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ABSTRACT

A complete data processing package for navigation
and total geomagnetic field anomaly is described for
the Hewlett Packard 9830 calculator. These programs
were designed , written and used during a two—week site
survey funded through the International Program of Ocean
Drilling (IPOD) . These programs permit 1) entry of
navigation and total field geoma gne tics data ; 2) data
reduction of total field to magnetic anomaly; 3) data
edit ing, and 4) data display in the form of anno tated
ship ’s track and prof iled data along the ship ’s track .
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INTRODUCTION

A two week site survey funded through the
In te rna t iona l  Progr am of Ocean D r i l l i n g  (IPOD ) took
place from 1 to 15 September 197 6 aboard the
U.S.N.S. LYNCH (T-AGOR7) . Two alternate sites
isochronous to the Late Mesozoic site AT2 .l (formerly
termed “2A”) were surveyed . It is the purpose of
th is  report to descr ibe the da ta processing sof tware
wr i t ten  for  the Hewle t t—Packard  98 30 calcula tor
avai lable  on the LYNC H .

There was a need to cha rt the navigation , depths and ma gnet ics
data soon after collection , in order to make decisions on
subsequent ship ’s tracks. The W.H .O.I. data acquisition
sys tem , general purpose computer and processing software
were not available for this cruise.  A l though the underway
data were di gitized by hand and key—punched daily
aboard ship onto computer cards for  late r processing at
W.H .O.I., we needed an al t e rnate processing package at
sea.

These programs were wr itten at sea dur ing the f i r s t
week of the cruise.  They we re wr itten in BASIC and
operated within the capabilities of the HP 9830. The
software provided the fo l lowing ca pab i l i t i e s:

1. Naviga t ion  data logg ing , and calculation of
speed and heading between fixes.

2. Even five minute qeornaqnotics position interpolation
3 . Total magnet ic regional  f ield in terpola tion ,

measured magnet ic  f iel d log g ing and anomaly
ca l cu l a t ion .

4 .  Edit rou t ine  for  navi gation data .
5 . Edit rout ine for  magne tic da ta.
6. Mercator charting with time annotated .
7. Mercator ch ar t i ng with  ma gne tic anoma l y  plotted

as a pr o f i l e  pa ral le l  to the ship ’s track .

Program write-ups and listings appe~. .. in Appendices 4 to 9
of this report.

I..- ~~~. .— -.-- - - ,— -~ .---...—--- - . . . -~~~~~~~~~ . — . -~~~- - .. --- - .
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EVOLUTION OF DATA PROCESSING SCh EME

At the start of the cruise the navigation data ,
consisting mostly of satellite fixes and dead reckoned
positions , were hand plotted onto a large scale
(16 inches per degree) predrawn Mercator base map.
The depth data were transferred by hand to a similar
map. Since the depths were dig itized at about every
five minutes , a program was written to calculate and
list even five minute interpolated positions between the
fixes. A separate program was written to calculate the
speed and h e a d i n g  between f i x  pai rs  and was used to
verif y the  p o s i t i o n s . A n o t h e r  p roqram was w r i t t e n  to
accept the i n t e r p o l a t e d  f i v e  m i n u t e  pos i t i ons  and the
total measured geomagnetic field value . It calculated
the reg ional field at each of the five minute values by
linearly interpolating within the deqree square , qiven the
regiona l geomagnetic field at the time of the cruise for each
corner of the degree square. A listing of time , position
and anomaly were then made . Each step of the processing
required a separate entry for the navigation information.
These tasks were repetitious , tedious and unnecessary .
We needed a simple but un ified approach to the data
collecting and display .

The Hewlett Packard 9830 calculator on the shi p had
limited input/output capabflities : one built-in cassette
read/write unit. Merg ing of data between separate input
devices was therefo re  no t pos sibl e . However , the ta sk
of typing over 5000 numbers per day into the
calculator was an incentive for improving the existing
scheme .

The processing sys tem that evolved uses the ca lcu la tor
memory to store approximately sixteen hours of navigation
and maqnetics data . The memory served as the random
dccvss storage device . Because of the calculator design ,
the data stored in COMMON was dccessible to several
programs having the same COMMON specification . The
c~i~~sette unit provided storage for the data already
processed and allowed for program overlay ing . 

-~~~-~~--.-— ----- —. .-— -—--------- .-———-.---. . - ----—-
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Our initial goal was to eliminate the redundant task
of key ing in the navigation data three times. Th is was
accomplished very qui ck l y .  Of course, once the data
were collected and prope rly or gani zed in memory , many
other options became possible. In particular , since
the calculator was connec ted to a f l a t bed plot ter  we
were able to display the data on cha rts .  The 10” x 15”
plotter  was qui te small f or the expanded (l6”/ degree)
longitude Mercator scale used fo r  mappi ng the area ,
and several char ts were  requ i red to cover the survey
area . These ‘chartlets ’ we re traced onto the base map.
This was an improvement to the use of d iv iders  and a
Gerber for  the 576 poin ts of navi gation and magnet ics
per day.

Three prog rams were used to make a “merged” data
f i l e  consis ting of da ta value , posi tion and time of
observation. The f i r st program accepted the f ixes, through
the keyboard, and save d them in memory . Af te r  all  the
f ixes were keyed in, the program produced a l i s t ing of
speeds an d headings betwe en f i x e s .  Missed f i x e s , mistaken
data entr ies and bad dead reckoned positions could be
iden ti f i ed  in th is way .  An edi t program was run  to correct
these errors. This editing routine allowed for modify ing ,
insert ing and dele t ing of f i x e s .  Af ter er rors were
removed , the third program was run . This program calculated
even five minute positions between fixes. Two hundred of
these times and posit ions cou ld be stored in memory at a
time . These data could then be stored on cassette for
later  use . The anomaly c a l c u l a t i ng program used th i s
navi gat ion data in c a l c u l a t i ng the reg ional f i e ld va lues.

PROGR AM LI MI TA TIONS AND RESTRICTIONS

There are several li mita tions i n  the programs due
largely to the dispa tch wi th wh ich they were writ ten.
The site survey took place in the ar ea bou nded by 30 N ,
20 N , 75 W and 65 W. Data entry verification was much
simplified by taking advantage of this fact. Also , the
cruise took place wholly within the month of September.
Conseque n tly,  ti me int erva l ca lcu la tions could be much
simplified. The programs did not have to take leap years
or changes in month into account.

