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@ e Motivation and Aims

 VOACAP propagation predictions can show contradictions for
some frequencies

— High reliability (e.g. REL > 50%)
— Propagation not supported (e.g. MUFday at or close to zero)
« Specific to HF NVIS links
— Longer links up to ~1000 km?
« User interpretation required to validate HF NVIS prediction
— Check VOACAP output parameters
— e.g. REL, MUFday, SIG LW, SNR LW, etc.

— User-own reliability prediction?
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@ e Introduction

* NVIS: Near-Vertical Incidence Skywave
« HF ionospheric propagation technique
« Low HF frequencies (typically 2-10 MHz)

« High angle radiation

IONOSPHERE

« Short ranges (up to 500 km)
* No skip zone

 Terrain insensitive

z
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A\ Plextek

A4 Consulting

Maximum NVIS Frequencies

Maximum frequencies supported by F2 region at vertical

Incidence

— Ordinary wave foF2

— Extraordinary wave fxFf2
Oblique incidence

— Maximum frequency
adjusted using secant law

— Maximum oblique frequency
for NVIS links close to
maximum frequency at
vertical incidence

f:,ls}ﬁ';- Station YY¥Y DAY  DDD HHMM P1 FFS S AXN PPS IGA PS
- Chilton 2012 Mar08 D68 1200 MMM 1 015 200 10+ Al
ToF2 B.00G 650
ToFl 4,00
ToF1p 1,89 600 [0-2 |
ToE 3.1 0-1 |
ToEp 2.E0 1
1 g.70 3504
foEs 3.10 1 3[.
min 1.95 500_:
MUF(D) 26,56 ]
MDD 3.3 4op ]
D 000, 0 1
h°F 186,0 ]
hF 225.0 4004 |
hE 1000 1 g .
hEs 100.0 359 i
hnF2 241, 3 ] \J,.'
hnFi 473 300 ] o
hnE 104.2 ] *
wF2 70.7 B -
¥F1 30.2 250 L e
wE 13.5 ] LT
B0 92,1 1 i F i A
Bl 1.4 2004
C-level 11 1
Auto: 1507 ;1'
Artistd.s ] i
200311 mn.‘__.}g_”f.u
60

T T T T T T T T T T T T T
1 2 3 4 5 & 7 8® 9 10 11 12 13 14 15
100 FC 400 "‘UJ HPO' ].'Cl':I 1500 3000 [kn]

0
HUF 8.5 B. a.1 .2 18,2 26.6 [MHZ]
PLO5Z_2012068 12 Jl.'Cl HHH ﬁjﬁl il ECI kHz 5.0 km / DP3-1 PLOSZ 052 7 51.6 N 356.7 E Ton2Pryg v. 1.3.03

innovate create deliver



@ e lonospheric Variability

« lonosphere exhibits variability

« Variation on scale of minutes to years
— Hourly
— Diurnal
— Seasonal

— Solar cycle

« Real-time measurements track ionospheric variability

— Absence of real-time measurements?
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@ Plextek HF Propagation Predictions (1)

« Long-term propagation predictions used for system planning
* Monthly-median predictions

« Example propagation prediction software
— VOACAP
« ITS (USA)

— ASAPS
» IPS (Australia)

— REC533 (now ITUHFPROP)
« |TU
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@ Plextek HF Propagation Predictions (2)

« Two aspects to long-term prediction

* Freguency prediction

— |Is propagation supported at given frequency?

« Signal prediction

— Estimate signal power, signal-to-noise ratio, signal and noise
statistics plus other parameters
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& Dok HF Propagation Predictions (3)

 If frequency of interest not supported by ionosphere

— lIdeally do _not output signal predictions

« ASAPS

— Does not provide signal predictions if Probability of ionospheric
support is zero (reassuring)

« VOACAP

— Still provides signal predictions if MUFday is zero (unfortunate)

— User interpretation required to avoid decision errors based on
false predictions
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2} Plextek VOACAP

« Voice of America Coverage Analysis Program
— Version 12.0722

 Derived from IONCAP

« 50+ years of US HF research and development

— Considered to be “gold standard”

« Limited (or no) support and development

— VOACAP team retired or no longer with us
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2} Blextek VOACAP Usage

« VOACAP widely used

— Free-ware

— Relatively easy to use

: ;
z 1 Lt
s 1 = al
3 |
/_: \ {
| 4 |
)
Time (om)

« VOACAP engine frequently used with
alternative GUI

— Third-party software
« e.g. Propman 2000, ACE-HF, Ham CAP

— Web-based prediction

-wed
= e ) — <[ 1500 > ]
- i [ Params | B2 Chatt Map Settings | T Ant

e - v/ [48°5 46°E  [SNR15dB [Elev.8° [Mode F2F2|MUF 22.6 MHz

* €.0. www.voacap.com
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VOACAP Input

Some key input parameters

Method

Groups

* Month, smoothed sunspot number

# © VOACAP Point-to-Point data input - Version 12.0722W [E=SNEER

File Run View Saveto:

20 = Complete system performance (C.S.P.)

