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Certificate in Hydrographic Surveying

Hydrographic Survey Fundamentals

Hydrography is the science of measuring and describing the physical features of oceans, seas, coastal areas,
lakes and rivers, and the prediction of their change over time. In a hydrographic survey the primary
objective is to produce accurate and reliable data that can be used for safe navigation, coastal engineering,
environmental monitoring and scientific research. Understanding the terminology that underpins this
discipline is essential for anyone pursuing a Certificate in Hydrographic Surveying. The following exposition
presents the most important terms, their definitions, practical applications, typical examples, and the
challenges associated with each concept.

Sounding refers to the measurement of water depth at a specific location. Historically, soundings were
taken using a weighted line that was lowered until it touched the seabed. Modern soundings are obtained
with acoustic echo-sounders that emit a sound pulse and record the time taken for the echo to return. The
depth (d) is calculated using the formula d = (v x t)/2, where v is the speed of sound in water and t is the
two-way travel time. An example of a sounding is a single-beam echo-sounder reading of 12.5m at a GPS
coordinate of 45°12'30" N, 123°45'15" W. Challenges include variations in sound speed caused by
temperature, salinity and pressure, which can lead to systematic depth errors if not corrected.

Bathymetry is the study and mapping of the seafloor topography. Bathymetric charts display depth
contours, also known as isobaths, which are analogous to contour lines on terrestrial maps. Bathymetric
data are typically collected using multibeam echosounders that produce a swath of depth measurements
across a track line. For example, a multibeam survey of a coastal inlet might reveal a deep channel at 30 m
depth flanked by shoals of 5m depth. The principal challenge in bathymetry is achieving sufficient coverage
and resolution while maintaining data quality, especially in areas with complex terrain or high acoustic
backscatter.

Datum is a reference surface from which depths or elevations are measured. In hydrography, two main
types of datum are used: a horizontal datum for positioning and a vertical datum for depth. A horizontal
datum such as WGS 84 defines the coordinate system for latitude and longitude. A vertical datum such as
Mean Sea Level (MSL) or Chart Datum defines the zero reference for depth. Chart datum is often a low
water level, such as Lowest Astronomical Tide (LAT), chosen to ensure that all depths on a chart are positive.
An example of datum application is the conversion of raw sounding data referenced to MSL into chart
datum for inclusion on a nautical chart. The challenge lies in maintaining consistency between datum
definitions across different regions and ensuring proper transformation when integrating data from multiple
sources.

Tidal datum is a specific vertical datum derived from tidal observations. Common tidal datums include
Mean Higher High Water (MHHW), Mean Lower Low Water (MLLW), and Mean Lower Low Water Springs
(MLLWS). These are calculated from long-term tidal records at a tide gauge. For instance, a tide gauge at a
harbor may report an MLLW of 1.23 m relative to MSL. Surveyors use tidal datums to correct raw depth
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measurements for the effect of tides, converting them to a consistent reference level. The main difficulty is
that tides vary spatially and temporally; applying an inappropriate datum can introduce errors of several
meters.

Sound Velocity Profile (SVP) describes how the speed of sound varies with depth in a water column. Sound
speed is a function of temperature, salinity and pressure, typically measured using a
conductivity-temperature-depth (CTD) sensor. An SVP might show a speed of 1500ms™ at the surface
decreasing to 1520ms™ at 100 m depth due to increasing pressure. Accurate SVP data are essential for
correcting refraction errors in acoustic measurements. A common challenge is the need to acquire SVP data
at regular intervals, especially in environments where temperature or salinity changes rapidly, such as
estuaries.

Refraction correction compensates for the bending of acoustic beams as they travel through layers of water
with different sound speeds. Without correction, the recorded location of a seabed point would be
displaced horizontally, leading to position errors that increase with depth. Modern multibeam processing
software applies ray-tracing algorithms that use the measured SVP to model beam paths. For example, a
beam that travels at a 30° angle from vertical may be displaced by 0.5m at 20 m depth if refraction is not
corrected. The challenge is that inaccurate SVP measurements or abrupt changes in water properties can
cause over- or under-correction, degrading data quality.

