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Aerotriangulation: 
Transformation of Surveying and 

Mapping Coordinate Systems 
LI E TEN ANT COMMAN D ER MELVI N J. UMBACH 

U.S. Coast and Geodetic Survey 

AEROTRIANGULATION is a photogrammetric 
technique for deriving the ground coordinates of 
numerous terrestrial objects from a sec of over ­
lapping aerial photographs . Ground coordinates 
for a few of these objects must be known and 
properly distributed throughout the photographed 
area. The Coast and Geodetic Survey technique 
for processing analytic aerotriangulation is di­
vided into five distinct and separate operations: 
(1) photograph preparation and coordinate meas ­
urement; 1 (2) coordinate refinement2 for the com­
pensation of known systematic errors caused by 
film distortion, lens distortion and atmospheric 
refraction; (3) relative orientation, 3 by either the 
stereo-pair or stereo- triplet method, to compute 
a set of three-dimensional photogrammetric mod ­
el coordinates that are independent of a ground 
coordinate system (if the ster eo-pair relative 
orientation technique is used, a cantilever as ­
sembly pr ogram4 is required for the mathemat ­
ical attachment of s uccessive models a long the 
photographic s tr ip); (4) s trip adjustment5 to re ­
move the nonlinear accumulation of systematic 
errors that have propagated along the strip, to 
transform the photogrammetric strip model co­
ordinates to a meaningful earth coordinate sys­
tem, and if maximum precision is required, to 
provide provisional coordinates as input for a 
block adjustment solution; and (S) block adjust­
me nt & to per form a simultaneous photogram-

!Harris, W. D., Tewinkel, G. C., a nd Whitten, C. A. , An­
alytic Aerocriangulatlon, Coast and G eodct ic Sun-ey T echnical 
Bulletin No . 21, J uly l 962. 

2KeUer, M. , and Tewinkel, G. C., Aerocriangulacion: Image 
Coordinate Refinement, Coast and Geodetic Sun•ey Technical 
Bulletin No. 25, March 1965. 

3Keller , M. , and Tewinkel, G. C., Three- Phoco Aerocrlan ­
gulation, Cosst and Geodetic Survey T echnical Bulletin No. 29, 
February 1966. Hors fall, C. T., Electronic Computer Pro­
grams for Analyclcal Aerial Triangulation, (Published by the 
U.S. Coast and Geodetic Sun·ey) June l 965. Umbach, M. J., 
Supplement to: E lectronic Computer Programs for Analytical 
Aerial Triangul ation, and Aerotrlangulation Strip AdJUStment 
Using FORTRAN a nd the IBM 1620 Computer, (Published by 
the U.S. Coast and Geodetic Survey) February 1966. 

4Horsfall, C. T., and Umbach, M. J ., see footnote 3, above. 
SKe ller, M., a nd Tewinkel, G. C. , Aerot r iangulation Strip 

Adjustment, Coast and Geodetic Survey T echnicsl Bulletin No. 23, 
August 1964. Horsfall, C. T. , Aer otria ngulation Scrip Ad­
justment Using FORTRAN and the IBM 1620 Com pute r, (Pub­
lished by the U.S. Coast and Geodetic Surl"C)') March 1965. Um­
bach, M. J. , see foo tnote 3, above. 

6Keller, M. , and fewrnkel , G. C., Block Analyuc Aero­
triangulacion, ESSA Technical Report C&GS No. (in process). 

metric solution of ground coordinates for all 
objects appearing on a block ofoverlappingaerial 
photographs. 

This paper presents a documented computer 
program for the transformation of various map ­
ping coordinate systems common to the United 
States into a three-d imensional orthogonal sys ­
te m particularly s uitable for pr ecise a na lytic 
aerotriangulation encompassing lar ge areas and 
particularly mountainous terrain- s pecifically, 
the secant plane coordinate system. Secant plane 
coordinates for ground control are used as input 
for both the strip adjustment and block adjust ­
ment phases of the analytic system. 

The author has dr awn heavily upon the works 
of Charles N. Claire, Geodesy Division; and 
Rosemary E. Riordan, Electronic Computing 
Di vision, and expresses his sincere appreciation. 
Mr. Claire' s recent work, on the development of 
modern algor ithms for state plane coordinate 
conversion, has provided the necessar y back­
ground for the most important portions of this 
documented program. Miss Riordan has been 
deeply involved in the programing of coordinate 
transformations; much of her work appears here 
in its original form . 

lNTR ODU CT ION 

The secant plane coordinate system was adopted 
by the Coast and Geode tic Survey as an ideal co ­
ordinate system for the adjustmentofphotogram­
metric data. Lt is essentially a local three -di­
mensional orthogonal system in which the Z co­
ordinates depict the aggregate effects of both earth 
curvature and elevation, and in which the X and Y 
axes are related to the cardinal compass points 
at the origin of the system. Although a tangent 
plane would essentially achieve the same purpose, 
the secant plane generally avoids negative Z­
coordinates. Classical geocentric coordinates 
ar e unwie ldy to handle and extremely difficult 
to visual ize in the data ana lysis phases of oper ­
at iona l aerotriangulation. 

T he primary objective of this project was to 
develop a high- speed computer program for 
dir ect and inverse transformations between vari­
ous earth systems and the secant plane, however, 
trans formations between any of the coordinate 



systems acceptable as input are also possible. 
Systems acceptable by chis documented program 
include the geographic system of positions and 
elevations, the secant plane system, the s tate 
plane systems based on either the transverse 
Mercator or Lambert projections, Alaska Zone 
1 which is based on an oblique Mercator system, 
the Universal Transverse Mercator, and the 
classical geocentric coordinate system. 

The Fortran IV program presented in chis pub­
lication was written specifically for the IBM 
7030 (Screech), located at the Naval Weapons 
Laborator y, Dahlgren, Va., but can be easily 
adapted for ocher computers with few alterations. 
Each transformation is self-contained in a sub­
program to facilitate a simple conversion to a 
different version or segmentation for a computer 
with a more limited core storage. The published 
program is self-initializing for batch processing. 

This publication will be limited to a brief dis­
cussion of each program accepted transforma­
tion with its equanons and parameters. Refer­
ences are given, so that a more detailed study 
may be made, if desired by the reader. 

SECANT PLANE COOR DINA TE SYSTEM 

As previously mentioned, the secant plane 
provides a local three-dimensional Cartesian 
coordinate system in which X and Y are com­
parable to horizontal grid coordinates, and in 
which Z is equivalent to the combination of ele ­
vation and earth curvature. The Z-axis is the 
extension of the ellipsoid normal of an arbitrary 
coordinate system origin usually selected near 
the center of the pro jecc area. 

The initial step in the conversion of geographic 
positions and elevations to secant plane coordi­
nates is the transformation co classical geocen­
tric coordinates: 7 

Xe = (N + h) cos ¢ cos X 

Ye = (N + h) cos <P sin X (1) 

Z e = [N (1 - e2 ) + h] sin ¢ 

x cos XO 

y = -sin <P 
0 

z cos <P 

?Schmid, Erwin, Transformation of Rectangular Space 
Coordinates, Coast Bild Geodetic Survey, TechniCLJ/ Bulletin No. 
15, 1960. 

2 

Where ¢ and X are the latitude and longitude of 
the point, e is the ellipsoid eccentricity, h is the 
point elevation, and N is the length of the ellips­
oid normal through cp and X. 

Since the geocentric system will be rotated 
about the intersection of the polar axis and the 
normal of the ellipsoid through the secant plane 
origin, a small increment, N 

0 
e2 sin ¢

0
, is added 

co the Z e coordinate to translate the X - Y plane 

to chis point (see figure 1): 

y 

FIGURE !.-Geometric elements used Jn the secant plane 
transformation. 

(2) 

The modified geocentric system is then rotated 
to make the Z-axis coincide with the origin norm­
al, with the Y-axis indicating north, and the X-axis 
indicating east: 

-sin X
0 0 Xe 

sin X
0 

-sin ¢
0 

cos XO cos <Po Ye (3) 

sin XO cos ¢
0 

cos X
0 

sin <P 
0 

z' e 

The X-Y plane of this rotated system is then 
translated along the Z- axis to a "secant" position. 
The magnitude of translation was arbitrarily 



chosen as the length of the origin normal rounded 
down to the nearest 10,000 meters. After this 
translation the coordinates are in the secant 
plane system required for either strip or block 
adjus tment. 

The inverse transform of the secant plane 
system to geographic positions first requires 
the translation of the X - Y plane back to the in­
tersection of the e llipsoid normal and the polar 
axis, followed by the r ota tion back into the 
modified geocentric system : 

Xe cos A
0 

- sin ¢ s in A cos ¢
0 

s in A 
0 0 0 

states having a limited east-west dimension, or 
for those states or areas that can be conveniently 
subdivided in this manner. In order to balance 
the scale throughout the projection area, an ar­
bitrary scale reduction is made at the central 
meridian. The scale then becomes true ata cer­
tain distance both east and west of the central 
meridian. Areas or states for which official 
s tate plane coordinate systems are based on the 
transver se Mercator projection include: Ala-

x 

Ye - s in Ao - s in ¢
0 

cos A
0 

cos cf> 
0 

cos A
0 

y 

ze 0 cos ¢
0 

sin <P 
0 

from equations ( 1) , the longitude is computed: 

-1 
(5) A =tan (Xe/Ye) 

from equations (1) and (2) 

(6) 

By using the recursive r elationship be tween 
equations (6) and (2), the latitude of the point 
converges rapidly in several iterations . 

The elevation of the point can be computed from 
equations ( 1): 

h =(Xe / cos <P sin A)- N, or 

h = (Ye I cos ¢ cos A ) - N (7) 

STATE PLANE COORDINATES BASED ON TIIE 
TRANSVERSE MERCATOR PROJECTION 

The transverse Mercator is a conformal pro­
jection of the so- called cylindrical type in which 
the central meridian of the area under consider ­
ation is r epresented by a straight line of con­
stant scale.8 The projection may be visualized 
as a cylinder, tangent to the reference e llipsoid 
along the central meridian of the projected area. 
The vertical axis of the cylinder is normal to the 
plane of that meridian. 

Since the scale of the transverse Mercator 
projection de terior ates with the distance from the 
central meridian, it is primarily applicable to 

80eetz, Charles S., and Adams, Oscar S., Elemenc s of 
Map Projections , Coast and Geodetic Survey Special Publication 
No. 68, 5th Edition, 1945. Thomas, Paul, D., Conformal 
Projections In Geodesy and Cartography, Coast and Geodetic 
Survey Special Publication No. 251, 1952. Mitchell, Hugh C. , 
Definition of Terms Used In Geodetic and other Surveys, 
Coast 8lld Geodetic Survey Special Publication No. 242, 1948. 

3 

z 
(4) 

bama, Arizona, Delaware, parts of Florida, 
Geor gia, Hawaii, Idaho, lllinois , Indiana, Maine, 
Michigan, Mississippi, Missouri, Nevada, New 
Hampshire, New Jersey, New Mexico, New York, 
Rhode Island, Vermont, and Wyoming. 

The algorithm for the transformation of geo ­
graphic positions to state grid coordinates based 
on the transverse M~rcator projection follows:9 

"1A = T - A secs 2 secs 

= .6>. - 3 9174 (.6>. secs\3 
secs · \ 104 J 

30. 92241724 ~A 1 cos ¢ 
(1 - e 2 sin 2 cf>)"> 

sm = s 1 + 4.0831 ~~os/ 

X = T 1 + x' 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

B = (25.52381)(10-
10

) tan</> (1 
2 2 2 

- e s in </> ) (15) 

(16) 

</>' secs = cf> secs + ~ <P secs ( 17) 

9Claire, Charles N., Scace P lane Coordinates by Automatic 
Data Processing, Coast and Geodetic Survey Publication 62- -l(ln 
press). 



iterate between equations (15) through (17) un-
til fl¢ converges. The term ¢ in equation secs 
( 17) is held constant as the original station lati­
tude and is not updated in each iteration. 

