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THANAKORN BOONTAN : LOAD TORQUE ESTIMATION EXERTED
ON JOINTS OF ROBOTIC ARM USING ADAPTIVE COMPENSATION.

ADVISOR : ASSOC. PROF. JJRAPHON SRISERTPHOL, Ph.D., 98 PP.

LOAD TORQUE ESTIMATION/ADAPTIVE COMPENSATION AND OBSERVER

Currently, the robotic arm are widely used in the industrial sector mainly such
as automobile part industry, hard disks drive industry and chemicals industry, etc. The
operation of robotic arm are requires the torque on joints that associate with driving of
the motor movement. The performance of the robotic arm are reduced by the effect of
Variable torque. Affecting the electrical consumption driver of the motor movement
and the lifetime of the robotic arm. Generally, the variable torque of a motor is
difficult to measure in practice but it can be estimated. This research projects
demonstrated a method for load torque estimation exerted on the joints of the robotic
arm using adaptive compensation. When can estimate the load torque exerted on the
joints of robotic arm while on movement. It is useful to design the trajectory of
robotic arms, to do not exceed the load exerted on the joints and increase the lifetime
of the operation. This results of the study can be used to improve and develop the

performance of the robotic arm.
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Form Vlﬁﬁqu

X = Ax+ Bu
y=Cx

2.1)

1ifo A= URSNFANAYDITLUU [n X n]
B=1A3nFoUNNY03LUY [n x 1]
C = WA3NFO M NNV0I52 L [1 x n]
x = AAANNIABSYBITLUY [n x 1]
u = BUNNVDITLUY [1x1]
y =101 WNU0ITZUY [1x1]

9
%

o s Y ° = o AA
7 \‘lLﬂG]SU'fNﬁ%‘]JTJ‘Wf‘]ﬁ”lﬁ@]i‘ﬂ@]'E]\1ﬂ”liﬁ]3%1ﬂ13ﬂ3ﬂﬂuu§ﬂllﬂﬂﬂﬂuﬂ@

;< = AX+Bu+ Lly-C ;(] (2.2)
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X—;<:Ax+ Bx—{A;<+ Bu+ L[y—C§<]} (2.3)
taglaumsez 1@
X=X = [A=LC](x=X) (2.4)

~ a v &
quNI1IN 2.4 ﬁ’]u’]SﬂLGUEJuhlﬂlﬂu

e=[A-LC]e (2.5)
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CA
Observability matrix=J =| . (2.6)
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C 0
CcA |0

L=f (A)|. . 2.7)
[CA™ |1

WRFAUMIANHULIRNIE 7D

ql )=1"+a,l "*+..+a, | +a (2.8)

n

qA)=A"+a,A"" +..+a, ,A+a, 2.9)
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(2.13)
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P s A Aq Yo A A o ]
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V-V, =L, —+R -, (3.2)

aumsvoanenes linszuaasaluguuuves State Space From

X = AX+ Bu+ HI
y =Cx

(3.3)

A a J
19 A = UATNLAINAVDITSUY [3x3]
a Ja
B =1ainsoUNNUeNIsuy [3x1]
a 4 o
C-= WATNYDINNNVOITEUD [1x3]

a do
H = a3 nsa35unINUDIIe U [3x1]

Armature Circuit

A 7 s I
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0 1 0 0
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Input

Output
PD controller Plant

+

Observer Gain
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Error
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(3.5)

(3.7)
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(3.9

A o Y1 Ax o o S N LA 1o v o Ay ¥ 1
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Gradient Method
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V,=Rj, + La%+ K,w (3.12)
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1 = Y H 0’ a v °
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Ao m3ledirvaeuuulsudai1dT1aeI5n15u99 Gradient Method trazdonlylunisysuan
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%va =W+aw+aw+a,T, +a,T, (3.14)
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bV, =W +aw+aw+a,T, +a,T, (3.15)

A~ o @ o 9 1 o 1 An A 1
WelMmImnsszyendnyalszuundINvedlsa1ee lussuuagaaniien
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~ 1 )
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= D = b
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g=-ae-ae-a(T -T)-a,(T.-T) (3.19)
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dar, dJ de
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51U 2.7 drudunnuaziomynvesszuuinunuded yaa Insdyaruduynazidudiu

[

) v 4
an ﬂlﬂlﬂﬂWﬁaW‘ﬁﬁ%leﬂ1ﬂ1’!ﬂ

g

U — UEESTRITRE ———— @niun

31U 2.7 MImuauI UL
1 < 1 o ) Y a3
szuuauguannsoutsesnidulsznnlugaaudnsazmsiiaulaidu 2 wuy

1. iz‘lJUﬂ’J‘UﬂthL“]J“]JL“]QJﬂ (Open loop Control System)
2. szuumuguuuUla nie szuunIUANUUDTeUNED (Closed Loop or Feedback

Control System)