Beam angle is the angle between a sonar beam and the vertical axis of the transducer. In a multibeam
system, beams are emitted over a range of angles, forming a fan-shaped swath. Wider beam angles
increase swath width but also increase the incidence angle at the seabed, which can reduce return signal
strength and increase uncertainty. For instance, a multibeam system with a 150° total aperture may achieve
a swath width of 2 x water depth at a 45 m depth. The trade-off between coverage and accuracy is a key
consideration for survey planners.

Swath width is the lateral extent of the area covered by a multibeam system in a single ping. It is generally
expressed as a multiple of water depth, e.g., “2 x depth”. A wider swath reduces the number of passes
required to cover an area, improving efficiency. However, swath edges often have lower data quality due to
high beam angles and reduced signal-to-noise ratio. A typical challenge is to balance the need for rapid
coverage with the requirement for high-resolution data in critical zones such as navigation channels.

Overlap refers to the intentional redundancy between adjacent swaths or survey lines. Overlap percentages
of 20-30% are commonly used to ensure complete coverage and to provide data for quality control.
Overlap allows for cross-track validation and helps to identify systematic errors. For example, when
surveying a 5km x 5km area, a survey line spacing of 30m may be selected to achieve 25% overlap at a
water depth of 30 m. The challenge is that excessive overlap increases survey time and fuel consumption,
while insufficient overlap can lead to gaps in the dataset.

Single-beam echo-sounder is a sonar device that emits a single acoustic pulse directly beneath the vessel. It
provides a depth measurement at a single point beneath the vessel’s track. Single-beam surveys are useful

for small projects, verification of multibeam data, or in shallow waters where multibeam deployment may be
impractical. An example application is the verification of a dredging depth of 6m in a harbour entrance. The
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limitation is that single-beam data have low spatial coverage and require dense line spacing to achieve
adequate detail.

Multibeam echosounder (MBES) is a sonar system that emits multiple beams across a wide fan, providing
simultaneous depth measurements across a swath. MBES is the workhorse of modern hydrographic
surveying. Systems such as the Kongsberg EM 2040 can produce up to 2048 beams per ping, delivering
high-resolution bathymetry. A practical example is the creation of a digital terrain model (DTM) of a
continental shelf for offshore wind farm site assessment. Challenges include managing large data volumes,
ensuring proper sensor calibration, and dealing with complex seabed backscatter that can affect beam
detection.

Side-scan sonar produces acoustic images of the seabed by emitting fan-shaped beams to either side of the
vessel's track. It records the intensity of the returned signal (backscatter), generating a “shadow"” image that
highlights features such as wrecks, rocks, and sediment types. An example use is the detection of a
shipwreck in a 40 m depth area where multibeam data may not reveal small objects. The main difficulty is
interpreting backscatter intensity, which can be influenced by seabed composition, incidence angle, and
system settings.

Backscatter is the portion of the acoustic signal reflected back to the sonar transducer. In multibeam
surveys, backscatter intensity can be used to infer seabed type (e.g., sand, mud, rock). For instance, high
backscatter values often indicate hard, rocky substrates, while low values suggest soft sediments.
Backscatter data are valuable for habitat mapping and sediment classification. However, backscatter is
highly sensitive to beam angle, water column conditions, and system gain, making quantitative
interpretation challenging.

Acoustic Doppler Current Profiler (ADCP) measures water velocity profiles using the Doppler shift of sound
reflected from particles in the water column. An ADCP can be mounted on a survey vessel to provide
simultaneous current data, which is essential for correcting vessel motion and for understanding sediment
transport. For example, an ADCP may record a surface current of 0.8 ms™ flowing eastward at a depth of
10m. A key challenge is the need to correct for vessel motion (heading, pitch, roll) to obtain accurate water
velocity estimates.

Airborne Lidar Bathymetry (ALB) uses laser pulses emitted from an aircraft to measure water depth in clear,
shallow waters. The laser penetrates the water surface, reflects off the seabed, and returns to the sensor. An
ALB system can map coastal zones up to 30 m depth with high spatial resolution. A typical application is the
rapid assessment of beach erosion after a storm event. Limitations include reduced penetration in turbid
water, the need for precise atmospheric correction, and the requirement for accurate georeferencing of the
aircraft’s position.

