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Dedication

The work of ACE-HF is dedicated to the memory of Arthur A.
Callins, founder and President of Collins Radio Company. Arthur
Collins was personally responsible for outstanding innovationsin HF
radio communications, starting with the amateur radio transmitter
designs that made him famous and which became industry high-end
standardsfor decades.

Collins Radio was the first to perfect Single Sideband HF radio, giv-
ing the U. S. Strategic Air Command reliable worldwide command
and control for thefirst time. Thereafter, Collins HF SSB radios be-
camethe Cadillacs of the radio industry in both military and amateur
HF service.

Arthur Collins' personal vision led to a 250-kW HF transmitter de-
sign for international broadcasting that included innovative computer
control systems that were decades in advance of other concepts.
That transmitter development of the 1960s was perhaps the last in
which Arthur took a direct personal interest. It was the author’s
good fortune to have worked directly with Mr. Collins during the de-
sign as it took shape in the laboratory. Asdid most others at Collins
Radio, | found Mr. Collinsto be friendly and courteous, and always
ready to lead the way toward new and challenging adventures in ra-
dio engineering.

Arthur Collins became a hero to many young engineers at his com-
pany, and will be remembered with admiration by all who touched
the company’ s products. Arthur’s dedication to quality and technical
excellenceisperhapsbest characterized by thisquotation:

“The real thrill in radio work comes not
from talking to stations in distant lands,
but from knowing that by careful and
painstaking work and by diligent and
systematic study you have been able to
accomplish some feat or establish some
fact that is a new step toward more perfect
communication.”

by Arthur Collins, 9CXX
1926, at age 16.

RPB
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GETTING STARTED WITH ACE-HF
Welcometo ACE-HF. Learning ACE-HF is easy-just follow these steps:

(Use Help, Getting Started on the Main Screen or Circuit Analysis Screen to seethispanel again. Y ou can
also print al the Help screens from the HEL P.PDF file from the installed folder or fromthe CD.)

HINT: Some users shrink from reading the ACE-HF Help Tutorials because they are quite detailed. But
don't worry. ACE-HF isdesigned to beintuitive and you can operate the software by reading just this page.
Thetutorials may be used as reference documents. Just use the Table of Contentsto find atopic of interest.

If you arereading thisHelp file before starting the program, be aware that you can load new Station Loca-
tionkey files(theoriginal key filecomesonthe CD) from your download folder or from any hard drive
folder. If you need another key file, call or write ACE-HF for aduplicate or alternate location fileto be de-
livered viae-mail.

1. What's New? If you are aprevious ACE-HF user, you may want to begin by reading about the new fea-
turesin Version 2.06 of the software. Please go to the "What's New?' Help Tutorial. Also, you may find a
listing of program revisionsinthefile\ACE-HR\ACEHF_History.PDF that wasinstalled from the CD.

2. Initial Setup.

A. User Mode. The program first appearsin the Ham User Mode by default. Using the Main Screen menu,
File, User Options, select either Ham Operator or Shortwave Listener. Please go to the SWL Help Tutorial
to learn more about the SWL User Mode.

B. Path Units. Using File, User Options, set path distance unitsto your preference.

C. Clock Offset. Using Main Screen File, Set the Clock Offset so PC timeis shown as Coordinated Univer-
sal Time (UTC) within ACE-HF.

3. Initial Run. ACE-HF automatically runsthe predictionsfor thedefault circuit shown on the Inputs, Cir-
cuitspanel. To seethe predictions, click onthe Main Screen top-row menu Circuit Analysisitem. The Cir-
cuit Analysis Screen will appear with agraph of SNR vs. time-of-day for the default circuit. (Seethe Circuit
Analysis ChartsHelp Tutorial.)

4. Saving Circuit Defaults. GototheInputs, Circuit panel and click on Save Circuit. Initial settingsare
aready saved in aDefault file and appear automatically on startup.

5. Changing Settings. On the Inputs, Circuit panel, try changing one of the bluecircuit functions. Note
that the comment line changesautomatically. Then click onthe Run Circuit Predictionsbutton. The Circuit
Analysisscreen will have datafor the new input selection. Usethe top-row menu to return to the Inputs
Screen. Y ou can restore the default parameters by recalling the file HamDefault.ckh or SWLDefault.cks.

6. Setting the SSN Number. The Smoothed Sunspot Number (SSN) is set for 100 onthe CD. If you are
connected to the Internet, use the Inputs, Circuit panel, Get New SSN function to update the SSN.

7. Station Defaults. Inthe Ham mode, the red transmitter parameters have been customized for your sta-
tion, but you can change your transmitter power and antennatype. Seethe AntennasHelp Tutoria for more
information about the antennafile selections.

8. New Circuits. Returning to the Inputs screen, anew circuit may be specified by selecting anew station
location from the database, by using the keyboard, or by changing the station dot |ocation on the Circuit
Analysisscreen. (Seethe Hidden FeaturesHelp Tutorial.) The comment line and path valueswill change
automatically. Then click Run Circuit Predictionsto see datafor the new location.

9. Circuit Options. Change to the Inputs, Circuit Options panel to see the program defaults. Each may be
changed and the defaults may berestored. Run the predictionsagainif you change something.

WEe'll discuss Area Coverage and Antenna Options settingsin separate Help Tutorials. 'Y ou may read about
the ACE development by clicking onthe Main Screen Help Tutorials, and select Basis, What's ACE?

Now read the Features, Hidden Features Help Tutorial. Have fun with ACE-HF!
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WHAT'SNEW IN VERSION 2.06?

Thissection providesabrief overview of new featuresintroduced in ACE-HF Version 2.06. More extensive
discussions of these features are provided in the other Help Tutorial s (see the Table of Contents).

1. Antenna Central. A new antennamodeling capability called Antenna Central isnow included. Antenna
Central includes 1650 new antennamodelsby L. B. Cebik, WARNL (SK).

2. Expanded MCS. The new Multi-Channel Schedule panel now permits separate antennas and transmit
powersto be specified for all ten frequency channels. The new MCS panel permitsautomatic predictions
with any schedule of user-specified antennas.

3. New Maps. Selection from thirty-four new mapsisnow possible, and a selected map appears on both the
Main and Circuit Analysisscreens.

4. Better Map Selection. A new map may be selected from either theMain or Circuit Analysisscreen.

5. Lat/Lon Readouts. Latitude-L ongitude readingsnow appear on the Circuit Analysis Screen when the
user |eft-clicks on the selected map.

6. Improved Prediction Accuracy. Area Coverage, aswell as Point-to-Point Circuit and Circuit Group pre-
dictionsmay now utilizedifferent antennasfor each channel by specifying an MCSfile.

7. Easier Station Relocation. TheMain Chart isnow hidden when moving the transmit or receive dot.
8. Better DXCC Database. The DXCC Database has been updated.

All the new features introduced in Version 2.05 have been retained:

9. SWL User Mode. The new User Mode control permits ACE-HF to be used in anew Shortwave Listener
mode aswell asthe normal Ham Operator mode. Please see the SML Help Tutorial.

10. New Antenna Analysis Capability. Two interesting new charts permit the user to analyze antennas se-
lected for both the transmit and receive ends of circuits. The new Antenna Analysis chart showsthe vertical
pattern of any selected antennaaswell asthe computed el evation angle of the most reliable propagation
mode. Thiscomparisonisespecially useful when NVIScircuit operationisneeded. Thesecond analysis
capability chartsboth azimuthal and vertical patterns for VOACAP Type 13 antennamodel s and animates
them through their frequency range. Thisinteresting chart isaugmented by athree-dimensional display of
the entire antenna pattern, which itself may be animated through the frequency range.

11. Absorption Model Selection. Either the NORMAL (VOACAP Standard) or the IONCAP signal absorp-
tion model may now be selected. The|ONCAP mode yieldsan increased signal level inthe predictions of
low-frequency, nighttimecircuitsand may be used experimentally.

12. HFCC Antennas. More than 660 International Broadcasting antennamodels have been added. These
areuseful inthe simulation of shortwave circuits.

13. HFCC Station Database. Morethan 640 International Broadcasting transmit station locationsmay be
called from the HFCC Database.

14. CIRAF Zones. Usersmay show International Broadcasting CIRAF Zones and numberswhen display-
ing area coverage maps.

15. New Service Types. Seven new service type settings may now be selected for popular HF data modes.
Inaddition, anew AM servicetypefor International Broadcasting has been added.

16. ALE Simulation. Automatic Link Establishment (ALE) circuits, aswell asconventional HF circuits
may now be simulated.

17. Improved Clock Offset. The Clock Offset function may now be set for fractional hours, to accommo-
date usersin Australiaand el sewhere.

18. Improved Screen Resolution Scaling. The user may now preset the software to display all screensin
full-screen or normal 800x600-pixel mode, and all user screen resolutionswill scaleautomatically. A single
ACE-HF program now supportsnormal (small) and large screen fonts, and dual -screen and wide-screen dis-
plays are supported.

19. Automatic MOVIE Displays. Theanimated areacoveragedisplay program, MOVIE, now appears for
the current hour and automatically advances every hour when 24-hour displays are created.

2
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SWL OPERATION

1. Two Programsin One. Beginning with Version 2.05, ACE-HF has become two programsin one. All the
Ham features are retained, and the software can be configured for ShortWave Listener (SWL) use aswell.
Operation is switched between the HAM and SWL modes by using the Main Screen, File, User Options
panel. Click on Ham Operator to use ACE-HF in the normal Ham User Mode. Click on Shortwave Listener
to switch to the SWL User Mode. The custom callsign or station name that appearsin the upper left corner
of theMain Screen and Circuit Analysis Screen carriesa Ham or SWL prefix to show the selected mode.

2. Ham or SWL Mode? Whether you have purchased ACE-HF for Ham or SWL operation, the software
has been customized for your station through the use of akey file. Whenyoufirstinstall ACE-HF the key
fileload from the CD. Regardlessof theintended use, all users may use the software in either mode by
switching user modes at any time. Infact, Ham userswill benefit from some of the new SWL features, and
SWL userswill enjoy some of the new Ham capabilities. Some new features, such as the new antennamod-
elsand analysis charts, will be of interest to both Hams and shortwave enthusiasts.

3. SWL Simulations. New features of interest to SWL usersinclude the HFCC database, which permitsthe
sel ection of worldwidel nternational Broadcasting transmitter locations. By selecting astation from the
HFCC database, the SWL user may quickly configure point-to-point circuits, or circuit groups, to hisreceive
location. Usedin conjunctionwith shortwave published schedulesfromthelnternet, whichlist thestation’s
transmit power level and frequency aswell asthe antenna azimuth for different broadcasts, accurate simula-
tions of each shortwave transmission may be made. Unique frequency schedulesfor each station may be
created and saved by using the frequency list on the Inputs, Circuit Options panel.

HINT: If you regularly listen to several broadcast stations, make anote of the several frequencies used by
each. Although most stationswill have uniquefrequencies(to avoid interference), many of their channel
assignmentswill be similar, so acommon broadcasting frequency list can accommodate several different
stations. Usually, frequencieswithin 100kHz or sowill yield similar propagation predictions.

Another featurefor SWL usersisthe addition of many HFCC antennamodels, found in the HFCC folder of
the Select Antenna screen. Some SWL enthusiasts search for exact antenna definitions contacting their fa-
voritestationfor technical information. But if you don’t know the station’ sexact antennaconfiguration, you
can begin by using the CONST17.VOA antennamodel that is at the end of the HFCC antennalisting. The
CONST17.VOA model was created by the V oice of Americato approximate thelarge curtain arrays used by
HF broadcasters, and some such antennas have high directional gainsof up to nearly 30 dBi. The generic
VOA antennahasagain of 17 dBi, with curtailed radiation at the low take-off angles, and is omni-
directional.

For better simulations, you can use one of the curtain arraysthat have high directional gain. TheHFCC
BC003S00.S00 antennaisagood nominal choice. Thismodel hasadirectivity gain of 21.2 dBi with an ex-
cellent front-to-back ratio. Y ou canview itspatternsusing HFANT or the Type 13 Antenna Analysis
Charts. (See section 4 of the Antennas Help Tutoria for amore detailed description of the HFCC antennas.)

4. CIRAF Zones. You will want to use ACE-HF s area coverage displays to better define the coverage
from International Broadcast stations. When you create area coverage displays, you caninvoke the CIRAF
Target Zonesfeature to superimpose the zones over your areacoverage displays. CIRAF standsfor Confer-
encia Internacional de Radiodifusion por Altas Freguenciasand wasaconferencefirst held in Mexico City
in the 1940sto define areas to be served by each shortwave broadcaster. Continuing HFCC meetings are
held to refine such agreements. Each CIRAF target zone has anumber, and the Internet scheduleslist those
zones, along with frequencies, times-of-day and antenna azimuth angles used for each broadcast. Y ou can
use thisinformation to better simulate such broadcasts.
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5. Simulating Shortwave Broadcasts. In summary, here are the procedures the shortwave enthusiast might
follow for simulating shortwavebroadcasts:

A. Specify your receive station parameters. First, set up your stationin ACE-HF. If you have purchased
the software for SWL purposes, you probably chose a station name, or you own name, and that name will
appear inthe green Inputs, Circuit SWL Receiver panel. Now you must chose amodel that most nearly
simulatesyour station’ sreceiving antenna. It might beasimple dipolewire antenna, and you can usethe
HFANT program to create a custom model by starting with the DIPOLE23.23 filein the \antennas\UserAnt
folder. (Read the Antennas Help Tutoria for moredetail.) Setthedipole’ sphysical length and height above
ground and chose ground conductivity and diel ectric constant val uesthat approximatethose of your loca-
tion. Pay particular attentionto theangul ar orientation of thedipole. ACE-HF assumes that the zero azi-
muth angle pointsto true North, and for dipolesthat angleisthe broadside emission of the antenna. Y ou can
set the antenna azimuth angleto compensatefor the physical orientation of your antenna.

Or you might wish to select another generic antennafrom the \UserAnt folder or from the new Antenna Cen-
tral collections. Y ou can even specify the SWWHIP.VOA antennafrom the HFCC antennafolder if you
have asimple receiver with awhip. Or, you may wish to select the default | sotropic antennathat is often
used for unknown Ham stations.

Then, set the manmade noise level on the Inputs, Circuit panel. Usethedefault Rural level if you areina
suburban or rural areaaway from electrical transmission linesand other electrical equipment. If youareina
noisy environment (you cantell by simply listening to background noi seonyour HF radio), you might want

to select the City or Industrial noise level.

B. Specify the transmit station parameters. Select a shortwave station you want to listen to and use the
HFCC databaseto find itslocation. Usethe station’ s published schedulesto find the transmit power, an-
tennaazimuth (main beam) angle and CIRAF Zonesto be covered by the broadcast. The scheduleswill also
list the frequencies and times-of-day for each broadcast. Two good sourcesfor thisrapidly changing data
are www.hfcc.org and www.ilgradio.com/ilgradio.htm. IntheInputs, Circuit panel set the station’ stransmit
power value. Set thetransmit antennaazimuth if you have selected an HFCC directional antenna.

C. Set the service type. OnthelInputs, Circuit panel, select the IB (AM) service type. This specifiesthere-
quired signal-to-noise (SNR) threshold sensitivity for AM International Broadcast service. Thedefault Re-
quired SNR (RSN) valueis 67 dB-Hz, but can be changed on the Inputs, Circuit Options panel. Y ou can
read more about service typesin the Circuit Quality section of the Basis for the PredictionsHelp Tutorial.

D. Specify broadcast frequencies. 'Y ou can specify ten broadcast frequency channelsusing thelist inthe
Inputs, Circuit Options panel. The software assumes the Ham User Mode to start with, so after you have
changed to the SWL User Mode, moveto the Inputs, Circuit Options panel and recall the SMLExample.frq
list. Then edit that list to better represent the various frequencies used by a given broadcast station. Y ou can
save adifferent frequency list for each broadcaster, or you can make a generic frequency list aswas ex-
plained in section 3, above.

E. Making atrial prediction. To see predictionsfor the point-to-point circuit that you have defined, just
click the Run Circuit Predictions button on the I nputs screen, or the Circuit Analysis menu item on Main
Screen. Y ou can then use the various analysis charts to understand when your shortwave program can be
heard.

F. Making reception area predictions. Most shortwave enthusiasts will want to use ACE-HF' s powerful
area coverage displaysto better see how broadcast station coverage varies with frequency and time-of-day.
Y ou can make Normal transmission area coverage predictions to see the coverage of aparticular station, or
you can make Rever sed reception area coverage predictionsto see the coverage around your receive station.
Inthe latter case, the software movesthe transmitter all over theworld to seeits coverage limitsto your sta-
tion. Read more about area coverage displaysin the Area Coverage Help Tutorial.

G. Making Circuit Group predictions. Y ou can also make predictions for transmissions from as many as
18 broadcast stations by using the Circuit Group capability, following the Circuit Group Help Tutorial.
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WHAT'SACE?

ThisHelp Tutoria describesthe devel opment of the ACE areacoverage animation displays. It won’t help
much with learning ACE-HF, soif you' re not interested, go onto Hidden Features Help Tutorial. Theterm
ACE refersto the display technique. All ACE-HF predictions are made with the VOACAP program.

The ACE (Animated Communications Effectiveness) concept was devel oped for the U.S. Navy and first
appliedto VLF submarinecommunications. VLF signaling isthe preferred method for such applications
because the signal's can be heard over great distances and can penetrate sea water, thus permitting the sub-
marineto remain hidden below the surface. For many decades, propagation model susing waveguide theory
(where waves are assumed to propagate between the D-region of theionosphere and the earth's surface) have
been conceived and fine-tuned. Today, validated and accurate modelsfor under-sea VL F reception exist.

Asthe VLF modelsgrew more complex, so did the problem of depicting theresult. For years, it was com-
mon practiceto plot areacoverage curves on paper. But at VLF, such plotsvaried greatly with transmit
power, signaling mode and other factors, and particularly with time-of-day. An oft-used simplification was
to assume an all-daytime scenario because daytime coverage was easier to understand and, in general, was
worsethan nighttime coverage. Butinfact, nighttime signal fading often causes severe signal drop-outsin
many areas, and those effects were missed when only asimple coverage prediction at one time-of-day was
made.

To understand these effects, the authors (of the ACE programs) began to produce hourly area coverage
curves and hang the papers on thewall. But soon, thewallsweretotally covered because every revelation
suggested changing another system variableand producing another set of paper. Eventually, the solution
was to show the curves on a computer screen one after the other—the A CE concept was born.

The ACE method shows a sequential series of coverage maps, with multiple curves as needed to describe the
effect of changing system variables. When showing the maps one after the other, amovie-likedisplay is
produced. Infact, the program that displaysthe sequential coverage mapsiscalled MOVIE. Theimages
may be shown one at atime, or repeated rapidly at various speeds.

At HF, propagation anomalies are even more complex than with VLF. The great advantage of ACE-HF is
that the effects—sometimesastonishing effects—of the day's passage may be easily understood. With ACE-
HF maps, one can see at a glance when the HF bands will be open in different parts of theworld. Then, the
point-to-point analysis charts may be used to see the details of transmissionsto particular locations. In
ACE-HF, the effect of time isaways emphasized.
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HIDDEN FEATURES

1. Some definitions. The graph that appears at the bottom of the Circuit Analysis Screen iscalled the Main
Chart. Therearethree other charts on this screen, the MUF Chart, the Best Frequency Chart, and four types
of Summary Charts. TheMain Chart appearsautomatically, asdescribed in the Help tutorials, while the
other chartsareinvoked from the Circuit Analysis Screen top-row menu. Read more about these specialty
chartsin the Charts and Antennas Help Tutorials. And remember, in ACE-HF all charts are animated.

When you have selected the SWL Mode, selected frequencies are called Channels. When in the Ham Mode,
they are called Bands. In either case, you can always set a new group of ten frequencies by using the Inputs,
Circuit Options screen

2. Analysis Screen Pop-Up Menu. Perhaps the most useful ACE-HF featureisthe Circuit Analysis Screen
Pop-Up menu. Right click anywhere on the Circuit Analysis Screen. Then left click on the parameter you
want to change. Current selections are marked. New predictions replace previous chart datain afew sec-
onds, so it's easy to see the effect of a parameter change without returning to the Inputs screen. Note that
you must terminate chart animation before you can access the Pop-Up menu.

Y ou may choose adifferent chart typefrom thetop list in theleft column. Selectionsfrom other listswill
automatically re-runthe predictions. Try anew parameter. For example, changing the Required Reliability
value from 50% to 90% is instructive.

The Pop-Up menu also permits aquick return to the Inputs Circuit or other screens by using theitemsin the
right-hand column. Also, you can temporarily Hide the Main Chart and the other charts then re-show them
if youwish. You can aso Hide and Show the Open Bands boxes using this Pop-Up.

3. Open Bands Boxes. The boxesin the upper right corner show bands that are open at the current time. A
hint defining the box col ors appears when you pass the mouse cursor over the Open Bandsarea. The colors
track any circuit changesyou make. For example, aband that is Open (green) with the default | sotropic an-
tennamay be Closed (red) if you changeto an antennahaving lessgain. The color changestrack those of
the Main Chart. Normally, all ten bands are shown. But if you select Contest Bands in the Main Screen,
File, User Optionspanel, only six bandswill appear in the Open Bands boxes, making Contest Band status
easy to see at aglance.

4. Circuit Path Dots. The point-to-point circuit and its two terminal dots are active in the Circuit Analysis
Screen. If you are in the Ham Mode and want to select a new receive location, left click the green receive-
sitedot. Then move the cursor to anew position and left click again. A yellow panel will appear after the
first click to show the cursor's pixel position and Lat-Lon values. After the second click, predictionsfor the
new circuit are computed automatically, and the new location is shown on the Inputs screen andinthe Main
Chart title. New circuit locations are also repeated to the Main Screen.

If you have selected the SWL Mode, then the red transmit-site dot will be active. The same procedure ap-
plies. Just left click thered dot, moveit to anew position and left click again. A new circuit from the relo-
cated transmit sitewill be established.

Withthisfeature, you can quickly examine other locationsto seewhen your favorite band iscurrently open,
observing the Open Bands Boxes after you move adot. And the Main Chart will show when the bands
might open up in the future. Remember that you can use the Pop-Up menu to Hide the Main Chart if you
need to move one of the dots to an areaunder the chart. Then use the Pop-Up again to Show the chart.

On either screen, you can place the mouse cursor over thedotsto seeahint giving call sign, location, path
distance and azimuth from both ends. Thehint asoidentifiesthecircuitas Long if Long Path was selected.

5. Main Chart Values. Y ou can see exact values by passing the cursor over the graph. A hint will appear
with avalue for each time-of-day or band. Sincethe Time chart isinterpolated to five-minuteintervals, in-
termediate val ues between the hourly predictionsal so appear.

6. Propagation Modes. When Modes is selected on the Main Chart, the value hints are replaced with mode
hints showing the principal propagation mode at each time-of-day. (See Circuit Analysis Chartstutorial.)
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7. Main Chart Zoom. An areaof the Main Chart time graphs (and the MUF chart) can be expanded by
opening the areawith the mouse. Left-click and hold the mouse button down over the time-of-day graph
and drag the mouse cursor down and to theright. When the mouse button isrel eased, asmaller area of the
chart will appear. Restore the chart to normal by left clicking and dragging the mouse cursor up and to the
left. TheZoom functionwill alsowork onthe Type 13 AntennaAnalysis 3D chart, and you can right click
to move a portion of the 3D-chart image. Restorethe 3D chart by l€ft clicking and dragging the mouse cur-
sor up and to the | eft.

8. Output. When you click on Output onthe Main Screen or Circuit Analysis screen top-row menu, a sub-
menu will appear naming thetypesof output filesyou can view. Click on Point-to-Point Run to view the
output file made by VOACAPfor thelast circuit prediction. The Windows WordPad program is used for
thisfunction, and files shown in WordPad may be printed. Both input and output dataare shown together in
the point-to-point run file. Separate sub-menu items are provided for normal and reversed area coverage
runs. On the Circuit Group screen, you can click on the Output menu time to see the VOACAP output for
thelast circuit run in the group.

9. Screen Hints. Many screen objects have hints that appear when the mouse cursor is placed over the ob-
ject. For example, the hint for the Open Bands bars defines the colors and notes that the bars are for current
time. Inanother example, the Inputs Panelsinclude hints that define acceptable ranges of each parameter.
Inthelnputs, AreaCoverage panel, hintsare provided for each of the principal functions.

There are hints on each of the two main circuit dots that appear on the Main Screen and the Circuit Analysis
Screen. Thered transmitter dot hint shows the transmitter call sign, location, thegreat circle path distance
(intheunitsselected in the File, Options panel) and the azimuth anglein degreesfrom the transmitter to the
receiver. Theazimuth, or bearing, isdefined asthe angle from the North Pole measured clockwise around
the horizon. In ACE-HF, azimuth angles progress from 1° through 360°. (Thus 360° = 0°.)

Thegreen receiver dot hint showsthereceiver location, the path distance and the azimuth angle from the
receiver back to the transmitter. Thetwo azimuth angles may be used to set directional antennasto the an-
glesof the propagation path. (Seethe InputsHelp Tutorial.) All path dataisshown ontheInputs, Circuit
panel.

Thereisahidden hint on the Main Chart when the S-units time graph isdisplayed. Thisgraph aso carries
an Elevation Angle curve, and you can find itsvalue by placing thetip of the cursor on the curve. The hint
will give both time-of-day and elevation angle values.

10. ID Timer. It isassumed that Ham operators will likely display the ACE-HF Circuit Analysis Screen
during on-the-air contacts, in order to continuously monitor the status of open bandson variouscircuits. As
an operational aid, ACE-HF includesan ID Timer to assist during on-the-air operations by reminding the
operator of the need to identify histransmission every ten minutes. Usethe Circuit Analysis Screen Pop-Up
menu and click on Sart ID Timer. A small digital clock will appear to the left of the Open Bands Boxes. At
every ten-minuteinterval the clock background turnsred. Click on the clock object to reset the alarm for the
next ten-minuteinterval. Thetimer will continueto count total timefromthetimeit wasfirstinvoked. To
stop the timer entirely, use the Pop-Up menu again and click on Stop ID Timer. TheID Timer isrepeated on
the Main Screen and may be reset from that screen, but can only be started and stopped entirely by using the
Circuit Analysis Screen Pop-Up menu.

11. Main Screen Pop-Up Menu. The Main Screen also has a Pop-Up menu, invoked by right clicking any-
where on the map. This Pop-Up permitsthe user to Show or Hide various screen features that may have
been created using the Main Screen Screen Features menu item. To learn more about the Main Screen fea-
tures, read the Screen Features Help Tutorial. The Main Screen Pop-Up isalso used to Show or Hide the
Open Bands boxes, and starting with VV2.06 the pop-up may be used to change maps.

12. Print Screen. A copy of the PrintKey 2000 freeware program was copied to the \ace-hf folder during the
installation. PrintKey 2000 may be used to print a screen image when the Print Screen key ispressed. If
you want to use thisfeature, click the Main Screen, File, User Options menu item and click the Install
PrintKey 2000 Print Screen Utility checkbox. ThePrintKey 2000 programwill beautomatically installed
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now and whenever you next re-start ACE-HF. When you then look in the Windows systemtray (inthe
right-hand part of the Windowstask bar) you will seea®hand” icon, confirming that PrintK ey 2000 has
beeninstalled. Right click onthe PrintKey 2000 iconto besureitisset for No Dialog. You can awaysre-
move PrintKey 2000 from your PC by clicking Exit in theicon menu and unchecking the User Options
checkbox. For amorecomprehensiveprint utility, seehttp://www.warecentral .com.

