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Real-Time Fuzzy Control for Dual-Arm with 8 Joints Robot Using the DSPs(TMS320C80)
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{ Abstract }

In this paper presents a new approach to the design and real-time implementation of fuzzy control system based-on digital
signal processors(DSP:TMS320C80) in order to improve the precision and robustness for system of industrial robot(Dual-Arm
with 8 joint Robot). The need to meet demanding control requirement in increasingly complex dynamical control systems
under significant uncertainties, leads toward design of intelligent maniputation robots. The TMS320C80 is used in implementing
real time fuzzy control to provide an enhanced motion control for robot manipulators. In this paper, a Self-Organizing
Fuzzy Controller(SOFC) for the industrial robot manipulator with a actuator located at the base is studied. A fuzzy logic
composed of linguistic conditional statements is employed by defining the relations of input-output variables of the controller.
In the synthesis of a FLC(Fuzzy Logic Controller), one of the most difficult problems is the determination of linguistic
control rules from the human operators. To overcome this difficult SOFC is proposed for a hierarchical control structure
consisting of basic and high levels that modify control rules. The proposed SOFC scheme is simple in structure, fast in
computation, and suitable for implementation of real-time control. Performance of the SOFC is illustrated by simulation
and experimental results for a Dual-Arm robot with eight joints.
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Fig. 1 The block diagram of structure for the self
organizing fuzzy controller
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Fig. 2 The block diagram of proposed fuzzy control
structure for robot manipulator
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Table 1 The specification of a Dual-Arm robot

EET 2 aad | 24 329 44
ke Zolm | v (Nmy)
ml,5 15.067 /1,5 0.35 1,5 221
m,6 8.994 12,6 | 0.26 2,6 0.7
m3,7 3.0 13,7 0.256 3,7 0.7
m4,8 1.0 /4.8 0.05 4,8 0.0003

Table 2 The specification of a Dual-Arm robot

Z+=lg0
R I T PN iy
swmy Stolw] | nl5 | 150 | 1,5 | 0821
3y =alo)y n2,6 | 1/50 12,6 0.136
235 9 elo|ylE| n37 | 145 13,7 0.045
Elo]q] WiE 4,8 | 1/12 14,8 0.0014

Table 3 The specification of motor of a Dual-Arm robot

= E | 155 | 262 | 372 | 48=
wgdFke | 17 | 12 | 05 05
AAEaNm) | 127 | 064 | 0159 | 0.159
2 T E (k) | 036 X107 | 020X 10° | 0026 10| 0.026 X10°
7 Z2plzalal
AWZIHLE | 000 | oo | 003 | 003
(Nm)
AAB A 2(pm)| 3000 | 3000 | 3000 | 3000
Z AL A 2~
AR | o5 | 09 1.0 1.0
(ms)
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Fig. 3 Coordinate frame of Dual-Arm robot with 8 joints
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Table 4 Fuzzy control rule

ce
e NB | NM | NS 70 PS PM | PB
NB NB | NM
NM M
NS NS | ZO PM
Z0O | NB|NM | NS ! ZO | PS | PM | PB
PS | NM 70 | PS
PM PS PM
PB PM | PB
7)1 A,
NB : Negative Big, NM : Negative Medium
NS : Negative Small, PS : Positive Small
PM : Positive Medium, PB : Positive Big
70 : Zero

40

3.1.2 AlEgjo|M Axt

Fig. 59} Fig. 6 A 8(step) ol thste] 1387} 23
H9| 4kg HaMAfE oA AME A71EA HA Aoj7]2
A& el AR2 N vny Aoldsol ST 9l
e 4= 9ot ®3F Fig.7 I} Fig. 8 Adn} g9 712 9
2 A4 4 $EHH] 08 13- 23 9| 2kg HapA
gl o] AlBHold ATE vty et dutHd Hd
o g0l 93] AT SEAH L FE2EE gdd] 4
TS & 4 9l%len, Fig. 99 Fig. 10014 += Adqt 4
o] 71244 A-T M4 T40 1S THE &

Table 5 Membership for linguistic variable

NBINM[ NS |zo] ps|PM| PB
-6 1 0.3 0 0 0 0 0
-5 0.7 0.7 0 0 0 0 0
-4 0.3 1 0.3 0 0 0 0
-3 0 0.7 0.7 (] 0 0 0
2 0 0.3 1 0.3 0 0 0
-1 0 0 0.7 0.7 0 0 0
0 0 0 0.3 1 0.3 0 0
1 0 0 0 0.7 0.7 0 0
2 0 0 0 0.3 1 0.3 0
3 0 0 0 0 0.7 0.7 0
4 0 0 0 0 0.3 1 0.3
5 0 0 0 0 0 0.7 0.7
6 0 0 0 0 0.3 1
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Fig. 5 Simulation results of position trajectory tracking
for link 1(4kg payload)
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Fig. 15 The experimental results of SOFC for position and
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velocity trajectory tracking of link 3(2.0kg payload)

8

Link 4 Position (deg )

2

Link 4 Position error (deg }

Link 4 Velocity (deg./s}
fue]

g

8

o

8

8

1000

Time(msec)

Link 4 Velocity error (deg./s)
o

1000
Time(msec}

Fig. 18 The experimental results of SOFC for position and
velocity trajectory tracking of link 4(2.0kg payload)

Link 1 Pasition {deg )

Link 1 Position error (deg.)

