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Abstract
A set of procedures for performing 1Y common cartographic
transformations between geographic and cartesian coordinate sve-
tens are presented along with instruction for usage. installation
and testing results. These procedures are written in the RATFOR
preprocessor  language and effort was made to  enswe  transport-
f

ablility of the code as well as consistency and flexibility of

LUSEC) 62 o

Dimclalmer

Al though these procedures have been subiect to many tests
and considerable usage, & warrantee on propesre functioning is

neither implied nor expressed.



Introduction

The original purpose of developing this software was for a
map graphics syvstem which reguires a set of procedures which will
transtorm {or "project") geographic coordinates into the carte-

ian system required by graphic devices. The effort to design a

0

comprehensive and flexible set of projections is a very substan-
tial task which was facilitated by recent efforts of Snvder
{1982y in providing mathematical development of many common pro-

jections and A. Elassal’s (personal communications) set of  FlkR-

FAaN procedures.

Because bthe source language for the MAPGEN svstem is RATFOR
(Kernighan and FPlauger, 1976 1t was necessary, for consistencv,
Lo rewrite the original code kindly provided by A, Elassal.
Although & gresat deal of the effort could be performed with
global editing functions, additional manual editing was re-—

guired in  order to restructuwe the code and remove nonstandard

FORTRAN constructs. At ter conversion, cross checks were  made
between runs of each version. Al though the inverse projections

are not involwved in the MAPGEN regquirements, they are included in
the conversion as they may prove useful in other applications and
provide & convenient cross check (errors in one process will show
up  wien  the inverse process does not reproduce the original
inpuil) . When secondary sources of projection data were availa-—

phle, performance of the projection routines wes cross checked

with these data.



Cuwrrently, 19 projections have been included in this reportl

- Universal Transverse Mercatar UTHM,
- fAlber's conic equal area,
Lambert contormal conio,
- Mercatoer,
- Folar stereographioc,
= Folvoonic,
= Eguidistant Donio,
07 - Transverse mercator,
14 -~ Btereographic,
il ~ Lambert azimuthal egual-area,

2 = Azimuthal equidistant.

I = GBnomonic,

i4 — Orthographioc,

LS o~ General vertical near-sided perspective,
i& — Sipusoidal,

17 — Eguirectangular.,

18 ~ Miller Cvlindrical,

19 ~ Yan Der Grinten I, and

20 - Obligue mercator.

+

Beoause the FORTRAN{(&E) didentifier length limitation of six

0

)
characters, no attempt was made to employ  acronymic procedure
names  related to the projection names. Instead, the arbitrary

numbers  listed above are emploved when referring to a particular

projechion.

This report presents bthe programmatic aspects of wusing the

projection  procedures and implementation recommendations. The

cartographil o spects of usage are inappropriate in this report.

Mapping {(Greenhood, 1944 is an excellent reference for a lay-

man’s  overview of cartography, and Snyder {1982 provides a

more detalled discussion of the projections.

All of the sowce code discussed in this paper 1z also

available on magnebtic tape media (see Appendix G).

-y
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Each  of

fining attributes of

radius, +alse sasting

msamne  preliminary calculati

made in arder

widest flexibility of usage,

constants  are stored in

ment in each procedure call.

i

st e

Appendix A summarizes

constants array for each of

After these abttributes

locations in the constants

for the selected projection

LR

integer err, sebt XX
FREC consts (MAXCONSTS)

ot

the projection procedures has several

the particular projection

and northing,

to eliminate v

& real array

the responsibility of the

the initialization reguirements

edure usacge.

elements  de-

{e.g. spheroid

etc.? and, in most cases,

ons based on these parameters can  be

edundant processing. To preserve the

these parameters and any preliminary

that is passed as an  argu-—

The definition of projection attri-

external calling program.

af the

the projections.

have been assianed to the appropriate

array, the initialization procedure

i executed as follows:

asaignments

. ww # constant
aerr = mel XX{consts)

The upper case ldentifiers

CASE, THYT would have

projection numbers (e.g. de

of the other macros will

zation as waell a

procedure

integer {functions where the

for successful execubtion or

(g and ERR

been previously defined as one
fine (X
bee made

w5 bthe projection procedures

are standard RATFOR macros).

alwavs denote macros, and in  this

ot  the

W

Ao QL) For UTH). A discussion

iater. MNote that the initiali-—

all

returned value will either be 0K

TERRT O 1F an error is detected {(bhath

In the latter case, a



call iz made to "remark’ with a one line description of the

- 8N4
[ e ]

IS

Either the forward 9Ffor’ identifier prefix? or inverse
(invt prefind transformation procedure can now be executed:

(3

P

integer err, for XX, inv XX
FRET consts (MAXCONSTS), lam in, lam out, phi in, phi out,
®*oin, x oout, v oin, v out

ery = for KX {lam in., phi in, ® out, v out, consts)

% = n &

ary o= odiny XX in, ving, lam out, phi out. consts)

The *lam™ and "phi’ identifier prefixs are respective longiltude
and latitude geographic coordinates in radians. Tdentitiers pre-

fived with "27 and v are the cartesian coordinates whose units

are detined by the initialization of the “consts”™ array. The

suffixes "in’ and "out? denote the input and output value usages.
Implementation and installation

The projection procedures adhere as closzsely as possible to
FATFOR  and FORTRAN (&S standards and Lo structuwred programming
techni ques. Depending  upon local RATFOR implementations, the
soUrces  may require a preliminary pass through the “macro’ toal
since  the “define’ statements employ many of the operations  not
aften considered part of the RATFOR “define’. Iin addition {odute:
to local system reguirements), the continuation character for
arithmetic statements spanning multiple lines i a "% character
rathar than the normal underscore. Hince 47 is not wsed in any
other context in the sowce code, 1t can be readily corrected by

a single global edit replacement.



Sowrce material is divided into three filesi 1 Appendisx B,
containing  common macro definitions, 2 Appendix C, containing
the projection code, and 3 Appendix D, containing the library of
support  routines called by the projection  programs. Each pro-
jections  is subarchived into a guartet of files: fabtr X7 which

and other macros

contains structure macro deftinitions of

b3 s "

unigues to the proiection, and TsebX X", “ForXX?, and TinvXXT. Any
external reterences made by procedures in Appendix B that are not
resolved by the procedures in Appendix O are standard FORTRAN(&&)
intrinsic or RATFOR tool procedures. G111 variables and functions
are declared as either "integer® or "FPRECY and all real constants
are  either coded as "C7 macro arguments (for rational values) or

oy o

chvious macro names (ie.  FPIL, HALFFD) for irrational values. For

readability, the data contained in the “consts’ array are refer-
red to by appropriate symbols and mapped to  the actual array

location with macros. In addition, all intrinsic functions are

defined with macros {(e.g., SERT, LOGE, etc.?). Macro svebols not

evpressly defined are standard RATFOR svmbols.

To maintain the precision designed into the projection pro-
cadures, 10 is neccesary to employ hardware with at least 40 bits
of mantissa precision. For the preponderance of computer hard-
ware systemns, the macro "EXPLETY (Appendix B) must be defined as
G to perform appropriate “double precision® expansion of the
ST O, Chviouslv. for machines with large mantissas, single
precision or Treal’ can be emploved.

A progeam  Gappendix F)oto inidtialize, and to forward  and

inverse project swach of the projections, generated at least one



Ypenchmark”  table of transformation values for each projection
{Appendix B . Such @ program shouwld be written for  each new
destination machine to verity the performance of the projection

mofhware.

Iy many cases, the accuracy of these projections edxcoeads

)

precision reguirements and a single precision {a mantissa with 2
o 28 bits) version could be emploved. However ., appropriate
alteration of several macros (notably EFSILONIG, atc.) may need

to be made with single precision selection. Most projections

appear to have no problem with precision reduction, however, the

acouracy of the implimentation must be carefully verified.

Conclusions

Al though  this software was originally modified and rede—
signed for  a graphics system, the results can be of general
interest bDbecawse of thelr modularity and attention to machine
independence. This ahouid facilitate the user’s efforts to ex-
tract, @i panc, or medify Lhe code for inclusion in obther appli-
cations tasks, Use of the RATFOR preprocessor also provides a
convenient mechanism for btransliation into other programing  1an-

guages such as "C7 or Fascal.
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Appendix &

E - Radius of reference sphere (see notel.
4 -~ First standard parallel of conic {(radianms).
5 - Second standard parallel of conic (radians).
&~ Central meridian of projection (radians).
7~ Central paraliel of projection {(radians?.
82 - False eastbting (see nobe)d.
2 -~ rFalse northing (see note’.
10 = Longitude directed down below pole of map (radians).
11 o~ latitude of true scale {(radians).
2 -~ Seale factor alt central meridian (unitless).
1% ~ Longitude of any point in UTM zone {(radians).
14 — Latitude of any point in UTHM zone (radians).
- @Azimuth of central line of projection (radians).
Measwed clockwise from Morth.
id - Longitude of point on central line where 135 is measuwred
Cracdi ansl .
Longitude of first point on central line of projection
(radians? .
Latitude of first point on central line of projection
{radians).
19 - Longitude of second peoint on central line of projection
{(radians).
20 -~ jLatitude of second point on central line of projection
{(radians).
21 - Option select = O
BE - Uption select <> O
23 = Height of perspective point above sphere (see notel.

.

24~ Seale factor at center of projection (unitless).

Teat
i
H

fote
[ §]
B
i

Notel these wnits must be consistent normally meters) and
determine the units of the projection cartesian coordinates.

e



Appendix B

The +ollowing is a listing of the macro symbols reguired for
FATFOR preprocessing of all projection and support library proce-—

dures. Any changes should be made with care and understanding.

# mvmbol file for map projection software

#

#  set precision for routines

fFclef i ne (EXFLET, @l # single precision

define (EXFLET, gy # double precision

H

#  precision declaration

define{PREC, lifel se(EXPLET . d,double precision ,real 31

#

# constants “functiont

gleat i e (I, £1 EXPLET O)

i

# o dntrinsic functions

define (SURBEXF, lifel se(EXFLET d.d, } 13

detine (GERT, SUBEXPF sgri Difelsed$l, ., ($1131) # sguare root
detine (CO5, SUBEXF cos [itelse($l,,, ($#1)71) # cosine
define (SIN, SUBEXPF sin [ifelse($i,,, (8111 # sine

detine (EXF, SUBEXF exup lifelse($l,,, (1)1 # e ¥ arg
dedine (TAN, SURBREXF tan [itelse($l... (81031 # Langent
define (ABE, SUBEXF abs ixf@lac(%i.,,(%i))ﬁ) # absolute
detine (SIGN, SUBEXF sign lifelse($l,,. (81, 231 # =iagn
define (ATAN, SUBEXF atan Lifelse($l,,, (21231 # arc tangent
# ara tangent {argl 7 arg&)
detine (ATANZ, SUBEXF atan? litelsed$i,., (31, $233 1

# natuwral logeithm

cetine (LOG, ifelse{EXPLET, d,dlog,alog D ifelsel($l,,, (1)) 1)
#

#H o common irrational constants

define (HALFPFI,C U1 5707953267 9248%904) )
d@ﬁlneaFUh1ti;Lxu.!6q$%81mi P A
define (FI, E(ﬁ.l@lﬁqﬁ&wWSQQ?Q
dedine (THWORL, C(A4. 283182071 7958647869 3

#

¥ tolerances

detine (TOLY, L EXPFLET -7

define (TOLE, 1 EXPLET -3

define (EFSILONLICO, 1 EXPLET -1

#

# current maximum reguired size of "consts?
define (MAXCONSTS, 28)

#

# other useful constants...

deftine (RADTODEG. C(57.,2957 ! 2 OET76EY)
define (DEGTORAD, C.0174 SEE9E 91994 22957 é@))
defin@(&DLﬁhhoa, Did E78 Z206.400




fAppendix B

detine (ESCLARKE&S, L0086 7HE &538))

define (REFHERE, CUHE7QE7Y) )

#

# common structuwre definitions for "consts"

defineia, consts( 1)) # semi-major axis of ellipsoid or
# radius of sphere of reference

detine{es, consts{ 23 # ellipsoid eccentricity squared

definel{liont, constsd 9 # central meridian

define{latd, consts( &3) ¥ central parallel

clead ime (0, conats! 71} # talse eastine

def ine (v, cansts{ 811 # {false northing




fAppendix

The Ffollowing is a listing of the projection procedures
archive file. Each projection is subarchived into its  “strXd®,
Tmet XX, TforX AT, and  TinviEXT sections for respective  uanigue
MECI 0%, initialization, Fforward and inverse projection proce-—
el e, It is recommended that the preojections be split into
their respective Ffiles before compilation so that macros of a
previous projection cannot adversely atfect subsegquent projec—
tions. Obviously, the projections must be concatenated to the

end of the macro file (Appendix B) prior to compilation.

