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1 INTRODUCTION 

1.1 SCOPE 

This document provides a manual for the data made available from the SGR-ReSI GNSS-R payload on the 
TechDemoSat-1 mission. 

1.2 REFERENCE DOCUMENTS 

Documents referenced in the following text, are identified by RD-n, where ñnò indicates the actual document, from 
the following list: 

RD# Title Issued by Doc # Revision Date 

RD-1 TechDemoSat-1 Mission Description 
ï GNSS-R with the SGR-ReSI 

SSTL #0248367 1 March 2015 

RD-2 MERRByS Sample Data SSTL #0248344 2 March 2015 

RD-3 Example source code for reading 
and processing the MERRByS data 
https://github.com/pjalesSSTL/GNSS
R_MERRByS 

SSTL   July 2017 

RD-4 Network Common Data Form 
(NetCDF) 
http://www.unidata.ucar.edu

/software/netcdf/  

UCAR - 4.4.1.1 June 2017 

RD-5 Jales, P.J., 2013. Spaceborne 
Receiver Design for Scatterometric 
GNSS Reflectometry. Surrey Space 
Centre: University of Surrey. 

Surrey Space 
Centre, 
University Of 
Surrey 

- - 2013 

RD-6 Martin-Neira, M., 1993. A Passive 
Reflectometry and Interferometry 
System(PARIS)- Application to 
ocean altimetry. ESA journal, 17(4), 
pp.331ï355. 

ESA - - - 

RD-7 Lyons, R., 2011. Understanding 
digital signal processing 3rd ed., 
Upper Saddle River  NJ: Prentice 
Hall. 

- - - - 

 

1.3 ACRONYMS AND ABBREVIATIONS 

The following abbreviations are used within this document: 

 

https://github.com/pjalesSSTL/GNSSR_MERRByS
https://github.com/pjalesSSTL/GNSSR_MERRByS
http://www.unidata.ucar.edu/software/netcdf/
http://www.unidata.ucar.edu/software/netcdf/


 

MERRByS Product Manual - GNSS 
Reflectometry on TDS-1 with the 

SGR-ReSI 

Doc No: SA K A - #0248366 

Revision: 006 Status: Released 

Release Date: 08/11/2019 

MERRByS Page 9 of 81 

 

 
© SSTL RELEASE VERSION  

Acrony
m 

Definition 

AGC Automatic Gain Control 

CAN Controller Area Network 

DDM Delay Doppler Map 

DF Dual Frequency 

DM Delayed Mode 

DMC Disaster Monitoring 
Constellation 

DRT Data Recorder Track 

ESA European Space Agency 

EV-2 Earth Venture 2 

FDI Fast Delivery Inversion 

FPGA Field Programmable Gate 
Array 

GNSS Global Navigation Satellite 
System 

GPS Global Positioning System 

IGS International GNSS Service 

LHCP Left Hand Circularly 
Polarised 

LNA Low Noise Amplifier 

LO Local Oscillator 

LTAN Local Time of Ascending 
Node 

LVDS Low Voltage Differential 
Signal 

MSS Mean Square Slope 

NetCDF Network Common Data 
Form 

NF Noise Figure 

NOC National Oceanography 
Centre 

PPS Pulse Per Second 

PRN Pseudo Random Noise 
(GPS Satellite Code) 

PVT Position Velocity Time 

RAAN Right Ascension of 
Ascending Node 

RF FE RF Front End 

RSS Really Simple Syndicate 
(Internet News Feed) 

SBAS Space Based Augmentation 
System 

SBPP SGR Binary Packet 
Protocol 

SGR-
ReSI 

Space GNSS Receiver ï 
Remote Sensing Instrument 

SMA Semi-Major Axis 

SNR Signal to Noise Ratio 

SF Single Frequency 

SP Specular Point 

SRAM Static Read Only Memory 

SSP Sea State Payload 

SSTL Surrey Satellite Technology 
Ltd 

SW Software 

TBC / 
TBD 

To be Confirmed / 
Determined 

TDS-1 TechDemoSat-1 

VHDL Very High Level Design 
Level 

ZTC Zoom Transform Correlator 
(On-board processing 
algorithm) 
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2 OVERVIEW 

This document describes the data flow, dependencies and resulting data types for the elements of the TDS-1 
GNSS-Reflectometry Ground Processing Project, sponsored by ESA. The data is provided through the MERRByS 
web service, which allows access to the low-level data and the resulting wind and wave measurements. 
 
