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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
Å Multinational search and rescue first and then air, maritime, and underwater search - abandoned in 2017
Å Accident investigation - finalised in 2018 but inconclusive
Å Scientific research based on:

Å INMARSAT radio signals, flight simulations, and recovered debris
Å Search in the satellite image database
Å Unconventional methods: WSPR radio ham signals
Å Underwater acoustic signals and electromagnetic pulses in the underwater cables.

Entropy
ÅWhat role does entropy play in the MH370 case? 
ÅWhy are the results compromised when the entropy is ignored?

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 10-year research results.
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MH370

Source: FlightRadar24 captured on 8 March 2014
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MH370

Down in a time window of 12 
minutes (1709Z-1721Z)
Å ACARS turned off
Å ADS/B turned off
Å Mode-A/C/SXPDR turned off
Å COM tuned off 
Å SATCOM calls unanswered
Å SATCOM tranceiver on

6 hoursof unknown flight (2000-2550 NM) 

Debrisfound after 16 months +

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

Tracked for 1 hourby military primary radar in 
the Malacca Strait, Andaman Sea
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6 hrs of flight from the last known position ς
trajectory/direction unknown 

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

Initial theoretical searcharea 66.9 mil. km2

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

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)  

Broken Ridge
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What has been attempted

Å Multinational SAR initially

Å Multinational air, maritime, and 
underwater search over 
120,000 sq. km.

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

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

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

Source: [B2] Andrew Heneen, Map of the 
MH370 search areas, 2015
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Source: [B4]

What has been attempted

Å Accident Investigation Report [B4] The Malaysian ICAO Annex 13 Safety 
Investigation Team for MH370, Safety Investigation Report Malaysia 
Airlines Boeing 777-200ER (9M-MRO) 08 March 2014. Kuala Lumpur, 
Malaysia ς 2 July 2018
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What has been attempted? 

Scientific research using the INMARSAT radio signals (pings) which were publicly released by INMARSAT on 15 March 2014. 

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

The problem of the 
relative speed
betweenthe satellite
andthe aircraft is
geometrically ill-
conditioned 

In our calculations, in March 2014 and afterwards in [A1] 
and [A3], we used justthe 7 BTOs, not the BFOs!
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30 August2014 - [A1] Submittedto ATSB

18 September2014 - [A1] Presented
publicly (Published: Jan 2015)

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

8 March 2014 - MH370 disappearance

15 March 2014 - Release of INMARSAT raw 
data of SATCOM transmissions from MH370

20 March 2014 - Our first article on aviatia.ro 
portal on the known facts (in Romanian) and 
the first calculation results, which pointed to 
the Southern route (contrary to logic, because 
there were no airports on that path) 

INMARSAT-3F1 IOR
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Source: [A1] Pleter OT, Constantinescu C E (2014) Possible Trajectories of the Flight Malaysian 370, 
Proceedings of the International Conference of Aerospace Sciences AEROSPATIAL 2014, 18-19 September 
2014, Bucharest, Romania (also provided to ATSB on 30 August 2014)

т {!¢/ha ƘŀƴŘǎƘŀƪŜ ǎƛƎƴŀƭǎ όǇƛƴƎǎύ Ҧ ŘǳǊŀǘƛƻƴ ƻŦ flight and 
position relative to the INMARSAT 3-IOR satellite

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

Quadratic Sum of Errors BTO 7 pings South corridor
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Source: [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 

The Southern corridor is more probable from the INMARSAT data BFO + BTO - this is 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

Andaman Sea turn

Gulf of Thailand
turns
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Written: Aug-Dec 2014
Submitted to JN: 13 Jan 2015
Accepted: 1 Jul 2015
Published: 30 Jul 2015

Source: [A3] Pleter O T, Constantinescu C E, Jakab I 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 

High Fidelity simulation: 
Å wind vector field at the time and 

place of flight
Å temperature
Å pressure
Å B772 flight dynamics
Å RR Trent 892 engines
Å Flight Management System (all 

modes scenarios)
Å Auto Pilot (all modes scenarios)
Å Asymmetric engine out at fuel 

starvation
Å Engine-out gliding trajectory
Å INMARSAT-3 IOR orbital dynamics
Å Ping signal propagation (ionospheric 

refraction)

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

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

ʀ Ὠ άὭὲ
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Ground Speed (solution 11 out of the 38 solutions)

What are the oddsthe GroundSpeedwasconstant?