The Y- state grid may then be computed: 

Y = 101.2794065 T 5 {¢' - 60 T3 - T4 
secs 

- s in ¢ ' cos ¢ ' [1 052.893882 (18) 

- cos2 ¢' (4.483344 - 0.023520 cos2 ¢' >]} 
The equations that perform the inverse trans­

formation of transverse Mercator state plane 
coor dinates to geographic positions are: 

I 

x = X - T 1 (19) 

s g 1 = x I - T 6 ( ~ ~5 ) 3 (20) 

Sg = x' - T 6 ~~~r (21) 

0.3048006099 s g 
(22) 

w = 60 T
3 

+ T
4 

+ 0.009873675553 Y (23) 
secs T s 

¢'secs = wsecs + s in w cos w [J.047.546710 

+ cos2 w (6.192760 + 0.050912 cos2 w)] 

(24) 

fl ¢ secs (25.52381) (10-10) (S~ tan ¢') 

flA 

(1 - e2 sin2 ¢') 2 (25) 

¢ secs = ¢ 'secs - fl¢ secs (26) 

Sa= Sm - 4.0831 ~:~) 
3 

(27) 

S 1 = Sm - 4.0831 {1~5)3 (28) 

flA lsecs 

S1 (1 - e 2 sin2 ¢) i/2 

30. 9 2241724 cos ¢ 
(29) 

a secs 

fl}.. 
secs = fl}.. 1 secs + 3.9174 

(fl Aa secsJ 
3 

\ 104 I (31) 

4 

A = T2 - fl A secs secs 

where: 

¢ = Stat ion latitude 

A = Stat ion longitude 

(32) 

X = State Plane X - coord inate 

Y = State Plane Y- coordinate 

e = efiti~ eccentricity o F ref. ell 1 p.so1d 
[ri Ji = 1, 6 = State zone constants 

T 1 = False Easting 

T 2 = Central meridian in seconds of longitude 

T 3 = Minutes of latitude a t zone origin 

T 4 = Seconds of latitude a t zone origin 

T 5 = Scale factor at origin 

r6 = 1/ 6p 2~ 1015 r2. 
0 ~~ '5 

The constants , Ti, ar e tabulated by Claire; see 
footnote 9. 

STATE PLANE COORDINATES BASED 
ON THE LAMBERT PROJECTION 

The Lambert conformal conic projection em­
ploys a "secant cone" in which all meridians are 
depicted as s tra ight lines that meet at a common 
point and all parallels are concentric circles, the 
center of which lies at the point of meridian in­
tersection. The secant cone intersects the sphe­
roid at two standard parallels for the area to be 
projected and are normally spaced a t one - sixth 
and five-sixths of the latitude range of the projec­
tion. The Lambert projection is especially well 
suited for areas where the east-west dimension 
is predominant. 10 

The states that have officially adopted the Lam­
bert conformal conic projection include: Alaska 
Zone 10, Arkansas, California (7 zones), Colorado, 
Connecticut, F lorida, Iowa, Kansas, Kentucky, 
Louisiana, Maryland, Massachusetts, Michigan, 
Minnesota, Montana, Nebraska, New York, North 
Carolina, North Dakota, Ohio, Oklahoma, Or egon, 
Pennsylvania, South Carolina, South Dakota, Ten­
nessee, Texas, Utah, Vir ginia, Washington, West 
Virginia, and Wisconsin. 

The algorithm for the transformation of geo­
graphic positions to Lambert state plane co­
ordinates follows:l l 

tOoeetz, Charles S. , and Adams, Oscar S., see footnote 8, 
above. 

11c 1aire, Charles N., see footnote 9, above. 



S = 101.2794065 { 60 L7 + Lg - </> + s in ct> cos ct> secs 

~052. 893882 - cos2 </> (4.483344 - 0.023520 cos2¢LJ} (33) 

8 e s = L6 ( L2 - X secs) s c 

X = R sin 8 + L1 

Y = L4 - R + 2 R sin2 ~ 

(35) 

(36) 

(37) 

The algorithm for the inverse transform, or the 
conver sion of Lambert s tate plane coordinates to 
geographic pos itions follows: 

tar 8 = x - Li 
L4 - y (38) 

X L2 -
8 secs 

= 
secs L6 

(39) 

L4 - y 
R cos 8 

(40) 

y' = y - 2 R s in 2 ~ ( 41) 

S' L~ - Lg - y 
= 

Ls 
( 42) 

s· 
s = _1_+_(_1 g-=-g_)_2_L_9 _ _ -(1_,~,,....!)_g_L_1 o- +-( ?.....,~,,....)-4-L-11 ( 43) 

Iterate between equations (42) and (43) until S 
converges to the desired accuracy. The docu ­
mented program in this publication consider s 
!lS:5_ . 01 as the sat isfactor y convergence. For the 
first interation, substitute S ' for S in the de­
nominator of equation ( 43). 

w secs = 60 L1 +L g - 0.009873675553 S (44) 

</J secs = W secs+ sin w cos w 1}047.546710 

+ cos2w (6. 192760 
+ 0.050912 cos2w)] (45) 

wher e: 

Li = State zone constants for i 

L1 = False Easting. 

l, 11 

5 

(34) 

L 2 = Central mer idian in seconds of longitude. 

L g = Projection radius at the latitude of the 
origin. 

L4 = Projection radius at the latitude for which 
y = 0. 

Ls = Scale r eduction factor at the latitude of the 
origin. 

L6 Projection cons tant. 

L 1 Minutes of latitude at zone origin. 

Lg = Seconds of latitude at zone origin. 

L9 = 1/ 6 po2. 1016 

L10 = tan <l>o I 24 po g . 10 24 

L11 = higher order term 

The constants , Li, are tabulated by Claire; see 
footnote 9. 

STATE PLANE COORDINATES BASED ON 
THE OBLIQUE MERCATOR PROJECTION 

The oblique Mercator projection, similar to 
other Mercator projections, may be visualized as 
a cylinder , tangent to the reference ellipsoid; but 
tangent along an oblique, noncardinal section of 
the ellipsoid rather than to a par allel or meridian. 
This projection is particularly well suited for 
narrow regions or zones whose primary axis is 
considerably skewed with respect to a cardinal 
direction. Alaska Zone 1, the southeastern por ­
tion of the s tate, is the only r egion in the United 
States employing this projection. 

The center of projection for the Alaska Zone 1 
grid system is defined as the geodesic passing 
through latitude = 57° N, and longitude = 133° 
40' W, at azimuth tan -1 (- 3/ 4). 

The equations for the transformation of geo­
graphic positions to Alaska Zone l grid coordi­
nates are: 12 

12 Plane Coordinate Inte r section Tables (2 1/2 - Minute), 
Alaska Zone I, Coast and Geodett c Su•vey Publication65·/, 
P• rt 49, 1961. 



cos a sinh (Bµ+ C) - sin a s inB(f. - X ) 
) 

- 0 0 0 
tan(Bu/ Ake - cos B( )\ _ X ) 

0 

( 47) 

-cos a s in B(X - X ) - sin a s inh (Bµ + C) 
0 0 0 

tanh(Bv/ Akc) = cosh (Bµ + C) 
(48) 

X = - 0.6 u + 0.8v + S,000,000 (49) 

Y = 0.8 u + 0.6v - 5,000,000 (50) 

where: 

</> = s tation latitude c = 0.00447599 131 

X = station longitude 

Ak e / B = 6, 386,352.670 meter s 

s in a
0 

= - 0.3270155172 '\ = 101° 30 ' 50"51319 " o . 

cos a = 0.9450189689 
0 

K.c__scale factor = 0.9999 X = state grid X-coordina te 

Y = s tate grid Y-coordinate 

e = e llipsoid eccentricity 
B = 1.0002997727 

~ v = skewed coordinates 

\AJ 

The inver se transformation from grid coord in a t es to geographic latitude and longitude follows: 

u = 

v = 

- o.18288036S761 x + 0.243840487681 Y + ~oo.qoo o 

0.243840487681 x + 0. 182880365761 Y - lp<l~~oo 

tanh(Bµ + C) 
cos a s in (Bu/ Ak,) - sin a sin h (Bv/ Ak ) 

= ~___;;o'---~~~~~~---'o;.._~~~~e'---
cos h (Bv/ Ake) 

rn ~ - cosa s inh (Bv/ Ak ) - sin a sin)\ (BtV Ak,) 

tan[ (>. - Ao~f o cos ~Bu/ Ake) o 

A convenient algorithm for the inver se solution after computing the u, v s kew coordinates is : 

µ = _!_ ln ~osh (~e) ~ sin a 0 sinh (*e) + cos a0 s in (~e )]- .f.. 
2B h(Bv )+ . . h(Bv ) . (Bu) B cos Ak c sm a 0 s m Ake - cos a 0 sm Ake 

-1 11" 
XR =2 tan (e µ) -z (radians) 

</>R = XR+ sinX cosX(0.00676103257 1 + 

0.000053172205 cos2 X + 0.000000573027 cos4 X + 
0.000000007128 cos6 X) 

cfisecs = 206,264.8062471 q,R 

6 

(51) 

(52) 

(53) 

(S4) 

(SS) 

(S6) 

(S7) 



tin a sin (!Z ) - cos a sinh (!~ )j 
1 -1 ° c 0 c 

Ao + B tan (Bu 
cos Ak ) 

c 

(58) 

THE UNlVi:RSAL TRANSVERSE MERCATOR 
GRlD SYSfEM 

The Univer sal Transverse Mercator (ITTM) 
grid is primarily a military coordinate system 
in which the spheroid is divided into sixty equal 
bands of longitude. Each of these six-degree bands 
is assigned a zone number that can be related to 
the central meridian of the zone by the expression: 

Central meridian = 6 x (Zone number) - 183 

Alaska Zones 2 through 9 are special cases of 
the UTM, the main differences being the central 
meridian scale factor (see discussion in section 
State Puine Coordinates Based on the Transverse 
Mercator Projection) and the Y origin. The 
scale factor for the central meridian of the UTM 
system is 0. 9996, whereas that of the Alaskan 
zones is 0.9999. The UTM system has its Y-axis 
origin on the equator where the origin for the 
Alaska Zones 2-9 Y-axis is almost six million 
meters north of the equator. 

The equations for the transformation of geo­
graphic positions to UTM coordinates are as fol­
lows 13. 

where: 

N = ([) + (II) p2 + (III) P4 + A6 n 

E = (IV) P + (V) p3 + B5 + FE 

or 

= lO,oooJ'Q.
0 

Nn for stations south 
of the equator. 

P = 0.00016 ,\. from central meridian 

a 
v =-------

(1 - e2sin2 q, ) 112 

(59) 

( (i)) 

( 61) 

(62) 

(63) 

13Universal Transverse Mercacor Grid, Department o f the 
Army Technical Mwiual TM 5-241-8, July, 1958. Laticude F unc ­
cions Clarke 1880 Spheroid, Department of the Army Technical 
Mwiual TM 5-241-20, December, 1960. 

7 

II 

= 6,367,399.689 Scale {<I> radians 

sin cf> cos <I> 10-6 [5104. 57388 

- cos2ct> (21.73607 - 0.11422 cos2 ct>>J} (64) 

v sincf>cosct> sin2 l " (65) 
--------- Scale ·108 

2 

III= 
sin4 1" v s in<!> cos3<j> 

(5 - tan 2 cf> 
24 

2 4 
+ 9e' cos2 cf> +4e' cos4 ct>). Scale · 1016 (66) 

IV = v coscf> sin l "· Scale . 104 (67) 

V = sin3 l " v cos3 cl> (1 - tan2 cl>+ e '2 cos2 ct>) · 
6 

Sca le · l012 (68) 

(
sin6 l" v s in cf> cosS cl>) 

A6 = P 6 
720 

(61 - 58 ran2 ct> 

2 
+ tan4 c/> +270e' cos2 cf> 

2 
330 e' sin2 ct>)· 

Scale · 1024 

Bs = p5 ( s ins 1" v cosS "') (5 - 18 tan2 <I> 
120 

(69) 

2 2 
+ tan4 <!>+ 14e' cos2 cJ> - 58e' sin2 ¢)· 

Scale · 1020 (70) 



where : 

N =grid Northing coordinate 

E = grid Eas ting coordinate 

FE = false easting = zones 2,3,4,5,6,8 

-f1
-.:__ -\\ -eP\~S 

tan <P' 2 VIII = ---'--- (5 + 3 tan2cp + 6e ' cos2 cf> 
24v 4 s in l " 

2 4 
- 6e' s in2 cp - 3e' cos 4 cp 

4 
- 9e' cos2 cp sin2 ¢ HSca ler 4 ·1024 ( 78) 

f 

500,000 meter s for UTM 
500,000 feet for Alas ka 

700,000 feet for Alaska zone 7 
600,000 feet for Alaska zone 9 

sec cf>' 
IX =---

v s in 1" 

- 1 
(Sca le) . 1Q6 

(79) 

Scale = {O. 9999 for Alaska zones 2 through 9 
0. 9996 for UTM 

a = semimajor axis 

b = semim inor axis 

1/2 1/2 

e = [a 2 - b2) = (~) 
\ b2 l - e2 

The meridiona l ar c for latitude 54°: 5,985,100.923 
meter s , is subtracted from Nn in equation (59) 
prior to the transformation computations for 
Alas ka zones 2-9. All transformation computa ­
tions are in terms of meter s . 

