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Fig. 1: CRAFT Hand. A) Full hand view showing the compact, anthropomorphic form factor with forearm-mounted actuators. B) CRAFT
holding chopsticks to show complex dexterity. C) CRAFT holding a tennis ball, demonstrating its human-like size. D) One finger composed
of hard PLA links and soft TPU joints. E) CRAFT conforming to a surface under contact, illustrating passive compliance at the joints.

Abstract—We introduce CRAFT hand, a tendon-driven an-
thropomorphic hand with hybrid hard-soft compliance for
contact-rich manipulation. The design is based on a simple idea:
contact is not uniform across the hand. Impacts concentrate
at joints, while links carry most of the load. CRAFT places
soft material at joints and keeps links rigid, and uses rolling-
contact joint surfaces to keep flexion on repeatable motion paths.
Fifteen motors mounted on the fingers drive the hand through
tendons, keeping the form factor compact and the fingers light. In
structural tests, CRAFT improves strength and endurance while
maintaining comparable repeatability. In teleoperation, CRAFT
improves handling of fragile and low-friction items, and the
hand covers 33/33 grasps in the Feix taxonomy. The full design
costs under $600 and will be released open-source with vision-
based teleoperation and simulation integration. Project page:
http://craft-hand.github.io/

I. INTRODUCTION

Rigid, direct-drive robotic hands offer precise kinematics
but are highly vulnerable to contact-rich impacts, which
frequently interrupt data collection [25]. Conversely, soft
robotic hands provide passive compliance to safely absorb
collisions [7, 13, 17, 18], but suffer from low load capacities
and unrepeatable, configuration-dependent kinematics. These
failure modes stem from uniform material choices. Because
manipulation impacts concentrate at joints while intermediate
segments transmit actuation forces, we propose a hybrid style
of compliance: place compliant materials at joints to absorb
shocks and use rigid links to maintain geometric predictability.

To this end, we introduce the CRAFT hand (Fig. 1), a 3D-
printed, 800g anthropomorphic platform costing under $600.
It uses rigid polylactic acid (PLA) links for structural load

paths and soft thermoplastic polyurethane (TPU) joints for
impact absorption. Introducing soft joints historically raises
two challenges: unrepeatable posture under load and structural
fatigue. We resolve these by introducing: (1) a bidirectional
mechanical linkage coupling the PIP and DIP joints for
repeatable, load-independent postures, and (2) rolling-contact
joint interfaces that distribute bending loads along a curved
surface to minimize TPU stress concentrations [1].

To maintain an anthropomorphic form factor and protect
components from collisions, 15 motors are routed behind the
wrist. This tendon-driven configuration provides mechanical
advantage for high holding strength and keeps the fingers light
for natural teleoperation. We pair the hardware with a single-
RGB whole-body teleoperation pipeline [25].

We evaluate CRAFT across three key axes:
1) Structural Performance: Benchmarked against the rigid

LEAP hand [25], CRAFT matches its payload strength,
precision, and repeatability.

2) Robust Manipulation: Teleoperation across five diverse
tasks shows that passive force regulation dramatically im-
proves success rates with fragile and low-friction objects.

3) General Dexterity: We demonstrate complete kinematic
versatility by successfully executing all 33/33 grasps in
the Feix taxonomy [8].

In summary, our contributions are: (i) a low-cost, open-
source hybrid hard-soft hand morphology; (ii) coupled rolling-
contact joint mechanisms that balance compliance with pre-
dictability; (iii) structural benchmarking against a rigid base-
line; and (iv) validation across fragile teleoperation tasks and
the full Feix taxonomy.

http://craft-hand.github.io/


II. RELATED WORK

Direct-Drive Hands. Classical direct-drive hands utilize rigid
linkages and joint-mounted motors for precise control [28, 3,
9, 4], but are often costly [9], kinematically restricted [28], or
bulky [4]. Modern low-cost baselines like the LEAP Hand [25]
and D'Manus [4] improve accessibility, yet remain structurally
stiff. Because these platforms rely on active impedance control
rather than passive compliance to manage interaction forces,
state estimation errors easily cause high-force, destructive
collisions. In contrast, CRAFT integrates a compliant hard-
soft structure with a human-like pro�le.

