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INTRODUCTION | QCRIDA

9 EUROCONTROL has worked in the last years to

\ 4 develop the 3-D collision risk model (CRM).

EUROCONTROL

The 3-D collision risk model was developed as a general mathematical
framework to assess the level of safety in continental en-route
airspace, where controllers monitor air traffic by means of radar
surveillance and provide aircraft with tactical instructions

The objective of the software prototype tool is not only to
eventually produce an estimation of the level of safety
achieved in the airspace under assessment but also to

| provide safety-related metrics and trends, which can be
i monitored over time.
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NEED FOR A NEW COLLISION RISK
MODEL

C
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Previous models no not appropriate assess and monitor the level of safety in high
density en-route radar airspaces using as a sole source of input data the

recorded aircraft trajectories. Traditional approaches to Collision Risk Models (CRM), do not
capture the complexity inherent to an operational radar environment like the one in Europe,
with high amount of traffic, a large number of crossings tracks, climbing and descending
aircrafts and complicated route structure.

PHASE MODELO

EN-ROUTE

Airway structure
consisting of one or
more parallel routes.
No radar surveillance.

CRM Reich (1960)

Improvement of
Collision Risk Models

Extended CRM
Reich (2993)

Parallel routes.
Surveillance base don
ADS.

CRM ADS (2993)

TMA

Precision approaches

CRMILS (2980)

Landing on closely and
ultra closely spaced
runways

BRM (12990)
MIT (1997)

Future operational
concepts

NLR (2001)
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BACKGROUND G

Nowadays, ANSP and Civil Aviation Authorities (CAA) mainly use ATM
accident and incident databases to monitor and provide evidence of levels of
safety. However, although these databases are very powerful tools and are
improving constantly, they still have some weak points that need to be
considered:

*Not all incidents are reported by pilots and air traffic controllers. In fact, it
is very difficult to infer how many real incidents have occurred for each one
that is reported.

*Incident severity is generally ranked solely on how close aircraft get,
without considering the geometry of the event or other parameters, e.qg.
closure rate.

Incident Classification is not homogeneous in all databases. Furthermore,
special care has to be taken to train database personnel so that the same
classification criteria always apply.
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A CRIDA
BACKGROUND | @CRIDA
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3D CRM - GOAL &

A major objective of the 3-D CRM tool is to complement the
information collected in the accident and incident databases,
thereby providing:

1. Identification of all proximate events based on radar data.

2. Complete classification of all proximate events using clear and
consistent criteria.

3. Detailed information on the evolution of each proximate event.

4. Collision risk estimate
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3D CRM — GENERAL DESCRIPTION i G
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3D CRM — GENERAL DESCRIPTION i Cice

Radar Data Processing Module Parameter Estimation Module
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RADAR DATA PROCESSING Q

The radar data processing module comprises two different :
*decoding and storage of radar track and flight plan files, and
*track segmentation of radar data.
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RADAR DATA PROCESSING il G

GOAL ->Identify Proximate Events:

29,

lCoanicts

Potential Conflicts

Collision:
Aircraft physical separation

Potentia ollisions < aircraft physical sizes

Conflict: -
Aircraft physical separation
< intended margin (D, H)
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RADAR DATA PROCESSING i Cice

1+D+i - ATM

Look-ahead time (LAT): is the time horizon within which all aircraft positions

are projected to explore existence of “potential conflicts/collision”.
-> 10 minutes

!
g
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RADAR DATA PROCESSING “Cig

MAP of HOT SPOTS Mo __________ __________ ______ ________ ) " _______ _____ _____

o ACTUAL COMFLICT
s  POTENTIAL CONFLICT
= PASEING EVENT

* FALSE DETECTION
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SAFETY METRICS ESTIMATION

‘CRIPATM

Analysis of Proximate Events

N\

Classification of Proximate Events

\

Detection of Activated Alert Systems
\

'Identification of ATM System

Weaknesses
\ 8
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SAFETY METRICS ESTIMATION “Cigg
Analysis of Proximate Events
> . E:_P'_A\.(.:ﬁff [F12lepar[N12]cpa)
/)’
V2 //
o t . - time at CPA
2 I15]epa: hOrizontal separation at CPA