The equations for the inver se trans formation 
of UTM grid coor dinates to geogr aphic positions 
ar e : 

cf> = 4>' - (VII) q2 + (VIII) q4 - D6 (71) 

LlX = (IX) q - (X) q3 + E5 

X = >.. central merid ian + .1>.. 

wher e : 

(72) 

(73) 

q = 0.000001· (grid dis tance from (74) 
central me ridian) 

w = 0.1570499810. N. 10-6 (in radians) (75) 
Sca le 

</> ' = w + s in w cos w 10- 6 [5078.64977 

+ cos2 w (30.02335 

+ 0.24682 cos2w)] (76) 

VII = tan cf>' (1 + e '
2 

cos2 <I>)· (Sca le) -
2 

.1Ql2 
2v2 s in l " 

~ l=-or /\~t:,.__ 2~ 2--4 ~ 
tu ::=. _ _ [N + ~/?\ g ~ Io o. onr~ J s 

x = sec cP' (1 + 2 tan 2q, + e '
2 

cos2cf>) 
6v3 s in l " 

· (Sca le) -3 .101s (80) 

tancp ' 
q6 ____ _ (61 + 90 tan2cp 

720v6 sin 1" 

2 
+ 45 tan4 ¢ + 107e' cos 2 cf> 

2 2 
- 162e ' s in2 cp - 45e ' tan2 cp s in2 tj>) 

· (Scale)-6.t036 (81) 

sec ct> ' 
Es = q5 (5 + 28 tan2 cf> 

120v5 s in 1" 

2 
+ 24 tan4 cf> + 6e' cos2 </> 

2 + Be' s in2 ct>HSca le)-5 .1030 (82) 

Cons tants appearing in equations (64), (75), 
and (76) ar e based on the parameter s of the 
Clarke Spher oid of 1866. Refer ence is made to 
Claire (footnote 9) for the derivation of cons tants 
for other r efer ence s pher oids. 

For Alas ka zones 2- 9, the latitudeoftheorigin, 
54 ° 00' , is add e d to cf> from equation (71 ). 

THE GEOCENTR lC COORDlNAT E SYSTEM 

The geocentric coor dinate system is a right­
hand coor dinate s ys tem with its origin at the cen­
ter of the referenc e ellipsoid. The X - Y axes 
form the plane of the ellipsoid equator, with the 
positive X- axis coincident with the Gr eenwich 
mer idian. The positive Z - axis is in the direction 
of the North Pole. 

(77) 



The following equations transform geographic 
positions to X, Y, Z geocentric coordinates : 

X = (N + h) cos <P cos ;>.. 

Y = (N + h) cos <P sin >-. 

Z = ~N (1 - e2) s in¢+ h s in¢ (83) 

The algorithm for the inverse transformation 
of geocentric coordinates to geographic positions 
is: 

>-. = tan - l Y/ X (84) 

Caution must be exercised to place the longitude 
into the proper quadrant. 

To solve for </>and h, compute the reduced lati­
tude of the s tation as the initial estimate of the 
geographic latitude: 

<f> ' = tan - l [ z / (X2 + y2)1 2
] 

(85) 

(for polar areas, invert the term in the brackets 
and use the cotangent function). 

¢ and h may the n be computed by the recur sive 
relationship: 

(X2 + y2 + z 2) 112 - a 

-1 ~ z = tan 112 
(X2 + y2) 

iterating between equations 86 and 87 until the 
desired accuracy in latitude is attained . The 
terms are defined as: 

¢ = station lat itude 

>. = station longitude 

h = station elevation above reference ellipsoid 

x = geocentric X coord inate 
y geocentric Y coordinate 

z = geocentric z coordinate 

N = ellipsoid nor mal 

a = ellipsoid ma jor semidiameter 

b = ellipsoid m inor semidiamete r 

e = ellipsoid eccentricity 

wher e west longitudes and south la titudes are con­
sider ed negative. 
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THE FORTRAN PROGRAM 

The coordinate transformation program was 
written in Fortran IV for the IBM 7030 (Stretch) 
computer located at the a val Weapons Laboratory 
in Dahlgren, Va. Each program-accepted trans­
formation is self- contained in a separate sub­
routine as an aid to reprograming for computers 
with a more limited core storage. The program 
accepted transformations include : secant plane­
geographic position; state grids based on the 
transverse Mercator projection-geographic po­
sition; state grids based on the Lambert projec­
tion-geographic position; Alaska Zone 1 (oblique 
Mercator-geographic position; UTM and Alaska 
Zones 2 through 9 - geographic position; and geo­
centric- geographic position). Those familiar with 
the Fortran language should not encounter any 
problems in the event that this program must be 
adapted to fit other specific needs and equipment. 

The flow diagram shown in figure 2 is presented 
to give the reader a general idea of the logic e m­
ployed in the main calling program. The Fortran 
program itself (Appendix A) has been a nnotated to 
further assist the reader. 

(86) 

( 87) 

The Coast and Geodetic Survey strip adjust­
ment and block adjustment phases of analytic 
aerotriangulation r equire that the ground control 
be expressed in a Cartesian coordinate system. 
Although the secant plane system fulfills this re­
quirement a nd, in addition, accounts for earth 
curvature, it introduces a minor inconvenience 
to operational data handling. Nor mally, only lati­
tude and longitude or state grid X and Y coor di­
nates are known for horizontal control stations, 
a nd only elevation, or Z, is known for vertical con­
trol stations. The secant plane transformation 
computa tions r equir e tha t both horizontal and 
vertical station data be known. 

The following procedur e is recommended for 
the determination of secant plane positions of par ­
tially known s tations: 

1. If the coordinate data is in geographic pos i­
tion format, transform to the appr opriate s ta te 
plane grid system. 
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FIGURE 2. -General flow diagram 
for coordinate transformation pro­
gram. 
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2. Perform an initial strip or block adjustment 
with the ground control r eferenced to the state grid 
system. This step provides photogramme tric Z­
coordinates for horizontal control points and 
photogrammetric X and Y coordinates for the ver­
tical control points. 

3. Transform the coordinates r esulting from 
s tep 2 back to geographic positions. 

4. Substitute the correct latitudes and longi­
tudes in the horizontal control data, and the cor­
rect elevations in the vertical control data. 

The above four steps provide photogrammetric 
elevations for the horizontal control, and photo­
grammetric latitudes and longitudes for the ver­
tical control. 

5. Finally, convert these data into the secant 
plane system used for a final more precise strip 
or block adjustment. 

OPERATIONAL PROCEDURES 

Both input and output formats for the coordinate 
transformation program are compatible with the 
published Strip Adjustment L4 and Block Adjust­
ment LS programs that are presently in opera­
tional use at the Coast and Geodetic Survey. T he 
punched card program input is as follows: 

Card 1. - Job title , project number, date, etc. 

FORMAT (80 H ). 
This card contains 80 columns of alpha­
meric data to identify the program out­
put. 

Card 2.-0rigin and destination coordinate sys­
tems 

JD 

FORMAT (2I5) 
This card defines the two coordinate 
systems involved, IFROM and ITO, and 
the direction of transformation wher e 
IFROM equals the original system a nd 
ITO equals the final system. The fol -
lowing numbering key was used for the 
coor dinate system identification. 

Number System 

1 State plane grid syste ms based on the 
transver se Mercator pr ojection. 

2 State plane grid systems based on the 
Lambert projection. 

3 Alaska Zone 1, based on the oblique 
Mercator projection. 

4-11 Alaska Zones 2-9, based on the tr ans­
verse Mer cator projection. 
ID Number :::: Alaska zone number + 2. 

14Keller , M., and Tewinkel, G.C., see footnoce 5. 
15Kelle r , M., and Tewinkel, G.C., see foomoce 6. 

11 

12 Geographic position. 
13 Secant plane. 
14 Geocentric. 
101-160 Univer sal Transverse Mercator Grid. 

ID Number :::: UTM zone number + 100. 

For example; if the transformation from 
Alaska Zone 6 to secant plane coordi ­
nates is desir ed, the origin coordinate 
system identification is 8; and the desti ­
nation coordinate system identification 
is 13. 

Card 3. - Secant plane coordinate system origin 
latitude and longitude. 

FORMAT (2 (F4.0, F 2.0, F8.5, 6X)) 
The origin of the system is normally 
selected as an arbitrary point in the 
vicinity of the center of the project area. 
If neither !FROM nor ITO:::: 13, this card 
is omitted. 

Cards 4, 5, and 6. - State plane grid systems con­
stants 

FORMAT (5E l 6. 10) 
The cons tants for each state zone are 
tabulated by Claire; see footnote 9. 
lf either IFROM or ITO defines a state 
plane grid system based on the trans­
verse Mercator projection, only two 
cards are necessary to load the six con­
stants . Card 6 is omitted. T hree cards 
are necessary for the definition of the 
Lambert constants . If neither !FROM 
nor ITO designates coordinate systems 
that r equire definition of state plane 
constants, cards 4, 5, and 6 are omitted. 

If both IFROM and ITO are coordinate 
systems requiring projection constants, 
a special case arises. Cards 4, 5, and, 
if necessary, 6 provide the state plane 
constants for the origin system as de­
fined by !FROM. The constants for the 
destination coordinate system, ITO, im­
mediately fQllow the station data. 

The remainder of the input defines the identi­
fication number, horizontal position, and elevation 
of the stations whose coordinates are to be trans­
for med. T he input and output format for geo­
gr aphic position and elevation is: 

FORMAT (lX, 16, 2X, 13, lX, 12, l X, F8.5, 
5X, 14, l X, 12, l X, F8.5, 4X, F ll.5, 
19X, 11) 



The input and output format for the station iden­
tification and the X , Y, and Z coordinates in the 
secant plane system is: 

FORMAT (lX, 19, 3(3X, E l 4.8), 18X, 11), 
where X, Y, and Z are expressed in meter s. 

The input and output format for the UTM, state 
plane, and geocentric coordinate systems is: 

FORMAT (2X, 16, 3El4.8, 29X, ll) 

Geocentr ic coord in ates are expressed in 
meter s , state plane coordinates in feet, and UTM 
coordinates in meters for X and Y. The Z co­
ordinates in the UTM system are expressed in 
feet. 

12 

Vertical control data is not necessary as input 
for all transformations. Station elevations need be 
input only when either the origin or destination 
coordinate systems include either the secant plane 
or geocentric system. 

Regardless of the type of coordinate input, a 
1 punch must be placed in column 80 of the last 
station data card for each transformation to be 
performed. Additional transformation problems 
may be batch-processed in a single program run 
simply by repeating the outlined procedure from 
card 1. 

Coordinates may be transformed between any 
two coordinate systems that have been defined as 
program acceptable. Sample input and output data 
listings of actual computer r uns are shown in 
Appendix B. 
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APPENDIX A 

FORTRAN IV PROGRAM 

NOTE. -In this printout the small s is used for the equal to sign and 
the commas print as apostrophes. 

B JOB 1 K34-00B7 COORD TRANS SUBR FOR BLOCK •• UMBACH 6/14 /67 
****• •**** ***** ***** ***** ***** * 

* 
* 
* 

OPERATOR - THE RUNNIN G TIME SHOULD BE ABOUT l MINUTE 
THI S PROGRAM IS TO BE CHARGED TO PROJECT NO 221104100 
****• ***** ***** ***** ***** ***** 

B TYPE 1 COMPILG0 1 FORTRAN 1 PM 
T SUB TYPE 1 FORTRAN'LMAP'PUNCH 

DIMEN SION Gl 4 1 2000l 'T llll 
COMMON G1 T 1 PHDG 1 PHM !N 1 PHSEC ' PLGDG 'PLGMN'P LSEC'IFR0M'IDIR 'NN 1 

l AMTFT 1 FT MT' SECRD 1 ES0 1 A 1 SNONS ' ITO 
CALL SETIT 

C SET ELLIPSOID PARAMETERS AN D CONVERSION CONSTANTS 
C FOR CLARKE 1866 SPHERO I D 
c 

ESQs . 006768658 
As6378206 o4 
Pis3o l415926535898 
FTMTs39 o37/12 . 
AMTFTslo /FTMT 
S ECRDs648000 o /PI 
SNONSsl o /SECRD 

C READ AN D PRINT JOB TITL~ ' ETC . 

