JIABOPATOPHA POBOTA Ne5

IIpoekTyBaHHSI Ta JOCJTIIKEHHS] KOMII’IOTEPHU30BAHOI0 BUMIpPIOBa4a
napaMeTpiB pyxy 3 HM(pPOBHUMH Bige0300paKkeHHAMH

1.1 Mera pobotn

3npoekTyBaTH  Ta BigKanOipyBaTH BHMIpIOBau NapaMeTpiB pyxy Ha 0a3i apayiHo Ta
Bimeokamepu OV7670

1.2. KopoTki TeopeTn4Hi BitomMmocTi

OV7670 € monyns kamepu 3 Oydpepom tumy FIFO. B nanuii uac BiH BUpOOISIEThCS KITBKOMA
¢bipmamu 1 goctynHuU 3 pizHUM posnuHaHHAM. OV7670 3a6e3neuye noBHomacmradue (full frame)
8-06itoBe 300parkeHHs y BikHi. OV7670 Bmie mpamroBatu 3 pisHMMH (opmaTamu Bimeo. Y
po3ninbHii 3maTHOCTI VGA Kamepa 3abesmeuye no 30 kaipiB B CEKyHAY. 3OBHIIIHIA BHIJISL
Moayast kamepu OV7670 nokazano Ha puc.S.1.

Pucynok 5.1 — 3oBHimHiii Burmisia Bigeokamepu OV7670

Monyns kamepu OV7670 Brirouae:

- MAacHB JIaTYUKIB 300pakeHb (103B1I MpuOm3Ho 656 x 488 mikceniB);
- TakTOBMH I'€HEepaTop;

- Tpolecop oOpoOKH CUTHAITIB;

- aHaJoro-uuQpoBi nepeTBoproBayi;

- TeHepaTop TECTOBUX IA0JIOHIB,;

- 1u(poBUi CUTHATILHUI MPOIIECOD;

- TPUCTPiH I MacITabyBaHHs 300pakeHb;

- 1udpoBwHii Biieo MOPT;

- CBITJIOZIOJI Ta BUXI1J YIPABIIHHSA CTPOOOCKOMIUYHUM CHAIAXOM.



Hatunk 300paxkenHs kamepu OV7670 kepyetbes 3a pomomororo muHu SCCB (Serial
Camera Control Bus — mocnizoBHa mmHa KepyBaHHs Kameporo) 3a mporokosnom [2C (KoHTakTh
SIOC, SIOD) 3 makcuMaabHOIO YacToTOr0 cuHXpoHizaii 400 kI .

Kamepa BUKOpHCTOBYE Taki MiATBEPKYIOY1 CUTHAIIN

- VSYNC: Vertical Sync Output (BuXia BepTHKaIbHOI CHHXpPOHi3allii (Is psAIKiB) —
HU3BKUHN PIBEHB il 4ac Kaapy;

- HREF: Horizontal Reference (ropu3oHTanbHa CHHXpOHI3aWis (1715 KOJIOHOK) — BHCOKUI
PIBEHB Mij] Yac aKTUBHUX ITKCEIIB pALYy (PAIKN);

- PCLK: Pixel Clock Output (mikceapHa CHHXPOHI3aIlis (TaKTOBUI CUTHAII Iepeaayvi Oaita
3 mapanenbHoro nopry D0-D7) — HesanexHuMid reHepaTop CHHXPOHI3YKOYHX imimyibciB. [lani
MPaBUJIbHI HA (PPOHTI, IO HAPOCTAE).

Ha nomatok 10 11p0ro kamepa onepye TakiMU CUTHAJIAMU:

- DO0-D7: napanensuuii mudposuii 8-0itHuil BineoBuxia y popmari YUV/RGB;

- PWDN: Power Down Mode Selection - Bxmrouennst (jior. 0) ta BuMKHeHHs (Jor. 1)
KaMepu;

- XCLK: 30BHIiIIHE TaKTyBaHHA (CHHXPOHI3AIis);

- Reset: curnan ckunanHs.

Kamepa OV7670 cuHXpOHI3YEThCS 3a IOMOMOTOI0 TeHeparopa Ha 24 MI'n. Lle 3a0e3neuye
Buxia nikcenbHoi cuHxpoHizauii (PCLK) 24 MI'n. bydpep tuny FIFO mae mam'ste 3 MOir.
I'eneparop TecroBux 1mabnaoHIB ¢Gopmye IMIAOIOH KOJIPHUX CMYT - 3 8 CMyramu, MOCTYIIOBHM
3MEHIICHHAM 10 ciporo kKoibopy (fade-to-gray).

Cxema miakmoueHHs Moayns kamepu OV7670 no minatu Arduino Uno mpejcraBieHa Ha

puc.5.2.
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Pucynok 5.2 — Cxema minkmouenHs Mmoayist kamepu OV7670 no mnatu Arduino Uno



Cxketd nporpamu npeacTaBiaeHuit nani B Jlictinry 1.

