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Optimal control for soft landing of lunar probe
SHAN Yong-zheng', DUAN Guang-ren', LU Shi-liang?
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Abstract: In order to decrease the fuel consumption under a finite thrust, a method applying nonlinear
programming is presented to solve the optimal control problem on the soft landing of a lunar probe.
Based on Pontryagin maximum principle, the lunar soft landing problem is transformed into a two-
point boundary value problem in mathematics. In consideration of the bound condition and transversal-
ity condition, the resulted two-point boundary value problem is converted into a parameter optimiza-
tion problem aiming at the initial values of conjugate variables and the terminal time,then it is solved
by the nonlinear programming. To reduce the sensitivity of conjugate initial values, the initial values
of control variables are used to replace the initial values of conjugate variables based on the transfor-
mation between conjugation variables and control variables. The simulated result demonstrates that
the proposed method leads to a successful implementation of the lunar soft landing and reduces by
2.1% fuel consumption as compared with that of the traditional method, which shows that the pro-
posed design scheme is simple and effective.
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Fig. 1 Coordinate of lunar soft landing in longitudinal plane

R B o NABBRIE KL oy 1 ) 3 Fili e ¥ L0E
MY R r € RTFIRI G B A O I 50 42 oy
HMor WA 59 HHETITT 05 or HELAY A
E il gy Jfi 59w A HE S RN F IO 080,
& B B0 s B T R
i):gsin (/;*f—z-l—rwz
= : (1)
c;):*%<gcos ¢+2vw>
I

C

Hrp o€ R ZRMEFIERAL r I 18] ERHE ;0 €
R ZARM AR T76LFA 0 W f 3 s m € R Z R 4+
Jide s e 2 A BRT T3 80 C D i 3l KR R HE
LR

e WG B 2 10 =0, B 2 ¢, AR B AH.
B Il A W0 s A5 11 e P00 8 G B A3 T ) R Ak
AR A E L B
r(0)=r,,v(0)=0,0(0)=0,w(0) =w, ,m(0) =m,.

ST AR R H RS IOCE B BAR A R
2 25 A1

m—




oM

FAIKIE A5« 7 BRI 5 B Il 14 e G 47 2155

r(t))=rss vt =vps w(t;)=0,

HrneRT Z2ALIIEHN NMWIER.r,€R 2
HEREAR 0, € RT RN A8 3 3% F T I 0 32

TERE T el TR B i R 22 5
R TERUIE R 3 1 2ok A8 v 25 3 BOR S B R
3 H SR IBOH —fb b B R 4R R TR L [ B X
FEAL A ] LA O A 72 B DR A A R R 2, Y
b A R Ab HE L AR A AR

;:7"/7‘0
5:"0/’2},{):«//1/7’0
925 .

jZ:t/Z,Z:ro/%
IF:F/F F=m,v*/r, '
iz mﬁﬁu>7u&%ﬁ

~
I

v
;:i sin gb*——Q—rw
0=w : 2)
;:*%(gcos ¢+2;};>
. s
o
HHE PR 9] by 24 128 0 28 3 249 SR 25 AF 05 O
ro=1
v, =0 (;erf/ro
<0, =0 Fv=v,/v .
1(1)():&)07’0/{) ijZO
m,=1

3 MR BRI B AT

Wiz sh 7 R (DR RS T RE
E:f(;,u) )
HohRZGREEEN o= [r 00w m ] 52
iu=[F.]" . ¥ BAEIR 5t ) BRI i 1

REFEFR N
J=elaG@)]=m0)—m(t,)=1
) 3k W 5 T R R
H @ 2sw=A"f(x,u) , 4)

—m(t) . (3)

Horp /\:[Am/\w/\o s A DRI i
)\:_QH(IL/\N/!) ’ 5)

Jdx

AFCOS¢; 22, Vw

r 77’17' 7"_

1,=0 , (6)

A= 27w — A+ 22, l

F
> 7 cos</;
Hﬂiw’ﬁl,%ﬂﬁﬁé’ﬂﬁiﬁ:
;(Z‘/ )—r/ 70
G: 'Z(t/)i'?)//‘{} =0 ’
w(t,)
DR BAAE R -
A(t,)z[%+£y} : 7

dx =,
Horb oy Hia% B H o 7.
H 6D (7 R L WY B Ll A A
=0, KX DORAR I EZES 1,=0,155].

