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o A HAA 2 ol & MPE Bl T &= WAl AU} 5 Lambert 2§ REAR
2 YD O & A=z AGE FFAAT AP E A=EF ATl FRHE Al GAA
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@ toll vl 2HG &2 el B AT ANe] FEHAS o, Az BE 499
FEo] AF AAzUA A dAHe ATe 4T £ AUt
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ABSTRACT
The solutions of orbital maneuver problem using the sliding mode control in the presence
of the erath gravitational perturbations is obtained. Especially, the optimization of
consuming fuel for maneuver is performed. The impulsive solution to Lambert’s problem
using the combined equation method to minimize total AV is used for the desired
orbit and the maneuver times. Two-step sliding mode control method is introduced
for satisfying the boundary conditions of finite-thrust rendezvous problem at the end of
maneuver time. Using the new approach to the orbit maneuver problem, two-step sliding
mode control, orbit maneuvers are processed. The solutions to a rendezvous using the
optimal control are obtained, and they are compared to the results by two-step sliding
control. According to the new approach for orbit maneuver, the thrust-coast-thrust type
controller is obtained to make satellite to track desired Lambert’s orbit, and the total
AV required for maneuver is resonable in comparison with the impulsive solution to
Lambert’s problem. The final state variables, also are close to the boundary conditions

at the end of maneuver times.

1. A4 2

AZYAH AxzA L AAHA H5Y L dFedol FAE FH719 IS §af Az 2
ol A7 Ax A Te e FE HEAARS A7 A& ov]8tH, Lambert ¥ A 2 d e
2+ 21 9] 3= Two-Point Boundary-Value Problem(TPBVP)& A @ o} e | EA 9 el & T3t
¥ Al4-®ch Battin(1977)2 A< WU G £ Lambert £ $1€ Tt 2 A 71H
S =8ttt ARZAA F AA-AM £x Wagoz AxHolE Fgste o2l WS
Two-Impulsive solution o] 21 L& $-=d, Ytz o2 AFTHHAEL o] Whie] B2 SxyE o W
F32 2 5 U 2L A7 A wdN AP FHE 2= dFAH A=z WPl B
il Lee(1996)= A= 2 A 2] RAME & ol &5te] AFAA L] Aol Fetol 71E & =4
e, 2e}ols Alo171 <) bang-bang YeAe] ¥1418 Ao17] (Lee & Cochran 19978 A EZ3
o A g3ttt

2g}o]d o} 7] (Slotine & Li 1991)2 w] A A|xelo] Abe) A2 & &e}ol™d H(sliding sur-
face)ol gty Hal S M2 WO 2 M7, (&H 02 Al 2g 9] A Y] getold BAA
FAREE st NA L o)l &8, o)l £etelqd AMAZIY S ¥ A F Al 25t EA) sk viN
Waol By gasd b FAEAS 13 ¢ Ude FHE AL A

Lee & Cochran(1997)°l w27, £&}told Alo] 7| & o] &3 =24 & thrust-coast -thrust
Fejo] Aoy S XY, 2 &% Waleto] Lambert FA49 ol vl-¢- 24 &S e 27E
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1% 1. Lambert 4 9] 713184 wiA].

vegg e, AEES Azl Aatg Foll F71-<l Aozt aE ook st FEE Btk W
A B E=RdAME dzdAe AEZY, 53 FuF A oA A= 23 Azt el Fo 2714
zAgo] dAS Molatr] A A2 7MY 2 Setold Ao JIHE =Usty, o] A= Y
o] AFAA Y FelH ZAY HE TFote AAAQ ¥AF A7 F vl S veh iz &
=3

Qe Sl EAlol 2wt Eetold AANYE H&3817] st AFAF e & Al
HEY, 53 AT uUA 2930 I H5H9 dFoz TAste mde FHH/AYS nysl
At g, 712 WA E Ao} Al A"l o3t HojAze} Bl watr] Hsfed, HEH A o] o] Z(Lewis
1992)& 2o s 2 838k, o|F shooting method(Press et al. 1989) & ©]&-8te] A A9l
=23 A= FHsA

