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Did we learn from MH370? Does Space Based ADS/B prevent a new MH370? Is there
anything else that could be done?

Prof. dr. Octavian Thor Pleter, MBA (MBS)
Prof. dr. Cristian Emil Constantinescu, MBA (MBS)

In this presentation, the MH370 case will be analysed to details and all scenarios will
be checked against the capabilities of the current and future Space Based ADS/B.
Conclusions are surprising. Although the whole effort for satellite surveillance of
aircraft was triggered by MH370, such an occurrence would be still left undetected. An
aircraft with ADS/B transponders switched off will be invisible by Satellite Surveillance
either. The audience is challenged to explore the possible counter measures to
unlawful acts from inside the cockpit.
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Reconstructing the Malaysian 370
Flight Trajectory by Optimal Search
Octavian Thor Pleter, Cristian Emil Constantinescu and

Barna Istvan Jakab

(University Politehnica of Bucharest, 060042 Bucharest, Romania)

Multidisciplinary approach:

Air Navigation, Flight Dynamics, High Fidelity Simulations, Flight Simulations, Turbine Engines,

Flight Management Systems, Automated Flight Control Systems, Power Systems, Meteorology,
Geodesy, Satellite Orbital Mechanics, Radio Waves Propagation, Satellite Communications, Air

Traffic Control, Radars, Multi-Disciplinary Optimisations, Calculus (Numerical Methods)
(c) Pleter, Constantinescu 5



Factual Brief of MH370 search in contrast to AF447

Published Results by our team

University . Faculty of
Politehnica of L Aerospace

Bucharest Engineering

BTO s. BFO based strategy

High Fidelity simulation

Multimodal optimization total search (38 solutions)
Glide path of the powerless flight

Search History vs. our Published Results

Lessons learned — lines of action

Global aircraft tracking euphoria — what to do against a CB cut-off?
Military (primary) radar coverage / Air policing

Satellite tranceiver on the essential bus

Ejectable flash memory

(c) Pleter, Constantinescu 6



Safety vs. Security

» Safety: avoiding accidents and incidents, reducing
risks, mitigating against risks, minimizing
consequences, increasing the system resilience
(positive safety), just culture

e Security: unlawful interference, the element of intent;
vulnerability, security protection

GWI2592 MH370 MH17
24 March 2015 8 March 2014 17 July 2014

(c) Pleter, Constantinescu



Last on radar near IGARI point in the Gulf of Thailand
South China Sea 8 March 2014

Tracked for 1 hour by military primary radar in
the Malacca Strait, Andaman Sea

* ACARS turned off

e ADS/B turned off

* Mode-A/C XPDR turned off
e COM tuned off

e SATCOM calls unanswered
* SATCOM tranceiver on

Google earth
C .

6 hours of unknown flight (2000-2550 NM)
Debris spotted after 18 months +

Debris suspected in satellite images taken after
12 days discovered after 3 years

(c) Pleter, Constantinescu 8



Debris spotted by Brazilian Air Force 2 June (in 36 hrs)
- Debris / bodies recovered 6-7 June (in 6 days)

v, R/
N

-

5

Crashed near TASIL point in the
Atlantic Ocean 1 June 2009
02147

Crash position based on a last iz

© Forga Aérea Brasileira aviation-safety.net

2-10 minutes ACARS report

Initial search area: 17,000 km?2

Aircraft wreck discovered 3 April 2011
Underwater search took almost 2 years

(c) Pleter, Constantinescu




SAFETY INVESTIGATION REPORT

Malaysia Airlines Boeing B777-200ER (9M-MRO)
08 March 2014

By

The Malaysian ICAO Annex 13 Safety Investigation Team for MH370

The Malaysian ICAO Annex 13

Safety Investigation Team for MH370
Issued on 02 July 2018

MH370/01/2018 Email: MH370Safetylnvestigation@mot.gov.my
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2) Royal Malaysia Police’s Report on Flight Simulator of PIC

The Royal Malaysia Police (RMP) seized the PIC’s home flight simulator
from the residence of the PIC on 15 March 2014.

The RMP Forensic Report dated 19 May 2014 documented more than
2,700 coordinates retrieved from separate file fragments and most of
them are default game coordinates.