221 szuuauguuunia
I~ 4 ¢ 4
iWuns14g1nsal Controller 30 91n3ainTZAU (Control Actuator) 1o 1% |8
MIApUaUDINsIdeINs Tae lithranisaeuauesvesszuudgnsH TN dnyazYoq

szuvauauuuulanaaslugln 2.8

dunn —— avnsalnszdu 5| prvwnn e minm

d -
519 2.8 szvvARUUUVAIA
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222 szvumuguuuutoundy
[ ' a IA =
szuumuguuuDiloundy wuanannnszuuauguuuuianie ns
o { 1Y <3 ' % ! 1 I a !
inowad Idoinnszurumstlounduuidniudiunilwesdoyanazdud lilusunniioz
o { ' J o 4 4 1
Tinuszuy msfsveznsuaeinn ldisezdesdimsiadoyavesominn e mnm
¢ ) y o 1 ¢ Ay 2 Ao ¢ A g o
wmwnudasinezhawemiyn 1 luSeuiisudueriuniisidosnsainszuy 1
1 1 o d'al 4 d' Y a 1 1 1 4 Y
ANuuANANIzn R NAdesnsuaziomyniuiaswzgndese lidginsainiugy udo
1 1 I a 9 [l A 9 1 1 4 ~ 9 4 ~ Y a
desoilluduyndngszuuie ldanuuanaessnhaueinnidosnisuazoiyniuiega
4 o 1 1 ' ' Z [ qg/l < T J
anauoes aunszialulianuuanaeszrineaiedes daiusinee lalauemynves
[ Y Y A o [ [
szupdlullamdeosns szuuauquuuutlounduuaaslugd 2.9 drusundnnmsveans

v A Y a 9 dyd 1 I zﬂy a 4
ﬂ@uﬂa‘U“VlUlﬂ@‘ﬁ‘UWElUlﬂLLﬁ’JuﬂfJ'ﬂL‘]JqulﬁWu"U?Nfﬂﬁ'JminﬁllﬁgﬂﬂﬂUfU‘Uﬁg‘U‘Uﬂ’]‘UﬂiJ

€

aluiia nldiuegluilagiiu

o
@IMNHNIII

4 . 2
matfs ety > onsaiatun >| AU >

S
RINHNNADIMT

319 2.9 szvvamuquuuueundu

2.2.2.1 mimuqmmu&’ A (Proportional control, P-control)

Y
nmsauauszuunuuiloundulaslddaivauuundadiutiu - doyga

<3| o 1 [ 1w a { a 1 ' '
AIUAN (u) ﬁ]&ﬂuﬁﬂﬁ’.}uIﬂ&l@]iﬂﬂﬂﬂ?ﬁiyfy?ﬂ!ﬂ??hN@W‘Ia”lﬂ (e) ﬁ!ﬂﬂﬂWﬂNﬂ@Nﬁg‘Vi’JNﬂ"l

@ a o o { < o
ﬁmm1m51\1@\1ﬂllﬁﬂgﬂluTﬂllﬂAIﬁV!V]"UﬂQﬁx‘UUﬁg]J@Qﬂﬂliﬂjﬂﬂu UAUNIWUADNUDIAIAIVAN

[V

nuudaautaad laaasali 2.10

u

E(s) U(s)
.
[I

51U 2.10 drmruauuuudaaiu
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u(®) = K e(t

A [ 1w @ dy A ~ 1 o 1
o Kp ‘ﬂglﬂl.lﬂ']’t]ﬂ'51511EﬂEJ‘llf)\‘lﬂ’)‘ﬂ')‘uﬂﬂuﬁﬁﬂﬂgliﬂﬂ'ﬂmuﬁﬂﬁﬂu

[ 1

J @ J a
'iJ'53Iﬂ‘ﬁum@ﬂﬁﬂﬂﬁﬂﬂﬂllﬂﬂﬁﬂﬁﬂu (Proportional Controller) ﬁ@ﬁﬂﬂWﬂ’J'\NWﬂWﬁWﬂ

1 o a

VOITZUY Iag duTaA0UdUINUMduRIMANNHANAIARE N UNTIU A

[T ey

2.2.2.2 M3NIVANUUVBUNNTA (Integral Control)

=

MIAIVAUIUDDIUNANTa Bguunaums fie u(t) = K, Jet)dt 1o K, fio

D.

1 { @ a a o [ o a a o [
ﬂ”lﬂ\i‘ﬁﬂ]ﬂ\i@?]ﬂ'l‘ﬂﬂll HUUDUNNIA uwumwuaaﬂeum@1ammumeumﬂsauﬁmmgﬂﬂ

2.11

E(s) K, U(s)

Y

31U 2.11 drmrguuuvdunnia

a a o 1 [~ " W 1 {
MUYV UMIAIVAVLVVIUNATANISHUNTYYIUAIVAY u() UAWINTaeN

[ Aa = B~ o o A ] Y Qsll dyc:' 1
TUYIUANY AANAIA e(t) Nﬂ?L‘]JufjfuEl(luﬂ"lEJW@QL?J@L’J@WWTHT]JLLE‘]’JT‘IG]"IIJ MIUNINTIZIN

