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2.2. Penggunaan teknologi GNSS bagi kerja-kerja ukur dan pemetaan di 

Malaysia telah bermula sejak tahun 1989. Dalam hal ini, Jabatan Ukur 

dan Pemetaan Malaysia (JUPEM) telah menghasilkan sistem-sistem 

rujukan koordinat dengan menggunakan teknik Global Positioning System 

(GPS), iaitu Peninsular Malaysia Geodetic Scientific Network 

(PMGSN94) pada tahun 1994, diikuti dengan East Malaysia Geodetic 

Scientific Network (EMGSN97) pada tahun 1997. Seterusnya dalam tahun 

2003, kerangka rujukan geodetik GPS pasif tersebut telah diperkukuhkan 

bagi menghasilkan Malaysia Primary Geodetic Network (MPGN2000). 

2.3. Dalam pada itu, sejak tahun 1998, JUPEM telah membangunkan rangkaian-

rangkaian GPS / GNSS aktif, iaitu Malaysia Active GPS System (MASS) 

antara tahun 1998 dan 2001 dan diikuti dengan Malaysia Real-Time 

Kinematic GNSS Network (MyRTKnet) bermula dari tahun 2002 dan 

diteruskan sehingga kini. 

2.4. Bagi memenuhi tuntutan semasa yang menjurus kepada penggunaan 

datum rujukan global yang bersifat geosentrik, JUPEM telah melancarkan 

datum rujukan geodetik baru yang seragam bagi kerja-kerja ukur dan 

pemetaan di Malaysia pada 26 Ogos 2003. Datum ini dikenali dengan 

nama Geocentric Datum of Malaysia 2000 (GDM2000), di mana elipsoid 

rujukan adalah Geodetic Reference System 1980 (GRS80). Titik asalan 

bagi sistem-sistem rujukan koordinat yang berasaskan GDM2000 ini 

adalah di pusat jisim bumi (geosentrik). Set koordinat GDM2000 yang telah 

diperkenalkan adalah melibatkan 17 stesen MASS dan disambungkan 

dengan 27 stesen MyRTKnet pada tahun 2004. 

2.5. Melalui Projek MyRTKnet Fasa II, bilangan stesen MyRTKnet telah 

bertambah kepada 78 stesen. Justeru, JUPEM telah mengemaskini 

koordinat GDM2000 pada tahun 2006 bagi mengambil kira pertambahan 

51 stesen berkenaan (daripada 27 stesen) dan dikenali sebagai 

GDM2000 (2006). 

2.6. Pada tahun 2004, 2005 dan 2007, telah berlaku gempa bumi besar masing-

masingnya bermagnitud 9.2 Mw, 8.6 Mw dan 8.4 Mw di Sumatra, Indonesia 

dan kejadian ini telah menyebabkan anjakan yang signifikan terhadap 

sistem koordinat GDM2000 (2006). Sehubungan itu, pemantauan anjakan 

ke atas sistem-sistem rujukan koordinat telah dilakukan oleh JUPEM 

secara berterusan melalui analisis anjakan ke atas stesen-stesen 
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MyRTKnet. Analisis mendapati bahawa sistem-sistem rujukan koordinat 

yang berasaskan GDM2000 (2006) perlu disemak dan dihitung semula, 

terutamanya bagi kerja-kerja pengukuran yang memerlukan penggunaan 

sistem rujukan koordinat yang berkejituan tinggi seperti di dalam bidang 

geodesi dan geodinamik. 

2.7. Hasil daripada semakan dan hitungan semula tersebut yang menggunakan 

produk data GPS bermula 1 Januari 2006 hingga 30 April 2009, siri set 

koordinat baru yang dikenali sebagai GDM2000 (2009) telah diterbitkan oleh 

JUPEM pada 25 Mei 2009. Walau bagaimanapun, GDM2000 (2009) tidak 

digunakan bagi rangkaian-rangkaian GPS / GNSS aktif dan pasif 

memandangkan Pangkalan Data Ukur Kadaster Berdigit Kebangsaan 

(NDCDB) telah dibangunkan berdasarkan GDM2000 (2006). Dalam hal ini, 

para pengguna boleh mendapatkan koordinat dalam GDM2000 (2009) 

melalui proses hitungan tertentu atau melalui permohonan penukaran 

koordinat kepada Bahagian Ukur Geodetik, JUPEM. 

2.8. Pada tahun 2012, dua lagi gempa bumi berskala besar telah berlaku di 

Lautan Hindi iaitu 8.6 Mw dan 8.2 Mw yang juga menyebabkan anjakan 

terhadap sistem koordinat GDM2000 (2006). Selain itu, pergerakan plat 

tektonik pada magnitud sekitar 3 sentimeter setahun pada arah Tenggara 

juga menyebabkan ketepatan koordinat GDM2000 (2006) pada stesen-

stesen MyRTKnet berkurangan. 

2.9. Di samping itu, melalui Projek MyRTKnet Fasa III, bilangan stesen 

MyRTKnet telah bertambah kepada 96 stesen selain perubahan 

penggunaan Trimble Pivot Platform (TPP) di Pusat Kawalan MyRTKnet 

kepada platform SpiderNet pada 1 November 2016. Sehubungan itu, set 

koordinat MyRTKnet yang baru telah diperkenalkan dan dikenali sebagai 

GDM2000 (2016). 

2.10. Koordinat GDM2000 telah dikemaskini beberapa kali sejak diperkenalkan 

bagi memastikannya menggambarkan kedudukan sebenar berdasarkan 

sistem rujukan koordinat global. Proses ini perlu agar perkhidmatan 

MyRTKnet yang terbaik dapat diberikan kepada para pelanggan. 

2.11. Dalam hal ini, GDM2000 dan siri-siri kemaskininya bolehlah diklasifikasikan 

sebagai datum statik di mana koordinat dianggap tidak berubah dan merujuk 

kepada International Terrestrial Reference Frame 2000 (ITRF2000) pada 

epok 1 Januari 2000. Koordinat dalam datum statik perlu sentiasa 
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dikemaskini bagi mengekalkan ketepatannya dengan mengambilkira kesan 

pergerakan daripada gempa bumi, plat tektonik dan deformasi setempat. 

Selain faktor berkenaan, International Terrestrial Reference Frame (ITRF) 

juga telah dikemaskini beberapa kali dan realisasi terkini yang dikenali 

sebagai ITRF2014 telah diterbitkan pada 22 Januari 2016. 

2.12. Bagi mengelakkan pengurangan ketepatan koordinat pada stesen-stesen 

MyRTKnet, JUPEM telah membangunkan satu datum baru berasaskan 

konsep semi-kinematik sepertimana dipraktiskan oleh beberapa negara 

seperti New Zealand, Jepun, Australia, Taiwan, dan Mesir. 

2.13. Koordinat dalam datum kinematik sentiasa berubah mengikut masa melalui 

permodelan pergerakan stesen-stesen yang terlibat. Sebagai contohnya, 

ITRF2014 adalah datum kinematik global yang merangkumi set koordinat 

pada epok 1 Januari 2010, model pergerakan linear serta model pergerakan 

pasca-seismik.  

2.14. Perubahan koordinat secara berterusan akan menimbulkan cabaran kepada 

kebanyakan pengguna data spatial. Dalam hal ini, penggunaan datum semi-

kinematik adalah lebih praktikal di mana pergerakan stesen-stesen 

dimodelkan dan koordinat dikemaskini berdasarkan kriteria tertentu. 

3. GARIS PANDUAN PENGGUNAAN SISTEM RUJUKAN KOORDINAT 

BAGI TUJUAN UKUR DAN PEMETAAN DI MALAYSIA 

Penerangan lebih lanjut tentang amalan penggunaan sistem rujukan koordinat 

bagi tujuan ukur dan pemetaan di Malaysia terkandung di dalam dokumen 

Technical Guide to the Coordinate Reference Systems for Survey and Mapping 

in Malaysia seperti di Lampiran ‘A’ yang disertakan. Intisari kandungan garis 

panduan tersebut adalah seperti berikut: 

 

Perenggan Perkara 

1. INTRODUCTION 

2. OLD TRIANGULATION NETWORKS 

2.1 MALAYAN REVISED TRIANGULATION 1968 (MRT68) 

2.2 BORNEO TRIANGULATION 1968 (BT68) 

 

 

 



 

. 5 . 

