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1. XHEEHFE

SRR L/ XHFIB L
RK3399 Linux(Kernel-4.4) Y
RK3288 Linux(Kernel-4.4) Y

-G 1 isp driver 1218 isp fEAFIRAKIX 73, Rk &anr.

RK3288/RK3399 - £ ISP Driver ##%: cif_isp10

2. Camera 34 H U8

RK3288/RK3399 Linux kernel:
|
|arch/arm/boot/dts DTS fic & 14

|drivers/media

|
|platform/rk-isp10 ISP Host Xz}

|i2c/soc_camera/rockchip/ Camera Sensor 4xzj

3. Camera & &EM(DTS)

3.1 MIPI Sensor L/}

camera0: camera-module@36 {
status = "okay";//;EmIMEAEL, BRIAIFE
compatible = "omnivision,ov2710-v4l2-i2c-subdev";
//omnivision sensor 2%
//ov2710-v412-i2c-subdev ' ov2710 &y sensor B 5
/7 E G4 75

reg = <0x36>;// Sensor 12C 4% ik
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device_type = "v4l2-i2c-subdev";// ¥ &M

clocks = <&clk_cif_out>;//sensor clickin fii &

clock-names = "clk_cif_out";

pinctrl-names = "rockchip,camera_default", "rockchip,camera_sleep";

pinctrl-0 = <&cif_dvp_clk_out>;

pinctrl-1 = <&cif_dvp_clk_out_sleep>;
rockchip,pd-gpio = <&gpio3 GPIO_B0 GPIO_ACTIVE_HIGH>;
//powerdown & I 73 it A7 R T
rockchip,pwr-gpio = <&gpio3 GPIO_B5 GPIO_ACTIVE_HIGH>;
//power & B 5y BE S A AT
rockchip,rst-gpio = <&gpio3 GPIO_D1 GPIO_ACTIVE_LOW>;
//reset &I LA R
rockchip,camera-module-mclk-name = "clk_cif_out";//mclk BJ&p 5 &
rockchip,camera-module-facing = "back";//#i )5 Bt &
rockchip,camera-module-name = "LA6110PA";//Camera #4H # Fx
rockchip,camera-module-len-name = "YM6011P";//Camera f4 45k
rockchip,camera-module-fov-h = "128";//# 40 /K-F Al ¥ M IC &
rockchip,camera-module-fov-v = "55.7";//14H 5 B AT AL G B
rockchip,camera-module-orientation = <0>;//Hi4l fE & E
rockchip,camera-module-flip = <0>;
rockchip,camera-module-mirror = <0>;
[/VAE 2 AN @RGSR H R AR IO E, W R ERE 180 B, "I LLKX 2 ANME ik
HCAH SR E B AT i 180
/* resolution.w, resolution.h, defrect.left, defrect.top, defrect.w, defrect.h */
rockchip,camera-module-defrect0 = <1920 1080 0 0 1920 1080>;

// resolution.w: sensor #4145,
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//resolution.h: sensor #iH 174,

// defrect.left: %t WAz 514k,

// defrect.top: #1745k,

// defrect.w: it %1%, defrect.left+defrect.w<=resolution.w,

//defrect.h: %174, defrect.h+defrect.top<=resolution.h,

[/ AR B FTR
resolution.w
b)
< 1e defrect.w I §
jef‘rect\]eft >
5 R
b} bl
2 v 3
> 5
= *
: 3
+ bl
o 2
bl +
3
-
~
—_

rockchip,camera-module-flash-support = <0>;//flash il JF %
rockchip,camera-module-mipi-dphy-index = <0>;

//sensor SEER{EFTIH) phy, T 5 BF SRR A ]

b

&i2cl { //f & Camera B &IEZ A 12C fid |, —Hy 12C1
status = "okay";// A INEL i2c Bidk, BRAIFE
#include "rv1108-camb-xx.dtsi"

1

&cif_isp0 {

rockchip,camera-modules-attached = <&camera0 &cameral &camera2>;

