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FOREWORD

The purpose of this Standard Operating Procedures (SOP) document is to provide DMF employees with
consolidated and standardized guidelines and requirements for conducting, processing, and generating
sidescan sonar surveys for various purposes including habitat mapping and target identification. This
manual summarizes current best practices and utilizes information from other similar guidance
documents including the NOAA Field Procedures Manual for hydrographic surveys (April 2010), the
Recommended Operating Guidelines (ROG) for Side-scan Sonar by Mapping European Seabed Habitats
(August 2005), and procedures described in the manufacturers guidelines for the equipment referenced.

CHANGE HISTORY
This document will require periodic updating. Recommended changes and other comments regarding
the manual should be forwarded via email to steve.voss@state.ma.us.




1. Description of Systems
The systems utilized for sidescan survey work include the sidescan transducers and topside

processing units, the GPS signal systems, and the vessels and mounting systems used on each vessel.

These are described below.

1.1. Sidescan Systems

1.1.1.

Klein 3000

The Klein 3000 sidescan sonar (Figures 1 and 2) is a dual frequency single beam sonar
that can simultaneously collect at 132 kHz and 445 kHz frequencies (this is commonly
called a 100/500 kHz system) on both sides (two transducers). The horizontal width of
the beam is 0.7° at 132 kHz and 0.21° at 445 kHz. The Klein 3000 sidescan system is
owned by MIT Seagrant and is on loan to DMF. Our key points of contact at MIT
Seagrant are Michael Sacarny and Chryssostomos Chryssostomidis (the Director). There
is no MOU or other formal representation of our sharing relationship. The system is
primarily compromised of the towfish, two tow cables (one for hand deployment, the
other a winch), and the topside processing unit. The same laptop is typically used for
deployments of the Klein 3000, but that laptop is also used for other activities. The
winch cable is a 300m double armored steel cable (Diameter (OD): 10.2 mm/0.40 in) on
a Hannay Reels Winch. The hand-reeled cable is a 75m lightweight cable (Diameter
(OD): 10.3 mm/0.405 in) was used on the site selection and pilot survey. The winch
cable does not require depressor weights for deeper deployments.

Figure 2. Klein 3000 laptop and topside processing unit.



LOCATION OF ITEMS

Building B - (Duchaine Biwd., QTY DESCRIPTION MODEL #
New Bedford, MA)
Loose ltems 1 |Klein 3000 Towfish (1,000m depth limit) Model 3210
1 [Hannay Reels Winch (w/ slip ring) EPC 22-30-31-20-RT
1 & 3,000m Cable
1 [Hannay Motor (DC)2-3 hp/12V/75amp P56- SX043
1 |Wooden Pallet (for winch)
DMF Purchase 1 |75m Tow Cable S11-0345/STD
In Processing Box- (wooden box) Processing Unit 3110
Ethernet Hub
Manual

Sonar Pro Operation Manual- Chap. 3

Copy of Sonar Operation Manual- Chap. 4

Null Modem Cable

Cat-V Cables

3COM Power Adaptor US, 120V/60Hz/21watts
3COM Power Adaptor UK, 230V/50Hz/.1amp

Gl Ol = a2 W = a2 a a a

2 AMP/ 250V Slo-Blow Fuses BAG # 13000045
630 Ma/ 250V Slo-Blow Fuses BAG # 13000043
In ASSY, ACCESS KIT (rubber bin) | 2 |O-Rings, 2.984ID X 3.2620D BUNA N BAG # 15900006
1 |Silicone Grease, DC-4 BAG # 12700418
5 [Screws, PH MS M3X5MM SS BAG # 12500695
2 |Screws, SHCS, M8X12MM, 316 BAG # 12500876
2 |Screws, FHMS, M6X12MM, PHLPS, 316 BAG # 12500823
1 |Hex Key, "L", 2.5mm Key BAG # 13400063
1 [Hex Key, "L", 6mm Key BAG # 13400064
1 [Connector, Shunt .100 Gold Plated BAG # 12900252
10 [Cable Ties, 7.5X.185 In Black BAG # 12700510
1 [Hazard Material Literature, DC- 4 Silicone BAG # 17500003
1 |Tow Pin, Towfish BAG # 16200013
1 [8-Pin Dummy Plug Connector BAG # 12900687
2 |Tail Fins BAG # 14202028
1 |Driver, Hex 8mm loose
2 |Pins loose
1 |Locking Sleeve loose
1 |8-Pin Male Cable End loose
2 [Thin Aircraft Cables w/ Loops loose
1 |Shackle, 5/16 in. loose

1.1.2. Humminbird 698
The Humminbird 698CI HD SI Combo sidescan sonar (Figure 3) has two 455-kHz, 86°
transducers and an 83/200 kHz (60°/20°) dual beam downward-looking bathymetric
sonar. It was purchased in spring 2015.



Figure 3. Humminbird 698CI HD S| Combo.

1.1.3. Humminbird 999
The Humminbird 999CI HD SI Combo sidescan sonar has two 455-kHz, 86° transducers
and two 800-kHz, 55° transducers and an 83/200 kHz (60°/20°) dual beam downward-
looking bathymetric sonar. The user must select between low (455-kHz) and high (800-
kHz) resolution. It was purchased in late summer 2015.

Building B - (Duchaine Bid., |QTY DESCRIPTION | MODEL #
New Bedford, MA)

Full Kit 999CI HD SI
Control Head w/ cover
Head Mounting Rack
Transducer with cable
Battery cable

Mounting kit, bolts, screws
Manual

Humminbird Sidescan
Ser.#: 14050203-0018

JEE G QI QK I G

DMF acquired seperately Trolling Motor Mount
SD cards

PVC extention rod
PVC mounting piece
Mounting table
Fuses

Fuse Holder

AN A A A

1.2. GPS Systems

1.2.1. Trimble GPS
Trimble ProXT with Tempest Antenna

1.2.2. Garmin GPS
Garmin GPSmap 76 handheld with Garmin antenna



1.3. Vessels & vessel mounts

Several different vessels are used to deploy the sidescan systems, including the Mya, skiffs from
14-25 feet in length, and jet skis.

1.3.1.

