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PREFACE

This publication, ISt anda-#4),ss oheoaf theHsgries afgr a p h
standards developed by the International Hydrographic Organization (IHO) to help improve
thesafety of navigation.

Formal discussions on establishing standards for hydrographic surveys began at"the VI
International Hydrographic Conference (IHC) in 1957. Circular Letters to Member States in
1959 and 1962 reported on the views of Member Stateb the VIII" IHC in 1962
established a Working Group (WG) comprising 2 members from the USA, 1 from Brazil and
1 from Finland. The WG communicated by mail and held two meetings in conjunction with
the IX" IHC in 1967 and prepared the text for SpecidblRation N S-44.

The f' Editon of S44 entitled HAAccuracy Standards R
Surveyso was published in January 1968 the I
surveys were classed as those conducted for the purpose of ogmmautical charts

generally wused by shipsd and AThe study <co

precision of measurements necessary to portray the sea bottom arfdaitiresssufficiently
accurately for navigation@lur poses. 0

Over subsequent years technologies and procedures changed and the IHO established further
WGs to update @4 with the 2¢ Edition published in 1982, thedn 1987 and the Zin

1998. Throughout these revisions the basic objectives of ubkcation have remained
substantially unchanged and this remains so with thEdgion.

The Termsof Reference for th&VG established to prepare th8 Bdition of S-44 included
inter alia: a desire for clearer guidance regardsep floorfeaturesand listed a number of
concernsincluding system cagailities for detectingfeaturesand the characteristics of
featuresto be detectedThe WG concluded tha-44 setsminimum standard$or surveys
conducted for the safety glirfacenavigation. The WG considered it to thee responsibility
of each national authority to determitiee precisecharacteristics ofeaturesto be detected
relevant o their organizatiorand to determinethe ability of particular systemsnd their
procedures to detecsuch features The WG further concludedthat the design and
construction of targets used to demonstrate systectioncapabilities is theesponsibiliy
of national authoritiesThe reference taubic features>1 or 2 metresn sizeused inthese
Standardsprovides a basis for understanding thi#aturesof at least this size should be
detected.

The principal changes made from tHeRdition are

The division of Order 1 into 1a wherdidl sea floor searclis required and 1b where it is not
required.The removal of Order 3 as it was considered thate was no longer a need to
differentiate this from Order 2.

The replacement, in most cases, of the wdiascuracy and fierrord by Auncertainty .

Errors exist and are the differences between the measured value and the true value. Since the
true value is never known it follows that theor itself cannot be knownUncertaintyis a

statistical assessment of the likely magnitude of ¢nisr. This terminology is increasingly

being used in measuremeseelSO/IEC 98: 19951 Gui de t o t he expressio
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measurement o (due nhd bBSOLUpEELt O@: 2002068 nt ar
of Metrologyi Basic and general concepts and associated terms (VIM).

The Glossary has been updated and some terms which the WG consider fundamental to the
understanding of these Standards are repeatbé introduction.

The WG considered that i n fa® motmappropoate toothese i Ho w
Stardards and this information has been removed from th&dition. However the WG
acknowledges the usefulness of this guidance amthtbrmation has beeretained in two

annexes. The WG recommends that this information should be transferred to IHO Publication
M-13 (Manual on Hydrography} svhich timethe annexes should be removed from4s

A minimum spot spacing for bathymetili¢dDAR has been included ifiablel for Order 1b
surveys wheréull sea floor searclis not required.

Finally it was the view of the WG that&$4 pr ovi des fStandards for
and that it is theesponsibility of individual Hydrographic Offices / Organizations to prepare
ASpeci ficati ons o0 BSaexications will be maessgsters spaciiicdaadad s .
such will be quite dynamic as systems change.
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INTRODUCTION

This publication is degned to provide a set of standards for the execution of hydrographic
surveys for the collection of data which will primarily be used to compile navigational charts
to be used for the safety sfirfacenavigation and the protection of the marine envirorttnen

It must be realised that this publication only providesntiimum standards that are to be
achieved. Where theathymetryand expected shipping use requires it, hydrographic offices

/ organisations wishing to gather data may need to define morgesir standards. Also, this
publication does not contain procedures for setting up the necessary equipment, for
conducting the survey or for processing the resultant data. These procedures (which are a
fundamental part of the complete survey system)trbasdeveloped by the hydrographic
office/organisation wishing to gather data that is compliant with th8sedards
Consideratiormust be made dhe order of survey they wish to achieve, the equipment they
have at their disposal and the type of topolgyaihat they intend to survefinnexes A and B
provide guidelines foQuality controland Data Processing and it is intended that these will
be moved tahe Manual on Hydrography (IHO Publication-M) which providedurther
guidanceon how to perform hydrographic surveys.

There is nothing to stop users adopting th8sendards for other uses. Indeed, such a
broadening of the use of theSendards is welcomed. However, users who wish to adopt
these for other means niusear in mind the reason why they were written and therefore
accept that not all parts may be suitable for their specific needs.

