Annual Meeting, Awards and
Reception

1500-1830

MH370 Disappearance:

10 years on
&

SCIENCE MINISTER
ADDRESS

18th June 2024

1830-2000
Evening Talks

New Frontiers
Sustainability

q T
_ﬁ,

Ondaatje Theatre
RGS

MH370 Disappearance: 10 years on

Octavian Thor Pleter

Royal Institute of Navigation 18 June 2024

&




The challenge
The disappearance of a Boeing 777 aircraft with 239 POB on 8 March 2014 is still a mystery after 10 years.

What has been attempted
A Multinational search and rescue first and then air, maritime, and underwater seatséindoned ir2017
A Accident investigationfinalised in 2018 but inconclusive
A Scientific research based on:
A INMARSAT radio signals, flight simulations, and recovered debris
A Search in the satellite image database
A Unconventional methods: WSPR radio ham signals
A Underwater acoustic signals and electromagnetic pulses in the underwater cables.

What has been achieved
The leading role of the Journal of Navigation and of the Royal Institute of Navigation in scientific research efforts.

Comparative study of the }{ear research results.
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Last on radar near IGARI point in the Gulf of Thailan
South China Sea 8 March 2014

Tracked forl hourby military primary radar in
the Malacca Strait, Andaman Sea

Down in a time window of 12
minutes (17094.72127)

A ACARS turned off

A ADS/B turned off ‘
A Mode-A/CS XPDR turned off!
A COM tuned off At
A SATCOM calls unanswered & N
A SATCOM tranceiver on Royal Institute of Navigation 18 June 2024 4

Google earth
C -

6 hoursof unknown flight 20002550 NM

Debrisfound after 16 months +



6 hrsof flight from the last known positioq
trajectory/direction unknown

Time of flight known (avionics was functional, SATCOM call
were working albeit unanswered, direction of flight not know

Initial theoreticalsearcharea66.9 mil. kn?
9 March 2014 Initial SAR in the South China Sea

3 April 2014 Search moved to the Indian Ocean West of
Perth, Australia

14 June 2014 Search moved more to the South, N of the
Broken Ridge

14 October 2014 Search moved S of the Broken Ridge (8
months after the expected life of the ULB batteries expired)

@ Last Secondary BI'O ken R|dge
Radar Position
(IGARI)
© 2009 GeoBasis-DE/BKG
© 2017 Google
Data SIO, NOAA, U.S. Navy, NGA, GEBCO Radar Positi
US Dept of State Geographer adar 1ositon

Last Primary

Source: Pleter O T (2024) Air Navigation, Springer Royal Institute of Navigation 18 June 2024 0



Towed Pinger Locator Search &
Seafloor Sonar Survey
(4 April - 28 May 2014)

Detectad by
‘ sonobouy
( ' )

. -
——
v - .

Path of ADV Ocean Shield
with Towed Pinger Locator (4-14 April)

Acoustic detections ———
Max. effective detection range (3 km) ———

- Seafloor sonar survey (14 Apri-28 May)

Sources: Royal Australian Navy & Phoenix International

y
b

Flight path / impact area
calculations

18 March 2014
28 March 2014

3 April 2014

Highest probability
Medium probability
Lowest probability

NNNNNAN - October 2014

Amsterdam Is.
(France)

Saint Paul Is.
(France)

Cocos Is.
(Australia)

-
The Search for Malaysia Airlines Flight 370
in the Southern Indian Ocean (through July 2015)

J
Location (area of uncertainty) of an event detected . L) —"" Elevation
by hydrophone stations about at 1:30 UTC, 8 March 2014 o m 750 (metres)
/ s.:ab;;?c{
Search areas o
3-11 April 2014 7" BTO arc — Location (distance from satellite) ,;zgg:
of Flight 370 at the time of its last transmission
). (8:19 MYT / 00:19 UTC, 8 March 2014) ‘iggg I
-4000 +
-5000 1
-6000
Search areas S Exmouth 7000 &
12 'Y 28 Apl‘ll 201 4 4 RAAF Learmonth
TPL search & seafloor .
Australia

sonar survey (inset)

Perth Canyon (IMOS)
Search areas ° o Perth
28 March - 3 April 2014  Fromanti Harbour
Cape Leeuwin
HAO1 (c‘rs'rO)o

Note: Surface search areas (18 March — 28 April 2014)
were influenced by ocean drift from possible impact
location over intervening time (since 8 March 2014).

