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SIGMA (Scientific cubesat with Instruments for Global Magnetic fields and rAdiations)<
Aestae] A et 3 U 2719 248 HehdoR, 1% oF 450 km oA 720
km AFo]] AAEAA 8T SIGMA = 5 S AAIQl TEPC (Tissue Equivalent
Proportional Counter)?} - E#] 71 MAG (miniaturized fluxgate MAGnetometer)E & 3l
$F WA 2 AT ANFE FPeh 9YA FH Fues VHE el
145210 MHz ©|i, =™ T4 S UHF th99] 435780 MHz = 57
ofulFol tjod g ALgATE SIGMA o FA AXE F 94 PRt FueHg
QHY REE¥ EWAW HIT7F AFEEHSGI o] OBC (On Board Computer)2}t
Adsol slgele 52 WP Audch AYFS At AR Wl
FEHE o] glor] fgste Fale] BE bl

= Aol = SIGMA ¢F A= ko] FAd8A AFEAd S HATstr] flste] A

3L 8l OSCAR (Orbiting Satellite Carrying Amateur Radio) 91432 &4 A%
1 AAES B3l A= Av)e s Asskith

SIGMA 9} A= 319 BAl A|2" Ae AlFS E3 4 Ay 94 AL

AP = FTA HAES SAE F&Hs7] fste], SIGMA o A= A
3
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A1 AE
L1 FEHG] 4
“Smaller, Cheaper, Faster, Better”. ©] Y] 7}A] o5 A S EA
ndeld AREE sl i Ade vedn FEe g
GAES A HEow® sty HAbE kst 24% 4des T A
el 7185 7Hd A Hodh FESEE AWEE st (Stanford
gl Yo} o8kl (California Institute of Technology)ell 2]3lA]
AoE et FHAAFY o] HE 1 U A7E 7kE, AE, Fol 27 10
em & AHAA A7|E, 1 kg =5 1 o]t FAIE 7RI olgle® 1.5 U, 2
U, 3 U & #Zo] thekst =7]e] FHYAHo] EAE HE 6 U A7]9
FEAAE v /i ok FEL49 AEs wSidt ofyz wj e

$FYAL A A= FL Are] ® ok,

c
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w2
g
2
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1.2 FESA EAL E5

TR A At 9ol Blste] AA|sk= Z7]9F FAIZE AASH
Zomw oy 7| stue] wAbACl gAste] WAE Jhssith dWbA o ®
T HAAERE T - d¥e A4, F g5AAE oy 7|8 FEAN =]
AR ] Al E T FHEAE LS 2011 WH-E 2015 d7HA] 5 d5<t F 361 7))
HAE QI o] FX= AP AAE VIEo®E ZARE Zolw, WAL dA e}
A=A AR A7 LAY B A dAE VIEeR St TIF
1 7} o] 2015 9] FE4 A7E 2011 dofl vls] Wl§- Sk & 4 &
AUTE HALE FRLAAE T HEH IFE F BHoR T FHEAAAEY v
30 717, ol wmE EFstel Id" 2 o Yehilth HIdF 579
FEAALLS 2012 s Agstar =54 F7kste A¥Fe Holal o 14
1 3 29 2 9 #7282~ F Success I5<> Saint Louis University ©] CubeSat
Database 7]=C.% 2011 WHFE 2015 @7FA] WAE AW FH LA S Mission



status  #|'Eo] 3 o]l FHLAS F£E& Ykl Foltd. tha  CubeSat
Database ©l] WE Mission status 2| 2] A 2Jo|t},

£ o

5 =)
Ag- gl 7] e, 5 V1 es RS S e ol o] HE AR

0 (Manifested): A launch date has been published. We don't keep track of missions
until a launch date has been published. (And even then, we usually don't include them
on the public database, below. Too much variability in launch dates/mission

definitions before launch.)

1 (Launched): The rocket began liftoff. (Launch failures usually stop at Mission Status
1.)

2 (Deployed): The rocket began liftoff. (Launch failures usually stop at Mission Status
1.)

3 (Commissioning): The spacecraft has had at least one uplink and downlink.

4 (Primary operations): The spacecraft is taking actions that achieve primary mission

success. (i.e., receiving commands, downlinking mission data)

5 (Mission success): Primary mission objectives have been met. The spacecraft may

continue to operate, run secondary missions, etc.

T 361 7] & °F 65 %<1 235 7|7} AE=He FAle] A¥eEAa, 1%
SHI A9 FEHAAA F 30 7] T °F 73 %< 22 717 FAle A F stk
sl HAoR FRE Afe ¥ty A7 H4& A e JFEAEGOE,

AL A fiolofor vk WA Aol tid AAR FA= %1 el

LFERU QAT



Total launched Science mission

Year Total Success Total Success
2011 12 8 6 5
2012 23 16 3 3
2013 79 62 6 3
2014 128 85 7 5
2015 119 64 8 6
Total 361 235 30 22




CubeSat Status
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B uccess
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CubeSats for Science
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The number of CubeSat

2011 2012 2013 2014 2015
Year
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1.3 SIGMA (KHUSAT-3)

et eA 7EHst SIGMA (Scientific cubesat with Instruments for Global
Magnetic fields and rAdiations)i= 3 U Z7]2] §FH. A © =2, Space X A}¢] Falcon
9 o A=l 2017 W@ ARb7le] whAbE o olth. SIGMA 9] 87|37
3 71 el™, 450 km 4 720 km Apol o] Ao A F 74A 9 28t

drE T AR, F O
o
o

IS

A A1 TEPC (Tissue Equivalent Proportional
F oAb delEE Susty, U $FBE
A S o] A 2Ae] WAL GBS ATRT $F WA HolE
A AANOT FEEA SOUE SIGMA £ F3 dolH HFri Sejbery

