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Abstract :

In general, an assessment of the benefits and costs with regard to vehicle safety standards are validated

before regulations are implemented. This paper performs this validation for the mandatory automobile safety devices
requirement for new micro-mobility. The reviewed car safety standards involved the installation of seat belts, airbags,
ABS, crash speed standards, and pedestrian warning system. The benefit was estimated as the cost of accident reduction
due to the installation of vehicle safety standards. As a result, the safety belt showed a B / C of 4.0 or higher, and it was
found that the seat belt should be installed from 2017. After the seatbelt regulation in 2017, the results of the scenarios
with the airbag, ABS, crash speed of 40 km/h, and the pedestrian warning system showed B / C of 1.0 or more
according to the year of regulation. This study can be useful as a tool in the decision-making process with regard to the
timing and type of vehicle safety standards requirement of micro-mobility in the future.
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A5 21, Vehicle safety standard( A5 %9 7] 57), Effectiveness analysis( & 2}

Micro-mobility, Personal mobility vehicle, Micro car/
bubble car(Market ¥d), Mini-compact car(V]= EPA),
Quadricycle(Euro NCAP class), Kei car(Japan) 5 Tt}
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Table 1 Published studies of ABS
. Injury reductions
Study Assesment method Crash reductions — - - —
Fatalities| Serious | Slight | Injuries
Sugimoto and Sauer” Simulation rear-end crashes 38 % 44 %
Page 5" Case analysis 7.50 % 11%
Najm 5" FOT responses 6% ~15%
Breuer 5 Simulation ped/rear crashes 44 %
Kuehn 5" Case analysis front/rear crash 40.80 % n.a. n.a. n.a. n.a.
GDV' Case analysis rear-end crashes 13.90 % 2.20% [9.40 % [35.70 %
Grover 5" Case analysis sensitive crashes 30 %
HLDI'® Insurance claims 22%~27% 51 %
Décke'” Case analysis rear-end crash 25%~28%
Chauvel™ Case analysis pedestrians 4.30 % 15% | 37% n.a. n.a.
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Table 2 Published studies of airbags

Study Number of effect estimates | Study design | Injury severity Database
Braver 5 ¥ 2 BA Fatal Fatal
Braver 5 1 MV Fatal Fatal
Cuerden 5" 2 CcC Fatal, injury Fatal and injury

Cummings 5" 7 MV Fatal Fatal
Cummins 5% 2 MV Injury Fatal and injury
Edwards *” 1 BA Fatal Fatal
Ferguson 5 5 BA Fatal Fatal
Fildes 5 2 CcC Injury Fatal and injury
Fildes 59 1 CC Injury Fatal and injury
Frampton 59 2 CcC Injury Fatal and injury
Huere 59 1 CcC Injury Fatal and injury
Joksch™ 18 cC Fatal Fatal
Kahane" 5 cC Fatal Fatal
Klanner 5" 1 CcC Injury Fatal and injury
Lenard 5% 2 CcC Fatal, injury Fatal ane injury
Maclennan 5% 1 MV Fatal Fatal ane injury
Malliaris 5" 2 cc Fatal Fatal
Meyer and Finney ) 3 MV/CC Fatal Fatal and injury
Olson 59 4 MV Fatal Fatal
Segui-Gomez *” 1 MV Fatal Fatal and injury
Zador and Ciccone ** 1 Case control Fatal Fatal

- BA: before and after study; CC: case control study; MV: multivariate study.
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Fig. 1 Vehicle safety standard in Micro-mobility

where F = fractional reduction in casualties
E = vehicle standard effectiveness (Table 3)
- u; = final using rate (%)

- u,; = initial using rate (%)
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P(B): fractional reduction in casualties of vehicle
standard B



Table 3 Accident reduction rate about each scenarios

EAYASAY| ASAIET|E

Pedestrian
ABS Seatbelt Airbag Crash speed standard warning Accident reduction rate (%)
Scenarios system

48 | 40 | 32 . Serious | Slight | Minor
X o px fo | x o | X [ | X | 0| Fatlity | SRR | injory

