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軌跡を用いた軌道上物体検出手法の提案と適用結果 
Orbital object detection algorithm using streaks 

 
○田川真（九大）, 柳沢俊史, 黒崎裕久，小田寛（JAXA），花田俊也（九大） 

○Makoto Tagawa (Kyushu Univ.), Toshifumi Yanagisawa, Hirohisa Kurosaki,  
Hiroshi Oda (JAXA), Toshiya Hanada (Kyushu Univ.) 

 
軌道上物体の光学観測において，見かけ上比較的高速で移動する対象を高感度で検出できる手法を提案

する．本手法は画像中を高速移動する物体の軌跡内の信号を積算することで検出感度を向上させている．

本手法の有効性を確かめるために，オーストラリア・リモート観測所（ARO）での観測データを用いて解析を

行った．暗い物体の検出結果より，軌跡を構成するピクセル一つ一つの平均信号強度が背景雑音よりも小さ

い場合であっても検出可能であることが確かめられた．本発表では比較的暗い物体についての解析結果を

報告する． 
 
This study proposes a new image processing algorithm to detect objects using their apparent streaks. A faint 
streak can be improved its noise-to-signal ratio with the root square of its pixel length by compression. We 
apply this algorithm to datasets observed at Australia remote observatory in order to confirm validity. As a 
result, we confirmed that the algorithm can detect object appeared with streaks fainter than background noise. 
  

This document is provided by JAXA.
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Orbital object detection 
algorithm using streaks
軌跡を用いた軌道上物体検出手法の提案と適用結果

○Makoto Tagawa (Kyushu Univ., JSPS research fellow)
Toshifumi Yanagisawa, Hirohisa Kurosaki, Hiroshi Oda (JAXA) and 

Toshiya Hanada (Kyushu Univ.)

Space debris workshop (Chofu, 2014/Dec./17-19)

Abstract
¥ We developed a new image processing 

algorithm.

¥ We can detect an object appeared as streaks 
with a signal intensity weaker than 1.0 σbkg. 

¥ We Þnd objects that are not detected by a 
conventional method.
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This document is provided by JAXA.
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Evolution of the orbital 
environment

A situational awareness based on observations is essential.

ConÞrmed and tracked debris and R/Bs

Introduction
¥ JAXA has conducted survey 

observations for geosynchronous orbit 
(GSO) objects.

¥ The survey may misses objects 
appeared as faint streaks.
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This document is provided by JAXA.
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Introduction
¥ We developed a new image 

processing algorithm.

¥ The algorithm focuses on apparently 
moving objects.

¥ The algorithm improves a signal-to-
background-noise ratio (SNR).

5

Object detection ßow
1. Image preprocessing (noise reduction, ßat 

correction and star elimination)

2. Image morphing (Skewing processing)

3. Image compression (Summing signals along 
vertical axis)

4. Steak position determination (Moving average)

5. Object search (correlation between streaks)

6

This document is provided by JAXA.
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Object detection ßow
1. Image preprocessing (noise reduction, ßat 

correction and star elimination)

2. Image morphing (Skewing processing)

3. Image compression (Summing signals along 
vertical axis)

4. Steak position determination (Moving average)

5. Object search (correlation between streaks)
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Streak detection in an each image

SNR improvement
A. Morphing an image to align a streak 

along the vertical axis. 
(This sequence is repeatedly applied  
with various skewing angles to 
search unknown streaks.)

B. Compressing the image along the 
vertical axis. Compression means a 
local summing calculation.  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SNR improvement
/ p

n
pix

This document is provided by JAXA.
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ExempliÞcation using a 
theoretical streak

9

+ noise =

Signal intensity of 1.0 σbkg

ExempliÞcation of the skewing 
and the compression sequences
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This document is provided by JAXA.
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ExempliÞcation of the skewing 
and the compression sequences

11

Object detection ßow
1. Image preprocessing (noise reduction, ßat 

correction and star elimination)

2. Image morphing (Skewing processing)

3. Image compression (Summing signals along 
vertical axis)

4. Steak position determination (Moving average)

5. Object search (correlation between streaks)
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Streak position determination
↓

Object search using time-series 
images

(False alarm rejection)

This document is provided by JAXA.
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Streak position 
determination

13

The center of a streak is calculated by using two crossing 
points between the moving average 

and a threshold parameter

Streak position 
determination

14

No signals

This document is provided by JAXA.
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Streak position 
determination

15

Signals are included 

Streak position 
determination

16

Signals Þll the window

This document is provided by JAXA.
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Streak position 
determination

17

Signals are included

Streak position 
determination

18

No signals

An ascending and a descending crossing points, and a 
window width yield the center of a streak.