Help

Coefficients | cciR (0slo)

Year 2014
Ti

e 01to24by Thours UT
Month.Day= 7.00

SSN - 72
Transmitter |5150N 0.17W LONDON Swap TxRx

Receiver 4887N 233E PARIS
Path Shozt Distances:  342km Sami 213mi A 147.7d
Freq(MHz) 5.35 00
System Nois Min Angle Req.Rel. Req SNR Multi Tol M Multi Del Absorp
145(-dBw)  3.00deg 20% 48as 3.0048 0.10msec Nozmal
Eprob 1.00%£oE 1.00%£oF foF:
IxAntenna | & uin Max Design Directory\Filename.sf del Beam P W
1 2 30 0.000 default \CCIR.00

RxAntenna ‘ default \CCIR.000 0.0deg  0.00dB

Transmitter and receiver locations ™=

System parameters

« Man-made noise level, required reliability and SNR

Transmit and receive antennas

« Antenna pattern, gain, bearing

« Transmitter power level
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AN Plextek

W4 Consing VOACAP Output

|| TONOSPHERIC COMMUNICATIONS ANALYSIS AND PREDICTION PROGAAM
VERSION 12.0722w

* Text output

1 2 3 4 5 5 7
1234567890123456789012345678901234 5678901234 5678901234 5678901234 56789012345

Comenr  any voscar defaulc cards may be placed dn the file:
5

VOACAP . DEF
LINEMAX nusber of 11nes-per-pag
CORFFS  CCIR
TIME 1 24 1 1
HONTH 2014 7.00
SUNSPOT 72,
. . LABEL LONDON BIRMINGHAM
CIRCUIT 51.50N 0.17w 52.50N 1.83w s 0
SYSTEM 1. 145, 3.00 90. 38.0 3.00 0.10
FPROB 1.00 1.00 1.00 0.00
Ah’fENNA 1 1 2 30 10.000[default\CCIR. 000 J 0.0 1.0000
ANTEN! 2 2 2 3 . 000 [default\cCIR 0.0 0. 0000
FREQUENCY 1.85 3.65 5.35 7.1010. 1014 2018.1021.2024. 9028 50 0.00
METHOD 2070
EXECUTE
2 CCIR Coefficients -METHOD 20 VOACAP 12.0722W PAGE 1
Jul 2014 SSN = 72. Minioun Angle~ 3,000 degrees
LONDON BIRMINGHAM IUTHS

51,50 N 0.17 w - 52.50 N 1.83
XMTR  2-30 + 10.0 ﬂm{dehul( CCIR. 000
RCVR 2-30 + 0.0 dsi[default\cCIR.000

"85 1500
315.9 1. 000kw

Faz=133.7
3 MHz NOISE = -145.0 dsw REQ. REL = 90X  REQ. SNR = 38.0 d8
MULTIPATH POWER TOLERANCE = 3.0 dB  MULTIPATH DELAY TOLERANCE = 0.100 ms

1.0 5.4 18.1 21.2 24.9 ZB 5 0.0 (o
1

E 1€
5.6 57.0 57.0 5’ 0
.0 1.0 1.
125

23883

Soommmk

a2§

« Graphical output

Multiple parameters to view

VOACAP

Variation of parameters with N PN

distance or time for specific
frequency .

NTIA/ITS
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2} Ptk VOACAP MUF

« MUF - Maximum useable frequency
— MUF ambiguous in current HF usage

— Context dependent

* |Instantaneous MUF

— Maximum observed frequency (MOF) at given time and date

— e.g. Digisonde MUF at measurement time for different distances
« Monthly median MUF

— VOACAP MUF prediction of monthly median MOF for given time
and date
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& et VOACAP FOT and HPF

 FOT - Frequency of optimum traffic

— “Frequency where the MOFs will be higher on at least 90% of
the days of the month at that hour”

— Propagation supported on most days of month

— Not necessarily ‘optimum’ frequency for SNR

« HPF — Highest probable frequency

— “Frequency where no more than 10% of the hourly MOFs will be
higher”

— Frequencies above MUF supported on some days of month
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@ e VOACAP Frequency Predictions

| IONOSPHERIC COMMUNICATIONS ANALYSIS AND PREDICTION PROGRAM
VOACAP VERSION 12.0722w

-
 Method 9 predicts range of TOUOR. O WRUUN. SO WO S
123456789012345678901234 5678901234 5678901234 5678901234 5678901234 56789012345

COMMENT Any VOACAP default cards may be placed in the file: VOACAP.DEF

frequencies supported by e

24
MONTH 2014 7.00
SUNSPOT 72.
- LABEL LONDON BIRMINGHAM
CIRCUIT  51.50N 0.17w 52. 50N 1.83W S 0
I O n OS e re SYSTEM 1. 145. 3.00 90. 38.0 3.00 0.10
FPROB 1.00 1.00 1.00 0.00
ANTENNA 1 1 2 30 10.000[default\CCIR. 000 } 0.0 1.0000
ANTENNA 2 2 2 30 0.000[default\CCIR. 000 0.0 0.0000
FREQUENCY 1.85 3.65 5.35 7.1010.1014.2018.1021.2024.9028.50 0.00
METHOD 9 0
EXECUTE
QUIT
— H CCIR coefficients METHOD 9 VOACAP 12.0722wW PAGE 1
Jul 2014 SSN = 72. Minimum Angle= 3.000 degrees
LONDON BIRMINGHAM AZIMUTHS N. MI. KM
51.50 N 0.17 W - 52.50 N 1.83 w 315.03 133.72 85.8 159.0
I:O I MUF(....) FOT (XXXX) HPF (+4+4)
00 02 04 06 08 10 12 14 16 18 20 22 00
MHZ+—+-+-+ -+ MHZ
40- -40
38- -38
— H P F 36- -36 GMT  MUF  FOT  HPF
34- -34 1.0 5.4 4.4 .
- - 2.0 5.0 4.1
32- -32 3.0 4.8 3.9
- - 4.0 4.8 3.9
- 30- -30 5.0 5.1 4.1
- - 6.0 5.5 4.2
« Useful sanity chec
- - 8.0 6.1 4.6
26- -26 9.0 6.4 4.8
= = 10.0 6.5 5.0
24- -24 11.0 6.4 5.0 .
- - 12.0 6.4 4.9 7.5
22- -22 13.0 6.4 4.9 7.5
- - 14.0 6.3 5.1 7.3
20- -20 15.0 6.2 5.0 7.2
- - 16.0 6.2 5.0 7.1
18- -18 17.0 6.3 5.1 7.2
- - 18.0 6.6 5.4 7.6
16- -16 19.0 6.9 5.6 8.0
- - 20.0 6.9 5.7 8.0
14- -14 21.0 6 5.5 7
- - 22.0 5.1
12- -12 23.0 4.8
= = 24.0 4.6
10- -10
08- A ++ + + -08
e o P 4 e S R S K T BT T RO . 2 e
06- . ++ + + + T Gh T SNSEL S W X X - - - =06
=W wa o p rwx - IO b & & 28
04- X XXXXXX -04
02- -02

