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ABSTRACT

Standard numerical techniques for removing aircraft motion
-and discontinuities from airborne laser profiles are adapted to a

desk-top computer. Because such a computer is much slower than a
larger machine, analog active filters replace the numerical
(Haming) filters normally used. The computer programs are in
BASIC, and listings are provided in an Appendix. Several exam.-
pies of data editing procedures are given.,

Accession For

- !4TIS GRAi~i
DTIC TAB
Un~announced F

* ~l1-tificatio

* D1!7tributiofl/_

AvailabilitY Code s

jAvail and/or

Dist I SPeCial

LE



BACKGROUND

Airborne laser profiling remains by far the most rapid method of obtaining some
measure of the "roughness" of a field of Ice. This paper will deliberately not deal
with the applications of laser profiles, but will describe a specific method of
obtaining "clean" profiles from raw data. The reader is referred to Ketchum (1971)
for a general description of the profiling system, a Spectra-Physics Geodolite 3A.

Ketchum (1971) introduced airborne laser profiles to the Arctic remote sensing
community, and Hibler (1972) devised a computer-based scheme for removing unwanted
"aircraft motion" from the raw data. This scheme has been used and modified in
subsequent applications (Holyer et al., 1977; Lohanick, 1979), but not greatly
changed.

This paper will describe a specific data reduction system written at NORDA,
centered around Hewlett-Packard hardware and firmware. It is based on the Hlibler
three-step filter process, but is accomplished on a mini-computer dedicated to this
task, and with some steps which greatly reduce overall data reduction time.

EVALUATION OF RAW PROFILE DATA

Profile data are recorded in the field on FM analog tapes. A time code channel

is provided for comparison of the data with annotations on various aircraft logs,
and for correlation with other airborne sensors which also record time. These
analog tapes must first be converted to digital form (digitized) for handling in the
computer. The initially digitized data from the analog field tapes will hereafter
be referred to as the "raw" data.

For those unfamiliar with the "look" of raw laser profile data, Figure 1 is
*provided and annotated to point out relevant features. The vertical exaggeration in

this plot is about 300:1.

SAMPLING RATE

The sampling rate (number of points digitized per second) for this type of data
has historically given an actual spacing of about 1 m (see Hibler, 1972; Holyer et
al., 1977) on the terrain. Hibler's (1972) scheme leaves intact all data that have
a wavelength less than about 127 m, although the power spectrum of the topside of
sea ice has never specifically been discussed in the short wavelength region (see
Hibler and LeSchack, 1972).

AIRCRAFT MOTION

* Long-wavelength undulations in the data are due to the motion of the aircraft
carrying the laser. As the aircraft slowly rises and falls in altitude, and makes
turns, the apparent altitude measured by the profiler varies. This result of

* aircraft instabilities must be removed if the actual terrain profile is to be
recovered.

DISCONTINUITIES

Discontinuities in the apparent profile, such as at points A and B in Figure 1,
can be caused either deliberately or accidentally by the profiling system. Causes
for these jumps in the apparent profile are discussed in Holyer et al. (1977).

" Figure 2 shows the results of not removing these discontinuities. Nonexistent
terrain features appear in final profile, because the computer recognizes only long-
wavelength variations as aircraft motion.
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Hibler's 1972 scheme for aircraft motion removal is adequate, and lends itself
to numerical or analog processes, as will be discussed below. Removal of disconti-
nuities is essential to the data reduction. But, as pointed out by Holyer et al.
(1977), no satisfactory method has yet been devised for reliably eliminating these
discontinuities automatically (i.e., without the intervention of a trained analyst).
Therefore, some sort of interactive system must be devised to allow a trained
operator to choose sections of data visually, as well as to remove undesirable
discontinuities. The alternative to interactive graphics is a laborious process
involving hand annotation of computer-generated plots and print listings (Lohanick,
1979).

Figure 3 is included to show a data record for which reliable automatic
algorithms for locating discontinuities would be difficult to construct. The data
were recorded with four times the vertical sensitivity of those in Figure 1. The
circled area is referred to in a later section.

RELEVANT CAPABILITIES OF THE COMPUTER HARDWARE

All elements of the hardware system used in the present application are
sketched in Figure 4. The computer is a Hewlett-Packard (HP) 9845B with 186 kilo-
bytes of internal memory, a CRT for printing, data display and graphics, an internal
thermal printer and two data cartridge (tape) drives. The 9845B has four interface
busses for peripherals.

CRT graphics is done on a 560 x 455 dot matrix. Any plot generated on the CRT
can be printed on the internal printer with one command. It is also possible to
store any plot on a mass-storage device such as a flexible disk or tape cartridge.

The HP2240A Measurement and Control Processor contains both an A/D converter
and a D/A converter, whose uses will be described later. Both converters have a
resolution of 5 mV in a range of +10,000 mV (approximate range). The 2240A is
directly compatible with the 98457. The data transfer rate for A/D (12-bit)
conversion is about 100 Hz. The HP9885 Flexible Disk drives use seven-inch disks
(floppies) with a storage capacity of about 500 K bytes.

Two double Rockland active filters (Models 432 and 452-01) are used between the
2240A D/A output and A/D input to accomplish aircraft motion removal. They replace
previously used numerical filters, which are far too slow in this application. A
30000-data point record,-which would require 60 hours of time on this computer with
the numerical filters, requires about 1.5 hours with active filters. -.

THE DATA REDUCTION PROCESS

DIGITIZING (PROGRAM "A/D")

Because of hardware and firmware constraints, a maximum of 90,000 regularly-spaced
integer data points (16 bits) can be taken from an analog field tape at one time.
Since the maximum sampling rate of the system is 100 12-bit samples/second, this

amounts to 15 minutes of data, or about 50 nautical miles (at 200 knots aircraft
speed).

A data tape is chosen and placed on the Ampex FR-1300 Tape Recorder. A
suitable section of the tape is located by reading the time-code channel and
comparing with aircraft logs.
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The computer program used is named "A/D" and its action is diagrammed in Figure
" 5 (all programs are in BASIC, and complete listings are provided in Appendix A, with
, internal documentation). The program enables the HP2240A to read the analog tape,

digitize the analog voltages, and make them available for reading by the HP9845B
computer. For maximum data transfer rate (100 Hz) the 2240A constantly fills its
output buffers with data, while the 9845B asynchronously empties them into internal
memory. In this way, time-consuming synchronization is avoided.

Once the 90000 (or fewer) data points are read, digitizing ceases, and the data
is immediately stored on a floppy. Because firmware restricts any file to 32767
elements (215-1), a file length of 30000 is chosen. Thus, a full run will fill
three files, each containing five minutes of data.

During program execution, the operator presses one key to begin or end the
digitizing, and names the files which will store the raw profile data.

REFORMATTING AND PLOTTING (PROGRAM "PLOT")

Some reformatting of data is done to take advantage of special dense data file
types which allow storage of eight full files (40 minutes of data) on each floppy.
The data in one file are then plotted in small scale on the CRT and stored on disk.
A hard copy of the CRT plot is obtained on the thermal printer (see Fig. 6), and is
used for some annotation and time-scaling. The stored plot is used for editing the
data as described below.

The small scale plot is the visual counterpart of a raw data file, and both are
saved permanently.

Program "Plot" requires the operator to name the file which will store the
plot.

EDITING (PROGRAM "EDIT")

Program "Edit", takes about 85% of total operator time, since it requires him
to make judgments as to the quality and character of the data which has been
digitized and plotted. He must also choose one of several editing procedures to
remove undesirable discontinuities. At this point, the operator must be a trained
analyst who has seen and been guided through, much raw profile data and its
peculiarities. The operator's expertise will, of course, have a direct impact on
the quality of the final product. Some examples given below will help to point this
up.

To begin, the operator names the raw data file and its plot (file). The
computer reads these into memory and graphics memory, respectively, and presents the
small-scale plot (Fig. 6, again) on the CRT. The operator uses a small cursor
(operated from the keyboard) to move to features he wishes to change or to observe
more closely. He presses one key, and the CRT provides a large-scale plot of 60
data points in the immediate vicinity of the current point of interest (Fig. 7).
This large-scale plot will be called an edit window. The vertical exaggeration in
the edit window is about 2:1.

Five different editing procedures are available. Two of these require the
operator to mark the beginning and end of the data record (BOR, EOR), which are not
defaulted. The three editing procedures which affect the data are:

1. Straight-line tie (see Fig. 8a). This procedure allows the operator to
remove a sharp discontinuity and replace it with a horizontal straight line. It is
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appropriate when the discontinuity is a "1800 phase shift" (an end-of-scale jump
back to center scale, provided by the laser hardware to avoid having to record
voltages outside a selected range, usually +1.5 volts), or a spike which my be
caused by spurious effects during recording or digitizing.

The operator places the cursor to the immediate left of the discontinuity,
presses a key to enter its position, moves the cursor to the present position of the
end of the feature, presses the key, moves the cursor to the desired position of
this second point (only up and down motion is permitted), and enters it. The CRT
shows the result for approval or disapproval (Fig. 8b).