13. Analysis Charts. Moredetailsof the Circuit Analysischartsarediscussed inthe Circuit Analysis Charts
Help Tutorial, and chart parameters are discussed in the Basis for the Predictions Help Tutorial.

14. Saving Scenarios. ACE-HF user settings are saved automatically when you close the program, and are
recalled when the program restarts. Y ou can place anumber of Screen Features on the Main Screen (seethe
Screen Features Help Tutorial), and sets of these features may be saved and recalled as * .scn filesusing the
Save/Recall Screen Featuresitemson the Main Screen File menu. For example, suppose you have afavor-
ite HF network you have defined with a set of screen features. Y ou may save and recall the featuresusing
this function.

15. Installing a New Station Location File. If youmove, or if you plan to temporarily operate your station
at anew site (at aDX pedition location, for example) and wish to make ACE-HF predictions for that loca-
tion, you can obtain an additional station location filefrom http://www.acehf.com. In most cases, the new
filewill be E-mailed to the user.

For new location fileswheretheoriginal call signisused but adifferent locationisspecified, the new station
locationfilewill comewith a(fictitious) suffix appended to thecall sign, or you can specify your own sta-
tion name when you order thefile. ACE-HF will accommodate up to 20 charactersin the name. Thisstation
name will appear in the upper left corner of the Main Screen and Circuit Analysis screen, and will also show
inthe areacoverage predictionslist when you run predictionsfor the new location. Thelist canthen contain
predictionsfrom the new aswell asthe original location, and you can select files of ether type.

To change the ACE-HF station location, start ACE-HF and use the Install New Sation Location File func-
tioninthe Main Screen top-row Filemenu. Y ou may install from your download folder if you havere-
ceived the new file via E-mail. Y ou no longer need to exit and re-start ACE-HF for the new location to be-
comeeffective. When you return home, use the same processto reinstall the original stationlocationfile
that was distributed with the ACE-HF CD.

16. ACE-HF and GeoClock. |If you have GeoClock installed on your PC, you probably useit to watch the
day-night terminator asit approachesyour station. Thisisparticularly useful during contests, whenthe
higher-frequency bands often open at the onset of the daylight hours. Also, you can use GeoClock to
quickly find thelocal timeat adistant receivelocation.

ACE-HF and GeoClock can be used together so you can watch the Open Bands Boxes and the circuit pre-
diction chartswhile you keep an eye onthe GeoClock terminator display. One handy screen arrangement is
to call GeoClock from the ACE-HF Circuit Analysis Screen top-row menu, and then use the GeoClock
Window Controlsto reduceitswindow sizewhilemaintaining the4 x 3 aspect ratio. Put GeoClock inthe
upper-left corner of the screen and reduce its size so that its lower edge is about even with the equator of the
ACE-HF map. (In GeoClock, type C and then NOCITY to remove the GeoClock city labels.)

If you have called the ACE-HF Summary Chart, you can now watch the summary predictions—and even the
ID Timer if you have started it—aswell asthe Main Chart predictionswhile you note the terminator’ s pas-
sagein the GeoClock window. Y ou can switch back and forth between A CE-HF and GeoClock by using the
WindowsALT + TAB function.

17. ACE-HF and Logging Software. In the same manner, you can use ACE-HF and your favoritelogging
program simultaneously. Oneof thepopular logging programscan beinstalled onyour computer and called
in aseparate window. Usethe ALT + TAB keysto switch between the applications.

Infact, you can call al three programs—A CE-HF, GeoClock and your logging software and switch between
them at will. Windows multi-tasking isagreat capability for this purpose.
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18. Dual-Screen Operation. ACE-HF now supports dual-screen operation. Y ou can start ACE-HF and
drag it over to asecondary monitor whileyou view another program on the primary monitor. Or, you can
useyour dual monitorsto simultaneously display different ACE-HF screens. For instance, you can start
ACE-HF onthe primary monitor, invoke the Inputs screen and drag it to the secondary monitor. Then, run
thecircuit prediction and show the Circuit Analysis screen and the I nputs screen simultaneously.

HINT: If you do use dual (or more) screens, it isbest to set both monitorsto the same resol ution.

19. Full Screen Setting. From the File, User Options panel, you can set ACE-HF to operate in the Full
Screen mode regardless of the PC’ s current resol ution setting. Or, you can select Normal Screen mode,
where the ACE-HF screensremain in their native 800x600-pixel size. ThisNormal settingisuseful when
multi-tasking on amonitor that has been set at a higher resolution. Then, ACE-HF can be dragged to a con-
venient corner of the monitor screen and other programs can be shown el sewhere on the monitor.

If youhaveamonitor capabl e of displayingavery highresolution, say 1600x1200 pixels, another useful
arrangement isto set ACE-HF in the Normal Screen mode and drag its screens around until you fill al four
corners. Y ou might have the Inputs screen in the upper-left corner, the Circuit Analysisscreen in the upper-
right corner, the Circuit Group screeninthelower right and GeoClock inthelower-left corner. At thistime,
due to map-drawing limitations, it isnot possibleto further changethe size of the ACE-HF screens.

20. Selecting Maps. Click the Maps item on the Main Screen top-row menu to see a preview window and
selectionsfor other maps. Four world maps and 24 quarter-world maps are included, aswell as severa
close-up maps. When world or quarter-world maps are shown, click on the arrow controlsto theleft and
under the preview window to select the desired map. Click Accept to install the map on the both the Main
and Circuit Analysis screens. The map selection panel may beinvoked from either the Main or the Circuit
Analysis screen, and amap selected from either screen will be automatically echoed to the other screen.

Y ou may also select the principal maps from the Main Screen pop-up menu.

21. Lat-Lon Locations. When you areon the Circuit Analysis screen, | eft click on any location to readout
latitude and longitude at the cursor location. Hold theleft button down and move the mouse cursor around
the map to read lat-lon at other locations.
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INPUTS

HINT: If your printer is connected and on and you have enabled PrintKey 2000, pressthe Print Screen key
to make prints of the four ACE-HF Inputs panels. Refer to the printsasyou read thistutorial.

1. Circuit Input Panel. Click on the Inputs top-row menuitem onthe Main Screen, the Circuit Analysis
screen or the Circuit Group screen to access the Inputs Screen. The four tabs at the top provide accessto the
four principal panels. Usethe Circuit panel to specify parameters for a point-to-point circuit.

TheCircuit panel isdivided into three sections. Thetop section dealswith thetransmitter parameters, where
you specify transmit power and transmit antennacharacteristics. The station |ocation has been customized
for your station, but you caninstall alternate locationsif you have acquired them. (See section 15 of the
Hidden FeaturesHelp Tutorial.) IntheHam Mode, your transmit station location isfixed and the database
button is used to select areceivelocation. Inthe SWL mode, your receive station locationisfixed and you
can use the database to select any transmit location.

In either case, the transmit power entry should be the power delivered to the antenna, not the transmitter
output power. Be sure to reducethetransmitter output power by any transmission line and mismatch |osses.
Selecting antennasisdiscussed in the next section of thistutorial. Although thetransmitter and receiver
nomenclature of thispanel impliesaone-way circuit, it isrecognized that most circuits are bi-directional and
it isassumed that acommon antennaisused for transmit and receive at each terminal. So antenna settingsin
thetransmitter section arefor both transmission and reception at that location.

The Receiver section of the panel permitsthe user to specify parametersfor the distant end of thecircuit in
the Ham mode. Y ou can specify adistant receiver’slocation in three ways. Y ou can access the locations
database, asis explained in the Database Help Tutorial. Or, you can moveto the Circuit Analysis Screen
and change the location by moving the receive dot on the screen, aswas discussed in the Hidden Features
HelpTutorial. Or youcanmanually typeintheinformation, includinglatitudeand longitudeusing the key-
board. Either way, when the selection is made the path parameters shown in the System Parameters section
of the panel are automatically updated. Inthe SWL Mode, you can specify parametersin the transmit panel.
Note that you always specify the man-made noiselevel on the receiver panel, regardless of the user mode
you have selected.

Path distanceis shown in the unitsthat were selected on the Main Screen, File, User Options panel. The
great-circle azimuths at both ends of the circuit are computed for both short and long paths. The path type
may be changed between Short and Long using the buttons at the right of the Systems Parameters section.
Try thisand see how the path graphic changes on the Main Screen and Circuit Analysis screen. But be care-
ful toreturn to the default Short Path setting unlessyou really want to use Long Path cal culations.

Other controls of the System Parameters section permit you to change Smoothed Sunspot Number (SSN),
Month, Service Typeand Required Reliability for the circuit computation. (See ALE Smulationsin the Ba-
sis for the PredictionsHelp Tutorial.) The Month setting automatically defaultsto the current month and
each of the others has default selectionsaswell. The Service Type selectionsrefer to the Required SNR
(RSN) levelsthat may be specified in the Circuit Options panel. Man-made Noise values may be specified
inthat panel, also. Y ou should always re-run the predictions after changing any of the circuit parameters.

2. Selecting Antennas. ACE-HF now hasanimproved antennasel ection capability, permitting the user to
specify and select an unlimited number of antennamodels. Thevariousselectionsaredescribed in detail in
the Antennas Help Tutoria. Here, wewill simply definethe controls.

To choose an antennafor either end of the circuit, click on the Select Antenna button in the respective pan-
els. The Select Antenna screen will appear, with buttonsfor the various antenna categories. The User cate-
gory appears by default. To select an antennafrom the UserAnt folder, click on the line you want and then
click the Accept button. The Inputs screen will reappear, showing the selected antennain the right-hand an-
tennapanel. Notethat you can click on Default in either antenna panel to select an Isotropic antenna. When
an | sotropic antennais selected, the gain of that antennawill be set to the valuethat is specified in the In-
puts, Antenna Options panel.

10
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3. Setting Antenna Azimuths. Both antenna panels of the Circuit panel permit the user to set antenna azi-
muth in two ways. Y ou can usethe arrow control to specify an exact azimuth in degrees (or you can edit the
azimuth box directly from the keyboard), or you can click the Point at box. When you click the two Point at
boxes, the antenna azimuthswill be automatically pointed at the other ends of the circuit, along the great-
circle path. Y ou can check this by noting the computed great-circle azimuthsin the System Parameters
panel. Usually, one should check the Point at boxes unless you have adirectional antennathat isfixedin
onedirection. Inthat case, different pathswill produce off-azimuth antennagainsthat vary in accordance
with their patterns. The azimuth anglesare saved automatically when you leave ACE-HF.

4. Retrieving New SSN Values. 'Y ou should update your Smoothed Sunspot Number estimate every month
by using thisfunction. Click the Get New SSN button to automatically accessthe Internet and retrieve the
current month’sestimate. Or, you can select adifferent month and year from the SSN Retrieval panel to
explore SSN variations at future (or past) dates. Once selected, click on Accept to install the new estimatein
the User SSN box on the Inputs, Circuit panel. The User SSN box can also be edited manually if you have
no Internet access and wish to enter the estimate yourself. The source of and basisfor the SSN estimates are
discussed in the Solar Effects section of the Basis for the PredictionsHelp Tutorial.

5. Calculating Magnetic Declinations. ACE-HF permits the user to compute magnetic declinationsfor both
circuit terminal locations. Click onthe Calc Mag Dec button in the System Parameters section of the Circuit
panel to update thevalues. Both Magnetic Declinations and M agnetic Azimuths are computed by thisfunc-
tion, and should be updated by the user whenever anew location is selected, if they are needed.

M agnetic azimuth values are useful for positioning adirectional antennain thefield by using acompass.
Compass headings may be taken directly from the magnetic azimuth computationsand will help to optimize
system performance at | ocations when declinations are unknown. A CE-HF magnetic declination and azi-
muth computations are made using the MAGPOINT software, derived from the U. S. Department of De-
fense World Magnetic Modd (WMM). Y ou can read about the WMM at:
http://www.ngdc.noaa.gov/geomag/

6. The Circuit Comment Line. The Circuit Comment Linerepeatsall the point-to-point circuit parameters
in abbreviated notation. It'sagood ideato routinely check thislinebeforerunning your predictions, to be
sure the selected parameters are what you really want. The comment lineisrepeated asatitle line on the
Main Chart of the Circuit Analysis Screen. The Comment Line updates automatically each time you change
asetting onthe Circuit panel or onthe Circuit Options or Antenna Optionspanels.

7. Saving and Recalling Circuits. Y ou may save all the Circuit panel settings by using the Save/Recall Cir-
cuit buttons. (These functions are repeated under the Main Screen File menuitem.) For example, if you
have aregular schedulewith aham friend in Italy and you know his antennatype, you can save and recall
the details of that circuit for later use. Y ou can awaysrestore the circuit defaults by recalling the a Default
file. Thecurrent circuitisshown abovethe Save Circuit button. Thecircuit files save only theterminal in-
formation and receive-site noise setting, so you can use the same file when you change a system parameter,
such as month, service type, or SSN.

If you select the Ham Mode, circuit files are saved with the extension .ckh. Inthe SWL Mode, circuit files
have the extension .cks. Thus, you can save two types of circuit files depending on the user mode sel ected.

8. Circuit Groups Inputs. Changeto the Inputs, Circuit Groups panel to seethe parametersfor defining
groups of circuits. Inthe Ham Mode, thisfunction permitsyou to defineterminalsat the distant end of up to
eighteen circuits, with each using your station asthelocal transmit terminal. Inthiscase, the circuit groups
usethetransmit power, antennasel ection and antenna azi muth settings from the Transmitter section of the
Inputs, Circuit panel. Inthe SWL Mode, you can definethetransmit terminals of up to eighteen circuits,
and thereceiveterminal settings are taken from the Receive section of the Inputs, Circuit panel.

Inthe Ham Mode, to specify anew group circuit, select adistant location using the Ham Receiver section of
the Circuit Groups panel. Y ou can select thelocation by using the database, by typing in the data, or by
moving the Rx Dot on the Circuit Analysis Screen. In either case, the resulting path parameters are shown
inthe Ham Receiver section and you can cal cul ate new magnetic declination and azimuth valuesfor each

1
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location selected. The antennaazimuth settingsfor the distant terminal may be set hereaswell, using the
Circuit panel methods. Y ou can usethe Point At method, or you can set the azimuth at afixed angleif you
want all receivelocationsto have acommon fixed azimuth setting.

Inthe SWL Mode, the Circuit Groupspanel label will changeto SWL Transmitter, but the method isthe
same as described above.

Once you have specified the parameters of acircuit, you can define that circuit as one of the group by click-
ing the Define Circuit button. Thecircuit’ sterminal parameterswill appear inthelist. Y ou can continueto
definedifferent circuitsand enter them in thelist until as many aseighteen circuits have been defined. You
can edit thelist using the Insert and Clear buttons.

HINT: If you wish the Circuit Group antennato point at the other terminal, be sure to check the Point At
checkbox onthe Circuit Group antennapanel beforeyou start defining circuits. The usefulness of Circuit
Groups isdiscussed inthe Circuit GroupsHelp Tutorial.

9. Automatic Circuit Group Definitions. If you click the Auto Define checkbox on the Inputs, Circuit
Groupspanel, you can then go to the Circuit Analysis Screen and automatically add circuitsto the Defined
Circuitslist. Eachtimeyou movethegreen or red dot to anew location, you will have the opportunity to
namethe distant end of the circuit. When you then click on Accept, acircuit by that name will be added to
the list.

Thisfeatureisuseful in contest situations, where you want to quickly set up circuitsto varioustarget areas
in order to make predictions of when the bands might open to those countries. The default | sotropic antenna
is often used in these cases. Each group of eighteen target areas may then be saved for future reference.

10. Changing System and Frequency Settings. Notethat the defined circuit list includes only theterminal
parameters of thecircuit. Thisisdone purposely in order to permit changesin system parameterswithout
the need to re-definethecircuits. Suppose, for example, that you have defined circuitsfor eighteen contest
areas and have set the system parameters to exclude the Sporadic-E calculation. Y ou can go to the Inputs,
Circuit Options panel and activate Sporadic-E predictionswithout changing thegrouplist. Or perhapsyou
have been working CW in your contest and want to see what the target area predictions might be for SSB
voice operation. Just go to the Inputs, Circuit panel, select the SSB Service Type, click the Circuit Group
tab and re-run the group predictions. Current system settings, aswell asthe current frequency selectionsfor
theten bands, are summarized onthe Inputs, Circuit Groupspanel .

11. Saving and Recalling Circuit Groups. Groups of up to eighteen circuits may be saved under user-
denoted filenames by clicking on Save Group. A previously saved group may berecalled using the Recall
Group button. These functions are repeated under the Main Screen File menu. Y ou can also recall a saved
group directly fromthe Circuit Group Screen. Thesamefilenameextension, .grp, isused for either the Ham
or SWL Mode, so it helpsto describe the group by aunique namein thefilename.

12. Area Coverage Inputs. Changeto the Inputs, Area Coverage panel to see the controls for making area
coverage predictionsand for creating displays. The controlsfor these functions are described inthe Area
Coverage Help Tutorial.

13. Circuit Options Inputs. Change to the Inputs, Circuit Options panel to see other controlsfor setting sys-
tem values. Hereyou can vary frequency settings, can specify different valuesfor Required SNR (RSN) and
Bandwidths of each Service Type, and can change the Man-made Noise Levels. Y ou can aso control
whether the Sporadic-E model isto beincluded in the prediction computations and whether the NORMAL or
the IONCAP Absorption Model isto be used (see I nputs section 14, below).

Each numerical parameter has adefault value, which can be recalled by clicking on the appropriate check-
box. Becausethese parametersare controlled and used in many locationswithin the program, an indirect
method is used to change the values on this panel. Just type the desired new value in the white box, and then
click onthetarget box. Asistruethroughout the program, the general ruleisthat only white boxes can be
edited.

12
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There aretwo overall defaultsfor the RSN and Bandwidth values. The standard settings are for standard
Ham service, where the more conservative RSNs recommended by VOACAP for operator-to-operator ser-
vicearegiven. A second default group, labeled DX/Contest Defaults, arefor less conservative RSNsthat an
experienced Ham operator might usein contest situations. Thelatter defaults should be used with caution
however, and are discussed morethoroughly in Section 15 of the Basis for the Predictions Help Tutorial,
under “How to Manage DX and Contest Situations’. For SWL users, the same RSN values may be used,
but the AM service type for Internati onal Broadcasting should usually be selected.

When you pass the mouse cursor over avalue box, ahint will give therange of permissiblevalues. The
program hasvariouserror trapsthat will disallow inappropriate entries. For example, entriesmust be made
in ascending order asyou move from top to bottom of the frequency list. Y ou can select different frequen-
cieswithinthat limitation. For example, you may wish to specify a75-m frequency for the 80-m Ham
channel.

14. Using the Absorption Models. In 1999, VOACAP was changed to include amore conservative model
of nighttimesignal absorption for frequenciesbel ow about 4 MHz. The previous| ONCAP absorption algo-
rithm was replaced because it was feared to bein error, since very little measured data supported the low-
frequency predictions.

Sincethen, however, anecdotal experiencesby Hamsand other HF operators have reported nighttime signal
reception where the VOACAP model computed no connectivity. Recent tests show that for some circuits,
the IONCAP model resultsin higher signal predictions. ACE-HF now permitsthe original IONCAP absorp-
tion model to beinvoked if the user wishesto experiment with thisdifferent computation. The absorption
model selectionisfound ontheInputs, Circuit Options screen. Initially, ACE-HF defaults to select the
NORMAL absorption model setting to emphasizethat thosedesiring moreconservativepredictionsshould
always usethe standard V OA CA P absorption model.

WARNING: Please observe the hints that appear when the mouseis placed over the Absorption Model con-
trols and read the warnings shown there about the use of the IONCAP model.

15. Saving and Recalling Frequency Lists. If you make changesto the default frequency list, you can save
those frequencies and recall them later using the Save and Recall Frequency List buttons. The CD containsa
Hambands.frq file and an SWLexample.frqfilethat wereincluded during installation. Y ou can also restore
default valuesfor thetotal list by clicking on the All Ham Bands checkbox.

16. Antenna Options Inputs. Changeto the Inputs, Antenna Options panel to see other controlsthat change
antennaparameters. |f you have specified one of the Isotropic antennas using the Select Antennafunction,
you can specify itsgain here. Separate controlsare provided for both terminals of point-to-point circuits.
These same gain values are used when defining circuit groups and making area coverage runs.

HINT: If you change one or both of the | sotropic antenna gains after defining acircuit groupslist, you must
redefinethelist beforerunning Circuit Group predictions.

TheElevation Angle panel letsthe user specify aminimum take-off angle for the transmit antenna. Three
degreesisthedefault. Three degrees prevents unrealistic low-angle gainsfrom being used by the program,
and permitsthe simulation of obstructionsinthe near field of theantenna. [Lane, April 2001, pp 9-3, 9-4].

Creating Multi-Channel Antenna Schedulesisdiscussed inthe Antennas Help Tutorial.
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CIRCUIT ANALYSISCHARTS

ACE-HF includes many analysis charts. Those of the Main Chart may be graphed as afunction of time-of-
day or frequency. To change the chart style, select Time or Bands (Chans. in the SWR mode) using the con-
trols at the left of the chart. (TheValuesand Modes controls are described below.) Usethe Analysis Screen
Pop-Up menu or the Analysis Screen Chart menu item to select one of the following parameters:

1. SNR. Thedefault chart graphs signal-to-noiseratio for the specified circuit and input parametersvs.
time-of-day. The controlson theright select the band (channel) or time-of-day to be graphed, depending on
the chart style selected on theleft. Try animating the charts, using theindicated controls.

The charts show two valuesfor SNR. The black curve at the top of the time-of-day chart is SNR in dB-Hz
and itsvalues show in the cursor hints. (dB-Hz istheratio in dB between the signal power and the noise
density, expressed as the amount of noise power per Hertz.) Thelower black curveis SNR in dB for the
bandwidth specified in the Inputs, Circuit Optionspanel. Inthe Bands (Chans.) chart, thetaller barsarefor
SNR in dB-Hz, whilethe shorter bars show SNR in dB at the specified bandwidth. (The use of bandwidth
settings is further discussed in the Basis for the PredictionsHelp Tutorial.)

SNR isthe primary measure of circuit quality and is used to define whether each band is Open or Closed. In
the time-of-day chart, SNR predictions areinterpol ated to show values at five-minute intervals, and the blue
flashing bar showscurrent time. The solid horizontal linerepeatsthe Required SNR level indB-Hz for the
selected servicetype, and the dashed line shows alevel 10 dB below the solid line. Both lines move auto-
matically as the Service Typeischanged. Chart colorsare green, yellow or red, depending on the value of
predicted SNR with respect to the two lines.

The chart's title—derived from the Inputs, Circuit comment line—summarizesthe circuit being graphed, and
changes automatically when anew parameter is selected. The SNR chart'sleft axis|abel also reflectsthe
reliability level specified for thecircuit.

Predicted SNR levelsarerelated to the Required Reliability specified for thecircuit. Since Required Reli-
ability isequivalentto TimeAvailability, if wespecify, for example, aRequired Reliability of 90%, thepre-
dicted SNR levels of the chart will be those that can be achieved 90% of the time, or during 27 days of a 30-
day month.

Most charts of the Time style include terminator bars at the bottom of the graph. These bars show the con-
dition of the circuit at each time-of-day. A light blue bar meansthat both ends of the circuit arein daylight;
adark blue bar indicates an all-nighttime path. Medium blue means that the day-night or night-day termina-
tor (the twilight zone, or gray line) is passing over some portion of the path. Theterminator bars are based
on an approximation of thetime sunlight encountersthe F2 ionospheric layer at either end of the pathin de-
fining whether twilight conditionsexist in the path, and are set for anionospheric height of 420km. The
terminator bars, together with the predicted SNR levels, can help to explain why aparticular circuit may be
open or closed. (Moving terminator zones are also included in the Area Coverage displays.)

Terminator Bar colorsare computed for Short Pathsonly. Further discussions of terminator bars and of cir-
cuit quality may befound in the Basis for the PredictionsHelp Tutorial.

2. Values and Modes. When the default Values control is selected inthe Hintsbox, the chart hints show the
value of thetop line at each point on the graph. When Modesis selected, chart hints show the Most Reliable
Mode (MRM) of the propagation prediction. Themode hintsidentify the number of hops and ionospheric
layer for the MRM. For example, amode hint of 2F2 indicates that the MRM has undergone two hops from
the F2 layer over the circuit path.

In the long-path model, the hint givestheionospheric layer that reflects the optimum ray from the transmit-
ter followed by the layer that reflects the optimum ray to the receiver, e.g. F2F2, or F1E. (Seethe Basisfor
thePredictions Help Tutorial for adiscussion of the Short and Long Path models.)

The MRM hints are computed for each hour, but sinceit isimpossibleto interpol ate al phabetic stringsthe
mode hint for each hour isheld constant for subsequent values until the next hour isencountered. Thus, the
MRM hintsare only accurate at the hourly values.
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3. Required Power Gain. Thischart graphsthe additional power gain needed to meet the specified Required
SNR level at the Required Reliability. When the values are negative the chart is green, showing that excess
power existsto meet the circuit SNR criteria. When the chart shows red values, more power is needed for
the specified circuit.

Required Power Gainisrelated to the predicted SNR (at the specified reliability level) and to the Required
SNRvalue. Levelsinthered region of the chart show the amount of power increase (in decibels) required
for the communi cation system to reach an SNR level that achievesthe Required SNR and Reliability. Re-
quired Power Gainiscomputed asthe Required SNR minusthe predicted SNR at the specified reliability.

Power gain isthe combination of antennagain (at both ends of the circuit) and transmit power level. For
example, if astation operated with a 100-watt transmitter and Required Power Gain at the current timeindi-
cated adeficiency (red) of 10 dB, adding an amplifier to transmit 1000 wattswould restore the circuit to the
required SNR level. Required Power Gain charts are useful to see how circuit power needsvary as different
bands, antennasor reliability settingsare sel ected.

One can lower Required Power Gain by using aless demanding Service Type—changing from Single Side-
band to CW transmission, for example. Or, one might accept assured operation during fewer days of the
month (by changing to alower Required Reliability). For example, if acircuit prediction shows an excess
power gain of 13 dB—in the green area of the chart—transmit power could belowered from 1000 wattsto
only 50 waetts.

4. Reliability. In ACE-HF, Reliability meansthe predicted monthly Time Availability for each hourly com-
putation. For example, 50% Reliability isamonthly median|evel and meansthat the circuit would beavail-
able as predicted only 15 days of a 30-day month. 90% Reliability meansthat thecircuit would beavailable
27 daysof themonth. AsRequired Reliability valuesincrease, the prediction becomes more conservative.
Most commercial HF circuitsare specified for aRequired Reliability level of 90% because good connec-
tivity isrequired most of thetime.

The Required Reliability setting affectsthe SNR and Required Power Gain predictions, but has no effect on
thepredictedreliability of thecircuit. Reliability chartsshow predictedreliability for thespecified Required
SNRvalue. Thereliability chartshaveablack lineat the Required Reliability level, and the predicted val-
ues are colored green above and red below that line.

5. Elevation Angle. This chart shows the elevationangle, or takeoff angle, of the predicted MRM at the
transmit end of the circuit. If the transmit antenna'svertical pattern isknown, the chart can be used to see if
the antenna's acceptance angle includesthat of the predicted elevation angle. The chart's color changes
fromgreentoyellow if the predicted el evation anglefallsbel ow the Minimum Anglevalue entered on the
Inputs, AntennaOptions screen. Click the Grid Lines control to more easily read this chart. (See the discus-
sion of ACE-HF sadditional Antenna Analysis Chartsin the AntennasHelp Tutorial.)