Ed
= = % J

dygramsaiugulunsaives msnuquuuudunnsaluediumlueda (past value) i

g

v v [ &%

1 4
wilounudmuguuEDUdadIudzIuegiumilagiiv
a3

o—

A4 9 '

4 @ a a o a "o
']J§$IEJ‘Ifu"’U’EN@]ﬁﬂlﬂﬂullﬂﬂﬂu%ﬂiaﬂmﬂ@]@ﬂﬂ”Iiaﬂf’ﬂﬂ’ﬂllNﬂWﬂ”lﬂglUﬁﬂ”luzi’)gﬁ’J

< 9 A o oA

Tu yuziRernumnnuiiiadosnmaesz uUNIzaatoe aIR 1M IAIUAULDUBUNNTATiDY

v
v v A

1< A o W Y v ' = | 2 A Yo
WumMsImuouay Glﬁﬂﬂiz‘lJ‘UsU’eNLﬁ LYY GLUﬂiﬂ!ixUUlﬂu@u@ﬂ‘ﬂwu\j LLazlﬂJﬂi‘IﬂWJﬂQUﬂu

A (Y

a a o Y S
HUVBUNNIA (Integral Controller) LLI%}??%UTJ{I?)Hﬂalﬁ]gllﬂL!ﬂULﬂUﬁBQ

v d
2.2.2.3 MIMUANUVUIYNWUD (Derivative Control)

o de(t) 4
MImugNUUUeYRUS Hjduuuaums Ao u(t):KD% e K, o

1 { 1Y v 1 v o o A 1 1 v W
AAINUDIAINIAN LUDEYWUT daumnudlz s miudniuauddu wu l4smdudn
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. |

AUANLDUFATIY FITINIAT AUAULUDTAGIUVINAVOYHUTHTD (PD-controller) A4
A Y o I 1 Y v a a o o = [
paaslugdn 112 ddmuguuuudadiulgsiuiuaunnianaziFenndiniuguu
dadrunaniudunnianie (Pl-controller) tazdl¥danruauuuudadIus wiUAIAILAN

a Aa o @ L4 1
LUVBUNNIAUASAINIUANLUUDUYUNUD 5N (PID-controller)

E(s) ol K, +K,s U(s)

v J

319 2.12 MUV FAEIUIWAVAIN VAUV LD UYNUT

@ c'y

AINILANULLUBYWUT HILFINUAINIUNUN (damping) IHNUTZULNABINTE
o A o Y =\ = é’ = [ < 1w 4 ~
AuAy Huae Mlnszuulmdosnwnnin luvazRerduizmundygiaeyniiesn
o @ J | o { a @ [ a
nndnuguuuueyius i fudyaaiinasamsmeywusvesdayanannuianaia
Y 4 H
dofu Mdyanaunnudanaaiiidyaia suniunn dyanate1inniiosnu1nndaniuau
o s’csy d' 1 9 A 1 o [ =
HUVOYWUTUIENIZINOY (fluctuate) ADUVINNIN (1HBIINAINNNTY (slope) VBITYQYIUN

msulasuntlastlasaeudiann) Fegi ldszuuaiunuues s litiadesnm1a

U U
2.3 AIT9NA (Observer)
o Jad v o .
msoonuuuAnIunNlaeldasmstloundudsaan (State-Variable Feedback)
Wy A5m3lumsdsuasua Tnaveaszuy (Pole Placement Method) M35 19150013
' Y
nadoumMItInuvesdInIuguiiimIeenuuNIiuIzAvslszneUAIsdoyaINd Yy
4 1 % 1 @ Y]
YOIAAAINIADS (State Vector) V0952 VUNNAIFIEIUNINNAINS Iadoyanindulsdan
A [ 4 [~ Y = £ [ 1 @ 9
wiodganammannmesnaauiiull1don fwdluuszuvrzamnsatamdunlsamald
13 Y =S 1 Y o 2K A o o (Y
uane1vzAvudem lsategelumsia mIinruguIsimsiueIdlszuamaulsaan
. A v o Y A 1w A o

(State Estimator) #3® @2dunau1l¥anuwnelssuiandinlsamauedszuunaznins
ag Aq Y v o A Y ' v 4
auauIsmInlslumsesnuuuirdunaie ldamisadszanamdulsammavesszuy 14
[ I~ o o 1 1 v @ 09/’
p619YNADI 11AZ5IA15290A NN YADNITAITVANTZUVBENNIN NMTOONUUURITUNATIY
[~ a Y v o < 4 %
ansoutadly 2 wiia Ao FIFUNATUAUIAN (Full-Order Observer) 1310@0401INI1UAIAD