YA AT e AgE oAk adn B gAA 249

o
all

il

AAl0]E A4 MAG (a miniaturized fluxgate MAGnetometer)E ©| 23}
dolHE Sttt SFEAL Qo] HAel AU A=

st o] W3tE dAgst=d 7HE Tt o4 BR oyl BikAl HA S

S o o X
L o N 4o
2
N
o

AN
P
jis

5% SIGMA 9] Flight Model ©]™, ¥ 2 © SIGMA 2] AaFs e AT



¥ 2 SIGMA 9] A}ek

List Details
Orbit Altitude: 450 - 700 km
Launch Schedule: 1 Q, 2017

Mission life time
TEPC specification
(Primary payload)
MAG specification
(Secondary payload)
Communication
Attitude

Power generation

Launch vehicle: SpaceX, Falcon 9
3 Months

Range: 0.2 - 300 keV/um

LET resolution: 23.5 % @5.4 MeV
Range: £65536 nT

Resolution: 1 nT

VHF (Uplink), UHF (Downlink)
Nadir mode (Point to Earth)

3399 mW (per 1 orbit)
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2.1 FEAAFY BAl A2" |3
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(i,

1 Ao FELAAY A dss EdE 2011 4 =
FEIAEEY T4 AlA" T Fas) oy AFSEE w2 dEhdel
(138 4, 5). 5 AZF WALE $14 5 Mission status @l ®lo] 3 o]AFQl A2 T4
AAEE AR BEF te®doeln  Fages fgi9go®,  HolE

25+ bps (bit per second) T¢I ZE YEMAT 14 HH o wet ol
Aelgko] 211, ofe] ARgeh= Fak th 3 HolH dEEHE oA tEth
e Fukr oS Exu Aol we MER FReiglon #EAow
TaEeto] ARSI S Fuk Ml A R X 3

AR Fug g A9, UHF di92 wid =2 ¥
2014 W3} 2015 W ofli= Planet Lab oA 7§23t oJ2] 7]9] Flock Y1422 Q13 X
M= tfedo] mlgo] ot wI 2011 W ol Hel wAlE FHIAAAME
AFEEEA] Sk =S Foko] Ku W=t (12 - 18 GHz)¥ Ka W= tf ]
(27 -40 GHz) S AH&3shs FEAAE A8t

dolg JAFE=o -5, 1200 bps £k 9600 bps 7} thit =S HE
A ek, Jap vhekdt AFSEE 7RI 2014 A 2015 A o4 7)o
Flock 914 ®HAFE 18to] 40 Mbps ©]7% AEE5LE9 HlEo] wl-¢ Folxl 2=

3ol 4= 9},

=2 T A
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Band Frequency range
HF 3-30MHz
VHF 30-300 MHz
UHF 300 — 1000 MHz
L Band 1-2 GHz

S Band 2-4GHz

C Band 4 -8 GHz

X Band 8 —12 GHz

Ku Band 12 - 18 GHz

K Band 18 —27 GHz

Ka Band 27-40 GHz

V Band 40— 75 GHz

W Band 75—-110 GHz
mm Band 110 - 300 GHz

22 HEAT A FEAY T A 2Y

U
ot

A=
MEgH VHF o9& AREshs 9140
735, 9600 bps 7F 5 el AA =2
Hlo] Hop HSQIRE HHo®

HF o] Fub=5 AREsF™ 9600 bps o AEHES

FHEAML S Fub oS
2011 d, 2013 d, 2015 ol #}sto]ft Zx o7

ks SEE

mE 2012 A7}
EA 8k

A 5.
2949

UHF AHg3F A,

b



2011 2012 2013

VHF
(14 %)

UHF (100 %) UHF (70 %)
2014 2015
G i VHF
(‘s’”g; 4% %) ¢ %)

@0 %)

UHF
(50 %)

L B%
%

2 4 b FRSYe Fake e @ (20112015 )
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®@%) @9
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1200
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1000 Ol 5t
1200
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9600
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10kOl&H 1 MOISt

@ %)
1M0l&3MOl5t
2 %)
40 MOl &
71 %)

A=

2012

1MO0l&3MOI5t
7 %)

10

2013
1MO0l&F3MO|5H
3 %)
10k Ol& 1 mMOISt

10k O&H1 M OISt

(35 %)

(27 %)
2400
(12 %)
2015
1200
4800
© %)

40 MO0l &t
(39 %)

26 %)

TMOIZ 3 MOI5t
® %)

10k 0|21 MO|BH
(8 %)

sabgl FE94 9 olE] BASE #2011 2015 )
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2011 2012 2013

1M 0|23 M0l 10k Ol4f 1M OIBH
@3 %) (33 %)
1200 1 MOl 3M 0I5t
(40 %) (40 %)
9600 9600
67 %) 67 %)
(20 %)
2014 2015
1200
20 %)
10k OlZ4F1 MO8k
10k Ol&h1 mMOI2 (33 %)

(40 %)

9600
7 %)

IR 7 HQlF HZQ FHYAGC] doly A5 A3 (2011-2015 )
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A 3 &.SIGMA & 541 A|AH=