3. GPS-BASED NETWORKS 

3.1 PENINSULAR MALAYSIA GEODETIC SCIENTIFIC 

NETWORK 1994 (PMGSN94) 

3.2 EAST MALAYSIA GEODETIC SCIENTIFIC NETWORK 

1997 (PMGSN97) 

4. GEOCENTRIC DATUM OF MALAYSIA 2000 (GDM2000) 

4.1 INTRODUCTION 

4.2 MALAYSIA ACTIVE GPS SYSTEM (MASS) 

4.3 MALAYSIA PRIMARY GEODETIC NETWORK 2000 

(MPGN2000) 

4.4 MALAYSIA REAL-TIME KINEMATIC GNSS NETWORK 

(MyRTKnet) 

4.5 TECTONIC ACTIVITIES AFFECTING GDM2000 

COORDINATES 

4.6 REVISION OF GDM2000 IN 2006 

4.7 REVISION OF GDM2000 IN 2009 

4.8 REVISION OF GDM2000 IN 2016 

5. GEOCENTRIC DATUM OF MALAYSIA 2020 (GDM2020) 

5.1 INTRODUCTION 

5.2 STATION TRAJECTORY MODEL 

5.3 TIME-DEPENDENT REFERENCE FRAME 

TRANSFORMATION 

5.4 MyRTKnet IN GDM2020 

5.5 GRIDDED VELOCITIES 

5.6 GRIDDED CO-SEISMIC + PSD CORRECTIONS 

(𝛿𝑋𝑃𝑆𝐷(𝑡)) 

6. CONCLUSION 

REFERENCES 

4. PEMAKAIAN 

4.1. Sistem-sistem rujukan koordinat yang dinyatakan di dalam pekeliling ini 

hendaklah digunakan berdasarkan tarikh-tarikh tertentu seperti yang 

dinyatakan dalam Jadual 1 dan Jadual 2: 
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Jadual 1 : Jaringan GPS/GNSS Pasif Malaysia 

Bil 

Sistem Rujukan Koordinat 
Tarikh 

Penggunaan 
Sistem Koordinat Datum Geodetik 

1 
Peninsular Malaysia Geodetic 
Scientific Network 1994 
(PMGSN94) 

WGS84 

Ellipsoid: WGS84 Reference 
Frame: WGS84 
Epoch: 1987.0 

1 Januari 1994 
hingga 

22 Ogos 2003 

2 
East Malaysia Geodetic 
Scientific Network 1997 
(EMGSN97) 

WGS84 

Ellipsoid: WGS84 
Reference Frame: WGS84 (G783) 
Epoch: 1997.0 

1 Januari 1997 
hingga 

22 Ogos 2003 

3 
Malaysia Primary Geodetic 
Network 2000 (MPGN2000) 

GDM2000 

Ellipsoid: GRS80 
Reference Frame: ITRF2000 
Epoch: 2000.0 

23 Ogos 2003 
hingga 

30 Jun 2007 

GDM2000 (2006) 

Ellipsoid: GRS80 
Reference Frame: ITRF2000 
Epoch: 2000.0 

Mulai 
1 Julai 2007 

 

 

Jadual 2 : Jaringan GPS/GNSS Aktif Malaysia 

Bil 

Sistem Rujukan Koordinat 
Tarikh 

Penggunaan 
Sistem Koordinat Datum Geodetik 

1 
Malaysia Active GPS System 
(MASS) 

GDM2000 

Datum: GRS80 
Reference Frame: ITRF2000 
Epoch: 2000.0 

1 Januari 1999 
hingga 

30 April 2009 

2 
Malaysia Real-Time Kinematic 
GNSS Network (MyRTKnet) 

GDM2000 

Datum: GRS80 
Reference Frame: ITRF2000 
Epoch: 2000.0 

23 Ogos 2003 
hingga 

30 Jun 2007 

GDM2000 (2006) 

Datum: GRS80 
Reference Frame: ITRF2000 
Epoch: 2000.0 

1 Julai 2007 
hingga 

1 November 2016 

GDM2000 (2016) 

Datum: GRS80 
Reference Frame: ITRF2000 
Epoch: 2000.0 

1 November 2016 
hingga 

14 Oktober 2021 

GDM2020 

Datum: GRS80 
Reference Frame: ITRF2014 
Epoch: 2020.0 

Mulai 
15 Oktober 2021 
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Salinan Edaran Dalaman: 

 

Timbalan Ketua Pengarah Ukur dan Pemetaan I 

 

Timbalan Ketua Pengarah Ukur dan Pemetaan II 
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62100 PUTRAJAYA 

 

Ketua Pengarah 

PLANMalaysia (Jabatan Perancangan Bandar dan Desa) 
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Pusat Pentadbiran Kerajaan Persekutuan 

62675 PUTRAJAYA 

 

Pengarah 
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Kementerian Tenaga dan Sumber Asli 
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35950 TANJUNG MALIM 
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1. INTRODUCTION 

1.1. Coordinate reference systems have been established in many regions 

around the world by national mapping authorities since the 19th century 

using conventional surveying techniques and procedures. Most of these 

authorities use local datums that are confined to small areas to satisfy 

national mapping requirements. This is also the case with Malaysia where 

it has in place two classical triangulation networks, namely the Malayan 

Revised Triangulation 1948 (MRT48) for Peninsular Malaysia and the 

Borneo Triangulation 1948 (BT48) for Sabah and Sarawak. 

1.2. Following the readjustment of the triangulation networks with additional 

data, Malayan Revised Triangulation 1968 (MRT68) and Borneo 

Triangulation 1968 (BT68) were introduced for Peninsular Malaysia, and 

Sabah and Sarawak, respectively, to replace MRT48 and BT48. 

1.3. With the advancement in space-based positioning technology, many 

countries have begun to implement and subsequently adopted a global 

geocentric coordinate reference system. In relation to this, JUPEM has 

embraced in the early 1990s, the Global Positioning System (GPS) 

technology with the eventual objective of adopting a unified global datum 

for Peninsular Malaysia, Sabah and Sarawak. This later has led to the 

establishment of the Peninsular Malaysia GPS Scientific Network 1994 

(PMGSN94) and East Malaysia GPS Scientific Network 1997 

(EMGSN97), comprising 238 stations and 171 stations respectively. 

1.4. Following this, JUPEM established 18 permanent GPS tracking stations 

known as Malaysia Active GPS System (MASS) at the end of 1998. 

Coupled with the GPS data obtained from the International Global 

Navigational Satellite System (GNSS) Service (IGS) stations, the 

coordinates of MASS stations were derived from 4 years of continuous 

GPS data (1999 - 2002). Collectively, these coordinates represent the 

basis for the determination of the Geocentric Datum of Malaysia 

(GDM2000), which was launched on 26 August 2003. The coordinates are 

referenced to the International Terrestrial Reference Frame (ITRF) 2000 at 

epoch 1 January 2000 (i.e. 2000.0). 

1.5. The primary purpose of introducing GDM2000 was to replace the classical 

non-geocentric MRT68 and BT68 datums and to allow for compatibility and 

integration with modern space-based positioning technologies with  
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centimetre accuracy. The adoption of GDM2000 has facilitated better 

integration, shareability, handling and management of the related spatial 

datasets. 

1.6. In line with the introduction of GDM2000, JUPEM has further developed its 

GNSS infrastructure with the establishment of a modern active GNSS 

network with the latest state-of-the-art technology known as the Malaysia 

Real-Time Kinematic GNSS Network or MyRTKnet, which provides real-

time positioning services also at centimetre-level accuracy to users. 

1.7. GDM2000 datum was defined as a static traditional geodetic datum where 

all sites are assumed to have fixed coordinates. It did not incorporate the 

Sunda Plate motion's effects, the ensuing earthquakes deformation events 

and local deformation. Since the position of MyRTKnet stations is 

constantly changing due to the above factors, the coordinates need to be 

updated regularly to reflect the actual stations' position. 

1.8. Several GDM2000 revisions had taken place since 2003 to account for the 

change of coordinates due to the major earthquakes in Indonesia, plate 

tectonic motions, as well as increments in the number of MyRTKnet 

stations, namely in 2006, 2009 and 2016. 

1.9. Recently, JUPEM has developed a new time-dependent national reference 

frame, fully aligned and compatible with the ITRF2014 to prevent the 

degradation of MyRTKnet coordinates by taking advantage of the GNSS / 

GPS data availability of the Continuously Operating Reference Stations 

(CORS) network in Malaysia, notably the MASS and MyRTKnet. It is based 

on the kinematic and semi-kinematic conceptual models: 

a. A kinematic reference frame is where the time-dependent elements 

are modelled as an implicit component of the CORS coordinates. For 

example, ITRF2014 is a kinematic global reference frame consisting 

of coordinates, velocities and post-seismic deformation model 

defined in a stable terrestrial reference frame. Applying the ITRF2014 

kinematic reference frame concept at the national level, a kinematic 

datum may include a deformation model consisting of a velocity field 

that allows the estimation of the plate velocity at any point in the 

country and patches of modelled displacements to account for 

substantial ground movements. 
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b. Continuously changing coordinates in a kinematic datum pose 

significant challenges for most spatial data users, particularly in the 

cadastral database acquired at different epochs that need to be 

integrated harmoniously to meet the legal requirements. On the other 

hand, a semi-kinematic reference frame enables the time-dependent 

coordinates to be transformed consistently and accurately to a fixed 

reference epoch over time; thus, providing a more practical approach 

in handling spatial databases coordinate systems. 

1.10. The cumulative solution obtained from the stacking of the Malaysian CORS 

station positions time series formed the basis of the new datum realisation. 

It consists of station position at epoch 1 January 2020, station velocities 

and PSD parametric models for stations subject to major earthquakes. The 

resultant coordinates obtained through this endeavour are known as 

GDM2020. 

1.11. This technical guide is produced to give an overview of the coordinate 

reference systems available in Malaysia and assist users in understanding 

the concept, strategies, and procedures involved in the move towards the 

adoption of GDM2020. 