H=30=2 &+are’ —A, @+

F
An=2, —Z<1n¢ Au

(A—m s[;* cos¢ C)F’ (&)
*E}E%‘%ﬂliiffﬁjtﬁﬁﬁyﬂﬂtfﬁﬁﬁ:

J% A gb* Zcos ¢ —>O
Fr= . (9

10, A—51 </;*—7co<(/; —<O
AR BT @ A2 ARE AR 3 AR B A5 1

M _ G,

99

ﬁi) (10)

@

i b A =LF 9" 1T

B g 045 A AR 2 05 78 (2) AL B O 7
(6 I JFH A0 ey 25 1 o0 28 S 249 SROREAR 2507 e A 3 B
J7 AT AT AT A B R Rl B L BaE . B
SR A A0 I A A A B b W B R SR
fift .

4 FEZXHH

¢" = —arc tan<

X\ 7 AR 1P AR

W2 (2) F= 6) /T LIFE B A, W BUE XT



2156 P o

K% T

51T &

(A susa, )" PLECRE A B [ rv. 0.0 m " WH
e o PRI R B Se 0 ¢ FRIE BGEACHIELA, 4w
Ao A A EHBPREZERYIE (0 =[r,v.0,
wsm = FEL0, e, ] B X (2) MK (6) #E4T FLAY ik
A LA BR S R A 2 Cepd o PRI T LK R S R 245
FEAERIERVIMELA A2, IS0 SR Z ¢, 1R

BT X R R FRE T LR ERE RS bR T B AR
LA s QoA Jimo 55 1, 10 BRI DDA SCHY PR A 320 1 1]
RN AE R

R B AR ek B J = gl e (20 ]5

TS (A, A0 A, 10 oty

G=0

R k) o1

B VR A 3200 1L ] A A Sy — A I e PR AR A0 )
LR 2R B A 2 A SRk

A3 i U B Y 2 A I A 2R M R ) ) R
PEATHUE B L LA, A A, ) o B 1 R AR A 1
M HT T LA 5 A A, Jimo T BH 6 1) 4 B3 S, AR U
TEHCA B ARIAE T a) A4S B X5 ) {8 19 38 B A
AR ) RO TR, iR A A B 5] AT T Y A e
il A5 32 A% 0 B 2 A7 018 00 4 B ST A ) ik
B,

A e 4 i 4 A X (10D S R 7k

Awro=sin (o) s A= —cos () »

/i
{A,,@lsin (o)
7o , (1)

Ao = —cos (Jy)

[l it g X C1O) £
Al

tan S[;:—Z s

BB RS H .

¢ :f(ii+h_&h?iw>
cos’ ¢ A, Ao Az ’

B2, (O FADICA I 5153,

Ar:£+2/;ww_&ﬁ+2/\ﬂ ,
/L,,V r r Aw

TRA:

. _ _ , — —

_ 224,00 7/11,0'00 250 oo

Ao =Tr—+—= =+ .
Aw 7o Ty o Auo

XL, ILH AR EWIE Ao A Ao L BB Y
PR SLH o s o AR TT DA B 25 06 6 4 PR
&, [ B il FS A B s b Tis B &

12

5 AALZR

UTE KA B AL TJr 8 N IETT 1] . B
Wl & shHLE v I=300s. N ] R EC= I g

6
1754210 : : : .

1.752¢

175
1.748 ¢
1.746}
1.744
1.742}

1.74
1.738

h/m

0 100 200 300 400 500 600
/s

(a) R Zk
(a) Height curve

ov/(m/s)

0100 200 300 400 500 600
/s

(b A% [ 3 JE ity £k
(b) Radial velocity curve

600

550F

500F

m/kg

450f

400f

350F

3000700 200 300 400 500 600

t/s

(o) Jih il £

(c) Mass curve

B2 el i h 2R

Fig. 2 Optimal landing curves
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