**********************************************************************

LINUX AR TOOLKIT HOW TO 

**********************************************************************

THE ARTOOLKIT IS WRITTEN BY PROF HIROKAZU KATO AND PROF MARK BILLINGHURST (HIT LAB UNIVERSITY OF

WASHINGTON, AND HIROSHIMA CITY UNIVERSITY JAPAN). WE ALL THANK THEM FOR THIS WONDERFUL TOOLKIT! 

This tutorial is brought to you by the Mixed Reality Lab in the National University of Singapore.

http://mixedreality.nus.edu.sg

Contributions to this document are very welcome, and will be acknowledged in this title section.

Please contact 

Adrian Cheok adriancheok@nus.edu.sg  

Lui Wei eleliuw@nus.edu.sg

Xubo Yang eleyxb@nus.edu.sg

Xu Ke engp1673@nus.edu.sg

** Disclaimer: The information on this document may be out of date or irrelevant **

BASIC TUTORIAL PART 1

 

 

4 Easy steps

 

i) Install Linux

ii) Update Mesa (This part may not be needed on some machines) 

iii) Install graphics card drivers iv)Compile and run ARToolKit

 

 

i) Install Linux

 

By right, this part is outside the scope of this guide. There are already plenty of better guides to

installation than this one, so you are strongly encourage to read them in addition to reading this guide. 

A good URL to start is 

http://www.redhat.com/support/docs/new.html

http://www.redhat.com/support/docs/installing_linux.html

Any flavour of linux should work fine. As I have only tried Redhat and Mandrake, I recommend Redhat 7.1;

you can't go wrong with it. As different distributions of linux have subtle differences, the intricate

details in this guide will mostly apply to RH7.1. Of course the concepts will be the same. Try to get a

distribution with kernel version 2.4.x, as it contains quite new drivers for the wintv card. You can

download ISO images of the 2 CDs from several local sites. 

One anonymous ftp I know of is ftp.hjc.edu.sg. To install from CDs, you need to boot up with your CDRom

drive. Check your motherboard manual on how to do that. Once installation gets underway, most options will

be pretty straight-forward. However there are some things to take note of. One problem for newbies is

partitioning. If you ask 10 linux experts on the best way to partition, you will get 10 different answers.

We shall do it the simplest way, ie with the least number of  physical partitions. (It's possible to not

have any dedicated linux partitions, but it's outside the scope of this guide). Linux itself needs at

least 2 partitions. One to put the swap partition(much like the swap file in windows), and the other to

hold everything else.  

Next you need to find some space on your harddisk(s) to put these 2 partitions. If you are already using

windows, you will probably want to keep using it. Dual booting is easy. For RH7.1, you'll need about 1.0GB

for all the files, and then anything from 128MB to more for the swap partitions. So it's reasonable to set

aside 1.5 to 2GB for linux. For some versions of Linux, the linux kernel has to reside within the first

1024 cylinders of a hard drive. Roughly, that's about 8GB. So if your partition is within the first 8GB of

your harddisk, you should be fine. It's easier if you have 2 harddrives and then use the beginning of the

2nd harddrive for linux. 

Note that Win95/98/ME will need to be on the primary partition of the first harddrive. If however, you

have only one harddrive, then you'll need to perhaps assign the first 2GB for windows, the next 2GB for

linux and the remaining for windows, ending up with 3 or more partitions. A reliable tool for changing

partitions on your harddisk without destroying data is of course Partition Magic. It is also perhaps the

easiest to use. Both the DOS and linux Fdisk will destroy data when changing partitions. It's possible to

use fips(found on the cds) and defragmentating to do non-destructive partitioning. fips is a command line

tool, and it works well. Read its documentation for more info. It doesn't matter what filesystem the

partition in which you will install linux is at the moment, because the linux installation will do the

proper formatting to change it to the ext2 filesystem for linux. 

Another thing to note when installing is X configuration. Unless you are a console fan, you'll probably

want some windows to work with. Btw, ARToolKit needs the X windows to run! X Windows is the GUI for linux.

The linux install will be able to detect most graphics card and then you select the desired resolution and

color depth. Make sure you do the X Configuration test, and can see the test screen. Otherwise, if you

select graphical bootup and if the configuration is wrong, you'll see nothing on your screen, not even a

cursor. If this is your first time installing, choosing the default choice for most options is a safe bet.

The thing to note if you plan to keep your old OS is that of choosing to manually partition using Disk

Druid when asked for partitioning. If you allow the installation to auto partition for you, it will erase

everything. 

