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ABSTRACT

Force control is one of~the.most-important-schemes in many industrial
applications, especially in"painting and.grasping tasks. In practice, the proper control
parameters in force  controller “are not .easy because the performance of entire
system does not only depend onh-the actuator, 'dynamic, but also the environment
énd grasped object. In addition,-several applications need-to.use the force control
system for grasping various types of the ohjects;thus, the dynamic change causes the
poor performance in nature: To deal with this problem; this. thesis proposes the
method to fast dynamic identification (dsing a, pair. of linput’ and. output data to
identify the plant dynamic of the force control system. The pesition and force data -
are collected and-used for the ‘structured dynamic identification. Predefined clusters
determined from several data sets of different objects are-evaluated using K-means
clustering and Kohonen network.-As seen-in-the experimental results;, the proposed

gripper system caniidentify the object eroup correctly:
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o (3 a1
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A13°990 2.1 WAAINT XOR FEAIeg 9

A B A XOR B
0 0 0
0 1 1
1 0 1
1 1 0

2.1.2.2 Absolute Encoder
Absolute Encoder sialnevilUifunia Potentiometer 1uidulén
wmasdnyianiefiondundnniseed Optical  TgTaluudnasyeuszadiefuRotary
Encoder lnensindiewufiuey Potentiometer wxutatiunsafiuaingd (Speed) wiossasnia
(Distance) vaansipdeld Suldawniuiaiinefinnlussuvaeulnsasylfauiismnss

wagasauanlannsuriesnasieRaundaLanslasenIng-2.12

EREREGILIGLIEN

Y —= IeFusiasolin 8.bit

U212 MAEAIFURUUVBIAbsolute Encoder

U

Wad#laan rotary encoder-azgninluitausainuiasiuiadvisensasAuin

'
1a o

iieflazasiaaeuimeimednyuluiianslauasegiidumislanudsildnanl it T
drunnudanewnedild rotary encoder LLUUﬁﬂzﬁﬁ?’]u’auiaU‘umquuﬁlﬁaﬁ'wﬁ’m.Imaw _
wuulﬂﬁiauﬁlﬁﬁﬁuag: fuaruannsavensiuiaduazsesiuan fafuesagnd i
Lﬁuiﬁﬂma%ﬁi%’ﬁ’uaaﬁmaﬂbﬂﬂﬁ?uﬁagj 2 wuulngjAsifuuuuiiarienviynitlidade
(incremental  encoder) LLazLL‘UU‘ﬁﬁﬂ"lLa’lﬁwwﬁﬁ’]ﬁ’m(absotute encoder) Tludiuvag
Incremental encoder snasidudulfnneasuuu rotary encoder faftlenanlilunausy
wEriwuiaveaeiwnvesduldaeesuuuituegfunisesnuuuisastuiagsasd i

d1m5U absolute encoder finutiudiulngjazifiuiuy potentiometer ualuuAIAana
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\Juwuu rotary encoder Aldudasiinmsesnuuudnsugvestos slit A1aluain rotary
encoder Mlalilunousiulnganvasiimvaomiymeus 4 bit e 16 bit

lulnsinswsiweismivnmaseummyurasaines

/

MOTOR  ENCODER / AU HE PG HICP HGITEH
s
A
= BT 0 outrur
BIT1
&

gﬂﬁ 2.13 uLafl3-Btock Diagram vo4 ROtary Emcoder

Tundvosmslgriulmuemesifiduldaunes ki ncremental Bnteder tuasldnuy
gaenniueinesiiuldmmasuuy absblate]) enchderd mmgranvinmudy increment
encoder Tliigiyhsniiourafuamitaue®es (contoen Wl itaodesrerousasiiu
Woduaz syt deuneun e s TLgan Ul Wrotstaian oo puillulas
Insiwawesiidy LlAsrailysaaeingya PICatiusu Swenwsalasaldivinastuiaduas

o Vet o $ % v = 1 4¥
2995AUIU AR IV NIANAT EuTAL§T 3

2.2 AMANYYY4 force sensing resister

= wa o

Force Sesitie resistor, nIm3unlT force’sensing #sistor(FSR) Amaudutanainy

3
£ ¥ '

2 a:l L 3 L4 o J = 4 e < = d‘l’
AuUNIuzuUsIUR L YR U I ImawuwaswummlmaLLiwuaqnuwuwuuwu
ﬁaé’mﬁa‘umL%waa%ﬁgmmﬂmagj

Force sensitive ‘veSistor Hgauysgnouivindae Jaaniin hugautudouiuiueg iy

U 4 TU Aakanslunng 214 FadsenaUnib

FSR LAYER
(WITH PRINTED CARBON BASEDINK) ..

