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Welcome

ContextCapture is developed bentley Systemsthe leading company dedicated to providing comprehensive
software solutions for sustaining infrastructure.

ContextCaptureis a registered trademark of Bentley Systems, Incorporated. All Rights Reserved.

ContextCapure Basic Edition automatically reconstructs objects, buildings, mamade or natural landmarks,

from imagery datasets of up to 50 gigapixels. Most suited for, but not limited to, UAS /UAV/drone operators, this
edition allows the production of high-resolution 3D models as well as the generation of digital surface models
(DSM) and true orthophoto.
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What's New?

Update 19

New Orthophoto Touchup Tools

Interface: improved export for Orbit

Interface: tool to merge user tie points and ground contropoints in the survey tab (automaticpoints
merging when merging two blocks).

Aerotriangulation: New wizard

Annotations: Review 3D segmentation (pointcloud) in ContextCapture Master 3DView

Annotations: Review segmented orthophotos in ContextCapture Master 3DView

Reconstruction; reference model tab is now a 3D view and integrates the quality control tool natively.
Reconstruction: Efficient display of the entire reference 3D model by generatin.OD of its tiles
Reconstruction; Generation of LOD across tiles now integrated in the normalproduction processingby
ContextCapture Engine

Reconstruction: The resolution limit for geometry and texture can be set independently.
Reconstruction: The ExportUniqueMeshtool is replaced bya standalone LOD generation jobubmitted with
the Python SDK

Reconstruction: surface constraints can now be textured with a repetitive texture chosen by the user or
with a uniform color.

Production: new OPutput format (Orbit point cloud).

Production: point cloud merge and orthophoto merge are now available as output settings

Misc: long patts are properly supported (project and input data)

Misc: new tool to check the version and edition of a ContextCaptupeoject

Misc: orientation metadata in EXIF tags of photos coming from Sensefly and Skydio drones are better used.
Misc: 3D view auto rotation glitch has been fixed.

SDK: Import and exportof survey file has been added (XML, KML, TXT)

Update 18

Job Queue: possibility to change AT and Reconstruction jobs priority from the user interface and from the
SDK.

Job Queue: job queue management API no longer requires a license.

Aerotriangulation: unified AT engine combining the legacy standardngine and legacy alternate engine.
Aerotriangulation: new preset totrigger legacy standard engine and legacy alternate engine.
Aerotriangulation: improved support of GCPs to avoid breaks in the AT.

Production: new Spatial 3D Model (S3M) format for compdiility with Supermap GIS software.
Reconstruction: orthophoto engine is 20% faster.

Reconstruction: Support of LAS version 1.3 & 1.4

Insights: Contextlnsights detection capabilities using machine learning are now integrated in
ContextCapture.

Insights: Contextlnsights annotations are displayed in the 3D view.

Interface: thermal and resolution measurements on mesh now displayed in the new 3D view.

Interface: survey point names are now displayed in the 3D view.

Interface: scan names are now displayed in th&D view.

Interface: ContextCapture Cloud Processing Console installer is no longer embedded in ContextCapture
installation.

Interface: icon to tell if survey points are useitie points, GCPs or check points.

Update 17

Speed up ofeconstruction (20% speed gain).
Aerotriangulation: use positioning metadata during matching to improve robustness.
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Aerotriangulation; improved robustness for RIG setups.

Aerotriangulation: improved handling o disconnected components.
Upload/Download point clouds as PWCS ScanCollection.

JobQueue revamp: improved job queue performance (now based on a database).
Block 3D view/touchup Ul measurement tools update/improved UX.

Update 16

New Touchuptools

New alternate AT engine available as Preset

New3DmeshZEl O AO O/ PAT #EOEAO 01 AT T AOSb

New Block Export to Orbit 3DSM

New function to merge tiled orthophotos and DSM

Quality Control Ul now available in ContextCapture edition

New Reference Manager. Enablingloud synchronization of Image Collections and upded reference
manager Ul

Optimized reconstruction for vertical structure captured following orbit path

Update 15

New orthophoto workflow based on dedicated reconstructiortype, including a new texturing algorithm
that greatly improves thevisual quality.

New aerotriangulation positioning mode management;enhanced controlover adjustment and rigid
registration steps.

Revamped block 3D view with new user interface and tools, including lock on photo, quality metriegjiting
tools for tie points, full resolution photo display,grid display, etc.

Automatic detectionand generation of waterconstraints, available in a dediated production (Technology
preview).

Block Import tool extended to ProjectWise ContextShare

SDKnow included in the ContextCapture edition

New capability of merging point cloudsinto a unique LAS or POD file.

Automatic control point registration extended to include compact tags

Update 14

ContextCapture Cloud Processing Console embedded in the installer.

New function "Process on the cloud" to ease project migration on the cloud.

Processing time report on productions.

New Share dialogo manage publication to ProjectWise ContextShare, and new formats supported for
sharing (OBJ, LAS/LAZ, FBX, POD, Orthophoto/DSM, DGN, ESRI SLPK).

Update 13

Scan import now supports scans with unknown unique source position (auto detection of source positi)
and POD format.

New types of tags supported for target autodetection: Chili Tags and April Tags.

New quality metrics in block 3D view (camera and survey points colorization according to error, distance to
input position).

Improved performance and robusness of multipass aerotriangulation (now by default).

Other bug fixes and improvements.

ContextCapture Insights EAP.

Update 12

Splats: new textured 3D representation of tiepoints; available in a block after aerotriangulation.
New compressed bloclexchange format XMLZ.
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Added support for mobile scan format NavVis PLY.

Support of local coordinate system with known unit (for all production workflow from scale constraint,
control points, etcetera.).

Photo Navigation, a new block 3D view mode.

Grid computing now supported in ContextCapture edition (limited to 2 computers).

Update 11

New licensing system based on Bentley CONNECT licensing.
Upgraded internal component Bentley Powerplatform.

Update 10

Hybrid registration photos/point clouds: new aerotriangulation positioning modes to register photos using
point clouds.

New Surveys user interface with enhanced ergonomics and user assistance.

Multi -scale constraints.

Coverage map (Quality report).

Update 9

Production clipping based on region of interest

New MagerKernel SDK packaging with python wheel

New block type "Orbit" to optimize processing of scenes made of orbital views around a thin structure (cell
tower, pylon, wind turbine, etc.)

Improved quality report/acquisition report (side views, distance to input positions, uncertainty ellipses,
color flags, expandable sections...)

New reconstruction setting: texture source priority

New production option: texture sharpening

Surveys: new import wizard, added support of Propeller format

Region of interest import from DGN format

New web application ContextCapture Web

Viewer 2.0 for Cesium productions

Update 8

Photo multiselection in the block's 3Dview (shift/ctrl keys, rectangle, by tie point).

Faster Aerotriangulation and reconstruction.

Measurements in USurvey feet (new unit system settings).

Survey points multiselection (for deletion/edition).

New camera orientation option for block XML export.

Enhanced aerotriangulation report.

Extended/improved LOD production across tiles: now supports any kind dfling (3D, adaptive tree,
etcetera).

New reconstruction settings to use only point clouds for geometry.

Surveys data import/export including control and user tie points with measurements and positioning
constraints.

[beta] New Aerotriangulation preset dedcated to fine structures .g.telecom towers, pylons).

Spatial reference system support for touchup and reconstruction constraints.
New production 3D view tab.

Surface/Volume measurement.

Export of 3D mesh with texture and levelbf-detail to GoogleEarthKML.

Export of orthophoto to KML superoverlay.
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- Interoperability with Bentley platform: Pointools POD, 3MX support in MicroStation Connect.
- Block merging (ability to merge two existing blocks from the user interface).

For more details, view the full changkg (doc/ContextCapture ChangelLog.txt) in ContextCapture installation
directory.

Installation

ContextCapturedoes not require administrator rights to run, however you must have administrator rights to
install the application.

To make sure you have the latest version go teww.bentley.comand log in to gain access to the installer
downloads. If you have not done so before, you will need to register on the website when prompted.

Once you have downloaded the installer, simply doublelick on the downloadedpackage and follow the
installation instructions.

Once you have downloaded the latest installer, simply doublelick on the downloadedpackageand follow the
installation instructions.

E For cluster users: please make sure to install the same version of your Conteagp@ure edition on all PCs of
your cluster in order to avoid unsupported conflicts.

F Installing a new version may break job compatibility. Jobs submitted before the installation of the new
version may fail. You can simply resubmit the corresponding processngs from ContextCapture Master to solve
this issue.

Configuration

Job queue

ContextCapture Master and ContextCapture Engine use a mastesrker pattern which is based on job
submissions in a job queue directory.

ContextCapture Settings allows to set the [pqueue directory on a computer. When ContextCapture Engine
starts, it reads this setting and dedicates to the corresponding job queue directory. When ContextCapture
Master starts, it reads this setting and assigns the corresponding job queue directoryttee new projects. Please
note that the job queue directory of existing projects is not affected by ContextCapture Settings. Instead, it can
be modified from the Project Optionstab in ContextCapture Master.

See alsdvianaging the job queue

Internet access

ContextCapture requires internet access to activate your license and your account, manage software updates, to
access Bentley Geocoordination Services, or to directly publish 3D rmedsl on the web.

You can configure the connection according to your proxy settings.

System information

From ContextCapture Settings, you can get a system information summary from tBgstem informatiortab.

In case of technical problems with the software He technical support team may ask you for information about
your system. Use this tool to get a system report and send it to the technical support team.
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7| ContextCapture Settings

‘7 Ligeimﬁ licoiﬁﬁg?éﬁ:i | System information |

Host name:
Operating system:
Edition: Microsoft Windows 7 Professionnel
Version: 6.1.7601
System:
Processors: Intel(R) Core(TM) i7-4330K CPU @ 3.40GHz
OS visible memory: 40900 MB
Display adapters:
NVIDIA GeForce GTX 1080 - driver version 22.21.13.8253 - 4096 MB or more

NVIDIA GeForce GTX 1060 6GB - driver version 22.21.13.8233 - 4096 MB or more

More information

[ OK J| Cancel |

Figure 1: System information in ContextCapture Settings

Licensing
ContextCapturelicensing is based on Bentley CONNHEansing.

CONNECT licensing is Bentley's improved licensing model that is being implemented for enhanced security and
optimized value for an organization's Bentley Subscriptions. It will not only give organizations more options to
monitor and manage theirusage but also provide new, advanced licensing features that enhance digital workflows.

CONNECT Licensing integrates the new licensing system with Bentley's Identity Management System (IMS) and the
Bentley CONNECT technology platform to allow neaeal-time reporting of usage, improved notification and
messaging to the user and increased administrative capabilities for organization administrators.

The highlight of CONNECT licensing is the ability to give end users neaal-time alerts, if continuing to start the
product will likely generate a term license (also known as overage). If an overage situation is detected, the user will
be given an alert and have the option to quit the application before a license is used or to acknowledge that a term
license will be generated and proceed with opening the product.

However, this alerting is not a feature that will be enabled by default but, instead, will need to be enabled by an
organization's license administrator. Those organization administrators can also gramr deny access to a user for a
particular product and to configure other restrictions such as disabling offline usage which would be necessatry if the
organization is intent on limiting term license generation.

ContextCapture Users will have to sign in to@NNECTION Client with a valid IMS ID associated with their account to
access Bentley products and features. By signing into CONNECTION Client users can also find their organization's
projects, download software updates, receive relevant notifications, arttlack their usage.

Used to step through the product activation process. After a product is installed, you must obtain a license and then
activate that license.
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Bentley Licensing Too |

OpenBentley Licensing Todb manage your license $tart menu > Programs CONNECTION ClienBentley
Licensing Tool).

< .
Bentley Licensing Tool

File Tools Melp
Logged m ar Smrutirecha Matapatra bertiey com
Entitlements Reserve License Product Status

Product FestureSting  Expwes  Reserved  Allowed Offine  Licerse Type  Access  Usermame

Yes Commercial  Allowed  Smrutireiha Mahapatra@bentiey.com

o
v
© CONNECTION Chant
]

MicroStation 8/30/2018 No Yes Commercial Allowed  Smrutireicha Mahapatra @ bentley.conm

Figure 2: Bentley Licensing Tool

E Entitlements: Allows you to view the products you have entitlement to and related information like date of
expiration of license, whether it is reserved or not, type dfcense and so on.

F Reserve License: Allows you to reserve a license if you want to use the product in offline mode for more than the
seven days. Yomust sign-in to CONNECTION Client to use the product for the first time. For any subsequent use
you can use it in offline mode for a period not more than seven days after which you have to sigragain or
reserve a license.

E Product Status: Shows the list of products you are entitled to and information about their version, duration it is
enabled for andso on.

CONNECT License Client Activation Dialog
You can access this dialog from the Bentley Licensing Tool dialog: menu Tools > Activation Wizard.

Used to activate any products. You can psactivate the products that you wish to use in this dialog, reserve
product of a specific period of time or import a policy file. You can also view which products you do or do not have
access to, in this dialog.

Select the method of activation:

ContextCapture 12 User Guide



CONNECT License Client Activation

Please Choose a Method of Activation

From this screen, you may pre-activate a list of Bentley products, reserve a product for a specific period of
time, or import one or more reserved policy files.

© Activate One or More Products
Reserve a License

Figure 3: Selection of a method of license activation

£ Activate One or MoreProducts: Allows you to preactivate products you wish to work on.
¥ Reserve a License: Allows you to reserve a license for a specific period of time.
Select products to activate:

<
CONNECT License Client Activation (102)

Add or Remove Products to Activate

Product Name Feature String

ContextCapture Center (Master)

ConterCapture Center (Engine)

© Add Procuct

Figure 4: Selection of products to activate
Add or remove products tothe list and click Next.

Check the Product activation summary:
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‘ »
CONNECT Ucense Client Activation (102)

o

Sutes  Product Name Feature String  Expuration Date s Reserved  Licorse Type  Access Ked  Alertng Se

Figure 5: Product activation summary
Check the product activation list and click Close.

Note: If you are using an evaluation license dfontextCaptureyour license will be vdid 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.

Useful concepts

An advanced use of ContextCapture requires know a few concepts of photogrammetry and geodesy.

The interior orientation - or intrinsic parameters - of a camera refers to some internal properties of the camera:
the size of the camera sensor, the focal length of the lens, the position of the priradipoint in the image plane,
and the distortion of the lens.

We call photogroup a set of photographs with identical interior orientation. In the sequel, photogroup
properties will refer to the interior orientation shared by all photos of a photogroup.

L% In practice, interior orientation is unique to one physical camera with all its settings fixed. Even for two
cameras of the same model with same settings, their resptive photographs do not constitute a single
photogroup.

The exterior orientation - or pose- of a camera refers to the 3D position of the optical center of the camera and
the 3D rotation of the coordinate system of the sensor in the world coordinate syen.

To perform 3D reconstruction from photographs, ContextCapture must know very accurately the photogroup
properties of each input photogroup and the pose of each input photograph. If you ignore these properties, or if
you do not know them with sufficientaccuracy, ContextCapture can automatically estimate them through a
process called aerotriangulatior or aerial triangulation - sometimes abbreviated to AT.

One important step of aerotriangulation is to determine pixels in two or more different photograph which
correspond to the projections of a same physical point in the scene:

E If the 3D position of the physical point is not known goriori, the photo correspondences form a tie point.
ContextCapturecan automatically generate a large number of tie points.
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£ If the 3D position of the physical point is prescribed, the photo correspondences and the 3D position form a
control point. When control points are present, the result of aerotriangulation can becaurately
georeferenced. Whereas tie point generation is fully automated i@ontextCapture control points require
some manual intervention to enter their 3D coordinates and their accurate projections in photographs.

When poses of photograhs are georeferenced, ContextCapture uses the Earth Centered Earth Fixed (ECEF)
spatial referential system. ECEF is a standard global Cartesian coordinate system. Please refettio//

en.wikipedia.org/wiki/ECEF for a complete definition.

Whereas ContextCapture uses ECEF for photo poses, it uses a local East North Up (ENU) spatial coordinate

system for the 3D reconstruction process. ENU is a Cartesian coordinate system with a local origin, oriented

along the WGS84 ellipsoid, with axes pointing to East (X), North (Y) and Up (2Z) directions. ENU allows a more

convenient manipulation of 3D models tharECEF, because its Z axis coincides with the up vector. However,

please note that 3D models produced by ContextCapture can later be reprojected to any coordinate system.
Zc(uf

A

* North

»Up

East

__Prime Me”dlan

xr:c-:f

In other circumstances, ContextCapture describes georeferenced positions using twengraphic (longitude,
latitude) or two projected (X, Y) coordinates, complemented with ellipsoidal height, which is the height above
the reference ellipsoid (usuallyWGS84but it may be a different ellipsoid, e.gsRS80for some spatial reference
systems. Ellipsoid height differs from orthometric height, which is closer to the popular height above sea level.
ContextCapture uses ellipsoidal height instead of orthometric height, because the former has a simple and
unambiguous mathematical definition, wheras the latter is based on a geoid height grid subject to sampling

and accuracy issues.
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Preparing the Imagery Dataset

Photo acquisition
Overlap

Each part of the subject should be photographed from at least three distinebut not radically different
viewpoints. The overlap between consecutive photographs should typically exceed two thirds. Different
viewpoints of the same part of the subject should be less than 15 degrees apart.

For simple subjects, you can achieve this by taking approximdye30-50 evenly spaced photographs all around
the subject.

For aerial photography, a longitudinal overlap of 80% and lateral overlap of 50% or more are recommended. To
achieve best results, acquire both vertical and oblique photographs, in order to simuftaously recover building
facades, narrow streets and courtyards. ContextCapture is remarkably robust for unstructured acquisition. You
may however prepare a flight plan for more systematic acquisitions.

Camera models

ContextCapture supports a wide range afameras: mobile phone, compact digital, DSLR, fisheye,
photogrammetric, and multi-camera systems. It can process still photographs or extracted video frames from
digital video cameras. It does not support lineapush broomcameras. It does not support rding shutter
cameras under fast motion.

Although ContextCapture does not require a minimum camera resolution, a higher resolution camera allows
acquisition of a subject at a given precision with fewer photographs, and thus more quickly, than a lower
resolution camera.

ContextCapture needs to know the width of your camera's sensor. If your camera model is not already listed in
our database, you will be asked to enter this information. If you are unsure of your camera'’s specifications, you
can consult your canera owner's manual or the Digital Photography Review website: http://
www.dpreview.com/products.

Projected Pixel Size

In the sequel, the projected xel size means the extension of the classical ground resolution to a more general,
possibly not aerial, acquisition configuration.
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The resolution and precision of the generated 3D model is directly related to the projected pixel size on the
subject.To achieve a desired projected pixel size, you must adopt a proper combination of focal length and
distance to the subject, as defined by the formula below:

projected pixel size x focal length x photo's largest dimension = sensor width x distance to  the subject
[m / pixel] [mm] [pixel] [mm] [m]

Uniform projected pixel size across the entire image is not required since ContextCaptwiél automatically
propagate variations in projected pixel size to the resolution and precision of the generated 3D model.
ContextCapture is unable, however, to join together photographs of radically different projected pixel sizes. If a
wide range is required, photographs with intermediate values should be used to create a smooth transition.

Focal Length

Using a fixed focal length throughout the acquisition process is recommended.

To achieve a noruniform projected pixel size, vary the distance to the sybct. If you cannot avoid several focal
length settings, e.g., if the distance to the subject is constrained, shoot several series of photographs, each with a
fixed focal length.

When using a zoom lens, make sure its position remains fixed over a seriepbbtographs. You can use a piece
of adhesive tape with a manual zoom lens to keep it in place.

Wide-angle or fish-eye lens can be used if the suited camera model type is specified, ContextCapture can
automatically estimate extreme lens distortion.

Do notuse digital zoom.

Exposure

Select exposure settings that will avoid the motion blur, defocus, noise, and over or unetposure that can
seriously alter 3D reconstruction.

Manual exposure reduces the likelihood of color discrepancies in the texture map of the generated®ddel
andis therefore recommended for those with the necessary photography skills and under fairly stable and
uniform lighting conditions. Otherwise, automatic exposure may be used.

£ Turning off optical or digital image stabilization is recommended.

Lighting

Ambient, constant lighting is preferable to direct and/or timevarying lighting sincethe latter increases the risk
of overexposure and underexposure. For indoor acquisition, fixed lights are preferable to flash, and for outdoor
acquisition, clouds (highaltitude cirrus clouds, no rain) are preferable to sun. If photos must be taken on a
sunny day, take them around noon to minirize shadow areas.

Please note thatorrectly exposedshadows do not affect the performance afontextCapture put will appear in
the texture map of the generated 3D model.

Photo Retouching

Before inputting photographs into ContextCapture do not manipulate them, by resizing, cropping, rotating,
denoising, sharpening or adjusting brightness, contrassaturation, or hue. Make sure to deactivate your
camera's auterotate feature.
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ContextCapture does not support stitched panoramic photographs. It requires the original photographs which
were used to create the panorama.

Photogroups

For optimal precision and performance, ContextCapture must group all photos taken by the same physical
camera with identical focal length and dimensions (identical interior orientation) in one photogroup.

ContextCapture can automatically determine relevant photogroups if photos are organized in subdirectories
according to the cameras used to shoot them: phas taken by different physical cameras (even if they are the
same model) should be placed in separate subdirectories. Conversely, all photos taken by the same physical
camera should be placed in the same subdirectory.

Masks

A mask can be associated to épto to cause specific parts of the image (e.g., moving obstacles, reflections) to be
ignored in the workflow. A valid mask is a black and white TIFF image with the same dimensions as the photo.
Pixels of the photo corresponding to black pixels of the maskill be ignored during aerotriangulation and
reconstruction.

Masks are associated to input photographs through their file name:

E Associate a mask to one photo: for a photo nametiléName.ext, the mask file must be named
"fileName_mask.tifand placed inthe same directory as the corresponding photo.

Example: for a photograph IMG0002564.jpg, the corresponding mask should belMG0002564_mask.tif
F Associate a mask to an entire directory (requires photos of same dimensions): if present in a directory, the
file "mask.tif* is used as a mask for all photos contained in this directory.

Masks can also be assigned to photos from the user interface once photos are loaded.

Input data file formats

ContextCapturenatively supports photographs in JPEG and TIFF formats. It can also read some of the more
common RAW formats. ContextCapture uses Exif metadata if present.

Supported file formats:

JPEG

Tag Image File Format (TIFF)
Panasonic RAW (RW2)
Canon RAW (CRW, CR2)
Nikon RAW (NEF)

Sony RAW (ARW)
Hasselblad (3FR)

Adobe Digital Negative (DNG)
JPEG 2000

ECW

PNG

N S N S N N O U 5 U N U SN SN S N N

Warning: loading and processing of JPEG 2000 files may take longer than for other formats.
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ContextCapture can also import frames from video files in the followg formats:

Audio Video Interleave (AVI)
MPEG1/MPEG-2 (MPG)
MPEG4 (MP4)

Windows Media Video (WMV)
Quicktime (MOV)

MMM MNMN

Point cloud file formats
ContextCapturesupports two common point cloud formats able to store scan positions:

E ASTM E57 file format (.e57)
F Cyclone point cloud export format (.ptx)

Positioning data

One of ContextCapture e's breakthrough features is its ability to handle photographs that have raspioning

data. In such a case, ContextCapture generates a 3D model with arbitrary position, rotation and scale, yet with a
plausible up vector. However, ContextCapture also natively supports several types of positioning data including
GPS tags, controlqnts and can import potentially any other positioning data through position/rotation import

or complete block import.

GPS tags, if present in Exif metadata or in an accompanying XMP file, are automatically extracted, and can be
used to georeference the geerated 3D model.

% Incomplete GPS tags are ignored (with latitude and longitude coordinates but without altitude).
GPS altitude referencé&ea levend WGS 84 ellipsoidre supported.

Control points should be used whenever you need bettehan-GPS georefencing accuracy, or whenever you
want to eliminate long-range geometric distortion caused by numerical error accumulation across the subject's
extent. Georeferencing requires a minimum of three control points. Addressing lofrgange effects demands a
higher number of well-distributed control points. The 3D position of control points must be obtained via
traditional surveying methods. For each control point, you will have to manually point out a few (2 minimum, 3+
recommended) 2D measurements in photographthrough the Smart3DCapture Mastegraphical user interface

or a third-party tool.