1 PRINT 998 
READ 999 
PRINT 999 
PRINT 1020'ESO' A 

C READ AND PRINT ORIGIN AND DESTINATION COORDINATE SYST EMS 
READ 100l ' IF ROM' ITO 
PRINT 102 1' 1F ROM'ITO 
LsO 

C IF SECANT PLANE SYS TEM I S INVOLVED' READ AND PRINT THE LATITUDE AND 
C LONGITUDE OF THE SYS TEM ORIGIN 

IF!IFRO~ . NE . 13 . AND .I TO . NE . 131 GO TO 2 
RE AD 1000 1 PHOG 1 PHMIN 1 PHSEC 1 PLGDG 1 PLGMN'PL SEC 
PR INT 102 2 1 PHDG'PHMIN'PHSEC 1 PLGDG'PLGMN 1 PL S EC 

2 IF I I FROM. EQ . l l GO TO 5 
!Fl I FROM . EQ . 2l GO TO 10 
IF I IT 0 . EQ . 1 l GO TO 5 
IFllTO. EQ .Zl GO TO 10 
GO TO 15 

C READ AND PRIN T STATE PLANE SYSTEMS CONSTANT S IF REQUIRED 
5 READ 1003' !TIMI 'Ms1'6l 

PRINT 1023 
PRI NT 1 02 4 ' 1T1Ml'Msl 1 6l 
IFI Lo EO oll GO TO 20 
GO TO 15 

10 RE AD 1003 ' 1TIMJ 'Msl 'll l 
PRI NT 1023 
PRINT 1024 '1 TIMl 1 Ms l' lll 
IFIL . EO oll GO TO 20 

13 

001 
*** 002 

* 003 
004 

*** 005 
6 
7 
8 

009 
010 

11 
012 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

027 
28 
29 
30 

031 
32 

033 
034 
035 

36 
37 
38 
39 
40 

041 
42 
43 
44 
45 
46 
47 
48 
49 
50 



15 NN sO 
IFCIFROM.NE.121 GO TO 130 
PRINT 1026 

16 NNsNN+l 
C READ AND PRINT GEOGRAPHIC POSITION AND ELEVATION INPUT COORDINATES 

READ 1008' GC 1 1 NN l'LAD 'L AM'XS' L0D'L0M'YS'GC4 1 NN>'IEND 
PRINT 1008 ' Gll ' NNl'LAD'LAM 1 XS 1 LOD'LOM'YS'Gl4 1 NNI 

C REDUCE GEOGRAPH I C POSITIONS TO SECONDS OF ARC 
IFILAD . GT . Ol GO TO 17 
LAMs-LAM 
xss-xs 

17 GC2 1 NNlsLAD*3600+LAM*60 
GC2 'NNl sGC2 1 NNl+XS 
I FILOD . GT . 01 GO TO 18 
LOMs-LOM 
YSs-YS 

18 GC3'NNlsLOD*3600+LOM*60 
Gl3 1 NNlsGC3'NNl+YS 
IFCIEND.EO. Ol GO TO 16 

19 Is ITO 
IDIRsl 

C CALL APPROPRIATE TRANSFORMA TION SUBROUTI NE 
20 IFIIA BS IJl. GT . lOOJ GO TO 80 

GO TO C50'60'70'80 1 80'80'80'80'80'80'80'1'90'100l'I 
50 CALL TMGP 

GO TO 110 
60 CALL LAMGP 

GO TO 110 
70 CALL All GP 

GO TO 110 
80 CALL UTMGP 

GO TO 110 
90 CALL GPSP 

GO TO 110 
100 CALL GEOCGP 
110 IFCIDIR.EO.Ol GO TO 160 

IFCIT O. EQ .131 GO TO 120 
C PRINT STATE PLANE OUTPUT 

PRINT 1027 
PRINT 1016 1 CCGIM'JI 1 Msl '41 ' Jsl 'NNI 
PUNCH 1016' C CGIM ' Jl 1 Msl '41 'JSl 'NNI 
GO TO 900 

C PRINT SECANT PLANF OUTPUT 
120 PRINT 1028 

PRINT 1017' C CGCM'Jl 'Msl '41 'J sl 'NN I 
PUNCH 1017 ' C CGCM ' Jl 'Msl 1 4) 'Jsl 'NNI 
GO TO 900 

130 I DIRsO 
IFC!FROM.NE.1 3 1 GO TO 150 

132 PRINT 1029 
133 NNsNN+l 

C RE AD AND PRINT SECANT PLANE COORDINATES IN METERS 
READ 1007'1GCM'NNJ'Msl'41'IEND 
PRINT 1007 ' CGCM'NNI 1 Msl'4) 
IFCIEND. EQ . 01 GO TO 133 

C TRANSFORM SECANT PLANE COORDI NATE S TO GEOGRAPH IC POSITIONS AND 
C ELEVATIONS 

CALL GPSP 
IFCITO.NE.1 2 1 GO TO 19 

135 PRINT 1030 

14 

51 
52 
53 
54 

055 
056 
057 
058 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

072 
73 

074 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 



• 

110 
C CO NV ERT SECONDS OF GEOGRAPHIC POSITIONS TO DEGREES'MJNUTES 'AND SECON DS 111 

136 Dn 140 Js l' NN 11 2 
LAD sG!2 'Jl / 3600 . 113 
XS sLAD 114 
GC2 1 JlsG!2 ' Jl-3600 .*XS 115 
LAMsG!2 ' Jl/60. 116 
XSs LAM 117 
XSsG!2 ' Jl-60 .•XS 118 
LODs G!3'J l /3600 . 119 
YSsLOD 120 
GC3 1 Jl sGC 3 1 J l-3600 e*YS 121 
LOMsGC3 1 Jl/60 . 122 
Y5sLOM 123 
YSsGC3 1 J ) -60 . *YS 124 
LOMsJABSCLOMI 125 
YSsABS !YS I 126 
LAMslABS! LAMI 127 
XSsABS CXS I 128 

C PR I NT GEOGRAP HI C POSITION AND ELEVATION OUT PUT 129 
PRINT 1008'G!l ' Jl 'LAD 1 LAM' XS 1 LOD 1 LOM 1 YS 'G!4 1 JI 130 

140 PUN CH l008'G!l ' Jl 'LAD1 LAM'XS 1 LOD 1 LOM 1 YS'G<4 1 Jl 131 
GO TO 900 132 

150 PRINT 1025 133 
151 NNsNN+l 134 

C READ AND PRINT INPUT STATE PLAN E'UTM 1 0R GEOCENTRIC COORDINATES 135 
RE AD 1006 ' IGCM'NNI 1 Msl '41' ! END 136 
PRINT 1006 ' IGCM'NNI 1 Msl'4l 137 
IF!IEND.EQ. 01GOTO151 138 
Isl FROM 139 
GO TO 20 140 

160 IFIJTO.E0.121 GO TO 135 141 
IFCITO.NE.131 GO TO 170 142 
IDIRs l 143 
CALL GPSP 144 
GO TO 120 145 

170 IDIRsl 146 
Isl TO 147 
Lsl 148 
Ks!FROM+ I TO 149 
IFC K. GT . 3 1 GO TO 20 150 
GO TO C5'10l'ITO 

C PR IN T OUT PROGRAM RUN TIME *** SUBROUT IN E TIM E I S ON 7030 LIBRARY 
900 CALL TIMEICLOCKI 

PRINT 1009 ' CLOCK 
GO TO 1 

998 FORMAT C l Hl I 
C JOB TITLE ' ETC .• FORMAT 

999 FORMATC80H 
1 

C SECANT PLANE SYSTEM ORIG IN LATITUDE AND LON GITU DE FORMAT 
1000 FORMATC2CF4 . 0 ' F2 · 0'F8 . 5 '6Xll 

C ORIGIN AND DESTINATION SYSTEMS DEFINI TI ON FORMAT 
1001 FORMAT!3 151 

C ST ATE PLANE CONSTANTS INPUT FORMAT 
1003 FORMA TC 5El6.10l 

C STATE PLAN E1 UTM ' AND GEOCENTR I C COORD INATE INPUT FORMAT 
1006 FORMA TC 2X '1 6 ' 3E l4.8 1 29X 'l l l 

C SEC ANT PLANE COORDINATE I NPUT FORMAT 
1007 FORM ATC 1X 1 19'3! 3X ' E14.8l 1 18X'lll 

C GEOGR APHI C POSITION AND ELEVATI ON INPUT FORMAT 
1008 FORMA T ( 1 x ' I 6 ' 2 x I I 3 I 1 x I I 2 I 1x I F8 . 5 I 5X I 14 I 1x '1 2 ' 1 x' F 8. 5 I 4X IF 11. 5' 

l 19X'Ill 
1009 FORMATC////22H PROG RAM RU N TIME WAS ' F7 .2'8H SECONDS/// ) 

C STATE PLANE 1 UTM 1 0R GEOCENTRIC COORDINATE OUTP UT FORMAT 
10 16 FORMATC2X 1 !6 1 3El4 . 81 

C SECANT PLANE COORD I NATE OUTPUT FORMAT 
1017 FORMATC1X 'I9 1 3X ' El4 .8 1 3X 'El4.8' 3X ' El4 e8l 

15 

151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 



C GEOGRAPH I C POS ITI ON AN D ELEVAT ION OUTPUT FORMAT 178 
1 0 18 FORMAT ( 1 x ' I 6 ' 2 x I I 3 ' 1 x ' I 2 I 1 x ' F 8 . 5 ' 5 x' I 4 ' 1 x ' I 2 ' 1 x' F 8 . 5 ' 4 x' F 11 . 5 ) 179 
1020 FORMAT(/ 16 H ECCENTRICITY s ' El4. 8 1 23H MAJOR SEMI - DIAM ETER s • 180 

1 E l 4. 8/l 181 
1 021 FORMAT(l9H OR IGINAL SYS TEM s 1 I 3 ' 16H FINAL SYSTEM s 'I 3/ l 182 
1022 FORMAT( 20H SECAN T ORIGI N LAT ' 13 ' 1X ' I2 ' F8 . 5 1 6H LONG ' 1 14'1X ' I2 ' 1X ' 183 

1 F8 . 5/) 184 
1 023 FORMATl/22H S TAT E PLA'NE CO NSTANTS/I 185 
1024 FORMAT(lX ' E16. 101 186 
10 25 FORM~T(///48H STATE PLANE 1 GEOCENTRIC 1 0R UTM INPUT COORDI NAT ES/ I 187 
1026 FORMAT(///40H GEOGRAPHI C POSITION AND ELEVATI ON INPUT /I 188 
1027 FORMAT(/// 49H STATE PLANE'GEOCENTRIC ' OR UTM OUTPUT COORO I NATES/ J 189 
1 028 FORM AT (///31H SECANT PLAN E COORD I NATE OU TPUT /) 190 
1029 FORMAT(///30H SECAN T PLANE COORD I NATE INPUT/I 191 
1030 FORMAT(///41H GEOGR APHI C POS IT ION AND ELE VATION OUTPUT/I 192 

END 193 
T SUB TYP E ' FORTRAN 'LMAP ' PUNCH 194 

195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
2 10 
2 1 1 
2 12 
2 1 3 
2 14 
2 1 5 
2 16 
2 1 7 
2 18 
2 19 
220 
2 21 
222 
223 
22 4 
225 
226 
227 
22 8 
229 
230 
23 1 
232 
233 
234 
235 
236 
2 37 
2 38 
239 
240 
24 1 
24 2 
24 3 

SUBROUT INE GPSP 
DI ME NS ION G(4 1 2000) 1 T(lll 
COMMON G 1 T 1 PHDG 1 PHMIN 1 PH SEC ' PLGDG ' PLGMN 1 PL SEC 'I FROM 1 l DIR 1 NN' 

1 AMT FT' rTMT' SECRD ' ESO 'A ' S NONS ' ITO 
DATA P1(3 .141 5926535898) 

c 
C TRANSFORMATI ON AN D INV ERSE FOR GEOGRAPH I C POS IT IONS AN D SECANT PLAN E 
c 
C SOLVE FOR THE TRANSFORMA TION CONSTANT S DEPE NDENT ON ELLIPSO I D 
C PARAMET ERS AND S ECA NT PLANE SYSTEM ORIG IN 
c 

ANMEsl . - ESQ 
IFIPHDGl3 ' 4 '4 

3 SGLATs- 1. 
PHM!Ns-PHMIN 
PHSEC s-PHSEC 
GO TO 11 

4 SG LATsl.O 
lJ PH RA Ds( PHDG*3600·+PHMIN* 60 .+PHSEC l*SNONS 

IF <PLGDG l5 1 6 1 6 
5 SG Lr\Gs-1. 0 

PLGMNs- PLGMN 
PLSEC 5- PLS EC 
ONTls O. 
ONT2 s -PI 
ONT3s-PI/2 . 
GO TO 13 

6 SG LNGsl . O 
ONTlsPI 
QNT2sO . 
ONT3sPI/2 . 

13 PLRADs (PLGDG*36Q O. +PLGMN* 60 . +PLSEC >* SNONS 
S NPHOs S IN(PHRADI 
CSP HOs COS IPHRAD> 
S NL GO s SJ N( PLRAD> 
CSLGO s COS IPLRAD > 
EPHMs SORT (l . -FSO* SNPH0 ** 2 l 

C COMPUTE LENGT H OF NGRMAL THROUGH SYSTEM ORIG IN 
ENOsA/fPHM 
ENS YTsF NO*E SO* S NPHO 
S NPL sSNPH O* SNL GO 
CSP LsC SPHO* SNLGO 
SCP LAs SNPHO*CS LGO 
CSP LAs CSPHO*CSLGO 

C COMPUT E MAGNITUDE OF TRANSLAT I ON FOR X-Y PLANE 
lBASEsEN0/100 0 . 
BASE slBASE*lOOO 
! Ff I DI R. E0 . 1> GO TO 99 

16 
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C SECANT PLAN E TO GEOGRAPHI C POSITION 
c 

50 DO 98 Nsl 'NN 
C TRANSFORM SECAN T PLANE COORDI NATES TO MOD IFIED GEOCENTRI C COORDS ' 
C I.E.'ZsO AT INTER S ECTION OF NORMAL ~ITH MINOR AXIS 

