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Height Modernisation System of 
Klang Valley 
 

Executive Summary 
 

 

Background 
 

A modern height system in a modern survey and mapping communities 

requires the ability to measure elevations relative to mean sea level easily, 

accurately, and at the lowest possible cost.  Applications range from cadastral 

surveys to monitoring sea level rise; from navigation and mapping to the use of 

remote sensing for resource management; from mineral exploration to 

assessment of potential flooding areas; from the construction and precise 

positioning of dams and pipelines to the interpretation of seismic disturbances. 

The height reference system is also implicated in many legal documents 

related to land management and safety such as easement, flood control, and 

boundary demarcation.  

 

Therefore, based on these information and the needs to support modern height 

system, the implementation of Height Modernisation System (HMS) in Malaysia 

has to be realized.  The ultimate goal of this project is to obtain the best 

possible geoid, at centimetre precision for relative geoid heights. This precision 

is needed for the definition of a homogeneous vertical datum for Malaysian 

region and also for various applications in GPS. 

 

 

Project Component 

 

Implementation of Height Modernization System (HMS) pilot Project is for the 

realisation of centimetre precise geoid for Klang Valley and the vicinity.  The 

Tasks are divided as follow: 

 

1. Preliminary study 

 

The aim of the preliminary study is to collect, study, investigating and analyzes 

the existing information relevant to the project.  The information includes GPS 

data, Leveling Network, gravity data and geoid information. 
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2. High Precision GPS Data Processing 

 

The aim of this work is to derive ellipsoidal height of better than 1 cm accuracy.  

Two set of Data provided by JUPEM were; 

 The existing GPS data 

 The new GPS data to be observed upon completion of the 

precise leveling survey. 

 

3. Precise Levelling survey and Monumentation 

 

The Precise Levelling Survey covers 630 km route, reconnaissance and 

monumentation of survey points. 

 

4. Gravity Data Acquisition 

 

The Gravity data acquisition is carried out by JUPEM 

 

5. Levelling Survey Processing and Adjustment 

 

Processing and adjustment of precise levelling network is to derive the Mean 

Sea Level Height value at 1 cm accuracy. 

 

6. Geoid Computation 

 

The aim of geoid computation is to compute fitted gravimetric geoid at the level 

of less then 1 cm. This will include 2500 gravity points data reduction. 

 

7. Delivery of equipments 

 

Delivery of equipments consists of supply, deliver, test and commission a 

Geoid Computation Software Package, least square adjustment software and 

precise levelling processing software. 

 

8. Training 

 

Training modules in the project covers the training on geoid determination, 

least square adjustment and precise leveling using the above software 

packages. 
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Implementation schedule 
 

The HMS project was implemented from 2007 to 2008 in five stages and listed 

in Table 1 to 4. 

 

Table 1: Time Schedule for Geodetic Work 

No. 
Geodetic Work  

Description 

2007 2008 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG 

1. Preliminary Report                       

2. 
High Precision GPS Data 
Processing for 50 Stations                       

3. Levelling Monumentation                       

4. Precise Levelling Survey                       

5. 
GPS Processing for newly 
observed Data                       

6. Precise Levelling Adjustment                      

7. 
Gravity Data Reduction and 
Geoid Modelling                       

8. Final Report                      

 

Table 2: Time Schedule for Delivery of Precise Levelling Equipment 

No. 
 Precise Levelling 

Equipment  Description 

2007 2008 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG 

1. Precise Levelling Instrument                       

2. Mobile Field Data Collector                       

3. Office Management System                       

 i) A3 Image Reproduction 
Device                        

 ii) Medium Quality A0 Size 
Data Mapper                        

 iii) A3/A4 Size Color Laser 
Data Printing Device                       

 iv) A4 Size Black And White 
Data Printing Device                        

 

 

Table 3: Time Schedule for Hardware and Software Delivery 

No. 
Hardware and Software 

Description 

2008 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT 

1. 
Precise Levelling Processing 
Software                     

2. MOVE3 Adjustment Software                     

3. 
Microsearch Adjustment Software 
Package                    

4. 
GEOID Computation Software 
Packages                     

 
i) Gravity Reduction and Geoid 

Modelling Software Packages                     
 ii) Grapher Software                     
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 iii) 3-D Surface Mapping                     
 iv) Voxler – 3D Data Visualization                     

