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PROGRAM HP9#@4: ALTIMETRIC ELEVATION CALCULATION
by

M. A. M. Donzeau

ABSTRACT

This program is designed to calculate elevations of
roving and base stations in a survey network from altimetric
data reduced by the program "Single Base Altimetry Data Re-
duction (HP9##1)" X Base station numbers, roving station num-
bers, elevation differences (in meters), and uncertainty
estimates of these differences, usually stored on a cassette
file, are the data input for the program.

Program HP9864 (reads/either]a cassette file or allows
the user to enter data from the keyboard. The first step is
to find known points (points of known elevation, such as sea
level, geodetic points, and so forth); then calculate the
altitude of the base stations that contain a known point in
their loop. Finally, the altitudes of the roving stations
of the loop are calculated. The next steps follow the same
procedure, but begin by locating roving stations of known
computed altitude (that is, loop-to-loop ties, rather than
known points) to calculate the altitude of unknown base
stations.

When there are several roving stations of known altitude
in the same loop, the altitude of the unknown base station
is calculated from all known roving stations. When there are
several measurements of the elevation difference between an
unknown roving station and a known base station in the same
loop, the altitude of the roving station is calculated using
all these measurements.

Input-output is interactive via the HP9838 keyboard and
display. The final output is a printed tabulatieon of the
altitude, standard deviation, and probable error of altitude
of the roving and base stations.
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SOURCE CODE LOCATION AND UPDATE STATUS
The source program HP9@@4 is on cassettes USGS-HP-1g1
and USGS-HP-6@1 on file in the offices of the geophysics
section, USGS/SAP, Jiddah, Saudi Arabia.

There are no updates at this time.



DESCRIPTION OF COMPUTED QUANTITIES

The following data are used to calculate altitude,
standard deviation, probable error for all the roving and
base stations:

1) measurements of elevation differences between
roving stations and base stations, and their
spreads (see below),

2) altitude and spread of a few known points, such as
sea level or geodetic points

The term "spread" is here defined to be the standard
deviation of the elevation difference measurements between
a base station and a roving station. The standard deviation
is generally not used because of lack of a sufficient number
of measurements; instead two measurements of elevation dif-
ference are normally available from the two pairs of altim-
eters used in standard surveying practice. The spread is
then just one half the absolute value of the base station-
to-roving station elevation difference determined by one
altimeter pair minus that determined by the other.

A loop is defined by one base station and all the roving
stations measured from that base station. It may be made up
of measurements made on different dates.

The altitude of a base station is calculated either from
the altitudes of known points (first step), or from already
calculated altitudes of roving stations to which the base
station is tied (next steps). The measurements of altitude
differences between known points (or stations) and the base
station are called A,, A, ..... A_, with the spreads E,;, E,,
eesss E_. The altitudes of known Boints (or stations) are
called 91, F;, «oe.. F_, with spreads G;, G, ..... G_. The
altitude, standard devgation, and probable error of the base
station are defined as follows:

n -y
LI (B;-F;) (Bf+GE)
F(B) = =1 . (1)
—%
iil(E;+G§)
G(B) = —2 (2)
—3
iil(E§+G§)
D(B) = 0.674 G(B) (3)
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If only one point (or station) is known, the maximum
spread is defined as C = E + G .

To calculate the altitude of a roving station from the
altitude of the base station, analogous formulae are used.
If there are n measurements of the same roving station in
the same loop, the altitude differences between the roving
and base stations are called A;, A;, ..... A_, with the
spreads E;, E;, ..... E,. The altitude, standard deviation,
and probable error of tﬁe roving station are defined as

follows:
2 -l
I (A +F(B)) (E§+G(B)2)
F(S) = 1;1 (4)
I (E2+G(B)2) ™"
i=1
— (5)
G(8) =y (E;+G(B)2)"*’
i=1
D(S) = 0.674 G(S) (6)

If there is only one measurement, the maximum spread
is defined as C = E; + G (B)

When all the altitudes have been calculated, the follow-
ing values are computed:

1) mean of probable errors of all base and roving
stations

2) standard deviation of these probable errors
3) probable error of these probable errors, that is,

0.674 times the standard deviation calculated
in 2)



DESCRIPTION OF THE PROGRAM

The general program flow-chart is shown in figure 1, and
the "Calculation of Stations" subprogram flow-chart in figure
2. The basic tasks in order are:

1)

2)

3)

4)

Enter data from the keyboard or a cassette file.
For each measurement the base station number, roving
station number, elevation difference between roving
and base stations, and spread are required. At this
time, the data may be corrected if necessary.

Search for knots. A "knot" is added to the data for
each measurement, and is defined by the numbers §
through 3:

Knot

1 if the station is a known point.

Knot = 2 if the roving station is a base station in
another loop.

Knot = 3 if the roving station is also a roving
station in the same or another loop.

Knot = #§ to all other measurements.

This step is optional because the knot values are not
used by the program; however, this step has been
preserved for future modification of the program.

The altitudes of base stations in loops that contain
a known point as a roving station are calculated.
If several points are known in the same loop, the
altitude of the base station is determined through
use of all the values. Altitudes of roving stations
other than known points in the same loops are calcu-
lated. If there are several measurements of the
elevation difference between a roving station and base
station in the same loop, the altitude of the roving
station is determined through use of all these measurements

When the altitude of a base station is unknown, the
program searches to determine if the altitude of any
roving station of the loop is already known. If this
is the case, the altitude of the base station is cal-
culated with the same procedure as above. Then the
altitudes of the remaining roving stations of the
loop are calculated. Task 4) is performed as many
times as necessary until the altitudes of all the
roving and base stations have been calculated.



The number of "stations + known points" is limited
to 255. If M; is the smallest station number, M; the largest
station number, and M, the number of known points, then the
number L; = M, - M; + My + 1 must be less than 255. The known
points must be given numbers preceding the smallest station
number, that is, from M;-M; to M;-1.

The data read or stored on a cassette file with this pro-
gram are in a COMMON statement containing:

1) L¢g number of lines
2) BI(255) base station numbers (integer precision array)
3) SI(255) roving station numbers (integer precision array)

4) AS(255) altitude difference measurements (split pre-
cision array)

5) ES(255) spreads (split precision array)

Control and execution of the program is interactive
through the HP9838 keyboard and display and output is via the
system printer. All printout is set up for 80 characters maxi-
mum printer width. The "string variables" option is utilized
to provide titling and "yes" or "no" answers to questions con-
trolling the flow of the program.

The program requires 3700 words of storage in the HP983f.
No external routines are required other than the standard ones
provided with the calculator. Execution time to calculate and
print the altitudes of 28 base stations and 222 roving stations
is 7 minutes 9 seconds, that is 1.7 seconds per station.
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Figure l.--Altimetric elevation calculation program flow chart.
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PROGRAM OPERATION

Operation of the program is largely self-explanatory.
When the program has been loaded and execution started, re-
quests for information appear on the 32-character calculator
display. Questions requiring a "yes" or "no" answer are
answered with "Y" or "N". When answering such a question, if
one enters too many characters, for instance "YES" instead
of "Y", an "ERROR 74" will occur. To recover, press "RECALL",
delete line, and enter the correct response.

The data may be entered from the keyboard and then stored,
or from a cassette file created either witQ the "Single Base
Altimetry Data Reduction Program (HP9@@l)""or with a previous
run of the "Altimetric Elevation Calculation Program (HP9@@g4)".
Errors can be corrected, if necessary, by entering line number
and field number, then the corrected data. To delete a line,
enter the number @ as a base station number.

Once the program has been run completely, a "CONT 264g"
will repeat the altimetry calculation once more, without
entering the data. A "GOSUB 82gg" will print the altitudes
of all base stations and roving stations.

X 66//”3/%' 5 Hhoes e’f/wf - ;,& 43 /U/’c"?zj pir s 2

/6 17



EXAMPLE AND TEST DATA

The following is the resulting printout from a typical
run.

The first example shows the printed results, and the exe-
cution times are as follows:

total execution time : 7 minutes 9 seconds

- total execution time per base station or roving station
: 1.7 seconds

- print data read from cassette file : 70 seconds
- reset arrays before calculation : 11 seconds
- step no. 1 : 80 seconds

- step no. 2 140 seconds

.

- step no. 3 : 40 seconds
- step no. 4 : 23 seconds
- print all altitudes : 65 seconds

The second example is similar to the first, except that
the interactive queries and responses are included, and are
underlined; only the parts of the printout holding queries
and responses are shown here.

The third example shows the printed results of the
"search for knots" procedure from the same data as the other
examples. The execution time is 42 minutes; that is 10 seconds
per line.

/g — 19



SINGLE BASE ALTIMETRY CALCULATION
BISHAH-AD DARB GRAVITY, MD, USGS, 20 JULY 1977.

LOW.STAT NO: 47 BIG.STAT NO: 297 NO OF BASIC PTS: 3

GIVE NO 44 TO 46 TO THE BASIC POIWNTS.
THEN THE STATION NO OF THE FIRST STATICN WILL BE : 47

BASE STATION ALTITUDE SPREAD

1 47 44 -96.2 0.6
2 47 48 -52.2 1.3

3 47 49 -32.9 0.1

4 47 50 -5.7 0.3

5 47 51 61.3 1.0

6 47 52 38.1 1.3

7 47 53 21.7 0.7

8 47 54 -35.3 0.6

9 47 55 -74.5 0.3
10 56 57 -247.8 1.6
11 56 47 -350.1 1.6
253 286 297 -107.3 1.1

DATA READ FROM FILE 0

TO CORRECT ERRORS, ENTER LINE NO;

THEN, ENTER FIELD NO : 1 TO CHANGE BASE NO

TO CHANGE STATION NO
TO CHANGE ALTITUDE
TO CHANGE SPREAD

oW

ENTER VALUES FOR POINTS OF KNOWN ALTITUDE :

POINT NO ALTITUDE SPREAD

44 0.0 0.1
45 135.6 0.1
46 47.0 0.1
STATION ALTITUDE MAX STANDARD PROB.
SPREAD DEV. ERROR
STEP : 1
47 96.2 0.7 0.6 0.4
48 44.0 1.9 1.4 1.0
49 63.3 0.7 0.6 0.4
50 90.5 0.9 0.7 0.5
51 157.5 l.6 1.2 0.8
52 134.3 1.9 1.4 1.0
53 117.9 1.3 0.9 0.6
54 60.9 1.2 0.9 0.6
55 21.7 0.9 0.7 0.5

F0- 21
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116
118

285

CALCULATED

STEP : 2

56
57
58
59
60
61
62
63

64

297

CALCULATED

STEP

3

157
158
159
160
161
162
163
164

195

203

CALCULATED

352.0
664.3
761.3

196.1

717

446.3
198.5
104.8
187.6
377.7
370.7
909.0
782.0

911.8

339.7

17
131

769.7
768 .7
1186.5
1172.2
1044.3
1299.3
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STEP : 4

CALCULATED :

0 BASES
0 STATIONS

STATION ALTITUDE STANDARD DEV
44 0.0 0.1
45 135.6 0.1
46 47.0 0.1
47 96.2 0.6
48 44.0 1.4
49 63.3 0.6
50 90.5 0.7
51 157.5 1.2
52 134.3 1.4
53 117.9 0.9
54 60.9 0.9
55 21.7 0.7
56 446.3 1.7
57 198.5 2.3
58 104.8 2.3
59 187.6 2.7
60 377.7 2.0
61 370.7 1.8
62 909.0 2.8
63 782.0 2.4
64 911.8 2.8
65 731.9 3.7
66 397.7 4.3
67 1581.0 2.8

297 339.7 4.5

MEAN OF PROB.ERRORS :

PROB.ERROR

COUNOUANAONBEOIAOTNNTARNO DN & O

MNNHRHRHMHHHREHEHHOOOHOOO RO QOO

3.1

2
STANDARD DEVIATION : 0

CALCULATED : 28 BASES
222 STATIONS

END OF PROGRAM

PROBABLE ERROR :

23

0.6



EXAMPLE NO.. 2

RUN
SINGLE BASE ALTIMETRY CALCULATION

ENTER 70 CHARACTER TITLE ?BISHAH-AD DARB GRAVITY, MD, USGS, 20 JULY 1977.
BISHAH-AD DARB GRAVITY, MD, USGS, 20 JULY 1977.