Contents Fage

- Liniversal Transverse Mercator UTH) -
= Alber s conic equal area

- lambert conformal conic

- Mercator

- Folar stereographic

- FPolvcoconic

- Eguidistant Conic

- Transverse mercator

-~ Stereographic

] - Lambert azimuthal egual-area

prild — Azimuthal eguidistant

pril? — Gnomonic

priid — Orthographic

prild - General vertical near-sided perspective
prilé — Binusoidal

pril?7 - Egquirectangular

prilg —~ Miller Cylindrical

pril? — Van Der Grinten I

proi@2d — Obligque mercator




-ty PRJIGL L
#H-h- GTROL 2
# striol ~ universal transverse mercator -

Appendix C

HEE asc FRI., 4 FEBR., 1983 9526
O oasc TUE., 11 JAN. ., 19383 iqz"lsih 9
Cructure

A -~ memi-major axis
(XS — eccentricity squared
lond  — central meridian
latd -~ central parallel

# local constanbs

d9+1nuflw0, consts{ )

r\\

1w - false aa%tihq
v -~ false northing

H-h- BETOL 584 asc TUE., 11 JAN., 198% 14:31:11.94

#

setdl ~ universal transverse mercator — inittialization

integer function setdl {consts)
integer mad, zone, setO?
FREC consts (ARE}

zone = (lond # 015/ HALFPILD)
zone = modizone + 20 ., &0)
it (lonG L= {00))
Zone = zone + 1
it lzone o Q)
zone = zone + &0
@lese i+ {(zone == 0O}
zone = |
LonG = (& % zone — 183 # HALFFI 7 C{90)
ks = D{0.9998)

H

wido= D{ED0O0O00)
if {latd < COr)
wid om0 O000000)
el se
wid o= 2{0)
lato = (0
metil = setid%{consts)

return
e

- FORGL 247 asc TUE., 11 JAN., 1983 14031013027

#

Fforol - universal transverse mercator — forward

integer function fordli{lamin, phiin, xout, yvoult, consts)
FREC lamin, phiin, x2out, yvoubt, consts (ARE)
integer foro9

fordl = for0f{lamin, phiin, sout, yvout, consts)

return
end



Appendix

- TRVOL 2468 asc TUE., 11 JAN., 1983 14:31:14.41

#invol ~ universal transverse mercator -~ inverse
integer function involixin, vin, lamout, phiout, consts)
integer invo?

consts (AREBY, xin. vin, lamout, phiocut

invol = invd%{xin, vin, lamout, phiout., consts)

Frefurn
end



Appendix O

¥

8z

N

i d,
11:8

FRJIOE 2998 asc THU., 3 FER., 198X
BTROZ 79% asc MON., 10 JAN., 1983
Alher’s Egqual Area — structure

H—h—
iy
# stril

4
a AR
# dvt

# a - gemi-major axis

# =3 - geecentricity sguared
# lond - central meridian

# latd - central parallel

# HO - false easting

# WO - false northin

definellatl, consts( 3
deftine{latl, consts( 4
# local constants

deftine (e, consta( 9
define{ns, consts (10
define{c, consts (11
define (rhi, consts (127
deftine (TOLY, I EXFLET -7

e
i

o
3
}

s
2

J
)

D

2
&

LOr B8 36,
initializat

SETOGI 10
st O3 alber?
integer function setOd {consts)
FREC consts (AREBY) ., con, cosphi,
mesl, msd, msfnO, gs0, gzl,

JAM. ., 1983
AP

by
#

287 asc MON. .,

- o

ped

ARS,
gsa,

s08.
gafnd,

SIN,

=

"

o~y
e

EFSILONLIO)
lat parallel

(ABE (latl + lat i
call remark ("s03:

s@t ERR

it

@lese {
@ o= GBERT (es)

= GINlatis

sinphi

COsdlatl)

msl = matnlie, sinphi,

gal = gsfnie, sinphi,

sirnphi SiN{lata)

cosphi COs(Latid

mEE = nsfnd{e, sinphi, cosphi’

s = qgsfnd{e, sinphi, cosphi)
guefntie, SIN{(1atG), COB(latl)

Si{latl latd) EFSILONLO)

St

sinphi
con =
cosphi

cosphi )
cosphil

(AE

s = Con
el se
o= Imsl o ® omal - omsld % omsd) S {gsd -~

ms1
@A

-
rhG
setol

“,
B

* msl + ns ® ogs
# SERT (o — ns % gs0)
[H]

""" Jons

il

return
end

#--h— FOROD 438 asc MON., 10 JAN. ., 1983 10:59:135%.9

C-4

}o# st standard parallel
# Znd standard parallel

{(radian?
{r-adian?

bl

Lal

10

BERT,
inphi

- dZnd parallel.™)

oy

Va
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Appendix

fordd - alber’s conical egqual area — forward

integer fuwnction for0dddamin, phiin, 2out., yvoul, consts)
FREC lamin, phiin, xout, vout, consts (ARE)

FREC  adilG, 8IM, COE, SORT, gzfnd, rh, theta

rhvo= oa % SERT{(c - ns # gsfndde, SINphiind,
COS{phiinid) 7/ ns

theta = ns % adjloddamin — lonOd

wout = x®0 4+ prho % SIN{theta)

voult = v + ¢rh -~ i # CO05(theta)

foroX = Ok

Freturn
erdd

H-pbi— TRHVODE 880 asc MON., 10 JAN., 1982 1015R:50,03
HinvOod ~ alber’s conical egual area — inverse

integer function invoX{xin., vin, lamout, phiout, consts)

FRED win, vin, lamout, phiout, consts (ARE)

FREC  adjld, AES, ATANZ, CO&, LOG, SIGN, 8IN, BORT., phild,
gs. rh, theta, x, v

integer err

@y = (K
Moo= oxin - w0
vy o= o rhO - vin 4+ vO
rih = SIGHN{SORT(x % o 4+ v % v} , nsi
if Gk e GO0 L
gs = SIGN{C{L), nal
theta = ATANZ(gs ¥ x, gs # v)
el se
theta = C{G)
ges = (¢ ~ ( rh % ng /F a )} #% 2) 7 ns
it (e = TOLT)
if ({ARS(O C{lL
/Ay + e
phiout = philOl
else
phiout SIGMHALFFT o gz

u po% LOGC(CILY —~ &)y U
Yo/ el — ABS{gs)) F TOLTS

i

el se

phiout = phild{e, qs, err)
lamout = adjlO{theta / ns + lond)
irnmvO®d = arp

return
eand



pendix O

-ty FPRJIOG ) v THU. 4
#H~-h—- BTRO4 BO4 asc MON.,
# wtrod Lambert Contormal

] & - SEMiMmAaior AMis
534 - eccentricity

lond - central

3k H o4k 3k oF

1)

433

consts
conste(
:tanta
consts{ 217
consts (10 )
consts {11}
consts (123

dw+1nexldL3
define{lat
# local con
detine e,
detine{ns,
define (£,
define{rhi,

G2

Bty
# o

BETO4
et 14
integer

MON.

800

FREC consts (GREB), con,
msl, msd, ma%n@,

(ARS{latl + latd:d
call remark ("s04;
wet 04 ERR

if

"
elass |
@ = LHURT (es)
sinphi = SIN{latl)
won = sinphi
cosphi = COS(latl)
mal o= msfniiae,
tsl = tafnd{e,
sinphi = SIN{lalL)
cosphi = COB{(lat
med = omEt e,

ted = tsfnile,

it (ABS{(latl — lats
ne = Con

el se

LOG {msl 7

s
f = ms 4

rd
Fih o= oam % %
setdd = 0K
3
return

end

18

10
lambert conformal conic
function setid4{consts)

sinphi,

s5inphi .
latl,

sinphi,

lé':\t;:u

:,\

{ns ®* tsl =%
tafno (e,

.
Fen 7
s LS s T2

e w3l w ala

1983
1983
atructure

21
74

A OFEB..
JAM.
Comnic

souared
meridian

Tatd - central parallel
s (1 — false sasting
v - false northing

{radian)
{(radian}

# lst standard parallel
# Znd standard parallel

”“:1!3
-t

Pl B e
ull.&...h..

1983
initialization

JAN. ,

AES,
tsl,

COs, BIN,

; SERT .
tsd, tsfno

cosphi, LOG,

FSILONLIGY {
lst parallel =

Z2nd parallel.™)

cosphi )
=sinphi)

cosphil
sinphi)
EFSTLONLIO)

oy

SOLOGEEsl S bell

e

TatO, SIN{Ilatdl) ==

e



Appendix O

Hbh- FORGOA &47% asc MON., 10 JAN. ., 1983 13:546:31.04

# fordod — lambert contormal conic -~ forward
integer function forGd{lamin. phiin, xout, voubt, consts)
FREDT  lamin, phiin, @out, voub, consts (ARE)
FRED  adildG, ABS, CO8, SiM, SGRT, rih, theta, tsfnd

For 04 = 0K
if (ABS(ABS (phiiny — HALFFI
it (phiin % ns <= C0);}
forGd = ERR
call error{("f04: lat ™= pi/Z.
3

@l ae
iy o= O

L= ERFSTLONIGY £

'_}.
@l se
rho= oa o ® Fo# baefnlle, phiin. B8iN{phiin)) #% neg
theta = ns % adjlG{lamin — lonO)
sout = w0 + rho® BIN(thetal
vout = vO 4+ yrhd - rh ¥ COSd(theta)

return
end

H-h— INVO4 644 asmc MON., 10 JaN., 1983 1315875 19.320
Hinvod — lambert conformal conic -~ inverse
integer function invOdixin, vin, lamout, phiout, consts)
FREDC xin, yvin, lamout, phiouwt, consts (GRE)
FREC adilO, ATANE, 208, 516N, SIN, SERT. phil2G, rih,
theta, @, v, con
integer ery

e = Gk

¥oO= oHin o W

vo= oprhO - owin + y0
rho= SIEN(BORT (x % x +
i by e DGy 4

con = SIENICLY, ns)

.
ATANZ2 (con #

<
*
<
i

theta = My Ccon # v
ks

el se
theta
iF by == 00 & ons
phiout = - HALFFI
@] e
phicout = phi20le, (rh / (a # F3¥) = (2(1) / ns) ., erv)
Tamout = adilO{theta 7 ns + lonO}
invod = eryr

§i
[
JEE )

C(Ors

rreturn
e




Appendix ©

~r

b PRJIOS 1537 asc WED., 2 FEBE., 1982 11:3012.77
#H-h— STROS 357 asc PMON., 10 JAN., 19282 15:322:017.94
strOd — mercator ~ structure

a —~ seml-majior axis

@ - eccentricity squared

lonG - central meridian

latd - central parallel

aN) - talse sasting

vis - false northing
atdditional input
define{latts, consts( &) # parallel of true scale (radian)
H#
# local usage
define (e, consts{ 21}
define (ap, consts (1003

