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Abstract: The paper is focused on the analyze of thePosition Sensitive Device), and four light raysatirey the

accuracy and linearity of the six degrees-of-freed®oF)
measurement system for the sampling of structurahuohic
properties in robotics, engineering constructiomsl dor
control operation in space. The subject of this snesment
device is the sampling and information processiagduin
the conversion of the 2-D CCD array images inted¢haxial
and three angular displacement values. Every 2- @gay
image consists of one, alternatively four light tspaduced
by light rays from four laser sources. These lipeams
form the edges of a pyramidal shape with one, radtierely
four 2-D arrays forming its base and the intersectf laser
light rays is forming its apex. The analyze of #ezuracy
and the linearity is based on algorithms for direcid
inverse transformation for the computation of theeeal
shiftings and three angular displacements valnesder to
determine the relative location and orientatioradfoating
2-D coordinate system against fixed 3-D coordirsatgtem
of laser rays.

Keywords: Accuracy; Linearity; Direct and Inverse
Transformation; Sampling of Six DoF (Degrees ofdel@m)
Information; Measurement of Three Axial Shiftingada
Angular Displacements.

1. INTRODUCTION

The six degree of freedom (DoF) measurement system

for the sampling and information processing abdutd
axial and three angular displacement values isqweg for
the measurement of structural dynamic properties
engineering constructions and for control operaitiogpace.
The subject of this modular portable device is shmpling
and information processing used in the conversib2-b

in

shape of pyramid. Simple modular construction exabidw
cost customization, according to the demanded piiegeA
-stiff module of two flanges connected by means of
microelastic deformable medium; B -compliant modafe
two flanges connected by means of macroelasticroefole
medium; C -the module of the 2-D CCD array; D -the
module of insertion flange with basic light sources
configuration and focusing optics; F -the module té
plane-focusing screen; H -the module of the opticamber
for the magnifying or reduction of the light spots
configuration. The problem of the customizatiorsibéDoF
sensory systems according to the enhanced accaraty
operating frequency of scanning of the six-DoF iinfation

is possible to improve by means of the module eéiition
flange with the configuration of light sources wistrip
diaphragms, creating the light planes with strightispots
and by means of the module of the single or segsdent
linear or annular CCD or PSD elements with higher
operating frequency, respectively using the modiiléwno,
parallel working, concentric CCD annulars with hegh
reliability, see [3].
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Fig. 1. Six-component force-torque transducer.

The explanation of the sampling is introduced oe th
force-torque transducer, see Figure 1 composed fmn

CCD array image into three axial and three angulamodules A,C,D,F,H, of a modular sensory system.etas

displacement values. Every 2-D CCD array image istss
of four light spots produced by light rays from folaser
sources. These light rays form the edges of a pyam
shape with 2-D array forming its base and the pofnthe
intersection of the laser light rays is formingafsex.

The function of modular portable device is derifiexn

the pyramid modular sensory system for robotics an
human-machine interface, which enables to compose f

example force-torque transducers of various pragednd
multi DOF hand controllers [4]. This is done by msaf a

2-D CCD array (CCD - Charge Coupled Device) anchwit
appropriate changes by means of the PSD elemem (PS

diodes 1 emit the light rays 2 creating the edgésao
pyramid intersecting the plane of the 2-D CCD artagre
alternatively the focusing screen 8 with light sp8t The
unique light spots configuration changes under|askidting
and angular displacements between the inner fl&nged
the outer flange 6 connected by means of elasfarihable
edium 7. An alternatively inserted optical memBeffor
e magnification of micromovement, or the reductiof
macromovement) projects the light spots configarafrom
the focusing screen onto the 2-D CCD array 4. Higint
rays simplify and enhance the accuracy of the dlyos for
the evaluation of the six-DOF information. The altfons



for the computation of three axial shiftings andethradial
displacements values is based on the inverse tranafion
of the final trapezoidal position of four light dpaelated to
the original square light spots position in the ngla
coordinate systemc¥p, Yccp On the 2-D CCD array. This
algorithm determines the relative location and mtaé&on of
a floating 2-D coordinate system against a fixed 3- Fig.4. The portable module Cp for the direct samphg.
coordinate system corresponding to the apex optiamid

shape, or contrary. The information about threealaxi

shiftings and three angular displacements is saimpled Various  configurations of portable ~measurement
converted according to a calibration matrix to regtiorces modules  enable the sampling of the six DoF
Fx, Fy, Fz and torques Mx, My, Mz. macromovement and the sampling of the micro movémen

as for example the sampling of structural dynamapprties

The generalization of described method for macrgyf engineering constructions, or the motion controB-D
environment led to the customization of measurenwnt gpace.

