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A Shortest-Path Graph Search-Based Trajectory Optimiser for Wind-Optimal Trajectories
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Variables: Downrange distance, Cross-range distance, Altitude, Speed n oA L A
Initial conditions: mass, altitude, speed, start & end position, e gﬂiﬁf |
initial reference trajectory based on Great Circle. 5{3(‘% - — > =
5
cl'o downrange

— A partial search space is set around the current reference Combinatorial optimization logic in DP method
trajectory and a local optimal trajectory is generated. (Speed (CAS) axis is omitted)

— If the obtained trajectory is different from the current
trajectory, it becomes the new current trajectory for the
next iteration of calculations.

— The method repeats until the newly obtained
trajectory identically converges to the previous
optimal trajectory (fuel burn becomes identical).

\
> ZEHENPE Optimal trajectory
(local optimum)
eference trajectory
. . — Great Circle Route
> BLE IR 0 A A R EE. Initial poi / ( )
New reference
\_ -/ / / trajectory
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Can we apply shortest-path graph search?

hE:
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General graph shortest-path search: CO nce pt

Graph composed of vertices (nodes) and edges. /- Possible lateral flight paths (including ATS routes and free routeing \
Find minimum distance path between two vertices. areas) represented as a spatial graph.
(Dijkstra Algorithm, A* Algorithm etc.)
*  Use fuel consumption or flight time between vertices as the metric
instead of Euclidian distance.
End -> Graph search yields minimum fuel path or minimum time path.

*  Set constraints on graph vertex or edge availability to model
Start *  Restricted air spaces (with opening/closing times)

*  Volcanic ash/weather etc. (can move)
k *  One way or bidirectional routes /

; = 5 = “Free route” area
e S e e @ irepresented as a mesh

B %

Minimum fuel path Minimum fuel path with airspace
without airspace restriction (edges in red polygon
restriction removed from graph)
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Compare with PACOTS tracks and actual DARP track

(Restrictions: Only single cruise TAS and altitude set, only a single weather forecast.)

file name = rfl_tpf-tcpv3 170113 b773.txt
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Track T
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" TRACK 14
SeasT” TRACK 1 = - 4
i Track Atz S _TRACK 2
Tragk-B < TRACK 32
\\« =
—— - e iy
e
N
\\ Graph - Westbound
Graph - Eastbaound
PACOTS - Westbound
PACOTS -Eastbound
Dy
---- QAR
2

Thanks to All Nippon Airways
for providing QAR data.

* Graph search-computed minimum time tracks show reasonable correlation with published

PACOTS tracks.

* Honolulu to Tokyo flight (QAR) Initially follows published PACOTS track then executes DARP
based on more recent weather forecast. Flown track west of 180E coincides with minimum time

track computed using graph search.

» Computation time: < 10 seconds (Python/numpy).
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Thank you for your attention.

Any questions?
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