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	INFORMATION. This sign marks a section in the manual, which is for information only. 
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	ATTENTION. This sign marks a section in the manual, which is particularly important for the general understanding of the document. Please, make sure to read this section before proceeding with next sections.
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	TIPS & TRICKS. This sign marks a Tips & Tricks section. Here you can find some practical advises on using the system or you can get a more detailed explanation of some features. Reading this section may help you in solving a particular problem and give you some ideas but is not of vital importance for understanding of the document.
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	PREMISE. This sign marks a section, which describes prerequisite condition(s) for some next operation(s).

	
	

	“1.1. About”
	Section reference. If the section is within the current manual no manual name is specified. When the section is within external manual the name of the respective manual is also included.

	NA
	Value not available or not calculated yet.
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1. Introduction
This document describes how to install Video-for-Linux (V4L) VC MIPI camera driver(s) on NVIDIA Jetson Nano B01 Developer Kit (dual camera port). You can connect and work with two cameras simultaneously (video devices /dev/video0 and /dev/video1).
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	ATTENTION. The following sections contain installation steps, which are obligatory. See chapters:
2. Jetson Nano B01 recovery mode

3. Target Jetson Ubuntu setup


Terms:

	Host PC
	Host PC or virtual machine running Ubuntu 64-bit, used to build and flash kernel files to Nano board.

	Target Jetson
	Jetson Nano developer kit board.


Execute all driver installations steps on the host PC.

Execute all driver tests on the target Jetson.

Chapter “2. Jetson Nano B01 recovery mode” describes how to setup the Jetson Nano Developer Kit board and how to connect VC MIPI sensor module.

2. Jetson Nano B01 recovery mode

Please refer to NV_Jetson_Nano_Developer_Kit_User_Guide.pdf - see chapter “Interface Details”.
Brief information summary:
[J50] Carrier Board Rev B01 only: 12-pin button header; brings out system power, reset, UART console, and force recovery related signals:

· Pin 1 connects to LED Cathode to indicate System Sleep/Wake (Off when system is in sleep mode).

· Pin 2 connects to LED Anode.

· Pins 3 and 4 are respectively UART Receive and Send.

· Pins 5 and 6 disable auto power-on if connected.

· Pins 7 and 8 reset the system if connected when the system is running.

· Pins 9 and 10 put the developer kit into Force Recovery Mode if they are connected when it is powered on.

· Pins 11 and 12 initiate power-on when connected if auto power-on is disabled.

Enable Jetson Nano Developer Kit flashing operations via the Micro B USB port J28 by:

· Jumper J48 “Power Select Header” pins. Now the J25 power jack is used for 5V power supply. 
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	ATTENTION. Cold reboot is required before recovery mode.


Enter Jetson Nano Developer Kit recovery mode by the next steps:
· Power off the Jetson Nano board.

· Jumper the Force Recovery pins 9 and 10 on J50 button header and power on the board. The developer kit automatically powers on in Force Recovery mode.
· Remove the Force Recovery pins jumper when the developer kit powers on.

· On a virtual machine connect the “NVidia APX” USB device (VMWare: Player, Removable devices, check Nvidia APX device). The Jetson board should be connected to the host computer via USB, so you can check if it is on reset/recovery mode by typing “lsusb". You should see NVidia USB device, for example:

    Bus 001 Device 002: ID 0955:7c18 NVidia Corp.

Jetson Nano B01 serial console:

Make sure that the Nano is not powered and wire:

Jetson Nano J50 Pin 3 (RXD) → Cable TXD
Jetson Nano J50 Pin 4 (TXD) → Cable RXD
Jetson Nano J50 Pin 7 (GND) → Cable GND
We have used USBtoCOM adapter at 3.3 V and it works OK. Serial terminal settings: 115200, 8N1
Jetson Nano Developer Kit B01 (dual-port) board layout:
[image: image7.emf]
Connect VC MIPI sensor(s) to camera connectors J13 and/or J49.
3. Target Jetson Ubuntu setup
Some setup is necessary after full system flash of the target Jetson board when the root file system is updated by the script file f.sh. This setup is needed also when you install ready SD card, supplied by NVIDIA, and you boot Jetson Nano for the 1st time.

We suggest the following settings:

· Accept the license agreement

· Select English language/keyboard
· Select your time zone
· Username, password = user, user

· Login automatically
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	ATTENTION. Sometimes the initial Ubuntu setup hangs on window “Applying changes”. Click Cancel to continue.


