g2l %

HTRHNERRELAR

"
=

1 Vol. 21

2011 4§

an

1

£F ARM #1 FPGA BBE S H.28 A
B RAT R

IRR HIE HER
(EERE LiETESE B ARELER T, LF 200072)

W ENET—HET ARM A FPCA I AR BB RS, R AR KBAEI LB X BB T AT, R—HR AT
PERIFF R R S . FIF ARM MR K AOBE ML S DI AR FPGA ROMRBAE S, U AT BH . S T RGER Ak
L5H) ARM 1 FPGA 2 B (OB 5 83T, T AU th T T Nios 11 B0 AR T BH RS 551 3+, PWM T BB# 7 FPGA |
HEH. BHMRERBRER R CREVRGAG R TR, BWERS LS AN EEGSRERHOER,
ARM 1 FPGA LA LAH 47 BT AL BB , 2.2 16 AT LA LA S , SeBL T R A9 R R o

S : %5 HLAR A 5 35 S04 R 5 ARM;; FPGA ‘

FHES S TR XMFRIZAD A WS :1673-629X{2011)11-0057-04

Research of Service Robot Motion Control System
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Abstract; It introduces a kind of embedded control system based on ARM and FPGA , the system is both flexibile and open which can
operate both in independent and in computer~aided ways. Hardware can be reconfigurable by taking advantage of the powerful data flow
transformation function of ARM and the rapid configuration ability of FPGA. It presents system’ s overall structure ,communication design
between ARM and FPGA, and the embedded reconfigurable bottom control was emphasisly given, PWM function module was realized
on FPGA. The general structure of the system is given, so is the communication design between ARM and FPGA. It emphasises on the
embedded reconfigurable bottom control design based on the Nios II and the realization of PWM functional module on FPGA. The de-
signed system is of high integration and flexibility. Experiments have shown that this system has high reliability and it can meet the re-
quirements of peripheral devices diversity control for the service robot. The ARM and FPGA not only can operate simultaneously in pro-
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cessing data, but also they can communicate mutually, thus realizing the extended applications of the system.

Key words: service robot; motion control system; ARM;FPGA

0 51 §

&P AR AR TREAEREN—TA
A, REAMEE RN EROIEZ— R4
ARG &E, ERRA SRR A TEE IR TE.
AR TEAR SRS EAR AR TRURTRYLR
LEITERIRY . RENBANFREERRA
THEHLERBER SN X, RAXEN TG HA

A B 4 :2011-03-17 ; 4[5} B #:2011-06-21

LA B AEA S RERRE LR % S (SKLS-2009
-MS-10)

EER TRE0987-) 5 WEEB N RS R ABERHFIES
TR BT K, B, 4, R B0, TR RO B A
NEREREHERLE ATEE SRRV SEREL.

B AR . XRER TR AT A AT R A,
HEOABS AL B, BRXREN T RERER
BB T RBRMYENR, T BRI A, X F M
SEATHPLI AN YR — TR AR M4 . B RTBIIE M
BRRABARRL, T —FEE A U ETT,
SOAT AR AL 0 3 L R A TR AP B R R
ﬁ[z,a} . »
B, R BTROT B 45 R B0 B S R R
RLF 250 PR GERS, BT LABL B 0L, A5 °T DA A 5%
BRA AN USRS, XHiRHRGRA
ARM+FPGA MBI S 2, R s S8R A
ARM $# 51 38507 B0 70 D 2B 28 9 4% A BUN R
B R R BR A A ) IIAE IR A, T
B E# FPGA st o] E#IMAL B 8L h RSB K478



.58 - ' HENER SRR

EAuR

Bee . 7 ARM AR RGP RBRE, 5ERAE

BALTR GEE PN BRI SIS 1 FPGA RRA

PR, 3T Niosll LB SR HLME B H,

HATF ARM £ E RO, 7T LR H K F AN

- Ju R

1 R LEEEmigt

R B R 400k A Alter 24 8] 89 FPGA 55 Jr
EP2C20Q2408 F1 = £ /2 & #9 ARM i i S3C2440A £
N REEOFER IS . EP2C20Q2408 R A
FEMZBEIREM /0 B:0,53C2440A 37 FF 32
{ ARM 54 116 {i Thumb 154, A MMU( Memo-
ry Management Unit) , B4 £ 8 MBI O BB LA
LR R E S,

