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Deloitte Japan provides professional services to various clients including private
companies and government to solving corporate management and social issues

T

Risk Advisory

Consulting

Deloitte.

FOv+ -9

Financial

Tax & Legal Advisory

The name sounds like that of a foreign
company, but it is actually a purely
Japanese company.
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Highly specialized consulting services

Industry Expertise Business/Technical Expertise

Accounting & Auditing

Bank & Insurance

Public Sector Fintech

Healthcare and Life Sciences Sustainability

Resources, Energy, Manufacturing Datascience, Al

Technology, Media,Telecom Science & Technology

Technologies such as digital,
Al, and data science have been
becoming more and more
important.

DD Clients
Corporate Management Issues

Companies Business Efficiency
0 ‘
Regulatory Compliance
0000 g Yy p
O New Business Development

Digital Transformation (DX)

Al, Data Utilization

Social Issues

Government

Local Authorities Implementation of Government Project

DX in Government

Carbon Neutral

Science and Technology Plans
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NEO Detection Algorithm and Artificial Objects in Tomo-e Gozen’s Observation
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Tuned to
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Random Forest

Simple detection Classifier NEO candidates  Fast moving objects TYeS
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~ 10/ year
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e https://www.ésa.int/ESA_MuItir'neAdia/Imrages/2018/09/Debris_around_Earth
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Object Count [

Evolution™

Count evolution by object type /
<
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1 Rocket Fragmentation Debris I Payload
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Reference Epoch

Space debris can be
a significant risk in the future

*2: https://www.esa.int/Space Safety/Space Debris/Space debris by the numbers ; *2: ESA: http://www.esa.int/Safety Security/Space_Debris/About_space_debris
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*1: NASA https://orbitaldebris.jsc.nasa.gov/measurements/
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>20cm @ 36,000 km (GEO)

>9cm @ 10,000 km

Assumptions

S/N: 5
Exposure time: 0.5 sec

Trail loss: included
Albedo: 0.1
Reflection: Spherical model
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NEO Detection Algorithm and Artificial Objects in Tomo-e Gozen’s Observation XU h DRSO

S TrackiCETET 25D
Raw Frames bace frackitz

Catalogued artificial objects

Tuned to
detect NEOs ~ 700 events
/night
Random Forest
Simple detection Classifier NEO candidates  Fast moving objects TYeS
. . ” True v>3" .
MOVIﬂg ObjeCtS (V >1 /S) >~ 3500 events ~ 1200 events > Correlated with

\ /night'1 ~ might | Catalogue'2?

! = No

Maijority is

seeing dance Vv o ]
Uncatalogued artificial objects

“Science path”

g N . Further
ojima, Sako 2019 BEhEE~ a few arcsec/sDNEOZ Y —4 v M & U

~ 500 events
contaminate \ /night

i tion &
106 ; TW3 e, ~50 arcsec/sLUT DBEIRAEHL R H ;nnssj;;on
SR N3 (BE~17 kmBl EICHHY) v A
/ night Confirmed NEO
~ 10/ year
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. _ Catalogued|™\ Tomo-e
Tomo-e Gozenlc X B EDM E (BT —7IC &K SHER) satellite"? detection
Size at GEO Altitude
120 1 ' ' ' '
300 -
£ 100 O / Tomo-e detection £
e - o 250 A
. z
~— &) 1 ~
- — 200
()] - )
€ 601 <
5 € 150
z z
£ 401 . Correlated to catalogued| € 100 -
& - &
20 - a 50 -
0 T T T T T T ™ 0 ' ! F:-_ ' ' J
8 10 12 14 16 18 20 0 10 20 30 40 50 60
Mag Moving Speed [arcsec/s]
Magnitude distribution Moving speed distribution
m  Objects are detected down to ~19th mag m Detections mainly in GEO and above
m  Uncatalogued detections in > 15th mag m ~100 uncatalogued detections around GEO