For path lengths of 7000 km or less, the receive-site reception angle is the same as the takeoff angle. For
longer paths, different takeoff and arrival anglesmay occur when the Long Path model prevails.

Theprincipa propagation mode changeswhen the predicted el evation angle shows astrong peak. Such
changesindicate adiscontinuity in the MRM, which can occur very quickly. One should usecautionin
choosing a best frequency at a time-of-day when such propagation discontinuitiesoccur.

6. Signal (dB microvolts). Thesignal chart showssignal strength asit would be measured at an assumed
50-ohmreceiver input. Predicted signal strength isgraphed in dB with respect to one microvolt across 50
ohms. Each curve of the Time style Signal chart may be turned on or off using the controlsat theright.

Signal strengthiscomputed directly from the VOA CAP-predicted S DBW parameter, which is median signal
power expected at the receiver input terminalsin dBW. Median meansthat actual signal levelsmay be
higher or lower than the values predicted for 15 out of 30 daysinamonth. To convert to signal strength as
shown on the chart, Sgnal (dB microvolts) = SDBW + 137.

Thesignal predictionsareinteresting asonebandiscompared with the other, but only the SNR predictions
should be used to determinecircuit quality. Thesignal valuesare merely hypothetical levelsthat assumethe
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arriving signal hasbeen transferred to the receiver without loss. Since the receive antenna, the transmission
lineinsertion lossand other losses peculiar to each station are not considered, the datashould only be used
for relative comparisons. Thesignal and noiselevelsused for SNR predictionsare much morereliable, be-
causethey aretreated asaratio that remains unchanged by individual station factors.

Userswill sometimes notethat signal graphs appear to reach aconstant minimum in the higher bands. The
lower bands are controlled by the program's absorption model, which can reduce signalsto very low levels.
But the upper bands are controlled by the Above-the-MUF model, which hasalimit of no morethan 25 dB
loss. For thisreason, upper-band signal s often have limited negative valueranges.

7. Signal (S-units)/Elevation Angle. Signal levelsin dB microvoltsare converted to signal-units (S-units)
inthisfinal graph of the Main Chart. Again, thesearemedian signal levels. Median meansthat actual sig-
nal levelsmay be higher or lower than the values predicted for 15 out of 30 daysinamonth. Signal levels

are broken into ranges for each S-unit. For example, any signal level from 3.2to 5 microvoltsis evaluated

as .

In an attempt to emul ate the S-meter of atypical HF receiver, the S-unit graph is purposely made non-linear.
Inthe middle of the scale, each S-unit represents about a4-dB range. The scale tapersto about 10 dB per S-
unit at S1 and at S9, and is calibrated at SO where SO = 50 microvolts.

The S-unit vs. time-of-day chart also includes agraph of the predicted elevation angle, or takeoff angle, of
the predicted MRM at the transmit end of the circuit, repeating the curve from the Main Chart Elevation An-
glegraph. Elevation angle dataaloneishard to evaluate because VOACAP will present such datafor any
circuit, evenwhen predicted signal levelsarewell below those of noise. Thiscombined graph helpsto
evauate when bands are truly open or closed.

When the S-unitschart is selected, and the Hintsbox Valuesfunction ischosen, cursor hints appear over the
S-unit curvesinthe normal manner. When the Elevation Angle curveis selected, additional hints also ap-
pear over the elevation angle curve, giving valuesat hourly intervals.

Toread an exact elevation angle value, place the cursor tip on the curve. Theresulting hint givesthetime-
of-day valuefollowed by the el evation anglevaluefor that time.

8. MUF Chart. ACE-HF presents atraditional HF MUF chart in aseparate panel, called from the Circuit
Analysis Screen top-row menu. The MUF chart updates automatically whenever acircuit changeis made,
and may be hidden by again clicking on the top-row menu item, on the chart’s* X" symbol, or on the pop-up
menu.

The MUF curvesgive Maximum Usable Frequency predictionsvs. time-of-day. The blue curveisthe me-
dian of thedaily MOFs (Maximum Observed Frequencies) over al daysof themonth at agiven hour. The
HPF (Highest Possible Frequency) red curve gives values expected only 10% of thetime. The FOT (from
the French: Freguence Optimum de Travail) green values are defined as the frequencies where the MOFs
will be higher on at least 90% of the days of the month at that hour. FOT is sometimes called OWF (Opti-
mum Working Frequency).

The MUF chart a so hasablueflashing lineto indicate current time, and horizontal linesshowing thefre-
quenciesof each band. The band lines change automatically if afrequency changeis madein the Inputs,
Circuit Options screen.

MUF predictionsgive ameasure of ionospheric conditions but do not account for other circuit variables

such as atmospheric and man-made noise or antennagain. MUF values are best compared with SNR predic-
tionswhen the latter usethe 90% reliability setting. SNR predictionsat 50% reliability often show agood
circuit quality at frequencies above even the HPF curve, which merely reveal sthat the statistical caculations
of MUF and of median SNR are different. The MUF curves are another tool for predicting best frequency
operation, but the SNR Summary Chart remains asthe most accurate measure of circuit quality and is best
used at the higher reliability levels.

9. Best Frequency Chart. SNR isagain graphed for each band in the chart of this separate panel, called
from the top-row menu of the Circuit Analysis Screen. The graph issimilar to those of the Bands style Main
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Chart except that here values are interpolated to five-minute intervals. Bar colors are the same as those of
the Main Chart Bands graphs and change with respect to the Required SNR lines.

The Best Frequency chart updates automatically every five minutes and whenever acircuit parameter is
changed. The Best Frequency at the current timeisthat of theflashing bar. The chart may be hidden by
again clicking on the top-row menu item, on the chart’s“ X” symbol, or on the pop-up menu.

For short circuits, the bars of Best Frequency chart sometimes exceed the normal scale height. An Auto-
Range control is provided to reduce the bar height to areadable value.

10. SNR Summary Chart. The SNR Summary Chart provides perhapsthe best overview of circuit quality,
becauseit presents asimultaneous summary of predicted SNR at all frequenciesand all times-of-day for the
specified circuit, service grade and specified reliability. The SNR Summary Chart iscalled from the Circuit

Analysis Screen top-row Summary Charts menu and isupdated automatically when anew predictionisrun.

In this chart, SNR data for each band and each hourly time-of-day has been interpolated to form a 300 x
288-point grid. Each grid point isthen colored green, yellow or red in accordance with the Required SNR
value, and alegend is given at the top of the chart. Y ou can move the mouse pointer over the chart to posi-
tion the chart crosshairs over the current time-of-day and more accurately read the chart data.

Thechart isbest used for aRequired Reliability of 90%, where the green areais then bounded by the 90%
contour and representsthe Operational Working Area. The upper-frequency bound of the green areaisthen
the Frequency of Optimum Traffic (FOT) for the Required SNR and grade of service, and the lower-
frequency bound isthe L owest Usable Frequency (LUF). Assured contactswill most likely result when the
frequencies and times-of-day of the green area are used as a guide.

The SNR Summary Chart curves are similar in shape to those of the MUF chart but are more useful, since
they are based on all parameters of the circuit. The curves of the MUF chart summarize only theiono-
spheric conditionsof the given path, month, sunspot number and time-of-day, whereas the SNR Summary is
based on all the parameters of the circuit and itsenvironment. The chart may be hidden by again clicking on
the top-row menu item, on the chart’ s*“ X” symboal, or on the pop-up menu.

11. REL Summary Chart. The REL Summary Chart issimilar to the SNR Summary Chart except that here
the predictedreliability (timeavailability) of thecircuitispresented. Inthiscase, thethree colors represent
areaswhere predicted reliability is>90%, >50% and <50%. The chart may be hidden by again clicking on
the top-row menu item, on the chart’s“X” symbol, or on the pop-up menu.

12. Selected Antenna Analysis Chart. A special antenna chart for analyzing any operational antennathat
has been selected may beinvoked from the Circuit Analysis Screen Summary Charts menu item. This chart
isdiscussed in more detail in the AntennasAnalysis Help Tutorial.

13. Type 13 Antenna Analysis Chart. Any VOACAP Type 13 antennamodel may beanalyzed by invoking
the chart from the Circuit Analysis Screen Summary Charts menu item. An interesting three-dimensional
chartisincludedinthiscapability. The Type 13 chartsarediscussed in moredetail inthe Type 13 Antenna
AnalysisHelp Tutorial.
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AREA COVERAGE
Y ou can make animated A CE-HF area coverage displaysto your own specifications, as described here.

HINT: If your printer is connected and on and you have enabled PrintKey 2000, pressthe Print Screen key
to make aprint of the Area Coverage Inputs panel. Refer to the print asyou read thistutorial.

1. Making Coverage Displays. Making ACE-HF area coverage displaysis atwo-step process. Y ou must
first makethe coverage predictions. Then, you must create an ACE display to show theresults. Click onthe
Main Screen Area Coverage menu item to see the Area Coverage Inputs panel.

When you run area coverage predictions, aseparate ACE Grid (AG) fileisautomatically made and saved on
the hard drive. Each AG filecontainsacomment linethat can be viewed by clicking onthe PredictionsList
button. The AGfilelist aso appearswhen clicking the Create Display button.

2. Coverage Predictions Trial Run. Try making atrial run for onetime-of-day using the default settingsin
the Coverage Predictionspanel. Click on Run Predictions on the Coverage Predictions panel. (A panel giv-
ing an estimate of run time and the required hard drive storage space will appear. Just click Yes for now.)
The run may take from seconds to aminute or so, depending on the speed of your PC. A small VOACAP
window helpsto keep track of therun. Also, note that the Run Predictions button is replaced by an Abort
Run button, which isremoved when the run is compl eted.

3. Coverage Prediction Parameters. Thetop portion of the Coverage Predictionspanel provides settingsfor
SSNs, Channelsand Times-of-Day. Predictions may be made for ranges of these principal parameters. The
time-of-day may be set to current time—the time that is closest to present PC time as adjusted by the Clock
Offset setting. However, you may select another (or several) times-of-day by clicking on the checkboxes.
Or, you may select All TODsto create predictions for each hour of the 24-hour day. Click on Clear to un-
check all the boxes. ACE-HF will remember the area coverage selections when re-starting.

By default, the Channels selection is set for Chan. 6 (20 m), but you can select any channel or groups of
channelsby clicking on the checkboxes. Clicking on All will select al channels. Click on Clear to uncheck
all the boxes.

In the SSN panel, you can select your estimate (the User value) for the current smoothed sunspot number for
running predictions. The User valueisentered on the Circuit Inputs panel (see the Basis for the Predictions
Help Tutorial). Or, you can select apreset value or click on All to specify arange of five SSN levels. Click
on Clear to uncheck all boxes.

Areacoverage predictions are also specified by other settings on the Circuit Inputs panel. For example, pre-
dictionswill be madefor the current month unless you change to some other month on that panel. Area
coverage runswill al'so be made automatically for the Antenna Types, Service Type and other parameters
selected on the Circuit panel. (AnexceptionistheCircuit Reliability setting—all area coverage runs are
made for 50% and other reliabilities can be sel ected when creating the displays.) All selectionsare repeated
inthe Area Predictions Comment Line.

4. Reception Area Predictions. When the Coverage Predictions controlsare set for Normal predictions, and
when ACE-HF has been set for the Ham User Mode, conventional transmissionarea coverage predictions
centered on the user’ s transmit station are made. (Please see the SAML Help Tutoria for differenceswhen the
SWL User Mode has been set.) But when Reversed is selected, reception area predictions are made instead.
In the Reversed mode, the area coverage prediction is centered on the receiver location that has been se-
lected on the Inputs, Circuit panel. Thereceiver location may be selected by choosing alocation fromthe
database, by entering alocation manually using thekeyboard, or by simply moving the Rx Dot onthe Cir-

cuit Analysis Screen. Thus, an unlimited number of receivelocations may be selected for creation of AG
files.

The Reception Areaprediction isapowerful feature of ACE-HF, in that it permits the user to generate area
coverage predictionsfor the center of any target areain theworld. Although the transmit locationisat a
fixed location, the reception areas are not. Creating agroup of reception area predictionsfor each world tar-
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get areaisan excellent way of predicting when the bandswill be open to those targets during contest situa-
tions.

Note that reception area predictions permit the user to specify the power level of thetheoretical transmitters
withinthearea. That power level issetinthe Inputs, Circuit Transmitter panel as Tx Pwr. Wheninthe
Hammode, reception area predictionsal so utilizethetransmit antennainthelnputs, Circuit Transmitter
panel, but an omni-directional transmit antennashoul d alwaysspecified for Reversed predictions.

In the SWL mode, Normal area predictions may be created for any transmitter specified in the Inputs, Circuit
Transmitter panel. Inthe SWL mode, when Reversed predictions are specified, the user’ sfixed receive sta-
tionlocationisused. All these differencesare clearly shown in the area coverage comment line.

5. Area Predictions Comment Line. All parametersof theareapredictionsare automatically listed in the
Area Predictions Comment Line asthe parameters are changed. Y ou should check the comment lineto be
sureyou have the desired combination of parameters before running the predictions. The Area Predictions
Comment Line also appearsasan D line at the bottom of the coverage displays.

Spend some time understanding the nuances of the comment line. First, notethat a“>" or a“<” sign ap-
pears between the two groups of parameters to indicate the direction of transmission. Inthe Ham mode, the
“>" sign showsanormal transmission from the user’ sstation to all receive points of theareagrid. Inthe
reversed case, the“<” sign showsthat the receive station location and antenna configuration—given at the
left of the “<” sign—arereceiving signalsfrom areatransmitters characterized at theright of thesign. Also,
antennatypesand their current azimuth settings are now listed in the comment line.

In the SAML mode, when Normal predictionsare made, the*>" sign showsaprediction from any transmitter
that has been selected in the Inputs, Circuit panel. Inthe Reversed setting, the <" showsthat aprediction
can be made from transmittersin the grid to the user’ sreceive station.

In either case, system parameters are then listed on the comment line. Some of these are now abbreviated
(for example SSN is now shortened to S) in order to assure a proper appearanceinthe MOVIE ID lines.

When both Normal and Reversed AG files have been madein an arbitrary order, the predictionslist will list
thefilesin the order in which they were made. Careful attention to the >, <and RV markswill help to sort
out the differences. In creating amulti-frame display, when you select onefile of either type ACE-HF will
select only similar files of the sametype (normal or reversed) when you select All Times or All Channels.

With the addition of the Absorption Model selection (seethelnputsHelp Tutorial, section 14), an“N” for
NORMAL or an “1” for IONCAP has been added at the end of the comment line. All timesarein Universal
Coordinated Time (UTC) but the hour of the run is shown ashhZ, where Z means Zulu (military) time.

6. Antenna Azimuth Settings. Both transmit and receive antennaazimuths may be set in area coverage pre-
dictions. If adirectiona antennahas been specified for the transmit station, the Inputs, Area Coverage panel
providesfor setting the azimuth for the antenna's main beam when running Normal predictions. Once set,
the antennaazimuth is presumed to remain fixed for all bearings of the areacoverage predictions. (If you
want to predict equal power emissionsat all azimuths, sel ect an | sotropic Antennaon the Circuit Inputs
panel, or choose some other omni-directional radiator.) Itisinteresting to compare the areas covered with
omni and beam antennas. Inthelatter case, afixed azimuth will clearly show aconcentration of emissionin
that direction.

For Normal predictions, an omni-directional receive antennashould be specified. If directional receive an-
tennas are used, the same azimuth setting will be applied to each grid-point location. Using afixed azimuth
directional antennaisrare, but could befound. One example might be an aircraft with adirectional antenna
flying through the area.

For Reversed predictions, only the receive antennamay be set, and it is assumed that an omni-directional
antenna has been specified for the grid transmit locations. If adirectional receive antennahas been speci-
fied, the azimuth may be set to afixed direction.
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7. Run Silent Mode. When you run area coverage predictionsin the default mode, asmall VOAAREA
window appears for each run at the top of the screen. The repeated appearance of the window helps to keep
track of each run’sprogress, but can be distracting when long unattended runs are desired.

By clicking the Run Slent checkbox, subsequent runswill be made with the VOAAREA window hidden.
With Run Silent checked, ACE-HF automatically switches back to the Main Screen where run progress
messages then appear. A CE-HF canthen be minimized and other Windowsapplicationsmay be used while
the areacoverage runscontinuein the background. Y ou can switch immediately to other applicationswith-
out minimizing ACE-HF by pressing the Windowskeyboard button, or by usingthe ALT+TAB keys.

Y ou can abort arun at any time by clicking the Main Screen Abort Run button after the run has been started
in the silent mode.

8. Runtime Considerations. When you make acoverage prediction run for one time-of-day, the program
makes repeated runs of point-to-point circuit predictionsal ong pathsfrom thetransmitter to agrid of world-
widereceive points. ACE-HF alwaysrunsagrid of 61 x 61 receive points at aspacing of 3 x 6 degreesin
latitude and longitude. After you start arun, asmall window appears at the top of the screen listing the time-
of-day of the run and other principal parameters. Y ou can watch therun tick off 61 rows of calculations,
each of which has 61 receive points. Or, you can Run Slent, as explained above.

When you select All TODs, for example, ACE-HF will automatically repeat the process 24 times, oncefor
each time-of-day. If your PC requires, say, 5 seconds to make asingle run, then an All TOD run will require
2 minutes. That soundslikealongtime, until yourealizethat V OACAPisrunning 61x61x24 = 89,304 cir-
cuits for each casel

Each time you click on Run Predictions the run-timeestimate panel appears, summarizing the number of
runsyou have specified and giving an estimate of the total run-time required for the set. For thefirst run,
you should use your watch to measure asingle run and enter the number of seconds required for that runin
thewhite box. Then, whenever you specify an array of runs, the program will predict the approximate run-
timefor theset. The program will save your singlerun-time estimate.

If you have specified the maximum range of SSNs, Channelsand Times-of-Day, the program will make
1200 sequential runsautomatically. 1f you are satisfied with the predi cted runtime and space requirements
for the specified set, then click on Yesto start the procedure. 1f you feel that the total runtimeistoo long for
now, click on No and select a more modest set of runs.

After you start a set of runs, the Run Predictions button will changeto an Abort Run button. If you start a
run and then notice something wrong in the run window or inthe comment line, just click on Abort Run and
start over. If you have allowed abad run to complete, use the Predictions List Delete Item function to delete
the bad run.

HINT: Takethetimeto build adatabase of area coverage predictions. If you create monthly 24-hour predic-
tionsfor each channel (and for arange of SSNs), you only have to do so once amonth. If you have alarge
hard drive, the predictions you make may then be used year after year, unlessthe SSN value has changed
significantly. (PCsaregreat things. they can run ACE-HF while you sleep!)

9. Building a Predictions Database. Each time you run an area coverage prediction, whether itisfor asin-
gletime-of-day or for aselection of parameter ranges, theresulting ACE Grid (AG) files are saved auto-
matically. The program permitsup to 99,999 such filesto be saved. Y ou can review the database by using
the Predictions List button. A list of file numberswith their time-of-day extensions and their areaprediction
comment lineswill appear. Y ou can then delete any fileto remove duplicate or erroneousruns. If you
manually delete one or more files outside the program, you should use the Rebuild List function to update
thelistindex. Theindex isrebuilt automatically each timethe program starts and after each internal delete.

When you run ranges of SSNs, Channelsand TODs, the program will first run all specified channelsfor the
first time-of-day and SSN, then repeat the Channel range for the next time-of-day. When al time-of-day

sel ections have been completed, the program will moveto the next SSN value and repeat the set. Thisproc-
esswill be continued until all specified runshave been made. Whenyou review thelist of predictions, you
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will seethe Channelsgrouped together for thefirst time-of-day and SSN, followed by the next time group,
and so on.

10. Saving and Moving Prediction Files. ACE-HF includesaMove AG Filesfunction that permitsyou to
save setsof AG filesin specialized foldersof your choosing. A common method isto make monthly files

for al channelsand all times-of-day, and for the current SSN value, and then save them when the month has
passed. Empty foldersfor the various scenarios are created during theinstallation for this purpose. Or, you
may select or create another folder asdesired using thisfunction. For example, you might wish to save your
normal and reversed predictionsin separate folders. Y ou could even create a series of foldersin advance of
an important contest and save groups of reverse areareception filesin designated folders.

When filesfrom the CD areinstalled, aseries of empty foldersunder the \ACE-HRAREADATA folder
named ScenarioOl, Scenario02, . . . , Scenariol2 aremade. Using the Move AG Filesbutton, you canre-
name those foldersto anything you wish.

Y ou can only create displaysfrom filesthat appear inthe \ACE-HRFAREADATA folder, however. If you
wish to make displaysfor specialized runsthat have been saved el sewhere, those AG filesmust first be
moved back to the \AREADATA folder.

One precaution should be noted. All AGfilesare automatically numbered sequentially asthey are made,
and those numbers start over if filesfrom the \ AREADATA folder have been moved elsewhere. The num-
bersappear inthefilenamesand areeasily identified inthe predictionslist, along with their extensionsthat
show the time-of-day of therun. If you wishto movefilesfrom astoragefolder back to the \AREADATA
folder and usethem along with existing files, the stored fil es shoul d be renamed with different numbersto
avoid overwriting fileswith the same namesand extensions.

11. Creating Coverage Displays. Usethelower Display Options panel to create an ACE coverage display.
When you click on CreateDisplay, the areacoverage predictionslist will again appear. Click onasingle
lineto highlight the prediction to be used and click on Make Display to create and show a coverage map for
one SSN, Channel and Time-of-day. Because the displays are created quickly and because the map files are
rather large, displaysare saved only for the current Make Display sequence. When you select anew predic-
tion and start anew Create Display sequence, previousdisplay filesare overwritten. Remember you can
make a print of the MOV I E display screen at any time by pressing the Print Screen key on the keyboard if
you haveloaded PrintK ey 2000.

After viewing and exiting adisplay, you can show it again by clicking on Run Selection. Or, if you have
displayed an SNR map and want to see adifferent parameter, select either ALE or SNR 50, Select Rel, Select
Rel & 50% or Required Power Gain and again click Create Display. The Run Selection functionisonly
availablefor recalling aMOVIE display right after it has been shown. If you change aparameter or select a
different map, the Run Sel ection button will bedisabled until you have again created adisplay.

12. Coverage Map Types. Four types of coverage maps may be displayed, depending on the parameter se-
lectedinthelower panel. Selecting thedefault ALE or SNR 50 parameter will produce a coverage map with
asinglecurveat thedB level of the specified servicetype and for 50% reliability. (The50% reliability level
has been found to best simulate AL E operation. Seethe ALE Smulation Help Tutorial.) Areasinwhichthe
signal can bereceived at SNR levels at or above the specified value are shown by open spaces. Areas be-
yond the curve are shaded red to indicate | ocationswhere lower SNRs prevail. (Every other pixel iscolored
red—over blue ocean areas the red shading appears as a purple color.)

When the Select Rel parameter is selected, asingle curve at the selected reliability level will appear. When
Slect Rel & 50% is chosen, two curves appear—one at 50% and one at the selected reliability level, and the
map is shaded between the curves.

When Required Power Gain is selected, three curves appear. The center, white, curve isthe same asthat of
the SNR 50 display and showsthelimits of coverage at zero additional power gain. The other two curves
arefor power gains of plus and minus 10 dB with respect to the center curve. Thered curve definesthe fur-
ther areas that could be covered if 10 dB of transmitter power or antennagain could be added. The green
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curve showsthe smaller coverage areathat would result if the combined power gain of the transmitter and/or
antennas was reduced by 10 dB.

In each display, anidentification (1D) line appears below themap. ThelD linerepeatsall details of thearea
predictionscomment line. Anadded label inthelower left corner identifiesthedisplay asonefor SNR, Re-
liability, or Required Power Gain.

13. Coverage Displays Parametric in Time. Most animated displays are parametric intime-of-day. To cre-
ate such adisplay, click on CreateDisplay and highlight onefileonthelist. If you have created predictions
for All TODs, therewill be 24 such filesin thelisting, al having similar comment linesexcept that their

TOD vauewill bedifferent. Y oumay hold downthe Control key and click oneachinturnto highlight all
24files, but thereisan easier way. After highlighting oneof thefiles, simply click on the Select all Times
button. All 24 fileshavingidentical comment lineswill then behighlighted. Thenumber of filessel ected
appearsinthetitleline. Then, click on MakeDisplay to create the coverage display.

If you have morethan 24 highlighted files, you can hold down the CTRL key and |eft click on the one(s)
you want to exclude. Or, you can use the Delete button to del ete the unwanted files from the area database.

When you create adisplay with 24 time-of-day files, the area coverage display will appear for the hour that
isnear the PC’ stime as corrected by the Clock Offset function. The display will then advance automatically
every hour on the half-hour beforethe hour. Thisfeatureishandy in contest situations, when youwish to
watch how coverage changes as time progresses.

14. Coverage Displays Parametric in Frequency. Onceyou have created predictionsfor all times-of-day
andfor al channels, it'seasy to create animated displaysthat are parametricin frequency. Just highlight one
of thelisted filesand click on Select All Channels. All thefilesat the selected time-of-day and for al chan-
nelsof that comment line's parameterswill be selected. Then, click on Make Display to create the coverage

display.

If you have more than ten highlighted files, you can hold down the CTRL key and | eft click onthe one(s)
you want to exclude. Or, you can use the Delete button to del ete the unwanted files from the area database.

15. Custom Displays. Y ou can mix and match your grid filesto create acustom animated display. For ex-
ample, suppose you wish to examine the effects of sunspot numbers on area coverage from your station on
your favorite channel. First, use the Run Predictions function to specify atime-of-day and channel of inter-
est and build prediction grid filesfor all SSN values by selecting Range in the SSN panel. After the predic-
tions have been made, you can then select the resulting grid fileswhen you create anew display by using
Control + Click to gang the selections so that groups of coverage mapsfor the five SSN values appear in
sequence. Click on Make Display and asingle animated display parametricin SSN and frequency will be
created.

Thereisno limit to the number of frames (display screens) in onedisplay file. You could, for example, gen-
erate adisplay parametric in both SSN and Channels. Another interesting exampleisto makean AGfile
with the Absorption Model set for NORMAL, then repeat the run with the model set for IONCAP. You can
then display the two runswith animation to quickly seethe effect on coverage.

16. Selecting Maps. Displays should be created for the default world map areathefirst time. But you can
shift the world map to theright, 90 degrees at atime, by using the arrow keys under the map preview win-
dow. Then createthedisplay or click Run Selection if you have already created adisplay. (Run Selectionis
disabled after each parameter or map change.)

If you want to see amore detailed coverage area, you can select the Quarter-World option and move the map
area up and down and from side to side using the arrow keysto the left and under the map preview window.
Any quarter-world area can be so specified, and you can create anew display. Twenty-four quarter-world
maps are available. The preview image may be moved 30 degreesat atimein latitude or 60 degreesin lon-
gitudein any direction.

There are also six special-area maps that may be selected from the area coverage Map Type panel.
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17. Using the Area Coverage Displays. The area coveragedisplaysaregreat for quickly finding the trans-
mission or reception areas where the bands are open. However, at the edges of coverage those displays
should not beinterpreted too literaly.

