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Fig. S2 Phenomena after adding different concentrations of Gp and NaCl (As the
concentration of added salt increased, more precipitates can be produced in the PVA
solution after the addition of Gp than after the addition of NaCl)
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Fig. S3 The reaction of PVA solution after adding different concentrations of Gp
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Fig. S5 The morphology of PGP, PGT hydrogel at room temperature after water bath
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Fig. S6 The stress-strain curves of PVA-NaCl hydrogel
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Fig. S7 The stress-strain curves of 35% PVA hydrogel
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Fig. S8 The toughness of hydrogels (measured from the original hydrogels)
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Fig. S9 The stress-strain curves of the original hydrogel and after six recycling cycles
(derived from PGC hydrogels with different number of cycles)
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Fig. S10 Compressive strain curve of hydrogels

Fig. S11 An orange of 172 g dropped from a height of 1m onto a hydrogel network
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Fig. S12 Comparison of electrical conductivity between different hydrogels
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Fig. S13 Conductivity at different times in ionic solutions
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Fig. S14 Response/recovery time of PGC hydrogels during stretch-relaxation
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Fig. S15 Transparency of different hydrogel samples. Scale bars: 2 cm
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Fig. S16 Antibacterial repeatability of PGP and PGC hydrogels. a Inhibition zone
photographs and diameters of inhibition circles of b PGP and ¢ PGC hydrogels (data
are depicted as mean £SD, n.s.: no significant difference, n = 3)
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Fig. S17 Antibacterial durability of PGC hydrogel. a Inhibition zone photographs and
diameters of inhibition circles of b E. coliand ¢ S. aureus at 1, 7, and 10 days (data
are depicted as mean £SD, n.s.: no significant difference, n = 3)
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Fig. S18 Before and after volume comparison of hydrogels immersed in deionized
water/simulated seawater for 30 days

011001------- Safe arrival
010001------- In progress
010011------- Dangerous
001101------- Special cases
010101------- Physical overdraft
001010------- Low visibility
010010------- Low oxygen level
O11111------- Emergency support

Fig. S19 Morse code appendix
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Fig. S20 a Schematic diagram of simulating environmental factors such as humidity
and waves. b Sensing characterization in water. ¢ Sensing characterization in
simulated seawater water
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Fig. S21 The GF in a water flow and b wet environment
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Fig. S22 The stability tests in a water and b simulated seawater, respectively
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Fig. S23 Human-machine interaction interface design for MST systems
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Table S1 Comparison of mechanical strength of our work and recently reported PVA-
based hydrogel/hydrogel e-skin

Materials Mechanical stress Category References
CNCs-Fe3*/PVA/PVP 2.1MPa PVA-based [S1]
CNF/clay/PVA 0.09MPa PVA-based [S2]
PAM/PAM/PEI/LICI 0.8MPa PVA-based [S3]
PMZn-GL 0.875MPa PVA-based [S4]
Zn-alginate/PVA 0.15MPa PVA-based [S5]
PVA-G-PDA-AgNPs 1.174MPa PVA-based [S6]
PVA/DMSO/rGO 3.1MPa PVA-based [S7]
PVA-CNF 2.1MPa PVA-based [S8]
PVA 5.2MPa PVA-based [S9]
PVA/SA/NaCl 1.32MPa PVA-based [S10]
PVA/(PVA-MA)-g-PNIPAM  2.2MPa PVA-based [S11]
PVA/HPC/DMSO/NaCl 4MPa PVA-based [S12]
PVA/GC 1.4MPa PVA-based [S13]
PVA/PANI/SWCNT 0.47MPa PVA-based [S14]
PVA/SIO2/PEG 0.863MPa PVA-based [S15]
PAM/PVA 0.18MPa PVA-based [S16]
MXene/PVA/ICMCI/TA 1.8MPa PVA-based [S17]
PVA/PAM/NaCl 0.477MPa PVA-based [S18]
PVA-PAANa-PAH 0.86MPa PVA-based [S19]
PDMS/CNT 0.09MPa E-skin [S20]
PVA/Bn/PEI/MXene 0.0032MPa E-skin [S21]
PAAS-MXene 0.07MPa E-skin [S22]
GelMA/PEGDA/CNT/PDA  0.02MPa E-skin [S23]
PAA-GO-Ca?* 0.74MPa E-skin [S24]
NaCIl/SA/PAA-PAM 0.27MPa E-skin [S25]
PDA@AgNPs/CPHs 0.104MPa E-skin [S26]
PVA/Gp/TA/CaCI? 5.79MPa PVA-based E-skin  This work
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Table S2 Comparison of gauge factors (GF) of our work and recently reported gel-
based materials

Materials Conductive materials Gauge factor References
k-Carrageenan/PAAM Na* 0.63 [S35]
CNCs-Fe3*/PVA/PVP Fe3* 0.478 [S1]
CNF/clay/PVA Al 1.17 [S2]
GelMA/PEGDA/CNT/PDA CNT 1.23 [S23]
PVA-G-PDA-AgNPS Graphene 0.94 [S6]
PAM/AgNPS/PDA/NFC Ag 0.34 [S31]
PAM/SBMA/PEG/HEA Zn? 0.14 [S32]
PVA/CNF Na* 1.5 [S8]
PVA/GC Na* 1.56 [S13]
SMA/CNFs/PAM K* 0.3 [S28]
PVA-PAANa-PAH Na* 1.64 [S19]
PVA/Gp/TA/CaCl; Ca?* 1.73 This work

Table S3 Comparison of response/recovery time of our work and recently reported
gel-based materials