% h1o]cpa: Vertical separation at CPA

:r12] cpa<R & [hlz] cpa< H

- t., : time of identification of potential
tCI conflict
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SAFETY METRICS ESTIMATION Q

Analxsis of Proximate Events

New CPA*(t* .. [r15]*coa [N12]*cpa)
%D,____-»o_ —-p 040
N L7

t pa *: New time at CPA
F15]epa *: NEW horizontal separation at CPA
h1o]cpa ™2 NEW vertical separation at CPA

:r12]cpa *<R & [hlz]cpa *<H

te) t t - time of maneuvre
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SAFETY METRICS ESTIMATION Gl

Analxsis of Proximate Events

Climb->Level Lo e e e e = = >

[N15]cpa - Vertical separation at CPA
[hlz]cpa >H

t .- time of a conflict resolution manoeuvre
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SAFETY METRICS ESTIMATION B Cice
Analysis of Proximate Events
b 2= -
______ | g~

r,,: actual horizontal separation
hy,: actual vertical separation

t - time to entry into conflict volume
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SAFETY METRICS ESTIMATION

Classification of Proximate Events

PROXIMATE EVENT
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CRITERIA
%
P \ 4 < A 4 A 4 A 4 g A 4 < p \ 4 <
VERTICAL RELATIVE ACTIVATED ALERT
\ NATURE ) TRAFFIC TYPE [ REGIME ] \ HEADING \ A/C REACTION ) SYSTEM |
: ) - i ( i — /. ( Change Vertical | [ )
Passing Event ) Civil Traffic \Level Level (LL) ) \Same T T \ Profile \ TCAS RA ]
- ) Both Military ) (~: . — | . [ - R e )
Conflict ) Aircraft \Cllmb Level(CL) ) \Opp05|te T l \ Modify Heading I TCAS TA
( - ) One Military ( _ — ) K ( Y \
\ Potential Confllct) Aircraft \Descend Level(DL) ] \Crossmg — 1 5 \ Change of Speed ]| STCA )
Potential Collision Climb-Climb(CC) /;, No Reaction No Alert
False Detection Climb-Descend(CD) (/y/
Descend-Descend(DD) ‘;
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SAFETY METRICS ESTIMATION
Detection of Activated Alert Systems

t, :Time-to-go to CPA

A
v

't, :Time to Conflict :

t
C! ter t
_ -—---(F--@ ——-==
Aircraft 2 ; ;
. |
t. : Overall X
1 :
Reaction Time Aircraft 1
R
t.: identification of potential conflict t1=tCR-tCI
tcr: start of a conflict resolution manoeuvre
tee: predicted time of entry into conflict volume t2=tCF-tCI
tepa: predicted time of CPA t =t t
[r..]pa: horizontal separation at CPA 37 “CPA™*CI

— —» Predicted trajectory
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SAFETY METRICS ESTIMATION B Cice
Detection of Activated Alert Systems

TIMETO CPA [ Safety Barriers ]
TACTICAL TACTICAL TCAS RA
. (See & Avoid,..)
(Risk) | BASED ON STC.A 48 sec
. Yes 4 mins 2 mins 35 EecNo loss
Potential | - of Sep.
Collision | p(prp—Tactical Failure|yes No loss
> of Sep.
No
P(Tactical Failure]) Yes ~ Noloss
! ~ of Sep.
! No
P(STCAFailure)) Yes _ Loss of
No Separation?
P(TCAST|AFailure)) Yes _ Lossof
No Separation
P(TCA$ RAFailure|)
—— > Collision
TIME TO CPA | i | |
| I
4 mins 2 mins 48 sec 35 sec
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SAFETY METRICS ESTIMATION
Detection of Activated Alert Systems

CRIDA
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SAFETY METRICS ESTIMATION
Detection of Activated Alert Systems
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=4 & CRIDA

Tm [rlepa [Ni2lepa TTC Dur TCPA Manoeuvre Manoeuvre Legend
| el AC1 AC2
(NM) (ft) (min)  (min)