5. PC Workstation                      
6. PC Desktop Processor                     

7. 
IFOS Geofield Application to 
Windows Mobile 5.0                     

 

Table 4: Time Schedule for Training 

No. Training Description 
2008 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT 

1. Geiod Computation (5 days)                     
2. Least-Square Adjustment (3 days)                     
3. Precise Levelling (3 days)                    

4. 
Migrated IFOS Geofield Application 
to Windows Mobile 5.0 Pocket PC 
(1 day)                     

 

 

Preliminary Study 

 

The purpose of the preliminary study and analyses of HMS project is to 

evaluate and assess the existing geodetic infrastructures to support the HMS 

project to achieve 1 cm geoid for Lembah Klang.  JUPEM has provided all 

relevant data sets which involve levelling, GPS and geoid model for the study.  

Network design for the precise levelling route was carried out by JUPEM and it 

consists of 64 levelling lines inter-connected through collocation stations.   The 

route distance between collocation (junction point) stations varies between 5 

and 27 kilometre with a total levelling distance of 630 km  

 

Analysis of the proposed precise levelling network was carried out by dividing 

the whole network into sixteen levelling loops.  Uniform distribution of the 

collocation stations has facilitated the formation of levelling loops and control 

within the network.  The approximate length of perimeter of the levelling loops 

is between 31 and 85 km. Loop 11 and 12 are hanging loop with the shortest 

side lengths.  

 

The average perimeter length of 56 km will give a maximum loop closure of 

22.4 mm when taken into account the permissible misclosure of; 

 

   0.003 (m) * K, with K is the levelling distance in Km 
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With every levelling loop sharing at least two common routes (except Loop11 

and 12), the observational errors will be equally distributed in the networks 

during the network adjustment.  

 

Two types of GPS information provided by JUPEM for pre-analyses are GPS 

rinex data for collocation stations and, a set of GPS coordinates stemmed from 

GPS observation on benchmarks carried out by JUPEM.   The observation 

campaign on collocation stations was carried from 14th February to 5th April 

2007.  GPS observation period for all data were approximately 4 hours with 15 

second observation interval.  The network of the collocation stations consisted 

of 50 new benchmarks, three MyRTKnet stations (UPMS, BANT and MERU) 

and one Malaysia Active GPS System (MASS) station KTPK. 

 

Trimble Geomatic Office (TGO) Version 1.63 GPS software was used for 

preliminary baselines processing.  Standard static processing parameters as 

proposed by the developer had been imposed in the baseline processing 

scheme.  Data processing of 28 sessions has produced a total of 160 

independent baselines that have met statistical test criteria. All baseline 

processing achieved fixed solution with RMS of residual less than 20 mm for all 

baselines.   

 

Minimally constraint adjustment was carried out iteratively for outlier detection.  

A total of six adjustment iterations have been carried out with only one baseline 

eliminated in each of the iteration.  A total of six baselines were eliminated 

during the minimally constraint adjustment.  Assessment of internal consistency 

of minimally constraint adjustment indicates that the network was properly 

weighted and passed the chi-square test with variance factor of 0.9674. 

Horizontal and vertical error ellipses were between 5 and 22 mm, and 14 and 

77 mm respectively, and baseline relative accuracy is less than 2.5 ppm. 

 

External consistency of minimally constraint adjustment was carried out by 

comparing coordinate discrepancy of the three remaining reference stations.  

Table 9 shows the coordinate differences for unconstrained reference stations 

which are better than 1 cm for all components except MERU in east-west 

direction.  Results from coordinate comparison had shown that the HMS GPS 

network fits well with GDM2000 reference system. 

 

Over-constraint adjustment was successfully carried out with four reference 

stations held fixed to their GDM2000 coordinates.  The estimated variance 

factor for the final over-constrained adjustment is 0.9774 and passed the Chi-

Square Test.  The variance factor will be affected by bad observations and will 

increase the value. The poorer the observation, the higher the variance factor 
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will be. As bad observations are removed from the adjustment, the variance 

factor will decrease.  