ZPBsG(4'Nl+BASE 
Xs Gf2 'N l *CSLGO-G f 3 1 Nl*SNPL+ZPB*CSPL 
Ys- !Gf2 'N l*SNLGO+Gf3 1 Nl*SCPLAJ+ZPB* CSP LA 
Zs G!3 'N l*CSPHO+ZPB*SNPHO 

C COM PUT E LATITUDE BY ITERATIV E PROCESS 
ZA PPs Z 
DFMs SORT fX*X+Y*Yl 
DO 80 I Xs 1 1 5 
TNPHPsZ/DE M 
PHRsATAN(TNPHPl 
SNPHPs S INfPHRl 
CSP HPsCOSf PHR l 
ENPHs SQRT! l .-ESO*SNPHP** 21 
ENPTsA/ ENPH 

80 Zs-ENSYT+f ENPT*ESO• SNPHPl+ ZAPP 
C COMPUTE S TA TI ON LONG ITUDE 

81 A LA~sATANfX/Y I 

IFfALAMl74 1 75°76 
74 ANGLEsALAM+QNTl 

GO TO 77 
75 ANGLEsQN T3 

GO TO 77 
76 ANGLEsA LA M+QNT2 
77 G!3 'Nls ANGLE*SECRD 

C COMPUTE STATION ELEVATION 
SINLs S INIANGLEl 
HslX/I CS PHP* S INLll-ENPT 
G(4 'Nl sH*FTMT 
Gl 2 'Nl sPHR*SECRD 

c 

98 CONTINUE 
RETURN 

C GEOGRAP HI C POSITION TO SECAN T PLANE 
c 

99 DO 199 Nsl'f'tN 
ELEVsGl4 'Nl 

C CONV ER T LATITUDE AND LONGITUDE TO RADIAN S 
PPRADsGf 2 'Nl*SNONS 
PLGRDsGl3'Nl*SNONS 
SNPHls SINfPPRAD I 
CSPHls COS f PPRADl 
SNLAMsSINf PLGRDI 
CSLAMsCOSIPLGRD l 
Hs G( 4'Nl*AMTF T 
AMSQsSQRTll.-ESO*SNPHI**21 

C COMPUTE NORMAL OF S TATI ON 
RNsA / AMSO 

C COMPUTE CLASS I CAL GEOCENTRI C COORDINATES 
SNHsRN+H 
Xs SNLAM*CS PH l*S NH 
Ys CS LAM*CS PHl*SNH 
Zs(IRN*ANM E+Hl*SNPHll+EN SYT 

C COMPUTE SECANT PLANE COORDINATES 
Gl2'NlsX* CS LGO-Y*SNL GO 
G!3'NlsZ* CSPHO-fX* SNPL+Y* SC PLAI 
G(4 1 Nl sX*CSPL+Y* CS PLA+Z*SNPHO-BASE 

199 CONTIN UE-
200 RETURN 

END 
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244 
245 
246 
24 7 
248 
249 
250 
25 1 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
26 3 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 



T SUBTYPE 1 FORTRAN 1 LMAP 1 PUNCH 
SUBROUTINE TMGP 
DIMENS ION G14'2000J'Tllll 
COMMON G'T'PHDG 1 PHMIN'P HSEC ' PLGDG 'PLGMN 1 PLSEC 'IFROM 1 IDIR 1 NN' 

1 AMTFT'FTMT' SECRD' ESO ' A' SNONS ' ITO 
c 
C TRA NSFORM ATI ON AN D INVER SE FOR TRA NSVERSE MERCATOR AND 
C GEOGRAPHI C POS ITI ON 
c 
C REFERENCE**SEE EQUA TI ONS 19 THROUGH 32 IN SECTION 3 OF MAIN TEXT 
c 

IFIIDI R. EQ. ll GO TO 200 
c 
C TRANSVERSE MERCATOR TO GEOGRAPHI C POSITION 
c 

c 

DO 150 Nsl'NN 
XPRsGI 2 'N l-T< 1 l 
SG sXPR-Tl6l*l(XPR• 1 . oE-5l**3> 
SGsXPR-Tl6l*!! SG*l . OE-5l**3> 
SMsAMTFT* SG/ Tl 5 l 
Ws!60 .•Tl 3 ll+T!41+1 .009873675553*G l 3 1 Nl/Tl5 ll 
RsW/SECRD 
COSWsCOS IRl 
PHIPRsW+!I S INIRl* COSW>*ll047 . 5467l+COSW*COSW*l6 e 19276 + 

1 .050912*COSW•COSWll l 
RsPHIPR/S ECRD 
DELPHis 125.5238l*l•OE-10l*ISM*SM*SINIRJ /COS !Rll* 

1 ((1.0-CESQ*S INC Rl **2 l !**21 
GC2 'Nl sPHIPR-DELPHI 
PHRsGl2 'Nl*SNON S 
SA s SM-(4.0831*11 SM* l • OE-5l**3 Jl 
SAs SM-14.083l*ll SA*l•OE-Sl**3 ll 
DLAM lsSA*SQRT!l.-E SQ*SINIPHR l*SINIPHR ll / 130 t 9224 17 24* 

1 COSIPHR II 
DLAMAsDLAM1+3 . 9174*1<DLAMl*l•OE-41** 3 l 
DLAMsDLAM1+3.9174*11 DLAMA*l · OE-4 1** 3l 

150 Gl3'N>sDLAM-TC2> 
RETURN 

C GEOGRAPHI C POSITION TO TRANSVERSE MERCATOR 
c 
C REFERENCE**SEE EQUATIONS 8 THROUGH 18 IN SECTION 3 OF MAIN TEXT 
c 

200 DO 250 Nsl'NN 
Gl 3 'Nls-G t 3 'Nl 
PHlsGl2 1 NI 
ANSEC1 Gl 3 'Nl 
PHR sG l2'Nl*S NONS 
DLAM1Tl2J-ANSEC 
DLAMsDLAM-3 .9174*1t DLAM*l • OE-4l**31 
Rs l.-I ESQ*S IN( PHRl*SINIPHR ll 
SGs30 . 92241 724*COS I PHR> * DLAM /SQRTIR > 
S Ms SG+4 . 0 8 3 1*<1 SG*l . OE-5> **3 > 
SGsFTMT•T! 5 l*SM 
XsSG+IT16l*l!SG*l• OE-5l** 3 l> 
Gl2 1 NlsTtll+X 

C ITERAT IVE SOLUTION FOR LATITUDE 
DO 210 JXsl'l OO 
Bs25 . 52381E-10 *11 1 . - I ESO*SI NCPHR!*S INlPHRlll**2l*S INIPHRl /COSI PHRI 
DELPHlsB*SM*SM 
PHIPRsPHI +DELPHI 
I F IABSIDELPHI>-l•O E- 6>21 5 1 215 1 205 

205 PHRsPHIPR*SNONS 
210 CONTINUE 
215 COSPsCOSIPHRl 

Rs4 .483344- . 023520*C0SP* COSP 
RsS INIPHR l* COSP*!l052 . 893882- I COSP*COSP*Rll 

250 GI 3 'N lsl01. 2794065*Tl 5l *IPHIPR - 60o*Tl 3 l - T(4 )-R ) 
RETURN 
END 
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308 
309 
310 
3 11 
3 12 
3 1 3 
31 4 
3 15 
3 16 
3 17 
3 18 
319 
320 
321 
322 
323 
3 24 
3 25 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
3 4 0 
341 
342 
3 4 3 
344 
345 
346 
347 
348 
34 9 
350 
351 
352 
353 
3 54 
355 
3 56 
3 57 
358 
359 
360 
361 
36 2 
363 
364 
365 
366 
36 7 
368 
36 9 
370 
3 71 
372 
373 
374 
375 
376 
3 77 



T SUBTYPE ' FORTRAN'LMA P 'PUNCH 
SUBROUTINE LAMGP 
DIM ENSION Gt4 1 20001 ' Ttl l l 
COMMON G1 T 1 PHDG 'PHMIN'PHSEC ' PLGDG 'PLGM N'PL SEC 'IFROM'I DI R 1 NN 1 

1 AMTFT ' FTMT ' SfCRD 1 ESQ ' A' SNON S ' ITO 
c 
C TRAN SFORMATION AN D INVERSE FOR LAMBERT AND GEOGRAPH I C POSITION 
c 

IF t I DIR . EO . ll GO TO 400 
c 
C LAMBER T TO GEOGRAPH I C POSIT ION 
c 
C REFERE NCE **SEE EQUA TI ONS 38 THROUGH 43 I N SECT I ON 4 OF MAIN TEXT 
c 

DO 350 Nsl ' NN 
YsGt3'Nl 
Fst GC2'Nl-Ttll l/ 1T t 4l-Gt3 ' Nl) 
FsATA NIFI 
BsF•SECRD 
GI 3 ' N Is TC 2 1- t BIT t 6 l l 
Gt 3' Nl s-Gt3 'N l 
Rs tTl41-Yl /COS< Fl 
FsSIN<F/2 • >** 2 
F s Y- 2 . • R•F 
SAslT <4 l - T<3 l- r-ll Tt5l 
S lsSA 

C ITERATIV E SOLUT I ON FOR S ' SEE EQUATION 43 
DO 320 IXsl'l OO 
Bs S l*l . OE -8 
Bs l.+B*B*Tt9l-B*B*B*T<l Ol+B* B* B* B*Tt ll l 
SsSA/B 
IF<ABStS- S ll-0 . 0 11330 '330 ' 3 1 5 

31 5 SlsS 
320 CONT INUE 
330 Bs60o*Tt7l+Tt8l- · 00987367553* S 

RsB /S ECRD 
COSP s COS tRI 
PHIPRs6 . 192760+.050912*COSP*COSP 
PHIPR sl047 . 5467l+COS P*COSP*PH JPR 

3 50 Gt 2 'N lsB+S INIRl*COSP*PHIPR 
RETURN 

c 
C GEOG RAPH I C POSITION TO LAMBERT 
c 
C REFERENCE** SEE EQUA TI ONS 33 THROUGH 37 IN SECT I ON 4 OF MAIN TEXT 
c 

4 00 DO 45 0 Nsl'NN 
Gt3 1 Nls-Gl3'NI 
PHRsGt2'Nl*SNONS 
COSPsCOStPHRl 
S s4.4833 44 - . 02352*COSP• COSP 
Ss1 052 . 89388 2-COSP* COSP* S 
Ssl0l o2794065* t6 0 . •T t7 l+T( 8 l-G< 2'N l+ S IN<PHRl*COSP* S l 
Bs S•l.OE-8 
Rs T<3 l+I S*T1 5 l*<l . +t B* B* <T< 9 1-B•TtlOl +B*B* T tlllllll 
F s T t 6 l * tT t 2 l -Gt 3 ' N l l 
FsF•SNONS 
Gt 2 ' N lstR*SINtFll+Ttll 
Gt 3 ' N lsT14l-R+<2.*R*ISINtF/2 •1 **2ll 

450 CONTINUE 
RETURN 
END 
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378 
379 
380 
3 81 
3 8 2 
383 
38 4 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
40 1 
402 
403 
404 
405 
406 
4 07 
4 08 
409 
410 
411 
412 
41 3 
414 
415 
416 
417 
418 
419 
420 
421 
422 
4 23 
424 
425 
426 
427 
428 
429 
4 30 
431 
432 
433 
434 
435 
436 
437 
438 
439 



T SUBT YPE'rORTRAN'LMAP'PUNCH 

c 

SUBROUT INE ALlGP 
DI MENSION G14 ' 2000l ' Tllll 
COMMON G1 T 1 PHDG 1 PHMIN 1 PHSEC 1 PLGDG 1 PLGMN 1 PLSEC 1 IFROM1 IDIR 1 NN' 

1 AMTFT 1 FTMT' SFCRD 1 ESQ1 A1 SNONS ' ITO 
DATA DC6386352 . 6 70l3l ' C!.004 475991 3ll ' BC1 . 000 29977273l' 

1 ZI . 9450 1896887 1) 1 F! . 3270l5 517176) ' FLAM! 1 0771754085630) I 

2 E!. 8227 18542 E- ll'5Mll . 00029 9 77 27 ) ' ALORGC36 5450 . 51319l ' 
3 EC! l . 00 44860235 >1 AKBl6386352 · 67 l 1 BASEC5 . 0E+06 l' 
4 SNA LZ ( . 3270155 17 2) I ( SALZ ( . 9450189689 ) I TNALZI . 346041 2203) I 

5 PI!3 . 141 5926535898l 

C TR ANSFORMATION AN D INVERSE FOR ALASK A ZONE 1 AN D 
C GEOGRAPHI C POSIT I ON 
c 
C REFER ENCE** SEE EQUATIONS 5 1 THROUGH 58 IN SECTION 5 OF MAIN TEXT 
c 