3.1 BAl A|AH

do
oX,
offl
2
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[~
juiil)
Mlo
MJ
X
o
N
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M
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oo
e
)
aQ
]
a
=
&
o
_
M
[
3
g
o

segment) © 2 TR HTE 5 22 A A FeAde fH wAE

A (Uplink)2} atar, 94do] A= wgkow Falsts o

9% 3 (Downlink)&}al HEt},

3.1.1 34 ¥3

SIGMA 9] FAl A4 A g% Aoz FiE &
=2 FurEEE VHF 9o 145210 MHz, 33 4 F95% UHF
)9 9] 435780 MHz & AF23tt} SIGMA 99 Bl AlLEHE Fu4s B

ofmizte] o ®, 2016 A HA A W7l T4 A3(International

>4
j
e
o
Hu

Telecommunication Union; ITU)® ¢4 =45 o] 8 Folt)

A

oy SAEEE AP, ¥ 22 1200 bps, 9600 bps ©]al FAl
TREZTS AX25 & AMEeth FERAAAY A9, T - U439 AT d
M walS wW e dolEE Hux gor® Anixom FHY
-3 Ao A do]E FA& T 1200 bps 9 9600 bps S AF-&-3c},

9] dloly WX WA AFSK (Audio Frequency Shift Keying) %2, Hb53}2]
a71¢F A4E wZAR AEeld oo EO Fugo Wiz uxd
dolEl7l Bds= T35 dol ®ix WA & FiHolth 2 X HeolE 0
‘mark’, 2 % HOJE ‘1’2 ‘space’® Xttt Th¥ Z+= BPSK (Binary Phase
Shift Keying) & HoJE] Wx #2407 7[At}h o= YAk o] Wz whalo
s, WEute] 7|9} FurE DA AdEelA 913 WEtE sl

>
%

o
10



SIGMA

On Board Computer

A

Transceiver

F

VHEF/UHF
Whip Antenna
)
Uplink Downlink
VHF Yagi Antenna UHF Yagi Antenna
L) 4
:* v
Rotator Transmitter Receiver
._l F Y
¥
Rotator controller TNC
A Y
i’ h 4
PC
Ground Station

1% 8 SIGMA o EA A|AH AT

o
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E 4 SIGMA 9o FAl AJAEl ALQF

List Uplink Downlink

Frequency 145.210 MHz 435.780 MHz

Bandwidth 30 kHz 30 kHz

Data rate 1200 bps 9600 bps

Modulation AFSK BPSK

Data Command Beacon, Housekeeping,
Mission data

Protocol AX.25 AX.25

CubeSat Whip antenna Whip antenna

Antenna type

Ground station
Antenna type

Polarization

Yagi antenna

Linear

Yagi antenna

Linear

15



3.1.2 3=

TESG EXAAH

el gAl® EWAY X == ISIS (Innovative Solutions In Space) A} (iil)<]
TRXVU o]t} VHF t¢l9] AFSK 417 UHF tfe]e] BPSK F4lo] 7hsst
Full-Duplex E#AIHolt} dHolE] FFAA deas U¥E AFSK Al&olut
gy I AF9E ¥® BPSK Aotk ¢4 WEF A~® (Avionics stack)?]
7 IR EWAIY K7 $1X]8 OBC (On Board Computer), <FE|L
TE3 Ad=EY 9k o2 17 9 & ISIS AF9] TRXVU M=ol ¥ 5 +=

TRXVU 9] 2 RF SQIE|Ho] A5 A2t Flojt},

oo o
o © 000
6 R0 ; .
eo0oc 1 60¢C

00000
eeecvoee
el coo
feeecvo0e
eeo0coe0e

1% 9 ISIS AF2] TRXVU (Top view)

16

®©e O (900
o0 ® 1000
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¥ 5 TRXVU 9] RF Sl #H o]~

Parameter Value Notes

Uplink

Modulation AFSK

Frequency deviation 3 kHz

Scrambling polynomial None

Protocol AX.25

Maximum frame payload 200 Default value.

size Specified in option sheet.
Downlink

Modulation BPSK

Pulse shaping Raised Cosine

Roll-off factor 1.0

Scrambling polynomial 1+ X, +Xq7 G3RUH scrambling
Protocol AX.25 connectionless ~ Only UI frames supported

Maximum frame payload

size

235

Default value.

Specified in option sheet.

17



T4y

SIGMA + <FEIYUE ISIS A} ISIS.ANTS.UM.001 & ARE-3th VHF o<z}

UHF tjele] Fak FFAlo] 7hsstal, PC & AR&3shs tholE <bH[Utoltt
o] Z <= F A9 TAs dAste HduE Fgalsts QHHUE,
Qhelute] WA dolrt wkpyl wge 12 oy FdolM FHFTE LI nE
FEIvkel Vol ¥ tEuEA, Surfgl] QHHu Sl ARSEH
SIGMA °ll&= 2% 10 # o] <QHHuUrE FHELAFS & ARAle] FAEo] &
WA AFEEE Feolth 4 il | (Whip) QHEHIUE 3¢ %
FElE S WgEe] 2l welywk  (Dyneema) $AR wEolxl W (burn)
stoloj7} BlEE FolEth FHIY AFE Aleli= A el dol 7haiA gfolol 7t
wolAlaL, grert dely tHurE wxith VHF eIV $ 433 UHF <bEY
g o]l RES ol Fa Utk <tElY BEQ ARFS & 6o YERITH

%™ 10 ISIS AFo] FHE A <HHU BE (2 Top view, $-: SHHU7F A7H
2% (Image credit: ISIS) )
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6 FHAYE dE mEY A

Parameter Typical Value
Environmental Characteristics
Qualified operational temperature range 20to +60 C

Storage temperature range

-50 to +85 C (RH<60 %)

Electrical Characteristics

Supply Voltage 3.0V to03.6 V(3.3 Vnominal)
5.0 V (on customer request)

Typical current consumption 9mA @20 T

(antennas stowed)

Typical current consumption 8mA @20 C

(antennas deployed)

