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Abstract

NASA�s long-term goals for the exploration of Mars include the use of rovers and sensors which communicate

through proximity wireless networks. The performance of any such wireless network depends fundamentally on the

radio frequency (RF) environment. In order to evaluate and optimize the performance of such a wireless network, a

basic understanding or model of the channel is important. In this paper, we present our results concerning the RF envi-

ronment at selected sites on the surface of Mars with a focus on the link budget and RF coverage patterns. These results

take into account the local topography using data from the Mars Global Surveyor, surface reflections, clutter, atmos-

pheric absorption, etc., and contribute to a more accurate RF channel model. We consider a basic wireless network

model and demonstrate the possibility for good site coverage and long links despite low antenna heights and radiated

power. With such a channel model, mission operators can update elements of the wireless network after deployment

with more accurate RF propagation information. Such updates could be used to extend the reach of the network or

protect network elements from communication outages due to unforeseen features of the local topography.

� 2004 Elsevier B.V. All rights reserved.
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1. Introduction

NASA�s long-term goals for the exploration of

Mars include the use of rovers and sensors which

communicate through proximity wireless net-

works. Elements of the network have a short
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transmission range, low power requirements, low

cost, and a relatively short life span [1]. The per-
formance of any such wireless network depends

fundamentally on the radio frequency (RF) envi-

ronment. In order to evaluate and optimize the

performance of such a wireless network, a basic

understanding or model of the channel is impor-

tant. With such a model, better choices for the

modulation and coding schemes, equalizer design,
ed.
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and positioning of access point antennas can be

made [2]. These choices can also affect the overall

design and operations of a rover or a sensor web

for a planetary environment.

Previous missions to Mars which included
robotic exploration operated in the UHF frequency

band over short ranges and at relatively low data

rates [3,4]. For example, the Sojourner rover from

the 1997 Mars Pathfinder mission, used a 9600bps

link designed for a maximum extent of 500m [4].

The Spirit and Opportunity rovers from the 2004

Mars Exploration Rover (MER) mission also used

UHF links. Future missions, involving more com-
plex wireless networks will evolve to higher fre-

quency links in S-Band or X-Band in order to

support data transfer rates exceeding 1Mbps [3].

In this research regarding RF channel modeling

on the Martian surface, we assume a proximity

network model composed of multiple surface rov-

ers and sensors that communicate to a network ac-

cess point placed on the lander. At the lander, data
is filtered, aggregated, and packaged for transmis-

sion back to Earth via an orbiting relay station [5].

Other assumptions in the network model are 1W

transmitter power between the access point and

surface nodes (rovers or sensors), omni directional

antennas placed at a 1m height, and 2.4GHz (S-

band) carrier frequency. Note, these parameters

can be easily changed to meet specific mission con-
figurations. Consideration of this carrier frequency

allows evaluation for potential use of off-the-shelf

WiFi components (with appropriate modifications

for space use). The two main communications is-

sues with respect to evaluation of a channel under

the above scenarios are link budget and time dis-

persion. The link budget is determined by the

propagation path loss or the average amount of re-
ceived power (relative to transmitted power) at a

particular distance or location from the transmit-

ter. Time dispersion arises due to multipath prop-

agation whereby replicas of the transmitted signal

reach the receiver with different delays due to

reflections and scattering.

In order to accurately simulate RF coverage

patterns and power delay profiles (received power
due to multipath as a function of time) at parti-

cular sites on the surface of Mars, several effects

should be taken into account. These effects in-
clude not only the normal 1/R2 space loss but

also atmospheric absorption (using the atmos-

pheric chemical composition), and surface reflec-

tions (using site-specific, soil composition data).

In addition, there may be effects due to the local
environment such as those from nearby topo-

graphic features and surface clutter (rocks). Final-

ly, Mars� planetary curvature must be taken

into account for accurately modeling line-of-sight

(LOS) distances. With the RF model partially

based on the local environment, mission operators

can update elements of the wireless network after

deployment with more accurate RF propagation
information. This information would be devel-

oped through Earth-based simulation of RF

coverage once visual surface information and

location of the lander is obtained. Such updates

could be used to extend the reach of the network

or protect network elements from communication

outages due to unforeseen features of the local

topography.
In this paper, we present our results concerning

the RF environment at selected sites on the surface

of Mars with a focus on the link budget and RF

coverage patterns. These results contribute to a

model for effectively deploying wireless proximity

networks which are expected to be important for

rover operations and ground-level sensor networks

on the Martian surface. The techniques developed
here are also applicable in other communications

