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1  Introduction



Systematic Navigation is a Psion 3A solution for astronomical and coastal navigation.  The combination of the versatile hand-held Psion Series 3A personal organiser and Systematic's easy-to-use application software will assist you with a wide range of navigational tasks.



The object of this manual is to help you get the most out of the application.  This manual provides background on the use of Systematic Navigation and the methods used in its formulation.  It also provides in a portable, convenient form all the data you need for astronomical navigation and sight planning.



Systematic Navigation solves all the problems of calculating hour angles, declination and sight reduction in astronomical navigation or trigonometry in coastal situations.  It provides:



·	Position fixes from up to ten sextant sights of the sun, moon , stars or planets

·	Rise and set including transits and moon phases

·	Star Identification from angle and bearing

·	Almanac calculations - hour angles, altitude and azimuth

·	Solve course, destination, estimated position or course to steer

·	Great Circle or Rhumb-line headings

·	Horizontal or vertical sextant for distance-off calculations

·	True and apparent wind and speed



This guide does not try to teach navigation however it is particularly suited to students of navigation who wish to improve their grasp of the methodology.  A knowledge of the basic theories is assumed.  A bibliography is given at the end of the guide in addition to the explanations of the formulae and algorithms used by the system within the text.



We strongly recommend that you review each of the examples in turn with this manual and make sure that you understand the results produced.  Registration entitles you to support so please contact Alastair Day on the numbers above if you need help or more information.



Systematic Navigation also produces two other navigation packages, using Excel or Basic for use on a PC.  These use broadly the same methodology and offer more scope for printed output.



Copyright © Systematic Finance Limited 1996.  All rights reserved.  All intellectual contents and any derivatives or improvements to Systematic Navigation are the property of Systematic Finance Limited.  The programs have been extensively tested, however, no liability whatsoever can be accepted regarding the use or accuracy of the programs and associated data.  We will make every effort to correct such software errors that are found and reported to us.



Polynomial Coefficients Copyright © Particle Physics and Astronomy Research Council 1995 (PPARC).  PPARC copyright material is reproduced by permission of the Controller of Her Majesty's Stationery Office (HMSO).  Neither the Controller of HMSO nor PPARC can accept any responsibility for the accuracy or comprehensiveness of the data contained in or produced by Systematic Navigation.



2  Installation



2.1  Description



The system requires a Psion 3A with 250K on either the internal disk or a flash SSD.  You can request the application on a 256K disk for use directly with your machine  or on a disk.



The application is shipped either on a 3½" (90 mm) 1.44 Mb disk in a compressed form (PKZIP) or on a Psion SSD.  Install the disk application on a hard disk on your PC as shown below or clip in the SSD and install the package as applicable.



2.2  Installation



Start Windows.



Insert the Systematic Navigation disk in drive A.



Make a directories on the PC called c:\app.



In the Windows File Manager, choose Run from the File Menu.



Windows displays the Run dialog box.



Type c:\[pkzip location]\pkunzip -d  a:\SysNav11  c:\app in the Command Line Box.



Note the spaces in the command and the use of the ‘-d’ switch to recreate the directory structure.



Choose OK.  The system should 'unzip' the file to c:\app and its sub-directories.



You should have files in both c:\app and the new sub-directories c:\app\fls and c:\app\dat.



Using PsiWin, replicate the directory structure on the internal disk of your Psion.  The application file SysNav11.opa should be in the apps directory while the 'dat' and 'txt' files should be in \app\dat.  The non-word files such as data and module files should be in \app\fls.  Copy the manual and ReadMe file to \wrd on the Psion.



Take a back-up copy of the application.  If you ever experience any problems, re-copy your back-up disk.



Install Systematic Navigation on the Psion using Menu/Apps/Install (see Psion manual page 256).



To start Systematic Navigation, select the icon.  A registration check and then a copyright box appears.  Press 'Enter' to accept and the application displays an options box.  See below for an explanation of each option.