ulsAAANNAIVEITZUY HAZAIFUNALUVAAOUAD (Reduce-Order Observer) IHp@0IN13
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1w § ] @ o ' 3 v o v @ I o
niwmndsaeai ldaunsodalduedaunniu - Adanadudu@uaziinisdszuin
Y v
mamlsmaanndarlminomue  Tasnsiiarvesdulsamauisdifainisoialany
[ a d‘ 1 9 9 1 o v o Y] [
dygraduynidudn ) luszuvinldlumsdsznumamlssen dAdunauuuaaduauy
A 1w td‘ 1 [ Y 1 09: 9 o g td'
Ao msdszanuamdwdsaman liawisodalamniulaeldmvesdnlsammauisdan
o Yo o a A v v o Aq ¥

ansodalanudygrasuynvesszuuaruguidudildluszuy  drdunanldlu

o q Yo = o 1w Y A A a ~
gagmnssudnldnuszuuiamsaiamdnlsden ldumaaionizannnuidanaini

a dgl 1w A Yo o
LﬂﬂEllui]”lﬂﬂﬁ'ﬂi%ll”lﬂlﬂ"I@]’JLL']J??I’LGWHJ?N?81J1JL11’01°I$@’JE‘NLTW]

23.1  MS0ONMUUMITUNADUALINY (Full-order observer)
Y- (% Y] < o 1 @ @ [l
MI00NULUUAITUNAUALIANIZIINTUszunaadlsaaanndd ni
:/' Y Y o v A o Y o a A 9 ~
navina laelddeyavouormnnuisdnamisaialavas dyanaduyniidudn 1) luszoun
o 1 o A g Y] 1 v o
mmslszinamama aumsszuuasaivinndudilsznamaeavosdiiuesla
1 3 [ =
uatlumsdszanaludnyazuuutla (Open-Loop Observer)
v 2
wmﬁmﬁz‘ufummLﬁuﬁmﬁmﬂimmiwu"lnﬁuﬁmam (Linear Time Invariant

System) NApeM sz lddrdunalunsdszmamdulsmmavesszuudioulugy State Space

e

Form Vlﬁﬁqu

X = Ax+ Bu
y=Cx

2.1)

1ifo A= URSNFANAYDITLUU [n X n]
B=1A3nFoUNNY03LUY [n x 1]
C = WA3NFO M NNV0I52 L [1 x n]
x = AAANNIABSYBITLUY [n x 1]
u = BUNNVDITLUY [1x1]
y =101 WNU0ITZUY [1x1]

9
%

o s Y ° = o AA
7 \‘lLﬂG]SU'fNﬁ%‘]JTJ‘Wf‘]ﬁ”lﬁ@]i‘ﬂ@]'E]\1ﬂ”liﬁ]3%1ﬂ13ﬂ3ﬂﬂuu§ﬂllﬂﬂﬂﬂuﬂ@

;< = AX+Bu+ Lly-C ;(] (2.2)
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4 a o o v W
11 L = A5 NHFOATIVENEUDIAITUNA [n x 1]
X = mauilsamavesarduna [nx 1]

AUNIN (2.1) aUdeaumsn (2.2) a1

X—;<:Ax+ Bx—{A;<+ Bu+ L[y—C§<]} (2.3)
taglaumsez 1@
X=X = [A=LC](x=X) (2.4)

~ a v &
quNI1IN 2.4 ﬁ’]u’]SﬂLGUEJuhlﬂlﬂu

e=[A-LC]e (2.5)

n

A
NI e=X—-X

HRAMANULANAINUVDY X— X — 0 zmlimanuranainvedlsamadsaia ldanszu
v Y
359 tazddunanua lman ldiuazsi lidrdunaazaiunsodszanaaasadilsama lu
Ay o o Y 1 A A A
szuundeamsiimsdana ldedrafidszansnin
Yo o Y Y = 1
msleardunalumsidssunamainilsamausdssuurzdsainsasnaouNTLTUL

k4
v

= vAa (% Yy A ] a a J @ 4
udiauantalumsdunalanio b Taenasauuasnganudunala

CA
Observability matrix=J =| . (2.6)

CZ [ I 4 1 o W qaj a 4 @ [
ig‘]J‘UGlﬂG] ‘1]3ﬁﬂﬂ!ﬁuﬂ@]ﬂ’ﬂuﬁ\ﬂﬂﬁqﬁﬂ@lmﬁ@ ?ﬂﬁ'lﬂ‘UG]ﬁ«!“Uﬂﬁlﬂﬂﬁﬂ“]ﬂﬂ?WNﬁ\‘llﬂﬂqﬁLﬂWﬂU n

4 v o a 4
(Rank [J ]=n) 110 n A0 OUAVVOITLULNTDUBUUATAF A
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FMSTUADAT IV IAIT NN (Observer Gain) 8115911 1@ Ackermann’s Formula

