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COMPSYS 21

Geodetic Computations
Version 3.0

1.0 INTRODUCTION

COMPSYS 21 is a graphics user interface created by the
Information Technology Office’s Technical Services Group for the
National Aeronautical Navigation Services. This user-friendly
interface is one part of the development designed to support the
compilation of aeronautical charts and products. It provides the
ability to perform geodetic computations.

1.1. Computations

The COMPSYS 21 interface includes eight geodetic
computations. These include Forward, Inverse, Segment/Segment,
Bearing/Bearing, Segment Distance, Circle Bearing, Circle/Circle
and Segment Bearing. Results can be sent to a user specified
printer or saved to a file. The COMPSYS 21 pull down also
contains the Airport Reference Point calculation.

All computations are based on solutions of the geodetic
forward and inverse after T. Vincenty, modified Rainford’s
method, with Helmert’s elliptical terms. Intersection
computation is also based on equations from SP-138 (NAVOCEANO,
Spheroidal Geodesics Reference Systems, and local geometry by
P.D. Thomas. Forward and Inverse routines are fully certified
by the Department of Commerce/National Oceanic and Atmospheric
Administration (NOAA)/National Geodetic Survey (NGS), the agency
responsible for geodesy. The forward and Inverse computations
are the basis of all COMPSYS 21 calculations. NGS also has
three-dimensional versions that take into consideration the
height component. The COMPSYS 21 toolkit is based upon the two
dimensional version. Forward and Inverse computations are
effective at any distance short of ANTIPODAL.
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The user may create a shortcut on their desktop if desired.
Just click on the COMPSYS 21 executable (COMPSYS21.EXE) and select
COMPSYS 21. The initial setup will add COMPSYS21 as a selection
under programs from the start menu.
Shortcut

3 <Click on Executable

|| B
COMPSYS 21
© C [B[%]
Select a Compays Command

v FORWARD " SEGMEMT DISTAMCE
" IMWERSE " CIRCLE BEARIMG

" SEGMEMTASEGMEMT "~ CIRCLE/CIRCLE

" BEARING/BEARIMNG " SEGMEMNT BEARING

" Airport Reference Paint

Select Exit |

Click on the desired COMPSYS 21 calculation and then click on
Select or double click on the desired routine. A blank form will
appear for user inputs.

1.2. Ellipsoids:

The earth is not a sphere but an ellipsoid. Due to
centrifugal force generated by the rotation of the earth on its
axis, the earth is flattened slightly at the poles and bulging
somewhat at the equator. This shape is further influenced by the
pull of gravity on different parts of the earth’s surface. This
shape i1s called a geoid. These variations in the geoid mean that a
certain ellipsoid may fit different areas of the world more
closely. Thus, other ellipsoids can be selected in COMPSYS 21. In
1983, the GRS80 ellipsoid was adopted for worldwide usage.

AeroNav Services computations are derived from this standard
ellipsoid.

The default ellipsoid for all calculations within COMPSYS 21
IS the Geodetic Reference System of 1980 (GRS80). This ellipsoid
is identical to the World Geodetic System of 1984 (WGS84). An
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ellipsoid’s size i1s defined by the semi major axis (a) and It’s
flattening (f). In the case of these two ellipsoids, the
difference in one of the constants is only a tenth of a
millimeter.

GRS80/WGS84 Constants

Parameter Notation | Units GRS80 WGS84
Semimajor Axis a m
6378137 6378137
Semiminor axis b m
6356752 .3141 6356752.3142
Flattening f
0.00335281068118 | 0.00335281066474

Ellipsoids

€ FORWARD ***GRS 80*** =) |
Options  Accuracy (1000ERY | Uniks | Tools  Help
Distance Units ¥ |
Statior 1 Ellipsaid 3 Bty
Lat [N {00 foo [oo (oo T | C:arﬁ 1866
,— Clarke 1880
o WWW ’E oo |—,_ Everest
War | i |\,\.f ﬂ | Fischer

TAG | R | International

v GRS B0JWWES B4 <GRS80/WGS84

I Joo oo oo fooo Ju Joo oo oo fooo
Ju/Jona foo oo fooo Ju#Jona foo'foo fooo

| v = | lw ]
| |
BR1Z Degs]  DIS12 (NM)
Station |1 ﬂ | |
Resul TAG Compute FORWARD
AMS
[ Mon Graphic [ All Stations

| Store GP | Beset ‘ LCloze ‘

The ellipsoid selected will always appear on the top of the
computation chosen and in any result that is saved to a file. The
ellipsoid will remain active until another i1s picked or COMPSYS 21
IS exited.
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€ FORWARD ***GRS 00*** (=] <Ellipsoid
Options  Accuracy {1000th)  Units  Tools  Help
Station 1
Lat | J40 |51 Joo [s00 Ji4 Joo oo foo|
Lon [w[111]58 |54 300 J1+¢f 000 oo Joo ]
val 1w ] | v i
TAG | 571 |
It JoofooJoo] I Joofoo Joo]
Ju]oonfoo Joo Ju|oonfoo oo |
| lw =l | v =l
| |
BR12[Degs) DIS12 [NM]
Station |-| j | 10 | a
Plesult TAG Computs EORWARD
ANS
[v Maon Graphic [~ All Stations
| Stare GP | Reset | LCloze |

FORWARD
° o
Result

1.3.  Units:

COMPSYS 21 by default uses nautical miles as the input and output
distance units. COMPSYS 21 uses the international standard for a
nautical mile. This standard defines one nautical mile as exactly
1852 meters. The actual distance of a nautical mile varies
somewhat depending on where you are on a meridian. All
computations within COMPSYS 21 are calculated in meters.

