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Supplementary Figure Legends

Figure S1 The overall workflow diagram of the embedded circuits in the wristwatch unit. 

Figure S2 Optical images of a 3D printed prosthetic hand articulating various gestures, controlled by strings attached to each finger. Scale bar is 3 cm.

Figure S3 a The effects of different thickness (left) of the skin layer and varied environmental temperatures (right) on the embedded pressure sensor, b Experimental results for the repeatability and reliability of the pressure sensor under cyclic loading at different levels of applied pressure.

Figure S4 The capacitance change of the moisture sensor over time for different levels of moisture.	

Figure S5 Optical images of the e-glove system demonstrating various functions with real-time measurements of pressure a, moisture b, and temperature c. The measured data is displayed on the control wristwatch unit (left column) and wirelessly transmitted to a smartphone (right column). Scale bar is 3 cm.

Figure S6 Optical images of the e-glove system in contact with the skin of the chest (Top) and forearm (Bottom) for the measurements of ECGs and EMGs, respectively. Scale bar is 2 cm.

Figure S7 Representative optical images of the damaged Ag traces with different geometries under stretching beyond the fracture limit (50~100%). All scale bars are 3 mm (top, left), 1 mm (top, right), 2 mm (bottom, left) and 1 mm (bottom, right) respectively.

Figure S8 a Computational (FEA) results of strain distributions of filamentary serpentine Ag interconnectors at 20%, 40%, and 60% strains without and with a rigid sensor element. Scale bar is 4 mm. 


Figure S9 Measurement results of the relative resistance (R/R0) of the testbed unit under repeated stretching (blue) up to 30% and 60% and folding (red) at r = 0.5 mm. 

Figure S10 a Basic circuit configuration of the internal electronics for the human hand-like skin layer of the e-glove system, b Calibration curves of the embedded p-i-n Si diode-based temperature sensor.

Figure S11 An example of the human subject study questionnaire for assessment in prosthetic hand-human interaction scenarios. Note, questions 6 and 10 had inverted scores.


Supplementary Table Legends

Table S1 Summary of the electronic components used in the control wristwatch unit. 

Table S2 Summary of the power consumption and estimated operation time for the demonstrative sensors. 

Table S3 Summary of subject rating scores along with statistical results, and rankings on each category in prosthetic hand-human interaction study.


Other Supplementary Materials for this manuscript include the following: 

Movie S1 (.avi format) Continuously recorded movie of a 3D-printed artificial hand articulating through different hand gestures. Scale bar is 2.5 cm.

Movie S2 (.avi format) Continuously recorded movie of the e-glove system during a handshake with the real-time display on the control wristwatch unit. Scale bar is 2.5 cm.

Movie S3 (.avi format) Continuously recorded movie of the e-glove system tapping a baseball with the real-time display on the control wristwatch unit. Scale bar is 35 mm.

Movie S4 (.avi format) Continuously recorded movie of the e-glove system touching a wet diaper with the real-time display on the control wristwatch unit. Scale bar is 3 cm.

Movie S5 (.avi format) Continuously recorded movie of the e-glove system holding a cup of hot water with real-time display on the control wristwatch unit. The inset movie shows simultaneous IR recording. All scale bars are 25 mm and 45 mm (inset), respectively. 

Movie S6 (.avi format) Continuously recorded movie (3X speed) of the warmed e-glove system by pressing a button on the control wristwatch unit. Scale bar is 4 cm.
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Prototype A

Please interact only with Prototype A according to the questions and answer them below on a scale from 1

(strongly disagree) to 5 (strongly agree).

1. Touch: It feels human-like to touch

2. Touch: It is not uncomfortable to touch

3. Poke: | don’t feel like hurting it

4. Poke: It feels human-like to poke

5. Scratch: It feels human-like while scratching

6. Scratch: | feel uneasy to scratch

7. Gentle Handshake: It feels like a human-human
handshake

8. Gentle Handshake: | feel a warmth opponent

9. Firm Handshake: It feels human-like to handshake

10. Firm Handshake: It did not feel nice/pleasant to have
a firm handshake with this prototype

11. | enjoyed my interaction with this prototype

12. 1 will like to interact with this prototype in future

NOTE (any further comments and/or feedback?):

IRB Protocol #: 1711019949
Strongly Strongly
disagree agree
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Power consumption

Operating time with a battery

(350 mAh)
Continuous displaying 75.2 mW ~15 hrs
On-demand displaying 15.76 mW ~71 hrs
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Prototype A Prototype B Prototype C  Prototype D

Rating scores - max. 60 points
Mean 29.09 39.09 34.63 41.72
Std. Deviation 9.22 7.99 9.08 8.05
One-way (repeated measures) ANOVA
Results F (3,93) = 17.94, p < 0.00001, Sig. diff. found at p < 0.05
Post hoc tests
Prototypes Pair | t(31) p Sig. diff. Best
found at p< | Prototype
0.05?
A-B 4.99 <0.00005 | Yes B
A-C 3.19 =0.00324 | Yes [9]
A-D 6.21 <0.00001 | Yes D
B-C -2.40 =0.02246 | Yes B
B-D 1.53 =0.13638 | No -
C-D 4.16 =0.00024 | Yes D
Rankings (with normalized percentage, if available)
Overall 4 2 3 1
Most warmth - 3(12.12%) | 2 (18.18%) 1(69.7%)
Most pleasant 4 (3.03%) 2 (31.31%) | 3(14.14%) 1(561.52%)
and comfortable
Most human-like | - 2(22.44%) | - 1(76.56%)
skin and feel
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