Jlicrinr 1 — Cxeru nporapmu pobotu moxayst kamepu OV7670 na 6a3i Arduino Uno

#include
#include
#include
#include
#include

#define
#define
#define
#define
#define
#define
#define
#define
#define

/* Regis
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

<stdint.h>;
<avr/io.h>;
<util/twi.h>;
<util/delay.h>;
<avr/pgmspace.h>;

F CPU 16000000UL
vga 0

gvga 1

ggvga 2

yuv422 0

rgb565 1
bayerRGB 2
camAddr WR 0x42
camAddr RD 0x43
ters */

REG GAIN 0x00
REG BLUE 0x01
REG_RED 0x02
REG_VREF 0x03
REG_COM1 0x04
COM1 CCIR656 0x40
REG_BAVE 0x05
REG_GbAVE  0x06
REG AECHH  0x07
REG RAVE 0x08
REG_COM2 0x09
COM2_ SSLEEP

REG PID

REG_VER

REG_COM3 0x0c
COM3 SWAP

COM3 SCALEEN

COM3 DCWEN

REG_COM4 0x0d
REG_COM5 0x0e
REG_COM6 0x0f
REG_AECH 0x10
REG CLKRC  0x11
CLK_EXT

CLK SCALE 0x3f
REG_COM7 0x12
COM7 RESET

COM7_FMT MASK
COM7_ FMT VGA
COM7_ FMT CIF
COM7_FMT QVGA
COM7_FMT QCIF
COM7_RGB
COM7_YUV
COM7_BAYER
COM7_PBAYER
REG_COM8
COM8 FASTAEC
COM8 AECSTEP

0x13

COM8 BFILT 0x20
COM8_AGC 0x04
COM8_AWB 0x02
COM8_AEC 0x01
REG_COM9 0x14
REG_COM10  0x15

/* Galn lower 8 bits in vref) */
/* blue gain */
/* red gain */
/* Pieces of GAIN, VSTART, VSTOP */
/* Control 1 */

/* CCIR656 enable */

(rest

/*
/*
/*
/*
/*

U/B Average level */
Y/Gb Average level */
AEC MS 5 bits */
V/R Average level */
Control 2 */
0x10 /* Soft sleep mode */
0x0a /* Product ID MSB */
0x0b /* Product ID LSB */
/* Control 3 */
0x40 /* Byte swap */

0x08 /* Enable scaling */
0x04
Control 4 */
All "reserved"
Control 6 */
/* More bits of AEC value */
/* Clocl control */
0x40 /* Use external clock directly */
/* Mask for internal clock scale */
/* Control 7 */ //REG mean address.
0x80 /* Register reset */

0x38

0x00

/*
/*
/*

*/

/* Enable downsamp/crop/window */

0x20
0x10
0x08
/*
/*

0x04

0x00
0x01
0x05

/* CIF format */

/* QVGA format */

/* QCIF format */
bits 0 and 2 - RGB format */
YUV */

/* Bayer format */

/*

*/

"Processed bayer"

/* Control 8 */

0x80
0x40

/* Enable fast AGC/AEC */
/* Unlimited AEC step size */

/* Band filter enable */

/*
/*
/*
/*
/*

Auto gain enable */

White balance enable */
Auto exposure enable */
Control 9- gain ceiling */
Control 10 */



#define COM10 HSYNC 0x40 /* HSYNC instead of HREF */

#define COM10 PCLK HB 0x20 /* Suppress PCLK on horiz blank */
#define COM10 HREF REV 0x08 /* Reverse HREF */

#define COM10 VS LEAD 0x04 /* VSYNC on clock leading edge */
#define COM10 VS NEG 0x02 /* VSYNC negative */

#define COM10_ HS NEG 0x01 /* HSYNC negative */

#define REG_HSTART O0x17 /* Horiz start high bits */

#define REG _HSTOP 0x18 /* Horiz stop high bits */

#define REG_VSTART 0x19 /* Vert start high bits */

#define REG _VSTOP Oxla /* Vert stop high bits */
#define REG_PSHFT Oxlb /* Pixel delay after HREF */

#define REG MIDH Oxlc /* Manuf. ID high */
#define REG MIDL O0x1ld /* Manuf. ID low */
#define REG MVFP Oxle /* Mirror / vflip */
#define MVFP_MIRROR 0x20 /* Mirror image */

#define MVFP_FLIP 0x10 /* Vertical flip */

#define REG_AEW 0x24 /* AGC upper limit */
#define REG_AEB 0x25 /* AGC lower limit */
#define REG_VPT 0x26 /* AGC/AEC fast mode op region */