COMPSYS 21 provides the user the ability to input a distance
in Statue Miles, Meters, U.S. Feet or International Feet. In
1866, the U.S. Congress defined one meter as exactly 39.37 inches.
The International foot was defined In 1959 when a number of
countries agreed that one-inch was equal to 2.54 centimeters.
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FORWARD NAUTICAL MILES

5 FORWARD  ***GRS g0***

B[Sl %]

Options  Accuracy (1000thY | Units Tools  Help |
Distance Units  » w Distance in Nauticwiles
o Distance in Statute™Miles
~Gtation1 ————{  Ellipsoid 4
Lat |N||39 |25 IﬁBDD Lat IN |DD Distance in Meters
Lan leg??lzg |2? IEUU Lan leggg Distance in Feet (15 5td)
Distance in Feet {International Std)
War I ] IW vI War I ] ; oy
TAGI TAGI 5Tz
- Staion3————— [ Stationd——
Lat2 1y Too [oo [oo [ooo Laté 1y Too Jan [oa oo
Lan3 [ oo o [oo oo Land [ Tooo oo oo Jooo
War I il IW vI War I il IW ,I
TAG[ FE TAG[ 574
BR1Z[Degz]  DIS12 [NM)
Station |1 ;I I 10 I a
Result TAG
= Compute FORWARD
AMS
¥ Mon Graphic [~ &l Stations
[rata Pairt | Store GP | Beset | Cloze |

FORWARD COMPUTATION

@ FORWARD ***GRS 80***

oty

<NMs

in US Standard Feet

<US Feet

Cptions  Accuracy (1000thY  Units Tools  Help |
Distance Units  » Distance in Mautical Miles
o Distance in Statute Miles
~Ctaion]l — | Ellipsoid
Lat IN |39 |25 Iﬁ|3uu Lat IN IDD Distance in Meters
Lon |W'|D??|22 |2?|EDD Lon |W|DDD w Distance in Feet (US Elg
Distance in Feet {Inketgational Skd
ar I g IW LI War I i] y ey ( )
T.&Gl TAGl 572
Station 3i————— [ Stationd———
Lat3 [1y Ton o [an [ood Latd 1 Ton Jon oo oo
Lani2fiJonn oo [on food Land [i./[onn oo oo oo
b ar I 0 IW LI War I i] IW ;I
TAG| 573 TAG) 5T4
BR1Z2 [Degs]  DIST12 [fUS)
Station |-| ;I I 10 I 3
Result TAG
Ee Carpute EORWARD
I AMS
W Mon Graphic [~ All Stations
Data Point | Store GP | Beset | LCloze |
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By default, the resolution accuracy for all COMPSYS 21
calculations is 1000™" of a second. The user can easily select a
different resolution iIf desired.

1000™ >

Accuracy Resolution

& SEGMENT/SEGMENT ~ ***GRS 80***

=)ok

Options — Accuracy (1000th)  Units  Tools  Help

10th of Second
_ 100th of Second
Statid L, 1000th of Secand
Lat |y oonoth of Sed

Lon 100000th of Second

tation 2

st |44 Joo [5s [724
en [wioa[za 18 [a1

ar W,W—L| War W W v
TG 511 TAG 572
Station 3 Station 4
L3 N ez Tha o7 o5 Lt [N T i [
Lon3f i [ o0 Lontfulior s [z
War W,W—Ll Var 0 W -
TAG[ 573 TAG 5T4

Line Segment 1 az: 1 - 2 -

Line Segment 2 az: 3 - 4 -

Result TAG

| ANS

¥ Mon Graphic

| Stare GP |

[ All Stations

BReset | LClaze |

Once a station i1s entered, the entire value that was entered is

stored within the COMPSYS session.

IT the user selects a

different accuracy the stations’ values are rounded.

100t >

& SEGMENT/SEGMENT ~ ***GRS B0***

LJo&

Cptions | Accuracy (100thY)  Units  Tools  Help

10th of Second

v 100th of Second
1000th of Second
10000th of Second

Sikatiq
Lat

Lan 100000th of Second

on [witoefes 18 l41

War | i |W' ﬂ War | i |W' ﬂ
TAG | 5T TAG | 572
Station 3 Station 4
Lo i 71| L e fis o7
Lena it [11 56 Lendfwfiorfas 258
War | ] |W ﬂ War | ] |W ﬂ
Tal| 573 Tal| 574

Line Segment 1 as: 1 - 2 -

Line Segment 2 az: 3 - 4 -

Result TAG

ANS 1

[ Mon Graphic

| Store GP |

[~ &l Stations

Rezet | Cloze |
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IT the user selects the original accuracy, it will revert to the
resolution of that accuracy. As mentioned, the resolution of the
station iIs stored at the resolution that was entered. The answer
is stored at the resolution of 100,000 of a second. The Store GP
button will only store the station at the resolution of the
accuracy that is selected.

