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Trajectory Control by GCP-NAV

« Spacecraft descend to the target point by using GCP-NAV(Global Control Point—-NAVigation)
control scheme which is ground in the loop control with very large delay

* In this control scheme, the spacecraft position is determined by GCP matching

Shape & GCP Matching

FEEIE oHPEES

05 =<

HP.Y [km] 0.0 o

AV U/L ' S
HPX [km] 00 7>
N

05

AV CMD & %
— Image D/L .
& T 8

) Image Data
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Rim—Matching

* Point clouds of the asteroid shape model are indicated by blue dots, and
GCPs are by green dots, which are superimposed on the asteroid image by
using the craft attitude data, the ephemeris and the asteroid models.

Not yet matched Matched

2021/05/29

IRERR D T7L 2 RX2021




GCP-Matching

Not yet matched Matched
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Navigation

Image measurement

LIDAR measurement

Shape & GCP matching

\/

Kalman Filter
X = f(Xje—q, ug—1)
Py = APy 1A + Wi Qe Wy
Ki = Py HT (H Pr HY + Vi RVE) ™
2 = Rk + K (z — (D))
P, = (I — KiH,) Py

Estimated state
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Guidance & Control

Altitude

A o
Initial state

20 [km] [----==--=------- i~ GRS

45 [m]

Reference trajectory Estimated state

N

Backwards
propagation

Feedback controller

PD: AVPD . _(Kppe + Kdve)ATiTLtv
SMC: 0 = S(x — Xyef)

Usye = —ksuc(SB) ™! ﬁ

AVsme = UsmcATine n

Target state of
approach phase

Asteroid’s rotation

l

Control
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GCP-NAV : iRf& > EREHH > aTUFE(E
> AYUFREDFI(IT

(1 One-way Data Transfer ~ Hayabusa2 = Earth : 20min
(@ GCP matching, Prediction, and AV Calculation . 25min
3 One-way Data Transfer ~ Earth = Hayabusa2 : 20min
@ Image Capture Interval : 10min

. 2@ ®

Onboard —Il]=‘|_
Measurement Time
Ground Measurement g L

Time " -

Ground Estimation g na a
Time ;

Observable |
| | Ihﬂnfe ! !
|

Ground Predicting &
Time )

I Uplink | .
Onboard AV Ti I o Nt
nboar ime | | | UpdateVTable |

Tobs/i 65I’Tr\inr Tcmd/i
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Target Marker Tracking (TMT)

| Key points:

Retroreflective and deployable artificial landmarks (TMs)

1.
2. Aflash lamp installed near the on-board camera
3.

A robust image-processing algorithm to track a TM stably on the unknown natural terrain under

unknown illumination conditions

vAg
< >
Sun
b v Q
R\
\\
\'\\ image
\ \ - Relative Position & Velocity
\
Re hor([l h )\\ l
\ / \ i‘ sh Lamp Light
elroreﬁeclmn
/
rl o4 / \\ £
v /Camera «
o/ Fov v\ al
7 Boulders

Boulders
(Relroreﬂectwe Marker)
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HAYABUSAD!

R\ Two Sub-Modes of TMT: DBT and NBT

Preprocessing before recognition to enhance robustness — two methods (we used both)

DBT (Differential Bright object Tracking): nominal
MAIN: Flash lamp ON SUB: Flash lamp OFF DIFF

NBT (Normal Bright object Tracking): backup in case of small sun angle

MAIN: Long exposure, no flash lamp ~ SUB: zero exposure DIFF

2021/05/29 IRERFEHT7LR2021
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=\ Sliding-mode-control for 6DOF control

Definition of switching curve

Coarse control area

oy(xX)=kx, +x, =0 X, Velocity Error
o, (x)=kx, +x, —kp, =0, o,(X)=kx, +x, +kp, =0 C,
G C ;. Dead|Zone
o5 (x) =X, -V, = 0, o (x) =X, +v, = 0 3 2 3y Control Area
c C2 E max E
o5(X)=x, — v, =0, os(X)=x, + Vv, =0 1 5 T Vg 16 G Cq Position
_ _ O C e
07(X) =X = Vi =0, 0g(X) =5 + Vjjpir =0 D % Error
7
T19(X) =X = Vg =0, T (X) =25 +Vppig =0 5 De 41 HEA S . gk
- 5
O30(X) =X, = Vo =0, O40(X) =Xy + Vi =0 ) H || Og D
- .'&' """"" 1
. . P mi iC,oi O
Definition of control input R R Lt
. i C., 40
For coarse control area Prax  Prmid Pmia  Pmax Ciz
2. 2
u=-K X +x C, ~C, .
course VX1 + X3 (€ ~C) Fine control area
u= Kcoarse\/xlz + x; (C; ~Cp) X, Velocity Error -
1
u :_Fmin (D4 NDG) Fp < T VIimiE i z ’G
cy Foo Control Area
u:Fmin (D7~D9) I F :
o N F
0 i .
) RS .J i3
For fine control area o oy o, Position
g - T B fo | Error Xy
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Touchdown Operation Plan
Dropped TM-based Guidance

O Using TM in the FOV of ONC-W1 the spacecraft can navigate and control its position
with high accuracy. (e.g. 0.3[m], 1[mm/s])

Oif TM is in FOV of ONC-W1, the spacecraft can move to the position just above the
TD point.

O After that, just free fall but with velocity control error ... TD position error.

—r——

———
00 00

O > O
|
|
: : :
Altitude from the TM is Iarger o | ONC-W1 FOV
- TD start (free fall start) altitude is higher !
_ I v (60 deg)
- possible to move laterally more |
but I
loss of TD precision :
- trade off ! :
® ®
™ TD point
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