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Standards and Acceptable Practices Overview 

What are Standards? 
• Standards are voluntary documents that set out specifications, procedures 

and guidelines that aim to ensure products, services, and systems are safe, 
consistent, and reliable.  
 

• They cover a variety of subjects, including consumer products and services, 
the environment, construction, energy and water utilities, and more. 
 

• To ensure they keep pace with new technologies, standards are regularly 

reviewed by technical committees. 
 

Smart Devices 
work anywhere in 

the WORLD ! 



What is Acceptable Practice? 
• Is a technique or method that is more effective and efficient than any other  

 

• Comprises of processes, checks, and testing, to ensure a specified outcome 
can be delivered with fewer problems and unforeseen complications – i.e. 
optimal results 
 

• Could also be repeatable procedures that have proven themselves over time 
for large numbers of people  
 

• Can be expected to evolve as new information, instrumentation, methodology,  
technology becomes available OR changes to legislative requirements  
 

• A technique or method which has become the standard way of doing things 
to ensure compliance 

Standards and Acceptable Practices Overview 



From a FIG / geospatial and surveying technical perspective …. 
 

Standards and Practices are a rules or requirements that is determined by a consensus 
opinion of specialised recognised users. 

 
Standards and Practices describes fundamentals, specifies the terminology, the 

requirements, provides direction, and guidelines. 
 

Standards and Practices are formal documents that prescribe the accepted and 
(theoretically) the best uniform criteria for a product, method, process, test, 

technique, and practices. 
 

Standards and Practices should be for shared and repeated use; easily accessible; and 
reviewed regularly 

 

For today’s presentation : Standards / Acceptable Practices = S&Ps 

Standards and Acceptable Practices Overview 



Types of S&Ps  
• International  

These are developed by ISO, IEC, and ITU for countries to adopt 
for national use.  

• Regional  
These are prepared by a specific region, such as the European 

Union’s EN, or joint Australian/New Zealand.  
• National  

These are developed either by a national body i.e. Standards 
Australia or New Zealand or other accredited bodies, recognised 
specialists - ANZLIC, ICSM, LINZ, Survey Boards 

• S&Ps and the Law 
Generally S&Ps are voluntary and there is often no requirement 

for the public or an agency to comply….  BUT in some cases 
Governments make reference to S&Ps in legislation – when this 
occurs they can become mandatory 

Standards and Acceptable Practices Overview 



How are Standards and Acceptable Practices created? 

• Requires collaboration and 
consultation with people to develop a 
S&P.  

• Involves a facilitator / champion and a 
group independent technical experts 
nominated by stakeholders. 

• The experts form a technical 
committee that is responsible for a 
specific subject area  

• They begin the process with the 
development of a draft that meets a 
specific market need.  

• This is then shared for commenting 
and further discussion. 



• The voting process is the key to 
consensus.  

• If that’s achieved then the draft is on 
its way to becoming a S&P. 

• If agreement isn’t reached then the 
draft will be modified further, and 
voted on again. 

• From first proposal to final publication, 
developing S&Ps can take years. 

How are Standards and Acceptable Practices created? 



Why do we have Geospatial & Surveying S&Ps? 

• To ensure delivery of quality products and services 

• To make judgments or prove the quality of other things 

• To demonstrate that the “needs and expectations” (value 
proposition),  of stakeholders / clients / consumers can and have 
been satisfied or met….. i.e. regulatory and / or technical 
specifications requirements.  

• To provide confidence and assurance to government, industry and 
the community that the products and services rendered conform 
and are consistent with nationally / regionally / globally accepted 
standards, best practice rules or techniques or formats.   

 

 



• To facilitate the integration of data and interoperability of systems that 
influence and transform the way we live, work and communicate. 

• To advocate or promote an optimal cost effective way that uses the most 
appropriate equipment or technique or process for a project  

• To provide a pathway for knowledge sharing and how to apply it. 

• To support the development of capabilities and the basis for more innovate 
methods. 

Why do we have Geospatial & Surveying Standards? 



Generic Geospatial Information Cycle 
Data Acquisition, Collectors, Gathers 

Data processing, quality control, validation 

Data Archival, 
Geospatial DB 

Data Catalogue, 
Metadata 

Data distribution, Access, 
Data discovery,  Web Services 

Applications – Open data / layers, 
Visualisation, Mobile Devices 

Users – General Public, Decision 
Makers, Research, Scientists  

Value Added 
Retailers,  
External 

Most correct 
measurement with the 

best attainable precision 
and / or accuracy to 

produce quality  
CO-ORDINATES ! 