After the initial Ubuntu setup, the Jetson board will reboot and you will see the NVidia desktop. Click “Settings” and select:
  Brightness and lock: Set Lock=OFF

Fix Ubuntu 18.04 update problem
If you receive the following messages when trying to install some program(s):
E: Could not get lock /var/lib/dpkg/lock-frontend - open (11: Resource temporarily unavailable)

E: Unable to acquire the dpkg frontend lock (/var/lib/dpkg/lock-frontend), is another process using it?

then do:

sudo rm /var/lib/apt/lists/lock

sudo rm /var/cache/apt/archives/lock

sudo rm /var/lib/dpkg/lock*

sudo dpkg --configure -a

sudo apt update
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	ATTENTION. The next steps are obligatory!


Open Jetson desktop terminal and execute the following commands:

sudo apt-get update    (def password = user)
sudo apt install nano

sudo apt-get install v4l-utils

sudo ssh-keygen –A
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	ATTENTION. Do the next steps if you want to access the target Jetson system  as root user!


sudo passwd root    # set root password = 'root'
sudo nano /etc/ssh/sshd_config :
Find and modify the following line:
  PermitRootLogin yes

Ctrl+O, Enter
Ctrl+X
reboot
Disable unattended upgrades on Ubuntu (optional):

sudo dpkg-reconfigure unattended-upgrades

Choose No and hit ENTER to disable unattended upgrades

4. Host PC Ubuntu setup

We have tested the installation procedure, described in this document, on a 64-bit VMware Ubuntu 16.4 virtual machine, installed from file ubuntu-16.04.6-desktop-amd64.iso:

· Create 64-bit Ubuntu 16.04 LTS virtual machine

· 80 GB HDD

· 4GB DRAM

· Enable USB 3.0 controller from (the host PC must have USB 3.0 port).

· Set user, password = user, user

· Start Ubuntu 16.04 LTS virtual machine.

· Innstall make, Python 2 and qemu
  sudo apt-get update
  sudo apt-get install build-essential
  sudo apt install python2.7 python-pip

  sudo apt-get install qemu-user-static --fix-missing

· If qemu does not install, these commands may fix the problem:

  sudo dpkg --force-architecture --remove-architecture "arm64"

  sudo echo "deb http://security.ubuntu.com/ubuntu \

    xenial-security main universe" >>/etc/apt/sources.lst

  sudo apt-get update

  apt-get -f install

  sudo apt-get install qemu-user-static
· Create user account with name user and password user. These are the default user account settings, used by the driver installation scripts on the host PC.
· Create folder /home/user (if not created).

· We have used WinSCP SFTP client for file transfer between Windows PC and host Ubuntu-64. If you need root privileges, you can enable root WinSCP login by:

          sudo apt install sshpass   # if not installed

          sudo apt install lbzip2



          sudo passwd root           # set root password = 'root'
          sudo nano /etc/ssh/sshd_config
Add/change the line:

          PermitRootLogin yes
          Ctrl+O, Enter, Ctrl+X
Reboot.
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	ATTENTION. Don’t use Oracle VirtualBox VM player. It does not work correctly with Jetson board USB ports in recovery mode.
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	ATTENTION. You must have Internet connection on the host PC !


5. Install VC MIPI driver on Jetson Nano B01 - L4T 32.4.4
This chapter describes how to download and install Jetson Nano L4T kernel sources 32.4.4 and GCC cross-compiler on host Ubuntu PC or a virtual machine. To install a VC MIPI camera driver, you must add new and modify existing kernel source files, device-tree files, configuration and make file(s) and to compile the Jetson Nano B01 kernel and device tree. Finally you must flash the new kernel image and the device tree to the Jetson Nano B01 Developer Kit board.

Jetson Nano Developer Kit board setup

Connect the necessary periphery to the Jetson Nano board – LAN cable, keyboard, mouse, monitor (16:9), USB cable between PC and Jetson USB Micro-B port. Plug micro SD card in the Jetson Nano Developer Kit board. 

To enable Jetson Nano flashing operations via the Micro B USB port, you must use the J25 power jack for 5V power supply - jumper J48 “Power Select Header” pins.

Refer to “Jetson Nano B01 recovery mode” for more info.
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	ATTENTION. Do all installation steps on a host PC running 64-bit Ubuntu. We have tested the installation on Ubuntu 16.04.

