Lands Department
Survey and Mapping Office

Geodetic Survey Section

Suggested Procedure of Using Leica LGO Software for Transforming GPS
Surveyed Height (Ellipsoidal Height) to Local Height (Height above HKPD) within a
Small Local Area

Introduction

In GPS surveys, the surveyed coordinates are in the World Geodetic System 1984 (WGS84)
which is a geocentric and earth-fixed coordinates system, and are expressed in terms of
geodetic coordinates (i.e. latitude, longitude and ellipsoidal height) or Cartesian coordinates (i.e.
geocentric X, Y and Z). In other words, the height value obtained by using GPS is ellipsoidal
height which is the height above the WGS84 reference ellipsoid rather than the orthometric
height (or height above the geoid surface).

However, the levelling data we used in daily surveying and engineering works is in orthometric
height which is the height value referenced to an equi-potential surface called geoid surface. It is
therefore one of the main issues to handle in GPS heighting is to transform the GPS surveyed
ellipsoidal height to orthometric height (i.e. height above HKPD) in an effective manner.
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Figure 1 : Relationship between ellipsoidal height and orthometric height
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This document outlines the procedures of creating a localized height transformation parameter
file for establishing height transformation relationship to transform the GPS surveyed ellipsoidal
height to HKPD height within in a small local area (say 15km x 15km or the less) by the use of
Leica LGO Version 3.0 software.

Data of Height Model of Hong Kong

In order to create the localized height transformation parameter file for transforming the GPS
surveyed ellipsoidal height to HKPD height, a set of control points comprising the WGS84
geodetic coordinates and the HKPD height values is surveyed and maintained by the Geodetic
Survey Section of SMO, Lands Department. Users can use this set of height model control point
data to establish the height transformation relationship of their project within a local small area.
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Survey and Mapping Office, Lands Department Date : 8 August 2006 é

Figure 2 : The distribution plan of the control points for
height model of Hong Kong (as at 8 August 2006)

The coordinates list and the control point distribution plan can be obtained from the Geodetic
Survey Section of SMO, Lands Department and/or downloaded from the Internet at
www.geodetic.gov.hk.

General Procedures

1) Identify at least 4 height model control points surrounding/ within the project area.
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2)

3)

4)

5)

6)

7)

8)

9)

The selected control points must have the following coordinate information:
e ITRF96 Geodetic Coordinates (i.e. Latitude, Longitude & Ellipsoidal Height)
e Height above Hong Kong Principal Datum (i.e. Orthometric Height)

The HK1980 Grid Coordinates (i.e. Northing and Easting) of the control points must be
transformed from the ITRF96 Geodetic Coordinates listed on the coordinate list of the
height model of Hong Kong by the use of the 7-P parameters published by the Geodetic
Survey Section of SMO.

Prepare one ITRF96 Geodetic Coordinates data file for the selected control points in LGO.

Prepare another LGO data file for the data of Height above Hong Kong Principal Datum
and HK1980 Grid Coordinates of the selected control points.

Use the “Two Step” transformation model of the [Datum and Map] module of Leica LGO
Version 3.0 to fit the localized height transformation parameters for height transformation
between GPS Height and Local Height.

Save the height transformation relationship in a localized height transformation parameter
file of LGO.

The localized height transformation parameter file can be imported into any Computer with
Leica LGO Version 3.0 software and any Leica GPS System 500/1200 Rover for carrying
out height transformation for post-processing or real-time positioning.

In order to ensure the effectiveness of the localized height transformation parameter file,
testing points with HKPD height data within the project area should be surveyed by GPS
method. Then the transformed orthometric height values of the testing points should be
compared with the known HKPD height data to confirm the workability and accuracy of the
localized height transformation relationship before formally use of the localized height
transformation parameter file for the project area.

“Two Step” Transformation Approach

This transformation approach is developed by Leica Geosystem Ltd. and is bundled in the Leica

LGO software. It works by treating the position and height transformation separately. Knowledge

of the local map projection and the local ellipsoid is required for the part of position

transformation. The height transformation is a single dimension height approximation.
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For position transformation, the WGS84 Coordinates are first transformed to Preliminary Local
Cartesian Coordinates using a Classical 3D Pre-transformation. These Preliminary Local
Cartesian Coordinates are then projected onto a preliminary plane grid using the specified
ellipsoid and the known map projection method. With the use of the preliminary plane grid
coordinates and the “Real” local grid coordinates, parameters of the Classical 2D Transformation
(i.e. 2 shifts, 1 rotation and 1 scale factor) can be calculated by the least square adjustment.
Hence, the transformation relationship between the preliminary plane grid coordinates and the
“Real” local grid coordinates can be established for use.