For Disk druid, click on the partition you assigned for linux and create 2 partitions. The mount point for

one will be '/' while the other will be swap. Other than that, make sure you don't skip the X

configuration. If you are using lilo(you should, unless you don't want to mess around with your MBR and

are booting up from a diskette), you can select what is the default OS to boot up. You may also want to

rename 'dos' to 'win' or whatever you like. Next time you boot up, you will either be presented with a

lilo prompt or a graphical menu for choosing which OS to boot up. For the lilo prompt, press 'TAB' to stop

the countdown as well as to display what are the options available. For eg, if you want to boot up to

windows you just type 'dos'(or 'win' if you so named it) or 'linux'. To boot up in console mood, you type

'linux 3' at the lilo prompt. 

This means you start linux at runlevel 3. If you are at the graphical menu, just press Ctrl-X to get to

the lilo prompt. The default is graphical logon, which is equivalent to runlevel 5 ('linux 5'). You will

need to get to runlevel 3 when you install your graphics card drivers.

 

 

 ******************************************************************

 BASIC TUTORIAL PART 2

 

Update Mesa

 

Many of the ideas in the this part is taken from the following document: 

 http://www.linuxdoc.org/HOWTO/mini/Nvidia-OpenGL-Configuration/

You might want to read it too. There is no need to update XFree86 as the stock RH7.1 is already at 4.0.3.

Mesa is supposed to be a free OpenGL implementation for linux, as OpenGL is licensed by SGI. First

download Mesa3.5 from http://www.mesa3d.org . Download both MesaLib*.gz & MesaDemos*.gz. The reason for

this is that the VRML4ATK uses some functions found in GLU 1.2. The default Mesa in the stock RH7.1

installation is 1.1 only. Mesa3.5 is supposedly SGI GLU 1.3 and is fully compliant to OpenGL1.2 .  Backup

the glx.h file to somewhere, eg, your home folder. If you are in graphical mode, you can just 'find file'

and copy and paste. The file's location varies from system to system, but it should be under /usr/... and

is in a folder called 'GL'. 

The reason for doing this can be found in the above document

(http://www.linuxdoc.org/HOWTO/mini/Nvidia-OpenGL-Configuration/install.html#INSTMESA). 

I cannot confirm what the author said in that document but no harm backing it up. If you wish to, you can

later overwrite the glx.h from Mesa(backup it first of course). While you are about it, you may want to

download your graphics card drivers too. 

For nvidia cards, goto to http://www.nvidia.com and select linux drivers. Select

NVIDIA_kernel-x.x-xxxx.rh71up.i386 and NVIDIA_GLX-x.x-xxxx.i386.rpm. If for any reasons, you don't want to

download Mesa3.5, you may want to then try downloading only the SGI GLU1.3 from

http://www.mesa3d.org/downloads/sgi.html. 

We haven't tried this, but if it works, one advantage is that it is in rpm format, so uninstalling next

time is easy. Now before installing Mesa, it's very important to uninstall any existing version of it

first. Otherwise, you are gonna have a lot of trouble later if you have mixed versions on your system. 

Boot up into console mode first by typing 'linux 3' at the lilo prompt(see previous section). Login as

root. To uninstall, type 'rpm -e --test Mesa' at the console to test uninstall Mesa first. Probably it

will tell you there are a couple of dependencies, ie, some software need to have Mesa there before it can

work. To force uninstall anyway, type 'rpm -e -nodeps Mesa'. This tells rpm not to check for dependencies

before uninstalling. Btw, RPM stands for Redhat Package Manager(http://www.rpm.org). 

It is something like the Add/Remove Programs in windows, except much better. If you do not use '-nodeps',

then you will need to uninstall those applications that depend on Mesa first, before you can uninstall

Mesa itself. Now that Mesa is gone, if you haven't unzipped the Mesa*.gz, do so by typing 'tar -zxvf

MesaLib-3.5.tar.gz' and 'tar -zxvf MesaDemos-3.5.tar.gz'. Both these commands should unzip the 2 gz files

into the local dir. 

Type 'ls' to check. Now cd to Mesa-3.5 dir and type './configure --prefix=/usr'. The reason for doing this

is to allow autoconfig(a program) to configure the installation details and create the appropriate

makefiles for you. The '--prefix=/usr' is to install it into the '/usr' dir, as specified in the OpenGL

standard. Next you will need to type 'make'. This will compile the source codes and then type 'make

install' to actually install them. These 3 steps are fairly common. Finally, very importantly, you need to

update the /etc/ld.so.conf file by typing 'ldconfig'. This file basically tells linux where the shared

libraries are. Anytime you are not sure how to use a command in linux, check its man(ual) pages. For eg,

to see the list of options for 'ls', type 'man ls'. Press spacebar, PageUp, PageDown or arrow keys. Press

'q' to quit. 