*1: Average of 12 nights (20200614 to 20200617, 20201107 to 20201111, 20220329, 20220330, and 20220401); *2: Space Track (https://www.space-track.org/)
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Latitude & Longitude Distribution at the Time of Observation*! satellite™2 @/— detection
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R
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*1: In 12 nights (20200614 to 20200617, 20201107 to 20201111, 20220329, 20220330, and 20220401); *2: Space Track (https://www.space-track.org/)
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2459671.278973 3.716397 0.023078 13.83) ST8751 43030.749 0.01293601 83.175 18,5728 62.3849 80.6662 2022-03-29 17:07:05
10 2459671.243782 3.331507 0.420040 11.67 ST32973 25464.194 0.57328708 326.8064 70.3365 16.2021 245.2631 2022-03-29 15:06:37
2459671.243788 3.331529 0.420072 11.63
ST32973 25311.247 0.57714721 327.0195 70.3025 16.2166 2146229 2022-03-29 14:09:57
2459671.305844 3.718748 0.054453 17.8
2459671.305786 3.718261 0.054669 16.0 ST39447 26574.051 0.63101655 14.3357 66.6046 335.8553 124173 2022-03-29 14:44:47
ST39447 26599.406 0.63055724 14.3812 66.6058 335.8525 120.6935 2022-03-29 14:37:59
ST15824 42133.622 0.00523728 10.1455 14.9537 354.7847 148.4944  2022-03-29 14:45:39

24 Tomo-e GozenT — 7 Z AW AR—XTIY DA OT1L © 2024. For information, contact Deloitte Tohmatsu Group.



Preliminary Result: T —% Ig{tApp(AFEP)DTEV AR L =23 Y

25 Tomo-e GozenT —% ZFAWAR—XF U DA~ Ot © 2024. For information, contact Deloitte Tohmatsu Group.



Tomo-e GozenD T —H ZFRAULTHYAJILESNIEATIXREDT—7 =TS 77
Jr—a>zREHER

X + v

< Cc 25 dbojobOted10q.cloudfront.net/signin & B Qa W ) 3, @

Space Debris and Satellite Data/Solutions

Username

Mitsuda

Password

g 4
e

g 4

o s -
e
el o _ 5

26 Tomo-e GozenT —F ZFWAR—XF 7 UDAHFZ Ot © 2024. For information, contact Deloitte Tohmatsu Group.
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Cc dbojOb0ted10q.cloudfront.net/space-object/view
View Search API specification e Mitsuda

Space Debris and Satellite Data/Solutions
\ -
SN 2

Object Name or UserDefinedObjectID

¥ Filter
: Visualization % - Download

Data Source

All

Discovered by Tomo-e Gozen
Show objects with Apoapsis more than 1000km

Show objects wi poapsis less than 1000km

May 15 2024 04:00:00 UTC

’CESHJM jon This application is using Cesium'’s default ion access token. Please assign Cesium.lon.defaultAccessToken with an accéss token from your ion account before making any Cesium API calls. You can sign up for a free ion account at https://cesium.com. Data attribution
May 15 2024 08:00:00 UTC

May 14 2024 16:00:00 UTC May 14 2024 20:00:00 UTC May 15 2024 00:00:00 UTC

May 14 2024 12:00:00 UTC
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Cc 25 dbojOb0ted10qg.cloudfront.net/space-object/view

-0

View Search API specification 9 Mitsuda

Space Debris and Satellite Data/Solutions
-
® 9O

¥ Filter

Object Name or UserDefinedObjectlD

Space Track DN

Data Source

All

Discovered by Tomo-e Gozen
Show objects with Apoapsis more than 1000km

Show objects with Apoapsis less than 1000km

Tomo-e Gozen CENERESNIIEH D

XIRRT—4

1x
.CESlUM jon This application is using Cesium'’s default ion access token. Please assign Cesium.lon.defaultAccessToken with an access token from your ion account before making any Cesium API calls. You can sign up for a free ion account at https://cesium.com. Data attribution
May 15 2024 08:00:00 UTC LS &)

