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Professional Path Analysis
Using a Spreadsheet

By James Lawrence Sr, WB5HVH

Use any common spreadsheet application to
do your path-analysis number crunching.

Modern spreadsheet programs
have the power to compute
and to present line-of-sight

radio-path analyses. The accuracy of the
predictions and the quality of the pre-
sentations can exceed that obtained
with commercial software. By develop-
ing your own spreadsheet application,
you can supplement or replace your cur-
rent path-analysis application. Capable
spreadsheet programs can be obtained
for a modest price or even free of
charge.1

The formulas and methods required
to build a path-analysis spreadsheet
application are in the public domain
and are readily discovered using the
Internet or your public library. Virtu-
ally any modern spreadsheet program

1Notes appear on page 44.

has the horsepower to handle the
straightforward math. The only thing
remaining is “elbow grease” and inge-
nuity. This paper will explain the math
and the graphics required to build your
own application for frequencies rang-
ing from VHF to G-band microwave. It
is based on a working application with
field-proven results. The resulting ap-
plication is accurate, inexpensive,
simple to use and easily transportable.

Cover Sheet
Having come from a telecom and

control-systems engineering back-
ground, I prefer the “data sheet” for-
mat for presentation. This format
lends itself nicely to the path analysis
application. Also, I prefer a “3D”
spreadsheet approach. That is, mul-
tiple “sheets” within a “book,” with
each sheet having a specific purpose.
Fig 1 shows the cover sheet of my
multi-sheet example application. No-
tice the datasheet format.

The “cover sheet” provides for user
input, and it presents the numeric and
graphic results. At the top of the sheet,
there is a typical data-sheet area for
title, revision history and other docu-
mentation. Both ends of the path (the
sites) are documented in parallel col-
umns. Just below the user input, there
is a section for the numeric results. At
the bottom, there is the obligatory vi-
sual representation of the path com-
plete with ground elevation, foliage
and Fresnel clearances.

Only the cells for user input are left
unprotected. All other cells are pro-
tected for the purpose of document
integrity. Calculation formulas may be
hidden if desired. This portion of the
document can be left austere or em-
bellished with “pull-down” choices for
user input if desired.

The example presented in this pa-
per calculates path loss from site “A” to
site “B” only. If there are separate trans-
mit and receive antennas at the sites,
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Fig 1—The author’s cover sheet for his path-analysis spreadsheet.
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it may be desirable to calculate from site B to site A also.
Creating another instance of the file and swapping the site
A and B parameters can easily do this. One could also get
crafty and enhance the application to calculate both cases.
Also, path diversity is not covered but can be readily handled
if required.

As previously stated, my approach is to place the logical
calculation groupings on separate sheets. This breaks the
problem down into easy-to-manage sections. Each separate
calculation sheet pulls data from the cover sheet, completes
the calculations as required and pushes the result back up
to the cover sheet. Examples of discrete calculation sheets
are “Bearing and Distance,” “Path Loss” and “Availability.”

Bearing and Distance
For the bearing-and-distance calculations, you will need

the latitude and the longitude of each site as input. The
required output is the bearing from site A to site B, the
bearing from site B to site A, and the distance between the
sites in various units including Earth surface arc.

The latitude and longitude are available from user in-
put on the cover sheet. The calculation will require these
values in decimal format. Here is a method for making the
latitude/longitude conversion to decimal.
=Cover!R24+((Cover!V24)+(Cover!Z24/60))/60

In this example, the values for “Degrees,” “Minutes” and
“Seconds” reside on the cover sheet in cells R24, V24 and
Z24 respectively. Error checking can be implemented to
ensure that the user does not enter values outside the valid
range, that is “61 seconds.”

Now that we have the latitudes and longitudes from
user input and we have made the conversion to decimal,
let us look at the distance calculation. The distance be-
tween any two points on the surface of a sphere can be
determined with the formula:
cos D = sin A sin B + cos A cos B cos L (Eq 1)
where
D = distance in degrees of arc
A = site A latitude in decimal degrees
B = site B latitude in decimal degrees
L = site A longitude minus site B longitude

Since A, B and L are known, the value for distance is easy
to calculate. Although “degrees of arc” will be required to
find the bearing, it is not very useful from the human per-
spective. To resolve this, here are some useful conversions:

111.23 km = degree of arc (for this planet only)
0.621371 mi = 1 km
Now, let’s consider the bearing calculation. The bearing

from site A to site B can be obtained with the following
formula:
cos C = (sin B – sin A cos D) / (cos A sin D) (Eq 2)
where

C = bearing from North
D = distance of arc between the sites, in degrees of arc

(from the distance calculation above)
Again, this is a simple calculation, but there are cave-

ats. First, the raw result only works half of the time. Sec-
ond, know your spreadsheet’s result format (degrees or
radians) and make the necessary conversion when re-
quired. Knowing the sine of L allows you to resolve the
“half the time” problem. Here is a way to work it all out:
=IF(E40 < 0, 360 – E46, E46)
confirms the raw bearing calculation from site A to site B.
This means, “If the sine of L is less than zero, subtract the
raw bearing from 360°, otherwise the answer is good.