Mya

The Mya is a 37 foot Eastern lobster vessel. It has a draft of 2 feet and is designed for
work in larger harbors, bays, and sounds. It has a pothauler and a boom which can be
deployed off of either gunnel and straight astern. The Klein 3000 is optimally towed by
orienting the boom straight astern, hanging the towing sheave from the boom, and
securing the handheld cable with a separate line secured to the cable with a whipping
knot (see Figure 4) then tied to a cleat on the mast the holds the boom. This
arrangement is captured in Figure 4.



COMMON WHIPPING

© Copyrght 2016 John & Shery www.netknots.com

Figure 4. Deployment arrangements for a towfish on the Mya research vessel.



1.3.2. Flatfish
The Flatfish is a 15 foot bass boat. It is designed for shallow, calm waters. The
Humminbird units can be deployed off of this boat with a trolling motor mount. They
can be powered by hooking up to the boat battery but a fuse must be in line.

1.3.3. Jetski
Jetskis are designed for shallow, calm waters. The Humminbird units can be deployed
off of this type of boat with a trolling motor mount (Figure 5). They can be powered by
hooking up to the boat battery but a fuse must be in line. We found jetskis to be
uncomfortable for more than a couple of hours of surveying but their rapid deployment
and capability in very shallow waters can be advantageous.



Figure 5. Jet ski and trolling motor mount of a Humminbird transducer.



1.3.4. Maritime skiffs, privateers
DMF skiffs tend to be roughly 17’ long center consoles with engines in the 200 hp range.
They typically have a draft on the order of 1.5 feet and are designed for work in small
and large harbors as well as bays and sounds in calmer weather conditions. The Klein
3000 can be towed by securing the handheld cable with a separate line secured to the
cable with a whipping knot (Figure 4) then tied to a cleat on the gunwale. The
Humminbirds can be pole mounted using a variety of gunwale mounts (Figure 6). A
generator is required to power the Klein 3000 and a large battery or hooking up to the
vessel battery is required for the Humminbirds.
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1.3.5.

Figure 6. Gunwale mounts available for transducers and GPS antennas.

Other vessels
When a vessel is chartered for sidescan sonar surveying, the key vessel components to
ensure adequate operating conditions include:

Cover. Adequate protection from the elements. The Klein requires a computer and the
processing unit is not weather tight. The Humminbirds are more forgiving and can be
exposed even to light rain.

GPS. A place to connect the GPS antenna and route it to the Klein processing unit. The
Humminbirds will need signal access since the GPS antenna is built into the processing
(head) unit.

Power. The Humminbirds can be powered off of a battery. The Klein requires 120v AC
on the vessel or a generator.

Towing/mounting. How the towfish (Klein) or transducer head (Humminbird) will be
towed or mounted is a critical consideration. We have built tow bars for the Klein and
used a variety of gunnel mounts for the pole-mounted Humminbird transducers (Figure
7).

Speed. We commonly survey at 2-4 knots.
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Navigation. How the vessel will navigate survey lines and have access to the sidescan
view or not should be considered.

Figure 7A. Aluminum L-bracket bar across stern of an offshore lobster vessel. Sheave is
hanging from the middle of the bar. It did begin to sag, so a pipe or U or square pipe bar
might have been a better choice for longer-term work.

Figure 7B. Support bracket for bar mounted to gunnel.
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Figure 7C. Whipping knot securing blue tow cable to exhaust post on the centerline of
the offshore lobster vessel.

2. Preparation & Maintenance

2.1.Calibration Requirements and Methods

2.1.1. Sidescan Sonar Systems

Sidescan sonar object detection and classification performance is largely a function of
the original system specifications. The towfish pressure sensor in the Klein 3000 will be
serviced and calibrated by the manufacturer whenever the horizontal positioning
accuracy of side scan targets is in doubt.

The table below identifies dates of service.

Date

Description of service

2.1.1.1.

Sidescan Sonar Calibration

A calibration test should be conducted at least every five years to demonstrate
the system’s ability to detect and accurately position seafloor targets across the
system’s range on both sonar channels. Test information is recorded in a
Sidescan Calibration Table which is stored in the cruise report logbook. The
Sidescan Calibration Test consists of a minimum of 10 sidescan passes on a
target approximately 1 m x 1 m x 1 m. The target is imaged from a variety of
ranges and directions, with survey speed, water depth, and weather
representative of typical survey conditions. A dedicated test target lobster pot
with a taught buoy line can be used for this check or a site such as the Sculpin
Ledge artificial reef. The absolute position of the target should be established
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prior to sampling by getting a GPS fix on the buoy. Targets of opportunity, such
as buoy blocks, lobster pots, and appropriately sized rocks, may be sufficient as
long as a high accuracy absolute position of the target can be established for
comparison with sidescan detected positions. The recommended line plan for
conducting a Sidescan Calibration Test is in Figure 8.

T of Flaste S0 ako

Sirs of Range Scale

Side Scan Target

1% ol Fuaipi S0 ol

-~

e

-

-~

Figure 8. Recommended line plan for the Sidescan Calibration Test.

Test data is processed in CARIS or SonarTRX and evaluated to identify any
systematic problems with the sonar or vessel offsets. If the contact is not
detected in at least nine of the 10 passes, the system should be re-tested. If
detection remains problematic, the system should be returned to the original
equipment manufacturer for assessment.

Successful object detections will be used to compare the mean detected
position with the absolute target position and to compute the approximate 95%
Confidence Radius for the system. This radius should not exceed 5 meters for
hull-mounted systems and 10 meters for towed systems. Several methods can
be used to estimate the 95% Confidence Radius. 1) Plot the detected target
positions in ArcGIS, and use the “Compute Statistics” function to compute the
sample standard deviation of the x and y components of the detection positions
(computing statistics of the Eastings and Northings yields values in meters). 2)
Enter the x and y coordinates in two columns in Excel. Calculate the standard
deviation(o) of each. Use the following formula to calculate the 95% Confidence
Radius: 95% confidence radius = V(0,2 + 0 %)
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2.1.1.2.

2.1.1.3.

Assuming a normal distribution, 95% of the samples will fall within 1.96
standard deviations of the mean. If the distribution of detections is similar in x
and y, the 95% Confidence Radius is roughly 1.96 times the square root of the
sum of the squares of the standard deviation of detected positions inx and y. If
the distributions in x and y are not similar, it is likely that a systematic bias exists
that was not canceled by ensonifying the target from multiple ranges and
directions. 3) Measuring the error for each detection (the distance from the
absolute target position to the detected position) and compute the sample
mean and standard deviation of the errors. The approximate 95% Confidence
Radius is then the sample mean plus 1.96 times the standard deviation.