six-component information according to the size and

position of measured object by means of three usale

portable modules and their combination, see ifqB],

e The portable module Ap of four lasers 3 with the
presetting control 1 of the angle 2s, which corgtain
mutual opposite light rays 2, see Figure 2.
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Fig. 5. The Sampling of the Robot's End Effector Mvement.

Fig. 2. The portable module Ap of four lasers.

The use of universal portable modules enables ithe s
e The portable module Bp is used for the ground plan®OF measurement of the robot’s end effector vibregiin
sampling at large fluctuation of measured valueshef the start and stop position, or the sampling atntb@ement
light spot 7 positions from the laser light ray Bhis  from the point to the point. This method enhanc¢asctural
module consists of the 2-D array 3 with focusingiacp recognition of the multi component measurements and
2, flange 1 and with the stand 4 placed in founeos of improves the quality of diagnostics. The portabtame Ap
the quadrangle. Every board 5 for the imaginatibthe  of four lasers is fastened on the robot's end #dfecsee
light spot position has the coordinate system xsege Figure 5 and four portable modules Cp for the direc
Figure 3. sampling of measured values are placed in corrfesguare
basic position. An interesting task is to sample ¢hanges
in six DoF characteristics courses for various iogaf the
robot’s end effector.

Fig. 3. The portable module Bp for the ground plae sampling

e The portable module Cp for the direct samplingro
or medial fluctuation of measured values of thatligpot
3 position from the laser light ray 2 which is inmaepd Fig. 6. The Six-DOF Measurement of Engineering Catructions.
on the translucent screen 4. This module consfstseo
2-D CCD array 6 with focusing optics 5 and of the  Another example is the sampling of structural dyitaan
flange 1, see Figure 4. The module Cp is placed angroperties of engineering construction. This isddticed on
centered in the axis of the module Ap. This comigon  the transmitting tower 1 see Figure 6. The portaeiule
enables the sampling of small and medium fluctuatib ~ Ap of four lasers is fastened on the apex of thagmitting
the light spot position. tower. Four portable modules Cp for direct samplisfg

medium and big fluctuation of light spots are posiéd by
means of geodetic tools into the points of therléigat rays
2 intersection with ground plane. Significant adege of




this method is easy conversion of the module CBpffor
the difference in elevation to the level of thegrd plane.
This is needed namely at the sampling of skysceapenere

in the vicinity of a measured object are anotheitdings
with various level. The sampling of dynamic projestof
the tower is possible to improve on synchronous gy
parallel measurement in various distances betwdsn t
bottom and the apex of the tower. Mutual configoratbof
portable modules Bp or Cp where the plane of fowsi
screen of the module Cp is in the ground planeof,the
module Bp enables the sampling for small and medium
fluctuation of the light spot position with imprave
accuracy.

Another examples concerning the analyze of strattur
dynamic properties with similar configuration of eth
portable modules according to Figure 6 is the sagpbf
structural dynamic properties of the bridge corcitom

loaded by moving cars or train or the samplingtoiciural
dynamic properties of various constructions, foairaple the
parts of the airplane at static loading or aerodyingroof.

2. THE EXACT MODEL OF THE ACCURACY

Me evaluation of the influence of the laser light spots

leflectioni on the 2-D CCD array for the input of optional “errer deflection values”
sased on the difference between the results

f the direct transformation and the inverse transformation.