Login in with user name user and password user. 

See chapter “4.Host PC Ubuntu setup” for more details about host PC setup.
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	ATTENTION. If the current version of your Nano kernel is not 32.4.4, you must install Nano L4T kernel version 32.4.4 (JetPack 4.4.1).


You have the following options to install L4T kernel version 32.4.4:

· Use Jetson SDK Manager to install JetPack 4.4.1 and L4T 32.4.4. This may take 2-3 hours, and the default installation options will include application packages like CUDA and OpenCV. Continue with next section “Install driver on existing Nano OS 32.4.4”.
· Use ready SD card vers 32.4.4, prepared by NVIDIA. Download 32.4.4 SD card image from:

https://developer.nvidia.com/jetson-nano-sd-card-image

and flash it to an SD card by balenaEtcher. This method will keep installed software, such as OpenCV and CUDA. Plug the card into Jetson Nano and power on. Complete system configuration setup on the Jetson desktop to proceed (see “Target Jetson Ubuntu setup”). Continue with next section “Install driver on existing Nano OS 32.4.4”.
· Do a full installation, described in “Full system build and flash”. Complete system configuration setup on the Jetson desktop to proceed (see “Target Jetson Ubuntu setup”). This will install fresh root file system, kernel and device tree on Nano. It will take about 20-30 min, but you must install later missing application SW.
We recommend the second method. 
Install driver on existing Nano OS 32.4.4
Once you have installed L4T kernel 32.4.4, follow the instructions from chapters:

· 5.1. Install Jetson Nano SDK  - do it once only !

· 5.2  Enable VC MIPI driver – choose VC MIPI driver to install.

· 5.3. Rebuild kernel – build and copy kernel image to Nano.

· 5.4. Rebuild device-tree – build and flash device tree to Nano.

Install driver and OS 32.4.4 - discard old OS and file system
Follow the instructions from chapters:

· 5.1. Install Jetson Nano SDK
  - do it once only !
· 5.2  Enable VC MIPI driver
 – choose VC MIPI driver to install.

· 5.5. Full system build and flash – install fresh Nano OS with VC MIPI driver support.

Install new VC MIPI driver version

Execute the first 2 steps in “5.1. Install Jetson Nano SDK”:

cd /home/user/

sudo tar -xvf vc_mipi_nano_b01_32.4.4_<ver>.tgz  # <ver> = Driver version:

                                                 # (100 for 1.00)

The installation directory of vers. 32.4.4 is not changed:

  /home/user/vc_mipi_nano_b01_32.4.4
Then rebuild kernel and DTB according to “5.3. Rebuild kernel
” and “5.4. Rebuild device-tree
”

Reinstall driver

Update/replace source driver files in the MIPI driver source directory on the host PC:
  /home/user/vc_mipi_nano_b01_32.4.4
When you change MIPI driver source files and/or device-tree files, you must execute sync.sh to patch the updated files into the kernel source directory. 

If you update driver source files (.C, .H), you must rebuild and flash (copy) the kernel image by mk.sh, fk.sh – see “5.3. Rebuild kernel
”.

If you update driver device-tree files (.DTSI), you must rebuild and flash the device tree by md.sh, fd.sh – see “5.4. Rebuild device-tree
”.
5.1. Install Jetson Nano SDK
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	ATTENTION. Run this 1st installation step once !

Later you may make multiple changes of the drivers by steps  “5.3. Rebuild kernell
” and “5.4. Rebuild device-tree”.


The SDK installation includes the following steps on the host PC:

· Unpack the VC MIPI driver source archive.
· Download and install the official NVIDIA tool-chain for L4T kernel 32.4.4 - GCC cross-compiler.

· Download Jetson Nano SDK archives:

· L4T 32.4.4 driver package (BSP)

· Sample root file system

· L4T 32.4.4 kernel sources 

· Install all files necessary to rebuild the kernel and add new camera drivers.

cd /home/user/
tar -xvf vc_mipi_nano_b01_32.4.4_<ver>.tgz  # <ver> = Driver version:

                                            # (100 for 1.00)

cd /home/user/vc_mipi_nano_b01_32.4.4
./install_gcc_7.3.1.sh         # if not installed

./download_nano_b01_32.4.4.sh  # download Jeston Nano SDK archives

./install_nano_b01_32.4.4.sh   # unpack SDK archive files

5.2. Enable VC MIPI driver

To enable a given driver, edit the file:

  tegra210-porg-p3448-common.dtsi
. . . .

