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Abstract Iridium is widely used in low-orbit satellite communication system currently, and its airborne
transceivers have been using in a variety of civil aviation aircraft. Aimed at the problems that the Iridium
satellite system being relatively earlier in design on no consideration of the interference of the newly devel-
oped satellite navigation system, and the airborne electronic environment being more and more complex,
and the threat to Iridium user-link signal being increased, more complete electromagnetic compatibility a-
nalysis is needed, a model of receiving Iridium downlink signal is established. The antenna isolation and bit
error rate under different interferences are analyzed, and the simulation results are verified by experi-
ments. The effects of wideband and narrowband interference with different frequencies and duty cycles on
the quality of downlink signal received by the Iridium airborne equipment are tested, which is in good a-
greement with the simulation. The results show that under the same power level, the influence of wide-
band interference is greater than that of narrowband interference. The impact of different types of wide-

band interference is not much different. The impact of in-band and out-of-band wideband interference is

W EH: 2022-03-21
EETAB: fiasfl¥34(20182667009)
EBEBN: DIRWEA985—), B LR LN BIRTFSE 5L, DR T5 1 A 3 7. E-mail :550147748@qq. com

SIAENX: ZIRE G TH.ETRATHAKENR TR EHERKESH B[] 5FLEAFFH, 2022, 23(5): 51-56. MA Zhen-
vang,SHI Chaohan.,DING Qiao, et al. The Influence of Different Interferences on Received Signals of Iridium Airborne Navigation Equipment
[J]. Journal of Air Force Engineering University, 2022, 23(5); 51-56.



52 TR

2022 4

not much different, but the impact of narrowband interference decreases first and then increases. The im-

pact of pulse interference is positively correlated with the duty cycle.

Key words

Wit 5 AT S L R 1Y K T AL A T AL Y
WEPREE H 2552 2% Iz 4 Bk 18 ST & 48 i A W 58
N B S R DR A RS S AR - =
R WOHIL Y TAE S 3 in s 200 PR b G e % B 4
2 B H O WK B LR A B IUE S AT
T 13043 1 B A i

SCHRL7 14210 1 F1 FH%ZQEEMA 5T S IE ALY
Ji ik R A FET Flss KA SR AL 105 6 X R B 3 15
ST A R 2 R W s SCER L8 4R A
STLARE S SLBMAEGESRNUE ML REKEFS
Je X Horf STL AT 55 43 HE A7 A 8 o DA B 3l 0 43 35 43
B o 2 25 5 SCHRL9 48 3 T Rl Orbeomm Al I-
ridium & A I 50 F 43 22 A5 5 10 452 02 2R 4
Z54 EKE SE9E A SCHRLT0 A RT I, T B2 % & Fn L
Rl s R R A 7 TN R R I AR BB UE AT T
AT 05 HAL AR G AT 7O L SCERCTT 48
— B B B S i A2 ST I Bk O X L
T AT S AR S 0 o8 B SCERC 12 I R R
THE X B R EATEE B 7 AR A AT R T R 2K, OF
FH Matlab fjj 5 TR B TR IR LR,

DL b SCHR ST T R Bk AL S B E A 1 U7
T VBR B AUTE RE 09 43 A ST TR SRE B AL AL S BT
T EATEEE A RCT PR H IR G LB R A
FECEE B B BT TS O PR OAS SCVRAS T 2 P 2R
WA TATE T Z 2R R T ARG R, Eat
B 5 2 A B R W AR R, R BTN
Ll R 0 T X U S B S e IR AT T R
FI

1 EisEM

1.1 REE

FEWCZR GE BT 52 00 S AT 40 32 2 QR4 B 2E L B
JE 3 i, AT P ok R LR G i AL, FAEE
FGEA A T 4K B AT 05 5 09 52 W R, 75 60 8 AR R
BILA8 TR e X AN [ 1 4 0 3 W 7 52, PRI Ot i S 20 i R
2 ] o 125 12

W RN A BB oK R VA AR 3
Fior =0 B ST R AR R e e o B A] AT KT
b BB TR R,

TIAERBAL L 1, TWAF 5 & 5T BT 3

Iridium signal; airborne navigation; wideband interference; narrowband interference