6.00
-4.00

110.00

-30.0

nput for the value x [mm] (def=-22.2):
nput: for the value y [mm] {def=-39.704j:
Irput for the value z [um] (def=119.9):
put for the angle £i [deg] {def=30):
[rput for the angle theta [deg] (def=45): 40.00

put for the angle omega [deg] (def=45): 35.00

(nput for the deflection of the X coordinate for the point A of the 2-D CCD array (def=0):
Input for the deflection of the y coordinate for the point A of the 2-D CCD array (def=0):
nput for the deflection of the X coordinate for the point B of the 2-D CCD array (def=0):
Input for the deflection of the y coordinate for the point B of the 2-D CCD array {def=0):
nput: for the deflection of the x coordinate for the point C of the 2-D CCD array {def=0):
Input for the deflection of the y coordinate for the point © of the 2-D CCD array {def=0):
nput: for the deflection of the x coordinate for the point D of the 2-D CCD array {def=0):
Input for the deflection of the y coordinate for the point D of the 2-D CCD array (def=0):

0.05
0.0%
-0.05

Me evaluation of the influence of optional "error deflection values”
“or only one point:

:rror in x coordinate 6,9287e-005
srror in y coordinate  0.0504
srror in z coordinate  -0.0604
:rror in fi coordinate  0.0094
:rror in theta coordinate

0.0093

:rror in omega coordinate  -0.0100

Fig. 7. The Command Windows in MATLAB for the Evaluation of the

Six DOF Sensor Accuracy in Isolated Point.

1. The input is the (dependent variable) coordinat¢hef

The accuracy of the six-DoF pyramid sensor igP0iNtaiZa= (X, Y, 2, fi, theta, omega). By means of the direc

investigated like the influence of the deflectioh the
independent variable, here the coordinates of light spots

transformation are computed coordinates of the tpoin
A,B,C,D = (Xa, Ya, X8: YBs Xo Yo, Xo, Yp) for the working

positions Axi, Ayi, where i=A,B,C,D on the dependent SPace § (independent vgr_iable) on 2-D CCD array of the
variable consisting of three axial shiftings x,zyand three Six-DOF sensor. The position of the dependent biia, v,

angular displacements fi, theta, omega in the wgrkange 2

of the CCD or the PSDs.
There is the m = 8 the number of the independerﬁ
variable ¢, = (Xa, Ya, X8, Y&, Xc Ye, Xo, Yp) @and the n = 6 is 2
the number of the dependent variable=Zx, v, z, fi, theta,
omega), where the inverse transformation,is #-1 (g,),
and the direct transformation ig, g= F(z,). The magnitude

of the deflection will be chosen according to warki €

, fi, theta, omega is possible to choose by mednhe

Command Windows in MATLAB, alternatively to use the

efault values.
. The position of every point A,B,C,B (Xa, Ya, Xa, Y&,

Xo Yo %o, Yp) is possible to decline by the chosen distance
+AX, +Ay, for example by the half size of the pixd)/2
=+0.005mm. The file Command Windows in MATLAB

nables to insert the declination of coordinates ¥x, Xs,

inaccuracy of the CCD or the PSDs array. The basi¥e: Xc: Yo, Xo, Yo) in one or in both directions of axes x,y for

inaccuracy for the CCD array is given by the sifehe €

pixel (the smallest light sensitive element of @€D array).
The size of one pixel i&q = 0,0035mm up to 0.012mm and
it is approximately equal for both coordinates X en the
size of theAg/2 is chosen 0.005mm.

There are two possible ways for the evaluationhaf t
accuracy - the linear model and the exact modet flrigt
way is linear model of the accuracy, derived frohe t
inverse transformation,z= F-1(g,). Essential disadvantage
of the linear model are complicated relationships the
inverse transformation, impossible to process bymaeof
current computing tools for PC. The second way rtlie
analyzing of the accuracy was chosen exact moeehuse
there is processed the simulator of the directsfamation
Om- = F(zn) and the inverse transformatiqreE-1(q).

The program for the evaluation of the accuracy
running in two variants, eligible by means of thenu
“accuracy point — accuracy courses”. The first aariis the
evaluation of the accuracy for only one isolatedifian of
the point of the dependent variable= (x, y, z, fi, theta,
omega), see Figure 7 and [5], [7], [8].

