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A Study on Stability of Cartesian Time-delayed Control to Improve
Nonmodel-based Position Control Performance of Robot Manipulators
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Abstract: This paper presents the time-delayed control implemented in the Cartesian space for a robot manipulator. The constant
inertia-based dynamics in the Cartesian space is derived for the nonmodel time-delayed control method. To compensate for
uncertainties in a nonmodel-based control scheme, the time-delayed controller (TDC) in the Cartesian space for robot manipulators
is formulated and implemented. The TDC can be designed on the basis of the constant inertia-based dynamics in the Cartesian
space. Since the constant value of the inertia plays an important role for the stability as well as the performance, the stability
ranges of the TDC for the Cartesian space are analyzed and found. Simulation studies are performed to support the proposition.
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Fig. 1. Cartesian nonmodel-based control scheme.

A7\ D= D) e An FheINe g A,
H'(t)=J TH(t) - D Jg)J 'X(t) = HAmFZolAe] =
glee g, YA 98 e 71 7eelA el
U= Azmior sjge] BaMs 23ksla, Fpe A4 A
& g< ek
2. FIEIAIQH B7ke] Al BN T7|Elo| Sodst
2 (AN 45 B4 W2 D =o' 7% Hsta Wy o
o3 2t
DX1t)-DXt)+D W)Xt)+H () =Ft) 8
2 9)% AHesE A5 B4 WP mdHE Fodg)
2lo] ).
DX(t)+H (t)=F(t) ©)
AN H (1) =H' (1)~ D Xt)+D (1) X(t)ola 4%
B4 B2 D =o'/l o’ IR BA Aol 4
9)E 7|FoE Ao7|E A g

BES AGE W FRY Ao] WA Avinz
A AmFAAA AH FF 23k et Lol Heldik

e(t) = X,(t) = X(t), e(t) = X,(t) — X(t) (10)

AR YA, X[(t) = Fo7 7]

Sxolt,
T 1904 Ao} Y thet 2ok

(t) = JTF(t) = JT0(t) = JIX,(t) + Kpe(t) + Ke(t)  (11)

I ZHEIAE SZiolMe| 21 Hof

ZHAAIE E3EeA 238 Eole A2 tat 2o PD

rr

F(t) = X,(t) + K,£(t) + Ke(t) (12)

A7V Kp Kp = Ao17] ol S8 Eelth
YA () AARA (125 A”sHE vt 2t

X,(t)+Ke(t)+ Ke(t) =D X(t) + H'(t) (13)



548 g %

q(t)
q(7)

1% 2. FHEIAIRE AREA|A Ao} w4,
Fig. 2. Cartesian time-delayed control.

2] (13)04 el D(¢) X,(¢) F Blak 3] D) X(t)

g Aoz ojFalal oAl olAHow HsW Tt
2o o3} WA ow FEH)

{é(t)+D**1(t)[(Dé(t)+D**1(t)KPe(t) o
= (I=D"' )X (t)+D () H (t)

2 (14918 BE Ageiels 23 exsh a4 vet
Ui 230 9)xjo) uhe} gekRE AL B 4 Ak w
A g o7 HElME BdS ARESEAL Ao]7] o]
Sk diidoes A sfoF gtk skANE PDAOI7]E AL
83 790 2 Aol] olSghe ALghH BRe] AR 4
q Aes I = Jot vdy EsgS B

3t7] ol& Al o] &t
Iv. FHE|Al2h AJZEX[AR[0f

2 ©zRE TS W A U] T (1)E e
7} o] FHAL.

H (t)=F(t)— D X(t) (15)

FHEo A

A e Az 4 (15)9] 330l
AE Azke] JRE

omz ARF A AfelAE ol
ol g3y,

W) =T (-1 =Fi—T)-Dxt—1) (16

A7) T AEY Agbelth
AR FHEAE AR AoEle thest 2o,

F(t)=Dv(t)+Flt—T)— D X(t— T) a7
Aodd o(t) & o Z2th
o(t) = X,(t) + Kp(t) + Ke(t) (18)

ﬂEﬂA]OH xﬂOi WA (17)S ZRIE Z7Ho 2 M3ker]
Sl A=ZHIRES ARgSHE o 2k

7(t) = KpJ F(t)
= KD w(t) + Flt— T)— D X(t— 7))

Kinematics

AN KpE B3 itk 2 (19)9] Alo] WA B
o zl=n)el P} o)A AE A7k RS} Alo]
o] WaT A& % & Utk AAAA 2] BE WFEo
FHEAE Fbeld FREHT Yk 2 20 AlojREME
7} vt Qi

V. FiEIAlgt AlZEx|eiRlofe] kA

W4l o] WA oA i) G0 e %@,

£ FeRAL 2 (1DEFE FHEAR}E 22k T 2T
e(t) =e(t) + Kp(t) + Ke(t) =v(t) — X(t)  (20)

Qo)) o] FElAE B4 B D(H)E BhE Te
3} 2,

(H)e(t) = D(t)(v(t) — X)) @1)
ARk B7ke] FE (NERE (1) & thew 2ok

)

%

X(t) =D (F(t) - H(t) 22)
21 225 @nell tiYdste] AHelshd
D(t)e(t) =D (t)v(t) — F(t) + H (t) (23)
ZHIAIRE A= (17)= (23)°ll thdsted gejshd o
+7 2tk

(D W-D et - F— 1)+ D xti— 1+ i) EP

21 4yl (el Az ALE FAS p¢— 1) sk
gt 2.

D*(t)e(t)_*
= (D)= D ()= (D(t—17)- )X(t—D+H() H(t—1)
D (W)(I—D(1)D Yo(t)— (D' (t— 1) — D )Xt — 1)+ AH (t)

25

A7\ AH (t)=H (t)— H (t— T) ]tk
2] (25)04 ehS D(t) & Wrd o 2ok



I 22E D8t JtEIAIC

t)
D (t—ﬁX(t—ﬂ
DT\)AH (t)

I
<

|
v
?-‘\U
T
ST
+@

2 26yl X(t—T) =v(t—T)—e(t— T) S YA

e(t)= (I—D"'(1)D W(t)+ D" \¢)D (w(t— 1) —elt— 1) @7
DD (t— ﬂX(thHD W) AH (t)

2@l e(t—T7)E tista W Hell Aelshd ot
2

e(t)= I-D"'#t)D )f(t* 7
+(I—-D"'(t)D )(w(t)—v(t— D) (28)
+(I-D N $)D (t— D)Xt — T+ D~ '(t) AH (t)

2 e(t) ol gk 12} ARIAR] 0] =)

—T)+r(t) (29)

AZE A7lo] =83 W2 AL r(t) =00 B2 HFET
Al I (29)E oladow mdW The

l7— DY k) Dl <1 31

Froll Ao}t mlastd #A
7} wi-§- ARSI L5).

=
o
o
X
o
of
it
flo
o 2
Ip
OH
o AL

VI. SIMULATION STUDIES
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Table 1. Robot parameters.

Joint Length (m) Weight (Kg) | Initial angle
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