MHZ+ -4 -4 44—~ —d -4 -d—dod b b —b=d—d—f b —f —f 4 =4~ —+MHZ
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2} Plextek VOACAP REL and MUFday

 REL (Reliability)

— “The reliability of a communications system over a circuit is
usually expressed as the fraction of time that the actual SNR
exceeds the minimum level associated with the grade of service
required by the user”

« MUFday

— “Fraction of the days in the month at that hour that the operating
frequency is below the MUF for the most reliable mode”
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& S VOACAP Methods

« Method 20 — Complete system performance

« Method 25 — All modes table
— Verbose

— Useful for detailed investigation

* Method 30 — Short/Long smoothing (7-10000 km)

— Signal power continuity between the Short-Path Model and the
Long-Path Model

— Applies smoothing function from 7,000 km out to 10,000 km
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AW Plextek
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VOACAP N

VIS Prediction (1)

« UK ink
— London-Birmingham
— 159 km (99 miles)

* Method 20
— Complete system

performance
« July 2014
« SSN 72

B ° VOACAP Point-to-Point data input - Version 12.0722W

Year

Time

Groups

Transmitter

Receiver
Path
Freq(MHz)
System

Eprob
TIxAntenna

RxAntenna |

File Run View Saveto:

Help

20 = Complete system performance (C.S.P.)
2014 Coeficients | cciR (0slo)
01to24by 1hours UT

Month.Day= 7.00
SSN - 72

5150N 0.17W LONDON

Swap Tx-Rx

5250N 1.83W BIRMINGHAM
Short Distances: 159km 86nmi 99mi Azimuth: 315.0deg
1.850 3.650 5.350 7.100 10.100 14.200 18.100 21.200 24.900 28.500
Noise Min Angle Reqg.Rel. Reqg SNR Multi Tol Multi Del Absorp
145 (-dBw) 3.00deg 90% 48dB 3.00dB 0.10msec Normal
1.00*foE 1.00*%foF1 1.00*foF2 0.00*foEs

# Min Max Design Directory\Filename.sfx Model MainBeam Power kW
% 2 30 0.000 default \CCIR.000 + 0.0 dBi 0.0 1.0000

default \CCIR.000 0.0deg 0.00dB

Input Help:
L
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@ Plextek VOACAP NVIS Prediction (2)

« Man-made noise level at
3 MHz

— =-145dBWin 1 Hz
(‘Residential’)

 Required SNR

— 48 dBHz (SSB or J3E)
 Isotropic antennas

— 0 dBi transmit and receive
* Transmit power

— 1 kW

Input Help:
L

# ° VOACAP Point-to-Point data input - Version 12.0722W. =Ry X

File Run View Saveto: Help

20 = Complete system performance (C.S.P.)

Year  |2014 Coefficients | cCIR (0slo)
Time  |01t024by Thours UT
Groups Month.Day= 7.00

SSN = 72

Transmitter |5150N 0.17W LONDON Swap TxRx

Receiver  |5250N 1.83W BIRMINGHAM

Path Short Distances: 159km 86nmi 99mi Azimuth: 315.0deg
ErEQ(MHZ) 1.850 3.650 5.350 7.100 10.100 14.200 18.100 21.200 24.900 28.500
System Noise Min Angle Reqg.Rel. Reg SNR Multi Tol Multi Del BAbsorp
145 (-dBw) 3.00deg 90% 48dB 3.00dB 0.10msec Normal
Eprob 1.00*foE 1.00*%foF1 1.00*foF2 0.00*foEs
IxAntenna | ¢ Min Max Design Directory\Filename.sfx Model MainBeam Power kW
% 2 30 0.000 default \CCIR.000 + 0.0 dBi 0.0 1.0000

Rx Antenna Idefaulc \CCIR.000 0.0deg _ 0.00dB
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=\ Plextek
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* Predicted REL and MUFday
Looks ok but

VOACAP NVIS Prediction (3)

Reliability greater than zero when most reliable mode not
supported (i.e. MUFday is zero)

Odd!

z)

(MH:

Frequency

Investigate further

SSN = 72.
IglRMINGH.AM

1.83 W
dBi [default\CCIR.000
s dgl de[ault\CCIR 000

Q.
LER}\NCE = 3.0 dB

AZIMUTH:
315.03

Minimum Angle= 3.000 degrees
IS MI. KM
133'72

159.0
1.000kwW

0.100 ms

Version 12.0722W

VOACAP

Time availability
SNR

Minimum Maximum
0.00 96.00

0. 1
Time

2 14
(uT)

CCIR coefficients

NTIA/ITS

(MHz)

Frequency

$2.50 N 1.83 W
+ .0 dBi[default\CCIR.000
0.0 dgldgelault\CCIR 000
MULTIPATH POWER TOLERANCE =

Minimun Angles 3000 degrees
AZIMUTHS KH
315.03 133

1.000kH
OFFaz=13

Q NR = 48.0 dB
HULTIYATH DEL}\Y TOLERANCE

0.100 ms

Version 12.0722%

VOACAP

CCIR coefficients

NTIA/ITS
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AN Plextek

\W4 Consulting VOACAP NVIS Prediction (4)

* Increase transmit and receive antenna gains
— e.g. +5 dBi each (NVIS dipole over ‘average’ ground)

* No propagation predicted on certain frequencies but good
reliability

— e.g. 9 MHz at 0800 UTC, MUFday = 0% but REL ~64%

Jul 2014 SSN = 72. \tinimum Angles 3.000 degrees Jul 2014 SSN = 72. \iinimm Angles 3.000 degrees
LONDON BIRMINGHAM N, ML KM LONDON BIRMINGHAM HS N. oK
BN 017w - BREb R 1a3w 31803 133.72 85. 159.0 51.50 N 0.17 W - 52.50 N

XMTR  2-30 + 5.0 dBi[default\CCIR.000 Az= 0.0 OFFaz=315. 0 1.000kW XMTR 2-30 + 5.0 dBi dofan1E\CEIR 000 12000k
RCVR 2-30 + 5.0 dBi[default\CCIR.000 Az= 0.0 OFFaz=133. RCVR 2-30 + 5.0 dBi[default\CCIR.000 OFFaz=133.