The evaluation of the six-DoF sensor accuracy fo
isolated point is processed in following steps:

3
d

Input for the value x [mm] (def=-22.2)
Input for the value ¥ [mm] (def=-33.704)
Input for the value z [mm] (def=118.9):
Input for the angle fi [deg] (def=30):
Input for the angle theta [deg] (def=45):
Input for the angle omega [deg] (def=43):

Input for the deflection of the x coordinate for the point A of the 2-D CCD array
Input for the deflection of the y coordinate for the point A of the 2-D CCD array
Input for the deflection of the x coordinate for the point B of the 2-D CCD array
Input for the deflection of the y coordinate for the point B of the 2-D CCD array
Input for the deflection of the x coordinate for the point C of the 2Z-I CCD array
Input for the deflection of the y coordinate for the point C of the 2-D CCD array
Input for the deflection of the x coordinate for the point D of the 2-D CCD array
Input for the deflection of the y coordinate for the point D of the 2-D CCD array

Input range min. (def=-5):
Input range max. (def=5):
Input step (def=0.01):
3>

very point.

The evaluation of the influence of the laser light spots deflection

on the 2-D CCD array for the input of optional "error deflection values”
based on the difference hetween the results

of the direct tramsformation and the inverse transformation,

-35.00
28.00

105.00

-35.55
4z.50
28.08

(def=0):
(def=0):
(def=0):
(def=0):
(def=0):
(def=0):
(def=0):
(def=0):

0.05
0.05
-0.0%
-0.05
0.05
0.05
-0.05
0.05

-1z
12
0.0z

isFig. 8.: The Command Windows in MATLAB for the Variation of the
Accuracy Evaluation of the Six DOF Sensor Accuracin Courses for

Six Variables.

. By means of the inverse transformation are computed
ependent variable coordinatgsz, = (X, y, z, fi, theta,

lomega) for chosen declined pointg ig the working space
of the six-DoF sensor.



4. The last step is the evaluation of the differenegvieen
the result value of the direct and the inversedfi@mation
Az = |dirzn - inv,declinedn | .

5. The analyze of the accuracy in elected point
processed for every dependent variahle g, v, z, fi, theta,
omega).

The evaluation of the courses of the accuracy Verye
dependent variable ,z= (x, y, z, fi, theta, omega) is
processed in elected ranges by following steps aitinput
by means of the MATLAB menu according to Figure 8.:
1. The input “range” of the dependent variable x, yfiz

theta, omega is possible to choose by means of tﬁéé;

Command Windows in MATLAB from the minimal to
maximal value of the range with the middle poipt, .
Similar is elected the input “step” value. Alternaty you
may to use default values for the ranges and e st

2. By means of the direct transformation are compute
coordinates of the points A,B,CB (Xa, Ya, X8, Y&, X Yo
Xp, Yp) for every pointy,z, of the working space of the six-
DOF sensor. The position of every point A,B,GXa, Ya,
Xg, VB, Xc: Yo, Xp, Yp) iS possible to decline by the chosel

distance Ax, +Ay, for example by the half size of the pixel f

Ag/2 =40.005mm. The file Command Windows
MATLAB enables to insert the declination of cooraties
(Xas Yas Xa, YBs Xcr Yo, Xo, Yp) Of the point ¢, in one or in
both directions of axes x,y for every point. Allllwving
steps are running in loops.

3. By means of the inverse transformation are comput
dependent variable coordinatgsz, = (x, y, z, fi, theta,
omega) for every declined point, @f the working space of
the six-DOF sensor.

4. The last step is the evaluation of the differenegvieen
the reisult values of the direct and the inversesfiarmation
Az =

in

dirZn - inv,declinedZn |

The result of the investigation of the six-DOF smns
accuracy is that this sensor maintains the ordenagjnitude
of inserted inaccuracy. It means that inserted dnecy

ist0.05mm caused the changes in the order of the oggni

e-2.

3. THE EXACT MODEL OF THE LINEARITY

The first variant, the linearity for every depentien
variable X, y, z, fi, theta, omega, is investigasegarately.
Here the courses of the points A, B, C, D are imedjifor
nstant increments of sampling in every separated
pendent variablg,zsee in Figure 10 for the omega. The
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Fig. 10. The linearity of the points A,B,C,D motia for constant
increments in dependent variable omega in the coondhate frame x,y.