To be compliant with an-84 Order a survey must be compliant with ALL specifications for
that order included ithese Standds

It is also important to note that the adequacy of a survey is the end product of the entire
survey system and processes used during its collection. uiitertaintiesquoted in the
following chapters reflect the totalropagateduncertaintiesof all parts of the system.
Simply using a piece of equipment that is theoretically capable of meeting the required
uncertaintyis not necessarily sufficient to metethe requirements of theStandards. How

the equipment is set up, used and how it interacts with the other components in the complete
survey system must all be taken into consideration.

All componentsand their combination must be capable of providindata to the required
standard. The hydrographic office / organisation needs to satisfy itself that this is so by, for
example, conducting appropriate trials with the equipment to be used and by ensuring that
adequate calibrations are performed priora® well as during and, if appropriate, after the
survey being carried out. The survey®an essential component tbfe surveyprocess and

must possess sufficient knowledge and experience to be able to operate the system to the
required standard. Measuy this can be difficult although surveying qualifications (e.g.
having passed an IHO Cat A/B recognised hydrographic surveying course) may be of
considerable benefit in making this assessment.

It should be noted that the issue of this new edition tostherdard does not invalidate
surveys or thecharts and nautical publications basedlwm conducted in accordance with
previous editions, but rather sets the standards for future data collection to better respond to
user needs.
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It should also be notethat where thesea flooris dynamic (e.g. sand waves3urveys
conducted to any of the Ordersthrese Standardsill quickly become outdatedsuch areas

need to beeairveyed at regular intervals to ensure that the survey data remains valid. The
intervak betweenthese resurveys, which will depend on the local conditions, should be
determined by national authorities.

A glossaryof terms used in this publication is given after Chapter 6. Terms included in the
glossary are slvan in the text in italic type and in the electronic version are hyperlinked to
their definition. The foll owing AFundament al
essential to the understanding of th8sendards.

FUNDAMENTAL DEFINITIONS

Feature detection The ability of a system to detetaturesof a defined size. These
Standards specify the size f&fatureswhich, for safety of navigationshould be detected
during the survey.

Full seafloor search A systematic method of exploring tlsea floorundertaken to detect
most of thefeaturesspecifiedin Table % utilising adequate detection systems, procedures
and trained personndi practice, it is impossible to achieve 100% ensonificatia®0%
bathymetric coveragghe use of sch terms should be discourayed

Reduced depths: Observed depths including abrrectionsrelated to the survey and o
processing and reduction to the used vertical datum.

Total horizontal uncertainty (THU): The component ototal propagated uncertainty
(TPU) calculated in the horizontal plamdthough THU is quoted aa single figure, THU is

a 2Dimensionalquantity. The assumption has been made thaticertaintyis isotropic

(i.e. there is negligible correlation betweemors in latitude and longitude).This makes a
Normal distribution circularly symmetric allowing a single number to describe the radial
distribution oferrors about the true value.

Total propagated uncertainty (TPU): the result ofuncertainty propagation when all
contributing measuremenncertainties both random and systematic, have been included in
the propagationUncertaintypropagation comhbies the effects of measurementertainties
from several sources upon thecertaintiesof derived or calculated parameters.

Total vertical uncertainty (TVU): The component ofotal propagated uncertaint¢fTPU)
calculated in the vertical dimensiofivU is a 1Dimensionalquantity.
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CHAPTER 17 CLASSIFICATION OF SURVEYS
Introduction

This chapter describeshe orders of survey that are coitered acceptable to allow
hydrographic officed organizationsto produce navigational products that will allow the
expected shipping to navigate safely across the areas surveyed. Because the requirements
vary with water depth and expected shipping tydesir different orders of survey are
defined;each designed to cater for a range of needs.

The four orders are described below along with an indication of the need that the order is
expected to meet.Table 1specifiesthe minimum standard$or each of theserders and
must be read in conjunction with the detailed text in the following chapters.

The agency responsible for acquiring surveys should select the order of survey that is most
appropriate to the requirements of saéwigation in the area. It should be noted that a single
order may not be appropriate for the entire area to be surveyed and, in these cases, the agency
responsible for acquiring the survey should explicitly define where the different orders are to

be usd. It should also be noted that the situation discovered in the field by the surveyor may
differ sufficiently enough from what was expected to warrant a change of order. For instance

in an area traversed Bfery Large Crude Carrierd/[CCs) and expectedotbe deeper than

40 metresan Order la survey may have been specified; however if the surveyor discovers
shoals extending to less thd® metresthen it may be more appropriate to survey these
shoals to Special Order.

Special Order

This is the most rigaus of the orders and its use is intended only for those areas where
underkeel clearance is critical. Because unrkieel clearance is critical fll sea floor
searchis required and the size of tfeaturesto be detected by this search is deliberately kept
small. Since undekeel clearance is critical it is considered unlikely that Special Order
surveys will be conducted in waters deeper than 40 metres. Examples of areas that may
warrant Special Order surveys are: berthing areas, harbours and critical areas of shipping
channels.

