m DEPARTMENT OF
TRANSPORTATION

Multi-Beam Sonar
Infrastructure Mapping
Research

Barritt Lovelace, Principal Investigator
Collins Engineers, Inc.

October 2017

Research Project
Final Report 2017-40

RESEARCH SERVICES & LIBRARY «




To request this document in an alternative format, such as braille or large print, call 651-366-4718 or 1-
800-657-3774 (Greater Minnesota) or email your request to ADArequest.dot@state.mn.us. Please
request at least one week in advance.



tel:651-366-4718
tel:1-800-657-3774
tel:1-800-657-3774
mailto:ADArequest.dot@state.mn.us

Technical Report Documentation Page

1. Report No. 2.
MN/RC 2017-40

3. Recipients Accession No.

4. Title and Subtitle
Multi-Beam Sonar Infrastructure Mapping Research

5. Report Date
October 2017

6.

7. Author(s)
Petronella DeWall, Nicole Bartelt, Garrett Owens, and Barritt
Lovelace

8. Performing Organization Report No.

9. Performing Organization Name and Address
Collins Engineers, Inc.

1599 Selby Avenue, Suite 206

St. Paul, MN 55104

10. Project/Task/Work Unit No.

11. Contract (C) or Grant (G) No.

C) 1027133

12. Sponsoring Organization Name and Address
Minnesota Department of Transportation
Research Services & Library

395 John Ireland Boulevard, MS 330

St. Paul, Minnesota 55155-1899

13. Type of Report and Period Covered

14. Sponsoring Agency Code

15. Supplementary Notes
http:// mndot.gov/research/reports/2017/201740.pdf

16. Abstract (Limit: 250 words)

The hydraulics unit in MnDOT’s bridge office applied for a research grant to develop in-house underwater

acoustic 3D imaging capabilities. This research report presents both stationary and mobile scanning techniques,

outlines the setup of both systems, discusses field operations, summarizes the data analysis and post-processing

of images, and reviews lessons learned. Several case studies will frame a discussion of the capabilities and

limitations of 3D acoustic imaging for underwater bridge inspection. The case studies provide examples of

different applications of this technology. Underwater acoustic imaging has been shown to have real value to

bridge inspectors and owners for a variety of applications.

17. Document Analysis/Descriptors

Sonar, Acoustic detectors, Inspection, Scour, Structural analysis

18. Availability Statement
No restrictions. Document available from:

National Technical Information Services,
Alexandria, Virginia 22312

19. Security Class (this report) 20. Security Class (this page)
Unclassified Unclassified

21. No. of Pages 22. Price
156




Multi-Beam Sonar Infrastructure Mapping Research

FINAL REPORT

Prepared by:

Petronella DeWall, P.E.
Nicole Bartelt, P.E.
Minnesota Department of Transportation

Garrett Owens, P.E.
Barritt Lovelace, P.E.
Collins Engineers, Inc.

October 2017

Published by:

Minnesota Department of Transportation
Research Services & Library

395 John Ireland Boulevard, MS 330

St. Paul, Minnesota 55155-1899

This report represents the results of research conducted by the authors and does not necessarily represent the views or policies
of the Minnesota Department of Transportation and/or Collins Engineers, Inc. This report does not contain a standard or
specified technique.

The authors and the Minnesota Department of Transportation and/or Collins Engineers, Inc. do not endorse products or
manufacturers. Trade or manufacturers’ names appear herein solely because they are considered essential to this report.



ACKNOWLEDGMENTS

This report would not be possible without the support of the professionals at the Minnesota
Department of Transportation and Collins Engineers. Their input, hard work, ideas and enthusiasm for
this study were critical to the success of the project. The following team members contributed in a
significant way to this project:

Kevin Western, MnDOT state bridge engineer

Edward Lutgen, MnDOT bridge construction and maintenance engineer
Bruce Holdhusen, MnDOT Research Services

Cody Sedbrook, MnDOT CTS student intern

Aislyn Ryan, MnDOT graduate engineer

Roy Forsyth, Collins Engineers, Inc.

Chris Hartzell, Collins Engineers, Inc.

Thomas J. Collins, Collins Engineers, Inc.



TABLE OF CONTENTS

CHAPTER 1: INtroduction...ccccoiiiiiiiiiiiiiiiiiiiiiiiiiiiiii s s s s 1
1.1 Background and Literature REVIEW .........cccicviiiiiiiiee e cetee ettt e eetee e e tte e e e eaae e e e bae e e eeabaee e eenneeas 1
A T CY: [ ol o T O o T =Tt 1YY SRS 1
I o o T=Tot Ay Yot AV =L PPPPPPPPPTPPRE 2

1.3.1 Stationary Scanning System Setup and Field Data AcqUISition.......ccccueeeiicieeeiiciiee e, 2
1.3.2 Stationary Scanning Data Analysis and Post-Processing........cccccceeeeeiieeeiiciieeeiicieee e e 3
1.3.3 Mobile Scanning System Setup and Field Data ACQUISItiON ..........ceeeciiieeiiiiee e 5
1.3.4 Mobile Scanning Data Analysis and POSt-ProCeSSING ........ccueeeeiiieieiiiieeecciieee et eesaaeee e 7
CHAPTER 2: Project FINAINGS...ccciiitiiiiniiiiiiiiiiiieniiieeieienisiniiresssiessssssssssnssssnsessnsssssssssssssssnssssnssssnssssns 8
B0 Y = 1A (o T o F= T YA Yot 1 ¥ 1 =N 8
2.1.1 Lessons Learned — StatioNary SCANNING ......c..ceeoeciiieiieiiie ettt e et e e e aae e e e 10
D A Vo oY LI or=1 Y Y LoV 11
2.2.1 Lessons Learned — Mobile SCaNNING.........coocuviii ittt 12
2.3 0VErall LESSONS LEAINEM .....eiiiiiiiiiiiiie ettt ettt ettt sttt ettt e be e bt e saee st e beebeenbeenns 13

CHAPTER 3: Case StUIES .....uuuiiiiiiiiieeiiiiiiiiiiiiiiscies et essses s ss s s s e e e s aassss et s s e s e ssnasessssssnenns 14
3.1 Bridge 2440 — THIrd AVENUE ......uviieeeieee ettt ettt e e ettt e e e st e e e e et e e e eabaeeeenbeeaeeabeeaeennseeaeennsenas 14
3.2 Bridge 4654 — StlIWATET Lift....ccueieeeeciiee ettt e e e e e e et e e e e abe e e e enbee e e e nneeas 15
3.3 Bridge 67805 & Bridge 67806 — LUVEINE .....ccccviiieieee e e e ecctiiteeee e e e e eetvteeee e e s eeennvaaaeeeeessessnnraaneeeeeeennas 17
3.4 Bridge 9040 — REU WINE ...uuviiiieieeeieitieeee e e ettt e e e e e e ettt e e e e e e e et aa e e e e s s eeennbaaaeeeeeseesannstaneeeeeeaanas 19
T O o [T g o [ o] o1 L3RRS 20

3.5.1 Bridge 19004 - HAStiNGS....uuueeeieeiiieiiieieeeeeeeecctitee e e e e s e setabteeeeeessessanbtaeeeseessssnssesaeeaeessasnsssenneees 20
3.5.2 Bridge 5327 - Thief RIVEI FallS .....c.uviiiiieee ettt e e et e e eare e e e 21
3.5.3 Bridge 62090 — Smith Avenue High Bridge .......cccceeeiieicciiiiieee e 22

3.5.4 Bridge 40001 — HENAEISON...cccceiieitieieeee ettt e e e e e es et tee e e e e e e esaebee e e e e e e s sesanssteaeeaeeesannnnreenneens 23



3.5.5 BridgE 85851 - WiNONA....iiiiiiiiieeiiiiiee ettt e ettt e e s sttt e s stte e e s sbteeessataeessasteeessstaeessantaeessnsseeessnnes 24

CHAPTER 4: ReCOMMENUALIONS ..uvuuieireiiniiniinireiieiietiatretencieseectessastassassssssssassssssssssssssssssssnsssssnssassnssans 26
CHAPTER 5: CONCIUSTION uuiutiuiieiiniieiinireiietretiatreteectessastesssssassasssssasssssssssssssssssasssssasssssasssssssssssnssassnssans 27
REFERENCES .....cuituituituituieeteeieereeteseesrasssssassassesssssassassasssssasssssassassassnssassnssassnssassnssassnssassnssassnssassnssnnes 28

APPENDIX A: MnDOT Equipment List
APPENDIX B: Stationary Post-Processing Instructions
APPENDIX C: Mobile Imaging Collection and Post-Processing Instructions

APPENDIX D: Compact Universal Sonar Mount Presentation



LIST OF FIGURES

Figure 1-1: MnDOT Bridge Office’s Boat Overview for Stationary Scanning.........ccccoecvevevviieeeencieeeincneeen. 3
Figure 1-2: Mobile Scanning Setup SChEMATIC........coicciiii i e e e e s ereeeean 6
Figure 2-1: Tripod Stationary Deployment Method ...........ccueiiiiiiiiiiiiiecccee e 8
Figure 2-2: Metal Plate Stationary Deployment Method ...........ccueiiiiiiiiiiiiiiic e 9
Figure 2-3: Boat Mounted Surface Stationary Deployment Method ..........cccceeeiiiiiiciiiee e, 10
Figure 2-4: Boat Mount for Mobile Deployment Method ..........cceeiiiiiiiiciiec e e 12
Figure 3-1: Bridge 2440 Pier 5 INitial SCAN ......coiiciiiieiiee ettt e et e e et e e sabee e e aneee e e eareeas 14
Figure 3-2: Bridge 2440 Pier 5 Post Repair Colorized Point CloUd..........cccocciiiiieiiiie e 15
Figure 3-3: Bridge 4654 Pier 8 Colorized Point Cloud Plan VIEeW ........ccuevieeciiiicciiiee et 16
Figure 3-4: Bridge 4654 Pier 8 Colorized Point Cloud Upstream Isometric VIeW .........cccceeecvieeiecciieeeecnnen. 16
Figure 3-5: Rock River Gage Height During Heavy Rain Events and Dam Failure........ccccceeecieeiecviee e, 17
Figure 3-6: Bridge 67805 Pier 2 2015 Scan Colorized Point Cloud .........cccoociiiiieiiiie e 18
Figure 3-7: Bridges 67805 & 67806 Combined 2016 Scans Colorized Point Clouds..........ccccoeeeeciuieeeennneen. 19
Figure 3-8: Bridge 9040 Pier 2 UPStream EN.......coeii ittt e ecrtteee e e e e esevenee e e e e s esnnraneeee s 20
Figure 3-9: Bridge 19004 Post-Construction SCaN ........cccuvviiiiiiii it e e rre e e e e e ee s 21
Figure 3-10: Bridge 5327 Post-Construction SCaN ........cccuuviiiiiiii it e e e e e 22
Figure 3-11: Bridge 62090 Pre-Construction CoNtoUr Map ....ccccccccciiiiieeee i ccciiieeeee e eeeevenee e e e e e e senananeeees 23
Figure 3-12: Bridge 40001 Pre-Construction Hydrographic SCan ........ccccceeeciieieeciiee e e e 24

Figure 3-13: Bridge 85851 Post-CoNnStruction SCaN ..........uviiiieiiiiiiciieieee e e e e e e e 25


file://///files.umn.edu/cts/Shared/Users/Shared/Operating%20Program/Research%20Mgmt/Reports/1.%20MnDOT%20Report%20Files/Active%20Folder/Lovelace%20-%20Sonar/FINAL/20170925_MnDOT%20UW%20Imaging%20Report%20FINAL.docx%23_Toc494275448

EXECUTIVE SUMMARY

In the fall of 2012, the hydraulics unit in MnDOT'’s bridge office applied for a research grant to develop
in-house underwater acoustic 3D imaging capabilities. This research report presents both stationary and
mobile scanning techniques, outlines the setup of both systems, discusses field operations, summarizes
the data analysis and post-processing of images, and reviews lessons learned. Several case studies frame
a discussion of the capabilities and limitations of 3D acoustic imaging for underwater bridge inspection.
The case studies provide examples of different applications of this technology. The primary case studies
include the following bridges:

e Bridge 2440 — Third Avenue

e Bridge 4654 — Stillwater Lift

e Bridge 67805 & Bridge 67806 — Luverne
e Bridge 9040 — Red Wing

The variety of applications explored in these case studies include the documentation of large-scale
underwater defects, construction inspection confirming as-built conditions, rapid condition assessment
following a flood event, determination of scour extents and foundation exposure, as-built and site
conditions for construction pre-planning, and diver safety and efficiency improvements for challenging
dive conditions.

Underwater acoustic imaging has been shown to have real value to bridge inspectors and owners for a
variety of applications. The following is a list of recommendations to aid in the safe and efficient
adoption of this technology in the state:

e Develop and publish MnDOT underwater imaging policy

e Provide outreach to MnDOT districts, counties, cities and other bridge owners in the state
informing of MnDOT bridge office’s imaging capabilities and expertise

e Develop adequate post-processing capabilities and data storage of completed projects

e Generate a list of bridges suitable for underwater imaging, look for input from bridge owners
across the state

e Provide indication in bridge record that underwater imaging of bridge exists and is available for
review

e Ensure field personnel performing underwater imaging are properly trained in both bridge
inspection and underwater imaging techniques



CHAPTER 1: INTRODUCTION

In the fall of 2012, the hydraulics unit in MnDOT'’s bridge office applied for a research grant to develop
in-house underwater acoustic imaging capabilities. As part of this effort, MnDOT purchased a multi-
beam sonar from Teledyne Technologies, Inc.

According to the 2016 National Bridge Inventory data, Minnesota has 13,355 bridges, 11,183 of these
structures span waterways, and 306 are scour critical. Approximately 585 bridges in the state’s
inventory require an underwater bridge inspection. The use of underwater acoustic imaging is becoming
more common as bridge inspectors and owners use this technology to supplement the current
requirements of the National Bridge Inspection Standards (NBIS) with regard to underwater inspections.

1.1 BACKGROUND AND LITERATURE REVIEW

In general, underwater imaging is a broad term that that encompasses a wide variety of technologies.
Optical technologies, such as underwater photography and videography, and non-optical technologies,
such as sonar, laser, and radar, have all been used to produce underwater images. Sonar relies on sound
to detect objects. Sonar technologies can be classified into two general categories based on the kind of
data produced, two-dimensional models and three-dimensional models.

This discussion is limited to underwater sonar producing three-dimensional models, specifically multi-
beam sonar. The creation of a 3D point cloud is valuable because it allows dimensions/volumes to be
taken and also creates images that are understandable to most viewers.

When applied to underwater inspection, sonar can be a useful tool. Federal Highway Administration
Underwater Bridge Inspection Manual (FHWA-NHI-10-027) outlines some uses, including enhancing
inspection diver safety and making evaluations of bridge substructures in emergency situations where
water conditions preclude deploying divers. The underwater environments of many bridges can have
swift moving and sediment filled water that makes sonar a prime candidate for collecting underwater
images.

A multi-year Transportation Pooled Fund study titled “Underwater Inspection of Bridge Substructures
Using Underwater Imaging Technology,” (TPF-5(131), is complete and awaiting public release. TPF-
5(131) is a comprehensive investigation of the entire range of underwater imaging technologies. One
important conclusion of TPF-5(131) is that sonar technology may be acceptable as a Level | intensity
effort for underwater inspection.

1.2 RESEARCH OBJECTIVES

The objective of this research is to outline the steps taken to establish the in-house underwater acoustic
3D imaging capability of the MnDOT bridge office’s hydraulic unit. This research report presents the
setup of the system, discusses field operations, presents the data analysis and post-processing of
images, and summarizes lessons learned. Several case studies will frame a discussion of the capabilities



and limitations of 3D acoustic imaging for underwater bridge inspection. In particular, this discussion will
present examples of this technology in use including: documentation of large-scale underwater defects,
construction inspection confirming as-built conditions, rapid condition assessment following a flood
event, determination of scour extents and foundation exposure, as-built and site conditions for
construction pre-planning, and diver safety and efficiency improvement for challenging dive locations.

1.3 PROJECT ACTIVITIES

For the sonar technology, the unit used was the Teledyne Blueview BV5000 multi-beam sonar. The
system functions by mechanically rotating a sonar head and combining vertical sonar slices into a final
3D point cloud. In addition to this hardware, Blueview Proscan software was used in the collection of
field data. Some basic hardware specifications for this model include:

e Operates at 1350 kHz
e 256 beams with 45° view
e Beamwidth=1°

e Beam spacing =.18°

The system can be deployed in two distinct modes: stationary and mobile. Both modes typically require
the use of a boat. Although for the stationary method the unit can be deployed using drops from the
bridge deck or from an articulated arm of a vehicle from the roadway above. This discussion will be
limited to the boat deployment method for both modes. The MnDOT bridge office’s boat, a 20’ long
Kann aluminum flat bottom work boat with twin 50-hp mercury motors, was used for the entire project
and will be referred to throughout this report as the boat.

Regardless of the deployment method, the sonar data should be calibrated to the sound velocity
conditions present at the site during the time period of the scanning. This is typically accomplished with
the use of a sound velocity probe.

1.3.1 Stationary Scanning System Setup and Field Data Acquisition

When performing stationary scans, the sonar needs to be used in conjunction with a mechanically
scanning pan and tilt unit. This pan and tilt unit allows the sonar to rotate through the full range of
angles with precisely known positioning at all times.

For stationary scanning, there are three basic deployment methods: tripod, metal plate, and boat-
mounted surface. Each method was used during the course of the project. The existing setup of the boat
was used without significant modification. Refer to Figure 1-1 for an annotated view of the boat
illustrating existing aspects of its design useful in the application of this technology.
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Figure 1-1: MnDOT Bridge Office’s Boat Overview for Stationary Scanning
A summary of the required hardware and software for stationary scanning is listed below.

e Deployment of choice (boat mount, tripod, plate)

e Panand tilt unit

e Field computer

e Sound velocity probe (or other instrument to measure sound velocity indirectly)
e Sonar software (to operate the sonar unit)

The specifics of the MnDOT equipment setup (equipment brand names, etc.) can be found in Appendix
A.

1.3.2 Stationary Scanning Data Analysis and Post-Processing

This type of deployment utilizes the center of the sonar head as the baseline coordinates (center of head
has coordinates 0, 0, 0). When the sonar is moved to a new location, it will produce a scan that does not
have unique coordinates and is not georeferenced to real coordinates or to previous scans. This creates
a unique problem during the post processing stage that requires repositioning the individual scans in
space and reassigning of coordinates of each of the unique points within the cloud. This process is
completed with the use of Leica Cyclone software. Parts of this process can also be completed with
other point cloud software, such as Cloud Compare or Blueview Quick Stitch.

The data from stationary scans must be post-processed to create useable images. Most piers or scanned
areas are made up of a number of different scans that need to be combined and processed further. The



raw field data output is .xyz file type. The following is a basic breakdown of the post-processing steps
required for stationary datasets:

e Create project in Cyclone

e Import raw field data from scans

e (Clean each set of data in Cyclone, removing points deemed to be noise

e Create waterline reference and orient coordinate system so z-axis is normal to water surface in
each scan

e Export to Quick Stitch for first scan

o Align registered data of each scan to fit following Quick Stitch protocol

e Continue to process cleaned additional scans one at a time until registration containing all scans
is finished

e Finish cleaning process by removing any additional noise and trim edges where data density may
not meet required levels and export each to Cyclone as separate .xyz files

e Estimate Cloud Normals for all clouds (optional depending on required sharpness of data)

o Perform final registration with all clouds and optimize cloud alignment

e Organize and separate dataset into different layers, (e.g., channel bottom, pier wall, debris, etc.)

e Export each layer as an .xyz layer

e Open Cloud Compare and import each file containing the separate layers

e Color shade each material differently to finalize desired look

Additional training and help for the Quick Stitch software is available from Teledyne Blueview.
Alternative process using only Cyclone and Cloud Compare software:

e C(Create project in Cyclone

e Import raw field data from scans

e (Clean each set of data in Cyclone, removing only points deemed to be noise

o Create waterline reference and orient coordinate system so z-axis is normal to water surface in
each scan

e Export to Cloud Compare and estimate Cloud Normals for first scan

e Align registered data of each scan to rough fit

e Import registered and rough fit scans back to Cyclone and estimate Cloud Normals of second
scan

e Complete more refined registration of scans once Cloud Normals are computed

e Continue to process cleaned additional scans one at a time until registration containing all scans
is finished

e Finish cleaning process by removing any additional noise and trim edges where data density may
not meet required levels and export each to Cyclone as separate .xyz files

e Estimate Cloud Normals for all clouds (optional depending on required sharpness of data)

e Perform final registration with all clouds and optimize cloud alignment

e Organize and separate dataset into different layers, (e.g. channel bottom, pier wall, debris, etc.)



e Export each layer as an .xyz layer
e Open Cloud Compare and import each file containing the separate layers
e Color shade each material differently to finalize desired look

Detailed stationary post-processing instructions for the MnDOT specific setup are included in Appendix
B.

1.3.3 Mobile Scanning System Setup and Field Data Acquisition

For mobile scanning, the boat requires precise setup and mounting of additional hardware. In addition
to the sonar head, this technique requires a significant amount of additional software and hardware
beyond the requirements for stationary scanning, including the following:

e Stable mount that can scan at fixed head angles

e Hypack Software or equivalent multibeam software

e Motion Reference Unit (MRU)

e Dual Antenna GPS unit (location and heading)

e Pulse Per Second Timing Box (PPS) — optional, dependent on sonar unit

e Power source (Generator)

e  Wifi or other internet connection

e NTRIP or other software for GPS correction (if connecting to a real-time GPS correction data site)
e  GPS Base station (ONLY if correcting the GPS signal in real-time with a base station)

Note: Some of this equipment can be purchased together as units, such as a combination GPS and
MRU unit.

Refer to Figure 1-2 for a schematic of the mobile scanning setup.
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1.3.4 Mobile Scanning Data Analysis and Post-Processing

The data from both stationary and mobile scans must be post-processed to create useable images. For
stationary scans, post-processing requires the stitching together of different scans. For mobile scans, the
setup of the system requires different tests to be performed prior to collecting data.

Like the stationary scans, the data from mobile scans must be post-processed to create useable images.
The raw field data output is .xyz file type. Hypack is used in both the collection and post processing of
mobile sonar imagery. While the number of separate scans for a mobile application requiring stitching
may be less, the datasets themselves from mobile scanning usually consist of many more data points. It
is possible that stitching of stationary datasets with a mobile dataset may be required depending on
site-specific limitations imposed on the collection of data. Both stationary and mobile datasets may be
required where GPS signal is lost (i.e., under a bridge). The following is a basic breakdown of the set-up
and post-processing steps in Hypack required for mobile scanning:

e Establish coordinate system in Hypack

e Bringin background charts, or create georeferenced map using Google Earth
e Create matrix to delineate area of data capture

e Create planned lines needed for patch testing and during scanning

e Determine sound velocity and download and process the velocity cast

e Conduct patch tests

e Collect field data

e Start post-processing and clean data with MBMAX 64

e Perform patch test processing

Detailed multibeam collection and post-processing instructions for the MnDOT specific setup are
included in Appendix C.