IF! JDIR . EQ.ll GO TO 600 
c 
C ALASK A ZONE 1 TO GEOGRAPHIC POSIT ION 
c 

c 

DO 550 Nsl ' NN 
Usl-.18 288036576l*GI 2 'N ll+l . 24384048768l*GI 3' N ll+7 . 0E+6 
Vsl . 24 384048768l * G! 2 ' N ))+( . ]82 88 036576l*GC 3 'N ))-l. oE+6 
VsV /D 
Vs EJCP!Vl 
VMsl o / V 
UODsU/D 
UsSIN I UOD l 
Rs I V- VM l /2 . 
S slV+VMl /2 . 
Usl . 5/Bl*IALOGICS+F*R+Z*Ul/IS- F*R-Z*U lll -IC/ Bl 
xs2.• ATANIEX P! Ul )-l . 5*Pll 
SX s SIN!Xl 
CX s COS I Xl 
XsX+ SX * CX *C. 00 6761 032571+ . 000053 172205*CX*CX+ 

1 . oooooo573021•1cx••4>+. 000000001128•1 c x••6> > 
Gl2 ' NlsX *SECRD 
Us S INI UOD l 

550 GI 3 'N l s!FLAM+(l. /B l* ATA N! IF*U-Z*Rl /CO S CUOD lll* l-S ECRDl 
RETURN 

C GEOGRAPHI C POSITION TO ALASKA ZONE 1 
c 
C REFERENCE**SE E EQUATIONS 46 THROUGH 50 IN S ECTION 5 OF MAIN TEXT 
c 

600 DO 65 0 Nsl 'NN 
Gl 3 ' Nls-Gl 3 'N l 
PHR s Gl 2 'N l *SNONS 
SNLTs S INIPHRl 
EOV2sE/2 • 
ES LTsE• SNL T 
S ML AT sPHR* . 5+!PI/4.) 
TAUs(SIN ! SMLATl /(0S ! SMLA Tll*ICl.-ESLTl/(l o+FSLTll** EOV2 
EBMTCsEC*TAU*TAU**BMl 
RE BM TCsl./EBMT C 
S INHsl EBMTC-R EBMTC l*o 5 
COSHsl EB MT C+REBMTC>*•5 
BLLO sB• CGC 3 'N l-ALORG> 
BLL RsBLLO*SNONS 
SBLLOs S IN IBLLRl 
CBLLOs COS IBLLRl 
TNBTslSINH*CSALZ +SA LL O* SNALZl/C8L L0 
ANGsATANITNBTl 
UsANG*AKB 
TNs C-CSALZ*SB LLO+SNAL Z*SI NHl/COSH 
TANH sT N+T N**3 !3 . + TN**5/5 o + TN**7/7 . + TN• *9/9 0 
Vs TA NH*AKB 
XMs-U*. 6+V• . 8+BASf 
YMsu• .a+v• . 6 - BASE 
GI 2 'N l sXM*F TMT 
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440 
441 
442 
4 4 3 
444 
445 
446 
447 
448 
44 9 
45 0 
451 
45 2 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
46 3 
464 
465 
466 
467 
46 8 
469 
470 
471 
472 
473 
4 74 
475 
4 76 
4 77 
478 
4 79 
4 80 
481 
482 
4 8 3 
4 84 
485 
4 86 
487 
4 88 
489 
490 
491 
492 
4 9 3 
4 94 
495 
4 96 
4 9 7 
498 
4 99 
5 00 
501 
5 02 
5 03 
504 
505 
5 06 
50 7 
508 
509 
5 10 



650 G( 3 1 N lsYM*F TM T 
699 RETURN 

ENO 
T SUBTY PE 1 FOR TRAN1 LMAP 1 PU NCH 

c 
c 

SUB ROUTINE UTM GP 
DIM ENS I ON G! 4' 200 0l 'T ! l 1l 
COMMON G1 T' PHOG 1 PHM IN ' PHSEC 1 PLGDG' PLGMN 1 PLSEC 1 I FROM1 I OI R1 NN' 

1 AMTF T1 FTMT' SECR0 1 ES0 1 A1 S NONS ' I TO 
DAT A CO NS1! . 2468 2 l' C0 NS2 ! 30 . 02 33 5 l' CONS3 ! 50 7 8 . 6 4977) I 

1 CONS4! ol 5 7049~810l ' SEP0! . 04088870 9 41 ' Yl ! o l l422l ' Y2<21 . 73607 l ' 
2 Y3<5104. 57 388l 1 Y4C 6367399 . 689 l' CNI I <. 24 24 0 68406E-l l ' 
3 CNI 1 1 c . ol958 7 0 2 5 5E- 2 1 • c Nv < . o39 1 74 05 o 9 E- 2 1 • 
4 CNA6< . 0 l53 46 0626E - 6 l ' CNB5 <. 0 4 6038 187 9E-6) ' CNI 3 ( 7 . 8348 10 18) I 

5 CNC5C . 368 30550E- 02l 

C TRAN SFORMATION AN D INV ERSE FOR UNIVERSAL TRA NSVERSE MERCAT OR ANO 
C AL AS KA ZONES 2 THROUG H 9 TO GE OGRAPHI C POS ITI ON 
c 
c THE CON STANTS ABOVE AR E APPL I CAB LE ONL Y TO THE CLARKE 1866 S PHE RO I D 

IF <I AB S <I FROMl.L E.14 . ANO.I DIR . EQ . Ol GO TO 703 
IF ! JABS !I FROMJ . GT .14 . AN D.I DIR . EO.O l GO TO 700 
IF ! IA BS <I TOl. LE .14. ANO. I DI R. EO . ll GO TO 704 
I s I TO 
GO TO 701 

700 Is!FROM 
C SE T SCAL E AND ORI GIN PARAMETER S FOR UTM SYS TEM 

70 1 ALORGsO . 
SCAL Es. 9 99 6 
FEs 500000 o* FTMT 
I XsIA BS < I l-1 00 
Xsix 
CM s!6o* X- 1 8 3 .J* 3600 ~ 
GO TO 70 6 

703 lsIFROM 
GO TO 705 

70 4 Is I TO 
C SET SCAL E AN D ORI GIN PARAMETER S FOR ALASKA ZONES 2 THROUGH 9 

c 

705 ALORGs59 8 51 0 0 .92 3 
SCAL E& . 999 9 
IXaI- 2 
FE s 500000. 
IF!JX. E0 . 7 lFE s700000 . 
IF< IX . E0 . 9J FE s 6 00 0 00 . 
Xs !X 
CMs48 2400 .+X*l4400. 

706 EPSQs ES0/ !1. - ESQ l 
I F !J DIR . EO.ll GO TO 800 

C UTM ANO ALASKA ZO NE S 2 - 9 TO GEOGRAPHI C POS ITI ON 
c 
C RE FER ENCE**SEE EQUATI ONS 7 1 THROUGH 8 2 IN SECT I ON 6 OF MA I N TEXT 
c 

DO 750 Nsl'NN 
IF! I .L E. Ol G<3 1 Nls l OOOOOOO o-G( 3 'N l 

C CONVERT FROM MET ERS TO FEET I F UTM CONV ERS ION 
I F <IA BS < I loL E.141 GO TO 70 2 
GC 2 'N ls FT MT*G( 2 1 Nl 
G< 3 'Nl sF TM T* G<3 'Nl 

702 PPRDs<< G< 3 'N l*AMTFT+ALORG!* CONS4*1 0 . 0E-7 l / S CA LE 
S NLTs S IN<PPR Dl 
CSLTs COS !PPRDl 
CSSOsCSLT* CS LT 
PHRO s << C0 NS l*CSS0+CON S2 l* CSSQ+CONS3 >*< SNL T* CSL T l*lO. OE- 7+PPRD 
PHI SsPHRD* SEC RD 
Qs!C G< 2 'N )-FEl*AMTFT l* lO . OE-7 
IF!Ql 720 ' 710 ' 7 2 0 
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5 11 
5 12 
5 13 
51 4 
5 15 
516 
5 1 7 
518 
5 19 
520 
5 21 
5 22 
523 
52 4 
525 
5 26 
52 7 
5 28 
52 9 
530 
5 3 1 
532 
533 
534 
5 35 
536 
5 37 
538 
539 
54 0 
54 1 
54 2 
54 3 
544 
54 5 
5 46 
54 7 
54 8 
54 9 
550 
551 
552 
55 3 
554 
55 5 
556 
55 7 
558 
559 
560 
561 
56 2 
563 
564 
56 5 
56 6 
567 
56 8 
56 9 
57 0 
5 71 
57 2 
573 
574 
57 5 
576 
577 



7 10 DLAMso . 578 
G( 2 1 NlsP H! S 579 
GO TO 740 580 

72 0 SNLAT s S!N(PHRD l 581 
CSLATsCOS (P HRD l 582 
SNSOsSNLAT*SNLA T 5 83 
CCSOsCSLAT*CSLAT 58 4 
TNL ATs SNLAT/CSLA T 585 
TNSOsTNLAT*T NLAT 586 
ENUsA/SQRT( l. -ESO*SNSO l 587 
ENSNSsE NU*S NONS 5 88 
EPCSsE PSO* CCSQ 589 
EPCSQ s l .+EPCS 590 
QSOs O* O 591 
OCUsQSQ• Q 592 
QFR s OCU*O 593 
QFVs OFR• Q 594 
QS Xs QFV*O 595 
SC LATsl. /CSLAT 596 
ENSN5 sE NU**4 * ENSNS 59 7 
SVN s (l( TNLAT/ ( 2 . *E NU* ENSNS ll *EPCS0 l /SCALE **2l* l O. Ell 598 
EGHTs(CTNLAT/ C2 4e* ENU** 3*ENS NS ll *(5 . +3 . *TNSQ+SE PO* <CCS0-SNS0) 59 9 

1 - ( 3 .*EPS0** 2*CCSO l *C CCSQ+3 . *SNSQll/SCALE**4l *lO . E23 600 
D6sC QSX* CTNL AT/ C720 . *ENU**5*ENSNS l l*l61 . +(45 . * TNSQl*(2 . +TNSQ- 601 

l EP SO*S NSQ l+ EPSO*Cl07 . • CCSQ-162 . * SNS0l l/SCALE * *6l*lO . OE35 602 
ANIN Es ( SCLA T/E NSNSl/SCALE * 1 0 . o~s 603 
TENs (SCLAT/ 16.•ENU**2* ENSNS ll * ( l . +2 . * TNSQ+EPCSl/SCALE**3•lo . El7 604 
E5sQFV*< SC LAT/ 11 20 . * ENSN5 l >*<5 . + 14 . * TNSO l*(7 . +6.*TN SO l 605 

1 + ( 2 e* EPS0l * (3 e* CCS0+4 • *SNSO l l/SCAL E**5*lO . OE2Q 606 
GI 2 1 N l sPHIS- SVN*OSQ+EGHT*OFR-C6 607 
IF<I FROM. LT. Ol G(2 1 Nls - Gl 2 'Nl 608 
DLAM&ANI NE• O- TE N*QCU+E5 609 

74 0 G( 3 'N ls CM-DLAM 610 
IF! I ABS <I FROM!. GE . 15! Gl3 ' NlsCM+DLAM 6 1 1 
I F <I ABS ll FROMleL E. lll Gl3 ' Nl s - Gl 3 1 Nl 6 12 

750 CONTINUE 6 13 
RETURN 614 

c 615 
C GEOGRAPHI C POS I T I ON TO ALASKA ZO NES 2 - 9 AND UTM 6 16 
c 617 
C REFERENCE* *SEE EQUAT I ONS 59 THROUGH 70 IN SEC TI ON 6 OF MA I N TEXT 618 
c 619 

80 0 DO 8 50 Ns l'NN 620 
I F ll ABS I !TO l . LE .l ll GC3 ' Nls-G C3 'N l 62 1 
PHRD s Gl 2 'N l*SNONS 622 
S NLA Ts S INIPHRD l 623 
CS LA TsCOS I PHRD l 624 
SNSQsSNLAT* S NL AT 625 
CCSQsCSLAT * CS LAT 626 
TNLATsSNLAT/C SLAT 627 
TNSQsTNL AT* TNLA T 628 
ENU sA/SQRT l l . -ESO*S NSOl 629 
ENSNSsE NU*S NONS 630 
EPCSsEPSO*CCSQ 631 
EPCSQs l. +EPC S 632 
WONslY4* <PHRD-! SNLAT*CSLAT* l O. E-7 l*IY3- CCSO• IY2-Yl * CCSO ll >>*SCALE 633 
Psi CM-G I 3 1 N l l *lO . E-5 634 
I F < !A BS < ITO l . GE . 15! Ps - P 635 
IF<P >8 19 '820 ' 819 636 

