P
-
@«
™=
a
Q
4

0T FILE copv

G

Technical Report 1152
January 1987

An Altitude-Error Display
for Height-Finder Radar

A. E. Barrios

'DTlc"'

...LEL,"'E s
NARSS ’

'Oﬂnm convaing eolop
Plakes: 414 DPIC reprodudt~

1% il be iq bine
P rada e

Approved 107 public reloaso, Bistnbubion & unhmitad




'NAVAL OCEAN SYSTEMS CENTER

San Diego, California 92152-5000
—

E. G. SCHWEIZER, CAPT, USN R. M. HILLYER
Commander Technical Dimcior

ADMINISTRATIVE INFORMATION

The work described in this report was performed by the Tropospheric Branch
(Code 543), Naval Oceans Systems Center, for the Office of Naval Technology. Office
of Chief of Naval Research. N

nder authority of

H. Richter, Head

gan and Atmospheric
Sciences Division

Released by
H.V. Hitney, Head
Tropospheric Branch

JA




PAGES
~ ARE
MISSING
IN
ORIGINAL

DOCUMENT



-Al78382

REPORT DOCUMENTATION PAGE"

[Ta. NEFORT SECUNITY CLASEIFICATION

TERESTRICTIVE RARRINGS

UNCLASSIFIED
. GECUNITY CLASIIFICATION AUTHORITY

3. DISTRIBUTION/AV, OF

2b. CECLASSIFICATION/DOWNGRADING SCHEOULE

Approved for public release; distribution is unlimited.

4. PERFORMING TION REPORT NUMBENS}

NOSCJ TR"1152

—————————————————
5. MONITORING ORGANIZATION REPORT NUMBENS)

™y o ORGANZATION & GFFICE STMBOL 75, RAJNE OF MONITORING ORGANZATION
1 cophicabia)

Naval Ocean Systems Center Code 543

& ADORESS iy, Stats and 2P Codel T-. ADORESS (City, State and 20 Codel

San Diego, CA 93152-5000
{00 RANEE OF FUNDING,/SPONSTRING ORGANZATION SGrTiCE BTGl # PROCUAEMENT INSTRUMENT IDENTIFICATION NUMBER

Office o Noval Technology ONT
E 5 ADOF¥A:. ey, tate ond T Cotel TO. GOURCE OF FUNDING NUNGERS

T PROGAAM ELEMENT MO PROIECT NO. TASK WO, AGENCY
ACCESHION NO.

Office of Thief of Naval Research

Wash agton, DC 22237 62750N NoaC RWS9 DN888 715
TV VIR Fciode S cirdy Claieot 70

An .utltude-Frror Display for Helght-Fiuder Radar

AE. Barrtos

T5a TYWE OF MPORT 3% T COVIMO T4 GATE OF MEPORT (Year, Mosih Dund & A COUNT

Final smou Sep 88 rodmz 88 |, 1087 5)

16 SUMRLTMENTARY MOTATION A' v ( \

gt s de mglede !
7 o ‘ 7
7 CORAT COOKT ) TH SURAET TURALS R it 65 ovirad 3 micabsdry tood iy b Boch sopinbes]
e [ SR GAOLP | Helght-Quder redare Altliude-error dlaplay ) ;
" Target height HPO00O-500 series cotaputer , syl
Ray-ttace diaplay e T 1REPS Lt /

T IV ARITRALT Koo oa varcs ¥ stcmiesry Sd wiisly v Bach Ssoba] 7
Strony ducting condittons affect helght-Bader radare

la giving eccursle target positiéns. As altltude-ertor diaplay
bas beet daveloped 10 show the amount of error present.

O O TRTIOR AV RAABAITY OF AR TRALT ' 7Y A8 TRALT SLCUNTY GASSSRATON
VECLASSHR D AMBETED ) sasmas s [ vnc wase UNCLASSIFIED
™ T7e RARN OF W SRR WS T THLEPHOWE o foade rems ooy e HHCE BYRMOL
AE. Barrios _ (819) 228-7247 Cude §43
DD FORM 1473, 84 JAN O T toenoua st cmsaams UNCLASSIFIED




SUMMARY
An altitude-error display for height-finder radar has been developed on the HP9000

— 500-series computer. The display looks like an ordinary ray-trace display except the color

of the rays are dependent on the height difference, as compared to a standard atmosphere
for the same elevation angle and range.

CONCLUSIONS

. Since this effort only considered alternate displays of well-established ray-tracing
theory, no attempt was made to validate the accuracy of any of the resulting displays.
RECOMMENDATION

The altitude-error displays reported here should be incorporated into the coverage
diagram of the Integrated Refractive Effects Prediction System (IREPS).
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INTRODUCTION

/

Strong ducting conditions occur over many ocean areas. These conditions affect
height-finder radars (such as the SPS48) in giving accurate target positions. Most height-
finder radars calculate altitude based on a standard atmosphere. When ducting conditions
are present, large errors can occur between the calculated and the true target height, depend-
ing on the transmitter height and the target range. In many cases, these errors are greater
than 50 percent. A height-finder radar altitude-error display has been developed to show
the amount of error present. The display looks like an ordinary ray-trace display, except
the color of the rays are dependent on the height difference, as compared to a standard

atmosphere for the same elevation angle and range. .
BACKGROUND e

The atmosphere is considered to consist of vertical layers, each with a certain gradi-
ent of the index of refraction. The layers are assumed to be horizontally homogeneous.
Each profile consists of at least two layers. Each layer is associated with a height, H(i), and
modified refractivity or M-unit value, M(i). Modified refractivity, M, is related to the index
of refraction, n, by

-

I TR ) Y
M [nl+a] 10

where a is the mean earth's radius, and z is the height above the carth’s surface.

A ray path under standard atmospheric conditions will bend downwand at a rate less
than the curvature of the earth, so to an obsarver stationed on the earti's surface, the ray
will appear to bend upward. A trapped ray is one that, because of a trapping layer, will
bend downward at a rate exceeding the curvature of the earth. A trapping layer can be very
casily identificd by a negative M-gradient. Examples of profiles that represent a surface-
based duct and an elevated duct are shown in figure 1. Two other types of refraction that
describe the relation between modified refractivity and height are subrefraction and super-
refraction. A subrefractive profile wili cause rays to be bent less than the normal or stan-
dard, while a superrefractive profile bends rays at 3 rate exceeding the normal but not
enough to cause trapping.

The gradient, Dindh, is the change in M-units with respect to the change in heigit
and is defined as

(MG + 1) - M(D]
{HG + 1 - H)

Table ! shows the relation between the M-gradient and the different types of refraction.
Figure 2 gives a clear picture of the relative bending among the different types.

An individual ray trace begins with an elevation angle ~pecified at the source height,
Ht, and consists of a series of calculations to determine ei®; < Y. a0 3 specified range or
range at a specificd height. All calculations can be described by ornie of the following 213
cases. The variables are defined as

. 1073

Dmdh(i) =
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Figure 1. Exwaples of elevated and surface-basad ducts from elevated layers.

Table 1. The relation between M-gradient and the
different types of refraction.

Types of Refraction M.Gradient
Trapping <=0 Mikm
<=0 Mifit
Supettefractive 0to 79 Mm
0 1o 24 M/kit
Standaid 79 to 157 Mfkm
24 to 48 M/kft
Subrefraclive >157 M/km
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48 M/kit




@ \§\\ \\ ) SUPERREFRACTION

W )) H)))))))))))))

TRAPPING

N\
O 3’“))))\ M)))),

4

J)
)
/)

Figure 2. Relative bending for the four types of refraction,

a = elevation angle at beginning of calculation (rad)
a' = elevation angle at end of calculation (rad)

h = height at beginning of calculation (m)

W' = height at end of calculation (m)

r = range at beginning of calculation (km)

r' = range at end of calculation (km) '

Case 11 a>0,h' known (figure 3)

a = »,/a?‘ +20 1073 Dmdh()(h'-h) , THHHSh <K' SH(+1)

R o -
P ——
Dmdh(i)

If the source is in a duct, trapping may occur for some initial elovation angles. n this case,
the rdicand for a' becomes negative, and ' reaches a maximum height. For (s exasuiple,

a'=0 ,

L]

i

a and
Dmdhi) "

R
R=he a
2+ 103 Dmdh(i)
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Figure 3. Ray trace variables for > Q.
Case 2:  a >0, r known (figure 3 applies)

a' =g+ Dmdh() (F'-r) . Th<H({+)),

'? "
e

2+ 10~2 Dmdh(i)

W=h+

Cuse 31 a<O,h' known (figure 4)

o == Jal + 2+ 1073 Dmdhgi) (0 = 1) . iCHG+ 1) 3 h >0 > H(),

'
r'ﬂf+ G"‘(I

Dandhi(i)

A ray that is initislly downgoing may eventually becoms upgoing as o increases, The ray
teaches a minimum height, and in this case, the radicand for a' becomes negative. Thersfore,

a@'=0
* o r - a "
Dindh(i
az
W=2h-

3+ 10™ Dmdh(i)

Case 4 a <0, r known (figure 4 applics)

a =a+Dmdh() (r'-1) ., ifh' > HQ).
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Figure 4. Ray trace variables for a < 0.

s
o'? - g2

h'=h+
2+ 1073 Dmdh(i)

Case 5: a=0
1f Dmdh(i) " 0, uso Case 1 or Case 2 as appropriate.
If Bmdh(i) < 0, use Case 3 or Case 4 as appropriate.

