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Abstract: In order to solve the problem of positioning errors caused by spoofing to the satellite navigation signals,a
spoofing detection and elimination method based on antenna array is proposed. The carrier phase double difference measure-
ment value of the receiving antenna array is used as the basis for interference detection. The direction vector of the spoofing
is obtained by the single difference measurement value of the carrier phase. A method for improving the precision of the
spoofing’ s direction is proposed too. The orthogonal vector is used to form a nulling in the direction of spoofing. By adjus-
ting the beam direction, the array gain is formed in the direction of the signal to be measured, so as to achieve the purpose of
resisting interference and enhancing the navigation signal at the same time. Using this method can effectively identify and e-

liminate the spoofing in the navigation signal, which is suitable for aircraft navigation in complex environment.

Key words: navigation ; spoofing ;beam forming ;antenna array ;carrier phase

1 5|8

TSR G RAT A TR G800 B A AT
G, El e D B B A8 R A7 Py S B LA
BMHRE. 75 AT AR AT 55 B0 A o, s ] A7 AR X
SFME TR AT IRE 5 BT 8 AR W
KRB AP 5, 2 SR e i X A XL, T
il TR R I 2105 5 78 LR SAUE 5 A B N
PEAT T, (RO ICHE HEAT A€ 7. BEXF A T4, 26T
I ] 2 R R ) s a8 ARk T LA ST B LR
UL W v WSl v = B Gt oY 4 LRI R S N R

Wk H 391 :2016-09-05 5 & (8] H 1] :2017-08-23 s 5TAE S i - Th 223

s TR R B DRSNS, e SR
FEMOHL T 3 P B s % ot A 57 5 380 %) 00 B8 15 8 A i,
7 BB TR 1 7 07 245 % 3 O =X T4 19 % 5 ol SR ARAIG,
SR T IR W TR S UE SRS S, st T UG
PEWCHLZE MR Y 5 B b G SR R 5 5 R AT 40 3R IR . 7
FIRR A, W0 =X A T Yo ROR 2 b s i X T
Pehr.

PL GPS S 2 48 o 1, 309 =X 1 403 % | T3 bl
L — REHAT RS, R F TG s 24
TS R GPS {55, H SR R FIEH GPS (55,
(HRBAEME K2 R, RAT AR N GPS R 17 S0t



366 i, F

EE ¢ 2018 4F

N2 85 R B, 35 9 X T P02 5k AR 8 RN
TR DRI 7E PR AT 12 MM B8 N 2 20 % 5 3o 4 O
20 G I R . R K T A O 4 B FE AT 5
WATRZ , Mark 2 N SR FHRUR 42 R v 52 9 1 %K
YU T A5 5 ORI, WK 26 7 7 3 B FH A K4k
FER I AH A 22, 3 3 X T A5 5 J7 6 W i 2 SE BT 30
R, (2 LR A 0, 6 445 5 O 1) B A TR
FEA R, I HL el T o A A S BRI B DL S X T
D7 Tl RGN , 5 2 B A . Paul 25 A7t 3 T XUR 28 114
AR AR A 22 52 B X 0 B 5T e A A . R R
R XU M 14 72 A 47 00 45 00 2 75 A7 76 T4, 20 TG vk b
T AT E A5 W R Saeed % AR T RIS K
LRI T IR =X PG 1 ARG 0 G T 1, 38 U R A B
KL B IAIH B 193 =X 40, IFFE BB A5 5 5 1B W
g (R TR B 7 R A

TR0 R S B B B T P A A D, B R
2 11 SI2 801 0 T R0 U %) A7, ) s 52 B T A5 5
AT I, AR SR T — RS TR AT R A L T R R
RER 5 52 B0 3 s =X 0 A e D0 R0 0 o B T vk, 1O
T o OB R 2 % 0 i =T R R AT R I, I DU T
Heln), 22 ) 8 A A8 1E A F R LRI A 1 T4 O ) R i
RIS 2R 5 00 s 30 3 2 T B ) B L, B R T TR
TH G I BE A5 5 0 I A8 iR 50 B R 2 1 2 X 48
AT AR FE ). T AN A R RO B i
T A0 SR ) HEAT R s TR Iy TR
CINYE = i TSN E=¢ - A N E X R SR E e