Tendon-Driven Designs. Relocating actuators to the forearm
via tendons enables compact form factors [23, 11, 12, 19, 14,
30, 6]. While complex systems like the Shadow Hand [23]
mimic human kinematics, high costs limit their deployment
in large-scale learning. Recent open-source initiatives de-
mocratize this morphology but simplify kinematics by omit-
ting critical degrees of freedom, such as abduction/adduction
(RUKA [30]) or active DIP control (ORCA [6]). Crucially,
these systems remain rigid, transferring torque directly to stiff
joints. Our hand introduces soft material compliance directly
into a high-DoF, fully articulated tendon layout.

Compliance and Soft Robotics. Soft robots use elastomer
�exures [15, 29, 7, 19, 17] to passively absorb collisions,
though underactuation often restricts dexterity. High-DoF hy-
brid architectures like Leap V2 [24] successfully unify ro-
bustness and dexterity, but prioritize extensive joint allocation
over an ultra-compact pro�le. In contrast, CRAFT achieves a
streamlined, sub-$600 anthropomorphic form factor for tight
workspaces. Additionally, our rolling-contact joints replace
fracture-prone �exures, eliminating stress concentrations to
enhance durability.

III. KINEMATIC DESIGN

CRAFT Hand Structure. Fully articulated and anthropomor-
phic, CRAFT features a 95 mm palm and 103 mm �ngers
for a 198 mm total length, matching median human male
dimensions [10]. The hand weighs 800g and employs 15
actuators housed entirely within the forearm to actuate 15
active and 5 passive degrees of freedom (DoF) (Fig. 3).

Finger and Joint Mechanisms. Finger segments use rigid
PLA to wrap load paths, while the metacarpophalangeal
(MCP), proximal interphalangeal (PIP), and distal interpha-
langeal (DIP) joints use soft TPU �exures to absorb impacts
(Fig. 4). Each �nger utilizes three actuators to drive: (i)
coupled PIP/DIP �exion, (ii) MCP abduction/adduction, and
(iii) MCP �exion/extension.

At the PIP/DIP joints, a single tendon (Fig. 4A) acts through
a bidirectional TPU linkage (Fig. 4B) that mechanically cou-
ples the joints to ensure equal, simultaneous rotation under
variable loads. To prevent the mechanical fractures common to
standard soft pin or �exure joints [25, 30], CRAFT implements
rolling-contact interfaces [1]. This geometry constrains joint
motion along a predictable kinematic path while distributing

Fig. 3: Joints Structure. Black denotes the rigid components, while
blue denotes the compliant (TPU) components. The index �nger and
thumb are highlighted to illustrate kinematics. The purple cylinders
denote axes of rotation, while the purple half-circles denote the
rolling-contact joints. Fingers feature a 2-DoF MCP and coupled
PIP/DIP joints; the thumb mirrors this with a 2-DoF CMC and
coupled MP/IP joints. PIP/DIP and MP/IP employ rolling contacts,
while MCP/CMC use the cylindrical snap-�t interface.

stress across circular rolling pro�les. Passive elastic bands
(Fig. 4C) retract when tendon tension is relaxed.

At the MCP joint, backdrivable tendons (Fig. 4D, E)
provide independent 2-DoF control, supported by a low-pro�le
cylindrical snap-�t interface inspired by Christoph et al. [6].
This snap-�t architecture allows the joint to passively dislocate
under extreme impacts rather than structurally failing. The
thumb laterally mirrors this design exactly, utilizing a 2-DoF
snap-�t carpometacarpal (CMC) joint and coupled rolling-
contact joints for its intermediate phalanges.

Fig. 4: Finger Structure. Dark gray denotes the hard (PLA)
components and light gray denotes the soft (TPU) com-
ponents. (A) PIP/DIP Tendon. (B) Bidirectional Linkage.
(C) Elastic bands. (D) MCP Flexion/Extension Tendons. (E)
Abduct/Adduct Tendons.



Tendon Routing Layout. High-strength braided lines route
actuation forces from a pentagonal forearm motor assembly
through smooth, internal metal dowels to minimize structural
friction. Tendons are tensioned via ratchet spools [6].