Case 6: A ray launched at the inflection point (figure §) with ac= 0 wil} stay at that height.

PROGRAM

The program plots height vs. range for each ray. Reflected rays are not {raced. Each
ray is drawn in several colors, depending on the error scale chosen by the user.

Initially, there are four options available to the user: (1) delete data file (2 ) add data
file.(3 Jedit data file, and(d Jrun the program for a display. If option 4 is picked, a list of
available data files will appear on the screen. After a data file has been chosen, there are
several parameters the user must enter into the program:

1. Maximum height for the display v feet or meters.

Maximum range for the display in nautical miles or kilotieters.
Antenina height in feet or meters.
Lower clevation angle. Lower angular limit in milliradians.

Upper elevation angle. Upper angular limit in milliradians,
Number of rays. This is the number of rays to be traced.

o v e W
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MODIFIED REFRACTIVITY, Mee—ip
Figure 5. Breakpaint at A,

7. Ermorscale. The height-etror scale can be an absolute- or percent-error scale,
indicated by entering “A"” or “P*". The defoult is “A™,

8. Errorincroment. This value determines the scale by which the colors are de-
fined. If using an absolute-error scale, the eryor increment is entered in feet or meters.

Normal output for the display is the screen, but a hardcopy print can be selected.

Once the data has been read from the selected file, the prograsn performs a linear
extrapolation to find the M-unit value at the surface and at the maximum plot height, if
necessary. These values are added to the height and M-usit avrays and the gradisnts (Dmdh)
are then caleulated,® The indtial taunch angles, catculated from: the lower elevation angle,
the upper clevation angle, and the number of tays, are aleo put into an array.

The yay trace is pesformed by range increments (1/30th of the maximum plot range)
i.e., begianing with the initial launch gle and antenna hedght, 5 gew angle and height are
calculated fo a specified range, plotted, the range is incremented, the nest angle and height
ar¢ calculated, plotted, and so forth until the maximum height or maximum range has been
reached. As each new angle is calculated, the program will branch to the appropriate case
{as discussed in the previous section). With each now height caleuiated the program will
trage a ray to the same range using the satme initial launch angle Tor a standand atimosphere.
The difference between the two heights gives the height ertor, and the ray will be dr.wi in
the appropriate colot.

If the antenna height is at a breakpoint where Dmdh is positive beneath the point
and negative above, the program will calculate through an infinite number of maxishums and
minimums for sufliciently small initial launch angles, resulting in a complete halt of the
program. Also, because of the dot-matrix screen, some height increments may be too small
to be noticed in plotting, and what the program calculates as maxitiuins and minimuas
may look likg a straight line across the screen. Therefore, a restaiction on the initial launch
angles is made. Depending on the angular limits used, the program will 5ot allow traces of

*To avoid Dindh approaching zete, a value of 10s-6 was assigned to Dawdh if it fell in die segion ~10e-6
< Dadh < 10e-6.

H




rays launched within a certain angle above and below the horizontal. A single horizontal
ray trajectory is drawn for launch angles within this range and the next greater angle in the
launch angle array is selected upon completion of this ray path.

SAMPLE DISPLAYS

Figure 6 shows a height-finder radar altitude-error-display for an elevated duct.
Figure 7 shows two ray-trace displays, one for a standard atmosphere (black rays) and one
for the same elevated duct (red rays). Th« height difference calculated for a specific range
between the two sets of rays is shown. The middle ray, launched at zero radians, is refrac-
ted the most and thercfore produces the most error. This can also be seen in figure 6 where
the red arca (for the shortest range) is associated with rays launched near zero radians.

The program does not distinguish between height difference above or below the
standard. For instance, at a height of 10,000 feet and a range of 100 miles, one may get an
error of 1000 feet, which could be 1000 feet above the standard or 1000 feet below the
standard. As can be sten in figure 8, the ray at -10 mrad bends above the standard then
crosses over to bend below (rays in standard atmosphere are in black). Again, the middle
ray at zero radians gives the highest error. The ervor display is shown in figure 9. The
error display for the same profile using 200 rays is shown in figure 10. In displays such as
this, one can see rays increasing in height errar (as well as height and range), then starting to
decrease in error. Figure 8 shows why this is so.

Another example of this type of display is shown in figure 11 with the correspond-
ing ray trace shown in figure 12, In figure 11, the first ray is reflected and thevefore, not
traced. From the thind ray on, the rays bend toward the standard to produce a decrease in
height error. The “full” error display (using 200 rays) i shown in figure 13.

Alihough the error displays are meant to be used for surface height-finder radars,
figures 6 and 10 are displays for aitbeme height-finder radars and are shown only for
desnonstration purposes. '

4
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CONCLUSIONS

A height-finder radar altitude-error display has been developed on the HP9G00 —
500-series computer based on traditional ray-tracing concepts. This display shows altitude
error compared to a standard atmosphere using a color scale superimposed on a traditional
altitude-versus-range ray trace for arbitrary, piecewise, linear refractivity-versus-altitude
profiles, Since this effort only considered alternate displays of well-established ray-tracing
theory, no attempt was made to validate the accuracy of any of the resulting displays.

RECOMMENDATION

The altitude-error displays reported here should be incorporated into the coverage
diagram of the Integrated Refractive Effects Prediction System (IREPS).




APPENDIX A: COMPUTER PROGRAM LISTING

Al




Oct 0t 08:34 1986 /ta’/molly/starray.dr/errvar -- printed on Oct 01 1986 Page

1:¢c serssshsskssrs Variables used in Program s#ssssssnktsusbstcbdss
2:c
J:c dadh: 35 element array containing the gradients of the
4:c profile.
S:¢c erropt: Character string indicating if absolute (‘a‘ or 'A‘)
6:¢ or percent (‘p’ or 'P’) for color scale was chosen.
. T:e aber: Absolute error increment in meters.
8:¢c per: Percent error increment.
9:¢ fildes: File descriptor for starbase graphics routine.
. 10:¢c index: Integer indicating color to be used for plotting
11:¢ (t-7).
12:¢ nvfl: Logical Flag indicating when to move to the next
13:¢ height-range point for plotting onto hardcopy uwhen
14:¢ changing pen colors.
1S:¢ ht: Antenna height in meters.
16:c hmax: Muxiaum height for plot display in meters.
17:¢c TRAaX: Maximum range for plot display in kilometers.
18:¢ orh: 33 slement array containing heights of the original
19:¢ profile.
20:¢ ora: 33 element array containing m-units of the original
et:c profile.
ed:¢ h: 35 element array containing heights of the new
23:c profile.
24:¢ fm: Counter indicating what color is currently being used
g8:¢ for hardcopy plotting.
g6:¢c plot: Logical flag indicating 1f plotting onto hardcopy,
2T:¢ t¥-piot,F-don’t plot),
ag:¢ nane: Character string containing the data filenase to be
29:¢c read.
30:¢ nivl: Number of new levels after extrapolation to the
3¢ surface and waxisue hefght.
32:¢ f1vl: Number of levels in the originel profile.
33:¢ n: 33 slenent arcay containing ms-units of the new
e profile.
35:¢ ¢ Character string indicating {f 'AUTODUMP' (e set to on
36:¢ or off.
IT:c angle: Array containg initial elevation angles (300 maxinuam).
38:¢ hun: Character s#tring indicating what height units the
39:¢ profile was stored (n.
40:¢ reun: Charscter string indicating if refractivity values
41 :¢ vere stored in sa-unite or h-units.
a2:c fratime: Logical flag indicating firet height-range point
43:¢ calculated for nev ray.
44:¢c sor: Starting range for hardcopy piotting.
48:¢ soh: Srarting helght for hardtopy plotting.
46:¢ frey: Logical flag indicating first storage of height-range
47:¢ point for interpolaticon betueen color transitions.
. 48:¢ ipro_print: Integer indicating type of profile printout for
49:¢ hardcopy. 1-graph, Z-nuaber.
$0:¢ twice: Logical flag indicating if program has been run at
St:¢ least once.
s2:¢
£3: coamon/errvar/dacdh(35), erropt, aber,per, fildes, index,nvtl],
g4 *ht, heax,raaxr,.rinc,orh(33),0rm(33) , h(35),im,plot, name,
g5 nivi,ilvl,.e,f7,angle(300), hun, reun, fretine,sor,so0h, fret,
86 +ipro_print, tuice




Oct 01 08:34 1986 /ta/molly/starray.dr/errvar -- printed on Oct 01 19886 Page 2

57: integer=*4 fildes, index

£8: real mn(35)

59: charactersl ¢7

60: characters! erropt,hun,reun

6t: character*14 nane .

