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Design of image interaction and display system
based on ARM-+FPGA

WU Di* , LI Bing-yu, WANG Xiao-dong

(Changchun Institute of Optics s Fine Mechanics and Physics ,
Chinese Academy of Sciences s Changchun 130033, China)

Abstract: To promote the integration of mapping information obtained, image interaction and display
are realized based on the dual-core ARM~+FPGA hardware architecture in this paper by taking full ad-
vantage of the parallel processor FPGA (Field-Programmable Gate Array) and the high-performance
ARM processor. The real-time image display is realized based on Qt graphical interface and the driven
design of FPGA FIFO (First Input First Output) is completed in the Linux 2. 6. 36 kernel which uses
Linux operating system as the software platform, ARMI11 as the core of embedded hardware processor
and FPGA as the coprocessor. The test results show that it could achieve high speed VGA (640 X480)
format image interaction between ARM and FPGA with the maximum frame rate of 26 fps and the
maximum transmission bandwidth of 182 Mbps. This system not only has the advantages of small vol-
ume, low power consumption, low cost, but also has good performance of stability and
functionality. Moreover, it could meet the real-time requirements for the aerial remote sensing system.
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Fig.1 Structure diagram of the system hardware
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Fig. 2 Diagram of ARM and FPGA hardware con-

nection
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Fig.3 Diagram of the driver hierarchy
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K . 7E Makefile ST INAH R 1) 4 198 5% H

(5) 4T # make modules 41784 B0 75 4%
BLH 5

(6 i PR 1) UK Sh AL R 20 2 H AR, AT
T4 # insmod mini6410_fpga. ko ) Z5 il 4% 4K 3l
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Linux R WG 35 FPGA & £ 3K 3 i in
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ARG S EIER MR
module_init(fpga_init)
v
TR
fpga_config()

v
itk 2 [E]
fpga_map _to_kernel()

v

TR IR A IR

misc_register(&fpga_misc)
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APIE:[17HA
struct file_operations fpga_fops
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fpga read(). fpga write()%%
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Fig. 4 Flowchart of FPGA driver loading

H¥. E X file_operations 25 8 1Y 45 ¥ {4 25
i fpga_fops 7 fit 4 A% 5K 2l B o 15 4% 1
B BRI BTG 4T, 1345 open.release.read. write UL &
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static struct file_operations fpga_fops = {

.owner = THIS MODULE,

.open = f{pga_open,

. release = fpga_release,

. read = fpga_read,

. write = fpga_write,

. unlocked_ioctl = fpga_ioctl,

}s

SRJG 8 LRI o5 (R £ &5 8 10 By %
BREAF R £ ) S5 M ARZE B fpga_misc,

static struct miscdevice fpga_misc = {

. minor = MISC_DYNAMIC_MINOR,

.name = DEVICE_NAME,

. fops = &.Ipga_fops,

}s

Horb FEALHE 3 DML RIS s
# W5 file_operations 28 I 45 #y R 78 B 1 51 FH
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T: fpga addr _ vir = ioremap ( 0x20000000,
0x07FFFFFF) ;
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misc_resigter () SZ P [n] Linux W % 3 Wiz 2% Wi
WA
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TEBE R fpga_read (struct file  filp, char_
user * buf, size_t size, loff t * ppos) ¥, & &
il ioreadl6 O pRECH U4 N FPGA Rt i, AU
.

fpga_buf = ioread16 ((void * ) (fpga_addr_
vir + nowpos * 2)) ;

Hp fpga addr_vir & FPGA 09 & 420 b 4k,
fpga_buf Jy unsigned int $8§ 41 25 &, H 5% 4 i
char 8848 51 )5 . 1A FH copy_to_user O ¥ )\ FP-
GA Tz U B DN P A% 25 Ta) #5 D121 H] P 2 )
FERBEWT .

temp[ 0 ]=1fpga_bul>> 8;//& 8 i

temp[ 1]=1Ipga_buf&. 0xff;//fk 8 {ii

if (copy_to_user (buf, temp, 2)){

return -EFAULT;

}

3.3.2 & FPGA FIFO ¥ 5 4 #

1F fpga_write (struct file * filp, const char
user * buf, size_t size, loff t * ppos) RE P .
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5 A#] FPGA ) FIFO 1, FZACHINF

if (copy from user(temp, buf, 2)) {
return -EFAULT;

}

fpga_buf = temp[0]<<<8 | temp[1];

iowritel6 (fpga_buf, (void * ) (fpga_addr_
vir + nowpos * 2)) ;
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3.4 BHRESHE

TG B g S A SIS R A B N AR R/
home/linux-2. 6. 36/drivers/char/ H 3% F ., 3 &
2 Kconfig 3CF. ¥ il FPGA 9K 3h ) 4 1% Fic &
TR

config MINI6410_FPGA

tristate "FPGA Support for Mini6410"

depends on CPU_S3C6410

help

this is fpga driver.

