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Abstract—Astrobee’s existing one-degree-of-freedom (DOF)
underactuated compliant claw gripper enables perching on the
International Space Station (ISS), but provides limited capability
for continuous dexterous manipulation. More complex micro-
gravity tasks require an end-effector that can maintain stable
contact while limiting disturbance to the free-flying base, since
contact forces directly couple into base motion. This article
presents the integration of DexCoHand, a dexterous and com-
pliant two-finger, 6-DOF gripper, with the Astrobee free-flying
robot for microgravity manipulation. The system is evaluated in
MuJoCo using Astrobee’s standard handrail perching sequence,
including approach, perching, and subsequent pan and tilt
motions. Compared with Astrobee’s existing gripper, DexCoHand
preserves the commanded pan and tilt motions while reducing
unintended cross-axis base motion. Hardware experiments on
Earth further demonstrate DexCoHand’s dexterous manipulation
capabilities and its potential for more adaptable intelligent
manipulation tasks.

Index Terms—Astrobee, DexCoHand, in-hand manipulation,
grippers, free-flying robots, microgravity manipulation.

I. INTRODUCTION

Astrobee is a free-flying robot aboard the International
Space Station (ISS) that performs autonomous inspection,
localization, docking, and perching tasks [1–4]. One key
manipulation task Astrobee is capable of is perching onto
handrails along the ISS Kibo module using its perching arm
payload [4]. Astrobee does so using a 1-DOF underactuated
compliant claw gripper designed to perch around the ISS
handrail. This design is effective for perching, but it constrains
Astrobee to a limited grasp-and-release manipulation regime.
More dexterous tasks, such as reorienting a payload for
handoff, aligning a tool tip, threading or routing a cable, and
manipulating small objects, require pose regulation within the
grasp rather than repeated regrasping [5–7]. In microgravity,
this distinction matters. Objects do not settle under gravity,
and every contact impulse couples directly into the free-flyer
base [8], inducing undesired translation or rotation and forcing
compensatory control [9].

In recent years, several grippers have been developed to
expand Astrobee’s manipulation capabilities. Gecko-inspired
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Fig. 1. (a) Astrobee with the DexCoHand attached on the perching arm. (b)
3-DOF per finger. (c) Supported finger motions, including fingertip flexion,
proximal link flexion, and proximal link adduction/abduction. (d) Universal
joint at the proximal link.

adhesive grippers have been designed to enable anchoring
on smooth surfaces [10], compliant perching grippers provide
stable handrail grasping [4], rigid-soft hybrid grippers improve
conforming grasp of varied geometries [11], and three-finger
logistics grippers support cargo transfer and transport [11].
These grippers advance attachment, grasp robustness, and
transport, but they provide limited support for continuous
dexterous in-hand manipulation [12].

This article presents the integration of DexCoHand, a dex-
terous and compliant two-finger, six-degree-of-freedom (2F–6-
DOF) gripper, with Astrobee’s perching arm for microgravity
manipulation [13, 14]. Fig. 1 provides an overview of the inte-
gration of DexCoHand with Astrobee and the gripper’s compo-
nents and motion. DexCoHand introduces multiple controlled
contact directions through 3-DOF fingers, while soft hydraulic
actuation provides compliant force transmission under contact
uncertainty [15]. We use DexCoHand to extend Astrobee’s
dexterous manipulation capabilities from discrete grasp-and-
release actions to continuous contact-rich manipulation while
preserving the perching behavior that the current arm already
performs. This increased dexterity would enable Astrobee to
do more intelligent tasks in microgravity.



Fig. 2. Comparison of base motion during tilt and pan maneuvers with the perching gripper and DexCoHand. (a, d) tilt and pan maneuver setup and
coordinate frame definition. (b, e) Base position trajectories along x, y, and z during tilt and pan. (c, f) Representative tilt and pan motion sequence.

II. METHODOLOGY

To evaluate DexCoHand’s manipulation capabilities, we
create two models: Astrobee with the DexCoHand and with
the perching arm gripper [16]. We evaluate the DexCoHand
gripper in MuJoCo compared to Astrobee’s perching arm grip-
per using a standard handrail perching sequence consisting of
approach, perching, and subsequent pan and tilt motions. We
compare base motion between the two end-effectors and use
hardware demonstrations to show the dexterous manipulation
capabilities enabled by DexCoHand. Together, these results
show that the DexCoHand can perform the same manipulation
tasks as the state-of-the-art perching arm gripper, but can
also expand the manipulation space toward more intelligent
dexterity in microgravity.

A. Kinematics & Contact Compliance

DexCoHand provides two fingers with three controlled DOF
per finger, including fingertip flexion, proximal flexion, and
proximal adduction/abduction, as shown in Fig. 1. The flexion
joints provide grasp closure, while the adduction/abduction
joint give each finger lateral motion inside the grasp. For a
contact point on the fingertip, the local contact velocity is
given by:

ẋc = Jc(q)q̇ (1)

where q is the hand joint vector and Jc maps joint motion to
contact motion. Increasing the number of independent finger
DOF expands the column space of Jc, allowing the contact

point to move in additional directions on the object surface
without requiring base motion or regrasping.