#define REG_HSYST 0x30 /* HSYNC rising edge delay */
#define REG_HSYEN 0x31 /* HSYNC falling edge delay */

#define REG_HREF 0x32 /* HREF pieces */

#define REG_TSLB Ox3a /* lots of stuff */

#define TSLB YLAST 0x04 /* UYVY or VYUY - see coml3 */
#define REG COM11 O0x3b /* Control 11 */

#define COM11 NIGHT 0x80 /* NIght mode enable */
#define COM11 NMFR 0x60 /* Two bit NM frame rate */
#define COM11 HZAUTO 0x10 /* Auto detect 50/60 Hz */
#define COM11 50HZ 0x08 /* Manual 50Hz select */

#define COM11l EXP  0x02
#define REG _COM12 0x3c /* Control 12 */

#define COM12 HREF 0x80 /* HREF always */

#define REG_COM13 0x3d /* Control 13 */

#define COM13 GAMMA 0x80 /* Gamma enable */

#define COM13 UVSAT 0x40 /* UV saturation auto adjustment */
#define COM13 UVSWAP 0x01 /* V before U - w/TSLB */
#define REG _COM14 Ox3e /* Control 14 */

#define COM14 DCWEN 0x10 /* DCW/PCLK-scale enable */
#define REG_EDGE 0x3f /* Edge enhancement factor */
#define REG_COM15 0x40 /* Control 15 */

#define COM15 R10FO 0x00 /* Data range 10 to FO */
#define COM15 RO1FE 0x80 /* 01 to FE */

#define COM15 ROOFF Oxc0 /> 00 to FF */

#define COM15 RGB565 0x10 /* RGB565 output */
#define COM15 RGBS555 0x30 /* RGB555 output */
#define REG _COM16 0x41 /* Control 16 */

#define COM16 AWBGAIN 0x08 /* AWB gain enable */
#define REG _COM17 0x42 /* Control 17 */

#define COM17 AECWIN OxcO0 /* AEC window - must match COM4 */
#define COM17 CBAR 0x08 /* DSP Color bar */

/*

*

This matrix defines how the colors are generated, must be
tweaked to adjust hue and saturation.

Order: v-red, v-green, v-blue, u-red, u-green, u-blue
They are nine-bit signed quantities, with the sign bit

* stored in0x58.Sign for v-red is bit 0, and up from there.
*/

#define REG _CMATRIX BASE O0Ox4f

Xk % ot

#define CMATRIX LEN 6

#define REG CMATRIX SIGN 0x58

#define REG_BRIGHT 0x55 /* Brightness */

#define REG_CONTRAS 0x56 /* Contrast control */
#define REG GFIX 0x69 /* Fix gain control */

#define REG REG76 0x76 /* OV's name */



#define R76_ BLKPCOR 0x80 /* Black pixel correction enable */
#define R76_WHTPCOR 0x40 /* White pixel correction enable */
#define REG RGB444 0x8c /* RGB 444 control */

#define R444 ENABLE 0x02 /* Turn on RGB444, overrides 5x5 */
#define R444 RGBX 0x01 /* Empty nibble at end */

#define REG_HAECC1 0x9f /* Hist AEC/AGC control 1 */

#define REG_HAECC2 Oxa0 /* Hist AEC/AGC control 2 */

#define REG_BDS50MAX Oxa5 /* 50hz banding step limit */
#define REG_HAECC3 Oxa6 /* Hist AEC/AGC control 3 */

#define REG_HAECC4 Oxa7 /* Hist AEC/AGC control 4 */

#define REG_HAECC5 Oxa8 /* Hist AEC/AGC control 5 */

#define REG_HAECCG6 Oxa9 /* Hist AEC/AGC control 6 */

#define REG_HAECC7 Oxaa /* Hist AEC/AGC control 7 */

#define REG_BD60MAX Oxab /* 60hz banding step limit */
#define REG_GAIN 0x00 /* Gain lower 8 bits (rest in vref) */
#define REG_BLUE 0x01 /* blue gain */

#define REG_RED 0x02 /* red gain */

#define REG_VREF 0x03 /* Pieces of GAIN, VSTART, VSTOP */
#define REG_COM1 0x04 /* Control 1 */

#define COM1 CCIR656 0x40 /* CCIR656 enable */

#define REG_BAVE 0x05 /* U/B Average level */

#define REG_GbAVE 0x06 /* Y/Gb Average level */

#define REG AECHH  0x07 /* AEC MS 5 bits */

#define REG_RAVE 0x08 /* V/R Average level */

#define REG_COM2 0x09 /* Control 2 */

#define COM2_ SSLEEP 0x10 /* Soft sleep mode */

#define REG_PID Ox0a /* Product ID MSB */

#define REG_VER 0x0b /* Product ID LSB */

#define REG_COM3 0x0c /* Control 3 */

#define COM3_ SWAP 0x40 /* Byte swap */

#define COM3_SCALEEN 0x08 /* Enable scaling */

#define COM3 DCWEN 0x04 /* Enable downsamp/crop/window */
#define REG_COM4 0x0d /* Control 4 */

