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ABSTRA CT

The autht~r~; have developed an i n t e r ac t ive  graphics system l c ~r
the correction and reduction o~ a i rborne laser p rof i l es  of sea ice.
The system is impl emente d  oh a Vector General renewable d i splay  system
connected to a PDP 11/4 5 (‘omputer , but minor modif icat ions would make
it suitable for any coni~ uter with interactive graphics. The laser
prof ile i~ displayed in sections and the human operator is armed with
routines t~ r the rei i~ v~ l of noise spikes , phase jumps and aircraft
altitude variations. Completely automatic profile correction techniques
have been found to in . inadequate er unworkable, especially in lw~ivily
ridged ice. Although designed specifically to treat the output. of the
Geodolitc laser prof 1 .w~~t~~r, the system can be applied to many other
data correction pr l e ns i:~ goophysics and other sciences where long
time series of hit~~ ~ire ~~~~ i m d  with periodic noise spikes or a long—
period dr,i~~t or modulation w h m ch requires removal.

cTT~~~~ TT T11/
I - ~c Ct ~fl fl V

~~ hOfl C1

* 
_

~ ~

I

-~~-—-



I . ! N~l’RO[iUC’l’ ION
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By switching frequencies stepwise, each significant figure of the altitude
in feet can be obtained . When used to obtain sea ice terrain profiles
only the higher frequenc ies are used, giving better resolution.
Unfortunately, the aircraf t normally porpoises with an amplitude exceeding
10 feet , and ice ridges can also exceed 10 feet in elevation, so that
a laser profile on the 10 foot scale has frequent “phase j umps”. A
phuse jump occurs when the range crosses one end of the 10 ft interval,
ie the phase crosses 00 or 360 . When this happens the electronics
au ..omnatically put in a 360° jump, positive or negative, in order to put
the profile back on scale.

Figure 1 (top) shows a typical raw prof ile produced by this type
of instrument. There are four components in the profile:—

1. The actual sea ice elevatIon.
2. A profile of aircraft porpoising , in which both altitude and
attitude variations combine to give a smoothly—varying range oscillat-
ion of wavelength about 2-4 km. (ie Figure 1, centre).
3. Phase jumps, which are theoretically instantaneous and of identical
amplitude. In practice, because of the recording system used
(magnetic tape) and imperfections in the profilometer, the j umps
have a finite rise time of up to 0.05 s and are of varying amplitude.
The profilometer used for the 1976 experiment was modified to give
a 20 ft full scale deflection on its most sensitive scale, reducing
the frequency of phase jumps, and to give a jump of 1800 in~~m ead of
360°. This restores the profile to the centre of the scale instead
of to the opposite extremity, reducing the likelihood of the prof ile
immediately jumping back by the same 360°.
4. Noise spikes and “drop-outs” (none visible on fig. 1). A drop-
out is a brief positive—and—negative spike caused by a momentary loss
of phase lock . The loss may be due to the aircraft crossing an ice—
water boundary, or else experienc ing an except ionally sudden range
change (eq an overhanging ice block in a ridge). Other spikes may
be caused by interference from other equipment on the aircraft. Longer
periods of noise can occur due to phase lock failure over thin
cloud or undercast mist.

The purpose of a data processing system is first to remove (3)
and (4), leaving a profile as in fig. I (centre), and then to remove
aircraf t porpoising as accurately as possible so as to leave a true
profile of ice surface elevation as in fig . 1 (bottom). Computer
programs can be wr itten to automatically remove phase jumps, but the
process is very unsatisfactory since the profiles must always be
examined afterwards and sections with imperfect jump removal or with
noise spikes present must be discarded or further treated. Similarly ,
there is no fully satisfactory way of automatically removing aircraft
motion. A simple filter will not work , since the data do not represent
a gaussian random process, the deviations from the porpoising being all
in the positive direction. A three—stage filter was described by
Hibler (1972) to overcome the last problem. The method used is to connect
up the local minima , thus underlining the data. This underlining is
then filtered and subtracted from the corrected data to yield an ice
profile. The main disadvantages of this procedure are that it does not
allow for the existence of leads, and again that it does not allow for 
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Figure 1. A laser profile of sea ice, (a) as recorded , (b) with phase
jumps removed , ( C)  with aircraft porpoising removed.
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viewing . Thus it must be coupled with an automatic phase jump/noise
spike removal program, which works only in regions of good quality data
(ie, normally lightly ridged areas).

The system described in this report is based on that developed at
Defence Research Establishment Ottawa by Lowry and Brochu (1976) and
uses a human operator to do the pattern recognition for both errors and
aircraf t porpoising removal , leaving the computer to manipulate the
data and do all the necessary computations. Data is presented on a
television-type display and the operator indicates the position and
nature of errors with a light pen. When the errors are removed to the
opera tor ’s sa tisfac tion the data is underlined by the operator , again
using a light pen. The underlined data is then filtered and subtracted
from the corrected data , leaving a profile of pure ice elevation, free of
aircraft motion. The corrected profile is written to magnetic tape so
as to be available for statist ical analysis on the same computer or on
a separate general-purpose computer.

2. DESCRIPTION OF THE PROGRAM

The system has been implemented on a PDP11/45 computer , opera ting
under DOS , w ith a disc drive , two magnetic tape drives and a Vector
General visual display unit with light pen and keyboard . The program
was written mainly in Fortran .

The program sequentially displays blocks of data from an input
tape ; these are interac tively correc ted by the operator and the
result displayed for inspection. If satisfactory, the blocks are
output onto a second magnetic tape. During this process, suffic ient
data is kept on disc so that the operator can stop at any time and pick
up later where he left off, and so that there is minimum loss should
there be a system crash.

The main program keeps track of the block numbers , controls the
disc and tape files, and calls the correction subroutines. litter
asking the operator whether the data is new or old (ie system being
restarted after a break) the program reads in the relevant block of
data into the array ICE , wh ich also holds subsequen t corrected versions
of the data. The program then hands this over to the subroutine
CORREK for the correction of phase jumps and noise spikes , and then to
the subroutine UNDE RL for the drawing of the aircraft motion. This
second routine produces an array PTS holding the drawn underline.
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This underli ne , which consists of line segments, is f i ltered by
a Hamming filter, which essentially produces a weighted running mean
of 200 points. However, to avoid edge effects of the filter at the
beginning and end of a block , the array PTS must be preceded by at
least 100 points of the underline from the previous block (stored in
array BSTR), and must be followed by the first 100 points of the subsequent
block (stored in array ESTR). The very first and last blocks on the
input tape must therefore have end ramps constructed for them. For
this reason the filtering (subroutine HAMFIL) must take place a block
behind the correction and underlining . Thus for new data the sequence
of events is:—

-- process blocks 1 and 2
—— filter ~rid display block 1
—— process block 3
—— filter and display block 2 etc.

When a block is filtered and displayed , the operator may reject it,
in which case this block is treated as a first block of data and the
program restarted , or he may accept it, in which case the smoothed
underline is subtracted and the result similarly displayed for approval.
When f inally approved , this block is written onto output tape.

It should he noted that the program has been linked with three
standard librar ies of routines held permanently on the Cambridge
PDP11/45 computer : -

1. A standard Fortran subroutine l ibrary
2. Magnetic tape routines

MTREAD reads a b lock
MTWRT writes a block
MTWI’M writes a tape mark
MTSKIP skips blocks

~~RWND rewinds
3 . Graphics  r o u t i n e s

NITDEV initialise devi ce
N ITBUF i n i t i a l i s e  a p ic ture  b u f f e r
BGN PIm - -] t o r  ort ’at  i mnJ a picture segmnent

DELI’iC fo r  deleting a pic ture  segment
WRITOL for positioning tracking square
INWAI T for inputting on visual display unit/Vectot General

key board
REATOL for  f ind ing  position of tracking squ~’.re
L I Nt
LINF absolute and relative line

LINIR 
segment drawing

WINDW for setting up a display window

The subroutine CORRE K has two main  functici m . Firstly it seeks
large jumps between consecutive points.  It indicat es these in turn ,
asking the operator to say

5
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ii that i t  t n  a ~ hast? jump or noise spike, in which case it is removed, or
i i) that the jump i s  genuine data, in which case it is kept .