62: logical mvfl,plot,fretime,fret, logical,tuwice

A-d




Oct 01 08:20 1986 /ta/molly/starray.dr/hferr.f ~- printed on Oct 0t 1985 Page

t:e 30000t snnsnssessts PROCRAM HFERR 2953083003008 0eussdssits
2:¢c
3:c Purposa: This is the main program that will begin all procedures
4:c for ray tracing.
S:¢
. 6:¢c Glossary:
T:c opst Character string indicating if the ‘option’ or
8:c ‘backup’ key was hit.
9:¢ outst Character string variable.
. 10:¢ optn Real value of option number chosen by user.
t1:¢ ioptn Integer value of option number chosen by user.
12:¢ flag Logical flag indicating if the user has gone
13:¢c through the edit routine.
l4:¢ profile Array containing all data filenames.
18:¢c ifil Numsber of dats filenames in profile.
16:¢c rpick Real value of nuaber of environmental data file
1T:c chosen,
18:¢ iptck Integer value of number of environmental data file
i9:¢c chosen.
20:¢ rlovea  Lower elevation angle in mrad.
el ¢ upea Upper elevation angle in wrad.
:¢ rplot Nuaber of rays to be plotted.
a3:¢c irplot Integer value of numbe™ of rays to be plotted.
24:¢
85:¢ SLUOILENVOIRCINREECEBE0SRNONCLEESHENRELNNEROREOIVORIGRIVICENLS
£6:¢
2r: progres hferr
8a: tnelude 'Zusr/Zinglude/starbase . f1.h'
a9: include ‘Zusr/include/starbase. F2. W'

30: $INCLUDE ‘errvar’

3 charactersd fun
32: characrersB opat, kgt
33 characterel 4 profiletsSo)
34 character*ig dapfra
35: charsctersf0 dummy,outst
36: integeres4 statum
37 logizal flag,duct,us_Fflag
38: ireS
39: iueb
40: call kyinitiir, ivw, 18)
41 tuices false.
42: us_Fflag=. false,
43 ipro_printel

. 48:c
45:¢ eesescésss Clear alphanumerics screen and wurite options list. ssesss
45:¢c

. 4T: 10 call kyersor(0,d,-1)
48 write(iuw, ("t == Delote an environmental data file*)’)
49 writaliv, *(*2 -~ Add an environmental data File*)*)
50: uriteliuw,'(*3 ~=- Edit an environaents! data tile")")
S1: writelfiu, ("4 -- Altitude Ervor Display®)')
s2: if(tuice) uritei{iv, ("5 -- Display for same profile®)’)
el uriteliv,e)
€4 call kyenter("option nuaber (or ‘and’') *,0,1.,6.,-1.,0pth,opst)
5§: ift(opst.eq ‘backup’).or.lopst.eq. 'option’)) goto 10
56: write({jw,e)
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s7T: ioptn=nint(optn)

€8: if(ioptn.eq.4) twice= false.

59: if(option.eq.~1)opst='end’

60: if(lopst.eq.’'end’).or. (opst.eq. '‘END’)) then

61: goto 20

62: else

63: if(.not.twice) call renew

64: end if

65: 30 flag=.false.

66: if({ioptn.eq.1).or.{joptn.eg.2).or.(jioptn.eq.3)) then

81T call editlioptn,opst,flag,iw)

68: if(lopst.eq. ‘option’).or.(opst.eq. ‘backup’)) goto 10

69: end {f

70: if(flag) goto 10

71 if{ioptn.eq.5) then

72! us_flage, trye.

73 €all putin(rl,.ru,irplot,filvar, fun)

T4: goto 1S5

s end if

T6:¢

kA deksnvssdiens Ligt existing environmental data files. seesssssdrnne
Ta: ¢

79 call 1sfiles(’' prof’,.profile.ifil)

89. iftifil . eq.0) then

ay. urite{iv, ‘tat)Ichar(?)

8z call kystent(“s® No data files exist. PFPress 'RETURN' to create
81: * new File. ee® <] ‘et ° ¢ gutst,opst)

84 iftlopst.eq. ‘bDackup’ ). or. topet. . eq. ‘option')) goto 10

as- ioptneg

g5 goto 30

ar: end ¢

en: writeliv, e}

89.¢

$¢6-¢ sonvassrrres Begin writing proapt sfring' for user input. essvssass
9.

9@ 49 call kyenter{*nuaber of eavironaental dJata file ", 0.1 . realiifil),
93 *0.,rpick, opst)

4. ifilopst eq. 'backup').or . (opst.eq.  'option’)) goto 10

9s ipickmsnintirpick)

6 naaewsprofiletipick)

27 writeliv, o)

SR, 850 call kyenteri*maxisue height for display’,1,1.,%50000.,0.,.hmax,
°g. *opst)
100, iflopst . eq. 'backup’) goto 40

100, if{opst.¥q. ‘option’) goto 10
1902: writeliv,®)

t03: 60 cals kyenter{“mavimum range for display*,.2,80.,1000.,0. ,reax,
104 +0pst)

1905 iftopst . eq "backup') goto 80

1906. if{opst.eq. ‘option’) gotos 10
107 uriteliv,®)

108 10 call kyentert( antenna height®, 1,7 .,50000.,0.,ht,opet)
139 iftopst.eq. 'backup’') gote 690

110 ittopst . eq ‘oOption’)! goto 10

iy urjteliv, )

112 80 call kyentert(™louer elevation angle in erad*,0,-100.,100.,10V.,¢},
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113: +opst)

114: if{opst.eq. 'backup’) gote 70

1156: if(opst.eq.’option‘) gots 10

t16: write(iw,*)

117 90 call kyenter("uprmer elevation angle in mrag".0,-100.,100.,101.,ru,
. 118: +opst)

119: iflopst.eq. 'backup’) goto 8¢

i20: iflopst.eq. 'option’) gota 10

121 write(iw,*)

122: 100 call kyenter("number of rzys to be piotted",0,1.,300.,0.,rplot,

183: + opst)

124: iflopst.eq. ‘backup’) goto 90

12%: if(opet.eq. 'option’) goto 10

‘ 186 irplot=nintirplot)

127: writel(iw,*)

1288: 110 call kystent("A or P for absolute or percent error",0,‘A,a,P,p’,

129: +'a’,erropt,opst)

120: ir(opst.eq. 'backup’) goto 100

131 if(opst.eq.’option’) goteo 10

132: write(iw,*)

133: if((erropt.eq.’a’}) . or.(erropt.egq.'A’)) then

134: ta0 call kyenter(“number for urror increment®,1,1.,5000.,0.,aber,

135: +opst)

136: if(opst.eq. 'backup’) goto 110

137: iflopst.eq.'option’) goto 10

138: writeliw,*;

139: eise

140: 130 call kyenter(“percent errvor increment“,0,1.,80.,5.,per,0pst}

141: iflopet.e . 'backup’) goto 110

142: ifl(opst.eq.‘option’) goto 10

143: writeliw,s)

144: end if

145: call recddatipick,profile,hun,reun)

145: 1§ call kyread(7,¢7)

147:¢

145: 2 kxknkkxvat Call INITIAL to set up arrays and variables used in

149:¢ the ray tracing subroutines. ¥ sestasdis It sstsasssconssises
{50:¢
184 call initialtrl,ru,irplot,duct, forbid)
152:¢
183:¢c *knkskkkkn Call GRAPH to initialize graphics screen and draw axes
184:¢c for PlOotting. X Pu ke uskrdsbevdkrEsbabiuhenbeese st sesttevbtsssstee
18%:¢
. 156 call kyread(6,kgt)
187: ifttipro_print.eq.2).0r.(ipro_print.eq.1)) kgte’on’
158: {fi{kgt.eq. '0fFf’) then
. 159 plot= false.
160: else ({f(kgt.eq.‘on’) then
161 plot= true.
162: if{{ipro_print.ihe.1) . and.(ipro_print.ne.2)) then
163! call kyenter{"profile printout: 1 ~ graph ; 2 « nusbers",
164: + 0,1..2..,1.,pro_print,opst)
165! ipro_printanint(pyo_print)
166! end {f
187 end if

168: 25 call graph(rl,r.,irplot)
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169:
170:
171
172:
173:
174:
118
176:
177:
178:
179:
180:
131.
18g:
183:
164:
185:
186:
187:
188:
189:
190:
191:
192:
193:
194:
198:
196:
197

]

n

n

n

[

20

sbErkEt bkt eabkbrekt Start of main calculations. EkxkExkcEFEEskEs

call actapp(irplot,duct,forbid)
write(iw,*)

