
 
Measurement Technologies in 

Cross Country Skiing  

University of Jyväskylä, Finland 

University of Tubingen, Germany 

University of Salzburg, Austria 

 

 
  

  
  

  

Vesa Linnamo 
Walter Rapp, Olli Ohtonen, Caroline Göpfert, 

 Juho Halonen, Stefan Lindinger 

 





JYVÄSKYLÄ 

Vuokatti 









20m long force plate system 



Equipment testing 





Horizontal force Ski tester 
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Pressure distribution mat 



Pole testing 



          Custom made binding plate pair 

                              

– 500 g / ski, based on strain gauges 

– Vertical (z), horizontal (y) and lateral (x) direction 
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METHODS RESULTS DISCUSSION INTRODUCTION 

Force variables - Average of 9 cycles 
 

Peak vertical leg force 

Peak lateral leg force 

Peak pole force 

Force (N) 

Time (s) 

0 

1000 

2000 

0 1 2 3 4 



Wireless data 
transmission 



Motion analysis 





Goniometers 



Double poling vs. ergometer 



Paralympic research       



Position 1 „neutral“ Position 2  
„Max hip flexion“ 

Position 3 A, B  
„ hip extension“ 

Position 4   
„ long seat“ 

Classification project 



EMG 
Rectus abd. 

Force 
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Sitting platform (to be constructed)  





- Sudden pertubation on a dynamic force platform to  
      check the response; EMG, acceleration,  
      center of pressure 



    Effect of arm swing 
- With mathematical modeling to determine what is the  
      effect of the level of arm amputee to performance 
 
                                             - wrist 
                                             - elbow 
                                             - shoulder 
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