A f t e r  this  the routine w a i t s  for  commands from the operator to remove
remaining err oz. s , redraw , i e jec t  and start  again,  or finally accept the
modifications m o e  OPERATOR ’S ~ JIhE )

rh~’ subrout ine  NDE RI . w a i t s  ~or commands t o  insert or delete a
l i ne seg~1t’:~t , a l te r  t he  st a t  t i r i ~ poin t  of t h e  l ine , or t i n al  ly accept
the under l ine .

A h~ s i c t’ - k d i .t:~ or t he main t c :  0 1  5t~ii s shown in Fig 2.
Block d t~ aus t or  t h ~ subt~ -u t  nes  will he found in sect ion 4.

Sorne~ r~od t c~i t one t 0 he ~m~’l en t l o t  ii, c t the ro~i ia :~ Wt ’1 ~ ‘ i1oc~ nea t V
o ; m .t~ ’c - m d  ~.uc od 1 i:~m i t at  ‘us en t bc. i’d~’ i i  ‘ 4 ~c . The pi  o~i ram fills

no st ot t tic. ’ ava  at  - e 4 cs?~ ~ t o m o  , no spa~’ t ’ n . t V  t n~ ~‘i e cedu re s  w or e
omplo’~’cd w u i c t i  uake  the ~~rcq am ( soc t ion 4 )  n l i  h t  1 y di : I icul  t to
f o l 1 ow . !‘ut  thor tiAMFIL a s  writt en i n  Fmd1~TRAN takes ‘~~~) secs to~ .i filter,
a~~d so was rep Lmced 1 -y an equl va lent out i no wr i t en ~ n Assemi’i er
code , which requires only lFc coos.

~‘he t i~nu~:i :mn t i  i t  r W a s  c ono:\ o~ ~ t I o~ s i  dc. I o~ cc in t be
Fourier t ransfox :~: domain, it slioul d be po m i t t  od out  however , t h a t  .t
simple op hat t iltt r could he used , its I u ct  side lobe ts only
13dB down , but r’. m m r  O m a L s t h I s  is  o ut  :01 0 ad e qu at e .  ( I f  t h e  data
arc.’ t~ ho sul~ ~ oct t o V- ’cr Ic ana  l y n i  , howc.’voi , the s idc .’ l c ’bc. •s boc ’m1 ’
more important~ . A top bat tilter, once filled , will filter any
length of d’it a hi cc~ , IS t h u l l y a I ow S1tfl~ 0 ~ a 1 OUl  at  j O T I S , ttius taking
much  1c~ s t1r.~t’.

2. AN OPFRATOR’ S Ct ’ I 1~E TO TIW S’t STE t~

This soc t ion  .‘ ,rs ~~~e c i  ‘~c.t 11 y t ~ t ho o ~
- m t t  ~i e C  ~

- ot t he
PIW1 1/4 ~s — Vector Cont ra I . it is inc l uded to I net it o the ia it lye
ease of cat  i v  in: out t ho ;t ’ - p c : t t io n s  on an Interact t g t a p t i  s cyst on
The proqram i s set u: on he a ‘mm ’: ’ s ii St ; t h e  dat a in L I I  I. t al t O t

on Ifl~~t 1fl0 t C t I t ’ c ’ t c ’ ‘ i t  nUt 15 Wt t ten to ~i s~~c~~nd magnetic tape .
Normal 1’: c~c. odol i t t ’ data is t ccei dod en aiia1o~:’:o m i0 n ’t ic .’ t ano , so that
A — t  o— P  C O I 1 V O 1  S l o t,  15 ‘‘Cc . ’ . n i t V  . i ’hc ’ l’~.t’ s lat  i was ~ 5 o r51ec.i t l i l ~’ Oil ~l
T a t i d i c r i  Sor i c . s  t m X ~ t M  n t  -U~a’n~ at  i ’n  I .ipc.’ t’t’cot d I wit ii t lu t  tot compen—
5.1 t 1 t i  , li St i t - i t t  t I - cony ot I c i  in; i t I t i  an A~\’ I I~ aflct l0~1uO— t o—d .i a i t  a I
converter I~ : i t u t  l it ’ ~

‘ ~ 1 ‘I ‘~ computer. I 1 li ita 1 dat a p o in t s  were

~~~ ~ .ipa rt • 001 e~~ nd i n i  t o • ~ m ot I r n’~ an ana l oque
I . -

~~— p. tn  a t I t  or t~~a s i n ot  uded i~ t t i c ’ A — t o i ~ O O t i V c ’ i t  or  t 0 1,111101 0 i i
t ’n c . r~iy .tt’c.vt ’ t bc. N y~~~. 

q c ’ , ; c ’f l ,  -v .
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k n i t  t~t k  i sat  t a m

The c m - c - a :  or  loads  t i c  i uput tape (data t ape) on u n i t  0 and the
out  p m m t  ~ t ’o c i i  m i t :  ~ t 1 . t i c .  1 5 a d s  the disc en t Pc.’ disc drive and initial ises
t I.e PDP 11 w ith Ps’ ; o q u t - ; m c e

HAI;I’
l OAI’  A I’f l R F - :~’ l 7 t l m k m
t~~’~\ :~ ItI ’I~R I ’ : S  I 7 74 0 c -

i tie ‘t c ’C~~ - 1 dt -’n e t , L l  d i sp l ay  is switched on and adjusted for l;ialm gain

i s ia’.ce t he I i m t h t  on r est ’  n5ts morc.’ readily at h i g h  i n t e n sit y )

‘~ hc.’:’, t h e  1’I~I I I i n  m i t  a l  ~ sed the operator lo:s i i :  on the :‘~~ I e type
: ,a his : - ,t esi ~oi~~: eq Pm 1 I, $ l i ’~ an d asSiqr t s the \‘ect or

Core  i -il ‘., - o - . : - -~ ~~ e~~:’: P

AS Vsl : , t i~~

c m  t - . Pt : - -~ : 5’: r-m:::’, i l l - ~ is’

C i lie : ..  nile t i :  root  .ill .

~~~e r t t

1. Vpen nit a cam : c m: t no m o o  i - atm: the cm’era tcr  i n  l r e  sent  ed wit P
the  q U e S t i . S

NF~c PAT.~m O~ t~LP.’ IN m~P 0)

it: the t left Ian I c~-r uc.-~ otT the screen (where a l l  comm ’,ment or ques t  :cus
from I:,- n: ’sr tmn t~~ 1.e cue t a t  or appea r)  . t ie  answers on the Vector

I sc ’Vl ’Odrsl v i i i,

f he wishes to continue with a d : m t a s et  l ’onu ;m i n  an
ear : or sessicn , or

he w i s he s  to s t a r t  a :iets’ da tase t

F’5 - i new J m t a  t hi ’ p r ,  : t  am:: se t  up i t~ m own r mnp  f~~t . et  ion  t o  fill imp  one
end of t h e  I i a m n n m : i t ~ i I t  e: . C t I : e rw ~~;e it  S e d r C t i O S  101’ 1 he l ist l ’Iock t o
be t t r e , i t , -d an d uses  1 h c  lad t’ ,irt c’t that block to f i l l  un the filter.