2 4 5

The investigation of the points A,B,C,D motion fammon
constant increment of sampling is possible fodalbendent

5. The analyze of the accuracy is processed for evemariables simultaneously. For dependent variabley,xz,

dependent variable,z= (x, y, z, fi, theta, omega) and we
obtain six graphic tables every with 5 courses.sTikithe
evaluation for elected range of every variable. Tinal
result is possible to obtain by means of the “lafpthe
loops” between all variables.

variation of the accuracy for the variable x
T

_

0.06
0.04 +

0.02+

\

& [mm] [+]

-0.02

-0.04

I

-0.06
-0

L L L
-35 -30 -25
% [mm]

. !
45 40 20

Fig. 9. The Variation of Six DoF Sensor Accuracyni the Course

The second variant is the evaluation of the courses
example is depicted in Figure 9. for every depehde
variable z = (x, vy, z, fi, theta, omega).

omega are increments of the points A,B,C,D constant

Moderate nonlinearity is in the points A,B, respesdty
C,D motion for the angle fi, respectively for thegée theta,
see in Figure 11. There are depicted courses afiigonal
difference u;.; - Uy respectively b1 - Ug; for dependent
variable fi, respectively theta

The nelinearity of courses theta
012 T T

01

35
step

r“:ig. 11. The nonlinearity in the points A,B motiorfor the angle fi.



For the second and the third variant of the anatyzf
the linearity was chosen exact model, using

the simulator for direct transformation,.cF F(z).

the simulator of inverse transformation of the pajg, ,:
z=F'(Gim,), forwarded point ZF(Quim,), and
backwarded pointzF*(¢i.1,m,)-

The symbol p is used for the designation of the
declination from basic points A,B,C,D for the limia
investigation in the direction of the derivatiomwrin the
axis x chosen by the angle alfa = [@].2
The program for the evaluation of the linearity is

running in two variants, eligible by the:

investigation of the linearity in isolated “pointr by the

investigation of the linearity in the ranges of the

“courses”.

The second variant is the evaluation of the six-DOF

sensor linearity in the vicinity of isolated poirithis is
processed in following steps:

The input is the (dependent variable) coordinatéhef
point 4,2, = (X, ¥, z, fi, theta, omega). By means of the direc
transformation are computed coordinates of the tpoin
A,B,C,D = (Xa, Ya, Xa: Y&, Xc» Ycr Xp, Yp) from the working

point Qisq,m,: zi+1,m:F'1(qi+1,m,p), and backwarded poin;.
. —-1
1,mp- Zi—l,n_F (qi—l,m,p)-
There are evaluated differencgiw:[Fl(q‘ﬂ)_pl(q‘)],
£z, =[F(a) - F(q.)] elected F(q),

forwarded F'(gi,1) and backwardedF™(g.;). Resulting
differences

AZi+1,i,i—1;p = [Fil(qi+1) - Fil(q\)] _[Fil(q\) - Fil(qwl)] =
:AZ\+1,i _Azi,i—l

and between

describe the nonlinearity.

3. The analyze of the linearity in elected point is
processed for every dependent variahle g, v, z, fi, theta,
omega). For linear characteristic is the difference
Az 0. The deviation from the linear course is

i+lii-10

characterized by the magnitude | and the slope of the

ii-lp
course is characterized by the magnitygle , or by the
magnitude of thgzi -

The third variant is the evaluation of the courstthe
linearity for every dependent variablg=z (x, vy, z, fi, theta,

six-DOF sensor. The investigation of the linearity the
vicinity of the point of the dependent variableyx, z, fi,

courses is possible to choose by means of the Cochma
Windows in MATLAB file linearity.m, alternatively si

theta, omega is possible to choose by means of tRossible to use the default values pressing thertkey, see

Command Windows in MATLAB using the default values,
see Figure 12.

