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1.Posedaracteristics. Ceneral description

Command pose —pose speci fied through teach programming, manual data inputor
explicitprograming.
Attained pose —pase achieved by robot under automation mode in response to command
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Fig. 1. General view of the accuracy scheme
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Pose accuracy and repeatabi l ity characteristics quantify the deviationswhich occur
betweenacamand andattainedpose, and the fluctuations inthe attained poses foraseries
of repeat visits to acommand pose . These errors may be caused by intermal control
definitions, co-ordinate transformationerrors, differences between thedimensionsof the
articulatedstructure and those used inthe robot: control systemmodel , mechanical faults
suchasclearances, hysteresis, friction , andextermal influences suchas terperature.

2. Poseaccuracy

Pose accuracy expresses the deviation between a command pose and the mean of the
attained poses when approaching the the command pose fromthe same direction. Pose
acauracy isdivided into:

—the difference between acommand pose and the barycentre of the cluster of attained
points, 1.e. positioningacouracy

—thedifference between commandangullar orientationand the average of the attained
angularorientation.
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Fig-2. Positioningaccuracy and repeatabi lity
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The pose accuracy is the maximumdeviation obtained in positionand orientation.
Thepositioningaccuracy isexpressedas follows:

AL=N(X - x 2+ (Y - )2+ (Z - 2%,

L=(x -x%x),

o (_ 9
L=CYy - ¥,

L=z -2z2),

1n 1 n 1 n
where: X :—ij; y:—Zyj; z :—sz;
n j=1 n j=1 n j=1

X, Y, zarethecoordinates of the barycentre of the cluster of points dotainedafter
repeating the same pose ntimes;

x., Ye, Zc arethe coordinates of the command pose;

Xj » ¥ » Zjarethe coordinates of the j-thattained pose.

Theorientationaccuracy isexpressed by:

AL=(a-a), AL =(b -b), AL.= (S -c),

1 n 3 1 n 1 n
a:—Zaj; b :—ij; c:—ch .
n j=1 n j=1 n j=1

Thesevalues are the meanvalues of the orientationangles obtainedat the same pose
repeatedntines;

a,b,c areﬁleangleﬁcrfﬁ\eoonmandposeandag, bj, cjareiheangleﬁorﬁhejih
attainedpose.

Starting from A, the robot successivelymoves itsmechanical interface toposes &,
B, B3, B, A - Eachafthepases should bevisited usingauni-directional approach. Paths
used during the test shall be simi lar to those used when programming.. For each pose,
positioning accuracy (AL) andorientationaccuracy (AL, AL, AL )arecalculated.

3. Poserepeatability

Pose repeatabi l ity expresses the closeness of agreement between the positions and
orientationsof theattainedposesafter nrepeat visits to thesare cormandpose inthe same
direction. Foragivenpaose, therepeatabi lity () isexpressedby:

—thevalueof r, which isthe radius of the spherewhose centrre is the barycentreand
whichiscalculatedasbelow.

—the spread of theanglles £+ 3S,, +35,, +3S. about themeanvalues a, b, c , where

Sa» S, Sarethestandarddeviations:
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r=D +3S,,

10
%) D =—Xb,,
n j=1
D, =V X Y+ O ~Y)+ & -2 ),
where X, y, zand X , Yj, zj aredefinedinl.

@

re= +=3S5.== E—

The procedure is the sare as in 1. Foreachpose r andangular deviations r,, r, and
r.arecalaulated.

3. BExaminatiion of the positioning accuracy and pose repeatabi ity of robot
REM 10-01

The objectaf exploration is themanipulation robot REM10-01 (Fig-4) - The regional
structureof the robot istype SCARA , RI R]IT - Theactuators of the rotational pairsare
CCmotors, and the translational pair is pneunaticwith two fixedpositions—upand doan.
Formessuring theaccuracy of therobot, it istaught for five points whichare in its working
Tield. Theworking field isdefined by theanglesR1-200°, andR2 — 155°, and represernts
apartofplane , perpendicular of the axesof rotation.

