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Development of FPGA-based logic controller for a kind of
posture aligning system of rigid bodies

HE Dan-qing, LI Jiang-xiong
(Department of Mechanical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: In order to solve the problems of logic controlling in large components posture alignment system, such as the reliability of drive cir-
cuit, the stability of hydraulic and pneumatic, the error handling of the system, the logic controller based on field programmable gate array
(FPGA) was designed and realized. The configuration design of the controller’s hardware including processor module, input-and-output mod-
ule, power module was focused on. Meanwhile, logical control programming was also realized using VHSIC hardware description language
(VHDL). The application result shows that the logic controller is reliable, easy to maintain, suitable for digital electronic control system of
complex logical relationship.

Key words: posture alignment system; logic controller; field programmable gate array( FPGA) ; VHSIC hardware description language ( VHDL)

N AR AL R s R
0 51 = ARG TR FE RS R R L (655
R s B AR I 5 L eme g BRI PLC BRRIRER SURRI A ALK
RS IR R R sz T gL IS TR AR 5T AR R A S A
R W B RS R et 7= T RPERIREA AT RAOEK
S R B 35 0T IL T R R B DA e g ARG AR L XTI AR 5 T
%%:?é%@ra@ﬁﬁ%??ﬁ_é/\ﬁ%%o FH:‘F[;JU&IK%B,{L-FRTJA *g/J\ﬂ-E\-ﬁﬂﬁﬁﬁﬁj‘ﬁ%ﬂ%%'@E@Eiﬁ%%ﬂ%&o -iz
KA A ISR (208 L TRy T TEWARL FPCACILS AT AR BETTRERL) T AL TRS i i
BT AR EN T2 W fe g sy POR PRSP BOCIRXT 2 A7EL 6 1S A
T2 5B CE, RYh AR IR A L S Y 7T 5 T A T A5 T S R 5 R AT B | AR T B | R0

Ve AR TS AR S R R Ay R A TR,

W Fs HER.2010 -12 - 15
YEE B AT AFH (1987 — ), 3B WL S N, F2 NS i R GE VAT & J5 T IIFSE. E-mail: 04jxgehdq@ 163. com
BIEBRERAN ZVLME, B, 20487, 1+ 4 Sl E-mail: ljxiong@ zju. edu. cn


http://www.a-pdf.com/?product-split-demo

<454 - #l H

1 R R G2 A4 I 7oK

IR 2 R G (AN 1 TR ) WP C 45 1 T2 AT 15
=R E A 3 SRR B 5 5 AT
S AEIESTHM 2 MR R E . KRR E
AR R AL SHAT 554« A5 X e L Av i) Z =
PUBTENI X/ Y/ Z ERCK DU s S8 3 5 19 1
AR S PR 1 R BRI 1
ABITHERL AN 1 A LA W BT 5 2% 2Pk T Y
AN B ALY (6 DB Aa AR R 6 A2 e
P s B sl B E A 1 DR BRI 2 MRS
BLABIHLRG RN T A 38 B3R S LA . =2 ) fE
A R G, R0k s T3R5 S T T B S
s SAME s R R G, LT R R S R
45 R 2 Ha fi 22 18 Ry 7 1 45 T2k 15 4 =2 TRl v 2 114
MG, X AT 55 55 DI HE 32 2430 1o 12 4 ol 1 42
A Ay (2R A A% BT R S I Uk
FH o

B 1 KIRREZERG R s R
1—=Z 2 AHE LR 2—RABHFE;3—HHREER
E;4—RI4K

ARG AR R AL B Z R AL BUE T2
BT, T LRI Z 45 i 2 4xis AT, JF e 5
% TE B 5 A DU B Ab BRI , B ORI R G A
NI MBS BIRF AT A — 2
T FPGA By A 4%, 58 A Pl 2 i S B k2
RS

2 WA 2 R e A5

WHMER RGN 1 & PC MY Euh, £
1 PLC Sy Al s T LA 1 3 PLC g 23k, £ 6 PLC
Sy WA, LR DCS (Sl R 40 ) masifl' ™ o iesh,
SIEMENS SIMOTION iz gl 45 il 32 85 42 i) S T. 2 4%
il T BE 4R T — A%, Dy AR AL Bt T 58 Y A Bk