R RBR BT R R RR Ak kR Beqin dump . BRUBXURSBERRGERE R R U R REE

status=gclose(fildes)
tuwice=, true.
if{plot) goto 10
call kystent("Press ‘AJUYODUMP-ON' and ‘RETURN’ for hardcopy*,
+=1,'#',’ ', outst,oput}
if(opst.eq. 'option’) goto 10
call kyread(6,kgt)
{f({kgt.eq.'on’) then
call kyenteri"profile printout: 1 - graph ; 2 - nuabers”,
+ 0,1.,2.,1.,pro_print,opat]
iflopst.eq. ‘option') goto 10
ipro_print=nint(pro_print)
‘plot=s.true.
gato &5
2lee
g2to 10
end {f
continue
iftus_flag) call system('rs usin’)
call kyterm
end

A-§
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1:c skdsssesrrsrkbdnbcsrshks SUBROUTINE ACTAPP #%ss¥nsstbssbuskbthbshhy
e:¢c
3:c Purpose: This begins the main locp of the program. It checks for
4:¢c the transmitter height level and begins the ray-tracing
S:¢c subroutines.
. 6:¢
T:c Glossary:
8:¢
9:¢c duct Logical flag indicating if the transmitter height is
- 10:¢c at a break point.
ti:c irays Number of rays to be used in plotting.
12:¢
13: Iy Y R R Y Y I Y L d TS LTI
14:¢C
15 subroutin® actapp!(irays,duct, forbid)
16:$INCLUDE ’‘errvar’
17 logical duct
18:¢
19:c w#esetx Check what level the transaitter height is at. ssssskscsssss
e0:¢c
21: do ix=t,nlvl] .
z2a: iflih(ix). le.ht).and. (ht . le . h(jx+1))) goto 40
e3: end do
24: 40 continye
eS:¢
26:c eessssesrtsesnts BeQin Rain 100p. SESE LR RTLIHRCEBEIVRRINICSRINER R
gY:¢c
28: ime}
29: ifiplot) then
30: call seven(irays,duct,forbid, 1x)
3 else
32: call regulartiirays,duct,forbid,ix)
b 1B end 1f
34: return
38: end
I6:¢
IT:c sdsstsssenssceniscnne SUBROUTINE SYAND e tcessesessosssotsvosstes
38:¢
39:¢ Purpose: This toutine perforas a ray trace for a standard atmow-
40:¢ phere. It begine at the transmnitisr height and traces
4. ¢ to the specified range given by the current non-standard
q2:¢ atmosphere being used with the same initial elevation
43:¢ angle.
. 44:¢
45:c Clossary:
46:¢c hs Height traced 0 at range rp.
47:c hdif Difference {n helght between the ray traced in a stan-
' 48:¢ dard atmosphere and that traced in a non-standard atmos-
49:¢c phere at the same range.
S50:¢c
Bl ¢ 0.000.0ll‘..‘.“..000000..00'0000.0.0..Ott..'.t“i‘..Ct.tt.t..“.d
52:¢
53 subroutine stand(fixang.rp,hp)
B4:3INCLUDE ‘errvar’
56 rimpp
56: rbef=)

A9
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87: hbefuht

£8: alpha=sfixang

59:¢c

60:¢c shksxsexrsx Begin trace for down-going rays. *essksskssddtstnkbnkd
61:c

62: iftalpha.lt.0.) then

63: alphap=alpha+! . 18e-4srf

é4: if(alphap.ge.0.) then

65: ) alphaps=0.

66&: range=rbef-alpha’/tl . 18e-4

67: hsshbef-alphass2/2. 36e-7

68: alpha=alphap

69: hbef=hs

0 rbefsrange

T1: goto 10

TR: end {f

73: hs=hbef+(alphap*+2-alphas*+2)/2 .36e-7

Ta:c

78:¢ #s34%3s 'If the height is negative, then ray is reflected. sssisssns
76:¢

T7: if(he. . 1t.0.) then

78: alphap=-SQRT(alphas+2+42 Jbe~T¢(~hbef))
79: rangewrbef+{alphap~alphal)/l . 18e~4

8u: alphap=-alphap

81: alphamalphap

8g: rbefe=range

83: hbef=0.

84 goto 10

85: end (¢

86: goto 20

87: end if

68:¢

89:¢ sasedveceess  Begin trace for up=(oing rays. seeselessssdvisivesse
90:¢

91: 10 ifFtalpha.ge.0.) then

9a: alphap=alpha+!  18e-4e({rf-rhef)

93: hsehbefelalphapreZ-alphaee2}/2, 3607

94: eng {F

98: 20 continue

96 hdif=sABS(hp~he)

97:¢

98 . ¢ sosseessesner Calling routine to determine color according to error
99 ¢ increnent scale. CHA0IBBVEBENSVCPBESICIBPECSFINSCC DI NORNEOEYR
100:¢

101 rngn0,

102: hyt=g,

103:¢

104: call interpolthdif,rp,hp,rng,hyt, he)

108: frete false.

106: if(plot) then

107: call stepfixpleihdif, he,.rp,hp,rng,hyt)
108: else

109: call stepfixscrihdif hs,rp.hp,rng, hyt)
110: end {¢

1Y return

1a: end
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1:c wsssssesscksassssesss SUBROUTINE DOUN ssssvadsusssstsssirhebssbinyy
g:c
3:c Purpose: This routine performs a ray trace for down~-going rays.
4:¢C
S:¢c Glossary:
. 6:¢c
T:¢c rbef Range before calculation.
8:¢c rp Range after calculation.
9:¢ rinc Range increament.
. 10:¢c hbef Height before calculation,
t1:¢c hp Height after calculation.
jg:¢c ij Height level counter.
13:c alpha Angle before calculation.
14:¢ alphap Angle after calculation.
18:¢c
16:C SIILUBLSSRBUIRISSIEBEFBIBAERELEBIUILASSHSBEBBUSSISBIBBIS SIS SRV RSB R
17:c
18:$0PTION ONEYRIP
19: subroutine downtalpha,hbef,ij,rbef,rp,hp, fixang)
20: include ‘susr/include/starbase. fi . h’
a1 include 'Zusr/include/starbase.f2.h'
22:8INCLUDE ‘'errvar’
83:c
e4:¢ ssestsssseranse Begin loop to trace from trancmaitter height to the
e5:¢ first level or until a minimum has been reached. sedssssssssssvrsiess
26:¢
2T do whilel((ij.ge.1).and.(alpha.le.0.))
26: rperbefering
29 iflrp.ge.reax) goto 10
30: slphapealphasdudh(ijleirp-rbef)
3t:c
Z:e  vevassssetae [f the new angle calculated is positive then a minimum
33:¢ has been reached. ALPHAP is set t0 0. €0so0enessossvtsinrssescsese
J4:¢
35: fftalphap.ge.0.) then
36: alphap=§.
37. rpsrbef-alphasdudhii j)
38: hpehbef~slphass2/2 e~3/dadhtl )
39 end it
40 hpshbef+(alphapeel~alphaeed)} /2 e-3/dndh(§§)
a1 ifthp.1t.h(L}))} then
42: hpehii§)
43: ragualphass2ed p=3edadh(ij)isthp-hbdef)
. 44:¢
45:¢ sesesesenine If RAD iv negative then a ainisum haw been resached.
46:C ALPHAP i8S 80t TO 0. ¢00000003000480800009000800003000R835088¢800000
47: ¢ :
* 48 ifirad.le.0.) then
49! slphaps0.
50 rpsrbef-alpha/dedhiij)
£1: hpshbef-alphave2/2.e-37dndhii )
52 else
€3 alphape~-SQRT{rad)
54: rperbef+(alphap-alpha)/dadhti j)
55: end ¢
56: 1= j-1
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s7: and if

g8:¢c

E9:c s*sssxxu¥s Once a specific height and range have been calculated

€0:¢c subroutine STAND is called to calculate the height at the same range
61:c RP for a standard atmosphere. #23s335 34230224 B 8020 NeRRsnRes bRt
62:¢

63: ifirp.ge.rmax) goto 10

64: call stand(fixang,ep,hp)

65: rbefs=rp

66: hbef=hp

67: alpha=alphap

68: if(alpha.eq.0.) goto 10

69: end do

T70: if(ij.eq.0.) goto 30

M:c

T2:c sesktsstses Trace to exactly the maximum range. esssssssssstsssse
T3:¢

T4: 10 ifirp.ge.rmax) then

15 rpEraax

76: alphap=alphatdmdh(ijis(rp-rbef)

T7: hpzhbef+lalphapss2-alphass2)/2.e-3/dadh{ij)

78: call stand(fixang,rp,hp)

T9: end {f

80: 39 return

&1: end
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sensansassssssssands SUBROUTINE EDIT #4528 030ssttst it asisssss

This subroutine performs all the editing operations of the progran.

nNnnan

subroutine edit(ioptn,opst,flag,iw)
character+*8 opst,outst

character*i4 filena(S0),dunnane
characters80 dua

logical flag

flags.true.

