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Abstract

We have worked on developing the technology to predict potential risks, aiming for realizing Mazda Co-Pilot
Concept. In this paper, we describe the prediction of lane changes and run-out of pedestrians or cyclists. In the
prediction of lane change, we applied a model of the gap between vehicles where a prediction target decides to
change lanes. By adjusting the parameters to the prediction target while driving, we achieved a prediction time
faster than the target of 2.0 seconds. In the prediction of run-out, it is required to identify what the target is,
according to the previous research to predict risks on environment. In order to make effective use of the research,
we worked on a technique to predict whether the target of run-out is a pedestrian or a bicycle based on
environmental features. By developing a model that can explain the prediction statistically with factual data, it

became clear that environmental features influence the behavior of pedestrians and cyclists.
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Fig. 1T Driving Example of Co-Pilot Concept
(Local Roads)
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Fig. 2 Risks of Driving Environment
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Fig. 3 Development Procedure of Lane Change
Prediction
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Fig. 4 Gap Acceptance Decision Model
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Table 1 Comparison of Behavior Estimation Models

Estimation

Feature vector
accuracy (%)

(D (gain parameter, damping ratio) 41.5
@ (Distance, Rel. velocity, 1/TTC) 63.8
(3 (Distance, Rel. velocity, KdB) 65.1
@ (Distance, Rel. velocity, DRF) 69.0

3.4 HEFEEFHOMEETE

FRD e H D, BEFEITT OETH SEGHERE T
BIL, GAD @ Critical Gap ICRM S %, DSElx MEE]
¢ TRBR) OEREH S OERHUCEDOWVWT, F0Y
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Fig. 7 Example of Driving Result
(upper: careful, lower: aggressive)
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G = exp(y| + AV (t)sgn(AVi(t)) + Bm(t)) (2)
G = e><p(yr +ormax(0,AV; (1)) + Bru(t)) (3)

ZCZT, a5 By Ve Qs B v IEBRETH B, i
AV), AV, |3 Fig. 4 TORRK t ICH1T S Target & Lead BT
Rear X DEXHEEZ R L, sgn(*) IIFTEEEKTH %,

S & 7= DA L7=7—42“ 13 San Francisco Bay 3t
HICHIT B 1-80 FEBDODHDT, 289 BDEREET —
RERAVWTHEETILOFBZITL, 285 80T —4&IC
& D MBEFHEZ T o oo FHMEIRIZ L L TFAKEEIL Table
20F EzAW3, FRIFSCHERE 1,13, EFEEETI
HESINRZ 1, 2—7 v NEIPRIGZT MR 2
T hHRAE L.

Td =Tc —1j (4)

FRAGCHEERNARE VMEE D DIFCEBN I RHREREM
HBEEDDOIrERL, BMIIMEAS, LROIEEEZH
WTEREFHTEDRBMEEZUTICHRE LT

- Success | —ERERAICHEE S NIHES
(0<1,<£5.0)
* Failure : #ERZIHD BEHREERZI L DEL
(1y=0)
* False alarm : #ERZHNE T T ZHE (1,2 5.0)

ER% Table 2 ICRT, Step 1+2+3 OF % HER]

I, EREBICLZERTEZHORE (0.24GC 12E)

TEETETZ L ZEBHKRT %o

Table 2 Comparison of Intention Estimation Models

Step1+2 Step1+2+3
Predictive Accuracy 97.1% 97.1%
(F, score)
Foresight time 1.92s 2.07s
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WORERZEIIR LTco COEERZRIIL, RUOET
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Fig. 8 Context Example
(priority/non-priority, road width, etc.)
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4.3 RUHLHROT—2RIRICK ZRIEEFDH
i
T—R|BICRLT, AR, NRABREDOHRBEEHD
BEOASRUHL T 2DIFHTETH B LBV, £
T, BAZE>TVWBRERIIDOWVWTHERITS L Table
3DESICH o, BRI SHTEISEVOEL SRY
HE T —200P2 VA, BEBIIEYOENERMIC
ZVWehbhh B, COLSICEHSHARERLASND
Zehn, ThEORFERALETHET® ICAVS
NTWVWAEHEICEAERZMR, HKOWEREF%Z Table
4 ¢ L7,