WA 1 FiREGEH S3C2440A TELHARGERK
EE®, BEESESHREMLIE, £ ARM g A

linux %, 7T LA Ak FRLEE o 7 F linux ) FFACREORSE

el 1 AT LAE B ARM 1 FPGA i8R, B
MRS BEN T RTRERE, XS aBEFES .
EEEfES PlE S S E S i E SRR

B4, ARM BN E B MLV IR FPGA, 3F Hi@ i

BAES, LR R, ¥ TARKEAE TR
B PR RIIUF , LI A R RGN THEF
Bt hbE

3 ETFFPGA NATBMESZLHR
REPLERAE SR B84 FPGA L3,
OERAY EE R LT LA RS, R XS — e R SR 15
BRI 54, S B A R R A TS B,
& 2 Bk b FPGA AR BN, T EaRE. 48
223 5T FEAEATT GBS D ORI T 5 B AW
BRI S RTS, EMERETRRAT
Nios IT #% AR E A , ZF SOPC builder #3511 £ PWM
158 1P 8, LIPS s LB AT PWM (5, At ik

HEELG PID Bk Ll e LA RS
SHEITAG
W%
FPGA
JTAG
Nios I Zb7 8% LR

HAZEESH
AR e n0S
s [
H #nCE
EE A ]
ik (5 EnWR
ShEER N
{5 5nRD
E% S3C2440A Bg—n—F FPGA k== SDRAM
‘ H45[0..23] |
B
=1
LCD , ggﬁ*
| HEAMBEARS |

A1 A%EhLH

FPGA FELBLEMEH , I EE RN AR
RS BRI R LR 218 B85 5 KU
AL 3% FPGA W LI AT IRERE, XN REMY KR
$TRMER. CPRITHRELS S ARM 1 FP-
GA MWEA, RERITShEE U1 . G # B8 il
B A BT —MTEYURBI RS, AMUER T
HHLLBX ARM 1 FPGA #9 BR# #1, i BLAT BASK
BN ARG SE R I

2 FPGA #1 ARM ZE[OHKH

F FPGA 1 ARM WH AR R KT AA &
$E¥E AP BSR4, FPGA #1 ARM 2 Rl fY5E
(ERAGREETWRE, RBRAE GBI —4 %
BN TR AG M RIERE, U0 ARM 1 FPGA
BitaEEn.

M |
AR | iG% e 3;5??! : ﬁg&g |
| L] | | | e | |
ﬁg{ ﬁyk ﬁ#& &t& |

o

A t I ‘
1
ARMBARRZ | pg 2P win !

B2 FPGA AT EMIER

3.1 EALETAHE FPGA LR

AL AR LR X BT R, AR R A
BN R, B R AR R R SE I
B ST PWM (55 53 RIA RS, % R BI0L 38
BRI, R PID B Hxt o Bt
FHISE B R BINLEE A S 3. A S BB A
B, XHEE PID ik TR0, RIMEUI B PID 8
eSS |

LS ARSI IEIE 3 R, RFI FPGA X
BB 20 Sh FEBE U, B ISR AR A R AL AL, X
BEA HLAOIEFT LA BB FPCA shil AL P H R I o
5 R, SIS . BRI AL
BURREIHRER, RAR T E RSB E



HE11

EFREL . ET ARM Fl FPGA HIR VLB BB R R AT - 59 .

REARMZ M, WX P BRITHREIEARALE=
RAMRI, BTERRE, ZRAERZH PWM
&% R it P EHEE FPGA ik A PWM 5515 #%
2%, LR = BE SR

Rk BIH R
L'
BahiiE4
v
THEEAER
v
A
LA E AR
+ o B IR [5]
HFPIDIZH.
v
B EPWME
=2
I

B3 aEHFEHAEER
3.2 PWM &84 HRmigit

REN[AKBITHARER, BRILBARREE
B3l , 1 R IE B3 3 2R LB E 2 Al Ik s HLEU K
B PURIAEE . Nios I OB AR PWM B 55, X
B FHRE R R R 15 F (HDL) 3t PWM 3., 31 iF
HBEER AT LB SOPC $f % PWM_IP B, i@ i Aval-
on BZRSLH PWM _IP 4% 55 4b 28 4% 00 ELEX , AT 5 A%
PWM {5 SR,

(1) PWM BB

PWM MR MR FEh = NI EHR:

E%25, ik PWM SHEEE LB E (F458
BRESEA BXLENITD.