Periodic Quality Assurance

Before surveying with the Klein 3000 system, a “rub test” should be performed
to confirm that the whole system (towfish and topside unit) is operational prior
to deployment. For the rub test the operator or an assistant physically rubs one
transducer on the towfish and then the other while the system is pinging. A
return on the corresponding channel of the imagery should be visible. A rub test
failure can indicate system errors such as incorrect gain or power settings, a
faulty cable, or damaged transducers. This test should be conducted while the
towfish is out of the water and dry, to avoid the possibility of electric shock.
This check should be annotated on the field set-up sheet.

The rub test is not required prior to surveying with the Humminbird transducers
since they are simple to remove from the water and assess if there is no signal
once surveying has begun.

Caution: Do not leave the Klein 3000 towfish turned on or the Humminbird
transducers pinging for more than 3 minutes while out of the water. These
systems are cooled by being in the water and can be damaged by excessive heat
buildup if left on when not deployed.

Offset Measurement

The purpose of our sidescan surveys is habitat mapping and target identification
(as opposed to bathymetric surveys) therefore, vessels are not surveyed for
parameters such as instrument positions, waterline, or dynamic draft.
Depending upon survey goals and whether the sonar configuration is pole-
mounted or towed, the need for offset measurements will vary. Whether or not
an offset is necessary for a particular survey will be identified by the survey lead
and indicated on the field set-up sheet. Offset requirements for each type of
configuration are described below.

2.1.1.3.1. Pole-mounted configuration
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2.1.1.3.2.

1.3.2. GPS Systems

The transducer is affixed to a pole which is secured to the gunnel of the
vessel. The depth of the transducer below waterline will be measured
with a measuring tape with the vessel not moving and the vessel as
balanced as possible. In some circumstances, the GPS antenna can be
placed directly above the transducer on the top of the pole and no
additional measurements are needed. If the GPS antenna is offset from
the pole, the X and Y offset will be measured with a measuring tape and
recorded on the field sheet. All measurements shall be recorded on the
field set-up sheet.

Towed configuration

The actual towfish position is typically calculated using the tow point,
the towfish depth, and the cable out measurements. Towfish depth may
be determined by a depth sensor installed in the towfish or calculated
by subtracting the towfish height (determined by a separate
echosounder installed in the towfish or the first return of each sonar
ping) from the depth of water (determined from a vessel echosounder).
Cable out can be estimated visually from calibrated markings on the
cable or measured with an electronic cable counter. Cable out should be
recorded in feet. All measurements shall be recorded on the field set-up
sheet.

1.3.2.1. Trimble GPS
No calibration done.

1.3.2.2. Garmin GPS
No calibration done.

2.2. Annual Maintenance

Sidescan sonar systems should undergo an annual assessment of condition, thorough cleaning,
and parts inventory. This activity will typically occur in the winter. Further detail is provided in

each section below.

2.2.1. Sidescan Systems

2.2.1.1. Klein 3000
Rinse instrument and cable. Check all connections, clean and apply grease as
needed. Inventory parts. Reorder missing parts. Verify that all survey data is
removed from hard drive. Update computer hardware and software.
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2.2.1.2.

2.2.1.3.

Humminbird 698
Rinse instrument and cable. Check all connections, clean and apply grease as
needed. Inventory parts. Reorder missing parts. Remove SD cards.

Humminbird 999
Rinse instrument and cable. Check all connections, clean and apply grease as
needed. Inventory parts. Reorder missing parts. Remove SD cards.

2.2.2. GPS Systems

2.2.2.1.

2.2.2.2,

Trimble GPS
Rinse antenna and cable. Check all connections, clean and apply grease as
needed. Inventory parts. Reorder missing parts.

Garmin GPS

Use damp cloth to wipe down instrument. Dry. Rinse antenna and antenna
cable with damp cloth. Dry. Neatly coil in storage box. Check all connections,
clean and apply grease as needed. Remove extra waypoints.

2.2.3. Vessels
Several different vessels are used to deploy the sidescan systems, including the Mya,

skiffs from 14-25 feet in length, and jet skis. All of these vessels have routine

maintenance conducted as needed.

2.3.Storage

All instrumentation is rinsed and then allowed to air dry. It is then stored in original packaging

or in plastic boxes, adequately padded to protect from damage.

2.4.Software Systems
The software utilized for field collection is SonarPro for the Klein 3000 and the Humminbird

proprietary software built into the Humminbird display unit. The software utilized for data

viewing/replay is SonarPro for XTF and SDF files and HumViewer for DAT and XTF files. The

software utilized for data processing is CARIS HIPS/SIPS and SonarTRX. The following computer

and software maintenance should be conducted annually, usually in the wintertime: 1) All

survey data files are backed up to storage devices in at least two locations (for example, the V

drive and an external hard drive); 2) Delete all survey data files from the field/data collection

system; 3) Complete any software and computer hardware upgrades.
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3. Pre-Survey Planning

3.1.Crew & Vessel Safety

The number one priority the safety of the crew and vessel. Safety shall be the foremost

consideration in all aspects of sidescan sonar surveys. It is the responsibility of the field leader, as

well as vessel crew, to be aware of safety hazards and take steps necessary to ensure undue risks

are avoided, even if it means ceasing operations. Good planning and information can minimize risks.

Recommended practices to increase safety include, but are not limited to the following:

e Use historical weather information to prepare for seasonal patterns.

e Review the survey region for exposed areas, constricted areas, shallow areas, surf, etc.

e Plan on surveying challenging areas when weather, tides, and currents are optimal.

e Review prior survey field sheets. Often, the field sheets will describe deficiencies, hazards, and

challenges from prior surveys and field experience.

e Discuss survey area with other DMF personnel familiar with the site.

e Work progressively from safe water towards unknown, shallow, or potentially hazardous areas.

e Use daily survey information progressively in the field to minimize hazards. Communicate survey

and safety information to all personnel involved in operations.

3.2.Survey Planning

3.2.1.

3.2.2.

Survey Scope
Survey limits will be defined prior to conducting field work for the purpose of the field
work.