A proper procedure isto use the areadisplaysto get aquick overview of acircuit’ s effectiveness, and then
run a point-to-point predictionto“zeroin” on circuit conditions. Y ou can then watch the Main Chart change
asyou vary various parametersto study system sensitivities. For example, if you find that acircuit isto op-
erate at frequenciesthat are close to being “above the MUF" at one time-of-day, you may wish to changeto
another channel where the propagation path ismore stable.

18. Using .MCSFilesfor Area Coverage. Starting with VV2.06, you may use Multi-Channel Antenna

Schedule (.MCS) fileswhen you make area coverage predictions. Thismeansthat an .MCSfile may be cre-
ated, saved and then specified on the Inputs, Circuit panel. The same or different .MCSfile(s) may be speci-
fied for the transmitter and receive antennaentries. (Seethe Antennashelp tutorial for creating .MCSfiles.)

When an .MCSfileiscreated, adifferent antennaand adifferent transmit power level may be specified for
each frequency channel. (For example, you may wish to specify 50 watts for the power-restricted 60-m
band, and say, 1000 watts, for the other bands.) When a sequence of, say, ten area coverage predictions at
different frequencies are then created, the correct antenna and transmit power will be automatically applied
for each AGfile.

When you specify an .MCSfileonthelnputs, Circuit panel, or onthelnputs, Circuit Groupspanel, only the
.MCSfilenameisneeded. But when the area coverage runs are made, the comment line automatically
changes to show the specific antennaand transmit power for each channel from withinthe .MCSfile. Then,
when an areadisplay is created and animated, the MOV IE ID linewill show the changing antennas and
powers during the animation.

WARNING: When an .MCSfileis made, it iscommon to utilize antennamodel s that were made for aspe-
cificfrequency. For example, you might specify ten Type 13 antennamodels, each of whichisuniquetoa
given frequency. One must be careful to use only .MCSfilesthat were made for aparticular frequency list.
If the run uses an .M CSfile that was made for frequency list “A”, but the user has since changed to fre-
guency list“B”, theresulting predictionswill bewrong, but the programwill not trap that error.

HINT: Although only eight characters are permitted when naming and saving an .MCSfile, try to choose a
name that indicates an antennagroup aswell asthe frequency list used. For example, namethefileas
TF50HamF.MCSfor agroup of 50-meter long Terminated Folded Dipole antennasthat were selected for the
ten ham frequencies. (The example TF50 Type 13 filesmay be found in the TF50.G# antennafolder.)
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COVERAGE DISPLAY ANIMATION

Map Animation. When a 24-hour display (or adisplay parametricin another parameter) ismade, progress
messages and screens are shown asthe display iscreated. The display then switches automatically to the
MOVIE program to show the area coverage prediction. The Moviedisplay starts on the hour nearest to the
PC’ stimeasmodified by the Clock Offset function. Thedisplay will then advance automatically every hour
on the half-hour before the hour.

Y ou can animate the display by using the controls below the M ovie window or by pressing the 0 through 9
numeral keys (not the function keys) on the keyboard. However, the animation keyswill not work initially
until you first Pausethedisplay. (Thisisbecausetheautomatic hourly advanceisitself an animation, which
must be interrupted before you can start afaster animation.) 1f you have made adisplay for asingle hour,
channel or SSN, only one map frameis shown, and the automatic advance and the animation controlswill
not function.

Each ACE-HF time-of-day display filetypically contains 24 full-color coverage displays (frames) repeated
at hourly intervals. Other display filesmay contain multiplechannel or multiple SSN displays.

Animation Controls. Once an ACE display has been created, the display may be shown in movie-like fash-
ion using the animation controlsbel ow the MOV IE window. After pausing the automatic animation, click-
ing one of the numbered keys starts the animation and sets the speed. The VCR-like controls at the left may
be used to fast forward or run backwards at the previously selected speed. The center button pausesthe dis-
play, and the arrow keys may be used to single-step backward or forward. Click onthe X button to closethe
Movie and quit the window.

In previous ACE-HF versions, keyboard controlswere used to control the animation. Those keyboard con-
trols are retained and are described below:

P Pause display.
(Y ou must Pause the display
before setting animation speed.)

0-9 Set animation speed (9=fastest).
(Both top-row number keys or keys on the
numerical keypad may be used,

but not the function keys)
+ Single step forward.
- Single step backward.
X or Escape Exit back to the Area Coverage Inputs screen.
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ANTENNAS

Specifying transmit and receive antennasis perhapsthe most difficult task inany HF circuit simulation.
And yet antennatype, siting and gain variations caninfluence predictionintegrity morethan most other pa-
rameters. For thisreason, ACE-HF includes several aidsto antennasel ection, as discussed below.

1. Selecting Antennas. Y ou may select from an unlimited number of antennatypes for both ends of the
point-to-point circuits, for circuit groups, and for areacoverage predictions. Y ou may add your own antenna
modelsin any one of several antennafoldersor modify antennamodel sthat were provided during theinstal-
lation. Y ou may also select from the 1650 new Antenna Central modelsthat were added in Version 2.06.
Y ou may analyze your antenna choices using several new analysisscreens. This Help section describesthe
controlsfor selecting antennas. Subsequent sections discuss how the antennas may be used.

When you click on one of the Select Antenna buttons, the Select Antenna screen appears with numerous se-
lection controls. When ACE-HF wasinstalled, various sub-folders were created to contain antenna files of
various categories. The contents of each sub-folder may be accessed by clicking on one of the antenna
model buttons at the bottom of the screen. The available antennamodelsin that sub-folder will then appear
inthelist. (Seesection 5 of thistutorial to learn about the special methods used to select Antenna Central
models.) Highlight one of thefilesinthelist and click on Accept to install that antennain the circuit. The
softwarewill remember which Select Antennabutton was clicked to get to this screen, and will install the
antennain that panel. Y ou can check thiswhen the Inputs screen reappears after you click Accept. If you
have sel ected a directional antenna, remember to set the azimuth when you return to the I nputs screen.

2. User Antennas. Aninitial set of antennamodelswasinstalled from the CD into the \UserAnt sub-folder.
Thisisagood place to add any new models you might create, or they can be added in one of the specialty
sub-folders, or in both places. Or you can modify the antennas as noted below. Theinitia user antennas
were taken from the VOACAP Samples folder and re-named here. They are briefly described below:

BNTWHP38.38. This 20-foot whip antennais based on the VOACAP Type 38 Inverted-L model, and isan
approximation of vertical whip antennaswherethetop portionisbent over to form ahorizontal section. In
thiscase, the horizontal end is 1.5 meterslong and thelower vertical sectionis4.6 metersin height. (Those
dimensions may be modified by usingthe HFANT program, by clicking onthe Main Screen HFANT menu
item). Such bent whips are often used for short-distance circuits where NVIS (Near-Vertical Incidence
Skywave) radiationisrequired. (Notethat the model does not approximate the curve of aconventional tied-
down whip, but treats the two sections as being at right anglesto each other.)

DIPOLEZ23.23. Thiscommon horizontal dipole antennahasthe sameradiation characteristicsasthe VOA -
CAP SAMPLE.23 antenna, but may be modified by the user as explained in the Modifying Antennas section
below. Unmodified, the antennais assumed to be ahalf-wavel ength long and a quarter-wavel ength above
ground at all frequencies. Notethat these filenamesrepeat the VOACAP extension number within thefile-
nameitself inorder to shortenthedesignationsinthecomment lineswhil e preserving theidentification.

INVL28.28. Thisisanother Inverted-L model, based onthe VOACAP Type 28 Inverted-L model. Inthis
case, it approximatesavertical whip wherethetop portion isbent over to form ahorizontal section. This
exampleis 15 meterslong, with the vertical section being 1.4 meterslong. Again, themodel does not ap-
proximate the curve of avertical whip that has been bent gradually, but treats the two sections as being at
right anglesto each other.

ISOT.000. A theoretical Isotropic point-source antennathat radiatesequally well inall directions. It has
equal gainat all azimuthal and elevation anglesand isoften called aperfect omni-directional radiator. Inthe
Inputs, Antenna Options panel, ACE-HF providesfor adding gain to both the Transmit and Receive | so-
tropic antennas. Default gains of +6 dB approximate the gain of many amateur antennas, but the model
should be used with caution, asit isimpossibleto create areal antennathat radiatesequally in all directions.
This ACE-HF Isotropic antennais the same as VOACAP CCIR.000. (NOTE: Do not attempt to vary gain
by changing the|SOT.000 antenna sgainusing HFANT. Instead, usethe Inputs, Antenna Options panel.

| sotropic antenna gain may be varied from —90 to +90 dBi, but this adjustment affects predi cted signal

power only. Predicted noise power will not be modified by the adjustment.)
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LOGPERO05.05. TheLog Periodicisagood directional antennachoice — an all-band antennawith amain
beam that can be pointed in any horizontal direction. Thischoiceissimilar totheVOACAP SAMPLE.05
antenna, and has 29 elements. Y ou will probably want to modify this specification to better describeamore
practical ham antenna. Notethat thisfile has set al element heightsat 19.2 meters above ground to simulate
arotatable LP. The SAMPLE.O05 model assumesaconventional slopinglog periodic element arrangement.

NONE.999. An Isotropic antennawith gain set at —40 dB. Used with multi-channel antennaschedulesto
simulate the fact that no practical antennaisavailable for the designated channels. Itsuse effectively takes
those channels out of the calcul ation.

SWWHIP.VOA. This Short Whip selection is based on the VOACAP SWWHIP.VOA design. Y ou might
want to select this choicefor thereceive end of your circuit, but your transmit station probably has a better
antenna. A better choice for an unknown receive station might be the I sotropic antennawith +6 dB gain.
The Short Whip has the same gain as a 0-dB gain I sotropic antennaand is omni-directional in the horizontal
direction. But it doeshaveavarying radiation patternin elevation.

VERT22.22. The vertica antenna selection assumes a quarter-wavelength mast height at all frequencies
with again of 0 dB with respect to that of ahalf-wavedipoleantenna. Thisselectionisequivaenttothe
VOACAP SAMPLE.22 antenna and radiates omni-directionally inthe horizontal plane.

YAGI34.34. TheYagi selection is another directional antennathat concentratesitsradiationinonehorizon-
tal direction. Itisequivalentto VOACAP SAMPLE.34. A Y agi antennaisusually designed for afixed fre-
guency and dimensionedinfeet (or meters). However, thismodel isdimensioned in wavelengths as may be
seen by usingthe HFANT program. ApplyingasingleY agi such asthisto all bandsimpliesthat you havea
wholeforest of Y agis, each cut for one band.

Y ou can make your own antennamodelswith NEC programslike EZNEC, which can be called from within
ACE-HFif it hasbeeninstalled. You caninstall new filesin the \UserAnt sub-folder or in any of the other
antenna sub-folders.

3. VOACAP Antennas. The Select Antennascreen provides accessto all antennas of the origina VOACAP
list. However, most have been re-named for use in ACE-HF by including the filename extensionswithin the
filename. Also, some of the description lines have been enhanced to better describe the models. Click on
the Default and Sampl es buttons to see the available models. Please note that many of these model s depict
antennas designed for HF shortwave broadcast use, and may beimpractical for ham operation.

4. HFCC Antennas. TheHFCC (High Frequency Coordination Conference) antennafolder includes661
antennamodel s used by International Broadcasters. They areincluded in ACE-HF to support simulation of
shortwave circuits when using the SWL mode. Most of these antennas are VOACAP Type 01 model s that
arelargecurtain dipolearrayswith various numbers of rows and stacks of elements and reflectors. The
TypeOlvariationsincludedifferent heightsabove ground and are al so shown with specified slew angles.

By changing the phase shift of currentsfed to adjacent collinear arrays of el ements, an azimuthal slew of the
antenna’ s main beam may be achieved by the broadcaster. Inthisway, acommon physical construction
may be madeto serve different target areas. It isquiteinteresting to examine the azimuthal patterns of the
various Type 01 antennas.

Aswith al directional antennamodels, when Type 01 antennas are used by ACE-HF, the main beam is as-
sumed to point at zero degrees azimuth (toward North on the compass). The ACE-HF azimuth controls may
then be used to point the antennain adifferent direction, in order to focus the main beam on the desired tar-
get. Oncethe azimuth control has been set (anal ogousto physically constructing acurtain antennato point
inafixed direction) different model swith various slew angles may be selected to show how the azimuthal
pattern may be madeto change direction. It isinstructiveto make areacoverage displayswith models hav-
ing different slew anglesand show them sequentially. Theanimated patterns of these high-gain antennas
will flick acrossthe map, simulating what really happens at a broadcast station.

Several other antennatypes areincluded in the HFCC folder. Theseinclude the Type 02 and 03 curtain ar-
rays, and the Type 04 Tropical arrays. (Tropical arrays are curtain antennas especially designed to service
the Tropical regions of the world—Ilike in Africa—from stationsin northern countries.) Thereare also some
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L og Periodic models, Rhombic antennas, and Dipole Quadrant arrays of varioustypes. All thesemodelsare
described further in Recommendation I TU-R BS.705-1, which may be obtained from the ITU web site. (See
References.)

In many of the HFCC Recommendation 705 antennamodel s, such asthe curtain arrays, the designs are for
fixed frequencies, but the antennaswill work over alimited frequency range around the design frequency.
For example, for thetypical HF 4/4/.5 curtain array (file BC003S00.S00) the design frequency is7 MHz and
the usable operating rangeisfrom 5to 9 MHz. Beyond those frequencies, themodel’ sgain is set to —30 dBi
to indicate that the frequency is outside the design range.

The design frequency isasetting you can makein HFANT and then save thefile under aunique filename or
by overwriting theoriginal file. If you do not specify the design frequency, then the antennawill be valid

for all frequencies and the design frequency will be set equal to the operating frequency. However, such
changes can result in hypothetical and unreasonable antennadesigns. For REAL, existing, antennas set the
design frequency to themodel’ sdefaultinHFANT. Then, theresulting real antennawill not bevalid out-
sideitsstated range, and gains at other frequencies will be set to —30 dBi.

Y ou can examine such model s using the Selected Antenna Analysis Chart, where gains may be seen to drop
to —30 dBi except for certain permitted frequencies. Thismeansthat you cannot apply such antennaswith
abandon, since ACE-HF will then blindly apply themodel to all ten frequenciesand predictionsfor frequen-
ciesoutside the antenna srange will beincorrect. Such limited-bandwidth antennas should be used within
an MCS schedule, asdescribed in section 9 of thistutorial, or should berestricted to limited frequencies.

5. Antenna Model Types. It isuseful to understand how ACE-HF employs antennamodel types. Because
the program uses V OACAP as the computational engine, it must adhereto VOACAP standardsfor reading
model files. Ingeneral, VOACAP reads the second numbered file record in order to determine thefiletype,
and internal code switchesto varioussubroutinesto createvertical and azimuthal radiation patternsunique
to eachtype. If youmodify afilemanually, you can rewritethefirst line comment, but do not modify the
number inthe[ 2] Antenna Type record or the second line showing how many parameters are to be read.

Most of the VOACAP antennamodel types carry other records that permit the user to modify the antenna
using theincluded HFANT program. For example, the DIPOLE23.23fileallowsthe user to modify the
ground conductivity and dielectric constant, and to change the antennalength and height. Therest of the
pattern-making detail s are handled internally by the VOACAP program. There are exceptions, however:

Type 13 files are gain-tablefileswhere 360 tables (for 360 horizontal degrees) containing gainsat each of

91 vertical degreesarelisted. TheVVOACAP code usesthese gain tables directly to determine antennaradia-
tionin each vertical and horizontal direction. Thefilesare uniqueto aparticular antennaand frequency. All
thefilesincluded in AntennaCentral are Type 13files.

Many Type 13 filesare provided onthe ACE-HF CD. If you make your own filesusing EZNEC V5 or
some other NEC software package that outputs V OA CAP-compatible formats, they will be Type 13files.
Type 13 filesmay be used in ACE-HF for either point-to-point, group or areacoverage predictions.

Type 14 filesare also gain-tablefiles, but arefor special cases. Thesefilesinclude 30 tables of 91 elevation
anglesfor 30 frequencies, but are for asingle calcul ated azimuth. They can be used for point-to-point pre-
dictionsonly, and are not really suitablefor general ACE-HF predictions.

If you create or modify your own Type 13 antennamodel files, remember these ground-rules:

A. Each filename must have eight charactersmaximum, and internal decimal pointsarenot allowed.
(aVOACAP DOS constraint).

B. Thefilename extension must alwaysbe .13 for use within ACE-HF.

C. Thefirstlineof thefileisan arbitrary comment line, but must belimited to 75 charactersin length.

D. Thefile can be placed in any \ANTENNAS sub-folder.

6. Examining Antennas. One great advantage of ACE-HF isthe ability to evaluate different antennamod-
elsintermsof their potential effect on coverage. Without thelabor and cost of erecting acomplex array,
onecan“try itonfor size” if asuitable antennamodel isavailable. Try the process by making sometrial
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comparisons. Choose, for example, asimplehorizontal dipoleantennaand make an areacoverage predic-
tionfor your favorite band. Then select one of the higher-gain antenna model s and again make a prediction.
When you create the coverage display, you can place the two predictionsin adjacent frames and move back
and forth between frames to see the difference. Different antennasyou may be considering may be com-
pared in the same manner. The processisquiteinstructive and isgreat fun. Moreimportantly, this capabil-
ity to correctly model antennas and show their effects underscores the importance of acorrect HF system
smulation.

Any of the antennas may be examined by using HFANT. And all the Antenna Central Type 13 models may
beunderstood by using the Type 13 AntennaAnalysischart, called from the Inputs, Circuit Analysismenu.

7. Practical Limitations. When you select an antennatype, ACE-HF appliesthat antennato all frequencies
of thecircuit simulation (unlessyou have created and called aMulti-Channel AntennaSchedule). That's
acceptableif you use the default Isotropic antennas at each end, but it may be an impractical model for all
channels. For example, you may beunlikely to erect a 160-m vertical antenna, which at aquarter-

wavel ength would be more than 100-feet tall! Also, the default antenna specifications are set in fixed wave-
lengths, and it’ s physically impossiblefor asingle antennato have afixed wavelength at all frequencies.

For these reasons, ACE-HF providesfor further customizing your antennas.

8. Modifying Antenna Models with HFANT. When you select HFANT on the Main Screen top-row menu,
ACE-HF opensthe VOACAPHFANT program, which permits the user to customize most of hisantenna
models. (The Type 13 gain-table models are exceptions. However, HFANT can still be used to view the
patterns of Type 13 models.) In HFANT, click on the File, Open menu item and select one of the antennas
in any of the antenna sub-folders. For example, open the \UserAnt\DIPOL E23.23 fil e to examine the speci-
ficationsfor the Horizontal Dipoleantenna. (NOTE: Do not usethe HFANT File, New Type function, as
those antennafilenames are renamed in ACE-HF. Instead, open thedesired antennafileusing theFile,
Open function.)

Most antennafilespermit youto changethe ground conductivity and dielectric constant values. Y ou should
begin your customization by setting those valuesto better describe your transmit site, for each of the antenna
choiceswhere ground parametersare given in thefiles. (Notethat such settingswill then aso apply to the
antennachoicesfor thereceive site. Soif you want different site conditionsfor areceive site that usesthe
same basic antenna, you should copy and re-namethefilefor that condition using HFANT.)

Inthehorizontal dipoleantennafile, you may set the physical length and height above groundin meters.
The program will then use those dimensionsfor al thebands. Or you can create ageneric file by setting the
dimensionsinwavelengths, but itsuse acrossthe bandsimpliesafamily of dipoles.

One should use caution in specifying and using antennamodels. When antennas are called by ACE-HF, the
program assumes the station has alossless matching network that transfersall transmit power to the antenna
in each band. Known mismatch |osses should be accounted for by modifying the transmitter’ spower in the
Circuit Inputs panel.

TheHFANT program also permitsyou to plot the vertical and horizontal radiation patterns of each antenna
at aspecified frequency. Look at the patternsfor your modified horizontal dipoleto understand thisfeature.

After you have modified an antenna, you must then savethe modified file. Savethefileusing afilename of
your choicein any antenna sub-folder.

9. Creating Multi-Channel Antenna Schedules. HF antennas are seldom designed for all-band usage. A
Ham station might have one all-purpose antenna, such as a half-wave horizontal dipoleor avertical, or it
might have multipleantennaswith each covering one or more bands.

ACE-HF now permitsthe user to specify up to ten different antennas at either end of acircuit, each assigned
toanindividual channel. IntheInputs, Antenna Options panel you may select adifferent antennafor each

of ten antennas—the antennas you have customized using the HFANT program or any of thosein the an-
tenna sub-folders. MCSfilesare particularly useful when using Type 13 antennamodels.

28



ACE-HF Help Tutorials Version 2.06

Y ou may also specify the transmit power for each range of bands. Thisisuseful for automatically reducing
transmit power in the 60-meter Ham band to the restriction of 50 watts ERP. Remember that in ACE-HF,
thetransmit power level entered in the program isthe transmitter output power reduced by any coupler or
transmission linelossesasit isfed into the antenna. The 60-meter ERP restriction meansthat you must
work backwards and determine the equival ent transmit power level at the antennainput that will result from
the 50-watt ERP constraint. The equivalent transmit power level will thusvary depending on the gain of the
antennato be used for 60-meter operation.

Y ou may specify aparticular antennafor one channel or for multiple channels. For example, in the Ham
Mode, you might specify ahorizontal dipolefor the 160-meter band only Channel 01 using the Dipole23.23
model from the\UserAnt folder. (Channel frequencies are defined in the Inputs, Circuit Options panel.)

Y ou might then specify the same horizontal dipolefor 80 meters, etc. But remember that thedipole model is
an example of VOACAP mathematical models, which exist assetsof algorithms (equations) withinthe
VOACAP code. Thus, you may use such modelsfor multiplefrequenciesand the program will automati-
cally apply the correct gainsfor each particular frequency. But that isnot true for VOACAP Type 13 mod-
el's, which have each been made for a set frequency and cannot be changed. (See the Antenna Central sec-
tion of thistutorial.)

If you have other antennasfor which mathematical modelsexist, such asthe Vert22.22 model, you might
specify that vertical for 60 through 30 m, switching to alog periodic for 20 through 10 meters. However, a
more accurate simulation will exist if you specify aunique Type 13 antennamodel for each channel. These
may be NEC modelsthat you have made yourself, or examplesyou have selected from Antenna Central.

If you have one Ham antennathat is designed for, say, 40 through 20 meters and no other antennais avail-
able, you could select the None.999 model for 160 through 60 metersand None.999 for 17 through 10 me-
ters. When None is selected, the program specifies an | sotropic antennawith —40-dB gain, which effec-
tively takesthat channel out of the picture. That action preventsthe program from finding Best Frequencies
that are outside the range of the station’ s hardware.

After creating aMulti-Channel Antenna Schedule, you must then saveit asan .mcs file by clicking on the
Save Antenna Schedulebutton. Saved schedules may berecalled by clicking on the Recall Antenna Sched-
ule button. Take carein naming your .mcsfiles so that the filenameswill be meaningful when using the
schedule. Each filename must be limited to amaximum of eight characters, with an .MCSextension.

To apply aMulti-Channel Antenna Schedule, use one of the Select Antenna buttonsto invoke the Select An-
tennascreen. Then click on the Multi-Chan button to bring up thelist of .mcsfiles. Highlight the desired
fileand click Accept toinstall thefile. Each .mcsfile showninthelist carriesaprogram-made comment
line showing the antennamodel name and transmit power level for each of theten selections.

10. Antenna Central.

10.1 The Collections. In section 5, we learned that Type 13 models are gain-table files made by NEC.
Many collections of Type 13 antennamodels have been added in ACE-HF VV2.06. The word collection em-
phasizesthat, unlikethe antennamath models, each Type 13 model must be generated for a specific fre-
quency. Thus, therewill bemany filesinacollection. For example, with an eight-element Y agi antenna
with many variations, thereare 28 Type 13files. For thisY agi antenna, files are grouped together in a sepa-
rate folder.

For the ham bands, L. B. Cebik has created 1650 Type 13 antennamodels and has organized them into sepa-
ratefoldersby typefor use within Antenna Central. Each collection hasmany filesfor different variations
aswell asfrequencies. For example, the \ANTENNASly-8s.A# folder includes a collection of 28 three-
element, short-beam Y agi modelsfor the 80-10 meter band, with variationsfor different heightsabove
ground. Seesection 11 of thistutorial for Dr. Cebik’ s detail ed antenna descriptions.

10.2 Navigating the Screens. Giventhelargefilequantities, managing and selecting Type 13 antenna
models could be acomplex task, but ACE-HF has devised asimple method for organizing the process.
Within Antenna Central, separate Folder Management and File M anagement screens have been added to
make model selection ssimple. To select an antenna, or agroup of antennas, one followsthis sequence:
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1) From the Inputs Circuit, Inputs Circuit Groups, or Inputs Antenna Options panel, click on one of the Se-
lect Antenna buttons. The Select Antenna screen will appear.

2) In Antenna Central, click on the Folder Management button. After extracting filesfromfolder(s), return
to Antenna Central.

3) In Antenna Central, click on the FileManagement button. Here you may view filesfrom within each
folder and select afilefor acircuit or circuit group, or to create anew Multi-Channel Schedule. Return
to Antenna Central or select asingle antennamodel toinstall it.

10.3 Folder Management Screen. Because many Antenna Central files are now available and the size of
thefilesislarge (about 270 kb each), ACE-HF has compressed thefilesinto asingle self-extracting ZIPfile
within each folder. Thefolder and its self-extracting file have the same name in each case. For example, the
\ANTENNAS\y-8s.A# folder has asingle y-8s.exefile, which contains, inthiscase, 28 Type 13files.

Within each folder, thereisalso aContents. TXT and aHelp. TXT file. The Contentsfile containsaone-line
explanation of the folder’ s contents, and shows as a screen comment alongside itsfolder name. Click the
Help button to read detailsabout the folder’ s content.

At the bottom of the Folder Management screen are buttons that access antennamodel s placed into six cate-
gories. The ham-band categoriesare:
o Horizontal Polarization:
A. Rotatable Arrays
B. Multi-band Fixed Wire
C. Multi-band Wire Arrays
o Vertical Polarization:
D. Basic Monopoles & Dipoles
E. Self-contained Phased Arrays
F. Vertical-element Phased Arrays

The Custom button accesses general models that might not fit thefirst six categories.

To help with the bookkeeping, each Antenna Central folder hasatwo-character extension. Thefirst charac-
ter correspondsto the category button letter, while the second character — a# symbol — denotes that the
fileisfor the ham bands.

The purpose of the Folder Management screen isto extract files from the compressed folders. When the
folder list appears, the number of filesthat have been extracted, initially zero on the CD, follows each folder
name. Toextract files, highlight thedesired folder and click Extract Files. Then click Refresh File Count to
confirm the number of filesextracted. Y ou may also delete previoudly extracted filesfrom any folder.

You may, of course, extract al thefilesfrom all thefoldersif you wish. Onceyou have extracted filesfor
the antennas of interest, cancel this screen, return to Antenna Central and click the File Management button.

10.4 File Management Screen. When it first appears, the File Management screen lookslikethe Fol der
Management screen except that the controls are different. To usethisscreen, first click on afolder line. The
screen list will then show all the Type 13 filesin the selected folder. If there are no files shown, returnto the
Folder Management screen and extract the files.

Onceyou have extracted al thefilesyou wish to usein your application, you will routinely use only the File
Management screen. Click on afolder name and the screen will change to show thefiles contained in that
folder. You can usethis screen to select aparticular Type 13 file for a point-to-point or group circuit, or to
populate the MCS panel, by clicking the Accept button.