Ui 1128 A S B TE L A B R R G R I R =S LR
g A2 B Ik R £ HE AR W R L R IR

____________________________________

1
[ 7wt
1
1

HIRA LI Y ek s
| 1 P 1
|mm|-»| EE‘?%ZE | | I R 5 Hfﬁqﬁtml

__________________

BT R A
AT LB B 1 I3 W 500 A5« PR K 4k e 11 Bl
TFREAXA .
Pe=P —P,=L+L,—D, —D, (D
A PR P43l by S BIL ORI B2 WA HIL i 11 B 1 Bl
AT L 45 AE , iU A {E 3 dB; D, Al
D, 53 H R R EGEL Tr Il 45 H ¥ z5: L, A
25 (A A% S 45 FE .
L, = 32.45+ 20lg F + 20lg D (2)
A F o TAESR . MHz; D LR 2 . km,
PR LPRBEAL B R IR, UL 2 m (% 4 1
WO RZF I 4 m A8 m DL WREE NG B9 5 b BE B
AR O 5 AR B A L A P A I B L R [
1614~1 626 MHz,
NS/ Wi K
Pe =— 3.2+ 201g(FD) (3)
AR 1,
#1 RERBERLHHEME

__________________

N [s) 18] B PR 6 G 8 2 /B

B % /MHz
2 m 4 m 8 m
1614 66.978 72.999 79.020
1616 66.989 73.010 79.031
1618 67.000 73.021 79. 041
1620 67.011 73.032 79.052
1622 67.022 73.042 79.063
1 624 67.032 73.053 79.074
1626 67.043 73.064 79.084

1.2 REXR
BORL R AT BE S AL 90 ms B9 R K AR 5.
2.6 ms G Tl 85 15 5 . BPSK 8 i il 7. 7 . QPSK
A ) S A5 L 2 . LR AL B s <O 50 kbps.,
[ERex: 1D R
s() = Ab(t —Dexp(w 1) +n() (4)
A 0o g G EAE S R 333, 8 WLAE S 1 023 ws



5 530

ChyREE % R R T P X R R AL BT A A UM S R T 53

R A5 A 5 BB W I B 2 A
n()k AWGN,

A ST 9 L AT G 4 0 1 % 3K
K

Q - PE]RP - 10lg(KT()) _L - N»/ (5)
N

FH s Pre M R0 A R ST D) 3 G IR E Y
Witk T MW ARG M RE K PR 2% 25 8.

NG T W ERE - 1 LA S 7ba Wa il R
&—;)m - <C/1N0 +{§> (6)
AR P E %R, ULE S 1. 023 Mbit/s;j/s
FE s Q APt i R Kk

QPSK il T 155 B iRGR

P.=1—(—erfe /Seu/2)" (7

ML R 45 10 S B T AR IR BE L kb T [7) 45 F1 41
WA A 5 0 LR i A K I AN IR AT A T ) R
LI B E S 8 i 7 20 A2 #5 BPSK., QPSK 4%, [H it
FBZ G TEH TS TP T Bl 1% 15 5 0
e, — M5, THXES Mm-S YR HE
B8 EAH G BRSP4 P 3 28 4 A e A5 AN (8] O )
e ok 15 g A ]

(

2 fhEEK

2.1 RREEMER

PR RL TAEE L Y B, 225 &
SRS AR T AR 5 DRI R A 1L O Bt R 4k
SRy R A i KRR DR R B W« AT R A

PALSAER N ER L2 m &R V. R
SEBRAT AL S K2, 7 HEFSS wrgdt a7 KR AT, L
K2, LJBOR 2 R B2 8540 . 1E 7 TE W i K
22,5 e BRI TAR SN GE R 4 em KE R
3 cm M1 6 em AY L, S BB AR A B4 KL Arlon
ADAS0 , AH XS /i HL B £k 4.5, R H [R) b 28 5 | L 5t
HEEXSALBEERL 6.7 cm &b, IFLER N 3
em, PYREKFCE . 7 FLI S 028 R O 4 R
i AR AT RN 1 mW 58 R A Sk R
Interpolating 3R fi# 2% . #5FUAE 3.

zZ

0 1e+0003 2e+003(mm)
(DL B R () 5 B R 3

B2 LR AL K I B

80
9t

77+

76 —&— L=8m
75+
741
73F *
721
71F
701
69
68
67
1612.5 1617.5 1622.5 1627.5
fIMHz

I3 BB O P4k

AT LA H o TR 2R ] 1 Bl B9 8 52 31 K 4% I A
XL AT SR T PR R A R A S

] —BE BT 7 N T e 00 400 3 Bl A X Bl 5 s
M AR /N RS T A5 5 M 3 b i A B 22 S 5 (A B
PR BN B B N2y 6 dB, 5 g5 B — 3 A
ERIE e N = NS G N i P S D e B R
FAR S Bk,
2.2 RIEEXNHE