Source - 
http://www.hexagongeospatial.jp/Libraries/Why
Geospatial/geospatial-information-lifecycle.jpg  

Capture 

Delivery 
 Standards and 
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Applicable to GNSS and 
Control Surveying? 
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• ISO is an independent, international NGO with a membership of 162 
national standards bodies / institutes. 

• ISO brings together experts (45,000) to share knowledge and develop 
voluntary, consensus-based, market relevant International Standards that 
support innovation and provide solutions to global challenges. 

• ISO has published 22,306  International Standards and related documents, 
covering almost every industry, from technology, to food safety, to 
agriculture and healthcare. 

 

What S&Ps apply to GNSS / Geodetic Surveying? 

https://www.iso.org/home.html  

https://www.iso.org/home.html
https://www.iso.org/home.html


What standards apply to GNSS / Geodetic Surveying? 

• ISO 17123 Series “Optics and optical instruments -- Field procedures for testing 
geodetic and surveying instruments”  
 Part 1 - Theory : general rules for evaluating and expressing uncertainty in 

measurement  
 Part 2 – Levels: spirit, compensator, digital 
 Part 3 - Theodolites  
 Part 4 - EDM (electro-optical distance meters and reflectors) 
 Part 5 - Total Stations 
 Part 6 - Rotating Lasers  
 Part 7 - Optical Plumbing Instruments 
 Part 8 - GNSS Field Measurements in RTK 
 
• Evaluating and determining precision 
• Technical Committee : ISO/TC 172/SC 6 Geodetic and surveying instruments 

 
 



• This standard specifies field procedures  for 
evaluating the precision (repeatability) of 
Global Navigation Satellite System (GNSS) field 
measurement systems in real-time kinematic 
(GNSS RTK) 

• These tests are primarily intended to be field 
verifications of the suitability of an instrument 
for the application at hand, and/or to satisfy 
the requirements of other standards. 

• Determine the reference distances and height 
differences between the two rover points to a 
precision of better than 3 mm (other than 
RTK) 

• Five sets of x, y and h coordinate 
measurements are made using RTK 
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ISO 17123 Part 8 GNSS Field Measurements in RTK 



What standards apply to GNSS / Geodetic Surveying? 

• ISO 12858 Series “Optics and optical instruments -- Ancillary devices for 
geodetic instruments”  
 Part 1 – Invar Levelling Staffs  
 Part 2 – Tripods 
 Part 3 – Tribrachs 

 
• Specifies the most important requirements for levels, theodolites, 

tacheometers, GPS equipment, EDM instruments and in combination 
with targets, reflectors, antennae, etc 

• Technical Committee : ISO/TC 172/SC 6 Geodetic and surveying 
instruments 



What standards apply to GNSS / Geodetic Surveying? 

• ISO 6709 – Standard representation of geographic point location by 
coordinates 
 latitude and longitude, to be used in data interchange 
point location representation through the eXtensible Markup Language 

(XML) 
decimal degrees to be used in computer data interchange 
 representation of height and depth that may be associated with 

horizontal coordinates 
 

• ISO 191XX family of standards  
Concerning standardization in the field of digital geographic information.  
 They aim to establish a structured set of standards for information 

concerning objects or phenomena that are directly or indirectly 
associated with a location relative to the Earth. 

 Technical Committee : ISO/TC 211  Geographic information/Geomatics 
 



What standards apply to GNSS / Geodetic Surveying? 

• ISO 19132, 19133, 19134 – Geographic information -- Location-based services 
 

• ISO 19104 Geographic information – Terminology 
 
• ISO 19130 Geographic information -- Imagery sensor models for geopositioning 

– optical, SAR, InSAR, LiDAR and SONAR 
 

• ISO 19159 Geographic information -- Calibration and validation of remote 
sensing imagery sensors – optical, LiDAR, SAR/InSAR and SONAR 
 



• ISO 19111 - Geographic information -- Spatial referencing by coordinates 
 defines the conceptual schema for the description of spatial referencing by 

coordinates 
 describes the minimum data required to define one-, two- and three-

dimensional spatial coordinate reference systems with an extension to 
merged spatial-temporal reference systems 

 PART 2 - description of spatial referencing using parametric values or 
functions 

 Improvements –  
represent modern dynamic 3D reference frames 
represent modern geoid-based vertical datums 
represent reference frames defined as transformations from other 

reference frames (e.g., from ITRF) 
use modern terminology (e.g., that are used in the IERS Conventions) 

 

What S&Ps apply to GNSS / Geodetic Surveying? 