This is a list of all the files together with their target directories:



\app\ :SysNav11.opa

\app\fls: Apps.opo, Apps2.opo, Util.opo, Util2.opo, Dates.dbf, Home.dbf, Jupt9100.dbf, Mars9100.dbf, Satn9100.dbf, Star9195.dbf, Star9000.dbf, Sun9100.dbf, Vens9100.dbf, StarSHA.dbf, 

\app\dat: 962911.dbf, 962911.txt

\wrd\: ReadMe.txt, SysNav1A.wrd, SysNav1B.wrd



2.3  Registration



1.	You can register Systematic Navigation by sending a cheque or euro-cheque for GBP 25 , USD 40 or equivalent to Systematic at the address at the front of this manual.



2.	Alternatively (and far simpler) you can use CompuServe and register on-line: GO SWREG 12632.



3.	When you register the application, you will be sent by email or post an invoice receipt for the payment together with two codes:



·	Your name/organisation

·	Password



4.	Using the menus access Help - Info/Register 'Shareware' - Register and enter the codes exactly as given to you.



5.	Press 'Enter' as the system should display a box thanking you for registering.  If you encounter problems or would like more information, please contact Systematic.



6.	Registration entitles you to 



·	Telephone, e-mail and fax support.

·	Access to all parts of the program e.g. save and load files and print results.

·	Data until 31 December 2000.

·	The latest version of the application.

·	All updates as they become available.



3  Overview



3.1  Systematic Navigation



Systematic Navigation provides a series of options or solutions to navigation problems.  The application opens with a registration check and copyright box and then a main options menu with each of the modules listed:



·	Astronomical navigation

·	Rise and Set

·	Star Identification

·	Star List

·	Consult Almanac

·	Coastal and Great Circle Navigation

·	Menu Bar - see next section

·	Exit Systematic Navigation



Select one of the above and the system loads the option.  The following sections explain the principles, formulae used and offer some examples.



At the end of each option, you always have the choice of returning to this box or pressing ‘Menu’ to display pull-down menus at the top of the screen.  This way, you have more flexibility in how you navigate around the program.



The status bar at the bottom of the screen will display messages from time to time to keep you informed.



Certain parts of the application are not 'open' to 'shareware' users.  These include loading previous data, saving results to file and printing a report.  Similarly the application is time-barred when it is 'Shareware' for evaluation purposes.  The expiry date is displayed each time you open the application.  You may freely enter data before the expiry date shown when you open the application, but the system will now allow any entries after this date.  It will prompt you to enter an earlier date.



Systematic Navigation is not intended as a complete introduction manual for astronomical or coastal navigation.  This manual does however contain full explanations of the methods used and lists the algorithms.  See the bibliography in the last section for further reading.



3.2  Pull-Down Menus



The 'pull-down' menus at the top of your screen are:



Menu	Command	Action

Astro	Astro Navigation	Run astronomical navigation for up to 10 sights and a fix

	Re-calculate Fix	Calculates an improved estimate

	Re-run Individual Sight	Re-input and check an individual sight

	Disable/Enable Sight	Include or disqualify a sight before re-calculating the fix

	Print Results	Print results to a printer or a file

	Load Existing Results	Use existing inputs already saved to a file

	Save Current Observations	Save your current inputs to a file in \app\dat\

	Zero all Astro Sights	Remove all existing sights to start entering a new set

Rise/Set	Calculate Rise/Set	Rise and set for the sun, stars, moon and planets

Star Ident.	Stars from Altitude/Bearing	Try to identify a star from its altitude and bearing

	Stars List in Number Order	Listing of all 59 stars

Almanac	Consult Almanac	Hour angles, declination, altitude and bearing

Navigation	Solve Course	Course from a current position and destination

	Calculate Destination	Destination from a current position and course/time

	Great Circle	Rhumb-line or great circle for distances over 500 miles

	Estimated Position	Course and destination and then the EP with tidal effects

	Course to Steer	Course correction after the set and drift of tide

	Vertical Sextant	Distance off from height on-shore and sextant angle

	Horizontal Sextant	Two options: a) Distance off when abeam from two bearings and 

		a run b) Distance to two known objects from two bearings

	True Wind	True wind from apparent wind and vessel's speed and direction

Help	Help Menu	Help screens

	Update Home Position	Enter a default position

	About SysNav	Version and licence status

	How to contact Systematic	Address and contact numbers

	Info/Register 'Shareware'	Details on how to register and registration screen

	Copyright Owners	Copyright

	Exit Systematic Navigation	Exit to Psion



You can access these menus every time you exit an option.  You will see a prompt on the bottom right of your screen asking you to press a key or the 'Menu' button to the left of the space-bar.



