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Optimization-Based Determination of Apollo Guidance Law

Parameters for Korean Lunar Lander
Byeong-Un Jo* and Jaemyung Ahn**

ABSTRACT

This paper proposes an optimization-based procedure to determine the parameters of the
Apollo guidance law for Korean lunar lander mission. A lunar landing mission is
formulated as a trajectory optimization problem to minimize the fuel consumption and the
reference trajectory for the lander is obtained by solving the problem in the pre-flight
phase. Some parameters of the Apollo guidance, which are coefficients of the polynomial
used to define the guidance command, are selected based on the reference trajectory
obtained in the pre-flight phase. A case study for the landing guidance of Korean lunar
lander mission using the proposed procedure is conducted to demonstrate its effectiveness.
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Guidance Simulation Results

7FA1 2] Time-to-Go©lal, &% A3
A FAsE AFsolnt

Pl 27 24 48} BY ArEE A
8% o}Z2 fE WAL Agsted FYT 27
Fae) A5 F= ABdold A%E obd 19
ol e, AEEod Bgel A ofm

Qgholyt A% REFEH A F gk

Figure 4 ~ Fig. 79 Uehd Optimal ﬁq%
%8 =% GPOPSE AR&38to 2 2]
3} A#olal Guidance A= 5];@13;]_Q = 3

i i i i i
0 100 200 300 400 500 600

tiem(sec)
1800 T
—e— Optimal Braking
16003 —— Optimal Approach ||
k’:\* -=+-Guidance Braking
T e .
1400} 1’*"\'\“ Guidance Approach
,
L H * i
1200 *y
E 1000+ 4
Q
> 800f ]
600 4
400 4
+\
\
200 : <) il
\
\
N
0 i i | i .
0 100 200 300 400 500 600

tiem(sec)

Fig. 5. Optimal Velocity Profiles and
Guidance Simulation Results

100 T
—e— Optimal Braking
— Optimal Approach
==+=:Guidance Braking
""" Guidance Approach

80

6(deg)

_40 i I i I
0 100 200 300 400 500 600

tiem(sec)

Fig. 6. Optimal Attitude Profile and
Guidance Simulation Result

fre Aledeld 4

HHuEHES o] &3t +3d
ZFolt}. Fig. 4%} Fig. 5&

40 rir

e T3l TBEQ 25 AlEdoldEs Sl
TR A B E= EETJ}%‘J"’} A4 HHs =
a3l Tzl -rlxl 9 £5 Z29dS Ui 1
P Zo|th. Fig. 63 Fig. 70 7I&% WHozy



%45 4B 8 uF, 2017. 8. EFF UFE AT HAHZ /N olEE fE HH dguE HA 669

1200

1000

800} N+ 4

Thrust(N)
[}
=]
o
i

400 =. q
—e— Optimal Braking [

— Optimal Approach
-=+--Guidance Braking il
""" Guidance Approach

200

i H 1 H i
0 100 200 300 400 500 600
tiem(sec)

Fig. 7. Optimal Thrust Profile and Guidance
Simulation Result

Table 2. Trajectory Optimization and
Guidance Simulation Results

Flight Trajectory Guidance
Characteristics Optimization | Simulation
Flight Time 520.3s 522.4s

Fuel Consumption 195.2kg 199.3kg
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