Order 1a

This order is intended for those areas where the sea is sufficiently shallow to allow natural or
manmadefeatureson the seabed to be a concern to the type of surface shipping expected to
transit the area but where the un#leel clearance is less critical than for Special Order
above. Because manade or naturafeaturesmay exist that i@ of concern to surface
shipping, &full sea floorsearchis required, however the size of tfeatureto be detected is
larger than for Special Order. Undarel clearance becomesss critical as depth increases

so the size of thizatureto be detected by tHell sea floorsearchis increased in areas where

the water depth is greater than 40 metres. Ordesubaeys may be limited to water
shallower thariO0 metres.
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Order 1b

This order is intended for areas shallower than 100 metres where a general depiction of the
seabed is considered adequate for the tymeidace shippingxpected to transit the areA.

full sea floorsearchis not required which means sofigaturesmay be missed although the
maximum permissible line spacing will limit the size of teauresthat are likéy to remain
undetected. Thisrder of survey is only recommended where urddssl clearance is not
considered to be an issuAn examplewould be ararea where theeabedharacteristics are

such that the likelihood of there beingranmade or naturdkatureon thesea floorthat will
endanger the type of surface vessel expected to navigate the area is low.

Order 2

This is the least stringent order and is intended for those areas where the deptr af wat
such that a general depiction of the seabed is considered adequatesea floorsearchis

not required. It is recommended that Order 2 surveys are limited to areas deeper than 100
metres as once theater depth exceeds 100 metres the existence ofnmaale or natural
featuresthat are large enough to impact on surface navigation and yet still remain undetected
by an Order 2 survey is considered to be unlikely.
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CHAPTER 27 POSITIONING
2.1  HorizontalUncertainty

The uncertaintyof a position is theuncertaintyat the positionof the sounding orfeature
within thegeodetic réerence frame.

Positions should be referenced to a gea@emeference frame based dime International
Terrestrial ReferencBystem(ITRS) e.g. WGS84. [fexceptionally positions are referenced
to the local horizontal datum, this datum should be tieal geocemic reference frame based
onITRF.

The uncertaintyof a position is affected bsanydifferent parametersthe contributions of
all suchparameters to thstal horizontaluncertainty(THU) should be accounted for.

A statistical method, combining allincertainty sources, for determining positioning
uncertaintyshould be adopted. Theosition uncertaintyat the 95%confidence leveshould
be recorded together with the survey datee ale 5.3) The capability of the survey system
shoutl be demonstrated by the THU calculation.

The position of soundings, dangers, other significant subméegéares navaids (fixed and
floating), featuressignificant to navigation, theoastline ad topographicafeaturesshould
be determinedsuch that the horizontal uncertainty meetsthe requirementspecifiedin
Tablel. This includes alluncertainty sources not just those associated witsitioning
equipment.
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CHAPTER 31 DEPTHS

3.1 Introduction

The navigation of vessels requires accurate knowledge of the water depth in order to exploit

safely the maximum cargoarrying capacity, and the maximum available water for safe

navigation. Where undéeel clearances aan issuahe depthuncertaintiesmust be more
tightly controlled and better understood. In a similar way, the fizdsaturesthat the

survey will have or, more importantly, mant have detectedshouldalso be defined and
understood.

The measured gpths anddrying heights shll be referenced to &ertical datum that is
compatible withthe products to be made or updated from the survey e.g. chart. dideathy
this sounding datunshould also be a well defined vertical datum such as, 3L, a
geocentric reference frame based on$Ra geodetic ference level

3.2  Vertical Uncertainty

Vertical uncertainty is to be understood as theicertainty of the reduced depthsin
determining thevertical uncertainty the sources of individualincertaintiesneed to be
guantified. All uncertaintiesshould be combinedtatistically to obtain atotal vetical

uncertainty(TVU).

The maximum allowablevertical uncertainty for reduced depthss set out inTable 1
specifies thaincertaintiesto be achieved to meet each order of suridmcertaintyrelated to
the 95%confidence levealefers to the estimatioof error from the combineaontribution of
randomerrors and residuals from the correction of systematiors. The capability ofthe
survey systemnshould be demonstrated by the TVU calculation.

Recognising that there are batepthindependenand depth dependeatrors that affect the
uncertaintyof the depths, the formulzelowis to be used to computat the 95% confidence
levd, themaximumallowableTVU. The parameterBad andfibo for each eder, as given in
Table 1t oget her with the depth Ado have t
calculatethe maximum allowable TVU faa specificdepth:

+ .Jo + (bxd P

Where:

a representghat portion of theincertaintythat does not vary with depth

b is a coefficient which represents that portion of tinecertaintythat
varies with depth

d is the depth

b xd represents that portion of thecertaintythat varies with depth

The verticaluncertaintyat the 95%confidence levelshould be recorded together with the

survey datgsee also 5.3).
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3.3 Reductions foiTides/ Watetrlevel Observations

Observations sufficient to determiwariations in the water level across théirensurvey area

must be taken for the duration of the survey for the reduction of soundings to the relevant
sounding datumThese may be determined either by direct measurement of the water level
(i.e. by using a gaugend if necessary carried across the survey area-bgala@orrections

or by 3D positioning techniques linked to the requiggninding datumby a suitable
separation model.