£

May 14 2024
10:08:24 UTC

< » l May 14 2024 12:00:00 UTC
28 Tomo-e GozenT — 7 ZFWAR—XF 7 U DA% Ot

May 15 2024 04:00:00 UTC e

May 15 2024 00:00:00 UTC

May 14 2024 16:00:00 UTC May 14 2024 20:00:00 UTC

© 2024. For information, contact Deloitte Tohmatsu Group.
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—

Space Debris and Satellite Data/Solutions View Search  API specification e

Y Filter

Object Name or UserDefinedObjectID

Data Source

All

Discovered by Tomo-e Gozen
Show objects with Apoapsis more than 1000km

Show objects with Apoapsis less than 1000km

EUTE 21A (EUTE
W3)

Data Source tomoeGozen
NORAD_CAT_ID 25673
OBJECT_ID 1999-018A
USER_DEFINED_OBJECT_ID ST25673
a[km](SMA)

e(Eccentricity)

wldeg](AoP)

I[deg](Incl.)

Q[deg](RAAN)

u[deg]l(Mean An)

t[UTC](epoch)

Object Name

1x

%%813428%(43 .CESlUM jon This application is using Cesium'’s default ion access token. Please assign Cesium.lon.defaultAccessToken with an access token from your ion account before making any Cesium API calls. You can sign up for a free ion account at https://cesium.com. Data attribution

‘ 4 m » ’ " May 14 2024 12:00:00 UTC May 14 2024 16:00:00 UTC May 14 2024 20:00:00 UTC May 15 2024 00:00:00 UTC May 15 2024 04:00:00 UTC May 15 2024 08:00:00 UTC 2 2
- = A VN TZ AN— y . i ion, i u Group.
29 Tomo-e Gozen7~ H AN e - t © 2024. For information, contact Deloitte Tohmatsu Gro
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C 25 dbojOb0ted10q.cloudfront.net/space-object/view & Q & o3 K2 @

Space Debris and Satellite Data/Solutions View Search  API specification 9 Mitsuda

t#©0

¥ Filter

Object Name or UserDefinedObjectID

Data Source

‘ Tomo-e Gozen

All

Tomo-e Gozen

Space Track

EUTE 21A (EUTE
W3)

Data Source tomoeGozen
NORAD_CAT_ID 25673
OBJECT_ID 1999-018A
USER_DEFINED_OBJECT_ID ST25673
alkm](SMA)

Object Name

e(Eccentricity)
w([deg](AoP)
I[deg](Incl.)
Q[deg](RAAN)
u[deg](Mean An)
t[UTC](epoch)

XIRRT—4

£
1x
%agélgng%é ‘CESlUM jon This application is using Cesium'’s default ion access token. Please assign Cesium.lon.defaultAccessToken with an access token from your ion account before making any Cesium API calls. You can sign up for a free ion account at https://cesium.com. Data attribution
< 'S < " May 14 2024 120000 UTC e May 14 2024 16:00:00 UTC May 14 2024 20:00:00 UTC May 15 2024 ,00:00:00 UTC T May 15 2024,04:00:00 UTC May 15 2024 08:00:00 UTC |82
1\HHIII‘IHIII\I‘H\III\HHIIIHH\\IIH\HHII\HHHI\IHHH\JI\l\llllll‘llllllllll‘l\ NN NN NN NN NN SN NN NN NN ] prrrrrrererverrre el errvrerrr v e e e rrverre bty Lllrtririirir e
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< > C 25 dbojOb0Oted10q.cloudfront.net/space-object/search

Space Debris and Satellite Data/Solutions View Search  API specification e Mitsuda

Search conditions ~

MR M

Data Sources Orbital Elements Text

Search results

Data Source

1-10 of 58201 results

NORAD_CAT_ID

OBJECT_ID

Tomo-e Gozen

Space Track @

Search Settings

Latest only 0

Discovered by Tomo-e Gozen @

USER_DEFINED_OBJECT_ID

alkm](SMA)

e(Eccentricity)

w[deg](AoP)

I[deg](Incl.)