 

The 2D and 1D error ellipses (95%) for the final over-constrained adjustment 

shows that the semi-major axis value is between 0.005 – 0.014 m with average 

of 0.010 m and the vertical component is between 0.013 to 0.060 m with 

average of 0.030 m.  Baseline relative precision was computed based on the 

baseline relative error with respect to the mark-to-mark distance at 95% 

confidence region.  Assessment of relative precision of the HMS GPS Network 

has shown that all connected baselines achieved less than 2.1 ppm. 

 

JUPEM had provided two data sets of gravity data list and gridded geoid 

model.  Gravity data list consists of: 

 

1. First Order gravity data 

2. Second Order gravity data 

3. Third Order Gravity Data 

4. Airborne gravity data 

 

Gridded geoid model for HMS project area consists of Gravimetric and Fitted 

geoid models in binary and in Ascii formats. 

 

The existing gravity data and geoid models are briefly analysed with all data 

have been used to derive the geoid models in the airborne gravity project.  The 

first part of the analysis covers the computation of gravity anomaly covariance 

functions to briefly analyse the statistical property of the gravity field over the 

project area. The second part investigates the present status of height 

modernization in Klang Valley in terms of the data infrastructure and 

performance of GPS levelling. 

 

Geoid separation (N) value of nine Benchmarks was extracted from gravimetric 

geoid model using Geo_com program provided by JUPEM.  To assess the 

relative accuracy of the GPS levelling data, linear regression method was 

applied.  Seven GPS baselines from provided data set were used in the 

computation using least square approach of 1-Dimensional fitting models.  The 

results concluded that relative accuracy of GPS levelling with provided data 

sets is around 2.88 ppm ( 3 ppm). 

 

Analysis of fitted geoid model provided by JUPEM is a straight forward 

approach. Geoid separation (N) value of nine (9) Benchmarks was extracted 

from fitted geoid model using the same Geo_com.  Height difference 
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comparison show that the difference is between 0.010 and 0.242 m.  

Benchmark B0899 has the largest difference and was not used during geoid 

fitting process and the rms of differences is reduced to 0.067m.  

 

The main objective of the Klang Valley Height Modernization Project is to 

develop 1-2 cm accuracy Fitted Geoid over the project area.  Considering the 

presently available geodetic infrastructure and survey data in the project area, 

the above objective may be achieved through the following measures; 

 

a. Highly accurate reference control stations connected to the adopted 

national reference systems. have to made available through out the 

project area. This will ensure uniform and consistence datum definition 

for the various reference surfaces. 

 

b. A properly designed Precise Levelling Network with uniform station 

interval and at the optimum loop size to ensure a maximum error of less 

then 1 cm. The network should be connected to the existing vertical 

reference control stations as in ( a ). 

 

c. Establishing highly accurate GPS observing and processing procedures 

to ensure a maximum error of 1 cm in vertical component.  

 

d. Accurate geoid model for the project area. Gravity observation at 1 

kilometre interval is necessary in order to obtain 1 cm accuracy of 

gravimetric geoid. 

 

e. DSMM should carry out an independent validation on to the reliability of 

the fitted geoid model.  

 

 

Precise Levelling Survey 

 

The monumentation of precise levelling benchmark was carried out between 

October and November 2007.   One hundred and sixteen benchmarks were 

established during this period with benchmark’s technical specification 

according to the tender specification.  Numbering sequence of new 

benchmarks was provided by JUPEM with prefix of benchmark following 

JUPEM’s Standard Operating Procedures (SOP), with “B” and “W” reserved for 

state of Selangor and Wilayah Persekutuan respectively. 
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Considering the availability of digital levelling instruments, the Leica NA3003 

digital level and the associated LevelPak software have been used for the 

execution of leveling works. Every NA3003 will be delivered with the levelling 

software LEICA LevelPak. LEICA LevelPak is a Windows solution for managing 

level data, heights, and computing and adjusting level lines 

 

A collimation test for leveling or two-peg test has been performed to determine 

the level's collimation error. If the instrument is placed precisely between two 

staffs, the error is the same for the rear and forward readings and the 

measurement is the true height difference. When the sight distances are 

unequal and collimation is not true, small errors are accumulated. 

