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Abstract

A design method of fuzzy control system of combine cylinder based on VHDL and FPGA was
proposed. With the fuzzy logic toolbox of Matlab, the fuzzy inference rules and the algorithm
architecture of cylinder were constructed. According to top-down mode, the VHDL modular design of
the controller was carried out. Time simulation and function simulation of the fuzzy controller were
proceeding on MAX + PLUSII, and the design was realized. The results indicate that FPGA
implementation of fuzzy control about combine cylinder has many advantages, such as timing test is
convenient, inference speed is high, design modification is agile, and system integration is great. It is

an efficient method to implement intelligent control strategy.
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Fig.1 Structure of fuzzy control system in cylinder

R 1 PALR R AN

Tab.1 Control regulation of cylinder

C

NB NM NS 70 PS PM PB

NB PB PB PB PB PM PS 70
NM PB PB PB PM PS 70 70
NS PB PM PS PS 70 NS NS
70 PM PS 70 70 70 NS NM
PS PS pPS 70 NS NS NM NB
PM 70 70 NS NM NB NB NB
PB 70 NS NM NB NB NB NB

2.2 MR RSHEISERRRER

A1 bR 7E Matlab BSOS 48 T HAR 57
WA WA USR8 R SR B R 58, A 2 Frs,
HRR S s 5 L 1oz S RISOR) S ke ) oRe A
W2 & /s 5 Max-min A L FEO DY
i RN WA , SRR il 2, U3k 2 R

R kLA Zﬁ{kﬁx
;é}é F U 1t
RN

B2 Bk R e R 5

Fig.2 Fuzzy inference system of cylinder
3 MALREE#EHIEE VHDL IE51&7t

VHDL &5 S8 A T F /2 AT i,
RERE X BT SR HE AT 02 1 R A B AR A2 1]



%5 45 HET FPGA MG ORI UL fE O 47 i R 48 85

557
®2 RACRE RS
Tab.2 Fuzzy logic control of cylinder
C

E

-6 -5-4-3-2-10 1 2 3 4 5 6
-6 5 5 5 5 5 5 5 4 4 3 2 1 0
-55 5 5 5 5 4 4 3 3 2 1 1 0
-4 5 5 5 5 5 4 4 3 2 1 0 0 0
-35 4 4 3 3 3 3 2 1 0 0 0 0
-25 4 4 3 2 2 2 1 0 -1-2-2-2
-1 4 3 3 2 1 1 1 1 0 -1-2-3-3
0 4 3 2 1 0 0 0 0 0 -1-2-3-4
1 3 3 2 1 0 -1 -1-1-1-2-3-3 -4
2 2 2 2 1 0 -1-2-2-2-3-4-4-5
31 1 1 0 -1-2-3-3-3-3-4-4-5
4 0 0 O -1 -2-3 -4 -4-5-5-5-5-5
5 0 -1 -1-2-3-3-4-4-5-5-5-5-5
6 0 -1 -2-3-4-4-5-5-5-5-5-5-5

PR A G Z 2R AR B R BEH IE
4507, 78 FPGA | 52 BBRLIA 7 B0 2 )
i, HUZ R G 3 iR, CLK Sy 2 R o, & 3
SRR G AW B, I ELAR LR JZ A5 BBk i ) 2
TR, DT AR 5 Z T G MR A A
FELE i F N SEPRR AT 5 o WA WORALIE

WATHESR L ; OUTPUT RS WORMLAY SEBRAT i 34
BE o ITRUZSCHFRT LA Y, SO P il de 45 4 A~F
By, B 2 55 4b AT He (SUB) | 155 M 1 55
(MOHUHUA) A5 4 #E FEASE e (FIM) | 45 il 1 A= A
Bt (KONGZHILIANG) .
3.1 EEALEELR(SUB)

12 A4 PR B PR R 7 A AR TR 5 A e B TR 25
5 E AR ERGES Co WA MEE R CHN
100 rad /s, 2833 A/D BHs , B EURS o —#EHIC
i GRS AT A/D G, BHEUL 8 17
THERIAES Fo B TR R G SR 2E R 4 (E
FISEBRE, O T AR R LLAE S T AR SR
RIS . FERTBIME S VR T, S 40 17 9 4 301
KN BR G IR B BUE I 2 /N B 15 B 22 0 7F
1,75 500 BO SRR o 6 — AN Bh /R
i, Fr 3 A7 B R 2 (8 5 2 i 22 (H 4T T A5 B0
R A RR AR AR5 CO FRom . Mk
R EHE S, F VHDL 5 5 2517 il iR H7E MAX
+PLUSIL P& F &5 B AT DI Re B UE, 0 B BB E
e 4 fis
3.2 SRR (MOHUHUA)

BRI A AR R ) P AR VR 8 M iR 25 E M
R C A T RO LA B, AT
4 FGPA %R & S 2 ROk (eS8 AL 3 |,

: MOHUHUA
—{E
—{C ELUNYU
—CLK  CLUNYU
EO
co
[i; ................... — L RIGHIANG
— ELUNYU Up—Vu (OUTPUT ... ..
—{CLUNYU UOf—=——— U0 OUTPUT ==r———T— OUIPUT :
g — CLK 4
....................................... s |
E— z

