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1. Steps of fabrication and assembly of the soft neuroprosthetic hand
A. Fabrication of soft fingers
Step 1: Pour the liquid silicone rubber (Dragon skin 10) into the molds for the finger/thumb
inner tube (Extended Data Fig. 4A). Utilize the vacuum box to release bubbles (Extended Data
Fig. 4B). After seven hours, the inner tube of the finger/thumb is cured and removed from the
molds (Extended Data Fig. 4C).
Step 2: Insert a second inner tube core into the cured tube, and keep the shape of the inner
tube unchanged for the following processes. Wind a single polyethylene thread of 0.5 mm
diameter (Yunshangpiao Co. Ltd., China) around the tube (Extended Data Fig. 4D).
Step 3: Attach the 0.5 mm-thickness carbon fiber-reinforced plastics lamination to the
bottom as the rigid segments (Extended Data Fig. 4E).
Step 4: Cover the elastomeric tube with a heat-shrink tube (18 mm diameter, 0.3 mm
thickness, Qinyangdianqi Co. Ltd., China). Utilize the heat gun to heat the heat-shrink tube
until it wraps the inner elastomeric tube tightly (Extended Data Fig. 4F). Cut off the walls
except for the bottom layer of the heat-shrink tube in flexible joints (Extended Data Fig. 4G).
Step 5: Insert the tube (with the second core inside) into the outer tube mold. Pour the liquid
silicone rubber (Ecoflex 0030) into the outer tube mold (Extended Data Fig. 4H). After ten
hours, the soft finger/thumb is cured and removed from the molds (Extended Data Fig. 4L).
Attach terminal connectors (Extended Data Fig. 4M) to the root of the finger/thumb with 2channel pneumatic tubes.
B. Fabrication of the thumb-palm connection
Step 1: Pour the liquid silicone rubber (Dragon skin 10) into the molds for the inner
elastomeric tube (Extended Data Fig. 4A). Utilize the vacuum box to release bubbles. After
seven hours, the inner elastomeric tube is cured and removed from the molds (Extended Data
Fig. 4C).
Step 2: Insert a second core into the cured inner elastomeric tube. The core has an array of
holes on its surface, which is designed for crush in demolding. Attach the laser-cut strainlimiting layer (0.3 mm thickness polyethylene sheet) to the inward bending surface of the inner
elastomeric tube (Extended Data Fig. 4I).
Step 3: Wind the polyethylene thread of 0.5 mm diameter around the elastomeric tube
(Extended Data Fig. 4J).
Step 4: Insert the above components (with the second core inside) into its outer tube molds.
Pour the liquid silicone rubber (Ecoflex 0030) into the outer tube molds (Extended Data Fig.
4K). After ten hours, the thumb and palm connection, working as the carpometacarpal joint of
the thumb, is cured and removed from the molds (Extended Data Fig. 4L). Attach a custom
terminal connector (Extended Data Fig. 4 M) to the root of the connection part with 2-channel
pneumatic tubes.
C. Fabrication of capacitive touch sensors
To prevent the dehydration of ionic hydrogels and achieve the robust touch sensing, we
fabricate the capacitive touch sensors with the hydrogel-elastomer hybrid structure with two
ionic hydrogels as the electrode layers (each layer of 0.5 mm thickness) and the VHB elastomer