Typical deployment current 056 A@33V

(for each element) 030A@S5.0V

Typical deployment duration <3s

(per antenna at temp >0 T)

Safety Time limit 30s

Physical Characteristics

Dimensions (Main) 98 x 98 mm

Dimensions (Extending fasteners) 102 x 102 mm

External height 6 mm

Internal envelope 3.0 mm

Weight 8¢

RF Characteristics

Antenna Return Loss at resonance frequency <-10dB

(with antenna deployed)

19



3.2 A=

ZEA717] 9% dgeai s dhd

Macicliss

pover 1T I{ % o <ol -
‘ amplifiers || 3 Il converter = T
antenna [ . 317 El |8
feed diplexer g < Y é‘ = 3
B ® D ® 8
j e Kl & 5
| 2] 3 e S
® ] Z
2 HIE
drive s 3 3 = 5}
motors low noise B own » O |— (:!} —»
ampifers [ & | converter g é. %
s [l
signals = : : =5 _§. %
tracking — S ®
)
program Bl — —r
trackin
! E; GROUND TERRESTRIAL
pointing ANTENNA COMMUNICATION INTERFACE
datainput  sussysTem|| RF EQUIPMENT EQUIPMENT EQUIPMENT
RADIOWAVE FREQUENCY INTERMEDIATE BASEBAND
FREQUENCY

2Y 1 AT Al A
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I9 12 = Aedgy el FE5%E SIGMA o A= st=go] A o)t
A= e PC & H R Yaesu AFS] EHOJE] AEEY GS232B & ©] &3+
G-5500 ZEl|olElel Ztzh dA¥ CREATE A}°] VHF, UHF o}/ <QteluE
Aolgttt. ZEolH e AV|HE T FEoE HUE Alojds W fjd=
Ad=e AZELOE AREEto] 7 of7] QHHIUE] Aloj7} JhsEb, PC oS}
A4 Aell= I4e Asoz Edd & 5 vk g€ F2 AL PC oA F
&2 Coastal ChipWorks AF2] TNC (Terminal Node Controller)$] TNC-X & %3
EdAH e dgdnt A ome] ¥y Fale FE AME-EE 7]7]% Kenwood
ALe] ERIAIB] TS-790A €} TS-2000 ©]™, ZFzhe] &A1 Hol 4= g2 50 W, 90
W ol S o= HE S dHolE 441 Aleli= Hanlincrest Ltd.2] FUNcube Dongle
Pro+5 UHF oF7| <telve] dddsto] ARGt

B71AQ AU EE= Ettus Research AFS] USRP B200 < AF&3lctl USRP

ol

(Universal Software Radio Peripheral)i= PC °l|A] F&5 & EWAAHE, (HHS
A AE FFAY AAA)] AZES Y o]l Jhssith. USRP
SIGMA oA AFEShE Fab5 dielold] BAle] bseht F AT AREHE
o
) —

EdAMEY $A dgo] Ao r ol 2y FA A FE ARSI

rlr
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-

Rotator Controller
(Yaesu GS232B) Rotator (Yaesu G-5500)

VHF/UHF Yagi Antenna
(CREATE 2X209/2X727)

(Coastal ChipWorks TNC-X)
A

TNC
Transceiver (Kenwood TS-790A)

Receiver
(Hanlincrest Ltd. FUNcube Dongle Pro+)

v
S

USRP (Ettus Research B200)
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A=l 497 Balel AbgsteE AXESolE difito] ZeEldd]
Z1Rkoltt, 91439 A% F3& 98l AFESk= HRD (Ham Radio Deluxe)=
2003 ‘Aol Peter (PHIPH)$} Simon (HBIDRV)el 2J3lo] 7Bty &4 =
WS ME Folth. ZHolE AEEYS pC & A4ste] HUE Ao,
EWA Ao] 9@ AFs YA wal shs Ay 1o wE 94 obzho
o So] 7hsstty sty A=A s dA FE WELA 50 W

A Folth th52 19 132 HRD ] A3 siwo|t

2
o

145.210.000

I9 13 HRD A3 3t b= EQAH Ao, 2HolE Ao, 914 EHA)
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Aoz WHE Fal AMEEHE= AXEYO:= Commander %, SIGMA
71Rke] Iz Motk TNC & d43 A=
o] TR mE o] Qlo] HE
Y7 22 7hds 2202 94 A7) 7bestth 19 14 & Commander 9]
28 sido|t.

"ol A4 s

ARgetH el 2

o
to O

9,
o =

&% Commander =5
Connection Command
comport (PRl ~| BaudRate |1200 - OPEN
e Q Beacon Start ‘ Beacon Stop ‘
1200 bps ‘ 9600 bps ‘
T0 Calsign |TEST o
FROM Callsign [NONE

[0 Get Hsk
~Info

1% 14 Commander 2

0%
oty
g
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e ZHH doly Al Aloi= SDR Sharp, Soundmodem, AGW OnlineKiss,
12]31 TMP (Telemetry Monitoring Program)E A}-8-3$Ht}. SDR (Software Defined
Radio) Sharp = PC 7]RHFS] DSP (Digital Signal Processing) o=@ 70|02
Youssef Touil ©] 7Wgh Zegjojojrt A=¢] UHF oFr] <tElvel Adde
FUNcube Dongle Pro+® 5°¢] 23+ Al&E SDR Sharp oA FAlsta, 9
o= AZIET A Also] MZI7F e Aol TR el Al

RS,
L2 delM Al Fakg 2Eoy Al wE

L

SR = - s
Aelo] 7bsdtth 19 15 = SDR Sharp 02 FAIEH A5 9

Al
A
LESE
Z=
=]