L . . ..~~~~~~~~~~~~~~~~~~~~~ .
~~~~~~~~~~~~~~~~~ ~~~~~~~~



.~ -~ -,-~ -— -— . - ----——~~~- --- -~~

— 4 —

Care was taken in the coding for error checking
a t data en tr y .  Here too advanta ge was taken of the
limited geographic scope of the survey. The regional
magnetic field value s based on the 1975.0 spherical
harmonic coefficients have a positive gradient in the
north-westerly direction . Whenever four regional field
values were entered they were checked for this trend .
These checks of the ope ra tor inp uts repeated ly  saved
time .

These geographic restrictions will have to be
revised in order to use this processing scheme at
other survey sites. The ease of editing BASIC routines
on the HP 9830 calculator makes such input checks
read i ly  implemen tab le. The proor~ ms coul d be rewr itten
without these limitations. Whether a revision is
justified depends on two factors: 1) the likelihood of
a simila r cruise with only  the compu t ing power of the
HP 9830 available , and 2) the realization that the
HP 9830 is not a general purpose , high speed computer.
The first factor will certainly be met many times.
Failure to appreciate the second factor could lead to
unachievable expectations.

HP 9830 CAPABILITIES AND LIMITATIONS

The HP 9830 calculator as configured on the LYNCH had
7904 words of memory,  a printer , a 10” x 15” flat—bed
plotter and one cassette read/write unit. The calculator
is programmable in the BASIC langua ge wi th man y add i t ion a l
f e a t u r e s to al low commun icat ion wi th the cassette an d
operat ing system of the cal cu la to r .

The calculator keyboard is well designed. Keyboard
entry and editing is easy and flexible . Programming in
BAS IC is simple and yet quite powerful . There is a great
dea l of f l e x ib il ity in the use of the cassette for proqram
and data storage . Indeed , i t  would not have been possible
to w r i t e , debug and use so many programs in such a short
time if the HP 9830 were not such an easy m a c h i n e to use . 

- - . -
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When our  e f f o r t s  r e s u l t e d  in  our f i r s t , n e a t l y
drawn and u s e f u l  c h a r t, we were  very  p leased.  However ,
once the nove l ty  wo re o f f  and the task of data e n t r y ,
ed i t ing  and c h a r t i n g  became r o u t i n e , we not iced how
slow the ca l cu l a t i ons  and p lo t t i ng  a c t u a l l y  were ,
compared to a genera l purpose min icompu ter and graphic
device~ The calcu la tor does no t have l a r ge amoun ts
of semiconduc tor or mass storage memory . BASIC programs
are no t precompiled bu t ra ther recomp iled each time they
are ru n . The plo tter pr ov ided an e f fe c tive 9 inch by
13.5 inch plotting area inasmuch as a margin had to be
left for annotations. We were able to draw a grid
30 minutes in latitude and 50 minute s in longitude at
the latitude of our survey . This restriction forced us
to make several  passes throu qh the da ta before  we had a
complete set of charts.

CONCLUS ION

An underway data logg in g , processing and graphic
d isplay sof tware  packa ge was w r i t t en and made operat ional
on an HP 9830 calculator in a short time . These programs
permitted data entry and merging of navigation and
ma gne tics in form at ion , ed iting and plotting capabilities .
Sui tabl y rev ised , these programs could be used on other
geophysical cruises where only limited computing power
is a v a i l a b l e .  Clea rly th is sof tware and the HP 9830
cal cula tor  canno t compete in speed or f l e x i b i l i t y  wi th  a
larger , general purpose minicomputer. But as a basic ,
portable , low maintainance hardware and software system
it is a very attractive package .
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APPENDIX I

Hewle t t  Packard  9830 Timing

A s imple  program was w r i t t en to test how long ce r t a in
computa t iona l  operations took . The F O R . . .  NEXT loop was
used w i th  var ious  type s and numbers  of s ta tements  w i t h i n
the ioop.

# ITERAT IONS W I T H I N  LOOP TIME (SECONDS )

1. 1000 no i n s t r u c t i o n  4 . 2
2 .  1000 10 REM 12
3. 1000 1 K l = K l + l  12.5
4 .  1000 10 K l = K l + 1  82
5. 1000 1 K l = K l ~~l 14
6.  5000 1 K l = K l + 1  6 0 . 5
7 . 10000 1 K 1 K 1+ 1 122

Subtrac t ing  l ine  3 f rom line 4 above , y ie lds :

1000*9 K 1=Kl+l t ak ing  6 9 . 5  seconds

Or , 0 . 0 0 8  seconds per add operat ion .

Because the programs are executed line by line , you
pay a penalty for having non executing statements (like
the R EMARK ) wi th in  your pro grams . 

-—,--- - - . ,-—~~~~—--- ~~~~~~~
,---
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A P P E N D I X  2

ALLOCA TI~ .~ OF CO~~~ON I~~ PROGR AM

The va r i ab le s  in common have the following meaning :

L — A r r a y :  stores i n f o r m a t i o n  about ava i l abl e  space
for  da ta and c u r r e n t  number  of da ta  poin ts  d e f in e d .

L ( l )  — m a x i m u m  n umber of f i x e s  tha t  can be
processed

L ( 2 )  - maximum number  of data  po in t s , a t
even f ive  m i n u t e s , tha t  can be processed

L ( 3 )  — number  of f i x e s  a c t u a l l y  in memory . The
number of f i x e s  logged p lu s  those added
by the  ed i t  r o u t i n e  minus  those deleted

L(4) — number  of eve n f ive  m i n u t e  nav iga t ion
points available in memory

L (5 )  — number of defined magnetic anomaly points ,
(l e s s  t h a n  or eL lu a l  to L ( 4 ) )

Y - Array : s t r i n g  a r r a y ,  not used .

D — Array : the day number a r ray , corresponding to
each of the poss ib le  L ( 3 )  f i xe s in memory .

T — A r r a y :  the f i x  time a r r a y ,  hour , then m i n u t e
stored separate ly.

N — Array : the f i x  l a t i t u d e  a r r a y ,  degrees , m i n u t e s .

W - Array : the f i x  long i t u d e  a r r ay , degrees , m i n u t e s .

P - A r r a y : the f i v e  minu t e  pos i t ion  a r r a y ,  l a t i t u d e
and long i t ude , in  degrees and f r a c t i o n .