See alsaControl Points.

In addition to GPS tags and control points, ContextCapture can import potentially any other positioning data
(e.g.inertial navigation system data) or third-party aerotriangulation results, through position/rotation text file,

or through a dedicated XML or Excel format. Once imported, ContextCapture can use this data as is, or slightly
adjust it, instead of computingit from scratch. This allows an even higher scalability and robustness.

See alsdmport blocks.
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ContextCapture

Principle
ContextCapture takes as input a set of digital photographs of a static subject, taken from different viewpoints.

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

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.

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

Suitable Subjects
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ContextCapture's versatility allows to seamlessly reconstruct subjects of various scales, ranging from
centimeters to kilometers, photographed from the ground or from the air. There is no limit in the precision of
the resulting 3D model, other than the resolution of tk input photographs.

ContextCapture performs best fogeometrically complextextured matte surfaces, including but not limited to
buildings, terrain and vegetation.

Surfaces with no color variation (e.g. solid color walls/floors/ceilirgs), or with reflective, glossy, transparent or
refractive materials (e.g. glass, metal, plastic, water, and to a lesser extent, skin) may cause holes, bumps or
noise in the generated 3D model.

ContextCapture is intended for static subjects. Moving objecfpeople, vehicles, animals), when not dominant,
can be handled at the price of occasional artifacts in the generated 3D model. Human and animal subjects should
remain still during acquisition or should be photographed with multiple synchronzed cameras.

Capturing close rangamid range subjects

This is a common bottleneck in many sectors: architecture, engineering & construction; manufacturing; media &
entertainment; e-commerce; scientific analysis; cultural heritage. ContextCapture dramatlly enhances
productivity and opens new business opportunities in these different sectors, as illustrated by the example
below.

Figure 6: Autun Cathedral: Tympanum (courtesy of-Situ)

Mapping largescale urban or natural environments

ContextCapture ges beyond the photerealistic flyovers, generated fromtightly controlled aerial imagery,
offered by some popular online map services. It allows, in a completely automated manner, to turn various
image sources (aircraft, helicopter, UA\&treet-level) into a consistent and accurate reaBD model
encompassing all scales, from largscale relief to finer details of marmade constructions and objects and
natural landmarks.
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Figure 8:Street 3D model (courtesy of V3D)

Architecture

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

EZ ContextCapture Masteiis the master moduk of ContextCapture. Through a graphical user interface, it allows
you to define input data and processing settings, to submit processing tasks, to monitbe progress of these
tasks, to visualize their results, etc. Th®lasterdoes not perfam the processing tasks. Instead, it decomposes
tasks into elementary jobs which it submits to a job queue.

¥ ContextCapture Enginds the worker module of ContextCapture . It runs on a computer in the background,
without user interaction. When it is not busy, theenginetakes a pending job in the queue, depending on its
priority and date of submission, and executes it. A job usually consists of processing aerotriangulation or 3D
reconstruction, using various computatonally intensive algorithms (keypoint extraction, automatic tie point
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matching, bundle adjustment, dense image matching, robust 3D reconstruction, seamless texture mapping,
texture atlas packing, levelof-detail generation, ...).

For automation needs, CotextCapture Master interface can also be replaced by calls to a Python API. See also
chapter ContextCapture

Thanks to this masterworker pattern, ContextCapturesupports grid computing. You can dramatically reduce
processing time simply by running multiple ContextCapture engines on severabmputers andassociate them to
a same job queue.

ContextCapture's grid computing ability is based on the operating system's native file sharing mechanism. This
allows ContextCapture to transparently handle a SAN, a NAS or a shared standard HDD. No specific grid
computing architecture needs to be deployed.

PHOTOS PROJECTS PRODUCTIONS

EZ ContextCapture Viewelis ContextCapturés free lightweight visualization module. It is optimized for
ContextCapture 's native format, which handles levedf-detail, paging and streaming, thus allowing
visualization of terabytes of 3D data, locally or online, with a smooth frame rate. You can use ContextCapture
Viewer in conjunction with ContextCapture Master to control production quality all along the workflow. You
can also use it to navigat¢he results.

EZ ContextCaptue Installation: to manage configuration ofContextCapture.

£ License Management Tool: to manage licensing of ContextCapture
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Workflow

Imagery import Operator(s) Job queue Automated Textured 3D
processing model

JPEG / TIFF | RAW

E

0OBJ Export ‘

QL

‘ 0BJ Import 3D geomelry & texture editing
SLE 1

Figure 9: ContextCapture workflow

From the ContextCapture Master useinterface, one operator (in some cases, there may be several operators
working in parallel) definesinput data and processingsettings andsubmits the corresponding 3D
reconstruction task to the job queue. One or several ContextCapture enginesen available, process the
different elementary jobs, and store the results at the location defined by the operator in the ContextCapture
Master user interface. From this interface, the operator can also directly monitor the status and progress of
thesejobs (Learn more aboutJob Monitoring). After the jobs are completed, the output 3D model is ready.

Retouching

In most cases, the automatically generated 3D model can be used as is. But for some specific applications, an
operator may prefer to fix the occasional geometric defects of the automatically generated 3D model in some
third -party software, input this retouched 3D geometry in the ContextCapture Master user interface, and submit
a novel 3D reconstruction task. In this case, the output 3D model is updated accordingly by automatically
mapping texture to the retouched 3D geometry.

Learn more aboutRetouchingwith third party software.

Mesh touchup and cleaning
Learn more aboutMesh touchupwith internal tools to fix simple geometry artefacts.

System Requirements

ContexiCapturesupported operating systems:
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Windows 8 (x64)

Windows Server 2012 (x64)
Windows 10 x64

Windows 8.1 x64

Windows Server 2016
Windows Server 2019

=A =4 =4 -4 -4 -9

It requires at least 8 GB of RAM andVIDIA or AMD graphics card, or Inteintegrated graphics processor
compatible with OpenGL 3.2 with at least 1 GB of dedicated memory.

For specific Annotation jobs leveraging artificial intelligence, minimum GPU requirement are higher. A 4.0GB
NVIDIA devie with up-to-date drivers is the minimum we require.

Both desktop and rackmounted computers are supported. Even multimedia or gaming laptops can be used,
though with a significantly lower performance.

As ofJanuary 202Q the following configuration is recommended: a recent desktop computer running under
Microsoft Windows 7/8/10 Professional 64-bit with 64 GB of RAM, an-&ore i9-CPU and an NVIDIA GeForce
RTX 2080Ti graphics card. Please contact the technical support team to design more powerful configtioas
(GeForce TITANRTX SSD Drivesetc.).

Input, working and output data should preferably be stored on fast storage devices (fast HDD, SSD, SAN). For file
sharing, we recommend a >4Gigabit Ethernet network.

About Remote desktop connection

%y ContextCapture Engine cannot work through a Remote Desktop Connection because hardware acceleration
is disabled. However, you can use VNC or a remote administration software like TeamViewer.

About Windows session

4 Switching Windows user while ContextCaptre Engine is running will cause running computations to fail
because hardware acceleration is disabled when the user is not connected.

About paths with noPASCII characters

% ContextCapture does not support paths with norASCII characters. All specified jput and output file paths
must use only ASCII characters.

Performance

ContextCapture exploits the power ofjeneralpurpose computation on graphics processing units (GPGPU),
yielding 50-times faster processing for some operations (image int@olation, rasterization, zbuffering). It also
uses multicore computing to speed up some CPidtensive parts of the algorithms.

ContextCapture can process 10 to 20 gigapixels per day and per ContextCapture Engine on average, depending
on the hardware confguration, to produce a textured 3D mesh with Extra precision. For input point cloud
datasets, ContextCapture can process about 250 million of points per day and per ContextCapture Engine.

You can dramatically reduce processing time wh grid computing, simply by running multiple ContextCapture
engines on several computers, and associate them to a same job queue.
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Example: for vertical + 4oblique aerial datasets with a ground resolution of 1615 cm and a typical overlap, we
have observel an average production rate of 3660 km2 per day on a cluster of 4 ContextCapture Engines.

Regarding memory use, one ContextCapture Engine with 8 GB of RAM can handle up to 1 gigapixel of input data
and 10 million output triangles in one job.

Software Edions
ContextCapture edit ion

ContextCapture automatically reconstructs objects, buildings, mamade or natural landmarks, from imagery
datasets of up to 300 gigapixels, or point clouds up ®billion points and a batch processing ability through a
job queue. Most suited for, but not limited to, UAS /UAV/drone operators, this edition allows the production of
high-resolution 3D models as well as the generation of digital surface models (DSM) and true orthophoto.

ContextCapture Center edition

ContextCapture Center is dedicated to largescale 3D surveying and mapping. It can handle an unlimited
number of photographs without any limitation in size andallows computations to be parallelized on a cluster of
3D reconstruction engines. It an import complex positioning data (example, inertial navigation system data),
third -party aerotriangulation results and surface constraints. Consequently, it is adapted to massive 3D content
production, like entire 3D cities from the air or from a mobilemapping system.

It can be customized to customer needs, for a seamless integration into the most demanding 3D production

pipelines.

Compare ContextCapture editions
Features ContextCapture ContextCapture

Center

Input imagery datasets S ogigapixels Unlimited
Input point cloud datasets S 3 billion points Unlimited
Automatic aerial triangulation / calibration v v
Automatic true 3D reconstruction (3D TIN) v v
Georeferencing v v
True orthophoto / DSM generation (GeoTIFF, JPG...) v v
Dense point cloud generation (LAS,AZ,PODPLY,OPQ v v
CAD interoperability (OBJ, FBX, Collada, STL, DGN...) v v
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3D GIS interoperability (Agency9CityPlanner, Eternix Blaze v v
Terra, Google Earth, Skyline TerraBuilderSpacEyes3D Builder,
Supermap GISDIGINEXT VirtualGEO...)
Annotations (2D/3D objects, segmentation) v v
Free Viewer / web publishing v v
Features ContextCapture ContextCapture
Center
Unlimited tiling v v
: : v v
Task queuing / background processing
SDK / Python scripting v v
Grid computing S ¢ AT 1 PO (Unlimited
e A s A e Ao R 4 v
2AAT 1 OOOOAOGETT AT 1 OOOAET O i x
Quiality control v v

Warning: Project file compatibility between ContextCapture editions is restricted. Reading of project files

created from a higher edition is not permitted.

Interoperability

ContextCapture is fully interoperable with 2D/3D GIS and CAD solutions through dedited formats or via

neutral formats.

ContextCapture can also export accurate camera properties, positions, orientations in various exchange formats.

See alsdxport block and Output formats.

CAD/3D Software

With the standard Wavefront OBJ, Collada DAE, and FBX formats, 3D models generated by ContextCayatnore
be exported to a vast majority of CAD and 3D solutions including Bentley MicroStation, Autodesk 3ds Max,
Autodesk AutoCAD, Rhinoceros 3D, Autodesk Maya, Autodesk Mudbox, Autodesk MeshMixer, MeshLab.

ContextCapture can generate 3D meshes with multiplevel of detail (LOD) to ease integration of large datasets

into 3D solutions supporting this optimization.
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For very large 3D models such as cities using the above formats can prove challenging, even with the LOD
system. In this case, the 3MX format oabe used to export the model to Bentley MicroStation.

2D/3D GIS software

Georeferenced 3D models can be produced in any coordinate system ( ContextCapture includes more than 4000
spatial reference systems and can be extended with useefined ones) and incustom tiling systems compliant
with GIS applications.

ContextCapture can produce 3D mesh models with levef-detail and paging directly compatible with several
leading 3D GIS softwareTerraExplorer (Skyline), SpacEyes3D BuildgiCityPlanner (Agency9), VirtualGeo
(DIGINEXT) Blaze Terra(Eternix), Supermap GlSGoogleEarth, Cesium and more to come.

ContextCapture can generate trueorthophotos and DSM compatible will all standard GIS tools.

ContextCapture can export dense point clouds in ASPRS LASer (LAS) and Pointool® fprmat with color
information on each point, that can be used in most point cloud analysis and classification software.

3D Visualization

ContextCapture includes ContextCapture Viewer, a free downloadable lightweight 3D visualization application
working locally or online, under Windows.

3D visualization

ContextCapture Viewer is optimized for ContextCapture 's native 3MX, which handle lexgdtdetail, paging and
streaming, thus allowing visualization of terabytes of 3D data with a smooth frame rate.

ContexCapture Viewer integrates 3D measurement tools (3D position in a configurable Spatial reference
system, 3D distance and height difference, surfaegeaand volume computation) and tile selection tools.

You can use ContextCapture Viewer in conjunction witGontextCapture Master to control production quality all
along the workflow. You can also use it to navigate final results and generate-flyough animations.

Free and downloadable ornttp://www.bentley.com , ContextCapture Viewer offers an instant solution for
publishing 3D models in ContextCapture 3MX and S3C formats.

Web publishing
ContextCapture users have several options for publishing their original 3D content on theternet.

Share imagesorientations, and productions on ProjectWise ContextShare.
Publish 3MX production with ContextCapture Web Viewer 1.0.

Publish 3D Tiles to Cesium.

Share S3C productions online.

Publish to SketchfalfOBJ format)

MMM MNMN

Tolearn how to share and publish ContextCapture contentplease se the dedicated@Veb publishinsd AEABDOAO
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ContextCapture Master

The ContextCapture Master is the master module of ContextCaptufEhrough a graphical user interface, it
allows youto:

Import the data sets,

Define the processing settings,

Submit tasks,

Monitor the progress of submitted tasks,
Visualize results, etc.

MMM NN

The Master does not perform the processing tasks. Instead, it decomposes tasks into elementary jobs which it
submits to a job queue.

ContextCapture Master 's main interface manages the different steps of the ContextCapture workflow through a
project.

A project is organized along a tree structure. It contains items of different types, corresponding to each step of
the workflow:

¥ Project(see Projec): A project manages all data relative to a scene processed by ContextCaptlireontains
one or several blocks as sultems.

¥ Block (see BlocR: A block manages a set @fiput photos and their properties (photogroup properties: sensor
size, focal length, principal point, lens distortion / pose: position, rotation), based on which one or several
reconstructions can be created. These reconstructions are represented as sitbms of the block in the tree
structure.

E Reconstruction(see Reconstructio: A reconstruction manages a 3D reconstruction framework (spatial
reference system, regiorof-interest, tiling, retouching, processing settings)based on which one or several
productions can be launched. These productions are represented as sitkdms of the reconstruction in the
tree structure.

¥ Production (see Productior): A production manages the generation of a 3D odel, with error feedback,
progress monitoring and notifications about updates of the underlying reconstruction (e.g. retouching).

A project can contain multiple items corresponding to a same step of the workflow, which allows complex
versioning and/or variant management. This is very useful to experiment on a same scene with different input
data and different processing settings.

The main interface is in the form of a project explorer from which you can browse all the items of a project.
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@ ContextCapture Master - Center edition [CC_Project.ccm] - o X

Workflow Assistant
context:

The workflow is complete.

v i Block 1 - AT ported from '500_LeBourget - AT -exportaaml’...
¥ Reconstruction_1
< 199 photo(s), 0 control point(s), 0 user tie point(s), georeferenced

Photos Point clouds Surveys Additional data 3D view
Project Item View Submit aerotriangulation... |~
Complete data

Process a new block with completed or
The block is ready for reconstruction. adiusted parameters.

Photos positioning level: georeferenced & Bxport.... M|
Export block to various file formats.

Project Tree View « share...
Share images and orientations on
ProiectWise ContextShare.

499 photo(s) in 1 photogroup(s), 7.9 gigapixels
499 photo(s) i the main component

499 known position(s) and 499 known rotation(s)

0 control point(s) (0 full point(s), 0 horizontal point{s), 0 vertical point(s)) among which 0 check point(s)
0 user tie point(s)

76321 automatic tie point(s) View

Resolution ranges from 0.025 meters to 0.036 meters

Splats: not available Create

Block ID: Block_5
Created: 10/26/2021 10:50 AM
Last modified: 10/26/2021 10:50 AM

[ &) Hew reconstruction
Reconstruction_1 Create a new reconstruction
framework.

30
Regular planar grid (grid size 91 meters)

97 tile(s) Delete reconstruction
extra precision

Remove reconstruction from
block.

Figure 10: ContextCapture Master main interface

You can navigate in the project from th@roject tree view

E The project tree view provides a direct access to any item in the project and provides an overview of the
project (it includes a preview of the satus of each project item).

The central area (project item view manages data and actions relative to the active item. Its content depends on
the type of the active item project, blockreconstruction,or production).

For somespecific actions, the interface guides you through the workflow using dedicated modal dialogs or
wizards.

ContextCapture Master submits jobs to ContextCapture Engine through a job queue. The Queue Monitor
panel displays an overview of the job queue status and progress.
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Project
The Project item manages all data relative to a scene processed@gntextCapture.

Project - DemoProject

4 block(s)
General ~ Options

Open project directory...

= i o = & New block
Block_1 Block_1 - AT Block_1 - AT - copy Block_1 - AT - copy - AT Create a new block from photos.
32 photo(s) 32 photo(s) 32 photo(s) 32 photo(s)
0 control point(s) 0 control point(s) 1 point cloud(s) with 4581 points 1 point cloud(s) with 4581 points Import blocks...
0 user tie point(s) 0 user tie point(s) 0 control point(s) 0 control point(s) Import blocks from XML/XLS file.
0 user tie point(s) 0 user tie point(s)
Import block from PWCS...
Import block from ProjectWise
ContextShare.
Split block...
Divide block into several parts.

Extract block...

Extract region from block.

Delete block

Remove block from project,

Figure 11: Project item interface

The project item is defined by a list of blocks and pject options, managed from two tabs:

E The Generaltab manages the list of project blocks.
EZ The Optionstab allows to set some options useful for computer clusters.

For the project, theReference manageallows to check resources, and to repair or update links.

The Basemap manageis used to manage basemap layers accessible from project 3D views.

Project file compatibility between ContextCapture editions is restricted. Reading of project files created from a
higher edition is not permitted. SeeSoftware Editions

General

The project General tab displays project dashboard and manages the list of project blocks.
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General  Options

Open project directory...

fa L] s =) =) =] © New block
Block_1 Block_ 2 Block_3 Block 4 ClosestReference Water Create a new block from photos.
1609 photo(s) 1609 photo(s) 4905 photo(s) 4905 photo(s) 1609 photo(s) 26102 photo(s)
20 control point(s) 20 control point(s) 44 control point(s) 44 control point(s) 20 control point(s) 51 control point(s) Import blocks...
0 user tie point(s) 0 user tie point(s) 0 user tie point(s) 0 user tie point(s) 0 user tie point(s) 0 user tie point(s) Import blocks from XML/XLS file.

georeferenced georeferenced georeferenced georeferenced georeferenced georeferenced
Import block from PWCS...

Water - subset NoDrone - global NoDrone - path ~ Water - tile v1  Water - tilePoints - AT~ Water - tile Import block from ProjectWise
19555 photo(s) 18296 photo(s) 18296 photo(s) 1214 photo(s) 1214 photo(s) 1214 photo(s) ContextShare.

51 control point(s) 51 control point(s) 51 control point(s) 51 control point(s) 51 control point(s) 51 control point(s)

0 user tie point(s) 0 user tie point(s) 0 user tie point(s) 0 user tie point(s) 0 user tie point(s) 0 user tie point(s) Split block...
georeferenced georeferenced georeferenced georeferenced georeferenced georeferenced Divide block into several parts.

- - Extract block...
Capturel Capturel - AT .

1214 photo(s) 1214 photo(s) Extract region from block.

51 control point(s) 51 control point(s)

0 user tie point(s) 0 user tie point(s) Delete block
georeferenced Remove block from project

Figure 12: The project General tab

Dashboard

The Generatab may display contextual information about the project status.
General Options \

Open project directory. ..

Empty project
To proceed, you must create & new block or import blocks from XML flle.

Figure 13: Example of project dashboard
Blocks

The project manages a list oBlocks. You can create new blocks in differenways orremove existing ones.
[ & New block ]

Create a new block from photos.

Creating a new block starts the @ntextCapture workflow from scratch.
Import blocks...

Import blocks from XML or XLS file.
Imports complete or partial blocks definitions from aBlocksExchang&ML file or from MS Excel file.

Seelmport blocks.
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Import block from PWCS...
Import block definitions from a file located on ProjecWise Context Share

Spiit block... |

Divide block into several parts (available only for a georeferenced aerial block).

SeeSplit block.
Extract block... ]

Extract region from block(available only for a georeferenced aerial block).

SeeExtract block.

Delete block J

Remove block from project.

Remove all the block content including reconstructions and productions.

Options

The project Options tab enables UNC pathigfinition and job queue management, helping cluster computing.

General  Options
UNC paths

When using ContextCapture on a computer duster, Universal Naming Convention (UNC) paths are required for distant access to input, project and output file
locations.

[J warn when a non-UNC path is used (advised when using a computer cluster)

(] use proxy UNC path for the project file: |

Job queue

Define the directory where jobs must be submitted for ContextCapture Engine.

Job queue directory: Ii

ProjectWise project

Associate ProjectWise project

Figure 14: The project Options tab

UNC paths

When using ContextCapture on a cluster, Universal Naming Convention (UNC) paths are required for distant
access to input, project, and output fés.

Warn when a non -UNC path is used (advised when using a computer cluster)
This option activates warnings in the user interface when a netUNC path is used:

¢ for the project file location,

£ for photo files,

¢ for the job queue directory,

¢ for the production output directory.
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Use proxy UNC path for the project file

%y Even if UNC paths are used everywhere in a project file, if the project is opened from a local location (for
instance doubleclick on the CCM file in the local directory), notyNC pathsnay be introduced in jobs and cause
the computer cluster to fail.

To avoid this common cause of error, the proxy UNC path allows to define the UNC project file path used by
ContextCapture, independently of the location the project is opened from.

Job quee

Defines the directory where jobs must be submitted for processing by ContextCapture Engine.

This option allows to modify the job queue directory of a project. The job queue directory of a new project is
initialized to the default value set by ContextCapire Settings (sednstallation and Configuration sections).

ProjectWise project
Your ContextCapture project can be associated to a ProjectWise project.

& ProjectWise Project Chooser
+ Register Project O

Select a project ©

Number

Prod Test 20121125 EA

001-Dec

12012016 Vilnius proj 5

OPModeler_Imperial

11.25.2015.8.1.1

Refresh

View : * Favorit

Name

Prod Test 20121125 EA

PWDM 101

12012016 Vilnius proj 5

Bentley Pune

Windows 8.1 x64 - MS 10.0 Exton

[m] X
o |@ neen [E |
Location Industry Asset Type
Buildings and Facilities Airports
Southbank Communications Telecommunications
Buildings and Facilities Airports
Pune India Cther Other
Buildings and Facilities Airports

Associate Cancel

Figure 15: ProjectWis@roject chooser

Simply select a ProjectWise project to be associated with your work. See the ProjectWise Project Chooser
documentation for more details on the various capabilities of this window. When associated, all use of the
project in the current product is associated with the ProjectWise project.

Reference manager

Check resourcestepair, or update links.

ContextCapture projects refer to several external resources: input photos and masks, as well as output
directories. The referencemanager interface allows you to check, repair or update corresponding links.
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Some resourcesnay be synchronized with the cloud. The reference manager dialpgrmits you to check and
control the synchronization.

W Reference manager — [m] x
g

=, Reference manager

Check resources, repair or update links.

Filter: filtter paths. >~ Update status
~ Update status and retrieve cloud
Type Local Status < Local Path Cloud Location  Cloud Status properties
= Image Collection Unknown Dy TESTS/Tuxford_Scan+photos_Light/Photos £ pWCS (2]

Clean database

Removed locally unused entries

Replace in paths...
Apply changes in file paths.

Apply changes Cancel changes Close

Figure 16: The reference manager mtface

Note: If the project contains unloaded blocks, the reference manager will temporary load them in order to
manage project references properly (see alsboad/unload blocks).

Check resources status wittUpdate shtus. Repair or update links with theReplace in pathsool or editing
resources paths directly.

Changes appear in bold characters in the resources table and are actually applied only when you clicipply
changes

Filter

Filter resourcetable.
Use the filter to quickly find resources from their location.

