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DeltaHands: A Synergistic Dexterous Hand
Framework Based on Delta Robots
Zilin Si , Kevin Zhang , Oliver Kroemer , and Fatma Zeynep Temel

Abstract—Dexterous robotic manipulation in unstructured en-
vironments can aid in everyday tasks such as cleaning and care-
taking. Anthropomorphic robotic hands are highly dexterous and
theoretically well-suited for working in human domains, but their
complex designs and dynamics often make them difficult to control.
By contrast, parallel-jaw grippers are easy to control and are used
extensively in industrial applications, but they lack the dexterity for
various kinds of grasps and in-hand manipulations. In this work,
we present DELTAHANDS, a synergistic dexterous hand framework
with Delta robots. The DELTAHANDS are soft, easy to reconfigure,
simple to manufacture with low-cost off-the-shelf materials, and
possess high degrees of freedom that can be easily controlled. By
leveraging hand synergies, DELTAHANDS’ dexterity can be adjusted
for different applications with further reduced control complexity.
We characterize the Delta robots’ kinematics accuracy, force pro-
files, and workspace range to assist with hand design. Finally, we
evaluate the versatility of DELTAHANDS by grasping a diverse set
of objects and by using teleoperation to complete three dexterous
manipulation tasks: cloth folding, cap opening, and cable arrange-
ment.

Index Terms—Multifingered hands, grippers and other end-
effectors, dexterous manipulation.

I. INTRODUCTION

A S ROBOTS advance closer to assisting humans at home,
the design of their end-effectors becomes crucial in ensur-

ing safety and functionality for complex household manipulation
tasks. While parallel jaw grippers are widely used for industrial
tasks due to their simple one degree of freedom (DoF) control,
many household tasks require hands that are dexterous and
can safely adapt to various objects. Anthropomorphic robotic
hands [1], [2], [3] possess dexterous fingers capable of accom-
plishing complex in-hand manipulation tasks; however, they
tend to be difficult to control, bulky, and costly to manufacture.
We aim to introduce a framework for developing hands that are
easy to configure, build, and control for dexterous manipulation.

To achieve this goal, we need highly dexterous modular
fingers. We propose utilizing linear Delta robots, which consist
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Fig. 1. (a) DELTAHANDS is a synergistic soft dexterous hand framework based
on Delta robots. We demonstrate dexterous manipulation tasks such as (b) and
(c) turning a book’s pages and (d) and (e) opening a water bottle’s cap through
human teleoperation.

of three parallel actuators connected by soft 3D-printed links
and have three translational DoF with closed-form kinematics.
Multiple soft linear Delta robots are arranged in a planar layout
as fingers to create dexterous hands with parallel fingertips.
The parallelism and translational movements allow for easy
control of the fingertips, while the soft links provide a level
of compliance. To be adaptable for different applications, we
define a flexible design space that allows us to quickly and
easily configure hands with different numbers of fingers and
layouts, as well as different finger dimensions, workspaces,
and force profiles. To reduce control complexity, we introduce
hand synergies inspired by previous works [4], [5], [6] that
adapted human postural synergies to robotic hands. Due to
the inherent parallelism and modularity in linear Delta robots,
we can easily configure different hand synergies by combining
actuators across different fingers.

We present DELTAHANDS, a synergistic robotic hand frame-
work for dexterous manipulation Fig. 1. By using modular Delta
robots, it is easy to configure and manufacture DELTAHANDS

with low-cost components and off-the-shelf materials under
$800 in less than a day. In addition, DELTAHANDS can com-
pliantly interact with the environment due to its soft Delta links.
We provide the workspace range, kinematics accuracy, and force
profile characterization data of Delta robots, which can guide
the reconfiguration process for specific applications. We suc-
cessfully demonstrated grasping daily objects using hands with
two different synergies and teleoperating a hand with a robot
arm for dexterous manipulation tasks. Our results show that we
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Fig. 2. (a) CAD model for a 9-actuator hand where the inner actuators of Delta
robots are coupled as one center actuator (blue). Prototypes of (b) 5-actuator and
(c) 9-actuator hands.

can easily control DELTAHANDS by leveraging synergies while
maintaining the necessary dexterity. Our main contributions are:! Hand design, manufacturing process, and simulation with

configurable synergies in Section III.! Kinematics, workspace, and force profile characterization
of 3D-printed soft Delta robots to assist configuring hands
in Section IV.! Dexterous grasp evaluations and manipulation demonstra-
tions using teleoperation in Section V.

