Reality Modeling

Software to Automatically Generate Detailed 3D Models from Photographs
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Quick Start Guide

Who Should Read This Guide
New Users - This guide provides a reference for administrators and users who are installing and running
ContextCapture for the first time.
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About This Guide

This guide provides important installation information to get gets you started with ContextCapture,
including:

System requirements

Installation instructions
About ContextCapture
The acquisition basics



o  Systematic simplified workflow
System Requirements

ContextCapture is a processing application that uses computer resources intensively.
These recommendations address the main PC components.
If you need to build more-complex architecture, contact Bentley support at +1 610 458 5000.

Hardware Recommended

The fastest CPUs would be the Intel processors with the most number of cores and the fastest speed possible

Using gaming graphics cards is recommended. Though ContextCapture can use Intel and AMD graphics cards,
NVidia GPUs are recommended.

A minimum of 32 GB of RAM is needed, but a 64 GB is required when processing several thousand photos.

Hard Disk(s)

About the Network
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Installation Instructions
ContextCapture does not require administrator rights to operate. However, you must have administrator
rights to install the application.

Once the installer is downloaded, double-click on the downloaded package cnctp040400351en.exe, and
follow the installation instructions.

You are using an evaluation license of ContextCapture. Your license is valid for a 30-day

Period, and watermarks will be applied to the texture of all produced 3D models.

Please read carefully the End User License Agreement in the ContextCapture installation directory:
C:\Program Files\Bentley\ContextCapture Center \ eula.pdf.

The desktop displays three icons representing each of the three modules: 1. Acute3D Viewer, 2.
ContextCapture Engine, and 3. ContextCapture Master.

ContextCapture has a master module and an engine module.

The master module provides a graphical user interface to define input data, processing settings, submit
processing tasks, monitor progress, and visualize results.

The engine module runs on a computer in the background, without user interaction, and performs the
computationally intensive algorithms.

Remote Desktop Connection

ContextCapture Engine does not work through a Microsoft Remote Desktop Connection because in this
type of environment hardware acceleration is disabled. However, you can use VNC or a remote
administration software such as TeamViewer.

Windows Session
Switching the Windows User account while ContextCapture Engine is running will cause running
computations to fail. In this scenario hardware acceleration is disabled when the user is not connected.

Regarding ContextCapture Dataset
Please download the ContextCaptureDataset.zip file and extract the datasets and data acquisition guide

before continuing.



About ContextCapture

ContextCapture is developed by Bentley Systems, a leading global provider of comprehensive software
solutions for advancing infrastructure.

ContextCapture allows you to automatically generate high-resolution 3D models from simple photographs
or from point clouds, without any human intervention, with any digital camera, including a smartphone.
Mount cameras on a drone or use a helicopter with a dedicated multi-directional acquisition system to
capture aerial views of a city or structure.


http://www.bentley.com/

ContextCapture Principle

1. ContextCapture takes as input a set of digital photographs of a static subject, taken from different
viewpoints. It also imports frames from video files and point-cloud file formats.

2. Various additional input data can be provided: camera properties (focal length, sensor size, principal
point, lens distortion), positions of photos (for example, GPS), rotations of photos (for example, INS), and
control points.

3. Without manual intervention, and within a few minutes/hours of computation time depending on the size
of the input data, ContextCapture outputs a high resolution textured triangular mesh.

4. The output 3D mesh constitutes an accurate visual and geometric approximation of the parts of the
subject adequately covered by input photographs.

Benefits: Modeling in a rich 3D environment that captures all details helps us to:

e Accelerate the design process (not starting from a blank canvas)
e Make better decisions (using detailed existing conditions as context)
e Use geographically located 3D models

Reality modeling technology using ContextCapture is fast, comprehensive, and accurate.

The Acquisition Basics



Great Models Require Good Data Capture

ContextCapture automatically converts photos into a 3D model, meaning that the quality of the input
dataset has a deep impact on the output 3D model that is generated.