2. Straight-line slope (see Fig. 9a). The operator marks all the points as
above. The computer leaves the character of the data in the interval between points
1 and 2 intact, but changes the slope (Fig. 9b).

3. Point-by-point fix (see Fig. 10). Allows the operator to move each point a
desired distance up or down. This procedure is appropriate when there are several
discontinuities in the edit window, and the data are considered reliable by the
operator. Several steps in this process are shown in Figures 1Ob through 10d. -.

The product of this program is a tape file of all edit windows for a
particular record of raw data (which may be a complete raw data file or portion of
it, delineated by the BOR and EOR mentioned above). This program is the only step
requiring great skill on the part of the operator.

REOVING THE DISCONTINUITIES (PROGRAM "DISCON")

The operator provides the raw data file disk and the correct edit window file,
and the computer automatically removes all discontinuities as prescribed in the
editing procedure above. The operator provides a name for the updated file, which
is stored again on a floppy. The original file is not destroyed. Edit window files
are generally not saved, since they are intermediate products and are not needed
beyond this stage.

AIRCRAFT MOTION REMOVAL (PROGRAM "8-IN-1")

The operator provides the program with the names of the source file(s) (the
one(s) created in Program Discon above) and the result file(s). The program is
written to handle up to eight pairs of files at a time.

Aircraft motion removal has previously been done with numerical Hamming filters
(Hibler, 1972; Holyer et al., 1977; Ketchum, 1971; and Lohanick, 1979). The approx- .
imate number of multiplications to be done by one pass of a Hamming filter is the
number of points in the record times the number of filter weights. For the low pass
filter providing the aircraft motion envelope (see below), the number of filter

* weights for a sampling rate of 100 points/second is about 250, leading to over six
million calculations for a 30000-point record. On the 9845B this would take many
hours. In fact, for all three filters, estimated total run time for a five-minute
record is about 60 hours, so we must use external active filters.

Data flow through a particular filter is diagrammed in Figure 11. Data are
first read into an array in computer memory. Then one point at a time is read into
the D/A converter and fed to the appropriate active filter. The output of the
filter (connected to the A/D converter) is "simultaneously" read back into computer
memory. Data are filtered in pseudo-real-time, since one complete cycle of D/A and
A/D conversion is about six times as long as the actual data sampling interval.
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Thus, a 30000-point record (5 minutes of data) takes about 30 minutes to filter.
Filter cutoff frequencies must be set to about one-sixth of the values calculated
for the numerical filters. The entire aircraft motion removal scheme is explained
in Hibler (1972).

Since eight files (40 minutes of data) can be handled by the program at one
time, a complete run takes about 12 hours, and is run unattended overnight.
Operator time is a total of about 15 minutes in setting up. Result files, which are

the final terrain profiles, are stored on disk.

One product of Program "8-in-i" is shown in Figure 12. This scaled plot
(horizontal dotted lines are at 2 m intervals above the zero line) has a great
amount of vertical exaggeration (about 1000:1). The operator uses this plot to look
for any unusual features, such as ridges over 10 m high or large spikes below the
zero line. Causes for these features must be found. If the cause is faulty
editing, then editing must be repeated, but only for this particular error.

The profile is now in its final form on disc, and is ready to be used in any
application of sea-ice terrain features such as roughness, ridge counts, ridge
height distribution, or power spectral density.

A summary of all steps taken in the data reduction is shown in Figure 13, for a
segment about 2 km long.
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Raw Profile Data Graphed from Tape ______________________ ___

1 .5 volts 6.1 meters

(a)

End of scale dropouts
shift

28 km

Discontinuities removed

Final profile with aircraft motion removed

3.5 meter \/
ridge Rough terrain

Figure I1. Laser sea-ice profile showing stages of discontinui
motion removal. Vertical scale exaggeration aot
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P i ofAircraft Aircraft Drp u
dropouts gainin losing

altitude altitude

28 km

Rough terrain Smooth
tIWerain"~

Figure 1. Loser sea-ice profile showing stages of discontinuity and aircraft
motion removal. Vertical scale exaggeration about 300:1.



__Original Profile

Final Profile with. Discontinuities not Removed

(b) dtmJi- niA& ~ IIJ4.L~4ii

5 meter3 meter
"ridge" "ridge"

Figue 2.Lasr se-ic proile howng efec of ot rmovng dsco tit

Vertical exaggeration 300:1. Compare with Figure I1(c).
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ter 3 meter
"ridge"

Loser sea-ice profile showing effect of not removing discontinuities.
Vertical exaggeration 300:1. Compare with Figure I(c).



- - ~ -- 2.8 km

A--

Figure 3. Laser sea-ice profile with many discontinuities. Circled area
is one of several in which two or three discontinuities occur in
rapid succession.



2.8 km__

12.2
meters

3. Laser sea-ice profile with many discontinuities. Circled area
is one of several in which two or three discontinuities occur in
rapid succession.
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Computer Control and
HP 98458 Controller Dt trg

Data Acquisition

HP 2240A Processor

(Rockland
Active Filter

_____ (FM) Analog Tape Deck

Figure 4. Physical diagram of computer used in laser profile reduction3
(disc storage not shown)
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Data
______- - -Storage

Figure 5. Data acquisition



Figure 6. Small-scale CRT plot of 5-minute laser profile record. Shiown
actual size.
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Figure 7. Large-scale plot of 60 points in the vicinity of a profile
discontinuity. Shown actual size. Vertical exaggeration
2.25:1.
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................................................................................................................ ......................... o

(a) Plot of discontinuity as presented on CRT

I|

.-- --- ------- ----- cted portion .

(b) Plot of removed discontinuity 2
.........................................~ L Straight-line segment

Figure 8. Straight-line editing of a profile discontinuity on the CRT.
Shown actual size. Vertical exaggeration of profile 2.25:1.
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......................................................................

(a) Plot of discontinuity as presented on CRT

STPAIG.HT-LINE SLOPE

.......... ............... .................. ....................................................

.. . . . . . . . . . . . . .. . . . . . . . . . . . . . ...__ _ _ _ . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . .. . . . . . .

(b lto eoe icniut

Figur Plo ofop removed discontlnuitynit o te RTshw

actual size. Vertical exaggeration of profile 2.25:1.
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t(a) Original profile segment (edit window)

W) First discontinuity removed

........... ........................ .

,;

ii ., , (c) Second discontinuity removed

(d) Corrected profile segment J

Figure 10. Point-by-point removal of discontinuities from sea-ice
profile. Each frame actually fills CRT. Vertical scale
exaggeration 10:1.
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Data Transmission and
Data Storage

Lowpass Filter to

High Frequency Smooth Aircraft Profile
Noise Removal Highpass Filter
(Lowpass Filtered for Determination

of Aircraft Profile

Figure I1. Actively filtering laser profiles
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(a) Raw profile data

(b) Discontinuities removed

(c) High-frequcncy noise removed from (b)

N (d) Local low points found by high pass
fi(ter of (a)

.(e) Low point envelope determined from
(a) and (d)

(f) Aircraft motion is lowpass-filtered (g) Final profile is (c) minus (f)
from low point envelope (e)

Figure 13. All steps in aircraft motion removal. Steps (c) through (g)
are done automatically by the computer in one program.
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to INTEGER U(1:303?S7,Vl:30375),W(d:30375.,DEFFile
26 DIN File namS03)
21 1 ((<(<(<((<<(<<<<(< PROMPTS FOR OPERATOR >)>>>> )))>> )))>)>)>> ))))>>
30 PRINTER IS 1I

* 48 PRINT PAGE
5 PRINT LIN(2)
68 PRINT 0 To begin digitizing, press COHT"
76 PRINT LIN(1)
86 PRINT " To stop digitizing, press PAUSE"
90 PRINT " note line number XXX"
too PRINT " type in: XXX GOTO 260"
I1t PRINT " press STORE"
t28 PRINT 4 press CONT"
130 PAUSE
131 <<<<<(<<<<<<<<<< INITIALIZE A/D CONVERTER >>>>)>)>)>>) >)>>>>>>
140 OVERLAP
158 OUTPUT 7,I;"SN;ACI!"
160 OUTPUT 7,1;"MDS,82;RP,0;RP,80;IB,8;AI,1,1,I;HX;CB;NX!"
161 < <<<<(<(<<<<< < READ THE RAW PROFILE DATA FROM THE A/flD >))>)) >>>>)>
176 FOR Du TO 383?5
188 ENTER 7,t DFNS 2 NOFORMAT;U(D)
t98 NEXT D
20 FOR Ent TO 30375
210 ENTER 7,1 9FHS 2 NOFOROAT:v(E)
228 NEXT E
236 FOR F-l TO 30375
240 £NTER 7,1 BFHS 2 NOFORMAI;W(F)
258 NEXT F
251 ! <(((<<<<<<<<<<<<(<< STORE RAW PROFILE DATA ON DISK )>)>)>>>>>>>)>>>>>>
268 IF Ems THEN Number of files-i
219 IF (E<>O) AND <F-0) THEN Number of files-2
2C8 IF F(>9 THEN Number of files=3
298 DUD-
388 E-E-1
318 F=F-I
326 PRINT PAGE
330 PRINT "NAME";Numberof files;"FILES. "

