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Monitoring in Single Fault Scenario
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Motivation

* IRS Systems integrated in Civil Aviation
* Improve accuracy
« Guarantee continuity

* In GNSS/INS, inertial can potentially also increase the
fault detection capability to meet stringent requirements
(e.g., CAT lll, GBAS,..)

 GNSS/INS is now a baseline solution for new
applications that operate in more challenging scenarios
(Automotive, UAV)

Importance of Fault Detection in GNSS/INS
Integration and assessment of Integrity
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Introduction

Prediction:
X, = f(x;‘f_l)
« Kalman filtering P, =®,P & +Qy
Update
X X}: = x; + K, (Zk — h(X,:))
P, = (I-K,H;) P,
v v -
K, =P, H, (H,P,H, + Ry)
Zf—1 Zj
O o nnovation ___[Residual _____
1. Exploit the residuals in GNSS/INS
2. Comparison between Innovation and Residual-based Y = 2z — Hix, 11 =12} — Hkx,:,“

IM in single snapshot fault scenario
 Distribution of Test

* Minimum Detectable Bias

* Protection Levels
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Simulation Setup
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Test Statistics

KF Residual-based
KF Innovation-based RAIM

» KF residual vector:
* KF Innovation vector: e LS residuals:

_|_
r. =z, — HiX -
k= 2k hi ris k= 2zr — HipXps i

Vi = 2z — Hipx, L
» Test Statistic:

» Test Statistic: o Test Statistic:

qrk =T Ry T T -1
Qv,k = 'stlzlf)’k T qLS.k = rLS,kRk LS.k
» Test statistic distribution follows a

» Test statistic distribution: Generalized Chi-Square*: » Test statistic distribution:
PB
¢ HO: ¢4k, ~ X° (0,71,) R = Y a2 « HO: qus.k,~ X° (0,1 — 4)

e HL: Tk~ X (A% 1) ¢ HL: qus e, ~ X° (A% g — 4)

» CDF, PDF and Threshold computed
numerically.
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Evaluations: Test Statistics
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Evaluations: Test Statistics
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Evaluations: Residuals Correlation | - 1

] | L R ‘

an- """"" 5 : ?
25 | T _Tlnno .

: T

Converging phase After Converge phase .

20o 56 160 150 260 250
Time [s]
15 120

o

o

5 10 15 20 25

4#7 TR
DLR ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

15 Less Correlation

10

< =

Less linear dependency

4 =

More degrees of freedom




DLR.de + Chart9 > |ON GNSS+ 2017 > O. Garcia Crespillo « Innovation vs Residual in GNSS/INS > 29.09.2017

Minimum Detectable Bias
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Evaluations: Minimum Detectable Bias —Error Ellipse
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Protection levels

VPL = Vslopeman/T(Pra) + Ko/ Pu.

* |nnovation based:

efK{egekaei <—— Blas propagation to Error

Vslope~ 1. i =
PEx,k,i efsglei <—— Bias propagation to non-central parameter
* Residual based:
T1eT T
e Kiele, Kre;

VSlOpeR,k:,i — o5 7 kCv CoIng .
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Evaluations: Slopes & VPL
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Evaluations: Inertial Quality Influence
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Evaluations: Inertial Quality Influence (VPL)
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Conclusions & Outlook

Distribution of residual-based test is modulated by the prediction uncertainty ne —4 < dofr < np

Threshold and other statistics must be computed numerically at each time

Residuals and innovation show complementary behaviors in Fault Detection

In the single fault case, residual-based shows better performance than innovation one in general

» Will look at sequential faults and multiple faults
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