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Read This First

About This Guide

The 3D Scanner Reference Design enables faster evaluation of scanning applications utilizing DLP®
platforms. This guide walks the user through the installation, calibration, and operation of the 3D Scanner
Reference Design.

Related Documentation from Texas Instruments
DLPC900 Datasheet: DLPC900 Digital Controller for Advanced Light Control, DLPS037
DLP6500FLQ Datasheet: DLP6500FLQ 0.65 1080p MVSP Type A DMD, DLPS040
DLP6500FYE Datasheet: DLP6500FYE 0.65 1080p MVSP S600 DMD, DLPS053
User's Guide: DLP® LightCrafter ™ 6500 and 9000 EVM User's Guide, DLPU028
User's Guide: DLP® Advanced Light Control SDK for Lightcrafter™ EVMs, DLPU042
Assembly Guide: TIDA-00362 Camera Trigger Cable Assembly, http://www.ti.com/lit/df/tidreb7/tidreb7.pdf

If You Need Assistance

Refer to the DLP and MEMS Tl E2E Community support forums:
http://e2e.ti.com/support/dlp _mems_micro-electro-mechanical systems/default.aspx

Minimum System Requirements
» PC with 1GHz, or faster, 32-bit (x86) processor
+ 2GB RAM
* 10GB of free hard-disk space
* Microsoft® Windows® 7 SP 1
* Microsoft Visual C++ 2010 Redistributable
» Microsoft Visual C++ 2012 Redistributable
» Microsoft .NET Framework 4.5.1
 USB 3.0 port
 USB 2.0 port
e Qt Creator 5.3.2 Integrated Design Environment (IDE)
e OpenCV v2.4.10 Libraries
» Point Grey FlyCapture® v2.9 SDK
* MeshLab v1.3.3
* DLP® LightCrafter 6500™ Evaluation Module
* Point Grey Grasshopper®3 USB 3.0 Camera

Note: The 3D Scanner Reference Design installation and setup is written for users that are familiar with
navigating through Windows command line prompts.

LightCrafter, LightCrafter 6500, Lightcrafter are trademarks of Texas Instruments.
DLP is a registered trademark of Texas Instruments.

Microsoft, Windows are registered trademarks of Microsoft Corporation.
FlyCapture, Grasshopper are registered trademarks of Point Grey.

LightCrafter, are trademarks of ~ Texas Instruments.
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Note: The 3D Scanner Reference Design was created with the above listed versions of each software
tool. Using newer versions of the software tools may render the code inoperable.
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Introduction to the 3D Scanner Reference Design

The 3D Scanner Reference Design is an active 3-dimensional photography system that generates a digital
representation of a physical object. The data generated by the 3D Scanner Reference Design can be
analyzed, or otherwise manipulated, to provide information to automated systems about their environment.
The information created by the 3D Scanner Reference Design allows machines to make intelligent
decisions in a dynamic environment. Applications include 3D metrology, factory automation and robotic
vision.

Structured Light

Structured light is a method to achieve 3-dimensional photography of objects by manipulating lighting
conditions of a scene under study. The 3D Scanner Reference Design projects a series of time-
multiplexed and three phase patterns to extract spatial data from a scene. The 3D Scanner Reference
Design leverages the highly-programmable DLP digital micromirror device to rapidly display patterns
reducing data acquisition times. DLP is also light source agnostic, making it well suited for structured light
applications using solid-state — near infrared, visible, or ultraviolet light — or laser-based illumination.

How the 3D Scanner Reference Design Works

The 3D Scanner Reference Design consists of a LightCrafter 6500 evaluation module and a camera
interfacing with a host PC. The 3D Scanner Reference Design utilizes multiple DLP Advanced Light
Control SDK for Lightcrafter™ EVMs (hereto referred to as the DLP ALC SDK) modules to perform
necessary calculations on the host PC.

Projector and Camera Modules

The host PC must send and receive data from both a projector and camera. In this reference design, a
Point Grey Grasshopper3 camera is used with a LightCrafter 6500 module that enables easy, feature-rich
use of the projector.

Calibration

The DLP ALC SDK contains a calibration module to estimate intrinsic and extrinsic parameters of both the
camera and projector. An example of the estimated parameters include focal point, lens distortion, and
spatial orientation of the camera to the projector. The calibration routine must be performed any time the
projector and camera change orientation with each other, or the devices are replaced.

Pattern Projection

Pattern projection is handled by a structured light module in the DLP ALC SDK. The module generates
vertical and horizontal Gray coded patterns or phase shifted patterns that are sent to a LightCrafter 6500
projector. The firmware file is prepared and uploaded to the projector using the LightCrafter 6500 module.

Image Capture

Each projected pattern is captured by the Point Grey Grasshopper3 global or rolling shutter camera or a
compatible OpenCV camera (such as a webcam). The images are stored in an image class and the
information in the series of images is decoded by the structured light class.
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1.3.5 Information Decoding

The structured light class performs decoding of the captured images to determine which projector ray the
camera ray detects.

1.3.6 Point Cloud Reconstruction

Objects in view of both the camera and projector will cause different rays from the camera and projector to
intersect each other. This intersection can be calculated by using the Gray coded and/or phase-shifted ray
information from the projector along with the detected ray information from the captured images. This
intersection of rays determines an object's real point in space. The geometrical ray intersection
calculations are performed by a geometry module in the DLP ALC SDK for each intersecting point.

The points generated by the geometry module are stored in a collection called a point cloud. The point
cloud is all of the known points from a captured scene. Software tools and algorithms can be produced to
use point clouds to create solid surfaces. MeshLab is the software tool used to view point clouds during
the 3D Scanner Reference Design development.
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Installing the 3D Scanner Reference Design

2.1 Before using the 3D Scanner Reference Design application, a few software dependencies and the
reference design software itself must be installed. The Point Grey FlyCapture 2+ SDK supplies the drivers
required for operating the Point Grey Grasshopper3 USB camera, and MeshLab acts as a 3D viewer for
the generated point cloud files. Please read the following sections for more detailed instructions.

2.2 Installing the Point Grey FlyCapture® 2+ Full SDK
The Point Grey software development kit (SDK) supplies the required drivers for image capture when
using the Point Grey cameras. This section walks the user through set up of the FlyCapture2 Full SDK.
Warning: Ensure that Microsoft .NET Framework is installed along with the Visual C++ redistributables
listed in the Minimum System Requirements.

1. Go to the Point Grey download site, located at http://www.ptgrey.com/support/downloads and
download the FlyCapture2 Full SDK for the appropriate operating system, as shown in Figure 2-1.
Note: When developing with the DLP ALC SDK, install the 32-bit version of the FlyCapture SDK to
ensure compatibility with the MinGW compiler used in later steps.