C 0
CcA |0

L=f (A)|. . 2.7)
[CA™ |1

WRFAUMIANHULIRNIE 7D

ql )=1"+a,l "*+..+a, | +a (2.8)

n

qA)=A"+a,A"" +..+a, ,A+a, 2.9)

v
%

wanmMstuvesiIFunafo v uyNLaZe N NNVEITTVUNABINITNTID AIA7

=

Y Ed 1

LLﬂiﬁLﬁﬁﬂTﬂiujgﬂﬂ ﬁ:]ilﬁﬂﬂ']"I?JWﬂWf‘]TWVILﬂﬂgﬁu’igW?TQﬁgﬂJUﬁﬂgﬁTﬂTiﬁlﬂlﬂ@] Haza
[ ' Vo v o A o ' v Yo o A v
ﬁﬂlﬂ@ﬂTﬂigﬂﬁﬂWaTﬂEJNTLlﬂW]WiVUfﬂfl"ll@\?@]'}lﬁ\uﬂﬁlw@ﬂﬁﬂﬂT@]?!Lﬂﬁiﬁ@nﬁQlﬂ@] INDAARNT

Aa A a d%l Y @ Ay A 1 o
ﬂ'J”IlINﬂwaTﬂ‘]/]!,ﬂﬂsllui]Llllﬂﬂ"ITJ333J1ﬂ!"IJ'EN@]’JLUJ?f‘ﬂ@]@]‘VIG]@\1ﬂ15ﬂ181u5$UUW1Nﬁ1N1§ﬂflﬂ
Y QSJI dy 9 v o o 3 Y 1w 091} A o o
"lﬂjﬂflﬁiﬂ NINMTATNAIF LN UABINT VAR 1L THINUAVDITZTUUNVEHIN 1T FUNA

d’ ) (% 091’ 9 9 v W
inthaanlsiuunlslulassaiavesdrdana

Plant
x=Ax+Bu
u(t) > y=Cx > y(t)
Observer 4
3 ;ig*Bll — - “;(t) \f)
T_ ¥ -
L ——————

Observer Gain Matrix

319 2.13 uwuAMHANMIMNNUVRIAITUNA
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4 1 a o v W
o L =AuNAINGoAIIveI8U9AIqUNa [nx 1]
u(t) = ABUNNYDITEU [1 x 1]
[ s
y(t) = A0MUNUDITEVY [1 x 1]
~ v I8 v @
y(t) = Anomwnvesalauna 1 x 1]

X(t) = MAwdsannvesaIdena [nx 1]

Tumseonuuudrdunamie ldarudesintmsmaidinasluszuuvesdrdunada

o o { 1w
1A91nmsszyenanyaivesz U (System Identification) NAoIMsazszanmadwlse

1w

A 1 @ A Y A o 9 £ o Y
mmwammmmemJTwQﬂmwmiwmwauﬂﬂimm Faazm Inmslszuamanlse

o A

Ay Yo o = Aa = v & A
m@ﬂlﬂﬂi%ﬂﬂﬂ@]@ﬂﬂﬁiﬂﬂi%ﬁﬁﬁﬂlﬂﬁuﬂﬂmN@]‘WﬁWﬂﬁﬂa\‘] UAZDNAIUNUINGINY ADNIT

g

Y )
fruadulsvosdrdunaluduaoumsniadnilveisuodaidana e liszuuuedd

o

[ ~ ~ ~ < )=\ ~ Y1 v
mmmmmmaﬂmazuﬂ3msmwﬂummauaummmww%zm“lwmﬁq;tymmm

[

Aa A Y ~ v A o N A 1w a A
Hawaalalosnga tunAedyaulszina X)) wlawmiudyIudnanITange x(z)
Tumalgiianmseenuunaz I Inavesirdunaeguunnuaie (Real Axis) tivefivziin i
% % [ Y 1 dld U @ wAa
M3IMdATIveIsVeIRIdunanIn 1 adngl 19 lledlugduunaGeniglunuiyga

Y
YOIAIFUNN (Observer Canonical Form)la vz liinmsesnuuuianuazalnuiniy Iag
J v r'd [] L% LY
awnsoldgasvesuennesiiui (Ackermann’s Formula) #281un15n1A10A5 1081890962

Fauna'ld

24 mM3mugulSuAI9iind1989nUD9109 (Model  Reference  Adaptive

Ya sy .
System) 1agl%35M 3 Gradient Method
v o a 9y a o = o o A [ 1w 1
M3SuaIriad DA Brdanlumsinuneszliumdlsaegaeluy
- ' ) . .
szuuieih ldanuuana1sueaeinnueuu$Iaes (Model) HagszuuNdoan1s (Plant)
{ 4 o < 4 I~ =
viua 1 91031 2.14 e miwnveswuniraeuilu vy, e wiynvesszoumilu y uaz e iy

[ 1 Jd 0911 =Y d‘ o 1Y 1 A
ANULANANTEUINDTINWNINT D (error) waziawlsnimsdsum fo q
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> Plant
U
e Adjustment
Mechanism
: Model v

JUM 2.14 UHUNIMHANNITNINY MRAS
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o 1w A Y 1 1 J o A
msdsumals Q) !Wf]cl?‘fﬂ’ﬂlllmﬂ@WQﬁgﬁ'JWQLE]TVlvﬁlellf)QLLUU‘ﬂ1ﬁ@\‘1LLﬁ$i$‘1J‘U‘V]

doamanualy Tassmualid Loss function (J) UaA1

1
J@)==¢€
@) >€

msdSuavesvesdds (q) mrualae

dg__ A de

at dq dq

€= y_ym
de _ _dy,
dq dq

Taof —y Ao 6A51M51U50A (Adaptation Gain)