Hk, kA EE AL 9 N A% BC & AT 78 De-
vice Drivers — Character devices T1 [l F 3
Kconfig SCAFFTER M AR B . FPGA 9K 3 L & 40
Bl 5 iR,

-*- Virtual terminal

[1] Support for binding and unbinding console drivers
[ 1 /dev/kmem virtual device support

<*> LED Support for Mini6410 GPIO LEDs

<M> FPGA Support for Mini6416

<M> Mini6416 module sample
<*> Buttons driver for FriendlyARM Mini6416 development boards
<*> Buzzer driver for FriendlyARM Mini6416 development boards
[*] ADC driver for FriendlyARM Mini6410 development boards
[ ] Non-standard serial port support
< > GSM MUX line discipline support (EXPERIMENTAL)
Serial drivers --->
-*- Unix98 PTY support
[ 1 Support multiple instances of devpts
[*] Legacy (BSD) PTY support

< Exit >

< Help >

&l 5 FPGA 3K 3} fic & &l
Fig.5 Diagram of FPGA driver configuration

PR, AE Makefile HHs i n s 36 41, 48 4 #%
P B T ELIE A FPGA 3R 3 A% B &R B ok .
obj- $ (CONFIG _MINI6410 _FPGA) + = min-
i6410_fpga. o, 3 4T # make modules iy 2 & 15
53] mini6410 f{pga. ko shZSMERALH ,

e B G PRI Y B SR A B ARM AR
MR S8 /1ib/modules/2. 6. 36 H 5T, I 447
# insmod mini6410 fpga. ko iy 2> 52 WA B 1) 5l
B AE/dev H T A LU 9% £ SO+
HH L IR 6 BT

[root@FriendlyArRM /dev]# 1s

adc s3c-ga2d tty51
audio s3c-g3d tty52
backlight s3c-jpg tty53
backlight-1lwire s3c-mfc tty54
buttons s3c-pp tty55
console s3c-rotator Tty56
cpu_dma_latency shm Tty57
device snd tty58
dsp sound tty59
fbo touchscreen tTty6

fbl touchscreen-lwire  tty60
fb2 Tty tTty61
fb3 ttyo tty62
fpga ttyl Tty63
full ttyl0 tty7

i2c ttyll tty8

K6 FPGA A& H A
Fig. 6 Diagram of FPGA device node

3.5 IR

4T # modinfo fif 4 & F kernel BLHRAF &,
AL FE MR & VR AT UE B N R AR s B, A 7
FR

) P AZ N2 FPGA & % K s i B L 2h )i B4

[root@Friend1yARM 2.6.36-FriendlyArRM]# modinfo mini6410_fpga. ko
filename: mini6410_fpga. ko

author: wu Di
Tlicense: GPL
vermagic: 2.6.36-FriendlyARM preempt mod_unload ARMV6

& 7 FPGA & &K {E B K

Fig. 7 Diagram of FPGA device driver information

[root@FriendlyArM plgl# ./test

open fpga device success!

Foscockkplease enter your selection number ;oo sk
[1]:write;

[2]:read

1

p'lgg;e: enter the data you want to input in hexadecimal format
0x

write fpga finished!
buf [0] : Oxffff

buf [9] :0xffff

() 1] FPGA H1 5 A $ ¥
(a) Test of writing data to FPGA

[root@FriendlyArRM plgl# ./test

open fpga device success!

sxskxEsokkkplease enter your selection number ook
[1]):write;

[2]:read

2

read fpga finished!

data you have written to fpga is as follows

buf2[0] :Oxffff

buf2[9] :OxFfff
(b) A FPGA i U8 3
(b) Test of reading data from FPGA
08 A Ik st i

Fig. 8 Diagram of device driver testing
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Fig. 9 Design steps of the graphical interface
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QLabel 25 .QPixmap JE LA M QPushButton 25, I
NI T IFHLE 3 A, BT RS U
P PELF Qe BT T2 F] ARM M, I 45 047 1%
¥ I SHELL fir 25 AJFHLIE s |4 b, i
SEEL s (4 JTHLE S ) Yy Rk 6 % A an &l 10
FIR

P10 Zedii B S A

Fig. 10 Terminal login interface

2L B R FHTH 2R PE LK Log. TEIZA Y
it B R 10 ¥ Welcome Log in”XF R A 4% 40
QPushButton * logbut AY SIGNAL (clicked ())
{5 5 S5 PR SLOT Ctest O) H G IE , £ Al bR 4K

test O HPRAT 24 1l X 5 19 [T pR 4L hide O RIS AR
R BT Y 42 R PR show O, RIS BT M il
T B 52 AR 0 S P04, F SR .