Input for the value x [mm] (def=-zZZ.2): -15.40
Input for the value v [mm] (def=-39.704): 45.00
Input for the value =z [mm] (def=119.9): 126.50
Input for the angle £i [deqg] (def=30): 42.50
Input for the angle thera [deq] (def=45): 32.50
Input for the angle omega [deqg] (def=45): -45.30

Inpur direction of derivation..alfa [degree] = 25.54

input deviation on CCD array @ .15
linearity in x coordinace Z.1316e-014
linearity in ¥ coordinace 2.1316e-014
linearity in z coordinate Z.842Ze-014
linearity in fi coordinate 0

linearity in thets coordinate 7.1054e-015

linearity in omega coordinate o

Fig. 12. The investigation of the linearity in thevicinity of the point of
dependent variable X, y, z, fi, theta, omega in MAIAB.

1. The position of every point A,B,C,B (XA, YA, xB,
yB, xC, yC, xD, yD) is declined for the computinfj the
linearity by differenceax, Ay expressed by means of polar
coordinates allocated by means of the command windo
where is asked “Input direction of derivation alfa
[degrees]”, with following input of deviatiop on the 2-D
CCD array in [mm]:

Forwarded point is allocated by differences

Ax = p.cos(alfa), andy = p.sin(alfa).

Backwarded point is allocated by differencesd

AX = (-p).cos(alfa), andy = (-p).sin(alfa)

2. By means of the inverse transformation are compute
dependent variable coordinatgs, = (X, Y, z, fi, theta,
omega) for chosen pointgm,: zi,n=F'1(qi,m,p), forwarded

Figure 13 The result is the output as for examipéeRigure
14. Itis processed in following steps:

The input is the range of the coordinates of thiatpg
y, z, fi, theta, omega elected in the MATLAB Commdan
Window. By means of the direct transformation are
computed coordinates of the points A,B,GOXa, Ya, Xa,
VB, X&) Yo, %o, Yp) for every pointy,z, of the working space
of the six-DOF sensor.
1. The input “range” of the dependent variable x, yfiz
theta, omega is possible to choose by means of the
Command Windows in MATLAB from the minimal to
maximal value with the middle poigtz, . Similar is elected
the input “step” value. Alternatively you may toeudefault
values for the ranges and the step pressing ther Eay.

Input for the walue x [mm] (def=-22.Z): -30.00
Input for the walue v [mm] (def=-39.704): 36,55
Input for the walue = [mm] (def=119.9): 1Z5.50
Input for the angle £i [deg] (def=30): 25.00
Input for the angle theta [deg] (def=45): -35.00
Input for the angle omega [deg] (def=45): 42.05

Inpuc direction of derivation..alfa [degree]
0.15

54.5
input deviation on CCD arcray :
(def=-5):
(def=5):
2010
(def=-5):
(def=5):
2010
(def=-5):
(def=5):
.01):

Input range xomin
Input range xomhax
Input step [def=0
Input range yomin
Input remge yomax
Input step [(def=0
Tnput range =omin
INpur range Zomex
Input step (def=0
Input range fimin (def=-5):
Inpur range fimex (def=5):
Input step (def=0.01):

Input range thetamin (def=-5):
Input range thetamaw (def=5):
Input step (def=0.01):

Tnput range omeganin (def=-5):
Input remge omegamax (def=5]:
Inppl; step (def=0.01):

Eig. 13. The investigation of the courses of thenkarity for every
dependent variable z = (x, vy, z, fi, theta, omega) in elected ranges in
MATLAB



2. The position of every point A,B,C,B (Xa, Ya, X&: Vs,

Xc, Yo Xo, Yp) is declined for the computing of the linearity
by differencesAx, Ay allocated by means of the command

window, where is asked “Input direction of derigatialfa
in [degrees]”, with following input of the deviatipp on the
2-D CCD array in [mm]:

» Forwarded point is allocated by differences

Ax = p.cos(alfa), andyy = p.sin(alfa).

» Backwarded point is allocated by differencesd

AX = (-p).cos(alfa), andvy = (-p).sin(alfa).

3. The file Command Windows in MATLAB enables to

insert the declinationx, Ay of coordinates (X Ya, X8, Y&,

Xe, Yo, Xp, Yp) in chosen direction of derivation alfa and the
deviationp for investigated point. All following steps are

running in loops.