HFHREFFEEHFRE

#—-h- SGETOD 201 asc MON., 10  JAN., 1987 15:23:11.08
# sebOd - mercator

integer function setOS(consts)

FREC  consts ARBY, COS, SIN, SG0RT, msfno

@ = SBURT(es)
ap = a * mefniles, SINdatte), COB{latts))
setOl = OF

return
e

H-h~ FOROD 4559 asc MOMN., 10 JAN., 1983 15:22038.467
# forod — mercator
integer function foroSdlamin, phiin, xout, yvout, consts)
PREC lamin, phiin, xout, vout, consts (ARE)
FREC  adjild, ABRS, LG, SIN, tsfno
if (ABRS (ABS (phiin) — HALFFI) <= EFSILONIG)
call remark {"fO05: lat ™= pi/Z2.")
Fordh = ERR
¥
else {
sout = x0 + oap #® adild{lamin — lond)
voul = y0 - ap % LOG{tsfnGl{e, phiin, SIN{(phiini)}
Forod = Ok

3
<

return
end



Appendix ©

#F-h- INVOD 214 asc MOML., 10 JAN., 1983 15123039.99
#invO0d — mercator
integer function invOS{xin, vin, lamout, phiout, consts?
FRED  win. vine, lamout, phiout, consts (GREB)
FRED  adild, EXF, phiZd
integer ey

eprp o= R

phiout = phi2dde, EXF{{yO — vind /7 apl . errl
Tamout = adilodlond 4+ (xin — 20 /7 ap)d

invod = err

return
end



A

HF-h— FPRJIOS 2165 asc FRILI.L,
H-h-- BTROS 490 asc SAT., 15
# strl0 — polar stereograph
# input requirements?

H a - Semi-majior axis
H (=3 - eccentricity sq
H# lond -~ central meridia
H# s - tal=e easting

H wid - false northing

conasts (0X))
consts (06))
constsl $))

detine (L0,
definel{latts,
detine {check,

#

# local storage
defines (e,

define (fmul,
deftine {isfac,

consts (10))
consts (11
consts (12))
H-h— SETO& 542 asc SAT., 15
# sebdd - polar stereograph
integer function setds(c

FREC consts (ARBY, con,
mafnd, sinphi, ts

matOb Ok

@ SERT (es)

st ac SIGN{C(LY,

Con ARGl atts)

it {check )
sinphi = SIN{(conl
Fmul aftac ¥ a %

con, sinphi)

iTat

&

£
el se

+mul
(check
+mul

asfac ¥ O3
Ceayy
# Fmul

o 2

if

return
end

H--h— FORGE 401 asc SAT., 15
# forod ~ polar stereograph
integer function forddll
FR lamin, phiin, sout
FRED adilO. con, ABRS,

foros = Ok
con = afac % phiin

rho= fmul ® tsfniie,
con =fac

Mout = 20 4+  prh ¥ SIN
yvout = yO -~  h # C08

return
e

Os,

# adilod{lamin

ppendix ©

[T

FEB., 19873 9:28:10.25
JaN. , 198% 14:27:04%9
structures

4
e g

LR

i

uared
n

# wcale factor at pole
# parallel of true scale or pole sign
# g then elee lat.true scale

b

Jdiani. , 1983 14:27:850,467
o ~ inmitialization
onstsl
ABRS, COS,
FrQ

SIN, elfno,

te)

kS
L.

EBS(con — HALFFI) EFSILONLO)

matfnd (e, sinphi, CO8{con)) / tsfnile,

# a /S eldfnOie}

L =
F ettt

JaN. ., 1983%F 1 1.61
forward

phiin, xwout,
consts (ARR)

rhe tsfni

i -
amir,
yout,
SIN,

vout, consts)

#

SIN(cani}
lonOl

Ce
{con?
{eond



#—-h—~ INWVO& 504

#H#invOd — polar
integer funchtion
FREC w=in, yin,
integer err
FREC  adilO,

AGC

ABS .,
v o= mfac * (Min
v o= afac ® (yin
rivo= BERT (x % x
phiout = sfac %
if (rh == GO

lLamout =
el e

Lamout =
invosd = err

return
end

S5AT. .
stereographic -~ inverse
iNvOé (xin,
1 amout,

ATANZ

adjilO{sfac * ATANZ (x

Appendix C

18 1983 14029140.99

JAN. ,

lamout, phiout, consts)

consts (ARE)

Yiri,
phiout,

SORT, phi2o,

e \Y * v)
3

phiZddie, rh 7 ABS(Ffmul) , errd

stac * lond

=y} + lond)

o-11



Appendix L

#-h—- PRJIO7 21461 asc THU., I FEB., 1983 7:10:013.44
#H-h— STRO7 &81 asc MON., 10 JAN., 1983 14:38i11.48

# sbr07 — Polveoonic —~ structure
& ~ BSEMiI-Major axis

=5 - eccentricity sguared
lond - central meridian
latd - central parallel

A - false easting

wid - false northing

# local constants

define (e, consts{ 917
define (e, consts(10})
define (el, consts{il)
definel{el, consts (12))
deftine{mld, consts(13))
define(TOL7, I EXFLET -7)

£ - O 3

H-h— BETO? 280 asc MON., 10 JAN., 1983 14:39:4735.7

# sebt(? - polyconic — initialization
integer function setO7{(consts)
FREC consts(ARB), SGERT, e0fnd, elfnd, e2+no,

e = SERT {eg)

e = elfnlii{es)

al @lfnd{as)

e = e2fn0ies)

mlO = mlfnOled, el, 2, latd
set? = OF

it

return
end

I
!
-
P2

o

mlfro



#-h— FORO7 708 asc MON.,
# Fforo?

H--Fy—
#invO7? -

Appendix C

10 1983 14:038:32.75
- polveconic —~ forward
integer function for0?{lamin,
FREC lamin, phiin, xout, vout,
FREC adjild, con, cosphi, ABRS,
mlfnG, ms, msfn0, sinphi

JAN.
phiin, xout, yout,
consts (ARR?

COS, SIN, SERT, ml.

can = adijldddlamin — lonG}

if (ABS{phiin) <= TOL7) {
rout = w0 + a % con
vout = y0 — a % mlO

@l se I
sinphi = SIN{phiin)
cosphi = CO8(phiin
ml = mifnd{ed, el, 2,
ms = mafnili{e, sinphi,
con = con % sinphi
Hout = 20 + a ® ms *
voubt = yO 4+ a % (ml -
}

fora?7 =

phiin)
cosphi)

SIM{con) / sinphi
mlad + ms * {(C{1y -

Ok

return
end

INVO? &00 asc MON., 10 19RE 1403915, 00
polvconic
integer function
FPREC  xin, vin,
FREC adild, al,

integer err

JAMN. .
Invo7 (xin, vin,
lamout, phiout,
b, . ABS, darsin,

lLamout, phiout,
constas (ARR)
SIMN. phidd, x, v

ery = OF

¥ o= oxin - om0

.}, e Y .l M- \}f\':.

al = mlQ + v / a

it (ARS{al) <= TOLT) {
lamout = x / a + lonQ
phiout = C{0)

i

T,
<
else {
b= al # al + (& /7 a) %% 2

phiout = phid40{es, 0, el, 2, al, b, c, err}

Jamout = adjilO{darsinix * o /7 a) / SIN(phiout)
3.

invo?7 = err

return
end

C-173

CoS{conyy /

constesl

sinphil)

consts)

+ lond)



Appendix ©

#—-h- FRJOE 2684 asc THU., 35 FEB., 1983 7i00146.34
#H-h~ BTROB 9946 asc TUE., 11 JAN., 1983 7156052.484

# wtrod - Eguidistant Conic — structure

¥ - Semi-major axis
@ - wrecentricity squared

lond -~ central meridian
latd - central parallel

o EEF

0 - false easting
yi - false northing
define(latl, conastal 21) # lst standard parallel
detine{latd, consts{ 4)) # 2nd standerd parallel
detine (check, consts{ 91 # mode selection
# local constants
define (e, consts(10))
define (e, consts{(11})
define{el, consts (12))
define e, consts (135))
defineins, consts (14))
defineigl, consts (15) )
define (rh, consts{(i&))

#-h— SETOBR 87& asc TUE., 11 JaN., 1983 7:89:5.91
# set0B —~ equidistant conic — initialization
integer function setOBlconsts)
FREC adill, consts (ARRBY, ARS, COS, S8IM, «Ofno,
mlfrnd, mil, ml2, msl, ms2, msfnd, phi3d

e = SERT{ew)

@ = e0fndl{es)

el = elfndies)

el = edfn0ies)

it (ARSdlatl + lat) < EFSILONLIOY {

call remark {("s08:! lst parallel = - 2Znd parallel.

setid8 = ERR

else {
ns = SIN(latl)
mal = mefndie, ns, COB{latil)
mli = mlfnl{ed, el, 2, latl’
if {check == C{0); &
ns = SIN{latd}
msd = msfndie, ns, COSdatIl)
ml2 = ml+fndiad, «l, e, lat)
if (ABS{latl — latl) = EPSILGNIO)
ns = {msl - ms2) 7/ (ml2 - mli}
gl = mll + msl /7 ns
rht = a % (gl - mlfndied, =1, 2, latdl)
set0B = Ok

¥

return
ernd

C-14

{radian)
(radian)

elftnd,

e@2fnd,

I!)



fAppendix C

#-h- FOROB 274 asc TUE., 11 JAN., 1983 7:13957.3%
# forol - equidistant conic — forward
integer function fordG8ilamin, phiin, xout, vyout,
FREC lamin, phiin, sout, yvout, consts (ARE)
FREC adilG, COS, SIN, ml+fnd, rh, theta

rho=oa % (gl — mlfnOiet, el, e, phiinl)
theta = ns ¥ adjlOdlamin — lond)

dout = x0 + rho# SIN(thetal

voaut = vO + rh0 - rh % CO5(theta?

forogd = Ok

return
erd

#H-h-- TNVOE B33 asc TUE., 11 JAN., 1983 7:5%:8.41
Hinvil — eguidistant conic
integer function invoBixin, vin, lamoui, phiout,
FREC xin, vin, lamout, phiout, consts (ARE)

FREC adjild, ATANZ, SIBN, philG, rih, theba, 2, v,

integer err

@rr = O

®o=m o ogin - HO

v o= o - owin b yO

rho= SIGN(SART(x ¥ w + v ® vi ., nsl

if (b e D00 L
corn = SBIGNCIL), ns)
theta = ATANZ (con * x, con % yi
3.
el se
theta = C(M)
i out phi30igl - rh 7 a, ed, el, e, err)

lamout = adilOo{lond + theta /7 ns)
invol = arr

i

!

return
end

C-15

constes?

con



Appendix C

i
o

- PFRIOY APEE asc FRIL, 4 FER., 1983 9:28:146.472
-~ STROIZ 514 asc TUE., 11 JéN., 1983 13:29:584.01
O] - btransverse mercator — struchture
= -~ Seml-major axis
=3 - eccentricity sguared
lonGd -~ central meridian
lato - central parallel
M - false easting
il - false northing
define (s, consts( 31 # scale factor at central meridian
# local constants
define (e, constal 9
define{ael, consts (10))
define(el, conasts{l1l))
define{el, consts (12))
define (esp, consts (13))
define(mlQ, consts (14))
define (MAXITER, &)
detine (TOL, 1 EXPFLET ~-5)

A
o

]

CE XL E K ¥

H—h— SETO? 331 asc TUE., 11 JAN., 1983 13:50:41.95
# meti¥% —~ transverse mercator — initialization
integer function metd?{consts)
FREC mlfnd, S0RT. consts(ARBY, elfnd, elfnd, «2fnd

e = SHRT{ eg

gl = Nl {es)

@l @lfno{es)

@l = e2fnlies

mld = a % mifndied, =i, &2, latd)
it e = TOL)

esp = es J (O0L) - es)

it

et
erd

H—h- FOROY 1497 asc TUE., 11 JaN., 1983 14:11:145.86
#H Fordy —~ transverse mercator
integer function forof{lamin, phiin, xout, vout, consts)
FREC lamin, phiin, xoubt, youlb, consts (ARE)
FRECZ adildé, al, als, b. ¢, cvosphi, ABY, CO8, LIOG, dlon,
darcos, SIGN, SIM, SERT, TAN, mi, ml+nG, n, sinphi,
t. Lg

foro? = JF
dlon = adjld{lamin — lonOl
sinphi = SIN(phiin?
cosphi = CO8{phiin)
it (e < TOL)Y { # spherical earth

b= cosphi % sinphi

o= C{1)y — b

if (ARS (L) I= EFSILONIGY {

call remark{("fO0% projection to int.'"

