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HF PROPAGATION MODELS

ICEPAC - Ionospheric Communications Enhanced
Profile Analysis & Circuit prediction

program

VOACAP - Voice Of America Coverage Analysis
Program

REC533 - Recommendation ITU-R P.533-6



ICEPAC

IONCAP - IONospheric Communications
Analysis and Prediction program (1983)

ICED - Ionospheric Conductivity and

Electron Density profile model -Tascione
(1987)

sub-auroral trough
auroral zone
polar cap

Use Kp to model solar storms



VOACAP

1985 - VOA adopts IONCAP as model to be
used for broadcast station design

NRL - modifies IONCAP into VOACAP
1993 - VOACAP released

1993 - NTIA/ITS add DOS GUI interface
1996 - Windows 3.x 16-bit version

1997 - Windows-NT 32-bit version

Present - 04.0324W - Windows-
XP/2000/NT/95/98




REC533

Recommendation ITU-R P.533-6
First released - July 1993
International HF Coordination



USERS OF THE SOFTWARE

HF Broadcasters (VOA, BBC, ITU, HFCC)
Military

Defense contractors

Airline communications

HAMs



VOACAP Quick Guide

by Jari Perkidmild, OHGBEG

High-Frequency Ionospheric Communications Analysis and Prediction

Tpdated: 1 January 2004

Thiz iz a brief, a work in progress, guide to using VOACATD - g free professional HE prediction program from WTTATTS, orginally developed
for Voice of America (VOA), This guide sheuld get vou well started with VOACAT. A moere comprehensive discussion about the finer details

of using the software can be found in George Lane's recently-published bool: Signal-to-Ioize Predictions Teing VOACAT A TTzer's Guide
iFockwell Colling),

NTIA/ITS 13 April 2004




What SunSpot Number indices should be used.

NOAA has changed how they put out the lonospheric indices that are used in the NTIA/ITS HF Propagation Models.
This will try to explain what indices to use.

*The SunSpot Number (SSN) used by these HF prediction programs should be what is called R12 - the
Smoothed SunSpot Number.
*NGDC used to have it linked in this table.
*That was last updated May 15, 1999.
*George Lane says to use:
ftp://ftp.ngdc.noaa.qov/STP/SOLAR DATA/SUNSPOT NUMBERS/sunspot.predict for compatibility
with VOACAP.
*SEC also maintains SunSpot data with slightly different numbers under Solar Cycle Progression.
For past values, you must use the Recent Solar Indices table.
*The proper column in this table is Smoothed RI
For predicted values, you must use the Predicted Indices table.
*The proper column in this table is SunSpot Number Predicted
*You will notice that the Predicted table is about 6 months behind the current date. That is
because it takes that long for the smoothed SunSpot Number to become permanent.
+| questioned someone at SEC as to what was the difference between SEC's and NGDC's sunspot
predictions, and here is his response.
*Note: We cannot control the content nor accessibility of the NOAA web pages.



http://www.ngdc.noaa.gov/stp/IONO/sunspot.html
http://www.ngdc.noaa.gov/stp/IONO/sunspot.html
http://www.ngdc.noaa.gov/stp/IONO/sunspot.html
http://www.ngdc.noaa.gov/stp/IONO/sunspot.html
http://www.ngdc.noaa.gov/stp/IONO/sunspot.html
http://www.ngdc.noaa.gov/stp/IONO/sunspot.html
http://www.ngdc.noaa.gov/stp/IONO/sunspot.html
http://www.ngdc.noaa.gov/stp/IONO/sunspot.html
http://www.ngdc.noaa.gov/stp/IONO/sunspot.html
ftp://ftp.ngdc.noaa.gov/STP/IONOSPHERE/INDICES/indices.txt
ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/SUNSPOT_NUMBERS/sunspot.predict
http://www.sec.noaa.gov/SolarCycle/
http://www.sec.noaa.gov/ftpdir/weekly/RecentIndices.txt
http://www.sec.noaa.gov/ftpdir/weekly/Predict.txt
http://elbert.its.bldrdoc.gov/pc_hf/sec.txt

POINT-TO-POINT DATA INPUT

i ICEPALC Point-to-Point data input

File Bun iew

=101 |

Save to:r  Help

tethad

Transmitter

Eeceiver

Path

EregihHz)

System

Eprab

Tx Antenna

Eux Antenna

120 = Complete system perdarmance (CSF)

Cosfiicients || g 5 (Australian)