2. OLD TRIANGULATION NETWORKS 

2.1. MALAYAN REVISED TRIANGULATION 1968 (MRT68) 

2.1.1. JUPEM could trace its origin to way back in 1885. The 1880s marked an 

important phase with the commencement of widespread trigonometrical 

works in various parts of Malaya, including a triangulation survey in Penang 

in 1832. 

2.1.2. The trigonometrical survey in Perak together with the Penang and Province 

Wellesley triangulations as well as Malacca Triangulation (1886 - 1888) 

laid the foundation for the existing control framework. This was followed by 

the commencement of other trigonometrical surveys in various parts of the 

country that included Selangor and Negeri Sembilan. 
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2.1.3. However, the early works were so inconsistent and of questionable quality 

that it was decided to re-observe the principal triangles of the general 

triangulation with the object of bringing it up to modern standards of that 

time. This triangulation scheme in Peninsular Malaysia, which was 

completed in 1916, is known as the Primary or Repsold Triangulation. 

2.1.4. The Primary or Repsold Triangulation was later replaced by a new system 

known as the Malayan Revised Triangulation 1948 (MRT48). This was 

subsequently followed by a lengthy process of additional measurements 

and recomputation until 1968, which eventually resulted in a system 

referred to as MRT68. 

2.1.5. The MRT68 network consists of 77 geodetic, 240 primary, 837 secondary 

and 51 tertiary stations. It is based on conventional observations with many 

of the triangulation points dated as far back as 1885. The MRT68 has been 

adopted as a result of the recomputations of the earlier network together 

with the Primary or Repsold Triangulation (Figure 1) carried out between 

1913 and 1916. The reference ellipsoid used for MRT68 is in Table 1 

below. The map projection used for mapping in Peninsular Malaysia is 

Rectified Skew Orthomorphic (RSO) and Cassini Soldner for cadastral 

surveying. Table 2 tabulates the parameters for map projection used in 

Peninsular Malaysia. 

 

Table 1: Reference ellipsoids for MRT68 and BT68 

No. Parameter MRT68 BT68 

1. Reference Ellipsoid Modified Everest Modified Everest 

2. Origin Kertau, Pahang Timbalai, Labuan 

3. Semi-major axis (a) 6 377 304.063 6 377 298.556 

4. Semi-Minor Axis (b) 6 356 103.039 6 356 097.550 

5. Flattening (f) 1/300.8017 1/300.8017 
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Figure 1: Malayan Revised Triangulation 1968 (MRT68) 

2.2. BORNEO TRIANGULATION 1968 (BT68) 

2.2.1. Sabah started its primary triangulation work in a project known as the 

Borneo West Coast Triangulation between 1930 and 1942. In around 1935, 

Sarawak and Brunei also began their primary triangulation projects. 

2.2.2. The Directorate of Overseas Survey (DOS) undertook the task of 

readjusting the whole primary triangulation of Borneo. The adjusted results 

for the Primary Triangulation of Borneo 1948 were then published in terms 

of Timbalai Datum and Modified Everest ellipsoid. 

2.2.3. The East Coast Triangulation was later introduced and initiated by DOS, 

and observations were carried out in the year 1955 to 1960. The aim of this 

triangulation was to extend the Primary Triangulation of Borneo to the 

eastern side of Sabah. EDM traversings were also carried out in 1961 to 

1968 to supplement the work. 
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2.2.4. The combined geodetic networks in Sabah and Sarawak, known as the 

Borneo Triangulation 1968 (BT68), was established with the station at Bukit 

Timbalai (in the island of Labuan) as the origin. BT68 consequently 

resulted from the readjustment of the primary control of East Malaysia 

(Sabah, Sarawak and Brunei) made by the DOS. 

2.2.5. The BT68 network consists of the Borneo West Coast Triangulation of 

Brunei and Sabah (1930 - 1942), Borneo East Coast Triangulation of 

Sarawak and extension of the West Coast Triangulation in Sabah  

(1955 - 1960) as well as some new points surveyed between 1961 and 

1968. This geodetic network is shown in Figure 2, with the reference 

ellipsoid used given in Table 1. The map projection employed for 

mapping and cadastral surveys is RSO, and Table 2 shows the various 

parameters used. 

 

Table 2: Map projections for Peninsular Malaysia, Sabah and Sarawak 

No. Parameter Peninsular Malaysia Sabah & Sarawak 

1. Projection Name Malayan RSO Borneo RSO 

2. Datum Kertau Timbalai 

3. Conversion Factor 
1 chain = 20.11678249 m 
(Chaney & Benoit, 1896) 

1 chain = 20.11676512 m 
(Sears, Jolly & Johnson, 

1927) 

4. Origin of Projection N 4 00', E 102 15' N 4 00', E 115 00' 

5. Scale Factor (Origin) 0.99 984 0.99 984 
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Figure 2: Borneo Triangulation 1968 (BT68) 

3. GPS-BASED NETWORKS 

3.1. PENINSULAR MALAYSIA GEODETIC SCIENTIFIC NETWORK 1994 

(PMGSN94) 

3.1.1. As stated earlier, old triangulation networks such as MRT68 and BT68 are 

regional in nature and are thus not aligned with global geocentric 

coordinate frames. On the other hand, the earth-centred geocentric system 

is difficult to define - not until the recent development of space-based 

positioning systems. This was made possible over the last decade or so 

because the space-based positioning satellites revolve around the centre 

of mass of the Earth and are therefore related to an earth-centred or 

geocentric datum. 

3.1.2. The World Geodetic System of 1984 or WGS84 is one such system, which 

is maintained by the United States Department of Defence for GPS-based 

positioning. Another is the ITRF, and it is reported to be compatible with 

WGS84 at the centimetre level. 

 

 



 

. 10 . 

3.1.3. In an effort to harness the full prowess of space-based technology, JUPEM 

has established a GPS network of 238 stations in Peninsular Malaysia, 

called the Peninsular Malaysia Geodetic Scientific Network 1994 

(PMGSN94), as in Figure 3. The main objectives of setting up PMGSN94 

are to establish a new geodetic network based on GPS observations and 

to analyse the existing geodetic network. The network has been observed 

using four Ashtech LX II dual-frequency GPS receivers, and the acquired 

data were processed and adjusted in 1994. 

3.1.4. In the network adjustment, a minimally constrained adjustment was made 

with Kertau, Pahang, held fixed. The coordinates of Kertau are in 

approximate WGS84 and derived from Doppler coordinates of Naval 

Surface Weapons Center (NSWC) 9Z-2 reference frame. The Ashtech GPS 

Post-Processing Software (GPPS) with broadcast ephemeris was used for 

the determination of the baseline solutions. The relative accuracy of the 

network is between 1 - 2 ppm for the horizontal coordinates and between 

3 - 5 ppm for the vertical coordinates. The summary of the results of the 

network adjustment using Geolab network adjustment software is 

tabulated in Table 3. 

 

 

Figure 3: Peninsular Malaysia GPS Scientific Network 1994 (PMGSN94) 
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Table 3: Results of minimally constrained adjustment for PMGSN94 

Network Adjustment Software Used Geolab Network Adjustment 

Fixed Point in 3D Kertau, Pahang 

Approximate Positions 237 

Number of Parameters 711 

No. of Observations 3594 

Redundancy 2883 

Weights Used 

N = 5 mm  0.5 ppm 

E = 5 mm  0.7 ppm 

U = 7 mm  1.1 ppm 

Variance Factor Used 0.9952 

Chi-Square Test Passed 

Station Error Ellipses 
Hort: 0.038 – 0.094 
Vert: 0.032 – 0.080 

Relative Error Ellipses 
Hort: 0.013 – 0.031 
Vert: 0.011 – 0.030 

Average Baseline Accuracies Hort: < 1.5 ppm Vert: < 2.0 ppm 

 

3.2. EAST MALAYSIA GEODETIC SCIENTIFIC NETWORK 1997 

(EMGSN97) 

3.2.1. Following the successful completion of PMGSN94 in Peninsular Malaysia, 

JUPEM began making plans to establish a similar type of GPS-derived 

geodetic network in Sabah and Sarawak. For this purpose, GPS 

observations were made using Trimble 4000SSE L1/L2 receivers to 

establish the East Malaysia Geodetic Scientific Network 1997 (EMGSN97) 

that comprises a total of 171 GPS stations as shown in Figure 4. 

3.2.2. In the network adjustment, a constrained adjustment was made with 

coordinates from the Specialist Team Royal Engineer (STRE) GPS 

campaign fixed. Broadcast ephemeris was used for the baseline 

determinations. The relative accuracy of the network is found to be better 

than 1 ppm for the horizontal coordinates and 2 - 3 ppm for the vertical 

coordinates. The summary of the results of the network adjustment using 

Geolab network adjustment software is tabulated in Table 4. 
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Figure 4: East Malaysia Geodetic Scientific Network 1997 (EMSGN97) 

 

 

Table 4: Results of constrained adjustment for EMGSN97 

Network Adjustment Software Used Geolab Network Adjustment 

Fixed Points in 3D 
Five (5) Stations from STRE 

GPS Campaign 

Approximate Positions 166 

Number of Parameters 498 

No. of Observations 1218 

Redundancy 720 

Weights used 

N = 2 mm ± 0.2 ppm 

E = 2 mm ± 0.2 ppm 

U = 2.5 mm ± 0.5 ppm 

Variance Factor Used 0.9600 

Chi-Square Test Passed 

Station Error Ellipses 
Hort: 0.009 – 0.044 
Vert: 0.010 – 0.055 

Relative Error Ellipses 
Hort: 0.007 – 0.040 
Vert: 0.008 – 0.052 

Average Baseline Accuracies 
Hort: 0.6 ppm 
Vert: 0.8 ppm 

 



 

. 13 . 