Tidal / water-level reductions need not be amalito depths greater than 20@tresif TVU is
not significantly impacted by this approximation

3.4  Depth measurement

All anomalousfeaturespreviously reported in the survey area andséhdetected during the
survey should be examined in greater detail and, if confirmed, their position and least depth
determined. If a previously reported anomalteetureis not detected refer tGhapter 6for
disproving requirements. The agency responsible for survey quality may define a depth limit
beyond which a detailedea floorinvestigation, and thus an examination of anomalous
featuresis not required.

For wrecks and obstructions which may have less thaméides clearance above them and
may be dangerous to normal surface navigation, their position and the least depth over them
should be determined by the best available method while meeting the weqgtainty
standardf the appropriate order in Tablel.

Side scan sonar should not be used for depth measurement but to define areas requiring more
detailed and accurate investigation.

35 Feature dtection

When afull sea floor searchs required, the equipment used to conduct the survey must be
demonstrablycapable of detectindeatures of the dimensions specified ifable 1.
Additionally, the equipment must beonsideredas part of a system (incled survey/
processingquipment procedures and personnel) that will ensure there is a high probability
that hesefeatureswill be detected. It is the responsibility of the hydrographic office /
organisatiorthat is gathering the data assess the capability of any proposed system and so
satisfy themselves that it is able to detect a sufficiently high proportion of amjestgres

The Special Order and Order Imature detectiomequirements of 1 metre and 2 metre cubes
respectivelyare minimum requirementgeaturesmay exst that are smaller than the size
mandated for a given order but which are a hazard to navigatimaykthereforebe deemed
necessary by thaydrographic office / organizatioto detect smallefeaturesin orderto
minimisethe risk of undetected hazards to surface navigation.

It should be noted that even when surveying with a suitable system 100% detdction
featurescan never be guaranteed. If there is concernf@iaatiresmay exist within an area

that may not be detected by the Survey System being used, consideration should be given to
the use of an alternative system (e.g. a mechanical sweep) to increase the confidence in the
minimum safe clearance depth acrthesarea

9
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3.6  Sounding Density Line Spacing
In planning the density of soundings, both the nature of the seabed in the area and the

requirements o$afe surface navigatidmve to be taken into account to ensamedequate
sea floorsearch

For SpecialOrderand Order 1a surveys mecommendd maximum line spacing is given as
there is an overriding requirement fatl sea floorsearch

Full sea floorsearchis not required for Orders 1b and 2 @rmble 1recommendsnaximum
line spacingOrders 1b and)2and bathymetric LIDAR spot densi(@rder 1. Thenature of
the seabed needs to be assessedrigsasgpossible in a survey in orderdecide whether the
line spacing LIDAR spot densityfrom Table 1should be reduced or extended.

10
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CHAPTER 4 - OTHER MEASUREMENTS
41 Introduction

The following observations may not always becessarybut if spedied in the survey
requirement should meet the following standards.

42  Seabedampling

The nature of the seabed should be determinepotential anchorage areas; it may be
determinedby physical sampling or inferred from other sensors (e.g. single beaho
sounders, side scan sonar, “fattom profiler, video, etc.)Physical amplesshould be

gathered at a spacing dependent on the seabed geology and as required to ground truth any
inference technique.

43 Chart and Land Survey Vertical Datu@snnedion

IHO Technical Resolution A2.5, as set out in IHO Publicatioi3,Mequires thathe datum

used for tidal predictions should be the same as that used for chart datum. In order for the
bathymetric data to be fully exploited the vertical datum usetidar observationshouldbe
connected to the general land survey daterprominent fixed marks in the vicinity of the

tide gauge/station/observatorfdlipsoidal height determinations of the vertical reference
marks used for tidal observations shouldrbade relativeo a geocentric reference frame
based on ITR, preferably WGS84or to an appropriatgeodetic reference level

44 Tidal Predictions

Tidal data may be required for analysis for the future prediction of tidal heagltshe
production ofTide Tablesn which case observations should cover as long a period of time as
possible and preferably not less than 30 days.

45 Tidal Streanmand Curren©Dbservations

The speed and direction of tidal streaamsl currentsvhich may exceed 0.5 knot shdube
observed at the entrances to harbours and channels, at any change in direction of a channel, in
anchorages and adjacent to wharf areas. It is also desirable to measure coastal and offshore
streams andurrents when they are of sufficient strengthffec surface navigation.

The tidal stream and current at each position should be measured at depths sufficient to meet
the requirements of normal surface navigation in the surveylardege case of tidal streams,
simultaneous observations of tidal kbt and meteorolagal conditions should be made and

the period of observation should ideally be 30 days.

