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Abstract : In this paper, we develop control hardware such as an FPGA based general purposed intelligent controller with a DSP
board to solve nonlinear system control problems. PID control algorithms are implemented in an FPGA and neural network control
algorithms are implemented in a DSP board. An FPGA was programmed with VHDL to achieve high performance and flexibility.
The additional hardware such as an encoder counter and a PWM generator can be implemented in a single FPGA device. As a result,
the noise and power dissipation problems can be minimized and the cost effectiveness can be achieved. To show the performance of
the developed controller, it was tested for nonlinear systems such as a robot hand and an inverted pendulum.
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Fig. 1. Reference compensation control structure.
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Fig. 2. Overall system structure.
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Table 1. Instructions on address bus.

TFE | A3 | A2 | Al | A0 7%=
0 0 0 1 P gain write
0 0 1 0 I gain write
0 0 1 1 D gain write
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Fig. 6. Neural control structure for robot hand.

PWMOE WHEY, I FakrE 128golth o] PWM A3E
EE =goldo] gE=o] BEHE F53kA At

2.5 B4 88

EAN B22 37 DSPY} FPGA 718 5713 A g
o} & AMZE<t DSP dto|u} PID f4te] ¢]Fof Ao 3}
vg Z7|3b7F Aeslch FPGAS) PID Aol 3719+ DSP
AL Ao} F718 E7)857] HEA DSPERRE WHE
Z3] FPGAY] PID #lo] A7 ARSI}

DSPe] A7 Aole} FPGAS) PID Aozt 242} Ao
2 237 wiol M2l dlole7} FiEojor It 1
2171 §13) 3282 djolg] §41& o-8-8iA] DSPAIA FPGAR
gEE A Hﬂé ARESIRTE HH e 72 o=y

2 W2 la‘l%iﬂi 1914 2 y&-& Ve gl

AAAQ WY FEL AI~A7AT AMET ada
AS, A4¥E FPGASL A8 79 PID A)71& HAE A5
B3517) sk o)t} wlebd o] A$- 4719 PID Ao7]E A

A 5 9tk

99 ® 194 DSPollAl FPGAES] HEH e Ba)] &
o ARAoz Ay oga 2ok
« FPGA %713} : FPGA U ¥HFE2 27)slehckWrite)(2
F FR$E, PID A|oj7)9] o] 54k ).
 PID °]53%k 27 : FPGA©l 2A1E PID Alo)7)oll A AL
PID °]53k& A 3K Write).

MO - Xiss - AIAESE ==X H 10 &, ® 10 = 2004. 10

4R AMER ARk} PID Aoj7]oll A ARE-EE
71E5E 2 Tk Write).
Aol &8 3 24 . AEY AR DSPAA A
AE AAE E8E FPGAY)A %3k, FPGACAE PID
A719] 289 tlaid ZE A5 B4 K Write).
« A2 3 read : AEFH AR} AR dzEE %S ¢
o] &tt 29 Aol FPGAW ] PID Alo7} 3 At
o] 7I'5& 34 DSPe] AAWI FPGAS] PID Alo]717}
7132 °1F - qlrh

L A1AY Hoj7| ++

1. 22 Bak w

NZBzRe NAY g5 B9 5Y, Qust 58 o
3% 5ol glof Hhkk FololA AT eI, ol
& AFRERe AiY 4 AT mAL Aoz
9] ojele Ao Az L AR B o B
0] ol Aol Nd S BRI FARIE
Sast7] 93 7129 PD e pD Aloi7lsh Hde] nz
Ao U ABeol BHIAAAS] AL 033; +
YIS ek B =Rl A A%ss

0 01:1
_%
oF

>

€ 3% 63 Lol U A2l A5E wAtee Hayfc} i}
23} PID Ae17]% AL o] WHale] SR 712 o)
g FAEA Ym AT SjelA hixe] BEAS B
Arel 4= Qo= Aot}

2787 A7l Aol 32 el d FH9| 75E 543
It} 5 217 3|2e] PID Alo)7|2 o7k B2 241
g ATE WA T Aotk oA o=y Al2E]
o F Aol7le FAsA ga SFelA Aozt ZFsshl
e} olFHA RAE AS= PID Aoj7)dlA 0|5kt Fal
X FFo] et olH T WAE AT EA A1) F

