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Estimation of Traffic Safety Improvement Effect of Forward Collision Waming (FCW)
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ABSTRACT

The Forward Collision Warning, a representative technology of the Advanced Driver Assistance
Systems, was selected as the target technology. The cognitive response time, deceleration, and impact
were selected as the measures of effectiveness. And the amount of change with and without the
Forward Collision Warning was measured. The experimental scenarios included a sudden stop event
(1) of the vehicle in front of the driver and an event (2) in which the vehicle intervened in the next
lane. All experiments were divided into day and night. As a result of the analysis, response time
and the deceleration rate decreased when the forward collision warning system was installed. It was
analyzed that the driver’s risk situation could be detected quickly and the number of front-end
collisions could be reduced as a result. Reflecting the driver’s operating habits and diversifying the
experimental scenarios will increase the installation effectiveness of ADAS and be used to estimate
© 2021. The Korea Institute of the effectiveness of other technologies.
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<Fig. 2> Driving Simulator used in the experiment

<Table 1> The Scope of Study

Classification Contents
Target technology FCW : Forward Collision Warning
Subjects to the experiment 70 Drivers with ADAS experience
Analysis period 2019.12~2020.03(4 months)
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<Table 2> A Case Study on the Effectiveness of FCW based on Traffic Accident

Classification Number of collisions Number of Injured Person
Honda(no ACC) 0.81(V¥19%) 0.91(V¥09%)
Honda(with ACC) 0.64(¥36%) 0.99(V¥01%)
flco Z Mercedes-Benz 0.75(¥25%) 1.00(=00%)
Volvo 0.66(¥34%) 0.65(¥35%)
FCW alone pooled 0.77(V¥23%) 0.94(¥06%)
Acura 0.53(V47%) 0.58(V¥42%)
Mercedes-Benz 0.67(¥33%) 0.63(¥37%)
ff;;; Subaru 0.54(V¥46%) 0.21(V¥79%)
Volvo 0.71(929%) 1.20(A20%)
FCW+AEB pooled 0.61(¥39%) 0.58(¥42%)
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<Fig. 3> FCW Effectiveness Measure by Response Phase
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Event Vehide
(G0km/h)

ion ti (Based on reaction time of 7 seconds)

Step1. L (Based on reaction time of 7 s) i ’_‘\ p— L =II
Access l 1o o Sep. ||{ 2
""“ | o~

for5 seconds (50km/h) Rapid e changeand|
l 50m Suddensiop
o 50m - (Based on
Lanechan Lol (Based onreaction  |{Kal re;CStgl g:'éi )of
time of 3.5 s) Step2. H R
Suddensiop unexpedted - 5o

l situation
Step2-2. —
50m v
Suddenst e (Based on reaction ||
timeof 3.55)

Step3. “ I Step 3.
Reaction ST BN Reaction

Analysisof reactiontime,
deceleration, and collision

Analysis of reactiontime,
deceleration, and impact

_d|

<Fig. 4> Scenario of Driving Simulation
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FAA AAANME <Table 3>3 #Zo] FCWAXAIY A48 AF 27FA %2](Shapiro-Wilk, Kolmogorov-
Smimov)oll A EF AE BAH p(FIEE)0] EF 0.05 Flvte]|lon, A A9} n|dX Al Zold Tk
SEE ttest AT pah(F-2E)o] ZF 000022 QAAM-EA7}F {2 &E 00002 FH3} ofgtel 2T
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<Table 3> Scenario 1 - Reaction time(s) result

et e Day Time Night Time
Non-FCW FCW Non-FCW FCW
Sample mean 1.66 1.46 1.95 1.66
95% confidence interval of Lower limit 1.58 1.39 1.87 1.60
mean Upper limit 175 1.52 2.03 1.72
Median 1.73 151 1.97 1.66
Variance 0.12 0.07 0.11 0.06
Standard Deviation 0.35 0.27 0.33 0.25
Normality Shapiro-Wilk p value 0.001 0.020 0.002 0.008
verification Kolmogorov-Smirnov p value 0.001 0.097 0.010 0.058
Correspondence sample t-test p value 0.000 0.000 0.000 0.000

