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History of Open-source “BIRDS-GS_software” Kyutech 1 g

Until BIRDS-3: dedicated software

Command generation and Analysis function for each mission

Issue: BIRDS-4 project has many missions

BIRDS-3: 3 missions P

BIRDS-4: 9 missions ::W . -

Difficulty T e T

Complexity of command generator. T TEm| =
More efficient operation is required. = pe———
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- B R DS_ a BIRDS-3 operation software
ATELLITE PROJECT



History of Open-source “BIRDS-GS_software”

BIRDS-4 project develop an operation software

Command list function

Doppler shift correction and tracking functions

BIRDS-4

JoinT GLoBaL MuLTI-NaTION BIRDS
SATELLITE PROJECT
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Command is generated by the mission team.

Missing packet collection is easy to implement.

No reliance on external software e.g., SatPC32

4k Ar mA

Quickly switch between multiple satellite operations
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< Kyutech Amateur Satelite Operation by UHF v1.42 - a x

Az 103.0 €L 90.0 < @ K
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Norad(47929) Maya-2

Norad(47931) GuaraniSat-1 Ui
Norad(49273) Maya-3 Caute a0
Norad(49274) Maya—4

KITSUNE (NORAD)

Received packet(s) : 0 e

i o Com
Opsn Folder ~ Analyze, Save and Clear
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Hardware block diagram Kyutech 1 gy

Kyushu Institute of Technology

20-element

Yagi cross Yagi antenna x 2
y— C-9100 and KPC-9612+ % -
L"“P_r_ell?'lpliﬁer
ose H (optional)
RF coax cable (LMR-400) :
(USB) - (RS232C) (D-SUB15) - (DING) (N type - N type)
Azimuth
) Rotator
Elevation
Rotator

TNC
Kantronics .
Radio
KPC-89612+ ICOM
IC-9100
Shielded twist cable
Tpin - 7pin
Shielded twist cable
Tpin - 7pin

(USB) - (RS2320) — e 5
L Antenna tower

Rotator Controller
Pro-Sis-Tel




Software setting Kyutech L!m

Auto-loaded file path Rotator
TLE' PRO-SIS-TEL / YAESU

Frequency List

Folder path for Auto-Saved files

Home position
GS Position

Raw file, log, packet(banally) etc...

Latitude, LL itud d Height
Radio (CI-V address) atitude, Longitude and Helg

L\’ BIRDS-4
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Setting example (Kyutech amateur station)

K Kyutech Amateur Satellite Operation by UHF v1.4.2

The COM port is set every A2.103.0 £L.90.0
time the software is started. s 000.000000

Main  Setting  Satlhfo

o O X

0 @ K

GOM port
Other settings in this tab o, HNIS | S R
15 o ] Fe | ol
v v| | Connec
are saved in the software, | |
7 TLE |C:¥Ham OP repos¥setting files¥tle txt ] =
SO you don t need tO Frequency List |O:¥Ham0P repos¥setting files¥freqlistcsy ‘
h f saving folder IO:¥Ham QP repos¥operation data¥20220512 ]
change atter once you set.
Radio
Model COM v CI-V address
Rotator
Model Pro-Sis-Tel Combo

v Home({AZ) Home{EL)
Ground Station Location

Latitude 33.8910

Loneitude 1308401

JoinT GLoBaL MuLTI-NaTION BIRDS
SATELLITE PROJECT
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Kyushu Institute of Technology
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Setting example (Kyutech amateur station)

5< Kyutech Amateur Satellite Operation by UHF v1.4.2

[ N—
Az. 103.0 EL.90.0

@ Ham OP repos (sync with cloud) ety 000.000000

Main  Setting  Satlhfo

GOM port

‘ i TNG  COMI v __9600 v| | Connect
Operatlon data Radio  [GoMG S o | [ Reflesh
— COM port
Rotator | com? v 9600 v Connect