IV. EXPERIMENTS

We evaluate CRAFT along three axes. First, we test struc-
tural performance to measure the strength and precision that
the hybrid design achieves relative to a rigid baseline. Second,
we assess manipulation performance to determine whether
passive compliance reduces operator effort and failures during
teleoperation. Third, we validate grasp versatility to con�rm
that the hybrid design maintains the kinematic range and
strength required for general manipulation.

A. Structural Tests

To evaluate the structural robustness of CRAFT hand, we
conduct three assessments. We evaluate the strength, precision,
and endurance of CRAFT to the LEAP hand [25] using
standardized structural tests, consistent with prior work [30, 6].
It is a widely used rigid, direct-drive hand. To ensure a fair
comparison, we assembled the LEAP hand using the same
motors as CRAFT hand (Dynamixel XL330-M288-T instead
of the 4� expensive Dynamixel XC330-M288-T), hereafter
denoted as LEAP. This allows us to make a head-on comparison
between CRAFT and a rigid, direct-drive linkage (LEAP).

Pull-out Test (Strength). This experiment quanti�es the max-
imum payload a �nger can retain before mechanical failure.
We command the �nger to a fully �exed position and apply
an external force opposing the �exion direction. The failure
threshold is de�ned as the point where the �nger slips or
de�ects by more than 15� from the target pose. We track the
de�ection angle using ArUco markers attached to the �nger.
As detailed in Tab. I, CRAFT withstands 15.29 N of pull-out
force, nearly double the 8.67 N measured for the LEAP hand.
This gap highlights the mechanical advantage of the tendon
routing system. By distributing the load through the tendon,
CRAFT reduces the direct torque demand on the motors
compared to the direct-drive linkage of the LEAP, allowing
for higher holding forces with identical actuation hardware.

Hand CRAFT LEAP

Visual

Strength 15.29 8.67

TABLE I: Pull-out Strength Comparison. We measure the resis-
tance of a �exed �nger against an opposing external force (in N). The
maximum force is recorded immediately prior to a �ngertip de�ection
exceeding 15� . CRAFT demonstrates signi�cantly higher retention
strength due to the mechanical advantage of its tendon.

Repeatability Test (Precision). We investigate whether the
tendon-driven mechanism introduces position errors or slack

over prolonged operation. We program both hands to perform
a grasp-and-release sequence on a plush toy continuously for
one hour. Fig. 5 presents the joint angle tracking error over
the duration of the experiment. The error is calculated using
the motor encoder values. Both CRAFT and LEAP maintain
consistent performance with mean tracking errors remaining
below 0.01 rad. This result demonstrates that CRAFT achieves
consistency similar to rigid hands, con�rming that the bene�ts
of compliance do not come at the cost of repeatability.

Fig. 5: Repeatability under Cyclic Load. Left: CRAFT performing
continuous grasp-release cycles on an object. Right: Joint angle
tracking error over one hour of operation. Despite the use of �exible
tendons, CRAFT (blue dots) maintains a tracking error of < 0:01 rad,
comparable to the rigid LEAP baseline (red dots), demonstrating
consistent control. (shades depict joints closing and opening)

Holding Test (Endurance). Finally, we evaluate the hand's
ef�ciency during high-load static holding. Both CRAFT and
LEAP are commanded to grasp and hold a 5 lb dumbbell
vertically for one hour (Fig. 6). We monitor the current draw
to assess motor strain and thermal throttling. The results show
that the average current consumption of CRAFT is approx-
imately 50% lower than that of LEAP. While current draw
in both hands rises initially as motor temperature increases,
CRAFT stabilizes well below the motor's 600 mA limit. The
friction inherent in the tendon routing acts as a passive
braking mechanism, assisting in load retention and reducing
the active torque required from the motors. In contrast, the
direct-drive LEAP must constantly supply higher torque to
combat the moment arm of the weight, leading to higher power
consumption and thermal stress.