BB AT BE BT 5 1 A5 R R A Wit AR R 7 DL R
4, ZREGE TGRS R F S  BPSK 8
M7 R 2 DQPSK 8 il i B 45 8 =43 . Bl
K DQPSK il , 5 28 BPSK J# il #Y 1k 37 7 41
B BRI RBZUE VLAY BRI 2.6 ms (9 TC A
WS e DA, 554 R AR IR
BIL B A TR B S8 30 R MR A 5 70 A, e 2
Sy [ OB, O S 28 K S FR R D8 R B R RO
MES . WS EE 2 FE AR 55
T TS5 iR E R AR ILA 5,

S, [/dB

JUH | Bpsk | DQPSK
TETE | ghrs | i
one

ﬁ

DQPSK BPSK | | wgsigenz 2.6ms A
Fefnfa B b VA 1o g 4% e T —>%Eﬁ_%

(25ksps) plIRvAS S P ES
4 ERE P FATHERRE 545

x2 BUEEBSSH

KSR HUE
Bl ML BB SR AT 5 3 3/ ksps 25
S5 R I8 I s TR R AR B 0.4
£ [ 4R 5T D) %/ dBW —4~9
K2k 1 25 /dBic 2.5~17

A 25 ] 5/ dB 167. 38




54 ZRETRRRS

2022 4

25
20
e 15
=
m 10
5
0 L L L L L L L L
0.1 02 03 04 05 06 07 08 09 1.0
Uiy a
(a) RIF] ki 25 1 F BPSK T4 i 1545 %
10
9 —=— BPSK Tl
g —o— M T4k
—a— TR
7
6
N [
E 5
24
3
2
1
O " " " " " J
1570 1580 1590 1600 1610 1620 1630

fIMHz
(D RFEBIZTF 3 F TP iR (s %
B 5 R A5 R 1 B4

[ LLE W Bk b BPSK T4 F UG 5 iR G
e Y 7 W el A B ) N T(T ) G e S B B s DN
M 75 TP A BPSK - H % 822U A5 5 19 5% il A2 B LT
— 8, HABAE 5. 3% ~5. 5% Z 8] ; % 4 A1 78 4 T 48
XG5 AR S TR T . T S4A
MG S MESBREA X, A RSN B T X
WA 5 1 52 i) Bl A5 R AR AL B B, fF 1 618 MHz,
1626 MHz B30 55 5 K, 76 1 615 MHz B /)y,
B S R IE R BN 7.126.9.1%6.5%.,

3 LEAHE

3.1 RBEBEEIRAR

STUGHE [ UL R 6. 7RSI M AA i SO A
DL L B R ERAE Ry & 5 i o B R R SR A O 22 W o
PR E T 4R A4 bl 2R 20 5 15 5 U
B, [ EAE SR D) AR 1F S R A R K £ TR
FE L 8 A3 S BT AR BRI R

_________________

e s ELIEY

__________________

3.2 RBEXRAE
S HE [ DL PR 7 S A L P 8 L S G B A Y
TR 3. TR W Hu i A SIS 6 L 0 £ g A

FEJF JE 2 A B VR A8 D380 T P01 8 2 A5 5 I
FEAY A R B A 4R o T SR 3 O T A B T R AR R
A ZS I B B . R T ATE S AR ENLECR
L B ARBUS 6 ARG 25 00 B i . TR S i 5
TR Tk ARG v . B R PL A A R TR
s o 1IN DA R PR . (RS TR R
£ 35 AT A 1 575 MHz,1 614 MHz.1 615 MHz,
DL 1 616~1 626 MHz 5 0Mits5. TP
ALFE v TP (BPSK Hl M 7)) A8 4y T4 (R
55,

/ #eERE

SMA SMA

Pl | LR

it il

s s
EEm |
B 7 $iTiEsLmiE R
I R
RO

ol

|

(b) e B R 26 RS 04 B 52 2

U Lf. ;

() HLEER B W R B

() 5137 L B 53¢

(DK R
A8 SEH i s Ko7 AR
x3 ZIHEEMES

B A& 4 FR ] R AMALS
HLA R A R4k comant
A DTO-600
RBESRER Agilent N5182A
VT IE 1 3 50 Q
B4k B ke & Bl ICS-120B
IR 43 BT A KeysightN9914B
&I AR (R IREN R R i)

VAR 5 1 32 T P0NE D I R 2 HOGE oRL
F18 O B PR BE A A » — i T % 8 5 36 A R T R e R ik
FEAEHET o BRAMER T L SR FR 04 5 e ML P B 8
PRI T TQ AN H i AR A G