#define REG_COM5 0x0e /* All "reserved" */

#define REG_COM6 0x0f /* Control 6 */

#define REG AECH 0x10 /* More bits of AEC value */

#define REG CLKRC 0x11 /* Clocl control */

#define CLK_EXT 0x40 /* Use external clock directly */
#define CLK SCALE 0x3f /* Mask for internal clock scale */
#define REG_COM7 0x1l2 /* Control 7 */

#define COM7 RESET 0x80 /* Register reset */

#define COM7 FMT MASK 0x38

#define COM7 FMT VGA 0x00

#define COM7_ FMT CIF 0x20 /* CIF format */

#define COM7_ FMT QVGA 0x10 /* QVGA format */

#define COM7 FMT QCIF 0x08 /* QCIF format */

#define COM7_RGB 0x04 /* bits 0 and 2 - RGB format */

#define COM7_ YUV 0x00 /* YUV */

#define COM7_ BAYER 0x01 /* Bayer format */

#define COM7_ PBAYER 0x05 /* "Processed bayer" */

#define REG COMS8 0x13 /* Control 8 */

#define COM8 FASTAEC 0x80 /* Enable fast AGC/AEC */
#define COM8 AECSTEP 0x40 /* Unlimited AEC step size */
#define COM8 BFILT 0x20 /* Band filter enable */

#define COM8 AGC 0x04 /* Auto gain enable */

#define COM8 AWB 0x02 /* White balance enable */

#define COM8 AEC 0x01 /* Auto exposure enable */

#define REG_COMS 0x14 /* Control 9- gain ceiling */

#define REG_COM10 0x15 /* Control 10 */

#define COM10_ HSYNC 0x40 /* HSYNC instead of HREF */
#define COM10 PCLK HB 0x20 /* Suppress PCLK on horiz blank */
#define COM10 HREF REV 0x08 /* Reverse HREF */

#define COM10 VS LEAD 0x04 /* VSYNC on clock leading edge */
#define COM10 VS NEG 0x02 /* VSYNC negative */

#define COM10 HS NEG 0x01 /* HSYNC negative */

#define REG HSTART 0x17 /* Horiz start high bits */



#define REG_HSTOP 0x18 /* Horiz stop high bits */

#define REG_VSTART 0x19 /* Vert start high bits */

#define REG VSTOP Oxla /* Vert stop high bits */

#define REG_PSHFT Oxlb /* Pixel delay after HREF */

#define REG_MIDH Oxlc /* Manuf. ID high */

#define REG_MIDL 0xld /* Manuf. ID low */

#define REG MVFP Oxle /* Mirror / vflip */

#define MVFP MIRROR 0x20 /* Mirror image */

#define MVFP FLIP 0x10 /* Vertical flip */

#define REG_AEW 0x24 /* AGC upper limit */

#define REG_AEB 0x25 /* AGC lower limit */

#define REG_VPT 0x26 /* AGC/AEC fast mode op region */
#define REG_HSYST 0x30 /* HSYNC rising edge delay */

#define REG_HSYEN 0x31 /* HSYNC falling edge delay */
#define REG_HREF 0x32 /* HREF pieces */

#define REG_TSLB 0x3a /* lots of stuff */

#define TSLB YLAST 0x04 /* UYVY or VYUY - see coml3 */
#define REG COM11 0x3b /* Control 11 */

#define COM11 NIGHT 0x80 /* NIght mode enable */
#define COM11l NMFR 0x60 /* Two bit NM frame rate */
#define COM11l HZAUTO 0x10 /* Auto detect 50/60 Hz */
#define COM11 50HZ 0x08 /* Manual 50Hz select */
#define COM11 EXP  0x02

#define REG _COM12 0x3c /* Control 12 */

#define COM12 HREF 0x80 /* HREF always */

#define REG COM13 0x3d /* Control 13 */

#define COM13 GAMMA 0x80 /* Gamma enable */

#define COM13 UVSAT 0x40 /* UV saturation auto adjustment */
#define COM13 UVSWAP 0x01 /* V before U - w/TSLB */
#define REG COM14 Ox3e /* Control 14 */

#define COM14 DCWEN 0x10 /* DCW/PCLK-scale enable */
#define REG_EDGE 0x3f /* Edge enhancement factor */

#define REG_COM15 0x40 /* Control 15 */

#define COM15 R10FO 0x00 /* Data range 10 to FO */
#define COM15 RO1FE 0x80 /* 01 to FE */

