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background
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Ground Stations and Satellites of Tohoku Univ.

Satellites

SPRITE-SAT RAIKO ) RISING-2 PHL-MICROSAT

(2009 ) (2012 2013 ) (2014 ) ( DIWATA-1)

I (2016 )
Ground Station /

CRESST
(2009 )
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(new applications in 2018)

() Satellite by Tohoku Joint Operation Joint Operation
RISESAT DIWATA-2 ALE-1
(2019/01 launch) (2018/10/29 launched) (2019/01 launch)
( )ALE
[ DOST/ASTI Owned by ALE

Owned by Phillipines

CRESST
(2009 )
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Necessity of Frequency application
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Duty for use of RF signals
« RF

. > (1w ) > ( 50W )

* RF radio frequencies are Limited resources, not infinitely used.

e Communication with satellite can affect a ground
communication

 Communication with our satellites can affect to others' satellites

* More than Satellite->Ground transmission (- 1W, example), Ground-
>Satellite transmission (- 50W, example) will give more effect to other
communications
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Duty for use of RF signals
+ [ITU ] ()

° [ ] ( )

o [to ITU] specification of radio signals must be opened to world:
which frequency, from where (ground location, or satellite orbit),
how strength of transmission

o [to Japanese government] interference to domestic licensed
radios is deeply surveyed and coordinated. Finally, domestic RF
license must be obtained.
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Require time to application

. 2 (or UNISEC )
. ITU

 Possibility of satellite launch must be informed to
government (or UNISEC) before 2 years
 budget is necessary to apply for ITU from governement. If

all the budges are consumed, new application can't be
submitted by end of fiscal year.
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Require time to application

Y ( )
ITU APl 6

« API (API) ( )

 Plan of experiments (by satellite and ground station) and link
budget analysis are submitted to government. In this process,
more than 6 months are required until the official application
IS submitted to ITU.
» government (or supporting company) can help to make the data for ITU

 correct link budget analysis must be submitted, this is important task
for developer side.
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Require time to application

e |ITU 2
4 6

e 2 months until ITU opens the API (advanced publication
iInformation), and wait for 4 months to receive any claims from
other countries. Total 6 months.

 developer must replay to clames (several months, depending on
time until launch)

o after the 1st replys, we can proceed to domestic license discussion.
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Require time to application

* [ ]
3 6

 [!]

 [domestic license coordination] coordination with
other domestic radio licenses for about 3 - 6 months

 preliminary license is published, then we can close the
satellite panel. This license is used for the test
communication with satellite after the launch

o [ 1] this license is not valid for ground communications
before the launch
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* |TU applications, and domestic license applications
should be processed simultaneously
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ITU
actual example of our ITU
application



U
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ITU profiles submitted by Tohoku U.

ITU profiles

actual satellite
EES

current status

SPRITE-SAT

RISESAT

JCUBES-B

SPRITE-SAT

RISING-2
DIWATA-1(PHL-
MICROSAT)

RISESAT (2018)
ALEe (2018)

PART II-S
BR63(bringing into use) = 2009.01.23
A2b(Period of valid.) = 15

( 2024.01.22)
API/B

Date of receipt = 2013.01.23

( 7 2020.01.23)
API/B (IFIC 2858)

Date of receipt = 2017. 04. 11
RISESAT, ALE-1
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(submitted by Tohoku U. and others)

° API

12 SSO | 4 ]
+12 1SS

e Qur satellite series incl. future satellites
o 12 satellites in SSO orbit (now, 4 sats are using)
e 12 satellites in ISS-released satellites
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(submitted by Tohoku U. and others)

 Uplink:
e AIS
e SCMD, UCMD
 Store&Forward(U-band)

e Downlink:
 STLM (9M80G1D, 9M80D1D)
e XTLM(29MO0G1D, 29M0D1D)

[!]
ITU

[ ! ] actual satellites are using "part of suggested specifications".
Application values are not necessary to same as actual satellites,
In the range of suggest values.
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consideration before ITU application

o]
’ 1 [ ]
‘ ( )

* Single or Multi

o amateur radio satellite is coordinated by IARU in advance,
and same values are used in ITU APl. One paper for one
satellite is necessary.