348 IF Number of filesl THEN INPUT " File name ",File names(1)
356 IF Humber of files-2 THEA INPUT 2 File toaues",File_nane$(l),Filen
ame$(2)
366 IF Number of files*3 THE1 INPUT " 3 File naaes*,Fite_nare$(I),FilI*n
ame$(2)qFile_name$(3)
378 PRINTER IS 6
396 CREATE File name$(l),D,4
396 ASSIGN 6t TO File name$(t)
486 REDIM U(1:D>
416 PRINT *I;U(*)
420 PRINT " w;D;"POINTS IN FILE "'File 0ame$1)
436 IF Number of files-I THEN 558
448 CREATE File name$(2),E,4
458 ASSIGN 02 TO File name$,
466 REDIM V(:E)
470 PRINT 12;V(*)
488 PRINT " ";E;-POINTS IN FILE "tFile -nse$2)
490 IF Number of filets2 THEN 550
506 CREATE File hn tlii(3),F,4
518 ASSIGN 03 TO File name$r7
526 REDIN N(I:F)
530 PRINT *3;(*)
540 PRINT " ";F;"POINTS IN FILE "8;FilenxSe$ ,
550 END
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• ' IIIIIIIllll lll lll llll PROGRAM "PIot" Il
26 INTEGER Z(L:32?6?),Ptcture(9:L6380),3,C,D,E,N,Dit,0,Axts
21 f (((<((((<(«<(<((<< PROMPTS FOR OPERATOR >>>)>>)))))))))))>>>>>>)))>))>
30 PRINTER IS 16
40 PRINT PAGE
s PRINT 0 This program:*
60 PRINT " "SCHRS(255)&" COPIES A DATA FILE FROM DISC INTO MEMORY"
70 PRINT " "&CHR$(255)&" INVERTS THE RECORD, AND REMOVES THE ZEROE
s"
s6 PRINT " "&CHRS(255)t" PURGES THE OLD RECORD FROM DISC"
90 PRINT " "&CHRS(255)&" CREATES A UDAT FILE WITH THE SAME NAME Of
THE SAME DISC"

100 PRINT " "&CHR$(255)&" COPIES THE HEW FILE ONTO A DISC"
118 PRINT " "&CNRS(236)&CHR$(23f)&CHR$(236)
126 PRINT " "&CHRS(295)&" CREATES A PLOT OF THE HEM FILE
139 PRINT " "*CHR$(2t5)&" STORES THE PLOT"
146 PRINT LIH(1);" 1. Name the record ( 6 characters : device ), "
150 PRINT " " press CONT."
169 PRINT LIN(1);" 2. Name the file to receive the PLOT, ( FOR A PLOT ON
LY,"
176 PRINT " CALL THE PLOT "&CNRS(
34)&"X0&CHRS(34)&" (no quotes] )"
l8 PRINT " press CONT.."
190 LINPUT " Profile ?",Profile_nsmes
20 LINPUT N Graph ?",Graphname$
218 PRINT PAGE
220 PRINT LIN(16);" DATA NOW SEING READ FROM "&Profile name$
221 <((<< (<<<<<<<<< READ RA,! PROFILE LATA FROM DISK >))>)>>>>>>>>>>>))) >
230 ASSIGN 01 TO Profile name$
249 ON END *i GOTO 200
250 FOR Dim-i TO 32767

269 READ *1;Z(Dim)
270 NEXT Dim
206 IF Dim>*344 THEN 330
290 PRINT PAGE
300 PRINT LIN(1O)
316 PRINT "Record is too small (":Dfa:'"points) to use locating algorithm

329 STOP
336 P'INT PhGE
346 PF71NT " FILE "LProfile rameS1" CONTAINS*;Dio;"POINTS"
350 PRINT LIN(I);" FILE HO PEING INVERTED"
360 MAT Z*Z*(-I) ! INVERT THE RECORD HERE
361 i< <<<«<<<< REMOVE STATUS SITS FROM RR PROFILE DATA >)> >)>>>> >>>
370 C-e
389 PRINT PAGE
390 PRINT LIN(10);" ZEPOES NOW BEING REMOVED"
460 FOR CuC 1 TO 100
410 IF Z(C)z9 THEN 430
420 NEXT C
430 IF (Z(C+81)0S) AND .Z C :42)*O) AID Z C 243)-O) THEN 480
448 IF C<>101 THEN 470
450 PRINT "ZERO LOCATIN, ALGORITHM HAS FAILED"
460 STOP
470 GOTO 40
480 Due
490 I C IS THE LOCATION OF THE FIRST ZERO
500 FOP Est TO Dim
510 IF (EzC) OR ((E-C) MOD E:=0.: THEN !40
520 D2D+
530 ZyaDZ(E)
540 HE.IT E
5e HD I N I$ THE i.CUMBER OF FINTS REMAINING

560 REDIM :
561 I -Jv< ., RE-STORE FANIl 'IFILE DATA ON Dik. >>.'>>>)>.>V>)>V,
5'0 CALL Rsdlmndaor.,",,FAiI r. rE5)
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571 9 («((((<<<(<<<<<<«< CREATE THE PAW DATA GRAPH >>>>> >>>>>> )))) >>>>
s8e PLOTTER IS 13, GPAPNICS'
598 IF Graph-naae$waX" THEN 616
666 FCREATE Graph nameS, INT(16381*2/256>.INT(16361*2/65536>.3
618 GRAPHICS
626 GCLEAR
6363 FOR Bel TO N
646 XUI'12.5-I2OCINT((B-1),1566)
656 Xaxisafl-4.75*INTC(B-1>,15a6)
660 Yuflaxis+Z(B)/-666
676 PLOT X,Y
686 IF Xu129 THEN PLCOT x,r,&'

696 IF X=120 THEN MO' E 6:a
786 NEXT R
716 ! NUMBER THE ROWS
726 FOR Axis.! TO 26
736 Xaxis.95.4-4.rS*(Hxls-l)
746 MOVE 121,Xaxis
756 PEN 1
766 CSIZE 15/4.54
776 FOR O=1 TO 26
786 MOVE 126+O'5,Xa<is
790 LABEL "

806 NEXT Q
816 PEN -1I826 MOVE 126,NXcis
836 CSIZE 2.2,.5
846 LABEL Axis
856 NEXT Axis
851 ««««<<< STORE THE GRAPH ON DISK AND PROVIDE ONE HARD COPY )>>>>>
866
876 IF Graph namSX" THEN 956
880 PictureCO)s-l
890 GSTORE Picture(*)
986 FPRINT Graph namue$,Picture(t.
916 PRINTER IS 6
920 PRINT LW(S)>;" This qraph of ",1;CHF$('4)&Ptofi1e namqS&CHR$(34)
9:30 PRINT has been store±, in iZCHP$C34A&GraphnameSLCHRtC34)
940 PRINT LIN'!);"- "&CHRS(34):Profile-name$&CHRS(34)&" contains";N:"points."
956 DUMP GRAPHICS
966 PRINT LIN(5)
976 END
986 SUR Redim and storeCINTEGER I,IHTEGER Y(*),FS)
996 INTEGER X7I:M);
1666 MAI XsY
1616 PURGE F$
1626 FCREATE FS,INT(t12256)tINT(i*2/65536).3
1636 FPRINT FS,X(*)
1646 SUBEND)
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20
36 INTEGER Z 1:32767),Zwindow(1:61,Zedit(t:614,A,BCDEF,GH, INz,NdsconD
elta, in recordXl,X2,2egin or end , oX aside
46 CO INTEGER PIc(0:1636>),Xvalue,Yvalue
50 REAL X,Y
51 1 < ( PROMPTS FOR OPERATOR >> >>>)>))>) > >)))))>)))))))
60 PRINTER IS 16
70 PRINT PAGE
s8 PRINT " This PROGRAM permits editing of edit windows in a file contain
ing "
98 PRINT 0 discontinuities."
108 PRINT LIN(I)
118 PRINT "  Resulting corrected windows are stored in a tape file for"
120 PRINT " use b; PROGRAM Dscon- ."
130 PRINT LIN(1>
148 PRINT ENTER THE FOLLOWIt4G INFORMATICH:"
150 PRINT " "tCHRS(228)" name of the file containing the PROFILE"
160 PRINT " "&CHRS(228)&" na.Ae of the file containing the GRAPH of
the profile*
170 PRINT LINE1)
168 PRINT PLACE A TAPE CARTRIDGE IN :T14. and name the file to record ed
it WINDOWS."
198 Profile$-""
200 GraphS""
216 EditS=""
220 LINPUT " PROFILE file name ..... press COHT",Profile$
29 IF Profile$ = " " THEN 220
2-,0 LINPUT "  GRAPH file name ..... press CONT",GraphS
250 IF Graphi"" THEN 248
268 LINPUT " WINDOWS file name ..... prres CONT*,Edit*
276 IF Edit*7,I83<>"'T14" THEN 2tO
280 PRINT PAGE
290 PRINT LIN(8)
300 PRIH' Edit*&" now being cre 4 ted. Takes about 45 seconds."
301 ! <<<<<<<<<<<<(< CREATE TEMPORARY CORRECTIONS FILE >>>>>>>>>>>>>>>>>>)>)>
310 CREATE EditSt,6101,4 ! HOLDS 61 INTEGERS PLUS Xo FOR
320 ASSIGN #1 TO Edits I EACH OF UP TO 10 CORRECTIONS ((6I*1IS)*4) (1e4))
330 PRINT PAGE
340 PRINT LIN(S)
350 PRINT "  READY TO READ "tProfile$
360 PRINT LIN(1)
376 PRINT " INSERT CORRECT D!SC ..... ther, press CONT."
388 PAUSE
390 FREAD Profile$,Z(e)
40 Nz-ROW(Z)
416 PRINT PAGE
420 PRINT LIN8)
430 PRINT " READY TO READ "&Graphs
446 PRINT LIN(1)
458 PRINT " INSERT CORPECT DL1C ..... then press CONT."
460 PAUSE
470 FREAD GraphS,Pic(*v
4;0 PLOTTER IS 13,"GRAPHICS"
490 1 bEGIIJ TREATING NEXT DISCONTINUITY
So NeXt d: 1
518 R asideXI
520 CALL Locate dicon01'I,X2 FItHD ThE DISCONTINUITY
530 IF (X &side) AHD U1,-1 THEN Ci0
540 IF XI>X aside THEII 660
530 PRINT PAGE
560 EXIT GRAPHICS
57e PRINT LItN'5
58 PRINT "CURSO SHOULD BE MOVED FORWARD TO CONTINUE EDITING."
540 DEEP
6CA3 PRINT LII 'I
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610 PRINT 0 to CORRECT the location, enter "%CNR$(34)&'-&CNt$(34)& an

