
S A T E L L I T E  D E S I G N  L I F E C Y C L E

We are still able to communicate with the first 
spacecraft to reach interstellar space, Voyager 1, 
which is also currently the farthest human-made 
object from Earth at 22.231 billion km. Voyager 
1 has to overcome an incredible 318 dB of path 
loss using a 22 watt transmitter. 

OFFENDING GASES

The two gases that cause the most significant attenuation to RF signals are 
water vapor and oxygen. The water vapor absorption bands occur at 22, 183, 
and 323 GHz, while the oxygen absorption bands occur at 60 and 118 GHz.

THE SPACE RACE
Sputnik 1 was the first man-made artificial 
satellite launched in October 1957 by The Soviet 
Union. Sputnik 1 had an altitude at perigee of 215 
km and an altitude at apogee of 939 km, resulting 
in an eccentricity of 0.05201 – which
is a near circular orbit. 
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GENERAL SINGLE LINK CHANNEL

SYSTEM INTEGRATION AND EMULATION

M9384B VXG, UXR1104A, AND N9041B UXAPathWave System Design and Systems Tool Kit (STK)

Support. Elevated.

N9918B FieldFox Handheld 
Microwave Analyzer

P5028A Streamline 
USB VNA, 53 GHz

85542B TVAC-rated CalPod L2065XT TVAC-rated LAN power sensor KS8400A PathWave Test AutomationM9804A 2/4/6 channel PXIe VNA M9808A PXIe VNA

PathWave RF Synthesis
PROPSIM F32 RF 
Channel Emulator

N5247B PNA-X Microwave 
Network Analyzer 

N5511A Phase 
Noise Test System

UXR0594A Infiniium 
UXR-Series Oscilloscope
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Frequency (GHz)

Attenuation at 9150m altitude

Attenuation at sea level

Average Atmospheric Absorption of Millimeter-WavesFreq. Band Major Application Uplink (GHz) Downlink (GHz) Bandwidth
UHF Military 0.292 – 0.312 0.250 – 0.270 20 MHz

C
TV broadcast, fixed point-to-point 

ground stations
5.9 – 6.4  3.7 – 4.2

500 MHz

X Military mobile, radio relay 7.9 – 8.4 7.25 – 7.75 500 MHz

Ku
Broadcast, fixed 
point-to-point

14 – 14.5
11.7 – 12.2 500 MHz

Ka, K Broadcast
27 – 30

17 – 20 3 GHz

Ka, K Military 30 – 31 20 – 21 1 GHz

U Fixed point 50 – 51 40 – 41 1 GHz

U Broadcast 50 – 51 41 – 43 2 GHz

V Intersatellite
54 – 58
59 – 64

3.9 GHz
5 GHz

E Intersatellite
71 – 76
81 – 86

5 GHz
5 GHz

A phased array is a collection of many 
antennas arranged in a matrix to provide 
desired characteristics or features not 
available in a singular antenna. Each 
radiating element can be phase shifted such 
that the radiated waves add constructively, 
maximizing gain in the desired direction.

The MESSENGER spacecraft was the first 
deep-space mission to use a phased-array 
antenna for communications.

PHASE SHIFT CALCULATION
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KEPLERIAN ORBITAL ELEMENTS

Element name Element Description Value range Notes

Semimajor axis The semimajor axis is based on Kepler’s third law 
and defines the size of an ideal orbit ellipse. Varies This orbital element is always defined.

Eccentricity The eccentricity of an ellipse, defined by Kepler’s first law, 
describes the shape of an ideal orbit ellipse.  

0 ≤  ≤ 1 This orbital element is always defined 
and when  = 0 the orbit is circular.

Mean Anomaly The mean anomaly gives the average value of the angular 
position with reference to the perigee. 0 ≤  ≤ 360° The mean anomaly is undefined when the orbit is 

circular (  = 0 ). 

Argument of perigee This is the angle from ascending node to perigee, measured in the orbital 
plane at the Earth’s center, in the direction of satellite motion. 0 ≤  ≤ 360°

The argument of perigee is undefined when 
a satellite is in equatorial orbit (  = 0° or   = 180°) 

or in a circular orbit (  = 0 ). 

Inclination This is the angle between the orbital plane and the 
Earth’s equatorial plane. 0 ≤    ≤ 360°

The inclination element is always defined, 
and the orbit is described as prograde when 0 ≤  ≤ 90° 
and retrograde when 90° ≤  ≤ 180°. An inclination of 

90° is defined as a polar orbit. 

Right ascension of 
the ascending node

This is the angle, measured eastward in the equatorial plane, 
from the vernal equinox to the ascending node. 0 ≤    ≤ 360° When the satellite is in equatorial orbit (  = 0 

or  = 180°), this orbital element is undefined.

ATMOSPHERIC LOSSES

NOISE SOURCES

PROPAGATION LOSSES
PROPAGATION LOSSES

THE THIRD ARTIFICIAL SATELLITE
Explorer 1 was the first artificial satellite launched by the US in January of 1958. Explorer 1 
had an altitude at perigee of 358 km and an altitude at apogee of 2550 km, resulting in an 
eccentricity of 0.13985 – more elliptical than Sputnik, but still a near circular orbit.

is the carrier-to-noise density ratio in dB·Hz
is the carrier power in dBW
is the noise spectral density normalized to 1 Hz
is the transmitter equivalent isotropic radiated power (EIRP) in dBW
is the carrier power
is the transmit antenna gain
is the cumulative path loss
is the receive antenna gain
is the receive system temperature
is the Boltzmann constant

is the distance between radiating elements

is the phase shift between two elements

is the beam steering angle

LINK BUDGET VARIABLES
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KEY TERMS

Atmospheric window: Parts of the electromagnetic spectrum can easily 
transmit information from the space segment to the ground segment in the 
atmospheric window. To increase data rates, satellite communications push 
system-design boundaries to the limits of the atmospheric window.
Keplerian set: These six orbital elements define Earth-orbiting artificial 
satellites. Many factors impact satellite orbits including the effects of a 
nonspherical Earth, atmospheric drag, and the gravitational effects of objects 
outside of the two-body system.
Link budget: This metric is computed for both the uplink and downlink 
including all system gains and losses.