(3M Inc., USA) as the dielectric layer (0.5 mm thickness). As shown in Supplementary Fig.
7A, the hydrogel-elastomer hybrid structure is sandwiched between two VHB membranes
(each membrane of 0.2 mm thickness) to form an anti-dehydration structure. To alleviate
oxygen inhibition effect and activate elastomer surfaces for the robust bond with ionic
hydrogels, benzophenone is used to modify the VHB elastomer surface39.
In Supplementary Fig. 7C, we provide a schematic illustration of the fabrication process
for the capacitive touch sensors, which can be illustrated as follows.
Step 1: A VHB elastomer membrane is used as the sensor substrate, and a laser-cut mold
(VLS3.50, Universal Laser Systems, Inc., USA) for the ionic hydrogel is arranged onto the
substrate. After the surface treatment with the benzophenone, the hydrogel precursor ink (94 μL)
is injected into the mold through a needle tubing.
Step 2: Ultraviolet light with 500 w and 365 nm wavelength is applied to initiate the
crosslinking for about 20 minutes. Then the mold array is peeled off and we cut it into separate
pieces (13 mm × 13 mm).
Step 3: Two layers of VHB encapsulation (0.2 mm), two layers of hydrogel electrode (0.5
mm) and one layer of VHB dielectric insulation (0.5 mm) are aligned together to form a
capacitive touch sensor. Before the aligning process, conductive copper wire with a diameter
of 0.3 mm (Shanghaijiangqi Company, China) is placed on each hydrogel electrode for better
connections with the readout electronics.
D. Fabrication of the socket
Step 1: A negative plaster cast54 is generated in accordance with the contour projection of
the amputee’s residual limb.
Step 2: A refined positive plaster cast is fabricated based on the negative plaster cast.
Step 3: Based on the positive plaster cast and prearranged EMG electrode dummies, the
inner socket matching the residual limb is fabricated. Fix the cast with dummies in the vacuum
device. Pour hot liquid thermoplastic on the positive plaster. Remove excess plastic around the
inner socket and leave holes for wires and other accessories.
Step 4: Four-channel EMG sensors are installed in preserved cavities in the inner socket.
Step 5: The outer shell is fabricated through a standard casting process. Leave 5 mm
between the inner socket and outer shell for convenient assembly and safe electric wire
arrangement.
Step 6: Attach the inner socket to the outer shell to form the whole socket for amputees.
E. Assembly of a soft neuroprosthetic hand
Step 1: Make the air tubes of the thumb pass through the preserved channel on the thumbpalm connection. Attach the terminal connector of the thumb to the preserved cavity on the
thumb-palm connection (Extended Data Fig. 4O). Thus, an opposable thumb is assembled.
Step 2: Install four fingers and the thumb into the 3D-printed photosensitive-resin palm
(Imagine 8000, SOMOS Inc., Netherlands) through the threaded connection and cementing.
The skeleton palm (Extended Data Fig. 4N) consists of a front cover, a back cover and a bottom
cover (Extended Data Fig. 4P). Mask the hand with a membrane (2 mm thickness, made of
Ecoflex 0030). Fingers and thumb pass through the holes preserved during membrane
fabrication. The membrane wraps the palmar surface to provide tension force for the opposition

thumb, keeping it tight. Then, we integrate five capacitive touch sensors on five fingertips and
sew the conducting wire into the inside of the skin of fingers (Extended Data Fig. 4Q).
Step 3: Based on different use scenarios, install the pumps, valves, electronic boards, and
battery into a waist bag (Extended Data Fig. 4R) or the palm skeleton and socket (Extended
Data Fig. 4 S, T). Connect the palm skeleton to the socket with the thread. Since we do not
design an active wrist mechanism in this prototype, we use the threaded holes in the palm
skeleton to passively adjust the axis direction of the soft neuroprosthetic hand for the ease of
use by amputees.