(2.10)

(2.11)

(2.12)

(2.13)

M3NUANLDUYSUAIFIAS199DUT189991NN BN Gradient Method 9291015

Ysumdudsamelussyuiaulealuficnie Negative of Loss Function (1) tiel¥a1nau

1 ' o < v W 3 Y 1w
UANANIZUINISUY uazuumnammm"lﬂhEm:nmsﬂumsﬂium%ﬁuagﬂumamwmi
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Usudzamsnsinsdsudideudonlvodranuizauiiowinan sz ldssuuvnadssnw

4

X% d d'd' Y
25  USnarIssanssunmnelvey
o o [ % o {
lumsldaunemes Idihnszuaasslasna ldaglidanruaudaimihnlums
9 o o ] Y @ ~Aq Y 3
munulduemes ihnszuaasehinuldawdesms davuguildlunmsaruauanusa
4 a g (Y ] % {
yoawomos Winszuaasalinaterialiuegiuanyazal HAZANURIIZAN A2IAIUAUN
1¥ulugaamnssuunnlszinndssmanivesdulsmaaionzdimsaiuauszuuln
o Y Y} Ay ' o QA 0o o o 9
malaedugndes tazmsidesnmsavesalsseailuimvesmaihdrdunaun gy
1 d' 1 1 Y dy 4 [ d‘d
mMsdszuaaniesnngisaadlldnelunsdoginiaininnianlisamumne  uazaandy
1Y 1 a qgj 4 [ o a o a {
Fudoulugiuvesmsaadginiainsinia lungmsiinueiainiussdannnieueniil
d‘ ] 9 zé a d' d' U dyo Y 1
manfasuilasegaueinusuniussuy Fwssdanalasulaavartiilinisdssunan
Taglddrdunatinnudanaia uazaalszaninmlunmsiinuvesdiniuguas anuuada
y o a a o I {
lumsiveiaulse@ninmuesszuumuguuowes liinszuaass  Judufuives
a o d‘i 1 a d‘ d' d' 9 a wa a d'
MRememawsstan)dsunasninsunauszuy lumalgianwssdanlasunilaq
Y v v ]
dliansodaldlasassuaasatszanunld laslddrdunansadann asunilas® a4
NanMIvoIMIAIUAUITUA)
Jong Sun Ko (1995) tazamg 1atinaue n1sa1uaud1mieves Bruchless DC Motor
Taglddrvasonunlsuaala Arenquues Lyapaunov saunudIdanaielszuima

usediafin)deunilas Taen13n1UANNIZUALIUY Feed Forward Compensator tWOAIUANIIITA

J A

A A A 3 [ 1 1 Aq Yo 4
vowames (esnnussdaiasuntauiudadiulasasenenseua liihnlinuuemes
A YA v W Y 9 a @ a 9 dy o
Haf lane ardunaausnliua nazdedsmudyanuaseld uennniiminiuguuemos
I 9y P Ay 1 a = | = dgl
Wuldamudumisndesmsmanuianainiisanasssuuiadesmnuniy
Kichul Hong and Kwanghee Nam (1998) lasinauemssawesussdanlasuuilaaas
A A 9 A Y] a A o 4 4
uyadandIusunIuNedsul ascanFn1nm i NUIEUUAIUANYO LT 1INDIADT
d'd a 9 d'
N3ZUEATY (DC Servo Motor) Tuan1znuussdasunIuuuulasundasmiunal ua
a a { 4 a { <
Yszaninmnanaaiioannailszde (Time Delay) WahlanenIsnoUaHeIvUBIANSI
= < ; Y A a A
5oUNANUIIATININTULAZAAMTUANAIVIM IR LU Tuan1zntussdadsuulas
Y ]
1315 UNIUAUTZVUT NN soaaransznuna Ny luliiedesnnvesssuuihnan

