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Developing a CIS Camera Interface for Embedded Systems
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Abstract Recently, camera function is one of the most primary functions out of the multimedia capabilities in
the small mobile terminais. But, it has been difficult for implementing embedded devices with low cost because
of not supporting camera interface in many SoCs. Thus, this paper presents a method of supporting camera
function with ease for embedded devices which has not camera interface. For this purpose, the interface is
implemented for a CMOS image sensor. The method is also provided that CIS(CMOS Image Sensor) is
supported in the embedded system by programming the device driver.
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AaE 2351 | A4 3709 A System On Chip
wolz  ICISo) wis] Atk CcCDej sy @k Item Description
. ] CCDo|| ulste] x| otom Processor Intel PXA255 400MHz
st (casel B F8 T ) g gk FPGA ALTERA EP1C6Q240C8
CIS Omnivision OV9640
SDRAM Samsung 64MB
NOR Flash Intel strata flash 16MB
3. CIS QIEHO|A X HES 2% 7y |V NAD Fan e
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USB USB Slave
£ Aol AHgE A2g Bl shee 715 $ USB Master SL8I1HS
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e fPGA_AZE e CIS_1_CS{0x1000_0000)——
----- FPGA_A22- - CiS,_2_CS(0x1620_0000}——
PG 23] | FCD,_ CSIOX1040_0000)

ADDRESS e ED_CS{OX106D_ D000}
DECODER - USERT_CS{0x1080_0000}-
| LISER2_CS(0X10AD_0000)--
~FPGA_NCS4{0x1000_0000)- - |— USER3_CS(Ox10C0_DOO0}——
——USERE_CS(OXT0ED_0000)—~

8 12, Addr_decd] oj=dgA t]3y

Z WHAZ CIS ctix= 37/2] FSM(Finite State
Machine) 22 FAJE|o} Ik CISCTL_STATE FSM-&
CIS_cti9] 27|53t & AHA AoIE ddsts FEL
SCCBE ©l&3t CIS FHALE Ao siA ok
STORE_STATE$} LOAD STATE FSM-2 CIS¢] HAl ¢
SJEJ(QVGA(320%240))2 SRAMO] Store/Loaddt= 143
& T3 Slk CISollA| o= 3§t FAddelge 7l
16HIE 27]%)A] SRAMe|| F23H 242 164 dlo]
¥ Z& 7Hx3 43 "rh9]

3.2.2 CIS C|HIO|A Sajo|t =t

B =70 SoC IntelAl) XScaled ARSI, &
A A2 L Linux 2.4.188 ALl FPGAS A3t
7] 134 nCS4E 7|gte R oj=dA oay g o]
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| static struct map_desc x xhyperzss jo_descl] __| lnltdala =1

/* virtual  physical length  domain f w c b*/

{ oxx: ‘3xfxl))["-]f.0, GxOLENGG09, DOM, ﬁ
(0

lN 10, 6,1, 0,0}, // CSO : Intal Strata Flash 16M

. CS6900A

: 255A ADSTO43/LCD
EXT_INS [wada]

. EXT_OQUTS fwada] |
. CIS1_CS fwada]

. CI52_CS [wada} ’
{ FOD_CS [wada]

. LED_CS [wada] ,
: USERI_CS [wada]

: USER2_CS [wada) |
: USERICS {wada] |

0x104G0080, 0x0G0L:
210820000, CxOD0L
AXLORGOVOO, BxDGCL
£{ oxwo: Ax10€00000, Gx30eY (] o,

{ 0xF622009G, 0XLOEGODNO, OxO0C1009, DOMAIN_IO, o, i, G,

7/ CS4 - USERE_CS [wada]
{ 90, 9x149C000C, £rU0e0se0d, DOMAIN_IO, 1, 1, 0, // CS$ : NAND FLASH [wada] ‘
LAST_I DESC
]