- o ih o ait wdd it anh e aplh
GO O VTALMNN—=-OO@G~I0U &L~

i
:C shepssssnssass Specified files are deleted ov put into the vi
1c editor FOr @diting. PS40 REBRSITIARIERSISANNII L 2S804 4000
i€
: if((ioptn.eq.!).or.(ioptn.eq.3)) then

call 1sfiles(’ .prof’,filena,ifil)
if(ifil.eq.0) then
write(iw, ‘(al)')char(?)
call kystent("+«» No data files exist. Press 'RETURN’' to cr
3] +0atd new file. sve” -1, ,7¢’,* ' gytst,opst)
21: if((opst.eq. 'backup'’).or.(opst.eq. ‘'option’)) @oto 10
ee: ioptned
23: goto 20
24: end if
a5: uriteliv,s)
26 call kyentert“file number®,0,! . ,realtifil),0.,rnum,opst)
ar: 1ftiopat. eq. ‘option’) . or. (opst.eq. ‘backup’)) Qoto 10
a8: inusenint {rnue)
29: end {f
30: 20 ifCifil . 0Q.0) (filey
3¢
32:¢ seosevees For adding an environmental file the user is put into
33:¢ the vi 0ditOr. S008I 000003080000R0800830000000088008ERCROIRITSS
3Iv:c
38 {ftioptn.eq.2) then
36: call systemt‘cp .dprof dprof’)
3T call systemi{‘vi dprof‘)
38: openi{3,FILE="'dprot’)
39: read(y, ' (3(aB0/),880)*) (dum,i=, 4)
40: read(3, ' (at4)'} filenalitil)
41 close(d)
42: call systen(‘mv dprof .pref/'z/¢ilenatifil)//charid))
L B eloe iflioptn.eq.1) then
44 call systeal'ra .prof/Z '//¢ilenalinuel)//7charid))
45 elue
46: call systeal{’'vi .prof/'//tilenalinum)//char(0))
47: cpen(3 , FILEw' .profs ' //Filenatinum))
‘ 48 : read(3,'(3{ad07),a80) ) (dun, iet 4}
49 read(3,'(al4) ' )dumnane
80: : if(dusnaae . ne. filenalinum)) call systea(’av .prof/'//filena
51: * Linum)//' .protf/'//7duenase//char(?))
&2 : close())
£3: end (¢
54 10 return
55: ond
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st nsssssnnsusanssss SUBROUTINE INITIAL sxstsasstxissississss

1:¢c
2:c . .
3:c Purpose: This subroutine calculates all the necessary constants
4:c and arrays for use in actual ray trece calculations.
S:¢ '
6:c Clossary:
T:c rplot Real value of the number of rays to be plotted.
8:¢c irplot Integer value of the nuaber of rays to be plottod.
9:¢ forbid Angular region of unallowable ray traces.
10:¢c duct Flag indicating i{f the transmitter height is at
ti:¢c a breakpoint.
igd:¢ check Flag indicating if heax is equal to any of the
13:¢ heights in the profile.
14:¢ rl Lower elevation angle in mrad.
1S:¢ rfirst Lower elevation angle in rad.
16:¢ ru Upper elevation angle in arad.
17:¢ rlast Upper elevation angle in rad.
18:¢ aing Incremental angle value for alpha array.
19:¢ alpha Array containing all initial launch angles.
20:¢ ring Range increaent.
21:¢ raetperdot Meters per dot On screen.
2a:¢
2l:¢ R Y S T N N T L T L R R LT LI IR Y I T I Y
24: ¢ ’
a5: subroutine injtialirl,ru,irplot.,duct, forbid)
26: $INCLUDE ‘errvar’
et logical duct,check
g8:¢

29:¢ evasidveessves Convery lower and upper angles to radisns and store {n
30:¢c  an array {in incremental values corresponding to the number of rays ¢
31:¢ by Plotted. S42000040000000030 030030800008 080080400P80800R0SETIRETS

32:¢c

3 rétiruterle} ¢-3

34 rissteryel o-3

35 aincw(rlast~rfirst)/tirplot=-1 3}
36 angle{t)wrficrgt

17 do i=2,1rplot

38: angle(i)wangleli-1)saine
39: engd do

40. angle(irplot)mprlant

4y rincermax/S0.

<2 sor= 025eraax

43:¢

d44:¢c sesevseseeiree Convery heiQht and index array to seters and a-unfits
45:¢C if NECOESATY. 50840000008 B00EIICINICNRIOPINNIENIOOOOIRVEININSS

’b:¢c

47 do §i=t,ilvi

48: if{hun . eq.'F*) then
49: hijleorh(4)/73.28083%
50: elee

g hii)sorhti)

s2: end ¢

€3: iftreun.eq.’N’') then
54 alileorm(1)/76 3T
€S elge

£6: a(i)eore(i)
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§7: end if
58: end do
£9: nlvixilvl
60:¢
81:c s*xrdssratssex If the first height level is not 0. then an extrapola-
62:c¢ tion is done to find the m-unit value at the surface. *sssssstsssinsr
’ 63:¢c
64: if(h(1).ne.0.) then
6%: nlvi=malvl+t
. 66: surfeh(1)/(h(2)=h(1))sl{al(l)-n(2))
67: ainivl)=a(i)+surs
68: end if
69:¢
70:c 333383323 Each height level is checked to see if it matches the
71:¢ maximua height. If not, then the maximum height is included in the
72:c array and the m-unit value at that height is found. stssssssseiass
13:¢
74: checks false.
75: do imt,{ilvl
76 iFC(hii) . le. hmaxet . e=5S) . and.(h(i).ge.hmas=1.e-5)) check=. true.
T end do
T8: ifi{ . not.check) then
79: nlvisnlyv] e+l
80: hinlvl)shaax
gt: end {f
82:¢
83:c sessssvsssessrssr Thy arcay is SOPted. S00008000830008000000RRRROEY
84:¢c .
85: do 10 i=t,nlvl-1
86: do 20 j=i¢l,nlv]
2T ifthC)) . gt . h(l)) goto 20
a8: dumsh(i)
89: YEPLIAEE
90: hijIndun
9. dumasail)
92 aliiomij)
93: ol jleduan
94: 20 end do
95. 10 ond do
$6:¢c
97:c  sessssssese [ NHAX is between two height levels then the s-unit
98:¢c value s found a2t HHAX. 2206620000000 008000000003400¢0as00sssRRe
99:¢
100: i¢inaax he. hinlvl)} then
10t do jei,nlvl
102: 1IN ) . oq. Raax) then
103: ber=(h(jI=h{j~11)17C(n{Je1)=htj=1))e(m(joi)m{f=1))
. 104: w(jleatj=1)ebet
105: end ¢
106: end do
107:¢
tg:=c eesesss The gradient at each level is calculated and stored. sseses
1 : €
110: else
111 rinte(hinlvl)-h(nlvl=1))1/7I(Nntnlvi=t)=h(nlvi=-2))elatnivi-1)-
112 * ainlvi=2))
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113: ninlvilaa(nlvi=1)+rint

114: end if

118: do i=1,nlvl-t

116: dadh(i)s(ali+t)-a(i)}/7(N(i+1)=-Rh(i}))*! -3

17: if(ABS(dmdh{(i)) .1t te~5) dmdh(i)=1 e-6

118: end do

119: rmetperdot=rrax/3990.

120:¢

121:¢ Asssnusssnstre The transmitter height is checked to see if it is
122:¢ at a breakpoint., If 50, the unallowable angular range is
183:¢c Calculated. S0 4S PN ASBRERISBEBSRIRIRE RS HAER IS RLBIRSERRER R RS
124:¢

1856: forbid=0.

126: duct=.false.

127: do i=1,nlv}

128: (FE(h(i).le. . ht+1 . e~6) and.(h(i).ge.ht-1 e-6)) then
te9: iFlidmdgh(i=1).9t.0.) . and. (dmndh(1i).1t.0.)) forbid=
136: + SGRT(-2.e-3sdadh({i)svrastperdot)

131 end if

132: end do

133: if(forbid.ne.0.) duct=. true.

