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Abstract: The LT-H10 hobbing machine numerical control system is an embedded system based on ARM processor. The
CPU occupancy in ARM-based NC system is always higher than that in x86-based systems for some characteristic of
ARM processor itself limits. A pC/OS-II system porting scheme based on MicroBlaze soft-core processor is presented in
this paper, to reduce the occupancy of ARM processor by executing some driver programs of master station on the
MicroBlaze soft-core processor of FPGA chip on the bottom plate. The experimental test results shdw that the pC/OS-II
system ported on the MicroBlaze processor can run stably. The rapid context-svv\’(itch benefits to the real-time of the NC
system. We design two different tasks scheduling algorithm to\ measure and research the context-switch time in
MicroBlaze-based pC/OS-II system and ARM-based Linux system. This study can not only meet the application needs
of CNC system based on ARM, but also can been applied to CNC system based on X86, to achieve the purpose of
reducing CPU occupancy, which has important research meaning and application value in Embedded CNC system.
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ALLALT-HI0 #=H RGN 5, $eth T —F
J5T MicroBlaze 1% AL FE 38 1) uC/OS-TT IR HER T %
2R Gz A7 1 4 26 il ) 0K Bl R T O B 3 AR
FPGA MicroBlaze 1% 4k FE 3% FISAT, LAIE 2 BFAIK
ARM CPU /7 HIZ1¢ H 1.

WA ZAMOEH T3 ARM 15 R4,
A 3d 56T x86 MIEHE R4, L BIEICRSE CPU
R EE, RN B R G B =LY
HrH.

1 uC/OS-1I. MicroBlazefifid & 2 St # #H 1)
CIE e
1.1 SERHR{ER L pC/OS-11

nC/OS-TT # At R G H i T 6 A mh el ) A
Wz, VF‘?’J**EF‘UEWEZ\?{E‘Jiﬁﬁ'ﬁ?\ﬁﬁf’lﬁ%%,
BT 63 AMEE, HBOh b et (T
?&EP%GE%&%%E‘JE%)#%‘#%%%‘ {IFTENMENSYUN
A2 R HERR ()3, RIS P ) DUAR s 5 20
PIAZ P 0 D RS ER AT 485 )f L pC/OS-1T 1 &R
GACH AR, A 5500 4748, Ty H AL 24805
AATH CEFEMEN, A SRS D S TR
A H AR BRI 4 i 51 BTl nc/os-11 A
H NN ATEEY . SERMERR. 2ATS . HERME
B2 Pk NP & SR, A5 AN S5O TAE,
HAIAT W, R 25 2 AT 55 B e AT, Adisk
B I FH R F W - AN e AR 75 iy B 781,
1.2 1% ALIEES MicroBlaze

Xilinx F8 T HL7 ] g fei2 45 P51 (FPGA)IX I

BEIOER, Bt FPGA IOBOAMIRRE, SR A
KT AR BIREL B R, FPGA WL
R RGPk B 280, JF AR JES) FPGA 1
A4, Xilinx #EHH T 32 A7 A% AL BE 3% MicroBlaze, Hk
AR IR 8%, A 0M4E/N T PCB AR I T AR
SRR, AR T A RGO R. TR 32
L RISC WABLAFAE 454, S B H S (K 3 LA K
B 84 4. MicroBlaze #AZ AL HE 28 B 5 H % Ui/
AT E BRI A, T AR 1P i, SERR
T YRR O 1. MicroBlaze R b B 2% K FH Xilinx
AT NS TF R ZE 1 EDK BEATRAHIFR, Wil
£50F DEK {24t T BE0FF & IR 88 XPS FIF&
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1.3 pC/OS-I1 R EBLEH 43 47 LA K AL 3R 2848 4% K 5D
M uC/OS-I1 AR IS FERE, nC/OS-TT AL &4 |

AT = R R 4 A EES LR NS, 5

AEFE AT SRR R 55 R A B A DR I L B

ARSI, G 12 pC/OS-TT HRAE RS HIARAD L5 4.