2 FTEMITHREER

B 1 B R T BT B S 13 MR T
RE AL TROHRESH G Foti(i=1,,6) %)
IATEUZ ot r IELG, B8 R IR A b 21k
55 LA GPS {551 L1 P A B, RS R L AL B P
FHARFETTRITRIEE R /N T 3B Ay 1 —F, BT EZR R
<A /2 SEREAE P AR M4 o0 Z 18] 1 B AR 6 2 25 A
I — RS LR SR R o

Bl 1 ORI TP Ry
BAMEIE 3-r-6 (107 1 57 X i, 5 L6 W 91 [l — -

T3 B 7 ) R Y A, 5O A ) B Z
Bh T AR AR AR R L BT r TR B O A bR RS X T
s 7 B TolR R UL, AN B S B OT r AT R IT « A
EXMEMKAENG =(i-1)n/3,(i=1,-,6).
IHEBAS G SIS, WREAS H S5 SH 8RR X
e (i) R 6,,(0<6, <2m) , FHAF 5
SHMER R XrY - I (IR ) b e,, (0<6, <
w/2) IAMETC i 55 BTG r AN IER JE: Ag,, =
21mRcos(0,) [cos(6, —0,) J/A. M ASHE S F , MiE S
MG R I RN a(0,,0,) =[1 e ]

X F R M TeHE R GPS {55 1 AR o7 L i
M5, A5 5 09 20 A A8, 85 Hpl
H BRI = & FP iR 22, X iR 22 & 5 E AL 1R
ZHN R 2. R, d 2L o Oh 65 R 2 F 28k
[5)25 J5 , i 3] A 28 6t R A7 W0 4 L 2 52 B 28 5 A
DL B/ INERASE , S B 19 280 0 AR 62 B L — A & A B
JIE ) 2 e B, B T 1 BB AR 7 i T (o

- %( d+Ad +cAr, - cAr. +cAy,

+cAy, —cAy, +cAy,) -N+e (1)

o, SRy SEEPE AR AL FWLIAE , A 15 5 1B I
d AREBI TR, Ad FAL L EMEDRZE ¢ N
ML R DG G R BE , Ar, Ry HCHLIN Bl 55 GPS I 43 1 52
% Ar, WAL DA S GPS BBl iR 2%, Ay, Ik
BLHE S e R () RE IR 2 22 , Ay, S Wi )= 51k 1) 1R
25, Ay, W EZGIRIIR2ZE Ay, HE2RRE,N R
P BAH AR 1) R JR L, & DAy ) £ Mg

WNARSE 27 B0 r FFETC @ XSS 5 217 W0
T, X6F [7) — 435 5 P58 18 A I TG ) 288 3 A 7 ) 1 1Y 2
TERR Ry 525, 6 AN [A) A5 5 T8 0% T A 0 2 480 00 D)+ 1Y)
FZEAEFR A WL ZE.

BT LA X TFAR 505 m, AR B 2506

Ad; =d; -,

=%<d? YA +cAr,; —cAr.: +cy, ;

+cAy,i —cAy,i +cAy, i) —-N +&]

—%(d,m +Ad" +cAT, . —cAT, +cAy,,

+CA'y[7 —cAyi"r, +cA'ym"r,) +N" =-g" (2)
SWEH) R AN T Z (8] 1 B 25 A0 Eb s, B 51 R £k
BAPECZ A BB AR /N, B, X 6 — {5 S I &,
AT DATA R KR A B 0 388 AR A I 0 v ) 1
BRZE X UL 2 1R 25 R L B )2 158 25 S AR A 1Y, 1T EL X T [+
— (SR, AR —80.
[, Ay 1 R AIG 5 22, 15 1 [] 98 4 O L% 4% FE e i)



