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Orbital object detection algorithm using streaks

OMJNE (LK), MRRES, RiEHA, /N JAXA), FERZEE (LK)

OMakoto Tagawa (Kyushu Univ.), Toshifumi Yanagisawa, Hirohisa Kurosaki,
Hiroshi Oda (JAXA), Toshiya Hanada (Kyushu Univ.)
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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
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oMakoto 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 Opkg.

We find objects that are not detected by a
conventional method.

This document is provided by JAXA.
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Evolution of the orbital
environment

DEBRIS and R/B (1960)
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A situational awareness based on observations is essential.
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Introduction

JAXA has conducted survey
observations for geosynchronous orbit
(GSO) objects.

The survey may misses objects
appeared as faint streaks.

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).

Object detection flow

. Image preprocessing (noise reduction, flat

correction and star elimination)

. Image morphing (Skewing processing)

. Image compression (Summing signals along

vertical axis)

. Steak position determination (Moving average)

. Object search (correlation between streaks)

This document is provided by JAXA.
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Object detection flow

1= Image preprocessing (noise reduction, flat

Streak detection in an each image
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)

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.

SNR improvement
X/ Mpix

This document is provided by JAXA.



468 FHIMLZEWTTEBR TR R L JAXA-SP-14-013

Exemplification using a
theoretical streak
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Signal intensity of 1.0 Opkg

Exemplification of the skewing
and the compression sequences

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

Object detection flow

1. Image preprocessing (noise reduction, flat

Streak poéition determination
2. 1

Object search using time-series
3. | Images
i (False alarm rejection)

4. Steak position determination (Moving average)

5. Object search (correlation between streaks)

12

This document is provided by JAXA.
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Streak position
determination
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The center of a streak is calculated by using two crossing
points between the moving average
and a threshold parameter

0 20 40 60 80 100 120 140

Streak position
determination

70 250
60 200
50 150
20 100
0 50
0
20 5o
10 ~100
0 St : L
0 .60 80 ) 80 100 120 140

14

This document is provided by JAXA.
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Streak position
determination
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This document is provided by JAXA.
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Streak position
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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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Exemplification of the
determination sequence
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There are false detections caused by noise.
A lot of false detections from an image
—False alarm rejection using images

Obiject 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 confirmation

- Australia Remote Observatory a
(ARO) ~.

GSO surveys

- Target: Mid-Earth Orbit (MEQO)
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

AOAR0-130607-deb015 : object [00] : image id [00]
= : 5

=

Skewing angles
: 1.6 degrees step,

21 loops (+16 degrees)

412¢

10C

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

Contributed image IDs
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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 confirms detection and . h

estimates the SNR. Estimated SNR: 0.58

(Threshold parameter 2.0)
(Detection limit 0.67)

23

Other results: fainter than
2.0 Opkg (18-cm aperture)

e id [04]

ARO-130607-deb013 : object [00] : ima
40 20¢
175
-~ 15¢

125

20

10

COSMOS 2456
SNR: 0.79

24

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

AOARO-130607-deb028 : object [00] : image id [00]

COSMOS 1650
SNR: 1.27

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

aoARO-140625-deb018 : object [00] : image id [00]

Fengyun 2A AKM
SNR: 1.74

26

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

AOARO-140625-deb07S : object [00] : image id [00]

30

20

10

- GALAXY 7
. SNR: 1.91

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

ARO 140626 deb049 : object [00] : image i d[OO]

30

20 410C

10

NAVSTAR 10
% SNR: 1.95

This document is provided by JAXA.



478 FHIML 22T TEBR TR AR AR JAXA-SP-14-013

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

ARO-140722-deb020 : object [00] : image id [00] 20C
40 [

175

15C

12

410C

Uncorrelated
SNR: 1.48
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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
confirmed.

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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Detection rate as a

479

functlon of the threshold
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Streaks with a signal intensity of 1.0 Opkg
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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 fitting

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

Calculation speed
enhancement

Optimization of the algorithm

Parallel computing using a graphics
processing unit (GPU)

34

This document is provided by JAXA.