3.3  Glossary



All distances are given in (sea/nautical) miles.  One nautical mile is:



Meters	1,852.00 meters	(1.85 kilometers)

Yards	2,026.08 yards	(1 meter is 1.094 yards) 

English Miles	1.15 miles 	(1760 yards to the mile)



A nautical mile corresponds to one minute of latitude and is made up of ten cables; thus sixty miles is equal to one degree of latitude.



Units of longitude vary with latitude and cannot be calculated in this manner.  You need to take account of latitude since units of longitude narrow towards the poles:



Longitude Miles = Departure Longitude / 1 / cos ( (Latitude1 + Latitude2) / 2 ) * 100 / 1.6



Term	Explanation

GMT	Greenwich Mean Time.  Synonymous in this context with Universal Time (UT).

Lat or B	Latitude (north = positive, south = negative).  Shown as 15° 12.33 N or 15.2055° N.

Long or L	Longitude (east = positive, west = negative).

GHA	Greenwich Hour Angle = GHA(Aries) + SHA measured in degrees E from 0° to 360°.

SHA	Sidereal Hour Angle = 360° - Right Ascension.

DEC	Declination measured in degrees north (positive) and south (negative).

LHA	Local Hour Angle = GHA + Longitude measured in degrees E from 0° to360°.

Hs	Sextant Altitude measured by the observer's sextant.

I	Instrument or Index Error.

D	Dip of horizon (height of the observer's eye above the horizon).

H	Apparent Altitude = sextant altitude corrected for instrument error and dip.  (Hs + I - D).

HP	Horizontal Parallax of Sun, Moon, Venus or Mars.

PA	Parallax in Altitude of Sun, Moon, Venus or Mars.  (HP * cos H).

S	Semi-diameter of the Sun or Moon.  (Add lower limb and subtract upper limb).

Ho	Observed Altitude = apparent altitude corrected for refraction and if appropriate corrected for 

	parallax and semi-diameter.  (H - R + PA + OB ± S).

Hc	Calculated or Computed Altitude.

Z	Azimuth (true), measured clockwise around the horizon from 0° to 360°.  Defined as the arc of the

	horizon between the meridian of a place and a vertical circle passing through a celestial body.

P	Intercept of a sight (Ho - Hc).  Towards = positive, Away = negative.

R	Atmospheric Refraction.

T	Course or track, measured as for azimuth from 0° to 360°.

V	Speed in knots.



Latitude and longitude may be written in degrees with decimals or minutes.  You usually enter degrees and minutes which the application converts to decimal degrees.  Similarly, longitude can be converted to time since 15' is equivalent to one hour.



Local Mean Time is referred to as Zone Time.  ZT and LMT are calculated by reference to longitude.



GMT or UT = Zone Time + west longitude or - east longitude (converted into hours i.e. 15° W = plus one hour).



Declination (DEC) is equivalent to the latitude of the body observed, and measured in degrees north or south.  For example: the Sun moves from the furthest position in the South on 21st December to the 21st June in the North.



Hour Angles are the equivalent of longitude except that longitude is measured up to 180° whereas hour angles have values up to 360°.  Three kinds of hour angle are used to calculate positions:



·	Sidereal hour angle (SHA) are based on a meridian line (c.f. Greenwich for longitude) and in the heavens this is the first point of Aries.  The SHA is the degree's difference to Aries (the hour equivalent of the Greenwich meridian).



·	Greenwich hour angle (GHA) is the addition of the Aries position and the sidereal hour angle.



·	Local hour angle (LHA) completes the calculation as the addition of the GHA and longitude (west is subtracted).



·	LHA = GHA(Aries) + SHA +/- observer's longitude



4  Astronomical Navigation 



4.1  General Principles



Out of sight of land, there are no landmarks for checking assumed or dead reckoning positions.  Astronomical navigation is one method of deriving positions using observations of the sun, moon, stars and planets.  The basic steps are:



·	Taking a sight with a marine sextant from an assumed position and noting the exact time.