In this calculation,  cell E40 contains sin L and cell E46
contains the raw bearing in degrees,

=IF(E47 > 180, E47 – 180, E47 + 180)
derives the bearing from site B to site A. If the confirmed
bearing is greater than 180°, subtract 180°, otherwise add
180°. Where cell E47 contains the confirmed bearing from
site A to site B.

Please note that this calculation example works in north
latitude and west longitude. It may require tweaking for
the rest of the planet. This completes the bearing and
distance calculations.

Path Loss
Next, we will tackle path loss. Path loss is loosely de-

fined as the loss in signal associated with the line-of-sight
or free-space distance between sites A and B. The formula
for free-space path loss is readily available in textbooks
and vendor catalogs.
Lfs = K + 20 log f + 20 log D (Eq 3)
where
Lfs = loss in decibels
K = pseudo constant (based on frequency)
f = frequency in gigahertz
D = distance in miles

We have already calculated the distance between the
sites. The frequency of the hop is known from user input.
The only thing remaining is the constant, K. In general, K
is equal to 96.6 dB plus some small frequency-dependent
amount or addend. This would be a good application for a
“pull-down” pick-list. My path-analysis application was
only used within a known range of frequencies, so I sim-
ply interpolated between the lowest and the highest “fre-
quency addend.” The results came out very close to those
obtained with a commercial application.

Availability
Another required calculation sheet is that of availabil-

ity. There are several mathematical models for availabil-
ity. I chose Barnett’s:2

Av = (1 – a × b × 10–5 × f/4 × d3 × 10–FM/10) × 100% (Eq 4)
Where
Av = availability (uptime) expressed in percent
a = terrain roughness factor
b = climate factor
f = frequency in gigahertz
d = distance between sites in miles
FM = fade margin

This one is not tough, but it requires a bit more explana-
tion. Terrain roughness and climate factors are subjective
input from the user on the cover sheet. The terrain-rough-
ness factor varies between 0.25 for mountains (rough) and
4.0 for Groom Lake (smooth). The climate factor varies be-
tween 0.125 for Groom Lake (dry) and 0.50 for Houston (hu-
mid). Again, frequency and distance are known values at
this point. The last variable is fade margin. Fade margin is
simply the sum of all gains minus the sum of all losses. This
reminds me of one of the two “rules of engineering”: “Some
of it plus the rest of it equals all of it.”3 Fade margin will be
discussed in more detail later; but for the sake of this calcu-
lation, its value resides in a cell on the cover sheet.

Miscellaneous Gains and Losses
There needs to be a place for the user to apply miscella-

neous gains, losses and “guesstimates.” This will be the last
calculation sheet. It is an exception to the “user input on
cover sheet” rule. Examples of losses would be connectors,
lighting arrestors and old coaxial cable. Gains could include
power amplifiers or receive preamplifiers. Just add it all up
and stick the total on this sheet.
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Path Profile
The most complex portion of creating this path-analysis

application is the graphic presentation of the path profile.
As a minimum, the path profile should show the straight
line of sight between the two antenna elevations, the 60%
Fresnel zone and the ground elevations corrected for earth
curvature. I choose to add the full Fresnel zone and average
foliage height plus an option for “point addends” to repre-
sent buildings or towers that might protrude through foli-
age and possibly into the Fresnel zone.

Like most graphs, this profile is created from a table of
values. Some of the values are borrowed from user input
on the cover sheet, some are input by the user into the
table and most are calculated. The last exception to “user
input on the cover sheet” is elevation data taken from a
topographic map. Yes, you need a “topo” map to do a proper
path analysis.4 Even when you use the electronic topo-
graphic information from commercial programs, you should
check it against actual maps. I have found that electronic
three-second data are not suitable for a reliable line-of-
sight analysis. Peaks in or near the path are often missed
and I have found endpoint elevations to be off by over 100
feet. Fig 2 is an example of a table of values.

In Fig 2, the shaded areas are protected; user input is
allowed in the “Ground Elevation” and the “Point Addend”
columns. Here is an explanation of the table column by
column:

Data Point: Data points A and B represent the eleva-
tions at the two sites. I chose to use a total of 20 data
points between sites because that provides adequate reso-
lution for most paths of 900 MHz and above.

Distance d1 (miles): This is simply the distance from each
data point to site “A.” These are equidistant segments of the

entire path length, (in this case, 11.46 miles divided by 21 or
0.5457 miles each). Here is the easy way. Data Point 1: “=
1/21 × D36” (where cell D36 contains the path length in miles).
Data Point 2: “= 2/21 × D36,” and so on. This data column will
be used in the earth-curvature calculation.

Ground Elevation: The ground elevations for points A and
B come from user input on the cover sheet. Those for the
other 20 points are read from a topo map. The user simply
draws a line between the two Sites on the topo map (or maps),
divides the line into 21 equal parts, and reads the highest
elevation at, or near, each of the 20 resulting points.