 

 

************************************************************

 BASIC TUTORIAL PART 3

 

 Install graphics card drivers

 

Many of the ideas in the this part is also taken from the installation guide for the linux nvidia

drivers.You might want to read it too. This section will only pertain to nvidia cards, as I only have

experience with it under linux. 

For graphics card using different chipsets, please check the internet. http://www.google.com is good. If

you haven't already done so, download the latest nvidia drivers for your linux distributions. Using rpm

files is both easy and safe. 

For nvidia cards, goto to http://www.nvidia.com and select linux drivers. Select

NVIDIA_kernel-x.x-xxxx.rh71up.i386 and NVIDIA_GLX-x.x-xxxx.i386.rpm. Now you need to be in console mode(no

X windows running). 

Boot up to  runlevel 3 if you have not done so. If you are already at runlevel 3(which you should be if

you continue from the previous section), then you are ready to proceed. Check that you have a non X

windows text editor first. You can use any you like, Emacs, vi etc. An easy to use and small editor is

joe. To check whether you have joe installed, just type 'joe'. If not, you can type 'init 5' to go into X

windows and then insert the RH cd(forgot which one, but there's only 2 anyway). 

The cd should autorun and then some kind of rpm management program should come out. Select install and

choose joe from the text editor list. Then to go back to console(runlevel 3), type 'init 3'. 

Type 'rpm -ivh NVIDIA_kernel-x.x-xxxx.rh71up.i386.rpm'. If previously, you have already updated your

drivers, and you have installed Mesa after that, then some files will have been overwritten by Mesa. In

this case, you need to force install by 'rpm -ivh --force NVIDIA_kernel-x.x-xxxx.rh71up.i386.rpm'. 

Do the same for the GLX rpm file. Next, you need to edit your XFree86 Config file. The file should be

/etc/X11/XF86Config-4 . Open it up using your favourite text editor. There are 3 lines you need to edit. 

Go thru' the file and remove the following 2 lines:

 Load "dri"

 Load "GLcore"

 You can remove them by commenting them out using '#'.

 Next check that you have

 Load "glx"

 Under device section, change

 Driver "nv" to

 Driver "nvidia"

 "nv" is the default driver for nvidia cards under linux and is not 

 hardware accelerated, that's why performance is poor. Now you are ready to restart X Windows. To do that,

'init 5'.

 

 

***********************************************************

 BASIC TUTORIAL PART 4

 

Compile and run ARToolKit

Now the final part. First settle ARToolKit.

Unzip it by using 'tar -zxvf ARToolKit2.431.tar.gz'. (or another version ARToolKit you like to use)

 

We use "~ATKRoot" to represent ARToolKit top directory.

Then, go to ~ATKRoot/include/AR/, and modify config.h file. Depending on what the television standard of

the video-grabbing hardware, you may want need to change the DEFAULT_VIDEO_MODE from VIDEO_MODE_NTSC to

VIDEO_MODE_PAL. Probably this will depend what country you bought it in:

 

NTSC countries are: USA, Antigua, Bahamas, Barbados, Belize, Bermuda, Bolivia, Burma, Canada, Chile,

Colombia, Costa Rica, Cuba, Dominican Republic, Ecuador, El Salvador, Greenland, Guam, Guatemala, Guyana,

Honduras, Jamaica, Japan, South Korea, Mexico, Netherlands Antilles, Nicaragua, Panama, Peru, Philippines,

Puerto Rico, St. Vincent & the Grenadines, St. Kitts, Saipan, Samoa, Surinam, Taiwan, Tobago,  Trinidad,

Venezuela, Virgin Islands. 

PAL countries include: Afghanistan, Algeria, Argentina (PAL-N), Australia, Austria, Bahrain, Bangladesh,

Belgium, Brunei, Cameroon, Canary Islands, China, Cyprus, Denmark, Finland, Germany, Ghana, Gibralter,

Greece (also SECAM), Hong Kong, Iceland, India, Indonesia, Ireland, Israel, Italy, Jordan, Kenya, North

Korea, Kuwait, Liberia, Luxembourg (also SECAM), Madeira, New Zealand, Nigeria, Norway, Oman,  Pakistan,

Paraguay (PAL-N), Portugal, Qatar, Saudi Arabia (also SECAM), Siera Leone, Singapore, South Africa, Spain,

Sri Lanka, Sudan, Swaziland, Tanzania, Thailand, Turkey, Uganda, United Arab Emirates, United Kingdom,

Uruguay (PAL-N), Yeman (the former Yeman Arab Republic was PAL, and the former People's Democratic

Republic of Yeman was NTSC ), Yugoslavia, Zambia, Zimbabwe.

