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Product perspective

> Multi Sensor Tracking System (MSTS)

Surveillance processor
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Modern Air Traffic Control (ATC)

Air Controller (AC)
» Visual check on . -
tracking quality T

Technical Supervisor
» don't really know how
the technical issues

)

Impact AC's mission

» don't know what to do
when ACs complain but
no technical issue

When a problem i
raised by AC

{ Report 1

¥

> Expert a posteriori analysis N

oo |

»  Separation model

»  ESASSP Eurocontrol STANDARD for accuracy and integrity

/
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Operational Context: Supervision of Topsky Tracking System

online Expert a posteriori
analysis

> Separation model
from Eurocontrol

Mandatory req. n Recommended req.
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Idea: Online Simplified Expert Analysis

online Expert a posteriori
analysis

> Separation model
from Eurocontrol

.
»
.
s
.
.
.
..
.
.

I S Mandatory req. ¥ Recommended req.
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Use case perspective: the tuning problem

> Solution: tuning actions

Very high-

»  Change MSTS parameters dimensionnal set of
parameters (> 100)

— Noise assumptions

Tolerance threshold

— Trigger threshold
- Many more ... ¢
—
KPlgsyssp
»  Tuning these parameters is a black art magic. AGATE J 'y MYRIAD

MYRIAD Tool
« Aggregation of KPIs € Overalll
AGATE Tool Quality Of Service

- Compute a set of KPIs according + Explainable on the first layer
to ESASSP Standards

* Provide a set of local states
(symptoms) of the fracking system
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ll. Multicriteria Decision Model
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Multi-Criteria Decision Making for the QoS

> Decomposable model:

U(LC) = F (ul(xl)a cees un(xn))

QoS model
gé
i
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QoS Req.
Recommended

lllustration

QoS Reaq.
Mandatory

(z) = (1+uf(z)/2 if uM(z) =
u\xr) = uM (:I:)/Q if uM (:L‘} <1

u™M (z) = min(ufg (1), “{u (1))
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lll. Sensitivity Analysis
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Objective

> MCDA model can be analyzed as a multivariate black-box model

’LL(.’L’) = F (ul(xl)a cee ,Un((l?n))

> Sensitivity analysis (SA) of the MCDA model can identify metrics involved in a QoS degradation

> SA is performed with a data sample collected by Thales systems

Surveillance processor

FUSED SYSTEM TRACKS
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Data

> Data sample collected by Thales systems
> 3 days of recordings in February 2025 over a large airspace area
> QoS is computed every 30 minutes (106 QoS values)

> Simulated degraded QoS: noise is manually infroduced over 5 (F, 0, gp)
hours /!

coordinates.

» Range: noise standard deviation is 30 meters for the first 30 minutes, and is 6 /

X
» - Gaussian noise is intfroduced on the range and azimuth values of the polar ro|!
increased by 20 meters for each data batch, to finally reach 210 meters. \," :

» - Azimuth: noise standard deviation is constant at 5 milliradian. ,
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Data

> lllustration of the obtained Mandatory QoS
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Fig. 4. Evolution of the mandatory QoS over the three days of recorded data.
The QoS of the original data is displayed in black, and the QoS with the
introduced noise on the positions measured by the radar systems is in red.
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Methodology

> Perform global (GSA) and local (LSA) sensitivity analysis for the Mandatory QoS model

> Assumptions
» In nominal settings, Mandatory QoS is expected to be close to 1, with a variability close to 0

» Time dependence is heglected

> Data

» Collected operational data with the infroduced noise

> Sensitivity indices
»  Shapley effects (GSA) & SHAP (LSA)

> Algorithms
»  SHAFF based on random forests (GSA) & TreeSHAP based on xgboost (LSA)
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Definitions of Shapley Values

> Global Sensitivity Analysis (GSA)
»dnputs X = (XM, ..., X)) e X (m=26 metrics)

VIE[u(X)X ]
Viu(X)]
VIE[u(X)XYYUD]] — VIE[u(X)X)]]
VIu(X)]

» Value function v(U) =

T m—1y 1
» Shapley values Sh; = Z w(U) with  w(U) = -( |r__.r|1)

UcM\{j}

> Local Sensitivity Analysis (LSA)
+ Value function  vx(U) = E[u(X)|XY) = x™)]

» Shapley values SHAP;(x) = Z w(Uj(E[u(X”X{Uu{j}]:K{Uu{j}}]
VEMVT _ Eu(X) X = xT)]).

M
» Efficiency  u(X) = Z SHAP;(x)
j=1

I H A L E S REF XXXXXXXXXXXX rev Xxx -date Thales Research & Technology France / Template: frip version 9.0.0 based on Template: 87211168-DOC-GRP-EN-007 CO rtA Ix 17
Building a future we can all trust This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in part or disclosed to a third party without the prior written consent of Thales © 2023 THALES. All rights reserved.

Lok
{THALES GROUP LIMITED DISTRIBUTION}



z

GSA Results

> Shapley effects computed with SHAFF for the KPI | Sh;
Mandatory QoS model x§ | 019
2 | 017
> The two metrics with the highest impact on the ryp | 0.14
(] oge F
QoS variability are xS, =5 ry | 012
Tg 0.12
> $, «f quantify the horizontal position error, ro | 002
. T3 0.01
strongly degraded by the noise e 0.01
14 :
> Iy is the update probability of position, also SF 0
o 11
degraded by the noise through the loss of tracks 2CDF |
11
T2 0
>xg and x1p are also impacted though worse 213 0
data age with the loss of tracks zF, 0
TABLE 11
SHAPLEY EFFECTS OF THE INPUT KPIS FOR THE MANDATORY QOS
MODEL.
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LSA Results

> TreeSHAP is computed for the Mandatory QoS model

> The obtained values are consistent with utility functions

> For example, the violation of the requirement for the horizontal position error (mf) <550 m)

generates a decrease of 0.2 in the global Mandatory QoS
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I
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-0.2 . e e»m o+ @
-0.3
0.2
250 500 750 1000
0 ' ; : m, ESASSP_R4_MPF
%20 530 580 560 560 570 - -
. F) .
. " : F (
Fig. 6. Utility function of $E1 ) for the mandatory QoS model. Fig. 5. SHAP values of x; ’ for the mandatory QoS model, computed with
TreeSHAP and xgboost [26].
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Conclusion

> Sensitivity analysis (SA) seems promising to analyze QoS degradations and identify the involved
metrics

> SA can provides useful information to Technical Supervisor to lead investigations and fix problems

> Future improvements
» Uncertainty quantification of sensitivity indices
» Improved functional decompositions for local analysis (TreeSHAP has limitations)

»  Handle time dependence
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END

Thank you for your attention !
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