ENTER LOWEST STAT NO 247

ENTER BIGGEST STAT NO 2297
ENTER NO OF BASIC POINTS 23
LOW.STAT NO: 47 BIG.STAT NO: 297 NO OF BASIC PTS: 3

GIVE NO 44 TO 46 TO THE BASIC POINTS.
THEN THE STATION NO OF THE FIRST STATION WILL BE : 47

FILE NO TO READ DATA, OR -1 20
PRINT DATA ?Y
BASE STATION ALTITUDE SPREAD

1 47 44 -96.2 0.6
2 47 48 -52.2 1.3
3 47 49 -32.9 0.1
4 47 50 -5.7 0.3
5 47 51 61l.3 1.0
6 47 52 38.1 1.3
7 47 53 21.7 0.7
8 47 54 -35.3 0.6
9 47 55 -74.5 0.3
10 56 57 -247.8 1.6
11 56 47 -350.1 1.6
12 56 58 -341.5 1.6
13 56 59 -258.7 2.1
14 56 60 -68.6 1.1
15 56 61 -75.6 0.7
16 56 62 462.7 2.2
17 56 63 335.7 1.7
18 64 65 -179.9 2.5
19 64 62 -2.8 0.2
20 64 66 -514.1 3.3
21 64 67 669. 2 0.5
22 64 68 166.8 0.4
23 64 69 404.6 0.3
24 64 70 353.5 1.5
25 64 71 507.4 2.2
26 72 64 217.3 2.2
27 72 73 -313.1 0.7
28 72 74 -73.9 0.6
29 72 75 -177.6 0.7
30 72 76 -353.4 4.9
31 77 78 -42.2 1.4
32 77 69 -43.1 2.1
33 77 79 405.7 1.0
34 77 80 423.9 1.3
35 77 81 376.2 0.3

29~ 25



244
245
246
247
248
249
250
251
252
253

CONT

DATA READ FROM FILE 0

286 288
286 289
286 290
286 291
286 292
286 293
286 294
286 295
286 296
286 297

ADD NEW DATA 2N

TO CORRECT ERRORS,

THEN,

ANY ERROR ?N

FILE NO TO STORE DATA, OR -1 ?2-1

315.8
62.4
159.2
446.7
585.8
362.1
61.5
289.2
15.8
-107.3

ENTER LINE NO;
ENTER FIELD NO

HOMFMFEFMDWWKHFNDN
e o o 0 ¢ o o o o o
HANMNOWEEAONMDWDNO

1 TO CHANGE BASE NO
2 TO CHANGE STATION
3 TO CHANGE ALTITUDE
4 TO CHANGE SPREAD

WANT TO SEARCH FOR KNOTS 2N

WAIT... ARRAYS ARE ZEROED OUT

ENTER VALUES FOR POINTS OF KNOWN ALTITUDE :

POINT NO ALTITUDE SPREAD
ENTER ALTITUDE, SPREAD 20,0.1
0 0.1 OK ?Y
44 0.0 o.l
ENTER ALTITUDE, SPREAD ?135.6,0.1
135.6 0.1 OK ?Y
45 135.6 0.1
ENTER ALTITUDE, SPREAD ?47,0.1
7 —_ 0.1 OK _?Y
46 47.0 0.1
STATION ALTITUDE MAX STANDARD
SPREAD DEV.
STEP : 1
47 96.2 0.7 0.6
48 44.0 1.9 1.4
49 63.3 0.7 0.6
50 90.5 0.9 0.7
51 157.5 1.6 1.2
52 134.3 1.9 1.4
53 117.9 1.3 0.9
54 60.9 1.2 0.9
55 21.7 0.9 0.7

N
<)}

NO

PROB.
ERROR

e o o o o o
(S, - . W NN~

OCOO0OHROOOHO



221 5.8 1.4
222 27.3 2.4
223 61.7 1.8
224 156.6 2.0
225 163.4 3.2
226 91.1 2.7
227 108.0 3.5
228 44.4 1.7
248 121.6 0.4
249 54.2 1.3
250 39.1 G.5
251 41.0 0.8
252 63.9 .4
253 97.1 0.9
254 133.1 2.0
255 185.5 3.2
256 144.6 2.6
257 5.3 1.2
258 37.4 1.8
278 119.6 1.7
279 71.3 1.9
280 17.9 2.7
281 125.5 3.2
282 220.5 2.7
283 239.6 2.9
284 309.6 2.0
285 196.1 3.6
CALCULATED : 9 BASES

77 STATIONS

CONT

PRINT ALL ALTITUDES 2N

STEP : 2
56 446.3 2.2
57 198.5 3.3
58 104.8 3.3
59 187.6 3.8
60 377.17 2.8
61 370.7 2.4
62 909.0 3.9
63 782.0 3.4
64 911.8 3.0
65 731.9 5.3
66 397.7 6.1
67 1581.0 3.3
68 1078.6 3.2
69 1316.4 3.1
70 1265.3 4.3
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291 893.7 8.0
292 1032.8 7.8
293 809.1 6.7
294 508.5 6.2
295 736.2 5.6
296 462.8 5.0
297 339.7 5.5
CALCULATED : 17 BASES
131 STATIONS
CONT
PRINT ALL ALTITUDES 2N
STEP : 3
157 769.7 5.4
158 768.7 6.3
159 1186.5 7.0
160 1172.2 5.7
161 1044.3 4.7
162 1299.3 5.3
16 3 638.3 5.9
164 376.3 6.5
195 457.0 5.4
196 387.1 4.8
197 650.0 5.8
198 682.1 6.2
199 819.0 8.2
200 522.6 7.5
201 363.7 6.4
203 276.0 5.0
CALCULATED : 2 BASES
14 STATIONS
CONT
PRINT ALL ALTITUDES 2N
STEP : 4
CALCULATED : 0 BASES
0 STATIONS
CONT
PRINT ALL ALTITUDES ?Y
STATION ALTITUDE STANDARD DEV

44 0.0 0.1
45 135.6 0.1
46 47.0 0.1
47 96.2 0.6
48 44.0 1.4
49 63.3 0.6
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7 3.8
6 3.8
0 3.4
8 3.2
6 3.1
5 3.0
5 3.1
5 3.0
8 3.3
1 3.5
6 3.1
5 3.0
6 3.1
7 3.2
9 3.3
9 2.6
0 2.7
3 2.9
5 3.0
8 3.9
3 3.6
6 3.1
0 2.7
PROB.ERROR

0.1

0.1

0.1

0.4

1.0

0.4



272 1037.3 3.5 2.4
273 901.6 3.5 2.4
274 831.7 3.5 2.4
275 847.6 3.8 2.5
276 589.1 3.7 2.5
277 604.5 3.7 2.5
278 119.6 1.6 1.1
279 71.3 1.6 1.1
280 17.9 1.9 1.3
281 125.5 2.3 1.5
282 220.5 1.9 1.3
283 239.6 2.1 1.4
284 309.6 1.7 1.1
285 196.1 2.6 1.7
286 447.0 4.4 3.0
287 464.9 4.7 3.2
288 762.8 5.3 3.6
289 509.4 5.1 3.4
290 606.2 4.6 3.1
291 893.7 5.7 3.8
292 1032.8 5.6 3.8
293 809.1 5.0 3.4
294 508.5 4.8 3.2
295 736.2 4.6 3.1
296 462.8 4.5 3.0
297 339.7 4.5 3.1

MEAN OF PROB.ERRORS

2.
STANDARD DEVIATION : 0. PROBABLE ERROR : 0.6

CALCULATED : 28 BASES
222 STATIONS

END OF PROGRAM

NOTE : THE WORD 'CONT ° DOES. NOT USUALLY APPEAR
IT IS USED HERE TO PRODUCE A FEW PARTS OF THE COMPLETE
PRINTOUT.
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253

BASE STATION ALTITUDE SPREAD

47
47
47
47
47
47
47
47
47

56
56
56
56
56
56
56
56

64
64
64
64
64
64
64
64

72
72
72
72
72

77
717
77
77
77
77
77
77

77 -

77
87

286

44
48
49
50
51
52
53
54
55

57
47
58
59
60
ol

62

63

65
62
66
67
68
69
70
71

64
73
74
75
76

78
69
79
80
81
82
83
84
85
86

88

297

-96.2
-52.2
-3209
-5.7
61.3
38.1
21.7
-3503
-74.5

-247.8
-350.1
-341.5
-258.7
-68.6
-7506
462.7
335.7

-179.9
-2.8
-514.1
669.2
l66.8
404.6
353.5
507.4

217.3
-3130 1l
-73.9
-177.6
-353.4

-42.2
-43.1
405.7
423.9
376.2
362.9
-41.6
-223.9
-367.9

-240.7

-107.3
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SOURCE PROGRAM LISTING

1 COM LO,BI[255],SI[255],AS[255],ES[255]

20 REM---SINGLE BASE ALTIMETRY CALCULATION====-=w==- M.D. 20 JUL 77 ——=—-
40 DIM T$[70]) ,FS[255),GS[255) ,DS[255] ,KI[255]

60 PRINT " SINGLE BASE ALTIMETRY CALCULATION"

80 PRINT

100 DISP "ENTER 70 CHARACTER TITLE ";

120 INPUT TS$([1,70]

140 PRINT TS$[1,70]

160 WRITE (15,162)

162 FORMAT 80"-"

164 DISP "ENTER LOWEST STAT NO ";

165 INPUT M1

166 DISP "ENTER BIGGEST STAT NO ";

167 INPUT M2

172 DISP "ENTER NO OF BASIC POINTS ";

174 INPUT MO

175 WRITE (15,176)M1,M2,M0

176 FORMAT "LOW.STAT NO:",F4.0," BIG.STAT NO:",F4.0," NO OF BASIC Prs:",k
177 L1=M2-M1+MO+1

178 IF L1 <= 255 THEN 184

180 PRINT "MORE THAN 255 STATIONS. SEPARATE STATIONS INTO 2 PARTS."
182 GOTO 164

184 M3=M1-MO

186 M4=M1-1

188 M5=M3-1

189 PRINT

190 WRITE (15,192)M3,M4

192 FORMAT "GIVE NO",F4.0," TO",F4.0," TO THE BASIC POINTS."
194 PRINT "THEN THE STATION NO OF THE FIRST STATION WILL BE :"Ml
206 PRINT