4. GEOCENTRIC DATUM OF MALAYSIA (GDM2000) 

4.1. INTRODUCTION 

4.1.1. The Geocentric Datum of Malaysia or GDM2000 is the national geodetic 

datum that was officially launched on 26 August 2003 to replace the old 

datums of MRT68 and BT68. 

4.1.2. The development of GDM2000 began firstly with the establishment of the 

zero-order network of permanent GPS stations known as the MASS. This 

was followed by the establishment of the MPGN2000 by strengthening the 

PMGSN94 and EMGSN97 networks via a GPS observation campaign 

performed at selected stations to form a connection to the MASS network. 

Subsequently, the MASS network is replaced by another network of active 

GNSS stations known as the MyRTKnet. 

4.2. MALAYSIA ACTIVE GPS NETWORK (MASS) 

4.2.1. Malaysia Active GPS Network or MASS is a permanent network of 

active GPS stations that was established in 1999 and formed a 

homogeneous and coherent geodetic infrastructure, covering the whole 

of Malaysia. The MASS station's GPS data were used along with those 

from the IGS stations for the realisation of the zero-order geodetic 

network for Malaysia. 

4.2.2. GPS data from 17 MASS stations (Figure 5) and 11 IGS stations 

(Figure 6) from 1999 to 2002 have been processed to establish the 

zero-order geodetic network. The 11 permanent GPS tracking stations 

of the IGS worldwide network in ITRF2000 epoch 1997.0 were used as 

fiducial points in the processing to obtain the MASS set of station 

coordinates. 
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Figure 5: Distribution of MASS stations 

 

 

 

Figure 6: IGS stations used to derive MASS coordinates in ITRF2000 

 

4.2.3. The reference IGS station coordinates, which are in ITRF2000 epoch 

1997.0, were transformed to the same epoch as the adjusted MASS station 

coordinates, i.e. ITRF2000 at epoch 2000.0. From the free network 

adjustment, the resulting accuracy of the MASS stations with respect to the 

ITRF2000 reference frame at epoch 2000.0 is between 9 to 15 mm in the 

horizontal component and between 12 to 19 mm in the vertical component. 
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4.2.4. In the heavily constrained adjustment, a specific reference frame in 

ITRF2000 was adopted, and results indicated that the accuracy of station 

coordinates is between 3 to 16 mm in the horizontal component and 

between 8 to 13 mm for the vertical component. Thus, the coordinates of 

the heavily constrained adjustment were adopted as the final coordinates 

in ITRF2000 at epoch 2000.0. This new set of coordinates are known as 

the Geocentric Datum of Malaysia or GDM2000 and was officially adopted 

on 26 August 2003. 

4.3. MALAYSIAN PRIMARY GEODETIC NETWORK 2000 (MPGN2000) 

4.3.1. Following the availability of MASS network in GDM2000 coordinates, 

JUPEM carried out further efforts to transform the PMGSN94 and 

EMGSN97 networks into the newly adopted datum. Both networks formed 

the new Malaysia Primary Geodetic Network 2000 (MPGN2000) and were 

strengthened by connecting them to the MASS network. This was achieved 

by carrying out GPS campaigns to re-observe 36 stations of PMGSN94 in 

2000 and 30 stations of EMGSN in 2002 for a period of 48 hours to form 

the strengthening network (Figures 7 and 8). The outcome defines a new 

MPGN2000 for the whole of Malaysia (Figure 9) based on the GDM2000 

reference frame. 

4.3.2. Heavily constrained adjustment with MASS stations held fixed was made 

to adjust the observed baseline vectors and obtain the link station's 

coordinates, which conform to GDM2000. The accuracy of stations in 

horizontal and vertical components is less than 14 mm. The adjustment of 

the MPGN2000 using the old vectors has eventually achieved the primary 

target of obtaining 3 cm accuracy station coordinate, referred to the 

ITRF2000 at epoch 2000.0. 
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Figure 7: Link stations distribution in Peninsular Malaysia 

 

 

 

Figure 8: Link stations distribution in East Malaysia 
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Figure 9: MPGN2000 stations in Peninsular Malaysia, Sabah and Sarawak 

4.4. MALAYSIA REAL-TIME KINEMATIC GNSS NETWORK (MyRTKnet) 

4.4.1. Beginning in 2002, JUPEM has established a network of GNSS reference 

stations continuously connected via telecommunication network to the 

control centre situated at JUPEM headquarters in Kuala Lumpur. This 

network is known as the Malaysia Real-Time Kinematic GNSS Network or 

MyRTKnet. 

4.4.2. Compared to MASS that only recorded GPS data to support post-

processed users, MyRTKnet also broadcasts corrections and supports 

real-time applications. The central facility at JUPEM headquarters in Kuala 

Lumpur continuously gathers information from GNSS receivers at all 

MyRTKnet stations and creates a living database of regional area 

corrections. It models the spatial errors that limit GNSS accuracy through 

a network solution and in turn generates corrections for the roving GNSS 

users to be positioned anywhere inside the network with an accuracy of 

better than a few centimetres to a few decimetres in real-time. A website is 

also available to enable downloading of GNSS data for post-processing 

solutions. 

4.4.3. The establishment of MyRTKnet stations is conducted in phases, and its 

developments can be summarised as follows: 

a. MyRTKnet Phase I (2002 - 2004) consists of 27 stations: 25 stations 

in Peninsular Malaysia and 1 station each in Sabah and Sarawak. All 

stations used Trimble 5700 GPS receiver with Zephyr Geodetic 

antennas. Users in Penang, Klang Valley, and Johor Bahru were able 

to enjoy network services, whereas users in other areas can obtained 

Single Base corrections. 
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b. MyRTKnet Phase II (2007 - 2008) consists of 78 stations: 50 stations 

in Peninsular Malaysia, 13 stations in Sabah, 14 stations in Sarawak 

and 1 station in Federal Territory of Labuan. These stations used 

either Trimble 5700 or NetR5 GPS/GNSS receivers with Zephyr 

Geodetic II antennas. Network RTK was extended to the whole 

Peninsular Malaysia, and Kota Kinabalu, Miri and Kuching in East 

Malaysia, while users in other areas can obtain Single Base 

corrections. 

c. MyRTKnet Phase III (2013 - 2014) consists of 96 stations: 65 stations 

in Peninsular Malaysia, 15 stations each in Sabah and Sarawak, and 

1 station in Federal Territory of Labuan. The system encompasses 

Trimble NetR5 receivers with Zephyr Geodetic II antennas or Leica 

GR25 receivers with Leica AR10 antennas. Additionally, the software 

at the central facility has changed from Trimble Pivot Platform (TPP) 

to Leica SpiderNet. The network RTK covers the whole Peninsular 

Malaysia; Kuching, Sibu and Miri in Sarawak; as well as Tawau and 

West Coast of Sabah. Users in other areas can obtain Single Base 

corrections. 

d. MyRTKnet Phase IV (2019 - 2020) consists of 97 stations as depicted 

in Figures 11 and 12: 66 stations in Peninsular Malaysia, 15 stations 

each in Sabah and Sarawak, and 1 station in Federal Territory of 

Labuan. Each station is equipped with either a combination of 

Trimble NetR5 GNSS receiver and Zephyr Geodetic II antenna or 

Leica GR25 / GR50 GNSS receiver and Leica AR10 antenna. The 

spacing between stations ranges from 30 to 100 km. The network 

RTK coverage is similar to MyRTKnet Phase III. Meanwhile, users in 

other areas can obtain Single Base corrections. A secondary 

(backup) system is also set up at the Public Sector Data Centre, 

Putrajaya to ensure uninterrupted MyRTKnet services. 
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Figure 11: MyRTKnet stations in Peninsular Malaysia 

 

 

 

Figure 12: MyRTKnet stations in East Malaysia 
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4.5. TECTONIC ACTIVITIES AFFECTING GDM2000 COORDINATES 

4.5.1. Malaysia is located at the stable part of the tectonic Sundaland platelet in 

Southeast Asia, also known as the Sundaland block. The Sundaland block 

is mainly surrounded by tectonically active convergent boundaries, at 

which the Philippine Sea, Australian and Indian Plates are subducting 

below Sundaland at respectively its eastern, southern and western 

boundaries. The Eurasian plate and South China block are attached to the 

north of the Sundaland block. 

4.5.2. This particular region of South-East Asia is considered to be one of the 

most seismically active and tectonically complex regions on Earth. The 

absolute motion of Malaysia as part of Sundaland is 29 - 32 mm / year in 

the east-southeast direction. 