// Enable one driver only !

#define VC_MIPI_OV9281   0  /* CCC - Enable VC MIPI OV9281 driver                */

#define VC_MIPI_IMX183   0  /* CCC - Enable VC MIPI IMX183 driver (mono)         */

#define VC_MIPI_IMX183C  0  /* CCC - Enable VC MIPI IMX183 driver (color)        */

#define VC_MIPI_IMX226   0  /* CCC - Enable VC MIPI IMX226 driver (mono)         */

#define VC_MIPI_IMX226C  0  /* CCC - Enable VC MIPI IMX226 driver (color)        */

#define VC_MIPI_IMX250   0  /* CCC - Enable VC MIPI IMX250 driver (mono)         */

#define VC_MIPI_IMX250C  1  /* CCC - Enable VC MIPI IMX250 driver (color)        */

#define VC_MIPI_IMX252   0  /* CCC - Enable VC MIPI IMX252 driver (mono)         */

#define VC_MIPI_IMX252C  0  /* CCC - Enable VC MIPI IMX252 driver (color)        */

#define VC_MIPI_IMX273   0  /* CCC - Enable VC MIPI IMX273 driver (mono)         */

#define VC_MIPI_IMX273C  0  /* CCC - Enable VC MIPI IMX273 driver (color)        */

#define VC_MIPI_IMX290   0  /* CCC - Enable VC MIPI IMX290 driver (mono)         */

#define VC_MIPI_IMX290C  0  /* CCC - Enable VC MIPI IMX290 driver (color)        */

#define VC_MIPI_IMX296   0  /* CCC - Enable VC MIPI IMX296/297 driver (mono)     */

#define VC_MIPI_IMX296C  0  /* CCC - Enable VC MIPI IMX296C/297C driver (color)  */

#define VC_MIPI_IMX296_VGL  0  /* CCC - Enable VC MIPI IMX296/296C VGL driver    */

#define VC_MIPI_IMX327C  0  /* CCC - Enable VC MIPI IMX327C driver               */

#define VC_MIPI_IMX412   0  /* CCC - Enable VC MIPI IMX412 driver                */

#define VC_MIPI_IMX415   0  /* CCC - Enable VC MIPI IMX415 driver                */

#define NVIDIA_IMX219    0  /* CCC - Enable Nvidia IMX219 driver (RPI V2 camera) */
. . . .  
Enable the desired driver by setting respective macro to 1. The code above enables VC MIPI IMX250C. You should enable 1 driver only.

	[image: image16.wmf]
	ATTENTION. When you connect two cameras to Nano B01, they must be from the same model. There is one exception - you can connect IMX296 and IMX297.


5.3. Rebuild kernel
Start Jetson Nano. On the host PC:
  cd /home/user/vc_mipi_nano_b01_32.4.4
  ./sync.sh   # patch files into kernel source directory

  ./mk.sh     # build kernel image

  ./fk.sh ip  # flash (copy) kernel image, ip = Nano IP address

This operation copies the created kernel image file on the host PC:
  /home/user/nano_b01_32.4.4/Linux_for_Tegra/kernel/Image

to the Jetson /boot directory. The script file needs installed sshpass program.

Reboot Jetson Nano to apply changes.
Redo the above sequence after changes of driver C source files in:

  home/user/vc_mipi_nano_b01_32.4.4
5.4. Rebuild device tree

Power off Jetson Nano and enter recovery (see “Jetson Nano B01 recovery mode”).

On the host PC:

  lsusb         # check that Jetson Nano is in recovery mode, you should 

                # see NVidia USB device

  cd /home/user/vc_mipi_nano_b01_32.4.4
  ./sync.sh  # patch files into kernel source directory

  ./md.sh    # build DTB after device-tree changes
  ./fd.sh    # flash DTB

Jetson Nano reboots automatically when flashing is done.
Redo the above sequence after changes of driver DTSI files in:

/home/user/vc_mipi_nano_b01_32.4.4
5.5. Full system build and flash 

The full system build and flash operation erases the SD card and flashes new OS on Jetson Nano – kernel image, device tree and root file system. 

Build all – kernel, DTB, prepare root file system:

  cd /home/user/vc_mipi_nano_b01_32.4.4
  ./sync.sh  # patch files into kernel source directory

  ./m.sh     # make all

Flash all - – kernel, DTB and root file system:

Enter Jetson Nano recovery mode (see “Jetson Nano B01 recovery mode”). 