208 FORMAT " BASE STATION ALTITUDE SPREAD"

220 DISP "FILE NO TO READ DATA, OR -1 ";

240 INPUT F1l

260 IF Fl=-1 THEN 620

280 REM——=——————mmcmmm e ENTER DATA FROM TAPE-—==—m——rmemeccccccae—a— -—
300 LOAD DATA F1l

302 DISP "PRINT DATA ";

304 INPUT Y$

306 IF Y$="N" THEN 440

308 WRITE (15,208)

310 PRINT

320 FOR I=1 TO LO

360 WRITE (15,380)1,B[I},S[I],A[I]},E[I)

380 FORMAT 3F6.0,2F10.1

400 NEXT I

440 I=L0O+1

450 PRINT

460 PRINT "DATA READ FROM FILE"F1l

480 PRINT
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500 DISP "ADD NEW DATA ";

520 INPUT YS$

540 IF Y$="N" THEN 980

560 GOTO 840

600 REM---------——cmmm—e ENTER DATA FROM KEYBOARD==-==-==——c—ceeccce e ac——-
620 DISP "WAIT... ARRAYS ARE ZEROED OUT"

640 WAIT 2000

660 FOR I=1 TO 255

680 B[I]=0

700 S[I)=0

720 A[I]=0

740 E[I]=0

780 NEXT I

782 WRITE (15,208)

784 PRINT

800 I=0

820 I=I+1

822 IF I <= 255 THEN 840

824 PRINT "MORE THAN 255 LINES. ONLY 255 LINES ARE KEPT."
826 LO0=25S5

828 GOTO 980

840 DISP “BASE, STAT, ALTITUDE, SPREAD";

860 INPUT B[I),S[I],A[I],E[I]

880 WRITE (15,380)I1,B[I),S[I],A[I],E[I]

900 DISP "CONTINUE ";

920 INPUT YS$

940 IF Y$="Y" THEN 820

960 LO=I

980 PRINT

985 PRINT “TO CORRECT ERRORS, ENTER LINE NO;"
990 PRINT “"THEN, ENTER FIELD NO : 1 TO CHANGE BASE NO"

992 PRINT " . 2 TO CHANGE STATION NO"
994 PRINT " 3 TO CHANGE ALTITUDE"
996 PRINT " 4 TO CHANGE SPREAD"

1000 DISP "ANY ERROR ";

1020 INPUT YS$

1040 IF Y$="N" THEN 1160

1060 DISP "ENTER LINE NO ";

1080 INPUT I

1090 WRITE (15,380)1,B[(I],S[I]),A[I],E[I]
1092 DISP "ENTER 1, 2, 3, OR 4 ";
1094 INPUT J

1096 IF J#1 THEN 1104

1098 DISP "ENTER BASE NO ";

1100 INPUT B[I)

1102 GOTO 1130

1104 IF J#2 THEN 1112

1106 DISP "ENTER STATION NO ";
1108 INPUT S[I]

1110 GOTO 1130

1112 IF J#3 THEN 1120

1114 DISP "ENTER ALTITUDE ";

1116 INPUT A[I]
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1118 GOTO 1130

1120 DISP "ENTER SPREAD ";

1122 INPUT E[I]

1130 WRITE (15,380)I,B[I},S(I],A[I],E[I]
1140 GOTO 1000

1160 DISP "FILE NO TO STORE DATA, OR -1 ";
1180 INPUT F2

1200 IF F2=-1 THEN 1320

1220 STORE DATA F2

1240 PRINT

1260 PRINT "DATA STORED ON FILE"F2

1320 PRINT

1321 REM

1960 DISP "WANT TO SEARCH FOR KNOTS ";
1980 INPUT Y$

2000 IF Y$="N" THEN 2640

2020 REM-————=—-———m—mem—mem e SEARCH FOR KNOTS
2030 PRINT

2040 WRITE (15,2050)

2050 FORMAT " BASE STATION ALTITUDE SPREAD  KNOT"
2060 PRINT

2062 FOR I=1 TO LO

2064 K[I]=0

2066 NEXT I

2080 B1=B[1]

2120 FOR I=1 TO LO

2140 IF B[I]=Bl THEN 2160

2150 PRINT

2155 B1=B[I]

2160 IF S[I] >= M1 THEN 2220

2180 K[I]=1

2200 GOTO 2460

2220 FOR N=1 TO LO

2240 IF S[I]=B[N] THEN 2300

2260 NEXT N

2280 GOTO 2340

2300 K[I]=2

2320 GOTO 2460

2340 FOR N=1 TO LO

2360 IF N=I THEN 2400

2380 IF S[I]=S[N] THEN 2440

2400 NEXT N

2420 GOTO 2460

2440 K[I1]=3

2460 WRITE (15,2480)1,B[I],S[I],A[I],E[I],K[I]
2480 FORMAT 3F6.0,2F10.1,F6.0

2500 NEXT I

2520 PRINT

2630 REM-————————— e 1ST STEP : ALT OF BASE-STAT FROM SEALEVEL DIREC
2640 DISP "WAIT... ARRAYS ARE ZEROED OUT"
2645 WAIT 2000

2650 S0=0

2652 S1=0
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2654
2656
2660
2680
2700
2715
2720
2722
2723
2724
2726
2728
2730
2732
2734
2736
2738
2740
2774
2776
2780
2782
2784
2800
2802
2804
2806
2808
2810
2815
2820
2822
2824
2825
2826
2828
2829
2830
2832
2833
2834
28 36
2838
2839
2842
2844
2850
2854
2856
2860
2870
2880
2890

S8=0

59=0

FOR I=1 TO L1
F[I]=-1000
G[I]=0

D[I]=0

NEXT I

PRINT "ENTER VALUES FOR POINTS OF KNOWN ALTITUDE :"

PRINT

PRINT "POINT NO ALTITUDE SPREAD"
FOR I=1 TO MO

DISP "ENTER ALTITUDE, SPREAD ";
INPUT F[I],G[I]

pISP F[I],G[I],"OK ";

INPUT Y$

IF Y$="N" THEN 2728

WRITE (15,2740) I+M5,F[I],G[I]
FORMAT F6.0,2F10.1

D[I]=G[I]

NEXT I

GOSUB 7800

PRINT " STEP : 1"

PRINT

10=1

FOR J=I0 TO LO

IF B[J]=0 THEN 2808

IF S[J]<M1 THEN 2820

NEXT J

GOTO 3230

REM--——-~——mm e o CALCULATE BASE IF ONE STATION IS

K1=B [J]-M5
K2=S [J] -M5

F[K1l]=0

G[K1]=0

L=J

Jl=1

GOSUB 8020

L2=J+1

FOR L=L2 TO LO

IF B[L]=0 THEN 2838
IF B[J]#BIL] THEN 2860
IF S[L]<M1 THEN 2842
NEXT L

GOTO 2860

J1l=J1+1

K2=S[L]-M5

GOSUB 8020

L2=L+1

GOTO 2832

K3=K1l

S1=S1+1

GOSUB 7020

KNOWN

REM-=~ccmcm e e c e e —— CALCULATE STATIONS OF TERRAIN LOOP
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2900 I=J

2920 GOSUB 8500

3200 I0=I

3220 IF I0 <= LO THEN 2802
3230 GOSUB 8380

3232 S8=S0

3234 S9=S1

3240 DISP "PRINT ALL ALTITUDES ";
3260 INPUT YS

3280 IF Y$="N" THEN 3320

3300 GOsSuB 8205

3320 REM======r=—m——————e e OCTHER STEPS---=—--=—emmmm e e
3340 L3=1

3360 L3=L3+1

3370 PRINT

3380 PRINT " STEP :"L3

3400 I0=0

3410 S0=0

3415 S1=0

3418 10=I0+1

3420 J=10

3430 IF B[J]=0 THEN 3418

3440 K1=B[J]-M5

3460 IF F[K1}=-1000 THEN 364C
3480 GOSUB 8600

3500 GOTO 4100

3620 REM-======—-—memmo e CALCULATE BASE, IF ONE STATION IS KNOWN
3640 FOR I=I0 TO LO

3650 IF B[I}=0 THEN 3720

3660 IF B[(J]#B[I] THEN 4100
3680 K2=S[I]-M5

3700 IF F[K2]#-1000 THEN 3724
3720 NEXT I

3722 GOTO 4160

3724 L=1I

3726 J1=1

3728 F[K1l]=0

3729 GOSUB 8020

3730 L2=I+1

3732 FOR L=L2 TO LO

3733 IF B[L]=0 THEN 3740

3734 IF B[I]#B([L] THEN 3796
3736 K2=S[L]}-M5

3738 IF F([K2]#-1000 THEN 3744
3740 NEXT L

3742 GOTO 3796

3744 J1=J1+1

3746 GOSUB 8020

3756 L2=L+1

3758 GOTO 3732

3796 K3=K1

3798 GOSUB 7020

3800 S1=S1+1
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3810 REM-----==-=====ccee-=~CALCULATE STATIONS OF TERRAIN LOOP
3820 GOSUB 8500

4100 I0=I

4120 IF I0 <= LO THEN 3420

4160 GOSUB 8380

4170 S8=S8+S0

4175 S9=59+S1

4180 DISP "PRINT ALL ALTITUDES ";

4200 INPUT YS$

4220 IF Y$="N" THEN 4260

4230 TO=S0

4232 T1=S1

4240 GOSUB 8205

4250 SO=TO

4252 S1=T1

4260 IF S0>0 THEN 3360

4280 PRINT "END OF PROGRAM"

4300 END

7000 REM---===-=—c—cceccee=- FINAL CALCULATION OF STATION OR BASE-==-—==---
7020 F[{K3])=F[K3)/G[K3]

7040 G([K3)=J1/G[K3)

7042 D[K3])=G[K3]*0.674

7045 IF K3#K1 THEN 7050

7048 PRINT

7050 IF Jl#1 THEN 7100

7060 WRITE (15,7070)K3+M5,F[K3],C0,G[K3],D[K3)
7070 FORMAT F8.0,4F10.1

7080 RETURN

7100 WRITE (15,7110)K3+M5,F(K3],G[K3] ,D[K3]
7110 FORMAT F8.0,F10.1,10X,2F10.1

7120 RETURN

7800 REM------==c-coccccco-- TITLES=======e = mc e cn e e ccacecne—
7820 PRINT

7840 WRITE (15,7880)

7860 WRITE (15,7900)

7880 FORMAT " STATION  ALT ITUDE MAX  STANDARD PROB."

7900 FORMAT 24X, "SPREAD DEV. ERROR"

7920 PRINT

7940 RETURN

8000 REM=---—=m=————m————e———— ALTITUDE OF BASE-====—eemmeeeeec e cecm e —ee

8020 F1=1/SQR(G[K2]"2+E[L]"2)

8030 G[K1l]=G [K1]+F1

8040 F[Kl]=F[Kl]+(F[K2]-A[L])*Fl

8042 CO0=G[K2]+E[L)

8080 RETURN

8100 REM--=c-ec—=-e—eeeeeeee-ALTITUDE OF STATION---—- e —
8120 F1=1/SQR(G[K1]"2+E[L]"2)

8130 G[K2]=G[K2]+F1

8140 F[K2]=F[K2]+(F[K1]+A[L]))*F1l

8142 CO=G[K1]+E (L]

8180 RETURN

8200 REM—=—=-e——ee e PRINT ALTITUDE==-—=- - ettt
8205 PRINT
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8210
8220
8240
8242
8244
8246
8260
8280
8300
8302
8303
8304
8306
8308
8310
8321
8322
8324
8326
8328
8330
8332
8334
8336
8338
8340
8342
8346
8348
8360
8380
8400
8420
8440
8460
8470
8480
8500
8505
8510
8515
8520
8530
8540
8550
8560
8600
8605
8610
8620
8630
8640
8650
8660

WRITE (15,8220)

FORMAT " STATION ALTITUDE STANDARD DEV  PROB.ERROR"
PRINT

S2=0

S3=0

N1=0

FOR I=1 TO L1

WRITE (15,8300)I+M5,F([1],G[I},D[I]
FORMAT F8.0,F10.1,F11.1,2X,F12.1

IF I<MO+1 THEN 8310

IF F[I]=-1000 THEN 8310

S2=S2+D[1]

§3=S83+D[1]"2

N1=N1l+1

NEXT 1

S6=S2/N1

S4=(N1*S3-S2"2)/(N1* (N1-1))
S4=SQR(S4)

S$5=0.674*5S4

PRINT

WRITE (15,8332)S6

FORMAT "MEAN OF PROB.ERRORS :",F6.1
WRITE (15,8336)54,S5

FORMAT “"STANDARD DEVIATION :",F6.1," PROBABLE ERROR :",F6.1
PRINT

50=58

S1=S9

GOSUB 8380

RETURN

REM==mmm e e e e PRINT BASE-STATION CALCULATED-- -
PRINT

WRITE (15,8420)S1

FORMAT "“CALCULATED :",F5.0," BASES"
WRITE (15,8460)S0

FORMAT " " ,F5.0," STATIONS"

PRINT

RETURN

2100 CALCULATION OF STATIONS OF SAME TERRAIN LOOP--
REM TAKE VALUE WITH LOWEST ERROR

FOR NO=I-1 TO 1 STEP -1
IF B[NO]=0 THEN 8530

IF B[J]1#B[NO] THEN 8550
NEXT NO

NO=0

10=NO+1
REM-=cmmm e e e e e e BEGIN WITH FIRST STATION OF TERRAIN LOOP
FOR I=I0 TO LO

IF B[I]=0 THEN 8640

IF B[J]4#B[I] THEN 8820
K2=S[I] -M5

IF F[K2]=-1000 THEN 8660
NEXT I

GOTO 8820

L=1
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8662
8664
8668
8670
8680
8685
8690
8700
8710
8720
8730
8740
8770
8780
8790
8800
8805
8810
8815
8820

Jl=1

F[K2]=0

GOSUB 8120

L2=I+1

FOR L=L2 TO LO

IF B[L)}=0 THEN 8710

IF B[I]#B[L] THEN 8790
IF S[I)=S[L) THEN 8730
NEXT L

GOTO 8790

J1=J1+1

GOSUB 8120

L2=L+1

GOTO 8680

K3=K2

GOSUB 7020

S$0=S50+1

I0=1

GOTO 8600

RETURN
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PROGRAM HP9001:
SINGLE BASE ALTIMETRY DATA REDUCTION
by

M. E. Gettings

ABSTRACT

Program HP9001l is designed to reduce single base station
altimetry data for one or two pairs of altimeters where one
altimeter of each pair is at the base station and the other
at the roving station. The program calculates the elevation
difference between the base and roving altimeters, and makes
temperature and humidity corrections and a barometric closure
adjustment. Input is interactive via the HP9830A keyboard
and display. The output is a printed tabulation of the reduc-
tions and a cassette tape file suitable for processing by

program HP9004 (Altimetric Elevation Calculationf{

A 4
*Ddﬂzeau) thes Cpen-Fife repr. r)/,m/ /.