A ER g

55 Ab AR TC R AR
os_core.c

os_task.c

os_time.c

0s_sem.c

os_mutex.c

5 AR R P A R

os_mbox.c os_cfg.h
os_mem.c includes.h
3 0s_g.c

os_flag.c

os_tmr.c

ucos_ii.h

ucos_ii.c

5 b R P A

os_cpu.h
0s_cpu_c.c
0s_cpu_a.s

1 pC/OS-IT AL 45 14

FCrp L5 AR PR 28050 B A RZ AR 32 S ST 554
HLESE, AL T EBS . RGN DhRE(E
PLALFE os core.c. os_flag.c. os mbox.c. 0s mem.c.
0s_mutex.c. 0s_g.C~ 0S_sem.c. .0s\task.c. os_time.c.
ucos_ii.h. ucos_ii.c); > ‘

55 RO PR R IR 1 2 5 A RS KRS A
FHERCE ZEAL4E os_cpuh. os_cpu_a.s. 0s_cpu_c.c);

AP BB A SC R BC B A 3 T Y
R B BAE RS (24U os_cfg.h. includes.h).
1.4 pnC/OS-II #£ MicroBlaze L8R ATITIE S 7

FEREL ) H BRSSP A REWS (2 A% A 3
#¥ MicroBlaze FA3 2217, £H¥ pC/OS-1I REWIEH1a
AT, ALFRER DO ZENN L :

1) ALBEESI C gmiedsRens )™ L) B AR, Jf H.
AT C T8 55w AT BASE BT 5%

2) bR SRR

3) AbFREE A AT DL — i el e R A

4) KO IR AT A B R A T A7 3 5 RA
il B HERR B A IR 2
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AT R ITTF Wr 4, MicroBlaze &1 ]I HEF 4
EF 254708, LMK BRAM 25 5 AE S 5 4 T {1 4
¥ 535k, MicroBlaze [F48-2 505+ 5 (452 0
MeBEAT AT, T LAJS A (10 Ab 385 vh 1R 23 A7 2 2R A T M
BetfdfE. PrEL, pnC/OS-IT 584x n] LARS A 31 40k A BE 2
MicroBlaze .

2 RGBT A NI S 56
2.1 €/ ISE14.7 £ INEEE R A BEINE

F BB PCHL— 5« ISE14.7 FE AR
BeLL KA 2 Pzt FPGA WA,

4| Bus Interfaces | Ports | Addresses |

Instance Base Address  High Address  Size Bus Interface(s) Bus Name
) ‘microblaze_0's Address Map |

T dimbentr " 000000000 0xD000TFEF 32K [=]stve dimb.
ilmb_entlr 0x00000000 0x0000TFFF 32K ESLMB ilmb
~ mdm_0 184400000 OxBUOFFFF 64K || sPLB mb_plb

i xps_gpio 0 0230000000 (0%A00001FF 512 BEX mb_plb

5 WE IP Kbk

K2 FPGA MJﬁWz Xilinx JTAG F#%s, Fl FPGA
IR o 5) SN UCF et %]\

UCF SCHFJA I 5 YIRS I 2R,
FIFH EDK AR IT KA 7] 5 (BSB Wizard) X £ iﬁqﬁiﬂﬁﬁkﬂkﬁ
FEBEATES], ARSI ERAE SOMHZ, WAFZR w(f#Gene‘r_l.c “emplate
% 32KB, #1—4~ GPIO IP #4. % uNet fpga 0_clk 1 sys clk pin TNM_NET =
B RABAHA LB T - sys_clk pin
1) ] ISE14.7 &L T2 - TIMESPEC TS sys clk pin =  PERIOD
HUEFTI FPGA u)#&ﬁxthn KRS B 40K sys_clk_pin 50000 kHz;
#& Spartan3e, u%éﬂ"% J& xc3s500e, %L pq208, Net fpga 0 clk 1 sys clk pin LOC=P77,
gy Net fpga 0 rst 1 sys rst_pin TIG;
2) i LEE M VHDL Module, %24 cpuv0l.vhd Net fpga 0 rst_1 sys rst pin LOC=P54;
A, W 3. Net xps_gpio 0_GPIO IO pin<5> LOC=P96;
3) |7 LFEAS I Embedded processor 314, H AT Net xps_gpio 0 GPIO IO pin<4>LOC=P97;
J& EDK #RZEIF R AL F(BSB Wizard) 4 @G {-F- 5. Net xps_gpio_0_GPIO_IO pin<3> LOC=P98;
WK 4 PR, AEERSS I EhAA & SOMHZ, W 1F 32KB. Net xps_gpio_0_GPIO_IO_pin<2> LOC=P99;
4) IP bk B Net xps_gpio_0_GPIO_IO pin<l>LOC=P100;
e s fror, WE IP bk GPIO [1W3EHhhl 2 Net xps_gpio_0_GPIO_IO_pin<0> LOC=P102;
0x90000000, ik 0x900001FF. R NS S5 5 FPGA 85 7 AH N 3 AR
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B, NEME ST P77, LALSIACY P54, WiRHR L
P96. P97. P98, P99, P100 Fl P102 X W kA | —
41 LED, I B NI SOMHZ.

