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Coordinate Conversion
Geodetic Latitude, Longitude, and Height to ECEF, X, Y, Z

X =(N +HKcos¢cosd

Y=(WN+kcosgsini

Z=[N(l-e*)+h]sing

where:

&, A,k = geodetic latitude, longitude, and height above ellipsoid
XY, Z = Earth Centered Earth Fixed Cartesian Coordinates
and.

N{($=ua/.1-e*sin* ¢ = radius of curvature in prime vertical
# = semi-major earth axis (ellipsoid equatorial radius)

b = semi-minor earth axis (ellipsoid polar radius)
F=2%%_fiattening

e’=2f - f° = eccentricity squared Peter H. Dina 8396
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Coordinate Conversion: Cartesian (ECEF X, Y, Z) and
Geodetic (Latitude, Longitude, and Height)

Direct Solution for Latitude, Longitude, and Height from X, Y, Z
This corrversion 1s not exact and provides centitneter accuracy for heights < 1,000 kra
(See Bowring, B. 1976, Transformation from spatial to geographical coordinates.
Survey Besview, ZEEII: pg. 323-327)

Z+e" bsin’ 8
=atanf ————————
¢ = atan( p—e‘acos® 8

1 =atan2(F,X)

P
k_cns(ﬂ N#)

where:
#.4, & = gendetic latitud e, longitude ,and height ahove ellipsoid
X ¥, £ =Earth Centered Earth Fixed Cartesian coordinates
and:
p=XT+¥: 8= atan(%) o= “2;'2
Nig =al.1-e*sin®§ = radiusof curvature inp rime vertical
a2 = semi- major earth axis (ellip s0id equatorial radius)
b = semi- minor earth axis (ellip soid polar radius)

a2-b

§ = —— = fhitening
[+

)

e” =2f — f° = eccentricity syuared
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COMPUTES THE X,Y COORDINATES FOR THE TRANSVERSE MERCATOR PROJECTION GIVEN THE
GEOGRAPHIC COORDINATES -LATITUDE AND LONGITUDE.
INPUT:
PHI -LATITUDE IN RADIANS
DLAM-LONGITUDE OF POINT MINUS LONGITUDE OF CENTRAL
MERIDIAN (IN RADIANS) FOR LONGITUDE POSITIVE EAST.
A -SEMI-MAJOR AXES OF THE REFERENCE ELLIPSOID.
B -SEMI-MINOR AXES OF THE REFERENCE ELLIPSOID.
XO - FALSE EASTING OF THE CENTRAL MERIDIAN.
SF - SCALE OF THE CENTRAL MERIDIAN.
CMRAD - THE CENTRAL MERIDIAN, IN RADIANS.
OUTPUT:
X -EASTING COORDINATE OF THE TRANSVERSE MERCATOR
PROJECTION.
Y -NORTHING COORDINATE OF THE TRANSVERSE MERCATOR
PROJECTION.

SP=DSIN(PHI)

CP=DCOS(PHI)

T=DTAN(PHI)

E=DSQRT((A**2-B**2)/A**2)

ETA=DSQRT((A*2-B**2)/B*2"CP**2)

CALL MERARC(PHI,A,B,SPHI)

DN=A/DSQRT(1.0D0-E**2*SP**2)

X=DN*(DLAM*CP+DLAM**3*CP**3/6.0D0*(1.0D0-T**2+ETA**2)+DLAM**5*CP

1 **5/120.0D0*(5.0D0-18.0D0*T**2+T**4+14.0D0*ETA*2-58.0D0* T**2*

2 ETA™2+13.D0'ETA**4+4.D0*ETA"6-64.DO*ETA™4*T**2-24.D0*ETA™6

3 *T*'2) +DLAM**7/5040.0D0*CP**7*(61.0D0-479.0D0*T**2+179,0D0*

4 T4T™)

Y=SPHI+DN*  (DLAM**2/2.0D0*SP*CP+DLAM**4/24.0D0*SP*CP**3*(5.0D0-
T*+2+9,0D0*ETA**2+4.0D0*ETA**4)+DLAM**6/720.0D0*SP*CP**5*
(61.0D0-58.0D0T**2+T**4+270.0D0*ETA**2-330.0D0 T**2*ETA**2
+445,D0*ETA"4+324.D0*ETA*6-680.D0*ETA**4*T**2+88.D0"ETA™8
-600.D0*ETA**6*T**2-192.D0*ETA**8*T**2)+DLAM**8/40320.D0*SP*CP*
*7*(1385.D0-3111.D0°T**2+543.D0*T**4-T*6))

X=SF*X+XO

Y=SF'Y

A HWN -

THIS ROUTINE COMPUTES THE MERIDIAN ARC LENGTH FROM THE EQUATOR TO LATITUDE PH!
ON AN ELLIPSOID OF REVOLUTION DEFINED BY ITS SEMI-MAJOR AXIS A AND ITS SEMI-MINOR
AXIS B. THE COMPUTED ARC LENGTH IS ACCURATE TO APPROXIMATELY 10 MICROMETRES
OVER THE ENTIRE RANGE: EQUATOR TO POLE.

