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Problem statement: 
• Low Earth Orbit (LEO) and Medium Earth Orbit (MEO) satellites 

have limited radio link contact time with ground stations.

• In some cases of low passes through the ground stations, the 
total volume of data generated in telemetry cannot be 
downloaded to the ground station in a single communication.

1. Motivation

For example,
If we have an sun-synchronous orbit, has 4 useful passes daily over the
ground station. The satellite is invisible to the ground station operators for
10 hours, an uncontrolled orientation failure, can produce a catastrophic
mission failure.



Fig.1 Inmarsat F4 constellation

1. Motivation

Approach:
This investigation analyzes an approach to increase the radio link
contact time of the telemetry data of a low orbit satellite, based on
the relay of telemetry data from and to a low-orbit satellite using
Inmarsat-F4 constellation. In this scenario, a LEO satellite would
relay its communications through the GEO satellite and down to an
ground station.



Fordward link

Return link

Uplink Downlink
Descripción Polarizaction Frequency 

Band (MHz)
Polarization Frequency 

Band (MHz)

Fordward 
link 

(including 
AFC)

RHCP 6425-6575 RHCP 1525-1559
LHCP 6425-6575 RHCP 1525-1559

Return link 
(including 

AFC)

RHCP 1626.5-
1660.5

RHCP 3550-3700

RHCP 1626.5-
1660.5

LHCP 3550-3700

Table 1. Inmarsat F4 L-band and C-band Frequency Plan.

Figure 2: forward and return link concept with M2M 
onboard terminal and Inmarsat satellite.

The Inmarsat F4 satellites provide Mobile-Satellite Services (MSS) 
to UTs. Delivers simultaneous broadband data and voice to a 
variety of small terminals. The BGAN service is IP based, offering 
variable data rates up 492 kbit/s.

1. Motivation



Orbital requirements: Angles of view

2. Experimental procedure for antenna design



SAOCOM 1A and Inmarsat F4 satellites ECI
orbital view on Matlab

Orbital requirements: Simulations views

2. Experimental procedure for antenna design



Frequencies requeriments:  1525MHz- 1660.5MHz
Bandwith:  8.5% (135.5Mhz minimun)
Polarization: RHCP (Right Hand circularly Polarized)
Radiation pattern: Elevation (θ): Hemispherical type

Azimuth (Φ): Omnidirectional type
HPBW: as broadly as possible

2.1. Main requirements:

Determination of electrical requeriments:

2. Experimental procedure for antenna design



The antenna is designed to operate in right hand circular polarization (RHCP). 
This antenna is composed of four equispaced parallel radiators. The radiation 
patterns are typically adjusted by varying the pitch angle of the radiators, the 
length of the radiators, and the phase of feeding

2.2.  Antenna design

Parameter Size (mm)

Plane diameter 95

Height 82

Up diameter 20

Down diameter 60

Width arms 10

N° turns 0.6

One of the helical arms, starting from +x axis in the x-o-y
plane, can be described by the following equations:



Results:
• HPBW: 198.7°
Radiation pattern: Elevation (θ): Hemispherical type

Azimuth (Φ): Omnidirectional type

2.2.  Antenna design



Results:
• Bandwidth: 10.8% (173.5Mhz)
• VSWR: 1.1@1.585Ghz
• S11=-35.8dB@1.59Ghz

2.2.  Antenna design



Results:
• Polarizarion: RHCP
• Axial ratio (AR): lower 3dB with theta: -90deg to 90deg
• Cross polarization: < -15dB at half-power main beam

2.2.  Antenna design



Results:
• HPBW: 198.7°
Radiation pattern onboard with reference satellite: 

2.2.  Antenna design



The feeding system has to provide constant magnitudes and 90°phase 
differences to the four helices of the antenna over the operating frequency
band. In order to realize the desired radiation pattern, a feeding network with 
three power Wilkinson dividers in microstrip technology has been designed.

2.3.  Antenna feeding network

Parameters:

• Substrate: RO4003C. 
• Isolation: 10ohm resistors in each 

wilkinson power divider.
• Er: 3.55
• H: 1.524mm
• loss tangent (tan δ) : 0.0027
• Thickness conductor: 35um



Results:

2.3.  Antenna feeding network



Results:

2.3.  Antenna feeding network



1. M2M terminals are a good option to be considered as an alternative to increase the radio frequency
contact times of a LEO satellite.
2. The orbital dynamics of the LEO and GEO satellites determines the coverage angles that the
antenna must meet. The results show that the antenna must cover the entire upper hemispheric plane
and even θ angles in the lower hemispheric plane. Based on this analysis, an antenna design
parameter was to maximize the HPBW.
3. An antenna has been designed that meets the basic requirements. And could be used onboard LEO
satellites. Can be an alternative for telemetry and telecommand data relay.

Conclusions:
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B.   Global and spot beams

Inmarsat F4 coverage


