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This document provides further details on our study, in-001
cluding dataset specifications and experimental methodolo-002
gies. Additional information on DATAD is available in Sec-003
tion S-1.004

S-1. DATAD005

In normal driving scenarios, drivers may experience lapses006
in visual attention, but the safety impact is significantly007
lower compared to high-risk scenarios, such as rear-end008
collisions, where the consequences of errors are far more009
severe. However, since such critical incidents are rela-010
tively rare, collecting sufficient driver eye movement data in011
these scenarios is challenging. To address this issue, prior012
research has explored the use of simulated driving tasks013
in laboratory environments to collect eye movement data.014
The BDD-A experimental protocol has demonstrated that015
laboratory-collected visual attention data can reliably iden-016
tify the critical visual regions drivers focus on in potentially017
hazardous situations[7].018

We present DATAD, a newly constructed dataset for au-019
tonomous driving takeovers. DATAD includes 12 types020
of takeover scenarios, comprising approximately 600,000021
frames of driving data, integrating both driver operation022
data and surrounding traffic flow information. This dataset023
provides a richer resource for studying visual attention024
in human-machine interaction within autonomous driving025
contexts.This document provides further details on our026
study, including dataset specifications and experimental027
methodologies. Additional information on DATAD is avail-028
able in the this section.029

S-1.1. The Data Sources of the DATAD Dataset030

DATAD is a driver takeover eye-tracking dataset designed031
to meet the emerging human-machine interaction research032
needs in autonomous driving development. Building upon033
the standardized experimental design protocols established034
by BDD-A[7] and DADA[2], we introduce a high-fidelity035
driving simulator with a real driver, traffic flow, and an in-036

Gender Age
Have a
driver’s
license

Experience in
autonomous

driving

22 female, 38 male 21-48 100% 100%

Table S-1. Main Statistical Information of Participants Collected
from the Questionnaire

the-loop real vehicle to capture eye-tracking data during ac- 037
tual driving scenarios. 038

Participants This study recruited 60 participants who 039
met the experimental requirements, including 22 females 040
(36.7%) and 38 males (63.3%). All participants held a 041
valid driver’s license, were aged between 21 and 48, had 042
normal or corrected-to-normal vision, and possessed basic 043
proficiency in using smart devices. To ensure sample di- 044
versity, participants were recruited through online registra- 045
tion, campus announcements, and social media platforms. 046
Strict selection criteria were applied to exclude individu- 047
als who had experienced severe traffic accidents in the past 048
year, were taking medication that could affect cognition, or 049
suffered from severe motion sickness. Additionally, par- 050
ticipants with prior experience in similar research were ex- 051
cluded to minimize learning effects. Before the experiment, 052
all participants provided informed consent and completed 053
a demographic questionnaire covering gender, age and au- 054
tonomous driving experience. Detailed participant data can 055
be found in Table Tab. S-1 056

Experimental Equipment: As shown in Figure S- 057
1, our full-scale driving simulator allows a real vehicle to 058
be positioned directly onto the experimental platform, en- 059
abling participants to conduct driving tasks within an ac- 060
tual vehicle cabin. The simulation environment features 061
a curved projection screen and immersive display system, 062
providing a highly realistic visual experience. Steering, 063
braking, and acceleration inputs are seamlessly synchro- 064
nized between vehicle sensors and simulation software, en- 065
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suring that drivers receive authentic control feedback sim-066
ilar to real-world driving conditions. Additionally, the dy-067
namically responsive rig, powered by a synchronized belt-068
driven dynamometer, delivers precise directional control,069
replicating real vehicle dynamics. A vehicle domain con-070
troller further integrates physical signals and virtual en-071
vironments, allowing for realistic interaction in complex072
simulation scenarios—making it an advanced testbed for073
human-machine interaction research in autonomous driv-074
ing. Furthermore, the eye-tracking system utilizes a Smart-075
eye remote eye tracker, which continuously monitors driver076
gaze trajectories, fixation distribution, and attention shifts077
in real time. This system enables the analysis of cognitive078
load, visual attention allocation, and potential fatigue across079
different driving scenarios.080

Figure S-1. Experimental Equipment: High-fidelity driving simu-
lator (left) and in-vehicle eye-tracking system (right)