Tim , ’ - :00 t at :: uct~- :’: , ‘aer t a hI  o o~ of  , ‘L\\l j~~ i nts taho m : ‘. 2 k m  of d~~t a
m

Oil m : m e  ccu ’o:i , , S l c ’,t  5, ’ .is - t i l l  th e  ac t iv e  area , w i t i :  a v~ C’ line
1 USS’ ,. (a I c::  :T:  I I: i s  r :a’’ ho in ,in ar i- m t .ir’ poo i.t i L ’t l due t o  m a p —

ar ou n d )  m : m , I  w i t h  i vo r t  i ‘ i l  t~ , m m  in the bot t  0::: l e f t  c o i n er  r ep r e s en t  1110
the scal e  c I ~~~ d i~~i t is m a  a n t  s ,ihout  2 , Si’ ii: ) . i c ’ ,‘fiie P.ls
au ’~’ l in e  cc ~imnet ’~t m— or  wIn oh

yin ’ - y (n—i I ) •~i~~

t I e  t r , i c k : n :  d . , i . 0  wil l r’s ’ :’ l t i O Tl itself at t I m e  L ot  t o : :  e t  th e  s o t  c Oil

direct V below t he j  mn’q’ i t :  qu o St i o n ,  mm t ar t  m rio c.5 i t  h t i c  - i n ’  Iii ’ 1 jest the
a r t  - - I t li - h i  och . Th 1-c c;’e 1 .1 t o t ’ nct~ has the ‘pt :- c f  accept mns the

pt~~’q run ’ a 1 udsenon  t , i €‘ üf h a y  insJ the j ump removed ci :  t Pt’  U i’cu t m d s  that it
is a p f l e s m ’ Jumi ’  o r  a noise spike. To do this he just types

8 
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Pc.’ ‘ hi ~ ‘i ’m. , - t~ . i , t h i t  I P c  t11O ~’ i c  ~~1 et;,’i: t s te.I1 dat a  q’ t i  ‘t a
c c em t I m . ,  i t  .~ m : I t t ’ 1 ~- m  r i ~ t m:, ’ve~i l’s’ t hi t ’ “C” I do l  lit y m sc.’ t ’  l’c’ low ’

Ps ’ O t t :  m c  ‘ , ‘ot I he p m  - - 1 1  am: : ’ mm dc.’,’ i t Oi O r i  by  t y p t z m s

n~ 0 t , t c k m  no m n p l . t  i - :m , ’w nm, ’m en  on t .‘ t Pc.’ next jump until all j  utr i ’s  are
, ‘ c . l : . t : : m ; f e..’.. A t ’, : - - m l  t : : t  ~t ::c ’.’ :mn t - h , t m . t ’ i ump has ai: .c.mp l ~ t u Sc ’ ot lh’
i 1.. m i l l  I s t i n t  ‘ .:: t t  : t Sc.. liS t ’ ,‘~~\)  at— the ,: 1 i 1  t i  I o n  t ’ec.t’ ,m ~; t ’ i m m r : b ’ m ;
s,’ld , ’it m .n- . m t  i t : ’ . t  a : : :

it I l ls ’I ’c ’ .110 5 Is’ O t  1 i~ ’ t I  1U ~~~ S ill t Pc.” b i o 5 ’k , ‘U is’Il c . ’ r i  t hO

l:,t ~~~ dc ’ ~t . t  w :  I l: .t t t h ios t ’ h o  5’xt s t  , the p t  co t  atm: t - ~ ,‘ m : c . ’::t mm c i t  ha ’  sot s c ’S

I ~~ \‘ C R X CI~ 0 m i n t :

‘ , : :em c. m : :m:  : t 1 : ’ : , : : : m  , - m  s ’f ~~~~ I 1 . ’5’k ( b r  l i i t c t t m h i t  i, ’n } ‘ :mt  i\ ’ mmc ’:; I . II t h e

