D EPARTMENT

OF

P HOTOGRAMMETRY & S URVEYING

U NIVERSITY C OLLEGE L ONDON

L ATTICE P ROGRAM

D OCUMENTATION

M Jones Lattice Program Documentation

University College London

T ABLE OF C ONTENTS

1.0 PROGRAM DESCRIPTION ................................ ................................ ............................ 1

2.0 USING THE PROGRAM ................................ ................................ ................................ . 2

3.0 COORDINATE SYSTEMS ................................ ................................ ............................... 2

4.0 COORDINATE TRANSFORMATIONS ................................ ................................ ......... 3

4.1 T

RANSFORMATION F ORMULAE ................................ ................................ ............................. 4

4.1.1 Transformation GCCS : GCS ................................ ................................ ....................... 4

4.1.1.1 Forward Transformation ................................ ................................ ......................... 5

4.1.1.2 Reverse Transformation ................................ ................................ .......................... 6

4.1.2 Transformation LGS : GCCS ................................ ................................ ....................... 6

4.1.2.1 Forward Transformation ................................ ................................ ......................... 6

4.1.2.2 Reverse Transformation ................................ ................................ .......................... 7

4.1.3 Transformation GCCS : FSCS (XYZ) & GCCS : LTCS (XYZ) ................................ .. 7

4.1.3.1 Forward Transformation ................................ ................................ ......................... 8

4.1.3.2 Reverse Transformation ................................ ................................ .......................... 8

4.1.4 Transformation GCS : FSCS (XYH) & ................................ ................................ ..... 9

4.1.4.1 Forward Transformation ................................ ................................ ....................... 10

4.1.4.2 Reverse Transformation ................................ ................................ ........................ 13

4.1.5 Transformation GCS : OMPS ................................ ................................ .................... 14

4.1.5.1 Forward Transformation ................................ ................................ ....................... 15

4.1.5.2 Reverse Transformation ................................ ................................ ........................ 17

4.1.6 Transformation GCS : ISPS ................................ ................................ ....................... 18

4.1.6.1 Forward Transformation ................................ ................................ ....................... 19

4.1.6.2 Reverse Transformation ................................ ................................ ........................ 21

APPENDIX A ................................ ................................ ................................ ........................ 23

APPENDIX B ................................ ................................ ................................ ..................... 24

APPENDIX C ................................ ................................ ................................ ........................ 25

M Jones Lattice Program Documentation

University College London

Page - 1 -

D ESCRIPTION AND D OCUMENTATION

FOR P ROGRAM

L ATTICE

1.0 Program Description

The Lattice Program is a C programdesigned to performa transformation ofspatialand mapping plane coordinates between anytwo ofthe coordinate systems which willnecessarilybe in use at the FermiNationalAccelerator Labortory(Fermilab). It is looselydefined in concept upon a similar programwritten for use at the SSCL, but the structure ofthe software is considerably different.

The software is currentlyimplemented under the Windows 3.11 operating system, and is compiled using the Microsoft Visual C++ compiler, using the QuickWin compiler options for a 386 PC.

The program is designed to be run anynumber oftimes, with the user defining the controlling parameters ofthe transformation at each stage. It is possible to transformbetween anytwo ofthe coordinate systems defined for use at Fermilab, and anynumber ofcoordinates maybe transformed. The coordinates are processed in batches of500. Testing ofthe software is byway ofa baseline set ofcoordinates provided byFermilab, together with tests ofthe internalprecision of the program, and tests of transformations using independent algorithms or known test data.

The data controlling anyspecific run ofthe software is input interactively, in response to a number ofprompts to the user. The user is initiallyasked for the input device, which maybe the console or a data file, the coordinate systemand the units ofthe points in this system. The user is then prompted for the same information regarding the output device, output coordinate system, and output units. Finallya request is made for the number ofdecimalplaces to which the data is to be output.

A full listing ofthe program is given in Appendix A, supplemented byflow charts in Appendix B.

Annotated examples ofthe Input and Output files are given in Appendix C, and results ofthe software tests in Appendix D.

M Jones Lattice Program Documentation

University College London

Page - 2 -

2.0 Using the Program

The program maybe executed in the same wayas anyWindows 3.11 program. The user is presented with a window, in which the user responses willappear, and in which the first ofseveral prompts to define the controlling parameters of the current transformation is given.

