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Introduction

e GNSS signals are * A network of sensors
Inherently weak tuned to the GNSS

e Spurious band can be used to
transmissions and detect the angle of
intentional jammers in ~ arrival (AOA) and time
the GNSS band difference of arrival
threatens safety (TDOA) of the jammer.

critical applications
that depends on
GNSS
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Jammer Characteristics

e Narrowband

— Strong jJammer signal strength will affect
receiver performance

— Can be detected using AOA

e \Widebanc

— Weak jammer signal strength is sufficient to
affect receiver performance

— Can be detected using TDOA and AOCA
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Cramer Rao Bound: AOA
AOA 5 & RVXN »
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e Most of the errors are e
o . x (meters)
within 10-40m

Errors behave smoothly
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Cramer Rao Bound: TDOA
TDOA Measurement Covariance: £, € RN ~1*N=1

2-D TDOA CRLB. & =2m
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X=Xy X—X1 Y=Y YTV s
75 o T, Tl 1500 |
]H «— 1000 |
X=Xy X=X Y=In V=N |
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CRB: UHZm)™ S
 Most of the errors are
within 5-40m
e Errors behave erratically e

due to rank deficiency
beyond the convex area
bounded by the 3 nodes
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CRB for AGA -
+ TDOA Integration

e Most of the errors
are within 2-30m

e Rank deficient

¥ (meters)

2-D AOA-TDOA CRLB. & H=I]'.5° o =2m

regions "

significantly

Improved .
e Lowest CRLB =

achieved at all

points
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alr comparison between independent
localisation and integrated locallsatton
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Improvement over AOA-only

provement o

Joint AOA/TDOA CRLB Reduction over AOA-only
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nprovement over TDOA-only

brovement Joint AOA/TDOA CRLB Reduction over TDOA-only

4+ InConvexof 2SN
+ InCoverage of all 3 SN |

. +  In Convex
ured in
r -2500 -2000 -1500 -1000 -500 0 500 1000 1500 2000 2500

9%

1tage (%

53
— c
g S
o B
g S
(1]
S m
e Q
[14
[&]

_1 sm Il 1 I 1 I
-1500 -1000 -500 0 500 1000

x (meters)

AU S TRAAILNA



AUSTRALIAN CENTRE FOR
SPACE ENCINEERING RESEARCH I_ a b

AOA + TDOA Fusion Archttectures
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Loose Integration Algorithm

Input: AOA measurements 6;,Vi € {1, ..., N}
TDOA measurements ;;,Vi € {2, ..., N}
Sensor Node Positions x; ,y;, Vi € {1, ..., N}
Source Guesstimate Position x; , ¥
AOA Noise Covariance Matrix £y € RV*N
TDOA Noise Covariance Matrix £, € RN ~1*N-1

Output: x, ¥ Estimated Emitter Position

Initialise X,y < xq, Vo

Compute TDOA-only solution with arguments: %;1, x; , i, Z¢
Output stored as xr , yr

Compute AOA-only solution with arguments: 6;, x; , y;, Zg
Output stored as x4 , y4

Compute Position Error Covariance Matrix for x; , yr

=yl =

[Xo—X2 Xo=X1 Yo~Y2 Yo~V1
T2 41 T2 41

e = :
Xo—XN _Xo~X1 Yo~VYN _Yo~YV1

N 1 N 1

r e JrEspt

Compute Position Error Covariance Matrix for x4 , y4
_Yo~Y1 Xo—X1
ri ri
__YoTYN Xo—X1
& &

- -1
T4 < (J4Zg"a)
Perform Loose Integration

v = [ 2a Ozxz]

Olzxz I
2x2
XA
x . _|ya
[5] < UBz Yz
yr
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1 Int tlon Algortth
Input: AOA measurements 6;,Vi € {1, ..., N} Compute Position Error Covariance Matrix for x4 , y4
TDOA measurements ;;,Vi € {2, ..., N} _yor_lzyl xor_lle
Sensor Node Positions x; ,y;, Vi € {1, ..., N} J4 < : :

_YoIN  Xo—%s
i i
Ty—17 )1
Xy« (]AZQ ]A)
Perform Loose Integration

Source Guesstimate Position x; , ¥
AOA Noise Covariance Matrix £y € RV*N
TDOA Noise Covariance Matrix £, € RN ~1*N-1

Output: £, 9 Estimated Emitter Position s = [ 2y 02xz]
Initialise X,y < xo, ¥ 012><2 Xr
Compute TDOA-only solution with arguments: %1, x; , ¥;, Z; Ju < [lizz]
Output stored as xr , yr Xy
Compute AOA-only solution with arguments: 8;, x; , y;, Z¢ [x]  Tz-1),) YTzt Ya
y H H H XT
Output stored as x, , y4 yr

Compute Position Error Covariance Matrix for x; , yr

U |[§§] - [;i” * The key to loose integration is the
Xo=Xp  Xo=%1  Yo=Y2 _ Yo-i computation of an accurate Position Error
el " R Covariance Matrix for AOA and TDOA
Xo=XN _ Xo=X1 Yo—VYN _Yo~V1 SyStemS.
L TN 1 N 1
Ir < Izt * requires an approximate position to be
provided

e provides a “weighing” mechanism
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ffect of incorrect welghtng matrix

AOA: DOP vs RMSE
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[ight Int tlon Algortth
_ V1 X =X
Input: AOA measurements 0;, Vi € {1, ..., N} 12 T
TDOA measurements %1, Vi € {2, ..., N} Y= YN b=
Sensor Node Positions x; ,y;, Vi € {1, ..., N} Ty« g ™
Holx—% x—x1 y=y2 Y=)
AOA Noise Covariance Matrix £, € RVXV T T T T

TDOA Noise Covariance Matrix £, € RV-1xN-1

Output: x, y Estimated Emitter Position L TN 41 TN 41
Iterate:
X,y <=X,9 A'Hl
X X i AB
w51~ Gl ) _ ramyy-igpat|
TN

5151+

End
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Concluston

« AOA and TDOA Integration provides superior
performance under all circumstances

e EXisting attempts to combine AOA and TDOA
has been suboptimal due to incorrect

“‘weighing” and/or use of a Loose Integration
Architecture

2 architectures has been proposed that can
be adapted to various existing platforms

 Proposed algorithms of both architectures
approaches the Cramer Rao Lower Bound
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