SOURCE DECK LOCATION AND UPDATE STATUS
The source program HP9001 is on cassettes USGS-HP-101,
file 2 on file in the offices of the geophysics section,
USGS/SAP in Jiddah, Saudi Arabia.

No updates have been made to the program at this time.



DESCRIPTION OF COMPUTED QUANTITIES

The computations are outlined in the altimetry manual
by Wallace and Tiernan (undated) for the determination of
elevation differences between a base station and surrounding
field stations whose elevation is to be determined. It is
assumed that an altimeter is recording barometric variations
at the base station while another, the “roving" altimeter,
is read at the various field stations. At each roving altim-
eter station, the time, wet and dry bulb (psychrometric)
temperatures, and altimeter reading are measured and recorded.
The same information is measured and recorded at the base
each time the base station altimeter is read. The survey
data is assumed to be organized into loops on each base
station, with each loop initiated and terminated by simultan-
eous readings of the base and roving altimeters at the base
station.

From these data, calculations proceed in the following
manner. First the "index difference" (I) is determined from
the initial readings of the base (B) and roving (R) altimeters
at the base, as shown in the following equation (eq.):

I =B - R (1)
Next, using the final readings (Bn and Rn) of the base and
roving altimeters at the base and the psychrometric readings,
the total "closure adjustment"” to be distributed linearly
timewise throughout the loop is calculated. The calculation
of the temperature and humidity correction factor (c) is

explained below. The total closure adjustment A is given by:



A = ¢ (Rn + I - Bn) (2)
The elevation difference between a field station and
the base is calculated according to the following scheme.

For a roving altimeter reading R; at time t; with wet and

dry bulb temperatures Tﬁi and Tgi, one interpolates the
. . . b b
corr . ) .
esponding base station readings B, . Twi and le at t;

linearly from the nearest bracketing pair of readings in

the base station records, that is:

Bj (tj) = By(ty) + (ti-tj) (Bjﬂ—sj) (3)
(tj+1—tj)
where the times of base observations tj and tj+l satisfy
t] itl and tl<tj+l (4)

Two formulas analogous to (3) are used for interpolation of
the wet~ and dry-bulb temperatures.
The relative humidity is calculated at the base and
roving stations from (Handbook of Chemistry and Physics):
H=100 (E, - (Tp-Ty) (0.273 + 1.8E-4 T,))/Ep (5)
and

where E, and E, are the vapor tensions of water at

D w

Tp respectively. All formulae are for temperatures in
degrees fahrenheit. The vapor tension of water E is
calculated from:

E=10(9.2316-4215.6/(459.6+T)) (6)
which was obtained by empirical fitting of a curve to vapor
tension tables in the Handbook of Chemistry and Physics
(1975). Formulas (5) and (6) reproduce wet and dry bulb

tables of relative humidity to within 0.5°F which is normally



at least as accurate as the temperature readings. Once the

humidity at the roving (using Téi and Tgi in (5) and (6))
and base (using Tgi and Tgi) stations has been calculated,

the temperature and humidity correction factor is calculated
as follows from the average humidity H and dry bulb

temperatures %d between the base and roving stations.

fp = 0.900833 + 0.001983 T4 (7)
fy = 1.0 + m H (8)
m = 1.28-5 10(0-012667 Tg) (9)
Finally c = fqfy (10)

is the correction factor.
These formulas were obtained empirically by curve fitting and
reproduce the correction factor nomogram given by Wallace and
Tiernan to within the accuracy to which it can be read.

The "indicated difference" is computed from

h.:

i =Ry +I-By (11)

The "corrected difference" is given by

'
h.

j=cny (12)

The "closure adjustment” is calculated by linear interpola-
tion of A from eq. (2) timewise across the duration of the
loop

Aj = A (ty-tg)/(temty) (13)
where t, and tg are the times of the initial and final

readings of the base and roving altimeters at the base.



Then the "final difference" is given by

1
h; = hi + A (14)

Formulae (3) through (14) are applied successively to all

roving stations in the loop.



DESCRIPTION OF THE PROGRAM

The general program flow is shown in figure 1. The
basic tasks in order are: 1) enter titling and labeling
information; 2) input the matrix of base station times,
wet and dry temperatures, and altimeter readings for a
loop; 3) calculate index differences eq. (1) and closure
adjustments eq. (2); 4) enter, reduce (eqs; (3)-(14)), and
printout roving altimeter observations a station at a time
for all stations in the loop. Up to 50 base station
observations during a loop may be accommodated. The program
is set up to reduce data from two pairs of altimeters
simultaneously since ordinarily one uses two altimeters at
the base and roving stations as a matter of good field
practice. Each of the base altimeters is paired with the
roving altimeter <that 1s experimentally determined to
match it best. For each roving station all computed
guantities are printed for each base-roving pair. In
addition, the average final elevation difference for the
two pairs and one half their difference is printed for each
roving station.

Control and execution of the programare interactive
through the 9830 keyboard and display and output are via the
system printer. All printout is set up for an 80-character
maximum printer width. The "string variables" option is
utilized to provide titling and "yes" and "no" answers to

questions controlling the flow of the program.
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Y

I npu, f' kavnj
J?"df'l;n *

\

InPu‘* Altimter

Aatr fov roving
Jfaﬁou

Cdmwrf f'ht +
decimal ;FMJ
Fime SM LY B
évIn‘fzr,u/ahan

Y

lhﬁn'ahﬁ:
base m/ae.s
set PAIR= /

Y

Ch/lc 400?4.56
Td,ﬂ C‘./c

lorree /‘th\

-Gac';’ov [

Cale, Indcated
dference f

Cprrecf‘ed
d tﬂt‘rc nee

Set
PAIR=2.

lale. clesure
acaus*»cw‘fa-«‘
wal difleence

Prin '/?k‘{'

final ditferences
# '/z "ncfemee
s/ .(',.\Jdrmre»&;

PIM

Print O‘ﬁ'}' q)‘

(‘/l.}d waf’e
w«%gpe

Figure 1.,continued.

11

.

Pt Juf?u{’
! t/L"A I(*— e

write [+ on

Tape

END




The program requires 2500 words of storage in the
HP9830. The only large array is the matrix B(50,5) that
holds the base station observations. No external routines
are required other than the standard ones (absolute value,
etc.) provided with the calculator. Execution time to
reduce a pair of roving altimeter observations is about
3 seconds.

The results of the altimetry reduction can be stored
on a magnetic cassette tape file so that they can be
processed by program HP9004 "Altimetric Elevation

COm zead, 1958 )
Calculation"AFo calculate the altitudes in a network.

The data are stored with a COMMON statement holding:

1)10 number of lines

2)BI(255) base numbers; integer precision array

3)SI(255) station numbers; integer precision array

4)AS (255) altitude difference measurements; split
pPrecision array

5)ES(255) difference between pair 1 and pair 2

final altitude difference; split precision
array

Base and station numbers must follow the conventions
given below. With each run, the program adds the output
data to the end of the data previously stored on the same
tape file, that is starting with line number LQ + 1. This
allows one to interrupt and restart the data reduction, i.e.

all data does not have to be reduced in one execution of the

program.
12



The total number of measurements is limited to 255,
that is, the number of "bases + stations + known points"
must be less than 256. (A known point is defined as a
point of known altitude, such as sea level, a geodetic
point, etc.) If M is the lowest station (or base)
number, M; the highest station (or base) number, Mg the
number of known points, the number Ll = My - My + Mgy + 1
must be less than 255. The known points must be given

numbers preceding the lowest station number, that is from

Ml-MO to Ml-l.



PROGRAM OPERATION

Operation of the program is largely self-explanatory.
When the program has been loaded and execution started,
requests for information appear on the 32 character
calculator display. Questions requiring "yes" or "no"
answer are answered with "Y" or "N". In entering base
station data, the calculator echoes the entered numbers for
an observation followed by "OK?". If all the numbers are
correct and this is not the last base station observation,
answer "Y"; if they are correct and this is the last base
observation, answer "E"; if incorrect, answer "N" and reenter
upon prompt. The same procedure is used in entering roving
altimeter data except that the response "E" is not available.

When answering such a question, if one enters too many

characters, for example, "YES" instead of "Y", an "ERROR 74"

will occur. To recover, press "RECALL", delete line, and

enter the correct response.

After completing all stations in a loop, a new loop
can be initiated or program execution terminated.

Station identification names must be integer numbers.

When exercising the option of storing the results of
the data reduction on cassette tape, note that the station
numbering convention described in the last section must be
used. If tape cassette output is not desired, one specifies
a tape file number of -1 whenever prompted to do so by the

program,

15+,



EXAMPLE

The following is the resulting printout from a typical
run. In the first listing, the interactive queries and
responses are included with the resulting printout and are
underlined. The second listing snows just the resulting
printed results for the same run. Note that an example of
recovery from "ERROR 74" is included in the first listing.
The example begins after the user has turned on the calcu-
lator, loaded the cassette containing the program (in this
case, cassette USGS-HP-101), typed "LOAD 2", and pressed
the key "EXECUTE". After the cassette file has been read,
the prompt symbol is displayed by the calculator and
execution is begun by typing "RUN" and pressing the

"EXECUTE" key.

17 14



RUN
ENTER 70 CHAR SURVEY TITLE?SAMPLE RUN, 20 MAR 1978, MEG, USGS/SAP.

* * * ALTIMETRY REDUCTIONS-SINGLE BASE, 2 PAIRS OF ALTIMETERS * * *

SURVEY TITLE: SAMPLE RUN, 20 MAR 1978, MEG, USGS/SAP.

- ———— —_—— — - — - - —— " = - " —— - - ——— " S . = G -~ —— "~ - —— . - .~ - —— —— ——— — —  — " S —— - —— T —— —— — - — —————

WARNING : GIVE NUMBERS TO BASE AND STATIONS, AS DESCRIBED IN
------ PROGRAM DOCUMENTAT ION.

FILE NO TO READ DATA, OR -1 ?-1
WAIT... ARRAYS ARE ZEROED OUT.

FILE NO TO STORE DATA, OR -1 ?2-1

—— ——————— —— — ——— ————— — — ——— —— ——— — — —— - —_— ——— —— —— ——  —— —— ——— — —— T — . — — Y — T —— — — - ——— -,

ENTER BASE NO?23
ENTER DATE OF LOOP214 APR 1975
BASE STATION FOR LOOP: 3 DATE OF LOOP: 14 APR 1975

BASE STATION READINGS
TIME T(WET) T(DRY) ALT#1l  ALT#2
ENTER BASE STATION READINGS
TIME,TW, TD,B1,B2?637,62,67,805,780
637 62 67 805 780 OK?Y
637 62 67 805 780
TIME, TW, TD,B1,822700,62,67,800,775
700 62 67 800 775 OK?¢
700 62 67 800 775
TIME, TW, TD,B1,822730,62,66,800,775
730 62 66 800 775 OK?Y
730 62 66 800 775
TIME, TW, TD,B1,822800,62,68,795,770
BOO 62 68 795 770 OK2Y
800 62 68 795 T70
TIME, TW, TD,B1,82?831,64,69,795,765
B31 64 60 795 765 OK2Y
831 64 69 795 765
TIME,TW, TD,B1 ,B2?2900,64,69,790,765
900 64 69 790 765 OK?Y
900 64 69 790 765
TIME, TW,TD,B1,B2?

19



930,65,70,785,765
930 65 70 785 765 OK?Y

930 65 70 785 765
TIME, TW,TD,B1,B221000,66,72,790,765
1000 66 72 790 765 OK?Y
1000 66 72 790 765
TIME, TW, TD,B1,8221030,67,73,785,760
1030 67 73 785 760 OK?Y
1030 67 73 785 760
TIME, TW, TD,B1,3221115,61,69,785,760
1115 61 69 785 760 OK?2N
TIME, TW,TD,B1,B8221111,61,69,785,760
1111 61 69 785 760 OK?E
1111 61 69 785 760

ENTER LOOP OPEN READINGS B1,R12802,805
ENTER LOOP OPEN READINGS B2,R22776,776

LOCP OPEN READINGS

31= 802 B2= 776 R1= BO05
INDEX DIFFERENCES

I11= -3 I12= 0
OK?Y

ENTER LOOP CLOSE B1l,R12785,792

ENTER LOOP CLOSE B2,R2?760,768

ENTER LOOP CLOSE WET&DRY TEMPS?61,69
LOOP CLOSE READINGS

T (WET) = 61 T(DRY) = 69
Bl= 785 B2= 760 R1= 792
OK?Y

R2= 776

R2= 768

TEMP & HUMIDITY CORRECTION FACTOR AT CLOSE= 1.044

TOTAL CORRECTED CLOSURE ADJUSTMENTS

PAIR Bl,Rl= -4.2 PAIR B2,R2= -8.3
ROVING ALTIMETER REDUCTIONS

STA PR TIME TW TD TA HA C FTR BASE
STATION NO?2260
ENTER TIME,TW,TD,R1 ,R2?2820,62,68,830,800
820 62 68 830 800 OK?Y

260 1 820 62 68 68 73 1.043 795.0
2 766 .8

IS THIS THE LAST STATION?

