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The Driving Compass of Coordinate System Evolution)

» Classification of Major Driving Forces:

From Traditional Geodesy to = 2 Mational Soversignty & Territory
Space Technology Mapping
(GNSS, VLBI, SLR, InSAR) (Resource Inventory)
Computing Technology & Earth | Technological | Pulit_i L & Defense & Military Applications
Model Refinement . Advancement Strategic Needs |
7 ; \ o : / Internafional Cooperafion & Geopolitics
Gom!n_tmusw In_creasmg p : (Cold War Era Systems, Regional
Frecision Requirements » / -- ;. Integration)

_K&y Driving Factors

| in Coordinate | ([ Large-scale Infrastricture
System Evolution Construction
) f | {Transportation, Energy, Water) |
= ’ Resource Exploration &
Establishment of Global/Regional % - ;
Hifarsies Erarmas 9 = B \ Sustainable Development
e.q., [TRF, ETRS89 ' ! | | A |
leg ’ International Economic & Social Urbanization & Refined
Data Sharing & Interoperability Standardization
(e Eﬁgﬁr;;nft)siremive} = LERA TN R CAcast
= - Earth Science Knowledge & Management
Natural Disaster Response T :
‘ f < T Globalization & International
Trade Data Interoperabili
r N L perability
' - -
1 Deepening Knowledge of Earth's Shape, Monitoring Crustal Deformation from
/il Size, Gravity Field, and Plate Tectonics . Earthquakes, Volcanoes, Land Suhsjdence;
/ / ’ Note: The evolution of coordinale systems is a complex process driven by

multiple factors that influence and reinforce each other

Complexity and Dynamism of Evolution:

1. Not dominated by a single factor: In most cases, it is the result of the combined effects of multiple factors.

2. Phased changes in dominant factors: The dominant driving factors for the evolution of the coordinate system may vary
across different countries at different stages of historical development. 02



» China: A Journey from Following to Leading in Coordinate Systems

1849 —>» 1854 —> 1980 —— 1985 —> 2000 —_— Fresent ]

I Early PRC Period - Soviet Era ]—>| ARciepsbictem . mcmlppuriay I—Hlnmmauanaﬁzaticn & High Precision Era/

Period
Beijing 1954 Coordinate System Xi'an 1280 Coordinate System China Geodetic Coordinate System
(BJ54) (XIAMNB0) 2000 (CGCS2000)
Highe, ision D ic Spatiotemporal
Yellow Sea Datum of 1956 National Elevation Datum 1985 R T S

Refarence Frame

Palifical Faciors: Sino-Soviet Friendship, Political Factors: Changing Sino- | Technology Progress: GNSS Technology |

sl Soviet Relations, Independent _ Boghiskeatin 2@? m F o Eiche ]
Key Driving - - - F e re et A (N [N [ ———" i -
Factors Econamic Gonstruction: Urgent 'Post-War . — Economic Glcbalization: WTO Entry, ‘.‘ . ﬂ g a m E [— ]
Reca Neads Technological Advancement: : ; =
very’ Flsvainnms ot Gareving International Standards Alignment
Technical Constraints: Limitations of Technologies -
Available Technology —_— '394 — IrIformaﬂmAgﬂ Gmmng Need for High- | Professor Deren Li from Wuhan University, former President of
Economic Development: Pracision Location Sarvices the International Society for Photogrammetry and Remote

Increasing Dsma_nd for Basic Sensing (ISPRS), Academician of the Chinese Academy of
Surveying Sciences, Academician of the Chinese Academy of

Engineering, Academician of the Eurasian Academy of

Smerces and Academician of the International Academy of

» United States: Pragmatism and Technological Frontiers in Coordinate Exploration Aastronautics.
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1800 ——» 1827 —> 1883 —— 18894 —>» 2007 —>» Present

Early National Territory Development }—)| National Unified Aeference Frame }—)'D""m mmml_“m“ F'lm S Lenm s