&

2. LAMBERT O|&

Lambert ZA| gtz 47 5 e AAHE z2te oA &4 & TPBVPolgtx B8] 99, A3 44
9 A=A 2 $FM0 EFAE A FA o AHE5o] &t Lambert o] 82 “H=H o] AZH2 7
o] AutAT Yo AP 2R FAAANY Al § L F AL A& 98 (chord)e] o]
ot o] 2@ (2Y 1)E ACE, g3} o] FHHo 2 FEY 5 vl o] FFAF LA
olgha g}

\/[—t(tg —tl) = F(a,r1 +T‘2,C) (1)

o Wty — e FHHo2REY AW 5 de} Wastew 289 E Aol ok o @e)
2ol (chord length), o't AE AWA, i AR AR AR, p AT FH 5ol



238 PARK et al.

EHE A = ol O % Lambert A4 & 4 (2)9} o] EAY 5 g,
VA(ts —t) = ¥ [(a ~sina) - (8 - sin B)) 2)
71 M ash fi= 42 The3 Lol Felse Mool

a=2sin“1(\/g), ,6=23in_1( 32—ac> (3)
s = (r + 2 + ¢)/22 428 OP, P9 semi-perimetero] T},
AR AEZA At Bt A AolAEY AELAEL SEAI A2 L Eilo) T
T AR A= G0 ool Ui 140l o = /2% ASolE Tahe e Zta, R Ao
el F Ao A ghe] FHAA Hu2, AU o WSz ARl dE AAX F8trt. uhebA
Bt A = o3} Lambert 3 2] 2] o] & F817] 9l5te] BE® W So] A Al Q). Battin(1977)-2
Lambert o] &2] ¥3 2¢l Lagrange 3 4 2} Gauss W34 & A3 sl 3839 Ag
WY S o3 2ol AAlstgn.

of ),
=

2 = 1-ag,/a (4)
(s = VAmeos (- f) )
¢ = V1-¢(-a) —(a (6)
S = %(1 —{ - xf) (7
0 = g—H(B, 1,25 8) (8)
\/% (ta—t) = €Q+4& (9)

AZ1AA @, = /28 HaAUA Az A, fe 1282 o SYWE, HE Battin(1987)o]
Hel® & 7] 83t (hypergeometric) Fr<rolth. & 2](9)9] m] B4
1+(@2e-1)H &

3

0 =
yz(l —2) Yy

(38°Q + 4¢) (10)

o] 5|1, A7]elM z = sin’a/40]}.
Lambert £79] 18 Fohe 33 Wik T AARIN S S2UEE Toh Holch 5 AA

Mol £x9E & o33 2o Lagrange (452 8 & 4 9 oh(Battin 1987).

__ VP

riry sin(Af)

v =

[(r2 )+ %(1 - cos(Af))rl] (11)
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A7V M, Af = f, — f1°]l I, p= semi-latus rectumo| T} WM T AA A £ JE-S A s
AolM =8 HFES AMESl] ofgi ¢} o] 2T 4= Ut

1 2 ™ .4
vy = ”%m[(rz-‘rl)ﬂ— (Ta’—fl —l)rl] (13)
vy, = ‘/El‘%—ﬁ.—f—[(rz—rl)%- (%’152 —1)r2] (14)

3. g2told Hlof

Eekol 9 Alo] 7] ¥ (Slotine & Li 1991)& R Bhol w2 ¥ 84 & 7121 Hoju) 4 A 28 o] AHe]
Adol AEHo2 712AUE FA}ES st &eholY W(sliding surface) & ALE3I] PHA L #
AFEER A& FashE MUY Aol7golT).