20

ROVE
830 32.0
800 33.2

HALF SPREAD=

33.4 -106
34.7 -3.1
0.1 AVERAGE=

IN DIF CO DIF CLOSURE FIN DIF

31.8
31.5
31.7



ERROR 74 IN LINE 1320
2N
STATION NO?2261

61

ENTER TIME,TW,To,R1,R2?855,65,70,797,771

855 65 70 797

771 OK?Y

261 1
2

355 65 70 70 76 1.046

IS THIS THE LAST STATION?N

STATION NO?250

790.9
765.0

797 3.1 3
771 6.0 6
HALF SPREAD=

ENTER TIME,TW,TD,R1 ,R2?2937,62,70,818,789

937 62 70 818

789 OK?Y

250 1
2

937 62 70 70 69 1.047

IS THIS THE LAST STATION?Y

LINE NO BASE STATION
1 3 260
2 3 261
3 3 250

IS THIS THE LAST LOOP?Y

ALTITUDE
31.7
1.6

23.5

.3 -2.1
.3 -4.2
0.4 AVERAGE=
.2 -2.7
ol -’5.5

3.9 AVERAGE=

.2
.l
1.6

27 .4
19.6

23.5

————————_————_—————— ———— - — o —— —— —— — ——— — o — o — o . T o . ——— . ———————— . —— —— ———— -

PRINT STORED DATA ?Y

LINE NO BASE STATION
1 3 260
2 3 261
3 3 250
END OF RUN

ALTITUDE
31.7

1.6
23.5

21

786 .2 818 28.8 30
765.0 789 24.0 25
HALF SPREAD=

SPREAD

0.1

0.4

3.9
SPREAD

0.1

0.4

3.9



* * * ALTIMETRY REDUCTIONS-SINGLE BASE, 2 PAIRS OF ALTIMETERS * * *

SURVEY TITLE: SAMPLE RUnN, 20 ™MAR 1978, 4BEG, U3SGS/SAP.

WARNING : GIVE NUMBERS TO BASE AND STATIONS, AS DESCRIBED IN
------- PROGRAM DOCUMENTATION.

BASE STATION FOR LOOP: 3 DATE OF LOCP: 14 APR 1975

BASE STATION READINGS
TIME T(WET) T (DRY) ALT#1 ALT#2

637 62 67 805 780
700 62 67 800 775
730 62 66 800 775
800 62 68 795 770
831 64 69 795 765
900 64 69 790 765
930 65 70 785 765
1000 66 72 790 765
1030 67 73 785 760
1111 6l 69 785 760

LOOP OPEN READINGS

Bl1= 802 B2= 776 R1= 805 R2= 776
INDEX DIFFERENCES

I1= -3 I12= 0
LOOP CLOSE READINGS

T(WET)= 61 T (DRY) = 69

Bl= 785 B2= 760 Rl= 792 R2= 768

TEMP & HUMIDITY CORRECTION FACTOR AT CLOSE= 1.044
TOTAL CORRECTED CLOSURE ADJUSTMENTS
PAIR Bl,Rl= -4.2 PAIR B2,R2= -8.3

ROVING ALTIMETER REDUCTIONS
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STA

260

261

250

LINE NO

W

PR

N N

[N

TIME TW TD TA HA C FTR

820 62 68 68 73 1.043

855 65 70 70 76 1.046

937 62 70 70 69 1.047

BASE

3
3
3

STATION ALTITUDE

260
261
250

31.7
1.6
23.5

IN DIF CO DIF CLOSURE FIN DIF

33.4 -1.6 31.8
34.7 -3.1 31.5
0.1 AVERAGE= 31.7
3.3 -2.1 1.2
6.3 -4.2 2.1
0.4 AVERAGE= 1.6
3002 —207 27.4
25.1 -5.5 19.6
3.9 AVERAGE= 23.5

T - e e - ——— —————— ——— ——— ——— —— ——_ T—— . > — —— — — ——————_ —— —— . —— VWS TEN TEN e P = T E. W TES G TES b G S ——— - — T — W - -

LINE NO

1
2
3
4
F

END O

BASE

STATION

ALTITUDE

0
31
1
3

VO JO

2

23

BASE ROVE
795.0 830 32.0
766.8 800 33.2
HALF SPREAD=
790.9 797 3.1
765.0 771 6.0
HALF SPREAD=
786 .2 818 28.8
765.0 789 24.0
HALF SPREAD=
SPREAD
0.1
0.4
3.9
SPREAD
0.0
0.1
0.4
3.9



SOURCE PROGRAM LISTING

1 COM LO,CI1([255],S1[255] ,AS[255],ES5([255]
REM SINGLE BASE ALTIMETRY REDUCTION - 2 PAIRS OF ALTS

10

20

30

40

50

60

70

80

90

100
110
112
114
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450

REM GETTINGS ,USGS,DEC 76.-----

DIM T$[{70],8([50,5},83$[8),R$[8],DS$[11]

DISP "ENTER 70 CHAR SURVEY TITLE";

UPDATE MD, USGS, JUL 77.

2 PAIRS OF ALTIMETERS * *

INPUT TS
PRINT
PRINT
PRINT " * * * ALTIMETRY REDUCTIONS-SINGLE BASE,
PRINT

PRINT "SURVEY TITLE: ",TS$

GOSUB 1400

GOSUB 1810

GOSUB 1400

DISP "ENTER BASE NO";

INPUT S1

DISP "ENTER DATE OF LOOP";

INPUT D$

PRINT "BASE STATION FOR LOOP: ",S1,"DATE OF LOOP: ",DS$
PRINT

PRINT "BASE STATION READINGS"

PRINT " TIME T(WET) T (DRY) ALT#1  ALT§2"
DISP "ENTER BASE STATION READINGS"

WAIT 5000

N1=1

DISP "TIME,TW,TD,B1,82";

INPUT B(N1,1]},B(N1,2},B(N1,3],B([N1,4],B[N1,5]
DISP B{N1l,1];B[N1,2];B[N1,3];B[N1,4]);B[NL,5];"OK";
INPUT Q$

IF Q$="N" THEN 230

WRITE (15,290)8([N1,1),8[N1,2]),B[N1,3),B[N1,4],B[N1,5]
FORMAT F5.0,2X,F3.0,3%X,F3.0,3X,F5.0,3X,F5.0
B[N1,1]=FNT(B[N1,1])

N1=N1+1

IF Q$="E" THEN 340

GOTO 230

N1=N1-1

DISP "ENTER LOOP OPEN READINGS B1,Rl";

INPUT B1l,R1

DISP "ENTER LOOP OPEN READINGS B2,R2";

INPUT B2,R2

I13=Bl-R1

12=B2-R2

PRINT

PRINT

PRINT "LOOP OPEN READINGS"

PRINT

WRITE (15,460)B1,B2,R1,R2



460
470
480
490
500
505
506
507
510
520
530
540
550
560
570
580
590
600
605
606
607
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
812
815
820
830
850 -
860
870
880
890
300

FORMAT 3X,"B1l=",F5.0,5X,"B2=",F5.0,5X,"R1=",F5.0,5X,"R2=",F5.0

PRINT
WRITE (15,490)I3,1I2

FORMAT "INDEX DIFFERENCES",/," I1l1=",F5.0,5X,"12=",F5.0
PRINT

DISP "OK";

INPUT Q$

IF Q$="N" THEN 350

REM

DISP "ENTER LOOP CLOSE B1l,R1l";

INPUT Bl,R1

DISP "ENTER LOOP CLOSE B2,R2";

INPUT B2,R2

DISP "ENTER LOOP CLOSE WET&DRY TEMPS";
INPUT T7,T8

WRITE (15,590)T7,T8

FORMAT "“LOOP CLOSE READINGS",/,3X,"T(WET)=",F5.0,5X,"T(DRY)=",F5.0

WRITE (15,460)Bl1,82,R1,R2
DISP "OK";

INPUT QS

IF Q$="N" THEN 520

GOSUB 1520

C9=T8

C8=E4

GOSUB 1600

PRINT

WRITE (15,670)C1

FORMAT "TEMP & HUMIDITY CORRECTION FACTOR AT CLOSE=",F6.3

Al=-Cl* (R1+13-Bl)

A2=-Cl* (R2+12-B2)

PRINT

PRINT "TOTAL CORRECTED CLOSURE ADJUSTMENTS"
PRINT

WRITE (15,740)A1,A2

FORMAT " PAIR B1l,R1l=",F5.1,5X,"PAIR B2,R2=",F5.1
PRINT

PRINT "ROVING ALTIMETER REDUCTIONS"

PRINT

WRITE (15,790)"OSURE FIN DIF"

FORMAT " §STA PR TIME TW TD TA HA C FTR BASE ROVE
PRINT

REM INPUT ROVING ALT DATA AND REDUCE IT
L1=L0

LO=L0+1

DISP "STATION NO";

INPUT S{LO]

DISP "ENTER TIME,Tw,TD,R1,R2";

INPUT T1,T73,T4,R1,R2

DISP T1;T3;T4;R1;R2;"OK";

INPUT Q$

IF QS="N" THEN 850

T5=FNT (T1)

25
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910

920

930

940

350

960

970

98 0

990

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1292
1294
1296
1300
1310
1320
1330
1332
1335
1336
1337
1338
1339

REM FIND SUBSCRIPT OF CELL IN COL 1 OF B WHERE T5 FITS
I11=FNS(T5)

Pl=1

REM INTERPOLATE BASE VALUES
F1=FNI(2)

F2=FNI(3)

F3=FNI(4)

F4=FNI(5)
REM CALC AVERAGE TD,H

C9=(F2+4T4)/2

T7=T3

T8=T4

GOSUB 1520

C8=E4/2

T7=F1

T8=F2

GOSUB 1520

C8=C8+E4/2

REM CALC CORRECTION FACTOR

GOSUB 1600

D1=R1+I3-F3

D2=D1*C1l
A3=(T5-B[1,1])/(B[N1,1]-B(1,1])
A4=A3*Al

D3=D2+A4

D4=D3

WRITE (15,1180)s[LO],P1,T1,T3,T4,C9,C8,Cl,F3,R1,D1,D2,A4,D3
FORMAT F5.0,3X,F2.0,F5.0,4F3.0,F6.3,F7.1,F6.0,3F7.1,F8.1
Pl=2

D1=R2+12-F4

D2=D1*C1

A4=A3*A2

D3=D2+A4

WRITE (15,1250)P1,F4,R2,D1,D2,A4,D3
FORMAT 8X,F2.0,23X,F7.1,F6.0,3F7.1,F8.1
D5=ABS (D4-D3) /2

D6=(D4+D3) /2

WRITE (15,1290)D5,D6

FORMAT 43X ,"HALF SPREAD=",F6.1," AVERAGE=",F7.1
A[LO]=D6

E[LO])=D5

c[LO]}=S1

PRINT

DISP "IS THIS THE LAST STATION";
INPUT QS

IF Q$="N" THEN 815

L2=L1+1

GOSUB 2050

IF K1=-1 THEN 1340

STORE DATA K1l

FIND K1

GOSUB 1860
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1340 DISP "IS5 THIS THE LAST LOOP"; ¢
1350 INPUT Q$

1360 IF QS$="N" THEN 114

1370 GOSUB 1400

1371 GOSUB 1860

1372 IF Kl=-1 THEN 1380

1374 STORE DATA Kl

1376 PRINT "DATA STORED ON FILE"K1

1378 PRINT

1380 PRINT "END OF RUN"

1390 STOP

1400 FOR I=1 TO 3

1410 PRINT

1420 NEXT 1

1430 WRITE (15,1440)

1440 FORMAT 80"-"

1450 PRINT

1460 RETURN

1470 REM FNT CONVERTS 4 DIGIT TIME TO DECIMAL
1480 DEF FNT(X)

1490 Y=INT (X/100)

1500 T9=(X-Y*100) /60+Y

1510 RETURN T9

1520 REM CALCULATES RELATIVE HUMIDITY GIVEN TW(T7) & TD(T8)
1530 DEF FNE(X)=10"(9.2316-4215.6/(X+459.6))
1540 El1=FNE(T7) :