MNADBI|CORS) Gﬂr'mnunus Updates

Scatersd Local Coordinate Systems NADET (Morth American Datum 1927)
Plate Motion-Based Dynamic Aeterence
Frame
| Gradual Transition to Mational Framewaork MADB3 (Morth American Datum 1983) GFS Based on WGSS4, Driving NADE3
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i Local ment & Sury
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Factors ~Economic Develo -
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European Synergy and an Island Nation's Resilience

» (EU): Standardization under the Wave of Integration - ETRS89

1800 ——>» 1950 —» 1989 —— 2000 —>» 2007 ——>» Present E

Matlonal Indepandent wml Coordination Transition| Integrated Refersnce Framework
Referance System Perlod Period | Period

Independent Matlonal | Full Adeption of ETRSE2

Initial European Regional Cooperation

Coordinate Sysiems INSPIRE Directive and Spatial

EDS0, OSGB36 and Other EUREF Organization Establishment Bl AT
MNatioral Systems and Evalution

EVAS Helght System Unification

MNational Soverelgniy and Bordar |

Key Neads | | Beginning of Eurapean Integration | EL Palitical and Economic Integration
Findanandart & S Space Tachnology Davelopment INSPIRE Directive Promating
E:;:rg :-!mammm mwm-‘rmm@f ‘ (Satellite) | Standardization )
Local Topagraphic Surveys and Cross-border Geographic Data " GNSS Technology Enabiing Unifiad
Ayl | s | TEER Global Information
The creation of ETRS89 exemplifies the combined effects of political will, economic needs, technological
support, and regional cooperation Systems
Frovides Eurape with a unified, high-precision 30 geocentric coordinate reference system, consistent with ITRE,
greatly facilitating cross-border geographic information sharing and applications D
» Japan: Coordinate Maintenance and Innovation on the Seismic Belt

NTARI E CTRNKE

1870 —» 1948 —» 2000 ——» 2011 —>» 2022 —» Present

Early National Framework Modern Crustal Movament | Dynamic Framework & |
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s Application ! Updates




II Conclusion and Outlook: Positioning the Future, Mapping the World

» Conclusion

Universality and Specificity of Driving Forces: Technological advancement, political demands, economic
development, scientific understanding, and international cooperation are universal factors driving the evolution of
geodetic reference systems. However, each country’s unique national context, stage of development, and specific
challenges (such as Japan’s seismic activity) lead to distinct evolutionary trajectories and dominant driving force
combinations.

Interwoven Multidimensional Drivers: The evolution of coordinate reference systems is a complex process shaped by
the interaction of multiple factors, rather than a linear, single-track technological progression.

From National Orientation to Regional/Global Integration: The development of reference systems reflects a
transition from nation-centric approaches to efforts toward regional and even global unified frameworks.

» Outlook

Global Dynamic Reference Frame: Further considering factors such as plate motion, Earth rotation variations, and
tides to achieve higher precision and a "living' coordinate datum.

Continuous Refinement and Application Deepening of ITRF: The importance of the International Terrestrial
Reference Frame (ITRF) as a global standard is becoming increasingly prominent.

Ongoing Innovation and Multi-System Integration of GNSS Technologies: The coexistence and interoperability of
multiple systems such as GPS, GLONASS, Galileo, and BeiDou will provide more robust and higher-precision
positioning services, placing greater demands on coordinate systems.

Proliferation of Real-Time Precise Positioning Services: Emerging fields like autonomous driving, the Internet of
Things, and smart cities have strong demand for real-time, high-precision, and seamless coordinate services.

Deep Integration of Geographic Information Systems and Earth System Science: As the "language" of spatial data,
coordinate systems will play a more critical role in understanding and addressing global climate change and resource-
environment challenges.

Open Thought: In the face of increasingly complex Earth systems and human activities, what core challenges must
future coordinate reference systems still overcome? 05



