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1. Estimation of attitude motion from light curves by 
comparison with CG and ground experiments

p. 2

• The light curve simulator using 3D model was improved. A new 
exhaustive algorithm to find out the optimum solution was developed. 

• The precise CG model of H-2A R/B including the optical property of 
each component was also developed.

• 26 light curves of the same H-2A R/B were obtained and analyzed 
using the light curve simulator. The results were interpreted that the 
H-2A R/B was in the stable attitude pointing its PAF to the earth.  

Rank value R1[deg] R2[deg] R3[deg]

1 17.661 183.3 -0.3 109.7
2 17.703 183.3 -0.3 109.9
3 17.768 183.1 -0.4 109.7
4 17.779 183.2 -0.4 109.8
5 17.796 183.5 -0.2 109.9

6 17.800 183 -0.5 109.6

7 17.835 183.4 -0.3 110
8 17.841 183.3 -0.3 109.8
9 17.860 183.4 -0.2 109.9

10 17.861 183.3 -0.3 110

Movie of the attitude of minimum rank(10x speed)

Rank values of top 10

Contour of the rank values 
(R3=-109.7-degree)

Simulated light curve (each component)

Comparison between observed (red) and 
simulated light curve(blue)



2. Construction of a pipeline for understanding 
the low-Earth orbit debris environment

JAXA's Research and Development Division is currently conducting 
research and development on observation technologies for low-orbit 
objects by building an observation system as shown in the figure on the 
right. By making full use of JAXA technology, it is possible to detect a 
large number of uncataloged objects in low Earth orbit. By tracking and 
observing uncataloged objects captured at the Australian and Kiso 
Observatory at other stations, it is possible to determine the orbit of 
these objects with high accuracy, and we aim to create a database of 
these objects. We constructed a pipeline to analyze a large number of 
images obtained at Kiso Observatory and the Australian SSO 
Observatory at high speed, and at the same time calculate the 
observation direction of captured objects at other stations.
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SSO Australia

Zadko Australia

Kiso JapanAn uncataloged object 

in low Earth orbit 

detected by JAXA 

technology (7 cm size). 

The first row is a raw 

image near the detected 

object, the second and 

third lines are images 

of 4 and 8 images 

stacked, and the figure 

below is an image of 32 

images stacked.

The trajectory of a low-orbit object 

extracted by JAXA technology from 

images acquired by the large CMOS 

camera Tomo-e Gozen installed at Kiso 

Observatory



2. Construction of a pipeline for understanding 
the low-Earth orbit debris environment

2 consecutive observations using two 

sites separated by longitude

1st path2nd path

Concept of the orbital determination

Detection of un-cataloged 

LEO objects using SSO 

site or Kiso observatory

Determination of the 

circular orbit using 

the data from one site

Follow-up observation 

using Zadko site.

Precise Orbital 

determination using the 

data from two sites



2. Construction of a pipeline for understanding 
the low-Earth orbit debris environment

Test observations using pipelines were conducted, and uncataloged objects detected at the SSO station were successfully traced at the Zadko 

station. The orbit was determined, and the next day, two days, and five days later, both SSO and Zadko stations using this orbit succeeded in 

follow-up observations. We verified the effectiveness of the pipeline.

Circular orbit

Observation direction 1

Detection at 
SSO

Follow-up at 
Zadko

Image taken at SSO next day. The object is passing 
through almost center of the FOV.

Observation direction 2

Orbital information (TLE) calculated using the data from both sites

We succeeded in observation of the target 
next day, two days and five days later.



2. Construction of a pipeline for understanding 
the low-Earth orbit debris environment

In parallel with the construction of the pipeline, we are conducting surveys of LEO objects using the Australian Remote Observation 

Facility to the extent permitted by weather and resources. Depending on the weather and orbital conditions, 50-60 objects are detected 

every day, about 20% of which are uncataloged objects. In addition, the proportion of the same object observed over the past 2.5 years 

was about 3.8% (calculated from the number of observations of catalog objects). For uncataloged objects, three clusters were identified 

in the three-dimensional orbital element space.

Time vs number of detected objects（blue： cataloged objects,  green: un-cataloged objects） 



2. Construction of a pipeline for understanding 
the low-Earth orbit debris environment

Plots in inclination-RAAN-Orbital radius space

Cataloged objects Un-cataloged objects



3. Construction of a pipeline for understanding 
the GEO orbit debris environment

In order to contribute to the understanding of the geostationary orbit debris environment, the Mt.Nyukasa Optical Observatory, which is 

owned by the Research and Development Directorate, has also started research and development to remoteize the observation system and 

speed up the analysis pipeline. In order to remoteize the observation system, the telescope, camera, and dome control were remoteized. 

Since computers and control devices may freeze, a power rebooter is installed to restart them remotely. A network camera is installed so 

that the inside of the dome can be checked remotely. In order to shut down observations in the event of rainfall, snowfall, or strong winds, 

a rain and snow sensor and a combined weather sensor were prepared. As for the rain and snow sensors, the sensor readout circuit and 

program have been created and installed, and the combined weather sensor is currently in the process of checking the operation and 

creating a readout program, and is scheduled to be installed around April. As for the data analysis, the program was completely reviewed, 

and the speed of the detection of moving objects by the line detection method and the stacking method was completed, and the speed was 

about 17 times faster. In the future, we will create a program for orbital determination, etc., and plan to start remote observation and real-

time analysis at the site by the end of this fiscal year.

Mt.Nyukasa Optical Observatory

35cm telescope and CCD camera

Control panel  for remote observation

The rain and snow sensor

The combined weather sensor



4. JAXA venture for SSA 

JAXA technology detects space objects that appear on Star Tracker (STT) and ground observation images, 

builds a unique database by integrating data from STTs from multiple satellites and ground observation, and 

provides services for space situation monitoring and collision avoidance operations. We examined the 

feasibility of the business we offer using internal funds and established a company (Star Signal Solutions 

Co.,Ltd) with JAXA Venture certification.

Simulation of space objects detections using STTs

Web site of the company (Star Signal Solutions Co.,Ltd.)
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