The valid responses at each stage are indexed, and the user is asked to input the appropriate index value. Ifthe user inputs an invalid value the user is once again prompted to input a different response.

Ifdata is to be input or output to a file, the programwillprompt for a filename. Anyproblems encountered opening the file willresult in the user being asked to enter a new filename, or choose to terminate the programrun. Naming restrictions ofthe Windows 3.11 operating systemapply.

Any data already in a specified output file will be overwritten.

The formats for input data are given in Appendix C. The point ID, and x, y, z (or their equivalent) should be input, with one point given on a data line. Blank lines, and lines whose first string is the

US pound sign (#) willbe ignored. Additionaldata appended to the end ofeach data line willalso be ignored.

Ifthe input is to be through the console window, the data formats willbe supplied just before the user is asked to input the point coordinate data. Rudimentarycut and paste is available. Each paste is followed bya carriage return/linefeed, so ifincomplete lines are left after copying in data, the programwillrecord an error in the input data. Results output to this console maybe copied to the clipboard and pasted elsewhere.

The user is not presented with the input coordinate systemin the list ofpossible output coordinate systems.

Ifthe input or output point data is indicated to be in a user specified localgeodetic coordinate system(LGS), the user is prompted for the name and geodetic coordinates ofthe origin ofthe system. The ellipsoidal height should be given in metres.

At the end ofeach requested transformation, the user is prompted to rerun the programfor a new transformation, or to terminate the program. The user maystop the programexecuting by choosing Exit fromthe File Menu, which willclose the Lattice window. The effects ofdoing this in the middle of a transformation are not defined.

3.0 Coordinate Systems

There are nine coordinate systems which willbe used byFermilab, some ofwhich are merely intermediate steps in the transformation between two other essentialcoordinate systems. A brief description of each of these coordinate systems may be found in the FMI Document [MI-0 209 ].

M Jones Lattice Program Documentation

University College London

Page - 3 -

Fermilab Site Coordinate System - XYZ

(FSCS - XYZ)

System Identifier: 1

Local Tunnel Coordinate System - XYZ

(LTCS - XYZ)

System Identifier: 3

Fermilab Site Coordinate System - XYH

(FSCS - XYH)

System Identifier: 2

Local Tunnel Coordinate System - XYH

(LTCS - XYH)

System Identifier: 4

Oblique Mercator Projection Coordinate System

(OMPS)

System Identifier: 8

Illinois State Plane Coordinate System

(ISPS)

System Identifier: 9

Geodetic Coordinate System

(GCS)

System Identifier: 5

Geodetice Cartesian Coordinate system

(GCCS)

System Identifier: 6

Local Geodetic Coordinate System

(LGS)

System Identifier: 7

Figure 1.0 Coordinate Systems and Relationships between them

4.0 Coordinate Transformations

The transformation ofcoordinates fromone ofthe coordinate systems to another one, is a step wise process with a dictated route for a given transformation. Each ofthe described coordinate systems is directlyrelated to at most two other systems, and this program links the transformations between neighbouring coordinate systems to provide the desired result.

The links between the various coordinate systems are shown in Figure 1.0, with the coordinate systems identified by number, corresponding to the listing provided by the program when it is run.

Allcombinations ofdifferent start and finish coordinate systems are permitted bythe program, but they must be different.

M Jones Lattice Program Documentation

University College London

Page - 4 -

The relationship between FSCS -XYZ and FSCS -XYH is shown in diagramatic form in Figure

2.0. It is noted that for the LTCS systems there is an additionalrotation applied about CMFI to bring the xy-plane parallel to that defined in MI-0 209.

Z

A0

Ellipsoid

DUSAF datum

Z H

X/Y plane

P P

P

Figure 1

Figure 2.0 Relationship between FSCS -XYZ and FSCS -XYH

4.1 Transformation Formulae

The governing equations for each ofthe trasformation steps depicted in Figure 1.0, are given below for both the forward and reverse directions.

4.1.1 Transformation GCCS

� GCS

Reference: P., Vanicek, & E.J., Krakiwsky: Geodesy the Concepts, 1982. North-

Holland Publishing Company.

This transformation between the two Geodetic coordinate systems maybe explicitly expressed for the reverse transformation, but the geodetic latitude and geodetic height are determined iteratively for the forward transformation.