C—1é&



Appaendix

for(g = ERRK
;\‘.
elee {
wouwbh = C(.5) ¥ a % ks #* LOGCLY + by /b3
vout = a # kel # (8I6M{darcos (cosphi #* CO8{dlon) /7 %
SORTLCLY ~ I #* b)), phiin) — latdl

¥

elee { # elliptical earth

1 = cosphi ® dlon

g = al % al

s o= o@apn # cosphi ¥ cosphi

g o= TAN{phiimn

no=oa S OSERTICL) - es # sinphi ¥ sinphi)

ml = ¥ mlfnd{ed, al, 2, phiin}

Monit ke ¥ no¥ oal # (C01) + als / C{&) % ({1} ~ %
t oot oals /S C{20) % (O(5) -~ D4{18) % & + t % &t %
+ D{FRYy ¥ oo - 258 ¥ esprl) + k@

yvout ks ¥ (ml — mlC + n % tg ¥ {(als ® (C0.3) + %
als / C{24) % (C(E) - t + C(®W) # ¢ + C(4) #* ¢ % o %
+ oals S C(I0) % (D(&1) - C05E) # t© + & % t + %
C{&H00) % ¢ — CE30)Y ¥ espldli)) + yO

koW

o

b

it

HE A

return
and

#-fr- THVOS 2400 asc TUE., 11 JAN., 1983 14:11:48.19
#invo% — transverse mercator — inverse
integer function invOo%{din. vin, lamout, phiout, consts)
FREC ®=in, vin, lamout, phiout, consts (ARE)
integer i
PREC adjilG, al, als, b, ¢, con, cosphi, cs, d, AEBS,
ATANZ, COS, EXP, dphi., ds, SIGN, B8IN. SORT, TaAN,
Fa gs hy ny phi, r, sinphi, t, tanphi. ts.
e ¥ darsin

invo9 = K
®o=oHin - x)O
Y o= oyin - oyl
if ote < TOL) € # spherical esarth
+ = EXPi{x / {a % ksO)}
g = C{.5y ¥ (+ — C{1} / )
i COS5latd + v /7 {a # ksO))
phiout = SIGN{darsin{(SERT L) ~ h ® h)y /7 %4
(C{1) + g # Qidr. v
if (g < TG0 % b < OG0
lamout = lond
el se
L amout

i

o

1
it

ad 10 (ATANZ (g, h) + lono)

",
o+

elese { # elliptical earth



con = (mld + v
phi = con

tonr (i
dphi =

phi =
if

phi -+
(ABS (dphi

N
{(con
SINC4)

Appendix C

ks / a

MAXITER 3 1 = 1 + 1} {

+ @l * SIN(C{Z) % phi) — e2 % %4

#* phil) /7 ®20) - phi

dphi

) ==

EFSILONLIO)

break
k3

(i » MAXITER) <
call remark (Y1092
invoy = FRER

if

convergence failure. ™)

else {
i+ HALFFLY
SIGNHALFFT

{(ARS (phi)
phiout

e

lamout = 1lono
@lee

sinphi = SIN{phi}

cosphi = COS(phi}

tanphi TN (phi)d

o= owsp ¥ cosphi * cosphi
Cmo=oC ® o

t o= tanphi * tanphi

te = t #

Cily — es ¥ sinphi % sinphi
a / SERT{con?

no® (U1 — es) /
d = u / (n % ksO)

ds = d % d
phiout = phi

con

— {n ¥ tanphi % ds / r) #® (C(.5) ~ %

de / CO24) % (O + CE) # £ + CU0) ® o %
=~C{4) #® s -~ C(9) # esp -~ ds /7 C(E0y = {(C{6l) %

¥ o+ C48) % ts %

#*

+ C{90)

- RET

* b o+ {298
EO Y ) (3

2E3) - -9
C(&)

)
'/
Ja

- s /

lamout =

adilO{lond +

{c *

{(Caiy

# (201 + 2 » b 4+ o o~ ds / Q{20 % (C{H) %
- O3 ® o+ C2B) % £ - O3 ¥ os %4

+ 8D

* e

sp + 24

# te)i)

cospihi )

L

return
ernd

o-18



Appendix O

#H-f— FRILO 2209 asc FRIL, 28 JAN., 19873 10:446:50.89
k- BTRIOG 280 asc SAT.. 15 JanN., 1983 9:24:021.20

# strid ~ sterecgraphic — structure

# input reguirements:

# ) - reterence sphere radius

# lonG - central meridian

# tatd - central parallel

# e - false easting
# y - false northing
#

# local storage
define{sinph, consts{ 9})
dafine (cosph, consts(10))

#H-h— SETIO 192 asc 8AT., 15 JaN., 198E 9i24:22.24
# sebld - stereographic — initialization

integer function setlO(consts)

FREC consts{(ARB), COS, BIN

sinpho SIN{latd)
cosph( = CO08{latd)
setld = 0Ok

return
end

H-h—- FORLO &BE asc SAT.. 15 JAN., 1983 91246121.57

# forld ~ stereographic — forward
integer function foridddamin, phiin, xout, yout, consts?
FREC lamin, phiin, xout, yvout, consts (ARER)
PREC  adiltG, coslon, cosphi, CO8, 8IN, g, sinphi, lon

sinphi = SIN{(phiin?
cosphi = COS(phiim
lon = adijlddamin — lonG)
coslon = CO05(lon)
g = 1) + sinpht # sinphi + cosph % cosphi % coslon
if (g == C{0)) {
forld = ERR
call remark {("f10: cannot project.™)
}
elese {
forlo = 0Ok
g = a ® Sy / g
xout = xO + g # cosphi # SIN{lon)
vout = vy + g % {cosphd % sinphi — sinph0 % cosphi % 4%
coslond

v

return
end



fppendix C

#H-h—- INVIO 951 asc SAT., 15 JAN., 1983 912452484
#invld — stereographic - inverse
integer function inv1iO0dddin., yvin., lamout, phiout, consts)
FREC =in, vin, lamout, phiout, consts (ARE)
FREC adil®, con, coslon, cosphi, cosz, ABS,
darsin, ATANZ, CO08, SIN, SORT, rhs SinNz, Xz Y. =

invio = 0K

o= ouin - qO

v o= ovin — ovid

rio= GERT (i ® x + v % vyl

o= CL2) ® ATAN(rh /~ (G2 % al))

aing = HSIN(z)

cosz = CO8{(z)

Tamout = lonG

it (ARS(rh) <= EFSILONILIG)
phiout = lat®G

2lse {
phiout = darsin{cosz * sinphCG + v # sinz ® cosphd /7 rh)
it (ABS{ABRS{latd) - HALFPI) <= EFSILONIO)

lamout = adilo(lond + ATAN2(SIGN(x, latd),
SI6M{y, —1latdl)l)

i

i

welse {

con = cose: — sinphd ® SIN{phiout)
it {con M= O00) § x = L0
Tamout = adilO{lon0 + ATANZ{((x # sinz #* cosphl,
{con % rhid)

e

return
end

G20



Appendix C

-~ FPRILL 2621 asmc FRI., 2B JAN., 1983 10:0446057.49
H-h— STRI1 299 asc SAT., 15 JAaN., 1983 9I20:157.746

# ostrll — lambert azimubthal equal-~area — structure

¥ oinput reguirements:

# A - reference sphere radius

H lond - central meridian

] latd -~ central parallel

# 2O - false easting

L] il - false narthing

#
#

local storage
datine(sinpht, consts{ 91)

[N

define{cosphd, consts{10)]

H-h- BETIL 207 asc 8AT., 15 JAN., 1987 @:30:58.80

# metll ~ lambert azimuthal egqual area — initialization
integer function setll {(consts)
FREC  consts{(ARRB), CO&5, SIN

sinphG = SIN(lato:?
cosphO = COS{latd)
gsetll = 0K

return
end

HF-bi- FORLL 709 asc SAT., 15 JAN., 1983 i32:15.73

# forll ~ lambert azimuthal equal-area - forward
integer function forll{lamin, phiin, xout, yout, consts}
FREC lamin, phiin, »out, vout, consts (ARE)
FREC  adilG, coslon, cosphi. CO85, SIN, g, sinphi. lon, SGRT

i

sinphi SIM(phiin?

cosphi = COSdphiing

lon = adijlodlamin ~ laond)

coslon = COS{lon)

g o= D01 + sinph % sinphi + cosph ¥ cosphi % coslon
it (g == C{0) {

foaril = ERR

call remark("f11: cannot project.’)

forll = Ok

g = a ¥ SBORRTCEY /7 gl

wout = x0 + g ¥ cosphi # SIN(land

voubk = yvO + g % (cosphl % sinphi — sinph0 % cosphi % %
coslond

return
end



Appendix

#-h-— INVIL 1205 asc BAT.. 15 JAN., 1983 9:34:142.89
#invil — lambert azimuthal equal —area — inverse
integer function invili{xin, vin, lamout, phiout, consts)
FREC xin, vin, lamout, phiout, consts (ARE)
FREC adjild, con, coslon, cosphi, cosz, ABS,
darsin, ATANZ, CO5, SINM, SGERT, rh, sinz, %, y. =
Momodin - MO
SRS N o IRV
riv o= SQERT(x % x + v # vy
con = rh /S ({2 # &)
it {con » Cdilyy o
call remark{"ill: data error.')
invlil = ERR
3.
elas {
invili = 0K
o= (2 % darsin{con)
sinz = SIN(z
s cose = COS{(z
lamout = lonG
if (ARS(rh) <= EFSILOM1IO)
phiout = latoO
@l se 4
phiout = darsini{cosz # sinph( + v % sinz % 4
cosphd 7 rhl
it (ABS{ABRS (1latd) - HALFFI)Y <= EFSILONIO)
lamout = adjlOodlonG + ATANZ{SIGN(x, 1latdl,
SIGN(y, —-latd)))

else {
con = caszx - sinph0 % S8IN{(phiout)
if (gcon = {0
Lamout = adilOodlon0 + ATANZ{({x * sinz % cosphGl,
{con #* rhiy:

[}

return
end

S
L- —aE



Appendix O

- PRILE 2844 asc FRIL, 2B JAN., 1983 1014704.730
#H—-h~ ETR1Z 288 asc 5AT., 1% JAN., 198X 9:38031.09
# strlZ — azimuthal eqguidistant — structuwre

# input reqgquirements:

# & — reference sphere radius

# lond - central meridian

# latd - central parallel

# E - false easting

# Wil - false northing

#
#

local storage
define (sinphG, consts{ %

1l
detine{cospht, consts (10}

)

H-h- GETIZ 200 asc SAT., 15 JaAN., 1983 9138:32.10
# selll - azimuthal eguidistant — initialization
integer function setliiconsts)
FREC consts (ARB), CO8, SIN

sinphd = SIN{latd)
cosphG = CO81atd)
setl? = 0K

retirn
eyl

H-h—- FORIZ2 BO% asc SAT.. 15 JAN., 1983 9038 35.17

# Fforl? - azimuthal eguidistant — forward
integer function forl2dilamin, phiin, xout, yout, consts)
FREC lamin, phiin, xzout, yvoubt, consts{(ARE)

s

FREC adil®, cosion, cosphi, CO8, S8iM, g, sinphi, lon,
darcos, AES

fForld = 0K
sinphi = B8IN{phiin?
cosphi = COS{iphiin?
lon = adilG{lamin — lond}
coslon = COS(lon?
g = sinphd % sinphi + cosphd % cosphi ¥ coslon
if (DABS(DABS(g) - Cd1))y < EPSILONIO)
if (g < CC0ry {
forl2 = ERR
call remark {("f12: cannot project.")

i

.