/B E 75 EAE ) camera 513 JEFEF] ISP & 11 5
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status = "okay";

b

3.2 DVP Sensor it

camera2: camera-module@1a {
status = "okay";
compatible = "sony,imx323-v412-i2c-subdev";
reg = <0Oxla>;
device_type = "v4l2-i2c-subdev";
clocks = <&clk_cif_out>;
clock-names = "clk_cif_out";
pinctrl-names = "rockchip,camera_default", "rockchip,camera_sleep";
pinctrl-0 = <&cif_dvp_d0d1 &cif dvp_d2d9 &cif dvp_di0dil
&cif_dvp_clk_in &cif_dvp_clk_out &cif_dvp_sync>;
pinctrl-1 = <&cif_dvp_d0d1_sleep &cif_dvp_d2d9_sleep
&cif_dvp_d10d11_sleep &cif_dvp_clk_in_sleep
&cif_dvp_clk_out_sleep &cif_dvp_sync_sleep>;
//DVP pin 51 JAIECE, HARE XA rv1108.dtsi
Hefid B MIPI Sensor A
rockchip,pd-gpio = <&gpio3 GPIO_D1 GPIO_ACTIVE_LOW>;
rockchip,pwr-gpio = <&gpio3 GPIO_B5 GPIO_ACTIVE_HIGH>;
rockchip,rst-gpio = <&gpio3 GPIO_B0 GPIO_ACTIVE_LOW>;
rockchip,camera-module-mclk-name = "clk_cif_out";
rockchip,camera-module-facing = "back";
rockchip,camera-module-name = "LA6114PA";

rockchip,camera-module-len-name = "YM6011P";
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rockchip,camera-module-fov-h = "122";

rockchip,camera-module-fov-v = "63";
rockchip,camera-module-orientation = <0>;
rockchip,camera-module-ig-flip = <0>;

rockchip,camera-module-ig-mirror = <0>;

rockchip,camera-module-flip = <0>;

rockchip,camera-module-mirror = <0>;

/* resolution.w, resolution.h, defrect.left, defrect.top, defrect.w, defrect.h */

rockchip,camera-module-defrect0 = <2200 1125 48 13 1920 1080>;

rockchip,camera-module-flash-support = <0>;

+

4. Camera && W3

Camera Sensor X f] 12C 5 F #1732 B, HAT Sensor driver %[ 12C B4 WK ah /7 sk

#I, sensor driver [A%H v412 subdev 175 5285 host driver Z [A] 38 H. .

SCAFFIRIT -

AR AR it
ov_camera_module.c OV Sensor Xzl A F& sk Foc i
ov4689 v412-i2c-subdev.c OV4689 Sensor Xzl
aptina_camera_module.c Aptina Sensor Xzl /3t HocE
ar0330cs_v4l2-i2c-subdev.c ARO0330 Sensor Kz}
imx_camera_module.c Sony Sensor Zkzh 3t FCc
imx323_v4l2-i2c-subdev.c IMX323 Sensor Jkzh 3044
rk_camera_module.c T4 Sensor X5l A R F sl
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4.1 FIERBHEUNH

struct i2c_driver

(i8]
E X i2¢ BB B
[5E X]

struct i2c_driver {

/* Standard driver model interfaces */

int (*probe)(struct i2c_client *, const struct i2c_device_id *);
int (*remove)(struct i2c_client *);

struct device_driver driver;

const struct i2c_device_id *id_table;

i
ES: 30428
B R 44 R ik

@driver Device driver model driver
FEAE W AR DTS MBS & HEATILACH) of_match_table.
24 of_match_table 1 #) compatible & f1 dts {4 compatible
UL, .probe %A 44k i

@id_table List of I2C devices supported by this driver

@probe Callback for device unbinding

@remove Callback for device unbinding
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[~fl]
static const struct i2c_device_id ov4689_id[] = {

{ ov4689_DRIVER_NAME, 0 },

{7’
i
static struct of _device_id ov4689_of match[] = {
{.compatible = "omnivision,ov4689-v4|2-i2c-subdev"},
{3
i
static struct i2c_driver ov4689_i2c_driver = {
.driver = {
.name = ov4689_DRIVER_NAME,
.owner = THIS_MODULE,
.of _match_table = ov4689_of match
3
.probe = ov4689_probe,
.remove = ov4689_remove,
.id_table = ov4689_id,