435.780.680 o

clv o 9 9 9 o9 9 o9

1% 15 SDR Sharp & &3 A5 4l



Soundmodem & A}FE=IMEE Bl O R ARE-SF= Dual port Packet-Radio
TNC ©]™, Andy (UZ7HO)el oJ&ll 7= et At at g Alde| et
st Wz WA doly Ae % AHAol Thsstth 2 AFelA =
273 AFoA FUNcube Dongle & A8 2159 Hlo]HE ASCI 3o =
124 gt B o7 ARgsloith. AA A thtu K=ol ARg-sh=
Soundmodem & SIGMA ¢ A~=¥lE ¥ BPSK Al HAstd WAooz,
ZEIH JpdAlel] g dulelE HAT ¥ 16
SIGMA 2] H]# (Beacon) A& E 415+

o

o

-

Ol
do

d

2  Soundmodem ©1] 4]

Cha (9070 5| @ Che [900 3| @ DCD threshold [ Hold pointers

1:Fm DSOKEG To DSOKBG <UI C Pid=F0 Len=203 [18:10:57R] -
SIGMA KHUSATOS SIGMA
1:Fm DSOKEG To DSOKBG <UI ¢ Pid=F0 Len=203 [18:10:58R]
SIGMA KHUSATOS SIGMA
1:Fm DSOKBG To DSOKBG <UI ¢ Pid=F0 Len=207 [16:10:59R]
SIGM 4 KHUS ATOZ SIGMA
1:Fm DSOKBG To DSOKEG <UI ¢ Pid=F0 Len=200 [18:11:00R]
SIGM 4 KHUSATOS SIGMA
1:Fm DSOKBG To DSOKEG <UI ¢ Pid=F0 Len=200 [18:11:01R]
SIGM 4 KHUSATOS SIGMA
1:Fm DSOKEG To DSOKEG <UI ¢ Pid=F0 Len=20> [1&11:02R]
SIGMA KHUSATOS SIGMA
1:Fm DSOKEG To DSOKBG {UI C Pid=F0 Len=203 [18:11:03R]
SIGMA KHUSATOS SIGMA
1:Fm DSOKEG To DSOKBG <UI ¢ Pid=F0 Len=203 [18:11:04R]
SIGMA KHUSATOS SIGMA
1:Fm DSOKBG To DSOKBG <UI C Pid=F0 Len=20> [16:11:05R]
SIGM 4 KHUS ATOZ SIGMA
1:Fm DSOKBG To DSOKEG <UI ¢ Pid=F0 Len=200> [18:11:06R]
SIGM 4 KHUSATOS SIGMA
1:Fm DSOKBG To DSOKEG <UI ¢ Pid=F0 Len=200 [18:11:07R]
SIGM 4 KHUSATOS SIGMA
1:Fm DSOKEG To DSOKEG <UI ¢ Pid=F0 Len=20> [1&11:08R]
SIGMA KHUSATOS SIGMA
1:Fm DSOKEG To DSOKBG {UI C Pid=F0 Len=203 [18:11:09R]
SIGMA KHUSATOS SIGMA
1:Fm DSOKEG To DSOKBG <UI ¢ Pid=F0 Len=203 [18:11:10R]
SIGMA KHUSATOS SIGMA
1:Fm DSOKBG To DSOKBG <UI C Pid=F0 Len=20> [1811:11R]
SIGM 4 KHUS ATOZ SIGMA
1:Fm DSOKBG To DSOKEG <UI ¢ Pid=F0 Len=20> [18:11:12R]
SIGM 4 KHUSATOS SIGMA
1:Fm DSOKBG To DSOKEG <UI ¢ Pid=F0 Len=200 [18:11:13R]
SIGM 4 KHUSATOS SIGMA
1:Fm DSOKEG To DSOKEG <UI ¢ Pid=F0 Len=20> [1&11:14R]
SIGMA KHUSATOS SIGMA
1:Fm DSOKBG To DSOKBG <UI C Pid=F0 Len=203 [18:11:15R]
SIGMA KHUSATOS SIGMA
1:Fm DSOKEG To DSOKBG <UI ¢ Pid=F0 Len=203 [18:11:16R]
SIGMA KHUSATOS SIGMA
1:Fm DSOKBG To DSOKBG <UI C Pid=F0 Len=20> [18:11:16R]
SIGM 4 KHUS ATOZ SIGMA
1:Fm DSOKBG To DSOKEG <UI ¢ Pid=F0 Len=20> [18:11:17R]
SIGM 4 KHUSATOS SIGMA

m

MyCall DestCall Status Sentpkts | Sentbytes  |Rewdpkts  |Rewd bytes |Rovd FC CP5 T CPS Rx Directic|
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Soundmodem ©°. % E°]& 213+ AGW OnlineKiss & 2 E o] Hex 3O =
Raw Hl°]E{7} R oIXtE AGW OnlineKiss = AGW Packet Engine & &3}
HolHE FAlsta, ©]E Hex dump = YWERH KISS I FEej= A3t}

w}2}A  Soundmodem oA WA AFE FAIGH thE AGW OnlineKiss ©f| A

242 Raw H|o]EE FFeld 4= gitt 19 17 & AGW OnlineKiss & E3t
dlold 4l sholt}.

File Options Info

O ‘Winsock 16959 bytes received (214 frames) 0 7 : 3 2 : 35

O COM Miror 5439 sec since last packet [2]

KISS Frames

21 > 3F 3F 40 00 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F -
41 > 3F 3F 3F 3F 40 00 03 3F 3F 3F 3F 3F 3F 3F 3F 05 3F 3F 3F 3F
61> 0000 0D 03 53 49 47 4D 41 5F 42 45 41 43 4F 4E 3F

2 2977927 Uuuu‘?‘??@_ FPAIVIVININY J))J@__')'J'J')'J')')'?_77')9____S\GHA_BE_‘\CON?