. oty
SPACER ADHESIVE —__ p
. F

CORDUCTOR SUBSTRATE
(WITH PRINTED INTERDIGITATED CIRCUIT PATTERN}

~~~~~

/
/

/

ACTIVE AREA

JUT 2:14- @sAdssnaunad force-sensitive resistor
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1. fuvasaulnimanadin

2 ﬁum‘ﬁqwuﬁﬂssnauﬁaEJgULLU‘U?Jmﬁaﬁﬁwzﬁﬂﬂz‘jmsﬁamaﬁudaumwsgn
Sunifudunuusaiulng

3. ghhliiAndesinessninamanaindslsznaulusenslindesindliaenadasty
Rl U uRsfuNIsEUEINARLUNIIYN

4. HuinifaruBangugniadeusefiduindwesmniiaunsaihininlfaeandos

fuiuinldau leelndwesiazgnunuicmeyuniinyes force sensitive resistor fananaly

<

Ui 2.15

SUR-2/15 FSR ink Micrograph

dlefius dn e nundssindad it wwest L kel e iitsynoy@e s uduniu
Lﬂﬁ'auLLUadlﬂmmﬁummmzgnixmamu‘dmszmammﬂmﬂmstﬁmaaﬁa Spacer ﬁaeﬂu
dhums warTaniidudensdidlnih o snuliadeutnfntemadsuildnuiuily
duiignduiasz fudonsslalyviiifipaudunusnglaynhabifiehah force sensitive
resistor wanslaanNns LR IPeAIRLa I 19RRaNe EBaTlLuILNUy) AUTUIATDILT

(LbUILLNUX) ﬁagﬂﬁ 2.16



dilnvedyanan HszIBNIAAIAIANTTIN
17

1004

RESISTANCE (xq)
"
o

1 5 : 1 i 1 i : i
0 200 400 600 800 1600 1200 1400 1600 1800 2009

FORCE (g}

JUT 2.16 nesiiEaaNdiusIa U RINaseRLAUILTR DT

(Y]

lnglumnaaesazly FSR-voltage  divider lunnsasdayanauemnmgiinuadusinu

=

Sullaunannisnssvivesdnaumiinalianumumuivasuuall wanssisgua 2.17

W s RM VALUES
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2 S el A e Fego 30K
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% T s 3k
—C VOUT S 2 -5 = 2
S ;;5 meww@«
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r e
) LS |
[} 200 406 600 &80 1040
FORGE {g) /
() (b)

UM 2.17 (a) mreresiduweslaeldndinnis voltage divider |
(b) NTMKERIANNANRUSTENINAUSINY output Lasusiinssyhdefifues

UAZHNATDINITUALULURIANNAIUNIUTES force sensing sensor (RFSR) lkafuusanu
wvnm (V) iulunmannns

V
Vout = 4 FESE (2.1)
. LT
< [ (Y] '3
eV, Juusaiuenving
1% . Wukseunreliwniens

136716
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RFSR Juaudiunuves Force sensing sensor

[ v Y a [ =
RM Lﬂummumuwmaaqnwnu Force sensing sensor

o v v a v oA ) < a1 a £ d =
MnnsnanslutiwuaunsaesuglaidenssiueinnaslAiuTuledusan
[J a a’t’ 1 @ I3 a o o o 1
NTEVUANTY AIINFIUNIUTDUTUYDS RFSR LARNSIUABULUAIMILLSINNINTE YN dINE
Vo | ' v ' a ) o
9N 1dU5ENINANUAIUNIUTENIN RFSR Uag RM Tisesynsuiuiiniswasuuuas uag
| v o o = a1 I3 fal | _aa v |

dwalvussiuviesnuasuly Wesnnseuaniiudugesiaadateenin 1 mA/square
cm FalevinnsiiuesuuendiM3ss  Ganmaudtivessauuand (Op-Amp)  w3BiTendn

Operating Amplifier Wusasveresuwuusenss (Direct coupled amplifier) fifsmsnisveny

gannldnisteundunuvaulumunug d ilvinani5viauveeashiduiu
a A ! o 1
mdiweineluveseauug Meluusgnoumenes poynsuiu ludiuusn
AB29aTVEEDifferenti N X’ %ﬁ 23179 ¢ Differential 1Ju
| ‘7-‘41;\ //
=~ [ ° 6 [
WITADUTEAULAY GRS aulazidugy
a a . ’7 ! S - - - -
aumaey lode - @( lUeNalesleda- poUuoud
Hydunm 2 )& 2 ) VWIhnauwa
(Inverting | t)Qﬁ i (Fea 1ile & A llnauna
y : L
dyeynunig GIERRattN natud oy
NeaNILl mﬂ% °8“éa 1 (TR
WSIAUNNDNN aﬁwa‘l ' S
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é c
@(n ® 4
Ou 8 cc
3 Out2
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5] mNew

(a) (b)

SUT 2.18 (a) paUuent LM358
(b) Pin diagramesoauusut LM358

] N ¥ o [ ¥ 41 = "3 1 Y o v 6 v 1%
wnansiiluenarsianulidmsumsldanuienisfinwivinuu leygnlmhlulduselesimunism

lidnsdilagiiadu dnviavnuiilvdnulasilent wagfesdadadadvesenalsynasaniinisialuly
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2.3 9%UU Mass-Spring-Damper

$UU Mass-Spring-Damper Lﬂuisuuﬁugwﬁlﬁ%'ﬂﬁaam%’uLmﬂ%’muaem
unsvanglunisshassszuunnena Wesnidussuuidadunaslidudeuiwhanudnlale
$redddussuuasiimasivenna M (ke) Trasiivesausa K (N/m) vhuilunisfusiims
gpanalinduleglusumisiauganufutazesdusznovresanumiidsesiifiamnss
SrufumsmeuauesronIdussuseidudndufueuivesssuuiemasiivenisming

B (Ns/m) @3n1598458UU Mass-Spring-Damper @nusaaduiglanall

!‘:‘: S, s

—— (1) mx
mama . o o

oy

bx

gﬂﬁ 2.19 1ASIATIVLIEUY Mass-Spring-Damper

s

UN5UBITEUU Mass-Spring-Damper @mnsnasuiglanaid

Y&

=ma ; (2.2)
=kx —~bx + F(t) ‘ .
= m¥& (2.3)
F
= m¥ + bx
+kx ‘ (2.4)

e a[m/sZ] AoANLTIveaing Wasx[m] AoTraZnssdnavetiag nsumislagtuiy

AUWNUL91989 91nUUINNTT Laplace transform

F
= Ms?X(s) + BsX(s)
+ KX(s) - (2.5)
vihmsdaguuuuaunsing iy '
X(s)
F(s)

1

P 2.6
Ms?2 +Bs+K (26)



20

2.4 n15USTUIUATNIS RS

NENNIIVBINTTAINISIALADST8UUNSBSYstem  Identification  Tun1sAnwiuay
3mezﬁiww’%ﬂmqmﬂmmmiﬂwmﬁammmzﬁmmam%maﬁswﬁ'ﬁ agiumsirelunis
ﬁasmuqm%’!ameﬁaEmmﬂtﬁmmam%ﬁiﬁiﬂmuizwﬁu JedesansnedunensiUdsuulag
wuulawiiin (Dynamics) veeszuutuldfiian Insmamuuusiasmnandamanivesssu
asamlel 3 75 Ae

1. nMsfaAngsinendamans

2. INMTAATIERAUWUUTIEDY

3. 91nn1slidoyaTTUUINNISNAREDTY

Faunepsaluniseenuwulsguuazldisnisuinnin 1 35saufuiialilauuudnasanis

calaal

mﬁmmammﬂﬁqm‘lmgﬂLLUULLuuai’"namwmmﬁmmam%‘uaais‘uuﬁgﬂLL‘UU@'Nqé‘fqﬁu

1. wouhaedlusduvvanniseyiusasnsedin iussuuiild Sudaduuasuds
Ausunaildanantmseiaslaeanuilusydvas Differential Equation Faidedefioned
sUuuuiuesenviseslduandeyaiAefusyutnnin (lauisavenamidauuasmes
usiazanTzle)

2. Transfer function MlgfuszuLT U Linear-Lump-Time-invariant (LTIL)

3. Block-diagram

4. Signal'flow graph mmzﬁmzwﬁﬁmm%%’auqaLLasﬁ Subsystem 111

5. State aquation' TagilUeeldfussuuL TIL wianuisaviuldfussuuiliduda
Wy ssuuiudsduniinaysessuy-Multipleinput Multiple-Output (MIMO) Iuenanis
s]”qmmst%’ULLﬁg‘ULLUULLUUﬁi’ﬂaaﬂﬁaglugULLuuﬁuﬂlﬁ WL ARX ARMAX ,OF iay BJ

IS ileSssuLsAe System ldentification . \iuBandnnasnilsfianynsaldm
ALUUTIADINSARAAARSUDsE UU LR Imamsmé’i’aﬂizmmmmmﬂﬁL@a%ﬁmmzauﬁqﬂ
nmsiauasiivadoyanndunisasigminausaialuliasagimuuuinaendlnmans
Tngldneufiamediloainnismaimisiinesannisduasgvaunismsadnmansiu
Jaqtuilsdliannsalinadnsliogagniewniniosanewliviueuvesiuyslu
ﬁiimwaﬁﬁmaGiam'iﬁﬂmmasmmrwLLashimmsﬂmmﬂsLuléw'gﬂé’faqLL;J'uE]’ﬂmﬂﬁfﬂﬁwTﬂﬁ
AnAnumaintdsureudnann fafunisiselundsiasinisAnvimaunisdmsuld
Uizmmﬁ'wwwa‘wﬁLma%a'jnmiwmamﬁ’ui’améw%qLLasi%'LWﬂﬁﬂﬂﬂiizqﬁ';mu(System
dentification)wadlsunsy  Matlab lunisiesigvimauniseanunlagasidenldis ARX
model %ﬂﬁﬁuaqumiﬂizmmﬁm’mﬁLmaﬂu@ammws{aLﬁaammm (discrete time)

Tae? ARX model ﬁgﬂuuwaﬂmda%ﬁqLLamﬁamwﬁ 2.20
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Jr E(t)

&)

() ' . )
. N — &gt —p@—v )

;Pv
|
=8

gﬂﬁ 2.20 las9as19w@a ARX model

ARX model ﬁaumﬂugﬂﬁ"ﬂﬂﬁaﬁ

A(q)y(t)
= B(@)u(t) +'C(q)e(t) (2.7)

doy(HAensnszinmuenesindounidle, u()AevinausifinsevivieTagueasu , 4 uas
BRoAduUsyandunanasaiimes Lag e(t)AaanenuRenanade9491nnassunauainnneuen
\WalUasaunsi (2.7)1ﬁ'a§11ﬂlugﬂdiscrete time transfer function agla
Y(s)
B(s)U(s)
T AGs)
C(S)E(S)
+ - A ——

T (2.8)

Pnaunsi (2.8) Tumsvilsddugielouaesruumtas ARX  model 4¥iiwnsiinesi
Rendesterionhmsiavunedienu 3 dau Ussneuluse

n, = 9LABIUBIMLAN A(q)

np = 0LABSVBINYUNB(q) + 1

Ny = DOWMDTUARIATNITNUIVIDUNALG WING VDI NYUTLB

\flevhn1susuen orderngny, N2, 1A BusduasilRldaunssdaes

paNUT WInMvUAllUinSSUNMUIINANELENYSe E(s) = 0 azdenaliaunisindainoueng
W153RBS A(s)uas B(s)\usdaes mﬂﬂu’uﬁﬂmiﬂ%’ugﬂammﬂwﬂmaﬁwmsé’wwaﬁmaa
A(s)uae U(s)lumsdndwesaumsazhlifteidumelousglusuuuuresaumsoyiusigs
03 Fzimiiouduaunisit (2.6)vlfawnsansiuaeesamsfimes M, B, Klusyuu Mass-
Spring-Damper anmsifleudmnsifivosuesie 2 aunsiaunisi 2.9

Y(s) X(s) B(s)
U(s)  F(s) A(s)
1

_ 9
Ms? + Bs + K (2:9)
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2.5 nmsdangulifiuAmisdines

NM3ATIZYANGN vi5e Cluster Analysis 1Humailafldduunvisudensd (Muneds

A &l wew3nesdns tamvioudaulseanilungubosqrus 2 nguiiulunsdiie

=D eCe.

Tunguifierfussdidnvasiinloufuniondroiu drunsdlfieganainguiuasiidnuas
WANAN ﬁdﬁ?ﬂﬂ’ﬁﬁmim’]Lgaﬂéjﬂwmﬂﬂéaﬁ’lLL‘U?“?]I‘{]31§’1§J’ﬂ‘?ﬂUﬂ’ﬁLLﬂQﬂdNﬁﬂﬁﬂ’l’]ﬂJﬁ’] Aty
uenantu naulangunilsesdoseglunguniafivanguieadniunaia Cluster Analysis 11
T lunsudsnguiuuseslimuuseglunguisafuiiauduiusfunnnitiudsitegsng

nguiufulsnegranguiulenuduiusiutoevielifinuduiusiuay

2.5.1 ausutAvounaiieds Cluster Analysis
2.5.1.1_aafean1snlesaiudays
dmSunasiiATeRdangimitgTnss—(cast) \aduenalddoyai
ssymheiirsgiuasiuusmuidnivin Fasgunisinssifildna g dsiudiu
mylasgidanguiulsiidelienvadlauiudeyansnanilslngldwns nuanspauduius
sgvinmUgunule

k73

2:5.1.2) WIRARUFIY

o

dudhanngaveImslnsginisdnnquasialusilduangidelyld

(>3

]
b= o

g v = v o o w av ve i 9 v & & @ P v
Wiuteyainganusulsndiagnantinasiiansenalily i lanstimszsandsiidenl]

ﬁy’aLwiLLiﬂﬁ]xLﬂu?iaﬁﬁmum@mauﬁamm?ﬁlaﬁixqmmL"ﬂuﬂejmiaaLﬂiu‘lumﬁmﬂ?jmim‘s’au‘tu
Honnndiseliitdeyaingrdusiunidnssutaseiuavedlsaisuflaenatdunasily
msuusngula
2.5.1.3_A7EAANeNULDWIYLE
AvwANALItUmmAEeua s AN duinalevesnisiasedt
maadavaneislaevhlumsinminadisasinrsaanmastisssnindingriefiansanan
Arwrdneiudsagnanlagagidealuidarsly
2.5.1.4 NMFIAAINYIN
Fansiannminansialivaieisismamilsiteninduunnide
BiSeninsesinadagadneniideans (Squared Euclidean distance)Aanasiuvaananig

BNMASEBIYBIYNAILYS

2.5.2 watlan1sdanguinldlunisdinen
2.5.2.1 msianguwisdwaslaeldivaiia K-means clustering
wAllA K-means clusteringilumaiianisduun Case sanlunqueosuasy

agldiilofidnunn Case 1 TagagAoaiMUATUIUNGUNRINT Wi vualill k ngy
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wintiaK-means clustering 9iin15vaumane 959U (iteration) Iaglulsazsauazdnissiu
Cases Tiluaglundulangunils lneidonnguil Case dufiszasvsnnenarsveingudes
farudrdnumnasweingulviuassiiduiiaunsefmnmmonguliivdsuuamde
AsudnuseUtvunly

TuReUIBNIIANEN K-means clustering iJunafianilsidnogluussian

=

Partition Method finsldriafievasioyaiigninliedlundamesClusten) wenduly

RY
mwnuventayalundamasiutunsuisisusuainnisiuamisimes k- Feeilfs
PuadaneiNdensAum ntutuneuitasyinisduidendeyaiuiudiui k ya 3

winzyanlduntuazugagudnanasufuvesusazrdanes (centroid) annduinisdnng

Wiffutayafivie Teyasvgninlieglundamodifeanuliedayatulninuadeiuiiuny

2
e =

YasndanesiuNInignaantuiviinsaumnieadsssadanastu uagedtiy
nssvumsRiuivleyanviedelaunseninteyagninnguessanysaluasdoyalyd
madgungudndelunsyinuaed K-means M clustering agiuseavsnagannaledaya

imMgnauiuiuILluuAasnaNkENINIuagnl - lagA vk iLastaya luusazngy
InalAesiu .

aqﬂ%umaumw‘f’mumaa'i% K-means clustering

1) uavseduAnGLA Siiai k ﬁ'}(ﬂ&ju) uagyunAEudnaaEIs k
158071 cluster-centers vacentroid

27 diaedeyaiamsniadiinay Tngvnasmmsgdsinseindayaduyn
gudnans vndayalnulndrgaaunarslviftgefiaseg naini