WARNING: Remember that each Type 13 file was created for only onefrequency. If youassignitto, say, a
circuit transmitter, ACE-HF will useit for all ten frequencies and the resulting computation will bewrong
except at one frequency. It isbetter to use the MCS panel and apply adifferent Type 13 file to each channel.
Go to the Inputs, Antenna Options screen and select an antennafor each channel from the Antenna Central
File Management screen. That screenincludesalist of current frequenciesto aid your selection.
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HINT: Be sure to make and save anew .MCSfile on the Inputs, Antenna Options panel after you make a
new frequency list (for exampleif you arein the SWL mode and have selected an SWL list of frequencies.
Try to choose an .M CSfilename that denotes the basic antennatypes (if possible) and the frequency cate-

gory. For example, saveaDiplHamF.MCSfileto designate that thefile containsagroup of dipolemodels

specified for the ham-band frequencies. The MCSfilename aswell asthe Type 13 filenames must be lim-

ited to eight characters. (A VOACAP constraint.)

10.5 Adding New Collections. New collections of Type 13 antennamodels may be created by using one of
the NEC programs. (EZNEC Pro V5.0 or later isrecommended.) Usually, asingle NEC model may be
made for each antennatype and Type 13 files can then be created for each frequency without leaving NEC.
If you make the NEC filesyourself, be sure to check the Type 13 filefor correct format.

A new antenna collection can be saved in anew sub-folder placed under the \AANTENNASfolder. Use exist-
ing folder and filename conventionsasaguide. Thefolder name may have as many asfive characters, but
the folder extension must be limited to two characters where thefirst character is A through G and the sec-
ond character is#. |If the extensionisdifferent, ACE-HF will not find it in the Antenna Central collection.
Folder names should be based on the filenames within the folder.

New antennafilenames must follow strict rules. Thefirst four characters denote the antennatype, and could
even be aserial number referring to an external list in the case alarge antennafarm. The next three charac-
ters should be numeral s recording the frequency of the model in tenthsof MHz. Thelast character will de-
note the assumed ground conditionsfor the model. (Seebelow.) Using an examplefrom the CD, acollec-
tionfor aTerminated Folded Dipoleantenna50 meterslong, infolder t050.G#, would have afilenamefor-
mat of TFS0fffC, where fff might be 187 for 18.7-MHz and where C indicates average ground conditions.
For the ham-band Antenna Central foldersand files, you may depart from thisconvention. Using ACE-HF,
review thefoldersand Type 13 file collectionsmade by L. B. Cebik for guidance, and read the section 11.

ACE-HF has adopted thesefilename codesto denotedifferent ground conditions[ Cebik 2006] :

Filename Soil Description Conductivity Permittivity
Code in S/m, o (Dielectric
Constant), €

A Very Poor 0.001 5

B Moderate 0.003 4

C Average 0.005 13

D Good 0.01 4

E Dry, sandy, coastal 0.001 10

F Pastoral hills, rich soil 0.007 17

G Pastoral medium hills and forestation 0.004 13

H Fertile land 0.002 10

I Rich agricultural land, low hills 0.01 15

J Rocky, steep hills 0.002 15

K Marshy land, densely wooded 0.0075 12

L Marshy, forested, flat 0.008 12

M Mountainous, hilly (up to about 1000 m) 0.002 5

N Highly moist ground 0.005 30

0] City industrial of average attenuation 0.001 5

P City industrial of maximal attenuation 0.0004 3

Q City industrial area 0.0001 3

R Fresh water 0.001 80

S Sea water 5.0 81

T Seaice 0.001 4

u Polar ice 0.0003 3

\% Polar ice cap 0.0001 1

W Arctic land 0.0005 3

X Custom user entered

Y Custom user entered

z Perfect Ground - -

31



ACE-HF Help Tutorials Version 2.06

WARNING: The above vauesfor Poor, Moderate, Average, Good, etc. may not agree with the values that
appear in HFANT for these soil conditions. Table values are drawn from many more recent sources and are
used in the Nittany Scientific NEC programs [ Cebik 2006]. Users may enter custom values wherever infor-
mation on actual soil conditionsisavailable, and may thenenter X or Y as the filename code.

10.6 Making Self-Extracting Files. If you have the WinZip Self-extractor program, you may make your
own self-extracting folders. The self-extracting .EXE files of the Antenna Central folders on the CD were
made with WinZip Self Extractor V3.1 using the command line; WZIPSE32 d044 -y -auto -runasadmin -d.\
(The d044 notation is an example of the .ZIPfileto be compiled.) Notethat thiscommand must be made by
caling WZIPSE32 fromitsinstalled Program Fileslocation and the Type 13 filesyou wish to includeinto a
new folder must first be compressed into a.ZIPfileusing WinZip. The .ZIPfile must then be moved tempo-
rarily to that directory where WZIPSE32 resides.

Y ou may then create a new sub-folder under theinstalled \ANTENNA folder. The new folder’s name usually
correspondswith thefilename of the .ZIPfile, and the folder’ stwo-character extension must be as discussed
in section 10.5.

11. Antenna Central Models by L. B. Cebik.

11.1 Introduction. Dr. L.B. Cebik, W4RNL (SK), wrotethefollowinginformal notesduring the devel op-
ment of Antenna Central for ACE-HF. The Antenna Central files, and hisnotes, areincluded in ACE-HF
V2.06 asamemorial to LB, who passed away unexpectedly on April 23, 2008. The AntennaCentral Type
13 models areincluded as an addition to ACE-HF without extracharge for the benefit of all radio operators,
in keeping with LB’ s wishes.

“ Amateur interest in propagation softwareisgrowing. The best way to obtain the most accurate propagation
forecastsand analysesfor agiven HF installation isto use within ACE-HF an antennathat closely resembles
the actual station antenna at each frequency of operation. The resemblance need not be physical, but needs
only to have aradiation pattern that closely fits the performance of the station antenna.

“ACE-HF providesfor using aspecial VOACAP Type 13file, which includesthe radiation patternin all
azimuth directionsand for all elevation angles, in 1-degree increments. At each operating frequency, aType
13 model isan ASCI| file of about 270 kb in sizethat includes all elements of the patternin the proper for-
mat. Thefileusesthe compassrose (clockwise) convention and counts elevation from the horizon.

“In addition, each antennamust be over ground, and for many types of antennas, performance may vary with
ground quality. Inthe models, both rotatable and fixed directional antennasare oriented to placethemain
lobe (or one of the two main lobesfor bi-directional arrays) pointing due North (0 degreesazimuth). ACE-
HF controls may then be used to re-aim the antenna at adesired target communicationsregion.

“Fixed antennaspresent different challengesfor theuser, andindividual Help filesthat accompany each An-
tennaCentral collection make suggestions on how to best usethemodels. All fixed-element arrays place the
elements on an east-west line so that the broadside radiation isnorth-south. In ACE-HF, the antenna model
must berotated to match the physical installation.

“Usersversed in the use of NEC or MININEC can create custom models of their actual antennas. Since
NEC and MININEC generally use phi and thetaconventionsto produce the radiation pattern report, conver-
sionistediousat best. Thelatest version of EZNEC (V5) at its Plus and Pro levels can produce the desired
Type-13 files by use of the three-dimension plot option.

“Users who are unfamiliar with antennamodeling may not have accessto radiation patterns of typical ama-
teur station antennas. Therefore, in Antenna Central, | have begun aprocess of producing Type 13 filesfor
monoband antennas that cover most of the HF amateur bands. Thefilesarearranged in collections asthe
ACE-HF screensindicate.

“Each compressed collection contains aconsiderable number of Type 13files, and each collection contains
example modelsfor each band. Where relevant — for horizontal antennas especially — there are also varia-
tionsfor different heightsabove ground. The heightsused for the upper HF region (20 through 10 meters)
are 35, 55, 75 and 95 feet, corresponding generally to typical amateur tower heights. For thelower HF
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bands (80 through 30 meters), examplefilesexist for heightsof 75 and 100 feet. For vertical antennas, es-
pecially those using aground or near-ground mounting, therearevariationsfor ground qualitiesknown as
very good, average, and very poor. (Seethe Antenna Central section of thistutorial.) Whererelevant, there
are also variationsfor different sizesof radial fields, namely, 4, 16, and 64 buriedradials.

“A Helpfile, describing the specific file-name coding used for that group accompanies each collection.
(VOACAP restricts Type 13 filenamesto eight characters, requiring careful coding to provide key file data.)
Since all amateur antenna models are monoband antennas, the Help file also specifiesany key features. For
example, the Y agi collectionsinclude the free-space gain and boom length of the model to allow the user to
select an antennawhose performance most closely matches the station antenna, even if the station antennaiis
amulti-band array. A number of directional antennatypes can be omitted for similar reasons. For example,
those who use quagis, log-periodic dipolearrays, and similar antennas may select the Y agi or the quad pat-
tern shape and gain that most closely matches the performance of the actual station antenna.

“The collections do not attempt to model commercially built (or even home built) multi-band antennas.
Withthefacilitiesavail ableto most antennamakers, devel oping Type 13 filesfor each antennain their line

at each operating frequency should become standard practice, and would allow the maker to classify thefile
asauthorized. However, until makerstakethis step, most amateurswill haveto estimate the performance of
their antennas and select from the collectionsthe model that is closest in performance and other variablesto
the station antenna.

“Despitetherelative ease of constructing anindividua Type 13 fileusing thelatest modeling software, the
development of generally usablefilecollectionsisalong-termtask. For example, the Y agi file collection
contains 28 separate Type 13 filesfor 80 through 10 meters. Filecollectionscanincludefrom 15to 45 indi-
vidual Type 13files.

11.2 Horizontally Polarized Antennas.

A. Horizontal Rotatable Arrays. (Letters A through F refer to the Antenna Central category buttons.)
“All rotatable arraysin thefollowing list have separate versionsfor each HF band from 80 through 10 me-
ters. The free-space E-plane (azimuthal) pattern and performancelevel arethe samewithin acollectionto
very small limitsof variation. Each antennahasa Type 13 filefor each band at a specified height above av-
erageground. (Horizontal antennasaregenerally lesssensitiveto ground quality variationsthan ground-
mounted vertical antennas.) The heightsfor the upper HF region (20 through 10 meters) are 35, 55, 75 and
95 feet, corresponding generally to typical amateur tower heights. For thelower HF bands (80 through 30
meters), different filesexist for heightsof 75 and 100 feet. Selecting afileisamatter of determining the
user’ sinstallation height and the performancelevel that most closely matchesan availablefile. Somemulti-
band Y agi and quad designsmight require selectionsfrom different collections on different amateur bands.
Thegoal isto match performancelevelsand height, not to match the exact number of elements and boom
length.

“All horizontal rotatable arraysuse el ementsoriented east-to-west so that the model’ s main lobe pointsto-
ward zero-degrees azimuth. Use ACE-HF controlsto change the direction of themain lobe. One might
change the orientation of the main lobe of atruly rotatable array to point at different sections of theworld.
If theuser’ sdirectional array isfixed, then asingle orientation setting isrequired to reflect the actual
orientation of the array. Thefollowing AntennaCentral collectionsare provided:
1. Monoband Yagi Antennas:

“2-element driver-reflector Y agis (6.2 dBi free-space gain)

3-element short-boom Y agis (7.1 dBi free-space gain)

3-element long-boom Y agis (8.2 dBi free-space gain)

4-element Y agis (8.8 dBi free-space gain)

5-element Y agis (10.1 dBi free-space gain)

6-element Y agis (11.5 dBi free-space gain)

7-element Y agis (12.4 dBi free-space gain)

8-element Y agis (13.3 dBi free-space gain)

33



ACE-HF Help Tutorials Version 2.06

2. Monoband Quad Beams:
“The quad collection includes versions using two through six elements, with awider-band and a
higher-gain version of the three-element quad.
2-element quads (7.0 dBi free-space gain)
3-element wider-band quads (8.6 dBi free-space gain)
3-element higher-gain quads (9.2 dBi free-space gain)
4-element quads (10.4 dBi free-space gain)
5-element quads (11.1 dBi free-space gain)
6-element quads (11.7 dBi free-space gain)
3. Other Rotatable Horizontal Arrays:
“The element wires run east-to-west so that the main |lobes are north-south.
2-element Moxon rectangle (6.0 dBi free-space gain)
2-element phased array (or 2-element driver-director Y agi) (6.7 dBi free-space gain)
2-element Bi-Dir. W8JK Flat-Top with 1-A elements and ¥2-A spacing (6.0 dBi free-space gain)
2-element Bi-Dir. W8JK Flat-Top with 1-A elements and %A spacing (7.0 dBi free-space gain)
Collinear, 2-wavelengths with phasing sections (20-10-meters only)
Bi-Square with 1/2-wavelength legs (20-10-meters only)

B. Horizontal Multi-Band Fixed Wire Arrays.

“Many amateur stations employ fixed-wire antennas, such as a center-fed doublet or alarge horizontal 1oop,
for all HF amateur bands. Thefollowing Type 13filecollectionsprovide samplesof popular configurations,
but by no meansall configurations. All linear wire modelsare oriented east-to-west so that one of the two
main lobes on the lowest band will project due north (zero-degrees azimuth). The user must use ACE-HF
controlsto re-orient the antennato reflect the actual stationinstallation.

“Horizontal loops come in too many variationsto sampleadequately. Thesmall collectionsprovided here
are square loops with the feedpoint located at the center of the south side. Using thesefilesrequiresreorien-
tation so that the model’ sfeedpoint ison the opposite side of theloop from the aiming direction.

“End-fed wires have their feedpoint on the west end (270 degrees) of thearray. Using the end-fed models
requires careful re-orientation within ACE-HF to ensure both wire alignment and feedpoint position relative
to the actual installation.

“All fixed wire antennas and arrays are eval uated at heights of 35, 55, 75 and 95 feet on all bandswithin the
normal coverage range of the antenna. For exampl e, the 135-foot doubl et (dipole) collection hasfilesfor 80
through 10 meters, but the 44-foot doubl et hasfilesfor only 40 through 10 meters. All such Type 13 models
use AWG #12 wire. Thefiles show only the performance and pattern data; they do not includelimitations
and possiblelossesrel ativeto various methods of feeding them. Note that the filename coding system for
these antennas differsfrom the one used for rotatable horizontal beams. Seetheindividual Help filesthat
accompany each collection for details.
1. Linear Center-Fed Multi-Band Doublets:

“The collections contain center-fed doubletswith lengthsfrom 270 feet (lowest band = 160 meters)

down to 44 feet (lowest band = 40 meters). The elements are oriented east-west so that the broadside

emission is north-south.

270" doublet for 160-10 meters

135' doublet for 80-10 meters

102’ doublet for 80-10 meters

88' doublet for 80-10 meters

67' doublet for 40-10 meters
44' doublet for 40-10 meters
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2. End-Fed Linear Multi-Band Wire Antennas:

“The end-fed collectionsinclude un-terminated wiresthat are 270 and 135-feet long. The elements
are oriented east-west so that the broadside emission isnorth-south. NOTE: Above the band on
which an end-fed un-terminated wire is 1/2-wavelength long, its pattern will differ from patternsfor a
center-fed wire of the same physical length. The feedpoint isassumed to be at the west end of the
wire.

270" doublet for 160-10 meters
135' doublet for 80-10 meters

3. 30-Degree Inverted Vs:
“Theinverted-V collection consists of center-fed wires that slope 30 degrees from the horizontal on
each side of the center point. Wires extend east-to-west. The heightslisted in thefilesrepresent the
feedpoint heights. Dueto the 30° angle of the wires, some versions are not available at the lowest
heights.
270" inverted-V
135' inverted-V
102" inverted-V
67 inverted-V
4. Horizontal Square Mid-Side-Fed Loops:

“Horizontal loopsrange from acircumference of 288 feet (about 1-wavelength at 80 meters) to 1152
feet (about 2-wavelengths at 160 meters). Wires extend north-south and east-west, with the feedpoint
at the middle of the southwire. NOTE: Dueto variationsin the feedpoint locations and the shapes of
actual instalations, the samplesareless certain guidesto actual |obeformation and strength.

1152 circumferencefor 160-10m
576' circumference for 160-10m
288' circumference for 80-10m

5. Terminated Folded Dipoles:

“Each antennaisterminated with a 900-Ohm resistance at the point opposite the center feedpoint.
Wires extend east-west.

165' terminated folded dipolefor 160-10m
90' terminated folded dipole for 160-10m

C. Multi-Band Wire Arrays:
W8JIK with 88' elements spaced 44" apart (40-20 meters)
W8IK with 44" elements spaced 22' apart (20-10 meters)
Lazy-H with 88' elements spaced 44' apart (40-20 meters)
Lazy-H with 44' elements spaced 22" apart (20-10 meters)

11.3 Vertically Polarized Antennas:

General Note: “Thecollectionsof Typel3filesfor vertically polarized HF antennashave several distinctive
featuresrelativetothecollectionsfor horizontally polarized HF antennas.

“1. They are generally used on the lower amateur bands from 160 through 30 meters. With some excep-
tions, file collections are restricted to these bands.

“2. Vertically polarized antennas are more sensitivein performanceto differencesin the ground quality be-
neath theantenna. Therefore, model collections use samplesover threedifferent soil qualities: very good
(0.0303 S/m, 20), average (0.005 S/m, 13), and very poor (0.001 S/m, 5). Over the bands covered, perform-
ance differentials due to ground quality tend to be larger at lower frequencies. Other differences may be
specificto thetype of antennain question. Although amateur antennas employ awide variety of materials,
al models assume the use of AWG #12 copper wire.
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D. Basic Monopoles and Dipoles.
“Basic vertical antennasinclude ground-mounted vertical monopoleswith buried radials, elevated vertical
monopol eswith attached radials, vertical dipoles, and multi-band vertical doublets. The ground-mounted
vertical monopolesinclude 1/4-wavelength and 1/2-wavelength versions using modelswith buried radialsin
fieldsizesof 4, 16, and 64 total radials. The other antennasin thisgroup do not use buried radials. Unless
otherwiseindicated, patternsareavailablefor 160-30 meters. Patterns are availablefor very good, average,
and very poor ground.

Ground-mounted 1/4-wl monopoles

Ground-mounted 1/2-wl monopoles

Elevated monopoleswith 4 attached radialsat 20' (80-10 meters)

Vertical dipoleswith 0.05-wl base heights (160-10 meters)

Multi-band vertical doublet, center-fed, 44', 5' above ground (30-10 meters)

E. Self-Contained Phased Arrays (SCVs).
“SCVsare 2- or 3-element vertical broadside arrayswith in-phase feeding of each vertical usingasingle
feedpoint. They do not require ground radial systems. Feedpoint placement determinesthepolarization of
these antennas. Patternsare available for very good, average, and very poor ground.

Half-square arrays

Bobtail curtains

Equilateral deltaloops

Right-angle delta arrays

Side-fed rectangular loops

5-element Bruce array

F. Vertical-Element Phased Arrays.
“The collection of representative basi c phased arrays contains both monopol e and dipol e versions of many
types. Because of the complexity of the arrays and because any array in the collection will only approximate
an actual installation, the monopole modelsin NEC-4 employ aMININEC ground, whichisroughly equiva-
lent to aradial field of between 32 and 64 elements. All dipole arrays set the base of the dipole at 0.05-
wavel ength above a high-accuracy ground systemwithnoradial system. Thecollectionincludesmonopole
and dipoleversionsof triangular arraysthat use afed driver vertical element and two parasitic reflector ele-
ments. All arrays are situated so that amain lobe (or the main lobe) points due North (zero-degrees azi-
muth). Hence, broadside arrays have elements on an east-west line, while in-line phased arrays have ele-
ments on a north-south line. The 4-square array formsadiamond with the elementsat 0, 90, 180, and 270
degrees. Inall cases, users must reorient the model swithin ACE-HF to coincide with the actual installation.
Patterns are availablefor very good, average, and very poor ground.

2 In-Phase Monopol es, Broadside Pattern

3 In-Phase Monopoles, Broadside Pattern

2 Phased In-Line Monopoles

2 In-Phase Dipoles, Broadside Pattern

3 In-Phase Dipoles, Broadside Pattern

2 Phased In-Line Dipoles

Triangleof 3Monopoleswith 2 Parasitic Reflectors

Triangleof 3 Dipoleswith 2 Parasitic Reflectors

4-Square Arrays

11.4 Summary. “Thetotal AntennaCentral collection hasmany omissionsrelativeto antennasand systems
used by radio amateurs. Some omissions, such astheinverted-L, have too many variationsfor any one ver-
sionto captureitsspecific behavior. Other omissions, such as stacks of Y agi antennas, are too variable from
oneingtallation to another for inclusion. However, despitethe present size of the Type 13 collections (61
folders, with 1650individual Type13files), anunlimited number of filesmay beuser added.
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“When selecting aType 13 file, remember that the pattern shape, the forward gain, and the elevation angle
are more important factorsto consider than the name applied to the model. The goal isto match the Type 13
fileto your best estimate of the performance of your own array or antenna. If acloser approximation isre-
quired by aspecific application, then you should consider modeling your actual antennaor array using NEC.

“These notes are no substitute for mastering your own collection of amateur Type 13 antennamodels. These
collections are made available without warranty. Use of thefilesissolely the responsibility of the user.”
-- L. B. Cebik

12. Running NEC Programs. If you have acquired the EZNEC or other NEC software to create your own
antenna models, you can call the program from within ACE-HF. Just click on the Main Screen NEC top-
row menu item. When you are finished creating thefile, saveit asaVVOACAP-format Type 13file. (Previ-
ous NEC-Win PLUS editions saved the VOACAP-format filewith an .ANT extension. If you have that edi-
tion, re-namethefiletoa.13file.) Youwill probably want to edit thefile'scomment lineto makeit more
explanatory, using the other Antenna Central Type 13 filesasexamples. Remember the 75-character limit.

13. Managing Fixed Directional Antennas. Directional antennasare defined asthosethat concentrate en-
ergy inoneazimuthal direction, asopposed to omni-directional antennasthat emit equally inall horizontal
directions. (Antennas can also focus energy at certain angles of elevation, but such emissionsin the vertical
plane are not considered in thisdefinition of directional antennas.)

Usually, onethinksof directional antennas asthose that may be rotated and pointed along aparticular azi-
muth angle. Examples arerotatable Y agis (often called beams) and Log Periodics that are mounted atop a
tower and rotated by aremotely controlled motor. However, there are many other antennatypesthat yield
directional patternsinthe azimuthal plane, but arefixed in position. Examplesof such fixed directional an-
tennas are Rhombic and non-rotatabl e horizontal L og Periodic designs, or arraysof vertical antennas.

When considering azimuthal patternsof directional antennas, ACE-HF assumes that all such antenna models
havetheir main horizontal energy pointed at zero degreesazimuth (north). ThisisaVOACAP convention
and has become an industry-standard rule. For arotatable antenna, such asaY agi or Rotatable L og Periodic
(RLP), the ACE-HF user simply choosesthe physical azimuth angle by adjusting a“ spinner” that can be set
from 1 to 360 degrees. Thisaction pointsthe antennatoward adistant target along agreat circleline, just as
anoperator would point hisrotatableantenna. To simplify thesetting, there is a Point At control, which
when checked automatically pointsthe antennatoward the distant station along a predetermined path. There
areindependent Point At controlsfor antennas at both ends of the circuit.

For the case where a station uses a rotatabl e directional antennabut leavesit at afixed setting, e.g. wherethe
station might be unattended, the user setsthe azimuth to his’her preferred direction and does not use the
Point At control. Thismeansthat stations not on the predetermined great circle path will receive radiation

off the side of the antenna’ s main beam, and will be so ssmulated by ACE-HF.

But fixed directional antennas are erected to focus their main beam toward a certain distant station. Or, a
small station might install a fixed directional antennain order to achieve gain, but may be constrained by
property limitations. Anexampleisaham operator who erectsahorizontal dipole, butinstallsit diagonally
across hissmall lot.

When simulating circuitswith fixed directiona antennas, the ACE-HF user must know the physical direc-
tioninwhich hisantenna smainbeamisfacing. (For example, ahorizontal dipoleemitsmost energy
broadside to the end-to-end wire sdirection.) Hethen merely setsthe azimuth control to that fixed angle
and avoidsthe Point At control. Asbefore, such fixed angles are always measured with respect to true
north, asthey would appear on acompass (corrected by magnetic declination).

For fixed high-gain directionalslikethe curtain dipolearraysused in I nternational Broadcasting, the same
azimuth control may be used to simulate the use of phased feedsto create slew angles. In that case, the slew
anglesare usually expressed with respect to the main beam’ snominal angle, so they must be added (or sub-
tracted) fromthat angle. (Itisan approximation to slew such modelsby varying the azimuth settinginthis
manner. For better accuracy, separate mathematical models are given for most slew angles, and there are
dozens of such modelsincluded in ACE-HF.)
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Many ACE-HF users employ antenna models made with aNEC program. The output of such programsis
the standard Type 13 gain-table antennamodel, and the user must assure that such files have been made with
their principal emission pointed toward zero degrees. (Use the ACE-HF Type 13 AntennaAnalysis charting
capability to check such files.) Thiszero-degree main beam conventionisused inthe NEC-Win Plusand
GNEC programs. The EZNEC programs permit the user to set the main beam to zero-degrees or to adesig-
nated physical angle, however. Thelatter adjustment will cause an error when used for ACE-HF predictions
unlessit is set to zero degrees.
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SELECTED ANTENNA ANALYSIS

1. Selected Antenna Analysis Chart. ACE-HFincludestwo specialized antenna analysis charts that may be
invoked through the Circuit Analysis Screen Summary Charts menu item. Click on Selected Antenna Analy-
sisto view the chart for any antenna specified using the Select Antennafunction.

Thispolar chart compares the sel ected antenna scomputed vertical patternwith predicted elevationangles

of theMost Reliable Mode (MRM) of propagation. One of the most difficult problemsin HF station opera-
tion ismatching the best vertical acceptance (take-off) pattern, and thus the best antenna, with the needs of a
givencircuit. Theproblemisparticularly difficult when short circuitsthat rely on NV 1S propagation must
utilize antennas with high take-off angles. Some antennas, such asvertical monopoles, are simply not ap-
propriate for such circuitsbecausetheir vertical radiation isnear zero at the zenith angle. Thischart permits
you to match the antenna’ s major lobe of radiation (the red curve) with the range of computed MRM eleva-
tion angles (the green curve). Pattern datais taken fromthe GAINxx.DAT files produced during point-to-
point runs. These files provide elevation gainsfor the single azimuth settingsof thel nputs, Circuit panel.

2. Creating Different Circuit Distances. With the chart showing — drag it to the side if needed — you can
move the green or red station dot on the circuit analysis screen to examine different circuit distances. The
chart will immediately recal culateto show the new comparison, and therange of elevation angleswill be
shown by the green curve with the maximum and minimum angleslisted on the chart.

Thechart listsboth terminals of the presently selected circuit, and showsthe azimuth settingsfor both an-
tennas, aswell asthe circuit distance. If you have set one or both azimuthsto fixed angles, those angles will
remain fixed asyou changetheterminal locations. Thispermitsyou to examinethe side patterns of those
antennas as you move the dots around the screen. Or, asis more normally the case, you can cause the an-
tennas to face each other by clicking the Point At button without leaving the chart. Theazimuth valuesare
red when the antennas point at each other. Otherwise they are black.