B. Teleoperation Tests and Simulation Model Veri�cation

Teleoperation Evaluation Setup. To evaluate the real-world
manipulation utility of CRAFT, we adapt the vision-based
teleoperation framework of Sivakumar et al. [26] to drive the
system (Fig. 7). An operator stands before a single markerless
RGB camera (Fig. 7A), where FrankMocap [22] estimates 3D
wrist trajectories (Fig. 7B) and HaMeR [20] tracks operator
�nger con�gurations (Fig. 7C). These tracked inputs map
directly to the robot arm and CRAFT end-effector (Fig. 7D)
using a joint-wise calibration procedure detailed in Appendix
G. This unconstrained environment allows us to benchmark



Fig. 6: Holding Test. We make CRAFT and LEAP hand grasp a
heavy 5lb weight in its palm for one hour. On the vertical axis, we
show that the average current running through CRAFT Hand is two
times less compared to LEAP. The right axis shows that the current
use initially increases. However, it still holds the weight and uses
around one-third of its maximum possible current of 600mA.

Fig. 7: Whole-Arm Teleoperation. (A) An operator stands in
front of a single RGB camera (highlighted with a dashed box). (B)
FrankMocap estimates the 3D pose of the operator's wrist relative to
their torso, used for whole-arm retargeting. (C) HaMeR estimates the
operator's hand pose for �nger retargeting. (D) The estimated poses
are mapped to CRAFT, mounted as the end-effector of a robotic arm.

hardware capabilities across open-world objects without the
restrictions of data gloves or heavy sensors.

Teleoperation Tests. To evaluate real-world utility, we con-
duct a teleoperation user study comparing CRAFT against the
rigid LEAP baseline across �ve distinct manipulation tasks
that isolate speci�c contact challenges (e.g., fragility, scale,
and low surface friction); detailed descriptions and photos of
the test objects are provided in Appendix B.

Fig. 8: Teleoperation User Study Results. Comparison of average
completion time and success rate for �ve manipulation tasks. CRAFT
consistently outperforms the LEAP hand, particularly in handling
fragile objects (Raspberry, Chip) where compliance prevents damage,
and in dynamic grasping (Ball) where adaptation simpli�es capture.

C. Grasp Taxonomy Assessment

we evaluate CRAFT on the standardized Feix grasp tax-
onomy [8]. Driven by forearm-mounted tendon actuation,
CRAFT covers all 33=33 distinct human grasp con�gura-
tions ranging from power con�gurations to intricate precision
pinches. A detailed qualitative breakdown and the full visual
catalog of all 33 executed grasps are deferred to Appendix D.

D. Whole Arm Teleopration

To evaluate the practical utility of CRAFT across diverse
manipulation scenarios, we demonstrate teleoperation on tasks
shown in Fig. 9. Wiping a whiteboard with a sponge demon-
strates the bene�t of compliance during sustained surface
contact, as the soft joints maintain consistent pressure. Twist-
ing a key illustrates the advantage of compliance in contact-
rich scenarios, where the joints absorb reaction forces during
torque. Picking up a coin shows precision picking and compli-
ance against obstacles. Picking up a raspberry tests precision
grasping of small items, handling an egg requires managing
low-friction fragility, and pouring from a wine glass validates
stable manipulation of large breakable objects during dynamic
motion. The hand completes all demonstrations without object
damage or grasp failure, con�rming that the hybrid design
maintains functionality across a spectrum of functional tasks.

Fig. 9: Whole Arm Teleoperation. CRAFT executing various tasks,
including wiping, picking fragile objects, and twisting a key.

E. Structural Comparison to Representative Robot Hands

Beyond rigid direct-drive systems, we compare CRAFT
to representative anthropomorphic platforms (RUKA [30],
ORCA [6], and Leap Hand V2 [24]) to evaluate kinematic
range and pro�le constraints. A detailed breakdown of these
structural trade-offs and physical workspace accessibility ex-
periments can be found in Appendix C.

V. CONCLUSION

We introduce CRAFT, an open-source, hybrid hard-soft an-
thropomorphic hand designed for durable, data-driven dexter-
ous learning. By localizing compliance at rolling-contact joints
and rigidity at structural links, CRAFT matches the tracking
precision of rigid baselines while doubling pull-out strength
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