Geoid is the equipotential surface of Earth's gravity field that best approximates mean sea level. It serves as
the reference surface for orthometric heights. In hydrographic work, vertical datum transformations often
involve converting between ellipsoidal heights (referenced to the reference ellipsoid) and orthometric
heights (referenced to the geoid). For example, a GPS-derived ellipsoidal height of 50.3 m may correspond
to an orthometric height of 45.8 m after applying a geoid model such as EGM2008. The challenge lies in
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selecting an appropriate geoid model for the region and ensuring consistency with chart datum definitions.

Ellipsoid is a mathematically defined, smooth surface that approximates the shape of the Earth. Global
reference ellipsoids such as WGS 84 provide a common framework for GPS positioning. Ellipsoidal heights
are measured directly by GNSS receivers, whereas orthometric heights require geoid separation.
Understanding the distinction is crucial when integrating GNSS-derived positions with hydrographic depth
data. Errors can arise if ellipsoidal heights are mistakenly used as depths without conversion.

Projection is the method of translating the curved surface of the Earth onto a flat map. Common projections
in hydrography include Mercator and Transverse Mercator. The Mercator projection preserves angles,
making it useful for navigation charts, while the Transverse Mercator minimizes distortion over limited
east-west extents, suitable for regional surveys. For instance, a coastal survey of a 100 km stretch may
employ a Transverse Mercator projection with a central meridian at 120°E. Selecting an appropriate
projection reduces coordinate distortion and simplifies data integration.

Survey control consists of a network of accurately positioned reference points used to anchor survey
measurements to a known coordinate system. Control points may be established using differential GNSS,
total stations, or existing benchmarks. An example is the establishment of a series of terrestrial control
points along a shoreline, each measured to sub-centimeter accuracy, which are then used to validate the
GNSS-derived track of a hydrographic vessel. Maintaining a robust control network is challenging in remote
or dynamic environments where markers may shift or become obscured.

GNSS (Global Navigation Satellite System) encompasses satellite constellations such as GPS, GLONASS,
Galileo and BeiDou. GNSS receivers on survey vessels provide real-time positioning with accuracies ranging
from a few meters (stand-alone) to centimeters (when differential corrections are applied). For hydrographic
surveys, RTK (Real-Time Kinematic) or PPP (Precise Point Positioning) techniques are commonly used to
achieve high-precision positioning. A practical scenario is a vessel equipped with a dual-frequency RTK
receiver achieving a horizontal accuracy of +1cm during a multibeam survey. Challenges include signal
blockage in narrow channels, multipath errors near cliffs, and the need for continuous correction data.

Differential GPS (DGPS) improves positioning accuracy by broadcasting correction data from a known
reference station to the rover receiver. The reference station computes the error between its known position
and the GPS-derived position, then transmits this error to nearby rovers. DGPS can reduce positioning
errors to 0.5-1m. In many coastal surveys, a temporary DGPS base is set up on shore, providing corrections
to the vessel's GNSS receiver. The limitation is that the correction signal range is limited, and latency can
affect real-time applications.

Attitude describes the orientation of the survey vessel or sensor platform in three axes: pitch (rotation about
the transverse axis), roll (rotation about the longitudinal axis) and heave (vertical displacement). Accurate
attitude measurement is critical for correcting sonar beam angles and for georeferencing data. An example
is the use of a MEMS-based inertial measurement unit (IMU) that records a roll of 2°, pitch of —1°, and heave
of 0.05m during a survey pass. The main challenge is that high sea states can cause rapid attitude changes,
demanding high-frequency sensor sampling and robust filtering.

Read online: https://learnuni.com/guides/6243892/hydrographic- LearnUNI - 06 Aug 2026
survey-fundamentals



LearnUNI GUIDE

LEARNING SHOULD BE FREE

Heading is the direction the vessel's bow points relative to true north. It is measured by a magnetic
compass, gyro-compass, or GNSS-derived course. Heading errors directly affect the geolocation of sonar
beams. For instance, a heading error of 0.5° at a water depth of 30 m can translate into a horizontal position
error of about 0.26 m for a beam at a 45° angle. Maintaining accurate heading information often requires
continuous calibration of magnetic declination and compensation for magnetic interference.