·	Applying correction to the altitude for refraction, instrument error, height etc.

·	Computing the position of the body observed (local and Greenwich hour angles and DEC).

·	Sight reduction - computation of the altitude and bearing at the time of sight.

·	Position lines - comparing the sight reduction with the actual sight and plotting a sight line and distance from the assumed position.

·	Entering further sights to derive and plot a statistical fix.

·	If desired, re-calculating several times to improve the 'fit' of the estimated position.



Position lines are generally assumed to be straight over distances up to a few hundred nautical miles.  The observer lies along or close to each calculated position line so that the intersection of several position lines increases the accuracy of the 'fix'.



To determine the position line, the altitude of the body is observed above the horizon with a marine sextant.  The observer applies corrections to the observed altitude.  It can then be compared with the calculated altitude of the centre of the body as if seen from the centre of the earth with no atmosphere.  Corrections include instrument or index error, height of the observer's eye above the horizon and the upper or lower limb of the body observed.



The Greenwich hour angle and declination of the body need to be computed.  These are equivalent to the latitude and longitude of the body in the heavens.  Either tables or the Almanac can be used or this application provides an automatic method needing no input from you.



The normal method of plotting position lines is to use the intercept and azimuth.  The intercept is the difference between the observed altitude and the calculated altitude represented as a distance in nautical miles.  If the observed altitude is greater than the calculated altitude, the position line lies between the observer and the body.  The position line is plotted at right angles to the azimuth of the body at the distance of the intercept from the estimated position - towards the body.



When the observed altitude is less than the calculated altitude, the opposite is true.  The body lies away from the observer at an angle of 180° plus the azimuth.



Further sights of the same body can be added to provide several position lines or alternatively different bodies along a course line.  More observations increase the probability of position through the intersection of several lines.  The observer can than compute a new assumed position based on the sights as a latitude/longitude position and a distance and bearing from the assumed position.



The methodology described above requires the Almanac and concise mathematics plus plotting instruments to prove a position.  These methods are prone to error and time-consuming and well-suited to computerisation.



4.2  Method



Systematic Navigation automates the process described in section 4.1 and generally uses the methodology described in Compact Data for Navigation and Astronomy 1996-2000 by Yallop and Hohenkerk published by HMSO (ISBN 011-772467-X), (referred to in this manual as Compact Data).



The model derives a series of coefficients to calculate the GHA, DEC and if applicable the HP and semi-diameter of the body observed.  The model computes the DEC and GHA and adds the longitude to convert to LHA.



The following sections describe each of the inputs which build up as a worked example.



4.3  Procedure



Click Systematic Navigation icon and the application displays a registration check box displaying the licence type and expiry.  Press 'Enter' to proceed. 



1.	A copyright box is displayed.  Press 'Enter'.



2.	On the options menu, select the first option 'Astro Navigation'.



3.	A further box is displayed with three options:



Keep - keeps existing data if you are returning to this option or enters default data 

Load - loads an existing file of data and will prompt you for a name

Zero - cancels existing data



There is also an option to re-display the Options Menu



4.	DR or present position: enter the current latitude and longitude position



5.	Present date and time: input the year, month, day and local time in hours, minutes and seconds.  The GMT difference is calculated by reference to longitude with 15° equal to one hour (360°/24 hours).  You can override this since the UK at 0° W is 1 hour ahead of GMT in summer.



6.	Number of sights:  enter the total number of sights (you can increase this as you enter sights) and the course (°T) and speed (km.) if applicable.  The temperature and pressure are used in sextant altitude correction and the default settings are 9.8° C and 1010 mb.  The sextant error should be entered in minutes together with the height of the eye above sea level in meters.



7.	Sight number: the system lists the sight number and you have three further options:



Re-do the previous sight

Exit to the Options Menu

Change number of observations



8.	Observed body and time:  Select between sun, stars, moon, Venus, Mars, Jupiter and Saturn.  Enter the local time in hours minutes and seconds.  The date and GMT difference can also be corrected.