 

Next you may need to change the DEFAULT_VIDEO_DEVICE to "/dev/video0", if you try running simpleTest later

on and get the error message  'can't open /dev/video'. Type "make clean" at $(ARToolKitRoot) This command

deletes all libraries, *.o files and executable files in $(ARToolKitRoot)/bin

 

Type "make" at $(ARToolKitRoot). This is to recompile everything.

 

Please note, there is a file named "config.Linux", which contents the options for configure command.

 

Goto ~artoolkit2.431/bin

Type' ./simpleTest '

 

You can include the bin dir in your path so that you don't have to type './' , according to different

shell, you can add the path to different file such as bash_profile. The picture should come out. It should

be in color and frame rates shouldn't be too low. If it's too low or it crashes, that means optimized

drivers are not used or installed.

 

As usual, there are many ways to achieve the same results, and what is contained in this guide is but one

way. For many of the administrative stuffs, you need to login as root. For normal artoolkit usage, a

normal user account is sufficient.

 

 

 *************************************************************

 FULL SCREEN TUTORIAL

 

 "How to get AR toolkit Linux working in full screen mode"

 

 ############################################

Please note that, all the code line numbers shown below are referring to the original downloaded Linux

version codes without any modification. For windows codes, the position of each section of code may be

slightly different from this. 

 ############################################

 

Go to ../Example (../ is the directory where you put your uncompressed VRML parser files) Open the

simpleTest.c using any editor (eg. joe or vi)

 

This simpleTest.c is the core file in this simple program. The main function is from line 57 to line 63,

which basically does three jobs: Initialization, Start Video Capturing, and the Main Processing Loop.

In the Initialization part (from line 152 to line 207), a function argInit is called at line 204, which is

to open the graphics window.

There are 6 parameters used in this function. To understand the meaning of each parameter, we have to go

to  ~ARToolKit2.431/lib/SRC/Gl

Open the gsub.c file, and the description of this argInit function is shown in line 89 to line 125. From

the code, we can see that, the second parameter is actually the zoom ratio of the graphics window. Because

the default camera capturing resolution is 640 x 480, and our monitor is running at 1024 x 768, a zoom

ratio of 1.6 is needed in our case in order to make it run in full screen mode.

 

So, we have to go back to ../Example, open the simpleTest.c, go to line 204, and change argInit (&cparam,

1.0, 0, 0, 0, 0) to argInit (&cparam, 1.6, 0, 0, 0, 0) Save and quit the editor. Type "make" in 

../VRML4ATK1.01/Example to compile it, and then we can run the program already.

 

 ***********************************************************

 HMD TUTORIAL

 

 "Use of Cy-Visor HMD in Linux with AR toolkit Linux programs"

 

 In our case, the Cy-Visor HMD was used.

 

We had a lot of trouble getting this device running smoothly with the GUI under Linux. In particular, we

failed to run the device with nVidia GeForce 2 MMX video cards.  The symptom was a horizontal flickering. 

In the end, we just started using an nVidia GeForce 2 GLS video card on which there are no problems.

The parameters which control the display resolution are in the file  /usr/X11/XF86Config-4.  Back up this

file before changing it or running Xconfigurator just in case something goes wrong.

 

In order to use the Cy-Visor, you need to set the paramters of the display properly.  

We use: Horizontal Sync:  45-50

Vertical Sync:    75-75

 Resolution:   800x600

and it works fine.  

You can either directly change these parameters in  /usr/X11/XF86Config-4 file, or you can run

Xconfigurator, which edits the file for you and put in the parameters when it asks you.  Note that the

changes won't be implemented until you restart X windows.

 

 ********************************************************************

 MAKE PATTERN TUTORIAL

 

 "How to make new patterns for AR toolkit Linux programs"

 

 1. The use of pattern recognition files

 

The "simple" program uses template matching to recognize the different patterns inside the marker squares.

Squares in the video input stream are matched against pre-trained patterns. These patterns are loaded at

run time and are contained in the Data directory of the bin directory. 

In this directory, the text file object_data specifies which marker objects are to be recognized and the

patterns associated with each object. The object_data file begins with the number of objects to be

specified and then a text data structure for each object.