2. Pattern recognition algorithms to decode the EMG signals
The processing of the EMG signals involves filtering, data segmentation, feature extraction
and classification40,55. To eliminate the effect of movement artefacts and high-frequency noises
of the EMG signals, a 4th-order Butterworth filtering (20 - 450 Hz) is performed. Then, we use
a notching-comb filter to remove the power line interferences with 50 Hz and its multiples. The
filtered signals are segmented with a 200-ms-length sliding window and the sliding length is
50 ms. Next, a time-domain feature set including mean absolute value, zero crossings, slopsign changes and waveform length, is extracted for each window of each channel, thus resulting
in a 16-length feature vector (four features of each channel). In the experiment, a calculationefficient classifier, linear discriminant analysis (LDA)40, is adopted to recognize the intended
motions. The detailed information of LDA classification algorithm is presented in the
Supplementary Information.
The classification process is based on Bayesian decision rule and Gaussian hypothesis55.
Supposing an observation 𝑥, referring to a feature vector extracted from a window in this study,
the posterior probability of 𝑥 belonging to a class 𝜔𝑐 , termed as 𝑝(𝜔𝑐 |𝑥), can be expressed
as
𝑝(𝑥 |𝜔𝑐 )𝑝(𝜔𝑐 )
𝑝(𝜔𝑐 |𝑥) =
(s1)
𝑝(𝑥)
where 𝑝(𝑥|𝜔𝑐 ) represents the probability density function (PDF) of 𝑥 belonging to class 𝜔𝑐 ,
𝑝(𝜔𝑐 ) denotes the prior probability of 𝜔𝑐 , and 𝑝(𝑥) is the unconditional PDF of observation
𝑥. According to the Bayesian decision rule, the observation 𝑥 belongs to the class 𝜔𝑐 if
𝑝(𝜔𝑐 |𝑥) > 𝑝(𝜔𝑗 |𝑥), 𝑗 ≠ 𝑐, 𝑗 = 1: 𝐶, where 𝐶 is the total number of motion classes.
For all classes, the 𝑝(𝑥) is equivalent, thus the discrimination function can be described
as
𝑔𝑐 (𝑥) = 𝑝(𝑥|𝜔𝑐 )𝑝(𝜔𝑐 )
(s2)
Supposing that the conditional probability subjects to Gaussian distribution, therefore,
𝑝(𝑥|𝜔𝑐 ) can be expressed in Eq. (s3), where 𝑑 is the dimension of 𝑥, 𝜇𝑐 and 𝛴𝑐 are mean
vector and covariance matrix corresponding to class 𝑐 , respectively. 𝜇𝑐 and 𝛴𝑐 are,
respectively, depicted in Eqs. (s4) and (s5).
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Furthermore, we hypothesize that all classes share the same covariance. Consequently,
the common covariance matrix 𝛴 can be written as in Eq. (s6), where N is the total number
of all observations.
𝑛 −1

𝑐
Σ = ∑𝐶𝑐=1 𝑁−𝐶
𝛴𝑐

(s6)

Finally, we calculate the Napierian logarithm for both sides of discrimination function,
expressed in Eq. (s7). Since the prior probabilities of all classes are same, the last term can be
neglected for classification. The final discrimination function 𝑔𝑐 (𝑥) can be expressed as
1
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Supplementary Fig. 1 | Schematics of the structure and motion of a human hand. A,
Illustration of the soft-joint/rigid-bone anatomy of a human hand for designing a soft
neuroprosthetic hand. Index finger, middle finger, ring finger, and little finger have similar
structures. Each one has three joints, termed as the metacarpophalangeal (MCP) joint, the
proximal interphalangeal (PIP) joint and the distal interphalangeal (DIP) joint. The opposable
thumb with a different structure contains three joints, termed as the carpometacarpal (CMC)
joint, the MCP joint and the interphalangeal (IP) joint. The CMC joint located on the thumbpalm connection provides another DoF motion for the thumb35,36. B, Illustration of the structure
of a human finger with one flexion DoF. We design the fiber-reinforced elastomeric tubular
structure embedded with rigid segments to mimic the soft-joint/rigid-bone anatomy of human
fingers. C, Illustration of the structure of a human thumb with one flexion DoF and one
circumduction DoF.