2015-07-07 06:01:53.710 UTC: [77 Bytes KISS Frame (without CRC)]
1>3F003F3F3F3F3F3F3F3F3F3F3F3F3F3F3F3F3F3F
21 > 3F 3F 40 00 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F
41 = 3F 3F 3F 3F 40 00 03 3F 3F 3F 3F 3F 3F 3F 3F 05 3F 3F 3F 3F

61>00000D 03534947 4D 415F 424541 43 4F 4E 3F
2.22272222222722727222@.22272777222222222222@..22777772.222%.... SIGMA_BEACON?

2015-07-07 06:01:56.680 UTC: [77 Bytes KISS Frame (without CRC)]

1 >3FDD 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F

21 = 3F 3F 40 00 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F 3F

41> 3F 3F 3F 3F 40 00 03 3F 3F 3F 3F 3F 3F 3F 3F 05 3F 3F 3F 3F

61>00000D 0353 49 47 4D 41 5F 42 45 41 43 4F 4E 3F
2.2227272222222220222@.72722227222272222727@..22222222.2227...SIGMA_BEACON?

Options
[V TimeStamp (UTC) [~ Decode KISS Frame ¥ Generate Time Frames new file Connect AGW

AGW winsock connection made

198 17 AGW OnlineKiss ol Al FA13F H]o]E
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dolg 441 A] AF23&F= SDR Sharp, Soundmodem T 7}X] AMXEQoE
EUZ SIGMA ®elA= JAVA 7]52] TMP (Telemetry Monitoring Program)&
NaF3F T AGW OnlineKiss ©141= Raw H|o]E]7} HojxE & 24l ©o]E] <]
e Aol ook wekA TMP & ol & Ag, A9 AH#s EEst
T2l dlolg 7 B fdA deEo] wEA pebd = Qlvh (¥ 18). TMP A

HolA EA dolHE JAHCRRE AF FA A AXom o]
Festeh SIGMA Weldy Beltisha A ohel vhe ojviEel
T NE SIGMA 9 HolEZ &g 4 QEE TMP 2 22kl AolA

Fe2 wxg Ao

T < F e L ol i

DU onnactin [Housekeeping | @ soqeta
eerensvevomery
F'fr W OT T RIT RN seaten “al | OBC
Faa (v AASGIA KiC r—— \ntenna s
}:f.r Now 07 14:41:33 KST 206 ¥ Beaten R Daglay stMus 1 27304 sopperns
F3C0A 10 4 1AT IO SSGRASGIA Syatern teck : 0% Tews. fdogC] Die
t.'cr N 07 1441 34 K3T 2090 ¥ Bcacen Opaion moda  [STABS - ——
Tep, {dgC]  [224 MAG
— — Snes o
s Boen deghoy ubus [OK
A A Sabar 2oy X X Y Y 2
ASCHA ™
7 K51 2090 X Geacon VeRage V) 0.4 | 9 41 <
3 Comert [wA] (433 |[455 7 n T sy eyC] 909
Tump (98] (1052 |[1020 1002|1071 | aas | | TEE seaes
L L Transceiver
Euscomert (Al 203 |[eoa1 | 1200 it
u Coront [m]  HX 432 A v
Satery Terp. fdoaC] RX 107 W
O X e Pack vo 1 2 3 T agral wrsngh [Fen] =
NA Verage [V) rw |frss rm IX trze fbps) 00
Cumt [mA] [0 |[32_ 203 | R
e [4eC] |02 207 200 | LRI
ACS el oot
Opesation mode  |amar Hock mdex HERK WAL IEFC
Need ceturmble  [1i0 | Frome |1 | [pcceas | Paccess |
| Temp et] o o 2 |jeoccce  |Recccet |
= = = = =

%Y 18 TMP = SIGMA 9] 319-A7]3 dlo|HE FAls g
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A 4 3. SIGMA $4 HIAE ZA3

4.1 ¥ 3 34 (Link Budget)

NE AYY FPE

S ok Aotk ol AEt 914 1 Ar) AelM Asts Y7t

AF Gze] o]ZE% As: o] edelth Bankie] AX A 3 B
A

4.1.1 J¥=
SIGMA & "3 vkl Axks f8liAe 9492 B4 AlAaEe] umE
e FzHel FAeslt Y ASARE o 1% 720 km, HA 47}
10 °= 7Hgsk3ltt. A" Fokres T4 T3l 145210 MHz S ARE-8haL
dlolg HAEHEEE 1200 bps, FA17]Ql XA

i
W 2 Folth ¢reluE A A=) VHF oF7] QbH L

9} 949 VHF 3] <tg|L}o
AtEE AEskGTh QbHY o] Solu kel &4 g 7449 dlY BAE
Zaste] dEsth U ® 7 & 9383 YA BAS 9% o4 2us
LHEHI T,

29



7 d€2 o7 =14

Item Unit Value
Low Earth Orbit km 750
Minimum Elevation Angle degree 10
Frequency MHz 145.210
Tx Power W 20

Tx Antenna Diameter m 3.7
Data rate bps 1200
Required Euw/No dB 23.2
Antenna Efficiency % 55

Tx Antenna Gain dBic 17.2
Antenna Gain/Noise Temperature dB/K -29.5
Bit Error Rate 1.00E-05
Implementation Loss dB 23