134: return

135: ong
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»

1:¢
2:¢c dangkshkrasrsskrdsss SUBROUTINE INTERPOL #3ddastisdrsisddvkissines
3:c
4:¢ Purpose: This subroutine checks if a transition from one color
S:c to the next has been reached.
. 6:c
71:¢ SRR ETL B PR R TR S ARSI E KRR AR RSB LR PR BN PR RS RN ek kR AR EE
8:¢ A
9: subroutine interpol{(dif_2,rng_2,hp_2,rng,hyt, hs_2)
i 10:$INCLUDE ‘errvar’
t1: save dif_1,rng_1,hp_1.hs_1
12: if(frst) then
13: dif_ti=dif_2
14: rng_l=rng_=2
1s8: hp_lshp_@
16: he_t=shs_2
17: goto 10
18: end if
19: if((erropt.eq.’a’) . .or.(erropt.eq.'A’)) then
20: §F(((dif_1.1e. aber) . and.(dif_2.gt . aber)) . or. ((dif_2.le.aber)
21: + .and. (d{f_1.gt.aber))) then
2e: call int(dif_1,dif_2,rng_t.rng_R,hp_1.hp_2,rng,hyt, aber)
23: else iFLL(dIf_1.1e.2.¢aber). and. (dif_R2.gt.2.¢aber)).or.
24: + ((dif_g.le.2.vaber) and.(dif_1.gt.2.%aber))) then
es: call int{dif_1,dif_2,rng_1.rng_2,hp_1,hp_2,rng,hyt,2. saber)
26: eleo 1F(C(dIF_1 1e.3.%aber) . and. (dif_2.9t.3.%aber)).or,
erT: \ ((dif_2.1e.3.vaber).and.(dif_1.gt.3,.¢aber))) then
28: call intl{dif_1,difF _2,rng t.rng_R,hp_1,hp_2.rng,nhyt. 3. saber)
29: elge if(((dif_1.1e.4 ¢aber). and. (dif_2.¢gt.4. eaber)).or,
30: + ((dif_2.1e.4. . vaber) . and. (dif_).gt 4. %aber))) then
31 call int(dif_1.,di¢_2,rng_t,rng 2, hp_t,hp_2,rng,hyt, 4. saber)
32 elee SFC{(dEF_1.1e.5 saber) . and. (dif_2.9t.5.%aber™)) .or.
33 + ((dif _2.1e . 5. ¢aber) . and. (dif_1.9¢.5 . «aber))) then
34: call inv(oif_1,dif_2,rng1.rng 2. hp_t,hp_2.,7ng,hyt,S. saber)
35: else {F(((dif_1.1e.6.%aber) and. (dif_2.9t.6.%aber)) or.
36 + ((dif_2.1e.6.%aber) and.(dif_1.gt . 6.%aber))) then
37 call inttdie_1,di¢_2,rng_t.rng 2, bp 1, 0hp 2, rng, hyt,6. eaber)
3e: end {f
39: sloe (f(lerropt.eq.'p').or. . (erropt.eq.'P')) then
40: iflths_Y.eq.0.).0r.(hs_2.0q.0.)) then
41 he_1=1,
4ag: he_2mt,
43: end (¢
44: perc_lu(dif_t/hs_11¢100.
45: perc_2u(dif_B/he_2)¢100.
46: iflitpere_ ). le.per) and. iperc_2.gt.per)) or, ((perc_2.1¢.per)
. 4T + .and. (perc_1.¢gt.per))) then
48: call int{perc_t.perc_2,rng_l,vrng_2,hp_1.hp 2,.7rng, hyt,per)
49: elge ifll(perc_1.1e.2.%per). and. (perc_2.¢gt.2.%per)) or.
50: ¢  (iperc_2.1e.2.per) . and.(perc_I.gt.2.eper))) then
g1: call intiperc_1,perc_2,rng_1,rng_2,hp_1.hp_2.rng,hyt,2. eper)
852! elue if(((perc_1.1e.3.eper).and. (pere_2.9t.3.eper}).or.
§3: M ((perc_2.l1e.3.¢per).and.(perc_1.9t.3.¢per))) then
S4: call int(perc_1,perc_2,rng_t!.rng_2,hp_1,hp_2,rng,hyt,3.sper)
£5: e¢lse if({(perc_t.le.4 . %per).and.(perc_2.9t.4.%per)) or.

({perc_2.1e.4. %per). and.(perc_i.gt.4.%per))) then

n
L
*
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€7: call inti(perc_t,perc_2,rng_1,rng_2,hp_1,hp_2,rng,hyt, 4. sper)
88: else ifl((perc_1.le.5.#%per).and. (perc_2.gt.5.%per)).or.

S9: + ((perc_2.le.5.%per) . .and.(perc_1.gt.S.¢per))) then

60: call inti{perc_t,perc_2,rng_1,rng_2,hp_1.,hp_2,rng,hyt,S5. . ¢per)
61: else if(({perc_1.le.6.%per). and. (perc_2.gt.6.¢per)). or.

62: + ((perc_2.1e.6.*per) . and. (perc_1.gt.6.3per))) then

63: call int(perc_1,perc_2,rng_1,rng_2,hp_1,hp_2,rng,hyt, 5. per)
84: end if

65: end if

66: dif_ti=dif_2

67: rng_lsrng_2

63: hp_ti=hp_2

69: hs_1=hs_2

70: 19 return

Tt end

72:¢

3:c seesenprrsssesssves SUBROQUTINE INT Seessrsssssstssssstsusisstnsss
T4:¢c

T5: ¢ Purpose: This subroutine interpclates the transition froa one
T6:¢ beight error increment (color) to the next.

T7:¢

18:¢ BERPIVSINSIEIEIINEBRIENBIP SIS HCI RPN NSNS IIN S EEECER RSB RN VBRSNS
79:¢c

80: subroutine int(dua_1,dum_2,rng_1,rng_2,hp_1,hp_2,rng,hy. . txdif)
81: rins{fxdif-dun_1)/(dua_g=-dup_t1)sirng 2-rng_1)

8a: rng=rng_l+rin

83: hinairng-rng_1)/7(rng_2-rng_1)e(hp_2~hp_1)

84: hyt=hp_tehin

8s: return

86: end
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1:e sxsss309% Suybroutine LSFILES produces a two=-column list, preceded
2:¢ by a number, of all data files stored in directory 'DIR'.

3:c The maxinus nuaber Of data Files 46. ISP LHSRNNEIL SIS B80S
4:c

S:¢ SERNBABIREBIN SN BBUBISRESSUIBBU SRS IS AENNSEN ARSI RS2 RI RS
6:¢c

T:c Clossary:

8:¢c ifsl Counter for nuaber of files in directory. Will be

9:¢ tero if no files in that directory.

10:¢ ire One-hal¥ of ifil to print out on screen a two-column
t1:¢c list of Filenames

12:¢ namne 46 element arvay ~ stores filenames

13:¢c

14:¢ SRR EINSEESEELES VIR USEOEEIOOLIEENEEEFISHESIEPRE IS OEEUEEEESEESESS
1S:¢c

16: subroutine lsfiles(dir,name,ifil)

17: charactere 14 name(46)

18: charactareis) dir

19: call system(’ls ‘//dir//'20datafiles’'//char(0))
20: openi! ,FILEn'fdatafilesd’)
a1 ifi1=0
8 do jwt, 46
23: readtl, ‘tata)’ ENDs1Q ) nanel )
24 ffilmifflet
as: end do
26: 10 continue

ar: close()

28: fresnint(i€i)/72.)

29: do Je1,ire

390: PP modl1€4)1,2) ne. 0. and . (§.eq.ire)}) then

30 writel6,’ (i2,3x,8143°) ), nanel )

32: ¢lse

s writels, ' (32,3¢,814,10x,382,3x, 2142 ) ), nanel ), jeire,

34 * nasel jeire) :
35 end §¢
6. end do
3t call systeal‘'re pdatafilesd’)
38: return
39 end
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1:¢
2:¢ stasesenssitsssusennsss SUBROUTINE PUTIN #84830080808888808088808
l:c
4:¢c Purpose: This subroutine puts in all user information into a file
S:c for later retrieval. This allows the user to run a
6:¢c second display for the same profile (with minor
T:ic changes if so desired) without going
8:¢c through each prompt again.
9: ¢
10:¢ SRARVESSESIESIINLRE 2R PRAPESSOS RIS SIEEECEBIRBESVSEISSRINRSS
11:¢
12: subroutine putin(rl,ru,irplot,filvar, fun)
13: include ’'errvaer’
14: characterel fun
158: open(2.FILE='usin")
16: if(terropt . eq.'a’).or. lerropt.eq.‘A’)) then
17: filvar=ader
18: else
19: filvarwper
20: eng {f
21 call kyread(7,fun)
ae urite(d, ' (2Sx,%es USER INPUT PARANETERS se*) ')
83: H“i"la).,
24 write(d,'(5x,"You are now in ‘'vi''. 1f there are any changes‘,
es +* desired use ‘‘vi’’ commandat)’)
26 urite(d,'(Sx,"for editing. Exit by typing ‘*2Z2''.%)')
et uritel2, o)
24: urite(2,e)
29! 16(fun.eq."fps° )} then
30: urite(2, "{1F7.0,10x,"; Naxisum height for display in Ffees*)')
I * haaxe3 2080839
32 writel2, ' (fa4.0,13x,"%| Razxiaum range for display in ne")’)
33 . reax/1 985318
34 uritel2,'166.0,11x, "} Antenna helight in Feet™)'Ihtel 280839
3s else :
36: uritel(2, (F7.0,10%,%] Havimua height ¢fcr display in meters®) )
37 . hagy
38 urited{2, ' {f4.0,13x,"] Naxisum range For display in ke*)’')
39, * raar
40: writel2, ' (f6.0,132, " Antenns height in meters®)’Iht
4) end |f
42 uritel(2, “(F% . 0,12¢, "] Lover slevation angle (wrad)®i’ir]
4. urite(d,'(f5.0,18x,*| Upper elevation angle (arad)*)‘iru
44 writel2, (i4,13x%,%} Number Of rays tc be plotted {(integer)®})")
45: *ivrplot :
46 uritetd, ta¥,i6x,%] A or P -~ Abaoluts or Percent error”)‘'lerropt
4T urite(@,°(i1,16%,*} 1 - graph ; 2 - nusbers : for profile printout
48: ¢ linteger)®) ' )ipro_print
49 . urite(2,®)
$0: uritel2, (10x,"se® Fill in only the line that applies ses")*)
St: vuritel,.s)
se: ift(oerropt.¢q.‘a’').or. etropt.e€g.*'A’)) then
83: ift(fun. eq. ' fps’) then
Sa: urite(2,'(f5.¢,12x,*] Error incresment in feet®)’)
5% - filvare3 280839
56 else
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57:
58&:
£9:
60:
61:
6:
€3:
64:
6% :

