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Development of Embedded Real-time System on FPGA

Using MicroBlaze and MicroC/OS-1I
Mr. Pinnapong Silpsakulsuk 47010517
Asst. Prof. Apinetr Unakul Advisor

Academic Year 2007

ABSTRACT

In recent years, agile and reprogrammable hardware has become an important requirements in
embedded system development. However, the there are limited resources with steep learning curve. In this
project we introduced an integrated implementation of highly agile solution on FPGA with soft processor
core using Xilinx MicroBlaze and with RTOS using uC/OS-11. We have developed relevant reference

materials, user manual, and basic component library.
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2.4.6 draunuvan(Event Flags)
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MicroBlaze Verslons

Feature

v2.10a v3.00a v4.00 v5.00 v6.00
Version Status deprecated | deprecated | deprecated | deprecated | preferred
Processor pipeline depth 3 3 3 5 345
On-chip Peripheral Bus (OPB} data side option option option option option
interface
On-chip Peripheral Bus (OPB} instruction oplion . option optioﬁ option opticn
side interface
Local Memory Bus (LMB) data side ﬁpﬁnn .oéﬁon option option option
interface
Local Memory Bus (LMB) instruction side option option option option option
interface :
Hardware barrel shifter option option optien option
Hardware divider oplion _ optio.n' option option
Hardware debug logic _ qptmn opﬁoﬁ- option option
Fast Simplex Link (FSL) interfaces s ":; ' -7 ] : T2 S 07 0-7
Machine status set and clear instructions option | optiorll- " option Yes option
Instruction cache over 10PB interface option option option No No
Data cache over IOPB interface optioh option option No No
Instruction cache over CacheLink (IXCL) - option option option option
intecface » -
Data cache over CacheLink {DXCL) = -~ option- .1 pptio;n; i "oprﬁon: option
interface Co LT S
4 or 8-word cache line on XCL - 4 4. option option
Hardware exception support - option option option option
Pattern compare instructions - - option Yes option
Floating point unit (FPU) - - . option - option option
Disable hardware mul lripiier’l i = 'bp_ﬁon_ Qp.ﬁfdn' option
Hardware debug, readable ESR and EAR a- - Yes : Yes: Yes
Processor Version Register (PYR) -, - - opticn option
Area or speed oplimized - - option
Hardware multiplier 64-bit result - - option
LUT cache memory - - - - option

i. Used m Virtex"™-1] and subsequent families, for saving MUL1S and DSP48 primitives.
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TuTaswaa dn1ssaiSesdavesdeyanduiinuuuiineuAsu(Big-Endian bitreversed) T3
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Byte address
Byte label

Byte significance
Bit label

Bit significance

n n+l n+2 n+3

0 1 2 3
M5SByte LSByte
0 31
MSBit LSBit

3.3 YAA1aa
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e o2

' ¥
LY

ANIAIN

a ad
A1519 3.290Ya5HAI5A

Byte address
Byte label

Byte significance
Bit label

Bit significance

n n+l

0 1
MSByte | LSByte
0 15
MSBit LSBit

¢ 1ad
M3 3.3veyayHpaaviisn

Byte address
Bit label
Bit significance

n
0 7
MSBit LSBit
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o . . 4 o ! = o 14 Ao 4 o o @
T011)0i15UA (destination operand)¥i19d7 a7 3tia B iuilsznou TUdwaoaiiames 1 Auaaamsy

o

aa o a a 4 [
S9ena0s 1 A2 uazduiidun Tolousua( immediate operand) B0 1 A7
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& d
3.5 asdeenssuvesldillaw
F [
mshauwes Ty Taswar uldgnvi Wl 1mi13uds Tavlwiounnag frdsusas ams
(stage) 1wzl 1 naenlafalclock cycle) lumaiinu dnduiwauasen lmdandealdlums

v
[

9 o a 3y 4 ay z 1 o o d a n’: = o ~
ausmda S wuduszmiuinnumaes Ui laiuaz lunngaaen lofiasiueed 1 Ardsh

v
[

P o : T o :i'y 9 ) = <o 4 dao o 9/
Franuasvay uaduredidaiigelduinndt 1 anenlmaalwengfamedandaauisarinam @ lae

msaaoa(stall) Wil layd

351 hhflasinwy 3 mae
= o A o a W L. 5 o o
mfmm5fﬂﬂﬂamaﬂumﬁuaawﬂ"lumw (area opt1m1zat10n) ﬁlu‘\mmumimmiwwm l'hJ
¢ ' : ¢ o4 ' e a
Tasiwad 12 Wi Tadhegrutisesnitiu 3 annieanvuinvesmiandidldun dad(Fetch), Alfia