This document is provided by JAXA.
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ExempliÞcation of the 
determination sequence

Blue: Assumed 
Red: Determined

There are false detections caused by noise.
→A lot of false detections from an image
→False alarm rejection using images

Object search
¥ Correlating determined 

centers’ positions

¥ Likelihood assessment

¥ A number of correlated 
centers

¥ Uniformity and linearity

20

This document is provided by JAXA.
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Empirical conÞrmation
¥ Australia Remote Observatory 

(ARO)

¥ GSO surveys

¥ Target: Mid-Earth Orbit (MEO) 
objects (e.g., navigation sat.)

¥ 18-cm aperture 
Apparent vel.: approx. 5 pixel/s

¥ 25-cm aperture 
Apparent vel.: approx. 7 pixel/s 

21

The darkest result
¥ Skewing angles 
：1.6 degrees step， 
　21 loops (±16 degrees)

¥ Compression widths 
:(18-cm aperture) 
    9,18 pixels

¥ Contributed image IDs 
7	  8	  9	  10	  11	  12	  13	  14	  15	  16	  17
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This document is provided by JAXA.
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The darkest result
¥ COSMOS 2456 

(Russian navigation sat.)

¥ Integrating all 18 frames 
focusing around the center 
of streaks.

¥ It conÞrms detection and 
estimates the SNR.

23

Detected with 9 pixels width
Estimated SNR: 0.58　　
(Threshold parameter 2.0)

(Detection limit 0.67)

Other results: fainter than 
2.0 σbkg (18-cm aperture)
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COSMOS 2456
SNR: 0.79

This document is provided by JAXA.
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Other results: fainter than 
2.0 σbkg (18-cm aperture)

25

COSMOS 1650
SNR: 1.27

Other results: fainter than 
2.0 σbkg (25-cm aperture)
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Fengyun 2A AKM
SNR: 1.74

This document is provided by JAXA.
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Other results: fainter than 
2.0 σbkg (25-cm aperture)

27

GALAXY 7
SNR: 1.91

Other results: fainter than 
2.0 σbkg (25-cm aperture)

28

NAVSTAR 10
SNR: 1.95

This document is provided by JAXA.
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Other results: fainter than 
2.0 σbkg (25-cm aperture)

29

Uncorrelated
SNR: 1.48

Summary
¥ We developed a new image processing algorithm to 

detect faint objects using streaks.

¥ We can detect objects even their streaks are weaker 
than background noise.

¥ The effectiveness of the algorithm is empirically 
conÞrmed.

¥ NOTE: The algorithm is potentially contributive to 
other faint objects in low Earth orbit, or unknown near 
Earth objects.

30

This document is provided by JAXA.
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Backup slides

31

32

Detection rate as a 
function of the threshold

Threshold : 2.0 σbkg

Streaks with a signal intensity of 1.0 σbkg
4 pixel/s (3 s integral)
Detection rate > 80%

This document is provided by JAXA.
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Estimation of a per-pixel-
SNR

1. Integrating streaks in time-series images

2. Calculating the length of the integrated streak by using an estimated 
motion function

3. Estimating the width of the integrated streak by 1-D Gaussian Þtting

4. Comparing the sum of the signals of the streak to background noise

33
Integrated streak Edges are estimated by 1-D gaussian fitting

Calculation speed 
enhancement

¥ Optimization of the algorithm

¥ Parallel computing using a graphics 
processing unit (GPU)

34
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HTV-5における微小デブリセンサ実証実験の計画 
Demonstration Experiment of Space Debris Sensor on HTV-5 

 
○奥平修、松本晴久、辻田大輔、小林裕希（JAXA）、北沢幸人（IHI） 

○Osamu Okudaira, Haruhisa Matsumoto, Daisuke Tsujita, Yuki Kobayasi (JAXA),  
Yukihito Kitazawa (IHI) 

 
HTV 5 号機には宇宙環境観測装置 KASPER（Kounotori Advanced SPace Environment Research equipment）
が搭載される。KASPER では HTV 電位・プラズマ電流計測とともに微小デブリセンサの軌道上実証を行なう。
本センサは、JAXA で開発を進めてきたフィルム貫通型デブリ計測装置で、0.1～数 mm サイズのデブリ検出
を目的としている。これまでの微小デブリセンサと比較し、有感面積が大きい割に軽量コンパクト、また回収の
必要がないアクティブセンサという特長がある。これまでミリ、サブミリサイズのデブリは、宇宙機への影響が懸
念されながらもほとんど観測データのない領域であった。本センサはこのような微小デブリを直接観測する手
段を提供し、広く観測を進めることで宇宙機に対する適切なリスク評価・防御設計に貢献することを目標にし

ている。本センサの特徴および HTV-5 における実証実験について報告する。 

This document is provided by JAXA.




