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Evaluation Index of Lane Change Behavior for Driver Support to Improve Unsafe Behavior

Masanori TAKEMOTO*!

ABSTRACT :

Using a driving simulator, we conducted an experiment in which skilled drivers

comprehensively evaluated a danger/disturbance level of various lane change behaviors from the

viewpoint of the following vehicle driving in the passing lane. Using multiple regression analysis. we

specified danger/disturbance factors, quantitatively identified the condition of each factor occurrence. and

found some physical quantities that strongly influence the danger/disturbance level. Finally, we obtained

an overall index for evaluating danger/disturbance level of lane change behavior.
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factors
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Fig. 1 Driving Simulator

D: Passing Lane Time Gap
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D-1: short (1.0 8)
-2 nuddle (1.5 5)
D-3: long (208)

B-1: late (LCV starts acceleration 1.5 s before completion point of steering)
B-2: middle (LCV starts acceleration 1.5 s before LCV merges into the passing lane)
B-3: early (LCV starts acceleration 1 5 s before the steering imtiation)

B: Acceleration Timing
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exceeding point of center marking line
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P(5):

-1 maddle (Ihstance between LCV and RFV)
the same as that between LCV and RLV)
-2 close to RLV (Distance between LCV and RFV is
three times longer than that between LCV and RLV)

A-1: short (4 sec), acceleration: 0.20 G, total acceleration time: 0.39 5
A-2 muddle (7 sec), acceleration 0.15 G, total acceleration time: 1 855
A-3 long (10 sec), acceleration: 0.10 G, total acceleration time: 2.78 s

Fig. 2 Four Vehicle Positions at Five Base Points and Explanation of Fluctuant Parameters
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Factor D: Inappropriate position Factor ®: Insufficient steering time

of the blinking turn signal initiation with insufficient distance from the RFV

Occurrence condition: (D-1 or (1)-2 Occurrence condition: 5)-1 and (G)-2(1) or (5)-2(2))
(D)-1: Distance ratio in passing lane time gap at P(1) > -0.11
(in case that distance to RFV at P(1) = 47.2 [m])

5)-1: Former-half total steering time < 3.5 [sec]
(5)-2(1): Distance to RFV = 33.1 [m]

D-2: Distance to RFV at P(1) = 36.8 [m] (Relative velocity to RFV at P(2) = -10 [km/h])
(in case that 1_.(_‘.\' cannot mainlmin the sufficient distance) (5)-2(2): Distance to RFV < 25.3 [m]
WP T3 Y , 'ﬂ:[g (Relative velocity to REV at P(2) = 0. [km/h])
___H__ i s e s i o . e i s
(D ——3—— [
-1 | | | ]

Factor @: Inappropriate position

Excessive steering time

of the steering initiation st 5 .
with insufficient acceleration

Occurrence condition: 2)-1 or (2)-2 (Direct factor) — = - =
- ((2)-3 or @)-4) and @)-3 (Indirect factor) Occurrence condition: 6)-1 and ©)-2 and ((6)-3(1) or 6)-3(2))
B)-1: Total steering time > 4.0 [sec]

(2)-1: Distance ratio in passing lane tume gap at P(2) > 0.25
(in case that distance to RFV at P(2) = 35.1 [m]) : Distance variation to RFV between P(2) and P(4) = 8.1 [m]
(2)-2: Distance to RFV at P(2) < 22.8 [m] (6)-3(1): Distance to RFV at P(4) = 25.2 [m]
(in case that LCV cannot maintain the sufficient distance) (Distance ratio in passing lane time gap at P(3) = 0.50)
3: Distance ratio in passing lane time gap at P(3) > 0.25 (6)-3(2): Distance to RFV at P(4) < 17.1 [m]

(in case that distance to RFV at P(3) = 25.3 [m]) “)i“m““‘: ratio in passing 13']‘-’ time gap at P(3) = 0.25)
(2)-4: Distance to RFV at P(3) = 17.1 [m] H P(2) * : + 6)-1 ]
(in case that LCV cannot maintain the sufficient distance) ———¢ )E__ e O E e PRI L o e
2)-5: Factor B or @) or (T) oceurs D" | ©@-2i (D] | |
; i i i | I | |
mre) - Z
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R T S
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H P(3) —t y ’
__________ HIOT s 2 WP ;
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Factor @: Insufficient distance from the LLV

Factor @: Insufficient acceleration
Occurrence condition: 3)-1 (Direct factor) after the steering initiation

. (3)-2 and (3)-3 (Indirect factor) Occurrence condition: (D-1 and -2
(3)-1: Distance to LLV at P(2) = 17.6 [m] (T)-1: Distance variation to RFV between P(2) and P(5) > 3.2 [m]
2: Distance to L. 1 VatP(2) < 26.3 [m] (7)-2: Distance to RFV at P(5) < 24.5 [m]

3)-3: Factor 5 or 7 ) occurs

i : @-1,2: : —‘_ﬁ‘ ,______‘_@L____i ________
W ﬂi—‘-b_____@:_[g ________ i @+

Factor @: Insufficient distance from the RLV

Occurrence condition: (D-1(1) or (D-1(2)

D-1(1): Distance to RLV at P(3) < 18.4 [m] H rG) i j ; :
(Relative velocity to RLV at P(3) = 0 [km/h]) — — — if_k4%@ ,,,,,,,,
@-1(2): Distance to RLV at P(3) < 11.4 [m] D D
(Relative velocity to RLV at P(3) = -10 [km/h]) | | NS B