110:

annNnnNnnnnNnnNnnn

write(2,(f5.0,12%x,"}{ Error increment in meters“)‘)}filvar
end if
write(2, ‘(17x,"|{ Percent error increment“)’)
else if((erropt.eq.’p‘l.or.(erropt.eq.’F’)) then
write(2, '(17x,"| Error increment")’)
write(g,’(f3.0,14x,"] Percent error increment")’)filvar
end if
close(2)
call rdffl(rl,ru,irplot,filvar,fun)
return
end

RkkRkRRkkvhkkrrkkkkheks SUBROUTINE RDFFL #kdskssahkebkhrskakennky

Furpose: This subroutine reads all user input parameters from 4
file.

ok koo kR R Rk R Rk Bk Gk Rk Rk R h Rk kAR SRR SRR AR FE kSN

subroutine rdffl{rl,ru,irplot,fiivar,fun)
include ‘errvvar’
character*3 fun
character*80 dum
call system(’'vi usin’)
open(2.FILE = ‘usgin’)
read(2,'(5(a80/),aBd) ') (dum,i=1,6)
read(2,'C(f7.0/7),(f4.0/7),f6.0) ' Yhmax,rmax,ht
read(&,'(28(f5.0/),114/),(at/),i1))irY,ru,.irplot,erropt,
+ipro_pring
if{fun.eq.’'fps’lthen
hmax=hmax/3.280839
rmax=rmax*! 85318
ht=ht/3.280839
end if
read(2 ‘(2(ad0/),a80)')(dum,i=1.3)
if((erropt.eq.’a’).or.{erropt.eq.'A’)} then
read(e, '(f5.0))filvar
aber=filvar
if(fun.eq.'fpu’') aber=maber/3.280839
else if((erropt.eq.’'p’') . or.(erropt.eq.'P’'})) then
read(®, '({a80/),f5.0) " Ydum,filvar
per=filvar
end {f
close(R)
do §=1,38
hijlw0,
n(jimg,
dmdh(j)=0.
end do
do j=1,300
angle(j)mg,
end do
return
end
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t:c sexskxdvdurnrxstrxssss SUBROUTINE READDA st xeskvmbkdrskkdphkd ki hdlkiy
2:c .
3:c Purpose: Subroutine READDA reads environmental data from data
4:c files the user specifies. '
S:ic
6:¢c Glogsary:
T:c
8:c profile Character array containing environmental data
9:c filenanes.
10:¢c ipick Counter for “profile® array indicating number
Y1:c of environwental data file.
12:c .
13:C SRR L NS RAR e SRR IRR N A RS E N SR SR B R RRBE S S AR AR SRR SRR AR SRR AN b
14:¢
15: subroutine readda(ipick.profxle}-
16:$INCLUDE ‘errvar’
17: characterxiq profilo(SO)
18: character*850 dum
19:¢ - - . :
20:¢c seerbkesebskdvatee Open data file; read data Chsssbsdussrrsb et
2i:c '
28: open(i0,FILE="* prof/'//profilelipick)}
23: read (10, (3(a897),.480) " Y{dum,ist,4) _
24: read{10, '((atd/),{at/7),at)’ Jprofilotipiek),hu& reun
g5 read{!0,’(4(a80/),a80) ) (dun, i=t,5)
e6: tlvi=sg
27:¢
BB:¢ *esususuresrttivsser ReaAd H aNd M 4PPAYS. GEEINOS0ERNSELIRIVEEIEERES
29:¢ o
30: do {=1,33
I x@troun £qQ.'H*) then
3g: reagilo, ‘¢(Ff7.1,5x,¢58. 1)‘,ENDﬂ10)0#h(i};orlliJ
33 elee
34: read{i0, ' (€7.1,18x,¢%. l)‘.ENDaiﬁlo h(i},evaii)
35 end §F
36 flvlejlvie
37 end do
38 10 continue
39 closetid)
40: return
41: end
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GO~NOU S WD

—
o
'.55;\.566000“”00?0‘100“00

sEsheRsaskrkssnshnnnnands SUBROUTINE REGULAR #absabhsnsbhddhsbddinsd

Purpose: This begins the main calculations of the program. It
dces not allow rays to be traced within an angular limit
if the transmitter height is at a break point.

Glossary:

duct Logical flag indicating if the transmitter height is
at a break point.

irplot Number of rays to be plotted.

alpha Beginning angle.

fixang Initial elevation angle currently being used.

ij Counter.
hbef Beginning height.
rbef Beginning range.

forbid Rays are¢ net traced in this angular range.

Xy I R R R E R R R R R R R Y E Y R R R R RS 22 S22 2R 22 2 2

subroutine cegulartirays,duct,forbid,ix)
include ‘/usr/include/starbase.f2.h’
include '/Zusr/include/starbase.fl.h’

24:¢INCLUDE 'errvar'

£6:¢
e7:¢
g8:¢

logical duct

sesdsvseensessrs Bogin main loop. ¢Evsassess sttt Ut IsIBsRRisBbBENS

do ik=ni,irays
frst= true,
if(plot)frstimem. tryue.
iflim ne.1) then
nvflu false.
else
if(plot) then
nvfls true.
else
§FLFT . 0q. ' fps’) then
call moveddi(filides, 0. heel 280839}
else
call movel2d(¢tildes, 0., ,ht)
end (¢
end if
end {¢

Ssesvesssscenne Initialize variables for ray tracing. esesscessssscses

if(plot) call start(ik,ix)
alphseanglelik)
fixangwangle(ik)

ijeix

hbef=ht

rbefs(.

®8ssssesess Check i¥ transmitter is at a breakpoint. 1f so, skip
angles within forbidden TANQE. S080CSEBISEIIBIICI0ROEEOINEIOREESS
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57:¢

s8: " if(duct) then

§9: if{ABS(alpha).le.forbid) then

60: ) rpErmax

61: ) . .call line_color_index{fildes,1)

62: : if(f7.¢q. 'fps’) then

83: call drau2d(fildes,vrp®.5396117,ht+3.280839)

64: else

68: : call draw&d(fiid@s.rp,ht)

86: end if :

67: goto 50

68: end if

69: end if

To:¢c . . .

Tl:ic  #xsxrussarz If initial elevation engle is negative then call routine
T8:c for down-going rays, If it is positive, then call routine for up-
73:¢c going rays. If it is 0 then call routrine to check on the value of
74:¢c the gradient. **&ssstdhki kiR EEBVIRIERELABEPURTUIESLEREEEOEBESS
T8:c . :

76: 30 if{alpha.eq.0.) then :

17 - call zercf{alpha.hbef,ij,rbef,rp,hp,fixang)

75 else ifl(alpha.gt. 0.} then

79: call uplalpha.hbef, !j.rbof rp;hp.ii:ang)

80: else

a1: - call downtalpha hbef, if, rbe?;rﬁahp.fixnng)

Ba: end if -

a3: ifthp.eq. k(1)) goto 50

84: if(C(rp.1t.roax) . andg. thp it. hn&x)t goto 30

‘88: B0 continue

86: end do

87: return

88: _end

8%:¢ , . , o .

