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Abstract

In this paper, we present a real-time egocentric trajec-
tory prediction system for table tennis using event cam-
eras. Unlike standard cameras, which suffer from high la-
tency and motion blur at fast ball speeds, event cameras
provide higher temporal resolution, allowing more frequent
state updates, greater robustness to outliers, and accurate
trajectory predictions using just a short time window af-
ter the opponent’s impact. We collect a dataset of ping-
pong game sequences, including 3D ground-truth trajec-
tories of the ball, synchronized with sensor data from the
Meta Project Aria glasses and event streams. Qur sys-
tem leverages foveated vision, using eye-gaze data from the
glasses to process only events in the viewer’s fovea. This
biologically inspired approach improves ball detection per-
formance and significantly reduces computational latency,
as it efficiently allocates resources to the most perceptu-
ally relevant regions, achieving a reduction factor of 10.81
on the collected trajectories. Our detection pipeline has a
worst-case total latency of 4.5 ms, including computation
and perception—significantly lower than a frame-based 30
FPS system, which, in the worst case, takes 66 ms solely
for perception. Finally, we fit a trajectory prediction model
to the estimated states of the ball, enabling 3D trajectory
forecasting in the future. To the best of our knowledge, this
is the first approach to predict table tennis trajectories from
an egocentric perspective using event cameras.

Supplementary Material

Code: https://github.com/uzh-rpg/event_based_
ping_pong_ball_trajectory_prediction

1. Introduction

In recent years, the task of tracking fast-moving objects like
a ping pong ball in real-time has gained increasing attention,
particularly for applications in AR/VR gaming [19] [34],
real-time sports analysis [40], and robotics [5] [12] [30] [2].
The challenge lies in the precise perception required to track

Figure 1. Visual representation of trajectory prediction reprojected
on the Aria RGB camera frame. The green line indicates the
ground truth trajectory, while the red line the predicted trajectory.

these objects as they move at high speeds (in top players
even reaching 20 to 30 m/s [26]), while minimizing the as-
sociated bandwidth costs and sensing latency.

Traditional tracking systems typically rely on frame-
based, high-resolution cameras that operate at extremely
high frame rates (e.g., 120-600 FPS in table tennis appli-
cations [1, 3, 17, 28, 29, 33]). Although this approach is
effective, it comes with the drawback of consuming sub-
stantial bandwidth and computational power. This results
in a fundamental trade-off between latency, bandwidth,
and accuracy, making it crucial to balance the need for
real-time performance with the constraints of system re-
sources. While existing frame-based vision systems have
successfully achieved real-time performance using fixed
cameras [33] [16] [21], none have been adapted to an ego-
centric perspective: that of the player.

Meta recently introduced Project Aria [4], an experi-
mental research initiative consisting of a smart-glasses de-
vice designed to explore how Al-driven AR can enhance
real-world interactions. Equipped with an array of sen-
sors—including cameras [15], inertial measurement units
(IMUs), and microphones—Project Aria glasses capture
video and audio, as well as eye tracking and location data.
A key feature of the system is its eye-gaze tracking mod-
ule, which provides real-time gaze data that can be lever-
aged to implement foveated vision. A system can priori-
tize and process only the most relevant visual information
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from the foveal region around the gaze, helping to balance
the trade-off between latency and accuracy while reducing
sensor bandwidth. On the other hand, a limitation of these
glasses is that they record videos at a maximum frame rate
of 30 FPS, which may not be sufficient for high-speed sce-
narios like table tennis or other sports where objects move
at extreme velocities. In these cases, the lower frame rate
could hinder real-time capabilities, making it challenging
to capture rapid motion with the required precision.