1550 E2=FNE(T8)

1560 E3=(T8-T7)* (0.273+1.8E-04*T7)

1570 E4=100* (E1-E3)/E2

1580 RETURN

1590 REM CALCULATES CORRECTION FACTOR FROM TEMP & HUMIDITY
1600 C6=0.900833+0.001983*C9

1610 C5=1+1.2E-05*C8*10"(0.01267*C9)

1620 Cl=C5*Cé6

1630 RETURN

1640 REM SEARCH FOR CORRECT TIME SLOT IN B(1,1)
1650 DEF FNS (X)

1660 FOR I=1 TO N1

1670 IF B[I,1] <= X AND B[I+1,1]>X THEN 1690
1630 NEXT I

1690 RETURN I

1700 REM LINEAR INTERPOLATION

1710 DEF FNI (J)

1720 F9=(B[I1+1,J}-B[I1,J])/(B[11+1,1]-B(I1,1])
1730 F8=B[I1,J]+F9*(T5-B[I1l,1])

1740 RETURN F8

1810 REM~=—=—=—=————c—mmmm oo READING DATA OR BUILDING FILE---=-—=---=-————-
1814 PRINT "WARNING : GIVE NUMBERS TO BASE AND STATIONS, AS DESCRIBED IN"
1816 PRINT "---—-—- PROGRAM DOCUMENTATION. "

1818 PRINT

1820 DISP "FILE NO TO READ DATA, OR -1 ";
1830 INPUT K1
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1840 IF Kl=-1 THEN 1920

1850 LOAD DATA K1

1855 FIND K1

1860 DISP "PRINT STORED DATA ";
1870 INPUT YS$

1880 IF Y$="N" THEN 2030

1890 L2=1

1900 GOsuUB 2050

1910 RETURN

1920 LO=0

1922 DISP "WAIT... ARRAYS ARE ZEROED OUT."
1924 WAIT 2000

1930 FOR I=1 TO 255

1940 C[I]=0

1950 S[I11=0

1960 A[1I]=0

1970 E[I]=0

1980 NEXT I

1990 DISP "FILE NO TO STORE DATA, OR -1 ";
2000 INPUT K1

2010 IF Kl1=-1 THEN 2030

2020 STORE DATA K1

2025 FIND K1

2030 RETURN

2040 REM--—====-==—---—-—-————- PRINT STORED DATA======— s mm e e e e e e e
2050 PRINT

2060 PRINT "LINE NO BASE STATION ALTITUDE SPREAD"

2070 PRINT

2080 FOR I=L2 TO LO

2090 WRITE (15,2100)I1,C[I} ,S[I],A[I),E[I)
2100 FORMAT r6.0,F7.0,F8.0,2F10.1

2110 NEXT I

2120 RETURN
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PROGRAM PDP@@6: ALTRDN

by

M. A. M. Donzeau and M. E. Gettings

ABSTRACT

This program is designed to reduce simple base station
altimetry data for two pairs of altimeters, where one altimeter
of each pair is at the base station and the other roving. It
has been adapted from the Single Base Altimetry Reduction Pro-
gram HP9gPM™ written for the HPYB30A programmable calculator
on 5 January 1977.

The Program calculates the elevation difference between
the base and roving altimeters, and makes temperature and
humidity corrections, and a barometric closure adjustment.

Base and station names, altitude differences, and half-
spreads are stored on a data file. New data may be added to
the file at each run. A tabulation of the reductions is out-
put on a printer file, which can be spooled to the line printer
afterwards.

K Cotings, 77:s apn- Pl repor?y par 73

**% Hewlett-Packard. Any trade names in this report are used for descriptive
purposes only and do not constitute endorsement by the U.S. Geological Survey.
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SOURCE DECK LOCATION AND UPDATE STATUS
The FORTRAN source program ALTRDN.FTN, the object module
ALTRDN.OBJ, the task.image ALTRDN.TSK are on the system disk
of the DGMR PDP-11/45 computer under the UIC [22,1].

No updates have been made to the program at this time.



DESCRIPTION OF COMPUTED QUANTITIES

The computed quantities are described in the documentation
of program HP9¢¢1.-QG—_.?1&474/, 7his epen L fp /‘(f)(v‘f} WM{ ).



DESCRIPTION OF THE PROGRAM

The general program flow-chart is shown in figure 1. It
follows the same pattern as in the program HP9@@l. The basic
tasks are:

1) enter titling and labeling information.

2) read base station name, roving station name, altitude
difference, and half-spread from the data file if file exists.

3) input the matrix of base station times, wet and dry
temperatures, and altimeter readings for a loop.

4) calculate index differences and closure adjustments.

5) enter, reduce, and print roving altimeter observations
a station at a time for all stations in the loop.

6) store base station name, roving station name, altitude
differences, and half-spread on the data file.

As many as 50 base station observations during a loop
may be accommodated, and as many as 300 altitude differences
may be stored on the data file.

Control and execution of the program are accomplished
interactively through the terminal display. Input is made via
the system disk (data file), output is via the line printer
(printer file), and the system disk (data file).

The source program ALTRDN.FTN requires 14 blocks of disk
space in the PDP-11/45, the object module ALTRDN.OBJ requires
24 blocks, the task image ALTRDN.TSK 73 blocks. Execution
time to reduce a pair of roving altimeter observations is less
than 1 second.
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PROGRAM OPERATION

Enter "RUN ALTRDN (S)"l/ to begin execution. Enter
informations asked in guestions appearing on the terminal
display. Time is entered in hours and minutes, with a dot
to separate the two numbers. Station identification names
may be alphanumeric and as many as eight characters long.
Questions requiring a "yes" and "no" answer are answered by
IIYII and "Nll .

After all stations in a loop have been completed, a
new loop can be initiated or program execution terminated.
A tabulation of the reductions is written on the printer
file during program execution. Use the PIP Utility Program
to direct the printer file to the line printer.

Note that the word "spread" appearing in the printed
tabulation is used for "half-spread".

1/ the symbol (g) means ALT mode or ESC key
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EXAMPLES
The following is the printout from two typical runs.

The first example shows the calculations for the stations
of two loops, one with base BD@47 and one with base BD@56.
The contents of the data file ALTRD1.DAT are shown just after
the contents of the printer file. Two errors in station names
have occurred: Bg57 instead of BDg57, and B@6g instead of
BD@6P. The errors were corrected with the EDI Utility Program,
and the new version of the data file was called ALTRD2.DAT.

The second example uses the data file ALTRD2.DAT. The
calculations for the stations of the loop with base BD1g7 are
performed and the results stored on the data file. The con-
tents of the data file ALTRD2.DAT after execution of the
program are shown just after the contents of the printer file.

13"/‘/



EXAMPLE NO. 1:

ALTIMETRY REDUCTIONS = SINGLE BRASE,

SURVEY TITLE t BISHAHAD DARR GRAVIT

AA A A SR E TR R E R R R R R R R E R R R R R R AR AR R R

BASE STATIDON FOK LODP @ BDNa?
BASE STATION READINGS
TIME T(WET) T(ORY) AL THY ALTa2
12,39 74, 92, 59, 48,
12,52 74, 91, 62, a8,
13,1v 74, 92, 61, 49,
13,32 75, 9%, 65, 5@,
13,5¢ 76, 92, 68, 52,
14,12 75, 91, 68, 855,
14,3¢ 74, 91, 63, 51,
14,47 75, 92, 69, 51,
LOGP OPEN READINGS
Bl= 59, R2= 4B, Rt= 78,
INDEX DIFFERENCES Its =19
LOOP CLOSF READINGS
T(WETYe 75, T(ORY)=: Q2,
Bls G, B2z 51, Ri= 85,

TEMP g WUMIDITY CORRECTINN FACTOR AT

TOTAL
PAlK 81,Pl =

CORKECTED CLOSURE ADJUSTMENTS
3,3 PAIR Ba,Rs =

ROVING ALTIMETER REDUCTIONS
STaT PR TIME Tw TD TA HA (C FTR
SEALEVEL 1 12,42 77,64%,88,57, 1,784
2
Bov4ds 1 13,0¢ 75,89,97,48, 1,087
2
8Du49 1 13,16 73,85,92,46, 1,286
2
BDudy 1 13,33 73,91,91,45, 1,489
2
RD@o1 1 13,4% 73,89,9%,47, t,p8a
2

15

CONTENTS OF PRINTER FILE

2 PAIRS NOF ALTIMETERS

Y, PT 2, USGS, 14 OCT

DATE OF LOOP 3

Ros A5,
123 -17
kR2e 71,
CLOSE = 1.292
3.3
BASF ROVE
59,5 -11, -89,5
48,4 -23, -B8,D
HALF SPRrEADE @,
62,5 32, =47,
48,5 17, =48,%
HalLF SPREAD= i,
62-? 5@. 'Jliz
49,2 37. =-29,3
HALF SPREAD= &,
55,5 78, =6,5
H2,9 63, -d 7
HALF SPREAD= @,
67,3 {4v, 53,8
52,9 126, 59,4
WALF SPREAD= 1,

14=0CT=78

1978,

12 DEC 1976

97,1 2,3
=95,4 0,3
6 AVERAGE=
-51,7 2,8
-52,7 -2,8
3 AYEFRAGEs®s
-3309 1.2
-31,8 -1,2
{ AYERAGEs=
7,9 1,6
~d,4 1,8
3 AVERAGE®
58,5 1,9
64,2 -1,9

4 AVERAGEs=

I8 DIF CO DIF CLOSURE FIN DIF

=96,8
95,7

96,2

=50,.9
-53,5

=52,.2

-32,7
=33,0

«32,9

=5,4
-5,.9
-5,7

60,4
62,3
61,3



BDAd2 1 13,52 73,97,91,.45, 1,79 68,0 119, 32,4 34,9 2,92 36,9
2 52,9 105, 38,9 41,4 -2,.0 39,4

HALF SPREADs 1,3 AVERAGE® 38,1
30¢93 { 14,1t 72,92,91,44, {1,488 68,0 144, 17,7 18,4 2.5 21.4
2 52,9 e, 23,2 25,2 -2.5 22,4

MAlLF SPREAD2 .7 AVERAGE® 21,7

80054 1 14,16 76,93,92,46, 1,792 68,3 52, -35,3 38,5 2.7 =35,9
2 53.3 38, 29,3 =32.,0 =-2.7 «34,7
HALF SPREADE ©,6 AVERAGE=2 «35,3
BDAbY 1 14,28 76,924,91,48, 1,089 68,9 17, 72,9 =77,2 3.9 -74,2
2 52,9 2. -65,9 71,8 -3,8 74,7
HalF SPRFADs ¢&,3 AVERAGEs =74,5
LINE NO RASE ID STATION ID MEASUREMENT (4) SPREAD (M)
1 rRoRAa7 SEALFEVEL -96,2 2,6
2 R4y AD24K -52,2 1.3
3 PrYY4 ina493 -32.9 ¥,1
4 RDMa? ROu8a -5,7 ?,.3
8 Riina7 D251 61,3 i,0
L} BDwWa7 r0e82 38,1 1.3
7 ROR47 BOR53 21,7 a,7
LS RDwaz RDebH4 =35.,3 2,6
3 BDevay BNvSS =74,5 2.3

A A R R R R Al A R R R R N R L R R A R R R AR X 2
3A8t STATION FOR LNNP ¢ RD2A46 DATE OF LOOP ¢ 13 DEC 1976

3A8E STATION READNIMGS
TIME T(WFT) TCDRY) ALT#Y AL T&2

8,15 7¢, 75, 371, 3569,
8.45 7¢, 76, 371, 359,
9.15 7e, 77. 372, 3Ine,
9.45 2, Et, 36, 355,
{215 ’e. &3, 372, 58,

LOOP OPEN READINGS
g1s 379, Rz 399, Ri=z 382, R2= 373,

INDEX DIFFERENCES Its 11 122 =14

LOOP CLNSE READINGS

T(WeT)s 72, T(DRy)s 83,

B1® 37¢, H2s 351, R1s 382, Q23 373,
TEMP % HAUMIDITY CORKECTION FACTOR AT CLOSE = 1,274

TOTAL CORRECTED CLOSURE ADJUSTMENTS
PALIR BY1,RL & =1,1 PAIRP Bs,RZ =z =1,!

