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About 300 milliseconds
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Why Table Tennis?

A uniquely challenging benchmark for physical intelligence
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A Long-Standing Challenge in Robotics
Decades of research. No one had demonstrated head-to-head games with expert human players

[Su et al. 2025]

[Tebbe et al. 2020]

[Asai et al. 2020]

[Ambrosio et al. 2024] 

[Büchler et al. 2020]

[Billingsley et al. 1983]
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[Su et al. 2025] Sharpa, 2025
UC Berkeley 



First Competitive Table Tennis Robot
Table Tennis Game:
• Ball speed: up to 32 m/s
• Extreme spin control: up to 160 rot/s

Competitive Games vs. Elite-level 
Opponents including Professional Players

Standard Table Tennis Rules, Olympic-Size 
Court, Licensed Umpires

Standard Equipment (ITTF Certified Balls, 
Players Use their own racket)
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ACE, 2026
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The System
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The Hardware
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Robot Hardware

Lightweight, Rigid & High-Speed 
Robot Arm
• 6 revolute joints, swing speed above 

20m/s
• Metal 3D printed, organic/skeletal-

shaped robot arm

Increased Reach with a Powerful 
XY-stage
• 3 linear actuators exceeding 340kgf 

of thrust each
• High acceleration (up to 24.5 m/s²) 

and speed (4 m/s)
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Robot Hardware

World’s most advanced Table Tennis 
Robot
• Total Reach: Full table coverage + 2 meters 

behind
• Ultra-low latency control (<8ms) via a 

high-speed 1 kHz real-time network
• Physical capabilities that match those of 

professional athletes
• Legal serves using a single arm
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Where is the ball?
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Perception System

Nine active pixel sensor (APS) cameras with Sony 
IMX273 to cover the whole playing area
• Ball in 3D space at 200 Hz with 3.0 mm error and 10.2 ms 

latency on average.

Three gaze control systems (GCSs) to estimate the spin 
in real time
• Frequency of approximately 400 to 700 Hz with 24.8 rad/s 

average error.
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How should the robot hit the ball?
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The Simulator
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The Trainer

Physics model

Noise model

Ball distribution

Reward

State
Joint 

trajectories

Training: single shot scenario using SAC algo. To return the ball with a desired skill
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Feasible Action for Optimal Control
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Serves
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Evaluation
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What did we actually learn?
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Staubli TX2-60L Fanuc LRmate 200iD/4S Customized Robot

Juggling Return Cooperative

Improved model



My Three Lessons from ACE
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1. The system is the algorithm
A strong policy is not enough. Perception, learning, 
simulation, control, and hardware have to work as 
one system.

2. Sim-to-real is a loop, not a transfer
Real-world failures are valuable data. Deploy, 
understand what failed, improve the simulator and 
training distribution, and learn again.

3. Performance changes what you can learn
As the robot gets better, it reaches new and more 
extreme states that expose limitations you could not 
see before.
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“…no one else would have been able to do 
that.

I didn't think it was possible. 
But the fact that it was possible [...] 
means that 
there is a possibility that a human could 
do it too”

Kinjiro Nakamura, 
1992 Olympian

Kazuhiro Yoshimura
4~5 in Japan Men's Singles 2026
37 in the world (2019)

“… returns are quite realistic, and it’s 
really interesting. 

The robot has returns that humans 
don't have, 

so it's hard to predict, the ball 
suddenly comes to a place where it's 

not expected. […] 
It was incredibly fun.”
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