#define COM15 ROOFF 0xcO /* 00 to FF */

#define COM15 RGB565 0x10 /* RGB565 output */

#define COM15 RGB555 0x30 /* RGB555 output */

#define REG _COM16 0x41 /* Control 16 */

#define COM16 AWBGAIN 0x08 /* AWB gain enable */
#define REG_COM17 O0x42 /* Control 17 */

#define COM17 AECWIN OxcO /* AEC window - must match COM4 */
#define COM17 CBAR 0x08 /* DSP Color bar */

#define CMATRIX LEN 6

#define REG_BRIGHT 0x55 /* Brightness */

#define REG_REG76 0x76 /* OV's name */

#define R76_ BLKPCOR 0x80 /* Black pixel correction enable */
#define R76_WHTPCOR 0x40 /* White pixel correction enable */
#define REG RGB444 0x8c /* RGB 444 control */

#define R444 ENABLE 0x02 /* Turn on RGB444, overrides 5x5 */
#define R444 RGBX 0x01 /* Empty nibble at end */

#define REG_HAECC1 0x9f /* Hist AEC/AGC control 1 */
#define REG_HAECC2 Oxa0 /* Hist AEC/AGC control 2 */
#define REG BD5O0MAX Oxa5 /* 50hz banding step limit */
#define REG HAECC3 Oxa6 /* Hist AEC/AGC control 3 */
#define REG_HAECC4 Oxa7 /* Hist AEC/AGC control 4 */
#define REG_HAECC5 Oxa8 /* Hist AEC/AGC control 5 */
#define REG_HAECCG6 Oxa9 /* Hist AEC/AGC control 6 */
#define REG HAECC7 Oxaa /* Hist AEC/AGC control 7 */
#define REG BD60MAX Oxab /* 60hz banding step limit */
#define MTX1 Ox4f /* Matrix Coefficient 1 */
#define MTX2 0x50 /* Matrix Coefficient 2 */
#define MTX3 0x51 /* Matrix Coefficient 3 */
#define MTX4 0x52 /* Matrix Coefficient 4 */
#define MTX5 0x53 /* Matrix Coefficient 5 */



#define MTX6 0x54 /* Matrix Coefficient 6 */

#define REG_CONTRAS 0x56 /* Contrast control */
#define MTXS 0x58 /* Matrix Coefficient Sign */
#define AWBC7 0x59 /* AWB Control 7 */
#define AWBCS 0x5a /* AWB Control 8 */
#define AWBCO 0x5b /* AWB Control 9 */
#define AWBC10 Ox5¢ /* AWB Control 10 */
#define AWBC11 0x5d /* AWB Control 11 */
#define AWBC12 Ox5e /* AWB Control 12 */
#define REG_GFI 0x69 /* Fix gain control */
#define GGAIN Ox6a /* G Channel AWB Gain */
#define DBLV 0x6b

#define AWBCTR3 Ox6c /* AWB Control 3 */
#define AWBCTR2 Oxé6d /* AWB Control 2 */
#define AWBCTRI1 Ox6e /* AWB Control 1 */
#define AWBCTRO Ox6f /* AWB Control 0 */

struct regval list{
uint8 t reg num;
uintlé_t value;

}i

const struct regval list gvga ov7670[] PROGMEM = ({
{ REG_COM14, 0x19 },
{ 0x72, 0x11 1},
{ 0x73, O0xfl },

REG_HSTART, 0x16 },
REG_HSTOP, 0x04 },
REG HREF, Oxad },
REG _VSTART, 0x02 },
REG_VSTOP, 0Ox7a },
REG_VREF, 0x0a },

{ Oxff, Oxff }, /* END MARKER */
}i

const struct regval list yuv422 ov7670[] PROGMEM = ({
{ REG_COM7, 0x0 }, /* Selects YUV mode */
REG RGB444, 0 }, /* No RGB444 please */
REG_COM1, 0 },
REG_COM15, COM15 ROOFF },
REG _COM9, Ox6A }, /* 128x gain ceiling; 0x8 is reserved bit */
Ox4f, 0x80 1}, /* "matrix coefficient 1" */

0x50, 0x80 1}, /* "matrix coefficient 2" */
0x51, 0 1}, /* vb */

0x52, 0x22 1}, /* "matrix coefficient 4" */
0x53, 0x5e }, /* "matrix coefficient 5" */

0x54, 0x80 1}, /* "matrix coefficient 6" */
REG COM13, COM13 UVSAT },
Oxff, Oxff 1}, /* END MARKER */

e i e e e e i e e e N

}i

const struct regval list ov7670 default regs[] PROGMEM = {//from the linux
driver

{ REG_COM7, COM7 RESET },

{ REG_TSLB, 0x04 }, /* OV */

{ REG coM7, 0 }, /* VGA */

/*

* Set the hardware window. These values from OV don't entirely

* make sense - hstop is less than hstart. But they work...

