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Abstract—We present DexUMI - a data collection and policy
learning framework that uses the human hand as the natural
interface to transfer dexterous manipulation skills to various
robot hands. DexUMI includes hardware and software adap-
tations to minimize the embodiment gap between the human
hand and various robot hands. The hardware adaptation bridges
the kinematics gap using a wearable hand exoskeleton. It allows
direct haptic feedback in manipulation data collection and adapts
human motion to feasible robot hand motion. The software
adaptation bridges the visual gap by replacing the human
hand in video data with high-fidelity robot hand inpainting.
We demonstrate DexUMI’s capabilities through comprehensive
real-world experiments on two different dexterous robot hand
hardware platforms, achieving an average task success rate of
86%.
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Fig. 1: DexUMI transfer dexterous human manipulation skills to
various robot hand by using wearable exoskeletons and a data
processing framework. We demonstrate DexUMI’s capability and
effectiveness on both underactuated (e.g., Inspire) and fully-actuated
(e.g., XHand) robot hand for a wide variety of manipulation tasks.

I. INTRODUCTION

Human hands are incredibly dexterous in a wide range of
tasks. Dexterous robot hands are designed with the hope of
replicating this capability. However, it remains a significant
challenge to transfer skills from human hands to robotic
counterparts due to their substantial embodiment gap. This gap
manifests in various forms, such as differences in kinematic
structures, contact surface shape, available tactile information,
and visual appearance.

What further complicates this challenge is the diversity of
dexterous hand hardware designs available today. Each robotic
hand presents different engineering trade-offs in degrees of
freedom, motor ranges, actuation mechanisms, and overall
dimensions. The solution for reducing the embodiment gap
must handle the vast hardware design space. Teleoperation

has become a popular manipulation interface for dexterous
hands. However, teleoperation can be difficult due to the
spatial observation mismatch and the lack of direct haptic
feedback. These problems do not exist when human hand can
perform the manipulation task directly. In other words, human
hand itself is a better manipulation interface. In this paper,
we ask the following question: How can we minimize the
embodiment gap, so that we can use the human hand as the
universal manipulation interface for diverse robot hands? To
answer this question, we propose DexUMI, a framework with
hardware and software adaptation components that is designed
to minimize the action and observation gaps.

The hardware adaptation takes the form of a wearable
hand exoskeleton. A user can directly collect manipulation
data while wearing it. The exoskeleton is designed for each
target robot hand through a hardware optimization framework
that refines exoskeleton parameters (e.g., link lengths) to
closely match the robot finger trajectories while maintaining
wearability for the human hand. The hardware adaption pro-
vides the following benefits:

• Intuitive demonstration with direct haptic feedback:
Unlike teleoperation systems, the wearable exoskeleton has
no spatial mismatch and allows users to directly contact
objects during manipulation, making the demonstration
intuitive and doable without a robot.

• Records feasible motion for the robot hand: The ex-
oskeleton constrains human hand motions to match the
kinematics of the target hand, ensuring the recorded motion
is transferable.

• Capturing precise joint action: Unlike retargeting meth-
ods, our exoskeleton reads precise joint angles directly
from encoders, eliminating inaccuracies due to visual fin-
gertip tracking.

• Matching tactile information for learning: Most hand-
held grippers for data collection [10, 42, 55] do not record
the tactile information. Our design includes additional
tactile sensors on the fingertip to record the same tactile
info as what the robot hand would record.

Our software adaptation takes the form of a data process-
ing pipeline that bridges the visual observation gap between
human demonstration and robot deployment. This process-
ing pipeline first removes the human hand and exoskeleton
from the demonstration video using video segmentation, then



inpaints the video with the corresponding robot hand and
environment backgrounds that match the target action. This
adaptation ensures visual input consistency between training
and robot deployment, despite visual differences between
human and robotic hands.

With both hardware and software adaptation layers, Dex-
UMI allows us to collect data on various tasks with minimal
kinematic and visual gaps then transfer skills to robots. Com-
prehensive real-world experiments demonstrate DexUMI's ca-
pability on two different dexterous hand types: a 6-DoF
Inspire hand [16] and a 12-DoF XHand [17]. Our approach
achieves 3.2 times greater data collection ef�ciency compared
to teleoperation and an average success rate of 86% across four
tasks , including long-horizon and complex tasks requiring
multi-�nger contacts.

