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•  Posturography 

•  Calculation of body sway outline 
 

      1) Convex Hull 

 

 

     2) Principal Component Analysis (PCA) 
        Method 

 
 

     3) Fourier Transformation 

 

•  Comparison 
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Posturography 
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Balance disorders 

•  Unsteadyness 

•  Dizziness 

•  Feeling of movement, spinning or floating 

Posturography 

•  Test of balance  

•  Quantify postural control in upright stance 

•  Patient in standing posture on force platform 

à Body sway area, length of path, velocity 
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Convex hull 

 

proc g3grid data=…   outtri=… à triangulation of data set 
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&y.*&x.=&z; 
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proc princomp data=pca01 COV OUT =_prins; 

  var &y. &x.; 

run; 

Principal component analysis (PCA) 

Cov(y,y) Cov(y,x) 

Cov(x,y) Cov(x,x) 
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Eigenvectors e1 , e2  

 

Covariance-Matrix 
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Calculation of contour with Fourier Transformation 

%macro fouriertransform(points=, accuracy=); 
 
Given Point set 
1) Calculate concave outline àfirst approximation 
2) Fourier transformation à Proc Spectra 
3) Calculate ‚smooth‘ outline 
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Concave outline 

1)  Transform cartesian coordinates (xi, yi) to polar coordinates (ri,φi)  

2)  Divide full revolution into m intervalls (360°/m) 

3)  Max(ri) from center of pressure (cxi, cyi) is first approximation of 
outline 
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     Fourier  

Transformation 

‚smooth‘ outline 
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Fourier Series 

•  Fourier series decomposes periodic functions or periodic signals 
into the sum of a (possibly infinite) set of simple oscillating functions 
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Determinition of Fourier Coefficients with SAS 

proc spectra data=ft out=fouriercoeff1 coef; 

    var r ; 

    by usubjid; 

run; 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then 
insert it again.

mB

=9B

=1B =2B

mA

=0A
=1A

=9A

=2A



10 

%macro fouriertransform(npoints= , accuracy=0.04); 

1) Calculation of concave outline 

2) Calculation of Fourier coefficients (of radius r) à Proc Spectra; 

3) Calculation of (rm,φm) based on Fourier coefficients Am and Bm 

        Do                                      by &accuracy; 

     End; 

4) Re-Transformation of polar coordinates to cartesian coordinates 

 à smooth outline 

Calculation of contour with Fourier Transformation 
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Parameterized macro %fouriertransform 

.  
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9 points/ A=240 12 points / A=225 18 points / A=212 

24 points / A=203 36 points / A=187 90 points / A=152 

%fouriertransform 

(indata=, 

 npoints=30,   

 accuracy=0.04); 
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COMPARISON 
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Convex hull PCA method Fourier transformation 

ACH=210,30 [cm²] APCA=204,6 [cm²] AFT=186.5 [cm²] 

àArea depends   
on number of points 
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Effect of outliers 

Convex hull PCA method Fourier transformation 

 

 

 

 

Area=59.2 
 
large influence of  
outliers 
àall points are  
enclosed 
àlarger area 

Area=67.5 
 
large influence of  
outliers 
à„tries“ to enclose all 
points 

Area=51.8 
 
Small influence of 
Outliers à ‚loop‘ 
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Summary 

Shape Area Outliers Parameterized 

Convex hull good outline 

No details 

Good 
approximation 

All points 
included 

Not invariant No  

PCA 
method 

No details 
àEllipse  

angle/direction 

 

Rough 
approximation 

Not invariant No 

FT method Details Approximation 
of the ‚true area‘ 

Depend on 
points used 

Limited 
influence 

àloops 

Yes 
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Questions & Answers 
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Convex hull PCA method Fourier transformation 

Y	
  
[c
m
]

-­‐15

-­‐10

-­‐5

0

5

10

15

X 	
  [cm]

-­‐15 -­‐10 -­‐5 0 5 10 15

S ubject=24

Y	
  
[c
m
]

-­‐15

-­‐10

-­‐5

0

5

10

15

X 	
  [cm]

-­‐15 -­‐10 -­‐5 0 5 10 15

S ubject=24

Y	
  
[c
m
]

-­‐15

-­‐10

-­‐5

0

5

10

15

X 	
  [cm]

-­‐15 -­‐10 -­‐5 0 5 10 15

S ubject=24



16 
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