A — Array : the t ime and da ta  a r r a y .
F i r s t  e l e m e n t :  even f i v e  m i n u t e  i n t e r p o l a t e d  t i m e .
Second e l e m e n t :  magne t i c  a n o m a l y  va lue .
Thi rd  e l e m e n t :  not  used .

_ _ _ _ _  —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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A P P E N D I X  3

PROGRA M LOADING FROM CASSETTE

Wi th  the correc t  p rog ram ca s se t t e  loaded in to  memory
it w i l l  be possible to:

1. Log n a v i g a t i o n  data  i n t o  memory and produce
a l i s t i n g  of f i x e s , speeds , head ings  and
d i s t ances .

2 .  Edi t  ( i n s e r t , delete , replace and l i s t)
navi ga t ion  da ta .

3. Produce f ive  minu t e  i n t e rpo la ted  posit ions
and time s f r o m  the  nav iga t ion  data .

4 .  Ca lcu la te  the total  magnet ic  reg ional  f i e ld  and
the magnet ic  anomaly fo r  each measure d magne t i c
f i e l d  value entered at cor responding  f ive
minu t e  i n t e rpo la t ed  pos i t ions .

5. Edit (delete , replace and list) magnetic anomaly
values .

6. Plot a Mercator chart annotated with time .
7.  Plot a Mercator cha r t  wi th  the magne t i c  anomaly

plot ted in p r o f i l e , pa r a l l e l  to the ship ’ s t rack .

The d i rec t ions  below apply  to casse t te  # 3 .  This casset te
conta ins  programs 1-4 from above . These programs are  stored
.~s one f i l e .  REM (comment)  s t a tements  have been remove d
to conserve c a l c u l a t o r  memory .

LOADING CASSETTE #3 :

1. Place program casset te  #3  i n to  the casse t te  reader
and close the door.

2 .  Type in

LOAD KEY 0

3. Push tfle EXECUTE key . This  procedure  places the
correct  i n s t r u c t i o n s  in to  the  f u n c t i o n  k e y s  f l — f 4 .

—-

~

- .—  — — -~~~~~~~~~~~~~~~ —~~~ ~~~~~~~~~
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APPENDIX 3 (continued)

4. The cassette unit will start reading and the
d isplay w ill b lank  out . Whe n the cassette has
stopped reading the L ’  symbol will again appear in
the d isp lay .

5. Type in

LOAD 1

6 . Push the EXECUT E key .
7 . When the symbol aga in  appears in the d i s p l a y ,

i ndicating that the cassette unit has finished
reading , rewind the program cassette by push ing
the REWIND key . This key is located in the
upper r i ght hand corner of the keyboard .

8. After the cassette unit has stopped moving (look
into the cassette uni t  through the window ),
remove the cassette from the rea d uni t .

Four programs are now available. They are :

1. FIX DATA LOGGING (fl)

2. FIX EDIT (f2)

3. FIX INTERPOLATION ( f 3 )

4. MAGNETICS DATA LOGGING AND ANOMALY CALCULATION ( f  4)

To select one of these programs push the co rrect
func t ion  key located on the uppe r lef t hand pa rt of the
keyboard . The function keys are given in parentheses above .
For examp le, to run the f i x  in terpol at ion program push
the func tion key labeled f 3 . 

- .. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- .  - ---~~~~~~~~~,
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A P P E N D I X  4

NAVIGATION LOGGING AND FIX CHECKING

If the program is not in  memory,  then see the
detailed instructions (Appendix 3) on how to load programs from
the prog ram cassette. Rewind the program cassette
by pushing the ‘REWIND ’ key on the upper right corne r
of th e keyboard . Remove the cassette af t e r  i t has bee n
rewound .

This program prov ides the means to en ter f ixes on to
cassette and to ca lcula te  the speed , head ing  and
d is tance  between f ixes . In addition , the speed , heading
and d is tance  ca lcu la t ions  can be done for  dat a already
stored on cassette or already stored in memory.

Press the ‘ fl ’  f u n c t i on key , located on the uppe r
left hand corner of the keyboard to beg in the program .

The program w i l l  d isp lay the fo l l owing question :

ENTER FILE # FOR DATA RESTORE?

* If the data  al ready exis ts on cassette and you wan t a
new lis t ing of speeds and head ings , merely en ter the f i l e
number in which the data is stored. The program will read
the da ta f rom the casset te into memory and produce a list
of the f ixes w i t h  the ca lcu la ted speed , head ing and
di stan ce be tween each posit ion . The program wi l l  go to
the end of job section.

If the data is alrea dy in memory or i f you wan t to
en ter a new se t of nav igat ion po in ts , type in a -l in
response to this question.

If you have typed in a -l the program then asks:

NEW F I X  DAT A ?

I f you answer “NO ’ , then the program will use the positions
a l ready in memory to generate the list 01 speed and headings.
After the list the program will go to the end of job section.
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APPENDIX 4 (continued)

To ente r new f i x  informat ion respond w ith a “YES” to
the question . You then en ter the day , hour , minute ,
la t i tude  deg rees , la titude mi nu tes , longi tude degrees ,
lon gitude minutes , followed by the END OF LIN E or
EXECUTE key . Nor th latitude and west longi tude are
assumed by the program so tha t signs (+ or - )  need
not b~ inc luded . Fo r example, for a fix on the 7th at.
l026Z , at 25°1 5 .4 ’N , 72°37.85’W enter the following :

7, 10, 26 , 25 , 15.4 , 72, 37.85 (END OF LINE)

A f t e r  the last f ix has been entered , enter

0, 0, 0, 0, 0, 0, 0 (END OF LINE)

The zero entry tells the program that there are no more fixes .
A listing of the f ixes with speed , headi ng and distance
between each f i x  wi l l  be pr in ted .  Af t e r  the l isting
has been prod uced , the program goes to the end of job
sect ion.

End of job section : In this section the program asks
the fo l lowing question:

ENTER FILE # FOR DATA SAVING :

If you wo uld l ike  to save these f ixes on cassette , enter
in the f i l e  number to which you would l ike the data to be
written. If you do not want to save the data at this
step enter a -1. Be sure the data cassette is ready to
accept data before you enter the file number. 