 For experimental satellites (hon-amateur sats), multiple
satellites will have advantages

* by using same specs of up/down communications, application can be
finished in one time.
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consideration before ITU application

. ISS
. 250km

. [!]

orbit
o SSO, or ISS release, or else
e minimum altitude is important. we need to think the RF strength in 250km
altitude for final phase of descending satellites
specification of signals
 range of frequencies, radio types (modulation and width), output power
 link budget is really important. The values can't be changed after the submission

e [!]some margins can be added to value. Wider frequency range, stronger radio
signals.
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B1a/BR17 Beam designation [D11 [
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| B1b Steerable[ |

B2 Emi-Rep[E_ | B3ai Max. co-polar gain
B2bis.a Transmit only when visible from nofified service area |:| B2bis b Min. Elev. Angle:
B3c1 Co-polar antenna pattem
Co-polar ref. pattemn || Coef_ A Coef. B | Co-polar rad. diag. i
B4a3af Anglealpha [ |  B4a3a? Anglebsta| |
BR92 Attach. for missing angle alphafheta |:|

[ ] BR7aBR7?b Groupid.| 10761z51Z i

BR14 Special Section

C4a Class of stafion

|  BR? Dateof receipt[07.03 C2c RRNo.44[ |
[2PI/B/11 MOD-1 [2P1/B/11 LPT/R/4530
C3a Assigned freq. band [ |

C4b Nature of service

C8d1 Max tot. peakpwr. [ |  (CBd2 Contiguous bandwidth
Cifa2 Service area Xan D

A2b Period of valid. A3a Op.agency [ 001

Céa Polarization type

A3b Adm.resp. BR16 Value of type CBb[__|

Céb Polarization angle [ |

Cf1a3 Service area diagram| |

— G860 Ben laten dasdinas A4 A4 A2 S0 T
C1 Frequency Range
C1a Lower limit C1b Upper limit
435 [EEE 438 MHz
CTa C8ai/C8b1 C8a2/C8b2 C8ct Céc2 C8c3 Cicq CBet C8e2 cari
Design. of emission Max. peak pwr Mazx. pwr dens. Min. peak pwr Attch. Min. pwr dens. Attch. CJ/N ratio Attch. Eirp.onthel
1| 20K0F2D-- 4 -32 1.5
C10b1 C10b2 C10ct Ci0c2 | C10d1/C10d2 | C10d3 C10d4 C10d6
Assoc. earth stafion id. Type Geographical coord. Ctry Cls. / Nat. Max. iso. | Bmwdth Moise
gain temp.
5 13%E45 29 |35N4z2 54 J L|II& |CF 20 4490
T J LI |CF 15 44990
T L|TR |CF L5 20
C10d5a Co-polar antenna pattem
C10b1 Assoc. earth station id. Co-polar ref._pattern || Coef_ A Coef B Coef. C Coef. D Phi1 [ Co-polar rad. diag.
IS5L I I 4
13C Remarks |

[1]C1l1a2 Service area

(XAA)

[1]CL* C7*, C8*

Service area

[1]C10*
T (Typical)

T Ctry =
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link budget analysis

/



JCUBESA S

= 2285MHz
=5W =+7dBW

PFD = Power Flux Density

(

)

RF

(3b)
(39)
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(5) EIRP
= 8 dBW
(=6.3W)

+7 -1-3+5 =8 dBW




JCUBESA S 8 dBW
-164.7 dB
/ +32.2 dB

éx / 4 =0 dB (for API) - 1 dB

/,037“’ =-125.5dBW
V) (= - 95.5 dBm)
(5) EIRP

= 8 dBW
10) (12)
— '1647 dB =0 dB (for API)
(1805km
@ EL=5deg, alt = 400km)
(6) =0dB
(11) =0dB (13)