(Decode) 11D ([DNTAI(Execute)

cyclel cyce2 cycle3 cycled cycles  cycleb  cycle?7
instruction 1 | Fetch | Decode | Execute
instruction 2 Fetch | Decode | Execute | Execute | Execute
instruction 3 Fetch | Decode | Stall Stall Execute

gl 321Nty 3 mee

352  lifeviuuw 5 mne

) 5
winliinsalasudenuevoond luaduludunsunsdunsievad lulnswaa uda i

s [] dl a aooa o & 9 1
Tavizgrudseenidiu 5 mmuieriuilszaniamlunsian #a1Aun Feteh(IF), Decode(OF),

Execute(EX), Access Memory(MEM) Llag Writeback(WB)



38

cycle cycle cycle cycde cycle cycle cycle cycle cyce

1 2 3 4 5 6 7 8 9
instruction 1 IE OF EX |MEM | WB
instruction 2 IF OF EX | MEM | MEM | MEM | WB
instruction 3 IF OF EX | Stall | Stall { MEM [ WB

51 3.3NMasviuuw 5 ame

3.53  #U3HY%(Branches)
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3 rnen lufafouiaziimsviauae 118 4 2 Tu 3 aaealefaidol lignldineduainduan

o u’/’ A 19 A a J dy b=} 3/ ar o« =
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3.5.3.1 Aladaasn(Delay Slots)
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FrvannNugydenainnmsuusugen 2 anen lwAnmdaiivenasn lxfamo i

a dor o o
3.6 fillﬂl?ﬁl(Reset), a3 INA(Interrupts), OMBN H(Exceptions) #aziU5n(Break)
a’: o o a o o duw o o Y slq 3/ o @
lulnswas Museefudyn o Sida, BumoiTHa, BATHIUIING LY, 1UTNUDY IDNITHTY

4 o a a e o o L) [ dv
1N anas TasiimsSosdmunnudiagnnnn linnieed il

s o
- 1% 12
d @ s o
- DA HEUDINITITALLIT
[d o
- usuWIEAIUAL 3 N(Non-maskable Break)
- 190
= o o o
- DUIRBITHA
o 3q 3
- PEHTUIINA 1

J ::' o 1 o aa ey o
ﬂ1514@0"11Jul,ﬂumumuwmnnmamaﬂmsﬁ( Vector Address) 1102 ‘ii]’dmﬂ'ﬁ'ﬂ'ﬁﬁm DIUloAATT
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(Register File Return Address) 811 TULADZIHANTITN
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Event Vector Address R:t?;?:\sjf:l:rléess
Reset 0x00000000 - 0x00000004 -
User Vector (Exception) 0x00000008 - 0x0000000C Rx
Interrupt (0x00000010 - 0x00000014 R14
Break: Non-maskable hardware
Break: Hardware 0x000000138 - 0x0000001C R1é
Break: Software
Hardware Exception 0x00000020 - 0x00000024 R17 or BTR

Reserved by Xilinx for future
use

0x00000028 - Ox0000004F -

¢ o 1 = ¢ ¢
197149 3.50000095 uaz ﬂ1!!ﬁﬂwﬁl'ﬂw‘li!ﬂﬂ‘iﬂ!lﬂﬂlﬂ‘iﬁ"ﬂﬂ
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Magyad1dannTimannnes (Mdwmua 0x0) Fedggafmannmeusniideswnasiiinui

8/ ~ vy ] =S
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3.6.1.1 M3 glalAa(Psuedocode) 851N TZUIUNITITA

PC <- 0x00000000
MSR <- C RESET MSR
EAR <- 0

ESR  <- 0

FSR <- 0

= dos ¢
3.6.2 BUABDITHA
s = s = da o i [ [ @ oA
TuTnsiwaa sessumsinadyyia Bumosina 11nMeusn (MaohfuYesTudyu

a & a LA a " a dar gl d &
FuResIne) 1aond InTIrari1en U a U IR UIND3 SHANADIIOTA Interrupt Enable(IE) Tu

3 ¥ 1 ]
o - =y Y=} v

8/ »
Machine Status Register(MSR) Wugnasnuiiu 1 Bminiu disifianisSumessnaddafieg luend

r
o
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fumasezdnsgnmitniuan ldauas e iy Tuveiimdshoglud Ifamaniuzgrdsuiiudid
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exception in progress(EIP) Tu MsR ﬁugﬂﬁmﬂu 1
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rl4 <- pPC
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MSR[IE] <= 0
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b. “xgpio_Lh” W WdndsemealusInnddrdg vesdaddunnoadumslasnuddle