M Jones Lattice Program Documentation

University College London

Page - 5 -

4.1.1.1 Forward Transformation

The equations describing the transformation from GCCS to GCS are:

Taking,

X G C =

X G C

Y G C

Z G C

® G e o d e t i c C a r t e s i a n C o o r d i n a t e s

G P L =

f G l G h G

® G e o d e t i c C o o r d i n a t e s t h e n

= 2 a r c t a n Y G C

X G C + p G C a n i t e r a t i v e s o l u t i o n , f o r f G h i G

= p G C c o s f i - 1 G

- i - 1

; i = 0 , 1 , 2 , f i G

= a r c t a n Z G C p G C 1 - e i - 1 i - 1 + h i G

; i = 0 , 1 , 2 ,

l G

, h G n

2 n n stopping criterion; suitable values for the precision of the transformation h i - h i - 1 < e h f i - f i - 1 < e f i n i t i a l v a l u e s h 0 = 0

Þ f 0 = a r c t a n Z G C p G C 1 - e 2 w h e r e p G C = X G C

2 + Y G C

2 1

2 i = a

1 - 1

2

; f o r a n y g i v e n i e 2 = a 2 - b 2 a 2 a , b = p a r a m e t e r s o f t h e r e f e r e n c e e l l i p s o i d

n e 2 s i n 2 f i G

In the program , e e f

h

e e

= -

= -

1 0 9

1 0 14

.

.

M Jones Lattice Program Documentation

University College London

Page - 6 -

4.1.1.2 Reverse Transformation

The equations describing the transformation from GCS to GCCS are:

X G C

Y G C

Z G C

=

+ f c o s l G

+ h G c o s f G s i n l G

+ s i n f G

h G c o s G n n n h G

b 2 a 2 with notation as before.

4.1.2 Transformation LGS � GCCS

Reference: P., Vanicek, & E.J., Krakiwsky: Geodesy the Concepts, 1982. North-

Holland Publishing Company.

This transformation involves a change froma right handed system(GCCS) to a left handed coordinate system(LGS), and therefore also involves a reflection in the plane Y = 0. In addition there is a rotation fromthe Geodetic coordinates ofthe User Specified Origin, and a translation from this point.

4.1.2.1 Forward Transformation

The equations describing the transformation from GCCS to LGS are:

( ) [ ]

X P R R X X

X

X

X

LG Y Y

T

C Z

T

C GC

GC

GC

GC

GC

LG

LG

LG

LG

LG

LG

LG

LG

LG

where

X

Y

Y

X

Y

Y

X

Y

Z

= - æ è ç

ö ø ÷ - -

=

æ è

ç ç ç

ö ø

÷

÷

÷

®

=

æ è

ç ç ç

ö ø

÷

÷

÷

®

=

æ è

ç ç ç

ö ø

÷

÷

÷

®

p f p l

2 0

0

0

0

0

Geodetic C artesian C oordinates

Local Geod etic Coord inates

Geodetic C artesian C oordinates of User S pecified O rigin

M Jones Lattice Program Documentation

University College London

Page - 7 -

( )

P

R

R

Y

Z C

C C

C C

Y C

C C

C C

C

C

= -

é ë

ê ê ê

ù û

ú ú ú

- =

- -

- - -

é ë

ê ê ê

ù û

ú ú ú

- æ è ç ö ø ÷ =

- æ è ç ö ø ÷ - æ è ç ö ø ÷

- - æ è ç ö ø ÷ - æ è ç ö ø ÷

é ë

ê ê ê ê ê

ù û

ú ú ú ú ú

=

=

1 0 0

0 1 0

0 0 1

0

0

0 0 1

2

2 0

2

0 1 0

2 0

2

p l

p l p l p l p l p f

p f p f p f p f f l

cos( ) sin( ) sin( ) cos( ) cos sin sin cos

Geodetic L atitude of User Spec ified Orig in

Geodetic L ongitude o f User Spe cified Ori gin

4.1.2.2 Reverse Transformation

The equations describing the transformation from LGS to GCCS is:

( ) X R R P X X

GC Z C Y C Y LG LG

= - - æ è ç ö ø ÷ - p l p f

2 0 with notation as before.