& Port O Sonobouy deployments

Search areas | Underwater search:
Priority search area — 60,000 km?

18 — 27 MarCh 2014 i — (began October 2014; largely complote by May 2015)

Expanded search area — 120,000 km?
(approx. boundary; announced April 2015; began May 2015)
Airbus (23 March 2014)

Wide area search — 1,120,000 km? L
) e @ Digital Globe (16 March 2014)
Sources: Australian Maritime Safety Authority & Australian Transport Safety Bureau
Map by Andrew Heneen (December 2014, updated 31 July 2015). Licenced: CC-BY-3.0

: Facilities used: 4 Airfield
O Hydrophone stations ‘

Satellite images of possible debris: |
@ Thaichote (24 March 2014)

@ Gaofen-1 (18 March 2014)

What has been attempted
A Multinational SAR initially

A Multinational air, maritime, anc
underwater search over
120,000 sqg. km.

A Abandoned after 3 years after
£100M spent mostly N of
Broken Ridge on unplausible
locations

Conclusion: a bias towards the
North in the ATSB search,
attributing more probability to
the Northern places

The Southern Indian Ocean is
uncharted, even Mars is better
surveyed

Source: BZ AndrewHeneen Map of the
MH370 search areas, 2015 6



What has been attempted

A Accident Investigation Report [B4] The Malaysian ICAO Annex 13 Saf
Investigation Team for MH370, Safety Investigation Report Malaysia
Airlines Boeing 77#200ER (9MMRO) 08 March 2014. Kuala Lumpuir,
Malaysiag 2 July 2018

SAFETY INVESTIGATION REPORT
MH370 (9M-MRO)

SAFETY INVESTIGATION REPORT

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

By

The Malaysian ICAO Annex 13 Safety Investigation Team for MH370

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’
waypoint“ 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.

= B ' 5.
£55 % = =2

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

The Malaysian ICAO Annex
Safety | tigation T for MH2
lssued on 02 July 2018 e RSP I

MH370/01/2018 Email: MH370Safetylnvestigation@mot.gov. Royal Institute of Navigation 18 June 2024

Source: B4] v
Source: Royal Malaysia Police



Source: Pleter O T (2024) Air Navigation, Springer

What has been attempted?

Scientific research using the INMARSAT radio signals (pings) which were publicly released by INMARSAT on 15 M

I\

INMARSAT-3F1
IOR

In our calculations, in March 2014 and afterwards in [Al]
and [A3], we used jushe 7 BTOsnot the BFO$

The problem of the
relativespeed
betweenthe satellite
andthe aircraft is
geometricallyll-
Transgeiver conditioned
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8 March 2014 MH370 disappearance Inmarsat- 3 satellite coverage INMARSABF1 IOR @

_ Rt = w : S
‘i;\ A V&5 INCAS — National Institute for Aerospace Research “Elie Carafoli”

15 MarCh 2014 Release Of INMARSAT I’a' - (Under the aegis of The Romanian Academy)
data of SATCOM transmissions from MH370
| International Conference of

Aerospace Sciences

“AEROSPATIAL 2014

18 - 19 September, 2014
Bucharest, Romania

20 March 2014 Our first article on aviatia.r*
portal on the known facts (in Romanian) aﬁd
the first calculation results, which pointed to
the Southern route (contrary to logic, becaﬁse

there were no airports on that path) - .
inmarsat.com o The b satelite company=
11 _Sub-satellite point
$17°30" it/a'}fsi‘” yTC on 5 ul? £ $ Talavsi: -
MH370 Trajectory Calculation f 2014/03/47 Possible Trajectories of the Flight Malaysian 370
Pleter, Constantinescu (Sep 2014) S el | Octavian Thor Pleter, PhD. PhD, MBA (MBS)
] g \ 1 | Cristian Emil Constantinescu, MScAE. MBA (MBS)

