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Abstract—We introduce DEXOP, a novel passive hand ex-
oskeleton system designed to collect robots dexterous manip-
ulation in-the-wild, without needing a real robot. Traditional
teleoperation systems for high DoF dexterous hands are usually
expensive and limited by the lack of intuitive feedback to human
teleoperator. DEXOP allows human users to directly control a
robot’s dexterous hand through a passive exoskeleton system,
where the human fingers are mechanically connected to the
robot fingers, controlling the robot hand while also feeling the
force applied to the robot hand seamlessly. By optimizing the
kinematic configuration and providing high force transparency,
human users can control a robot’s hand just like controlling
their own hand. Equipped with precise position encoders and
tactile sensors, DEXOP captures high-fidelity dexterous ma-
nipulation data, facilitating manipulation learning without the
need for costly hardware or careful engineering. We evaluate
the system across multiple dexterous tasks, demonstrating its
capability to accomplish highly dexterous, contact-rich tasks and
its potential to scale the collection of high-quality demonstration
data. Learning experiments show significant improvements in
the performance-time ratio compared to teleoperation method,
making DEXOP a powerful tool for advancing robot dexterity.

I. INTRODUCTION

Dexterous manipulation remains one of the most challeng-
ing tasks in robotics. Although advances in robotic learning
systems have improved certain aspects of manipulation, teach-
ing robots to perform dexterous tasks still presents significant
challenges. Among all the challenges, data is the main bottle-
neck. Current data collection approaches, including simulation,
learning from videos, and teleoperation, each face limitations
that reduce their effectiveness in real-world applications.

Real-world robot data, compared to simulation [4, 12, 2, I,
23, 9] and videos [3, 11, 13, 19, 10, 15, 20], is more preferable,
as there is no domain gap during training and testing. For
example, simulation usually requires careful asset engineering,
setting up the simulated environments, and mitigating the sim-
to-real gap, and video demonstrations lack the detailed contact
information necessary for learning fine-manipulation skills.

To get real-world robot data, teleoperation [14, 21, 7, 5] is a
promising solution. But for dexterous manipulation, it faces is-
sues of scalability and intuitiveness. Most teleoperated systems
lack haptic feedback to the human teleoperator, making it diffi-
cult for users to naturally control robots, especially in contact-
rich tasks. Although some research proposed to provide human
users with more force feedback during teleoperation [17, 22],

those systems usually require extra sensors and actuators, and
is hard to provide accurate feedback.

To overcome these limitations, we present DEXOP, a novel
hand exoskeleton system designed specifically for teaching
robots dexterous manipulation tasks in-the-wild. Unlike tra-
ditional teleoperation setups, DEXOP introduces a passive
exoskeleton that links human hand movements to robotic
hand movements through mechanical linkages, enabling direct
control of robotic hands with precise kinematic mapping.
This system offers a unique advantage by maintaining force
transparency, allowing users to experience real-time, high-
resolution haptic feedback through the robotic hand, thus
addressing one of the key limitations in current teleoperation
systems. Additionally, DEXOP is much lower cost than those
systems and easier to setup, which allows for efficient, large-
scale data collection across diverse manipulation tasks.

DEXOP is built with several key features to facilitate
intuitive interaction and effective learning. The system ensures
kinematic transparency, so users can operate the robotic hand
within its full workspace without interference. Force feedback
from the robotic hand is transmitted accurately to the user’s
fingers, enabling precise manipulation and grip control. Fur-
thermore, DEXOP incorporates a tactile sensor system, allow-
ing the collection of detailed force and contact information
during interaction. This makes DEXOP an ideal platform for
gathering rich data to train robots in tasks requiring high
precision and dexterity.

In this work, we demonstrate the utility of DEXOP by
applying it to a variety of dexterous manipulation tasks,
such as drilling, lamp installation, box packaging, and bottle
opening. Through comprehensive experiments, we show that
DEXOP offers superior control compared to traditional tele-
operation systems and significantly improves data collection
throughput. We built DEXOP for Eyesight Hand [16] and
showed that the data collected by DEXOP can greatly facilitate
the performance of dexterous manipulation policy. We also
built DEXOP with extra degrees of freedom and showed that
it can have various forms and accomplish many different
dexterous tasks. In summary, this work lays the groundwork
for scalable, real-world data collection in robotic dexterous
manipulation, pushing the boundaries of what is possible with
current learning-based approaches.
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