T910113

[ o ) t ol : r A ¥ ¥ 4 o
2. mmumsmummmw"lﬂauu nﬂuamsmmhﬁenw

XGpio_mSetDataDirection(BaseAddress, Channel, DirectionMask)

¥ [
o o w

a J Q@ Aa oda a8 v = Y- =]
°lumswuumm"lﬂtm'%ﬁmawﬁmwmw"lﬂanﬂu Tﬂumsmma'{‘umﬁanﬁvuum qU

a. BaseAddress (Jusuumuanasavadlugasi lolofideansld amisngldnnldd

“xparameters.h”

ey & A 4 ;  aa
b. Channel AoLBUILAYDITA 10 loRasams1Fnudinssuunsadaumazinlole

a A = -
ISUASULFUUARYINDUTUIUAL

¢. DirectionMask iuiiaunasnuaniivilavesiiile lesziflusuyauazunlaszdh

LS 3 ¢ ~n
w1y Tasddailu o szdlueviyauas 1 szifiudunes

XGpio_mGetDataReg(BaseAddress, Channel)

fou a ] ] ¥ PPN aa - '3 o ar dy
Hudansun1Flumsorusmdumnnadsimwesve i lo To Tnuwisdimasvaaflansuil
1

a as o At ) A 7 a o
Tufinnuminemiousuvesilanduiiriium nazssSmesusnegnisluad i taaes

29NN

° a 31 ' a 4 Y o o d 4 [V e
3. msdouldsunsu A wanaadagudihmstiviesnnigerinlugadsne 1l



& a Yo [ - - = 'Y ' Y o - L -
wnanstuenansianubidmiunslsnuiionsfnwimitu lweygslniluldssloguaiunism

luansalla viedu Bnnsnuilvdauanilon uagnededdauavesenansynaseniinisiiliuly



63

5. dmdums@ousioon Wluaasmameaile Tevhunidedldiadsumant
XGpio_mSetDataDirection(Base Address, Channel, DirectionMask)
1 lumsiBoumadluiSamesAmmavessile Todsn 1anan Tuuda
XGpio_mSetDataReg(BaseAddress, Channel, Data)
Flumsdoumaslumdiiiamesvasiflole Taominfines “Dae” fodoyafindesns

sziwounon lildawdi 1o 1o

© = 1 s o ¥ o A Amw ot ¥
6. ﬂWﬂWﬂMUuIﬂﬁuﬂﬁﬂ1ﬁ01Uﬂ1ﬂTﬂﬁ?ﬂ%H%ﬁHWﬂWMﬂﬂQNﬁﬂuaﬁﬂaﬂﬁﬂﬂqﬂﬁ

// Welcome to Xilinx Platform Studio SDE !

i

£/ This is an automatically created scource file to help you get 3
// To add more files, navigate to File -> Hew -> File

// Tou mway delete this file 1f you want to uze only other files I
/Y

#include <stdio.h>

#include "xparameters.h"

#iinclude "xgpio_l.h"

int main()

{
unsigned char sv;
XGpio_m3etDatalirection(XPAR SWITCH BASEADDR, 1, OxFF):
X¥Gpio_mSetDataDirection(XPAR LED BASEADDR, 1, OxD0O):

while (1)

oy

4
sw = XGpio_mGetDataReg (XPAR SWITCH BASEADDR, 1):
XGpio_mSetDataReg (XPAR_LED BASEADDR, 1,sw);

return 0O’

4 a Jd
s s.liksunsulumsswmainduazi@ausenieadd

7. nansahlsunsu llnugegnuiumeadfssfauazduamadnginldou T degl
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WlumsdoumasluiTamesiSuduvesia nfiuey

void XTmrCtr_mSetControlStatusReg(Xuint32 Base Address, Xuint8 TmrCtrNumber, Xuint32
RegisterValue)

1 umsdouniaslunounsasimnasvos ndes

Xuint32 XTmrCtr_mGetTimerCounterReg(Xuint32 BaseAddress, Xuint8 TmrCtrNumber)

] Py cf 4 o't as s o
¥ unseuaenismeosmmmes luad Indwes

o S 9/ U4 ¢ o LY = dy o 4 o
3. simsAou Tsunsuld Indweshimsivaaesfivvim luiTameioenumisgerin Tuga

€
e

a

// Uelcome to Xilinx Placform Studio SDK !

r

/4 Thiz i3 an sutomatically creaced source file to help you gern started.

