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Abstract--- With the processing of CMOS

technology, the technology of video acquisition
based on CMOS is becoming a new trend.
However, many CMOS camera chip is not
supported by the newest Linux kernel yet. The
environmented image acquirement and the
bluetooth transmission system are studied and
designed . In this paper, the method of
designing the CMOS camera driver based on
S$3C2440 developing board with the embedded
Linux environment is introduced and add some
components such as a usb bluetooth adapter.
SCCB is a distinguishing feature of OV series
CMOS chips. S3C2440 provides a camera
interface, and the camera driver is designed
based on it. The library and the utils are
compiled, and of images got from CMOS
camera to the Bluetooth mobile phone has been
realized by means of programming .

Keywords-- camera device driver; 0OV9650;
SCCB; $3C2440, image  acquirement;
Bluetooth technique

1. Introduction

Comparing with traditional CCD image
sensor, CMOS image sensors using CMOS
technology can integrate the pixel array and
peripheral circuits (such as the image sensor core,
single-clock, all the sequential logic,
programmable functions and A / D converter) in
a chip, with a small size, light weight, low power
consumption, programming convenience, easy to
control and so on. Embedded Linux is a better
embedded operation system, which has portable,
strong network function and excellent GNU
compile tools as well as free open source
characters. S3C2410 is a 32 bits embedded
processor that based on an ARM920T core with
integrated MMU and abundant internal resources.

Because of low cost, high performance
and the Video4linux (short for V4L) support on
Linux program, CMOS camera is easy to
integrate to embedded system. Bluetooth

technique is a short distance wireless
communication with dominant position which is
exclusive certificated, and it has been widely
used in mobile phones, personal computer and
peripherals at present. This paper introduce
image acquirement function based on embedded
Linux system, and transmit the picture got from
CMOS camera to the Bluetooth mobile phone on
the environment of Bluetooth that has been
constructed.

2. Software & Hardware
Platform Guide

The system uses SAMSUNG S3C2440
as a microprocessor, the camera equipment is
0OV9650. SAMSUNG S3C2440 uses 16/32 bit
ARM920T RISC technology for the core. Its
main Frequency is 400M Hz. It provides a
camera interface (camif) to support camera.
There are two models for camif to transmit data
with DMA controller: one is called Preview
mode, which transform the image data sampling
from the camera interface into the RGB format,
and transfer it to the SDRAM under control of
the DMA; the other is called code mode, which
transmits the image data to the SDRAM in
YCbCr4:2:0 or 4:2:2 format. Software platform is
embedded Linux OS.

We add a bank of NAND Flash storage
of 64MB and two bands of SDRAM with 64KM
total capability, and extend a ethemet network
interface of 10MB by adding a ethemet network
controller chip CS8900. There are two usb hosts,
one is for CMOS camera,the other is for usb
adapter. We acquire image data by CMOS
camera and send the image data to the buffer,
then save to file, and then transmit the file to
Blue tooth mobile phone.
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3. Implement of SCCB Driver

In Linux operating system, device driver
provides access interfaces for underlying data
structures, hardware device drivers and advanced
data structures .Device driver shields the
hardware details for the application. From Linux
2.6 kernel version, Linux operating system using
kobject kernel object facility, which treat
hardware device as a file.System calls and drivers
are linked by file_operations. Every member of
this structure corresponds to a system call. The
S$3C2440 does not provide sccb interface, so the
driver has to include a sccb driver.

SCCB is short of serial camera control
bus, which is customized by OminiVision
Company . It is used for writing and reading the
registers of the camera in order to control the
output of the camera. SCCB data transmission is
controlled by master device which send the data
transmission start signal, the clock signals and
stop signal. Usually the master device is
microprocessor, and the sub device addressed
access to it. Each device connected to the SCCB
has a unique address (ID). At present, SCCB
communication protocol supports only 100Kb/s
or 400Kb/s transmission speed, and supports two
kinds of address forms.
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Fig 2 . Framework of the driver
Tablel. Comparison of SCCB Read and
Write Operation

