
  

 
  

Abstract— Our team has built a system for testing and 
calibration of clinical Force Platforms, able to generate a 
circular path Center of Pressure (CoP) that can be accurately 
applied in the horizontal plane at a given travel speed, 
selectable radius and vertical force. The CoP generated, which 
is applied directly onto the platform, is used as a precise 
reference for both static and dynamic measurements, to check 
the operation of unknown Force Platforms performance 
characteristics or to verify specifications indicated by the Force 
Platform’s manufacturer. 

 To confirm the feasibility and effectiveness of the proposed 
test apparatus, it was applied to a commercial clinical usage 
Force Platform manufactured by artOficio LTDA. The main 
advantages of the proposed Test System are the accuracy in 
fixing or setting a direct reference and the ability to maintain 
continuous monitoring through the generation of flexible and 
stable circular patterns during the tests. 

I. INTRODUCTION 
HE clinical application of Force Platforms in 
biomechanics and kinesiology to study human balance, 

posture and other neuro-physiological behavior, requires a 
reliable measurement instrument and a trustful computing 
process that transforms a measured physical variable 
acquired by such a Force Platform into processed 
information that lightens clinical interpretation. 

Several authors have developed procedures for testing or 
calibrating clinical use Force Platforms, by application of 
known loads in magnitude and position, for both static and 
dynamic test to a given Force Platform, in order to verify the 
correspondence of  reference values and the actual readouts 
computed by the measuring system [1]-[4]. Most of these 
methods agree on the application of static loads in different 
positions along the surface of the Force Platform to verify 
the reported location of the CoP. However, in dynamic tests, 
the apparatuses devised and employed usually generate 
inertial forces due to rotating eccentric weights that either 
cause undetermined references or call for indirect methods 
and procedures to correlate the Force Platform’s calculated 
reports. Thus, in such methods, the acting point of the 
resultant moving force or CoP must be determined indirectly 
by means of auxiliary calculations or software to ascertain 
the actual magnitude and position of the forces involved, 
derived from cumbersome determinations of the position of 
the examinee’s Center of Mass (CoM), angular velocities 
and eccentricities estimated from 3 dimensional video 
images [5]. 
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By contrary, the calibration system proposed in this paper 
allows for direct generation of static or dynamic forces to be 
applied onto the Force Platform under test, without requiring 
for further interpretations to determine the force’s point of 
action, due to such magnitudes and positions can be directly 
read or determined from the geometry of the proposed test 
apparatus. This allows us to know instantly the exact 
location of the CoP without the support of cameras, 
additional compensation or cumbersome computational 
processes.  

The proposed calibration system can also vary the force 
applied onto the platform, as a feature that allows for direct 
measurement of Platform’s linearity over a range of loading 
weights. 

In dynamic analysis it is desirable to also vary the rotating 
angular speed of the applied forces, so frequency checks can 
also be performed as it is required in clinical applications 
and also to detect unwanted resonances. For this purpose, the 
test system proposed includes continuous rotating angular 
velocity adjustment based on a servo motor loop driving 
technique. 

To verify the compliance of the Test System, our team 
applied the refered mechanical stimulus to a clinical Force 
Platform manufactured by artOficio LTDA. (aOP) (brand 
named: Oscilógrafo Postural) [7]. 

The aOP is an instrument designed to study quiet stance 
of human balance for purposes of clinical evaluation of 
balance disorders and to establish the particular 
characteristics or signature of the visuo-motor neurological 
loop of an examinee. The device consists of a 40 by 40 
centimeter horizontal platform where the patient is placed 
standing upright.  Four load cells located at each corner of 
the platform trace the projection of its CoM on the said 
surface to define the patient’s CoP, defined as the net 
position of all applied forces at the surface of the platform. 
The CoP is used to calculate all further derived parameters, 
such as areas, velocities and spectrum of the bi-dimensional 
signal extracted from the patient’s balance [2]. 

II. MATERIALS AND METHODS: 

A. Test System 
The Test System consists of a flat horizontal base that 

secures the apparatus’s frame to the Force Platform, and a 
rigid support with an orthogonal positioning mechanism, 
that permits settings of any horizontal position or radius 
within 0.1 [mm] of accuracy. The orthogonal mechanism is 
conected to a vertical force driving actuator that is to be 
applied onto the surface of the Force Platform under test. 
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The force actuator can revolve in the vertical axis driven by 
a servo controlled motor loop. 