—~—

20220511 File 10
| =

TLE |O:¥Ham OP repos¥setting files¥tle txt

Frequency List |O:¥Ham OP repos¥setting files¥freqlistcsy

202 205 1 2 . saving folder IO:¥Ham OP repos¥operation data¥20220512 ]
These folders will be
- :
made every day Model 10OM v CI-V address [71C |

‘ setting files Retatr
Madel Pro-Sis-Tel Combo v Home(AZ) Home(EL)

_B Ground Station Location
Latitude 33.8910

tl e . tXt Loneitude

[N

fregList.csv

>
& BIRDS-4

SATELLITE PROJECT
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Setting example (Kyutech amateur station)

K Kyutech Amateur Satellite Operation by UHF v1.4.2

Select the radio manufacture \

az. 103.0 EL 90.0 ﬁ @ A<

251 000.000000
Only ICOM for open-source | e = s

GOM port
TNG COM1 v | Connect
Select CI-V address vy — oo || foflesh
Fototor [COM? S

Refer the radio manual.

TLE

|C:¥Ham OP repos¥setting files¥tle txt

| =
Frequency List |O:¥Ham OP repos¥setting files¥freqlistcsy ‘ =
IC-9100 default: 7C

saving folder IO:¥Ham QP repos¥operation data¥20220512

Radio

Model COM v CI-V address
Rotator

Model

Pro-Sis-Tel Combo v Home({AZ) Home{EL)
Ground Station Location

Latitude 33.8910
Loneitude 130.8401

Height

JoinT GLoBaL MuLTI-NaTION BIRDS
SATELLITE PROJECT
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Setting example (Kyutech amateur station)

Select the radio manufacture
Pro-Sis-Tel Combo
YAESU G-5500

Set home position

When the satellite is less
than -10 deg elevation,
the antenna become this
position.

SATELLITE PROJECT
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K Kyutech Amateur Satellite Operation by UHF v1.4.2

Az. 103.0 EL.90.0

EEE8 000.000000

Main  Setting  Satlhfo

80K

GOM port
TNG COM1 ~ 9600 | | Gonnect
Radio  [coMs | [a600 «| | Connect Reflesh
COM port
Rotator | com? v | [9600 v GConnect
File 10
TLE |C:¥Ham OP repos¥setting files¥tle txt ] =
Frequency List |O:¥Ham OP repos¥setting files¥freqlistcsy ‘ =
saving folder IO:¥Ham QP repos¥operation data¥20220512 ]
Radio
Model 10OM v CI-V address
Rotator
Model Pro-Sis=Tel Gombo v Home({AZ) Home{EL)
O SratIon LoCaton
Latitude 338910
Loneitude 1308401

I.a SEINE
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Setting example (Kyutech amateur station) Kyutech ‘g

K Kyutech Amateur Satellite Operation by UHF v1.4.2
|
BIRDS-4 @ [ ;v

Set the ground station A2.103.0 EL 90.0

EEE8 000.000000

position

GOM port

Latitude [deg] ro DONIS) o] o
g Radio  [come | (9600 | Gonnect Reflesh
COM port

Rotator | com? v | [9600 GConnect

LongitUde [deg ] F“ethé [C¥#Ham OF repos¥settine files¥tle txt | BB

Frequency List |O:¥Ham OP repos¥setting files¥freqlistcsy

.
Helght [m] saving folder IO:¥Ham QP repos¥operation data¥20220512

Radio

Model 1COM v CI-V address
Rotator
Model Pro-Sis-Tel Combo v Home({AZ) Home{EL)

Ground Station Location

Latitude 33.8910
Loneitude 130.8401

SATELLITE PROJECT
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Select a satellite

Az. 103.0 EL.90.0

Zcc8 000.000000

Man  Setting  Satinfo

Satellite Name £ Trackine

#< Kyutech Amateur Satellite Operation by UHF v1.4.2

ISS

Norad(47929) Maya—2

Norad(49273) Maya-3
Norad(49274) Maya—4
KITSUNE (NORAD)

