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Triclops Softwar e License Agreement

The Triclops Stereo Vision Software Development Kit (the " Software™) is copyrighted by Point Grey
Research, Inc. All rights are reserved. The purchaser is granted alicense to use the Software subject to the
following restrictions and limitations.

1. THE LICENSE ISTO THE ORIGINAL PURCHASER ONLY, AND ISNONTRANSFERABLE UNLESS YOU HAVE
RECEIVED WRITTEN PERVISSION OF POINT GREY RESEARCH.

2. THE ORIGINAL PURCHASER MAY USE THE SOFTWARE ONLY WITH A TRICLOPS COLOR TRICLOPS OR
DIGICLOPS™ STEREO VISION CAMERA M ODULE OWNED BY THE ORIGINAL PURCHASER.

3. THE ORIGINAL PURCHASER MAY MAKE BACK-UP COPIES OF THE SOFTWARE FOR HIS OR HER OWN USE
ONLY, SUBJECT TO THE USE LIMITATIONS OF THIS LICENSE.

4. THE ORIGINAL PURCHASER MAY NOT ENGAGE IN, NOR PERMIT THIRD PARTIESTO ENGAGE IN, ANY OF
THE FOLLOWING:

A. PROVIDING OR DISCLOSING THE SOFTWARE TO THIRD PARTIES

B. MAKING ALTERATIONS OR COPIES OF ANY KIND OF THE SOFTWARE (EXCEPT AS SPECIFICALLY
PERMITTED ABOVE).

C. ATTEMPTING TO DISASSEMBLE, DECOMPILE OR REVERSE ENGINEER THE SOFTWARE IN ANY WAY .

D. GRANTING SUBLICENSES LEASES OR OTHER RIGHTS IN THE SOFTWARE TO OTHERS

POINT GREY RESEARCH, INC. RESERVES THE RIGHT TO TERMINATE THISLICENSE IF THERE ARE ANY
VIOLATIONSOF ITSTERMSOR IF THERE ISA DEFAULT COMMITTED BY THE ORIGINAL PURCHASER. UPON
TERMINATION, FOR ANY REASON, ALL COPIES OF THE SOFTWARE MUST BE IMMEDIATELY RETURNED TO
POINT GREY RESEARCH, INC. AND THE ORIGINAL PURCHASER SHALL BE LIABLE TO POINT GREY
RESEARCH, INC. FOR ANY AND ALL DAMAGES SUFFERED ASA RESULT OF THE VIOLATION OR DEFAULT .

LIMITED WARRANTY
SOFTWARE WARRANTY

POINT GREY RESEARCH WARRANTSTOTHE ORIGINAL PURCHASER, FOR A PERIOD OF ONE (1) YEAR FROM
DATE OF PURCHASE THAT :

1. THE DISKETTE ON WHICH THE SOFTWARE IS FURNISHED AND THE ACCOMPANYING DOCUMENTATION
ARE NOT DEFECTIVE;

2. THE SOFTWARE ISPROPERLY RECORDED UPON THE DISKETTES ENCLOSED;

3. THEDOCUMENTATION IS SUBSTANTIALLY COMPLETE AND CONTAINSALL THEINFORMATION POINT
GREY RESEARCH DEEMS NECESSARY TO USE THE SOFTWARE;

4. THE SOFTWARE FUNCTIONS SUBSTANTIALLY AS DESCRIBED IN THE DOCUMENTATION.

POINT GREY RESEARCH, INC.'SENTIRE LIABILITY AND THE ORIGINAL PURCHASERS EXCLUSIVE REMEDY
SHALL BE THE REPLACEMENT OF ANY DISKETTE OR DOCUMENTATION NOT MEETING THESE WARRANTIES
ON SUCH AN OCCASION, A COPY OF THE PAID RECEIPT ACCOMPANIED WITH THE FAULTY DISKETTE OR
DOCUMENTATION MUST BE RETURNED TO POINT GREY RESEARCH, INC. OR AN AUTHORIZED DEALER.

POINT GREY RESEARCH, INC. EXPRESSLY DISCLAIMS AND EXCLUDESALL OTHER WARRANTIES EXPRESS,
IMPLIED AND STATUTORY, INCLUDING, BUT WITHOUT LIMITATION, WARRANTY OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR APPLICATION OR PURPOSE. IN NO EVENT SHALL POINT GREY RESEARCH, INC.
BELIABLE TO THE ORIGINAL PURCHASER OR ANY THIRD PARTY FOR DIRECT , INDIRECT , INCIDENTAL,
CONSEQUENTIAL, SPECIAL OR ACCIDENTAL DAMAGES INCLUDING WITHOUT LIMITATION DAMAGES FOR
BUSINESS INTERRUPTION, LOSS OF PROFITS REVENUE, DATA OR BODILY INJURY OR DEATH.
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Chapter 1: Introduction

T his chapter presents the features of the Triclops
Stereo Vision Software Development Kit (SDK). It also

gives the reader pointers to other resources useful for
mastering stereo vision technology.
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Stereo Vision Technology

Stereo vision technology allows range measurement using triangul ation between slightly offset cameras.
The Digiclops™ Stereo Vision System consists of athree-camera module and a software system that
performs range measurements. The camera modul e generates three gray-scale, or color, images that are
digitized and stored in the memory of the computer. The software system analyzes the images and
establishes correspondence between pixelsin each image. Based on the camera’ s geometry and the
correspondences between pixelsin theimages, it is possible to determine the distance to pointsin the scene.

Consider the example in Figure 1. In this example, the camera module has simultaneously obtained three
images of the scene. While the images appear quite similar, closer inspection reveal s a shift between closer
objects and those that are further away. Based on the amount of shift, the system is able to determine the
distance to the objects in the scene. Figure 1 also shows a depth image that isthe result of the Triclops
Stereo Vision SDK. In thisimage, closer objects are represented with brighter shades of gray while objects
further away are represented with darker shades of gray.

Three camera

modle \

Left Image Right Image

Software

— =

Depth Image

Figurel: Stereo Processing;
From images to distance measur ements
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With the depth image it is possible to determine the 3D position of every point in the image relative to the
cameramodule. This section was written to give the reader intuition about the functionality of the system.
A more detailed description of the process and programming details will be discussed in further chapters.

Who Should Read this M anual

Thismanual isintended for personnel responsible for installing the Triclops Stereo Vision SDK and for
programmers devel oping applications with the Triclops system.

Installers must have aworking knowledge of the Windows 98 or Windows 2000 operating system at the
system administrator level.

Developers will find familiarity with the concepts of stereo vision very useful in utilizing the Triclops
system and making sense of the stereo results. For ageneral background in stereo vision, see Chapter 7:
Stereo Vision Details.

System Requirements

To use the Triclops Stereo Vision SDK, you must have an IBM -compatible PC with:
A Pentium MM X or Pentium |l processor of 166MHz or faster

Windows 98 or Windows 2000

Recommended at least 16 MB of RAM

Online Resour ces

For the latest demos and sample code written for the Triclops Stereo Vision SDK, visit our web page at:
http://www.ptgrey.com
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Chapter 3: Installing the Software

T his chapter discusses installing the software and
setting up the operating system.
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Installation of Triclops

The Triclops software system is currently distributed on a CD-ROM disk. Please consult the README file

on the disk for a detailed description of theinstallation procedure. In addition to the CD-ROM, there will

also be afloppy disk included with the system. Thisdisk contains the calibration file specific to your
Digiclops cameraunit. In addition to the calibration file, there may also be updated libraries on this floppy.
Please consult the README fileon the floppy disk for details of contents and installation.

This section assumes the target operating systemsis Microsoft Windows 98/2000.

Toinstall the Triclops software:

1. Placethe CD-ROM installation disk into your CD-ROM drive.

2.
3.

The “Point Grey Research, Inc.” message box will appear.
Select the “Install Triclops” button and follow the prompts given by the Setup Wizard. Itis

recommended that you install the Triclops software in the default location suggested by the install
shield. If not, the example program project file settings will have to be changed to include the correct
SDK paths for include and library files.

The “Point Grey Research, Inc.” message box also has an “Explore CD” button. When thisis selected, you
will be presented with the CD contents that contains:

Subdirectory Contents

Bin This subdirectory contains PGRView, a program which allows one to view point
cloud files generated by Example7 of the provided source code example programs.

Sc This subdirectory contains Triclops example source code. The Triclops example
source code is discussed in Chapter 5: Programming with the Triclops Application
Programming Interface (API).

Include This subdirectory contains the include files required to compile using the Triclops
library. The primary includefileisthe triclops.h. This subdirectory also containsthe
pnmutils.h file, which includes utilities for reading and writing PGM and PPM
format images.

Lib This subdirectory contains the Triclops and pnmutils libraries. It also contains the
triclops.dil, which is the dynamic link library for triclops.lib.

Doc This subdirectory contains the Triclops Manual, and the PGRView User Manual.

Image Viewing

At thistimeitisagood ideato also install an image-viewing program. The Triclops library supportsthe
PGM image format. Paint Shop Pro is agood choice for viewing PGM files. The Triclops or the
Digiclops™ installation disk has on it the option of installing this program.

Triclops StereoVision System Manual Version 3.1
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Chapter 4: Getting Started

T his chapter goes through a number of exercises
designed to ensure that the system is properly installed
and to give the user an initial feel for the system’s
capabilities.
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This chapter isfor Microsoft Windows 98/2000 users

Running the Demo Program

After installing the Triclops SDK and an appropriate stereo device (i.e.: aDigiclops stereo vision system),
itisagood ideato test the device and the stereo installation by running the interactive demonstration
programs. Please refer to the documentation for your stereo vision system installation for a description of
the different demonstration programs available and their operation.

For further information on the meaning of stereo parameters that can be set in the demonstration programs,
please refer to Chapter 7: Stereo Vision Details.

Compiling a Triclops Program

Now that you know that the system isinstalled correctly, you can try compiling a sample program and
verify that the Triclopslibrary and include files are properly set. For this step, we assume that your
development environment is Microsoft Visual C++. In the following steps, the variable
%TRICLOPS_PATH% represents the directory in which the Triclops SDK has been installed. The default
location for this directory is CA\Program Fles\Point Grey Reseerch\Triclops Stereo Vision SDK.

Create anew directory outside of the %TRICLOPS_PATH% directory sub-tree.

Copy thedirectory %TRICLOPS_PATH%\examplesto your newly created directory.

Start Visual C++ and open the examples.dsw workspace in your newly created directory.

Set the library path to % TRICLOPS_PA TH%\lib.

Set the preprocessor include path to %TRICLOPS_PATH%\include

Set the active project to example 1.

Build the program.

Run the program.

View the images, disparity.pgm and reference.pgm that are created by the program in your newly
created directory with Paint Shop Pro.

©CONoO O~WDNE

This program reads araw stereo image from afile, performs stereo processing and saves the gray-scale
images and depth map into separate files.

If you are using a compiler other than Visual C++ you will have to specify the library path and the include
path in order for the compiler to find the appropriate files.
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Chapter 5: Programming with the Triclops
Application Programming Interface (API)

T his chapter presents the Triclops APl and explains the

engine behind the functions. Several programming
examples are presented in order to illustrate the API.
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Programming with the Triclops Stereo Vision SDK

The goal of the Triclops Stereo Vision SDK isto provide the user with accurate and fast depth map
generation. Therefore, the ultimate result of the Triclops Application Programming Interface (APl) isa
depth map. Depth maps can be produced in a nurber of different ways. Further characteristics of depth
maps may vary depending on a number of settings. Triclops system allows specifying the following
characteristics of the stereo processing:

Stereo Parameters Description of the Parameter

Image si ze/resol ution The API allows the user to specify the size of the image that isto be used asthe
initial gray-scale image.

Disparity range Allows the user to specify the range that distance measurements are to be done
in.

Mask size Allows the user to specify the coarseness of features that are to be matched
between images.

Preprocessing Specifies whether matching should be done on gray-scale or preprocessed
images, such as edge images.

Validation Specifies the methods used for verifying the correctness of matched-between
images.

Regions Of Interest Specifies the region of the image that processing should be done on. This

feature all ows processing speedup.

Subpixel Interpolation | Thisfeature allows establishing correspondences to subpixel accuracy alowing
generation of more precise distance measurements.

For detailed descriptions of stereo vision parameters please refer to Chapter 7. Stereo Vision Details.

Triclops Context

The Triclops software system allows specifying all characteristics of stereo processing discussed above.
Furthermore, the software system allows the specification of multiple stereo processing that may occur on a
single set of images. To enable efficient stereo processing of different kinds on the same set of images, the
concept of Triclops Contextsisintroduced.

By using the Triclops context it is possible to encapsulate all of the information required for a specific kind
of stereo processing. Furthermore, multiple Triclops contexts allow for the sharing of data and processing
with minimal effort on the user's part. Triclops contexts store camera configuration, parameters of stereo
processing, input data and results.

A Triclops context must first be initialized using the configuration of the camera module. Configuration
contains information about the number and geometry of the cameras, aswell astheintrinsic and extrinsic
parameters of the cameras.

A Triclops context is then configured for the specific kind of stereo processing. Parameters such as the
processing resolution, disparity range, validation, and subpixel interpolation may be specified.

Next, a Triclops context must be assigned images that are to be processed by the stereo kernel. Thisis done
by passing into a context information obtained from the stereo device, or by loading the image information
from thefile.

The Triclops context is then used for performing image pre-processing and the stereo processing. The
results of stereo processing can then be retrieved from the context.
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Triclops Example Sour ce Code

In order to quickly understand the Triclops library, a number of examples are provided with the software
distribution. All examples can be found in the %TRICLOPS PATH%\examples directory. It isagood idea
for the user to make a copy of the examples and compile them in a new location.

Important: Please check error codes!

It isimportant to note that the following examples, with the exception of #6, do not check for error codes.
We have chosen to do this to ensure that the examples are not cluttered, and are therefore easier to follow.
When creating your own source code, it isimportant that y ou include error checking. A list of different
TriclopsErrors can be found at the beginning of chapter 6.

All Triclops Stereo Vision SDK functions return a TriclopsError enumerated type error code. This error
code can be used to determine the reason for the function failure. An example of checking the error code
and formatting an error string is:

#i ncl ude “stdafx.h”
#i nclude “triclops.h”

i nt
main( int argc, char ** argv )
{
Tricl opsError e;
e = triclopsStereo( context );
if ( e!l=o0k)
{
char szErrorString[1024]; /'l the error nessage buffer
sprintf( szErrorString,
“triclopsStereo() error : %\n",
triclopsErrorToString( e ) );
/1 pop up an error dialog with the formatted error string
MessageBox( 0, szErrorString, “Triclops Error”, 0 );
}
}

In addition, the Triclops Stereo Vision SDK works with several different stereo devices. Thisincludes
Triclops, Color Triclops, Digiclops and Color Digiclops. The examples provided are designed to work with
either aDigiclops or a Color Digiclops. For other stereo acquisition devices, image acquisition function
need to be changed.
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Example 1. Generating a DepthMap I mage

/*

*

*

Exanpl e 1:

Loads three stereo images froma PPMfile and perforns stereo

processi ng

*

*

*

to create a disparity imge which is then output to depth. pgm

This program assunes there is a canera calibration file in the same

directory

*

*/

named 'config'.

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i nclude "triclops.h"
#i ncl ude "pnnutils.h"

i nt
mai

{

n( int argc, char **argv )

Tri cl opsCont ext cont ext ;
Tricl opsl mage dept hl mage;
Tricl opsl nput i nput Dat a;
Tricl opsError tErr;

/1 get the canera nodul e configuration

tErr = triclopsCetDefaultContextFronFile( &ontext, "config" );
if ( tBrr !'= ok )

{

}

/1 Load images fromfile
ppnmReadToTri cl opsl nput ( "i nput. ppnm', & nputbData );

printf( "Can't open calibration file 'config'\n" );

/'l set up sone stereo paraneters:

/1l set to 320x240 output inmages

tErr = triclopsSetResolution( context, 240, 320 );
/1l set disparity range

tErr = triclopsSetDisparity( context, 5, 60 );

/1 set the display mapping
/1 note: disparity mapping corrupts the disparity values so that

maki ng

/] distance neasurenents is nore difficult and | ess accurate.

/1 Do not use it when you intend to actually use disparity val ues for
/'l purposes other than display

tErr = triclopsSetDi sparityMapping( context, 128, 255 );

tErr = triclopsSetDisparityMappi ngOn( context, 1 );

/1 set the validation mappings to 0 (bl ack)

tErr tricl opsSet Uni quenessVal i dati onMappi ng( context, 0 );

tErr triclopsSet TextureValidati onMappi ng( context, 0 );

/'l Preprocessing the i mges
tErr = triclopsPreprocess( context, & nputbData );
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/'l stereo processing
tErr = triclopsStereo( context );

/1 retrieve the depth inmage fromthe context
tErr = triclopsGetlmge( context, Trilnmg_Dl SPARI TY, Tri Cam REFERENCE,
&dept hl mage ) ;

/'l save the depth inmge
tErr = triclopsSavel nage( &dept hl mage, "depth. pgm' );

/1 clean up nmenory allocated in context
freelnput ( & nputbData );
tErr = triclopsDestroyContext( context );

return O;

}

This example generates a depth map from a PPM imagefile.

1. Theexample performs stereo processing on the file “input.ppm”, and saves the depth map into afile. It
is not necessary to worry about grabbing and displaying for this example.

After loading the camera configuration file from afile named “config” in the same directory, the input
PPM fileisread and is stored in a Triclopsl nput data structure.

The resolution, disparity range, and pixel mapping values are then set in the program.

Therest of the stereo parameters are left with the default values loaded from the configuration file.
Image preprocessing and stereo processing is then done.

The disparity image associated with the reference cameraisretrieved, and saved to a gray-scale pgm
file named * depth.pgm”.

N
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Example 2: Grabbing images and stereo processing

di gi cl ops,

faster throughput,

and performs stereo processing
A raw i mage fromthe reference canera

&riclops );

especial ly

/*
* Exanple 2:
*
* CGets input fromthe Digiclops,
* to create a disparity inmge
* and the disparity imge are both witten out.
*/
#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#include "triclops. h"
#i ncl ude "digicl ops. h"
i nt
mai n( int argc, char **argv )
{
Tri cl opsCont ext triclops;
Tricl opsl mage dept hl mage;
Tricl opsl nage ref | mage;
Tricl opsl nput i nput Dat a;
Di gi cl opsCont ext di gi cl ops;
/1 open the Digiclops
di gi cl opsCreat eCont ext ( &di gi cl ops );
digiclopslnitialize( digiclops, 0 );
/1 get the canera nodul e configuration
di gi cl opsGet Tri cl opsCont ext Fr onCaner a(
/1l set the Digiclops resolution
/1 use 'HALF' resolution when you need
for
/1 color inmages

/1 digicl opsSet| mageResol uti on( digicl ops,
di gi cl opsSet | nageResol uti on( digiclops, D

/1l start grabbing
di gi cl opsStart( digiclops );

/1l grab an inmage
di gi cl opsGrabl mage( di gicl ops );
di gi cl opsExtract Tri cl opsl nput ( di gi cl ops,

DI G CLOPS_HALF )
G CLOPS_FULL );

STEREO | MAGE, & nputData );

/'l set up sone stereo paraneters:

/1l set to 320x240 output inmages

triclopsSet Resolution( triclops, 240, 320 );

/1l set disparity range

triclopsSetDisparity( triclops, 5, 60 );

/1 set the display mapping

triclopsSet TextureValidati onMapping( triclops, 0 );
tricl opsSet Uni quenessVal i dati onMappi ng( triclops, 0 );
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/'l Preprocessing the inmages
triclopsPreprocess( triclops, & nputData );

/1l stereo processing
triclopsStereo( triclops );

/'l retrieve the depth image fromthe triclops context

triclopsGetlmage( triclops, Trilng DI SPARI TY, Tri Cam REFERENCE,
&dept hl mage );

/1l retrieve the raw imge fromthe triclops context

triclopsGetlmge( triclops, Trilmy RAW Tri Cam REFERENCE, &refl mage

)

/1l save the depth and reference inmages

/'l NOTE: because we did not use "disparity mappi ng" these inmages wl |
appear

/1l very dark. This is because the disparity val ues have not been
scal ed for

/'l view ng.

triclopsSavel mage( &dept hl mage, "depth. pgni' );

triclopsSavel mage( &reflnmage, "reference. pgni );

/1l close the digiclops
di gi cl opsSt op( digiclops );
di gi cl opsDestroyCont ext ( digiclops );

/1l destroy the triclops context
triclopsDestroyContext( triclops ) ;

return O;

}

This example is amodification of the previous one. Instead of accepting input from a user-supplied PPM
file, images are obtained from the first Digiclops device on the 1394 bus.