INPUT: PHI-ELLIPSOIDAL LATITUDE IN RADIANS.(MAY BE POSITIVE
A,B-SEMI-MAJOR AND SEMI-MINOR AXES OF THE ELLIPSOID.
OUTPUT: S -MERIDIAN ARC LENGTH
E2=(A*A-B*B)/(A*A)
E4=E2*E2
E6=E4*E2
ES8=E6*E2
A0=1.0D0-E2/4.D0-3.D0*E4/64.D0-5.D0*E6/256.D0-175.D0*E8/16384.D0
A2=3.D0/8.D0*(E2+E4/4.D0+15.D0*E6/128.D0-455.D0*E8/4096.D0)
A4=15.D0/256.D0* (E4+3.D0*E6/4.D0-77.D0*E8/128.D0)
A6=35.D0/3072.D0*(E6-41.D0*E8/32.D0)
A8=-315.D0*E8/131072.D0
S=A*(A0*PHI-A2*DSIN(2.D0*PHI)+A4*DSIN(4.D0*PHI)-A6*DSIN(6.D0*PHI)
1 +A8*DSIN(8.D0*PHI))

B 12 <3 it 55 THE 6 223555 5
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THIS ROUTINE COMPUTES THE FOOT-POINT LATITUDE REQUIRED IN TRANSFORMING TRANSVERSE MERCATOR
PLANE COORDINATES X,Y TO ELLIPSOIDAL COORDINATES.
INPUT:
A - SEMI-MAJOR AXES OF THE REFERENCE ELLIPSOID.
B - SEMI-MINOR AXES OF THE REFERENCE ELLIPSOID.
Y - NORTHING OF THE POINT FOR WHICH THE FOOT-POINT LATITUDE IS TO BE COMPUTED.
OUTPUT:
PHI1 - FOOT-POINT LATITUDE IN RADIANS.
F(PHI)=A"(A0*PHI-A2*DSIN(2.D0*PHI)+A4*DSIN(4.D0*PHI)-A6*DSIN(6.D0*
1 PH1)+A8*DSIN(8.D0*PHI))-Y
FP(PHI)=A*(A0-2.D0*A2*DCOS(2.D0*PHI)+4.D0*A4*DCOS(4.D0*PHI)-6.D0*
1 A6*DCOS(6.D0*PHI)+8.D0*A8*DCOS(8.D0*PHI))
E2=(A*A-B*B)/(A*A)
E4=E2"E2
E6=E4"E2
E8=E6"E2
A0=1.D0-E2/4.D0-3.D0"E4/64.D0-5.D0*E6/256.D0-175.D0*E8/16384.D0
A2=3.D0/8.D0*(E2+E4/4.D0+15.D0*E6/128.D0-455.D0*E8/4096.D0)
A4=15.D0/256.D0*(E4+3.D0*E6/4.D0-77.D0*E8/128.D0)
A6=35.D0/3072.D0*(E6-41.D0*E8/32.D0)
A8=-315.D0*E8/131072.D0
PHI1=Y/A
DPHI=F(PHI1)/FP(PHI1)
PHI1=PHI1-DPHI
IF(DABS(DPH!).LT.1.D-11)GOTO 2
GOTO1