+

struct v4i12_subdev_core_ops

[UiH]

Define core ops callbacks for subdevs
[ X]

struct v412_subdev_core_ops {
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int (*g_ctrl)(struct v412_subdev *sd, struct v4l2_control *ctrl);
int (*s_ctrl)(struct v412_subdev *sd, struct v4l2_control *ctrl);
int (*s_ext_ctrls)(struct v4l2_subdev *sd, struct v4l2_ext_controls *ctrls);

long (*ioctl)(struct v4l2_subdev *sd, unsigned int cmd, void *arg);

i
S8
B R A4 R it

.g_ctrl callback for VIDIOC_G_CTRL ioctl handler code

.s_ctrl callback for VIDIOC_S_CTRL ioctl handler code

.s_ext_ctrls callback for VIDIOC_S_EXT_CTRLS ioctl handler code

.S_power puts subdevice in power saving mode (on == 0) or normal
operation mode (on == 1).

Jdoctl called at the end of ioctl() syscall handler at the V4L2 core.
used to provide support for private ioctls used on the
driver.

[~ 1]

static struct v412_subdev_core_ops ov4689_camera_module_core_ops = {
.g_ctrl = ov_camera_module_g_ ctrl,
.Ss_ctrl = ov_camera_module_s_ctrl,
.Ss_ext_ctrls = ov_camera_module_s_ext_ctrls,
.S_power = ov_camera_module_s_power,

.ioctl = ov_camera_module_ioctl
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b

struct v4l2_subdev_video_ops

[ ]]

Callbacks used when v4l device was opened in video mode.
[E X ]

struct v412_subdev_video_ops {

int (*g_frame_interval)(struct v4l2_subdev *sd,
struct v412_subdev_frame_interval *interval);
int (*s_frame_interval)(struct v412_subdev *sd,

struct v412_subdev_frame_interval *interval);

i
ES: 30428
J 57 24 R ik

.Ss_frame_interval callback for VIDIOC_S_FRAMEINTERVAL ioctl handler
code

.S_stream used to notify the driver that a video stream will start or
has stopped

[~ 1]

static struct v412_subdev_video_ops ov4689_camera_module_video_ops = {
.s_frame_interval = ov_camera_module_s_frame_interval,

.S_stream = ov_camera_module_s_stream
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struct v4l2_subdev_pad_ops

[ H]

v4l2-subdev pad level operations

[ X]

struct v412_subdev_pad_ops {

int (*enum_frame_interval)(struct v4l12_subdev *sd,

struct v4l2_subdev_pad_config *cfg,

struct v412_subdev_frame_interval_enum *fie);

int (*get_fmt)(struct v412_subdev *sd,

struct v412_subdev_pad_config *cfg,

struct v412_subdev_format *format);

int (*set_fmt)(struct v4l2_subdev *sd,

b

struct v412_subdev_pad_config *cfg,

struct v412_subdev_format *format);

[ ]

i 53 44 7

Eiiipay

. enum_frameintervals | callback for VIDIOC_SUBDEV_ENUM_FRAME_INTERVAL

ioctl handler code.

.s_fmt

callback for VIDIOC_SUBDEV_G_FMT ioctl handler code.

10
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.g_fmt callback for VIDIOC_SUBDEV_S_FMT ioctl handler code
[~ 1]

static struct v412_subdev_pad_ops ov4689_camera_module_pad_ops = {
.enum_frame_interval = ov_camera_module_enum_frameintervals,
.get_fmt = ov_camera_module_g_fmt,
.set_fmt = ov_camera_module_s_fmt,

3

static struct v412_subdev_ops ov4689_camera_module_ops = {
.core = &ov4689_camera_module_core_ops,
.video = &o0v4689_camera_module_video_ops,

.pad = &ov4689_camera_module_pad_ops

b

struct ov_camera_module_custom_config

[UiH]

