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Real-Time Fuzzy Control for Dual-Arm Robot Based-on TMS320C80 Chip

Hong-Rae Kim*, Jong-Soo Kim®, Sung-Hyun Han""

|ﬁ Abstract J

and experimental results for robot with four joints.
Key Words :

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 login composed of linguistic conditional statements is employed by defining the relations
of input-output variable of the controller, In the synthesis of a FLC, 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 level and high level 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

Self-Organizing Fuzzy Controller, Emulator, DSP, Dual-Arm Robot
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Fig 2. The block diagram of structure for self organizing
fuzzy controller.
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Fig 3. The block diagram of proposed fuzzy control
structure for robot manipulator
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Table 1. The specification of a Dual-Arm robot.

7 929 44
obe) (Nims)

7 9a9 M EL
A(ke) Z10}(m)

ml,5 | 15.067 | /1,5 | 035 f1,5 221

m2,6 | 899%4 26 | 026 2,6 0.7

m3,7 3.0 3,7 1025 | £3,7 0.7

m4,8 1.0 /48 | 005 | f48 | 0.0003

Table 2. The specification of a Dual-Arm robot.

2939

& e
7:]- = 7] 7& = H] %Agi‘ﬂlé(kgmz)

Harmonic Driver| n1,5 | 1/50 | 11,5 0.821

Harmonic Driver| n2,6 | 1/50 | 12,6 0.136

Ball screw and
. n3,7 | 145 | 3,7 0.045
Timing belt

Timing belt nd8 | 1/12 | 1438 0.0014
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Table 3. The specification of motor of a Dual-Arm robot. Table 4. Fuzzy control rule

8 2 1,5% | 262 | 3,7% 48% ce
w8 2%k 17 12 05 05 e NB I{NM|[ NS} ZO | PS | PM| PB
AHEINm) | 127 0.64 0.159 0.159 NB NB | NM
ARERE
“(]‘::“2“) 036X 10*] 020 10| 0.026 X 10* | 0.026 X 10* NM NM
- NS NS | ZO PM
A42E | 004 | 004 | 003 | 0.03
o} 8 (Nm) ) ' ) ' ZO | NB|NM| NS |ZO | PS | PM | PB
’3?5)‘?" 3000 | 3000 | 3000 | 3000 PS | NM ZO | Ps
7?;]31 PM PS | PM
AR 2(ms) 0.5 0.7 1.0 1.0 PB PM | PB
A 71 A,
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70 : Zero
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i’ufaﬁ}:i:c;n:x:t:t'»’ -6 -5 -4 -3 -2 -1 0O 1 2 3 4 5 6

Fig 5. Linguistic variable
Fig. 3 Coordinates frame of Dual-Arm robot

Table 5. Membership for linguistic variable
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Fig. 11 Simulation results of position trajectory tracking
for link 5.(4 kg payload)

Fig. 14 Simulation results of position and velocity
trajectory tracking for link 6.2 kg payload)

’§.w Rel.Mra]. - - -
= Real Traj. —
— 60
8
T e L} T Ty Pt A
a
[N ] R L LTt LT T T UM SIS M
3 o
0 02 4 & o8 t
— Time (sec)
2 60
=
32 | AR S SR NN S
s
§ 20
=
3
a o
S
4
5-20
) 02 04 06 08 1
Timae (sec)

F i Ref. Traj. - ---
g 500 Reet Trafy ——-------
]
o
3 B0 --mmem it
5 -50

0 1

Time (sec)

-
o

Link1 Velocity emer{deg./sec) Link1 Velocity (deg./sec)

3
S |t | o0
E 1 D S 200
é o ‘[\'/’\.‘/'\“’W [l B R i
v
o
3 " .1 1] ISP R
=% 1 0 1

Time (sec) Time (sec)

Fig. 12 Simulation results of position trajectory tracking
for link 6.(4 kg payload)
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Fig. 13 Simulation results of position and velocity
trajectory tracking for link 5.2 kg payload)

Fig. 15 Simulation results of position and velocity
trajectory tracking for link 5.2 kg payload)
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Fig. 16 The block diagram of control system.

Fig. 17 Experimental set-up.
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Fig. 19 The experimental results of SOFC for position and
velocity trajectory tracking of link 1.(2.0kg payload)
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Fig. 20 The experimental results of SOFC for position and
velocity trajectory tracking of link 2.(2.0kg payload)
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Fig. 21 The experimental results of SOFC for position and
velocity trajectory tracking of link 3.(2.0kg payload)
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Fig. 22 The experimental results of SOFC for position and
velocity trajectory tracking of link 4.(2.0kg payload)

- 336 -



- @ 400 —~ 100 =
-4 = g £ 500
s S 200 = 2
] = & =
% 5 o % %0 g o
& s < 3
3 < ;0 M 3 500
3 g S 400 RSB Trap, —i- = 5
1000 2000 o 1000 2000
—_ Time(msec) —
fard € - KJ
g g g g
5 g T L 100t p----{--i-t-- -
: s : 5
£ = S0 = 0
2 3 =t 5
& ] & ]
< z - < -1 el R R
€ a & £ £ .
o 1 2000 5 - o 1 w05 0 1000 2000
Time(msec) Time(msec) Time(msec) Time(msec)

Fig. 26 The experimental results of PID controller for

Fig. 23 The experimental results of PID controller for
position and velocity trajectory tracking of link 1.

position and velocity trajectory tracking of link 1.
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Fig. 27 The experimental results of SOFC for position and

Fig. 24 The experimental results of PID controller for
velocity trajectory tracking of link 5.(2.0kg payload)
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Fig, 29 The experimental results of SOFC for position and
velocity trajectory tracking of link 7.(2.0kg payload)
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Fig. 30 The experimental results of SOFC for position and
velocity trajectory tracking of link 8.(2.0kg payload)
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Fig. 31 The experimental results of PID controller for
position and velocity trajectory tracking of link 5.
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Fig. 32 The experimental results of PID controller for
position and velocity trajectory tracking of link 6.
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Fig. 33 The experimental results of PID controller for
position and velocity trajectory tracking of link 7.
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Fig. 34 The experimental results of PID controller for
position and velocity trajectory tracking of link 5.
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