 

 Each of the markers in the object_data file in ARToolKit2.431 Linux version are specified by the

following structure:

 

 # Pattern number

 3-D object name

 Pattern Recognition File Name and directory

Scale factor

 

 For example the structure corresponding to the marker with the virtual 

 cube

 is:

 

 #pattern 1

 cube

 Data/patt.sample1

 80.0

 

 However, in the ARToolKit2.431 Linux version, the Scale factor is not used. We can just ignore the last

scale number 80.0 here. In Other Version such as ARToolKit3.10, the Scale factor is used, so you must set

the value of this parameter equal to the size of your marker.

 

 

2. Recognizing different patterns

 

In order to change the patterns that are recognized, the sampPatt1 filename must be replaced with a

different template file name, eg. dsa in the previous example. These template files are simply a set of

sample images of the desired pattern. The program to create these template files is called mk_patt and is

contained in the bin directory. The source code for mk_patt can be found in the util directory.

 

To create a new template pattern, we need to follow the following few steps:

 

Step 1: We need to print out the file blankPatt.gif found in the patterns directory. This is just a black

square with an empty white square in the middle. Then create a black and white or color image of the

desired pattern that fits in the middle of this square and print it out. The best patterns are those that

are asymmetric and do not have fine detail on them.

 

Step 2: Once the new pattern has been made, change to the bin directory and run the mk_patt program. You

will be prompted to enter a camera parameter filename. Enter the filename camera_para.dat. This is the

default camera parameter file.

 

Enter camera parameter filename: Data/camera_para.dat

 

The program will then open up a video window.

 

Step 3: Place the pattern to be trained on a flat surface in similar lighting conditions as will exist

when the recognition application will be running.

 

Step 4: Hold the video camera above the pattern, pointing directly down at the pattern, and turn it until

a red and green square appears around the pattern. This indicates that the mk_patt software has found the

square around the test pattern. The camera should be rotated until the red corner of the highlighted

square is the top left hand corner of the square in the video image.

 

Step 5: Once the square has been found and oriented correctly hit the left mouse button, you will then be

prompted for a pattern filename. After a filename (eg. dsa) has been entered, a bitmap image of the

pattern is created and copied into this file.

 

Once one pattern has been trained, others can be trained simply by pointing the camera at new patterns and

repeating the process, or the right mouse button can be hit to quit the application.  In order to use the

new pattern files they need to be copied to the bin/Data  directory and the Pattern Recognition File Name

and Directory in the object_data file need to be edited to associate the patterns with virtual objects.

 

********************************************************************

 TUTORIAL on Linux Firewire and ARToolkit_firewire

This is a tutorial for installing firewire (ieee1394) support and ARToolkit_firewire on Redhat>=7.1 linux

PC. 

 

{ -- What is exactly IEEE1394 (also named FireWire by Apple or i.Link by Sony) ?  It is a serial bus

similar in principle to USB, but runs at speeds of up to 400 Mbit/s and is not centered around a PC (i.e.

there may be none or multiple PCs on the same bus). It has a mode of transmission which guarantees

bandwidth which makes it ideal for digital video cameras and similar devices.    ---quote from

http://linux1394.sourceforge.net }

 

//  Part 1. Install firewire on linux

 

First of all, if you need detailed information about installing IEEE1394 on linux, you can refer to this

site: http://linux1394.sourceforge.net.

We'll also use some links from this site. According to this site, you need to get a patch and recompile

the linux kernel. I have even compiled such a thing based on kernel 2.4.6, which is a time-consuming and

tricky process.

 

Fortunately, I found that Redhat7.1 and higher version support IEEE1394 directly. This makes our life much

easier. Following are the steps for the easier installation (you'd better always login as root user in

following steps):

 

Step1. Install Redhat7.1 (or higher version) Linux on your pc. After installation, check here:

/lib/modules/2.4.2-2/kernel/drivers/ieee1394, you should be able to see some files, such as ieee1394.o,

ohci1394.o, video1394.o, raw1394.o. If you can't find them, then your Redhat is not complete, you need to

find a complete Redhat version.

 

Step2. Install the firewire PCI card on your desktop pc. 

(for notebooks, the firewire port is already there. Some notebooks may not support linux firewire

elegantly. )

 

Step3. Install libraw1394

Go to this URL: http://download.sourceforge.net/libraw1394/. Download both libraw1394-0.9.0-1.i386.rpm 

and  libraw1394-devel-0.9.0-1.i386.rpm

.