4.1.3 Transformation GCCS

� FSCS (XYZ) & GCCS � LTCS (XYZ)

The transformation between both the FSCS (XYZ) and LTCS (XYZ) and the GCCS are

essentiallythe same, with onlythe parameter values ofthe transformation changing. The

FSCS (XYZ) and the LTCS (XYZ) are in realitymodifications oftwo specific Local

Geodetic Systems, designed for Fermilab.

The LTCS systemnow also incorporates an additionalrotation to make the xy-plane ofthe

final system parallel to the plane defined in MI-0 209.

The forward transformation involves a reflection in the X = Y plane, to give a right handed

system, followed bya rotation and translation ofthe coordinates. This process is reversed

to transform the points the other way.

University College London

Page - 8 -

4.1.3.1 Forward Transformation

The equations describing the transformation fromthe GCCS to a Fermilab (XYZ)

Coordinate System, are initiallythose described for the transformation fromthe GCCS

to a LGS (see § 4.1.2) with the origin at A0 (FSCS), or CFMI (LTCS). Following

those transformations:

X R P X X

X

X

X

P

R

FXYZ Z XY LG

FXYZ

FXYZ

FXYZ

FXYZ

LG

LG

LG

LG

XY

Z where

X

Y

Y

X

Y

Y

X

Y

Z

= +

= æ

è ç

ç ç ö

ø

÷

÷ ÷

®

= æ

è ç

ç ç ö

ø

÷

÷ ÷

®

= æ

è ç

ç ç ö

ø

÷

÷ ÷

®

= é

ë ê

ê

ê ù

û ú

ú

ú

= - é

ë ê

ê

ê ù

û ú

ú

ú

=

=

= - a

a a a

a a

0

0

0

0

0

0 1 0

1 0 0

0 0 1

0

0

0 0 1

Fermilab( XYZ) Coord inates

Local Geod etic Coord inates at Fermilab( XYZ) Origi n

False Coor dinates at Fermilab (XYZ) Orig in

X False East ing at Fer milab(XYZ ) Origin

Y False Nort hing at Fe rmilab (XY Z) Origin

Z H

0

0

0 0 cos( ) sin( )

sin( ) cos( )

dH

H Orthometri c Height a t Fermilab (XYZ) Ori gin

dH = Height Co rrection ( DUSAF to N AVD88)

a = Geodetic Azimuth of the Fermi lab (XYZ) Origin

0

=

4.1.3.2 Reverse Transformation

The equations describing the transformation froma Fermilab (XYZ) Coordinate System

to the GCCS are initially as follows:

( ) X P R X X

LG XY Z

T FXYZ

= - a 0

University College London

Page - 9 -

This transformation is then followed bythe transformation fromthe LGS at the Fermilab

(XYZ) origin, to the GCCS, (see § 4.1.2).

Notation is as before.

4.1.4 Transformation GCS � FSCS (XYH) & GCS � LTCS (XYH)

Reference: D.B., Thomson, M.P., Mepham, R.R., Steeves: The Stereographic Double

Projection, July1977. Department ofSurveying and Engineering, UniversityofNew

Brunswick, Fredericton, N.B., Canada. Technical Report No. 46.

The transformation between both the FSCS (XYH) and LTCS (XYH) and the GCS are

essentiallythe same, with onlythe parameter values ofthe transformation changing. The

FSCS (XYH) and the LTCS (XYH) are both Double Stereographic Mapping Planes,

designed for Fermilab.

The LTCS systemnow also incorporates an additionalrotation to the xy-coordinates to

match the additionalrotation incorporated into the transformation fromthe GCCS to the

LTCS -XYZ system (see § 4.1.3).

The transformation between Geodetic coordinates and Double Stereographic coordinates is

a combination oftwo conformaltransformations, the first between ellipsoidalcoordinates

and sphericalcoordinates, and the second between these sphericalcoordinates and the

mapping plane. The transformation fromthe sphere to the ellipsoid again requires an

iterative solution, performed here by the Newton-Raphson Method.

The resulting coordinates are re-scaled bythe scale factor, F 0 (defined in MI-0 209 ), to give

true scale at the origin ofthe Fermilab 720ft datum(Note that the point scale factors at the

origin of the two projections are both 1.0 for the two Fermilab coordinate systems).

The determination ofthe orthometric height for each point uses geoid height values

estimated using the GEOID93 Model(see MI-0 209 ). These heights are then shifted to give

the height above the DUSAF datum.

