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MH370 - The trigger...
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No speculations!
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Many questions in the
public, as well as in the
aviation world...
We'll try to answer some!
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On the menu... - Keywords (seigocontror

» Surveillance — Radar

» Aircraft Tracking

» Aircraft (wreck) Locating Techniques
» Recorder Locating Means
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Surveillance? (aetgocontro
¥ Ref. ICAO Doc 9924 (Aeronautical Surveillance Manual)
¥ The ability to accurately determine, track and update the position of

aircraft has a direct influence on the minimum distances by which
aircraft must be separated (i.e. separation standards), and therefore
on how efficiently a given airspace may be utilized.
» Areas without electronic surveillance:
> ATM is reliant on pilots reporting their position verbally
> aircraft have to be separated by relatively large distances
» Areas where electronic surveillance systems are used:

> the airspace can be used more efficiently by safely accommodating a higher
density of aircraft through reduced separation minima.

“Electronic surveillance systems” = RADAR
Surveillance = essential SAFETY function in aviation and ATM!
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Surveillance system?

Data source >

¥ 3 categories ST

¥ Independent non-
cooperative surveillance

(e.g. Primary radar)

¥ Independent cooperative
surveillance
(e.g. Secundary radar)

system

¥ Dependent cooperative
surveillance

(e.g. ADS-B) N |

Surveillance

Remote surveillqnce subsystem

Surveillance data compilation

!

Surveilance data transmission

—

Local surveillajce subsystem

Surveillance sensor(s)/receiver(s)

'

Performance
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Primary Radar
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Chain Home Freya
(UK-1939) (Germany -1939)
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Primary Radar - principle (1) Belgocontrol

A highly directional burst of microwave energy
impinges on the target. The signal reflected
from the target aircraft is received. The time
from transmission till reception of the reflection
is measured, and gives the range. Knowing
the azimuth angle, the position of the target is
calculated by the facility.

Height/altitude of the
target is unknown (civil
radar).

Identity of the target
aircraft is unknown.
Line-of sight; targets
beyond the horizon are
invisible to radar (civil
radar)!

HF Jt030M O sunedlance

VI | 300300MHz | Longonge sunveliance.

UHF | 30010 1000MHz|  Leng-onge suvediance.
loond | 1102GH | lengtonge sunellance
Sbond | 2Mm4GH | Modemlerange suvelionce
Chond | 4108GH: Long-range facking
¥band | Bio12GH Shortrange fracking
Futoned| 1210 18GH: | Highwesoiuion mapping

Kbend | 181027 GHe Policeiraffc radar

. Foice/highesoluion
Kabord | 271040 GHE mappng




How far is the horizon?
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Radar Cross Section:
o = measure of the target's ability to reflect radar signals in direction of the radar receiver
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Primary Radar - principle (3) Belgocontrol

60-80 NM

1

x
Primary Surveillance Radar (PSR) (&egecorte

Symbolic representation!
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Surveillance systems
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. Data source ij’)
¥ 3 categories 1
o S S
| 3 Remote surveillqnce subsystem
W [ Surveillance data compilation
Surveilance data transmission
| _/ﬁ(" T

¥ Independent cooperative
surveillance
(e.g. Secundary radar)

Surveillance )
system < — RF data link(s)
[ ,
|

.

Performance

point

Surveillance users J
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Secondary Radar - principle (1)
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A highly directional microwave pulse is
transmitted by the radar. When received by the
target aircraft, an on-board system, the
transponder, transmits an answer. The time from
transmission till reception of the answer is
measured, and gives the range. Knowing the
azimuth angle, the position of the target is
calculated by the facility.

Belgocontrol

Line-of sight: targets
beyond the horizon are
invisible to radar!

Typical range: 200 NM

The reply always contains
an identification code
(Mode A).

The reply may contain the

altitude of the a/c
(Mode C).

Interrogation: 1030 MHz
Reply: 1090 MHz

14
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Secondary Radar - principle (2) Beigocontrol

¥ The transmitter need be of only
relatively low power compared with
primary radar equipment.