Login as root, use following commands to install them:

rpm -Uvh libraw1394-0.9.0-1.i386.rpm

rpm -Uvh libraw1394-devel-0.9.0-1.i386.rpm

 

Step4. Create device files

Check whether you have these two device files: /dev/raw1394 and /dev/video1394, if you don't have them,

you need to create them using following commands (login as root user):

       mknod -m 666 /dev/raw1394 c 171 0

       mknod -m 666 /dev/video1394 c 172 0

 

Step5. Add modules:

Run following five commands (login as root user):

 /sbin/insmod ieee1394

 /sbin/insmod raw1394

 /sbin/insmod ohci1394 attempt_root=1

 /sbin/insmod video1394

 /sbin/lsmod

If there is no error message, and you can see all modules being listed in the last command's result, then

it means the modules from your redhat linux is ok, otherwise you'll need more tricky work, please then

refer to http://linux1394.sourceforge.net. 

 

Step6. Add the step5's scripts into the login process

If the step 5 is ok, then you can add those scripts to the login process, so that each time you login in,

the firewire support will be automatically set up for you. 

Login as root user, edit the file /etc/rc.d/rc.local, append the five commands listed in step5 to the end

of this file. Be careful, DON'T touch any other parts of this file, otherwise you may be unable to start

up your linux. 

 

Step7. Reboot the linux

Use following command to reboot (login as root user):

    shutdown -r now

After rebooting the linux, you can now enjoy firewire support under your linux. 

 

// Part 2. Install ARToolkit_firewire

In following steps, you can log in as a non-root user.

Step1. Install libdc1394 

Go to this URL: http://download.sourceforge.net/libdc1394/. Download libdc1394_0.8.1.tar.gz.

 

Use following commands to install:

   tar zxvf libdc1394_0.8.1.tar.gz

   cd libdc1394_0.8.1

   ./configure

   make clean

   make install

The library files is installed in /usr/local/lib. Now, to make them available to ARToolkit, you need to

log in as root users, add one line as "/usr/local/lib" into /etc/ld.so.config, then run /sbin/ldconfig. 

 

Step 2: Install ARToolkit

Copy ARToolkit2.51_libdc1394.tar.gz/ARToolKit3.14 to your home directory, use following commands to

install:

   tar zxvf ARToolKit2.51_libdc1394.tar.gz/ARToolKit3.14

   cd ARToolKit2.51_libdc1394/ARToolKit3.14

   make clean

   make

 

Step3. Enjoy the examples

Connect a firewire camera to one port of your firewire card. Then use following commands:

     cd ARToolKit2.51_libdc1394/bin

   ./simpleTest

if you use ARToolKit3.14, 

cd ARToolKit3.14

./Configure

1.              VideoLinux

2.              Digital Video Camcoder through IEEE 1394 (DV format)

3.              Digital Video through IEEE 1394 (VGA NONCOMPRESSED Image Format)

Enter: 3 (Select the firewire camera and configure it, then when you use ARToolKit3.14, it will use

firewire camera as the default camera.).

Now we can run the examples.

cd  ARToolKit3.14/bin

./simpleTest

Now you can enjoy all the examples as what you experienced when using an analog camera, but with better

quality.

You can refer to ARToolKit2.51_libdc1394/Readme.firewire for some notes about using

ARToolKit2.51_libdc1394.

// Some hints about how to use the video-conferencing example "videoTestLive"

There is a video-conferencing example in the ARToolKit2.51_libdc1394/examples/videotest. You can use the

executable file "videoTestLive" to show the video-conferencing demo. To run it, just connect two firewire

cameras to two slots on your firewire card, using a 6-6 pin firewire cable. 

// Some hints about using firewire on a notebook

For a notebook PC with firewire port, e.g. a SONY's VIAO notebook with i-Link port, you need to buy a

firewire hub to enable connecting to multiple firewire cameras. Another reason for buying a firewire hub

for notebook is that usually the firewire camera we are using need power supply from a 6-6 pin cable, but

the i-Link port is often a 4 pin port, which can't provide power supply to the camera, so we need a

firewire hub and also 6-6 pin cables to connect to the cameras.

------------------------------------------------------------------------

If you have further questions about firewire camera, please refer tohttp://linux1394.sourceforge.net or

consult Xubo. Enjoy firewire ! :-) Yang Xubo. 03/12/2001

 

********************************************************************

TUTORIAL on How to Use ARToolkit to Develop Your Own Application in Linux System

1. Features of different version  ARToolKit

For there are many different versions of ARToolKit, You need to select with version meet your request

first. Then main different of these version are show in follow:

ARToolKit 2.52(http://www.hitl.washington.edu/magicbook)

The basic features of ARToolKit 2.52 include:

·                     Use of a single camera for position/orientation tracking. 

·                     Fiducially tracking code that uses simple black squares. 

·                     Pattern matching software that allows any marker patterns to be used. 