II. RELATED WORK

Although extensive work has studied how to enable learning
in simulated environments [3, 33, 61, 57, 39, 65, 22, 1, 24,
68, 30, 27, 45, 58, 38], we focus on reviewing real world data
collection methods.

Teleoperation: Teleoperation is a popular interface for
dexterous manipulation. Hand control is achieved with motion
capture gloves [72, 56, 35, 53, 69], virtual-reality devices
[26, 12, 9], or camera-based tracking [28, 66, 48, 21, 5, 23, 46].
Most approaches employ optimization-based retargeting to
map human �ngertips to robot hand. While being adaptable
to different robot platforms, retargeting struggles with funda-
mental morphological differences between human and robot
hands, especially the thumb �exibility [4]. Recent work by
Zhou et al. [73] introduced a hand exoskeleton for direct joint
mapping, but the mechanical structural differences limit the
mapping accuracy. Additionally, teleoperation or kinesthetic
teaching [25] require the robot hardware to be present, limiting
the �exibility of data collection. In contrast, DexUMI collects
manipulation data without physical robots.

Human hand video: Learning manipulation skills from
human hand video is an attractive direction. Prior works have
explored learning affordance [29, 40, 63, 15] or extracting
human and object pose [43, 8, 41, 67, 47] from video. Though
showing promising results, many of these works either require
additional real-world robot data or need to learn the policy
in simulation and depend on privileged information, such as
object pose, to deploy the policy in the real world.

Wearable devices:Another line of work focuses on design-
ing wearable devices for data collection, such as portable hand-
held grippers [59, 10, 20, 70, 13, 44, 52, 54, 42, 55, 32, 34, 37].
These approaches have demonstrated promising results in
scaling real-robot manipulation skills. However, these systems
primarily target simple parallel/pinch grippers and cannot
be easily adapted to multi-�ngered systems. Alternatively,
Dexcap [60] uses motion capture gloves for in-contact data
collection. However, it still relies on retargeting methods and
human-correction data through teleportation. In contrast, our
method eliminates these requirement, enabling direct policy
deployment with data collected through DexUMI. Recently,

Fig. 2:Exoskeleton Design.The optimized exoskeleton design shares
the same joint-to-�ngertip position mapping as the target robot hand
while maintaining the wearability. The exoskeletons utilizes the
encoder to precisely capture the joint action and 150° DFoV camera
to record the information-rich visual observation. An iPhone is rigidly
mounted to track the wrist pose through the ARKit.

Wei and Xu [62] and Fang et al. [14] proposed hand-over-hand
systems for dexterous hands. These works require the actual
robot hand to be available and lifted by the human hand.

III. H ARDWARE ADAPTATION TO BRIDGE THE

EMBODIMENT GAP

This section introduces our hardware adaptation, which is
a wearable exoskeleton design that adapts human motion to
feasible robot actions. While the �nal exoskeleton design is
robot-speci�c, the principles of the design framework can
be shared. We introduce the design framework in two parts:
mechanism design optimization (§III-A) and sensor integration
(§III-B).

A. Exoskeleton Mechanism Design

Modern robot hands often closely mimic human hands
anatomically, meaning that a hand exoskeleton would compete
for space with the human hand wearing it. The biggest chal-
lenge is for the thumb, whose pronation–supination movement
can sweep a large volume and cause signi�cant collision
between the human thumb and a naively designed exoskeleton.
Our exoskeleton design has two goals to achieve:
1) Shared joint-action mapping:The exoskeleton and the

target robot hand must share the same joint-to-�ngertip
position mapping, including their limits, so the action can
transfer.

2) Wearability: The exoskeleton must allow suf�cient natural
movements of the user's hand.

While the �rst goal can be mathematically de�ned, the
wearability goal is hard to write down concretely. Our solution
is to parameterize the exoskeleton design and formulate the
wearability requirements as constraints on the design parame-
ters, then �nd a solution that accommodates wearability while
preserving kinematic relationships by solving an optimization.
To make the optimization feasible, we prioritize the exact
kinematics of �ngertip links, while allowing greater �exibility
in the kinematics of links less likely to contact objects.

E.1 Design initialization: We initialize the design with
parameterized robot hand models based on URDF �les (See
Fig. 3). When such detailed designs are unavailable (e.g., the
Inspire-Hand's �nger mechanisms), we substitute them with
equivalent general linkage designs with the same DoFs (e.g.,
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