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Future Intelligent Robots in Human Environments
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We will have many different grippers/hands
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How to make all these robots work?

ÅRobot Foundation Model
ÅA foundation model in AI refers to a large, pre-trained model that serves as a base (or 
άŦƻǳƴŘŀǘƛƻƴέύ ŦƻǊ ōǳƛƭŘƛƴƎ Ƴŀƴȅ ŘƻǿƴǎǘǊŜŀƳ ŀǇǇƭƛŎŀǘƛƻƴǎ ŀƴŘ ǎǇŜŎƛŀƭƛȊŜŘ ƳƻŘŜƭǎΦ
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Current Model Architecture
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Action
Å Gripper pose for two-finger grippers
Å Cannot be used for multi-finger hands 

(no hand joints)
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CrossFormer: Scaling Cross-Embodied Learning for Manipulation, Navigation, Locomotion, and Aviation. Doshi et al., CoRL, 2024.

One Action head for each robot type
ÅGiven a new robot, one new head 

needs to be trained

Universal Actions for Enhanced Embodied Foundation 
Models. Zheng et al., CVPR, 2025.
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Human Hand
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Learning Cross-hand Policies for High-DOF Reaching and Grasping (She 
et al., 2024)

ÅManual mapping or hand-designed correspondence
ÅHard to deal with different number of fingers
ÅCannot handle unseen grippers

HuDOR, Guzey et al. NYU 2025

ƘǘǘǇǎΥκκƻōƧŜŎǘπǊŜǿŀǊŘǎΦƎƛǘƘǳōΦƛƻκ

https://object-rewards.github.io/
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ÅBecause any hand can grasp a sphere! (otherwise, it might not be that 
useful for manipulation)

ÅSpheres have some good properties for control (you will see)
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ÅSphere creation
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ÅSphere creation applies to different grippers

ÅClose the fingers to grasp the sphere
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Human Hand
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ÅMap spherical coordinates to the gripper (a representation of the gripper)
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RobotFingerPrint: Unified Gripper Coordinate Space for Multi-Gripper Grasp Synthesis and Transfer.
Ninad Khargonkar, Luis Felipe Casas, Balakrishnan Prabhakaran, Yu Xiang. In IROS, 2025.
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How can we use the UGCS representation for robot 
manipulation?

ÅTwo applications in this talk

ÅOne-shot human-to-robot trajectory transfer

ÅCross-embodiment in-hand manipulation 

18

ό˂Σ ˒ύ 



hƴŜπ{Ƙƻǘ IǳƳŀƴπǘƻπwƻōƻǘ ¢ǊŀƧŜŎǘƻǊȅ ¢ǊŀƴǎŦŜǊ

19

hƴŜπǎƘƻǘ ƘǳƳŀƴ ŘŜƳƻƴǎǘǊŀǘƛƻƴwƻōƻǘ ŜȄŜŎǳǘƛƻƴ ƛƴ ŘƛŦŦŜǊŜƴǘ ŜƴǾƛǊƻƴƳŜƴǘ

JishnuJaykumar P

Sai Haneesh Allu

HRT1: Mobile Manipulation via One-Shot Human-to-Robot Trajectory Transfer.
Sai Haneesh Allu*, Jishnu Jaykumar P*, Ninad Khargonkar, Tyler Summers, Jian Yao, Yu Xiang. In arXiv, 2025.
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https://irvlutd.github.io/HRT1/
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Grasp Transfer with UGCS
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Optimize the target grasp using the
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Correspondences from UGCS



Understanding of the Human Demonstrations
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¢ǊŀƧŜŎǘƻǊȅ ¢ǊŀƴǎŦŜǊ
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First Frame from Human Demo

Real Time Robot Camera Feed
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ǘǊŀƧŜŎǘƻǊȅ ƛƴ ƻōƧŜŎǘ ŦǊŀƳŜ

Reference Trajectory w.r.t. Real Time Feed
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Trajectory Transfer

ÅHow to follow the transferred gripper trajectory?
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Robot View
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Optimizing the Robot Trajectory
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One-Shot Human-to-Robot Trajectory Transfer
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Failure Example
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The system heavily depends on object pose estimation accuracy



How can we use the UGCS representation for robot 
manipulation?

ÅTwo applications in this talk

ÅOne-shot human-to-robot trajectory transfer

ÅCross-embodiment in-hand manipulation (on-going work)
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Unified Gripper Action Space (UGAS)
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Unified Gripper Coordinate Space 

Luis Felipe Casas

Keval Shah
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ÅOur Idea: the deformation of the sphere will drive the movement of 
the hand (the hand should touch the deformed sphere correctly)

ÅAction space: deformation of the sphere (shared by any hand!)
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5ƛŦŦŜǊŜƴǘ DǊƛǇǇŜǊǎ ǿƛǘƘ ǘƘŜ ǎŀƳŜ ŘŜŦƻǊƳŜŘ ǎǇƘŜǊŜ



UGAS: deforming the sphere

ÅDeforming every point on the sphere is too expensive for control
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5ŜŦƛƴŜ ǎŜǾŜǊŀƭ άŘǊƛǾƛƴƎ ǇƭŀƴŜǎέ 5ŜŦƛƴŜ ǎŜǾŜǊŀƭ άŘǊƛǾƛƴƎ 
ǾŜŎǘƻǊǎέ ƻƴ ŜŀŎƘ ŘǊƛǾƛƴƎ ǇƭŀƴŜ



UGAS: Cascaded Inverse Kinematics (CIK)

ÅDƛǾŜƴ ŀ ŘŜŦƻǊƳŜŘ ǎǇƘŜǊŜΣ ǿŜ ǎƻƭǾŜ LY ǘƻ ƻōǘŀƛƴ ǘƘŜ ƘŀƴŘ ŎƻƴŦƛƎǳǊŀǘƛƻƴ
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1. Solve lateral joints
2. Solve encompassing joints
We solve for each joint one at a time, 
in the order of the kinematic tree.



UGAS: Cascaded Inverse Kinematics (CIK)
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5ǊƛǾƛƴƎ ǇƭŀƴŜǎ 

5ǊƛǾƛƴƎ ǾŜŎǘƻǊǎ 

Inverse 
Kinematics

Hand configurationControl 
actions
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State Driving planes 

Driving vectors 

LƴǾŜǊǎŜ 
YƛƴŜƳŀǘƛŎǎ

IŀƴŘ 
ŎƻƴŦƛƎǳǊŀǘƛƻƴ



UGAS for In-hand Manipulation
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Shadow Hand (5 fingers)
9.75

Allegro (4 fingers)
9.6

Leap (4 fingers)
9.80
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