M LA _EOD BRSSO T B L, 3 A
B33 SDK, 7& SDK "' Application Project,
HCH T RGBSR A, R ok aT BUT IR
i nC/OS-II #:4F &4t 2] MicroBlaze AbFH S
22 BEBPR

1) AEH] SDK BAFIF RN nC/OS-IT #A1 R4t
WAL —ANH 3, Rz H A TRE, A pC/0S-II
PWAZ SO 23X TR,

2) AR AE (AR AE os_cpu.h

os_cpu.h £ & HI CPU AHOC AN B FH 1 Kl 2 Y
E S AR W] R HCACRS 1 P R 3. ) it
AL E e

typedef unsigned char BOOEEAN;

typedef unsigned ; char INTSU;

typedef signed‘ char INTS8S;

typedef unsigned short INT16U;

typedef unsigned int INT32U;

typedef signed int INT32S;

typedef unsigned int OS_STK;

typedef unsigned int volatile OS CPU SR;

H T ANF AL PR A AT A R 7, pC/OS-1T HI#
AR — RN e L, UftR T AT, MicroBlaze
& 32 AL ARELES, HEMON I 982 3247, BTl OS_STK
B SCA 32 4, AT TS5 HER AT OS_STK >k

B, RS T2 32 7/, el OS_CPU_SR A |

52 XKy 32 A

#define OS_CRITICAL METHOD « 3

#define OS ENTER CRITICAL()cpu_sr=
0S_CPU_SR_Save(); '

#define OS_EXIT CRITICAL()

OS CPU SR Restore(cpu_sr);

pC/OS-11 ik N R Gelm FACRS B2 ji 2 AT o< A
b, I8 I S B AT IF W, AT R IEAZ O
B AW 2 AT 45 3 5% T 1 H A AT & b Wi i3k A
uC/OS-I1 #:4E R G4t T =Fhl % MicroBlaze ¥4k
HoohoWr gy 50, R BT = Ry X, /D
OS_CRITICAL_METHOD==3, H] J" n] LLEL 15 7 &b
HAPRAETIE, RAEE C BB AR T, XA
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A e F R I S R IRAS T IME. 5398, MicroBlaze
S0 5 L [ N €& [ = =TI B SO
0S_STK_GROWTH==1.
3) AR A PR RS os_cpu_c.c
WEmMSE 10 MR C W, 252

OSInitHookBegin() OSInitHookEnd()
OSTaskCreateHook() OSTaskDelHook()
OSTasklIdleHook() OSTaskStatHook()

OSTaskStkInit()» OSTaskSwHook() \WOSTCBInitHook() N
OStimeTickHook(). L #f M — D B 1) g %t 2
OSTaskStkInit(), Wk eRACH RATLGALAT 55 HERR, BT4RIR
25 HE AU A — VUK HR BT i 11 M R 45 M 7E T L A
B3 R8I F 15 % 1748 5 MR I (K (E HEA TR AG 4L, H
Pk, A 9 MU, HAR—EEAR
AT AR,

4) NI A S HE os_cpu_a.s.