Supplementary Fig. 2 | Structure of the 1-DoF soft fingers. A soft finger is made of a fiberreinforced elastomeric tubular structure embedded with rigid segments, consisting of an inner
elastomeric tube surrounded by a network of fibers (fiber-reinforced layer), several rigid
segments (carbon fiber-reinforced plastics, CFRP, lamination and the heat-shrink tube sleeve)
and an outer elastomeric skin (outer wrappage). The inner elastomeric tube (2 mm thickness)
is made of the silicone elastomer (Dragon skin 10). A single polyethylene thread is wound
around the inner tube, forming the fiber-reinforced layer to provide radial constraint during the
inner tube inflation. Inspired by the anatomy of human fingers35,36, we design the index, middle,
ring and little fingers with three rigid segments, while the thumb with two rigid segments. We
attach the rigid CFRP lamination on the bottom of the fiber-reinforced layer to keep these
sections straight upon pressurization. To construct the flexion motion in joint sections, we
attach a flexible but inextensible sleeve to the finger body. The sleeve is a heat-shrink tube with
0.3 mm thickness. In a flexible joint, all the walls except for the top layer of the sleeve are cut
off, while in a rigid segment, all the walls wrap the finger body tightly. The outer skin silicone
elastomer (Ecoflex 0030) with a lower Young’s modulus than the inner tube fixes all
components and provides a cosmetic appearance. The thumb and other fingers have similar
structures, where the difference is the geometric size and the number of flexible joints and rigid
segments, comparable to the structure of human fingers. We attach 3D printed terminal
connector to their root for sealing. The lengths of the thumb and other fingers are 90 mm and
103 mm, respectively. For the thumb, the lengths of the rigid segments are 15 mm and 20 mm,
and the lengths of the joints are 20 mm and 20 mm. For the finger, the lengths of the rigid
segments are 10 mm, 10 mm and 20 mm, and the lengths of the joints are 12 mm, 20 mm and
13 mm.

Supplementary Fig. 3 | Structure of the 2-DoF soft thumb. A, The structure of the fiberreinforced thumb-palm connection, including an inner hollow elastomeric pad surrounded by
a network of fibers (fiber-reinforced layer), a strain-limiting layer and an outer elastomeric skin
(outer wrappage). The L-type inner pad is made of the silicone elastomer Dragon skin 10 with
walls of 2 mm thickness. The parallel patterns with 1.6 mm interval length and 0.4 mm depth
are preserved for winding. The laser-cut strain-limiting layer is made of polyethylene
(thickness 0.3 mm) and glued on the inward bending surface. The polyethylene thread is then
wound around the flat pad. The outer skin made of the silicone elastomer Ecoflex 0030 fixes
all components and has a cosmetic appearance. It also preserves a cavity and a covert tube
channel for the fiber-reinforced elastomeric thumb. Finally, a terminal connector is attached
for sealing. B, Cascaded 2-DoF structure of the soft thumb. As shown in Supplementary Fig.
1C, we simplify the 2-DoF motion of the thumb as a flexion and a circumduction. The thumb
flexion is generated by a soft finger with two flexible joints and the thumb circumduction is
produced by a fiber-reinforced elastomeric pad. The pad serves as the thumb-palm connection
whose root end attaches to the base, while at the same time, the surface away from the strainlimiting layer leans against it. Upon pneumatic actuation, the connection performs an
approximate circumduction motion mimicking the role of the CMC joint of the thumb.

Supplementary Fig. 4 | Analysis of the bending angle of a flexible joint. A, Schematic
illustration of a flexible joint with initial length L at the undeformed state and deformed state
(with bending angle α under the pneumatic pressure p). The cross-section dimensions of the
flexible joint are with height H, width W, and wall thickness t. B, Comparison of the axial
stretch at the top surface as a function of the pneumatic pressure p in the finite-element
simulation and experiment. C, Bending angle α versus applied pneumatic pressure p for the
flexible joint with initial lengths of L =5, 10, 20 mm from the analytical model and the finiteelement simulation. D, Bending angle α is plotted as a function of the initial length L of the
flexible joint under the pneumatic pressure of 50 kPa from the analytical model and the finiteelement simulation.