4.5.3. Additionally, four major earthquakes in Indonesia have caused significant 

displacements to MyRTKnet stations position: 

a. Indian Ocean earthquake with magnitude 9.2 Mw on 26 December 

2004. 

b. Nias-Simeulue earthquake with magnitude 8.6 Mw on 28 March 

2005. 

c. Sumatra earthquake with magnitude 8.4 Mw on 12 September 2007. 

d. Indian Ocean earthquakes with magnitude 8.6 Mw and 8.2 Mw on 

11 April 2012. 

4.5.4. There are three types of motions associated with these earthquakes: 

a. Pre-seismic motion: earth movement before the earthquake. 

b. Co-seismic motion: earth  movement at the time of the earthquake. 

c. Post-seismic motion: earth movement after the earthquake. 

4.5.5. The co-seismic motion was deduced by comparing MyRTKnet stations' 

coordinates computed using GNSS data during the first week before the 

earthquake with those during the second week after the event. Results 

indicate that the displacement of MyRTKnet stations due to the co-seismic 

motion from the 2004 earthquake in Sumatra was between 1.5 to 17.0 cm, 

occurring predominantly in the south-west direction. Similarly, the results 

from 2005 and 2007 earthquakes indicate displacements of between 1.0 to 

6.5 cm and 1.0 to 3.0 cm respectively, also in the south-west direction. 

Meanwhile, the 2012 earthquakes had caused displacements between  

0.3 to 4.8 cm in the north-east direction. The 2012 earthquakes were  
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intraplate earthquake as opposed to interplate earthquake. The former 

occurs within a tectonic plate's interior whereas the latter happened at the 

boundary of a tectonic plate. 

4.5.6. Figures 13 - 16 show the displacements of MyRTKnet stations associated 

with the co-seismic motions from the 26 December 2004, 28 March 2005, 

12 September 2007 and 11 April 2012 Sumatran earthquakes respectively. 

 

 

Figure 13: Co-seismic motion during the 26 December 2004 earthquake 

 

 

 

Figure 14: Co-seismic motion during the 28 March 2005 earthquake 
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Figure 15: Co-seismic motion during the 12 September 2007 earthquake 

 

 

 

Figure 16: Co-seismic motion during the 11 April 2012 earthquake 

 

4.5.7. The post-seismic phase marks the transition between the earthquake  

co-seismic rupture and the pre-seismic phase, when the fault is re-locking. 

The term post-seismic encompasses different processes occurring as a 

response to the earthquake rupture, such as poroelastic and viscoelastic 

relaxation, or transient aseismic slip on the fault, called afterslip. 
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4.5.8. Post-seismic deformation (PSD) can be seen on coordinates time series 

as a non-linear signal superimposed on the linear velocity. This signal is 

especially apparent on the east-west component of the MyRTKnet stations 

movement. Modelling the post-seismic motion can be performed using 

exponential or logarithmic function, or a combination of both. Figure 17 

showed the non-linear PSD parametric model trajectories (computed at  

30-day intervals) of the Malaysian CORS stations in the east-west direction 

from epoch 2000.0 (with a big impact from the Mw 9.2 Sumatra-Andaman 

megathrust earthquake since the end of 2004) to 2020.0. Dashed lines 

indicate decommissioned CORS stations. 

4.5.9. The accumulated displacement of MyRTKnet stations from 26 December 

2004 until 31 December 2019 ranges from 16.0 to 48.0 cm, as shown in 

Figure 18. These are noticeably larger in Sabah and Sarawak compared 

to Peninsular Malaysia, which can be attributed to the constant plate 

tectonic motion for about 15 years (from 2004 to 2019) at the approximate 

magnitude of 3 cm per year. On the other hand, in addition to the pre-

seismic motion, Peninsular Malaysia also experienced co-seismic and 

post-seismic motions associated with the four Sumatran earthquakes, as 

clearly depicted in Figure 13 - 17. These vary in magnitude and direction 

in contrast to the east to south-easterly directions of the pre-seismic 

motion. Nevertheless, it can be concluded that the resultant displacement 

of MyRTKnet stations between 2004 and 2019 was significant. 
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Figure 17: The non-linear PSD parametric model trajectories (computed at 30-day intervals) of the Malaysian CORS stations in the east-west direction 

from epoch 2000.0 (with a big impact from the 9.2 Mw Sumatra-Andaman megathrust earthquake since the end of 2004) to 2020.0. Dashed lines indicate 

decommissioned CORS stations. 
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Figure 18: Accumulated displacement of MyRTKnet stations from 26 December 2004 

to 31 December 2019 

4.6. REVISION OF GDM2000 IN 2006 

4.6.1. During the launch of GDM2000 in 2003, it only consisted of coordinates for 

18 MASS stations before being extended to 27 MyRTKnet stations 

developed in MyRTKnet Phase I project. Between 2007 and 2008, JUPEM 

increased MyRTKnet stations to 78 in Phase II of its implementation. 

Additionally, two major earthquakes had struck Indonesia in 2004 and 

2005, which also caused significant displacement to the GDM2000 

coordinates. 

4.6.2. Following these new developments, JUPEM has updated its GDM2000 

coordinates in 2006 to account for the new 51 stations as well as 

displacements caused by the 2004 and 2005 earthquakes. The resultant 

coordinates set is known as GDM2000 (2006). 

4.6.3. Derivation of GDM2000 (2006) coordinates was made using GNSS data 

from 1 January 2006 to 28 February 2007. Daily data processing was 

conducted using Bernese GPS Software to produce daily solutions, which 

is then followed with the estimation of weekly solutions. The final GDM2000 

(2006) coordinates were estimated using 61 weekly solutions. 

4.6.4. In carrying out data adjustments, the coordinates of MyRTKnet stations in 

Sabah and Sarawak were held fixed as the displacement of the coordinates 

in Sabah and Sarawak were found to be very minimal. GDM2000 (2006) 

maintains the same coordinate frame and epoch used in the previous 

realisation of GDM2000, namely ITRF2000 at epoch 2000.0. 
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4.6.5. Apart from producing MyRTKnet stations in GDM2000 (2006) coordinates, 

similar efforts were also made for the MPGN2000 stations. In order to 

integrate MPGN2000 with GDM2000 (2006) coordinates, it is necessary to 

first ascertain the 36 link stations between PMGSN94 and MASS (refer to 

Section 4.3.1) in GDM2000 (2006). This approach requires adjustment to 

be performed using the October to November 2000 GPS vectors of those 

link stations and 10 MASS stations, by fixing them to the GDM2000 (2006) 

coordinates of the MASS stations. With the link stations in GDM2000 

(2006), the next step taken is to perform the adjustment using the GPS 

vectors of the remaining PMGSN94 stations. A similar process is carried 

out for EMGSN97 using 30 link stations (refer to Section 4.3.2). 

4.7. REVISION OF GDM2000 IN 2009 

4.7.1. Another major earthquake had struck Indonesia on 12 September 2007 

and caused significant displacement to MyRTKnet coordinates. The 

second revision of GDM2000 was conducted in 2009 to correct for the 

displacement from the 2007 earthquake. 

4.7.2. GPS data from 78 MyRTKnet stations and 56 IGS stations from 1 January 

2006 to 30 April 2009 were used in the data processing to re-establish the 

zero-order geodetic network in ITRF2005 in addition to GPS data from an 

observation campaign conducted in January 2009 on 3 MASS stations 

(KUCH, BINT and KINA). In Sabah and Sarawak's case, only 33 IGS 

stations were used as fiducial points in the processing to obtain the 

MyRTKnet set of station coordinates. These IGS stations, which are in 

ITRF2005 at epoch 2007.67 were then brought to ITRF2000 at epoch 

2000.0 using published velocity models. 

4.7.3. Subsequently, the combined adjustment for the aforementioned data was 

fixed at epoch 2000.0 and the resulting coordinates named as GDM2000 

(2009). Comparison with the GDM2000 (2006) coordinates was then 

carried out using three-parameter Helmert transformation, and results 

indicate that the RMS fitting for the coordinates of 4 reference stations 

(KUCH, BINT, KINA and MIRI) was less than 1 cm in the north and east as 

well as in the height components. Other stations showed large 

displacements which were possibly caused by earthquakes or seasonal 

environmental effects. 
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4.7.4. The final combined adjustment, involving only MyRTKnet and MASS 

stations, used the 2009 data and employed the original GDM2000 

reference frame as the reference by holding the coordinates of the 

4 aforementioned reference stations fixed. The resulting coordinates of the 

MyRTKnet stations were obtained and are labelled as GDM2000 (2009). 

4.7.5. The new GDM2000 (2009) coordinates were also extended to MPGN2000 

(238 PMGSN94 and 171 EMGSN97 stations) using the same procedure 

described in Section 4.6.5.  

4.7.6. The results indicated that the coordinate displacement of the MPGN2000 

network in Peninsular Malaysia was not linear and displayed elastic 

properties. In addition, the displacements also differ from one station to 

another. Thus, any type of modelling of the actual displacement needed a 

long period of monitoring in order to produce precise parameters. As an 

alternative, a multiple regression model was subsequently produced to 

provide a relationship between the MPGN2000 in GDM2000 (2006) and 

MPGN2000 in GDM2000 (2009). In order to validate the accuracy of the 

multiple regression model, GPS observations were carried out at selected 

MPGN2000 stations and results showed that the coordinates of 

MPGN2000 in GDM2000 (2009) stations are at cm-level accuracy. 