/7 To add more £iles, navigate £o File -» MNew -»> File

/! You may delere this file if you want t©o uze only octher files for your project.
A :
#include <stdio.h>
##include "xparameters.h”
#include "xgpio l.h"
#include "xtmrctr_ l.h"

int main(}
{
unsigned long tmwr_count;
/* 3et the number of cycles the timer counts*/
XTrmrCtr_mSetLoadReg (XPAR OPB TIMER 0O BASEADDR, O, OxFFFFFFFF) :
/* Reset the timers, and clear interrupts */
XTmrCtr_mSetControlStatusReg (XPAR OPB_TIMER 0O BASEADDR, :
0,XTC_CSR_INT OCCURED_MASK | XTC_CSR_LOAD MASK ): '
/* Ztart the timers */
ITmrCrr_m3etControl3tatusReg (XPAR OPB TIMER 0O BASEADDR,
0,XTC_CSR_ENABLE_ THR MASK | XTC_CSR_AUTO RELOAD MASK |
XTC_CSR_DOWN_COUNT_MASK) :
while (1)
{
tmr_count = XTmrCtr mGetTimerCounterReg (XPAR OPB TIMER O BASEADDR, 0):
xil printf("0x%X\r\in",tmr_count):

}

return 0;
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void XIntc mEnablelntr(Xuint32 BaseAddress, Xuint32 EnableMask)

- o o o Q o w
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void timer int handler (void * baseaddr p)

{
unsigned int cs3r:
csr = XTmrCtr_mGetControlStatusRegy (XPAR_OFB_TIMER O BASEADDR, 0):
xil_printf("Interrupted!\rin"} ;.l
X’I‘ert,r_rnSetCont.rolStat.usRegtXPP.R_OPB_TIHER_D_BASEADDR, 0, csr):
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int main{)

{

unsigned long twr_ count;
/* Enslyle MicroBlesze interrupts */
microblaze_enable interrupts(}:
/7 Register the tiwer interrupt handler in the wector tabkle ¥
XIntc_RegisterHandler(XPAR_OPB_INTC_U_BASEADDR,
XPAR OPB_INTC_O_OPE_TIMER O_INTERRUPT_INTR,
(XInterruptHandler]tlmer int_handler, (void *)XPAR_OPB _TIMER O _BASEADDR) ;
/* 3cmrt the interrupt controller */
XIntc_mMasterEnsble (XPAR _OPB_INTC_O_BASEADDR):
/* Enable timer interrupt reguests in the interrupt controller =/
XIntc_mEneblelIntr (XPAR_OPB_INTC_O_BASEADDR, XPAR OPB_TIMER_O_INTERRUPT_MASK]
/* Set the number of cycles the timer counts*/
XTertrmmSetLoadReg[XPAR_OPB_TIMER_O_BASEADDR, 0, OxFFFFFF):
/® Reset the timerz, and clear interrupts */
XTertr_mSetControlStatusReg[XPAR_OPB_TIHER_O_BASEADDR,
0,XTC_CSR_INT OCCURED_MASK | XTC_CSR _LOAD_MASK );
/% Srart the timers 7/
XTertr_mSetControlStatusReg(XPAR_OPB_TIHER_D_BASEkDDR,
0,XTC_CSR_ENABLE_THMR_MASK | XTC_CSR_AUTO RELOAD NASK |
XTC_CSR_ENABLE INT MASK | XTC_CSR_DOWN_COUNT_MASK):
ﬁhiletlj
i

Tmr_count = XTMrCtr_mGetTimerCounterReg[XPkR_OPB_TIHERWO_BASEADDR, ) ;
I xil_printft"Ox%X\r\n”,tmr_count);
}

return 0;

s
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&
a [ =) [ aa 'd
2. 1z ldedduse U lumsi@oumaslus iawesvaslofinosveusn

SEVEN_SEGMENT_ mWriteSlaveRegO(BaseAddress, Value)

=Y o ar P=1 =) o ] 'd

3. naasauveu TUsunsuI¥¥iimsilouduavil#a <ox1234” ae T 1u5vmessvousriumnmun
¥
Tugadnase W4

// Welcome to Xilinw Placform Stcudio 3DK !

s

// This is an automatically created source file to help you get startced.

/¢ To add more files, navigate to File —-> New -» File

£7 You mway delete thi=s file if youn want to use only other filezs for your project
s

#iinclude <stdio.h>

#include "xparameters.h"

#include "geven segment.h”

int main()

{
SEVEN_SEGHMENT mUWriteSlaveRegD (XPAR_SEVEN SEGMENT O BASEADDR, 0Ox1234);

return O;
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