SECTION 6



[Revised: 30 September 1988]

THREE METHODS FOR OBTAINING WGS 84 COORDINATES

The following three methods for obtaining WGS 84 coordinates are treated in this
report:

Local Geodetic System-to-WGS 84 Datum Transformations (Sections 6-23, 27)
WGS 72-to-WGS 84 Transformation (Table 6.1, Sections 25-26, Table 27.1).

Solving directly for WGS 84 coordinates using the Satellite Point
Positioning technique and ground-based satellite tracking data acquired
at (for) the site being positioned (Table 6.1, Section 24, Table 27.1)

Due to the various possibilities, accuracy Tlevels, and complexities involved,
Sections 6 through 27 should be carefully reviewed before a decision is made on
the approach to use to obtain WGS 84 coordinates. A review of Chapters 7-9
of [2] is also recommended before making such a decision. Additional informa-
tion may also be obtained through discussions with DMA personnel. (See address
in PREFACE.)

NOTE 1: Although used 1in forming the mean datum shifts recorded in
Table 10.1, Doppler station data for NAD 83 and Indian Datum (Bangladesh, India,
and Nepal) were processed too late to permit preparation of many of the datum
transformation graphics, etc., that are included in this report for other Tocal
geodetic systems. Requirements for such material may be made known to DMA.
(See address in PREFACE.)

NOTE 2: Although, not always specifically stated, the term Western Europe
includes the countries of Austria, Belgium, Denmark, Finland, France, FRG
(Federal Republic of Germany), Gibraltar, Greece, Italy, Luxembourg,
Netherlands, Norway, Portugal, Spain, Sweden, and Switzerland.

NOTE 3: The terms Ireland and Ireland Datum 1965 as used here, or in any of

the related three volumes, pertain to the Republic of Ireland.
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Table 6.4

Standard and Abridged Molodensky Datum Transformation Formulas
- Local Geodetic System to WGS 84 -

1. The Standard Molodensky Formulas

A¢" = {- AX sin ¢ cos X - AY sin ¢ sin X + AZ cos ¢
+ na (Rye? sin ¢ cos ¢)/a + of [Ry(a/b) + Ry(b/a)] sin ¢ cos ¢}
. [(Ry + H) sin 11°1

A Xll

[- aX sin A + AY cos A] . [(RN+H) cos ¢ sin 1"]’1

AH AX cos ¢ cos A +AY cos ¢ sin A + AZ sin ¢

-ba (a/Ry) + af (b/a) Ry sing

2. The Abridged Molodensky Formulas

A¢" = [-aX sin ¢ cos A - AY sin ¢ sin A + AZ cos ¢ + (aaf + faa) sin 2¢]
. [RM sin 1"]'1

aX" = [-aX sin A + AY cos A] . [RN cos ¢ sin 1“]'1
AHm = AX c0S ¢ €OS A + AaY cos ¢ sin A + AZ sin ¢ + (asf + faa) sir?¢ -AQ

3. Definition of Terms in the Molodensky Formulas

¢, A\, H = geodetic coordinates (old ellipsoid)

¢ = geodetic latitude. The angle between the plane of the
geodetic equator and the ellipsoidal normal at a point
(measured positive north from the geodetic equator, negative
south).

A = geodetic longitude. The angle between the plane of the Zero
Meridian and the plane of the geodetic meridian of the point
(measured in the plane of the geodetic equator, positive east
from the Zero Meridian through 360°).

H = geodetic height (ellipsoidal height). The distance of a
point from the ellipsoid measured from the surface of the
ellipsoid along the ellipsoidal normal to the point.*

o g
]

N+h

*This parameter does not appear in the Abridged Molodensky Formulas.
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[Revised: 30 September 1988]
Table 6.4 (Cont'd)

Standard and Abridged Molodensky Datum Transformation Formulas

*h

A¢, AX, M

X, &Y, A

- Local Geodetic System to WGS 84 -

geoid/ellipsoid separation. The distance of the geoid above
(+N) or below (-N) the ellipsoid. (Use of a DMA-developed
local geoid height in forming a local geodetic system
geodetic height is needed to obtain a WGS 84 geodetic height
of good quality.)

distance of a point from the geoid (elevation of the point
above or below mean sea level); positive above mean sea
level, negative below mean sea level.

corrections to transform local geodetic system coordinates
to WGS 84 ¢, A, H values. The units of A¢ and AX are arc
seconds ("); the units of AH are meters (m).

shifts between centers of the local geodetic system and
WGS 84 Ellipsoids; corrections to transform local geodetic
system-related rectangular coordinates (X, Y, Z) to

WGS 84-related X, Y, Z values.

semimajor axis of the local geodetic system ellipsoid.
semiminor axis of the local geodetic system ellipsoid.
1-f°f

flattening of the local geodetic system ellipsoid.
differences between the semimajor axis and flattening of
the local geodetic system ellipsoid and the WGS 84
E1lipsoid, respectively.

first eccentricity.