WGS84 Geodetic Coordinates
(Latitude, Longitude & Ellipsoidal Height)

h 4

WGS84 Cartesian Coordinates (X, Y, Z)

Classical 3D Pre-transformation

\ 4

Preliminary Local Cartesian Coordinates
(X: Y, Z) Preliminary Local

Map projection by the specified ellipsoid and
the known projection parameters

A 4

Preliminary Plane Grid Coordinates

(Northing, EaSting) Preliminary Local

Classical 2D transformation

v
“Real” Local Grid Coordinates

(Northing, Easting)

Figure 3: Workflow of Position Transformation in Two Step Approach
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For the height transformation, it is a single dimension height approximation. All the height
common points have ellipsoidal heights and orthometric heights. The geoid-ellipsoid separation
at each common point position can be easily obtained by the formula shown in Figure 1. Figure 4
illustrates an example of the distribution of geoid-ellipsoid separations in a small local area.
Based on the distribution of geoid-ellipsoid separations, a flat plane can be fitted for the
approximation of the geoid-ellipsoid separation within the small local area (see Figure 5).

With the approximated value of geoid-ellipsoid separation, ellipsoidal height of a point within the
local area can be transformed to orthometric height via the formula shown in Figure 1.

M = Geoid-elipzoid Separation

M
Marthin
Easting

Figure 4 : Distribution of geoid-ellipsoid separation within
a small local area

M = Geoid-elipzoid Separation

M
Morthing
Easting

Figure 5: Aflat plane is fitted to represent the geoid-ellipsoid
separation of the small local area
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Advantages of “Two Step” Transformation

e Errors in local heights (i.e. orthometric height) do not affect the accuracy of position
transformation.

e The points used for determining the position and height transformation do not necessarily
have to be the same points.

e The distortion effects of the map projection are taken into account in the position
transformation which enables us to use this transformation approach for position
transformation for larger areas.

e “7-P parameters” published by the Geodetic Survey Section of SMO can be directly used for
the classical 3D pre-transformation of the GPS surveyed coordinates in the “Two Step”
approach. Hence, the position transformation results (i.e. Northing and Easting) of the “Two
Step” transformation can be obtained exactly the same as that of the normal 7-P 3D
transformation which we normally use.

Disadvantages of “Two Step” Transformation

e Knowledge of the local projection and local ellipsoid are required. (However, it is not a
disadvantage in Hong Kong because the local projection and local ellipsoid of Hong Kong
are known.)

Technical Steps

1) Identify at least 4 height model control points surrounding/ within the project area.
2) The selected control points must have the following coordinate information:

e ITRF96 Geodetic Coordinates (i.e. Latitude, Longitude & Ellipsoidal Height)
¢ Height above Hong Kong Principal Datum (i.e. Orthometric Height)
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3) Transform the ITRF96 Geodetic Coordinates of the selected control points into HK1980
Grid Coordinates (i.e. Northing and Easting) by the use of the 7-P parameters published
by the Geodetic Survey Section of SMO, which can be downloaded from the Internet at
www.geodetic.gov.hk.

4) Open one LGO project for storing the data of HK1980 Grid Coordinates (Northing, Easting)
and height above HKPD (HKPD Height) of the selected control points.

EICA Geo Office - [Project Kowloon (HKE0 + HEPD)]

(L Fle Import Edit Yiew ZTools Pointe Export Window Help _a| x

|nzlsrp|=a|glaaal SHevy|sssanamdaa|w||earem|T
Open Documents Pointld | PointCless|  Date/Time - | Easting | Northing | Ellip Hgt | Ortho Hgt | Posn. + Hgt Gilty |

138 Contl  0SN22006 L507:54 8399212634 8218297819 - o057 0.0000
139 Contml  0SNZ006 50754 836989.3157 8192433012 - 88790 0.0000

141 Contol 0522006 1507:54 838337.8514 8150329719 - 2296470 00000
146 Contl  0SN22006 L507:54 8402076078 8229673543 - 2710650 0.0000
20726 Contml 0502006 150754 843603.5658 8197313892 - 1928040 0.0000
120728 Contml  0SM2006 150754 835660.7374 818960.3757 - 0 0.0000
235 Contl 05022006 150754 831988.1318 815727.0702 - 255 0.0000
HE72 Confml  DSNZ/2006 15:07:54 8430048416 8185918528 - 2828470 0.0000
FHKSC  Contml 0524006 L507:54 8325913203 820351.3888 - 231100 0.0000
FIQUAR  Contol  0502/2006 L5:07:54 8300976410 8169128840 - a7 0.0000

| M viewedt | § Codelise | s GPSFroc | @ TPSPioc | €0 Adustment G Points| "2 antennas | B Resuts

|Coord Sys.: HE1980 [ UM |

5) Open another LGO project for storing the data of ITRF96 Geodetic Coordinates (Latitude,
Longitude & Ellipsoidal Height) of the selected control points.