ROVING ALTIMFTER REDUCTIONS
STAT PR TIME Tw TD TA H& C FTR BASE ROVE IN DIF CO DIF CLOSURE FIN DIF
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Bubh7 8,23 73,81,79,71, 1,065 371,04 181, =231,# =246,1 =2,1 =246,2
2 359,90 139, =234,2 »249,3 2,1 =249,4

HALF SPREAD= {,6 AVERAGE= =247,8

—

BDRA7 1 R,3b5 72,B81,79,69, 1,065 371,02 55, =327,4 =34B,3 =3,2 =348,5
2 359, 43, 337,02 =3%1,5 =3,2 =351,7
HALF SPREADE {,6 AVYFQAGEE =359,1
BDub8 { B,51 72,81,79,59, 1,765 373,8 63, =318,8 «339,6 =0,3 =342,0
2 358,8 %1, =321,8 =342,8 2,3 =343,1
HALF SPREADE 1,6 AVERAGEs =341,5
BO®99 1 9,02 71,81,79,06, 1,465 372,4 141, =242,4 «256,2 =2,4 =256,6
2 358 ,4 128, =244,8 »2602,4 =2,4 =260,8
HALF SPREADE 2,1 AVERAGE= =258,7
Buby 1 9,13 7¢»,78,77,69, 1,263 372, 318, «63,1 <87.,2 ~2,5 «67,5
2 358,1 3v7., «65,1 «69,2 L' -69,7
HALF SPREADa 1,1 AVERAGE= 68,6
BOvo1 1 9,25 7¢,.80,79,64, 1,266 3A9,7 311, =69,7 74,3 2,6 -74,9
2 357,02 329, 74,2 =75,7 =3,6 =76,3
HALF SPREAD: ¢,7 AVERAGER: <«758,6
BNuo2 1 9,46 6A,75,78,63, 1,763 350,2  Bi8, 438, 465,7 =2,8  464,9
? 355,1 8u3, 433,9 481,.,4 -2,8 4692,6
HalF SPREAD= 2,2 AVERAGEs 462,7
B8Dub3 1 14,03 68 ,82,41,57, 1,069 369,68 697, 31A,4 338,4 -{,2  337,.4
2 356,8 684, 313.2 334,9 “i,2 334,0
MALF SPRFADE® 1,7 ALERAGE= 335,7
LINF NO RASE ID STATIAN ID MEASUREMENT (M) SPREAD (M)
1 ROZ56 RAK7 -247,8 1.6
11 RDubs RD*47 =354,1 1,6
12 RDW5H dNASK «341,5 1,6
13 RDP56 BDA539 =258,7 2,1
14 BO#SA RARA ~68,6 i.1
15 LAVEY BNa61 75,6 a,7
16 BR0456 CHELY] 462,7 2.2
17 RD256 30v63 335,7 1.7

LR A R R R R R R R R N Y 22 22 2

DATA STORED ON FILE 2 ALTRD!,DAT
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CONTENTS OF DATA FILE ALTRD1.DAT

BDY47 SEALEVEL =56,24 n,56
BO®R47 RD248 «52,189 1.30
BDw47 BDi¥49 =32,.,87 2,13
8pwa7 RDPASY 5,60 7425
Bpwaz RDAYH 1 61,35 N.97
8pe4a’z gpas2 3R, 14 1,25
8paa7 RD253 21.71 3,72
BOw47 BDwnS4 -35.27 2,61
B8Dw47 ROZS55 -74,49 V.25
BDvbH6 8287 «247,77 1.62
BOvb6 gheraz «352,48 1,64
BDn56 BNPH8 =341,5%5 1.6
8Dub56 RDPEO «258,72 2.13
8Dubob RAAY «hHHR 61 1,900
80ub5¢6 BRD¥61 75,62 .71
-101%3-1.] ROV62 462,73 2.168
BDw56 RDA63 335,58 1.714

18



EXAMPLE NO. 2: CONTENTS OF PRINTER FILE

ALTIMETRY REDUCTIONS =» SINGLE BASE, 2 PAIRS OF ALTIMETERS 14=0CT=78

SURVEY TITLE t BISHAHeAD DARB GRAVITY, MD, USGS, 14 OCT 1978,

L R A A R R R R R Ry ey R F A N R R R R R AR AR A RSS2 RN R AR AR A2 R 22

DATA ARE RFAD FROM FILE & ALTRD2,DAT

LINE NG BASE ID STATION ID MEASUREMENT (M) SPREAD (M)
{ RDA47 SEALEVEL -96,2 2,6
2 BD@a4y BDn48 -52,2 1,3
3 BD@a47 BDR249 =32,9 A,1
5 80a47 BO0SL 61,3 1.8
6 8D@47 BD252 38,1 1,2
7 RDB47 BN253 21,7 a,7
8 8DBa7 BDA54 -35,3 2,6
9 BD@47 BD¥55 »74,5 2,2

19 BDB56 B0a57 =247 ,8 1,6
11 BD256 BD047 =350,1 1,6
12 B0BS56 BD258 -341,5 1,6
13 BDDS6 BD259 -28%58,7 2,1
14 8DB56 BDA6A -68,6 1,1
15 BD@B56 BD261 «75,6 2,7
16 BDR56 80262 402,7 2,2
17 RDO56 BD263 335,7 1,7

17 RECORDS ON FILE 3ALTRD2,DAT
I Y I I T R T s s T T
BASE STATION FOR LOOP 3 RD1IR7 DATE OF LOOP ¢t 16 DEC 1976

BASE STATION READINGS
TIME T(WET) TC(DRY)  ALTH1  ALTH2
8,0¢ 50, 64, 968, 956,
8,32 5@, 65, 968, 956,
9,68 52, 68, 967, 957,
9,30 52, 78, 967, 957,
10,02 54, 74, 969, 959,
19,30 55, 77, 972, 961,
11.08 54, 77, 978, 966,
11,38 55, 79. 982, 970,
11,38 55, 8a, 981, 970,

LOOP OPEN READINGS
Bl® 968, B2s 956, Ris 987, R2s 972,

INDEX DIFFERENCES Its =19 128 =16
LOOP CLOSE READINGS

T(WET)= 55, TCORY)» 80,
Bis 981, B2a 978, Ri=1002, R2= 987,

19



TEMP 8 MUMIDITY CORRECTION FACTOR AT CLOSE = §,26%

TOTAL CQORRFCTED CLOSURE ADJUSTMENTS
PAIR Bi,Rl 2 =2,1 PAIR Rp,R2 2 =1,}

ROVING ALTIMETER RFDUCTIONS
STAT PR TIME Tw TO TA MA C FTR BASE ROVE IN DIF €O DIF CLOSURE FIN DIF

80148 1 8,22 38,53,59,24, {1,219 968,28 2338, 1351,24 1376,9 3,2 1376,7
2 956,808 2326, 1354,2 1380, -2,1 1379,8

HALF SPREADs 1,6 AVERAGEs 1378,3
BD1eY 1 8,32 51,74,70,22, 1,044 967,9 1219, 32,1 33,4 -3,3 33,14
2 9568,1 (ve4q, 31,9 33,2 -2 33,1

MALLF SPREAD=s 2,2 AVERAGESs 33,1
BD11le¢ 1 8,50 51,7¢,69,26, 1,239 967,3 10@%6, 69,7 72,4 -2,5 71,9
2 958,7 104y, 68,3 71,9 3,2 7e,8

HALF SPREAD= W,6 AVERAGEs=s 71,3
BD11Y 1 9,86 54,75,72,25, 1,046 967,04 628, =358,7 «374,3 =3,6 =375,0
2 957 @ 617, =356,0 «372,2 -2,3 =372,5

HALF SPREAD= §,2 AVERAGE® =373,7
BD11l2 1 9,19 58,77,73,28, 1,249 967,0 451, ~535,2 «561,1 2,8 =561,9
2 957,02 444, =520,7 «554,8 ~2,4 =555,2

HALF SPREAD= 3,3 AYERAGEs =5858,5
80113 t 9,32 55,76,73,23, 1,048 967, 7474, <246,1 =258, «3,9 =258,9
4 987,1 727, =246,1 =258.0 -0,4 =258,5

HALF SPREAND® ©#,2 AVERAGEs =258,7
BL114 1 9,45 54,79,76,19, 1,793 968,38 644, «343.2 «361,1 =1.8 =362,1
2 968,90 634, =34n,8 «357,9 -0,5 =358,4

HALF SPREAD=® 1,8 AVERAGE=s «360,3
Boiid 1 1v,r2 53,77,76,18, 1,P53 969,2 1795, 106,88 112,4 -1,2 111,3
2 959,1 1261, 125,9 111.,9 «2,6 118,9

HALF SPREADs @,2 AVERAGEs 111,
BO116 1 14,22 56,84,82,16, 1,862 971,2 874, <=386,2 =412, =1,4 =41),4
2 96,5 594, =382,5 «4pb,1 ~P,] =406,8

HALF SPREAD= 2,3 AVERAGE=s =499,
LInE ND BASE 1D STATION ID MEASUREMENT (M) SPREAD (M)

18 RD1@? BD1AB 1378,3 1,6

19 RO1A7 RD129 33,1 a,a

29 RO1Q7 BD114 71,3 8,6

21 RD1az BD11Y =373,7 1,2

22 Ad147 BD112 -558,5 3.3

23 RDLA7 BD113 -258,7 2,2

24 8d1A7 80114 -363,3 1.8

25 RO127 80115 11,1 2,2

25 80127 BO116 -409,1 2.3

A AR R S AR R R R R R R N R R R R R X R R RS RS E R RS R A RE AL

DATA STORED ON FILE 1 ALTRD2,DAT
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CONTENTS OF DATA FILE ALTRD2.DAT

30047 SEALEVEL ‘96024 8056
30v47 RDA48 52,19 1,30
3pud7 RDG4Y =32,.87 2,13
3Dna7 RDASA 5,69 h.258
30u47 RDW51 61,35 2,97
D47 RDWS2 38,14 1,25
3Dv47 BNMA53 21,71 0,72
3paraz BDnS4 =35,27 2,61
3Dpwv47 RDRSS -74,49 N, 28
IDKbH6 RONS7 247,77 1,68
30056 ChY-Y 352,48 1,62
3Dus6 ROASE8 ~341,55 1,68
30256 RDAS9 -258,72 2,13
30856 aDa6R =6R,61 1.06
JDané Bpeeél =75,64 A,71
3DusS6 BDA62 462,73 2,16
30u56 RD263 335,68 1.71
iD1y7 RDiE8 1378,26 1,58
3Dtv7 RD1d9 33,28 3,21
3iDtu? RD11D 71,33 4,57
30197 BDY1} =373,74 1,21
3DYs7 30112 =558,5% 3.34
3p17 AD113 258,73 2,22
3D197 RD114 362,27 1,83
3DJv7 RD115 111,96 #,19
D147 8D116 «479,12 2.33
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SOURCE PROGRAM LISTING



FORTRAN IVePLUS V22=51 13146112 14=0CT=78 PAGE 1
ALTRON, FTN /TRIBLOCKS/WR

2201 PROGRAM A TRDYN
c ercrennscscnen
[« ALTIMETRY REDUCTION, FROM HP PROGRAM M _GETTINGS
C LIBRARY § (22,397)GENLBR
C M,D,, 25 FEB 78,
C
842 LOGICAL*1 FILEN1(20),TITLECBN),FILENA(20),DAT(10)
2023 DOUBLE PRECISTION BASE(342),S8TAT(324),81
@uaa DIMENSION AMFAS(302Q),8PREAND(3NAR),N0L (3)
anad COoMMON 3(58,5)
26v6 DATA NL/W/
vyn7 DATA 10G1/1/,104/74/7,117/5/
Bovd 1@0v  FORMAT((X,248,2F1R,2)
2va9 202w  FCRVMAT(!' ALTIMFTRY REDUCTINN PROGRAM,'/)
Agiw 24vy FORMAT(!' ENTER BASF STATION READINGS 1t TIME, WET TEMP, DRY TEMP,
§ ' ALT#L, ALTs2!')
211 20iv2  FURMAT(Y' TIME IS pUTY OF TIME READINGS OF BASE STATION!')