= darcos{g)

a * g / SINdig)

£

[T a]
i

Mout = w0 4+ g ¥ cosphi # SIN{(lon}
vout = vy + g #* {cosphd % sinphi - sinph® % cosphi ® %
coslon)
return
end

oy



Appendix C

#H-h—~ INVIZ2 1143 asc 8AT., 185 Jal., 198T 9:38:34.71
#invlZd - azimuthal equidistant -~ inverse
integer function invIi2d:in, yin, lamout, phiout, consts)
FREC »in, vin, lamout, phiout, consts {(ARE)
FREDC adjld, con, coslon, cosphi. cosz, ARS,
darsin, ATANZE, CO8, SIN, SGRT, rh, sinz, ®, v, =

o= ogin o~ on0
y = owin — v
rivo= SERT (% x + y % vy}
if rh > PI ® a) {
call remark{"i12: data error.'™)
invld = ERR

ot

i

elase {
inviad = 0K

= rh / a

mine = SIM{z}

cosz = C08 ()

Lamout = lond

if (ABS G-k O= EPSILONLIO)
phiout = latd

else {

phiout = darsin{cosz % sinphl + v # sineg * %

cosphG / rihd

con = ARS{(latd) — HALFPI

if (ABS(con) <= EFSILONLO)
lamout = adjilO{lont + ATANZ(SIGN{x, latd),

SIGN{y, —latd)))

5

2]

else {
con = cosz — sinpht % SIN(,ghiout)
if (con ™= C{0))
lamout = adjlOo{lond + ATANZ({(x % sinz ¥ cosphOl,
{con ® rh)l)

ot

(o)

et urn
end

C-24



Appendix C

H-h- PRILE 2281 asc FRI., 28 JAN., 198F 10:47:11.1Z2

H-h— BTRLIZ 275 asc SAT., 135 JAN., 1983 10:12:050G.37
# strild - Gnomonic -~ structure

# inpult requirements:

# & - reference sphere radius

# londg -~ central meridian

i latd ~ central parallel

# He#) - ftalse easting

# Wil - false northing

#  local storage
define{sinpht, consts{ 9))
define {cosphd, consts(l0)}

#-h— BETIE 187 asc 8AT., 15 JAN., 1983 10:12:51.353
# setl® ~ Gnomonic — indtialization

integer function setlil{consts)

FREC consts {(ARR), COS, SIN

sinph0 = SIN{latd)
cosphy = CO8(1atd)
setld = 0K

return
end

#-h— FORLIZE &67 asc 8AT., 15 JaAN., 19873 10:15:30.34

# torii - Gnomonic — forward
integer function forli{lamin, phiin, xout, yvoult, consts)
PREC lamin, phiin, #out, yout, consts (ARRD
FREC adjilo, cvoslon, cosphi, CO8, SIMN, g. sinphi, lon

sinphi = SIN(phiin
cosphi = CO08{(phiin}
lon = adilG{lamin — lano)
coslon = CO08(lon)
¢ = sinph0 % sinphi + cosphO ¥ cosphi % coslon
if (g <= C{G))y {
forild = ERR .
call remark ("+130 cannot project.™)
3.
else {
forid = O
g = a / g
sout = 20 4+ g % cosphi % SIN{lon)
vout = vy + g % {(cosph® % sinphi — sinph0 % cosphi

1
E

return
erd

*

"

IS



Appendix C

S g

#-h— INVIZE 9248 asc SAT.. 135 JAN., 1983 100120153, 4848
#invl3 ~ gnomonic — inverse
integer function invi3(xing yin, lamoul, phiout, consts)
FREC  xin, vin, lamout, phiout, consts (ARE)
FPREC adijld, con, coslon, cosphi, cosz. ABS, darsin, ATAN,
darsin, ATAN, ATANZ, COS5, S5IM, BORT,rh, sinphi,
GBIMNZ, Hyg Ya =

inv1® = (0K
Moo= Min o HO
y o= vin — vl
o= GERT (e # w4+ v # vl
o= ATAN{rh 7/ &)
sineg = B8IN{z)
cose: = COS{z)
Tamout = Jono
it (ABS (ri) o= EFSILONIG)
phiout = latQ
elae {
phiout = darsin{cesz % sinphO + v # sinz #* casphl / rhi
if {(ABRS(ABS(lat(®) — HALFFI) <= EPSILON1O)
lamout = adjilO{lond + ATANZ{BIGN{(x, latll,
SIGN (v, —1ato)))
elase {
con = coasz — sinphd % SIN{(phiocut)
it tcon T= Q00))
amaut = adilO{lond + ATANZ({(x # sinz % cosph),
{con * rhiii

-

tesi

()

et n
exrcd

P e e



Appendix O

H—~h— PRJILS 2456 asc FRIL, 28 JAN., 1983 10:47:17.26
b~ BTRI4 279 asc BEAT., 15 JAWN., 1983 100130158.71
# strild — orthographic — structure

# input requirements:

A - reterence sphere radius

lonG - central meridian

latd - central parallel

B - false easting

Vi - talse northing

¥ o ¥ 4 H G

local storage
definei{sinphi, consts( %))
detine (cosphl, consts(l0))

#—-h— SETI4 191 asc SAT., 135 JaN., 1987 1001350146.60
# setild — orthographic — initialization

integer function setld(consts)

FREC consts (AREB), C08, SIN

sinph = SIN(latd)
cosph = COS(latd)
setld = 0K

return
erd

#H—-h— FORL4 651 asc SAT., 135 JaAaN., 1983 10:15:045.84

# forid ~ orthographic — forward
integer function foriddlamin, phiin, xoubt, vout, consts)
FREC lamin, phiin, xout, vout, consts (ARR)
FREC adild, coslon, cosphi, C0O8, SIN, sinphi. lon

i

sinphi SIMiphiing
casphi = COS{(phiim
casion = COS{lon)
it {sinphO # sinphi + cosph0 # cosphi #
coslon < — EPSILONIO) {
forld = ERR
call remark{("f14: cannot project.®)
else {
forld = 0Ok
xout = 20 + a # cosphi #% SIN{(lom)
vout = v + a ¥ (cosph® # sinphi ~ sinph0 % cosphi
caslaon)

-,
o

return
end

*



Appendix C

#H-h—- INVI4 1126 asc 8AT., 15 J4AN., 1983 10019:117.76
#invld — orthographic - inverse
integer function invid(tin., vin, lamout, phiout, consts)
FREDZ xin, ving lamout, phicout, consts (ARB)
FREC adjlo, con, coslon., cosphi, cosz, ABS, darsin, ATANZ,
COs, SIN, SBRT.rh, sinphi, sinz, X, v, =

¥o=oxin - o xw
vy o=ovin - vl
riv o= GRRT(x % 3 + vy % vi
if rh Foar {
call remark("ild4: data error.")
invlid = ERR

$3
8

elas {
invld = Ok
T o= darsinirh / a)
sing = S[IN{zJ
cosz = CO0Sdz)
Lamout = lond
if (ABRS () = EPSILONLIO)
phiout = latO
@) se {
phiout = darsin({cosz % sinphd + vy #® sine % %
casph / rhl
it {(ABS{ARS{latd) — HALFPI) <= EFSILONLC)
lamout = adijld{lond + ATANZ(SIGN{(x, latdl,
SIGN{y, —latl)i}

i

else |

con = coasg — sinphd ¥ SIN(phiout)
i {con = C00))
lamout = adilO(laon0 + ATANZ2 ({x % sine * cosph(Gl,
{can * rhll)

[

o

return
ernd

¥ e
| IR ve



Appendix C

b~ PRJILE 2851 asc FRIL., 28 JaN., 1983 105047:24.11
#-h- STRIES 3461 asc 8AT., 15 JaN., 1983 10513035.18
# strld - general vertical near-side perspective — structure
# input reguirements:

# A - reference sphere radius

# lond -~ central meridian

# lato - central parallel

# Py - false easting

# v - false northing

definetheight, caonsts( )}

#

# local storage

define(sinphiG, consts( 9))

detine (cosph, consts{id))

define (p, consts{ll))

#H—-h— SETIE 245 asc SAT.. 15 JAN., 1983 10:13:3%54.08

# setld - general vertical near-sided perspective —~initialization
integer function setli{consts)
FREC consts (ARRB), COS5, SIN

sinph = SIN{latd)
cosph® = COS{1latd)
po= C0L) + height 7 &
setlf = 0K

retiun
end

#H--h- FORLE 717 asc 8A4T.. 15 JAN., 1983 10:11&:51.0%5

# forld - general vertical nesar-side perspective - forward
integer function forldddamin, phiin, xout, yout, consts)
FREC  lamin, phiin, x2out, yvout, consts (ARE)
FRED adjilo, coslon, cosphi, COS, 8IN, g, sinphi, lon

i

sinphi SIN{phiin)
cosphi = COS{phiin)
lon = adjlGd{lamin - lond)
coslon = COSddon)
g = minphO % sinphi + cosph % cosphi ¥ coslion
if (g o4 (1 4 opiry i
forld = ERR
call remark ("+15:; cannot project. ')
‘_}.
2l se {
Forl1S = Ok
g o= a ® (p - Sy 7 (p - g3
out = 20 + g #® cosphi * SINlom
vout = v0O + ¢ * (cosph % sinphi ~ sinphO ¥ cosphi ® %
coslon?
}
return
erd



Appendix L

He-h- INVLE 1320 asc 8AT.. 15 J6N., 1983 105021:018.71
#invid — general vertical near-side perspective — inverse
integer function inviSixin, vin, lamoeout, phiout, consts)
FRED xin, vin, lamout, phiowt, consts (ARE)
FREC  adild, com, con, coslon, cosphi, cosz, ABRS, darsin,
ATANZ, COH, BIN, BORT. r. rh, sinphi, sing., 2. vy, =

Moo= omin o MO

vomoyin - oy

rhos BERT 0 % w0 by vl

o=l 4oa

con o= op }

com = po o+ )]

it (r » SORT{con 7/ comiy {
call remark {("1158: date error.’

invid = ERR

N

el se {

inviE = 0K
ming = {p — BERTCL) ~ v % v % com /7 con)d / %
{con /7 v 4+ v /o cond
o= darsin{sinz’
sing = HIN(z)
COBE COS5(z 3
TLamout = 1lono
if (ABS(rh) = ERFSTLONLO)
phiout = latO
@lse {
phiout = darsin{cos: % sinphO + v % sinez #* %
cosphd /7 rhil
it (ARSARS (l at ) — HALFPFI) <= EFSILONIO)
lamout = adjlG{lond + ATANZ{SIGN(x, latdl,
BIEN (v, —1latGil)

i

else {
con o= cosz - sinpht # SBIN(phiout)
it {con M= 00
Tamout = adjlOo{lond + ATANZ({x % =minz % cosph(),
{con # rhii)

ot

return
end



Appendix C

#-h- FRJILES 1TEED asc WED., 2 FER., 1983 11:3:39.52
H-h-—- STHI1A 180 asc FRI., 14 JAN., 1983 8:115:010.58
strié — sinuscidal — structure