d press CONT.*
620 PRINT 0 to ACCEPT the location, enter 8%CtR$(34)&Q.ICN*$(34)&1 an
d press CONT.0
fie INPUT ",0Oqs
640 IF OqSa"-O THEN 520
Sel IF Qq~uwo" THEN 6(0

660 IF XI)al THEN 690 i DE CERTAIN TO STAY MITNIN SUISCRIPTS I
676 X1.
ee 92-41

690 IF X2(wROM(Z) THEN 720

70 X2mROM(Z)
710 Xl-X2-66
726 FOR InXI TO X2
730 IF IaXS THEN In@
740 101+1
750 Zwindow(1)*Z(B) 1 Zwindob,-1*) is not re-written for a window.
769 NEXT 3
770 X-o-XI I SETS ASIDE ONLY ONE X TO LOCATE THE MINDOW
760 Next try: "AT ZedltZwindow
790 
791 ! <<<<<<<(<<<<< DRAM LARGE GRAPH OF EDIT MINDON )>)>>)>>)>>>)>
00 Renew: GRAPHICS

810 GCLEAR
626 LINE TYPE 3
930 HOVE 6,86
846 PLOT 6,98
850 PLOT 128,86
866 MOVE 0,20
670 PLOT 0,20
o88 PLOT 120,20

890 LINE TYPE 1
966 MOVE 6,50
910 PLOT 9,50
920 PLOT 120,50
930 FOR Cal TO 61
940 Xo(C-1)*2
956 YsSe.Zedit(C "50
960 IF Cal THEN HOVE ,Y
970 PLOT XY
980 NEXT C
990 Choosetype: PAUSE
160 EXIT GRAPHICS
1001 ! <<<(<<<<<<<<(<<<< CHOOSE AN EDITIthG PRC'EDURE >>>>>>>>>>>>>>)>>>>>>)>)>
1926 PRINTER IS 16
1030 PRINT PAGE
1640 PRINT U BASED ON THE PLOT, CHOOSE ONE OF THE FOLLOMING:-
1050 PRINT LIH(l)
106e PRrNT U "CHRI(249)t" to view the plot again, enter 70

1070 PRINT U U&CHR(240'-C. to skip this location, enter /0
1080 PRINT LIN(I)
1696 PRINT " DISCONTINUITY TN'FES :"
100 PRINT LIN(I)
1116 PRINT "  "&CNR1(249.z" SEGINrItG- OR END-OF-RECORD, enter RU
1120 PRINT "  "&CHRI(240:-." STRAIGHT-SLOPE REMOVAL, enter S"
117 0 PRINT * "&CHR6(240,i" POINT-BY-POINT FIX, enter P*
1140 PRINT U "6;CNR8240)v" TIE ( MITH STRAIGHT LINE > , enter T*

1150 Types " "
1166 INPUT 0 ? or / or P or S or P or T ... then CONT*,Typet
1170 IF (Type$<>*?*' AND (TYFdU ","y A14* Type*<)URU) AND (Type$0>"S") AND (Ty

p#$(1UPU) AND (Type#ST") THEI4 1160
1180 IF Typ#m"R" THEN CALL Pe.3rd,., 1. 'edioeo)"
1190 IF Type$n*S* THEN CALL $'.. I,eoutt0*.
1200 IF TypeluUP" THEN CALL P:r,'edit'*- --

4 1210 IF TypeSs"T" THEN CALL '.p 9 O.Zdit''')
1220 IF Type$(.-"" THEN 1250
1230 GRAPHICS
16^46 GOTO Chooje t Jpo
1256 IF Type$lu%" THEN Ne.t a
1260 PRINT PAGE
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I1

1270 PRINT LIN(0)
1360 PRINT * IF SATISFIED WITH EDITING ON THIS WINMo, enter *0
1304 P.ItT . T TIN O t I, . UDOW WITN *NOTHER TYPE OP CORRECTION, enter

1310 latstisftione-o"

I32 INPUT "* or - or ',Smtisfac ions
1336 IF (Stitstatieon<(>o) AND (Sattsfactions(>*-*) AND (SiSf ct $(on>w/)
TNEN 1320

1340 IF SatisfactionMfguo, THEN Set ash,#
1350 IF S&tIsf ctionSum-* THEN Next_ try
1360 IF SatisfactionSmO/0 THEN Renew
1361 1 (<<<<((<<(((<< WRITE EDIT WINDOW ONTO TAPE CARTRIDGE >)>>>>)O>>> >>)>)
1370 Setaside: I Set aside ( 62 points ).
1360 PRINT 61;)_o
1390 PRINT 9t;Zedit(e)
1400 GOTO Next d
1401 1 ((((((( SUBROUTINE POP RECORDING BEGINNING OR END OF PILE))))))>))>))
1410 SUD Record(INTEGER Xzero,INTEGER 2(0))
1420 GRAPHICS
1430 INTEGER XIX2,X1 Z_wtndow(1:61),A
1440 REAL U,V
1404 CSIZE 11,,4.34
1440 AOVE 20,60
1470 LABEL RECORD [ END El START*
1460 1OVE 9 05
1496 LABEL e( point q then 0 "
loe POINTER 16,35,O
1901 1 < PROVIDE CURSOR TO LOCATE DOF or EOF ))>>>>>>>>>>>>>>>>>>
isl6 DIGITIZE N1,YI
15SI SIGITIZE X2,Y2
10W IF N1(2 THEN XI2
1904 IF 1)110 THN X1m122
IOU, N IeNmeoreINT Xt'2)-I
I14 TO (YM69) AND (X2>54) AD (X2<57) THEN harkul
1170 IF (Y)609) ANM (142>76) AND (X2<79) THEN Harkm2
10 IF Omrkml THEN Z windoio(INT(XI/2))u-32767
150 IF Herkm2 THEN Z~window(INT(Xl.'2)),32767
106 C$1ZE 2.5
1616 HOVE (1-10,02
1620 IF Hrkel THEN LABEL " END %VALS(X 1)
1630 IF ork,,2 THEN LABEL "STAPT I'&VALS(X1-)
1640 CSI.E 1.4.54
1696 LINt TYPE 3
1640 HOVE N1,61
1676 PLOT X1,01
106 PLOT $1,19
16" LINE TYPE I
1706 PAUSE
1?10 PRINTER Is I6
1720 PRINT PAGE
1730 PRINT LIN(5);O If satisfied with the correction, enter 0
1740 PRINT LIN(I);' To re-do the correction, enter -u
1750 DoSeo"
1760 INPUT '. , -',DOS
1770 IF (DoS(>'#') AND (DoS>-> INHh 171O
1730 IF D..*'-" THEN 110
1790 C(INT(XtA2).! v1fndowtI1T'1.2",) I CN14GE ONLY THE VALUE OF ONE Z(*)
1666 SUDEXIT
1601 1 ,< <<<( GRAPH OF THE CORRECTED EDIT WINDOW )> >>>>))) .-) ) >
I16$ GCLEAR
1020 LINE TYPE 3
1030 MOVE 6,o0
1040 PLOT 6,860
1650 PLOT 120,00
Isis HOVE 6,20
k870 PLOT 0,20
1s86 PLOT 120,20
1890 HOVE 0,50
1900 LINE TYPE I