From the website a selection of samples is additionally provided, with practical description in RD-2. Example 
source code for reading and processing the MERRByS data is provided in RD-3.  

2.1 GNSS-R 

The GNSS-R technique works in a way that is similar to both existing altimeter and scatterometer radar satellites, 
but eliminates the need for dedicated transmitters through using the existing GNSS transmitters. 
 

 

Figure 2-1  GNSS-R Geometry 

The GNSS-R receiver is sensitive to surface roughness around each of the GNSS transmitter-to-receiver specular 
points. The surface roughness causes the reflections from each GNSS transmitter to spread over a glistening zone 
around the specular reflection point. The receiver recovers the signal power from around the glistening zone 
through correlation of a replica GNSS signal at a map of delay and Doppler offsets (DDM). These DDM images are 
then inverted back to a measurement of the surface roughness, such as that caused by wind driven waves. 
 
The receiver processes the direct signals for determining position, velocity and time and the reflected signals for 
remote sensing as in Figure 2-1. As the receiver moves, the specular point moves with it, starting off ahead of the 
receiver and slowly passing behind as the receiver moves under the higher, slower moving GNSS transmitter. The 
specular point traces out a path over the ocean surface which we call itôs ñtrackò. The receiver can process multiple 
simultaneous tracks, from multiple GNSS-transmitters. 
 
GNSS reflections are not only off the ocean, but also off land, snow and ice, opening up other potential new 
opportunities for remote sensing ï for example, measuring the thickness of sea ice, snow depth, soil moisture 
levels and the classification of vegetative foliage. 
 

3 TECHDEMOSAT-1 GNSS-R EXPERIMENT 

Investments in GNSS-R by the UK and the European Space Agency over the past few years are making it possible 
for Surrey Satellite Technology Ltd to launch a new GNSS-R payload onboard the TechDemoSat-1 (TDS-1; see 
Figure 3-1) satellite. This was launched in July 2014 carrying the GNSS-R payload as part of the Sea State 
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Payload suite (SSP) that also includes a demonstration altimeter. Furthermore the same GNSS-R instrument has 
been selected to fly on the NASA EV-2 CYGNSS satellite constellation to measure hurricanes. 
 
For a description of the TechDemoSat-1 mission and details of the GNSS-R receiver, the SGR-ReSI, see RD-1. 
 

3.1 THE SGR-RESI 

 

       

Figure 3-1  TechDemoSat-1 and GNSS-R Unit (part of SSP) 

The TDS-1 satellite carries SSTLôs prototype GNSS-R Instrument, the SGR-ReSI. A diagram showing the 
instrument architecture is shown in Figure 3-2. 
 
The GNSS core is implemented on a flash-based FPGA (ProASIC-3), while the signal processing capability is 
provided by a second FPGA co-processor which is controlled and configured from the ProASIC3. This is a Xilinx 
Virtex 4 FPGA which is SRAM based, allowing the upload of new co-processing algorithms even once the SGR is 
in orbit. It enables special processing algorithms for reflected or occulted signals used allowing the equivalent of 
thousands of correlators to map the distorted signals. To allow the storage of both sampled and processed data, a 
bank of DDR2 memory with a capacity of 1 Gbyte is used. 
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Figure 3-2 GNSS-R Instrument architecture 

 
The receiver supports the GPS L1 frequency band, but also carries reprogrammable front-ends that can be set up 
at any of the navigation bands. Limitations are imposed by the choice of antennas and LNA filtering. Initially GPS 
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signals are supported, but in future Galileo and Glonass are expected to be implemented in the VHDL and 
software. 
 
The instrument is principally designed for GNSS-R, using the ground-reflected GNSS signals to remotely sense the 
Earthôs surface. On TDS-1 there is a high gain (~13 dBi) L1 antenna pointing downwards ï which also has the 
bandwidth to receive L2C signals. Reflected GPS L1 signals are processed into Delay Doppler Maps (DDMs), as 
shown in Figure 3-3 and Figure 3-4, either or on-board using the co-processor, or alternatively on the ground if the 
raw data is downloaded. 