The example works as follows:

Digiclops™ is opened and initialized.

The camera module configuration is retrieved.

The resolution for Digiclops™ is set; to maximize throughout or for colour images, set the resolution
to HALF.

The camera starts to grab images.

The Triclops resolution is set to 240 x 320.

The disparity range of the Triclopsis set to (5, 60)

The texture validation mapping and the uniqueness validation are turned off.

The images are preprocessed and stereo-processed.

The depth image isretrieved and saved to the file “ depth.pgm”.

0. Theraw imageisretrieved and saved to “reference.pgm”.

11. Theimages can be viewed in an image viewer such as Paint Shop Pro, using “reference.pgm” for
comparison.

wNE

RO NG A
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Example 3: Subpixel interpolation and depth calculation

#i ncl ude <stdio. h>
#include "triclops. h"
#i ncl ude "digicl ops. h"

&riclops );

i nt
mai n( int argc, char **argv )
{
Tri cl opsCont ext triclops;
Tricl opsl magel6 dept hl magel6;
Tricl opsl nage ref | mage;
Tricl opsl nput i nput Dat a;
Di gi cl opsCont ext di gi cl ops;
i nt i, j;
fl oat X, Y, z;
FILE * poi ntFil e;
FI LE * vrm File
i nt pi xel i nc;
/1 open the Digiclops
di gi cl opsCreat eCont ext ( &di gi cl ops );
digiclopslnitialize( digiclops, 0 );
/1 get the canera nodul e configuration
di gi cl opsGet Tri cl opsCont ext Fr onCaner a( di gi cl ops,
/'l set the digiclops to deliver the stereo image only
di gi cl opsSet | mageTypes( di gi cl ops, STEREO | MAGE );
/1l set the Digiclops resolution
/1 use 'HALF' resolution when you need faster throughput,
for

/1 color inmages

/1 digicl opsSet| mageResol uti on( digiclops, DG CLOPS HALF );

di gi cl opsSet | mageResol ution( digiclops, D G CLOPS_

/1 start grabbing
di gicl opsStart( digiclops );

/1 grab an inmge
di gi cl opsGrabl mage( di gicl ops );

FULL );

especial ly

di gi cl opsExtract Tri cl opsl nput ( di gi cl ops, STEREO | MAGE, &i nputbData );

Triclops StereoVision System Manual Version 3.1
Copyright © 2003 Point Grey Research Inc.

28




/1l set up some stereo paraneters:

/1l set to 320x240 output inmages

triclopsSet Resolution( triclops, 240, 320 );
/1 set disparity range
triclopsSetDisparity( triclops, 10, 60 );

/1 turn on sub-pixel interpolation
triclopsSet Subpi xel I nterpolation( triclops, 1);

/'l preprocessing the inmges
triclopsPreprocess( triclops, & nputData );

/1l stereo processing
triclopsStereo( triclops );

/'l retrieve the interpolated depth image fromthe triclops context

triclopsGetlmagel6( triclops, Trilngl6_ DI SPARI TY, Tri Cam REFERENCE
&dept hl magel6 );

triclopsSavel mnagel6( &depthl magel6, "displ6. pgm' );

/1l save points to disk
pointFile = fopen( "points.txt", "w" );
vim File = fopen( "points.wl", "w" );

fprintf( vrmFile, "#VRM. V1.0 ascii\n" );
fprintf( vrmFile, "Material {diffuseColor 0 1 0 }\n" );
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/1 deternmi ne the nunber of pixels spacing per row

pi xelinc = dept hl magel6. r owi nc/ 2;

for (i =0; i < depthlmagel6.nrows; i++ )

{
unsi gned short * row = dept hl magel6.data + i * pixelinc;
for (j = 0; j < depthlmagel6.ncols; j++ )
{

int disparity rowj];

/1 filter invalid points

if ( disparity < OxFFOO )

{
/1l convert the 16 bit disparity value to floating point X,y,z
tricl opsRCD16ToXYZ( triclops, i, j, disparity, &, &y, & );

/'l ook at points within a range

if (z >0.25 && z < 1.0)

{
fprintf( pointFile, "% 9% % 255 255 255\n", x, vy, z );
fprintf( vrm File, "Separator {\n" );

fprintf( vimMFile, " Transl ation "

"{ translation % % % }\n",

X, Y, 2);

fprintf( virmFile, " Cube { width 0.005 height 0.005

depth 0.005 }\n" );
fprintf( vidFile, "}\n" );
}

}

}
}
fclose( pointFile );
fclose( virmFile );

/'l retrieve three rectified images fromthe tricl ops context

triclopsGetlmage( triclops, Trilng RECTIFIED, TriCam L_RI GHT,
&refl mage );

triclopsSavel mage( &reflnmage, "rect_right.pgm );

triclopsGetlmge( triclops, Trilmg RECTIFIED, TriCamL_TOP, &reflmage
);

triclopsSavel mage( &reflmage, "rect_top. pgm );

triclopsGetlmage( triclops, Trilnmg RECTIFIED, TriCam L_LEFT,
&refl mage );
triclopsSavel nage( &reflnmage, "rect_left.pgn );

/1 close the digiclops
di gi cl opsStop( digiclops );
di gi cl opsDestroyCont ext ( digiclops );

/'l destroy the triclops context
triclopsDestroyContext( triclops ) ;

return O;
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This example demonstrates the use of subpixel interpolation, 16-bit images, and the calculation of three-
dimensional XY Z coordinates from stereo images.

1. After grabbing the image from the camera, the “triclopsSetSubpixel Interpolation()” call turns on
subpixel interpolation.

2. Therelevant stereo options are set, and then the images are preprocessed and stereo processed. Due to
interpolation, a 16-bit depth image can then be retrieved from the context and saved. For each pixel,
the most significant byte isthe disparity in whole pixels and the least significant byte is the fractional
portion of the disparity.

3. Toconvert from 16-bit disparity values to floating point disparity values, one can use the following C-
code fragment:

unsi gned short disparitylé = <sone value fromthe depth map>;
fl oat di sparityFl oat;

/1 convert disparityl6 to disparityFl oat

di sparityFloat = (float) disparityl6é / 256.0;

16-bit disparity data can be accessed for every valid interpolated pixel in thisimage (with invalid
pixels having a disparity value greater than OXxFF00), and given as a parameter to the
“triclopsRCD16ToXY Z ()" function, which returns the corresponding three-dimensional XY Z
coordinates. Any data within 0.25 to 1.0 meters of the camerais written to atext file (“points’). It
should be noted that subpixel resolution images do not follow the mapping schemes that regular
images do. Validation mapping is applied only to the least significant byte. Therefore, if texture
validation mapping is set to 0, and uniqueness validation mapping is set to 1, the 16-bit invalid texture
pixel will be OxFFOO and the 16-bit invalid uniqueness pixel will be OxFFO1.

4. Finaly, thethreerectified images for each camera are saved to disk, and the frame grabber is closed.

Note that “triclopsSetDisparityMapping()” isnot called in this example. Therefore, disparity values
will not be scaled for better contrast and brightness for human viewers. Thisisimportant, asthe
disparity values should not be scaled if one of the triclopsRCDToXY Z family functions
(triclopsRCD8ToXY Z, triclopsRCD16ToXY Z, triclopsRCDFloatToX Y Z) will be used. In cases
where the scaling is extremely desirable, use triclopsRCDMappedToXY Z().

5. Thepointsfile can be viewed with the PGRView program.
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Example 4: Regions of Interest

#i ncl ude <stdio. h>
#include "triclops. h"
#i ncl ude "digicl ops. h"

i nt
mai n( int argc, char **argv )
{
Tri cl opsCont ext triclops;
Tricl opsl mage dept hl mage;
Tricl opsl nage ref | mage;
Tricl opsl nput i nput Dat a;
Di gi cl opsCont ext di gi cl ops;
Tricl opsRO *rois;
i nt maxRoi s;
/1 open the Digiclops
di gi cl opsCreat eCont ext ( &di gi cl ops );
digiclopslinitialize( digiclops, 0);
/1 get the canera nodul e configuration
di gi cl opsGet Tri cl opsCont ext FrontCanera( digicl ops, &riclops );
/1 set the digiclops to deliver the stereo inmage only
di gi cl opsSet | mageTypes( digi cl ops, STEREO | MAGE );
/'l set the Digiclops resolution
/'l use 'HALF' resolution when you need faster throughput, especially
for

/1l color images
/1 digiclopsSetl|mageResol ution( digiclops, DG CLOPS HALF );
di gi cl opsSet | mageResol uti on( digiclops, DG CLOPS FULL );

/] start grabbing
di gi cl opsStart( digiclops );
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/1 grab an inmge
di gi cl opsGrabl mage( di gicl ops );
di gi cl opsExtract Tri cl opsl nput ( di gi cl ops, STEREO_ | MAGE,

/] set up some stereo paraneters:

/'l set to 640x480 output images

triclopsSet Resolution( triclops, 480, 640 );
/1l set the stereo mask size to maxi mum
triclopsSet StereoMask( triclops, 11 );

/1l set disparity range
triclopsSetDisparity( triclops, 5, 60 );

/1 set the display mapping
triclopsSet TextureValidati onMapping( triclops, 0 );
tricl opsSet Uni quenessVal i dati onMappi ng( triclops, 0 );

/1 get the pointer to the regions of interest array
triclopsGetRO s( triclops, &ois, &mxRois );

if (maxRois >= 4) {
/1 set up four regions of interest:

/1 entire upper |eft quadrant of image
roi s[0].row ;

rois[0].col = 0;

roi s[0].nrows = 240;

roi s[0].ncols = 320;

/1 part of the |lower right
rois[1].row = 240;
rois[1].col = 320;
rois[1].nrows = 180;

roi s[1].ncols = 240;

/1l centered in upper right quadrant

rois[2].row = 60;
rois[2].col = 400;
rois[2].nrows = 120;
rois[2].ncols = 160;

/!l small section of |ower |eft

rois[3].row = 300;
rois[3].col = 30;
rois[3].nrows = 80
rois[3].ncols = 80;

triclopsSet NumberOf RO s( triclops, 4 );

& nputData );
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/1 Preprocessing the inmges
triclopsPreprocess( triclops, & nputData );

/'l stereo processing
triclopsStereo( triclops );

/'l retrieve the depth image fromthe triclops context

triclopsGetlnmage( triclops, Trilng_ Dl SPARI TY, Tri Cam REFERENCE,
&dept hl mage );

/1 retrieve the raw image fromthe triclops context

triclopsCetlmage( triclops, Trilnmg_RAW Tri Cam REFERENCE, &refl nmage

);
/'l save the depth and reference i nages
triclopsSavel nage( &dept hl mage, "depth. pgni' );
triclopsSavel mnage( &reflnmage, "reference. pgn );
/1 close the digiclops
di gi cl opsStop( digiclops );
di gi cl opsDestroyCont ext ( digiclops );
/1 destroy the triclops context
triclopsDestroyContext( triclops ) ;
return O;

}

This example is another modification of example 2. It demonstrates the use of Regions of Interest (ROIs).
Asbefore, input isretrieved from the Digiclops and stereo processing options are set up. Note thistime that
alarger image (640x480) is used, so the stereo mask should also be increased.

Since alarger image is being used, stereo processing time will be longer. We can speed this up by
specifying Regions of Interest. Thisis done by getting a pointer to an array of TriclopsROI structures with
the triclopsGetROIsfunction call, and setting individual elements of this array to specify the ROIs. The
trid opsSetNumberOfROls function informs the Triclops library how many Regions of Interest have been set
up inside the array. Preprocessing and stereo processing then take place as before, and the depth and
reference images are saved. The depth image will have datain each of the four specified Regions of
Interest.

This example works as follows:

The Digiclops™ is opened and initialized.

The camera modul e configuration is retrieved and the image resolution is set.

The camerais set to deliver stereo images only.

The camera begins to grab images.

The Triclops resolution, disparity range, and stereo mask is set.

The display mapping isset up.

Four regions of interest are mapped out on the image, in this case, the entire upper left quadrant, part of
the lower right quadrant, centred in the upper right quadrant, and a small section of the lower left
quadrant.

8. Theimageis preprocessed and stereo processed.

9. Theimage depth isretrieved and saved to the file “depth.pgm”.

10. Theraw imageisretrieved and saved to the file “reference.pgm” for comparison.

NoghkowNhpE
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Example 5: Finding the depth of the center of the image

#i ncl ude <stdio. h>
#include "triclops. h"
#i ncl ude "digiclops.h"

i nt

mai n( int argc, char **argv )

{
Tri cl opsCont ext triclops;
Tricl opsl nage dept hl mage;
Tricl opsl nput i nput Dat a;
Di gi cl opsCont ext di gi cl ops;
Tricl opsRO *rois;
i nt maxRoi s;
i nt di sparity;
i nt i, j, nPoints;
fl oat X, Y, Z;
fl oat avgZz,

/1 open the Digiclops

di gi cl opsCreat eCont ext ( &di gi cl ops );

digiclopslnitialize( digiclops, 0);

/1 get the canera nodul e configuration

di gi cl opsGet Tri cl opsCont ext FronCaner a( di gi cl ops, &triclops );

/1 set the digiclops to deliver the stereo inmage only

di gi cl opsSet | mageTypes( di gi cl ops, STEREO | MAGE );

/1 set the Digiclops resolution

/1 use 'HALF' resolution when you need faster throughput, especially
for

/1 color inmages

/1 digicl opsSet| mageResol uti on( digiclops, DG CLOPS HALF );

di gi cl opsSet | mageResol uti on( digiclops, DI G CLOPS FULL );

/] start grabbing

di gi cl opsStart( digiclops );

/1l set up some stereo paraneters:
/'l set to 320x240 output inmages
triclopsSet Resolution( triclops, 240, 320 );

/1l set disparity range
triclopsSetDisparity( triclops, 5, 60 );
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/1l set invalid pixel value
triclopsSet TextureValidati onMapping( triclops, 0 );
tricl opsSet Uni quenessVal i dati onMappi ng( triclops, 0 );

/1l get the pointer to the regions of interest array
triclopsGetRO s( triclops, &ois, &mxRois );
if (maxRois >= 1)

{
/1 set up a 40x30 region of interest in the center of the imge
rois[0].row = 104;
rois[0].col = 139;
rois[0].nrows = 30
roi s[0].ncols = 40
triclopsSet NumberOfRO s( triclops, 1 );
}
printf( "Center \t\tAverage\n" );
while (1)
{

unsi gned char *row,

/1 grab an inmge
di gi cl opsGrabl mage( digicl ops );
di gi cl opsExtract Tri cl opsl nput ( di gi cl ops, STEREO | MAGE, &i nputData

/1 Preprocessing the inmages
triclopsPreprocess( triclops, & nputData );

/|l stereo processing
triclopsStereo( triclops );

/'l retrieve the depth inmage fromthe context
triclopsGetlnmage( triclops, Trilng_ Dl SPARITY, Tri Cam REFERENCE
&dept hl mage );

/1 get the depth of the center pixel (at 159, 119)
di sparity = depthlmge. data[ 119 * depthl mage.rowi nc + 159];
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/1 invalid pixel?

if ( disparity == 0 )

{

printf ("I NVALID \t\t");

}

el se

{
triclopsRCD8ToXYZ( triclops, 119, 159, disparity,
printf("%\t\t", 2z);

}

/1l calculate depth average of the entire RO
avgZ = 0;

nPoi nt s
for (i
{

row = dept hl nage. data + depthlmage.rowinc * i;
for (j = 139; j < 179; j++ )

{

0;
104; i < 134; i++ )

disparity =rowW j 1;
if ( disparity I=0)
{

nPoi nt s++;

triclopsRCD8ToXYZ( triclops, i, j, disparity, &, &y, &z );

avgZ += z;

}

if ( nPoints == 0)
{

printf( "INVALID \r" );
}

el se

{
avgZ /= nPoints;
printf( "%\r", avgZ );
}

fflush(stdout);
}
/'l close the digiclops
di gi cl opsStop( digiclops );
di gi cl opsDestroyCont ext ( digiclops );

/1l destroy the context
triclopsDestroyContext( triclops ) ;

return O;

&Xy &yy

& );
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Example 5 combines depth finding with the use of aregion of interest; it continuously grabs an imagefrom
the Digiclops, calculates the depth for a pixel at the center aswell as the average depth for an area around
the same pixel, and prints the values.

Once all stereo parameters have been set, a40 by 30 region of interest in the center is set up. The code then
enters an infinite loop. Within this loop, an image is taken from the Digiclops and the region of interest is
stereo processed. The disparity data at the center pixel istested for validity. If itisvalid, itisusedto
calculate the depth data (the Z value returned by the tridopsRCD8ToXYZ function). The sameis also done
for every other pixel in the region of interest, except that these Z values are averaged together. These two
values are printed, and the |oop starts again.

This example can be tested by holding alarge flat object in front of the Digiclops device (for example, a
sheet of newspaper), and moving it towards and away from the camera. The depth values that are displayed
should change accordingly.

The example works as follows:

Digiclops™ is opened and initialized.

The camera module configuration is obtained.

Digiclops™ is set to return the stereo image only.

Theresolution is set (set to HALF for faster throughput; i.e. colour images).
Theresolution is set to 240 x 320.

The disparity rangeis set to (5, 60).

The texture validation mapping and the uniqueness validation mapping are turned off (setsan invalid
pixel value).

8. The centre of theimage isfound.

9. Theimageisgrabbed, preprocessed, and stereo processed.

10. Thedepthimageis retrieved and the depth at the centre pixel is obtained.
11. Thedepth image at the centre of theimageis calculated.

