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Fig. S1 FTIR spectra of SA, NIPAM, PS hydrogel and PSM hydrogel
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Fig. S2 Scheme of measuring the bending angle (θ) of the hydrogel actuator
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Fig. S3 Thermo-responsive actuation a angle change curve, b physical diagram of the hydrogel without CaCl2 soaking in water at 50 °C
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Fig. S4 The deswelling ratio of PSM hydrogels soaked in CaCl2 for 50 s, 100 s, 150 s and 200 s
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Fig. S5 Thermo-responsive actuation of hydrogels after soaking CaCl2 for a 50 s, b 100 s, c 200 s in water at 50 °C
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[bookmark: _GoBack]Fig. S6 The Young's modulus of PSM hydrogels soaked in CaCl2 for 50 s, 100 s, 150 s and 200 s
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Fig. S7 Thermo-responsive actuation of a PSM0.2, b PSM0.4, c PSM0.8 hydrogels in water at 50 °C
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Fig. S8 Deswelling curve of PSM hydrogel in water at 50 °C
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Fig. S9 Thermo-responsive actuation of hydrogels with a thickness of a 2 mm and b 3 mm in water at 50 °C
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Fig. S10 Temperature response changes of a PSM0.2, b PSM0.4 c PSM0.8 hydrogels under NIR light irradiation (808 nm, 1 W/cm2)
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Fig. S11 Temperature response changes of PSM0.6 hydrogel under 808 nm NIR light irradiation with a 0.5 W/cm2, b 1.5 W/cm2 , c 2 W/cm2
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Fig. S12 Shape deformation of PSM hydrogel actuators coating Ca2+ in the a bottom and b top directions
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Fig. S13 Diagram of encoded information written by coating Ca2+
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Fig. S14 Brightness changes of LED in the undeformed, stretched and folded states of PSM hydrogels
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Fig. S15 a Photothermal sensing mechanism. b The relative resistance changes of PSM hydrogel under NIR irradiation
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Fig. S16 The relative resistance changes of PSM hydrogel under different joints include a wrist, b arm and c leg
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Fig. S17 Hardware schematic of a PSM hydrogel and the signal transmission system, b Robotic hand and the signal receiver system



Table S1. Summarization for the bending speed and bending amplitude of hydrogel actuators
 
	Material
	Structure
	Bending speed
	Bending amplitude
	Stimulation conditions
	Sample size (mm3)
	Ref

	PNIPAM/
XLG/
HEA
	Gradient 
	9.8°/s
	206°
	50 ℃ water
	25 × 5 × 1
	 [S1]         

	PNIPAM
/XLG
	Gradient 
	2.38°/s
	57.2°
	50 ℃ water
	25 × 5 × 1
	 [S2]

	P(NIPAM-co-SPA)/
TCNC
	Gradient 
	10.2°/s
	225°
	60 ℃ water
	25 × 5 × 0.3 
	 [S3]

	PNIPAM/
XLG/NFC
	Bilayer 
	9°/s
	180°
	50 ℃ water
	65 × 7 × 2
	 [S4]

	PNIPAM/
PAAM-
PTCA
	Bilayer 
	6.1°/s
	305°
	45 ℃ water
	——
	 [S5]

	PNIPAM/
XLG/
MoO2
	Bilayer 
	3°/s
	90°
	NIR 808 nm 0.8 W/cm2
	——
	 [S6]

	PNIPAM/PVA
	Bilayer
	2.1°/s
	65°
	NIR 808 nm 0.2 W/cm2
	——
	 [S7]

	PNIPAM/ SA/MoO2
	Gradient
	21°/s
	336°
	50 ℃ water
	50 × 10 × 1
	This work


 
Notes: The comparison is only rough because these hydrogels have different sample sizes and stimulation conditions




Table S2. Comparison of the main conductive parameters of PSM hydrogel and conductive hydrogel strain sensors in previous mainstream work
 
	Material
	Strain (%)
	Gauge Factor
	Linear or Nonlinear
	Conductive mechanism
	Ref

	PAA/NCT
	500
	2.69
	Linear
	Ionic conduction
	 [S8]

	 TA@HAP NWs/PVA(W/EG)
	350
	2.84
	Linear
	Ionic conduction
	 [S9]

	PAAM/SA/LiCl/CaCl2/glycerin
	0-100
	0.45
	Nonlinear
	Ionic conduction
	 [S10]

	
	200-300
	2.31
	
	
	

	[EMIm][DCA]/WPU
	0-30
	0.53
	Nonlinear
	Ionic conduction
	 [S11]

	
	30-100
	0.83
	
	
	

	
	100-200
	1.38
	
	
	

	HF(PVA-C/P)
	400
	2.1
	Linear
	Electronic conduction
	 [S12]

	MWCNTs-PDMS
	160
	3.77
	Linear
	Electronic conduction
	 [S13]

	PVA-CBA/PAAm/TA/
Ti3C2Tx
	0-80
	1.2
	Nonlinear
	Electronic conduction
	 [S14]

	
	80-150
	1.57
	
	
	

	
	150-220
	2.34
	
	
	

	
	220-280
	3.51
	
	
	

	PVA/G/PDA/AgNPs
	0-70
	0.94
	Nonlinear
	Electronic conduction
	 [S15]

	
	70-315
	0.13
	
	
	

	PNIPAM/SA/ MoO2
	600
	3.94
	Linear
	Electronic conduction
	This work





Supporting Movie 1 Thermo-responsive actuation behavior of hydrogels
Supporting Movie 2 PSM hydrogel gripper grabs metal sheet from 50 °C water
Supporting Movie 3 Bioinspired jellyfish swimming under NIR switch
Supporting Movie 4 Self-assembly folding cube
Supporting Movie 5 Brightness changes of LED in the undeformed, stretched and folded states of PSM hydrogel 
Supporting Movie 6 Remote interaction of soft-hard robot via IoT 
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