On the host PC:

  lsusb         # check that Jetson Nano is in recovery mode, you should 

                # see NVidia USB device

  cd /home/user/vc_mipi_nano_b01_32.4.4
  ./f.sh
When ready, Jetson Nano will reboot. You must configure the new installed Ubuntu. See “Target Jetson Ubuntu setup” for details.

6. VC MIPI driver features

The 8-bit pixel formats GREY and RGGB store 8-bit pixels in 8-bit words:
| 7  6  5  4  3  2  1  0 |

|x7 x6 x5 x4 x3 x2 x1 x0 |

|------ 8-bit pixel -----|

The 10-bit pixel formats Y10 and RG10 store 10-bit pixels in 16-bit words, aligned right to LSB:
15 14 13 12 11 10 |  9  8  7  6  5  4  3  2  1  0 |

                  | x9 x8 x7 x6 x5 x4 x3 x2 x1 x0 |

                  |---------- 10-bit pixel -------|
The Y10P media format is not supported by Jetson Nano kernel 32.4.4. 
The 12-bit pixel formats Y12 and RG12 store 12-bit pixels in 16-bit words, aligned right to LSB:

15 14 13 12 | 11  10  9  8  7  6  5  4  3  2  1  0 |

            |x11 x10 x9 x8 x7 x6 x5 x4 x3 x2 x1 x0 |

            |------------ 12-bit pixel ------------|

The latest L4T 32.4.4 driver framework has different behavior with v4l2-ctl:

· ‘v4l2-ctl –all’  displays zero min/max/default values of camera controls.

· ‘v4l2-ctl --list-ctrls’ displays correct min/max/default values of camera controls.

	[image: image17.wmf]
	ATTENTION. Jetson Nano requires frame width that is multiple of 32 for 16-bit data. Therefore IMX297 and IMX412 have modified frame width compared to the native sensor width.


	OV9281
	1280 x 800
	grayscale GREY grayscale Y10
	8-bit/10-bit data
	2 lanes
	60 FPS

	IMX183
	5440 x 3692
	grayscale GREY

grayscale Y10

grayscale Y12
	8/10/12-bit data
	2,4 lanes
	20 FPS

	IMX183C
	5440 x 3692
	color RGGB

color RG10

color RG12
	8/10/12-bit data
	2,4 lanes
	20 FPS

	IMX226
	3840 x 3040
	grayscale GREY

grayscale Y10

grayscale Y12
	8/10/12-bit data
	2,4 lanes
	20 FPS

	IMX226C
	3840 x 3040
	color RGGB

color RG10

color RG12
	8/10/12-bit data
	2,4 lanes
	20 FPS

	IMX250
	2432 x 2048
	grayscale GREY

grayscale Y10

grayscale Y12
	8/10/12-bit data
	2,4 lanes
	60 FPS

	IMX250C
	2432 x 2048
	color RGGB

color RG10

color RG12
	8/10/12-bit data
	2,4 lanes
	60 FPS

	IMX252
	2048 x 1536
	grayscale GREY

grayscale Y10

grayscale Y12
	8/10/12-bit data
	2,4 lanes
	100 FPS

	IMX252C
	2048 x 1536
	color RGGB

color RG10

color RG12
	8/10/12-bit data
	2,4 lanes
	100 FPS

	IMX273
	1440 x 1080
	grayscale GREY

grayscale Y10

grayscale Y12
	8/10/12-bit data
	2,4 lanes
	190 FPS

	IMX273C
	1440 x 1080
	color RGGB

color RG10

color RG12
	8/10/12-bit data
	2,4 lanes
	190 FPS

	IMX290
	1920 x 1080
	grayscale Y10
	10-bit data
	2,4 lanes
	60 FPS

	IMX290C
	1920 x 1080
	color RG10
	10-bit data
	2,4 lanes
	60 FPS

	IMX296
	1440 x 1080
	grayscale Y10
	10-bit data
	1 lane
	60 FPS

	IMX296C
	1440 x 1080
	color RG10
	10-bit data
	1 lane
	60 FPS

	IMX297
	704 x 540
	grayscale Y10
	10-bit data
	1 lane
	120 FPS

	IMX297C
	704 x 540
	color RG10
	10-bit data
	1 lane
	120 FPS

	IMX327C
	1920 x 1080
	color RG10
	10-bit data
	2,4 lanes
	60 FPS

	IMX412
	4032 x 3040
	color RG10
	10-bit data
	2,4 lanes
	20 FPS

	IMX415
	3864 x 2192
	color GB10
	10-bit data
	2,4 lanes
	30/60 FPS


Chapter Enable VC MIPI driver describes how enable a given driver.
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	TIPS & TRICKS. On NVIDIA Jetson you can enable color sensor driver and request grayscale pixel format. If IMX290C is enabled for example, you can capture V4L frame from mono sensor IMX290 by the command:

v4l2-ctl -d /dev/video0 --set-fmt-video=width=1920,height=1080,pixelformat='Y10 ' --set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw


Sensor features and problems:
All color sensors work with Argus tools.

Set 4-lane mode in a DTSI file: change macro NUM_LANES from 2 to 4.
Note: The 4-lane modes are not tested on Nano B01 - need 22-pin connector(s).
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	ATTENTION. High exposure values, which result in frame rate < 5 FPS can cause streaming crash due to timeout. Max exposure values:

  IMX415 : 800000 us


OV9281:
A gain change from 15 to 16 decreases the image brightness.

IMX183, IMX226:
Use gain values in the range [256,1957].

IMX183 (REV 0x0005):

· Trigger mode 12-bit data: fails.

· Trigger mode: Exposure values > 25000 produce dark horizontal stripe at the bottom image area (greater exposure value: greater stripe height).
IMX226 (REV 0x0005):

· Free-run mode. Setting exposure >= 74480 not fixed.

IMX250 (REV 0x0002):
· 12-bit mode in free-run and trigger mode fails.

· Exposure values > 41702 in free-run mode produce dark images.

· Flash-output does not work in free-run mode (OK in trigger mode).

IMX252 (REV 0x0004):
· Exposure values > 31462 in free-run mode produce dark image.

· The module is not tested. The FPGA is found and the IMX252 driver is registered OK, but the streaming fails.

-
IMX273 (REV 0x0001):
Free-run mode:

· 8-bit mode:  OK  : 196 FPS

· 10-bit mode: OK  : 137 FPS

· 12-bit mode: OK  : 137 FPS

Trigger mode:

· 8-bit mode:  OK

· 10-bit mode: OK

· 12-bit mode: Fails

Min trigger rate = 5 fps (max wait time b/n triggers: 200 ms)

Argus: 12-bit RG12 - streaming works if enabled color sensor IMX273C.

IMX296_VGL driver features:

· Argus does not work with grayscale pixel format Y10. You can capture frames from the monochrome IMX296 sensor by the V4L driver – both in free-run and trigger mode.

· Maximum wait time between two successive triggers: 200 ms (5 trigs/sec).

· use_sensor_mode_id = “true”;
· readout_orientation = "0";  

· use_decibel_gain = "true";

· Supports monochrome pixel format Y10 and color format RG10.

The distribution archive contains 2 demo script files for this driver:

	gst_play_296_vgl_freerun.sh
	Play VC MIPI sensor IMX296_VGL stream in free-run mode. Uses sensor_mode=0 (free-run mode).

	gst_play_296_vgl_trig.sh
	Play VC MIPI sensor IMX296_VGL stream in trigger mode. Uses sensor_mode=1 (trigger mode).


Enable the IMX296_VGL driver in:

  tegra210-porg-p3448-common.dtsi
. . . .

// Enable one driver only !

. . .  .

#define VC_MIPI_IMX296_VGL  1   /* CCC - Enable VC MIPI IMX296/296C VGL driver  */

. . . .  
6.1. External trigger mode

The sensors IMX183, IMX226, IMX250, IMX252, IMX273, IMX296, IMX297 and OV9281 support external trigger mode with the following limitations:

· Minimum/maximum trigger frequency: [5-60] trigs/sec. Max wait time between two successive triggers: 200 ms.