NoghkowNhpE
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Example 6: Printing configuration information

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#include "triclops. h"
#i ncl ude "digiclops.h"

i nt
mai n( int argc, char **argv )
{
Tricl opsError e;
Tri cl opsCont ext triclops;
fl oat basel i ne;
i nt nCaner as;
i nt nrows, ncols;
fl oat focal Lengt h;
Tricl opsCaner aConfi guration config;
Di gi cl opsCont ext di gi cl ops;

/'l to extract the TriclopsContext, we will briefly open the connected
/1 Digiclops. You can also do this froma file using

/1 "tricl opsGetDefaultContextFronFile()"

/1 open the Digiclops

di gi cl opsCreat eCont ext ( &di gi cl ops );

digiclopslnitialize( digiclops, 0);

/1 get the canera nodul e configuration

di gi cl opsGet Tri cl opsCont ext FronCaner a( di gi cl ops, &triclops );
/'l close the digiclops

di gi cl opsSt op( digiclops );

di gi cl opsDestroyCont ext ( digiclops );

printf( "Triclops Version : %\n", triclopsVersion() );

/1l get the canmera configuration (TriCfg_L, TriCfg BACKWARDS L, etc)
e = triclopsCGetCameraConfiguration( triclops, &config );
if ( el=o0k)
{
printf( "Error getting canera configuration: %s\n",
cl opsErrorToString( e ) );
exit (1);

tr

}
printf( "Config : %\n", config );

/1 get the nunber of caneras
e = triclopsCGet Nunber Of Caneras( triclops, &Caneras );
if (e!=o0k)
{
printf( "Error getting nunber of caneras: %s\n",
triclopsErrorToString( e ) );
exit (1);
}
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printf( "Nunber of Caneras : %l\n", nCaneras );

e)

/1l get the baseline
e = triclopsCetBaseline( triclops, &baseline );
if (e!l=o0k)

{
printf( "Error getting baseline: %\n", triclopsErrorToString( e )
exit (1);

}

printf( "Baseline : % \n", baseline);

/1 get the focal length
e = triclopsCetFocal Length( triclops, &f ocalLength );
if ( e!l=o0k)

{
printf( "Error getting focal length: %s\n", triclopsErrorToString(
)

}

triclopsGet Resolution( triclops, &rows, &ncols );

exit (1);

printf( "Focal Length : % pixels for % x % i mage\n",
focal Length, ncols, nrows ) ;

/1 destroy the context
triclopsDestroyContext( triclops ) ;

return O;

This example demonstrates how to access Triclops configuration information by printing the Triclops
library version, the camera configuration, the number of cameras, the camera baseline, and the camerafocal
length. The configuration information isretrieved from a Digiclops device attached to the 1394 bus.

This example also shows error handling and the use of the triclopsErrorToString function. Most Triclops
functions return an error value, which can be tested.
The example works as follows:

NoghwdhpE

The Digiclops™ is opened and initialized

The cameramodule configuration is retrieved.

The Digiclops™ is closed.

Theversion of Triclopsis obtained and printed to screen.
The number of cameras is obtained and printed to screen.
The baselineisretrieved and printed to screen.

Thefocal lengthisretrieved and printed to screen.
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Example 7: Generating a 3D image (point cloud) file

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#include "triclops. h"
#i ncl ude "digiclops.h"
#i nclude "pnnutils.h"

i nt

mai n( int argc, char **argv )

{
Tricl opsl nput st er eoDat a;
Tricl opsl nput col or Dat a;
Tricl opsl nagel6 dept hl magel6;
Tricl opsCol orl nage col orl mage;
Tri cl opsCont ext triclops;
Di gi cl opsCont ext di gi cl ops;
fl oat X, VY, z;
i nt r, g, b;
FI LE* poi ntFil e;
i nt nPoi nts = O;
i nt pi xelinc ;
i nt i, j, k;
unsi gned short * row ;
i nt di sparity ;

/1 open the Digiclops
di gi cl opsCreat eCont ext ( &di gi cl ops );
digiclopslinitialize( digiclops, 0 );

/1 get the canera nodul e configuration
di gi cl opsGet Tri cl opsCont ext FronCanera( di gicl ops, &riclops );

/1l set the digiclops to deliver the stereo i nage and right (color)
i mge
di gi cl opsSet | mageTypes( digiclops, STEREO | MAGE | RIGHT_I MAGE );

/1 set the Digiclops resolution

/1 use 'HALF' resolution when you need faster throughput, especially
for

/'l color inmages

/1 digicl opsSetl|mageResol ution( digiclops, DG CLOPS HALF );

di gi cl opsSet | mageResol uti on( digiclops, DI G CLOPS FULL );

/] start grabbing
di giclopsStart( digiclops );
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/1l set up some stereo paraneters:
/1l set to 320x240 output inmages
triclopsSet Resolution( triclops, 240, 320 );

/1 set disparity range
triclopsSetDisparity( triclops, 1, 100 ) ;

triclopsSet StereoMask( triclops, 11 ) ;
triclopsSet EdgeCorrelation( triclops, 1) ;
triclopsSet EdgeMask( triclops, 11 ) ;

/1 lets turn off all validation except subpixel and surface
/1 this works quite wel

triclopsSet TextureValidation( triclops, 0 );

tricl opsSet Uni quenessValidation( triclops, 0 );

/1 turn on sub-pixel interpolation
triclopsSet Subpi xel I nterpolation( triclops, 1) ;
/1l make sure strict subpixel validation is on
triclopsSetStrictSubpixel Validation( triclops, 1);

/1 turn on surface validation
triclopsSetSurfaceValidation( triclops, 1);
triclopsSetSurfaceVvalidationSize( triclops, 200 );
triclopsSetSurfaceValidationDifference( triclops, 0.5 );

/1 grab the imge set

di gi cl opsGrabl mage( di gicl ops );

/1l grab the stereo data

di gi cl opsExtract Tri cl opsl nput ( di gi cl ops, STEREO | MAGE, &stereoData

/1 grab the color inmge data

/'l (note: if you are using a B&WDi giclops, this will of course be
/1 in B&W

di gi cl opsExtract Tri cl opsl nput ( di gi cl ops, RIGHT_| MAGE, &colorData );

/'l preprocessing the inmges
triclopsPreprocess( triclops, &stereoData ) ;

/|l stereo processing
triclopsStereo( triclops ) ;

/'l retrieve the interpolated depth imge fromthe context
triclopsGetlmagel6( triclops, Trilngl6_ DI SPARI TY,
Tri Cam REFERENCE, &dept hl magel6 );
triclopsRectifyColorlmage( triclops, TriCam REFERENCE
&col orDat a, &col orl mage );
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/'l save points to disk
pointFile = fopen( "out.pts", "w" );

/1 determ ne the nunber of pixels spacing per row

pi xel i nc = dept hl magel6. r owi nc/ 2;
for (i =0, k =0; i < depthlmgel6.nrows; i++ )
{

row dept hl ragel6.data + i * pixelinc;

for ( ]

{
disparity = rowj];

0; j < depthlmagel6.ncols; j++, k++ )

/] filter invalid points
if ( disparity < OxFF0O )

{
/'l convert the 16 bit disparity value to floating point X,y,z
tricl opsRCD16ToXYZ( triclops, i, j, disparity, &, &y, & ) ;
/1 look at points within a range
if (z<5.0)
{
r = (int) colorlmage.red[K];
g = (int) colorlmge. green[k];
b = (int) col orl mage. bl ue[ k];
fprintf( pointFile, "% % % % % %\n", x, y, z, r, g,
)
nPoi nt s++;
}
}
}
}
fclose( pointFile );
printf("Points in file: %\ n", nPoints );
return O;
}
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This example generates a 3-D point cloud image file. This example uses subpixel interpolation for more
accurate stereo depth extraction. It also introduces the use of surface validation, a method for removing
noise from depth reconstructions. Each valid depth pixel is converted into a 3d XY Z position and output to
apoint file. In addition, the color of the point is also written out through the use of arectified color image.
The colored point cloud file can be viewed in the PGRView program.

This example generates a 3-dimensional point cloud imagefile. It works as follows:

1. Digiclops™ isopened and initialized.
2. Digiclops™ is set to deliver a stereo, colour image
3. Theresolution for the Digiclops™ is set; for faster throughput (i. e. for colour images), the resolution
can be set to HALF.
Digiclops™ startsto grab images.
5. The Triclops settings are configured to the following settings:
- Set Triclops resolution to 320 x 240
Set the disparity range to (1, 100)
Set the stereo mask to 11
Turn the edge correlation on
Turn the edge mask on
Turn the texture validation off
Turn the uniqueness validation off
Turn subpixel interpolation and strict subpixel validation on
Turn surface validation on and set it to size 200 and differential 0.5
D|g|clop M grabs the image set as well as the corresponding stereo and colour image data.
Theimageis preprocessed and then stereo processed
The interpolated depth image is retrieved and rectified
9. Thepoints are saved to the file “out.pts”
10. The pixel spacing is determined and invalid points are filtered out.
11. Thevalid points are displayed to the screen.

»
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Example 8: Performs Stereo Using a 2 Camera Kernel

i ncl ude <stdio. h>
#i ncl ude <coni o. h>
#i ncl ude <stdlib. h>
#i ncl ude <assert. h>

#i ncl ude "digiclops.h"
#i nclude "triclops.h"
#i ncl ude "pnnutils.h"

i nt

main( int argc, char** argv )

{
Tri cl opsCont ext tricl opsContext;
Di gi cl opsCont ext di gi cl opsCont ext ;

Tricl opsl nput triclopslnput;
Tricl opsl nagel6 i mgeDept h16;

TriclopsError te;
Di gi cl opsError de;

/1 open and initialize the Digiclops.
de = digiclopsCreateContext( &digiclopsContext );
assert( de == DI G CLOPS ok );

de = digiclopslinitialize( digiclopsContext, 0 );
assert( de == DI A CLOPS ok );

/1 get the canera nodul e configuration

de = digiclopsGetTricl opsContextFromCamera( digiclopsContext,
&riclopsContext );

assert( de == DI QA CLOPS ok );

de = digiclopsSetlmgeTypes( digiclopsContext, ALL I MAGES );
assert( de == DI A CLOPS ok );

de = digiclopsSetlmgeResol ution( digiclopsContext, DI G CLOPS FULL );
assert( de == DI QA CLOPS ok );
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/'l start grabbing.
de = digiclopsStart( digiclopsContext );
assert( de == DI G CLOPS ok );

de = digiclopsG abl mage( digicl opsContext );
assert( de == DI G CLOPS ok );

de = digiclopsExtractTriclopslnput( digiclopsContext, STEREO | MAGE,
&riclopslnput );
assert( de == DI A CLOPS ok );

/1l set up some stereo paraneters.
te = triclopsSet EdgeCorrel ation( triclopsContext, 1 );
assert( te == ok );

/1l set disparity range.
te = triclopsSetDisparity( triclopsContext, 1, 16 );
assert( te == ok );

te = tricl opsSet Subpi xel I nterpolation( triclopsContext, 1 );
assert( te == ok );

/] do stereo in 2-camera node.

te = triclopsSetCaneraConfiguration( triclopsContext,
Tri Cf g_2CAM HORI ZONTAL );

assert( te == ok );

/1l preprocess and stereo.
te = triclopsPreprocess( triclopsContext, & riclopslnput );
assert( te == ok );

te = triclopsStereo( triclopsContext );
assert( te == ok );

/1l extract the 16-bit disparity inage.

te = triclopsGetlnagel6( triclopsContext, Trilngl6_Dl SPARITY,
Cam REFERENCE, & mageDept hl6 );

assert( te == ok );

Tr

te = triclopsSavel nagel6( & mageDepthl6, "disparityl6-dual.pgn );
assert( te == ok );

/1 close the digiclops
di gi cl opsSt op( di gi cl opsContext );
di gi cl opsDestroyCont ext ( di gi cl opsContext );

/'l destroy the triclops context
te = triclopsDestroyContext( triclopsContext )
assert( te == ok );

return O;
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This example grabs an image from Digiclops and performs stereo on the image using a two camera kernel
instead of the three camerakernel. The use of the two camera kernel results in faster processing but
sacrifices some of the accuracy of the three camera kernel.

Example 8 works in the following manner:

ONOOA~WDN P

9.

The Digiclops™ camerais opened and initialized.

The cameramodel configuration is obtained.

The Digiclops™ camera begins to grab images.

Edge-based correlation isturned on.

The disparity rangeisset to (1, 16) with 1 being the minimum and 16 being the maximum.

The camera configuration is set to 2-camera mode.

Theimage is preprocessed by unpacking the image, smoothing it, rectifying it, and detecting the edges.
Stereo is performed on the image by doing stereo processing, image validation, and subpixel
interpolation.

The 16 bit stereo image is extracted and saved to “ disparity16-dual.pgm”.

10. The context is destroyed and the example program terminates.

a7
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Example 9: Using Wide Baseline Stereo Processing

L T T

*

*

*/

#i ncl ude
#i ncl ude

#i ncl ude
#i ncl ude

const in
const in

int main
{
char
char
char
char
char
char

t
t

(

*

*

E o I 3

Exanmpl e 9 (W debasel i ne exanpl e):

Create a wi debaseline context based on the context and 3d
transformation

i nformati on of two separate digiclops canera and then perform stereo
processi ng based on the w debaseline input created fromthe sanme pair
of caneras.

<stdi o. h>
<mat h. h>

"pnnutils. h”

“triclops.h"

nr ows
ncol s

480;
640;

int argc, char ** argv )

configFilel
configFile2
i nputFilel
i nputFil e2
transforntil el
transfornfil e2=

0
0
0
0.
0
0

TriclopsError e

Tri cl opsCont ext triclopsl, triclops2, w deTriclops;
TriclopsTransform triclopsTransform

Triclopslnput inputl, input?2;

Tricl opsl nput wi del nput ;

/1l retrieve argunments from conmand |ine
switch( argc )

defaul t:

printf( "testw debase

"<configl> <inputl.ppnm <transforml>
"<config2> <input2.ppnm> <transforn2> "

"\t )
return 1,
case 7:
configFilel = argv[1];
inputFilel = argv[2];
transfornfil el = argv[3];
configFile2 = argv[4];
i nput Fil e2 = argv[5];
transforntil e2 = argv[6];
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br eak;

/1l get camera 1's triclops context
e = triclopsGetDefaultContextFronFile( &riclopsl, configFilel );
if ( e!l=TriclopsErrorCk )

printf( "Can't read config file "%'\n", configFilel );
return 1,

/1l get canmera 2's triclops context
= triclopsCetDefaultContextFronFile( &triclops2, configFile2 );
if ( e!=TriclopsErrorCk )

printf( "Can't read config file "%'\n", configFilel );
return 1,

}

if( ( e =triclopsCGetTransfornFronFile( transfornFilel
&riclopsTransform) )
I'= TriclopsErrorCk )
{

printf( "Can't read transformfile "%'\n", transfornFilel );
return 1,

if( ( e =triclopsSetTriclopsToWwdrldTransforn( triclopsl,
triclopsTransform) )
I'= TriclopsErrorCk )
{

printf( "Fail to set caneral transform'\n");
return 1,

}

if( ( e =triclopsCGetTransfornFronFile( transfornFile2,
& riclopsTransform) )
I'= TriclopsErrorOk )
{

printf( "Can't read transformfile "%'\n", transfornFile2 );
return 1,

if( (e =triclopsSetTriclopsTowrldTransform( triclops2
triclopsTransform) )
I'= TriclopsErrorOk )
{

printf( "Fail to set canmera2 transform'\n")
return 1,

/1l create a w debaseline context based on that of canmeral (right
unit) and canmera2 (left unit)

e = triclopsCreateW debasel i neContext( triclopsl, triclops2,
& deTricl ops );
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if ( e!=TriclopsErrorCk )
{

}

printf( "Failed to create w debaseline context\n" );

/1 set up sonme of the standard stereo processing flags
triclopsSet Resol ution( wi deTriclops, nrows, ncols );
triclopsSet StereoMask( wi deTriclops, 13 );
triclopsSetDisparity( w deTriclops, 1, 200 );

tricl opsSet Subpi xel I nterpol ati on( wi deTriclops, 0 );

/'l Load caneral's imges fromfile
i f( !'pprmReadToTriclopslnputRGB( inputFilel, & nputl ) )

printf( "Can't read input file "%'\n", inputFilel );
return 1,

}

/1 Load canera2's images fromfile
i f( !'ppmReadToTricl opsl nput RGB( i nputFile2, & nput2 ) )
{

printf( "Can't read input file "%'\n", inputFile2 );
return 1,

}

/1l create the w debaseline input based on the two caneras' input
e = triclopsCreateW debasel i nel nput( inputl, input2, &w delnput );
if( e!= TriclopsErrorCk )
{

printf( "Failed to create wi de baseline input.\n" );

return 1,

}

Tricl opsl mage i nage;
Tricl opsl mage rightRectifi ed;
Triclopslmage | eftRectified;

/1 Perform w debaseline stereo processing
e triclopsPreprocess( w deTriclops, &w del nput );
e triclopsStereo( wi deTriclops );

/'l retrieve and save the right raw i mage

e = triclopsCetlmge( wi deTriclops, Trilnmg_ RAW Tri Cam REFERENCE,
& mage );

e = triclopsSavel mage( & mage, "right-raw pgn' );
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/'l retrieve and save the |left raw i nage

/1 Note : Two camera stereo requires the non-reference canmera to be
named Tri Cam L _TOP, even

/1 though in this case we are refering to the canmera that is on
the left

e = triclopsCetlnmage( w deTriclops, Trilmg RAW Tri Cam L_TOP, & mage
)

e = triclopsSavel mage( & mage, "left-raw pgnl' );

/1l retrieve and save the right rectified i mage
e = triclopsGetlmage( w deTriclops, Trilnmg_RECTIFIED
Tri Cam REFERENCE, &rightRectified );
e = triclopsSavel mage( &rightRectified, "right-rect.pgnf );

/'l retrieve and save the left rectified inmage

/1 Note : Two camera stereo requires the non-reference camera to be
named Tri Cam L_TOP, even

/1 though in this case we are refering to the canera that is on
the left

e = triclopsGetlnmage( wi deTriclops, Trilnmg_RECTIFIED, TriCamL_TOP,
& eftRectified );

e = triclopsSavel mage( & eftRectified, "left-rect.pgm );

/'l retrieve and save the resulting disparity imge

e = triclopsGetlmge( wi deTriclops, Trilng_DI SPARI TY,
Tri Cam REFERENCE, &i nage );

e = triclopsSavel mage( & nmage, "disp3.pgn );

/1l clean up nmenory allocated for the two camera inputs
/1 Note : the widelnput is just a wapper around the two canera
i nput,
/1 and hence it does not occupy any dynanmically allocated nmenory
/1 and will not require clean up here
freelnput( & nputl );
freelnput( & nput2 );

/1 clean up nmenory allocated for the contexts

e = triclopsDestroyContext( triclopsl );
e = triclopsDestroyContext( triclops2 );
e = triclopsDestroyContext( w deTriclops );
return O;
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This example creates a widebaseline context based on the context and 3d transformation information of two
separate digiclops camera and then perform stereo processing based on the widebaseline input created from
the same pair of cameras.

The example works as follows:

Two separate configuration files are used to create two contexts.

Two tranform files are used to create transforms to correspond to the contexts that were created
Create a wide basdline context using the two contexts.

Set the resolution, stereo mask, disparity, and subpixel interpolation.

Load the images from each camera.

Create awide basdine input from the two separate contexts

Perform stereo processing on the wide baseline input

Save the following images: right raw image, left raw image, right rectified image, |eft rectified
image, and the resulting disparity image.

Free the allocated memory associated with this example.

Triclops StereoVision System Manual Version 3.1 52
Copyright © 2003 Point Grey Research Inc.