5E X ov camera sensor X i B i1 4

[ ]

struct ov_camera_module_custom_config {
int (*start_streaming)(struct ov_camera_module *cam_mod);
int (*stop_streaming)(struct ov_camera_module *cam_mod);
int (*check_camera_id)(struct ov_camera_module *cam_mod);
int (*s_ctrl)(struct ov_camera_module *cam_mod, u32 ctrl_id);
int (*g_ctrl)(struct ov_camera_module *cam_mod, u32 ctrl_id);
int (*g_timings)(struct ov_camera_module *cam_mod,

struct ov_camera_module_timings *timings);

int (*g_exposure_valid_frame)(struct ov_camera_module *cam_mod);

11
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int (*s_ext_ctrls)(struct ov_camera_module *cam_mod,

struct ov_camera_module_ext_ctrls *ctrls);

int (*set_flip)(

struct ov_camera_module *cam_mod,

struct pltfrm_camera_module_reg reglist[],

int len);

int (*init_common)(struct ov_camera_module *cam_mod);

int (*read_otp)(struct ov_camera_module *cam_mod);

struct ov_camera_module_config *configs;

u32 num_configs;

u32 power_up_delays_ms[3];

void *priv;
b
[ R A ]

J B A4 R

Eiiipay

.start_streaming

start_streaming: (mandatory) will be called when sensor
should be put into streaming mode right after the base config
has been written to the sensor. After a successful call of this
function, the sensor should start delivering frame data.

PR Z R BT, Sensor A fo v BHRE TR

.stop_streaming

stop_streaming: (mandatory) will be called when sensor
should stop delivering data. After a successful call of this
function, the sensor should not deliver any more frame data.

PR ZEEUS, Sensor A fo v HEHRE 7

.s_ext_ctrls

Sensor k¥,  callback for VIDIOC_S_EXT_CTRLS ioctl

handler code (V4L2_CID_GAIN. V4L2_CID_EXPOSURE)

12
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.g_timings FRHL Sensor timing #HXZ%, . PCLK,HTS,VTS

.check_camera_id | check_camera_id: (optional) will be called when the sensor is
powered on. If provided should check the sensor ID/version
required by the custom driver. Register access should be

possible when this function is invoked.

.set_flip ¥ E Sensor 1%

.g_exposure_valid | 3XH Sensor B4 %7 % (1 Wi = 2 4
_frame R [FIA :

0 ---- HHiMIA I A2

2 ---- JE MR

4 ---- J5 2 WAL

.power_up_delays | Sensor #:/ER}%E:
_ms[3] power_up_delays_ms [0]: _FH 5} %E

power_up_delays_ms [1]: f#{f power down Mg j5 i 4k

power_up_delays_ms [2]: Stream on J5HfE

[rf]
static struct ov_camera_module_custom_config ov4689_custom_config = {
.start_streaming = ov4689_start_streaming,
.stop_streaming = ov4689_stop_streaming,
.Ss_ctrl = ov4689_s_ctrl,
.Ss_ext_ctrls = ov4689_s_ext_ctrls,
.g_ctrl = ov4689_g_ ctrl,
.g_timings = ov4689_g_timings,
.check_camera_id = ov4689_check_camera_id,
.set_flip = ov4689_set_flip,

.configs = ov4689_configs,

13
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.num_configs = ARRAY_SIZE(ov4689_configs),
.power_up_delays_ms = {5, 20, 0}

+

struct ov_camera_module_config

[UiH]
& X ov camera sensor fit & J& I
[ ]
struct ov_camera_module_config {
const char *name;
struct v412_mbus_framefmt frm_fmt;
struct v4l2_subdev_frame_interval frm_intrvl;
bool auto_exp_enabled;
bool auto_gain_enabled;
bool auto_wb_enabled;
struct ov_camera_module_reg *reg_table;
u32 reg_table_num_entries;
struct ov_camera_module_reg *reg_diff_table;
u32 reg_diff _table_num_entries;
u32 v_blanking_time_us;
u32 line_length_pck;
u32 frame_length_lines;
struct ov_camera_module_timings timings;
bool soft_reset;
bool ignore_measurement_check;

struct pltfrm_cam_itf itf_cfg;

14
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[RBE AP ]
B R A4 R it
.name E Ll = =
frm_fmt METHCE FdEA R, % struct v412_mbus_framefmt & X
.width: frame width
.height: frame height
.code: data format code (from enum v412_mbus_pixelcode)
frm_intrvl Pad-level frame rate (from struct v4l2_subdev_frame_interval)
.reg_table AT B AT A YR