Norad(47931) GuaraniSat—1

Received packet(s) : 0

- o
=
Y
“BIRDS -4
R freq fine tuning 0 W RadioMode
5 +500Hz +lkHz +5kHz ow FM-dsta
~600Hz -1kHz ~5kHz
00000000 _ __ __ __ __ __ __ __
Transmit
[[] Auto Retry until ACK
[ Add missing packet nito Command List
Open Folder ~ Analyze, Save and Clear

JoinT GLoBaL MuLTI-NaTION BIRDS
SATELLITE PROJECT
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freqList.csv

A
SatelliteName
Norad(47927) Tsuru
Norad(47929) Maya-2
Norad(47931) GuaraniSat-1
HORYU-IV
KOSEN-1
ISS
Norad(49273) Maya-3
Norad(49274) Maya-4
KITSUNE (NORAD)

tle.txt
*Update every
oee

B IS5 (ZARYA)

1 255440 9B@67A  22132.35300373
2 25544 51.6429 154.8493 0006863
@ TSURU

1 479270 98@67SD 22131.04702293
2 47927 51,6333 136.5953 0006455
o MAYA-2

1 479290 9B@ETSF 22132.18823934
2 47929 51.6332 130.7140 0006263
9 GUARANISAT-1

1 47931U 9B@67SH 22132.17288133
2 47931 51,6318 130.6294 0POG0EE
o MAYA-3

1 492730 9B@67SS 22132.14765912
2 49273 51.6343 143.9381 0004505
® MAYA-4

1 492740 9B@67ST 22132.16157875
2 49274 51.6348 144.0278 0004540
@ KITSUNE

1 52148 98@67TK 22132.17116032

.80019481 00000-8 31787-3 @ 9993
2 52148 51.6427 154.4325 0003948 101.6814 335.8982 15.52589207 7601

Kyutech  Lasemw

B C D E F G
NoradlD CW beacn  Uplink Downlink Remark Folder name

47927 437375000 435xxxxxx 437375000 Norad Tsuru
47929 437375000 435xxxxxx 437375000 Norad Maya2
47931 437375000 435xxxxxx 437375000 Norad GuaraniSatl
41340 437375000 435xxxxxx 437375000 HORYU4 HORYU4
99991 435525000 435xxxxxx 435525000 KOSEN-1 KOSEN-1

25544 437375000 435xxxxxx
49273 437375000 435xxxxxx
49274 437375000 435xxxxxx
52148 437375000 435xxxxxx

437375000 1SS ISS
437375000 Deployed at 10/6 Maya3
437375000 Deployed at 10/6 Mayad
437375000 KITSUNE KITSUNE

day

tle.txt ~

.90005928 0Q00R2-0 11162-3 @ 9992

B88.6298 34.7251 15.58035239339623

.80137611 00000-8 79184-3 @ 9996

44,9957 315.1565 15.7776@239 65860

.80142389 0@00OR2-@ B1518-3 @ 9992

51.7447 388B.4117 15.77859573 66003

.80148307 00000-2 B3746-3 @ 9991

50.0009 310.1526 15.78148920 66042

.80101978 0@0ORA-@ B3E6B-3 8 9992

54,1797 385.9618 15.69648927 34001

.90100244 0Q00RQ-9 B3271-3 @ 9992

54.9673 305.1750 15.69358096 34000




Send a command Ky?tSch <°>

I.a SEINE

Kyushu Institute of Technology

< Kyutech Amateur Satelite Operation by UHE v1.4.2 - o X
L) P y

Az. 340.3 €L.-50.0

o s,\
Command list system " ST 20K

Satellite Name &3 Tracking X freq fine tuning (™ FRadioMods
. . . Norad(47927) Tsuru l o e WM
Command list is edited on a separate | c.eo wsmsmsmsomss
Comments Download TMCR data

Transmit
software or spreadsheet. o R

H(2022/05/12 21:24:57) CHD:= 00 XK XX XX XX XX XK XX XX XX X

Another project using the same bus,
KITSUNE (6U CubeSat), is also in
use with only some modifications.