EICA Geo Office - [Project Kowloon (ITRFI6}] B3
Eie Import Edit Yiew Iook Point Export Hindow Help S
|n=gr maleaaa—  He vy Esscsanws|o|az(w||eelen|T—
Open Documents Pointld | PointClass|  DatefTime | Latitude | Longitode | Ellip. Het | Posn. + Het Qlty |

138 Contol 05022006 15:06:35  23°30'07.89448" N 114°09'4868519"E  87.7721 0.0000
Contol  05/0242006 150636 22°18'4280001" N 114°11'0L85010"E  86.1447 0.0000
Contel 05022006 15:06:36  22°16'56.21812° N 114°11°4905190"E  227.1456 0.0000
Contol 0522006 15:06:36  22°20'44.86275" N 1147 12'54.42899"E  268.5008 0.0000
Contol 0522006 15:06:35  33°18'50.62112" N 114°14'5305777"E 1904443 0.0000
Contol 050242006 150636 22°18'24.61121" N 114°10'1553040"E  €7.3377 0.0000
Contel 05022006 15:06:36  22°16'49.47712° N 114°08'0724382°E 2523427 0.0000
Contol 05022006 15:06:36  22°18'22.58350" N 1147 14'3212050"E 2304621 0.0000
Contol 05022006 15:06:35  33°19'19.81950" N 114°08'2837647"E 202270 0.0000
BFQUAR  Contral 05022006 15:06:36 227 17'28.03258" N 114°12'4704062"E 12002 0.0000

| Mg ViewEdi | & Codelit | W GP5Poc | @ TPSFioc | off Adustment 9 Paints| 2 Anternas | B Resulls |

[Coord Sy WGE 1984 [ mUM |
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6) Run LGO, click “Tools” and “Datum/Map” function. Then select the LGO project with
ITRF96 Geodetic Coordinates as System A and the LGO project with HK1980 Grid
Coordinates & Height above HKPD as System B respectively.

5 - [Datom and Map]

#2 Fle Import Edit ¥iew Tools Export Window Help EIES

o@|er(majeaaall  CeyysRtane=dlaae||l==lreE=T

Management Contets ] [Heams - [ Losation [ Last Tzed [ Coorfinate System | ~
(] Projects HEL980 KYZ- Main Trie  C\Docmments and Settingstll Ussesh . 0426/2006 15:12:34  HK1980
HE76 Dala Set CiDocuments and. Settingshll Usersh,. 472842005 15:12:46  Nome
HE76 Data Set - Main Tri...  C:\Documents and Settingsti 1l Tsersh, 04/28/2006 15:12:58  None
HES0 Data Set C\Documents and Settingsh 1l Tsersh. 04/28/2006 15:1304  None

HEKE0 Data Set - Main Tri. CiDocuments and Settingstall Thaersh 04/28/2006 15:12:52  Nome
Ko Tin (7014.05 & USM) Di\Wser Dated3FS Projectstem_Tin (.. 01/19/2000 14:03:30 WS 1084
Kowloon (HKS0 + HEPD)  C:\Docwments snd Settingshall Usersh. 05092006 12:07:18  HE18980

Kowloon (I TRF96) CDocuments and Settingsill Tsersh 05/09/2006 120642 WGS 1984 1 System A
R7

DiVJser DatsiGPS Projectsil0 NT sitel...  04/06/2008 10:58:03  WGS 1984

San Tou Kok Dlser DatdGFS Froject MO NT sith..  D4/A04005 095613 WGS 1984

Sen Wei Dilser DatGPS ProjectMO NT siteh...  D2/252005 163228 WGS 1984

Sha Po Kong. DiAUser Datad3PS Projects\ 10 N T sitel. 01192006 154807 WGS 1984

Shui Lan Tin Di\User Data¥5PS Projectsi10 N T sitel, 03/30/2005 10:59:47  WGS 1984

Stepwise (HKBD + Ortho Hy - C\Docwments and Setinestll Usersh DAZ62006 15:13:10  HE1980

Stepwise ATRFIR) CiDocuments and. Settingstll Usersh..  D4/2B006 151316 WGS 1084 b

Transform 1 DiAUser Datad3PS Projects\Transform_1\  02/21/005 14:2345  7P_ITRF96_HKS80_.