Free Space Loss dB 142.8
Total Loss dB 147.8

T 74 FAR 27F2AE EUE FA S Abe Ay, 1 8 7 o)
B wkzl 19.70 dB & Ak Wb " A= 7l FXQL 3 dB o]
B vl THARR A= 94 ke 4Ed FAlo]l Thed o=
Ak vk E=E s EWAHL FA A¥e 90 W HA =Y T
Ro- R oo wep P wprlE ¢k 65dB A= W F7HAIA F Ak
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x8 AP iy A

Item Unit Value
Transmitter Power dBW 13.01
Equivalent Isotropic Radiated Power dBW 24.69
Bit rate dBs! 30.79
Noise Temperature dBK 41.91
Ew/No dB 45.22
Peak Receive Antenna Gain dBi 32.41
Carrier-to-Noise Density Ratio dB-Hz 102.65
Link Margin dB 19.70
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412 O92H3

@39 B3 v ANE fdP8ag v E AREE AE e xxdo]
ettt AEFHE P93 23, 47950 435780 MHz, 9600 bps 2
ol HAEHEE ARSItk <tElv B> 32 A4 UHF oF7]<tE L,
AL UHF 8 <Y AFES Faskgla, $4 A8 FH9A4 EWHAY
HEo EAE Faste] 05 W o2 Y
33|t a CINEMA #1438 =4 &4 das Faste] Bagle ARSIt
5o 1 99 thE Al 27F2HE YERYT

Item Unit Value
Low Earth Orbit km 750
Minimum Elevation Angle degree 10
Frequency MHz 435.780
Tx Power w 0.5

Rx Antenna Diameter m 6.0
Data Rate bps 9600
Required Ev/Ny dB 9.6
Antenna Efficiency % 55

Tx Antenna Gain dBi 0
Antenna Gain/Noise Temperature dB/K -9.6

Bit Error Rate 1.00E-05
Implementation Loss dB 23

Free space Loss dB 152.3
Total Loss dB 157.3
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E 10 P A A9

o
A5
o whep

Item Unit Value
Transmitter Power dBW -3.01

Equivalent Isotropic Radiated Power dBW -4.01

Bit rate dBs! 39.82
Noise Temperature dBK 56.42
Ew/No dB 17.84
Peak Receive Antenna Gain dBi 46.82
Carrier-to-Noise Density Ratio dB-Hz 57.66
Link Margin dB 10.24
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4.2 Field H|AE

B Aol e FEAN T A= o] B S 53 dHolH S5
gelstr] f1ste] A F A9 Field HIAEES 3t A WA=
H A~ E (Lab test; Near-field test)=, g3 thelw Ao AdA yFox $14
AL AIAEY]l TIEAR] wAs ERIsith H HAEdA e AT
EWAH G Fif§ <tEUE ol&sto] fldere ¥E A RN E Y
HA A% 2 AFE Felsgith. + HAZE Farfield HAES 3 HAES
R A 2 Q133 A 3he] 7R ARL HolH FaAle RISkl S

42.1 HX2E 78
SHHIUE 7|2 31%

o
=
A A oz TRE & 9

v

Reactive near-field region
Radiating near-field (Fresnel) region
Far-field (Fraunhofer) region-

Reactive near-field region < Reactive field 7} ¢4t o™ <QtEUZHFE R <
0.62{/D3/X (R: FE|YS] FHd Z7], & I A 2ol &l ¥ t}. Radiating near-field
region & SQFEIUZFE] 062/D3/2 < R < 202/a Aol dGEHE= o=
Radiation field 7} -Algtal G ole] M7t telvte] A7]e A F3e Wt
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ot o] gAor= Azl wel Angular field distribution ©] TFET}h wpx|E O 2
[e]

Far-field region <= Angular field distribution 3} F3#3F Jox R > 2D?/A
Aglel siddTt (27 19).

Far-field (Fraunhofer)
region

Radiating near-field (Fresnel) region

Reactive
near-field region
R, =0.62D°I

—I R Ry=2DPN

e—t—+

R,

N

a9 19 MHYE VIl ®E Al wet EE

o

X 11 2 <tElY Zolst mge] mE 99 AibAS Faste] Ad=w)
B9 QHEHYE 7IE SR Field AgE EE3 Aoty 1 A3, A=

o

T

UHF ©F7] QFE|LFe] Far-field A2l 10459 m 7} 7F& 2 ZFol| =2 104.59 m

o)Al A E Farfield Yo7 7FY3ste] HIAES F3agT)
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¥ 11 Far-field A2l AAr 43}

Parameter VHF UHF
Frequency 145.210 MHz 435.780 MHz
Wave length (A = c/f) 2.07 m 0.69 m
GS antenna length 3.7m 6 m

Far field 13.25m 104.59 m
CubeSat antenna length 0.342 m 0.9 m

Far field 1.38 m 413 m

A&7+ (Free Space Path Loss)< T <FEIU Alo]g] FAl A4 F44l
Al
2]

1% Aele Fuel

A71e mlEs e

hE £A%e e

12 ) Z2+e] ghs dEhd sl

FSPL (dB) = 32.5 + 20log(d) + 20log(f)

¥ 12 FSPL AAr A3}

Frequency
Distance
VHF 145.210 MHz UHF 435.780 MHz
450 km (Perigee) 128.75 dB 138.30 dB
720 km (Apogee) 132.84 dB 142.38 dB
0.4 km (Test place) 67.78 dB 77.33 dB
8.7 km (Test place) 94.53 dB 104.08 dB
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422 HXAE #HA

9P HAEAE AT W AE HA FA T cdoly

BALE 9600 bps A WIS FAT F, 9149 Feizks dold A9
BYe 4ol FASAEA FAFAT Farfield o FF, FYA HxEo]
MEE Frbete] AfEEA, 94 AEUY AE A, £Z T Hol
9499 AAE mel sl