~~~~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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F IXED DATA LOGGING
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APPENDIX 5

FIVE MINUTE INTERPOLATED POSITIONS BETWEEN NAVIGATION FIXES

To start the program for interpolating positions
be tween f ixes , do the fo l lowing:

1. Type RUN 4000
2. Push EXE CUTE key

or , hit the F3 function key i f the calculator has been
“se t up” (Appendix 3) for this option.

Tur n on the printer in order to have a copy of your
inputs and for the output.

The progra m has two options :

1. Returns an interpolated latitude and long i tude
(deg rees and m i n u t e s )  fo r any intermediate day , hour , and
minute entered.

2. Lists interpolated positions at even five minute
increments between fixes .

The second option is the one used for most navigation
and data mer ging in this suite of programs .

Both options require entering the two positions in
response to successive keyboard quiries.

To enter 4 September 0641 25°33.2 ’N 069°16.l’W ,
type 4 , 6, 41 , 25 , 33.2 , 69 , 16 .1 (END OF LINE )

Similarly for the second quiry , to ente r
4 September 1013 25° 38.1’N 068°57.4’W ,
type 4, 10 , 13 , 25 , 38.1 , 68, 57.4 (END OF LINE)

The quiry “E DAY HR MIN OF OBSERVATION” will appear on
the console. At this point three entries can be made .