    
 

Figure 3-3  GPS L1 signal DDMs. Direct (Left) and Reflected from the ocean (Right). (Shown to the same 
scale) 

 

 

Figure 3-4  A sample of a DDM track of ocean reflections processed by the SGR-ReSI on TDS-1 
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4 DATA ACCESS POLICY 

TDS-1 cannot offer a continuous GNSS-R data service due to foreseen early operational debugging & testing, 
validation and intermittent operation (it shares the satellite with 7 other payloads).  Nevertheless MERRByS is 
intended to be a forerunner of a data service that may be offered by subsequent satellites, or constellations 
carrying the same payload. TDS-1 GNSS-R data sets are being released to allow users and researchers to 
experiment with the data, and investigate techniques for exploitation.  
 

4.1 LICENCE 

TDS-1 GNSS-R data is shared under Creative Commons Attribution Non-Commercial Data Licence (CC BY-NC), 
which can be supplemented by an additional licence permitting commercial exploitation if and when necessary. 

 
 

CC 
 

BY 
 

NC 

The Creative Commons (CC) Licence is designed for allowing the sharing of newly created data in a controlled 
way. The Creative Commons Attribution Non-Commercial Licence (CC BY-NC) ensures attribution, but also 
specifically restricts commercial use. The definition is ñNon-Commercial means not primarily intended for or 
directed towards commercial advantage or monetary compensationò so allows some flexibility. By extending CC 
BY-NC into a CC+ licence, a commercial licence may later be awarded for specific users on top of the non-
commercial licence, to allow licenced use for commercial purposes.  
 
The Creative Commons Attribution-NonCommercial 4.0 International License is available form 
http://creativecommons.org/licenses/by-nc/4.0/   
 

4.2 DATA SETS 

 
A set of sample data is available giving examples of L1 data over ocean, ice and land, L2 over ocean, and two L0 
data sets over land and ocean. 
 
The full catalogue of L1 and L2 data requires application for a password from info@merrbys.co.uk. The 
application form requests information about the user, and their intended use for the GNSS-R data, and encourages 
feedback towards future improvements to the data service.  
 
Data is accessible via the MERRByS.org (or MERRByS.co.uk) website. 
 
Example source code for reading and processing the data are provided at 
https://github.com/pjalesSSTL/GNSSR_MERRByS  
  

http://creativecommons.org/licenses/by-nc/4.0/
mailto:info@merrbys.co.uk
http://www.merrbys.co.uk/
http://www.merrbys.co.uk/
https://github.com/pjalesSSTL/GNSSR_MERRByS
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5 DATA OVERVIEW 

5.1 PRODUCT DEFINITIONS 

The products are illustrated in Figure 5-1 then further details in Table 5-1. 
 

 

Figure 5-1  Definition of TDS-1 GNSS-R Data Products 



 

MERRByS Product Manual - GNSS 
Reflectometry on TDS-1 with the 

SGR-ReSI 

Doc No: SA K A - #0248366 

Revision: 006 Status: Released 

Release Date: 08/11/2019 

MERRByS Page 15 of 81 

 

 
© SSTL RELEASE VERSION  

Table 5-1  Data Product Description 

Level / Description Data Metadata 

Level 0 Raw Collections of digitised intermediate frequency samples 

L0 Raw sampled data from both nadir and 
zenith antennas. Quantised to 2 bits with 
specified sample rate and intermediate 
frequency. 
 
Data stream contains all GNSS signals in 
the filter bandwidth visible to zenith and 
nadir antennas. 
 
Collection time of 1-4 minutes, depending 
on number of antenna inputs logged 

Relevant SGR-ReSI packet data to geo-
locate and timestamp the collection 

Level 1 Reflections processed into DDMs 

L1b(SW) Post processed from L0 to L1b(SW) 
through post-processing on the ground 
using a software receiver. 
 
Data length 1-4 minutes as per L0 data. 
 
Several processing levels are provided: to 
reproduce DDMs in similar approach to 
onboard and to produce higher-resolution 
DDMs. 

Extracted metadata from processing the 
L0 data samples and from the receiverôs 
real-time SBPP format. 

L1a Real time onboard processing into DDMs 
using the SGR-ReSIôs ZTC processing 
unit.  
 
Typically near to 24 hrs of data per day 
(within operational constraints). 
 
Simultaneous processing of 4 reflection 
channels. 
 
Tracks are interleaved in High Speed 
Interface files with L0 raw collections.  
 
L0 data corresponding to the L1a/b data is 
not generally available as L1a is directly 
processed onboard. 

