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Table 1 Mission architecture comparison

Swingby abort

DRM 2011 ERV DRM 2014 option (crew and
Parameter cargo flight crew flight ERV combined)
TMI payload mass, MT 74.1 60.8 140.45
TMI date 11/8/11 1/20/14 1/02/14
TMI delta V including velocity losses 3.695 4.019km/s 3.77 km/s
Outbound transit time (days) 297 161 184
Mars atmospheric entry speed 5.65 8.7 km/s 8.3 km/s
Mars swingby delta V including velocity loss N/A N/A 1.30 km/s
Venus swingby date (delta V) N/A N/A 2/8/15 (0.0038)
Earth return date, return transit time N/A 6/26/16 (154) 7/23/15 (383)
Earth atmospheric entry speed N/A 14.22 12.34 km/s
Total stack mass, MT 147.5 137.5
Total mission duration, days 888 567
IMLEO, MT 285 286

crew. In case of a solar proton event (the most dangerous and un-
predictable source of potential radiation exposure), the crew could
enter a radiation storm shelter, a section of the vehicle that would
be heavily shielded by consumables and other materials.

The rapid interplanetary transits recommended in the DRM are
based on radiation exposure guidelines for low Earth orbit (LEO)
missionsestablished to limit the risk of fatal cancer to levels compa-
rable to the risk of fatal accidents for terrestrial workers in occupa-
tions such as agriculture or construction. These recommendations
are largely based on work’-® partly carried by one of the authors of
this Note. We assert that it is not reasonable to completely eliminate
the option of a mission abort because of such stringent guidelines
regarding radiation exposure risks, especially when radiation expo-
sure guidelines for a Mars mission are currently nonexistent. Our
proposedmodification provides a swingby abortoption in exchange
for a 23-day increase in the outbound crew transit time without in-
creasing the total mission mass or the re-entry G loads on the crew.
Such a minimal increase in transit time will result in only a small
(<20%) increase in galactic cosmic ray exposure for the transit to
Mars. The possibleincreasein lifetime cancer mortality for the crew
from the increasedradiationexposureresulting from such an change
in transit time is likely to be negligible.

Conclusion

Although the data presented here do not reflect a comprehensive
analysis throughout the several mission opportunitiesin the Earth-
Mars synodic cycle, we believe they support our primary point: that
undue concern over crew radiation exposure has inappropriately
restricted architectural options in the DRM.

Acknowledgment

The authors would like to thank Larry Kos of the NASA Marshall
Space Flight Center for providing the data shown in Table 1 on the
Design Reference Mission payloads, transit times, and stack masses
for comparison.

References

!“Human Exploration of Mars: The Reference Mission of the NASA
Mars Exploration Study Team,” NASA SP 6107, March 1997.

2Zubrin, R., and Baker, D., “Humans to Mars in 1999,” Aerospace Amer-
ica, Vol. 28, No. 8, 1990, pp. 30-32, 41.

3Zubrin, R., Baker, D., and Gwynne, O., “Mars Direct: A Simple, Robust
and Cost Effective Architecture for the Space Exploration Initiative,” AIAA
Paper 91-0326, Jan. 1991.

4Zubrin, R. M., and Weaver, D. B., “Practical Methods for Near-Term
Human Exploration of Mars,” From Imagination to Reality: Mars Explo-
ration Studies of the Journal of the British Interplanetary Society. Part I:
Precursors and Early Piloted Exploration Missions, edited by R. Zubrin,
Vol. 91, American Astronautical Society Science and Technology Series,
Univelt, San Diego, CA, 1997, pp. 289-315 (AAS Paper 97-370, 1997).

5Lyne, J. E., and Braun, R. D., “Flexible Strategies for Manned Mars
Missions Using Aerobraking and Nuclear Thermal Propulsion,” Journal of
the Astronautical Sciences, Vol. 41, No. 3, 1993, pp. 339-348.

%Soldner, J. K., and Joosten, B. K., “Mars Trajectory Options for the
Space Exploration Initiative,” American Astronautical Society, AAS Paper
91-438, Aug. 1991.

7Simonsen, L., Nealy, J., Townsend, L., and Wilson, J., “Radiation Expo-
sure for Manned Mars Surface Missions,” NASA TP-2979, March 1990.
8Townsend, L., Nealy, J., Wilson, J., and Simonsen, L., “Estimates of
Galactic Cosmic Radiation Shielding Requirements During Solar Maxi-
mum,” NASA TM-4167, Feb. 1990.
J. A. Martin
Associate Editor

Performance Analysis for
International Space Station
Wireless Local Area Network

Shian U. Hwu,* John P. Boster, and Yin-Chung Loh*
Lockheed Martin Space Mission Systems and Services,
Houston, Texas 77258

Introduction

HE International Space Station (ISS) will use a wireless local

area network (WLAN) to provide continuous local area net-
work (LAN) services to mobile astronauts carrying portable com-
puters. Wiring a space vehicle with a traditional LAN can be very
expensive,especiallyif vehicle structural changes are required. The
WLAN is very flexible; astronauts carrying portable computers are
not tied to a particular desk or wiring outlet. Thus, the WLAN is
very attractive in the space station zero-gravity environment.