.v_blanking_time

_us

4 i e B 327 R TR

PLTFRM_CAM_IT

F_MIPI_CFG

i )@t E X, 5% struct pltfrm_cam_itf

1]

static struct ov_camera_module_config ov4689_configs[] = {

.name = "2688x1520_30fps",

frm_fmt =<

.width = 2688,

.height = 1520,

.code = V4L2_MBUS_FMT_SBGGR10_1X10

i

frm_intrvl = {

.interval = {

.numerator = 1,

.denominator = 30

15
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T

.auto_exp_enabled = false,

.auto_gain_enabled = false,

.auto_wb_enabled = false,

.reg_table = (void *)ov4689_init_tab_2688_1520_30fps,
.reg_table_num_entries = ARRAY_SIZE(ov4689_init_tab_2688_1520_30fps),
.v_blanking_time_us = 6100,

PLTFRM_CAM_ITF_MIPI_CFG(0, 2, 999, ov4689_EXT_CLK)

b

PLTFRM_CAM_ITF_MIPI_CFG

[i9]
5E X MIPT B4 101 @ 1k
[5E ]

#define PLTFRM_CAM_ITF_MIPI_CFG(v, nb, br, mk)

ES: 30428
D AAEY ik

\Y mipi visual channel humber index
value: 0,1,2,3

nb mipi lanes number
value: 1,2,4

br mipi bit rate(#.{7: Mbps)

mk Sensor TAEZZ N i (471 Hz)

[ 1]

PLTFRM_CAM_ITF_MIPI_CFG(O, 2, 999, ov4689_EXT_CLK)

16
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PLTFRM_CAM_ITF_DVP_CFG

(15 ]
5E L DVP I 45 s 1k
[ ]

#define PLTFRM_CAM_ITF_DVP_CFG(ty, vs, hs, ck, ck_hz, mk)

S 3598
B 44 R i
ty FE2Em
value:
PLTFRM_CAM_ITF_BT601_8 = 0x20000071, //8bit % BT601
PLTFRM_CAM_ITF_BT656_8 = 0x20000072,// 8bit {7 % BT656
PLTFRM_CAM_ITF_BT601_10 = 0x20000091, //10bit fi7% BT601
PLTFRM_CAM_ITF_BT656_10 = 0x20000092,
PLTFRM_CAM_ITF_BT601_12 = 0x200000B1,
PLTFRM_CAM_ITF_BT656_12 = 0x200000B2,
PLTFRM_CAM_ITF_BT601_16 = 0x200000F1,
PLTFRM_CAM_ITF_BT656_16 = 0x200000F2,
PLTFRM_CAM_ITF_BT656_81 = 0x20000172 //8bit BT656 Interlace
3
VS W FDAE 5 H S HF (BT601 A %0
hs W4T P AE 5 A & HF (BT601 A %0
ck: Pclk KA L
mk Sensor TAEZZ Nl (4L Hz)

[ fi]
PLTFRM_CAM_ITF_DVP_CFG(

PLTFRM_CAM_ITF_BT601_12,

17
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PLTFRM_CAM_SIGNAL_HIGH_LEVEL,
PLTFRM_CAM_SIGNAL_HIGH_LEVEL,
PLTFRM_CAM_SDR_NEG_EDG,

IMX323_EXT_CLK)

4.2 API R ZE 8

sensorxxx_g_VTS

[$5i4 ]
HRICEHT VTS HE
[1H]

static int sensorxxx_g_VTS(struct ov_camera_module *cam_mod, u32 *vts)

[Z#1]

SRR ik i N L
cam_mod struct ov_camera_module g5t kF54t LN
*vts sensor vts & i

[ [El{E ]

JAEIE N ik
0 JRI)
iF 0 K

sensorxxx_auto_adjust_fps

[$5i4 ]
R 15 B BRI 1] 4 HE i 22
[1E7%]
static int sensorxxx_auto_adjust_fps(struct ov_camera_module *cam_mod,

u32 exp_time)