The speed and direction of the tidal stre@ma currenshould be measured to 0.1 knot and
the nearest 10° respectively, at 96&hfidence level

Where there is reason to believe that seasonal river discharge influences the tidalestdteams
currents measurements should be made to cover the entire period of variability.

11
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CHAPTER 57 DATA ATTRIBUTION
51 Introduction

To allow a comprehensive assessment of the quality of survey data it is necessary to record or
document certain information together with the survey data. Such information is important to
allow exploitation of survey data by a variety of userhwlifferent requirements, especially

as requirements may not be known wkigsurvey data is collected.

5.2 Metadata
Metadatashouldbe comprehensive but shoddmprise as a minimuminformation on:

- the survey in generat.g. purpose,date, area, equipment used, name of survey
platform

- the geodetic reference system used,hicgizontal and vertical datumcluding ties
to a geodetic reference frame based onST&®g. WGS84)f a local datum is used

- calibration pocedures and results

soundspeectorrectionmethod;

tidal datum and reduction

uncertaintiesachieved andhe respectiveonfidence levejs

any special or exceptioneircumstances;

rules and mechanisms employed for data thinning.

Metadatashould preferably banintegral part of thaligital survey recorénd conform to the

A | H&O00DiscoveryMetadataSt andar d o, wh .ePriorto the asoptiosof-Bdopt e
100, ISO 19115 cabe used as a model for tineetadata If this is not feasible similar
information should be included in the documentatiba survey.

Agencies responsible for the survey quatitypulddevelop and document a list wfetadata
used for their survey data.

53 Point Data Attribution

All datashould be attributed witits uncertaintyestimateat the 95%confidence levefor

both position and if relevant, depth.The computed or assumed scale factor applied to the
standard deviation in order to determine timeertaintyat the 95%confidence leveland/or

the assumed statistical distribution@forss houl d be recorndewmdhtai n t he
(For exanple, assuming a Normal distribution for @Dimensionalquantity, such as depth,

the scale factor is 1.96 f orUnclrtaiftiesicaverbéend e nc e
computed at 95% confidence assuming a standairdtaevscale factor of 1.96 (1D) or 2.45

(2D), corresponding tdhe assumption ol Normal distribution oferrors, 6 woul d be
adequate in thenetadata) For soundingshis should preferably be donerfeach individual
sounding;howevera singleuncertaintyestimate may beecordedfor a number of soundings

or even for an area, providéae differencebetweerthe individualuncertaintyedimatesand

the collectively assignedncertainty estimate isnegligible. The attribution should, as a
minimum, be sufficient to demonstrate that the requirements of Biasdards have been

met.

12
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5.4  Bathymetric ModeAttribution
If a Bathymetric Modelis required metadatashould include the model resolution the

computationmethod the underlying data densjtyncertanty estimatedncertainty surface
for themodel; and a description of the underlying data

5.5 Report of Survey

The Report of Survey is the principal means by which the Surveyor in Charge approves the
contents of allsurvey records. It must give a clear and comprehensive account of how the
survey was carried out, the results achieved, the difficulties encountered and the
shortcomings. Emphasis should be placed on the analysis of achieved accuracies and whether
the suvey specifications have been met.

13
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CHAPTER 6 - ELIMINATION OF DOUBTFUL DATA
6.1 Introduction

To improve the safety of navigation it is desirable to eliminate doubtful data, i.e. data which
are usually denoted on charts by PA (Position Approximate), FRRBitjon Doubtful), ED
(Existence Doubtful), SD (Sounding Doubtful) or as "reported danger”. To confirm or
disprove the existence of such data it is necessary to carefully define the area to be searched
and subsequently survey that area according to @inelatds outlined in this publication.

6.2 Extent of Area to be Searched

No empirical formula for defining the search area caverall situations. For this reason, it

is recommended that the search radius should be at least 3 times the estimated positio
uncertaintyof the reported hazard at the 95¥%nfidence leveds determined by a thorough
investigation of the report on the doubtful data by a qualified hydrographic surveyor.

If such report is incomplete or does not exist at all, the positnaertaintymust be estimated
by other means as, for example, a more general assessment of positioning and depth
measuremenincertaintiesduring the era when the data in question was collected.

6.3  Conducting the Search

The methodology for conducting the search should be based on the naturéeafuhethe

area in which the doubtful data is cefed and the estimated danger of plogentialhazard to
surfacenavigation. Once this has been established, the search procedure should be that of
conducting a hydrographic survey of the extent defined in 6.2, to the standards established in
this publicaion.

6.4  Presentation of Search Results
Doubtful data shall be replaced with actual data collected during the search if the hazard has

been detected. If not detected, the agency responsible for the survey quality shall decide
whether to retain the hazhas charted or tdeleteit.