3 MHz NOISE = -145.0 dBW REQ. REL = 90 REQ. SNR = 48.0 b 3 MHz NOISE = -145.0 dBW REQ. REL = 90 REQ. SNR = 48.0 dB

MULTTeATA FOWER TOLSRANCE = 3.0 dB  MULTIPATH DELAY TOLERANCE = 0.100 ms MULTTeATH FOWER TOLSRANCE = 3.0 b HULPIPATH DELAY TOLERARCE = 0.100 ms

Version 12.07220

Version 12.07220

. VOACAD VOACAP
Time availability MUF days
13 )nl]laq SNR -x[p:]:nd
12 C1>= 90 C1>= 99
90>[ ] >= 80 99>[ ] >= 90
11 80> [ >= 50 90> @ >= 50
& 50> I >= 20 = 50> >= 10
) 20> >= N 10> > 1
Z 10 F| Tm g >
A pR—r'" 3 —_— Mur
.'; FOT 5
5 @ Minimum Maximum 8 Minimum Maximum
5 0.00  99.00 5 0.00  100.00
& &
g
[ P

CCIR coefficients

%-‘% \ CCIR coefficients

lso r

10, 1214
hiwe) (OR) NTIA/ITS NTIA/ITS
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« Use lower man-made noise level

VOACAP NVIS Prediction (5)

— e.9.-150dBWin 1 Hz at 3 MHz (ITU-R Rec. P.372 ‘Rural’)

« Still no propagation predicted on certain frequencies but
reliability has improved

— e.¢g. 9 MHz at 0800 UTC, MUFday =

3 MHz NOISE =
MULTIPATH POWEI

y (MHz)

Frequenc:

.0 dBi
LERANCE =

SN = 72,
BIRMINGHAM
- 52.50 N 1.83 W
dBi[default\CCIR.000
dBi [default\CCIR.000
0 dBW REQ. REL = 90%
3.0 dB

REQ. SNR -0 B
MULTIPATH DELAY TOLERANCE = 0.100 ms

Minimum Angle= 3.000 degrees
S o

313 0 1 .ODOKW

Version 12.07220

VOACAP

Time availability
Req SNR

MUE
FOT

nimum Maximum
0.00 100.00

10
Time' (UT)

CCIR coefficients

NTIA/ITS

y (MHZ)

=quenc

Fr

Jul 2014 SSN =
LONDON BI
51.50 N 0.17 W - 5
XMTR 2-30 + 5.0 dBi
RCVR 2-30 5.0 dBi

+ 5,
3 MHz NOISE = -150.0

W
MULTIPATH POWER TOLER?

0% but REL ~72%

Minimun Angles 3000 degrees
ZTHY N oK
A58 33,72

default\CCIR 000 Az= 0.0 OFFaz “315 0 l.ODOkW
default\CCIR.000 I\z’ 0.0 OFFaz= 133.
Bl REQ. REL = 90 SNR = 48.0 dI

REQ.
3.0 dB MULTIPATH DELAY TOLERANCE = 0.100 ms

Version 12.07220

VOACAP

nimum Maximum
0.00 100.00

CCIR coefficients

NTIA/ITS
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VOACAP NVIS Prediction (6)

Use lower required SNR

— e.¢g. 38 dBHz (ITU-R Rec. F.339 - A1A or 150 bps J2D in 3 kHz
channel BER 10, fading conditions)

Reliability improves further but support still not predicted
— e.g. 9 MHz at 0800 UTC, MUFday = 0% but REL ~85%

MHz NOISE 5
MULTIPATH POWER TO!

Minimum Maximum
6.00  100.00

10 12 14
Time (UT)

NTIA/ITS

nimum Angle= 3.
S N. M

3 dBi [defaul
MHz NOISE = -150.0 dBW REQ. REL
MULTIPATH POWER TOLERANCE 3.0 dB 0.100 ms

1 12 14
Time (UT) NTIA/ITS
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@ Plextek VOACAP NVIS Prediction (7)

 Look at REL and MUFday over complete HF band
— e.g. 2-30 MHz

* NVIS predicted reliability falls to minimum at ~11-13 MHz but
Improves again with increasing frequency

— e.g. 30 MHz at 1200 UTC, MUFday = 0% but REL ~46%

Minimum Angle=
TMUTHS
3

6.00  100.00 ] 3 100.00

10 12 14
Time (UT)

NTIA/ITS NTIA/ITS
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@ e Discussion

 What is going on?
— Not ground wave!
» Look at Circuit text file for clues

- Example a.t 1100 UTC 2 CCIR coefficients METHOD 20  VOACAP 12.0722W PAGE 6

Jul 2014 SSN = 72. Minimum Angle= 3.000 degrees
LONDON BIRMINGHAM AZIMUTHS N. MI. KM
51.50 N 0.17 W - 52.50 N 1.83 w 315.03 133.72 85.8 159.0
XMTR 2-30 + 5.0 dBi[default\CCIR.000 ] Az= 0.0 OFFaz=315.0 1.000kw
RCVR 2-30 + 5.0 dBi[default\CCIR.000 ] Az= 0.0 OFFaz=133.7
3 MHz NOISE = -150.0 dBw REQ. REL = 90% REQ. SNR = 38.0 dB

