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Performance evaluation method for GNSS anti-jam antenna arrays

based on the navigation service performance

NIE Junwei, GE Rui, LI Yuanling, WANG Feixue
(College of Electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: Statistical performance evaluation based on available ratio of antijam antenna array has been considered a common viewpoint for

GNSS evaluation. But in some aspects, the traditional evaluation method has several deficiencies as follows: the first is the hypothesis of

independent uniform distribution of signal DOA, which is not in accordance with the navigation constellation; the second is the single signal

available ratio which is unable to meet the navigation requirements. Aiming at these two problems, the research extended the average available ratio

of single signal to the average solution probability and navigation service availability which are associated with the navigation solution performance.

Finally, the new index was validated by a simulation under the COMPASS navigation constellation.
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Fig.8 The probability of navigation solution with three jammers

1.02 . - T T
| | i 1 jammer
1.01-———f—%f——f———:p————f——:»—————f—:p— —e— 2 jammers|
| I i e 3 jammers|
1 | | - i
3 v AN T ; N =
"/ VN SN NV
N_O99...Z‘\/¢‘..__-__‘¢l\ ___________ N = RN A
| (.
- | W SN S S A S WA
7 LA \/
W v
L R BT SR i e e o
£ : : : v :
e e e e e 7
0.95 F - - oot i i
({ Koy | C T s (P S PSS S S U S A
0.93 ! 1 . . .
5 10 15 20 25 30
Wl /h
(a)MVDR 2

(1) TSI DESE TR, THIES
s AR R, AN 5 (2) A 58 5 A ST AT
R KA W] FRAN R A A2 fk,
SRR, G 5] IR, WL gt Iy kit R )
MK, A5 T AR, A5 58 07 3R 25 e/ o
(3) TMH L 70dBe B, Ht 140 A0 2 5 7] 5E 7 BE 3
ANt AT ESIAERAE T0% Fe A7 o
3.3.2  FREHTIRS TR ESH

AR T B EOR T 4 2Ll e i i S A
TSR o WU R G E RS B Rk
PDOP {2 T — @& MZEK, GPS ¥ PDOP<6 1E
MR 55 AT R R R ES . A XA R
PDOP {8 A AT G, % e 4B PLARE I |
MVDR L 7E R 55 ol A2 R bt RE2E 57 3
FREACF S5 IR BRI T EE T . &%
PRUR

o [RF[E](E] R Th, B 30 AN 2 i) AL A 104
SKm

o SRIHLALE [, KD A, REEE
L, EAEEMBIAE,

o 4 o [RIRE, S TF R S PERE, AL
Mg gs 1Rk —3dB,

o TR ARM BRI S0 A0, THe %k
Harml B 1.2.3, 715 b 60dBe, 1t & 5 %
4 5000,

o JUfaf AT A A T TBR 0, BT 5 Tl B AT
fRO°,

SR FHANR =AMy ) S5Ok i w1 R -

o K[| %] PDOP<6 [{HF 2% i 2k ;

o Z5EMIZI%T PDOP E 1) SR A B ik 5

o JUrf i Z] PDOP {5 1t SR ME 5 285 B il £k .
SRS EIANE 9 ~ 11 FiREs R,

1.02 - T T T T
' | | i 1 jammer
101t |—e—2jammers
: i i P F— 3 jammers

1

S
o
©

PDOP<6f#f=
o o
e} O
~ o0

0.96
0.95
0.94
0.93 ! ! 1 L )
5 10 15 20 25 30
mH /h
(b) PLE:

B9 Al %] PDOP fEH/NTF 6 BB
Fig.9  The probability of PDOP less than 6 with different time



B 5 T SUE AR 55 PERERY GNSS REBEGT TG iHERE VAL 7k

! | —— 1 jammer
—e— 2 jammers

[N — 3 jammers
——==g === PR

(a)MVDR %3

0.9

0.8

0.7

0.6

K10 2572wk %) PDOP {E# SRBME AR 70 A £k
Fig. 10 The cdf of PDOP at given time

m—
—— 1 jammer
|—e— 2 jammers
-3 jammers

(a) MVDR 8.3
K11
Fig. 11

MBI EL T4 R AT A 459

(1) s 2, PDOP {52 F MR ;3 A1
YA, 42 i i) PDOP /T 6 BB KEL
IKE]100% o (2) T XS T 45 E I 2 A 45 2R ib I
PrA 2G84 MVDR Rk 00T PLAAE

4 HRIF

SUAE PP RE R GNSS $2 IS HL Y LA P RE 4
PREOSR o RO 322 T8 4238 3 AL
BEERFERCAF BRI EE R Hi, T
FLRE AR 5 PEBEAY GNSS REFESE T Ik
BRI PLTU IR BE 5 S AT APLYE REAH K B,
FLAERA T R PR X HURRSE T 1477
AEST , RPN A BRI T 5 7 b
TFR S T HEZ BRI

2 % 3wk ( References)
[1] Hinshilwood D J. Performance measures for adaptive antenna

1
0.9
0.8
0.7

0.6

T T T S ————

) ! ! | —— 1 jammer
**** L e M —e— 2 jammers

; i i e— 3 jammers
ey R e N N) ik il s B T

I I I I I

| | | | i

| | | | |
e e S B e et

| | | |
el L e ¢ N e mr

| | | i
[ N

| | | |
R S LN oo edenee e e
0 05 1 15 2 25 3 35 4 45 5

PDOP
(b) PIA

| | i | 1 oot | ——— 1 jammer |
***** Tt AT T o e 2 jammers

‘ | | (i | |~====3 jammers
,,,,, [ S Y /N N (R S

i i i i | i T i

‘ i i of i i i i
””” s R O /S S B S
77777

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(b) PLHL

Ji A B %) PDOP {1ty 22 AR 437 i 2
The cdf of PDOP

systems[ C]// Proc of IEEE MILCOM 96, Piscataway, NJ,
1996 :1050 - 1054.

Fante R L. Principles of adaptive space-time-polarization
cancellation of broadband interference [ R]. Bedford, MA,
MITRE Corporation, 2003.

Lin H C. Spatial correlations in adaptive arrays [ J].
Trans. AP, 1982, 30(2) :212 -223.

Fante R L. Principles of adaptive space-time-polarization
cancellation of broadband interference [ C ]// Proc of ION
GNSS - 04, Long Beach, CA, 2004 .584 —591.

Fisher N I, Embleton B J J, Lewis T. Statistical analysis of

IEEE

spherical data [ M].
1987 83 —84.
EBE, XML, ERE. Tl R B &SN ST
AEVEAG [C1// 2007 4 RER4ESS, 2007 :114 - 117.
WANG Ying, LIU Xiaohui, WANG Feixue. Availability ratio
based evaluation of anti-jamming performance of adaptive arrays
[ C]// Proc of NCAnt2007 ,2007. (in Chinese)

Fante R L. Vaccaro J J. Ensuring GPS availability in an

Cambridge ; Cambridge University Press,

interference environment[ C]// Proc of IEEE Position Location
and Navigation Symposium, 2000 :37 -40

Kaplan E D, Hegarty C J. Understanding GPS: principles and
applications| M]. 2nd edition. Boston: Artech House, 2006 :
243 -300.



