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A study on datum transformation of cadastral maps to World Geodetic System for
developing countries
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Won-Ho Song, Chul-Soo Yang

Abstract

This paper presents a method to improve the quality of cadastral maps and produce continuous
maps using coordinate transformation calculations in developing countries. To convert a local
geodetic map into a world geodetic map, the following steps were implemented: first, the
adjustment coordinates of common points in local geodetic coordinate system were calculated by
the trilateral network adjustment calculation; second, adjusted maps was created by revising the
local geodetic maps to fit the adjustment coordinates; third, a conversion relationship between the
adjustment coordinates and the world geodetic coordinates was derived; and fourth, the
coordinate transformation relationship was applied to the adjusted maps to convert it into a world
geodetic coordinate system. The adjustment coordinates in local geodetic coordinate system,
which are common points for the coordinate transformation calculation, play a role in improving
the accuracy of the coordinate transformation calculation and the quality of the maps. This paper
is expected to contribute to the transformation of local geodetic coordinate maps to the world
geodetic coordinate maps and the improvement of maps quality in developing countries.

Keywords: Trilateral Adjustment, Coordinate Transformation, Improve Cadastral Map Quality, World
Geodetic System
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Table 1. World Geodetic Datum Conversion of Major Developing Countries
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World Geodetic Coordinate

Nation Local Coordinate System Years Source
| I yst System u
Indonesia Datum Indonesia 1974 Datum Geodesi Nasional 1995 1995, | Hasanuddin Z. Abidin,
(DI-1974) (DGN-1995WGS84), SRGI20131 | 2013~ 2016
Cérrego Alegre, Astro . oo
Brazil DatumChua, South American SIRGAS2000 2005~ \I/:IZ:ir;nd deESOIIZ\:)e;Ef
Datum1969(SAD69) '
Universal Transverse Mercator Sammy Mwangi
Kenya (UTM, Clarke 1880) KENREF network(ITRF) 2005 Matara, 2022
L Nigerian Primary Triangulation Nigerian Geocentric Datum
Nigeria Network(Clarke 1880) (NGD2012) 2012 Peter C. NWILO, 2013
Vietnam Hanoi-72 VN-2000 (WGS84 Compatible) 22(?(;)70' Hoa Pham Thi, 2019
South Africa Cape Datum Hartebeesthoek94 1999~ Richard 1\gV;)9nnacott,
China Beijing 1954 CGCS2000(WGS84 Compatible) | 2008~ | Wen Hanjiang, 2012
. ITRF92(epoch 1988), Guido Alejandro
Mexico NAD27 datum ITRF2000(epoch 2004) 1993~ | ¢ onzalez Franco, 2006
Ministry of Natural
Myanmar Indian 1954 Myanmar Datum 2000 2000~ Resources &
Environmental
Conservation, 2016
Indian 1954,1960, Vientiane . .
Laos Daturm 1982 LAO97(Krassovsky) 1997 Kari Suominen, 2011
Indian 1960 UTM Zone 48N, CGDO03(Cambodia Geodetic
Cambodia CGDO03(Cambodia Geodetic Datum 2003, ITRF96), 2003~ | Meas Bunthoeun, 2016
Datum 2003) CGDO9(ITRF2005)
Kyrgyzstan SK-63 Kyrg-06(GRS80) 2010- Huaan Fan. 2015
Voirol, Isolated, Carthage 1934 | NTT(New Tunisia Treiahgurlatin)
Tunisia Europe50, South Sahara, Coordinate System (Carthage 2009~ LX. 2017

Carthage 1986

1984)
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Step1: Regional Adjustment

- Common Points Selection

- Adjustment Coordinates
Calculation

- 1/5000 Scale or Smaller Maps

Figure 1. Overview of Work Procedure
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Step2: Sectional Adjustment

- Sectional Coordinates and
Map Conversion
- 1/1200 Scale or Larger Maps

Step3: World Geodetic
Coordinate Conversion

Converting Maps to World
Geodetic System

- Continuous Updates

Add New Measurements
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Table 2. Local and World Geodetic Coordinates in Brazil Source: Vivian de Oliveira Fernandes, 2010

o Cartesian coordinates - SAD-69 Cartesian coordinates - SIRGAS2000
X Y z X Y z
1 3388872.590 -4580847.658 -2857576.200 3388805.253 -4580843.813 -2857614.462
2 3451979.331 -4518009.827 -2880848.100 3451911.981 -4518005.900 -2880886.320
3 3443293.330 -4517430.603 -2891904.000 3443225.980 -4517426.700 -2891942.190
4 3550613.051 -4418513.326 -2916433.000 3550558.565 -4418525.500 -2916481.330
5 3586289.026 -4426360.152 -2860736.000 3586289.027 -4426360.176 -2860736.023

Table 3. Coordinate Transformation Parameter between SAD-69 and SIRGAS Source: Vivian de

Oliveira Fernandes, 2010

Translation Rotation Scale
Tx(oX) Ty(oy) Tz(02) Rx(0%) Ry(ay) Rz(a2) factor(ppm)
-65.4281+0.3311| 0.7623+0.3332 |-31.5961+0.2933| 0.6225+0.0010 |-0.4512+0.0001|-0.0313+0.0001 | 1.0000+0.0000
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Table 4. Conversion Residuals between SAD-69 and SIRGAS Source: Vivian de Oliveira Fernandes, 2010

No. V X)m V (Y)m V (Om

1 0.0035 -0.0045 -0.0129

2 0.0034 -0.0245 -0.0328

3 0.0234 -0.0442 -0.0029

4 0.0133 -0.0045 -0.0128

5 0.0335 -0.0044 -0.0026

Averages 0.01542 -0.01642 -0.0128
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Figure 2. Coordinate Transformation Procedure of Cadastral Map
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Table 5. Coordinate Transformation Result of a Parcel

No | Local_X

Local Y

World_X

World_Y

Helmert_X

Helmert_Y

AX

AY

Affine_X

Affine_Y

AX

AY

—_

348684.2

228924.9

348991

228996.3

348991.0

228996.3

0.00

-0.01

348991.0

228996.3

0.00

0.00

348689.7

2289389

348996.5

229010.3

348996.5

229010.3

-0.01

0.00

348996.5

229010.3

-0.01

0.01

348674.0

228975.1

348980.7

229046.5

348980.7

229046.4

-0.01

-0.01

348980.7

229046.4

0.00

-0.01

348668.7

228994.7

348975.4

229066.0

3489754

229066

-0.01

-0.01

3489754

229066.0

0.00

0.00

348640.9

229058.5

348947.6

229129.8

348947.6

229129.8

0.00

0.00
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0.01

0.01
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229077.5

-0.02

0.01

348817.7

229077.5

-0.01

0.00

348541.8

2289354

348848.5

229006.8

348848.5

229006.7

0.01

-0.01

348848.5

229006.7

0.01

-0.02

348552.5

2289183

348859.3

228989.6

348859.3

228989.6

0.01

0.02
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0.01
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—_
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—_
—_
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0.01

0.00

—_
N
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0.01

0.00

—_
w
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