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Background

STS motions :

U On average, Iindividuals perform sit-to-stand and stand -to-sit
transitions 33 to 71 times per day, according to previous studies .

U For older adults, the stand -to-sit transition can pose a significant risk
due to potential loss of balance and insufficient muscle strength .

Assistive devices challenge

U High demand for automatic device control based on the u s e rinfest
to move to realize better usability and experiences .

U Activation time of a pneumatic device, typically approximately 100
ms.
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Power Assists and Temporal Prediction
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Sit-To-Stand Motion

15t phase
moving COG forward



Sit-To-Stand Motion

2hd phase
hip leaving seat

10



Sit-To-Stand Motion

3" phase
lifting COG

11
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Muscle Synergy

temporal pattern  spatial pattern

temporal strength  muscle activity
——bend —

signal from the brain

SPICI

Time [g] |§ r%

sensory feedback
(illustrated by Prof. An)



Raw EMG and Muscle Activation
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Muscle Synergy Calculation

Non-Negative Matrix Factorization (NMF)

Original Matrix
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Research scheme (part 1): Prototyping and forecasting

Generating spatial pattern and temporal pattern of muscle synergy
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Forecasting STS motion prediction scheme

Data collection

A 15 3-minute continuous data

o Each contains natural motions while sitting and occasionally STS
stabilization strategy (5 to 6 times).

N

Hﬁ
Muscle synergies —
(input) 1 n %H n+ 17

Forecast time ( ¢9)

forecasting time ( 79

- 1 step (4 ms)

- 25 steps (100 ms)
- 50 steps (50 ms)
- 75 steps (300 ms)
- 100 steps (400 ms)

23

v



_______________________________________________________________________________________________________________

downsampling

Multiresolution LSTM

(average pooling)
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muscle synergy (temporal pattern)




Research scheme (part 2): verification with a real assistive chair

Real
time

i3

Prediction
Model

Device
activation
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Prediction accuracy & anticipation time
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Results: prediction accuracy
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Measurement: Anticipation timing

Baakvalus Original synergy 1 === Advance predicted synergy 1 ----- Threshold synergy 1
1 Original synergy 2 =« Advance predicted synergy 2 Threshold synergy 2
A 100% ; — Original synergy 3 === Advance predicted synergy 3 ----- Threshold synergy 3
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Results: Overall anticipation time

500 -

400 -

$ Synergy 1
Synergy 2
$ Synergy 3

I

1-layer LSTM

2-layer LSTM

3-layer LSTM

4 100 200 300 400

For each synergy,
the single
resolution predicts

100 200 300 400 4 100 200 300 400 the shortest
t- (ms) t- (ms) anticipation time
o IS anticjpation time, t-Is forecast time for DNN training 30
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Chair support based on STS intention prediction (video)

On-time trigger
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Network Structure
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Prediction results

Result of time difference

(o]
o
1

Participants ~ S;7'S; (ms)  Si7'S; (ms)  Cycle motions (¢4, ms)
1 +20 +14 +17
2 -10 -22 -16
3 +36 +52 +44
4 +29 +35 +32
5 -37 -11 -29
6 +90 +52 +72
7 -34 -6 -20
8 +50 -6 +22
Average 38.25 24.75 31.5

Prediction Accuracy in 300ms forecasting time

—o— P1
P2
—— P3
\ \\ —— P4
\\\ \ —¥— P5
\“‘< —e— P6
‘ A\ P
N -

\Y=— «-.i“
160 léO 260 2é0 360 3é0 460 4é0 560

Forecasting time (ms)

Accuracy results among 1000 msforecasting time

Participants  S;T'St(%) StT'S;(%) Cycle motion(%)
1 90.1 94.0 92.1
2 91.2 92.2 91.2
3 93.5 91.7 92.6
4 92.8 93.0 92.9
5 94.2 02.2 93.2
6 94.5 93.7 94.1
7 93.6 94.2 93.9
8 95.1 92.1 93.6
Average 93.1 92.9 93.0

V TheproposedDNN achieveda high predictionaccuracyof approximately93%(92.95% + 0.83%)
whenforecastingnotionstates300msaheadwith anaveragdime differenceof lessthan50 ms



Real time system demo

The assistive chaimand Exoskeleton
receives control signals from the PC to
support sit-to-stand and standto-sit
transitions.

1.Collect30 cyclesof motiondata

2.Train the neuralnetwork and load the model into
therealtime system

3.Predictmotionstatesn realtime.
4.Sendpredictiondo assistivedevicedor support



Triggering Chair and Exoskeleton
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Chair support based on STS intention prediction (video)

On-time trigger




Chair support based on STS intention prediction (video)

Early trigger




Chair support based on STS intention prediction (video)

Late trigger
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Result analysis: muscle effects based on different types of

assistances

Tibialis anterior

early assistance
simultaneous assistance
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Result analysis: muscle synergy effects based on different
types of assistances

AF synergy KE synergy HE synergy

Bl carly assistance

I simultaneous assistance
Bl 1ate assistance

Il without assistance

TN I [ P *

FTEITEXF G TEPJTE XS TG LI E XS &
Muscles Muscles Muscles

AF: ankle flexion; KE: knee extension; HE: hip extension



Result analysis: muscle effects based on different types of
assistances

Total muscle activation

Participant A Participant B

Average of all participants
200

[ simultaneous assistance
Bl iate assistance
Il vithout assistance
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Peak value activation
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Result analysis: motion effects based on different types of

assistances

Angle (°)

Angle (°)
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Result analysis: center of mass trajectory differences based
on different types of assistances

Center of mass Center of mass

100
-~ early assistance \

80 ——simultaneous assistance
—|ate assistance

Vertical (%)

-20 - - - ' ' - ~
0 25 50 75 100 0 25 50 75 100
Horizontal (%) Horizontal (%)
Participant A Participant B

50



Result analysis: muscle synergy effects based on different
types of assistances

AF Synergy

——early assistance
——simultaneous assistance
—late assistance
—without assistance

KE Synergy ] HE Synergy

0 500 1000 1500 2000 2500 3000
Time step (ms)
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Scheme of Intention Change Detection during Sit

Standing

Real -time muscle
activation calculation

_________________________________

Temporal pattern

Real-time
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~ e e e e e e e e e

offline processing

Muscle activation forecast
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Detection of Intention Change During the Sito-Stand Movement

Experiment

Data collection of normal sit -to-stand case and Intention change case
Intention change

|
| ] \
Normal SI"[ -to-stand

| 1

Indicator

STAND BY START STOP

Timing recorded

How indicator works



Experiment

S

Detection of Intention Change During the Sito-Stand Movement

Intention change case

Demonstration of intention change case

Signal sources

SEMG

Motive
data

Stop
timing

Experiment : IS(no
type IS(early) | IS(middle) | 1S(late) change)
Quantity 20 20 15 10




Intention Change During the Sit
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-to -Stand Movement

Detection of Intention Change During the Sit
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Scheme of Intention Change Detection during Sit

Standing

Real -time muscle
activation calculation

_________________________________

Temporal pattern

Real-time
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offline processing
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Detection of Intention Change During the Sit  -to-Stand Movement
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Detection of Intention Change During the Sito-Stand Movement

Classification results on intention change case data in test dataset(  rnn prediction time: 120ms, shift timing:150ms,
with all change timing data, seq_rnn 20, without post -processing
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Detection of Intention Change During the Sito-Stand Movement

Classification results on intention change case data in test dataset(  rnn prediction time: 120ms, shift timing:150ms,
with all change timing data, seq_rnn 20, after post - processing
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