CHAPTER 2: PROJECT FINDINGS

2.1 STATIONARY SCANNING

The tripod drop method utilizes a three
legged platform that is lowered to the
channel bottom from the boat, or bridge
deck / other platform. During scanning the
only connection between the boat and the
sonar unit is the data cable and tripod line.
The boat does not have to remain
stationary, although consideration should
be given to boat movement and possible
entanglement issues as a result of the
boat’s path between deployment and
recovery. The tripod allows the sonar head
to scan from a location located near, but
not on the channel bottom. This provides a
viewing angle that has fewer shadows due
to debris on the channel bottom than the
plate mount but increases resolution of
deep items in comparison to boat
mounting.

The tripod method is generally a stable
platform once in place on the channel
bottom, but additional weight may be
required to get the unit to reach and stay
firmly in contact with the bottom, especially
at sites with excessive current or depth.

The metal plate deployment method
utilizes a heavy metal plate platform that is
lowered to the channel bottom from the
boat. It is similar to the tripod drop method
in that the only connection between the Figure 2-1: Tripod Stationary Deployment Method

boat and sonar unit during scanning is the

data cable and plate line. The boat has a bow mounted davit with electric winch that aids in deployment
and recovery of the metal plate setup. Unlike the tripod drop method, the metal plate method places
the sonar head directly on the channel bottom. This causes large acoustic shadows from any debris on

the channel bottom but provides the benefit of a viewing angle that can be used for imaging foundation
undermining and exposed piling.



Figure 2-2: Metal Plate Stationary Deployment Method

The boat mounted surface deployment method utilizes the boat as the scanning platform. Unlike the
two previously outlined methods, the sonar head is attached directly to the boat so it is important that
the boat remain stationary during scanning. Often this is achieved by using the motor to steadily push
the bow of the boat against the structure for the duration of the scan. The boat has push knees on the
bow which are invaluable for this deployment method. Also, because this method positions the sonar
head near the water surface, it creates a top-down view resulting in minimal acoustic shadows and
higher resolution of objects located high in the water column.



Figure 2-3: Boat Mounted Surface Stationary Deployment Method

The boat mounted deployment method is the preferred and most often used method for the following
reasons:

e Top-down (eagle-eye) viewpoint
e No need to deploy anything down to the bottom where it might snag or get stuck.
e Quickest method to deploy and complete data collection

2.1.1 Lessons Learned — Stationary Scanning

The following are stationary equipment and data collection lessons learned:

e The tripod can get caught up on debris on the river bottom. A boat mounted surface stationary
deployment method should be used initially to see if debris is an issue at your site. You may
want to have divers on standby so you can retrieve the equipment if it gets stuck.

e Power source is key. A small generator is now used to power the equipment. MnDOT selected
a Honda EU1000i inverter generator, which is quiet and powerful enough to run all of the
necessary equipment.

e Make sure the unit is correctly placed in the pan and tilt unit. There are two ways the sonar
head can be attached to the pan and tilt.

e Junction box for the sonar unit may overheat, causing system shutdown. Shade junction box or
vent if possible.

10



e Settings for the sonar IP address (to connect to the sonar unit) can be interrupted if/when you
network your field computer. Either create a batch file to set the IP address to static versus
networked conditions, or refrain from networking your field computer.

e Collect a water surface elevation onsite, to allow you to assign elevations to your point cloud
during processing.

The following are stationary data analysis and post-processing lessons learned:

e C(Cleaning of the data is easiest in Cyclone
e Translation is best done in Quick Stitch, or Cloud Compare if unavailable.
e Best graphics/display properties are done in Cloud Compare

2.2 MOBILE SCANNING

The mobile scanning deployment method utilizes the boat as a moveable platform. This process is much
more complicated to setup in the field, but saves a large amount of time in the post processing stage.
Like the boat mounted surface stationary deployment method, the sonar head is positioned near the
water surface and mounted directly to the boat. However, unlike the stationary method the boat is free
to move around the structure and scan continuously. The mechanical stepping motor is also removed to
create a more stable and fixed mounting of the sonar head.

The real time correction for the movement of the sonar head requires a more complicated setup with
additional hardware and software, outlined in Section 1.3.4 and Appendix C. Where the stationary
methods require a number of scans to be post-processed and stitched together to get a complete scan
of a structure underwater, the mobile scanning produces one data set. The data sets from mobile
scanning can be augmented with various stationary deployment techniques to image portions of the
structure which may not be easily imaged from a near surface position (e.g. undermining of a pier’s
foundation).

11
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Figure 2-4: Boat Mount for Mobile Deployment Method

2.2.1 Lessons Learned — Mobile Scanning

The following are mobile scanning equipment and data collection lessons learned:

e Data collection and equipment initial set-up can be difficult. Precise measurements of your
equipment in relation to the center of the boat (center of mass) and the sonar head is necessary
for equipment offsets in the collection software.

e Dual monitors for the equipment operator (preferred), and a separate mounted monitor for the
boat operator is necessary for proper multibeam collection.

e Prepare a “spaghetti” or “barney” box to contain all of your cords and power connections to
limit cord interference with movement around the boat.

o Keep both an electronic copy and paper copy in a field binder of all of your equipment settings
(offsets, communication settings, connections) for easier troubleshooting during collection, and
for knowledge transfer to new employees.

e Establish and check all of your equipment and communication settings prior to deployment on
the water.
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e A GPS-aided inertial navigation system may be a better navigational choice for scanning under
and near structures. Standard GPS systems may lose position and heading without line of site to
satellite systems.

e Patch testing runs are required every time your equipment set-up changes (i.e. sonar head
angle, GPS antenna location, MRU location or orientation), and periodically to check for
consistency even if you use the same equipment set-up.

e Complete site planning and preparation in the office if possible. Bring in georeferenced images,
set-up necessary matrices, and layout planned survey.

e Collect water surface elevation to verify “tide” elevation collected from the GPS unit.

The following are mobile scanning data analysis and post-processing lessons learned:

e Purchase a second software license (desk copies are available and are less expensive), to allow
for another person to process while another is in the field.

e Save afinal .xyz file from Hypack by changing the matrix cell size in MBMax to whatever size you
want for your tin model size. Bring out 1 point per cell.

2.3 OVERALL LESSONS LEARNED

The following are overall best practices and suggestions from the research project experience:

e Power source is key. A small generator is now used to power the equipment. MnDOT selected
Honda EU1000i inverter generator, which is quiet and powerful enough to run all of the
necessary equipment.

e Complete all data processing for both stationary and mobile scanning in one set of units (metric
or english).

e Attend Hypack or other training available for underwater imaging. The learning curve is steep,
especially for mobile (multibeam) data collection and processing.

e 3D imaging results are hard to show in a report. Recommend doing video reports to show the
complexity of the finished product and where any problems are.

13



CHAPTER 3: CASE STUDIES

3.1 BRIDGE 2440 - THIRD AVENUE

Bridge 2440 is an open spandrel concrete arch which carries 3™ Avenue over the Mississippi River
upstream of Upper St Anthony Falls in Minneapolis, MN. During the 2012 underwater inspection of the
bridge a previously unnoted area of undermining was discovered at the upstream end of Pier 5. The
undermining was noted as a cavity measuring up to 3 feet high with a maximum penetration of more
than 14 feet. The reinforced concrete piers of the bridge have spread footing founded on bedrock. Given
the discovery of this defect during the routine underwater inspection and the foundation type, a special
in-depth underwater investigation was required to determine next steps and possible repair options.

With the MnDOT bridge office, Teledyne Blueview scanned Pier 1 and Pier 5 of the bridge on February
26" and again on March 18%, 2014. Evidence of the undermining and concrete deterioration was

confirmed with these initial scans. Figure 3-1 shows a view of the 3D point cloud from these initial scans
of Pier 5.

Figure 3-1: Bridge 2440 Pier 5 Initial Scan
The link below redirects to a video outlining the initial application of underwater imaging at this site.

https://www.youtube.com/watch?v=g1-ZssO04D8§

In the summer of 2015, underwater imaging was utilized to assist in repairing the undermining and
concrete deterioration. Additional scanning activities were used to confirm proper construction of the
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repairs and to document as-built conditions as shown in Figure 3-2. Scans were completed using the
tripod mount, with the tripod placement done by divers.

Figure 3-2: Bridge 2440 Pier 5 Post Repair Colorized Point Cloud

The link below redirects to a video outlining the post-construction application of underwater imaging at
this site.

https://www.youtube.com/watch?v=U2 0pZlhffw

3.2 BRIDGE 4654 — STILLWATER LIFT

The Stillwater Lift Bridge is a 10-span bridge with six steel through truss spans and one vertical lift span
which carries State Highway 36 over the St. Croix River, in Stillwater, MN. The 2013 underwater
inspection report noted the full footing height (4 feet vertically) of Pier 8 was exposed around the entire
perimeter, and the seal was exposed at the upstream nose.

On October 13, 2015 the MnDOT bridge office scanned Pier 8 using all three stationary deployment
techniques. The underwater imaging of Pier 8 is an example of using this technology to determine the
extents of scour and footing exposure.
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Figure 3-3: Bridge 4654 Pier 8 Colorized Point Cloud Plan View

Figure 3-4: Bridge 4654 Pier 8 Colorized Point Cloud Upstream Isometric View

The link below redirects to a video outlining the application of underwater imaging at this site.

https://www.youtube.com/watch?v=9itVPsNuQ9M

16


https://www.youtube.com/watch?v=9jtVPsNuQ9M

3.3 BRIDGE 67805 & BRIDGE 67806 — LUVERNE

Bridges 67805 and 67806 are each 3 span continuous steel girder bridges carrying I-90 over the Rock
River near Luverne, MN. In June of 2014, following heavy rains, an upstream damn failed essentially
emptying Split Rock Lake. This wall of water eroded the streambed and overtopped I-90 closing the
interstate. Bridges 67805 and 67806 were monitored during this event and it was noted that scour had
occurred but not to the scour critical level.

Gage upstream of our crossing

1]
GAZOT4 GINDUE0TE GINZIZ0T4 GO14Z004 GING/Z0T4 GINBZ0T4 G/20/Z00 GIZZIT014 GIZ4/2004 GI2G2004

2 M

Figure 3-5: Rock River Gage Height During Heavy Rain Events and Dam Failure

In December of 2015 debris got caught up on the bridge and maintenance forces noticed that the
erosion that occurred in 2014 had not filled back in.

The bridges were initially scanned on December 14, 2015 using a number of stationary scans, using the
boat mounted scanning technique. The scans showed significant scour and undermining at all the piers
of both bridges. Pier 2 of Bridge 67805 had a maximum of 8 vertical feet of undermining. Timber debris
stuck in the pile group was also noted at this pier. The scanning was able to confirm that the scour
critical elevations for these piers had not been reached. Figure 3-6 shows an overview of one pier from
this initial scanning effort:
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Figure 3-6: Bridge 67805 Pier 2 2015 Scan Colorized Point Cloud

This example shows value of scanning for rapid condition assessment following a flood event, and its
value in determining scour extents and foundation exposure. The link below redirects to a video
outlining the initial application of underwater imaging at this site.

https://www.youtube.com/watch?v=KKP3gKvPIQA

It was decided that these piers should be protected as long term exposure of the piles could create
problems with deterioration of the piles and debris catching on them creating scour formation. Repairs
were planned for the next construction year.

On October 6, 2016 these bridges were rescanned using stationary deployment techniques as the
contractor noted that changes had occurred at the site. The channel had begun filling back in so the
bridge was scanned to determine changes to the plans that were drawn from the December 2015 scans.
The link below redirects to a video outlining the 2016 scans:

https://www.youtube.com/watch?v=JENm 3owm7k
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Figure 3-7: Bridges 67805 & 67806 Combined 2016 Scans Colorized Point Clouds

3.4 BRIDGE 9040 — RED WING

Bridge 9040 is a cantilevered through truss spanning the Mississippi River carrying U.S. 63 from
Wisconsin to Red Wing, MN. As part of an ongoing replacement project, the bridge office completed 3D
underwater scanning of Pier 2 and the main channel in September 2016. A new bridge is planned for the
site directly upstream and adjacent to the existing bridge. The purpose of the scan was to locate the
upstream edge of the Pier 2 footing and seal and provide as-built information to be used in pre-
construction planning and bid documents.

After scanning and processing was completed, the upstream edge of the Pier 2 footing was located, but
further investigation was needed to determine the location of the seal. Collins Engineers performed the
routine underwater inspection of this bridge in November 2016. Using the 3D scan and previous plan
information, the dive inspection confirmed the location of the upstream corner of the seal.

The scan and subsequent dive inspection provided valuable as-built information concerning the location
of the seal. This information was useful for the construction pre-planning and generation of bid
documents. The scan also provided up-to-date- information about the site and was useful in dive
planning, ultimately improving diver safety and efficiency.
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Figure 3-8: Bridge 9040 Pier 2 Upstream End

The link below redirects to a video outlining the application of underwater imaging at this site.

https://www.youtube.com/watch?v=rfAewqzFQaA

3.5 OTHER EXAMPLES

3.5.1 Bridge 19004 - Hastings

This is an example of a post construction scan. It was undertaken because the previous bridge at this
site had scour issues and was rated scour critical. The scan was done to create a baseline so future
scans have something to compare to. The MnDOT bridge office hydraulics unit is currently advising that
all major construction projects have scans taken before the contract is closed out. As evidenced in
Figure 3-9, a lot of debris was left behind by the contractor.
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Figure 3-9: Bridge 19004 Post-Construction Scan

3.5.2 Bridge 5327 - Thief River Falls

This is an example of a post construction scan. This bridge was considered scour critical. A unique scour
protection plan was constructed with micro piles and riprap protection. The scan was done to verify the
contractor installed the micro piles and riprap protection per the contract. The MnDOT bridge office
hydraulics unit is currently advising that all scour construction projects have scans taken before the
contract is closed out. Figure 3-10 shows an example of the micro piles installed, and riprap placed
inside of the micro piles, as per the plan.
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Figure 3-10: Bridge 5327 Post-Construction Scan

3.5.3 Bridge 62090 — Smith Avenue High Bridge

This is an example of a pre-construction informational scan. The High Bridge is slated for major
rehabilitation in 2017. The design team wanted to know the river bottom topography to plan for
construction staging, and look for any potential underwater issues. Mobile (multibeam) scanning was
completed for nearly 100-percent coverage of the channel bottom. A very detailed contour map and tin
model (microstation) was delivered as the final product to the designer.
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Figure 3-11: Bridge 62090 Pre-Construction Contour Map

3.5.4 Bridge 40001 — Henderson

This is an example of a pre-construction hydrographic scan. The mapping/survey was completed to
provide bathymetry for an extensive 2-dimensional (2D) hydraulic model of the Minnesota River near
Henderson, MN. The model was over 32-miles long, so extremely detailed bathymetry was not required
for the entire reach. The model was completed as part of the Henderson Flood Mitigation Feasibility
Study. Figure 3-12 shows the bathymetry scatter set inside of the 2D model. The link below redirects to
a video outlining the application of underwater imaging at this site.

https://youtu.be/zjypv7EXnMw.

23


https://youtu.be/zjypv7EXnMw

\
i
§
H
i
\
i
\

S AR

Nl e B S S
NN R R U T T e SR
i e e

by

5
e

\

i IR e T
R s oy a
P
ey S = Be ey Sl
= s e R e ,Mw
iiiiii Lo e e e

\\\\\ — e e e g
sty TR

e F T

I R S I

oo RIT L T i d]

IR O el

(R T B

s

Figure 3-12: Bridge 40001 Pre-Construction Hydrographic Scan

3.5.5 Bridge 85851 - Winona

This is an example of a post construction scan. The new bridge crossing was built next to the existing

bridge crossing. The existing bridge crossing will stay in-place, and is considered scour critical. As part

of the rehabilitation project, the contractor placed geobag filters and riprap protection around two of

the main channel piers to protect against scour. The post construction scan was completed to verify the

placement of the scour protection, and as a baseline for future underwater inspections. Figure 3-13 is

from a scan completed after partial construction

as the scour protection was staged over multiple

7’

construction seasons. The MnDOT bridge office hydraulics unit is planning a final post construction

survey in summer 2017.
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Figure 3-13: Bridge 85851 Post-Construction Scan
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CHAPTER 4: RECOMMENDATIONS

Underwater acoustic imaging has been shown to have real value to bridge inspectors and owners for a
variety of applications, from pre-construction planning and post-construction inspection, to routine
underwater inspection and post-event emergency inspections. The case studies in this report exhibited a
number of these applications. The following is a list of recommendations to aid in the safe and efficient
adoption of this technology in the state:

e Develop and publish MnDOT underwater imaging policy.

e Provide outreach to MnDOT districts, counties, cities and other bridge owners in the state
informing of MnDOT bridge office’s imaging capabilities and expertise.

e Develop adequate post-processing capabilities and data storage of completed projects.

e Generate list of bridges suitable for underwater imaging, look for input from bridge owners
across the state.

e Provide indication in bridge record that underwater imaging of bridge exists and is available for
review.

e Ensure field personnel performing underwater imaging are properly trained in both bridge
inspection and underwater imaging techniques.
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CHAPTER 5: CONCLUSION

This report outlined the steps taken to establish the in-house underwater acoustic 3D imaging capability
of the MnDOT bridge office. Following a discussion of both stationary and mobile scanning techniques,
field operations, and post-processing requirements, a number of case studies were presented. These
case studies provided examples of different applications of this technology on several different bridges.
The variety of applications included the documentation of large-scale underwater defects, construction
inspection confirming as-built conditions, rapid condition assessment following a flood event,
determination of scour extents and foundation exposure, as-built and site conditions for construction
pre-planning, and diver safety and efficiency improvements for challenging dive conditions.
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APPENDIX A: MNDOT EQUIPMENT LIST



Here is a list of the specific equipment MnDOT purchased and uses for both stationary and mobile

scanning.

MnDOT Equipment List for Stationary Scanning

Equipment Type

Details/Use

Make/Model and Notes

Field computer

Laptop computer for data
collection

Dell Latitude E6540 with 256 GB
Solid State Drive, 8GB memory

External Hard Drive

To store all scanning files

1 TB WB Elements external hard
drive

3D Sonar (and accessories to
operate the unit)

For mechanical underwater 3D
scanning

BV5000, 1350 Hz model, from
Teledyne Blueview

Pan and tilt unit

To rotate the sonar head 360-
degrees

P-20 from Remote Ocean
Systems, came with the sonar

Tripod Deployment platform for the Came with sonar
sonar and pan/tilt unit
Plate Deployment platform for the Manufactured in-house, 75-1b
sonar and pan/tilt unit steel plate with hinged arm
Boat mount Deployment platform for the Manufactured in-house,

sonar and pan/tile unit

retrofitted an old ADCP gunnel
mount

Sound velocity probe

To collect sound velocity
measurements

Digibar Pro from Teledyne
Odom Hydrographic

Generator

Power source

Honda EU1000i inverter
generator

Sonar collection software

To collect 3D point cloud images
using BV5000

ProScan (latest version) from
Teledyne Blueview




Sonar software viewer

To view collected 3D point
clouds

BlueViewer from Teledyne
Blueview

Point Cloud post-processing
software

To clean data and complete
final registration

Leica Cyclone software package

To translate point clouds

QuickStitch by EIVA

To color shade data and do final
graphics/rendering

Cloud Compare (freeware)

MnDOT Equipment List for Mobile Scanning (all of the stationary equipment, plus the following)

Equipment Type

Details/Use

Make/Model and Notes

Mount for sonar head

Static mount for sonar head,
that can rotate to fixed tilt
angles (i.e. 30-degree)

Universal Sonar Mount,
Compact Mount with Hinge kit
and 15-deg Knuckle Assembly

Dual Antenna GPS unit

To get location and heading

Hemisphere VS330

Motion Reference Unit

To get pitch, roll, and heave

MRU 333 from Specialty
Devices, Inc

Wifi

Internet connection for real-
time GPS correction

Verizon MiFi

Multibeam software

For multibeam data collection
and data processing

HYPACK and HYSWEEP by
HYPACK




APPENDIX B: STATIONARY POST-PROCESSING INSTRUCTIONS

(Utilizing Cyclone and Cloud Compare softwares only.)



Registering Point Clouds for Blue View BV5000 Sonar

1. Open Cyclone to bring up Cyclone Navigator.

@j Cyclone - Navigator |_‘:' ..@ 12 £ |

File Edit View Configure Create Tools Help

Y - M = o i g B s PEE e =
Lo0 I A RRE Rl "5‘: ¢ \'.‘ ~’- i F P -5::,;- B o | [#

-3 SERVERS

[0 SHORTCUTS
[l SCANNERS

2. Edit Settings so the same units are used for everything.
ALWAYS USE METRIC UNITS UNTIL THE VERY END OF PROCESSING (IF NEEDED).

Click “Edit” while in Navigator.

Select “Preferences” from the drop down
menu.

Select the “Units” tab-change the units so
that they match for everything.

Linear Units: Meters. Click Apply.
Imperial Types: U.S. Survey. Click Apply.

Linear Units for LAS Exchange: Meters. Click
Apply.