]

a2 13. FPGA 7| 2a] mji 724
(Linux/archfarm/mach-pxz/xhyper255.c)

cocgsopon

91 FEAFAA ollel BER 17 129] nCs4S 7]
Moz HagE BeMAE AR UL S B

J#

{ 0xFD160000, 0x100000CC, 0x00010800, DOMAIN_IO, 0, 1, ¢, 8 }, // €S54 : CISI_CS {wada}
rf 0xFO170000, 0x10200000, 6x00010000, DOMAIN_10, 0, £, 0, & }, // CS4 : CIS2_CS fwada]
{ 0xFO130000, 0x19400000, 00010000, DOMAIN_IQ, 0, 1, 6, & }, 7/ CS4 : FCD_CS [wads]
{ 6xF0130000, 0xL06000G0, Cx00010800, DOMAIN_IO, . 8}, ¢/ CS ; LED_CS {wada]
{ 02F0200000, 0x108000G0, 0x00010080, DOMAIN_IO, 0, 1, 9, 0 }, // CS4 : USER!_CS fwada]
{ 0x¥0210000, 0210280008, 0x60010000, DOMAIN_IO, 6, £, 0, 0 }, // €S54 : USER2_CS fwada]
{ 0x¥0220000, 0x10£00000, 6260010000, DOMAIN_10, 0, 1, 0, 0 }, // CS4 : USERI_CS {wada]
{ ex70230600, Ox1DE00CCE, 0200010000, DOMAIN_IO, 0, 3, 0, 0 }, // CS¢ : USERE_CS fwada]
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FPGAC| A% CISTIEE 23L& & Z# Y9 CIs
g4o]  SRAMO]  AXo]  EHW  XScaled]
GPIO(General-Purpose 1/0)245 E3|A4 QAE|HEE WA
sheS 4ol YIchis]

tutol & EatolHollAl= o] JIHYE Az 715
gkzo| X SRAMo}| #AE CIS FAME XScaleZ =3}
I Userd¥ez Bul= & 3ot

29 14 Eejole] open(golct. WS A
H QJEYE "o AMGE GPIO24E 8 Wog A%
3ka o5 AEHES] ¥ Falling edge2 A3}
Gt E3 request_irg)EE B3A 1Y 159 A
E 57 g4 ClS_interrupt) 5 553 A& & 4+ U
ch8]

#define IRQ_CIS

IRQ_GPIO(24)

inf Cls_open(struct inode *minode, struct file *mfile} //goioled_open()
1{

ntres;
ursigred int gafr;

if{cis_usage ! = 3) return -EBUSY;

gafr = (¢x3 << 16};
GAFRO_U &= --gafr;

I/ gpio2s

GPDR{IRQ_TO_GPIO_2_80{IR0_CIS)) &= ~GPIO_bit(IRQ_TO_GPIO_2_B80{IR:3_<I%));
set_GPIO_IRQ_edge(IRQ_TO_GPIO_2_80(IRQ_CIS),GPIC_FALLING _EDGE};

res = request_irq(IRQ_CI5,4C1S_interrupt,SA_INTERRUPT,"CIS" MULLY;

i(res < 9}{
printk(KERN_ERR "%s: Request for IRQ %d failed\n", _FUNCTION__,I®:Q_TIS);
return - 1;

3

MOD_INC_USE_COUNT;
cis_usage = 1;
return 0;

} 7end SIS spen ¥

a2 14. CIS =z}o[¥(CIS_opendlE:)

#dsfine IMAGE_ADDRESS 5xF3170000
static void Cls_interrupt(int irq, void *dev_id, struct pt_regs *regs)
inti;
disable_irg{IRQ_<CIS);
PIMAGE = (unsigned int *)IMAGE_ADDRESS;
for{i=0i<7e800;i++){ /7 For 320%240(76800)

yav[il=(unsigned short)*pIMAGE;
udelay(190); I

¥
kill_proc{id,SIGUSR2,1};

ag 15, CIs =glo}¥|(CIS_interrupi )

1 15& CIS_open(§hpoflA 553t AEYE WHE
2] gh=ojcl. GPIO242] Falling edge AE|HEZ} LAY
9 CIS_interrupt)3He7t s ElEY 435 HE-2 4
A CISolm|x|7} AAFE  sPAFEA 0xF01700000) A4
QVGA(320*240)3HE 2] dlojElE ¢loletk AL ¥ +
Qlct. oj71Al, 7HFSE2 0xF0170000E 13 130)4] H
CIS_CS22 ool i) 4A] o] £45 At
SRAMe|| A& CIsolujxg 2= & £ Uk
QVGA(320%240)512 9] do|ElE RT3l UserZ2
agste]l 9% 23l kill proc()F4E SIGUSR28H=
AAHA Aj1dE LA
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AT Ny -) XoX

