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Development of a Robot Performance Evaluation System Using Leica LTD 500 Laser Tracker
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ABSTRACT

A Robot Performance Evaluation System(RPES) with the laser tracker Leica LTD 500 was developed according to the
1SO 9283 robot performance criteria. The developed system is set up a test robot to continuously move the prescribed cyclic
trajectories without a human intervention and the laser tracker to simultaneously measure the robot'@ movement. And then,
the system automatically extracts the required data from the tremendous measured data, and computes the various
performance criteria which represents the present state of the test robot & performance. This paper explains how 1SO 9283
robot performance criteria was used for the developed system, and suggests a automatic data extraction algorithm from the
mass of measured data. And also, a user-friendly Robot Performance Evaluation System(RPES) Software was developed
with Visual Basic satisfying the need of Hyundai Motor Company. The developed system was implemented on NACHI 8608

AM 11 robot. The resulted output shows the effectiveness of the developed system.
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Fig. 4 the Moving Average of the velocity and
the Average of the velocity of the Moving Horizon.

2 WA AlolE AR =EX = p2 7t FEH
= T 14.5-17.5 Zolv] Fig. 4 9 ZAch QoA
A vie} o} FEEFIHE PloA AHFEZE P2
2 olFste Fiteld, AEFLL AYUEIE P2 =2

deyaste prlt. FEPN $E} A
Qe EQXz2 25Y 4 e, o] 29

o rr

#HHo =2I=2E 2oz H wza}%oﬂ 4
st Hdol 2R WE JLE I "Hoh
A7 Sl ALvel ook As e o
dn Azwel Yode e Do BAL AS
g Harbe Tekr] fatd HA o]zt
(Moving Horizon) M ;& #A9lstd tt53 Zth

v M = {pG-M), pG-(M-1)), pG-(M-2)), ...
PG, pG) . pG+1),
pG+(M-2)), p(1+(M 1)) pG+ M),

j=M, M, 3M,

@

of 714,
M (C1ETFA7: 0.5*4Be o) %30 U9

5349 5 70,
M,V EF 71y she) o} 3he) o] FF7),
p(): shte] ol ¥zt W 7iE SA44.

°1FTAZI7E 10 1 °lFTFIH M =10)2 53
4 (sampling time)©] 0.01sec & o} 21 79 &4 4
07 o}lFoa 02sec 7HZA 2 o]FF7lo] "L} o]
FTFNE 1008 (M, =10), (current) °]F T
Zre} wizgk 10 N} S HL chS(next) °1F T3
A2 10 el 53 Ao Aok Fold Tl
H: pa) o]%—?z}gl &0 FH2M +1 719 &3 Ho)
Aol £x9] §hHg F8ta, o] F ol5 3} £E59
ol Haold Y olF T FHALEFNo
o},

L

Hr&E209 2M+1 S E2AA SFoa =
AREIFTE U NER, p())E REEZE
FE9. Fig. 4 9 d&d e Az
(153~17.5 =) Ulo] ZEIMe4 HALELO

1004

32 9IXl RBGES ¢
32.1 fix] L FEPOS)

AA LHUFEE S4sts BAL 2R
EREAHR ¢2F2 m%?& %74
Hog EASEw Zeold. A oW
Hzg IANGoR HUg Fo) &
2 o] 2E AAA dAgAL Hour 53
s2¥x =99 Z1g9Es FoAA Ho Aol
g

A=h=s
g
s B2x

POS = max POS ;

POS ; =max D;; ,max Dy; > 7t 7 BHA|
0

&)

,max Dy < 714 g A’

maxD(,:max\/( Xif x)z (y,, y)z (z —z)z

i=12,.,m.

AINA, m 22 Bde] HzE WYL
2 AY% Fo S99 Fol), FARAL 9K
W guEs geRAG Azgel ofs Aed
el oz Felar

322 1% oHYS} AIZHPST)

92 Hdst Agre 2o dvht B SIE
zol AAsrtE AR 22 Aot 944
AR e 2Re) Erbo] YA Az
AQlele £(q, )HE AU Wl ol A
He $3H1,, HAS ATADoIG 2tte) AR E

Zof 3 A LA AOE AWl WEH BEH
BFgtol AL, e Pk
l n
PST=—» PST;, 6
=D ST ()

J=

PST; =ty ~ty;, i=12,om

mj

ANAM, mE 2R Ede] HxE IANG

AU 3o A Folrh.
323 &= "Ik

da eHFESY aAd AL Fayl Ysiy
22 Azt ANEE 92 wE YR AS
T2
2

ZRL FAE sl gog ARG

s "ot o8] AAHE HA4 vE Ade
(thd 22 wiE Hdn)2 FAIA=z Ao
k. Az A7t AAEE NACHI 8608 © 9] )
vhe AT = 0.5mm ojth 2Rel Edol REY
Z Pl o2 & HIeE AAL o] ARG



7 Fig. 5 o RS o] dolA] ZiRe]
S 450 =0 ARG e AQIF F 4522 2o T
AR S Hol izt 4523 2o tha] Ao w
AQYstar 46 20 EPHI 2L FANAL Yo
WA gerth e a9). REEz Pl oo o 93
QuSFEE 45224523 o)A oy gk
0.501762mm ©] "ok $af kA3 AlZHE 013 22

4523 %9} 45.1 %9} Zololr} -2 dojEld] 3}

of FAULE P9 9A wB Hus
(0.200954mm) 2 B3RS weol ARE Fig. 5 9
2% e} o] FHSoE RH9 Fuo

