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ABSTRACT
In order to eliminate position errors existing at the steady state in the motion control of robotic manipulators, a
new fuzzy control algorithm is proposed using three variables, position error, velocity error and integral of
position errors as input variables of the fuzzy controller. This controller is applied to the tracking control of
robotic manipulators in Cartesian space. Three dimensional look-up table is used to reduce the computational
time in real-time control. Simulation and experimental studies are conducted to evaluate the control

performance for the two axis direct drive SCARA robot system.
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Fig. 1 The schematics of two axis direct drive SCARA robot system
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Fig. 2 The block diagram of the proposed fuzzy control
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Fig. 3 The structure of the fuzzy controller
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o3t Aoj¥iQl E, DE, SEZ AH4E) dolH4 £2} DES) - A4 PL (Positive Large), PS
(Positive Small), ZO (Zero), NS (Negative Small), NL (Negative Large) FA5 1, Aol SEQ ¢ P
(Positive ), Z (Zero), N (Negative)2 T4 = o] Stk ¥ 2] A 0] 7] 2] #]4]H]| o] A (knowledge base)+= ©l O] E]
Hll o] £ (data base) &} 7 2 ¥ 0] 2 (rule base) & T/ =] o] Utk vlojEjloj AL AojH 9] ghof] IR 4%
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Table 1. The linear scaling mapping of the position error, integral of the

position errors, velocity error, and control input

b 254y e e, Jel J.ez é,ée, u, u,
(rad) (rad)  (rad'sec)  (rad'sec)  (rads) (N'm) (N'm)

-1.0 -0.30 -0.10 -0.00030 -0.0008 -4.00 -145.0 -9.8
-0.5 -0.15 -0.05 -0.00015 = -0.0004 -2.00 -72.5 -4.9
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 015 0.05 0.00015 0.0004 2.00 72.5 4.9
1.0 0.30 0.10 0.00030 0.0008 4.00 145.0 928

HAAG 24USE AN AoIH 5 e A F2% WA Brip) B =Rl FU% AA
2719 4219 RFE JHD 2484 S A8V Fig 494 @t AHLH, SE2 X Y Aol Yol
W 2GFEE, OE AALA HEA) Y 244 F RAFT Yok
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(a) (b)

Fig. 4 Membership functions for (a) position error, velocity error, and control input, (b) intergal of

position errors

32} A) A o] F # (fuzzy control rule)< IF-THEN ¥ 4] 2] 3] ) £ 7 -F(fuzzy conditional statement) 2 & 74
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ok £ =&l A AT s A A o 32 Table 29+ 2t
Table 2 Fuzzy control rules for the position control of the robotic manipulator

Ifinput variables are E and DE, or E, DE and SE with SE=Z, then U are

E\DE | NL NS Z0 PS PL

NL NL NL NL NS Z0
NS NL NL NS VAY PS
Z0o NL NS Z0 PS PL
PS NS Z0o PSS PL PL
PL Z0 PS PL PL PL

If E=Z20, DE =20 and SE =P, then U =PS.
If E=Z0, DE=Z0 and SE =N, then U=NS.

B Aol Aegt w2 2 A (fuzzy implication)¥ o8] 714 F ol oh& 3 Z-2 Larsen's product
rule S AH§-FHeh4)

Haop(xy)=p(us(y),xeX,yeyY

¥} A 3 & (fuzzy inference)> YRHH 22 34 3EF 3 (compositional rule of inference)oll 71¥H& F 31
Q28] T4 FE7 22 =239 modus ponensE FATH A2 B ¢ U} B A7) A= Zadehol
o] sted AJQHE thg 3} B-& sup-min T S AR T}

B = A’o(A>B)
#g(y) = sup min {0 (x), ma(x) p(3) }

| 3] ) 3H(defuzzification) = H A A o] 523 v]EAAo] FZo 8 vl = QL F)h B2 vl A
3 oA £ A= &3 Zo] BolE = FA% A (center average method)< 2 & e},