‘‘b’
~

’
~ 

~~~ ‘ ~~~~~

h~’ c.c.: : ct - c ’ t h e  s ’ m . , :  I t  o I h i s  opt ’: a m  c t :  i n  m i t ,  m o c  i 2 ’  m. “cc.’ t l :~ s : s J :  ,m n m ’
I I :c I’ lc~~k t t :  i t  m m  : m m ’ , i.t ed st i t  s ’ 0 is’ t I l :  t h t ’ !e:.  i m l  t . ot all . :: nf l  I

dat e . R ~ ar i  Pc.’ ~1500 ,i t .1riv ‘.\~ l i :t ,i ::t -I t : , :  t h i n  st ~ oo ol p t s O c ’ d m m i : m o  I C

c.’~~. t n m t i m c . ’ the la t c O t  st a t e  01 t I m , ’ d i t ~~ .

i’l mt’ “ k : ” . Ic . i. 1 i t y  ,ic ’,ii n i . t  Ii .i t :~ u n d o : . m  ~ I - ’. e f c a t  , : t in, - 1  t :~ ,i c . t a  that
, m t  t 11 c. ’m: a i n .  i t  rep l ~~ - c.’s a mm I :, ’x t I ,‘ :- .: t h c I  S t a n i  a I :~’: . 0:: .1 1
St  1 .1 i.ihi t 1 t n c .’ nes : tm:e n t  , I t  C.1ti t hc~r m ~ I ,‘t c. h~ ::s, ’ ,i I c  ~~~~~~~ m t:e t
i t ~l I  tO o .t n o t  t-; c ’ m 4 ’  t k t ’ , 01 01 Se I 0 t .ike out a phast’ mamp m , I m ~. oh o5,~~~’i elm

I i : :i . t o  :nl tmmI ’c - t  c m  .hmta m ’ o l : : t  , ; mc. - m t o ,ni 01 l ’ et n ~m t t l : m t a m : ’, . lSc.’,’Um- . . l’s’ .150
hi s  t ,t c .’i l i t  y t I : s ’ .‘j ’ c ’r. t t  01 l i n t ’S I bc ’ 1. i ’ i t i t  ~‘s ’m - t o  :ncVc.’ t I i t ’ m .t~ k :  St

O. i ’ _51 j’ c ‘ . I la I t ’ 1 mm j  .j c . ’ t I to  ~‘t o : - ‘cod 1. i nc .’ mme ,t :retlt and I Vi’ s ’t.

C )

I I t e m :  . - . ‘i’ e ~ I 1 110 h i t  mm i 5c.’ ot I lit ’ pi \ ’ t  ‘ O hs ’5 5e ’.t m : e : : t  t t~~l I ISo mm

Fo~ m m - : - , ,  i T  i m ’ I  - 0 , 1  io:iS , m e t ’ t- X7Oti ’ t  I’S .

It tn , 0 5 0 1  1101 1 t : ’t mi t t  .1 e,I is’: I t :  I ‘mc ’ , t I I 01  i t  ‘t::i I hut’ ~:~‘ t:.i ~
: a , jc. ’ Pc.’ 5 ’ a t m  t y~’~ -

- a -5: m I s : .  ho I’ I 5 ’5’k in t em t o  t n5t 1 utmt:m oo im med 51 Itt ’ c ‘ t’5’t no a l l
o t  I I t ’ . ‘ I ’~~’I  t t 0 r ’ S :::~~t i~~p im l it  m e t i s  t~ d.i t 0 ,

1 hz ’ O t t ’ 1.11 , ‘t I t  I i ~ .I I I I ’  5 1  t 1 5 1  t ’ Si 1 1 1 1  1 l ic . ’ I - ~~~’ , m ’ . - m. o, m - ’, - 1 5 1

o n ly  .- 1 eal  ia t , t , w’. t h ma ’ : k~’:: ,t n d  1 , ‘m t tO\’ c ’51 , . t m i S  mai l ‘ c ’ s ’ ’  on ’. y I c

-4 .11 t O t  .11 1 n t  ion , m , ’ l m j ~ ’I : m . I m o t m i  S . ii ’ps ’a 1 .I.’t .i O”’.s’.’’ l m I  l I l t ’S,  ~, m , ‘U t  t’~’ 1:, -

l I t , ’ ~- t  . - : t  tnt ::~‘t~’ ;‘t ~~~~~~~ I , ’ I ha ’ i :e s.t m ;t 

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



“-c -’ - ~“n

4. I t  redraws the block once more and presents the message

UNDERLINE

It also presents the t racking square at the extreme lef t side of the
screen on the y-value that it had reached while underlining the preceding
block. If the operator is dissat isf ied with this as a starting position
for his underl ining, he moves the square to a better position at the
start of the block and types

Otherwise he simply moves the square along (using the light pen), stopping
at points which he feels are representative of the “l evel ice surface”
and typing

In this way he constructs a piecewise straight line profile of the surface
of level ice. c

~
c O recognise this surface requires judgement, experience

and sometimes imagination; a prior study of some vertical aerial photographs
of the Arctic ice cover is an advantage. The main problem is not to be
misled by very smooth ice (wi th  a “ roughness” which is only the noise
level of the original tape recorder). This is often thin polynya ice,
and the operator should try to keep a short distance above such ice,
followinq the level of smooth floe ice (which usually has greater
roughness). Narrow cracks can also be mistaken for level ice segments.
The aim is to achieve consistency; ie to follow either the level of
polynya ice throughout (for open icefields) or to follow the level of
smooth thick ice throughout , which is more appropriate for the central
Arctic where polynyas may be f a r  apart.

If the operator is dissatisfied with his latest line segment he
can type

D)

which deletes the last segment drawn. Repeated use will delete part or
whole of his lint’. If by mistake he does not proceed monotonically in
the positive x—direction he will receive the message

MOVE ALONG

and his last segment will be disregarded. If he exceeds the maximum
allowable number of segments in a l ine (25) the program sends

DELETE S0~ff ~

and the operator must delete some of his points and redraw the rest of
the line with points further apari.

After taking his line to the extreme right of the block (with the
help of a chart recorder printout, if available, to determine the
continuing t rend), the operator Lypes

O~
which s c ’ t :’, the filter routine in action . 

-~~~
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h . ‘i’hc.’ program now filters the preceding block’s underline, with the
aid of t h t ’  first few points  in the curren t block to fill up the h amming
j ilter. When t-he filtering is complete (about 1! seconds) the program
pr esents the preceding block together with its piecewise line filtered
into a smooth curve , and asks

O K ? Y O R N

The operator examines the smoothed underlining to see whether it appears
to be a true representation of the level ice surface . If he thinks that
it is, he types

otherwise

A rejection takes the program back to stage (4) for the preceding block ;
it presents this block again for underlining . The formerly current
block is lost and mUst be ~‘Ls ’Lt’s~~d again after the preceding block .
On accep tance , the program subtracts the smoothed pi ecewise profi le
from the l aser dat a  t o  i- i t t . i i i i  a f i n a l  laser p rof i le, allegedly a true
represent at ion ~ t the i~~t’ cut  t a c o . It presents this aqain t o  the
operator with t he’ message

(1K ,’ ( V OR N)

Again the operatot has the option oct rcjos ’t in g it , with  the ’ sante consequences
as be for e .  I t  he as ’ee l c tmm t h ~ I i t m a l  versica , it is w r i t t e n  on to  the output
tape and the program asks

A REST? (V OR N )

If  the s ’l’c ’r . t t  ci wishcs; to wind uj ’ the session he t y p t ’s

y )

and the program rc.’win.Is both tapes , having stored the current operating
da ta. ‘Vhte 

~‘I 
‘c ~’i’a (or now types

Fr~
on the ‘l’e’letype keyboard , which stops the program so that it is safe for
him to remove tapes .itmd disc .

If he wishes to  b’ i ’oce ’m ;t ;  anot  her  b)ock, he’ types

on the Vector General keyboard

whereupon the  next block of raw dat a  Is read in  f rom the  input t ape and
presented to him.

Ii Ii

__ _  -
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4. LI ,L :-L’RA -L’ 1-~ L-; XAMpLt;~ or ~‘UE tt ~k-: Ct’ I’IIE ~;YS’rFM

I h i  s.” - t  ion we -;i , ‘w c c v . ’ r t  1 chui  0’) r~t1 ‘1 ~s of the vec”t ci general
d i  sp L ay  scr . ‘t ’!i which  dt -m ‘i s t  i t  e 1 ;~~ - o ct s  oct  the oc~’.’r at  ion.  Figure
shows t l - ~ ’ c a l  l i - r a t  i on  cj c u t , c l  t i c . ’~ ( to t;l~~ni t ; , c t ’ ’  . ‘z ’i~~’i l io n  the tape

c’cocrde i  ,is~1 d i g it  t s,., ion . T i t ’  ~‘U o I  i t oni-I c r  ~‘w~~~, i t  c u l l  hi’ lt~~1d ~ t
any o u t ’ oc t  I i i  ‘ i\ ‘ V a! (tO S c c  - i l  c ’:c)’~’i .d t i  t oc 4 l~ c 

- ,cf t t i c  - t , ~~~t t t c  , and
_1800. At I c a nt  5 sec~’ndn t each ox the  t l t r e - ; ;iqnals  were recorded
at the i, cg i u i n t n tj  oc t  t’ ioh t t ~~ . and whe’iic ’vcr ’ cc ’f lu st  c e nt S  w.’r t ’  made to the
sensore. ‘ l i i . ’ l 0 f t  l t , i i ’ - i  ‘ i l - t i ’  1 the t i , ’.’ ;h ’ ’n ’tt i~ ’ I ig 3 1 - t i ;  ~~ 0° t o  _ 1800

calit’r ~tt  t o t  ; it g n o l . ‘r ho- ,t v . - t  t i . ’ c ” , t l i i . ’  ot  ‘I c ! ’  ~ t I ‘s t  c a t ;  calculated
f rom a ;t - - ou t  c t  t u e  ‘ c i  - ‘ - t -  d i  s p i c y ,  and us - c t t o c  ~ ct  c l - i  i sh  t h e
rela t i-out ,;hi~’ Set we,’n the unit d i git  i c at  t o r i  in he ot t ’!  t n t  th i ’
a c t u , t i  ek-v~~t t o i l  ~‘C t ’  c t i v ’c t  i -y  I 1 . ’  j ’ t ’ ) I  i ] 0fl1, ’t c - ~~ ( t  5 , -  ~c l ct .o l s I t ’  ,rcc ’uiacy
oct  the ‘X’ c ‘ I I ott ,  ‘ i c i ~ i - ;  dop. nd i F on t ~~ I- i i ’ 1 1- i t  y oct a quart .‘sc Ill it or
kept i t t  ,i t ‘t” ~ .‘ ; - t t a t ’ - , ’ont r d  c ’d ~~“ t ’i t  , ,c n~ t i t ;  ‘t  t h e  0 t h  r ol i p a r t
in 1, 1 ’) . F t - l u r e ~ a! so 1l \ ’~~tt in  r ; n i ’ t  c ’c c ! c n  o t  I ‘ i , ’  n o t  U t ’ I . ‘ct  I j u t  reduced
in to the L 1 . C . i  h”~’ t he .‘s, ’, I c ; , t t t .  I d ; - ~ it  t s ( ’~~; I 1110 i t  t e n t  ( h .  t h ick n e ss  of
the l i t ; ’’’ e~-i , ‘n, ’n t  I i t t  (5. ’ ‘C - ; ‘ o t t - i i

1- t U n! 0 -1 s I ;  ‘ s t  a t \’} - ; O:;  I ;t~~~~ I i ,  1; 0’! t ’,o,’i Lv i d - u  .I j  CO I - - i ’  t he 1 0!7(,

c o - c } - e r i t  t v c  1’ t c t r  ~ i r t , i  c - X t ’ ; i l : l t ’flt . l~l;. ‘,‘t;t ttc,t! 1 , 1 1  ct  l i i i ’ 1 - ’ c c - r  l i l t

cor n e r  i i ;  t i~~- I u d -d 1’- ; 5’ ’ }, 1 - ‘ c j ( ~, t l f l  t O  t i c ’  c ’  t ic ’ ‘ ‘ i t  t I  ‘1 ii i - I , ’ ‘ ‘1 t u e
ver t ica l ‘t o i l  . ‘ , st not’ I c ~ , ‘l : l ! ’t i t  c t  aln’,o1’s ‘c -L - ‘ - m i t  U t I i , ~ i ’r , ’t i Ic to

occupy the t~5, I , ‘ h . ’ ‘ t .o 1 , - t n  ‘ ‘ c ’r . ‘t h e  . S kt  n i t  t i i  . Ii(~ m )
high. H;. t~ cc ’-kinq c~~~i , ; r  h i t ;  i ’l a c , - d  I t i ; i t , ’n t , :t  t o i l  1~’ )oi’itt ’ ,itlt , t

spo t w h e n - t h ~~r ’ ’ i s  a t t n ~ c t  i ; - ~ -r , ’ I li t ;; ‘ 0. W I L t - I . in t h in  ca’;.’ i t  has
c l c - u u l y i .e - s t  ~~~~~ t lti’ [‘. ) S (  05 o;  a Vc’ l c ; , 1 c ’ s h i f t

i i i  i - UI -‘ ~ I In ’ - ‘ - a F - i  - - ~~‘c ~ ’~’t i ’d I ho ‘ t . q t  - , :; c ;dq ement ~ tid
by tV~ ’I Cci  ~‘ l i i -; i s - ; ; ; ,  - - t Ic . ’ j u u ;~ - . Th .‘ ; ‘ ; i ’ i - a i ‘ I . ’ - t i , ’ , and it s
removal r.’v c - , t I S I i , ’ 1’! 01’ C l 1 1; ‘ t e i W i t  S, ’ 1’ ! I c i .  -

.‘ i t ;  a ;cc , -nd  r , l t - - 4 ’ ’ ~S u l I ’  - ‘ t .  5 -  i t  i’ t - } f t  ~~t I l i . ’ e ’ct t o t ; .  i ’1 , t ~~
1;,;;; 1 t ( ; ; I  H 1 ‘~~c ’ I l u t e  , i 1 I ;~~, - , c t  I o u t ; , i  I he  ~‘t ~‘i i  , t t t , . lIlt ~ ~~ 1t (’~ it o r
flic ’Vtl n I ‘.1 , ’ 1 0 1~, i ‘‘, 1 ’ t  t c t ( i t O  5, - - - I t iC 1110 ~Th d , ‘i ; d ott t h e  ( ump , m l  by
using ti c ’ ‘‘ c , ’ 

• ~~ : ; ; . t i n t  t o,h ’~~ ’ , ’’;  i S, j u n o  1. ’  a t I ’ ’’ t ;~’n i  o n f lt a l  l in e  segment .
F igu re  0 shon- ;; t I ; ’  I , ‘ ; l l  I t ~ ( i i i C l ’ .’ c t ’ .

I t ic ’ 1 ,1w o at  I l , l \ ’ ~ ’ ‘ c I i i  i c - i  ) - ; u c ’ ; , ’ t I l t s  O i  - t b . ; ’  the c ’ I - t ’ r a t o c t
110W i L l i c i t  t’ ; I ; ’ ’ ; ’  L t  c t  (5  S i t ~’ i t  l u t e  i i ’ ’, ’~ 0 1  f t  in ;  - i ’ l  si  , - n t  i t ; t n t  t I c  or
ut  r et  cli .  -s cU smoc t h i ,:e ( I r i t  - -

- . r - i t t  l ’ 5- ‘t~ ; 1 5. c -
~~~ I f  - - t t i l t  &‘t I