50 & 400
Ky
@
g
s
z

0 8
2
=
]
—

1000
Time{msec)

8

Link 1 Velocity error {deg./s)

Time(msec)

Fig. 19 The experimental results of PID controller for
position and velocity trajectory tracking of link
1(2.0kg payload)

44

—~ 50 = 400
o ~
g £m
8 z
S = &
z : =
- - 3 .400
] 1000 2000 0 1000

=]

[=]

g

tink 2 Positien error (deg.)

g

1000
Time{msec)

Link 2 Velocity eror {deg./s)

1000
Time(mset)

Fig. 20 The experimental results of PID controller for
position and velocity trajectory tracking of link

& 8

8

Link 3 Pasition (deg }

Link 3 Puosition error (deg.)

g 1000
Time(msec)

2(2.0kg payload)

tink 3 Velacity {deg./s)

58 .88

g

Link 3 Velocity errar (deg./s)

0 1000

Time(msec)

Fig. 21 The experimental results of PID controller for

position and velocity trajectory tracking of link

3(2.0kg payload)

' q
3 g s00
£, =
5 5
& 3
I 2
€ x 500 R
- g 5§ Real Traj, ——
0 1000 2000
- Time{msec)
o @
4 = ;
=4 £ 400} - eeensn- Bomias
g 5 s
k] 2 :
8 = 0
d B
:
- ; % -100 EERREt S
K3 x
- 0 1000 w05 o 1000 2000
Time(msec) Time(msec)

Fig. 22 The experimental results of PID controller for
position and velocity trajectory tracking of link

4(2.0kg payload)



ZZEH7|HEE=EE Vol.13 No.1 2004. 2,

o

8

Link 4 Velocity (deg /s)

Link 4 Position {deg)

Link 1 Vejocty (deg./s)
F =
2 8 -8 8

tink 1 Position {deg.}
o

] 1000 2008 ] 1000 2000
2 g = g
g 5 5 g
< 8 g =
2 ko = 3
= 3 : & 3
< - g : S >
¥ S ; £ = :
5 £ 5 pron 2000 a0 1000 05 0 1000 2000
Time{msec) Time{mse) Time(mset) Time(msec)
Fig. 23 The experimental results of SOFC for position and Fig. 26 The experimental results of SOFC for position
velocity trajectory tracking of link 5(2.0kg payload) and velocity trajectory tracking of link 8(2.0kg
payload)
— 50 & 400 . 50 %
& @ b4 o
2 £ 210 = 3
5 3 g N
§ o 5o i o0 3
o & . 2
~ Z, 200 - z.
g € E €
& 5 -400 .50 : =
o 1000 2000 ] 1000 2000

R fromooeees 5 g o5 8
@D N i & =
g ¢ '“Wo‘\‘w-—ﬁvﬁ ; g 0 ;
z : g 4 % : 8
£ s : = sl A :
: ~ ' : Z :
€ 4 : ~g . E o4 : x :
- g 1000 oS5 o 1000 2000 S 1000 0005 @ 1000 2000
Time{msec) Time{msec) Time(msec) Time{msec)
Fig. 24 The experimental results of SOFC for position and Fig. 27 The experimental results of PID controller for
velocity trajectory tracking of link 6(2.0kg payload) position and velocity trajectory tracking of link
5(2.0kg payload)
60 - 7 400 ) & 400
8 = b >
b3 & 200tE---fd-eaf e = B £
g 40 = < ! g
g g 0 g0 : g a
a0 4 @ : G
z R L TR S o - < 2
o 5 .jop [Rew Trajir = 5 J: 5 4o
00 o 1000 2000 0 1000 2000 0 1000 2000
Time(msec)

o
o
L]
o

Link 3 Position error {deg.)
o

Link 3 Velocty emor (deg /s)

Link 2 Position error (deg }
Q

Lunk 2 Velactty eror (deg /5)

05 : 05
o 1000 005 0 1000 2000 g e e s o e 20
Time(mseac) Time{msec) Time{msec) Time{mssc)
Fig. 25 The experimental results of SOFC for position and Fig. 28 The experimental results of PID controller for
velocity trajectory tracking of link 7(2.0kg payload) position and velocity trajectory tracking of link

6(2.0kg payload)

