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Evil Waveform Evaluating Method for New GNSS Signals
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Abstract: The waveform characteristics of the navigation signals of Global Navigation Satellite Systems
(GNSSs) will be of vital importance for signal quality, which plays an imperative and direct role in achieving
high performance of GNSS services. These traditional methods for evaluating evil waveforms mainly deal with
the amplitude and width of simple modulated signals such as Phase Shift Keying (PSK) signals. However, no
research is done on the influences of waveform asymmetry on tracking errors and ranging errors. Based on the
traditional thread models, such as Thread Model A (TMA), Thread Model B (TMB) and Thread Model C
(TMC), adopted by International Civil Aviation Organization (ICAQO), this paper provides a new extended
general thread model suitable for new Binary Offset Carrier (BOC) modulated signals. Then a new evil
waveform analysis method, Waveform Rising and Falling Edge Symmetry (WRaFES) Method, is proposed. The
effects of WRaFES model are analyzed in detail in terms of time domain, correlation peak and S curve bias.
Finally, by taking the B1Cd signal of the first modernized BeiDou navigation satellite System (BDS)
experimental satellite named M1-S as an example, tested results of WRaFES model and correlation curves are
shown in detail. Results show that the proposed methods could be able to analyze the asymmetry of signal
deformation and its impact on ranging performance with high accuracy. The research brings about a new

reference for new satellite navigation signal evaluation and signal system optimized design. In addition, it can
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provide valuable suggestions and technical supports for GNSS users to choose reasonable receivers’ correlator

spacing.
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1024 B 7 5

o

=]

2 %

A1 %

SEHCTIEAT R AT, IO ZE T I A
B IR BIC A B Y LR, AT
B e 4 S DX AR 22, 035 5
PR, SRR TR B R T4 R 2

5 TR B AT A LA % T4
X PR L BN, I 5 AR — 18
BB A IFV % G R D PR T2 S
SHPEFNSH. BN, BRI ASQMEH
(0 BRI S BRI e, WA LAAE SR £
AR O B R 9], e
B 55 A R A
Bt

P S L S A S RS I3 5 8
TR TAR, B AP SHOAR W A
SR SON A SRRt 05 I B

& F x|

(1] BREJI, B, %K. TDDM-BOCIS S 44T 5l 1 {5 B 7

BB fliiH[J]. BT51E 5, 2016, 38(11): 2760-2766. doi:
10.11999/JEIT160042.
CHEN Changchuan, ZHOU Yang, and ZHANG Tiangi.
Blind estimation of the combination code sequence and
information sequence for TDDM-BOC signal[J]. Journal of
Electronics & Information Technology, 2016, 38(11):
2760-2766. doi: 10.11999/JEIT160042.

[2] EDGAR C, CZOPEK F, and BARKER L B. A cooperative
anomaly resolution on PRN-19[C]. Proceedings of 1999
Institute of Navigation GPS, Nashville, Tennessee, USA,
1999: 2269-2271.

(3] BUSHE, FOBR, SRR, 45 GNSS UG 5 B2 = A= L A
WM RE R AT [)]). R LRESHETFEAR, 2015, 37(7):
1611-1620. doi: 10.3969/j.issn.1001-506X.2015.07.22.

HE Chengyan, GUO Ji, LU Xiaochun, et al. Generation

mechanisms of GNSS navigation signal distortions and
influence on ranging performance[J]. Systems Engineering
and Electronics, 2015, 37(7): 1611-1620. doi: 10.3969/
j-issn.1001-506X.2015.07.22.

[4] PHELTS R E. Multicorrelator techniques for robust
mitigation of threats to GPS signal quality[D]. [Ph.D.
dissertation], Stanford University, 2001: 1-345.

[5) FONTANELLA D, PAONNI M, and EISSFELLER B. A
novel evil waveforms threat model for new generation GNSS
signals: theoretical analysis and performance|[C]. Proceedings
of the 20105th ESA Workshop on Satellite Navigation
Technologies and European Workshop on GNSS Signals and
Signal Processing, Noordwijk, Netherlands, 2010: 1-8. doi:
10.1109/NAVITEC.2010.5708037.

[6) MISRA P and ENGE P. Global Positioning System: Signals,
Measurements, and Performance[M]. 2nd ed. Lincoln, MA,
Ganga-Jamuna Press, 2006: 1125-1134.

[7] JAHROMI A J, BROUMANDAN A, DANESHMAND S, et
al. Galileo signal authenticity verification using signal quality
monitoring methods[C]. Proceedings of 2016 International
Conference on Localization and GNSS, Barcelona, Spain,
2016: 1-8. doi: 10.1109/ICL-GNSS.2016.7533684.

(8] BREHE. GNSSZE[HF ‘5 5T & pF Ak 77 VA B 7¢ S BE A e 2 43

(D). [ 3], s ERGCR, 2013: 1-205.

HE Chengyan. Research on evaluation methods of GNSS
signal quality and the influence of GNSS signal on ranging
performance[D]. [Ph.D. dissertation]|, University of Chinese
Academy of Sciences, 2013: 1-205.

Rt 2o, 198644, RIWFFOL, WL, WFARITRAN TR

SHUE SRR 55 TR IS

L, 19704EAE, BRFCR, BT IR LR SUE AL R ik

TR .

95, 1955545, BEFLHR, W7 R RSCIIN . HimiRz

. SMARGEUE.

s

b

;b


http://dx.doi.org/10.11999/JEIT160042
http://dx.doi.org/10.11999/JEIT160042
http://dx.doi.org/10.11999/JEIT160042
http://dx.doi.org/10.3969/j.issn.1001-506X.2015.07.22
http://dx.doi.org/10.3969/j.issn.1001-506X.2015.07.22
http://dx.doi.org/10.3969/j.issn.1001-506X.2015.07.22
http://dx.doi.org/10.3969/j.issn.1001-506X.2015.07.22
http://dx.doi.org/10.1109/NAVITEC.2010.5708037
http://dx.doi.org/10.1109/ICL-GNSS.2016.7533684
http://dx.doi.org/10.11999/JEIT160042
http://dx.doi.org/10.11999/JEIT160042
http://dx.doi.org/10.11999/JEIT160042
http://dx.doi.org/10.3969/j.issn.1001-506X.2015.07.22
http://dx.doi.org/10.3969/j.issn.1001-506X.2015.07.22
http://dx.doi.org/10.3969/j.issn.1001-506X.2015.07.22
http://dx.doi.org/10.3969/j.issn.1001-506X.2015.07.22
http://dx.doi.org/10.1109/NAVITEC.2010.5708037
http://dx.doi.org/10.1109/ICL-GNSS.2016.7533684
http://dx.doi.org/10.11999/JEIT160042
http://dx.doi.org/10.11999/JEIT160042
http://dx.doi.org/10.11999/JEIT160042
http://dx.doi.org/10.3969/j.issn.1001-506X.2015.07.22
http://dx.doi.org/10.3969/j.issn.1001-506X.2015.07.22
http://dx.doi.org/10.3969/j.issn.1001-506X.2015.07.22
http://dx.doi.org/10.3969/j.issn.1001-506X.2015.07.22
http://dx.doi.org/10.1109/NAVITEC.2010.5708037
http://dx.doi.org/10.1109/ICL-GNSS.2016.7533684