The vertical force is applied to the Force Platform through 
a spherical profile roller, which rotates onto a highly 
polished surface auxiliary metal plate that will effectively 
reduce any horizontal force components caused by friction. 
The contact point of the roller onto the auxiliary plate is 
determined by the position of the vertical axis, geometrically 
set by the orthogonal positioner, and the radius set by the 
distance between the roller, and the vertical axis. See (Fig. 
1). 

 

 
Fig. 1. Spherical surface roller to exert single point for vertical force 

onto the platform, showing radius adjusting mechanism of the circular path. 
 
All the rotating masses are compensated statically and 

dynamically, avoiding centrifugal forces that can cause 
unwanted oscillations. 

The spherical characteristic of the roller’s surface of 
contact prevents the transfer of moments between the Test 
System unit and the Platform under test, therefore, the 
roller’s contact point on the plate surface is valid indicator of 
the CoP, provided there are no other forces or moments 
participating.  

The rotating circular path of adjustable angular velocity, 
variable force and adjustable radius CoP, can also be 
displaced throughout the horizontal plane, so the pattern can 
be applied to any point within the Force Platform’s surface 
(See Fig. 2). 

B. Platform 
The aOP measures, records and outputs graphics of the 

CoP displacement patterns in the horizontal plane for 
clinical interpretation, through a set of three tests segments 
of 30 seconds each. 

The Analog to Digital conversion is carried out by a 12 
bit, 40 samples per second, 4 channel (corresponding to 4 
load cells) converter that yields a resolution of about 0.03 
Kg, completing a test ending up with a collection 14400 data 
samples (40 samples/sec x 30sec x 4 channels x 3 segments).  

The rate of change of the CoP’s position has also 
incidence on clinical interpretation, provided the aOP 
performs Fourier analysis (FFT) on the signals and outputs 

its corresponding graphical report organized in 7 octaves 
from 1/16 Hz to 4 Hz. [6].   

The three segment test goes as follows: 
1) Follow-up (SEG) seeks to measure the patient's visuo-

motor postural control loop based on the voluntary close 
follow-up of a pattern presented on the aOP screen. This test 
measures patient’s closed-loop response. 

2) Open Eyes (VFX) seeks for the characterization of the 
postural control open-loop response. 

3) Closed Eyes (OCX) seeks for the characterization of the 
postural control closed-loop response in absence of visual 
feedback. This section of the test checks the vestibular  
system response. 

At the end of the above tests, the aOP saves the data and 
displays the results on screen to check for validity of the 
examinee’s postural stance.  

III. TEST PLAN: 
The aOP accuracy was tested by the proposed apparatus 

as follows: 
--Static Test using variable forces applied at the same 

point to check the aOP linearity. 
--Static Test using constant force applied at variable 

positions on the platform. 
--Static Test using fixed radius, rotating constant force 

applied at variable positions on the platform. 
--Dynamic Test using variable radius and variable 

positions on the platform. 
--Dynamic Test using fixed radius and variable angular 

velocity to check for frequency report validity. 
It is important to note that the selected aOP instrument 

executes an off-set canceling algorithm that causes 
automatic centering of a postural pattern. Thus, it was 
necessary to ask the manufacturer to modify this feature in 
order to obtain valid reports on static patterns like those 
exercised by our Test System apparatus. 

The series of static tests and the results are tabulated in 
Table I and Table II. The series of Dynamic test and the 
results are in Table III, and the Symbols and Units are in 
Table IV.  

Table I shows 5 static tests (E1-E5), where different 
generated force magnitudes (Fg) are compared with its 
corresponding Force Platform reading (Fm), showing error 
in Newtons.  

Table II shows 4 static tests (E6-E9), where different 
generated force magnitudes are compared (Fg) and different 
CoP positions (xg,yg), with its corresponding Force Platform 
reading (Fm, xm, ym), showing error (ex, ey) in millimeter  
correspondingly. 

Table III shows 5 dynamic tests (D1-D5) performed under 
equal generated force conditions, where different circular 
radius trajectories of the CoP (Rg), different center position 
of the circular trajectories (xg, xy) and different generated 
angular velocities or rotating frequencies (fqg) are compared 
against the corresponding read-outs reported by the Force 
Platform (xm, ym, rm, fqm), showing radius error (eR) and 



  

the Standard Deviation (Sr) in millimeter. 
 