[ = IT

£ ]

%) Edit Preferences

| Modeling I ModelSpace I Scan | Paint Cloud I Initialization
Units | R ezolution | M easurements | Registration | Fitting

[—Lineer Units: Meters ]

Meters
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Millimeters
Feat
Architectural
Fest:Inches i

,
o
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| »

m

[+Imperia| Types: U.5. Survey
[+Statior| Motation: No

[+Nignment Cffset Notation: +/-
[+Angular Units: Degrees

[+Coordinate Labels: X, Y, Z
[+Tempemture Units: Fahrenheit
[+Pressure Units: Millibar

[+|Jr|ear Units for LAS Exchange: Feet

[ QK. ] [ Close ] ’ Apply

B-1




3. Select the “Point Cloud” tab. Scroll down P, ‘

to “Import: Compute Missing Normal Vectors:” %) Edit references [=]
Change to NO. C||ck Apply. | Uitz I Resolution I Measuremerts I Registration I Fitting | Level
| Modeling | ModelSpace | Scan | Foint Cloud | Initialization |

**Units and Point Cloud preferences need to be o drfion: Spacing Lind. 00N m | " [ pefats |

. . +Computation: Create TIN: Max Poirts (Milliong): 0.5000 ]
changed during every use if not saved as default Segmentation: Preview Me Point Court (Thausands): 101]
(default settings can be saved by changing the hoint Cache: Mavimum Cache Size. (MEY. 100

+pcE Point Clouds: Allow Import by Reference: No i

+5Scan: Compute Colors During Scan: Yes
+5Scan: Blend Cloud Colors During Scan: No

]

> ]

level from session to default). e ]
]

]

]

Amport: C: Missing Normal Vectors: No |
E me ]
i fes
b +Import: Compute Colors During Import: No ]
+import: Find Black & White Targets During Impart: No ]
+Normal Estimator: Use: User-Defined Fush Intenval: Yes | -
ok | cose | [ App
4. Select the “Registration” _ '
tab. Switch the Level from Session % Edit Preferences X5
to Default to make adjustments to b odeling I ModelSpace I Scan I Paint Claud | Initialization | Lewvel
the default settings (this will only Units | Resolution | Measurements | Registration | Fitting
need to be done once for individual fefuto-Add Consiraint Tolerance: 011 ] .
computers and will be saved as a (-Max horgtions: 1000 ] | Defaus |
default from then on). After each [+Convergence Ciiteria; 1e-005 ]
change, click Apply so that the [#Cloud Reg: Defautt Max Search Distance: 3.000 ft |
settings match the image to the [+Cloud Req: Default Subsampling Percentage: 10.00 % ]
right. Click OK. [-Cloud Reg: Default Max ferations: 1000 |
1000
[-lCloud Req: Default Initial Guess Method: Automatically choo&]
[+Cloud Reg: Default Subsampling Spacing: 0.164042 ft ]
[#Cloud Reg: Use Pick Order: No |
H [+Merge Targets when Freezing: Yes ]
[f [+Mzpimum Mismatch Target IDs: 1 |

] [ Cloze ] [ Apply




5. Expand “Servers” then right click on “Survey —Explorer (unshared)” select “databases”

™

w_j Cyclone - Navigator |':'_E_2§_

File Edit View Configure Create Tools Help

(Ed 8

o inex | Sidud FE

=3 SERVERS

. . SURVEY-EXPLORER

- @& SURVEY-EXPLORER (unshared}
(3 SHORTCUTS

- [ SCANNERS

6. Click “Add” to create project then type name into “Database Name” field. Skip the
“Database Filename” space unless pointing to an existing project “.IMP” file.

Server  [SURVEY-EXPLORER

Databases &

Remowve

Destroy

@j Add Database ¥ | Compact

Database MName test i _ Optimize

Datahase Filename _Admm Lng_._“
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7. This creates a file in the “Documents Library” in the Cyclone folder.

}. » Libraries » Documents » Cyclone »

Organize v Share with » Burn New folder

. Favorites —3Documents library
I Desktop —3 Cyclone
_“ Dowmicads Name S Date modified Type Size
<» Recent Places
7 Libraries ). B-49-92 3/7/2013 8:29 AM File folder

L. CSHIMP 7/21/2013 12251 PM  File foider

] Libraries I log 1/23/2014 8:52 AM  File foider
. Documents I luckstone 7/3/2013 10:11 AM  File folder
4. Music . Muskegon 6/26/2013 9:26 PM  File folder
B Pictures ). Muskegon-2 6/13/2013 330 PM  File folder
!‘ Videos | New Roads dock test 3/20/2013 358 PM  File folder

I Temp 1/22/2014 11:13 A..  File folder

W8 Computer —> b Test 8/29/2012 1106 A..  File folder
& 0S(C) | wando 5/31/2013 851 AM  File foider
o DATA (D3 J. Wausau 9/11/2013 7:31PM  File folder
& cadd (\10.1.9.42\wi) (F9) L. Willmington 8/21/2013 414 PM  File folder
o Projects (\\10.1.9.42\wi) (G))
# BD-RE Drive (H:) Pinnacle Studio
= SDATA2 (K)

8. This also creates a new project in the “Survey-Explorer (unshared)” section of Cyclone
Navigator.

Edit View Configure

Create: Tools Help

BRREX SR

[#

= @8 SERVERS
4 SURVEY-EXPLORER
& @ SURVEY-EXPLORER (unshared)
@ 9 B-49-92
@ i@ new roads lest
4 @ Wando Bridge
1 @ Muskegon-2
@ i@ luck stone
4 @ 7321.01 USCG Willmington
@ i@ USCG Willmington
= @ Wausau
@ Sallisaw
i@ Walsh Spuds
I test
SHORTCUTS
@ SCANNERS

Serel | SURVEY-EXPLORER {unsharec

Databases o Add...
B-49-92 | Remowe
new roads test E \
Wando Bridge IZ | Destay
Muskegon-2 E :
luck stone [v] EETRE0)
732101 USCG Willmington [¥] [ opimies
USCG Willmington [v] =
Wausau E |Ad'n'ul_-:|z|ln |
Sallisaw [v]
Walsh Spuds v
test M e—

Close




9. Expand “Survey-Explorer” in
Cyclone Navigator and locate your new
project. Right click on your new project
and select “Create” then select
“Project”.

10. Name the sub-project based on the
amount of data e.g. if you have one pier
just call it cleanup or if there are multiple
piers make a sub-project for each one.

|File Edit View Configure Create Tools Help

EEEE
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@ SHORT ~ Databases... I o
@@ SCANN A
———= Create * | — Project
Shortcut in Windows » Registration
Object Info... ModelSpace
— ScanWorld
i Multilmage
Merge Sub-5cans KeyPlan

Download HDS6000-HDS7000 Scans...
Estimate Cloud Normals...

Add Vertex To Scanner Position...
Make Available Offline

Import...
Import Leica System 1200...
Import ScanStation C10 Data ’
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11. Right click on the new sub-project folder and select “Import”.

¥ File Edit View Configure Create Tools Help
oo BB | CiMuerE |

=3 SERVERS

& SURVEY-EXPLORER

E--ﬁ SURVEY-EXPLORER (unshared)
@[ B-49-92

E]--ﬁ new roads test
@I Wando Bridge
= I Muskegon-2
w63 luck stane
E
E
E

7 i 7321.01 USCG Willmington
0 I USCG Willmington

]--ﬁ Wausau

@[ Sallisaw

= I Walsh Spuds

o @ test

..... (3@ SHORTCUT Batch Apply Multiimages
[ SCANNERS Batch Blend Multiimages

Create 4
Shortcut in Windows 4

Undo
Clear Undo/Redo

Cut
Copy
Delete
Rename

Add/Edit Annotations...
Object Info...
Convert to Enhanced Working Format...

Optimize

Merge Sub-Scans

Re-Import Scans..

Download HDSB000-HDS7000 Scans...
Estimate Cloud Normals...

Verify Targets...

Add Vertex To Scanner Position...
Make Available Offline

~——> Import..
Import Leica System 1200..
Import ScanStation C10 Data 4

Import data from a file into the database atthe selected d¢




12. Navigate to the folder where you have saved your scans. Select all the “.xyz” files that you
want and click “Open”.

**Spherical scan data files combine individual tilt angle files and are named by the scan process
followed by complete.xyz. These double the amount of data but are easier to process.

**Each individual tilt angle also exists as an independent file and are preferred if there was any
movement during data collection (change in boat position between tilt angles).

Lookin |} Sallisaw3-D - O3 @3-
o Name 2 Date modified Type Size =
-~z . bin files 1/17/2014 10:55 AM File folder |
RecentPlaces | cc registered 1/14/2014 5:14 PM File folder
- | final 1/14/2014 6:54 PM File folder
J. sallisaw 1/13/2014 6:20 PM File folder
Desktop Wscan1.1.15x2 1/13/2014 1:51 PM XYZ Point Cloud 3127K8
Ler Scan 1_1_complete.txt 1/13/2014 1:48 PM Text Document 1K8
] 'Scan 1_1_completexyz 1/13/2014 1:55 PM XYZ Point Cloud 15,967 KB
Libraries Scan 1.2 -15.xt 1/13/2014 1:51 PM Text Document 1K8
Wscan1.2.15x2 1/13/2014 202 PM XYZ Point Cloud 17,404 KB
* Wscan12-15xz 1/13/2014 1:54 PM XYZ Point Cloud 12,840 KB
Computer Scan 1_2_complete.txt 1/13/2014 1:56 PM Text Document 1KB
~—— ¥'scan 1.2 completexyz 1/13/2014 2:10 PM XYZ Point Cloud 49,221 K8
G Scan 1.3_-15.txt 1/13/2014 2:03 PM Text Document 1K8
Network ¥scan1.3-15x72 1/13/2014 2:09 PM XYZ Point Cloud 31,817K8 3
Wscan 2.3 15xyz 1/13/2014 2:27 PM XYZ Point Cloud 11,754 K8
Scan 2_3_complete.txt 1/13/2014 2:21 PM Text Document 1KB
—_— 's‘m 2_3_completesnys /2372084 234 ™A YMZ P oirh Showd AADT2 YR
Scan 2.4 -15.txt 1/13/2014 227 PM Text Document 1K8
Wscan 2.4 -15xyz 1/13/2014 233 PM XYZ Point Cloud 30,220 K8
W scan 3.4 45x2 1/13/2014 248 PM XYZ Point Cloud 28,991 KB
Scan 3_4_complete.txt 1/13/2014 241 PM Text Document 1K8
—3 W Scan 3_4_completexyz 1/13/2014 3:02 PM XYZ Point Cloud 82,012 KB
Scan 3_5_15.txt 1/13/2014 248 PM Text Document 1K8
Scan 3_5_-15.txt 1/13/2014 2:54 PM Text Document 1K8
W scan3.5.15xyz 1/13/2014 254 PM XYZ Point Cloud 21162K8
W¥scan3.5.-15xy2 1/13/2014 3:00 PM XYZ Point Cloud 31,860 KB
Scan 4_5_45.txt 1/13/2014 3:10 PM Text Document 1K8 3
W scan 4.5 4552 1/13/2014 3:10 PM XYZ Point Cloud 0KB
Scan 4_6_45.1xt 1/13/2014 3:11 PM Text Document 1K8
W scan 4.6 45xyz 1/13/2014 3:17 PM XYZ Point Cloud 76,302 KB
\) W 5can 4_6_completexyz 1/13/2014 3:38 PM XYZ Point Cloud 1KB
Scan 4_7_15.xt 1/13/2014 3:17 PM Text Document 1K8
Scan 4_7_-15.0a 1/13/2014 3:24 PM Text Document 1KB
Wscan4 7 15xyz 1/13/2014 3:24 PM XYZ Point Cloud 64,207 KB -
File name: *Scan5_1_ letexyz” “Scan 1_2_ lete xy2” “Scan 2_3_complete xyz" "Scan 3_4_complete xyz" "Scan 4_6_completexy v Open b
Files of type | All Supported Formats =) ( Cancel J
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13. When the next window pops up, make sure the “Z-Axis” is selected and click “OK". If multiple
scans were selected then the window will keep popping up for each scan. You can either keep clicking
on “OK” or you can select the “Apply to All” box and only click “OK” once.

& i Salisaw
w-f3 Walsh Spuds
£ test

ﬁ Import Point Cloud - Scan 3_4_completexyz | 2L

@| The imparted paint cloud has na intensity values.

Intensities may be generated based on distance along
a selected axis, or you can import the point cloud
without any intensity values.

J

B[] Apply to Al
@ETE

(1Mo intensities

|
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14. When the “.xyz” files are imported
expand each “.xyz” file tree. Next expand the
“Model Spaces” and give the “ModelSpacel” the {
same name as the “.xyz” file. This will allow the oo BRI CE e L &
file name to be viewable when working in each l 5 & SERVERS '

individual model space view. @) SURVEY-EXPLORER
& @ SURVEY-EXPLORER (unshared)
i B-49-92
E new roads test
-E§ Wando Bridge
- Muskegon-2
i3 luck stone
a 7321.01 USCG Willmington
- USCG Willmington
-E Wausau
i3 Sallisaw
-i§ Walsh Spuds
) test
-2 test
EI,‘Q Scan 1_2_complete xyz
../ ControlSpace
=2 ModelSpaces
ﬁ Scan 1_2_complete xyz
@3 Scans
. Images
Elyb Scan2_3_completexyz
’E ControlSpace
=121 ModelSpaces
—% &l Scan2_3_completexyz
0 Scans
f “ 3 Images
[—]JQ Scan 3_4_completexyz
1% ControlSpace
=121 ModelSpaces
—— % é Scan 3_4_completexyz
-2 Scans
.13 Images
-4 Scan4_6_completexyz
- ControlSpace
£ ModelSpaces
_.....-;, -l Scan4_6_completexyz
il Scans
-2 Images
EIJQ Scan 5_1_complete xyz
../% ControlSpace
=21 ModelSpaces
—% @ Scan5_1_completexyz
@23 Scans
.3 Images
----- [ SHORTCUTS
----- [ SCANNERS

Fiie Edit View Configure Create Tools Help




15.

click and select “Create and Open Model Space View”.

To start cleaning up the point clouds select the renamed “ModelSpacel” that you want. Right

l_+j' 7321.01 USCG Willmington
- i USCG Willmington
i3 Wausau
- il Sallisaw
-6 Walsh Spuds
EIE test
=i test
=44 Scan1_2_completexyz
- ControlSpace
=2 ModelSpac _
-_-...; il Open Temporary ModelSpace View
- lScans Create and Open ModelSpace View
~-[d Images :
B4 Scan 293 comg Create ModelSpace View
“Q ControlSpac Ceate
=~ ModelSpac i i
L 8§ Scan? i Shortcut in Windows
g — Undo
w1 Images
= h Scan 3_4_CUmF Clear UndeREdD
... "% ControlSpag
P £ Cut
= ModelSpac
ﬂ Scan3 4 Copy
2] -‘ Scans Delete
[ Images R
EIJQ Scan4_6_comg EUdTHE
Bf fﬂ“’;”‘:gpa‘ Add/Edit Annotations..
-] ModelSpac ;
L @ Scan4 ¢ Object Info...
- Unify ModelSpace...
! ’h;‘ 'mggfs Convert to Enhanced Working Format...
- canb5_1_comg i .
i % ControlSpac Copy Geometric Objects to ScanWorlds...
5 -4 ModelSpac =
Y ScanpS ] bphinee
- Scans Merge Sub-Scans
3 [ Images Download HDS6000-HDS7000 Scans...
; ggﬁ&ggggs Estimate Cloud Mormals...
Make Available Offline
Import...
Create and open a new ModelSpac Export...

é_.




16. To move around the scan in ModelSpace with a computer mouse using the “View Mode” tool.
When the ModelSpace opens it will automatically be in the “View Mode”.
@j ModelSpace: Scan 1_2_;:_omptete.xyz : Scan 1_2_comp_lete.xyz ‘u’i'ew 1__

File Edit Selection View Viewpoint Create Object Edit Object Tools Help

ex RRE)/ @S 400 % @85 | 21

ﬁ Hold down right and left mouse buttons to zoom in and out
W2 Hold down left mouse button to rotate image
<3%> Hold down right mouse button to pan image
NOTE: Decreasing the point thickness may make it easier to differentiate between points. To do this

select ‘View’ from the toolbar, from the drop down list expand ‘Point Cloud Rendering’ and select
‘Decrease Point Width'.



17. To clean up the image select one of the three fence modes on the toolbar. Polygonal,
rectangular, and circular.

E ModelSpace: Scan 1 2 completexyz : Scan 1 2_completexyz View 1 -

File Edit Selection View Viewpoint Create Object Edit Object Tools Help

@/ e 200 [Ees S0,.0, 8w 1k [E

Circular Fence Mode

File Edit Selection View Viewpoint Create Object Edit Object Tools Help
M@/ e BO0 @9 | E6trw | & NED

Polygonal Fence Mode

T

@ ModelSpace: SCirng complete.xyz : Scan 1_2_corr_lE_ lete.xyz Vi_

File Edit Selection View Viewpoint Create Object Edit Object Tools Help
B RE)/ oS |R20O0 @ |([(Ee | S0 8, x| =N

+- Y oA, £ o : Rectangle Fence Mode




18. Using the Polygonal Fence Mode: First move to the area of points you want to remove with the
“View Mode” tool. Select “Polygonal Fence Mode” from the tool bar and using the left mouse button
create a fence around the points you want to remove. If you mess up the fence and wish to start over
simply go to “Edit” then “Fence” then “Clear”.

Note: Do not remove the waterline in the first scan. The waterline can serve as a reference point when
matching up images and orienting the image to the X, Y, Z plane.

@j ModelS_.pace: SCﬂ 1 % complete.xyz : Scan 1_2_cdeIete.xyz \.-’ie_w_l-

File Edit‘ Selection View Viewpoint Create Object Edit Object Tools He
G &) /7 & @S B3 O % (&3

—4—> Fence 4 Clear &——

¥
Group Delete Inside

Modes » Delete Qutside
Mouse Modifiers »

Customize Hotkeys...
Customize Toolbars...
Object Preferences...

Preferences...

I (|4



19. Once the fence is created, right click inside the fence and select “Point Cloud Sub-Selection”,
then select “Add Inside Fence”. The points inside the fence will be highlighted and in this view you can
select “View Mode” from the tool bar to rotate and move the image, making sure you only selected the
points you wanted. If you selected points that you do not want and wish to make a new fence simply go

to “Selection” then “Deselect”.

Copy Fenced to New ModelSpace

View Object As...

Edit Color Map...

Zoom

—;g’i"ﬂ——} Point Cloud Sub-Selection
1

Fence

;, Fit Fenced
ﬁf‘_ i :
S : =

Add Inside Fence &
Add Outside Fence

Remove Inside Fence

Remove Outside Fence

Select All
Invert

Hide Unselected Clouds

| |

@‘ ModelSpacg: Sca_ir_]___.l_ 2 completexyz : Scan 1_2_complete.xyz Vi_

File Edit Selectionl View Viewpoint Create Object Edit Object Tools Help
Select All Ged A00 5 ([Ee 6.0 88
- Deselect
- Invert Selection
[ ]
Ea Select Fencec
g"f Point Cloud Sub-5election
F
T Set Selectable...
Show Pick Points
o Show Pick Polyline
T Auto-Pick Points
L
]
E
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20. Once you are happy with the points selected, in “polygonal Fence Mode” right click on the screen
and select “Delete”.

Object Info
Add/Edit Annotations...

Cut

Copy
Copy Selection to New ModelSpace

Delete

Apply Color Map
View Object As...
Edit Color Map...

Distance

Zoom

Point Cloud Sub-Selection
Fence

Segment Cloud

Fit to Cloud

Region Grow

21. If you do not need to rotate and move the image after the points have been selected there is a
faster way to delete points. Once the fence has been created right click inside the fence, select “Fence”
then “Delete Inside”.

Undo

Copy Fenced to New ModelSpace
View Object As...

Edit Color Map...

Zoom
Paint Cloud Sub-Selection
Fence Clear

Fit Fenced Delete Inside €——
Delete Qutside

Select Fenced




23. Once all points have been removed above the waterline you can create a waterline reference
which will orient your structure to a level coordinate system. To do this, orient your view to be able to
select all the points on the waterline. With the “Polygonal Fence Mode” tool create a fence that will
select the waterline. Once the fence is created, right click inside the fence and select “Point Cloud Sub-
Selection”, then select “Add Inside Fence”. The points inside the fence will be highlighted and in this view
you can select “View Mode” from the tool bar to rotate and move the image making sure you only
selected the points you wanted. If you cannot get all the points in one view just move the view and make
another fence. Again select “Point Cloud Sub-Selection”, then select “Add Inside Fence”.

Object Info

Add/Edit Annotations...,

Undo

Cut

Copy

Copy Selection to New ModelSpace
Copy Fenced to New ModelSpace
Delete

Apply Color Map

View Object As...

Edit Color Map...

Distance

Zoom

Point Cloud Sub-Selection Add Inside Fence (-—
Fence Add Outside Fence

Segment Cloud Remove Inside Fence

Fit to Cloud Remave Outside Fence

FitF .
i reed Select All

Invert
Hide Selected Clouds
Hide Unselected Clouds

Region Grow

24, Set the waterline to a layer: Once all the points are selected go to “View” and select “Layers”



ﬁ ModelSpace: Scﬂ 1 2 complete.xyz : Scan 1_2_c0mEl'ete.xyz '-.ﬁe_

File Edit Selection_|View | Viewpoint Create Object Edit Object Tools Help

*0 " A =
) % x Save View B0 (& & o
- Save View As... )
il ModelSpace Views..

4
E
it TruSpace

Coordinate System
Set Up Direction

@ Layers...

View Object As...
#r Set Object Visibility..
i Hide Point Clouds
i how Object's Cioud
Show Hidden Clouds
Hide Selected Clouds
Hide Unselected Clouds

Point Cloud Rendering
Point Cloud Density
Global Texture Map

B N R TTRES

Limit Box

Set Limit Box by Cursor
Set Limit Box by Fencing
Limit Box Clips Geometries

Add/Edit Limit Boxes...

Edit Clipping Planes...

Enable Output Box

Show Output Box

25. In “Layers” tab click “New” and name the new layer Waterline. Once you have named the level
click “Set Current” then click “Assign”.



lete.xyz : Scan 1_2_::%)@2

File Edit Selection View Viewpoint Create Object Edit Object Tools Heélp
oo | § B RK M e fa0 3 |Bee S0 rw( v @

I (] | ¢

; Layers i_\fiewAs | Selectable.f\/isible.i

Layers
Default

g k13
] [l [ [
2 4 m B

‘ Deselect |

‘ Delete |




26. By clicking the View Box you can turn on or off the waterline layer.

@MOGEJSW% e: Scan 1.2 co fnpiete.xy’lej_cﬁﬁw ete.
allisis fiew Viewpoint Create Object Ec

Edit Selection Vie wpoint C ( Edit Object

- YME o0 [200 2 B ELerw | nrEE e

View Properties

o+, PO —— ——
Lavers |YiewAs Selectablefvisible |
&)
= Layers
Defauit _
b | Set Current |
3 i SR

B

Assigh

| Select |

| Deselect |

| Delete |

I o ITTES




27. Once all the points are created, right click on the screen and select “Fit to Cloud”, then “Patch”. The
waterline will show up as a one plane object.

U madd gt o Nig it
. R .' o

Object Info
Add/Edit Annotations...

Undo

Cut

Copy

Copy Selection to New ModelSpace
Delete

Apply Color Map
View Object As...
Edit Color Map...

Distance
Zoom
Point Cloud Sub-Selection
Fence ;
Segment Cloud LA o E &
Fit to Cloud Patch  &—
Region Grow Cylinder
Sphere
Corner

Line Segment
Steel Section

HDS Target...
Black/White Target...

Sphere Target...
Je
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28.

While the surface is selected go to “View” then “Coordinate System” then ”Set from Points...”. Set

Coordinate System from Pick Points. The plane of the z axis will be set perpendicular to the waterline.

**When editing and choosing “Set to Object” the z values were flipped upside down. To revert this |

selected View—>Coordinate System—>Set Using One Axis—=>Z axis.

File Edt Seecton Vew Vewpont Create Object
—

S AW 2

Edt Object Toos Help

KT

it

I O

% B K

Save Vew As...
ModeSpace Vews...
TruSpace
CoordnateSystem
Set Up Drecton
Layers...