o2 M HEARAE 8 R MY X AT A5 5 D5kt 367

fH T RE, RAK BT E YA RKETLE, &1
[ B BR IR ADC SR A SR 5 RER AR J5 i B e i A 7 b 2
BTG I 1 R 4R B b — B i X 2 T B KRR
ORAEE T RN B B 2R R R IR 2E A A, 2 R T
4 WO FOARAR | E— 2 0 R 45 3 2 ) ) 32R 2.
PR, AT LA Ry AS ) B 6 1 45 DL B 22 G 5 R AE IR
BRZE AN Y. BT IO R 1 B IR, 2 2% Mt
r FIRETC @ 22 18] 8 Rl RSO BE S 2. [m] IR, X 3 RAT e
B, BT AT R A, e A TR S R Z ]
SRR 22 4% 5 R 1R 22 W] LA Z2 W%, BT LA 22
AT DA -
AP =d/A +¢&);
=2mRcos(9,)[cos(0,-6,) ]/\ + &
=2mR[ cos(6,)cos(8,)cos(8,)
+cos(@,)sin(0,)sin(0,) ]/A + &, (3)
3 EHRXTFHESHEN
AR 2 1) TC AR K £ I 9 14 O 1) % i O AR
A BT AR AL IR, 7T LASK H i 25 AN BT
SZHIETC r B BGARAL A 2S00, JETTA% 2 0] i A" =
[AG) - A", Bty it x = [, ] =
[cos(8,)cos(B,) cos(8,)sin(0,)]" 1557
A" =Ax + " (4)
Hr,e" = [ &) ey ) RIS 22 0] i, REHEE A
A JFH.:

_2mR

A

cos(6,) sin(0,)
- ] )

cos(6;) sin(6,)
N TR ZE RN, AT A KA G(x) = Ax - Af",
Fh e/ ek, T AR A
x=[x x,]"=(A"A) "A'Af" (6)
MR A 6, 16, -
{0,1 = arctan (x,/%, )

6, = arccos A/xf+x§ )
0, 1 " SCPERT Ay 6, K v, v, BYBUERE. Wi,
0 5t 45 [ G 8 A A I EL, T RUSR g 45 15 5 19
AT 1) AR PR, i T2 A AR
TS SRR 5 ITF] — A R ER I o, WSR X T A )
TR m,nfH 2% W0 r FIFEIC 0 A TR m,n (25
(EAMZE T O ZE RN -
MG =47~ = A+ sl (8)
H T 5T P15 5 4 [/ — e S PL™ A, Rt
FUE S AN TR Dt ) 457 B A7 1) A ) L 5 S A
5 AR AT AR5 7 A .
PR, 6 i s VRN &, 2% B0 r MG @

XoF ) — T PIe U5t R AN 5] DR 1 S B 28 8 A AV PR 254 1)/ A
=d /AR d /A =0, Rl D, 2R A R OUE I 7 2
ARSI A A B 22 8 T R — A TR, AR 4 2
SESRZ ARV R

Ap," =& = (& -&]) - (& —&)) (9)

T H A BRI AE AR 22 RN & ~ N(O,
o) WIER I3, el R 2 i P Uk B2 1 — YR W25 1) 2 g
AR ZE(E. PR AR IE 50 A0 B e, AT LA 3 e
= N(0,407). Xt T Y/ AU LI 55, % T 2R A AL
BREEAR 2% —RAE T 2 2 — Dk 2 ™ dak 2
VLR AR 1R 28 L o] <0.005 x 2, 1fi % F 1F 4%
MME,P(lel <30) =0.9973, K, X} F 54N FEICHY
AR AR 22 W E, 7T LA 30 = el <0.005
X 2.

WAL EEE I HE T e S EHME N0, 722N
20 BIER S, LA LIS H

P(|e™|<60) =P(|&™|<0.02mw) =0.9973(10)

TERHLEEAT IEH 1Y GPS (5 5205 , #E47 Dh A5
BT AR BRI, [) B AR B AN [] PR B 2 7 288 08 A4S 7 R B3¢
GRSEFRAT e B 3000 2 AN ] P DR RS X 1o ) 288 3 A 07 114 AL 25
B, 51"l <¢, =0.02w (b, =0.027 Ky T AT ]
FR) B, FRATT T LATA Ry 336 B A DR i X6 o7 1) 155 -5 YA gl A2
I THAE 5 U8, L& A5 o 0.9973. [R] i), f FH it £h
15 i 28 28 47 T A 1, AT AR 8 09 5 AL AR RN AR
10fi1(6,,6.).

{HO2, T UL P JE LR K BEAR A, DR X T4 7 )
HIN A FE A B, & e E— 25 W T I RO, o T
E— 23 T T 7 e I S AS E, RT AAE [ 51
REINEAT UKL K™ ot — B d ks i, ARy
B 2 pros.