4.7.7. Despite the availability of GDM2000 (2009) coordinates, they were not  

in-used for the active and passive GNSS networks primarily because the 

National Digital Cadastral Survey Database (NDCDB) has already been 

developed based upon GDM2000 (2006). Nevertheless, users can obtain 

their coordinates in GDM2000 (2009) through a specific calculation or the 

application of coordinate conversion to the Geodetic Survey Division, 

JUPEM. 

4.8. REVISION OF GDM2000 IN 2016 

4.8.1. The use of GDM2000 (2006) continued for more than 10 years. Since then, 

the number of MyRTKnet stations has increased from 78 to 96 stations 

upon the completion of MyRTKnet Phase III project. The software at the 

central facility, JUPEM headquarters has also changed from Trimble Pivot 

Platform (TPP) to Leica SpiderNet. Several issues have been reported 

concerning the stability of GDM2000 (2006) coordinates such as difficulty 

in obtaining fix ambiguity resolution when using MyRTKnet services. 

Furthermore, two major earthquakes had struck Indonesia on 11 April 
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2012, which also displaced GDM2000 (2006) coordinates. This situation 

has triggered JUPEM to begin efforts to review the GDM2000 (2006) 

coordinates. 

4.8.2. As a short-term measure, JUPEM processed GNSS data from March to 

September 2016 consisting of 62 IGS and 90 MyRTKnet stations to derive 

a new set of coordinates in ITRF2014, which is the latest realisation of 

ITRF. MyRTKnet stations' stability was monitored, and some stations were 

found to be unstable such as AMAN (Sri Aman, Sarawak) and KRAI (Kuala 

Krai, Kelantan). It was later discovered that AMAN station was deforming 

as the result of a movable monument, whereas the instability of KRAI 

station was due to its reconstruction following the flood in 2014. 

4.8.3. The daily solutions were carefully selected to exclude any external factors 

that might degrade the quality of the final solution. After deliberation, data 

from 29 May to 4 June 2016 were selected to derive the set of MyRTKnet 

coordinates in ITRF2014, which yield RMS of 2.63, 3.19 and 5.98 mm in 

the north, east and height components, respectively. These coordinates 

were subsequently mapped to ITRF2000 at epoch 2000.0 using the 

Helmert 3-translation parameters and known as GDM2000 (2016). 

5. GEOCENTRIC DATUM OF MALAYSIA 2020 (GDM2020) 

5.1. INTRODUCTION 

5.1.1. GDM2000 is defined as a static traditional geodetic datum where all sites 

are treated to have fixed coordinates that do not vary with time. This 

assumption is inaccurate since the surface of the Earth is continuously 

changing because of tectonic motion. However, if all points are located on 

the same (robust) tectonic plate, relative positioning with respect to any 

reference site will not be affected by the absolute motion of the plate. 

Therefore, it made sense to select a static reference frame since the 

internal network deformation of the Peninsular and most of East Malaysia, 

until the devastating earthquakes in 2004, 2005, 2007 and 2012, was 

small. 
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5.1.2. In order to address the movement and to ensure the best quality services 

to MyRTKnet users, JUPEM has revised GDM2000 coordinates several 

times to include the deformation correction, namely in 2006 i.e. 

GDM2000(2006), 2009 i.e. GDM2000(2009) and 2016 i.e. 

GDM2000(2016). This approach is seen unsustainable. 

5.1.3. A more accurate and robust Malaysian geodetic reference frame (GRF) 

has been determined, fully aligned and compatible with ITRF2014 by taking 

advantage of the GNSS data availability from MASS and MyRTKnet. This 

GRF is based on the kinematic concept, where the time-dependent 

elements are modelled as an intrinsic component of the CORS 

coordinates. A kinematic datum may include a deformation model 

consisting of a velocity field that allows the estimation of the plate velocity 

at any point in the country and patches of modelled displacements to 

account for substantial ground movements. 

5.1.4. Continuously changing coordinates in a kinematic datum pose significant 

challenges for most spatial data users, particularly in the cadastral 

database acquired at different epochs that need to be integrated 

harmoniously to meet the legal requirements. On the contrary, a semi-

kinematic reference frame enables the time-dependent coordinates to be 

transformed consistently and accurately to a fixed reference epoch over 

time; thus, providing a more practical approach in handling spatial 

databases coordinate systems. 

5.2. STATION TRAJECTORY MODEL 

5.2.1. GDM2000 was implemented through a GNSS network anchored to the 

Earth's crust and therefore can be called crust or plate-based frame. 

Tectonic plates are in continuous steady motion; however, when an 

earthquake occurs, this steady motion is interrupted due to the seismicity 

of the earthquake. As explained in Section 4.5.4, earthquakes induced 

crustal deformations are defined in three successive sequences (inter-, co- 

and post-seismic) and together make up a seismic cycle with a total 

duration of up to several hundreds of years. 

5.2.2. After an earthquake, the time-dependent position of a station during the 

post-seismic trajectory 𝑋 at an epoch 𝑡 can be defined as: 

𝑋(𝑡) = 𝑋(𝑡0) + 𝑋𝑣(𝑡 − 𝑡0) + 𝛿𝑋𝑃𝑆𝐷(𝑡)                                                                         (1) 
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where 𝑡0 is the pre-seismic reference epoch, 𝑋𝑣 is the inter-seismic linear 

velocity due to the plate tectonic motion and, 𝛿𝑋𝑃𝑆𝐷(𝑡) is the total sum of 

the time-dependent non-linear PSD at epoch 𝑡. The kinematic descriptions 

of station displacement or trajectory model of a station 𝑋(𝑡), given by 

Equation (1), can be decomposed in a geocentric cartesian axis system 

[∆𝑋, ∆𝑌, ∆𝑍]𝑇 or in a local or topocentric cartesian axis system [𝐸, 𝑁, 𝑈]𝑇 in 

which the axes point east, north and up. Analysis of station position time 

series of the CORS network will provide trajectory model parameters such 

as linear velocity, offsets e.g. from the instantaneous co-seismic position 

jumps, seasonal signal, and post-seismic displacements. 

5.2.3. Table 5 provides the description of static, kinematic and semi-kinematic 

GRF with respect to the time-dependent coordinates. A semi-kinematic 

GRF consists of both kinematic and quasi-static coordinates. The quasi-

static coordinates of the spatial databases in a semi-kinematic GRF always 

refer to a specific epoch and do not vary until they exceed a certain critical 

level and the GRF is updated, while the CORS kinematic coordinates are 

updated regularly. The coordinates of CORS and spatial databases in a 

kinematic GRF change regularly with time. 

 

Table 5: Types of geodetic reference frames concerning the time-dependent 

coordinates 

GRF Trajectory Models Remarks 

Static 𝑋(𝑡) = 𝑋(𝑡0) CORS and databases coordinates 
are fixed at a specific pre-seismic 
reference epoch 𝑡0. 

Kinematic 𝑋(𝑡) = 𝑋(𝑡0) + 𝑋𝑣(𝑡 − 𝑡0)
+ 𝛿𝑋𝑃𝑆𝐷(𝑡) 

CORS and databases coordinates 
are continuously updated 

Semi-kinematic 𝑋(𝑡) = 𝑋(𝑡0) + 𝑋𝑣(𝑡 − 𝑡0)
+ 𝛿𝑋𝑃𝑆𝐷(𝑡) 

CORS coordinates are 
continuously updated 

 𝑋(𝑡𝐷𝐵) = 𝑋(𝑡) + 𝑋𝑣(𝑡𝐷𝐵 − 𝑡)
+ 𝛿𝑋𝑃𝑆𝐷(𝑡𝐷𝐵)
− 𝛿𝑋𝑃𝑆𝐷(𝑡) 

Quasi-static databases 
coordinates are fixed at a specific 
post-seismic reference epoch 𝑡𝐷𝐵 
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5.3. TIME-DEPENDENT REFERENCE FRAME TRANSFORMATION 

5.3.1. The transformation from any 𝐼𝑇𝑅𝐹𝑦𝑦 to 𝐼𝑇𝑅𝐹2014 reference frame with 

data sets at any given epoch 𝑡 can be given by the time-dependent  

14-parameters Helmert transformation: 

𝑋𝐼𝑇𝑅𝐹2014(𝑡) = 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡) + [𝑇 + 𝑇𝑣(𝑡 − 𝑡𝑟𝑒𝑓)] + [𝐷 + 𝐷𝑣(𝑡 − 𝑡𝑟𝑒𝑓)] ∙

𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡) + [𝑅 + 𝑅𝑣(𝑡 − 𝑡𝑟𝑒𝑓)] ∙ 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡)                                                            (2) 

where 𝑡𝑟𝑒𝑓 is the reference epoch for ITRF2014, 𝑇 is the translation in 

meter, 𝐷 is the unitless scale factor and, 𝑅 is the rotation matrix in arc-

second. 𝑇𝑣, 𝐷𝑣, and 𝑅𝑣 are the rates per year of the translation vector, 

scale factor and rotation matrix, respectively. Table 6 provides the 

transformation parameters and their rates from ITRF2000 and ITRF2008 

to ITRF2014. 