S-1.2. Experimental Procedure081

Participants performed takeover operations in 12 au-082
tonomous driving takeover scenarios, each structured into083
four phases: autonomous driving phase → takeover re-084
quest (TOR) issued → takeover operation phase → sce-085
nario completion. The autonomous driving phase lasted086
approximately 40 seconds, during which participants were087
required to look at their smartphones, simulating a non-088
driving state[1, 4, 6]. Upon reaching the takeover trigger089
point, the system issued a verbal TOR prompt instructing090
the driver to take control. After hearing the TOR, the driver091
had to press a button to switch from autonomous to man-092
ual mode, then visually assess the environment and exe-093
cute the appropriate takeover action. Each scenario had a094
designated takeover endpoint, marking the completion of095
the trial. Since some takeover failures (e.g., collisions with096
other vehicles or infrastructure) could occur, not all drivers097
successfully reached the endpoint. However, regardless of098
success or failure, the eye movement transition from dis-099
traction to active driving state was recorded, making all tri-100
als valuable for analysis. To minimize order effects, we101
used a Latin square design to randomize the sequence of the102
12 scenarios, with each participant blindly selecting a sce-103
nario order[3]. Each trial lasted approximately 2 ± 1 min-104
utes, with a total experimental duration of around 30 min-105
utes per participant. No participants reported fatigue or mo-106
tion sickness, and the study received ethical approval from107

the university’s Institutional Review Board (IRB). During 108
data collection, participants first entered the real vehicle 109
cabin and adjusted the seat position for comfort and natural 110
driving posture. The steering wheel, accelerator, and brake 111
pedal sensors were then tested to ensure accurate response 112
and realistic control feedback. Once the driving posture was 113
stabilized, researchers calibrated the eye-tracking system to 114
ensure data accuracy and reliability. Finally, participants 115
underwent a 5-minute adaptation phase, freely driving in 116
CARLA’s default urban environment to familiarize them- 117
selves with the simulator, enhance immersion, and replicate 118
real-world driving conditions as closely as possible. 119

S-1.3. Takeover Scenario Design 120

In this study, we systematically analyzed takeover-related 121
literature, scenario videos, and accident reports to ex- 122
tract key abstract elements such as vehicle motion tra- 123
jectories, traffic participants, and scene characteristics[5]. 124
The scenario design process consisted of the following 125
steps:(1)Scenario Selection and Construction: We identi- 126
fied representative emergency takeover cases from litera- 127
ture, videos, and reports, integrating common real-world 128
traffic situations, such as congested urban intersections and 129
main roads with side road entries, to construct realistic 130
experimental scenarios. (2)Dynamic Element Simulation: 131
Each scenario incorporated dynamic traffic objects to sim- 132
ulate realistic traffic flow and unexpected events, such as 133
sudden braking of leading vehicles or pedestrians unex- 134
pectedly crossing the road. (3)Takeover Parameter Config- 135
uration: Each scenario included a 40-second non-driving 136
task to ensure participants were in a distracted state before 137
the takeover event. Additionally, the takeover completion 138
point remained consistent across scenarios to maintain spa- 139
tial uniformity in the takeover process. (4)Following this 140
process, we designed 12 representative emergency takeover 141
scenarios. These scenarios are not only highly realistic but 142
also comprehensively assess drivers’ response capabilities 143
in critical situations. Below are detailed descriptions of 10 144
of these scenarios, with foreground images taken from a 145
participant’s viewpoint data. 146

Urban Arterial Road: Forward Accident - Basic 147

Figure S-2. Urban Arterial Road: Forward Accident - Basic

The ego vehicle is initialized in the second left lane, 148
with a total lane length of 1500 meters, traveling at a speed 149
of 60 km/h. In this scenario, an accident occurs ahead, 150
causing Vehicle 4 to decelerate and stop at a rate of 7 m/s², 151
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while Vehicles 5, 6, 7, and 8 decelerate at 5 m/s². When152
the ego vehicle reaches the 1000-meter mark (36 seconds153
before takeover), the system issues a takeover request. The154
driver must assess the deceleration of the vehicles ahead155
and take appropriate evasive actions, such as slowing down156
or changing lanes. The scenario ends when the vehicle157
reaches the 1500-meter mark.158

159
Urban Arterial Road: Forward Accident - Forced160

Lane Change161

Figure S-3. Urban Arterial Road: Forward Accident - Forced Lane
Change

The ego vehicle is initialized in the second left lane,162
traveling at 60 km/h, with a total lane length of 1500163
meters. Due to an accident ahead, Vehicle 4 decelerates164
and stops at 7 m/s², while Vehicles 5, 6, and 8 decelerate at165
5 m/s². Meanwhile, Vehicle 7 changes lanes to the leftmost166
lane. When the ego vehicle reaches the 1000-meter mark167
(36 seconds before takeover), the system issues a takeover168
request. The driver must avoid the accident vehicles while169
also monitoring the lane-changing vehicle’s movement and170
making appropriate adjustments in speed or lane position.171
The scenario ends when the vehicle reaches the 1500-meter172
mark.173