5. weiads (Mean) Uriazndu I udraneaudnardlul

4. ¥g1te’2) aunssnsrilaaeviogagudnadlunsagnguazliiuasunlas
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SUN 2.21-138U7HMFATIZNVRMIBK-means clustering

JaLAUDe-K-means clustering fleveiasaninanldldfudetaralgussianuagSadl
Usedvisnaluduenalldl upqeeiotves K-means clusteringl Nwuangskiwngaududaya

nnussnn wazldandisadamsnguniusashidusuvsinaimisnguiiivuansoniny

Y
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unuLuuAnA el uenani Kmeans clusteringdgnan fadwsudeyefiisumutoyad
GHIT RRNERI R IR |
| 2.5.2.2- iangulagldinalian Kohonen’s network
Trssteszamifiendidsuuuunmsisoulfagnueadsoguuitugu
vasnsdanduuostoyasunslng liianudrouieafundauiesiavedioyalassngiugun
f‘iaiﬂﬂEJIF']SQ‘U"WHﬂzﬁﬂﬂﬂiﬁUMWﬁﬂUmzLQ‘W’ISLLaSUiS’Eﬁ‘UéQ‘E}j@N‘JaLLaSﬁﬂmﬂ%LﬂuﬁTﬁ’JEﬂUﬂ’ﬁ

ssynquuazveunilulldssnivngudoneneeeriinsdnnguieyaifidnwasdeiduld

Ao

feiu uazuennquisyaiddnvasunnsrsiulinangy Slasweasduwunnguduynidy
M ngs waziludwaunguiseylineudimii dwiuKohonen’s networkillassaiefsgua
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TumsBauizfinsannsesnnsesinninMidunnnesfnUsdasgnuiuauas
euasidigiuneunsiious duaninesummindusuannisquasaestesunisuladitiaung
Wunila (Normalization) lapussiiagsinsUsuanmesdinindiniunisilneudunsden

w;BedaiitjiansfleUsvanyifiendivus. (winning: nodellaefiw; iuasiduyssamiflonioy

2r
v =

Tndudunmeanaigmiiasauns oo duaunsidseg
”x — Wj” = miin“x ar Wj“ (2.10)

viaenUsyaiienrivuggnssyifmathninagradldsunsuTusvegln dawal

[l = w; ||azanseurgensideuiaciasduiulx— w;|[sedosanadufirnmdaiaduiian

d d
——llx = Wl = = (=) (e — w))

= Ev—v(xTx —2wFx +wlw,)
d T T 2
= W(”x” = 2w x + [[w 1)

- (%(lellT) - 2w +%(uwn%)

d d
= (0 - ZE(WT") + E(Ilwllf))
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- _9 a[Wlxl + Wy X5 44 WNxN] " a[Wlxl + Wy Xo + e+ WNxN] T
- an aWN

O[w? + wi + -+ wd] o[w2 + w2 + -+ wi]]"
+ + ot
an aWN

= —2[.751 + Xo + o xN]T + Z[Wl + Wy + -+ WN]T

=-2(x—w)

dnumeralunisusunnmesiminlufienwseuiuauaindulaenisifigen

Plufienax — wiitelirsseeineseninaxuaswanasieivaunsusurdmin

w; = wpn(e=wy) (211

dlen 1YurnizesgnannsBenidiesiinnegsznine. B rnsusuimilnues

v

nnweFzUTuanzrmeTuminiyuziMtulnenanmesiminauqezlignusu

1. Jupaun1siseuiuad Kohonen’s network
° vy 0 a I = » T
ﬂmuﬂ‘lwumgasqmmuauvgmLﬂuxl, 3h, N, Xelmgone XL | Gl !
k= 1,.., Kuaskiudnunudeyaviomalugeingdy
Funouil- Inmualassaindessieutugauelinialaainundiuiungy
Wumngudendnsininioud (eaming rate: 1) n = Atdngdadilndauditasivunsuiu
TOUNTLIHUFFEIANL 0 (Maximum epoch)
& =] 1 .t LY . 1 =3 o s
AupouUN 2gurndmiinwy, i =1,2, ., MANARGAITUAVDLINADS
Uwiin i dundia
wr=willlwillsi=1,2:0M

Auuafm=1,k= 1
Tunaudl  3Fudenax =X AT EMATAI A TEIENITENINNAN
Uwiinvesszamifieuunasmenuaunnx
d; = |lx —will;i=12 .., M

= [

& o a oA I = a T o 1
Junauil amusganniileunvuslaslulssamifiganinnmesiminet
InaBunpunign

[d _]] = arg min(dl, dz, !dM)
i

*/

UABUN 5USUANWasTMTnveUsTaE I B U

w; = wj +n(x — w;)
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ynaunveannnasumn i dunils

w; = wy/ ||
1 U3 = 8/ <
ARnmvDsUsaniiengvusilu

Oj =1

nnwesihwinvesseaifisudus vineanauly

W; = W; ,'i :rtj
f ¢ P = &,
ANBIRWATBIUTEA BB LU0

0; = 0;i :ﬁ]

YUABUN 681k < Kk =k + 19MnAsATuaeig1a nduaaui 300 k > K 1
YURDUN 7
QUABUN _ TOTSINAUTBUM K Ly TIRUAK =1, m = m + LUSUTOUNIS

HAnelulnianndunat? 3 019MUUTEUM < L dUn1sHneY

2. TasevrglseaImgluuLsEusA18A 1t (Kohonen: ~ Self-organizing
Feature Maps)

IaswnetszannuiisauuuSeuinesasmadlalows (kohonon's SOMLdulasade
fifidnuaznsBouiuuuliiidaen dwsugmjmngysimsiseudpensiunulaseadiovas
foyaudetnilsinalinvodessadrersudastiennigienndudotunndsdasanduuuzoud
é"ssw“hLawaﬂﬂimuuw%’ﬂmazwmsﬁami‘ﬁ’au“aﬁaL‘%&Jﬂ'jﬂ(topology) udUszaniienly
1As9Y %umuﬁiwumiﬁami%uﬁ (fopology) Tilunissmiflsuadiaing 9 Faaslids

ANNALNUS YU STAMAE DN LR e

|

lulAsengUsea Mg nuUnseu3 A8 LIAMTInlAsIas 19U sEa Mg U

I3 =1 9 . & ] & A . =
@10nA T ULUILEUATY (Line) ¥38lATIS1NNBUBNLULNLATIU (planar configuration) &l
anwnienRMenmiuiazszamiienavedlnafiuvielnaainiu Ussamieuieglnaiuag
ufiseuandennUszanilenneglnaiu yaanensiinasulasaieiieliadwni

aglnafuduiusivduneneglndiu
& [ a [ ) o 1 =i 3 [
01 x; uag x,l0uasaBunannees tuae t, lWuiundwaslszavifiguiendnn

Y

gugNduRusiU sl ¢ wae ¢, azeglndiudi x; uaz x, aglnafiu lasadnefviinisdn
WeuuilisSeniunuigudnyae (Feature map)

Tuanpsywilaseefivwaldufiazegdungu nsWeusovedleyssamnelungy

v

zwduvuininmsiweulesiuleyszaimansuenngy laswheuszamiteuuuulalamuy



28

1= L

werg1uvzdtaninisiiauludnvaziieadu laelddana3funiaiseuiuvuudady

o 1 =Y

(Competitive leamning algorithm)  Fs9zyin1sguAIBunaiInmes x LU

9 q
1

Usganiieueuus i3 wdunnweseiminfideudeandunalugsuszamiondyn i
25.2.3 mimmﬁaﬁmqugnﬁm (Cross-validation)

TunsnsrvaeuaugnasdlagnisvinCross-validation y3aunands
3811 rotation estimationazifunisudangulifuyadoyasheteenilungudesy N
Budunsvinnuanngugesiien mmsﬁn&jmﬂaaﬁuﬂ srgafivlidmiuldluddusion Tlag
msadunmsieneingudeyasuasunnngudeyagesiudliifienseaeuaugnioduns
Apmeidmiungudenieasieningunaaey daungueerdug Feningunsivaeuniia
gneea

dsumsneanslunfsiasliig Kfold eross.validation fufiunis
Tneiflndnnnsvhaurentsulsiedtwasioyasemiungugstk_nguinigiuendieganis
¥ cross  validafion  vAnd LAY KAt 10 ngel PAHUAIAT K 88081 1 NguuAY
sl dungunasou (testy Teanu 10% vasyadsyafioiumuazndueatk §n 9 nqu
wiearldilundunsiadey ftraining) \ ZeApL TN 90% vasyadesaiutiauazainsaeiune

TumpUNTZUIUNISTINHLARNGUN 2.23 Atudng




29

100%

90% 90% 90%

90% o %

s 4 & 4 & 4
AN 8 AN 9 AN 10

gﬂﬁ 2.23 ua@nin13y Cross-validation Insuuatlu test10% @9 train 90%

] N Y o ) ] ~ = & i v o v & v v
wnastiluenansianulidmsunsldnumenisfinymini leygalihlulgussleviiunism

lidnsdilagiiadu Snvianuiilvsnulasilon wagdednadadadivesenarsynasaninisualuly
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N138NLLUUNITINAADN

' & g ° 2 A o WP, &
lumsveaeswsluiilunisdtasamsnavesiaiiousunannssieinglunwinmin
v v A 9 va [ ) o = vl a v
fuinquitelvilianulndldssiunseurumsvialugeamnssunagldindeusunaniiuigim
' \
Taguinlufieassiududuiedulningueaieg fuinniuingasinnsyudidniesnie

v

WnTuegiudnuMzianzYesinguugFziauuananiueenly

3.1 WHUNITANLULATIS

\\_\\X\\W/é/‘//
= TS

g “. y 1.0,
/ / L N N \ \
- o LD IR
1.U5nw1ana158L N oL 1 3 i"-%q b
e 289 281®
LAZINLHUANSANLT |Ui 11, e

2. Anwe

WRenfulasedu \-(C'< g& }

3.99NlLUUN G]

4.3nw3eugy "V! 1590

5. ¥N15a09uaY r%swﬂa ZNENE
e B S A~ Q¥
fewdhgnszuauns Sa ) 4A
a ' ~ A7)
6. WATILIHANTNAADS Llnga"

7.a7UnalAsenuy wazilgusey

8. U NAUDNAINU

S a = Yo w v - = LY ' ¥ o v v v
nansiiluenansianulidmsunisidanuensiinyvingy ldeygaliihlulddsslevinunism

Lidnsallagnsdu dnvivhulilvidaudasion uavdesesdedadiveaaenaisynasaninisiluly
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3.2 wilavasgunsalnldlunismeass

@ a v ¢ . . v o v o )
1. Wuwesausinasilamminunu (force sensing resistance)ldvimminfinsaaduuss

U9 3.2 () ANLERILIUNaNlYluNTAa 4

(b) MNUARINIAIUANLIUNG

my I3 QJ Y o [ 9/ 41' = 1 gj 1 Y o 9 & v %
nansiiluenarsanulidmsumsldanuienisfinwvingu leygabnihlulduselosimunise

lmmﬁmslmmau amm%mﬂ%@mMmmam bbe1S G]EN@NEN@QLQWJE’NL@ﬂﬁ?i%ﬂﬂﬁﬁ%iﬂﬂ?iﬂﬂﬁi%
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3. gUn3algngl 12 V (Switching Power Supplyiwihiigneluihlyiuisasmunu

v oo -3
LAZNITNTIVIUNNAIUNITY

U 3.5 awidumuung 10K 1/4WATT

& < Q‘I v o Y} v P = O | Y o v 5% Y
wnansiiluenarsianulidmsumsldanuienisfinwivinuu Weygalnhlulduselesiamunism

ludnsallagvsau Snvivihudilvidauwdasiom wasdesdwdadadivetenarsynasaninisuiluly
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6. Oscilloscope DS1104B dchanel 100MHz 2GSa/sdwsutufinteyavesdunm

WAELDMINNYBITTUY

SU 3,6~ hamdBawalaalaunlTiumasynans

7. aelnsuatisusoatataalay

JUN3T nwdaelnsudmisysgadalaginy

8. lulasmallngatass

JU# 3.8 amuanslulaspeulnsaiaes
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3.3 danspugunsalnldlunisveass

gunsalvdniilélunisvaaesAeusuna SCARA ROBOTEC series 784U3EW EPSON
i iidufdusinaauuingnageuiumany Z uaslilusunsu SPEL ludmuau
wunaRuABNRIMeS BntuhnsRndetduresTausinalnedueesilsiiuriafiaanu
funuUasunlasmuussiinadazdmaneseiuusduliainauiesnve i uisesvie

a

1 . n Y a ] a g 1 v v v @ - °
\3und force sensing resistorliusndmvatsvesuvunaniluddudanuing diodly

a

Anssliluusnumaasuaiesiuiuieastouds (power  supply) wagiinsmediein

wHsaslilunaninaieaadaladlay uwanaldngud 3.9

UBNANYUE mwmu‘uaua LA » - anusmmma il']ﬂ‘Ll‘LW\E]

?I’]EJﬁiUﬂJ']ﬂJ'ﬂ’]ﬂ‘VN 2 N9 L‘U’]ﬂLﬂ'SENEJ@ LwaLLamanwmuammm'lmanmLUu

AN LLﬁSG]’e]L‘U']ﬂUhJIﬂiﬂ@UIVﬁaLaE]'SLW?JVl"lﬂ'ﬁﬂl\‘i UiUﬂJ']CUVNﬁ’eNL‘U"IQﬂ'EJQJ'W’JLG]EJiLWEJ‘VHﬂ’]i

Y]

Iasgvinaludunsusaly

wnanstluenasianulidmsunisldnuionisnwvinuu ldeygslmihluldusslemisiunisen

Lidnsdilaqyadu Snvivnuiilidnulasilont wazfasddadudvesenalsnnasaniinisunbuly
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(b)

JUM 3.10 (2) Mwuansp 3asiaye i adnlARwovemawmeifedaguluwauna
(b) MuudatooaBalaalunituanInadmsvdyauamenoblfanes was

daghaunngdwes I

3.4 YUADUUAZNIZUIUNISYIAGDY

Tudulsnvinnasideyined s unnaaunad, s e B Useneuldd 109m gwinmnantan

= v a rer ‘J 1 . W v 1
UsgLnviaenu 2 “UUG]LW\M‘UU']WLL@531}1’1N‘V]Lmﬂﬂ’NﬂUfﬂﬂﬂﬁ‘Wﬂﬁuﬂ’N

JUN 3.11 amuansingnageuns 4 vin

Gudunisvaasslasduiliuunanaasuuingraaeuss 4 ¥ia vinaz 10 ade
mnﬂ#uv‘hmsﬁu%maﬁloﬁmaLLﬂaﬂmﬁm’imﬂaaanL{Ju 2 90 laun

1. Fugrannidueesinusineavinausiumiu(Force sensing resistance)fi
ATINTUNTNATIUTEILIUNaRUIngMAdeY

2. dyapuainulfamesvesemasivhaulusuiuny Z meludusung
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ilelddayaiuaniAsziureusiuiminusineveivunatasouldnnosua gl

v @

anunsatdeyania 2 gaumhauduiusialuiuil Tunisddunisdnduassisainisudas

[y} 3 1Y st 19 'y ad
dyunvendulanmesseeglusudyguiadivegluguuuuveinmsnsedn x(t)lnudvunsu

mMswuassaralul .

3.4.1 nMsuAASIULUUNNTRBNLTINAIRGNATRUABLYIUNE

ilesaintnguaasuiis 4 vila Tdnvurremsnszuanionun Faduds
Fududesimungunuuuasiumdsninainglindewdilunngasivesnisnases el
Amnsfimeifldfiauasnadosfuinquaasadnuiniign d98198euarnuaunaly
gravnssuiietaqedeuiiiiuamenudasndwumiivaunasgniusduoumaindeud
suaqLLﬁuunaL#’fﬁlﬂmi'mql,l,aw%“uﬁ’mqaanmﬂmawm%gnﬁmumﬁ"’agﬂLLUULLasﬁWLmﬁqﬁdau
wnvihemuand e dwalilvunallidnuegumsyihnimiewdiueaue

lyssmnaesaziimsdanuyetresntoluiuunaiinvgunisindoudly