Supplementary Fig. 5 | Analysis of the flexion angle of a soft finger. A, Schematic of the
dimensions of the soft finger consisting of a hollow elastomeric tube, stiff layer, flexible joints,
and rigid segments. The lengths of the three joints LD, LP, LM are designed to achieve desirable
bending angles of the three joints α𝐷 , α𝑃 and α𝑀 . B, The bending angles α𝐷 and α𝑃
plotted as functions of the bending angle α𝑀 . C, The bending angle ratios of the three joints
α𝑃 /α𝑀 and α𝐷 /α𝑀 plotted as functions of (𝐿𝐷 + 𝐿𝑃 + 𝐿𝑀 )/ 𝐿𝐹𝑖𝑛𝑔𝑒𝑟 . The length ratios of
the three joints are set as constant, i.e., 𝐿𝐷 : 𝐿𝑃 : 𝐿𝑀 = 2: 4: 1.

Supplementary Fig. 6 | Electrical schematic of the customized EMG sensor to amplify and
filter the EMG signals. AD8221 is a programmable instrumentation amplifier with a gain of
50.4 by Analog Devices and AD8603 is a rail to rail operational amplifier with a gain of 50 by
Analog Devices, where R=1 kΩ, Rf=50 kΩ, and C=6.8 nF. HPF and LPF are abbreviations for
high-pass filter and low-pass filter, respectively.

Supplementary Fig. 7 | Fabrication and characterization of an ionic hydrogel-elastomer
capacitive touch sensor. A, Schematic illustration of the capacitive touch sensor with a fivelayer hydrogel-elastomer hybrid structure. The ionic hydrogel is strongly bonded to the VHB
layer after the benzophenone treatment39. B, To characterize the individual sensor performance,
the response of the capacitive touch sensor is measured by applying a uniform normal force
using a stepping motor-driven stage (HST-200, OptoSigma Inc., Japan) equipped with a force
gauge (LSB200, Futek Advanced Sensor Technology Inc., USA) at the end. Meanwhile, we
use the precision LCR meter (E4980AL, Keysight Technologies Inc., USA) to record the
electrical capacitances. The loading rate is controlled at a specific strain rate in all tests (0.1
mm/s) from 0 N to the maximum load of almost 10 N, which is already enough to meet most
tasks in the daily activities43. In the left subfigure of B, we plot the relative capacitance change
(∆𝐶/𝐶0 ) as a function of the applied pressure (𝑃 = 𝐹/𝑆), where F is the measured force and S
is the area of the sensor (1.69 cm2). We can see from the results that the capacitive touch sensor
has relatively good linearity (0.94) and sensitivity (0.016 kPa-1). The experimental setup for
calibrating the sensor is shown in the right subfigure of B. C, Schematic illustration of the steps
for fabricating the capacitive touch sensor.

Supplementary Fig. 8 | Descriptions of the experimental setup and block diagram for the
closed-loop control of the soft neuroprosthetic hand. A subject uses the EMG signals to
control the soft neuroprosthetic hand. Meanwhile, we use a LCR meter (E4980AL, Keysight
Technologies Inc., USA) with a customized multiplexer to record the measured capacitances
of the five touch sensors, which are transmitted to the computer. A control algorithm written
by Matlab runs in the computer to continuously record the relative capacitance change. We set
a threshold of the relative capacitance change to trigger the electrical stimulation. In
experiments, when three consecutively received values of the relative capacitance change are
all higher than the threshold, the electrical stimulator (Master-9, A.M.P.I. Company, Israel)
will be triggered to output the pre-set electrical stimulation pulse, which can be felt by the
subject.

Supplementary Fig. 9 | Illustration of the regions on the residual limb with the five
noninvasive stimulation electrodes corresponding to the five touch sensors on the
fingertips (Fig. 4A).