B3 BRCIR ST il e TR AR

Fig.3 Top module of controller about cylinder

Ref 10.0ns f lefe] Time |246.0ns E Interval {246.0ns
1 100ns 2(?0ns 300ns 400ns 500ns 6QOns 700ns 800ns 900ns
s N s N s L e L e e e e e e e
A2 & 3 & 4 & S5 X 6 f 7 % 8 { 9
i 4 ¥os H 6 H 7 ¥ 1 M 2 H 3 Y20
2 X 5 {
0 ¥ 2 3 0 3 7 H 0
E

i

E 4 iz AP WY
Fig.4 Simulation of SUB module



86 Y A1 R G 20009 4F
WAL ¥ Kp Ke HIER AR 2ZE iRz B3 ®3 EMULIRIR
LTRGBS A S IA R, 1R2E E M Tab.3  Fuzzification table
AR C e 4 7 Z A RIR e EO(CO) E(O) i ELUNYU(CLUNYU)
MRS, 1558 0,705 R 1R =07 W BUE A, 0 00000000~ 00000001 0000
FR 0~ 6, WIEAHEHIREM E fiREMGY 0 00000001 ~ 00000011 0001
EO MbF 5 iy 22 84 C HAZB RS CO, 0 00000011 ~00000101 0010
FEIE I gE AT R AL, L6 56 RN 3 FfaR. 0 00000101~ 00000111 0011
& 3Rzt e MAX + PLUSII JF & °F- & 3 RE{) 0 00000111 ~00001001 0100
HA, 0 00001001 —00001011 0101

MOTEPIEE LAl AL, S EO A 1, E iR 0 00001011~ 11111111 0110
S5O0 B — 3k 00000101) , 7 CLK _ETH#T 1R AT, 1 00000000~ 00000001 1000
ELUNYU i 10006 i — 32k 1010), 5% 2 1 00000001 ~ 00000011 1001
HIEAR AT & 1 00000011~ 00000101 1010
3.3 EREEER (FIM) 1 00000101 ~00000111 1011

R 41 B B (1) 1 2 52 BASOR 42 il 2= 14 2y 1 00000111 ~00001001 1100

e, FERPOME KR 2.3, BEHL A iy Al VR 1 f
FEVR2E R 2253 BIAE HAB B X B A B,
HORBA WORBILA T 2E 28 B 1 5 i, O T 5 Sk
QL I = = DA A Al Y SN S =2 VA
HUO it o F i R 4538 R H “case. . when” 24
4,76 MAX + PULSII F & b4k 505, e
K6 s

SPMTIE R, 24 ELUNYU & 14( 3N 1110,

1

1

00001001 ~00001011
00001011 ~11111111

1101
1110

IR 1, R 080 BUE AL 110) , BRI R T-45
flFsH E A —6,CLUNYU 2 %1%7F 0,1,2,3,4,
5,6, 132 T EE PR T w0 5,4,4,3,2,1,0,
A UO Ry 1, 3R AT 3F 3 B2 ] 15 1t 342 17
{H, X gl FE w80,

| Interval 3 197.0ns l
IQOns 200ns BQOns 4Q0ns SQOHS 609ns 7Q0ns 80)0115 9001}5
! | E
E |
7 H L R R O i1 X3
3 J 5 6 L Yoy 1% 15 ¥ 16§18
- CLK | 0 [ S I e I S e e N R
ELUNYU (DO} 0 ¥ 10 & 11 HEREE E ¢ 6 ¥ 14
HCLUNYU IDO{ 0 4% 8 f 9 ¥ 10 X 3 ¥ 4y X 14 §
BlS BRI Hor
Fig.5 Simulation of MOHUHUA module
Ref [4] Time ;224.0ns i Interval {224.0ns
100ns 200ns 300ns 400ns 500ns 600ns 700ns 800ns 900ns
i 12
0 %L1 ¥ 2% 3 ¥4 %5 ¥ 6 %9 ¥10 %11 £12 4% 13 £14 4 0 4 1 {2 43 & 4
RSB ERER R EREE D S 5 R RN BN R

Bl 6 BOMIHEEEE H Y
Fig.6  Simulation of FIM module

3.4 EHEAERNER(KONGZHILIANG)
ORI ey S 2 B B ORI T 1 R

T AR E AR RISORLAT HE R R AR

BB A P A AR i 22 i ok B 5 o, AE AT

BOE (LAY HEA b AT S5 B s il i . Bl
PHUATHER B BE M o R 1 om/s'S) AR SEROH HfE 38
WY o U B, R il . then” 451y, L5
PR RN s B 1 AT, AR ROR A



FTH

%5 45 HET FPGA MG ORI UL fE O 47 i R 48

87

RS E AT — LI T Ky, 0 7154 FPGA %
U5, i b g 5 T TEAT R, i R4S T BROR rh 254 [ S Y
AT % TR RO 2% Z AME B AT
PR S EA NP K 17Ky 15, B v %F 6 m/s.
KIS VHDL AU, 40 F

library ieee;

use ieee. std_ logic_ 1164. all;

use ieee. std  logic - unsigned. all;

entity kongzhiliang is

port(U:in std_ logic_ vector(3 downto 0) ;

UO:in bit; CLK:in std _ logic;

V:in std_ logic_ vector(3 downto 0);

OUTPUT :out std_ logic_ vector(3 downto 0) ) ;

end kongzhiliang;

architecture kzl _ art of kongzhiliang is

process( clk)

begin

if CLK event and CLK="1" then
if UO="1" then

OUTPUT< =U+V;

else OUTPUTK =V - U;

end if;

end if;

end process;

end kzl _ art;
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