To get the best results using ContextCapture, we recommend:
e A constant focal length during the acquisition: zoom "with your feet"
e Ambient, constant, and homogeneous lighting
You should avoid:
e Blurry photos: use adapted settings, and possibly a tripod under low lighting conditions
e Flash light
e Optical stabilization

Never use:
e Adigital zoom
e Any resizing/cropping/rotation of the input photos.

When capturing video, the following formats are recommended:
Audio Video Interleave (AVI)

MPEG-1/MPEG-2 (MPG)

MPEG-4 (MP4)

Windows Media Video (WMV)

QuickTime (MOV)

This section includes useful information on how to take photos to obtain optimal results with
ContextCapture.

Capturing Tips - Basic Recommendations
e Use a suitable camera
e Shoot under natural light, cloudy weather (limit the shadows influence)
e Use a constant focal length during the acquisition

Camera models

ContextCapture supports a wide range of cameras: mobile phone, compact digital, DSLR,
photogrammetric, and multi-camera systems. It can process still photographs or extracted video frames

from digital video cameras. Any brand of camera/lens is recommended for ContextCapture, but the quality
of the 3D model depends on the photo quality and geometric precision. For optimal results, use a camera

with a large sensor, and a good-quality lens, such as a DSLR camera with a fixed lens.

If you are unsure of your camera's specifications, you can consult your camera owner's manual or the
Digital Photography Review website: http://www.dpreview.com/products.



Overlap

Each part of the subject should be photographed from at least three distinct — but not radically

different — viewpoints and should be less than 15 degrees apart. A minimum of 50 percent overlap is
required, but a 70 percent overlap is recommended.

For aerial photography, a longitudinal overlap of 80 percent and lateral overlap of 50 percent or more are
recommended. To achieve best results, acquire both vertical and oblique photographs. ContextCapture is
remarkably robust for unstructured acquisition. You may, however, prepare a flight plan for more systematic
acquisitions.

Note: Remember that the photo is at the basis of all the computation. With reasonable care and practice,
you will generate amazing 3D models. The quality of the 3D reconstruction is dependent on the quality and
the spatial sampling of your photos. Please refer to Acquisition_Guide V4 Bentley.pdf for the Acquisition
Techniques.




Systematic simplified Workflow

There are two main ContextCapture modules - ContextCapture Master and ContextCapture Engine. They
follow a master-worker pattern:

a. Launch ContextCapture Engine
b. Launch ContextCapture Master

Workflow 1: Using Photographs to create a 3D Reality Model

c. Copy the Sample Photographs — Dataset Name: Barn (19 Photos) to a desired Location

d. Pictured are the steps required to produce a 3D reality model.

Creating a new project
1. Launch ContextCapture Master



2. Enter name and location of the project.

] ContextCapture Master H

[ New project

Choose project name and location.

Project name |Barn |

A sub-directory ‘Barn' will be created.

Project location |C:,|f‘l'emp || Browse... |

Description

Create an empty block

ok || Cancel
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Importing your data

3. Open the photo tab and browse your photo dataset using “Add photos” or “Add entire directory.”

Block - Block_1
enter your descrpton bere &

0 photo(s), 0 control point(s), 0 user tie point(s)

Generaf]  Photos ontrol points | Tiepoints | 30 view

Important notice on photogroups: For optimal precision and performance, please check that your input data fulfill these conditions.

[ aca photos..| [ Addentre drector...| | Ir.ﬂ Remove protes| | 4 Check mage files...

