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Toward Reproducible Real-World 
Evaluation of Robot Manipulation



Why do we need benchmarking?

• We need to know whether we are actually making progress
• Does it work?
• Does it work better than existing methods?
• Does it work beyond the conditions where it was developed?
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Manipulation Benchmark
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NIST Assembly board FurnitureBench GRASPA SceneReplica

SceneReplica: Benchmarking Real-World Robot Manipulation by Creating Reproducible Scenes
Ninad Khargonkar*, Sai Haneesh Allu*, Yangxiao Lu, Jishnu Jaykumar P, Balakrishnan Prabhakaran, Yu Xiang (*equal contribution)
In International Conference on Robotics and Automation (ICRA), 2024.



The Perception, Planning and Control Loop
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Perception Planning Control

ActionSensing
World

Tasks

Learning

Good Old Fashioned Engineering (GOFE)



SceneReplica Benchmark

5SceneReplica: https://irvlutd.github.io/SceneReplica/

20 Scenes Ninad Khargonkar Sai Haneesh Allu

https://irvlutd.github.io/SceneReplica/


Real-World Scene Setup



Model-based Grasping vs Model-free Grasping
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Unseen Object 
Segmentation

Model-free 
Grasp Planning



Model-based Grasping Example
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Model-free Grasping Example
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Current Leaderboard

10https://irvlutd.github.io/SceneReplica/

https://irvlutd.github.io/SceneReplica/


Failure Analysis (GDRNPP + GraspIt! + Top-Down)

11Pose Estimation Error

Grasp Planning Error
Object Detection Error



SceneReplica Integrated into ManipulationNet
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ManipulationNet Team

https://manipulation-net.org/

https://manipulation-net.org/
https://manipulation-net.org/
https://manipulation-net.org/


Progress

• 3 continents
• 10+ countries
• 100+ task registrations



End-to-End Manipulation
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Perception Planning Control

State Action

Policy Network

• Vision
• Language

Vision-Language-Action (VLA) Models



Some Recent Breakthroughs

16

Sunday Robotics
https://www.sunday.ai/blog/act-2-preview https://www.pi.website/blog/pistar06

Physical Intelligence

https://www.sunday.ai/blog/act-2-preview
https://www.sunday.ai/blog/act-2-preview
https://www.sunday.ai/blog/act-2-preview
https://www.sunday.ai/blog/act-2-preview
https://www.sunday.ai/blog/act-2-preview
https://www.pi.website/blog/pistar06


How Good are these VLA Models?

• We need benchmarking
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https://irvlutd.github.io/VLAReplica/

In NeurIPS Track on Datasets and Benchmarks, 2026.

https://irvlutd.github.io/VLAReplica/


VLA-Replica Benchmark
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SO-101 Arm ~$200 D455 Camera ~$425

Webcam $13.98 Light Box $152.99

Low-cost Components

Real Set-up



VLA-Replica Benchmark
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VLA-Replica Benchmark
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2X



VLA-Replica Benchmark
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2X



VLA-Replica Benchmark: Tasks
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We provide:

• 500 demos across 10 tasks
• 10 In-distribution tasks
• 8 Out-of-distribution tasks
• 5 reference frames per task



VLA-Replica Benchmark: Tasks

23



VLA-Replica Benchmark: Leaderboard 

24https://irvlutd.github.io/VLAReplica/

3 runs eval with std

https://irvlutd.github.io/VLAReplica/


VLA-Replica Benchmark: Leaderboard 
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https://irvlutd.github.io/VLAReplica/

3 runs eval with std

https://irvlutd.github.io/VLAReplica/


VLA-Replica Benchmark: Pi0.5 Behaviors
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Precise manipulation 
is challenging

Stack the yellow block on 
the blue block

Press the button three times

Memory task is challenging

Pour 1 shake of pepper into 
the red plate

Failure recovery



Discussion: Integrating Components Together
• Modular pipelines

• Perception-planning-control (ROS, ROS2)
• Interpretability and debugging
• Easier safety and constraint enforcement
• Error accumulation
• High latency usually, hard for closed-loop execution

• End-to-end manipulation
• Training-testing (LeRobot)
• Closed-loop manipulation
• Failure recovery
• Better for contact-rich dexterity
• Poor interpretability and generalization
• Hard to debug (More data? Better model?)
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28
https://labs.utdallas.edu/irvl/

Assisted by
Mr. Garvin R. Solomon Thank you!

https://labs.utdallas.edu/irvl/
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