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Development of Novel Body Center of Pressure Estimation
System Based on Tactile Sensor and Deep Learning Models
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Abstract: The Center of Pressure (CoP) is utilized as an essential indicator for assessing the body’s
balance. CoP reflects the state of balance and is important in evaluating balance ability and
predicting fall risk. Existing systems are too expensive, less accurate in dynamic conditions, or have
limited measurement ability, which is for only the foot’s CoP without fully reflecting the overall
body balance. Thus, this study proposes a novel system using Tactile sensors and a deep learning
model for less cost and accurately estimating dynamic body CoP. The performance of the suggested
CNN-Bi-LSTM model was compared with existing foot CoP estimation models, CNN-LSTM and
Bi-LSTM. Model performance was validated using the Leave-One-Out Cross-Validation (LOOCV)
method and evaluated with Root-Mean-Squared Error (RMSE) and R? coefficient. The experimental
results showed that the CNN-Bi-LSTM model achieved the best performance, with an average
RMSE of 7.09 mm in the ML direction and 4.69 mm in the AP direction, and an average R? of 0.99.
In comparison, the CNN-LSTM and Bi-LSTM models recorded RMSE values of 11.59 mm and
25.52 mm in the ML direction, and 8.81 mm and 10.90 mm in the AP direction, respectively.
Additionally, the RMSE difference value between ML (medio-lateral) and AP (Antero-posterior)
was shown to be smaller compared to previous studies on estimating the foot CoP. This result
highlights the effectiveness of the CNN-Bi-LSTM model in capturing both spatial and temporal
features, surpassing traditional methods and previous models in dynamic conditions. Future research
will focus on expanding the system and conducting clinical trials for gait CoP analysis.
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[Fig. 1] (a) The internal orthogonal structure of copper wires in
the Tactile sensor, (b) Tactile sensor (80 cm (L) x 60 cm (W))
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[Fig. 2] Pressure and COP position visualization
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2.3.1 Bi-LSTM
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[Fig. 3] Bi-LSTM model Configuration

3} 2= o) melo]ci28 7|2 LSTMT} TF2 7] Bi-LSTML:
S} ol Hlo]El S B Sirjo] A1V B8 1
B30 S 4 SIck. /1 BN BHLSTMO) 7}
G4 ZEAIA BF(GPR)EL -8t CoP 7 5= Hel
B Qe

E AFof| A ARE-H Bi-LSTME] A A -3+ [Fig. 3|3 22
o, Ao gtz AL AolThEo] 64 x 64 7]2] 9
ol 2 Al Zolrkae] 4096 2719] 1349 W2 Wk
sto] Bi-LSTMo]| J2j3lt}. o]F, Bi-LSTMS A3 Fully
Connected LayerS 5-f| A|E 2 Zo]RHE-2] CoP F3E (COPy,
cOPy)E F5TT.

i)

2.3.2 CNN-LSTM
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RMSE®}0.999] R* g2 71530 71 93t 52 B AT
CNN-LSTM 222 ML & AP "ol A Z+2F 11.59 mm<} 8.81
mm&| RMSE®}0.989] R? Z+2 7] 2311, CNN-Bi-LSTMO]| H]
&l /g50] Tha Wokth Bi-LSTM &S ML 2 AP {5fo] 4]
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[Table 1] Overall Experiment Result

CNN-Bi-LSTM CNN-LSTM Bi-LSTM
ML AP ML AP ML AP

RMSE| 7.09 | 4.69 | 1159 | 881 | 2552 | 10.90
(mm) | (5.07) | 237) | (5.82) | (2.56) | (38.91) | (8.89)

099 | 099 | 098 | 098 | 077 | 095
0.01) | (0.01) | (0.02) | (0.01) | (0.57) | (0.07)

[Table 2] Experiment Result in static posture

CNN-Bi-LSTM CNN-LSTM Bi-LSTM
ML AP ML AP ML AP

RMSE| 4.12 | 423 | 571 | 700 | 49 | 542
(mm) | (5.07) | 4.53) | (5.82) | (3.94) | (7.39) | (7.30)

096 | 098 | 087 | 091 | 094 | 096
(0.05) | (0.03) | (0.10) | (0.08) | (0.10) | (0.06)

[Table 3] Experiment Result in dynamic posture

CNN-Bi-LSTM CNN-LSTM Bi-LSTM
ML AP ML AP ML AP

RMSE| 7.71 | 472 | 1344 | 934 | 2823 | 10.71
(mm) | (5.70) | (1.24) | (7.10) | (2.66) | (51.55) | (11.47)

099 | 099 | 097 | 098 | 071 | 096
0.01) | (0.01) | (0.02) | (0.01) | (0.82) | (0.06)
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