90:¢ mnotngtcusxttnauit-é-o-efSU?ROUTINE SEVEN sssdusesosevesesssnsone
91:¢ :

92:¢ Purpose: Thx! routing’ perrorul the rvay~tracing procedure 7 times
¥3:¢ ] - tonce for eath color) for ease Sn plotting onto the
94:¢ graphics. plottcr‘

95:¢ : A

96:¢ ‘ttttthao&t&"tttc.aﬂctootmuctwittttttti#‘OOCOOO‘*OOO‘QOO‘OOOO#“
9%7:¢ :

98 : subroutine tnven(irayﬂ.dutt forbld.ixi

99 : $INCLUDE 'errvar’

100: - logical duct

V01 do lawi 7

102 nvfl- trus,

103: call rocularttray-.duct forbid,iun)
104: end do -

105: return

106: ond
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1:Cc sesrspnsssnriderssss SUBROUTINE STEPFIXSCR #%ssnsvssssssshbkshdntk
2:¢c :
3:c Purpose: STEPFIXSCR defines the color scale for plotting height
4:c and range onto the scrcen in the correct calor.
S:c
. 6:¢ Glossary:
T:c ,
8:¢ percerr Percentage error between height of non-standard
9:¢ atmosphere ray and height of standard atmosphere
' 10:¢ ray.
11:¢ ™o Interpolated range betwesen color transitions.
12:c hyt Interpolated height between color transitions.
13:¢
14:C SRS PRUAESRSIRRIRSREBERAEERRAERICRAUBESURUESEERARUESEESIR LU LSRR &S
15:¢
16: subroutine stepfixscr(hdif,hs,rp,hp,rng,hyt)
17: include ‘/usr/include/starbase.fi. h’
18: include ‘/usr/includesstarbase.f2. h'
19:$INCLUDE ‘'errvar’
20: if(eng.ne.0.) then
et 1f(fT.eq. ' Fps’') then
ee: call drawld(fildes,rng/1.85318,hyts3 . 280839)
a3: else
24: call draw@d(fildes,rng,hyt)
as: end §Ff
26: end {f
2t:¢c
28:c ssesersseess Dofine color scale for absolute height error. sesseesss
2%:¢
30: if(lerropr.eq.'a') . or.(erropt.eq.'A')) then
31 {fihdi¥f.le aber) then
32: call line_color_{ndex(fi{ldes,t}
LR R else 1f{{hdif.gt.aber) . and (hdif.)le . 2.%aber)) then
34: call line_color_index(fildes,3)
15 else LF((NdLF . gt 2. 0gber) and. (hdif. e .3 saber)) then
36 cell line_color_index(fildes,4)
37: elee SFUINGIF 0t . 3. eaber) and . (hdif. le . 4. 2aber)) then
38: call line_color_index(fildes,S)
9. elee LFLINDLIF Qv . 4. %aber) and (hdif le. 5. eaber)) then
40: call line_tolor_index(fildes,é}
41 elee LFL(NALIF gt .5 saber) . and . (hdif.le.6.caber)) then
a2 call line_color_{index(fildes,?)
43: eleq iF(hdif.gt.6.caber) then
* 44 call line_color_index(fi{ldes,2)
£5: end ¢
46:c¢c
. i;rc ¢ev0ssveses Define color scale for percentage height error. ssesssss
48:¢
49: ¢lse iftiorropt.eq.'p’').or. (erropt.eq.'f')) then
50: ifthe . eq.1.) then
51 percerve200.
52: else
§1: percerra(hdif/he)el00.
S4: eng ¢
§5: ifipercerr.le . per) then
56: call line_color_index(fildes,1)
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87: else if((percerr.gt.per).and. (percerr.le.2.5per)) then
£8: call line_color_index{(fildes,3)

59: else if((percerr.gt.2.%per).and.(percerr.le.3.2per)) then
60: call line_color_index{(fildes,4)

61: else if((percerr.gt. 3 . sper).and. (percerr.le. 4 %per)) then
62: call line_color_index(fildes,S)

63: else if((percerr.gt.4.%per).angd. (percerr.le.5 «per)) then
64: call line_cuvleor_index(fildes,6)

65: else if((percerr.gt.S. %per).and. (percerr.le.5.%per)) then
66: call line_color_index{(fildes,7)

67: else if(percerr.gt.6.5por) then

68: call line_color_index(fildes,2)

69: end {f

70: end if

T1: if(f7.eq.'fps’') then

T2: call draw2d(fildec,rp/1.85318,hpe3 . 280839)

T3: else

T4: call draw2d(fildes,rp,hp)

15 end if

T6: return .

7T end

78:¢c

T9:¢ ssssvnpsspevtnstndesd SUBROUTINE RENEW snevsvenesnnsssisasssssare
80:¢ .

8t1:¢ Purpose: RENEV re~initializes arrays used in ray tracing.
82:¢c

83:¢ CESUNPNBSEININSPESEETABRIRPSNSERASIBIIUICEIOBUSS ISR PN IR O800I0D
84:¢c

85: subroutine renew

BE:$INCLUDE 'errvar’

8t dgo §=1,35

B8 dndh(§)w0,

ay: hijrm0,

90: nijIm,

21. end do

92: do j=1,33

o3 orh jlmd.

54, orml jlad,

9s: end do

965 o j-l,300

97! angleljimg,

98: end do '

99: return
100: ond
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1:C S8838383330333088338888843 SUBROUTINE UP #8500 558005030utsssndngsiss
2:¢c '
3:c Purpose: Thias subroutine performs a2 ray trace for up-going rays.
4:¢
B:C S34332822BEESIRHIRRLREBIRBBRBSR SRR ERRIRSUIRAISRABERRAEBIUBNES SR
6:c
T: subroutine up(alpha,hbef,ij.rbef,rp,hp,fixang)
8: include ‘'/usr/include/starbase.fi h'
9: include ‘/usr/include/starbase.f2.h’
10:8$INCLUDE ‘errvar’
11:¢
12:c eseesressss Begin &t transmitter height and calculate urtil the ray
13:¢ reaches 2 saxinum OF maximun height. 4343250388328 040 03RS0
14:¢
15 do while(tij.lt.nlvl).and.(alpha.ge.0.))
16: rpurbef+rinc
17: if{rp.ge.rmax) goto 20
18: alphap=alphavdadh(ij)s(rp-rbef)
19:¢
80:c sessvesne If the ray reaches & maximum then sey ALPHAP to 0. and
21:c calculate height and range. Call DOUN. swssesessesssevnssssnssss
eg:¢ )
e3: if{alphap.le.0.) then
24: alphap=g.
as: rparbef-alphasdadhiij)
26: hpahbef~alphaeed/2. e~3/dadh( i j)
aT: end §f
28: hpehbef+(alphapee-alphaes) /2 e=3/dachiij)
a%: $ELNp.Qt hiije1)) then
30: hpeh(fjel)
In: radualphaeseZes . e~Jedndhii jlel{hp=hhel)
32:¢
33:¢c sessessee 1f the ray reaches & maximum ihen set ALPHAP to 0. and
34:c calcuiate height and range. Call DOUN, 2¢scecsscssesossscinsenss
I8¢
36: ifirad.le.0.}) then
3T alphape0 _
38: rperbef-alphasdedh(ij)
319: hpshbef-alphaeed/2 o=3/¢azdh(4})
40: elne
4 alphapeSORT(rad)
42 rp-rbofwtalphap¢alpnaazd-dh(i;)
43: end {f¢ .
a4 fjwijen
4. end if
46 ft({rp.ge.raax) . or. (hp oe. ﬁnan)) goto 10
47 ¢
48:¢  ecsvesvese Call GTAND to deteraine height of ray for standard
49.c STROCHhITE 2t BANE TAN)E. S0CUSSIT09008040000000000000R00009
80:¢
S1: call stand(fixang,r; h3
sz hbefehp
5: rbeferp
S4: alphawalphap
58 iftalpha.2q.0.) goto 10
56: eng do
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S7: 10  if(ij.eq.nlvl) ij=nlvl-1

£8:¢

S9:c sssssdsrass If ray is calculated past the maximum height, then set
60:c HP equal to HMAX and calculate range at exactly the maximum height.
61:¢

62: if(hp.ge. haax) then

63: hp=hmax

64: alphap=SQRT(alphass2Z + 2 e-3edadh(ijls(hp=hbef))

65: rperbef+{alphap-alpha)/dadh(ij)

66: if(rp.ge.reax) goto 20

67: call stand(fixang,rp,hp)

68: end {f

69:¢c

70:¢ sskssssrer If ray reaches beyond maximum range then calculate height
Ti:¢c at exacCtly MAXimuUR TaNQe. ISFILLNIIEICEBIEHSIRSINSRINSINBIVISIBIER
T2:¢

T3: 20 if(rp.ge.rmax) then

T4: TPErAAX

75! alphap=alpha+dmdh(ij)e(rp-rbef)

T6: hp=hbef+(alphapeed-alphased) /2 e~3/dadh(ij)

1T call stand(fixang,rp, hp)

78: end if

79: return

80: end
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1:¢ wsussnsrnnsenssonesssss SUBROUTINE ZERQ S6sxsaSestssntesrekbpbbstntss
e:c

3:c Purpose: This subroutine determines which subroutine will be

4:¢c called when a ray reaches a maximum or mininum. If

S:¢ a ray reaches a maximum, then depending on the value
6:c of the gradient, DOWUN is called. Likewise, if a ray

s T:c reaches a einiaua, UP ig called.

8:c

9:C SUSEEFLEESSIEEISASE LA SESREEELENEL IS SSRISERS LIS S RS LSELHRRSRE BB RS S
10:¢
1: subroutine zero(alpha,hbef,ij,rbef,rp,hp,fixang)

12: $INCLUDE ‘errvar’

13: if(dmdh(ij).1t.0.) then

14: call down(alpha,hbef,.ij.rbef,rp. . hp,fixang)

15! else

16: call uplalpha,hbef,ij,rbef,rp,hp,Fixang)

17: end if

18: return

19: end
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