Triclops StereoVision System Manual Version 3.1
Copyright © 2003 Point Grey Research Inc.



Chapter 6: Triclops Application Programming

Interface (API) Function Reference

T his chapter presents a detailed description of each
function in the API.
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In this chapter you will find detailed descriptions of all functions and types used by the Triclops
library. The firg part of the chapter presents the enumerated types, type structures and a summary
of functions. The second part of the chapter presents detailed descriptions of the Triclops library
functions.

Enumerations

| TriclopsCamera

This enumerated type identifies individual cameras given a specific camera configuration.

Declaration

enum Tri cl ops Caner a
{
Tri Cam REFERENCE,
Tri Cam R GHT,
Tri Cam TOP,
Tri Cam LEFT,

Tri Cam L_RI GHT Tri Cam Rl GHT,
Tri Cam L_TCP = Tri Cam TCPR,
Tri Cam L_LEFT Tri Cam LEFT,

Tri Cam COLOR
TriCam L_COLOR = Tri Cam COLOR

}

Elements

TriCam_COLOR note: TriCam_COLOR s only for use with the Color Triclops. It is not
used for any Digiclops or Bumblebee product TriCam_COLOR may be
phased out in future releases of Triclops SDK

TriCam_LEFT

TriCam_L_COLOR

TriCam_L_LEFT

TriCam_L_RIGHT these are kept here as legacy code for now... should be replaced in user
code to not include the configuration specific”_L_" these values may be
phased out in future releases of Triclops SDK

TriCam_L_TOP

TriCam_REFERENCE

TriCam_RIGHT

TriCam_TOP

| TriclopsCameraConfiguration

This enumerated type defines the camera configuration. The symbols in the table represent the
cameras as they would be seen when the camera module is viewed from the front. Thistypeis
either read from the camera or is set manually to indicate 2-Camera mode.

Declaration

enum Tri cl opsCaner aConfi guration

{
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TriCfg_L,
Tri Cf g_2CAM HORI ZONTAL,
Tri Cf g_2CAM VERTI CAL

}

Elements

TriCfg_2CAM_HORIZONTAL | 2 Camera Unit or 3 Camera Unit in 2 camera stereo mode.

TriCfg_2CAM_VERTICAL

2 CameraVertical Unit or 3 Camera Unit in 2 camera vertica
mode.

TriCfg_L

3 Camera L-Shaped Triclops or Digiclops.

| TriclopsError

All Triclops functions return an error value that indicates whether an error occurred, and if so
what error. The following enumerated type lists the kinds of errors that may be returned.

Declaration

enum Tri cl opsError

{
TriclopsErrorCk = 0,
ok = 0,

Tricl opsErrorNot | npl ement ed,
TriclopsErrorlnvalidSetting,
Tricl opsErrorlnval i dCont ext ,

Tricl opsErrorlnval i dCaner a,
TriclopsErrorlnvali dRO,

TriclopsErrorlnval i dRequest ,

Tricl opsErrorBadOpti ons,

Tricl opsError Corrupt ConfigFile,

Tricl opsErrorNoConfigFile,
Tri cl opsError Unknown,
Tri cl opsErr or NonMVXCpu,

TriclopsErrorlnval i dParaneter,

Tricl opsErrorSurfaceVal i dati onOverfl ow

Tri cl opsError Corrupt Transf or nFi | e,

Tricl opsError Syst enError
}

Elements

TriclopsErrorBadOptions

Some options areillegal or contradictory.

TriclopsErrorCorruptConfigFile

The configuration file is corrupted, missing mandatory
fields, or isfor the wrong Triclops version.

TriclopsErrorCorruptTransformFile

An error has occurred during a system call. Check 'errno’
to determine the reason. This includes the system running
out of memory.

TriclopsErrorinvalidCamera

The specified camerais not valid for this camera
configuration.

TriclopsErrorlnvalidContext

The TriclopsContext passed in was corrupt or invaid.

TriclopsErrorinvalidParameter

An invalid parameter has been passed.

TriclopsErrorinvalidROI

An impossible Region Of Interest was specified. For
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example, aregion of interest with negative height or
width.

TriclopsErrorlnvalidRequest

Given the current specified options, the request is not
valid. For example, requesting the disparity image from a
context that has not executed 'triclopsStereo()'.

TriclopsErrorlnvalidSetting

User specified input to the function that was not a valid
vaue for this function.

TriclopsErrorNoConfigFile

Can not find the configuration file.

TriclopsErrorNonMM X Cpu

A function that requires MM X was cdled on anon-MMX
enabled CPU.

TriclopsErrorNotlmplemented

User requested an option that is not yet implemented.

TriclopsErrorOk

Function succeeded.

TriclopsErorSurfaceValidationOverflow

A call to TriclopsSetSurfaceVdidation has caused an
overflow.

TriclopsErrorSystemError

Can not find the transform file or its contents is invalid

TriclopsErrorUnknown

An indeterminable error occurred.

ok

Depreciated "ok" Vaue for downward compatibility.

| Triclopslmagel6Type

This enumerated type defines the various 16bit image types.

Declaration

enum Tri cl opsl magel6Type
Trilngl6_DISPARITY = 0
}

Elements

Trilmgl6_DISPARITY | Digparity Image: Thisisthe 16-bit resultant depth image after stereo
processing with subpixel on.

TriclopslmageType

The enumerated type TriclopsimageType indicates what kind of image is either being requested
or returned. It also indicates the size of each pixel in the image.

Declaration

enum Tri cl opsl mageType
{
Trilnmy_DI SPARITY = 0,
Tri | my_RAW
Tri | ng_RECTI FI ED,
Tri | ng_EDGE,
Tri | ng_PACKED
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Elements

Trilmg_DISPARITY | Disparity image: Thisis the resultant depth image after stereo processing.

Trilmg_EDGE Edge image: A Bandpass filter has been applied to thisimage. Thisimage
has values that range about 128. A value of 128 indicates no edge. Vaues
greater and less than 128 indicate an edge with strength relative to the
difference between 128 and the pixel value.

Trilmg_PACKED This image type indicates the image is actually multiple images interleaved.
This corresponds to the [B G R U] format that many RGB framegrabbers
ddliver datain.

Trilmg_RAW Raw unrectified image: Thisis an image with the aspect ratio that was
supplied by the input. There is no correction for lens distortion or camera
misalignment.

Trilmg_RECTIFIED | Rectified image: Thisis an image that has been corrected for lens distortion
and camera misalignment to fit a pinhole camera mode.

TriclopsinputType

This enumerated type identifies the format of the input to the Triclops library. This input has
generdly ether been read from a set of files (for off line processing) or has just been delivered by
aframe grabber. There are two formats of input data that are currently being supported. RGB
format indicates that the data is supplied with a separate buffer for each R, G and B channel. RGB
packed indicates that the 3 channels are interleaved.

Declaration

enum Tri cl opsl nput Type
Tri | np_NONE,
Tri | np_RGB_32BI T_PACKED,
Tril np_RGB

}

Elements

Trilnp_NONE Thisis used to mark that the input has not yet been set.

Trilnp_RGB An array of separated bands with the following ordering: [R R
R...]J[GGG..][BBB..].

Trilnp_RGB_32BIT_PACKED | An array of pixels with color bands interleaved in the following
order: [BGRU] [BGRUJI.

Types
| TriclopsBool
Definition for Boolean variables.
Declaration
typedef int Tricl opsBool
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| TriclopsColorImage

This structure is used for image output from the Triclops system for color images. The structure is
the same as Triclopsimage except that the data field is replaced by three color bands; ‘red’, ‘green
and 'blue’. Each band is a complete image for that particular color band. In this case, rowinc isthe
row increment for each color band.

Declaration

struct Tricl opsCol orl nage

t
int
i nt
i nt

nr ows;
ncol s;
row nc;

red;
green;
bl ue;

unsi gned char*
unsi gned char*
unsi gned char*

}

Elements

blté | The pixel data for blue band of the image.
9N | The pixel datafor greenband of the image.
ncols | The number of columns in the image.
OWS | The number of rows in the image.

"®d | The pixel datafor red band of the image.
FOWINC | The row increment of the image.

TriclopsContext

Triclops context is a pointer to an interna structure that maintains al image and bookkeeping
information necessary to the Triclops library. It is the container for al parameters

Declaration

typedef void* Tricl opsCont ext

| Triclopsimage

This structure is used both for image input and output from the Triclops system.

Declaration

struct Tricl opsl nage
{

i nt nrows;
int ncol s;
i nt row nc;
unsi gned char* dat a;
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Elements

data | The area for the pixel data. This must be numRows * numCaols bytes large.

NcolS | The number of columns in the image.

TOWS | The number of rows in the image.

rowinc Thisis the pitch, or row increment for the image. Data must be contiguous within
each row, and the rows must be equally spaced. Rowinc indicates the number of
bytes between the beginning of a row and the beginning of the following row.

| Triclopsimagel16 |
This structure is used for image output from the Triclops system for image types that require 16-
bits per pixel. Thisis the format for subpixel interpolated images. The structure is identica to the
Triclopsimage structure except that the data contains unsigned shorts rather than unsigned chars.
Rowinc is still the number of bytes between the beginning of a row and the beginning of the
following row (NOT number of pixels).

Declaration

struct Tricl opsl magel6

{

i nt nr ows;
int ncol s;
i nt row nc;

unsi gned short* dat a;

}

Elements

data | The pixel dataof the image.

ncols | The number of columns in the image.

OWS | The number of rows in the image.

rowinc

The number row increment of the image.

Triclopslmage3d
This structure defines the format of an image consisting of 3d points.

Declaration

struct Tricl opsl mage3d

{

int nrows;
int ncols;
int row nc;
Tri cl opsPoi nt 3d* points;
}
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Elements

ncols | The number of columns in the image.

TOWS | The number of rows in the image.

points The areafor the pixel data. This must be numRows * numCols bytes large.

"OWINC | The number of bytes between the beginning of arow and the beginning of the

following row

| Triclopsinput
Triclopslnput structure contains image input to the Triclops library. The library accepts two
formats. 32-bit packed, and RGB separate buffer inputs. Field u contains a pointer to one of the
two typed structures that contain the image data. The inputType field indicates which type of
input is actualy present in the structure.

Declaration

struct Tricl opsl nput

{
Tri cl opsl nput Type i nput Type;
Tricl opsTi mestanp tinmeStanp;
i nt nr ows;

i nt ncol s;
i nt r owi nc;
uni on
Tri cl opsl nput RGB rgb;

Tri cl opsl nput RGB32Bi t Packed r gh32Bi t Packed,;
Pu

}

Elements

INPUETYPE | The input type indicating packed or unpacked data.

neols The number of columns in the input images.
nrows The number of rows in the input images.
rowine The row increment of the input images.
timeStamp

The timestamp on the image data (generated by the camera.)

N The actual image data is either packed or unpacked and can be accessed with

either TriclopsinputRGB or TriclopslnputRGB32BitPacked.

| TriclopsinputRGB |

This structure consists of three separate buffers, each containing nrows * ncols pixels for each of
the RGB bands.
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Declaration

struct Tricl opsl nput RGB
{

voi d* red,
voi d* green;
voi d* bl ue;
}
Elements

blué | The plue band.

green

The greenband.

e | The red band.

TriclopslnputRGB32BitPacked

This structure contains RGB packed data.
Declaration

struct Tricl opsl nput RGB32Bi t Packed
{
voi d* dat a;

}

Elements

datal o pointer to an array of nrows* ncols*4 pixels. The pixels are organized in the

following fashion [RGBU][RGBU] ...

| TriclopsPackedColorImage

This structure defines the format of a 32bit packed color image.
Declaration

struct Tricl opsPackedCol or | mage

{

int nr ows;

i nt ncol s;

int r owi nc;

Tri cl opsPackedCol or Pi xel * dat a;

}

Elements
data | A pointer to the pixel data
ncols . .
The number of columns in the image.
OWS | The number of rows in the image.
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rowinc

The number of bytesin each row of the image.

| TriclopsPackedColor Pixel

This structure defines the format for a 32bit color pixel.

Declaration

struct Tricl opsPackedCol or Pi xel
{ unsi gned char val ue[ 4] ;
}

Elements

value

The 32 bit pixel data.

| TriclopsPoint3d

This structure defines a single 3d pixd. It is only used in the Triclopsimage3d structure.

Declaration

struct

Tri cl opsPoi nt 3d

float point[3];

}

Elements

point

The 3 values for the (xy,z) pointinorder x =0,y =1,z=2.

| TriclopsROl

This structure describes a Region Of Interest for selective processing of the input images.

Declaration

struct

t
I nt
int
i nt
i nt

}

Tricl opsRA

row,
col;

nr ows;
ncol s;

Elements

col

The column value for the upper-|eft corner of the region of interest.

ncols

The width of the region of interest.

nrows

The height of the region of interest.
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oW1 Therow value for the upper-left corner of the region of interest.

| TriclopsTimestamp

This structure describes the format by which time is represented in the Triclops Stereo Vision
SDK.

Declaration

struct Tricl opsTi nestanp

{
| ong sec;
| ong u_sec;

}

Elements

¢ | The number of seconds since the epoch.

U_S€C | The number of microseconds within the second.

| TriclopsTransform

Declaration

typedef struct
double matrix[4][4];

} TriclopsTransform

Debugging and Error Reporting

| triclopsError ToString

Convertsa Triclops error into a meaningful string.

This function returns a string that describes the given TriclopsError. This allows error reporting
software to report meaningful error messages to the user.

Declaration

char*
triclopsErrorToString( TriclopsError error )

See Also
TriclopsError

| triclopsGetDebug

Retrieves the state of the debug message printing of the stereo kernel.

Declaration
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TriclopsError
tricl opsGet Debug( const Tricl opsCont ext context,
Tricl opsBool* on )

Parameters

context The context.

on A pointer that contains the current val ue of the debug flag.

See Also
triclopsSetDebug()

triclopsSetDebug

Controls the debug message printing of the stereo kerndl.
Turning debug on enables the Triclops library to print detailed debugging messages to stderr.

Declaration

Tricl opsError
tricl opsSet Debug( Tricl opsContext context,
Tricl opsBool on )

Parameters

context The context.

on Flag turning debug on or off.

See Also
triclopsGetDebug()

TriclopsContext Manipulation

| triclopsCopyContext

Copies the context parameters and images. Care must be taken when using triclopsCopyContext()
as contexts will share image buffers.

This function creates a copy of the input context. This alows the user to have two contexts with
the same options and aso to share the same image buffers. Care must be taken with this function.
The ensuing contexts will share image buffers. This allows them to share some of the previous
processing, however, any changes in resolution or calls to set image buffers will create new
buffers to be used. These buffers will no longer be shared and thus programs may not operate as
expected at this time. The recommendation is to use this operation when one wants to run stereo
with different stereo options. After the preprocessing step, the context can be copied and different
stereo options set before the call to triclopsStereq().

Note: This only copies the options, not the images

Declaration
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TriclopsError
tricl opsCopyCont ext( const Tricl opsContext contextln,
Tricl opsCont ext* context Qut )

Parameters

contextin A context that has already been constructed.

contextOut | A €opy of theinput context.

See Also
triclopsGetDefaultContext(), triclopsDestroyContext()

triclopsDestroyContext

Destroys the given context.
This function destroys a context and frees al associated memory.

Declaration

Tricl opsError
triclopsDestroyContext( Tricl opsContext context )

| triclopsGetDefaultContextFromFile

Setup the initial context with data obtained from afile.

This function reads in the default option list and the camera cdibration data from afile. If the
specified fileis not found, contains invalid fields, or is for the wrong product, the value of
CorruptConfigFile will be returned.

Declaration

Tricl opsError
tricl opsCet Def aul t Cont ext Fronfil e( Tricl opsCont ext * def aul t Cont ext,
char* filenane )

See Also
TriclopsGetDefaultContextFromFile(), triclopsWiteDefaultContextToFile()

| triclopsWriteDefault ContextToFile

This writes the default calibration file from the TriclopsContext to afile.

This function writes the default context parameters and calibration data to afile. It does not write
the current configuration, rather the original configuration that would obtained when getting the
default from either afile or a device.

Declaration

Tricl opsError
triclopsWiteDefaul tContextToFile( TriclopsContext* context,
char* filenane )

Parameters
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context The TriclopsContext

filename The name of thefile to be written

See Also
TriclopsGetDefaultContextFromFile()

Validation Support

| triclopsGetStrictSubpixelValidation

Retrieves the value that appears in the disparity image for pixels that fail uniqueness validation.

Declaration

Tricl opsError
triclopsGetStrictSubpi xel Validation( TriclopsContext context,
Tricl opsBool * on )

Parameters

context The context.

on A pointer to aBoolean that will contain the current setting.

See Also

triclopsSetStrictSubpixel Validation(), triclopsSetSubpixel I nterpolation(),
triclopsGetSubpixel | nterpol ation()

| triclopsGetSubpixelValidationM apping

Retrieves the vaue that appears in the disparity image for pixels that fail subpixd validation.

Declaration

Tricl opsError
tricl opsGet Subpi xel Val i dat i onMappi ng( const Tri cl opsCont ext context,
unsi gned char* val ue )

Parameters

context TriclopsContext for the operation.

value A pointer that will hold the subpixel validation mapping value.
See Also

triclopsSetSubpixel ValidationM apping

| triclopsGetSur faceValidation

Gets the current surface vaidation setting.
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This function is used to obtain the current setting of surface validation.

Declaration

Tricl opsError
triclopsGetSurfaceValidation( const Tricl opsContext context,
Tricl opsBool * on )

Parameters

context TriclopsContext for the operation.

on A pointer for the returned value of the current setting of the surface validation flag.

See Also
triclopsSetSurfaceValidation ()

| triclopsGetSur faceValidationDiffer ence

Returns the maximum disparity difference between two adjacent pixels that will still allow the
two pixelsto be considered part of the same surface.

Declaration

Tricl opsError

triclopsGetSurfaceValidationD fference(
const Tricl opsContext context,
float* diff )

Parameters

context TriclopsContext for the operation.

diff A pointer that returns the current value of the surface validation difference parameter.

| triclopsGetSurfaceValidationM apping

Retrieves the current surface validation mapping.
This function returns the current setting for the surface validation parameter.

Declaration

Tricl opsError
tricl opsCet SurfaceVal i dati onMappi ng( const Tricl opsCont ext context,
unsi gned char* val ue )

Parameters

context TriclopsContext for the operation.

value A pointer that will return the current value of the surface validation mapping parameter.
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| triclopsGetSurfaceValidationSize

Retrieves the current validation size.
This function is used to extract the surface Sze parameter for surface validation.
Declaration

Tricl opsError
tricl opsGet SurfaceValidationSize( const Tricl opsContext context,
int* size)

Parameters

context TriclopsContext for the operation.

A pointer that returns the current value of the size parameter.

Sze

See Also
triclopsSetSurfaceVaidationSize

| triclopsGetTextureValidation

Retrieves the state of the texture validation flag.

Declaration

Tricl opsError
triclopsGet TextureValidation( const Tricl opsContext context,
Tricl opsBool * on )

See Also
TriclopsSetTextureVaidation()

triclopsGetTextureValidationM apping

Gets the vaue that appears in the disparity image for pixelsthat fail texture validation.

Declaration

TriclopsError
tricl opsGet Text ureVal i dati onMappi ng( const Tricl opsCont ext context,
unsi gned char* val ue )

Parameters
context The TriclopsContext to get the texture validation mapping from.
value The current texture validation mapping setting.

triclopsGet TextureValidationThreshold

Retrieves the texture validation threshold.