Tuen Tze Wai Di\User Data 3PS Proiects\10 N T sitel. 05/122004 15:38:46  WGS 1984 i

Contents | [Mame - | Location [ Last Used [ Coordinate System | ~

0 Paojects HEL976 KYE- Main Trig  CADocuments and Settingsl Usersh..  04/26/2006 15:1241  WGS 1984

HEK1980 X¥Z - Main Trig  C:\Documents and Settingst 1] Tsersh, 04/28/2006 15:12:34  HK1980

HET8 Data Set CrDocuments and Settingsubll Tseesh. 04/28/2006 15:12:46  Nome

HET6 Data St - Main Tri.. CA\Documents and Setingstll Usersh. DA28/2006 15:1258  None

HKS0 Dal Set CiDocuments and. Settingshll Usersh.. /28006 151304 Nome

HKS0 Data Set - Main Tri...  C:\Documents and Settingstl 1] Tsersh, 04/28/42006 15:1252  None

Kam Tin (701406 & USM) D:\User DathGPS Projects'Eam,_Tin_f, 01/19/2006 140339 WGS 1984

quy ] 5 HI

Kowloon 0 TRFSE) C\Documents and. Setingstkll Usersh.. 50006 120642 WS 1084 Syste m B

R7 Diloer DatGPS ProjectO NT siteh...  D4/DG2006 10:58.03  WGS 1984

San Tau Kok Di\User Data3PS Project\ 10 N T sitel. 04/19/200509:56:13  WGS 1984

San Wai Di\User Data¥5PS Projectsi10 N T sitel. 02/25/2005 16:32:29  WGS 1984

$ha Fo Kong Dilser DatdGES Froject MO NT sith..  DI/ADK006 154307  WGS 1984

Shui Law Tin Dilser DatGPS ProjectMO NT siteh...  D3/3042005 10:59:47  WGS 1984 b

Stepwise (HK80 + Ortho Hy  C:\Documents and Settingsh 1l Usersh. 04/28/2006 15:13:10  HK1980

Btepwise (ITRFIE) CrDocuments and Settingsubll Tseesh. 04/28/2006 15:13:16  WGS 1984 v

" G selection |l Match | S§- e | B Chen [ ) Fepen |

7) Click the Tab “Match” to go to next page and then right click the mouse to select
“Configurations”.

% LEICA Geo Office - [Datum and Map]

42 El Import Edit Yiew Inols Export Hindow Help I
|p#sr(=eeaasal  SHevymssanpumolase|Feres |
Foi. | | | z] Foi. | Eesting | Northing | Ellip. Het |
128 -2416188 3716 5385360 1069 2408853 5899 138 8349212634 8318297819 -
129 -2418476 8447 5385408 1161 2406460 3501 139 8360803157 819243 3012 -
144 24301747113 5361300403 24034517803 144 6383378514 8150320710 .
146 -2420902.1416 53829520931 24035740964 146 402076078 5229673543 -
20726 -2424473 1440 5382614 5688 24069499130 20726 8436035658 819731 3892 -
20728 24173016572 53060343723 2406191 4660 20728 GISEAD.TIT4  B18980.3757 .
235 24145130081 52282126166 24022604503 25 €21088.1218 8157270702 .
2 -2434138 5469 53833309611 24058300784 72 8430048416 818501 8528 -
HEEC -2414266 9102 5386768 9793 2407460 0272 HESC 832591 3203 820351 3888 -
QUAR 24315500380 53840003433 24043716433 QUAR 6390076410 5163125840 .
Autp Malch
Save As..
Print
Find
Methed pomnts: 0 / Trensfonmstion bpe: Two S
Siystem & Point Td - | System B Foint 14 | Point Type |

| % selection 52 Mateh| Ao [ B Chet | B Aepor |

Page 8 of 14



8) Select “Two Step” as transformation type and input the “7-P parameters published by
the Geodetic Survey Section of SMO” as the Pre-transformation Parameter set.