@ SEGMENT/SEGMENT  ***GRS 80*** (=)
Options  Accuracy (1000th)  Units  Tools  Help

Station 1 Station 2

Lat |n [43 |59 |34 [300 Lat |n [44 oo |59 (724
Lon fys[112]37 |51 |52 Lon |wf102 29 [12 411
Yar | i |W’ ﬂ Yar | i |W’ ﬂ
TaG| 5T TaG| 5T2

Station 3 Station 4

Lat3 | |42 |40 [57 [105 Latd |n |43 |16 |50 |787
Lan3lws|110]16 [11 [580 Land|ys|107 |45 [32 |39
“ar | i} |W’ j “ar | i} |W’ j
TAG| 573 TAG| 5T4

Line Segment 1 az: 1 - 2 -
Line Segment 2 az: 3 - 4 -

Result TAG
| NS
v Maon Graphic [~ All Stations [%
| Store GP | Reset | LCloze |

1.5. Store GP:
Geographic Positions can be stored at the active accuracy
resolution for additional or future computations. Select the Store
GP button to open the GPs Storage form. Any of the four stations
and the results can be dragged over into this form. Once stored,
a position can be selected for any computation.

© FORWARD ***GRS 80*** (=)

COptions  Accuracy (1000th)  Units  Tools  Help

Station 1
Lat | |33 |51 |o7 |500

|

Lan fwo77 |0z |15 |200 [
Var| 5w <] | v

|

TAG| RONALD REAGAM

[ Joo oo Joo | [ oo oo Joo |
fovfocooo Jao fooo o 3] )
| [w = | [+ =]
l |

BR1Z2 [Degs]) DIS12 [MM]
Station |1 j | 16 | 0

AMS
Store GP> [¥ Maon Graphic [ &l Stations

| Store GP | Beset | Cloze: |
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Storage Form

File:
Lat Lon “ar Dir  Tag Remark

H385107500 WO770215800 9
N392503300 WO772227500 9
N391031300 WO764006000 11
N390436900 WO764940700 10
N352335100 W0973602600 7
N423145200 WO765743800 11
N334117900 W11z20457200 12
W434312000 woss001a000 5

RONALD RELGAN

FREDERICE MUNI
BALTIHORE-WASH
SUBUREAN

WILL ROGERS WO
DUHDEE FLYING

PHOENIX DEER V
OJIBWA ATIRPARK

HmEmaaas

Delete | Clear | Editing R emark. | Hide: I Move to Station »> | I'I 'I

A stored station can be selected by clicking to highlight the
record. Once selected, choose the station number and then the Move
to Station button. In this example, the row highlighted will be
copied into station four for a geodetic calculation.

File

Lat Lon War Dir  Tag Remark

H385107500 Wa770215800 E| W RONALD REAGAN

H392503300 WO772227500 El W FREDERICK MUNI

H391031300 WO764006000 11 W BALTIHORE-WASH

N390436900 W SUEBUREAN

H3aL2335100 g WILL ROGERS WO

H423145200 W DUNDEE FLYIHNG

H3z41179200 W1ll20457200 12 E PHOENIX DEER ¥V

H434312000 wosso0010000 5 W OJIBWA AIRPARK

Delete | LClear | Editing Remark. | Hide | Mawe to Station » > | &

1
2
3
.

A remark can be added to aid the user. The Editing Remark button
iIs used to add or edit a remark.

Remark Box

Enter the comment for the recard oK

| oc |
Cancel |

WORTAL
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GPs Storage with added Remark

Fil=
Lat Lon War Dir  Tag Remark.
H385107500 wo770215800 9 " RONALD REAGAW
H392503300 wo772227500 9 ) FREDERICK MUNI
H391031300 Wo7e4006000 11 W BALTIMORE-WASH
H390436900 W0764940700 10 W SUEBUTREAN
H352335100 NENETEN E WILI ROGERS WO
H423145200 Wo7e5743800 11 W DUNDEE FLYING
H334117900 wi120457200 12 E FHOENIX DEER W
H434312000 woas0010000 g ) OJIBWA AIRPARK

Delete | LClear | Editing Remark | Hide | MovetoStati0n>>| IE 'I

The GPs Storage list
A list of geographic
for future use.
down.
the background.

can be printed, saved or appended to a file.
positions can be saved to a file and opened

These options are available under the file pull
The command button Hide will move the GPs Storage form to

File:
Opeti...
Lon War Dir Tag Remark
Save As...
Append... wa770215800 El u RONALD REAGAN
wa772227500 9 o FEEDERICE MUNI
Print._. Wa764006000 11 0 BALTIMORE-WASH
WO764940700 10 W SUBUREAN
Hide E WILL ROGERS WO
WO765743800 11w DUNDEE FLYING
H334117900 Wilz0457200 12 E PHOENIX DEER ¥
H434312000 woasaoliao00o0 5 1) COJIEVA ATRPAREK
Delete | LClear | Editing Remark. Hide Move to Station >>| IE 'l
1.6. Tools

The tools utilities p
COMPSYS calculations.
usage and was created
geodetic calculator.

rovide the ability to view a log file of
It 1s not intended to be used for general
for internal quality assurance of the
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2.0 COMPSYS 21 CALCULATIONS:

2.1. Forward

Given station one, plus a bearing and distance, the forward
geodetic computation will return the geographic position of
station two. The stations that are required will be black and
others will be greyed out. All stations can be activated with the
check box All Stations.