Supplementary Fig. 10 | The experimental setup for measuring the range of motions of
the soft neuroprosthetic hand. We monitor the range of motions of the soft neuroprosthetic
hand with a motion-tracking setup. Two cameras are adopted for motion tracking, including
the Canon 6D (USA) and Canon XA20 (USA). Motion tracking of the 1-DoF fingers and 2DoF thumb are performed. The cameras are set properly to capture all the silver markers at any
single time instance. The Matlab algorithm, Stereo camera calibration (in Matlab 2016b), is
adopted for the camera calibration56, which provides information about the extrinsic, intrinsic
and lens distortion parameters. The checkerboard pattern used for calibration has a size of 14
mm×14 mm. The markers in each image are detected manually and the joint angles are
calculated based on the relative positions of the markers. The air pressure is measured by the
manometers (Model 82100, AZ Inc., China). Each test is performed four times and the results
are averaged. A, Motion tracking setup for the little finger. B, Motion tracking setup for the
thumb. C, We attach the markers to the midpoint of the limiting layer of the flexible joints as
well as the base and the fingertips. The bending angle (denoted as i ) of the flexible joint i is
the angle between ui and ui+1 . Vectors vi and vi+1 are approximately perpendicular to ui
and ui+1 , respectively, with the same clockwise orientation of 90°in the simulation results
presented in Extended Data Fig. 1. Therefore, we have the following relations to calculate i
.
 v i +1 = Pi +1 − Pi

 v i = Pi − Pi −1
 =  = arccos ( v  v v v )
i
i +1
i
i +1
i
 i
where Pi−1 , Pi and Pi+1 denote the coordinate vector of markers Pi , Pi−1 and Pi+1 in the fixed
frame {Oxyz}; i is the angle between vector vi and vi+1 . D, Flowchart of the stereo camera
calibration.

Supplementary Fig. 11 | Motion tracking results of the 2-DoF opposable thumb. A,
Workspace illustration. The workspace of the opposable thumb forms a curved polyhedron. It
sweeps from the initial position (marked blue) to the 1-DoF extreme position (marked yellow)
with a maximum circumduction angle α of 28°at 80 kPa, and then bends to the 2-DoF extreme
position (marked red) with a maximum flexion angle β of 69°at 80 kPa. B, Still images of the
initial position and the two extreme positions of the thumb.

Supplementary Fig. 12 | The experimental setup for the grasping force test. The force
performance is evaluated with a stepping motor-driven stage (HST-200, OptoSigma Inc., Japan)
equipped with an electronic dynamometer (ZP-200, Aigu Co. Ltd., China). Horizontal handle
(subfigure A) and vertical handle (subfigure B) are installed on the pin tip of the electronic
dynamometer. The material of the handles is the stereolithography resin (Imagine 8000,
SOMOS Inc., Netherlands). A soft neuroprosthetic hand is fixed to the air bearing testbed. In
the experiment, the horizontal handle and vertical handle are positioned at the rigid palm, and
the soft fingers are actuated to the pre-defined pressures (100 kPa pneumatic pressure to the 1DoF fingers and 80 kPa pneumatic pressure to the 2-DoF thumb). Then, the linear stage pulls
the handle at a fixed velocity (1 mm/s) until it separates from the hand. A real-time control
board (DS1103, dSPACE Inc., Germany) controls the linear stage with a 16-bit Digital-toAnalog Converter (DAC). Another computer simultaneously records the vertical/horizontal
tension force of the electronic dynamometer through the serial port communication. The
sampling time interval of the system is set as 100 ms. Each test is performed five times and the
results are averaged.

Supplementary Fig. 13 | Durability tests of the soft fingers. A, Run over back and forth by
one wheel of a 1500 kg vehicle. B, Bent by arbitrary angles and struck with a steel hammer.

