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Selection of Evaluation Metrics for Grading Autonomous Driving
Car Judgment Abilities Based on Driving Simulator

ABSTRACT

Autonomous vehicles at Levels 3 to 5, currently under global research and development, seek to replace the driver's perception, judgment,
and control processes with various sensors integrated into the vehicle. This integration enables artificial intelligence to autonomously
perform the majority of driving tasks. However, autonomous vehicles currently obtain temporary driving permits, allowing them to
operate on roads if they meet minimum criteria for autonomous judgment abilities set by individual countries. When autonomous vehicles
become more widespread in the future, it is anticipated that buyers may not have high confidence in the ability of these vehicles to avoid
hazardous situations due to the limitations of temporary driving permits. In this study, we propose a method for grading the judgment
abilities of autonomous vehicles based on a driving simulator experiment comparing and evaluating drivers' abilities to avoid hazardous
situations. The goal is to derive evaluation criteria that allow for grading based on specific scenarios and to propose a framework for
grading autonomous vehicles. Thirty adults (25 males and 5 females) participated in the driving simulator experiment. The analysis of
the experimental results involved K-means cluster analysis and independent sample t-tests, confirming the possibility of classifying the
judgment abilities of autonomous vehicles and the statistical significance of such classifications. Enhancing confidence in the
risk-avoidance capabilities of autonomous vehicles in future hazardous situations could be a significant contribution of this research.
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Table 1. Basic Statistics on the Study Participants
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N Minimum Maximum Average Standard Deviation
Age 30 23 55 32.5 10.6
Years Since Driver’s License (Years) 30 2 36 124 10.3
Actual Driving Experience (Years) 30 0.08 34 10.1 10.9
Valid Counts (Per List) 30 - - - -

Fig. 1. Driving Simulator and GD Studio Program
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Table 2. Accident Ratios by Accident Types (2017~2020)

Accident Types Number of Accident Ratio
Accidents (%)
Vehicle to Vehicle 659,944 76
Vehicle to Pedestrian 174,347 20
Single Vehicle 38,429 4
Railroad Crossing 17

Table 3. Scenario Composition and Description
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Aol A ARE3F ‘Dimensions of self-assessment of driving

Accident A001d§ n Scenario Accident Details
Types Location
Scenariol | Accident Caused by Collision with the Preceding Vehicle due to a Highway Accident
Main Scenario4 | Accident Caused by the Leading Merging in During the Straight Driving of the Subject Vehicle
Road . Accident Caused by Collision with the Preceding Vehicle due to Vehicle Congestion in a Construction
. Scenario6
Vehicle to Zone
Vehicle . Accident Caused by Collision with a Straight-Going Vehicle that Violated the Signal While the Subject
Scenario5 . .
. Vehicle was Making a Left Turn
Intersection
. Accident Caused by Collision with a Straight-Going Vehicle that Violated the Signal While the Subject
Scenario? . .
Vehicle was Making a Left Turn
Main . Accident Caused by Collision with a Pedestrian Crossing from the Blind Spot While the Subject
Scenario3 . . .
Road Vehicle was Proceeding Straight
. Accident Caused by Collision with a Jaywalking Pedestrian While the Subject Vehicle was Making a
Vehicle Scenario2 .
Right Turn
to
Pedestrian | Tntersection | ScenarioS Acc%dent Caused by Collision with a Cyclist Jaywalking While the Subject Vehicle was Proceeding
Straight
Scenariod Accident Caused by Collision with a Cyclist Crossing While the Subject Vehicle was Entering an
Intersection
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Table 4. Evaluation Metrics Composition

Hierarchy Evaluation Criteria

Evaluation Metrics

Gap Distance (GD)

Proportion of Stopping Distance (PSD)

Maintaining a Safe Distance

Time to Collision (TTC)

Relationship with

Modified Time to Collision (MTTC)

Surrounding Vehicles

Lag Gap Distance (Lag GD)

Safe Lane Change

Front Time to Collision (Front TTC)

Handling Dangerous Situations

Min Time to Collision

Compliance with Speed Limits

Accumulated Speeding (AS)

Speed Uniformity (SU)

Constant Speed Driving

Speed Variation (SV)

Acceleration

Acceleration and Deceleration

Deceleration

Acceleration Noise (AN)

Steering Control

Yaw Rate

Single Vehicle

Number of Signal Violations

Number of Speeding Violations

Number of Stop Line Violations

Number of Center Line Violations

Compliance with Traftic Regulations

Number of Turn Signal Violations

Number of Vehicle Collisions

Number of Hazard Event Emergency Light Violations

Wearing of Seat Belts
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Experimental Procedure and : - e 4 :
Equipment Description Practice Drive Driving Simulator Experiment Survey Experiment

* Driving Simulator Equipment Description = 5 Minutes of
+ Complete Human Subjects Research Practice Driving