2f - 2

radius of curvature in the prime vertical.

a/(1-e2 sin24>)1/2

radius of curvature in the meridian.

a(1-e2)/(1-e2 sin? ¢)3/2

NOTE: A11 A-quantities are formed by subtracting local geodetic system
ellipsoid values from WGS 84 E1lipsoid values.
* This parameter does not appear in the Abridged Molodensky Formulas.
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SECTION 7



RECOMMENDED METHOD(S) FOR OBTAINING WGS 84
COORDINATES FROM LOCAL GEODETIC SYSTEM COORDINATES



[Revised: 30 September 1988]

Table 7.1

Recommended Method(s) for Obtaining WGS 84
Coordinates From Local Geodetic System Coordinates*

Situation

Recommended
Coordinate Conversion Method

A relatively small number of
local geodetic system coordi-
nates need to be converted to
WGS 84 coordinates, and the
conversion can be accomplished
in an office environment.

Estimate AX, AY, AZ Values from Local Geodetic
System-to-WGS 84 Datum Shift Contour Charts and
use them with the Standard Molodensky Datum
Transformation Formulas to obtain A¢, AA, AH.
To obtain accurate WGS 84 Geodetic Heights
(Hwes 84)’ estimate Local Geodetic System Geoid

Heights (Npya) from the DMA-Developed Local

Geodetic System Geoid Height Contour Charts and
use in the Equation Hyss g4 = (H gca1 = Npma *

h) + M where h = height above mean sea level.

A large number of local
geodetic system coordinates
needs to be converted to
WGS 84 coordinates:

- And/or the coordinate con-
version needs to be
acccomplished under field
conditions.

- And/or the coordinate
conversion must be accom-
plished in near real time.

Program the Local Geodetic System-to-WGS 84
Datum Transformation Multiple Regression
Equations (A¢, AX, MH).** To obtain accurate
WGS 84 Geodetic Heights (H,gs g4), Program the

DMA-Developed Local Geodetic System Geoid Height
Multiple Regression Equations for use with the

Equation HwGS 84 = (HLoca] = NDMA + h) + M
where h = height above mean sea level.

* Also, See Tables 6.1 and 6.3, this Report, and Sections 7.2.4 and 7.4 of [2].

** CAUTION: Unacceptably large errors are possible unless use of these equa-
Tions is rigorously restricted to within the boundary of their derivation
(datum) area. For example, they should not be used in conjunction with a
locally referenced map or chart (nautical, aeronautical) to obtain WGS 84

positions external to the

land areas associated with the 1local geodetic

system on which the map or chart is based.
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Table 7.2

- Test Case 1 -

Conversion of Local Geodetic System Coordinates to WGS 84 Coordinates
Using the Standard Molodensky Datum Transformation Formulas and
AX, AY, AZ , Npyp Values Estimated From Local Geodetic System-to-WGS 84

Datum Shift Contour Charts and DMA-Developed Local Geodetic System Geoid
Height Contour Charts

1. Test Point Coordinates (NAD 27)

¢ = 42°56'51.9"N
A = 288°22'22.6"E
h=232m

[¢ = Geodetic Latitude, A = Geodetic Longitude, h = Height Above
Mean Sea Levell]

2. Values Estimated From Contour Charts (Figures 13.1, 13.2, 13.3, 17.1)

AX = -13 m; AY = 165 m; AZ = 185 m; Npyp = 3 m (Clarke 1866 E1lipsoid)
Also, from Tables 8.2 and 8.3:
1/294.9786982

6378206.4 f

a

-0.37264639 x 1074

-69.4 m M

Aa

3. Values Calculated Using Standard Molodensky Datum Transformation
FormuTas

A$ = 0.247"; Ax = 1.750"; AH = -32.42 m

4, Coordinate Conversion Formulas and Results

]

