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Extra-atmospheric ascent debris avoidance guidance method for
launch vehicles
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Abstract: A debris avoidance guidance method was proposed to utilize the detection information from the space debris
situational awareness system to actively avoid space debris and achieve high-precision orbital insertion. An optimal guidance
problem for launch vehicle ascent debris avoidance was formulated. The motion of space debris was modeled using Kepler
dynamics with state uncertainties, and a debris threat radius was defined based on state uncertainties. A state uncertainty
propagation predictor based on polynomial chaos expansion was designed. Taking the measurement errors of the current position
and velocity vectors of debris as initial values, the time-varying threat radius of the debris was obtained by predicting the
uncertainty propagation of the debris state errors. Through derivation of the optimal guidance form for debris avoidance, a two-
stage linear tangent guidance law for single debris avoidance and a guidance strategy for multiple debris avoidance were proposed.
Simulation results show that the proposed debris avoidance guidance method can achieve the active avoidance for multiple debris
and satisfy the orbital insertion accuracy.
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Fig. 5 Prediction result for the standard deviation

propagation of position
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Fig. 6 Prediction result for the standard deviation

propagation of velocity
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Fig. 8 Threat radius of debris 2
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Fig. 13 Relative distance between the rocket and the second
debris

MR UEH, TR
FISHEREA R, KT 21633 s S 1 A,
B/MEE N 0.3 m; ki 364.98 s HHEF 2 A,
/MR 0.1 me FURERS, KT Z A AH
X R B AR LR TRE BB X A%, /N R 43 )
N 6.62km LU 9.45km, £ H RT N LFR E
% 6.43km 1 9.39 km, #5 H AR R ITTAS HBESR
TR WS ANE A /N EE N 8.15km, /)
T 9.39 km, AR B AR S8
NZ B IEYI I

K it BT P R 22N —0.29 km , 2 g
O Tl 22 4 4.05%107° , 2% i 4L IE 5T A e 25 R
—2.70x10° &, Zumfta piRE N 2.71x10°°
FE, BKATINA N 875.07s, JHAERIMAKL L&A
5528.60 kg , B AR FIRESE L I 1T 873.62 s Al 5519.44
kg AN 1.45 s Al 9.16 kg, FiR{FELARE
WY, HRH I 20y KTE ) 3 SR R 8 78 DRI RS
NI [ B ST 22 ANy (1) 6 Bl A3 o

T8y R SRR E R S A

N T HE— 0 A TR B e AR S SRR T,
BB S A SRR RGO S — M AL E )
WIEVIFRHEZE N kmy 2km. 3km. 4km, 7
DU 0 X TR L R 2 A = 147, R
TEIN 1) UM% DA S s/ IR BE B e 1, A

4.3

PR W27, Ho OO RS IR bR 2,
Ae AL AQ AR GBI KNS (O

HOBUEBUN . TSR PUBERE S HERH
ZH. MTASRUE, BB YIRREZER
FEOR,  WUBE R R BRI HTI R, KT S
TR LB /IR B 489 KT R I ) BB 142
RIYIEA R IR bR AEZE T KT 24 RE SRR A 1
(B o [RI 2R N BIURG A 21 TR 2
Ry XA HGBE R J5 ¥ N IEHW PEG, B4
X ] 3 B AT SE SRR

Kl 14 ANFERIAGEFRHESE T KET S 1 5B BIRE BE R
Fig. 14 Relative distance between the rocket and the first

debris under different initial standard deviations
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Tab. 1 Avoidance results for Debris 1 under different initial

standard deviations

WIgEbFAEZEkm  BUREN BB AR km R/ MR BE B /km
1 3.26 3.28
2 6.13 6.37
3 9.09 9.36
4 12.07 12.18
#2 AFEYIEFEZ TR 1 IALEE R

Tab. 2 Orbital insertion results for Debris 1 under

different initial standard deviations

oo lkm Ae Ai/° AQ/° Ah /km
1 2.66x10°  —2.23x10° 2.67x10° —0.19
2 1.55x10° —1.44x10° 1.16x10° -011
3 1.13x10°° 1.19x10°° 1.82x10° -0.03
4 0.48x10° 0.70x10° 746x10°  —0.02
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Fig. 15 Relative distance between the rocket and the second
debris under different initial standard deviations
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Tab.3 Avoidance results for Debris 2 under different initial

standard deviations

PR ZEkm R BB AR km SR/ VARG B km
1 3.27 7.94
2 6.15 7.94
3 9.12 9.18
4 12.08 12.11

R 4 NEVIEAREZE TR 2 AL R
Tab. 4 Orbital insertion results for Debris 2 under different

initial standard deviations

12

) Ah
oo /lkm Ae Ai/° AQ/°
/km
1 155x10° -1.44x10° 116x10° -0.11
2 155x10° -1.44x10° 116x10° -0.11
3 449x10° -3.83x10° 2.04x10° -0.34
4 462x10° -510x10° 1.26x10° -0.35
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