AZde ¥e USER Z2Ide Aduned) gt
CIsolu|Ag glojer wied) 2u) AgEE P47t 1
4 169 CIS_read)@<roict. 4ol WEES BEHY
copy_to_user0&H=E o|&8iA Adumaof EAste
yuv[]oll Al 15360080 E(320%240*2Byte)?]  Hlo|El S
USERFHLZ HLsHA| drt.

ssize_t C|s__‘l‘§ad(struct file *flip, char *buf, size_t count, loff_t *I)

copy_to_user(buf &yav,153600);/*153600 = 320*240*(1Pixel=2Byte)*/
return count;

8l 16, CIS Ealo)y¥(CIS_read )

CISE Algsks BEe 19 173 P

CIS S2H0HH X li(insmod)

v

CIS S0 CIUoIA Y 44 (mknod)

v
1ICE20IME 0182 CISAX A 48

+ QVGA(320°240)

v

Appilication & &

¢ YUV > RGAZ B8
* BMP 1% 24

a8 17. cIs9] AY T4

Utk CISEetolHE Ao AT Fof =efolE
AT371 YA dutol 2 S TREIR 71E EX)
3h= RCE=EtoHE 0]83l4 OVI6409] H A2 g
HABTH[9] ¢ 7]A] OV9640-& SLAVE o] =& 0x30L
2 A5l QVGA(320%240)3fAM=9} YUV ZUie] o
olg]2 HAstyrt 1T ET WL Sl
SRS stk

19 188 mknod® Z WB 254, B T 0 Rola}
of e selolul g tutols HUS WL HHL B

o3 glet

Eroot@WADAZSSA /dev]$pwd

dev

[root@wWADAZ55A /dev]$

[root@wADAZ255A /dev]$mknod CIS c 254 0
[root@WADAZS5A /dev]$

32| 18, CIS tjulolA Tl WA
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b WA A8 AL CsETelME ARetnA &
g2EaYold dloleE Yolgke o HolEzt A=
SRAMs| 2717} Ej9n] she Aolgich 0|2 Felsh
7] $ishH Uk YUV(22) EHOE tho o)
£ RGBZ WD, Wiy RGBE /T 47 05
% 9t BMP 419 4be HAste] BRIgHomA CIS
Aol Az HobxS WU of) Hue
YUV(42:2)% RGBE Wigished ad B 4ol

o] YA4E IMOE YUVE RGBE WZHE o4
£ AAsteld Sashc

R=Y + 1.371x(V-128)
G=Y-0.698x(V-128)-0.336x(U-128)
B=Y+1.732x(U-128)

29 198 BMP Y402 A4S AYsto] sist
of A3 oItk g B BMP HriRie 44
53 RGBHOIEIE Wt & 2 4+ Uk

 void make_bmp(void)
it

! unsigned int bmp_set;
H nti;

printf{"Make BMP Start!...\n"};

bmp_set = 14+40+240%320*2 jfwrite(&brnp_set,4,1,8p);
bmp_set = 0x0000;
bmp_set = 0x0036;
hmp_set = 0x0023;
brmp_set = 320;
bmp_set = 240;
bmp_set = 0x01;

i
‘
: fprintfl £, "%C%C", 0x42, 0x4D ) ;
'
\

fwrite(&bmp_set,4,1,p);
fwrite{&brp_set,4,1,fp);
fwrite{&brmp_set,q,1,fp);
fwrite{&bmp_set,4,1,fp);
fwrite{&bmp_set,4,1,fp);
fwrite(&bmp_set,z,1 fp);
bmp_set = 24; fwrite(&brmp_set,z,1,p);
bmp_set = Dxoo0a; fwrite(&bmp_set,4,1,fp);
brap_set = 320%240%3; fwrite(&bmp_set,4,1,p);
bmp_set = 0x0000; fwrite(&bmp_set,4,1,fp);
bmp_set = 0x0000; fwrite(Xbmp_set,q,L,fp);
bmip_set = 0x0000; fwrite{&bmp_set,4,1,fp);
bmp_set = 9x0000; fwrite(&brmp_set,q,1,fp);

for{ i=239; i>=0; i-- }
fwrite( Srgbli*zzo*3], 3zo*z, 1,fp ) ;
fclose(fp);

printf{"Make BMP End! ....\n");
‘} Tend mahe bmp ¥
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