820 Gl 2 1 Nl sFE 637 
GI 3 1 N ls lWON- ALORG l* FTMT 638 
GO TO 8 25 639 
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819 PSQsP*P 
PCUsP SO* P 
PFRsPCU*P 
PFVsPFR*P 
PSXsPFV*P 
FOURsENS NS *CSL AT*SCALE* lO . E3 
TWOsFOUR* SNLAT*CNII 
EPCT NsEPCSQ-TNSQ 
THREsTWO*CNllI*CCSO*C4 . • EPCS0**2+EPCTNl 
FIVEsFOUR* CNV•CCSO*EPCTN 
CSFRsCCSO* CCSQ 
CSFRRsl . /CSFR 
A6sPSX*TWO*CNA6*CSFR*l60.* EPCT N+CSFRR+540 . * EPCS-330 .*EPSOl 
B5sPFV*FOUR*CNB5* CSFR*C 20 . *EPCTN+CSFRR+52 . * EPCS-58 .•EPS0-16 . ) 
GC 2 ' N lsCP*FOUR+PCU*FIVE+B5l*FTMT+FE 
GC 3 1 N l s ! CP SO*TWO+PFR* THRE+ WON+A6l -ALORGl*FTMT 

C CONVERT FEET TO METERS I F UTM CONVERSION 
8 2 5 I F C I ABS C I T 0 !. LE .14 l GO T 0 8 5 0 

GC2 1 NlsGC2 'Nl*AMT FT 
GC3 1 NlsGC3 ' Nl *AMT FT 

850 IFC ITO . LE . C l GC3 'Nl slOOOOOOO . -Gl3 1 Nl 
RETURN 
END 

T SUBTYPE 1 FORTRAN 1 LMAP 1 PUNCH 
SUBROUTINE GEOCG P 
DIMENSION Gl4 ' 2000 1 1 TClll 
COMMON G'T' PHDG 1 PHMIN 1 PHSEC 1 PLGDG 'PLGMN 1 PLSEC 1 IFROM' ID I R 1 NN 1 

1 AMTFT'FTMT ' SECRD 1 ES0 1 A1 S NONS 1 IT O 
c 
C TRANSFORMATION AND INVER SE FOR GEOGRAPHI C POS ITI ONS AND 
C RIGHT-HAN D GEOCEN TRI C SYSTEM IN METERS 
c 

c 

Pl s3 .14 15926535898 
IFCIDIR . EQ . ll GO TO 800 

C GEOCENTRIC TO GEOGRAPHI C POSITION 
c 
C REFERENCE**SEE EQUA TION S 84 THROUGH 87 IN SECTION 7 OF MAIN TEXT 
c 

DO 750 Ns l ' NN 
XsGC3 1 Nl/Gl2 ' Nl 
IFCX . LT . 10. 1 GO TO 71 0 
FLONGsATANI GC2 1 Nl /GC3 1 Nll 
Xs0.5*Pl-ABS IFLONGl 
IFIFLONG.LT. o . l FLONGs-x 
IFCFLONG. GE . O. l FLONG sX 
GO TO 715 

710 FLONGsATAN!Xl 
IFIGl2'N l . LT.o.o.AND. Gl3 'Nl . GT · O· Ol FLONGsPJ + FLONG 
IFIG(2 1 Nl . LT . o . o . AND . GC3 'Nl.LT·O·Ol FLONGs-Pl+FLONG 

715 PHI ESTsATANCG !4 1 Nl/S0RT! Gl2 ' Nl**2+GC3 'N l**2ll 
DO 72 0 I s 1 ' 1 0 
IFC I. EO . lOl PRINT 1000 
S s SI NIPHIEST l** 2 
TE MPsA* SORTtl . - llESO*S*Cl . -ESQl l/11 . - ESO* S l ll 
Hs SQRTC GC2 'Nl** 2+G C3 'N l** 2+G1 4 ' Nl**2l - TE MP 
BSQsA*A*ll . - ESQ I 
TEMPs BSQ+A*H*SORTc1 . -ESO*Sl 
TEMPsCA*A+A*H• SQRTcl. -ESO*Sl l/TEMP 
PHisATANC GC4 1 Nl*TEMP/ S0RT ! Gl2 1 Nl**2+Gl3 ' Nl**2ll 
I FC ABS!PHIEST-PHl l.L T. l . E- 151 GO TO 730 
PHIESTsPHI 

720 CONTI NUE 
730 G!2 1 NlsPHI*S ECRD 

GC3'NlsFLONG•sECRD 
750 GC4'Nl s H* FTMT 

RETURN 
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640 
641 
6 4 2 
643 
644 
645 
6 4 6 
64 7 
648 
64 9 
650 
651 
652 
653 
65 4 
655 
656 
657 
658 
659 
660 
661 
662 
663 
664 
665 
666 
6 67 
668 
669 
670 
671 
672 
673 
674 
675 
6 76 
67 7 
678 
6 79 
680 
681 
682 
683 
684 
685 
686 
687 
688 
689 
690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 
701 
702 
703 
704 
705 
706 
707 



c 
C GEOGRAPHI C POSITION TO GEOCENTRI C 
c 
C REFERENCE** SEE EQUATI ONS 83 IN SEC TION 7 OF MAIN TEXT 
c 

800 DO 850 Nsl ' NN 
HsGC4 ' Nl*AMTFT 
SPs S IN! G! 2 'Nl* SNON S l 
CPsCOS!G ! 2 ' Nl*S N0N S l 
SlsSINC G!3 ' Nl*SN0N S l 
ClsCOS ! G!3'Nl*SNON Sl 
Ds SORT!l . -ESO* SP*SP l 
G!2 ' N)s!A*CP* CL /D l+H*CP*CL 
G!3 'N ls!A*CP*SL /D l+H*CP*S L 

850 G!4 1 Nls!A* ! lo- ES0 l*SP/D l+H* SP 
RETURN 

1 000 FORMAT! //36H 10 ITERATI ONS ON LAT ITUDE NECESSAR Y//) 
END 

T SUBTYPE • DATA 
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708 
709 
710 
711 
712 
713 
714 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 



APPENDIX B 

SAMPLE PROGRAM INPUT AND OUTPUT LISTINGS 

I NPUT 

TEST DAT A FOR GEOGR APH IC POSITION TO SECANT PLANE TRANSFORM AT I ON 
12 13 

+4 11 9 -8358 
11 01 +4 1 20 51 . 75 196 - 8 4 00 3 1 . 65 292 6 8 1 .1 9 94 3 
1 102 +41 20 52 . 7 5 19 6 - 8 4 oo 3 2 . 6 5292 68 2 . 199 4 3 
11 03 +41 20 53 . 75 196 -84 oo 33 . 65292 6 83 .1 994 3 
11 0 4 +4 1 20 54.7 5 196 - 84 00 34 . 65292 684 . 199 4 3 
1105 +4 1 20 55 . 75 196 - 84 oo 35 . 6 5292 685 . 1994 3 

OUTPUT 

TFST CATA FOP GEOG~AnH J C POSt Tt QN TO SECAN T PLA~ ~ T RANSF QP~ATION 

ECCENTRICITY= . 67t86580 E- 02 MAJOP SEM I- D! AM FTF R 

~ RI G tNAL ~Y S TFM = 12 FINAL SYSTEM = 1 3 
. 6 HR 20 t>4 E+0 7 

S EC ANT OP I r, il'-1 l AT 41 1 9 -.00000 L C ~G - P3 5R -.00000 

GEOGP flP Ht C POSI TIO Pll A'JD EL E 'VATIOPll IN PUT 
11 l'l! 41 20 51 .7'11 % - 84 0 31. 652q? 
l tr:P 41 '20 52 .7 51c;6 - R4 0 32 . 6529? 110 3 4l 20 53 . 75 1 96 - 84 0 33 . 65292 !. 1"4 41 20 54 . 751% -84 c 34. 65292 lt (I c: 41 20 ':'5 . 751 C6 -84 0 35 . 6529?. 

SECAN T PLA NF c nnP CINATE OU TP UT ( in meters ) 
1 11) 1 
11<' 2 
'11') ? 
11 04 
!11")5 

-. 352':'7fl l 5F +04 
-. 3540Q1 'i6F +Q4 
- . ?5722405f+04 
- . 1 5o'i 4P12F +04 
-. 3 (:1<17lfi7E +0 4 

. 34 4P474 1F+0 4 
• 3470":1363E +0 4 
• 3510 19 8 ~E +C 4 
. 3541 06 10E+'l4 
. 35710234E +C·4 

PPOGPAM P\J N T IM F WA S f. . 3 c; SECONDS 
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68 1. 10041 
1,8?. 10043 elevations 683 .1 9943 
684 .10 043 in feet ) 
685 .\ 0Q41 

1 



DPUT 

TEST DATA FOR TRAN S MER( CJNDJANA WESTJ TO SE CANT PLANE TRANSFORMAT I ON 
l 13 

+3 932 - 8635 
+ . 5UOUGOGuOOE~u6+ . 3135U000UOE+06+ . 224lOOOOOOE+04+ . 3284965000E+02+ . 9999666667E +OO 

+ . 38 11064 C•OOE +OO 
2001+ . 65407 170E +06+ . 74565147E+ 06+ . 20010000E +U4 
2002+ . 65407270E+ 06 + . 745 6 ~247E+ 0 6+ . 20020000E+04 

2003 + . 65407370E+ 06+ . 74565347E+06+. 2Q03QOOOE+04 ( in feet) 
2uo4+ . 65407470E+06+ . 74565447~~06+ . 20040000E +0 4 

2005+ . 654C7570E +06+ . 74565547E+06+. 20050000E+0 4 1 

OUTPUT 

TEST DATA Fn~ TPA~S ~EPC {!~D IANA WFSTI TO SFCANT PLA~E TPANSF OP MATI ON 

ECCENTPl!ITY = . 676~6~8CF- C? MAjnp SFM I-nIAMFTFP 

1 FINAL SVSTFM = l'l f'J PIGlf\Al <;YSTEM 

SFCAN T OPT\.IN LAT 3S 'l 2 - . COOCO LONG - 86 'l 5 -.00000 

STATE PLAN E CON STANTS 

0 . 5000000000E+06 
0 .31'lCOOOOCOE+C6 
0 .2?.4100000CE +04 
~ . ~?84965000F+02 
o .qqoq66~6~7E+OO 
0 .3~11064000F-OO 

Indiana, west, state plane constants: 
see lines 4 and 5 from input data 
listing above) 

STATE PLANE,GEOCENTPJC,OP UT~ INPUT COO Pl)JNATES 

?001 . 6540 7170E+06 . 7456~147E+Ot . 20010000E +04 
200' . 6540 77.70E +0 6 .7456~247E+06 . 20020000E +04 
2003 . 6 c407?70E+O~ .7456~14 7E+Ot .200'.'000 CE +0 4 
2004 . 6 c4 0 7470E+O~ .7456~447E+06 . 20040000E + 04 
2oos . 65407570E +06 .7456~54 7F+O~ . 2oosooooE +o4 

( in feet ) 

SEC ANT PL ANF 

?001 
?00' 
20Q'l 
2004 
?OO'i 

COOPO INAT F OU TPUT 

• ?S83f?1',2E+ 0 4 
. 399'\Q4?0f +0 4 
.?9R4 2 4"16E+04 
• 3984~564f +0 4 
• 3 9 8 4 e 6 '\ 1 F +O 4 

in meters 
.14110 252E +04 
. 14'l 'B294E +0 4 
• l4'\'l6 316E +04 
• !4'l'\Q34 8E +04 
.1 4'l423€0E+04 

.15788'\91E +04 

.1s10143.,i:+o4 

.1. 570448?E+04 
• l 5H7~271:+04 
.1580057'E+ 04 

PPOGPAM PUN TJ~E WAS 0 . 8t SECONnS 
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r 
IN PUT 

T~ST DATA FOR ALASKA ZONE 1 TO GEOGRAPH I C POSITION TRA NSFORMATION 
3 12 
4uo1+ . 3 12 4 2 4 10E+ 07 + . 103573 1 7E +07 + . 10010000E +04 
4002+ . 312424 20E +07 + . 10357317E+07 + . l0020000E +04 
4003+ . 312424 30E +07+ . 10357337E+07 + . 10030000E+04 
4004 + . 3 1 24 2440E+07+ . 1035734 7E +07 + . 10040000E +04 
4 005+. 3 1 24 24 50E +07+ . l0357357E +07 + . l0050000E +04 

OUTPUT 

TE S T OATA Fn~ ALA SKA znNF 1 Tr GFrhPAPHI C POS TTl 'lN TRANS FOPMATJON 

. '> 17~?064F+0 7 

~ FI NAL SY STEM = l? 

