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RIGOROUS Robot Perception @ ICRA 2026
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From Modular Robotics Pipelines to 
Vision-Language-Action Systems: 

Lessons from Real-World Manipulation



Future Intelligent Robots in Human Environments
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Senior Care

Cooking Cleaning

ServingAssisting

Dish washing

Manipulation



The Perception, Planning and Control Loop
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Perception Planning Control

ActionSensing
World

Tasks

Learning

Good Old FashionedEngineering (GOFE)

How to Represent Objects?



How to Represent Objects?

Å3D CAD models (Model-based)

ÅPoint clouds (Model-free)

4



Using 3D Object Models
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Perception Planning Control

6D object pose estimation Grasp planning and 
motion planning

Manipulation 
trajectory following

2X



6D Object Pose Estimation
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Å PoseCNNΣ w{{Ωмт
Å DeepIMΣ 9//±Ωму
Å 5ht9Σ /ƻw[Ωму

Å PoseRBPFΣ w{{ΩмфΣ ¢-¢hΩнм
Å Self-ǎǳǇŜǊǾƛǎŜŘ с5 tƻǎŜΣ L/w!Ωнл
Å LatentFusionΣ /±twΩнл

CVPR 2024



Grasp Planning: GraspIt!
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GraspIt! https://graspit-simulator.github.io/

Andrew Miller and Peter K. Allen. "Graspit!: A Versatile Simulator for Robotic Grasping". IEEE Robotics and Automation 
Magazine, V. 11, No.4, Dec. 2004, pp. 110-122.

https://graspit-simulator.github.io/
https://graspit-simulator.github.io/
https://graspit-simulator.github.io/


Grasp Planning: A Physics-based Approach

8Eppner-Mousavian-CƻȄΣ L{wwΩмф



MultiGripperGrasp

ÅA large-scale dataset for robotic grasping
Å11 grippers, 345 objects, 30M grasps
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MultiGripperGrasp : A Dataset for Robotic Grasping from Parallel Jaw Grippers to Dexterous Hands
Luis Felipe Casas Murrilo *, Ninad Khargonkar*, Balakrishnan Prabhakaran, Yu Xiang (*equal contribution)
In IROS, 2024.

Ninad KhargonkarLuis Felipe Casas



Motion Planning
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The Open Motion Planning Library in MoveIt https://ompl.kavrakilab.org/index.html

Motion Planning Scene4X

https://ompl.kavrakilab.org/index.html


Using 3D Object Models

ÅPros
ÅEncodes appearance, 3D shape, affordance, 

physical properties for perception, planning 
and simulation

ÅCons
ÅWe cannot build 3D models for all objects
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ἋἘἛἒἋἣἶἴἭἩἻἰἭἬ
Google DeepMind

Maybe we can in the future



Using 3D Point Clouds

12Figure Credit: Murali-Mousavian-Eppner-Paxton-CƻȄΣ L/w!Ωнл

Perception Planning Control

object instance segmentation Grasp planning from point clouds Control to reach grasp



Object Segmenting: Unseen Objects
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Input
Image

Output
Label

Xiang-Xie-Mousavian-CƻȄΣ /ƻw[Ωнл
Xie-Xiang-Mousavian-CƻȄΣ /ƻw[ΩмфΣ ¢-whΩнмΣ /ƻw[Ωнм

Lu-Khargonkar-Xu-Averill-Palanisamy-Hang-Guo-Ruozzi-·ƛŀƴƎΣ w{{Ωно
Lu-Chen-Ruozzi-·ƛŀƴƎΣ L/w!Ωнп
Qian-Lu-Ren-Wang-Khargonkar-Xiang-IŀƴƎΣ L/w!Ωнп

Yangxiao Lu



Object Segmentation: Language-guided

ÅGounding Dino (object detection)

ÅSAM (object segmentation)

14

Å Grounding DINO: Marrying DINO with Grounded Pre-Training for Open-Set Object Detection. Liu et al., 2023

Å Segment Anything. Kirillov et al., 2023



Object Segmenting: Template-Guided
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From Local Matches to Global Masks: Template-Guided Instance Detection and Segmentation in Open-World Scenes
Qifan Zhang, Sai Haneesh Allu, Jikai Wang, Yangxiao Lu, Yu Xiang
In Robotics: Science and Systems (RSS), 2026.

Qifan Zhang



Grasp Planning with Point Clouds
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6D GraspNet
Contact-GraspNet

SE(3)-DiffusionFields

6-DOF GraspNet: Variational Grasp Generation for 

Object Manipulation. Mousavianet al., ICCVõ19

Contact-GraspNet: Efficient 6-DoF Grasp Generation 

in Cluttered Scenes. Sundermeyer, et al., ICRAõ21

SE(3)-DiffusionFields: Learning 

smooth cost functions for joint grasp 

and motion optimization through 

diffusion. Urain et al., 2023



Grasping Trajectory Optimization with Point Clouds
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Grasping Trajectory Optimization with Point Clouds
Yu Xiang, Sai Haneesh Allu, Rohith Peddi, Tyler Summers, Vibhav Gogate. In IROS, 2024.



Benchmarking

ÅBOP: Benchmark for 6D object pose estimation

ÅObject instance detection
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https://bop.felk.cvut.cz/home/

https://eval.ai/web/challenges/challenge-page/2478/overview

https://bop.felk.cvut.cz/home/
https://eval.ai/web/challenges/challenge-page/2478/overview
https://eval.ai/web/challenges/challenge-page/2478/overview
https://eval.ai/web/challenges/challenge-page/2478/overview
https://eval.ai/web/challenges/challenge-page/2478/overview


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.



SceneReplica Benchmark

20SceneReplica: 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

25https://irvlutd.github.io/SceneReplica/

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


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

26Pose Estimation Error

Grasp Planning Error
Object Detection Error



End-to-End Manipulation
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Perception Planning Control

State Action

Policy Network

ÅVision
ÅLanguage

Vision-Language-Action (VLA) Models



Some Recent Breakthroughs

28Physical Intelligence: a startup with people from Berkeley, Stanford, etc.
https://www.physicalintelligence.company/blog/pi0

https://www.physicalintelligence.company/blog/pi0


How Good are these VLA Models?

ÅWe need benchmarking
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https://irvlutd.github.io/VLAReplica/

In arXiv, 2026.

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


