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Why Software Receiver?

0 The rapid development of satellite navigation field

m Each GNSS continues to evolve new navigation signal structures
= More and more new receiver processing algorithms are proposed to adapt to different

application environments

0 Software-Defined Radio (SDR)

= Highly flexible and highly scalable SDR architecture is more responsive to this rapid

development




Software Receilver Concept

Definition of SDR
= SDR is a radio communication system where components that have been
typically implemented in hardware are instead implemented by means of

software on a personal computer or embedded system.

Purposes of SDR

= Move the analog to digital converter (ADC) as close as possible to the
antenna front-end

= All baseband functions are processed in a programmable microprocessor

using software techniques 5



Software Receilver Concept

0 Advantages of SDR
= Lower development costs
= Higher flexibility

= Stronger scalability

= Better portability

= Shorter development cycle




Software Receiver Architectures
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0 GNSS receiver platform comparison

Technology Dev(e:lggtrsnent Performance ConPs(ler\;eprtion Slngcl)eStLSJnlt Flexibility
ASIC -- ++ ++ ++ --
FPGA - ++ + - +

DSP / CPU ++ + /[ ++ +/-- +/- ++

Hybrid FPGA / N +t + i +
CPU
CPU+GPU* ++ ++ -- -- ++

Table 1. GNSS technology comparison, from (++) major advantage to (--) major disadvantage[1].

[1] Hein G, PANy T, WALLNeR S, et al. Platforms for a future GNSS Receiver[J]. Inside GNSS, 2006, 1(2): 56-62.
* This technology was proposed in recent years and is increasingly receiving a lot of attention with the rapid development of 7

GPU parallel acceleration capability.



Software Receiver Trends
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0 Performance Trends

= Flexibility is traded for o.... .y

rate

processing speed
= Trend is more and more

advantageous for SDR

Flexibility

Processing
rate

[1] Dardari D, Falletti E, Luise M. Satellite and terrestrial radio positioning techniques: a signal processing perspective[M].
Academic Press, 2012. 8
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STARX Architecture
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[1] Huang, B., Yao, Z., Guo, F., Deng, S., Cui, X., Lu, M., "STARX -- A GPU Based Multi-System Full-Band Real-Time GNSS Software Receiver,"
Proceedings of the 26th International Technical Meeting of The Satellite Division of the Institute of Navigation (ION GNSS+ 2013), Nashville, TN,
September 2013, pp. 1549-1559. 10



STARX Characteristics

Fully Functional
= Multi-system (BDS, GPS, Galileo, GLONASS, QZSS)

= Full-Band (all of the civil signals from above systems)
SDR Architecture

GPU Based Real-Time Processing

= High-speed parallel signal processing algorithms

Modular Design

11
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STARX: Real-time Software Rece

0 STARXx Demo

L |

LR BIEIECETECIR

@ =izs [S][E](=] | &e=a

@ =E [B@=
SE: 40.00146673° +1.5049m
25 116.33026387° +1.4825m
BE 93.50631102m +34711m 03 06
TNDSsE 26 28 3
E=acps: L1C/A L2C L5 L1c
[ Compass: Bl B2 B3
B Galileo: El E5a  E5b
jmmm Glonass: G1 G2
- ‘ @ cLEmEEIESS Ee =)
GMTEEL: 2015/8/3 8:39:42 ®BE PRN WS BEE HEL 23 BEEXE QIFEXE (FSXKEINE
AL 2015/8/3 16:39:42 1 11 CccBF 095 4308 308242  -1480296.00  -380407.. 41967.23
2 4 CcBF 099 5041 -1920.87 318274200  188440.00 41967.24
3 CCBF 072 3402 -20862 40144400 -152908... 41967.23
4 7  CCBF 087 3809 -318132 1239737.00  -97663.00 41967.23
5 13 CCBF 099 5130 213043 -3361635.00 79242600 41967.24
6 14 CCBF 098 4651 458847 153044300  -7782100 41967.23
7 5 CCBF 099 5123 78115 351076500  -175779.. 41967.24
8 12 CCBF 099 4830 -1937.53 258174600  -10258l.. 41967.23
9 o 0.00 000  0.00 0.00 0.00 0.00
oo 10 o 0.00 000 000 0.00 0.00 0.00
o 1n o 0.00 000 000 0.00 000 0.00 =
e = 12 o 0.00 000 0.0 0.00 0.00 0.00 =

12




Contents

0 The Concept of GNSS Software Receiver
0 STARX: Tsinghua University’'s Software-defined Tunable All-GNSS Receiver

0 Applications of GNSS Software Receliver

13




Software Receiver Applications

Monitoring and Assessment of GNSS Signal Quality

Ana

Ana

ysis and Assessment of GNSS Signal Performance

ysis and Assessment of GNSS Compatibility and Interoperability

Research on GNSS Receiver Algorithm and Prototype Development

Measurement, Evaluation and Calibration of GNSS Signal Simulator

Research and Education

14



TEZ ]

Tsinghua University

Signal Observation and Performance Analysis

Galilleo E1, Eba, E5b

= On May 5 2013, STARX successfully received 4 satellite signals from Galileo system in

Beijing and completed the three-dimensional positioning for the first time in China.
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Signal Observation and Performance Analysis

GPS L2C, L5
= The U.S. Air Force Space Command announced that the GPS would have a live-sky test for
the modernized civil navigation (CNAV) for the first time on June 2013, STARX successfully

captured the L2C and L5 signals and achieved positioning by using each signal alone.
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Signal Observation and Performance Analysis

QZSS L1 C/A, L2C, L5, L1C

m STARX successfully completed 4 satellite signals tracking from QZSS and completed the

message extraction.
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Signal Observation and Performance Analysis

GNSS Joint Positioning on the L1 Frequency

= On May 2013, STARX successfully completed the three-dimensional joint positioning with
GPS L1, QZSS L1 and Galileo E1 for the first time in China.
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Conclusion

Highly flexible and highly scalable SDR architecture is more responsive to the rapid

development of satellite navigation signal structures and processing algorithms

A high-flexibility multi-system full-band real-time GNSS software receiver becomes relatively
easier to be developed by using the GPU parallel acceleration capability on an ordinary

personal computer

There will be more and more common applications of GNSS software receiver because of its

gradually lower cost per unit
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