wnunu Ziiedatdidmaing Teansesunelidifianisnisaenuseasivunadatngae
agluwuiuny Ziagasiiann 90 sumiiuduiesianssiaenalisyrinuaunauss g Tay
ansauan§sIBagdunliaNguT | 3120 WA
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TR T ALS B ILAIUNA R Y AONALBY
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fimmantsesnuTiusuTUnaraingvaey

Force sensor Force A

(b)

JUN3.12 (a) nwuanggdanil 2 SRdmiuniseenuswednaunanadngnagdeu

aa o

(b) AuEAgUMY 3 FRdiUnTseanuswelaunare Tngnaaey

PINUUNMUASLBLNNALAL BTIDIIINOUDINNTBDNUNT LU DIV UNNAUDIFTILALINTNA
Tilsseivinfiuns 4 viassuandtinugud 313 Farn X Aosgosserinaiunsnds (1uves

[

mg) 9LUINITBBNUTINAVBINIUN AR D INGNAGBUTIN M UALATIAI AN
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3.4.2 mauUasdiyaavesaduldamesTiedluguuuuresnisnszda

mMuuadsd a1 uWadasandlun1sei 3.2 wasivuasvazideall

e
KSD{

‘U' ' [ Ly 3 14 et " [y v &
ARRNUALARITEAULSIALYRLDUl AR ST aglugUuuuYRdy g 1iad (Pulse)

radulssazvdnuanA ks Ndy g iadlrogluguuuunsnssdn (x(t))

M1919% 3.2 uaesnsudasdyaaadiveglusduuumansedaluguiuuvewisn

1781 (ms) A (volt) szaz29n(um)
0 0 0
1 1 1
2 0 1
3 1 2
4 0 2
5 1 3
6 0 3

nndeyatunsamnsandalasalsd Wedeyainnteusameuyiures
Ty aiadluAssula duningarudisyizataaun il un laegldian e msonndud
youmtuinlagifssavadanin iU 2 im wadldiand 3 Tmsteraniesi S gnve s
Wadastuogivnunmisaduldmaniiildny wazdathdoaluihsfmnvianmiennsw
wansnsduRUg s iy Tnad LAz Ay IaifmnTs @ fieduaeanguansads

WERSAININT 3.14

Distance ()
= ¢ ! ' ! : i

Fulse H : :
T VS MU S
H : ¢

5

3.8

3

: H Time (s}
0 2 4 3 & 10 2 i 18

5U#13.14 navluassnmsiSeuifisudyaamsuduldaeeiiussesnszdn
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3.4.3 A5UTEANUAINIEIADIA875 ARX

Lﬁ@lﬁwamwmaamé’amﬂﬁu%L?’hzjnszmumsﬂssmmﬂ'wwwswﬁmaﬂma‘lﬁﬁ
38 ARX 38 AR Tuszuuszysinu (system identification) ansneduienssuiunsyineu
el

1. fvunAnduwmuasiomimnliituszuudasinsaiemslidmivld
Joyalu workspace LLaxﬁi’wmu%’a;&a‘lumsNﬂv’a 2 HpaAUT AN TaMIAUAUNUS
sonuldidasannmiildsuannsivdyaaimeduesiausinaaylinadnsidusefuns
Wasuulasweaussfudsdasinnisuvadleglusuansusslumieiiafi Feaun1snng

o wad & (% [ v @ & = =& o o &
L‘UaauuﬂammawmmﬂuaﬂwmsmwazsummLszjuwasmﬁﬂumimaaammmmimu

1 120 =14
F(N) ==X (Vm =44) (3.1)

1o/ Ao AR-RIUSIMUBWING YRRy TEL

FIN) Ao ussbuviae S|

U7 3.15 (a) namluan el mimgasiausinaluiagiunndiu

(b) nsmuaRITEEZMSIAGaUNULNY Z Yasuvunaluaniuansiaiy

2. fmumA Sampling interval  wanvinsirualiyingu 0.5 Ui
wineANINREinsduRIeg1vng 0.5 Jundl watmnimvualvial sampling  interval
Wiy 0.1 Jundl wuneaudagiinsduiiegianng 0.1 Jurfidsnszurunisludrady
annsouandldainamil 3.16lasazimuadudsdunmAsusyFnulsienvimAssseeniax
wagA1 sampling interval i 0.01 Lﬁav‘hminmﬂau‘ﬁagaLGﬁﬂLLa”ﬂu‘ﬁu’umausialﬂﬂmﬂu
msideniiiemanuduiusvessudsi 2 Tnelidenlud estimate uazidenluil state

space-model
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3
<SIx duubiex
<4353 devkier

3eesm IdeRIAZiCEtion TOHD ....... tAms.

vrpotBats

U316 a1 import data

Tuntieng State space models @an structurel Uil ARX #aen orders 1 [211]
iesmnvsudnvisiitaeidiniuvasding Lidlsuasinmsmhadundanisdu
uagdsrn andurhnisni estimate witaviinsuszsnamtuUTdaeionian Rauandugy
71317

¥y zdeme
Cprming Sysien 3dentiiiconsack TOUL Gaecns SR,

Fo 2y

§ B Systemidemtifation Toud - Untitied

B ston Ay Baew
i, £ ARY Sty
- F Dumare BiDiszrete (10 Secs0dsy
I
o
T e 7 Aod ate vRegti® AR aeah
vrngbus
et . )
S (R ¢
worismans | | LN Niewer |2 aguis 4
LS.  Swglgntetetl Ty
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i
Trsh
Press Eatrny

JUN 3.17 AeAnmsdnasdmsuis ARX model

Weldwuudnasnudy amnsageasidenvassinuudiandliann Model Views &4
gziiun1Ins9aulun Model output @99gvilimsiuan best fits 9oan1sUsEINaluASed

Iilanugnaadlyu Wee best fits dlAvlnalAss 100% wnwinlwsuunefianisusyunn
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wuudraesluassiliinnmugndeanniu nuufswuudassiiluuandly workspace azuans

A a o 1 o 1 e A
FonuiBuariian order Aldiduanlumetnsazuanaiiu ARX211 fuansmuguil 3.18

»>> ident Value
JOpening System Idencification Tool ....... domne. It

Ao ol <1 idpey>

{1 Time plot

R 3

e i

= .

Deta Views Madei vie i - f
L Ny on e, W

un s, a
// ann I @
WU agﬁu a6l worksbace, deildunTsaylisy discr tine Fudud
. (722525
CELLANIE 'Jl\uu“"" - r-zhna@’ﬁu g@ 15989
wuudranadalias ;' .3.19%36% (Zero

Order Hold b

UG-z
s
P
@
»

>> ident

—
Cpening S Tgent Ploation TooT u...
>> azciazx2@y) /\

ans =

Continuous-time' ua@ T} = Bis; Qe
Ats) = 272 » 0 s 0.5
B(s) = 5.0004637 = Mg Mga: %s

elue

double>

Cis) = 82 + 150.5 3 + £ =
Parameterization:
Polyncmisl crders: na=2 nb=3 ©n k2
Number of free coefficients: 6

i
i
Use "pelydata®, "gastpvac®, "getcov™ for par heir uncertainil {
{
i

Scacus:
Created by direct icn or transt i Not estimated. i
1 >> i

P ° . 2 e . .
UM 3.19 nsuwuasaumsvesiuudtaedaingy discrete time Tagllugu continuous time

S 2 - Y o Y ] = = L ! ¥ o 5 v v
nanstiluenansianulidmsumsldanuienisdnwivintgy leygnlmhlulduselesimunisn

ludnsdllagusau Snvivhudlvidaudasilon wazsesdaiadivesenarsynasainisinluly
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dieldaunsesnuudlvzsiowlaguuuuresaunisdnasaliiieuiuaunisves

52UU Mass-Spring-Damper Ingfidunsunisivasuntassiail

sULUUANN1TYREID ARX model
A(s)Y(s) = B(s)U(s) + C(s)E(s) (3.2)
Amiweiieildanmssnaiuandunmi 3.19

A(s) = s2 + 0.4686s + 0.537
B(s) = 0.0004697s + 0.09401

C(s) =s*+.150:35+1.002 %x-10*

PNNFIATIEANaNnSA (3.2) Wetmualilifinnssumusanaisusnazanaliien

© E(s)0u 0 wagyhliinan-€ (s)E(s) Hrviny Osaldeae Ylvaannsd (3.2) wie

RTEN
A(s)Y (s)
= B()U(5) (3.3)
' %’ﬂgﬂammﬂmj
Y(s). B(s)
U(s). || A(s)

1000046975 + 0.09401
T s2%0.46865 + 0.537

(3.4

ANNTABARAUNTB () lladulssAnsmiisiiadpgnanarnsIABLUIUNNA
fvualiasaad@allunadtvinliaunns B(s) wasieamImnBaviniu 0.09401

wagagynlraunisi G.4) daidu

Y(s)  B(s) _ 0.09401
U(s)  A(s)  s2+0.4686s + 0.537
Y(s) B(s) _ -1
U(s) A(s) _52 0.4686s | 0.537
{ ' 0.09401 = 0.09401  0.09401
Y(s) B(s) _ 1 1

- = - = 35
U(s) A(s) 10.637s2+4.985s+5712 Ms2+Bs+K (3:5)
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2

aelauadnsoanundumnisifineding 3 a1 Usenaulusie mslwes M (W9a),

W5100eS B (AUM39), M1515mas K (Armsnvesadse)

M = 10.637 (Kg), B = 4.985 (“9/) , k = 5.712 (V/,y) , bestfit = 89.76

¥ Qs
Ay nant®

dy I dl Y o U 14 dl = 1 gj 1 Y o ¥ € Y 1
wnanstiluenasianulidmsunisldnuienisfinwivintu ldeygnliiluldusslevisunisen

Linnsdllagvisdu Snvisinulilidaudasilon wazdessdedadvenenarsmnasafidnisiluly
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NEN1INNa B

WavhnsveaswwasSuiindygradldanndueesinuswaziduldninesidui
SeuTesudn axhdeyanldumeanuduiusluguaunisileidudeloulaeldds ARX wie

AR T sUszanuAsilinesiuyadayalanasnsuanlanunisasaluil

M99 4.1 LLammmﬂﬁmaﬁmaﬁmqmam A

Test |  sampling | best fits%).{=Mass (Kg) | Damper.(Ke/s) | Spring Constant (N/m)
Al 0.01 70.13 22.43662 4951761 22.52636
A2 0.01 68.26 17.01548 4509103 23.85571
A3 0.01 69.64 18.77229 45.78562 22.75202
Ad 0.01 6573 19.83733 46.41936 21.94009
A5 0.01 71.96 24.15459 50.21739 21.00483
Ab . 0:01 12.25 28.19284 55117 2211164
A7 0.01 71.74 20.89427 47.70163 23.08817
AS 0.01 69.66 19.68504 06.14173 22.69685
A9 0.01 71.49 21.45462 48.5089 22.69899

A10 0.01 70.79 20.6868 47.41415 { 22.36243

average 21.31299 48,19144 22.50371

‘A1997 4.2 uansRIwNIIliweITeYIRgnaaad B

Test | sampling | best fits(%) | Mass (Kg) | Damper (Kg/s) | .Spring Constant (N/m)
Bl 0.01 58:67 11.95314 33.28951 20.65503
B2 0.01 58.69 12.72588: 3579791 23.07203
B3 0.01 62.45 11.49954 36.46504 - 25.59798
B4 0.01 65.02 1494322 40.6306 . 24.47699
B5 0.01 67.33 14.81481 41.80741 26.35556
B6 | . 0.01 55.56 11.63603 35.03607 22.73679
B7 0.01 63.2 13.06165 37.25183 22.88401
B8 0.01 . 64.49 13.33333 37.85333 2426667
B9 0.01 62.37 13.38151 37.66894 24.0198

B10 0.01 50.78 13.64256 38.15825 23.47885
average 13.09917 37.39589 23.75437




A15797 4.3 wansAnsdiesveringnaaes C
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Test | ' sampling | best fits (%) | Mass (Kg) | Damper (Kg/s) | Spring Constant (N/m)
cL| 0.01 76.79 2.115954 6.921286 5.594583
2 0.01 81.79 6.455778 10.45836 4.221433
c3 0.01 78.56 3.347841 8.453298 5.336458
c4 0.01 78.7 2.985075 7.8 5.095522
5 0.01 89.76 10.63717 4.984576 5.712158
cé6 0.01 80.63 3.36587 8.303601 5.119488
c7 0.01 78.78 | 4.215852 9.106239 4.919899
8 0.01 89.84 7.77605 3.291602 6.755054
C9 0.01 90,77 _-9:813543 4.338567 6.459274

C10 0.01 81.71 5.11509 9.795396 4.611253

average 5.582822 7.345293 5.382512
AN5199l 4.4 wandAN WIS TLRasvevIngNAaed D

Test | sampling’| best fits (%) 1 Mass/(Ke).|\Damper (Ke/s) |, Spring*Constant (N/m)
D1 0.01 78.23 10.1616 14.05345 3.862412
D2 0.01 81.31 13.44267 16.01022° 3.211453
D3 001, 81.89 16.0591 | 17.52048 2.975751
D4 0.01 84.82 11.01928 13.05785 1.99449
D5 0.01 81.02 12.90323 15.85806 3.427097
D6 0.01 82.47 16.52346 17.81229 2.764375
D7 0.01 77T 10.7273 14,99678 4.027033
D8 0.01 80.65 13.01236 16.27846 3.699414
D9 0.01 77.63 8.561644 13.24486 4.22003I4

D10 0.1 18.77 9.259259 13.59259 3.927778

average 12.16699 152425 3.410984

Pnangnmaludsruasiolfuamislnesiswesingnaaeuisiazyiia e

Amsfiwesvesdayaviouauindonluwuinny 3 95 Tagldyusesuuuannma 3 dufe

Funii fudng wazduuy ssdunaiuiingunisifiwesiniinszatesiey 3 nguluge
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2. Kohonen network '
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sarduadlumsnranisaaezUieaniinnuliasnadasiuteyalungudeniuganisay

Juavgaifeatiuvianue

4.1 N1SNARBINTTIANGUAIEIT K-means clustering

iWoannnszuaumsdnnguses K-means clustering agi3udusensgudnnguyn
foyadsmaliiilornisnaassdrlundazadaaglduadnsnrstnngduilimiondia 3
Sufusesimmaassinnguyadeyaidusnqfufudmaunaisgadunsduiindiaina
gndesitliluutasaaiielilun1siinsest antuaerhms cross validation iensivseu
AUNYNABIYEINTZUIUNTIATIEN lnsasvimsiysdeuasanilu 2 yn Tnegausniondnge
ynaay(test) Wagyniiaouianingansiaagu(trainingdmdunasia cross  validationludu
wsnaziteyalud ugnRTIIaUNENT VAN TWIAIAGITDIULABENRUGIETT K-means
clustering a¢ldnadwsiumnmssiiud ndudsnsatusainusiavesinguagauditmunly
ludunousslulinnidoyayavieaauanidistiieosusnansiifanns training 1y
Fumeuusn mnFwriilnasvaavnasuiiamlndifesiusananangdindazgni sl