S — - ] [y | 5 )
/ { software Download: x ”
€« C' | 8 https://www.ptgrey.com/support/downloads T O 0O = \
i Apps WP E2E [ DLP <9 DLP® Mercurial - Support Analyzer [J Other bookmarks +
@ Software (16)
Latest FlyCapture2 Full SDK
The FlyCapture Full SDK package can be used to work with Point Grey Firewire, Gigk, USB2, and USB3 cameras. The complete
SDK contains all documentafion, example source code, precompiled examples, and libraries required to develop your application
using our FlyCapture2 SDK. For a minimal installation which only contains our FlyCap2 camera viewer and minimal drivers and
runtimes/libraries, please download the FlyCapture2 Viewer download.
o @8 [l ] FlyCapture 2.9 - Release Notes — 03/02/2016 - 76.
o B[L]F yCapture 2.9.3.13 SDK - Linux Ubuntu (32-bi 11.672MB
o @[l ]FlyCapture 2.9.2 K - Linux Ubuntu (64 / -11.1494MB
o @[ ]FlyCapture 2.9.2 K - ARM Hard Float — 02/ 16-17.288MB
o B[ FlyCapture 2.9.3 Nindows (32- ] 49,1416MB
o B[ ]FlyCapture 2.9.3.1 - Windows (6 /15/2016 - 251.1416MB N
o @[LIF yCapture 2.9.3.11 - ws GTK Runtimes (64-bit) — 07, 015 - 63.896MB
o @[LIF lows GTK Runtimes (32-bit) — 07/16/2015 - 63.1408MB
N
|
Latest FlyCapture2 Viewer
The FlyCapture Viewer package can be used to view images from our single lens Firewire, Gig, USB2, and USB3 cameras. This
Viewer package is a minimal installer which will only install our FlyCap2 demo application as well as the minimum necessary
binaries and drivers. For access to the full SDK, documentation, older dlls, and example source code, please download the full
SDK.
o @[l ] FlyCapture 2.9 - Release Notes — 02/16/2016 - 76.
o @ [l ]FlyCapture 2.9.3.11 Viewer - \ -29.1424MB
o B [ 4 ] FlyCapture 2.9.3.11 Viewer - Window: 16 - 30.1424MB M
Latest FlyCapture2 Cognex AlK
This software package should be installed only if using Cognex software with Point Grey USB2 or USB3 cameras. For more
information on using USB cameras in Cognex, please visit http://www.ptgrey.com/KB/10788, For using other interfaces in
Cognex, please visit our knowledge base at http://www.ptgrey.com/http://www.ptgrey.com/support/knowledge-base.
o B 1 rhraetien 189 4 Feenes A1 Daleses hietas  ATHE/AATE 10 @aavn - v
Figure 2-1. Point Grey Software Downloads Page
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Installing the Point Grey FlyCapture® 2+ Full SDK

2. Run the downloaded installation file and click the "Install"* button, as shown in Figure 2-2.
Note: If the Microsoft .NET Framework has not already been installed, the FlyCapture installer will

attempt to install it.

4,- FlyCapture 2.9 Release 11 Installer

Windows 7 SP1 (x64)

The following components will be installed as part of the

FlyCapture 2.9 Release 11 installation:

FlyCapture2_x86.msi

[ et |

oo ]

Figure 2-2. Setting Up the FlyCapture?2 Install

3. After extraction of the installation components, the installer will begin with a welcome page as shown in
Figure 2-3. Click the "Next" button to continue.

ﬁ FlyCapture 2.9 Release 11 Setup R TL

11 Setup Wizard

The Setup Wizard will install FlyCapture 2.9 Release 11 on your

Welcome to the FlyCapture 2.9 Release

computer. Click Next to continue or Cancel to exit the Setup

Wizard.

Back Next

l ’ Cancel

Figure 2-3. FlyCapture2 Installation
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4. Read and accept or decline the end-user license agreement for the FlyCapture2 SDK as shown in
Figure 2-4. If the license agreement is declined, the SDK will not be installed. Click the "Next" button

to continue.
ﬁ! FlyCapture 2.9 Release 11 Setup [ = S
End-User License Agreement (
Please read the following license agreement carefully ‘

PGR FlyCapture® SDK License Agreement

nf »

READ CAREFULLY: This is a legal agreement between you (an
individual or a single entity) (“you”) and Point Grey Research, Inc.
(“PGR”). Before installing and using the FlyCapture® Software
Development Kit and any updates to it that we may at our
discretion provide to you (collectively, the "SDK"), you should
read this agreement. If you do not agree with all of the terms of
this agreement, do not install or use the SDK. PGR may change
this agreement at any time and it is your responsibility to review

the most updated version of it on PGR’s website at
<httnc i ntnrav camfennnnrt/lehidata (PR _Fha™an SNK_1 A nAf=

[]1accept the terms in the License Agreement

Print ] [ Back “ Mext l l Cancel

Figure 2-4. FlyCapture2 SDK Licensing Agreement

5. Read the online release notes and click the "Next" button, shown in Figure 2-5, to proceed with the
installation.

ﬁ FlyCapture 2.9 Release 11 Setup E=RAEN X
Release Notes ‘(

The following information describes this installation.

View The Online Release Notes ‘

The release notes will open in a web browser. (A network connection is required)

Back l Next l ’ Cancel

Figure 2-5. FlyCapture2 SDK Release Notes
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6. Fill out the required Name and Organization fields and click the "Next" button, shown in Figure 2-6, to
proceed with the installation.

ﬁ FlyCapture 2.9 Release 11 Setup - El_léj
User Information ‘(

Enter the following to personalize your installation.

Full Name: |T1 User
Organization: |Texa5 Instruments, Inc
Email address (optional): |examp|e@example.c0m

The settings for this application can be installed for the current user or for all users that share
this computer. You must have administrator rights to install the settings for all users. Install
this application for:

(@) Anyone who uses this computer

() Only for me

[ ] Automatically register with PGR via the internet

Back ” Next ] ’ Cancel

Figure 2-6. FlyCapture2 SDK User Information

7. Choose the installation directory where the FlyCapture2 SDK will be installed. Click the "Next" button,
highlighted in Figure 2-7.

ﬁ FlyCapture 2.9 Release 11 Setup ~ ~ - El_léj
Destination Folder ‘(

Click Next to install to the default folder or click Change to choose another.

Install FlyCapture 2.9 Release 11 to:

|C: \Program Files (x86)\Point Grey Research\FlyCapture2\

|
Back I" Next l ’ Cancel
—

Figure 2-7. FlyCapture2 SDK Installation Path
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8. Click the button labeled "Complete" to install the entire FlyCapture2 SDK, shown in Figure 2-8.

ﬁ FlyCapture 2.9 Release 11 Setup

= ——

Choose Setup Type

[ Minimal ]

[ omom ]

Choose the setup type that best suits your needs

Installs only those files required for a FlyCapture2-based program to
run (drivers and DLLs only). This option is recommended for OEMs
who create custom applications.

Complete i
Installs all SDK components except cross-development files. This

includes drivers and DLLs, executables, documentation, and example
source code. This is the recommended option for most users.

Use this option to choose which SDK components to install and where
they will be installed. Choose this option to install the
cross-development files. This option is recommended for advanced
users only.

MNext

(

Cancel

Figure 2-8. FlyCapture2 SDK Installation Options

9. Pick the camera interface that will be used. For the 3D Scanner Reference Design, the USB interface
is utilized. Select "I will use USB cameras," uncheck the box "Install USBPro", and then click the "Next"
button. The "Next" button and USB selection is shown in Figure 2-9.

ﬁ FlyCapture 2.9 Release 11 Setup

= —_—

Interface Driver Selection

Please select drivers to install.

[] 1 will use firewire cameras.
Install PGRCAM - Point Grey Firewire Camera Driver.
Install FirePRO - Point Grey Firewire Interface Driver.

[]1 will use USB cameras.
Install PGRUSBCam - Point Grey USB Camera Driver.
[ ] mstall USBPro - Point Grey USB Interface Driver.

[] 1 will use GigE cameras.
Install Point Grey Metwork Filter Driver.

(

Configure USBPro

l Which Point Grey camera driver should I use? l l Back

Mext

l ’ Cancel

Figure 2-9. Camera Interface Selection for FlyCapture2 SDK
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10. Once your options have been selected, the FlyCapture2 installer will confirm the settings. Check the
box labeled "Click to confirm," then click the "Next" button, shown in Figure 2-10.

15 FlyCapture 2.9 Release 11 Setup E=NIEN X

Confirm Interface Selection ‘(

Please verify your interface driver selection.

You have selected the following interface drivers to be installed. Greyed out drivers will not be
installed. Please confirm the selection or go back to change the selected interfaces.

PGR Camera Driver

PGR FirePro Driver

PGR USB Camera Driver
PGR USBPro Driver

PGR Metwork Filter Driver

Click to confirm

Back i“ Next l ’ Cancel

Figure 2-10. Confirm Camera Interface Selection for FlyCapture2 SDK
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11. Allow FlyCapture2 to manage processor idle states while the SDK is in use. Accept the default
selection and click the "Next" button, shown in Figure 2-11.