TABLE I 
STATIC TEST DATA AND RESULTS 

Test Fg Fm eF 
E 1 49.00 49.00 0.0 

E 2 98.25 98.98 0.7 

E 3 230.30 232.26 0.8 

E 4 334.52 336.14 0.5 

E 5 451.14 453.74 0.6 

 
TABLE II 

STATIC TEST DATA AND RESULTS 
Test Fg Fm xg xm yg ym ex ey 

E 6 196 198 000 -001 000 000 1.0 0.0 

E 7 588 591 000 001 000 -002 1.0 -2.0 

E 8 196 198 000 -001 -100 -098 1.0 -2.0 

E 9 588 590 000 -000 -100 -097 0.0 -3.0 

 
TABLE III 

DYNAMIC TEST DATA AND RESULTS 
Test Fg Fm xg xm ex yg ym ey 
D1 392 394 000 -003 3.0 000 003 -3.0
D2 392 393 -

100 
-104 4.0 000 -002 -2.0

D3 392 393 -
005 

-006 1.0 -021 -021 0.0 

D4 392 393 -
100 

-103 3.0 000 -
003

-3.0

D5 392 392 -
100 

-104 4.0 000 -
001

-1.0

 
TABLE III (CONT.) 

DYNAMIC TEST DATA AND RESULTS 
Test Rg Rm eR / sR fqg fqm efq 

D1 8.1 8.3 2.4  / 0.395 1.000 1.000 0.0 
D2 8.1 8.2 1.2 / 0.199 1.000 1.000 0.0 
D3 24.9 25.0 0.4 / 0.823 1.000 1.000 0.0 
D4 8.1 8.2 1.2 / 0.211 0.500 0.500 0.0 
D5 8.1 8.0 -1.3 / 0.175 2.000 2.000 0.0 

 
TABLE IV 

SYMBOLS AND UNITS 
Symbol Quantity Units 

Fg Generated Vertical force Newtons 
Fm Measured Vertical force Newtons 
eF Force error % 
xg Generated x position Millimeters 
xm Measured x position Millimeters 
ex X position Error % 
yg Generated y position Millimeters 
ym Measured y position Millimeters 
ey Y position error % 

Rg Generated radio Millimeters 
Rm Measured mean radio Millimeters 
sR Radio Standard Deviation Millimeters 
fqg Generated frequency Hz 
fqm Measured frequency Hz 
efq frequency Error % 

 
The tabulated values were obtained after precautious and 

careful geometrical alignment of the Test System apparatus 
in respect to the aOP, as well as in regard to the validity of 
force and angular velocities figures; values that were 
acquired by the use of certified instruments. 

Misalignments were also considered to confirm their 
effect on the measured figures, as well as the effect of the 
frictions developed at the surface of the auxiliary metal 
plate, the elasticity of the entire system, the vibrations and 
other errors that may have been caused by the aOP itself. All 
these aspects were under control prior to the extraction of 
the presented data in tables I, II and III.      

Graphics in Figures 2,3 & 4 represent dynamic tests 
measurements D1, D2, D3 of table III. 
 

 
Fig. 2.  D1 Dynamic test of Table III 
Centered circular path, Rg=8.1 [mm] 

 
Fig. 3. D2 Dynamic test of Table III 

Eccentric circular path, Rg=8.1 [mm] 
 



  

 
Fig. 4. D3 Dynamic test of Table III 

Eccentric circular path, Rg=24.9 [mm] 
 

 
Fig. 5. fourier graph of D3 Dynamic test of Table III 

IV. CONCLUSION 
The test, both numerically and graphically presented 

results within the range of values and the accuracy specified 
by the manufacturer of the aOP. 

This paper does not pretend to establish criteria for the 
tolerable error on clinical interpretation of the data; however, 
the results can be used to check if the manufacturer’s 
reported accuracy is reproducible. 

The point of application and the trajectory of the CoP 
generated by the Test System onto the Force Platform is 
always visible, allowing direct monitoring of the process and 
correlation of with the results obtained by the measuring 
system under test (See Fig 6). This is not possible in tests 
systems based on eccentric rotating masses [8].  

 
Fig 6. Test Unit, auxiliary metal plate and force plattform. 

 
Also the Test System unit can be automated by means of a 

programmable control system to assign the parameters and 
run the tests sequentially. 

As a future development, the orthogonal movement 
system could be controlled to trace a trajectory that 
reproduces a typical postural CoP plot, which would verify 
the performance of a platform in conditions similar to those 
produced by a real examinee, transforming the Test System 
unit into a patient simulator. 
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