1 . For a specific time w ithin the interval be twee n
the  f i x e s, other  than the t i me of the f i r s t f ix , e n t e r  the
day, hour and time . 

~~~~~~~~ . .
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A P P E N D I X  5 ( c o n t i n u e d )

For example , to enter 4 September 0919 ,
type 4 , 9, 19 (END OF LINE)

The p rogram w i l l  r espond  w i t h  the i n t e r p o la t e d
position and pause. To make another entry , hit the
space bar and the quiry ‘E DAY HR MIN OF OBSERVATION ”
will be repeated.

2. For .1 listi ng at int t .-r ;~(’lated positions for each
even  f i v e  m i n u t e  interval between fixes, enter the day,
h our  and  m in u t e  of  t h e  f i r s t  fix. In the example above ,
ty ; ’e  4 , 6 , 4 1 .  The p r o gr a m  w i l l  r espond w i t h  a l i s t i n g
a ni l  the n r e p € - .1 t the c i i i  rv “ F DAY HR M I N OF OR S E R V A T I O N

3. At this point , if you wish to go on to the next
navi~~ation fix , ente r 0, 0, 0 and the prouram will then
move the second fix to the t irst and ask for a new
second fix. If you wish , instead , to I nter two other fixes ,
tr2

.
p C  STOP , EXECUTE , RHH-4000 , EXECUTE to restart the program.

NOTE :

The prec eeLlin ; directions do not apply to the inter-
polating program used with the overall processing
software package . This package allows for da ta to be
saved in memory a n d  on cassette for later use by other
programs .

To use this program within the process ing package ,
proceed ~is fol lnws:

1. Start t H- r . ~~~~afli .

2 . The program w i l l  regirt ’ut t h e  c , .nL ; , ’t  t e  f i le number
f r o m  w h i c h  n a v ig a t i o n  dat a  can be read back i n t o
m e m o r y .  Type i n  t h e  f i l e  number for the data
f j J ~* dcs i  r e d .  It the data is a l r e a dy  i n  memory ,
then enter a - I  (minus one)

3. The program will c4i icula t~~
- ‘- ‘-e n f i v e  m i n u t e

intcrpolat ’-d time s - m d  positions between each fix.
A listing of these will he made at the same time . 

---- - . - -, - ~~~~~~~~~ . . - ,--~~~~~~~~~--.-~~~~~~~~ ., ..--- ~~~--- ,. -- - --_ _
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APPENDIX 5 (continued)

4 . A f t e r  all calcula t ions, the program wi l l
request the file number on which you would
like the data stored. Usually , this number
will be the same as the input file nuxnber entered
at step 2. If you do not want to save the data
at this time , enter a —l (minus one)

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 
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FIVE MINUTE INTERPOLATED POSITIONS
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A P P E N D I X  6

NAVIGATION EDIT

Th is rout ine  al lows you to edit the day ,  hour ,
m i n u t e , l a t i tude  and long i tude  of every f i x  stored
in memory . New fixes can be inserted and old fixes
can be deleted. The basis for editing any fix is its
key number. This number corresponds to the fix ’s record
number (or pos ition) in s torage. Since there can be up to
th i r t y  f i xe s  in memory a t one time , there are up to thirty
keys. Key 7, for example , corresponds to fix 7. To help
determi ne the key number of a particular f ix , two commands
ar e ava i l ab l e .  The L, or l ist, command produces a list
of selected f i x e s  f rom memory , alon g w ith the ir k e y s .
The F , or f ind , comma nd locates a pa r t i cu lar f ix and key
n umber by d a y ,  hour and minute .

I n i t i a l l y  the program reques ts  that  you ente r the
cassette file number containing the data to be edited.
The prompt is :

ENTER FILE # FOR DATA RESTORE?

Type in the cassette f i le number wher e your  da ta is
loca ted. If the data is already in memory, t y pe  in a
-l (minus one). If you have specified a valid file
number , the cassette will be positioned and the data read
into memory.

The program will nex t print:

* OF FIXES IN ARRA Y =
# OF INTERPOLATED T T M E  P O INTS IN ARRA Y = MM

where values of NN and I-tM will depend on t h e  ‘data f i l e
chosen. NN should be between 1 and 30. MI-~ should be
between 0 and 200.

The program prompts for edit commands with the lint-:

EDIT OPTION (L , F , R , D , l , E ) ?

- --.----- - — ~~~~- ------
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APPENDIX 6 (continued)

This line is referred to as the ‘major options list ’
The meaning and further inpu t for each option is
descr ibed below .

LIST (L)

The list option provides a means to list part or all
of the navigation data , in sequential order , with
cor respond ing  key numbers  fo r  each f i x .  The LIST opt ion
prompts  w i t h :

LIST FROM-TO KEYS?

Type in the first and last , inclusive , keys that you want
listed. If the first number specified is less than zero ,
then you will return to the major options list. If the
second key number is larger than the number of fixes in
memory, it will be redefined as Hhe last fix. The first key
number must be less than or equal to the second number.

F I N D  ( F)

The find option allows you to determine the key number
of any specific fix in memory . The find option prompts
with :

F I N D : DAY , FI OUR , M I N U T E ?

Enter the day, hour and minute of the fix you are looking
for. The program will print the key number for this fix if
it is located. If it cannot find the fix it will display
the message :

DATE NOT F’.HINI) day time

w h e r e  the ‘day ’ a nd ‘ t ime ’ I r e  t he day  and t i m e  sear ~~- l i ~- , I
f o r

After printin g the key number or dispI~m y inq the above
n -us a-ic you ret urn to the major options list. If you e r i t l - r
a neq .mt i ye v a l u e  f o r  t he  cia , the  p r o gr am  r e t u r n s  i miiiediat  e ly
t t j  t h e  majo r  o p t i o n s  l ist- .
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APPENDIX 6 (continued)

REPLACE (R)

The replace option allows you to modify a fix

a l r e a d y  stored in memory . The replace o~ tion asks
for the key number of the fix to be replaced:

REPLACE KEY #?

Enter the key number of the fix you want to n- edif y.
Entering a zero or negative number will cause the
program to return to the major options list.

Once you have selected a key number , the program
prompts you by display ing, in turn , the current value
for day, hour , minute , latitude and longitude . As each
c ur rent (or old) value is displayed, you enter in the new
value . The program assumes west longitude so the sign of
the longitude need not be entered. It will be made
negative automaticall y .  No check is made fo r  val id da ta
or backwards in times. Use the fix logging routine afte r
editing any navigation data to check for correct positions
and times.

DELETE ( D )

The delete opt ion a l lows  you to delete  an e x i s t i n q
f i x  f r o m  memory . It  prompts  w i t h :

DELETE KEY # ?

E n t e r  the key number  to de l e t e .  A number less t h a n  or
equal  to zero w i l l  r e t u r n  you to the m a j o r  opt ions  l i s t .
A f t e r  the record is de le ted  the p rog ram p r i n t s :

KEY ~ n DELE TED

and rI-turns to the ma jo r  op t ions  l is t .  If  ‘ n ’ i s  g rea te r
than  the  number  of f i x e s  in  memory you w i l l  be asked to
e n t e r  the key number a g a i n .

A l l  records a f t e r  the record d e l et ed  ar e  r enumbered .
That is , if key number  3 is de le ted , the record a s s o c i a t e d
with key number 4 now is now number 3, etc.
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APPENDIX 6 ( c o n t i n u e d )

INSERT ( I )

The insert opti on a llows you to add new naviga tion
poi nts to th e da ta al ready stored in memory . The
in se r t  opt ion prompts  w i t h :

I N S E R T  DATA BEFORE KEY #?