SGR-ReSI SBPP format position velocity 
and time information at low rate and 
unsynchronised to the time of the DDMs. 
 
Platform state including satellite attitude 

L1b Data converted from the L1a onboard 
processed DDMs and converted to 
NetCDF format. 
 
The DDMs are separated into tracks and 
referenced to files with synchronised 
metadata. 
 
Typically near to 24 hrs of data per day 
(within operational constraints). 

Metadata extracted from the receiver 
SBPP and the DDMs. Metadata is 
synchronised to the time of each DDM. 
 
Contains metadata common to all tracks 
(e.g. receiver position) and track-specific 
metadata for each DDM. 
 
Metadata from the lower rate receiver 
SBPP format is interpolated to match the 
time of the DDMs. 

Level 2 Derived geophysical parameters 

L2(FDI) Fast Delivery: Mean square slope, wind 
speed 
Processed from L1b 

L1b and L2 metadata, including quality 
figure 
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L2(DM) Delayed Mode:  
A potential future data product generated 
from fitting of DDMs may allow recovery of 
directional information about wind and 
waves. 
Processed from L1b or L1b(SW) 

L1 and L2 metadata, including quality 
figure 

 
The L0, L1b, and L2(FDI) output products are made available through the MERRByS catalogue and web service 
under the CC-BY-NC license from Section 4. 
 

5.1.1 Differences of TDS-1 from CYGNSS Products 

There are some differences in the TDS-1 data products from those originally envisaged for CYGNSS. These are 
defined in Table 5-2 to make clear the nomenclature used in this project. See CYGNSS website at: 
http://aoss-research.engin.umich.edu/missions/cygnss/data-products.php  

Table 5-2  Data Product Differences Between TDS-1 and CYGNSS 

Data TDS-1 CYGNSS 

Raw Sampled data from SGR-ReSI L0 L0a 

DDM derived from raw sampled data L1a(SW) - 

DDM ï Output from SGR-ReSI L1a L0b 

DDM ï compressed / sub-sampled on-
board spacecraft 

- 
* Full DDMs are 
downlinked to the 
ground 

L0c 

DDM ï calibrated, or with metadata 
including calibration 

L1b L1a 

DDM ï calibrated with scattering 
cross-section 

* Not generated L1b 

Wind Speed (tracks)  L2 (FDI) / (DM) L2a 

Mean Squared Slope (tracks) L2 (FDI) / (DM) L2b 

Gridded Wind Field L3 L3a 

Gridded Surface Roughness L3 L3b 

 
 

  

http://aoss-research.engin.umich.edu/missions/cygnss/data-products.php
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6 L0 ï RAW COLLECTIONS 

For raw collections, the digital samples from the front-end at intermediate frequency are recorded and downlinked 
without processing. On the ground, the data can either be processed using another SGR-ReSI for receiver testing, 
or processed into DDMs using a software receiver. The onboard dataflow is shown in Figure 6-1. 
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Figure 6-1 Raw collection data flow within the SGR-ReSI 

The receiver outputs the standard SBPP information including PVT during raw collections. In addition it outputs a 
timestamp packet that is used to allow referencing of the raw data to the GPS receiver clock. 
 
The data is nominally stored in the 1GB Onboard Mass Storage (OMS) before being sent to the platform data 
recorder. However it can be sent directly if the platform data recorder can record at a sufficient data-rate. On TDS-1 
there is sufficient bandwidth, so extended logging of > 100 GB can be used, although this is an experimental mode 
on TDS-1. 
 
The raw data and the SBPP packets have been repackaged from the representations that are convenient and 
efficient onboard, into representations that are more convenient for ground processing and distribution. The data 
samples are unpacked into ñInt8 per sampleò format with an XML metadata file. Additionally a KML file is produced 
to allow geolocation on Google Earth. These formats are documented in Section 12.3 and Section 12.4. Two 
examples of the L0 data are included with the sample data. 
 
Nominally data collections have the following parameters, but the details for each collection are provided in the 
XML file ñTrackSearchRawCollectionFileò. 
 

