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STS motions :

üOn average, individuals perform sit -to -stand and stand -to -sit
transitions 33 to 71 times per day, according to previous studies .

üFor 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 :

üHigh demand for automatic device control based on the userõsintent
to move to realize better usability and experiences .

üActivation time of a pneumatic device, typically approximately 100
ms.

Background
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Power Assists and Temporal Prediction
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Sit -To-Stand Motion
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1st phase

moving COG forward
2 3



Sit -To-Stand Motion
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1 2nd phase

hip leaving seat

3



Sit -To-Stand Motion

11

1 2 3rd phase

lifting COG
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Raw EMG and Muscle Activation
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muscle activation estimates muscle contraction
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Muscle Synergy Calculation

Non-Negative Matrix Factorization (NMF)
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(original by Prof. An, modified by Nakamura)

joints related to muscle synergy



Generating spatial pattern and temporal pattern of muscle synergy

Producing temporal pattern Ὄ
that mimicking real - time calculation

h1

h2

h3

Research scheme (part 1): Prototyping and forecasting 

Prediction 
Model

Time-series 
Prediction 

Result 
comparison
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Forecasting STS motion prediction scheme
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n + tF
t

Muscle synergies
(input) 1 n

Forecast time ( tF)

forecasting time ( tF) 

- 1 step        (4 ms)     

- 25 steps (100 ms)

- 50 steps    (50 ms)

- 75 steps (300 ms)

- 100 steps (400 ms)

Data collection

Å 15 3-minute continuous data

o Each contains natural motions while sitting and occasionally STS 

stabilization strategy (5 to 6 times).



muscle synergy (temporal pattern)

Multiresolution LSTM FC
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Generating spatial pattern and temporal pattern of muscle synergy

Producing temporal pattern Ὄ
that mimicking real - time calculation

h1

h2

h3

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

Prediction 
Model

Time-series 
Prediction 

Result 
comparison
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Prediction accuracy & anticipation time
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For each synergy,
the single 
resolution predicts 
the lowest accuracy

Results: prediction accuracy



Measurement: Anticipation timing

The duration between tp and t o is called anticipation time represented as tp-o



Results: Overall anticipation time

30tp-o is anticipation time, tF is forecast time for DNN training

For each synergy,

the single 

resolution predicts 

the shortest 

anticipation time



Riken s assistive chair
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Chair support based on STS intention prediction (video)

On-time trigger

32
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Prediction results

VTheproposedDNN achieveda high predictionaccuracyof approximately93%(92.95% ± 0.83%)
whenforecastingmotionstates300msahead,with anaveragetime differenceof lessthan50 ms.
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Real time system demo

1.Collect30 cyclesof motiondata.

2.Train the neuralnetwork and load the model into

thereal-time system.

3.Predictmotionstatesin realtime.

4.Sendpredictionsto assistivedevicesfor support.

Detect EMG signals in real time 

and send them to the PC

The assistive chair and Exoskeleton 

receives control signals from the PC to 

support sit-to-stand and stand-to-sit 

transitions.



Triggering Chair and Exoskeleton

ǨʣǓȑ ἧ

ɏɭɶȠȵȷɆɅɎȢȷǵ
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Chair support based on STS intention prediction (video)

On-time trigger
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Chair support based on STS intention prediction (video)

Early trigger
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Chair support based on STS intention prediction (video)

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

assistances
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Result analysis: muscle effects based on different types of  

assistances
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Result analysis: muscle synergy effects based on different 

types of  assistances

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



Result analysis: muscle effects based on different types of  

assistances
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Total muscle activation

Peak value activation



Result analysis: motion effects based on different types of  

assistances
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Result analysis: center of  mass trajectory differences based 

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

types of  assistances
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Scheme of  Intention Change Detection during Sit -to -Stand

Pop

1st DNN

Muscle Synergy 
Prediction 

(Forecast)

1st DNN

Real-time 
muscle 

synergy
calculation

2nd DNN

Intention 
Change 

Detection 

Post -

processing

(excluding 
unallowable 

transitions)

Real-time 

sEMG

Temporal pattern

Actual Temporal Patterns

Real -time muscle 

activation calculation Intention change detection

Representative 

Spatial 

patterns  

Buffer
Push

Delay

(timing adjust)

Forecast

Forecasted Temporal Patterns

offline processing

Muscle activation forecast

Output

(intention 

change

detection

result)



How indicator works

Experiment

START STOPSTAND BY

Indicator

Timing recorded

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

Detection of Intention Change During the Sit-to-Stand Movement

4

Normal sit - to -stand

Intention change



Experiment 
type

IS(early) IS(middle) IS(late)
IS(no 
change)

Quantity 20 20 15 10

Demonstration of intention change case

Signal sources sEMG
Motive 
data

Stop 
timing

Experiment
s

Intention change case

Detection of Intention Change During the Sit-to-Stand Movement
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Trimmed dataShifting label timing

Sitting Sit - to - stand Intention

change
Sit - back

Intention Change During the Sit -to -Stand Movement
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Normal sit -to-stand

Detection of  Intention Change During the Sit -to -Stand Movement

Intention Changes
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Scheme of  Intention Change Detection during Sit -to -Stand

Pop

1st DNN

Muscle Synergy 
Prediction 

(Forecast)

1st DNN

Real-time 
muscle 
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Change 
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processing

(excluding 
unallowable 

transitions)

Real-time 
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Temporal pattern

Actual Temporal Patterns

Real -time muscle 

activation calculation Intention change detection

Representative 

Spatial 

patterns  

Buffer
Push

Delay

(timing adjust)

Forecast

Forecasted Temporal Patterns

offline processing
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Output

(intention 
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detection

result)



Synergy of Intention changeMotion capture data of Intention change

Experiment
s

Intention change case

Detection of Intention Change During the Sit-to-Stand Movement

Vertical waist-peak time

Target recognition time ( set with a shifted 
time from vertical max waist time 
to ²100ms, -150ms, -200ms ˜˜ earlier).

Ground truth starting time
(vertical waist -peak time)
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0: sitting
1: sit -to -stand
2: intention change
3: sit back

Detection of  Intention Change During the Sit -to -Stand Movement
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0: sit
1: sit -to -stand
2: intention change
3: sit back

Detection of  Intention Change During the Sit -to -Stand Movement
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0: sit
1: sit -to -stand
2: intention change
3: sit back

Results

Detection of Intention Change During the Sit-to-Stand Movement
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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



0: sit
1: sit -to -stand
2: intention change
3: sit back

Results

Detection of Intention Change During the Sit-to-Stand Movement

19

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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Research on communication in power assist process

1 2
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Research on communication in power assist process
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