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Abstract –The Functional Reach Test (FRT) is a 
simple, portable, clinically accepted tool that is used to 
measure semi-static balance. In a recent study, video 
recordings and software elaborationshave 
beenperformed by a computerized system to 
determinethe FRT objectively (computerized FRT, 
cFRT):here an in-depthstudy on the measuring error 
of the above system is proposed.Main uncertainty 
sources identifiedare (a) geometrical errorsdue to the 
alignment of the camera calibration plane with the 
real motion plane, (b) the difference in depth between 
the above planes, (c) the image aberration due to the 
lens that compress the pixels and (d) the software 
error in position estimation using a template matching 
algorithm. The uncertainty evaluation is performed 
by means Monte CarloSimulationsand results suggest 
that both the depth error  and the barrel distortion 
are the more relevant source of error, althoughthe 
aberration can be corrected by one of the many 
algorithms available in literature. Results can be 
useful to define a measurement protocol to improve 
the performances of thesystem for a better clinical 
effectiveness.  
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 I. INTRODUCTION 

The Functional Reach Test (FRT) is a clinically 
accepted tool forassessing semi-static balancein the 
anterior–posterior direction. It is particularly useful for 
elderly people and for patients affected by neurological 
diseases, e.g. vestibular disorders, physical decline, 
stroke, Parkinson’s disease, etc. In particular it aims to 
measurethe maximum displacement achievable by 
stretching one arm withoutlosing the balance or stepping 
(Functional Reach FR).  

The functional and cognitive decline in elderly people 
may have negative effects on their quality of life, due to 

the decrease of  physical performances, as well as falls 
and hospitalizations [1], therefore its assessment is 
important [2-5]: several clinical tests have been designed 
to assess balance and mobility and FRT has been used to 
demonstrate both physical performances and cognitive 
functions decrease with aging [6, 7]. In particularthe FR 
is usually evaluated through an operator observing the 
arm displacement on a tape [8,9]: the lack of any specific 
instrumented device and the operator dependency make 
the test very low repeatable. Therefore, as for other 
diagnostic applications in various medical fields [10-17], 
in a recent study video acquisition and processinghas 
been applied by means of a computerized system to make 
the FRT more objective (cFRT)in order to improve both 
the measurement repeatability and the diagnostic 
effectiveness [18]. Moreover,a preliminary validation of 
the above system has been assessed in [19] by means of a 
calibrated stereo-photogrammetric system: the percentage 
variation between the two systems is lower than 3% in all 
subjects (4 healthy men, 10 trials each one)and it is 
significantly lower than the percentage variation obtained 
in daily clinical practice.As a consequence of the 
encouraging results, in the present work an in-depth study 
on the sources of uncertainty is proposed and appliedby 
means of a Monte CarloSimulation (MCS). 

 II. UNCERTAINTY IDENTIFICATION 

The system under study is made up of a webcam that 
captures the patient motion and software to process the 
data for the FRT estimation (Fig.1). In particular: 

1. Animage acquisitiondevice forpatient motion 
recording and transmission to the processing 
unit. This component can be a webcam or an 
equivalent opto-electronic system.  

2. A processing unit (i.e. a desktop PC)where a 
template-matching algorithm isimplemented 
toautomatically determine the fist’s trajectory in 
the recorded video of the patient.  
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image  at the edge: indeed further experiments show that 
the greateris thebarrel distortion  thehigheris the shift of 
the mean value, nevertheless the distribution shape looks 
the same, as suggested by the ratio σFR/FRm From 
percentile upper and lower limits the uncertainty can be 
obtained at 95% of confidence level: for all the 
distributions (distorted and undistorted cases)a coverage 
interval of about5% is determined. 

 

Table2.MCS results (10000 trials). 
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Percent
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5%) 

190 186 184 190 189 188 
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(95%) 

209 205 203 209 208 207 

σFR/FR
m 

0,03 0,03 0,03 0,03 0,03 0,03 

 V. CONCLUSIONS 

In this work a study on the identification and 
evaluation of the measurement uncertainty sources is 
proposed for an optic system for the FRT evaluation. The 
results showa relative uncertainty of  about5% for a 
measurementat 2m from the camera (95% confidence 
level) and a shift of the mean value due to the barrel 
distortion that can be corrected with one of the common 
algorithms available in literature[23-26].Although in this 
work a contribution is given to the study on the most 
important sources of uncertainty in the optical set up for a 
FRT application, more studies are going to be conducted 
to investigate on the template matching errors by means 
of a software code analysis, in order to increase the 
robustness of the diagnostic method and its reliability.In 
particular, such activities will comprehend the assessment 
of more sophisticated template matching techniques [27-
29] that could simultaneously satisfy an error reduction 

and a limited computational complexity 
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