Fig. 5 Position Overshoot ? Casel (Left) POS for the limit
0.5mm, (Right) POS for the limit 0.2mm.

olgf b2 ofe] A7t EAlsh=u Fig. 6 o] 1
dojth dA mYI= p] 029 S HIT 3
(65.5~67 x)°olth. o] oA ZRe] EFue FAHF
A 0.5mm o disted P Hoshh@E 29),
TFRAZA 02mm o) M E A OHFES T4
e U 5 Uk EE 19). &, 66.16 X 37
PHo=z AYS T 6622 2o FARAL Heolwy

M2 A

Tt 66.27 Zo] tA Ao Z2dEu 666
z9 EEEZAAE ARG L Hojir 2SS
ot = Qlty EYNE py oo thdt 9x enjrEE
66.22~66.27 2o\ A QA Hv3(0.223278mm), $A o
A3 N 7He 6627 22 66.16 =9 2H0.11 )7 €
o},

Fig. 6 Position Overshoot ? Case2 (Left) POS for the limit
0.5mm, (Right) POS for the limit 0.2mm.

Ax Qv E 3 Casel T Case2 &) 272
Y 2R diste] AzxdAs A s 9
Yrol did 28o da BB Adro s}
Zxo AHx FHo| g Hrld F Jom
of digt iAo} wlgslojol F& o = g

= Mr’}'

E

W R e
ST

33 e fix] HUg HIK(VAP)

thie $13 ARE AAE 3 sl A7 wee
ERE 2 AHEzE py HEY u 747} ge

1005

vrebdich 22 B4
T, 24 £l

o BEpE o] Ao A

VAP, = max\/()T,, —-X;
hk=123.

)2 +(f,,-},,)2 +(Eh*ik )2 5 (7)

Fig. 7 Multi-directional Pose ‘Accuracy (Upper graphs)
vAP for P1, (Middle graphs) vAP for P2, (Lower

graphs) vAP for P4.
34 2 HYE ¥ Al uE PUE
Ag RARmE ALY £aASY B
Atolel 91x] A4 o wbgkel A R
AD,=D-D, @)

A e ALEs g2 AFAY dg nd
22 Wger wigd oy e =2 Abo]d
Ao 2R Eolh

&)

3.5 A XX AjZH

HA F2 AE T2AM T 23} Aol
Al A FAsAY Fostn A AEE
A o, A Fezre g2 Y= JuHz
o) ezt Apeje) Ajztelch 18O & 3 3 ¥HE F
BEgE A4 I2 Adoz Foztn ok

O

afol Al



a0

3

1
DT — APT
MIT_3 E MPT,

J=1 .

P

Fig. 8 (Left) Distance Accuracy and Repeétabil}ty, (Right)
Minimum:Posing Time.

4. 8B

1SO 9283 ol W& X A%
T 229 AEL JlE o E B
_;_].01-0].01 ZX}E fl: ,Ov]\t i)‘i\'_ Ao%
g go] FHErg
: AgaHict
Ald BEAZE HAs)

) ZAHTE 2 AYE=g
2) 2% 4% W7E AR
k.

3) g_% /lg‘o‘ ;717} ]/‘\EJ](H/W) 7Hul ;\]@ LH

£ 2 e ?ﬂlilo}":‘q

4) 2R A% ¥t ¢ FESwW) Nk =g 2
z A53E ¢1YF -°4 2R A% #Wt 2ag
=2 Mgl

5) NACHI 8608 AM 11 9] sl A% H7E 4
3 3} 2 TH(Table 3).

7Hﬂl§,] =23 A= ﬁgﬂ. /\]/\Eﬂo 1) /\}%— =9]
2R ovE FY9 He4RE AT F o

W o) 2o oME 59 A% 59 Fo 45 @
4 AEE g & dn, 3) 42 =99 229
52 Bosts 8 £8o0 HE.F 498 z2e)
wel Az 37 Al ol =8 3714
2% 4% #he AAsn 1 A% vojEuo)
s3toel Beldohd =29l 450l Aol 4
TRl ARL FE B 2AB AW AR 5
glck.

oo(

>

=

i

=2
T

4
Ak

= A4 gidgtn ES
A E kA Al Ei(NARCH

Aol o7 A

I:I&
l_'l_.

[L>,i

—

KS B 7082: 1999 (ISO 9283: 1998) 4H¢} & Z o]
B .75 =34 Hpe ﬂ%i{%?}ﬂ 1999,

KS B ISO/TR 13309: 2002 A8 22 21509283
of g nE HT HIE A3 AF A8 27

RS
g 22w ST EEEF, 2002,

o H- T3

1006

3. Nachi Robot 8000 AMI10, AMI1 Controller

Maintenance Manual, Nachi-Fujikoshi Corporation.

Axyz Training Manual for Trackers, Version 1.4.0,

Leica Geosystems Ltd, 2000.

5. eM - Workplace Training (ROB 100), Tecnomatix
Technologies Ltd., 2000.

6. Bryan Greenway, 5} obot accuracy,? Industrial Robot:
An International Journal, Vol. 27, No. 4, pp. 257 - 265,
2000.

7. F3E, 7’11173 EHA, ALE 2R BE A
B g, AsSEsa AFRaA, S4s

LﬂE"JEL 719 245 3k T A E}(NARC), 2004.

Table 3 An Example of NACHI 8608 Performance Testing
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