X The returns, not being dependent on
reflection, but consequent of a
transmission from the aircraft, are of
superior signal strength and
improved reliability.

¥ The returns from the aircraft may be
coded to pass flight information to
the radar station.
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Mode-A SSR Betgocontrol
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Symbolic representation!

Mode A: 4096 codes available
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MOde'C SSR &lg/ocontrol

Symbolic representation!

Mode C: Pressure altitude
100ft resolution

17
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Secondary Radar — Mode-S (Betgocontro

 ICAO Doc. 9924 (Aeronautical Surveillance Manual)
¥ The capabilities of SSR Mode S system include:

a) accommodation of Mode A/C capabilities;

b) reporting of pressure altitude in either 100-ft or 25-ft increments;

c) selective interrogation of aircraft eliminating interference between closely
spaced aircraft resulting in high probability of message decoding in high density
traffic;

d) protection against transmission errors by a CRC to ensure data integrity; and

e) provision of a two-way data link between the aircraft and ground that can be
used to obtain aircraft derived data.

The implementation of SSR Mode S systems requires:
a) aircraft to be equipped with a functioning Mode S transponder;
b) proper configuration of aircraft installation (e.g. allocation and configuration of a
unique 24-bit aircraft address, and interface with other aircraft systems).

18
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Mode-S Elementary Surveillance — (eosocone
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Symbolic representation!

Aircraft Ident = Callsign

19

e
Mode-S Enhanced Surveillance (eagocontro
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Symbolic representation!

A/C Downlinked parameters
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The world...
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in Many places!
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“There are too many radars!”
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Caution: Map represents coverage at high altitudes! [

s e

po— S B
- . S |
AN J
J pu

22

11



x

i

“Are there too many radars?” (Beigocontrol

%%
— ->
1030 MHz /‘ 1090 MHz

[ 1
The number of radar sensors is determined by the
(redundant) low-altitude coverage requirements

\

\\\

Airport “A” En-rqute center Airport ‘B”
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Frequency /transponder issues (retgocontror
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EASA
TC » ARTICLE
ATC
. —
Tales of the unexpected: mystery remains over s
centra| Europe ATc b|aCk0utS Report to the European Commission
Q Detection losses in Central Europe on the 5™ and 10™ of June
Georg Mader, Vienna - IHS Jane's Airport Review
In response to letter DG MOVE E2/0OW/nd A{2014) sent by the
E European Commission to the Agency on the 25™ of July 2014

s wTwest| 8 Eman

Report-£00.1:2014-ed04.00
Final

<Public circulation>

Issues:
- “Over’-interrogation of transponders
- Frequency load on 1090 MHz
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Survelllan Ce Systems ‘g ‘ Belgocontrol
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¥ 3 categories f»—i“ﬂf

¥ Independent non- |

Surveillance data compilation

cooperative surveillance '

(e i g i Pr‘lmary rad ar-) E‘ Surveillance data fransmission

¥ Independent cooperative
surveillance
(e.g. Secundary radar)

¥ Dependent cooperative

surveillance B P ——

(e . g . ADS - B) e (\\7 : """"""""""""""" Perforl-nanoe
(‘\LJ; / < T Suwe\\\anoeusers_:7 ) .
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Another approach...
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Position: 2/second Q" GPS
Velocity: 2/second \ !
Aircraft ID: every 5's §

\ 4

ADS-B Automa Depende ellla e - Broadca
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Airport “A” il En-route center Airport * B
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A wellknown application... (Beigocontrol

¥ Popular “radarsites” rely on transmitted ADS-B data.
¥ Only ADS-B —equipped aircraft visible!
¥ Today, only a minority is ADS-B-certificated

27
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“What YOU see, is not always...”  (eescono
; :;_; . e e 2 - e q - t‘m

¥ “... what WE get!”

28
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CNS/ATM Dependency on GNSS... (egcona

ATM relies on 2 out of the 3 CNS pillars!

