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Figure S1. Schematic diagram of the fabrication process for a three-layer gradient porous pressure sensor.
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Figure S2. Digital photographs showing the dimensions and thickness of the sensor's dielectric layer, and its flexibility under bending and torsion.
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Figure S3. Test setup. Includes a capacitance signal acquisition circuit board, a universal testing machine, and a computer.
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Figure S4. Block Diagram of the Data Acquisition System.
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Figure S5. Schematic, PCB, and physical photos of the capacitive signal acquisition circuit board.
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Figure S6. Schematic diagram of interference signal shielding
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Figure S7. Pore Size distributions for each layer
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Figure S8. Detailed speech recognition flowchart.



Table S1. Pore size combinations of 9 experimental samples.
	
	D1(μm)
	D2(μm)
	D3(μm)

	TGPS-1
	180
	150
	75

	TGPS-2
	180
	180
	75

	TGPS-3
	180
	170
	75

	TGPS-4
	180
	150
	100

	TGPS-5
	160
	125
	75

	TGPS-6
	180
	180
	180

	TGPS-7
	150
	150
	150

	TGPS-8
	75
	75
	75

	TGPS-9
	75
	150
	180





Table S2 Comparison of BP neural network–predicted and COMSOL-simulated pressure–capacitance responses for 15 candidate structures.  
	
	D1(μm)
	D2(μm)
	D3(μm)
	S(Predicted)
	S(Simulated)

	1
	170.52
	133.88
	80.43
	0.05724
	0.05800

	2
	174.83
	141.52
	80.91
	0.05915
	0.05769

	3
	175.25
	134.49
	86.70
	0.05493
	0.05672

	4
	173.10
	138.44
	89.61
	0.05496
	0.05568

	5
	182.26
	134.91
	81.96
	0.05493
	0.05602

	6
	170.34
	137.86
	84.97
	0.05714
	0.0567

	7
	172.13
	141.85
	89.75
	0.05539
	0.05255

	8
	171.17
	137.90
	90.23
	0.05449
	0.05574

	9
	171.08
	141.44
	88.38
	0.05621
	0.05652

	10
	173.85
	132.87
	83.82
	0.05565
	0.0571

	11
	170.51
	140.16
	78.47
	0.05971
	0.05782

	12
	172.86
	139.63
	85.23
	0.05725
	0.05454

	13
	171.04
	130.04
	82.97
	0.05520
	0.05603

	14
	171.89
	130.23
	76.31
	0.05608
	0.05404

	15
	176.73
	130.02
	74.92
	0.05456
	0.0499



S2

Table S3. Comparison of sensing performances of our pressure sensor with other capacitive pressure sensors in terms of sensitivity, sensing range, Response time, stability, thickness and processing method.
	[bookmark: _Hlk232796795]Structure
	Sensitivity (kPa-1)
	Range (kPa)
	Response time (ms)
	Number of cycles (times)
	Thickness
	Processing Method
	Mechanisms
	Ref.

	Beetle-inspired gradient slant structures
	0.12 (0-130 kPa)
	130
	46
	3000
	1.25mm
	Complex
	Capacitive
	41

	Sponge
	0.16 (0-21.7 kPa) 0.07(21.7-51.5 kPa) 0.03 (51.5-80 kPa)
	80
	100/110
	10000
	30mm
	Medium
	Capacitive
	42

	Gradient porous structure
	0.134(0-200kPa)
	200
	60/120
	3000
	1mm
	Easy
	Capacitive
	43

	Laminar-like aerogel structure
	0.11 (0-106 kPa) 0.055 (106-400 kPa) 0.022 (400-1200 kPa)
	1200
	72
	6000
	150mm
	Medium
	Piezoresistive
	44

	Porous dielectric layer film
	0.0043(0-194kPa) 0.0015 (194-490 kPa) 0.00038 (490-1307 kPa)
	1307
	43/42
	2000
	2mm
	Easy
	Capacitive
	45

	Sponge
	0.1(0-8kPa) 0.01 (8-23.3 kPa)
	23.3
	119/59
	1000
	10mm
	Easy
	Piezoresistive
	46

	Corn Husk-Like microstructure
	0.0128(0-18kPa)
	178
	151/196
	10000
	1mm
	Easy
	Piezoresistive
	47

	Edible and biodegradable
	0.0294 kPa-1 (0.1-1 kPa) 0.0204 kPa-1 (1-10 kPa) 0.0009 kPa-1 (10-100 kPa)
	100
	118/130
	10000
	1.3mm
	Easy
	Capacitive
	48

	Hierarchical microstructure
	0.338(0-1kPa) 0.078 (1-100 kPa) 0.015(100-200kPa)
	200
	31/41
	3000
	10mm
	Medium
	Capacitive
	49

	Composite nanofiber membrane
	0.004(0-1500kPa)
	1500
	30/40
	1000
	0.2mm
	Complex
	Capacitive
	50

	Snail tentacle structure
	2.884(0-1kPa) 0.178 (1-50 kPa) 0.022 (50-500kPa)
	500
	87.5
	4500
	25mm
	Complex
	Capacitive
	51

	Cheetah leg structure
	0.74(0-2kPa) 0.17 (2-47 kPa) 0.02 (47-280kPa)
	280
	80/90
	24000
	20mm
	Medium
	Capacitive
	52

	Sandwich structure
	0.002(0.2-110 kPa)
	0.2-110
	104/94
	10000
	10mm
	Medium
	Capacitive
	53

	Tilted microhair array structure
	0.0513(0-6kPa) 0.0079 (6-120 kPa) 0.0009(120-450kPa)
	450
	60/54
	5000
	5mm
	Complex
	Capacitive
	54

	Sandwich structure
	0.54(0-10kPa) 0.03 (50-300 kPa)
	300
	26.6/29.9
	5000
	0.1mm
	Medium
	Capacitive
	55

	Gradient porous structure
	0.02(0-20kPa) 0.0015 (20-300 kPa) 0.0003(300-600kPa)
	600
	75
	5000
	0.5mm
	Easy
	Capacitive
	Our work
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Figure S7. Pore Size distributions for each layer.
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