4.1.4.1 Forward Transformation

The equations describing the transformation from GCS to DS are:

University College London

Page - 10 -

Transformation from the Ellipsoid to the Sphere

L = c 1 l G

c = 2 a r c t a n c 2 t a n p

4

+ f G

2

1 - e s i n f G

1 + e s i n f G e

2 c 1

- p

4

k s = c 1 k 0

R c o s c

G c o s f G

w h e r e

G = f G

l G

h G

® G e o d e t i c C o o r d i n a t e s

c

L

= S p h e r i c a l C o o r d i n a t e s

k s = P o i n t S c a l e F a c t o r

k 0 = P o i n t S c a l e F a c t o r a t O r i g i n o f P r o j e c t i o n ( E l l i p s o i d t o S p h e r e )

f 0

l 0

= G e o d e t i c C o o r d i n a t e o f t h e O r i g i n f o r t h e T r a n s f o r m a t i o n

c 0 = a r c s i n s i n f 0

c 1

L 0 = c 1 l 0

c 1 = 1 + e 2

1 - e 2 c o s 4 f 0

1

2

c 2 = t a n p

4

+ c 0

2 t a n p

4

+ f 0

2

1 - e s i n f 0

1 + e s i n f 0 e

2

- c 1

e 2 = a 2 - b 2

a 2 n

R = 0 0

a

i =

1 - e 2 s i n 2 f i

1

2

; f o r a n y g i v e n i

0 = a 1 - e 2

1 - e 2 s i n 2 f 0

3

2

a , b = p a r a m e t e r s o f t h e r e f e r e n c e e l l i p s o i d n

r n r ( ) 1 / 2

University College London

Page - 11 -

Transformation from the Sphere to the Mapping Plane

x k k R

y k k R

where

x

y

k

DS

DS

DS

DS

DS

=

+ + ì

í

î ü

ý

þ

=

-

+ + ì

í

î ü

ý

þ

= æ

è ç ö

ø

÷ ®

=

= -

2

1

2

1

0 0

0 0

0 0

0 0

0 0

0

0

’

’

’ cos( ) sin( )

sin( ) sin( ) cos( ) cos( ) cos( )

cos( ) sin( ) sin( ) cos( ) cos( )

sin( ) sin( ) cos( ) cos( ) cos( ) c

c c c c

c c c c

c c c c

DL

DL

DL

DL

DL L L x Double Ste reographic Coordinat es

Point Scal e Factor a t the Orig in of the Projection (Sphere t o Plane)

with unspecified notation as before.

Transformation into the Fermilab Double Stereographic Projection

x R x x

x

R

x

FXY DS

FXY

FXY

FXY

F

x

y

F

x

y

x

y

= +

= æ

è ç ö

ø

÷ ®

=

- æ

è ç ö

ø

÷

=

= æ

è ç ö

ø

÷ ®

=

=

0 0

0

0

0

0

0

0 a

a a a

a a

FermilabD ouble Ster eographic Coordinate s

Height Sca le Factor

False Coor dinates at the Origi n

False East ing at Ori gin

False Nort hing at Or igin cos( ) sin( )

sin( ) cos( )

University College London

Page - 12 -

Orthometric Height in Fermilab Double Stereographic Mapping Plane

H H dH

H h N

H

H

dH

h

N

FXY

FXY

= -

= +

=

=

=

=

=

FermilabO rthometric Height ab ove DUSAF datum

Orthometri c Height a bove NAVD8 8 datum

Height Cor rection (D USAF to NA VD88)

Ellipsoida l Height

Geoidal He ight (deri ved from G EOID93)

4.1.4.2 Reverse Transformation

The equations governing the transformation from DS to GCS are given below.