Note: This option keeps the CPU running as long as the application executable or the Point Grey GUI
is active. This can significantly increase the computer's power consumption. After any experiment
being run, restore the power option to their previous default. On a Windows machine, search for and
select "power options" in the Start Menu. Click "More Power Options" then "Change Plan Settings" and

finally select "Restore Default Settings."

ﬁFIyCapture 2.9 Release 11 Setup C=REEN X

Additional Installer Options ‘(

Select additional functions for the installer to perform.

If you would like the FlyCapture2 DirectShow dlls to be registered during installation select
the checkbox below. The FlyCapture2 DirectShow dlls can be registered/unregistered
after installation using the FlyCapture2->Utilities shortcut.

["] The installer will register the DirectShow dils.

To optimize performance, we recommend that processor idle states be disabled when
using FlyCapture2

Check the box below to allow FlyCapture2 to manage processor idle states. If checked,
FlyCapture2 will disable processor idle states while active and restore them after running.

FlyCapture2 will manage processor idle states.

P

Back [ Next l I Cancel

Figure 2-11. Idle State Management Selection for FlyCapture2 SDK
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12. Click the "Install" button, shown in Figure 2-12, to continue the installation.

e T RN L

Ready to install FlyCapture 2.9 Release 11 ‘f:

Click Install to begin the installation. Click Back to review or change any of your installation
settings. Click Cancel to exit the wizard.

Back H Install | [ Cancel

Figure 2-12. Install FlyCapture2 SDK
13. Wait for the FlyCapture2 SDK files to install. The progress bar is shown in Figure 2-13.

E FlyCapture 2.9 Release 11 Setup I _ ==

Installing FlyCapture 2.9 Release 11

Please wait while the Setup Wizard installs FlyCapture 2.9 Release 11.

WWW.PTGREY.COM/USB3

Figure 2-13. FlyCapture2 SDK Installation Progress Bar
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14. After the installation is complete, click the "Finish" button shown in Figure 2-14.
E FlyCapture 2.9 Release 11 Setup I i E=RIEN X
Completed the FlyCapture 2.9 Release
11 Setup Wizard
Click the Finish button to exit the Setup Wizard.
[] view FlyCapture2 Release Notes.
[] view FlyCapture2 SDK Help.
[] View FlyCapture2 AFI Help.
Figure 2-14. FlyCapture2 SDK Finish Installation
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Installing MeshLab

2.3 Installing MeshLab

MeshLab is the software utility recommended to view pointclouds generated by the reference design.
Installation of MeshLab is detailed in this section.

1. Go to the MeshLab website located at http://meshlab.sourceforge.net/ and download MeshLab V1.3.3
(or higher) executable.

2. As a system administrator, run the downloaded installation file and click the "Next" button as shown in
Figure 2-15.

Note: If the files fail to install, make sure the installation program is run with administrator privileges.
Running without administrator privileges will cause the installation to fail.

¥ B
{71 MeshLab 645 13.3 Setup. LElElg

Welcome to the MeshlLab_64b 1.3.3 |
Setup Wizard

This wizard will guide you through the installation of
MeshLab_64b 1.3.3.

Itis recommended that you dose all ather applications
before starting Setup, This will make it possible to update
relevant system files without having to reboot your
computer,

Click Mext to continue.

[ Next = ] ’ Cancel

Figure 2-15. MeshLab Installer Initial Screen

3. Read and accept the end-user license agreement and the privacy agreement by clicking the "I Agree"
button once for each agreement, as shown in Figure 2-16.

P B

License Agreement P, '
Please review the license terms before installing MeshLab_64b 1.3.3. { 9 ’

Press Page Down to see the rest of the agreement.

| GNU GEMER.AL PUBLIC LICENSE -
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.

51 Franklin 5t, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble

_Thellicenses_ for most gof‘tware are designed to take away your -

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install MeshLab_64b 1.3.3.

Cancel l

| < Back I][ 1 Agree ]

Figure 2-16. MeshLab End User License Agreement
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4. Choose the installation directory for the MeshLab program, shown in Figure 2-17.

|7+ MeshLab_64b 133 Setup. E: e

| Choose Install Location P I
Choose the folder in which to install MeshLab_g4b 1.3.3. {_,J 7

Setup will install MeshLab_64b 1.3.3 in the following folder. To install in a different folder, dick
Browse and select another folder. Click Install to start the installation.

Destination Folder

Browse...

Space required: 78,5MB
Space available: 5. 1GE

< Back Install Cancel

Figure 2-17. MeshLab Installation Path

5. Allow the files to be installed and, once completed, click the "Finish" button, highlighted in Figure 2-18.

|+ MeshLab_64b 133 Setup. _

Sy

Completing the MeshLab_64b 1.3.3
Setup Wizard

MeshLab_&4b 1.3.3 has been installed on your computer,

Click Finish to dose this wizard.

[¥] Run MeshLab_g4b 1.3.3

Figure 2-18. MeshLab Installation Completed
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2.4 Downloading the 3D Scanner Reference Design

Compiled Windows binaries for the 3D Scanner Reference Design are offered for convenience. The
binaries can be downloaded from the "Software" section of the reference design tool page at
http://www.ti.com/tool/TIDA-00362.

To build the source code for the reference design as well as the DLP Advanced Light Control SDK, please
refer to DLPUO42.

2.5 Installing the 3D Scanner Reference Design
1. Decompress the "tidca56.zip" file in a convenient location.

2. Install the 3D Scanner Reference Design by executing the file "TIDA00362-***-windows-installer.exe,"
as shown in Figure 2-19.

Search S.. P

Organize = Include in library Share with = Mew folder =~ O Q
L Favorites il Name Date modified Type Size
Ml Desktop = =, TIDAD0362-2.0-windows-installer.exe 3/29/2016 8:30 PM  Application 13,280 KB
¢ Downloads

<« Recent Places
- Music I

| Libraries

', Documents

1item

Figure 2-19. 3D Scanner Reference Design Installation Executable

3. Click the "Next" button on the install wizard setup screen, as shown in Figure 2-20.

-
> > =
Setup - TIDA-00362_3D_Scanner_LCr6500
Welcome to the TIDA-00362_3D_Scanner_LCr6500 Setup Wizard.
< Back | Next > | Cancel ]

Figure 2-20. 3D Scanner Reference Design Setup Wizard Screen
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4. Read and review the license agreement for the 3D Scanner Reference Design, as shown in
Figure 2-21. Click the "l accept the agreement” radio button and then click the "Next" button to

continue installing the software.

-

Lcense Agpeement wi» TeEXAS INSTRUMENTS

Please read the following License Agreement. You must accept the terms of this agreement before continuing

with the installation.

[m] »

DLP® TIDRA-00362 3D Scanmer Cbject Code Software License Lgreement

IMPORTANT - PLEASE READ THE FOLLOWING LICENSE AGREEMENT CAREFULLY. THIS I5 A LEGALLY
BINDING AGEEEMENT. AFTER YOU READ THIS5 LICENSE AGREEMENT, YOU WILL BE ASKED WHETHER YOU
ACCEFT AND AGREE TC THE TERMS OF THIS LICENSE AGREEMENT. DO NOT CLICK "I HAVE RELAD AND
AGREE" UNLES5: (1) YOU ARE AUTHORIZED TO ACCEPT AND AGREE TC THE TERMS OF THIS LICENSE
LGREEMENT ON BEHRLF OF YOURSELF OR YOUR COMPANY; AND (2) YOU INTEND TO ENTER INTO AND TO

BE BOUND BY THE TERMS OF THIS5 LEGALLY BINDING AGREEMENT ON BEHALF OF YOURSELF COR YOUR

COMPANY .
-

accept the agree

Do you accept this license?
) I do not accept the agreement

< Back i[ Next = Cancel
| =

Figure 2-21. 3D Scanner Reference Design License Agreement Screen

5. Select an installation path where the reference design software will be located. Click the "Next" button,
as shown in Figure 2-22 to continue installing the software.

insatationDirectry wi» TEXAS INSTRUMENTS

Please specify the directory where TIDA-00362_3D_Scanner_LCr6500 will be installed.

|G E] B R =Tl Texasinstruments-DLPATIDA-00362_3D_Scanmn

< Back Next > Cancel

Figure 2-22. 3D Scanner Reference Design Installation Path Selection
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6. The installer is ready to install, click the "Next" button to start the process, as shown in Figure 2-23.