D)HEBXMBEN. FHERAREFEEM
HNERAE BAT YRR, X Avalon JAZRHEE O MM )
AT LAE U (8] A7 28 M ELR SEB1

3)Avalon B£R¥ED,

(2)PWM ZEZMHILH,

e 4 s, & PWM (£ 45 B B4 WE, B Avalon
MO EHME S, 5P ¥R (Master clock) ,PWM {554
32 P EER AN 32 M B EE LI R X F A
B BBhIE (Master clock ) iy 32 ALt A8 R4t — 1R
FEHES  BRERR LS WE, BTSSR MiERN
A WIREME, MRS ERIENTETHZE LREME
B PWM A KBV ES, R ERB T Es. A

R EFAHRAREE PWM G5 AR, Y%
F[OHHES TRAMREFESOREE, =L~
BAfES . PR L2 e BRI R R S L0
RIERBE. PWMESHHTUELHERFFRE
i, TR AT IASSE

Clock divide
“register

Avalon Reset
Slave

Enable control | Clock enabls
Port Register '———ﬂ Up Counter

Signals PWM single out

Duty cycle value
Register

B4 PWMuHE844H

BT HHF4HER)S, 7€ SOPC Builder FL BB &
A — N HENEE AL, 8T Avalon S48 LHRY
FARBTA], Avalon BB T LUEFTIEE #1E, 3 H
BAEBRAEMREHERS, REXFSFFEAAT
BRI A stk X3 5 IR

(3)PWM ZhBEAE AR S,

PWM ZhRBAE S &R (4 0 L B EE R X PWM A%
FHEB/OEE , AT PWM 5 M8 H., PWM #
BRI T EAE . PWM B4 L ERF PWM 5
BB E R PWM 4 i 3 SE . PWM {5 53K 3h
ML T &4 SR, X &2 i TR K 288 B E
e Bt & BT HE R e 2, 1 AR, B B
FEX BTSRRI ik B 7E PWM {555 H 2 A1 8 B S it
B, XA TRERRHRE, BB THK
ESia
3.3 BT Nios HEAREZNEELERTR

Nios II #ik ARNEK B AL HEBS 2 Altera 23 ] 958 — A
32 fi RISC ## ANAbBHEE, B & F FPGA 32441 CPU
W, FVERE W 35 B 200DMIPS, 7E Sns 59 R AT LA
ERAHIEL  BABAETER MR, B
BHYRLG. RBERSHORLEBYERFHREETR
BEFHRIT U ZEA R AL EASThEE; A icE
RURARGEHNHRBMARTURETEABRIRSEN
RE. BEH MRS VL AFFREK, 7E SOPC Build-
er HEREHKBIED .

Br & AT, o] LA 4 F Nios I EBAL B4 B 1Y
PRESNEIR &, AT AGE AT B S RT SRR &, W
PLER A R 6l FH B A8 A 170 #: 00 .SDRAM #4)
2 WA SEE TIRESNERE ERRE T AT
WISMEI B2 EE R PWM 55 74 A BB, Nios
1T SR AL 38 88 6 F Avalon 28 58 BUXT 51 B L & 9 T
[, Avalon LR —4HEXWESHBR, B—#S
BALE O B4R, 7658 i SOPC Builder FF X THAEE
FORBT AT L B B4R, Avalon A R BEY



- 60 - HRNERS R

B2 %

4 LR

% TWIFZE T FPGA 1 ARM AR5 HLEE N iB
SR RS, WA TS EAIEA L, ARM
BARRZEARLBEKEET SR, BT IR
%" T Nios Il BB A FPGA Al EH RLESL
PR AL ), A A I V%, ARM Fil FP-
GA ZBILA R M T LB R 4 BBk, FPGA [RMLER
ANHERE B, ARM AR R GAR I8 IR 5 SR B 40H T
KOBESARBEGER, SR THRAER B, @
VHEHLEED ARM #1 FPGA iR, IR R BT 5T i
B,

B 5 B @t i E LS S LR BT 2
HEPEREILS AB TSR, MRV AR
WHOLEGE , HLEBAM A SGEE] B RN BB AT LAE
HEHLE R B L AP R BRAL I T &
B4k 7258 B B AR A, W R TT DUE HPLAS NGB 1T 8K
KT R, X B T RS RIFHREHE,