Survey Line Planning

Survey lines will be established based on the desired amount of overlap of the sidescan
data acquisition and the expected range. Typically 150% is the goal. This overlap should
be achieved by running each successive line at a distance of % swath width. The swath
width will be determined by the range scale (swath width is 2x the range scale). The
sidescan range scale is dependent on the frequency used (the resolution required) and
the depth of the sonar unit. The sonar should be maintained at an altitude of 8-20% of
the range scale during acquisition. If possible, sidescan data should be acquired by
running lines generally parallel to depth contours to avoid imagery distortion caused by
slopes in the athwartships direction. Line plans should be created in SonarPro or on the
Humminbird chartplotters. On vessels where the vessel chartplotter is being used for
navigation, the line plan can be generated on the vessel chartplotter. Lines plans should
account for changeable field conditions; several line plans with varying direction should
be developed prior to the start of data acquisition. It is typically preferable to head into
and with the wind rather than have effects from cross-winds. If time allows, this can be
done once on site when field conditions can be fully assessed. When the survey area is
particularly small, running lines by site using the onboard chartplotter is acceptable.

19



3.2.3.

3.2.4.

The length of the lines will be calculated and used, along with the estimated survey

speed (usually 4 knots), to estimate the number of field days needed to cover the survey

scope. Estimations should include buffer to allow for transit to and from the site and
turns.

Flowchart for determining survey length:

Draw the survey box and measure the length and width

Determine frequency that will be used

Estimate the range, this is typically about 10x the water depth for a moderate
frequency (300-400 kHz instrument). The higher the frequency, the less the range.
For example, we'll do a survey with a 400 kHz instrument in 10 feet of water. We’'ll
assume a range of 100 feet on each side.

Multiply range * 2 to get the swath width. For our example, 100 feet*2=200 feet.
Determine the line spacing by multiplying the swath width by 0.75. For our
example, 200 ft * 0.75 = 75 feet (or 0.0143 miles).

Establish the line length and time to run the line. We typically do a survey at 4 knots.
For example, our survey box is 0.5 miles long. 0.5 miles * 4 mph =0.125 hr (or 7.5
min).

Establish the number of lines you need to run by taking the survey box width and
multiplying it by the spacing calculated in step 5. In our example, the box width is

0.5 miles wide. 0.5 miles * 0.0143 miles = 35 lines

8. Total time is the number of lines * the time it takes to run one line + 10%
contingency. In our example: 35 lines * 7.5 min = 227 min (3.8 hours) + 10%
contingency of 23 minutes = 250 min (4.17 hours).

Preparing the Survey Crew
At least two survey crew should conduct data acquisition. Survey crew should be
identified and given a pre-cruise briefing that covers the following topics:

e Meeting location and time

e Vessel logistics (which vessel, who is driving)

e Survey location

e Expected length of the survey day

o Need for special equipment and food

e Basic overview of the plan for the day (meeting, loading, transiting and trailering

boat to the field location, preparing boat and equipment, transit to survey location,

survey logistics/expectations, type of data being collected, etc)
e Contact information in the event survey is cancelled due to weather

Preparing equipment
It is good practice to ensure all equipment is working a day or two ahead of the survey
date. If equipment hasn’t been used for an entire season, more time ahead of the



survey should be planned to test equipment and ensure that everything is operable.
Once tested, all gear should be packed carefully to ensure safety during transit to the
field site. Being prepared in the field is crucial to ensure maximum efficiency. A
standard gear checklist for sidescan surveys is shown in Figure X. Additional equipment
or redundancy may be necessary to accommodate unusual conditions or multiple day
surveys. The necessary storage media should be identified and packed. The file location
on disk shall be identified on the field log sheet. A basic toolbox should be assembled
and packed.
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4. Data Acquisition

4.1. Sonar Imagery Acquisition
4.1.1. Klein 3000, Sonar Pro

4.1.1.1. System Setup
Follow manufacturers’ instructions.

4.1.1.2. Recording Data
Follow manufacturers’ instructions.

4.1.2. Humminbird

4.1.2.1. System Setup
Follow manufacturers’ instructions.

4.1.2.2. Recording Data
Follow manufacturers’ instructions.

4.2. Groundtruthing
Ideally all sidescan sonar surveys are followed by underwater camera surveys to verify the
presence and interpretation of the patterns recorded in the acoustic imagery. The underwater
camera surveys should occur as soon as possible after the sidescan sonar surveys. If done on
the same day, a grid pattern of stations is recommended to record seafloor imagery. An
alternative method is to process the sidescan imagery into a mosaic, identify the boundaries of
various seafloor hardness/roughness patterns, and then plan video stations representative of
each pattern type. Towed video can be used to help confirm the location of boundaries
identified in the sidescan sonar imagery.

Video methods should follow protocols in the Standard Operating Procedures Manual for
Underwater Video for the Massachusetts Division of Marine Fisheries.

4.3.Sensor Risk Management

4.3.1. Best practices for preventing loss of equipment
A fail safe line shall be attached to the gunwale mount or the tow cable.

4.3.2. Best practices for recovery of lost equipment
If the sonar transducer is lost, the Man Overboard button on the vessel-mounted GPS
system should be activated. This will place a waypoint on the GPS screen which can be
used to set up a search and rescue pattern. The onboard depth/fish finder should be
used to scan the area in a pattern near the area of loss. If a target is identified, it should
be marked as a waypoint on the GPS unit. Since our surveys typically occur in water
shallower than 100 feet, recovery can be achieved by any safe method to do so (e.g.
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snorkeling or scuba diving). If this is insufficient or impractical, grappling with a
grappling hook is recommended.
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5. Data Processing and Analysis

5.1.Data Processing Workflow
5.1.1. CARIS

5.1.1.1.  Creating HIPS Vessel Files

Follows manufacturers’ instructions.