-
= Setup . L=

Rendy to st w3 TEXAS INSTRUMENTS

Setup is now ready to begin installing TIDA-00362_3D_Scanner_LCr6500 on your computer.

—

< Back I[ Next = | Cancel
eeeeee—— |

Figure 2-23. 3D Scanner Reference Design Installation Confirmation

7. Wait for the files to install in the location specified, as shown in Figure 2-24.

-
= Setup - (=

— wip TEXAS INSTRUMENTS

Please wait while Setup installs TIDA-00362_3D_Scanner_LCr6500 on your computer.

Installing
Creating uninstaller 25%

Cancel

< Back

Figure 2-24. 3D Scanner Reference Design File Installation Progress
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8. Once the files have been extracted and installed, click the "Finish" button to close the installer, as
shown in Figure 2-25.

Completing the TIDA-00362_3D Scanner_LCr6500 Setup Wizard

Setup has finished installing TIDA-00362_3D_Scanner_LCr6500 on your computer.

View Readme File

Cance

Figure 2-25. 3D Scanner Reference Design Installation Completion
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Using the 3D Scanner Reference Design

3.1 The 3D Scanner Reference Design application allows users to quickly create a 3D scanner; complete with
calibration, setup, and scanning routines. The application generates the calibration board required to
calibrate the 3D scanner, as well as preparing the LightCrafter 6500 EVM with its own calibration and
structured light patterns. After preparing the calibration board and the LightCrafter 6500 EVM, the user

may calibrate the camera and projector. After the calibration procedures are complete, the application is

ready to perform 3D scans. Please follow all instructions to properly setup and use the 3D scanner.

3.2 Connecting the Hardware When Using a Point Grey Grasshopper3 Camera

When using the 3D Scanner reference design with a Point Grey Grasshopper3 camera the following
hardware is needed:

LightCrafter 6500 EVM & power supply

Point Grey Grasshopper3 USB 3.0 camera and lens
VIALUX STAR-065 optics and light engine

2/3" 8mm F/1.8 Ultra High Resolution Fixed-Focal Lens
USB 2.0 A to B Cable

USB 3.0 A to micro-B Cable

TIDA-00362 Camera Trigger Cable

— Assemble the required cable using the instructions from the TIDA-00362 Camera Trigger Cable
Assembly Guide: http://www.ti.com/lit/df/tidreb7/tidreb7.pdf (Drawing No. 2514095)

Connect the hardware as follows:

1.
2. Connect the LightCrafter 6500 to the PC's USB 2.0 port using the USB 2.0 cable

3.

4. Connect the camera trigger cable to the Point Grey camera's GPIO port and the LightCrafter 6500

Power the LightCrafter 6500

Connect the Point Grey camera to the PC's USB 3.0 port using the USB 3.0 cable

input trigger connector J20
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3.3 Configuring the Camera and Scan Type

This design features two methods of scanning: binary Gray code scanning and hybrid three-phase
scanning. It also allows the user to use the native Point Grey interface or the OpenCV camera interface.

To change the scan type, do the following:

1. After installing or building the design, find DLP_Lightcrafter_6500_3D_Scan_Application_Config.txt in
the build or install folder for the reference design.

2. Open the text file.

-

| DLP_LightCrafter_4500_3D_Scan_Application_Config.txt - Notepad

File Edit Format View Help

#Camera type

# 0 - Uses OpenCV camera interface

# 1 - Native camera interface - PointGrey
CAMERA_TYPE

# Algorithm type

# 0 - GrayCode

# 1 - Hybrid Three Phase Shift
AL GORITHM_TYPE

0

CONNECT_ID_PROJECTOR
CONNECT_ID_CAMERA

CONFIG_FILE_PROJECTOR
CONFIG_FILE_CAMERA
CONFIG_FILE_CALTBRATION_PROJECTOR
CONFIG_FILE_CALTBRATION_CAMERA
CONFIG_FILE_GEOMETRY
CONFIG_FILE_STRUCTURED_LIGHT_1
CONFIG_FILE_STRUCTURED_LIGHT_2

CONTINUOUS_SCANNING

CALTBRATION_DATA_FILE_PROJECTOR
CALTBRATION_DATA_FILE_CAMERA

DIRECTORY_CAMERA_CALIBRATION_IMAGE_OUTPUT
DIRECTORY_SYSTEM_CALIBRATION_IMAGE_OUTPUT
DIRECTORY_CALTIBRATION_DATA
DIRECTORY_SCAN_DATA_OQOUTPUT
DIRECTORY_SCAN_IMAGES_OUTPUT

OUTPUT_NAME_IMAGE_CAMERA_CALIBRATION
OUTPUT_NAME_IMAGE_SYSTEM_CALIBRATION
OUTPUT_NAME_IMAGE_DEPTHMAP
OUTPUT_NAME_XYZ_POINTCLOUD

OUTPUT_NAME_IMAGE_CAMERA_CALIBRATION_BOARD

0
0

config/config_projector. txt
config/config_camera.txt
config/calibration_projector. txt
config/calibration_camera. txt
config/geometry. txt
config/algorithm_vertical. txt
config/algorithm_horizontal. txt

0

calibration/data/projector.xml
calibration/data/camera.xml

calibration/camera_images/
calibration/system_images/
calibration/data/
output/scan_data/
output/scan_images/

camera_calibration_board
camera_calibration_capture_
system_calibration_capture_
_depthmap

_pointcloud

Figure 3-1. Application Configuration File - ALGORITHM_TYPE

3. To perform a Gray code scan, ALGORITHM_TYPE should be set to "1". To perform a hybrid three
phase shift scan, ALGORITHM_TYPE should be "0." Figure 3-1 shows where the value should be

changed.

4. Once a selection has been made, save the file. Close and reopen the reference design executable (if it

was running) for the changes to take effect.

Note: For untriggered cameras such as a webcam, three-phase hybrid scanning will not work due to
the precise timing required. In general, any unsynchronized camera will not work with three-phase

hybrid scanning.

26 Using the 3D Scanner Reference Design

DLPUO032A—-March 2015—-Revised May 2016
Submit Documentation Feedback

Copyright © 2015-2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=DLPU032A

13 TEXAS
INSTRUMENTS

www.ti.com Configuring the Camera and Scan Type

To change the camera interface type, do the following:
1. Follow steps 1 and 2 in the previous set of instructions for changing the scan type.