5.3.2. The time-dependent position of 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡) concerning a post-seismic 

reference epoch 𝑡𝑟𝑒𝑓 is derived from Equation (3) as follows: 

𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡) = 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡𝑟𝑒𝑓) + 𝑋𝐼𝑇𝑅𝐹𝑦𝑦
𝑣 (𝑡 − 𝑡𝑟𝑒𝑓) + 𝛿𝑋𝑃𝑆𝐷(𝑡) − 𝛿𝑋𝑃𝑆𝐷(𝑡𝑟𝑒𝑓) 

                                                                                                                 (3) 

 

Table 6: Transformation parameters and their rates from ITRF2000 and ITRF2008 to 

ITRF2014 at epoch 2010.0 

(Source: http://itrf.ign.fr/doc_ITRF/Transfo-ITRF2014_ITRFs.txt) 

Parameters 𝑇𝑥 
mm 

𝑇𝑦 

mm 

𝑇𝑧 
mm 

𝐷 
ppb 

𝑅𝑥 
0.001" 

𝑅𝑦 

0.001" 

𝑅𝑧 
0.001" 

Epoch 

Rate 𝑇𝑣𝑥 
mm/y 

𝑇𝑣𝑦 
mm/y 

𝑇𝑣𝑧 
mm/y 

𝐷𝑣 𝑅𝑣𝑥 
0.001"/y 

𝑅𝑣𝑦 
0.001"/y 

𝑅𝑣𝑧 
0.001"/y 

 

ITRF2000         

Parameters -0.7 -1.2 +26.1 -2.12 0.00 0.00 0.00 2010.0 

Rates -0.1 -0.1 +1.9 -0.11 0.00 0.00 0.00  

ITRF2008         

Parameters -1.6 -1.9 -2.4 +0.02 0.00 0.00 0.00 2010.0 

Rates 0.0 0.0 +0.1 -0.03 0.00 0.00 0.00  
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5.3.3. Substitute 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡) in Equation (4) with the expression given by 

Equation (3), and omitting the negligible terms we have: 

𝑋𝐼𝑇𝑅𝐹2014(𝑡) = 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡𝑟𝑒𝑓) + [𝑇 + 𝑇𝑣(𝑡 − 𝑡𝑟𝑒𝑓)] + [𝐷 + 𝐷𝑣(𝑡 − 𝑡𝑟𝑒𝑓)] ∙

𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡𝑟𝑒𝑓) + [𝑅 + 𝑅𝑣(𝑡 − 𝑡𝑟𝑒𝑓)] ∙ 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡𝑟𝑒𝑓) + 𝑋𝐼𝑇𝑅𝐹𝑦𝑦
𝑣 (𝑡 − 𝑡𝑟𝑒𝑓) +

𝛿𝑋𝑃𝑆𝐷(𝑡) − 𝛿𝑋𝑃𝑆𝐷(𝑡𝑟𝑒𝑓)                                                                                                     (4) 

The first parts of Equation (4) transforms 𝐼𝑇𝑅𝐹𝑦𝑦 reference frame origin, 

scale and orientation at an epoch 𝑡𝑟𝑒𝑓 = 2010.0 to epoch 𝑡; while the last 

three parts update the 𝐼𝑇𝑅𝐹𝑦𝑦 coordinates to account for linear tectonic 

plate motion and any non-linear post-seismic deformation up to epoch 𝑡. If 

𝑡 = 𝑡𝑟𝑒𝑓, then Equation (4) reduces to a 7-parameter static datum 

transformation model: 

𝑋𝐼𝑇𝑅𝐹2014(𝑡𝑟𝑒𝑓) = 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡𝑟𝑒𝑓) + 𝑇 + 𝐷 ∙ 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡𝑟𝑒𝑓) + 𝑅 ∙ 𝑋𝐼𝑇𝑅𝐹𝑦𝑦(𝑡𝑟𝑒𝑓) 

                                                                                                                 (5) 

5.3.4. By propagating GDM2000 coordinates from the pre-seismic reference 

epoch 𝑡0  =  2000.0 to ITRF2014 reference epoch 𝑡𝑟𝑒𝑓  = 2010.0, 

𝑋𝐼𝑇𝑅𝐹2000(𝑡𝑟𝑒𝑓) in Equation (4) is given as follows: 

𝑋𝐼𝑇𝑅𝐹2000(2010.0) = 𝑋𝐼𝑇𝑅𝐹2000(2000.0) + 10𝑦𝑟 ∙ 𝑋𝐼𝑇𝑅𝐹2000
𝑣 + 𝛿𝑋𝑃𝑆𝐷(2010.0) 

                                                                                                                 (6) 

5.3.5. The station velocities in ITRF2000 can be derived from the velocity model 

in ITRF2014: 

𝑋𝐼𝑇𝑅𝐹2000
𝑣 = 𝑋𝐼𝑇𝑅𝐹2014

𝑣 − 𝑇𝑣 − 𝐷𝑣 ∙ 𝑋𝐼𝑇𝑅𝐹2000 − 𝑅𝑣 ∙ 𝑋𝐼𝑇𝑅𝐹2000                           (7) 

5.4. MyRTKnet IN GDM2020 

5.4.1. The realisation of GDM2020 coordinates was made based on GNSS data 

from MASS and MyRTKnet stations dated from the year 1999 to 2018. It 

consists of 118 local sites along with 60 IGS stations, which were 

processed using Bernese GNSS software version 5.2, and producing a 

total of 7281 daily solutions. Figure 19 and 20 show the distribution of the 

processed stations encompassing of IGS14 Core sites as well as 

Malaysian CORS. 
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Figure 19: Distribution of the processed stations where the red dots are the IGS14 Core 

sites 

 

 

Figure 20: Distribution of the Malaysian CORS included in the processing (green circle 

= active station; red circle = decommissioned station as of 1 January 2020; blue triangle 

= marine geodetic network station) 

 

5.4.2. The cumulative solution obtained from the stacking of the Malaysian CORS 

time series of station positions formed the basis of the new datum 

realisation. It consists of station position at epoch 1 January 2020  

(i.e. 2020.0), station velocities and PSD parametric models for stations 

subject to major earthquakes. 

 

 



 

. 34 . 

5.4.3. The coordinate time series analysis of the Malaysian CORS was operated 

using CATREF software developed by IGN France. The software is well 

suited and adapted for time series analysis, stacking, combination and 

velocity estimation. The stacking of the time series generates station 

positions at a reference epoch, station velocities, station position offsets 

due to possible discontinuities and time series of station position residuals. 

A rigorous and scientific CATREF analysis of the Malaysian daily solutions 

was carried out as applied for the ITRF realisation, which consists of the 

following steps: 

a. Inverting each individual normal equation system using the minimum 

constraints approach following the procedure that is usually applied 

in the computation of the ITRF. 

b. The daily solutions were analysed and rigorously stacked to produce 

mean station positions at a reference epoch, station linear velocities 

and time series of station position residuals. During this process, 

discontinuities of the individual station positions time series due to 

earthquakes and equipment changes were assigned. 

c. PSD parametric models were determined for stations subject to 

major earthquakes following the procedure applied in the generation 

of ITRF2014. PSD corrections were then applied to the daily station 

coordinates prior to the stacking by the main combination software of 

the CATREF package. 

d. Identify, correct for, reject or down-weight outliers. The rejection of 

outliers is performed iteratively, starting with the most significant 

ones, and gradually down to the threshold. The adopted threshold for 

outlier rejection is 5 cm (raw residuals) and 5 mm (normalised 

residuals) as practised in ITRF and IGS type analysis. 

e. Discriminate between real outliers and discontinuities due to 

equipment changes, geophysical phenomena or local dislocation. 

This stage is crucial and requires visualisation of the residuals, 

station-by-station. 

f. Validate if the initially introduced discontinuities are statistically 

significant and justified, discard unnecessary discontinuities, and add 

other pertinent ones when necessary. 
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g. Iterate the combination as necessary until no outliers or 

discontinuities remain. 

h. Re-run the combination with proper alignment to ITRF2014 via 

minimum constraints approaches, upon the selected set of high-

performance reference stations globally distributed. 

i. Check and validate the alignment of the cumulative solution to 

ITRF2014. This step is usually achieved by estimating a  

14-parameter transformation (origin, scale, orientation and their time 

derivatives) between the generated cumulative solution and 

ITRF2014, via the selected set of reference frame stations. Stations 

with large position and / or velocity residuals were rejected from the 

list of reference frame stations and the combination iterated as 

necessary. 

j. The generation of the cumulative solution is a critical and delicate 

part to ensure the quality control and the optimal alignment to 

ITRF2014 solution. Therefore, interventions and inspection of the 

results on a site-by-site basis are conducted manually. 

5.4.4. The resultant coordinates obtained through this endeavour are known as 

GDM2020. The quality of this solution can be judged by the average of the 

Weighted Mean Root Square (WRMS) values computed from the position 

residuals of every single daily solution for all stations concerning their 

computed position using the GDM2020 reference frame. The time series 

of the WRMS values of the 7281 daily solutions (ending at 2018.96) is 

illustrated in Figure 21. 
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Figure 21: GDM2020 daily WRMS 

 

5.4.5. The averages of the WRMS values are 3.0, 3.2 and 7.6 mm in east, north 

and vertical components, respectively. The higher WMRS value for the 

vertical component is related to seasonal variations that affect the vertical 

positions, like tropospheric water vapour, which has higher variability in 

tropical regions and hence is more sensitive to mismodelling. Another 

possible reason is that elevation angle-dependent errors tend to affect the 

vertical component more than the horizontal components. 