K2 K RLRER

U R KRR R K O |, B R IR L
A EE N nl, 9 HA R R R 5 M S R S &, 18]
2 JroR. RRAEULIN 15 B 257 BRI KR, Ady =2md)y/
A+en ARG &) - N(0,207) BT LA, SRy 7 fi 525 W0
DB AT LR B L , o250 2 2dy /A + &y <, R



368 TR

EE ¢ 2018 4F

1E0.9973 [ EARRET , ZOR B BEL K E R K ME d)) <
d, <(w=-320)\2m.
W A I BB L 25 (E h Adyy, A
AdL =n(2mdy/\ + &) =2nmd /A +ne’,

=2nmd,\/A +¢&” (11)
Hr e~ N(0,2n0” ), QR F AT IBCRE JE R 18 N =
floor(Ad) , 4, BAER mod (AdS) >3 +/2n0, Ik
A RERIERE A KO N R EAS R 0.9973. 2RI d,
=0.09m,d, =1.8m,n =20, W Z/LFRK mod (AdL) >
3 2no =0.0657 H mod (AdL) +3 2no < 2w,
0. 0657 < mod (AG”) <2 — 0. 065, A It 24 /2 I A&
SR, EAF B 0.9973 (it 8 JE R Ul N = floor
(Ad7)-

[, 3 T4 BE AL D B0, B8 AH A B 22 (R 1Y)
WA FE L O 28 2ar A1 /2 35 20 704, AL st 2 U, e Ao
T AR 1 -2 x0. 0657/2m =93. 5% FLE {5 5R
FEAE 6. 5% R TCRA] REIE , TEX AP &0 T, FATTAT LAk
ARG 25 3, B T AR AL A 22 (5 R BE T Jr
PEARAIAR G , WSO8 7 o7 5 2 (L6 2 25K, 7ERf S T 4]
U6 Y SRR B2 i, 3 T LA T i — 25 i ) 5t
4 FTHESHERSEREREE

MR A TR p AN TR A — DR T4
U5, TR LSS q DD R T 55, BSR4
MNENFMESHTHMREN & =a(0,,0,) =
[1 e e ™ ] XA IR T A5 5 (0 1) %
HH o =a(0,,0)=[1 e 1N b A5 T
BB 55 R AR

r(t) = ia‘sm(t) +aii],,(t) +e(t) (12)
e, S, (), (1) 35 S BEI r 30N 5 m A
GPS {5 S A% n MEIHA THAE S g

{Sm(t) = mD,,L(t -7,)C, (t-7,)e" "

J.(t)=/PD (t-71,)C, (t-7,)e" "™

e, P AP, 2355 m A GPS {55 FIE n KR
THAESHESIZE D, () F1 D, (¢) H e, C,
() C,(¢) Mt , 7, 7, WERERTIE , $, Fl b, FH)
AR, S, 2 .

R TR SR TS S AR A B T I B Y
S, RS B — AR B W, 1 Wl =0,
225 W INEUE it s Rt
y(t) = W'r(e)

p
H s
= Z Wea,S
m=1

(13)

m

(¢) + W“a/i]n(t) + We(1)

)
= Y Wa,S, (1) + We(t) (14)
=1

FEEHEP S 4R T TIAE S Wk &
o ILL, RESRE 1 S o IEAS R, Bl A s2l W/
=0 H|W|[0. i T5 o IERRMERT IR N
0=1E-d[(a)"d] ()"} (15)
AT LIASH
0'd ={E-d[(d)"d] ()"}
={d -d[()"d] " ()"}
-0 (16)
KA ) B Wk 200h
W = Qh (17)
h EE M, A T REMEZEHE & J7 10 M5 5 i8 B & AR,
Wha, N 2578 @, 75 K B K3 26, % F 07 i R A
a, PIES T 5 ) B B R P @), J7 IR
Hags R, T DA
h=0"a, (18)
RIHAL ) 5 W R
W=0h=00"a, (19)
R TSR AR AR S ) 5 ) R M ) i
A1) = Q"r(1)

= 3 0"5.() + 0" () (20)

AT , HiHE @ fEFI T MR TR T IR
TR T4 M BT 1 R B A % T T
SO A M (3 5 LI M) 5 2 3 B3 7
LR AT th 4 205 (2 7 ], MR .