FORWARD
@ FORWARD ***GRS 30*** (=]
Opkions  Accuracy (1000ch)  Units  Tools  Help
Station 1
- Lat | joo oo foo fooo Jri Joofoo Joo ]
Station 1> Lo w000 |00 |00 oo [w|ooofoo Joo]
Var| 0 |w o | v =l
TAG| STH |
It Jo0 Joo oo | It Joo oo oo |
Jwfooooo foo| J]ooofoo Joo |
| v El | v =l
| |
BR12[Degs) DIS12 [NM)
Station 1 -
Flesul TG Compute FORWARD
ANE
v Mon Graphic [~ All Stations <AI I Stat i ons
| Stare GP | BReset | Close |

After the latitude and longitude for station one has been entered,
key In the bearing, distance and magnetic variation. The user can
key in a tag for the result if desired. The default tag is ANS for
answer. Once complete, select the Compute FORWARD button.

Jv Mon Graphic
| Store GP |

@ FORWARD ***GRS 80*** ()
Options  Accuracy (1000th)  Units  Tools  Help
Station 1
e o O ol
Lon ezl fofoo0 || [ [l
o I | I N
TAG ,7 ,7
Ju oo oo oo fooo - Ju oo oo oo foog -
JuJooo oo oo fooo JuJooo oo Jao fooo
[ o v & [ o v &
[ sta [ st
qwen [T =] [ - | <Bearing, Distance
’F% Compute FORWARD

I~ &l Stationz
Beset |

10

Lloze |




COMPSYS 21 User Documentation

A forward calculation i1s verified with the inverse calculation for
accuracy. A warning message will appear if a calculation does not
pass the accuracy test.

@ FORWARD Results

Station 1 Fezult

Latt |3 [11 [17jooo | L2 N (a8 16 [17 225
Lonfwa76 [39 [51 Jooo || Len2[wa76 [39 [44 [258

Print | 55\:&.&3‘ gppend‘ LCloze |

From--To Azimuth il agnetic Distance [MM]

12 1.000 12000 | 5.000
21 181.001 181.001

Passed> Passed |nverse test

2.2. Inverse

Given station 1 and station 2, this geodetic computation will
calculate the bearings and distance between the two points. The
user will find this very useful when validating or calculating the
mileages between fixes or navailds. The units can be defined as
nautical miles, feet, or statute miles. An inverse calculation is
verified with the forward calculation.

INVERSE
@ INVERSE  ***GRS B0*** (=)
Options  Accuracy (1000th)  Units Tools  Help |
Distance Units  »| v Distance[%Nautical Miles <Output UnitS
o Distance i Statute Miles
Station 1 Ellipsoid g

Lat [n a7 [30[1efsoo | | Lot [w]sg | Distancein Meters
Lon [wi[o77[153 [10fs00 Lon [wope|  Distance in Feet (US Std)

Dist. in Feet (Ink tional Std
War ’fm ar ’—11 .1vaantg_|ﬁ {International std)
1] e I | —

I Joo oo foo fooo I Joo oo foo oo -
J+Jooo oo foo oo - J+Joon oo foo oo -
| 0 v H | 0 v H

INVERSE o
5T1
Line Segrment 1 as: m m . .
BRG & DIS (Result)
v Mon Graphic [ All Stations
Stare GP ‘ Beset | Cloze ‘

11
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INVERSE RESULTS

&

& INVERSE Results

Station 1 Station 2
Latt v [37 |30 [1a[eo0 | La2 [n (33 [171 [17 [oo0
Lentfyw [077 |13 [10a00 | Len2yw /076 |39 |51 [oo0
Frint | Save Az | Append ‘ LClose |
From--Ta Azinuth b agrietic Diztance [MM)
12 16851 26851 | 15505 ||< Distance
21 157.257 208257
Pazzed Forward test

2.3.  Segment/Segment

This computation is used when there is a line segment between
station 1 and 2 and another between stations 3 and 4. It will
calculate position 5 where the line segments intersect.