19495
Mto2dby 1hours  UT

Month.Day= 6&.00
aoN = 100
Qindex = 0.000

44.23H  7B.5H0IW KINGSTON

J6.835 174.78E ALIKLAND
14123km  762ZEnmi

Short Diztances: g776mi  Azimmth: Z51.7deg

6,075 7.200 9.700 11.850 13.700 15.350 17,725 21.650 25.885

Noise Min Angle Fedq.Fel. ERedg SNE Multi Tol HMulti Del
145 (-dEw) 0.10deg S0% 73dE 3 .00dE 0. 1l0m=ec
1.00%foE l1.00*foF1 1.00%foF2 0.70*foEs

MainBeasmm FPower kU
0.0 5Oo0.0ooo

# Min Max Design Directoryh\Filename.sfx Model
1 2 30 0.000 DEFAULT %COM3ST17.VOA 2-D Table

DEFAULT %\ 3WWHIP.VOL O0.0deg 0.00dE

Input Help:




IONOSPHERIC COEFFICIENTS

CCIR/Oslo
URSI88/Australian
Daily foF2 — interpolated URSI88



ICEPAC - EFFECTIVE SSN

Specify foF2 values to calculate Effective 55N

Calculate

EER | R | R
EEI | R | R

EER | SR | R
EER | IR | R




PoINT-TO-POINT OUTPUT

i Scrollw:C:L ITSHFBC RUMLWICEPACK.ouk 2311 bytes - |I:I|i|
Eile Edik
ﬂ URSI Coefficients METHOD 28 ICEPAC Version 8483244 PAGE 1
JUH 1995 SSH = 1808, Qeff= 0.8 Minimum Angle B8.18 deg
TAHGIER, Horocco BELGRADE AZIMUTHS H. HI. KH
35_.88 H .98 W - 44 98 H 28.58 E L¥. W1 254 73 1317 .9 2nh8.5
SMTR  2-38 2-D Table [DEFAULTACOHSTA7Z.VOA ]| Az= 8.8 0FFaz= 57.4 50840.000KW
RCUR 2-38 2-D Table [DEFAULTAYSWWHIP _.UOA ] AZz= 8.8 OFFaz=254.7
3 MHZ HOIXE = —145_.8 DBW REQ. REL = .98 REQ). 5HR = 73.8 DB
MULTIPATH POWER TOLERAHCE = 3.8 DB MULTIPATH DELAY TOLERAHCE = @8.188 HS
1.8 17.F 6.1 7.2 9.7 1.9 13. 7 15.4 17.7 21.6 25.9 8.8 0.8 FREQ
1F2 1F2 1F2 1F2 11F2 A1F2 1F2 1F2 1F2 A1F2 - -  HMODE
1M1 7.6 7.9 8.5 91 9.7 18.5 141 141 141 - — AHGLE
8.9 B5 8.5 8.6 B8.6 8B8.60 B.7 8#.9 8B.9 8.0 - - DELAY
45 292 2907 312 326 341 368 458 450 4@ - - U HITE
8.0 1.60 1.88 1.08 8.97 .91 .78 .49 .05 A.0A - - HMUFday
127 122 128 118 118 119 128 12¥ 155 249 - - LOSsS
63 62 65 68 69 60 69 63 37 -1ob - - DBU
-¥FA8 -62 -61 -68 -61 -62 -63 -7 -98 -152 - - 5 DBW
-166 149 -152 -158 -161 -163 —-164 -166 -169 171 - - H DBW
96 87 o1 o7 99 1841 1M Q6 1 18 - - 3SHR
3 -5 -0 -13 -14 -14 -11 3 29 81 - -  RPUWRG
A.8B7 B_.98 A.99 1.88 1.88 .99 A_98 A.87 .46 BA.0A - - REL
8.80 .92 9.95 0.08 0.00 0.00 .88 0.90 A.08 A.0A - - HPROB
a.h6 B.57 A.67 .75 A.F6 A.Fh .67 A 46 B.20 A1 - - 3 PHRB
25.8 2.6 B.2 6.5 F.6 18.3 14.8 25.0 25.8 25.8 - - SIG LW
1.8 8.9 ¥.6 6.6 6.1 5.9 a6.5 11.1 25.8 25.8 - - SIG UP
26.8 8B.5 9.4 11.2 12.1 14.8 17.8 26.8 26_.8 26.8 - — SHR LW
12.5 184.3 2.8 8.1 8.1 8.2 8.7 12.6 25.7 25.7 - - SHR UP
17.817.017. 0178 17. 8 17_ 8178 17.0 17.8 17.8 - - TGAIHN
- -2.1 1.9 1.§ 1.6 1.4 1.2 -8.5 -8.5 -8.5 - - RGAIH
A 78 82 86 B7 87 84 e Iy -8 - - SHR=x
-48 -32 -31 -38 -31 -32 -33 -48 -68 -122 - - DBH