What S&Ps apply to GNSS / Geodetic Surveying? 

• ISO 19115 Geographic information – Metadata 
 defines the schema required for describing geographic information and 

services by means of metadata.  
 provides information about the identification, the extent, the quality, the 

spatial and temporal aspects, the content, the spatial reference, the 
portrayal, distribution, and other properties of digital geographic data 
and services 

 
• ISO 19116 – Geographic information — Positioning services 

 specifies the data structure and content of an interface that permits 
communication between position-providing device(s) and position-using 
device(s) so that the position-using device(s) can obtain and 
unambiguously interpret position information and determine whether 
the results meet the requirements of the use 



• ISO 19116 – Geographic information — Positioning services 

What S&Ps apply to GNSS / Geodetic Surveying? 



What standards apply to GNSS / Geodetic Surveying? 

• ISO 19127 - Geographic information -- Geodetic codes and parameters 
 defines rules for the population and maintenance of registers of geodetic 

codes and parameters and identifies the data elements required within 
these registers -databases 

 Linked with - ISO 19111, ISO 19135 (specifies procedures for the 
registration of items of geographic information) and ISO 19162 (defines the 
structure and content of a text string for coordinate reference systems),  

 

https://www.epsg-registry.org/  

https://www.epsg-registry.org/
https://www.epsg-registry.org/
https://www.epsg-registry.org/
https://www.epsg-registry.org/












What S&Ps apply to GNSS / Geodetic Surveying? 

• ISO/CD 19161-1  Geographic information -- Geodetic references -- Part 1: The 
international terrestrial reference system (ITRS) …under development 

• Intended purpose….. 
 Provide the basic information and the requirements related to the International 

Terrestrial Reference System (ITRS), specifically its definition, realizations and 
access. 

 Endorse the definition(s) and terminology adopted by the International Union of 
Geodesy and Geophysics (IUGG), the International association of Geodesy (IAG) 
and the International Astronomical Union (IAU) 

 Describe the various realizations (such as ITRF, WGS-84, ETRS89, etc.) 
 Provide the required methods of realizing the ITRS. 
 Describe the various ways of getting positions expressed in a realization of the ITRS 



What S&Ps apply to GNSS / Geodetic Surveying? 

• ISO 9000 family of standards.  
 The ISO 9000 standards represent an international consensus on good 

management practices  
 To ensure a business or organization consistently delivers products or 

services that meet the customer's quality and regulatory requirements  
 To enhance customer satisfaction, and continual improvement in 

performance.  
 These best practices have been distilled into a set of standardized 

requirements for a quality management system (ISO 9001:2000).  
 Are applicable regardless of what the organization does its size, or 

whether it's in the private, or public sector. 
 



What S&Ps apply to GNSS / Geodetic Surveying? 

• Sustainable Development Goals – SDGs and ISO 
 “…. represent an ambitious plan to enhance peace and prosperity, eradicate 

poverty and protect the planet. They are recognized globally as essential to the 
future sustainability of our world….”  
 
 



What S&Ps apply to GNSS / Geodetic Surveying? 

• Sustainable Development Goals - SDGs 



• International GNSS Service (IGS)  
 Operates a global network of GNSS ground stations, data centres, and 

data analysis centres to openly provide data and derived data products 
 IGS products include: 

 GNSS satellite ephemerides 
 Earth rotation parameters 
 Global tracking station coordinates and velocities 
 Satellite and tracking station clock information 
 Zenith tropospheric path delay estimates  
 Global ionosphere maps  

 Support the terrestrial reference frame, Earth observation and research; 
positioning, navigation and timing; and other applications that benefit 
science and society 

What S&Ps apply to GNSS / Geodetic Surveying? 