14



IHO STANDARDS FOR HYDROGRAPHIC SURVEYS {#4)
5™ Edition February 2008

TABLE 1

Minimum Standards for Hydrographic Surveys
(To be read in conjunction with the full text set out in this docuinent

Reference Order Special la 1b 2
Chapter 1 | Description of areas. Areaswhere undekeel Areasshallowerthan 100 Areas shallower than 100 Areas generally deeper than
clearance is critical metreswhereunderkeel metres where undeeel 100 metres where a general

clearance is less critical but
featuresof concern to surface
shipping may exist.

clearance is not considered t
be an issue for the type of
surface shippingxpected to
transit the area.

description of thesea flooris
considered adequate.

Chapter?2 | Maximum allowable THU 2 metres 5 metrest 5% of depth 5 metrest 5% of depth 20 metrest+ 10% of depth
95% Confidence ével
Para3.2 Maximum allowable TVU a = 0.25metre a = 0.5 netre a = 0.5 netre a = 1.0 netre
andnote 1 [ 95% Confidence level b = 0.0075 b =0.013 b =0.013 b =0.023
Glossary | Full Sea floorSearch Required Required Not required Not required
andnote 2
Para2.1 | Feature Detection Cubicfeatures> 1 metre Cubicfeatures> 2 metres in
Para3.4 depths up to 40 etres 10% : .
Para3.5 of depth beyond 40 etres Not Applicable Not Applicable
andnote3
Para36 | Recommendé maximum Not defined adull sea floor | Not defined agull sea floor | 3 x average depth or 25 4 x average depth
andnote 4 | Line Spacing searchis required searchis required metres whichever is greater
For bathymetric lidar a spot
spacing of 5 x 5 metres
Chapter 2 | Positioning of fixed aids to
andnote 5 n_aw_g_atlon andto_pog_r aphy 2 metres 2 metres 2 metres 5 metres
significant to navigation.
(95% Confidenceleve)
Chapter 2 | Positioning of the Coastline
andnote 5 a_nd quography I(.ESS .
significant to navigation 10 metres 20 netres 20 netres 20 netres
(95% Confidence éve)
Chapter 2 | Mean position of floating
andnote 5 | @ids to navigation (95% 10 netres 10 mretres 10 netres 20 netres

Confidenceleve)
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Recognising that there are both constant and depth depemdeEmtaintiesthat affect theuncertaintyof the depths, the formula
below is to be used to compute, at the 9&fidence levelthe maximum allowable TVUr he par amet er s faodo an
Order, as giveninthe Tahle t oget her with the depth Ado have to be introd

allowable TVU for a specific depth:
+ .Ja* + bxd P

Where:

a represents that portion of th@certaintythatdoes not vary with depth
b is a coefficient which represents that portion ofuheertaintythat varies with depth
d is the depth

b xd represents that portion of thecertaintythat vaies with depth

For safety of navigation purposes, the use of an accurately specified mechanical sweep to guarantee a minimum safe clearance
depth throughout an area may be considered sufficient for Special Order anda3useys.

A cubicfeaturemeans a regular cube each side of which has the same Iirsithuld be noted that the IHO Special Order and
Order lafeature detectiorrequirements of 1 metre and 2 metre cubes otispdy, are minimum requirements. In certain
circumstances it may be deemed necessary bipythegraphic offices / organizatiots detect smallefeaturesto minimise the
risk of undetected hazards to surface navigatieo. Order latherelaxing offeature detectiomriteriaat 40 metregeflects the
maximum expected draught of vessels.

The line spacing can be expanded if procedures for ensuring an adequate sounding density are us
"Maximum Line Spacing" is to be interpretedths:

- Spacingof sounding lires for single beamachosounders, othe

- Distancebetween theiseableouter limits of swaths for swath systems.

These only applywheresuch measurements are requif@dthe survey.
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GLOSSARY

Note: The terms defined below are those that are most relevant to this publication. A much
larger selection of terms are defined in IHO Special Publicatied2 §Hydrographic
Dictionary) and this should be consulted if the reegiiterm is not listed here. If a term
listed below has a different definition in32, the definition given below should be used in
relation to these standards.

Accuracy: The extent to which a measured or enumerated value agrees watbsthmed or
acceptedvalue(see:uncertainty error).

Bathymetric Model: A digital representation of the topography (bathymetry) of the sea floor
by coordinates and depths.

Blunder: The result of carelessness a mistake; may be detected through repetition of the
measurement.

Confidenceinterval: Seeuncertainty

Confidence level:The probabilitythat the true value of measurementill lie within the
specifieduncertaintyfrom the measured valudt must be noted thatonfidence levelge.qg.
95%) depend on the assumed statistical distribution of the dataranchlculated differently
for 1 Dimensional (1D)and 2Dimensional (2D)quantities. In the context othis standard
which assumes Normal distribution @fror, the 95%confidence levefor 1D quantities (e.g.
depth) is defined as 1.96standard deviatioand the 95%onfidence levefor 2D quantities
(e.g. psition) is defined as 2.45standard deviatian

Correction: A quantity which is applied to an observation or function thereof, to diminish or
minimisethe effects oerrors and obtain an improved value of the observation oction. It

is also applied to reduce an observation to some arbitrary standardcofteetion
corresponding to a givesomputederror is of the same magnitude but of opposite sign.