II. RELATED WORK

A. Robotic Hands

Robotic hands have a variety of form factors ranging from
anthropomorphic hands [7], [8] to underactuated hands [9],
[10], from rigid [11], [12] to soft [13], [14], from tendon
driven [9], [15] to pneumatically actuated [1], [2], and from
3D-printed [16], [17], [18] to molded [3]. However, most of
these hands are difficult to reproduce or modify such as
varying the number of fingers and DoF due to their complicated
designs and kinematics. For instance, hands with tendon-driven
mechanisms [19] might require an entirely new wrist design
and cable routing. By contrast, DELTAHANDS provides a highly
flexible design space and supports a wide range of configurations
including the layout, and number of fingers (1− 6) and actuators
(3− 18) with various synergies. Different hand configurations
(Fig. 2) can be easily realized by updating the acrylic board
frames and coupling bars, 3D printing the finger links as needed,
and reusing all other components.

B. Delta Robots

Delta robots [20] have been deployed for industrial pick-and-
place tasks [21] and explored in research [22], [23], [24] because
of their high speed, low inertia, and accurate kinematics. With
these advantages, researchers have started using Delta robots

as fingers for dexterous manipulation. A two-fingered six-DoF
gripper with two Delta robots [25] and a large array of 64
Delta robots [26] were introduced for dexterous and distributed
manipulation. Similarly, we adapt the modularized soft Delta
robots as fingers for dexterous hands. We further extend it to a
hand design space and propose hand synergies to reduce cost and
control complexity. DELTAHANDS are optimized for dexterous
manipulation with simple control, rather than forceful grasps
that can be achieved by tendon-driven mechanisms [18].

C. Robotic Hands for Dexterous Manipulation

Most soft robotic hands, especially anthropomorphic hands,
are evaluated with a grasp taxonomy [27]. Several robotic hands
are demonstrated with in-hand object repositioning [3], [14],
[28]. We will show that DELTAHANDS can perform versatile
motions for grasping, in-hand object repositioning, and ma-
nipulating household objects. Towards learning for dexterous
manipulation, ROBEL [29] was presented as an open-sourced
platform for reinforcement learning in the real world. We provide
models of DELTAHANDS both in the real world and in simulation
which can be leveraged in the future for efficient skill learning.
Due to dexterous hands’ high dimensionalities, the control dif-
ficulty became a primary blocker for autonomous manipulation.
Postural hand synergies [4] were studied and used to reduce the
dimensionality and thus simplify control [5]. Researchers also
adapted the synergies to hardware design [6], [19]. DELTAHANDS

can support various software and hardware synergies based on
the parallelism and modularity of linear Delta robots, and we
demonstrate it with teleoperation tasks.

III. METHODOLOGY

DELTAHANDS is a synergistic robotic hand framework to
accommodate different manipulation applications. We use Delta
robots as the DELTAHANDS’ dexterous fingers which have three
DoF each with simple kinematics. We provide the flexibility
of dexterity by introducing actuation synergies to constrain the
motions of fingers for easier control. We provide simulations of
DELTAHANDS for exploring design parameters.

A. Hand Design and Manufacturing

The hand structure is modularized to fingertips, fingers, ac-
tuators, and frames from top to down as shown in Fig. 2. This
greatly simplifies hand manufacturing and re-configurations by
simply modifying or replacing certain components. We 3D print
soft fingertips with thermoplastic polyurethane (TPU) (shore
hardness 95 A) on an Ultimaker 3D printer, and use a pre-bent
human fingertip-like shape for better small-object grasping. We
adapt the compliant design of soft Delta links from [30] as fingers
and 3D print them with the same TPU material. We use linear
actuators (Actuonix PQ12-63-6-P) with a stroke length of 20 mm
to minimize the footprint of the Delta robots for compact hand
design and actuation synergies.

As a design choice, we use four fingers arranged in a square
shape to maximize the workspace of the hand. But, we can easily
reconfigure the hand to one to six fingers by modifying the layout
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Fig. 3. (a) and (b) Illustration of actuation coupling for 9-actuator and 5-
actuator hands. (c) The hand’s workspace varies by adjusting the center actuator’s
actuation distance.

of the acrylic frames. We laser-cut three layers of acrylic boards
as frames to hold the actuators in certain configurations, and ver-
tical fixtures to fix and reinforce the structure on the sides. Each
individual actuator can be easily inserted and replaced without
disassembling the hand structure. We show two hand prototypes
in Fig. 2(b). The size of a hand is140 mm × 140 mm × 140 mm,
which is similar to the human hand length (around 180 mm).
They weigh in the range of 360 g to 430 g which is smaller and
lighter compared to most dexterous robotic hands [18] given
their high DoF.

