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An Implementation of Fuzzy Logic Controller on the
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ABSTRACT

This paper concems an implementation of fuzzy logic controller (FLC) on a reconfigurable FPGA system.
In this proposed implementation method, the FLC is partitioned into many temporally-independent modules
and each module is implemented independently in advance. Then, a run-time reconfiguration method is used
to allocate a necessary module at run-time. This implementation method is effective when the FLC can not
be included in the FPGA due to the limitation of constituent cells. The implementation of each module
consists of several processes such as VHDL description, FPGA synthesis, optimization, placement and
routing. After these processes, cach module becomes a downloadable hardware object that will be called to
configure the FPGA for the FLC. The proposed implementation method is tested by implementing the FLC
for the truck backer-upper control on the VCC's EVC-1 reconfigurable FPGA board directly.
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Table 1. Utilization ratio of FPGA elements in each module

Min Inference Max Coarse Fine
CLBs 308(53%) 196(34%) 353(61%) 510(88%) 362(62%)
F/Fs 249(21%) 149(12%) 253(21%) 294(25%) 185(16%;)
/O pins 102(63%) 102(63%) 102(63%) 102(63%) 102(63%)
FLC Experiment Environment
loading dock Component
(=10, l’ﬂ” ¥ Crntral apr UUT(Un1t Under Test) Conteat ntpir
T | (GRS LI ey Loge oo (L CrE2Pa080)
|
‘ Process
- Frocess output Modal Car Dynamics _Process input
( | {using Math package) i
i | .
! F{e>0)
I ontinue. Curren
I e apnue. Fosmon
x=0 x=20 Stop: Process W
a3 7. 23 E'Lfiﬂr Zake) 913
Fig. 7. A model truck and loading dock
38 8 Bl $31 F3 Ao ] 87
Fig. 8. Experimental environment for the truck backer-upper
el QEjFo) s Hio] MZ Tdatur ds A7t control problem

of FEHOR ATl 7FsE FPGA NS AHE
she 4% A AR Y 4 ode Rl stk

5. 48 ¥ Zot 24

ey Fa BA9] e rhedh we, 2eial At
s EEE FapA7le lold, of Ealle 71 Ao
ZlEEs 7] 98 AR} Y Aol Az
FLCW *lﬁ“‘ 715 ARgste] Aojslzel] Hat
tHi6]. 2¥ 72 E# Fab o] HAlor AL
e Fae] fAE BolFEh X A= (v

y, ol o8l A o, o7jelA o= EF
uraka) yE ke Zhmo|H, E?ﬂﬁl 27 F3 Aoj=
oo AE2 & 7he| Z4eql ool o8l A4 E
Ho| Fols 5 H&Xéﬂ% olge} 7ol Lefjof
ZTh[16]

x(t+ 1) =x(t) + cos{g(t) + K] +sin[A1) +
We+1)=p(0) + sin[@() + &1)] —sin[&7) -
o +1) = @) - sin ' 2sin( &1)/b))

sin[@(1))
sin{¢(7)]
(1

o714 iz EEe] oo,
2 3ot

29 g2 @ 9% Alol7|S
Zﬂoﬂ A Agd o s A
A o)tk 3714 H72] A7)

%eﬂo}

641

AHE E3] EVCI BT 18E AL ehfa,
A4 7FeSE FPGA AR €] J*Ol olefl -2l
oo Edo A (1) o8l 3k shie] Zgda
s AE A= TA}EM elelo] 3 Ao
18 (x, v, o7} HR AloJ7]o} 7BsliAH EVCIl R=

O H

H

Aol Hx) Aol7)= Aol Y 3 Alele] mY B
oz yrdc nd Bz o] &4 e tis)
nu =gl 2% v Aol 2) lf— 3l v} Alo]
dE (x, y, 95 ALkt OHH AR B E R
= 9o} 7 A wHo 2 iYdle] py EF
o] 2ol #3E BUHHPSICH

Atgt #A| #Mol/1& B F4 T3} FA) HE
sld ATA 7F58E FPGA Al2=gle] 932 EVCI

BT Aol &3 99} Synopsysite] VHDL A&
glolg] Aol FEE 45, 9ol ddel Cclofol

ola] TES A% 224e] Aol YA A FES
Hz vizs] 98 842 wee] Bglel Yl
A 1,000708](x, gyl e 2] Aol7le) 29
7t Lol WA A

2l A7He Hatsted 2 3
|3k ch Al Synopsysihel

Aske FsetlE
BE A zho] A 107He) 1027l hal A
Fapslo] W A7 Ach. of d@elA Al 7}
Aool that a7l Bl A Zz1e = 4

T
g2 TgshA vlwstz] $18] Synopsys VHDL

& A GRS
VHDL *l&d#|ole] AdollA ]
5
nk
A

o)1=
Py



= wx] 9l Alga)2E ks =54 1999, Vol 9. No. 6

B 2.4 7HA] A e #1A
Table 2. Average fuzzy operation time for three different cases
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