5.1.1.2. Creating CARIS Projects

Follows manufacturers’ instructions.
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5.1.2. SonarTRX Pro

SonarTRX Pro has relatively sophisticated capabilities in an inexpensive and easy to learn
software package. The main limitations of this program are that it can only process one
line at a time, it cannot mosaic multiple lines together, and the correction algorithms
can only assume a flat seafloor. Although this is somewhat inefficient, the program
produces high quality results with minimal user input making it simple to use. It can also
produce X, Y, Z data, but we do not typically use it for that so those instructions are not
provided. For further help and questions, SonarTRX hosts a yahoo user group and more
information can be found at http://www.sonartrx.com/web/Home/Support. There are

also online video tutorials at http://www.sonartrx.com/web/Home/Tutorials. The

Customer Service email is support@SonarTRX.com and the Customer Service phone
number is 808-383-3007. The User Manual is on the office server at \Habitat
Project\Habitat Research\EQUIPMENT\SonarTRX.

e Open SonarTRX Pro
e On the Main Menu, click on Import

H SonarTRX Pro (Copyright LEI 2006-2011) [R00025.DAT]

1 1. Import HBatd'lprocess H 2. View and edit H 3. Create mosaic H 4. Publish

Sidescan Pair (Ch2/Ch3) + Slant Range Comected

Figure 4-1. SonarTRX Pro Main Menu

e Select input file
e Select General Options as identified in Figure 4-2.
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| Input file:
i  EARECORD“Sandwich _20150813\RO0176.0AT

General Ophions ||-}3-

The duration of this recording is: 00-03:00.307, Max Ping Count - 525
Available Channels: 3

(®) Import file. Time [Local]: 813201555640 AM = 8/13/2015 9:55:40 AM

() Import clip /time range:

Start time: [Local]: 9:56:40 AN
End time [Local]: 35540 AM
i New clip name:

] The recording contains sonar channel- 1.2.3

i able [] import channel 1 {DownScan)
!. Import channel 2 {SideScanleft) Import channel 3 (SideScanRight)

i Other options
H Position options: !Default Humminbird Nav . Source v| {GP5/Sensor/USBL etc )

Interpolate positions for intemmediate pings.
Interpolate across points with zero Latitude / Longitude
[[] Recalculate distance slong track
| Interpolate sensor altitude for intermedizte pings
| Slant Range Comection options (Only applicable if altitude is available)
1 [] Calculate Beam Angle Comection statistics
[[] Generate Slant Range Comected data (No comections are used)

! Create options file Explore Start Processing. .. Cancel

Figure 4-2. Data import selection for SonarTRX.

Click on Start Processing then Close

On the Main Menu, select View and Edit

Look at navigation tab (the first tab to open) to verify line looks correct
Select SRC/TVG tab.

Click Calculate Histogram button.

Conduct SRC/TVG correction.

SRC stands for Slant Range Correction and TVG stands for Time Varying Gain. A slant range
distortion is an across-track distortion caused by the sidescan angle; near-range areas are more
compressed in space than far-range areas. Slant range correction is a geometric correction
which remaps the pixels from their apparent position to the true one, and is computed from the
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elapsed receiving time and the sonar platform’s height (from page 65 of The Handbook of
Sidescan Sonar by Philippe Blondel, Springer, 2009). Slant range correction is dependent on the
altitude, so water column removal is typically done at the same time as SRC. The water column
as automatically identified by SonarTRX is typically used, but if it is poorly recognized by the
automatic algorithm, or if there is a data or visual quality need, the water column can be re-
delineated by the sonar analyst.

Time-varying gain refers to the backscatter decreasing with increasing range; the same object at
a further range from the sonar will have less backscatter than the same object closer to the
sonar (from page 64 of The Handbook of Sidescan Sonar by Philippe Blondel, Springer, 2009).
Most sonars have TVG amplifiers in the towfish that correct for this error. In post processing,
additional gain corrections can be made to minimize gain changes that went uncorrected in data
collection or still remain.

The Beam Angle Correction tool is a radiometric correction tool that accounts for the loss of
resolution due to the increased beam footprint at further ranges. For our purposes, we use the
automatic Beam Angle Correction (BAC). Our experience has shown that using default altitude
and BAC corrections have been sufficient for our needs. However, specific projects may require
manually defined altitudes or more sophisticated BAC. For those needs, refer to the SonarTRX
user manual. For standard surveys, use settings indicated in Figure 4-3.

85 SonarTRX - Data view and edit [E\RECORD\Sandwich _20150813\R00176.DAT] O X

Nav. Comections Afttude SRC/TVG Bepot View Channel: |C31.2-SideScanLeﬂ ‘-’| View: |Oﬂgiﬂﬁ|fWﬂhWETchoiumn} v| Display altitude: |SensorNﬁtude v
Slant range comected (SRC) data and corections S LR ALK m [ Adorefresh
Alttuds source (SRC): e . Bt s

[ Adjust atitude by: m

Beam Angle Comection (BAC)
(O Of (O From Options sml

(O From transducerfile: | MyTransducerCurve 1

> - -

| Calc.Histogram .

(@ Automatic  Intensity target Adjust using... -_-: >
. 3 . . B
! | Mean... Max  Factor.. Gain .

Avg. intensity by beam angle:  ...<use mouse to probe values:

T | . -5
Adiona dta Garaction s, cotrs tc) e ; T . o 2 I 3
(®) No addtional comections ! - =

O Adiust Sby: KO *S + K1+ K2R +K3* Log(R)
Muttiplier (KO): 0 . -

Gain (K1 0
Gain / meter (K2): 0
Log{R}factor {K3): O

Application defaults:

Save settings | Restore settings | Reset - -~ .-
L L < >
Zoom: 0.0-69m (20%) 109:57:54.309 [Local], Tile; 1, Altitude; £ 60 m PingBearing: 36.2

Start Processing ' Range: 2.3m, H.Range: 0.0m, Angle: 0.0 [ SRC Update | Closz



Figure 4-3. Slant range and beam angle correction window.

e C(Click on Start Processing.

e C(lick on Close.

e On the Main Menu, select Create Mosaic.

e Select the Parent Folder for Mosaics.

e Use the Default Mosaic Name.

e Click on the Sonar Mosaic Settings tab. Use the settings in Figure 4-4.
o Image resolution may need to be adjusted for very large files.
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SonarTRX - Mosaic creation [ROO176.0A4T] )4

Source Sonar Hle:
EMRECORDMSandwich _20150813\ROD176. DAT

Channel Orientation: SideScanleft and SideScanRight Image Type: 5lant Range Comected

Parent folder for Mosaics: Browse
C:\G15 ProjectshSidescan Sandwich Humminbind 2071 5%

Mozaic Name (Folder Name): |Sc:narTHX—H1]G'I?E—2ﬂ154}E1E~1-i1ﬂ'3~5 | «« Suggest Name

Image file naming: ® Default i) Prepend: |ISDnarF|IeName]— |D Append: |{SnnarFileName] |

Sonar Mosaic Settings  Qutput Options

Mominal Pings per Image: . 150 pings perimage. {4 Images.) Restore Defaults

-

®) Include allimages (7 Selected images:

| Type Image numbers or mnges (5.11-13 etc.)