174
Urban Arterial Road: Forward Accident - Accelerat-175

ing Vehicles in Adjacent Lane176

Figure S-4. Urban Arterial Road: Forward Accident - Accelerat-
ing Vehicles in Adjacent Lane

The ego vehicle is initialized in the second left lane,177
traveling at 60 km/h, with a total lane length of 1500178
meters. Due to an accident ahead, Vehicle 4 decelerates and179
stops at 7 m/s², while Vehicles 5, 6, 7, and 8 decelerate at 5180
m/s². At the same time, Vehicles 1, 2, and 3 accelerate to 75181
km/h. When the ego vehicle reaches the 1000-meter mark182
(36 seconds before takeover), the system issues a takeover183
request. The driver must carefully assess the situation,184
avoiding the accident vehicles while also monitoring the185
rapidly accelerating vehicles behind and making appropri-186
ate decisions regarding deceleration or lane changes. The187

scenario ends when the vehicle reaches the 1500-meter 188
mark. 189

190
Urban Arterial Road: Forward Accident - Following 191

Vehicle Changes Lanes 192

Figure S-5. Urban Arterial Road: Forward Accident - Following
Vehicle Changes Lanes

The ego vehicle is initialized in the second left lane, 193
traveling at 60 km/h, with a total lane length of 1500 194
meters. Due to an accident ahead, Vehicles 4, 5, 6, and 195
7 decelerate and stop at 5 m/s², and Vehicle 5 changes 196
lanes to the leftmost lane. When the ego vehicle reaches 197
the 1000-meter mark (36 seconds before takeover), the 198
system issues a takeover request. The driver must avoid 199
the stopped vehicles ahead while monitoring the movement 200
of lane-changing vehicles and making appropriate driving 201
decisions. The scenario ends when the vehicle reaches the 202
1500-meter mark. 203

204
Urban Arterial Road: Forward Accident - Lead Ve- 205

hicle Decelerates and Changes Lanes 206

Figure S-6. Urban Arterial Road: Forward Accident - Lead Vehi-
cle Decelerates and Changes Lanes

The ego vehicle is initialized in the second left lane, 207
traveling at 60 km/h, with a total lane length of 1500 208
meters. Due to an accident ahead, Vehicles 4, 5, 7, and 8 209
decelerate and stop at 5 m/s², while Vehicle 6 first slows 210
down and then changes lanes to the leftmost lane. When 211
the ego vehicle reaches the 1000-meter mark (36 seconds 212
before takeover), the system issues a takeover request. 213
The driver must carefully control vehicle speed, monitor 214
the lane-changing vehicle ahead, and make safe driving 215
decisions. The scenario ends when the vehicle reaches the 216
1500-meter mark. 217

218
Highway: Non-Motorized Vehicle Merging - Basic 219
The ego vehicle is initialized in the second left lane, 220

traveling at 80 km/h, with a total lane length of 2000 221
meters. In this scenario, a motorcycle changes lanes 222
multiple times and merges into the leftmost lane. When 223
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Figure S-7. Highway: Non-Motorized Vehicle Merging - Basic

the ego vehicle reaches the 1200-meter mark (40 seconds224
before takeover), the system issues a takeover request.225
The driver must assess the motorcycle’s movement and226
take appropriate evasive actions, such as slowing down227
or changing lanes. The scenario ends when the vehicle228
reaches the 2000-meter mark.229

230
Highway: Non-Motorized Vehicle Merging - Over-231

taking Vehicle from Behind

Figure S-8. Highway: Non-Motorized Vehicle Merging - Basic

232
The ego vehicle is initialized in the second left lane,233

traveling at 80 km/h, with a total lane length of 2000234
meters. In this scenario, a motorcycle changes lanes235
multiple times and merges into the second left lane. When236
the ego vehicle reaches the 1200-meter mark (40 seconds237
before takeover), the system issues a takeover request. The238
driver must monitor the motorcycle’s movement and make239
appropriate decisions regarding overtaking or maintaining240
a safe following distance. The scenario ends when the241
vehicle reaches the 2000-meter mark.242