“5= LEICA Geo Office - [Datum and Maj

p2 Fle Import Edit Yiew Took Export Window Help

o=|earn=aajaaal  Seyp|lssdan

[ @ v [ rem ||

Management Foi | X ¥ B Foi /| Essting | Northing [ Ellip. Het. [ Ortho. Het |
138 -2416188 3716 53853601060 2408853 5800 138 834921 2634 921820 7410 o) 205720
139 -2418476 8447 53854081161 2406460 3501 139 836080 3157 8192433012 = 887990
144 -2420274 7113 53861200493 2403451.7003 144 8303378514 8158329719 - 2296470
145 -2420002 1416 53829520831 2409974 0964 146 840207 6078 0228673543 - 2710650
20726 2424477 1440 SIBI614 56BB 2406940 9130 20726 843603 5658 810731 38092 - 1028040
20728 2417301 6572 5386034 3723 2406191 4660 20728 8356607374 818060 3757 & 70047
235 -2414522 0081 53888126166 2403260 4502 235 831988 1318 8157270702 - 2551320
72 -2424138.5468 53833309611 24058300784 72 8430048416 8185018528 - 2828470
HERC  -24142669102 53867089793 24074600272 HEEC 8325913203 920351.3088 o 23.1190
QUAR  -2421550 0280 53840103433 2404271 6423 QUAR 8399076410 8160128840 3 27900

Configuration

Parmmeters | Outliers | Coard. System & | Coord. Sysem B |

Transformation type Pre-trnsformation:  [7P_TRF96_HKG0 ¥
Defeult point type [Fosition + height _+|
Systern A coordinates Systera B coordinates:
Systern A Point 1
Tupe: Cartesian Type |Gml
Systern: WeRE ~] Sysenn Loval =

Height Mode: | a——

B

[ Seection [ Match| & Resuis | B Chat | B Repor |

After setting the appropriate options, click “Confirm” to quit this dialogue box.

9) Right click the mouse and select “Auto Match” to process the data.

#2 Fle Import Edit Fiew Iook Export Window Help

jps|ar|meelaaal D¢ velsxssbhuc|cles|e|Fare=|

Management Poi_ | X[ il Z Poi_ | Easting | Narthing [ Ellip. Hzt
138 24161863716 53053001069 2408853 5699 138 8349212634 8218297819 -
139 24184768447 5IES40B1161 24064803501 139 8360603157 8192433012 =

144 4202747113 53061200493 2403451 7603 144 8383378514 8159339719 -

146 24200021416 53820520931 2400074 0964 146 8402076078 822067 3543 =

20726 24344731440 5382614.5688 24069489130 20726 8436035658 919731 3892 -

20728 24173016572 53860343733 24061914669 20738 8356607374 8130503757 =

235 24145229981 53889126166 24033694592 235 231968.1318 8157270702 -

72 4341385460 53833300611 24050300784 7z 2430048416 818501 8528 =

HESC 241426601027 5IBETEBDT03  D407T4E0.0272 HESC 8325013203 820351 3888 =

QUAR 315500380 538401003433 24043716433 QUAR 8399076410 8169128840 =

Configwation

Save As
Print
Find.

Matched potats: 0 7 Trsastormation fype: Two Sep
System A Point1d ~ | System B Point T | Point Type |

{2 Selection
Ready NUM

Mateh| L Feais Chart Report
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10) Click the Tab “Results” to see the resulted height transformation discrepancies for
confirming the effectiveness of the height transformation after transformation parameter
fitting.

EICA Geo Office - [Datum and Map]

#3 Fle Lmport Edit Yiew Iools Exgort Window Help N
(I T He vy|essanem|oles|v|[HaremE|
Management Poi_ | x| 7 z| Poi_ | Easting Northing | Ellip Het

138 Z416188.3716  5385360.1060 2408853 5809 138 8340212634 831820 7810 -

133 24134768447 5385408.1161 2408460 3501 138 836988.3157 8192433012 -

134 24202747113 53661200403 24034517903 144 8383378514 8159338713

146 242000211416 53820520931 240074 0964 146 8402076078 622067 2543

20736 24244721440 5382614.5688 24050409130 20736 843603.5658 B10731.3802

20728 4173016572 5386034.3723 2405191 4669 20738 835660.7374 B18960.2757

235 24145222081 53888126166 24032694592 35 831988.1318  B15727.0702

72 24241385460 53833309611 24050300784 72 8430048416 8185918528

HKSC 24142660102 53567630793 24074600272 HKSC ~ 832501.3203 820351.3888

QUAR 24315500380 5384010.3433 24042716433 QUAR 8309976410 8169128840

Matched pomats: 10 7 Trandormation bpe: Two SED
System 4 Point 1d | System B Foint Id | Point Tape |
138 138 Position + height