Filter supports simple wildcard matching (?, *, etc.)

Update Status

Check access to resources and update the status column accordingly.

Replace in paths
Make changes in file paths.
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‘ e Replace in paths @
Replace in paths

Make changes in file paths.

Find what:

Replace with:

Look in:

[All items v J

Find options
[7] Match case

[ Use regular expression

[Replace All ] [ Cancel

Figure 17: Replace in path dialog Enter the text to replace in Find what and the new text in Replace with.

Enter the text to replace in0rind whatdand the new text inGReplace witha

Look in: selectAll itemsto apply replacement to all the items of the arrent filter result, or Selected itento limit
the replacement to the corresponding selection.

Find options: enableMatch caseor Use regular expressioto perform advanced replacement operations.
Management at resource level

Right click on a resource tdisplay the resource context menu.

Define location...

Copy path to clipboard...

Open...

Details...

STECSTS/Rarmettec/harmettec nenref/Drad

Figure 18: Resource context menu

Apply changes
Apply pending changes (in bold).

Changes are applied only when you actually click okpply changes
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£ Depending on project complexity, applying path changes may take a significant time.
Cancel changes

Cancel all changes which are not applied yet (in bota)d restore initial values.

Basemap manager

The basemapmanager is used to manage basemap layers accessible from project 3D views.

A basemap is a 3D representation of geospatial data used in project 3D views as context or as reference data. It is
made of a Digital Terrain Model and a georeferenced image.

Your project must be georeferenced to be able to add basemaps.

#1 1 OAgO#ADOOOA AAT AOAAOA AAOGAI APO &£01 i OAOOAET ATA
GeoCoordination Services or from local terrain and image files.

About Bentley GeoCoordination Servic es

GeoCoordination Services is a geospatial data indexation service that allows you to easily find and download
available data on your project area. It allows you to request the list of available data on the area, and get a
selection of data for your project.

GeoCoordination Services proposes data on the following countries: USA, Canada. More countries will be
covered in future versions.

GeoCoordination Services if a service reserved to Bentley CONNECT users. You must be logged in with Bentley
CONNECT Editin to use it.

Notes: The GeoCoordination Services URL can be changed from ContextCapture Options. By default the following
52, EO OOAAJ -CoEtéxBdvdesbantley.dorh/VRA/Repositories/IndexECPlugin3 AOOAOT 68
To open the basemap manager:

£ from the project menu: select Basemap manager
Z from the block 3D view, or from the reconstruction 3D view: click on the Layers button and select
E Basemap manager in the lay& menu.
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Basemap

» Basemap_Dam

Opening the basemap manager from the block 3D view layers menu.
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s Basemap manager [ x |

Basemap manager
Manage project basemaps.

kNaﬂ't » Descripton  Add...
Basemap 11 ~

Globe ¥ Deletr
Basemap 20

iBasemap 21 i '

Basemap 22

Basemap 21
Basemap ID: Basemap 21

The lasemap manager window

To add a new basemap, click on Add in the Basemap manager window, or directly select Add basemap from the
layer® menu in the 3D views.

Name
Basemap alias

Enter your preferred name for the basemap to be added.
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4 Add basemap 3 x |

Add basemap

Add basemap using Bentley GeoCoordination Services.

Name | Name

Region of interest Enter basemap name and description.

Data selection 1D: Basemap_23
Name |Basemap 23
Descrption

< Back {“ugxt Download and import Cancel

Adding basemap: thename page
The name can also be changed later from the basemap manager dialog.

Region of interest

Select the bounding rectangle of the basemap to create. The region of interest is used to request data from
GeoCoordination Services, and to crop the selectatput data to the area of interest.
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Add basemap 7 IEH

v
Add basemap

Add basemap using Bentiey GeoCoordination Services.

Name Region of interest
i Raaion of interect | Enter the geographic extent

Data selection Bounding rectandle: Tmport from KML...

X (meters) min | 451582540921 max 463411,770520
Restore default bounds
Y (meters) min | 3155814.575770 max 3158182.961552

1825.229599 meters x 2367.985782 meters

Spatial reference system: |WGS 84 / UTM zone 17N (EPSG:32617) v

< Back . oucxt Download and import Cancel

Adding basemap: the region of interest page

For blocks with existing photo positions, the initial region of interest is automatically set to contain all the
positions with a margin. To change it you can edit bounds the coordinate system you want, or import a KML

polygon.

Data selection

Select the list of data used to build the basemap.

The list of data contains spatial layers found by GeoCoordinati@ervices on the given region of interest,

ContextCapture 41 User Guide



Data selection

Select layers from avallable data. Data will be downloaded from remote servers then imported, operation time will

depend on the quantity and size of the data,
Imagery

Layer Number of fles Date Sze

(W] FSA 10: 1 NAIP Imagery m_2808.. ! 2 filels) 18/12/201301:00 42M8
[ USGS High Resoluston Orthom. . 6 filels) 01/12/2011 01:00 721 M8

g )
Teman

Layer Number of fles  Resoluton (m) Date Sze
USGS NED n29w082 1 arc-seco... 1 file(s) 27.1291x30.87 01/01/201301:00 37MB
[] USGS NED n29w082 1/3 arc-sec . 1file(s) 9.043¢10.29 01/01/201301:00 316 MB

@ wext € Download andimport | Cancel

Adding basemap: the data selection page

Click on More details to get on overview of the selected data.
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v ContextCapture Master ]
Selected dataset details

Torm of use e Preview

75 % 3 75 mnute JPEG2000 Som The National Map . 21 Mot avarisble

¥ 3.75 mrwte PEG000 Fom The Natons Mao s am Mot gvadable

Selected dataset details

You can also add local terrain or image files.

Supported local files are:

For terrain: raster DTM with known registered coordinate system in the following file format: GeoTiff, IMG. ASC.

For imagery: Image file with known registered coordinate system in the following file format: GeoTiff, JPEG2000,
JPG, ECW.

Options:
Discard data outsde the region of interest (default: activated): if disabled all the selected input data will be kept.

Height reference for input terrain file (default: Mean Sea Level): select the height reference for input terrain files.
Most terrain files are based on Man Sea Level, however we recommend to use terrain file based on the WGS84
ellipsoid to avoid precision loss when importing heights.

Select the list of layers to use to create theasemap andclick on Download and import to proceed.

ContextCaptue starts by downloading data from remote servers if required, then process the 3D terrain model
cache for rendering. Operation time will depend on the quantity and size of the data.
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Example of a basemap created from GeoCoordination Services data

Free Up Disk Space

This tool allows to cleanup project temporaryfiles to save disk space.

Block

A Block item manages a set of input data used for 3D reconstruction: photos and/or point clouds. The block item
manages photos and their properties (photogroup properties: sensor size, focal length, principal point, lens
distortion / pose: position, rotation), and optional point clouds.

Based on the block item, one or several reconstructions can be created.

A photo can be used for 3D reconstruction if it is complete. A photo is complete if it fulfills the following
conditions:

F Its image file is in a supported file format (seénput data file formats) and is not corrupted,
E Its photogroup properties and pose (seéJseful concepts):

0 Are known accurately,
o0 Are consistent with the ones of other photos.

To achieve the two above conditions, photogroup properties and photo poses must result from a joint
optimization of the different photos of the block. The set of consistently optimized photos consites the main
component of the block.

You can obtain a set of complete photos by two main methods:

E By adding photos to the block, with only a coarse guess of photogroup properties, and then by using
ContextCapture 's aerotriangulation to estimate completand accurate photogroup properties and photo
poses.

F By importing photos with complete and accurate photogroup properties and photo poses (e.g., from
thirdparty aerotriangulation software) from an XML file (seelmport blocks ).
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Block - Block_1 - AT
Result of aerotriangulation of Block_1 (2019-Jan-18 12:00:38) &

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

General Photos  Point clouds  Surveys  Additional data 3D view

@ Complete data

The block is ready for reconstruction.
Photos positioning level: georeferenced

Aerotriangulation: View setfings | View acquisition report | View quality report

This block has been edited after aerotriangulation.

127 photo(s) in 1 photogroup(s), 1.5 gigapixels

127 photo(s) in the main component

127 known position(s) and 127 known rotation(s)

0 control point(s) (0 full point(s), 0 horizontal point(s), 0 vertical point{s)) among which 0 check point(s)
0 user tie point(s)

40651 automatic tie point(s) View

Resolution ranges from 0.056 meters to 0.098 meters

Block has blockwise color equalization

Splats: available. Recreate

Submit aerotriangulation... -

Process a new block with completed or
adjusted parameters.

= Export... -
Export block to various file formats.
«% Share...

Share images and orientations on
ProjectWise ContextShare.

Block ID: Block_2
Created: 1/18/2019 12:00 PM
Last modified: 9/9/2021 11:24 AM

[ & [
Reconstruction_3 Reconstruction_4 Crthophoto/DSM
D 3D 25D
Regular planar grid (grid size 400 meters) Regular planar grid (grid size 210 meters) Regular planar grid (grid size 300 meters)
& tile(s) 23 tile(s) 11 tile(s)

medium precision extra precision medium precision

&) New reconstruction |~

Create a new reconstruction
framework.

Delete reconstruction

Remove reconstruction from
block.

Figure 19: Block item interface

The block item is defined by the following properties:

¥ Photos the photos you imported or added, and their associated photogroup properties andhpto poses

(computed by Aerotriangulation, or imported).
Point clouds imported from point cloud files.

Tie points: automatically extracted byContextCaptureor imported.

Additional data additional knowledge on the acquisition used to help aerotangulation.
List of reconstructions based on the block.

MMM MTNMNMNM

The blockGeneraltab manages the block dashboard and block reconstructions.

Surveys: Positioning Constraintsposition/orientation/scale priors based on user tie points.

Control Points. Control points or user tie points enteredmanually orimported. Survey points are optional.

For convenience, a block with some known 3D data (photo poses, control points, point cloudaphde displayed

in 3D in theBlock 3D viewtab.
For a block, the following features are proposed:

F Import blocks : import blocks from XML file.

¥ Export block: block can be exportedo various file formats.
¥ Split block: divide a large aerial block into several parts.
¥ Extract block extract region from block.
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E Load/unload blocks: load/unload blocks from the active project.
E Merge blocks merge a selection of blocks into one new block.
F Share on ProjectWis ContextShareshare images and orientations oProject\Wise ContextShare

Note: Once a reconstruction is created, properties are readnly. You can clone the block to get a new editable
block initialized with the same properties.

General

The blockGeneral tab manages the block dashboard and the list of reconstructions of the block.

General  Photos Pointclouds  Surveys  Additional data 3D view

= c Jete dat Submit aerotriangulation... v
W Ompieie.data Process a new block with completed or
The block is ready for reconstruction. adjusted parameters.
Photos positioning level: georeferenced < Share..
: Share images and orientations on
+ Miew settings | View acquisition report | Vieve quality report
Aerotriangulation: View settings | Vieve acquisition report | View: quali ort Projectwise ContextShare.

557 photo(s) in 1 photogroup(s), 8.9 gigapixels

557 photo(s) in the main component

557 known position(s) and 557 known rotation(s)

0 control point(s) (0 full point(s), 0 horizontal point(s), 0 vertical point(s)) among which 0 che

0 user tie point(s)

101268 automatic tie point(s) View

Resolution ranges from 0,024 meters to 0.035 meters

Block has blockwise color equalization Block ID: Block_2

Splats: avallable Recreate Created: 9/25/2019 5:37 PM
Last modified: 9/25/2019 5:57 PM

Figure 20: Block General tab

Dashboard

The blockGeneraltab gives an overview of the block and possible actions in the workflow.

At any time, clicking on SubmitAerotriangulation will start processing a new block with complete or adjusted
photogroup properties and/or photo poses processed locally with ContextCapture Engine or on the cloud (see
Process on the cloud).

While the aerotriangulation of a new block is in progress, the bloc&eneraltab is instead dedicated to
monitoring.

Reconstructions
Manages the list of reconstructions of the block.

| New reconstruction |

Create a new reconstruction framework.
[ Delete reconstruction J

Remove the selectadconstruction from block.
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See alsdReconstruction

Photos

The Photos tab is used to manage the set of photos and the associated properties.

Note: Once the block contains one or several reconstructions, the Photos tatread-only.

General Photos  Point douds ~ Surveys  Additional data 3D view

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

‘i Add photos... HH tmport videos. .. & Remove photos | & Set downsampling... [ Check image files... ‘i Import positions...
Phatogroup Status No. of photos Main compon Carmera Sensor size  Focal length 35 mm eq.
(CAMTNAD (] 30 photo(s)  30/30 photo... 70.044 mm 821894 mm  42.2423 mm Name [CAM1NAD |
CAM2LEFT & 25 photo(s)  25/25 photo... 53.4 mm 123.544 mm  83.2883 mm Directory | |
CAM3RIGHT & 27 photo(s) 27/27 phaoto... 53.4 mm 123.533 mm  83.2806 mm
CAMAFWD ()] 28 photo(s) 28/28 photo... 53.4 mm 122.835 mm  82.8098 mm Description
CAMSBWD O 26 photo(s)  26/26 phato... 53.4 mm 122.928 mm  82.8726 mm Multicamera g[S
CAMTNAD © 1 phato(s) 1/1 phata(s) 70,044 mm 82,1893 mm  42.2423 mm c | ‘
dmera
Lens | \
Y Number of photos [30 |
Photo Pose Pose metadata Component
d30042_33 10070... @‘ Complete None @. Main Image dimensions |1].674 x 7514 ‘
d30042_33_10971.. & Complete None @ Main Camera model type |Perspective
d30042_33_10972.. € Complete None @ Main Camera model band TR
= P
d30042_33_10973... ‘.‘Z‘.‘ Complete MNone '.\:J' Main Sensor size |70.D44 T ‘
d30042 33 10974... MNone &) Main ¥ | | ‘
ps ti
d30042 33 10975... None © Main =1
d30042_34_10604... None © Main 35 mm eq. [42.2423 mm |
d30042_34_10605... MNone '@' Main +| More...
d30042_34_10606... MNone '@' Main
d30042_34_10607.. (&) Complete None @ main
d30042_34_10608.. (&) Complete None @ main
d30042_34_10609.. (&) Complete None @ main
d30042_34_10610.. (&) Complete None @ main
d30042_34_10611... &) Complete None & Main v

137 photo(s), 6 photogroup(s), 9.0 gigapixels

Figure 21: Block photos tab

Adding Photos

For optimal performance, photographs must be divided into one or morphotogroups Photogroupsare
homogeneous sets of photographs, all taken with the same physical camera with identical interiaenmtation
(image dimensions, sensor size, focé&ngth..). If the photos are organized in subdirectories according to the
camera used to shoot them, ContextCapture can automatically determine relevant photogroups.

See alsdnput data file formats.

The size of the in_1_agery dataset may be limited according to your edition. Sgeftware Editions
» %4l Add photos... _']. % Add photo selection...

Add a selection of photo files.

UseShiftor Ctrl to perform a multi-selection.
» %4 Add photos... :! % Add entire directory...

Add all photos of a given directory (recursively or not).

This command browses the chosen directory and adds all the photos found in this directory that are in a
supported format.
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See alsdnput data file formats.
HH tmport videos. ..

Extract frames from a video file and add them to the block.

Seelmport video frames.
|T:,] Remove photos

Remove photos or photogroups selected in the table.

UseShiftor Ctrl to perform a multi-selection.

Photogroups

Photogroup properties

Photogroupproperties define the interior orientation of the camera. Accurate estimates of photogroup
properties are required for 3D reconstruction. These estimates can either:

F Be automatically estimated by ContextCapture by aerotriangulation, starting from some coarse estimates
derived from EXIF metadata or using the ContextCapture camera database.

E Be imported (when importing a block, or from the camera database, or from an OPT file).

F Or entered manually.

Multi -camera rig

Specifies if the photogroup defines a camera device that is part of a medtamera rig. The supported options are
None or Main. For a ralti-camera rig setup to be valid, all the photogroups of the block must belong to it and all
of them must fulfill the requirements of such setup.

Camera model type
Two camera model types are supported:

E Perspective: perspective projection combined with &lassical Brown's distortion model, suited for rectilinear
lens or lens with low distortion.

F Fisheye: Suited for wideangle or fish-eye lens with extreme lens distortion.

For more information about ContextCapture camera models, see doc/ContextCapture camenodel.pdf.
Camera model band

Two camera model band are supported:

E Visible: standard RGB camera capturing visible colors.
E Thermal: Far Infra Red camera capturing temperature.

Sensor size

ContextCapturemay need to know the size of your camera's sensor. The needszhsor sizés the sensor's
largest dimension. If your camera model is not already listed in our database, you will be asked to enter this
information. If you are unsure of your camera's speditations, you can consult théigital Photography Review
or contact Bentley Systems technical support.

Note: When a camera model is not listed in our database, the interface proposes to send a reque&datley
Systems. We will reply to your email in a timely manner, and we will include the missing camera model in the
database of the next ContextCapture release.
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Note: An undefined sensor size may be acceptable in some specific cases, e.g. if the 3&ouivalent focal length
is known from EXIF metadata.
Focal length

For a newly created photogroup, ContextCapture can generally extract a coarse guess oftical lengthin mm
from EXIF metadata. Otherwise, you will be asked to enter this initial guess. Lat€ontextCapture can
automatically estimate thefocal lengthmore accurately by aerotriangulation.

We recommend to specify sensor size and/or focal length for each photogroup. If these properties are missing,
ContextCapture will assume that the 35 mm equalent focal length equals to 50 mm. If the correct focal length
value differs significantly, the aerotriangulation may fail. In such cases it is required to specify initial camera
properties manually.

For fisheye camera models, the focal length is ignores soon as a fisheye focal matrix is defined (see below).
Fisheye focal matrix

For the camera model type Fisheye, the fisheye focal matrix overrides the focal length property to model
asymmetric fisheye focals.

Not used for perspective camera models.
Principal point

For a newly created photogroup, ContextCapture considers that the principal point is by default at the center of
the image. Later, ContextCapture can automatically estimate the principal point more accurately by
aerotriangulation.

Distortion

For a newly created photogroup, ContextCapture considers that there is by default no lens distortion. Later,
ContextCapture can automatically estimate lens distortion more accurately by aerotriangulation.

Not used for fisheye camera models.

Fisheye distort ion

Distortion model for the fisheye camera models.
Not used for perspective camera models.
Aspect ratio/Skew

Properties used when pixels are not square.

F Skew: coefficient defining the angle between x and y pixel axes.
E Aspect ratio: different from 1 if thepixel is not square.
Manipulating a photogroup

Get from the camera database/add to the camera database

The camera model of photogroup can be added to or obtained from the camera database.
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togroup  Status No. of photos Main compon Camera Z Sensor size
joup 1 @

= Add camera model to the database...

jroup 3 - :

jroup 4 Import optical properties...

jroup 5 Export optical properties...

jroup 6

jroup 7 Ungroup

jroup 8 Set pose from metadata

jroup ¢ Clear pose

Set metadata from pose

Clear pose metadata

Set mask...

3-1210151633189-Cam2,j...
$-1210151633203-Cam2.j... (& ! Delete

Figure 22: Accessing the camera database from a photogroup

See als@Camera database
Export/import optical properties

The properties of a photogroup(including sensor size, focal length, distortion, and principal point) can be
exported and reimported to/from an OPT file.

This feature can be used to re&ise a camera calibration.

To import or export the optical properties, right click on a photogroup ad chooseExport optical propertiesor
Import optical propertiesfrom the context menu.

Ungroup/group photogroups

In some specific cases, the interior orientation of the camera must be estimated independently for each photo:
for example, if photos were taka by a camera rig, or if the focal length varied slightly from one photo to the
other during acquisition (zoom lens).

In such case, we recommend to prepare the dataset before adding photos in ContextCapture by placing each
photo in a different subdirectory, to conform toPhoto acquisition. However, it is also possible to add photos as is
and use theUngroupfunction: select all photogroups in the table, right click and choodgngroupfrom the

context menu to get one phtogroup per photo.

See als@hoto acquisition

Photo properties
Image

Each photo references an image file.

To edit references use thékeference manager

Pose (position/rotation)

Photo positionand rotation define the estimates of the photograph pose. Accurate estimates of photo poses are
required for 3D reconstruction. These estimates can either:
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E Be automatically computed from scratch or adjusted by ContextCapture by aerotriangulati h BE
initialized from pose metadata (see below),

E Or entered manually.

Pose metadata (position/rotation)

Metadata position and rotation define the known pose of the photograph. This metadata can be imported from
GPS tags, thireparty data, orduring block import.

Component

Another property of a photo is its component. Only the photos belonging to the main component of the block, i.e.
photos resulting from a joint optimization, e.g. by aerotriangulation in ContextCapture or in thirgharty
software, can be used for 3D reconstruction.

Mask

A mask can be associated to a photo to cause specific parts of the image to be ignored in the workflow. A valid
mask is a black and white TIFF image with the same dimensions as the photo. Pixels of the photo corresponding
to black pixels of the mask will ke ignored during aerotriangulation and reconstruction.

Masks are associated to input photographs through their file name:

E Associate a mask to one photo: for a photo nametiléName.ext, the mask file must be named
"fileName_mask.tifand placed in the sara directory as the corresponding photo.

Example: for a photograph IMG0002564.jpY, the corresponding mask should belMG0002564 _mask.tif

E Associate a mask to an entire directory (requires photos of same dimensions): if present in a directory, the
file "mask.tif' is used as a mask for all photos contained in this directory.

Masks can also be assigned to photos from the user interface once photos are loaded: right click on a selection of
photos to set or to clear the attached mask.

See alsd®Photo acquisition

Manipulating photos Use image GPS tags

GPS tags, if present in Exif metadata, are automatically extracted, and can be used to georeference the generated
3D model.

£ Incomplete GPS tags are ignored (with latitude anidngitude coordinates but without altitude).

After adding photos with complete GPS tags, you are notified that GPS altitude has been interpreted using sea
level as reference. Click oModifyto change the GPS altitude reference for the last added photogé3evel or
WGS 84 ellipsoid).

See alsd?ositioning data
Import image positions and rotations from a text file
‘dll Import positions...

Import photo positions and rotations from a text file

Use this option to set image positions and rotatios from 3rd party data stored in text format. This import is an
alternative to importing the entire block in XML or Excel format.

The Import positionsbutton is enabled only if the block is not empty, since the aim of this tool is to pair each
block photo with a line in the text file that indicates that photo's position.
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For more details, please refer to the dedicated chaptémport photo paositions.

Set the displayed Spatial reference system

For georeferenced blocks, use this option to change the spatial reference system used to display position
coordinates. This is a display option which does not affect block properties.

See als@Gpatial reference systm.

Downsample photos
ik Set downsampling...

Define a downsampling rate

Downsampling photos reduces the quantity of information to process and affects the quality of results. It may be
used to quickly produce a draft 3D model or to allow to process a large imagery dataset ooccmputer with a
low hardware configuration and/or with a limited software edition.

Applying photo downsampling does not modify input photos.

Downsampling is defined by entering the percentage of original.

% Photo downsampling affects the quality of resukt.

Check image files
Iﬁ] Check image files...

Check the integrity of image files

This tool tests all block photos in order to identify missing or corrupted image files.

Two checking mode are proposedCheck image file header only (faster), and Load the entire image file (slower)
For convenience, if invalid image files are found, you are proposed to remove them from the block.

Preview an image

Select a photo and click oWiewto visualize the photo with the integrated Image viewer.
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Figure 23: Image viewer

About imagequality

Depending on image size, the image viewer may use a compressed cached copy of the image. Pre<3 Key 'to
load the original image About image preview

ContextCapture Master generates photo thumbnails in the background to accelerate preview desp

For very large images or when images are accessed from a remote location, preview creation may slow down the
interface. In such case, it is advised to disable the preview.

Point clouds

The Point clouds tab allows you to edit or display the set of inpyoint clouds attached to a block.
Note: Once a reconstruction is created in a block, the Point clouds tab is readly.

Importing point clouds

Limitation: ContextCaptureonly supports point clouds with known scan source positions. Moreover, if scan
source positions specified in the imported point cloud are incorrect, it will adversely affect the 3D
reconstruction or even cause a completely incorrect 3D reconstruction.
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The size of the imagery dataset and of the point cloud dataset may be limited according to your edition. See
Software Editions

Static scans
Point clouds can be imported from static scans in the following file formats:

E ASTM E57 file format (.e57).