Append clip | e |
(.40 Re=.Factor (Fiel size: 2.5x Raw)
b Rapeess Medium Resolution
g : . Google Earth perfformance: Medium
Default Image Cpacity: . 1 Cpacity {No transparency)
Color Scheme: |G|a],ftones w | - Image comection: |Df'f w

Cropping of mozaic images at certain range {Units: m) SideScanleft
@) Disabled () All channels: () Individual channels: R R

Relocation / straightening: |Seled coordinates of predefined positions. .. e |

[ ] Relocate to: Latitude: l:l Longitude: ICI [ ] Force heading: |EH}

Comection for layback and crossiack offset etc. (Positive offset towards starboarnd)

[ Enable comection (Units: m): ~ Layback: Offset: [0.0 Rotation {Degrees): |1]

Start Processing... Cancel Close dialog when complete processing Cloze

Figure 4-4. Create Mosaic, Sonar Mosaic Settings tab.

e C(Click on the Output Options tab. Use the settings in Figure 4-5.
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SonarTRX - Mosaic creation [RO01592.04T]

Source Sonar FAle:
E"Cohasset RawHumminbind 38 142015\R00132 DAT

Channel Orientation:  SideScanleft and SideScanFioht Image Type: Slant Renoge Comected

Parent folder for Mosaics: Browse
C:\Users'khford " Documents LEDSonar TR Export®,

Mosaic Name {Folder Name): |5u:unarTF!}(-H-33'I 92-20150826-072756 | <« Suggest MName

Image file naming: (@ Default () Prepend:

Sonar Mosain Settings  Output Cptions

[SonarFileMame]- |D Append: |-i_SnnarF|ieHarne] |

Generate Mosaic Images and associated KML files. Restore Defaults
By default, show images {(KML visibility = 1)
Generate Projection files (™ pr) Generate Image World files Generate ESRI A XML files

[ ] Generate Manfold 515 Projection #MLfiles.. [ | Generate Fugawi JPR files
Merging of images to Master Image

Master Imzge settinos

[] By default, show Master Image (KML visibilty = 1)

[ | Generate Mosaic Coverage Areas and associated KML files.

By default, show Coverage Areas (KML visibility = 1)

[] Generate Area Labels [ ]| By default, show labels {(KML visbility = 1)
[ ] Generate "NoBend" images...{Use to uncover festures in sharp tums)
[] Save mw sonarimeges. || Save speed-comected images | stretched to scale, but no rotation.)
Save Mavigation Track (KML) and XYZ file (Nav TrackProfile csv)  Interval [seconds]:
[ 1 Save Tamgets (KML) and Tamget position file (Tanets.csv)

Tile fiterng - Only generate tiles that satisfy these crtera;

L] Minimum velocity: m.s [] Angle<change less than: degrees

| Sta Processing... [ | Cancel Close dislog when complete processing Cloze

Figure 4-5. Create Mosaic, Output Options tab.

Click on the Master Image Settings button. Use the settings in Figure 4-6.

SonarTRX processes each line file to a set of smaller tiles. The Master Image creates a mosaic of
those smaller tiles so each line file is a single GeoTIFF/shapefile for ease of use in Google Earth
and ArcGIS.
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() Mo Master Image

(®) Creste new Master Image

Geodetic boundary - center of perimeter pixels {new image)

(®) Get Geodetic boundany from image ties

() Manually define boundary

Mirirem Mandrnm Minireim Mapdmiim
Lattude: 42 745563345 42 246331679 Latitude; (662421120 40 687267255
b
Longitude:  -70.782654646 -70.TI8123675 Longitude:  [-69.535481770 53 510638078
Image resolution pareameters (new image)
() Mesximum number of pxels in any direction: 1820
(@) Pixel size relative to image tile pixels Factor]; |'I e | %-0.0477 [m]
() Absolute pieel size [m]: 0.0
Resulting image properties: Mirirmm Mandmum
Latitude: 42 4556335 42 24633168

Size W x Hpieels] 7B48x 1752 {14.1 MF)

Pl size Jm] (048 x 0.048

Restore defaults

Refresh. ..

Longtude:  -70, 78265465

-T0.7 /812367

Ol Cancel

Figure 4-6. Master Image Options.

e Click OK.
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5.2. Analyzing Sonar Data

5.2.1.

5.2.2.

5.2.3.

Habitat types

The primary program used for interpreting habitat types is ArcGIS. First, sonar mosaics
and groundtruthing points are imported into ArcGIS. Baseline data, in particular aerial
photography and NOAA charts, are imported into the project. A new polygon file is
created and turned on for editing. The interpreter uses the available information to
interpret boundaries between different habitat types evident in changes the backscatter
signal in the sonar mosaic. These boundaries are drawn into the new polygon file. An
attribute column is created in the polygon file to identify the habitat type.

To be added: discuss boundary snapping/topology, scale, and the standard habitat types
that should be used for the habitat description.

Target recognition

Targets are identified in raw sonar data during data acquisition or in processing in the
lab. Anthropogenic targets are identified by their unique, non-natural shapes such as
straight lines (often seen in fishing pots) or distinctive shapes such as shipwrecks or
airplanes. Targets such as “hard bottom” or “eelgrass” are identified by the presence of
characteristic patterns in the sonar data. Depending on the survey goals, target points
are made and an image of the target is recorded.

Resolution

Information about resolution is provided from http://www.emodnet-
seabedhabitats.eu/pdf/MeshA_ROG_Sidescan_Sonar_v4.0.pdf

The resolution in the along-track direction, Arx, measures the resolution parallel to the line of travel. It
will be strongly dependent on the horizontal beam width, 6nx, and range, R, and can be expressed as:

i T T

According to this expression, the along-track resolution of a sonar, working under the same operational
conditions, degrades with distance to the transducer (Fig. 7). Therefore, two objects will be detected as
separated entities if they are separated by a distance which is less than the spread of the sonar beam Arx

32



at that range.
Seabed display
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Figure 7- The along-track resolution of a sidescan sonar is dependent on the horizontal beamwidth and the
slant range. The resolution improves at lower depths.

The Klein has a 0.21 degree horizontal beam width in the high res (455 kHz) channel. At 50 meter range
that’s 10.5 cm resolution.

At 70 meter ranges that’s 14.7 cm resolution.

The across-track resolution Ary (Fig. 8), is defined as the minimum distance between two objects
perpendicular to the line of travel that can be distinguished as separated entities in the sonar image.