4. Evaluated differences:

AZi+1,i o = [F_l( qi+1) - F_l( q|)] ! AZi,i—l;p = [F_l( q|) - F_l( qi—l)]
between electeB™(q;), forwardedF(q;,,) and backwarded
F*(q.1) points.

Resulting differences

AZi+1,i i-1p :[F_l(qu) - F_l(Qi)] _[ F_]( qi) - F_J( qi—])] =
=4z, -0z, ,
describe the nonlinearity.

variation of the linearity for the variable xo
07 T T T T T T T T T o

o5t 1 @
04 N
03t g

Dz\

01 =

& [mm] [*]

D02k

03 | | | | | | | | |
kS 34 3 32 31 30 29 28 27 26 25
xo [mm]

Fig. 14. The investigation of the linearity coursefor dependent
variable x.

5. The analyze of the accuracy in elected poiptisz
processed for every dependent variahle g, v, z, fi, theta,
omega). For linear course is the differeryzlqm_m: 0. The

deviation from the linear course is characterized tie
magnitude Az

i+lii-1p0

characterized by the magnitude, _, or by the magnitude
of theAZi e

ACKNOWLEDGMENTS

The support from the grant Vyzkumne zamery MSM

708352102. is gratefully acknowledged.

REFERENCES

[1]

Hirzinger G., Dietrich J., Gombert J., Heindl
J.,Landzettel K.,Schott J.. ,The Sensory and T életio
Aspects of Space Robot Technology Experiment
ROTEX". Proceedings of the International Symposium
on Atrtificial Intelligence, Robotics and Automation
Space, Toulouse, Labege, France, 1992.

2] Kvasnica M.. ,Six-Component Force-Torque Segsin

by Means of One Quadrate CCD or PSD Element".
Proceedings of the 2nd International Symposium on
Measurement and Control in Robotics, AIST Tsukuba
Science City, Japan, 1992.

] Kvasnica M.. “Fast Sensory System for the Saagnof

[4]

[5]

[6]

[7]

and the slope of the course is [8]

6. The analyze of the linearity is processed for every

dependent variable,z= (x, vy, z, fi, theta, omega) and we

obtain six graphic tables every with 5 courses.sTikithe
evaluation of the linearity for the range of eveayiable.

The result of the investigation of this six-DOF senis
that this sensor is mostly moderately nonlinear.

Six-Component  Axial  Shiftings and Radial

Displacements”. Proceedings of the 3rd IMEKO
International Symposium on Measurement and Control
in Robotics. Torino, Italy, September 1993.

Kvasnica M.: “Multi Degrees-of-Freedom Modular
Sensory System for Measurement, Robotics and
Human-Machine Interaction”. Proceedings of the \Worl
Multi-Conference SCI'2001-ISAS, Vol. XV, Industrial
Systems, Part Il, Orlando, Florida, USA, July 2001.

Kvasnica M. “Algorithm for Computing of Inforation
about Six-DOF Motion in 3-D Space Sampled by 2-D
CCD Array.” Proceedings of the World Multi-
Conference SCI'2001-ISAS, Vol. XV, Industrial
Systems, Part Il, Orlando, Florida, USA, July 2001.

Kvasnica M.: “Improvement of Positioning Accasain
Multi-Pod Parallel Structures”. ASCE MultiConferenc
on Engineering, Construction, Operations, and Bassin

in Space and on Robotics for Challenging Situations
and Environment “Space and Robotics 2002” in
Albuquerque, New Mexico, USA, February-March
2002.

Kvasnica M.: ,Six DOF Measurements in Robotics,
Engineering Constructions and Space Control”.
Extension Volume of the hard copy conference
Proceedings of the World Multi-Conference on
Systemics, Cybernetics and Informatics — SCI'2002-
ISAS, Orlando, Florida, USA, July 2002.

Kvasnica M.: ,Six-DOF Transformation of 2-D

Floating Coordinate Frame in 3-D Coordinate System
for Six DOF Sensory Systems in Robotics”.
Proceedings of the CCCT'2003 the International
Conference on Computer, Communication and Control
Technologies, jointly with the 9th International

Conference on Information Systems, Analysis and
Synthesis: ISAS’2003, Orlando, Florida, USA, July
31st-August 2nd, 2003.