Error : The difference between an observedcomputed value of a quantity and the true
value of that quantityNB The true value can never be known, therefore thedrgr can
never be knownit is legitimate to talk abowgrrorsources, but the values obtained framat
has become known as @&rror budget, and from an analysis of residuals, @neertainty
estimates, nagrrors Seeuncertainty)

Feature: in the context of tis standard, any object, whether manmade or not, progecti
above thesea floor which may be a danger for surface navigation.

Feature detection The ability of a system to dete&aturesof a defined sizeThese
Standardsspecify the size offeatureswhich, for safety of navigationshould be detected
during the survey.

Full sea floorsearch A systematic method of exploring tlsea floorundertaken to detect
most of thefeaturesspecified inTable 1; utilising adequate etection systems, procedures
and trained personnel. In practice, it is impossible to achieve 100% ensamificd00%
bathymetric coveragghe use of sch terms should be discourayed
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Integrity monitor: Equipment consisting of &NSSreceiver and rad transmitter set up
over a known survey point that is used to monitor the quality of a DiffereGt$S
(DGNSS signal. Positional discrepancies are continuously monitored and timely warnings
are transmitted to users indicating when the system shotilaerused.

Integrity monitoring: This is the ability of a system to provide timely warnings to users
when the system should not be used.

Metadata: Information describing characteristics of data, e.gutheertaintyof survey data.

ISO definition: Data (describing) about a data set and usage aspecMetdtlatais data

implicitly attached to a collection of data. Examplesnaftadatanclude overall quality, data
set title, source, positionahcertaintyand copyright

Quiality assurance:All those planned and systematic actions necessary to provide adequate
confidence that a product or a service will satisfy given requirements for quality.

Quiality control: All procedures which ensure that the product meets cer@matds and
specifications.

Reduced depths: Observed depths including abrrectionsrelated to the survey and post
processing and reduction to the used vertical datum.

Sea floor search A systematic method of explorinbe sea floor in order to detdeatures
such as wrecks, rocks and other obstructions on the sea floor.

Sounding datum: The vertical datum to which the soundings on a hydrographic survey are
reduced. Also calledatundfor sounding reduction.

Total horizontal uncertainty (THU): The component ototal propagated uncertainty
(TPU) calculated in the horizontal planalthough THU is quoted as a single figure, THU is
a 2Dimensonal quantity. The assumption has been made thatigertaintyis isotropic
(i.e. there is negligible correlation betweemors in latitudeand longitude). This makes a
Normal distribution aicularly symmetric allowing a single number to describe the radial
distribution oferrors about the true value.

Total propagated uncertainty (TPU): the result ofuncertainty propagation, when all
contributing measuremenncertainties both random and systematic, have been included in
the propagationUncertaintypropagation combines the effects of measuremecg¢rtainties
from several sources upon thecertaintiesof derived or calculated parameters.

Total vertical uncertainty (TVU): The component ofotal propagateduncertainty(TPU)
calculatedn the vertical dimensionTVU is a 1Dimensionalquantity.

Uncertainty: The interval (about a given value) that will contain the true value of the
measurement at a specifionfidence levelThe confidencelevel of the interval and the
assumed statistical distribution @frors must also be quotedn the context othis standard
the termauncertaintyandconfidene intervalare equivalent.
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Uncertainty Surface: A model, typically grid based, which describes the depitertainty
of the product of a survey over a contiguous area of the skin of the @duttuncertainty
surface should retain sufficientmetadatato describe unambiguously the nature of the

uncertaintybeing described.
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ANNEX A
GUIDELINES FOR QUALITY CONTRO L

NOTE: it should be noted that the informaticontained in Annexes A and B provide some
guidance orguality controland data processing. These Annexesnatean integral part of
the S44 Standards and will be removed when the information therein is fully imabepo
into IHO Publication M13.

A.1 Introduction

To ensure that the requiredcertaintiesare achieved it is necessary to monitor performance.
Compliance with the criteria specified in this document has to be demedstrat

Standard calibration techniques should be completed prior to and after the acquisition of data
and after any major system modification takes place.

Establishingguality control procedures should be a high priorfty hydrographicoffices /
organizationsThese procedures should cover the entire system including navigation sensors,
data collection and processing equipment and the operators. All equipment should be
confirmed as functioning within its calibration uak and the system should be assessed to
ensure that the relevanncertaintiesin Table1 can be met. Other parameters, e.g. vessel
motion and speed, which can affect the quality of the celleatata, should also be
monitored.