= Driving Simulator Experiment Description
Consent Forms

= Drive a Scenario with a Range of 12
kilometers
* Takes about 12-15 Minutes

Occurrence and Avoidance
= Assessing drivers' driving abilities

‘ = Identify Factors that Affect Incident
= Takes about 15 Minutes

Fig. 2. Experimental Procedure
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Table 5. Self Assessment of Everyday Driving Skills and Habits Exploratory Factor Analysis Results

Factor
Item Factor Name
1 2 3 4

I am proficient at nighttime driving 0.815 0.237 0.195 0.077
I have excellent driving skills 0.797 0.251 0.345 0.018
I can drive proficiently under slippery road conditions 0.771 0.065 0.402 -0.112
I can easily reverse using the rearview mirrors 0.735 0.484 -0.071 0.095
I have confidence in dealing with unexpected situations 0.731 0.266 0.213 0.023 Predictive and Rapid
I can effectively drive in high traffic density situations 0.676 0.437 0.453 -0.077 Response Capability
I am skilled at driving quickly when necessary 0.652 0.412 0.337 -0.291
I can parallel park quickly and accurately 0.626 0.510 0.254 -0.029
I have a lower accident risk compared to the average driver 0.595 0.097 0.306 0.377
I am adept at predicting 0.582 0.381 0.436 0.105
I know my car's exact position on the road 0.210 0.896 0.154 0.015
I can accurately gauge the spacing in traffic flow 0.277 0.802 0.267 0.014
I can immediately assess whether my car can fit into narrow passages 0419 0.756 0.095 -0.033 Spatiai:ﬁirception
I can reverse quickly and accurately into parking spaces 0.514 0.711 0.144 0.103 v
T accurately gauge stopping distance while driving at high speeds 0.063 0.667 0.451 0.092
I am quite good at safe driving 0.238 0.050 0.765 0.142
I feel a direct connection to the road surface 0.328 0.247 0.696 0.319 N
I feel a sense of unity with my car 0414 0.270 0.692 | -0.095 ﬁ;‘:;f;igf;:::
I am aware of hazardous situations 0.196 0.435 0.680 0.109
I know how to steer when slipping 0.413 0.193 0.463 0.436
Dangerous situations rarely occur 0.117 0.178 0.026 0.799

o . o Safe Driving Habits
I have a driving style that seeks to avoid dangerous situations -0.210 -0.197 0.171 0.681

KMO=0.521, Bartlett=577.999 (df=231, p=0.000)
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Table 6. Road Driving Simulator Hazard Response Exploratory Factor Analysis Results

i Factor
Scenario Factor Name Scenario Composition
No. 1 2 3 4
8 0825 | 0214 | 0136 | -0.167 | Accident Situation inan
7 0.798 -0.278 0.214 -0.073 Area Requirung
4 0.634 0321 0.121 0.069 Decelerarion
2 -0.013 0.875 0.093 -0.025 Pedestrian Accident
Situation During Right
9 0.589 0.632 -0.047 0.088 Turn
6 0.187 -0.007 0.934 0.003 Sudden Vehicle Stop
3 0176 | 0.585 0669 | -0.038 Instruction Situation
High
1 0.061 0035 | 0.061 0911 ighway Segment Scenario 1
Accident Situation
Accident Situation Due to | st
5 0.510 -0.079 0.162 -0.617 Traffic Rule Violation and
Signal Infraction - -
Scenario 4 Scenario 6
KMO=0.506, Bartlett=80.375 (df=36, p=0.000)
Scenario 7 Scenario 8 Scenario 9
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A AlL] =Stk AluE|L. 5+ B A H3d 5 AlS SRkl
A7 2pgte] S5 Aparol) o) AMgH AFe SUSE
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0l 25%E

Accident Accident . . . . .
cercen et 'e § Scenario The Evaluation Metrics Used in the Analysis
Types Location

Scenariol AS, SU, SV, Acceleration, Deceleration, AN, Yaw Rate, GD, PSD, TTC, Lag GD, Front TTC
Main Road Scenario4 | AS, SU, SV, Acceleration, Deceleration, AN, Yaw Rate, GD, Lag GD
hicl
V\e[e;::iceleto Scenario6 | AS, SU, SV, Acceleration, Deceleration, AN, Yaw Rate, GD, PSD
. Scenario5 | AS, SU, SV, Acceleration, Deceleration, AN, Yaw Rate
Intersection - - -
Scenario7 | AS, SU, SV, Acceleration, Deceleration, AN, Yaw Rate
Main Road Scenario3 AS, SU, SV, Acceleration, Deceleration, AN, Yaw Rate
Vehicle t
eme e. © . Scenario2 | AS, SU, SV, Acceleration, Deceleration, AN, Yaw Rate
Pedestrian Intersection - - -
Scenario8 | AS, SU, SV, Acceleration, Deceleration, AN, Yaw Rate
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Table 8. K-Means Cluster Analysis Results for Scenario 1 (Standardized Values)