• International GNSS Service (IGS) Site Guidelines  
 Universally accepted as the standard for high 

accuracy (geodetic quality) GNSS CORS 
 How to become an IGS station 
 Site location and security 
 Station requirements – receivers, antenna, monument, 

power, communications, metrological devices, radomes 
 Operations, maintenance provisions 
 Data formats, transmission, archiving 
 Metadata, Station Log File specifications 
 High-rate stations,  Real-time stations, Tide Gauge 

stations, Timing stations 
 Co-location sites, 3-D ties / connections - VLBI, SLR, 

Gravity, Tide Gauges 
 IGS Data Centres : Operational, Regional, and Global 

https://kb.igs.org/hc/en-us/articles/202011433-Current-IGS-Site-Guidelines  

What S&Ps apply to GNSS / Geodetic Surveying? 
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What S&Ps apply to GNSS / Geodetic Surveying? 

• RTCM - Radio Technical Commission for Maritime Services 
 International non-profit scientific, professional and educational 

organization 
 Members are organizations that are both non-government and government 
 Is an independent organization supported by its members from all over the 

world. 
 The current technical standards include: 

 RINEX: The Receiver INdependent EXchange Format ; Developed by International 
GNSS Service/RTCM Special Committee 104 Working Group on RINEX (data 
interchange format for raw satellite navigation system data) 

 
 RTCM 10402.3 Differential GNSS (Global Navigation Satellite Systems) Service, Version 

2.3; is used around the world for differential satellite navigation systems, both 
maritime and terrestrial. 
 

 RTCM 10403.3, Differential GNSS (Global Navigation Satellite Systems) Services - 
Version 3 - A more efficient alternative to RTCM 10402.3 

 



What S&Ps apply to GNSS / Geodetic Surveying? 

• RTCM - Radio Technical Commission for Maritime 
Services 
 The current technical standards include: 

 RTCM 10410.1, Standard for Networked Transport 
of RTCM via Internet Protocol (Ntrip) - An 
application-level protocol that supports streaming 
Global Navigation Satellite System (GNSS) data 
over the Internet. 
 

 RTCM 10401.2, Standard for Differential Navstar 
GPS Reference Stations and Integrity Monitors 
(RSIM) - A companion to RTCM 10402.3; addresses 
the performance requirements for the equipment 
which broadcasts DGNSS corrections. 

http://www.rtcm.org/differential-global-navigation-satellite--dgnss--standards.html 
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What S&Ps apply to GNSS / Geodetic Surveying? 

• GeodesyML  
 An XML-based standard that describes (encodes) the sharing and exchanging 

of geodetic data and metadata 
 GNSS data relating to equipment, site logs, measurement, adjustment, quality, 

monuments, reference frames and data lineage 
 Machine readable / supports interoperability 
 Alignment with ISO  

 
 
 
 

http://geodesyml.org/  

http://geodesyml.org/
http://geodesyml.org/


What S&Ps apply to GNSS / Geodetic Surveying? 

• OGC – Open Geospatial Consortium 
 An international consortium of more than 521 companies, government 

agencies, research organizations, and universities participating in a consensus 
process to develop publicly available geospatial, and interface standards 

 Supports interoperable solutions that "geo-enable" the Web, wireless and 
location based services, and mainstream IT 

 ISO aligned 

http://www.opengeospatial.org/  

http://www.opengeospatial.org/
http://www.opengeospatial.org/


What S&Ps apply to GNSS / Geodetic Surveying? 
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What S&Ps apply to GNSS / Geodetic Surveying? 

• Measurement Quality - Traceability to a Reference Standard 

Traceability is a method of ensuring that a measurement 
(with uncertainties) is an accurate representation of what it 
is trying to measure  

Traceability ensures an unbroken chain of comparisons that 
ends at a National Metrology Institute (NMI) 

In other words, a resultant measurement can be traced back 
to a reference standard through a series of accurate and 
documented calibrations 

Reference standards of measurement or physical quantities 
such as 
length (metre) 
mass (kilogram) 
time (second 
electric current (ampere) 
thermodynamic temperature (kelvin) 
amount of substance (mole) 
luminous intensity (candela) 
(International System (SI) of Units) 

 

 

Traceability 

Source David Martin FIG 



What S&Ps apply to GNSS / Geodetic Surveying? 

• Measurement Quality - Traceability to a Reference Standard  

Documentation for procedures / processes / specifications in relation to- 
Establishment / densification of the reference standard network 
Connection to the reference standard 
Performing a GNSS or control survey 
Propagation of uncertainty   
Minimisation of errors in GNSS measurement 
Recording and documenting the above 
Examples 
 

“Ensuring that GNSS Surveying measurements are what they claim to be is as much about 
best practice as it is about traceability.  This is a key to our approach in Australia” – Matt 
Higgins. 