Xf OS_CPU_A.S #ATHM, T E RS 4 MG
BT R A ZAT5 A 3 RO 1 — AN R A
OSStartHighRdy(). 1F-55 V)35 i % OSCtxSw(). T
% Y e & % OSIntCtxSw() Al w1 Wr Ik 25 B8 %%
OS_CPU_ISR() . pC/OS-I1 Ji & HH OSStart() , 1
OSStart() i F] OSStartHighRdy( )& 1T 56 4 5% i 1)
f£55. OSCtxSwO M R A A A B8 LS AT 55 3k
G AT AT HAT IO B, ARAE S 4T T
TR, FEh RO MRS RES, BUR SR
T AT SRS 5 T 104 25 B . 0 A L
M O 2 25 7012 771, OSIntCixSw()b OSIntExit()
4. MicroBlaze % — IR ERH AL — > o) h
Wi i, Xilinx (1) XPS T H 4 H 3l 1A s W ) 1 3,
Huhk25 5] % 0x00000010-0x00000014. OS_CPU_ISR()
FH T 00 v W0 DA S BRAT 35 4F B oF E F v i o ) AR R
.

23 w5 N ARFNIRRIERS

T B UE nC/OS-TT #AE 2R G0 15 i D) B A 21 i k%
APEES MicroBlaze 1, 4w5 N HFEFIHATIAR, HAk
SR

HAEY ERR, W mainc. FEFEFTIN LR
$ OSInit PUTHAE RSV R EL

HR AL OSTaskCreate() B a4 HI AR LED
(14725 AppTaskFirst, SLARSEEL N 5 F kA0S 1431
4 P96, P98, P100 [¥] LED 55K,
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I Ji OSStart()JF i 21145, i OSStartHighRdy()
AT PR i AT S5, 1155 AppTaskFirst U564
i, ST

B A

int main()

{

INTSU err;

OSInit();/* ¥ 4Htk uC/OS-IT A RS */

OSTaskCreate(AppTaskFirst,/* fi] & 2 T 4%
AppTaskFirst*/

(void *)0,

&AppTaskFirstStk|APP_ TASK FIRST STK SIZE
-1],/* APP_TASK_FIRST STK_SIZE /& 1024%/

APP_TASK FIRST PRIO /#5202 5 %/

)i

OSStart();/* JT i Z4E%*/

return 0; " e

H

void delay(uint cnt) /*5E LIEIR PR delay*/

{

uint i,j;
for(i=0;i<cnt;i++)
for(j=0;j<256;j++);

§

void led on()

{

unsigned int *dport;

dport=0x90000000; /*GPIO TP k%X Wi ) A A7 4G |

Huhk*/
XGpio_WriteReg(dport, | 0xASFFFFFF); /* 14525
B4 P96, P98, P100 f) LED*/
delay(M); '
XGpio_ WriteReg(dport,1,0xFFFFFFFF);/* & K
LED */
delay(M);
§
static void AppTaskFirst (void *p_arg)
{
(void)p_arg; /*[j 114w 1645 r= AR e 4t/
led on();

e N AR, JFiE Program FPGA #E4k1FFE
J7 A LI T PRAT P e A% 2 SCAF(ELF) IR R A LU A
SCAF(BIT) F# 3 FPGA FIIIARBR. 3¢ & K s PR AR D,
TR R AR A ) nC/OS-TT ARAS AN EE LED 5%
WA D0, AN W& R B0 i e R E R 4 IE R B AT,
2 ) uC/OS-11 #A4E R G RHE L.

3 AT S5 D)4k i ]

3.1 f£ ARM SLE22% B3 ST 55 1HRATRT i8]
S FR B 2% CentOS Linux 2 4i (M ARM

Cortex-A8 TQ335X JFR M. 238 X it T HAE 1)

CentOS Linux & 4t.

BN TS T o B 45
DI A B ARSI T45 taskA FI taskB,
b taskA IR SE 2 T taskB (AR 2GR, WAME 4543
8% 5 AR AR, taskA 1 taskB AR/ w]
AN T AR & R,

while (1)

{

clock gettime();

IR AGHS

clock gettime();

nexttime+=clcyetime;

clock_nanosleep(); \

H

1745 PRI, I clock_gettime() R KU 1K
BRI ) B A AT — B RS, kU
cloek_gettime() B KX A5 K 2 BE N 18] (B A I [] 4 22
B AT 55— RT3, AR5 B AT 55 1 Jl 3
Xk 5 =, Wl UEILE S PE), &
clock_nanosleep()# 145 £ B 213X — U 52 J8 3 45
BT — IROE 3.