du1e 22va FORMAT({m1s'ALTIMETRY REDUCTTIONS = SINGLE BASE, 2 PAIRS OF',
1 ' ALTIMETERS!,T72,14AY/7/' SUKVEY TITLF t',717,6441/T17,16A1)

a3 2271 FOPMAT(t DATA ARE READ FRNOM FILE &t 1,2041)
av14 2202 FORMAT(//TS,'LINE ND',T22,'RBASE ID',T35,'STATION ID',T54,
2 'MEASUREMENT (M)!',T72,18PRpEAD (M)'/)
2615 27203 FOPMAT(T5,15,722,48,T35,48,T49,F1¢,1,Th7,F10,1)
0U1b 2evd  FORMAT(/15,!' KECORDS ON FILE $t,2741)
2017 22r% FQRMAT(' BASE STATION FOR LO0P 3',5X,48,Td4¢,'DATE nF LOOP 1',2X,

S5 344//' RASE STATION READINGS'/
6 ! TIME T(WET) TCDRY) ALTHY ALTE2!)
?u18 2206 FORMAT(F7,2,F6,0,F7,2,FB,7,FR,?)
avly 2247 BURMAT(//' LLNOP OPEN READINGS'//3X,1Bl2',F5,3,5X,182%!,+5,0,5X,
7 'R1s',F5,7,5%,'R23!,F5,2//
8 ' INDEY DIFFERENCES!, 12X, 112t ,156,5x,112=1,15//)

ee2v 22vd  FORMAT(Y LNOP CLNSE READINGS'//3X, ' T(WETIE! ,F5, 0,5X, ! T(DRY)&1,
B FO,B/3x,'Ric!,F5,2,5%,!B23!,F5,M,5x,'R12!,Fb 0A,5x,'R2a!,F5,8//)
Y3 2279 FORMAT(! TEMP & MUMINDITY CORRECTIUN FACTOR AT CLOSE =1,F6,3//

9 f TNTAL CORRECTED CLOSURE ADJUSTMENTS!/t PAIR RY{,RY s',F5,1,5X,
{ ' PAIR RB2,R2 =2',F8,1//"' ROVING ALTIMETFR REDUCTIONS!'/

2t STAT PR TIME TW TD TA WA C FTR BASE ROVE IN DIF CO!Y,
3 Y DIF CLNSURE FIN DIFY/)

Qe 2211 FORMAT(/1x,A8,T2,F6,0,1%X,4F3,0,F6,3,Fh 1,F7,3,1X,3F7,1,F8,1)

aAned 2212 FORMAT(9X,I12,25%,F6,1,F7,2,1%,3F7,1,FB,1)

024 2213 FORMBT(43x,'HALF SPREAD®!',F5,1,! AVERAGE=!',F7,.1)

pves 2216 FORMAT(! nATA STORED ON FILE ¢ t,2041)

2026 2217 FORMAT(/i{X,82(1He)/)
C

age’ WRITE(ITT,2202@)

Be28 CALL TTINAA (t'8¢=CHAR SURVEY TITLE',22,TITLE,8d,I1TT)

229 CALL TTINAA ('FILENAME QOF PRINTER FILF'.24rFILENA,208,]ITT)

Be 30 OPEN (UNITEIU4,NAMESFILENG, TYPE®'UNKNOAN')

2031 CallL DATE(DAT)

IVRY: WRITE(ID4,2200) DAT,TITLE

vR33 WRITE(I04,2217)

Q034 CALL TTINAA (I'FILENAME OF INPUT/OUTPUT DATA FILE',34,FILENL,22,

1 I1TT)

PR35 OPEN (UNITSIOI,NAMERFILEN], TYPES'UUNKNOWNT)
(rececermcnevannrnnreannoascnananvennernawn READING ~cmercarcocaccenccnncns

LK CALL TTYNAA ('READ DATA FRUM FILE!',19,IaN,2,I¢T)

25
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waaz IF (IBNLEQ,'NYY GOTO 322
Avie WRITE(ING,2271) FILEN1
P23y CALL TTINAA ('PRINT DATA',123,1AN,2,1TT)
Boau IF (Ian NE,'NYY WRITE(IQ4,2202)
d¥41l 1=z
Ypd?2 aniy I=7+1¢
wnad READ (101,18v0,END34?2) RASE(I),STAT(I),AMEAS(I),SPREAD(I)
duda GOTO 4994
voed 402 N Ele)
Agae IF (TaN,NEJ'MY) WRTITE(IQ4,22R3) (I,BASECI),STAT(1),AMEAS(I),SPREAD(I),
i Ist,n0)
vva/ WRITE(1N4,2214) NL,FILEN]
2vay WRITE(104,2217)
(eemccnvernvsnrerenvarnnvencwvesncenncens BASE READINGS ecseveccrccccvcscs
AN49 kY17 CONTINUE
dade CaLlL TTINAA ('ENTER BASE ID',13,S51,8,ITT)
2451 CALL TTINAA (YENTER DATE OF LOOP!,$8,D0L,12,1TT)
2052 WRITE(I04,2245) 81,00L
3053 WRITE(CITT,22041)
Avha NisY
Av2d 33 Nisnvi+f
Agd6 CALL TTINSR ('TIME, IN HR MN!, 14,R(N1,1),ITT)
nvnl CALL TTIMSR ('WET TEMP!,8,8(N1,2),1TT)
VD8 CALL TTINSQ ('DIY TEMP!,R,B(N1,3),ITT)
VLY CALL TTINSR ('ALT e1!,6,R(N1,4),I1TT)
evbde CALL TTINSR ('ALT #2',6,B(N1,5),ITT)
Arel WRITE(104,22¢6) (B(N1,I),4=1,9)
deed B(N1,1)SDEGDMNCRB(NL, 1))
eI CALL TTINMAA ('MORE BASE STATION READINGS',26,IAN,2,1T7T)
ALo 6 IF (IAN,NE,'N') GOTO 332
PRYY) CALL TTINSR ('LONP OPEN READINGS B1',21,81,ITT)
poobob CALL TTINSR ('LOGOP OPEN READINGS R1',21,R1,ITT)
wees? CALL TTINSR ('LOOP QPEN REAPINGS R2',21,B?2,ITT)
Jo68 CALL TTINSR ('LCOP OPEN READINGS R2',21,R2,ITT)
06y 13s31=RY
Ap78 12s82«R2
d¢v71 WRITE(IQ4,2207) B1,B2,R1,R2,13,12
ve?e CALL TTINSR ('LonP CLOSE READINGS B1!',22,B3,ITT)
¥073 CALL TTINSR ('LOOP CLOSE READINGS R1',22,R1,I1TT)
4974 CALL TTINSR ('LOOP CLOSE READINGS R2',22,R4,1TT)
an7s CALL TTINSR ('LOOP CLOSE READINGS R2',22,R2,I7T)
3676 NRITE(IO4;2208) B(Nl'2)08(N1,3)|B31840910R2
2u77 Co9=B(N1,3)
o878 CBeRELMUM(B(NL,2),B(N1,3))
C seesese
ve79 CF=CORFAC(B(MN1,3),C8)
c .-
v08k AlaeCFa(R1+13=B3)
"1/ 1-B} A2a=CFa(R24]2=84)
2682 WRITE(1D4,2209) CF,a1,A2
C.----------.--------'----Q'--.-----.---- INPUT ROVING ‘L?IMETER DAT‘ & REDUCE
voB3 NL1ISNL+}
LY 350 NLBNL+1
A885 BASE(NL)=S!
#2806 CALL TTINAA ('STATION ID',12,STAT(NL),8,ITT)
vuB? 340 CallL TTINSR (!'TIME, IN HR,MN',14,TM,LiTT)
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ALTRON,FIN /TRIRLOCKS/wR

b48Y CALL TTINSR ('wET TEMP',8,T44,ITT)
Aesy CALL TTINSR ('ARY TEMP!',H,TOM,ITT)
P89y CApLL TTIMNSR ('ALT #1',6,A14,ITT)
2491 CALL TTINSP ('ALT #2',6,A24,11T)
de9e TEDEGAMN(TY)

(==smcecescarmemccnacennnanae=a=s FIND SUBSCRIPT OF ARRAY R, COL 1, WHERE T FITS
09l 0O 199 I=1,n1

094 IF ((B(Ts1)elEaT)oAND,(B(I+1,1),6T,T)) GOTO 3358
2099 1@ CONTINUE
W yo WRTITEC(ITT,2442)
neg7 GOTO 347
Q298 335 TwI2BINTER(I,2,T)
c cnwene
A299 TDI2BINTER(]I,3,T)
dlaou A3ITERINTER(I,4,T)
4141 AATERINTER(]I,H,T)
Jlee Jis}
(eavecwccvasncconcnnnvenanweeeelALCUILATE AVERAGE OF 1D, H meweccccceacaemes
4143 TD=s(TDI+TDMY/2,
A1¢4 RHSRELHUM(TKM, TDM)} /2, +RELNUMCTHI, TD)) /2,

C " e~

Ceemocmmececmmemeeceenecemeerase CALCILATE COARRECTION FACTOR, ALT #1 me-e
#1495 CFeCNRFACCTD,RM)

t —erae=

Alo CisAimeT3=A31
a1in7 DexD1,CF
dluy 432 (T=B(1,1))/(B(N1,{)=R(1,1))
4169 sa=adwpt
011 AMEAS12D2444
¢111 WRITE(IN4,2211) STATINL)Y,J1,TM, Twm,TOM,TD,&H,CF,A3T,81M,D1,D2,
{ 44,AMEASY
[wweemoeceerruccovoncnccennenen 4T #2 evcacceccsccancnnnercanocanacccone
A11¢ Ji=2
A3 Nisa2MeI2=Ad]
2114 D2sl1.CF
2115 AdzAa3+a?2
Al16 bMEASZE)2444
a117 WRITE(TN4,2212) J1,44]1,424,D1,02,44,8ME482
2118 SPREAD(NL)=ARS(AMEASI=AMEAS2) /2,
211y AMEAS(NL)=(AMEASI*+AMELS2Y/2,
2124 WRITE(TID4,2213) SPREAD(INL),AMEAS(NL)
(weowsmesmercccesrnenencvaceres ARITE ON FI|} eemccnescccsrcssncnncaccnas
2121 CapL TTyNAA ('8 TwtS THE LAST STATION!,24,7AN,2,¢TD)
4122 IF (IANEQ,.!'N') GOTN 387
A123 WRITE(T104,2242)
0124 DO 117 JENLL, Nk
2125 WRTTE(IOS,193v2) RASEC(I),STAT(I).AMEAS(I),SPREAD(T)
8126 11w WRITE(IN4,2243) 1,RASE(T),STAT(I),AMEAS(I),SPREAD(I)
Q127 WRITE(IQ4,2217)
¢lek CapL TTINAA ('IS THIS THE LAST LQOP!,22,1AN,1,1ITT)
0129 IF (JAN,EQ,'N') GNATO 349
a13¢@ WRITE(IDG,2216) (FILENICTY,I=x1,20)
2131 sune STNP ' ww% END OF PROGRAM www!
w132 9ane STOP ' wa4 ERROR RHILE READING FILE wwaw!
8133 END
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FORTRkAN TvePLUS V22+51

ALTKON,FTIN

A001

arag
B3
a4
Atvid
L)
aev7

Ao

dovs
Aelv
¢l
2vle
YR

laNeNel

[aNel

/TRIBLOCKS/WR

13246336

FUNCTION RELHUM (TW,TD)

CALCULATE RELATIVE HUMIDITY,

14«0CT~=78

GTVEN TW & TD

FNE(X)=1Q3,ww(9,2316=4215,6/(x+459,6))

E1aFNE(TW)
E22FNE(TD)

E3m(TD=TW)n(C,273¢1 ,8E=d+TW)
RELHUMS1P2 ,«(E1=-E3)/E2

RETURN

ENTRY CORFAC

LA R T X 2R Y

CALCULATE CURRECTINN FACTOR,

(TD,RH)

CoRD, 927283341 ,0P1983+T1)
CH21,41 ,2E=DenHeléd 2¢(4,412672TD)

COPFAC=CH*CE
RETURN
END
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FORTRAN TyekLUS Va2=51 13146138 14=0CT=78

ALTROUN,FTN
2eed

r

C
dur2
e
2424
dvdd {ui
P 240
A2er?
ABe 8
ABAY

/TRIBLOCKS/ Wk

FUMCTION ®HINTER (I,J,7)
INTERPOLATE
Chmmnn B(hA,H)
rD 145 1=21,57
TF ((T.GF . BUI, 1)) NI (T LT, R(I+L,13)) GOTN 2r@
CorTlnug
A (R(]+1,J)Y=RET,JII/(B(T+1,1)=B(I,1))
KINTERzH (T, Jl+aw(T=R(T,1))
RETUAN
END
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