Supplementary Fig. 14 | Average classification accuracy and feature distribution with the
pattern recognition approach in laboratory settings. In this test, the subject sits still and
maintains his limb in a neutral position, performing the four predefined grasp types (including
power, precision disk, tripod, and lateral pinch) plus rest. We place the EMG electrodes above
the targeted skin sites of the residual forearm. In addition, we extract the features from the
recorded EMG signals, train the classifier with a half of the recorded data, and test the
performance of the classification algorithm with the remaining data of the EMG signals. A,
Average classification accuracy across the trials. The rows and columns of the confusion matrix
represent classification results and intended motions of subjects, respectively, while the
diagonal elements represent the classification accuracy (%). In this offline test, a classification
accuracy of average 99.66% is achieved across all grasp types and trials. B, The feature
distribution of four grasp types and rest type in a representative trial. The different types of
Markers in the figure represent the four grasp types and rest type that the subject intends to
perform. The horizontal and vertical coordinates represent the first and second principal
components of the feature vectors which are processed through the principal component
analysis. The high discrimination of different grasps in the feature space contributes to the high
classification accuracy.

Supplementary Fig. 15 | A photo of a conventional rigid neuroprosthetic hand7. The socket,
EMG sensors and pattern recognition algorithms for the rigid neuroprosthetic hand are the same
as those for the soft neuroprosthetic hand, in order to compare the performances of the soft and
rigid neuroprosthetic hands. The subjects have been trained by the same amount of time (about
15 min) for both the soft and rigid neuroprosthetic hands prior to the standardized tests.

Supplementary Fig. 16 | Comparisons of the performances of the soft neuroprosthetic
hand with reported results of existing rigid neuroprosthetic hands in the Box and Blocks
Test, and the Jebsen-Taylor Hand Function Test. The data of the soft neuroprosthetic hand
are indicated by mean values and ± SD. The data of the reported existing rigid prosthetic hands
are indicated only by mean values because the SDs have not been provided in the papers (i.e.,
Resnik et al., 201245, Phillips et al., 201246 and Smit et al., 201547).

Supplementary Fig. 17 | Demonstration of the sensor sensitivity and crosstalk of different
capacitive touch sensors. In this test, we first sequentially put a 10-g load (the effective
pressure of 0.9 kPa) onto a fingertip while recording the relative capacitance change of the
sensors. Then, we put multiple 10-g loads simultaneously onto multiple fingertips to record the
relative capacitance change of the sensors. Since the thumb is at the opposable position, we
cannot simultaneously put five loads on the five fingertips. Without losing generality, we do
not consider the thumb’s touch sensor in this test. Notably, S2, S3, S4 and S5 indicate the
capacitive touch sensors of index, middle, ring, and little fingers, respectively.

Supplementary Fig. 18 | Illustration of tuning the skin color made of Ecoflex 0030 silicone
by adding Slic Pig pigment PMS 488C with different mass ratios of PMS 488C and
Ecoflex 0030 ranging from 0% to 1%.
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Description of Supplementary Videos