1 [




Frequency (MHz)

POINT-TO-POINT GRAPH

JUN 1995 SEN = 100. Qeff= 0.0 Minimum Angle 0.10 deg
TANGIER, Morocco BELGRADE AZTMUTHS M. MI. KM
35.80 N 5.90 W - 44.90 N 20.50 E 57.41 254.73 1317.9 2440.5
XMTER  2-30 2-D Table [DEFAULTNCONSTLI7.VOA ] Az= 0.0 OQOFFaz= 57.4 500.000kwW
RCVR 2-30 2-D Table [DEFAULT\SWWHIP.VOA | Az= 0.0 OFFaz=254.7

3 MHZ NOISE = -145.0 LBW REQ. REL = .90 REQ. SNR = 73.0 DB
MULTIPATH FOWER TOLERANCE = 3.0 DB MULTIPATH DELAY TOLERANCE = (0.100 MS

10
Time

1z 14

(UT)

Version 040324W

ICEPAC -
Field Strength -
Median 2
[dBul 5
1> 65
65> | >= 60 =
60> >= 655 w)
55> >= 50 _Jc>
50> ] >= 45 =]
45> N
LUF MUF S
=

Minimum Maximum

-162.00 70.00

| URSI coefficients

NTIA/ITS

)




(dBu)

Field Strength (Median)

POINT-TO-POINT BY DISTANCE

URSI Coefficients METHOD 20 ICEPAC Version 040324w PAGE 1
JUN 1995 SS5N = 100. Qeff= 0.0 Minimum Angle 0.10 deg
TANGIEERE, Morocco BELGRADE AZTMUTHS M. MI. KM
35.80 N 5.90 w - 44.90 N 20.50 E 57.41 254.73 1317.9 2440.5
XMIR 2-30 2-D Table [DEFAULTNCONST17.VOA ] Az= 0.0 QFFaz= 57.4 500.000kwW
RCVE 2-30 2-D Table [DEFAULT\SWWHIP.VOA ] Az= 0.0 OFFaz=254.7
3 MHZ NOISE = =-145.0 DBW REQ. REL = .80 REQ. SWNR = 73.0 DB
MULTIPATH POWEERE TOLERANCE = 2.0 DB MULTIPATH DELAY TOLERANCE = 0.100 MS

| 1F2I | | 2F2
80 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L Parameter _ DBU
Frequency = 13.700 MH=z
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1000

Distance

Tx

1500
(km)

Time = 140T

Mode
1F2

1 E
1ES
2FZ

38.21
74,92

Min=
Max=

Color

I
[
[ ]
I

NTIA/ITS




(dB)

Signal-to-Noise at Reg. Rel.

POINT-TO-POINT BY TIME

URST Coefficients METHOD 20 ICEPAC Version 040324W PAGE 1
JUN 1995 SS5N = 100. Qeff= 0.0 Minimum Angle 0.10 deg
TANGIER, Morocco BELGRADE AZTMUTHS N, MI. EM
35.80 N 5.90 W - 44.90 N 20.50 B 57.41 254.73 1317.9 2440.5
XMTR 2-30 2-D Table [DEFAULTNCONST17.VOA ] Az= (0.0 OFFaz= 57.4 500.000kw
RCWVR 2-30 2-D Table [DEFAULTN\SWWHIP.VOA ] Az= 0.0 OFFaz=254.7
3 MHZ NOISE = -145.0 DBW REQ. REL = .50 REQ. SNR = 73.0 DB
MULTIPATH POWER TOLERANCE = 3.0 DB MULTIFATH DELAY TOLERANCE = 0.100 MS
| 1F2I 2F% HF2 |
90 | | | | | | | | | | | | | | | | | | Parameter _ SNRXX
Frequency = 11.850 MH=z
Mode Color
1r2
2r2 [
Min= 59.61
Max= 89.13

Time

(uT)

NTIA/ITS




(dB)

Signal-to-Noise at Reg. Rel.
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POINT-TO-POINT BY TIME