A p A GPS {5 815 KB WEA I ARAERE p A
GPS {2 B Bt} €, (o) Hoss 1 DGR R, (1) -

R.(r) = [ €(0C(1-1) (a1)

b T PR DL A A N EETER R
S0 €, (1) BRI, TS Y

2(7) = [AWCG -7
= 30", (1NC (1 - 1) +Q"s(1)C" (1 1)

,
= > 0",PD, (1-1,)C,(t~7,)
m=1
-Cl (1t —7)e" P 4+ Qe (1)C (1 - 7)
)
= ¥ 0"a,P.D, (1 ~1,)R (7~ 7,)" "
m=1

+Q"s(1)C, (1~ 1) (22)
RIS 5 I 2 B B R S OL R, AR, Z (1)
TE 7 =7, WAEIERAE, BN Z () N AgA S i,



o2 M HEARAE 8 R MY X AT A5 5 D5kt 369

HAERERIE m M5 SR 48, IR al DIE i —
2 ESPRIT 523" sk 0 2435 51 7 o7 0 FVREAD 1, 5F:
S EIXF N B R R e, , FER B R A

5 hEZR

FE1 RREATFHESHREN

B AFAE 4 WA A ST ~ S4(fhfid 1 ~4) Fil—A
WU ), TR &S 4 A THRES, 2 5 St
~S4 MRS —2, 15 T H o — 10dB. S s 21 P i Py §5i
S MR S E D OR A= IR

S1 = [ 3472964, 19696155 ,20000000 ] ;

S2 = [ 5773500, 10000000 , 20000000 ] ;

S3 = [8845515, — 7422268 ,20000000 ] ;

DDI12AB

=1
s Z o
— w (8]

o
=3
by

Equivalent double difference carrier phase/m
Equivalent double difference carrier phase/m

10* i : ] x10¢

(a) BETEr S RETTTIXTST, S AR AR (7 XZ (]

- ._ ,}W '

e ’H } H M\‘ MH L

S4 = [ - 18793852 ,6840402 ,20000000 ] ;

J1=[ =1975, —5426,10000 ]

PLFIE 7 3 1o 4% 52 5500 o0 76 b T ) — 100km
x 100km 9 1E 77 T X 35k, A BT r FIBEIC 7 (S A
2) FEZ XI5 P X R R A R 15 5 P 288 0 R o7 R0 2 { AR )
SEOLANE 3 TR, (BT R oK, K 28R 6 A O T i
Ko, 0 T L1 ZRPEM5 , #KR 0. 18m). MG A S
B ARSI Ty 3 | BRI AR A 2E WA /N T 0. 02w 15 ( RP
0.027/27 x0. 18 =0. 0018m) i, A K 2 F B 28 T4

M5 B ] LU 8 A6 T 40 B Xk, %M‘z*ﬁ
A MEARME <0. 0018, i HoAth 72 K F 0. 0018 , 3 . 1F
B T AR SCHRE HS ARG 0 32 ) A8 R,

DDI3AB DDI14AB

oo
SIS

e
o o o o
0 R & ®

Equivalent double difference carrier phase/m
x

il |

2 [
m“%° Xie %e i

o -2
67 a0

(b) KETCrSRETTTIOXTST, S3EMZRDANN WL (o) KETTrSRETTTIIXTST, SA MR AR XLE (H

3 B AR CLAZE TR 2 2R

HE2 BRXTIMESHEE

BEXSAR ST P 2 9 T % R — I AEAE 4 A
TR, H T A A AR AR A 53 5 D e S1(80°,45°) , 82
(40°,60°),S3(300°,60°) ,S4 (180°,45°) . ff{fE—14~T
PLIR J(200°,60°). FHLIE AL 4 DTG5 550
R B D 5 A T2 (0 8 A ) — 2, (R A 5
58 T AL T

4(a) AFEIC 1 FE TR A7 AERT @1t ST

AT IR 2P R I R R S 00, Herp X il Ak o 4T

3000 |
2000

1000

(a) A7 THRAYIIR LA R0

(b) Z TG A — A48 2R 15

it B RS R Te, Y A AR dF O 22 3% Bl 0
B LR RAEIR f5, Z B A ARSCAE. D nl LR A5
SRR S AUE S TG, TG MmN
TIMUE T, B A(E R O - 10dB. B SO LA 3k
DI EREpe (TR

