
S1 
 

Supplementary Materials 

 

Privacy-preserving gait biometrics via synchronous mechanical and bioelectrical co-sensing 

and ciphertext-domain inference 

 

Yexi Jin1, Ruolin Wang2, Jianyu Lin1, Yu Lu1, Jing Zhang1, Xingwen Zhou1, Baijie Cheng2,*, 

Liguo Chen1,* 

 
1School of Mechanical and Electrical Engineering, Soochow University, Suzhou 215000, Jiangsu, 

China. 
2College of Chemistry and Chemical Engineering, Donghua University, Shanghai 201620, China. 

 
*Correspondence to: Dr. Baijie Cheng, College of Chemistry and Chemical Engineering, 

Donghua University, Shanghai 201620, China. E-mail: 1222004@mail.dhu.edu.cn; Prof. Liguo 

Chen, School of Mechanical and Electrical Engineering, Soochow University, Suzhou 215000, 

Jiangsu, China. E-mail: chenliguo@suda.edu.cn 

  



S2 
 

 
Supplementary Figure 1. a) Synthetic route of compound1 (UPy-NCO) and compound2 (UPy-

HBA). b) 1H NMR spectrum of UPy-NCO recorded at 298 K in CDCl3. c) 1H NMR spectrum of 

UPy-HBA recorded at 298 K in CDCl3. 
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Supplementary Figure 2. Wearing illustration of the multimodal identity recognition device. 

  



S4 
 

 

 

 

 

 

 
Supplementary Figure 3. FT-IR spectra of the PMDU3 eutectogel and its raw monomers at 25 °C. 
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Supplementary Figure 4. Visible transmittance spectra of PMDU3 eutectogel. 
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Supplementary Figure 5. Fracture strength and toughness of PMDN, PDMZ, and PMDU3 

eutectogels. 
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Supplementary Figure 6. a-e) Cyclie tensile testing curves of PMDU0-4 at a strain of 200%. f) 

Corresponding hysteresis ratio and residual strain. 
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Supplementary Figure 7. a) Stress variation of the PMDU3 eutectogel during 10,000 loading-

unloading cycles. b) Local magnified view of the 1st to 50th cycles. c) Local magnified view of 

the 9950th to 10000th cycles. 
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Supplementary Figure 8. Tensile stress-strain curves of notched and unnotched PMDU3 

eutectogel. 
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Supplementary Figure 9. Tensile stress-strain curves of self-healed and pristine PMDU3 

eutectogel. 
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Supplementary Figure 10. 90° peeling curves and corresponding interfacial toughness of the 

PMDU3 eutectogel with various substrates.  
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Supplementary Figure 11. In situ curve-fitted infrared spectra of the PMDU3 eutectogel in the 

ν(C=O) region during tensile testing. The ν(C=O) peak was fitted using three dominant species. a) 

Original state. b) Tensile strain = 100%. c) Tensile strain = 200%. d) Tensile strain recovered to 

100%. e) Tensile strain recovered to 0. 
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Supplementary Figure 12. a) Electrochemical impedance spectroscopy (EIS) of PMDU0-4 

eutectogels. b) Ionic conductivity of PMDU0-4 eutectogels. 
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Supplementary Figure 13. The electrical signal response of the commercial gel under 1000 cycles 

of stretching. 
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Supplementary Figure 14. Our SEMG sensor, in combination with commercial strain sensors, 

responds to the signals of flexion and extension of the gastrocnemius muscle area. 
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Supplementary Figure 15. Record the frequency domain responses of sEMG and strain signals 

using Short-Time Fourier Transform (STFT). 
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Supplementary Figure 16. Decryption of the a) sEMG and b) strain signals under the known key. 
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Supplementary Figure 17. Baseline model performance evaluated on plaintext. a) Network 

training-validation accuracy curves; b) Network training-validation loss curves. 
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Supplementary Figure 18. Confusion matrix for identity recognition on the 80-day across-session 

test set. 
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Supplementary Figure 19. a) Parameters of different output channels of the three residual blocks; 

b) Module ablation experiments; c) Performance comparison of different deep learning models. 
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Supplementary Figure 20. Model performance based on single-modal sensing signals. a) 

Network training-validation accuracy curve; b) Network training-validation loss curve. 
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Supplementary Table 1. Demographic information of the subjects. 
Subject ID Gender Age (years) Height (cm) Weight (kg) 

S01 Male 27 178 76 

S02 Male 22 171 70 

S03 Female 25 170 62 

S04 Male 21 175 72 

S05 Female 25 166 60 

Mean ± SD - 24.0 ± 2.4 172.0 ± 4.7 68.0 ± 6.8 
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Supplementary Table 2. The fracture strength, ductility, and hysteresis ratio of the PMDU3 

eutectogel were compared with those of representative low‑hysteresis gels reported in the literature, 

so as to comprehensively evaluate its mechanical properties. 

Sample name 
Hysteresis 

rate (%) 

Tensile Strength 

(MPa) 
Stretchability (%) 

P(HEA-co-AA)[1] 6.4 0.521 1783 

P(LA-co-HMA)/[EMIES][2] 8.0 0.420 450 

PBA/PEG-BDB[3] 6.0 0.349 1480 

P(AM-APBA)[4] 10.0 0.210 1600 

P(HEAA-co-BA)/[N4444BF4][5] 8.0 0.171 578 

P(AM-co-AA)/VSNP[6] 7.0 0.131 400 

PAA/HPC/EG/ZnCl2
[7] 9.0 0.145 210 

P(AM-co-THMA)/VBIMBF4
[8] 9.0 0.110 900 

PHEA/[C2MIM][EtSO4][9] 4.5 0.300 850 

PVA/TPAL/IL[10] 5.2 0.050 1030 

PSBMA/[EMIM][DCA][11] 3.0 0.040 250 

EA-PR-[BMIM][TFSI][12] 7.0 0.027 550 

PEO/LiTFSI/TEG[13] 16.0 0.200 520 

PAM/LSN-Fe[14] 15.0 0.180 1100 

P(AN-AM)/OTA/PVDF[15] 13.8 0.150 500 

PMDU3 (This work) 1.6 1.364 1023 
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Supplementary Table 3. Signs of the main cross-peaks in 2DCOS synchronous and asynchronous 

spectra. 

1640 + - + + +  

1686 - - - +   

1695 - - -    

1713 + -     

1726 +      

1744       

 1744 1726 1713 1695 1686 1640 
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Supplementary Table 4. Detailed performance metrics (Precision, Recall, and F1-score) for the 

80-day-delayed dataset. 
Subject ID Precision (%) Recall (%) F1-score (%) 

S01 84.85 88.00 86.40 

S02 85.71 84.00 84.85 

S03 86.66 87.00 86.83 

S04 87.00 86.00 86.50 

S05 89.16 87.50 88.32 

Average 86.68 86.50 86.58 
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Supplementary Table 5. Computational complexity comparison. 

Model Architecture Parameters (k) FLOPs (M) Accuracy (%) 

ByteEmbedded-TCN (Ours) 12.02 4.91 89.7 

1D-CNN 9.35 3.70 51.0 

LSTM 21.06 8.60 66.3 

Transformer 578.82 534.22 81.1 
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