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Abstract: As one of the most effective emergency maneuvers following helicopter power failure, autorotation land-
ing is characterized by high nonlinearity and strong coupling. Traditional modeling approaches rely heavily on com-
plex aerodynamic theories and extensive parameter identification, making the process highly challenging. A pilot
control strategy prediction method based on a convolutional neural network - gated recurrent unit with embedded
squeeze—and-excitation modules (CNN-GRU-SE) is propsed. The model leverages CNN to extract spatial fea-
tures, GRU to capture temporal dependencies, and the SE module to recalibrate feature channels, effectively un-
covering the spatiotemporal coupling characteristics in flight data. Furthermore, based on the phase characteristics
of the autorotation landing process, the entire procedure is divided into three distinct stages, with a separate control
strategy model developed for each. The model is trained and tested using simulated flight data. Results demonstrate
that the proposed method achieves high prediction accuracy and can provide reliable control strategy support for pi-
lots during power failure scenarios, thereby enhancing the safety of autorotation landings.

Key words: helicopter; autorotation landing; deep learning; manipulation strategy ; intelligent control

WiBH: 2025-03-25; fEEIBHEI: 2025-07-26

EE&WH: MRS C TR AR T PO P8

BEMEE: BARMH0982—), B, ML, Y. E-mail: chendawei@nuaa. edu. cn

SRR BOGR, BORE, R4, % . T CNN-GRU-SE 1y [ f% & RE B IS i 52 (1], Mt TARUERE , XXXX, XX(XX): 1-13.
WEI Haixing, CHEN Dawei, WU Dongsu, et al. Research on autorotation landing manipulation strategy based on CNN-GRU-
SE[J]. Advances in Aeronautical Science and Engineering, XXXX, XX(XX): 1-13. (in Chinese)



2 fiias TR

L 9 XX &

0 35l

o HAOLAE AT B b R A 8l Ty R, kAT
Y R B SO0 2 i, LA Ok kAT e X
TR W 2 K BT A 43 3 1 R Gl B L
PERING BT, T 38 o 80 4% & s HLSC B dk 2 R AT 8k
LAEHRY . X FREETILN S, — B 3h J ki
KA RAT R BRIKEE B B B R B S e X
HEANC AR TR e AR EE A s R R
JHE &%, 70 A B Y e BE RN ) PN S & 4 4 Bl o B
5% H ¥ Bl AR v i B R g B B ) 48 T AT
RTES R i Ab B R T O R A

RS0, B P9 A 3 AR S AT g
28 00 1 R 4 B B AL R B BL R BRI TR AT K A
PEo AR, RAT G A A L S R K XU
e, I AR ME LA g — , 3 BORHE A PR A
X R b BRI N . i, AR R
IR £,

B 5 A5 400 g 1 AR 9 B, ) T 4L e X AT
BUHEAT B e Rl 2R B A A B . BRI AR A B
i b B RAT T B, BEE A A R R R RN B T Ok
BUIE B AR T RAT B SE PR RAERE . THE R
1E B A LR, Se TR AT B AR AT R
SACBIIN SR, B B AT R AER R REAL R,
W0 IR RXUBS 5 Scaramuzzino 25 & B, A L Bk
M B 2 &SR AT BEEE T RAT 51 A% 45 1 Ak
Wei %03 FIF & 1) 4 RO ARl 10 A7 0, 285
F RIS IN LA B T AT GRS B 45 ) T B o
F1 25 B £ F ; Scarpari 858 T ®AT B TAE g, N
B8 I $E AL TR K Alam 550 & LR
IR A AE % B I 2R b e BRI AT B AR B A
Pt i R AR B