E Cyclone point cloud export format (.ptx).
F LAS/LAZ file format (.las, .laz).

F POD Bentley point cloud format (.pod).

When importing a georeferenced point cloud file, please specify the spatial reference system when importing the
file. Multiple files can be imported at once.

The scanner position must be known to allow 3D reconstruction with ContextCapture. When it's not accessible
in the input file, the scanner position can be specified manually or detected automatically by Cont€afpture by
checking the corresponding options. Be careful in this case that the input file corresponds to one scan acquired
from one unique position. To be able to automatically detect the scanner position, the scan must contain only
scanner position thatis clearly defined by an ellipse of highdensity points on the ground. If you are importing
multiple files at once, the autodetect feature is still available and will detect one position per file.

See alsdPointclouds Technical Specifications

Mobile scans
Point clouds can be imported from mobile scans in the following file formats:

E ASTM E57 file format (.e57) with trajectory files.
E LAS/LAZ file format (.las, .laz) with trajectory files.
F NavVis PLY fomat (.ply).

According to the format, the trajectories must be provided as separated text files (.txt or .csv) describing
successive scanner positions associated with time. ContextCapture integrates a text file import wizard to extract
trajectory data for various text formats.

3D points of the provided point clouds must also include time data to be attached properly to the trajectories.

See alsdPointclouds Technical Specifications
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Figure 24:Import point cloud from mobile scans

Input files

Define the input point clouds and trajectory files.

Trajectories and point clouds are linked through the time stamp in both sets of files.
File format

Define how the trajectory files must be read.

You can agust the import parameters, so that each column in the Data preview table contains meaningful
information:

Z Number of lines to ignore at the beginning of the file: defines the length of the file header, and ignores it
during import.
¥ Delimiters: defines thecolumn separators. Several characters can be specified.

The option Combine consecutive delimiters can be required, for instance when sequences of white spaces are
used as delimiter.
¥ Decimal separator: dot (123.456) or comma (123,456).

Data properties

Whenimporting a georeferenced point cloud file from mobile scans, please specify the suited spatial reference
system. Note that the point clouds and the trajectories must be in the same spatial reference system.

Fields
Specify role of columns for therajectory data.
You must associate each input column with its respective role.

X (easting), Y (northing), Z (height/altitude) and time are required.
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Figure 25: Example of point clouds imported from aerial lidar scans

Managing point clouds

Point clouds ae made of a set of scans corresponding to various scan sources with distinct positions or
trajectories.

Figure 26: Point Clouds tab

Imported point clouds and scan positions are displayable in the block's 3D view tab.
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Figure 27: 3D display with scan seces of an imported point cloud file

Color mode

With this property you can select the color source for point cloud 3D display and texturing of the reconstructed
3D model according to the available attributes in the imported point cloud:

¥ Use color: useRGB color values.
£ Use intensity: use intensity value and map it to gray scale.
¥ None: do not use point color.

Surveys

The Surveys tab allows you to edit or display the survey data attached to a block: Survey points and positioning
constraints.

Note: Once areconstruction is created in a block, the Surveys tab is reaahly.
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Figure 28: The Survey tab
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Survey points are optional positioning data used during the aerotriangulation of the block.

Two types of survey points can be added:

E Control points - allow to enter known 3D coordinates of one point located on photos and are used to register
the 3D scene.

E Tie points - allow to identify one point on photos and are used to create positioning/scaling constraint, or to
stitch photos.

Survey points can also be used after the aerotriangulation to identify positions on photos and to perfo@uality
control.

Positioning constraints are position/orientation/scale priors based on user tie points. They araused during
the aerotriangulation of the block.

Survey data can be optionally extracted from photos in an automatic way using targets. (See Aerotriangulation).

Control Points

The Surveys tab allows you to edit or display the survey data attached to a to&urvey points and positioning
constraints.

Control points are registered in 2Dimages and correspond to a same physical point with known 3Boordinate.
Note: Once a reconstruction is created in a block, the Control points tab is readily.

Control points can be added manually or can be imported from a columned file. See dlsporting control
points.
Usage

Adding control points to a block enables accurate ge@ferencing and avoids longrange metric distortion.
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A set of control points can be used by aerotriangulation if it consists of 3 or more control points, each of them
with 2 or more image measurements.

See als@erotriangulation.

Adding a control point
1. Click on Add Survey Point.

= Add Survey Point

2. Define Name.

Survey Point X

Name: |Control Point L
Enter known 3D coordinates of one point

Type: | Control Point v | located on photos. Used to register the
3D scene.

Coordinate:

WGS 84 v

Longitude: Latitude:

Height:

A Flease enter 3D coordinates. Create | Cancel |

Yyl OEA 3000AU 0T ET O AEAI T Cch OAI AAO 4UPA O#11 00711
. Enter 3D Coordinates

w

Select the input coordinate system in the combbox, and the known 3D coordinates.

"Local coordinate system" system can be used to entaon-georeferenced control points with arbitrary units
or with known units.

4. Click on Create

The new Control point appears in the list.
. You can set additional control point options (category, accuracy, check point, etc.) from the item properties.
. Place the sirvey point on photos.

o Ol

Select a photo displaying the survey point, define its position in the photo with the yellow marker and click
Accept position (alternatively, use Shift+Click to set directly the position on the photo).
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Repeat the sequence of operations above to set the position in several photos.

Importing control points

e
e
G
e
Ve
Ve
Vi

Figure 29: Definingoositions on photos

There are two ways to import control points:

E With the block import: control points can be part of the block definition. See aldonport blocks.
E With a control points text file imported from the Surveys tab (Import button).

Supported formats are TXT/CSV and ContextCapture Surveys (XML).

A basic example of supported control points files is a simple TXileflisting control points 3D positions with XYZ

coordinates separated by a space.

Control points text file sample:

GCP_A 315796.627695945 4869916.09237971 627.8
GCP_B 315332.029686681 4870703.80261219 738.9

GCP_C 315483.66078491 4870210.48269584 833.2

GCP_D 315399.200463097 4871212.13895964 906.5

Thanks to the import wizard, you can import a custom text format with delimiterseparatedvalues, including

advanced property like accuracy.

When importing control points, please ensure you have selected thegtit spatial reference system (SRS) (See

Spatial reference system

ContextCapture

60

User Guide



?Googh Earth

e e

_mimm;gouwnm

| ¥ Search D
|

» Lioux

» Cal Galerte Google Larth >

=

Figure 30:

Control Point Properties

Properties

Click on Edit to access Control point properties.
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Name:
9001

Type:

Control Point -
Coordinate:

WGS 84 ¥

Longitude: 6.53589498

Latitude:  46.65644157

Height: 573.32500000

Check Point: |

Category:

Full -
Horizontal accuracy:  0.01000000

Vertical accuracy: 0.01000000

Cancel |

Figure 31: Control poinproperties

Name
Control point alias.

Coordinate

Warning: for georeferenced control points, you must specify ellipsoidal height, and not the height above sea
level, if your spatial reference system does not specifically include an orthometn@rtical datum. For the WGS

84 reference system, for example, you must enter ellipsoidal heights; if your system is WGS 84 + NAVD 88 geoid
height, then you must use heights above sea level.

For more information, please refer toUseful concepts

Edit the control point 3D position in the corresponding fields. Coordinate units depend on the chosen coordinate
system:

F Local coordinate system: same unit for X, Y and Z (known unit or arbitrary unit).
E WGS 84: latitude and longitde in degrees, ellipsoidal height in meters.
E Other: X, Y and height in meters (according to the selected coordinate system).

Check point

Enable this option if you want to use the control point for checking only. In such case the control point will not
be mnsidered during the aerotriangulation.

Category
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£ Full: XYZ coordinates will be used (default).
¥ Horizontal: only X and Y coordinates will be used.
F Vertical: only Z coordinates will be used.

Horizontal accuracy
Enter the given accuracy for the X and Y coorthites of the control point.

Control points with a higher accuracy will have more weight in the aerotriangulation.

Vertical accuracy
Enter the given accuracy for the Z coordinates of the control point.

Control points with a higher accuracy will have more weight in the aerotriangulation.

Tie points
Note: Once a reconstruction is created in a block, thEe pointstab is read-only.
Tie points are 2D correspondences corresponding to a same physigalint with unknown coordinate.

The survey tab manages only user tie pointd. tie point defined manually by the user. Note than ContextCapture
can automatically generate a large number of automatic tie points during the aerotriangulation process. See
Automatic Tie points.

Tie points can be added manually or can be imported. See also Importing tie poistction.

Usage

Used during the aerotriangulation of a block, user tie points can improve aerotriangulation accuracy and help
the aerotriangulation in caseof large baseline and ambiguous pattern. In most cases, user tie points are not
required, because ContextCapture can cope with using only automatically generated tie points. User tie points
should be used only to solve aerotriangulation issues. In all cagebefore acquiring user tie points, we
recommend to run a first aerotriangulation.

Improve photo position
Some repetitive elements in photos can cause a photo to not be properly positioned.

By defining points that represent the same position in differenphotos, you can guide the aerotriangulation
process towards to correct photo positioning.

Group aerotriangulation components

Sometimes the aerotriangulation cannot connect all the photos due to a too large baseline or scale difference
between some images.

With user tie points defined across the picture set, the mulpass aerotriangulation mode is able to stitch the
pictures together. To enable aerotriangulation multipass mode, from aerotriangulation settings, set
"Component construction mode" to "Multipass".

At least 3 user tie points must be defined in 4 images (2 measures in each component that you want to fuse).
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{4 Adding user tie points increases components connection chances, but the connection is never guaranteed.

Add positioning constraints

Positioning constraints are priors based on user tie points to provide scene origin/scale/orientation. Positioning
constraints are used to perform a rigid registration of the block during aerotriangulation.

See alsdReconstruction constraints

Label positions
You can create user tie points to extract 3i@oordinates of points of interest. Once the scene is calibrated (after
Aerotriangulation), ContextCapture can estimate accurately the 3D coordinates from 2iwinting and can export

this information (See Survey export).

Adding user tie points
1. Click on Add Survey Point.

= Add Survey Point

2. Define Name.

Note: We recommend to use an explicit name for each tie point to ease the identification of an individual user

tie point (for the constraint definition, etcetera).
Survey Point X

Name: |User Tie Point 2|

Identify one point on photos. Used to
Type: |Tie Point v | create positioning/scaling constraint, or
to stitch photos.

"o JREE

3. Select Type Tie Point.

4. Click on Create.
The new Tie point appears in the list.

5. Place the tie point on photos.
Select measurement photo displaying the point, define its position in the photo with the yellow marker and
click Accept position (alternatively, use Shift+Click to set directly the position on the photo).
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Repeat the sequence of operations above to setetiposition on several photos.
Importing tie points
There are two ways to import tie points:

EZ With a ContextCapture Surveys file (XML) imported from the survey tab (Import button).
E With the block import: user tie points can be part of the block definition. See al$mport blocks.

Surveys: Positioning Constraints

Positioning constraints are position/orientation/scale priors based on user tie points. They are used to perform
a rigid registration of the block during aerotriangulation.

Positioning constraints are used only when using "Use positioning constraints on eistie points" mode during
aerotriangulation.

You can set the origin and/or the scale and/or the orientation (either on axis or a plane).
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Figure 32: Example of a list of positioning constraints

Origin constraint
Add constraint type > Origin constraint

£ You cannot add an origin constraint if another origin constraint exists. Select the point corresponding to the
Origin 0=(0,0,0).

Scale constraint

Add constraint type > Scale constraint
Select two points A and B and specify the distance between them.
Selectthe distance unit if you know it, or use "units (arbitrary)" if it is not defined.

You can add several scale constraints.

AXis constraint

Add constraint type > Axis constraint Orientation
constraint based on an axis.

Select two points A and B and aaxis, line AB being this axis (increasing values from A to B).

£ You cannot add an axis constraint if another orientation constraint exists (axis or plane constraint).
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Plane constraint

Add constraint type > Plane constraint Orientation
Constraintbased on a plane

Select three points and two axes to specify a plane.

{24 You cannot add a plane constraint if another orientation constraint exists (axis or plane constraint).
Export Surveys

Click on the Export button to export Surveys in various file fornmis.
v Export surveys - o IEl

N

Export surveys

- Export control points, tie points and constraints.

Output file and format

Format:  ContextCapture surveys file (*.xml) v
File: |_quarry_switzerland/mining quarry/Block 50pc - Surveys.xml
Options

| Control points
Tie points
STere

Constraints

© Export | | Cancel

Figure 33: Export Surveys dialog
KML file

Georeferenced control points or tie points (if ContextCapture can estimate the 3D position) can be exported to a
KML file; you then can use this file to visualize the points in a standard GIS tool or in Geoghrth.
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Figure 34: Control points KML export displayed in Google Earth
Text file

Control points or tie points (if ContextCapturecan estimate the 3D position) can be exported to a simple text file
with Name and coordinate (X, Y and Z).

Survey points text file sample:

GCP_A 315796.627695945 4869916.09237971 627.8

GCP_B 315332.029686681 4870703.80261219 738.9

ContextCapture Survey s file (XML)

All surveys data (including survey point properties, position on photos and positioning constraints) can be
exported to XML format.

Tools

ContextCaptureprovides various tools to ease the survey points acquisition: filters or sorts, display hints,
etcetera.

0 ET Oilted O

Use these options to apply filters on the list of photos.
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Status filters

This filter allows to select photos according to their statuor the selected Survey point.
‘ Al Potental Matches In Use

All

Display all photos

Disables filtering according to status for the selected survey point.

Potential Matches

Display only recommended photos, on which the selected survey point may be placed.

It uses the available positiming data of the block to find the photos.

Note: In some cases, it may be interesting to process a first aerotriangulation with an approximate

georeferencing based on GPS tags or on few control points to be able to take advantage of the selection mode
based on block orientation, and then acquire the entire control point set more easily.

Note: Potential Matches filter works for photos with known photogroup properties and pose.
Incomplete block photos are not handled when using this selection mode.
ContextCapture takes advantage of the available block data, including the current survey data to improve

potential matches estimation: on a calibrated scene, potential matches become more relevant after adding the
first survey points (typically from the 4th).

In Use
Display only photos where a position is already registered for the selected survey point.
Sort

=
E)

)

Two sorting modes are available:

£ Alphabetical: photos are sorted by name, alphabetically.
£ Distance from point: for a control point, closest photosr displayed first (ignoring rotation).

Filter by name

Allow to select photos by name.
Q

Image display options
These options allow to control the content of the image view.

'4'| Show/hide all potential positions
Show the potential position of all surveypoints on the current photo.
For the selected survey point, the potential position is displayed with the placement marker (in yellow).

For other surveys points, the potential positions are displayed with orange markers.
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— Show/hide potential position of the current point
Enable epipolar lines display to highlight the potential matching region, or to check the survey point quality.

Note: We recommend to process a first aerotriangulation, to be able to take advantage of geection mode
based on block orientation. This will greatly ease the process of defining user tie points.

Note: The display photo filter based on block orientation works for photos with known photogroup properties
and pose.

Quality control

After aerotriangulation you can use the control point editor in order to control the positioning quality or to
identify errors.

You can get statistics for each point, for each measurement or for each photo, or global statistics.

You can get global statistics from the Suey Report.

Survey point items

You can get statistics for each survey point item, and for each measurement item: item border is colored
according to the reprojection error (see Reprojection error).

Additional statistics are available from the item tooltip.

» |9011 93&
RMS of reprojection error: 0.03 px
3D error: 0.002 m

3D horizontal error: 0.00 3 6
3D vertical error: 0.0

» |9017 s&

» |9016

Quality metrics on a survey point item (colored border and tooltip) Survey report
Click Report to display the Survey report.

ContextCapture 70 User Guide



Repart %]

Control points User the points
Number of poras: 7 | Number of ponts: 0

RMS of repro). error: 0.03 pxe

RMS of 30 erroe: 0.003 m

RMS of 3D horeontal error: 0.002 m
RMS of 30 vertical erroe: 0.001 m

Control points
Name Poston(s) Category X Y 2 Coordnate  Morgomtal Vertcal MSofreproy 3D emor 3D horzortal 3D ven‘n‘v'
Paced (Long) (Lat) (Heght) system  acaxacy [m] weouracy [m error [px] [m] eroe [m] etror [m]
1 9017 S ul 65420002 4665364415 465,026 WS 84 L o0l 00465163 00041965  0.00410087  0.00021762¢
2 9016 3 Fub 6.5306560  46.65305217 455,266 WGS 84 o0 0.1 00101632 000176346 000123488  0.00125891
L 3 9012 S Full 654184116 4665325302 460.5% WGS 84 00 o 0.034153¢ 020310791 0.00292581 000104828
4 9011 3 Ful 654370093 46.6553795 473.329 WGS 84 001 oo 00256742 000218388 0.0017%523 0.001294
5 9004 ) Ful 65334731 SCASAEMTE 65499 WGS 84 0.01 001 00077504  0.000386626  0.000295391  0.000181366
6 9002 3 Ful 633511384 4645698879 568.726 WGS 84 o0 0.01 02381386 0.0022435 0.00223462  0.600199373
7 9001 4 Ful 650505458 4665644157 573.325 WS 84 o0t 0.01 00432343 000250622  0.00207885 00015554

Quality metrics
Reprojection error
Reprojection error in pixels.

All items are colored according to this value (or to th&MS of this value), with the following rules:

Reproj. error[px]l Accuracy c:olorl
level code

| unknown|  unknown|| blue|
| <1 px|| highl| green|
| [1 px, 3 px[|| medium||  yellow|
| > 3 px|| low|| red|

3D error
Distance in meters (or units) between the given 3D position and the estimated 3D position.

Horizontal error

Horizontal distance in meters (or units) between the given 3D position and the estimated 3iwsition.

Vertical error

Vertical distance in meters (or units) between the given 3D position and the estimated 3D position.

Block 3D view

The 3D view tab allows the user to visualize and control block's 3D data.
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Display Styles

> Prowe -

Survey Pants »
> Genseated T Poies =
> Splats w

30 Mesh

Figure 35: Block 3D view

After aerotriangulation, the 3D model is enriched with generated tie points and splats. See also Splats.

Use the mouse buttons to navigate the 3D scene.

Double-click to focus the navigation on any point of the 3D scene. Click on the photos to display details.

Cotents

Block 3D viewcontent depend on the available data of the blockontent displaycan be controlled from the

Display Styles drawer.
Photos

Only photos with known position are displayedn the 3D view.

Photos with complete pose (known position and roation) are displayed with their oriented view frustum,

selecting them allows to display their approximated field of view in 3D.

Photos are colored according to their calibration status and to the RMS of reprojection of their tie points.

Color

Reprojectio n error (px)

Calibration status

< 1px

Calibrated
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[1 px, 3px] Calibrated
I 3 px Calibrated
I
- Unknown Not calibrated (in a noncalibrated
block)
I Unknown Not calibrated (in a calibrated
block)
Unknown Calibrated*

(*) May occur forimported photos without tie points
Survey points

Survey points symbols allows to identify the survey point type (user tie points or survey points, check point):

Color Reprojection error (px)

' Control point (used for calibration)

' Control point "Check point" (not used for calibration)
- User tie point (used for calibration)

- User tie point "Check point" (not used for calibration)

Control points are located in the 3D view according to their actual 3D position; user tie points are located on
their estimated 3D position.

Survey points are colored according to the RMS of reprojection error of their measurements in input photos:

Color Reprojection error (px)

< 1px

[1 px, 3px|

I 3 px
I
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Unknown error

e Invalid survey point*

(*) Not enough measurements

You can control camera size from the Display Styles drawer.
Generated Tie points

Colored tie points generated by aerotriangulation.

You can control point size from the Display Styles drawer.
Splats

Splats are an alternative representation of the tiepoints that adds textured surfaces to each point to provide a
better understanding of the 3D context (represented scene). Each tie point is depicted as a flat square covered
by part of a photo seeing the pint.

Splats are processed by default during the aerotriangulation step. However, processing also can be started
manually from the block general tab.

Show and hide splats from the Layers menu, and control splats size using the dedicated slider.
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Figure 37: Generated tie points and corresponding splats representation

Please note that splats do not reflect the quality of the Reality Mesimd are meant only to help understanding
tie points positioning.

You can control splas size from the Display Stles drawer.
Point clouds

Block's point clouds imported from scans.

You can control point size from the Display Styles drawer.
3D Mesh

Allowsto display a 3D mesh producedrom this block.
Display Styles:

1 Source: selectwhich mesh to display amongsupported block productions (supported formats:
3MX, 3SM).

1 Style: selecta predefined style to sewireframe and texture combination.
1 Backface culling : hides sides of the model facing awafyom the camera, it may be used to ease
navigation in interior scenes.
Annotations

Annotations are a specific production type extracting automatically information from reality data using
ContextInsights Al technology.
Several types of annotations exist andot all of them canbe viewed in 3D

- 2D Objects

- 3D Objects

- 2D Segmentation

- Segmented mesh

- Orthophoto segmentation
- Pointcloud segmentation

are the annotation-types viewable in the 3Dview

2D Objects 3D Objects Segngihitation Segmented mesh
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Segmented orthophoto Segmented pointcloud

In 3D View, Annotations can be shown, hidden or filtered by clags type using the display style tablt is
also possible to overlay3D objects annotations onto a mesh that would be part of the same reconstruction

Display Styles

v Annotations Ty
Types: | All v ]
Classes: | All v ]
> Photos o

Survey Points =
> Generated Tie Points =
> splats Not available. Create 3

Grid /Axis

Base gridand axiscan be used taoughly checkscene scale and alignment.
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Example of grid and axis

Basemap

Basemays allowsto add reference 3D contentsn the 3D view.

You can also add and manage basemap layerith the Basemap managefsee alsoBasemap managey.
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Basemap

v Basemap 34

SCAN2Z5_IGN 1if

DTM_10m.tf

Example of basemap created frortocal data.

Photo Navigation

Use thiscommand to activatePhoto Navigation.

See also Photo Navigation.

View Layout
Block view layout includes 3D view, thumbnails and photo panelUse the view layout commands tewitch
between the proposed modes

g - .
o - L - i

View Layout

-y
- Only 3D view

7 |E Thumbnails and 3D view

[&8 Only Thumbnails

- [} Photo Panel
I
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View layout menu

3D view

Main view, it can be combined with thunbnails and photo panel.
Use the Display Styles drawer to control the 3D view contents.
Thumbnails

List all block photos and point clouds including items not represented in the 3D view (photo without poses,
etc).

Thumbnails view can be maximized with the Only Thumbnailmode, to ease photos browsing.
Photo Panel
Full resolution display of aselectedphoto.
Selection Tools
Selection toolsallow to select3D objectsto apply various actions.
Use the single selection tool to select one item, or the rectangle tool to select a set of objects.
You can control the type of object to select with the selection filter.
Selectable object@and corresponding actionsare:

Photos: display properties, enableview frustrum display,zoom on item, delete
Point clouds : display properties, delete
Tie points : display/select associated cameras and delet

1
1
1
1 Survey points : display/select associated cameragand delete

Selection can balsoextendedor modified with Shift or Ctrl keys.

Navigation Modes
Shift between Orbit and Pan modéo select howto control the camera with mousebuttons.

Lock on Photo
This modeactivates an immersive viewof the scene through a selected photo.

Photo is aligned on the scenthanks to photo and photogroupparameters (pose andoptical properties).
Navigationis locked on photo viewpoint

UsePhoto overlay settings to change image plane depth amgpacity.

Lock on photoshows simultaneously 3D objects and photographs in a same spaddsingphotos aligned on 3D
model allows to cross-compare 3D data with reference data (quality control, etc,)and enhances 3D views with
reliable context and details

Example of applications:

Understand acquisition/scene

Check 3D data alignment with photos: scan, tie points, mesh, etc.
Identify/understand reality mesh misconstructions

Enhance 3D view inspection: details, context, et

=A =4 =4 =4
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Photo Navigation

Use this mode to link the 3D models and the photos. You can navigate through the photos and see the fit to
corresponding viewpoints in the 3D model.

AHd Al ] o

A

Figure 38: Photo Navigation mode

Enablethe photo panel from the View Layout menu for a better user experience.