MULTIPATH POWER TOLERANCE = 3.0 dB MULTIPATH DELAY TOLERANCE = 0.100 ms
11.0 6.4- 1.9 3.7 5.3 7.1:10.1:14.2'18.1-21.2'24.9 28.5 0.0 FREQ

i1F2 1 E 1 E 1F2 1F2 1F2 1F1 1F1 1F1 1F1 1F1 - MODE
78.9 49.8 55.3 75.6 78.8 78.8 70.9 70.9 70.9 70.9 70.9 - TANGLE
2.9: 0.8 0.9: 22 2.9 2.9 1.7 1.7 1.7 L7 1.7 - DELAY
431 96 117 326 428 428 239 239 239 239 239 - V HITE
0.50 1.00 0.67 0.83 0.22 0.00 0.00 0.00 0.00 0.00 0.00 - MUFday
332 121 308 108 I34. I55 469 170 371 172 373 -. LOSS
37 22 39 40 35 -2 -10 -9 -9 -9 -8 - DBU
-81 -91 -75 -77 -84 -125 -136 -137 -138 -139 -140 - S DBW
-159 -144 -152 -157 -160 -164 -168 -171 -173 -175 -177 - N DBW
78 53 78 80 76 39 32 34 36 36 37 - SNR
-15 0 -22 -23 -11 20 21 19: 17 17 16 - RPWRG
0.98 0.90 1.00 1.00 0.96 0.53 0.20 0.31 0.36 0.41 0.45 =+ REL
0.00 0.00 1.00 0.00 0.00 0.00 0.05 0.09 0.12 0.15 0.17 - MPROB
0.68 0.50 0.81 0.82 0.63 0.23 0.13 0.16 0.17 0.18 0.19 - S PRB
22.5.11.5 14.8:15.925.0/18:5:11.5 11:5 11.5 115 11.5 - SIG Lw
9.3 7.0 8.5 9.5 11.8 22.9 7.0 7.0 7.0 7.0 7.0 - SIG uP
24.5 15.1 17.7 18.6 26.8 20.8 14.9 15.0 15.0 15.0 15.0 - SNR LW
11.1 9.2 10.4-11.2 13.1 23.6° 8.9 9.0 9.1 9.1 9.1 - SNR UP
90y 00 50 520¢ 5200 DR0r 5200 5200 D=0 520 5.0 - TGAIN
a0 00 B0 B0 B U0 DIy DD DUy 520 Dl - RGAIN
53 38 60 61 49 18 17 19 21 21 22 - SNRXX
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Discussion — MUFday and REL

MUFday is zero above 7.1 MHz but REL is non-zero

— REL increases as 30 MHz approached from below

— Confirms previous graphical outputs

CCIR coefficients

Jul
LONDON
51.50 N

2014

XMTR 2-30 +
RCVR 2-30 +
3 MHz NOISE = -150.0 dBw

MULTIPATH

11.0 6.4
1F2
78.9
2.9
431
0.50
112
37
-81
-159
78
-15
0.98
0.00
0.68
22.5
9.3
24.5
11.1
5.0
5.0
53

1.9
1E
49.8
0.8
96
1.00

121

22
-91
-144
53

0

0.90
0.00
0.50

1
1

1

oowwun~

5

METHOD 20  VOACAP 12.0722W PAGE 6
SSN = 72. Minimum Angle= 3.000 degrees
BIRMINGHAM AZIMUTHS N. MI. KM
0.17 W - 52.50 N 1.83 w 315.03 133.72 85.8 159.0
5.0 dBi[default\CCIR.000 ] Az= 0.0 OFFaz=315.0 1.000kw
5.0 dgi[default\CCIR.000 ] Az= 0.0 OFFaz=133.7
REQ. REL = 90% REQ. SNR = 38.0 dB
POWER TOLERANCE = 3.0 dB  MULTIPATH DELAY TOLERANCE = 0.100 ms
3.7 5.3 7.1 10.1 14.2 18.1 21.2 24.9 28.5 0.0 FREQ
1E 1F2 1F2 1F2 1F1 1F1 1F1 1F1 1F1 - MODE
55.3 75.6 78.8 78.8 70.9 70.9 70.9 70.9 70.9 - TANGLE
0:9: 2520 219 2i9: 1.4 L@ T2 L8 L = DEEAY
117 326 428 428 239 239 239 239 239 - V HITE
0.67 0.83 0.22 0.00 0.00 0.00 0.00 0.00 0.00 - MUFday
108 108 114 155 169 170 171 172 173 -. LOSS
39 40 35 -2 -10 -9 -9 -9 -8 - DBU
-75 -77 -84 -125 -136 -137 -138 -139 -140 - S DBW
-152 -157 -160 -164 -168 -171 -173 -175 -177 - N DBW
78 80 76 39 32 34 36 36 37 - SNR
-22 -23 -11 20 21 19 17 17 16 - RPWRG
1.00 1.00 0.96 0.53 0.20 0.31 0.36 0.41 0.45 - REL
1.00 0.00 0.00 0.00 0.05 0.09 0.12 0.15 0.17 - MPROB
0.81 0.82 0.63 0.23 0.13 0.16 0.17 0.18 0.19 - S PRB
14.8 15.9 25.0 18.5 11.5 11.5 11.5 11.5 11.5 - SIG Lw
8:5 9.5 11.8 22,9 7.0 7.0 7. 7.0 7.0 - SIGUP
17.7 18.6 26.8 20.8 14.9 15.0 15.0 15.0 15.0 - SNR LW
10.4-11.2 13.1 23.6 8.9 9.0 9.1 9.1 9.1 - SNR UP
90 D20 900 5H0¢ 9200 5R0E 5200 520: D20 - TGAIN
920 520y 50N BI0N BI0Y 50y 520y 5U0; 510 =% RGAIN
60 61 49 18 17 19 21 21 22 - SNRXX