Declaration
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TriclopsError
tricl opsGet Text ureVal i dationThreshol d( const Tricl opsContext context,
float* val ue )

Parameters
context The context.
value The location for the retrieved threshold.

See Also
TriclopsSetTextureValidationThreshold()

triclopsGetUniquenessValidation

Retrieves the state of the uniqueness vaidation

Declaration

TriclopsError
tricl opsGet Uni quenessVal i dation( const Tricl opsContext context,
Tricl opsBool * on )

Parameters

context The context.

on A pointer to aBoolean.

See Also
TriclopsSetUniquenessValidation()

| triclopsGetUniquenessValidationM apping

Retrieves the vaue that appears in the disparity image for pixels that fail uniqueness validation.

Declaration

Tricl opsError

tricl opsGet Uni quenessVal i dati onMappi ng(
const Tricl opsContext context,
unsi gned char* val ue )

Parameters
context The context .
vaue A pointer to an unsigned char that will contain the current value of the mapping.

See Also
TriclopsSetUniquenessV alidationM apping()
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| triclopsGetUniquenessValidationThreshold

Retrieves the uniqueness vaidation threshold.

Declaration

TriclopsError

tricl opsGet Uni quenessVal i dati onThr eshol d(
const Tricl opsContext context,
float* val ue )

Parameters

context The context.

vaue A pointer to afloat indicating the current threshold.

See Also
TriclopsSetUniquenessT hreshol d()

| triclopsSetStrictSubpixelValidation

Sets the state of the subpixel validation setting.

The strict subpixel validation option is used when the subpixel interpolation flag is turned on.
Strict subpixel validation enables a more restrictive validation method for subpixel validation.
With strict subpixel validation on, there will be less data in the output image, but it will be more
reliable.

Declaration

Tricl opsError
triclopsSet Strict Subpi xel Val i dation( Tricl opsContext context,
Tricl opsBool on )

Parameters

context The context

on A Boolean value indicating whether validation ison or off.

See Also

triclopsGetStrictSubpixel Validation(), triclopsSetSubpixel I nterpolation(),
triclopsGetSubpixel I nterpolation()

| triclopsSetSubpixeValidationM apping

Sets the value that appears in the disparity image for pixesthat fail subpixel vaidation.

Strict subpixel validation verifies that the disparity values contribute to the subpixel interpolation
make sense. By setting the mapping value to 0x??, an invalid pixel that failed this validation step
will be marked OXFF??2.

Declaration
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TriclopsError
tricl opsSet Subpi xel Val i dat i onMappi ng( Tri cl opsCont ext cont ext,
unsi gned char val ue )

Parameters
context TriclopsContext for the operation.
value | Thenew subpixel validation mapping value. The range is between 0 and 255.

| triclopsSetSurfaceValidation

Enables or disables surface validation.
This function is used to enable or disable surface validation.

Declaration

TriclopsError
triclopsSet SurfaceValidation( TriclopsContext context,
Tricl opsBool on)

Parameters
context TriclopsContext for the operation.
on A Boolean flag indicating if surface validation should be enabled or disabled.

triclopsSetSurfaceValidationDifference

Set the maximum disparity difference between two adjacent pixels that will still allow the two
pixels to be considered part of the same surface.

Declaration

Tricl opsError
tricl opsSet SurfaceValidationD fference(
Tri cl opsCont ext context,

float diff )
Parameters
context TriclopsContext for the operation.
diff The maximum disparity difference between two adjacent pixelsthat will still allow the two
pixels to be considered part of the same surface.

| triclopsSetSur faceValidationM apping

Sets the current surface validation mapping.

Surface validation is a hoise rejection method. By setting the mapping vaue to 0x??, an invaid
pixd that failed this validation step will be marked OXFF??.

Declaration
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TriclopsError
tricl opsSet SurfaceVal i dati onMappi ng( Tri cl opsCont ext context,

unsi gned char val ue )

Parameters
context TriclopsContext for the operation.
value Mapping value for pixels that fail surface validation. The range is between 0 and 255.

| triclopsSetSurfaceValidationSize

Sets the minimum number of pixels a surface can cover and still be considered vaid.

This function is used to set the minimum number of pixels a surface can cover and still be
considered valid. The larger the number is, the fewer surfaces will be accepted. The lower the

number is, the more surfaces will be accepted. Common parameter values range from 100 to 500,
depending on image resolution.

Declaration

Tricl opsError
tricl opsSet SurfaceValidationSi ze( Tricl opsCont ext context,

int size)
Parameters
context TriclopsContext for the operation.
gze The minimum number of pixels asurface can cover and still be considered valid.

| triclopsSetTextureValidation

Turns texture validation on or off.

Sets the context texture vaidation flag. When set to true, texture-based vaidation is enabled.
Pixels that do not pass the validation test will be marked with the texture validation mapping

value in the disparity image.

Declaration

Tricl opsError
triclopsSet TextureValidation( const Tricl opsContext context,

Tri cl opsBool on )

Parameters

context

The context.

on

Texture validation flag.

See Also

triclopsGetTextureV alidation()
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| triclopsSet T extureValidationM apping

Sets the vaue that appears in the disparity image for pixels that fail texture vaidation.

Declaration

TriclopsError
tricl opsSet Text ureVal i dati onMappi ng( Tri cl opsCont ext context,
unsi gned char val ue )

Parameters

context The TriclopsContext to set the texture validation mapping for.

value The new value to map invalid pixelsto. The rangeis from 0 to 255.

| triclopsSetTextureValidationT hreshold

Sets the texture validation threshold.

Sets the texture validation threshold. This threshold allows one to tune the texture-based rejection
of pixels. Vaues range from 0.0 (no rejection) to 128.0 (complete regjection) but good operating
range is between 0.0 and 2.0.

Declaration

Tricl opsError
tricl opsSet Text ureVal i dati onThreshol d( Tri cl opsCont ext context,
float value)

Parameters

context The context

value The new texture validation threshold.

See Also
TriclopsGetTextureValidationThreshold()

| triclopsSetUniquenessvalidation

Turns uniqueness validation on or off.

Turns uniqueness validation on or off. Uniqueness validation verifies that the match of agiven
pixel to its corresponding pixelsin the top and left images is unique enough to be considered the
definite correct match. If pixels at other disparities have almost as good matching to the given
pixel as the best disparity, the pixel can be rejected as an unconfident match.

Declaration

Tricl opsError
tricl opsSet Uni quenessVal i dation( Tricl opsContext context,
Tricl opsBool on )

Parameters
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context The context.

on A Boolean value indicating whether validation ison or off.

See Also
TriclopsGetUniquenessValidation()

| triclopsSetUniquenessValidationM apping

Sets the vaue that appears in the disparity image for pixels that fail uniqueness validation.

Sets the unique matching validation mapping value. Thisis the value that is assigned to pixelsin

the disparity image that fail the uniqueness validation test. The range is between 0 and 255.

Declaration

Tricl opsError

tricl opsSet Uni quenessVal i dati onMappi ng(
Tri cl opsCont ext context,
unsi gned char val ue )

Parameters

context The context.

value The value to which failing pixels are mapped.

See Also
TriclopsGetUniquenessV aidationM apping()

| triclopsSetUniquenessValidationT hreshold

Sets the uniqueness validation threshold.
This function sets the uniqueness matching criteria threshold. This value can range from 0.0 to

10.0. The larger the number, the less regjection occurs. Common operating ranges are between 0.5

and 3.0.

Declaration

Tricl opsError

tricl opsSet Uni quenessVal i dati onThreshol d(
Tri cl opsCont ext context,
float value )

Parameters

context The context.

value A float indicating the new threshold.

See Also
TriclopsGetUniquenessVaidationThreshold()
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General

triclopsGetlmage

Retrieves a specified type of image associated with the specified camera

This function supplies the data to a Triclopsimage. The user is responsible for alocating the
Triclopsimage structure. The data value of the structure will point to memory within the stereo
kernel working space. Therefore, if a permanent copy of thisimage is desired, the user must copy
it out.

Declaration

Tricl opsError

triclopsGetlmage( const Tricl opsContext context,
Tricl opsl mageType i mageType,
Tricl opsCanera canera,
Tri cl opsl mage* i mage )

Parameters

context The context.

imageType The image type requested.

camera The camera that generated the requested image.
image A Triclopsimage with the image data.

See Also

triclopsSetl mageBuffer()

| triclopsGetl magel6

Retrieves a specified 16-bit image associated with the specified camera.

This function performs the same action as triclopsGetlmage(), except that it retrieves a 16-bit
image type. Currently the only supported 16-bit image is the resultant disparity image from
subpixel interpolation.

Declaration

Tricl opsError

triclopsCetlnagel6( const TriclopsContext context,
Tricl opsl magel6Type i mageType,
Tricl opsCarera caner a,
Tricl opsl nagel6* image )

Parameters

context The context.

imageType The image type requested.

camera The camera that generated the requested image.
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A Triclosplmagel6 with the image data.

image

See Also
triclopsGetlmage()

| triclopsGetROIs

Retrieves ahandle to an array of Regions Of Interest.

This function returns a pointer to an array of region of interest (ROI) structures. The user may set
requested region of interest boundaries in this array. The Regions Of Interest that will be valid
must begin with the Oth element in the array and continue in a contiguous manner. After having
set the Regions Of Interest, the user must call triclopsSetNumberOfROIS() to indicate to the
stereo kernel how many ROIs he/she wishes processed. Currently, ROIs are only applied during
the stereo processing, not during preprocessing.

Declaration

TriclopsError

triclopsGetRA s( TriclopsContext context,
TriclopsRO** raois,
int* mxRAs )

Parameters

context The context.

rois A pointer to alD array of ROI structures.

maxROIls The maximum number of ROIs allowed.

See Also
triclopsSetNumberOfROI (), triclopsStere(), TriclopsROI

| triclopsGetResolution

Retrieves the resolution of the resultant images. This includes rectified, disparity and edge
images.

This returns the current resolution for output images of the given context.

Declaration

Tricl opsError

triclopsCGetResolution( const Tricl opsContext context,
int* nrows,
int* ncols )

Parameters

context The context.

Nrows Number of rows in the output images.
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ncols Number of columnsin the output images.

See Also
triclopsSetResol ution()

| triclopsSaveColor mage

Saves an image to the specified filename. The file format currently supported is PGM format.

This function saves the input image to the requested file. Currently, this function will not detect if
the file could not be opened, and will always return successful. Color images are saved in PPM
format.

Declaration

Tricl opsError
tricl opsSaveCol orl mage( Tricl opsCol or | mage* i nege,
char* filenane )

Parameters

image The TriclopsColorimageto be saved.

filename The file name in which to save the image.

See Also
triclopsSavel mage()

| triclopsSavel mage

Saves an image to the specified filename. The file format currently supported is PGM format.

This function saves the input image to the requested file. Currently, this function will not detect if
the file could not be opened, and will aways show successful return.

Declaration

TriclopsError
tricl opsSavel mage( Tricl opsl mage* i mage,
char* filenane )

Parameters

image The Triclopsimage to be saved.

filename The file name in which to save the image.

| triclopsSavel magel6

Saves an image to the specified filename. The file format currently supported is PGM format.

This function saves the input image to the requested file. Currently, this function will not detect if
the file could not be opened, and will aways return successful.
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Declaration

Tricl opsError
tricl opsSavel nagel6( Tricl opsl nagel6* image,
char* filenane )

Parameters

image The Triclopslmagel6 to be saved.

filename The file name in which to save the image.

See Also
triclopsSavel mage()

| triclopsSavePackedColorl mage

Allows the user to save a packed color image to the given file.

Declaration

Tricl opsError
tricl opsSavePackedCol or I mage( Tri cl opsPackedCol or | mage* i mage,
char* filenane )

Parameters

image A pointer to the buffer containing the image.

filename The name of thefile to be written to.

| triclopsSetColor | mageBuffer

Allows the user to set separate buffers to which individua bands of the processed color image are
written to. In this case, the "processed” image means the rectified image that is rectified when
triclopsRectifyColorlmage() is cdled.

Declaration

Tricl opsError

tricl opsSet Col or | mageBuffer( Tricl opsCont ext context,
Tri cl opsCanera nCaner a,
unsi gned char* red,
unsi gned char* green,
unsi gned char* bl ue )

Parameters

context The TriclopsContext to set the buffer for.

nCamera The camera buffer to set.

red A pointer to the red buffer.

green A pointer to the green buffer.
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blue A pointer to the blue buffer.

See Also
triclopsRectifyColorlmage()

| triclopsSetl magel6Buffer

This function alows the user to set the location to which 16bit (generaly subpixel) depth images
are written to once they are processed.

Declaration

Tricl opsError

triclopsSetlmagel6Buffer( TriclopsContext context,
unsi gned short* buffer,
Tricl opsl nagel6Type i mageType,
Tricl opsCanera carera )

Parameters

context The TriclopsContext to set the bufferin.

buffer A pointer to the buffer.

imageType The type of image to be written to the buffer.

camera

The camera to write from.

| triclopsSetl mageBuffer

Sets the internal image buffer for the specified cameraand image type to be the buffer supplied
by the user.

This function allows the user to specify directly what memory he/she wishes the output images to
be deposited into. This memory will be used by the stereo kernel as working space. This has the
advantage of saving a copy for tasks such as displaying to the screen. The user may simply set the
output image buffer to higher display buffer. However, since this memory will be used by the
stereo kernel as working space, the contents of the buffer may change with each call of
triclopsPreprocesy) or triclopsSterea(). If the results are to be saved, it is the user's responsibility
to do so. In addition, the user is responsible to allocate sufficient memory for the buffer, and to
de-allocate the buffer after it isno longer needed. Before de-allocating the buffer, the user should
cdl triclopsUnsetlmageBuffer(). If the user requests an invalid image, such as the disparity
image, when the context stereo flag is set to false, or the edge image when edge correlation is set
to false, an error of invalid request will be returned. Disparity images are aways associated with
the reference camera.

Declaration

Tricl opsError

triclopsSet!| mageBuffer( Tricl opsContext context,
unsi gned char* buffer,
Tricl opsl mageType i mageType,
Tricl opsCanera canera )
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Parameters

context The context.

buffer A user alocated buffer of sufficient size.
imageType Theimagetype.

camera The camera.

See Also

triclopsGetlmage(), triclopsUnsetl mageBuffer()

| triclopsSetNumber OfROI's

Sets the number of Regions Of Interest the user currently wants active.

This function indicates to the stereo kernel how many ROIs in the ROI array will be processed.
Before caling this function, the user must first call triclopsGetROIs() and set up the ROIs he/she
intendsto use. If nroisis set to 0, the entire image will be processed. Thisis the default setting.

Declaration

Tricl opsError
triclopsSet Nunber 0 RO s( Tricl opsCont ext context,
int nrois )

Parameters

context The context.

nrois Number of ROls.

See Also
triclopsGetROI ()

| triclopsSetPackedColor I mageBuffer

Allows the user to set the buffer to which the processed color image is written to.

Declaration

Tri cl opsError
tricl opsSet PackedCol or | mageBuffer ( Tricl opsCont ext context,
Tricl opsCanera nCanera,
Tri cl opsPackedCol or Pi xel * buffer )

Parameters

context The TriclopsContext to set the buffer for.

nCamera. The camerabuffer to set.
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buffer A pointer to abuffer of TriclopsPackedColorPixels.

| triclopsSetResolution

Sets the resolution of the resultant images. This includes rectified, disparity and edge images.

This function sets the desired resolution of the output images. These images include the rectified,
disparity and edge images. This resolution must maintain the 640x480 columns to rows ratio. If
the user wishes to have an image of a different aspect ratio, he/she must use Regions Of Interest
to control the size of the image that is being processed.

Declaration

Tricl opsError

triclopsSet Resol ution( TriclopsContext context,
int nrows,
int ncols )

Parameters

context The context.

Nrows Number of rowsin the output images.

ncols Number of columnsin the output images.

See Also
triclopsGetResolution(), triclopsGetROIS()

| triclopsSetResolutionAndPrepare

Sets the resolution of the resultant images. This includes rectified, disparity and edge images.

This function sets the desired resolution of the output images and also immediately constructs the
rectification tables. For large images, the construction of the rectification can take awhile. This
function allows you to control when the construction takes place, otherwise it will occur during
thefirst cdl to triclopsPreprocess(). The resolution of the input images must be specified at this
time, as this is necessary for the construction of the tables. The output images include the
rectified, disparity and edge images. This requested resolution must maintain the 640x480
columnsto rows ratio. If the user wishes to have an image of a different aspect ratio, he/she must
use Regions Of Interest to control the size of the image that is being processed.

Declaration

TriclopsError
tricl opsSet Resol uti onAndPrepare( Tricl opsCont ext context,
int nrows,
int ncols,
i nt nl nput Rows,
int nlnputCols )

Parameters

context The context.
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Number of rows in the output images.

Nnrows

ncols Number of columnsin the output images.
ninputRows Number of rows in the input images.
ninputCols Number of columnsin the input images.
See Also

TriclopsGetResolution(), triclopsSetResolution(), triclopsSetRectify()

| triclopsUnsetColor | mageBuffer

This releases the user specified interna color image buffer for the specified camera. The next
time this buffer is required by the system, it will alocate a new one for interna use.

If the user has already called triclopsSetColorlmageBuffer for a particular camera, the stereo
kernel will be using that buffer when rectifying a color image. If the user no longer wants to have
the supplied buffer used by the stereo kernel, he/she may use this function to inform the stereo
kernd that it is no longer available. A new buffer will be created the next time it is required by
the stereo kernel.

Declaration

Tricl opsError
tricl opsUnset Col or I mageBuf fer( Tricl opsCont ext cont ext,
Tricl opsCanera canera )

Parameters

context The context.

camera The camera.

See Also
triclopsRectifyColorlmage(), triclopsSetColorlmageBuffer()

| triclopsUnsetl magel6Buffer

This releases the user specified interna image buffer for the specified camera and image type.
The next time this buffer is required by the system, it will allocate a new one for interna use.

If the user has dready called triclopsSetlmagel6Buffer for a particular camera and image type,
the stereo kernel will be using that buffer for internal processing. If the user no longer wants to
have the supplied buffer used by the stereo kernel, he/she may use this function to inform the
stereo kernel that it is no longer available. A new buffer will be created the next time it is required
by the stereo kernel.

Declaration

Tricl opsError

triclopsUnset | magel6Buffer( Tricl opsContext context,
Tricl opsl mageType i nageType,
Tricl opsCanera canera )
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Parameters

context The context.

i mageType Theimagetype.
camera The camera.
See Also

triclopsGetlmage(), triclopsSetlmagel6Buffer()

triclopsUnsetl mageBuffer

This releases the user specified interna image buffer for the specified camera and image type.
The next time this buffer is required by the system, it will alocate a new one for internal use.

If the user has dready called triclopsSetlmageBuffer for a particular cameraand image type, the
stereo kernel will be using that buffer for internal processing. If the user no longer wants to have
the supplied buffer used by the stereo kernel, he/she may use this function to inform the stereo
kernd that it is no longer available. A new buffer will be created the next time it is required by
the stereo kernel.

Declaration

Tricl opsError

triclopsUnset | mageBuf fer( Tricl opsCont ext context,
Tricl opsl nageType i mageType,
Tricl opsCanera carera )

Parameters

context The context.

imageType The image type.

camera The camera.