Type in the key number of the record before which you
want the new fix to be placed. Entering a 0 or negative
number returns you to the major options list.

A f t e r  t y p i n g  in  a v a l i d  key number the program
prompts with :

INSERT DAY , HR . M I N , LAT , LONG?

Enter in the new fix day, hour , minute , latitude (degrees ,
minutes) and longitude (degrees , minutes). West longitude
is assumed. This is the same form as used by the fix
logging program . You need not enter the minus signs for
west  longitude . No checI. is made for  va l id  pos i t ions .
or tinues. Run the fix logg ing program to check speeds
and headings  a f t e r  any e d i t  to the navi gat ion data .

All  records af t e r the newly added fix are renumbered
w i t h  new keys .  The new key is the old key plus  one .

END ( E )

When you are done editing, type in the “E” command
to qo to the end of job. The program will prompt with :

SAVE DATA BEFORE LOGGING! !!
ENTER F i l l - I  ~ FOR DAT A SAVIN G?

Type in t he  casse t te  f i l e  n umber on which  you w a n t  t o
save the ed i t ed  da ta . If  you do not  w a n t  to save the
da ta  at t h i s  t ime , e n t e r  in  a — I  ( r . i in us  one)

--- .--

~

- . .  ~~~~~~~~~- --- -~~~~~
_ -  -~~~~~- - -
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A P P E N D I X  7

OBSERVED r-IAGNETIC FIELD LOGGING AND ANOMALY CALCULATIuI

If the programs are no t in memory , then see the
detai led in s t ruc t ions  on how to load programs f r o m
a program cassette ( A p pe n d i x  3)

A b i— di rec t iona l  l i nea r  in te rpo la t ion  scheme is used
to calculate  the reg ional f ield va lue  w i t h i n  th e deg re e
square of interest. The even five minute interpolation
program must be run prior to this program .

To start the program press the ‘f 4 ’ func tion key
located on the uppe r l e f t  hand cor ner of the keyboard .

The program wi l l  d isplay the f o l l o w i n g  que stion :

ENTER FILE # FOR DATA RESTORE?

To load the n a v i g a t i o n  data  f rom cassette, have the
cassette in the cassette u n i t , and enter  the f i l e  number
for  the correct data as:

4 (END OF LINE)

This w i l l  cause the da ta f r o m  f i l e  4 to be read in to
memory . If the navigation data is already in memory
then enter a — l (minus one ) as:

-l (END OF LINE)

Next the program reque sts that you en te r  the
START P O I N T E R .  This  o p t i o n  al lows you to s tar t process ing
at  other than the f i r s t  t ime and posi t ion of the data .
To start at the first data point enter a 1 as:

1 (END OF LINE)

To s t a r t  a t  the 57- th  p o i n t  en te r  a 57 as :

57 (END OF LINE)

When the program needs new values for the reqional
field it will prin t the current latitude and lonqitude in
the new degree square . Then i t  req uests tha t you enter
the degree bounds which surround this  da ta po i n t and the
corresponding reg ional  f ield va l ues fo r  the cor ne rs of
this deqree square. For example , the proqran- might
display the following line .

_ _  -~~~- - - _ . — - - - - — ---- - ---—  _ _
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AP PEND IX 7 (cont inued)

DATA AT 25.001 —70.537 (note: West is negative )

ENTE R THE DEGREE BOUNDS

The degree bounds which surround this data point are :
Top : 26°N; Bottom 25°N; Left: 7l°W; and Right: 70°W.
The numbers are entered in this order:

26 , 25 , 71 , 70

Since north latitude and west long itude are assumed , no
signs (+ or -)  need to be included . The order is top,
bottom , lef t, right.

The regional  f i e l d  values for each square  for  the time
of the c r u i s e  has  been ca l cu la t ed  and tabula ted .  The table
~;ives  the f o l l o w i n g  i n f o r m a t i o n :

DEGREE CROSSING F I E L D  VAL U E ( gamma s )

26 N , 71 W 4 8137
25 N , 71 W 4 7 4 97
25 N , 70 W 4 7 3 3 8
26 N, 70 W 4797 3

The computer will request the field values by typ ing :

ENTER 4 REG . FIELD VALUES

Enter the values in the order given above . That is , top
lef t, bottom l e f t , bot tom ri gh t , top right:

4 8137 , 474 97 , 47338 , 47973 (END OF LINE)

For every da ta po int wi th in the degree square , the
program will display the time as

ENTER VALUE FOR 1835?

Type in the measured value of the total magnetic field
for this time . If there is no value , then en ter a 0
(zero). For example , if the measured value is 47332 gammas,
enter

4 7 3 3 2  ( END OF L I N E )

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- - - - - ~~~~~~~~~~~-- -~~- ~~~~~~~- - - - -- --- - - - - - - -~~~~~~~~~~~~~~~~~~~~~~~~~~~ _
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A P P E N D I X  7 ( c o n t in u e d)

I f  you do not w a n t  to u - n t e r  any more va lue s , then  e n t e r
— l  ( m i n us one)  . Any t i m es s k i pped w i l l  have  the
anomaly  va lue  set to 3 0 0 0 0 .  Any measured  v a lu e  lar qer
than 60000  gammas or s m a l l e r  t han  30000 gammas w i l l  not
be accepted and the program will ask for the value aqain.

When there  is  no more  da ta  or if  you h a ve given a
-l as the value for the measured field , the program wil l
ask:

DO YOU HJAI~T A L I S T  OF TIlE DATA?

I f  you do , t hen  respond w i t h  a “Y ES ” . I f  you do not
w a n t  a l i s t , t hen  answer  “ N O .

F i n a l l y ,  t he  p r o g r a m  a s k s :

ENTER F I L E  ~ FOR DATA STORAGE:

To save the results on cassettu ’, enter the file number
of the cassette at which you want the data saved . For
example , to save the data on file 7 enter

7 (END OF L I N E )

O r d i n a r i l y  the data  is read back onto  the  same c a s set t e
file as it was read from . I f  you do not  w a n t  to s t o r e
the da ta  on c a s s e t t e, then  en t e r  a -l ( m i n u s  onr-) as

— l (END OF LINE).
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1 .1-i D I:-: 8

MA C’ HFICS EDIT RouTlIli :

The intent of the mi jnetics ~.- d i~ in’; rout;ne is t--
locate and correct erroneous geona~tn~-t ic data -I et;;~~t ic
data will have airi-ad ’; bI- ,-n logn- d and magnet ic ;inoma l-1-
values calculated via rogram MA ’ I-LI’F IC L000ILL AL D ALflI-IALY
CALCULATION (Appendix 7) . Three methods are used to detect
bad values. These are 1) -i smoothness criterian (excessivE-
second drivative), 2) unreasonable val-le chenking (H- .n~- t- r
limit), and 3) excessive deviation from median value of
three points.

If the program is not in rnerrnrv , thi;~ see the d,-’tailed
instruct ions (A; ;~~-ndix 3) nn how to load -r~ - tram s f r o m  the
p r o g r a m  cissr-tte . R e w i n d  the preoram cass-:-tte by njshin-r
the ‘REWIND ’ key on the upper right corner of the k~ yboard .
Remove the cassette after it has been rewound. The
p r i n t e r  must be on for this r r :y;ram.

The :~rn tram will disp lay th e fol -~- j o g :

-I ITH -LHT I C  FD IT POT TILE
FTL Tf - T R FILE ~ FOR DAT~i RESTORE

Enter the ft l~’ numbr- i of the ma toot- ic s  d a t - i  th a t  you w i ~~t
p laced i n t o  m e m o r y .  The d a t a  casse t - ;  s I t - o l d  be in  the
casse t te  r e a d e r .  I f  the ‘1•~t-a is a ir ily in mc-o- rv then
enter —1. If you have ir ;. Ii - -atc - 1 a fi l ’ - number r~.- a t & r  than
or equal to zero , the dat- a will be r- -iii from the cassette.
The program wiiJ print:

F I L E  AFTRIBUTF:

L ( 1 )  = :-: t (-1 ) = V L ( 5 )  = Z

where  X is the n~tnb~-r - -
~ f val i 1  I t - I L S in mertc ;rv , i is the

maximum number of ever ,  five minute navi :F-ation (and ‘Pita)
points available nI  Z is tOe ito rtb - :- r of  dt~f ined oa’in t i -

_

anomaly points.

The program wi l l  print

N I : ~ -: VAI.,lrn FOR L ( 5) - 

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~--~~~~
