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Rolling optimization of flight-plan vertical profiles under
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Abstract: Pre—flight wind forecast bias significantly affects the operational economics of flight plan vertical profiles.
This paper proposes a wind—correction—based rolling optimization method for in—flight vertical profile adjustment.
First, using a rolling window, measured and forecast winds over the flown segment are extracted; the forecast
wind over the unflown segment is then corrected via optimal interpolation, yielding the corrected wind at each up-
date. Second, under a fixed cruise altitude, a multi-stage optimization model is formulated with fuel consumption
and flight time as objectives. Finally, the corrected wind is fed into the unflown segment during rolling updates,
and the pseudospectral method re-optimizes the remaining vertical profile. Simulation results show that, compared
with forecast wind, the corrected wind reduces MAE and RMSE of wind speed by 69.3% and 66.1%, and those of
wind direction by 74.9% and 69.4% , respectively. In headwind-to-strong-tailwind and strong-headwind-to-tail-
wind scenarios, the corrected-wind scheme achieves maximum fuel savings of 4.02% and 7.68% , demonstrating
the effectiveness of the proposed method.

Key words: forecast wind correction; flight plan; vertical profile optimization; optimal interpolation; pseudospec-
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Fig.1 Schematic of in—flight real-time optimization mechanism for flight plan vertical profiles
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Table 1 Statistics of mean errors for multi—flight wind data

KR RKiE MAE K RMSE Uil MAE KU RMSE

WA 2.31 2.86 17. 64 24.16
BIER  0.71 0.97 4.43 7.40
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Table 2 Comparison of typical flight wind
condition characteristics
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/M 22 7 [ 4 —6.02 —5.12
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SR A —17. 41 +3.35

JIGE R B 336 JR 784 +1.63 —10.29
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Fig.5 Wind condition case of small-deviation convergence
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Fig. 6  Wind condition case of headwind

turning into strong tailwind

60
— SR
50 F —— ECMWETifi X
TBIER
40 -
an
=
X
20 +
10+
0 . . . .
0 200 400 600 800 1000
iR /km
(a) KX L
500
I—— SR
—— ECMWETii i X
4001 —
300 H
5
=
=200
100 F
0 =
0 200 400 600 800 1000
Wi /km

(b) Wit b

P 7 it KU XL R IR
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Fig. 8 Wind condition case of tailwind
turning into headwind
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Table 3 Comparison of fuel consumption and flight

time for the small-deviation convergence case
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Table 4 Comparison of fuel consumption and flight
time for the headwind—to—strong—tailwind case
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Fig.9 Comparison of altitude and speed for the

small-deviation convergence case
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Fig. 10 Comparison of altitude and speed for the
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Table 5 Comparison of fuel consumption and flight
time for the strong—headwind—-to—tailwind case
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Fig. 11 Comparison of altitude and speed for the
strong—headwind-to—tailwind case
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Table 6 Comparison of fuel consumption and flight
time for the tailwind—to—headwind case
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Fig. 12 Altitude/speed comparison for
downwind-to—headwind wind flights
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