aglunguiiun Geamndandudegasavnaauldgnie mnyanadeuazlfengndesiiy
100% e‘im%’umimaaﬂuﬂ%y’qﬁawhmimaaa%ﬁs]ﬁul,fluﬁi’ﬁmu 100 ﬂ%"’uﬁaﬁ’mmgﬂuw
nsdnngushe s Kemeans clustering lunsaufintistiu

ndayationn 60 4alslunaseresssuinisi doss) validation ‘epnudu 5
nsallaun

1. cross validation nsalil 1 ayimuslitoyailineaetviaiu dypuaglidayaiile
ATRABU 36 U W3R test.10% @e training.90% -

2. cross validation n3gi 2 Wi muAlyeraflimaaeuinu 8 dauazlideyaie
A3RE8Y 32 Y inAnTutest 20% 6ig)training 80%

3. cross validation nsalfi-3-agfmumbideyafilinsasuiniy 12 yauaslidoya
\lonsaaey 28 >n wsonndu test 30% fo training 70%

4. cross validation nsdifl 4 szfmualideyailiveasuwiniu 16 gauaslddoya
\ionsiaaeu 24 Y0 wsoandu test 40% #a training 60%

5. cross validation nsdifi 5 ssfmuslrideyaiilineasuwindy 20 yauaslidoya

ilens9aeU 20 Y vi3eAMTU test 50% e training 50%

4.1.1 n1391 cross validation Nl 1 A _
Myualideyanaasuiniu 4 4a wasmvualvdeyaynnsiaaauiiiy 36

Yn A ANANITNARBIAAIAINTIN 4.51TTATgYRan1sAaRlaTuUIINNISYincross
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< < 1

validation nselfl 1 fasdigUuvumanugndedunisdanguidinuey2 suuuulaeiguuuy
wsnlvAANgnABageigainiy 100% LariAUDNAAIINNITNAABIET 54 ASITN
vieviua 100 A33 drugunuudl 2 Wearmgndeariniu 75% wagdmNURNLANIINAISNABBY

1 46 ASIANTIINUA 100 A3

A15199 4.5 uanaraniImmadlagldis K-means clustering sinen13vi cross validation

ASOIN 1

% PugnAedlunTIangy | ANUDNIAIRYINN1SMARBIET 100 ATY
100% 54
75% 46

4.1.2 A5 cfoss validation n3ein 2
invualidayaveaouiiniu 8 yn wasmnuslvdayayansiageuminiu 32
g0 azldNan1IMAa AN TN 467 BRI IEVHANISNARDILATUINANITIN cross

=1

validation nsdifi 2 ﬁ”%ugﬂLLU'Uﬂ'wmmgﬂé’aﬂﬁmﬁmneﬁuﬁ%ﬁ’ua§Ji3 sunuulpgfizuuuy
wsnlirAaIugAResgITidRIAny 100%  uasiiaawitinainmisungse@n 52 Afaann
fiavun 100 pda ZaugUnuui 2 Wehanugndsanaiy 75% wazdamaiineann1smaasd
41 26 ASansieviun 100 ASIuaZFULLLR 3 Wirnatugndsawiniu 62 5% Lagileudd

HNNANSNAABDIT 22 ASIANNIrUA 100 A9

A15197 4.6 wansnanTsNnaadlaeleis K-means clustering $en13vi cross validation

NSl 2
% armgniadlumsiandu. | mataiAngnnsmasoeEn 100.A%s
100% e
75% 26
62.5% 22

4.1.3 n19%" cross validation N3yl 3
muuslidayanageuwiniu 12 ¥a uagmmualvitoyayansiaaauiniu 28

Yo LANANITVIABILANIRINITIN 4.7 WalinTginanmaasfilaiuainmsvincross

P~ o

validation nsdifi 3 faziizunuurnugnaedlunisdnnguingiiuey 3 guuuulasfigiuuy

Y q

]
P 1

wsnbAAIAINYNABIgINgALNiY 100%  wasiaudiiinainnisnaasedl 52 ATI9N

Viamue 100 ATe dausuuuui 2 Wraugnaeaiiiu 75% wariAURRNAIINNISNAADS
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U1 32 ATIINTIIVUA 100 ASaKArFURUUT 3 TiFAugndeariniy 66.67% uagiladudi

ARRINANSNAADIEN 16 AIINTINNUA 100 ASS

f15197 4.7 uanwanisvnasslagldis K-means clustering AeA5¥N cross validation

nsdifl 3
% mugndadlumsdnngy | mwiiitinainmsnaassdt 100 ASs
100% 52
75% 32
66.67% 16

4.1.4 n13% crossvalidation n3giN 4
uuplideyannsaulyIny. 16 yatagnvualidoyayansideumiu 24

YA wANANTITNAFDUARIRIMITN 4.8l aTiaTIghnan1TNaaBenlasudInnIsHincross

. . A g = 1 9 | LY A W 1 =
validation nsglit 4 Hagiisuiuurpmgnassiunmsdenguigiiued 4 sUnuulpenguuiuy
Wsn1AIAIINGNADIFNAAMINY 100%  waslen uDmiaaInn1sNAaEE 46 ATI91N

9
]

Vaviaa 100 ATe dgluuuin 2 atpugnaeanany 75%  kasiedfinieainng
nAapIdn 32 ATeAnvidvae 100 AT Iugduuud 3 IfdanugaAsdiiu70% uasdl
ANNDNIIARIINNATNAGDITN 4 ATIANTIMAA 100 ATeuar UM LR 4 TaAugnaes

WU 65%LaEHANARNAAANTSUAABITN 18 ASIINTWINA 100-A5

A19197 4.8 uamsnan svinaeslneldls Kinmeans clustering meansyia crossvalidation

A3l 4
% AugneBluNTIAngN AMAAN91NNTNAADIT 100 Ass
100% 46
5% 32
70% il
65% 18

4.1.5 n1991 cross validation nyi# 5 _
Muualidayanaaeuwiiu 20 4a wasimunlvdeyagansivaauwiniu 20

v [ =] A a L3 ol ;Jv o
‘qﬂ ﬁlg‘lﬂﬁ\lﬁﬂ'ﬁ'ﬂﬂa@ﬂLLﬁﬂ\‘lﬂW]'ﬁ']\‘Wl 4.9 L:umLﬂi’lwmaﬂﬁwmamﬂmw\nﬂmS‘Vl’lcross

]
1 =

validation nsfi#1 5 eedfiguwuuAmmugnesslunisianguigiiuey 4 sUkuulaeNguwuy

9

1w

wsnlvAlAugnAaageigavinfiu 100%  uazllanudiiinainn1snaaesedl 46 ASI9IN

Y
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Viavua 100 ASS druzuuuudl 2 Iaansgnaeavindu 75% uagliaudniinainnsmaass

14 9 2/ 2
Y

1 32 ASIIINTIaVIHA 100 AsadugULuLn 3 Tiranagnaeavindu 70% wazdiauninia
INNINARBITT 4 ATIIINTIaNEA 100 ASS wasgUuuud 4 TiAaugnaeainiu 65% uag

= dd a g o & o
UANUANAAINNITNAR DI 18 ATIINNMINUA 100 A9

A1919% 4.9 uaasNan1nasdlagldis K-means clustering #18A15%1 cross validation

N3l 5
% augndadlunisdangy | maufiinnmsvanosdn 100 s
100% 50
75% 22
70% 8
65% 20

IINNANTINAAINTIANFNIINUYANITITRD SN 40 _1n Lasld35 K-means

q
b4

clustering A38N19¥1N cross validation ¥4 5 Asdllugssiuanuizaasulsinnisdnnguses
dy 1 o . 1 8/ 3 dl’ a a
u‘lﬁJﬁqﬂquﬂﬂ’]iUCﬂNaﬂ'ﬁﬂﬂﬂfﬂqlﬂﬂ 100% ELu'V!ﬂﬂﬂiﬂ‘ﬂaﬂﬂ'ﬁgum.Jﬂ'ﬁVIﬂa@U FAUSZAN TN N

nsdInnguIvtuetiuATIAUTYIINTSAY uasitawsvuinsumanugnapslubsiasnsilues

¥

MY cross | validation., Azitlgdndedadautadayanis training Wosassgneuiuyn

H [} v/
v =i ad a o

Jayaililunisnasuuindu azasalimaudnifegnnsneaasgive slosiusnaiy

gneeeiifiindeyg Wi 62.5% Uag 65% Juluduuusndgniedides igafiuduiaiunn

nygd

Fuauluse

4.2 N15NARBINTITIANGNAWIT Kohonen network

wadamsdnngusyds Kohonen network-axlinasviianlugndeyaifudsfionisii
/1 iterations TUiFan Taaiududl 1 e iterations dalvaviinaildanadiiiudaunvide
nsffiumasnunzosdmanedasifuiaugnies Tneidlasn iterations fffiusin
JuasvhliresifusaugniasiinunTiuiutunulude snvuzmehdiluieuldi
nsseuduuvliiiifaeunde unsupervised leaming wazn1s¥i cross validation Aanng
ASINABUATIMIGNABIVDINTEUIUNTIATIE TeiTasvhmsudstoyasondy 2 4 Taayn
usniFendgannasy uazyaiiasaiendigansiaaey Mndudlaiiunszuaunisagiinsg
Warudwunsidwesdeyanaasumuilisliimsudsliussdunnmainrugndedluud
azadawpsdidunduasAaugniasgayinevasnisvh cross validation AemsAiarugn

ADARRYUDINANIVINADIYNASY
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andayavianun 40 yaildlun1smeasansilsnisi cross validation sanifiu 5
nsfdloun

1. cross validation nadiiil azfmusliteyaflimaasuwintu 4 youazlideyalite
A33980U 36 Yn viseAndu test 10% #le training 90%

2. cross validation nsdifizazimunlideyaildnaaeunintu 8 yauazlddoyaiiio
ATIedeU 32 4n viseAndu test 20% Fie training 80% |

3. cross validation nsdif3azimuslvideyaitlinaasuwindy 12 yauasldtoya
\ionsiadeu 28 Y0 wsaRnu test 30% so training 70%

4. cross validation nsdifidasrimusliteyaflinaasuwiiu 16 yauasldteyaiiie
A3aeU 24 4 vsaAnu test 40% Fio-training 60%

5. cross validation-fssifisagfvusilsiteyaiilivadauimaiy 20 yauaslidoya

\Wems23anU 20 yn ssefnLtlu test 50% wo. training 50%

4.2.1 nAgi cross validation A1

Ingfavualvtayanadauiinug ga kaenmualidagayansivgouminiu
36 40 2xldanIsnnassLanIan1T e 4 1olagasdunaldiAndesidudiasugndecade
lumsdangaiian terations- - wiafu. 1 Bensh A 95% waeldinaniads i susyanana
wirdy 0.0015575 aantuiastiing iterations Wil 2_ssviivAdesifuiaugnios
waslumsianganyinfu 100% tazldarlunisdssanana iy 0.0026609Fwansvin
cross  validation At ﬁam’ﬁﬂa;ﬂléh"l‘dizawﬁmwmﬁ’mﬂdu%gaﬁiEﬁ% Kohonen
network azliAAntigniaagndasgeiiands100% fidy iferations daud 2 induly uaz
dmdunaedonisisinanetai s dinaiuiuiac iterations /Awntuaed
sgugaiuntuaiulugslagiien iterations iy T0-e¢ldnaialetstszananainiy
0.0136732 FannnirfiAiterations 2 fis 5,13856°in laafidalsianadugnias 100% W

LAY
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A19199 4.10 nananan1seaadlegldls Kohonen network aen15vin cross validation

N3 1
iterations | AnugnFoaadslunsiangu(®) | natadsnisusssnanaGuii)

0 0 0

1 95 0.0015575
2 100 0.0026609
3 100 . 0.0035438
4 100 0.0045132
5 100 0.0059803
6 100 0.0073031
7 100~ 0.0097296
8 100 0:0101694
9 100 0.0109204
10 100 0.0136732

diethraganangneil 410 vawaeansankanIrNdLiusse e gnaasadely
nM3danguiupn iterations - asiantlinIlgun 42 (Ruazflowdonnsiiannanuduius

sgninanalafdnIUssanananuaviterations Azuandlinus Ui 4.2 (o)

aprrugnis aruatersthEnng G
201

w T T T T 7

p—Semt oL
R § ~—6— ey voksadisn ‘e]
[0 S ¢

982 enne veeh -

e

Y

O O

T e s wdidian 1]

H H Bessth
8 g ki

; i i ; : Yerath
3

(a) (b)

5UN1 4.2 (a) uansmuduiusseninanugnesuadelunisdnnguiuen iterationsiin1svh
cross validation NS 1
(b) wansAUFURUSTEinaRienTUTENIaNaiUAT iterations  1N15YI

cross validation NS&f 1
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4.2.2 n1svi cross validation nseifl 2

lngfmualvdayanaaauiniu 8 4n uazimvualvdoyaynnsiaaeuiniy
32 4n agldnanavaansianiiinsed 4.11lnsasdunaliAndefidudaugnieade
Tun1sdanguiten iterations LAY 1 eanunAy 93.05556% uazldiaaadenis
Uszsnanawinfu 0.001058222 Mntuvinn1sifiuen iterations iy 2 asviliAnefidud
anugndfeaadslunsdanguiniu 100% uagldinanlunisUssinanawinfu 0.002161111
Fanan1svh cross validationnsdifl 2 Hfansnsnaguliinussavsamnsinnguioyadeis
Kohonen network agldfarugniasgniasgaiianiia 100% 7ien iterations faust 2 sy
W wardwiunanadumsusananannmswzdunadiuingonn iterations faunniuay
fissuznafunntunuludelaedin. ierations tiadu 10-a¢ 14inanaden1sUszanana
Winfu 0.007998 Faannpdadien iterations' | 2 fis 3700874 i Ipafidalirnaugnios

100% LiNLAL

A19199 4.11 Ldnenanisuaaadlesleis Kohonen network AIBMSYIN cross validation

n3di 2
iterations | maignFesiaaelunsiangu(%) | naniefunisssanana (und)

0 0 0

1 93.05556 0.001058222
2 100 0.002161111
3 100 0.002754667
4 100 0.003572

5 100 0.004448444
6 100 0.005210444
7 100 0.005751333
8 100 ~0,006343111
9 100 0.007290778
10 100 0.007998

13191 NaNANTNN 4.11 mwﬁamﬂiﬂwLLammmé’uﬁ’uﬁ‘idemmgnﬁmLaﬁa
Tunsdnnguriuen iterations azuandlinnuun 4.3 @) uazillondennsiuanninuduiug

gvInnMRRgNTUsEINaNARUA iterations Azuandlanuguil 4.3 (b)
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ol : aesglumminea G
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iseration

Bemtine:

H i H 3 H i i by 3 i
3 3 5 v : & f 5 A v ¥ 3 3 g s 7 5 s ¥

JUT 4.3 (a) uanspnuduiugsenineeugnasaaelunasdnnguiuen iterationsfin1svin
cross validation AS69 2
YY) 1 o Y] 1 ) . P o
(b) wansrNFURLSTENITNAINRAIAISUSEUAaRATRUAN iterations  MIN15YI7

cross validation N2

4.2.3 /299 cross validation nsdifl 3 :

lasiwiualideyanadsuiviaiy. 12 9a uazdanualvideiayansiaasy
Winfu 28 3a zlinanIsnnassiianadiingsei ¢ 12lnsaedinalaina e idudaa
gneuadslunisdenguiian iterations Wiy T eonaviatu 91.66668% uarldizaaie
AMsUTTRIaRaiAY 0001151625 99 ntvinAsiRnAT iterations -winfu 2 agyilsien