FBISAT taskA FOHERE IS AR 73 45

taskA O start time= 781 sec 373724720 nsec

taskA 0 end time= 781 sec 375083470 nsec

taskA 1 start time= 781 sec 378944136 nsec

taskA lend time= 781 sec 380305595 nsec

taskA 2 start time= 781 sec 383982555 nsec

taskA 2 end time= 781 sec 385328762 nsec

ATLLG Y taskA BFRG S5 R HAT—K, JF BAEH
30 A TH AT 2 task A BT EIHRAT I TA) A 1334.229
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b,

FARNIZAT taskB [RJBERE I I3 73 455 2R

taskB 0 start time= 788 sec 573482680 nsec

taskB 0 end time= 788 sec 574175930 nsec

taskB 1 start time= 788 sec 578687844 nsec

taskB 1 end time= 788 sec 579380471 nsec

taskB 2 start time= 788 sec 583729893 nsec

taskB 2 end time= 788 sec 584407892 nsec

ATLVE taskB BEFR 5 AT X, JF HATH]
30 A FAF ) taskB RSFIHATIN ] 2 661.337
.

[FIIIZAT taskA FH taskB [1JREFE I (135070 45 L

taskB 0 start time= 387 sec 585822089 nsec

taskA 20 start time= 387 sec 586094964 nsec

taskA 20 end time= 387 sec 587432131 nsee

taskB 0 end time= 387 sec\587925(548 nsec

taskB 1 start time= 387‘566 590983131 nsec

taskA 21 start £ime= 387 sec 591130049 nsec

taskA 21 end time= 387 sec 592465550 nsec

taskB 1 end time= 387 sec 593067508 nsec

A LA H taskA Hl taskB &1 5 24Tk Hiz
AT R CPU Y, taskB FIBEREZAT N AR BIAT L SE 2K
B taskA FRERE LA I, R AR — AT S5 D)3k, taskA
(MEFREAT 45 R th CPU KA —IRAT 55 V)46, taskB
MRE R Ie AT H B R &5 R, AR5 N — 1 B A 0,
TFEORT ) — R BERR T . BT A, WA 55 FE R 4T I
IS ) A i E0 475 task A FRAHERAT INTA] | taskB ST
YIS TR A S P AT 55 D) 38 (R I ).

R 119 AAES VI I 8] S 2 I H]
Num  PH{E55 SLIRIFIAT i [0 /ARD ' g e S

1 2102.959 & 56.711
2 2 2084.377‘ 44.420
3 2051.209 27.836
4 2053.583 29.023
5 2051.625 28.044
6 2047.375 25919
7 2061.417 32.940
8 2048.042 26.253
9 2047.000 25.732
10 2052.041 25.252
11 2047.250 25.857
12 2046.625 25.544

244 5T FF K Research and Development

13 2047.292 25.878
14 2046.333 25.398
15 2047.000 25.732
16 2046.750 25.607
17 2046.583 25.523
18 2046.583 25.523
19 2046.958 25.711

SFEH 2053.737 29.100

% 1 A LAFEH, taskA F taskB )3 [R]$04T B[]
FEIPPIEA 2053.737 WRD, ARG OMERIPERE: 1255
DI -2 29.100 FUED, dR 2= UL T 2 53.711 5
. \

3.2 € MicroBlaze §X b T2 58 i BT 55 V13T 1)