APAe 5= <Fig. 6> o] FCW AX|doll= 3t W+ 505m/s%, okt B 5.15m/s* & 7443}
AT, FCWE AX3HAE Wi T3t B 476m/s%, OFE B 4.68m/s° 2 &bl 242} 57%, 9.1% T
T7F AT FRT oo ZHaEo] ¥ IA| e OH, E3] ot 1At AT o] 102%%
7V¢ A deRgTh ol JAARRS AN g o] JoH, A NG AITE] FrolX A FE7EA S AIREH o
F7F A717] W&ol qf7F o &R s S Mt HHE 5 gtk
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Might-time

SAZ AR N E <Table 4>k o] FCWAA N O] At HE B theEE ttest 27 pRk(frel &HE)0l
B 005 DRt F3h3 offhe] S FCWAAZ Qlste] 4&E7t Zasts a3t Yehd Zo= HE
S .

<Table 4> Event 1 - Deceleration(m/s?) result

Day Time Night Time
Classification
Non-FCW FCW Non-FCW FCW
Sample mean 5.05 476 5.15 4.68
95% confidence interval of Lower limit 498 4.69 5.08 4.61
mean Upper limit 5.11 4.82 523 4.74
Median 5.07 4.72 5.13 4.67
Variance 0.07 0.07 0.09 0.07
Standard Deviation 0.26 0.27 0.30 0.27
Normality Shapiro-Wilk p value 0.014 0.139 0.013 0.185
verification | K glmogorov-Smimov p value 0.043 0.189 0.040 0.200
Correspondence sample t-test p value 0.000 0.000 0.041 0.000

B Time table2 <Fig. 7>7} Zo] £33 <
A9HE 28 A7h ALH 07 HAadit )R] F AlEshe AAS AR o, oftte] FCW HAXA] 13]¢] &
o] WA F/okt

® =
o EIL e AL FAT 5 ATk
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<Fig. 7> Scenario 1 - Vehicle travel distance and collision status after the event
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<Fig. 8> Scenario 2 - Reaction time(s) by Driver Group
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<Table 5> Scenario 2 - Reaction time(s) result

Day Time Night Time
Classification

Non-FCW FCW Non-FCW FCW

Sample mean 1.92 1.68 2.34 1.86

95% confidence interval of Lower limit 1.83 1.60 2.26 1.79

mean Upper limit 2.02 1.75 242 1.93

Median 1.90 1.80 2.46 1.95

Variance 0.13 0.09 0.10 0.07

Standard Deviation 0.37 0.30 0.32 0.27

Normality Shapiro-Wilk p value 0.003 0.000 0.000 0.001

verification | Kolmogorov-Smimov p value 0.003 0.000 0.000 0.001

Correspondence sample t-test p value 0.000 0.000 0.000 0.000
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Deceleration

Day-time Might-time

<Fig. 9> Scenario 2 - Deceleration(m/s2) by Driver Group
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<Table 6> Scenario 2 - Deceleration(m/s2?) result

Day Time Night Time
Classification
Non-FCW FCW Non-FCW FCW
Sample mean 5.24 4.80 543 491
95% confidence interval Lower limit 517 473 5.36 4.86
of mean Upper limit 5.30 4.87 5.50 497
Median 522 4.84 5.44 4.87
Variance 0.07 0.08 0.09 0.05
Standard Deviation 0.26 0.28 0.29 0.22
Normality Shapiro-Wilk p value 0.033 0.029 0.021 0.044
verification | Kolmogorov-Smimov p value 0.014 0.139 0.013 0.185
Correspondence sample t-test p value 0.000 0.000 0.000 0.000
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