243
Highway: Non-Motorized Vehicle Merging - Lead Vehi-244

cle Changes Lanes

Figure S-9. Highway: Non-Motorized Vehicle Merging - Lead
Vehicle Changes Lanes

245
The ego vehicle is initialized in the second left lane,246

traveling at 80 km/h, with a total lane length of 2000247
meters. A motorcycle is traveling ahead of the ego vehicle248
and changes lanes multiple times before merging into the249
leftmost lane. When the ego vehicle reaches the 1200-meter250
mark (40 seconds before takeover), the system issues a251

takeover request. The driver must assess the motorcycle’s 252
movement and adopt an appropriate driving strategy, such 253
as slowing down or changing lanes to avoid a collision. 254
The scenario ends when the vehicle reaches the 2000-meter 255
mark. 256

257

Highway: Non-Motorized Vehicle Merging - Sudden 258
Cut-In from Adjacent Vehicle

Figure S-10. Highway: Non-Motorized Vehicle Merging - Sudden
Cut-In from Adjacent Vehicle

259

The ego vehicle reaches the 1200-meter mark (40 sec- 260
onds before takeover), the system issues a takeover request. 261
The driver must quickly recognize the motorcycle’s cut-in 262
maneuver and take appropriate evasive actions, such as 263
slowing down or changing lanes. The scenario ends when 264
the vehicle reaches the 2000-meter mark. 265

266

Highway: Non-Motorized Vehicle Merging - Sud- 267
den Stop of Lead Vehicle The ego vehicle is initialized

Figure S-11. Highway: Non-Motorized Vehicle Merging - Sudden
Stop of Lead Vehicle

268
in the second left lane, traveling at 80 km/h, with a total 269
lane length of 2000 meters. In this scenario, a motorcycle 270
changes lanes multiple times and merges into the leftmost 271
lane, while at the same time, Vehicle 4, traveling ahead of 272
the ego vehicle, suddenly decelerates to 5 km/h. When the 273
ego vehicle reaches the 1200-meter mark (40 seconds be- 274
fore takeover), the system issues a takeover request. The 275
driver must avoid the motorcycle while quickly assessing 276
the situation with the suddenly stopped vehicle ahead and 277
take emergency measures, such as hard braking or lane 278
changing, to ensure safety. The scenario ends when the ve- 279
hicle reaches the 2000-meter mark. 280
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Index
Feature
Name

Input to
Model

Used in
Observation

Model

Used for
Sketches
Synthesis

Activated in
Final Rules

1 steer √ √

2 acc √ √

3 brake √ √ √

4 fixation obj distance √ √ √

5 fixation obj speed √ √ √

6 fixation obj yaw √ √ √

7 left obj distance √ √ √

8 left obj speed √ √ √

9 left obj yaw √ √

10 right obj distance √ √ √

11 right obj speed √ √ √

12 right obj yaw √ √

13 ego vehicle speed √ √ √

14 ego vehicle yaw √ √ √

15 gaze point x (screen) √ √

16 gaze point y (screen) √ √

17 fixation obj x (screen) √ √

18 fixation obj y (screen) √ √

19 left obj x (screen) √ √

20 left obj y (screen) √ √

21 right obj x (screen) √ √

22 right obj y (screen) √ √

Table S-2. Definitions and Usage of Features in the PILOT Model

S-2. Supplementary Information on the PI-281

LOT Model282

S-2.1. Features used for sketch synthesis283

We incorporated 22 features into the model, with 14 of them284
used to generate strategy sketches, constructing 93 funda-285
mental sketch structures. These sketches were further com-286
bined using logical connectors (AND, OR, NOT) to create a287
diverse rule model space. The training results indicate that288
among the 14 features utilized for sketch synthesis, 10 were289
actively involved in the final rule generation process. The290
table S-2 below presents the features and their usage details.291

S-2.2. PILOT mutations292

Our incremental heuristic search method allows for the fol-293
lowing six types of mutations in the policy sketches:294
(1) Add a new threshold predicate with a random feature.295
(2)Simplify the policy by removing an existing predicate.296
(3) Swap conjunctions with disjunctions, and vice-versa.297
(4) Augment numerical features by applying random func-298
tions with random parameters.299
(5) Simplify features by removing function applications.300

(6) Reset to simpler policies For instance 301

speed > 20
(1)−−→ speed > 20 ∧ yaw < 15

(3)−−→

speed > 20 ∨ yaw < 15
(2)−−→ yaw < 15

(4)−−→

yaw + left yaw < 15
(5)−−→ left yaw < 15

(6)−−→ speed > 20
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