A = 288°22'24.350"E

Mes 84 = Map 27 t 2

H = (H N + h) + MH = 202.58 m

WGS 84 Local = "DMA
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SECTION 8



LOCAL GEODETIC SYSTEMS RELATED TO WGS 84,
ASSOCIATED REFERENCE ELLIPSOIDS (THEIR PARAMETERS AND PARAMETER
DIFFERENCES), THE GEOGRAPHIC LOCATION OF LOCAL GEODETIC SYSTEMS, AND
ENUMERATION OF PRODUCTS FOR ACCOMPLISHING THEIR TRANSFORMATION TO WGS 84



Table 8.1

Local Geodetic Systems
Related to World Geodetic System 1984

Local Geodetic Systems

(Datums)

Associated
Reference Ellipsoid

Adindan

Afgooye

Ain el Abd 1970
Anna 1 Astro 1965
Arc 1950

Arc 1960

Ascension Island 1958
Astro Beacon "E"
Astro B4 Sorol Atoll
Astro DOS 71/4
Astronomic Station 1952
Australian Geodetic 1966
Australian Geodetic 1984
Bellevue (IGN)
Bermuda 1957

Bogota Observatory
Campo Inchauspe
Canton Astro 1966
Cape

Cape Canaveral
Carthage

Chatham 1971

Chua Astro

Corrego Alegre
Djakarta

DOS 1968

Easter Island 1967
European 1950
European 1979
Gandajika Base
Geodetic Datum 1949
Guam 1963

GUX 1 Astro

Hjorsey 1955

Hong Kong 1963
Indian

Ireland 1965

ISTS 073 Astro 1969
Johnston Island 1961
Kandawala

Kerguelen Island
Kertau 1948

Clarke 1880
Krassovsky
International
Australian National
Clarke 1880
Clarke 1880
International
International
International
International
International
Australian National
Australian National
International
Clarke 1866
International
International
International
Clarke 1880
Clarke 1866
Clarke 1880
International
International
International
Bessel 1841
International
International
International
International
International
International
Clarke 1866
International
International
International
Everest
Modified Airy
International
International
Everest
International
Modified Everest
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Table 8.1 (Cont'd)

Local Geodetic Systems
Related to World Geodetic System 1984

Local Geodetic Systems
(Datums)

Associated
Reference E1lipsoid

L. C. 5 Astro
Liberia 1964

Luzon

Mahe 1971

Marco Astro

Massawa

Merchich

Midway Astro 1961
Minna

Nahrwan

Naparima, BWI

North American 1927
North American 1983
Observatorio 1966
01d Egyptian

01d Hawaiian

Oman

Ordnance Survey of Great Britain 1936
Pico de las Nieves
Pitcairn Astro 1967
Provisional South Chilean 1963**
Provisional South American 1956
Puerto Rico

Qatar National
Qornoq

Reunion

Rome 1940

Santo (DOS)

Sao Braz

Sapper Hill 1943
Schwarzeck

South American 1969
South Asia
Southeast Base
Southwest Base
Timbalai 1948

Tokyo

Tristan Astro 1968
Viti Levu 1916
Wake-Eniwetok 1960
Zanderij

Clarke 1866
Clarke 1880
Clarke 1866
Clarke 1880
International
Bessel 1841
Clarke 1880
International
Clarke 1880
Clarke 1880
International
Clarke 1866
GRS 80*
International
Helmert 1906
Clarke 1866
Clarke 1880
Airy
International
International
International
International
Clarke 1866
International
International
International
International
International
International
International
Bessel 1841
South American 1969
Modified Fischer 1960
International
International
Everest
Bessel 1841
International
Clarke 1880
Hough
International

* Geodetic Reference System 1980
** Also known as Hito XVIII 1963
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SECTION 9



LOCAL GEODETIC SYSTEM-TO-WGS 84
MEAN DATUM SHIFTS ( aX, aY, AZ ) FOR MAJOR DATUMS
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SECTION 10



LOCAL GEODETIC SYSTEM-TO-WGS 84
DATUM TRANSFORMATION PARAMETERS FOR 83 LOCAL GEODETIC SYSTEMS
- [MEAN AND REGIONAL DATUM SHIFTS (aX, aY, aZ) , ELLIPSOID
PARAMETER DIFFERENCES (aa, af) ] -
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