B 4(b) Fron BETT 1 FE 28 T 0 BR e 1Y% A5
Z, BT IESSHE PR, T4 #og el bR, i St
DO EA T I — 4l Ry, FUAF AR A5 5 A S 0, T4
O FH IR BR. 18] 4 (¢) BT S BE S AE AL 1] 32 ke AF:

e ‘/SIgnal,

500
400 318

() VEREAR 10 J5 IR A3 — A8 22 0

K4 3T S R HERE R



370 B *

EE ¢ 2018 4F

MG W FESME SR, 7T LA IS {5 5 e B2 B
s i H A E 2 g il

B S 23R T AESS [ AN ] S0 TR 9 00 F R
L7 &L, IR AR AR 7 R, oS 2% A bR o J5 i A
AR ffy , B2 0 BE. W7 U 225 AR SO ik U5 1%, R
LA S5 07 AR B T 45 OF HoR TS5 T it
A7 74 XA T RES 5  BA5 5, SCHRTH g =X

& 90°PiEN(’) SO°Pitch(*)
‘ 6" | .
A | ' g
& N 60°

\ o \
/
ar.
K ¥ // 304,
¥
% 1
/)
- i o=
T | _0eAzimuthey b
136 L 72 " IR 1207
2 | % S8
{ { o) } \ 120
\ N \\7\\ ' 1
vl e =TT N
1887 B il - 1
.
<
b

A \

! i } | {
1600884 ——60>— —SSBBRitch(§0° 30" 0 Azimuth(*) 18038860
X = | | \ |

THLH HAY.

SCHP T IR T R AR O T PR 8 75 1 R
S A, Xk ] — A 0 S X 22 0 A A 1 R O
XPOR—A R, B AT X UL HR 2 DL AR
HAFAE A IE X T 2 T e U0 DA 30 3 =X 0 TS
R X AR A i i EEE— BT N 4

B80°Pitch(*)

| 600 1 BO°Pitch(”)

I .
\ | i \ 60

I ]
g I

I A

|

I

I

I

|

|

I

I

|

|

\:b“AzwmumC)
X

\znﬁi\\\ //;gg
(c) S3ELMIIES KL Ty 1] £ (d) SAFE IS R T7 T €]
KA T ] & i vl

K5 BEgl kLT

A A ¢
\\\ \/\\\77//&\/ //
\?m/\\\‘ii/r 5%@/ . i
(a) SUALRY 451 K2k 7 1w (b) S2EL ISR T T 1
KA ] & ydliEvanleal
6 it

ARSCHR I T — b T [ 51 R 2 i 50 =X 0 A
AT 7 1% , 107 1 B SEad i 22 R 40 28 B AH (6 22
(EUAS IS B =X T8, JF 3 3 Fre /s — SRR SR i T4 U 1wl
SR, PR IR S R T R T, D TR R )
P )R A, FA) A TS 8 B0 TR 45 T 17 415 1]
55 5 1), AT AT LLTERTH T i 15 00 T 84 58 55 7]
I, O T3P0 TR B IR a2 T AR T
WL R M 7 vk Gl 5 AR B, SCrp ik Jr
VERER A S0k D A BRSO X T 445 5, TR I 730 22
7 T I i

S 30k

[1] PSIAKI M L,HUMPHREYS T E. GNSS spoofing and de-
tection [ J |. Proceedings of the IEEE, 2016, 104 (6): 1
-13.

[2] PSIAKI M L, O'HANLON B W, POWELL S P,et al.
GNSS spoofing detection using two-antenna differential
carrier phase[ J]. Programme & Abstracts the Volcanologi-
cal Society of Japan,2014,2010(5) ;342 -344.

[3] MONTGOMERY P Y,HUMPHREYS T E,LEDVINA B
M. Receiver-autonomous spoofing detection: Experimental
results of a multi-antenna receiver defense against a porta-
ble civil GPS spoofer[ J]. Proceedings of the International
Technical Meeting of the Institute of Navigation Itm,2009,
1(1):124 -130.