 

Loop closures summarization has shown that all loops had met the closures 

criterion and no blunder detected in the precise levelling network.  Minimally 

constrained adjustment for Kelang Valley Precise Levelling Network (KVPLN) 

was carried out by fixing Standard Benchmark (SBM) namely S 0121 located in 

the eastern part of the precise levelling network.  The height of SBM S 0121 is 

45.022 metre above the mean sea level (MSL). 

 

Total number benchmarks in KVPLN are 289, height difference observation is 

320 and number of fixed parameter is one.  This will give the network degree of 

freedom of 32. The 1D error ellipse (95%) for the minimally constrained 

adjustment shows that the vertical error is between 0.009 – 0.014 m with 

average of 0.011 m.  

 

Comparison between adjusted and published benchmarks value for 46 existing 

BMs and SBM included in the KVPLN has been carried out, and the height 

differences are varies between 0.003 and 0.350 metre, with three benchmarks 

namely B 2104, B 2128 and B 2131 has the largest discrepancy of more than 

24 cm. 

 

Final adjustment of KVPLN was carried out using Geolab Version 3.9 with 

height difference input as in minimally constrained adjustment.  Over-

constrained adjustment for all height difference was carried out by fixing SBM S 

0121 and S 0377.  The reference MSL height for SBM was provided by JUPEM 

with MSL height of 45.022 and 9.130 metre for S 0121 and S 0377 

respectively.  The existing 2 SBMs have been used to define the height datum 

for the Klang Valley HMS project. These SBMs have been fully verified by 

JUPEM so that the final adopted datum will be compatible with present NGVD. 
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The MSL heights of the existing SBM and BM were derived from 1997/1998 

national PLN adjustment. 

 

Results from the adjustment of KVPLN network has shown that the anticipated 

accuracy of 1 cm has been achieved, and the realization of 1 - 2 cm accuracy 

of fitted geoid can be realized. 

 

Gravity Data Reduction and Geoid Modelling 

 

The geoid determination of Malaysia is based on the available gravimetry 

(airborne, surface and satellite altimetry), which is downward continued to the 

surface of the topography, after removal of a spherical harmonic reference field 

expansion. The harmonic downward continuation of airborne gravity data is a 

classical unstable operation, making the collocation approach or stabilized 

Fourier methods the method of choice for treating this problem (Forsberg, 

2002).  

 

In Malaysia JUPEM DTED and SRTM elevation data, averaged to 15” or 30” 

resolution, have been used to compute RTM terrain effects g2 on all surface 

and airborne data. The RTM terrain effects (Forsberg, 1984) takes into account 

topography relative to a mean height surface. This surface is produced from the 

SRTM data by low-pass filtering. We have for the 2008 constructed new mean 

height surfaces at a resolution of approximately 0.5 for use with EGM08 

truncated at degree 360, and 5’ for EGM08 at degree 2190. The mean height 

grids have been derived by an exponential smoothing filter, and are therefore 

not exactly corresponding to the spherical harmonic cut-off (but this is of less 

importance due to the remove-restore technique used). 

 

New surface gravimetry was collected as part of the Height Modernization 

project. A revised file “hms04.ano” was received in August 2008 as the final 

gravity file for the HMS project. The final file was provided by JUPEM as an 

ascii text file, with gravity values and anomaly files referring to the Malaysian 

reference gravity network.  

 

Airborne gravity data for West Malaysia were kept unchanged relative to the 

2003 airborne gravity survey report. The file name of the atmospheric-reduced 

airborne data is “wmy.faa”.  The average survey elevation is 3441 m. The high 

altitude was necessary primarily due to airspace restrictions.  Satellite-altimetry 

derived gravity data were taken from the DNSC08 solution (O. Andersen, DTU-

Space). From the dense, gridded DNSC08 data, a 6’ x 6’ subgrid was selected, 
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only in the ocean, and only at least 10 km away from any airborne gravity point. 