Tide gauge is an instrument that records the water level relative to a fixed datum over time. Tide gauges
provide the long-term tidal data needed to compute tidal datums and to perform tidal corrections on
sounding data. A typical tide gauge might record a water level of 1.45m above MSL at a particular time. The
challenge lies in the maintenance of the gauge, especially in exposed coastal locations where fouling, storm
damage, or power loss can interrupt data collection.

Harmonic analysis is the mathematical process used to decompose tidal observations into a series of
sinusoidal constituents, each representing a specific tidal frequency (e.g., My, Sy, K1). The resulting harmonic
constants allow prediction of tides at any future time. For example, a harmonic analysis of a year's data may
reveal an M, amplitude of 0.8 m and a phase lag of 45°. Accurate harmonic analysis requires a minimum of
one lunar month of high-quality data; otherwise, predictions may be unreliable.

Water column refers to the vertical section of water from the surface to the seabed at a given location.
Knowledge of the water column'’s physical properties (temperature, salinity, density) is essential for
sound-speed calculations, acoustic attenuation estimates, and for understanding biological processes. In
hydrographic surveying, a water-column profile is often collected using a CTD cast. A challenge arises in
estuarine environments where fresh water and salt water mix, creating sharp gradients that must be
sampled densely to capture the full variability.

Seabed is the solid surface at the bottom of a water body. Its composition (rock, gravel, sand, mud)
influences acoustic backscatter, sediment transport, and engineering suitability. Mapping seabed type is a
key output of many hydrographic surveys. For instance, a seabed classification might identify a 200 m
stretch of basaltic rock followed by a 150 m zone of fine sand. The difficulty in seabed characterization lies
in the indirect nature of acoustic measurements and the need for ground-truth validation (e.g., grab
samples).

Sub-bottom profiler is a sonar system that penetrates the seabed and records reflections from subsurface
layers. It provides information on sediment thickness, stratigraphy, and buried objects. A typical application
is the identification of buried pipelines beneath a sand cover. The main challenge is interpreting the
multiple returns that can be affected by signal attenuation, scattering, and the acoustic impedance contrast
between layers.

Digital Elevation Model (DEM) is a raster representation of terrain elevations. In hydrography, a Bathymetric
DEM (often called a digital terrain model, DTM) represents the seafloor surface. DEMs are generated by
interpolating point-based depth measurements onto a regular grid. For example, a T m resolution DEM may
be created for a harbour entrance to support dredging design. DEM generation challenges include handling
data gaps, managing noise, and selecting appropriate interpolation algorithms (e.g., spline, kriging).
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Triangulated Irregular Network (TIN) is a vector representation where depth points are connected by
non-overlapping triangles. TINs preserve data fidelity better than raster DEMs in areas with steep gradients.
A TIN may be used to model a submarine canyon with high depth variability. The difficulty with TINs is that
they can become computationally intensive for large datasets and require careful handling of triangle
quality to avoid artifacts.

GIS (Geographic Information System) provides tools for storing, analyzing, visualizing, and managing spatial
data. Hydrographic data are often imported into GIS platforms such as ArcGIS or QGIS for further
processing, such as creating navigation charts, performing spatial analysis, or integrating with other
geospatial layers (e.g., land use, marine protected areas). A practical example is the overlay of bathymetric
data with a proposed offshore wind turbine layout to assess minimum water depth requirements. GIS
challenges include ensuring consistent coordinate reference systems, handling large datasets efficiently, and
maintaining data integrity during format conversions.

Metadata is descriptive information about a dataset, including acquisition date, sensor type, processing
steps, accuracy, and contact details. Metadata conforming to standards such as ISO 19115 enables data
sharing and reuse. For instance, a multibeam dataset might include metadata fields indicating a horizontal
accuracy of 0.2m, a vertical accuracy of 0.15m, and the SVP parameters used for sound-speed correction.
The challenge is that metadata is often incomplete or poorly maintained, which can impede data validation
and future reuse.

Quality Assurance/Quality Control (QA/QC) encompasses the systematic procedures used to verify that data
meet predefined standards of accuracy, completeness, and consistency. QA/QC activities include sensor
calibration, field checks, post-processing validation, and documentation of any anomalies. An example QA/
QC step is the comparison of overlapping swaths to calculate the root-mean-square error (RMSE) of depth
differences, ensuring it remains below a specified threshold (e.g., 0.1 m). Maintaining rigorous QA/QC can
be resource-intensive, especially for large-scale projects.