scenarios with appropriate modifications. This

paper is organized as follows. In Section 2, we

describe the simulation software, propagation

model, and the simulation variables specific to

RF propagation on the Mars surface. In Section

3, we describe the sites on Mars selected for

this study, associated Digital Elevation Maps
(DEMs), and synthesis of a clutter layer for evalu-

ating the impact on propagation due to rocks. In

Section 4, we present specific information regard-

ing the assumed network model as well as metrics

used in evaluating the results. We present and ana-

lyze results including antenna coverage patterns

and received signal power, and quantify the impact

of surface clutter. Finally, we consider some exam-
ple applications and present data on area coverage

as a function of distance from the network access

point. The example applications could be useful
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to mission planners and operators and further

illustrate the utility of the channel modeling.
2. Simulation software

In planning cellular telephone networks, the

industry draws on a number of RFmodeling, prop-

agation, and planning tools. These powerful com-

putational tools allow system planners to

optimally place cellular base stations by simulating

the RF coverage patterns and multipath, among

other things. These simulations are based on well-
known propagation models and utilize site-specific

topographic information as well as locations of

man-made structures. Verification of simulation

results is typically made with independent field

measurements. Although obviously designed for

modeling terrestrial systems, with appropriate

modifications these tools have the potential to also

model RF propagation associated with proximity
wireless networks on the Martian surface. For this

work, which focusses on modeling the RF coverage

patterns for the network scenario described above,

we use ATDI�s HertzMapper RF propagation soft-

ware [6]. Next, we describe required modifications

to the software and propagation model for use in

the Martian environment.
Table 1

Parameters used in the irregular terrain model

Group Parameter Values

System Frequency 2.4GHz

Distance 1–30km

Antenna height 1m

Antenna polarization Vertical

Environment Terrain irregularity Calculated from DEM

Electrical ground

constant

Permittivity 4.0

Conductivity 1.0�8S/m

Surface refractivity Chosen so that effective

radius, k = 1

Radio climate Vacuum

Mode Point-to-point

Statistics Situation variability 35%
2.1. Propagation model

We have selected the option of using the Irreg-

ular Terrain Model (ITM, also known as the

Longley-Rice model) as the propagation model

in the software simulations [7]. The ITM is a gen-

eral-purpose propagation model for frequencies

between 20MHz and 20GHz that predicts the
median attenuation of an RF signal as a function

of distance and the variability of the signal in time

and space based on electromagnetic theory and

statistical analysis of terrain. In addition to taking

into account the terrain (which is the major factor

in propagation modeling on Mars), other reasons

for this choice are as follows. First, the ITM is

semi-deterministic compared with other models
which are empirical. Second, the ITM takes into

account atmospheric conditions while other mod-
els such as Bullington or Okumura do not. Third,

the ITM uses reflection, diffraction, and scattering

techniques to calculate the attenuation, while other

models may only use one of these effects.

2.2. Simulation variables

Table 1 identifies the key parameters used in the

ITM [7]. Of these, only code defining the environ-

mental parameters in the ITM needs modification

for simulation of the Mars environment. The first

modification is for the electrical ground constants

for Mars estimated from soil composition to be
as follows: permittivity is 4.0 and conductivity is

10�8S/m [8].

Next, modifications for attenuation due to

atmospheric effects are accounted for as follows.

First, the surface pressure on Mars is approxi-

mately 6.1mbars which is about 1/150th of the

average pressure on Earth [9]. Second, the Martian

troposphere consists of almost entirely of dry air
and the atmospheric water content near the sur-

face is at least 3000· lower than on Earth [10].

Third, the major constituents of the Martian

atmosphere are given in Table 2 [10]. As can be

seen, the Martian atmosphere is dominated by car-

bon dioxide and nitrogen gases. The physical

properties of these components reveal that they

do not have electric or magnetic dipoles and so



Table 2

Composition of the Mars atmosphere

Carbon dioxide 95.32%

Nitrogen 2.7%

Argon 1.6%

Oxygen 0.13%

Carbon monoxide 0.08%
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do not absorb electromagnetic energy. Fourth,

although, atmospheric particulates, such as dust

or CO2 ice might cause some attenuation, we do

not believe that particulates that are light enough

to be suspended in such a diffuse atmosphere could

do much radio attenuation, unless they are highly

electrically conductive [11]. Actual calculations of

the attenuation due to the atmosphere for a hori-
zontal path on Mars� surface, yields approximately

10�6dB/km at 2.5GHz [10]. Thus, we consider

atmospheric attenuation on Mars to be negligible.

