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[ Abstract o |

Industrial robots are the equipment that is widely used in the industry, medical, military
because they are highly flexible, accurate, precision and reliable. It is very necessary to work
for complex tasks that require more accuracy and precision of automation system. In this
research present an analysis of the uncertainty of the accuracy and precision of 6-axis robotic
arm by using laser tracker as comply with the requirements of ISO 9283. In this paper,
the measurement is separated into 2 measuring tests, post accuracy and repeatability tests
and path accuracy and repeatability tests. In the measuring test, a laser reflector is installed
at the robot end effector to measure the designed position while testing and selected plane
and measured plane, the measurement point, the number of repeated measurement and
the measurement pose and path sequence meet the ISO 9283. The test results of the pose
measuring tests were evaluated by b measurement points, the average pose accuracy (APp)

is 0.6679 mm. The average pose repeatability (RP) is 0.0163 mm. The measurement uncertainty

is £0.0236 millimeters. The test results of the path measuring test were evaluated by the

11 measurement points, the average path accuracy (AT}) is 0.5818 mm. The average repeatability

(RTp) is 0.0264 mm. The measurement uncertainty is +0.0243 millimeters. The reported expanded
uncertainty of measurement is based on a standard uncertainty multiplied by a coverage factor

k = 2, providing a level of confidence of approximately 95%.

\ T{eywords;tg | Uncertainty of robotics arm; accuracy and pose repeatability of robotics arm; ISO 9283
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2.1 aunsal

2.1.1 suguduauUna

Tuuadsduiausn i eian
analiudusulumaTaranugnaasuasusiug
Yowiuunriindase (Articulated Arm Robot
(Revolute)) HUU 6 TasaMNNINTFIU ISO 9283
Toemusuduaunaiianldluanuidoife vusud
wVUNa KUKA KR150 QUANTEC R2700 fauana
Tuannit 1

A 1 usuduaung
KUKA KR150 QUANTEC R2700

2.1.2 lawpsunsnines (laser tracker)

wpsunsninesidugunsallunsda
wu 3§ Fedordunnasgrulusnnsinen
Tuduanuwlugn Auddede delunuddetd
T aimasunsninas FARO laser tracker ION model
sauansluang 2 MInsaaiavetiaaiuninmes
Wuasiauuufinaunisiadauiiiinann
mMaasyioussauazAuIneansnusasfianig
lugufidanssnay szasiepeansaziioused
anansadnld laeld Interferometer w30 Absolute
Distance Meter (ADM) Mmmzﬁgwﬁmua:
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fRUaBUEas (Position-Sensing Detector :
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FARO laser tracker ION model

A9 1 AMENMTVDAUALTDIUNININGS

dszanSamlunisinszesnig

(Distance Measurement Performance)

Auazden (Resolution): 0.5 um

9n359n153m (Sample rate): 10,000 points/sec

mmgﬂﬁaﬂ (Accuracy): 16pum + 0.8 um/m

UszAnsamlunisinyy

(Angle Measurement Performance)

AN
20 um + 5 ym/m
(Angular accuracy):

ANUYNADUTIHGITA
180°/sec

(Maximum angular velocity):

AT 1 AUANBUTVBNUALDITUINININGT (AB)

aMTIluNTIMYUgIEavasusazdade (100% Speed)
Fasiof 1 (A1) 120 /s
Fasofi 2 (A2) 115 /s
Foniof 3 (A3): 120 /s
Yonefi 4 (AG): 190 /s
Farof 5 (A5): 180 /s
Fariof 6 (A6): 260 /s

AN 2 AENBATYDILALTDIUNININDINAY
ANNERULTIYY

Lﬁumuguéﬂmaﬁﬁmuﬂ
25.4330 mm
(Nominal Diameter):

ANUYNFDIVBAHUNILANENANS
-0.0001 mm
(Diameter Accuracy):

ANUAIISalUA15YIEn
YouduruAUINaI 0.0151 mm

(Diameter Repeatability):

ANnukdugadsluwiy Z
-0.0048 mm

(Average Z Accuracy):

T
o a

AMNEILNTAIUN TV LRRY

Tuwnu 7 0.0057 mm

(Average Z Repeatability):

2.
=1

Lareiunsnine$iild luenwdded lenu
maapuTisuasTzIa lngyhmaasuidisudiagy
MITRIMANFURUAUGAANN 25.433 TaALUNT
ANAINNABILAZ LU VDUALTDTUN AN S
Tumsapuifisy wanalupaned 2