View Object As...

Set Object Visibility...
Hide Point Clouds
Show Obiject's Cloud

Hide Unseected Clouds

Point Cloud Rendering
Ponnt Cloud Densty
GlobalTexture Map

Limit Box
Set Limit Box by Cursor
Set Limit Box by Fencing

Add/Edt Limit Boxes...

Edt Clipping Planes...

Enable Output Box
Show Qutput Box

B-21

Reset ScanWorld Co

Save/Edit Coordinate Systems...

Show Coordnate System Axes

Set Origin
Set from Ports...

Set to Object 6_

Set from Reference Plane

Set Usng One Axis »
Set Usng Two Axes b

Set ScanWorld Coordinate System

ordinate System

-



29. To bring back the waterline points right click on the object with the “Polygonal Fence
Mode” tool and select “Insert Copy of Object’s Points”.

Object Info
Add/Edit Annotations...

Undo
Redo

Cut

Copy

Copy Selection to New ModelSpace
Delete

View Object As...

Edit Color Map...
Show Object’s Cloud

‘T . "= Insert Copy of Object’s Points
| ek

Distance
Zoom
Point Cloud Sub-Selection

28: Clean the rest of the image with the “Polygonal Fence Mode” tool.

B-22



29: Once the image is cleaned from extra noise it can be exported. To export the file and perform
rough registration with Cloud Compare (CC): First, go to “Selection” then “Select All” all the points
in the image will be highlighted. Next, go to “File” then “Export” and a save window will pop up.
Open the “Cleaned” folder and here is where you will save your cleaned image. Create a file name
for the image and make sure it is in .XYZ format and click “Save”.

NOTE: When cleaning your first data file you will need to create a folder where you can save all your
cleaned and CC Registered images. Navigate to the appropriate drive”, then open the “BlueView”
folder, then create a “new folder” (here it is called test). Open up the “test” folder and create two
more folders called “CC Registered” and “Cleaned”.

@ ModelSpace: Scan 1_2_completexyz: Scan 1_2_complete.xyz View :

File Edit Selection} View Viewpoint Create Object Edit Object
K Select All &~ +Ij- a5 T

Deselect

Invert Selection

select Fenced

Fencec

Point Cloud Sub-Selection

Set Selectabile...

Show Pick Points
Show Pick Polyline

Auto-Pick Points
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']‘ Import.. |5 @ |5800 &

Expor‘t (-—

Publish Site Map...
Export for pck Application...
Export to Leica CloudWorx-VE...

Export Leica System 1200

Copy Geometric Objects to ScanWorlds...
Create KeyPlan...

Launch 4
Merge from ModelSpace..
Make Available Offline

Snapshot...
Print...

Close

B, Export to File i o s WSS
Savein . SDATAZ(K) &——— > OF °E~
- Name Date modified Type Size
=y BlueView € _ 1/24/2014 9:59 AM File folder
Recent Places Coda Octopus 8/12/2012 6:27 PM File folder
! Hydro projects 8/11/2012 12:48 PM File folder
Kongsberg Mesotech 8/11/2012 12:49 PM File folder
Desktop
Libraries
Computer
“w
Network
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30. After clicking “Save” a window will pop up. Make sure “Selected” is toggled on. Click
“Export”. Another window will pop up. Click “OK”. Clouse out model space when done.

Fy
TR

2, Export Options X |

v | Selected
Yisible

[] Object Type

: : ﬁ Object Type
i‘-h"‘, P Point Cloud

Bra ': : Sphere
Vertex

4
O

@j Export Complete

e ;’:‘F I-ﬁ-l Exported 2 objects.
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31. Rough Registering the point clouds: After the scan has been saved it can now begin the

process of being registered. In Cyclone-Navigator under your project file, right click on your scan

folder and select “Create” then “Project”.

File Edit View Configure Create Tools Help

=y

L L EET L e

13 SERVERS

A3 Waus

= test

S

e
o ke
-
- [ SHORTCUT
[ SCANNERS

... SURVEY-EXPLORER

E.ﬁ SURVEY-EXPLORER (unshared)
w9 B-49-92

i3 newroadstest

-3 Wando Bridge

9 Muskegon-2

9 luck stone

i3 7321.01 USCG Willmington

w3 USCG Willmington

: 9 Sallisaw
- Walsh Spuds

— o

au

Batch Apply Multilmages
Batch Blend Multilmages

; ﬁ Create

Shortcut in Windows

Undo
Clear Undo/Redo

Cut
Copy
Delete
Rename

Add/Edit Annotations...
Object Info...

Convert to Enhanced Working Format...

Optimize
Merge Sub-Scans

Re-Tmnnrt Sranc
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Project &——

Station
Reaqistration
ModelSpace
ScanWorld
Multilmage
KeyPlan

Shortcut




32. A new folder will open up at the bottom of your scan folders. Rename this folder “CC
Registered”. Right click on the “CC Registered” and select “Import”.

File Edit View Configure Create Tools Help

L e TR e

1@ SERVERS
SURVEY-EXPLORER
e/SURVEY-EXPLORER(unshared)
B-49-92
newroadstest
Q Wando Bridge
Muskegon-2
luck stone
732101 USCGWillmington
USCG Willmington
Wausau
ef sallisaw
8Wa|sh Spuds
ltest
I.J test
M scan 1_2_complete.xyz
Im ControlSpace
Cl ModelSpaces
£) Scan 1_2_complete.xyz
"¥ Scan 1_2_complete.xyz Vie...
Scans
ClImages
Mscan 2_3_completexyz
f2I ControlSpace
ModelSpaces
fi.l Scan2_3 complete.xyz
W,<:f Scan 2_3_complete.xyz Vie...

Mscan 3_4_complete.xyz
J,tScan4_6_complete.xyz
J,f Scan5_1_complete.xyz

- ...J CCRegistered {<:.

@ SHORTCUTS \

@ SCANNERS
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-

ﬁ Cyclone - Navigator

IS

e X By R

J- {3 SERVERS
. ¥ SURVEY-EXPL
=4 SURVEY-EXPL
w- i B-49-92
G new roads te
Eﬁ Wando Bridg
@@ Muskegon-2
@E luck stone
= i@ 7321.01USC
= I USCG Willmi
@ i@ Wausau
= i§ Sallisaw
@ i Walsh Spuds
EE test
= test
Eh Scan
..%8 Co
EJ Ma

- [8 SHORTCUTS
-.[J8 SCANMNERS

File Edit View Configure Create Tools Hel

Batch Apply Multilmages
Batch Biend Multilmages

Create
Shortcut in Windows

Undo
Clear Undo/Redo

Cut
Copy
Delete
Rename

Add/Edit Annotations...
Object Info...
Convert to Enhanced Working Format...

Optimize

Merge Sub-Scans

Re-Import Scans...

Download HDS6000-HDST000 Scans...
Estimate Cloud Normals...

Verify Targets...

Add Vertex To Scanner Position..,
Make Available Offline

Import.. &&~——1
Import Leica System 1200...

Import ScanStation C10 Data
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33. A save window will open up, navigate to your .XYZ scan in your cleaned folder. Click on the .XYZ
scan and click “Open”. Another window will open up, make sure “Z-Axis” is selected and click “OK".

% |
Lookin. ). cleaned &—— - O @3~
B Name = Date modified Type Size
~p W scan 1xyz < 1/24/2014 1029 AM XYZ Point Cloud 45667 KB
Recent Places
Desktop
....J
Libraries
Computer
Network
e =
Files of type: [Au Supported Formats ~] [ comcal |

‘—' T T T L T e T
Ea test | [
Lo

'Import Poin:r G;Dud = 5can Lxyz e | X4 |

@ The imported point cloud has no intensity values.

Intensities may be generated based on disiance alang
a selected axis. oryou can importthe point cloud
without any intensity values. '

()% Axis
Y Auis
@) Z Axis
(") Constant walue...
() Na intensities

_ i [Z3 CC Registered
- SHORTCUTS

O AR T
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34. Once the scan has finished loading, expand the “CC Registered” file, right click on the scan.XYZ

file, and then select “Estimate Cloud Normals...”

Note: The "Estimating Normals" process takes a long time so you will want to start this process before
you start cleaning the next image.

ﬁ Wausau
ﬁ Sallisaw
Elﬁ Walsh Spuds
Ea test
- (3 test
E 2% Scan1.2

I3 Image

El h Scan3 4
! A% Scand B
w-Jg Scan5_1

——'ﬂl:l {3 CC Regls
— = o BN

SHORTCUTS
/3 SCANNERS

€ |
| |Estimate normals for cloud(s

Open TruSpace

Batch Apply Multilmages
Batch Blend Multilmages

Create
Shortcut in Windows

Undo
Clear Undo/Redo

Cut
Copy
Delete
Rename

Add/Edit Annotations...
Object Info...

Scanner Diagnostics...
Scanner Setup Report...

Convert to Enhanced Working Format...

Optimize

Restore Original Scans
Merge Sub-Scans
Re-Import Scans...

Download HDS&000-HDS7000 Scans...

Estimate Cloud Mormals...

Verify Targets...

Add Vertex To Scanner Position...
Make Available Offline

Import..
Import Geometric Objects...
Export...
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35. While the computer is processing for “Estimating Cloud Normals...” of the first scan, replicate

steps 12-30 to clean scan 2.
Note: You will not need to use the waterline to adjust the rest of the scans. The waterlines should be put

on a separate layer and turned off.

36. Now that you have 2 scans that are cleaned you can now open up “Cloud Compare”. Open “Cloud
Compare”, go to “File”, then “Open”. A save window will pop up where you will need to navigate to your
“Cleaned” folder. This Folder should have both .XYZ scans in it.

. L e

L CloidConipate -
o

g B . 8 3 + - L £ ’ i o e & rmowne s B W

DB Tree

2]

1l

+' » Computer » 5

New folder

— =» Recent Places -

'_ i Libraries

=

o W scan 202
= Libraries

.!_1__ Comera Lk Documents

. 4. Music

L Properties 8 & Pictures

it B videos

|

- A Computer

ey

L]
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37. Locate your “scan 1.XYZ” file, click on it and click “Open”. A window will pop up just click “OK”. This
will open up your cleaned scanl image onto the screen.

Filename: K:\BlueView\test\cleaned\scan 1.xyz

Here are the first lines of this file. Choose each column attribution (one cloud at a time):

| i 2 3
[LX_. coor v” {¥ coon v” 1Z coon vl
5626032 -2401763 -0.080830

5498901 -2.331195 -0.072585
5076320 -2100563 -0.033465
5059216 -2.086564 -0.026287
5057081 -2.088300 -0.007942

50330532 -2.075804 -0.004664
4819116 -1.958045 -0.03014%
4807031 -1.95175% -0.020091
4806888 -1.949651 -0.003224
4668816 -1.877214 -0.004379
4689870 -1.882025 -0.010641

Separator (ASCI code: 32) [ese ] [ma8] [L] [5]

Skip lines 0 % extract scalar field names from first line

Max number of points per cloud 2000.00 Million % \L

OK
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» Computer » SDATAZ ()K) » BlueView P test » cieaned

Oroanize = New folder = Y
<» Recent Places

Libraries
i W scan 1z é,.._

W scan 20z
4 Libraries

Documents
+. Music
. Pictures

ﬂ Videos

+ & Computer

& 05(C)

& SDATAZ (
SDATA
# REFERENCE (1107

File name: scan lxyz

| ,——% Open Cancel

38. Open “scan 2.XYZ"” the same way you did “scan 1.XYZ".

39. When both are opened on the screen they are both in black and white which is very difficult to
tell what points belong to each cloud. To help differentiate, in the “DB Tree” box click on one of the scans.

A box will form around the image showing which one has been selected. Go to “Edit”, then “Colors”, then
“Set unique”.
T ClovdCompare GOView T W U S — EEERSE N TN

% 3 v ¢ | + OO S8 ot s T MW E Js wic §

Properties

splay 3D View 1 =

X: 24.0186
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(© CloudCompare - [3D View 1]
i F'ils,’{Editl Tools Display Plugins 3D Views Help

o R : - . =
E_;,f Colors &— © setunique “— Alt+C . Cc 3 » F -
| Normals ' Colorize
DE
& | Octree g Height Ramp
Mesh L2 Convert to Scz
Lo Sensors v
11 Scalar fields L7l
' Clone
= }
- Apply transformation
+ Multiply/Scale
v Edit global shift
Q 4 Subsample
(7 Synchronize
Toggle (recursive) »
#  Delete Del
iSO
@ " | camera Link
@ Properties g
|
L | Property State/Value =
g |Name scan 1 - Cloud
|u'| 11 lmimaa TOY A
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40. A window will pop up with a pallet of colors. Select an easily visible color and click “OK”.

Basic colors

EEEEEEECD
11l s
11T T =
11l
T 1T T T IFE-

Custom colors

11 [ = =
EEC 00000 0 [ areen

l : | Blue:

[ Add to Custom Colors

| \ Cancel

41. Use the same process to change the color on the other scan but choose separate colors.

42. To make the scans even more visible, click on the “EDL” button. This will add shading to the
scans which will make object detail stand out better.

— — : -
EFRemnve filker [ Blurm.g it S N+C SOR MLS
- e

**No EDL in at left and EDL applied at right in image below.

B-35



43. Now that the scans are more visible you are ready to align them.
Note: Never move the first scan! In this case don’t move “scan 1”. Since this scan was referenced off the

waterline it will be used as your base points to match up the other scans.

44, In the “DB Tree” box click on “scan 2”, (DO NOT click on “scan 1”) then click on the
“Translate/ Rotate” tool. This will allow you to move and re-assign coordinate values of Scan 2 while
holding the coordinate values of Scan 1. To move in this view with the computer mouse:

© Covocompare - B0 Vi T T

T File Edit Tools Display Plugins 3D Views Help

7] &= X : " T o, = p Y NH
[Ir/ E gl =] S B ){ .5 C T TR T Ec @ |z 4? =2 | B
DB Tree é—
[a ¢ ;] scan lxyz (K:/BlueView/t...
L V] & scan 1 - Cloud

4[] & scan 2xyz (K/BlueView/t...

11 :
| —>[¥] & scan 2 - Cloud

mAa o+

0| |
Lﬁ] || camera Link

Froperties

-

. Property State/Value

(7
it

II Use the wheel to zoom in and out.
<2%> Hold the right mouse button to pan the image
W2 Hold the left mouse button to rotate the image

45. You will only be able to move from the set view angle. Then you will have to select the “Accept”
button (the check mark) if you agree with the move you have made or the “Deny” button (the X mark) if
you do not agree with the move you have made. If you select the “Deny” button the image will move
back to the position it was before you made that move. If you select the “Accept” button the image will
lock into place and re-assign new x, y, and z coordinates to each point in the cloud.
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®
Rotation [+ xvz|

[¥] T @] Ty @] Tz

46. The view can now be changed and the process can be repeated as many times as necessary to
align the objects. This is done by changing the view to the new position you want, again go to the “DB
Tree” box click on “scan 2”, (DO NOT click on “scan 1”) then click on the “Translate/ Rotate” tool. Keep
moving and accepting until “scan 2” is aligned perfectly with “scan 1”.

47. Once the two scans are linedup = CoudComaee "w

as close as possible, go to the “DB Tree” ... e | Edit Tools Display Plugins 3D Views Help
box click on “scan 2”, go to “File” and

7 Open Ctr+C B
select “Save”. A save window will pop up, ¥ ! K ]

[ save Ctrl+S |
navigate to your “CC Registered” folder = 6‘ [ &
‘o o | & Primitive factory '
and save the scan as a “.XYZ” file, then ;’iewft
click “Save” (This creates a new version i 3D mouse
of scan 2 with coordinates that are close ] Quit ;fiewjtm .
to the coordinates of scan 1. T e stan 2 - Cloud :
i T
+’V
Q
i
[
1l Camera Link
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» Computer b SDATAZ (K ¢ BlusView » test ¢ CC Registersd

QOrganize = New foider
. Libraries
Documents
4. Music
Pictures
R videos

& Computer
& 05 (C)
DATA (D)
cadd (\\10.1.9.42

SDATAZ (K)
& SDATAL (19
# REFERENCE (\\10. ™

File name: scan 2 - Cloud.xyz &

Save as type: EASCII files (*.xt *.asc “.new “xyz *.pis *.csv)

Hide Folders

48. Another window will pop up just click “OK”.

coordinates precision 8

scalar precision 6

separator [space

order ’point, color, SF(s), normal v]

Header

columns title

|| number of points (separate ling)

——% oK l l Cancel
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49. In Cyclone-Navigator right click on the “CC Registered” file and select “Import”.

File Edit View Cg

Batch Apply Multiimages

ok Bx Batch Blend Multilmages
|1 @ SERVERS
& SURVEY-EXP Create 4
|| © @ SURVEY-EXPl  Shortcut in Windows b
il - i@ B-49-92
w6 newroadst Undo

@ @@ WandoBric  (lear Undo/Redo
@ E Muskegon-
i i luck stone Cut
-6 7321.01US

w- B USCG Willn oey
w (9 Wausau Delete
- Sallisaw Rename
.@ ﬁ Walsh Spu
e = 6 test Add/Edit Annotations..
-3 test Object Info...

Convert to Enhanced Waorking Format...

Optimize
Merge Sub-Scans

Re-Import Scans...

Download HDS6000-HDS7000 Scans...
Estimate Cloud Normals...
Verify Targets...
Add Vertex To Scanner Position...
Make Available Offline

e Ta—
E =

@ Ay Scar Import Leica System 1200...
-y Scar Import ScanStation C10 Data
— &3 i

h scan 1xyz
.- @ SHORTCUTS

----- SCANNERS
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50. A save window will open up. Navigate to your .XYZ scan in your “CC Registered” folder. Click on the
.XYZ scan and click “Open”. Another window will open up, make sure “Z-Axis” is selected and click “OK".

Ao et
F

@j Import Point Cloud - scan 2 - Cloud.xyz

@ The impored paint cloud has no intensity values.

Intensities may he generated based on distance along
a selected axis, oryou can import the paint cloud
without any intensity values.

)% Axia
) Axis
@) 2 Axis
() Constantwvalue...

()Mo intensities

o-&@

CC Registered

Tl e s

i " Lookin: }. CCRegistered %,_ v % *@

-

I Name Date modified Type Size
~p W scan 2 - Cloudxyz b 1/24/2014 425 PM XYZ Point Cloud 53,523 KB

Desktop

- w
Libraries

A

Computer

«

Network

File name: b Open |

Files of type: All Supported Formats - [ cancel
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51. Once the scan has finished loading, expand the “CC Registered” file, right click on the “scan
2.XYZ” file, and then select “Estimate Cloud Normals...”

normal estimation process from scan 1 is complete - step 34)

(This process cannot be started until the

@ Walsh Spuds Copy
=k test
o test Delete
-4 Scan1_2_comp Rename
- - ControlSpac
‘4 ModelSpace Add/Edit Annotations...
@ Scan12l opject Info..
o7 Scan i i
rf.-."_z Seans Scanner Diagnostics...
_ _i Images Scanner Setup Report...
EJ-;JQ Scan2 3_comp|

7 J Convert to Enhanced Working Format...
%% ControlSpac

‘-1 ModelSpacel Optimize
-8 Scan2_3 .

L e Restore Original Scans
__| Scans Merge Sub-Scans

i Images Re-Impaort Scans...
@ J-l' Scan34_comp Download HDS6000-HDS7000 Scans..

- ;JQ Scan4_6_comp|
w4 Scan5_1_comp Estimate Cloud Normals... %—‘
Verify Targets...

..—\;, B __.4 CC Registered
Add Vertex To Scanner Position...

=t ,b scan 1.xyz
Lt ControlSp
Make Available Offline

EI _d ModelSp

=& Mode
G M Import...

Import Geometric Objects...
Export..

_.—9|—. ,JQ scan 2 - Clou2y s
.8 ControlSpace

i-[Z3 ModelSpaces
@-_d Scans
\./ 3 Images

[ SHORTCUTS

[ SCANNERS

&
- a I e I

52. While the computer is processing “Estimating Cloud Normals...” for scan 2, begin cleaning scan 3

by repeating steps 12 through 19.

53. Once normals are estimated for Cloud 2, go to the Cyclone Navigator Tree and right click on the
"CC Registered" Folder. Select "Create", then "Registration" to perform a more refined registration of
the 2 datasets.
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v lRBEK SN Y.
;i @8 SERVERS
& SURVEY-EXPLORER
5 8@ SURVEY-EXPLORER (unshared)
@ I 84932
i I new roads test
# §§ Wando Bridge
il I Muskegon2
& i@ luck stone
il I 732101 USCG Wilimington
0 1@ USCG Willmington
i Wausau
il @ Salisaw
w i Waish Spuds
= g test
= test
i Sean1_2_completexyr
i e Sean2_3_completxyz

Batch Apply Multilmages
Batch Blend Multiimages

= h B
8 SHORTCUTS =] Create
@ SCANNERS Shartcut in Windows

Cut

Copy

Delete

Rename

Add/Edit Annotations..

Object Info._

Convert 1o Enhanced Working Format.,
Optimize

Merge Sub-Scans

Re-Import Scans..

Download HDS6000-HDS7000 Scans...
Estimate Cloud Normals..

Verify Targets...

Add Vertex To Scanner Position...
Make Available Offiine

Import..,

Import Leica System 1200..

Import ScanStation C10 Data

[ e T P P

54. This will create a registration below the 2 scans in the file tree. Right click on it and re-name it
Registration 1 - 2 to denote which scans are included in the registration.

55. Double click the Registration to open it. Then go to "Scan World" and select "Add Scan World"
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z - Fv
9) Registration: Registrgtion 1-2 L!

Registration Edit | ScanWorld | Constraint Cloud Constraint Viewers Help
& Add ScanWorld.. «— | & A @ 2

Ay ScanWorlds' Const

Groups/ScanWorlds Toggle ScanWorld Leveled leight Error Emor Vector

Constraint Viewsr 1 Constraint Viewer 2

Add a ScanWorld to the Registration

56. Navigate to the "CC Registered" files and add them to the scan world as shown below and click

"OK".
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= — e

! =
1 | Registration Edit ScanWorld Constraint Cloud Constra Viewers Help

i g |

£d nt
| & e | ok ok k% 'EL a0 e
N
\l % ScanWorlds® Constraints li"*':- Consraint List £ ModsiSoaces ]
4
l—‘. GTQUPS;SC Jhiaddall. I Siakatciaioii =3 ¥ Moade
n o o o v
. @ Select ScanWorlds for Registration &
[ = T
g 2 test scan 1.xyz
I i A§ Scan1_2_completexyz scan 2 - Cloud xyz
+d @ & Scan2_3_complete xyz
p i de Scan3_4_completexyz
q # A4 Scan4_6_completexyz
sl v ¢ Scan5_1_completexyz
| = i3 CCRegistered 7
o —» & M scan1xz k
P » 7 A scan2- Cloudxyz
a # Registration 1-2
d
L
4
4 g
A
o Constrant}
1
§
i Cancel
Registration is out of date

—— —r—
57. Next click on the "Constraint List" tab, then slect "Cloud Constraint" pull down and "Cloud

Constraint Wizard".
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Registration Edit ScanWorld Constramt|CloudConstra|m|V|ewers Help |

3 & = =t w T Add Cloud Constraint & &0 - |
A Scanvionss: Consyane “ Constraintlist | ) i
ConstraintlD ScanWordd ScanWgqrdd Ty o e Error Vector Group

Cloud Constraints Wizard...

