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Abstract
Software Defined Radio (SDR) has democratized
access to radio-based systems by reducing re-
liance on proprietary hardware and software. We
present two practical SDR implementations for
acquiring imagery and data from GOES satel-
lites, relevant to educational and institutional ap-
plications. First, we describe a High Rate In-
formation Transmission (HRIT) reception sys-
tem using a repurposed Wi-Fi antenna and Sat-
Dump software, providing a simple, low-cost en-
try point suitable for educational purposes. Sec-
ond, we detail a more complex GOES Rebroad-
cast (GRB) system, with higher bandwidth and
dual-polarization requirements, employing a 3.9
m parabolic dish, self-made Septum feed, LNA,
USRP B200 mini SDR, and SatDump. This
setup enables meteorological institutions and re-
search groups to autonomously access satellite
data. Together, these cases highlight SDR’s ver-
satility in satellite data reception and its potential
to provide cost-effective, independent access to
Earth observation information.

1. Introduction
The Geostationary Operational Environmental Satellites
(GOES), operated by the National Oceanic and Atmo-
spheric Administration (NOAA), deliver high-resolution
imagery and critical meteorological data for Earth observa-
tion. These data can be accessed via online platforms such
as Amazon Web Services (AWS) (NOAA, a), rebroadcast
systems like GEONETCast (GNC) (NOAA, b), or by di-
rectly receiving transmissions from the satellites. Although
direct reception requires more complex infrastructure, it is
often preferred by meteorological agencies and early warn-
ing systems (Casa Rosada; INPE). GOES provides two ser-
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vices: GOES Rebroadcast (GRB), delivering the complete
high-resolution dataset, and High Rate Information Trans-
mission (HRIT), offering a smaller, lower-resolution subset
of products.

Access to GOES-East data is particularly important for the
Uruguayan Institute of Meteorology (INUMET) and the
Solar Energy Laboratory (LES) at the Universidad de la
República (UdelaR), which currently rely on Internet ac-
cess to obtain GOES data due to limited resources for build-
ing and maintaining a reception system. This reliance cre-
ates a critical vulnerability during severe weather events,
making direct reception systems essential to ensure con-
tinuity and to strengthen national response capacity. By
contrast, HRIT is a simpler service, easier to receive and
not specifically intended for meteorological institutions, as
it excludes much of GOES-East data. Instead, it serves as
a basic emergency channel, delivering forecasts and alerts
to remote areas with limited connectivity. Its simplicity
makes it particularly suitable for educational applications.

Traditional reception systems are costly and rely on pro-
prietary software. In contrast, Software Defined Radio
(SDR) (Grayver, 2012), combined with open-source tools
like GNU Radio and SatDump (GNU Radio, a; SatDump),
offers a flexible, affordable, and powerful alternative, en-
abling robust signal processing without the restrictions of
proprietary systems.

This work presents two SDR-based implementations for
GOES reception. For HRIT, a low-cost setup was built
using an Adalm-Pluto SDR (Analog Devices) and a mod-
ified Wi-Fi antenna, complemented with a balun and an
LNA. For GRB, a more complex system was implemented
at ANTEL’s Manga Ground Station (IMM, 2023) featuring
a USRP B200mini SDR (Ettus Research), a 3.9 m dish, and
a custom dual circular polarization Septum Feed.

By combining SDR flexibility with open-source accessi-
bility, these implementations offer cost-effective alterna-
tives to conventional reception systems, demonstrating the
value of open-source software for education, research, and
resource-limited institutions.
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Figure 1. Coverage areas of GOES-West and GOES-East satel-
lites (NOAA, a).

2. GOES Satellites
NOAA currently operates two GOES satellites over the
Americas: GOES-West and GOES-East. Their locations
and coverage areas can be seen in Figure 1. Given that
Uruguay lies within the footprint of GOES-East, our work
focused on the reception of data provided by this satellite.

GOES satellites broadcast data collected by their six main
instruments through two primary services: HRIT and
GRB. These instruments are the Advanced Baseline Imager
(ABI), the Space Environment In Situ Suite (SEISS), the
Extreme Ultraviolet and X-ray Irradiance Sensors (EXIS),
the Solar Ultraviolet Imager (SUVI), the Magnetometer
(MAG), and the Geostationary Lightning Mapper (GLM)
(NOAA, 2019). Among them, the ABI is the primary in-
strument, providing high-resolution images of the Earth in
16 spectral bands. Similarly, SUVI captures images of the
Sun in the extreme ultraviolet (EUV) range, allowing the
monitoring of solar activity.

Apart from HRIT and GRB, GOES satellites also provide
the Data Collection Platform Relay (DCPR) and the Com-
mand and Data Acquisition (CDA) services. CDA allows
NOAA to operate and control the satellite, while DCPR re-
lays environmental data from numerous ground-based sta-
tions distributed across the Americas. The full transmitted
spectrum of the GOES satellites is shown in Figure 2.

2.1. High Rate Information Transmission (HRIT)

The HRIT service provides Earth imagery with lower spa-
tial resolution compared to that transmitted by GRB, in-
cluding Full-Disk and mesoscale views captured by the
ABI. It also integrates the NWS’s broadcast forecasts and
emergency alerts through EMWIN (Emergency Managers
Weather Information Network), along with the retransmis-
sion of meteorological data from other agencies and infor-
mation collected by weather stations via the GOES DCS

Figure 2. Transmission spectrum of GOES-East (NOAA, 2019).

(Data Collection System). By consolidating this informa-
tion, HRIT offers an accessible alert system for regions
with limited connectivity and functions as a backup when
Internet-based services are disrupted.

To fulfill this role, HRIT was designed for reception with
relatively small and simple ground stations. The signal
is transmitted at 1694:1 MHz with vertical polarization, a
bandwidth of 1:205 MHz, and a symbol rate of 0:93 Msps.
It employs BPSK modulation along with a FEC rate of 1=2,
combining a simple modulation scheme with robust error
correction (NOAA, 2019).

2.2. GOES-Rebroadcast (GRB)

GRB is the primary service through which current GOES
satellites disseminate their data. It provides access to
all data generated by the satellite, including Full-Disk,
mesoscale, and Continental US (CONUS) or Pacific US
(PACUS) (depending on the satellite) imagery from the
16 ABI channels, along with data from the other onboard
instruments. Compared to HRIT, GRB offers imagery
with higher spatial and temporal resolution, ranging from
0:5 km to 2 km depending on the channel, and from 5 to 15
minutes depending on the scanning mode (NOAA, 2019).
As a result, the service delivers a very large data volume,
typically between 1:5 TB and 2 TB per day (NOAA, c),
which poses significant challenges for low-cost reception
systems.

To support this transmission, GRB employs dual circu-
lar polarization: left-hand (LHCP) and right-hand (RHCP)
(NOAA, d). Both signals occupy the same frequency but
carry different data streams, making it essential that the re-
ceiving antenna separate them correctly to avoid interfer-
ence.

GRB is broadcast at 1686:6 MHz with a bandwidth of
10:9 MHz and a symbol rate of 8:67 Msps (NOAA, 2019).
To maximize throughput, it uses a forward error correction
rate of 9=10 and QPSK modulation under the DVB-S2 stan-