It was also discovered that there were seven ‘manually programmed’
waypoint4 coordinates (Figure 1.5A [below), that when connected
together, will create a flight path from KLIA to an area south of the Indian
Ocean through the Andaman Sea. These coordinates were stored in the
Volume Shadow Information (VSI) file dated 03 February 2014. The
function of this file was to save information when a computer is left idle
for more than 15 minutes. Hence, the RMP Forensic Report could not
determine if the waypoints came from one or more files.

(c) Pleter, Constantinescu
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SAFETY INVESTIGATION REPORT
MH370 (9M-MRO)

-

Figure 1.5A - Snapshot of Seven Manually Programmed ‘Waypoints’

Source: Royal Malaysia Police

(c) Pleter, Constantinescu 12



6 hrs of flight from the last
known position — trajectory /
direction unknown

Initial search area 66.9 mil. km?

7 SATCOM handshake signals
(pings) = duration of flight and
position relative to the
INMARSAT 3-10R satellite

Track inconsis! tency

Quaédratic%Sum of Erronéfs BTO 7 pings

Cu o :
U ;
B\ "ot .
\i w1 i
i - :
\ { X
LI " H

© 2009 GeoBasis-DE/BKG Searched area 120,000 km?2

© 2017 Google
Data SIO, NOAA, U.S. Navy, NGA, GEBCO
US Dept of State Geographer

Search operations abandoned
(c) Pleter, Constantinescu after 3 years 13



Possible Trajectories of the Flight Malaysian 370

Octavian Thor Pleter, PhD, PhD, MBA (MBS)
Cristian Emil Constantinescu, MScAE. MBA (MBS)

Faculty of Aerospace Engineering

S$17°30:

MH370 Trajectory Calculation

S$22°30"

/,’/_,,’—/’_\7 ropic-of-Capricorn

E110

Independent \ Current Search

\

7,

INCAS — National Institute for Aerospace Research “Elie Carafoli”
(Under the aegis of The Romanian Academy)

International Conference of
Aerospace Sciences

“AEROSPATIAL 2014”

18 - 19 September, 2014
Bucharest, Romania

Aitted to ATSB: 30 Aug 2014
hted publicly: 18 Sep 2014
ed: Jan 2015

Results: 150 NM away Ared: 750 NM away“;'j‘u ’ L3

/

Our Results "

Googleearth

e alt 2308.25 mi
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Malaysian IGARI (t,)

TTT Omin-50 min =% 5min-17 min
Constant

tl .
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FLO-FLA31 |

(0-13137m Reconstructing the Malaysian 370

Kuala Lu " i "
Flight Trajectory by Optimal Search

\

Octavian Thor Pleter, Cristian Emil Constantinescu and

FI340 - FL430
Sumatera
{10363 - 13106m)
Barna Istvan Jakab
(University Politehnica of Bucharest, 060042 Bucharest, Romania)
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Written: Aug-Dec 2014

Submitted to JN: 13 Jan 2015
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glide descent (t,) i average TAS, . Published: 30 Jul 2015

1
\ ts TK variable - constant HDG
X,
(c) Pleter, Constantinescu

® End of flight (¢,)
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High Fidelity simulation:

* wind vector field at the time and place of flight
* temperature

e pressure

e B772 flight dynamics
* RRTrent 892 engines e
* Flight Management System (all modes scenarios)
» Auto Pilot (all modes scenarios)

* Asymmetric engine out at fuel starvation
* Engine-out gliding trajectory

* INMARSAT-3 IOR orbital dynamics .
* Ping signal propagation (ionospheric refraction)

Multimodal optimization - Total search covered 34 mil. trajectories
Refined search for 42,240 trajectories

6
2 .
€= Zdi = min
1

38 solutions with Quadratic Sum of Errors < 25 km for a 6,000 km flight

(c) Pleter, Constantinescu 16



-38.

-38.

-39

-39,

-39,

-39,

-39

-39,

-39,

-39.

4

3]

Left turn due to asymmetric fuel starvation — glide path seen from above

g

1

3

A

-

7=

86.3

i
56.9 a7 871 872 873 874 87.5
(c) Pleter, Constantinescu

|
57.6

The locus of the end of
flight positions for one
solution (11 out of 38)
considering a constant
angular velocity turn
during glide descent

The circles represent
the possible points of
impact for each
respective angular
velocity

The star is the Ping 7
position (flame out of
the 2nd engine, end of
powered flight)

All trajectories have the

=77 same length
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Just the 7 BTOs were used in our calculations, not the BFOs!
The problem of the relative speed between satellite and aicraft
is geometrically ill-conditioned