AegA Alo] natelm Ao} Yol ei N MY A AL T o] FH 4 AUt

x" = f(x) + B(x)u (15

~—

A71A x& Aol D, uk AYHYE, BE Aolo] S vehile dojth Al 27 o
fo)o) B 2P & WEG A2l o WE) xok Alzbel uhet Mskels @ A WE x,

HAZLES e AMoYA & Fatajol @k 3 oA YEHE X = x—xa2 FoEHd, Aol
2} Walsle delold A SH)E A9ste WH s&
s(x;t) = (;t +0) 7% =0 (16)

£ 7% ¢ 5] ™ (Slotine & Sastry 1983), o] W, A& Ao NS E(bandwidth) & 2| 0|3k, 4 Fe] 44
$& 2 SYE 2L Lyapunovel LS ol B Wk 22te] ekold WE WM el &
goly 27 BEate= Aol AE ug 78 5 Yot
d
;dt [sT s] < -nls| (17)

A7l nE Aol e Z3t & EAL ghe oA ¥ welol).

oA MAY A 2W A Y, R ¥AGY o] XHH FHUSE F)BT T A Aoy
B ugl 2AH &

i = BY(—f(x)+ %4 — AX) (18)

o] 9Im, o] W} B W AdolS GPolth. olel @ 27 AolPPL MW A 2ue w3
B8t molelol Setold W2 upet $7HH A &S 2 Hv), ol & chatteringol 2k o).
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gold 21E BFAT| 2 Sedold WL 2N 2 HAEN GG AojstE 2L n e
H e s a3 2ol TS 4 YA drh

u = 11—k sign(s) (19)

A7l v Eeholq ZUAele) k= F+q 92 Helsn, Fe [f - f] < Fo 9e)ghaol ).
Chattering 221 A o] YH & WP} gho] AEH o2 WHEE BHF B4L Ho|DE, 22|
Y RE A 22e) AAEE eI ol g2 B s,

s 1) < ¢,6>0 (20)
H2H AU Ae uk he} o] BAYL 5 Yok

u = ﬁ—nsat(%) (21)

olg Ao 1Y e A AN A=zgol 4437 daled, B2l weiHA ¥ £27)
of @ Fento] Foi1 F4) MUY STPHAS A (15)9) WA= BPSHA the I} 2

rp? 41 sin? pf? — &

. 1 0o 0] [a
% = —# 2 cot pp |+ [0 —L = 0| |u (22)
%% 4 sin ¢ cos p 02 0 0 ol

ol of, JEHE x= x = [r6¢Tolm, r6,pE 22 A ZEA A, A5, Aot}

S Al Aele] 5 FE Be F &3] & £ AW, f(x)= A7 vt 2 o] ofdt T
T 2 2de RFEA w Bl He3] & £ givk. whkM ol F mde] RARAN L naje &
Zold A7 & AHg37] st Y E(x)E = st ol Dok thard JEH FoA] 94 o
TE M & 9FE A e A9 B4 339 23} zonal harmonic J29] 2] g 452 118 3
TR A (23)3) Zo] Hold 5 9.

T¢2 +r sinz (p62 _ ﬁ_ + %NJZGr:zs cos: e—1
f'(x) = —20 _ 9§ cot P (23)

T

%% 4 sin p cos cp0.2+3pJ2’—‘T‘;- cos ¢ sin @
Lambert # =& me} AFAF o] A= Z Alo)3}7] Yot 2ato|d Ao 1YL A3t A
T, A E g S JEEo] EYPHR Reuz HEZHAN Y AAZAG BEsix 2ol
Lee & Cochran(1997)°l 2w ZFH M9 Azlde e AAZAE U £ g = e
Ztol & YEhR o] Ful i AR FAE F71H9 8L i 2TUHE 233AT}. o2
Ul Al ko] o] 2714l Alojoll w2 FAHE s A3ty et 26k Seholy Ao} 7] (two-step
sliding mode control)& T &t1L, o] & A %9 e H Fx) o] ALL3tg )
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E 1 FABAZ Je A=z BAZRY.

Az 224 HFEZA
Az r(km) 6678.0 7100.0
7 % f(rad) 0.0 2.2689
Ao W3 #(km/s) 0.0 0.0

Axo| W3l f(rad/s) 1.157e-3  1.055¢-3

X2 SYHAHA A=ZH L 937 Lambert Al .