5.4.6. Figure 22 shows an example of the coordinate time series for MyRTKnet 

station BABH (Bandar Baharu) located at Universiti Sains Malaysia, Pulau 

Pinang. Modelled station trajectory in the North, East and Height 

components is shown as red lines, superimposed on the daily coordinates. 

Also shown in the figure are the residuals of the modelling. It can be 

concluded that the model closely resembles the actual station movements, 

which is accurate to few mm-level of accuracy. 
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BABH 

 

(a) (b) 

Figure 22: Plot of coordinate time series for MyRTKnet station BABH (Bandar Baharu) 

located at Universiti Sains Malaysia, Pulau Pinang: (a) modelled station trajectory 

showed as red line superimposed on the station's daily coordinates in North (top), East 

(middle) and Height (bottom) components; and (b) residuals of the modelling in North 

(top), East (middle) and Height (bottom) components. 

 

5.5. GRIDDED VELOCITIES 

5.5.1. The velocities information generated using CATREF software are only 

available at the Malaysian CORS. In order for the information to be usable 

to users, JUPEM also generated gridded velocities for Peninsular and East 

Malaysia. 

5.5.2. Raw gridded velocities model for Peninsular Malaysia were generated 

using 79 CORS stations, while for East Malaysia using 38 CORS stations. 

Station velocity values were taken from the latest time series solutions. 

Data filtering process was done using kriging / collocation technique. 

Considering the sparse CORS interval of between 30 to 70 km, the grid 

mesh was set at 5 arc minutes (~9 km) for Peninsular Malaysia and 10 arc 

minutes (~18 km) for East Malaysia. 
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5.5.3. Stations with suspected outliers as observed in the coordinate time series 

plots were removed iteratively. The filtered final gridded velocity model for 

Peninsular Malaysia was obtained after the removal of 15, 14 and 16 

velocity components in respectively the north, east and vertical direction. 

Similarly, for East Malaysia, the filtered velocity model was generated after 

the removal of respectively 3, 5 and 11 velocity components in the north, 

east and vertical direction. 

5.5.4. The final gridded velocity models for each component have been 

developed based on kriging, inverse distance and polynomial regression 

interpolation techniques. The horizontal velocities in Peninsular Malaysia 

(Figure 23) vary between -5 ± 1 mm / year (Figure 23a) and 24 ± 4 mm / 

year (Figure 23b) in respectively, the latitudinal and longitudinal direction; 

the vertical velocity is much less significant at 0.2 ± 0.3 mm / year across 

the Peninsular (Figure 23c). 

 

 

Figure 23: (a) North, (b) East and (c) Height components of the GDM2020 gridded 

velocity models in mm / year for Peninsular Malaysia using polynomial regression 

 

5.5.5. The total magnitude of the horizontal velocity increases from 21 mm / year 

in the northwest to 28 mm / year in the southeast of Peninsular Malaysia, 

in the east-southeast direction. The current velocities in the northwest of 

the Peninsular are still ~10 mm / year slower than they were prior to the 

2004 earthquake. The current lower velocity estimates may actually be still 

quasi-linear and slowly returning back to their inter-seismic values. 
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5.6. GRIDDED CO-SEISMIC + PSD CORRECTIONS (𝜹𝑿𝑷𝑺𝑫(𝒕)) 

5.6.1. There were thirty-nine recorded earthquakes with magnitude larger than 

7.0 Mw in Indonesia (Sumatra) and the Philippines (Mindanao region) 

between 1 January 1999 and 1 January 2019. As highlighted in 

Section 4.5.3, four of these earthquakes have significantly affected the 

position and velocity of MyRTKnet stations. They also caused PSD which 

has been modelled from the time series analysis as described in 

Section 5.4.3c. 

5.6.2. In general, PSD modelling can be done using four parametric models: (1) 

logarithmic, (2) exponential, (3) logarithmic + exponential, or (4) a 

combination of two exponential functions. The PSD parametric models 

were determined from the MyRTKnet daily position time series at sites 

where the PSD was judged to be significant. The adjustment of the PSD 

parametric models was operated separately for the east, north and height 

components. 

5.6.3. The PSD correction for specific epochs was calculated based on the 

information stored in the PSD's SINEX file, i.e. "psdmodel.snx". CORS 

stations affected by the earthquakes have been listed in the file as one of 

the data inputs, which comprised a total of 55 CORS stations (active and 

decommissioned) in Peninsular Malaysia. For stations affected by multiple 

earthquakes, the PSD corrections computation will iteratively loop through 

all earthquake events prior to the epoch date. The total cumulative PSD 

correction is then applied at the observation epoch. 

5.6.4. An example of the non-linear PSD parametric model trajectories is shown 

in Figure 17. The total accumulated PSD corrections appear inconsistent 

at some stations in the same region, but this is due to the fact that the 

available position time series for the MyRTKNet network vary in length. The 

MyRTKnet was densified twice in Phase II and III, and hence newer 

stations such as GAJA (operational since 2007) versus LGKW, ARAU, 

UUMK and SGPT in the northwest the Peninsula (operational since 2004) 

exhibit smaller total accumulated PSD corrections as a result of the 2004 

earthquake. This also implies that the linear velocity estimates of these 

stations differ as they are based on position time series that are shorter 

and originate at a later time in the post-seismic deformation phase. 
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5.6.5. The co- and post-seismic deformation of the 2012 Indian Ocean 

earthquakes, which due to the different nature (strike-slip as opposed to 

subduction type), resulted in different deformation patterns across 

Malaysia. Since PSD has a logarithmic / exponential decay rate, it 

becomes harder to detect for these newer stations especially in the 

absence of inter-seismic velocities at these locations. Hence, part of the 

PSD correction is absorbed into quasi-linear velocity estimates. 

5.6.6. For this reason, initial offset values were added to the PSD CORS 

trajectories: 5 stations operational since 2007 and 25 stations operational 

since 2012 at epochs 2007:270 and 2012:120, respectively. These offset 

values are derived from the interpolation using surrounding original 

MyRTKnet stations (operational since 2004) so that the total accumulated 

PSD corrections for all MyRTKnet stations appear consistent. Furthermore, 

the PSD trajectories shown in Figure 17 do not include the co-seismic 

displacements accumulated since the 2004 earthquake event. Therefore, 

the accumulated co-seismic deformations of CORS stations due to the 

major earthquakes above were computed at the required epochs. 

5.6.7. The accumulated co-seismic displacements at a given epoch were then 

added to the "adjusted PSD" at the same epoch to generate the cumulative 

co-seismic + PSD corrections, as shown in Figure 24. The accumulated  

co-seismic + PSD motions have a west-southwest orientation towards the 

earthquake epicentres along the Sumatra and Andaman trenches, with a 

magnitude that varies with distance to the origin of each of the seismic 

events. 

5.6.8. Figure 25 shows the distribution of East component of the cumulative  

co-seismic + PSD corrections for all MyRTKnet stations in Peninsular 

Malaysia at epochs 2010.0 and 2020.0. The CORS stations located at the 

north-west of Peninsular Malaysia have the largest cumulative co-seismic 

+ PSD displacements of about 20 cm in the East component which is 

mainly associated with the co-seismic deformation following the 2004 

earthquake. Subsequently, a grid model is formulated to regionally 

estimate the amount of cumulative co-seismic + PSD correction for the 

semi-kinematic reference frame. 
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Figure 24: Filtered co-seismic and PSD parametric model trajectories (computed at  

30-day intervals) of the Malaysian CORS stations in the east-west component from 

epoch 1 January 2000 to 1 January 2020. Dashed lines indicate decommissioned CORS 

stations. 

 

 

Figure 25: East component of the total accumulated co-seismic + PSD correction at 

CORS stations in Peninsular Malaysia at epoch (a) 2010.0 and (b) 2020.0. The 

magnitudes in 2020 have decreased due to the impact of the 2012 Indian-Ocean (strike-

slip type) earthquake that resulted in (partially) reversed co- and post-seismic 

deformation patterns with respect to the previous (subduction type) earthquakes. 
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6. CONCLUSION 

6.1. JUPEM has successfully established a more accurate and robust 

Malaysian geodetic reference frame, fully aligned and compatible with 

ITRF2014 by taking advantage of the GNSS data availability from MASS 

and MyRTKnet. It is based on the kinematic / semi-kinematic concept, 

where the time-dependent elements are modelled as an intrinsic 

component of the CORS coordinates. It consists of station position at 

epoch 1 January 2020 (i.e. 2020.0), station velocities and PSD parametric 

models for stations subject to major earthquakes. This approach prevents 

the degradation of MyRTKnet coordinates; hence, ensuring the best quality 

services to its users. 

6.2. The GDM2020 has superseded the past geodetic datums in Malaysia. This 

new GDM2020 would be continuously maintained and managed through 

the use of MyRTKnet permanent tracking stations to ensure the availability 

of a highly accurate, homogeneous and up-to-date datum for Malaysia. 

This new datum will facilitate the development and enhancement of various 

surveying and mapping activities and meet the requirements of all types of 

users, ranging from the novice to the scientists. 
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