<; TAT F PLA NE , GEO CP Hl1Jr , '1 P UH' I NPUT c noP OI NAT ES ( i n feet ) 

400 1 . •1 ? 42 41 0 F+ o 1 .1 015 1111F+o 1 .1 001ooo nE +0 4 
40"' • 11 ?4 2 4?n~ + C7 . 103 c;p1 7F +n 7 . 1 0 02000"F+ Q4 
400 1 • 1 1?424 30E +('7 .10 1"iP17E+l) 7 .1 0030 0 C'CI E+0 4 
41'\04 ,"l 1 ? 42 44f\C+(\7 . 10) 57147F+07 .1 0040 000F+ (l4 
40 "" . -:11 ? 4~4 "i0~ + c1 . !~3~71 5 7E+ " 7 . 1 0C50000F+fl4 

GEOGR APHIC PfJS ITJ 'lN hlllD ELEVATI ON ru TP UT 

40 1") 1 c;4 · ~ 2 . 65 f) 60 - 111 -:i 5 45.55038 
40 ()? c;4 3< ? . ~ C::f,11 - 111 '.I<; 45 , 533 3 0 
400 3 r:;4 ·~ ' . f- 7 5 72 - 1 3 1 1c:: 4 5 . 51 53 P 
400 4 54 '1 9 ~ . '- 85 ?7 - Pl 1" 4 5 .4 <;7 A7 
4nO 5 c;4 3~ ? . 6 C4 83 -' 11 ~5 4 5 . 4 80 3 7 

DP ()G P~M P UN TIM E WA<; 1. 7 t; S EC!lNfJS 
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100 l . 0 0 0 0 0 
!l'\0? . 000110 
101' 3 .'J(\(l f\ 0 

1(104 · """"" l I'll'\<; . ')()()')(' 
(elevations in 
feet) 

1 



INPUT 

TE ST DATA FOR ALASKA ZONE 5 TO UTM TRANSF ORMATI ON 
7 105 
5001+ . 77031 16 1E+06 +. 25208511E+07 +. 1oolOOOOE+04 
5002+ . 7703 126 1E+06+ . 25208521E +07 + . l0020000E +0 4 
5003+ . 77031361E+06 +. 25208531E +07 +. 10030000E+0 4 
5004 + . 77031 4 61E + 06+ . 2520854 1E +07+ . 1004000 0E+0 4 
5005+ . 7703156 1E+06+ . 25208551E +U7 +. 10050000E +0 4 

OUTPUT 

TEST DATA FnR ALASKA znNE 5 TO UTM Tl< ANSFO R,..AT!C~ 

FCCEN TR! C!TY = . 67fq6580E- 02 MAJ OP SEM l-DIA,.. ETF R 

n PI G I~ AL S Y~T~,.. = 7 FINAL SYSTEM = 105 

. 1,3 78206 4 F. +07 

STATF PLA NF,G EOCE NTF I C,01< UT,.. INPU T COOP DI NATES ( in feet ) 

500 1 . 77031161E +06 . ?520e~ l1E+07 . 1 0010000E +04 
5002 .7703 1?6!E +06 . 2520E5~ 1E + 0 7 .10020000F +04 
~o o ~ .1 103 11c1E +06 · '5ZOB~? 1 ~ + 0 1 .1 0010000E +04 
5004 . 77C314 6! E+Ci<, . 2520E ~4l E + 0 7 .1 00 40000~ + 04 
5005 . 7703156!E + O~ . 25208551E +07 .l 0050 000E+04 

~TAT E PLANE, GEOCE NTPIC , OR Vl "' OUTPUT COOPD I NA TFS 

5001 .5 2P0 9864F +06 .67 505e93E +07 .l 0010000E +04 
5002 . 52e0 9P 95E +06 .i<,75 0 ~A96E +07 .10020000 E+0 4 
500~ .5 2A0992 6E +06 . 67505899E +0 7 . 10030000F +04 
5~C4 .5 28090~7E +06 . 6 75 05902E + 0 7 .1 00 40000E +04 
5005 . 5 28090PAE +06 . 6750590 5E+0 7 .1 Q050000E+04 

PP OG PAM PUN T!~E WA S l . 6 1 SECONOS 
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X a nd Y in meters; 
Z in feet ) 
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j:. 
I 
I 

I 
I'. 
i 

INPUT 

TEST DATA FOR LAMBE RT !NO . CAROLINA! TO GEOCENTRIC TRANSFORMATION 
2 14 

+ . 2000000000E+07+ . 28 44UOOOOOE+06+ . 296370?947 E+O b+ . 301836 11 25E+ Ob+ . 9998725510E+OO 
+ . 5771707700E+00+ . 2106000000E +04 + . ? 160353000E+0 2+ . 381 4 800000E +Ol+ . 32248 3QOOOE+Ol 
+ . ooooooooooE +OO 

3001+ . 19520618E+07+ . 64 461186E+06+ . lOOl0714[ +0 4 
3002+ . 19520628E+07+ . 64461 286E+06 + . 10020714E +0 4 
3003+ . 19520638E+07+ . 64461 386E+0 6+ . 10030714E+0 4 
3u04+ . 19520648E+07+ . 6 4461486E +06+. 100 407 14E+04 
3005+ . 19520658E+07+ . 644615~6E+06+ . 10050714E+04 1 

OUTPUT 

TFS T DATA FO~ LA~ PFP T (NO. CAP OLI NAI TO GEOCENTP I I. TPA~S FOPMATI ON 

ECCFN TRI(fTY = . 6 7696580E - 02 MhJ OP SE MI- DIAM ETER = . 63 7 8?064 F+07 

O R I G I~AL SYSTEM = ? FI NAL SYSTFM = 14 

STAT E PLANE cnNS TA NTS 

0 . '00 0000000 E+07 
0 .?844000000E +06 
o . ?9 63 705947E +oe 
') . 101 P3t-l ! 25F +('8 
o . 9oop 12551 0E +OO 
0 . 5771 707700E +OO 
0 . 2 1060 00000 E+04 
0 .51 A03 53000E +02 
0 .3 814AOOOOOE +Ol 
0 • 3 2 2 4 A 30 0 0 0 E + 0 l 

. OOOOOOOOOOE 0 0 

State plane constants f or North Carolina ; 
see l i ne s 3, 4 ,and 5 from input data listing a bove ) 

S HTE PLANF, GEOCENTP I C, OP UH' I NPU T COOPDINATES ( in feet ) 

3001 . 19czo6 1AE +07 . 64 46 11 86E +Ot .1 0010714 E+04 
3002 .1 Qc206? 8 E+0 7 . 6446 1286E+06 .1 0020714 E+04 
3001 .t 9c20638E +07 .6446 13R6E +06 .10030 714 E+04 
1004 . lo520648E +07 . 6 446 14 86E +06 .1 0040714F +04 
3005 . 1oc 20658E +07 . 6 4461586E +OA .1 00 50714 E+C4 

S UT E PLAN E, GEOCENTP I C, OR UT M OU TPUT COOPD I NATE('. ( in me ters ) 

300 1 . o7 7 365 11 E+0 6- . 5104t971 E+0 7 . 3t850638F+07 
1 02 . o 77 36542E +0~-. 5 1 04t972E+ 0 7 . 3685064 3E +0 7 
1001 • 0 ~73657 1E + OS-. 5 1 0 4t972E + 07 . 36850647 E+07 
3004 . 9 77366C 4 E +0~-. 5 1 04t97?E +0 7 . 3685065 1F+0 7 
300 ~ . o 77 36635E +C6-.5 10 4t972E+C7 . 36850655E +07 

PRQG P AM PUN TlM E WAS 2 . 0 ~ SE CONDS 
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INPUT 

TEST DATA FOR LAMBERT(FLA . NORTHl TO TRANS MER C (FLA . EAST> TRANSFORMATION 
2 1 

+ . 2000000000E+07+ . 3042000000E+06+ . 3603044 305E+08+ . 364 5 4 92453E+0~+ . 9999484343E+OO 
+ . 5025259000E+00+ . 1802000000E+04 + . 26ll70lOOOE+02 + . 381 8980000E+Ql + . 26564 3000QE+ol 
+ . OOOUUUOUOO E+OO 

7001+ . 2700C010E+C7+ . 4Q000100E + 06 + . 10010000E+0 4 
7002+ . 27000020E+07+ . 4Q000200E +06 + . 10020000E +0 4 
7003+ . 27000030E+07+ . 40000300E+06+ . l0030000E+04 
7004+ . 27000040E+07+ . 40000400E+06+ . 10040000E+04 
7005+. 27000050E+07+ . 4 0000500E +06+ . 10050000E+04 1 

+ . 5000000000E+06+ . 2916UOOOOOE+u6+ .14 53000000E+04+. 2609287000 E+ Ol+ . 99994ll765E+OO 
+ . 382 1090000E +OO 

OUTPUT 

TEST DATA FOP LAM REPT ( FLA . NCPTH I Tn TRAN S MFP C (FLA. EAST ) TFANSF OP~AT i nN 

FCCFNTPTCTTY = . 6 76865POE-02 MAJOP SE Ml- O IA~FTF R • 6 3 78 ?0 64f +O 7 

riPtG JNAL SYSTEM ? FINAL S Y S TE~ = 1 

STATE PLA~F CONSTANT S 

0 . 2000000000 E+0 7 
0 .30 4 2000000E+0 6 
0 . 360,0 44,05F +08 
0 . 36454q2 4 53E +0 8 
o .qoo c; 4 ~4 343E+OO 
0 . 5025259000E+OO 
0 .1 BO?OOOOOOE+04 

Florida, North, &tate plane c onstants; see lines 
3, 4, and 5 from input data listing above ) 

O. ?61 l701000E+O? 
0. 3'3113980000E +01 
0 . 265(:430000E +Ol 

.OOOOOOOOOOE 00 

STATF PL ANF , GEOCENTPJC,OP U T~ I NPU T 

7001 • 2700001 OE +07 .40000100E+O~ 
700? . 2 70000?0 E+07 . 40000200F+06 
7003 . ? 7000030E +07 . 48000,00E +06 
7004 .Z 7000040 E+07 .4 000400!: +0!, 
7005 . 2 70Q0050 F+07 • 40000500E +Of. 

COOP DJ M TES in feet ) 
• 10010000F+04 
. 10020000!:+04 
• l 00 30000E + 04 
.10040000E+04 
.10050000E+04 

STATF PLANE CONSTANTS 

0 . 5000000008E+06 
0.291 600000 E+06 
0 .1 45,000000E+0 4 
O. 260 <;2fl7000 E+0 2 
o.oo~C4}1765E+OO 
0.3 ~2 10 90000E-OO 

Florida, East, state plane cons tanta; see lines 
11 and 12 from input data l isting above ) 

STATE PLANE , GEOCENTP J C, OP UTM OU TPUT COOP DI NATF5 

700 1 . 93024500F+05 . ?0°tfe45E +07 .10010000E +04 
7002 .O'lQ25530F +05 . 2091fP~5E + 07 . 100200QQF +Q4 
7003 . o302 S561E +0 5 . 289 1f86 4F+07 . 100~0000E+04 
7004 . o30275C!E +05 . ? qlf8 74E+07 . 10040000~ + 04 
7005 . 0?02Rf21F +0 5 . zoq1(:8A4E +07 . l0050000f +04 

PPOGPAM PUN TIME WAS 2.7E SE CONOS 
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No. 26. Instrumented Telemetering Deep Sea Buoys. H. W. Straub, J.M. Arthaber, 

A. L. Copeland, and D. T . Theodore, June 1965 ............................. ... .. 
No. 27. Survey of the Boundary Between Arizona and California. Lansing G. 

Simmons, August 1965 . . .......... ... . . .... ...... . . . ...... ............ . .............. . . .. 
No. 28. Marine Geology of the Northeastern Gulf of Maine. R. J, Malloy and 

R. N. Harbison, February 1966 .... . . ........ ... ......... ......... . .. ... . .. ... . .. . .. ... . 
No. 29. Three-Photo Aerotriangulation. M. Keller and G. C. Tewinkel, 

February 1966 .... . . ... . ..... . .. . ... ... ...... . . .... .. .. ... . ..... . ... ... ...... ....... .. ... . .. . 
No. 30. Cable Length Determinations for Deep-Sea Oceanographic Operations. 

Capt. Robert C. Darling, June 1966 ... .... .. . .... .. . . ....... .... .......... . ... ... ... . . . 
No. 31. The Automatic Standard Magnetic Observatory. L. R. Alldredge and 

l. Saldukas , June 1966 . .... ......... .. .... . .... . ... ... . .. ...... ..... . . .. .. .. ... .. . ..... .. . 

ESS . .\ TECH'\' IC.\I. HEPORT S C&GS 

No. 32. Space Resection in Photogrammetry. M. Ke ller and G. C. Tewinkel 

Price 

10¢ 

45¢ 

25¢ 
15¢ 

10¢ 

15¢ 

40¢ 

10¢ 

20¢ 

20¢ 
20¢ 

30¢ 

20¢ 

30¢ 
20¢ 

15¢ 

25¢ 

55¢ 

$1. 25 

35¢ 

10¢ 

25¢ 

September 1966.. ... . . . . .... ... .. .. . . .... .... .. .. . ... ... . . .. ... . .. . .... ...... . .... .. .. .. . .. .. 15¢ 
No. 33. The Tusunami of March 28, 1964, as Recorded a t Tide Stations. 

M. G. Spae th and S. C. Berkman, July 1967 .. .. .. .. . .. . .. . .. . .. .. ... ... .. .. ... .. . . . 50¢ 