9.	Stars: a further box requests a star number from the list of 59 stars and then confirmation that the name is correct. There is a complete star list in section 9 below.



10.	Sextant observation: enter the altitude in degrees and minutes together with the index error, height of eye and on or off the arc.  The index error and height will default from the original settings.  You also need to confirm if the sight was measured on the upper of lower limb for sun and moon.



11.	Sight results: the results are given as the GHA, DEC, intercept, azimuth and implied latitude and longitude.  The actual azimuth is the direction 'towards' or 'away' from the estimated position.



12.	The application then returns to the sight number box 7 above for more observations.



13.	Calculated position: this displays the GMT, local GMT difference, revised latitude and longitude, departure latitude and longitude and the distance and direction of the azimuth.



14.	Fix position: the estimate may improve through iteration.  Click 'Y' and the system will loop a number of times and try to improve the fix position.  It will then re-display the calculated position.



15.	If you do not wish to improve the estimate, the systems displays the astro navigation options box with these options:



·	Astro navigation

·	Improve result - iterates several times

·	Re-run individual sight - select an observation and re-input or check

·	View fix - view the existing calculated result

·	Save inputs to a database file - prompts for a file name

·	Disable/enable sight number (use if you think one or more observations are inaccurate)

·	Output results to a printer or file

·	Exit to Main Options Menu or Menus



16.	The system will return to this menu if you choose options 1-7 until you choose to exit.



17.	The following sections provides an explanation of the methodology employed together with a worked example.



5  Corrected Altitude



All sextant angles (Hs) need to be corrected for index error and altitude to produce the apparent altitude (H).  The model computes these adjustments automatically and calculates the observed altitude (Ho) by subtracting a correction for refraction.  For the Sun, Moon, Venus and Mars a correction for parallax is also applied to H and for the Sun and Moon a further correction for semi-diameter is also required.



The detailed calculations are:



1.	DIP: D = 0.0293 * SQRT h (where h is the height of the eye above the horizon in meters).



2.	I is the instrument or index error.



3.	Apparent Altitude H = Hs + I -D. 



4.	Refraction (R) = 0.0167 / (tan (H + 7.31) / (H + 4.4) ). Formula from a paper by G. G. Bennett, 1982, Journal of the Institute of Navigation, volume 35, page 255.



5.	f = 0.28 * Pressure / (Temperature + 273).



6.	Adjusted Refraction (Ro) = f * R.



7.	Calculate the parallax in altitude (PA) from the horizontal parallax (HP) and the apparent altitude (H) for the Sun, Moon, Venus and Mars. PA = HP * cos H.



8.	Sun HP = 0.0024°.  Moon HP is calculated.



9.	Oblateness of the Moon. OB = minus 0.0017 * cos H.



10.	Semi-diameter for the Sun and Moon.  Moon S = 0.2724° * HP.  Sun S is approximately 16'.  Add lower limb and subtract upper limb.



11.	Calculate the observed altitude (Ho).  Ho = H - R + PA + OB ± S.



The model uses the observed altitude (Ho) in sight reduction and compares it against the computed altitude (Hc) to derive the intercept and azimuth.



6  Sight Reduction



The model uses the classic Marcq Saint Hilaire method to reduce the sights as the mathematical link between the observer and the celestial body.  If you know your latitude and longitude, you can predict the true bearing and the height of the object above the horizon.  This angle can then be compared to your corrected sextant angle to produce a position line and a measure of distance along this line.  With several sights, the model plots a fix through the statistical intersection of these position lines.



The following sight reduction formulae are used:



(1) Computed altitude (Hc):



Hc = asin [ (sin Latitude * sin DEC) + (cos Latitude * cos Declination * cos LHA) ]



(2) Azimuth or true bearing (Z):



Z = Acos [ (sin DEC - (sin Computed Altitude * sin Latitude) ) / (cos Hc * cos Latitude) ]



If the local hour angle is less than 180° then the azimuth is 360° less the product of the above expression.