YIE

T Vi 028 &
L
frgsifss | PCHiA ouT > IN - :
s O g |
IN e — OUT
................... =i
P mfesk | £
o s | JSTIRSISSRNY
A

beeL 5T Slice /O PR mahpshiE R

2 RIS R G L

BT = AR bR E O AR BB T T SR R G
ZHHER RS B RN IR RGP, 255
R URPE I R e B B, i WA 22 R e 45 1
SEAANIE 2 P (o0 YRR AR A T A R A
RZIE LI IR IE R, it SyngNet Bl B 240K
Xt 45 A~ Danaher HALSC B 2l [7] 4012 s # il . 25
o] i e A R 6 R A i A R S BT
BERGE ARG M 5 7], 3@ i Slice 170
BRI % SRSl HL 14 S PR A

3 RGBT S

3.1 BEEHI SRR AL

FPGA J&—Ph 4 i BEAR e 9 nl 4 #2282 1F, &
R B ] R ol A B 1 BE S R AR — FE R 5 1T
LA T RE Y o AR AT 24, BB W] 5 3
AP S RE A A B BE T EL e iR T PLC R FF
W BTt S . EE IR INE
il e TR0 RAAE T % A s ] B0 S P AR A T
T IR S B GER BT 7 3K, a2 B 7 1 5 B 45 44
WK 3 FroR o %2 P fr AL 45 FPGA St A | AL Y5
B i A/ BRI A7 A A R I RER FA £ ]
g,

LA bR
LR

Ny
[ 42k [~

| inmfs. mac |

K3 iR A




54

[ P15 55 T FPGA FYRIATE 4 R 408 B4l 28T & - 455 -

3.2 FBINEEIERAYIEER

TG T B A 4 T A A A 2 G e R AR R
RGP TR Rt T B A
3.2.1 F#EHBAA4E5

M Tzl as E LT R RN EHEEH, FEH
ik B Xilinx 24 &) A 7= 0 0 3 F & 1 Re N A 0
Virtex 5 &5 (1) FPGA 5 Fr o 5 B3] 32 ¥ % G 80 ]
L/O B0 RS IR B 25 25 1, 66 F 324 41K
() XC5VLX30-1FF3241,

R FPGA 16 [ B8 Yoh ic & T = sl A7 25
A LSRR ELIE A X0 A  (HR I L AP I fE
FEWTHL 2 J5 R P Rt 2 0%, T LA 400 55 A L — A
PROM SR AEfifid il a5 1) 2 4B P2 )Y o X BRI T AERT,
FPGA $t&E M & PROM i (A2 e, Se 8l T AR F 1Y
Ffk, K K$E @ T B )F & 4, XCFO8P ) N,
( Program/erase cycles) i5 %] T 20 000 %, REA SR
HoH 20 A0 R R G A I ER . MRS T e 1Y
FPGA 55, 22 [ 354 2 R B2 25, R Fl XCFO8PFS-
48C 1B N Z 5§45 1Y) PROM,
3.2.2 WwIRAMR

ARG EHAE RO &A 24 V.S VIFRHTE, A
TR SRR £ X2 A o #4  BRE e), R FH R R A
B 45 FPGA 1 PROM 243k e fa 2 v A s vl S
CER/

XC5VLX30-1FF3241 {1 170 fitei R 3.3 VD, % &
PLAERELYE R 24 V, SR IT (1) PWB2403CS-1W6 H i
B, WAL 1 VD s A B iR 2.5 VD,
TEFH R 25T IR A R TPS62040 e SE

XCFOSPFS48C fib e Ay 1.8 VD, 1 FH 25 4% i 4k Pk
Fa R HIE TPS79318
3.2.3 I/O(dAN/#rsh ) B3k

FPGA iy A\ /%y th AL B Sy 38 8 42 i) 2 1 A0 8 B 855
WAF A ME B UL IE . X BN 1145 R [R] A8 15 A5
2, B SR i A i A 5 8 X8 Ry 1) 3 A AR
T EYATIE , JF I WL fE VHDL )7 b, HAR TR
S, TESTFCAE R A IR, — e E X — M 170 [
SRR I (AR ) BORTR S