Distance d2 (miles): This is the same data as distance
d1 but from site B. This data column will also be used in
the earth-curvature calculation.

LOS Path: The line-of-sight path column will draw a
straight line between the antenna AGL (above ground level)
elevations on the graph. The data for sites A and B are sim-
ply the corresponding ground elevation from that data col-
umn plus the antenna height (AGL) from the cover sheet.
Each of the 20 data points builds on the previous point. For
example, the Data Point 1 calculation would be “=F12 + ((F33
– $F$12) / 21)” where cell F12 represents Data Point A, and
cell F33 represents Data Point B. The next calculation for
Data Point 2 would be “=F13+((F33-F13)/21)” and so on.

Fresnel Clearance: Fresnel clearance elevation for each
data point can be calculated with this series of calculations:

Data Point A:=F12 – 72.1 × SQRT((C12 × (D36 – C12))
/ (D35 × D36))

Data Point 1: =F13 – 72.1 × SQRT((C13 × (D36 – C13))
/ (D35 × D36))

Where cell D35 contains the frequency in gigahertz, and
cell D36 contains the path length in miles.

I leave it to you to research and confirm this calculation

Fig 2—The last worksheet of the project accepts user input that is not handled by the cover sheet. User input goes in the areas
clear of shading.
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method. It is readily verifiable. This
data column draws the bottom of the
Fresnel zone curve on the path-analy-
sis graph.

60% Fresnel: This is simply the
Fresnel data multiplied by 0.6. This
data column draws the 60% Fresnel-
zone curve on the graph.

Adjusted Ground Elev: This data
column is simply the ground-elevation
column plus the addend for Earth cur-
vature plus any manual addends from
the last column. This data column will
draw the ground elevation line be-
tween each of the tower bases.

Foliage Elevation: This data column
is the ground elevation plus the ad-
dend for Earth curvature plus a user-
input constant for average foliage
height. In this example, an average
foliage height of 40 feet was used.

Earth Curvature: The formula for
calculating earth curvature is h = d1
× d2 / 1.5 k. The values for d1 and d2
for each data point have previously
been calculated. “k” is typically 4/3 or
1.333; “k” should be set as user input
with a default to 1.333.

Point Addend: This data column is
for user input. The example shows 100
feet added to data point 11. Notice how
this is depicted in the graph; there is a
protrusion through the average foliage
at a point approximately 6 miles from
site “A.” This could represent a tower
or a building. The example proves that
it does not penetrate the Fresnel zone.

This completes the explanation of
the data table. All that remains is to
define the graph. The process would
depend upon the graph application
used, but it should be straightforward.
Be sure to let the graph adjust the Y-
axis automatically. Once this is set up
properly, the user only need enter the
20 elevations taken from the topo map.
(Note: Spreadsheet programs with in-
tegral graphing capabilities are more
convenient, but external graphing ap-
plications can be used if needed.)

Numeric Results
The last thing that needs to be done

is to present the numeric results on the
cover sheet. I used the area just above
the graph for this purpose. The fade
margin and the availability are the “bot-
tom line” so I show them in bold type.
As previously mentioned, the fade mar-
gin is equal to the system gains less the
system losses. This is a good place to
calculate and summarize those gains
and losses. It is also nice to present the
path distance in miles and kilometers.

A spin-off of availability is pre-
dicted downtime. This comes in handy
when trying to explain costs; for ex-
ample, $10,000 can buy you maybe 15
seconds a year. There are 31,557,600

seconds in a year.5 One minus the
availability times this number of sec-
onds gives you the predicted down-
time.

Conclusion
In summary, this paper provides

the basic information required so that
readers can create a line-of-sight path
analysis application from a spread-
sheet. The features and the presenta-
tion of your application are left to you.
I strongly feel that a spreadsheet pro-
gram, configured properly, can rival a
commercial path-analysis application.
A spreadsheet application similar to
the one described in this paper has
been tested repeatedly against com-
mercial applications for the same
path, and it consistently yields com-
parable results. If anything, the cus-
tom spreadsheet application makes
more accurate and conservative pre-
dictions.

Notes
1Open Office, Gnumeric or KSpread for

Linux.
2Barnett’s model for outage or unavailability.

“Engineering Considerations for Microwave
Communications Systems,” AG Communi-
cation System, 4th Edition, 1991, pp 68-69.

3The other rule is, “You can’t push a rope.”
4Topographic maps are available from sev-

eral sources, overnight if necessary. Use
the free Legend maps for each state to de-
termine which topo or topos you will need
for a path. I don’t recommend using any-
thing but the 7.5-minute series of maps.
Other scales are too difficult to read. Topo
map software is also available from several
vendors and there are some topo maps
available free of charge on the Internet.

5Do not forget leap years.
James received a Bachelors degree

in Telecommunications from Texas
A&M University, and is employed as
a Principal Engineer in the Commu-
nications Department of a Fortune 100
corporation. He has been a licensed
Amateur for almost 30 years.


