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Introduction : Prosthesis control

Impedance
based
Control

=" mpedance based control
: modulate many impedance parameters
: but more comfortable for users

Tracking -Tracklng-based. contrql
based . use parameterized variable
Control : But user have to follow pre-defined move




Introduction : Hybrid control

*Phase Variable Estimation
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Figure 1. (A) Powered Transfemoral Prosthesis
(AMPRO 11), (B) Amputee Walking with AMPRO I




Introduction : Phase Variable

Gait Phase Estimation
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*Phase Variable Qualification

1)  monotonic, bounded on [0,1]

i) purely controlled by user

I
70

1
80

|
90

100

Prosthesis

Linearized
Hip
Position




Introduction : Contribution
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Preliminaries
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d(t) = %atan 2(k(0(t) —a),(6(t) — B))
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P0) = {Cb(t) +1 for d(t) <0




Methods

Cross Correlation : O] &4
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Experiment and Results : Healthy Walking

Table1. THE MEAN AND A STANDARD DEVIATION OF THE FOUR
METRICS ACROSS 50 CONSECUTIVE STEPS FOR THREE SUBJECTS

Speed (m/s) PV PS-PV
0.5 0.862 + 0.033 | 0.913 + 0.014
Thigh angle 1.0 0.859 + 0.037 0.935 + 0.011
. correlation 1.5 0.783 4+ 0.035 | 0.950 £+ 0.008
CrOSS COI‘I‘E|atI0n 2.0 0.700 4+ 0.036 | 0.949 + 0.008
1 1 1 0.5 0.894 + 0.036 0.988 + 0.003
vs. Ideal SInUSOIdaI Thigh integral 1.0 0.876 + 0.038 | 0.994 + 0.002
correlation 1.5 0.801 & 0.035 | 0.993 + 0.002
2.0 0.720 = 0.037 | 0.990 + 0.002
0.5 0.040 £+ 0.009 | 0.035 £+ 0.007
RMS Error Linearity 1.0 0.029 & 0.006 | 0.024 &+ 0.005
VS, linear function error 1.5 0.025 £ 0.005 | 0.028 £ 0.007
2.0 0.044 + 0.007 | 0.046 + 0.005
0.5 0.793 &+ 0.760 | 0.736 £+ 0.350
Error Heel-strike 1.0 0.706 £ 0.719 | 0.540 £ 0.272
: detection error 1.5 1.073 £ 0.949 | 0.667 £+ 0.264
Vs. Ideal peak (HS) 2.0 2.063 £+ 2.188 | 1.642 £+ 0.411




Experiment and Results : Amputee Walking
University of Utah public biomechanics dataset :

K2(etd4Ql E3at) -0.4,0.5,0.6,0.7,0.8 m/s

K3(AtelEdl V1) - 0.6,0.8,1.0,1.2,1.4 m/s

Thigh angle Thigh integral Linearity error Heel-strike detection
1.6 1.6 : ! | 1.8
| | B 1 0.12 D
1.4 (A) ;=z\s/-pv 1.4 ( ) =zg-Pvi- (C) =z\s/-Pv' 1.6 ( ) }=S\s/ PV‘
0.10 | 14 |
1.2 | * * 1.2 » * 1 rha 12
o L M 1 foes| | e
% . o * * 1.0
0.8 | 0.06 | F‘ [_| 0.8
, | | 06
0.8 0.04 | 04
0.4 |
05 0.02 | 02
i - O L] .
5 5 0 85 Three way Mixed ANOVA:
0.6 0.8 0.6 0.8 0.6 0.8 group, walking speed, method

Walking speed (m/s) Walking speed (m/s) Walking speed (m/s) Walkmg speed (m/s)
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Experiment and Results :

Real-Time Phase Shifting Implementation
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Real-Time Phase Shifting Implementation

2T

0F) = 0(t+ 1) ®1(t) = s—atan2(k(©:1 (D) — ), (6(F) - B))
+

pa)  Balt) = o-atan2(k(©s (i) — ), (D) — B))

2T

O, (f) = [ O(E) df k= Ll [Ormer + Ormin
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Real-Time Phase Shifting Implementation

A. IMU (Thigh)

B. Harmonic drive (Knee)
C. BLDC motor (Knee)

D. BLDC motor (Ankle)

E. Harmonic drive (Ankle)

F. FSR sensor (Heel)

IMU detect thigh
motion

high resolution
optical encoder

healthy young
subject 1.7m 70kg.

0.8m/m
handrailed treadmill
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Real-Time Phase Shifting Implementation
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Discussion

Joint angular velocity (°/s)
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limits

 torque limit - > 0.8m/s (slower than normal person)

| -shape emulator -> difference between two limbs, slightly higher
hip extension occur on prosthesis side.

* But still PSPV shows ideal cosine function

* PS is user specific -> learning based gait phase estimation model
using proposed PSPV




Conclusion

« PSPV using user thigh angle information

* PS improve linearity and HS detection.

* Real time implementation performed.

* [inear PV assist more controlled PO

* phase portrait: PSPV has fewer deviations from limit cycle.
* phase shifted thigh angle integral PV is better perform

* PSPV is more accurate gait progress detectopm amd thus robust
walking
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