$22°30 0/5N
ot University Politehnica of Bucharest
Faculty of Aerospace Engineering

Equator

30August2014- [Al] Submittedo ATSB

oo E105

| 18 September2014 - [A1] Presented

= g publicly (PublishedJan 2015

[| T Time progresses
. counter-clockwise

e Source: [A1] Pleter @ Constantinescu C(2014) Possible Trajectories of the
Flight Malaysian 37@Proceedings of the International Conference of Aerospa
Sciences AEROSPATIAL 201-4918eptember 2014, Bucharest, Romania (als
provided to ATSB on 30 August 2014)
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Independent \ Current Search :
Results: 150 NM away Area: 750 NM away

Google earth

Our Results




Track inconsistency
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The Southern corridor is more probable from the INMARSAT data BFO- #hBTi®©the INMARSAT team's method [A2]

This is also proof that the multiple turns hypothesis (see slide 33) assumed by the WSPR team [A20] [A21] is a fantasy
MH370: Burst Frequency Offset Analysis (450 knots)

Possible

=~ Predicted: North Track

~— Predicted: South Track
ol Ll Take-off | | | | Andaman Seaturn. | | | B
o‘ - A - A - . . A - A . | . . . A : . . A - . A a
15:00:00 16:00:00 17:00:00 18:00:00 19:00:00 20:00:00 21:00:00 22:00:00 23:00:00 00:00:00 01:00:00
Time (UTC)

Figure 9. Initial BFO Results indicating Southern Route.

Source: [A2Ashton C, Bruce A SolledgeG, Dickinson M, (2014) The Search for MH370, publish
online on 7 October 2014, The Journal of Navigation , Volume 68 , Issue 1, January 2015

Royal Institute of Navigation 18 June 2024 11



High Fidelity simulation

TTT Omin-50 min % 5min-17 min )
T _ Written: AugDec 2014 . . .
Constant t Malaysian IGARI (t,) : : wind vector field at the time and
Flight Level -+ -9 Ly place of flight
FL i P18 22 / Accepted: 1 Jul 2015 A temperature
FLO-FL31 i Published: 30 Jul 2015 P
(0-13137mf! | . A pressure
T t . .
vl Kual tumpur Intl tt) A B772 flight dynamics
(10316:?,4?3-’1%233 ; Sumatera A RR Trent 892 engines
- m) .
: A Flight Management Systeral(
;EEOJ%HI%%%L %231:1%\(’;)(5};%TKON(2016). 69, 1-23.  © The Royal Institute of Navigation 2015 mOdeS scen arios |
e A Auto Pilot &Il modes scenarids
. Reconstructing the Malaysian 370 A Asymmetric engine out at fuel
58] . . .
o Flight Trajectory by Optimal Search starvation _
Sh . | A Engineout gliding trajectory
Octavian Thor Pleter, Cristian Emil Constantinescu ¢ ; .
:, :\:/Ioancsr':ant ctavian [hor Ltg:n-n.d“[:tl‘i:n Jn:ll\lb onstantinescu and A INMARSA.B |OR Orbltal dynamICS
' M o , e - - (G
! MO.5 - MO.9 (University Politehnica of Bucharest, 060042 Bucharest, Romania) A P|Pg S|gn)a| pro pagathn (|OnOSpher
refraction
Cov R Q a0
MO.82 - M0.89 THE JOURNAL OF . . . .
Navicati Multimodal optimization - Total search
avigation N o .
5 C covered34 mil.trajectories
H altsl (L AMBRIDGE : : :
Start of ; FL down to 0 CV TirirEsTy Punss Refined search fo42,240trajectories
glide descent (t;) = average TAS. . v

t TK variable - constant HDG Source: [A3Pleter O T, Constantinescu Q&kahb B, (2015) Reconstructing : : :
t:*/ the Malaysian 370 Flight Trajectory by Optimal Search, published online o;3§ SOIUthﬂSNlth Quad ratIC Sum Of

® Endof flight (tg) July 2015, The Journal of Navigation , Volume 69 , Issue 1, January 2016Err0rs< 25 krnfor a 6’000 km ﬂlght
Royal Institute of Navigation 18 June 2024 12