·                     Calibration code for video and optical see-through applications. 

·                     Fast enough performance for real time augmented reality applications. 

·                     Distributed with complete source code 

·                     Different versions for SGI, Windows and Linux are provided (include simple example)

ARToolKit2.60 (http://www.hitl.washington.edu/magicbook)

·                     Support Firewire camera.

2. Camera Calibration 

//Single camera:

You can download the document about ARToolKit version 2.33 from http://www.hitl.washington.edu/magicbook. 

There is a detail introduction about how to use ARToolkit camera calibration routines. Two patterns are

needed to finish the camera calibration using files calib_dist and calib_param. In the new version

(Version later than ARToolKit 2.50), for single camera, you can use file calib_camera2 to finish camera

calibration once. The operation of calib_camera2 is same as calib_dist and it can get all camera

parameters including distortion parameters and perspective projection matrix. When running this program,

the ‘t’ key can be used to change the threshold value. The default value of THRESH is 200. In our

environment, you’d better change this value to 120-130 in our lab or have a try to find the suitable

value. An easy way to check if the threshold is suitable is shown as follow: 

When get the freeze video image of calibration pattern, now click with the left mouse button on the top

left hand corner of the image and drag (holding the mouse button down), a black rectangle over the whole

image in turn. Now you can check if all the black dots turn to white and the write parts of the image turn

to black color as shown in Figure 1. If so, that means the threshold is suitable. 

                                                                                                  Figure 1

The execution of calib_camera2 is similar to file calib_dist and use the same pattern.  When get the

correct parameters, you will be prompted for a file name to store these parameters in:

Input filename: calib_camera.dat 

At last, by changing the name of this camera data file to camera_para.dat and placing it in the bin/Data

directory it can immediately in the ARToolKit sample programs. Calibrating your camera should produce

improved tracking results. 

1. The Main Libraries of ARToolKit

·               libAR – Tracking

·               libARVideo – Video capturing

·               libARgsub – Image drawing

·               libARgsubUtil – Optical see-through calibration

·               libARMulti – Multi-marker tracking

2.              Developing an application using ARToolKit

Plenty of functions in ARToolKit can help user Develop many new and interesting AR applications easily. 

The main steps of an AR program include:  step 1: Image capture & display, capture the real image and

display it. Step 2: Marker detection, detect if any markers are detected. Step 3: Marker identification,

if there are markers being detected, judge which one/ones is/are detected according to existed marker

tracking data. Step 4: Get 3D information: calculate the camera transformation relative to the detected

pattern. Step 5: Display the virtual objects on the detect marker: you can draw the virtual object using

OpenGL or load the VRML file in your program. Except these steps, the application may need to respond to

mouse, keyboard or other application specific events.

1. A simple application 

For a simple application, you can put all these five steps in one program, for example, you can use the

example program such as simpleTest.c as your template, thus you can use the Makefile provided by ARToolKit

to compile your program and generate the execution file. We will use simpleTest.c as an example to show

how to achieve a simple MR application in follow.

This Program simply consists of a main routine and several graphics drawing routines, the main routine is

shown below:

main(int argc, char **argv)—if no parameter needed to input , main( ) is ok.

{

      init( );

      arVideoCapStart( );

      argMainLoop( mouseEvent, keyEvent, mailLoop);

}

// if no mouseEvent and/or keyEvent needed, you can set the corresponding parameter as NULL in function

argMailLoop such as argMainLoop(NULL, keyEvent, mailLoop)

The initialization routine such as initialization of the video path, reading in the marker and camera

parameters, setup of the graphics window and draw the initial items are included in the init( ) part.  An

simple init( ) function is shown as follow:

static void init( void )

{

    ARParam  wparam; 

    /* open the video path */

if( arVideoOpen( vconf ) < 0 ) exit(0);   

//the variable vconf contains the initial video configuration and is defined at the top of simpleTest.c as

char *vconf= “”; for there is only one camera is used, so you needed to set up it, the default one will be

used. If two cameras are needed, the video configuration can be set up as:

 char vconfL[512] = “-dev=/dev/video0 –width=640 –height=480”;

 char vconfR[512] = “-dev=/dev/video1 –width=640 –height=480”;

// if firewire camera is used, no parameter is needed, you can call this function like this 

      if(arVideoOpen(“”)<0)exit(0);

    /* find the size of the window */

    if( arVideoInqSize(&xsize, &ysize) < 0 ) exit(0);

printf("Image size (x,y) = (%d,%d)\n", xsize, ysize);

// Image size can be specified by parameters for arvideoOpen( ), arVideoInqSize( )is used to check valid

image size.