Click on the 3D model or on the photpanelto specify a target point, get the best photos viewing this point in
the bottom ribbon, and locate the target simultaneously on th8D model and on the photo.

The selected photo on the right fits to the selected target in the 3D view. Use @ngo-sync photo panelmodeto
synchronize photowhen target is moved in the 3D view.

Viewpoint in the 3D view fits the selected target in the photo. Use theuto-sync 3D viewmodeto synchronize
3D display when target is movedon the photo. Use th&Zoom on photdutton to resetinitial viewpoint in the 3D
view on the selected target in the pbto.

Thumbnails show the photosactually viewing the targetand sorted by preference Disabling the target restores
all photos.

Enable Fast Filtering modéo ignore occlusionfor photo filtering and sorting.

In Photo Navigation mode you also can display a 3D model previously produced from this block if the format is
supported. You can select the displaye8D meshfrom the Display Styles drawer

Filter Tools
Filter photos by name @ by camera device (photogroup.
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Display Styles

The drawer controls the visibility and display style of the 3D view items.

Some options may be disabled according to the displayed data.

See alsahapter Block3D view > Gntents.

Basemaps
Basemaps drawer allows gu to add and manage basemap layers (see alBasemap managey.

Measurement Tools
&

Measurements

Opens the measurement tool.
The following measurements are available:

Location: get accurate 3D coordinates of a point in given coordinate system.

Distance: get3D distance and height difference between two points.

Area: get polygon area anatontour length.

Volume: get volume measurement betweetthe 3D modeland a reference plane in a polygon.

= =4 =4 =4

Quality Metrics

The Qualty Metricsallows a quick3D analysisof aerotriangulation result. A variety of metrics are proposed,
ranging from scene coveragéo position uncertainty for photos and survey points

Access the metricdy clicking on the@uality Metricsd A O O‘A o T d

Subsequently, click on the metric thumbnail to access the entire list of metrics.
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Current Metric:

Resolution

positian.

. Quality Metrics

Automaticaly set layer visibility uncertainty

Quality Metrics

v Scene (3)

Coverage Height Resolution

Surveys (2)

Colors represent the resolution for each point

Position Control point

distribution

Photos (5)

N

¢

Tie points number Camera distance Input rotation error ~ Connection graph
to input positions

Position
uncertainty

Current Metric: Resolution

L
\ IG_1148. Colors represent the resolution for each point position.

— Click on the metricthumbnail to access the entire list of metrics.

The Quality Metrics dialog, with the current metric and the list of all available metrics.

Proposed metrics:

1. Scene
1

f
f

Coverage indicates the number of photos that potentially see each are&ote: occlusions are
ignored, points that are hidden by otherparts of the sceneare considered as visible ithey are
in the field of view of the photo.

Height: colors the generated tie pointsaccording to their vertical position.

Resolution: displays theground resolution (in 3D units/px) for each generated tie point.

2. Surveys

f

3. Photos
1

ContextCapture

Position uncertainty : exposes a visual representation dfiow certain are the image positionsof
eachsurvey point. Transparent spheres around thesurvey points indicate how uncertainthe
position (scaled for readability) is. Colored ellipses show the mosincertain direction and its
magnitude. Note: only available if surveys are present in the scene.

Control point distri bution: indicates how farfrom a control point the generatedtie points are.
To calculate this distancewe considerthe photos andthe link between photos Note: only
available if control points are present in the scene.

Position uncertainty : illustrates to what point the ContextCapture optimization is certain of
the estimated photo positiors. Transparent spheres aroundohotos indicate the position
uncertainty (scaled for readability). Colored ellipses show the most uncertain direction and its
magnitude.
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Number of tie points: colors the photos according to the number of tie points linked to them.

1 Distance to input positions : shows the offset between theinput positions and the computed
photo positions. Colors indicate the magnitude, and lines indicate the direction of the change in
position. Note: only available ifinput positions are provided.

1 Distance to input rotation s: illustrates the difference between theinput rotations and the
computed photo rotations. Colors indicate the angle differencéNote: only available if input
rotations are provided.

1 Connection graph: displays links between photos two photos are paired tog¢her if they have
tie points in common.

4. Tie Points
1 Number of observing photos: representsthe number of photos that have been used to define
each point,smoothed over the set of photos seeing the pointThe mean valueis used in order
to provide acomprehensive information about the scene andilter noisy data.
Reprojection error : considers the pixel reprojection error for each tie point
1 Position uncertainty :indicates the individual tie point position uncertainty, averaged over the
photos seeing the pointThis metric illustrat eshow well placedwe canexpect thegenerated tie
point to be after the ContextCapture optimization
1 Position uncertainty vec tor : the direction of the vector showsthe most uncertain direction of
tie point position, and the length and color of the vectoindicate the magnitude of this
uncertainty.

=

Additional data

The Additional data tab allows you to edit or display additional knowddge on the acquisition which is used to
help aerotriangulation.

Note: Once a reconstruction is created in a block, thdditiona data tab is readonly.

General Photos Control points Tie points Additional data D e

You can specfy here additional knowladge on the acqusition n order to help the asrotrianguation,

Block type: Structured aenal dataset v Structured acral dataset with vertical and oblique views
Mnimum viewing dstance 0 nits Leave this fiekd smpty if unknown.
Maximum viewing distance: | 150 units Leave this field empty if unknown

Figure 39: The Additional data tab

Block type

This advanced option allows you to specify somiypical acquisition types:

£ Generic (default): advised for most image datasets.
¥ Vertical views only: advised for any aerial image dataset made of vertical views only (pointimigwn).

Also namedNadir block type.

¥ Structured aerial dataset: avised for structured aerial image datasets only, with vertical and oblique views
acquired with a regular sweep of the area in parallel lines, and sensors with fixed lever arm angles.
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Also named Aerial block type.

F Orbit around thin vertical structure: advised for dataset made of orbital views around a thin structure or
around a thin vertical subject of interest in the foreground (telecommunication tower, pylon, wind turbine,
etc.).

Also named Orbit block type.

Minimum/maximum viewing distance
Allows to specify a rough estimate of the viewing distance:

F Minimum viewing distance
F Maximum viewing distance

If your knowledge about the viewing distance is approximative, please take an appropriate margin (reduce the
minimum viewing distance and increase the maximm viewing distance accordingly).

When the photo positions are known, the minimum and maximum viewing distances can be used during
aerotriangulation to discard inadequate pairs of photos and improve performance.

Aerotriangulation

To perform the 3D reconstuction from photographs, ContextCapture must know very accurately the
photogroup properties of each input photogroup and the pose of each input photograph. If you ignore these
properties, or if you do not know them with sufficient accuracy, ContextCapturean automatically estimate them
by a process called aerotriangulation or aerial triangulation - sometimes abbreviated to AT.

The aerotriangulation starts from an input blockand produces a new block with computed or adjusted
properties.

The aerotriangulation can take into account current camera positions (e.g., initialized from GPS), or control
points for georeferencing.

Although ContextCapture can compute an aerotriangulation without initial information about the pose of input
photographs, it is not reemmended for a very large number of photos; in this case the aerotriangulation
without any input positioning is unlikely to give satisfying results. Massive datasets should preferably include
approximate pose information (e.g. INS) and should bedjusted with aAerotriangulation. ContextCapture can
then adjust a very large imported block by aerotriangulation, the only limit in block size being computer
memory.

Creating a new block by aerotriangulation

From the blockGeneraltab or from the context menu of the Project tree view, click o8Bubmit aerotriangulation
to create a new block by aerotriangulation.

1 &) Submit aerotriangulation... ’

Process a new block with completed or adjustgatameters.

Output block name
Choose the name and the description of the aerotriangulation output block.
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W Aerotriangulation definition - O *

Aerotriangulation definition
Define parameters and submit aerotriangulation processing.
Al e l Output block name
Components Choose the name and the description of the aerotriangulation output block.
Positioning/georefere... ID: Block_28

I Block_1-AT-A
Settings ame [Hodk T1

Description | pasyft of aerotriangulation of Block_1 - AT (2021-Sep-30 15:29:11)

< Back & Next Submit Cancel
Components

Select photos to consider for the aerotriangulation according to their component.
This page isavailable only if the block contains photosbelonging to different components.
Select photos to consider for the aerotriangulation:

E Use all photos: Include photos not belonging to the main component in the aerotriangulation. This may be
useful to incorporate in the main component photos which wer@ewly added to the block, or photos which
were discarded by a previous aerotriangulation.

¥ Use only photos of the main component: photos outside of the main component will be ignored by the
aerotriangulation. This may be useful to perform a new accurate adg§tment on the set of photos successfully
matched by a previous aerotriangulation.

ContextCapture 85 User Guide



W Aerctriangulation definition - O *
Aerotriangulation definition
Define parameters and submit aerotriangulation processing.
Output block name Components
Components Select photos to consider for the aerotriangulation according to their component.
Positicning/georefere... -
Not all the photos belong to the main component.
Settings Phato selection
® Use all photos
Include photos not belonging to the main component in the aerotriangulation.
(O Use only photos of the main component.
1 photo(s) wil be ignored by the aerotriangulation.
< Back £ Next Submit Cancel

Figure 40: Aerotriangulation components selection

Positioning/georeferencing
Choose how the aerotriangulation shoulddjust and orientthe block.
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a Aerotriangulation definition O
Aerotriangulation definition
Define parameters and submit aerotriangulation processing.
Output block name Positioning/georeferencing
Components Choose how the aerotriangulation should adjust and orient the block.
Pesitioning/georefere...
]| Adiustment constraints
Settings Control points
[ photo positioning metadata
oint clouds (scans)
Einal rigid registration
Positioning constraints on user tie points
Contr ts
® Photo positioning metadata
Point clouds (scans)
[ Use targets (QR Codes, ApriTags or ChiiTags)
Using selected data for rigid reqistration
The block is rigidly registered to selected data (advised with inaccurate data).
< Back &) Next Cancel

Figure 41:Aerotriangulation positioning/georeferencing parameters

Positioning modes are enabled according to input block propert&

Aerotriangulation can work with positioning constraints but in this case, blockposition and orientation are

arbitrary.

Adjustment c onstraints:

£ Control points (need a valid control point set): The block is accurately adjusted to control points (advised
when control points accuracy is consistent with the resolution of input photos).

¥ Photo positioning metadata (available only if thenput block has at least 3 photos with positioning

metadata): the block is accurately adjusted according to the photo positions from the pose metadata (advised

with accurate metadata).
£ Point clouds (scans)

Final rigid registration:

F Positioning constraints on user tie points (available only if the input block has positioning constraints): the
block is rigidly place/oriented/scaled thanks to the predefined constraints.

ContextCapture
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E Photo positioning metadata (available only if the input block has at least 3 photos withggitioning
metadata): the block is rigidly registered to photo positions from pose metadata (advised with inaccurate
metadata).

E Control points (need a valid control point set): The block is rigidly registered to control points without
handling long range g@ometric distortion (advised for inaccurate control points).

E Point clouds (scans)

Usetargets (QR Codes, AprilTags or ChiliTags)

Allows o register block with positioning constraints or control points from targets extracted from photos.
Current survey datais also used.

Learn more about targets creationContextCapture Target Creatar

For positioning modes using control points, a valid control point set is needecheselected photogo ensure gee
registration: at least 3 control points with more than 2 measurements each

Settings
Chooseaerotriangulation estimation methods and advanced settings.

v Aerotriangulation definition — [m] x

Aerotriangulation definition

Define parameters and submit aeroftriangulation processing.

Output block name Seftings = E

Components Choose aerotriangulation settings.

Positicning/georefere...
Poses and tie points
Settings
® compute O Adjust O Extend Lock Advanced...

Computing poses and tiepoints.
Parameters: normal keypoints density, default pairs selection mode.

Optical parameters
® Adjust main parameters (O Lock all parameters Advanced...

Adjusting focal length, principal point, radial distortion and tangential distortion.
Keeping aspect ratio and skew unchanged.

Targets extraction: None ~

«©
«©

Blockwise color equalization:

Create splats:

< Back &) Next | |©) Submit Cancel

Figure 42: Aerotriangulation settings
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Poses and tie points
Select the overall strategyto use for poses and tie points

1 Compute:The aerotriangulation will compute the poses and the tie pointsvith the default computation
parameters.

1 Adjust: the aerotriangulation will compute the tie points and adjust the current posewith the default
computation parameters

1 Extend: The aerotriangulation will compute pses that are not yet parts of the main component
compute tie points and adjust all posesising the default computation parameters.

1 Lock: The aerotriangulation will keep poses and tie points unchanged.

The advanced button allowsyou to fine-tune all the poses and tie pointscomputation policies and parameters

Poses and tie points

Policies
Paosition: | Compute v |
Rotation: | Compute hd |
Tie points: | Compute v |

Computation parameters

Keypoints density: | Mormal v |

Pair selection mode: | Default v |

Policies
Estimation policy can be selected for the different block properties according to available data in the block.
Possible estimation behaviors for the different properties involved in the aerotriangulation are:

Z Compute: estimate without using any input estimate,

E Adjust: estimate by adjusting the input estimate (according to the adjusted property, additional optionsn
be proposed to manage the degree of freedom),

£ Adjust within tolerance: estimate by adjusting the input estimate while staying close to the input estimate up
to a userdefined tolerance,

¥ Keep: use the input estimate as is.
Keypoints density

Keypoints dersity value can be changed to manage a specific dataset:
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F Normal: advised for most datasets.
E High: increase the number or keypoints, advised to match more photos in cases where the subject has
insufficient texture or the photos are small. This setting makethe aerotriangulation processing slower.

We recommend you to try theNormal mode first.

Pair selection mode

Tie points pairs may be computed using different selection algorithms:

E Default: selection is based on several criteria, among whidimilarity between images.

E Similar images only: estimate relevant pairs by keypoint similarity. It gives good results with a reasonable
computation time when image similarity is discriminative enough.

E Exhaustive: use all possible pairs, advised in cases &re the overlap between photos is limited (e.g., for a
camera rig). Exhaustive selection computation is a lot more intensive (quadratic rather than linear), so it
should be reserved to a small number of photos (a few hundreds).

E Sequence: use only neighbgpairs within the given distance, advised for processing a single sequence of
photos if the Default mode has failed. The photo insertion order must correspond to the sequence order.

F Loop: use only neighbor pairs within the given distance in a loop, adwd for processing a single loop of
photos if the Default mode has failed. The photo insertion order must correspond to the sequence order.

We recommend you to try the Default mode first.

Optical parameters
Select the overall strategy to use for the optidgparameters estimation.

The advanced button allowsyou to fine-tune all the optical computation policies and parameters

Optical parameters

Enable pre-calibration stage: C)

Focal length: | Adjust v |
Principal point: | Adjust W |
Radial distortion: | Adjust 4 |
Tangential distortion: | Adjust 4 |
Aspect ratio: | Keep b |
Skew | Keep hl |
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Pre-calibration stage

The pre-calibration stage is useful wheraerotriangulation fails because the initial parameters are far from real
values (e.g. unknown focal length or unknown large distortion). It takes significantly more computation time. If
possible, prefer the faster and more robust method consisting iRhotosestimated with some reference dataset.

Target extraction

Defines the type of targets to be extracted from the images.

¥ Disabled: no target will be extracted.

Z OR Codes: Regular QR codes and ContextCapture User Tie Point QR codes will be usezhte user tie
points. ContextCapture Control Point QR codes will be used to create control points.

£ April Tags: will be used to create user tie pointsr to mark an existing control point.

£ Chili Tags: will be used to create user tie pointsr to mark an existing control point.

Blockwise color equalization

If enabled, an automatic color equalization will be computed for all input photographs during the
aerotriangulation step. This equalization calculates the best way of ensuring consistency of appearancenaen
all photographs, even in cases with great radiometric differences between images.

Note that this is a twostep process, needing both:

1. Activating the blockwise color equalization during the aerotriangulation.
2. Choosing "Blockwise" as the color equalizeon mode in the Reconstruction step.

For more details and an example result, please see the Reconstruction Processing Settings.
Splats

If enabled, splats will be processed during aerotriangulationSplats enrich the block representation in the 3D
views. See also 3D view.

Low-level settings

Low-level settings can be set only through loaded presets. They can control directly all aerotriangulation
processing settings.

Aerotriangulation presets may beprovided by the technical support team to solve specific issues.

Aerotriangulation processing

In the last page of theAerotriangulation definition wizard, click on Submitto create the output block and submit
the aerotriangulation job.

&) Submit

Create the output block and submit the aerotriangulation job.

Once the aerotriangulation is submitted, the output block is created waiting for the aerotriangulation result.

Note: The aerotriangulation is processed on Engine side. If there is no engine cantly listening to the job queue,
you must run an engine now or later to process the aerotriangulation.
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Block - Block_1 - AT - copy - AT

Result of aerotrianguiation of Block_1 - AT - copy (2019-Feb-28 16:39:08) ./
291 phote(s), 1 control point(s), 0 user tie point(s), georeferenced

General

Cancel

Aerotriangulation processing... Cancel derotrisngulztion.

| E—— 2%
View aerotriangulation settings | Monitor job queve

Block ID: Block_7
Created: 2/28/2019 4:39 PM
Last modified: 2/28/2019 4:39 PM

During aerotriangulation, the block is being created: the interface is dedicated to monitoring the
aerotriangulation job.

Note: You can continue working with ContextCapture Master or even close the interface while the
aerotriangulation is pending or running: the job will remain in the queue and computation will be performed on
the engine side.

During aerotriangulation, the number d lost photos is displayed. If too many photos are lost, you can cancel the
aerotriangulation and remove the block to perform a new aerotriangulation with different settings.

If a potential issue is detected during the computation, an intermediate acquigiin report is available. This
report helps to diagnose issues related to the input data by providing information on the disconnected

components and lost photos.
Biock - Bodk_1 - AT (2)
St ol perovianplation of Bodk L (7917500 SRETAT)
27 phatels), § oortesk poat[d]. © wied Dt pOSE(L), georelinitond
Aeobriangelaion precessing. e ey .

Itslorg weisen

I . -

e A ST | M X S

In case of insufficient overlap or inappropriate input data, the aerotriangulation may fail.
Aerotriangulation result

The aerotriangulation result is the output block: computed or estimated properties can be displayed through
block properties, aerotriangulation report and acquisition report.
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@ C lete dat Submit aerotriangulation... -
[ ] omplete data -
p Process a new block with completed or

The block is ready for reconstruction. adjusted parameters.
Photos positioning level: georeferenced & Export... <
Export block to various file formats.
« Share...

Share images and orientations on
ProjectWise ContextShare.

251 photo(s) in 1 photogroup(s), 4.0 gigapixels

251 photo(s) in the main component

251 known position(s) and 251 known rotation(s)

0 control point(s) (0 full point(s), 0 horizontal point(s), 0 vertical point

0 user tie point(s)

53075 automatic tie point(s) View

Resolution ranges from 0.031 meters to 0.036 meters Block ID: Block_1

Splats: not available Create Created: 17/06/2021 10:23
Last modified: 28/09/2021 11:36

Figure 43: Example of block dashboard after an aaiahgulation

A successful aerotriangulation is supposed to compute positions and rotations for every photo. All photos must
be included in the main component for future reconstruction steps.

Photos may be lost by the aerotriangulation in case of insuffiai overlap or inappropriate input data. In such
case, you can either:

EZ Go back to the input block, modify its properties if needed, and try a new aerotriangulation;

£ Or use the output block as an intermediate result, and try a new aerotriangulation from thislock to compute
missing properties.

In some cases, even if all photos are successfully included in the main component of the output block, the latter
can be further improved by a new aerotriangulation. For instance, new control points may be introduced in the
output block and used in a new arotriangulation to georeference the block.

Result display

To overview the aerotriangulation result in 3D, use the 3D view tab of the output block. It allows you to visualize
the position, rotation and field of view of photos, and the 3D position and calof tie points.

Use the Quality Metrics available in the 3D view for advanced scene analysis.
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Figure 44: Example of aerotriangulation result displayed in the 3D view tab
Use thePhotostab to identify missing photos and to check estimated properties.
Quality report

Click on the linkView quality reportto display aerotriangulation statistics.

The report displays the aerotriangulation main properties and statistics.
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W@ Quality report O X
ty rep

Open file | Export to PDF

Quauty RepoRT Bentley

Contents

Project Summary
ra Calibration

For more information, please see our online manual: https ww.acute3d.com/QualityReporitManual/ensv2 . 0findex.html !ﬂ
Project Summary -
Project: Bourget
Number of photos: 251
Ground coverage: 1.113 square kilometers

Average ground resolution: (7) 347374 mm/pixel

Scale: () 1:104

Camera model(s): Unknown camera model
Processing date: 25/10/2021 15:38
Processing time: 1min 53s

Quality Overview

Dataset: @ 251 of 251 photos calibrated {100%)
Keypoints: (3) Median of 16514 keypoints per image
Tie noints: 63648 noints. with 2 median of 1063 nninfs ner nhoto. e

Figure 45: Exampl®f aerotriangulation quality report

Acquisition report

Click on the link View acquisition report to display information about the potential issues related to the input
data. The report displays the several disconnected components identified by the aerarngulation and give
details on potential links between the lost photos and the result. It also provides details about the positioning
mode requested and the actual mode used by the engine.
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AcquisiTion RepORT 3 Bentley

Project Summary

Project: Beynac

Number of photos: 53

Number of calibrated photos: 30(57%)

Number of lost or disconnected photos: 23 (43%)

Adjustment constraints: none

Positioning: Rigid registration: photo positioning metadata

Not all photos are connected.
You may try to improve the result by adding more photos or user tie points that overlap between the disconnected components or isolated photos below.

Components

Component 1: 30 photos (30 kept in the final result)

Automatic tie points checking

Automatic tie points can be checked from the Automatic tie points navigator to perform quality control or to
identify errors (see Tie points).

Control points checking

When using control points, theControl Pointsin the Surveys tabcan be used to perform quality control or to
identify errors.

Troubleshooting

In case of trouble with the aerotriangulation, the technical support team maask you to export the
aerotriangulation log file; you can export it from the block context menu in the project tree view: choodexport |
Export log file for technical support

Note: The log file is dedicated to technical support.
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Applications

The aerotriangulation result can be used in several ways:

E Itis useful in itself to understand the spatial structure of the scene and of the photos,
£ It can be exported to an XML or a KML file to use in third party software,
E It can be used in ContextCapture to perfan 3D reconstruction.

Process on the cloud

Project processing can run on the cloud with ContextCapture cloud processing service.

A ContextCaptureCloud Processing Console project is created from the block contents to allow cloud processing
submission.

Learn more about cloudContextCapture cloud processing service

Import video frames

The Import video frames dialog allows you to extract frames from a video file and add them to the block.

To extract frames from a video, enter the input video file and select the import settings:

F Start time/end time: allows you to import only a section of theinput video (by default all the video will be
imported).

E Extract a photo every: sampling interval, in seconds. This defines the number of photos that will be extracted
from the input video sequence.

£ Photo output directory: directory where the extracted phdos are created.

Please select the video sampling interval to ensure a correct overlap between photos.
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# Import video frames n
E Import video frames

Extract video frames and add them to the block photos.

Input video file: ' C:/VIDEOS/Drone_video.mpg
Settings

Start time: 0,00 |3 seconds

End time: 72,94 |3 seconds

Extract a photo every: |0,330 5 seconds

Photo output directory: C:/VIDEOS/Drone_video_frames/

Imported video frames

Approximately 222 photo(s), 1 photogroup(s), 460.34 megapixels
image dimensions : 1920x1080 pixels

&) Import Close

Figure 46: Import video frames dialog

% Focal length variations are not supported.

All imported frames are added in one unique photogroup; ContextCajte assumes that the same camera model
(with the same optical properties) is used during all the imported sequence. If the zoom varies during the video
sequence, please use the start/end settings in our import to split the video in sections of constant noand to
import each section separately.

Click onlmport to extract and add the video frames.
Once imported, extracted photos can be inspected individually from the blockhotospage.