Q[deg](RAAN)

u[deg]l(Mean An)

t{UTC](epoch)

Q_ Search

alkm](SMA) 0 ‘

(3 Generate cURL command

e(Eccentricity)

w[deg](AoP)

X Clear all

NORAD_CAT_ID

OBJECT_ID

USER_DEFINED_OBJECT_ID

dll Data Chart Y, Download as a File < 2 3 4 5

I[deg](Incl.)

Q[deg](RAAN)

u[degl(Mean An)

t[UTC](epoch)

5821

>

Space Track 4 1958-001A ST4 6577.283 0.0024739 311.531 33.1468 334.6171 48.3249  1970-03-31 00:50:24
Space Track 16 1958-002A ST16 8813971 0.202448 322.1159 34.2685 1124513 252592 2024-04-03 08:22:42
Space Track 5 1958-002B ST5 8617.414 0.1840149 112.6226 34.2436 276.4682 267.8887 2024-04-03 19:46:34
Space Track 1576  1958-002C ST1576 8169.662 0.1427638 58.1895 34.2241 158.9527 314.9856 2024-04-03 13:33:43
Space Track 8 1958-004B ST8 677 T8 il T\ \ ~5.676 65.0599 163.5585 2246847 1960-04-04 03:52:47
Space Track 9 1958-005A ST9 6 * *; *ﬁ T — 7226 50.2549 824216 303.5234 1959-10-02 06:53:14
Space Track 11 1959-001A ST11 8113.333 0.1456171 166.1617 32.8653 244.9337 198.3839  2024-04-03 17:36:24
Space Track 12 1959-001B ST12 8309.73 0.1655566 172.185 32.8967 175.4382 190.827 2024-04-03 21:49:17
Space Track 14934 1959-001D ST14934 6642.331 0.0003188 63.3365 32.7805 31.3996 340.6307 2007-10-22 09:07:30
31 Te Space Track 15 1959-004A ST15 27641.364 0.7601812 47.2577 46.9509 49.6823 341.8928 1959-09-29 15:00:37 Group.



o0 e x  + v

& > C 2% dbojobOted10qg.cloudfront.net/space-object/search o B a w 3 R2 @ :
Space Debris and Satellite Data/Solutions View Search  API specification e Mitsuda
Search conditions ~
Data Sources Orbital Elements Text
alkm](SMA) NORAD_CAT ID

Tomo-e Gozen

Space Track @

e(Eccentricity) OBJECT_ID
Search Settings w[deg](AoP) USER_DEFINED_OBJECT_ID
Latest only 0
I[deg](Incl.)
Discovered by Tomo-e Gozen @
Q[deg](RAAN)

u[deg](Mean An)

t{UTC](epoch)

dll Data Chart Y, Download as a File < 2 3 4 5

I[deg](Incl.)

Search results 1-10 of 58201 results

Data Source NORAD_CAT_ID OBJECT_ID USER_DEFINED_OBJECT_ID alkm](SMA) e(Eccentricity) w([deg](AoP) Q[deg](RAAN) u[deg]l(Mean An) t[UTC](epoch)

1958-001A

Space Track ST4 6577.283 0.0024739 311.531 33.1468 334.6171 48.3249  1970-03-31 00:50:24

Space Track 1958-002A ST16 8813971 0.202448 322.1159 34.2685 1124513 252592 2024-04-03 08:22:42

Space Track 1958-002B ST5 8617.414 0.1840149 1126226 34.2436 276.4682 267.8887 2024-04-03 19:46:34

Space Track 19568-002C ST1576 8169.662 0.1427638 58.1895 34.2241 158.9527 314.9856 2024-04-03 13:33:43

Space Track 8 1958-004B ST8 S e . T\ \ ~5.676 65.0599 163.5585 2246847 1960-04-04 03:52:47
—
Space Track 9 1958-005A ST9 6 * *;*ﬁ , 7226 50.2549 824216 303.5234 1959-10-02 06:53:14