Table 6-1 Nominal raw collection configuration 

 TDS-1 nominal configuration 

Front-ends Zenith(L1/L2 Cobham) and Nadir 

GNSS band L1 

Sample Frequency 16.367 MHz 

GPS L1 IF Centre Freq. 4.188 MHz 

Bits per front-end 2 bits ï sign & mag (I-only) 

Data rate 65.5 Mbps 

Length of collection 2 minutes 20 seconds 

Format from satellite Bit packed 

Unpacked format Int8 per sample (see Section 12.4) 
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7 L1A - ONBOARD PROCESSING 

7.1 SGR-RESI PROCESSING FUNCTIONS 

The SGR-ReSI reflectometry onboard processing flow is shown in Figure 7-1. This section gives an overview of the 
onboard algorithms, focusing on the details relevant to the processing of the down-stream products. 
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Figure 7-1 Schematic representation of the GNSS-R DDM processing flow.  
Bold boxes indicate focus of this section 

7.1.1 Reflection Tracking 

Reflected GNSS signals are weak and distorted, and so standard GNSS closed loop tracking techniques are not 
possible. Instead a geometrically-derived estimate of delay and Doppler can be calculated for each reflection within 
the satelliteôs footprint in order to prime the Digitally Controlled Oscillators (DCOs) of the DDM co-processor. 
 
Three specific algorithms are required: a) Specular point location calculation, b) Calculation of the delay and 
Doppler estimates for the specular reflection path. c) Allocation of reflections to processing channels. 
 

7.1.1.1 Specular Point Location 

The specular point is the location on the Earthôs surface, by the laws of reflection, where the incident and reflection 
rays have equal angle to the surface normal. Alternatively the definition is the point on the Earth which has the 
minimum path-length from transmitter to Earth to receiver. To determine the specular point location a model for the 
Earthôs surface is needed. There are a number of approaches with different Earth models: from the spherical Earth 
approximation, to ellipsoidal earth or using a digital elevation model. 
 
The SGR-ReSI system relies on real-time geometrical tracking to centre the DDM on the reflection. This makes the 
computational time and accuracy of the Earth model part of the trade-off space in the receiver design. A method is 
needed that can be processed on-board which meets the accuracy requirements for tracking the reflections within 
the DDM window. A method identified as having a good balance is the quasi-spherical Earth method. This is 
proposed in [RD-5 Jales 2013] and is shown again here in section 13.1. 
 

7.1.1.2 Delay and Doppler Determination 

For real-time processing the DDM correlators need to be steered to the location of the specular point. This requires 
the internal replica code delay and carrier frequency (of the chosen offset in the DDM) to match that of the 
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reflection signal. The expected delay and Doppler is calculated given the position and velocities of the transmitter 
and receiver and the specular point location. 
 
The open-loop reflection tracking scheme runs in the SGR-ReSI receiver in real-time. The implementation of the 
tracking is specifically designed to provide the tracking updates to the DDM processor synchronised to the direct 
signals despite the calculation latency. To do this the receiver, transmitter and specular point locations are updated 
at a rate of 1 Hz, used to calculate the tracking parameters, which are then extrapolated to provide 10 Hz updates. 
 
The updates are applied to each reflection channelôs code phase, code rate and carrier frequency. 
 

7.1.1.3 Allocation 

The aim of the allocation algorithm is to choose the reflections to track that have the highest signal to noise ratio. 
This is based on the assumption that a higher signal to noise ratio in the DDM will result in a better estimation of 
the scattering cross-section of the surface. For the chosen allocation algorithm, the difference in signal to noise 
ratio between the available reflections is assumed to be dominated by the antenna gain pointed at each. 
 
The reflection channel allocation approach creates a sorted list of reflections, with the óbestô reflections (those with 
the highest antenna gain) at the top of the list.  The allocation algorithm then uses this list to allocate the top four 
reflections to the four reflectometry channels, taking into account which of the antennas has the highest gain 
towards the reflection. 
 
The algorithm can work for multiple nadir antennas, the TDS-1 receiver uses one antenna and the CYGNSS 
receiver uses two. Inputs to the algorithm are the list of vectors from receiver to each of the specular points, the 
antenna boresight vector, antenna gain pattern and satellite attitude. See Section 13.2 for further definitions. 
 

7.1.2 DDM Processing (The ZTC) 

The DDM processing is performed in the reconfigurable co-processor and follows the work implemented in [RD-5 
Jales 2013]. The processing approach calculates the Doppler pixels in the frequency domain to reduce the 
computational complexity. This approach was chosen due to its suitability for implementation in an FPGA. The 
implementation of this approach is called the Zoom Transform Correlator (ZTC). 
 