Similar conclusions can be found in [5].

Modifications for atmospheric refraction are as

follows. Given the fact that Mars� atmosphere is so

diffuse, even at the planet�s surface, it is for practi-
cal purposes, a vacuum compared to the Earth�s.
Thus we assume that any effects due to atmos-

pheric refraction are also negligible in our study

[10,11]. The attenuation due to refraction from

Earth�s atmosphere is normally taken into account

by introducing an ‘‘effective radius’’ multiplier. In

typical propagation software codes, this multiplier,

K is set to 1.33 for all conditions, i.e., the effective

radius for Earth is K · re where re is the Earth�s ra-
dius. Since the attenuation due to refraction for

Mars is negligible, we set K = 1 and use the actual

radius of Mars, rm. Thus for refraction calcula-

tions, Mars� effective radius is equal to its actual

physical radius. We note that in some software

codes, an effective curvature (inverse of the effec-

tive radius) is used.

Finally, the ITM code computes the terrain

irregularity values directly from the DEM data.

In addition, the value chosen for situation variabil-

ity is based on matching simulation data to actual

field measurements of received RF power using the

assumed network model. Simulations and field

measurements were made at remote areas in south-

ern New Mexico which were free of man-made ob-
jects and vegetation and topographically similar to

the Gusev datasets.
3. Digital elevation maps for Mars

3.1. Description of DEMs

In order to develop the planetary RF channel

model and, in particular, the RF coverage pat-

terns, a high-resolution DEM must be available

for the sites of interest. The largest collection of

planet-wide data for Mars is from the Mars
Orbiter Laser Altimeter (MOLA) which was part

of the 1999 Mars Global Surveyor mission [12].

However, this data set has a maximum spatial

resolution of 128pixel/degree or approximately

400m/pixel. While this is good enough for general

visualization of the region, it is too coarse for

modeling terrain on the order of a 1000m baseline.

To examine the effects of RF propagation where
the wavelength is on the order of 0.125m

(2.4GHz), one might expect that a DEM with

similar-order resolution is required. However, for

typical planning of cellular systems, DEMs with

a 1–10m/pixel resolution are sufficient and success-

fully used in industry.

To assist in planning the 2004 MER missions,

high-resolution maps of four candidate landing
areas were developed by the United States Geolog-

ical Survey (USGS) [13,14]. These datasets are lim-

ited to small areas since they are based on

available image pairs from the Mars Orbiter Cam-

era-Narrow Angle (MOC-NA). These pairs are

used to generate a stereoscopic image and are then

processed and tied to MOLA reference elevations

[15]. For this study, the USGS Gusev1 and Gusev3
datasets (see Fig. 1) are used in the RF channel

modeling due to the range of topographic features

they encapsulate within the predicted MER land-

ing ellipse. The datasets have a resolution of

0.000171degrees/pixel or 10.4m/pixel at the sur-

face of Mars and are subsampled to 11m/pixel

for compatibility with the software. The subsam-

pling does not have any significant effect on the
accuracy due to the small areas under study. The

DEMs do not include a physical warping function

normally used to compensate for deviations from a



Fig. 1. (a) Gusev1 and (b) Gusev3 datasets, covering areas inside the 2004 MER Gusev Crater landing ellipse. Red discs in left-most

picture indicate approximate sites for simulated network access points. The top-most disc of each dataset is ‘‘Site 1,’’ the next disc is

‘‘Site 2’’, etc. (For interpretation of the references in colour in this figure legend, the reader is referred to the web version of this article.)
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Table 3

Sites for RF simulations

Site Mars latitude Mars longitude Elevation

(m)

Gusev1, Site 1 14�47 039.3500S 176�1 029.1800E 83

Gusev1, Site 2 14�58 041.9500S 176�2 053.5100E 158

Gusev1, Site 3 15�11 035.6600S 176�4 031.2300E 24

Gusev3, Site 1 14�53 058.6400S 175�1 028.5500E 264

Gusev3, Site 2 14�45 059.4300S 175�0 028.3200E 182

Table 4

Quantization rule for mapping rock diameters to integer values

Actual rock

diameter, D (m)

Percentage of rocks

with diameter, D (%)

Quantized rock

diameter, bD (m)

0 < D 6 0.7 96.5 bD ¼ 0:0

0.7 < D 6 1.5 2.7 bD ¼ 1:0

1.5 < D 6 2.5 0.6 bD ¼ 2:0

DP 2.5 0.2 bD ¼ 3:0
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perfect sphere. However, for the small areas under

study, such a warping function is not required.