18
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(4]

SRR it i N L
cam_mod struct ov_camera_module g5t kF54t LN
exp_time sensor ME64751 LITPN

[I& A1 ]

BN ik
0 B
0 K

sensorxxx_write_aec

[#534]

BLE sensor BRI IA]. a5, PG [A] DL 8 2 (B ) A7 A7 28 AR ol B R B0 se i, SRRt
BN AE, TR
[iFi£]

static int sensorxxx_write_aec(struct ov_camera_module *cam_mod)

(4]
SRR ik i N Y
cam_mod struct ov_camera_module g5t kT84t LN
[ [l {E]
iR B Eitipa
0 JkI)
F 0 RI

sensorxxx__ filltimings

[Eiiipay|

R sensor WAL B ZF 17 e, &I A7 bk ILAC 7 XA 2480, S N 451

19
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e, G S B 12C
[iFi£]

static int sensorxxx_filltimings(struct ov_camera_module_custom_config

*custom)
(4]
SRR it 6 N\
cam_mod struct ov_camera_module &5kt 4t N
BEYEEEN
yAEI ) i
0 2
£ 0 Rl

sensorxxx_ g_timings

(A ]
RIS AT Sensor i 7241
(8]
static int sensorxxx_g_timings(struct ov_camera_module *cam_mod,

strucov_camera_module_timings *timings)

(4]

SRR ik i N
cam_mod struct ov_camera_module g5t kF54t I\
*timings I P8 B G M AR AR BT o

(R [AME]

i B {E fiik
0 JEI
1:0 Kb

20
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sensorxxx_set_flip

[$#34]

A /T flip/mirror ICE, 1204 sensor Zi {7 s R P AH N T /A4 0B, A A7 an b1 & 4m
A sensor Ja#i G ER
(%]

static int sensorxxx_set_flip(struct ov_camera_module *cam_mod, struct

pltfrm_camera_module_reg reglist[], int len)

(4]
SRR ik 6 N\
cam_mod struct ov_camera_module 45 #4454t LITPN
BEAEEEN
12 [ ik
0 JI)
£ 0 R

sensorxxx_start_streaming

[#iA]
F1FF sensor HifE ik H
(]

static int sensorxxx_start_streaming(struct ov_camera_module *cam_mod)

[Z#]
ZHL TR ik N
cam_mod struct ov_camera_module gt kT84t LTPN
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0 R
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sensorxxx_ stop _streaming

[#id]
Je ] sensor FHE i
[VE%]

static int sensorxxx_stop_streaming(struct ov_camera_module *cam_mod)

(4]
SRR ik i N i
cam_mod struct ov_camera_module g5t kF541 LN
[ [l {E ]
iR B Eitipa
0 JEI
E0 Kb

sensorxxx_check_camera_id

[#iE]
Sensor fi#ff ID 5155
[{Ei%]

static int sensorxxx_check_camera_id(struct ov_camera_module *cam_mod)

[Z4#]
ZH TR Eiipo) N
cam_mod struct ov_camera_module 45 #4454t LITPN
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MR A B A A R )
BEAELER
R EME ik
0 B BEAT ID DLRL R
0 R

5. IXzhH% e i) 2 TR B
1) sensor WaHINE S DTS HAAULAC;
static struct i2c_driver ov4689 i2c_driver
2) M5 senosr 2 A7-a i B A& LA I S5 F R A5 15
static struct ov_camera_module_config ov4689_configs[]
3) RAW Sensor 523 AEC # il #H G s £#2 11, YUV Sensor 2% 1% ¥%;
Sensorxxx_write_aec
sensorxxx_auto_adjust_fps
sensorxxx_g_VTS
sensorxxx_filltimings
sensorxxx_g_timings
4) SPL Sensor Hdf s il ek HdE
sensorxxx_start_streaming
sensorxxx_stop_streaming
5) DTS U B e iR AH G T B 5
WA FEH 12C JWiE 2 15 I 2
12C B bl & 5 Ml & B 2
R YA 1) 5] A DA A rL U A T 1 TR 2
Power down. Reset 5[l LL K B2 75 1A ?

WA HE TR B E e 7 R 2
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