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S1. Supporting figures: Figure S1~S17 

 
Figure S1. Fabrication process of rGO/SF hydrogel 

 

 

Figure S2. Mass change of rGO/SF hydrogel in room temperature condition 
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Figure S3. The moisturizing property of rGO/SF hydrogel 

 

 

Figure S4. Picture of the criterion electromechanical test equipment 

 

 
Figure S5. SEM images of the surface morphology of (a) pure silk fibroin hydrogel; 

(b) rGO/SF hydrogel 
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Figure S6. SEM images of the internal structure of rGO/SF hydrogel (a) at its original 

state, (b) after strain sensing, (c) after pressure detection. 

 

 

Figure S7. Degradation effect of NaOH solution with different concentration. 

 

 

Figure S8. Degradation assessment of rGO/SF hydrogel. Sequential photographs of 

degradation of rGO/SF hydrogel placed in deionized water. 
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Figure S9. Schematic diagram of tension test and pressure test for human signals 

detection. 

 

 

Figure S10. Photographs of rGO/SF hydrogel. (a) original; (b) strain; (c) pressure. 
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Figure S11. Performance of the rGO/SF strain sensor. (a) Diagram of cycling strain; 

(b) Diagram of strength limit of rGO/SF strain sensor; (c) Gauge factors of the 

rGO/SF strain sensor; (d) Response time of rGO/SF strain sensor. 

 

 
Figure S12. The loading-unloading tests of the rGO/SF hydrogel under various 
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conditions. (a) Tensile stress-strain curves and (b) corresponding dissipated energy at 

different maximum strain; (c) Ten successive cyclic stress-strain curves at maximum 

strain of 60%. (d) The dissipated energy with regard to different cycle. (Insets in (b) 

and (d) are the corresponding value of elastic modulus) 

 

 
Figure S13. Relative change in resistance versus strain curves for 10 (blue), 100 (red), 

and 1000 (black) cycles with the strain ranging from 0% to 60%.  

 

 
Figure S14. Relative change in resistance versus pressure curves for 10 (blue), 100 

(red), and 1000 (black) cycles with the pressure ranging from 0 kPa to 20 kPa. 
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Figure S15. Performance of the rGO/SF pressure sensor. (a) Response time of 

rGO/SF pressure sensor; (b) Relative resistance variation under cycling 

stretching/releasing at frequencies of 0.2, 0.5 and 1 Hz; (c) Detection limit test of 

pressure sensor; (d) Signal responses at elbow joint bending. 

 

 

Figure S16. Detection of pulse signals at different concentration of rGO 
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Figure S17. The PCA visualization of the train data and test data of Participant 2-9. 

 

 

Figure S18. Human-machine recognition of (a) gesture 1; (b) gesture 5; (c) gesture 3; 

(d) gesture 2. 
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S2. Supporting tables: Table S1~S5 

Table S1. Comparison of our multifunctional mechanical sensor with current reported 

strain sensors and pressure sensors 

Sensing 

device 

Materials Dynamic 

range 

Sensitivity References 

Strain 

sensor 

CNT/Ecoflex 900% 0.54(0-400%) S1 

Strain 

sensor 

SWCNT/PDMS 280% 0.82(<40%) 

0.06(60%-200%) 

S2 

Pressure 

sensor 

CNT/Ecoflex 700% 0.65(<400%) S3 

Pressure 

sensor 

CNT/Ecoflex 0.1Pa-

130kPa 

0.601kPa-1 

(<5kPa) 

0.077kPa-1 (30-

130kPa) 

S4 

Pressure 

sensor 

rGO/Ag 40kPa 0.016kPa-1 S5 

Pressure 

sensor 

rGO/PI 
 

0.18kPa-1 (0-

1.5kPa) 

0.023kPa-1 (3.5-

6.5kPa) 

S6 

Pressure 

and strain 

sensor 

rGO/SF >500kPa 

(Pressure) 

100% 

(Strain) 

Pressure:  

0.4kPa-1 (0.1-

100kPa)、

0.1kPa-1 (100-

500kPa) 

Strain:  

0.307(<41%)、

0.239(41-100%) 

Our sensor 

 

Table S2. Test accuracy of individual personalized gesture recognition systems 

Participants Accuracy 

Participants1 ≈95% 

Participants2 ≈90% 

Participants3 ≈90% 

Participants4 ≈90% 

Participants5 ≈80% 

Participants6 ≈100% 



12 

 

Participants7 ≈100% 

Participants8 ≈100% 

Participants9 ≈95% 

 

Table S3. Size of Hidden Layers 

Hidden size1 Hidden size1 Accuracy 

64 256 ≈40% 

64 128 ≈40% 

64 64 ≈60% 

32 64 ≈60% 

32 32 ≈60% 

16 32 ≈60% 

16 16 ≈60% 

8 16 ≈60% 

8 8 ≈80% 

4 8 ≈60% 

4 4 ≈60% 

 

Table S4. Learning rate 

Learning rate Accuracy 

1e-2 ≈40% 

1e-3 ≈80% 

1e-4 ≈50% 

1e-5 ≈55% 

 

Table S5. Batch size 

Batch size Accuracy 

64 ≈50% 

32 ≈60% 

16 ≈60% 

8 ≈80% 

4 ≈60% 
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S3. Supporting video for human-machine interaction 

(We have uploaded as a supporting video) 

 