INMARSAT-3F1 IOR
ép Burst Frequency Offset

Burst Timing| Offset

MHA370
SATCOM
" ' & " TRANCEIVER
M el | meecentoredin /-
N z . the satellite — the \
A A a/c position is on BFO > Relative
VHF R VHF C the sphere Velocity of the

aircraft with
respect to the
satellite
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Ground Speed (solution 11 out of 38)

What are the odds the Ground Speed were constant?

ping
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Envelope of our 38 solutions with Quadratic Sum of Errors < 25 km for a 6,000 km flight

0

(GO PHOENIX Underwater Search Area

- S372 ' . |
¢FUGRO' D ‘,(t)«" VERY Underwater Search Area |

E 89 7918 E 93° E 95°

S39;

‘foposed Search Area

6th.Arc
| ‘/ |

¢7th Arc _ _ | , . L-S41-2 . : , ~ . Loy
il KRS T Google-earth

Data SIO, NOAA U S Navy, NGA, GEBCO
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Envelope of our 87.5E

38 solutions
calculated Dec T A - ..‘A‘un.‘
2014 AN \ X X ”i’ff
Vs. Ly ,‘--, \ 15 S UO RS
Nov 2015 N K AR S\ b
heatmap
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Source: ATSB, using DST Group data
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The Anti-Medal

Envelope of our 38
solutions vs. final
search chart (ATSB)

355

® Pleter et. Al. 2014, 2015

—
Pleter et. Al. 2015 not
_— yet covered by search

- «| I search Grid

- Sonar Coverage
Il AUV Coverage Fugro Equator

The green is what
we calculated but
has never been
searched

N
0 100KIomm:A

Source: ATSB
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Global ATC Surveillance Tracking via Satellite seems the natural
answer to the requirement put forward by ICAO in 2015
Aireon fully functional in 2019

X Vo Z; k
GNSS X; Vs Zs

p3 . .
SAT Tracking
/!

il

~
- -
- -

Air Traffic SAT Tracking O
Surveillance Ground Station
[

Bl (Radar, Multilateration)
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Lessons learned — lines of action

1) Global aircraft tracking euphoria — what to do against a CB cut-off?

There is consensus among
experts that MH370 was an
intentional act

ACARS Circuit Breakers were
cut off

Any piece of equipment on
board has a CB and may be
switched off if so desired from
within the cockpit

Nothing can be done against a
person with knowledge and
bad intentions who gets
control of the cockpit

9/11 Security door sometimes keeps
good people outside the cockpit
(see also GWI 2592)

(c) Pleter, Constantinescu 25



Lessons learned — lines of action
2) Military (primary) radar coverage / Air policing

If the unknown flight detected by the
Malaysian military PSR would have been
intercepted within the 1 hour time
frame, the fate of MH370 would have
been the same, but at least known

Secondary radars and ADS/B satellit
surveillance are for safety

Security depends on primary
surveillance radars

Immediate military interception of
civilian flights who do not comply, h
no functional transponder or canno
contacted by radio

(NATO in Europe is a good example)

(c) Pleter, Constantinescu 26



Lessons learned — lines of action

3) Satellite tranceiver on the essential bus

The last Ping was only a Half Ping
because the satellite tranceiver has
no back-up power.

RAM Air Turbine only supplies
essential / flight critical
instrumentation with electricity and
hydraulics.

The satellite tranceiver is not yet
considered critical.

After MH370 it should. Satellite
tranceiver could provide invaluable
data to SAR, let alone the possibility
for a SATCOM call from anywhere on
the planet

(c) Pleter, Constantinescu 27



Lessons learned — lines of action

4) Ejectable flash memory

For aircraft impacting deep water, as well as terrain:

Flight parameters should be continuously written to
a flash memory.

In case of impact (based on g-force) the memory
should be ejected from the tail of the aircraft using a
pyrotechnic cartridge.

The memory should have its own GPS tracker and
could respond to SAR interrogations. It will retain the
exact place of impact although it may drift for days

until found.

It will float so it stays active on radio frequencies.

(c) Pleter, Constantinescu
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Lessons Iearned -— Iines of action Source: Andreea Sfia, Satellite Based Air Traffic Surveillance

Based on Thermal Detection, Diploma Project, UPB Faculty of

5) Tracking of Aircraft by Satellite Infrared Sensors Aerospace Engineering 2018

Fix object Q Slow moving object (ship) O Fast moving object (aircraft)