The control system is real isedon the basis of the universal control ler 84EA. The
control ler gives the possibi ity to control up tofour DCsenvoaxes. Themethod of control
is “point to point”. The maximal velocities of the two axes are 0.958 rad/s and
1.57rad/s.
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Theexperimental device consistsofelectronicapparatus for linear measurements
with analogue output - “TESAMODUL™ , memorise measuring osci I loscope,, camera and
personal camputer . The asci lloscope is Tektronix 2230, the camera—SHARP 12 and the
PC istype 486DX-2/60withavidedblaster .

Themanipulation robot istaught infive points . Accordingto the requirements for
carryingout themeasurements, the positioningpointsare formingasguare intheworking
area, asthe intersectionpoint of itsdiagonals ispointP; . The jointco-ordinatesof the
taughtpointsareshown inTable 1.

Tablel

Point Joint Coordinates, rad
[*}} [eP3

P, 1.17 1.79

P, 1.06 0.9

Py 1.77 0.79

P, 2.11 2.236

Ps 0.345 2.215

They have been executed 30 measurements with maximum load—- inthis case 10kg in the
taught points. The results for thepositioning acauracyare il lustrated intzbl . 2. Thedata,

presented inthe tablearewritten inum.

Table 2

A P Py P3 Py P3
AL, -8 5.7 -1.5 1.07 3.46
A Ly 6.9 14 -11 -11 2.3
AL 10.56 5.78 1.86 2.24 4.15

Theadbtained datashow that the positioning accuracy of the rabot isbetween0.0land
0.02 mm.

Themeasurements for pose repeatabi lityaresimilar tothe positioningaccuracy anes
and the procedure isthe sare. According to the equatiions for thepose repeatability , they
have beenmade calculations after the tests. The resultsare shomn intabl .3. Thedata,

presented inthe tablearewritten inum

Table 3
Parameters P, P, P3 P4 P3
D 2.48 1.47 2.16 41 2.99
S, 1.36 0. 1.06 1.97 1.33
r 6.56 4.56 10.7 2.24 6.98
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4_Conclusion

The described experiments are intended for use mainlywhen checking the individual
daracteristicsof raotsand fornevaostructivesolutions asvel 1 - Theprecise determination
of the positioning accuracy and pose repeatabi ity under different conditionsofwork,
manipulationof cbjectswithdifferentmass, theirpositioning indifferentpointsofthe
workingareawrthdifferent\elocity, is inportant inorder todefine thepossibility of
applicationofthe robotfor proper industrial task.
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TOUHOCTBL MMOSMLIMOHMPOBAHNMA M ITO3ULIVIOHHAA TTOBTAPAEMOCTE OOHOT'O
KJIaCCa TeXHOJIOTMYEe CKMX pO@OTOB

JlaHmesa TacjakoBa

IlleHTPaNBHAS J1abopaTopus MeXa TPOHUKHY U IpubopocTpoeHus, 1113 Copusa

(PesmoMe)

B cTaThbe oBCyxOaeTCcsa METOOMKA MCIIBITaHVM MaHUITYJISLMOHHBIX MHIY CTPMAJIbHBIX
pPoBoTOB. MeTonuka II03BOJIAET OIpedesieHre ClIelPUUIeCKUX XapakKTePUCTUK
POBOTOB, KOTOPLIE BOBIEMCTBYIOT Ha X paboTy, HaeT Cliocob Ux OIpelelleHrs U
NIPOLIE Ny PEl M3MepeHMs . VICCIIeIOBaHb OBE M3 CaMBIX BaXHBIX XapaKTEePUCTHVK POOOTOBR
— TOUHOCTE [IO3MLIMOHMPOBAHNSA U [IO3MIIMOHHA A [IOBTapPAEMOCTE . B COOTBETCTBIMM C
peniaraeMoy METOIMKOM MCCIIeNOBaH MaHUITY JIALMOHHED po©oT PEM-10-01.
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