WOONHFO

innovate create deliver



@ e Discussion — REL Calculation (1)

* Reliability prediction uses either SNR LW or SNR UP

« SNR LW is lower decile offset from median SNR
— Lower decile SNR given by SNR90
— SNR90 = SNR - SNR LW

« SNR UP is upper decile offset from median SNR
— Upper decile SNR given by SNR10
— SNR10 = SNR + SNR UP
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@ e Discussion — REL Calculation (2)

 When your required SNR (REQ.SNR) is equal to or less than
the predicted SNR, use the following:

(1) z = (SNR - REQ.SNR) / (ABS(SNR LW) / 1.28)

* When your required SNR (REQ.SNR) is greater than the
predicted SNR, use the following:

(2) z = ABS(SNR - REQ.SNR) / (ABS(SNR UP) / 1.28)

« Use look-up table to convert z to percentage reliability

« Atrtificially low SNR LW or SNR UP leads to prediction errors
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AW Plextek
A4 Consulting

Discussion — SIG LW and SIG UP

« SIG LW and SIG UP used to calculate SNR LW and SNR UP

— Lower and upper decile offset from median signal (S DBW)

« At higher frequencies,
SIG LW and SIG UP
appear to take values
predicted for lowest
frequency

— Atrtificially low values for
SIG LW and SIG UP

— Correspondingly low
values for SNR LW and
SNR UP

CCIR coefficients METHOD 20  VOACAP 12.0722W PAGE 6
Jul 2014 SSN = 72. Minimum Angle= 3.000 degrees
LONDON BIRMINGHAM AZIMUTHS N. MI. KM
51.50 N 0.17 w - 52.50 N 1.83 w 31503 133.72 85.8 159.0
XMTR 2-30 + 5.0 dgi[default\CCIR.000 ] Az= 0.0 OFFaz=315.0 1.000kw
RCVR 2-30 + 5.0 dBi[default\CCIR.000 ] Az= 0.0 OFFaz=133.7
3 MHz NOISE = -150.0 dBw REQ. REL = 90% REQ. SNR = 38.0 dB
MULTIPATH POWER TOLERANCE = 3.0 dB  MULTIPATH DELAY TOLERANCE = 0.100 ms
11.0 6.4 1.9 3.7 5.3 7.1 10.1 14.2 18.1 21.2 24.9 28.5 0.0 FREQ
1IF2 1 E 1€ 1F2 1F2 1F2 1F1 1F1 1F1 1F1 1F1 - MODE
78.9 49.8 55.3 75.6 78.8 78.8 70.9 70.9 70.9 70.9 70.9 - TANGLE
2597 008 09 252 2597 289 Vi L Vi Xl A - DELAY
431 96 117 326 428 428 239 239 239 239 239 - V HITE
0.50 1.00 0.67 0.83 0.22 0.00 0.00 0.00 0.00 0.00 0.00 - MUFday
112 121 108 108 114 155 169 170 171 172 173 - LOSS
37 22 39 40 35 -2 -10 -9 -9 -9 -8 - DBU
-81 -91 -75 -77 -84 -125 -136 -137 -138 -139 -140 - S DBW
-159 -144 -152 -157 -160 -164 -168 -171 -173 -175 -177 - N DBW
78 53 78 80 76 39 32 34 36 36 37 - SNR
-15 0 -22 -23 -11 20 21 19 17 7 16 - RPWRG
0.98 0.90 1.00 1.00 0.96 0.53 0.20 0.31 0.36 0.41 0.45 - REL
0.00 0.00 1.00 0.00 0.00 0.00 0.05 0.09 0.12 0.15 0.17 - MPROB
0.68 0.50 0.81 0.82 0.63 0.23 0.13 0.16 0.17 0.18 0.19 - S PRB
22.5 8955914.8 15.9 25.0 18.5 TSI EaEgIEsEyEst — SIG LW
9.3 0 Z=0) 8.5 9.5 11.8 22.9 NFz05 7205 7205 7208 159 - SIG UP
24.5 15.1 17.7 18.6 26.8 20.8 14.9 15.0 15.0 15.0 15.0 - SNR LW
11.1 9.2 10.4 11.2 13.1 23.6 8.9 9.0 9.1 9.1 9.1 - SNR UP
5.0 0500 5300 5200 5200 5200 5200 520 520 520 5300 .- TGAIN
DU0s OO0 AN i0Y BUeY BUOE 510y 585 BUeN 500% 510 - RGAIN
53 38 60 61 49 18 7 19 21 21 22 - SNRXX
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AW Plextek
A4 Consulting

Discussion — SIG LW

« SIG LW gradually increases to maximum 25.0 dB at 7.1 MHz

— Then decreases to minimum 11.5 dB

e ‘Above-the-MUF’ loss In  :  car coerriciens

Jul 2014

VOACAP lIimited to 25 dB  @%,

MULTIPATH

11.0 6.4
1F2
78.9
2.9
431
0.50
112
37
-81
-159
78
-15
0.98
0.00
0.68
22.5
9.3
24.5
111
5.0
5.0
53

POWER TOLERANCE

0.1
XMTR 2-30 +
RCVR 2-30 +
3 MHz NOISE = -150.0 dBw

1.9
1E
49.8
0.8
96
1.00
121
22
-91
-144
53

0

0.90
0.00
0.50

1
1

1

oowwun~
WOONHFO

5

7
5.

SSN

= 7

METHOD 20

2.