wWefdudrmgnasaaaelunisdnnauininu 98.9583% uagldinatlunisdasvnanaindu
0.001853259 Nt sL e iterations | Winfiv 3 %‘v‘fﬂﬁﬂ'wLﬂasﬁ,sﬁuﬁmmgﬂéfmLaﬁalu
nsTAnguIindU, 100% wazlHiaanluntsussusanamiafv-0.002307534HANTY cross
validationnsifl 3 dlmmsnagulddUsearsmmaadangudoyaaei® Kohonen network
%lﬁﬂ'wﬂmugné’fmgﬂﬁaqqqﬁqmﬁq 1009% @7 iterations Aaus-3 1WAl LagdmSunan
idnnsUssnananms s dinaiiiniien iterations IAunnTuayiissesnaniiun
Fumlugnelaedian iterations Wiy 10 esldianadiunisuseananalyiniu 0.006674 34

AANITRN Tterations 3 fiv 2.89231 win laeidslviAnAugnABe 100% iy



A15199 4.12 uanaran1sneasdlagldis Kohonen network faen13in cross validation

nsdin 3 -
iterations | Anugndesaislunisinngu(s) | nanedsnisuszinana Gund)

0 0 0

1 91.66668 0.001151625
2 98.95834 0.00185325
3 100 0.0023075
4 100 0.002812625
5 100 0.0035205
6 100 0.004345875
7 100 0.00553425
8 100 0:00577725
9 100 0.0075305
10 100 0.006674
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ERHNHARNNRITET) 4.12m‘w5aﬁmiwwmemmﬁmﬁua‘iwdwmmgﬂﬁmLaﬁeﬂu

mMsinnguifupn iterations - aziandlinusufi 44 (auazidlonionnswuananuduius

sErinanalaRgnsUssiaraiua Y iterations asuaadlanusun 4.4 (o)

vm!mﬁumcm v Gl

JUN 4.4 (a) wamspnuduiiusseninenugneasanislumsinnguiuan iterationsiinisyi

cross validation NN 3

(b) LAMIANNFURUSTEMINIANRREN1SUSEUNaNANUAA iterations  INNS¥IA

cross validation NN 3

Raraton
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4.2.4 n139 cross validation nseifi 4

lagnualideyanageuiniu 16 ¥a wazivualiteyaynnsivdey
Winfiu 24 a a¢lfnan1Imaanuanifinised 4.13lnsesdunalddrAndedifusaiu
gnéeaaielunisdnnguiien iterations Wity 1 senuuviiy 94.64286% uarldianaie
nM3UsEInARaWGY 0.001231143 antiuvinnisiiuen iterations  WinAu 2 avileten
L‘U@%Lf?iuﬁmmgnﬁamﬁa’tumsﬁ’mmjmvhﬁu 99.10714% uazldiianlunisuszuianawiniy
' 0.0019888691n1ANIANSLRNAN iterations WU 3 %ﬁﬂﬁmLU@%L%uﬁmmgﬂﬁmLaﬁa’Lu
nsdanguivinAy 100% wagldinanlunisussananalyinfu 0.00249371%awan 59 cross
validationnséiit 4 dannsaasulfdrussavsnmnisnngudieyasinds Kohonen network
aelfrmugnieagnieigeiianiie- 1000 e iterations saus 3 1HuFUlY wazdwiuan
\nAunsUsEnaNaINRITTTaLnaLiuElarY iterations SAMRTUREsEEEa TN
Fumslghelnedid terations WA 10 a]:”Lﬁ’fnmLaﬁamiﬂizmawam'\ﬁ’u 0.006887143

FaunnnIen iterations 3 iy 2.7618015 i Tmeidalymipanugnsas 100% i

A15199 4.13/ udnmanisnaasdlneldas. Kohonen.network $a8na1s¥i-cross validation

ndii 4

iterations mmgﬂG’faua?{alumﬁﬂﬂeju(%) panladanslssinana, (fu i)
0 0 0
1 94.64286 0.001231.143
2 99.10714 ' 0.001988857
3 100 0.002493714
4 100 0.003142
5 100 0.003602571
6 100 ‘ 0.004688857
7 100 0.005382571
8 100. 0.005650429
9 100 0.006749571
10 100 0.006887143

Mlgthwaanansen 4.13 wmdeansmuanininuduiussenitsanugndeaady
Tunsdanduiiue iterations zuansldinugui 4.5 () uazillondennsvuansaudunus

sgrisnanafismsUssinanaiua iterations Azuandlanugun 4.5 (b)
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sevagpior \‘m':‘fgmn‘nhmrmuﬂ Sty
16 ; - ; T x 10
H : : | =R cragg ssidstion 2

" 3

(@)

JUN 4.5 (a) uansauduiussevanainugnasadglunasinaguiuan iterationsiinisvia
cross validation As0iv 4

w ¢ t

(b) WEMIAINNFUNUSTEMINLIARANNTUTHNaNaNUA iterations N1N15¥11 cross

validation ns@ 4

4.25/ nas¥in cross validation N6 5

Tapimualvdeyanndasuwinnu 20 go wasionualideyayansivaey
Wiy 20 4 avldnanisnaanetdnsdanisaei 4. 1018 Irdannlddiaesidusianng
gndiesiadeiluntsdanguiian iterations Wil 1 sanavinfn96.66667% warlfinanads
AMsUsTRIaRaLTaTY 0001132167, SIATUIAISIRNAN terations iU 2 agvinlsen
wesiudanugniesadelunisinnaunindu 100%: uaglfasalunisusssnanauinfu
0.001799833%4man 51 cross validationnamii 5 ﬁmmsmagﬂlﬁdwizﬁw%mwmi%’mﬂa;m
1pyan1878 Kohonen  network ﬁ]slé’ﬁwmmgﬂﬁaqgﬂﬁquﬁqmﬁa 100% 41@1 iterations
Faus 2 uduly tazd ninaa11aasn19UsENaNa N A9 dn ATl odn
iterations SlFunnduesiissesnanavumnludaeTagiian iterations Windu 10 a¢l4iaan
WAsn1sUsTIIaNaIYITU 0.0037695-GeinnInfie Terations 2 3 2.09436 Wi Taefssly -

APNUYNEBY 100% LILfY
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A19797 4.14 uananIseaadlagldls Kohonen network aanisvin cross validation

Nl 5
iterations | ATwgnAeaRALluNTANgu) | nanedsmsUszuana (und)

0 0 0

1 96.66667 0.001132167
2 100 o 0.001799833
3 100 0.002388833
4 100 0.002450833
5 100 0.002927667
6 100 0.002792167
7 100 0.003007167
8 100 0.003318

9 100 0003119333
10 100 0.0037695
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591 S T
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JUT 4.6 (a) wansrnuduiusseninaugnesuadslun1sinnguiuen iterationsiin1sih
cross validation n5ei# 5
(b) wamaruENRuSsEninanataiEnsUsENaRanua iterations Ains¥in cross

validation ﬂiiﬁﬁ 5
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1 . a el v o/ 1
A1 weight ‘UENW’W’]SJLﬂaiﬁnlﬂ’iﬂﬂﬂ’]iﬂﬂﬂqu

.1 K-means clustering
dviunsdanguaiesian weight gavheflasuaanatamaisenifl Mean va9
gadoyaluudasngu Taimuaunuiig My, Mg , Mciaz Mplage weight umazaagldilu

munilafiumsdinesvesinguaiasylanavianldmein3n 4x3 Aadl

My Myg—By. Ky
Mg|_ |Mp Bp Kp
M| | Mg |/Bc K¢
Mpl, —AMp "By~ Kp

n.1.1 miﬁ'ﬂﬂzjuiﬂﬂag K-means clustering 72859 cross validation nsaii 1
lngfn weight ¥891153ANANAIETE K-means clusteringfilianAnugnaaeteensdn

naule 100%UansladnIzIen .1

A1519% 1.1 #1 weight ¥asnsadmesiaelais K-means clustering #asunisvi

cross validation NSMA 1ﬁ1ﬁﬁ’1ﬂ’;’mgﬂ§f@\‘1100%

W3 ies
weight Mass Damper Spring
(Ke) (Kg/s) (N/rmy)
Mg 21.1881, | 48.0441 [+ 22.5012
Mg 13.2265..|..37.8522 _|-20.0987
Mc 5.9680 7.3924 . | 5.3589
Mp 12.3898 | 15.3746 | 3.3608

n.1.2 Msdangulae3s K-means clustering §78n19¥1 cross validation nseil 2
Ingen weight 284N13IANGNAETS K-means clustering NviAANgNFBaveInIg

Fangule 100%uanslagianisnei n.2
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M19199 N.2 A1 weight Yaemslwaslaaldds K-means clustering dwiunisvin

cross validation n3iN12 AAIAINYNABI100%

W15 Tee3
weight Mass Damper Spring
(Keg) (Kg/s) (N/m)
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.4bsn*m— Force control s one of the most im 1porrant schemes
in man\ industrial applications, especially in painting and
grasping tasks. In practice, the proper comirol parameters in
force controller is not easy because the performance of entire
system does not only depend on the actuator dynamic; but also
the environment and grasped object. In addition, several
appﬁcatipns need to use the force comtrol system for grasping
various types of the ob]ect. this results in the dynamic change
and poor performance in nature, To deal with this problem, the
fast dynamic identification using a pair of input and sutpet data
is proposed to identify the plant dynamic of the force control
systent. The position and force are collected nnd used for the
structured  dynamic  identification.— Predefined « clusters
&etermmed fram several data sets of different ohjects are
exa!uated using K-means clustering, As seen in the experimental
results, the plopnsed gripper system can idendfy the object
gronp correctly,

I DNIRODUCTION

In indusjﬁial applications, there are many methods to classify
the pre-defined types of the objacts such as image processing,
roughness of surface, 'the shape of the okjact, etc. In several
applications, the classification by observing only the physical
properties cannot be achieved. Mechanical properties such as
damping coefficient, mass, spring ‘are also an alternative
choice for usmg in classification process; however, theze
1:\amnmet‘er:> need force and ‘position sensars( for the
classification. In fact,in the industrial automation system,
force and position sensors are normally installed in the system
for contxol purpose. To enhance the ability of classification
and mipper, this research fopuses on the dev elopment. of
smart gzlzpper which ¢an identify the type of the grasped
object usmg sensory data ie. force and position. Many
researches :vardmg the object classification and robotic
systems, were proposed to enhance the ability of antenomous
system [1-10]. The classification of the objects by amlyzing
of the direction of touch, tempemture; roughness of ths
surface, ete. were proposed [1-10]. In [1], the identification
of the target by applying exploratery procedures (EPs) to
-analyzeiforce and direction, including the temperature were
prepesed. The results of the object classification results are
|
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befter consistent with the proposed tachnique [1}
Classification of ohjedts by sliding ths robotic fingers along
the surface were presented in [2]. In this paper [2], the
anabysis of frictional properties using the K-NN {K mean-
Neural Network) classification were proposed. The 88.5%
acaracy of the features of the 12 different surface models can
beachieved [2]. Moraover, this technique was applied to the
feet of the robot for elassifying the type of floor areas in
humanoid robot applications [31. In [4], tactile sensors were
designad to provide higher infommaticn, ie. 3D force model.
In this paper, dynamic 3D force mapping was presented. This
technigue canheusedin the object elassification.

Cne of the most importart pammeters in mechanical
properties of the grasped obfect is the system dynarnic
parameter. Mass, spring and damper coefficients are  well
lmowm as a good dymamic descriptar for the object. Mass:
Sprng-Damper system is typically used in many
chamacterization studies such asthe vibration of the system [3-
6], themaodeling of the cbject dvnamic, the collision study of
the car simulationmodel [7}, ete. In addition, the mass-spring-
damper system is typically ussd to model the dynamic in
control-system - application, power system modeling
{meachanical parts of the generator, stc.) [8 91 In {11}, the
demionstration. of * elassification by | uzsing mechanical

| properties of the objects and the k-nearast ne1=hbor algorithm

{(}l-NIN) was proposed f11]. The data was sensed from a tactile
sensor amay (skin) covering the robot’s foreamm. The
development of the robat ta be close to the human finger were
shown m [12-13]. In [14] the amalysis and experiments to
define the object stiffness using an optical three-axis tactile
sensor were presented. As seen in this paper, the improvement