An understanding of the wave propagation and coverage perfor-
mance of rf signals is important for the development and evaluation
of the WLAN system. The signal propagationis greatly affected by
the structures along the propagation paths. Multipath effects must
be characterized, especially in regions where line of sight is un-
available. There are concerns about the multipath effects (signal
interference due to reflections and diffractions) on the WLAN rf
signals. The purpose of this study is to analyze whether the ISS
WLAN can provide adequate signal strengths to achieve an ade-
quate file transfer data rate over the required coverage areas. Both
experimental and computational analyses were performed to inves-
tigate the WLAN performancein the ISS environmentand to verify
the acceptability of the proposed WLAN access point location.
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Computational Investigations

Computational investigations were performed using the electro-
magnetic modeling technique. The uniform geometrical theory of
diffraction (UTD) technique was applied to model and to compute
the signal strength for various configuration setups in which the
multipath effects are taken into account. The UTD technique pro-
vides a high-frequencyapproximate solution to the electromagnetic
fields, including incident, reflected, and diffracted fields, and their
interactions .2 In the field computation, the reflected and diffracted
fields are determined by the field incidenton the reflection or diffrac-
tion pointmultiplied by a dyadicreflection or diffractioncoefficient,
a spreading factor, and a phase term."?

The proposed WLAN system will provide two-way transmission
of data between a remote portable laptop computer and the ISS
file server computer. The WLAN access point, connected to the
file server computer, will be located in the U.S. laboratory module
(LAB). Astronauts may carry laptop computers in the service mod-
ule (SM), Russian FGB module, node 1 module, and LAB module
(Fig. 1). This study is to determine whether the proposed locations
and quantity of access points can provide adequate coverage perfor-
mance for the WLAN system aboard the ISS.

Two proposedaccesspointlocationswere tested separately. These
were an aft location and a forward location in the LAB module.
Vertical and horizontal astronaut translation paths and different ac-
cess pointand laptop computer antenna orientations were evaluated.
Both the laptop computer and the WLAN access point use standard
quarter-wavelengthmonopole antennas. Two different antenna ori-
entationswere analyzed. The aligned orientationhas the access point
antenna and the laptop computer antenna pointing in the same di-
rection (parallel to each other). The orthogonal orientation has the
access point antenna and the laptop computer antenna oriented at
right angles to each other (perpendicularto each other).

The ISS WLAN is afrequencyhoppingsystem, the system contin-
uously hopping between different channels to overcome poor link
due to multipath. The transmitter and receiver constantly change
channels, ensuring that any interference received lasts for only a
short duration (while the units are tuned to the channel where the
interference is). Data lost during those short periods are retrans-
mitted at a different frequency (channel) so that no information is
lost. A good representation of the operating characteristics can be
developed by testing the high, middle, and low frequencies of the
hopping range from 2.4 to 2.48 GHz.

Experimental Verification

A series of WLAN signal strength measurements was conducted
in the NASA Marshall Space Flight Center LAB module facility.?
A test configurationin the LAB module is shown in Fig. 2. Data ob-
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tions.

Transmitting

Significant Rays

Fig. 2 LAB model and significant rays between transmitting and re-
ceiving antennas.

3
o
=
£
o
§ Fig. 3 Comparison of
b7 measured and computed
® signal strengths.
2 =&~ Measured
7] == Computed
25 26
-35
E 9 A, - - \
g 45 |’ HY'H NEhn ]
= | \ I
§ ., QL
$ 55 .v } " f "i T tl Fig. 4 Signal strength
& ‘ along a receiving path in
© SM.
5 s 2.40GHz
@ By i
75 o
-29.5 -294 -28.3 -292 -291 -29

X, Meters

tained from the measurements were comparedto the UTD computed
results. As shown in Fig. 3, good agreement between the computed
and measured data was obtained.

Results and Discussion

For each access point location, various translation paths and an-
tenna orientations were analyzed in each module. A complete set of
results is given in the technical report.* The signal strength thresh-
old used in this study is —71 dB (1 mW), which includes the 6-dB
margin to vendor’s specification of —77 dB (1 mW). This represents
the signal level where the data transmission would drop from a high
data rate to a low datarate.

For the LAB and node 1, there is adequate signal strength for
either access point location. Signal levels in the FGB and SM are
lower than the levels in the LAB and node 1. It is in these two
modules that the orientation of the antennas becomes important.
Figure 4 shows the signal strength for aligned antennas along a hor-
izontal path in the SM. The standing wave phenomenonis observed.
The peaks and valleys are shifted for different frequencies. The fre-
quency hopping system overcomes a poor link spot by hopping to
a different channel.

