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Multi-aircraft formation flight path planning based on air
corridor

Wen Ruiying ', He Jiaxing *, Liu Wenhan *, Wang Hongyong *
(1. College of Air Traffic Management, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Formation flight can effectively reduce aircraft operating costs and increase airspace capacity. Taking
the three-aircraft formation as the research object, the dangerous area and the optimal position of the No. 3 aircraft
in the formation were determined first. Then, based on the aircraft performance and particle swarm optimization
algorithm, the formation scheme of No. 3 aircraft without changing the path of No. 1 and No. 2 aircraft was
proposed, and the influence law of the airport location of No. 3 aircraft on the formation assembly point and
separation point was revealed. Finally, Hough transform and DBSCAN clustering algorithm were used to process
the great circle route, and the air corridor was obtained as the initial solution, and then the whale optimization
algorithm was used to optimize it, and the auxiliary corridor was established, which provided a feasible solution
for the path planning problem of large-scale formation. The results show that when the longitudinal distance
between No. 3 aircraft and No. 1 aircraft is 6000m, the optimal position of the formation of No. 3 is -57m or 114m,
and the optimal position of No. 3 is affected by the weight of No. 1 and No. 2. When the distance between the
takeoff or landing airport of No. 3 aircraft and the great circle of the formation route is constant, the optimal
assembly Angle or the optimal separation Angle is basically unchanged. Taking 827 trans-Pacific flights as an
example, five air corridors were obtained through Hough transform and DBSCAN clustering. When the threshold
of distance between the take-off and landing airport and the air corridor is 300km, the percentage of flights that can
use the corridor reaches 54.17%. After the optimization of the whale optimization algorithm, the percentage
increased to 64.33%.

Key words: air transport; formation flight; trajectory design; flow filed of wake vortex; air
corridor; WOA
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9000 0.85 6000 y
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Fig. 5 The relationship between Af and lateral distance at different altitudes and velocities at 6000m
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EEE/m HE/Mach  BIUALE/M A%

12000 0.85 -57 7.44
12000 0.82 -57 7.90
12000 0.79 -57 8.29
12000 0.76 -57 8.69
11000 0.85 -57 6.46
10000 0.85 -57 5.49
9000 0.85 -57 4.56
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Fig. 10 The point of the great circle in Hough space
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Fig. 13 air corridor comparison diagram before and after optimization
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ho/km AR YA HE R
R EAi) et s
100 45.59% 49.58%
200 52.72% 58.16%
300 54.17% 64.33%
400 59.49% 64.93%
500 64.81% 64.93%
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Bl AcCuFl ACos iBA B AR 45 sURI B AR 23 B8 sS40 il R Py R Py, BREE B AN 43 B AT
By APy R AP, MLEE A1Cy SRILEY ArPy 2 TR H1 2 £ D B ARt 45 45 £ (Optimum Rendezvous
Angle, ORA), MiBt AC, SHLEL AP, Z A1 f1 i AL 432 £ (Optimum Split Angle, OSA),
N E WA 14 s .
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Fig. 14 Formation flying diagram

N T IRFURM NS AL E S by ZIRISC R, BO10 DAFR b, KRR 3 5
P RHLIZ B XL AL T A2 R B 10 N ASTRIEE T B2 hy BORTR A 10 e, HAR 3
AL LI EE XN L2 BT 2 B 7E K [ F PR AR RN, MU A R E . B hy MHFEDY 14
Wy, 36 10 A¥l: SANLTEA 10 MUz, I0E 100 Mg, HAEmE 15 fos,
Pl Hh o 754 b A2 D 22 T RERTEOR o« BLIX SR g A JE LS Kbl BRI A4 R
418.74° N 100.42° W, XI 3 ‘SHLIEEALIEATHIR .
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Fig. 15 10 groups of departure airports equidistant from the great circle of the route
W5~ 30(10)-(18), LA 3 SHLIBAT A IR /NN HAR BRI, s IR 5- RS20 = A1 90 PA %
BT IR . MRS RN 16 Pron. ATRAEH, 7 hy ARIELL T, ORA fEIRZETEH A
REFAAE, XAHIE hy ALK ORA BUCFIME, THEARWIR 4 Jizs. 2 hyJy 10km I, ORA
4 87.51; 24 hy 24 100km Ff, ORA 4 70.26.
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Fig. 16 The relationship between different airports and ORA when h; is the same
&4 [ h1 XTRHY ORA fE
Table 4 ORA values corresponding to different h;

hy/km ORA/= hy/km ORA/=
10 87.51 100 70.26
30 82.23 200 70.39
50 77.18 300 70.55
70 71.55 400 70.85
90 70.25 500 71.12