£ Add miss ine packet nto Commend Lt

Received packet(s) : 0

A-h WA BE A-HL{FOR BE F-3 HN MR [ WOPLA “nm Dassk lyze, Save and Clear
u : o My et
A & ¢ [

1 [May 1 (Sunday) 23:33 32.8dwg = Masloun

230600 X0 06 06 30K XK X 00 0K XX Download TMCR address pointer Tsuru oK Command List

3300200 X0 X0 00 0K 00 XX XX XX XX Download HIGH SAMP data Set 6 (StartAdd - 06 A2 7C DB) Tsuru oK

4300 300 X X 00300 300 XX XX XX XX Download HIGH SAMP data Set 7 (StartAdd - 06 A2 7C DB) Tsuru oK t-1 Msya-2 Towu KITSUNE Missing o

KK KO X XK 3K 300 0 X X000 Download HIGH SAMP data Set 8 (StartAdd : 06 A2 7C DB) Tsuru ox

B 0030008 06 KK K00 X0 X0 XK KK KK Dawnlasd HIGH SAMP dats Set 9 (StartAdd : 06 A2 7C DB) Touru oK Command Comments Remark

7KK XK 06 0K 30K XK XK 00 0K XX Download HIGH SAMP data Set 10 (StartAdd - 06 A2 7C DBE) Tsuru o=
30300 20 206 00 30C 00 XX X XX XX Download ADCS data Set 1 (StartAdd : 04 72 74 54) Tsuru o

2243 31 3dec

May 2 (Manday) 2357 44.2deg. = Esteban

L{-}’ BIRDS-4

300K XK 00 X0 0004 30 XX Download ADCS data Set 2 (StartAdd - 04 72 74 §4)
30K 206 X0 304 K 304 XK KX Downlosd ADCS data Set 3 (StartAdd : 04 72 74 54) Touru
04 20 300 X0 3¢ 30 X0¢ 3030 3¢ 30( Download ADCS data Set & (StartAdd : B4 72 74 54) Touru
30U X0C 300 XX X 30K XK X 304204 XK Download HIGH SAMP data Set 1 (StartAdd - 06 A3 9F _ Tswru

<
0@ Delete

JoinT GLoBaL MULTI-NATION BIRDS
SATELLITE PROJECT




Receive packets Kyutech L!NE

Kyushu Institute of Technology

O Received packets are

Main  Setting Satinfo

shown in the software.

Norad(47927) Tsuru o| [0t ) [ ke | [ e ow it data

-500Hz -1kHz ~5kHz

Command(HEX) X5 K300 300 30 300 00 100 XX 300 K

Comments MNone .
Transmit

Analyze (dropped

2022/05/03 13:45:16) CHD: KX XX XX XX XX XX XX XX XX XX XX )

Lt

1202205403 13:45:30) CHD: X% KK XK XK N0 KK XK MK NEORN KK

1202205403 13:45:41) CHD: %X XK XK KK RK XX XK MK REOXNORX

1(2022/05/03 19:45:40) CHD: XX XX KK KK KK KKK M0 KK MK %% [ CommandS .

12022 /05403 13:45:57) CHD: %% XX XK KK NK XX XK MK ORKOXNORX equen ]_a nul | | er
1(2022/05/03 13:46:05) CHD: %% XX XX KK XX XX XK MK KK XX KX

O 0D 44 47 96 59 42 57 30 44 47 36 59 4D 56 30 3€ FO FF FO
CO 0D 44 47 36 59 42 57 30 44 47 36 59 40 58 30 3E FO FF FO
0 0D 44 47 36 59 42 57 30 44 47 36 50 40 59 30 3€ F0 FF Fo F 00 00 03 §C 00D 00 00 0O 0O 00 00 00 0O