The diagrammatic representation of this technique is shown in Figure 7-2. The advantage of this approach over 
that of individual discrete correlators per pixel is that the computational complexity can be reduced as the 
frequency search reduces to spectrum estimation, for which there are techniques that scale considerably better 
than with the number of pixels. 
 
Each reflection channel is composed of the processing steps in Figure 7-2. Firstly a coarse carrier ówipe-offô is 
performed to down-convert such that 0 Hz is the centre of the DDM, corresponding to the carrier frequency 
(including Doppler shift) of the specular path. This is followed by a set of channels that ówipe-offô the code, each 
configured for the delay of a separate DDM row. The result of the coarse carrier wipe-off and code wipe-off leaves 
a demodulated signal at a small residual range of Doppler frequencies. This contains the full spectrum of Doppler 
shifts present for the chosen code phase. Performing spectrum estimation on it will return one row of DDM pixels 
simultaneously. 
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Figure 7-2 Computation of DDM row through process of down-conversion, modulation removal followed by 
spectrum estimation 

 
Using some of the SGR-ReSI specifications for illustration, the sample rate of the signal is Ὢ ρφȢσφχ MHz. 
Sampling at this rate and for the 1 ms coherent integration time results in 16367 samples. The discrete Fourier 
transform correspondingly has samples between ὪȾς and ὪȾς at the following points: 
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(7.1) 

where m is the index of the DFT sample from ὔȾς and ρ. This is a frequency bin spacing of 1 kHz over a 

range of -8.184 MHz to +8.184 MHz. 
 
The DDM Doppler bandwidth required to process the glistening zone is just 10 kHz. Calculation of the FFT would 
result in 99.94% unwanted Doppler pixels. This is highly inefficient as we are discarding almost all of the 
calculations. 
 
One way to perform the spectrum estimation over this narrow range is to decimate the signal to a lower sample rate 
then use a smaller size FFT. In some references this has been called the zoom-FFT [RD-7 Lyons 2011]. As long as 
the pre-decimation filter can be constructed efficiently, then the total number of operations will be reduced. The use 
of this approach in the design has been used in the naming of the correlator implementation as the Zoom 
Transform Correlator (ZTC). 
 
The bandwidth of interest being 10 kHz (as -5 kHz to +5 kHz) would allow a decimation ratio of up to 800 to be 
chosen. By allowing margin for the pre-decimation filter roll-off and choosing a power of 2, a suitable decimation 
ratio of 512 has been chosen for the nominal processing configuration. 

7.1.2.1 Filtering and Decimation 

One the most efficient filters in terms of hardware resource to bandwidth reduction is the Cascaded Integrator 
Comb (CIC) filter. The recursive ñmoving averagerò is formed as in Figure 7-3, 
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Figure 7-3 Moving average filter 

This filter is frequently used in digital signal processing applications as a pre-decimation filter as it requires no 
multiply operations, only the less complex addition operations. The amplitude of the transfer function of a first order 
CIC filter is a sinc shape. Making D = 512, this realises a running average of almost exactly 1/32 ms of samples 
(actually 1/31.967 ms). This simple structure which requires the hardware of storage registers and two addition 
units has reduced the bandwidth from +/-8.1 MHz to +/- 16 kHz (to the first null). 
 
Following decimation, the frequency response folds over to alias higher frequency terms into the required band, 
Figure 7-4. The red regions show where the high frequency terms will alias into the green required band. This is 
then shown folded into the post-decimation sampled bandwidth in Figure 7-5. 

 

Figure 7-4  The CIC filter response showing post-decimation aliasing. 
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Figure 7-5 Aliasing into the required-band (green) 

From Figure 7-5, the aliasing of high-frequency terms into the required band shows the greatest aliased terms are 
attenuated by 15 dB by the CIC filter. This will introduce some additional noise to the DDM, but the region is óquietô  
without strong signals so 15 dB is adequate isolation. 
 
It can be seen from Figure 7-5, that the pass-band does not have a flat power response. The power response to 
frequency is defined by the performance of the CIC filter, 
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The decimated pass-band bandwidth (32 kHz) has been kept wider than the required band (10 kHz width) so that 
the slope is minimised. The attenuation at the edges of the required band are attenuated by just 0.35 dB. As the 
attenuation (or additional DDM implementation loss) is known, the received power can be scaled in post-
processing as an additional term in the DDM inversion model. 
This decimation greatly reduces the computational complexity of the spectrum estimation. The number of samples 
to process for the 1 ms coherent integration has gone from 16367 down to 32. The discrete Fourier transform is 
then used. It is zero-padding to 64 samples to oversample the DDM and so provide a Doppler resolution of 500 Hz. 
To select the required band, only the centre 20 pixels are used. 
 