3.2. Description of simulation sites

The Gusev1 dataset has three sites within the

DEM that appear to be candidates for different

RF effects. The first site [top red disc in Fig. 1(a)]

is at a boundary between what appears to be a flat

crater basin and the crater wall. The second site

[middle red disc in Fig. 1(a)] is in a region that ap-

pears to have significant washout of rocks and
rubble. The third site [bottom red disc in Fig.

1(a)] appears to be another crater basin but one

that is not as smooth as the first. The Gusev3 data-

set has two sites of interest for investigation. The

first [top red disc in Fig. 1(b)] appears to be a field

with a number of small craters. The second site

[bottom red disc in Fig. 1(b)] is close to a relatively

large crater with a sharp wall. The coordinates for
the five sites used in the RF modeling are given in

Table 3.

3.3. Synthesis of clutter layer

Due to the assumption of a 1m antenna height

at the base station, we also consider the effects of

surface clutter from rocks on the RF coverage.
Since the DEMs used in simulations have an

11m/pixel resolution, any features below 11m in

size (such as meter-size rocks) will not be revealed.

Fortunately, statistics on the rock size and spacing

at other sites, based on images from the Viking

(1976) and Pathfinder (1997) missions, have been

published [16]. Using the statistical distributions

for rock size and spacing but applied to the Gusev
sites, we create a synthetic clutter layer at a resolu-
tion of 1m/pixel and combine it with the upsam-

pled 1m/pixel DEM. In order to keep the

computation reasonable at such fine resolutions,

we only consider a 2km · 2km area centered on

Gusev1, Site 1 [see Fig. 1(a)]. Since the simulation

software is not capable of sub-meter resolution
due to the inherently large computation involved,

rock diameters must be quantized to integer val-

ues, e.g., 1m diameter, 2m diameter, etc., The

quantization boundary levels are chosen to closely

match the quantized rock diameters to the statisti-

cal distributions and are given in Table 4. Note

that at the Pathfinder landing site, the cumulative

area covered by rocks greater than 1m diameter is
less than 1% [16]. A sample 100m · 100m syn-

thetic clutter layer is given in Fig. 2.
4. Results

4.1. Estimates of coverage range

In addition to the assumptions made on the

transmitter in Section 1, we assume on the receiver

side, a 0dB antenna gain and minimum received

power requirements of �93dBm for an IEEE

802.11b 1Mbps link and �84dBm for an IEEE

802.11b 11Mbps link. These are typical received

power requirements cited by manufacturers [17].

Visualization of the antenna coverage patterns will
be defined by these two minimum power

requirements.

Given the above assumptions and minimum

power requirements, we first estimate the coverage

range by computing the link budget [18]. The re-

ceived carrier power, C (in Watts) can be com-

puted as

C ¼ EIRP� GR=LS; ð1Þ



Fig. 3. Illustration of the dmax metric defined in (4).

Fig. 2. Sample synthetic clutter layer illustrating location and sizes of rocks.
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where EIRP is the effective isotropic radiated

power, GR is the gain of the receiving antenna,

and LS is the space loss. The space loss is defined

as

LS � ð4pR=kÞ2n; ð2Þ

where R is the link range and n is the propagation

factor. By substituting (2) into (1) and solving for

R, we have a free-space (n = 1) range of 5km for
the minimum received power level of �84dBm

and a range of 14km for the minimum received

power level of �93dBm. These estimated distances

are based on free-space propagation without

considering terrain effects. On flat terrain, ground-

level multipath propagation may be present. Also,

when transmitting to or from an antenna located

on a hill, scattering and diffraction effects may be
present from nearby terrain features. Both of these

effects may affect the link propagation distance.