Lambert #l %= 2121 FF2
Ae r(km) 66780 71000
7 X 6(rad) 0.0 2.2689

Azlel H3g 7(km/s) 1.11l1e-1  1.063e-1
Axe] #3lg (rad/s) 1.174e-3  1.039e-3
A=z ATt (F) 2055

25 A5k AV(km/s?) 1.6121e-1  1.5747e-1

A=zl e 2% Setold Alol/ g & YA o2 FulF BAS AAZAE BESE Lam-
bert AE ¥ AEZE AZE Fokx, o & TH ALE AHgated HF AAYINRE g
setold Ao Falsted Uit AAAE 2 YL AU A4 2ol Alojo) 23
AEE AZe BHARL sho) 27] ZAPANRE F4HA Setold Aol7)E & A8l
A9 WolAE D £85E 32 gg Fahe Agold

2
oo o
of i

4. DoJAH A U £9

AT H oA 2 O A EHol melE ATHA ALY AN 2859 F FE W
saro] AW e S & AT ste AU Y AT Aol YA 2 T Asted, T Fw Y
o THANE A L2 YASES ALeAn Az L dgol A8 5 e AAZDL
% 13} go] SHEA NN AR

AE2G AL LA PHAL o] B3] & &% Wslako] H47} 5 2% Newton-Raphson
iteration 71 & AF8-3tel AT o] W el LEWHAL o] 4H A E T2 st 4F
o] nel g A Qskth AP Y ASEY A D 5 AAGAN B st AAZDY $E4 ¥, Lambert
Axel TR WA 2% WY, 2elu FREAL) BAHE T 9] Lambert AEE
% 20 UERARTH

Zoj7l AEZEA Al 2do $AHo] nlY AEZY EAE AP Ao ARz
A A7to] 28 AU W, HF AAZAEL BEA Ao} Foh. Lambert AZE NN ZALR o] o
WHQl Satold Aol E S AESHR, E 13 2014 2 & 3l v} Zo] o] WS FHAY F7h
gich.
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E 3 2t geto|g Alojo A&d miAfH S gL

X setold Aol o1& Zetold Al
A =49e-1 Ay = 3.3e-1 A = 8.48e-1 Ay = 4.3e-1
m = 1.6e-3 1, = 6.1e-3 m = 6.49¢-3 1, = 9.5¢-3
¢ = 1.0e-3 ¢, = 4.9e-1 ¢ =54e-2 ¢y = 8.0e-4

E 4. Ao & £mvgd AV,

A o W AV (km/s?)
Lambert's Two-Impulsive 0.318683
Two-Step Sliding 0.398990
Nonlinear Shooting 0.509330

10 10
& 1
i s 8
@
E 8 i s 0
5 .
Z —— Two-Step Sliding ‘E’ R (R S PO u,
% I T I Shooting & 2
R Z
g J 5 00
CEry
;! g Z
q .
£ 2 E 6
Fé ..... Lol
“ o0 - — 10 . S , _
0 500 1000 1600 2000 0 £00 1000 1500 2000
Time(sec) Time(sec)

a9 2 Aoldel uhe 3o Wah 2 3 2w Hetold Aojo] e YRS Wat

ol g M=RPGAIZE o] F 2] F7AQ Aojo] whE FAHE shA37] sl 21 &aleld A o7
9 (two-step sliding mode control) & A48l FUH AL SHAE ATZA o 2 &3t o] o
%92 0.1g(0.98m/s?) & A 3ot

o gel ALeE AR (R 1) e ARz 25k £etold A7 H S A &5HE A trial-
and-error ¥ o2 A F v/ HFE2 3L X 39 AU

oAy Ay A FE FH S 2 thrust-coast-thrust Feje] A4 28 A o7& dS 5 UA
o, 2tk Eetold Aol 7ol ol g o] Hald LS ¥ Y shooting methodol] g Ax}o} 317
2% 20 GERAATE 2 Aloj g B F¥ o] wisldd S 27 39 vehith 2w &8le)d A
ofol| o] & & & sl g2 shooting method & AM4-§ F A Ao} o] A=}e} 37 F 40 AUt
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5 A=xy T30 F2H L A3k
HEx AgEnu