15
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CNS/ATM Dependency on GNSS... (egcona

ADS-B - Summary (eeigocontro

W

¥ Position information provided by target (‘dependent’).

¥ Operations rely on GNSS (GPS L1).

¥ Range limited to line-of-sight, unless... Space-based ADS-B!
¥ Future: ADS-B-IN applications.

a2 Comm Satellite

sitioning

v

Air Traffic \va¥
Control | ssssssssy Ground Station

Y

32

16



. S
Europe — EC Regulation 1207/2011 (eesecorer
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¥ For Aircraft with a Civilian Registration:

¥ ALL Aircraft operating IFR/GAT in Europe are required to carry and operate Mode S
Level 2s (i.e. with S| code capability) transponder(s) with Mode S Elementary
Surveillance (ELS) capability. The applicability dates for this requirement is:

» 8 January 2015 for “new” aircraft
» 7 December 2017 for aircraft with an individual certificate of airworthiness first issued before
8 January 2015

¥ Aircraft operating IFR/GAT in Europe and with a MTOM > 5 700 kg or having a
maximum cruising TAS > 250 knots are required to carry and operate Mode S Level
2s transponder(s) with Mode S Elementary Surveillance (ELS), Enhanced
Surveillance (EHS) (for fixed wing aircraft) and ADS-B 1090MHz Extended Squitter
(ES) capabilities. The applicability dates for this requirement is:

» 8 June 2016 for “new” aircraft

» 7 June 2020 for aircraft with an individual certificate of airworthiness first issued before 8
June 2016

Commission Implementing Regulation (EU) No 1207/2011, published on 22/11/2011;
Commission Implementing Regulation (EU) No 1028/2014, published on 26/09/2014, amending EU Regulation 1207/2011.

33
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USA — 2020+ NEXTGEN (assoconr

ReqU|red { Requ' If you fly in this airspace, you
= 4 - ) must be equipped with ADS-B
\?\ Airspace | Altitude
: i A All
B From the ground up
within the Mode C
ring
[ From the ground up
E Above 10,000 ft MSL
but not below 2,500
feet AGL

Federal Regulations 14 CFR 91.225 and 14 CER 91.227 contain the details.

34
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MH370 — Radar coverage (1)
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RADAR COVERAGE CHART
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MH370 — Radar coverage (2)
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Electrical networks...

High Voltage
Transmission Lines

Step-down %
Transformer Station
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Electrical networks...

FUEL SEL-1

R

Ronan HURERT

Swissair et son drame

Swissair's Drama

DEACE

s

SR111

La chromologie de Ia catastrophe de Swissair
surveave be 2 septembre 1998

Chraestogy of the Smivsae Diasr
e 1998
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Essential equipment! (seigocontro
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 Mode A/C SSR
 Mode S SSR
x ADS-B

MODE S TRANSPONDER Honeywell

ENHANCED

¥ ACAS (TCAS)

THRT  ALL

IDENT

TBY
ALT RPTG OFF

39

Transponder installation... (Beigocontral

am——mm—— amm——————

401KP o g 20RKP
‘EE'I:VI 3 AIR AIR 3 sy
2 AIR DISCRETE IWPUT, AIR DISCRETE INPUT .0 400Hz
Ess BUS ‘ “”"PM‘W" CODE_ATC e ! BUS 2
fa,__COOEATE______
————— ATC/TCAS = o =
MONLTOR LAWPS 8 G MONITOR LANPS B
AIR/GND SW DISCRETE AIR/GND SW DISCRETE

Complex and demanding:
* 2 Mode S transponders

* 1 ATC/TCAS control panel
* 4 aircraft antennas + antenna feeders
« Critical aircraft interfaces

» Data exchanges with several on-board computers

G

SUPPRESSOR

1

| 1cas |
N compuTER A
v T

ARINC BUS 429
—= DISCRETE OR ANALOG
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Transponder ON/OFF? (oegorontr

evEEEEEEEEEEN,

v [ sTev_AuTo_ON®

P -
= |7 . c
= |le . IDENT g
. OFF. ON =

: @ . Rt Ve STBY TA/RA

. ALT RPTG :@ @ @ _ﬁ

2 i

T

¥ XPDR must be “OFF” (=standby) in certain phases of flight.