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E n t e r  the desired number  of d e f i n e d  m a g n e t i c  a n o m a l y  p o i n t s .
E n t e r i n g  a va lue  of zero or less w i l l  leave L ( 5 )  u nc h a n g e d .
The purpose of t h i s  op t ion  is to pe rmit  d e l e t i n g  of
e r roneous  ( u n d e f i n e d )  va lues  of magne t i c  anomaly  p o i n t s
at  the  end of the  da ta  a r r a y .  The magne t ic s  logging  p rogram
can then be r e r u n  s t a r t i n g  w i t h  t h i s  new value of L ( 5 )
The program will print

NOW L (5) = W

to show that the value of L(5) is now equal  to W.

Next the program executes the standard purge section
where all anomaly values less than or equal to ten gammas
are  r e d e f i n e d  to 3 0 0 0 0 , the  n u l l  or ‘ no da ta ’ i n d i c a t i o n .  —

Ten gammas is a reasonable  c u t - o f t  va lue  f o r  t h i s  survey
a r ei .  The p rog ram p r i n t s

n V A L U E S  R E D E F I N E D

t . - show how many points exceeded the cut—off value .

The program then executes the smoothness check section.
The message

SMOOTHNESS CHEC1K SECTION

2-nd DERIVATIVE MAXIMUM = n % Of’
M E D I A N  ALLOWED = m

is p r i n t e d  and each m a g n e t i c  anoma ly  po in t  in t u r n  is
checked for  smoothness  (second d e r i v a t i v e )  and excess ive
d e v i a t i o n  f r o m  median  of  s u r r o u n d i n g  p o i n t s .  The va lues
of n and m a re  set to 35 g a m m a s/ k i l o m e t e r  and 10 percen t ,
r e s p e c t i v e l y .  When a v a l u e  does not pass t he  srlloothness —

check the  f o l l o w i n g  is p r i n t e d :

SMOOTHNESS ERROR

KEY = n PAST = X PRESHNT = Y FUTURE = Z

T I M E  = T 2 -nd  = W 

J1 [~l4. ~. ir Li
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where  n r e f e r s  to the  key  number  of the p resen t  v a l u e ;
X , Y , and Z r e f e r  to the  past , p resent  and f ut u r e  v a l u e s
of the magnetic anomaly data; T is the time of the present
(or current value under consideration) and W is the cal-
culated value of the second derivative . When a value does
not pass the smoothness  check i t  will then be checked for
excess ive  d e v i a t i o n  f r o m  m e d i a n  v a l u e .  I f  t h i s  check is
not passed then the followin-; is printed :

BAD M E D I A N , V A L U E  = V KEY = n

where  Y is the anomaly v a l u e  and n is i t s  key number.
Many va lues  w h i c h  o n l y  f a i l e d  the  smoothness  check were
found to be , in fact , valid values. However , most values
which failed both tests were fou r-r d to be incorrect on
further examination. After all points in the array have
been checked , the followin g message will be printed

p SMOOTHNESS ERRORS FOUND

where p is the n;~niH r of points failing either or both t ’~~ts.

The program will display

M A I I -N E T T C  KEY TO R1-DEF [NI’?

Enter in ~he key number for the m a q n e t i c  value you wish
to redefine . Consult the results of the smoothness check
section in order to se lec t  the  key  number. The p r o g r a m
will print

OLD VALUE = Y N F I ~ = ?

Enter in the new value you -,-~- ‘ ‘ - i 1d  like to a s s i g n .  V is
the ori g in a l  value in qom rrir . The proqram will continue
requesting a key rIor - -[II- r u n t i l  a -, o er n e g a t i v e  v a l u e  is
su p p l i e d  f o r  th - -- key n - r m l - - r .  The r re-Tram t hen  re 1uest s

START — -ND RI-Y S FOR LIST?

E n t e r  the  f i r s t  and laut key numb - -r of records you
w o u l d  l i k e  t o  l i s t  out  on t h e p r i n t e r .  These r eco rds
a re p r i n t e d  u n d e r  the following h e a d i n - 1 :

HO U R , LATTT I flF , T ( ” H l  r T t ; f l E  , and  AN OMA lY

_ _ __ _ _ _ _ _ _ _ _  
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The s t a r t  day (START DAY = ) is pr in ted  at the star t o f the
l ist for  r e f e rence.  En ter negat ive va lues  for  no l ist .

F i n a l l y ,  the program gives you the op t ion  of s t o r i n g
the  m o d i f i e d  data back onto ca s se t t e. The p rogram w i l l
d i s p l a y :

- 
ENTER FILE # FOR DATA STORAGE?

- En t e r  a nega t ive  number i f  you do not want  to w r i t e  the
¶ d a t a  back to casse t t e .  The program ends w i t h

END OF MAGNETICS EDIT .
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APPENDIX 9

NAVIGATION PLOTTING PROGRAM

This program plots n a v i g a t i o n a l  f i x e s  on an operator
spec i f ied  Mercator g r i d  and anno ta t e s  the time at  r i g h t
angles  to the track l ine .

To load the program , insert the program cassette .
and load the file by typ ing  LOAD f i l e  # > . Sta r t
th e pro g ram by t y p i n g  “ RUN ” . “ R E W I N D ” the program
cassette and inse r t  the da t a ca sse tt e .

The operator is queriedfive times as follows :

1. Merca tor grid parame ters . Enter the longitude
sca le in inches per degree , and the number of minu te s
between gr id  l ines  des i red.  T h i r t y  minu te s  would  draw
two lines for  each degree.

2 .  Fi le  number of da ta  to be p lo t t ed  ( en t e r  -1, if
da ta  are a l ready in c o r e ) ;  option to l i s t  the pos i t ions
p lo t ted  on the p r i n t e r  (1 to l is t , -l not t o ) ;  min imum
spac ing  be tween a n n o t a t i o n s  in inches (prevents
successive number  of a n n o t a t i o n s  from o v e r p r i n t i n g) . The minimum
separation should be 0 .1  inch , the s i ze  of the
numbers . On a smaller scale cha rt , a larger value is
suitable . After this entry , there w il l  be a pause wh i l e
the data file is loaded into core.

3 . Bounds of the plot in degrees and minutes.  Enter
in the f o l l o w i n g  order - top,  bot tom , l e f t , r i g h t .

4 .  The t e rmina l  w i l l  d i sp lay  “ SET PLOTTER” and then
g ive the d imens ions  to se t t he p lo tt er i n  inches . These
dimensions include a one inch border on the left , and a half inch
border  on the top ,  bo t tom and ri-~Iit on the IO ” x1 5” p l o t t e r .  A f t e r
s e t t i ng  the p l o t t e r  pen to the s p e c i f i e d  d imens ions  u s i n g
the LOWER LEFT and  UPPER RIGHT c o n t r ols , resume the program
by typing “CONT” and “EXECUTE ” . 

---~~~ - - -~~~~ - 
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APPEND IX 9 (cont inued)

5. The f i n a l  query is a label for  the l e f t -hand
margin  of the p lot .  Make the ent ry  slowly because the
plotter annotates each letter as you type i t .  Wait for
“ENTER LABEL AND RUN TIME ” to reappear before typ ing
the next let ter  or space . When f i n i shed  wi th  the last
letter , type the “STOP” key and the program will res ume.
when circums tances might  i nvolve making repeated p lots
of the same f ixes , such as in edi t ing the navigat ion ,
it is useful to include the run time and date in
the label , so to f a c i l i t ate i d e n t i f i c a t i o n  of the
chronology of the plots .

The grid is drawn and the bounds labelled.  The
pos itions are marke d w ith a dot and the time annotated.
If the l ist  option in en t ry  2 is taken , a l is t  of al l  the
f i x  positions and times f a l l i n g  w i t h i n  the spec i f ied  gr id F-
w i l l  be p r in ted .  At the conclusion of the p lo t t i ng ,  the
pr inter  w i l l  log the number of points and d isplay “END OF
DA TA ” on the c a l c u l a t o r .

To plot additional f iles on the same grid, type “CONT”
and “ EXECU TE ” . The termi na l w i l l  ask for  the number of the
next  f i l e  on the da ta casset te  (which  could be on another
cassette) . Be sure to “ REW I N D ” each cassette before
removing it  f rom the reader , to reduce the chance of
tape damage .

