Supplementary Material: HABIT: Human Action Benchmark for Interactive
Traffic in CARLA

A. HABIT Benchmark Illustrations and De-
tails

The primary objective of the HABIT benchmark is to as-
sess the driving competence of autonomous agents in com-
plex and realistic traffic environments, with particular em-
phasis on interactions involving vulnerable road users such
as pedestrians. A key limitation of existing benchmarks
is their insufficient representation of pedestrians perform-
ing rare or unconventional gestures and behaviors. To ad-
dress this gap, our initial evaluations focus on state-of-the-
art agents from the CARLA leaderboard [1]. The current
release of the HABIT benchmark comprises 110 routes un-
der 12 distinct weather conditions, with each scenario pop-
ulated by 30 vehicles, 20 behaviorally diverse pedestrians,
and 10 ambient pedestrians serving as meaningful and back-
ground traffic. Representative examples from the bench-
mark are presented in Figure 1.

Figure 1. HABIT Benchmark. Examples illustrating diverse
pedestrian behaviors, environmental conditions, and route config-
urations designed to bridge the reality gap.

B. Comparison of HABIT with AD Simulators
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Figure 2. Overview of existing simulators highlighting limitations
in pedestrian representation.

Figure 2 provides a comparative overview of three
widely used simulation platforms—AirSim, Gazebo, and
LGSVL—highlighting their respective limitations in repre-
senting pedestrians. Accurately modeling pedestrian behav-
ior, especially rare or unconventional gestures, is critical for
evaluating autonomous driving systems in realistic traffic
scenarios.

AirSim [2] is an open-source simulator developed by
Microsoft on top of Unreal Engine, primarily targeting au-
tonomous vehicle and drone research. It offers high-fidelity
visual and physical simulation, making it well-suited for
environmental realism and sensor testing. However, Air-
Sim lacks a native pedestrian asset class, limiting the abil-
ity to simulate complex pedestrian behaviors or interac-
tions. Consequently, scenarios involving vulnerable road
users cannot be fully represented, reducing the applicability
of AirSim for comprehensive autonomous driving evalua-
tion.

Gazebo [3] is a versatile robotics simulator widely used
in conjunction with the Robot Operating System (ROS).
It incorporates a social-force model to simulate pedestrian
movement and crowd dynamics, providing a basic frame-
work for multi-agent interactions. Despite this, Gazebo
does not support gestures or skeleton-based control, mean-
ing pedestrians cannot perform nuanced behaviors such as
hand signals, sudden evasive actions, or other uncommon
motions. This restricts its utility in testing autonomous
agents under diverse human behaviors.

LGSVL [4] offers realistic sensor modeling and urban



traffic scenarios. While it includes pedestrian agents, these
are limited in number and diversity, and the platform does
not provide skeleton-based control for complex motion gen-
eration. Pedestrian movements are typically predefined
along fixed paths, preventing the simulation of spontaneous
or interactive behaviors that autonomous agents are likely
to encounter in real-world conditions.

Collectively, these limitations illustrate a critical gap in
existing simulation platforms: the inability to realistically
model pedestrian behaviors, particularly rare or unconven-
tional gestures. This gap motivates the design of the HABIT
benchmark, which explicitly incorporates behaviorally di-
verse pedestrians capable of performing a wide range of
motions and gestures. HABIT aims to rigorously evalu-
ate autonomous agents under realistic and challenging traf-
fic interactions. This ensures a more comprehensive as-
sessment of agent competence in environments that closely
mimic real-world complexities.
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Figure 3. Examples from the ARCANE project (CARLA-BSP):
scenes featuring a single pedestrian in crossing/non-crossing situ-
ations, following binary or simplified behavior labels.

CARLA, by contrast, provides skeleton (bone) control
of pedestrian models, enabling far finer-grained articula-
tion and behavioral richness than many other simulators.
However, widespread use of this capability remains unreal-
ized owing to a variety of complications: retargeting mo-
tion capture or motion data to CARLA’s coordinate sys-
tems, resolving mismatches in animation rigs and skele-
ton hierarchies, and implementing suitable collision, tra-
jectory, and motion blending to avoid artifacts. One recent
project, ARCANE [5], used CARLA’s pedestrian catalogue
for pedestrian intention estimation. Still, this work was con-
strained: pedestrians only followed pre-defined paths (with-
out dynamic backtracking or deviations), demonstrated
minimal interaction with the environment (e.g. no direc-
tional changes, no collision avoidance), and often suffered
from simulation physics anomalies (e.g. pedestrians ‘tun-
neling’ through geometry or going underground) or lack of
background traffic context. A few such failure modes are
shown in Figure 3

Our HABIT framework is engineered to overcome these
limitations. We systematically retarget open motion sources
to CARLA’s pedestrian asset skeletons. By integrating ve-
locity grounding, trajectory reconstruction, and collision
avoidance, we convert general-purpose motion data into
agents who behave as active traffic participants. In Figure 5

Figure 4. Examples of rare pedestrian behaviours realized through
the HABIT framework, demonstrating gestures, non-linear trajec-
tories, interaction with environment, and reactive adaptation.

we present hand-crafted instances of rare or atypical pedes-
trian behaviour that are currently only possible with our ap-
proach.