¥ Wrong or invalid aircraft data received by ATC can give way to
unsafe situations.

¥ Automatic mode switching (e.g. Air/Ground sensing) may fail.
¥ Pilot must have an “override” possibility!

41
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Surveillance = Tracking (Betgocontrol

= N

¥ Aircraft Tracking
¥ Emergency Tracking
¥ Data Recorder Tracking

Shifting Search Area

As new intelligence about the fast

moments of Malaysia Alrfines Flight

370is discovered, the search are:

shifts accordingly. Some highights.

in the search thus far:

€0 Shortly after the flght went
missing on March 7, the search
area focused near the plane’s ast
chillan-radar contact

© The search area expanded on
March 10 to inchude areas west,
including the Strait of Malacca

© New information was discovered
March 13 that the plane may have

for several hours after

chvikan-radar contact, expanding
the plane’s possible location 2200
nautical mibes.

© Wndia and the US. began searching
inthe Bay of Bengal on March 14.

© On March 15, new information
from a satefite () over the Indion
Ocean determined that the plane's
ast communication came from one
of these two corridors,

(@ Searchers are now looking for
debris more than 3200 e from
the last point of contact.

42
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Where is MH3707? (eigocontro
5 S 2o S T vy

Following the disappearance of Malaysia Airlines
flight MH370, a special multidisciplinary meeting
regarding global flight tracking (MMGFT) was

held at ICAO Headquarters from 12 to 13 May
2014.

The meeting concluded that global tracking of
airline flights should be pursued as a matter of
priority to provide early notice of, and response
to, abnormal flight behaviour.

MHS70 Underwater Search Areas Planning Map.

o lon Cvareest__
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ICAO SL - Addendum to Annex 6  (eeseconta
T ., PR ST R .

3.3 Aircraft Tracking

3.3.1 The operator shall establish an aircraft tracking capability to track aeroplanes throughout its area of
operations.

3.3.2 The operator shall track the position of an aeroplane at least every 15 minutes for the portion(s) of the
inflight operation(s) that is planned in an oceanic area(s) under the following conditions:

a) theaeroplane has a maximum certificated take-off mass of over 27 000 kg and a seating capacity
greater than 19; and
b) where an ATS unit obtains aeroplane position information at greater than 15 minute intervals.

Note.— Access to ATS aeroplane position data meets aeroplane tracking requirements.

3.3.3 Recommendation.— The operator should track the position of an aeroplane at least every 15 minutes
for the portion(s) of the inflight operation(s) that is planned in a remote area(s) under the following
conditions:

a) the aeroplane has a maximum certificated take-off mass of over 27 000 kg and a seating capacity
greaterthan 19; and
b) where an ATS unit obtains aeroplane position information at greater than 15 minute intervals.

Note.— Access to ATS aeroplane position data meets aeroplane tracking requirements.

a4
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Aircraft tracking? (eigocontro

¥ Aircraft Tracking.
A ground based process that =
maintains and updates, at o e
standardised intervals, a record of P
the four dimensional position of Distress &
. .. . . . Safety
individual aircraft in flight. System

(GADSS)
W
45
- - W
Aircraft Tracking —the old way...  (esscon

¥ Example: voice reporting on HF — North Atlantic

3 i } .
SATCOM
5940N \

A8500 840N
P I i
i 57500 5740N
5650N 5640N Nﬁﬁzw 5
I S 4
55500 5590N
FOXNES" | CROD..«+* 5450 5540N iy i
. CWpLE ug 5430M 0

STEAM
| GARPE 1 hour

4 - < 52204
2 I3
i
&
a




Aircraft Tracking — datalink (1)

