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Introduction

E LECTROMAGNETIC environment analysis is important in
space vehicle subsystem design and operation. Murphy and

Cutler1 analyzed Space Shuttle � ight experimentdata for determin-
ing the electromagnetic � elds produced by the S- and Ku-band an-
tennas. There are concerns about the levels of electric � eld strength
radiatedby the internationalspace station (ISS) communicationand
tracking systems transmitters. Users of the ISS who are designing
scienti� c experiment payloads need to know the levels of electro-
magnetic � elds in the space station environment. Astronauts are
requiredto assembleand maintain the spacestation.To ensureastro-
naut safetyand mission success,theelectromagnetic� eldsproduced
by the various transmitters need to be quanti� ed.

The purpose of this study is to quantify and to present the elec-
tric � eld strengths radiated by the space station transmitting anten-
nas (Fig. 1) using well-developedand readily available techniques.
All antenna locations given in the following sections are in meters
and are referenced to the origin of the ISS coordinate system. The
antenna models used in the � eld computations were validated by
measured far-� eld antenna radiation patterns.

Low-Gain Antennas
The space station has uhf and S-band low-gain transmitting an-

tennas. Both the uhf and S-band antennas are fractional-turn res-
onant quadri� lar helices. A computer tool based on the method
of moments (MoM) technique was used for the low-gain antenna
analyses.2 The space station structures, which are in the far-� eld
range of the antenna, are not included in the � eld computations.
The uhf and S-band helical antenna models used in the MoM � eld
computations were validated by the anechoic-chamber-measured,
far-� eld uhf and S-band antenna radiation patterns.

The uhf antenna transmit frequency is 417.5 MHz. There are
four uhf antennas on the space station. The two antennas radiated
in the X -axis direction are located at (6.31, 3.42, 7.84) m and
2 2 12 59 3 32 m referenced to the ISS coordinate system.

The two antennas radiated in the X -axis direction are located at
(4.91, 3.42, 7.84) m and 0 7 12 59 3 32) m. The uhf radio has
the capability to transmit at two power levels.The high-powermode
is for the communication between the ISS and Space Shuttle. The
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low-power mode is for the communication between the ISS and
astronauts. The nominal transmitted power at the uhf radio output,
including losses of the circulator, hybrid/splitter, cavity bandpass
� lter, is 6.3 W at the high-power mode.3 The minimum cable loss
calculated at the minimum operation temperature of 73 3 C is 2.5
dB for the uhf antennas mounted on the lab module. The antenna
peakgain is 5 dB. Based on the 6.3-W transmittedpower and 2.5-dB
cable loss, the electric � elds aroundthe uhf antennawere computed.
Figure 2 shows the contour curvesof electric � elds (volts per meter)
produced by the uhf antenna. The rf exposure limit for the extrave-
hicular mobility unit (EMU) on the space suit at the uhf frequency
is 60 V/m. The keep-outzone, in which the electric � elds are greater
than the maximum permitted 60-V/m exposure level, for the EMU
electronicsisapproximatelya cylindricalregionof 0.7m in diameter
and 0.6 m in length, extending forward from the antenna.

The S-band antenna transmit frequency is 2.265 GHz and is ra-
diated in the X -axis direction. There are three antenna locations
at 2 0 0 09 13 66 m, 0 8 8 14 3 59 m, and 0 8, 9 19,

3 59) m. The antenna peak gain is 3.5 dB. The maximum trans-
mitted power referencedat the power ampli� er output is 40 W. The
nominal cable loss between the power ampli� er output and antenna
is 1 dB at the minimum operation temperature.3 Figure 3 shows the
electric � elds (volts per meter) produced by the S-band low-gain
antenna. The rf exposure limit for the EMU electronics at the S-
band frequencyis 106 V/m. The keep-outzone, in which the electric
� elds are greater than the maximum permitted 106-V/m exposure
level, is approximatelya cylindricalregion of 0.9 m in diameter and
0.7 m in length, extending forward from the antenna.

