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Hardware-in-the-Loop Simulator (HIL)
- Toward Real-time Integrated Operation (RIO) Training

Real-time Manual Shape/GCP
Matching for GCP-NAV Descent
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Critical Operations under
Large Communication Delay

A Hardware-in-the-Loop Simulator (HIL)
capable of realistic asteroid image generation

Purpose
RIO Training Campaign (4Q 2017 — 1Q 2018)

Trouble shooting
Operation procedure validation

Advantage ©

Consistency among Ground Operator Behavior,
Operation Procedure, Ground Tools, and Spacecraft Behavior j

N

Minimum cost by reusing GM/EM/PFM
Electrically equivalent to Flight Model
Flight software installable

Drawbacks ®

Cannot reverse/speed-up simulation

Not all components simulated
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Hardware-in-the-Loop (HIL) Simulator
- Design of Asteroid Image Generator

Inputs

S/C Attitude Quaternion (J2000EQ — Zsc)
Ryugu Position wrt Sun (J2000EQ)

Earth Position wrt Ryugu (J2000EQ)

Sun Position wrt Ryugu (J2000EQ)

Epoch (MJD)

S/C Position wrt Ryugu (Zhp)

S/C Position wrt Ryugu (J2000EQ)

—Zsc Direction Vector (J2000EQ)

S/C Velocity wrt Ryugu (Zhp)

Specification
» Lay-tracing method for CG generation

Asteroid

Image
Generator

Outputs
Degraded Asteroid CG

Precise Asteroid CG

LIDAR Data (Spacecraft - Surface Distance)

Doppler Data

Design Compromise

« 5 million polygons for Degraded Asteroid Model

» 0.4 billion polygons for Precise Asteroid Model

» Geological information considered in Precise Model

“Input data transfer” is asynchronous to “Output
data calculation” (due to budget limitation)
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