#0 0 0 0 0 0.0 0.0 0.0 0.0
#1 0 0 0 0 0 37.0 73.0 73.0 73.0
#2 [0) 0 0 0 0 15.0 51.0 51.0 51.0
#3 0 0 0 0 9.0 27.0 27.0 27.0
#4 0 0 0 0 44.0 38.0 38.0 38.0
#5 0 0 0 0 0 48.0 55.0 55.0 55.0
#6 0 0 0 0 0 56.0 36.0 36.0 36.0
#7 0 0 0 0 0 30.0 30.0 30.0 30.0
#3 0 [0) 0 [0) 0 64.6 69.4 69.4 69.4
#9 0 0 0 0 0 70.1 56.5 56.5 56.5
#10 0 0 0 0 0 57.2 81.6 81.6 81.6
#11 0 0 0 0 0 42.2 66.7 66.7 66.7
#12 0 0 0 0 38.1 50.4 50.4 50.4
#13 0 0 0 0 0 524 524 524 52.4
#14 0 [0) 0 0 0 67.2 87.9 87.9 87.9
#15 0 0 0 0 0 55.8 78.0 78.0 78.0
#16 0 0 0 0 0 52.7 67.2 67.2 67.2
#17 0 [0) 0 0 0 63.6 68.5 68.5 68.5
#18 0 0 0 0 0 72.3 82.7 82.7 82.7
#19 0 0 0 0 0 62.6 68.6 68.6 68.6
#20 0 0 0 [0) 0 60.0 53.3 53.3 533
#21 0 0 0 0 0 69.2 55.2 55.2 55.2
#22 0 0 0 0 0 55.9 81.1 81.1 81.1
#23 0 0 0 0 0 40.5 65.7 65.7 65.7
#24 0 0 0 0 0 36.3 48.9 48.9 48.9
#25 0 0 0 0 0 71.7 91.7 91.7 91.7
#26 0 [0) 0 0 0 69.9 85.0 85.0 85.0
#27 0 0 0 0 0 67.8 71.7 71.7 71.7
#28 0 0 0 0 0 75.2 78.6 78.6 78.6
#29 0 [0) 0 0 0 81.2 88.2 88.2 88.2
#30 0 0 0 0 0 74.6 78.7 78.7 78.7
#31 0 0 0 0 0 72.8 68.2 68.2 68.2
#32 0 0 0 0 0 79.1 69.5 69.5 69.5
#33 0 0 0 0 0 70.0 87.1 87.1 87.1
#34 0 0 0 0 0 59.5 76.7 76.7 76.7
#35 0 0 0 0 0 56.7 65.3 65.3 65.3
#36 0 0 0 0 0 717.1 91.5 91.5 91.5
#37 0 0 0 0 0 69.1 84.6 84.6 84.6
#38 0 0 0 0 0 66.9 77.0 77.0 77.0
#39 0 0 0 0 0 80.6 87.9 87.9 87.9
#40 0 0 0 0 0 73.8 78.0 78.0 78.0
#41 0 [0) 0 [0) 0 72.0 67.3 67.3 67.3
#42 0 0 0 0 0 84.4 94.2 94.2 94.2
#43 0 0 0 0 0 79.0 89.5 89.5 89.5
#44 0 [0) 0 [0) 0 71.5 84.4 84.4 84.4
#45 0 0 0 0 0 86.8 91.8 91.8 91.8
#46 0 0 0 0 0 82.2 85.1 85.1 85.1
#47 0 [0) 0 [0) 0 71.5 84.4 84.4 84.4
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P(AUB): fractional reduction in casualties of
vehicle standard A or B
P(ANB) = P(A)*P(B), fractional reduction in

casualties of vehicle standard A and B
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where, B, = annual benefit at t,
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Table 4 Benefit cost ratio about individual vehicle safety

standard
Scenarios Introduction y.ear n B/C
new regulation
2017 0.9
2018 0.88
ABS only

2019 0.87
2020 0.86
2017 4.19
2018 4.12

Seatbelt only
2019 4.05
2020 3.99
2017 0.92
. 2018 0.90

Airbag only
2019 0.88
2020 0.87
2017 0.66
2018 0.65

40 km/h
2019 0.64
Crash 2020 0.63
specd 2017 048
standard :
2018 0.47
48 km/h
2019 0.47
2020 0.46
2017 0.63
Pedestrian warning 2018 0.62
system only 2019 0.60
2020 0.60
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Table 5 Benefit cost ratio about added vehicle safety standard

with seatbelt
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