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Altitude control of single person aircraft based on optimal LQR
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Bao Jiandong
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Abstract: For the aerial altitude control of single person aircraft, based on its flexible aerial maneuverability, compared

with traditional PID control, the optimal LQR algorithm is proposed to achieve stable and efficient control, while

optimizing the energy utilization efficiency of the system. Firstly, the mathematical models of aircraft dynamics and

kinematics were derived and established, and a fully digital Simulink simulation model was established based on this,

combined with linear analysis to design the controller., Then, by designing a non-zero steady-state LQR algorithm,

altitude control simulations of the aircraft were conducted to compare the control effects under different control input

weights. The results show that LQR can achieve smooth and stable control. In terms of energy consumption control,

under the condition of input weight R =1, the peak control input is only 1. 5 times that of the steady state, which is more

than 40% lower than the peak input under ordinary control weight, achieving the expected effect.
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Fig.1 Composition of single person aircraft system
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Table 1 Technical parameters of aircraft

ZR S8
SME K X g X H/mm 1306X932X1 605
Gl e G kg 180
KATEE/m <500
T EARTATHEE/ (kmeh D 120
KATHFA]/ min 10
i} KT ke 40X 3X2
HoAt R IT R IR K

TS AR S A S TR
F, =m(, +w, Xv,) @)
M, = Lo, +w, Xh (2)
Ho, T e frsfahdiE, ke 1, =

I, —1, —I.
_I.w Iy _13: 7}1?‘7%@]%7‘&/1 :I/,(U/,» Xi@
—I. —I, L

u
AR, ECHEBEMMELERN =W E, v, = v,
w
P 0O —r g
w, = {1 s ERERE Q= | r 0 —p| KX
r —q P 0
(D (ORI RN IE X, 250 R, W 13
F, m(u +qw —rv)
F, = F)]— m (o +ru— pw) (3)
F. m (w + pv —qu)
M, =
M, pl. +qrd.—1,)— G+pg)l..
M,| = g, —prd.—I )+ (p'—r")1I,. 4
M. M.+ pq, — 1.0+ (qr—p)1..

RATERITZ B G A B B RUR S D
3 #RAF AL

— — l 2
FESAR T AR LR —po’SC,» I

Hh BB O T

s o



2024%F || B
F43E F || H

B0, 45 1R BE Db A AT AT O R A AU A
A
BB Iy T AR ShAILAE Ty R, nl A

F. K, P, — mgsinf
F,| = 1Y, |+ |P,|+ |mgcosfsing (5)
F. Z, P. mg cosf cose

Fob K \Y . Z R8I S A AR R R TR A IR
B SR BIHUIR A bR R R IR s POk A S bLAE g O 22
A P K SRS 1 4 I FEDLIA AR bR R R B D

[ B “RAT A% B 32 2 B9 -A 0 3R sl O R R A Sl
I T 77 A2 B 0 RE P 23 2H A

i .1, .
SR RN LR R 7p«u—55c,,EEPE bkt

N RGO, C, A IR
RATAZE A A S WL D FELIR & A ) P AR R IR 7
1] 55 4 A 50 A () — - T 3 5 1 4 g R 5 B B
B LM d AW s o TG 5 RO AR ZE A7 K D5 1)
BORE R 2o d A d o WA S LAE ) 7 A B =l )
HFRAAT
P.d,+P.d,

T,
T,
T: P‘,ldu 7P,12dl_2

FRIAS B AT AR B 52 B AN T R R

M, L T,
M,|= |D |+ |T, )
M. N .

qXH:L.D.N A5,
DA bR AT 45 3 1 A R B R 4 L, R AT AR s
2 T LB AR R

P:IdLI 7P:ZdLZ TLP)‘xd/;l +Pyld/12
(6)

)

@ 1 sinptand cosgtand | |p
0= 10 cosg — sing q (8
¢ 0 singsecd cosgsecd | |r

MO R A RAT R B .
TRAT AR X T T A R R 2 R X 2 A 8 XL
TEHB T AR AR 28 oy T3 1) L 7 o w, Fl o, U

o

u u,
v, | =R)|v |+ |v, (9)
Z‘” w 0

XF 2 C9) R T A3 TRATHe A O Hu T AL AR L . Hrh

cos¢ —sing 0 cos 0 sind
R, = |sing  cos¢ O 0 1 0 |-

0 0 1] [—sind 0 cosf

1 0 0
0 cosg — sing (10)

0 sing  cose

Hh B O T

B X #t

2 Simulink BB K LEN O

Wi 7E Simulink 5 HE ST Bl 7 2 45 AR ] 25 AR AL,
AT L A %ot o Bk AT BT kAT sl
MR A 5 S SRR IR AR R | R Bl AL HE g AR R R AR R N
HH R,

S8l SR S B S B0 B IR A X PR M Y 3 Rl
FA—FFF RIS HOTE T H DATCOM! Y AT L
A RN 1S O B e S TR

DATCOM 75 B —A U TE R AE R A 50 AT 3%
SR NE S PN N ANy A AN Y DN LN
FIUFA TS K 1% 38

DATCOM 585 Rt th — A& 4 50tk BEE K5
B R4 T R 8L R I RECR B R T R &
K 3 5 A DATCOM $4EHe , 58 B A L B 2 s
BN F1/ 14 R Simulink BERL, Hod A 0 £ S 8
AL AR AR B R a5 = o i S i 3.

<alpha> a (rad)
i) Foogy N)
<beta> F
—Mach
CO— -
state »h (m)
<al> DATCOM
» g (P2) Mg, (N-)
M
II“"”—. Viogy (15)

Bl 2 KzhJ/H1%E Simulink 5 8

Fig. 2 Aerodynamics/torque Simulink model
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