139 139 Fosition + height
144 184 Fosition + height
146 145 Posifion + height

20726 20736 Position + height

30728 20728 Fosition + height

235 235 Position + height

72 72 Posifion + height

HESC HESC Fosition + height

QUAR QUAR Fosition + height

Report

o O Datom and ap =]
#7 File Import Edit ¥iew Iook Export Window Help NEES
o= |en (e |e|aadq| pyy|sRAswge|tlas|e||qalcen|r
Management System & - [ System B | Easting [ No Height Position | Position+Height |

138 138 00000 0000 -00002 00000 00002

139 130 -0o000 0000y 00027 onon 0.0027
% 144 144 -0.0000  0.000 00192 onon 00192

146 146 0.0000  -0.00 00218 0000 00218
20726 20726 00000 0.00 0.0044 onon 0.0044
20738 20728 00000 -0.00 H . h f . d .
235 35 -0.0000  0.000f 00127 0000 0027 I’m
72 72 -0.0000  -0.0000 -0.0179 800000 nom7e elg t trans 0 atlon lscrep anCIeS
HERC HESC -0.0000 000008 -0.0190 §0.0000 0.0190
QUAR  QUAR 00000 0.0000\-001448 0.0000 00144

- 0 Selection | EA Match [ Results| I chlft | B Repot |

|

< & 1221

11) Also, you can click the Tab “Report” to generate a Transformation Report for detailed
result evaluation and record keeping. A sample of the Transformation Report is attached
at Appendix | for general reference.
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- LEICA Geo Office - [Datum and Map]
#2 Filo Import Edit ¥iew Iook Export Window Help

o an|=e|lelaaall HDeyy/sasavum|t e valres]

Management

il | &

Seica

Geosystems

Twostep - Transformation Report

Processed: 05092008 12:20:57

Project Infermation

System A

Project name: Kowloon (ITRFIE)

System B
Kawloon (HIKB0 + HKPD)

Coordinate System Information System B

Coordinate system name:
Created:

Transformation name.
Transformation type:
Height mode:

Residuals:

Local Ellipsoid.
Projection:

Geoid model:

CSCS maodel

HK1980

International (Hayford)
HK1980

Transformation details

Qrthomestric
7P_ITRF95_HKA0_v1.0

Height mode:
Pre-transformation name:

LTI oo

Click to close
“Datum/Map”
function

[ —TR— .
ﬂ%saecnun | 3] Match | B, Results | W Chart Report|

12)

If the transformation discrepancies of all control points are acceptable, click the “x” button

to close the “Datum/Map” function. Then follow the instructions shown on screen to save
the resulted transformation relationship and parameter set into a localized “Coordinate

System” of LGO.

EICA Geo Oifice - [Datum and Map]

#2 Ele Import Bdit ¥iew Toolk Expont Window Help

los|gn|se|elaaa Hd¢vylssxanws clade||wares|—

Management

&

Transtormation parameters h
Do you want to stare the,

I~ Do ot prompt in future

Jeica

Geosystems

Twostep - Transformation Report

Processed: 08/14/2006 17:37:52

)

Project Information

LEICA Geo Office 96)

System B
Stepwige (HKBO + Ortho H)

h System B

Cancel |

Height mode:
Residuals:
Local Ellipsoid
Projection:
Geoid model:
CSCS model

International (Hayford)
HiK1980

Transformation details

Height rode: Orthometric
Pre-transformation name: 7P_ITRF95_HKBO_1.0

I

F;Selecmn | B Match | B Resuts | 1} Chan Report|
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2 Filz Import Edlt View Iook BHagort Window Help

[o@len=aaaaa) T He vy sasxabwadlanw||vaFem||pe

Management | A
-
Jeica
Geosystems
Twostep - Transformation Report e
Processed: 08/15/2006 10:50:47
Store transformation parameter set
fem A System B
Mame of new parameter set Kowiloon_(4.5.2008] Kowloon (HKEO +
oon (ITRF9E)
HKPD)
v fwtomaticaly create new coordinate system
Mame of new coordinate system: |Kowlwn_[9.5 2008) Information System B
et e [Wodsubsion =]
I Automaticall atach to project A and close DW\ B0
‘ 0K ' Cancel
—
Transformation type: -
Height mode: -
Residuals: =
Local Ellipsaid: International (Hayford)
Projection: HK1980
Geoid model -
CSCS maodel -
Transformation details
Heinht mnde: Orthnretric o
{Fésé\e:non | Bl Match | B Resuts | ik Chan Report|
Ready HUM