3. Comparing Antenna Models. Thisisahandy chart for examining different antennamodels, which you
can also do without leaving the chart. Right click onthe chart to show the Circuit Analysis Screen Pop-Up
menu, where you can change either the transmit or receive antenna. Antennasfrom any of the Antenna Cen-
tral sub-folders may be selected. The chart will immediately recal culateand thedifferent vertical pattern
will be shown. The chart may be computed for either the Tx or Rx antenna, using the control at the bottom,
and the selected antennafilenameswill be shown in the upper | eft corner.

The chart also showsthe Directivity Gain of theantenna. Thisisthe maximum gain (Gma) at the combined
azimuthal and vertical patterns of the antenna.

HINT: Even Type 13 antennamodels may be examined with this chart, but when oneis shown the pattern
will remainfixed asyou vary frequency. Thegreenlinepredictionwill vary, but thefixed elevation pattern
reminds usthat each Type 13 fileisfor aspecific frequency only.

4. Frequency Animation. Each antenna pattern isfor a specific frequency, shown below the chart, and is
taken from the computed gainsfor each integer frequency. Patternsfor each of ten channel frequencies
(shown above in the Open Bands Boxes) may be selected by the control below the chart, and the chart may
be animated through the frequency range. The ten frequencies are taken from the specified frequencies of
theInputs, Circuit Options panel, except that each isrounded to the closest integer frequency before making
the chart patterns.

Aseach frequency is selected the directivity gainis shown, but the pattern charted has gain relative to the
maximum gain at each frequency. Thistreatment is consistent with patterns shown inthe HFANT figures.
Note that for some antennas and frequencies, directivity gainsare shown as—30 dBi and the patterns are uni-
formcirclesat zerorelative gain. (Seethediscussion in section 4 of the Antennas Help Tutorial.) This
showsthat the antenna pattern is being shown at afrequency outside the design frequency range and simply
indicates that the model would be unsuitablefor those channels. The LOGPERO05.05 model isan example,
where at selected frequencies of 2 through 5 MHz directional gainsare —30 dBi.
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TYPE 13 ANTENNA ANALYSIS
1. Type 13 Antenna Analysis Chart.

This chart showstwo polar plotsof any VOACAP Type 13 antennamodel, or of groups of suchfiles. Both
azimuthal and vertical patternsare shown simultaneously, and the chart may be animated through sequential
files. Aseach pair of patternsis shown, the directivity gain (Gma) valueisdisplayed along with the azimuth
and el evation angles at which the maximum gain occurs. Again, aswiththe Selected AntennaAnalysis
Chart, the displaysshow relativegain.

Thisdisplay isfor Type 13 filesonly, and each such file must be created for only onefrequency. Antenna
modeling programs such as EZNEC are used outside the ACE-HF program to create thefiles, and users of -
ten producelibrariesof Type 13 filesfor al antennasat their station.

2. Selecting and Animating Files. A specia \ace-hfl\antennas\TP13Gr psfolder has been providing during
theinstallation of ACE-HF, but it isup to the user to create files and populate the folder. However, any
Type 13 filein the ACE-HF antennafol ders, including the Antenna Central sub-folders, can be imported
into the \TP13Grpsfolder by using the Import Models function on the Type 13 Select Antennas screen.

Asan exampleto get you started, another copy of the Samplel3.13 file has been placed into the \TP13Grps
folder. The patternsfrom thisfile can be shown separately. It was made from the HFCC antennalist andis
the same as the \ace-hf\antennas\HFCC\BC003S00.S00 HR 4/4/.5 file, which can be selected for usewith
circuit or areacoverage predictions. Thisexampleisatypical curtain antennamodel with four elements per
row and four elements per stack mounted 0.5 wavel engths high with azero degree slew angle. The model
hasanunusually highdirectivity gain, yielding21.2dBi at 11.85MHz, withvery littlebackward radiation.

The BC003S00.500 fileisaVOACAP Type 01 file and can be selected for a circuit and used over afre-
guency range. (Seethediscussion in section 4 of the AntennasHelp Tutorial.) The Samplel3.13fileisfor
the same antenna, but isfor only one frequency.

HINT: If you want to view the elevation (vertical) pattern of thisantennaover afrequency range, you exam-
inethe BCO03S00.S00 file using the Selected Antenna Analysis Chart. Or, you can dwaysuse HFANT to
view the patterns at other frequencies.

ACE-HF asked L. B. Cebik to createagroup of 29 Type 13 filesfor a Terminated Folded Dipole antenna,
and thesewill also befound in theinstalled \TP13Grpsfolder. When you click on the Select Antennas but-
ton of thischart, alist of antennasfound inthe \TP13Grpsfolder appear. Y ou can select one or more of
thesefilesjust asyouwould the AG filesof the PredictionsList, then click Accept. Or you can simply click
the Accept All button to select all filesinthelist. Click DeleteModelsto delete highlighted files.

Patterns of the 29 files, or any group of more than onefile, can then be viewed manually or animated auto-
matically through the group using the controls at the bottom of the chart. Aspatternsfor each fileare
shown, the definition of thefileis shown in the chart’s comment line.

The exampleterminated folded dipoleis 50 meterslong and ismounted 15 meters above average ground. It
is designed to have reasonable omni-directional gain above2 MHz, but the azimuthal pattern beginsto break
up at 7 MHz and becomes seriously multi-lobed as 30 MHz is approached. The example was chosentoil-
lustrate how the chart may be used to examine the effectiveness of awide-band antenna. 1t aso shows how
such wide-band antennas, sometimes chosen for NV IScircuits, can produce rather low elevation angles
when operated well beyond their design frequency range.

HINT: When the Type 13 analysis chart first appears, it remembers the last antennafile selected when the
softwarewas previously operated. To display patternsfrom agroup of files, you must again select the de-
sired group.

3. 3D Antenna Chart. Although standard azimuthal and elevation pattern curvesareinformative, they are
usually made for the angles where maximum gain appears and thus tend to mask the overall shape of the
antenna semission. To view such overal patterns, you can click on Show 3D Chart to see athree-
dimensional view of aselected antenna
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Operating the 3D chart islots of fun, and there are many chart controlsto play with. All thefiles previously
selected for the Type 13 chart may be shown on the 3D chart, beginning with the Samplel3.13file, which
has a high-gain central lobe and little backward emission. The 3D chart may be manipulated using thefol-
lowing controls:

A. Pattern. Click on the Forward and Backward pattern buttons to reverse the antenna 3D pattern shown.

B. View Angle. Movethe View Angledliders. Theright-hand slider rotatesthe angle from right to | eft.
The left-hand dlider lowersthe figure asif the viewer wereto look down into the pattern from above. Click
onthenumber aboveeither slider to reset thefigureto itsdefault position.

HINT: It'ssometimesinformative to movetheview anglesuntil the pattern is seen from one plane of the
figure. For example, with the Samplel3.13file, movetheview angleto Right 274 and Up 365 to see the
pattern’ s structure from the side. Reset the figure when you are done.

C. 2D Azimuthal View. Clicking the 2D Az. View button will cause the 3D format to be replaced with a
two-dimensional view seen from the zero-elevation plane. It’seasier to read the peak values of the pattern
elementsinthisview. Uncheck the 2D checkbox to return to the 3D view.

D. Ortho View. Click the Ortho View checkbox to view the pattern in a3D orthographic format, wherethe
three axes are orthogonal to each other. Uncheck the checkbox to return to the normal 3D view.

E. Gain Scale. Thechart’sgain scale can be adjusted using the buttonsin the lower |eft corner. Thisis
useful when low-gain antennas, such asthe Terminated Folded Dipole example, are shown.

F. Single Curves. Y ou can create curves of maximum gain that move from left to right along the azimuth
or elevation scale by clicking the Single Curves Animate checkbox. As the curve moves, the maximumgain
at that angle of the patternisshown along with the angle being displayed. Without Animate checked, you
can movethesingle curve manually using the Az. Angle arrows. Try clicking the Elevation button to ani-
mate or move the curve manually through the elevation angle planes. Viewing the pattern fromtheright end
canhelpwiththisanalysis. (TheView Anglecontrolsremain active during single-curve animation.)

HINT: Thesesingle curvesare useful to examine the gain (or lack thereof) at an antenna’ s null-point when
the path setting is off the maximum azimuth point.

G. Select Files. The controls discussed above may be used to examine any of the Type 13 filesin the group
list. When agroup of files parametricin frequency, such asthe 29 Folded Dipolefiles, have been selected,
any one of those files may be chosen for display inthe 3D chart. Just adjust the Select AntennaFiles up-
down control and the sel ected antennafilename along with its maximum gain will appear in the boxes below
the up-down control. Y ou can animate all the selected files, or you can manually examineone at atime. All
thechart controlsremain activeduring fileanimation.

H. Chart Zoom. If you wish to examine aparticular areaof the 3D pattern, you can zoom in by left click-
ing just to theleft of the area and drag the mouse down and to the right. The chart will redraw to expand the
areayou have chosen. To reset the chart to normal, left click anywhere on the figure and drag the mouse up
and to the | eft.

4. Using the Type 13 and 3D Charts. By now, you are probably wondering about your own antennafarm.
What will the antennas|ook likefor your cases? Do their patterns cover your intended contact areas without
any “holes’? These charts may provide theincentive to make your own Type 13files, or at least to take
timeto review the Antenna Central models. (Import them into the \TP13Grpsfolder before you try to view
them with these charts.)

The Type 13 and 3D charts, aswell asthe Selected AntennaChart were designed to support the continuing
desireto properly simulate and visualize your HF circuits. They are part of the analysiscapability of the
software, and are useful whether you are designing anew system or determining why aparticular circuit
seemsto be performing poorly. Inthelatter case, chances are that antenna choices are at fault or are perhaps
unsuitablefor theintended circuit. These charts, and the Antenna Central models, help oneto understand
antennas and to apply them wisely.
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CIRCUIT GROUPS

1. The Circuit Group Display. Click on Circuit Group intheMain Screen or Circuit Analysis Screen top-
row menu to invoke the Circuit Group screen. Thedisplay shows atable of predictionsfor asmany as
eighteen circuits that were defined using the Inputs, Circuit Groupspanel. (Thistutorial assumesthat the
reader has already read the proceduresfor defining circuit groupsin the Inputs Help Tutorial.)

Each of the eighteen possible circuitsislisted on theleft, and the table providesfor predictions at theten
frequencies specifiedintheInputs, Circuit Optionspanel. Whenthe Run Predictions button is clicked, suc-
cessive computations are automatically madefor each frequency and for 24 times-of-day for each circuit.
Thetable cellswill change color and receive computed val ues asthe predictions are made. Predictionsare
first shown for the current time, but other times-of-day can be sel ected, and the display can be animated.

Inthe Inputs, Circuit Groups panel, different groups of eighteen circuits may be defined and saved. Each
saved group may berecalled directly from the Circuit Group screen and the predictions may bere-run for
that group. SNR predictionsfor the current time will appear in the table at the end of each computation se-
guence. Thecomputed valuesmay bechangedtoreliability predictionsby clickingon Reliability.

2. Prediction Thresholds. Each cell of thetableiscolored in responseto the RSN level for the selected Ser-
vice Type as set in the Inputs, Circuit Options panel. Whenthe predicted SNR level at therequired reliabil-
ity isequal to or greater than the RSN threshold, the cell is colored green. When the predicted SNRisless
than but within 10 dB of thethreshold, thecell iscolored yellow. Below that range, the cell is colored red.
Computed SNR predictions are shown by the numbersof each cell. When Reliability isselected, the cell
colorsaregreenif abovetherequired reliability setting and red if below that value.

3. Best Frequencies. The predictions are also evaluated for best frequency. If several frequencies have
yielded green predictions, the best of those cellsis changed to ablue color. Also, the best frequency for the
circuit group asawholeis shown by changing the top-row frequency cell from whiteto blue.

The Circuit Group screen can be used to good effect during contests. A group of as many as eighteen cir-
cuits can be set up in advance from the user’ s location to selected target areas. Each circuit can be custom-
ized for typical stationsin thetarget area. For example, if adesired target areaisin Japan and one knows
that atarget station uses a certain type of Log Periodic antenna, that antenna can be specified for the circuit.
If the user also employs adirectional antenna, the antenna azimuth can be specified for each circuit to opti-
mize the smulation. Multi-channel antennaschedulesfor both ends of the circuit may be specified and de-
fined in each different circuit as necessary. |f more than eighteen target areas are anticipated, several circuit
groups can be defined, saved, and recalled as needed.

Note that each circuit group is defined without regard to system parameter settings. During acontest, the
samecircuit group may beinstantly changed, for example from SSB to CW, without re-defining the circuits.

One objective of thecircuit group techniqueisto see, in advance, when varioustarget areaswill open up
during contest operation. The Circuit Group screen chart can be advanced to any time of day and future
band openings can be easily understood.

4. Short and Long Paths. A Short path settingisnormally used for Circuit Group predictions, and the path
setting isshown inthe Inputs, Circuit Group Current System Settings panel. But if you have defined acir-
cuit for ashort path and are using directional antennasfor which the“Point at” azimuths have been defined,
youwill obtainwrong predictionsif you then changethe system path settingto Long (and vice versa). If
you truly want predictions for agroup of long paths, you should defineanew Circuit Group for that purpose.
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BEACONS

1. The NCDXF/IARU Beacon Network. TheNorthern CaliforniaDX Foundation and the International
Amateur Radio Union have created anetwork of eighteen beacon transmitters around theworld. These sites
areapopular source of HF transmissions, used by hams everywhere for estimates of real-time propagation
conditions. ACE-HF includes predictions of these eighteen beacon signals asreceived at the user’ ssite.

Each of the NCDXF/IARU beaconstransmits every three minutes day and night, with successive emissions
on 14.100, 18.110, 21.150, 24.930 and 28.200 MHz. A clever schedul e has been devised whereby the
transmissions are rotated by frequency between the eighteen beacons with each frequency transmission last-
ing for ten seconds. (Please see http://www.ncdxf.org/beacon/beaconSchedule.htm.) Theentire cycle of
eighteen beacons and five frequencies per beacon can be repeated in three minutes. All transmissionsare
CW sent at 22 words per minute.

Each transmission consists of the beacon call signfollowed by four one-second dashes. The call sign and
thefirst dash are sent at 100 watts, with the remaining dashes sent at 10 watts, 1 watt and 100 milliwatts
successively. In the ACE-HF beacon simulations, only the 100-watt transmissionsare emul ated.

2. Active Beacon Display. When aham listens on one of the beacon frequencies, hisor her usual purposeis
to determinewhether that band is suitablefor receiving signalsfrom the beacon’ s home country. But unless
the beacon call sign can be heard clearly and unless the beacon transmission scheduleis at hand, it may be
difficult to distinguish which beaconistransmitting. ACE-HF solvesthat problem by presenting an active
beacon display. Thedisplay appearsby clicking the top-row Beacon menu item from the Main Screen or the
Circuit Analysis Screen.

Every ten seconds, the display highlightsthe beacon that istransmitting on each of thefivefrequenciesby
white cellsin the table. Ten seconds|ater the highlighted cellsmove down thetabl e, following the beacon
schedule. If theuser’ sPC clock issynchronized to UTC, the active beacon display will exactly follow the
beacon transmissions. A handy tool for setting PC timeisto use the NIST server and client interface soft-
ware available from http://www.boulder.nist.gov/timefreq. (Newer Windows PCs reset time automatically.)

3. Beacon Predictions. Click on Run Predictionsinthe beacon display to automatically run predictionsfor
each beacon circuit to the user’ sreceiver. SNR predictionsfor the current timewill appear in the table at the
end of each computation sequence. The computed values may be changed to reliability predictions by click-
ing on Reliability. Predictionsarerun automatically for all fivefrequenciesand for 24 times-of-day. Other
times-of-day may be selected, and the chart may be animated.

The predictionsmay be customized for your station by selecting apreferred transmit antennaon the I nputs,
Circuit Transmitter panel. The selected antennaisautomatically pointed at each beacon when the circuits
arerun. Assumed conditions at the receive end (the user’ slocation) of each circuit may be changed by se-
lecting adifferent SSN val ue, month, manmadenoiselevel or requiredreliability. The Sporadic-E calcula-
tion may or may not beinvoked. However, the signaling modeisaways set to CW, at therequired SNR
level for that service type as set in the Inputs, Circuit Options panel.

The predictions are always run for an assumed 100-watt transmit power level and utilize acommon Bea-

con.22 antennamodel that isbased on the VOACAP Sample.22 vertical monopole model that has been ad-
justed for an approximate gain of 0.1 dBi. The Beacon.22 antennamodel isinthe \ACE-HFANTENNAS
\VERTICAL folder and may be examined using the HFANT program, called from the Main Screen menu.

4. Prediction Thresholds. Each cell color respondsto the CW RSN level set in the Inputs, Circuit Options
panel. Whenthe predicted SNR level at therequired reliability isequal to or greater than the RSN threshold,
thecell iscolored green. When the predicted SNR islessthan but within 10 dB of thethreshold, thecell is
colored yellow. Below that range, the cell iscolored red. Computed SNR predictions are shown by the
numbersof each cell. When Reliability isselected, thecell colorsaregreenif abovetherequired reliability
setting and red if below that value.
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The beacon predictions are also evaluated for best frequency at the user’slocation. If several frequencies
haveyielded green predictions, the best of those cellsis changed to ablue color. Also, the best frequency
for the beacon network as awholeis shown by changing the top-row frequency cell from whiteto blue.

5. Some Precautions. The ACE-HF beacon display assumesthat all eighteen beaconsaretransmittingonall
fivefrequencieswith good integrity. However, that isnot awaysthe case. For example, at thetime of this
writing (April 2003), the beacon schedul e showsthat the station in Hawaii does not transmit on 18.110 and
24.930 MHz, transmissionsfrom the station in Russiaare garbled and that the beaconsin Finland and Peru
are off-the-air. The user should occasionally check the published scheduleto validatethe predictions. A
current schedulemay befound at http://www.ncdxf.org/beacon/beaconSchedul e.htm.

Remember that all beacon predictions assume 100 watts at the source. 1f you wish to evaluate beacon recep-
tion at thelower transmitted powers of 10 watts, 1 watt, or 100 milliwatts, the CW Required SNR level may
beartificialy increased in 10-dB steps. Theactual predictionswill still be made with 100-watt sources, but
theincreased RSN levels have the effect of reducing effective power.

If you areusing adirectional antennaat your station, the program will automatically point the antennaat
each beacon station as the successive calculations are made. Thus, to match the predictionswhen you are
listening to a beacon on-the-air, it isassumed that your directional antenna has al so been pointed at each
beacon station.

6. Using .MCS Antenna Schedules with Beacons. If you wish to use aMulti-Channel Antenna Schedule
with Beacon predictions, be sure you have properly defined antennasfor the higher five bands — the fre-
quenciesthat are used by the beacons. Those frequencies are shown at the top of the Beacons Chart, and
correspond to the 20m, 17m, 15m, 12m and 10m ham bands.

An exampleantennaschedule file, BEACON.MCS, is supplied with ACE-HF, and may be called from the
Select Antenna screen inthe Multi-Chan folder. Y ou should make asimilar filefor the antennas of your
station and install it asthe transmitter antennaon the Inputs, Circuit screen for greatest accuracy in making
Beacon predictions. Notethat ACE-HF permitsyou to specify adifferent antennamodel for each of thefive
beacon frequencies using the Multi-Channel Schedulein the Inputs, Circuit Options screen.

Although Beacon predictions are usually made for short paths only, ACE-HF can obtain |long-path Beacon
predictionsby simply setting the Inputs, Circuit Path control to Long. If you are using adirectional antenna,
this setting automatically reversesthe azimuth setting of your station’ s antenna as each successive path to a
Beacon station is specified by the program.
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DATABASE

There are three waysto specify astation location on the Inputs, Circuit or Circuit Group screens. Y ou can
1) use the ACE-HF Database, 2) enter station information using the keyboard, or 3) move the station dot on
the Circuit Analysis Screen.

1. Database Selection. When you click on Database on the Inputs, Circuit screen, a separate form will ap-
pear with adefault listing of DXCC Locations, if you areinthe Ham User Mode. If you arein the SWL
User Mode, the HFCC database will appear by default. 'Y ou can switch to one of the other six databases by
clicking on abutton at the top of theform. Try it and examine the various databases.

2. Selecting a Record. For thistutorial, changeto U.S. Locations. Y ou can move through thelist by using
the buttons bel ow thelist, or by using the keyboard arrow, page up, page down, home and end keys.

Y ou can move more quickly to arecord by using the Speed Sel ect feature. When the database first appears,
typethefirst few letters of the desired city name. Thelist will jJump to acity namethat beginswith the let-
tersyou havetyped. Thereisno need to click on the Speed Select box—just start typing.

For example, typethefirst few letters of JOPLIN. Thelist will jump to thefirst JOPLIN entry.

3. Filtering Records. Selections may be found more quickly by using the Filter feature. For example, let's
find the record for JOPLIN, MO. Use Speed Select to find aMO itemin the Statefield. Then click onthe
Filter by Sate button to exclude all entries except thosein MO. Now, use the Speed Select featureto find

JOPLIN, MO by clicking onthe City field and typing the first threeletters of JOPLIN.

To again show all recordsinthelist, just click on the U.S. Locations button.

TheFilter and Speed Select functions may be used in any order. For example, you can Speed Select
JOPLIN fromthe City field, then click on Filter on City to exclude all but the JOPLIN entries. Then, click
on MO inthe State Field to select JOPLIN, MO.

4. Registering a Selection. Once arecord has been selected, click on ACCEPT to enter the location on the
Inputs panel and to return to that panel. Then, click Run Predictions to create data for the selected circuit.

Y ou can aso register aselection whiletyping in the Speed Select box. If the database list hasjumped to the
location you want, just pressthe keyboard Enter key to register the sel ection without clicking ACCEPT.

The other databases have similar listingsthat can befiltered and selected in the sameway.

5. User Locations Database. Y ou may also compileyour own listing of favorite stations by using the User
Locations database. After you call the User Locationslist, the sel ection buttons group under the list will be
expanded. Click onthe + button to add arecord, or on the — button to delete arecord.

When you add arecord, be suretofill out each field. If you don't know the state, for example, enter an “X”
or “N/A” for Not Applicable. But becareful to enter only real numbersin the Latitude and Longitudefields.

L atitudesand L ongitudes should be entered in degreesand minutes. The programwill convert the numbers
to decimal degreeswhen entered on the Inputs panel.

After anew entry iscompleted, click on the Checkmark button to post the entry into the User L ocations da-
tabase.

Note that the user database permits you to save the station name, place name and | atitude and longitude of
each location. If you want to save other details of afavorite circuit, use the Save/Recall Circuit functionson
the Inputs, Circuit panel. Once areceive location name (or DXCC call area) has been selected, the station
namewill appear inthe Main Screen and Circuit Analysisscreen circuit dot hints.
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SCREEN FEATURES
ACE-HF includes other screen features, some derived from the ACE-V LF software, as described below.

1. Main Screen Controls. Use the Main Screen Screen Features top-row menu item to create each new
screen feature. Click on an item to cause aspecial input form to appear. Usethe Main Screen Pop-Up menu
to Show or Hide the features you have created.

2. Circuit Paths. Click the Main Screen Screen Featur es top-row menu to invoke the Circuit Path input
form. Up to nine circuit paths may be specified by using the spinner at the top of theform. These circuits
arein addition to the main circuit of the ACE-HF predictions, and serve only asmarkersto examinedis-
tances and azimuths between circuit terminals. They might be used to depict various circuitsin an HF net-
work, for example.

Using the Circuit Path input form, each of the circuits may be named and their path colors and widths may
be set. Specify the Latitude and Longitude of each end of acircuit, then click OK. After each circuitisin-
stalled, and the Pop-Up menu is set to Show Circuit Paths, you may pass the cursor over the path dot to see
thecircuit name, latitude and longitude of each end, path distance and azimuth from each terminal.

3. Range Curves. |Invoke the Range Curve input form by clicking on the Screen Featur es top-row menu.
Here you may specify up to nine curves of constant distance around selected points. The Place on Map fea-
ture may be used to set the center of the range. Use the other controls as described above and set the fea-
turesto Show or Hide using the Pop-Up menu. If you prefer to enter range distancesin another unit, you
must change to Main Screen File, Optionsand click on another unit.

4. LOS Curves. Theline-of-sight limitsaround up to nine sel ected locations may be created by clicking on
the Screen Features LOS Curves menuitem. These controlspermit both the transmit and receiver atitudes
above ground to be set and assume a spherical Earth. They are most useful in airborne applications, but are
interesting if only to show that the line-of-sight from alocation near the surfaceisindeed quite small ona
world map. A curve may also show a geo-synchronoussatellitefootprint above agiven positionif so set
(usethe equator for satellite footprint latitudes).

5. Labels. Up to nine custom labels may be positioned on the screen using the Screen Features Label s item.
Font color and background color may be specified.

6. Symbols. Up to nine copies each of anumber of special symbols may be added to the screen using the
Screen Features Symbols control. Anintermediate form appears with anumber of choices. Each selection
invokesanother form with control sfor naming, sizing and col oring the symbols. Screen hintsappear when
passing the mouse cursor over any symbol so created and named.

7. Example Screen Features File. Y oumay saveand recall filesthat record the Main Screen Featuresusing
the Main Screen, File, Save/Recall Main Screen Featuresfunctions. An EXAMPLE.SCN fileis provided to
show how the features might be set. Inthisfile, asingle circuit path from London to Capetownisgiven.

Y ou can position your cursor over the dot at the end of this path to see the name and statistics of the path
example. Thefilealso containsagroup of range curves centering on London and spaced at 2500-km inter-
vals. There are labelsaongsidethe London and Capetown locations, and aflag symbol at Pearl Harbor,
Hawaii. Finally, aline-of-sight curve has been drawn around the location of W1AW at Newington, CT,
showing thelimit from the ground station to receiversplaced at an altitude of 100,000 feet. (Theexample
showshow quickly LOSarealimitsdiminish asatitude decreases. Theareaaround W1AW isrelatively
small even with thereceiver at great height!)

46



ACE-HF Help Tutorials Version 2.06

FREQUENTLY ASKED QUESTIONS

1. “1s ACE-HF only for DX operation?”

No! ACE-HF may be used for any HF circuit. ACE-HF predictionswill help DX contest usersto quickly
find open bandsto distant locations, but ACE-HF is aso valuable for short-range HF circuits. And QRP
operators especially can find both local and DX-circuit open bands. No more calling in the blind!

2. “Does ACE-HF work under Windows Vista?’

Yes. Earlier problems seem to have been corrected by Vista Service Pack 1. In some earlier editions of
Vistait was necessary to set ACE-HF for Windows X P compatibility. If the program didn’t appear when
called from the desktop icon, or if the database didn’ t appear when called, one could use Windows Explorer
and go to the \ ACE-HFN folder. Right-click onthe ACEHFN.EXE fileand set it to“ Run as Administrator”.
Then, open the Compatibility tab and set the program for Windows X P SP2 emulation.

3. “Does ACE-HF work at other screen resolutions?”

Yes. ACE-HF snative designisfor 800x600 pixel resolution, but it will display properly at higher resolu-
tions. Most font sizesfor the screen |abel s and objects scale automatically, but the font sizesfor menus and
hintswill grow increasingly smaller ashigher resol utionsareused (a Windows constraint) unless you adjust
the menu font setting (Control Panel, Display, Appearance, Iltem, Menu, Size). Higher resolutionsare more
commonly used with larger monitors, wherethe objectswill remain readable.

However, ACE-HF will not scale down to 640x480 pixels, and some of the screen featureswill belost.