T Photogroup  status Mo, of photos  Main compone Camera Sensorsize ./ Focal length 35 mm &g,
®© < 4 L+ ThisPC » datal (\acutel) (R:) » Data » Bam v & | | SearchBam r)
Organize v New folder = [ @
i Videos A Name - Date modified Type Size ~
8 Windows (C) [ 100_5478.0PG 5/16/20127:06PM  JPEG image 1,101 K8
s Elements (E) = 100_5479.PG 5/16/20127:06PM_ JPEG image 1175K8
@ My Passport (F) (=] 100_5480.JPG 5/16/2012T:06 PM  JPEG image 1177 KB
Eboto 52 h (\WProcess) (H:) =] 100 5421.0PG 5/16/2012 T:06PM  JPEG image 1,309 KB
3 H (Wacuteh) (M) = 100 54820PG 5/16/20127:06PM_ JPEG image 1216K8
9 users (Wparprdfsli | i) 100_5483.0P6 5/16/20127:07PM__ JPEG image 1,101 KB
58 datal (acuted) F | i) 100 54840PG 5/16/20127:07PM__ JPEG image 1,145K8
5 data? (Nacuted) (5 | i) 100_5485.PG 5/16/20127:07PM__ JPEG image 1118K8
2 d (hacuteh) (Z) =] 100_5486.0PG 5/16/20127:07PM__JPEG image 1305KB
=] 100_5487.0PG 5/16/20127:07PM__JPEG image 1,261 KB
€ Network =] 100_5488.0PG 5/16/20127:07PM__JPEG image 13378
1% ACUTEO =] 100_5480.0PG 5/16/20127:07PM__JPEG image 1277KB
1% ACUTET =] 100_5490.PG 5/16/20127:07PM__JPEG image 1,357K8
1% ACUTE3 v |=1100_54910pG 5/16/20127:07PM_ JPEG image 1279K8 )
0 photofs) File name: | "100_5491JPG" "100_S473.JPG" "100_S474PG" "100_SATS.JPG" "100_SAT6.JPG" "100_S4TTJPG" "100_54: v [Image files (*jpg “jpeg “4if i v
e
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4. The photos have been imported in a photogroup. The camera sensor size and focal length have
been extracted from the EXIF info and from the ContextCapture camera database.

(Optional) scale, axis, or plan constraints setting

Without geo-referencing information, the resulting model cannot be scaled or correctly oriented.
(ContextCapture will try to find the vertical of your scene when information is unavailable, but it is not
always successful.)

The user can add scale and axis constraints before the AT (aerotriangulation)process to scale and rotate
the block.

5. To do so, open the Tie Points tab.
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6. Click on Edit user tie points to open the User Tie-point Editor

To define a scale or an axis constraint, you will need to create two user tie points.

7. To create a user tie point, click on the green cross at the upper right-hand corner.
8. Highlight your tie point and pick the photos you want to measure. Click your points in at least two
photos.




9. Once your two points are correctly selected in the photos, save and close.
10. To define a new constraint using these tie points, from the Positioning Constraints panel click on
the green cross in the Tie Points tab.

To set a scale constraint choose “add scale constraint.”

11. Select the two tie points that will be used to define the scale constraint and define the distance
between the two tie points.

Scale constraint
Select two points A and B and specify the distance between them:
Point A: |User tie point #1

Point B: |User tie point #2

Distance between A and B:
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12. Click on OK to save the scale constraint.

You can add different constraints (axis and plan) using the same tie points or by adding other user tie
points.

13. Adding an axis constraint:

Orientation constraint based on an axis
Select two points A and B and an axis, line AE being this axis (increasing values from A to B):

Point A: | User tie point #1

Point B: | User tie point #2

Line AE is axis: |z

ContextCapture | Quick Start Guide - 2017 Page www.Bentley.com/ContextCapture
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Processing the aerotriangulation
14. Return to the General tab, and select Submit aerotriangulation.

Block - Block_1
enter your description here - &

19 photo(s), O control point(s), 2 user tie point(s)

General | Photos | Controlpoints | Tiepoints | 30 view

) Submit aerotriangulation...

& Incomplete photos Process a new block with completed o

Lzdiusted parameters,
You can estimate missing photo information by aerotriangulation.