[4] DANESHMAND S, JAFARNIA-JAHROMI A, BROU-
MANDON A, et al. A low-complexity GPS anti-spoofing
method using a multi-antenna array [ J |. Proceedings of
International Technical Meeting of the Satellite Division of
the Institute of Navigation,2012,137(1) ;1233 —1243.

(5] #3CH. 6T GNSS 4 214 Bk il 15 52 2224500 B HOR

W[ D]. LigAgil ka4 ,2009. 10 - 25.
JIN WENRUI. Multi-sensor fusion for real-time attitude de-
termination utilizing global navigation satellite system[ D ].
Shanghai Jiao Tong University, 2009. 10 - 25. (in Chi-
nese)

[6] KONOVALTSEV A,BASTA N,GREDA L A, et al. Cali-
bration of adaptive antennas in satellite navigation receivers
[ A]. European Conference on Antennas and Propagation
[ C]. Barcelona, Spain. DLR,2010. 1 - 5.

[7] KOZLOV A,GOLOVAN A, NIKULIN A. Combined least



%

2 M HEARAE 8 R MY X AT A5 5 D5kt 37

(8]

(9]

squares and Kalman approach in determination of attitude
using carrier phase GPS/GLONASS observations[ A ]. In-
ternational Conference on Recent Advances in Space Tech-
nologies[ C]. Istanbul , Turkey,2013. 247 - 250.

VRILT RV, 880, GPS BB B HORZEIR [T ] 342
TR ,2003,15(3) 17 - 22.

XU Jiangning ,ZHU Tao, BIAN Hongwei. Review on GPS
attitude determination[ J ]. Journal of Naval University of
Engineering ,2003,15(3) :17 —22. (in Chinese)

B TR I 1) B R S S B D ] i AR
BT AER:,2010. 30 -39,

HAN GUANG. Research and realization of correlation in-
terferometer fast direction finding algorithm[ D ]. PLA In-
formation Engineering University,2010. 30 - 39. (in Chi-

nese)

[10] MAGIERA J, KATULSKI R. Accuracy of differential

[11]

(12]

[13]

[14]

phase delay estimation for GPS spoofing detection[ A ]
International Conference on Telecommunications and
Signal Processing[ C|. Rome, Italy,2013. 695 - 699.
MAGIERA J,KATULSKI R. ZHANG Y D, Amin M G.
Anti-jamming GPS receiver with reduced phase distortions
[J]. IEEE Signal Processing Letters,2012,19 (10) ;635
-638.
PSIAKI M L,OHANLON B W ,BHATTI J A, et al. GPS
spoofing detection via dual-receiver correlation of military
signals[ J]. IEEE Transactions on Aerospace& Electronic
Systems,2013,49(4) :2250 —2267.

DANESHMAND S,JAHROMI A J,BROUMANDAN A,
et al. GNSS space-time interference mitigation and attitude
determination in the presence of interference signals[J ].
Sensors,2014,15(6) :12180 —204.

CHIEN Y R. Design of GPS anti-jamming systems using
adaptive notch filters[ J]. IEEE Systems Journal,,2015,9
(2):451 -460.

[15] MAGIERA J,KATULSKI R. Detection and mitigation of

GPS spoofing based on antenna array processing[ J]. Jour-
nal of Applied Research & Technology,2015,11(13) .45
-57.

[16] FE 4, RBE 3T 395 [/ [ 19 — 48 ESPRIT Hik 58

[J]. 38{52#4R ,2006,27(9) :89 - 95.

WANG Ding, WU Ying. 2-D ESPRIT algorithm research
based on uniform circular array[ J]. Journal on Communi-
cations,2006,27(9) :89 —95. (in Chinese)

EE BT

ERZE(BEEE) B 198245 A4T
ALRTE, B A A 2 B i R & R PR
Az, EEERFST T 1) Ry s A5 B AR A 3.
E-mail ; ¢jh _ xilinx@ 163. com

BHE 23,1962 4F 10 A 4 TREFHLX,
PR BECHR 3 R AR, T A 0,
TS5 ) A 2 5 AR A .
E-mail ; cheng _ np@ 163. com

R 20,1981 4F 9 AL TG, BN
s 2f Bt LR A R PRI, EBBTRTT 10 A
(DI EFSERIESP ISR

E-mail ; daninini@ 163. com



