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Simulating and analyzing the impact of ionospheric scintillation for

BeiDou navigation signals

SUN Pengyue, HUANG Yangbo, TANG Xiaomei, SUN Guangfu
(College of Electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: Due to its accidental, sudden and regional characteristics, the simulation of GNSS navigation signals under ionospheric scintillation

is difficult to be implemented accurately. The ionospheric scintillation time-series generation method based on Gamma distribution and zero-mean

Gaussian distribution was proposed. With the NSS8000, a multi-system navigation signal simulator developed by our department, the hardware

architecture of BeiDou navigation signal simulation under ionospheric scintillation was given. Then based on this, by intermediate frequency signal

sampling and software receiver processing, the impact of ionospheric scintillation on BeiDou receiver tracking loops was analyzed. The results

indicate that the code tracking error can reach 0. 05 chips when the phase scintillation index is 0 and amplitude scintillation index is 0. 9, while the

carrier tracking error can reach 15 degrees when the amplitude scintillation index is O and the phase scintillation index is only 0. 5, which the carrier

tracking loops is almost loss of lock.
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(a) Distribution of signal amplitude scintillation
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(b) Distribution of signal phase scintillation
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Fig. 1  Distribution of signal amplitude and phase

under different ionospheric scintillation
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(a) Statistical distribution of amplitude time-series
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(b) Statistical distribution of phase time-series
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Fig.2 Statistical distribution of simulated
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Fig.3 Simulation architecture of BeiDou signal in

presence of ionospheric scintillation
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AL B i 2 {5 5 0 R R R L A R A
55 2 i i B AR N PR $6 5, 505 Hik
FEAEARW) A, X 58 70 B lE 1 H i J2 I R A o A
Ik
3 RERIRERMERESMT

TEIE BRI B R IN KR RE 0 T ) UAE 1)
HER b XA DA R 5 BT A S SIS B R 20 i
AIPEREREAT 70 M7 o A5 HL B SR IR MR, A A i
EH P (Phase Lock Loop, PLL) #H {3 ¥} 35 4

ﬁ[m-m]%:
U'imzo'i*'o'zr"'o'ésc (7)
Hr, o, WAL INERY T 22, o R 3RS 135
2,0 osc HARIRME S 507 25 A o e T A2
BN FEER . PLL ) 1o 2361 TR 8 .
opy S15° (8)
X 43R Bl GE 5 # ( Delay Lock Loop, DLL)
i, HE AR 2E I 22 N
B.D
T, = ZC;NO( T (IJ/NO) (9)
Hor By ¥R B P AT B8 5 T, 4 AH T B3 I ] 5
D=2d,d JAH XA EIIE; C/N, R {55 8% L.
DLL ) lo Z2I T TFR™ g .
d

UDLLg? (10)

g T PLL il DLL 5 A [ 48 12 o 5 2 4
I SREIE A BB , 0 2L R b S b
FR B SRS LR 3.

R3S RGRENSHIRE

Tab.3 BeiDou software receiver settings

W% PGB AR

HRER PR

AT ;

v i SR e e R

PLL 20 Hz S IEV]REE 3 1 ms

DLL 2 Hz jF*HJF’%H”ﬁ 3 lms 0.5 chip
FeIEEIE STS

Xt PLL BREPEREREAT 2087 , L B 2 AR LI R
PAAEHE 0. 05 ] O HE N0 1 3k Py B8 i i 5 A o
CHE 4 MRS, 233 D9 J0 55 R A LR i R JEE DA
FR(S, =0,0.2,0.5,0.9) , K B AAR AL IN KR 2)
PEATAL A, WA 80 A [a] 5 BE 1 L B9 )2 [N
o BENRE— MR N R S 5 AR AR T min fR)
A5, P R PR A RS 5, JFRE i
{5 IRAT O I SO o i i BRI LAR BEAR
AR S 75 20 Bh ) PLL SEAHER 22 (945
HEZE AT LA 20 A ] i 85 22 DN o i B2 il
PLL fY3REEPERE

R ARG BSRUE PLL B3R EEERE,
AR XS PLL SRR 25 E AT 80T
R AR MEZE . 4 PLL MR P3N
¢ =1e.(1),0.(2), 0 (N) |, I N=60000
RSB HEA R 22 P A B, UL S AR 25 A o
ZEN

STD(¢,) = /}sz @ (k) =g, | (11)



56 ]

PSR, 55 US| LR -5 B2 DRSO S S - 15 -

ot o, AR A . Fe R LR HA 15
BT FE A 9. 548 MHz, 7 305 W28 R LA
Ky 38.192 MHz, DUt =} Bl Jii s TR 5 A,
NSS8000 5401 £ iy B8 J2 R S 5% B L 4.

&4 4t} Bl HmREERAGSEERIZE(PLL)
Tab.4 BeiDou BI signal ionospheric scintillation

parameter ergodic settings ( PLL)

PrEAB] 55K/ min S, o,
1 21 FINHE:0  0:0.05:1
2 21 FINJE0.2 0:0.05: 1
3 21 FEEHR:0.5 0:0.05: 1
4 21 SRINKE:0.9  0:0.05: 1

PLL 3Rtk REDT BLA R ANIET 5 Fri .

40

—-5,~0
——5,70.2

o
— 505

—-5.=0.9 FE( F e

A
e

- 10 251 R
S s

02 03 04 05 06 0.8 1
L (OARPER

1~
w

W
=

oo
w

k!

PLLEMRZAR MR /()
[
=]

P

(=]

K5 A2 INRRSEEE T PLL PERE MY
Fig.5 Performance analysis of PLL under

different ionospheric scintillation
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