Figure 8- The across-track resolution of a sidescan sonar is dependent on the grazing angle 6 and the
pulse length T (a|ﬁer Mazel, 1985).

The pulse length, T, is the overriding operational parameter determining this resolution. As the acoustic
wave direction is oblique to the seabed, this resolution can be expressed as:
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A= E.secﬁ
= 2

where 0 is the grazing angle.
Additionally, to ensure full coverage in the swath area, no gaps between ensonified areas from two
successive pings should exist (Blondel, 2009). This complete coverage condition depends on the
transducer length, L, the vessel speed, v, and the ping rate, fp. The ping rate can be calculated by the
sound velocity in water, c, and the selected range, R (the theoretical sonar range resolution, across-track
in the case of sidescan sonar):

C

5 =3R

For a given transducer length, L, a working ping rate (determined by the selected range), allows a
complete coverage (without gaps) when a maximum vessel speed, vmax, is not exceeded:

Lioe
2-R

A short pulse will produce a thinner spatial pulse length, resulting in a higher spatial resolution, whilst a
longer pulse will be less sensitive to the background noise, resulting in improved range performance. As
a consequence, for greater seabed depths, ping rates must decrease to cope with longer range scales R

involved. In such cases, the operator can be forced to slow down the tow speed to maintain total
coverage along the swath.

Vmax :I':.fp =5

6. Data Management and Products

6.1.Data Filing and Organization

6.1.1. Raw and Processed Survey Data

6.1.1.1. In the Field
All raw survey data will be stored on the local computer (Klein) or SD drive
(Humminbird) until the following day when the data will be copied to the V
drive. For multiple day surveys, the data must be backed up nightly to an
external hard drive. Once the multiple-day survey is complete, all raw data
should be copied to the V drive and removed from the field computer, SD drive,
and/or external drive.

6.1.1.2.  In the Office
All raw survey data will be stored on the V drive under the Habitat Folder
according to the following naming convention: V:\Habitat\[Project Name-
YY]\[Project Name]Raw[SonarUnitName][MMDDYYYY]
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Copies of the raw data can be transferred to the hard drive of the processing
computer. Once processed, all processed survey data will be stored on the V
drive under the Habitat Folder according to the following naming convention:
V:\Habitat\[Project Name-Year]\[Project
Name]Processed[SonarUnitName][MMDDYYYY]

6.1.1.3.  Archives and Backups
The raw and processed data will be backed up by EEA IT according to its backup
schedule for the V drive. The backup procedure is currently not published but a
daily onsite backup was described by Bob Sigren, EEA IT. It will also be backed
up to an external hard drive immediately after a survey is complete and after
any project updates are complete . The external drive will be stored offsite
(Duchaine Boulevard storage building).

6.1.2. Interpreted Data

6.1.2.1. Working Files
Copies of the raw data can be transferred to the hard drive of the processing
computer. These files should be placed in a file location convenient to the
person doing the processing. All working files, including Google Earth and
ArcGlIS files, should be placed in W:\Habitat Project\Habitat Research\[Project
Name-Year]\GIS.

6.1.2.2. Long-term storage
Once a survey is completed, all interpreted survey data will be stored as a Map
Package on the V drive under the Habitat Folder according to the following
naming convention: V:\Habitat\[Project Name-Year]

The Map Package should be generated such that it can be sent to a potential
user and opened with all interpreted files, the sonar mosaic, groundtruthing
points, and relevant baseline files intact.

6.1.2.3.  Archives and Backups
These data will be backed up by EEA IT according to its backup schedule for the
V drive. The backup procedure is currently not published but a daily onsite
backup was described by Bob Sigren, EEA IT. It will also be backed up to an
external hard drive immediately after a survey is complete and after any project
updates are complete . The external drive will be stored offsite (Duchaine
Boulevard storage building).

6.1.3. Reports
A Cruise Report will be generated for every field day or set of field days dedicated to
imaging a single survey area. The Cruise Report will be placed in W:\Habitat
Project\Habitat Research according to the following naming convention: [Project Name-
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Year]\CruiseReportMMDDYYY with the date referring to the date of the survey or the
last date of a multiple-day survey.

Final Project Reports will be generated on a per-project basis and placed in W:\Habitat
Project\Habitat Research according to the following naming convention: [Project Name-
Year]\FinalReportMMDDYYY. The date refers to the date the final report was finished.
Whenever possible, final reports will be submitted to the DMF Technical Report series.
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7. Appendix

7.1.Klein 3000 Specifications Sheet

These images were copied from the pdf available at the Klein website:
http://www.kleinmarinesystems.com/PDF/Klein System 3000 rev0216.pdf Accessed 11/7/2016

SYSTEM 3000 SIDE SCAN SONAR

DUAL-FREQUENCY SINGLE BEAM SONAR

Digital Side Scan Sonar:

The Klein System 3000 presents the latest technology
in digital side scan sonar imaging. The simultaneous
dual-frequency operation is based on new transducer
designs, as well as the high-resolution circuitry recently
developed for the Klein multi-beam focused sonar. The
Systern 3000 performance and price is directed to the
commercial, institutional and governmental markets.

Key Features:

= Advanced signal processing and transducers
produce superior imagery

* Cost-effective, affordable

* PC-based operation with SonarPro® software,
dedicated to Klein sonars

« Small, lightweight and simple designs - easy
to run and maintain

« Easily adapted to ROV's and custom towfish
= Meets IHO & NOAA Survey specifications

The Difference Is In The Image

SRk W —

g

Y| i - » ar ': [ ]
| | PORTSMO UTH N
=" fin =

o
"wa.rlum.:r i,
5T kil L ]

=] ) )
e W (‘.\';ru'lg, o
i

& o
. # | 1Y
| .l'||

37



SYSTEM 3000 SIDE SCAN SONAR

DUAL-FREQUENCY SINGLE BEAM SONAR

Specifications:

System 3000 Towfish

Frequencies

100 kHz (132 kHz, £ 1% actual)
500 kHz {445 kHz, £ 1% actual)

Kiein Sonar Workstation

Operating System

Windows

Transmission Pulse

Tone burst, operator-selectable
from 25 to 400 psecs;
Independent pulse controls for
each frequency