High-Gain Antennas
The space stationhas S-band and Ku-bandhigh-gaintransmitting

antennas. The S-band antenna is a conical horn with a 33-cm-diam
aperture, and the Ku-band antenna is a re� ector with a 1.83-m-diam
aperture. Both the S-band and Ku-band high-gain antennas track
the tracking data and relay satellite system in a � eld-of-viewregion

Fig. 1 Locations of international space station antennas.

Fig. 2 Electric � elds (V/m) produced by uhf antenna.
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Fig. 3 Electric � elds (V/m) produced by S-band low-gain antenna.

Fig. 4 Electric � elds (V/m) produced by S-band high-gain antenna.

Fig. 5 Electric � elds (V/m) produced by Ku-band antenna.

of 120 120 deg and 60 60 deg. The S-band an-
tenna transmit frequency is 2.265 GHz, and the antennas are
located at ( 2 53 0 09 14 26) m, (0 26 8 14 4 19) m, and
(0 26 9 19 4 19) m referenced to the ISS coordinate system.
The peakgain is 16dB. The maximumtransmittedpower referenced
at the power ampli� er output is 40 W. The nominal cable loss be-
tween the power ampli� er output and antenna is 1 dB at the min-
imum operation temperature.3 The aperture integration technique
was used to compute the electric � elds for this antenna.4 The coni-
cal horn antenna model was validated by measured far-� eld S-band
antenna radiation patterns.

Figure 4 shows the electric � elds (volts per meter) produced by
the S-band high-gain antenna.The radiated energy is spread mostly
within a cone region. The keep-outzone, in which the electric � elds
are greater than the maximum permitted 106-V/m exposure level,
for the EMU electronicsis approximatelya cylindricalregion of 1 m
in diameterand 2.6 m in length,extendingforward from the antenna.

The Ku-bandantennatransmit frequencyis 15 GHz and is located
at 4 81 4 17 3 56 m in the ISS coordinatesystem.The peak
gain is 48.4 dB. The maximum transmitted power referencedat the
power ampli� er output is 10 W. The nominal cable loss is 1 dB at
the minimum operation temperature.3 In the � eld computations for
the Ku-band re� ector antenna, the geometrical theory of diffraction
(GTD) is used.5 The GTD-computed � eld intensitieswere validated
by the anechoic-chamber-measured, far-� eld Ku-band antenna ra-
diation patterns.

Figure 5 shows the electric � elds (volts per meter) produced by
the Ku-bandhigh-gainantenna.For a rangedistanceless than 100 m
from the aperture, the radiated energy is mainly con� ned within the
aperture projected cylinder. The alternate electric � eld peaks and
valleysof the Fresnel zonephenomenonare observed in close range

distances less than 40 m. The rf exposure limit for the EMU elec-
tronics at the Ku-band frequency is 20 V/m. The keep-out zone, in
which the electric � elds are greater than the maximumpermitted20-
V/m exposurelevel, is approximatelya cylindricalregionof 2.4 m in
diameter and 290 m in length, extending forward from the antenna.

Conclusions
The electric � elds around the various space station transmitting

antennas are computed and presented. This information is impor-
tant in assessing personnel and electronic equipment rf exposure
hazards and is useful for the users of the space station who are de-
signing scienti� c experiment payloads to be operated in the space
station environment. As an example, the keep-out zones in which
the electric � elds exceed the speci� ed maximum permitted rf ex-
posure to the EMU electronics on the space suit were determined.
Similarly, keep-out zones for other equipment can be determined
using information presented in this Note.
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Introduction

T HE international space station (ISS) is very large in terms of
physical and electrical size and is a very complex space vehi-

cle, as shown in Fig. 1. The solar panels and thermal radiators are
rotateddynamicallyto maintainpreferentialorientationwith respect
to the sun. The Global Positioning System (GPS) antennas have to
track the GPS satellites in a wide-� eld-of-view region and will en-
counter multipath interferencefrom the ISS structures.Multipath is
an important error source for attitude determination.1 2
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