Operation Steps

three-phase ~ Write the write address of the sub
write device (IDW,8bit) and the “Don’t
care”

write the register address
(8bit) and the “Don’t care”
write the data(8bit) and the
“Don’t care”
two-phase  Write the write address of the sub
write device (IDW,8bit) and the “Don’t
care”

writer the register
address (8bit) and the
“Don’t care”
two-phase Write the read address of the
sub



Set d

read the data in register and

Here, S3C2440 is the master device,
OV9650 is the sub device. The important
function: in SCCB driver are sccb_write(u8
IdAddr, u8 SubAddr, u8 data) which is used to
write data into internal register of OV9650 and
u8 sccb_read(u8 IdAddr, u8 SubAddr) which is
used to read data from internal register of
0OV9650. Part of the code for sccb_read(u8
IdAddr, u8 SubAddr) is as follows
u8 sccb_read(u8 IdAddr, u8 SubAddr)

{
u8 data; down(&bus_lock);

sccb_start();
sccb_write_byte(IdAddr);
sccb_write_byte(SubAddr);
sccb_stop();

sccb_start();

sccb_write_byte(IdAddrl0x01);

data = sccb_read_byte();

sccb_stop();

up(&bus_lock);

return data;

}

Function sccb_read_byte 0O and
sccb_write_byte () is respectively to complete
8 bit read and write according to SCCB timing
logic.
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Fig. 3 Algorithm flow chart to
reading 8 bit

»  Registration and initialization

Here register the camera as a miscdevice.
All the miscdevice shara one major device number:
10. Using minor = MISC_DYNAMIC_MINOR to
get a sub device number.All the miscdevices form a
list. Calling the function misc_register() to add the
device to the list, and registration is completed.
Initialization includes:

1) Using s3¢2410_ gpio_cfgpin to set GPIO to
camera mode. Part code is as follows: s3¢2410
_gpio_cfgpin(S3C2440_GPJ8,S3C2440_GPJ8
_CAMPCLK);

2) Using request_mem_ region() to ask for
memory resources for camera. Using ioremap-
nocache () to map the memory resources to
kernel space.

3) Initialize SCCB. Set SIC_C and SIC_D to
high, which is the waiting status.

4) Initialize camera. Write the parameters
(output format, AGC, sampling clock) into an
array, and then using a cycle function to write
parameters into the internal register of
0V9650 through SCCB one by one.

»  Some important functions
When a application calls the camera, the
system using sub device number to find the
miscdevice, and then call its file_operation
struct, and finally operate the APIL. There are
some important function to provide: open(),
release(),read().

< Open():

a) Ask for continuous blank memory for P
mode and C mode. To speed up data transfer,
using a PingPong structure data buffer for data
transfer, asking for 4 memory buffer for P
mode and C mode respectively, and recycling
this 4 buffer. When a frame data transmission
is completed, that is, one buffer of the
PingPong structure is full, interrupt handling
program can capture the output data while the
next frame data is transmission.

b) open the interrupt for P mode and C
mode. Part of the code is as follows:

request_irq(IRQ_S3C2440_CAM_C,
on_camif_irq_c,
IRQF_DISABLED, "CAM_C",
pdev);

request_irq(IRQ_S3C2440_CAM_P,on_camif _
irq_p,
IRQF_DISABLED, "CAM_P",
pdev);

** Read():

a)Close interrupt. Part of the code is:



disable_irq(IRQ_S3C2440_CAM b) Call
_C);disable_i rq start_capture()
(IRQ_S3C2440_CAM_P);

to start capture under corresponding mode.

¢) Using copy_to_user() to transmit the data
in driver buffer into user space.
d) Open interrupt when capturing is end.

< Release():
a) Close camera interface.
b) Release interrupt.
c) Release buffer memory.
d) Call misc_deregister() to deregister the
device.

4. V4L Introduction

Video4linux(short for V4L) is the API
interface in Linux that is used to acquire video
and audio data. Adding appropriate video
acquirement device and corresponding driver to

it, we can realize the video/image acquirement,
AF/FM broadcast and switch channel function.
This can be widely use in remote meeting, video
phone and video surveillance system. Every
extemal device can be regard as special file in
Linux, these files are called device file. We can
read or write them as access ordinary files.
Generally speaking, the camera device file that
adopt V4L structure is "/dev/v4l/videoQ". V4L
supports two methods to capture image: mmap
and read. V4L defined some important data
structure in"/usr /include/linux/videodev.h". In
course of image acquirement, we can operate
these data structure to get the image data.