BIRMINGHAM

3:F D3
1E 1F2
5553 756
0.9 2.2
47 . 326
0.67 0.83
108 108
39 40
=75 =77
-152 -157
78 80
=22 =23
1.00 1.00
1.00 0.00
0.81 0.82
14.8 15.9
5 9.5

7 18.6
.4 11.2
5.0 5.0
0 5.0

0 61

W - 52.50 N
0 dgi[default\CCIR.000
5.0 dei[default\CCIR.000

Rk
1F2
78.8
2.9
428
0.22
114

35
-84
-160

76
=11
0.96
0.00
0.63
25.0
11.8
26.8
i (052 R
5.0
5.0

49

1.83 w

VOACAP 12.0722wW PAGE 6

Minimum Angle= 3.000 degrees

AZIMUTHS N. MI. KM
315.03 133.72 85.8 159.0
] Az= 0.0 OFFaz=315.0  1.000kw

]

REQ. REL = 90%

3.0 dB

Az= 0.0 OFFaz=133.7
REQ. SNR = 38.0 dB

MULTIPATH DELAY TOLERANCE = 0.100 ms

10.1 14.2 18.1

1F2
78.8
2.9
428
0.00

1F1
70.9
1.7
239
0.00
169
-10
-136
-168
32
21

1
70

1

2
0.

F1
-9
ol
39
00

21.2 24.9 28.5 0.0 FREQ

1F1 1F1 1F1 - MODE
70.9 70.9 70.9 - TANGLE
L L XA - DELAY
239 239 239 == NEGHITE
0.00 0.00 0.00 - MUFday
171.. A72: 173 -. LOSS
-9 -9 -8 - DBU
-138 -139 -140 - S DBW
-173 -175 -177 - N DBW
36 36 37 - SNR
17 17 16 - RPWRG
0.36 0.41 0.45 == REL
0.12 0.15 0.17 - MPROB
0.17 0.18 0.19 - S PRB
13521553385 - SIG Lw
"5 L0 F:0 - SIG UP
15.0 15.0 15.0 - SNR LW
L i R v KL« B R - SNR UP
3«0 5:0 50 - TGAIN
3 U - RGAIN
21 21 22 - SNRXX
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@ e Discussion — ‘Above-the-MUF’ Loss

« VOACAP ‘Above-the-MUF’ loss limited to 25 dB

« (George Lane (www.voacap.com)

— "Personally, | think it is too low and probably should be allowed
to go to 40 to 50 dB”

— "VOACAP will give predictions even when it has no idea what is
going to happen”

— “If the program could talk, it would tell you that it doesn't have
any idea what is going to happen on XX MHz"
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@ e Discussion — LOSS

« LOSS appears fairly stable above 7.1 MHz
— Little variation with frequency
— Under-predicting loss?
— Artificially high S DBW? | . cerricrens D 10 BN B 8

Jul 2014 SSN = 72. Minimum Angle= 3.000 degrees
LONDON BIRMINGHAM AZIMUTHS N. MI. KM
51.50 N 0.17 W - 52.50 N 1.83 w 315.03 133.72 85.8 159.0
XMTR 2-30 + 5.0 dBi[default\CCIR.000 ] Az= 0.0 OFFaz=315.0  1.000kw
RCVR 2-30 + 5.0 dBi[default\CCIR.000 ] Az= 0.0 OFFaz=133.7
3 MHz NOISE = -150.0 dBW REQ. REL = 90% REQ. SNR = 38.0 dB

MULTIPATH POWER TOLERANCE = 3.0 dB MULTIPATH DELAY TOLERANCE = 0.100 ms
11.0 6.4 1.9 3.7 5.3 7.1:10.1:14.2:18.1:21.2:24.9 28.5" 0.0 FREQ

iF2 1 E 1 E 1F2 1F2 1F2 1F1 1F1 1F1 1F1 1F1 - MODE
78.9 49.8 55.3 75.6 78.8 78.8 70.9 70.9 70.9 70.9 70.9 - TANGLE
2.9 0.8 0.9 2.2 2.9 2.9 17 ¥ LT I LT - DELAY
431 96 117 326 428 428 239 239 239 239 239 == NEGHITE
0.50 1.00 0.67 0.83 0.22 0.00 0.00 0.00 0.00 0.00 0.00 - MUFday
112 121 108 108 114 155 169 170 171 172 173 -, LOSS
37 22 39 40 35 -2 -10 -9 -9 -9 -8 - DBU
-81 -91 -75 -77 -84 -125 -136 -137 -138 -139 -140 - S DBW
-159 -144 -152 -157 -160 -164 -168 -171 -173 -175 -177 - N DBW
78 53 78 80 76 39 32 34 36 36 37 - SNR
-15 0 -22 -23 -11 20 21 10 I7 17 16 - RPWRG
0.98 0.90 1.00 1.00 0.96 0.53 0.20 0.31 0.36 0.41 0.45 == REL
0.00 0.00 1.00 0.00 0.00 0.00 0.05 0.09 0.12 0.15 0.17 - MPROB
0.68 0.50 0.81 0.82 0.63 0.23 0.13 0.16 0.17 0.18 0.19 - S PRB
22.5.311:5 148 15:925.0/18:5 115 315 11:5:31:5° 1155 - SIG Lw
9.3 7.0 8.5 9.5 11:8:22.9 7.0 F.0 F.0 F.0 F.0 - SIG UP
24.5 15.1 17.7 18.6 26.8 20.8 14.9 15.0 15.0 15.0 15.0 - SNR LW
111 9.2:°10.4-11.2°13.1.:23.6. 8.9 9.0 9.1 9.1 9.1 - SNR UP
30 10200 500 D=0 5400 D0 D50 5400 D0 50 5.0 - TGAIN
Dy B Ay RUEE 5YAY 5L DAY 5Ly 5UE: 506Y U0 - RGAIN
53 38 60 61 49 18 17 19 21 21 22 - SNRXX
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@ e Discussion — Method 25

« Use Method 25 for more detall on predictions
« Example at 1100 UTC on 10.1 MHz

— MODE PROB is zero for all possible modes at this time and
frequency (1E, 1F1 and 1F2)