SEGMENT/SEGMENT

& SEGMENT/SEGMENT ~ ***GRS B0***
Cptions  Accuracy (1000th)  Units Tools  Help

JoE&

Station 1 Station 2
Lat [ fan [51 [17 [516 Lat [ [40 [32 [56 [as8
Len [yw[112]21 [o0[343 Len [y (11147 [31 [670
ar N W - ar N W -
TAG 5T TAG 572
Station 3 Station 4
Latd [N [40 |45 [41 [346 Latd |W (40 |25 |56 (337
Loni3fw|111]50 |oo [588 LDn“I—l_l_ l_ 337
ar 0 Wooow
TAG [T % l—
Line Seament 1 as: 1 B
Line Segrment 2 az: I_L| m
Result TAG
| ANS

[v Mon Graphic [ All Stations
‘ Stare GP ‘ Beset | LClose ‘
SEGMENT/SEGMENT
§T3
o 515 s12
® ]
Result

514

12
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SEGMENT/SEGMENT
RESULTS

@ SEGMENT/SEGMENT Results

Station 1 Station 2

Lt fan [s1 [17fsie | Lat2 |40 fa2 foe [ase
Lorfuif112 21 Jonfaas —  Ler2fuifi11far [t [e70

Station 3 Station 4

Lat3 [N a0 [46 [41 346 | Let N 40 28 [s6 [sa7
Len3fv/111]50 Joo sas | Lendfwi112[14 |24 faa7

Station 5 - Result

Lat6 [N J40 [33 [2a 205
LenSlw 11155 |42[eas

Print | §aveAs| Lppend | Cloze |

From--Ta Azimuth i agnetic Distance [Mhd]

12 125.568 125,568 3.373
34 226.467 226,467 25677
15 125.568 125.568 19.922
25 305.932 305.932 11.451
35 226.467 226,467 10184
45 46.202 46,202 15.493
51 305.800 305.800
52 125,800 125,800
53 46.362 46,362
34 226.362 226.362

IT the line segments do not intersect, COMPSYS 21 will extend the
segments to find an iIntersection. It will extend the segments up
to 2000 nautical miles to find an intersection. A note will appear
on the results window indicating how far the segments were
extended.
No Intersection in Original Segment
SEGMENT/SEGMENT

M

ST4||u||-l
SI\’:___—_.-/

13
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SEGMENT/SEGMENT
RESULTS
& SEGMENT/SEGMENT Results .
Station 1 Station 2
Lol a5 55 0| |La2 i [ o e [F2e_
Lolfy/[112[37 |51 [552 | Lon2fw[108[28 [1a 411
Station 3 Station 4
Lat3 [N [42 [40 [57 105 | | Lat4 w43 [16 [0 787
Lon3fy/[110[16 [11 (580 | | Londfw[107 48 [32[351
Station 5 - Result
Lot [ 43 [o4 [18 678
LonSfv/[104 51 [44 [665
Frint | Save fs | Append | Cloze

From-To Azimuth i agnetic Distance (M)

12 88.109 88.109 179.377
34 70.843 70.843 114.156
15 88.109 88.109 336.613
25 90982 90988 167.236
35 70.843 70.843 248.120
45 72520 72520 133.964
51 273606 273606

52 273606 273606

53 254 653 254 653

54 254 553 254 653

Mate

Mo intersection in onginal segment 1-2
|ntersection occurs after segment 1-2 iz extended 157,236 M
Ma intersection in ariginal segrment 3-4
Intersection occurs after segment 3-4 iz extended 133 964 M

By default, the accuracy for all COMPSYS 21 calculations is 1000

of a second. The user can pick a different accuracy i1f desired.

1000t >

SEGMENT/SEGMENT
Accuracy
@ SEGMENT/SEGMENT ~ ***GRS 30*** =]

Options | Accuracy (1000kR)  Units  Tools  Help

10th of Secand
_ 100th of Second
Stait [, 1000th of Secand
Let 10000th of Sed
Lon 100000th of Second

tation 2

at [N 44 Joo Joa fr2e
on [wltogfes [1g 411

War | il |W j Var | il |W j
TAG] 5T A 512
Station 3 Station 4
a3 [ [ [ [ o5 Lo s fre oo 7
Lonsfio[te [T /B30 | Londwliores 2 esr
Var | il |\-\-" j War | il |\-\-" j
TAG| 573 TAG| 5T4
Line Segment 1 as: 1 - ? -
Line Segment 2 az: 3 - 4 -
Result TAG
| ANS

[v Mon Graphic

[~ Al Stations

| Store GP | Bezet | Cloze |

14
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the form to do another calculation. For example, the

segment/segment result or station five can be used for another
An arrow will appear iIn the original

calculation such as

Inverse.

window when a station has been dropped.

Drag Result>

Drag Result

& SEGMENT/SEGMENT Results

Station 1

Latt|p J4n 51 [17 [s16
Lontfw 11221 [o0 343

Station 3

Lat i 40 [ [o7 386
Londfug 7715 [0 58

Station 5 - Result

Lot [ 40 [33 [38 605
Lons 17163 [42]ead

Erint | Save s ‘

Station 2

Lat2 fi J40 [32 [56 [as8
Lon2fw111]47 [31 [670

Station 4

Latd [N Ja0 |28 [s6 [s37
Londfw112[14 [24 337

Append ‘ Cloze

Fram--Ta Azimuth

t agnetic Diztance [MM)

12 125,568 125.568 31.373
H 225,467 225467 25RTT
13 125,568 125.568 19.922
25 305.932 305.932 11.451
33 226,467 226467 10184
45 48,202 46.202 16.493
51 305.500 305.800
52 125,800 125,800
53 45,352 45,362
34 226,362 226.362