B. Actuation Coupling

A Delta robot has three DoF when it is actuated indepen-
dently. However, in most manipulation tasks, motions are usually
coupled through muscle synergies to create more coordinated
movements between fingers [4]. For robotic hands, along with
software synergies at the control level, hardware synergies can
be realized at the mechanical level [19]. Our hand framework
can be configured to different levels of hardware synergies by
coupling the links of the Delta robots and sharing the actuators.
This reduces energy consumption and control difficulty since
fewer actuators are used. Here we show two potential coupling
for a four-finger hand in Fig. 3(a) and (b). Instead of using
4× 3 = 12 actuators, we can reduce the number of actuators to
9 or even 5 by coupling links across fingers while still preserving
certain key DoF. Since all actuators are co-linearly arranged, the
coupling can be easily achieved by modifying the frames and
actuator locations.

The study [4] reflects that the first two principal components
of postural synergies mainly control open and close motions,
therefore for the 9-actuator hand, we couple the inner links from
four Delta robots to one center actuator which controls the open
and close motion. All other eight boundary actuators can make
fingers move independently in the XY plane for finer motions.
For the 5-actuator hand, besides the center coupling, each Delta
robot’s boundary actuators are coupled with its neighbor’s.
Each finger can still perform lateral motion but their neighbors
will move synchronously. We show how the center actuator’s
motion affects the workspace of the hand in Fig. 3(c). When the

center actuator is completely retracted, the fingers have a small
overlapping workspace; the more the actuator extends, the more
the fingers are separated.

C. Hand Parametrization

DELTAHANDS can be parameterized physically and topolog-
ically. For physical parameters, at the hand level, we define
the number of fingers N , coupling link length Ac, the angle
between two fingertips Ad, and actuation distance Ah. At the
finger level, we define the Delta robot’s end-effector radius
De, base radius Db, and link length Dl as shown in Fig 3.
For topological parameters, given the set of Delta robots as
{D1, D2, . . ., Dn} and the set of actuators {A1, A2, . . ., Am},
we can associate them and represent actuation coupling. Such
as for 5-actuator hand in Fig. 3, Delta robot D1 : {A1, A5, A2},
actuator A1 : {D3, D4, D1, D2}.

D. Hand Kinematics

Single Delta robot’s kinematics have closed-form unique
solutions that we can adapt to Delta hands. For each Delta robot
Di, we define its actuation space as ADi = {ai1, ai2, ai3} ∈
R+, and end-effector space as EDi = {xi1, yi2, zi3} ∈ R+,
then we have forward and inverse kinematic models as EDi =
FK(ADi), and ADi = IK(EDi). For a Delta hand without
actuation coupling, we can simply use a single Delta robot’s
kinematics model for each finger. For hands with actuation
coupling, all the hardware synergies are rigid synergies [19].
Thus we can control and model all DoF with kinematics models.
Forward kinematics are the same by setting each Delta robot’s
actuation with its corresponding actuators’ values. However,
for the inverse kinematics, since the end-effector space is con-
strained by the reduced actuation dimensions, there might not
be a precise solution for the desired end-effector position. Thus,
we still first solve individual Delta robot’s IK given the desired
end-effector position, then project the solution to the feasible
actuation space Ã = PA. Such as for the 9-actuator hand, the
projection matrix P can be defined as:

P =

[
1
4

1
4

1
4

1
4 01×8

08×1 08×1 08×1 08×1 I8×8

]
∈ R9×12 (1)

We approximate the hand’s IK solution by averaging the center
actuation distance. The projection matrix reduces the actuation
space dimension to reduce the control complexity which is
similar to Eigengrasps [5]. Although the solution might not be
precise, we demonstrate in Section V that we can still success-
fully complete dexterous grasping and manipulation tasks with
the help of compliance in the finger links.

E. Hand Design in Simulation

Although we just presented two hand designs in the afore-
mentioned section, we can build various hands based on dif-
ferent synergies. A practicable simulation enables us to explore
unlimited design parameters, and iterate and validate the design
in a fast and safe manner. We use PyBullet [31] and provide
a high-level urdf generator given the hand parameters defined
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Fig. 4. Simulation of DELTAHANDS including (a) single Delta, (b) twin Deltas,
(c) triple Deltas, and (d) quadruple Deltas as robotic hands. (e) Mount a four-
finger hand on a robot arm.

in Section III-C. As shown in Fig. 4, we can build hands with
anywhere from one to six fingers and simulate different hand
synergies. We also integrate DELTAHANDS with a robot arm
for grasping evaluations and can use it for potential design
optimization and policy learning in simulation.