S g
‘ Belgocontrol

¥ Example: waypoint reporting by datalink/satcom

1 i

52204

s
[\ SATCOM
540N \
585000 58908
f el
57508 5740N ]
et
56508 5640N 56200
el
5550N 5530N
N
FOXNE® | CROD. .+ 54500 5540N
N 4 "y
Lo CMALE L 5430N N . X
4 TSTEAM 0N 15H>
2 Yo ]| e 1 hour Nm P
2

-ﬁg&i&nm o
5115N 1)

KEHUK

s . uﬁ”%d
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Aircraft Tracking — datalink (2)

¥
‘ Belgocontrol

¥ Example: waypoint reporting by datalink/satcom

o °+ + a
l\ SATCOM
5940N \\
0N 5740N 57 M
S0M NM;;:W HHI0N MﬁﬁzﬂN a4
0N = 5530N . P i
S 5540N
5430N %L’LN p VL. %
Every 5'minutes? W&\@Qﬁ:" B L4
< > 5220N Q&DOL LTt
515N
:ENI{KQ ?%“?
48
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Aircraft Tracking — datallnk (2) (metgocontron

S T . e

¥ Example: waypoint reporting by datalink/satcom

i 5115

L1 pe—vem—n
5 |

TEAM p SN*=BU %

Inmarsat Aero-L: 300 bit/s throughput...

. )i
e B

49
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Aircraft Tracking — FMC WPR (Betgocontrol

SV TN . T N WP S

¥ ACARS infrastructure — SITA (alternate: ARINC)

# Satellite }

/ Constellations \ Satellite
Gateways
P
Airborne | -
Avionics |
|
|
|
|
|

SITA Global Airline/ CAA |
Network
Hosts )

s

AIRCOM
Interne(work ing

Parlners
ANSP %

50
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Aircraft Tracking — ADS-C (seigocontror

Automatic
SATCOM Dependent

Surveillance

Contract

Periodic contract
Event contract
On-demand reports

. - . . ¥
Aircraft digital communications... (e

MMR OR GPS

THROUGH T &
ADIRS

T 15362 FROM KZWY CTL
t] WHEN CAN YOU ACCEPT
380

< BN FCANNOT ACCEPT FL3BO
7

RECALL MODE

PRINTER K] > SDACS N
AY CLOSE¥

Loaper [J

el
)

ABIN # DMU * \\ PP 1
TERMINALS _Dl ACHS
i CPDLC )

ae

ones ). Controller-Pilot Data Link
? |

Communications

]

52

26



4

CPDLC & ADS-C in the World (CER

T

|| CPDLC & ADS-C trials over ACARS

|| CPDLC & ADS-C operational over ACARS @ AIRBUS
3 CPDLC Only Dperatlonal over ACARS As of June 2012 Please advise AIRBUS S.A.S. at

8 fitops.ops@airbus.com for any errors or omissions.
ADS-C only operational over ACARS [ CPDLC over ATN from 2013 | | ®iask &5

refer td
B CPDLC over ATN from 2015 | [simereiisiorins

© AIRBUS SAS. 2012,
4 only and AIRBUS S.A.5
free and up to date, As

assume no liabilty for o

53
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Just a thought... (Beigocontrol

R Australian Government
S| Austratian Transport Safety Bureau
Geoscience Australia

Search for Malaysia Airlines
Flight MH370:
Progress of Underwater Search

w005,

Indeatve Search Area
Extensionto 120000 km2

i N
MH370 was NOT flying over ‘oceanic’ or ‘remote area(s)’
and as such not subject to the proposed ICAO-ruling...

7 SaalTty
7 ~‘~§ o o

54
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Aircraft Distress tracking? (eigocontro

+ e

Global
Aeronautical
Distress &
Safety
System
(GADSS)

¥ Autonomous Distress Tracking
(ADT). i ————
The aircraft capability to broadcast
for distress situations, independent
of aircraft power or systems,
aircraft tracking information.