X
*

Home [ LestModified | Transformation Transformation Type | Resifuals Local EIl
2_Step_(21_2_2005) 03022005 114540 2_Step_(21_2_2005) Twostep No distibuti.. Interasth
3D Transtorm (HK76 t HKBD)v . 110172005 0908:50 3D Transform (HK7 to ClasicalD o distibuti . Internati

; 76 to 80 (Mein Trig only) 10252005 190401 76080 Main Trigon)  Clissical2D Mo distributi. .
1 Poogeetions A\ 7P_ITRFS6_HKBO_V10 02210005 14,1528 7P_ITRFSE HKBOV1D ClsssicaldD Mo distibuti.. Internat
0 State Plane Zones Bder + 52 i HEB DITEANA 143813 Bonder 52 to HEBO ClasicalZD Mo disteibr .
% g;f:‘gsMn ek A Guass plane grid D1/16/2004 17.06:52 = 5 = wes 1
HK1976 D5DBR006 18:50:57 5 . . Clarks

A HE1980 020412005 16.26:11 5 . . Tnternati
Ho Mon Tin 040712006 12.25:16 Ho Men Tin Twostep No distibuti.. Interasti
HoMap L E T i Interati

& Tovioon_0.52000) 05002006 125601 Kowloon_(9.5.2006) Twostep No distributi... ke
e 047202006 151225 5 g 2

& Sepwie (4.2.2005) R e i e Hodistibui. Inemst

@ WOS 1984 062742003 16.01:52 5 . . .

| i |

13) Now, the resulted localized “Coordinate System” can be used in this LGO computer for
carrying out localized coordinates and height transformation.
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14)

15)

16)

17)

18)

If you want to export the localized “Coordinate System” to other LGO computer or other
Leica GPS rover for coordinate and height transformation, you should move the cursor to
point to the required “Coordinate System” shown on the coordinate system list and right
click the mouse. Then select “Send To” = “Hard Disk” to create a localized coordinate
and height transformation parameter file.

. LEICA Geo Office - [Copriinate System Management]
@ Ele Iopont Edit Tiew Iook Export Window Help NEIES

e &k B (=] & —

Contents | [ Name | LestModified | T; i [T ion Type | Residuals | Local EX
# ] Coondumte Systers 2_Step_(21_2_2005) 03022005 11:15:10 2_Step_(21_2_2005) Twoskp o distributi.. Internats

Management

0] Transformations 3D Tramstorm (HK76 40 HKB0) v, 11002005 D0.08:50 3D Transtorm (HETS fo.. ChwicallD Mo distibuti.. Intermsti
1 (] Ellipsoids 76 10 80 (Moin Trig only) 104254005 100401 761050 Mein Tigonly)  ChwiceldD Mo distibuti. -
(2] Projestinns A\ 7P _TTRFIS_HKSN V101 0201005 141538 7P ITRFOG HKSN V10  ClssslD  Hodistibuh Inrsts
(2] Stake Plane Zones Border : £2 to HK80 02961004 143813 Bouder: SZ o HESO ClassicaldD Mo distributi 5
# (] Geoids A Ghusss plane grid 0154004 170653 5 5 5 WES L
'l (3 CC8 Models HK1576 ft 0509006 18:50:57 - . - Clarke
A\ HE1580 D2M42005 16536111 Internati

Hio Man Tin 040742006 12:25:16 Ho Man Tin Twnstep No distributi . Internati
05/08/2006 172812 Twnstep No distribnti . Internati
Loooiie 12 ma Ho distributi..  Intemnad

New

A Stepwise (4.2.20
€ WG 1084

< 3

Innport Coondinats Systerm Stepwise (4.2.2005) Stepwise No distributi...  [ntermati

Hodity...
Dekete DEL

Save As..
Brint CrlP
Find ColF

PCiCF-Card [
Properties HvEner ‘

Tools

¥ HUM
m BT &G 1102

As a result, a localized coordinate and height transformation parameter file called
“TRFSET.DAT” or “GPSTRF.DAT” is produced for storing the coordinate transformation
relationships and their transformation parameters. By the use of this transformation
parameter file, the plane grid coordinates and height transformations can be carried out
simultaneously by Leica LGO/ SKIPro software or Leica GPS rovers.

Users can import this transformation parameter file into any computer with Leica LGO/
SKIPro software for coordinate and height transformations in office.