B SICHE AF 5 G BG5S, X (E 5
ZtE AL Z 5, B B FPGA RS PUNINE S . A
T A B S AR 1 A% e 3 i o o B T
A BIER RS TLPS21

gy AT VE 24 FPGA (0% {5 S48 thl 52 4
XFG . WSRO Z N G 22 0 P i I Ak L 2R 52
A, 3 BLBE L A BLE - TPST101PWR,,

3.2.4 A AEEH

W E RS T B R 48 A1 PC HLZ [ A9 {5 B
MBI L . RAVERERRE 1) CY68013A Ji5 Jy 5L
T USB 842 1 094" g, HL M 60 i 3000 A i
Reve ik 7 FHAY RS-232 38 {545 1 Ly i 508 (L iE
B AN

[RIET, XC5VLX30-1FF3241 SR T JTAG fx A7
AR, PR ErRe T % T B9 I 17 [A) 11 TAP (Test Ac-
cess Port) , i1 JTAG I3 T H X6 PR s b4 703k
JTAG 2 F a2 I 38 a4 1l 25 %) 187 B e 2 ) T B
3.2.5 K F AR ELR

ZRHAE FPGA Hf 3 T 87 i e B E
TR 2 RE 5 #E A FPGA 2 )5 1Y 78 4 45 HoAth 7]
A, MR E R G R HI K, ] OSC &R 91 43
120 MHz i fdR
3.3 BEEHNRGESHR

RGN AT AR R T LAz 5 TR i 12
YEMEZ A1, i 25175 P 3 S RO, 3 2 T Al S
FR R G WX G0 ARSI DG . BARP N
BT WD R W R AR A R T
YEFE D) BRI TAE R ) T2 i A5 B AL R 1
PR

2 ) R A AR R 2 A 1) 10 45 P A5 1 S 80, X TRtk
SHATHIWT SRS IR HRAEFE S, 455 22 48 LR A SE )
IR AE IR, A TR B EHR 4. Y BLIR
L SR BT, AR A TR AR R e 5%, DABEIR
BRI Yl e HE BR 22 J5 2 i R A e A 22 1F
WIBAT . FRHRIEE R G T B8 A il (1) SEPRAR O S 2
sk, Hps R A S BN A 4 R

[ bugiate |
TR
HIE 1 LIPS

BT
TP NULL

[t e F———

v ¥
[waniem | [ s |

EEAREETSE

Pl 4 SR o P A A R



. 456 - HL L,

™ % %28 &

Wi A2 B VHDL( VHSIC Hardware Descrip-
tion Language ) 355 RS, VHDL 3 5 & 48 i s 4R A%
FL BB AR T 5 A TRTAR , 2 — ) 32 118 18 P s 1 £
PR iE S HARSAE T A SEP kS, T A1 i1t
BABFRAERE S, A R PEREIAL BE ) 5™
W OREERE, b AL T . MR R R 52
PR A BT EEOE 2 A K 1 i, ] VHDL i
BRI AR T ™ R & D e
P, ot L 1/0 MY RS BAK D BE, g i 46
FURFEATHE IR AR Y HEA T IO B, A2 R D) R 52 B
PG B AR 7 5 B P I 255 DL A0 R A JR A 25
XIREFF AT G 05 B, HERR BT D e 5 8 5 R 0T 14k, K
BT VHDL FE 7 T #%) PROM

4 PiES%R

ARATLNZ RGPS 8 e B TR AU RGBT |
AT R 2 D R B 2 SR P AR O DI BE o U
FR G T T P WO A B TR B R, DT A
PR 1400 B R Bl o0 K T2 9 T A 5 o T e e 2 9
JR TR 1] i A TEOR B B, AT 91 3% T P A R ke 22
[ EESE T (i 2 e e RO 1oL TR SRR T 5
B S B A A R, 2 A B E
IR, e g b R AT, AR ) P R A 1) 1)) A, 4 K T
WAL 5 YA 1] S mP s A i W I, B 1k R S8 T Ty ad R, 7
BURHUM AL T TARIRES =, 51 1 59 B al LARE 4545
6] fg 8 ) , AT S 50 B I