~~~~
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APPENDIX 10

PROGRAM FOR PLOTTING DATA ALONG SHIP’S TRACK

This  p rogram p lo t s  data a long the shi p ’ s t r a c H  u s i r i - u
the track line as a datum. The pe rpend icu la r  d i s p l a c e m e n t
f rom the t rack is p r o p o r t i o n a l  to an opera tor  s p e c i fi e d
scale . The t rack is p l o t t e d  on a Merca to r  g r i~i a s a
series of dots and the data as a continuous trace . The
trace is broken at course ch ange s of more than thirt~.-
degrees and if there is a gap in the data . The track
l i ne can be ass igned  an a r b i t r a r y  value so that the
fluctuations in the plot ted parameter  can be d i sp l ayed
at a l a rger  scale if desired. Positive va lues are F-~~t~~

, - I
on the “ top ” side of the track , mi n us va lues  below .

To load the program , insert the program cassette
and load the file by typing LOAD < file # > . Start the
program by typ ing  “RUN ” . “REWIND” the program cassette
and i n s e r t  the da ta  casse t te . F-

The opera tor  is q u e r i e d  s i x  t imes  as f o l l o w s :

1. Merca tor grid parameters. Enter the longitude
scale in inches per degree , and the number  of m i n u t e s
between grid lines desired. Fifteen minutes would draw
four line s for each degree .

2. File number of data cassette to be plotted
(enter — 1, if data is already in core); option to list the
time , p o s i t i o n  and data plo t ted (enter “1” for listinq,
“-1” not to ) . A f ter this  e n t r y  there  w il l be a pause wh i le
the data are loaded fron the specified cassette file.

3. Two parameters c o n t r ol l i nq  the deflection and
placement of the data track in respect to the track line
are requested. First the scale in scientific units per
i nch displacement from the track; second a constant bias
value to be subtracted from all data va lues. For plotting
the geomagnetic field anomaly, 500 , 0 are typically entries.
For bathymetry —200 , 2000 mi ght be entered , where 2000 is
t he  average depth of the  w a t e r .  The m i n u s  200  is used
to inve r t  the s o u n d i n g  pro f i l e  so tha t  shci 1 1 ’ ‘wi _ - i  val  i _ i i ’ S
p l o t ted  above dec- pe r v a l u e s , s ince sou n d in q ~ are a l l

ri - - u - i t  i ye in  re i;~~~~~ ~~
‘ t t o the se :i sur  fa  ce. 

- -‘~~~~~~~~~--_ ‘- -- -~~~~~~~~ -~~~~~~~~~ - - - _ -_ - - - 
_
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4 .  Bounds of the p lot in  do u n - o s  anD vtinotes.
Enter in the following order — t o ;  , bo t t om , let t , r i~iht.
Latitude north is positive , and lonq it -ade ~-;~~s~ is
negative in the p r o g r a m . It t h -  minus si gn is not
entered the plot will be reversed right for l e f t .

-~~4

5. The calculator w; 11 ilispLa v “SET PLOTT 1- ;H ’ and th en
g ive the d i m e n s i o n s  to set the p l o t t e r  in  in c h e s .  These
dimensions include a ou -

~~ inch border on the left , and
a half inch border on the top, right and bottom . After
setting the plotter pen to the specified dimensions
u s i n g  the LOWLR LEFT and UPPER RIGHT controls , resune
the program by typing “CONT ” and “EXECUTE ” .

6. The final que ry  is a label for the left-hand
• marg in of the plot. Make the e n t r y  s lowly  because the

p lotter annotates each letter as you type it. Wait for
“ENTER LABEL AND RUN TIME ” to reappear before typ ing the

• next letter or space . The label should include the
scale and b ias, as well as the file description and date of run.
The e n t i r e  l e f t  marg in can be used.  When f i n i s h ed type the
“STOP” key and the plotting will begin.

The g r i d  is drawn f i r s t  and the bounds  l abe l l ed .  The
ship ’ s t rack  is indicated by a series of dots as the prograr;
Scans the data file. The data points are then plotted
by a smooth trace as the progr~im scans the data file a
second time . If the list opt~ -n in entry 2 is opted ,
a list of all the time s, positions and data values within
the grid is given on the printer. At the end of the data
file the program will log the number of data points
plotted.

To plot additional files on the same grid , t ’ : ; e “ C O N T”
and “EXECU TE” . The terminal will ask for the number of the
next  f i l e  on the dat  i ca s s e t t e  ( w h i c h  could  bc on another
c a s s e t t e )  . Be sure  to ‘ REW I FF - D ” each ca s se t t e  b e f o r e
removing  it f r on  I Ft r e ad e r , to r e d u ce  the chance  o f
tape damaqe .

-- -
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