2. To change the camera type, CAMERA_TYPE, as shown in Figure 3-2, will have to be edited. Enter "0"
to use the OpenCYV interface and "1" to use the native camera interface.

r ~

" | DLP_LightCrafter_4500_3D_Scan_Application_Config.ixt - Notepad ==y X

File Edit Format View Hel

#Camera type -
# 0 - Uses OpenCV camera interface

# 1 - Native camera interface - PointGrey

CAMERA_TYPE =1

# Algorithm type
# 0 - GrayCode
# 1 - Hybrid Three Phase shift

ALGORITHM_TYPE =0
CONNECT_ID_PROJECTOR =0
CONNECT_ID_CAMERA =0

CONFIG_FILE_PROJECTOR
CONFIG_FILE_CAMERA
CONFIG_FILE_CALIBERATION_PROJECTOR
CONFIG_FILE_CALTBRATION_CAMERA
CONFIG_FILE_GEOMETRY
CONFIG_FILE_STRUCTURED_LIGHT_1
CONFIG_FILE_STRUCTURED_LIGHT_?2

config/config_projector. txt
config/config_camera.txt
config/calibration_projector. txt
config/calibration_camera. txt
config/geometry. txt
config/algorithm_vertical. txt
config/algorithm_horizontal. txt

0

CONTINUOUS_SCANNING

CALTBRATION_DATA_FILE_PROJECTOR
CALTERATION_DATA_FILE_CAMERA

calibration/data/projector.xml
calibration/data/camera.xml

DIRECTORY_CAMERA_CALIBRATION_IMAGE_OUTPUT
DIRECTORY_SYSTEM_CALIBRATION_IMAGE_OUTPUT
DIRECTORY_CALTIBRATION_DATA
DIRECTORY_SCAN_DATA_OUTPUT
DIRECTORY_SCAN_TMAGES_OUTPUT

calibration/camera_images/
calibration/system_images/
calibration/data/
output/scan_data/
output/scan_images/

camera_calibration_board
camera_calibration_capture_
system_calibration_capture_
_depthmap

_pointcloud

OUTPUT_NAME _IMAGE_CAMERA_CALTIBRATION_BOARD
OUTPUT_NAME _IMAGE_CAMERA_CALIBRATION
OUTPUT_NAME _IMAGE_SYSTEM_CALIBRATION
OUTPUT_NAME _IMAGE_DEPTHMAP
OUTPUT_NAME_XYZ_POINTCLOUD

Figure 3-2. Application Configuration File - CAMERA_TYPE
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To change between using a global shutter monochrome camera and a rolling shutter color camera, edit
the following:

1. Open config_camera.txt.

2. Figure 3-3 highlights the parameters that must be changed depending on the type of camera used. For
a rolling shutter color camera, make sure PG_FLYCAP_PARAMETERS PIXEL FORMAT is set to
"MONOS." If the camera is global shutter monochrome camera, set to "RAWS." Similarly, edit the
PG_FLYCAP_PARAMETERS_ STROBE_DELAY to "5.0" for rolling shutter color cameras and "0.0" for
global shutter mono-chrome cameras.

J config_camera.txt - Notepad

File Edit Format View Help i

CAMERA_PARAMETERS_FRAME_BUFFER_S5IZE =72 -

HAHARRE R AR R
##0penCV Camera #
R AR
#OPENCY_CAM_PARAMETERS_EXPOSURE =0

i g g g g g g o a0

#HPointGrey Camera #

R R

PG_FLYCAP_PARAMETERS GAIN_ DB = 18
or below parameter se

# Rolling shutter color Camera - MONOS

# Global shutter Monochrome camera - RAWS

m

PG_FLYCAP_PARAMETERS_PIXEL_FORMAT = RAWS
- _— - s =0
PG_FLYCAP_PARAMETERS_FRAME_RATE_HZ = 15
PG_FLYCAP_PARAMETERS_STROBE_SOURCE =2
PG_FLYCAP_PARAMETERS_STROBE_ENABLE =1
PG_FLYCAP _PARAMETERS STROBE_POLARITY =1
elow parameter
# Rolling shutter color camera - 5.0
# Glocal shutter Monochrome camera - 0.0
PG_FLYCAP_PARAMETERS_STROBE_DELAY = 0.0
__| | . | = 1.U
PG_FLYCAP_PARAMETERS_AUTOEXPOSURE =0 —
PG_FLYCAP_PARAMETERS_EXPOSURE =1.0

e —— = — — p— = = —_—

Figure 3-3. Camera Shutter and Color Settings
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3.4 Creating the Calibration Board

This section guides the user through the generation and measurement of the camera calibration board.

1. Start the 3D Scanner Reference Design program, installed in Section 2.5, by running the executable
file, as shown in Figure 3-4.

- . e (5] [ |
6@;| |« Texaslnstruments-DLP » TIDA-00362_3D_Scanner LCr6500-2.0 » LCr6500_3D_Scanner Applicationv2 » [ 43| searchi.. P
Organize ~ ] Open Include in library = Share with = Mew folder =~ [ Q
B videos Name Date modified Type Size
| calibration 3/30/2016 10:01 A.. File folder
A Computer
) | | . config 3/30/2016 10:01 A..  File folder
& 0SDisk (C)
i | output 3/30/2016 10:01 A.. File folder
| Cisco
et R TaViaTau RS atat I, Cile foldar
| Intel T i ] ] - - o -
NSCUt [ DLP_LightCrafter_6500_3D_Scan_Applicat.. 3/29/2016 7:53 PM Application 3,852 KB
| ns — —
T v DLP_LightCrafter_6500_3D_Scan_Applicat.. 11/6/2015 248 PM Text Document 2KB
) pen
Pack 4| FlyCapture2.dil /30/2014 2:27 AM  Application extens... 12,525 KB
| Packages
S = = 4| FlyCapture2_Cdll 9/30/2014 2:27 AM Application extens... 81 KB
| PerfLogs
L ] 4| libiomp5md.dil /30/2014 2:28 AM Application extens... 765 KB
| Program Files
] %/ libopencv_calib3d2410.dll 1/18/2016 11:59 A..  Application extens... 1,028 KB
| . Program Files (x86) i _ . -
Python27 4| libopencv_core2410.dll 1/18/2016 11:45 A..  Application extens... 2,554 KB
) on .
ot 4| libopencv_features2d2410.dll 1/18/2016 11:50 A.. Application extens... 854 KB
I
- 4| libopencv_flann2410.dI 1/18/2016 11:46 A..  Application extens... 652 KB
\. Temp
4| libopencv_highgui2410.dll 1/18/2016 11:49 A..  Application extens... 2,726 KB
| Texas Instruments
4| libopencv_imgproc2410.dil 1/18/2016 1148 A.. Application extens... 2,376 KB
| Texas Instruments-DLP
4 libstdc++-6.dll 3/7/2014 12:56 PM Application extens... 949 KB
| . TexasInstruments-DLP -
config  Date modified: 3/30/2016 10:01 AM
File folder
Figure 3-4. Running the 3D Scanning Command Line Program
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2. Run the "1: Generate camera calibration board and enter feature measurements" option by entering
"1" in the command line menu, as shown in Figure 3-5.

* | CATexasInstruments-DLP\TIDA-00362 3D _Scanner LCr6500-2.0\LCr6500 3D Scanner Application v2...I=m{lL= w5l

9: Reconnect camera and projector

Select menu item: 1

{LLLLLLLLLLKLLLLLLKLLC Generate Camera Calibration Board >>>>3333>3333333333555)
Leading camera calibration settings...

Setting up camera calibration...

Generating camera calibration board...

Saving calibration board. ..

Please print the camera calibration board and attach it te a flat surface
The calibration board image can be found in: calibration/camera_images/camera_ca
libration_board.bmp

Once the calibration image has been printed and attached
to a flat surface, measure the size of the square on the board

NOTE: Enter the measurement in the units desired for the
point cloud (i.e. mm, in, cm, etc.)
NOTE: Both camera and system calibrations must be redone!

Enter the length of the square (do NOT include units): 1_

Figure 3-5. Command Line Menu Prompt
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3. Once the command has been entered, the program will generate the calibration board. Print the
camera calibration board image that is found in the location indicated in the prompt
(calibration/camera_images/camera_calibration_board.bmp). The camera calibration board should be
approximately half the size of the total projection area.

4. Attach the printed calibration board to a flat, white surface that is larger than the projection area, as
shown in Figure 3-6. The number of squares on the grid can be changed in the configuration files for
the program. The default grid is 7 x 10.

|
§
|
I
I
|

Figure 3-6. Calibration Board Attached to Flat Calibration Surface

5. After attaching the camera calibration board to the calibration surface, measure the length of one side
of one of the squares on the grid and type the number into the command prompt as shown in
Figure 3-6. Do not enter any units in the command line. Hit enter to continue.