NV IRFEEAHGND B R E S hy Z[E SRR, B10 DR hofH, HAK 3 5
P Bl LI BEOUR L2 FA A2 T 48 K IR ) 10 N ASTRIERES s R4S hy BORAIAY 10 il HARER 3
SHUE LB B L BT B A2 K B e B AR R, ALz AR B . B hy MHEDS 141
Blizp, 3645 10 4iblds; RRAINLIZ 54T 10 L7, 36 100 MHL%, Bk 17 fros,
P 2 M HE A A A T HE R TBOR o« AR EEN L7 9 A JELE R LI, X 3 SHLIKI R AR
BEAT I
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Fig. 17 10 groups of landing airports equidistant from the great circle of the route
MRNARINE 18 . FTLLE M, 1E hy ARHIIEIL T, OSA fETRZEVEH N IRFFAEL,
XA hy ALK OSA HCFEME,  tHREIRINER 5 s 24 hyJy 10km I, OSA 4y 87.28° ;
2 hy 2y 100km I}, OSA 74y 72.88° .
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Fig. 18 The relationship between different airports and OSA when h; is the same
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Table 5 OSA values corresponding to different h,

ho/km OSA/° ho/km OSA/=
10 87.28 100 72.88
30 81.46 200 72.33
50 76.20 300 72.32
70 72.70 400 72.23
90 72.73 500 72.29

3.3.2 HBhiE g

FR4E 28 3.3.1 AU T &5 SR ST 4l BhAE BT, 24 ho=300km Hf, RINAR SR B\ AT 4% an e
19 firR, BEseseRE TS oER, BEARRMIER. EBhR— MUz 2 & mHihiE
JARE IR S R RMILR, RO R — AR AR 7T DASE 22 4% 25 rh o iR rh e 2 — 26 A ik
ELAR ho=300km 5 hy=500km [T 25 AT HE R AT, {H /2 ho=500km i 22 />4 i JR % T
FEEE 2, W7ESmBARS AT LB AT 2, AR TN AT I SLiti .

R TR, WL VG, @i i e Rt N 3 R TR IN AT, BRI A L
0005t B A TR A IOA v B 28, 308 3oL B R K R0 B AL o 12 7 VR BRAR T S AT B X
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Fig. 19 Flight path diagram of large-scale formation flight

(1) BT 3 SHERBN AT HIRMAIE . LL B747 ., 5 1 SHLY\mEEES 6000m
i, 3 S ML A o7 B AR A P 85 -57m 5K 114m 4b. 3 SHLIHRALA B2 1 S HLA 2 SHLE
BRI, RO 3 SHLHIRE IR 24 3 S L2 1S AL BRI B AL B AE-57m
b 24 3 SHLZ 2 SR LUK N B L AL E AR 114m AL

(2) FRAE T — ol 3 2 e 2 R AR R KA 2 O % A Rl I L8 5 56 o ok P R AL e AT
DBSCAN ZRBHE, X RBEINLBEAT AL B, Sk R ATZN BN — kiR, DAtk
20 2 B N B LA SRE IR AR . AT AR GNATEIE R iR K H bm ek 38, A i 22T A0
o VAZRHR) 827 AMUIHENMGY, RS WA BhibiLIz 5 2 v e A B 2 BRI 4E D 300km I,
WIS AT AT RIE B T 64.33%, LLALALHTIEI T 10.16%.

QTR HENE, R T — A AR gL 3 SHUERARIRIT ¥, SEBL T X 4
BAERESE S AN B R Ko 3 S HUES LI A1 Bl ATL37) 280 G A T2k (10 2 12 5 v G A B 45 s AT
R RRIALE, AN R 22 AL B 2 K [ 1 ER S ANAZ I, ORA AT OSA A
Ao FENCAHRL AR BIAE RS, JEENLIA A R, 1% A AT AR
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