Set trigger mode on/off:

  v4l2-ctl -d /dev/video0 -c sensor_mode=1  # on
  v4l2-ctl -d /dev/video0 -c sensor_mode=0  # off
	[image: image20.wmf]
	PREMISE. You must use VC MIPI Repeater Board to supply 3.3V external trigger signals, see:
https://www.vision-components.com/fileadmin/external/documentation/hardware/VC_MIPI_Repeater_Board/index.html


6.2. Flash output enable

You can enable the flash output signal both in free-run and trigger mode.
Set flash output mode in the device tree file of the respective sensor, rebuild and flash DT.
Example

   imx226_c@1a {

      compatible = "nvidia,imx226";

      . . . . .

flash-output = “1”;  // “0” : off, “1” : on

7. Testing VC MIPI drivers
Common tests for all drivers:

v4l2-ctl --all

v4l2-ctl --list-ctrls

v4l2-ctl -d /dev/video0 --list-formats-ext
v4l2-compliance

Set exposure time (us)

v4l2-ctl -d /dev/video0 --set-ctrl exposure=2000  # microseconds

v4l2-ctl -d /dev/video0 –c exposure=2000
Set gain value

v4l2-ctl -d /dev/video0 --set-ctrl gain=24
v4l2-ctl -d /dev/video0 –c gain=24

Set trigger mode
v4l2-ctl -d /dev/video0 -c sensor_mode=1       # set trigger mode for sensor 0

v4l2-ctl -d /dev/video1 -c sensor_mode=1       # set trigger mode for sensor 1
Set free-run mode (default)
v4l2-ctl -d /dev/video0 -c sensor_mode=0       # set free-run mode for sensor 0

v4l2-ctl -d /dev/video1 -c sensor_mode=0       # set free-run mode for sensor 1
Set executable permissions of the test script files:
Copy /home/user/vc_mipi_nano_b01_32.4.4/gst_play*.sh from the host PC to a working directory on Jetson Nano, for example /home/user/mipi. Set EXEC permissions of the script files on Jetson Nano:

  cd /home/user/mipi
  chmod +x *.sh
OV9281 test

Read image in 8-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=1280,height=800,pixelformat='GREY' 
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test8.raw

Read image in 10-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=1280,height=800,pixelformat='Y10 ' 
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test10.raw
GStreamer test

Open a terminal on the Jetson desktop and run:

  ./gst_play_9281.sh   # contained in distribution archive
If the driver works OK, you should watch live image stream 640 x 400. Run v4l2-ctl commands to change exposure and gain values. The brightness of the live image should change respectively.

IMX183 test

Read image in 8-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=5440,height=3692,pixelformat='GREY'
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 10-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=5440,height=3692,pixelformat='Y10 '
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 12-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=5440,height=3692,pixelformat='Y12 '
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
IMX183C test

Read image in 8-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=5440,height=3692,pixelformat=RGGB

--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 10-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=5440,height=3692,pixelformat=RG10
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 12-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=5440,height=3692,pixelformat=RG12

--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
GStreamer test

Open a terminal on the Jetson desktop and run:

  ./gst_play_183c.sh [sensor_id]

where: 

  sensor_id = sensor index : 0=video0, 1=video1, …

If the driver works OK, you should watch live image stream on the desktop.

IMX226 test

Read image in 8-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=3840,height=3040,pixelformat='GREY'
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 10-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=3840,height=3040,pixelformat='Y10 '
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 12-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=3840,height=3040,pixelformat='Y12 '
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
IMX226C test

Read image in 8-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=3840,height=3040,pixelformat=RGGB

--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 10-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=3840,height=3040,pixelformat=RG10
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 12-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=3840,height=3040,pixelformat=RG12

--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
GStreamer test

Open a terminal on the Jetson desktop and run:

  ./gst_play_226c.sh [sensor_id]

where: 

  sensor_id = sensor index : 0=video0, 1=video1, …

If the driver works OK, you should watch live image stream on the desktop.

IMX250 test

Read image in 8-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=2432,height=2048,pixelformat='GREY'
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 10-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=2432,height=2048,pixelformat='Y10 '
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 12-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=2432,height=2048,pixelformat='Y12 '
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
IMX250C test

Read image in 8-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=2432,height=2048,pixelformat=RGGB

--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 10-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=2432,height=2048,pixelformat=RG10
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 12-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=2432,height=2048,pixelformat=RG12

--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
GStreamer test

Open a terminal on the Jetson desktop and run:

  ./gst_play_250c.sh [sensor_id]

where: 

  sensor_id = sensor index : 0=video0, 1=video1, …

If the driver works OK, you should watch live image stream on the desktop.