ANV ZRBHF N DR T ELE BT, L
B Ryl ST TP A B 0 B ) S AL R AL
Wz a2 R AR R Z I R R % VRIF IR
T A v DL RCE B e 200 B RS = &5
AR 45 1) B8 oK i R TR R AR . Wang
Yunjie %S 3L Tz ok 5K I 2R 2h 2 BRI 5
2,0/ TS B e AT R FLR 15 Saetd
U T AR R PLOTB B A =R A A
TauBSHE A S AR L A W, S T 7E
AN RAT SRR A EROF JE R A S NS
TS H TSN B IHL A % 3h ) R 3 B B

il

S T 4TI e T =2 B N
hy i SR B Y Al ok BT AL, R SR g A
DCNN i 22 88 A% [ % 25 Bl AS [A) B Be i) 4 1
BEIE T A3 R 3, BT S BT AN Y %
AR SEh LR, 2 S o i 1 AT AR
F2h g 2 AR B SR LT AL B R A R
AR R AR G S SR T M
7 LA R 3 R A 2% I S KBl g 2 R R R
K IR 8 T8, A X — 2 P A L P

AR SCHR Y — Bl I IR A T AR R B UK B
HBILLRAT ©AT 0 A B R BRI R 1 7 1 . %
TrERI A — TR A SE B8 i1 4 B 28 0 26 -] 45
i I (CNN-GRU-SE) iy &2 & #1803k < 3
SRR B L MO B 2 2] AL AR
55 AT RN IEZ 0w O R 45 R K
1Z 7 U AT B2 AR NAT O A U T A

1 BHEERMIRH RS

TE B IHHLEEA A B 225 Bl i 4 d B b, /AT
BB EA B 0 B BV H AR 547 AR, BE
HRATH B A, AT RO OCTEM EE S
WRl 2 A8 fl, AR O e 1 B 2 A B Bk 22
S G AR RRAE o D RS HET B AT BUAE AN R By B
F10 45 A L A A0 28 G 0 I A, AR SO BT AL Bl
TR ACEN & Bl R B A T R O 3B B, i 1
JI7R -

Tah A esr
i T RER

A AT I R R

=3

A REET

HENEEERAT

N

g3k
BT F A i s B IR
Fig. 1 Schematic diagram of the autorotation

landing process
1) s R B B Bt L8 g R R i I, B e
L ST [ B A e A I B
2) U A B B B s DA B T — R (B



XX B B 45 T CNN-GRU-SE 9 [ % %5 Bl 5 9\ 5 0 0 52 3

P 8 B g B2 ) 1) A5 R AR A 303 B A B B
3) A& E T R B Al TR0 T R B B4l R
il o 5 il B B T B 22 ] ) B B

1.1 JniE T P& B

TE A e 3 i 19 00 56 B B, 3 1 ks B BUE
THHIL e 32 5% ot s T fE BT PL R 25 R BT ok
U5, DT PR TR UL, 47 R B TR 7 ) AR E o A
Y B, TRAT B AU T R AT RN 2 2
A, AR 35 23 OBy, e 3R A = S s AR TR
i NRE R N O e S 2 S B U Dk s e
TH1.

], AT B R R M R 0% Bk
HOR , BEAZ RS HLE IR BN, HAE PR K iR
JEE Bl 555, A LB A B0 T T RESE e BT LS 2 K
SNt F 8 Ry O AT By Lk T8 A1 i A0 A0 e 4%

WE AN, Bl A7 9 2 2x 51 A i A6 sl M 4650 < A AR AR
A&, AT 5L AR I A R R R OR A A SRR AR L A
SRR FFKCOF R’ AT

1.2 RETHEHER

TEfRE T RER B, e 38 1 sl AR B Wit e, T
(G E IR IS 12 ] AR DS I O W i o 1 2
B9 O AT 55 2 DR R 8 35 1 O ol 3 DA R 8 A R %
BT SRR E T B O BB AT, /AT B
Vo TE B B 4 T R O Y Y R G R A A e A
2 E T BT AR

[ B, RAT 0T PR R AT RS 5T R Y
AP . AL 7E 60 mor AT WO R N R 2
40 m/s, & 45 miZ A [ E 20 m/s e A7, LAY
231G N 2 3 RURS o

AR, AT 51T G T AN AR IR, A0 XU | R T
A5 T AR i 52 B XU 1 0 T B B A [ s U 5% b TED
ARBL , PPAG Hb T 2 FR R B 49 43 A1, 040 9 I A%
FE Bl A5, A PR R 3 Bl 1 &2 ek