This produces the ócoherent DDMô, a number of these are added incoherently (adding I2 + Q2) to average over 
multiple looks, or óincoherent accumulationsô. Nominally 1000 incoherent accumulations are carried out to produce 
a new DDM per channel every 1 second. 
 
The ZTC correlator has some compile-time configurable parameters and other parameters that can be commanded 
without a code upload. The compile time configuration includes: number of DDM channels, number of delay pixels, 
decimation rate, DFT oversampling, number of Doppler pixels selected. Nominal settings are shown in Table 7-1. 
For TDS-1, the nominal configuration is expected to be tuned during the mission alongside the development of the 
retrieval algorithms. The parameters used for the ZTC processor are reported in the L1b metadata. 
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Table 7-1 Nominal Configuration of ZTC processor 

 Value (TDS-1) 

Sample clock rate 16.367 MHz 

Processing clock rate Sample rate x 8   
(130.9 MHz) 

ZTC Channels 4 

Delay Pixels 128 

    Delay resolution 244 ns * 

    Delay extent 31.3 µs * 

Doppler Pixels 20 

    Decimation rate 32 kHz 

    Coherent samples 32 

    Coherent integration time 1 ms 

    DFT samples 64 

    Doppler resolution 500 Hz 

    Doppler extent 10 kHz 

Bit Depth 32 

Output rate (nominal) 1 DDM per sec per chan 

 * Delay resolution configurable by command as (n / Sample rate) where n = 1,2,3...8 
 

7.1.3 Receiver operations 

The receiver will be running with the front-ends operating in Automatic Gain Control (AGC) initially. In this mode the 
gain is changed automatically to keep the signal power spread optimally across the 2-bit ADC. The receiver does 
not monitor the gain of the front-ends. Subsequently the receiver was set to Programmable Gain Mode (PGM) on 
24th April 2015. Following from 17th July 2016 
 
The onboard LNA noise references are for radiometric calibration of the L1b DDM data. 
 
When in programmable gain mode, the calibration loads will be switched in at a rate as follows: 

¶ The zenith load switches in once per 60 minutes for a period of 5 seconds 

¶ The nadir load switches in once per 5 minutes for a duration of 5 seconds. 

A schematic of the operation is given in the following figure: 
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Figure 7-6: Switching operation of load a) DDM Mode (programmable gain), b) Raw data Collection mode   
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8 L0 AND L1A DATA TYPES FROM SPACECRAFT 

The data that comes from the spacecraft is separated into three types of file, as shown in Figure 8-1. From these 
the GNSS-R products are derived. 
 

 
 

Figure 8-1 GNSS-R data types from the spacecraft 

 
Types of data that come from the SGR-ReSI: 
- SBPP (SGR Binary Packet Protocol) which is the standard GNSS positioning output, plus special reflectometry 

status packets 
- High-Speed Interface (HSI), or Science data. This is the output from either the raw data logging, or from the 

Delay Doppler Mapping. 
 
Data that comes from the platform 
- WOD (Whole Orbit Data) files. These include the satellite attitude. The file is in an SSTL format for recording 

telemetry when out-of-view of the ground-station. 
 
Detailed information on the data formats from the SGR-ReSI is recorded in the latest version of SGR-ReSI User 
Manual, but summary information is presented here. 
 

8.1 SBPP 

Much of the Meta data used to accompany the science data will be retrieved from the SBPP SGR-ReSI telemetry. 
The full list of SBPP data types is large and contains many types of data that are not relevant to reflectometry. The 
packet types are not relevant to the data products so are not listed in this manual. 
 

8.2 HSI 

The SGR-ReSI Outputs two kinds of science data from its high speed interface ï Level 0 (Raw) data, and Level 1a 
(ZTC) DDMs. 

8.2.1 Level 0 (Raw) Data Format 

The data recorder produces two types of packets. The first is the Data Recorder Track (DRT) packet that is output 
at the start to indicate the configuration of the module. Subsequently the recorded samples are output in Data 
Recorder (DR) packets. 
 


















































































