Table 3 Number of Data Related to Blind Spot

4.4 HIBIN DB L HEREFTE
(1) #IRI & 575 E
CCTISHBIIREEROREXZDTRATH S,
AYXT7o v oRRAtT AW .. BRNERIE, RUH
Lk (1: B%E, 0: 517F) THO, HBPEKIE
ICERRIRORFTH B, HHIRZR(5)ICRT,

1 (5)

y= T+exp| —(ouxi1+02x12 +...+aixji +bj) |

ei2l, X IERFTH D, Talbe 4 DEIERF LIS,
Tor0ZRETBHDTH B, 2L, BWUBDHIIE
BEC LTREY %,

FHEE R T T O A ZEZBWT, SBAERZERL

Blind factor Pedestrian Cyclist FbTH YR (OR) ZBWTITote Ay X Eidp %
Building wall 267 459 BMELITZLEE, p/p—1 & LTEREINB. DEIROHI
Parked vehicle 150 63 % Table 5 ICT T
Stopped vehicle 190 105
Moving vehicle 138 54 Table 5 Example of Contingency Table (crosswalk)
Total 745 681 Cyclist Pedestrian Total

With crosswalk A B A+B

Table 4 Context Property Based on Annotations Without crosswalk C D C+D

Type Definition Total A+C  B+C A+B+CH+D
Lateral gap Lateral distance to blind object (m)

A Residential, Urban & Business, Rural, RFORIZHEETSELH o e, p T BEEHIRY

rea P =
Other HLTLREEEHL, 1—plIHTEOEEGZEKT
Road One way, Both way, Other %, COZeh5, p=A/(A+B), 1—p=B/(A+B) T
Side None, Line, Step, Guardrail HB. HESEHD ODRFICHEITBF v XNFTFERTRE

2~3 forked road, 4~5 forked road,

Intersection 6~ forked road, Straight

Width 1~3 lanes, 4~ lanes, Other

Without, With
0, Low (1~2), Middle (3~5),

Crosswalk

Parked vehicle

density High (6~)
Pedestrian Low (0~2), Middle (3~9),
density High (10~)

Low (0~2), Middle (3~9),

Traffic density High (10~)

Leading vehicle ~ Without, With

Parked vehicle .
Passenger vehicle, Track, Bus

type
Time 6:00~10:00, 10:00~16:00,
16:00~20:00, 20:00~6:00
Weather Sunny, Rain
. Building wall, Parked vehicle,
Blind spot Stopped vehicle, Moving vehicle
Age Unknown, Elderly, Mature, Young,

Child

ns,

Fy LIS ZERRTZeh5R (6) L2
%o

_A/B_AD

OR= ==
C/D BC

(6)

Ty Xtb=1 0155, FORFIZFENERICEERE
ZABWCEEEKRT B, £, A v XtE>1 0HFEIZE
HZHICXT L TEDRE, FvXth<1 OFSIFENE
BICH L TEDEENDH D ZCIlh DB,

(2) MEEERTE

HHDB H'\5, H{TE L BB ZNEN 550 FDT—4&
FRVWTETILEZEIE, 195 H0SHTE, 131 HD
BEET—XEAVWTTHMEL . ERDFTDER%E Table
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L, TSNS, BEETHIHARANERT S EHH
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Table 6 Logistic Regression Analysis

Factor Lower OR  Upper OR

Urban & Business 0.50 0.98
One way 0.36 0.88
Sidewalk: Step 1.18 2.21
1~3 lanes 1.23 2.27
Traffic density: Low 0.22 0.87
Traffic density: Middle 0.21 0.78
Without leading vehicle 1.08 2.24
Time: 10:00-16:00 1.07 2.34
Time: 16:00-20:00 1.51 3.47
Parked vehicle type:

Passenger vehicl):ep 1.01 3.31
Building wall 1.51 3.52
Stopped vehicle 1.06 2.88
Lateral gap 1.19 1.53

PIERICOVWTHERT 3 &, HHEBIFHITEOED
ZWISFTH D —ABITHZCERmID BV LD S,
FOBERICITHETRHBTHI B EHNMRE—FHL T
W3, BEECHNTHIERICOVWTIE, BY - BN
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ICHYT %, ULEDERNS, ERBRIBEORFH S5
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Table 7 Prediction Results from Classification Model

Prediction
Pedestrian Cyclist
Pedestrian 147 48
Actual
Cyclist 29 102
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