1910 PLOT 0,50
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1920 PLOT 120,50
1930 FOR Ru- TO 61
1940 Um(A-I)*2
1956 V-50+Z(R)/50
1960 IF A-I THEN HOVE U,V
1970 PLOT U,V
1960 NEXT A
1990 GOTO 1468
2000 SU3END
2001 ! «<(<<<<< SUBROUTINE FOR SLOPE OR STRAIGHT-LINE CORRECTION >>>>>)>>>>>>
2010 SUB Slope(INTEGER Slope or tie, INTEGER Zt>)
2020 INTEGER XI,X2,X3,YI,Y2,Z window(l:61),A
2630 REAL U,V,Slope fixi,$iope_fiA _,Stepvalue _,Stepvalue ,Y3,Real_z
2040 GRAPHICS
2850 CSIZE 15/4.54
2060 MAT Z window-Z ! VALUES OF X(*) NEED NOT BE CHANGED OR NOTED
2079 HOVE 10,99
2080 IF Slope ortie-1 THEN LABEL "STRAIGHT-LINE SLOPE"
2090 IF Slope or_tieSe THEN LABEL "STRAIGHT-LINE TIE
2100 POINTER 10,55,8
2110 DIGITIZE XI,YI
2120 DIGITIZE X2,Y2
2130 DIGITIZE X3,Y3
2140 IF X3sX2 THEN 2220
2150 PRINT PAGE
2160 EXIT GRAPHICS
2178 PRINT LIN(8'
2180 PRINT " LAST 2 X's MUST BE EQUAL."
2190 PRINT " Start over bv pressing CONT."
220o PAUSE
2210 GOTO 2100
2220 Xa-INT(XI/2)+1
22'0 Xb=INT(X2/2)t1
22-0 Real z-58*(Y3-50)
2250 IF Xb>Xa THEN 2330
2260 EXIT GRAPHICS
2278 PRINT PAGE
2280 PRINT LIN(S);" Since X(a)-";X&;" and X(b)=";Xb;", the slope has the wrong s
ign."
2290 PRINT " PLEASE REPEAT, and make X(b) > 4(a)."
2300 BEEP
2310 PAUSE
2320 GOTO 2100
2330 Stepvalue_1-Real z-Zwindow(Xb)
2340 Stepvalue-O=Real z-'-windo',(Xa)
2350 Slopefir lStep valuel/(.':b-Xa)
2360 Slopefix_=Stepvalue 0' (Xb-Xa)
2370 FOR A-1 TO 61
2380 IF R<=Xa THEN 2440
2390 IF (Slopeor tie=) AND (AM.a) AND (AG:b) THEN Z-window(A)Zi'd nd.e(R)+Slop
# fx l*eA-Xa)
240 TF (Slopeortie-0) AND (AX:a) AND (As;1b) THEN Z_window(A)Z_w1ndow(Xa&)Slo
pe_fixx*(A-Xa)
2410 IF (A)Xa) AND (A<Xb) THEN LINE TYPE 3 1 DOTTED LINE IN FIX AREA
2420 IF A>-Xb THEN4 Z window(A)zZ window(A)+Step value1
2430 IF A>-Xb THEN LINE TYPE 1
2448 Uo(A-I)e2
2450 VZ window(A'58+.50
2460 IF A- THEN MOVE U,V
2470 PLOT U,V
2480 NEXT A
2490 PAUSE
2500 PRINT PAGE
2510 PRINT LIN(51
2520 PRINT " TO ACCEPT THE C3PFOECT!UN, enter ...press CONT"
2530 PRIN4T " TO CHANGE THE CO PECTION, inter - ...press CONT"
2540 If-""
2550 INPUT " or -",If&
2560 IF If."4)ANID f5.' THEN &2550
2570 IF If)-"-" THEN 2600 I.
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2580 MAT Z-Z wIndou
2590 SUEXIT
2591 f (((((((((<((< GRAPH OF THE CORRECTED EDIT WINDOW ))))))))>)))))))))))
2906 GRAPHICS
2610 GCLEWR
2620 LINE TYPE 3
2630 MOVE 6,0
2640 PLOT 0,06
2650 PLOT 120,0i
2666 HOVE 6,20
2670 PLOT 0,20
2680 PLOT 120,20
2990 LIKE TYPE 1
2760 HOVE 6,56
2710 PLOT 0,50
2726 PLOT 120,50
2730 FOR Awl TO 61
2746 U=(A-I)*2
2756 V-5$eZ(A)/56
2766 IF An& THEN MOVE U,V
2770 PLOT UV
2706 NEXT A
2790 GOTO 206
2806 SUDEHD
2601 1 <<(((((<(( SUBROUTINE FOR POI$T-2Y-POINT CORRECTION ))>))>>)))))>)>>
2010 $UD Point(INTEGER Z(*))
2826 INTEGER X1,X2,Zuindow(1:61),Zplot(1:61),A,C,D
2836 REAL YI,Y2,U,V,Z-rtal,Delta
2848 CSIZE 15/4.54
2850 Start: GRAPHICS
2860 HAT 2 windowaZ
2870 Next:
2e8 HOVE 18,96
2,90 LABEL *POIHT FIX*
2900 MOVE 2,5
2916 LABEL "( up or down."
2920 LINE TYPE 3
2930 HOVE 2,100
2946 PLOT 2,100
2956 'PLOT 2,0
2966 LINE TYPE 1
2970 Here:
2986 POINTER 10,55,8
2990 DIGITIZE XI,YI
3000 DIGITIZE X2,Y2
3010 IF X2>=2 THEN 3850
3620 Xl=X2aO
3030 Deltas(Y2-Yl)*5S I PROVIDE FOR MOVING ENTIRE WINDOW UP OR DOWN
3046 GOTO Plot
3050 IF X2=X1 THEN Hence
3066 EXIT GRAPHICS
3070 PRINTER IS 16
30 PRINT PAGE
3690 PRINT LIN(Z);" X's must be equal... press CONTO
3100 PAUSE
3110 GRAPHICS
3120 GOTO Here 1 TRY DIGITIZING AGAIN
3130 Hence:
3140 Z real u50(Y2-50>
3156 Dilt&aZ real-Z windo((X2+2)/2) I THE CORRECTIOi FOR THIS
Z
3160 Plot:
3170 GRAPHICS
3180 MAT ZplotZ uindow SET UP A TEMPORARY PLOTTING VECTOR
3190 FOR C1 TO 61
3206 US(C-L)*2
3210 IF UuxI THEtt INE TYPE 3 1 DOTTED LINE AFTER CORNECTION.t 3220 IF U>sXl THEtf plotkC)uZ_plot(C)+Delta
3230 V.Z-plot(C).50+50
3240 IF Cml THE" MOVE U,V
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3250 PLOT U,V
3269 NEXT C
3279 LINE TYPE 1
3280 PAUSE
3290 EXIT GRAPHICS
33e8 PRINTER IS 16
3?16 PRINT PAGE
3328 PRINT LIH(S);' If this correction is acceptable, enter *0
3;39 PRINT LIN(2);- If this correction is NOT acceptable, enter -"
3348 PRINT LIN(2);- To begin with the original window, enter /"
3350 PRINT LIN(3);' If all corrections are complete, eqcer *"
3369 StSm"
337e INPUT "",Sat$
3380 IF (Sat$<>*+") AND (Sat$<>"-") AND (Sat$<>*") AND (SatS<>"/") THEN 3370
3390 IF Sat$a"*" THEN Final
3400 IF SatS."-" THEN Minus
3410 IF SatSm"'" THEN Minus
3426 IF SatSw"+" THEN Plus
3438 Plus: I
3440 MAT ZwindowuZ plot THE PLOT VECTOR IS HOW THE EDIT WINDOW
3450 Minus: ! CONTINUE BY FIRST RE-DRAWING THE PLOT
3451 ! <<<<(<<<<<<<<<<< GRAPH OF THE CORRECTED EDIT WINLOM >>>>>>>>>>>>>>>>>
3460 GCLEAR
3478 GRAPHICS
3480 LINE TYPE 3
3498 MOVE 8,80
3508 PLOT 6,80
3510 PLOT 120,80
3520 MOVE 8,29
3530 PLOT 0,20
3540 PLOT 129,20
3550 LINE TYPE 1
3560 MOVE 0,58
3579 PLOT 0,56
3580 PLOT 120,50
3590 FOR Ral TO 61
3600 Us(A-I)*2
3610 IF (8Mg."-") OR $at$="+) THEN VuSS+Z uindou(A)/58
3620 ! LINE 3248 SHOWS 2 window TO BE THE PRESENT aORKING EDIT WINDOW
3638 IF Satt$"/" THEN I=8+Z(A)/50 ! RETURN TO ORIGINAL Z-ulndow
3640 IF A-I THEN MOVE U,V
3658 PLOT UV
3660 NEXT A
3670 IF Sat$="/" THEN Start !EGIN ,GAIN BE RE-LOADING Z(*)
3688 IF (Satim"-") OR (Sat"+") THEI !ext
3690 Final: 1 ACCEPt LDIT WINDOW 9
3700 MAT ZwtndownZ_plot
3710 HAT ZuZ window
3720 EXIT GRAPHICS
3730 SUSEND
3731 I <<<<<< SUBROUTINE FOR LOCATING EDIT WINDOW USING SMALL-SCALE PLOT >)>')