0100 175.000ms+ - +1+ 3007+ 1+ <400+ <1+ 500+~ 1+ B00+ 110

A v

.
B S [ I S |
1 1
1 1

Name Value

Nlela s wnae
@
N
ococoooo—-o

[
1T 1
qu—
| ]
qu—
=

DUT/unlock

5 BB TRREREEHA
clk—BF 4045 5 s A2—iRk R4 R 48 A5 5 AS— MR Bl aE A1
5 Bl—E AR R EARE S B2— LR 4K K 3 412 5 B3 —
0, B R R AR A 5

R sliole BT AR I B RE AN < AR — AR bR e fir
AR N RIATUE AL B 25, TR 4 1A shs & fi
SR TARHED ST BB, SR A 02 e A B e
7, PR A U RGEWUR L. HBUR R TR %
SEAS I, o TR AR G R ke A A i D, 2 A
HSET O A RO R I AR IRy AT A% 5
AL R A I as AT R P i Y
PRI P A AL M RS DI RE TR, AP U AR 45

MR IERPE " o B AR 5 FTR

MR L3R LA WIS 00 2 B8 47 ol 2 A L AR E it
S B s B TR RGN TAES R T
FLT FPGA B2 B4 i 4 O RE (RS540 P, IR FL
TR ZE RS

5 ZEgiE

AT RS F WAL AT B R R S, Bt T4
ISR AS SR 4 AR R A5, T K T FPGA
R EER 8, B HIIE T IZ0Z BAE H 45 O BE R 25 F i
THAIET VHDL (8 SE BT ik il R WA T A 2R
ARG EET FPGA (2 4% HAT LUF AR OFE
SRR I, o5z 18] /0N, By A B A8 S B P
@ HATHR SR A LRI R 5 (32 F47 1] it B 7 FP-
GA &R TSI, el b T AN R B 0 S 2R AR T 3¢
HIFRISA G4 A, M4kl T it IT & A @F
RO SE G R HIAT 55 , BT iy T et

2 2 3k ( References) :

[1] SUN Kang, SONG Yan-min, FENG Guo-chuan. The Appli-
cation of the Fuzzy Controller based on PLC in Sewage Dis-
posal System[ C]//2009 International Conference on Artifi-
cial Intelligence and Computational Intelligence. Shanghai:
[s.n. ],2009:154-158.

(2] BEAR,ZE L, BER.ZET PLC 42 B i 2k ik 6
PURL SRR R GE T ] K% 58 K241z, 2009,30(5) -
15-18.

[3] HU Hao-ren, WU Jia-ni, ZHANG Fei. Hardware Design of
Independent Experimental Platform based on FPGA[ C]//
2010 2nd International Conference on Communication Sys-
tems, Networks and Applications. Hongkong: [ s. n. ],
2010.44-47.

[4] ABU-KHUDHAIR A, MURESAN R, YANG S X. FPGA
based Real-time Adaptive Fuzzy Logic Controller[ C]//2010
IEEE International Conference on Automation and Logistics.
Hongkong: [s.n. ],2010:539-544.

(5] F  FI,ZEfmde. 5T FPGA (RASTH 1% S 4 il 2% 0 B {45
BT]. ¥ TR ,2004,11(1) .34-35.

(6] T H,HiA0%, THR. FET FPGA #Y ey i B dhs 1% o
FrEEfIA BT[], i AR, 2008 ,31(3) :845-848.

(7] L, ®&#k. T VHDL [ FPGA JF & [ M]. Jb
A0 N RHRH A, 2009.

[8] ZHANG Nian, KAMDEM R, OSOSANYA E, et al. VHDL
Implementation of the Hybrid Fuzzy Logic Controllers with
FPGA[ C]//Proceedings of 2010 International Conference on
Intelligent Control and Information Processing. Dalian: [s.
n. ],2010.5-10.

[9] 8K AN, 5K 8%, Altium Designer 584 Hi, 1% 1% 1—FPGA
T LML b RSB H Y ek, 2009.

[10] R 7,8 JF I il o8 T &2 A r

ST AN ,2007,28 (8 ) :1486-1491.

(45 ]