55
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Emergency Locator Transmitter (eegoconter

" v

LA CATASTROPHE DU MONT SAINTE-ODILE

Le 20 jarvier 1992 & 19n20, un Airbus A-320 d'Air Inter en provenance de
Lyon s¥écrase surie rmnx Sainte-Odile pendant sa phase dapproche

x Bilan @
87 morts Aéroport de
rasbourg

"/'\ 8 sunvivants St
800 metres . Nont

daltitude Sainte-Odile
: 19,5 km

ICAO Annex 6 — Operation of aircraft

6.17 Emergency locator transmitter (ELT)

6.17.1 Recommendation.— All aeroplanes should carry an automatic ELT.
6.17.2 Except as provided for in 6.17.3, all aeroplanes authorized to carry
more than 19 passengers shall be equipped with at least one automatic ELT
or two ELTs of any type.

6.17.3 All aeroplanes authorized to carry more than 19 passengers for which
the individual certificate of airworthiness is first issued after 1 July 2008 shall
be equipped with at least two ELTs, one of which shall be automatic.
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ELT Battery:
* 24 hrs transmission on 406 MHz
» 30 days transmission on 121.5 MHz
» Transmission includes the unique 24-bit address code of the aircraft
COSPAS-SARSAT System Overview
2
- ST 3 The Cospas-Sarsat System includes
LOERNAL two types of satellites:
) w « satellites in low-altitude Earth orbit
= (LEO) which form the LEOSAR
System
n « satellites in geostationary Earth orbit
MISSION (GEO) which form the GEOSAR
TER System
COSPAS-SARSAT.INT
International Satellite System for Search and Rescue
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¥ A review of ICAO accident records over the last 30 years
indicates that of the 257 accidents, only 39 cases
recorded effective ELT activation.

¥ ELTs were carried in 173 of these cases. This implies
that of the total accidents in which ELTs were carried,
only 22.5% of the ELTs operated effectively

COSPAS-SARSAT.INT

International Satellite System for Search and Rescue
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¥ Even battery operated devices may cause (nasty)
surprises...
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¥ Crash-recorders
¥ SSFDR — Solid State Flight Data Recorder

» Typical: >25 hours of Flight Data information received at a data rate from 64 up
to 1024 words/second (ARINC 747).

¥ SSCVR — Solid State Cockpit Voice Recorder

» 120 minutes (2 Hours) of Audio information from 4 input channels.
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e TIIARNNNNNSSSS..
= ULB - Underwater Locator Beacon
= A37.5kHz (160.5 dB re 1 pyPa) pinger:
Range: 1-2 km in normal conditions and 4-5 km in good conditions.
= A37.5 kHz (180 dB re 1 yPa) pinger:
Range: 4-5 km in normal conditions and 6—7 km in good conditions.
= Activated by a “water switch” — Battery power sufficient for >30 days
transmissions.
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Tracking of MH370 recorders?
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BLUEFIN-21: Robotic mini-submarine
B Max. depth: 4,500m
B Autonomy: 25 hours
M Speed: 4.5 knots

Search for Flight MH370

" Australia’s naval

TOWED
PINGER
LOCATOR 25

X Hyper-sensitive
hydrophone can detect
signals up to 6,000m deep
DEVICES SEARCHED: Black-boxes can
withstand impact 3,400 times force of
gravity D Cockpit Voice
ord S

W TPL-25
can search
390 km per day
M Bluefin-21 can
search 100 km per day

Sources: U.S. Navy, Biuefin Robatics,
Honeywell ED-55 Flight Data Recording System

Data Recorder

Underwater Locator Beacon: Transmils
pulse at 37.5kHz, from depth of 6,000m,
every second for 30 days & GRAPHIC NEWS

Emergency Locator
Transmitter: Automatically
transmits digitally encoded signal
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And... remember!
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¥ Most parts of the world do not
have any radar coverage.

¥ No single surveillance
technology can meet all safety
and security requirements.

¥ Thanks to SATCOM and
GNSS, aircraft tracking is or
can be improved.

¥ Distress tracking relies on
ELT.

¥ Flight data recording: alternate
paths to be explored.
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Contact: Paul Hopff
hop@belgocontrol.be
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