this p t t ’ C I ’ W l  n. i n . - t n t  - 1  ;C’ i’c ’! h i  C ’ 1I1  c ” , . I’’ ’ ‘ - ‘t , i t  ‘i . Icc ’ c’l’t ‘ h i t ’ r e s ult

~~~~ t o u t  - - t  ; ti,. :,!;;, ‘~ ‘ I [ t , n  I h i t ’ I it or :. I - 
~~~~~~

‘‘ .‘ I I i ’ . 1- ’ t o ;  - - ‘
~ ‘ ; h , ‘c’t; t ) r t ~

t f ILL I rc - , t . 1  I



Figure 3

Figure 4

IWW

Figure 5
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P i c t u r e  9

5. LISTING OF THE PROGRAM

The program listing is followed by block diagrams of the two most
important subroutines (figures 10 and 11); a block diagram of the main
program was given as fig 2.

It
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C* * * * * * * * *- * * * * * * * * *.* * * *- * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C M A I N  PROGRA M FCR THE CORRECTION OF LASER PROFILES OF SEA I C E

COMMON /A/W( 4) /~ /TC ( 2)
I NTEGE R I CEC 2000)~ PT5 ( 201)0) ,P 1  CBUF ( 4201.)), BSTR C Ii.) 1) ,  ESTH ( j~~1 1 )
I N T E G E R  A N C I L (  I L ’1 5 ) ,V , OF S E 1 ’
E1~t U I V A L E N C E  (N . , A N C I L ( I ) ) , ( O F ! E T , A N C I L C 2 ) ) , C L P T , A N C I L ( 3 ) )
E C t ’ I V A L E N C E ( M , A N C I L ( 4 ) ) , ( 8 5 T }I ( 1 ) , A N C I L ( 5 ) ) , ( B S T P ( 1 ( .’I I ) , P T S ( I ) )
E C U I V A L E N C E C  FTS ( 2000) ES TR ( I ) )

C **** ************************** ******************************* *t  *** *  * *

C I N I T I A L UA TI O N
C * * * * * * * * * * * * * * * * * * ** a* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *a* * * * * * * * * * * **

DEFINE FILE IC 1, IL1S ,1l,NAN )
D E F I N E  F I L E  2C 2, 2 11C10,t,l,NP T S)
DEFINE FILE 3(2,2000,V ,NICE)
CALL NITDEV (8)
CALL NITBITFCPICBUF, 42CIt’I)
CALL MTRWND (O)
CALL MTRWNDCI )
CALL HAN TAB

C ****************************************************************** ** *
C STAR TING AFRESH OR CONTINUING ?
C* * * * *s  * * * * ** ** * * ** * ** * * * * * * ** * * ** * ** ** * ** * * ** * * * ** * ** ** * * ** * * * ** * ** * *

M=0
I CALL 1 - G N P I C ( 3 )

W R I  T E (  f-i , 1 00)
1 01,1 FOHI’IAT l H I , N E W  DA T A  OR OLE’? (N OP 0)’)

CALL E N E P I c
REt,Et (8, 11 11 ) ‘,1

1 0 1 F O E M A T ( A l )
CAL L D E L P I C ( 3 )
I F ( ’ .7 .E Q. ’ N ’ )  G O T O

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C C O N T I N U I N G
C * ** * * * ** *  * * * * * ** * * ** * * ** * ** ** ** * * * * * * * * * * * ** *- * ** ** * ** * * ** ** * ** ** * * * * *

R E A D ( I ’ I )  A N C I L
CALL MT5FCIP ( 1,M, I ERR, IEOF)
GOTO 3

C*’i’*******s********************* ~~*************************************
C STARTING AFPEEH
C ***********************  *** *******************************************
2 CALL BGNPIc 3

WHITE(8, lOb )
1 06 FORMAT ( IHI, ’ STAPTING AT ELOCK ‘)