45



UE=+ - BHYH
| e =2 Aol7jol A A7 Yo B2 ofF A7) 7Y HA A
saf- 2 o712 AAA TRt Fst SFT eetel] e AN
Eal. $ 44458 ZES AR ATNH Ak A7 74
LR Y £ A2 Ao} LEIEY BPAL UBe] AN F4-54-
B S #49) £E NZAHI AT F2yue 91 294
g ; 3 of Mg Algaold 83 71&9 PID Ao7|HY 45
R e s W 58S ool 47174 HA Aol dneFe gt
& oyt 2o B4 UFFT 22T, AR 289 0)F o 23
A I A e o 4§3h7] Sldtel Aol 1 £ QAL T2H 2
57 1000 w3 o 1000 2000 DSPAE o83 AAI7E Alof7} o] Ro| A =& HA s
melmaee) rmemed Al gRAZE olgol TRAAD ABAlElE
Fig. 29 The experimental results of PID controller for Eato] 2L Hol7)o] LY E dlo] 1 A%
position and velocity trajectory tracking of link e o . L ElChA N = oL
7(2.0kg payload) BHE Fetant A Bk BdAol IFE Aol
0 , . CECREER CHER U 2EREDLE
g g =0 WE U 4% Astel ofst B7H2 £AT Qo Aol
3 sf- g o Aol 71EY Aol Ao Histel 43| FFHASE Y
M < 500 et dghiooohf AL Fotglh. webA, garedoMe] A4 qE B7i7t
5 e BgsE BANZY Aol7] TRS B Aol A8
- g Tmelnseo R
& of" z = 7
<. g
R a9 Q= 200345 Adthsta SedTu Aol o
Time{msec) Time(msec) Zr\_ﬁg E] 91—’—5—\,] 1:]-
Fig. 30 The experimental results of PID controller for
position and velocity trajectory tracking of link 71 2 &
8(2.0kg payload) ===
(1) King, P. J, and Mandani, E. H, 1997, “The

Al
=2

9l PIDA|}719] 1(5)Z0) A 4(8)%7HA| o) AE A
etz ok

Ad ZAajelA Ade A7 #HA Aof7)e} 7129
PIDA07]9] AY Zutg wvjlmstd 97 9 = o7t
At 271G HA Aoj7|7t 2 E B AAHoR
oA Uebge &9 @ 4 Yk wEbA, AR Ao A
oA A7 HA A of7]7F 7]&9] PIDA|0)7] K}
ol FE Aol e TR IS HAdT # 9ok

oo =

o)

4. 2 E

2 Ao 4289 SAA AHelA BAEE oy
% 924 452 A3 wgsted dold F4Y wx

AEO
..I_EE

46

Application of Fuzzy Control System to Industrial
Process,” Automatica, Vol. 13, pp. 235~242.

(2) Tang, K. 1., 1987, “Comparing Fuzzy Logical with
Classical Controller Designes,” IEEE Transactions
on Systems, Man, Cybernatics, Vol. SMC-17, No. 6.

(3) Jeon, H. T. ed.,, 1992, “
Lecture Note,” Seminar at Sam-Sung Advanced
Institute of Technology(Kiheung-Yeup Kyungki-do,

Fuzzy-Neural Special

Korea), January.
(4) Shao, S., 1988, “Fuzzy Self-Organizing Controller

and It's Application for Dynamic Process,” Fuzzy
sets and Systems, Vol. 26, pp. 151 ~164.
(5) Procyk, T. J., and Mamdani, E. H., 1979, “A



o

TSEIIAIEE] =2 Vol.13 No.1 2004. 2.

Linguistic Self-Organizing Process Controller,”
Automatica, Vol. 15, No. 1, pp. 15~30.

(6) Book, W. J., 1975, “Feedback Control of Two Beam
Two Joint Systems with Distributed Flexibility,”
Journal of Dynamic System, Measurement, and
Control, p. 425.

(7) Transheit, R., and Sharf, E. M., 1988, “Experiments
with The Use of A Rule-Based Self-Organizing
Controller for Robotics Application,” Fuzzy sels
and Systems, Vol. 26, pp. 195~214.

(8) Haung, F. H., 1988, “Efficient Computer Implemen-
tation of A Rule-base Three-term Controller,” Pro-

ceedings of the 27th conference on decision and

47

control, December.

(9) Braae, M., and Rutherford, D. A., 1979, “Selection
of Parameters for a Fuzzy Login Controller,” Fuzzy
set and Systems, Vol. 2, pp. 185~199.

(10) Braae, M., and Rutherford, D. A., 1979, “Theo-
retical and Lingustic Aspects of The Fuzzy Logic
Controller,” Automatica, Vol. 15, pp. 553~577.

(11) Li, Y. F., April 1989, “Development of Fuzzy
Algorithms for Servo Systems,” [EEE control
Systems Magazine.

(12) Hsuy, C. S., 1980, “A Theory of Cell-To-Cell Mapping
Dynamical Systems,” ASME Trans. J. Dynam. Syst.
Meas. Contr., Vol. 47, pp. 931~939.