Frames imported from a video files have an unknown camera model. We recommend you to define the
photogroup's main optical properties (sensor size, focal length and camera model type) before starting an
aerotriangulation. One option for doing this is to seich for a suitable camera model in the camera database (See
Camera databasand also Photossections)

In case no camera model in the database fits your camera, you can find your camera modeitaites by using

the selfcalibration property of ContextCapturés aerotriangulation. For optimal results, we recommend you to
use a 360° video of a highly textured and geometrically complex object. The camera parameters obtained after
self-calibration can be stored in the camera database and reused for your more complex projects.
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Import photo positions

The Import photo positions dialog allows you to import photo positions and rotations from a text file.
Use this option to set image positions and/or rotabns from third -party data.

Various kinds of text files are supported. The common condition for all formats is that each photo must be
represented by a single line.

The imported data must include at least the photo references, and thec8ordinates for the photo positions.
Rotations are optional.

*< Photo_File >< Easting ><_ Northing_ >< Height ><
__Omega___ >< Phi >< Kappa_ >

f: \ project \images\ 4655.tif 47268.5080 -517764.1880 1514.7160
-0.2352 0.2168 -2.3779

f: \ project \images\ 4656.tif 46434.1570 -517745.9920
1513.0090 0.0662 1.1163 -2.2503

f: \ project \images\ 4657.tif 45618.8710 -517748.2010
1516.4190 0.0227 0.6976 -1.2857

f: \ project \images\ 4658.tif 44815.0070 -517756.2330
1520.3310 0.6212 0.1720 -0.6776

f: \ project \images\ 4659.tif 43971.6950 -517762.4530
1519.1290 0.3699 0.2398 -1.9075

f: \ project \images\ 4660.tif 43116.7510 -517767.1580 1518.0000
- 0.4866 -0.4373 -2.8745

f: \ project \images\ 4661.tif 42266.8970 -517754.3210 1519.9090
-0.3243 0.8787 -2.6415

f: \ project \images\ 4662.tif 41407.3450 -517763.1880
1525.5080 0.0320 0.2612 0.0047

f: \ project \images\ 4663.tif 40520.2080 -517783.6610 1523.6580
0.1627 0.7922 -2.7976

Example of text file with positions and rotations

To import an entire block, with camera models, control points, etc., you canaithe XML or Excel formats. See
alsolmport blocks.

Input file

Enter the input text file

To start importing the third -party data, choose the input text file.
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Ed Import positions and rotations from text file n

Import positions and rotations from text file

Jmport pustions and rotabons for & set of photographs. Each photo 15 reprezentad by & bne in e text file.

Input file ’ Input file
File format Fnter the input baxt file
BCINES Flle name: | Ci/photo_pestions_rotetions.od ... ‘

< Back & Mexr Tmpart Cancel

Figure 47: Page Input file

File format
Define how thénput file must be read

Once the input file loaded, ContextCapture tries to make a first guess on the content of this file.

You can adjust the import parameters, so that each column in the Data preview table contains meaningful
information:

E Number oflines to ignore at the beginning of the file: defines the length of the file header, and ignores it
during import.
E Delimiters: defines the column separators. Several characters can be specified.

The option Combine consecutive delimitecsan be required, fo instance when sequences of white spaces are
used as delimiter.

E Decimal separator: dot (123.456) or comma (123,456).
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Import positions and rotations from text file

Import positions and rotations from text file

Import postons and rotabens for & set of photographs. ach photo 15 reprezentad by & bne in & text file.

Input file

Data properties

Fieltds

File format
Dafine how the input file must he read

Mumber of ines Lo igneee al the begining of e fie [

Daimears

)
-

Decimal saparatar

[Soauee "

"1

| aod ~

Combine consscutive ceiimiters

Fike preview

ORIA
URIA
ORIA
URIA
ORIA
URIA
nRz2
‘<

0_20803.TF
U_20804.TIF
0_20805. T
0_20808.1 1
0_20807.TIF
0_20808. T

n INEN TIFE

692890.763 6170956.401
B93000.681 §170834.192
693156,367 6170851.068
bY3310.828 617087152
693464060 6170906,094
693615.168 5170928.598
#0740 433 £17004% AN

(123456 |

£55.277
452828
450,350
11s8.017
447,340
444,889
2aa :lT

Daa praview

26086 3,0167 193,012
-1.2063 -9.8313 8.0
5.5157
6.//50
87056
6.055¢ _
T
il

* < Fhoto ID_ =< Eastng =< HMorthing =< Haght =< __Phl_bC_D:ﬂ

-2.6439 -7.6635
-3.8100 -3.87555
-2,5985 -0.5711
-3.1399 12467
-34577 -3 10Ra

Row 1
Row 2
Row 3

Column 1

ORIA
ORIA
CRIA

Column 2
0 20603.111
020804 TIF
0.20805TIF

Column 3
B9800 781
603000.684

693156.367

Column 4 Colu®]
6170956481 45527 —
6170834142 45282
6170851068 45036

X

bi

Tmpart

Note: Empty lines are ignored.

Data properties
Define the imported data

Figure 48:

Page File format

Define the spatial reference systerof imported positions and optional rotation parameters.
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v Import positions and rotations from text file EI

Irmport positiors and rotazlons from text file

[mport posifons and rodations F o act cfphetoyagha, Boorphetaia cpreacaiee bralreine 1ot e

Iapaele Data propertics
File fcrmat Celime thw argoriwd id4la
| 5 eterance cvitar
‘_9.5-:,1,:‘:, Spati reterancs Ccvita
Fiekds Sueld choome sk | Harvoucloocs) ua oo wsdicles seslos -
V 'mpeermaton
Jngles: Yan, Pitd, Rol -
Camers ofientatiore % right, ¥ dosny -
Andeunts Decress .
Qulara

[_] =t pos= metarsta orly eep actsd ¥ pos= Inforration uncd-amgec)

<Boce & Next Irpo Cancs

Figure 49: Page Data properties

Spatial Reference System
Specify the coordinate system of the imported data

For data that does not have georeferenced positions, choose Local coordingystem (with known or arbitrary
unit).

Input File Rotation
Define optional rotation properties.

Check this option and choose the rotation properties if the input file contains photo rotations.

Rotation properties are:

E Angles: angles typesOmega, Phi, Kagp Yaw, Pitch, Roll or Heading, Pitch, Roll (deprecat&jtations given
in a matrix form are not supported here.

E Camera orientation: specification of the xyaxis of the camera sensor for pose rotation.

Possible values areX right Y down(default), X right Y up(more frequent in photogrammetry), X left Y down, X
left Y up, X down Y right, X down Y left, X up Y right, X up Y left

E Angle units:Degreesr Radians
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Options
Additional data properties options.

E Set pose metadata onlyKeep actual 3D pose information unchanged. This option can be used to ensure that
the imported positions and rotations will only affect the photos pose metadata property and will conserve
the current pose information if any. The default behavior is to upda both the photos pose property and
pose metadata information with the imported positions and rotations.

Fields

Specify columns corresponding to the imported data
You must associate each input column with its respective role.

The list of possible roles adpts to the input data type. For example, if the data does not contain rotations, no
angles will be proposed as a possible data type.
L Import positicns and rotations from text file BI

Import positions and rotations from text file

Jmport pustions and rotabons for & set of photographs. Each photo 15 reprezentad by & bre in e text file.

Input file Fields

File format Specify columns corresponding to the imported data

Data properties Select o line for ety prenaew

Fiekds ‘ Column 1 Column 2 Column 3 Column 4 Colu
Row1 CRIA 0.20803TIF 602800783 6170956481 45527
Row?  CRIA 0_20804TIF 603000684 6170824142 45282
Row3 ORIA D_20E05.TIF 693156367  6170851.068 45036
Row 4 CRIA 0 2006, BUAS10.H2E 6170877152 44Ea)
Row5S CRIA 0_20807TIF  693464.060  6170905.004 44734
< >

Fiukds slectivn

Column Role Preview
Column 1INJA | ORIA

Column 2 |Photo reference ~ [0
Lo LIS ] x ¥ ol a9n ..[.
A NSA v | 61/0355487

Column 5 'N;"."'. 455.277
_ ~\Photo reference ——
Lolurn & 2.6086 &

|Y

I

. Mot all reguired | Omega . Please specify the missing roke(s).
Phi
|Kappa

Back &) Meoxt Tmpart Cannel

Figure 50: Page fields
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Once each data type is associated with a unique column, you can proceed to the import. Contepti®a will then
try to match each line to a photo in the bloclkand apply the photo details to the matched photo. If unsuccessful,
an error or a warning message will alert you of the problem, and you can choose to cancel the operation.

Note: The "Import positions and rotation$ method can match a photo of the block with its corresponding line of
text only if the line contains the full photo name.

For example, for a photo named img_0.tif , the corresponding photo reference needs to be either imgy 0
img_0.ext , where ext is an arbitrary extension.

Import blocks

Import complete or partial blocks definition from files or from a server.

Note: Importing complete block definition is the only way to handle a very large number of photos with
ContextCaptue.

The following sourcesare supported:

E BlocksExchange XML/XMLZ format: an open exchange format specifiedBgntleyto import/export block
definition.

SeeBlocksExchange XML/XMLZ format
E MS Excel XL®rmat: a block definition based on Microsoft Excel XLS file.

SeeMS Excel block definition

FE ContextCapture Orientations from ProjectWise ContextShare portal.

% An ATExport XML export file cannot be rémported in ContextCapture.
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Figure 51: Example of imported block

Import survey data

Import control points, user tie points and positioning constraints in the block from Survey Data XML format.

See also: Export survey data.

Split block

Splitting a block into several subblocks is needed to handle imported block of aerial imagery containing a large
number of photos (typically >5000).
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\\\f. Split block

Splitting a block into several sub-blocks is needed to handle mported block of aerial imagery
containing a large number of photos (typically > 5000).

~Target number of photos

Maximum number of photos per block: ISOOO

~Height interval

Rough estmate of the height of the scene (WGS84 elipsoidal height in meters).
Minimum height: |0

Maximum height: | 100

Output block base size

The horizontal dimensions of output blocks wil be multiples of the base size,
Base size: | 1000

~Spatial reference system (SRS)

Choose the SRS in which splitting must be performed. If a custom SRS is requrred for a later
reconstruction, it s recommended to choose it, so that reconstruction ties can be made to
conform exactly to block boundaries,

[Local East-North-Up (ENU); onigin: 48.843930N 2. 365060E ~|

~Splitting ongin

Define the spitting orign in the SRS speafied above. A custom orign may be needed to make
later reconstruction tiles conform exactly to blodk boundaries,

x o
¥: o

spnml Cancel

Figure 52: Split block dialog

Split settings

£ You must not specify height above sea level. For more information, please refetdseful concepts

Target number of photos

Enter the maximum number ofphotos you want for output blocks.
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Height interval
Enter the rough estimate of the scene ellipsoidal height interval.

Output block base size

Enter the base size of output blocks. Actual dimensions of output blocks will be multiple of this base size.
For instance:
Base size: 500

The actual output block size may be: 500, 1000, 1500... depending on the scene contents and other split settings.

Spatial reference system (SRS)

Choose the SRS in which splitting must be performed.

By default, use a Local Eastiorth-Up system with an origin set at the centroid of input block's photo positions.

If a custom SRS is required for a later reconstruction, it is recommended to choose it, so that reconstruction tiles
can be made to conform exactly to block boundaries.

Splitting origin

Define the splitting origin in the specified SRS.

A custom origin may be needed to make later reconstruction tiles conform exactly to block boundaries.

Split processing
Click onSplit blockto start the split processing.
Split divides the aerial block into several parts according to a regular 2D grid.

To perform a reconstruction of all parts, you must take care on further reconstruction spatial framework
settings in order to get compatible iles and coordinate system.

When defining a reconstruction for one block part, please define the spatial framework as follows:

Use the same SRS to define all reconstructions spatial framework.

Use regular planar grid as tiling mode

Use a tile size that diides the block size.

Use (0 ; 0), or multiples of the block size, as custom tiling origin coordinates.
Use the region of interest corresponding to the block part.

MM MMNMN

Adequate reconstruction spatial framework settings are reminded in the split report andecalled in the
description of each block part.

Note: Once split, the parent block may be unloaded to save memory and loading/saving time (right click >
Unload). See als@oad/unload blocks.

The split process also geerates a KML file useful to get an overview of computed stiilock regions.

The KML file is accessible in the project foldemyBlock- sub-block regions.kml
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Figure 53: Sukblock regions overview in Google Earth

Extract block

Extract a subblock which covers a given region.
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Extract settings

s ContextCapture Master EAR
M Extract block

Extract a sub-block which covers a given region.

Extract mode
®) Extract photos that view a given region (requires complete poses)

_) Extract photos whose position Is inside a glven region (using photo positions)
Region

Enter the path of a KML file defining the region to extract.
KML file: \

Rough estimate of the height of the scene inside the region (WGS84
ellipsoldal height In meters).

Minimum height: 0
Maximum height: 100

Extract block Cancel

Figure 54: Extract block dialog

Two extraction modes are available:

£ Extract photos that view a given region (requires complete poses).
¥ Extract photos whose position is inside a given region (using photo pogins).

¥ Region

Enter the required region parameters according to the selected extractiomode.

F KML file

Enter the path of a KML file defining the region to extract.

You can use any GIS tool @oogle Eartho create a KML file.

E Height interval

Enter the rough estimate of the scene ellipsoidal height interval inside the region.

{3 You must not specify height above sea level. For more information, please refeitseful conepts.

E Margin (in meters)

Enter a margin if you want to extend the selected region.

Extract processing

Click onExtract blockto start the extract processing.

ContextCapture

109

User Guide



This will create a new subblock limited to the 2D region defined by the KML file.

Note: Once extracted, the parent block may be unloaded to save memory and loading/saving time (right click >
Unload).

See alsd_oad/unload blocks.

Export

Exportblock
Menu Block > Export > Exporblock

Export block properties in various formats.
W Export block — O 4

~  Export block
‘ Export block properties in various formats.

Qutput format: BlocksExchange XMLZ format w
Output file: D:/TESTS/Block_1 - AT - export.xmiz | D
Options
Spatial reference system: it georeferenced
Rotation format: Rotation matrix ~
Camera orientation: X right, ¥ down .
Export automatbic tie points: No W
Export photos without lens distortion: Ho o

©) Export block | Cancel

Figure 55: The export block dialog

Select the output format, output file and optionsand clickon Export block to create the XML file.

The following output formats are supported:

E BlocksExchangeXML/XMLZ format: an open exchange format specified by Bentley to import/export block
definition. SeeBlocksExchange XML/XMLZ format

XMLZ format is an extension of XML format adding file compression foorvenience (zip).
F ATExport XML format: Basic export of block main properties in XML formaBeeATExport XML format
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The ATExportXML format is a simplified format made for exporting to 3rd party software only. You must
use the BlocksExchange XML format if you want to later+ienport blocks in ContextCapture.

¥ Google Earth KML: Export photo positions and some other properties tokaviL file. The exported KML file is
suited to visualize the photo positions in a standard GIS tool or in Google Earth.

F TRENDONE XML: custom block format dedicated to TRENDNE.

According to the selected format and to block propertiessome ofthe following options are available:

£ Spatial reference system: select the coordinate system used to write 3D positions and rotations (only for a
georeferenced block).

E Rotation format: selecthow rotations are written, Rotation matrix or Omega, Phi, Kappa angles (only for

blocks with known rotations).

Camera orientation: select the axis convention for rotations (only for blocks with known rotations).

Export automatic tie points: include automadic tie points in the export, either in the main export file, orin a

separate file referenced by the main file. The latter option can be useful in the case of very large projects,

since exporting automatic tie points in the main file may produce very heguXML files.

E Export photos without lens distortion: photos are undistorted according to the block's distortion data and
exported to JPG files in a sullirectory. This operation may produce heavy files.

™M ™|

&S Google Earth - A gy — A — - - N=nres
| Eichier Edition Affichage Outils Ajouter Aide
v Search El 13| | @k & | B <) |t | B Se connecter

,5‘2“9 l:f~‘06~0-__092_11 tif .";‘._

0060000

1970 if e
WA

exemple : pzeria prés de New Yo

Itinéraire Historique

0002_061000_2251.tif

Component main component
Photogroup: 120724 _Jaune_0002
image dimensions: 8176x6132

Focal length: 150.093 mm

Position (WGS84): 48.8381"; 2.37781"
Ellipsold height 1283.34 m

: o 3 MAcutenh\g\Pans2012Tutowin0002 061000 2251.uf
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4
» Lieux
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/
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.
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Figure 56: Example of block KML export displayed in GoogleEarth

Export surveys

Menu Block > Export > Export surveys
Export control points, user tie pointsand constraintsto various formats.

- ContextCapture Surveys FileXML formatsuited for exchanging surveys between blocks or projects
(including control points and user tie points with measurements and positioning constraints).

- KMLfile (for georeferenced blocks only) format suited to visualizesurvey pointsin a standard GIS tool
or in Google Earth.

- Text File [Name XY Z]

W Export surveys — O *

> Export surveys
' Export control points, tie points and constraints.

Output file and format

Format: ContextCapture surveys file (*.xml) w
File: |D:,"TESTS,-’BIUCI( 50pc - Surveys.xml | IZ'
Options

Control points
Tie points
Spatial reference system: |Local East-Morth-Up (ENUY; origin: 46.654¢

Constraints

&) Export Cancel

Export Surveys dialog

Exportto Orbit 3DM
Create aMapping Runfor Orbit 3DM from block imagery and productions.
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Export to Orbit 3DM

B Exportto Orbit 30mM

select the items to include and click 'Export’ to proceed.

File name; File location:

. Create a Mapping Run for Orbit 30DM from block imagery and productions.

| Orbit 30M Run (3) | [ DuTESTS!

Resource type:  |Mapping Run

B imagery
1 Mesh Reconstruction_1 - cesium with app (Cesium 3D Tiles)
F4 Paint cloud Reconstruction_1 - opc (OPC)

[ orthophoto
L] DEM

Options

kA4 Use links to input data

3 iterns selected

(€ [€ €

Cancel |

Export to Orbit 3DM dialog

3AT AAO OEA EOAIT Ondb itcdeAdd.OAA AT A

Share on ProjectWise ContextShare

On

EAE

ProjectWise ContextShare is the Bentley platform to publish, manage and share reality data. You need to be

signed up with your Bentley CONNECT account.
A ContextCapture block is composed of two typed data:

£ Image collection: set of input image files for this block.

£ Orientation: definespositions, rotations and optical properties of the images part of the image collection.

To learn more about sharing on ProjectWise ContextShare, see Web publishiibare on ProjectWise

ContextShare

Load/unload blocks

Load/unload blocks from the current project.
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You can make blocks temporarily unavadble within a project, and later restore them.

Unload block allows to save memory and to reduce project loading time.

To unload blocks from a project
In the project tree view, select a block that you want to unload from the current project.

In the block cantext menu (right click on the block), choos&Jnload
B CC Project
| Block_1
L Block 1 - AT
A B8 Block 1 - AT - AT
Aerotriangulation
Split...
Extract...

Import

Export

New reconstruction
New insight

Clone

Delete

Rename

Figure 57: Unload block from block context menu
The block is now displayed as unloaded, and its icon in the project tree view is grayed out.

To load blocks into a project

In the project tree view, seéct a block that is unloaded.
In the block context menu, choosé&oad.

The block is now available for use in the current project.

Merge blocks

Merge a selection of blocks into one new block.
Define the input blocks by performing amulti-selection in the project tree view using Shift or Ctrl keys.
From the selection context menu (right click), call Merge blocks.

You can merge several blocks only if they use a compatible positioning level (for example, if all selected blocks
are georderenced).
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2 mmmg quarry

Figure 58: Merging a selection of blocks

BlocksExchange XML/XMLZ format

The BlocksExchangXML format is an open exchange format specified by Bentley to import/export blocks
definition in ContextCapture Master.

The XML file can include properties of one or several blocks.

XMLZ format is an extension of XML format adding file compression for cagnience (zip).
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Format specifications
<BlocksExchange version="2.1">

<!-- Definition of one or several useful spatial reference systems (SRS). - >
<!-- Here, we need the French Lambert 93. - >
<SpatialReferenceSystems>
<SRS>
<l-- Inthe sequel, the SRS is referred to by this ID. - >
<|d>0</Ild>
<!-- User-friendly SRS name. - >

<Name>Lambert 93</Name>
<!-- The spatial reference system definition can be either a Well

Known Text
definition (e.g. WGS84), "EPSG: ", a PR0OJ.4 defini tion, or the path to a file
containing such a definition. - >
<Definition>EPSG:2154</Definition>
</SRS>

</SpatialReferenceSystems>
<!-- Optional: a path to prefix image paths when they are not absolute

(default: use the directory of the exchange f ile). -->
<BaselmagePath>D:\ data \ Paris2012sample \ Images</BaselmagePath>
<!I'-- Block definition. A single file can define several blocks. - >
<Block>
<!-- Block name and description are optional. - >

<Name>Paris2012</Name>
<Description>Small sample of the Paris 2012 dataset</Description>
<!-- The type of block is optional. Supported types are: Aerial, Nadir

and Orbit.  -- >

<Type>Aerial</Type>

<!-- Photo downsampling rate can be optionally provided with
<PhotoDownsamplingRate>tag -- >

<!--  Minmum and maximum viewing distance can be optionally provided with
<MinimumViewingDistance> and <MaximumViewingDistance> tags - >

<!I'-- ID of the base SRS used in the block. By default, the spatial
reference
system is assumed to be a local Cartesian coord inate system. - >

<SRSId>0</SRSId>

<Photogroups>

<!-- All photos taken using the same physical camera, with
identical focal

length and dimensions must be gathered in a photogroup. - >
<Photogroup>
<!-- Optionally, a different spatial reference system can be

specified for
each photogroup with the <SRSId> tag. By default, the SRS of the block is assumed.
- >
<!-- Optionally, a name with the <Name> tag, and a
description with a
<Description>tag . -- >
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<Name>UCX</Name>

<!-- Image dimensions, in pixels. - >
<ImageDimensions>
<Width>9420</Width>
<Height>14430</Height>

</ImageDimensions>
<!I'--  Optional camera model type Perspective or Fisheye
(Perspective
type is used if this tag is unspecified). - >
<CameraModelType>Perspective</CameraModelType>
<!-- Optional camera model band Visible or Thermal (Visible type is

used if this tag is unspecified). - >
<CameraModelBand>Visible</CameraModelBand>
<l-- Sensor's largest dimension, in millimeters. - >
<!-- Sensor's pixel size, in millimeters, can be substituted
for this field.
- >
<!-- For this dataset, it would be: - >
<!-- <PixelSize>0.0072</PixelSize> - >
<SensorSize>103.896</ SensorSize>
<!-- Focal length, in millimeters. This can be either the
nominal
specification or a closer estimate. - >

<FocalLength>100.735601903992</FocalLength>
<I--  Optionally, focal length, in pixels. Can replace
FocalLength and

SensorSize data. -- >
<!'-- For this dataset, it would be: - >
<!-- <FocalLengthPixels>13991.05582</FocalLengthPixels> - >
<!-- Optionally, specification of the xy - axis of the camera
sensor for
pose rotation and for any position given in millimeter (i.e. <PrincipalPoint> and
<Measurement> when using <xmm> and <ymm>) -- >
<I-- Possible values: XRightYDown (default), XRightYUp (more
frequent

in photogrammetry), XLeftYDown, XLeftYUp, XDownYRight, XDownY Left, XUpYRight,
XUpYLeft -- >
<CameraOrientatio n>XRightYDown</CameraOrientation>

<I--  Principal point, with respect to the sensor center.
This field is
optional: by default, the sensor center is used as an initial estimate of the
principal point. - >

<PrincipalPoint>
<!-- 2D image positi on of the principal point, in
pixels. The origin
is the center of the upper - left image pixel, the x - axis is oriented to the
right side of the image, and the y - axis is oriented to the bottom of the image. - >
<x>4683.755692</x>
<y>7223.0141002</ y>
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<!-- Alternatively, a 2D position with respect to the

sensor
center can be specified, in millimeters. In this case, the xy - axis are oriented
according to CameraOrientation. - >
<!-- For this dataset, it would be: - >
<!-- <xmm-0.1853590176</xmm> -- >
<l-- <ymm>0.06130152144</ymm>- >
</PrincipalPoint>
<!-- Lens distortion coefficients. This field is optional:
by default,
no distortion is assumed as an initial estimate. - >
<!-- Distortion coefficients corr espond to the classical
Brown's
distortion model, as described in http://en.wikipedia.org/wiki/Distortion_(optics)
- >
<Distortion>
<K1> 0.0010041516639</K1>
<K2>0.0056007056563</K2>
<K3> 0.009874171117100001</K3>
<P1>0</P1>
<P2>0</P2>
</Distortion>
<!-- Fisheye focal matrix used only for the camera model
type Fisheye. -- >