CALL E N E P I C
REAE’ (8, 105) N

105  F O P M A T ( 1 4)
CALL D E L F I C ( 3 )
r F’ ~ F “ C
Lr - T~ 11

21 Ci”.LL TAPII JtICE,N ,IEOF )
CALL CORPFK ( ICE, CF~’F T , N )
( ALL r ’NE ~~ ’ :( r~~5,LrT )
CAL L U I I M I  f~F J (  I -~~~~P )
K = M O L (  N ,  I” ) + I
‘ J F I T E (  1’ 1)  A N C I L
1J}IIT F (t,’’u-O FT$’
t JR I~~ F ( 3 ’ I < ) IC F —

C *********s *s* ***************$***********************$**s*************
C P R O C F ~~~’ N F X T  F~L O CX
~ ~~* * * * *~~~* * $ * $ * s S * * * * * * *$ * $ s $* * . * $ * * *S * S * * *t $ $* * *$ $ s . . ,* ~~~$ s * . * ,  ~~* .$~~~~~$*

MjIU
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- - ~~~~~ - -~~~~~‘~~~~~~~~ - ~~~~~~~ -‘ - -~~~~~~~ ‘ - - -‘- -

N~~N + l
CALL T A P I N ( I C L , ! ’ J , I E O F )
I F ( I E O F . E Q . 0 )  0010 4
CALL H A M E N D ( E STR )
gob 5

4 1)0 4 1 K~~) ,2 0L 1(1
4! IC1: (1<) 1CE (K )+OFSE T

CALL COHRE }< ( ICE , OFSET , N )
CALL U N C E R L ( P T S , L p T )
K=MOD (N, 2) + I
I4RITE (2 ’K) PTS
WRITE (3’K) ICE
CALL HPMCOP PTS,ESTR

S K = N - 1
K=MOD (K,2)+ 1
READ (2’K) P15
R E A D ( . ) ’ ) ’ () I C E
CALL H A M F I L ( I ~5TR)
CA LL W I N D O F J (  ICE ,  I~ 2000)
CALL CI SPLA ( I C E ,  1, 2000, 2, 1)
CA LL 1’! SPLA( PbS, I~ 2000, 2 ,2 )

C***** ***** 4 *4 *4  4 *4 *4 *  ************************************4 ***********
C I S  THE UNDERLINE OK ?
C * * **4 * *4 ** *  *4 * * ** ** 4 *4 *  *4 *4 *4 *  ** ************** *‘****************** ** 4 4
6 CALL I3GN FIC (3)

W P I T F ( 8 ,  p 1,17 )
107 FORMA T (IHI, ’OK ? V OP N ‘)

CA LL E N D P I C
RFAD (8, 101 ) V
CALL DELPIC (1)
CALL L1ELPIC (2)
CALL D F L r I c ( 3 )
CALL PELPIC (09)
I F ( I t . E ( ~.’ N ’)  G O T O  i~
DO e I K I, ~~~ 1,1 (1

~ I I C E ’. K ” I CE ( K )  — r T$ ~- C  K)
CALL. ~JINPOW( I CE, 1, 20110)
CALL 1)1 SPLA I CF, I, 2000, I ,  I )

C * * 4 4 * * 4 * 4  4 * * * * * * 4 * * 4 * 4 4* 4 4* 4  * * * 4 $ 4 4 4 4 4 4 4 44 4  * * * *4 *4 *  + 4 *4 4* 4 4* 4 * 4 * 4 * 4 4  *
C I S  THF RESULT GOOD ENOUGH TO GO ON TAPE ?
C * ** * *$ * *~~ * * * *$ * * * *$ $ $* * * * * *$ *** * * * **** ** * * * * * * * * *** ****** * * ** *** ***$ *

CALL 1 I ;N P I  t’ ( ~~)

‘IRITE(S, 1(17)
CALL E-NI”PIC

7 HEAE’(8, 1t ” I ) ( V

CALL DELrI cC I)
CALL E’ELPIC 3)
CALL PF,LPIC (Q9)
I F ( ’J .E - O . ’ N )  GOTO f-~
CALL M1IJRT ( I, I CE, ~‘(1 (1 1,1, I ERR)
M~~M+ 1
% J H I T F ( I ’ I )  A N C I L
IFt !EOF.N1I.0) GOTO II
CALL P G N P I C ( 3 )
IJRI TF 8, 1 01)

10’ FC) RM ,~T( I H I ,  ‘A R E S T ?  ( Y  OR N ) ’ )
CALL F.NPPIC

10 RE’At’(Il, tOt )  (V

I F ( ’ J . N F . ’Y ’ . A N D .V . N E . ’ N ’ )  G OTO 10
CALL I ’ F L P I C ( 3 )
IF (V.F;Q. ’N )  GOTO .)

AlilT’ 1,
1114

17 ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
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C CLOSE . (“T’TPL’T TAPE AND REWi N D  ROTH RFFORE STOPPING
C **************************...*******..*********************s*********
I L IF ( IFOF .NI.O ) W P ! T E ( 6 ,  104)
104 FOHI’lAT ’ END OF DATA’)

CALL M T W TM (1 )
CALL MTWTM (I)
CALL MTRWND ( 1)
CALL MTWJND (0)
ST O P

c ~~~~~~~~~~~ 4 * * $ * * * ** - * * * ** *  * 4 *  * * * * * ** * $ * * * * *  ****ss s * * * * * * *.* * *. ,* * * * * *4 .* * *
C NOT GOOD ENOUGH . GO PACK AND DO IT AGAIN
C******* . *** *****•*•******s******* •***•******e** ************
8 N N - I

GOTO 2 1
EN D

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C 5UE ;HO t’TINE FOR READING A ULOCK FROM THE INPI,T T TAPE
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

St’F’ROt’TINF TIIPIN(ICF,N , I EOF)
INTEGER ICE (1)
DATA N It’/1/
IFUJ.EC .N1’ ) GOTO 1

CALL MTSKIP (O~ F(, IFRR, I EOF)
IF (IERH .F~?.0) GOTO 11
IJRI TEl 1’, 10 0)  N

100 FORMAT’.’ ERROR CN SKIPPING TO PLOCK ’, I S
STOP

1 1  I F ( I F C I F . N F . 0 )  R E T U R N
I N P — N I  1

CALL MTHEAD ( 0, I C E ,  2000, 1 ERR, I FOF)
DO 2 I ~‘ 1, :~000

2 IC E (I )= — I C F (I )
I F’ ( I 1 HR • F C • 11) P F TU R N

W P I T E ’ ,t ’ , lo t ) N
101 FCRMAT (’ ERROR ON READING RLOCK ’,IS)

F N T
( * 4 * 4 * 4 * 4 * 4 * 4 4 * 4 * 4 * 4 4 *  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C*•**$*•$*$*$***$$** *4 4 *  * *$ *$ $ $ *$ $ * * * *$ *$ $ * *$ 4 * *$ $ 4 4 $ 4 $ 4 4 $ 4 $ 4 $ 4 $ $ 4 -$ 4~~
C St’1 ROt’TINE TO CORRECT I’ATA FOR PHASE SHIFTS AND NOISE SPIKES
C ***. ***********~~** *$ * *$ **. * $ * *$ * $ * $ * * * * * * *$ $ $* * *4 * * *4 * 4 4* 4 * 4 * * *4 ~~~44 * $

5 ’ l ROt ’TINE C0HHFK’~ I CE, 0F 5’FT,N)
COML1CN /A /H~. / i) / 1,’T C ’ .  2’
1 I ~ IFNSIOr J ‘hI l’),,Y( 2>
tNT !- ‘EH I FI’( ~‘) I F ( I ) ,  O F SF T, L ,H
1’AT~\ 1 1 !  ‘ .‘, l /
KA O t SF ,T

3 
, 

1’A1~L WINI ’QW ( I CE , I, 2000)
CALL DI l~P L A ’ .  I C E ,  1, ‘000, 1, I)

4”  110 44 1 1, l’~~ 9
J = I C F (I . I )— I C E I )
1F¼ ,t .LT .2 00.ANP .J.GT.—2 00) GOTO 411 I ’
T C (  1) = (  I — S ’ . I ) )  / ‘.  1’!’. 2 ) — W I  I ) )