Ground Speedsolution 11 out othe 38 solutiong

15000

12000

ping
simulation time [s]

What are the oddsthe GroundSpeedvasconstanf
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= N N o LY = == M L] i) )

[s1Y] paads punolb

13

21000

18000
July 2015, The Journal of Navigation , Volume 69 , Issue 1, January 2016

Source: [A3Pleter O T, Constantinescu QJ&kah B, (2015) Reconstructing
the Malaysian 370 Flight Trajectory by Optimal Search, published online on

9000
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Envelope of our 38 solutionwith Quadratic Sum of Errors 25 kmfor a 6,000 knflight

6th. Arc
| ‘/ .

¢7th Arc

0

(GO PHOENIX Underwater Search Area

- S372 : . |
gFUGRO DISCOVERY Underwater Search Area |

E 89 E£7915 E 93° E 95°

S39;

‘foposed Search Area

V. P st AT 4 s S o S I ST SR P
Googleearth

Data SIO, NOAA U S Navy, NGA, GEBCO
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355

Source: ATSB

87.35E

Envelope of our 38 solutions vs. JeBeptember 2014 search

Pleter et. Al. 2014{2015

;1100 \ \ A

Source: Pleter and Constantinescu
EUROCONTROL WS University of
Glasgow 2018
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Envelope of our
38 solutions
calculatedDec
2014

VS.

Nov 2015
heatmap
(ATSB)

355

(Impact North
of 7th Arc
disregardghe
flight dynamic$

.

: Pleter et. Al. 2014, 2015
: » w v Nl ey
s i :?- :{ Lowest probabity jm

e LA
.

Source: ATSB, using DST Group data
Source: Pleter and Constantinescu
EUROCONTROL WS University of

Royal Institute of Navigation 18 June 2024 Glasgow 2018
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87.5E

Figure 65: Map showing coverage of AUV missions and statistics
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Source: ATSB
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Richey Medal 2017

Royal Institute of Navigation

Best Scientific Paper published in the Journal of
Navigation2016

The Michael Richey Medal is awarded to

Octavian Thor Pleter , Cristian Emil -
Constantinescu and Istvan Barna Jakab

as co-authors of the paper titled

“Reconstructing the Malaysian 370 Flight Trajectory by T H E J O U R N A L O F

Optimal Search”
>
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What has been attempte®0142024

A Scientific research based on:
A INMARSAT radio signals and flight simulations (UHRForward algorithms
A Recovered debris Backward algorithms backtracking on oceanic curren
A Search in the satellite image database
A Unconventional methods:
A WSPR radio ham signals (HF 10 MHz) Multi-static radio signal algorithms
A Underwater acoustic signals

A Electromagnetic pulses in the underwater cables

Royal Institute of Navigation 18 June 2024 20



25 Scientific Research Papers on the MH370 Flight Trajectory
published in the 10 years interval 2012024

Classification on the method:

] A INMARSABATCOM radio signals (the 7 pinggjong signals UHF
[AL1][AZ2][A3][AS5][A7][A13][A14][A16][A22]

A Aircraft debrisocean driftbacktracking after debris were found 2015
[A4][AG][A8][A9][AL10][A12][A15][A17][A18]

] A WSPRweakradio signalg - after 2021 when this new theory emerge#iF radio
ham connection multstatic statistical method [A20][A21]

m A Other methods:
A Underwater sensing: electromagnetic in undersea cables [A19]; acoustic [A25]
A Satellite images of debris combined with ocean drift backtracking [A11][A24]

Note: Those scientific papers about MH370 but with objectives other than calculating
a trajectory or a location of the crash were not included

Royal Institute of Navigation 18 June 2024
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2014

2015

2016

25 Scientific Research Papers
on the MH370 Flight Trajectory
published in the 10 years interval 202024

References
(A) Scientific Papers calculating a probable location or area of the MH370 crash
(in chronologic order of publication)

[A1] Pleter O T, Constantinescu C E, Possible Trajectories of the Flight Malaysian 370 (2014)
Proceedings of the International Conference of Aerospace Sciences AEROSPATIAL 2014, 18-19
September 2014, Bucharest, Romania (also provided to ATSB on 30 August 2014)

