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The Office of Coast Survey (CS) is the Nation’s only official chartmaker. As the oldest United States
scientific organization, dating from 1807, this office has a long history. Today it promotes safe
navigation by managing the National Oceanic and Atmospheric Administration’s (NOAA) nautical
chart and oceanographic data collection and information programs.

There are four components of CS:

The Coast Survey Development Laboratory develops new and efficient techniques to
accomplish Coast Survey missions and to produce new and improved products and services
for the maritime community and other coastal users.

The Marine Chart Division collects marine navigational data to construct and maintain
nautical charts, Coast Pilots, and related marine products for the United States.

The Hydrographic Surveys Division directs programs for ship and shore-based hydrographic
survey units and conducts general hydrographic survey operations.

The Navigation Services Division is the focal point for Coast Survey customer service activities,
concentrating predominantly on charting issues, fast-response hydrographic surveys and
Coast Pilot updates.
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Introduction

The purpose of this paper is to provide a conceptual framework of a multibeam sonar acquisition
system from seafloor measurement to useable information. The framework considers the
functional elements from sonar ping to data processing necessary to acquire multibeam sonar
information referenced to earth-based coordinate systems.

Measuring water depth by timing a packet (pulse) of sound waves as they travel from a
shipborne transmitter, reflect from the seabed, and travel back to a shipborne receiver is a
technique that has been used for many years. The single-beam echo sounder, developed in the
1930's and still in wide use today, uses sound waves propagating vertically downward and
returning vertically upwards to give the depth directly beneath the vessel. A series of lines with
soundings taken at discrete intervals at a specified horizontal spacing constitutes a conventional
survey of depths in an area. Conventional surveying with a single-beam echo sounder has the
limitation that no quantitative depth information is obtained between survey lines or soundings.

Depth-measuring sonar systems (echo sounders) with multiple beams are now available. These
systems employ multiple sound waves propagating at angles, which vary from vertical to nearly
horizontal. The sound waves impact the seafloor in a pattern called a swath. The width of the
swath may be equal to many times the water depth depending on the sonar design, water depth
and bottom slope. Overlapping swath coverage makes it possible to obtain quantitative depth
information for 100% of the bottom in the survey area.

Full seafloor coverage requires precise and accurate location of the soundings to avoid feature
distortions and provide repeatability. Multibeam sonar sounding measurements must be
corrected for the sound transmission characteristics of the water, adjusted for the vessel’s motion
during the sound transmission, and located in an earth-based reference system to create accurate
and repeatable information. Integrating simultaneous measurements from sounding, position,
and movement sensors into a common acquisition/processing stream allows useful information
to be derived about the seafloor bathymetry and characteristics. In addition, planning of the
survey and management of the large datasets produced are critical to conducting a successful
mapping project.

The conceptual model encompasses sensor and information technology requirements to derive
repeatable, accurate information from real-world observations of the seafloor. This model does
not address the personnel skills or quality control procedures necessary for a successful mapping
project.



A multibeam sonar acquisition system has seven conceptual subsystems. These are —

1. In-the-water measurements - sonar and sound velocity measurements

2. Transducer location derived from vessel location - horizontal positioning (GPS, other),
vertical positioning (dynamic draft and tides information)

3. Transducer motion derived from vessel motion and attitude - heading, velocity, and
heave, roll, pitch (HRP)

4, Survey control - line planning, line steering, coverage assurance

5. Data acquisition - acquisition hardware/software

6. Data management - data management/transfer system

7. Data processing - software to integrate and analyze the collected data

The first three subsystems pertain to the collection of real-world observations from a floating
rigid-hull platform that is necessary to derive and locate seafloor measurements. Survey control
organizes the collections and provides real-time feedback and direction for the operation of the
platform. Data acquisition and management involve recording the observations, making them
available for analysis and protecting them from loss.