Supplementary Video 1:
Simulation and experiments of individual motion of five soft fingers.
Supplementary Video 2:
Demonstration of independent control of six DoFs with one pump.
Supplementary Video 3:
Demonstration of the durability of a soft finger.
Supplementary Video 4:
Demonstration of fast wearing and training of a soft neuroprosthetic hand. In this video, the
EMG decoder uses a five class classifier for all the four grasps (Power, Precision disk, Tripod
and Lateral pinch) and rest type.
Supplementary Video 5:
Evaluation of the soft neuroprosthetic hand with the standardized tests. In this video, the EMG
decoder uses a two class classifier for the single grasp type and rest type according to different
items of the standardized tests (For a fair comparison, the EMG decoder is same for the rigid
neuroprosthetic hand as shown in Supplementary Video 7). Specifically, the “Power” grasp
type is used for the items J1, J6, J7, S1, S2, S4 and S5; the “Precision disk” grasp type is used
for the items J2, S8 and S9; the “Tripod” grasp type is used for the Box and Blocks Test, items
J3, J5, S3, S6 and S7; the “Lateral pinch” grasp type is used for the item J4.
Supplementary Video 6:
Experimental results of the standardized tests by the same subject wearing a rigid
neuroprosthetic hand. In this video, the EMG decoder uses a two class classifier for the single
grasp type and rest type according to the different items of the standardized tests (For a fair
comparison, the EMG decoder is same for the soft neuroprosthetic hand as shown in
Supplementary Video 6). Specifically, the “Power” grasp type is used for the items J1, J6, J7,
S1, S2, S4 and S5; the “Precision disk” grasp type is used for the items J2, S8 and S9; the
“Tripod” grasp type is used for the Box and Blocks Test, items J3, J5, S3, S6 and S7; and the
“Lateral pinch” grasp type is used for the item J4.
Supplementary Video 7:
Demonstration of the compliant advantage of the soft neuroprosthetic hand. A subject wearing
the soft neuroprosthetic hand and a rigid i-Limb hand to grasp fragile objects (e.g., strawberry,
bread, paper cup). The rigid neuroprosthetic hand damages the strawberry and bread, and tends
to crush the paper cup. In this video, the EMG decoder uses a two class classifier for the
“Precision disk” grasp type and rest type.
Supplementary Video 8:
Demonstration of the four EMG-controlled grasp types. In this video, the EMG decoder uses a
five class classifier for all the four grasps (Power, Precision disk, Tripod and Lateral pinch)
and rest type.

Supplementary Video 9:
Demonstration of versatile hand functions in daily activities of the subject. In this video, the
EMG decoder uses a two class classifier for the single grasp type and rest type according to
different tasks in daily activities. Specifically, the “Power” grasp type is used for handling
water glasses, paper drinks and clothes; the “Precision disk” grasp type is used for shaking
hands, petting a cat, handling cakes and dishes; the “Tripod” grasp type is used for gripping
cards and chips; and the “Lateral pinch” grasp type is used for zippering up the bag.
Supplementary Video 10:
Demonstration of handling objects with different shapes and sizes. A subject can successfully
carry out delicate tasks to handle objects with complex shapes and different sizes and then
insert them in the corresponding slots precisely. In this video, the EMG decoder uses a two
class classifier for the “Tripod” grasp type and rest type.
Supplementary Video 11:
Demonstration of holding heavy payloads. In this video, the subject uses his own EMG signals
to control the soft neuroprosthetic hand to give the “Power” grasp type for lifting a payload of
2.3 kg. The EMG decoder uses a two class classifier for the “Power” grasp type and rest type.
Supplementary Video 12:
Demonstration of the touch sensation of individual finger and multiple fingers. In a blindfolded
and acoustically-shielded interaction experiment, an experimenter gently compressed the five
fingers of the soft neuroprosthetic hand in random combinations. The subject could almost
instantaneously distinguish any individual finger or multiple fingers being compressed.
Supplementary Video 13:
Demonstration of the closed-loop control capability of the subject. In a blindfolded and
acoustically-shielded experiment, the subject uses his own EMG signals to control the soft
neuroprosthetic hand to give the “Power” grasp type. If the hand firmly grasps a bottle so that
the effective pressures on the five fingertips are above the threshold, the subject is informed by
the electrical stimulators to lift up the bottle. In contrast, if the hand does not grasp anything
that applies pressure on the fingertips, the subject does not lift up but relaxes the hand after a
few seconds. The EMG decoder uses a two class classifier for the “Power” grasp type and rest
type.
Supplementary Video 14:
Demonstration of the graded tactile feedback of the subject. In the blindfolded and acousticallyshielded experiment, the subject uses his own EMG signals to control the soft neuroprosthetic
hand to give the “Power” grasp type. According to the stimulation frequencies (i.e., 5 Hz, 20
Hz or 35 Hz) of the electrical pulses, the subject can discriminate three cylinders with different
diameters (i.e., 60 mm, 70 mm and 80 mm). The EMG decoder uses a two class classifier for
the “Power” grasp type and rest type.