Note: The generated point clouds will show unitless distances. The actual units depend on how you
measured your calibration board. For example, if each square is 2 cm wide, enter "2" into the prompt.
The generated point clouds will show distances which appear unit-less but are actually in centimeters.
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3.5

Preparing the Projector

The LightCrafter 6500 must be prepared with the calibration images and structured light patterns for
calibration and object scanning, respectively. The 3D Scanner Command Line program will prepare the
projector with the necessary images by selecting menu option "3: Prepare system for calibration and
scanning" by entering "3" in the command line, as shown in Figure 3-7. The projector needs to be
prepared after every initialization.

Texas Instruments DLP Commandline 3D Scanner

Select menu item:

|
8 | CA\TexasInstruments-DLPATIDA-00362 3D _Scanner LCr6500-2.0\LCr6500_3D Scanner Application v2. = L=/l S
——

Exit

Generate camera calibration board and enter feature measurements
Posaruard

Prepare system for calibration and scanning

Lallbrate camera

Calibrate system

Perform scan (vertical patterns only)

Perform scan (horizontal patterns only)

Perform scan (vertical and horizontal patterns)
Reconnect camera and projector

Figure 3-7. Prepare Projector Step

Every time the 3D Scanner application is run, the system must be prepared for calibration and scanning,
as shown in Figure 3-7.
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3.6 Calibrating the Camera

This section guides the user through the process of creating the physical connections between the
LightCrafter 6500, the host PC, and the Point Grey Grasshopper3 camera and calibrating the camera.
Warning: Section 3.4 must be completed before the camera can be calibrated.

1. Connect the GPIO output trigger from the camera to the projector’s input trigger, using the cable
detailed in the file "TIDA-00362-CAMERA_TRIGGER_CABLE_ASSEMBLY .pdf', as shown in
Figure 3-8.

._
W
&
2
2
]
(]
a
<
&
3
<
]

EVM: LIGHTCRAF TER6500
OPTICS: VIALUX STAR-065

‘Q"‘&'{ 0 s t_!h-«; P -.: tocs
Figure 3-8. Connecting the Camera to the Host PC

2. Connect the Point Grey Grasshopper3 camera to the host PC's USB 3.0 port.
3. Connect the LightCrafter 6500 to the host PC's USB 2.0 port.
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4. Make sure there is sufficient distance between the camera and the projector. The camera and
projector should be separated by a 20 to 45 degree angle as formed by the object being scanned,
shown in Figure 3-9.

D

Figure 3-9. Projector, Camera, Object Spatial Orientation

5. Enter menu option "4" to start the camera calibration. Follow the prompts and directions on the screen
during the entire process.
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6. A live camera view window will appear on the host PC. Position the camera calibration board entirely
in the frame, as shown in Figure 3-10.

7 | Camera Calibration -

«=2 4+ d@BBEPLPLH

=T ]

(x=227, y=202) ~ L:237

Figure 3-10. Camera Calibration Board Live View
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7. Stop down the aperture as low as possible while still being able to discern the gray and white squares
on the calibration board and minimize all sources of glare. Make sure the projection area is in focus,
and lock the aperture and focus. An example of an overexposed image is shown in Figure 3-11, and
an example of an underexposed image is shown in Figure 3-12.

Note: If the camera's aperture size or focus is changed after this step, the resulting point cloud data
will be impacted. Perform camera calibration routine again if the results are undesired.

T ~
7 | Camera Calibration - press SPACE to capture or ESC to exit -I C=TR=0 X

Figure 3-11. Overexposed Camera Capture

7| Camera Calibration - press SPACE to capture or ESC to exit

L 3 4

Figure 3-12. Underexposed Camera Capture
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8. Click on the live camera view window on the host PC and verify the calibration board is in focus.

9. From the live camera view window, position the camera at varying angles and distances from the
projection surface. Place the grid in different areas of the camera'’s view and press the SPACEBAR to
capture images. Default settings require twenty calibration images although this parameter can be
adjusted. In \config, find calibration_camera.txt. Figure 3-13 highlights the parameter which specifies
the number of calibration images. Some recommended calibration images are shown in Figure 3-14 to
Figure 3-23. It is okay to move the camera at this point in the calibration procedure.

-

_| calibration_camera.txt - Notepad l = | (=] ‘&‘1

CALTBRATION_PARAMETERS_BOARD_COUNT = 20 -
e R T IO R E T E R S RO R D ORESRO O DTS, 255, 255
CALIBRATION_PARAMETERS_BOARD_BACKGROUND = 150, 150, 150
CALIBRATION_PARAMETERS_BOARD_FEATURE_ROWS = 7
CALTIBRATION_PARAMETERS_BOARD_FEATURE_ROW_DISTANCE =
CALIBRATION_PARAMETERS_BOARD_FEATURE_ROW_DISTANCE_PIXELS
CALIBRATION_PARAMETERS_BOARD_FEATURE_ROW_OFFSET_PIXELS =
CALIBRATION_PARAMETERS_BOARD_FEATURE_COLUMNS = 10
CALIBRATION_PARAMETERS_BOARD_FEATURE_COLUMN_DISTANCE
CALIBRATION_PARAMETERS_BOARD_FEATURE_COLUMN_DISTANCE_PIXELS
CALIBRATION_PARAMETERS_BOARD_FEATURE_COLUMN_OFFSET_PIXELS
CALTBRATION_PARAMETERS_SET_TANGENT_DIST_TO_ZERO = 0
CALTIBRATION_PARAMETERS_FIX_SIXTH_ORDER_DIST = 0

100

100
700

(I N N | S
o
o

Figure 3-13. Camera Calibration Configuration File

Figure 3-14. Calibration Board Image Capture Position 1
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Figure 3-15. Calibration Board Image Capture Position 2

Figure 3-16. Calibration Board Image Capture Position 3
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Figure 3-17. Calibration Board Image Capture Position 4

Figure 3-18. Calibration Board Image Capture Position 5
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Figure 3-19. Calibration Board Image Capture Position 6

Figure 3-20. Calibration Board Image Capture Position 7
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Figure 3-21. Calibration Board Image Capture Position 8

Figure 3-22. Calibration Board Image Capture Position 9
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Figure 3-23. Calibration Board Image Capture Position 10

10. The calibration process estimates the lens focal length, focal point, lens distortion, and the translation
and rotation of the camera relative to the calibration board. The calibration procedure will generate a
reprojection error. Zero reprojection error is ideal, however an error below 2 should be adequate for
typical usage. If the reprojection error is not satisfactory or if initial scans are not providing good
results, run the camera calibration routine again.
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3.7 Calibrating the Projector

This procedure calibrates the projector and projector/camera system. Only perform this procedure with a
valid camera calibration already completed.

1. Once the camera calibration is complete and the system has been prepared, the system calibration
can be performed. Start the system calibration process by entering "5" in the command line prompt.
Read the directions in the prompt in detail. Default calibration will require 5 images. To change this,
open calibration_projector.txt in \config. Figure 3-24 shows the parameter to change.

_| calibration_projector.txt - Notepad l = | (=] Iﬁ‘

-----

CAL I BRATIDN PARAMETERS MDDEL IIZIIFFSET ‘UERTICAL
CALIBRATION_PARAMETERS_MODEL_FOCAL_LENGTH

CALTIBERATION_PARAMETERS_BOARD_FOREGROUND 255, 255, 255

I ngn
o
=
=

CALTBERATION_PARAMETERS_BOARD_BACKGROUND

CALTIBERATION_PARAMETERS_BOARD_FEATURE_ROWS 18
CALTERATION_PARAMETERS_BOARD_FEATURE_COLUMNS 23
CALTBERATION_PARAMETERS_SET_TANGENT_DIST_TO_ZERO 0
CALTBERATION_PARAMETERS_FIX_SIXTH_ORDER_DIST 0
CALIBRATION_PARAMETERS_FIX_ASPECT_RATIO 1

Figure 3-24. Number of Projector Calibration Shots

2. The projector will display a calibration board. The projected calibration board should be larger than the
camera calibration board but still fall entirely on the calibration surface. Adjust the camera’s position to
center the projected calibration board in the live view.