TO 0.66 -0.00 599 167 0.00

042  00.00 -5.12 -0.00 >Conv(85°)<
0.01  -0.00 -0.40 -0.00 Turn 5.7° ACL1Turn ; ><
0.11 1000.00  -0.23 0.00 CL - FL AC2 CL —> FL ;T VER SEP; >Conv(88°)<
T3 036 1000.00 022 0.24 0.00 CONFLICT RESOLVED-VERTICAL PLANE
001  00.00 -0.22 -0.03 >Conv(93°)<
T4 034 100000 0.0 0.48 -0.03 MIN REAL SEP: 0.3 NM 1000 ft
244  -0.00  0.00 0.29 <Div(99°)>

T5 2.79 1000.00 0.00 080 0.26
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- Resolution Advisory
Traffic Advisory

i i Tactical ATC Acti TCA
N Resolution Advisory I Tactical ATC Action (STCA)

g Traffic Advisory [ Strategic ATC Action
S I Tactical ATC Action (STCA) e

a I strategic ATC Action 5

c =

s g

0 I

2 o

g 2

S ISt

o 3]

N =

S 3

o

T >

0 100 200 300 400 500 600 700 800 900 0 1000 2000 3000 4000 5000 6000
Horizontal Closure rate (kts) Vertical Closure Rate (fpm)

As an example, this figure represents in the TCAS and STCA diagram the evolution of the encounter
described beforte. ATCAS RA is activated if the kinetic and geometric characteristics of the event
in the horizontal plane and in the vertical plane are in the red area at the same time.
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SAFETY METRICS ESTIMATION B Cice
Identification of ATM System Weaknesses

Effectiveness of Safety

Risk Context Qualification of Hazards :
Barriers
Initiating events leading Detection / Resolution of
to potential collisions potential collisions

ATCO STCA TCAS ...

Traffic Density

+ No Safety Effect
Traffic complexity\A /

+ g > Conflict

ATC/Pilot Errors /' \

* Collision

Technical Failures
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SAFETY METRICS ESTIMATION

|dentification of ATM sttem Weaknesses
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Risk Context (within
selected area/time-
frame)

Flight-Time

Qualification of Hazards

Hot Spots

Effectiveness of
Safety Barriers

Number of Real Conflicts

Number of Movements

Kinematics
(Speed, Type of Aircratft)

N° of Entries and Exits

Route structure

Traffic Density

Classification of Proximate
Events:

* Nature

* Traffic Type

* Vertical regime

* Relative heading

* A/C Reaction

* Activated Alert System
(TCAS, STCA)

Overall Reaction Time

Time Margin

Time to Conflict

Time-to-go to the CPA

% of Potential Conflicts
solved in:

» vertical plane and

* horizontal plane

Number of Routes

Correlation between
Hot Spots and
Traffic Density Maps.

Average N° of Aircraft “near”
a Proximate Event

% Evolving (non-level) Aircraft

N° of potential collisions

Separation Rules
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SAFETY METRICS ESTIMATION |
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|ldentification of ATM sttem Weaknesses

Risk Context
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SAFETY METRICS ESTIMATION

Qualification of
Hazards

CRIDA.CRM 3D.

3

Total Number
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Total Number of Proximate Events: 45389
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SAFETY METRICS ESTIMATION " &

Effectiveness of 708%9
Safety Barriers
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CONCLUSIONS |

The 3-D CRM tool has been designed to complement the
information collected in the accident and incident databases,
thereby providing the following information inferred from the in
depth assessment of proximate events:

Identification of all proximate events based on radar data.

Complete classification of all proximate events using clear and consistent
criteria.

Detailed information on the evolution of each proximate event.

Safety metrics and other air traffic factors
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WORK IN PROGRESS G

*Apply the 3-D CRM too to traffic samples of different
airspaces and extend the principles of 3-D CRM from en-route
to Terminal Manoeuvring Area (TMA) scenarios;

*Develop a methodology to provide a complete risk picture of
the scenario, identifying the ATM system weakness and
characterizing the performance of the safety barriers, using all
the information provided by the 3-D CRM tool that could be
used by ATM service providers to monitor and improve safety
levels in their operation;

*Complete an analytical model based on the 3-D CRM tool to
provide true collision risk values.
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