Drop Result

P

Station 1 Station 2
Lat [M a0 [51 [17 (518 Lat [M {40 [39 [39[s05
Lon fwf112[21 [0 (343 Lon [w111 59 [42 [eed
ar I il |W' LJ War I il |\-\-" LJ
T4G] T ToG]
Station 3 Station 4
Lat3 iy Ta0 46 [47 385 Latd [N 40 [28 [56 [937
Lon3 w111 50 [o0 [5e8 Lond [us[112[14 [24 [337
War I il |W LJ War I il |W LJ
TAG| 573 TAG| 5T4

Line Segment 1 as: 1 | 12 v

Lire Segment 2 az: E_LI ’G

Rezult TAG

| ANS Compute Seg/Seg |

v Mon Graphic [~ Al Stations

i | Stare GF | Beset | Close |

< Arrow

15
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Select Another Computation
© INVERSE *#wes (=)

Options  Accuracy (1000th)  Units  Tools  Help

Forward | . . Chrl+F

v Inverse . .. Chrl+1 L;
SegmentfSegment | . . Chrl+S
Bearing/Bearing . . . Chrl+B 40 'ﬁ lﬁlﬁ
Segment Distance , . . Chrl+D 'ﬁ,ﬁ lﬁ,ﬁ
Circle Bearing Computation . .. ChrlH-R | E—
CirclefCircle . . colec | 0 W :l'
Segment Bearing . . . Chrl+E 572
Airport Reference Paink Chrl+HP i

STETTY orEarTe

Lat3 [ [a0 [46 [41 396 | | Lat4 [n [a0 28 [56 (a7
Lon3fy/[111[58 o0 [sea | | Lemdfw[112[14 [24 337
O R
TAG[ &3 TAG[T 514

Line Segment 1 as: 1 = L
Compute IMWVERSE

[v Mon Graphic [ All Stations
| Store GP | Reset | Cloze |

Compute Results
& INVERSE Results

Station 1 Station 2
Latt fjy fan [51 [17 (516 | Lat2 |n [a0 33 |39 [e05
Lentfy[112f21 fooass | Len2fws[111 59 |42 |es4

Prrint | Save Az | Append | Cloze ‘
From--Ta Azimuth bl agrietic Distance (M)
12 125.568 125,568 19.922
21 305,800 305,800

Passed Foward test

The results of any COMPSYS 21 calculation can be printed or saved

in to a user specified fTile.

Just select Save As or Append for an

existing file. Choose a valid directory and specify a file name.
The result i1s a simple text file that can be viewed in a simple
These fTiles can be saved as a

editor such as WordPad or NotePad.

record or emailed to others.

16
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SAVE AS
Save As HE
Savein |3 DADS | «EekE-
File name:; I\ j l&l
Save as ype: ITextDucuments [k j Cancel |
Z
SAVED FILE

] comps.txt - Notepad leﬁlﬁ__(l

File Edit Faormat Wiew Help

station Latitude Longitude variation Tag
1 €10 41 51 17.51aM 112 21 00, 343w Qo0 000w STl
2 (I 40 39 39, 805N 111 59 42, 6584w Qo0 000w S5T2
ER 40 46 41,3460 111 50 0O, 558w 000, Q00w =T3S
4 (I 40 28 55.937N 112 14 24, 337w Qo0 000w 5T4
5 (Al 40 39 39, 805N 111 59 42. 684w =5 ANS
From--Tao Azimuth Maghetic Distance

12 167,258 167,258 073,368 MM

34 226,467 226,467 Q25,677 M

15 167,238 167,238 073,368 MM

25 347,243 347,243 QO0, 000 nMM

35 226,487 226,487 010,184 MM

45 045,202 045,202 015.495 MM

51 347.473 347.473

52 167,243 167,243

53 046,362 046,362 =
54 226,382 226,382

COMPSYS21 -

Mersion 3.0
P R R SR SR R R R R R R R R R R R R SR R R SR R R R R R LR LR

Us DoT/Federal aviation administration
AgroMay Services
Information Technology staff
1305 East-west Highway
Silwer spring, Maryland 20910
Tel: (BOD) G26-3677
Email: S-amC-aerochart@faa. gov

SEGMENT /SEGMENT (GRS 80) ekl 3/0,/2010 (200100683, B:24:52 AM

Cistance conversion factor:
1 MWautical mile = 1852.00 Meters

[%

17



Additional

current stations.

COMPSYS 21 calculations can be executed with the
Under options, just select the COMPSYS 21

routine desired.

COMPSYS 21 User Documentation

OPTIONS PULL DOWN
B[S X

€ |NVERSE  Awee

Forward . . .

v Inverse . | .

Segment/Segment . .
Beating/Bearing . . .

Segment Distance . . .

Circle Bearing Computation . . .