Users can also import this transformation parameter file into Leica GPS System 500/1200
receivers for RTK/ DGPS surveys in real-time basis on site.

In order to ensure the effectiveness of the localized coordinate and height transformation
parameter file, testing points with HKPD height data within the project area should be
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surveyed by GPS method. Then the surveyed ellipsoidal height values of the testing points
should be transformed to orthometric height values by the use of the localized coordinate
and height transformation parameter file. The transformed orthometric height values
should be compared with the known HKPD height data to confirm the workability and
accuracy of the localized height transformation relationship before formally use of the
localized height transformation parameter file for the project area.

Remarks

)

2)

This procedure is suitable for establishing GPS height transformation relationship within
small local area (say 15 km x 15 km area). Please note that a flat plane cannot fully
represent the actual geoid-ellipsoid separations in large area. If the geoid undulation is
large at the subject area, the area over which the transformation is carried out should be
reduced.

Checking points should be provided to test the transformation effectiveness and accuracy
of the established height transformation relationship and parameters before formally use.

- END -

Prepared by : Geodetic Survey Section, SMO, Lands Department

Date

1 September 2006
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Appendix |

A sample of the Transformation Report



Twostep - Transformation Report

Jeica

Geosystems

Processed: 08/14/2006 15:40:38

Project Information

Project name:

System A

Kowloon (ITRF96)

System B

Kowloon (HK80 + HKPD)

Coordinate System Information System B

Coordinate system name:
Created:

Transformation name:
Transformation type:
Height mode:

Residuals:

Local Ellipsoid:
Projection:

Geoid model:

CSCS model:

HK1980

International (Hayford)

HK1980

Transformation details

Height mode:
Pre-transformation name:

3D-Helmert transformation
Number of common points:
Transformation model:

©

~NOoOURAWNPRZ

2D-Helmert transformation
Number of common points:
Sigma a priori:

Sigma a posteriori:

Rotation origin:

AW NPRZ

file://C:\Documents%20and%?20Settings\ykwong02\Local%20Settings\Temp\~Rpt\0.html

Orthometric

7P_ITRF96_HK80 V1.0

10
Bursa-Wolf

Parameter

Shift dX

Shift dY

Shift dZ

Rotation about X
Rotation about Y
Rotation about Z
Scale

10
1.0000
0.0000
XO0:
YO:

Parameter
dE

dN
Rotation
Scale

Value
162.6190 m
276.9610 m
161.7630 m
0.06774"
-2.24365 "
-1.15883 "
1.0942 ppm

819024.9370 m
837730.2276 m

Value

0.0000 m
0.0000 m

0° 00' 00.00030"

0.0003 ppm

rms

0.0000 m
0.0000 m

0° 00' 00.00038"

0.0018 ppm

14/8/2006



Height transformation

Number of common points: 10

Mean transformation accuracy: 0.0166 m

Parameters: -0.00000129 -0.00000402 -0.0477 m
Inclination of height in X: -0° 00’ 00.26608"

Inclination of height in Y: -0° 00’ 00.82918"

Residuals

Grid:

System A System B Point type dE [m] dN [m] dHgt [m]
138 138 Position + height ~ 0.0000 m 0.0000 m -0.0002 m
139 139 Position + height ~ 0.0000 m 0.0000 m -0.0027 m
144 144 Position + height ~ 0.0000 m 0.0000 m 0.0192 m
146 146 Position + height 0.0000 m 0.0000 m 0.0219 m
20726 20726 Position + height ~ 0.0000 m 0.0000 m 0.0044 m
20728 20728 Position + height ~ 0.0000 m 0.0000 m -0.0040 m
235 235 Position + height ~ 0.0000 m 0.0000 m 0.0127 m
72 72 Position + height ~ 0.0000 m 0.0000 m -0.0179 m
HKSC HKSC Position + height ~ 0.0000 m 0.0000 m -0.0190 m
QUAR QUAR Position + height ~ 0.0000 m 0.0000 m -0.0144 m

Graphical overview:

230000 40000

U146

e 138

HKSC
820000 - n | § 20726
e 2078139

n?z
UQUF‘LH
Dzss U 144

Scale: [+] Show Point Id
5000 m ot .
Coordinates I | 1<) Show Residuals Po§-l|on
01 m |7 Show Residuals Height
Residuals I o 54 Show Grid

file://C:\Documents%20and%?20Settings\ykwong02\Local%20Settings\Temp\~Rpt\0.html 14/8/2006
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