SUBROUTINE TMXYPL COMPUTES THE GEOGRAPHIC COORDINATES- LATITUDE AND LONGITUDE - GIVEN THE X,Y
COORDINATES OF THE TRANSVERSE MERCATOR PROJECTION. THE EQUATIONS USED TO COMPUTE THE
LONGITUDE AND LATITUDE ARE FROM THOMAS (1952). SUBROUTINE FPLAT IS USED TO COMPUTE THE
FOOT-POINT LATITUDE.
INPUT;
X -EASTING COORDINATE OF THE TRANSVERSE MERCATOR PROJECTION,
Y -NORTHING COORDINATE OF THE TRANSVERSE MERCATOR PROJECTION,
A -SEMI-MAJOR AXES OF THE REFERENCE ELLIPSOID.
B -SEMI-MINOR AXES OF THE REFERENCE ELLIPSOID.
SF - SCALE OF THE CENTRAL MERIDIAN.
XO - FALSE EASTING OF THE CENTRAL MERIDIAN.
CMRAD - THE CENTRAL MERIDIAN,IN RADIANS.
OUTPUT:
PHI -LATITUDE OF THE POINT IN RADIANS
OLAM-LONGITUDE OF THE POINT IN RADIANS
X=(X-XO)/'SF
Y=Y/SF
E=DSQRT((A**2-B**2)/A**2)
CALL FPLAT(A,B,Y,PHI1)
T=DTAN(PHI1)
SP=DSIN(PHI1)
CP=DCOS(PHI1)
ETA=DSQRT((A**2-B**2)/B**2*CP**2)
DN=A/DSQRT(1.0D0-E**2*SP**2)
DM1=(1.D0-E**2*SP**2)
DM2=DM1*DM1*DM1
DM=A*(1.D0-E**2)/DSQRT(DM2)
DM=A*(1.0D0-E**2)/DSQRT((1.0D0-E**2*SP**2)**3)
PHI=PHI1-T*X**2/2.0D0/DM/DN+T*X**4/24.0D0/DM/DN**3*(5.0D0+3.0D0*
1 T2+ETA**2-4.0D0*ETA**4-9.0D0*ETA™2*T**2)-T*X**6/720.0D0/DM/
2 DN*5*(61.0D0+90.0D0*T**2+46.0D0*ETA**2+45.0D0*T**4-252.0D0*T**
3 2°ETA*2-3.0D0*ETA**4+100.0D0*ETA*6-66.0D0*T*2*ETA**4-90.0D0
4 *T*4*ETA"2+88.0D0*ETA*8+225.0D0*T**4*ETA**4+84.0D0*T**2*ETA**6-192.0D0* T**2*ETA**8)
PHI=PHI+T*X**8/40320.0D0/DM/DN**7*(1385.0D0+3633.0D0*T**2+4095,0D0
1 *T**4+1575.0D0*T**6)
DLAM=(X/DN-(X/DN)**3/6.0D0*(1.0D0+2.0D0*T**2+ETA**2)+(X/DN}**5/
1 120.0D0*(5.0D0+6.0D0*ETA**2+28.0D0*T**2-3.0D0*ETA**4+8.0D0*T**2
2 *ETA*2+24.0D0*T**4-4.0D0*ETA**6+4.0D0 T 2*ETA**4+24.0D0*T**2*
3 ETA"™6)-(X/DN)**7/5040.0D0*(61.0D0+662.0D0*T**2+1320.0D0*T**4+720.0D0*T**6))/CP
OLAM=CMRAD+DLAM
X=X*SF+X0
Y=Y*SF
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Simple Three Parameter Datum Conversion

Datum A Datum B
Convert Convert
(using datum 4 parameters) Add Datum B (using datum B parameiers)

Latitude Ato B Shift Xh, Yb, Zh
hﬂl_l i%ude Parameters ¢
ei o:
(in datum A) et Nh=Xat+dXah e L atitud
atitude
to: Yb=Ya+dYah Longitude
Fh=Fat+d¥ah Hei
Xa, Ya Za {in datum E)

Feter H. Dana 911194
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2. Molodensky-Badekas ##3¢ :
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Standard Molodensky Datum Transformation: Local System to WGS 24

(DMA TR 2350.2 Part 11 Table 7.8 page 7-40 {modified for radians) Peter H. Dana 041583
Sample local position (NAD27) in degrees converted to radians and height in meters:
from_g :=30-deg from_a :=-100-deg from_h =232
Datum constants for FROM datum (NAD 27 CONUS)
a=equatorial radius f=flattening es=second eccentricity squared:

from_a :=6378206.4  from_f := ; from_es =2 from_f - from_f from_f
2949786982 1

Datum constants for TO datum (WGS 84)): to_a :=6378137.0 tof - —  —

298.257223563

NAD2Y to WGS ¢4 datum shift parameters: 8X =-8 DeltaX &Y =160 Defta¥ §Z =176 Delta’
Compute geodetic position shifts: bda =1 - from_f Polar radius divided by equatorial radius
Ga =to_a— from_a Delta equatorial radius &f :=to_f — from_f Delta flattening

s =sin(from_g) cd =cos(from_g) sk =sin(from_A&) ch :=cos(from_k) Sin, cos terms

Rn = from_a
Radius of curvature in prime vertical
J1 .0 - from_es 5in(fmm_¢o)2 P
Rm = from a- 1 - from_es

3 Radius of curvature in prime meridian
2 2,
(1 — from_es sin(from_g) )
Delta latitude, longitude, height above the reference ellipsoid:

[((. SX 5 A BYSPSA) + SIL) + Sa N OMESSP £

+ sf-(ﬂJr Rnhda) spod
bda

8¢ = fron_a
Rm + from_h
g = OXSAE BV o SXegoh s SYcgoh+ BLog - Ba -me':']—"' + 6f bda Rn s 5¢

(Rn +from_h) €¢
Compute TO position: to ¢ :=from ¢ + &d to A :=from_A + 84 to_h :=from_h + Sh

0_¢ _3p0002230 ©-* --100.000369  to_n =194.816

degq deg
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