Error budget is a quantitative accounting of all sources of error that affect survey accuracy, including
systematic errors (e.g., sensor bias), random errors (e.g., noise), and environmental influences (e.g., tidal
variation). By allocating error allowances to each component, survey designers can predict whether the final
product will meet required specifications. For example, an error budget may allocate 0.05m to GNSS
positioning, 0.03 m to sound-speed uncertainty, and 0.02m to beam-angle error, resulting in a combined
vertical uncertainty of 0.07 m. The difficulty lies in accurately estimating each contribution and updating the
budget as conditions change.

Systematic error is a consistent, repeatable bias that shifts all measurements in the same direction. Common
systematic errors in hydrography include sensor calibration drift, constant heading offset, or a constant
sound-speed bias. Detecting systematic errors often requires comparison with known reference points or
independent measurements. For instance, if all depths are consistently 0.2 m deeper than a verified
benchmark, a systematic error may be present. Correcting systematic errors usually involves applying a
uniform correction factor.

Random error varies unpredictably from one measurement to the next, often caused by noise, turbulence,
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or momentary sensor glitches. Random errors are typically quantified using statistical measures such as
standard deviation or RMSE. An example is the variability of depth readings at a single point due to surface
waves, which may produce a spread of £0.05m. Random errors can be reduced by averaging multiple
measurements, but they can never be eliminated entirely.

Bias is a type of systematic error where measurements are consistently offset from the true value. In
hydrographic surveys, bias may arise from an incorrect SVP, leading to a uniform depth offset across the
survey area. ldentifying bias often involves cross-checking with external data sources, such as previously
published charts or independent surveys. The challenge is that bias may be subtle and only become
apparent after extensive data analysis.

Calibration is the process of adjusting a sensor or instrument to ensure that its output accurately reflects the
measured quantity. Calibration of sonar systems includes verifying the transducer’s acoustic axis, checking
the timing accuracy, and confirming the gain settings. A typical calibration procedure for a multibeam
system involves a “patch test” where the vessel performs a series of maneuvers (e.g., forward, backward,
starboard, port) over a flat seabed to assess and correct for offsets in roll, pitch, heading, and lever arm.
Calibration must be repeated after any major equipment change or after significant temperature
fluctuations.

Patch test is a specific calibration maneuver used to determine sensor offsets and alignments for multibeam
and other motion-compensated systems. The vessel sails over a homogenous seabed while executing a
series of precise headings and speeds. Data from the patch test are processed to compute roll, pitch,
heading, and lever-arm errors, which are then entered into the survey system. An example patch test may
reveal a heading offset of 0.3°, a roll offset of —0.2°, and a lever-arm offset of 0.15m forward. The challenge
is that patch tests require calm sea conditions and skilled crew to execute accurately.

Lever arm is the vector distance between the GNSS antenna reference point and the sonar transducer
reference point. Accurate lever-arm values are essential for correctly transforming sonar data into the global
coordinate system. For instance, a lever arm of (0.75m forward, 0.10 m starboard, -0.20 m down) must be
applied to each ping to align the depth points with the GNSS position. Measuring lever arms often involves
a survey of the vessel's geometry using a total station, and errors can arise from flexible mounting or
structural deformation.

Resolution denotes the smallest discernible detail that a sensor can capture. In sonar, resolution is a
function of beam width, frequency, and range. High-frequency single-beam systems may achieve
centimeter-scale resolution in shallow water, whereas low-frequency multibeam systems may have
meter-scale resolution at greater depths. An example is a 200 kHz multibeam system that resolves seabed
features as small as 0.5m at a depth of 10 m. Balancing resolution with coverage and survey speed is a
common planning challenge.

Uncertainty quantifies the confidence interval around a measurement, encompassing both systematic and
random components. In hydrographic products, uncertainty is often expressed as a vertical error envelope
(e.g., £0.2m) and a horizontal error envelope (e.g., £0.1m). Uncertainty estimates are critical for
determining whether data meet the standards set by the International Hydrographic Organization (IHO) for
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charting. Calculating uncertainty requires a comprehensive error budget and proper propagation of errors
through all processing steps.