IV. DELTA ROBOT CHARACTERIZATION

Serving as the functional “fingers” of the robotic hand, it
is crucial to characterize and optimize the Delta robots’ ca-
pabilities. Our objective is to maximize the force profile and
workspace of the fingers based on functionality, and simulta-
neously, we strive to minimize the footprint and weight of the
hand for efficient mounting on a robot arm, taking feasibility
into account. Previous work [30] has characterized the soft
materials of Delta robots but they didn’t explore optimization
of the structure. In the following sections, we characterize the
kinematics, workspace, and force profile of Delta robots and
show how the design parameters affect the behaviors of Delta
robots. This will assist with hand configurations for different
applications.

A. Kinematics

We compare the kinematics accuracy of a Delta robot from the
modeled and the observed end-effector’s poses. For both mod-
eling and recording, we discretize the actuation space R3 for the
three linear actuators into 5× 5× 5 grids with 4 mm granularity
given our 20 mm stroke actuators. We solve the forward kinemat-
ics and get modeled end-effector positions. Since Delta robots
have only three translational DoF, the modeled orientations are
all aligned with the principal axes. For observing poses, we use
an OptiTrack [32] system to track the end-effector poses when
actuating motors to the pre-defined distances (Fig. 5(a)). Then
we compare each pair of predicted vs recorded poses (Fig. 5(b)).
The average translational mean absolute errors (MAE) over
the workspace are 0.73 mm, 0.77 mm, and 0.43 mm, and the
average orientation MAE errors are 3.36◦,2.28◦, and3.97◦ along
the X, Y, and Z axes respectively. The kinematics precision
is higher than that reported for the Stewart Hand’s [10]. As
shown in Fig. 5(c) and (d), both translational and orientational

accuracy decrease towards the workspace’s boundary where the
soft Delta robot undergoes larger internal forces leading to more
deformation as compared to the center of the workspace.

B. Force Profile

We characterize a Delta robot’s force profile in four pre-
defined lateral direcitons (+X, -X, +Y, -Y) and one normal
direction (-Z) using a pre-defined actuation distance 5 mm,
and the correlations between the actuation distances and forces
under three different configurations. As shown in Fig. 5(e), the
force profile characterization setup includes a Delta robot fixed
on a tabletop optical board and a 6-Axis force-torque sensor
mounted on a UR5e robot arm. We customize the end-effector
(EE) of the Delta robot to be a cube and a flat surface on the
force-torque sensor to constrain the contact face. We define
the same 5× 5× 5 grids in actuation space as the kinematics
characterization. For each grid, the Delta robot first actuates to
the desired location. The UR5e robot arm approaches the Delta
robot from a safe distance and stops when a light contact (0.2 N)
is detected by the force-torque sensor. Then the Delta robot
actuates towards the touch direction 5 mm more and holds for 5
seconds. The force readings are recorded from the force-torque
sensor during the experiments.

1) Lateral and Normal Force Profile Over Workspace: We
plot the force profiles given 5 mm actuation in Fig. 5(g) and (h).
The peak of normal forces is at the center of the workspace and
reaches up to 20 N. The forces decrease towards the boundary of
the workspace. The average normal force is 5.32 N. In the lateral
directions, similarly, the Delta robot becomes less stable towards
the boundary, and the average of lateral forces are 0.61 N, 0.59 N,
0.76 N, and 0.67 N along +X, -X, +Y, -Y axes. This is because the
parallel links become less supportive when the Delta robot’s EE
moves toward the boundary of the workspace. We then measure
the maximum lateral forces of a Delta robot to indicate the
grasping forces of DELTAHANDS. We choose four points along
the finger closing direction within the hand and actuate the Delta
robot until it buckles. The maximum forces from the outer to
inner locations are 1.49 N, 2.34 N, 2.21 N, and 1.92 N. These
values are on the same force level as the soft hand of Abondance
et al. [14].

2) Force Profile Given Different Actuation Distance: The ac-
tuation distance also affects the contact force since Delta robots
are soft and compliant. We test the lateral direction forces by
actuating the Delta robot 5 mm, 10 mm, and 15 mm starting from
the home position. We also test three different configurations by
adjusting the base radius (Db) of the Delta robot to 15 mm,
20 mm, and 25 mm. As shown in Fig. 5(f), the averaged lateral
direction forces are linearly correlated to the actuation distances
and the coefficient factor varies with different base distances.