Analyzing the SM data, the aligned antenna case has a few
dropouts [lower than minimum required —71 dB (1 mW)], but the
average signal level is about 20 dB above the threshold. When com-
pared with the orthogonal antenna orientation, a drop of approxi-
mately 15-20 dB is observed. The signal level for the orthogonal
antennas becomes marginal as there are many drops below —71
dB (1 mW). The orthogonal orientation (90-deg angle between the
access point antenna and the laptop computer antenna) is the worst
case. By changingthe orientationto 80 deg, the average signal level
increases by 5-10 dB. When the orientation is changed to 70 deg,
the average signal level increases by an additional 5-10 dB with
fewer dropouts. Antenna orientation is important in the space sta-
tion environment. The user should move to a better orientation if
experiencinga poor link.

Another possible concern is the presence of the cupola, which
will be installed on the port side of node 1 during ISS assembly
flight 14A. Computed data show that the cupola will have very little
effecton the signallevel received. Interferencefrom outside sources
may enter the ISS through the cupola, but ample margins exist to
handle this interference.

Conclusions

Two locations for the access point antenna, located in the LAB
module, were evaluated. One location is 1 m from the aft bulkhead
and the other is 1 m from the forward bulkhead. It was observed
that both access point locations provide acceptable signal strength
throughout the ISS. The worst signal strength is in the SM. For the
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SM, the forward access point antenna location is better and is the
preferred location. The approximate location of the access point
antennawill be x =5.0 m, y =0.0 m, and z = 5.5 m in space station
coordinates.

Based on the measured and computed data obtained from this
study, the proposed WLAN system will provide adequate coverage
using one access point located in the forward portion of the LAB
module. Signal level and link performance will be affected by an-
tenna orientation. Better signal level and link performance can be
achieved by arranging the access point antenna and the laptop com-
puterantenna pointing in the same direction (parallel to each other).
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Introduction

HE International Space Station (ISS) will use the global posi-

tioning system (GPS) for providing position, velocity, attitude
determination, and time reference. There are concerns about the
multipath effects (signal interference due to reflections and diffrac-
tions) of the surrounding structure, as shown in Fig. 1, on the GPS
performance. Multipath from the surrounding structures may de-
grade the accuracy of the GPS attitude determination.! To investi-
gate the multipath effects on the space station GPS measurement
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Fig. 1 ISS GPS antenna locations.
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accuracy, experimental and computational investigations were per-
formed to estimate the carrier phase errors due to multipath. A series
of GPS multipath tests using the ISS GPS hardware were conducted
in the NASA Johnson Space Center GPS test facilities > Computa-
tional investigationswere also performed using the electromagnetic
modeling technique ** Measured and computed data were analyzed
and compared.

Experimental Investigations

A series of GPS multipath ground tests that simulated the ISS
GPS multipath environment were performed.>* Figure 2 shows the
test setup. Each GPS receiver had a laptop computer to record the
data. Data were collected with no intentional multipath producers
and with intentional multipath producers (plate and cylinder) in
place. Only selected data are presented here. A complete techni-
cal report with all configurations investigated and detailed calibra-
tion procedures can be found in Ref. 3. For Julian day (JD) 059, a
4 x 12 ft aluminum plate (multipath producer) was placed near the
GPS antennas. For JD074, a 3-ft-diam, 4-ft-tall cylinder was placed
vertically near the GPS antennas.

The multipath effects from the multipath producers were mea-
sured as differential carrier phase errors, which are the differences
between the differential carrier phases measured by the GPS re-
ceivers with and without the multipath producers in place. The dif-
ferential carrier phase errors are presented in millimeters as a func-
tion of time, given in GPS time of week in hours. The 190.5-mm
wavelength X, at the GPS L1 frequency of 1.575 GHz, corresponds
to a 360-deg phase error.

Computational Investigations

The uniform geometrical theory of diffraction (UTD) technique
was applied to compute the GPS carrier phase errors due to multi-
path from surrounding plate and cylinder structures>~> In the field
computation, the reflected and diffracted fields are determined by
the field incident on the reflection or diffraction point multiplied
by a dyadic reflection or diffraction coefficient, a spreading factor,
and a phase term.* The reflected and diffracted field at a field point
', E~*(r"), in general have the following form:

Er.d (r/) — Ei (r)Dr.dAr.d (s)efjks (1)

where E'(r) is the field incident on the reflection or diffraction
point r, D¢ is a dyadic reflection or diffraction coefficient, A" (s)
is a spreading factor, and s is the distance from the reflection or
diffraction point r to the field point #'. D"¢ and A" can be found
from the geometry of the structure at reflection or diffraction point