Cptions  Accuracy (1000th)  Units  Tools  Help

Chrl+F
Chrl+1
Chrl+S

ceree |40 [32 56 [000
Chrl+D W,ﬁ ’H o0

Chrl+R

CircleCirle . . Chel+C o W :l'
Segment Bearing . . . Chrl+E 572

Airport Reference Paint Chrl+P

Lat3 | J40 |46 Joo [ooo Latd i J4 26 |56 [a00
Lon3fw][111 50 Joo [700 Londfu/[112[14 |24 400
War | il |W' j War | il |W' j
TAG| 573 TAG| 574

Line Segment 1 as: 1 - 7 -
Compute INVERSE

| Store GP

[ &l Stations

| Beset | LCloze |

For instance, the user might want to do an inverse calculation on

two of the stations that were previously used for a
Segment/Segment calculation.

ST1 and the other for ST2.

ST1>

@ INVERSE  ***GRS 80***

=

X|

Cptions  Accuracy (1000th)  Units  Tools  Help

Station 1 Station 2
Lat [ [40 [51 [17[oo0 | Lat [ fa0 [a2 [se foo0
Lon fu/[112[21 Joofso0 | Len fuw[111]47 [41 Jooo
War ’Tm War ’Tm
TAG[ 511 TAG[ g2
Station 3 Station 4
Lat3 [ [40 [46 foofooo || Lat [ fao 28 Joe [s00
Lor3fy/ (11150 oo [7o0 || Lendfw112]14 24 [400
ar ’Tm ar ’Tm
TAG[ s TAG)  gT4
Line Segment 1 as: m m
7
Comg2 _ASE |
4
[v Mon Graphic [~ Al Stations
Store GP | Reset | Cloze |

Just select the station desired for

18
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'® INVERSE  **GRS 0% nE x|

Options  Accuracy (1000th)  Units  Tools Help

Notice that the Inverse Results window will show only the two

Station 1

Lat [n a0 [51 [17 [oo0
Len [rw[112]21 [o0 [500
V[ o fw s
TAG[ s
Station 3

Lat3 [ [a0 46 [o0 [ooo
Lon3fy[111 50 [o0 700
0w sl
TAG[ 13

Line Segment 1 az: - i
1

Compute INYERSE %

4

[v Mon Graphic

Station 2

Lat [ fan 32 56 [ono
Lon Ju[111]47 [41 Jooo
‘ar ,Tm
TAG ,T
Station 4

Latd | [0 28 56 [300
Londfw(112[14 [24 [400
Ve [0 =
TAG ,T

[ Al Stations

| Store GP | Reset | Cloge |

<ST2

< ST2

stations you have selected.

2.4.

Given station 1 and station 2, with bearings, this program will

Bearing/Bearing

& INVERSE Results

Station 1

Lattfiy [40 46 [oo [ooo
Lonfy[111[50 [oo [700

Erint ‘ Saveds |

Station 2

Lat2 [ 43 [25 [66 500
Loy 17214 [22 a0

Append ‘ LCloge ‘

Fram--Ta Azimuth

t agnetic Distance [Mk]

12 227 600

227600 | 25,207

2 47.335

Passed Forward test

47.335

calculate the geographic position of station three.

BEARING/BEARING -

513

Result

19



2.5. Segment Distance

COMPSYS 21 User Documentation

Given a line segment between station 1 and station 2, and a
distance from station 1 to station 3, this program will calculate
the geographic position of station three on the line segment. IFf
the distance is greater than the distance between ST1 and ST2, the
line segment will be extended.

Distance >

Segment >

Extended

Segment Distance

Station 1 Station 2
Qsﬁﬁfﬁﬁﬁﬁﬁ_ QSWﬁTWWﬁﬁﬁ_
Lon fu/[ossfiz [12f2a0 | Len fusfoee[12 [1f7o0
‘ar ’Tm War W’m
TeG[ et TEE[ 5T2
o o SEGMENT DISTANCE
Jrd Joo Joo oo fooo 1 Joo oo oo fono 2 -
JuwJooofoo foo fooo JvwJooofon foofooo Result
| o v &l | o |w &
[ s13 [ sta
Line Segment 1 as: m m
L1513 [ft-U5) Result TAG
o T
[w Mon Graphic [ Al Stations
i | Store GP | Reset | Cloze |

Segment Distance Result

e

Station 1 Station 2

Latt [n f34 [10 12 [oo0 Lat2 [ 34 |11 [23 [500

Lentf/[0az 12 [12 [220 Len2fy[oza [12 [13 [700

Reszult

Lat5 1y [3¢ [11 [on [342

LonB[woae[12 [15 343

Frint | Save Az | Lppend ‘ LCloge ‘

Fram--Ta Azimuth I agretic Distance [ft-LS]
12 356,032 356.032 7853.401
13 356.032 356,032 A000.000
23 176.031 17607 2853400
)l 176.031 176.031
32 356.031 356,031

Mote

Given distance exceeded length of the segment 1-2
Segment 1-2 is extended 28534 FT

20
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2.6. Circle Bearing

Given a position and radius for station 1, and position and
bearing for station 2, this program will calculate the geographic
position of stations 3 and 4 where the bearing from station 2
intersects the circle. |If station two is within the circle there
will be only one result.

CIRCLE BEARING

Circle/Circle

Given both stations 1 and 2, and the radius for both, this program
will calculate the geographic positions of stations 3 and 4 where
Only one result will occur when the

the circles intersect.

circles are tangent.