. .
C0 00 44 47 36 58 47 57 30 4 47 36 50 4D 59 30 3€ FO FF F0 Ff 00 00 04 §0 00 0D DO 0O 00 0O EE EE CC tO bll lary flle

5
f
F
F
C0 DD 44 47 36 59 42 57 30 4k 47 36 58 40 50 30 3E F0 FF FO FAl 00 00 05 §C 00 00 0D 0D DO DO 00 00 00
i ACK
f
f
f
F

0o oo 01 00 00 00 00 00 00 00 00 00
00 00 02 @0 00 00 00 00 00 00 EE EE CC

CO 00 44 47 36 59 42 57 30 44 47 36 59 4D 58 30 3E FO FF FO FW OO 00 OG @0 00 OO 00 00 00 00 EE EE GG
C0 00 44 47 36 59 42 57 30 44 47 36 59 4D 58 30 3E FO FF FO FM OO 00 07 @C 00 OO 00 00 00 00 OO 00 OO
CO 00 44 47 36 59 42 57 30 44 47 36 59 4D 58 30 € FO FF FO FW OO 00 08 @0 00 00 00 00 00 00 EE EE GG Or data

CO 00 44 47 36 59 42 57 30 44 47 36 59 4D 53 30 36 FO FF FO F§ 00 00 09 §C 00 00 00 00 00 00 00 00 00
i TR R E Finding missing

M NN 44 47 3R RA 47 R 30 44 47 3R RA 4N RA 3n AF Fi FF FN

Received packet(s) : 0 Save and Clear

*All data is saved in text file
‘s.;’ BlRDS- 4 for open-source software.

JoinT GLoBaL MuLTI-NaTION BIRDS
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Receive packets Kyutech Laism

Kyushu Institute of Technology

For multi-satellite operation

@ Ham OP repos (sync with cloud)
| | A folder is automatically created
‘ operation data
|_ M N—

for each satellite.

20220511 1 for f .
Folder name refer freqList.csv
L s 7t column (G col
— ( )
B GuaraniSatl
[ fregList.csv
Maya2 A B e D E F &
1 SatelliteName NoradlD CW beacn  Uplink Downlink Remark Folder name
L 2 Norad(47927) Tsuru 47927 437375000 435xxxxxx 437375000 Norad Tsuru
KITSU N E 3 |Norad(47929) Maya-2 47929 437375000 435xxxxxx 437375000 Norad Maya2
4 | Norad(47931) GuaraniSat-1 47931 437375000 435xxxxxx 437375000 Norad GuaraniSatl
5 |[HORYU-IV 41340 437375000 435xxxxxx 437375000 HORYU4 HORYU4
6 |[KOSEN-1 99991 435525000 435xxxxxx 435525000 KOSEN-1 KOSEN-1
A 7 |ISS 25544 437375000 435xxxxxx 437375000 1SS ISS
- B I R D S 8 Norad(49273) Maya-3 49273 437375000 435xxxxxx 437375000 Deployed at 10/6 Maya3
§’ - 4 9 |Norad(49274) Maya-4 49274 437375000 435xxxxxx 437375000 Deployed at 10/6 Mayad
JoinT GLoBaL MULTI-NATION BIRDS 10  KITSUNE (NORAD) 52148 437375000 435xxxxxx 437375000 KITSUNE KITSUNE
SATELLITE PROJECT v
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Frequency control -Supporting function- Kyutech La SEINE

