
1

Design a force platform for measuring 
center of pressure (COP) signal

Speaker: Prof. J. S. Shieh
Head of  Dept. of Mechanical Engineering

Yuan Ze University

Date: December 3rd, 2011

2

Introduction

Falls are a major public health concern issue for the elderly people. 
The “complexity” was used to reflect adaptability and to determine 
balance stability from the center of pressure (COP) signals (Costa et 
al., 2003). 
Application of subsensory noise to the feet has been demonstrated to 
improve postural stability in the elderly (Costa et al., 2007). 
It is assumed that elderly people can effectively enhance individual’s 
postural balance stability through plantar vibratory stimulation.
Main objective is to compare the complexities of COP signals before 
and after using vibratory insoles for elderly and young adults.
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Nature in 1993, Crayfish
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Nature in 1996, Noise-enhanced Tactile 
Sensation
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Part I
Design A Balance Stability 

Enhancement System 
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Top view

Side view

Back view

Vibratory insoles and shoes
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Vibration mechanism

Micro motor

Variable resistor
vibratory insoles

Variable resistor combine with 
the vibratory insoles 
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Materials using conductive fibers

Self-made stride sensors

Stride-interval measurement 
using conductive material
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Stride
Sensor 2

Stride
Sensor 1

Self-Made Micromotors  plus 
Stride sensors 
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Self-Made Stride sensors in 
insole and shoes with ARM 

ARM collecting data 
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MATLAB
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stride-interval
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Accelerometer A/D card (500hz)

Stride-interval measurement 
using tri-axis accelerometer 
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Step spacing - 30cm

Average step time 0.56±0.076 (s) 

Feet off the ground

Feet hit the floor
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Average step time 0.58±0.054 (s) 

Step spacing - 40cm
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Average step time 0.63±0.04(s) 

Step spacing - 50cm
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Part II
Multi-Scale Entropy Applied in Fall-Risk 
Evaluation via Measuring Non-invasive 

Physiologic Signals
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COP force plate

The COP signals were obtained 
from a force plate CATSYS 2000 
(Danish Product Development
Ltd., Snekkersten, Denmark) and
its signal sampling frequency was 
about 40Hz.
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The COP (center of pressure), which can be used
as a measure of postural stability, is measured in
the horizontal plane in both anterposterior (AP)
and mediolateral  (ML) direction.

Postural stability and COP signal
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A functional module flowchart for COP 
signal analysis

EMD technique was adopted to decompose the COP signals. 
The reconstructed signals were analyzed by MSE.
Complexity was evaluated and compared. 
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Vibratory insoles for elderly and young 
subjects

Subjects：
26 elderly subjects (with fall experiences in one year; all males; age 
range: 65-95 years old ).

16 healthy young subjects (fourteen males and two females; age 
range: 20-30 year old).
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Time Up and go COP The sole of feet stimuli- vibratory insoles

Time up and go and COP measure experiment
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Traditional COP analysis-Area based
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(c) healthy young subject for control
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(d) healthy young subject for vibration
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(a) elderly subject for control
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(b) elderly subject for vibration

The AREA-CC (95%) can not effectively distinguish the differences in this experiment.
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Empirical mode decomposition (EMD)
Huang et al. (1998) developed EMD procedure.
Signal is decomposed into intrinsic mode functions (IMFs) by EMD.
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Multi-scale entropy (MSE)

The entropy is calculated by sample entropy.
Match point (m) and tolerance ratio (r) m = 2 and  r = 0.15
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Schematic illustration of the MSE for scale 2 and 3 (Costa et al. 2002)
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Complexity index (CI)

Complexity index (CI) was defined as the area under the MSE 
curve as

where sn is presented scale numbers.

CI is compare to determine the complex degree of the signal. 
If the CI value of the subject is greater , the Complexity of 
the subject is higher.
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The MSE analysis of reconstructed COP signal 
(IMF2+IMF3)-EMD
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Pa: p-value for elderly subjects between pre-test and post-test. 
Pb: p-value for healthy young subjects between pre-test and post-test. 

The statistical significance of MSE-ML and MSE-AP is higher, especially   
for MSE-AP. (Pa <0.001)

Stabilometric parameters
Elderly fallers Healthy young

Pa Pbpre post pre post

AREA-CC (95%) (mm2) 31.55 ± 14.57 25.11 ± 16.90 25.81 ± 17.53 23.52 ± 13.41 0.104 0.611

AREA-SW (mm2/s) 58.15 ± 28.13 46.12 ± 22.37 27.7 ± 14.8 23.6 ± 14.31 0.102 0.335

MSE-ML (complexity) 5.205 ± 1.085 5.829 ± 1.353 5.517 ± 0.728 5.349 ± 0.646 0.030 0.427

MSE-AP (complexity) 5.611 ± 0.734 7.263 ± 1.355 5.926 ± 1.266 6.299 ± 0.599 0.001 0.321

The comparisons of Area-based and MSE for elderly and young 
subjects under pre-test and post-test conditions 

Area-based
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Part III
Developing a Fall-Risk 

Evaluation System 

Balance Measurement Device

34

The balance measurement system design flow chart

There are many commercial COP measurement systems (such as
Kistler, CATSYS2000) in the market. However, their prices are
usually too high to be affordable.