& - raference sphere radius

lond - central meridian

latd ~ central parallel

P -~ false easting

Wi ~ false northing

H-b- BETLSH 129 asc FRIC, 14 JAN., 1983 8:15:11.246
# metld — sinuseoidal — initialization

integer function setlélconsts)

FREC consts (ARRB)

gsetld = 0K

return
end

H--h—- FORLS 277 asc FRI., 14 JAN., 198% 8:15:012.046

# forléd - sinusoidal -~ forward
integer function forlé&llamin, phiin, xout. voubt, consts)
FREC lamin, phiin, sout, vout, consts (ARBE)
FREC adjld, QOB

forléd = 0Ok
wout = w0 4+ oa ¥ adilOlamin —~ lonG) #% COS{(phiin’
yvout = v 4+ a % phiin

return
end

b THVLE 5473 asc FRIL, 14 JaAN., 1983 Br200 12,23
Hinvies - sinusoidal - inverse
integer function inviédixin, vin, lamoout, phiout, consts)
FPRELD  ximn. vin, lamout, phiout, consts (AREB)
FREC adild, ABS, COS
phiout = {vin - vl) / a
i+ (ARS(phiout) > HALFRIY {
call remark{"ildsl v out of range.')
inviéd = ERR
}
@2lse {
invlid = 0K
if (ABRSABS (phiouwt) -~ HALFPI) <= EPSILONIO)
Tamout = lond
el me
lamout = adilO(lond + {(xip — x0) /7 (a ® %
COS(phiouts))

return
end

=21



Appendix C

H-h— PRJIL?Y 1218 asc WED., & FER., 1983 1103031.57
H-h— S8TRI7 170 asc FRI., 14 JAN., 1983 7:58:024.3%
# strléd - equirectangualar (plate caree) - structure
A - reference sphere radius

lontd - central meridian

1w O - false easting

Wi = false northing

3 ¥F ¥

H-h— BETI7 147 asc FRI., 14 JAN., 1982 7:88:25.26
#ometl? - equirectangular (plate caree) - initialization
integer function seti?{consts)
FRED  consts (ARED

setl? = (0O

reburn
end

#H-h— FORL? 275 asc FRI., 14 JaN. PERLEA.O4

# forl7 - equirectangular (plate caree) - forward
integer function forl?(damin, phiin, xoult., yout, consts)
FREC  lamin, phiin, xout, yvoult. consts (ARED
FREC adilo

fori? = OK
sout = 20+ a ¥ adilOollamin ~ lonO?
vout = v + a # phiin

return
e

b

#-h— THNVLIT 422 asc FRIL. 14 JAN., 1983 7158124.98

#Hinvl? - eguirectangular {(plate carees) - inverse
in jer function invi7in, yin. lamout, phiout. consts)
FRED  xin, vin, lamout, phiout, consts (ARE)
FREC  adjlo

phiout = {yin — wO) /7 a

if (ABS(phiout) > HALFFI)Y {
call remark{("il17: invalid v coord."?
invli? = ERR
",

@] me

T

invi? o= O
lTamout = adilO{londG + (xin - 20} /7 al
1

return
end

- oy
ot gl

i



fAppendix C

- PRILE 11&1 ase WED., 2 FEB.., 1983
F-h— STRIE 159 asc FRI., 14 JAN., 1983
# atri8 - miller cvlindrical — structure
A - reference sphere radius

londg - central meridian

H i - talse easting

i - false northing

#-h- SETIS 137 asc FRI., 14 JdaN., 1983 7:1450350,53
# oeellf - miller cvlindrical — initialization
integer function setiBl{consta)
FREC  consts (ARE)

return
e

H—-h- FORIS 227 asc FRI.L, 14 JAMN., 1983 7145031, 135

# forid - miller oviindrical - forward
integer function forl@8{lamin, phiin, xout, yout, consts)
FREC lamin, phiin, xout, vout, consts (ARRD
FREC  adilo, LOG, Tan

for 18 o= OF
ot = w0 o+ g % adilodlamin — lonG)
vout = v + g % LUOG(TANFORTFI + phiin / C(2.5)3¥) *® %

1. 25

return
end

$-h—- INVIE ZZ4 asc FRIL, 14 JAN,, 1983 7:45:31.98

#invld - miller cvlindrical - inverse
integer function inviB8ixin, vin, lamcout, phiout, consts)
FREC  #in, vin, lamout, phiowt, consts {(ARE)
FREC adild, ATAN, EXP

invi8 = 0k

ltamout = adjlo{lond + (xin — x0) /7 &ai

phiowt = T2, 5 ¥ (ATANEXFP{({(vin - vO) / a /7 Cd1.25)1) %
- FORTFI

return
erd

O3



Appendix C

- FRILY G126 asc FRI., 4 2 FEB.. 19835 9i2Bi2E.81
#-b- GTRIG 189 asc THU., 13 JAN., 198% 15:1013.91
# strld — sinusoidal — structure

H & - reference sphere radius

# lond - central meridian

# e - false easting

H i - false northing

define (NITER, 55

define (TOL, C{.7¥7

b BETI® 135386 asc THU., 13 JaN., 1983 185:10:04.81
# osetl? - van der grinten I — initialization
integer function setl?{consts)
FREC consts (ARRD

setl9 = (OF

return
erd

H-h- FORIY 1188 asc THU., 13 JaAN., 128% 15:122:54.98
# forl? —~ van der grinten I -~ forward
integer function fori®lamin, phiin, xout, vout, consts)
lamin, phiin, xout, vout., consts (ARR)
FREC adild, al, asqg, con., costht, ARS, darsin, COSE,
SiGN, 8IN, SORT, TAN., g, gsg. lon, m. msg, sintht, theta

forld = Ok
lon = adijlo(lamin — Ionid)
theta = darsin{ ABS{phiin / HALFFI? )
it (ARS(phiin) <= EPSILONIOY {
sout = w0 + & ¥ lan
voul o= oyl

elge if (ABS{(lan) <= EPSILONIOY {
rout = x10
vout = w0+ FLOoE o oa @ TAN(DL S ® theta)
}
else {
al = C{.5) % ARSI 7 lon - lon /7 FID
asqg = al % al
sintht = SIN{theta)
costht = CO8(theta)
g = costht /7 (sintht + costht - O}
gsq = g * g
m o= g #* (Z{2) /7 aintht - 0133}
msg = m ¥ m
con = SIGNFT ¥ a #® {(al % (g — msg + SERT (asg * %
(g ~ msqgr *#Z2 —~ (msq + asqr # {(gsq — msqllr) /7 %
{msq + ascl, lond
wout = 20 4+ con
con = ARS{corn /R % ai)
vout = vl o+ SIGNFL % a # SERTCLY —~ con ® con — %

G734



#...,,

h-— INVLIY 3406 asc

fAppendix C

(2w oal ¥ cond 4, phiind

return
end

FRI.. 14  JAN., 1983 7:28020.%64

#invl? — van der grinten I - inverse

i

integer funcltion invi%igin, vin. lamout, phiout. consts)
FREC  xin, vin, lamout, phiout, consts (ARED
FREZ  adild, al, asg, omm, cnn, com, con, costht, o, ARS,

darsin, ATAN, COS, dphi, SIGN, SIN, SORT, TAN, g, gsqg,

he da lon, my, msg, phi, sintht, theta, 2, y. vl
integer i

= ()
1y }“ =
W= 1n M0

cory == ﬁBS(v SR % oard

theta = {2 #* ATAN{con?

if tHBbf 3 EFSILONLIO)Y {
Lamout = lond
phiout = HALFFI % SIN{theta)

o
@lse if (ARS(y) <= EPSILONIO) £

7

lamout = adjlOdlon0 + » / a)
phiout = C{0)

"y
&

@elase 1+ (SERTY
call remarkb
invi® = ERR

‘;.
wlae {
Crm = Ccon ¥ con
com = ARG / (FI % a))
cmm o s Com ® o com
al = (CdLY — cmm — cnm) 7 (COG2Y % com)
lamout = adil0{lond + SIGN((FI #® ( — al + SORT(al *
S RS 1D D N )
phi = theta
it {con <= T{OL)
Fow- i o= 1 i w= NITER § 4 0= 1 + 1)} {
theta = darsini{phi / HALFPIL})
sintht = SIN{theta)
costht = CO8theta)
g = costht /7 {(sintht + costht - C{1))
g = con 5 sintht - CdLlY 7 (C{1) + costht?
bvo= C(EY - wintht
i o= TANC{.3) % theta)

¢ o oy ® o) FTOo% oa) {
("119: data error.’)

dphi = {cmm + cnn — C{2) % d % g % h —~ § # )

FI # costht / (G4 ® (g ® h % {con %
AT~ costht) + i) /5 (C{1) + costht]
# o o#® ((C(1 + (2 # costht # costht)

e
i

al

ne
In

s

fa

A

ws



fppendix C

costht + h % (costht - sintht) /7 {(sintht %
+ costht —~ C{i1¥y»y - %
0% (i % i + (13
phi = phi - dphi
it (ARS (dphi) < EPSITLONIO®
brealk
3
else {
lon = adildo{lamout - lon®)
for i = 1% 4 <= NITER § 1 = 1 + 1) {
it (ABS (phi) <= EFSITLONI®)
yi = {0
elae if (ABS{lon) = EFPSILONLG)
vl = FI # a % TANICLE) ® darsin(ARS (phi %
S OHALFFIY )
else {
theta = darsin{(ABS{(phi /HALFFI))
al = C{.5r % ARSI 7 lon - lon / FI)
asg = al #® al
sintht = GIN{theta;
costht = CO5{theta)
g = costht 7/ {(sintht + costht - C{1))
gsqg = ¢ ¥ g
m o= g #® (L2 /o mintht — Cdli)
e = m ¥ om
con = ARG ({al #* (g — msg) + SORT(asqg # (g — 4
msg) #% 2 - imsg + oasg) ® {gsqg -~ msglr) /A
{msg + asaqgl))
yi = SIGN{FI * a * SQERTOLY - con #* con — %
Ce2y #* al # cond , phil

-

dphi = ({(ABSHy) — v1) /7 (PL % a — i)y = %
(HALFFI -~ phi?
phi = phi + dphi
if (ABS(dphi) < EFSILONIO)
hreal

(9]

1,
phiout = SIGN{phi ., v
if (i NITERY {
call remark ("1 19 convergence failuwe.")
invi® = ERR
}
wirdte (5, F700) i, con
P7G0 format (il ,ibd,lp.eld.5)
retirn
ernd

23



Appendis O

2

H-ph— FRIZ0 S032 asc FRIL, 4
%“hw R"P“U BY7 asc THU., 13

# obligue mercator
s@emi-major axis
eccentricity
- central parallel
false easting
false northing

defting ks, consts{ 3}
detinelalpha, consts( 4))
detfine{lonc, consts ( 5)
detined{laonl, consts( 9113
define(latl, consts {103
defimne (lond, consts(l1):?
definel{lat, consts (13

173 )

det ine (dmode, consts (17333
# local constants

detine (e, consta(l4))
define {gamma, consts (15))
detine (al, consta(lad)
deftinelbl, consts(l7)}
define (el ., consts (18))
define (singam, consts(19))
define {cosgam, constes{Z01)
define(sinalf, consts{21))
define{cosalf, consts{22))
deftine (TOL, I EXPLET

-7y

1797 asc THU i3
obligue
2oer function
FREC adild, consts (GRE) .,
ABS, darsin, ATAN,
SERT, TaN, . he 1,

20

=8

setllld =
e = SERT
sinphd =
cosphid =
con =
com =
bl =
al
d
o= d
@l =

if

O
(e )
SIN{Latd)
LOS{latO)
Cols *
SERTC LY ~
SORT L
a # bl %
bl % com £
+ STEN(SERT (d =
T # bafnGle,
{dmode Ceory <
gammea =
londg = lanc
TAMN{gammal ) 7
ARG (latd?
EF 1LUN}
remar
ERRK