TKISPAQE IS RFSTQUALITY FBAC?ICABL~
K~~IN’ JAI T (-1. ,IFr , I PA ,I ) ~~~~~~~~~~~~~~~~~~~~~~~ —

I F l  I PA .N E. . ‘ ‘ ) G O T O  44
J j c ~~t 4 I  

- ---“
--“- - - ‘
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[‘C 23 K = J J ,  20 0 0

22 I CE ( K) 1 CE CK ) -.J
C F S L T = C F S E T - J

44 CCN T IN I’E
CALL LGNPIC (3)
WHLTE (8, 101 ) N

11, 1 FOPMAT ( IHI, ’TPY G H X OR O ’~ IOX , 14)
C ALL E N [ ” P I C
I 1 N (~A I . (  — 1., lED , I DA, I )
IF (ICA.NE . ’G’) GOTO 2
CALL REATCL ( 201 , O~ 0, TC, 2)
X l i )  =TC( I )*(W ( 2)—WI 1) )+W( I)
Y( 1) TC ( 2)*(l!(4) —WI 3) )+W ( 3)
K 1 = I F I X ( X (1)
I = INWAI 1•

( — 1 ., I ED)
CALL REATOL ( 201,0, ‘2, TC, 2)
X ( 2)~~TC ( 1) *((c’( 2 ) — W I  1 )  ) + W(  I )

) TC ( 2) * ( W I  4)  — W (  3 ) )  + W (  3)
K 2 - IFIX (X (2))
I’ T = IF IX (Y (  1 )— Y (2 ))
DO 1 1  }C } (= }f l, X 2

I I  I C E ( K K ) ~~I C E ( K 1 )

DC 12 KK=K2 , 2000
12 ICE (XK )= ICE (K }< )+ I”

OF’S IT - C’FSET+ I ~J
G C T O  I

2 I F , I D A . N F . ’ } ’ . A N D . I D A . N E . ’ X ’ . A N D .I D A . N E . ’ O ’ )  G O T O  I
I F ( I D A . N E . ’ X ’ )  G O T O  22
C A L L  I S F L P I C ( 3 )

CALL TA~~IN (ICE ,N ,IEOF )
OF 5 ET=KA
DC 21 KK= 1,2000

21 ICE (KK )=ICE (K }’h )+O F SE T
2 2  CALL E ’F L P I C ( 9 9 )

C A L L  W I N P C ’.J( I C E ,  1,2 0 1 10)
CALL E ’ELP I C ( 1 )
C A L L  D I  S P L A (  I C E ,  1, 2000, I, I)
I F (  1 I ’ A .E Q .  ‘ X ’  ) G C T O  45
I F( IDA . E(~.’ 0’ ) RETURN
-3 0T0 1
END

C* * * * ~~~~~ 8 * *  * * * * * *4 * * * * * *4 4 * * * * * *4 4 4 * *$ 4 4 4 $*$ 4 4 4 4 $ $ 4 4 4 4 $ $ $ s 4 4 4 $~~~4$ ~~~$~~~~

C* * * *4 * * * * * * * * * * * * * * * * $ 4 * * * * * * * * * * * * * 4* * * * 4*  * * 4 * * * * * * * * * * * * * * * $ * * * * * * *
C SUPRC I’TINE TO UNDERLINE THE DATA

4 4 * 4 * 4 * 8  * * ** * * ** * * * * * * * * * * * *  4*  * * * * * * * * ** * t * * ** * * * * ** * * ** ** * * *
St’L’HOt’TINE UNDEHL(PTS,LPT)
C O M M O N  / A / W (  4)  I P/ T C (  2)
I N T E G E R  I ED ( 2), PTS ( 1), I ThP ( 100)
DATA IFD/2, -I/MAX /48/
CALL CELPIC (3)
CALL RGNrIc 3)
WPITE (8, 100)

100 FORMAT (IHI, ’UNDERLINE’)
CALL E N D P I C
C A L L  I~GNr1C (2 )
CALL ENE’>PIC

f, I ’rt1p(l)=IF1X (l;~ THISPAGE ISBEST~~UALITYP
Cfl .

~~~C ’ ’  - - 

~~~~~~~~ ~~~~~~~~~~~~

C A L L  PRA V J ( I T M P , K )
t~~IN hJIII T (— l . ,IE D ,IPA , 1)