CCIR coefficients METHOD 25 VOACAP 12.0722w PAGE 115
¢ . y = Jul 2014 SSN = 72. Minimum Angle= 3.000 degrees
— 'Most reliable mode’ is 1F2 &% o Ay SN
51.50 N 0.17 w - 52.50 N 1.83 w 315.03 133.72 85.8 159.0
XMTR 2-30 + 5.0 dBi[default\CCIR.000 ] Az= 0.0 OFFaz=315.0  1.000kw

= = RCVR 2-30 + 5.0 dBi[default\CCIR.000 ] Az= 0.0 OFFaz=133.7
even |f MODE PROB |S Zero 3 MHz NOISE = -150.0 dBW REQ. REL = 90% REQ. SNR = 38.0 dB

SUMMARY 3 MODES FREQ = 10.1 MHZ UuT = 11.0

Most REL
T M 3 o 1.F1 1.F2 1.F2
— SNR calculation includes Teoel. 0l les  2lst 2;
‘ . : ’ YeAn.Lowe 12339 1ev33 13500 13500
contributions’ from other o B e B
R. GAIN 5.00 5.00 5.00 5.00
. ABSORB 5.33 4.75 4.58
modes even if MODE PROB gz e wee w2,
e T AR LR RRE AR
values are zero A PwRe” 1000.00 1000.00 1000.05  19.63
RELIABIL 0.01 0.04 0.52 0.53
SERV PROB 0.08 0.10 0.23 0.23
A ptifi . SNTIT ' Ba Sa 3»n ma
- rtIfICIa”y hlgh rellablllty . Iy AN ;124'?2.1 3.5 1.0
NOISE = 9.4 -163.9 5.5 if 1.4 4.6 s
RELIAB = 23.6 39.2 20.8
SPROB = 28.6 16.6 28.6
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@ e Discussion — Effects

« Affects short links most (i.e. NVIS links)

— Simulations appear better behaved for links > ~1000 km

 REL and MUFday contradictions more likely when allowable
path loss is large

— High transmit power levels (e.g 1 kW)

— Modest or high antenna gains (e.g. NVIS dipole above ground
~4-6 dBi)

— Low man-made noise levels (e.g. less than ‘Rural’)

— Low required SNR (e.g. narrow bandwidth modes and/or not
accounting for fading conditions)
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@ e Recommendations (1)

« User validation of VOACAP NVIS predictions necessary

— Check predictions for longer distances up to ~1000 km

* Do not rely on REL parameter alone

— REL can be non-zero when MUFday is zero (contradiction)

Minimum Angle= 3.000 deg
THS N. M
133.72 85.8
z=315

159.
1.000kW

2-30 + 5.0 dBif
3 MHz NOISE = -150.0
MULTIPATH FOWER TO

-150.0 d

0ISE 50.
TIPATH POWER TOLERANCE

n 12.07220
VOACAP
Time availability
Req SNR
3]

C 1> 90
90>[ ] >= 80
80> >= 50
50> >= 20

10 12 14
Time (UT)

NTIA/ITS NTIA/ITS
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@ e Recommendations (2)

Jul 2014 SSN = 72. Minimum Angle= 3.000 degrees
LONDON NG TE N. MI. KM

3 7 2 159.0
1.000kW

0.100 ms

 Check MUFday parameter

— Is ionospheric support predicted at i
frequency of interest?

MUE
FOT

Minimum Maximum
0.00  100.00

nts

— Check Method 9 frequencies

NTIA/ITS

3.000 degrees
MI. KM

« Check SIG LW parameter

— Has SIG LW reached 25 dB at some
frequency?

— Indication that VOACAP is having
difficulties

159
-0 1.000kw

.0 00 Az 3
-150.0 dBW L = 90% REQ. SNR = 38.0 dB
MULTIPATH DELAY TOLERANCE 0.100 ms

3 MHz NOISE REQ
MULTIPATH POWER TOLERANCE = 3.0 dB

~ VOACAD

Signal Power
Lower Decile

10 12 14
Time (UT) NTIA/ITS
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@ Consuling VOACAP — Unfinished Business?

« Correct VOACAP to prevent false signal, noise and reliability
predictions when ionospheric propagation not supported

 Other loose ends?

— George Lane

« “By the way, the IONCAP family of programs does have a multipath
probability calculation which is supposed to give an estimate of the
probability that the presence of other modes will cause serious multipath
conditions. Sadly, this calculation is in error. However, funding ran out before
| could get the corrections into VOACAP”

« “After that are 3 numbers which deal with prediction errors and are included
in the service probability [S PROB calculation which is not recommended for
use at this time”
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AN Plextek
WS Coneulting Summary

 VOACARP reliability predictions can be in error for short-range
links

— e.g. Good reliability predicted when no ionospheric support
predicted

— Affects predictions for NVIS links and links < ~1000 km

« User interpretation required to validate VOACAP prediction
— VOACARP tells us when it is having difficulties
— Carry out sanity check on prediction data

— Avoid decision errors based on false predictions
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@ Egﬁgfﬁﬁ'g References

« (G. Lane, Signal-to-Noise Predictions Using VOACAP — A
User’s Guide, Rockwell Collins, Cedar Rapids, IA, USA, 2001.

* Www.voacap.com
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http://www.voacap.com/

@ e Online VOACAP Parameters

« Low man-made noise levels (-155 dBW in 1 Hz at 3 MHZz)

— Lower than ITU-R Rec. P.372-11 ‘Rural’
 ‘Rural -150 dBW in 1 Hz at 3 MHz
e ‘Quiet rural’ -164 dBW in 1 Hz at 3 MHz

 Low required SNR (CW 24 dBHz and SSB 38 dBHz)

— Lower than ITU-R Rec. F.339-8 for fading conditions
- CW 38 dBHz
- SSB 48/61/72 dBHz depending on grade of service
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