
66th International Astronautical Congress 2015

ASTRODYNAMICS SYMPOSIUM (C1)
Mission Design, Operations & Optimization (1) (1)

Author: Dr. Stefano Campagnola
Japan Aerospace Exploration Agency (JAXA), Japan, stefano.campagnola@missionanalysis.org

Mr. Naoya Ozaki
University of Tokyo, Japan, ozaki@space.t.u-tokyo.ac.jp

Dr. Yoshihide Sugimoto
Japan Aerospace Exploration Agency (JAXA), ISAS, Japan, yoshihide.1300@gmail.com

Dr. Chit Hong Yam
Japan Aerospace Exploration Agency (JAXA), ISAS, Japan, chithongyam@gmail.com

Ms. Hongru Chen
Kyushu University, Japan, hongru.chen@aero.kyushu-u.ac.jp

Mr. Yosuke Kawabata
Japan Aerospace Exploration Agency (JAXA), ISAS, Japan, ykawabata@ac.jaxa.jp

Mr. Satoshi Ogura
The University of TOKYO, Graduate school, Japan, ogura.satoshi@ac.jaxa.jp

Dr. Bruno Sarli
Space Generation Advisory Council (SGAC), Japan, bruno.ren@gmail.com

Dr. Yasuhiro Kawakatsu
Japan Aerospace Exploration Agency (JAXA), Japan, Kawakatsu.Yasuhiro@jaxa.jp

Prof. Ryu Funase
University of Tokyo, Japan, funase@space.t.u-tokyo.ac.jp

Prof. Shinichi Nakasuka
University of Tokyo, Japan, nakasuka@space.t.u-tokyo.ac.jp

LOW-THRUST TRAJECTORY DESIGN AND OPERATIONS OF PROCYON, THE FIRST
DEEP-SPACE MICRO-SPACECRAFT

Abstract

PROCYON is a micro-spacecraft developed by The University of Tokyo and JAXA [1], which was
launched on Dec. 3 2014 as secondary payload of H-IIA (primary payload was Hayabusa2 [2]). PRO-
CYON is the first deep-space micro-spacecraft; it was developed mainly by students, with a very short
development time of about one year, and at low-cost. Depending on the launch date, PROCYON trajec-
tory involves one or two Earth flyby, and a low-altitude flyby of a near-Earth asteroid [3].

PROCYON has several mission objectives, including: demonstration of a micro-spacecraft bus for
deep-space exploration; in-flight validation of telecommunication and propulsion system components;
precise VLBI navigation; very-low-thrust flight path control; imaging of the geocorona; and asteroid close
flyby observation and optical navigation.

This paper discusses PROCYON’s low-thrust trajectory design and operations, from before launch to
the current status. We formulate the optimization problem in a high fidelity model, with constraints com-
ing from the spacecraft design and from ground operation considerations. The optimization is performed
with jTOP, a novel in-house software, which is first presented in this paper.

Using pre-launch spacecraft parameters, the launch window analysis is examined first in the linked-
conics model, and then in the high-fidelity model used also for spacecraft navigation. Surprisingly, while
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the results in the simplified model reflect those of the preliminary design [4], the results in the high-fidelity
model are significantly different. In some cases, new low-dv, low time-of-flight solutions are found in the
high-fidelity model, which were deemed unfeasible in the simplified model. One important example is the
post-launch baseline trajectory, which is also first presented here.

As the start of continuous low-thrust operations was delayed, new baselines were computed and im-
plemented. We discuss the effect of the delayed operations and present backup scenarios to target the
Earth sphere of influence or a secondary target asteroid. An analysis is performed using first and second
order expansions of the nominal trajectory (provided by jTOP) and low-thrust targeting on the B-Plane.
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