*/

{ REG_HSTART, 0x13 }, { REG_HSTOP, 0x01 },

{ REG_HREF, 0xb6 }, { REG VSTART, 0x02 },

{ REG VSTOP, Ox7a }, { REG VREF, 0x0a },



{ REG_COM3, 0 }, { REG COM14, 0
/* Mystery scaling numbers */

{ 0x70, 0Ox3a }, { 0x71, 0x35 },
{ 0x72, 0Ox11 }, { 0x73, O0xf0 },
{ Oxa2,/* 0x02 changed to 1*/1 1},
/* Gamma curve values */

I

{ REG_COM10, 0x0 },

{ 0x7a, 0x20 }, { O0x7b, 0x10 1},
{ 0x7c, Oxle }, { 0x7d, 0x35 },
{ 0x7e, 0x5a }, { O0x7f, 0x69 },
{ 0x80, O0x76 }, { 0x81, 0x80 },
{ 0x82, 0x88 }, { 0x83, 0x8f 1},
{ 0x84, 0x96 }, { 0x85, 0xa3 },
{ 0x86, Oxaf }, { 0x87, 0Oxc4d },
{ 0x88, 0xd7 }, { 0x89, 0xe8 },

/* AGC and AEC parameters. Note we start by disabling those features,

then turn them onl

{ REG_COM8, COM8 FASTAEC |

0}, {
0x40 }

REG_GAIN,
REG_COM4,
REG _COM9, 0x18 }
REG_BD50MAX, 0x0
REG_AEW, 0x95 },
REG_VPT, Oxe3 },
REG_HAECC2, 0x68
REG_HAECC3, 0xd8
REG_HAECCS5, 0xf0
REG_HAECC7, 0x94
REG_COMS,
0x30, 0 }, { 0x3

COM8 FASTAEC |

y after tweaking the values. */
COM8_AECSTEP },
REG_AECH, 0 },
, /* magic reserved bit */
, /* 4x gain + magic rsvd bit */
5 }, { REG_BD60MAX, 0x07 1},
{ REG_AEB, 0x33 },
{ REG_HAECCI1, 0x78 },
}, { Oxal, 0x03 }, /*
}, { REG_HAECC4, 0xd8
}, { REG_HAECC6, 0x90

s

magic */
b
b

COMS_AECSTEP | COM8_AGC |
0 },//disable some delays

COM8 AEC },
1,

*/

* Almost all of these are magic "reserved" values.

e T T e N T T Y e

REG_COM5, 0x61 }, { REG COM6, 0x4b },
Oxle, 0x02 }, { REG _MVFP, 0x07 },
0x21, 0x02 }, { 0x22, 0x91 1},
0x29, 0x07 }, { 0x33, 0x0b 1},
0x35, 0x0b }, { 0x37, 0x1d },
0x38, 0x71 }, { 0x39, O0x2a },
REG_COM12, 0x78 }, { 0x4d, 0x40 },
Ox4e, 0x20 }, { REG GFIX, 0 },
/*{0x6b, O0x4a},*/{ 0x74, 0x10 1},
{ 0x8d, 0x4f }, { 0x8e, 0 },
{ 0x8f, 0 }, { Ox90, O 1},
{ 0x91, 0 }, { Ox9%96, O 1},
{ 0x%9a, 0 }, { Oxb0O, 0x84 1},
{ O0xbl, 0x0c }, { O0xb2, 0x0e 1},
{ 0xb3, 0x82 }, { 0xb8, 0x0a },
/* More reserved magic, some of which tweaks white balance */
{ 0x43, OxO0a }, { Ox44, O0xf0 1},
{ 0x45, 0x34 }, { Ox46, 0x58 },
{ 0x47, 0x28 }, { 0x48, 0x3a },
{ 0x59, 0x88 }, { 0x5a, 0x88 1},
{ 0x5b, 0x44 }, { Ox5c, 0x67 1},
{ 0x5d, 0x49 }, { Oxb5e, O0x0e 1},
{ Ox6c, 0x0a }, { Oxe6d, 0x55 },
{ Ox6e, 0x11 }, { Ox6f, 0x9%e }, /* it was Ox9F "9e for advance AWB"
{ Ox6a, 0x40 }, { REG _BLUE, 0x40 },
{ REG_RED, 0x60 },
{ REG_COM8, COM8_FASTAEC \ COM8_AECSTEP \ COM8_AGC \ COM8_AEC \

/* Matrix coefficients */

{ O0x4f, 0x80 }, { 0x50, 0x80
{ 0x51, 0 1}, { 0x52, 0x22
{ 0x53, O0x5e }, { 0x54, 0x80
{ 0x58, 0x9%e 1},

{ REG_COM16, COM16 AWBGAIN },

by
s
s

{ REG_EDGE, 0 },

*/

COM8 AWB },



0x75, 0x05 1},
O0x4c, 0 },

0xc9, 0xo60 1},
0x56, 0x40 1},

i e e i)