4. “Why can’t | expose the Windows Task Bar when | move the cursor to the bottom of the screen?”
ACE-HF isdesigned to show the maps best with the task bar hidden. To show the hidden task bar, smply
press the Windows-logo key on the keyboard. Thetask bar and the start menu will then appear. Or, if you
don’t have the Windows-logo key on your keyboard, pressing CTRL + ESC will dothesamething. Itis
recommended that the ACE-HF screens occupy their maximum screen areas. Right click on the task bar at
the bottom of the screen and set Propertiesto Always on Top and Autohide to avoid map distortion.

5. “The MOVIE area coverage displays don't fill the entire screen.”

At the present time, the MOV I E displaysaredesignedfor VGA (640x480 pixel) resolution, whilethe other
ACE-HF screens are scaled automatically for the PC’ sdisplay resolution setting. Thesmaller MOVIE dis-
plays are intended.

6. “ The top-row menu occupies two lines. | would prefer a one-line menu.”

ACE-HF top-row menusare designed to occupy only oneline. Goto the Windows Control Panel, Display,
Appearance, and select Item, Menu. The Menu Font should be set to MS Sans Serif Size 8, either Normal or
Bold. (Normal isthedefault font.) Click Apply and OK. Inthe higher display resolutions, alarger Menu
Font size can be used.

7. “The chart background colors are checkered and the charts are hard to read.”

This can happen when the display isset for 256 colors. Go to the Windows Control Panel, Display, Settings,
and select High Color (16 bit) or better.

8. “I received an ‘Access Violation’ error when changing graphs on Main Chart.”

On slower PC’ sthis sometimes occurs due to timing issuesin redrawing the charts. Acknowledgethe error
and continue on. Therewill be no effect on the chart’s accuracy.

9. “I received an 'Exception EinOutError ... invalid Numeric Input’ error and ACE-HF won’t start.”
The acehf.ini file has somehow been corrupted. Use Windows Explorer to deletethefilein the \ace-hf
folder. Start ACE-HF again and then closeit. The acehf.ini file will be re-made on program exit.

10. "When | run Area Predictions, | sometimes get an 'VOACAPW did not make output file' error.”
This can happen on slow PCswhen multiple programs are running under Windows. Exit and re-start ACE-

HF. Review the Predictions List and re-start the run from where the error occurred. Before starting an ex-
tensive multiple areacoverage run on such PCs, it isbest to close programs running in the background.
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11. “I can increase animation speed from O to 4, but beyond 4 the speed doesn’t increase much.”

The Windowsversion of MOV I E requires longer to change frames than doesthe DOS version. On slow
PCs, the frame-change time becomesthelimiting factor. On fast PCs, animation speed increases through 9.
12. “When | press 'Print Screen', a PrintKey window appears. What do | do?”

Go to the Windowstask bar and right click onthe PrintKey Hand icon. Then check the No Dialogue item.
When you next press the Print Screen key, the screen image will be sent directly to the printer.

13. “On the Circuit Analysis Screen, | can't get the station location dot to move by only a degree or two.”
Therelatively large dot hidesthe areaunder it, preventing the mouse cursor from finding new locations only

adegreeor so fromitscurrent position. A workaround isto movethe dot substantially away fromitsfirst
position, then moveit back to thedesired location, using theyellow coordinates panel asaguide.

14. “When | move the station location dot, the point of the mouse cursor seems off a bit.”

Thisisan artifact of offsetting the dot to center on the desired location. Usethe yellow panel to set the new
location moreaccurately.

15. “Why don't my keyboard cursor controls work when using the Predictions List?”

Y ou must givethe list focus by clicking onit, which usually happens by default. The Home, End, Page Up,
Page Down and Up/Down and Right/L eft arrow keyswill then work as expected.

16. “Why don't the Main Chart Channels bars and the Best Frequency bars have the same values?”

TheMain Chart Channels bars show hourly values, but the values of the Best Frequency bars areinterpo-
lated to the nearest five-minuteinterval. The valuesof the Main Chart Time graphs, which are al so interpo-
lated to the nearest five-minute time, and the Best Frequency bar values, should agree.

17. *What version of VOACAP isused by ACE-HF?”

The latest VOACAP program is always used for each ACE-HF versionissued. The VOACAP version num-
ber may be seen by running a point-to-point prediction and, from the Circuit Analysisscreen, click onthe
Output, Point-to-Point Runmenuitem. TheVOACAPVersion number isgiven at thetop of thedatalisting.

18. “Why is VOACAP Method 30 used instead of Method 16 or some other method?”

ACE-HF runs VOACAP Method 30 because it is considered to be more accurate. Method 30 includesa
smoothing function for reception in the 7,000-10,000 km ranges. Programs not using V OACAP Method 30
may exhibit predictiondiscontinuitiesnear 10,000 km. Thesmoothingfunction eliminatessuch discontinui-
ties. Method 16 has not been checked and verified by the VOACAP design. [Lane, April 2001]

19. “Why was VOACAP selected as the computational engine instead of | CEPAC?”

VOACAPIspreferred because of its extensive validation during years of field reception reports and because
it providesasmoothing function between the hop and forward-scatter regions, afeaturethat islacking in
ICEPAC. Comparisons show that |CEPAC sometimes exhibits adiscontinuity of nearly 10 dB at mid-path,
causing artificial SNR losses of 20 dB or more further out.

20. “Will | losethefiles| have created if | re-install ACE-HF?”

No. If you re-install and select the*Repair” option, any files you have generated sincethe original installa-
tionwill be preserved. Theseincluded the ACE Grid (AG) files, new antennafilesyou have added, and the
circuit, group, scenario and frequency definitionfiles. Or, if yousimply removetheoldversionand then
install the new version of ACE-HF, the previously generated user fileswill remain.

21. “ Get New SSN reports that the NOAA site is unavailable. Why?”

Thismay occur if aFirewall hasbeeninstalled on your PC. Disablethe Firewall and try again, or work with
the Firewall connection warning messagesto “ Permit I nternet accessfromwithin ACE-HF”. Y ou may also
obtain current SSN values by using the Internet directly. See*Basisfor the Predictions’ Help Tutorial, Sec-
tion 7, for the URL address.

22. “Should I use Daily Sunspot Numbers?”

No. VOACAP hasbeen calibrated and validated against Smoothed Sunspot Numbers (SSN) only. Using
daily valueswill cause errorsinthepredictions.
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23. “Sometimes | enjoy solid contacts, but ACE-HF predicts no connectivity. Also, sometimes ACE-HF
predicts a good circuit, but | can’t make contact? Why is this?”

ACE-HF predictionsarefor undisturbed conditions. Sometimestheionosphere supportsexceptional orinfe-
rior connectivity for brief periods. Thisphenomenon isdiscussed in more detail in the Basis for the Predic-
tionsHelp Tutorial.

24. “Do ACE-HF Predictions | nclude Effects of the Aurora?”’

No. VOACAPIsnot designed for automatic modeling of such reflective phenomena. Sometimes HF opera-
tors at high latitudeswherethe northern lightsare often visible will point their antennastoward them and

will experience enhanced propagationto other locations. Sometimestheionospheric electron density be-
comes so great and extends to such high altitudesthat it actslike acopper wall. Radio signalsreflect from
that wall and are bent along paths that are off-azimuth for tremendous distances. Layer heightsmay be as
high as 1,000 km, and the MUF isoften well above 30 MHz. [Lane, April 2003].

George Lanetellsan interesting story from the 1950s about “the Russianswinning the dB cold war”. A
broadcast from Siberia, intended for Mexico, wasfound to bebooming into Washington, D.C. with signal
levels 10 to 20 dB greater than anticipated. Later, Mr. Lane modeled the various pathsusing V OACAP and
concluded that the Siberian broadcast was agrazing shot right along the auroral oval that was being bent so
that it accidentally focused on Washington and probably missed Mexico City! [Lane, April 2003]. Suchin-
cidents are described in Mr. Lane’ sinteresting book on VOACAP. [Lane, April 2001].

25. “How do | find the local time at distant receive locations?”

The best way isto use GeoClock. If you have GeoClock onyour PC, you can call it from the Circuit Analy-
sis Screen top-row menu. Then click on GeoClock’ sworld map to zoom down to the area of interest.

26. “Can | usethe HFANT New Type function?”

No. Startingwith ACE-HF Version 2, the HFANT File, New Type function should not be used, asthose
antenna filenames have now been renamed in ACE-HF. Instead, Open the desired antennafile by using the
HFANT File, Open function.

27. " Can ACE-HF use dual monitors?”
Yes. The program works best if all monitors are set to the same resol ution.
28. “It takes a long time to start the program. Why?”

At startup, ACE-HF must index and read into memory all the AG filesyou have made. With alarge number
of files, it takeslonger. After thefirst indexing, subsequent programre-startswill be faster until the PCis
restarted because thefilesareretained in memory.

29. “I can no longer make area coverage displays. Why?”

Asyou continueto accumul ate A G files, the program requires more and more physical memory (RAM) to
storethefiles. Eventualy, if the size of available RAM isexceeded, the operating system will call for vir-
tual memory from the hard drive and the program will slow excessively. Thegeneral ruleisthat thetotal
sizeof al the AGfilesshould belessthan the available RAM. For example, if 4000 AG fileshave been
made on a PC with 512 Mb of total RAM, available RAM, as shown on the Task Manager Performance
panel, might be, say, only 265 Mb, but thetotal AG filesizewill beabout 304 Mb. (Each AGfileis 75,136
bytesinsize.) Therearetwo solutions: 1) Increasethe PC'sRAM size, or 2) Move some of the AG filesto
one of the Scenario sub-folders. Alsowhen many AGfilesexist, itisbest to closeall other programs.

30. “Does ACE-HF work on Apple’'s MAC computers?”

ACE-HF isdesigned for operation on Windows PCs. However, the program has been shown to run per-
fectly under MAC OS X using Boot Camp and also using the program from VMWare called Fusion. Both
these methods entail loading afull version of Windowsin aprotected environment.
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ALE SIMULATION

1. ALE Simulation with ACE-HF. Recent ALE system measurements have shown that predictionsat 50%
reliability approximate AL E field performance. Thus, oneshould use SNR 50 settingsfor AL E and should
use 90% Reliability settingsfor non-ALE systems.

Automatic Link Establishment (ALE) HF radios have been successfully deployed for the past several dec-
ades. Frequently, these frequency-versatile systems can outperform convention HF radios by an estimated
20 dB. Thisenhanced performance results from the ALE system searching out ionospheric conditions
wheretheinstantaneous M aximum Observed Frequency (M OF) can be 10 to 15% higher than the monthly
median Maximum Usable Frequency (MUF). Theuse of the higher frequencies, when available, allowsthe
ALE system to perform at higher reliabilitiesand often at lower powersthan conventional systems.

On the other hand, there are occasions when the AL E system will not find any useful frequenciesand no
traffic can be passed over thelink until the system finally locksup on a useful frequency, perhaps after sev-
eral hours of unsuccessful attempts.

At present thereisno prescribed methodol ogy for predicting the exact SNR valuesyielded by an ALE sys-
tem, asthereisfor the conventional HF radio circuits. Theionosphere has aknown and predictabl e range of
hourly MOF values over the days of the month, but with present modelswe can’t predict the particular day
when the MOFswill be high or low. Nevertheless, VOACAP has been recognized as the program of choice
for HF-ALE predictions by the U.S. Department of Defense Air Land Sea Application Center [ALSA Cen-
ter, September 2003].

For conventional HF radio circuits, one commonly uses predictionsto find the best operating frequency asa
function of time-of-day for agiven month. Thepredictionsareof hourly circuitreliability, and find thefre-
guency withintheassigned channel sthat hasthe highest reliability.

Once the monthly predictions are made, circuit performance may be viewed in terms of the fraction of the
days of the month at each hour that is predicted to have amedian SNR that equals or exceeds the user-
defined Required Signal-to-Noise ratio (RSN). ACE-HF frequency planning providesahigh degree of as-
surancethat the conventional HF radio systemwill perform at itsbest under current conditions. Further-
more, the communicator isawarein advance asto when acircuit will perform asrequired and when alink
may suffer from poor propagation conditions.

For ALE radio circuits, although asimilarly precise methodology is not yet available, ACE-HF can ap-
proximate ALE performance. Although vV OACAP continuesto be recommended for HF-ALE, no guidance
yet existsfor using VOACAPfor the planning, design and operation of an HF-ALE circuit. Thistutorial
providesinsight asto how ACE-HFisused for ALE planning, and describes prediction techniquesthat may
be used.

2. ALE Methodology. ALE systemsautomatically check thelink quality on each of apre-set list of fre-
quencies and set the best frequency for each link in the net by finding the frequency yielding thelowest bit
error rate (BER). Theresult isanetwork operating on a push-to-tal k basiswithout human intervention to
make frequency selections, provided that listen-before-talk procedures are used to avoid interference. Asa
result of periodic channel eval uations and determination of best frequencieshaving thelowest BER (i.e.
highest signal-to-noiseratio), the ALE system tendsto operate on the highest propagating frequency of the
prescribed list. Thereason for thisisthat the signal power isusually strongest near the MOF, or near the
daily MUF at that instant intime. Furthermore, the external noise power (atmospheric and man-made radio
noise) islower at the higher frequencies. (Noise power drops off at about 28 dB per decade in the HF band.)
Thusthe SNR for the highest usable frequency will be the highest when operating at or just below the MOF.

When onelooksat the actual monthly frequency usagefor aparticular ALE link, onewill seeadistribution
of selected frequencies over each time-of-day during the month. This best-frequency patternisdifferent
than that of aconventional HF radio circuit where the same frequency will be used at agiven hour over all
days of themonth. Typically, the conventional HF operator will specify the highest frequency that yields at
least 90% predicted circuit reliability for themonth. Thisgenerally occursat the Frequency of Optimum
Traffic (FOT), whichisapproximately 10to 15% bel ow the monthly Maximum Usable Frequency (MUF)
for that time-of-day. Incontrast, onewill find that the AL E frequency usagedistributionisgenerally above
the FOT and often even above the MUF using standard VOACAP predictions.
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3. ALE Operation with ACE-HF. Thefrequency plan for an ALE system isjust asimportant asthe one
used for conventional HF circuits, but itisvery different. First of al, itisalist of frequenciesthat will be
tried over and over again until the Link Quality Assessment (LQA), based on BER, indicatesthat the link
can carry traffic. Some ALE systems use one set of three to five scanning frequencies all day long. Other
more dispersed networks may require two to three frequenciesto be used all day, plus another set of two to
three frequencies to be used during daytime hourswith adifferent two or three frequenciesto be used during
thenighttime. Very large HF systems may have over adozen frequenciesavailable.

Without the use of propagation predictions, ALE systemstend to bejust “thrown up”, sinceitis widely be-
lieved that the radioswill automatically seek out the best frequency and nothing else needsto be done. The
result isoften many terminal s sounding at once, with theresult that self-jamming occurs. Add to that the
attemptsto automatically connect on circuitswhere propagation simply doesn’t support the paths at any fre-
guency, with consequent repeated sounding. Not only does self-jamming occur, but connect timesare
greatly lengthened. With prior planning using ACE-HF propagation models, moreintelligent channel selec-
tionispossible. ALE operationismore assured, connect times are shortened, and interferenceis reduced.

One mgjor problem occurs when frequency managers assign the scanning frequencies as one would do when
planning conventional HF radio circuits. For ALE frequency planning, one does not use the predicted cir-
cuit reliability, asthat value has no meaning for afrequency adaptive HF radio system. Thisisbecause an
ALE LQA respondsto theinstantaneousionospheric condition, and is not representative of such hourly
conditionsover themonth. Instead, the manager must al so consider the expected variationin the hourly
MUF values (i.e. thedistribution of the daily MOF values over the days of the month at that hour). ACE-HF
predicts this distribution by time-of-day asfollows:

HPF Highest Possible Frequency:
Thisfrequency should only be equaled or exceeded on three days out of the month.

MUF Maximum Usable Fregquency:
Thisfrequency should be equaled or exceeded on 15 daysout of the month.

FOT Frequency of Optimum Traffic:
Thisfrequency should be equaled or exceeded on 27 days out of the month.

Ideally, AL E predictionmodel swould utilizethese parametersdirectly inmaking circuit predictions. Until
such models become availabl e, the ALE Frequency Manager should use the ACE-HF 50% Reliability pre-
dictions, and should moderate his sel ections of best frequenciesby reviewing MUF chart predictionsfrom
the ACE-HF Circuit Analysisscreen. For each ALE HF radio link, the scanning frequencies should be es-
tablished such that there are more frequencies near or above the hourly MUF values than at or below the
FOT. For best insight into AL E operation, ACE-HF SNR predictions should be augmented by acircuit-by-
circuit review of the MUF and FOT predictionsshown onthe Circuit Analysisscreen.
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BASISFOR THE PREDICTIONS

1. ACE-HF Prediction Model. ACE-HF isbased on ACE-VLF simulation models devel oped for Navy
agenciesand used to predict VL F transmitter coverage to submerged submarines. The HF analysis methods
aresimilar tothose of the VL F application and include the ACE (Animated Communi cations Effectiveness)
techniquesfor areacoveragedisplays. Unlike ACE-VLF, whichdisplaysdatafrom computational models
that can require hoursto run, ACE-HF includesitsown prediction model, which may berunin secondsfor a
specified point-to-point circuit. Areacoverage predictionsrequirelonger run-times, but can still be pro-
duced by the user.

2. Model History. ACE-HF predictions are based on the VOACAP model, awidely used HF prediction
program created by the U.S. Department of Commerce Institute for Telecommunication Sciences (I TS) for
the Voice of America. VOACAP resulted from aVOA review of the earlier IONCAP model in which a
number of calculation errors were discovered and corrected. This effort was funded and directed by George
Lane of VOA and implemented by Frank Rhodes of NRL. Further changes were made by Don Lucasat ITS
under VOA sponsorship, and the result became afar more accurate HF predictionsmodel. VOACAP and
HFANT were programmed and are maintained by Greg Hand, formerly of ITS.

ITSlater undertook aparallel devel opment inwhichdifferent algorithmsfor high-latitude effects such asthe
aurora zone and polar-cap phenomenaof interest in Air Force circuitsto bombersflying polar routeswere
included. However, VOACAP remainsthe more completely validated of the two models, having been cor-
rected to agree with worldwide VVOA listener reports accumul ated during many years.

VOACAP s considered to be the most accurate HF prediction model now available and remains the most
widely used HF prediction program. VOACAP represents the culmination of nearly 60 years of ionospheric
research and simulation by the HF community and is the de facto standard for HF commercia broadcast use.

The ACE-HF software was devel oped under the guidance of George Lane, Consultant, who for many years
was the senior HF propagation engineer for the VVoice of America. Mr. Lane wasresponsiblefor the conver-
sion of IONCAP to the VOACAP model and devised several enhancementsfor the program, and servesasa
technical advisor to several U. S. Government committees on high frequency propagation and systemsde-
sign. Mr. Lane has authored a book on the use of VOACAP [Lane, April 2001].

ACE-HF and ACE-VLF were designed by Richard P. Buckner and Sue M. Buckner and were programmed
by Stephen Biro and Jerry McCollom, WOMC. The ACE display software was programmed by Joe Ahlgren
of GeoClock.

3. Circuit Quality. ACE-HF circuit quality predictions are based on the Required SNR levelsfor each ser-
vice type shown on the Inputs, Circuit Options screen. The default settingsfor each type are asfollows:

SSB. AM Single-Sideband suppressed-carrier modul ationisassumed in this service type. The standard de-
fault setting of 48 dB-Hz reflects standard SSB voice operationin a3000-Hz bandwidth. The dB-Hz value
isfor signal receptionin an occupied bandwidth rel ativeto noisein aone-Hertz bandwidth. An Operator-to-
Operator grade of serviceresultingin 90% intelligibility of related wordsfor trained operatorswhen the sub-
jectmatter isknown[Akimaet a, 1969] isassumed, without diversity reception, signal processing en-
hancements or noisereducing circuitry. The48dB-Hz level isthe same as recommended for Operator-to-
Operator service without diversity in the VOACAP program. The SNR charts also show dB-BW data,
which arethe predicted SNR levelsin the specified bandwidths of the Inputs, Circuit Options screen. Please
see section 15 of thistutorial for adiscussion of DX/Contest Default levels.

AM. AM Double Sideband operation isassumed for this setting, again for an Operator-to-Operator service
grade without receiver enhancements. The default setting of 51 dB-Hz assumes a 6000-Hz bandwidth with
90% sentenceintelligibility for 50% of shortwavelisteners[Lane, 1975]. The51dB-Hz level isthe same as
recommended for Operator-to-Operator service without diversity inthe VOACAP program. Both the SSB
and AM Required SNR values represent usabl e reception in amateur service. HF commercial-grade service
would require higher quality levels. Please see section 15 of thistutorial for adiscussion of DX/Contest De-
fault levels.
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IB (AM). ThisAM servicetypeissimilar tothepreviousAM setting, except that the need for higher quality
receptionisassumed. The setting isused most frequently inthe ACE-HF SWL User Mode. The default
setting is 67 dB-Hz, whichisavalue employed by the V oi ce of Americawhen simulating VOA listener cir-
cuits. Thisdefaultlevel islessthan theusually recognized setting of 75 dB-Hz for good commercial broad-
cast service.

RTTY. The standard default setting for radio teletype circuitsis set at 55 dB-Hz, and assumes FSK modula-
tion at 60 words per minute (Baudot) with reception at a character error rate of one percent (one character
per 100) [Lane, 2003]. Thischaracter error rate isten timesthat of commercial RTTY service. For
DX/Contest use, the default level has been lowered to 50 dB-Hz, which might result in adequate reception
during contests but with character errors of perhaps one character in ten. Please see section 15 of thistuto-
rial for adiscussion of DX/Contest Default levels.

Mil-Std-188. The RSN standard default setting for this service typeis 55 dB-Hz and is taken from the Mil-
Std-188-110B appendix C specification, paragraph C.6.1. The data mode assumesthe use of a64 QAM
(Quadrature AM) waveform that istypical of that used in modern HF e-mail systems. (However, many HF
e-mail systemsutilize ARQ and forward error correction protocolsthat are not addressed by this datamode
example. The ACE-HF Mil-Std-188-110B standard default setting of 55 dB-Hz isfor a user data rate of
4800 b/swhen measured in an I TU-R Poor Channel at a10° bit error rate. The DX/Contest default setti ng
is 50 dB-Hz and correspondsto adatarate of 3200 b/s when measured under the same channel conditions.

AMTOR and PACTOR.. Estimatesfor the PACTOR and the older AMTOR modes are from the SCS-PTC
Company’ spublished test results[Helfert, 2003]. The Standard Required SNR (RSN) default settingsfor
AMTOR, PACTOR | and PACTOR I (shown on the Inputs, Circuit Options panel) assumethat SNRs at the
test bandwidths are equal to the values where throughput ratesfall to approximately 50% of their maximum
rates. For PACTORI1, in poor channel conditions, the default RSN is 39 dB-Hz at about half the maximum
throughput rate of 320 b/s. For PACTOR 111, SCS-PTC suggested amore conservative RSN value of 44 dB-
Hz, but the maximum throughput rateis estimated to be 1600 b/s under good channel conditions.

In addition to ACE-HF s Standard RSN defaults established for each of the data modes, the user may also
change to DX/Contest RSN defaults for those cases where emergency distress or minimal service may be
required. Atthe DX/Contest RSN levels—with throughput rates aslow as, say, 30 b/s—the channel condi-
tions are assumed to have degraded below the CCIR Poor Channel level, and throughput rates have de-
graded accordingly. Some datamay get through, but message delivery timeswill be muchlonger. When
DX/Contest defaults have been selected, only the RSN levelsat which ACE-HF chart colors change from
green to yellow or red are modified.

CLOVER. This ARQ datamodeisfor the CLOVER-2000 dataprotocol by HAL Communications Corp.
Thisoperation automatically switchesbetween six available modul ation modesasafunction of circuit SNR
level. Thus, ascircuit conditionsworsen, throughput ratesdiminish through six stair-step like plateaus
wherethe throughput rate is maintained at amaximum. CL OV ER-2000 achievesamaximum throughput
rate of about 1650 b/sin this mode when operating in acircuit bandwidth of 2000 Hz. The ACE-HF stan-
dard RSN default is set at 54 dB-Hz for arate of 1100 b/s. The DX/Contest default is set at 33 dB-Hz,
which yields athroughput rate of about 120 b/s.

CW. The CW Required SNR standard default setting of 27 dB-Hz isan assumed valuefor skilled amateur
CW operation. ThisSNR level isarecommended value for 500-Hz bandwidth (see 4, below). Beginning
amateur operators should perhaps change the Required SNR level to ahigher value — perhapsto 42 dB-Hz in
abandwidth of 1100 to 1500 Hz [Lane, 2003]. Please see section 15 of thistutorial for adiscussion of
DX/Contest Default levels.

CUSTOM. The Custom 24 dB-Hz default settings represent another CW level that assumes askilled ama-
teur at thekey. A more narrow bandwidth isassumed. This Service Typeis provided so the user can set
both the Required SNR and bandwidth values after experience with his particular receiver. Or, he can use
the Custom typefor other signaling typesnot listed.
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4. Bandwidth. VVOACAP does not treat receiver bandwidth asan input. All VOACAP SNR dataisin dB-
Hz, and the effect of narrowing bandwidth (amore narrow bandwidth will reduce broadband noise) ishan-
dled by reducing the Required SNR level for aparticular servicetype. ACE-HF shows SNR in both dB-Hz
and dB at a specified bandwidth and permitsthe user to set Required SNR bandwidth independently on the
Circuit Options screen for each servicetype. The conversionis: dB-BW = dB-Hz — 10 logio(BW in Hz).

HF receivers have changed markedly since the 1940’ s practice of using 3000 Hz asatypical bandwidth. By
the 1970’ s, military CW operators used narrow-band filters of 1100 Hz onceinitial contact was made and
today, 500-Hz filtersaretypically used when copying CW transmissions. For a500-Hz bandwidth, a27 dB-
Hz Required SNR setting might be specified asaminimum valuefor askilled operator, which would result

in azero-dB SNR in 500 Hz. [Lane, December 2001]

5. Noise. ACE-HF SNR predictionsinclude apower sum of atmospheric, gal actic and man-made noise lev-
els. (The model does not include the thermal noise of thereceiver.) Atmospheric noise modelsarederived
from those of CCIR Report 322-3, which is based on worldwide noi se measurements made in the 1960s
[CCIR, 1988]. Atmosphericnoiseresultsmainly fromworldwidelightning flashes, and such noiselevels
vary with location, time-of-day, season and frequency. Atmospheric noiselevelsat agivenreceivesiteare
the accumulated noise powersfrom local and distant thunderstorm centers, and these powers are propagated
to thereceive sitejust asare signals.

Becausethe attenuation of propagation channelsgenerally increaseswith frequency, atmospheric noiselev-
els decrease as frequenciesrise. In the HF bands, man-made noise levels can thus dominate the SNR com-
putation, and several such levels may be selected in ACE-HF.

Four man-made noise categories are given, each with adefault noise value, which can be changed on the
Inputs, Circuit Optionspanel. Thedefault Rural category was set on the basis of worldwide VOA meas-
urements showing that -155 dBW-Hz was not excessively high for rural or suburban residential areas.
[Lane, April 2001]

6. ACE-HF Solar Effects. ACE-HF modelstheeffect of different solar conditions by usingthe VOACAP
preference of Smoothed Sunspot Numbers (SSNs), which are averages of thirteen monthly meansand are
the valuesmost often used for HF propagation predictions. Each monthly meanisthe sum of daily Interna-
tional Sunspot Numbers (I SNs) for the month divided by the number of daysinthat month.