Wpsanauideiidunsimszd
Aealiviuaulumataranugnioaaziiug
POWUIUAAADUTIDATT 6 UAUANNNIATEIY 1SO
9283 figlaasunanines Asgatiulumsfinm
maaliwduoulumsadudananiagesumnines
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2.2 N1
2.2.1 ISO 9283 M13dANIIHUBUA
REMNTIN — naNUsTENBAWHaTIENaaaY
fiinadiag [15]
ISO 9283 \usiunilsvpeunnigiu
snaflidesiunmsdanmsiusudansnnn sy
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o
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mswnapuTivusuddhlndfqafifunun n1srnua
AINFUNLY ATARUARATR 5 AR (P, T4 Py
FenapgmuuuidunusarasszuUivhmyia
wazdapadeiUsTLTIEen Fessuuiivihnste

wagszunUTidenazsunuiy deuaaslunng 3
ng P, oansinpasdunuesuuaziduqagudnas
PBIQALIAA 90 P, v P, azdsegiiszazineann
Yangidunugeuwiniy (10 £ 2)% 299ANNL
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Selected plane

Test cube

Measurement plane

Measurement point (MF)
Center of gravity (CG)

AN 3 SEUNUNENLazITUNUNYNNNTIR [15]

a i 4 Myiasundedniuviueud 6 way [15]

fanugnissuazuiugluntsnasey
UL (Pose accuracy, AP and Pose repeatability, RP)

mmgﬂﬁa\ﬂuﬁ%mﬁ\‘i (Positioning
accuracy) UM ImMeBUF ALY Beliansnasey
Frsuan 30 ﬁaummﬁsxﬂ'ﬂummgm ISO 9283
snanTavnle el

AP, = X — x, )
APy =y — Y 2)
AP, =7 — 2z, @)

APp = \/(AP,)? + (AP,)? + (AP,)? (4)
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dlo AP Ao Aenugndosluswinny x

AP, fio sanugnaeslusuimwnu y

AP; o Fanugnaeslubuuny z
X,y WAy Z AaRAAUDNRUTIIULADS
(Barycenter) maﬁmjmmwﬁﬁwmﬁwﬁﬁ n A%
ANNBNUGIVDIFLAUN (Positioning
repeatability) &1WIUNIINAEDUALIAUY
Fefimmeanusndiuay 30 380 anuitszyly

(%
(1

Tusnasgu IS0 9283 anansamle il

AP, =1 — 35, (5)

j= (=02
e ®)

= J(xj 24y~ 4 (5 — 22 ()

g AP Aemanuudugnlusiunus

[ FoAtRasANN LI UEN U WAL

NIINARDLLAUNIS

AsnesautdunIdunInasaey
AugnABewazwiug Tnansiiduaudindoud
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ANAATiTAUAlLANATEIU ISO 9283 FeLEnS
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ANA 5 A91NNINAEaULEENNY [15]

AN NADIka kg lun1s
NAADULAUNTY (Path accuracy, AT and Path
repeatability, RT)

AUNADSIUNNINAFDULEUNY
(Path accuracy, AT) &ASUNINAGDULEUNIY

1%

auNsamLe st

ATp = \/(‘fl —Xe)? + N = Yei)? + (7, — 2¢1)? (8)
Toefl i=1 2 3..m

1 — 1 — 1
X =YX o= e vy WAT Z = X, 7 (9)

We x, ., v, b8z z, ADNNAUDIRA i

ci
Tusndaduns
Xy, Vy AT z; ADRNAYDIRAARIZHINY
WU j AUISTRUUNR
ANHLHUEN I UANTNAE DL LEUNNS
(Path repeatability, RT) éNA3SUNINAaDULEUNS

aansamle ol
RTp = max RTp; = max[l_l - 35'“-] (10)

Toadl i=1 2 3. m

by = Gy =507 + 0ty = 0% + oy ~ 707 (1)

2.2.2 msvszifiuAanubiviuey
Tumsdn

Arrnuliwiueulumstadudoya
fldusenouiumanisdn doyaiuansdadnd
vmataeglugasle fadudoyafifimnudnduy
fidostsznounumaniaten leaarmzifiodoens
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uansiaduniysznaunisdadulaluides
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Parmruaee [17] UKAS M3003 “The Expression
of Uncertainty and Confidence in Measurement”
Fasznevdiewidauaisng el
matszanarnanuldudueuinn g
WU (Type A Standard Uncertainty)
Tunsyszanaapnulsniuou
nasgusuue Wunsdszanuelealdnanns
n19adf lagvinnsiagiauiidinualia)
meliReuly Weiumsgiernudrruby
lumsin Fadumsiansnszanefvesiniy
AlgannsTasidunou el
PANLRALYBANTITINNNTIR AaNT
i (14) WaZIINMINIZLFITsTDYalaeLTzaNm

naTEILINAITIW AnuENATT (16)

7 = ZatXet Xz tin (14)
n

§= [Pl (15)
n-—1

dlo & @e enadzanansiaianun
x, fn eidaldlunsazass uaz n Ao
duauneiiia
wazanINIaMAEIULT BN UINATI Y
yagaaanld suaunsf (16) lnwandudeauuy
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bUULD

S@=F=w® 9

matszanaranulluiuauinaIgu
wuvud (Type B Standard Uncertainty)