4.2. Coverage metrics

In addition to the actual RF coverage patterns,

we also quantify the coverage with the following

metrics. The first metric we define is the Site

Coverage (SC),

SC � A�84

ACR

; ð3Þ

where A�84 is the area (in m2) where RF power is

�84dBm or greater and ACR is the area (in m2) of
the Coverage Region (CR). For all sites, the CR is

a 2km · 2km rhombus which fits inside the map

‘‘strips’’ of Fig. 1. For the selected sites, the ACR

is approximately 3.966km2.

The second metric we define is the maximum

coverage distance in the CR or dmax,

dmax � max½dðxTX; x�84Þ�; ð4Þ

where d(x,y) is defined as the distance (in m) from

point x to point y, xTX is the location of the trans-

mitter, and x�84 is the location of the center of any

66m · 66m area where RF power is �84dBm or

greater. This metric is illustrated in Fig. 3. The
66m · 66m or 6 pixel · 6 pixel square (at 11m/

pixel) represents 0.1% · ACR. This distance meas-

ure prevents tiny areas of measurable RF power
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in the simulation from yielding a wireless network

range which is larger than can be practically used.

4.3. RF coverage patterns

Figs. 4–8 illustrate the RF coverage patterns for

the selected sites of Table 3. The areas in red de-

note a received power between �85dBm and
Fig. 4. Antenna coverage pattern for Gusev1, Site 1 (see Fig.

1). Red square with ‘‘A’’ indicates location of transmitter. Red

areas denote 1Mbps, green areas denote 11Mbps. (For

interpretation of the references in colour in this figure legend,

the reader is referred to the web version of this article.)

Fig. 5. Antenna coverage pattern for Gusev1, Site 2 (see Fig.

1). Red square with ‘‘A’’ indicates location of transmitter. Red

areas denote 1Mbps, green areas denote 11Mbps. (For

interpretation of the references in colour in this figure legend,

the reader is referred to the web version of this article.)
�93dBm and can (in theory) support a 1Mbps

IEEE 802.11b link; the areas in green denote a re-

ceived power greater than �84dBm and can (in

theory) support an 11Mbps IEEE 802.11b link.
Table 5 provides the SC and dmax metrics for each

simulation as described above. We note that for

the Gusev3, the coverage region is a 1.5km · 2km

parallelogram centered on the transmitter as op-

posed to the 2km · 2km rhombus for the other

sites. This change was due to the fact that the strip

maps for Gusev3 are only 1.5km wide. These fig-

ures and associated data demonstrate the potential
site coverage in areas of interest on Mars and the

possibility of wireless links in excess of 1km using

a 1W, 2.4GHz network access point similar in nat-

ure to a standard WiFi component. Furthermore,

these results illustrate how such RF propagation

software can aid in the design of future proximity



Fig. 6. Antenna coverage pattern for Gusev1, Site 3 (see Fig.

1). Red square with ‘‘A’’ indicates location of transmitter. Red

areas denote 1Mbps, green areas denote 11Mbps. (For

interpretation of the references in colour in this figure legend,

the reader is referred to the web version of this article.)

Fig. 7. Antenna coverage pattern for Gusev3, Site 1 (see Fig.

1). Red square with ‘‘A’’ indicates location of transmitter. Red

areas denote 1Mbps, green areas denote 11Mbps. (For

interpretation of the references in colour in this figure legend,

the reader is referred to the web version of this article.)
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wireless networks or in planning travel routes of

rovers after deployment.

In Table 5, we notice that the simulated link

range for Gusev3, Site 1, appears to exceed the

estimated 5km distance given earlier. A free-space

LOS analysis shows that the performance is 2dB
better than expected. This link is illustrated in

Fig. 9 and shows that the path is free of obstruc-

tions. However, there are numerous hills just out-

side the first Fresnel zone of the LOS path that

could scatter energy into the field of view of an
omnidirectional antenna at the receiver location.

These types of complicated paths are not taken

into the estimate and would require more detailed

analysis.

4.4. Impact of rock clutter on RF coverage

Assuming an antenna height of 1m, any surface

clutter such as rocks of similar height will natu-

rally impact RF coverage. Using the combined

synthetic clutter layer with the Gusev1, Site 1

DEM (2km · 2km at 1m/pixel resolution), we

can simulate RF coverage patterns and acquire



Fig. 8. Antenna coverage pattern for Gusev3, Site 2 (see Fig.

1). The red square with ‘‘A’’ indicates location of transmitter.

Red areas denote 1Mbps, green areas denote 11Mbps. (For

interpretation of the references in colour in this figure legend,

the reader is referred to the web version of this article.)
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Fig. 9. Terrain profile of Gusev3, Site1, illustrating longer link

range due to elevated antennas.