The soft hydraulic transmission introduces compliance be-
tween actuator command and contact force. Around a local
operating point, this behavior can be represented using an
effective compliance model. If Cq denotes joint-space com-
pliance, the contact-frame compliance can be written as:

Cc = JcCqJ
⊤
c (2)

This relationship allows compliance at the joints which maps
directly to compliance at the contact interface. A more com-
pliant contact reduces abrupt force changes during stick-slip
transitions and distributes interaction forces over time, which
helps limit unintended base motion during manipulation.

B. Floating-Base Dynamics Model

Astrobee cannot rely on a fixed ground reaction during
manipulation. Contact forces at the gripper therefore appear
directly as disturbances on the free-flying base. A simplified
translational model used in simulation is:

mbv̇b = Fthr −
∑
i

fc,i, (3)

where mb is the Astrobee base mass, Fthr is the com-
manded propulsion force, and fc,i are contact forces trans-
mitted through the end-effector. In microgravity, gravity does
not dissipate contact events, so the timing and direction of fc,i



directly affect base motion. We therefore log Astrobee base
position during pan and tilt maneuvers as a proxy for contact-
induced disturbance. Motion along the commanded direction
indicates whether the perching maneuver is preserved, while
motion in the orthogonal axes reflects coupling from the grip-
per into the free-flying base. This simplified model captures
the net effect of contact forces, while full free-flying dynamics
arise from coupled inertia and momentum exchange between
the manipulator and spacecraft [8].

C. Simulation Setup

Astrobee with both gripper payloads is modeled in MuJoCo
as a free-floating rigid body with grippers attached to the
perching arm’s end joint. The handrail is represented as a
fixed cylindrical contact object. The simulation is performed
in zero gravity so that the measured base motion comes
from commanded actuation and contact interaction rather than
conditions that would be seen on-Earth [17]. We evaluate both
grippers under the same task sequence. While the gripper
geometry and contact behavior differ, the perching task, rail
location, and commanded arm motions are the same. This
evaluation approach allows us to isolate the effect of the
gripper at the end of the arm on contact-induced base motion.
We log the Astrobee base position in the world frame during
the pan and tilt motions. The logged trajectories are the
translational base motion along the x, y, and z axes, expressed
in millimeters (mm).

D. Evaluation

Each trial follows the same rail-perching sequence of ap-
proaching, perching, and executing a tilt or pan maneuver.
The tilt maneuver rotates Astrobee along the rail plane, while
the pan maneuver sweeps laterally about the rail contact.
This comparison highlights how the choice of gripper affects
the motion of the Astrobee base during these controlled
maneuvers. Motion along the commanded direction indicates
whether the intended maneuver is preserved, while motion
in the orthogonal axes reflects contact-induced coupling into
the free-flyer. This formulation evaluates how the gripper
affects base motion by comparing whether the commanded
maneuver is preserved while limiting unintended motion in
the orthogonal axes.

III. RESULTS

Both grippers successfully execute pan and tilt motions
under contact constraints, with the primary motion axes pre-
served across both models. However, differences emerge in
cross-axis motion. During tilt, the perching gripper exhibits
increased lateral deviation along the orthogonal y axis, reach-
ing approximately 80 mm, while DexCoHand maintains sig-
nificantly lower deviation at approximately 20 mm, as shown
in Fig. 2(b). Similarly, during pan, DexCoHand remains near
zero deviation, approximately in the range of 0 to −2mm,
whereas the perching gripper shows larger variation, ranging
from −2 to 4 mm, as shown in Fig. 2(e). These results indicate
that DexCoHand maintains nominal motion execution with

Fig. 3. Dexterous manipulation capabilities demonstrated by DexCoHand
including (a) Grasping and swinging motions. (b) In-hand object reorientation.
(c) Pinching using compliant fingertip contact. (d) Conformal contact on
irregular geometries.

comparably small unintended motion in orthogonal directions,
which is a necessary condition for deploying dexterous grip-
pers on free-flyers. Additional hardware experiments further
demonstrate capabilities not achievable with compliant claw-
like grasping grippers, including in-hand object reorientation,
controlled pivoting, and compliant pinching [18].

IV. SPACE APPLICATIONS

The ability to perform continuous in-hand manipulation
enables increased dexterous tasks in space. Such tasks include
tool alignment, cable routing [6], manipulation of flexible
payloads [5], and interaction with uncertain or deformable
objects [19]. Unlike rigid grasping strategies, compliant multi-
DOF manipulation allows the system to regulate contact forces
while maintaining stability. This is particularly important in
microgravity, where disturbances propagate directly to the
base system. Fig. 3 presents a conceptual overview of the
DexCoHand manipulating objects that could be of interest for
free-flying manipulation [20]. While this work has demon-
strated DexCoHand’s manipulation capabilities on Astrobee,
the manipulation architecture generalizes to other free-flyers
such as the Synchronized Position Hold, Engage, Reorient,
Experimental Satellites (SPHERES) free-flyer [21, 22]. The in-
tegration of dexterous, compliant grippers provides a pathway
toward more autonomous and adaptable robotic operations in
microgravity.

V. CONCLUSION

This article presents the integration of the DexCoHand,
a dexterous compliant gripper, with a free-flying robot. The
results demonstrate that DexCoHand preserves baseline perch-
ing capabilities while enabling new dexterous manipulation
tasks. The key contribution is a conceptual validation that
dexterous manipulation can be introduced into free-flyers
without compromising stability. Future work will extend this
framework to full in-hand manipulation tasks under closed-
loop control in simulation with the same objects outlined in
the applications section of this article.
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