Thus, a multibeam sonar acquisition system consists of many sensors and systems beyond the
actual sonar. It is an integration of subsystems that sense, correct, collect, archive, and process
the real-world observations of the seafloor. This document will provide a broad conceptual
model for a multibeam sonar acquisition system.



In-the-Water Measurements

In-the-water measurements consist of the sonar sampling and measurements of the physical
properties of the water column. The physical properties are used to determine sound velocity
variations in the water column in order to mathematically correct the sonar sound pulse’s path
between the platform and the seafloor.

In-the-water measurements consist of three subsystems:

1. Multibeam echo sounder
2. Sea surface/transducer head sound velocity sampling
3. Water column sound velocity profile

A multibeam echo sounder system consists of a transducer array, transceiver unit, and
operating/control unit. The system transmits sound pulses across a swath perpendicular to the
vessel’s heading. The return echoes are analyzed to determine the round-trip travel time to the
seafloor and back (generally named “Two-Way Travel Time”). The travel time is used to
calculate the distance from the sonar to the seafloor at the angle the pulse was transmitted.

Some systems allow a small amount of return information around the mathematically determined
bottom to be recorded. These samples, sometimes called snippets, can be analyzed to derive
additional information, such as probable sediment type, from the sound pulse’s interaction with
the seafloor. Collection of return echo information for the entire water column is being
implemented by some vendors, which will allow suspended targets to be recorded.

Mutibeam echo sounders are designed to balance many competing requirements. Horizontal and
vertical resolution, depth range, acquisition speed, and swath coverage are some of the
requirements that determine the design of a sounder. No sounder is optimum in all areas.
Sounders are selected by vetting the various vendor systems against the project requirements,
such as precision and accuracy, as well as the water depth and expected bathymetry of the area to
be mapped. In general, the echo sounders are grouped into shallow water systems and deep
water systems, with the boundary between the two at approximately 100 meters depth.

Sound velocity (SV) at the transducer array and its variation in the water column must be known
to correct the sonar’s sound pulse travel time. Ray trace calculations of the refraction (bending)
of the pulse, using Snell’s law, determine the location where the pulse impacted the seafloor.
Without sound velocity correction, the echo sounder’s data would contain large horizontal and
vertical errors due to refraction. Multibeam echo sounders are more sensitive to refractive error
than single beam sounders due to the acute incident angle of the sound waves on the interface
between vertical layers of different water densities. Water column sound velocity is modeled by
dividing the column into discrete layers with similar physical properties determined from a
conductivity-temperature-depth (CTD) cast. CTD casts are taken periodically in the survey area.
The project area drives the frequency of CTD casts. Tidal action, fresh water intake, and
coastline irregularity impact the location and timing of the casts. New casts are needed
whenever the temperature or density of the water column changes during survey operations.



Sound velocity at the transducer head is measured using a real-time sensor to ¢i  ulate the sound
velocity at the specific depth of the sonar continuously during sonar operation. 1e

n surement is linked to tt  sonar transceiver to electronically steer (aim) the: nd pulse
during transmission from flat-faced sonar transducer designs.





















Data Processing

Data processing is both the beginning and ending of a multibeam sonar
system. Knowledge of the data processing required to meet survey specificatic
the in-the-water measurements taken, survey planning, ancillary sensor selectic
acquisition software used. The survey is planned, the environment is sampled,
stored to enable certain specifications to be met. The data processing package,
thenu these data to produce the desired end products or analyze them to deri

Most processing software packages have been developed to support sp«
such as nautical charting, bottom typing, or the geological analysis of bathyme
designed to make comparisons between two surveys of the same area, while ot
to deliver information in near real time. The desired end products heavily infh
processing software selection, as well as the sensors and acquisition software 1

Examples of end products include, but are not limited to, digital terrain

lines, hard copy plots of soundings, quasi-3 dimensional models, and GIS-reac
Bottom type classification is a relatively new end product that is being actively
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