 
In Australia “position” is physical quantity and thus a recognised reference 

standard.  Most of Australia's GNSS CORS are reference standards therefore 
allowing users to obtain traceability. 

 
 
 

 
 

 
 
 

 

Source David Martin FIG 







What S&Ps apply to GNSS / Geodetic Surveying? 

• Measurement Quality – Testing vs Calibration of Equipment 

Testing is intended to  
Verify the suitability of a particular instrument for the required application  

Satisfy the requirements of best practice standards 

Generally the instrument uses its own measurements to qualify and quantify its performance 

where as… 

Calibration links the instrument by comparison directly to reference standard so 
as to ensure traceability 

“Traceability and standards make the difference between quality products and services” – David Martin 

 

 
 

 

Source David Martin FIG 



• Measurement Quality 
 Minimisation of Errors – CRITCAL to articulate standards, practices, knowledge 

What S&Ps apply to GNSS / Geodetic Surveying? 

Inappropriately 
long Baseline 

Length  
Multi-path and 

Electrical 
Interference  

Obstructions 

Lack of 
network 

redundancy 

Dilution of 
Precision (DOP) 

and Satellite 
Availability (SA)  

Incorrect 
Integer 

Ambiguity 

Ionospheric 
and 

Tropospheric 
influences  

Poor quality 
benchmarks 

and/or datum 
references  

Malfunctioning 
Equipment  

Blunders and 
human errors  

Bad survey 
practice 

 

GNSS 
ERRORS 

Note - errors can be amplified 
with RTK observations due to 
the short occupation times  

Source David Martin FIG 



What S&Ps apply to GNSS / Geodetic Surveying? 

• Measurement Quality 
 Representation and determination of quality – “uncertainty” 
 Control surveys undertaken to derive the horizontal and vertical position of 

survey control marks should be adjusted in a rigorous least squares 
adjustment process 

 Evaluation of Measurement Data – Guide to the Expression of Uncertainty in 
Measurement, Joint Committee for Guides in Metrology – Bureau 
International des Poids et Mesures, Paris, France. 

measurement uncertainty non-negative parameter 
characterizing the dispersion of the quantity values 
being attributed to a measurand, based on the 
information used 

Type A Uncertainty 
measurement series 1 
measurement series 2 

⁞ 
measurement series n 

   
2 2

Type A Type BU  

calibration 
certificates ref. 

values 
manufacturer’s 
specifications experience 

Type B Uncertainty 
 

Source David Martin FIG 



S&Ps Framework wrt GNSS / Geodetic Surveying 

GNSS / 
Geodetic 
Surveying 

Standards 

Acceptable 
Practices 

Instrument 
Calibration 

Testing 

Traceability 
to 

Reference 
Standard 



Standards and Acceptable Practices for PICTs  
GNSS CORS and Survey Control ? 

• Scan the environment to discover what exists, what is relevant and what are 
the benefits 

• Understand what Government policy is applicable and if it can be leveraged -  
“Climate Change and Sea Level Rise” 

• Get actively involved in “Geospatial and Surveying” standards and practices 
community – internationally, regionally, nationally and locally 

• Ensure you have traceability / connections to international / regional (and 
national / local if they exist) standards and practices AND its impact or role in 
achieving the SDGs 

• Need to establish and agree on what is important for the region and what you 
want to achieve – fit for purpose 

• Consult and collaborate to reach consensus 

• Ensure there is flexibility and agility so that quick change is possible - outcome 
focus standards and practices 

 
 

 



 
 
 
 

Committee of Geodetic Experts 
 
 
 
 
 
 
 
 

PICTs - 
STANDARDS 

Network 

Standards and Acceptable Practices for PICTs  
GNSS CORS and Survey Control ? 

Other Committees 

Exist? 

Development 
Partners 



TO WHAT END do we need to develop our 
capacity? What will be its purpose? Drivers 
– social, economic, political? 
 
WHOSE capacities need to be developed? 
Which groups or individuals need to be 
empowered? Local / Regional? 
 
WHAT KINDS of capacities need to be 
developed to achieve the broader 
development objectives? Technical & Non-
technical? 

Consolidate our network to consider 

The Future – Asia Pacific Region 
Capacity Development Plan 

Collaboration is the KEY ! 
Our geospatial future is in our hands 