Source: [A3] Pleter O T, Constantinescu C E, Jakab I 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 
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Envelope of our 38 solutions with Quadratic Sum of Errors < 25 km for a 6,000 km flight
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Envelope of our 38 solutions vs. June-September 2014 search

Source: Pleter and Constantinescu
EUROCONTROL WS University of
Glasgow 2018
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Envelope of our 
38 solutions 
calculated Dec 
2014 
vs. 
Nov 2015 
heatmap
(ATSB) 

(Impact North 
of 7th Arc 
disregardsthe 
flight dynamics)

Source: Pleter and Constantinescu
EUROCONTROL WS University of
Glasgow 2018
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Envelope of our 38 
solutions vs. final 
search chart (ATSB)

The greenis what 
we calculated but 
has never been 
searched 

Source: Pleter and Constantinescu
EUROCONTROL WS University of
Glasgow 2018

Royal Institute of Navigation 18 June 2024



Royal Institute of Navigation 18 June 2024 18

Richey Medal 2017

Royal Institute of Navigation

Best Scientific Paper published in the Journal of 
Navigation2016
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What has been attempted 2014-2024

Å Scientific research based on:

Å INMARSAT radio signals and flight simulations (UHF)

Å Recovered debris

Å Search in the satellite image database

Å Unconventional methods:

ÅWSPR radio ham signals (HF 10 MHz)

Å Underwater acoustic signals

Å Electromagnetic pulses in the underwater cables

Forward algorithms

Backward algorithms backtracking on oceanic currents

Multi-static image processing algorithms

Multi-static radio signal algorithms

Acoustic detection algorithms of the crash

Electromagnetic detection algorithms
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25 Scientific Research Papers on the MH370 Flight Trajectory 
published in the 10 years interval 2014-2024

Classification on the method:

Å INMARSAT SATCOM radio signals (the 7 pings) - strong signals UHF 
[A1][A2][A3][A5][A7][A13][A14][A16][A22]

Å Aircraft debris ocean drift backtracking - after debris were found 2015 
[A4][A6][A8][A9][A10][A12][A15][A17][A18]

ÅWSPR (weak radio signals) - after 2021 when this new theory emerged - HF radio 
ham connection multi-static statistical method [A20][A21]

Å Other methods:

Å Underwater sensing: electromagnetic in undersea cables [A19]; acoustic [A25]

Å 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
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25 Scientific Research Papers 
on the MH370 Flight Trajectory 
published in the 10 years interval 2014-2024

INMARSAT radio and flight simulation - forward algorithms

Ocean Drift backtracking - backward algorithms

Other

Weak Signals radio - multi-static algorithm using HF radio waves
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INMARSAT radio and flight simulation - forward algorithms

Ocean Drift backtracking - backward algorithms

Other

Weak Signals radio - multi-static algorithm using HF radio waves
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25 Scientific Research Papers 
on the MH370 Flight Trajectory 
published in the 10 years interval 2014-2024
(continued)
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Broken Ridge

Oceanic drift
backward
algorithms
(16 months+ 
entropy)

INMARSAT Flt Sim
forward 

algorithms

Oceanic drift
of alleged debris from
satellite observations όс ƳƻƴǘƘǎҍ ŜƴǘǊƻǇȅύ

Point entered manually (LAT/LONG)
in the pilot in command's home 
flight simulator
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[A2]

[A3]
[A1]

[A5]

INMARSAT Flt Sim
forward 

algorithms
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Why did the ocean drift algorithms not concur with the INMARSAT/flight simulation algorithms?

Source: [B5]

End of flight position as calculated in [A1],[A2], [A3], [A5] based on INMARSAT and flight simulation

Flaperonfound16 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.

Entropy effects accumulated in 
the 16 months+ time interval  

Ocean drift is driven by 
dispersion and entropy prevents 
a backtracking algorithm from 
providing accurate results