Table 5

Metrics for RF coverage sufficient for an 11Mbps IEEE

802.11b link

Site Site

coverage (%)

Maximum coverage

distance, dmax (m)

Gusev1, Site 1 29.45 3857.8

Gusev1, Site 2 22.78 1888.5

Gusev1, Site 3 26.16 4621.0

Gusev3, Site 1 33.49 6240.3

Gusev3, Site 2 30.45 1632.2
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statistics as above. The RF coverage pattern in the

presence of clutter is shown in Fig. 10 and result-

ing metrics are given in Table 6. Because the clut-

ter was synthesized according to statistics at other
sites and rock sizes were quantized to the nearest
meter, the resulting metrics for this simulation

are only an estimate. The maximum coverage dis-

tance for Gusev1, Site 1 without clutter in Table 6

differs from that in Table 5 because the latter is

based on the 11m/pixel, 2km · 10km DEM of

Fig. 1. This DEM provides a larger area over

which to search for remote areas of significant

RF power. For the same reason, Gusev1, Site 1
site coverage values in Tables 5 and 6 differ. These

clutter results do, however, illustrate the potential

for quickly adding in situ knowledge to a lower-

resolution DEM to improve predictions of RF

coverage for a specific area.
5. Mission planning applications

With the capability to simulate RF coverage

patterns, based on actual Martian topography



Fig. 10. Antenna coverage pattern for Gusev1, Site 1 (see Fig.

1) with synthetic clutter layer. Red square with ‘‘A’’ indicates

location of transmitter. Red areas denote 1Mbps, green areas

denote 11Mbps. (For interpretation of the references in colour

in this figure legend, the reader is referred to the web version of

this article.)

Table 6

Metrics for RF coverage sufficient for an 11Mbps IEEE

802.11b link at selected sites

Site Site

coverage (%)

Maximum coverage

distance, dmax (m)

Gusev1, Site 1

(without clutter)

32.42 1337.8

Gusev1, Site 1

(with clutter)

19.55a 1185.3a

a Estimate.
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Fig. 11. RF coverage as a function of distance from network

access point: (a) Gusev1, Site 1 and (b) Gusev1, Site 3. Areas

capable of supporting 1, 11Mbps in an IEEE 802.11b link

require at least �93dBm, �84dBm, respectively.
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and propagation characteristics, mission planners

can consider various scenarios or answer questions

regarding wireless networking of sensors or rovers.

For example, assuming a network access point

with an omnidirectional antenna (1m height) and

1W radiated power, one might ask: ‘‘given the

location of a network access point, what is the

largest circular area with complete RF coverage?’’
or ‘‘for a given radius from a network access point,

what percentage of the area has RF coverage?’’ or,

‘‘given a rover�s travel vector, what is the percent-

age of RF coverage in route.’’

As a simple example toward answering the first

two questions, we consider Gusev1, Sites 1 and 3
as the locations of a network access point [see

Fig. 1(a)]. We can acquire data regarding the per-

centage of RF coverage as a function of distance

from the network access point directly from the

coverage patterns in Figs. 4 and 6. This data is
illustrated in Fig. 11. From the graphs, we can

see that for Gusev1, Site1, the largest circular area

(with the network access point at the center) capa-

ble of supporting either a 1 or 11Mbps link has a

radius of 33m. For Gusev1, Site3, the largest cir-

cular area (with the network access point at the

center) capable of supporting either a 1 or 11Mbps
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link has a radius of 88m. Also from the graph we

can see that for a radius of 1000m, 52%, 42% of

the coverage area is capable of supporting a 1,

11Mbps link, respectively.
6. Conclusions

In this paper, we have contributed to develop-

ment of a more accurate RF channel model for

use in evaluating the performance of wireless prox-

imity networks on the surface of Mars. The work

focusses on simulating RF coverage patterns for
selected sites on Mars taking into account the local

topography and other variables. In addition, clut-

ter models were also developed based on rock sta-

tistics on Mars, and their impact on coverage was

also quantified. Our work suggests that in the ab-

sence of large rocks, sufficient site coverage and

long links could be established on the surface of

Mars, using elements typical of current wireless
networks such as IEEE 802.11b. Such a network

could simplify the integration of rovers and sen-

sors used in the exploration of Mars.
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