Transformation from the Fermilab Double Stereographic Projection

( ) x R x x

DS FXY F

= - 1

0

0 a

Transformation from the Mapping Plane to the Sphere

( ) c c d c d b

b d

c

b

d

= +

= + æ

è ç ö

ø

÷

= æ

è ç ö

ø ÷

= +

= æ

è ç ö

ø

÷ arcsin sin( ) cos( ) cos( ) sin( ) sin( )

arcsin cos( ) sin( )

cos( )

arcsin

arctan

’

0 0

0

2 2

0 0

2

2

L L

where

y

s

s x y

s

k k R

DS

DS DS

Transformation from the Sphere to the Ellipsoid

l G

L = c 1

M Jones Lattice Program Documentation

University College London

Page - 13 -

Newton-Raphson, iterative solution for

I G

f i = f i - 1 - f f i - 1

f ’ f i - 1

; i = 0 , 1 , 2 ,

s t o p p i n g c r i t e r i o n

f i - f i - 1 < e

i n i t i a l v a l u e

f 0 = c

w h e r e

f f i = c 2 t a n p

4

+ f i

2

1 - e s i n f i

1 + e s i n f i e

2 c 1

- t a n p

4

+ c

2

f ’ f i = c 1 c 2 t a n p

4

+ f i

2

1 - e s i n f i

1 + e s i n f i e

2 c 1 - 1

´ 1 - e s i n f i

1 + e s i n f i e

2 1

2 s e c 2 p

4

+ f i

2

- e 2 c o s f i

1 - e 2 s i n 2 f i t a n p

4

+ f i

2

in the program,

e = - 1 0 14 . e

with notation as before.

Ellipsoidal Heights

h H dH N FXY

= + -

4.1.5 Transformation GCS � OMPS

Reference: J.P., Snyder: Map Projections -A Working Manual, 1987. U.S.

GeologicalSurveyProfessionalPaper 1395, United States Goverment Printing Office,

Washington.

The transformation between the three dimensionalGeodetic Coordinates and the two

dimensionalOblique Mercator Projection System in use at Fermilab, as defined bya central

point, and the azimuth ofthe central line through the centralpoint. A series is used in the

reverse transformation to avoid an iterative procedure to determine the latitude.

University College London

Page - 14 -

The determination ofthe orthometric height for each point uses geoid height values

estimated using the GEOID93 Model(see MI-0 209 ). These heights are then shifted to give

the height above the DUSAF Datum (see § 4.1.3).

4.1.5.1 Forward Transformation

The equations describing the transformation from GCS to OMPS are:

x x x

x

x

x

FOM OM

FOM

FOM

FOM

OM

OM

OM

F

where

x

y

x

y

x

y

= +

= æ

è ç ö

ø

÷ ®

= æ

è ç ö

ø

÷ ®

= æ

è ç ö

ø

÷ ®

0 0

0

0

0

’

’

’

FermilabO blique Mer cator Proj ection Coo rdinates

Standard O blique Mer cator Proj ection Coo rdinates

Adapted Fa lse Coordi nates at t he Origin

( ) [ ]

( ) [ ]

( ) ( ) [ ] x

A

B

U

U

y A

B

S V

B

U

S V

T

V B

T Q

Q

S Q

Q

Q E

t

t

e e

OM

OM

B

e

=

-

+ é

ë ê ù

û ú

= +

- é

ë ê

ê ù

û ú

ú

=

-

= -

= + æ

è ç ö

ø ÷

= - æ

è ç ö

ø

÷

=

=

- æ

è ç ö

ø ÷

- +

2

1

1

1

2

1

1

2

1

4 2

1 1

0 0

0

0 0

0

2 ln

arctan cos( ) sin( )

cos

sin( ) cos( )

sin

tan

sin( ) sin( ) g g

l l

g g

l l

p f

f f

University College London

Page - 15 -

( ) [ ]

( )

( )

( ) ( ) [ ]

( ) ( ) [ ]

( )

( ) [ ]

( )

( ) l l g

g a

f

f f

p f

f f

f

f

0

0

0

0

2 1 2 0

2 1 2

0

2 2

0

1 2

0

0

0 0 2

0

2 1 2

2 2

0

2 4

0

2

1 2

1

2

1

1

1

1

4 2

1 1

1

1

1

1

= -

= é

ë ê ù

û ú

= - æ

è ç ö

ø ÷

=

= ± -

=

-

-

=

- æ

è ç ö

ø ÷

- +

=

-

-

= +

- é

ë ê

ê ù

û ú

ú c

c

B

e

G

B

D

G F

F

E Ft

F D D

D

B e

e

t

e e

A aBk e

e

B e

e arcsin tan

arcsin sin

( )

cos sin

tan

sin( ) sin( )

sin

cos

, taking th e sign of

( )

