23
o

[
(&

'S
o
|
|
|
|
|
|
|
[
|
[
|

w
o

)

5

Steering angle (deg)

N

{
!p
Vot
'\
Lt

0.25
075

Time (sec)

(a) Original data

100% oy
90% ‘\
80% ra/ S Sy
70% e
60% - —+— Lane keeping j o
50% | =~ Normal lane change ‘

Emergency lane change |

e

Probability

40%
30% }
20% : g
10% ! |

0% 'rvvvtrvvevrerrivevivevrevvvvivvvyvvrrrrrrr ey vy v err v v rrm Nuvvvivvevivvey 1

(=]

0 B v
N a 5
o =}

Time (sec)
(b) BNs model inference result

lecod i

]
|
|
{
|
|
|
|
[
|

lce2 : )

lcel

T

len3 \

L.

len2

.

len1

Thry REEERIEeETei v $oss0sessstessetntees — — ———

0.25
0.5
0.75

Time (sec)

(c) HMM model inference result

Fig.9 Inference results for normal lane change data
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Fig.10 Inference results for emergency lane change data
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Table 1 Inference results for normal lane change data

Euclidean under 10 under 20 all
norm BNs | HMM | BNs | HMM | BNs | HMM
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Table 2 Inference results for emergency lane change data
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