Z-]];R)\L‘o,] [e:hnh ) Kol zﬂé.;}_ﬂ /‘\_ﬂu]- 11]017]‘0,] ?l‘;g}‘é—% :E_z}

m& r°"

ey =0, -0 ®
RALe] 74 Aejal71$1% PID Alo]7] =
uo = k ppeo(t) +k jeg(z)dz +kppe0(t)
+hpoPr+ kg2 + k3

7o) Aol A 7t Wt ope Fele] JAE
Aojstee Sl 94A e oed 2.

Ex = xd — X (5)
FEZ 3 pDAo)7 )=
e = kpex(£) + k,, [edt)dt + kp,éx(t)
+kp patk, @s+kp do

©

AnH oz A7 Azge) Ao} 4Ye e Bk



Journal of Control, Automation, and Systems Engineering Vol. 10, No. 10, October, 2004 925

U =us+uo %)

I3 7€ 2% £2 ARls) 9% 47 szw F2E U
Epuict.
2% & Aol 919 AHge 4D T 79 vEkd v

E71E 4= 3k A% 24 ARSSISith AWl AlaR
9] 54 P58 S5 F USRS 2step 7RIS 71wk
3} 2step ©)A7FA] 2abgro] Zol Y¥dEh )l ¥y
s thed 2+ hyperbolic tangent3H-8 AHE31IC)

}\] 2~El

1+ exp(—x)

QA% Ao} AgNE A4S, e9F 23 83
w2 heE WA 2, Selel X Tk 9kl
oz AR wel 247} 12,12, 6740]tt
3. MET s

o7l e Fdvt duElES AMESte AlAE] ApaH|et
o] I8 $1°) online TFHo| 7Fe3teF stk AEWY =

]
HL o3 o] AAsAL
O =k +k,p, +kpo, ©)

kel Alawle] FEEto) £(6,6,0) oW @ ()2 T

kpe+k, [edt+kye=£(6,6,6)-@ 0

ol W AW T ABE ()T o] AT EAPS
2 (192 Aol] BAPTL Gor FHAER UBE
&AL |2 Aznke] ol HH b= £(6,6,6)

o] gJo) A|2=89] inverse dynamicsS 43§},

v=kpe+k, J'edt+kDé an

it

AT Folt BAYSE vhe 2ok

1 2
E=_v 12

(12)% AR el miEs 2AYS £ o 2o
AEL (1A 78 F sleh (10 02RE

of OF ov ov oD
==y —— =) — (13)
ow oOv ow ow ow

o471,

W W g B W,
ow Ow ow ow

a7 A8 £
Fig. 7. Neural network structure.

el T2 (13), (19T o183} s AnelFel AHS
sl vhew o,

Aw(t) = ry%i/v:—v + Aw(t - 1) (15)

w(t + 1) = w(t) + Aw(?) (16)

4. MAY Moi2| StEf0 73

AR E st=glols DSPE TIAK] TMS320C67110]13 FPGA
= Alterate] APEXIT EP20K300EQC240°1™, 19 8%} o]
A=A

|
i

!

ol signal

713 8. DSP-FPGA 217 A0)7] AJ28 AR,
Fig. 8. Neural network control hardware.

1v. &8 &1}

2yl 283 IR A AL o83l DSPS} FPGAS
o] &3 ¥4 AMojr)e) e AFIITh &b 2R A
<, 2ol Hzg ARINE AAdste] 2] Ao AHE
shelatiey. T2l JxAL Alade] g Gk Zes}
AHE FAl Alefsts A4S skt
1. 271 22 A28

250 FRAE A WA vt B9 1% 99 7ol



926

Base Coordinate

a7 9. &k 2R AxA Ao
Fig. 9. Robot hand coordinates.

% 2 DHWF
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1 0 37.5 90 62

Fingerl 2 25 0 0 55
3 25 0 0 55

1 120 375 90 62

Finger2 2 -25 0 0 55
3 25 0 0 55

1 240 375 90 62

Finger3 2 -25 0 0 55
3 25 0 0 55
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Fig. 13. Inverted pendulum system.
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