Event cameras, a neuromorphic sensing technology, of-
fer a promising alternative to conventional frame-based
cameras for high-speed, dynamic applications. Unlike tra-
ditional cameras, which capture frames at fixed intervals,
event cameras operate asynchronously, detecting changes
in brightness at individual pixels. This allows them to
achieve extremely high temporal resolution in the order
of microseconds while avoiding motion blur and reducing
bandwidth [11]. While previous research has demonstrated
the potential of event cameras for tasks like estimating the
spin of ping pong balls [18] [23], these studies rely again
on fixed camera systems, such as lateral or top-down views,
where the ball moves most of the times without occlusions
and on a static background. However, deploying tracking
systems in dynamic, egocentric scenarios, such as those
enabled by devices like Project Aria, introduces new chal-
lenges like the difficulty of isolating the ball due to the back-
ground movement of the opponents or obtaining an accurate
estimate of the trajectory under small parallax angles.

In this work, we address the problem of egocentric view
trajectory prediction of a table-tennis ball by leveraging
the unique capabilities of event cameras, with the setup
shown in Figure 2. Our method uses foveated vision to crop
within a region around the eye-gaze reprojection; it then
applies motion compensation [7] to distinguish moving ob-
jects from static ones. Finally, it predicts the ball trajectory
by fitting multiple measurements collected over a time win-
dow. Our contributions are summarized as follows:

* We present the first framework for egocentric table-tennis
ball trajectory prediction using event cameras.

* We present a dataset with 3D ground-truth ball trajec-
tories synchronized with multi-modal sensor data from
Meta Project Aria glasses and event cameras.

* We demonstrate that event-based algorithms can capture
significantly more measurements within the same time
window compared to frame-based cameras, with our sys-
tem operating at 200 Hz, whereas a traditional setup us-
ing Project Aria glasses runs at only 30 Hz, leading to
improved performance. When using traditional physics-
based trajectory prediction, the higher measurement fre-
quency of the event-based pipeline reduces the average
error by 4:8 cm compared to frame-based updates over a
0:2 s time horizon. With learning-based prediction meth-
ods [16], this error reduction further improves to 8:4 cm.

Figure 2. Configuration of the Meta Project Aria glasses with an
event camera mounted on top, aligned with the built-in RGB cam-
era to maximize the overlap between their fields of view.

* We conduct a latency analysis of our algorithm, highlight-
ing the latency benefits of event camera-based algorithms
when combined with the eye-tracker output of the Project
Aria glasses. Our method achieves a computation latency
of just 1:5 ms for reliably detecting the ball. This leads to
an ideal worst-case total latency [8] of just 4:5 ms, which
is lower than that of a 30 FPS camera, where perception
alone, excluding computation, takes 66 ms.

2. Related Works

Fast-paced sports like table tennis require precise, low-
latency sensing for accurate tracking and prediction. Tra-
ditional methods often struggle with motion blur and high
latency, especially under dynamic conditions, which has
motivated the exploration of event cameras as an alterna-
tive sensing modality. These cameras have demonstrated
significant potential in the context of tracking dynamic ob-
stacles. Event-based approaches like SpikeMOT [35], EV-
tracker [39], and [24] have demonstrated robust motion
blur-resistant tracking in dynamic environments. Addition-
ally, some works have specifically addressed ball detec-
tion in cluttered scenes [13], which leverage spatiotempo-
ral event data to improve detection accuracy and maintain
focus on relevant objects despite background distractions.
Beyond tracking, event cameras have also proven valu-
able for high-speed obstacle avoidance. [6] analyzed the
impact of perception latency on a robot’s maximum safe
navigation speed, highlighting that lower latency sensors
like event cameras can enhance high-speed obstacle avoid-
ance capabilities. Building on this, a framework was de-
veloped to allow quadrotors to dodge fast-moving objects
using onboard event cameras [7]. Similarly, while shal-
low neural networks have been explored for obstacle avoid-
ance [37], they often face higher sensing latency, limiting
their ability to respond quickly. Event cameras have also
been successfully used in high-speed robotic ball catching.
For instance, [8] presents the first successful demonstra-
tion of a quadrupedal robot equipped with a net catching
an object with an event camera. In a similar fashion, EV-
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