freqList.csv tle.txt

LN ] tle.txt =

D 1 .f 1 2 y : H gggdm&? 22132, 35300073 L O00RSU20 0RO 11162-3 @ 9992
1 i 1 u A 22132, . -8 11162~
oppler shift correction 1 SaeliteNome NoradlD_ G beaen § Ei e, I, S S0,
= ® TSURY
2 |Norad(47927) Tsuru 47927 437376000 1 479270 9SB6TSD 7313184702193 L BO13TE11 DAOMD-D THIBA-3 § 0996
3 MNorad(4792%) Maya-2 47929 437375000 2 9?:!' 51.6333 136.5053 OB06455 44,9957 115.1565 15.77764239 65060
4 Morad(47931) GuaraniSat-1 47931 437375000 1 ﬂsnu aus 11111111 18823934 0142380 0BOQD. -8 §1518-3 @ 9992
° ° 2 1387142 BRREZET 51.7447 IBB.4117 15.77859573 66003
e ) e GU!PJNIS-\Y \
alculating orbit from L e i s s s o
6 KOSEN-1 99991 435525000 2
7 IS8 25544 437375000 I 02 )u BT ss 21:)2 : 65912 LSBR1RISTE  DRORO- E36G6E-3 @ 9992
z 92?! 51.634 54,1797 05,9618 15.60648927 34001
. . & MNorad(49273) Maya-3 49273 437375000
1 2750 seserst
l | Sl[ ] O [ ‘ eS 4 llbrar 9 Norad(49274) Maya-4 49274 437375000 3 dv7a 51.6348 3 G50 '4.0675 1051750 15. 69336096 mcq
10 KITSUNE (NORAD) 52148 437375000 1 521480 98867TK  22132.17116032 00013481 00000-0 31787-3 @ 9993
2 52148 51.6427 154.4325 BOO3II4E 101.6814 335.3982 15.52589207 TEA1

Output to ICOM radio with CI-V protocol
Update every 0.1sec

R.% freq fine tuning | 0 Hz

+h00Hz +1kHz +hk Hz
Follow tiny changes in frequency _E0(Hz ~ 1k Hz Bk Hz

+500Hz, +1kHz, +5kHz button

NOT
§erros-a

Fine tuning

SATELLITE PROJECT




Antenna Direction Control -Supporting function- Kyutech i

I.a SEINE

Kyushu Institute of Technology

Calculating orbit from TLE
Output to the rotator by suitable protocol

Update timing
Pro-Sis-Tel: Every 0.1 sec
YAESU: Command value is changed.

TLE

eoe te.txt >

@ 155 (ZaRYA}

1 25544 9BG67A  22132.35380373 .0OBASOZE  0ORO-0 11162-3 @ 9992
2 25544 51.6429 154.0493 DO06B6S B3.6298 34,7251 15.50035239339623
@ TSURY

1479270 9B067SD 22131.04782293 Q137611 000000 T9184-3 @ 9995
2 47927 51.6333 1365951 DOG4SS 44,9957 315.1565 15.77760219 65860
@ HAYA-2

1 479290 9BAGTSF  22132.18823934 00142350 0ROMO-D B1518-3 @ 9992
2 47929 51,6332 130.7140 0806265 51,7447 308.4117 15.77859573 66893
@ GUARANTSAT-1

1 479310 960675H 22132.17288133 00146307 00ORO-B 83746-3 0 9991
2 47931 51.6310 130.6294 Q00GREE 50,0009 310.1526 15.78146020 66042
@ MAYA-3

1 492730 9886755 22132.14765912 00101970 90090-0 83668-3 8 9992
2 45273 51.6343 143.9381 0004505 54.1797 305.961% 15.69648927 34041
@ MAYA-4

1452740 9B067ST 22132.16157975 00100244 000000 83271-3 @ 9992
2 45274 S1.E340 1440270 DOBAS4R 54,9673 305,175 15.69352056 o0y
@ KITSUNE

1 521480 9B0GTTK 22132.17116832 00015481 00080-8 31787-1 8 98331

A 2 52148 51.6427 154.4325 0003948 101.6814 335.8982 15.52589207 TE1

JoinT GLoBaL MULTI-NATION BIRDS
SATELLITE PROJECT




— Kyutech 1 s

The history and how to do setting and operation are explained.

Other ancillary software is necessary to operate efficiently.
CW decoder (DL from BIRDS-4 website)
Command generation software
Packet analyzer (converter to engineering value)
Missing packet check function

TLE updater

L\’ BIRDS-4

E PROJECT
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