C. Retargeting Fidelity

The motion transfer is fundamentally deterministic, with fi-
delity limited primarily by the mathematical constraints of
Euler angle representation (gimbal lock) rather than algo-
rithmic approximation. Extensive ground-truth comparison
with SMPL data would not address the fundamental mathe-
matical constraint we’ve isolated and solved.
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Figure 5. Pose blend shape deformation due to Euler angle ap-
proximation of SMPL data.

Figure 6. Retargeting fidelity At extreme positions the character
mesh deforms as a native limitation of Euler angle approximation,
however the transfered pose remains skeletally same.

D. Perception realism of HABIT

Zero-shot perception tasks offer a robust method for evalu-
ating visual realism and domain fidelity in simulated envi-
ronments, particularly when using models trained solely on



real-world data. Successful zero-shot performance in de-
tection, segmentation, tracking, and pose estimation tasks
strongly indicates alignment with real-world visual and con-
textual distributions [6-8]. Specifically, human-centric per-
ception tasks implicitly validate realism through accurate
modeling of human shape, articulation, and environmental
interaction.

Figure 7. Zero-shot pose estimation on simulated data. Quali-
tative results of YOLOV11l-pose applied to HABIT.

We perform zero-shot evaluation using YOLOv1 I1-pose,
a keypoint-aware variant of YOLOv11 trained exclusively
on real-world data [9, 10], on 12,000 randomly sampled
HABIT frames (5 per motion sequence). Results in Table 1
confirm high performance, achieving 93.4% mAP@0.5 for
detection and 95.7% PCK@0.5 for pose estimation, closely
aligning with real-world results using various YOLOvI11
models [6, 7]. These findings validate HABIT’s visual
and biomechanical fidelity and its utility for benchmarking
pedestrian-aware systems [11].

Metric HABIT (Synthetic) Real-World (COCO)
PCK@0.2 0.692 4 0.223 0.65-0.75
PCK@0.5 0.957 +£0.144 > 0.95
MPJPE (px) 9.34+9.6 8-12

OKS 0.418 +£0.169 0.40-0.55
mAP@[.5:.95] 0.586 £+ 0.269 0.55-0.65
mAP@0.5 0.934 +0.248 > 0.90

IoU (bbox overlap) 0.766 £ 0.164 0.75-0.80

Table 1. Comparison of pose estimation performance on the
HABIT and real-world COCO datasets. Similar trends highlight
the visual realism and fidelity of the HABIT benchmark.

To assess spatial consistency and trackability, we apply
the Segment Anything Model (SAM) [12] to YOLO-pose
detections. Using YOLO-derived keypoints for guidance,
we generate segmentation masks and track identities across
frames. Qualitative results ( Figure 8) demonstrate accurate
and temporally consistent segmentation, despite SAM be-
ing trained solely on real-world data, highlighting HABIT’s
visual continuity and its suitability for multi-object tracking
without domain-specific adaptation.”

Figure 8. Multi-frame detection, segmentation, and tracking.
Consistent track IDs, even in edge-case motions, highlight pose
consistency and temporal coherence of HABIT.

We further assess the realism of HABIT pedestrians
through segmentation quality using the Segment Anything
Model (SAM) trained solely on real-world data. This pro-
vides a zero-shot measure of how well simulated pedestri-
ans align with real distributions. We report two standard
metrics:
¢ Intersection over Union (IoU): overlap between predicted

and reference masks.
¢ Dice Coefficient (DICE): similarity measure that is more
sensitive to boundary alignment.

Table 2. SAM Evaluation Results on Pedestrians of CARLA

Metric Mean + Std Median 90th Percentile
IoU Score 0.7364 +0.3333  0.8974 0.9392
DICE Score 0.7824 +£0.3443  0.9459 -

Pipeline success rate: 95.9%

Median IoU (0.90) and Dice (0.95) indicate high seg-
mentation fidelity, with over 70% of cases achieving excel-
lent quality. These results confirm that HABIT pedestri-
ans exhibit strong visual and structural realism suitable for
benchmarking perception models.
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