19 photo(s) in 1 photogroup(s), 114.5 megapixels

0 photo(s) in the main companent

0 known position(s) and 0 known rotation(s)

0 control point(s) (0 full peint(s), 0 horizontal paint(s), 0 vertical point(s)) amang which 0 check point(s)
2user tie point(s)

0 automatic tie point(s)

Unknown resolution

Block ID: Block_1
Created: 10/1/2015 3:3%:09 PM
Last madified: 10/1/2015 4:37:11PM

15. The aerotriangulation definition window will pop up.

Aerotriangulation definition

Acrotriangulation consists in automatically and aceLrately estimating the position, rotation, and camera properties (focal length, principal paint, lens distorsion) for each input photograph.
The zerotriangulation starts from the input block and creates  new completed or adjusted black according to selected parameters.

Qutput block name

Components Choose the name and the description of the aerotriangulation output block.

Positioning/georefere.. | | ID: Block 3
Name [Block_1 - AT]

Settings

Description | peg it of aerotriangulation of Block_1 (2015-Oct-01 16:48:45)

< Back | ) mext ‘ submit Cancel
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Change or leave the default name for the new block that will be created.

16. In the positioning/georeferencing page, select the mode you want to use. If you have defined tie
point constraint “use positioning constraint on user tie points.” Otherwise, choose “automatic
vertical” to let the software try to determine automatically the Z axis of the scene. (Warning: your
model will not be scaled using this mode.)

] Aerotriangulation definition

Aerotriangulation definition

Aerotriangulation consists in automatically and accurately estimating the pasition, rotation, and camera properties (focal length, principal point, lens distorsion) for each input photograph.
The aeratriangulation starts from the input block and creates a new completed or adjusted block according to selected parameters,

QuipiBlockhame Positioning/georeferencing
Components Choose how the aerotriangulation should place and orient the block.
Positioning/georefere... Positioning mode

T () Arbitrary

Block position and orientation are arbitrary.
) Automatic vertical

The block vertical direction is eriented according to input photo orientation. Block scale and heading remain arbitrary.
(@) Use positioning constraints on user tie points

The block is rigidly placed oriented scaled thanks to predefined constraints.

Use photo positioning data (0/19 photos have positioning data)

The block is rigidly registered to photo positions.

0 valid control paint{s).

Control points must be provided in the block definition to enable the positioning modes below.
Use control points for adjustment
The block is accurately adjusted to control points (advised with accurate control points).
Use control points for rigid registration

The block is rigidly registered to control points without handiing long-range geometric distortion {advised with inaccurate control points).

< Back & Next Submit Cancel




17. In the settings page, leave the default settings and press submit.

18. The AT is now pending and ContextCapture Master is waiting for the Engine to process the job.

19. Make sure that the ContextCapture Engine is launched from the desktop icon.




20. A command window will appear and the Engine will start processing the job.

" ] CA\Program Files\Bentley\ContextCapture\bim\CCEngine.ex8® - O

ContextCapture Dezktop verzion 4_.B.A_5556 running <{ C:“Program Filez“Bentley~ColM
ntextCapture~hin~CCEngine.exe >»* from directory <{ C:xlUsersssylvain.lotteausDesk
top *>*

[2815-0ct—H1 16:58:16]1 Starting CCEngine.exe on Sylvain.LotteauwlfEmeallodnd

Welcome to ContextCapture Desktop version 4.A.A.5556

Processing the following jobh types: AT TileProduction RasterProduction
[2015-0ct—H1 16:58:17]1 Starting Engine on Jjob gueue "R:isJobQueuessJobQueueSL2'™
[2015—0ct—B1 16:58:171 Starting job "“joh_28151801T145%681 _Bayrn_B3_AT"

21. Once the AT is done the status becomes “Complete photos”

Complete photos

The block is ready for reconstruction.