METHOD 20 ICEPAC Version 040324W PAGE

URSI Coefficients

JUN 1995 SS5N = 100. Qeff= 0.0 Minimum Angle
TANGIER, Morocco BELGRADE AZTIMUTHS N, MI.
35.80 N 5.90 w - 44.90 N 20.50 B 57.41 254.73 1317.9

RCWVR 2-30 2-D Table [DEFAULTN\SWWHIP.VOA ] Az= 0.0 QFFaz=254.7
REQ. REL = .90 REQ. SNR = 73.0 DB
3.0 DB MULTIFPATH DELAY TOLERANCE

3 MHZ NOISE = -145.,0 DBW
MULTIPATH POWER TOLERANCE =
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)
[ax]
[s%)
[
[a%)

Q70
200
700
350
700
350
730
650
890

Min=
Max=

0.10

1

deqg
KM

2440.5
XMTR  2-30 2-D Table [DEFAULTNCONST17.VOA ] Az= 0.0 OFFaz= 57.4 500.000kwW

0.100 MS

Parameter =
Frequency =

Frequency
6.

7.

9.
11.
13.
15.
17.
21.
254,

MH=z
IMH=
MHz
IMH=
IMH=
MHz
IMH=
MH=z
MH=z

-39.9%5
90.56

SHNRxx
ALL

Color

NTIA/ITS



AREA COVERAGE DATA INPUT

i YOACAP Area Coverage data input

=101 x|

File Run Abort Sawve ko Comments  Help

Grid Countriezs Zones Citiez MainBeam Contours
Elack Elue Magent Ighore Fed Black with shading
Farameters MUFE  DBEU  SMNEwe EEL Contours
Girid O=GreatCirde  Size= 31x 31
Path Short
Loefficients | oojR (0slq) Method 197 - auto Select

Transmiier |3580n 590w TANGIER, Maorocoo

PlotCenter {35500 590 TANGIER, Morocco

#range=-10000km to 6000.0km  “-range=-1000.0km to 4000.0km
Groups | month.Day=  6.00

33N = 100

Time UT = 15

Freg MHz = 11.850
Syster Noize Min Angle Reqg.Rel. Reqg SNE  Multi Tol
145 [-dBw) 0. 10deg 90% 73dE 3.00dB

Eprob | 100%0E 1.00%0F1 1.00%aF2 0.00%aEs

TxAntenna default\CCIR.003  RECY05#01 0.000MHz 57.0deg 500.0000kW

ExAntenna | DEFAULT \SWWHIPVOA  D.0deg 0.00dB

Input Help:

Multi Del
0. 10m=ec




AREA COVERAGE MAP

TANGIER, Morocco [HR 4/4/.5 ] 500kW 57deg 18ut 11.850MHz Jun 100ssn

SNRxx

Tx location to grid of Rx AREADATA\DEFAULT\DEF 121.V31
Version 04.0324W

3om VOACAP

Signal-to-Noise
at Req Rel
[dB]

> s
1> eo
1> 7
1>
1> s
] > eo
T 1< eo

60N

Min= 14.10
Max= 90.20

CCIR coefficients
121x121 gridsize

40N

30N

NTIA/ITS




COMBINE MULTIPLE COVERAGES

Combine & hours Min SNERxx

SNRxx
Tx location to grid of Rx AREADATA\DEFAULT\SSW_MIN.Vll
A0E 50E G0N BOE 50 EBUE Version 04.0324W

S

, . Bﬂm VOACAP
, / | f'ﬂ $ ?‘ > 75
[ eee i

\
) .

A

"Ir =15 . -‘" o ‘ Iv w‘ A 3om Min= 15.30
) . N Y- E - g g : o

0 1000 2000 3000 1000 5000 6000 7000EM
= NTIA/ITS




OVERLAY MULTIPLE COVERAGES

Multiple Coverage 1800UTC June 50SSN DBU
Overlay of multiple grid files areadata\ian\overlaYB .ovl

20m 10W 0E 10E 20K 30E 40E 50E 60N G0E

Ry .| REC533

Field strength
Median
201 . [dBul]

.m [ > so
60N : ] > 55
3 @ [ 1< 55

Min= -6.70
Max= 67.50

=1c CCIR coefficients
- 3 ERLIN 31x 31 gridsize

S 4t

50N

BU EST

CEL = ﬁ Rampisham 7TMHz
0 T 500kW 105deg

4 \ 30N

40E

10w 0E 10E 20E 30M 30E

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000EM
== ; . ; ) ; ) : ) ) NTIA/ITS




ANY QUESTIONS?