Canstraint Viewer | Canstraint Viewsr 2

Wizard for quickly creating many Cloud Constraints

58. In the "Cloud Constraint Wizard", click "Select All" and "Update"

@ Cloud Constraints Wizard 2y

|
—J_» SelactAll L 503..XYZ
I . : 4

: DesslactAl scan2 - Coudyz |

Select Cycle

Show Al

v

Update | | Cancel
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60. A box will pop up, click "Constrain".

ﬂ Cloud Constraints Wizard

MNawigation:
-Go "Back" to the previous pair.

@ty Cloud Constraint for scan 1.xyz and scan 2 - Cloudxyz:

Fick corresponding points in the two Constraint viewers, then
- "Prewview" the alignment based on the picked correspondences.
-"Constrain” the current pair and adwvance to the next pair.

- Skip to the "Mext" pair if there is not enough owverlap.
-"Return" to the Cloud Constraints Wizard grid.

Presiew ] l Constrain ] l Back ] l It

)

Return

L —

]

60. This will load a constraint into the constraint list. Left click on the constraint to highlight the

constraint, go to "Cloud Constraint" and select "Optimize Cloud Alignment".

— — T — ]
ﬂ Registration: Registration 1-2 “ r ’@@ﬁ

Registration Edit ScanWorld Constraint | Cloud Constraint | Viewers Help

0 0| K| A | o ok T e

Mg scaniionias’ Conswrainis S Constraint List ]ﬂ

ConstraintlD  ScanWorld  ScanWorld Ty
—— > |=£ Cloud/M.. scan lxyz scan2-Clo.. Cl

/

Add Cloud Constraint
Auto-Add Cloud Constraints
Edit Parameters...

Update Initial Cloud Alignment
Optimize Cloud Alignment
Show Diagnostics...

Reset Alignment

Cloud Constraints Wizard...

B 0W + e B 9ty
Error Vector Group
not aligned Ungrouped
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62. Close the results box that appears and click "Registration" then "Register" and then "Create Scan

World/Freeze Registration"

» Register

Create ScanWorld Groups...
Merge ScanWorld Groups
Auto-Update

Show Diagnostics...

Show ScanWorld Group Info...

Show Traverse Report..

View Interim Results...

Create ScanWorld/Freeze Registration

Unfreeze Registration

Create ModelSpace
Create and Open ModelSpace

Import Registration...

Close

lRegistration] Edit ScanWorld Constraint Cloud Constraint Viewers Help

fr=—o"s — T e 5
e e SRR

3o & & 4 & &

Ek < a 00+

“ o W% 4% e

|

ud/Mesh - _

63. Close the registration. The registration should now show up in Cyclone Navigator as a ScanWorld
with the same name as the Registration. In this case it is "ScanWorld [Registration 1-2]" to denote that it
contains Scans 1 and 2. Expand the ScanWorld and open its Modelspace to examine. The clouds should

be aligned with each other.

Status Weight Emor
10000 nfa

On

B-47
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= 51 SERVERS
. .B% SURVEY-EXPLORER
lj @} SURVEY-EXPLORER (unshared)
. @9 B4992
- i3 new roads test
i Wando Bridge
3 Muskegon-2
3 luck stone
3 7321.01 USCG Willmington
i3 USCG Willmington
i3 Wausau
3 Sallisaw
i3 Walsh Spuds
E test
o test
w4 Secan1_2_completexyz
-4 Scan?2_3_completexyz
F" M Scan3_4_completexyz
- M Scan4_6_completexyz
-4 Scan5_1_completexyz
-1 CC Registered
- scan 1xyz
| m 2% scan2-Cloudxyz
___y B JQ ScanWorld [Registration 1-2]
-4 Registration 1-2
../ ControlSpace
=& ModelSpaces
=-@i ModelSpace 1

B ModelSpace 1 View 1

-El

[

(3 SHORTCUTS
~[@ SCANNERS

64. Assuming the registration went well, We will "Select All" in the ScanWorld modelspace and "Export
to the "CC Registered" folder as 1-2.xyz to denote that it contains scans 1 and 2. We will then open
CloudCompare and import 1-2.xyz and scan 3. We can now repeat the Cloud Compare Rough
Registration Process by only moving scan 3 in relation to scans 1 and 2. Likewise, we will repeat the
Refined Registration in Cyclone by registering Scan 3 and ScanWorld [Registration 1 2].

This process of cleaning and adding 1 cloud at a time should be repeated until a registration containing
all clouds is obtained. The resultant Cyclone Navigator file tree will look like this:

= &) cc registered

-y 2xyz

A 1xyz

M ScanWorld [Registration 12]
- ScanWorld [Registration 12 3]

w- A 4xyz

,]Q ScanWorld [Registration 12 3 4]
h ScanWorld [Registration 123 4 5]

1

B-48



65. At this stage, the ScanWorld Model space containing all clouds should be opened for final cleaning.
The cleaning process will again involve removal of any outlier points that appear to be noise. In addition,
any points near the outer range of each scan that do not appear as detailed, and that have better data
from an adjacent scan should be removed. (See below for example of points to be removed)

View  Viewpai tject t Tools

66. Once all scans are cleaned, they should be selected one at a time and exported from Cyclone as
separate .xyz files.

67. We will right click on the "Test Project", in Cyclone Navigator and we will create a new Project
called "Final Registration". Import all .xyz files from step 65 back into the "Final Registration" folder. At
this point, you will need to "Estimate Cloud Normals" for all clouds.

68. Create a registration in the "Final Registration" folder and add all scans.
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— — | —

Registration Edit ScanWorld Constraint Cloud Constraint Viewers Help

Gl |kl e F | S H NG L A e+ s

k¢ Scanworlds' Constraints I:tfc:qwmma | @l Mosetspaces |

s X ey PP . Fo——_—

B2 select ScanWorlds for Registration ﬂ

Groups/Sca

@ M ccre gistered | 1oz

- final register §.xyz
e k 1xyz XyZ
i -

& b Tz >3 2
@ Ay 4xyz
[E= h 5.‘(}'2 £
# 4 ScanWorld [Registration 1]
¢ Registration Final
7 M Scan1_2_completexyz
5 h Scan 2_3_complete xyz
1 A Scan3_4_completexyz
4 g Scan4_6_45xyz
|| |® o Scan4_7_15xyz
- 44 Scand_7_-15xyz
Constraintlll | 5 Ly Scan5_1_completexyz

| K | Cancel |

69. When assigning constraints, "select all" to lock each cloud to each other and obtain a tighter

=

overall registration.

P —

[} Cloud Constraints Wizard

| selecian | msegsmusa:é_xyz Iz dxz Sap
— 2 2 A e
ahessieciblle] |2 (] [ M W
—_— - o v v
Select Oycle Ao =j !:aj D Vv

2 sxpz ] B L] [

[ B = O

Update ] Cancel |
A ______

70. Once all constraints have been established, select them all from the "Constraint List" and

go to "Cloud Constraint" pull down and select "Optimize Cloud Alignment".
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Bj Registration: Registration Final

R rTrrriE:

Add Cloud Canstraint

My Scanonids Constaints £ Constraint List l"ﬂ

Auto-Add Cloud Constraints
Edit Parameters...

ConstraintlD  ScanWorld  ScanWarld
Cloud/M...
Cloud/M...
Cloud/M...
Cloud/M...
Cloud/M...
Cloud/M...
Cloud/M...
Cloud/M...
Cloud/M...
Cloud/M...

ARRARARRERER

Update Initial Cloud Alignment
Optimize Cloud Alignment
Show Diagnostics...

Reset Alignment

Cloud Constraints Wizard...

e s
nfa
nja

Blo|+ |22 |0%|[9%s

Error Vector
not aligned
not aligned
not aligned
not aligned
not aligned
not aligned
not aligned
not aligned
not aligned
not aligned

Group

Ungrouped
Ungrouped
Ungrouped
Ungrouped
Ungrouped
Ungrouped
Ungrouped
Ungrouped
Ungrouped
Ungrouped

|| 4z CantrolSpace [Fegistration Final]

| || bz ControlSpace [Fegistration Final]

71. Close the results box that appears. Under the "error vector" heading, select and delete

any constraints that are labled "not alligned". (In this case none)

Registration Edit ScanWorld Constraint Cloud Constraint Viewers Help
| oo Kbk (Sl F A BN L [ERRS B0+ | 2o 0% 5%
: M Scaniionds © - SHE C int List l I
|| ConstraintlD  ScanWorld  ScanWorld  Type Status Weight Error Error Vector Group
=t Cloud/M... 1xyz bxyz Cloud: Cloud/Mesh-.. On 1.0000 nfa aligned [0.020 m] Ungrouped
=£ Cloud/M... 1xyz 2xyz Cloud: Cloud/Mesh-.. On 10000 nfa aligned [0.019 m] Ungrouped
=£ Cloud/M... 1xyz 4xyz Cloud: Cloud/Mesh-.. On 10000 nfa aligned [0.020 m] Ungrouped
=E Cloud/M... 1xyz 3xyz Cloud: Cloud/Mesh-.. On 10000 nfa aligned [0.020 m] Ungrouped
=E Cloud/M... 2xyz bxyz Cloud: Cloud/Mesh - On 10000 nfa aligned [0.021 m] Ungrouped
=€ Cloud/M... 2xyz 4xyz Cloud: Cloud/Mesh-.. On 1.0000 nfa aligned [0.019 m] Ungrouped
=% Cloud/M.. 2xyz 3xyz Cloud: Cloud/Mesh-.. On 1.0000 nfa aligned [0.020 m] Ungrouped
||#£ Cloud/M... 3xyz 4xyz Cloud: Cloud/Mesh-.. On 1.0000  nfa aligned [0.018 m] Ungrouped
|| |#£ Cloud/M... 3xyz Bxyz Cloud: Cloud/Mesh-.. On 1.0000 nfa aligned [0.021 m] Ungrouped
|||z Cloud/M... 4xyz bSxyz Cloud: Cloud/Mesh-.. On 1.0000 nja aligned [0.019 m] Ungrouped
[
I
I
| |
|
| |
72. At this stage, you can also experiment with adding constraint weights to individual constraints

that have higher error vectors. You do this by left clicking on the constraint in the constraint list and
going to the "constraint" pull down and selecting "set weight". A value lower than 1 will tell the

computer not to look at that constraint as hard if points are conflicting between clouds.
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E Set Constraint Weight &

Weight

Flease enter a value between 0 and 1

Avalue of 0 indicates that the constraint will
hawve no efiect on the registration.

[ o | Cancel

73. After changing the weights, you can retest by selecting all constraints and going back to "Cloud
Constraint" pull down and selecting "Optimize Cloud Alignment". The values should be played with until
the combination is found that results in the lowest error vectors for all constraints.

74. When this is done, finish the registration and open the modelspace for the final scanworld.

75. The resultant dataset containing all scans can now be categorized into layers for each
different material such as "channel bottom", Pier wall, debris, etc.

76. Turn off all layers except one and export a .xyz file for each layer.
77. Open CloudCompare and import each file containing the different materials.

78. Color shade each material differently in CloudCompare to get the desired final result. Apply
eye dome lighting (EDL) filter and save as a .bin file or snapshot for the final product.
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APPENDIX C: MOBILE IMAGING COLLECTION AND POST-
PROCESSING INSTRUCTIONS



Mobile Imaging Notes for HYPACK and BlueView

C1
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Introduction

In this guide you will learn how to set up your mobile imaging system, collect data and post process the
point cloud. This process is much more complicated in the field, but saves a large amount of time on the
post processing end. It is assumed that you are already familiar with Hypack. If not, there are plenty of
resources on Hypack’s website to get you started. Note: Collecting multibeam data in the field
requires multiple pieces of electronic equipment to be connected to the collection computer. Each
piece needs to have specific IP settings on the collection computer. It is strongly recommended that the
collection computer not be part of your company’s domain. Connecting to that type of network
requires permissions and safety settings that can prohibit the proper flow of data into Hypack.

Getting Started

Make the “Project Manager” tab active. (red box) £z (Administrator) HYPACK 2015 - B-11-1 (32/64) [Felde

File -~ Draw ~ View ~ Settings = Preparation ~ ¢

Highlight the project heading (yellow box)

K BrlltAl B SESRNN] < WS
Click the drop down arrow on the “Groups” button (orange Update ENC Catalogs Add ENC Charts Advanced
box) and select “Add Group”
Project Manager 28

Navigate to and select the location of your project folder on I Project Manager i:mject Ttems | (Palette 1}‘
the collection computer. Hypack will create its directory in

that location.

Paume Lot Ao

Help

Click the drop down arrow on the “Projects” button (green
box) and select “New Project”

B HYPACK 2015 (2 Projects) C:\HYPACK 201...

Halifax Mar 23, 2015

Type a name for the project in the “Project Name” box. Keep
in mind, this is the name of the folder that will be created in
the project directory you selected in the previous step.

Select the Project Folder you created with the “Add Groups” g New Project oo 5
step above.

Project Name || [B-11-1

Hypack will create the project and make the “Project ltems”

ta b active. Project Folder |Single Beam Tutorial _"_I
HYPACK 2015

Network

Single Beam Tutorial

cﬁi
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Project Geodesy
A note about Hypack Geodesy: Hypack is not only a powerful post processing tool, it is also a powerful

data collection tool. Because of this, Hypack assumes that all incoming data, collected by Hypack or by
other means, comes in as geographic Latitude-Longitude on WGS 84. When using or exporting the data
you’ve collected, Hypack will translate the data to the coordinate

o . g (Administrator) HYPACK 2015 - B-11-1
system you specify in Geodetic Parameters.

View = Settings = Pre

Click the “Geodesy” button (red box) located in the upper left 0] D;?' % Yo 1)

corner of the Hypack shell.

Update ENC Catalogs Add ENC Charts

Project Items
Project Manager | Project Items | (Palette 1)
Start by Selecting the [ | |
Predefined grid for the File Tools Options _Help ——
project. (red box) Selecting o T
. . L] Hiesod  jwesed Lambert Conformal Conical
this will populate the next Sz ene 0D A leee
. i-Major Axis 65378137.000 Central Meridian 094°00'00.0000™W
Zone box with the zones M2 MO A SO '! Reference Latitude | 43°00'00.0000°N
. . Flattening 298.257223563 e Factor 000000000
that are available in the Scele Facto T
Distance Unit _ North Parallel 45°1300,0000N
selected grid. ) R T S R South Parallel 43°4700,0000 ™
PepthUnit | same 25 horizontal T Deltax [0.000 Delta rx | 0.00000
DeltaY | 0.000 Delta rY | 0.00000 fa= =g oG b0
As stated above, most data : : False Northing 328083.3330
. . DeltaZ | 0.000 Delta rZ | 0.00000
will be in WGS-84, make  e———— Local Gid Adjustment [ Local G
sure this is the selected Datum shif fie
ellipsoid (yellow box)
RTK Tide Calculation Geoid Model Orthometric Height Correction
() Not using RTK tide g20123-CONUS D 0,000 fts
Select the local Zone your ,
() (K-N) from KTD file
project isin. (green box) () N from geoid model, K from KTD file
71 N fram aenid mndel K fram WNahim
M k h d . (@) N from geoid model, K from user value
ake sure the distance () (KN I
. . om ceervale Height of geoid above chart datum 0,00
units in the blue box are
appropriate for your
project. *We may want to

adjust to UTM Zone 15N
metric for all-NEED to
adjust offsets in hardware
if we do!

Hypack treats depths below the waterline as positive numbers. If you would like to work in Elevations,
check the “Elevation Mode” box (orange box)

Typically you will be using some form of RTK GPS during the collection process. You can take advantage
of that in our water level calculations by using the “N from geoid model, K from user value” option in the
yellow box. *Do this correction post processing with field observations (take a WSEL!) We use NAD3
2011-Geoid 12(a).

Click ok and save the project.



Background Charts
Part of preparing to collect data, you will need to construct a matrix that encompasses the survey area.
Without a background chart or image it is almost impossible to know where you need to construct this.

You can use GoogleEarth to make your own Georeferenced map.

Start by zooming to the area you need in Google earth. Make sure the map is oriented North and
there is no tilt on the image-to do this hold down the middle mouse button and push it forward.

Go to the File menu select Save... then Save Image. Save the jpg to the “Satelite” folder in the Hypack
project. Do not close Google Earth.

In HyPack, click the drop down on the Editors button and select “Image K& (Adminisrstor HVPACK 3015 23515 Shipirecks 2
Geo Reference" File = Draw_z - Settings = Preparation =

JORYIME omEY
. . Update ENC Caa} 3D Shape Editor
In the Image Geo Reference editor, click the Image menu and select & Advanced Channei Design
Load e %—'; Boat Shape Editor
Project Manager {Zj Border Editor
Navigate to the location of (£ open =) & | Options~ |§.& D62 Edtor
. Loskin: [ Sewen st =] e mcrmEr Ttem h Dredge BMP
your image. You may need i . - T Tope = [tz ra GML Presentation
to Change the ”Files Of typen M;-LH = GF Image.jpg L4015 333 PM  IPEG imag D Edﬁm Image Geo Referenct\\r |
[t # [ sorfizy KT Tide Editor
box to match the format of ot o W[ proy ¥ Line Edkor
your saved image in order to = O[Ty (1 Matrx Edor
e M O @ Plotting Sheet Editor
see it listed above. sl - <52 Raster Edtor
‘i! ) 0 :?e Target Editor
Highlight your file and click toem. T = S = 'I o U Edor
name SE oo - 1 W
Open. Resclpe:  [IPES moes (el = e | - =3 XVZ Colector
|BRmag Fles " b
r i

When your image loads identify a point near the corner of the image that is easy to see and will be easy to
select. For this example, I've chosen the center of a dolphin. It is a small target on this image, easy to see,
easy to click the center of.

. % Image Geo Referenc
Turn on the Contr0| pOInt ”Image Ground Control Points  Geo Reference  Help

tool then double click the M@ Qs O O 1 Column: 299 Row: 118
desired point to place a [0, R L N
control point.

Make sure the Units are
set to WGS84

You will need to enter the
latitude and longitude of

Image X [TUnits

the point you've selected. | ESSEREN ' € Projected XY

Image Y 113

" Local LatfLon
Latitude |34 50 50,0896 N
|
=
Longitude [096 54 27.3126 W | * wGsg4Lation

Make note of the format.
You need to use the same
format when entering the | : : y
location.*Verify this can X S concel_|
be done in metric if using | : .
metric.
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Go back to Google Earth and click the oo Tl

File Edit View Tools Add Help

“Add Placemark” button ¥ Search ]

Move the pin so that the point of it is
directly on top of the same point you

Latitude:  44°59'14.68'N
selected in the Hypack editor. Longtuce: aissTEIW

Name: T Placet

You can now copy and paste the lat/long

Desaription | Style, Color | view | Albitude

litlé,d Pi_acemfa'r

"\

k
N

LT
A

from the “Google Earth — New
Placemark” box into the appropriate field
in the Hypack editor.

Repeat this process for a second point.
Note: for the best result, try to find a
second point that is in the opposite
corner of the image.

Once you have 2 points established on your image you can apply the transformation to the image.

On the right side of the Image Geo Reference editor you will find that

(rere@re GE Image. jpg the “2PT Transformation” box is now available. Notice the numbers in
Image Width 1712 the Transformation Matrix.
igh 1011 . . . .
mags heent Click the 2PT Transformation box and the Transformation Matrix should
Transformation Matrix populate with a new set of numbers that are specific to your image.
A-mil 383 Click the Apply button to make the changes to the image.
D-mi12 0.14
B-m21 0.14 Click the “Image” menu in the Image Geo Reference editor and select
E-m22 -3.85 Save.

C - X Ref, 2813400, 38
F -¥ Ref. 1053342.99

Apply

2 PT Transformation

the image.

Be sure to allow both files to be saved in
the dialogue box and click Ok

‘ If you look in the Satelite folder you will
see that two files exist with your image
name. One is the actual image and the
other is the information that Hypack

Map Displa
PRy ey needs to properly place and scale the
Show HR&H . A
e LA image. DO NOT delete or rename this file.
Transparency...
i Burn
wites
sktop
ywnloads
Close the Image Geo Reference Editor. cent Places
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Navigate to the Satelite folder in the project, type a file name and save

[ Hirite GeoTif (embedded TFW:

[ Wirite TFW file

[V Use LZW Compression

oK Cancel

Mew folder
Mame

GE Image.tfw

|| GE Image.tif



Project Ttems 23

| Project Manager ‘ Project Items |(Palette i | Web Maps|

i @npﬁum 5

Item [path |
[1[2) Raw Data Files

[1[i3) Ediced Data Fies

[1[i33] Sorted Data Fies

=] []3 Project Files

(1114 chanpel

ﬁ Background Files

Border Files

Channel Plan Files
KTD Files

Matrix Files

Plnned Line Files
Plotting Sheet Files
Sound Velocity Files
Targets

Template Files
Tide Files

Bucket Files

ADCP Files

Side Scan Images

Web Maps

Hemove File

: Delete Fil
v ] Archive elete Mle

Archive

Open in Notepad
Open in Explorer

Bring to Front
Send to Back
Transparency
Chart Display Order
Export to Google Earth

Modify Folder Font

In the Hypack shell, insert your new Geo Referenced image.

Right click Backgrounds and hover over Add File

Select “TIF Files” from the pop up menu.

Navigate to the location of your image, highlight it and click open.

You will notice that your image does not appear under the Background Files
category of the Project Items Tree. Hypack places these images under Web
Maps.

Expand the Web Maps category

Right click your image and select _
“Zoom Extents” to center your Hint: The zoom level that you were

map view over your newly at in Google Earth is the maximum

inserted image. resolution you will get in Hypack.
With a little patience, you can zoom
in for a higher resolution image.