Materials Response time Recovery time References
CNF/clay/PVA 240 ms / [S2]
PMZn-GL 250 ms 240 ms [S4]
PVA/DMSO/rGO/GO 250 ms 250 ms [S7]
PVA/GC 266 ms 250 ms [S13]
PAM/PVA 150 ms / [S16]
PVA/PAM/NaCI 300 ms / [S18]
PVA/Bn/PEI/MXene 120 ms / [S21]
GelMA/PEGDA/CNT/PDA 180 ms / [S23]
NaCl/SA/PAA-PAM 100 ms 100 ms [S25]
SMA/CNFs/PAM 134 ms / [S28]
PAM/SBMA/PEG/HEA 248 ms 280 ms [S32]
PVA/Gp/TA/CaCl, 100 ms 150 ms This work
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Table S4 Performance control with other research work

Stress Conductivity GE
Materials Recycle twice (Linear) Al interaction Process References
MPa Smt
s1. GelMA/PEGDA/CNT/PDA 0-0.02 / 2.63 NO / Infrared-light-induced [523]
crosslinking

S2. Ag/PAM-Nascit 0-2 / 0.98 Yes / Free-radical polymerization [S33]

S3. PVA/G/PDA/AgNPs 0-1.174 ~88% 3.56 NO / Repeat freezing cycle [S6]

S4. PAM/AgNPs/PDA/NFC 0-0.717 / / NO / Free-radical polymerization [S31]

S5. PVA/DMSO/rGO 0-3.1 / / Yes Pressure Sensing Repeat freezing cycle [S7]

S6. PAA-GO-Ca* 0-0.7419 / / / erele§s . Free-radical polymerization [S24]
transmission

S7. NaCl/SA/PAA-PAM 0-0.27 / 2.2 Yes / Free-radical polymerization [S25]
Wireless . .

S8. PAM/SBMA/PEG/HEA 0-1.02 / / NO o Free-radical polymerization [S32]
transmission

S9. PVA-CNF 0-2.1 / 3.2 NO / Oil bath [S8]

S10. PVA 0-5.2 / / / / Repeat freezing cycle [S9]

S11. AG/PAAM/LICI 0-0.38 / / / / Ultrasonication [S30]

S12. PVA/SA/NaCl 0-1.32 / 3.62 / / Repeat freezing cycle [S10]

S13. PVA/(PVA-MA)-g-PNIPAM 0-2.2 / / / / Acid-treatment;Salt induction [S11]
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Table S5 Performance control with other research work

Materials Antibacterial proti(:{:tion Toughness Transparency References

S1. GelMA/PEGDA/CNT/PDA NO NO / / [S23]
S2. Ag/PAM-Nascit Yes NO 11.95 / [S33]
S3. PVA-G-PDA-AgNPs Yes NO / / [S6]

sS4 PAM/AgNPs/PDA/NFC Yes NO / / [S31]
S5. PVA/DMSO/rGO/GO NO NO / / [S7]

S6. PAA-GO-Ca* NO NO 9.73 / [S24]
S7. NaCl/SA/PAA-PAM NO NO / / [S25]
S8. PAM/SBMA/PEG/HEA NO NO / / [S32]
S9. PVA-CNF NO NO 5.25 90% [S8]

S10. PVA NO NO / / [S9]

S11. AG/PAAM/LICI NO NO 4.4 / [S30]
S12. PVA/SA/NaCl NO NO / / [S10]
S13.  PVA/(PVA-MA)-g-PNIPAM NO NO 10 / [S11]
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Partial code demonstration of the decryption procedure:
import argparse

import matplotlib

import matplotlib.pyplot as plt

import numpy as np

import pandas as pd

from matplotlib.backends.backend_agg import FigureCanvasAgg
import matplotlib.patheffects as path_effects

import matplotlib

from yaml import parse

from typing import Dict

import pytab

import PIL.Image as Image

from matplotlib import font_manager

my_font=font_manager. FontProperties(fname="C:\Windows\Fonts\msyh.ttc")

import cv2

fps =5#

fourcc = cv2.VideoWriter_fourcc(*'XVID')

dic= {"011001":"Safe arrival”,"010001":"In
progress”,"010011":"Dangerous”,"001101":"Special cases”,"010101":"Physical
overdraft”,

"001010™:"Low visibility”,"010010":"Low oxygen level","011111":"Emergency
support"}

parser=argparse.ArgumentParser()

parser.add_argument("--save_path",
type=str,default="D:/project/leetcode/chenkun/save/out.jpg™)

parser.add_argument("--save_path_video",
type=str,default="D:/project/leetcode/chenkun/save/out.mp4")

parser.add_argument("--input_path",
type=str,default="D:/project/leetcode/chenkun/code/water/011001.xIsx’)

opt=parser.parse_args()

video_path=opt.save_path_video

videoWriter = cv2.VideoWriter(video_path, fourcc, fps, (720,540))
data = pd.read_excel(opt.input_path, sheet_name=0, header=0)
Y=np.array(data["Y"])

max_y=np.max(Y)

min_y=np.min(Y)
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cent=(max_y+min_y)/2

jieguo=1{]
temp_0=0
temp_1=0
for i in range(len(Y)):
if Y[i]>cent:
if temp_0!=0:
a=temp_0/5

for j in range(round(temp_0/5)):
jieguo.append(0)
temp_0=0
temp_1=temp_1+1
else:
if temp_1! =0:
for j in range(round(temp_1/5)):
jieguo.append(1)
temp_1=0
temp_O=temp_0+1
if temp_0!=0:
for j in range(round(temp_0/5)):
jieguo.append(0)
if temp_1! =0:
for j in range(round(temp_1/5)):
jieguo.append(1)

Movie S1 The phenomenon of aggregation and sinking of PVA aqueous solution
Movie S2 Underwater sensing and encryption and decryption of information
Movie S3 The use of finger joint rehabilitation trainers

Movie S4 Demonstration of the operation of the MST software
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