<FisheyeFocalMatrix>
<M_00>1960</M_00>
<M_01>0</M_01>
<M_10>0</M_10>
<M_11>1960</M_11>
</ FisheyeFocalMatrix>
<I'-- Fisheye distortion coefficients used only for the
camera model type
Fisheye. -- >
<FisheyeDistortion>
<P0>0</K1>
<P1>1</K2>
<P2>0</K3>
<P3>0</P1>
<P4>0</P2>
</FisheyeDistortion>
<Photo>
<!-- The ID of a photograph must be unique over the
whole block (in other
words, even across other photogroups). - >
<ld>146</Id>
<!-- Path of the image. If not absolute, it is
considered to be relative to
BaselmagePath if defined, or otherwise to the directory of the exchange file. - >
<lmagePath>071_2810.jpg</ImagePath>
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<!--  Optional path of the image mask. If not absolute,

it is
considered to be relative to BaselmagePath if defined, or otherwise to the
directory of th e exchange file. - >
<!'-- <MaskPath>071 2810 msk.jpg</MaskPath> -- >
<!-- Exterior orientation of the camera, as estimated
by navigation
devices or aerotriangulation. This field is optional. - >
<!-- Optional component Id: 1 is the main comp onent
(default), 0 is no
component. Photos with incomplete pose cannot belong to the main component - >
<!-- <Component>1</Component> -- >
<Pose>

<I-- 3D rotation of the camera in the spatial
reference system
defined above. -- >

<!'-- It defines the rotation matrix
transforming world coordinates
(in the specified SRS) into camera coordinates (with axes defined by the
CameraOrientation of the photogroup). - >

<!'--  The rotation is optional: the pose can be
limited to the 3D p osition

of the camera center (e.g. when GPS position only is available). - >
<Rotation>
<I-- It can be specified in one of the
four representations below: - >

<!-- 1. A 3x3 matrix, using the <M_ij>

tags, where M_ij denotes the

coeffic ient of the (i+1)th row and the (j+1)th column of the rotation matrix. - >
<M_00> 0.9999982912233401</M_00>
<M_01>0.001636319085375301</M_01>
<M_02> 0.0008602425863163225</M_02>
<M_10>0.001631068695467463</M_10>
<M_11>09999802528616577</M_11>
<M_12> 0.00606906089589293</M_12>
<M_20>0.0008701565192966738</M_20>
<M_21>0.006067647409696231</M_21>
<M_22>0.9999812130648239</M_22>
<l-- 2. Omega/Phi/Kappa angles, in

degrees, using the <Omeg a>, <Phi>,

<Kappa> tags. Please refer to the formula in the camera model document. - >
<!'--  For this dataset, it would be: - >
<l-- <Omega>179.6523471469934</Omega>- >
<!-- <Phi>0.04985630236313049</Phi> -- >
<I'-- <Kappa>179.9065465708369</Kappa> -- >
<!-- 3. Heading/Pitch/Roll angles, in

degrees using the <Heading>,

<Pitch>, <Roll> tags. Please refer to the formula in the camera model document. - >

<!-- 4. Yaw/Pitch/Roll angles, in degrees using the <Yaw>, ,Pitch>,
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<Roll> tags. Please refer to the formula in the camera model document. - >

</Rotation>
<!-- 3D position of the camera center in the
spatial reference system
defin ed above. -- >
<!-- Depending on the SRS, x/y may stand either
for longitude/latitude,
for map projection coordinates, or for something else. - >
<!-- Depending on the SRS, z may stand either
for a geoid height, for
an orthometric height, or f or something else. - >
<Center>
<x>651999.7159189156</x>
<y>6863073.633923346</y>
<z>1318.897690166719</z>

</Center>
</Pose>
<I'--  Optional depth information can be provided with
<NearDepth>,
<MedianDepth>, and <FarDepth> tags - >
<I'--  Optional Exif data (each exif data property is
optional)
- ><I--
<ExifData>
<ImageDimensions>
<Width>4000</Width>
<Height>3000</Height>

</ImageDimensions>

<PixelDimensio ns>
<Width>0.02</Width>
<Height>0.02</Height>

</PixelDimensions>

<GPS>
<Latitude>45.5686684</Latitude>
<Longitude>2.6551104</Longitude>
<Altitude>1589.5469</Altitude>

</GPS>

<FocalLength>24</ FocalLength>

<FocalLength35mmEqg>36</FocalLength35mmEqg>

<Make>FUJIFILM</Make>

<Model>FinePix S3Pro</Model>

<LensModel>FinePix S3Pro</LensModel>

<DateTimeOriginal>2015 - 04-

29T06:40:26</DateTimeOriginal>
</ExifData> -- >
</Photo>

</Photogroup>
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</Photogroups>
<!--  Control points are highly recommended for accurate positioning. - >
<ControlPoints>

<!-- Optionally, a different spatial reference system can be

specified
with the <SRSId> tag. By default, the SRS of the block is assumed. - >
<ControlPoint>
<!--  Control point name and description are optional. - >
<Name>Control point #1</Name>
<!-- Optionally, a different spatial reference system can be
specified
for each control point with the <SRSId> tag. By default, the SRS of the control
points container is assumed. - >
<I-- 3D position of the control point in the active spatial
refere nce
system. -- >

<I-- Depending on the SRS, x/y may stand either for
longitude/latitude,
for map projection coordinates, or for something else. - >
<I-- Depending on the SRS, z may stand either for a geoid
height, for an
orthometric height, or fo r something else. - >
<Position>
<x>652788.0525588237</x>
<y>6863015.362218254</y>
<z>78.07000000122935</z>

</Position>
<!-- Image measurements. -- >
<Measurement>
<!-- ID of the photo where the measurement is taken.

The measurements of
a control point must have different photo IDs. - >
<Photold>151</Photold>
<I-- 2D image position of the measurement, in pixels.
The origin is the
center of the upper - left image pixel, the x - axis is oriented to the right side of
the image, and the y - axis is oriented to the bottom of the image. - >
<!-- Alternatively, a 2D position with respect to the

principal point, in

millimeters. In this case, the xy - axis are oriented according to the
CameraOrientation of the correspond ing photogroup. - >
<!'--  For this dataset, it would be: - >

<l-- <xmm>18.6231910176</xmm>- >
<l-- <ymm»4.48973352144</ymm> -- >
<x>7270.31</x>
<y>6599.44</y>

</Measurement>

</ControlPoint>
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<ControlPoint>
<Name>Control point #2</Name>
<Position>
<x>652123.2211166573</x>
<y>6863245.976366176</y>
<z>80.07999999914318</z>
</Position>
<!-- If specified, a control point may be a check point
(default: false) -- >
<CheckPoint>true</CheckPoint>
<!-- |If specified, a control point may have accuracies - >
<HorizontalAccuracy>0.01</HorizontalAccuracy>
<VerticalAccuracy>0.10</VerticalAccuracy>
<Measurement>
<Photold>146</Photold>
<x>3296.56</x>
<y>9253.75</y>
</Measurement>

</ControlPoint>
<ControlPoint>
<Name>Control point #3</Name>
<!-- |If specified, a control point might be Full (default),
Horizontal or
Vertical -- >
<Category>Horizontal</Category>
<Position> <! -- no z position - >
<x>652365.1205012415</x>
<y>6863549.148163618</y>
</Position>
<HorizontalAcc uracy>0.01</HorizontalAccuracy> <! -- no
vertical accuracy - >
<Measurement>
<Photold>95</Photold>
<x>3178.26</x>
<y>4020.21</y>
</Measurement>

</ControlPoint>
</ControlPoints>

<!-- Known tie points may be used t o refine an aerotriangulation. - >
<!-- Uncomment this section before import to get a single tie point in

the
imported block. Please note that a reconstruction created from a such block will
fail. - >
<! -- <TiePoints>
-- ><I--  Optionally, a differen t spatial reference system can be
specified
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with the <SRSId> tag. By default, the SRS of the block is assumed. - ><]--

<TiePoint>
-- ><I-- Tie point name and description are optional. - ><I--
-- ><I--  Optionally, a different spatial reference system can
be specified
for each tie point with the <SRSId> tag. By default, the SRS of the tie points
container is assumed. - ><I--

-- ><!-- Optional 3D position of the tie point in the active
spatial  reference
system. -- ><!|--
-- ><!-- Depending on the SRS, x/y may stand either for
longitude/latitude,
for map projection coordinates, or for something else. - ><!--
-- ><I-- Depending on the SRS, z may stand either for a geoid
height, for an
orth ometric height, or for something else. - ><l -
<Position>
<x>652119.8871409688</x>
<y>6863304.305716386</y>
<z>87.79328384995461</z>
</Position>
-- ><l-- Optional tie point color. - ><l--
<Color>
<Red>0.59</Red>
<Green>1.0</Green>
<Blue>0.0</Blue>
</Color>
-- ><I-- |Image measurements. -- ><!--
<Measurement>
-- ><!--  Optional measurement type User or Automatic
(Automatic type is

used if this tag is unspecified). - ><I--
<Type>Automatic</Type>
-- ><!l-- D of the photo where the measurement is

taken. The measurements
of a tie point must have different photo IDs. - ><l -
<Photold>146</Photold>
-- ><l-- 2D image position of the measurement, in

pixels. The orig inis
the center of the upper - left image pixel, the x - axis is oriented to the right
side of the image, and the y - axis is oriented to the bottom of the image. - ><! -

-- ><!--  Alternatively, a 2D position with respect to
the principal point,
in milli  meters. In this case, the xy - axis are oriented according to the
CameraOrientation of the corresponding photogroup. - ><| -
<x>3324.26001</x>
<y>9930.269531</y>
</Measurement>
<Measurement>
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based indices).

lowerY, upperY,

<Photold>158</Photold>
<x>9079.006836000001</x>
<y>9902.772461000001</y>
</Measurement>
<Measurement>
<Photold>162</Photold>
<x>6240.366211</x>
<y>9896.118164</y>
</Measurement>
</TiePoint>
</TiePoints> -- >
<!-- Optional block' s positioning constraints based on user tie point (O
- >
<!-- Each constraint is optional. - >
<! -- <PositioningConstraints>
<OriginConstraint>
<0>2</0>
</OriginConstraint>
<ScaleConstraint>
<A>0</A>
<B>3</B>
<DistanceAB>56.350</DistanceAB>
</ScaleConstraint>
<AxisConstraint>
<A>0</A>
<B>3</B>
<AxisAB>z</AxisAB> -- ><!-- Xx,y,0rz - ><l -
</AxisConstraint>
<OrientationCo nstraint>
<A>0</A>
<B>3</B>
<C>2</C>
<AXisAB>z</AxisAB> -- ><!-- x,yorz - ><l--
<AxisSideC>upperX</AxisSideC> -- ><I-- |owerX, upperX,

lowerZ, or upperZ - ><l--

</OrientationCo nstraint>
</PositioningConstraints> -- ><PointClouds>
<PointClouds>
<PointCloud>
<Name>PointCloud name</Name>
<Description>Description of the

pointcloud</Description>

file</Path>

ContextCapture

<Path>Absolute or relative path to the POD pointcloud

<CreatedDateTime>2017 - 05- 26T15:59:08</CreatedDateTime>
<SRS>SRS definition</SRS> (can be empty)
<BoundingBox>

<XMin></XMin>
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<XMax></XMax>
<YMin></YMin>
<YMax></YMax>
<ZMin></ZMin>
<ZMax></ZMax>
</Bounding Box>
<MinResolution>0.0232077879728498</MinResolution>
<MedResolution>0.0480807854162596</MedResolution>
<MeanResolution>0.0779783209951879</MeanResolution>
<MaxResolution>4.71837838822922</MaxResolution>
<ColorMode></ColorMode><! -- Uselntensity or Use  Color or None -- >
<Scans>
<Scan>
<Name>Scan name</Name>
<NumPoints>320519</NumPoint>
<Attributes>2</Attributes>
<!-- If static scan - >
<SourcePosition>
<x>0.05</x>
<y>18.59</y>
<z>58.369</z>

</SourcePosition>
<!-- If mobile scan -- >
<Trajectories>
<Trajectory>
<Point>
<x>0.05</x>
<y>18.59</y>
<z>58.369</z>
</Point>
A
</Trajectory>
<Trajectories>
</Scan>

</Scans
</PointCloud>
</PointClouds>
</Block>
</BlocksExchange>

You can find the above example and specification file in ContextCapture installation directory
(doc/BlocksExchangeFormat.xml

For more information about ContextCapture camera model, see alSmntextCapture camera model

MS Excel block definition

Block definition can be providedasMS Excel documents according to a format specified by Bentley.
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This format is provided for convenience to ease block import from prexisting MS Excel documents XLS or
XLSX format. However, we recommend you to use the more flexitdécksExchange XML/XMLZ formain the
general case.

In an MS Excel file, the block definition can be partial or complete, and datan be provided in different forms.
You can find an example and a template in ContextCapture installation directory:

F doc/BlocklmportSample.xls
E doc/BlockimportTemplate.xls

Data worksheets
In the MS Excel file, the data is provided in several worksheets.

{24 XLS format is limited to 16384 rows, use XLSX format instead if you want to import larger dataset.
Photogroups
List of photogroups with corresponding parameters:

Name: unigue name of this Photogroup (mandatory)

Width, Height: image size in pixel§mandatory)

FocalLength: focal length in mm (mandatory)

SensorSize or PixelSize: in mm (mandatory)

PrincipalPointX, PrincipalPointY: principal point position in pixels (optional)

PrincipaPointlXmm, PrincipalPointYmm: principal point position in mm (optiond)
CameraOrientation: camera orientation reference, se@locksExchange XML/XMLZ formaoptional)
K1, K2, K3, P1, P2: lens distortion coefficients (optionaPBhotos

MMAMMANENTNMNMN

List of photos with corresponding parameters:

Name: file name (mandatory)

PhotogroupName: name of the attached camera (mandatory)
Directory: base directory (optional)

Extension: file suffix (optional)

Longitude, Latitude, Height or Easting, Northing, Height: 3D position (otnal)
Omega, Phi, Kappa or Yaw, Pitch, Roll, or Heading, Roll, Pitch: rotation, in degrees or radians according to
options (optional)

MM™MT M™MWMNMN

Photo Namecan be an absolute path, a relative path, or a file name:

The actual photo path is built using optional optiorBaselmagePath, optional photo Directory, photo Name, and
optional Extension.

ControlPoints
List of control points with name and 3D position.

To provide control points measurements, use th&locksExchange XML/XMLZ formainstead.

Options
Options used to interpret the MS Excel file.
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SRS

Spatial reference system used to interpret 3D positions and rotations.
Supports EPSG code ("EPSG:XXX"), PR&MKT definition.

InRadians

Specify that orientation angles are provided in radians rather than in degrees.
BaselmagePath

Optional base directory used to build photos absolute path.

BlockType

Optional block type.

ATExport XML format

The ATExport XML format contains interior and exterior orientation data for each photo:

ImagePath: image file path,

ImageDimensions: image width and height in pixels,
CameraModelTypePerspectiveor Fisheye

FocalLength: focal length in pixels,

FisheyeFocalMatrix: focal matrix in pixels used only for the camera model tyfésheye
AspectRatio: image aspect ratio,

Skew: image skew,

PrincipalPoint: principal point position in the image in pixels,

Distortion: lens distortion coefficients used only for the camera model typ@erspective
FisheyeDistortion: lens distortion coefficients used only for the camera model typeisheye
Rotation: photo rotation (if georeferenced, given in ECEF),

Center: photoposition (if georeferenced, given in ECEF).

Skew: skew coefficient defining the angle between x and y pixel axes.

Aspect ratio: different from 1 if the pixel are not square.

MMM MAMAMAMAMANAENNTNRMN

£ The ATExport XML format is made for exporting to 3rd party software only. Youunst use the
BlocksExchange XML/XMLZ formaif you want to later re-import blocks in ContextCapture.

Camera database

The camera database manages the list of camera models that ContextCapture applies autmaidy when adding
photos, or that you can explicitly apply on photogroupdt can beaccessedhrough menu Tools> Options8 , then
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| @ Comera database

Camera database

Manage the database of camers models.

| Filer: Iuone > 8 camera model(s) | vexc x
Source HName Date & Add...
£ ContextCapture Vexcel Imaging GmbH UltraCamD 10/1/2015 5:19 PM %¢ Dolete
& ContextCapture Vexcel Imaging GmbH UktraCamxX 10/16/2017 3:57 PM
£ ContextCapture Vexcel Imaging GmbH UltraCamX prime 10/1/2015 5:19 PM =
& ContextCapture Vexcel Ultracam Osprey Oblique 10300x7700 2/28/2019 3:45 PM
& ContextCapture Vexcel Ultracam Osprey Nadir 13470x8670 2/28/2019 3:45 PM
& ContextCapture Vexcel Ultracam Eagle F80 6/19/2018 4:40 AM
& ContextCapture Vexcel Ultracam Eagle F100 6/19/2018 4:46 AM
& ContextCapture Vexcel Ultracam Eagle F21010 6/19/2018 4:48 AM

Selection
ok ] cance

Figure 59: The camera database dialog

The camera databaseontains two kinds of items:

E ContextCapture items are default camera models provided by ContextCapture . These items are 1ealy
and the item list is updated daily by the ContextCapture support team.

E User items are camera modelthat you added or imported on your computer.

Each camera model is made of a name (alias), a date (last modified), various (optional) optical properties, and

search/matching criteria.

For more information about the optical propaties, seePhotogroups

ContextCapture
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@ Camera medel X

@ Camera model

Check and edit camera mode! properties.

Name: DI FC350 3.61mm 4000x2250
Last modified: 2/28/2019 5:07 PM

Optical properties

Model type: Perspective
Model band: Visible
Sensor size (mm): 6.24

Inage dimensions (px): 40002250

Focal length: |3.65132 mm v

Distortion: 0.0205896 P1:0 P2:0 Direct:true example: "K1:0 K2:0 K3:0 P1:0 P2:0 Direct:true”
Principal point (px): X:2004.8 Y:1093.88 example: "X:2566 Y:1551"

Aspect ratio: 1

Skewe: 0
Advanced >>

conce

Figure 60: The camera model dialog

Apply a camera model from the database

Apply a camera model automatically when adding photos

When adding photos from the block's Photos tab, ContextCapture automatically uses the camera database to get
the best camera model for the added photos.

ContextCapture uses input photos properties (Exit data and image dimensions) to find the best cameradabin
the database according to its properties and matching criteria.

Note: More recent items and user items are used in priority.

Apply a camera model manually to a photogroup

Once photos are added, it is also possible toanually assigna camera modefrom the databaseto a given
photogroup:

1. Right click on the photogroup andselectGet camera model from the database
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photos... |v| |HH Import videos...| | | Remove photos| | s Set downsan

ogroup  Status

roup 1
Add camera model to the database...

Import optical properties...
Export optical properties...

Ungroup
Set pose from metadata
Clear pose

Set metadata from pose

Clear pose metadata

Set mask...

5.JPG
6.JPG Delete

Figure 61: Accessing the camera @éiase from a photogroup. In
the Camera databaselialog, use the provided filters to search for a suitable camera model.
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2 Camera database n

® Get camera model from the database

Please selact an item from the camera database,

Fiter:  [Same mage dmensons L] | camers mocel(s) | 4t

Source 7 MName Date == Add...
[i& ContetCapture | Vexcel imaging GmbH UltraCamX 01/10/2015 17:19:09 | Raas
Selechon

Name: Vexcel Imagmg GmbH UltraCamX
Last modified: 01/10/2015 17:19:09

Model type: Pergpactive

Sensor sze: 103,896 mm

Images dmensions (px): 9420x 14420

Focal length: 100.5 mm

Ok Cancel

Figure 62: Searching a camera model in the camera database dialdigk onOKto apply
the selected camera model to the photogroup.

Manage the user camera database

There are two ways of accessing and managing the user camera database:

¥ At the photogroup level, from the block'sPhotostab. This access mode allows you to quickly add the
photogroup's camera model to the database.

£ Atthe application level, from the ContextCapture options: men@ptions >Manage camera database. This
mode can be used for more complex operations, such as twt or deletion of previously added camera
models.
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photos... |v| |HH Import videos...| | |l Remove photos| | | Set downsan

ogroup  Status

roup 1
Add camera model to the database...

Import optical properties...
Export optical properties...

Ungroup

Set pose from metadata

Clear pose
Set metadata from pose
Clear pose metadata

Set mask...

5.JPG
6.JPG Delete

Figure 63:Assigninga camera modefrom the user camera databas® a photogroup

Ediing the camera database
The camera database dialog can be accessed from the ContextCapture options: m@ptions >Manage camera

database. Usinghtis dialog, new user items can be added, and existing items can be edited or deleted.

Please note that ContextCapture items are not editable.

Import/export user camera database
To save your customized items, or to move them to another computer, you case the import/export functions
available from the tool menu.

Adding the camera model of a photogroup

1. Right click on the photogroup and calAdd camera model to the database
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Add photos... |+ |HH Import videos... ‘& Remove photos it

)

hotogroup Get camera model from the database...

itogroup 1
Import optical properties...
Export optical properties...
Ungroup
Set pose from metadata
Clear pose
Set metadata from pose
Clear pose metadata
Set mask...

ito

0385.JPG
Delete

0386.JPG

Figure 64: Adding a photogroup camera model to the database

2. Check the optical properties ancenter an appropriate name (alias).
@ Camena model X

Camera model

Check and edit camers mode! properties.

Nome: &fkwﬂsmr@f}%m 4000:2250
Last modified: 2/28/2019 5:34 PM

Optical properties

Model type: Perspective v
Model band: Visible v
Sensor size (mm): 6.24

Image dimensions (px): 4600):2250

Focal length: 3.65132 mm v

Distortion: D.0205896 P1:0 P2:0 Dqgct:prue' example: "K1:0 K2:0 K3:0 P1:0 P2:0 Direct:true®
Principal point (px): X:2004.8 Y:1093.88 example: "X:2566 Y:1551"

Aspect ratio: 1

Skew: 0
Advanced >>

conc

3. Click onOKto add the camera model to the user camera database.

Useradded camera models are automatically used by ContextCapture when adding new photos taken with the
same camera. For this, ContextCapture relies ongltamera model's matching criteria.
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Reconstruction

A Reconstruction item manages framework to create 3D reconstruction or orthophoto/DSM (spatial reference

system, regionrof-interest, tiling, constraints, retouching, processing settings). Based on theaenstruction item,
one or several productions can be launched.

Two reconstruction types are available:

91 3D reconstruction :true 3D model suited for reality mesh and byproducts creation.

1 Orthophoto/DSM : simplified 2.5D model dedicated to high quality orthphoto and DSM creatiorfrom
photos.

Reconstruction - Reconstruction_1

Adaptive tikng (target memory use: 16 GB), 13 tie(s), extra precision

General  Spatial framework  Reconstruction constraints  Reference 3D model  Processing settings

2 In production
Spatial framework and processing settings are fixed,

Adaptive tiling (target memory use: 16 GB)
13 tie(s)

13 tile(s) completed, 0 tile(s) retouched
Extra precigion

Reconstruction ©: Reconstruction_1
Created: 9/26/2019 3:53 FM
Last modified: 10/1/2019 10:38 AM

Production Format Status Progress Last submitted  Processang time @ Submit new production... v
Production LAS LAS

N C

Define and submit new
production.

v 9

Delete production
Remove production from the list.

Figure 65: The reconstruction interface
The reconstruction is defined by the following properties:

¥ Spatial framework defines spatial reference system, region of interest and tilindt also includes resolution
settings for an orthophoto/DSM.

¥ Geometryconstraints allows the use of existing 3D data to control the reconstruction and to avoid
reconstruction errors.