A pa— T .
oo O o o\ [
O O 0 0
I _ Ol _
A —_ A
‘l. 1 ] —L 1]
BS #HEANBEMNBAETERER

5 4RI

XA T —F T ARM H FPGA miHl48 Az
SR E AR T R CE, A A ARM REZ B AL
BB 7, hREAR S5 4% 51, LA K FPGA (378 vl E M H: R
B aeS, LB T YL AR Zas shatl , 8 im T

MAESLETHEES . XPBOITHTRER T RIHTE
BB, ShEE B UAL I , o] PR 4L T BT 2
BRLRE TR, AR TR T E
Fl, BB KBBIRRI T REM AT HH,

BEIM

(1] BER, % Wk, %k 91.% ERERIBAREKIM]
Jbg s AL, 2009,

(2] # %@ & %05 ,% BT SOPC Y PCLEFEOR
THEERI]. AR 5 KR ,2009,19(9) :211-214.

(3] Sksfl,ZBEIK,H M,%. BT ARM+FPGA My
(1], A FHA ,2010(1) :195-197.

[4] MBX%E. ARM 5 FPGA L2 &EIH RMA[M]. dbxt:hER
71 R4t ,2008.

[5] %= #i,RUE, KM 2T ARM M FPCA WHl#E A2
SRR LRI T EVH R 5#EH,2007,15(9):
1172-1173.

[6] ¥3 B2l 3T FPGA I ARMY 5 PC/104 B4 800
BB HREHEEAR 5K R ,2009,19(3) :182-184.

[7] #ARE. BHEE, BTH. BT FPCA #9 X AR ylEH
REBA[J]. Bt BHLE R ,2008,24(32) : 220-221.

(8] TVEMEME, WRA. I Niosll ik ANEKH LB RoboCup 7Y
HERPLBAWREERMT]. UREAR,2009(5):33-
36.

[9] Sk R. BT NIOSUHREMBIVBABHBHHRY
SHID]. 22 2 MMT K% ,2009.

[10] Z=Je22. Niso I ik A HH SOPC $it R R A [ M].
Jbgt AL LR KCE MR, 2006.

[11] BRR4E, 7 18,738, BF ARM Ml FPGA |/ BB/NE
BHERGET]. AR THAR,2010(16) :59-62.

{12] Hui Xiaowei,Shen Qinglei,Miao Changyun. Acquisition Board
Design of High—speed Image Dala Based on ARM and FPGA
[C]//ICCDA. [s.1. ]:[s.n. ],2010:374-376.

B e e S B S S S T e S s e S T S ey

(Liegs6 @)

Based WLANs[ C]//In; Proc. of Second International Con-
ference on Quality of Service in Heterogeneous Wired/ Wire-
less Networks. Lake Vista,FL,USA;[s. n. ],2005.10~22.

[10] Wang Chiapin, Liang Kueihsiang. A Cognitive Approach to A-
chieve Fair Uplink and Downlink Utilities in Wireless Net-
works[ C]//In; Proc. of International Conference on Compu-
tational Science and Engineering. Vancouver, BC, Canada: [s.
n. 1,2009:22-28.

[11] Yoo J,Luo Haiyun, Kim Chong~Kwon. Joint uplink/downlink
opportunistic scheduling for Wi-Fi WLANs [ J]. Computer
Communications ,2008 ,31(14) :3372-3383.

{12] Wu Yi,Niu Zhisheng,Zheng Junli. Upstream/Downstream Un-
fairness Issue of TCP over Wireless LANs with Per — flow
Queueing{ C]//In: Proc. of IEEE International Conference

on Communications. Seoul ,South Korea: [ s. n. ],2005.

[13] Siwamogsatham S. Achieving Uplink/Downlink Fairness in
WLANs via Multiple Backoff Timers[ C]//In; Proc. of 10th
International Conference on Advanced Communication Tech-
nology. Gangwon—Do, South Korea: [ s. n. ],2008.

{14] Lin Xiaoyang,Chang Xiaolin, Muppala ] K. VQ-RED; An Ef-
ficient Virtual Queue Management Approach to Improve Fair-
ness in Infrastructure WLAN{ C]//In;: Proc. of IEEE Confer-
ence on Local Computer Networks. Sydney, NSW, Australia;
[s.n. ],2005.

[15] Blefari-Melazzi N, Detti A, Habib I, et al. TCP Fairness Issues
in IEEE 802. 11 Networks: Problem Analysis and Solutions
Based on Rate Control [ J]. IEEE Transactions on Wireless
Communications 2007 ,6(4) :1346~-1355.