SRS

. AS SU SV Acceleration
Metrics
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
S n 20 9 16 13 17 12 18 11
€ | Centroid -0.59812 1.32915 -0.73238 0.90140 -0.66803 0.94637 -0.65112 1.06547
¢ . Deceleration AN Yaw Rate GD
0| Metrics
a Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
r n 13 16 23 6 22 7 4 25
" | Centroid 0.88163 -0.71633 -0.41996 1.60985 -0.42363 1.33140 2.21600 -0.35456
0
) PSD TTC Lag GD Front TTC
Metrics
1 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 11Group 2
n 5 24 8 7 4 16 7 4
Centroid 1.86644 -0.38884 0.804025 -0.91914 1.75269 -0.43817 0.59911 -1.04843
Table 9. Independent Samples T-Test Results for Scenario 1 (Standardized Values)
o AS SU NY%
’ AVG. S.D. t p AVG. S.D. t p AVG. S.D. t p
1 -0.598 0.331 -0.732 | 0.564 -0.668 0.68
-11.219 | 0.000 -7.64 0.000 -7.156 | 0.000
2 1.329 0.598 0.901 0.583 0.946 0.454
S - Acceleration Deceleration AN
¢ " | AVG. S.D. t p AVG. SD. t p AVG. S.D. t p
¢ 1 -0.651 0.594 0.882 0.699 -0.42 0.549
n -8.302 0.000 7.145 0.000 -7.941 0.000
a 2 1.065 0.434 -0.716 | 0.505 1.61 0.595
r - Yaw Rate GD PSD
! " | AVG. | SD. t p AVG. | SD. t p AVG. | SD. t p
0
1 -0.424 0.72 2.216 0.638 1.866 0.83
-8.611 0.000 10.862 | 0.000 9.04 0.000
1 2 1.331 1.331 -0.355 0.408 -0.389 | 0.427
o TTC Lag GD Front TTC
" | AVG. | SD. t P AVG. | SD. t P AVG. S.D. t p
1 0.804 0.458 1.753 0.651 0.599 0.556
7.036 0.000 8.715 0.000 4.486 0.002
2 -0.919 0.49 -0.438 | 0.397 -1.048 0.642
Aol AR Age SUSE Ao 384 3le AS, SU, it Aot frofnfshA] R W= s Al 2ol AT
SV, 7k, 2H5e, AN, 313 Zh&zoln, 19e] A7t A Aeksd SHIPE B WHRR Adksigit
SE0] st} AL 7 A3t EAel ALlEl At e
8 B A 23 5 FRYTshs AR) Ak FE AT 44 S2j0 AISI0[E] AlgiZint i
BAlo]) AR A B Alerkel B4 9= AS, SU, SV, 71 K- w302 Alve| el 7Rz uig 55 25+
E EE AN, 34 Zgeln], 33e] ATthAE 8] F SRR T-ARS skl 4ol3hg 0058 1SS WNE
WSt ARl 8 25} e SIS £ ARFYA} Beksd ST 7Ps WPIEE Table 107
AL 1~8 =etoly AlEdlolE Addvte] vhel K-Ht Zo] =EHTk
THEA SHEE T-H34S AFsiglon], dr= Auee sejoly AlEdolE A3 A 242 Akl 7t AR
19] FEshe K-t L] B S T-374 29 Table o oiel K-t A SR T-44S Yl
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Table 10. Assessment Metrics Enabling Grading of Autonomous Vehicle Judgment Abilities

Accident
Accident Types cad.e 8 Scenario Assessment Metrics Enabling Grading
Location
Scenariol | AS, SU, SV, Acceleration, Deceleration, AN, Yaw Rate, GD, PSD, TTC, Lag GD, Front TTC
Main Road Scenario4 | AS, SU, SV, Acceleration, Deceleration, AN, Yaw Rate, GD, Lag GD
Vehicle t B - -
{c/eilciceleo Scenario6 | AS, SU, SV, Acceleration, Deceleration, AN, Yaw Rate, GD, PSD
. Scenario5 | SU, SV, Acceleration, Deceleration, AN, Yaw Rate
Intersection
Scenario7 | SU, SV, Acceleration, Deceleration, AN, Yaw Rate
) Main Road Scenario3 | AS, SU, SV, Acceleration, Deceleration, AN, Yaw Rate
Vehldé o Scenario2 | AS, SV, Acceleration, Deceleration, AN, Yaw Rate
Pedestrian Intersection
Scenario8 | SU, SV, Acceleration, Deceleration, AN, Yaw Rate

Scenario 1 AS K-Means Cluster Analysis Results
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Scenario 1 Acceleration K-Means Cluster
Analysis Results
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Fig. 3. Scenario 1 AS and Acceleration K-Means Cluster Analysis Results
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