See Also
TriclopsGetlmage(), triclopsSetl mageBuffer()

| triclopsUnsetPackedColor I mageBuffer

This releases the user specified internal color image buffer for the specified camera. The next
time this buffer is required by the system, it will alocate a new one for interna use.

If the user has aready cdled triclopsSetPackedCol orlmageBuffer for a particular camera, the
stereo kerndl will be using that buffer when rectifying a color image. If the user no longer wants
to have the supplied buffer used by the stereo kernel, he/she may use this function to inform the
stereo kernel that it is no longer available. A new buffer will be created the next time it is required
by the stereo kernel.

Declaration
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TriclopsError
tricl opsUnset PackedCol or | mageBuf fer ( Tri cl opsCont ext context,
Tricl opsCanera canera )

Parameters

context The context.

camera The camera.

See Also
triclopsSetPackedCol orlmageBuffer(), triclopsRectifyPackedColorlmage()

triclopsVersion

Returns a string with the Triclops library version.
This function returns internally -handled memory. The caller should not free the returned pointer.
Declaration

const char*
triclopsVersion()

Remarks
Input:

Returns: char* - A string containing the version information for the context.

Preprocessing

| triclopsGetEdgeCorrelation

Retrieves the state of the edge based correlation flag.

Declaration

Tricl opsError
tricl opsGet EdgeCorrel ati on( const Tricl opsCont ext context,
Tricl opsBool* on )

Parameters

context The context.

on A pointer to aBoolean that will contain the current setting.

See Also
triclopsSetEdgeCorrelation()

| triclopsGetEdgeM ask

Retrieves the edge detection mask size.
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Declaration

Tricl opsError
tricl opsGet EdgeMask( const Tricl opsCont ext context,
i nt* masksize )

Parameters

context The context.

masksize A pointer to an integer that will contain the current mask size.

See Also
triclopsSetEdgeM ask()

triclopsGetL owpass

Retrieves the state of the low-pass filtering feature.

Declaration

Tricl opsError
tricl opsGet Lowpass( const Tricl opsCont ext context,
Tricl opsBool * on )

Parameters

context The context.

on A pointer to aBoolean variable that will store the current setting.

See Also
triclopsSetL owpass()

triclopsGetRectify

Retrieves the state of the rectification feature.

Declaration

Tricl opsError
triclopsGetRectify( const Tricl opsContext context,
Tricl opsBool * on )

Parameters

context The context.

on A pointer to aBoolean that will store the current setting.

See Also
triclopsSetRectify()
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| triclopsPreprocess

Does image unpacking, smoothing, rectification and edge detection, as specified by parameters.

This function does all necessary preprocessing on the input data. It unpacks the data, which strips
individual channels from 32-bit packed data and puts them into 3 Trilmg_RAW channels. It
applies alow-pass filter on these channels if requested, and corrects for lens distortion and
camera misalignment, saving these images into Trilmg_RECTIFIED. Findly it performs 2nd
derivative Gaussian edge processing on the rectified images and saves them into Trilmg_EDGE
internal images.

Declaration

Tricl opsError
triclopsPreprocess( Tricl opsContext context,
Tricl opsl nput* input )

Parameters

context The context.

input The image to be processed.

See Also

triclopsStereq(), triclopsSetResolution(), triclopsSetEdgeCorrelation(), triclopsSetRectify(),
triclopsSetL owpass()

triclopsSetEdgeCorrelation

Turns edge based correlation on or off.
Edge based correlation is required for texture and uniqueness validation to be used.
Declaration

Tricl opsError
tri cl opsSet EdgeCorrel ati on( Tricl opsCont ext context,
Tricl opsBool on )

Parameters

context The context.

on A Boolean value indicating whether correlation should be turned on or off.

See Also
triclopsGetEdgeCorrelation(), triclopsSetTextureV alidation(), triclopsSetUniquenessValidation()

| triclopsSetEdgeM ask

Sets the edge detection mask size.

Declaration
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TriclopsError
tricl opsSet EdgeMask( Tri cl opsCont ext cont ext,
i nt nasksi ze )

Parameters

context The context.

masksize The new mask size, which isvalid between 3 and 11.

See Also
triclopsGetEdgeM ask()

triclopsSetL owpass

Turns low-pass filtering before rectification on or off.

Declaration

TriclopsError
tricl opsSet Lowpass( Tricl opsCont ext context,
Tricl opsBool on)

Parameters

context The context.

on A Boolean value indicating whether it should be turned on or off.

See Also
triclopsGetL owpass()

| triclopsSetRectify

Turnsrectification on or off.

Declaration

Tricl opsError
triclopsSetRectify( TriclopsContext context,
Tricl opsBool on)

Parameters

context The context.

on A Boolean indicating whether rectification should be turned on or off.

See Al
triclopsGetRectify()

89 Triclops StereoVision System Manual Version 3.1
Copyright © 2003 Point Grey Research Inc.



Stereo

triclopsGetDisparity

Retrieves the disparity range from the given context.

Declaration

Tricl opsError

triclopsCetDisparity( const TriclopsContext context,
int* mnDisparity,
int* maxDisparity )

Parameters

context The context

minDisparity A pointer to an integer that will store the current value.
maxDi sparity A pointer to an integer that will store the current value.

| triclopsGetDisparityM apping

Retrieves the disparity range from the given context.

Declaration

Tricl opsError

tricl opsGet D sparityMppi ng( const Tricl opsContext context,
unsi gned char* minDisparity,
unsi gned char* maxDi sparity )

Parameters

context The context.

minDisparity The disparity range in the output disparity image minimum.
maxDi sparity The disparity range in the output disparity image maximum.
See Also

triclopsSetDisparityMapping(), triclopsSetDisparity()

| triclopsGetDisparityM appingOn

Retrieves the current setting.
This function is used to extract the current disparity mapping setting.

Declaration

Tricl opsError
triclopsGetDi sparityMappi ngOn( Tricl opsCont ext cont ext,
Tricl opsBool* on )

Parameters
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context TriclopsContext for the operation.

on A pointer that will contain the current value of thisflag.

See Also
triclopsSetDisparityM appingOn.

triclopsGetDoSter eo

Retrieves the state of the stereo processing.
Declaration

Tricl opsError
tricl opsGet DoStereo( const TriclopsContext context,
Tricl opsBool* on )

Parameters

context The context.

on A pointer to aBoolean that will store the current setting.

See Also
triclopsSetDoStereq()

triclopsGetSter eoM ask

Retrieves the stereo correlation mask size.

Declaration

Tricl opsError
tricl opsGet StereoMask( const Tricl opsCont ext context,
int* size )

Parameters

context The context.

§7ze A pointer to an integer that will store the current value.

triclopsGetSubpixellnter polation

Retrieves the state of the subpixel interpolation feature.

Declaration

Tri cl opsError
tricl opsGet Subpi xel | nt er pol ati on( const Tricl opsCont ext context,
Tricl opsBool * on )

Parameters
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context The context.

on A pointer to aBoolean that will store the current setting.

See Also
triclopsSetSubpixel Interpol ation(), triclopsSetStrictSubpixel Validation()

| triclopsSetAnySter eoM ask

Allows the user to set stereomask to any Sze.

This function allows you to set a stereo correlation mask of any Sze. Thereis adanger that an
internal counter in the stereo correlation engine may overflow if mask sizes over 15 are provided.
Thus, the current limit for triclopsSetStereoMask is 15. However, in practice, much larger mask
sizes can be used successfully. If an overflow results, it may not affect the stereo result, and it will
generaly only happen for pathological cases. Therefore, this function is provided as an
‘experimenta’ function to allow usersto set any mask size they wish.

Declaration

Tricl opsError
tricl opsSet AnySt ereovask( Tricl opsCont ext cont ext,
int size )

Parameters

context TriclopsContext for the operation.

§ze The size for anew stereo correlation mask.

See Also
triclopsSetStereoM ask()

| triclopsSetDisparity

Sets the disparity range for stereo processing.
Declaration

Tricl opsError

triclopsSetDi sparity( TriclopsContext context,
int mnDisparity,
int maxDi sparity )

Parameters

context The context .

minDisparity The disparity range minimum.
maxDisparity The disparity range maximum.
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| triclopsSetDisparityM apping

Sets the disparity range for stereo processing.

This function sets the disparity mapping values. The disparity mapping values control what range
of pixels values appear in the output disparity image. The true disparity ranges between the
minimum and maximum values set with triclopsSetDisparity(). The output image has its pixel
values linearly scaled from minimum => maximum disparity to minimum => maximum disparity
mapping. Thisis primarily used when one wishes to use a screen display buffer as the disparity
image buffer. Note: it is advisable to set the disparity mapping to the exact values of the input
disparities if one is not using the screen buffer display feature.

Declaration

Tricl opsError
triclopsSetDisparityMappi ng( Tricl opsCont ext context,

unsi gned char minDisparity,
unsi gned char maxDisparity )

Parameters

context The context.

minDisparity ;’gSe disparity range in the output disparity image minimum. The range is between 0 and
maxDisparity ;’QSe disparity range in the output disparity image maximum. The range is between 0 and
See Also

triclopsGetDisparityM apping(), triclopsSetDisparity(), triclopsRCD8ToXY Z(),
triclopsRCD16ToXY Z(), triclopsRCDMappedToXY Z()

| triclopsSetDisparityM appingOn

Enables or disables disparity mapping.

This function is used to enable or disable disparity mapping. See the comments section on this
subject in Chapter 7 in the Triclops manual for why disparity mapping can cause trouble.

Declaration

Tricl opsError
triclopsSetD sparityMappi ngOn( Tri cl opsCont ext cont ext,

Tricl opsBool on )

Parameters

context

TriclopsContext for the operation.

on

A Boolean flag indicating if the mapping should be on or off.

triclopsSetDoSter eo

Turns stereo processing on or off.

Declaration
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TriclopsError
tricl opsSet DoStereo( Tricl opsContext context,
Tricl opsBool on )

Parameters

context The context.

on A Boolean indicating whether stereo processing should be turned on or off.

See Also
triclopsGetDoStereq()

triclopsSet Ster eoM ask

Set the stereo correlation mask size.

Declaration

TriclopsError
tricl opsSet StereoMask( Tricl opsContext context,
int masksize )

Parameters

context The context.

masksize The new correlation mask size, which isvalid between 1 and 15.

| triclopsSetSubpixel I nter polation

Turns subpixel interpolation stereo improvements on or off.

Declaration

Tricl opsError
tricl opsSet Subpi xel I nt erpol ati on( Tricl opsCont ext context,
Tricl opsBool on )

Parameters
context The context.
on A Boolean indicating whether it should be on or off.

See Also
triclopsGetSubpixel I nterpolation(), triclopsSetStrictSubpixelValidation()

triclopsStereo

Does stereo processing, validation, and subpixel interpolation, as specified by parameters.
This function performs the stereo processing and validation, and generates the internal image
Trilmg_DISPARITY.
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Declaration

Tricl opsError
triclopsStereo( Tricl opsContext context )

Parameters

context The context.

See Also

triclopsPreprocessing(), triclopsSetDoStereq(), triclopsEdgeCorrelation(),
triclopsSetTextureValidation(), triclopsSetUniquenessValidation(), triclopsGetROI (),
triclopsSetSubpixel | nterpol ation()

Configuration

| triclopsGetBasdline

Retrieves the basdline of the cameras.

This function retrieves the basaline of the cameras in meters. The stereo context must have
already been read.

Declaration

Tricl opsError
tricl opsGetBasel i ne( TriclopsContext context,
float* base )

Parameters

context The context.

The baseline in meters.

base

See Also
triclopsGetDefaultContextFromFile()

| triclopsGetCameraConfiguration

Retrieves the current configuration of the stereo camera. This configuration is the configuration
that specifies the stereo algorithm used. For example, 2CAM_HORIZONTAL configuration can
be used to do 2 camera stereo on a 3 camera device.

Declaration

TriclopsError
tricl opsGet Caner aConfigurati on( const TriclopsContext context,
Tri cl opsCaner aConfiguration* config )

Parameters
context The context .
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A pointer that will hold the resullt.

config

See Also

TriclopsCameraConfiguration, TriclopsSetCameraConfiguration(),
TriclopsGetDeviceConfiguration()

| triclopsGetDeviceConfiguration

This function returns the physical configuration of the stereo device. This alows the user to
determine what algorithms they have available on the current device.

Declaration

Tricl opsError
tricl opsGet Devi ceConfiguration( const TriclopsContext context,
Tri cl opsCaneraConfiguration* config )

Parameters
context The context.
config The physical CameraConfiguration.

See Also

TriclopsCameraConfiguration, TriclopsGetCameraConfiguration(),
TriclopsSetCameraConfiguration()

| triclopsGetFocall ength

Retrieves the focal length of the cameras.

This function returns the focal length of the system. The focal length isin 'pixels for the current
selected output resolution. All cameras rectified images have the same foca length. The default
stereo context must have been read before this call can be made.

Declaration

Tricl opsError
tricl opsGet Focal Lengt h( const Tricl opsCont ext context,
float* focall ength )

See Also
triclopsGetDefaultContextFromFile(), triclopsSetResol ution()

| triclopsGetl mageCenter

Returns the optical center for pinhole calculations.

It isimportant that the context already has the resolution set. If triclopsSetResolution is not set,
the returned value cannot be used for calculations. Thisimage center can be used as the position
in the image plane of the optica center for pinhole camera calculations.

Declaration
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TriclopsError

triclopsGetlmageCenter( Tricl opsContext context,
float* centerRow
float* centerCol )

Parameters
context TriclopsContext for the operation.
centerRoy | A Pointer that will contain the row position of the image center for the current resolution.
centerCol A poi nter that will contain the column position of the image center for the current
resol ution.
See Also
triclopsSetResol ution()

| triclopsGetSerialNumber

This function returns the serid number of the Digiclops Stereo Vision System associated with the
given TriclopsContext.

Declaration

Tricl opsError
triclopsCet Serial Nunber ( const Tricl opsCont ext cont ext,
int* serial Nunber )

Parameters

context The context to extract the serial number from.

serial Number T_he serial number of the Digiclops Stereo Stereo Vision System associated with the
given context.

triclopsSetCameraConfiguration

Sets the configuration of the cameras. This configuration determines the configuration for the
stereo agorithm. For example, a three camera stereo device may be set into "2 camera horizontal”
mode for faster stereo processing.

Declaration

Tricl opsError
tricl opsSet CaneraConfi guration( const TriclopsContext context,
Tri cl opsCaneraConfiguration config )

Parameters
context The context.
confi g The new CameraConfiguration.

See Also

TriclopsCameraConfiguration, TriclopsGetCameraConfiguration(),
TriclopsGetDeviceConfiguration()
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Conversions

triclopsGetTransformFromFile

L oads the contents of a TriclopsTransform from the input file.

This function fillsin the provided TriclopsTransform structure based on the contents read from
the specified file. If the specified file is not found, contains invalid fields, the value of
CorruptTransformFile will be returned.

Declaration

TriclopsError
triclopsGet TransfornFronfFil e( char* fil eNaneg,
TriclopsTransforn® transform)

Parameters

fileName name of the file from which to load the transform

transform the 4x4 homogenoustransform

See Also

triclopsRCDToWorldXY Z(), triclopsRCDF oatToWorldXY Z(), triclopsRCD8ToWorldXY Z(),
triclopsRCD16ToWorldXY Z(), triclopswWorldXY ZToRCD(),
triclopsSetTriclopsToWorldTransform), triclopsGetTriclopsToWorldTransform(),
triclopswWriteTransformToFile

| triclopsGetTriclopsToWorldTransform

Getsthe Triclops to World transform.

This function fills in the provided TriclopsTransform structure with the current contents of the
Triclopsto World transform for this TriclopsContext

Declaration

Tricl opsError
triclopsGetTriclopsTowr | dTransform( Tricl opsCont ext context,
Tricl opsTransfornt transform)

Parameters

context the TriclopsContext

transform the 4x4 homogenoustransform

See Also

triclopsRCDToWorldXY Z(), triclopsRCDFloatToWorldXY Z(), triclopsRCD8ToWorldXY Z(),
triclopsRCD16ToWorldXY Z(), triclopsWorldXY ZToRCD(),
triclopsSetTriclopsToWorldTransform() triclopsGetTransformFromFile(),
triclopswWriteTransformToFile()
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| triclopsRCD16ToWorldXYZ

Converts image coordinates and a 16-bit disparity into aworld 3D point.

This function takes a 16-bit disparity value and convertsit to XY Z coordinatesin world
coordinates. The world coordinates are determined by transforming the point from the Triclops
coordinate system to the world coordinate system based on the TriclopsContext transform.

Note: It is up to the user to supply valid disparity values

Declaration

Tricl opsError

tricl opsRCDL6ToWr | dXYZ( Tri cl opsCont ext cont ext ,
int row,
int col,
unsi gned short di sp,
float* x,
float* vy,
float* z )

Parameters

context The stereo context.

row The row of the input pixel.

col The column of the input pixel.

disp The disparity value of the input pixel.

X The x coordinate of the corresponding 3D point
y They coordinate of the corresponding 3D point
2 The z coordinate of the corresponding 3D point
See Also

triclopsRCDFloatToX Y Z(), triclopsRCDMappedToXY Z(), triclopsRCD8ToXY Z(),
triclopsRCD16ToXY Z(), triclopsSetDisparity(), triclopsSetDisparityM apping()
triclopsRCDToWorldXY Z(), triclopsRCDFoatToWorldXY Z(), triclopsRCD8ToWorldXY Z(),
triclopsSetTriclopsToWorldTransformy), triclopsGetTriclopsToWorldTransform()

| triclopsRCD16ToXYZ

Converts image coordinates and a 16-bit disparity into true 3D points.

When using this function, you should ensure that the values for the Triclops disparity mapping
feature are the same as the disparity range.

Note: it is up to the user to supply valid pixel locations. Pixels which have been invalidated may
give negative results.

Declaration

TriclopsError
tricl opsRCDL6TOXYZ( Tricl opsCont ext context,
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int row,

int col,
unsi gned short disp,
float* x,
float* vy,
float* z )
Parameters
context The stereo context .
oW The row of the input pixel.
col The column of the input pixel.
disp The disparity value of the input pixel.
X The x coordinate of the point represented by the input row column disparity in the camera
coordinate system.
They coordinate of the point represented by the input row column disparity in the camera
y coordinate system.
7 The z coordinate of the point represented by the input row column disparity in the camera
coordinate system.
See Also

triclopsRCDFloatToXY Z(), triclopsRCDMappedToXY Z(), triclopsRCD8ToXY Z(),
triclopsSetDisparity(), triclopsSetDisparityM apping()

triclopsRCD8ToWorldXY Z

Converts image coordinates and an 8-bit disparity into aworld 3D point.

This function takes an 8-bit disparity value and convertsit to XY Z coordinatesin world
coordinates. The world coordinates are determined by transforming the point from the Triclops
coordinate system to the world coordinate system based on the TriclopsContext transform.