ST3

Result

5T4

Result

Circle/Circle

@ CIRCLE/CIRCLE  ***GRS 80*** (=)

Options  Accuracy (1000th)  Units  Tools  Help

Station 1

Lat | 51 [s2 [s2 [a76

Station 2

Lat |51 Ja7 13 [ss4

Lon fw/jos3fzo [o1Ja7e | | Len fufoszfzs [47]e1s
W[5 v | Ve[ 1 v
12| e e A 1|
CIRCLE/CIRCLE
1 Joo oo foo fooo J14 Joa oo oo fooo
Juooo oo foo fooo Ju/Jooo oo oo Jooo
[ o [w [ o v
[ sts [ st
Station 1 as: m Station 2 as: m
Result TAG 1 Result TAG 2
[ anst [ ansz
Radius1 [Mhd] Radius2 [Mhd]
= [ =z

Compute CIR/CIR

[v Mon Graphic

| Stare GP |

[~ &l Stations

Beset | LCloze |

21
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Circle/Circle Results
& CIRCLE/CIRCLE Results “

Station 1 Station 2

Lt o1 [ee [z 37| | Lo 1 [ raose
Lany|0ga |20 [o1 |47 Lon2fy[ngz 25 [47 [815
Station 3 - Result Station 4 - Result

Latd |51 Jsa [as (473 LaB st 47 o8 [266
Londfiwog2|ss [13[455 | Lonbfwoaafor [13]a40

FPrrint ‘ Append | Claze ‘
L

From--To Azimuth I agnetic Digtance (M)
12 99.175 99.175 34.110
13 82,253 g2.258 13,000
14 116.092 116.092 13.000
23 289.786 289,785 22.000
24 269.985 269.985 22.000
H 189.448 189.448 7565
21 279.886 279855
)l 262531 262.531
4 296.338 296,338
32 109345 109,348
42 89.521 89.521
43 9421 9.421

2.8. Segment Bearing

Given a line segment between stations 1 and 2, and a bearing from
station 3, this program will calculate the geographic position of
station 4 where the radial intersects. IT the radial does not
intersect, the original line segment defined by ST1 and ST2,
COMPSYS 21 will extend the line to find an intersection.

SEGMENT BEARING Py

5T ST4

{ X

Result

Result

22
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2.9. Airport Reference Point

This option calculates the airport reference point based upon the
runway ends and the length of the runways. Just select the GP
Entry button and a Data Entry window will appear to enter iIn the
coordinates. When the data has been entered in correctly, select
Enter in Table button to insert onto the form.

Airport Reference Point Form

Airport Reference Point  Select "GP Entry” to enter runway GPs

Entered Rwy
Length [feet]

Computed Fwy
Length [feet]

Rurway | Latitude 1 Longitude 1 Latitude 2 Longitude 2

G P E n t ry> ¥ Mane Graphic GP Entiy | Feget | Delete | (ol culate ditport BefErence Pt | Cloge |

Data Entry

Enter Airport GPs

Latitude1 IN |39 |1n IDD ISDD Latitude2 IN |39 |1D |50 |4nn
Longitude |w|n?s|4u |15 Iauu Longitude? |w|0?5|39 |35 Imu

Length: I—BUUD f Enter in T able | <Enter i n Tab I e

Ry Tag: |4.-"221 Cara] |

Every time the user selects the Enter in Table button, another row
will appear on the Airport Reference Point form. When all runways
have been entered, select Calculate Airport Reference Point. A
window will appear with the results along with the options to
either print or save the results to a file.
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Sample Completed Form

Airport Reference Point

. . . e Entered R [ ted A
Runway | Latitude 1 Longitude 1 Latitude 2 Longitude 2 Lgnagrli [fa:‘t)]J Ls;ngﬁg Ffaet]wy
(04/22{ N 3531000200 “WwOTE4016300 N351050400 WOTE3335100 6000 EO0E7
¥ Mane Graphic GP Entry | Reset | Delete | {aiculate Aiporl Releience Pont Close | <Ca| cu I ate Ai rpo rt

Reference Point

Airport Reference Point Result

- Airport Reference Point Result

Latitude 1 Longitude 1 Latitude: 2 Longitude 2 Computed Rwy Lenght [FT)

Airport Reference Point: N 3910 25.600 % 076 39 56.000

Print Save As Append Close
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3.0 REFERENCE DOCUMENTS:

Direct and Inverse Solution of Geodesics on the Ellipsoid with Application of Nested
Equations, T. Vincenty, Survey Review, April 1975.

Spheroidal Geodesics, Reference Systems, & Local Geometry, Naval Oceanographic
Office, January 1993.

40 QUESTIONS:

Questions regarding COMPSY'S can be directed to AeroNav Services at (800) 626-
3677 or by email at 9-AMC-Aerochart@faa.gov.

COMPSYS21

This software is a product of the:

US DOT /Federal Aviation Administration
Aerolav Services

1305 EastWWest Highway
Silver Spring, Mandand 20910
(B00) 626-3677

8-Ah C-Aerochant(@fas. gov
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