The processing procedures used prior to the introductiodudfi Beam, EchoSounders
(MBES) andbathymetric LIDARsystems are inefficient, in terms of both manpower and the
time required to process the high volume ofadgathered by these systems. Processing
procedures are needed that allow the reduction, processing and production of the final data
set within acceptable manpower and time constraints while maintaining data integrity. As
hydrographic officed organizatios continue to be responsible (liable) for their products,
these processing procedures should be well documented

The original survey data (raw data from the different sensors) should be conserved
adequately before commencing with the processing of dda.final processed data set
should also be conserved. The ldegn storage of data, in this era of rapidly changing
electronic systems, needs careful planning, execution and monitoring.

Each office is responsible for the definition of its lelegm corservation policy for bothaw
andprocessedata sets

A.2  Positioning

Integrity monitoring for Special Order and Ordera/b surveys is recommendedVhen
equipment is installed to determine or improve the pmsitg of survey platforms (e.g.
Global Navigational Satellite Systems (GN@8jrectiong, theuncertaintyof the equipment
position relative to the horizontal datum must be included indloell@tion of THU.
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A.3  Depth Daa Integrity

Check linesor overlapping swathsndicate the level of agreeability or repeatability of
measurements but do not indicatiesoluteaccuracyin that there are numerous sources of
potential commorerrors (see A.4 between data from main lines and check lifdege quality

control procedure should include statistical analysis of differeacestie consideration of
commonerrors to provide anindicaion of compliance of the survey with the standards given

in Table 1.The effect of spikes anblundersshould be elinmated prior to this analysis.
Remaining anomalous differences should be further examined with a systematic analysis of
contributinguncertaintysources. All discrepancies should be resolved, either by analysis or
re-surveyduring progression of the survey task.

The ability to compare surfaces generated from newly collected data to those generated from
historical information can often be useful in validating the quality of the new information, or
alternatively, for notifyiig the collecting agency of an unresolved systemattertaintythat
requires immediate attention.

A.3.1 Singlebeam Echo Sounders (SBES)

Check lines should be run at discrete intervals. These intervals should not ndrenadbre
than 15 times the spacing of the main sounding lines.

A.3.2 Swath Echo Sounders

An appropriate assessment of th&certaintyof the depths at each incidence angle (within
each beam for a MBES) should be made.ahy of the depths have unacceptable
uncertainties the related data should be excludédnumber of check lines should be run.
Where adjacent swaths havesignificant overlap the spacing between check lines may be
extenapd.

A.3.3 Sweep Systems (multiansducer arrays)

It is essential that the distance between individual transducers and the acoustic area of
ensonification should be matched to the depths being measured to frkwsea floor
coverageacross the measement swathA number of check lines should be run.

Vertical movements of booms must be monitored carefully as the sea state increases,
especially where the effects of heave on the transducers are not directly measyred (
decoupled booms systems)né2 the heave on the transducers exceeds the maximum
allowable value in theincertaintybudget, sounding operations should be discontinued until
sea conditions improve.

A.3.4 Bathymetric LIDAR
Hazards to navigation detect by bathymetric LIDAR should be examined using

bathymetric system capable of determining the shallowest point according to the standards set
out in this documen® number of check lines should be run.
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A.4  ErrorSources
Although the following textocuses orerrors in data acquired witlswathsystems, it should

be noted that it is in principle applicable to data acquired with cepth measurement
system.

With swathsystemshe distance between the sounding ongba flor and the positioning
system antenna can be very large, especially in deep water. Because of this, sounding
positionuncertaintyis a function of theerrors in vesselheading, beam angle and tvater

depth.

Roll and pitcherrors will also contribute to theincertaintyin the positionsof sounding.
Overall, it may be very difficult taleterminethe positionuncertaintyfor each soundings a
function of depth. Thencertaintiesare a function not only of thewvath systentut also of
thelocation of, offsets tandaccuracie®f the auxiliary sensors.

The use of notvertical beams introduces additionahcertaintiescaused by incorrect
knowl edge of the shipbs orientation at the
Uncertaintiesassociatedvith the development of the position of an individual beam must
include the following:

a) Positioningsystemerrors;

b) Rangeand beanerrors;

C) Theerrorassociated with the ray patmodel (includirg the soundgpeedprofile), and
the beam pointing angle;

d) Theerror invessel heading;

e) System pointingerrors resultng from transducer misalignment;

f) Sensorocation;

0) Vessel motion sensearrors i.e. roll and pitch;

h) Sensor position offsetrrors; and

i) Time synchronisation latency

Contributing factors téhe verticaluncertaintyinclude:

a) Vertical datumerrors;
b) Vertical positioning systerarrors;

C) Tidal measuremermdrrors, including catidal errors where appropriate;
d) Instrumenterrors,

e) Soundsped errors;

f) Ellipsoidal / vertical datumeparation modegtrrors,

s)) Vessel motiorerrors, i.e. roll, pitch and heave;
h) Vessel draught;

i) Vessel settlement and squat;

) Seafloor slope and

k) Time synchronisation latengy.

Agencies responsible for the survey quality are encouraged to devetepaintybudgets
for their own systems.
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