0x34, 0x11 1},

0x97, 0x30 1},
0x99, 0x30 1},
0x9b, 0x29 1},
0x9d, Ox4c 1},
0x78, 0x04 1},

e i e e e

{

{

Oxa4d, 0x82/*Was

{

i

REG_REG76, Oxel },
{ 0x77, 0x01 1},

REG COM13, /*0xc3*/0x48 }, { Ox4b, 0x09 1},

/*{REG_COM16, 0x38},*/

REG_COMll, COMll_EXP \ COMll_HZAUTO 1,
0x88*/ }, { 0x96, 0 1},

0x98, 0x20 1},

0x9%a, 0x84 1},

0x9c, 0x03 1},

0x9%e, 0x3f 1},

/* Extra-weird stuff. Some sort of multiplexor register */

0x79, 0x01 1},
0x79, 0x0f 1},
0x79, 0x10 1},
0x79, 0x0a 1},
0x79, 0x0b 1},
0x79, 0xO0c 1},
0x79, 0x0d 1},
0x79, 0x09 1},
0x79, 0x02 1},
0x79, 0x03 1},
0x79, 0x05 1},
0x79, 0x26 1},
Oxff, Oxff 1},

i e e e e T e e N

bi

{

e e i e e e N N

Oxc8, 0xf0 1},
Oxc8, 0x00 1},
Oxc8, 0x7e 1},
Oxc8, 0x80 1},
Oxc8, 0x01 1},
Oxc8, 0x0f 1},
Oxc8, 0x20 1},
Oxc8, 0x80 1},
Oxc8, 0OxcO 1},
Oxc8, 0x40 1},
Oxc8, 0x30 1},

/* END MARKER */

void error led(void) {
DDRB |= 32;//make sure led is output
while (1) {//wait for reset
PORTB "= 32;// toggle led
_delay ms (100);

}
}

void twiStart (void) {

TWCR = _BV(TWINT)
(1 << TWINT)));//wait for start to be transmitted
if ((TWSR & O0xF8)

while (! (TWCR &

error led();

}

| BV(TWSTA) | BV(TWEN);//send start

!= TW_START)

void twiWriteByte (uint8 t DATA, uint8 t type) {

TWDR = DATA;

TWCR = BV (TWINT) ;
(1 << TWINT))) {}

while (! (TWCR &

if ((TWSR & O0xF8)

error led();

}

| BV (TWEN)

!= type)

void twiAddr (uint8 t addr, uint8 t typeTWI) {
TWDR = addr;//send address
TWCR = 7BV(TWINT)

while ((TWCR &

if ((TWSR & OxF8)

error led();

}

| BV (TWEN) ; /* clear interrupt to start transmission */
_BV(TWINT)) == 0); /* wait for transmission */
= typeTWI)

void writeReg(uint8 t reg, uint8 t dat) {
//send start condition

twiStart () ;

twiAddr (camAddr WR, TW MT SLA ACK);
twiWriteByte (regqg,

TW_MT DATA ACK) ;



twiWriteByte (dat, TW_MT DATA ACK) ;
TWCR = (1 << TWINT) | (1 << TWEN) | (1 << TWSTO);//send stop
_delay ms(1);

}

static uint8 t twiRd(uint8 t nack) {

if (nack) {
TWCR = _BV(TWINT) | BV(TWEN);
while ((TWCR & V(TWINT)) == 0); /* wait for transmission */
if ((TWSR & OXF8) = TW MR DATA NACK)

error led();

return TWDR;

}

else{
TWCR = _BV(TWINT) | BV(TWEN) | _BV(TWEA);
while ((TWCR & V(TWINT)) == 0); /* wait for transmission */
l =

if ((TWSR & OxF8)
error led();
return TWDR;

TW MR DATA ACK)

}

uint8 t rdReg(uint8 t req) {

uint8 t dat;

twiStart () ;

twiAddr (camAddr WR, TW MT SLA ACK);

twiWriteByte (reg, TW_ MT DATA _ACK) ;

TWCR = (1 << TWINT) | (1 << TWEN) | (1 << TWSTO);//send stop
_delay ms(1);

twiStart () ;

twiAddr (camAddr RD, TW MR SLA ACK);

dat = twiRd (1) ;

TWCR = (1 << TWINT) | (1 << TWEN) | (1 << TWSTO);//send stop
_delay ms(1);

return dat;

}

void wrSensorRegs8 8 (const struct regval list reglist[]) {
uint8 t reg addr, reg val;
const struct regval list *next = reglist;
while ((reg addr != O0xff) | (reg val != Oxff)){

reg _addr = pgm read byte (&next->reg num) ;

reg val = pgm read byte (&next->value);
writeReg(reg addr, reg val);

next++;

