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SUMMARY 

Although kinematic data is very useful to the sprinter’s coach, 
sometimes it is not feasible to conduct photogrammetry due to 
the cost of high speed cameras and the time involvement. 
In this study we conducted a 2D photogrammetric analysis to 
measure the accuracy of using common 50 Hz cameras in 
sprinting. Ten sprinters participated, running 50 m at maximal 
intensity. One high speed camera (250 Hz) was placed 45 m 
from the start, and one stride was analyzed. Common 
kinematical variables were measured. The original 250 Hz 
signal was subsampled (50 Hz), reconstructed to 250 Hz using 
the Shannon’s reconstruction theorem algorithm, and then 
compared with the original signals. Results show that the 
reconstructed signal clearly improved the subsampled one, and 
some variables, such as contact time, were identical to the 
original signal. This implies that cheaper cameras and quicker 
digitizing process can be used to obtain kinematical data in 
sprinting. 
 
INTRODUCTION 
One of the desired goals in sport Biomechanics is to be able to 
give feedback to the coaches as soon as possible. 
Photogrammetry is a common tool for studying sprint 
kinematics, but the main problem is the time involved in the 
digitizing process. Analysis with high speed cameras is 
recommended, but sometimes the high price of the equipment 
and the time consumption of the digitizing process make it 
unfeasible to support the coaches’ training process. The 
sampling frequency should be as low as possible to save time 
while remaining above the Nyquist critical frequency. 
Reconstruction techniques exist to artificially increase the 
frequency of the signal, i.e. the Shannon’s reconstruction 
theorem algorithm [1]. 
 
The aim of this study was to compare the results of some of 
the most common kinematic variables measured in sprint 
running when sampled at 250 Hz and at 50 Hz (common 
European digital cameras frequency), the latter then being 
reconstructed to 250 Hz using the Shanon’s sampling theorem 
algorithm. 
 
METHODS 
Ten sprint runners volunteered to participate in the study. 
They performed sprint running at maximal intensity over 50 
m. A high speed camera (Redlake, Tucson, AZ), placed 45 m 
from the start,  was used to record a 5 m distance ( 250 Hz). A 

mechanical model of 22 points and 14 segments was used [2]. 
The trials were digitized manually, using Kwon 3D software 
(Visol Inc. Korea). At least one complete stride was digitized 
from each subject. The reconstructed coordinates (DLT 
algorithm) were subsampled at 50 Hz (SUB) and then 
reconstructed to 250 Hz (REC) using the Sannon’s algorithm. 
 
A threshold of 1 cm above the ground was established to 
determine foot contact-takeoff. The maximum and minimum 
values of the following variables were measured: body lean, 
hip, knee, and ankle angles and angular velocities at touch 
down (TD) and takeoff (TO). Contact time was also measured. 
For each situation, root mean square and the averaged relative 
error were calculated comparing 250 Hz data (ORIG) with 
SUB and REC data. 
 
RESULTS AND DISCUSSION 
Table 1 shows the comparisons between ORIG and SUB, and 
between ORIG and REC data. The discrete instants of the 
stride (TD and TO) show a considerable improvement over the 
reconstructed signal. Conversely, maximum and minimum 
values are almost identical to the original. Differences 
between SUB and REC are more evident when comparing 
angular velocities. Figure 1 shows an example of the 
improvement of REC in the ankle angular velocity. Note how 
well the reconstructed signal matches the maximum and 
minimum peaks compared to SUB. 

 
Figure 1: An example of the angular velocity of the ankle in 
one stride. Orig- original signal (250 Hz); Sub- subsampled 
signal (50 Hz); Rec- reconstructed signal (250 Hz again); TD-
touchdown; TO- takeoff. 
 



The other remarkable improvement occurred in the contact 
time. The REC signal obtained the same results as the ORIG, 
while the SUB contained an average error of 11.78%. 

 

CONCLUSIONS 
The results indicate that 50 Hz cameras are suitable tor 
conducting and obtaining accurate kinematical results. Some 
variables could be obtained directly from the 50 Hz signals 
(error <2%) but it is recommended to reconstruct the signals 
with Shanon’s sampling theorem algorithm to substantially 
increase the accuracy. 
 
 
 

REFERENCES 
1. Hamill J, et al., J Appl Biomech. 13:226-238, 1997. 
2. Alcaraz, P. E. et al., J Strength Cond Res. 22(3):890-897. 
 
 

 
Table 1: Results of the comparison between the kinematics at the original 250 Hz, the subsampled (50 Hz data), and the resampled 
data (250 Hz). 
 
  TD TO MAX MIN 

ORIG/SUB ORIG/REC ORIG/SUB ORIG/REC ORIG/SUB ORIG/REC ORIG/SUB ORIG/REC

Trunk 
RMS 1.86 0.24 1.31 0.35 0.71 0.70 0.63 0.29 

AvRelErr 15.23 2.24 13.32 3.60 2.50 2.45 10.46 6.89 

Hip 
RMS 5.32 0.48 2.04 0.54 0.48 0.52 0.52 0.33 

AvRelErr 6.90 0.62 1.21 0.36 0.21 0.31 1.45 1.04 

Knee 
RMS 3.71 0.53 4.48 0.68 1.36 0.62 0.62 0.96 

AvRelErr 2.00 0.29 1.94 0.35 0.70 0.31 1.52 2.54 

Ankle 
RMS 8.77 0.76 4.44 0.40 0.98 1.00 0.73 0.44 

AvRelErr 8.27 0.46 2.88 0.30 0.50 0.59 0.84 0.48 

AVHip 
RMS 89.25 44.26 186.65 29.94 160.54 50.49 199.30 68.03 

AvRelErr 17.02 8.21 90.65 12.85 18.01 4.48 19.06 6.93 

AVKnee 
RMS 124.01 66.61 385.53 29.39 237.95 50.79 141.63 73.44 

AvRelErr 47.19 23.78 225.96 15.86 28.58 5.78 26.63 11.51 

AVAnkle 
RMS 325.76 119.18 471.49 87.51 370.13 80.18 251.81 95.57 

AvRelErr 20.20 12.96 41.27 7.76 24.05 4.67 28.49 8.28 
        

Contact 
Time 

RMS 0.016 0.000 

AvRelErr 11.78 0.00 
TD- touch down instant; TO- takeoff instant; MAX- maximum value of the variable in one stride; MIN- minimum value of the 
variable in one stride. 
ORIG/SUB- comparison between original data 250 Hz and subsampled at 50 Hz; ORIG/REC- comparison between original data 
and reconstructed to 250 Hz from de subsampled data; AV(angle)- angular velocity; RMS- root mean square. AvRelErr- average 
relative error. 
*Angles are expressed in degrees; angular velocities in degrees per second; contact time in seconds; average relative error in 
percentage. 
 
 
 
 