C. Durability

To evaluate the lifespan, we actuate and reset a Delta robot
10,000 times (with the same 5× 5× 5 grids in the workspace for
80 times) and then re-test the kinematics and force profile. We
report 0.90 mm, 0.76 mm, 0.38 mm, as average translational
MAE errors, 3.64◦, 2.55◦, 3.80◦ as average orientation MAE
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Fig. 5. (a) Kinematics characterization setup with an OptiTrack system to track a Delta robot’s end-effector (EE) pose. (b) Comparing the modeled EE’s positions
from forward kinematics and recorded positions from the OptiTrack system over a Delta robot’s workspace. (c) The EE’s position errors and (d) orientation errors.
(e) Force profile characterization setup with a UR5e robot arm to execute Cartesian motions, a force-torque sensor to record contact forces, and a Delta robot fixed
on the table to actuate towards the contact direction. (f) Correlation between actuation distances and contact forces. (g) and (h) Characterization of a Delta robot’s
force profile in normal and lateral directions.

errors, and 0.73 N as the average lateral force profile. These are
on the same level as the previous characterization performance
indicating no degradation of the Delta robot.

D. Workspace

To minimize the hand size while keeping a reasonable
workspace and force profile for most manipulation tasks, design
parameters including Delta robot’s link length (Dl), base radius
(Db), and EE radius (De) as indicated in Fig. 3 can be varied and
configured. Here we characterize the workspace size and force
profile by configuring the base radius as 15 mm, 20 mm, and
25 mm, and link length as 35 mm, 45 mm, and 55 mm. We keep
the same EE radius as 6 mm to fit the fingertip. We follow the
same procedure as force characterization. We plot the modeled
workspace and recorded averaged lateral direction force profile
data in Fig. 6. We observe the trade-off between the workspace
size and stability of the Delta robot.

For household object manipulation in Section V, we choose to
use Delta robots with a 20 mm base radius (Db) and a 45 mm link
length (Dl) to accommodate the size and weight of the objects.
We also pre-define the coupling link length (Ac) as 20 mm and
the angle between fingers (Ad) as 90◦ to let the fingertips overlap
when they are fully closed for firm small object grasping as
shown in Fig. 3(c). This gives us a maximum hand workspace
of 124 mm × 124 mm × 25 mm.

V. DEXTEROUS GRASPING AND MANIPULATION

A. Evaluation of Grasping

We evaluate DELTAHANDS’ grasp capabilities with various
objects qualitatively in the real world and quantitatively in
simulation for two different hand configurations.

Fig. 6. Characterization of force profile and workspace size by varying the
Delta robot’s base radius and link length. With a smaller base radius and longer
link length, the workspace increases but the force profile decreases, and vice
versa.

1) Grasp Demonstration: Here we show grasping a set of 12
objects with 9-actuator and 5-actuator hands in the Fig. 7(a) and
(c). We select objects (Fig. 7(d)) with various sizes, weights, and
geometries to qualitatively show the diversity of grasps. Along
with static grasping, we can also reposition objects in hand (a
cube and a rope) (Fig. 7(b)).
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Fig. 7. Grasping gallery with DELTAHANDS. We grasp (d) twelve daily objects with (a) a 9-actuator hand and (c) a 5-actuator hand. We also show (b) in-hand
cube and rope repositioning.

TABLE I
GRASPING EVALUATION OF 5- AND 9-ACTUATOR HANDS ON 12 OBJECTS FROM THE YCB DATASET

2) Evaluation on YCB Object Dataset With Grasp Metrics:
To compare 5-actuator and 9-actuator hands’ grasp capability,
we evaluate them on the YCB object dataset [33] with grasp
metrics [34] in simulation. First, we generate a pre-grasp shape
distribution by only adjusting the open and close motions of
the hand and the pose of the hand to get in contact with the
object. Then, for different actuator coupling configurations, we
fine-tune the grasp shape by sampling each actuator’s actuation
individually based on the pre-grasp shape distribution. For each
sampled grasp configuration, we evaluate whether the grasp is a
force closure by considering the contact friction with a friction
coefficient of 0.5. Then for force-closure grasps, we calculate
the grasp quality scores by using the largest-minimum resisted
wrench (QLRW ) metric [34].