=+32.2 dB (@2.4m, 2285MHz)
(14) =-1dB
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RISESAT
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. M. V. M. V.
No. | item Unit S-Down X-Down S-Down X-Down Remarks
CRESST | CRESST FUT FUT
DS DX1L DS DX1L
(0a) m 2.4 24 10.26 10.26
(0a") ( m 1.32 2.15 10.26 10.26{(Sendai )
(BR) 200 ksps 4800 ksps 200 ksps 4800 ksps|BPSK
BPSK BPSK BPSK BPSK
400KG1D [9M80G1D | 400KG1D | 9M80D1D
(1) MHz 2285 8483 2285 8483
2 mw 100 500 100 500
(2b) dBm 20.0 27.0 20.0 27.0 |=10log(2)
(2c) dBW -10.0 -3.0 -10.0 -3.0 |=10log(2)-30
3 dB -1.0 -1.0 -1.0 -1.0 [no coupler (single side)
(3b) dBW -11.0 -4.0 -11.0 -4.0
(3c) kHz 400 9800 400 9800
(3d) dB 4 4 4 4 |for G1D
(3e) kHz 4 4 4 4
(3f) kHz 400 9800 400 9800 [=(3c) in G1D
(39) dBW/Hz -63 -70 -63 -70 |=(3b)+(3d)-10log(3f)-30
4) dBi 4.5 45 4.5 4.5 |satellite
(5) |EIRP dBm 23.5 30.5 235 30.5 [=(2b)+(3)+(4)
(5b) |EIRP dBW -6.5 0.5 -6.5 0.5 [=(2c)+(3)+(4)
(6) dB 0.0 0.0 0.0 0.0
(7) km 500.0 500.0 500.0 500.0
(8) km 2080.0 1407.0 2080.0 2080.0
9) deg 5.0 15.0 5.0 5.0
(10) dB -165.9 -173.9 -165.9 -177.3
(10b) ) dB -153.6 -165.0 -153.6 -165.0
dB 0.0 0.0 0.0 0.0

(11)




(5) |EIRP dBm 23.5 30.5 23.5 30.5 |=(2b)+(3)+(4)
(5b) [EIRP dBwW -6.5 0.5 -6.5 0.5 |=(2c)+(3)+(4)
(6) dB 0.0 0.0 0.0 0.0
(7) ( km 500.0 500.0 500.0 500.0
(8) km 2080.0 1407.0 2080.0 2080.0
9) deg 5.0 15.0 5.0 5.0
(10) dB -165.9 -173.9 -165.9 -177.3
(10b) ( ) dB -153.6 -165.0 -153.6 -165.0
(12) dB 0.0 0.0 0.0 0.0
(12) dB 0.0 0.0 0.0 0.0
(13) dBi 27.0 42.6 44.8 56.2 |ground station
(13b) deg 7.0 1.2 0.9 0.2 |(Sendai )
(14) dB -1.0 -1.0 -1.0 -1.0
_ _ _ _ =(5)+(6)+

(15) dBm 116.5 101.8 98.7 91.7 (10)+...+(14)

2 - = = - *
(15¢) (PFD) EL=90° dBW/m 147.5 154.4 147.5 154.4 |*1

2 = - _ _ *
(15d) (PFD) EL=5° dBW/m 159.9 163.4 159.9 166.8 |*2
(16a) K 250 250 250 250
(16b) dB-K 24.0 24.0 24.0 24.0 |=10log((16a))
(16c) |G/T dB/K 2.0 17.6 19.8 31.2 |=(12)+...+(14)-(16b)
(16d) dBm/Hz -174.6 -174.6 -174.6 -174.6 |=-198.6+(16b)
(17) |C/No dBHz 58.2 72.8 76.0 83.0 |=(15)-(16d)
(17b) [C/N dB 2.1 2.9 19.9 13.0 (=(17)-10log((3c))-30
(17c) |CIN ( ) dB 15.5 12.9 33.3 26.4 |=(17b)-(10)+(10b)-(12)-(14)
(29) dB 0 0 0 0
(20) dB 0 0 0 0
(21) dBHz 53.0 66.8 53.0 66.8 |10log(BRx1000)

BPSK Viterbi,

(22) S/No(Eb/No) dB 4.4 4.4 4.4 4.4 BER=16.5
(23) C/No dBHz 57.4 71.2 57.4 71.2 |=(19)+(20)+(21)+(22)
(24) dB 0.7 1.6 18.6 11.7 |=(17)-(24)
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Finally
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domestic license coordination

. 2G  8G

e early licenser Is higher priority than new application
* judge of "interference" is ambiguity

o |f the same frequencies, signals can't be affected easily when
the ground antenna is not clearly pointing to satellite
(especially, 2G, 8G signals)

» Even when they are flying in same sky, the possibility of
Interference is really low.
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domestic license coordination

o definition of "interference" should be guided by government (this
can be inconvenient when clearly written in rules, though)

o |f they can be affected each other, it's better to use by sharing
limited frequencies, this can be merits for everybody.

o early licenser can be new licenser in new applications. We need to keep
good relationship each other.
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official manuals
o http://www.tele.soumu.go.jp/j/adm/freq/process/freqgint/
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Thank you, very much