Bandwidth 19452 UUNTAN Idee1atlssans am
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o o 4
Gheorghe Daniel (2003) tazang Iatinaus MsAIANMIAILANNDIADS 1HUDIADT
<3 ~ SAq Y = Jo o 1 ¥ A A 4 =\ A A
AUISITOUAINUBIABTN 1Faz s uIes Iadmruaas ldnasunuuusal lasiuselan
A Y A 4 A <
nasundasdn ldsunuszy WesmnTumudnnumes s2UDIZAILANAINETITOUVDY
o U Y] =\ 1 <3 A A a 4
voimes Alredanruauuuuil louazazUszanaainnusiseunazussianmnain Tumua
A ~ o ~ I Y A =\ =
ANMNEY HanuaaIInANUULT loamsoaiuquanuiseu Iiasiuasliadosninlu
A a ) v 9 = di A 4
YUzNUUSITAIUFIAGITUNIUIZUDLAT NOIADTUNIIAARUNLDIIA
Ouassaid, M., Cherkaoui, M., Nejmi, A., and Maaroufi, M. (2005) T&iauenuive
A a ~ 1 Aa 9 ) [ A o a 1 <
Foamsaruquusedavesszuud idhwsadudivsuuomesdelasdariauimanoiis
M300NUULTEUUAIUANLTITauuUsuazdIntuquussdanuuiidsedniam  Taold
NANNI5UBY Lyapunov Technique (integral action) oM uAladesnmvesszuy wad lduaas
< { o < a 4 o A
Tiumsoanuuunlszavanudusalunsmsinieiiadesnnuazns91aodvedIsmg
o o ) Ja @ A 1 <
Lyapunov d1M5Us2UUAILANITITAY0IM0IADT T4 Insiariauiniann1s dadagiina
1 [ o 1 a 4 o =R 1Y) a a
limiueunieanuiluiuvesmnsidmes wamsiiaeendeuduilsz@ansnavesnsniuau
PR A A
nfalszansmmuesszuy
Srisertpol, J., and Khajorntraidet, C. (2009) l@yinauaanuidemednuIzomslums
1 a 4 { 4 A [ [
Uszinaamssdannlasuulasvesuowmes lnszuaass Tasldsmssamssnuvalsudlld
. . 4 . /NN .
(adaptive compensation) (WoUsziamvewsiDamlasuudas MaransIaesseuLLaY
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WonoN SEUUAIVAUN K, K,  t(Sec) t(Sec) M, (%)
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N3 iﬁ‘ﬁ 5} ’Jﬂ’mﬂiﬁljﬂ“ﬁ Max load torque (Nm) | Steady state load torque (Nm)
1 34.26 0.1173
1 2 45.11 0.1104
1 33.75 0.1091
? 2 44.57 0.1107
1 33.97 0.1304
’ 2 45.04 0.1135
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WoaoN STUUAIVANN K, K,  t(Sec) t(Sec) M%)
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1 25.81 1.1538
2 -19.13 1.1385
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2 -20.01 1.2854
1 3441 1.2077
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N3 iﬁ‘ﬁ @ Oﬂ’J‘UﬂiJ‘Ig'ﬂﬁ Max load torque (Nm) | Steady state load torque (Nm)
1 11.93 0.1094
1 2 9.39 0.1087
1 11.46 0.1291
? 2 10.38 0.1256
1 11.88 0.1291
’ 2 8.31 0.1267
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N3 iﬁ‘ﬁ 5} ’Jﬂ’J‘UﬂiJG]gﬂﬁ Max load torque (Nm) | Steady state load torque (Nm)
1 20.75 0.8761
1 2 16.35 0.9388
1 21.74 0.9023
? 2 14.89 0.8887
1 21.81 0.8962
’ 2 18.21 0.9566

d‘ 1 a d' o 9 1 d‘
13197 5.9 msUseunanussda lvaannsemuutonsn 2

N9 iﬁ‘ﬁ 5} INIVANY ﬂ‘ﬁ' Max load torque (Nm) | Steady state load torque (Nm)
1 11.83 0.1061
1 2 9.18 0.1047
1 11.85 0.1053
? 2 9.52 0.1062
1 12.08 0.1035
’ 2 9.55 0.1015
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1. INTRODUCTION

The HILINE platform offers a seamless interface between physical plants and Matlab/Simulink for im-
plementation of hardware-in-the-loop real-time control systems. It is fully integrated into Matlab/Simulink
and has a broad range of inputs and cutputs. The platform is a complete and low-cost real-time control
system development package for both educational and industrial applications.

The HILINK platform consists of the real-time control board (hardware) and the associated Matlab
interface (software). The hardware of the HILINK platform has & » 12 bit analog inputs, 2« 16 bit capture
inputs, 2 x 16 bit encoder inputs, 1 = 2 bit digital input, 2 = 12 bit analog outputs. 2 = 16 bit frequency
outputs, 2 x 16 bit pulse cutputs and 1 = 3 bit digital output. The board also contains 2 H-bridges
with 5 A capability to drive external heavy loads. Some inputs and outputs are multiplexed to simplify
the hardware. The board is interfaced to the host computer that runs Matlab through a serial port. The
software of the HILINK platform is fully integrated into Matlab/Simulink/Real-Time Windows Target
and comes with Simulink library blocks associated with each hardware input and output. The library
contains Analog Input Block, Capture Input Block. Encoder Input Block, Digital Input Block, Analog
Output Block, Frequency Output Block. Digital Output Block and Pulse Output Block. The platform
achieves real-time operation with sampling rates up to 3.8 kHz.

The HILINK platform has been developed to extend and optimize the real-time operation of Matlab,
Simulink and Real-Time Windows Target. The developed platform is uniquely integrated into Matlab
to achieve real-time operation in Matlab under Windows. The salient features of the HILINK platform
make it ideal for implementation of hardware-in-the-loop real-time control systems in both educational

and industrial applications.