Sonar Software

SanarPro®

Data Format

SDF or XTF or both, selectable

Data Storage

Internal Hard Drive, CD/DVD-RW

Hardware

Industrial PC

Options

Optlonal Waterproof Laptops

Beams Horizontal: 0.7° @ 100 kHz
0.21° @ 500 kHz
Vertical: 40°
Beam Tilt 5%, 10°, 15%, 20°, 25" down,
adjustable

Range Scales

15 settings - 25 to 1,000 meters

Maximum Range

600 m @ 100 kHz
150 m @ 500 kHz

T ——

Custom-developed software by users and for users of Klein
Side Scan Sonar Systems operating on Windows 7. Field-
proven for many years, SonarPro” is a modular package
combining ease of use with advanced sonar features,

Depth Rating

1,500 m standard:
other options avallable

Construction

Stainless Steel

Basic Modules

Main program, data display,
information, target management,
navigation, data recording &
playing, and sensor display

Body Length

122cm ( 48 in)

Body Diameter

B.% cm (3.5 in)

Multiple Display
Windows

Permits multiple windows 1o view
different features as well as targets
in real-time or in playback modes,
Multi-windows for sonar channels,
navigation, sensors, status
monitors, targets, etc.

Survey Design

Quick and easy survey set up with
abllity to change parameters, set
tolerances, maonitor actual coverage
and store settings, )

Target Management

Independant windows permitting
mensuration, logging, comparisons,
filing, classification, positioning,
time & survey target layers, and
feature enhancements, Locates
target in navigation window

Sensor Window

Displays all sensors in several
formats (Includes some alarms)
and responder set up to sult many
fri.\q uencles and ping rates

Weight 29 kg {63.9 |bs) in air

Standard Sensors Roll, Pitch, Heading

Options Magnetometer, pressure sensar,
acoustic positioning, sub=hottam
profiler

Operating System VxWorks” with custom application

Basic Hardware Splash-Proof 2 (SP2) TPU

Outputs 100 Base-Tx, Ethernet LAN

Navigation Input NMEA 0183

Power 120 watts @ 120/240 VAC, 50/60 Hz
{includes towfish)

Interfacing Interfaces to all major sonar data
processors

Options 19in rack mount TPU

Klein offers a selection of coaxial, Kevlar™ relnforced,
lightweight cables, and Interfaces to fiber optic cables, All
cables come fully terminated at the towfish end,

Networking

Parmits multiple, real tme
processing workstations via a
LAN including “master and slave”
confligurations.

“Wizards"

To help operator set up various
manual and default parameters,

Clearad for public release

Data Comparisons
Real Time

Target and route comparisons to
historical data.

Data, including specliications, cantained within this document are summary In nature and subject 1o change at any tme

without notice at Kledn Marine Systems' discretion, Call for [sest revision, All brand narmes and product names referenced are trademarks, registerad
trademarks, or trade names of their respactive holders. Sonar Pro® s a ragistered trademark of Klain Marine Systems, Inc. 216

11 Klein Drive = Salem, N

I

'ew Hampshire 03079

Tel: 603.893.6131 » Fax: 603.893.8807 » Email: Klein.Mail@kleinmarinesystems.com
www.kleinmarinesystems.com




7.2 Humminbird 698 Specifications Sheet

Dizplay Size - Disoonsl
Dhaplay Prooel Matrx
Display Type

Display Colors Grayse

Sonsr Stendsrd;

Standerd Sonmr Coverage

Standerd Sonsr Frequency;:

Sanar O pfional
Taroet Separstion
Power Quipul RMS

s Peak lo Peak
Depth Capehdity
Temperafure:
Speed
Backiight:
Lin® Size - Gmibal Mount
Meaunt A Type:
Unit Siza - indash Mount
Moent 8 LUnt Sz

Mourding Dplons: -

Transdueer Standard

Trarmdue er Maurding

HD Side imeging Sonar Coverage;

Power (nput;
Power Diraw
GPER

TR

PS Ghariploting

Wayporis, Routes, Trachkaf oids

Humminbird Mapping:
Navionic s+

MNavionics Platnums
Plainum Capable:
C-Map 4D

350 lmagmoy

+Hiot Link:

HDO Radar

NMEA 2R

5 Port Expansion Moduls
WeatherSense

Frecmion GPS

Heading Sensor GPS

AlS Compatsbhiity
SwrilchFire S onmr

Seresn Snap Shot

Sonar Hetonding
Hisrmminiird PG

Upgradebie intermal Software
Spit Screen Zoom;

Spit 5cresn Bolto

30 Chart \View

Large Ligis View

WideMNarmow Cone Spil Screen

stom View Selechons:
i Ehgitad Readout
View Preset K
Temperafure Sraph

Temperats= Alsrm

X-Presa Menu System;
Card Reader Aveilsble

2 d Slets
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7.3.Humminbird 999 Specifications Sheet

Display Sire - Disgonsl
Dieplay Phoal Metrix:
Dspley Type:

Display Colors Grayscals

Sonar Stendend:

Stendard Sonar Coverags

Siandsid Sonal Fregquency.

Targe e ation:

Power Cutpud RMS

Powes Cutpist Peak o Pesk
Depth Capahiiby:

Temperaiure;

& - Gimbgl Mournt

Mount & Type:

Unit Size - [ndesh Mot
Miount B Limni v
Mounting Opbons:
Transdicer Standard

Trensduter Mounting

HO Sige imaging Sonar Coverage

Power Inpid

Powes Draw:

Waiaypoints, Routes. Trecks/Foints:

Humiminbird Mepping:
Navione s+
MNanvicnie 2 Plafinum+

Piatrwm Capable

O-Mmp 4D

360 [maging: -

P ot | ink

HD R

NIEA 20060

3 Port Exparsion Moduie
WestherSense:
Precsion G

Heading

PC Connect!

Extermnal GPS Receiver
AS |nierink

AlS Compatabliby:
SwitchFre Sonar

Screen Snap Shot

Sonar Recording
Upgradable infernal Softwars:
Spit Screen- Zoom

Spit Screen Botfom Lock
30 Chart View

Loy Elgits \WView

WideMNamow Cofe Spit Scresn

Custorn \View Selecbona
Custom Dhigital Readout
View Presst Keys:
Temperatore Graph
Temperatre Alsrm
Freeze Frame

Ireztant Imege Updste
Merk Siructure on SonRar;
Seiecive Fah (D

Heal Time Sona;
Tripiog

X-PressMenu

Card Reader Avaiahle

# Card Slots:
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7.4 Field Data Sheet
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