logbut = new QPushButton;//&E X & [bf
TR

[ VCCE AL R M AL H R B ER </

QPixmap pix("/image/log. png") ;

logbut-=>setlcon(pix) ;

loghut->>setlconSize(QSize(100,50)) ;

logbut->>setFixedSize(QSize(100,50)) ;

connect(logbut, SIGNAL(Cclicked()), this,

SLOT (testO)); /BRI

/ x FLHTVI 4R R testO) x /

voidLog: :test() {

img. show() ;//31% 8.7 51 B 7w

this-=>hide O 5/ /4 {ij % 57 F 11 Be 9

}

AR Wos AR E LN Img, WL RSE
S ARG 2 7 B Y J5 2 & B Y BE, ARM Ak 3
aoRE R AR IR AF i S QLabel 28 2 (9
- bmp A% ZSCHE R % SO A 44 O 24 TR G
], IFORAFAE SD Card Hr, S 28 & & B AL
Al LR AS SR 238 T LASR BOIE s i 52 A4 Y i) (1]
fRE . IR MBI ARM 2R BLER K I FP-
GA BB 52 B8 N8 E QLabel b, IR H
SE I 88 S P W) 35 i 28 3] QLabel | #9528 4K
P WML LT Qt GUI G En. T A
HR AL oe BT B e M 24 0% 2k iy R DLOR T 25 /s
1R 3 238 A 7S I, B0 3k 38N HR X 1 3 U 4 R
RERY ARR FE 09 S B AR A 11
B .

LI BARD BT

T TSR SO E SCREAR R BT 2K Tmg
AR o (1l

QPushButton * recvbutton;/ /41

QPushButton * stopbutton;//#% Ik & 7/~
Fie il

QLabel * label;// T 52 w5248

QPixmap pm;

IRJE S TERAR 7R 1 FLTH 26 Tmg S 30U SO
OB 32 I # EH recvbutton ) SIGNAL (clicked O)
{55 A B6  SLOT (mytimer () M E B, 405
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| mytimer()A& % % | I stopEvent() i |
v v
| start Timer(30) | ’ killTimer(myTimerld) |

v v

—>| timeEvent()/ff e 45 | 12 115 I 2%
myTimerld=0

N
myTimerld=
QTimerEvent->timerld

Y v
Qpixmap->load) IEETE
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QLabel->setPixmap()
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|
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Fig. 11 Flowchart of image display interface

W

connect(recvbutton, SIGNAL (clicked()),
this, SLOT (mytimer()));

TERE BB mytimer O F I8 [ startTimer () PR
BORTT S 7€ I 4% . JF BEE & I &% %€ I 18] B& o 30
ms, startTimerO) pRECH IR |l — > int 28R
f 2% 1D, B4 s 28 it int myTimerld ARAS 40 F .

voidlmg: : mytimer() {

myTimerld=startTimer(30) ;

}

24 5E BFEF ] 35 #) 30 ms B, 2R A8 B myTi-
merld il QTimerEvent * event->>timerld () #f
S5 W fik A E I g AR R . TE Tmg 2R tim-
erEventO 1 e £, & 588 H QPixmap-=>load
OMm#EE% , 2% 5 1 H QLabel->>setPixmap () 3
B—1 QPixmap BN 4 BN, EALDWT .

void Img:: timerEvent (QTimerEvent * e-

vent)

if Cevent->timerld() = =myTimerld)
{
pm. load("/image/recv. bmp");
label->>setPixmap(pm) ;
}
else
QWidget: : timerEvent(event) ;
}
f£ stopbutton 15 1k W/~ #2 H B9 A R AL
stopEventO) A # i kill Timer () p& § 1% 1k 2 B
7 3K 4 5725 i myTimerld B8 4 0, I I
R AN T Sk A L O S A5 L R 2K AE 1abel
ERSA B ERIASL S Q. AR R B N
12 iR

K12 RS
Fig. 12 Image display interface
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L AR RAIATERLE T AL ARM 5
FPGA Z 18] By % 3 #4538 {5, Al FH Linux 2. 6. 36
WA TE R T X FPGA & & R sh i, SCEL T =
AR EE 22 B I ARM-Linux & Fi%it
THT Qu M A2 B F 1w, H UL S & HE 5
M SERE s, MNKZE R R X RFE LI T VGA
(640X 480) 4% =X 14 151 2 52 1% 28 1., MR &g K nl ik
26 Wi/s . f& 57 55 it KA 182 Mbps, KR4 A
AR/ CHIABAR  BUAAR 107 H 2540 B2 & Ak
5 RRUE R L VR RE AR L BE ST R I 2 15 B AR B
S R
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