3. Select the live camera view window and press the spacebar to capture the centered calibration board.
Avoid glare from the projected board or the captured image is discarded by the software. Rotate the
angle of the backstop on all 3 axes in the captured images. Figure 3-25 to Figure 3-35 show some
recommended projector calibration capture orientations. The camera captures three patterns after the
spacebar is clicked: solid white, black and white chessboard, and solid black.
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7| Camera Calibration - press space bar when cali board is in place. =t

e« S5t +EPBLLHY

(=811, y=664) ~ .33

Figure 3-25. Projector Calibration Chessboard Capture
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Figure 3-26. Projector Calibration Board Capture Position 1

Figure 3-27. Projector Calibration Board Capture Position 2
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Figure 3-28. Projector Calibration Board Capture Position 3

Figure 3-29. Projector Calibration Board Capture Position 4
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Figure 3-30. Projector Calibration Board Capture Position 5

Figure 3-31. Projector Calibration Board Capture Position 6
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Figure 3-32. Projector Calibration Board Capture Position 7

Figure 3-33. Projector Calibration Board Capture Position 8
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Figure 3-34. Projector Calibration Board Capture Position 9

Figure 3-35. Projector Calibration Board Capture Position 10
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4. Repeat step 3 a total of five times, capturing various angles and positions of the calibration board by
rotating and moving the calibration surface. Ensure the projected calibration board falls entirely on the
calibration surface in each capture.

5. The system calibration process estimates extrinsic and intrinsic parameters, and lens distortion
parameters, for the projector. The system calibration also estimates the camera-projector orientation.
The calibration procedure will generate a reprojection error similar to the camera calibration. Zero
reprojection error is ideal, however an error below 2 should be adequate for typical usage. If the
reprojection error is not satisfactory, verify the calibration as detailed in Section 3.8 before performing
the calibration again.
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3.8 Calibration Verification

Once system calibration is complete, the calibration should be verified. Scan a flat, white surface, like the
backdrop for the printed calibration image, by entering the perform scan command "8" in the command
line menu. The output depth map should look similar to Figure 3-36.

E 2T VE@OPLOHT

(=525, y=270) ~ R:222 G:0 B:222

Figure 3-36. Typical Depth Map of a Flat Surface
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If the depth map is missing a significant amount of points, as shown in Figure 3-37, check the
camera/projector synchronization by looking at the captured images and verifying the gray coding is
displayed correctly. It is also possible that the scene was not static. Please ensure that the objects being
scanned are not moving.

C="lanl X

5| Depth map.

« 3t 4+EPBPLLH

(x=493, y=442) ~ R0 G:0 B:0

Figure 3-37. Deficient Depth Map of a Flat Surface
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When the depth map is acceptably dense, open the output point cloud file using MeshLab. Inspect the
point cloud for accurate reproduction of the scanned board. An example of an acceptable point cloud
displayed in MeshLab is shown in Figure 3-38.

9 Mesnbat v13 2,640 - Propect 1T 1 oo

& File Edit Filters Render View Windows Tools Help & x|

Mg eB=e OBD@e 1 ePD ¢ OHe - /B :=S&'8se¢Mm - X~

1401911400079.2

Figure 3-38. Point Cloud of a Flat Surface
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If the depth map is twisted or distorted around the edges, the calibration should be performed again with
special attention paid to placing the printed calibration board close to the edges of the camera frame. An
example of an unacceptable point cloud displayed in MeshLab is shown in Figure 3-39.

Note: The 3D Scanner Reference Design is capable of very accurate measurements. If the flat surface
being scanned has a perceivable twist in it, verify that the surface is not twisted as well before performing
the calibration routine again.

& MeshLab v1.3.2_64bit - [Project_1] WL T T —— | 6 ||
& File Edit Filters Render View Windows Tools Help = [ x|
NFpQB=a OB 1P = e - /B =& s6¢Mm - X »

Figure 3-39. Point Cloud of a Flat Surface Generated With Poor Calibration Data
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3.9 Scanning Objects

With the system calibration complete and verified, scanning of an object is done by placing the object of
interest in the field of view of the camera and projector. Run the 3D Scanner executable file and enter the
perform scan command "8." The object is scanned and a depth map image will open up. The output point
cloud is saved as an XYZ file in the ../output/scan/ directory, viewable in MeshLab, as shown in

Figure 3-40.

- UNeaaOEOEOEBEBEHESESSSSSSERRS. -\ )
CHEI | = 1650030 Scamer Applction2 » owput > | -l

Organize ~ Include in library = Share with New folder

F

& OSDisk (C) n MName Date modified

Cisco
___scan dats a2 20161001 A

| scan_images 3/30/2016 10:01 A...

Intel
NSCUtils
OpenCV
Packages
PerfLogs

Program Files

Dronram Filae 8RN
2 items

Figure 3-40. Point Cloud File Location for Use With MeshLab
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Troubleshooting

4.1 General Troubleshooting Steps

This chapter details the troubleshooting steps for common problems encountered by users.
» Problem: The LightCrafter 6500 projector will not connect to the 3D Scanner program.

Solution: Make sure the LightCrafter 6500 GUI is not running on the PC. Reset the LightCrafter 6500,
and reconnect using menu option "9."

* Problem: The projected images do not appear in the camera’s live view on the PC.

Solution: Itis likely that the LightCrafter 6500 and camera are not synchronized. Try reducing the
frame rate of the camera, reducing the shutter speed, and increasing the exposure time and pattern
period of the projector. These settings can be changed in the "config_camera.txt" and the
"config_projector.txt" files in the ../config/ folder, respectively. The camera settings file is shown in
Figure 4-1, and the projector settings are shown in Figure 4-2. In the example shown below, the
camera frame rate is set to 15 frames per second. The projector exposure and period are set to 60,000
microseconds. The formula for the conversion to and from frame rate to exposure is:

10° = Camera Frame Rate x Projector Exposure Time (1)

J config_camera.txt - Notepad

File Edit Format View Help |

CAMERA_PARAMETERS_FRAME_BUFFER_SIZE = 72 -

R

##0penCV Camera #

o i g
#OPENCY_CAM_PARAMETERS_EXPOSURE =0

HEHHERHAHF AR AR A SRS

##PointGrey Camera #

HERHB AR R F AR R AR A SRS

PG_FLYCAP_PARAMETERS_GAIN_DB = 18
# For below parameter set

# Rolling shutter color Camera - MONOS

# Global shutter Monochrome camera - RAWS

m

PG_FLYCAP_PARAMETERS_PIXEL_FORMAT = RAWS
PG_FLYCAP_PARAMETERS_SHUTTER_EXPOSURE_MS = 66
PG_FLYCAP_PARAMETERS_FRAME_RATE_HZ = 15
PG_FLYCAP_PARAMETERS_STROBE_SOURCE =2
PG_FLYCAP_PARAMETERS_STROBE_ENAELE =1
PG_FLYCAP_PARAMETERS_STROBE_POLARITY =1

# For below parameter

# Rolling shutter color camera - 5.0

# Glocal shutter Monochrome camera - 0.0
PG_FLYCAP_PARAMETERS_STROBE_DELAY = 0.0
PG_FLYCAP_PARAMETERS_STROBE_DURATION =1.0
PG_FLYCAP_PARAMETERS_AUTOEXPOSURE =0 —
PG_FLYCAP_PARAMETERS_EXPOSURE =1.0

4 b

Figure 4-1. Camera Configuration File
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j config_projector.ixt -

File Edit Format View Help
DLP_PLATFORM_PARAMETERS_SEQUENCE_PREPARED

DLP_PLATFORM_PARAMETERS_SEQUENCE_EXPOSURE_US
DLP_PLATFORM_PARAMETERS_SEQUENCE_PERIOD_US

I n
=]
o
o
(=]
[=]

1
=

LCR4500_PARAMETERS_USE_DEFAULT

##For below parameter

## 1 - External Positive Trigger

## 0 - Internal Trigger
LCR4500_PARAMETERS_TRIGGER_SOURCE
LCR4500_PARAMETERS_DLPC350_IMAGE_COMPRESSION
LCR4500_PARAMETERS_VERIFY_IMAGE_LOAD_COUNT
LCR4500_PARAMETERS_DLPC350_FIRMWARE
LCR4500_PARAMETERS_LED_CURRENT_RED

[T T T T TR T
RO A

LCR4500_PARAMETERS LED CURRENT GREEN
LCRA500_PARAMETERS_LED_CURRENT_BLUE

4 b

L = —

Figure 4-2. Projector Configuration File

» Problem: The camera appears to be running at a very low frame rate causing slow scan rates.