We choose 12 objects with various shapes and sizes for
evaluation. We position the hand at 20 different heights and 4
different orientations (0◦, 45◦, 90◦, 135◦ around the z-axis), and
average the scores as the final evaluation scores. We show the
number of force closures found from 20,000 random samples,
and the grasping scores for both hands in Table. I. We observe
more force closures found for the 5-actuator hand on all objects
indicating better sampling efficiency, and similar-level grasping
scores for both hands which means that even with fewer DoF, it
is still possible to grasp these objects.

B. Teleoperation for Dexterous Manipulation

In order to show DELTAHANDS’ dexterity, we teleoperate a
9-actuator hand and a Franka robot arm by using a Leap Mo-
tion [35] camera with its built-in human hand and finger tracking
(Fig. 9). We map the operator’s left-hand palm translational
motions to the Franka robot arm’s end-effector (EE) motions
and two hands’ index and thumb fingers’ translational motions
to the DELTAHANDS’ four-finger motions. We demonstrate three
dexterous manipulation tasks: cloth folding, cap opening, and
cable rearrangement (Fig. 8). Using real-time teleoperation with
human corrections, we can achieve a closed human-in-the-loop
control system.

To stabilize and simplify teleoperation, we leverage both
software synergies in EE space and hardware synergies
in actuation space. When mapping the operator fingers’
motions to DELTAHANDS’ EE motions, we pre-define
task-specified synergy matrix S ∈ R12×12 to coordinate finger
motions similar to Eigengrasps [5]. Then, the DELTAHANDS’
EE poses are converted to a feasible actuation space
by using the hand’s IK model with projection matrix P
from (1). Thus, given the operator’s finger positions as X =
[pleft_thumb, pleft_index, pright_thumb, pright_index] ∈ R12,
where p = [x, y, z], we map it to the DELTAHANDS’ actuation
space as A = P × IK(SX) ∈ R9.
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Fig. 8. Teleoperation of (a) Cloth folding by folding the cloth twice in two perpendicular directions; (b) Cap opening by twisting and then removing the cap from
the bottle; and (c) Cable arrangement by loosening and rearranging the cable loop.

Fig. 9. Teleoperation setup. An operator’s hand and finger poses are tracked
by a Leap Motion camera (a) with hand poses visualized in (b) and then mapped
to the robot arm’s and a 9-actuator hand’s motions (c).

1) Cloth Folding: We fold a cloth in half twice along two per-
pendicular directions by pinching, lifting, placing, and spread-
ing. The finger motions are aligned in X and Y directions
therefore we define the synergy matrix Sfolding by averaging
fingers’ positions to a square shape constraint.

2) Cap Opening: We open and remove a bottle cap by re-
peatedly grasping, twisting, and releasing. All fingers move
symmetrically around the cap’s central point, so we define the
synergy matrix Sopening by constraining fingers to a circular
shape in a polar coordinate frame.

3) Cable Arrangement: We straighten a loosely tangled ca-
ble by spreading, grasping, and sliding. This can also be realized
by aligning the motions to X and Y directions, so we use the
folding synergy matrix Scable = Sfolding .

These tasks demonstrate the hand’s dexterous motions such
as pinching, twisting, and spreading. Benefiting from hand syn-
ergies, we can easily and stably control the hand with human
teleoperation. The soft materials of the hand allow it to safely
and adaptively interact with the environment without damage
and compensate for deviations in the kinematics.

VI. CONCLUSION

We present DELTAHANDS, a synergistic dexterous hand frame-
work that utilizes soft Delta robots. DELTAHANDS are low-cost,
easy to build and control, and highly configurable regarding
design parameters. We characterize the Delta robot’s kinematics
accuracy, force profile, and workspace range which can guide
the design and configuration of our robotic hands. We present
two different actuation synergies to reduce the control difficulty
and energy consumption while keeping the hands’ dexterity. We
also show the capability of using our hand framework to fur-
ther explore various synergistic configurations. We demonstrate
diverse object grasping with two hand configurations and quanti-
tative evaluations in the simulator. Furthermore, we teleoperate
a 9-actuator hand with a Franka robot arm to complete three
dexterous manipulation tasks: cloth folding, cap opening, and
cable arrangement.

To extend this work, we plan to explore task-oriented design
optimizations as compared to manual tuning of hand parame-
ters and actuation synergies. In addition, we aim to investigate
adaptive control policies for different hand synergies. Finally,
instead of closing the control loop through human teleoperation,
we would like to add sensors on the hands and fingers to enable
automated closed-loop control.
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