Note: It is up to the user to supply vaid disparity values

Declaration

Tricl opsError
tricl opsRCD8ToWr | dXYZ( Tricl opsCont ext cont ext,

int row,
int col,
unsi gned char disp,
float* x,
float* vy,
float* z )
Parameters
context The stereo context .
row Therow of theinput pixel.
col The column of the input pixel.
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The disparity value of the input pixel.

disp

X The x coordinate of the corresponding 3D point
y They coordinate of the corresponding 3D point
2 The z coordinate of the corresponding 3D point
See Also

triclopsRCDFloatToXY Z(), triclopsRCDMappedToXY Z(), triclopsRCD16ToXY Z(),
triclopsSetDisparity(), triclopsSetDisparityMapping() triclopsRCDToWorldXY Z(),
triclopsRCDFloat ToWorldXY Z(), triclopsRCD16ToWorldXY Z(),
triclopsSetTriclopsToWorldTransform), triclopsGetTriclopsToWorldTransformy)

| triclopsRCD8ToXYZ

Converts image coordinates and an *-bit disparity into true 3D points.

When using this function, you should ensure that the values for the Triclops disparity mapping
feature are the same as the disparity range.

Note: it is up to the user to supply valid pixel locations. Pixels which have been invalidated may
give negative results.

Declaration

Tricl opsError
tricl opsRCD8ToXYZ( Tricl opsCont ext context,

int row,
int col,
unsi gned char disp,
float* x,
float* vy,
float* z )
Parameters
context The stereo context.
row Therow of theinput pixel.
col The column of theinput pixel.
disp The disparity value of the input pixel.
X The x coordinate of the point represented by the input row column disparity in the camera

coordinate system.

They coordinate of the point represented by the input row column disparity inthe camera
y coordinate system.

The z coordinate of the point represented by the input row column disparity in the camera

z coordinate system.

See Also

triclopsRCDFloatToXY Z(), triclopsRCDMappedToX Y Z(), triclopsRCD16ToXY Z(),
triclopsSetDisparity(), triclopsSetDisparityMapping()
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| triclopsRCDFloatToWorldXYZ

Converts an image location and a floating-point disparity vaue into a world 3D point.

This function takes a floating-point disparity value and convertsit to XY Z coordinatesin world
coordinates. The world coordinates are determined by transforming the point from the Triclops
coordinate system to the world coordinate system based on the TriclopsContext transform.

Note: It is up to the user to supply valid disparity values

Declaration

Tricl opsError
tricl opsRCDFI oat Towr | dXYZ( Tri cl opsCont ext cont ext,

float row,

fl oat col,

float disp,

float* x,

float* vy,

float* z )
Parameters
context The stereo context .
row Therow of theinput pixel.
col The column of the input pixel.
disp The disparity value of the input pixel.
X The x coordinate of the corresponding 3D point
y They coordinate of the corresponding 3D point
2 The z coordinate of the corresponding 3D point
See Also

triclopsRCDMappedToXY Z(), triclopsRCD8ToXY Z(), triclopsRCD16ToXY Z()
triclopsRCDToWorldXY Z(), triclopsRCD8ToWorldXY Z(), triclopsRCD16ToWorldXY Z(),
triclopsSetTriclopsToWorldTransformy), triclopsGetTriclopsToWorldTransformy)

| triclopsRCDFloatToXYZ

Converts image coordinates and a floating-point disparity value into true 3D points.
This function takes a floating-point disparity value and convertsit to XY Z coordinates.

Note: It is up to the user to supply valid pixel locations. Pixels which have been invalidated may
give negative results.

Declaration

Tricl opsError

tricl opsRCDFl oat ToXYZ( Tricl opsCont ext context,
float row,
float col,
float disp,
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float* x,

float* vy,
float* z )
Parameters
context The stereo context .
row The row of theinput pixel.
col The column of the input pixel.
disp The disparity value of the input pixel.
X The x coordinate of the point represented by the input row column disparity in the camera

coordinate system.

They coordinate of the point represented by the input row column disparity in the camera
y coordinate system.

The z coordinate of the point represented by the input row column disparity in the camera

z coordinate system.

See Also
triclopsRCDMappedToXY Z(), triclopsRCD8ToXY Z(), triclopsRCD16ToXY Z()

| triclopsRCDM appedToWorldXYZ

Converts image coordinates with disparity values that have been mapped using the disparity
mapping function into world 3D points.

This function takes disparity values that have been scaled by the disparity mapping feature. If you
have set "Disparity Mapping" on you should use this function. However, it is less efficient than
the other XY Z conversion functions and may have some round-off errors. It is preferable to set
the disparity mapping off. This function will transform the point into a "world" coordinate system
based on the transform recorded in the TriclopsContext.

Note: It is up to the user to supply valid disparity values, invalid disparity values (as taken from
aninvadid pixel in the a disparity image) may give negative results.

Declaration

Tricl opsError
tricl opsRCDVappedToWr | dXYZ( Tri cl opsCont ext cont ext,

int row,
int col,
unsi gned char disp,
float* x,
float* vy,
float* z )
Parameters
context The stereo context.
row The row of theinput pixel.
The column of the input pixel.
col
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The disparity value of the input pixel.

disp

X The x coordinate of the point represented by the input row column disparity in the camera
coordinate system.
They coordinate of the point represented by the input row column disparity in the camera

y coordinate system.

2 The z coordinate of the point represented by the input row column disparity in the camera
coordinate system.

See Also

triclopsRCDFloatToXY Z(), triclopsRCD8ToXY Z(), triclopsRCD16ToXY Z()
triclopsRCDToWorldXY Z(), triclopsRCDFloatToWorldXY Z(), triclopsRCD8ToWorldXY Z(),
triclopsRCD16ToWorldXY Z(), triclopsSetTriclopsToWorldTransformy),
triclopsGetTriclopsToWorldTransformy()

| triclopsRCDM appedToXYZ

Converts image coordinates with disparity values that have been mapped using the disparity
mapping function into true 3D points.

This function takes disparity values that have been scaled by the disparity mapping feature. If you
do not have the disparity mapping values set to the same as the disparity vaues, you should use
this function. However, it is less efficient than the other XY Z conversion functions and may have
some round-off errors. It is preferable to set the disparity mapping range to the same as the
disparity range and use one of the other conversion functions.

Note: It is up to the user to supply valid pixel locations. Pixels that have been invaidated may

give negative results.

Declaration

Tricl opsError
tricl opsRCDVappedToXYZ( Tri cl opsCont ext context,

int row,
int col,
unsi gned char di sp,
float* x,
float* vy,
float* z )
Parameters
context The stereo context .
oW The row of the input pixel.
col The column of the input pixel.
disp The disparity value of the input pixel.
X The x coordinate of the point represented by the input row column disparity in the camera
coordinate system.
They coordinate of the point represented by the input row column disparity in the camera
y coordinate system.
2 The z coordinate of the point represented by the input row column disparity in the camera
coordinate system.
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See Also
triclopsRCDFloatToX Y Z(), triclopsRCD8ToX Y Z(), triclopsRCD16ToXY Z()

| triclopsRCDToWorldXYZ

Converts image coordinates and disparity vaues to world 3D points.

This function takes a pixel location and matching disparity value and calculates the 3D position
that this combination represents. The position is calculated in the "world" coordinate system. That
isto say, the position is calculated in the Triclops coordinate system and then transformed by the
TriclopsContext transform to a new coordinate system.

Declaration

Tricl opsError
tricl opsRCDToWr | dXYZ( Tricl opsCont ext cont ext,

float row,

fl oat col,

float disp,

float* x,

float* vy,

float* z )
Parameters
context The stereo context .
row The row of the input pixel.
col The column of the input pixel.
disp The disparity value of the input pixel.
X The x coordinate of the corresponding 3D point in the world coordinate system
y They coordinate of the corresponding 3D point in the world coordinate system
2 The z coordinate of the corresponding 3D point in the world coordinate system
Remarks

It is up to the user to supply valid disparity values. Vaues taken from invaid pixelsin the
disparity image give negative results.

See Also

triclopsRCDFloatToXY Z(), triclopsRCD8ToXY Z(), triclopsRCD16ToXY Z(),
triclopsRCDFloatToWorldX Y Z(), triclopsRCD8ToWorldXY Z(), triclopsRCD16ToWorldXY Z(),
triclopsSetTriclopsToWorldTransformy), triclopsGetTriclopsToWorldTransformy()

triclopsRCDToXYZ

Converts image coordinates with disparity values that have been mapped using the disparity
mapping function into true 3D points.
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This function takes disparity values that have been scaled by the disparity mapping feature. If you
do not have the disparity mapping values set to the same as the disparity values, you should use
this function. However, it is less efficient than the other XY Z conversion functions and may have
some round-off errors. It is preferable to set the disparity mapping range to the same as the
disparity range and use one of the other conversion functions.

Note: It is up to the user to supply valid pixel locations. Pixels that have been invalidated may

give negative results.

Declaration

Tricl opsError
tricl opsRCDToXYZ( Tricl opsCont ext cont ext,

fl oat row,
float col,
float disp,
float* x,
float* vy,
float* z )
Parameters
context The stereo context .
oW The row of the input pixel.
col The column of the input pixel.
disp The disparity value of the input pixel.
X The x coordinate of the point represented by the input row column disparity in the camera
coordinate system.
They coordinate of the point represented by the input row column disparity in the camera
y coordinate system.
2 The z coordinate of the point represented by the input row column disparity in the camera
coordinate system.
See Also

triclopsRCDFloatToXY Z(), triclopsRCD8ToXY Z(), triclopsRCD16ToXY Z()

| triclopsRectifyColor I mage

Rectifies a Triclopsinput structure into a TriclopsColorlmage. This function is used for
Triclopsinput's that have been obtained from a Color Digiclops or a Color Triclops. If the system
isaColor Triclops, nCamera should be set to TriCam_COLOR.

Declaration

Tricl opsError
triclopsRectifyCol orl mage( Tricl opsCont ext context,

Tricl opsCanera nCanera,
Triclopsl nput* input,
Tricl opsCol or| mage* out put )

Parameters

Triclops StereoVision System Manual Version 3.1
Copyright © 2003 Point Grey Research Inc.

106




context The context.

nCamera A TriclopsCamera enumerated value indicating which camerathe input image came from.
input The raw color image encoded into a Triclopsl nput structure.

output The resultant rectified color image.

| triclopsRectifyPackedColor I mage

This function rectifies a packed color image. This function will only rectify a packed
Triclopsinput (a Triclopsinput of type Trilnp_RGB_32BIT_PACKED). It is useful for creating
rectified color images for display, since bitmap displays commonly require the data format to be
packed.

Declaration

Tricl opsError
triclopsRectifyPackedCol orl mage( Tricl opsCont ext context,
Tri cl opsCanmera nCaner a,
Tricl opsl nput* i nput,
Tri cl opsPackedCol or | rage* out put )

Parameters

context The TriclopsContext to use to rectify the color image.

The camera from which thisTriclopslnput originated. If the system isa Color Triclops,

nCamera nCamera should be set to TriCam_COLOR.

input The color image to be rectified.

output The rectified color image.

| triclopsRectifyPixel

Converts apixel coordinate location from the unrectified image coordinates to rectified image
coordinates.

Declaration

Tricl opsError
triclopsRectifyPixel ( const TriclopsContext context,
Tricl opsCanera caner a,
float row n,
float colln,
float* rowCut,
float* col Qut )

Parameters

context The context.

camera The camera for which the pixel should be rectified.

rowin The location of the pixel to rectify.
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colln The location of the pixel to rectify.

rowOut The location of the rectified pixel.

colout The location of therectified pixel.

See Also
triclopsPreprocesy), triclopsRectifyColorlmage()

| triclopsSetTriclopsToWorldTransform

Sets the Triclops to World transform.

This function sets the internal TriclopsContext transformto match the
provi ded transform There are several things to note:

the transform is the Triclops-to-World transform. ie: when this transform is
applied to a Triclops point, it will change it to a world point

the transform must be of the approved format. This means it has a 3x3 rotational
component that is orthonormal and the bottom row must be of format (0 0 O n).
This function will try to normalize the rotational component and clean up the
bottom row of the matrix. One can verify whether modifications to the transform
were necessary by obtaining the current transform using
triclopsGetTriclopsToWorldTransform() and comparing.

Declaration

Tricl opsError
triclopsSet Tricl opsToWwr | dTransform( Tri cl opsCont ext context,
TriclopsTransform transform)

Parameters

context the TriclopsContext

transform the 4x4 homogenoustransform

See Also

triclopsRCDToWorldXY Z(), triclopsRCDFloat ToWorldXY Z(), triclopsRCD8ToWorldXY Z(),
triclopsRCD16ToWorldXY Z(), triclopsWorldXY ZToRCD(),
triclopsGetTriclopsToWorldTransform() triclopsGetTransformFromFile(),
triclopsWriteTransformToFile()

| triclopsUnr ectifyPixel

Converts a pixel coordinate location from the rectified image coordinates to unrectified image
coordinates.

Declaration
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TriclopsError
triclopsUnrectifyPixel( const Tricl opsContext context,
Tricl opsCanera caner a,
float row n,
float colln,
float* rowQut,
float* col Qut )

Parameters

context The context.

camera The camera for which the pixel should be unrectified.

rowln Thelocation of the pixel to unrectify.

colln Thelocation of the pixel to unrectify.

rowOut The location of the unrectified pixel.

colOout Thelocation of the unrectified pixel.

Remarks

This version will accommodate input rectified pixel locations that are outside of the normal
rectified image bounds, as long as the corresponding unrectified location is within its own image
bounds.

See Also

triclopsRectifyPixel()

| triclopsWorldXYZToRCD

Converts world 3D points into image coordinates.

This function takes as input the XY Z position of a point in the World coordinate system, moves
the point to the Triclops coordinate system (as described by the TriclopsContext transform), and
determines what row, column, and disparity value would result from the resulting point.

Declaration

TriclopsError
tricl opsWrl dXYZToRCD( Tri cl opsCont ext cont ext,
float x,
float vy,
float z,
float* row
float* col,
float* disp )

Parameters

context | TriclopsContext set up for desired resolution.

X X value of apoint in the World coordinate system.
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y Y value of apoint in the World coordinate system.

2 Z value of apoint in the World coordinate system.

oW Therow in adisparity image.

col The column in adisparity image.

disp The disparity value that would match the point specified in XY Z.
See Also

triclopsRCDFloatToXY Z(), triclopsRCDMappedToXY Z(), triclopsRCD8ToXY Z(),
triclopsSetDisparity(), triclopsSetDisparityMapping() triclopsRCDToWorldXY Z(),
triclopsRCDHoat ToWor IdXY Z(), triclopsRCD8ToWorldXY Z(), triclopsRCD16ToWorldXY Z(),
triclopsXY ZToRCD(), triclopsSetTriclopsToWorldTransform(),
triclopsGetTriclopsToWorldTransform()

| triclopsWriteTransformToFile

Saves the contents of a TriclopsTransform to the output file.
This function saves the contents of the specified transform to an externd file.
Declaration

Tricl opsError
triclopsWiteTransfornioFile( char* fil eNaneg,
TriclopsTransforn* transform)

Parameters

fileName name of the file to which to save the transform

transform | the4x4 homogenoustransform to save

See Also

triclopsRCDToWorldXY Z(), triclopsRCDF oatToWorldXY Z(), triclopsRCD8ToWorldXY Z(),
triclopsRCD16ToWorldXY Z(), triclopsWorldXY ZToRCD(),
triclopsSetTriclopsToWorldTransformy), triclopsGetTriclopsToWorldTransformy),
triclopsGetTransformFromFile

| triclopsXYZToRCD

Converts true 3D points into image coordinates.

This function takes as input the XY Z position of a point in the Triclops coordinate system, and
determines what row, column, and disparity value would result from a sensed point at XY Z.

Declaration

Tricl opsError

tricl opsXYZToRCD( Tricl opsCont ext cont ext,
float x,
float vy,
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float z,
float* row

float* col,
float* disp )
Parameters
context TriclopsContext set up for desired resolution.
X X value of apoint in the Triclops coordinate system.
y Y value of apoint in the Triclops coordinate system.
2 Z value of apoint in the Triclops coordinate system.
row Therow in adisparity image.
col The column in adisparity image.
disp The disparity value that would match the point specified in XY Z.

Ungrouped Objects

| TRICLOPS VERSION

Declaration

#defi ne TRI CLOPS_VERSI ON 3101

Remarks
The version of the library.

Widebasdine Stereo

| triclopsCr eatel mage3d

Allocates a Triclopsimage3d to the correct size as specified by the resolution of the
TriclopsContext

Declaration

Tricl opsError
triclopsCreatel mage3d( Tricl opsContext context,
Tricl opsl mage3d** ppi nage )

Parameters

context The current TriclopsContext .

ppimage Pointer to the address of the Triclopsimage3d structure to allocate memory for.
See Also

triclopsDestroylmage3d(), triclopsExtractlmage3d(), triclopsExtractWorldimage3d()
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| triclopsCreateWidebasslineContext

Creates a widebaseline context based on the contexts of the two underlying stereo devices.

This function creates a widebaseline context based on the contexts of the two underlying stereo
devices. The two input contexts, beside having been properly initialized (and loaded) must have
their transformation set previous to this operation. Furthermore, these transforms both relate back
to the same world reference frame so that they can be used to determine how the two cameras are
positioned relative to one another. Once the widebaseline context has been created, stereo
processing for the virtual widebaseline camera can proceed by providing it with the
corresponding widebaseline input.

Declaration

Tricl opsError

tricl opsCreat eWdebasel i neContext ( TriclopsContext triclopsl,
TriclopsContext triclops2,
Tricl opsContext* triclops3 )

Parameters

The context for the stereo devive which forms the right camera for the stereo pair.

triclopsl

The context for the stereo devive which formsthe left camera for the stereo pair.

triclops2

The new context for stereo between the two devices

triclops3

See Also
TriclopsCreateWidebaselinel nput

| triclopsCr eateWidebaselinel nput

Creates awidebasdline input based on the two camera inputs.

Cresate a widebasaline input based on the Triclopsinput of the two underlying stereo devices. The
resulting input can then be used to perform stereo processing with the corresponding widebaseline
context.

Declaration

Tricl opsError

tricl opsQ eat eW debasel i nel nput( Tricl opsl nput inputl,
Tricl opsl nput input?2,
Triclopslnput* input3 )

Parameters

inputl Theinput from the stereo devive which forms the right camerafor the stereo pair.

input2 Theinput from the stereo devive which forms the left camerafor the stereo pair.

input3 The new input constructed from that of the two underlying devices

See Also
triclopsCreateWidebaselineContext
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| triclopsDestroyl mage3d

Deallocates a Triclopslmage3d allocated by triclopsCreatel mage3d()

Declaration

voi d
tricl opsDestroyl mage3d( Tricl opsl nage3d** ppi mage )

Parameters

Pointer to the address of the Triclopsimage3d structure to destroy.

ppimage
See Also
triclopsCreatel mage3d(), triclopsExtractimage3d(), triclopsExtractWorldlmage3d()

| triclopsExtractl mage3d

Creates a 3D image given the current disparity result of a TriclopsContext

Declaration

Tricl opsError
triclopsExtract!| mage3d( Tricl opsCont ext context,
Tricl opsl mage3d* pi nage )

Parameters

context The current TriclopsContext .

pimage Pointer to the Triclopsimage3d structure.

Remarks
Invalid points will be assigned the value of (0,0,0) in the returned image.

See Also
triclopsDestroylmage3d(), triclopsCreatel mage3d(), triclopsExtractWorldlmage3d()

triclopsExtractWorldl mage3d

Creates a 3D image given the current disparity result of a TriclopsContext that is transformed to
the world coordinate system

Declaration

Tricl opsError
tricl opsExtract Wrl dl nage3d( Tricl opsCont ext context,
Tricl opsl mage3d* pi nage )

Parameters
context The current TriclopsContext .
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pimage Pointer to the Triclopsimage3d structure.