1.3 B & B B R

LT LIE B i S A s i B i 3 B

P T Pragon IF, QAT BN TT 065 39 B A TR) RF 42 ) 25

BEATAE HUAARTE WO 47 5"~ 10 AU £ o Il 5 1w 2
UERL /A W F

haow =1+ 0.79w, (1)

A cwo HELE T BB BOAY T BEHEE 5 2 o SE
(GEUET a1

X — [ B B 4 AL OC E L A A Y
v L MY B i 3 S BE WY AR B AR, T e 3
BN A R A i s B XU 5 o A A A B
JEE A T 4 39 BE 980 BF [R) R A2, AT g LA 2 v o R
fih 1

T H LT AL T K AT £ 32 B b T 08 B
W AETE A R A TR A e 35 R A 1 A ) e
Ti] b B, 3t T8 00 T LA 200 AN T, TRAT BRI — By
B v T e S R it 1A B 53 e 5 e R A BT

2 H F CNN-GRU-SE HJ# 9\ 5F B&
o i) 4= By

2.1 BB

o 3t ST A A 45 A SR s AR T ST B PR I
5 AT SRR OIM OGO HE kAT S M. IR
o EL TR HLBE AL AR O 0 g b BT ALz 2 U5 R .
Horp B BB RAT AR F LR Rl A o LA
SRR e 3 A Y 4 R0 B, T R R A FILAAOIR
A 10 A2 AR A T B R LR, ORI T M RE 4R
PR R ] AL e 38 A A RS . 5O B R B AR E W
PSR RRAR LE , X Rl 10 2 > T R A,
P& w1 RO SR A B S, O ELICA TN B A R
8 AR, B A A AT £ 7 LR IE

% B I HLIE 7 T AR I LA 2 AR R Sy
S, LS ELT LAY R A RS RS
S IE )

y=/(y,u; ) (2)
Ao B RL, y S L IEAUR S 1) &
y=lu,v,w,p,q, 71, $,0,¢, 2, v, h, 2] (3)

AP u v, w HHRN OB shEE s pog.r b
MR N A ;¢ 0. ¢ NEEMsx. y. h WA
P o oy S BE B 8l 1 RS KL B by
P, TR 1Y) 85 5 2 O R LA
w R T LA 1) 3, AT Sy
u,=[0,,0.0,, 0] (4)
A0, R e BB 5 0, S e 3 ) R I AR B s 0, R
& 3N 16 JE AR I 5 0 N BRI I
u,=[0,0.,.0.0,] (5)
oo Ry AT BLREE AT 5 0, B 1) 25 A A A i

T



4 fiias TR

L 9 XX &

O, YN 2 B AT A & 50, I A = . $E I )
it u, BRI CAT LAY SE PR BRI

AR RGERIA  u, Ml w, Z (B AF7E Q0T
KA

uy= Cuu, + Cy (6)

K Coy 0 I R AL S RS Cp i B
] i o

M i #E B AL A B S B IR O LY
LR S e 3 5% SRS M 2s [\ 67 & . ok, A
e AL ARG B B, 25 IR 4 PR B DR R 1 B 91 40 <
AR s OB RS i E R
A7 G KE 2 B AT, S R R D B ) R L i

oINS NS Tl el TSR PN
X B ER A — 2D IR 5] A B A S, EE ST —
A RAT BB R I A IR ZE A AN & 2 B . Yl
AT PR N S 8, AT DL ST RAT LR
g SHLAR S Z B AR L B R BT —
AR BV RN NN A S i B S 3
G2 7 1 AL B AR R T R

I
EFHHLIR A u
W g
5 :
] i IR
RENPUIFE HFLE I T R | "E :
wahi —o— AR T
i v (MEZE) -
X '
S 5 s
P ‘

B2 TRAT B RN AR T 45 4

Fig. 2 Pilot's manipulation strategy model structure
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Fig. 10 Variation of aircraft state parameters
during simulation
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