ANNNNTRANTUINTUITHUAN
AnuliutupuINATIULDULE Tinanandediu
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AAnuldudusuinessuuund Wunsldisng
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fifianudn@efiomaisnnsinfiarsanyszney
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39U (Combined Standard Uncertainty) m‘u

v /cfuZ(xi =3, [u? () (17)

Wa ¢ fp Aduyszansanuly (Sensitivity

u.(y) =

Coefficient)
ux) e ArANlaintdusuiitinann
YIUNUBUNARY 9
u(y) Ap vshmmlajl,l,ﬂuaumam,mﬁwm
g8 9 WAAzH?
AAu il wtuaudaNiinaaundu

Wuefisfinnuidetusesuniedesldunnnefiag

° &

vantgle luswadeiiduanuddedefofing
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=
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AazdaviinsUszifiuatadinullniuaunene

(Expanded Uncertainty) sl leiseeu
ANnuEosiufigaenns ol
U=tu, (18)

Wa t fe Fmdsenauasaungu (Coverage
Factor) #1390 1nA1519A1T kAN kAU UT

(t-Distribution)
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dunsneseulusevd 1 anifurihdhauasy 30 sou
fauansluami 8 uaz 9

3) MnunANuSlunIAaaUT 100
wWasidud sananslunsnedl 1
4) muali biflnanlunmmaaay

i 8 szunudild Tunsneapuqaiivhna¥a
WAZLAUNINNNTARDUN MUATINAEDU AN LA

P, Nomeasurcment is taken
at Py in the Oth cycle

0th eyele

E—

st ycie P

2 tycle

—_—
30thcycle Py —— P, —— P3—— Pz —FP

i 9 Sunusaumsiaghlunimaseu
fiALe [15]
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wlU VDA NS
TudupaummeaaumesgAfneuas
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P2 P4 PG P8 PLQ
>
P P3 PS P7 P9 (P11

il 10 szuuiild lunmanaseuaaiivhnnsin
wazdune LA lunINARDLLEUNNS

No measurement is taken
Oth cycle FI atpitin the oth cycle

P1— P2 — P38 Ph—B P5—B PG
v

1th cycle
P11 4—P104— Pg4—F3 4+—F7

2th eycle PL—w Pz —® PJ—bI’a—rPS—DII:

P11l #—FPl0#— P9 4— P8 4—F7

30th cycle Pl pi—F P3—® PA— p5—F PG

P11 #4—FP1l04— P39 4— P8 4+—P7
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1) T%Lamja%ummﬂa%ju FARO ION
model Tuns9n

2) SyavvinelumTia 300 Hadlung

3) naungdlunanaasy 32 e 35
DFNLBALEY A
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3. HAaNIINAABNLATNNIIILATISH
Lo ]

AP INAABINATINTIATA luauAReE
waneN133tAszdAAN N kueulunT TR
lunanagauaNgnAvskaziaiug VD uLUR
waunalAaeuidasy 6 unuluzuousng 9 A
WINIFIU IS0 9283 WanInaapsuLeaniiy
3 & sl

3.1 fanugndsuazuduglusiiumi
POV UDURBDUNALUNIINATOUF 1 LAU
anmanaassmaiaded 2.3.2 azanusafuanm
ArANugnakazwiug ludunled sy
MINAEDUM UMY fauandlunsned 3

A31ed 3 AANgNABsLaziugn s urL

YOIV UHUA LVUNA LN INAFDT

2a[IVIN

o4 | A1ANNQNARY | AADNAILiUEN
naN
' (AP,) (RP)

P; 0.6105 0.0139

P, 0.7503 0.0147

Ps3 0.7261 0.0188

Py 0.2318 0.0164

Ps 0.5206 0.0178

3.2 fpnugndveuazuduglusiiunis
PO U URRDUNALUNIINATDULAUNI
M Inaaseuiadefl 2.3.3 aza1unan
s AANNgRBskaz kv luNaEeY
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A13197 4 AAugnealaziaiugn us ule

PBNHULUAUDUNS WNINATDULEUINY

. 4 | AMUQNGRY ARULIINED

NN

' (AT,) (RT,)
P, 0.5937 0.0849
P, 0.5668 0.0272
Ps 0.5813 0.0190
Py 0.5956 0.0244
Ps 0.5817 0.0200
Ps 0.5676 0.0233
P; 0.5865 0.0172
Py 0.5810 0.0204
P 0.5735 0.0182
Pi 0.5984 0.0215
Py 0.5737 0.0139

3.3 msUszanaranulduduaulunsin
MsUszanaANyldwdueulunIin
Tunwidedusznaudiy 2 dau AonsUszanm
Aranuliudusulunisiaarugndssuas
wsiughlumsnaapusiwrtanazasUsTana
Aaabisiusulumsinnnugnapeuwazusiug
lumsnaaauidunie lasaun1si 19 waasd
ANBULANNAURUSNINARAANEATYDININAGDY
anugndasiaziduslunuiied Sedndng q
wianiazih Ul lunsiuramnanuldudusy
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