[A2] Ashton C, Bruce A S, Colledge G, Dickinson M, (2014) The Search for MH370, published online on
7 October 2014, The Journal of Navigation , Volume 68 , Issue 1, January 2015, pp. 1 — 22, DOI:
https://doi.org/10.1017/S037346331400068X

[A3] Pleter O T, Constantinescu CE, Jakab | B, (2015) Reconstructing the Malaysian 370 Flight Trajectory
by Optimal Search, published online on 30 July 2015, The Journal of Navigation , Volume 69, Issue 1,
January 2016, pp. 1 — 23, DOI: https://doi.org/10.1017/50373463315000570

[A4] Garcia-Garrido V J, Mancho A M, Wiggins S, C. Mendoza C (2015) Adynamical systems approach
to the surface search for debris associated with the disappearance of flight MH370, published on 25
November 2015, Nonlin. Processes Geophys., 22, 701-712, 2015 www.nonlin-processes-
geophys.net/22/701/2015/ doi:10.5194/npg-22-701-2015

[A5] Davey S, Gordon N, Holland I, Rudten M, Williams J, (2016) Bayesian Methods in the Search for
MH370, SpringerOpen, published on 15 July 2016, DOI 10.1007/978-981-10-0379-0

Royal Institute of Navigation 18 June 2024

. INMARSAT radio and flight simulatidiorward algorithms

Ocean Drift backtrackingoackward algorithms

Other

Weak Signals radiamulti-static algorithm using HF radio waves

2016

2017

|[A6] Jansen E, Coppini G, Pinardi N (2016) Drift simulation of MH370 debris using superensemble
techniques, published on 27 July 2016, Nat. Hazards Earth Syst. Sci., 16, 1623-1628, 2016 www.nat-
hazards-earth-syst-sci.net/16/1623/2016/ doi:10.5194/nhess-16-1623-2016

[A7] Zweck J (2016) Analysis of Methods Used to Reconstruct the Flight Path of Malaysia Airlines Flight
370, Published online on 4 August 2016, Society for Industrial and Applied Mathematics, SIAM REVIEW,
Vol. 58, No. 3, pp. 555-574, DOI. 10.1137/140991996

[A8] Trinanes J A, Griffin D A, Olascoaga M J, Hafner J (2016) Analysis of flight MH370 potential debris
trajectories using ocean observations and numerical model results, published 16 November 2016,
Journal of Operational Oceanography, 9:2, 126-138, DOI: 10.1080/1755876X.2016.1248149

[A9] Griffin D A, Oke P R, Jones E M (2016) The search for MH370 and ocean surface drift, Part I. CSIRO
Oceans and Atmosphere, Australia. Report number EP167888. Published on 8 December 2016. DOI:
10.4225/08/5892224dec08¢c

[A10] Griffin D A, Oke P R, Jones EM (2017) The search for MH370 and ocean surface drift, Part Il. CSIRO
Oceans and Atmosphere, Australia. Report number EP172633. Published on 13 April 2017. DOI:
https://doi.org/10.4225/08/58fba83e73f2b

[A11] Minchin S, Mueller N, Lewis A, Byrne G, Tran M (2017) Summary of imagery analyses for non-
natural objects in support of the search for Flight MH370: Results from the analysis of imagery from
the PLEIADES 1A satellite undertaken by Geoscience Australia. Record 2017/13. Geoscience Australia,
Canberra. http://dx.doi.org/10.11636/Record.2017.013

22



25 Scientific Research Papers
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Why did the ocean drift algorithms not concur with the INMARSAT/flight simulation algorithms?
@ End of flight position as calculated in [AI§2], [A3], [A5based on INMARSAT and flight simulatior

@ Flaperonfound 16 monthslater on Reunionisland

@ The centre of gravity of the results based on ocean drift
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Ocean drift is not just about
oceanic currents!

Surface winds do intervene on
any floating object, which is
pushed by the vector addition of
hydrodynamic and aerodynamic
drag forces.

Surface wind modelling would
require the exact moment when
the debris landed, which is
unknown.