Space Track 11 1959-001A ST11 8113.333 0.1456171 166.1617 32.8653 244.9337 198.3839  2024-04-03 17:36:24

Space Track 1959-001B ST12 8309.73 0.1655566 172.185 32.8967 175.4382 190.827 2024-04-03 21:49:17

Space Track 1959-001D ST14934 6642.331 0.0003188 63.3365 32.7805 31.3996 340.6307 2007-10-22 09:07:30

32 Tc Group.

Space Track 1959-004A ST15 27641.364 0.7601812 47.2577 46.9509 49.6823 341.8928 1959-09-29 15:00:37
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< C 25 dbojobOted10qg.cloudfront.net/space-object/search o B a w 3 R2 :
Space Debris and Satellite Data/Solutions View Search  API specification e Mitsuda
Search conditions ~
Data Sources Orbital Elements Text

alkm](SMA) NORAD_CAT_ID

Tomo-e Gozen

HBERDIET
DHREE

Space Track @

e(Eccentricity) OBJECT_ID

w[deg](AoP) USER_DEFINED_OBJECT _Ijj

CURLO N Y R&ERL
(APID 5 7 — & BV H])

Q[deg] (RAA

u[deg]l(Mean An)

Text 7 71)LE LT
Forva—NR

t[UTC](epoch)

X Clear all

Search results 1-10 of 58201 results @2 3 4 5 - s821 >

' dll Data Chart Y, Download as a File
OBJECT_ID 7 USER_DEFINED_OBJECT_ID 03 alkm](SMA) ) w[deg](AoP) ; I[degl(Incl.) () Q[deg](RAAN) 0 r[deg]l(Mean An) ) t[UTC](epoch) ()

Space Track 4 1958-001A ST4 6577.283 0.0024739 311.531 33.1468 334.6171 48.3249  1970-03-31 00:50:24
Space Track 16 1958-002A ST16 8813971 0.202448 322.1159 34.2685 1124513 252592 2024-04-03 08:22:42
Space Track 5 1958-002B ST5 8617.414 0.1840149 112.6226 34.2436 276.4682 267.8887 2024-04-03 19:46:34
Space Track 1576  1958-002C ST1576 8169.662 0.1427638 58.1895 34.2241 158.9527 314.9856 2024-04-03 13:33:43
Space Track 8 1958-004B ST8 677 T8 il T\ \ ~5.676 65.0599 163.5585 2246847 1960-04-04 03:52:47
Space Track 9 1958-005A ST9 6 * *; *ﬁ T — 7226 50.2549 824216 303.5234 1959-10-02 06:53:14
Space Track 11 1959-001A ST11 8113.333 0.1456171 166.1617 32.8653 244.9337 198.3839  2024-04-03 17:36:24
Space Track 12 1959-001B ST12 8309.73 0.1655566 172.185 32.8967 175.4382 190.827 2024-04-03 21:49:17
Space Track 14934 1959-001D ST14934 6642.331 0.0003188 63.3365 32.7805 31.3996 340.6307 2007-10-22 09:07:30

33 Tc Space Track 15 1959-004A ST15 27641.364 0.7601812 47.2577 46.9509 49.6823 341.8928 1959-09-29 15:00:37

Group.
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& c 25 dbojobOted10q.cloudfront.net/space-object/search B Q4 & 3} 2 @ :
Space Debris and Satellite Data/Solutions View Search AP specification e Mitsuda
Search conditions ~
Data Sources Orbital Elements Text
Tomo-e Gozen alkm](SMA) NORAD_CAT_ID
Space Track @ -
e(Eccentricity) OBJECT_ID
Search Settings w[deg](AoP) USER_DEFINED_OBJECT_ID
Latestonly @ -
I[deg](Incl.)
Discovered by Tomo-e Gozen 0
Q[deg](RAAN)

1 [deg](Mean An)

t[UTC](epoch)

Search results 110 of 58201 results dll Data Chart &, Download as a File JER 2 3 4 5 - 5821 >
Data Source 7 NORAD_CAT_ID ? OBJECT_ID K USER_DEFINED_OBJECT_ID alkm](SMA) e(Eccentricity) w[deg](AoP) ) I[deg](Incl.) ) Q[deg](RAAN) 1 u[deg](Mean An) 0 t[UTC](epoch) ?