Al RTCA DO-262E I fir il LS %, i



5 530

BT YLDy A S SRR I A R 3 WORIL A R A 1 AR
LR AR A R DL 220 o U R BR S R AE R
K I UL U AL P25 B . AN SR A [N
R R RAE AR AL A U 0 R R L B AL 7 S UR
RS Bl 38 15 b 1

4 X5

4.1 REEMK

WA R EE S E %R 0 dBm, W 58
1 kHz, 76 AN [R5 AU IR B BE B, 30 SR A% 43 BT A
REL, REBEH IR 115 m, &)@ EAE 1.2 m,
e 2.1 dB,

4.1.1 ZEEXT
S5 A L A5 R LA 9,
7 - [=2m, S
72 -0 L=2m. fjj 1L
70 —— L=4m, 5l
68 - L=4m i &
——————0——— 90— e~ [=8m, 5}l
66 o~ L=8m, {jj L
2 o4 - T—— T/
o 62
60
58 ‘__*'/,/4‘~\\\\’_’__,_—0——44
56

52 . . .
1612.51615.0 1617.5 1620.0 1622.5 1625.0 1627.5
f/MHz

O B BE i 07 205 S % L

4.1.2 ZERH M

A [ B 00238 25 0 TRl 25 i 2 [ P ) 4
7T 348 K 5 2 R [ % [R) B 25 T Rl 85 5 o 000 3 ) 4
T A, AR AR ] R R T R R TR A S
TH0 T BB 22 5 R KL BB R K 4R X e B A W
TR
4.2 Gk

WA B A AR AP S ek A L E R
SR PE S R BPSK AR 1 615 MHz %5
2 4,08 Msps. M@ 16 dBm; ik vh & S ] 1 s, 47
G IKTE A 100 ms, W8 G 2 L Al R i &
W5 I 0 I8 2 Ak, G0 % 8 G P . B U o
1.6 dB, #5403l % 520 32. 7 dB,
4.2.1 25T

SN 5 B He g SR LA 10,
4.2.2 HERSM

Jik oh BPSK T HAEA[H] 4 25 LR S AN fm] . Bl
o7 25 LGS PR B e B B L R
RN, TREH ™ E, YHEHKRTF 0.4 /iR
RN e KA R 18. 1%,

IRV S AN [R] T XT B B AL i A B R S Y R 55
201
—o— Sl
—a— i F
15F
N 101
2
m
5.
ot

0.0 02 04 06 08 1.0
Ry

BIL0 b 28 e/ Ak i 07 25 S0k L

4.3 HmFHNK
4.3.1  BEAE TP

D A A R e SR & BB
SR kb R A 10 s kTN 2 s i TR
16 dBm MRARZUEDE A5 R AL 0. 5, 43 B E A [E
DI 55 Z BPSK T4 FIAS [R] /oL B R 45 58
B e MRS T4, AR R &R 5 IR R
B 0o ETE i . EOE B AR IAE 1.7 dBLAR S K
AL 32.9 dB,
4.3.2 A T

HRRAITREF SR AESRN RS FES.
DA 16 dBm., i HTBK B B 4 4k 5 JF 6 FR 4l
B, 0 S G A
4.3.3 HEEXTE

S5 4 A H A SR LA 1T

01— spagr i, e
-0 L D
—o— TS, ST
8O- AN LT E
—e— BPSKT-4Ji, 51l
—-O- BPSK- T4, /i 1

X 00]& *

2 6 l

o 1
4t
2 L L L L L L L L . . . )
1570 1580 1590 1600 1610 1620 1630

/1 MHz
BIL AN TE T30 05 15 S X b

4.3.4 g5

NGESEN i R RO R G ERERINE A Bl
ol HAR R R 6. 3% ~6.5% ., &ia AR, iR
15 N AE T FA R 5 0005 o B A5 3 i R A 3k 3
IRt o A PRI I 1Y 98 Al T X 4 WA 5 10 B2
S|

=

A LR BRAF AR W /N T A T Al A
BT TP ALY R A R AR O ST B e BT
TR 5 TP R A5G D I I L R i R A



56 BETR

2022 4

BB U R AR A A 5 D 0% 0 (L R i
R ity BT PR B5CR) (EL B DN
4.5 MiKAEiE

S I O s 1176 s A s 1 i A i S
Ao il T I R A A R A I R B R
JEAR AL BRE | LR B B R G A o S
BB [R] AE L RLGEI_E iR o0 Hr 45 B