3740 SUB Locate dscon(INTEGER Xzero, INTEGER X108)
3'50 INTEGER Correction at-x
3760 COM INTEGER Pic(*), xvalue,Yvat..4e
3770 GLOAD Pic(*)
3780 GRAPHICS
3790 POINTER Xvalue,Y.&lue,2 I POINTEF IS PLACED AT LAST CORRECTION POINT
3800 ! BEGIN COPPECTIONS HERE
3810 DIGITIZE Xvalue,Yvalue
30 Line number.INT(12.125-Ytslue)/4.75)
3830 Corrctionat xa15eO*Linenumbr-1499#Xvalu*l2.5
3940 XzeronCorrec tITonwt ;-30
3650 Xt08zCorrectton at .:30
3860 SUIEND

30.
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1.
I IIIIIIIIIIIIIIIIIIIIII PROGRAM 'Discon IIIIIIIIIIIIIIIIIIIIIIIIIIIII
2 PROMPTS FOR OPERATOR >)>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
t6 PRINTER IS 16

26 PRINT PAGE;LN(2)
36 PRINT ' This program uses the edit windows recorded bp, program Edit*
46 PRINT 

"  
to rewrite a profile, taking out discontinuities."

5 PRINT LIN(2)

66 PRINT " ENTER the n'be of the file"
76 PRINT containing the PROFILE ( a VDAT file )t"
6e PRINT containing the edit NNDOWS ( a DATA file ).

PRINT LIN(I)
110 PRINT * Then press CONT."

116 PRINT LIN(1)
128 PRINT " RS A RECORD IS COMPLETED, ITS NAME MILL BE REQUESTED AS A FI
LE NAME. )W

13e PSWSU*
146 LINPUT " PROFILE ... then CONT",P$
156 IF P$CS;1i<>"F" THEN 140
160 LINPUT " WINDOWS ... then CONT",MS
170 INTEGER Z(1:3910e),Winoo. 1:1e0,0: 1:, ,Z_size,Delta-z
18e INTEGER No of windows,Loop,XCurrent xpWindow x,Next x,Z aside
190 ASSIGN 01 TO MS
266 FRERD PS,Z<*)
210 ON END #I GOTO Continue
226 PRINTER IS 6
221 . <<(<<<<<<(<<<< READ EDIT WINDOWS FROM CARTRIDGE >>>>>>>>>>>>>>>>>>>>>>
238 FOR Al TO 100

240 FOR BwO TO 61
258 READ #*;WindowA,B) 1 Window(a,G) is the window starting location.
260 NEXT B
276 PRINT Window<A,S);"1";
280 NEXT A
281 ! <<<<(<<<<<<<< BEGIN CORRECTIONS (all automatic) >>>)>>>>>>>>>>>>>)>>>>

290 Continue:
300 Z size=ROW(Z)
310 No of windowsmR-1
326 Current xul
33e i

346 !:as@ 7- First window ( contains a SOR
358 9 11. Windo,(I,0)=1
360 i 12. indo,, '(,O)<"
370 ! Case 2: Encountering a new window ( Current xaNextx ) with:
380 9 21. Window <=O

398 !" 211. LoopvNoof windows ( contains EOR )
400 9 22. Window )>0 ( oqerlapping windows )
410 9 221. Loop-,.o of windows ( contains EOR )
428 Case 3: In a window not LAST windog( Current x<Next x AND Window x(>0
430 9 Encountering a

440 i 31. SOR k WindotiLoop,Window x=32767 )
450 ' 32. EOR ( Windo-jLocm,Windou xu-32767 )
468 1 Case 4: Le.,ing a window i.e. Wir-dow =6T )
470 1 Cast 5: Deti-.en ,.ind- i ( Csr- nt .<N7;.t x AND Windowxu )
460

;q0 IF (Current xalu AND .Liindo.,((,0)=I) THEN Casell
500 IF (Currentxul AND .indc.b.. 1.) >1 THEN Casel2
510 NotE point': a
556 IF 'Currers o=Ni'(t u, A11D .ihndo., -O) THEN Case21

IF .:Curren' xst. t.7. OtiD AMIindow._@ AND 'Window_'61) THEII Case22

54) IF ,Curr#9- !N -t, At* Ando,, .' AND (Window '. 61' THEHi CAie3
350 IF Window \;61 THEN' Cat4
5W0 i ,Curren? xt t .. AID ,Windo., .=0: THEN Case5
570 Chltll:

3
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580 Loopu1
596 Next xm~indou(2,6) I ASSUME Next x occurs AFTER SOR
s86 FOR A61 TO 61

61e IF Mindobe(1,A)<)32767 THEN 676

636 Mlndou(1,A)sWindowk1,A41)
648 Current xsa

666 GOTO Next point

676 NEXT A
688 Casel2t

698 Next xaCurrent xuldindow(l,8)
788 Nlndow(1,1)=Windou(1,2)
718 GOTO Next point
728 Case2la

738 Loopkoop+1
740 IF Loop=No of windows THEN Case2ll
758 Next xmWindoucLoop+1,6)
766 IF PrtntSin"OFF" THEN Skip~t
76 Delih zZ(Current x)*Delta z-Wind-3w(Loop,1)
780 IF ABS(Nin;dow(Loop,1)_;Delta z)T36000 THEN 878

888 REDIM Z(I:X)I
818 CALL Record_record(Z(*),X) I-
828 REDIM Z(i:Z size)-
838 IF WindowCLoop,1)+Delta z.-3000.E' THEN Del t a zmDeta_z.3808'
848 IF Window(Loop,1>+Delta z,38886 THEN DeltazuDeltaz-368O0I _
856 Xas

878 Xagt1~
896 Z(X)aWindow(Loop,1).Delt.z
898 Sktp2U: 9 DO NOT RE-COMPUTE DelttAz
900 Window xs2
918 Current xuCurrent-x+1
920 G(JTO Next point
938 Cas,22:

948 LoopmLoopti
950 IF Looprflo of windows THEN Case22l
968 Next _<Wmndow(Loop.1,0)
978 IF Frlnt$="OFF" THEN Skip2
980 Delta zu~ir~dou(Loop-1,Windos4_x)4Delta z-IWindow(Loop.c)
998 IF RBS(Window(Loop,1)+Delta-z(<36086 THEN 1088

1e18 REDIM Z(1:X)
1628 CALL Record -record<Z('),X)
1636 REDtH Z(1:Z 5izC) 9
1048 IF Window(Loop,)+Detaz,-308868 Tw'EN Dlaz~la481
1850 IF Window(Loop,1'.Delta z>,.3000.a THEN Delta zsDelta z-388'J3!_
Isis X*8

1686 XNX+1
1898 Z(X)mWindow'kLop,1)4Delta z
1100 Skip22 I DO NOT RE-COIIPUTE Delta-z
1110 Window x=2
1128 Current xaCurrent-xt1
1138 GOTO Next point
1140 Case2ll:

115e Delta zZ(VCurrert )*Dtlt4& =-Wu.'c'Loop,1 I)
1168 GOTO Co or. 21

511710 C15sefll

Ilse8 Delta zsWind.ow(L.jop-1.Window i.+Dvlta z-hlndo(LoopD)
1196 Go on 21: 9

1200 FOR ft TO 61
12,10 IF Nindo6..LoopP- -2-Z76j7 THEN :-kip_22
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1226 REDIN Z'i:X)
1230 CALL Record -rocord(Z(*),X)
1240 PRINT PAGE
1256 PRINT LINhS)

*1266 PRINT "PROGRAM COMPLETED'
4276 TO
1286 Skip 21:

t299 IF RUS(Window(Loop,A+-Delt& z)<3@eOS THEN 1390

1318 REDIII Zd1:X)
1326 CALL Record recordkZ(.),X)
1330 REDIM Z(1:Z size)
1349 IF Wlndoiw(Loopr)+Dvlt& z<-39i99 THEN Delta-zmtielta z+30060!
1350 IF bindow(Loop,A)+Delt& -z>30000 THEN Delia zaDelta z-3080'01
1368 X=6
13709 99191Il 9!!9919191!' 9 999!!9111!I
138 X-X+I
1390 Z(X)u&'lndow(Loop,R>+Dvlta z
1468 NEXT A
1416 REDIM Z,'l:X>
1426 CALL Record-record(Z(4),X,
1430 PRINT PAGEI1440 PRINT LI1I(5)
1450 PRINT PROGRAMI COMIPLETED"
1460 STOP
1478 Cas#3:

1480 IF Window(Loop,blindow_ ')u32767 THEN Cise3l
1498 IF Window(Loop,Windo.- x)m-32767 TH4E" Case32
1560 GOTO Case3-continue
1510 Cas*31:

1520 PrintSmuON"
1530 Wlndow(Loop,Windcss-x)uWindow(Loop,W'indow x*1)
1540 Delia zus
1550 GOTO CEase 3 continue
1560 Case32:

1570 Printils"OFF"
1586 Delta Zee
1590 REDIN Z(1:X)
160 CALL Record reco -dV(*',XN
1616 Xwe
1620 REDIM Z(1:Z stz@e
1636 Case 3 cant inue:

1648 IF Print.sa"OFF" THEN No print 3
1650 IF A3S'Wlndow(Loop,Window .'+Delta z)<36860 THEN 1740
16690' 1999999!!!!9!199999911!999999!9!999W9
1676 REDItI Z(1:X)
£680 CALL FRcc,r#cord(Z(*>,X)9
1690 REDIM(1:s1R
170 IF Window(Loop,Window_ -)+Dlt& z(-BCe000 THEN Delta z-Delta =+300091
1110 IF Window(Loop,Windot +~t THEN Delta :.Dlltta:z-300081 -
I1726 xse
1730 9'''99!9!! '!''99,' !'9 9!!!9!!! !!'999
1740 X:.
1750 Z(VU-WiniouKLoop.Window-x).Delta3z
1766 No print_3:

17'0 Current '<uCurrer' +I
17;0 Window 7swirsdow 4.1
1790 GOTO He.T poir,t
1800 Case4:

1810 IF Print 9u"CFF" Y1-L', 1i
I 6A0 Dlta 1)r:s .ep,1 +D.i' a :-ZiCurr-ent xO

ezo IF R3SZ-&arr~nf .,.-Ivlt iL (H~" 9E'I 1929
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1856 REDIM Z(1:V<)
1860 CALL Record record%7(*>,X)
1870 RCDIfl Z : s e
i889 IF Z(Current x)+Delta z'-30006 THE14 Delta zaDelta z.3660! -

K1890 IF 2(<Current x.o.Deltaz>30t00 THEN Delta zsDelra z-30000
1906 XuG

19260 XuX.1
1930 Z(X)sZ(Currentx..Dultaz
1948 Skip4I

1956 Window x-8
19,60 Current x-Current x+1
1970 GOTO Next point
1980 CaseS:

1990 FOR A-Current x TO Ne.t-t 1
2006 IF Prinit$'"OFF" TxEN 2120
20610 IF ABSrZ(A)+Delta zl'3eOO- THEN 2100

2830 REDIrI Z(1:X 29
2640 CALL Record reccordt.Z(*),X)
2850 REDIM 2(1:2 size,
2660 IF Z(A)+Delta z<&-30080i THEN Djel9ta-zflelta z+38.000! _
2070 IF Z(R)4Delta -z,30000 THEN Lelta z=Dlta z-30000
2080 X36

2110
2120 NEXT A

ENDO30 Current 2Net_,

2140 GOTONext point

2151 ~ SUBROUTINE FOR ST~iPIN;! THE DATA UITH DISCOVTI14UITIES REMOVED>'/>
2160 SU eodrecord(ItiTEGEP 2 in(*. ,INTEGER N)
2170 PRNE S16
2188 PRINT PAGE
2190 PRINT LIN(S)
2200 PRINT "' Nae the record which ti11 receiv.e this data."
2210 PRINT LIN(1)
2220 PRINT "LENGTH : ";N;'points."
2230 F$m"
2240 LINPUT XXXXX:F or XXXXY2-aTie ,FI
2250 IF (F$E8;11 >F") AND -FC;J P.HEN 2240
2260 INTEGER Z(1:N)
22'0 MAT 2=2 in
2280 IF FSt8;12s. "F" THEN 2-320
2290 FCREATE FS.It.t25.+T(N63),
2300 FFRI14T FS,f.-

- I2310 GOTO 2S60
4 2320 '2DATA file:

2330 CREATE FS,N-4
2340 ASSIGN *1 TO Ft
2356 PRINT #i;:*
2360 SULEFID
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to IHTEGER Z(1:309e9),Z..raw(1.39800),Observations,14int

26 DIN Ra inS(8)C2],Result$()12I
21 (<(<<(((<<<<<<(( PRCMPTS FOR OPERATOR >))>>))>)> )))>))>)))) )>))>>
30 PRINTER IS 16
46 PRINT PAGE
50 PRINT " PROGRAM 8-in-I removes aircraft motion from a laser profile"
60 PRINT " by filtering the data in three steps."
76 PRINT LIN(I)
89 PRINT 0 YOU WILL BE REQIJESTED TO PROVIDE UP TO 8 PAIRS OF FILES,"
96 PRINT * EACH CONSISTIvG OF A RAW DATA FILE FOLLOWED BY A RESULT FILE."
169 PRINT LIN(I)
118 PRINT " PLEASE MAKE F:LE NAMES EXACTLY 6 CHARACTERS LONG."
120 PRINT LIN(1)
130 PRINT LIH(1)
140 PRINT " TO KEEP TRACK OF THE FILES REQUESTED,
150 PRINT " ARRANGE AND NL.ASER YOUR LIST OF FILE PAIRS BEFORE CONTINUING."
160 PRINT LIH(I)
170 PRINT " Press CONT to go or."
189 PAUSE
196 FOR Inputu- TO S
266 PRINT PAGE
216 PRINT LIN(3)
220 PRINT "NAME YOUR (NEXT) PAIR OF FILES. (.DEVICE CODE MUST BE "&CHR
$(34)&"F%&CHRS(34)&" )."
230 PRINT LIN(2)
240 PRINT " Exa le: RawDat:F CONT Result:F8,1
CONT"
256 PRINT LIN(l)
260 PRINT " ( WHEN FINISHED NAMING FILES, ENTER NOTHING AND PRESS CO
NT. "

270 PRINT LIH(3)
280 PRINT "FILE PAIR #';Input
290 LINPUT " Raw data ile",Rawj*S(Input)
3e LINPUT " Result file",Result$(Input)
319 IF (Raw in$(Input')u"") AND (ReiultS(Input)=*" THEN 358
320 IF (Raw tnS(InpuTiES;I1<>"F") OR (ResultS(Input)[8;I]<)"F") THEN 2
98

338 NEXT Input
348 I !II! !! I!!!!I!! II !! !I ! II !! II !II !!III !II ! !9!' ! 1 II ! !!

350 Jmax=lnput-I
368 PRINT PAGE
376 PRINT LIN(2)
380 PRINT " YOU WILL BE PROCESSING";Jmax;"FILE(S)."
390 PRINT LI1(1)
40 PRINT " Your files) are: RAW DATA RESULT"
410 PRINT LIH(I)
420 FOR Ot TO Jmax
43e PRINT " "&Pain$(Q)&" "&CHRS(240)&" "&ResultS(O)
440 NEXT Q
450 PRINT LIN(|)
468 PRINT " INSEFT NEW DISC IF NECESSARY."
470 PRINT " then presi COtNT"
480 PAUSE
490 CALL Warning NC rnig: *DO NOT DISTURB KEYBOARD"
300 FOP Jul TO Ja× xl : !! ! ! l l !! ! l ! ! ! !l ! ! ! !

51! ! ( (<<<<((<<<,* READ IN DPT WITt PISCO14 REMOVED ;>>>>>>'>).> > >>>
520 FREAD RwS,_raw(..
538 MAT ZuZ raw
540 ObztrvjiorAFOW"()

1!51 I <<s'.< CFEHtE A FILE 7,1 RC:EPT T i FINAL PROFILE "',>'->)> ,>>>';'
SeO FCREATE Into$, INTt VSOQ*; 56., Ir, 3 2 65531 53

5;' I I <<(((.< FEED THE FAW I' TA T"P.' TmE FIRST ACTIVE FILTER )).>.,/>>>
5.2 ' M(<< <' (EMOVE NHE HIGH-FREEUEtC NOISE '
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s66 CALL Active filter 1< Z(*>,Obseruat ions) 9LOWPASS 3 Hz
598
668 NAT Z rawaZ ISINCE HIGH-FREQUENCY NOISE HAS BEEN REMOVED
661 9 <<<«<<<<< FEED THE RAW DATA THRU THE SECOND ACTIVE FILTER >)>>>>>>>>>>
602 t(<<<<< READY DATA FOR LUCATINC LOWI POINTS >>>>>>>>
610
620 CALL Active filter &( Z('),Obsevvat ions) !HIGHPASS .03 Hz
636 -