Space Track 4  1958-001A ST4 6577.283 0.0024739 311.531 33.1468 3346171 48.3249 1970-03-31 00:50:24
Space Track 16 1958-002A ST16 8813.971 0.202448 322.1159 34.2685 1124513 252592  2024-04-03 08:22:42
Space Track 5 1958-002B ST5 8617.414 0.1840149 112.6226 34.2436 276.4682 267.8887 2024-04-03 19:46:34
Space Track 1576  1958-002C ST1576 8169.662 0.1427638 58.1895 34.2241 158.9527 314.9856 2024-04-03 13:33:43
Space Track 8 1958-004B ST8 6575.177 0.0088318 135.676 65.0599 163.5585 224.6847 1960-04-04 03:52:47
Space Track 9 1958-005A ST9 6790 158 . 0 ﬂ?ﬁdﬁz{‘ 57.7226 50.2549 824216 303.5234 1959-10-02 06:53:14
Space Track 11 1959-00TA ST11 8112 * *; ﬁ T — 9 6.1517 32.8653 2449337 198.3839  2024-04-03 17:36:24
Space Track 12 1959-001B ST12 8309.73 0.1655566 172.185 32.8967 175.4382 190.827 2024-04-03 21:49:17
Space Track 14934 1959-001D ST14934 6642.331 0.0003188 63.3365 32.7805 31.3996 340.6307 2007-10-22 09:07:30
Space Track 15 1959-004A ST15 27641.364 0.7601812 47.2577 46.9509 49.6823 341.8928 1959-09-29 15:00:37

https://dbojOb0ted10g.cloudfront.net/space-object/search
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< Cc 25 dbojobOted10qg.cloudfront.net/space-object/search?semimajorAxisMin=20000&semimajorAxisMax=50000&eccentricityMin=0.3&eccentricityMax=0.8&tomoeOnly=true&pageNo=1 g Yr ) R2 @ :
Space Debris and Satellite Data/Solutions View Search  API specification e Mitsuda
Search conditions -~
Data Sources Orbital Elements Text
alkm](SMA) NORAD_CAT_ID

Tomo-e Gozen

Space Track @

e(EccentIcity) OBJECT_ID
Search Se‘ttings w(deg](AoP) USER_DEFINED_OBJECT_ID
Latest only @
I[deg](Incl)
Discovered by Tomo-e Gozen @
Q[deg](RAAN)

u[deg](Mean An)

t[UTC](epoch)

Search results 0 results

NORAD_CAT_ID ) OBJECT_ID ) USER_DEFINED_OBJECT_ID T a[km](SMA) () e(Eccentricity) () w[deg](AoP) ) I[deg](Incl.) ) Q[deg](RAAN) 0 1 [deg]l(Mean An) ) t[UTC](epoch) ()

S

No records

XiEHT—~
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Seeing Dancelc & % EREICLDIBREMTET
SRR DHEIR DNE

Raw Frames

Random Forest
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| | @
@@?D lSlm.pIe detection |

Moving objects (v>1"/s
: -

B
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True

v
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g; 3

ko 2019 ~ 3500 events
/night*1

~ 106 events

/ night 2 PNEN A3
NEEEZMA L
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Decrease for
—high stellar density

KANBELTBBE
Kojima, Sako 2019

(NEOICHRILBEZFSHHD)

@IFXRFDIRE
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Outline

@ BN - ITEN

Method: Tomo-e GozenT—#% I & B
AR=ZAT7IVDA%AOIH

@ Background: AR—2X 5 7'V [ERE

Preliminary Result: 77— % 12t App (FIFH)
DTFEVANL—YT3Y

@ Data: Tomo-e Gozen®D A T X{&1& H BE
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