You will need to create multiple
images to cover the entire area you
need. Each image will need to be
referenced using the process above.
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Matrices

The matrix is used to display the coverage you are getting during the data fﬂﬂ':“"'u:‘w
collection process. Should you drift outside of you matrix while collecting data, ot B D ME"
. . . . . . Update BNC caik 30 Shaps Editor
you will still be recording the data but it will not appear on your screen. With R T ——
i H . . = § Boat shape Edear
your chart or image in place you can setup your survey/imaging area. Pt | 7] o e
2 options = 7.5 062 Fdkar
i . = e r“ Derdge BMP
Click the drop down arrow on the Editors button. T o S Preserttin
|—||_| E“!.l‘ Trage Geo Reference
o ‘m._?_.':}f‘j KTD Tide Edditar
Select Matrix editor. | Wy rff L i
017 (1 Matr Edtor
o !{ﬁ Plotting Sheet Editer
A box will be created and the Matrix Editor will appear. 71 St
:3] -' :. TPU Edror

In the Matrix editor you can enter the Width, Height and Rotation of the matrix.
You can also adjust these things graphically using the manipulators at the corners of the box.

The Cell Width and Height should be edited if necessary. These parameters control the resolution of the
data being displayed on the map during the data collection. Smaller cells give you higher resolution
while lager cells will give a more pixelated look. For imaging, a 1 by 1 cell size works well. This does not
affect the resolution of the actual data being collected. The factor that you should consider when
choosing the cell size are the overall size of the matrix and the power of the collection computer. Large
matrices with small cell sizes can cause a lesser powered machine to bog down and even cause crashes.
One way to avoid this problem while still keeping a high resolution is to create a few smaller matrices to
cover the work area rather than one large one.

File Edit Help

Corner ¥ 128 17049.45
Corner ¥ 1050854.05

135500 mors
760,00 m or ft

| cellwidth  [5.00 mor ft

| Cell Height

Rotation

Matrix Type isurvey - ]

AT Memory (... T
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Position, Rotate and size the box to fit your area of work.

The lower left corner of the matrix is the position manipulator. Left click and hold this
to move the matrix to the desired location.

=

The lower right corner is used the change the width of the matrix. Left click and hold
this to change the width.

-

The upper left corner is used the change the height of the Matrix. Left click and hold
this to change the height.

D]
i

The upper right corner is used to rotate the matrix. Left click and hold this to rotate.

L]

When you have the matrix positioned, sized and rotated to cover your work area click the file menu in
the Matrix Editor and save your matrix to the project directory.

Close the Matrix Editor.

Planned Lines

Planned lines can be helpful during your patch [ Line Eaitar. ==
. . . File Edit Line Template Help

testing or making sure you have cross section = [5] = o

. . . . e tg = £

information at the prescribed locations (l.e. at cursor | previen | adduine | offsets cipLines

Lines

bridge fascia). In order to use the Left/Right
Indicator in HyPack Survey, you will need a planned
line file.

Click the drop down arrow on the Editors button.
Select the Line Editor.

You can create multiple lines in one file. Start the
first one by clicking the cursor button. The Line Elevation Mode _[Chart Datum: 0 [Selections:0
editor will be minimized to the bottom of the Project Items pane in the Hypack shell.

Click on the map to establish the beginning of the line. Click a second time to establish the end of the
line. You can place as many points as you need to make your line.
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You will see the name of the line appear at the beginning (red box) and arrows along the line (orange
box) indicating the direction it was created. This information is helpful when/if you are going to create
offsets from this line (l.e. 500 ft upstream of bridge fascia).

e
=] =]
[~ |

-.

Click the Line Editor button at the bottom of the Project Items pane to restore the line editor.

Line Editor i Base

|% :2817250. 14 |¥ :1050928.24

You will see the line you created listed in tatnecaor N =

&
&

* o=

the left pane of the Line Editor. You can N e | R

manually add more lines by clicking the CLEW Rl i | P C"iis

Add Line button (blue box) then clicking Lines Points | Template |

the cursor button to pick your line points. T i .
The coordinates of each point of the line — -
that is highlighted in the left pane are

displayed in the right pane of the Line

Editor (green box). These coordinates can

be edited here if needed.

You can add more lines using the Offsets J— Ad:;m Im::;om Dele;-mt Oit
button (orange Box). This is useful if you e Chart Dator 0 Lengthe 4010 =

need to survey cross sections at a
specified interval.

Highlight the line you would like to offset in the left pane of the Line Editor and click the offsets button.

Select Offset Methed

There are plenty of options for

constructing offsets within the Select
Offset Method window. Click the tab
of the method you would like to use.

Center Line Parallel | Radial | Search Pattern | Stair Step | Extend Lines

Lines left of center

E—
[@
Lines right of center IU

Distance between lines e.g. 100, 50, 30 etc to create pattern The procedure for a few of the

™ GeoNav Naming methods are outlined below

v Allow Line Renaming ok I




Centerline Offsets: Creates Cross Section lines along the
original based on station.

NOTE: To determine the
direction of your offset, assume

Starting Chainage |—u.u Narming Scheme I—_, - you are standing at the beginning
point of the line looking towards
Distance Port IIU Angle I‘BD .
¢ the end of the line.
Distance Starboard IZU [~ Smart Corners

Line Spacing Il[]

Starting Chainage: Set this if you do not want the cross sections
to start at the beginning of the line.

Distance to Port/Starboard: Used to determine the distance out
from the original line.

Line Spacing: Specifies the frequency of the cross sections

Angle: Set to 90 for perpendicular cross section lines or use any

angle you wish. 0b+0 0E+0 02+ 01+0 00+0

Parallel Offsets: Creates offsets on either the Left, Right or both sides of the original.

Enter how many lines are to

23 41

Lines left of center |3 . . o - - - - -
be created and on which side. = N N N = = N

Lines right of center I[J

Distance betweenlines |25 Enter the offset distance.

[~ Geolav Naming (same units as the project)

To avoid confusion, be sure to uncheck the “Allow Line Renaming” box. This
function will change the name of the original line, making hard to keep track of it.

Radial Offsets: Creates lines the same length as the original radiating from the beginning point.

Angle Increment Ii‘j_[J Angle Increment: specify the

angle between each line.
Additional Lines [ Lines are created in a
clockwise direction when a
positive number is used and a
counterclockwise direction
when a negative number is
used.

[~ Allow Line Renaming

Additional Lines: specifies the amount of radial lines to create.

To avoid confusion, be sure to uncheck the “Allow Line Renaming”
box. This function will change the name of the original line, making hard to keep track of it.



When you have the planned lines you need. Click “File” in the Line Editor, then Save As..
Give your line file a name and click save.

To see your lines, you will need to enable them in the Project Items tree by checking the box next to
your file under the “Planned Line Files” category.



Patch Test

After you have mounted all of your equipment on the boat, you will need to carefully measure the X, Y,
and Z positions and orientation of each of the sensors. These locations and orientations are entered
into the hardware setup within Hypack. No matter the care taken during the measurement process,
there will be errors in the final computed offsets. The patch test data collected and processed will be
used to determine correction values for these offsets. With a well patch tested system you can save
time during the post processing phase of your imaging. Without patch test data, you will not be able to
rely on your data for bathymetric surveys.

A traditional multibeam patch test is conducted using two different types of channel bottom. The
latency, pitch and yaw are conducted over a sloped bottom while the roll test is done over a flat bottom.
The most challenging part of the patch test is actually finding the patch test area.

Imaging projects will require you to tilt your sonar head at extreme angles to collect data all the way to
the water’s surface. Because of this angle, the tradition patch test can be almost impossible with the
BlueView head. For best results make use of a stationary vertical object in the water that you can drive
your boat around in a square pattern. Visually, these objects are very easy to find compared to
traditional patch test areas. The
problem is they are not common
objects in inland waters and you are
rarely able to navigate on all sides of
them.

Whether you are using the traditional
multibeam patch test or a vertical
test, you are going to use the data to
correct for four different alignments:




Latency Test: Determines if there is any lag in the timing of when a ping is recorded and when the
position and heading are recorded. Collect data over at least 300 feet of a sloped channel bottom
running perpendicular to the slope at normal survey speed. Return to the beginning of the line, collect
data over the same line in the same direction at double survey speed.

. Collected at 4 knots
> - Collected at 7+ knots

Roll Test: Determines the Port/Starboard angle of
the sonar head in relation to the MRU (Motion
Reference Unit). Collect data over at least 300 feet
of flat channel bottom. Turn the boat around and
collect data over the same line in the opposite
direction at survey speed.




Pitch Test: Determines the |
Fore/Aft angle of the sonar head
in relation to the MRU. Collect
data over at least 300 feet of a
sloped channel bottom running
perpendicular to the slope at
normal survey speed. Turn the
boat around and collect data

over the same line in the opposite
direction at survey speed.

Yaw Test: Determines the angle of the
sonar head to the GPS antenna base line.

Collect data over at least 300 feet of a
sloped channel bottom running
perpendicular to the slope at normal
survey speed.




Return to the beginning of the line, collect data in the same direction, this time drive the boat over the
edge of the previous Yaw pass. The goal is to be able to cut a profile in between the two passes where
the data overlap is 50%.

\Vertical Patch Test: The field collection portion of the vertical patch test is quite a bit simpler
than the standard patch test process. As stated before, you will need to drive the boat in a box pattern
around a stationary vertical object. If at all possible, try to find an object in shallow enough of water to
be able to get the channel bottom in the data for your roll test. Conduct all of your runs around the
object at normal survey speed and at the same distance from the object. You can use the latency values
from your standard patch test for the vertical test. The direction you need to travel will be determined
by the side of the boat your sonar head is mounted on. If water depths require survey data to be
gathered at multiple sonar tilt angles, a separate vertical patch test is required for each angle setting.

H G

Ay F

NOTE: Astempting as it may be, an anchored
buoy will not work for this test. Even in calm
waters, the wake from the survey vessel will .

alter the position of the buoy enough to make
processing your patch test data practically
impossible. BY

F 3
v

Below, you will find an example of the standard and vertical
patch test forms for keeping track of your lines in the field.



Standard HySweep Survey Setup/Patch Test Form

Sonar Head
Date: Angle:
Project:
Crew:
Waterline Reference:
Waterline Measurement:
Measured Waterline Elevation:
GPS Waterline Elevation:
Entered K Value (in Geodesy):
Sound Velocity at Surface:
Sound Velocity Profile Name:
IMU Calibration File Name:
Latency Test - Line C-D (Same direction)
C-D at Survey Speed
C-D at Double Speed
C-D at Survey Speed
C-D at Double Speed
Roll Test -Line A-B at Survey Speed
A-B
B-A
A-B
B-A
Pitch Test - Line C-D at Survey Speed
C-D (Copy Latency C-D)
D-C
C-D (Copy Latency C-D)
D-C
Yaw Test - Lines C-D and E-F (Survey speed, Same direction with 1/2 offset)
C-D (Copy Latency C-D)
E-F
C-D (Copy Latency C-D)
E-F

Patch Test Results




Vertical Patch Test Form

Diate: Sonar Head Angle: MULeg: [__|
Project:

Crew:

Waterline Reference:

Waterline Measurement:

Mezsured Waterline Elevation:

GPS Waterline Elevation:

Entered K Value (in Geodesy):

Sound Velocity at Surface:

Sound Velocity Profile Name:

IMU Calibration File Name:

A-B at Survey Speed

AB or B-A
AB or B-A
AB or B-A
AB or B-A
C-D at Survey Speed
CD or DC
CD or DC
CD or DC
CD or D€
E-F at Survey speed
E-F or FE
E-F or F-E
E-F or FE
E-F or FE
(=-H at Survey speed
-H or H-G
z-H or HG
-H or H-G
z-H or HG
H G
LY 4 F
IMorth Arrow Patch Test Resulis
O Latency:
Yaw:
Pitch:
B + .} E Roll:
C D




Data Collection

The data collection process requires the operator to monitor a lot of information. The screenshot below

shows the typical configuration of windows during data collection. This spans 2 monitors. On this vessel
the operator and driver are seated next to each other and can both see the displays.

The following are some of the windows you may want to have displayed during the collection process.
You can have any number of displays you like or can fit on your displays. You can even have multiple
versions of the same display. This is handy when the driver has their own monitor and needs to see
some of the same information the operator needs.

You should have the control software for your Positioning and heading instruments visible. (In the
example used for this manual, a Coda F185+ was used for motion reference, Positioning and Heading.
Positioning was aided with a GPS base station broadcasting its RTK signal via FM radio to the survey
vessel. )

Positioning and Heading

Things to keep an eye on L Control Connection to F180 Series o E
il . File View Calibration Logging Help

Wlthln thIS SOftware are the Source: g Ethernet ~\ £ Ll @ (3 Automatic Q0000

connection to the collection B Exom®

computer (red bOXES) and Feal-Time Data: Vessel Motion ) ;;
Conrection | @ Navigation ; Real Time

GPS status (orange bOXES). If n“ Ctatis Heading iritislisation. GPS Heading: |Searching
Calibration Unknown GPS Posiion;[valid [

Conection: |[RTK (2 am) IPowew‘Comms Crata On COM1 & I

you lose any of this
information, depending on MHQLJQ

m
T 2/7/2M6 3:03:39 PMIUJ: Info: Heading search in progress. ~
t h e seve rlty Of t h e d ata IOSSI 2/7/2M6 20344 PMIU Waming: Mo heading search in progress.
. o 0 2/7720N6 3:03:44 PMIUJ: Infor Calibration status: In Progress
yo u may need to stop 7.6191°N 76°25.7705' W 2/7/26 30345 PMIUJ: Info: Calibration status: Unknawn
2/7/2MN6 3:03:45 PMIU]: Info: Heading search in progress.
. 247726 303251 PMUL Waming: Mo heading search in progress.
collecti ng data and resolve 2/7/2016 30351 PMILIL Infor Heading search in progress
15:03:52.0 2/7/2016 v

the issue or at least make a note .o,
=) Data being logged to file

of the observation for reference

during post processing.




)

Heading Initialisation F180 Series ? Calibration Status

0 o[ o b ati - @0 |Unk
Heading Initialisation In Progress Calibration Stafus —
' Calibration Duration : Not Available
Search Parameters ——
Fiegiess: 1053 remaining Heading Accuracy )

The Coda software provides a few options for other windows to monitor in addition to what is seen
above. Two of the windows used here were the status of the Heading Initialization and the status of the
system’s calibration. As you can see above, the calibration at the time of this screen shot was not within
tolerance. The system was reporting a heading accuracy of .3 degrees. This type of inaccuracy can
cause severe warping of an object being imaged. Data collection was suspended until the calibration
was resolved and the heading accuracy returned to a normal range of .06 to .09 degrees.

Graphical HPR (Heave, Pitch, Roll)
™ Graphical HPR - B

Pitch: 1.50% Roll: -0.71 =i

This window is a great way to visually see if your Heave, Pitch and Roll data are being recorded properly.
If this display does not make sense with what the vessel is doing in the real world, you should suspend
data collection until the issue can be resolved.

The white line (green arrow) is used for the zero reference plane.

The box (orange arrow) represents the boat reference point. The position of the box above or below the
reference plane will indicate the current heave state of the vessel.

The yellow line (red arrow) indicates the current Pith and Roll state of the vessel. The line tilts to
indicate roll direction and severity and rises or falls in relation to the zero reference plane to indicate the
vessels current pitch state.

The triangle (yellow arrow) at the top indicates the vessels heading. The triangle will stay in the center
of the display and the numbers will scroll from side to side to show the current heading in degrees.

You can also see the numerical value of the Heave, Pitch and Roll at the bottom of the display. (red
boxes.
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Profile Window — Beam Pattern - Ty -

This window is handy for monitoring
the data you are collecting. For
example, if you are seeing a lot of
noise near the head it could be
preventing you from getting the data
you are actually looking for. You may
have to make adjustments in Proscan
to clean up excess noise. *For
BlueView you may need to lower the
intensity threshold if getting lost
beams.

If you have multiple head angles or
sonar heads set up in Hypack
Hardware, you will need to be sure
the current configuration is being
displayed by selecting it from the
drop down (red box)

The current swath width is displayed in the project units (blue box)

The range settings can be adjusted by right clicking = v—-orie- S - ~~
anywhere in the profile view and selecting Display o T oo o e g i i
Options. ik U

Multibeam

Make the Ranges tab (red box) current and enter the

Minimum Depth 0.00 Maximum Depth 0

appropriate values for your sonar, head angle, operating portOffset it & Starbocrd Offse it 0
Port Angle Limit ) Starboard Angle Limit 0
depth and range in the Multibeam section (green box). bepth R for Overiap Calors. 50

Topographic Laser

You can change the look of the display on the

Minimum Depth -50.00 Maximum Depth 0.00

Multibeam D|Sp|ay tab (b'ue box) Part Offest Limit 100,00 Starboard Offset Limit 100,00
1 view Options [=sl&@ = |
Rar\gesQCTests Coverage Map | Other Belad [Coomy | o€ || concal
Profile Window
Sweep Profie @ Beam Pattern Wavefront
Sounding Points Fix Vertical = Horizontal Scale
3-D Seafloor . . . . .
Viage Depiay inehame Dipny & said Options for the display are in the Profile Window

Color TIN Sounding Points section (Orange bOX)

Multbeam Waterfall

@ Solid TIN Color TIN Intensity

o The example above is using the Beam Pattern option.
-
[ e Deptn 50 The option here is entirely personal preference.

Defauits [ ey )| o« || cancel
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Nadir Depth

Displays the depth below the sonar head and at the center of your swath
width. This depth is not the actual water depth. This window will help you
keep from running your sonar head aground. Note: When using a tilted
sonar head, this depth is not directly under the sonar head, but is where the
nadir beam hits the channel bottom. In the example Profile Window above,
the depth shown would be roughly 30 feet from the sonar.

Madir Depth (Uncorr...

11.8

If you right click the depth display area and select Display Options, you will bring up the View Options
dialogue. The Multibeam Display tab will be active and you can set an alarm depth and change the font.

Data Display

At first glance, this appears to be a simple window. This display can be
customized to display your choice of a lot of different information.

Click the Configure... menu and a dialogue will pop up for configuring what

data you want displayed.

The Display box on the right side shows you what is in your current

window.

Expand any of the categories on the left
to find the type of data you want to
add to the Data Display.

Highlight the item you want to add.

Click the Add=> button and the new
data item will be added below the data
item that is highlighted on the right
side.

You can make this window as simple or
as complicated as you like. Just
remember that screen real estate can
be at a premium on the survey vessel.

Data Display(1) - ©
Font.. Configure.. Style
East 1230290.65
North 13908648.53
Hdg 153.59°
Status Logging
Speed(kt) 1.97
Data Display Configuration ﬂ
Available Display I
(- General Add —> East
Cursor ;] sz'th
[#- Dredge o Hag
Pt
Cancel
General Options (apply to all windows) [T] enhanced

Display Speed in @ Knots

2 MPH
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Map

When you have a matrix loaded into HyPack _ _ _ Map(1) -
Survey, you will be able to use the map to "‘;“CC)\]HWQ\‘&[ ‘ TT:ﬂ = .
monitor the coverage you are getting during the oo | P
data collection process. The map will show you '
the current position and orientation of the
vessel. The map uses the same background file
you loaded into the Hypack shell when you
created the project.

-0

Patuxent River

Under the settings menu you will be able to turn
the vessel tracking on or off and specify how the
map behaves when tracking the vessel.

Onentation and Trackig‘ lﬁ

Vessel Tracking

33|
0 22456790
@ In Center 10 In Center Frame Pct. :E:E

_) Look Ahead _' Vessel and Target o N 9
1226909.79 | 1390812236 | 38d17'31457"N | 076d26'28 485" W | 38d17'31457"N | 076d26'28 485" W

_) No Tracking 1 All Vessels

Map Orientation Vessel Tracking

_) User Defined

=0 e In Center returns the boat to the center of the screen as it nears

OVesselUp 300 | Threshold the edge. The In Center Frame Pct option determines when the

centering will occur based on the distance between the vessel

and the edge of the area map (expressed in percentage of the

Area Map window size with an allowable range of 5-25%).

e Look Ahead moves the boat further back from the center to maximize the amount of space
displayed ahead of the vessel.

e Vessel and Target keeps the boat and the current active target in view. The map automatically
zooms to fit as you approach.

e No Tracking allows you to move the screen anywhere you want without having it zoom back to keep
the boat in view. (Strike the Home key to center the vessel on your screen.) You can temporarily
turn this off from the settings menu or by hitting the “T” key on your keyboard when the map
window is the active window.

] I Cancel

Map Orientation

e Vessel Up aligns the Area Map with the current vessel heading. Define a threshold (in degrees) to
determine how much the vessel heading must change to cause the map orientation to adjust. This
prevents constant (annoying) updates of the map orientation with only small changes in vessel
heading.

e Line Up draws the screen so the current line segment is directly “up” the screen. If you are in the
“Line Up” orientation, the boat should be progressing up the screen. If your boat is going “down”
the screen, you need to “whip” the line ends (change the start-line and end-line points) by using the
Ctrl-W key command or the LINE-SWAP menu item.
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e User-Defined Rotation draws the Area Map according to the specified degrees. Zero degrees will
orient the map with North up.

Make the driver aware that you can change these settings to which ever they prefer. Always remember,
the driver makes or breaks the collection process because they are in control of where the multibeam
swath goes. Make sure this display works best for them. You can always have another map display
open with different settings for the operator to monitor for data coverage.

The colors plotted as you paint the matrix can be adjusted to better fit your To I ==
current needs by right clicking on the color key on the map and choosing
Settings.

Options Colors Style [Bands Apply Help
Color Zanes Add Single Band
W seon

= DI:EE ?:: Edit Selected Ba%ds
200299 Delete Selected Bands

E i-gg ::g Smooth Selected Bands
Dsm0-539 Invert Colors

The current band set is displayed.

[ 5.00-5.99
[ 7.00-7.99
[8.00-8.99
[]5.00-9.39
[]10.00-10.99
[J11.00-11.99
[J12.00-12.99
[]13.00-13.99
[ 14.00 - 1499
[]15.00-1599
[ 16.00 - 16.99
[J17.00-17.99
[ 18.00 - 18.99
[ 19.00 - 18.99
L2000 - 20 98
Adjust Bands o1 | [+]=]

Click the Bands Menu and select Set Bands.

Enter the Minimum and Maximum Depths/Elevations and the increment at
which you want the colors to change. [Bep parae .

Denth
M

Make sure the Clear Existing Bands is checked and click | |
OK.

ok | [ cancd |

The band set should change to reflect your changes. You
will need to click the Apply button before you click OK to make the changes in your map display.

There are other options for the color bands to be displayed. Explore them to find one that works best
for your needs.

HyPack Real Time Cloud

This window is perhaps the biggest wow factor you can have while collecting data. When collecting
multibeam data for imaging, it can z = - - - _

. HYPACK Real Time Cloud - b
be the most useful display. This Fle View He
2O+ O O —+ o E ok

will give you a real time 3D point
cloud that is Georeferenced. It will
display up to 3,000,000 data
points until it starts to remove the
oldest points from the display.
This display is the best way to
insure that you are getting the
coverage you need for your
imaging project.

You can manipulate the view in all
directions by left clicking and
dragging in the view.