Fig. 3 Occurrence Conditions of Danger/Disturbance Factors

AR L, EROBEICHERT S LEZ2 0508 E HBENE < R HHEEE, WEHENBEEL O KEWEE
RV AT, 39 FEHOETTRIFICIS T 25 HEL RO E [CEERPRAET D, WD, &5 TORMERE:R E,
L, B SRR O BARR) 2B H & LT OER WP DD S VT E R E A < DB,
ERELZOENEOBFRE L, B3 ISR T X 9IS, W EEA R L 0 NS WS ITEE N ‘ié"T{‘-i'ZJ., B[R 38
BRI A S L 22 ks L OB A2k T, oo R L 2 BRI 3 A OPRE THE L Ty, [
AEARIE, W 32 TRMEFEMAWNTHITS, 22T, BT ERE TRl L Tuhizies, L-\’-J“i‘L#ﬁL‘f’)#JJi.'ﬁﬁ?#ﬁ';ﬂ?
M & (a2 R LR A Z.Jfl.f.i:f"z')/?:): & % [X[H] fEBRCHE LR LT fEE Lz, LITFIC, SEERONEL
OHH R ORI &, PR AR & VIR EfEBE T 5,



@ EHHD : 7 4 A BLAAE ASE )

FETHH B BB A~ BT (ST E2 £ =
ENE L, EARNITITIAER LG TRFV & o 3] )
WL Lod 1, EREEOEITERZ EA LKL HIZH]
HHITHE, V4 D ORI ESRIVEY TH D,
& D WERFV & O HERBERES G I A+ TH 5,
® QD : FEPRAAOLE AT

ERO L Rk, BAEPRGBIIEIRFVEY THS, &
2 VMIRFV & O #E R EHEDS IR+ Th D, £z,
FRACBHAA T O Y 2 it NN - L - THR T 2
®, ®, @OWTHHDRE L85G, SR o]
HALEE D ARFVEY Thd &, ZOBROEREZFHREL
TR LM END,
® EHG : E1THHATTHER AR5

FRAERRAEHE T LLVICHESR L+ X CHMEMA R 2T
D, iz, LLVE OEMERECRERRWES, Bt
FRAATE #ICIEAR T E R, B D VT EEMEIZ /A v o
Wzth, ZOBOEREZFHE LIRHE L s D,

@ EHD : B AR T ER AR+

HUBAEE ERFIZRLVICESE L3 & T, $EsES A+
Thb,

@ EHG : BB R A 2 TOZHEE

PHEBR AR Z 351 AREV & OB FRREA 5> Tk
BT, AEEIC L0 BEERICEAT S,

@ THO : A ARIE ToRERAE

MDA ARET, BB R~ HE A SRR & >
FBEDS, Tk, EHEBAEICREV & o $H S
WD L THRIEE R T A 2T L— R EA ER 4 2
MR,

@ EHH® : EHEhAEOIE AR

PEBR bR T OIEDS A A3 C, FRICHEHREE FHIZRFV

& OHEEHER B> L TR+ 5,

3. 2 BRREFHOIHH
BRRBAESMICHEGRT 29 L OB E A5 E L7

ST HIEIZOWT, EEROZH L LTS 2,

DRy Mhh, BRI S BRERET

E TORFV & O HFEREZ (LR, 3 X ORAERIZRREV &

OHEFHEEESBERT D LRSI o, K413, ERO

1% < A1 S = EAERT ERE 23 10secD K EITRIET

DL F O RS L UGHRG R4 nT,

® X[H(2)~(3), 3)~4), BLUME)~(5)THORFVE DH
[ PR L B

@ iAi(5) TORFV & o iR BRfH

@ ZH@DHEIE Iz E D

K4 Ly, X#EER)~(5)TORFV L& OB EREA i
R&EL, HAGS) TORMKIIZRFV & O $ER RIS R & W
B, EROBEZEA TS Z R gD, Dk
&, BT 15 OB T ETRIF33 LIZIEFR Lz,
BRFEZFGEWZ LTS EER, ELY, EH
DI D =D FRMEDi > = EIZHET 5,

@ D-1: XH(2)~(5) THORFV & > H ] # i 25 {b ik >
3.2m
@ -2 : L (5) TORFV & 0 HifE HkfE <24 5m

D BRIz DT & RO AT 21T, K3 1R 4%

R DR R 2 E LTz,

|:| Distance Variation to RFV in Section between P(2) and P(3)
Distance Variation to RFV in Section between P(3) and P(4)
. Distance Variation to RFV in Section between P(4) and P(5)
Distance to REV at P(5)

Distance to RFV [m]

NNNNNN\NY

NN

Distance Variation to RFV [m]

Experimental
condition No.

Idemi’ﬁcaﬁMOXOXXOOXOOXO

/
6 12 15 18 21 24 27 30 33 36 39

of factor @

Fig. 4 Distance Variation to RFV and Distance to RFV
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Details of Multiple Regression Equations for Danger Level and Disturbance Level
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Fig. 5 Evaluation Index of Danger Level and Related Physical Quantities
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Fig. 6 Evaluation Index of Disturbance Level and Related Physical Quantities
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