(-'Ll b
05}
s

ey ®

o

bl

Con
if (con =
call

wetZ0

H# o4 gk o gk 4 gk

mercator (hotine)
set0 (consts)

2

sinphi

#* cosph s 4

m

{mosphd # 8

d

Tata,

darsin{(8IN{alpha) 7
darasin (OO0 5)

i}

"y 8
=

FEB., 19873
JAM. . 1283 10
structure

3:2;1n 2%

mauared

scale factoe
of
azimuth pt.
firat point
first point
lon of second point
lat of second point
mode selection

central
azimuth
lon. of
Lan of
Lat of

1987 14324 18.51
initialization

JAN.

cy
GIM,

con, cosphi,
COs, SIan,
tefno

COM,
TANZ,
sinph,

#ominpho

(1) - es
S oocon

WRT (con))

GOy latd

sinphd) #% bl

o)

® (fF -

Ciyy 7/

PoABS (ocon HALFFI)Y o=
input data error.’

central line

>

EFSILONLO)

P

kN
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= tetnOle, latl, SINdatlil) *% bi

= befnd{e, latZ, SINIat)) ##% bl

= @l / h

lTonG = C{5) % {(Jonl + lonZd) — ATAN(({el % el -~ 1 # hi} %
Aodel w oe@l + 1 % hiy # TANID( S # bl =% %
adiloddont ~ lond) /7 ({1 — hy /7 {1 + hi) ) / bl

gamma = ATANZ{(SINMDL % adjlddlonl - lonG)y ,
oSy % (F - (1Y / +3)

alpha = darsin{d ¥ SIN{gammal}

con = ARSlatl)

if (ABS{latl — lat) <= EPSILONIOY |
{con <= EFSILONIO | ABS{(con ~ HALFFILY <= EPSTLONLIG) |
{(ARS{ARBE (latd) — HALFFI) <= EPSILON1O)» {
call remark ("sd0r data error.')

wmelt 20 = ERRK

1
4

+=e—-'_,":‘§
i

singam = SIN{gamma)
cosgam = CUS (gamma)
ginalf = SIN{alpha)
cosalf = COSalpha)

return
el

- FORZO 2 oamc THUL. . 13 JARN.. 1983 1451306143, 71
# for2t ~ obligue mercator (hotine? -~ forward
integer function forZodlamin, phiin, xout, yvout, consts?
FREC lamin, phiin, xout, yvoulb, consts (ARED
FREC adill, con, ABS, ATAN, CO8, LOG, dlion, SIGN, S5IN,
lon, g. s. sinphG, tsfnd, uwl, wus. vli, vs

For2d = Ok

dion = adilOdlamin — lond)

vl = SIN{bl * dlon)

i (ABS GBS (phiin) ~ HALFFIY <= BEPFSILONLIGY {
wl = mingam * SIENICLY . phiing

q = @l / tefnllie, phiin, SIN{phiini) %% Dl
s o= D05 ® (g - Z01Y /7 o)
wul = {2y # {5 % smingam — vl * cosgamd /7 (g + C0LY 7 o)
con = COBMl * dlon
i AaRS (can) s TOLY &
we o= al # ATAN((s % cosgam + vl # singam) 7 cond /7 bl
if (won < CO))
wes o= ous o+ FLOo# oal S bl

,
Bl

] me
wmo=oal # bl o# dlon

-8



S (
[ =1 P
20 = E

e 2N

I

e

3

Lol 1 11
-

1

Yy 8]

return
eyl

by ITNV2O 926 asc
HinviZ0 — obligue m
integer functio
FRED  @in, vin,
FREC  adild, AB
phi2G, q.

integer err

invaDn = Ok
Momouin -
YooE i
Vo os
us =y # Cos
gq = EXF{- bl
w o= D{.5H) #
vl = SIN(bl
wl o= O{Er #
i+ (ABE (ABS(
Tamoult =

M
— 'y' u
®* OO

phiout =
iy
&

else {

phiout
(GOl

Tamout =
COs{bl

invao = e

13
o

return
end

)

Aappendix C

wlsy — C{lyy <= EPSILONIOY L
{208 data error.’)
R

OG0 LY -~ wul)y /7 {C1y + wulyy 7/ bl
+ us ¥ sinalf

ve % minal f

al #
+ ova ® cosalf
4 s ¥ cosalfd -

PR
R Sy
it @ b

19873 143 9

inverse

THU. o 1% JAN.,
ercator (hotine) -
noAnvadixin, yvin, lamout, phiout,

lamout, phiout, consts (ARED

Ccos, LG, s1eN, SiM, S56RT,

consta)d

S, ATANZ,

S, Why ws, vl. vs, 1. ¥

mimnalf
sinal f

alt — y #
alf + x #*®
* ove S
(g -
#* ous S oalld
(vl ¥ cosgam
ul) — CoLr:
LToano
SIGN{HALFFIT o

4+ o ¥ singam) /S
EFSILONIOY {

(g + 04
tl )}

phi2{e, (el / SERTLCLY) + ul) 7 %

=l yyy o owx (C0L) /4 bl)y o err)

adilOlond — ATANZ ({s #* cosgam — vl # singam)
¥ ous /S oally /S bl

-
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3
b

The Ffollowing is a listing of the support library

requilred

by the projection procedures. In practice this can normally be

caomnpiled as one file and "searched” by the linking-loader when

creating a run-time modale.

Contents

3

sym ~ supplimenbary macros

adild — adiust longitude to modulo 180 degrees
darcos —~ arc cosine

darsin — arc sine

elfnd — determine constant
@l+nd - determine constant
@Zfnd - determine constant
@dfnt ~ determine constant
mlfno —~ determine constant
mefnt — determine constamnt small m
phild - determine latitude angle phi-1
phidd ~ determine latitude angle phi-2
phi30 - determine latitude angle phi-3
phid4d — determine latitude angle phi-4
# gsfnd — determine small g

# tstnd ~ determine small L

# 3

HFEHFEFEEEREEFE

Facge

D~
D=2
D2
D=2
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#-h- SYM 138 asc TUE.., i FEB., 1983 11:38:7.14&6
# wym — supplimentary macros

include prjisvm

define (MAXITER, 1%y # iteration limit

define (TOL, 1 EXPLET 102

dedine (EFSLN, 1| EXFLET —77

#—h— ADJLO 204 asc TUE.. I FEB.., 1983 10:538:14.51
# adild — adjijust longitude to modulo 180 degrees
FREC  function adjilGd{lon’
FREC  lon, SIGN. ABRS

adild = laon
while{ ABS(adjloy > FI 3
adilo = adil0o ~ SIGN{TWOFI, adjlo)

end

-l DARCOS 1473 asc TUE., 1 FEB., 1983 10:159:56.47
# darcos —~ arc cosine

FREC Function darcosiv)

FRED v, ATANZ, SERT

darcos = ATANZ O SERTO CdL) — v % v ), v )

return
erd

#-br— DARSIN 141 asc TUE., I FERB.., 1982 10:59:157.38
# darsin —~ arc sine

FREC function darsin iy

FREC v, ATANZ, SORT

darsin = ATANZI{ v , BERTO C1y  — v # v ) )

return
end

#H—h— BEOFNO 200 asc TUE. ., 1 FEBR.. 1982 10149021.89
# elfnd ~ determine constant e

FREC  Function edfndieconts)

FREC econts

@OFn0 = S0l — CL28) % econts % (C{1) + econts 7/ C{14})
# (D3 + CO1.25) % econts

return

end

A



Appendl -

Z0E

H—ir—- ELFNOD
# elifndg -
FREC
FREC

asc TUE., I FEBR..

determine constant el
function elfnOleconts?
ecocnts

econts #
O 468750

0L ETE) %

(i1 +

@lfng =

return
erc

#h- EZFNO
# elfnd -

187 asc TUE. . i FEB.,.
determine constant e
Function edf
ecocnts

SESETE)
5y % wmconts?

return
encd

#h EZFNO
# oeIfn0 -
FREC
FREC

209 asc

TLIE. 1 FER.,

determine constant 2
Function elfnlisccent)
eccent, Con, com

iy 4+ oeccent
(1) —~ eccent
SERT { {con #*

con =
com =
@ifng = cony %
return

end

H-hy— MLFNG 201 asc
# mlfno —~
FREC
FREC

TUE . « 1 FEE..
determine constant M

Ffunction mlfndled, el,
@td, el, e, phi, SIH

mlfnd =

SIN(C4r ® phid

return

end

({1
#* o@econts)?

# eccnts

{Com

[

@l # phi ~ el # SINCED)

I

1983 100490 22.88

+ COLEE)

19835 10049025, 75

# eccnts ¥ (CO1)Y + %

19873 100490324.97

198% 11:804. 29

il

# phi) + el * %

# @cocnbs ¥

ns

Zu



1 oasc
determinea
Furetion
eccent,

FREC

won =
msfnd = cosphi

raturn
e

Hoby— FHI IO 01
# phild -~
FREC
FREC

AHC

function phi
eccent, as,
CO . GOy,

integer 1L, ere

phild ==
it {eccent
return
ecents = eccenk
phi phi LG
For (i o= 1§ i
sinpi = SIKN{
cospl o= SR
con = eccent
com = {3{1)
cdphid o= 2005
eeonbs) —
LOG{LC L)
phi = phi -+
it (MBS dphi
brmak

o gy

ol

-,

el
phi 10 =
if (i
err ERR
call remarl
)

phi

return
@nd

THE . « i F
constant
mafnlieccent .

sinphi,

TUE . . i
determine latitude angle phi-1
s,

eccnts,
clphi

darsin(Q

&,

Sl

cosphi,

eccent #* sinphi

SOSEARTIOIL)

FER.

TO{eccent,
darsin,
SR,

oL

LSRR .
LI

SN}

* eccent

S MAXTITER 3

phyi ol
phi

¥ minpil

Con o Con
®oCcom FoCom
sinpl Foocom
ot S
gphi

. .
3 owum

TOLY

MAXITER) {

"phild -

N
%

Appendis

o
"

L

Con,

¥

P
o
¥

-
(0L

m
sinphi

Con %

18T 1

@re )
phi .
LOG

Cospi
Tl

convergenie

10549139, 76

cosphi
SURT

COn?

0145141, ZE

sinpl,

*
S oeccent #

+oCan) )

tailure. )

Cospiog

(gs /7 (G

u
'

:
Su

we
fu
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H-h- PHIZ0 710 asc TUE. I FEB.., 1983 10:4%9042.88

—~ determine latitude angle phi-2

function phild{eccent, ts, err)

EC  eccent, ts, sconth, phi. sinpi. B8IN., con,
ABRE, dphi, ATAN

integer i, err

# philo
FRE
FR

ecenth = C{,3) % eccent
phi o= HALFFL ~ C(Z) # ATAN(ts)
for {1o= 1§ i MAXITER § 1 = 1 + 1) &

sinpi = SIN{phi?

con o= oaccent ® osinpl

cdphii = HALFFI — C23) % ATaNts # ((O01) — cond /%

{(C{1y + condi #% eccnth) — phi
phi o= phi + dphi
if (ABRS(dphiy = TOL?
brealk

.
Bl

phi 20 = phi

if (i MAXITER)
@y o= ERR
call remark ("phi
.