}

void setColor (void) {
wrSensorRegs8 8 (yuv422 ov7670);
// wrSensorRegs8 8 (gvga ov7670);
}

voilid setResolution (void) {

writeReg (REG COM3, 4); // REG _COM3 enable scaling
wrSensorRegs8 8 (gvga ov7670) ;

}

void camInit (void) {
writeReg (0x12, 0x80);
_delay ms (100);
wrSensorRegs8 8 (ov7670 default regs);
writeReg (REG_COM10, 32);//PCLK does not toggle on HBLANK.
}

void arduinoUnoInut (void) {



cli();//disable interrupts

/* Setup the 8mhz PWM clock
* This will be on pin 11%*/

DDRB |= (1 << 3);//pin 11

ASSR &= ~( BV (EXCLK) | BV(AS2));

TCCR2A = (1<< COM2A0) | (1 << WGM21) | (1 << WGM20) ;
TCCR2B = (1 << WGM22) | (1 << CS20);

OCR2A = 0;//(F_CPU)/ (2* (X+1))

DDRC &= ~15;//low d0-d3 camera

DDRD &= ~252;//d7-d4 and interrupt pins
_delay ms(3000);

//set up twi for 100khz
TWSR &= ~3;//disable prescaler for TWI
TWBR = 72;//set to 100khz

//enable serial
UBRROH = 0;
UBRROL = 1;//0 = 2M baud rate. 1 = 1M baud. 3 = 0.5M. 7 = 250k 207 is 9600
baud rate.

UCSROA |= 2;//double speed aysnc
UCSROB = (1 << RXENO) | (1 << TXENO);//Enable receiver and transmitter
UCSROC = 6;//async 1 stop bit 8bit char no parity bits

}

void StringPgm(const char * str) {
do{
while (! (UCSROA & (1 << UDREO)));//wait for byte to transmit
UDRO = pgm read byte near (str)
while (! (UCSROA & (1 << UDREO)
} while (pgm read byte near (++str)
}

));//wait for byte to transmit
)

static void captureImg(uintl6 t wg, uintlé _t hg) {
uintlé t y, x;
StringPgm (PSTR ("*RDY*")) ;

while (! (PIND & 8));//wait for high
while ((PIND & 8));//wait for low

y = hg;
while (y--){
X = Wg;
//while (! (PIND &amp; 256));//wait for high
while (x--) {
while ((PIND & 4));//wait for low
UDRO = (PINC & 15) | (PIND & 240);
while (! (UCSROA & (1 << UDREO)));//wait for byte to transmit
while (! (PIND & 4));//wait for high
while ((PIND & 4));//wait for low
while (! (PIND & 4));//wait for high

}
// while ((PIND & 256));//wait for low

}
_delay ms (100);
}

void setup () {

arduinoUnoInut () ;

camInit () ;

setResolution () ;

setColor();
writeReg(0x11, 10); //Earlier it had the value:writeReg(0x11l, 12); New version
works better for me :) !!!!



}

void loop () {
captureImg (320, 240);
}

Jlis poboT 3 MakeToM TakoXX MOTpiOHa jomomikHa mporpama Serial Port Reader.

Iarepdeiic manoi mporpamu npeacTaBieHU Ha puc.S.3.

sl OV7670 - O X

Status: Reading image from senal port ...

Serialpot [COM5 v~ Check

Save picture

Pucynok 5.3 - [ntepdeiic mporpamu Serial Port Reader

B mporpami HEOOXiZHO BKa3zaTh MOPT, 10 sikoro Oyxae mimkmouenuit Arduino Uno ta HaTHCHYTH

Start\Stop. ITpu GaxxanHi 30eperTu 300pakeHs: HATUCHYTH Save picture.

1.3. IlinroroBka 10 podotu

[Tpu migroToBIi 10 podOTH HEOOX1THO:
* 03HaHOMMTHUCH 3 PEKOMEHIOBAHOIO JITepaTypoIo;
* BUBYHTH KOPOTKI TEOPETUYHI BiJOMOCTI.

1.4. ITopsinok podoTu:

[Migxmounte Moayinb ArduinoUno o Bimeokamepu OV7670 3rigHo puc.5.2.
Hanucatu ta Bigmmaroautu koa po6otu st Arduino Uno srigso Jlicriar 1.
Ckauvatu nporpamy Serial Port Reader.

HanamryBatu poGoT MakeTy aJsi OTpUMaHHS 300paKeHb.

3pobuTH MITKY Ha 300pa’keHH1, 3p00UTH NPOTAroM 30 CEKyHI 5 3HIMKIB.
[IpoananizyBatu pyx Ta mapameTpu 300pakKeHHsI MPOTIATOM Yacy.
OdopmuTH 3BIT Ta 3pOOUTH BUCHOBKH.

NoohkownE