of dexterous grasping tazks in robotic fingers can be achieved
{141 In [13} 'the classification of the objacts using a novel
tactile-amray ‘zensor attached on the robot grppers was
proposed. The developed sensor is bassd on the flexibls
piezo-resistive Tubber. In [16], both designed model and
simultaneous control of the motion and deformation of soft
object was developed. The proposed technique uses the
symmetric linear mass-damper-spring madel to amlyze the
dynamicalbehavior [16].

This research focuses on the development of the smarn gripper



|
|

|
using the claasxﬁcanon of the objects by assuming the system

as the ’\Iasaszmv-Damper vstam. The =1gnal data fram the
force and position sensors are used in the identification
process to identify the parameter in pre-defined transfer
fimction. 'ARX or AR model is adopted for the paramster
e«hmznon and the classification of data iz done by K-means
clustermc' methods. In our experiment, the various cans are
used as th'e grasped objects which the developed smart gripper
can identify the type of can comectly. Only 3 samples of data
are enough for the identification and classification, and the
controllerfcan identify the abject group correctly. This means
that the proposed systan is able to apply in realtime
applicationinthe futurs work.

i
i II. THEORIES

: . .
4. Aas §—Swziz=-:‘_7mmer S¥sZem

Mass- Spnng-Damp-*r system is 2 fimdamental principle that
" has been [mdelv used to explain both simple and complex
systems to understand the miechanical model-easily. In this
system, the dynamic model can be-described by three
parameters, .., mass 3¢ (kg). springconstant & (Nm) and the
damping coefficient & (N sim). The spring constant serves to
restore the position of the mass to retum to-the halanced
position as the origmal The damper force, which has the
direction opposite ta the vibrating force, is proportionalto the
speed of ithe svstemy The stmucture of mass-spring-damper
system iz shavn in the following diagrams.

kx o
! ¥.- Fin mxy
i = BT e vomeeiace- e
i M-
: b

| Fizl The diagram of the msss-sprins: dampar system,

By the anah sis of force equations, the dynamic model ef a
mas-;pnnmdampﬂr system can be dezaiibed as the following
transfer fumction:

|

F = im5" X (sYy+bs X (s) #4X(s)

| M
x®  \\1
F (s) mst Rbs v )

Where Fh the force and xfmz] is the chsplacement from

the mass center to the refersnce pointi 22 & and & are mass,
spring and damper coefficients, respectively.

- |
3. Sys }z idenzification

In practir.je, system medels can be identified or generated
using three ways, those are, 1. Synthesis of mathematics, 2.
Analysis 6f the model, 3. Using actual data. In many cases,
estimation of the model parameters fron: using pure
mathemancal equations and several experimental setups&not
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feasible because this process is nomally difficult and time
consuming. In addition, many uncertain factors are not
included in the mathematical model. To overcome this
problen, the identification process by using several nput-
cutput pair data was proposed [17]. There are two types of
this scheme, i.e. gray box and black box methods. In the gray
box approach, pre-defined structure of the system is known
while the system parameters are unknown. In contrary, in the
black-box approach, both system structure and paramstesare
unkmnown. In this smdy, we applied the real sensory data from
the robot encoders and the force sensors to be used in the
model. To estimate the system parameters, the pre-defined
dynamic in {2) is adopted and the standard model, ARX, is
used as the estimating equation. The equation of ARX is
showm in {3). Fig. 2 shows the typical medel of ARX.

#n)

o

Fig, 2 ARX 3fodsal Structues
@) = Blgu() +elt) 3
Where ) is the output {position), »(¥ is the input

{force}, 2 and £ arethe cosfficient of the dymamie parametss,
and s(z}is the ewor.

Indiscrete fonn, the equationin{3) canbe convertadta:

B(=)U2) | E(@)
A=) Az)
Based-on {3), 'tc dstenmining the transfer function of the

system using ARX model and gray-box modeling, the
following parametersneed to be assigned.

HEE @

My = Order of thepolynomial ¢z},

£ Crder of the polynomial g} + {
2z = Input-output delay expressedas fixed laading
zeros of the B polynomial.

In this research, the parameters in {(4) are the coefficient of
terms B and 4. The system is single-input single-cutput
{SISO) system which the output iz the position while the input
is force.

C.  E-Meanz Clustering

Chistering using Komeans chustering technique is a well
known technique for classification appreach. This technique
can automatically classify the group of data into subgroups
when the number of data is very large. The algorithm in K-
means clustering technique is simple and flexible by adjusting
the mean of group data to minimize the distance from the



center of the group. This process is done iteratively and the
mean value of the new group will be calculated in the next
iteration. This process is repeated until the middle of the
group. no change or achieving a defined number of cvcles.
Parameters used in K-means-clustering technique to be
quantitative varable must be interval-scale or rational-scale.
Follewings show the steps for K-means clustering method.
Given the number of groups £, the k-means algorithm is
implementedin four steps:

1. Partition the objectsinto k nonempty subsets

2. Compute the seed points as the centroids of the clusters

of the current partitioning (the centroid is the center, ie.,

the mean value of the cluster)

3. Assign each object to the cluster with the nearest seed

point

4. Go back to Step 2, stop when the assinment does nat

change

An example of K-Means Clustering iz described in Fig. 3.
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Fig. 5 Experimantal satup

In cur study, the process of identification of the smart gripper
can be divided into two phases:
gigining p

hass: in this phase, we applied the standard

jects) to identify the standard group parameter. In

itrary force command was applied to the

output pair data were collected. To

the model. the experiments were

object. When all data were

tion was applied to find the

shows an exanmple of input-

the encoder of the motor
figure.
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Fiz. 7 Bzst 8t of the identificstion process for 4 objects.

The pamametears of four types of objects from all experiments
ara shown in the appendix of this paper. The classification
results of all test data are shown in the following table. As
seenin this table, the object is identified correctly.

Table 1: Claszsification results from K-means and identified
parameters.

7

festing or opsraing phess: In this perdod, we applied the
other samples of pre-defined objects. 30 samples were applied
to the proposed gripper for ensuring the effectiveness of the
our developed sviem. The percentage of accmacy of the
classificationis 100%.

IV, COoN(LUsIOoNS

As seen in the expenmental results, the classification of the
grasped object using the developed sman gripper is feasible.
By combining the zystem identification and Kmean
clustering method, the classification of the conmmercial cans
can be achieved. In our results, the model of ARX 1s used as
the standard model and the accuracy of identifisd model is
between §4% - 92.08%; these results venify the effectiveness
of the proposed system identification using the sensor data.
As seen in scattening data in Fig. 8, the mechanical properties
of each object type are significantly different. By applying the

Sampls f:;fmp - - = 2 Kemean clustaring, the groups ofthe objects can be classified
1 3 pi B! 13 camectly. Futurs work is using Kohonen's network approach,
2 2 Z 4 ¥
I 3 b £ T
ES 3 Z E) i AFPENDIX
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YAAHI paﬂﬂaqﬁnﬁiaﬂnauﬂQﬂquohonen network

al= [22 43662 49.51761 22.52636];
=[17. 01548 45.09103 23.855717;
a3=[18. 77229 45.78562 22.75207;
ad=[19. §3733 46.41936°21.94009];
ab=[24. 15459 50.21739 21.00483);
a6=[28. }9284 55.117 22.111647;
=[20 89427 47.70163 23.08817];
[19 68504 46.14173 22.69685];
45462 48.5089°22.69899];
alO [20|6868 47.41415:22.36243];
bl= [11.85314 33.28951 20.65503);
b2= [12.ﬂ2588 35.79791 :23.072031;
b3=[11.M9954 36.46504,25.597976] ;
b4=[14.94322-40.6306 24.47699];
b5=[l4.@l481 41.80741 26.35556];
b6={11.63603 35.03607.22.73679];
b7=[13.p6165 37.25183.22.88401] ;
b8=[13.33333737.85333/24.26667];
=[13.38151 .37.66894. 24.0198];
b10=[13|.64256-38.15825 23.47885];
cl=[2.115954 6.:921286 5.5845831;
02=[6.455778 10+45836_4.2214337;
=[3.347841 8.453298 5.336458];
=[2. 985075 7.8 5.095522]);
c5 [10|63717 4.984576.°5.7121581];
=[3.36587 8.303601 551194887 ;
c7=[4. ﬂ15852 9.106239 4.919899];
c8=[7. 77605 3.2916026.755054];
c9=[9. 813543 4.338567 6.459274]; } p !
cl0=[5 111509 9.795396 4.611253];
dl=[1041616 14.05345 3.862412];
d2=[13./44267 16.01022 3.211453];
d3=[16ﬁ0591 17.52048 2.975751];
d4=[11.01928 13.05785 1.99449];
=[12.90323 15.85806 3.427097];
d6=[16.52346 17.81229 2.764375];
=[1047273 14.99678 4.027033];
d8=[13.,01236 16.27846 3.699414];
=[8.36l644 13.24486 4.220034];
dl0= [9'259259 13.59259 3.927778];
Kwtolﬂ Cross Validation (Test 10%) per (Train 903%)
traln—DaZ b2;c2;d2;a3;b3;c3;d3;a4;bd;cd;d4;a5;b5;c5;d5; a6 b6;c6;d6;a7
;b7; c7|d7 aB8;b8;c8;d8;a9;b9;c9;d9;al0; blO cl0,;d10];
test= [al bl;cl;dl];
zDetermine Dimension Matriw
[rtr, ctrl=size (train);

t
t
|
|
1
|
t
|
|



[rte, cte]=size(test);
ir=1:rtr;
ie=l:rte;
j=l:ctxm;
$Data x For

x=train(ir,Jj):;

m

#Data v For Testing
y=test (ie,J);
disp('Test_Set');
disp(y )';

2Initial Welght Matrix
mincl=min (x(ir,1));
maxcl=max (x(ir,1));
minc2=min (x(ir,2));
maxc2=max (x(ir,2));
minc3=min(x(ir, 3));

maxc3=max (x(ir,3));

net = newc( [mincl maxcl; minc2 maxe2; minc3.maxc3], 4);
W = net Iw{l,1};

disp('initial we
disp (w )
zLearn:

ETraining Welght
con=1; '
while con
%Startﬁmg
tic i
for epdch=l:n
forir=1:rtr
for k=1:4

R o o 41
2 rrecess

[ Dk, :)=sqrt { ((w(ks1)=x (1r,1)) 7 2) + ( (w(k, 2)~

X (1ir,2)) . ~2) B (w (ka3) -x (417309220,
end

for a=1:4