640 PRINT PAGE
656 PRINT LIN(S)
666 PRINT * LOW-POItIT ROUCINHE IN PROGRESS."
662 9 <<<<<< LOCATE LOW POINT:- AND DRAW LOW-POINT ENVELOPE >>>>>>>>>>>> >
670 CALL Low point(Z v-aw*,Z(*',Observations,50)
688 CALL Warning !CPT warning: "DO NOT DISTURB KEYBOARD"
682 <<<<(<<<(<<<<< SMOOTH THE LOW-POINT ENVELOPE >>>>>>>>>>>>>>>>>>>>>>,
690 CALL Active-filter_3<Ze'),Observations) LOUPASS .13 Hz
700
718 MAT Z=Z raw-Z I Remove aircraft motion
728 FPRINT Into$,Z(*) 9 Store final profile
730
731 ' <<,<<<<<<<< PROVIDE R HARD COPY OF FINAL PROFILE >>>>>>> >>>>>>>>
740 CALL Graphics(Raws, Into$,!Z(*,Observat ions)
750
768' NEXT J 99999999 99999 99999!9999999
770 -
780 END
790 SUP Low point(INTEGER Z ra~w *),Il4TEGER Z(*),Observations, Int length)
800 INTEGER Zmin(1:1800),Xrmin(l:1e00,Interval,Alow,Ahigh,A,Zlow,oofints,Bst
art ,Bstop, D,Z dimi ni sh( 1:375> ,C
810 REAL Delta x,Delta-z
820 MAT Zmin-(i)
830 Intorval=8
881 Flag=S
8!,08 Interval~lnterval.1
868 Alowi(Intrval-1)*Int~length+l
870 Ahighalnterval*Int length
888 IF Rhigh<Observat ions THEN 910
890 FlaguI
900 Ahi ghmObservat 1 3ns

918 FOR AinAlow TO Ahigh
926 IF A-Alow THEN ZlowuG
938 IF ZCA)>inZlow THEN 960
940 Zlow=Z(A)
956 Xmin(Interval)=A
966 NEXT A
976 IF Zlow<>G THEN 1010
988 Zmin(Interval)-=Z_raw<AhigW'-Z(Ahigh)
998 Xain( mt ervalszAhi gh
1060 GOTO 1098
1010 IF (Xmin(Interval)-10,,1> OR (Xmin,'lnterval)+10>Observaktions) THEN 1090
1820 Zlow=Z raw(Xmir(Interval))
1030 FOR C-mtKnevl-0TO Xmin(Inter0al)416

:11040 IF Z raw:C)>aZlcLI THEN 1670
1650 Z1010=2 raw(C)
168 Xmin(Interval )-C
1070 NEXT C
I1891 Zm in (lInt *rva 1,, :r a'.. ,. n';o~rval>I
1890 IF Flag=B THEN 858
1108 Hoof intsrInterval
1110 Flaq;9
1120 IntervalsO
1130 Intervalwlntergal+1
1140 IF Interval<)1 THEN 1170
1i30' Istartal
1160 GOTO 1180

*I1170 I F Interval <uN.: .-:4ir.t j9-1 T'-Ell Bat artw',iin(1nterval -1
1180 IF Intervl.No c' vr,'+1 THEN BitoPuI:roin(Interval%
2190 IF ntrIt . ti1TH-rN Bat opwOb_4r~at ions
I ZOO IF BitopmObsorv'ationz ltlEtI F!&q=1

1210 9

* 36 i



1226 IF Intervall THEN Delta zuZmin(I.-Z raw(I)
1236 !
1243 IF (Interval>l) AND <Flag-B) THEN Delta z-Zmin(Interval)-Zain(Jnterval-D)
1256 !
1268 IF Flag-l THEN Delta z=._raw(Observations)-Zmin(Intervl-1)
1278 i
1288 Delta xiBstop-Bstartl
1298 FOR B3-start TO Estop
13uB IF Zntorvala1 THEN Z(B)-2 raw(I'+Delt& z/Delta xe(B-Bstarttl)
1318 IF Interval>l THEN '(B)Cmin(Interval-T)+Deitaz/Deltax*(B-start l)
1328 NEXT 3
1330 IF Flag-S THEN 1138
1348 SUBEND
1358 SUB Graphics(O$,P$,INTEGER Z(*),Obs)
1368 INTEGER A,3
1370 PLOTTER IS "GRAPHICS"
1380 GRAPHICS
1398 LINE TYPE 3
14e0 FOR 3-18 TO 68 STEP 10
1410 MOVE 0,9
1426 PLOT 8,B
1438 PLOT 128,3
1448 NEXT B
1456 LINE TYPE 1
1468 HOVE 8,85
1478 LABEL " Final profile "tP$&'(from "';s$") ";Obs;"points."
1488 FOR A=l TO Obs STEP 10
1490 U=.804*A
1588 Y-Z(R)/38.65 10
1510 IF A-l THEN MOVE U,V
1520 PLOT U,V
1530 NEXT A
1540 DUMP GRAPHICS
1558 PRINTER IS 8
1.8 PRINT LIH(5) FEED SOME PAPER WITH PLOT
1578 PRINTER IS 16
15808 SUDEND
1598 SUP Active filter_ lINTEGER Z(*),,servations)
1688 INTEGER Zsore(l:E6),Status,A,,C,D

1618 OUTPUT 7,1;"AC!"
1628 1 PREPARE STEADY VOLTAGE FOR INPUT
1636 FOR Al TO 1880
1648 OUTPUT 7,1;"AB,2,1,1,'&VALSZ(l)f&"!"
1658 NEXT A
1668
1678 9 INPUT PROFILE
1680 !
1698 FOR Sol TO Observations
1700 OUTPUT 7,1;"Ri.1,1,IVAtkC))&;AI,1,1,1 "
1716 ENTER 7,1 3FHS Z tlOFOP.MT;Status
1726 ENTER 7,1 DFHS 2 140FORMAT;ZIf"
1738 NEXT B
1746 I CAPTURE POINTS DUE TO PHASE LAG
1758 FOR C-l TO 66
176e8 OUTPUT 7,1;"AB,2,1,1."tVALS'Z'Obsruations))L";AI,1,1,1!"
1778 ENTER 7,1 SFHS 2 NOFOPMRT;Status
1788 ENTER 7,1 BFHS 2 NOF0PMAT;Z.store*
1796 NEXT C
1808 SUDEND
1816 SUB Active filter 2(INTEER *.Obser 'tons.
1620 INTEGE - ortel:ti ., y,&,,A-,. . ,D

1830 OUTPUT 7,1;"AC I"
1848 1 PREPARE STEADY VOLTAGE FuP ItIPUT
1858 FOP A-I TO 1800
1860 OUTPUT
1870 NEXT A

; 18 8

18-; 0 INPUT PROFILE
1906
1910 FOR D1 TO Obcervatlons
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%920 OUTPUT 7,i;"AB,Z,2,1, 0&VAL$CZn fl&M;R,1,Z,1l"

193C ENTER 7,1 PFHS 2 rOFORMRT;Status

1940 ENTER 7,1 DFNS 2 NOFORNRT;ZtB'

1958 NEXT 9
1968 CAPTURE POINTS DUE TO PHASE LAG

1970 FOR C-I TO 66

1989 OUTPUT 7,l;sR3,2,2,l
+..VALI(Z(Obtr

' ttos ) ) "AR ] ' l'
1990 ENTER 7,1 BFHS 2 NOF'FAIRT;Stat..s
10ee ENTER 7,1I BFH$ 2 NOFCF."I T;: vto e C+'

2810 NEXT C

2020 SUIEND
2030 SUB Active filter 3,('INTEGEP. Z'*),Observations)

2040 INTEGER Z store(:66,,St&'tuS.AJB,C,D

2050 OUTPUT 7,I;"RC!"
2060 1 PREPARE STEADY VOLTAGE FOR INPUT

2070 FOR A1= TO 1000
Me80 OUTPUT ?,1;RB,2,3,I,'LUAL$(1.')&"
2090 NEXT A
2100
2110 I INPUT PROFILE
2120!

2130 FOR B-1 TO Ob.er.,a lons
2140 OUTPUT 7,1;"AI,2,'?,,"VAL:(B';AI, 1>3,1!"

'150 ENTER 7,1 BFHS 2 rOFORMAT;Satus

2160 ENTER 7,1 BFHS 2 NOFOt<.0' ;Z(BD)'

-2170 NEXT I
2180 CAPTURE POINTS DUE TO PHASE LAG

2190 FOR Cal TO 66
.2200 OUTPLT 7,l;"AB,2,3,1,"UVAL$:Z.Ober"ttiors))&"AI13,!"
22110 ENTER 7,1 BFHS 2 NOFORIAT;Stat.-

2220 ENTER 7,1 BFHS 2' OFnFRT; sr-
2230 NEXT C
2240 FOR D=1 TO Observations
250 IF D<sObservatlons-66 TnEN - D)=Z.tD+66)

2260 IF D>Observation
- 66 THEN Z(D):Zs!ore(D-(Obervations-6L))

2270 IIEXT D
2230 SUBEND
2290 SUB Warning
2300 PRINT PAGE

2310 PRINT Aircraft motior being removed."

:329 PRINT LIN(l)

:330 PRIIT 
"

2340 PRINT 
"

4350 PRINT "
23E0 PRINT "

2370 PRINT " .4

:;SO FRIINT
.0 PRINT

.400 PRINT "
:410 PR INT "

L1 :420 PRINT "

:430 PRINT 0
.440 PPINT

2450 PPINT

'460 PPINT "

:470 PRINT " "7

4 14FINT

'4.0 FF'IT "

i!:'.:o "I ED
W.14
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