Data processing transforms raw sensor outputs into usable hydrographic products. The workflow typically
includes steps such as time-synchronization, motion correction, sound-speed correction, tide correction,
outlier removal, gridding, and quality assessment. For a multibeam dataset, processing may begin with
importing raw pings, applying SVP-based refraction correction, correcting for vessel attitude, and then
generating a gridded bathymetric surface. Processing challenges include handling large data volumes,
ensuring consistent parameter settings, and detecting subtle artifacts such as “spikes” caused by transient
acoustic interference.

Outlier is a data point that deviates markedly from the surrounding measurements, often due to sensor
glitches, interference, or environmental anomalies. Outliers are typically identified through statistical tests
(e.g., z-score) or visual inspection of depth profiles. An example is a single depth reading of 45m in an area
where adjacent points range between 10 m and 12m, indicating a probable error. Removing outliers
improves overall data quality but must be done cautiously to avoid discarding legitimate extreme features.

Spike is a narrow, high-frequency noise artifact that appears as an isolated depth anomaly in a line of data.
Spikes can be caused by bubble interference, fish schools, or momentary sensor saturation. Detection
algorithms often employ moving-window filters to flag values that exceed a predefined threshold relative to
neighboring points. For example, a spike of +2m may be removed from a depth series that otherwise varies
smoothly. The challenge is distinguishing spikes from genuine seabed features such as small rocks.

Filtering involves applying mathematical operations to suppress noise and enhance signal quality. Common
filters include low-pass filters to smooth high-frequency noise, median filters to remove spikes, and
adaptive filters that adjust based on local variability. In a hydrographic context, filtering may be applied to
both depth and backscatter data. Over-filtering can lead to loss of detail, especially in areas with rapid
depth changes, so filter parameters must be chosen judiciously.

Interpolation is the estimation of depth values at locations where no direct measurement exists, based on
surrounding data. Interpolation methods include nearest-neighbor, linear, spline, and kriging. For instance,
filling a 5m gap between two swaths may be performed using spline interpolation to generate a smooth
transition. The main difficulty lies in selecting an interpolation technique that preserves true seabed
morphology while minimizing artificial smoothing.

Gridding creates a regular raster dataset from scattered depth points. The grid cell size is chosen based on
the desired resolution and the density of measurements. A 1m grid may be appropriate for a
high-resolution harbour survey, whereas a 10 m grid may suffice for a broad-scale offshore chart. Gridding
must account for data weighting, edge effects, and the presence of data voids. Poor gridding can introduce
artifacts such as “stair-step” effects or unrealistic depth gradients.

Digital Terrain Model (DTM) is a raster representation of the seabed surface, often derived from gridded
bathymetry. DTMs are used for a variety of applications, including flood modeling, habitat suitability
analysis, and engineering design. For example, a DTM of a tidal inlet may be used to simulate storm surge
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propagation. Generating a high-quality DTM requires careful handling of data gaps, interpolation, and
smoothing to avoid misrepresenting critical features.

Geographic Information System (GIS) platforms enable the integration of hydrographic data with ancillary
layers such as land use, infrastructure, and environmental zones. GIS tools support spatial queries, overlay
analysis, and cartographic production. An example workflow might involve importing a bathymetric DEM,
overlaying a proposed pipeline route, and performing a “clearance” analysis to ensure a minimum water
depth of 20 m. GIS challenges include managing coordinate reference system transformations and ensuring
that data provenance is maintained throughout the analysis.

Electronic Navigational Chart (ENC) is a digital representation of charted information conforming to the IHO
S-57 or newer S-100 standards. ENCs store vector data for features such as depth contours, navigation aids,
and hazards, enabling dynamic display on electronic chart display and information systems (ECDIS).
Creation of an ENC involves converting processed bathymetric data into vector features, assigning
appropriate symbology, and validating against IHO specifications. The production process is complex,
requiring strict adherence to data model rules and thorough quality checks.

S-57 is the IHO transfer standard for ENCs, defining the data model, attribute coding, and file structure.
S-57 files are widely used in maritime navigation and contain layers such as depth areas, sounding points,
and land polygons. For example, a depth area in S-57 may be defined by a polygon with a depth attribute
of =12 m. Transitioning to the newer S-100 standard is ongoing, but many legacy systems still rely on S-57.
Understanding the intricacies of S-57 is essential for data exchange and chart production.