Zoom in and out with the mouse
wheel.
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HYSWEEP Survey Toolbar

The Hysweep Survey toolbar displays the LYSWEEP Survey - Loggingf'2016_0380903 0 0003Hsx"] - ©
f h d . . File Matrix Targets Corrections Tools Patch Test Help
status of the data connections COMING gy gy we s [wbesn| siesen  [omiees”

into Hypack during the collection process o e (Even) 03:03:51 (1685)
and gives you real time data regarding Tide Corr 6.3 Draft Correcton .0

. . . . Heave 0.0 Roll ¥l
your positioning and the soundings being " 1 resding —
recorded. Easting 1230285.1 Morthing 139086474

5V From Profile 0.0 SV From Sonar 47375
Some of the windows covered in this ®BoatInfo () Towfish Info

section are accessed through the View
menu of this toolbar.

Clicking on any of the device indicators will bring up information about the connection status. If you
have multiple sonar angles set up in Hypack Hardware you may see the Devices light yellow. Clicking on
it will show some devices that are not connected. You have the option to dismiss the warning and force
the light to show green. This will make it easier to spot a real problem if it should arise.

You'll notice that this image was captured during active file logging (red box). The information in the
guotations is the file name that data is currently being logged to. You may find this important if you
keep track of the files being logged in your field notes.

You can add a sound velocity profile under the corrections menu and Hysweep will process them in real
time.

Survey Toolbar

The survey toolbar is used to control the logging status, add matrix and line files to your survey.

Logging Line Chart Vessels Matrix Targets Tide Options Window Help

@ %2||| | | | &|‘Tf‘| Distance Unit Nautical Miles

Most important are the start and stop logging buttons (blue and red boxes). You can also use Ctrl+S to
start logging and Ctrl+E to end logging while this window is active. Keep in mind that you may be
clicking around and adjusting things in other windows. If you don’t make this toolbar active again the
keyboard shortcuts will not activate these commands.

Before you begin your data collection, you will need to load the Matrix file that encompasses your
survey area.

Click on the “Matrix” menu item on the Survey toolbar and select “load”

The dialogue box should open the root directory of your project. Select the matrix file you wish to load
and click open.

From the same menu, you can clear the current matrix. This can be helpful if you are making multiple
passes on a structure and want to monitor the coverage of each pass. This will not delete any of the
data you have collected, only the matrix in the map window will be cleared.
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One of the windows available to your driver is the Left/Right Indicator. This may be helpful for the
driver, especially during the patch test data collection. You will need your line file loaded to be able to
use this window.

Click the “Line” menu on the survey toolbar.

The dialogue box should open the root directory of your project. Select the line file you wish to load and
click open.

You can use the commands in the Line menu to control which line is active and which direction you
should be traveling along the line.

Swap (Ctrl+W) — Changes the travel direction of the line.

Increment (Ctrl+1) — Changes the active line to the next line in the list. (Line order is determined by the
order of creation)

Decrement (Ctrl+D) — Changes the active line to the previous line in the list.

Logging Data

As discussed above, the start and stop logging buttons are located on the Survey toolbar. You can also
use Ctrl+S to start logging and Ctrl+E to end logging while this window is active. Once again you may be
clicking around and adjusting things in other windows. If you don’t make this toolbar active again the
keyboard shortcuts will not activate these commands.

One thing to consider when logging data is the file size you are creating. From a storage perspective,
this is generally not important. Your survey computer should have plenty of internal storage space. Do
not attempt to log data directly to an external storage device as this can introduce lag and has the
potential to cause crashes.

While you are collecting data during a run, consider using the Start Logging function to end the current
lag and immediately start a new one. There are 2 main concerns for limiting the size of your log files.

1. Larger files will take more memory during post processing. This will slow down your loading
times and create longer wait times for the different operations you will use to post process your
data.

2. Smaller file “segments” make it easier to isolate problems in your data set. Using this system to
build an accurate 3D models of underwater structures requires everything in your system to be
working at 100% during every second you are logging data. If, for example, you experience a
momentary lapse in GPS coverage, the set of pings collected during that time will likely be
positioned improperly. By breaking your log files up, you will be able to isolate that area. It will
be easier to replace it with data from another run that did not see the outage, or you may be
able to adjust the data manually during your post processing.
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Field Notes

For patch test data, use the sheet
provided to record the files you log.
These sheets have places for you to
record other important information for
your job. If you are not patch testing
because you are imaging and using the
same set up you have already patch
tested, you will still want to note some
of the data found on the Patch Test
forms.

The field notes taken during the actual
imaging process can be as detailed or
as simple as is necessary. The example
to the right is fairly simple. This
information was recorded in addition
to the data fields at the top of the
patch test form. The structure being
scanned here was a 2700’ break wall.
The data files were periodically split up
during collection. For each run the
beginning and ending file name were
recorded along with a brief description
of the area/structure being scanned
and the direction traveled. This allows
for a smoother workflow during post
processing. The operator can now

Date:
Project:

Sonar Head Angle:

IMULog: [

Crew:

Waterline Reference:
Waterline Measurement:
Measured Waterline Elevation:
GPS Waterline Elevation:

Entered K Value (in Geodesy):

Sound Velocity at Surface:
Sound Velocity Profile Name:

IMU Calibration File Name:
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load the log files for each run separately without having to guess and use trial and error.
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Data Processing & Clean Up

MBMAX 64 is a powerful tool for editing and cleaning your mulitbeam data. Follow the steps in this
section on your patch test data before you run through the patch test processes in order to get the

best results.

Start MBMAX 64.

Click the “Load Survey” button. = 0=
(W P T DT e s ] e
Change the file type to “HYSWEEP Raw | =~ "= B W8
(*.HSX)” (red box) o | Buan
The raw survey files you collected will ‘::mmh
be found in the “Raw” folder in -~ ,-z::
Hypack’s project directory. & sy st

Select all the patch test files for sonar
angle you collected and click open.
(You can only process data from one

: File * Draw =~ View = Settings = Prepafgtol

n  Survey = Processing = Final Products =

GOr Y %% ool

s Dot (D)
i Detal (F)
s Dlota2 (G)
B OO Deive () inst
e TOSHIBA EXT (1)

File name:

o [HYPACK Catalog (*LOG) v

sonar angle setting at a time. )

The “Read Parameters” dialogue box will
appear. You will need to go through all of
the tabs of this box and make sure that
everything is set correctly per your Hypack
set up at the time the data was collected.

Starting on the Survey tab, make sure that
the Survey type (blue box) is set to the
same method as you set in you project
Geodesy. Elevation or Depth.

Check to see the matrix settings are as you
see here (green box), if not click the edit
button and make the necessary
corrections.

Note: This is just for display and will not
impact your data.

*Matrix file can be adjusted during data
collection setup.

HYSWEEP Edit £ B r-stm
AE [N
Konilbeeg AL ["80L)

Comecti es I Processing |
[~ Survey
" Depth Mode ' Eevation Mode [~ Load Sidescan {f available)
Select Frequency
[172255 0a/0A72015 ( & 2
|Seal Beach Hypack |
Details Memary Test.. |
r~ Matroc
ICeIIs 1.0x 1.01Cloud Sections 300 300 | Auto Size to Data
\ Edt... |
i Auto Processing TPU
[~ Auto Stage 2 [~ Calculate TPU
Aecuracy Standard
[T &pply Filters Setup... | |N:rt Spactied j
I Fogpae sen. | TPU Ecitor |
[T TweHeave Setup.. | Felnad TPL |
QK Cancel Apply
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Check the “Auto Size to Data” option

- Cells Cloud Sections

Then Make SU re the ”Auto l- Auto Cell Size l- Auto Section Size
R R Size |3c|u
Cell Size” box is unchecked.

~Matrix
% Auto Size to Data

Click ok. I Rotate to Survey Line

7 Use HPACK MTX File
Auto Processing and TPU (total propagated uncertainty) I
should remain unchecked! Open

Memory Test.,. | OK I Cancel I

On the “Corrections” tab you will specify your sound
velocity file by clicking the “VEL File” button (red

box). Navigate to the file, select it and click open.
. N . Select Al Files Select Survey Files Befors Making Changes
*Make sure all files are highlighted. —
. X . I ™ Set Comection IDD— I
When working in non-tidal waters, you can enter a e P e oo oo . s 100 e |
waterline elevation to apply to the data if you took [ I e |
one at the time of the survey. Click the “Set ; N
. ) 20152471752 _1.HSX.
Correction” box and enter the value in the blank [F-¥iSeep Proecs Seal Beacn ypack \Edr Casa 005 72X |
f|e|d (blue bOX). Check HSX ﬁles for ”T|D” Values. Echosoundsr sstting (Multiple trameducer only, mésec) ITSDDD
Enter the actual elevation as a positive value (only ——1
negative if below sea level). | Dmsmc Dk
. o " . ] ion
*Ask Hypack to see if we could “fake in” a TID file if e =
we were on a river with a slope.

OK I Cancel Apply

Leave Dynamic Draft unchecked (could put together a
profile of the draft of the boat in relation to speed but
probably isn’t necessary).
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Under the “Devices” tab, all of the
information in the green box should
populate from your settings in Hypack
Hardware. Make sure this information is
correct.

Navigation HYPACK | X=0.00| Y=0.00 | Z=-1 56| Latency=0000

MRU Coda | %=0.00 1 ¥=0.00| Z=-1.56 | Pitch=0.00 | Rall=0.00

Atemate Device for Heave Mo

Coda | Yaw=0.00

Tide HYPACK | RTK Tides | %=0.001 Y=0.00 | Z--1.56
onar Heai 69 %=5.60 | Y=9.38| Z=2.05

In your hardware setup, you may have
multiple profiles for your sonar head
depending on which angle you have it
tilted. Make sure the correct sonar head
is listed in the red box. If any of this
information is not correct you can change
it by clicking the “Edit” button in the blue
box.

onar Head 2

Edit |
r~ Patch Test
|Y5w=0.00 | Pitch=0.00 | Roll=-69.44 | GPS Latency=0.000

Edt |

r~Offsets From MBMAX Boat File

The Patch Test information should be
blank at this point. With the exception of
the Roll if you are using a sonar head
angled at any other angle than 0 degrees
(straight down). In this case we are using
a sonar head that is tilted 69.44 degrees.
*If need to apply/check if patch test
results are applied to your data.

Load | | Save Cumert Offsets... I il

™ Always Load Offsets From Boat File

OK I Cancel Aipply

On the “Processing” tab we will specify
how to handle the RTK Tide in conjunction | suver| canectons | pevices

with the heave. Select Al Files Select Survey Files Before Making Changes
~Heave
Click the Heave button (red box) under the =
Heave area to adjust how tide and heave [Gorect Induced Heave | Femove Heave Dt | Avoid Doubk Heave
data are processed during data import. [Averags Tide Datato Remove Heave | Panod=31
Make sure the settings match what is Heave.
shown here.

~ Sonar

|Hay Tracing=Auto Select | Presort=0ff

| Sonar... I

7 Use RTK Tide Heave

& Use MRU Heave
¥ Correct Induced Heave
[ Remove Heave Drift
v Avoid Double Heave

> Average Tide Data to Remove Heave

Averaging Period (Seconds) I 30

" Merge Tide Data with Heave

Default Values | OK I Cancel |

0K Cancel Lpply

*Remove Heave Drift should be selected. May want to increase the Averaging Period from 30 to make the
corrected “tide” (water surface elevation) more “smooth”.
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Click the Sonar button (green box) to check Psﬂ'_f_ s

the sonar settings.

Sonar ID

|Blueview MB1350-45 |

Make sure the correct sonar is shown
in the sonar ID box and the rest of your

settings match what is shown here. IR
(™ Line Method " Arc Method (% Auto Select

I¥ Adjust SVP Every Ping

Finally, return to the Survey tab and click
the “Memory Test” button.

Presort

v Off " 50% ™ 75% " 90%

0,
Make sure that you do not exceed 100% of Dot Values | [ ] cancal
the available memory. If you do, consider
loading less files at a time for editing.

Click the OK button at the bottom of the Read Parameters window to begin loading the survey data.

All of the files you loaded will show up in the File list on the left side of S
the MBMAX64 program. For first stage editing we will look at each of the @JE ﬂ ﬂﬂJ
files in the 3 of the four edit windows below the file list. neLet Al Fies |

™ Draw Selected Files Only

There are 2 stages to the editing process in MBMAX64. The majority of R—— ﬂﬂ ﬂ
your editing in first stage will be the Speed window and the Heave/Tide __ |§|
window. et R

§ 215 271730 _LHXT -
Highlight one file and click the Speed Button —
(it is recommended that you only view one file Spéed Swim
at atime in the editor...if afile is large you may e T e
need to zoom to sections of it and edit it one o ot
piece at a time). sv Wors Windows

Step through stage one of editing for each individual file in the order that appears in the edit portion of
MBMAX64. (Speed>Heave/Tide>HPR->SV)
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75430 e
|17:24:30.500 e 1307604 3 5023 HiDOP.0S, # Sate 10, GPS Mode 6

You will notice the large spikes in the speed data, theses need to be edited out. First make sure the
“Delete Window (Seconds)” (red box) is set to 0. Across the bottom you can find the timestamp, x and
y coordinates, the course over ground and the speed over ground (green box). Clicking on a point on
the data will update the data fields with the pertinent data of the particular location you clicked.

If you were able to conduct your survey/imaging at a constant speed for all of your data files you would
be able to use some automatic filters. You will need to determine the Minimum and Maximum speeds
you want to keep. Click on the locations in the speed profile that represent the min and max speeds and
make note of the speed listed in the SOG box

Toolbox

Locate the “Search and Filter Options”

@l B 7| & of " Search and Filter Opti et =]
MJJJJ@J on the toolbox.
[ FastDelete ActlunsGPS | Sweep | Matnx | Search Ony |
* Inside ™ Outside Comected Depth or Elevation
{+ Above " Below . ™ Minimum 528.0 [~ Madmum 0.0
%
I Large ot . Ctrl+T on the keyboard brings up a —
. peed Over Ground (Kts)
I™ Filter Preview [ Show Deleted ﬂoat| ng tool box_ e — = T -
0 | ‘ Ut Dete | Beam Angle Limts
[ Floating Toolbar ™ Pott I Starboard
D 0
On the Basic Tab of the Search and Filter Options dialogue box, A
check the Minimum and Maximum boxes to turn the filter on and e Ot .
enter the min and max speeds you noted earlier. e e
1000.0 1000.0
Click the Update Filter Preview button to see what points will be -
deleted from your speed profile.
Update Filter Preview
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Looking at the Speed window you will
see a yellow X at each of the data
points that will be deleted by these
filter settings.

If you are happy with the preview,
you can click the lightning bolt at the
top of the speed editor window. This
will delete only the data points you
see in this view. You can repeat the
process for each file you have loaded
in the editor.

As you can see in this file, the speed
of the boat changed during this run.
This situation will make it difficult to
clean the file properly using the
Search and Filter options. These types
of files should be cleaned manually.

The Toolbox gives you a few ways to
go about this task.

In the red box you will find the tools available: Lasso select, Box T
select, Line and Eraser. MI 2 8| » ‘ & Iﬂ E
. [¥ FastDelete
The Lasso will allow you to draw a free form shape around the data r— ra—
points. Hold the left mouse button and drag the mouse around the @ Abave " Below
data, releasing the left button will close the shape with a straight line [ Large Dots [ Wide Lines
[ Filter Preview [ Show Deleted

from the end to the beginning
% M El ‘ Up to Date

[ Floating Toclbar

The Box will allow you to draw a square or rectangle around the data
points. Hold the left mouse button and drag the mouse, release the
left mouse button to establish the opposite corner of the box.

The data to be deleted using the Lasso or box is determined by the selections in the green box. Your
choices are Inside and Outside.

The Line tool creates a line using a beginning point and end point. Hold the left mouse button to start
the line then drag the mouse. Release the button to establish the end of the line.

The data to be deleted using the Line is determined by the selections in the green box. Your choices are
Above and Below. Only the data points that are directly above or below the line will be deleted.

Once your shape is drawn, click the X button at the top of the Speed editor to delete the data you have
marked for deletion.
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Checking the “Fast Delete” button means that once you release the left mouse button to complete your
shape, the data affected by the shape will be deleted.

The Eraser will immediately delete any data points under its box when you click the left mouse button,
regardless of the Fast Delete box.

Using the settings seen above on the Toolbox, as soon as | release the button, all of the data within my
lasso shape will be deleted.

Using this method will allow you to trace the profile of a varying speed run.

Repeat this for each of your files you have loaded in the editor and close the Tookox

Speed Editor. Mﬂﬂﬂﬂﬂﬁ

[¥ FastDelete
" Inside
& Above

" Outside

" Below

[ wide Lines
[ Show Deleted

5| 0] = | )

I Floating Toolbar

You will notice the Toolbox has a red button. Hypack wants to update the
GPS positions based on your speed edits. Clicking this button will recalculate
any positions affected by the speed edits. This may not be dramatic. If you
zoom into one of the runs on your map, you may be able to see the change.

[ Large Dots
¥ Filter Preview

At this point you may have put some time into your files and you should save.

Click the Disk icon at the top of MBMAX64.

Make sure you are saving as Save Survey =
HSZX files. File Format
" HS2 - HYSWEEP Edit 32 Bit (]

=
Check the Append to File | E
Names box. Using this with 12 Options
the user customizable field in o g r

(o (o r
the blue box will help you
keep track of what stage of =l oz = fwio-7es =
editing a file is in.
Enter the information you Default Values | Save All Files. .. Save Selected Files... Close
want added to the end of

each of the file names.

Select the “Save All Files” button to begin the saving process. (Files will be saved to the “Edit” folder in your

project directory)
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Next you will need to step through your files in the Heave / Tide editor.

In the example used G, i

ple us s
here, we used a tide — e
. Corrections Raw Data ¥ Auto Scale Ti
file from a NOAA x| 7 “ | P |52 @ Heave [ Heave

tide station, so W Tide I W Tide
there should be
nothing to concen
yourself with in that
situation. You may
have also entered a
Tide elevation from
your field
observations. In
that case your tide ;
should look similar :15:28. Raw Heave: -0.1 Corr. Heave: -0.1 Raw Tide: 1.4
to this example. '-

If you are using your RTK data to compute your tides, step through all of your files and make sure that
there are no large spikes in your raw tide data that are effecting your corrected tide. You can use the
tools discussed in the speed editor section to delete any erroneous data spikes.

Next, take the time
to step through all

of your files in the e [ Heave Iv Auto Scale Pitch / Roll
HPR Editor (Heave, == ol ™" Heading Max

Pitch, Roll).

Note: This is mostly
for quality control,
checking to see if
there was something
wrong with the
equipment during
data collection.

18:15:28.092 Pitch: 0.5 Roll: 0.9 Heave: -0.1 Heading: 121.0

There is no real corrections you would make to these files. The data from the motion sensor should
remain intact. Your main concern is to make sure that the motion sensor was functioning properly
during the survey.

You should be checking for strange spikes in the data. This could just be noise in the system. Should
you observe any spikes, you should use caution when editing them out.
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In the example here,
a failing
acceleromter was
causing roll readings
to drift from side to
side. In this case,
there was no way to
correct for the error
and the data was
unusable. These
problems are rare,
but you should

be aware of them
before you continue
processing.

At this point you should save your files again before proceeding to stage 2 of the clean-up.

Stage 2 editing will make use of more of the automatic filtering available in MBMAX 64. One important
thing to remember about these filters. They are designed for use in hydrographic surveys. The way
some of them work could delete data points in your imaging data that you may want to keep. The best
way to proceede with your data clean up is to load only the files you have that are scans of the channel
bottom without the feature you are imaging. This way you can take advantage of the automatic filters
to speed the clean up process. The following section will outline the use of the automatic filters first,
then the manual proceedure that should be used on your imaging data.

Start by bringing your files into the Second Stage of editing in MBMAX64. 1 | MBMAX64 - Edit Stage 1
Click the Stage “Stage 2 (Depth Editing) button. F;'UEN:C'” Vfiew Toolstielp
You can choose All the files & ! ﬂ Jﬂ
fmllmnio you have loaded in Flle List Fies |
I—‘l | | MBMAX64 or you can select one or several at a time to
All Files Selected Fies Cancel

bring into stage 2 editing

Once the files are loaded into second stage, you will be able to see your data displayed in the matrix.
This view can be manipulated using the Tilt and Rotate Hand tool in the Toolbox.
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Edit

We'll start with the basic filters. You need some min and max dpeths for J -
v FEF
" Trackiines & cels

your valid data. Locate the Profile View button in MBMAX64 and click it. ﬁ ﬂ J =

P T

With the Measure tool active f
current position you clicked and you will see the coordinate information for the cell you have selected at
the bottom of the screen. The Min and Max information (red box) gives you the min and max
depth/elevation of the selected cell. Identify the highest and lowest parts of the data you will be

keeping and make note of the depths/elevations. Toolbox
k@] Bl 7| & & &
Locate the Search and Filter Options button in the Toolbox and click it to % ﬁmj J J J J
bring up the Search and Filter Options dialogue box. & Inside £ Outside
* Above " Below
On the Basic tab you have the following filter options: I Large Dotz I Wide Lines
v Filter Preview I~ Show Deleted

Min Depth/Elevation filter filters all soundings shallower than the limit. a4
Max Depth/Elevation filter filters all soundings deeper than the limit.
Speed Over Ground filters POS records where the speed calculated is
more than the user-specified speed. ________NES
Beam Angle Limits deletes data from transducers with a beam take-off

angle within the specified range

Port and Starboard Offset Limits deletes all data that g

El ‘ Up to Date

I Floating Toolbar

falls outside of the user-defined distance from the ActionGPS | Sweep | Matric | Search Oriy |
center beam. Comected Depth or Elevation

¥ Minimum ’53— W Maximum 7.0
It is strongly recommended that you apply any filters
in the Search and Filter options one at a time. This Slp_ee:qi:):ur:mund 'Tj_ M Momn T
way you can check the filter preview for any data
being deleted that you may want to keep. Ble—amp;::gle e ——
Start with the Min and Max Depth or Elevation. Check P P
the boxes to activate the filter and enter the values [ 2
you noted earlier. In the example, the minimum Horizontal Offset Limits
elevation was found to be -51.4 and the Maximum [Pt [ Staboard
depth was found to be 18.6. The filter was set to an o o]
elevation just outside those numbers to make in case oo oo
you do not select the exact lowest/highest elevations. r
Note: If you incorrectly read the files in as depth or Update Pier Prevew

elevation mode then these features won’t work.

Click the update filter preview button and inspect the
yellow soundings that are marked for deletion.
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If the filter is marking any data points you want to keep, adjust the filter settings and update the filter
preview.

Once you are satisfied with the filter preview, click the Actions tab in the Search and Filter Options

dialogue. 2 | Search and Fl'Iteertlgr-:-El-iE

Clicking the All Files button will delete the Actions IBasic | GPS | Sweep | Matrix | Search Oriy |

soundings marked with the yellow Xs. The Fitter
count box will display the amount of .
soundings deleted by the action.