Positioning level: absolute

Aerotriangulation report: View | Open

15 photo(s) in 1 photogroup(s), 114.5 meagapixels

19 photo(s) in the main component

19 known position(s) and 19 known rotation(s)

0 control point(s) (0 full point{s), 0 horizontal point(s), O vertical point{s)) amaong which 0 check point(s)
2 user tie point(s)

2099 automatic tie point(s)

Resolution ranges from 0.003 units/pixel to 0.0037 units fpixel




22. Click the 3D view tab to check the position of the photos.

The displayed points are the automatic tie-points used by ContextCapture to link the photos together.

JobQueue Issues
Note: You may encounter problems when submitting your jobs. This might be the result of the JobQueue
not being accessible because of permission issues, (“fail to submit aerotriangulation™) or the Engine

module may be listening to the wrong JobQueue (“warning: there is no engine currently listening to the
JobQueue").

If you are experiencing these issues, please reset the JobQueue to a directory where you have read and
write access (typically the "My Documents" folder is OK).



Changing the JobQueue
Launch ContextCapture Settings
("C:\Program Files\Bentley\ContextCapture\bin\CCsettings.exe").

Go to the "Configuration” tab and browse your new JobQueue.

License Configuration System information

Job queue

Define the default job queue directory for Master/Engine.

Job queue directory: |Z:".,J|:erueue-|

23. Once this step (JobQueue) is completed, submit the aerotriangulation again to complete the 3D
view of the photographs.
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Creating a new reconstruction

A reconstruction item manages a 3D reconstruction framework (spatial reference system, region-of-interest,
tiling, constraints, retouching and processing settings). Based on the reconstruction item, one or several

productions can be launched.

24. To create a reconstruction, return to the general tab and click “Create reconstruction.”

25. A new reconstruction is created in your block. Several reconstructions can be created, with
different settings.

E Barn
| Block_1
4 || Block 1- AT

Reconstruction_1




26. Go to the “Spatial framework™ tab to setup the bounding box and tiling (if needed).

27. To change processing settings, click “processing settings.”

Reconstruction - Reconstruction_1

enter your description here

No tiling, highest precision

General | Spatial framework | Reconstruction constraints | Reference 3Dmodel | Processing settings

Preset type: | Default

Selection of matching pairs Generic -
Geometric precision Highest ~ | Highest precision, larger file size (tolerance of 0.5 pixel in input photos)
Hole-filing Fil small holes only -

Geometric simplification Standard -

Color equalization mode Standard -

Untextured regions representation |Inpainting completion ~ | Untextured regions color: | B

Lowdevel settings

Mo item defined.

28. Once your reconstruction framework is setup, return to the general tab to submit a new production.



Submitting a new production

29. The production definition window is displayed.

Production definition
Define parameters of the new production.
(e S | Name

Purpose Enter production name and description.

Format/Options ID: Production_1

Spatial reference system Mame |Pruduchon_]J

Description

Extent

Destination
ContextCapture | Quick Start Guide - 2017 Page www.Bentley.com/ContextCapture
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30. In the purpose page, choose the purpose of your production.

Production definition

Define parameters of the new production,

Name Purpose
_ Choose the purpose of the production to submit.
Format/Options Purpase of production
Spatial reference system (®) 3D mesh
Produce a 30 model optimized for visualization and analysis in third-party software.
Fent Proctuce the reference 30 mode! too.
Destination © 3D point cloud
Produce a colored point doud for visualization and analysis in third-party software.
Produce the reference 30 mode! too.

() Orthophoto/DSM
Produce interoperable raster layers for visualization and analysis in third-party GIS/CAD software or image processing tools.

() 3D mesh for retouching
Produce and export the reference 30 model for editing in a third-party software and importing back into ContextCapture Master for later
productions. A margin is spedially incuded.