2345 BB 23 BT RIS I 45 5 L % FE AR [R] o 25 L L0
FP BT PO T A7 6 B A S R AR R B R )
A B AR [R) 3K T S sl 40 b 28 T P
A5 W) B Y S 5 A T o 288 Y 9 1 0 A R ) 22
S AN K s AR S B8 B8 A1 T 0 I Y R I 22 S AN
R B 5 A0 M B ST /0N i 38 0 s ok o 4L
XRS5 1R R 5 1 2 L IEAR G

5 451

A SO TRE A A BEIEAG T K R L % T AT
HERRAS T BPT TR PERE L JFREAT 7L, WS
ATRES B RS G (RS RE O KR BIL B K HLIY
RGP it iRt — € 2% . Jagiinfedt T AL
L A5 38 K B L S 1

2% Uk

[1] SPARAVALO M, YAVISYA V, LYSENKO A, et
al. Approach to Building a National Satellite Commu-
nications System [ C]//2019 International Conference
on Information and Telecommunication Technologies
and Radio Electronics (UkrMiCo). Odessa, Ukraine:
IEEE, 2019. 1-3.

WA BRRUE, B, S5 28K GNSS R T (F
SURERRR ] S E TR AARRE
i, 2017, 18(1) . 76-80.

ISKANDAR M H, SURYANEGARA M. The Pulse
Duration Effect to ADS-B Via Satellite Reception:
Comparison Analysis of Iridium and Globalstar[ C]//

[2]

[3]

2016 22nd Asia-Pacific Conference on Communications
CAPCC). IEEE, 2016.
586-590.

BENZERROUK H, NGUYEN Q. FANG X X, et al.
Alternative PNT Based on Iridium Next LEO Satel-

Yogyakarta, Indonesia:

[4]

lites Doppler/INS Integrated Navigation System[ C]//
2019 26th Saint Petersburg International Conference
on Integrated Navigation Systems (ICINS). St Peters-
burg, Russia: IEEE, 2019. 1-10.

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

XU S J, TINGTING L. Design and Application of I-
ridium Satellite Radome for Smart Float Communica-
tion[ C]//2020 Information Communication Technolo-
gies Conference (ICTC). China: IEEE,
2020 226-230.

B, AR, WA, S 200 GNSS LA F 5%
PRI RE A AT L) ). S E TR R =i BAFR
R, 2015, 16(6): 32-37.

ZELLE:, WE . AW, A EETERENSE SN
FERCARLT ] b HUML 2 A K R 2722 4, 2019, 45(9) .
1691-1699.

IVET. B —EhETRESRMESIB I SI3 HF
S AELCT// dbat: PRHEEGHCRE AR A A,
2020 7.

ORABI M, KHALIFE J, KASSAS Z M. Opportunis-
tic Navigation with Doppler Measurements from Iridi-
um Next and Orbcomm LEQO Satellites [ C]//2021
IEEE Aerospace Conference (50100). Big Sky, MT,
USA: IEEE, 2021. 1-9.

FAN S Y, ZHAO L J. XIAO W ], et al. Perform-

Nanjing,

ance Analysis and Simulation of Iridium Navigation
Satellite Based on STK[C]// 2012 Second Internation-
al Workshop on Earth Observation and Remote Sens-
ing Applications. Shanghai, China: IEEE, 2012.
291-295.
HEEF. FEb. 1, & ETHREREGFTNS
MEMBARYI )] 2 EM R G, 2021, 46(2);
77-85.
R, Fndk. MEMPTREEFRS LTHEEHKMW
THAFIEI]. MAMEF TR, 2014, 34(9): 59-61.
For. Pl RLREEGES ] B A,
2012, 52(8): 1383-1386.
CHOWDHURY M R. Shahriar, Mitigation of Inter-
ference From Iridium Satellites By Parametric Estima-
tion and Subtraction[ D]. Blacksburg VA Virginia Pol-
ytechnic Institute and State University,2006(12): 22.
PR, B, BRTGR, F W S kb T T
BSMUE B (1], 2 R0E M Rg, 2021,
46(1): 50-56.
XIHFF, sk H . b BWILE T T i ReBE R
(1. HEHLRLE, 2017, 44(2): 163-166.
XUEAE, EHES. db3k o i ek 55 Pl B & S K
L Bk B e A AT LT B EOR S TR,
2021, 21(10): 4103-4109.
JSRFE, EoE M. FR G0 R) LR e A TR A B0 Ty R A Y
(1], W24, 2018, 34(S2) . 422-425.

(% % . WeATIE)