#  Selected Files Reset Al ‘

Click the Reset All button, to turn off any

active filters. search | |
Repeat the above steps for each of the filters you ,
wish to use on the basic tab # ° Search and Filter Options | = | B = |
Actions] Basic Sweep] Matrix] Search Onlyl
The GPS tab has the following options: e
R . [~ Accepted GPS Modes
Accepted GPS Modes: List GPS modes for which "
[~ Minimum Number of Satelites 0
you want to read data. If the GPS mode does not _ =
™ Madmum HDOP
match any of the specified values, the POS or TID
record will be omitted from being read into the RTK Tides
editor. Values may be separated by commas or [~ Accepted GPS Modes
spaces. [~ Minimum Number of Satelites 0
[~ Maximum HDOP 0.0
Minimum Number of Satellites: If the number of

satellites recorded in the quality information is less than the user-specified number, the POS or TID
record will be omitted from being read into the editor.

Maximum HDOP: If the HDOP recorded in the quality information is more than the user-specified
number, the POS or TID record will be omitted from being read into the editor.

The filters on the Sweep tab look at the surrounding data to determine if a sounding meets the criteria
for deletion. Because of this, you may need to run these filters a few times before they find no
soundings to delete. Simply click the “All files” button on the Actions tab. The Update Cells button on
the Toolbox will light up red. Click it and the filter preview should update. You can click the All Files
button on the Actions tab again to delete the newly marked soundings.
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The Sweep Filters are outlined below. NOTE: The i search and iver options S =
Sweep filters will most likely remove data you would

Actions I Basic ] GPS Sweep ] Matrix ] Search Onh{]

want to keep for an imaging project. These should be Boams
avoided in those situations. ™ Dver / Under Fiter _
Beam Filters Over/Under deletes stray soundings as ™ Mirimum Beam Quaity -
shown in the graphic on the Sweep tab. NOTE: Take ™ Remove Beams \
care to preserve natural or man-made features that Modion
are really there. [~ Enable 5
Minimum Beam Quality deletes all soundings with a

lity number less than the limit. vk Gomy e
quality [~ Enable T
Remove Beams enables you to filter out all readings - e
from selected beams. Enter beams to be omitted in a Beam Intensty Lirits
space delimited list. B (e L B 327
The Median Filter divides your data into areas measured Updats Fiter Preview

according to the number of pings and number of beams
options. In each area, it finds the median value and
filters any sounding that is farther than the gate distance
away.

Note: As Gate Size value increases-clarity of data decreases. Typical values for gate size=0.5, # of Pings=7,
# of Beams=25.

Savitsky-Golay Filter is a low pass filter that removes data appearing as high frequency (abrupt bottom
changes, outliers) and keeps low frequency data (somewhat uniform) seafloor.

BEWARE! USE WITH CAUTION! This filter was designed for use with excessively noisy data and is not
intended as a substitute for thoughtful editing. All automated filters carry some risk of inaccurately
removing bottom features. The filter reads a number of soundings specified by the Window. It
estimates the actual depth of the center point of that range by doing a series of calculations based on
the Order. (Higher order values result in a faster change in the predicted values to correspond to rapid
vertical changes.) If the original depth is deeper or shallower than the calculated depth by more than
the Gate value, it will be removed by the filter.

BEWARE! The idea is good, but it can be unreliable. Under certain conditions it can remove too much
data. Use cautiously!

The Order: Degree of polynomial approximation. It should always be less than the Window size. After
that, you will have to experiment in each survey condition to determine the best order for you. A larger
order filters less which results in a more varied surface, but may not remove all extraneous data.

Gate Size: Depth, in survey units, above and below the filtered surface. Depths outside of this range will
be removed.

Window: Number of soundings used to estimate the surface. Should be an odd number.

For the purposes of Patch Testing, you should run the Beams Over/Under and the Median filters until they
do not mark any soundings for deletion. You will need to reset the Over/Under tab everytime. Select
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Over/Under—->Go to the Actions Tab—=>Click All files>Reset All=>Click and do it again.
This is the extent of the automated filters that can be used on data that has not been patch tested.

Note: To see the cell window (to view all of the soundings in the cell) click on the “More Windows” button
under the 2" phase editing column.

The last step is the manual editing. For this process we will use the profile window to examine data and
delete any remaining stray soundings.

You will notice that the crosshairs on the matrix view has one axis that is thicker than the other. The
thicker line is our profile line. The intersection point of the cross hairs is shown with a crosshair in the

profile window.
Edit
I I

Locate and click the Profile button on the left side of the MBMAX window.

Spesd Swee£1
Heave / Tide Profile
HPFR Cloud
Note: If you want you can bring up your matrix file to realign the profile = s

(Read Parameters—>Survey—>Matrix), or you can select (check) rotate to
survey line.
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The first thing you should look at is the Profile Orientation area (red box) of the Profile Window.

The Along Length and Across Width options will change which of your cross hairs axis is used for the
profile.

The stacking option controls the number of Matrix Rows are displayed at a time. Changing this will
affect how many total profiles you will have to go through. This is indicated at the top of the window
(yellow box). The more you stack the less individual profiles you have to go through for cleaning. The
trade-off is that there may be so many soundings on the profile that it could be confusing as to which
should be kept and which should be deleted. You will have to balance this based on the conditions of
the survey and the time you have to compete the job.

You should now save the files.
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Patch Test Processing

Make sure you have completed stage 1 and 2 of the data cleanup process before running the patch test
routes. It is important to run the patch tests in a particular order and apply the corrections to the data
set after each test. The order is as follows:

Latency is done first, because the ‘timing’ for all of your data must be correct before you can perform
any of the ‘angular’ tests.

Roll is tested second, since it was collected over a flat bottom and any ‘positional’ errors will not
significantly affect the test results.

Pitch is third, mainly because the yaw test has to be last.

Yaw is last, because it ‘needs’ the initial ‘rough’ test values from the previous three (3) tests, in order to
help it calculate the best yaw test value.

Begin with all of your patch test data loaded into stage 1 editing of MBMAX 64.
Make sure “All Files” is displayed in the “File List” drop down (red

— .
box) ¥ MBMAX64 - Edit Stage 2 - 100 x LOO NI

File Edit View Tools Help

Survey Filas
Latency Test @'ﬂ‘ =K

Select the files you collected for the Latency test during data File List [l Fies
collection. (orange box) (Chris tends to just pick 2 files-1 at ™ Draw Selected Fiies Oy
survey speed and 1 at double survey speed) Select Al ‘ 4 ‘ T ‘ X ‘

Click the “Stage 2 (depth Editing)” button (blue box)

10 - 2015__2471754_1-1 - III.HS2x
11-2015_ 2471757_1-1-II1.HS2x
12 - 20152471801 1-1-TII1.HS2x

When prompted, chose the “Selected Files” button to bring only the
latency test files into stage 2

Stage 2 (Depth Edrng)

| MBMAX64 - Edit Stage 2- 100
File Edit View Help.
Survey Files Tide Adjustments 3
@ | & Heave Adjustment »
— | Draft Adjustments »
. HYPACK Raw File Adjustments... * Cels
On the menu bar, click the “Tools” button, hover over ¥ Draw Selcted ,,OS,,MMJumm:”“ *
Select All
“Patch Test” and select “Latency...” from the menu. — e
. . . 9-2015_24717 A R
MBMAX 64 will cut a profile through the data in an BRI S
e atch Te stary.
orientation appropriate for the test. piti Lateny..
Check Line Statistics.. ol s
. ) . . . =B . Merge Log Files... Pitch...
Alternately, with the survey matrix view in plan view (green Spund —_— Yo

box), you can select the Wrench icon (red box) and draw
your own profile. The profile should run perpendicular to the slope.

" Trackines {+ Cels el

C-42



Use the arrows (blue box) at the top of the window to move your profile through the data so that you
see a good overlap of data from each line you ran in the field.

Make sure that the “GPS Latency” test is selected (red box)

In general newer multibeam equipment is pretty reliable
in the timing category. You should not expect to see
much if any timing issues with the equipment seen on
the market today. As you can see in the example above,
the timing does not appear to be off. The image on the
right shows what your profile would look like if you had
some timing issue.

If your data does not appear to have timing problems you can start the test using the medium step size.
Click the Medium button (orange box). You can see the step size will be .10 seconds.

You can specify the number of steps, just make sure you use an odd number. (typically 31 to 41)

Click the “Start Latency Test” button (green box). MBMAX will run through a series of calculations, you
can monitor its progress with the fuel bar in the bottom of the “Select” box (red box)
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You should see a “V” shape in the Depth Error Test and Resuts
window when the test completes. The red line show Histery | Depin Error
. . . . Start Latency Test |
indicates the adjustment value used to achieve the

minimum Depth Error. At this point you should ::?i;:t ’DDDET
examine how the cross sections line up. If they line Final Offset o0
up well, the adjustment value of the patch test [ =

should be used as is. Save Test to History

Update Config Files...

If the profiles do not line up, change the adjustments
using the “-Step -” or “Step +” buttons (red box) to
align your profiles as close as the current step size will allow. NOTE: Latency adjustments should never
be negative. If this is the case, use 0.

Save Screen to RTF... I Step - | Step + |

Click the “Test OK” button (orange box)

Click the “Update Config Files... button and close the Patch test window. This writes the adjustments back
to the hardware.

You will notice the “Update Devices” button is red in the MBMAX 64 Window. _

Click it to apply the adjustments of the latency test to your data.

*Run through the coarse, medium and fine latency adjustments before editing the roll, pitch and
yaw.

NOTE: Within the fine patch test you can cheat the tests to get a more precise result (roll, pitch and
yaw in particular) by adjusting the angle/time step (usually halfing it).

Roll Test

The Roll test uses data collected over a flat
bottom. Roll misalignments show up as crossing
profiles.

Make sure “All Files” is displayed in the “File List” drop down

Select the files you collected for the Roll test during data collection and click the “Stage 2 (depth
Editing)” button.

When prompted, choose the “Selected Files” button to bring only the roll test files into stage 2

On the menu bar, click the “Tools” button, hover over “Patch Test” and select “Roll...” from the menu.
MBMAX 64 will cut a profile through the data in an orientation appropriate for the test.

Alternately, with the survey matrix view in plan view, you can select the Wrench icon and draw your
own profile. The profile should run perpendicular to the lines that were run to collect the data.

Make sure you have good overlap of data in the profile window. Adjust your section position as
necessary. Note: You may need to adjust the zoom in the Cross Section and Patch Test window to get
a better picture. Uncheck Auto Zoom in the Scaling pane and edit the min and max boxes.

Start with the coarse step size and run the test.
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Make sure the red line falls at the lowest point
of the “V” in the Depth Error window and that
your profiles line up fairly well. They do not have
to be perfect as we will step through the tests
again using the medium and fine step sizes.

If the profiles do not line up, change the adjustments using the “-Step -” or “Step +” buttons to align your
profiles as close as the current step size will allow.

Click the “Test OK” button (orange box)

Click the “Update Config Files... button and close the Patch test window.

You will notice the “Update Devices” button is red in the MBMAX 64 Window. _

Click it to apply the adjustments of the Roll test to your data.

Pitch Test

The pitch test is collected over a sloping
bottom. Pitch misalignments show up as
Profiles that offset from each other.

Make sure “All Files” is displayed in the
“File List” drop down

Select the files you collected for the Pitch
test during data collection and click the “Stage 2 (depth Editing)” button.

When prompted, chose the “Selected Files” button to bring only the pitch test files into stage 2

On the menu bar, click the “Tools” button, hover over “Patch Test” and select “Pitch...” from the menu.
MBMAX 64 will cut a profile through the data in an orientation appropriate for the test.

Alternately, with the survey matrix view in plan view, you can select the Wrench icon and draw your
own profile. The profile should run perpendicular to the slope.

Make sure you have good overlap of data in the profile window. Adjust your section position as
necessary.

Start with the coarse step size and run the test.

Make sure the red line falls at the lowest
point of the “V” in the Depth Error
window and that your profiles line up
fairly well. They do not have to be perfect
as we will step through the tests again
using the medium and fine step sizes.

If the profiles do not line up, change the adjustments using the “-Step -” or “Step +” buttons to align
your profiles as close as the current step size will allow.
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Click the “Test OK” button (orange box)

Click the “Update Config Files... button and close the Patch test window.

You will notice the “Update Devices” button is red in the MBMAX 64 Window. _

Click it to apply the adjustments of the Pitch test to your data.

Yaw Test

The yaw test is collected over a sloping
bottom. Pitch misalignments show up as
Profiles that offset from each other.

Make sure “All Files” is displayed in the
“File List” drop down

Select the files you collected for the yaw test during data collection and click the “Stage 2 (depth
Editing)” button.

When prompted, chose the “Selected Files” button to bring only the yaw test files into stage 2

On the menu bar, click the “Tools” button, hover over “Patch Test” and select “Yaw...” from the menu.
MBMAX 64 will cut a profile through the data in an orientation appropriate for the test.

Alternately, with the survey matrix view in plan view, you can select the Wrench icon and draw your
own profile. The profile should run perpendicular to the slope.

Make sure you have good overlap of data in the profile window. Adjust your section position as
necessary.

Start with the coarse step size and run the test.

Make sure the red line falls at the lowest
point of the “V” in the Depth Error
window and that your profiles line up
fairly well. They do not have to be perfect
as we will step through the tests again
using the medium and fine step sizes.

If the profiles do not line up, change the adjustments using the “-Step -” or “Step +” buttons to align
your profiles as close as the current step size will allow.

Click the “Test OK” button (orange box)

Click the “Update Config Files... button and close the Patch test window.
You will notice the “Update Devices” button is red in the MBMAX 64 Window. _
Click it to apply the adjustments of the Yaw test to your data.

After you have completed each of the patch tests using the coarse adjustment steps, you will repeat
each of the tests in the same order using the medium adjustments. Make sure that you update the
Config files and the devices after each test to apply the new corrections to the data set for the next test.
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Once you have completed the patch test sequence using the medium adjustment steps, you will repeat
the process a final time using the fine adjustment steps.

One thing to note is with each successive test you will notice the pattern in the Depth Error window of
the patch test window begins to look less like a “V”. The most important thing to look at is the
alignment of the profiles. Change the adjustments using the “-Step -” or “Step +” buttons to align your
profiles as close as the current step size will allow.

When running the tests using the fine steps, if you can’t line your ESHOGS
profiles up as close as you’d like, you can “cheat” the test by SRR

manually entering the step size. Setting a smaller step size should Coarse vedun | e |
allow you to align your profiles closer. A
When you have completed your patch testing you can see the final Number of Steps 4
results on the Devices tab of the Read Parameters box of MBMAX Vertical Adjustment 0.0
64. Write these values in on HySweep Survey Setup Form. The next

time you use this setup you can enter these values in Hypack ... 1«

Hardware at the beginning of the jOb. |Yaw=0.50 | Pitch=-3.25 | Roll=-34.20| GPS Latency=0.000

Consider collecting new patch test data using these values to Edt |
see if you can refine your multibeam setup even further.

Vertical Patch Tests: When tilting your Blueview to extreme angles, collecting traditional channel
bottom patch test data can be difficult, if not impossibe given the range limits of the sonar. In
circumstances where the water depth will alow you to collect traditional patch test data at an extreme
angle, the data collected could be at the outter limits of your range therefore may not acurate enough
to produce good patch test results. This is where the vertical patch test comes in.

You will process the vertical patch test data in the same way you did with the traditional patch test data.

CAUTION: When editing your vertical patch test data you should avoid using the filters on the Sweep
tab of the Search and Filters dialogue of MBMAX64. These filters are designed for use in hydrographic
surveys. The way some of them work could delete data points in your vertical patch test data that
you need.

There is no process for collecting data for a latency test in a vertical patch test. You will have to use a
latency value from a traditional patch test of your system.

Clean the data up in preparation of the patch
testing.

Load all of your vertical patch text data into
MBMAX64 and bring the files into Stage 2
editing.

You will be able to use the same profile for
all of the tests. Use the Wrench tool to cut a
profile parallel to 2 of the 4 lines that e
were run in the field. x| 7B P&

" Tracklines * Cells
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| B A-B Cross Section and Patch Test -

Show
Iv Patch Test

You may need to “stack” more profiles in order to have a good view of the vertical ¥ Beams
. . . . . . [ Matrix Paints
object from each line. Use the stacking option to increase the number of profiles =
. . ¥ Color Bar
stacked in your view. P .
Stacking 5 -

Roll Test =

Although the roll test doesn't strictly need to include the
vertical object, it doesn't hurt to leave it in. Just like the
traditional test, the roll test attempts to line up the flat
bottom. A roll offset will cause the bottom to make X's
and affect the position of the poles somewhat.

Make sure the Roll test is Patch Test
selected for the current type of Select
patch test. " GPS Latency
. . {* Roll
Start with the coarse step size
and run the test. £ Pitch
" Yaw

Unlike the traditional patch —
testing, you may not see a “V” shape in the Depth Error Show Hstory |
window, what’s important here is that the channel bottoms line = |

Initial Offset -69.44
up fairly well. They do not have to be perfect as we will step R B
Final Offset -69.44

through the tests again using the medium and fine step sizes.

Test OK |

Save Test to History

If the profiles do not line up, change the adjustments using the | ———
ipdate Config Files...

“-Step -” or “Step +” buttons (red box) to align your profiles as Save Screen o RTF. . |

close as the current step size will allow.

Click the “Test OK” button (orange box)

Click the “Update Config Files... button and close the
Patch test window.

You will notice the “Update Devices” button is red in the
MBMAX 64 Window. Click it to apply the adjustments of the Roll test to your
data.
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Pitch Test

A Pitch offset will make your vertical object spread out from either
the top or the base. The goal is to make all of them parallel to
each other.

Make sure the Pitch test is selected for the current type of patch
test.

Start with the coarse step size and run the test.

Unlike the traditional patch testing, you may not see a “V” shape in
the Depth Error window, what’s important here is that the vertical
objects are fairly parallel to each other. They do not have to be
perfect as we will step through the tests again using the medium
and fine step sizes.

If they are not parallel to each other, change the adjustments using
the “-Step -” or “Step +” buttons to align them as close to parallel as
the current step size will allow. *When they are parallel they will not
necessarily be vertical, depends on the orientation of the post or
whatever object you are collecting against.

Click the “Test OK” button (orange box)

Click the “Update Config Files... button and close the Patch test
window.

You will notice the “Update Devices” button is red in the MBMAX 64 Window.
Click it to apply the adjustments of the Roll test to your data.

Yaw Test

A Yaw offset will show as a group of parallel vertical objects
separated from each other. The goal is to bring them all together to
form one singular vertical object.

Make sure the Yaw test is selected for the current type of patch test.

Start with the coarse step size and run the test.
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Unlike the traditional patch testing, you may not see a “V” shape in
the Depth Error window, what’s important here is to bring them all
together to form one singular vertical object. They do not have to be perfect
as we will step through the tests again using the medium and fine step sizes.

If they are still separated from each other, change the adjustments using the
“-Step -” or “Step +” buttons to bring them together as close as the current
step size will allow.

Click the “Test OK” button (orange box)

Click the “Update Config Files... button and close the Patch test window.
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You will notice the “Update Devices” button is red in the MBMAX 64 Window. _

Click it to apply the adjustments of the Roll test to your data.

After you have completed each of the patch tests using the coarse adjustment steps, you will repeat
each of the tests in the same order using the medium adjustments. Make sure that you update the
Config files and the devices after each test to apply the new corrections to the data set for the next test.

Once you have completed the patch test sequence using the medium adjustment steps, you will repeat
the process a final time using the fine adjustment steps.

One thing to note is with each successive test you will notice the pattern in the Depth Error window of
the patch test window begins to look less like a “V”. The most important thing to look at is to alignment
the vertical objects as described above for each test . Change the adjustments using the “-Step -” or
“Step +” buttons to align your profiles as close as the current step size will allow.

When running the tests using the fine steps, if you can’t line your ESHOGS
profiles up as close as you’d like, you can “cheat” the test by e

manually entering the step size. Setting a smaller step size should

allow you to align your profiles closer. A

Coarse Medium | Fine |

When you have completed your patch testing you can see the final Number of Steps 4
results on the Devices tab of the Read Parameters box of MBMAX Vertical Adjustment 0.0

64. Write these values in on HySweep Survey Setup Form. The next
time you use this setup you can enter these values in Hypack ... ...
Hardware at the beginning of the jOb. |Yaw=0.501 Pitch=-3.25 | Roll=-24.20 | GPS Latency=0.000

Consider collecting new patch test data using these values to Edt
see if you can refine your multibeam setup even further.
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Final Product Suggestions:

Save out .xyz:
-Change matrix cell size in MBMax to whatever size you want your tin size.
-Bring out 1 point per cell

If stitching together multibeam and static drops, export point cloud from HyPack, bring into Cloud
Compare, QuickStitch, or Cyclone and stitch with static point cloud drops.
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APPENDIX D: COMPACT UNIVERSAL SONAR MOUNT
PRESENTATION



Compact Universal Sonar
Mount
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Deployment

should not be on

shown
* Clamps that hold arm to mount

* Bracket should be laying flat as

* Arm should not be on

D-2



Attaching Arm

e Attach arm clamps to the end of
the bracket using 5/16 hex and
tighten the four screws

* Close the clamp by tightening four
outside size 5/16 hex screws to
attach the top of the clamp
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Adjusting Arm

* Move the arm so the tape lines up
with each side of the bracket to
get the correct length

e Twist the arm so black line, across
the tape, lines up with the bottom
of the opening in the clamps as
shown
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Attaching sonar mount

* Attach head with the external
mount facing the boat

* Screw on four 5/16 hex screws
as seen in the picture |
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Attaching Sonar Head

* Run sonar cable through the arm
starting at the top

* Note: pulling it through the bottom can
be difficult

* Put sonar head partially into mount and
attached cable

* Push rest of the way in and line up
marks to correct position

* Tighten %" bolts to secure device
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Lowering Sonar

 Attach the huge wrench to end of mount
as shown

* Hold the mammoth wrench as a second
person disengages shear block with a 3%”

socket

e Use the ginormous wrench to rotate arm
down

* Reengage shear block when arm is
straight down in the water
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Adjusting Sonar Angle

* Take out the four size 7/32 screws,
two on top and two on bottom oy "-_‘_'w*"#-‘;: ' s

"{?" :
a*”ﬁﬁ 3
.! ~ A
d., A

* Note: If adjusting while on the
water be careful not to drop the
screws into the water

* Twist the head to desired angle as
shown on the mounts side

e Reinsert screws

D-8



Using the Hinge

e Loosen four outer %” bolts as®
shown to the left (twoon ©
back side)

* Pull the mount up till its in
desired position ( may need |
two people)

* Make desired adjustments to
mount or have the one person
hold the mount while the
second attaches the brace as
shown in bottom left
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