S-100 is the modern IHO data model framework that supersedes S-57, offering greater flexibility,
extensibility, and support for new data types such as LiDAR bathymetry and 3-D seabed features. S-100 uses
a modular approach with different “product specifications” (e.g., S-102 for bathymetry). Implementing S-100
requires updated software tools and compliance with newer metadata standards. The transition poses
challenges related to legacy data conversion, staff training, and ensuring interoperability with existing
navigation systems.

IHO (International Hydrographic Organization) is the intergovernmental organization that sets standards for
hydrography and nautical charting. IHO publications such as the IHO S-44 (Hydrographic Surveying
Standards) define accuracy requirements for various survey types (e.g., coastal, offshore). For instance, S-44
may specify a horizontal accuracy of 0.5m for a coastal chart at a scale of 1:20000. Compliance with [HO
standards is mandatory for official chart production and often forms the basis of contractual specifications.

Survey accuracy is the degree to which measured positions and depths conform to the true values. Accuracy
is expressed as a combination of horizontal and vertical components, often with a confidence level (e.g.,

95 %). The IHO defines accuracy classes (e.g., Class A, Class B) for different chart scales. Achieving the
required accuracy involves careful planning, equipment selection, calibration, and rigorous QA/QC. In
practice, meeting a Class A requirement for a 1:5000 chart may demand sub-centimeter GNSS positioning
and thorough tide correction.

Precision refers to the repeatability of measurements; high precision indicates that repeated observations
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under unchanged conditions produce similar results. Precision is typically quantified by the standard
deviation of repeated measurements. For example, a GNSS receiver might show a horizontal precision of
0.02m (1-0) in open sky. Precision is distinct from accuracy; a system can be precise but biased. Maintaining
high precision often requires stable environmental conditions and well-maintained equipment.

Coverage denotes the proportion of the survey area that has been successfully measured. Full coverage is
essential for producing seamless charts and for avoiding navigation hazards. Coverage is expressed as a
percentage and is assessed after processing. For instance, a survey may achieve 98 % coverage of a 10km?
area, with the remaining 2 % consisting of data voids caused by excessive noise or equipment failure.
Achieving complete coverage may require additional passes, alternative sensor deployment, or manual
soundings.

Data reduction is the process of converting raw sensor outputs into a more compact, usable form. In sonar
surveys, data reduction may involve applying sound-speed corrections, removing motion effects, and
discarding unnecessary ancillary data. The result is a set of georeferenced depth points ready for analysis.
An example is converting a 20 GB raw multibeam dataset into a 2 GB cleaned point cloud after processing.
Data reduction reduces storage requirements but must preserve essential information for downstream
applications.

Post-processing refers to all activities performed after data acquisition, including error correction, filtering,
gridding, and product generation. Post-processing is typically conducted in specialized software such as
CARIS, QPS, or Leidos. A typical post-processing workflow may involve loading raw pings, applying SVP
corrections, performing a patch test, tide-correcting the depths, removing outliers, generating a DEM, and
finally exporting the product as an ENC. The challenge is that each step introduces potential sources of
error, and careful documentation is required to maintain traceability.

Metadata (revisited) is essential for data discovery, interpretation, and reuse. Good metadata records
include acquisition parameters (e.g., sensor type, frequency, beamwidth), processing steps (e.g., filters
applied, datum transformations), and quality metrics (e.g., RMSE, coverage). For example, a metadata record
may indicate that the survey was conducted on 2024-03-15, using a Kongsberg EM-122 multibeam at

12 kHz, with a horizontal accuracy of 0.15m. Lack of comprehensive metadata can hinder the integration of
datasets into larger spatial databases.

Data export involves converting processed hydrographic data into formats suitable for end-users. Common
export formats include XYZ (plain text), CSV, NetCDF, and specialized chart formats (S-57, S-100). Exporting
to XYZ may be useful for academic research, while S-57 export is required for official chart production.
Export settings must preserve coordinate reference systems and datum information; otherwise, downstream
users may experience misalignment. Ensuring data integrity during export is a critical step.

XYZ is a simple text format where each line contains a point’s easting, northing, and depth (or elevation).
XYZ files are widely used for importing data

Read online: https://learnuni.com/guides/6243892/hydrographic- LearnUNI - 06 Aug 2026
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