1.1. Specifications

+ Power supply: 6 — 15 V., minimum .15 A. regulated

« Interface: 115200 baud. 2 bit data, no parity, 1 stop bit

« Analog inputs: A0-AT, 0 — 5 V analog, 12 bit resolution
« Capture inputs: C0-C1, 0 — 5 V digital. 16 bit resclution
« Digital inputs: DO_d0-D0_dT, 0 — 5 V digital, 8 lines

« Encoder inputs: E-E1, 0 — 5 V digital. 16 bit resclution

+ Frequency cutputs: FO-F1, 0 — 5 V digital, 16 bit resolution
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« Analog outputs: B0O-B1, 0 — 5 V analog, 12 bit resolution

« Digital outputs: GO_gD-G0D_g7, 0— 5 V digital, 8 lines

« Pulse outputs: HO-H1, 0 — 5 V digital, 16 bit resolution

« Filtered pulse outputs: LO-L1, 0 — 5 V analog

« H-bridge outputs: P0O-P1, 0—(supply voltage) V digital, 5 A

« Voltage regulator output: VDD, 5 V, 0.25 A, regulated power supply
« Ground: GND. 0OV

« Sampling rate: up to 3.8 kHz

1.2. Requirements

« PC with Windows XP or later and an available serial port or an expansion slot for a serial card
» Serial crossover (null modem) cable

« Matlab R2007b or later with Simulink, Real-Time Workshop and Real-Time Windows Target

« HILINK hardware (real-time control board) 1.4 or later

« HILINK software 1.4 or later

= Power supply (regulated, 6 — 15 V and at least 0.15 A without any load)

1.3. Absolute Maximum Ratings

« Power supply voltage: minimum 3 V, maximum 16 V

« Fach analog, digital, capture and encoder input: minimum —0.3 V, maximum +5.3 V

« Fach analog, digital, frequency and pulse output: minimum —25 mA, maximum +25 mA

« Fach filtered pulse output: minimum —25 mA, maximum 425 mA

« Fach H-bridge output: minimum —5 A, maximum +5 A

« Total current from/into all inputs and outputs (except power supply, voltage regulator and H-bridges):
minimum —200 mA, maximum -+200 mA

« Vbltage regulator output: maximum (0.5 A (total)

« Operating ambient temperature: minimum 10 “C, maximum 50 °C
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2. HARDWARE

The real-time control board is based on a dsPIC30F2012 digital signal controller. It has a total number
of & « 16 bit inputs and & x 16 bit outputs capability. The inputs and outputs can be selected among the
inputs and outputs listed above. The beoard is interfaced to the main computer that runs Matlab through
a serial port. Two pulse-width modulation driven H-bridges with 5 A drive capability are included on
the board to drive external actuators or loads. The functional block diagram of the board is shown in
Figure [T] where AQ-AT are the analog inputs, B0O-B1 are the analog outputs, CO-C1 are the capture
inputs. D0_d0-D0._d7 are the digital inputs, EO-E1 are the encoder inputs, FO-F1 are the frequency
outputs, GO_g0-G0_g7 are the digital cutputs and HO-H1 are the pulse outputs: ADC represents the
analog-to-digital converter, DAC represents the digital-to-analog converter, ICM represents the input-
capture module, OCM represents the output-compare module, DIP represents the digital-input port, DOP
represents the digital-output port, QEM represents the quadrature-encoder module and PWM represents
the pulse-width modulator; FLs are the lowpass filters with outputs LO-L1 and HBEs are the H-bridges
with outputs PO-FP1; and pC is the central microcontroller, UART is the universal-asynchronous-receiver-

transmitter unit and PC is the host computer.

PC
UART
A0 —
\r | ADC ; pac [ BY
s NN 2
0 — — 10
cr— O | TS 1o FL | LI
uC \
DO_d0 —= = G0 gl
o | TP Hy L por | i | HB [P0
A7 —| —= Ll g7
il -
B0 — qEm pwM [ 1l
: -

Figure 1. Functional block diagram of the board.

The layout of the board is shown in Figure Bl The inputs and outputs are connected to the board
through standard pin header type connectors. The pins of all connectors are clearly indicated on the
board for convenience. Access to the on-board 5 V, (.25 A voltage regulator output is also provided for

external light power supply requirements.
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Abstract
Currenily, the robotic arm use to be a lot on the line production in the most industrial. Robotic arm are movement

dependent on the torgue relative of the motor drive. Whenever have 1o change the parameter, load torgue value are
affect to the work load operation of the robot arm. This procedure to affect in to the energy loss of electric motors
driving in movement and decrease lifetime of the robot arm. In practice, the change process of load torgue cannot
estimate measurement directly. This paper presents a method adaptive compensation for estimating the load rorque
exerted on the robot arm. The result of method can design the trajectory movement of the robotic arms, and do not

overload of the joint work. Have produce in developing the performance of the robot arm.

Keyword: Load Torque Estimation, Adaptive Compensation and Observer.
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