¥ Reference modeis the reconstruction sandbox, it storesa model in native format which is progressively
completed asproductions progress. This reference model is the model to which retouches and
reconstruction constraints are applied, and from which future productions are derived.
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F Processing settingssets geometric precision levelhigh, extra, etcetera) and other reconstruction settings.
£ List of productions.

Note: Spatial frameworkand processing settingmust be edited before starting the production. Once the
production is started the Spatial frameworktab is readonly. In this case, you can clone the reconstruction to get
a new fully editable reconstruction framework.

General
The General tab manages the reconstruction dashboard and the list of productions.

Dashboard

The dashboard provides information on the status of the reconstiction as well as on the main spatial
framework settings.

Ready for production
You can modify the spatial framework and processng settings before starting production

Y 4

Regular planar grd (grid sze 300 meters)

71 tile(s) Reconstructon ID: Reconstruction_1
0 tie(s) completed, 0 tie(s) retouched Created: 23/05/2013 17:41: 22
Highest predsion Last modified: 23/05/2013 17:48:19

Figure 66: Reconstruction dashboard
Productions

List of productions of the reconstruction.

Production Format Status Progress Last subl &) Submit new production... |
Define and submit new production,

Figure 67: Reconstruction productions

Several productions can be generated from a sameconstruction. They will share same reconstruction settings
(SRS, tiling, region of interest, processing settings, ...).

Some operations can be executed from the reconstructiddeneratltab:
&) Submit new production... v

Submit a new production on ContextCaptukagine or on ContextCapture Cloud service.

SeeCreating a new productionand Process on the cloudections.
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| Delete production ]

Remove production from the list.

This only removes references to the produion from the project. The output files of the production, if any, are
not affected.

SeeProduction also for more details on productions.
Spatial framework

The Spatial framework tab is dedicated to the definition of theeconstruction 3D workspace, including spatial
reference system, region of interest and tiling.

Note: The Spatial frameworkmust be edited before starting the production. Once the production is started, the
Spatial framework tab is readonly.

Canersl  Spa0a Wamevand  Raconatriction cootrats  Reference 20 model  Fricessg sengs
T 2t 2 0 e e @

Spatl reference syenc | WS 84 / UTM 2one 17N (EP54:00617) v . . B — —
L Wemeideess |

ey ot - : g0t from e
X {matersls min 461029337672 A5 10007

¥ (metars); e (2156100407790 | man 2334537940579
2 (matars): mn 130.000000 | 720995795
Dmensions: 380,75 maters x 240953 metaes x 140,956 maters

Moda I Shes along B XY plane.

Ogeons

The shee | 500 | waters

Piease B0yt T 16 020 % Dl [he €xpectng marimues RAM u5a)0 5 salabie o your Configaration.
E2 toscand amgty dies

Advanded (gteed.

Overven

The theg contans 25 the(s)

Dpectnd masmam FAM wtage e 8 job: 5868

Spatial reérence system (SRS)

Available only for georeferenced project, defines the coordinate system used by the Spatial framework, for both
Region of interest and Tiling.

Any well-known SRS definition can be entered, s&&patial reference system

By default, the reconstruction uses a Local Eastorth-Up (ENU) system with an origin set on the center of the
model.

Some SRS define both the coordinate system and tiling. It is the caseSpatial framework.
For non-georeferenced projects, the reconstruction uses the block local coordinate system.

The reconstruction Spatial reference system is used as reference for region of interest and tiling, whereas output
3D modelcoordinates of productions depend on another Spatial reference system, which you can select at
production level.
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Resolution ¢rthophoto/DSM)

For an orthophoto/DSM reconstruction-type, defines thetarget resolution for the reference orthophoto/DSM.

Region binterest
Defines the maximum area of the reconstruction.

The Region of Interesis set thanks to an axisaligned 3D box in the spatial reference system of the
reconstruction.

By default, the region of interest automatically focuses on areas of significant resolution: in each photograph,
statistics on the resolution of the block tie pints are computed, and points in the core of the distribution are
selected. The region of interest is defined as the bounding box of these selected block tie points. The Reset
AT 01T A08 AOOOTT AllTiTx0 O OAOAO OE MngsQdmarEmote), braatheET OAOAOOD
bounding box of the block tie points, obtained after rejecting gross outliers only (Maximal mode). The Maximal
mode is likely to include distant background areas in the region of interest and to require some manual
adjustment of the region of interest.
2

Edit region of interest
Click on this button to edit the region of interest interactively in the 3D view.

Move bounding box faces to set the region of interest.
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Figure 68: Interactive edition of the region of interest

An extruded polygon can be used to define the area more precisely from a DGN or from a KML file (if
reconstruction is georeferenced). Click on the button Import from polygon to specify the region of interest from
a KML or a DGN file. The polygon file only defin@s2D polygon: top and bottom height can be defined from the
interface.

Note: It is sometimes relevant to define a region of interest which is smaller than the default bounding box (for
example, to discard distant background areas from the reconstruction,lven the Smart mode does not detect
them automatically). However, in some cases, notably when the block tie points do not cover some interesting
parts of the scene (for instance, a high isolated building), it is useful to enlarge the default region of irgst.

Tiling

Select how to divide the reconstruction task.
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3D models generated by ContextCapture can span entire cities and hence may not fit in your computer's memory
in one piece. Thus, it is often necessary to divide them into tiles.

Four tiling modes are available:

No tiling: Do not subdivide reconstruction.

Regular planar grid: Divide reconstruction into square tiles along the XY plane.

Regular volumetric grid: Divide reconstruction into cubic tiles.

Adaptive tiling: Adaptively subdivide reconstruction into boxes to meet a target memory usage. This is
particularly useful to reconstruct a 3D model with a highly non uniform resolution, e.g. when reconstructing
a city from aerial images and ground images of a few landmarks. In sugltase, it is not possible to find a
regular grid size adequate for all areas.

Tiling options

When using a tiling other than an adaptive tiling, select tile size and tiling origin (click odvanced options
depending on your needs.

E
E
E
E

Tiling is aligned to the selected spatial reference system. Tiles are discarded if they are completely outside of the
region of interest, or if they do not contain any block tie point.

By default, tiles not containing any tie point are discarded from the tiling, enable the opti Discard empty tiles
to keep all tiles in the specified region of interest.

Note: To preview the tiling in the 3D view, choose Tiling in the Show comblox.

For georeferenced reconstructions, tiling can be exported in KML format (merfReconstruction > Ting > Export
to KML .).to get an overview of the spatial framework in a standard GIS tool or {Boogle Earth
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Figure 69: Tiling overview in Google Earth

Bing Maps Tile System
ContextCaptureallows to perform reconstruction following the Bing Maps Tile System

Select a Bing Maps spatial reference system to setup a reconstruction using a Bing Maps coordinate system and
tiling for a given level.

Geometryconstraints

The Geometryconstraints tab allows the use of existing 3D data to control the reconstruction and avoid
reconstruction errors.

In some cases, the automatic reconstruction may have reconstruction errors that need to be fixed. It may occur
for instance on unseen areas, on reflective parts or on water surfaces.

Rather than fixing problems after the reconstruction with a 3rd party tool (refer toRetouching), ContextCapture
can consider existing 3D data to help the reconstruction process on areas where photos are not sufficient.
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General Spatial framework Reconstruction constraints Referenca 3D model Procossing setongs
Name Type Description Resolion (units

Model Surface constrant mported from file ‘Model.oby 0.0068758

Add constraint from 3D mesh..

Add a new surface constraint defined by
a mesh file

Delete constraint..

Remove selected constraint from the
list.

Figure 70: Reconstrction constraints tab

You can definggeometry constraints at any time during the workflow. If the reference model already exists, tiles
overlapping the reconstruction constraint will be reset: they will be recomputed in later productionstaking into
account the newgeometry constraints.

ContextCapture can usgeometry constraints defined from:

Z A KMLor a DGNfile containing 3D polygons (only for georeferenced reconstructions),
Z An OB.Dr a GDNile containing a 3D mesh.

For georeferencedproject, the imported file can use any spatial reference system. Please select the spatial
reference system and the origin accordingly.

For non-georeferenced projects, the spatial reference system of thieput file must correspond to that of the
internal reconstruction.

ContextCaptureuses this data as a soft constraint in the reconstruction process: a reconstruction constraint is
used only if there is no other reliable data in the area: wherever reliable 3D information can be inferred from
input photos, it will override the reconstruction constraint.

Note: It is often much more efficient to create constraints in a GIS software (based on an existing orthoimage for
instance) than to fix errors of the automatically produced 3D model in a 3D modeling software.

Reference model

The Referencanodel tab manages the internal model of the reconstruction. It allows you to control model
quality, to apply retouches or reset the reconstruction.
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Recanstruction - Reconstruction_7

0, Regular planar grid (grid size 230 meters), 18 tie( =), axdra pregision

Gonernl  Spatial Framework  Gooimelry Condvmings  Reference Model  Frocesong Semings

DT e selected

Figure 71: Reference model tab

The reference model is the reconstruction sandbox. It stora@aternally a model which is progressively

completed as productions progress, to which retouches can be applied, and from which future productions are
derived.

The reference model is managed tile by tile, and each tile can be controlled individually.

An Unprocessedil e without retouch becomesCompletedas soon as a production including this tile is complete.

Model contents

For a 3D reconstruction, a tile isnade ofatextured 3D meshin native format; for an orthophoto/DSM, a tile is
made of a DSM file and orthophotdlé in TIF format.

Model tiles are displayed in the reference model tab once reconstruction is completed

To manage the reference model, the following features are proposed:

F Touchup: Fix the current reference modelvith retouches.

F Retouch with 3rd party software: Inspect andretouch reference model tiles.

E Reset Clear a selection of the reference model, so that it is recomputed by later productions.
E Inter-tile color equalization.
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Somecommandslike reset or touchupoperate on tiles make a tile selectiorand useselection context
actions toproceed. See als@ile Selection

Processing settings

The Processing settings tab allows you to choose reconstructigmocessing settings, including geometric
precision and advanced settings.

Note: Processing settings must be edited before starting the production. Once the production is started the
Processing settings tab is readnly.

General  Spatial Framework  Geometry Constraints ~ Reference Model ~ Processing Settings

Preset type: Default Load preset...

Save preset...
Selection of matching pairs Generic ~

Photos used for geometry Exclude thermal imagery ~

Geometric precision Extra ~ | Extra precision, larger file size (tolerance of 0.5 pixel in input photos)
Hole-filling Fill small holes only ~

Geometric simplification Standard ~ | Tolerance: pixel

Color equalization mode Standard ~

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

Texture source priority Photos first ~

Geometry resolution limit (meters) | El| Clamp resolution of geometry if finer than the specified limit

Texture resolution limit (meters) | EI| Clamp resolution of texture if finer than the specified limit

Low-level settings

No item defined.
Figure 73: Processing settings tab

Selection of matching pairs

This advanced option allows you to optimize the matching paselectionalgorithm for your particular input
image dataset:

£ Generic (default): advised for most image datasets.

¥ For structured aerial flight: advised for structured aerial image datasets only, acquired with a regular sweep
of the area in parallel lines, and sensors with fixed lever arm angles.

¥ Focus on ROladvisedfor vertical structure captured following orbit path.

Photos used for geometry

This advanced option allows you to choose the input data used for reconstructing geometry.
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¥ Exclude thermal imagery: advised when thermal imagery resolution is naufficient for photogrammetry. In
this case, only photos with visible colors band are used for geometry. This is the default whenever photos
with visible colors are available.

Include thermal imagery: geometry will use all available photos.
None: geometrywill use only point clouds (available only if input block has point clouds).

™M ™

Geometric precision

This option specifies the tolerance level in input photos, which results in more or less detail in the computed 3D
model:

¢ Ultra: ultra high precision. Warning:highly memory and computation time consuming, not recommended for
large areas.

¥ Extra (default): extra precision, larger file size (tolerance of 0.5 pixel in input photos).
£ High: high precision, smaller file size (tolerance of 1 pixel in input photos).
Z Medium: medium precision, best suited for Orthophoto/DSM productions (tolerance of 2 pixels in input

photos). The fastest and most memorgfficient mode. Computation time and memory

requirements

High and Extra modes are similar in terms of computation time ad memory consumption.
Ultra mode is 4 times slowerand takes 4 times more memory thamigh or Extra mode.

Mediummode is 23 times fasterand takes 4 times less memory thakligh or Extra mode.

Holefilling

This option gives you control over thehole-filling algorithm:

F Fix small holes only (default): advised for most datasets.

£ Fix all holes except at tile boundaries: reinforce the holélling algorithm to minimize the number of holes in
the mesh. With this option, the algorithm tries to enforce alosed surface.

Note: This last option may create aberrant geometry to fill large holes. However, retouching these aberrant
parts may be easier than filling unwanted holes.

Geometric simplification

¢ Standard (default): standard geometric simplification basd on mesh decimation.
¥ Planar: geometric simplification based on plane detection.

This algorithm strives to find planar surfaces (like walls and roofs) and ensures they remain planar during
the reconstruction and simplification stages.

The planarsimplification is based on a tolerance threshold:

If provided in pixels, the tolerance is defined in pixels in input photos: the simplification depends on input
photos resolution.

If provided in meters (or units for non-georeferenced blocks), the tolerancés defined in the 3D coordinate
space: the simplification is uniform over the 3D model.
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3D reconstruction of an area, without (top) and with (bottom) planar simplification.

Color equalization mode

ContextCapture generates the 3D model texture from various input photos that may have been acquired in
different lighting conditions.

To reduce radometric differences between input photos in the 3D model texture, ContextCapture proposes two
ways to automatically perform color equalization on the input photos.

This color equalization mode option lets you change the color equalization algorithm used process the
texture:

E Standard: the default advanced ContextCapture automatic color equalization performed on each tile
independently.
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F Blockwise: a new color equalization algorithm, generally more flexible than the standard algorithm, and able
to deal with greater radiometric differences between images. Note that this automatic equalization is
computed during the aerotriangulation for all input photos. This dispenses with the need for a second,
intertile color equalization, sometimes needed in the Standarthethod.

To have this option activated, you need to enable Blockwise color equalization in the aerotriangulation
settings.
g Standard (including thermal): This mode will apply the standard color correction on the thermal photos also.

Warning: This will change the input temperature valuesand might result in incorrect output data.
E Blockwise (including thermal): this mode will apply the blockwise color correction on the thermal photos
also.

Warning: This will change the input temperature valuesand might resut in erroneous output data.
¥ None: disable color equalization. Initial color of input photos will be kept in the generated texture.

This option should be used only if input photos have been acquired with constant and homogeneous lighting.

Example result when the input photos have different exposures: (left or top) Standard Mode; (right or bottom)
Blockwise mode.
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Untextured regions representation

In some cases, even if parts of the scene are not seen by input photos, ContextCapture is alieshte geometry
conforming to neighboring parts.

You can choose how ContextCapture will texture them:

F Inpainting completion (default): fill small and medium untextured regions by image inpainting. This method
is not applicable for large untextured regiors: the latter are filled with the color you have selected for
untextured regions.

E Uniform color: fill all untextured regions with the color you have selected.

Untextured regions color: custom color used to fill untextured regions.

|

. ’

/
S

I

"" ”“il'l (‘-1;’?.--~ 4

3D reconstruction of anarea with untextured regions, without (left or top) and with (right or bottom) inpainting
completion.
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Texture source priority

When the input block contains both photos and point clouds, this option allows to select the texturing source
priority:

F Smart: ContextCapture will select the best source locally, according to the resolution.
F Point clouds first: Point clouds color will override photos.
¥ Photos first: photos will override point clouds color.

Resolution Limg

By default,ContextCapture generates a 3D model with a resolution automatically adapted to the resolution of the
input photographs. However, some applications may require to control the output resolution more tightly. The
resolution limit s settings allow to clamp theresolution of the geometry and/or of the texture of the output 3D
model to a userspecified limit in meters (or in units for non-georeferenced reconstructions). If the resolution of
the input photos is finer than the limit in some areas, thgeometry and/or the texture of the 3D model will be
generated with a resolution equal to the specified limit in these areas. By default, the resolution limit is set to
zero, so that the resolution is never clamped.

Lowlevel settings

Low-level settings can be set onlyhrough loaded presets. They can control directly all reconstruction
processing settings.

Reconstruction presets may be provided by Bentley System's technical support team to solve specific issues.

MeshTouchup

Retouches consisin modifying tiles including geometry and/or texture which are used to replace the
automatically generatedmodel by ContextCapture

To perform retouches, you must:

1. Produce tilesin any format (preferably OBJ for retouching)
2. Apply tile corrections with ContextCapture Touchup Tools owith some third-party software (Refer to

Retouching.

3. Import retouched tiles (if done in third party tool) .
Two levels of retouching are possible:

Z Geometry: the retouched model replaces the geometry of the refereno@del (texture of the retouched
model is ignored). The texture of the reference model will be rprocessed in further productions whereas
geometry will be preserved.

F Texture and geometry: the retouched model becomes the reference model, including textunedageometry.
Texture and geometry will be kept as is in further productions.
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Touchup Tools
Modify the geometry of selected tilesvithin ContextCapture.

ContextCapture embed a dedicated usr interface to fix common defecton reference model tilesOnly the
geometry can be modifiedwith this tool.

Select acompletedtile and click Touchup to open it in the Touchup user interface.

@ Touchup [Tile_+004_+002] a X

€ Touchup [Tile_+004_+002]

franasn =l Ml e lola ] o)
penes )c

Brush Selection: Select faces, use Alt+Mouse to navigate. (i) Message(s) ® (23]

Touchup user interface: control and fix referencenodel geometry.
There are two ways toproceed totouchupwithin this interface:

1) Select faceand applyfixes.
Many tools -from basic rectangle to smart selectionare provided to allow accurate facet selection
Two fixes are possibleDeletefaces, or Erase and Fill

2) Use the Mesh Cleaning toothis tool automatically deteds various kind of defectsHoles and Small
components and allow to fix themautomatically.

Selection

Rectangle and Lasso

Draw arectangle or an arbitrary region to select the underlying faces.
Brush

Use a 3D brush to select facegith topology constraints.

Smart Selection

Draw strokes on areas that are in/out your targeted selection
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Modify the selection

The selection can be modifid with the commands accessible from the Selection menu.

Selection

Select All

Select None

Invert

Extend to Component

Extend Using Angle

Tolerance: | 407

Expand

Contract

Action on Selection

Delete

Remove the selected faces.

Erase and Fill

Remove the selected faceand fill the freshly created hole

Mesh Cleaning

This tool automatically detects various king of defect and allows to fix them automatically.
Two types of ddectsare managed:

- Holes cleaning consists in applying a filling algorithm.
- SmallComponents: cleaning simply consists in removing corresponding faces.
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Mesh Cleaning

Detect {

Filter 3

Size: rh
Minimurm: 3.9 || modelunitsv | |
Maximum: [308 || model units v | R

Control and Fix

Mo defect selected
E] Fix ‘ Not a Defect ‘ { = J

Fix All Defects (3)

3 defects (0 fixed)

Mesh Cleaning panel

Mesh cleaning waoks in 3 steps:

1- Detect:Select the type ofargeted defects and click on Start detection.
2- Filter: filter the detected defectsaccording to variouscriteria.

3- Control and fix: browse and review detectedlefectsand choose tofix or ignore them.
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Touchup [Tile_+004_+002]

ano|a

Mesh Cleaning

Detect

Fiter

Size
Minemum 39 modsl unts Vv
Madmum 308 model unks v

Control and Fix
Defect 173

- Fix Not a Defect L-.J

Fixx Nl Dedect= (3)

3 defects (0 ficed)

7

Ve

Mesh Cleaning: Defection and fung of defects (3) B |
Example ofSmall component detected with the Mesh Cleaning tool.
Touchup witha 3rd party softvare
Fix the current reference model with retoucheseated with 34 party sotware.
To perform retouches, you must:
1. Produce tiles for retouching.
2. Apply tile corrections with some third-party software (Refer toRetouching.
3. Import retouched tiles.
ContextCapture 152 User Guide



W Retouches Batch Import b4

Import a selection of retouched tiles in the reference model.
‘Warning: retouches override the existing reference model and previous retouches (if any).

Geometry touchup

Tile Path Last modifed |Add retouched tiles directory...l

Remove selected tiles

Visible texture and geometry touchup

Tile Fath Last modifed Add retouched tiles directory...

Remove selected tiles

Options

Spatial reference system: Local East-North-Up (ENU); origin: 60.167280N 24.948200E Edit Spatial reference system
Tag policy for the modified tile(s): |Keep tags W

0 retouch{es). &) Import retouches Cancel

Figure 74:Retouches batch importdialog

To import retouched tiles, click onAdd retouched tiles directoryn the selected retouch level section, and click on
Import retouched tilesto proceed.

The following options are also proposed:

E Spatial reference system: for georeferenced projects you can choose to import retouched tiles produced in a
custom spatial refeence system.

When importing retouched tiles, this option is automatically set if a metadata file is detected.

Click onEdit Spatial reference systeto select the appropriate reference system for your retouched dataset.
E Tag policy for modified tiles: a tag policy can be set to change tags of modified tiles.

% For retouched tiles to be successfully imported, their tile directory and filename must respethe
ContextCapture naming convention and must be the same as the ones of the production used for retouching.

Example of valid retouched tile path:
[Tile_xxx_yyy/ Tile_xxx_yyy.obj
See alsdRetouching
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Orthophoto Touchup

Orthophoto touchupallows you to bring manual corrections to thereference model of an orthophoto in order to
improve its final rendering. Edits made & this stagewill be taken in account for further production of this
orthophoto.

Amongseveraltouchup applications a user will be able to:

1) Changephoto contribution s on defined areas in order to improve image quality locally €.g. by selecting
an image that is sharper or has better colors)
2) Removemoving objects fromthe final orthophoto.
3) Sharpenthe edges obbjects (roofs, buildingsh ) iBaccurately captured inthe geometric model (DSM.
4) Fill empty areasin the orthophoto where no datahasbeenreconstructedj x AOAOh OEET U AOAAOA

lllustration examples:

Remove moving objects

Sharpen building roofs
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Select an Areto Touchup

Touchupcanbe performed on a selectedreaof a producedreference model.This function canbe found in
the Reference Model tab of the orthophoto reconstruction.

There aretwo ways of defining the extent of the reference model taouchup: by selecting one tile or by
selectinga rectangle areahat can spanacrossseveraltiles (available only for reconstructions madesince
Updatel9).

Select Area by Tile

Y
. * . . .
Use the Select Tiles toct. "4 and select onetile (blue box) in the Reference Model View

ThenAET T OA OEA 04 ,nﬁTEs(MD openfa@é&Qnvindlow the seleced area in a new window
for touchup.

_ General  Spatial Framework  Geometry Constraints  Reference Model  Processing Settings

-

Select Area using rectangle selection

Note: This option is only available ifthe orthophoto was generated with areconstruction made by Update19
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b
Nasinn -

Selectthe Touchup areatool
Drag and drop to definethe rectangle areato edit (in yellow in the image below).

When releasingthe mouse button, the TouchupNindow opensup with the selectedarea.

The Touchup Window antbols

The touchup window is composedof several toolsand displaysseveral objectsand layers

,’ Edit Orthophoto Mosaic Tool

Q Edit with external Editor Tool

Measure Took (location, distance and surface measures)

Edit Orthophoto Mosaic Tool

This tool helpsthe rendering algorithm to select photos contributing to the orthophotomosaicin areas
where the default choiceis unsatisfactory. It also allows tolocally replacethe surface used to project the
imageif the reconstructed DSMis not accurate enough

The tool Ul elements are composed @see images belowor description):
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- aTool Property Panelto change tooloptionsj BT 1 UCT T 1T 0 1 AO0OI 11 AAh DPOI EAAOD
- aPhoto Contributions @nel (to change local photo contributions) displag a preview of the contribution
according to the area selected.

Tool Properties

The tool propertiesribbon gathers the different options of the toot display state rendering options
(projection type, blending) and tool controls (polygon or lassomode, snappingcontrol)

The Apply button bakesthe current touchup in the orthophoto.

The Clear button is used to discard the current touchup operation and definea new touchup area

Snapping on/off Blend options

Projection mode {DSM,
Horizontal Plane, Free
Plane}

Creation mode:
Polygon orLasso

Photo Contribution Panel

Appearsautomatically after a retouch area has been defined (polygon taisso)
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