File name is “dnsc08.dat”.  

 

For QC of the surface gravity data, a detailed gridding of both new and old 

gravity data revealed a number of problems, with many gravity anomaly outliers 

in the range 10-40 mGal. This point to serious errors in the gravity survey or in 

the compiled excel file with GPS positions and gravity values. Outlier points in 

the new file were deleted based on gridding and plotting, using surfer. The 

number of points in the cleaned new gravity file “hms04.ano1” was thus 

reduced to a total of 1497 points from originally 1611 points. 

 

The gravimetric geoids are obtained from the downward continued reduced 

free-air gravity grid at zero level by spherical FFT (“spfour” program), followed 

by the restore of the spherical harmonic and RTM geoid effects.  

 

A total of 960 x 1080 points were used in the FFT process (100% zero padding) 

with a linearly tapered Wong-Gore Stokes’ kernel. The computed geoids were 

tested against a new GPS-levelling control point file, cf. the following section. 

Based on this GPS-levelling data set, it was confirmed that the use of a degree 

80-90 modification for the Wong-Gore linear band modification was suitable, 

and in accordance with the expected accuracy of the GRACE data in EGM08.  

The command prompt job for the geoid determination was “geoid.job” 

 

The results of the FFT computation (and the restore of EGM08 and RTM and 

conversion from quasigeoid to geoid), are summed in the file “geoid1a.gri” for 

EGM08 to degree 360 (“a” for Aug 08 update), and in “geoid2.gri” for 2190.   

These are the final gravimetric geoids, given in a global reference system.  

 

For the KL region, the new GPS-leveling data of the HMS project consisted of 

43 points, with new leveling and GPS observations. These data were referring 

to the post-tsunami GPS system (with a vertical offset of approx. 5 cm in the KL 

area), and the old level height values. Therefore the corresponding NGPS-values 

would be expected to be shifted by about 5 cm relative to the 131 peninsula 

GPS-geoid values. After isolating a single outlier (point B0526), with a likely 6 

cm error, 42 points were used in the comparison to the computed geoid.  

 

The final fit of the HMS geoid was based on “geoid1a.gri” using a correlation 

length of 20 km and apriori sigma of 1 cm. The final geoid file in GRAVSOFT 

grid format is called “geoid1a_fit_hms.gri. 
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The final geoid file for the HMS project is also given as a grid file 

“geoid1a_fit_hms.gri”, as well as a binary file “geoid1a_fit_hms.bin”. The binary 

file is useful for the interactive geoid interpolation module “grid_int” from the 

2003 airborne project. The “geoid2” files (based on EGM08 to degree 2190) 

were not updated in the August 2007 computation (but this was done in July 

2008). The EGM08 was used, though, to degree 2190 in the cookbook 

example, giving equivalent results to geoid1a. A final geoid solution should be 

done when the errors in the gravity data are corrected. 

 

For the future improvement of the Malaysian height system, for use with GPS, it 

is clear that the current height modernization project has been a success, and 

proven that a 1 cm r.m.s. geoid is possible to establish in practice. It is our view 

that the primary factor for the good fit of the new geoid has been the 

observation of new GPS and levelling data, at a near-coincident epoch. The 

new surface gravity data has also been useful to increase resolution over older 

data and the airborne survey, but due to the spurious errors, the new surface 

gravity data have been given less weight than what would be possible for 

perfect data. It is therefore recommended to carefully review gravity 

processing, and establish a QC procedure.  

Unit: m Mean Standard 
dev. 

Gravimetric geoid “geoid1a.gri” 1.282 0.026 

do, after 4-parameter fit 0.000 0.011 

Fitted geoid (new “hms_geoid”) 0.000 0.008 

Gravimetric geoid “geoid2.gri” 1.275 0.022 

do, after 4-parameter fit 0.000 0.013 

Statistics of fitted geoid  0.000 0.007 

EGM08 alone, to degree 2090  1.309 0.034 


