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Abstract

The objective of this study is to develop a methodology for evaluating the effectiveness of in-vehicle pedestrian
warning systems. Driving Simulator-based experiments were conducted to collect data to represent driver’s responsive
behavior. The braking frequency, lane change duration, and collision speed were used as measure of effectiveness
(MOE) to evaluate the effectiveness. Collision speed data obtained from the simulation experiments were further
used to predict pedestrian injury severity. Results demonstrated the effectiveness of warning information systems
by reducing the pedestrian injury severity. It is expected that the proposed evaluation methodology and outcomes
will be useful in developing various vehicular technologies and relevant policies to enhance pedestrian safety.
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Table 1. Contents of warning information

Visual warning information

Auditory warning information

Triggering  Display  Switch

Class Text Image Warning Alarm Voice Message Type (sed  (seq)
Please slow down.
Scenario 1 A There is a pedestrian in
imi front.
Caution ahead “SBpequ“m't,. Flashi 1
destrians eep-Beep ashing .0 0.5
e - (‘o )
. Careful, There is a
Scenario 2

pedestrian in front.

Table 2. Warning information provision method

Class Warning information

Type Text+lmage+Alarm+Voice message

Means HUD(Head-up display)

Size 5%3cm

Position Left-bottom on windshield
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Table 3. Relationship between experiment factors and learning
effects

Test Experiment Factors

1st Number of Participants 3 persons
Instruction for driving Yes
Driving sequence Before-After
Position of Ped*. Initial

2nd  Number of Participants 3 persons
Instruction for driving No
Driving sequence Before-After
Position of Ped. No change

3rd Number of Participants 6 persons

Instruction for driving No
Driving sequence Change**
Position of Ped. No change

*: Pedestrian crossing(or walking) point

**: Difference in driving sequence
- Before(without warning) and After(with warning)
- After(with warning) and Before(without warning)
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Table 4. Experiment participants

Table 5. Measures of effectiveness

Age Gender Driving career Driver's evasive maneuver Measures of effectiveness
20-29 Male 4 L1, M2, H 1 Stop Number of brakings
Female 4 L2, M2, HO0 Deceleration Collision speed
30-39 Male 4 L0, M: 1, H: 3 Lane changing LC duration
Female 4 L1, M: 0, H: 3
40-49 Male 4 L0, M0 H: 4 - - - _
' ' 3] E.E_/d.o_ Hrlksl7] 93k x| T = 7ro] XA
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Table 6. Statistics of collision speed by scenarios

(Unit: km/h)
Class Warning  Average  Std. v
Scenario 1 Without 38.92 23.65 0.61
With 28.95 21.77 0.75
Scenario 1* Without 79.49 6.49 0.08
With 36.47 32.80 0.90
Scenario 2 Without 57.74 18.54 0.32
With 38.76 14.62 0.38
Scenario 2* Without 78.79 8.37 0.1
With 59.43 19.50 0.33
Note) * : Aggressive driver
No color: Non-aggressive driver
CV: Coefficient of variation
13



Article Methodology for Evaluating Effectiveness of In-vehicle Pedestrian Warning Systems Using a Driving Simulator

Table 7. Results of MOEs - Aggressive drivers
Group Statistics

T-test for Equality of Means

Variable
. . Std. Std. Error Mean Std. Error
i Ll X e Dev. Mean : i P Difference Difference
Scenario 1
# of brakings  without 10 0.10 0.32 0.10
(times) with 10 2.00 133 0.42 4.38 1001 0.00 190 043
LC duration without 10 0.28 0.89 0.28
(se) with 10 2.16 6.12 1.93 0.9 18.00 035 188 195
Collision speed  without 10 79.49 6.49 2.05
(km/h) with 10 36.47 32.80 10.37 Y Y Y =y L
Scenario 2
# of brakings  without 10 0.20 0.42 0.13
(times) with 10 0.80 0.42 0.13 it Ll il ey L1
LC duration without 10 0.00 0.00 0.00 } ) B } }
(seq) with 10 0.00 0.00 0.00
Collision speed  without 10 78.79 8.37 2.65
(km/h) with 10 59.43 19.50 6.17 28 18.00 0.01 1936 6.71

Table 8. Results of MOEs - Non - Aggressive drivers
Group Statistics

T-test for Equality of Means

Variable
" . Std. Std. Error Mean Std. Error
Wi Ll X e Dev. Mean : i P Difference Difference
Scenario 1
# of brakings  without 17 1.29 1.05 0.25 ) )
(times) with 17 1.82 1.19 0.29 LE2E LY Uild = te8
LC duration without 17 2.10 6.37 1.55
(seq) with 17 1.77 6.62 1.61 0.15 3200 088 0.34 223
Collision speed  without 17 38.92 23.65 5.74
(km/h) with 17 28.95 21.77 5.28 128 LY b el ey
Scenario 2
# of brakings  without 17 0.53 0.62 0.15 ) )
(times) with 17 1.00 0.6 0.15 22 2 Lt Lol o2t
LC duration without 17 0.43 0.92 0.22
(se) with 17 0.18 0.53 0.13 100 3200 033 0.26 0.26
Collision speed  without 17 57.74 18.54 450
(km/h) with 17 38.76 14.62 3.55 — S e Lk 28
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