if D(a)==min (D) ;

A=a;
end
~ end
’ w(A,j)=w(R,j)+alpha*(x(ir,J)-w(A,J));
end ;
alpha=0.5*alpha;
end ‘
tTeating Parameter
wte=w;

forie=l:rte
for k=1:4

: D(k,:)=sqrt(k(wte(k,l)—y(ie,l)).A2)+((wte(k,2)—

y(ie,zj)-A2)+((wte(k,3)—y(ie,3))-A2));
end .
for a=1:4
if D(a)==min(D);
A=a;
end

80



end i
ci(:,ie)=A;
end i
%ﬁccuraif
countl = 0;
count2 = 0;
count3 = 0;
countd = 0;
for r=1ﬁlength(ci)
element = ci(r);
if element == 1;
countl = countl + 1;
elseif element == 2;
count2 = count2 + 1;
elseif element == 3;
count3 = count3 + 1;
elseif element == 4;
count4 = countd + 1;
end
end
cil=abs (countl-(length(ci) /4)};
ci2=abs (count2- (length(ei)/4));
ci3=abs (count3-(length (ci)/4)) ;
cid=abs(countd-(length(ci)/4)) ;

cisum=(cil+ci2+ci3+cid) /2;

accurady=((length(ci)—cisum)/length(ci)

P,

#Chack Rcouracy

if n>=11

disp('#Weight Matnix After n/ Epochi);
disp(wte) ; J

disp('Class. Index');

disp(ci);

disp(* “va7dvv‘);

dlsp(aqcuracy)

con=0; !

elseif n==100

disp('Weiq After 'n BEpoch’);
. dlsp(wﬂe),

disp(* a’ﬁkc Index 1)

dlSp(CI)‘

disp ('Bocuracy™)'

disp(accuracy);

con=0;

elseiflr>=1.4
$Reset alpha To Initial Valus
alpha=0.1;

1r=0.1;
#Reset w To Initial Value

'w = net.IW{1l, l},
disp('Height Matrix After n Epoch')}
disp (wte);
disp(‘f!&%% Indax');

- disp(ci);
disp('&ccuracy');
.disp(accuracy);
n=n+1;
disp('Epochs’);
disp(n);
disp(‘Learwzng Rate');

dlsp(alpha)
zStarti ng Time Py

Q
(9]
©
[&2]
A

)*100;
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#Change Learning Rate Alph
1lr=1r+0.1;

alpha=lr;

disp(*Weight

disp (wte);

n

n Epcch');

( r
disp('Clas
disp(ci);
disp(tacc Xod
disp (accuracy);

$End of Frocess

&2 = Y o [ ¥ - = & 1 ¥ o £ ¢ v 14
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o o U ' ad [ 1 14 ad .
‘qﬂﬂ']ﬂ\‘lﬂ’mﬂ’l\ﬂﬁﬂ'liﬁ]G’Iﬂq&lﬂ'JEI'JﬁK-mean Clustering

F¥-mearn clusterin

clc;

closeall;

clear;

%2A11 Data

al=[22.43662 49.51761 22.52636];

a2=[17.01548 45.09103 23.85571];
[18.77229 45.78562 22.7520];
[19.83733 46.41936 21.94009];
[24.15459 50.21739 21.00483];

a6=[28.19284 55.117 22.11164];
[
[

[A®]

20.89427 47.70163 23.08817];
a8=[19.68504 46.14173 22.69685];
a9=[21.45462 48.5089 22.69899];
al0=[20.6868 47.41415 22.36243];
bl=[11.95314 33.28951 20.65503];
b2=[12.72588 35.79791 23.07203%1;
b3=[11.49954 36.46504 25.597976];
b4=[14494322 40.6306 24.47699];
b5=[14.81481 41.80741 26.35556];
b6=[11.63603 35.03607 22.73679];
b7=[13.06165 37.25183 22.88401])>
b8=[13.33333 37.85333 24.266671;
b9=[13.:38151 37.66894 24.01987;
bl0=[13.64256 38.1582523.47885];
cl={2.115954"6.921286 '5.594583];
c2=[6.455778 110.45836 4.221433];
c3=[3.3478418.453298"5.336458] ;
c4=[2.985075 7.8-5.095522);
c5=[104637l7 4.984576 5.712158] ;.
c6=[3.36587 8.303601 5.118488];
c7=[4.215852 "9.106239 4.919899];
cB8=[7.77605 3:291602 6.7550547;
c9=[9.813543 4.:338567.6.459274];
cl0=[5.11509 9.795396 4.611253];
d1=[1041616 14.05345 3.862412];
d2=[13.44267 16.01022 3.211453);
d3=[16.0591 17.52048 2.975751];
d4=[11.01928 13.05785. 1.99449];
d5=[12.90323 15.85806.3.427097] ;
d6=[16.52346 17.81229 2.764375];
d7=[10.7273 14.99678 4.0270337;
d8=[13.01236 16.27846 3.699414];
do9=[8.561644 13.24486 4.220034];
d10=[9.259259 13.59259 3.927778];
train=[a2;b2;c2;d2;a3;b3;c3;d3;a4;bd;cd;d4;a5;b5;c5;d5;a6;b6;c6;d6;a7
;b7;c7;d7;a8;b8;c8;d8;a%;b9;c9;d%;al10;b10;c10;d410];
test=[al;bl;cl;dl];

#Starting Time Prot

tic

4

FDetermine Dimension Matrix

[rtr,ctr]=size(train);
[rte,cte]=size(test);

ir=l:rtr;

le=1l:rte;

j=l:ctr;

[cidx, ctrs]=kmeans(train(:,1:3), 4);



disp(cti
wte=ctrs;
forie=l:rte
for k=1:4

D(k, :)=sqgrt (((wte(k,1)-test(ie,1))."2)+((wte(k,2)-

test(ie, 2))."2)+((wte(k,3)~test(ie,3))."2));
end
for a=1l:4
if D{a)==min (D) ;
A=a;

end
end
ci(:,1ie)=A;
end
disp('Tlass Index');
disp(ci);
SRccuracy
countl =
count?2
count3 .
count4d = 0;
for r=1:length(ci)
element = ci(r);
if element ==-1;

countl = countl + 1;
elseif element == 2;

count?2 = count2 + 1;
elseif element == 3;

count3 = count3l + 1;
elseif element == 4;

.count4d = countd + 1;

z

0
0;
0

I3

end

cil=abs (countl= (length{c
ciZ=abs (count2- (length(c
ci3=abs (count3- (length(c
cid=abs (countd~(length (¢ci)
cisum=(cil+ci2+ci3+cid) /2;
éccuracy=((length(ci)—cisum)/length(ci))*100;
disp('Zccuracy');

);

) ;
)
) .

I

’

£4))
74) Vi
/4))
IESE

i
i
i
s
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Fitting for ¢ 6 pneumatic tube (2 tubes)
Fitting for ¢ 4 pneumatic tube (1 tube)
Black fitling (1 tube): ¢6 black tube
Blue fitting (2 tubes): 4/¢6 blue tubes

D-sub connector X53\ \

Joint #2 Power X121
Joint #2 Signal  X21
Joint #3 Power X1
Joint #3 Signal

Joint #3 Brake 2
Joint #3 Bra

release b X33
User conpegtors -

X51 angfX82_"2

/[ =

NOTE

&

Pin Assignment.

\

int #4 Power X141

Cable clamp

5iu¥ g 12 o

W s, JIJoiitsd Signal  X41
2
g 3 Cabig clamp
N Tt — \
~— \
- ’ N
'y 2
: - e
- 2,
JOi X2 ¥
in X ) @“
-]
2tu o /
Fitting for atic tube (1 /
fitting (1 tubey: 66 bl 5 /

When removing the cable unit. remove the connectors inside the arm top cover and the
base. The followng figures show the wirmg layvout.

Battery
extension
connector
X4

Battery

"~ connector

X860

- Receptacle

For details of wiring. refer to Part 2: 4.4 Block Diagrams and Part 2: 4.5 Connector

waanstduenasfianulidmsunsldnuiionisnwivingu lleygslmihluldusslemisunisen
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Block Diagrams

3 Joint #3 Joint #3

Joint #1 motor Joint #2motor Joint #3 motor Joint #4 motor

POWER

o [ X41

D

Y & A =29 — et

i Y-8

N ~ W

POWE \§ 9~
conne Y < -~

.

{POW

-------

User L X8 -
povmnd: [ |
| H | User
| X4 | conneclor
! . cableuntt
| Signal relay 60

& < A Y o @ £ - = O 1 Y o £ ¢ v 1%
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Connector Pin Assignment

X10 Signal Connector

X11 Motor Signal Connector

No. Line color Connect to Na. Line color Connect to
1A | FGND GRN shield 1] 1A BLU / (WHT)
1B |NC 2 | 1A WHT / (BLU)
2A | 1A BLU/(WHT) | X111 3 |1B YLW / (WHT)
2B |1a WHT/(BLU) | X112 4 |1B WHT / (YLW)
3A | 1B YLW /(WHT) | X11-3 5 [1Z GRN / (WHT)
3B | 1B WHT / (YLW) | X114 6 |12 WHT / (GRN) Sy
4A |1z GRN / (WHIpA™_Kit=s T RED / (WHT) motor
4B |1z WHP” (&RN) X11-6 g |15 ¥ WHT / (RED) encoder
54 |15 RED / (WHB -Xin S BAT= Bty BRY) | oD
5B |15 * WHE-RED) || — Xi 18 10 | BAT- BRNY(BLU)
6A | ENCHAY | PPETTWHD X1 11| REs YW / (BRY)
68 | EGKD WHT \(PPL] X11-13 12PENT 23V BPRLGWHT)
7A | BAT- BLUJ{BRN) 319 13 BGND WHT / 8PL)
7B | BAT- BRN(BLU) X11-10 14 FGND GEN
g8A | RES YLW(BRN) X101
8B |NC 2 Por Matiprlatorswhose serial nimber starts
oa | wall 11 therrmeiors do 1idt Baye S-channel
98 | NG ~
10A [N.C
10B | N.C
11A | N.C
11B | N.C
12A | NC.
12B | N.C.
13A |INC.
13B | N.C.




X20 Signal Connector

X21 Motor Signal Connector

89

‘No. Line color Ccnnect to No. Line calar Connectto

1A | FGND GRN shield 1 2A BLU / (WHT)

1B | NC. 2 |2a WHT / (BLU)

24 | za BLU /(WHT) | X21-1 3 |28 YLW / (WHT)

2B |2a WHT / (BLU} X21-2 4 [2B WHT / (YLW)

3A | 2B YLW / {WHT) X21-3 5 2Z GRN / (WHT)

3B | 2B WHT/ (YLW) | X214 6 |2z WHT/(GRN) | | -y
4 | 2Z GRN/ (WHT} X21-5 7 |28 * RED/ (WHT) motor
4B |2z WHT/(GRN) | x21-6 § |28 = WHT/(RED) | eacoder
3A |28 ¥ RED / {WHT) X217 a BAT+ BL7/ (BRN) (SIGNAL)
SB |25 =® WHT /(RED) | . X21:8 10 | BAT= BRXN / (BLU)

64 | ENC=5V |/PPL/ (WHT) X21.12 11" | RES TLW / (BRN)

6B | EGND WHT/{PPL) X21-13 12- | ENGH5Y- | PPLA(WHT)

7A | BAT+ BLTT/ (BRN) X219 13 | EGND WHTY (PPL)

7B | BAT- BRN /{BLU) X21-:140 i# | FGND GRN

84 | RES YLWABRN) | X21-11

8B | IN.C. ; \* Fot Mampulators whoseseral pumber starts
9s | NC. Xitfith ¥177_thair motors do not have S-channel

I' signal.

9B N.C.

104 | ¥.C.

10B | NC.

11A | N.C.
1B | N.C.

124 | NC.

12B | N.C.

134 | N.C.

13B | N.C.




X30 Signal Connector

X31 dotar Signal Connector

90

No. Line color Connectto No. Line calor | Connect fo
14 |'FGND GRN shield 1 |34 BLU/ (WHT)
1B | NC. 2 |3z WHT / (BLU}
24 | 3aA BLU / (WHT) X31-1 3 | 3B YLW / (WHT)
7B |34 WHT /{BLU) X31-2 4 | 3B WHT / (YLW)
3A |3B YLW /(WHT) | X31-3 5 |3z GRN / (WHT)
3B | 3B WHT / (YLW) X314 6 |3Z WHT / (GRN}) o
Jomt =3
44 3z GRN / (WHT) X31-5 7 1385 *# RED/(WHT) motor
B |3z WHT / (GRN) X316 g |38 = WHT / (RED} encoder
N - - {(SIGNAL)
SA 38 F RED / {(WHT) X31-7 S | BAT~+ BLU / (BRN)
sB |38 ® WHI/(RED) | X31-8 10 | BAT= BRN / (BLU)
SA ENCHV PPL / {WHT) X31-12 I1LI'RES YLIV / {BRXN)
6B EGND WHT /{PPL) X31-13 12 | EXCH3V | PPL/(WHT)
TA BAT+ BLU{{BRI) X319 13| EGND WHT / (PPL}
B BAT- BRN / (BLU} X31-10 14| TGND GRN
84 RES YR f{BRXN) Xa1-11
SB N.C. X32 Brakes Connector
9A [ of Na: Line color Connect to
9B |NC. 1 | EwB2 GRN / (BRN) | Jomrs3
magnetic
104 | BRIL.SW | BRN/(NYT1W) X33-2 25240 BRN /{GRN) brake (Y1)
10B | N.C. '
114 | NG X33 Brake Switch Connector
11B | N.C. Na. Ling color Connect to
124 | EMB2 GRNY (BRN) [ X312 1 =um2 GRN Joint =3
brake release
12B | =24V BR A{GRNY X32-2 Y BRI\'Z.SW BRN/ (YLW) switch (S1)
13A | N.C.
13B | N.C. * For Manipulators whose serial number starts

with “17, their motors do net have S-channel

signal.




X40 Sigﬂal Caonnector

X41 Motor Signal Connector

91

No. Line color | Connectto No. Line color Caonnect to
1A | FGND GRN shield 1 |4A BLU / (WHT)
1B | N.C. 2 |44 WHT / (BLT)
24 | 4A BLU/(WHT) | X41-1 3 |4B YLW / (WHT).
2B | 4A WHT /(BLU} | X412 4 4B WHT / (YLW)
34 | 4B YLW /(WHT) |  X41-3 5 |4z GRN / (WHT) -
iB | 4B WHT / (YLW) | 3414 6 |4z WHT / (GRN) Toiat 24
4A |4z GRN/(WHT) | X415 7 |45 = RED / (WHT) motor
4B |4z WHT/(GRN) | X41-6 g |45 = WHT/ (RED) eacoder
A |45 = RED / (WHTY |- X417 9.| BAT+ BLU/ (BRN) (SIGNAL)
SB |45 * | WHT/(RED) | . X41:8 10 | BAT- BRN / (BLU)
64 | ENC+3V ) PPL/(WHT) H41-12 11| RES YIW / (BRN)
§B | EGND/ /| WHT/(PPL), |\ X41-13 12 ENE+5¥~| PPL/ (WHT)
7A | BAT+ BLL /{BRN) X41-8 13| EGND WHT / (PPL)
7B | BAT- BRN ./ (BLU) H41-14 14 | FGND GRIN
8A |RES VLW (BRN). | X¢1-1¢
8B | N.C. % FogManipulators whose serial number siarts
94 |NC. with T17, their metors donot have S-channel
signal. >
9B . N.C.
10A N.C.
10B | N.C.
11A | N.C.
11B || N.C.
12A : NC.
12B | N.C.
134 | N.C.
13B | N.C.
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