() Reference 3D model only
Produce a 30 model which can be used only inside ContextCapture Master, for quality control and as a cache for later productions.
The reference 3D model is needed for orthophoto/DSM productions.

| <Back || @mext | sumt | cencal |

31. In the Format/Options page, choose the format/options for the specific purpose.

Production definition
Define parameters of the new production.
Name Format/QOptions
Purpose Choose output fermat and options for the production.
Format: |Conbe)rﬂ.‘.aph..|re IMX - ‘ 3D multiresolution mesh format, optimized for exchange with Bentley applications.
Spatial reference system
Extent [] web ready FS
[] 1nclude prosxy 3D model
Destination
[] Generate Acute3D Web Viewer application
Indude texture maps
Maximum texture size: | 8192 | pixel
Level of detail (LOD)
Type: Adaptive tree -
Mode size: | medium {~35 kBjnode) ~
[] skirt: 4 | pixel
v
< Back Submit Cancel
ContextCapture | Quick Start Guide - 2017 Page www.Bentley.com/ContextCapture
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32. Select the destination folder and click “submit.”

Production definition

Define parameters of the new production.

Name Destination

Purpase Choose the production location.

Format/Opticns Output directory

Spatial reference system Directory |C:!‘I’ernp!Barn!ProducﬁansfProducﬁon_l | | Browse. ..
Extent We recommend you to select an empty directory to aveid overwriting existing production results,

| e

33. Select your production in the project tree to see the progress of the process, until it is completed.
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Visualizing the production

34. Launch Acute3D viewer or visualize the 3D model in the 3D view tab (only works for S3C 3MX
and single-tile OBJs).
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Workflow 2: Using Point-cloud data to Create a 3D Reality Model

1. Copy the Sample — Dataset Name: Point cloud Tuxford_referenced_scan.e57 to a desired
location.

2. Displayed are the steps required to produce a 3D reality model using photos and point-cloud data.




Creating a new project
3. Launch ContextCapture Master

4. Enter name and location of the project

Importing your data
5. Open the Point clouds tab and browse to your LIDAR dataset and Import Point Cloud (only PTX
and E57 file formats are supported).

General Photos Point clouds Surveys Additional data 3D view
&% Import point cloud... | |7 Remove point cloud
Name Description
@ Import point cloud x

Select a file and check its spatial reference system.

Open file: h_data_package,"Photos+LidarfTU)0°0rd_reFerenced_scan.eS?| El

Spatial reference system

Non-georeferenced cartesian coordinates system
Edit Spatial reference system

OK Cancel




6. Click on “Edit spatial reference system” and select from More “Spatial reference system database”
7. In the filter, search for EPSG:4978

ﬁ Spatial reference system database X

Select a spatial reference system from the database.
You can also create your own definition by creating new user defined system.

Filter
epsg:4978 Type All - | |Clear all filters

Spatial Reference Systems: 1 items

Spatial Reference System Definition
v X Cartesian systems

ECEF - Earth-Centered, Earth-Fixed (EPSG:4978)
v & User defined systems

+ Define new user defined system...

<

Selection

Non-georeferenced cartesian © i yst

Type User defined systems

Definiti :
efinition [~ 7% Edit...

8. Click OK
9. Now, click on the General Tab again and click on “New reconstruction.”



Submit new production
10. Just follow the Production Definition Settings
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11. Click on “Submit”

12. Once Completed select the “3D View” tab
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Visualizing the production
Launch Acute3D Viewer and open the Output file

Conclusion:

e With ContextCapture, you can quickly produce the most challenging 3D models of existing
conditions for infrastructure projects of all types, derived from simple photographs.

e Without the need for expensive, specialized equipment, you can quickly create and use this highly-
detailed 3D reality meshes to provide precise real-world context for design, construction, and
operations decisions for use throughout the lifecycle of projects.

e You can reliably and quickly produce 3D models of any scale, from objects of a few centimeters to
entire cities using ContextCapture.

e Thereis no limit in the precision of the resulting 3D model, other than the resolution of the input
photographs.
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