7  Calculated Position



7.1  Method



An estimate can be made of the position at the adopted time of fix.  The position at the time of the observations can then be easily calculated provided that the course and speed has been constant.  Using speed (V) in knots and the track (°T) the algorithms are:



Longitude = L(Fix) + t (V / 60) * sin T / cos BF



Latitude = B(Fix) + t (V / 60) * cos T



L(Fix) and B(Fix)  are the estimated longitude and latitude at the time of fix and 't' is the time interval (hours).



Example: DR = 32° 45' N (32.75° N), 15° 30' W (15.50° W) at GMT 12:0:0.  A vessel has been on a course of 315° T at 12 knots since GMT 6:58:52.  The decimal time difference is 5.0188 hours.



The example is taken from page 18 and 19 of Compact Data 1996 and derives the same answers.  To calculate the start position:



Longitude = -15.50 + -5.0188 * (12 / 60) * sin 315 / cos 32.75 



Longitude = -15.50 + -5.0188 * 0.20 * 0.70711 / 0.841039 = 14.6561° W



Latitude = 32.75 + -5.0188 * (12 / 60) * cos 315



Longitude = 32.75 +-5.0188 * 0.20 * 0.707107 = 32.0402° N



The position lines for one or more observations can be plotted using the azimuth Z and the intercept p:



p = Ho - Hc



If p is positive the position line is drawn along the azimuth.  If p is negative, the position line is 'away' from the assumed position by adding 180° to the azimuth.  Provided that there are no observation errors, the observer should be close to or along the position line.  Two or more position lines are required to determine a fix.



The model uses the 'Method of Least Squares' to determine a fix from up to three observations.  p1 and Z1 are the intercept and azimuth for the first observation etc.  The model calculates these values:



A = (cos2 * Z1) + (cos2 * Z2) +... 

B = (cos Z1 * cos Z1) + (cos Z2 * cos Z2) +...

C = (sin2 * Z1 ) + (sin2 * Z2) +...

D = (p1 * cos Z1) + (p2 * cos Z2) +...

E = (p1 * sin Z1) + (p2 * sin Z2) +...

F = p21  + p22 +...

G = A * C - B2



An improved estimate of the fix is given by:



Longitude LI = (A * E - B * D) / (G * cos B(fix) )



Latitude BI = (C * D - B * E) / G



Departure longitude dL = L(fix) + LI



Departure latitude dB = B(fix) + BI



The model substitutes the DR position with the calculated fix in order to converge on a solution. i.e. LI = L(fix)



The model computes the distance between the assumed position and the improved estimated position in nautical miles from:



d = 60 * SQRT[ (LI + L(fix))2 * cos2 * B(fix) + (BI + Bfix))2 ]



7.2  Worked Example



This example applies the theory from the previous sections.  This example is taken from pages 18 and 19 of Compact Data 1996.



On 9/2/96 at GMT 12:0:0 the DR position is assumed to be 32° 45' N 15° 30' W.  Three sights have been taken along a course of 325° T at a speed of 12 knots.  The temperature is 9.8° C and the atmospheric pressure 1010 Mb.  The height above the horizon is 6.0 meters.  Index error is 0'.



The answer given is 32.6554° N (32° 39.3' N), 15.5387° W (15° 32.3' W).



	Moon	Kochab 40	Deneb 53	Sun

				

Time of Sight (GMT)	6:58:52	7:1:45	7:03:52	9:53:45

Difference to DR Time	(5.01 h)	(4.97 h)	(4.56 h)	(2.06 h)

				

Observed Angle (Hs)	37° 25'	47° 45'	28° 29'	22° 28'

Adjusted Altitude (Ho)	38° 19.43'	47° 38.81'	28° 22.86'	22° 37.43'

				

DEC	5° 25.25' S	74° 10.03' N	45° 16.03' N	14° 50.13' S

GHA	52° 11.15'	21° 25.94'	294° 18.94'	324° 53.07'

				

Azimuth	230.56° T	177.26° T	52.13° T	126.38° T

Intercept	4.39 Miles	4.75 Miles	6.32 Miles	2.49 Miles

Direction	Towards	Away	Away	Towards



The estimated fix is 32° 39.36' N 15° 32.24' W bearing 199.45° T, 6.66 miles from the DR Position.



END OF FILE A