SERTIRE: ISE14.7 ST EA5E . FPGA JITUAR
7R

1) BT SE R AT 55 1 B 50

S T IEAT-454E MicroBlaze #Z ACFE 2% [ D)4 o)
B, Wit T — AT A 55 Sk, HAR S
B AL AT AU Y OSTaskCreate() B 2 Y 4™ 45 1l
TR LED HT45, 1145 AppTaskFirst 8564 4 5 H
Sked il 5143731 4 P96 P98, P100 1) LED 55K, 1T
% AppTaskSecond Lkl 6 FIREEMHIS IS A
P97. P99. P102 [¥J LED (5% :K; OSStart()JF 3 £ AT
%, W OSStartHighRdy() iz 17t 56 44 5 w11 AF: 5%
AppTaskFirst, {F:55 AppTaskFirst %&}"Eﬁ?ﬂ%lﬂiﬂﬁj\%ﬂ?ﬂ
P96.P98. P100 {1 LED {2 K 2 1] OSTaskSuspend
W g, BT, AT RS EA R S
(1% AppTaskSecond, 1.5 AppTaskSecond 5% )iif%
HITTEIS> 504 P97, P99 P102 f¥) LED (58K 2 Ji i
FH} OSTaskResume #1145 AppTaskFirst Mefif, 4% T KK
N ) A1 45 /£ AppTaskFirst #1 AppTaskSecond Z [H] A
ke [l 4

AHRRE ARG A T

void delay(uint cnt) /* 5 L ZEIR PR EL delay */

{

uint 1,J;
for(i=0;i<cnt;i++)
for(j=0;j<256;j++);

§

void led1_on()

{

unsigned int *dport;
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dport=0x90000000; /*GPIO IP 4%} 1) A FEEE 4k
Huk*/

XGpio_WriteReg(dport,1,0xA8FFFFFF); /* 15551
J#15-5 % P96 P98, P100 ] LED */

delay(M); /*ZEIR S M*/

XGpio_WriteReg(dport,1,0xFFFFFFFF);

LED*/

delay(N); /*4EIR Z 40 N*/

}

void led2_on()

{

unsigned int *dport;

dport=0x90000000;

XGpio_WriteReg(dport,1,0x57FFFFFF); /* fia% 5]
53 %) 4 P97, P99, P102 [{) LED*/

delay(M); #HERZH M/ ©

XGpio_WriteReg(dport, 1 0xFFFFFFFF);

LED*/ '

delay(N); /*4EIR 251 N*/

}

static void AppTaskFirst (void *p_arg)

{

LN SR

MK

(void)p_arg; /* [ 1b-4i P s A A
led1 on();
OSTaskSuspend(5);

}

static void AppTaskSecond (void *p_arg)

{
(void)p_arg; /*[J 14 3w = A2 e i
led2_on(); g
OSTaskResume(5); *

5

}

2) AT S5 B D)4 A]

h T A4S BT 55 D)4 1R I TR) I LA 7R P & T
MAAAR P96, P98 PHANE DN BV (1) 1/O 1 HL~ AR 4k
XA FFER S50 M AN A 7RG Skl & LED 52
RIS SEIR. aipE 6 I 7 43 A2 SEIR S5 M RN 3
4 WHAE 7R A543 (9 LED S2 R AT LED K1
EIR. A 6 WA LED SEaEiR & 252 ffb, miEl 7
AJ 1 LED & (R 4E3R 72 272 TP,

7 MFIN K 4 K LED B 4R

FH AR RS 7 ARG 7] 40, LED S8 4B 3R 2 i H
delay FISEIR; LED W5H)ZER i delay AOREIR 54T-4%
P (R A 2 0. X B LED 22 [ ZE3R K /NFI LED
() 23R I H delay [ SEIR K /NNAZ e A, o] £5 2)
(L4 M )2 20 7. \‘

FE T P 7 e D O B A i 22 L T
AR AT SR S S IS S G R AR AT IR . Py
DA T fietig S5 i 08T LED Z= 4R A LED W5 %E
B, BT T G0 M AR S MR N,
BT 16 AR 555, RELSC5 TR S 2843 LED
(4R T1 A LED B4R T2.

1T LED S 3R & 1 H delay [ 2E32 A1 LED I
HIFEIR H A delay SR J& 5T M AN X i Le 441
i, BI T1/M=T2/N, # T2-N*T1/M J&AF- 45 )4 it ).

K2 BT M AN [ 16 IANR SEI6 K i gE 1

M N/H#D TR T2 T2-N*T1/M
2 2 118 134 16
2 4 116 256 24
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