( ) f

l

f

l

a

a f

=

=

=

=

=

=

=

= -

= ±

- é

ë ê

ê

ê ù

û ú

ú

ú

=

= geodetic l atitude of the point

geodetic l ongitude o f the poin t

latitude o f the sele cted centr e of the p rojection

longitude of the sel ected cent re of the projection

azimuth of the centr alline

Point Scal e Factor a t the Orig in

False East ing at the Origin

y

, taking th e sign of

False Nort hing at th e origin

parameters of the re ference el lipsoid

0

’

0

0

0

0

0

2 1 2

0

1 c

c

c

c

c k

x

y y

y

A

B

D

y

a e arctan

cos

,

University College London

Page - 16 -

4.1.5.2 Reverse Transformation

The equations describing the transformation from OMPS to GCS are:

( ) f c

l l g g

c p

c

c

c

c

= + + + +

= -

-

æ

è ç ö

ø ÷ é

ë ê

ê

ê ù

û ú

ú

ú

= -

= + + + æ

è ç ö

ø

÷

= + + æ

è ç ö

ø

÷

= + æ

è ç ö

ø

÷

= æ

è ç ö

ø

÷ term term term term

B

S V

By

A

where

t

term e e e e

term e e e

term e e

term e

OM

1 2 3 4

1

2

2

1

2

5

24 12

13

360

2

2 7

48

29

240

811

11520

4

3

7

120

81

1120

6

4

4279

161280

8

0

0 0

2 4 6 8

4 6 8

6 8

8 arctan

’ cos( ) ’ sin( )

cos

arctan

sin( )

sin( )

sin( )

sin( )

( ) ( ) [ ]

[ ]

( )

( )

( ) t

E

U U

U V S T

V By A

T Q

Q

S Q

Q

Q e

F

B

OM

Bx A

OM FOM

OM

=

+ - ì

í ï

î ï ü

ý ï

þ ï

= +

=

= + æ

è ç ö

ø

÷

= - æ

è ç ö

ø ÷

= =

= -

-

1 1

1

2

1

1

2

1

1

1 2

1

0 0

0

0

’ ’

’ ’ cos( ) ’ sin( ) ’

’ sin

’ ’

’

’ ’

’

’

’ g g

, e 2.71828. . . . , the base of natural logarithm s

x x x

with unspecified notation as before.

University College London

Page - 17 -

4.1.6 Transformation GCS � ISPS

Reference: J.P., Snyder: Map Projections -A Working Manual, 1987. U.S.

GeologicalSurveyProfessionalPaper 1395, United States Goverment Printing Office,

Washington.

The transformation between the three dimensionalGeodetic Coordinates and the two

dimensionalISPS mapping plane coordinates. The reverse transformation uses an iterative

procedure for the latitude.

The determination ofthe orthometric height for each point uses geoid height values

estimated using the GEOID93 Model(see MI-0 209 ). For this mapping plane these heights

are not shifted to give the height above the DUSAF, but are left as heights above the

NAVD88 Datum.

4.1.6.1 Forward Transformation

The equations describing the transformation from GCS to ISPS are:

x x x

x

x

x

ISPS TM

ISPS

ISPS

ISPS

TM

TM

TM k

where

x

y

x

y

x

y

= +

= æ

è ç ö

ø

÷ ®

= æ

è ç ö

ø

÷ ®

= æ

è ç ö

ø

÷ ®

=

0 0

0

0

0

IllinoisS tate Plane Coordinat es

Transverse Mercator Projection Coordinat es

False Coor dinates at the Origi n

k point sca le factor at origin of project ion 0

University College London

Page - 18 -

( ) ( ) ( )

( ) ( )

( )

( ) ( )

( ) ( )

( ) ( ) y M term term term a

x term term term

M b n n

n n

n n

n

TM

TM

= + + +

= + +

=

+ æ

è ç ö

ø ÷ - é

ë ê ù

û ú

- + æ

è ç ö

ø ÷ - + é

ë ê ù

û ú

+ + æ

è ç ö

ø ÷ - + é

ë ê ù

û ú

- - + ì

í ï

ï

ï

ï ï

î ï

ï

ï

ï

ï ü

ý ï

ï

ï

ï ï

þ ï

ï

ï

ï

Dl Dl Dl

Dl Dl Dl

2 4 6

3 5

2 3

0

2 3 0 0

2 3

0 0

3

0 0

2 3 3

4 5 6

8

2 2

3 3

1 + n +

5

4

5

4

3n + 3 21

8

15 15

8

35

24 f f

f f f f

f f f f

f f f f sin cos

sin cos

sin cos

[ ]