IMX252 test

Read image in 8-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=2048,height=1536,pixelformat='GREY'
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 10-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=2048,height=1536,pixelformat='Y10 '
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 12-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=2048,height=1536,pixelformat='Y12 '
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
IMX252C test

Read image in 8-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=2048,height=1536,pixelformat=RGGB

--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 10-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=2048,height=1536,pixelformat=RG10
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 12-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=2048,height=1536,pixelformat=RG12

--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
GStreamer test

Open a terminal on the Jetson desktop and run:

  ./gst_play_252c.sh [sensor_id]

where: 

  sensor_id = sensor index : 0=video0, 1=video1, …

If the driver works OK, you should watch live image stream on the desktop.

IMX273 test

Read image in 8-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=1440,height=1080,pixelformat='GREY'
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 10-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=1440,height=1080,pixelformat='Y10 '
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 12-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=1440,height=1080,pixelformat='Y12 '
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
IMX273C test

Read image in 8-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=1440,height=1080,pixelformat=RGGB

--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 10-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=1440,height=1080,pixelformat=RG10
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
Read image in 12-bit mode

v4l2-ctl -d /dev/video0 --set-fmt-video=width=1440,height=1080,pixelformat=RG12

--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
GStreamer test

Open a terminal on the Jetson desktop and run:

  ./gst_play_273c.sh [sensor_id]

where: 

  sensor_id = sensor index : 0=video0, 1=video1, …

If the driver and Argus tools work OK, you should watch live image stream on the desktop.

IMX290 test

v4l2-ctl -d /dev/video0 --set-fmt-video=width=1920,height=1080,pixelformat='Y10 '
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=-test.raw
IMX290C test

v4l2-ctl -d /dev/video0 --set-fmt-video=width=1920,height=1080,pixelformat='RG10'
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=-test.raw
GStreamer test

Open a terminal on the Jetson desktop and run:

  ./gst_play_290c.sh [sensor_id]

where: 

  sensor_id = sensor index : 0=video0, 1=video1, …

If the driver works OK, you should watch live image stream on the desktop.

IMX296 test

v4l2-ctl -d /dev/video0 --set-fmt-video=width=1440,height=1080,pixelformat='Y10 '
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
IMX296C test

v4l2-ctl -d /dev/video0 --set-fmt-video=width=1440,height=1080,pixelformat=RG10
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
GStreamer test

Open a terminal on the Jetson desktop and run:

  ./gst_play_296c.sh [sensor_id]

where: 

  sensor_id = sensor index : 0=video0, 1=video1, …

If the driver works OK, you should watch live image stream on the desktop.

IMX297 test

v4l2-ctl -d /dev/video0 --set-fmt-video=width=704,height=540,pixelformat='Y10 '
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
IMX297C test

v4l2-ctl -d /dev/video0 --set-fmt-video=width=704,height=540,pixelformat=RG10
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
GStreamer test

Open a terminal on the Jetson desktop and run:

  ./gst_play_297c.sh [sensor_id]

where: 

  sensor_id = sensor index : 0=video0, 1=video1, …

If the driver works OK, you should watch live image stream on the desktop.

IMX327C test

v4l2-ctl -d /dev/video0 --set-fmt-video=width=1920,height=1080,pixelformat=RG10
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
GStreamer test

Open a terminal on the Jetson desktop and run:

  ./gst_play_327c.sh [sensor_id]

where: 

  sensor_id = sensor index : 0=video0, 1=video1, …

If the driver works OK, you should watch live image stream on the desktop.

IMX412 test

v4l2-ctl -d /dev/video0 --set-fmt-video=width=4032,height=3040,pixelformat=RG10
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
GStreamer test

Open a terminal on the Jetson desktop and run:

  ./gst_play_412.sh [sensor_id]

where: 

  sensor_id = sensor index : 0=video0, 1=video1, …

If the driver works OK, you should watch live image stream on the desktop.

IMX415 test

v4l2-ctl -d /dev/video0 --set-fmt-video=width=3864,height=2192,pixelformat=GB10
--set-ctrl bypass_mode=0 --stream-mmap --stream-count=1 --stream-to=test.raw
GStreamer test

Open a terminal on the Jetson desktop and run:

  ./gst_play_415.sh [sensor_id]

where: 

  sensor_id = sensor index : 0=video0, 1=video1, …

If the driver works OK, you should watch live image stream on the desktop.

8. Version history

VC MIPI Nano B01 32.4.4 - Vers. 1.00 / 22.01.2021
Initial driver version for L4T 32.4.4
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