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GPS/GNSS Reflectometry

• GNSS-R principle: 
− The reflected signals from GPS/GNSS 

satellites can provide information of Earth’s 
surface for remote sensing applications 

• GNSS-R remote sensing applications
− Ocean: wind speed, sea ice, tsunami, 

hurricane
− Land: soil moisture, glacier, lake

• Space based observations
− UK-DMC (2003) / UK TDS-1 (2014)
− NASA CYGNSS (2016)
− TRITON (2021)
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Common components:
• Propulsion system
• S-band transceiver
• Reaction wheel
• Magnetometer
• Coarse sun sensor
• Magnetic Torquer
• Battery

TGRS Mission PayloadGNSS-R Mission Payload

Triton (FS-7R)
Mission

FS-7 Mission

Triton vs. FS-7 Mission Satellite
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Deployed
Configuration

Stowed
Configuration

GNSS-R High-gain Nadir Antenna H2O2 Propulsion System

GPS Receiver Fiber Optical GyroSolar Array GNSS-R Zenith Antenna

Triton Satellite Configurations
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 Spacecraft key parameters and 
performance：
– Volume (Stowed)：100x120x125 (cm)
– Mass：< 285 kg
– Design life time：5 years
– Mission orbit altitude: circular 550~650 km
– Mission orbit inclination: > 24o (including SSO)

– Attitude control accuracy: better than 0.1 degree  
(3 sigma)

– Attitude knowledge: better than 0.1 degree
(3 sigma)

– Science data storage: > 2 G-bit

Triton Key Parameters and Milestone
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Triton GNSS-R Mission Payload
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GNSS-R Mission Payload Status

 L1/L2 LNA flight model is ready.
– Very high gain: ~33 dB
– Very low noise figure: <1.5 dB
– Gain/noise figure vs. temperature 

profiles will be measured.



This document contains proprietary and controlled information of National Space Organization (NSPO) of Taiwan and shall not be duplicated in whole or in part for any purposes without permission from NSPO. 8

GNSS-R Mission Payload Status (Cont’d)

 L1/L2 Nadir High-Gain Antenna flight model is ready.
 Co-work with domestic organization
 3D antenna gain profile was measured.
 High bore-sight gain: ~14.5 dBic
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2016

2017
2018

2019
2020

• Definition and design of 
GNSS-R prototype

• Antenna gain analysis
• AIDC Flight tests and data 

analysis

• Flight Model is ready
• Integrated and test with Triton 

satellite and satellite test bench
• Flight tests and data analysis
• Level-1 data retrieval

• Definition and design of EM/EQM
• Qualification environmental tests 

were completed.
(EMC, TVAC, Vibration test)

• UAV flight tests
(Data analysis / Link budget 
analysis)

• Galileo reflectometry DDM post-
processing

Prototype

EM/EQM

FM

2021/2022 
on-orbit operation

GNSS-R Mission Payload Status (Cont’d)
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Telemetry 
Frams
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2016
Prototype

2017/2018/2019
EM/EQM/FM

2020/2021
FM

Despite ground tests have 
been conducted to validate the 
GNSS-R prototype, two 
airborne tests have been 
performed to verify the 
functionality of GNSS-R.

During GNSS-R EM/EQM/FM development, 
several UAV flight tests with GNSS-R have 
been performed to verify the following tasks.
 Operation scheduling
 Link Budget Analysis
 Calibration mode operation
 Data validation

GNSS-R Payload Validation Status
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2016
Prototype

GNSS-R Payload Validation Status
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 Wind Speed Truth Values             
• Buoy @ Penghu, wind speed ~ 10.4 m/s
 Wind Speed Observation(Center of Mass)

 Linear Regression Relationships
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2016
Prototype

2017/2018/2019
EM/EQM/FM

GNSS-R Payload Validation Status
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2016
Prototype

2017/2018/2019
EM/EQM/FM

2020/2021
FM

Ongoing Validation Status

UAV AIDC airplane

Gueishan Island, Yi-Lan

Cigu District, Tainan
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Flight Test with AIDC Airplane
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Drifter Observation
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Flight Path & Specular Points Distribution
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PRN 195 (QZSS)
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Preliminary Analysis Results
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