20 x14T))]
U= 'Z 7

I

ANNEE Zol7] S18te, E, DE =& E, DE, SE2} HEZHE0 it 7 § vjE] Al4kste] 23td =+
33 £ ¥ X (look-up table)E WETH EAT AY Ao Ulgh U2 ¢HEE HY Bt 2t

rir
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(end effecter)®] FZ27E], ] EY ©700) BHARE Folok et B =FA ALE3T Qe 25
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% 39l LSPBY £S5 T 16770 ¢ ¥4 S o H, §45-&%5 S ol viA Y e
T Y AY A5S A B, AR A AT e E MR Fig sE A,
Y L B84 2ol i Aol W A A Jehdch 2R AR 253458 FUt
B}7] #13ked, Cartesian 7oA vl MEY ¢74o] R X o} AA X 225 F3t1, o] e AF
sho] 2% A5 2 2 42 A (integral of squared error; ISE)S 45 A2 A4314 o) Fig. 591M Al§ &
AHEA FAE mm? - sec ).

Fig. 59 (@)= LSPBO] HHEEE 200 mm/secE H3 W AAAHol Y )& HUSEE 400mm/sec
2 A3 Adgdgeltt o] F ol REY AA A4 T REZFEAT 4 At AuS 9 20%0]
Well Atk (a)¢ o) 2 271 5713t ahel 1sErt $7H9HS B = Ak Fig 59 = o) £ 7
> AH A A g o] AT deltt )&} (o FARF e B F 3 Utk Figs2l @)= AHL
TS HAA 0] 7] 9] Y[ AS R AMEFHE BB 2 A o] 7] 9} 2 = ol 4] A 2gH 3] A
Ao 71§ AL WL W 74 REoM ] X £ 545§ vl Ao}

Av)
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Fig. 59] (€)% (f)= AT W 2| A 0] 7] 2} PIDA ) 71 9] d5-& w2 3t7] 97 A AAZ A, A ogh 3
A A 0] 7]¢] 45 ] PIDA 0 719] 5ol uld] 33 ¢ = Atk PID Ao} 7)) mujule] F4e 2
A2 Bo& & W NG + Aoy, Azbo] @ol AR B AR ML Xzho] 83} g
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Fig. 59 (gt ol it A ARt # A A 0] 7] 9] B-5-& FII317] H5te], &5 T 2RF I A4
el 24¢& $& w Jehte AP goith AAHHF Holu F o] 5 ¥ ZHodal o
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Fig. 5 Position tracking of the two axis direct drive robot manipulator for polygen path; (a)
experiment with maximum velocity = 200 mm/sec; (b) experiment with maximum velocity = 400
mnv/sec; (c) simulation with maximum velocity = 400 mm/sec; (d) comparison between conventional
and proposed fuzzy control;, (e) experiment with fuzzy controller; (f) experiment with PID controller;
(g) experiment with impact disturbances.

Fig. 5914 sp& 2W7d-& BEATCE AAIZE A A AEHEMulARE Y AAA-E Fo]7] §]5Ho
> ¥ ¥ (look-up table) E AH§-3F T} IBM PC/386S AH8-3te] AlLMAM-E 33 £ A, ¢HEE AHS
7= 0.78 msecOl AL, EHEE ALSIHA G HAF Y2 NE Y HAFEL $YY A S
2.3 msec®| Ao},
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4. 4 B

¥ =2olXE Cartesian F3rolA th4y Pelo] F2E 53171 sivte] HA Ao}/ § HA BT,
°l€ 2% 37 SCARA £ vy EdojEle] 2 g3t ABH)H L APATE +Psgch &2
2RA ] AL R oM AR £E 0 AE AYHSL R ZHe BHAHQ FAA 75 A}
B3tehrh, AR A W £ 0 Aot oH W ol ol oAl HW, X 2% HEAE Yol 37}
TH3AGAF HAA 71 E AHG R M AR A A 7] § AL Bt A BHo]H L AP AT E +
A, oA A2 RS A 4+ AT ()EFEF FAESE 23452 23 HojRtt (2
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