[ ]

[ ] ï

=

= - +

= - +

=

= - é

ë ê ù

û ú

= - + + -

= -

+ term

term

term a

term

term

term

n a b

a b

2

2

3

24

5 9

3

720

61 58

4

5

6

6

120

5 18 14 58

3 2 2

5 2 4

3 2

5 2 4 2 2 2 n f f

n

f f f h

n f f f f

n f

n

f n

r f

n f f f h f h

l l sin( ) cos( )

sin( ) cos ( ) tan ( )

sin( ) cos ( ) tan ( ) tan ( )

cos( )

cos ( ) tan ( )

cos ( ) tan ( ) tan ( ) tan ( )

Dl = -

0

( )

( )

( ) n

f

r

f

h n

r

=

-

=

-

-

= - a

e

a e

e

1

1

1

1

2 2 1 2

2

2 2 3 2

2 sin ( )

sin ( )

University College London

Page - 19 - f

l

f

l

=

=

=

=

=

=

= geodetic l atitude of the point

geodetic l ongitude o f the poin t

latitude o f the orig in of the projection

longitude of the ori gin of the projectio n

False East ing at the Origin

False Nort hing at th e origin

parameters of the re ference el lipsoid

0

0

0

0 x

y

a b e , ,

Orthometric Height in Illinois State Plane Coordinate System

H h N

H

h

N

= +

=

=

=

Orthometri c Height a bove NAVD8 8 datum

Ellipsoida l Height

Geoidal He ight (deri ved from G EOID93)

4.1.6.2 Reverse Transformation

The equations describing the transformation from ISPS to GCS are:

f f

l l

f

f f

f f e

f f

= - + -

= + - + -

= + -

- <

= +

+

+

’

’ ’

’ ’ x term x term x term

x term x term x term x term a

y M

a

y

a

TM TM TM

TM TM TM TM

i i TM i

i i

TM

2 4 6

0

3 5 7

1

1

0

1 2 3

4 5 6 6

where

we determi ne ’ through a n iterativ e procedur e

; i = 0, 1, 2,

stopping c riterion

initialva lue

0

’

�

in the program,

e = - 1 0 14 . e

University College London

Page - 20 -

( )

( ) ( )

( ) ( )

( ) ( )

M b n n

n n

n n

n

term

term i i

i i

i i

i i

=

+ æ

è ç ö

ø ÷ - é

ë ê ù

û ú

- + æ

è ç ö

ø ÷ - + é

ë ê ù

û ú

+ + æ

è ç ö

ø ÷ - + é

ë ê ù

û ú

- - + ì

í ï

ï

ï

ï ï

î ï

ï

ï

ï

ï ü

ý ï

ï

ï

ï ï

þ ï

ï

ï

ï

ï

=

= +

1 + n +

5

4

5

4

3n + 3

21

8

15 15

8

35

24

2 3 0

2 3 0 0

2 3 0 0

3 0 0

3

8

2 2

3 3

1

2

2

24

5 f f

f f f f

f f f f

f f f f

f

rn

f

rn

’

’ ’

’ ’

’ ’ sin cos

sin cos

sin cos

tan( ’ )

tan( ’ ) ( )

( )

( )

( )

( )

3 9

3 720

61 90 45

4

5 6

2

6

120

5 28 24

7 5040

61 662 1320 720

1

2 2 2 2

5

2 4

3

2

5

2 4

7

2 4 6

0

0 tan ( ’ ) tan ( ’ )

tan( ’ ) tan ( ’ ) tan ( ’ )

sec( ’ )

sec( ’ ) tan ( ’ )

sec( ’ ) tan ( ’ ) tan ( ’ )

sec( ’ ) tan ( ’ ) tan ( ’ ) tan ( ’ ) f h f h

f

rn f f

f

n

f

n n

r f

f

n f f

f

n f f f

+ -

= + +

=

= + æ

è ç ö

ø

÷

= + +

= + + +

= - term

term

term

term

term

k TM ISPS x x x

with unspecified notation as before.

Ellipsoidal Heights

h H N = -

Appendix A

Program Listing

Appendix B Program Flow Charts

Appendix C Program Test Results