Open the video device Open(”’/dev/videoO/
Initialize the CMOS camera (set
dln,video_picture

Set the attribute of the Image( alette,bppln,width,

5. Image Acquirement

In course of image acquirement, we
adopt the read method of V4L to read directly
the device to get the image data of JPEG
format in this paper.

A. Initializing Camera Device

In course of initialization, we appoint
the camera device file "/dev/video0"call
open() function to open the device file,
initialize the member of vdIn data structure
that we have defined ever, include device
name(vd->videodevice), the width (vd-
>hdrwidth) and the height (vd->hdrheight) of
the image, pixel(vd>bppln), frame size (vd-
>framesizeln) and allocate the storage room
for frame data (vd->pFramebuffer).

B. Setting the Attribute of Image
The CMOS camera adopt in this paper
supports JPEG image acquirement. Image palette is

Printf("colour is % d\n", pict.colour) ;
Printf("'contrast is %d\n"", pict.contrast);
Printf(''whiteness is % d\n", pict.
Whiteness);

C. Image Acquirement

In course of image acquirement, we
adopt read method to read directly device file to
get a frame data to save to the buffer, then call
convertframe() function to convert the data in the
pframebuffer to intact JPEG data and then save to
ptframe buffer. Then we can call fwrite() function
to save the JPEG data in ptframe buffer to
appointed file read(vd->fd, vd->pFramebuffer,
vd->framesizeln); Jpegsize = convertframe(vd-
>ptframe, vd->pFramebuffer, vd->framesizeln);
fp=fopen("/tmp/  cap.jpeg","w"; fwrite(vd-
>ptframe, jpegsize,l1, fp); fclose(fp);

Read the frame

data (read(vd->fd,
vd->pframe

Convert the ¢lata

to image of JPEG
(convert

Save converted
file to JPEG file
(fwrite(pFramebuf
fe

a very import¥ parameter. We defmed it [as

VIDEO_PALETTE_JPEG whchlis valued 21.

Other parameter such as hue, colour,
contrast can be getting from ioctl() that is called
VIDIOCGPICT as its parameter. loctl (vd->fd,
VIDIOCGPICT, &pict); printf("Brightness is
%d\n", pict.brightness);

Fig.4 Flow of Image Acquirement



6. Bluetooth Transmission

Specification of the bluetooth protocol
keeps to Open System
Interconnection/Referenced Model (OSI/RM).
OBEX is normally layered above RFCOMM in
Bluetooth Protocol structure. OBEX supply
presentation modle of the object, and transmit
object by "Put" and "Get" operation. The session
between devices follow the "request—answer"
mode. The OBEX session begin send out
connection request by client,server send out
successful connection answer after connection
has been built, otherwise server send out
unsuccessful connection answer. After
connection, client may push object to server by
Put request, and if object is biggish, Put request
may use many Put request

group, every request group need return
a Put answer group. The acqired image in this
paper has been
saved to "/tmp/cap.jpg".Now we can transmit the
picture to the Bluetooth mobile phone, the
implement process as follow:

> Patched the kemel and added the
support of Bluetooth

»  protocol, added usb bluetooth
adapter driver.

» Cross compiled the bluez-lib and
bluez-utils.

»  Started usb adapter

> Realized the file transmission
Conclusion

Nowadays, more and more image
capture system uses CMOS camera. With the
continuous progress of CMOS technology,
CMOS image sensors are more and more high
resolution, low-cost, small size and easy
programming, its application will become
increasingly widespread. In this paper, the
method of designing the CMOS camera driver
based on S3C2440 developing board and Image
acquirement in embedded linux is realized . We
constructed the working environment of
bluetooth, and completed the file transmission
between embedded Linux platform and bluetooth
mobile phone by bluetooth OBEX protocol and
Object PUSH

service. We realize remote surveillance by

embedded system and wireless transmission.
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