Remarks
Invalid points will be assigned the vaue of (0,0,0) in the returned image.

See Also
triclopsDestroylmage3d(), triclopsCreatel mage3d(), triclopsExtractlmage3d()
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Chapter 7: Stereo Vision Detalils
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T his chapter presents an overview of stereo vision
technology. After reading this chapter you will have a
better understanding of the data flow in the library and
all tunable parameters. This will allow you to customize
the system to particular tasks.
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The purpose of stereo vision isto perform range measurements based on images obtained from slightly
offset cameras. There are three stepsin performing stereo processing:

Establish correspondence between image features in different views of the scene.

Calculate the relative displacement between feature coordinates in each image.

Determine the 3D location of the feature relative to the cameras, using the knowledge of the camera
geometry.

Consider the following example. Figure 2 shows an image pair obtained from the horizontally displaced
cameras of the Triclops cameramodule. We can identify two points A and B in both images. The point A ¢
corresponds to the point A ign. Similarly, point Bie corresponds to the point Biigh.

Figure 2: Example of matching points between stereo images

Using aruler, if you measure out the horizontal distance between the left edge of the images and the points,
you will find that distances in the left image are greater than the distance to the corresponding point in the
right image. For example, the distance to the phone handle from the left edge of theimage is greater than
the distance to the phone handle in the right image. Based on this distance (also called disparity) it is
possible to determine the distance to the phone handle from the camera module.

We will define the disparity as the difference between the coordinates of the same featuresin the left and
right image. Y ou will find that the distances from the top of the image to the matching features are exactly
the same in both images. Thisis because the cameras are horizontally aligned, therefore only the horizontal
displacement is relevant.

Disparity for the feature A will be defined as D(A) = X(Aet) — X(Arignt) and the disparity of point B will be
derived as D(B) = X(Bieft) — X(Brignt), Where X(A &) is the x coordinate of the point A .

If you calculated D(A) and D(B) you will find that D(B) > D(A) thisindicated that point B in the sceneis
closer than point A.
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Establishing Correspondence

The Triclops library establishes correspondence between images using the Sum of Absolute Differences
correlation method. The intuition behind the approach is to do the following:

For every pixel in the image

Select a neighborhood of a given square size from the reference image

Compare this neighborhood to a number of neighborhoodsin the other image (along the same row)
Select the best match

End

Comparison of neighborhoods or masksis done using the following formula:

- . . . .
mn & A gl x+illy+ i1- L Dx+i+dlly+ ]
m\ni:_%j:__r;
where:;

dpin @d d,,, @retheminimum and maximum disparitie s.
mis themask size.
ligneand |, aretheright and left images.

Equation 1: Sum of absolute differences

Calculating Distances

The distancesfrom the cameras are determined using the displacement between images and the geometry

of the cameras. The position of the matched feature is afunction of the displacement, the focal length of the
lenses, resolution of the CCD and the displacement between cameras.

The Triclopslibrary provides afunction that converts depth maps into distance images.

col image ?EJ fﬁte
wor | d
row i mage 7 worl d
vi ewi ng X world
direction

4/ vavorId

Figure 3: Image and world coordinate systemsin the Triclopslibrary

Figure 7 illustrates the coordinate systemin which the Triclops library represents images and the world
measurements. The origin of theimage isin the top left corner of the upright image. The origin of the world
measurementsisin the pinhole of the reference camera.

Multiple Cameras
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Raw i nput

The Digiclops™ Stereo Vision System consists of three cameras. The reason for thisis to make matching
between images more robust. The principle behind using multiple cameras is to combine the matching

resultsin order to establish the most correct match. In the case of the Triclops library, the results of
correlation are added up for the equivalent displacementsin the vertical and horizontal direction. By

combining the correlation valuesit is possible to encase the valleys in which the correct match is found.

TriclopsLibrary Data Flow

Figure 4 shows the data flow in the Triclops library. The library takes raw images obtained from the

Triclops camera module and produces depth images. There are two main processing blocksin the library.
Thefirst processing block is the image pre-processing block that applies alow-passfilter, rectifiesthe
images and performs edge detection. The second processing block does stereo matching, validation of
results and subpixel interpolation. The result of the library is a depth image.

i mages

T~

Pr e- processi ng

Lowpass filtering
Rectification
Edge detection

Pre-processed
i mages

Figure 4: Triclopslibrary dataflow

Preprocessing

v

St ereo processing

Stereo Matching
Val i dati on
Subpi xel interpol atoin

Dept h i mages

/'

The pre-processing module of the Triclopslibrary prepares the raw images for stereo processing. Pre-
processing allows specification of the processing resolution, and the following functionality:
Low-Pass Filtering

In order to rectify the imagesit isimportant to smooth them. If image rectification isdoneit isagood idea
to turn on the low pass filtering. Rectification can still be done with low passfiltering disabled but the
rectified images will exhibit aliasing effects. The user has the option of disabling the low-pass filtering in
order to speed up processing.

Rectification

Rectification is the process of correcting input images for the distortions of the lenses. L enses often cause
distortionsin raw images. For example, straight lines in the scene will often appear curved in the raw
images. This effect will be particularly evident in the corners of the images. Rectified images will be
corrected for these kinds of distortions.

Further, rectified images will be corrected so that the rows of images digitized from horizontally displaced
cameras are aligned, and similarly that the columns of images obtained from vertically displaced cameras
are aligned. Without this feature, searching along the rows and columns will not produce the correct results.

Edge Detection

Edge detection is an optional feature that allows matching on the changesin the brightness rather than the
absolute values of the pixelsin theimages. Thisfeature is useful because the camerasin the Triclops
camera module have auto gain control. If the auto gainsin the cameras do not change identically, the
absolute brightness between images may not be the same. While absolute brightness are not the same, the
change in the intensity stays constant. Therefore, using edge detection will help in environments where the

lighting conditions change significantly.
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While edge detection may improve results, there is an additional processing cost that is associated with it.
Therefore the user needs to evaluate the result improvement when choosing to turn edge detection on.

Note that validation isonly available in the edge detection mode.
Stereo Processing

The stereo processing module applies the Sum of Absolute Differences algorithm described in previous
sections. There are anumber of parameters that determine the kind of depth image produced:

Disparity Range

Disparity rangeis the range of pixelsthat the stereo algorithm searches in order to find the best match. In
the Triclops system adisparity of zero pixels correspondsto an infinitely far away object. The maximum
disparity defines the closest position of an object that is to be determined. Users are allowed and
encouraged to set the disparity range that is the most suitable for the task at hand. Reducing the disparity
range will allow the system to run faster and will reduce the chance of a mismatching.

Correlation Mask

Correlation mask is a square neighborhood around the pixel that the system istrying to find the match for.
The user is allowed to specify the size of the correlation mask. The correlation mask controls the coarseness
of features compared between images. Larger masks will produce depth maps that are denser and smoother,
however, they may lack precision in identifying the position of depth discontinuities. On the other hand
smaller masks will produce sparser and more noisy depth images, but the localization of depth
discontinuities will be much better.

To produce similar results the size of the mask must be proportional to the resolution of the images
processed. Thus, in order to produce comparable results, a 5x5 mask on a 160x120-pixel image should be
increased to a 9x9 mask for a 320x240-pixel image. Mask sizes must be odd numbers. Valid mask sizes
are 3x3, 5x5, 7x7, and invalid mask sizes are 4x4, 6x6, 8x8. The Triclopsis capable of supporting a
maximum 15x15 mask to a 1x1 minimum. In addition, a new experimental function has been added:
triclopsSetAnyStereoMask. Thisfunction allows the user to set any correlation mask size for stereo. This
function is classified as an ‘experimental’ function, and care should be taken in itsuse. For more
information, see the description of 'triclopsSetAnyStereoMask' in the Detailed Experimental Function
Descriptions section.

Validation

In some cases, such as occlusions and lack of texture, it isnot possible to establish correspondence between
images. If the correspondence is not correct, the obtained measurements can not be correct. In order to
avoid incorrect measurements, two validation methods are introduced:

Texture validation determines whether disparity values are valid based on levels of texturein the
correlation mask. If the amount of texture is not sufficient to produce correct matches, the pixel will be
declared invalid.

Uniqueness validation determines whether the best match for a particular pixel is significantly better than
other matches within the correlation mask. Even if the correlation mask has enough texture, the correct
match may not exist due to an occlusion. If the correlation result is not strong enough, the pixel will be
declared invalid.

The user can specify two thresholds that control the strictness of validation - one for texture and one for
uniqueness.
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Better Calibration

The camera calibration has been improved to give greater overlap between cameras. This means awider
range of focal length lens can be used in the Triclops family of stereo vision cameras. Triclops SDK 2.2is
thefirst Triclops release that fully takes advantage of the new advancesin calibration.

Subpixel Interpolation

The Triclops library allows matching between images to subpixel accuracy. The library takes advantage of
the matching results of the neighboring pixels of the resulting disparity to determine an approximation that
iswithin afraction of apixel. Accurate calibration between cameras allows an accuracy of 0.2 of apixel.

This function marginally increases the computation time. If precise 3D position information is not
required, it may be omitted.

Surface Validation

Triclops SDK 2.5 supports 'surface validation'. Thisisafiltering process designed to remove noise from
the disparity image. The kind of noise removed with this processis'spikes. Spikes are characteristic of
mismatchesin correlation-based stereo vision. The spikes can often cover a connected region of many
pixels. Thisnoiseisnot zero-mean, random, evenly distributed or Gaussian. Theresult isthat thisnoiseis
difficult to remove with standard filtering techniques, asit appearsto be avalid signal, instead of noise.
Surface validation is a method to validate regions of adisparity image based on an assumption that they
must belong to alikely physical surfacein theimage. The method segments the disparity image into
connected regions. Any region that islessthan agiven size, is suspect and removed from the disparity
image. See also in the Detailed Function Descriptions section: triclopsSetSurfaceValidation,
triclopsGetSurfaceValidation, triclopsSetSurfaceValidationSize, triclopsGetSurfaceValidationSize,
triclopsSetSurfaceV alidationDifference, triclopsGetSurfaceV alidationDifference,

triclopsSetSurfaceV alidationM apping, triclopsGetSurfaceV alidationM apping.

Subpixel Validation Mapping

In previous versions of the Triclops SDK, the validation mapping did not work when the subpixel
interpolation flag was on. Now, validation mapping values are used during subpixel interpolation. Pixels
which are invalid when performing subpixel validation are marked with values of OxFFOO + mv, where 'mv’
is the mapping value for the particul ar validation check that has failed.

Region Of Interest and Subpixel

Unfortunately, although ROI processing does work with subpixel stereo, it does not improve the speed of
processing. Therefore, we recommend that users only bother with ROI processing if they are not using the
subpixel functionality of the stereo engine.

Disparity Mapping

Disparity mapping is a method to automatically scale the output disparity image between some fixed
'mapping' values. Thisisaconvenience, especially for demos when one wants the disparity images to be
scaled within the entire display range of brightness values. The problem with disparity mapping isthat it
can cause alot of trouble when trying to use mapped information to extract 3D information. The
RCDToXY Z family of functions are designed to extract 3D information from disparity values. If these
functions haveto first correct for disparity mapping, a significant performance reduction has incurred.

To make it easy to simply turn off and ignore disparity mapping, we have added a new flag for the
TriclopsContext, the DisparityMappingOn flag. Thisis accessed through
triclopsSet/GetDisparityMappingOn() functions. The default value will be ‘false’. This means that most
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users of the Triclops SDK canignore disparity mapping. Users who are using disparity mapping must
change their programsto call triclopsSetDisparityM appingOn( context, 1) to enable disparity mapping.

Disparity mapping does not currently work for subpixel stereo, and Point Grey Research, Inc. (PGR)
currently has no plans to extend disparity mapping to subpixel stereo. PGR would like to discourage users
from depending on this functionality as this may be removed in later versions of the SDK.
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Contacting Point Grey Research

We encourage you to visit the online Q & A forums on our web site if you encounter any
problems with the Triclops Stereo Vision SDK. For any problems not resolved on our web sSite,
or if you have any comments for us, you can contact us via the methods listed below.

For any questions, concerns or comments please contact us via the following methods:

Email:
info@ptgrey.com
sales@ptgrey.com
support@ptgrey.com

Telephone:
(604) 730-9937

Fax:
(604) 732-8231

Mail:

Point Grey Research, Inc.
305-1847 W. Broadway
Vancouver, BC
V6J1Y6

Canada
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triClOPSGELTEXIUIEV BlIABLION ......o.eeveeee ettt bbb
triclopsGetTextureV alidatioNMaPPING . ......cveeeereieeerieeeer et s et ses s
triclopsGetTextureValidationThreshold
triclOpSGELTranSfOrMITOMFIIE ...t
triclopsGetTriclopsToWorldTransform
triclopsGetUniquenessV alidalion ..........ccceeenneseenssesssssssssssesssssssessesnens
triclopsGetUniquenessV alidationM apping
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triclopsGetUniquenessValidationThreshold
Triclopslmage

Triclopslmagel6Type.....ccoveenne.
Trilmgl6_DISPARITY
Triclopsimage3d

PPOINES ....vueeeaeeesr et see et eee e E RS R RS eRRERR R R
01T o OO
TriclopslmageType
THIMQ_DISPARITY ettt se s sb et ses e bbb bbb bbb bbbttt
LI 1e T =5OTTTTTR
Trilmg_PACKED
LI T2 A PR
THIMQ_RECTIFIED ...ttt ettt
Triclopslnput
T DUE T Y DB oottt b bRt

TriclopsinputType
THINP_NONE ...ttt bbb bbb
Trilnp_RGB
TrINP_RGB_32BIT_PACKED ...ttt 59

EFICIOPSPIEPIOCESS........euteetet e
triclopsRCD16ToWorldXY Z
THICIOPSRCD LOTOXY Z ...ttt
triCIOPSRCDBTOWOITAXY Z ...ttt s

triclopsRCD8ToXY Z
triclopsRCDFloatToWorldXY Z
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trICIOPSRCDFIOBITOXY Z ...ttt sesesssesesessse e ssasssessssesss st ssessnsessesesssesssesssesnssnssnsssnnssnses

triclopSRCDMappedTOWONTAXY Z .....c.veieeeirerinesireieese s

triclopsRCDM appedToXY Z

triclopsRCDToWorldXYZ............

triclopsRCDTOXY Z .....covvrvecrenas

triclOPSRECtI TYCOlONTMEGE ..ot

triclopsRectifyPackedColOrImage.........ccvveviveeienseiesseis s sasssseseseens

triclopsRectifyPixel

TriclopSROI ...
COlveieriereiees

triClOPSSAVECOIONTMAGE ...ttt
EFICIOPSSAVEIMAGE.......ceuteeeateaet ettt bbbt
triclopsSavel magel6
triClOPSSaVEPACKEACOI O IMAJE.... ..ottt
tri CIOPSSELANY SLEEOM@SK........cereeiieee ettt
triclopsSetCameraConfiguration
triClOPSSEtCOIOF I MAGEBUITET ...ttt a s ae s
EFICIOPSSEIDEIUG.......cocvcviictcte ettt a et b b e At At s A bt n et s aet et s
triclopsSetDisparity
triClOPSSELDISPArtY M BPIING ... eeeeeererereerteeresissietresessessesesssessssessssessessssssssesssssessssssssessssssssessssssssessssssssnsassssssssessssssnsases
tri ClOPSSELDi SPAritYMAPPINGON .....v ettt s s s st sse s s sssse e s st s e s sn s et s snsnsessennsnsasaes
triclopsSetDoStereo
i ClOPSSELEAGECOITEIALTION ...ttt
T CIOPSSELEAGEMASK. ... ceeeeeteet et
triclopsSetl magel6Buffer
TriClOPSSELIMAJEBUTTEN ...ttt
TFICIOPSSEIL OWPBSS. ......oveurear ettt
triclopsSetNumberOfROI s
triclopsSetPackedColOrIMAgEBUFTET ..........cccicce ettt
LU0 LT 1SS (= ot 1Y PP R
triclopsSetResol ution
tri ClOPSSELRESOIUti ONANUPTEDAIE .......evvicereetresisie ettt sses s s e ssss s s st ss s s sssse s sssesss e s snsessssnsnsessesnsnsesaes
riClOPSSELSLEIEOM BSK ......euceceeeirciseresessesteisesessie s sess s sasessss s e sss bt sssss s sessss s e s e e s s et se s s sesee e sns et s se e sntes s s snsesesnsnsasaes
triclopsSetStrictSubpixel Validation
triclOpSSEtSUDPI XE INEEIPOIBEION.........ceeeieeeereceecee et
triclopsSetSubpiXelV alidati ONMEPPING ......c.vuvereereieeiieerer et eseen
triclopsSetSurfaceV alidation
triclopsSetSurfaceV alidatiONDITFEIENCE .........cu it
triclopsSetSurfaceV alidatiONMEPPING ........cre ettt
triclopsSetSurfaceValidationSize
triClOPSSELTEXIUIEV @I ABLION.......c.cveeiececte ettt a et b bbbt s s st s e an b s s
triclopsSetTextureV alidati ONMEPPING........ccocrurererreresiere st s e ss s s s s s s st s se bt s s assessessassesaes
triclopsSetTextureValidationThreshold
triclopsSetTriclOPSTOWOITATIANSIOMMN.......ccicireccecereccie ettt sn s ne e nnsenns

triClOPSSEtUNI QUENESSY AlITGLION ..ottt a ettt n s s s snsen
triclopsSetUniquenessV alidationM apping
triclopsSetUniquenessV alidatioNThreShold ...
EFICIOPSSLEI0......c..cevaeeae ettt
TriclopsTimestamp
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triclOpSUNSELCOlOrIMAGEBUFTEN ...t ns s
triclopsUnsetl magel6Buffer.
triclopsUNSEtMAagEBUFTEN ...
triclopsUnsetPackedCol orlmageBuffer
THICIOPSVEISION ...t
triclopsWorldXY ZToRCD
triclopsWriteDefaultCONEXTTORIIE .......ccveerceceeeeee s

triclopSWIteTransfOrMT ORI ...
THICIOPSXY ZTORCD ...ttt et a et s bt an st ee st et s et et et s s aet s s nnsntas
TrilMQ_DISPARITY .ottt sessenens See TriclopslmageType:: Trilmg_DISPARITY
THIMQ_EDGE ...ttt sseseses See TriclopslmageType::Trilmg_EDGE
TrHIMQG_PACKED ...ttt See TriclopsimageType:: Trilmg_PACKED
THIMG_RAW ettt See TriclopslmageType:: Trilmg_RAW
THIMQ_RECTIFIED ..ot See TriclopsimageType:: Trilmg_RECTIFIED
Trilmgl6 _DISPARITY ..o See Triclopsimagel6Type:: Trilmgl6_DISPARITY
Trilnp_NONE. See TriclopslnputType:: Trilnp_NONE
THINP_RGB ... See TriclopslnputType:: Trilnp_RGB
Trilnp_RGB_32BIT_PACKED ..o See TriclopsinputType:: Trilnp_RGB_32BIT_PACKED
Troubleshooting

Contacting POIiNt Grey RESEAICN.........co i e n s nnete 123
U

u See Triclopsinput::u
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