Balance Measurement Device
Pressure measurement platform design
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Pressure measurement platform
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Reproducibility tests

Static test at location 1 

The location of four static test points
Static state COP test
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Reproducibility tests
The location of four static test points

Static state COP test
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Static test at location 1 

High resolution balance 
measurement system

(a) (b)

Embedded balance 
measurement system
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Reproducibility tests

Table 1. The mean and standard deviation value of four locations which measured 
by high resolution balance measurement system 

Static state COP test
Result

Standard deviations are between 0.09 and 0.28 (cm)
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Reproducibility tests

Table 2. The mean and standard deviation value of four locations which 
measured by embedded balance measurement system

Result
Static state COP test

Standard deviations are between 0.06 and 0.16 (cm)
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Reproducibility tests

Dynamic simulation device

Dynamic state COP test

Push

Simulation device with a ball

The dynamic simulation device
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Reproducibility tests
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The regular displacement figure

High resolution balance 
measurement system

(a) (b)

Embedded balance 
measurement system

Dynamic state COP test
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Reproducibility tests

Table 3. The mean and standard deviation values of radius: 
R1 : Measured by the high resolution balance measurement system 
R2 : Measure by the embedded balance measurement system 

Dynamic state COP test
Result



Balance Measure System
Human balance test
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AMTI BIOMECHANICS PLATFORM

PLATFORM Signal Processor

Balance Measure System
Human balance test
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AMTI BIOMECHANICS PLATFORM

High resolution balance measure system on the AMTI system 

Balance Measure System
Human balance test
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Subject standing on the AMTI system and our CPCMS 

Balance Measure System
Human balance test
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Balance Measure System
Human balance test

AMTI

CPCMS

Balance Measure System

50

Human balance test

(1) Standing directly on the platform:

-Eyes open    (Sway1)

-Eyes closed  (Sway2)

(2) Standing on the platform with a soft foam (Water cushion)  

under their feet:

-Eyes open    (Sway3)

-Eyes closed (Sway4)

Experiment:

Balance Measure System
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Human balance test

Water cushion on the balance measure system 

Balance Measure System
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Human balance test
Standing directly on the platform Standing on the platform with a soft foam 

(Water cushion)
Eyes open    (Sway1)
Eyes closed  (Sway2)

Eyes open    (Sway3)
Eyes closed  (Sway4)

Balance Measure System
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Human balance test (AMTI)
sway1 sway2

sway3 sway4
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Balance Measure System
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Human balance test (Our system)
sway1 sway2

sway3 sway4
-5 0 5

-4

-3

-2

-1

0

1

2

3

4

5

6

x direction(cm)

y 
di

re
ct

io
n(

cm
)

-5 0 5
-4

-3

-2

-1

0

1

2

3

4

5

6

x direction(cm)

y 
di

re
ct

io
n(

cm
)

-5 0 5
-4

-3

-2

-1

0

1

2

3

4

5

6

x direction(cm)

y 
di

re
ct

io
n(

cm
)

-5 0 5
-4

-3

-2

-1

0

1

2

3

4

5

6

x direction(cm)

y 
di

re
ct

io
n(

cm
)



Balance Measure System
Human balance test
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Tradition Analysis method
Table1. Definition of the specific parameters examined for the postural sway

Standing directly on 
the platform

Standing on the 
water cushion Pa Pb

AMTI Eyes open Eyes closed Eyes open Eyes closed 

MS 0.39±0.12 0.36±0.08 0.43±0.12 0.77±0.22 0.358 <0.001

TS 0.18±0.07 0.19±0.06 0.24±0.08 0.44±0.15 0.630 <0.001

SS 0.31±0.1 0.27±0.06 0.30±0.10 0.53±0.16 0.133 <0.001

MSE(X) 3.19±0.86 3.21±0.90 3.87±0.63 3.92±0.96 0.943 0.847

MSE(Y) 2.79±0.99 3.62±1.01 3.63±0.98 4.14±1.30 0.012 0.169

CPCMS

MS 0.47±0.13 0.44±0.12 0.50±0.12 0.93±0.31 0.453 <0.001

TS 0.21±0.09 0.22±0.08 0.28±0.09 0.52±0.20 0.712 <0.001

SS 0.38±0.12 0.34±0.09 0.35±0.10 0.66±0.23 0.240 <0.001

MSE(X) 3.94±1.06 4.02±1.01 4.67±0.87 4.85±1.02 0.808 0.552

MSE(Y) 3.41±1.22 4.48±1.16 4.41±1.25 5.09±1.50 0.007 0.128

Pa: p-value for Standing directly on the platform between EO-test and EC-test. 
Pb: p-value for Stand on the water cushion between EO-test and EC-test. 
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Balance Measure System
Human balance test
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displacement

58

Volunteer Standing on the Force Platform
Protected by Plastic Mats
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