19



I El I I e~. I .  • 
~~~
‘ ) G O  0 4

IF’,IDA .rF. ’ ) G O T O  2
IF (K .LT.MAX ) GOTO Ii
CALL PELPIC (3)
CAL h . I3GrJPIC (3)
‘J H I T E ( S ,  1(1 !)

1 01 FOR~1A T (iHl, ’DELETE SOME’)
CALL EtIDPI C
G O T O  13

I I CALL REATOL (2C’1,’2,0,TC,2)
I ‘!‘MP(K) I FIX ( TC( I) *(t 4 t, 2) —WI I)) +W ( 1))
ITMP (K+I)=IFIX(TC (2)* ((J (4)—W(3))+W (3))
IF (ITFI” (}<).GT .ITMP (1(—2)+1) GOTO 12
CA L L  D E L P I  C( 3)
C A L L  L G N C I C ( 3 )
‘ 7 R T E ( ~~ , 102)

1 02 F O P M A T (I U I , ’M CV E ALONG ’)
CALL E P D P I C

~C T O  1
12

CALL I’RA”l( ITMP,}()
1 3  G C T O  1
2 I F I t ’c~ .N E . ’ D ’ )  G O T O  3

I F ( 1 < . E ( ~ .3 )  G O T O  1
l< K -  2
CALL DRAW ( I T M P , K )

2 1  ‘~O T O I
3 I F ( I E ’ A . L i . ’I i ’ ) G O T O  35

CALL REATOL (2 01,0,O,TC,2)
LPT IFIX CTC (2)* (’-’(4)—W(3))+W(3))
G O T O  e

25 CALL E’ELDIC 3)
CALL E G N P I C ( 3 )
(-‘RI TE l ‘ , 103)

1 03 F CRMAT ( 1H I, ‘ TRY D~ I, C, OR 0’ )
CALL E LI’rlc
;OTO I

4 CALL CE LF IC( I )
CALL DELPIC (2)
CALL [‘ELPIC (3)
CALL D E L P I C ( 9 9 )
T C (  I ) ~~0.
IC C 2)=0.
CALL WHITCL ( 201, 0,0, TC, 2)

IT M~~U<+ I)~~I T M P ( K - 1 )
K K-2
CO 41 I~~1,K, 2
I’~= I TM P C 1+2 ) - I T M P (  I )
I Y I T M P (  I + 3 ) — I T M P (  1 + 1 )
L I  1 TMP( I)
L2~~ITMP (I 2)
DO 41 L=LI,L2
IA L- I TMP ( I)

‘. 1  1 ’ T S C L ) = I T M P ( I + I ) + I F I X ( F L O A T C I Y ) * F L O A T ( I A ) / F L O A T ( I X )
LPT-rT51200L1)
HF 1’’HN
FND

4***$* 4 4 $ $ S 4* * ** 4**$******$****************4*****#**’4*~~~* .$ 4* I* .-** •

THIS PAGE iS BEST 4 ?It@ftGMtIJ~

T1~L)M (~~X ~~~~~)~i~~ki~~~
) TO DDC ~~~~~~~~~ 20
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C * s * * * * * * * *~~~** * * *  * 4 * 8  * * *~~~*. • * * *~~~~~~ *.* ***.*‘s’***•*
C SUFROIITINE TO DRAW PART OF AN UN D ER LiNE
C * *$ ******************$ ***********************************************

SUBROU TINE DRAW C I TMP ,K)
COMMON /A/W(4)/R/TCC2)
I N T E G E R  I T M P ( I )
CALL DELPIC (2)
CALL bGNPIC (2)
CALL LINI (ITMP ( I),ITMP (2),0)
CALL L1NIR (1”,t3,4)
N=K- 2
IF (K.EC.3) GOTO 2
DO 1 I=3,N,2
CALL L INI (ITMP (I ) ,ITMP (I+1 ))

2 CALL EN D P I C
TC (I)= (FLOAT (ITMP (N))-IJCI))/(W( 2)-WCI))
TC (2)= (FLOAT (ITMP (N”-1))-W(3))/CW (4)-WC3))
CALL (‘HI TOL.( 201, 0, C~. IC, 2)
R E T U R N
E N D

C **** **$ ****  * * * * * *$ * $ * *$ * *$ * * *$ * *4 *4 $*4 * *4 $*4 * *$ *4 *4 * *4 4 4 4 4 4 4* 4 4* * *$ * 4

C **$ * **$ $ ~~~$ * * * * *$ *** *$ * * * * *  $** *4** * * * *** $**** * *** * * *** * *$* * ** *** ** * * * *
C 5 t ’ E H CU T I ! ’ ~~ TO E’ISrLAY DATA
C**$********$****$******-*****$***********************’4 ‘c**** * * **** * ** * *

SU E H O U T I  NE DI SPLA( I A,L,H, KEY, NP! C)
D I M E N S I O N  L A o )
I~~T E G F R  L~~H
CALL L’GNPIC(Nr’IC)
CALL LI~hI (L,IA (L),0)
DO I I = L , H , 1 < E3Y
CALL LINI (I,IA (I))
CALL F N D P I C
R E T U R N
EN !’

C *8 *8 4 *8 *4 *  $ 8 8  * * * * * * * * *$ $* * * * *$ * *4 *4 * *4 *4 * *~~~**4* $ 4 4 4* *4 4 4 4 4* $ 4 4 4 4*4 4*4

C* * * * * * * * * $ * * * * * * $ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *4 * * * * * * * * * * * * * * * * * * * * *
C SUE-ROUTINE . TO WINDOW THE DATA
C $ $ * ** * * ** * *s * * * * * *$ * * * * ** * * * * * * * * * ** * * * ** * * ** * * ** ** * ** * * * * ** * * * * * ** * *

SUI~HOtJT1NE WINCOV( I A , L , H )
COMMON /A/W (4)
I N T E G ER  IA (1) ,YL,YH ,L,H

DATA 1 ”AL/200/
YL= I A l L)
YH=IA ( I . )
to I K=L,H
IF (IA (K).LT.YL ) YL=IA (K )
IF (IA (K).GT.YH ) YH=IA (K)
CONTINUE
Y( 1~~~L‘J (2 )~~H
WI 3)~~YL—20&l.
W (4)~~YH
CALL (JINDW( (.’)
CALL EGNPIC (99)
CALL L I N E ( W ( I ) , W ( 3 ) , ’ 2 )
CALL LINIR (0,I’~AL )
CALL LINE (WC I),C’,0)
CALL LINE (W(2),0)
CALL E N D PI C

- - RETURN
END

C *$$ *$ *$ * * *$ S**$ * ** * * ****$ $* * * * * * * *$ * * * * *$ * *$ *$ * * *****$ * **** * *- * * * * * * * *
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C “ 1 - P > ~” T I N F  TO T A B U L A T E  C O E F F I C I E N T S  FOR THE F I L T E R

5 ~-P~”TI NE H A M ” A P
C [ : ’ -~F % / C / T A E L ( 2 C ’ O )
1~~\ ’rA P/3.14I~~~2t’536/

(C 1 :<~~I , .(~0

~~~~~ (K) ‘2• ~~~~~~~ I > • ~~~~ C 25 ( P*A12012. )

PI  “‘Ph .

* t * 8*4  * *~~ ~~* * * ** *4* * 8 4 * 4* * - * S * * $ * * * * * * * * * * $ * * * * * * * * * * * * * * * * * * * * * * * * * *

C ST ~~I lT P~~ h ”  F C }? F I L T E R

S t  T I C  t ’ T ’ ’ ’~~~. Hc~b-~I ;h ’c I-SIX)
b. ’ -‘~~~ I ‘, - b T I ~ ( I~
t I I 1 1 00

> -  I = I
I ~

- S T H (  I )  =}‘ ~
‘ 

~‘P( I ‘21)

F U

I,’ F~ - T ’  I •‘‘‘ I’ F~~F F I L ’ I I
• # * . * - ! - • * *- ~ • 8 * * *  •* * * *  ~~* *************************************

b - h l b .  b ( 1  ST F )
1 2 C I  I I’ S b 1  ( )

1 1 1 ,  IC> ,’
~~~ r~~( I • 1)  = C 1CC. — F ’ L C I T (  I)) *ES’rR( 1) / 100.

1 C c , ’ b ”  I ~ t I
I I ‘b U 1- I .

2
C******* * *******~~~~~*’,~********************************************_ **

C COPY PL  I I N I  ~‘C P  FII .,~~FP

E ’ ’ ! ’ } - C ’  ‘~1 b ; F  H ’ -J C~’(r~~S ,E~~T H)
I’:”FJ !- I-. n~~5( ~. ),i S

’t’!- ( I)
l~r’ 1 = 1 ,  lOt ’

1 ~
-
~~~
‘ ‘ (  - - 1 ) = ~ ’ ” 5 ( I )

C** * * * *8 * 4 * t * * * * * * * * *  ‘ * * 4 * * ** 8 * * * * * *- * * ** * * ** * * * * * * * * ** $ * $ * * * ** * ** $ * * * *

C Sl ’~~ F C ’’TI%E TO F I L I F  T H E  ‘ N I b E P L I N E .  IN PRA C T I C E  THIS W A S

C R F IL I C I- : 1 ’- f ~I E C Y I S > ’~b E N T  A 5 ’ S E NL - L E F  R O U T I N E .

S - ’ ’ i - P CI ’ T I  !~ I- . H ’~M F I  2 (  F 5T H )
CC ’’- b Cc- : /C/T;- ( 200)
I N ’ ,t ’i E~ I~~~T H ( 1 )
20 I 1=1,2100

[hO 2 :<~ 1 200
2 fl ’V =  ~

‘Y M+  L~~ TP .-~ I + K—  I )~~ TAL -L ( K)

I E S T P I = S U M / i 0 8 .
DC 2 ‘ “ 1 ,2 1 0 0  ,~ ‘pB~c~

2 ! ( ~~ 2 C 1 - I ) = r 2 - T R ( 2 i 0 1 - I )

FI l E

— -
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T
[~~~~PL~~ PROFILE

Is
THERE

A LARGE ASK YES
DISCONTINUITY OPERATOR

BETWEEN IF REAL
ONSECUT lyE

VALUES” NO

RE MOVE
DISCONTINUITY

NO

WAIT FOR
COMMAN D

YES REMOVE DISCONTINUITY
DEFIN ED BY LIGHT PEN

R” 
YES REDRAW PROFILE WITH

ALTERATIONS SHOWN

YES ALTERATIONS INCORRECT
X? SO REDRAW ORIGINAL

PROFILE

0? 
NO

• 

T

YES

[~~~ DRAW PROFILE
WITH ALTERATIONS

SHOWN

RET U~~ J

Figure 10. CORREK subroutine
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COMMAND_j

INSERT LINE
LIGHT PEN TO RIGHT YES SEGMENT FROM

F PREVIOUS POINT ? 
- 

PREVIOUS POINT

NO 
TO LIGHT PEN

WRITE
“MOVE ALONG”

YES DELETE PRE
~~
OUS

t

B” 
YES [PLACE INITIAL POINT 

-

AT LIGHT PEN

0? -
~~~~ NO

YES

IERA SE DISPLA]~~

[RETURE,~]

Figure 11. UNDERL subroutine.
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