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Monthly Number of Objects in Earth Orbit by Object Type
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— Size distribution of NEO —
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Velocity vs brightness of the first detection of NEOs

Dark NEOs were detected only at
low velocities which means those
NEOs are dark not because of the
sizes but the distances. Fast
moving NEOs which come very
close to the Earth will be detected
using small telescopes and our
technologies

Visual magnitude

0 100 200 300 400 500 600 700 800
Velocity (arcmin/day) |
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Conventional method: Detect slow NEOs with large telescope New one: Detect fast NEOs with small telescopes
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NEO search using our technologies

Conventional detection method for NEOs are taking several frames with some interval,
comparing those frames and finding out moving objects among field stars. However, the method
has been shown that it can’t detect fast moving NEOs. We are developing the image
processing techniques which can detect those NEOs. Fast moving NEOs is very close to the
Earth which means small telescopes are enough for small NEOs using the image processing
technologies.

New detection algorithms and
fast data analysis with FPGAs

One large telescope Numerous small telescopes



NEO search using our technologies

Comparison between conventional method and the new method

Conventional method

New method

Photon collection e

FOV

Slow NEOs
Fast NEOs
Cost

Investment risk

X X X X O X

Operational
convenhience

X

O 0O0© x O




Test Observation

Test observations were carried out using the 18cm-telescopes at Mt.
Nyukasa optical facility in Jan 17, 25, 26, 31 of 2016.

- Telescope: Takahashi €180ED (D:180mm F: 500mm)

Sensor: FLI ML23042, Canon CMOS

Observation mode: 24-sec exposure X 32 frames X 40sets / day
Total sky coverage: 986 square degrees /day

Limiting magnitude: 18.4-magnitude up to 5.3-degree/day

We’ve discovered two NEOs (2017 BK, 2017 BN92)!!




Candidates in he 32 original frames.
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Test Observation

2017 BN92

- 8-frames-stacked images 32-frames-stacked image
Candidates in the 32 original frames.

oA 2017-02-16.0
B 0.4833413
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Test Observation
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NEO search using our technologies

Comparison between conventional method and the new method

Conventional method New method Tomo—e
Photon collection ®) X '®)
FOV X O O
Slow NEOs O X O
Fast NEOs X © ©
Cost X O A
Investment risk X O O
Operational X O X
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DATA: 41 regions at gemini and pisces on 2015/12/9

Sensor: Tomo-e PM (8 CMOS sensors)

Observation mode: 0.5-sec exposure X 400 frames

Analysis method: FPGA-based stacking method stacking 32 frames.
Analysis mode: 2, 4, 8-frame stack

Analysis time: 45 min for 1 sensor

\ 4

One bright object and a few faint objects are detected
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Result of Test Analysis

Bright object

8-frames-stacked images 32-frames-stacked image §
Candidates in the 32 original frames.

RA: 1:10:21.7
Dec: +22:44:54

daily motion: 43.0-degree §

Motion of the object in the ¥4 FOV.



__Result of Test Analysis

Faint objects

8-frames-stacked images 32-frames-stacked image
Candidates in the 32 original frames.

daily motion: 19.7-degree

32-frames-stacked image :

8-frames-stacked images

Candidates in the 32 original frames.

daily motion: 12.2-degree
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