A2 r(km) 7100.0 7100.0097
A% 6(rad) 2.2689 2.2688
Aele] &g #(km/s) 0.0 -1.57e-4

Axe] Halg f(rad/s) 1.055e-3 1.055e-3

7200 3

7100 Desied — Desired
E\ ----- 'l.'wo-S.M'p Blidin g /// g 2 --ei Two Btep Bliding
& o0 — — Bhooting P g — — Bhooting
i pZ

6900 oy
L] y g 14
g 6800 -~ ,E

- &
8700 g 0 4
(a) (b)
6600
[} 500 1000 1500 2000 [ 200 1000 1500 2000
Time(sec) Time(sec)

P =
K4
£ g

2 F
' s
¥ a1 : o
E / /7 — — Shooting \ %

00 : <y

(©)
L] 500 1000 1500 2000 o 500 1000 150 2000
Time(sec) Time(sec)

:L%j. gl;i‘%‘doﬂ o2 e El o] W3k (a) A8, (b) ZERS, (o) AAHE £29 ¥, (d) B= 8%
4z o] W3l

ad 2, 37 ¥ 40 Vel A3 Eo)| nb2W, Lambert’s Two-Impulsive ¥ o] 49 £ W3]
28 7kA) M, otk £ Efo]d AojHhY & Lambert A Xl 2HE ah& VENAA Aoje] Wil
ol APE FEgANM FXEE Bvt A Ao Hd S & + AUt

2tk kol Alojol o) Aol HAS el e W3 E Lambert #] = ¥ Shooting method ol
4 Az g4 29 40 Jehuien, A=z Az FEAHAM Y AAgE AAH
2233 34 E 5ol AUt 2o 43 Ao w2W, AP AHLE FH e Az AR
ol Z8HAL o FYd) FA3Gen, HF UGS AAZIAUF A ES 9.7m, FEH4ES
0.07%9] 2ol & Bolw HF AAZD vl $ 2HEE & F Aot
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5. 48

A 23 AT uhA FH A A 5ol Tl AxzY TAE 29 &eteld Aoir)
HE =)t slAsAch AFA U Wy ol f3le] LY AG ZHAZ A=ZH EAE
ot F£92o™, Lambert TA19] 8] 2 7]E A=z W) o3t AR vmw, HES Edld g
IR AES AL £ UAdd

AT A=z Ao 2t etold 71 H-& A R3A, 2 A=A At 3] 28
% & thrust-coast-thrust Hel o] AP L F& = a1, AERE AIZHELS A s 2|+ 8
A FEA F AA5HY 4T 2 EFAYE 1?—’43 ez, ol A Al Aol A =]l Lambert
Aol 23 At Ho|ARE LI T A, AT AAF NN AAY=E Fo2 AAZAD
A9 A3t ¢S AL F Uk EF A=A o AHEE F &= #3132 Lambert £ 3 1ok
= A, ARt o 2 A Ao A9 #E Fatr] Al *]’%5] FHA A o] o] && A4 shooting
methodol] o] ¢ gtB e 2A dehde, A dd Fstol JEd S8 U7 & 9 vz
ol N ARZA WYHED O S @4dFon: FHEPE € & ek wetA], vy Ao Al
28}l 2 FEfo|d Ao 1Y o] &3, AA| Al 2vld 77t HAHF AT UL A=Al dF
& 5P £ Ut B =204 o AN FelAEe BddA e F3s Ay HAed,
AT e EAG FE 5T A EE A8 TEH A=E R AFH8Y AxZE T OF
FFRe] Aol kel 2t &etold A7 & H &3t Ao viFA st B

HoEH
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