VOACAP actually basesits SSN cal cul ations on smoothed solar flux equivalents. For user interest, ACE-
HF computes smoothed 2800-M Hz solar radio flux values using an algorithm suggested by the ARRL , and
equivalent solar flux isshown onthe Inputs, Circuit panel.

The program accepts user entry of SSNsin therange of 0to 300. A SSN of 10istypical of very low solar
activity whilean SSN of 130istypical of very active solar conditions. The ACE-HF default SSN is 100.

Current SSN predictionsmay be obtained from NOAA viathe Internet site:
ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/SUNSPOT NUMBERS/sunspot.predict
ACE-HF permits userswith Internet accessto interrogate the NOAA site directly from within the program.

In the NOAA-sitetable, the predicted sunspot numbersfor the 12" month after the | atest observation are
computed using the method of A. G. McNishand J. V. Lincoln [ Transactions of the American Geophy. Un-
ion, 30, 673-685, 1949] and modified using regression coefficientsand mean cycle vauescomputed for Cy-
cles 8 through 20. The 90% confidenceinterval isshown by parenthesesfor each month of predictions.
Thisindicatesthe uncertainty above and below the predicted number. The predictionsare always based on
thelatest observed dataavail able and will change each month asanew observationisincludedinthe calcu-
lations. Final International Sunspot numbers, asthey becomeavailable, areused in deriving the smoothed
data. [Lane, July 2003].

In the table of the NOAA site, computed values are averages where the current-month SSN is not accurately
computed until six monthsinthefuture. Therefore, thetable givesestimatesfor current and future months
where the accuracy of the tableisrefined astime passes. The number in parentheses under each predictionis
the + range of SSN uncertainty estimated with 90% confidence. The user is cautioned that entry of daily
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sunspot numbers for the ACE-HF cal culations may result in erroneous predictions. Itisbetter to usethe
predicted smoothed sunspot numbers of the reference above, and even then such numbers should not be
changed outside of the 90% confidence range.

VOACAP accountsfor solar effects on the earth’'s magnetic field indirectly. The program factorsin the ef-
fects of expected deviations of instantaneous sunspot numbers and geomagneti c disturbances and accounts

for such factorsin the calibrations against HF reception reports that were made during arange of solar con-
ditions. Thus, user entry of the effective geomagnetic activity index, Qe, or of the planetary magneticindex,

Kbp, isnot required. [Lane, April 2001].

7. Short and Long Path Models. ACE-HF runsVOACAP Method 30 for all circuit path computations. In
thismethod, VOACAP switchesfrom aquasi-ray tracemodel for multipleionosphericreflections, to a
ducted or forward scatter model at 10,000-km path distances. Method 30 al so includesasmoothing function
for reception in the 7,000-10,000 km ranges that was devised by George Lane. Programs not using
VOACAP Method 30 may be expected to exhibit prediction discontinuitiesnear 10,000 km, which arearti-
factsof the parent IONCAP program. The smoothing function eliminates such discontinuities. [Laneand
Vo, 1995]

The VOACAP short path model is considered to be morerigorous. Itsvauesare used at al distances where
thelong path model provideslower signal power values. The predictions are more accurate at the lower
decileof thesignal power distribution than at the median values. Consequently, predictionsmade at the

90% reliability level are considered to be more accurate.

The Short or Long path sel ection control s shoul d not be confused with the short and |ong path computation
models. The path selectionson the Inputs, Circuit panel determine whether predictionsare madefor the
shortest great circle distance between the transmitter and receiver, or thelonger way (through the antipode)
around the Earth. In either case, when the path exceeds 7000 km, the change to forward scatter computa-
tionsis made automatically and the smoothing functionis used.

8. Propagation Models. ACE-HF uses the default VOACAP FPROB settings for the ionospheric E and F
layers. FPROB multipliers used to adjust the predicted critical frequency for the associated layersare foE =
1,foFl=1andfoF2 = 1.

ACE-HF permits the user to decide whether the Sporadic-E layer model isto be included in the propagation
calculation. By default, the Sporadic-E model multiplier isfoEs= 0.7 and the Esmodel isincluded. When
turned off, foEs= 0. Using the Esmodel can increase SNR at the receiver by 2 to 4 dB in some cases, de-
pending on circuit distance, season and sunspot number. Shutting off the Escalcul ation will thereforeresult
inmoreconservativepredictions[Lane, April 2001].

9. Elevation Angle Settings. The setting for Minimum Transmitter Elevation Angle, asentered intheIn-
puts, Circuit Optionsscreen, hasasignificant impact on prediction quality. Whenthetransmit antennais
accurately modeled at thelow angles, the best minimum angle setting is0.1 degrees. But when the antenna
pattern and/or the terrain are unknown, amore reasonabl e elevation angleis 3 degrees (the default setting).

Theminimum el evation angle can beincreased to account for known horizon obstructions, but asthe setting
exceeds 3 degrees, theprogram'sionospheric predictionswill bemodified, and may becomeunrealistic.
Values above 3 degrees should be used with caution. [Lane, April 2001]

10. Skip Zones and Near Vertical I ncidence Skywave (NV1S) Coverage. VOACAP isaskywave propaga-
tion model. At somefreguencies, areas closeto the transmitter exhibit a skip zone where there is no iono-
spheric support for the circuit. Such areas are often seen in the ACE-HF area coverage displayswherefilled
(no coverage) areas exist near the source, and coverageisnot found until the paths are extended to where the
first skywave coverage begins.

When high angle-of-fire antennas are used however, NV 1S propagation is possible at the lower frequencies
and is predicted by VOACAP. In such cases, skip zonesmay be diminished or eliminated at very short dis-
tances by NVIS. Such reception requires antennas (such as a bent whip with aportion set parallel to the
ground) that may not beincludedinthe V OACAP sampleantennalist. [Lane, April 2001]
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11. Terminators. ACE-HF showsthe rotation of the Earth intwo ways. Firstly, all area coverage maps
have superimposed twilight zones that move across the map astime progresses. The map features are shown
indarker colorsin the nighttime regions, and the features within the twilight zones are shaded.

The terminator is defined asthe line between day and night at the Earth’ s surface and describes aline of
points where observers at the surface of a spherical Earth would note the appearance (or disappearance) of
the Sun. Thetwilight zoneisdefined asthe areawhere sunlight reflected from the atmosphere provides par-
tial light. Thetwo curves on the map show thelimitsof the dawn and dusk twilight zones.

If you have GeoClock on your PC, the default setting for the twilight zones showsthe civil definition of twi-
light: thetimewhenitisso dark that you must useyour headlights. In ACE-HF, however, the twilight zones
are much wider because the upper limit is set to show the approximate height of the F2 layer in the iono-
sphere. The F layer isthat region where radio waves may be reflected back to Earth and is the highest such
region considered by HF propagation theory. During theday, the F region may splitinto the F1 and F2 lay-
ers. ACE-HF assumesatypical reflection height of 420 km for the F2 layer and treats that height asacon-
stant when constructing the twilight zones of the maps. The program computesthe solar zenith angle (the
angle from the Earth to the Sun, where the Sun directly overhead isat zero degrees) at each point on the map
and defines the F2-layer solar zenith angle asabout 110°.

On the maps, the line between the all-daytime region and the twilight zone markswhere the terminator at the
Earth’ ssurfaceisfound. Theline between the dl-nighttimeregion and thetwilight zone showswhere sun-
light encountersthe F layer of theionosphere. Taken together, the two lines define the area between the
Earth and the ionosphere where HF radio wave propagation occurs.

The same solar zenith angle computations are made to determine the terminator bar colorsin the Main
Chart. Inthiscase, abar iscolored light or dark blue to indicate when both ends of the path (at the ground
and at the F2 layer) arein an all-daytime or all-nighttimecondition at theindicated time. A medium blue
color shows that the dawn or dusk terminator is present in some portion of the path at that time. The bar
colorschangeat points corresponding roughly to those wheretheline between daytime and thetwilight
zone, or theline between nighttime and the twilight zone, crossesthetwo terminalsof thecircuit.

There are 48 terminator bars on the charts, one for each half-hour. Although atypical terminator bar is cen-
tered on an hour or half-hour mark and extendsto the sides, the colors are only accurate at the hour and half-
hour marks. Terminator Bar colors are computed for Short Pathsonly.

NOTE: When finding terminator bar colors, ACE-HF assumesthat both circuit terminalsare either in day-
time or nighttime conditions, with amix of thetwo denoting aterminator inthe path. Thissimplistic as-
sumption ignores high-latitude caseswhere both terminalsmight bein day or night, but aterminator still
might crossthe path.

12. Transmit Power Setting. In keeping with VOACAP practice, the transmit power level entered on the
Inputs, Circuits screenisthetransmit power delivered to the antenna. Antennaradiated power will then be
determined asafunction of azimuth and el evation angles of the sel ected antennamodel, just asisdonein
VOACAP. Thetransmit power you enter should first be reduced by known losses of the antenna tuner and
transmissionline, and mismatchlosses, for moreaccurate predictions.

For single-sideband (SSB) voice operation, one should enter the peak envel ope power (PEP) of the transmit-
ter, reduced by known losses. For AM (double-sideband) with carrier, the transmitter’ s average power out-
put should be entered.

13. Precautions. One should use care when interpreting ACE-HF predictions of SNR, Best Frequency and
AreaCoverage. While ACE-HFfaithfully presentsVV OA CAP predicted data, those predictionsdo not ac-
count for receiver sensitivity limitationsthat may further [imit reception. Tofully evaluateacircuit, particu-
larly at the higher frequencies, one should also review the VOACAP output data [Lane, Dec 2001].

For long distance circuits—for example, in aNovember 17 UTC 10-meter circuit from the U.S. East Coast
(41.7N 72.7W) to Indonesia (2N 100E)—the predicted signal power (SDBW inthe output data) may seem
reasonabl e, but the noise power (N DBW in the output data) at this high frequency isextremely low. A me-
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dian noise power of —182 dBW istypical. For the samecircuit, VOACAP predicts amedian signal power of
—133 dBW, so the computed SNR for average (50%) reliability is—133 — (—182) = +49 dB, whichisjust
abovethe 48 dB Required SNR level for SSB service. Thus, the prediction seemsto assure agood circuit,
and ACE-HF reports a green open band at that hour.

However, if we assume that the signal power appearsdirectly at the receiver’ sinput terminals (inthiscase,
we assume atransmission linewith zero insertion loss and areceiver input impedance of 50 ohmsto make
thecalculation simpler), thesignal voltageisseento berather low. The—133 dBW signal power prediction
tranglatesto avoltage of 4 dBu (4 dB with reference to one microvolt) at the receiver input, or an input volt-
age of only 1.6 microvolts.

Modern HF receiverstypically requireinput levelsof 0.1to 1 microvolt with a signal-to-noise ratio of 10 dB
to overcomeinternal thermal noise[Lane, Dec 2001]. So the 10-meter prediction just discussed isseento be
closetothereceiver’ ssensitivity limit, and the SNR prediction at 50% reliability may betoo optimistic. The
addition of afew dB of transmission-lineloss, for example, could disconnect thismarginal circuit.

Itisfor thisreason that SNR predictionsat higher reliabilities are always recommended. When 90% reli-
ability isselected, VOACAP includesafactor for the lower decile value of the predicted signal range and
the SNR prediction isthen more conservative. 1nthe above example, thesignal lower decilevalue (SIG LW
intheoutput data) is25 dB so the predicted signal power at 90% reliability is—133 + (—25) = —158 dB.

SNR at 90% reliability isthen —158 — (—182) = +24 dB, which ismuch less than the 50% value. Theresult
isthat predicted coveragelimitsat the required SNR value occur at closer distances, where signal power is
increased above the receiver’ ssensitivity threshold. Intheareacoverage predictions, marginal islands of
coverage that sometimes appear in the 50% map often disappear at 90% reliability.

Every HF receiver hasadifferent sensitivity however, and every station’ s antenna and transmission line de-
signisunique. The user should make hisor her own estimates of receiver threshold sensitivity in each oper-
ating band. For critical circuitswhere connectivity must absol utely be assured, predi ctions should bemade
for 90% reliability, and the VOACAP output datafor SDBW and SIG LW should be reviewed.

ACE-HF reliability settings of 95%, which are now provided, should be used with caution becausetheorigi-
nal datafrom which VOACAP was calibrated were limited to the 90% range. 95% predictions can be made,
but should be considered to be estimates.

ACE-HF permits the user to specify frequencies down to 1.8 MHz, but the VOACAP program hasa 2.0-
MHz lower limit. For thisreason, frequenciesbelow 2.0 MHz are rounded to 2.0 when the program is exe-
cuted.

Inusing HFANT, one should recognizethat it cannot accurately model horizontal antennasthat are closeto
the ground with consequent unaccounted-for resistivelossesintheground. Very low horizontal dipolesthat
are sometimes quickly erected in the field to serve as NVIS antennas are examples where HFANT produces
inaccurate patterns. HFANT models are closed form solutions that assume a pure sine-wave current distri-
bution in the elements of the antenna. Such solutions becomeinaccurate when the antennawires are within
about 0.16 wavel ength of the ground.

Onefinal caveat: Whenlooking at VOACAP output files, you might noticethat predicted SNRxx values
can go down to very low negative numbers. In ACE-HF such numbers are truncated at —50 dB to avoid
graphics problems.

14. Chart Precision. ACE-HF employscubic splineinterpol ation to produce chart valuesat five-minute
intervals, in an attempt to better describe what happensin the real world—real parametersdon’t just jump
from one hourly valueto the next. However, such intermediate values should be taken with agrain of salt,
sincethey imply adegree of precision that isn’t really thereinthe VOACAP data. In particular, whenin-
termediate valuesare greatly different than the hourly valueson either side they should be considered to be
less accurate. In the Main Chart Channels graphs each columnisfor an even hour, and each hourly predic-
tion should be understood to betypical of the hour’ s period but only accurate for the exact hour.
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Inthe Elevation Angle Time chart, theinterpolated curve val ues between the hourly val ues can sometimes
show negativeangles (aphysical impossibility). Such negativevaluesshould bedisregarded. Whenthe
reported Most Reliable M ode changes, el evation angles usually change abruptly, and the smooth cubic
splineinterpolation between hourly valuesisparticularly suspect.

15. Predictions vs. On-air Experiences. HF operators sometimes experience good reception on circuits
where ACE-HF predicts poor connectivity. The question naturally arises, “1s ACE-HF under-predicting?’
Conversely, there may be cases where ACE-HF predicts solid contacts, but the band in question seemsdead.
Why are these on-air experiencesdifferent from the predictions? Thissectionwill discuss how simulation
errors can sometimes cause erroneous predictions, and at the end will describe how to change A CE-HF pa-
rametersto better match operating conditions.

e VOACAP Basis. [Lane, April 2003]. Thefirst thing to recognizeisthat VOACAP (and thus ACE-HF)
predictions are for undisturbed conditions. Undisturbed is defined as an Ap index of no higher than 27 or
a Kpindex no higher than 4. These geomagnetic field indicesare afunction of the Sun’ s solar wind and
rise when geomagnetic stormsoccur. [Luetzelschwab, April 2002]. Suchrelatively highindicesarerare
and can occur within hours or days of when visible aurora effects are present. VOACAP has been cali-
brated against |ong-term measurementsof both signal and atmospheric noise, both of which are highly
variablein nature, and al so respondsto varying solar conditions. VOACAP accountsfor thisvariability be
determining SNR distribution functionsand by computing statistical factorsfor both signal and noise.
VOACAP predictionsvary asafunction of Smoothed Sunspot Number (SSN) and require the user to input
monthly SSN estimates.

o Reliability. When we speak of VOACAP average coverage predictions, we are referring to median values
of functionsthat vary over time. The computed Reliability value of an HF circuit is defined as Time Avail -
ability, andin VOACAPiscomputed for atypical 30-day month. Thus, for adesignated circuit, SSN
level and month, areliability prediction of 50% meansthat thereceived SNR level will beaspredicted or
better during 15 days of the 30-day month. 50% reliability also meansthat the predicted SNR could be
worse during 15 days of the month.

Toreducethevariability of the prediction, one can specify ahigher reliability. For example, a90%reli-
ability meansthat SNR will be as predicted or better during 27 days of a30-day month. Thus, the ACE-
HF prediction becomes more conservative — more accurate — at the higher reliability levels. Thatis
why military and commercial HF systemsare commonly designed for 90% or higher reliability.

Onecanvisualizetheeffect of reliability by making areacoverage displaysthat show two reliability lev-
els. Makeadisplay for 50% and 90% reliability, and then for 50% and 10% reliability to seethe differ-
ences.

e Correct Simulations. In general, actual on-air performance should be better than the predictionswhen the
systemisaccurately specified in the program’ sinput. [Lane, April 2001]. The conservative degree of the
prediction isabig factor in matching predictionsto real-world experiences. Equally importantismaking a
correct simulation, and that iswhy ACE-HF now places astronger emphasison simulation. HF systems
are complex, and there are many factorsthat influence theintegrity of thesimulation. When the predic-
tionsdon’t match field experience, it is often because the system hasn’t been correctly simulated.

One should start by considering the transmit station. Hasthe specified transmit power been properly re-
duced to account for transmission line and mismatch losses? How about frequency effects — does the
transmit power require adjustment from one band to the other? And what about the Required SNR level of
thesignaling mode? Thelevelsgivenin ACE-HF are conservative standards, but they can be adjusted if
the operator feelsthat adifferent Required SNR valueis more appropriate. Please aso seethe discussion
of practical receiver sensitivity limitsin section 13 of thistutorial. Also seehow therequired SNR speci-
fication may be adjusted for DX and contesting situations, later in this section.

Correctly simulating the distant end of the circuit ismore difficult, because the ham operator often haslit-
tleknowledge of the distant station. But more accurate predictionswill result if he or she properly selects
the appropriate manmade noise level at the station when it isknown, and carefully specifiesthe antennaat
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thereceive station. For sustained and repeated QSOs, the distant antennatype can usually be determined
and the circuit specification can be saved for future use.

What about antenna azimuth settings? A directional antennamay bein use at each end of acircuit, but the
main beam may be off-azimuth with respect to the true circuit bearings. 1n addition, one must pay atten-
tion to the predicted takeoff angle of the most reliable mode with respect to the acceptance angle of the an-
tennaisuse. On along path that demands|ow radiation angles at both ends, for example, the use of an
NVIS antenna (like a horizontal dipole) that directs most emission straight upisapoor smulation. Andit
isnot enough to select accurate antennamodel s and set their azimuth correctly. One should also consider
the ground conductivity and dielectric constant of the Earth under each antenna. Finally, terrain should be
considered — an antennaplaced at the edge of acliff overlooking the ocean will have different radiation
characteristicsthan an antennain the prairie.

Even setting the antenna s azimuth can be a source of error. Antennaazimuth should be referenced to
True North, and not to acompass reading based on Magnetic North. ACE-HF includes computations of
M agnetic Declination and Magnetic Azimuth for both endsof thecircuit to helpinavoidingthiserror.

One should also consider atmospheric noise conditionsat thereceivelocation. If that locationisinthe
midst of agiant thunderstorm, or even nearby such astorm, atmospheric noise levels may be much higher
thanthenominal levelspredicted by themodel. Conversely, if you arein an unusually quiet period with
no storms even closeto your area, even on aJuly afternoon when such storms, on average, usually arise
then you may enjoy solid contactswhen the predictions show the channel in question to bemarginal.
[CCIR 322-3, 1988]

Remember that atmospheric noise predictions are used in the cal cul ation of SNR levelsat the receive end
of acircuit. If you areinterested in the predicted noise levelsat your own station, you may want to run
ACE-HF reception areapredictions, which center on your station. Or, you can change to the SWL User
Mode, which permitsyouto simulatecircuitsfrom distant transmittersto your receive station.

Also, if thereceived SNR isgreater than predicted, Sporadic-E propagation modes may be present and the
prediction should be re-runwith the Esmode switched on. George L ane providesadditional discussions
about correct system simulationin hisexcellent book. [Lane, April 2001].

e The Disturbed | onosphere. If we are using conservative reliability settings and have exhaustively
checked our system simulation, yet thefield contacts are still better (or worse) than predicted, what then?
The answer lieswiththeionosphere. Theionosphereishighly variableitself, and solar effectsperturbit
and the Earth’ smagnetic field. Themost regular of these changesisthediurnal cycle, where the upper
atmosphereismore heavily ionized during theday and even separatesinto multiplelayers, and at night the
lower limit of ionization risesas sunlight disappears. Those changes are properly accounted for in the
VOACAP model.

But when greater solar storms occur, theionosphereisfurther perturbed and the magnetic indicescanrise
beyond the normal limitsfor which VOACAP has been calibrated. Such disturbed conditions can be
caused by solar flaresand by particle storms. These perturbations may belocal or may be distributed over
wide areas. They may last for afew hours or may persist for days.

One cantrack solar conditions by noting thevariationsin daily sunspot numbers. The Sun makesafull ro-
tation every 27 days, so the number of sunspots affecting HF communicationsisever changing over the
daysof themonth. Thisisthe cause of rather large differencesin signal power at agiven hour during the
month.

Hereiswhere adaptive HF systemscomeinto play. In military applications, certain methodslike ALE
(Automatic Link Establishment) have been invented to take advantage of ionospheric variationswhere ab-
normal propagation paths can exist for ashort time. (Please seethe ALE SIMULATION tutorial to under-
stand how ACE-HF simulates ALE systems.) With ALE radios at each end of acircuit, each equipped
with computer a gorithmsthat enabl e testing and hand shaking, the path can be subjected to aLink Quality
Analysisto determine the best operating frequency. The processinvolves sending sampletonesin both di-
rectionson anumber of channels, and often anionosphericanomaly isidentified that permitsabnormally
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good propagation to exist. Indeed, itisnot unusual to achieve circuit quality improvements of 20 dB by
using ALE. The disadvantages are that the radios are expensive, the method resultsin heavy interference
and ALE operation isnot covert.

So when the ham operator or shortwave listener experiences unexpectedly good contacts — better than
those predicted — and he or she has done a proper simulation, the chances are that the ionosphere has be-
stowed one of its blessings and the propagation channel is much better than the undisturbed standard. En-
joy it whenit happens, becauseit may not last long. For undisturbed conditionsand inthelongterm,
VOACAP and ACE-HF predictions are correct.

e How to Manage DX and Contest Situations. [Lane, April 2003]. SNR predictions can be | ess than what
occurs during disturbedionospheric conditionsor when the predictionsare being applied to only oneor
two daysof themonth. The predicted SNR distributionsthemselves are usually correct, but aperiod of
only afew dayscanfall at the upper and lower limits of the distributions.

Ham DX Contests are often concentrated into only afew days of time — perhaps over aweekend of in-
tensecalling activity. A samplesizeof only afew daysistoo small to be properly predicted sinceitisless
than ten percent of the month. Inthesesituations, selectingamedianreliability setting of 50%isabetter
predictor, becauseit yieldsthe best estimate for agiven hour and day of the month. Generally, the actual
SNR valuesfor agiven hour will cluster around the median, with only afew daysfalling at the extremes
of the SNR distribution.

During a contest, callsto atarget area are often repeated over and over. Repeated calls are an advantage
because the redundancy tends to negate noise bursts and one can wait for the constructive up-swing of the
minute-to-minute fade cycle, which can add about 5 dB to the received SNR when it occurs every minute
or so. Repeating call signs, phonetically spelling wordsor using Q-words of the ham vocabulary puts sig-
nal processing diversity towork. The operator tends to remember part of what he or she hears, and can fill
inthe blankswith successive repeats. Such effectsare real and can be simulated by changing the ACE-HF
Required SNR setting.

Let’ stakean example: Assume SSB signaling and that the receiver is probably set to anarrow band-
width—perhaps 2000 Hz. To hear anormal voice transmission, wewould usually requirea SNR of 15 dB
in the bandwidth of the receiver, or 15 + 33 = 48 dB-Hz asa Required SNR (RSN) level. (48 dB-Hzisthe
ACE-HF default for the SSB service type using the default 3000 Hz bandwidth.) 1f we can wait for the
constructive fadein aRayleigh distribution, we would have a5 dB enhancement every minute or so. The
RSN value could then bereduced to 48 — 5 = 43 dB-Hz. If we can remember what we heard on each re-
peat during asuccessful DX contact, then we can expect an additional 3to 6 dB of enhancement, depend-
ing on the skill and experience of the operator. Thus, for DX contesting, it ispractical to select an RSN
level of 37 to 40 dB-Hz. Thereductionisequivalent to increasing transmit power by afactor of 10 or
more!

Good operators can sometimes make DX SSB contacts at RSN levels closer to those of CW (24 to 27 dB-
Hz) than those of anormal voice RSN having 90% sentenceintelligibility. Adjustingthe ACE-HF RSN
level suntil the predictions better match the on-air experienceis an acceptable way to “trap” thoseillusive
ionospheric conditionswherethe propagation pathsare enhanced.

Asanaidto DX contesters, asecond group of DX/Contest Defaultsis given on the Inputs, Circuit Options
panel. However, these values are merely examplesthat may be used as guides for more closely simulating
actual operating conditionsonemight find during short DX sessions. Over time, you may wish to adjust
your RSN levelsfor predictionsthat better duplicate the experience from your station.

Such adjustments should not be used routinely, however. For nightly SSB contactswith adistant friend
where good reception isto be assured, it is better to use the 48 dB-Hz RSN level and set the reliability re-
quirement at 90%, in order to find the best band and hour for consistent contact over the month.

16. Low-Frequency Accuracy. Asstated in section 13, 160-m frequencies are rounded to 2.0 MHz to con-
formto VOACAP slower frequency limit. VOACAP 2-MHz predictionsare reasonably accuratefor NVIS
and short-range predictions out to about 1500 km. But when path distances are very long, VOACAP be-
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comesless accurate at night. At night, aresidual E-layer existswithaMUF usually above2 MHz. Itisthis
phenomenon that permitsAM broadcastsin the medium-wave bandsto propagate thousands of kilometers
during nighttime hours. VOACAP, however, isbased on datathat was collected at frequencies of 4 MHz
and higher. Extrapolationwasused to cover thelower frequencies, but funding limitations prevented the
collection of further datato support those extrapolations. Unfortunately, when usingthe V OACAP NOR-
MAL Absorption Model, computed absorption valuesare excessivein theextrapol ationsand the nighttime
predictions thus become excessively attenuated as path distanceincreases. [Lane, April 2003].

In 1999, V OA CAPwas changed toinclude the more conservative model of nighttimesignal reception for
frequencies bel ow about 4 MHz as discussed above. The previous | ONCA P absorption algorithm wasre-
placed becauseit wasfeared to bein error, since very little measured data supported the low-frequency pre-
dictions. Without astrong database, it was thought best to err toward the conservative, if at al.

Sincethen, however, anecdotal experiencesby Hamsand other HF operators have reported nighttime signal
reception where the VOACAP model computed no connectivity. For that reason, ACE-HF now permitsthe
origina IONCAP absorption model to beinvoked if the user wishesto experiment with thisdifferent com-
putation. Themode selection, found onthelnputs, Circuit Optionspanel, defaultstothe NORMAL setting
to emphasi ze that those desiring more conservative predictions should always use the standard VOACAP
absorption model. Userswho wish to experiment with the |ONCA P setting shoul d observe the warning that
appearsin ahint on the IONCAP button.
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61