Solution: Close the 3D Scanner program by entering "0" at the main menu. Click the Windows Start
button and search for "flycap2." Open the Point Grey FlyCap2 software, as shown in Figure 4-3.

Programs (12)
| € Point Grey FlyCap2
L FlylLapd.sln
'_:ﬂ FlyCap2.sln
. FlyCap2.sln
Documents (171)

[ Location: Point Grey FlyCap2 (CAFlyCapturez

%] pg_flycap2_settings_c.o
%] pg_flycap2_c.o
) pg_flycap2
Microsoft Qutlook (9)
=1 Makefiles
i=1 Re: New 3D SDK EXE File
=i RE: New 30 SDK EXE File
Files (10)
%] pg_flycap2_c.o
) py_flycap2_settings_c.o
J pg_flycap2

-
- See more results

Ifl}rcap2| % I |——Lock-—{-#-|

Figure 4-3. FlyCap2 Software Utility Shortcut
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Select the camera in use, in the case of a single camera, it will already be selected. Click the
Configure Selected button, as shown in Figure 4-4.

-

{ FlyCapture? Camera Selection 2.6.3.4 E‘M‘
Camera List (1 cameras detected) Camera Information
Serial # Model Interface IP Address Serial Number: 13480232
13480292  Flead FL3-U3-13Y3M USB20  N/A aEle Sl fenearlaie
Vendor: Paoint Grey Research
Sensor: Cypress VITA1300 (172
12801024 CMOS)
Resalution: 12801024
Interface: USB2.0
Bus Speed: 5480
PCle Bus Speed Unknown PCle bus speed
IDC Wersion: 132
Firmware Version: 2730
Firmware Build Time: Tue Sep 10 16:40:50 2013

Driver:

USE Camera Driver
(PGRUsbCam.sys) - 26.3.0

OK H

Caonfigure

Selected ] L=cs

Figure 4-4. Configure Selected Camera in FlyCap2 Software
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Enter the Advanced Camera Settings tab on the left of the screen, make sure the memory channel is
set to default. Click the Save button, as shown in Figure 4-5.

Camera Settings Advanced Camera Settings

: Raw Bayer output Embedded Image Information
Fanddvidimale: = {(Only for Y2 and Y16) Select the frame-specific information to be
CustomVideo Maodes embedded in the image.

[] Mirror image (horizontal flip)

Camera Information Y16 Endianness &l T'"'-ﬂtamp [C] \white balance
Camera Registers @ Big endian (IDC 1394 DCAM Y16 mode) L GAIn [C] Frame counter
Tioacs P raba @ Little endian (PGR-specific Y16 mode) L Shutter [ Strabe pattern

[] Brightness [[] GPIO pin state
Display Test Pattern
@ Pattern 1 [] Exposure [] ROI position
Look Up Table & Folieon 2 | SelectAll | [ Unselectll |

@ Mone
Frame Buffer Auto Range Control

Data Flash Memory Changels Property: lExposure Vl
enrana || 0t - T -

IMax:
BusTopolo Mote: Saving to the default memory channel
it restores the camera to factory defaults. Get Range Set Range

e

Help f Support

Bus Speed Control

-
s s

Figure 4-5. Restore Factory Camera Settings in FlyCap2 Software

FlyCap2 software will prompt the user that the default setting will load the factory settings. Click the OK
button, as shown in Figure 4-6.

P - ™
Confirm restore to default settings i ﬁ

I.-"-_“\ Saving to the default memory channel will cause the camera to load its
W factory default settings after power cycle,
Do you wish to proceed?

| oc  [§[ conce

Figure 4-6. Confirm Factory Camera Settings in FlyCap2 Software
After the factory settings have been sent to the camera, disconnect the Grasshopper3 camera from the

PC. Wait 3 seconds with the camera depowered before plugging the camera back in to the PC. Restart
the 3D Scanner program and try to scan an object to verify the solution.
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» Problem: The host PC does NOT have a USB 3.0 port to connect the Grasshopper3.

Solution: The Grasshopper3 camera can be connected to a USB 2.0 port but must be run at a lower
frame rate. Open the file named "config_camera.txt" in the ../config/ folder and change the value for
"PG_FLYCAP_PARAMETERS_FRAME_RATE_HZ" to "30" or less, as shown in Figure 4-7. Change
the projector exposure and period in the "config_projector.txt" file according to the above frame
rate/exposure time equation.

:jcoMMJmmembd—Nomou

File Edit Format View Help |

CAMERA_PARAMETERS_FRAME_BUFFER_SIZE = 72 -

FRFFRR AR AR AR

##0penCV Camera #

FRFFRER AR HHRRS

#OPENCV_CAM_PARAMETERS_EXPOSURE =0

R

#HPointGrey Camera #

A

PG_FLYCAP_PARAMETERS_GAIN_DB =18
# For below parameter set

# Rolling shutter color Camera - MONOS

# Global shutter Monochrome camera - RAWS

m

PG_FLYCAP_PARAMETERS_PIXEL_FORMAT = RAWE
PG_FLYCAP_PARAMETERS_SHUTTER_EXPOSURE_MS = b6
PG_FLYCAP_PARAMETERS_FRAME_RATE_HZ = 15
PG_FLYCAP_PARAMETERS_STROBE_SOURCE =2
PG_FLYCAP_PARAMETERS_STROBE_ENABLE =1
PG_FLYCAP_PARAMETERS_STROBE_POLARITY =1

# For below parameter

# Rolling shutter color camera - 5.0

# Glocal shutter Monochrome camera - 0.0
PG_FLYCAP_PARAMETERS_STROBE_DELAY = 0.0
PG_FLYCAP_PARAMETERS_STROBE_DURATION =1.0
PG_FLYCAP_PARAMETERS_AUTOEXPOSURE =0 =
PG_FLYCAP_PARAMETERS_EXPOSURE =1.0

4 b

Figure 4-7. Camera Configuration File Settings for USB 2.0

» Problem: Attempting to scan an object, or take any captured image, causes a fatal error in the
operating system.

Solution: The Point Grey software can cause issues if the 3D Scanner program is terminated
unexpectedly due to unterminated camera execution threads. If your 3D Scanning program is closed in
any way other than entering "0" into the command prompt, put the PC into sleep mode — or restart the
PC entirely — before attempting to take a picture with the camera.
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Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Original (March 2015) to A Revision Page
¢ Restructured document to follow format Of DLP USEr QUIOES. ... ..uueeiiiieiiiiiies it e inressaann e s s ane s snanne s saanneess 6
e Added link to DLP ALC SDK in Related Documentation from Texas INStrUMEeNtS ......cocvveiiiiireiiiierriiiieiniieeaaaans 6
e Updated screen shots for installation proCess iN SECHON 2.2 ... .uiiiuiirieeiintiii i a i raraaaes 10
e Updated screen shots and steps for Tl installer in SECON 2.5 .. ..uii it e s aaaneeas 21
e Updated Section 3.3 to include detailed configuration file information and Scan types ........ccevvviiiiiiiiiiiiiiiieeinnns 26
« Updated screen shots of the program and configure files in SECtioN 3.4 ...riiiiiii e eaanees 29
« Updated trouble shooting scenarios, eliminated out of date cases, and added detailed screen shots in Section 4.1 ..... 56
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
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Medical

Security

Space, Avionics and Defense
Video and Imaging
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