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Neural-Machine Interface for Artificial Legs

» There are over 1.7 million amputees in the US, around 75% of which are
lower limb amputees.

» The population of lower limb amputees is still growing as the incidence of
dysvascular disease increases.

» The function of current prosthetic legs is limited due to the lack of neural
control.

» Neural-controlled artificial legs will improve the quality of life of leg amputees.

Objective

To develop a robust and high-performance neural-machine interface
(NMI) that accurately deciphers the user’s intended movements in real-time

for artificial legs.
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Neural Machine Interface

“Decode intended task and transitions
based on EMGs and mechanical signals
recorded from lower limb amputees

< Detect diverse disturbances and adjust
system operation to ensure overall trust
level

#Send user intent for neural control of

| Mechanical
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artificial legs

“Drive animations in virtual reality in
real time for training and evaluation
purposes

Decoding User Intent Based on
Neuromuscular-Mechanical Fusion
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The fusion-based algorithm outperforms the decoding
algorithm based on only EMG signals or mechanical signals.
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Virtual Reality System

» The virtual animation
correlates with the user’s
locomotion mode in real-time.

» The skeletal key frame (SKF)-
based animation technique is
employed in our motion
reconstruction system.

Embedded System Implementation

Our parallel pattern recognition
algorithm implementation on
FPGA (Altera Stratix Ill) indicates
a 38X speedup vs. the software
implementation on a PC with Intel
i3 3.2 GHz processor

Research Progress

Real-time Intent Recognition

Atransfemoral amputee continuously walks on different types of terrain

lf! EAREEE

E w
+

]
W RA 4

D

Ground Truth
w RA w RD

Ramp DescentiRD)  Real-time Prediction of Locomotion Modes RA RO

Ramp Ascent (RA) a5 SRR o o
Stair Descent{SD)
Stair Ascent{SA) ar W W
J

Level Walking (W)

Standing(s) —S— Intent Recognition System Accuracy: over 98%

1] 10 20 40 50 70 B0 90 100 10 120

Sh

60
Time(S)
Future Work
» integrate the trust module in the
real-time NMI;
» Improve the virtual reality system
; with accurate position mapping;
Vomasen > Real-time integration on embedded
) De?eclm: Res_uﬂs i systems.

Trust Management Module

EMG Signal with Recoverable Disturbances
{ Motion Artifacts and Baseline Nolse )
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