    /* set the initial camera parameters */

    if( arParamLoad(cparam_name, 1, &wparam) < 0 ) {

        printf("Camera parameter load error !!\n");

        exit(0);

}

// the default file name of camera parameters is /Data/camera_para.dat, defined at the top of

simpleTest.c, you can change it or add a parameter in main function to specify it in command line.

    arParamChangeSize( &wparam, xsize, ysize, &cparam );

    arInitCparam( &cparam );

    printf("*** Camera Parameter ***\n");

    arParamDisp( &cparam );

    if( (patt_id=arLoadPatt(patt_name)) < 0 ) {

        printf("pattern load error !!\n");

        exit(0);

}

//load the data of marker patter file. The file name is specify at the top of simpleTest.c as

char *patt_name   = “Data/patt.hiro”; 

    /* open the graphics window */

argInit( &cparam, 2.0, 0, 0, 0, 0 );

// the parameters of argInit( ) are void argInit(ARParam *cparam, double zoom, int fullFlag, int xwin, int

ywin, int hmd_flag); cparam: camera parameter, zoom: zoom ratio, fullFlag: 0: normal, 1: full screen mode,

xwin, ywin: create small window for debug, hmd_flag: 0: normal, 1:optical see-through mode. 

}

In this example, a virtual cube is generated using OpenGL, so you needn’t do any initialization job about

draw 3D object here. If you want load VRML file to your code to generate the virtual object and the VRML

file is big, you’d better load the vrml data in at the init part, thus in the step 5, the virtual object

can be displayed quickly. Draw initial items can be achieved using followed code:

Int draw_init_items( )

{

      int   i;

      for(i=0; i<itemNum; i++)

      {

            arVrml97LoadFile(item[i].name);

      }

      argDrawMode3D ( );  //set the window for 3D drawing, another function for 2D drawing is

argDrawMode2D( );

      glEnable(GL_DEPTH_TEST);// function of OpenGL, enable the depth test  glDepthFunc(GL_LEQUAL);

      argDraw3dCamera(0, 0, 0, 0);

      glMatrixMode(GL_MODELVIEW); //set the current active Matrix, now  GL_MODELVIEW is set to active.

      glLoadIdentity(); //set the currently modifiable matrix to the 4x4 identity matrix.

      

for(j = 0; j<itemNum; j++)

{

      arVrml97Draw(item[j].vrml_id); // rendering the item.

}

glDisable(GL_DEPTH_TEST); // Disable the depth test.

return 0;

}

then when you call your draw_object( ) function in mainloop, the 3D object could be loaded quickly. 

2. Some useful functions about Matrix calculation provided by ARToolKit

For a more complex application, such as let the 3D object can move according to designate track, matrix

calculation is needed. A structure ARMat has been defined used in matrix calculation. 

typedef struct{

            double *m; //point to matrix

            int row;

            int clm;

}ARMat;

ARMat *arMatrixAlloc(int row, int clm) //distribute a memory to ARMat structure of a 4x4 matrix.

int ArMatrixSelfInv(ARMat  *m) // calculate the inverse matrix of matrix m

arMatrixMul(mat_c, mat_a, mat_b)// multiply matrix belong to mat_a by matrix belong to mat_b, the result

store in mat_c

int arMatrixDup(ARMat *dest, ARMat *source) //Matrix duplicate from source to dest.

int arMatrixInv(ARMat *dest, ARMat *source) // calculate the Inverse matrix of source, and store it into

dest

int arMatrixUnit(ARMat *unit) // set the matrix to Identity matrix

int arMatrixFree(ARMat *m) // release the memory

3. How to design the .dat file

To load a vrml file in your application and draw the 3d object, the position needed to provide, using the

matrix from marker to camera as the MODELVIW matrix can handle this. Besides, also the rotation, scale and

translation of 3D object needed to provide, this is set up in the .dat file. The following is an example

of .dat file

Data/Vrml/plane.wrl

0.0  0.0  0.0  #Translation

90.0  1.0  0.0  0.0    #Rotation    rotate 90° circle x axis

2.0  2.0  2.0     #Scale     zoom in coefficient is 2.0

LIGHT DIR  #Direction Light

0.5     #Ambient

0.5     #Intensity

1.0   1.0  1.0  #GRB

0.0  1.0  0.0   #Direction

you can give an initial value first, than adjust them according to the display state. 

If more than one object needed to display, the translation, rotation and scale values must be same for all

object.  In this case, you can adjust the size and position of 3D object in vrml file.

Now, the basic steps of developing an ARToolKit application have been introduced, you can design your

application using it.