2] se
E e S N 1A

= convergence faillure.s )

Fet
end

- FHIZO 582 asc TUE., I FER., 1983 100520146012
# phi30 - determine latitude angle phi-3
FREC Ffunction phiZ2Odml., e0, al, 2, err)
FREC mi, e0, el, e, phi, S8IN. ABS, dphi
integer 1, err

phi = ml
for (o= 13 4 <= MAXITERY 4 = 1 + 1} <

dphi = {(ml + el % SIN{CE) % phi) — e * SINIC

# ophidy S el - phi
phi = phi + dphi
i+ CARS (dphid <= TOLJ
Dreak

}
phiZ0 = phi
i Gl MAXITER) £

e o= ERR

call remark ("phil30 - convergence failwe. ')

:}
el se

@r = D

return
e
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H—h— FHI4O 1191 asc TUE., 1
# phido
PREC
FREC el, e,
SEET,
oS

econts, @0,
SIM, Tal,
dphi, ABRE,

integer 1., ery

phi o= o

for (i o=

sinphi = SIN(phi’
tanphi = TAN{(phi)

g 4 e

-
sindph =
mi = el ¥ phi -
mlp = @0 — 02

COSC o4
cond o= D{Ey #
ml

SIMNC D
@l

cond = econts #
mly {02y # o)
cons o= D2y #
2

# mlp

Sleond

i cond

phi = phi + dphi

if (ARG (dphi) <=
break

i 40
i+ (i
apye

=k
MAEXITERY
ERR

call remark{("phid4G - convergence faililwe.)

return
end

o e

3 oasc TUE. . i
determine small o

#H--hy— QEFNG
# gsfnd -~
FRET
FREC

eccent, sinphi,

{eccent EfFSiNY {

con = eccent #

gsfnd = (L{i) -~
con ¥ ocond o
S {C{Ly + cond):

if

[

@l e
gquafnd =
return
el

i

Cizrow

MAX ITER}

5

tanphi # SORT LY -~
* phid
#* sindph +
#* @2l
# phid
ml + «
GOl
windph #

# ip - ml) #

function gsfndi{ecocent,
casphil,

1987E

FER. .

-~ determine latitude angle phi-—4
function phiddleconts,
s
sinEph,

@l

g

e,
By
ml o,

1 = 0§ -k

#* COZCE

# {ml ¥ ml

3

{mi #

Conid

TOL?

FER,, 1983

sinphi .,
COr,

slnphi
@ooant
(C{.5y 7

Sinphi

D-é

€

phi,

econts

@

(o % mip

* eccent) *
eccent)

10049048, 62

oy

P by
sinphi,
cond,

Ly

v e 8

mip,

13

faed

¥ aginphi #

SIN{T4)
# phi) +
P S R B 03

ml + b -

L -

1049547, 868

cosphil )

LG

;
{w

inphi

G

# LOGOCLy -

err)

tanphi,

Oy

sinphi )

* phvid

Ci4) % el

E N <

sirndphl

S0

Cond

A

ooy,

ug
in

u;
Fa
7
fu
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#H-h- TEFNO 287 asc TUE. 1 FER., 198X 10:49049,03
# tsfnd -~ determine small t

FREC function tsfndleccent, phi, sinphi)

FREC eccent, phi, sinphi, con, com. TARN

con o= oecocent ¥ sinphi
com = G5 % eccent
com o= ({(C4{Ly — con) SC0LY + cond) #E oCcom
teafnd = TANID( B ® (MALFFI — phid} 7 con

retourn
end



Appendix B

This appendix provides listings of test values for each of
the projections in this report. In each case, a set of carto-
graphic attributes for the test are displayed in  the ‘consts’
liwt i(note that although radian arguments are required by the
procedures, they are displaved in degrees for claritv). For  a
range of input geographic coodinates " lamin-phiin®), the forward

3

cartesian  values are determined and listed (Cxout’-"voubt’™) and
then passed as input to the inverse projection orocedure. The
absolute difference of the inverse geographic coordinates  and
original input coordinates are then tabulated in the last two
colunns (Tdel lam’—"del phi®i. I+ all processes are functioning
properly. the wvariation in the differences should only reflect

the mentissa signifticance capability of the host computer.



Appencl «

Test of projection 1 Universal Transverse Mercator (UTM)
Attributes

consts(
consts
consts
consts(

-

1 S
LS

Fonrwar L VEer s
Tamin phiin mout Sxin vout svin idel lami tdel phid

O, OE-+O0

7 xthi\‘:;M 1

BGGAS5E,
BY 1 BEE, 5 O OE+C

O, OFE 400

: O OF 400
H7168468. 8O0 O, OF+G0

?01849.49 BIPHERTYLLY 4, 7E-10
Q“Qjm G : y

A TE~1G
4, 7E~10
R 3T 4. 7E~L1G
4984679 . G2 4, TE~10
B540528. 4% 4. PE~10

‘”m8142.'

2 (37

f89413.
77EGO4A.

wop grine

: % GE—09
876959, 21 3. TE~09 7. 0E-10
=7 R 00 7E6106. 38 443185911 4. 4E-0F
~7RLOG 45,00 7I6ATIL 0L 49871124 4. 7E-09
: 14991, 28 554272 5, 4E~09
BSE.24 277075 4. 1. &E~O8
: : ; 2. 1E-08
=71, 00 ES.00 B&5117. 26 2. HE-O8
=71 00 40,00 B41496. 41 I 1E-08
=71 00 45,00 B15270.74 4990521 . 26 T SE-O8 1. OE=~09
546082, 16 I GE-08 1. FE=O9

7200

=7 00

~ T 00

=1 . 00

~71L 00 B0 00




Appendix B

T

Test of projection 3 Alber’s egual area

.

Attributes

constsd 1) & ?Eﬁﬁénﬂﬁﬁﬁ
consts{ 2): - H7HBLE "UU&“U
consts{ H: 2. BOOO0C
consts{ 4): 4..::. "Ji')(m(

consted 5 O

constsl &) 4“

conastsl 7 0.

constes{ B 1 tn)t_u_)t,)l)t 30O

f o war o inversea
lamin phiin wowk Axin voaut /vin tdel lami tdel phid

-~ 1%, 00 25,00 - 1826420, 62 “1"#HJH?.JJ 1.2E~10 2. RE~10
=18, OO Ea OO0 =1 4EYTI4, 90 O . OE+O0 7w bE-10
~1&. 00 EEL00 -~ 1352158, 65 ; O, OE+00 S 8E-10
-1 5. 00 40, GO ~1264109.17 wvw7ﬁ G : 4., 7E~10
=15, 00 45, 00 ~1176284. 18 HEL7EHL 20 E-L1O
=15, 00 H0. 00 =L ORYHOE, E9 1196991 . 48 HOHE-10

- g y H. IE-10

0, =
(9 Oy QE+O0 1. 4E-OY
O O, OE-+00 1. OE~09
3 O DE+O0 Q. EZE-10
O OE+GD =
O, OFE+00
LaZE~-10
O OE+Q0 7 HE-1D
Oy OO0 GL.gE-1O
15 &4109 17 999/0.@9 Sl BE-L1 4. 7E-10
Jl’&“sﬂulﬁ HELTEL . 2T H.8E-11 2 BE-10
: 1196991 . ) AL SE-10
----- 11889475 e BE~11
—~&&H4749, 7L hGE~-LO
S8 e 8E-10
O, OF+00 4,/Fw10
1. 2E~-10
O DEAQO
1.2E-10
1o Z2E—-10
O, OFE4+00
884887 .97 1. 2E-10G
E2412601 .84 1282145, 45 1.2E-10 G FE-10
FZ1HOBZE. &F 1873491, 30 O OEA+OD AL BE-LO
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of projection 4 Lambert conformal conio

Attributes

constsd 1) HATER20E. 4
conetsd 2 :

consts{ 3

consts{ 432

constsld S5 0, G

constea( &) 40, 00
consts ( 7y 0, O

consts( 8 0, OOOOOD00O00

Forward inverse
lamin phiin Routwin voutsvin tdel lami tdel phild
=15, O
~1%. 00
—~1 5, 00

=15, 00

-154286435. 24 ~1541818.71 . OE+00 O GE+D0
=14502%945. 14 =Q87445, 20 H5.8E-11 L BE~10
—4EF851. 31 H.8E-11 o BE-10
104915,99 0. OE+O0 . BE~10
HLOF4T.T0 D.8E-11 W BE~10
1202682.88 S.8E-11 o BE-10
~1&HAR42E. &9 Cha OEAGO W PE-10
b O, DE+O0 OE
5 0, OE+00

=15, 00

=15, 00

e L LN e O

0. OO

~
]
e’
T

0, O

0, OO0 (9 1¥] O, OE 400 W DE-1 O

. OO0

., OO 500, O O, O

&Y Gra DE+DO BE-10
44 0. OE+00 BE-10
15, 00 HEL 00 1TE42443, 24 ~1EH41818.71 U OE+O0 G GE-+O0
15. 00 1450294, 14 —=GR7445, 20 S.BE-11 5.8E~-10
15,00 PEB7078. 58 —439851. 31 H5.8E-11 AE-10

1268331 .4 104915, 99 O QDE+GG BE~-10
VI7FEFR. 9 EEOR4T . T0 5.8E~11 ELGE-10
10854646, 32 1202682, 88 H.8E-11 1.2E-10
AO4ELTERG. 99 HR4 66, &8 O GE+OO O OE+O0

2861167.16 & JE .28 1.2E-10 G BE-10

LR ) e

15,00
Win]

W1, O

2681211, .78 O w OE+00 OEA+O0

C. 416811.91 O OE+QO Fa BE-10

Vo OO0 45, G447 6. 21 O DE+OG 1. R2E~10
b 0 S GO 14698100348 O OE+00 1.2E-10
00 1681.95 0, OEA4O0 4.1E-10

- 717G O OE+00 B.lE~10
441275, 46 0. OE+00 1. BE~-10
B0, OO GETROD, 11 0w GE+00 2. EE-10
A5, OO : 1414270, 67 L. EE-10 1. 2E~10
B0, OO TIBPITLLON 1906419, 64 G OE+00 1. BE~10

i

OO

(18]




Test of projection 9 Mercator
Attributes

ESATEROSE. 4000

. &7 HBEBBOOOOE -5

constsl 1)
consts{ 2
constsl 5
consts{ &)
consts 7
consts( B

O, D000 100

]
e
3= BE g 2s

0y, i 2

0, QOO Q0

-

g

n mn

— e
=

forward Lnver se
Tamin phiin 2oubsxin voutsvin idel lami tdel phild
0, CHO 0, 0 Cry OO Cr, 00 0 OF 00 Cry OF 00
O G0 5.00 0, 00 HEE548. 58 e OEAO0 4. 4E-11
Ga 00 1000 0., 00 1111404, 92 0. OE+O0 TE~11
g 30 15,00 Cry Q0 T&78047%, 12 O OE+DOO TE~-11
PRNBRAG. LU O OE+OO 7E-10

jas}
N

O, OO D, D0

o OO 25,00 2BHT7HEE. 32 Ui QE+GO « SE-1O

2481989,

BE~10
RE-10
EE-10
1.2E=10
0, OEAO0 Lo ZE~10
0. DE+O0 1.2E~10
Gy OE+00 L. EE-10
FHEIRT & . 28 O OE+GO 2. EE-10
1028186, &7 O OE+00 ” :
PBYOST4 . Bé O OE+00 0. OE+00

1 OO

- 1 RY = 0

O, OO0

k2
®

O, 00
O, OO0

O OO0

O, 00

G OO0
O, OO
O, OO P, OO G 00
{0, 00 7. 00 .00
. 00 OO0 £, OO HARERTO, TH 0y DE+D0 O OFE+00
0.00 85,00 0,00 19928981.89 0w OE+00 2.IE~10
I 02 . 00 2.9E-11 Oy GEA+OO
G2 SHI548.58 2.PE~-11 4. 4E~11
K 1111404,92 2.RE-11 8. 7E~-11
1678043, 12 2.9E~11 g.7E~11
: 3. 10 2.9E-1L 1.7E~10
E.9E-11 E
2. 9E-11
2.9E-11

[

13, 00 3, 0D
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