" HAENAE ™A HAES #2 il 945 AL
FEAGAA Ad=oz v dolHg &-927]5 HeleE FAlsHAt
aa A% HolE b Aol s FAIEEAE Bl Far-
field ol M &= PF7FA 2 Y] 7HA] W&

B2E Ao FHSLAYLS PC 9 Adste] & FeA 948 Adsta
dEgks ElEdth A mels W HAECA 29 Foig QHHUE
Agleta B A 8ol AMEE= ZHlE ARSI Ed Aol A=
SDR Sharp ¥} Soundmodem, AGW OnlineKiss 5 AFg3}o] tlzg® dHolHE

2ol 5olet.
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4.2.3 ¥ H|AE (Near-field Test) 23}

H]

s

Flg ELE ALE
@7o] v,

F, Ao =Nl

s

il

0

o

ﬁo
B

HAE Ay, A= ek 9

S

E QoM

A3

M

Soundmodem £} AGW OnlineKiss

T
.

922

glolg o]t}
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DUEF) JTM MO 27V ESWCH)

r
foar <<TIN Header>>
foar Data Length: 33
¥oar Category 1D: BATT
Conmand Nusber: 0
¥oar Comnand Code: 1

r
¥oar << BATT Housekeoping >>
¥oar Battery Direction: Oluharw
¥oar Btmuy Current
Woar Cell Voltage: 1,75 ¥
$oar Battery Yoltage: 8.19 ¥
¥oar Battery Temperature: 52.35 C

r
$oar Battery | Direction: Dlsr.harnv
¥par Battery | Current: 33.42

oar Call 1 Yoltage! O.'BV

foar Battery | Yoltage: 8.1

¥oar Battery | Temperature: & s1c

%oar Battery 2 Direction: Dls:hargo
Wpar Battery 2 OJrront 20 62 wA
oar Cell 2 \!oluT

¥oar Battery 2 Voltage

¥oar Battery 2 !nnratuu 53 wece

|¥oar 11B

r
|¥par [11B_GetBoonStatus] Not Deployed (10f4)
oar Lz_ﬂn?ukﬂ() ¢ Single Packet

Woar Packet Header

¥oar cc 04 ¢0 00 01 04

¥oar Packet Data
"lf&ﬂd&t?ﬂ&“&dﬁ!&ﬂ&&“
ar

¥oa

r
foar <<TM Naadu»
foar Data Length:
®oar Category 1D: ||B
Conmand Nusber :

foar Comsand Code

r
$oar << |18 Housekeeping >>
¥oar Boos State: Not Deployed
TEPC : 0'

foar RADFET 1 Data: ¢34

$oar RADFET | Temperature: 205¢
¥par RADFET 2 Data:

¥oar RADFET 2 Temperature: B12c
foar |18 Temperature: Td6c
foar S-Band Temperature: Saad

foar TRANS
r
$oar TLN_PutPacket() : Single Packet
Packet Header

Data
berﬂmb omscsalus.cunacbuuszsuscvaamuommazmmuonaoouumm

<<TLM Header>>
'ou Data Lenath: 41
¥oar Category 1D: TRANS
|®oar Command Nusber: 0
[har Consand Code: 1

28
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Setti View  Clear monitor  About

cha 6465 3] @ che ® DCOweshod [ [ [ Hodpones

1:Fm DSfKBG To DSOKBG <UI C PideF0 Len=20> [1257:59R]
SIGMA ISATO3 SIGMA

1:Fm DSCI(BG To DSOKBG <UI C Pid=F0 Len=20> (1258 00R)
SIGMA KHUSATO3 SIGMA

1:Fm DSOKBG To DSOKBG <UI C PideF0 Lan=20> (1258 01R)
SIGMA KHUSATO3 SIGMA

1:Fm DSOKBG To DSOKBG <UI C PideF0 Len=20> [1258 02R]
SIGMA KHUSATO3 SIGMA

; FEm DSD\BG Yo DSCKBG <UI CPideF0 Len=20> [1258.03R]

IGMA

@ AGW OnlineKiss v. 244 (DK:
File Options Info

1069 bytes received (17 frames)
565 sec since last packet [0]

04:08:32

3 DSOKBG 1o DIKB <UI CPH-FO Lerez0> (1258048 insock
SIGMA KHUSATO3 SIGMA @ COMMino
1 DSOKBG To DSCKEG <UICPFOLem2D» 1256058)
SIGMA K
P DSOKEG 1o DSIKE <UI C PeFO Leos2D> 1258088) KISS Frames
P D505 T0 DEOKE <L C PFOLene20» 1258078
1:Fm o <l j=F0 Len=20> (1 0
Bt o 21 > DB DC 00 03 D8 15 01 01 00
1:Fm DSOKBG To DSOKBG <Ll C PideFO Lens20> (1258 088] Rz .
SIGMA IGMA 2015-10-21 03:59:07.170 UTC:
1:Fm DSOKBG To DSOKBG <Ul C PideFOLens20> 1258.038] 1> CO 00 88 A6 60 96
SIGMA KHUSATO3 SIGMA 21 > DB DC 00 03 D8 15
1:Fm DSOKBG To DSOKBG <Ul C PideFOLen=20> (1258 10R) W1 > EC 02 46 03 E8 02
SIGMA KHUSATO3 SIGMA 61 > FF 00 12 03 FF 02
1:Fm DSOKBG To DSOKBG <UI C PideF0 Len222> [1258.37R] 5 s s e
ot IR I T 00 161 > 00 00 00 34 21 08
BABAM 121 > F1 0B F6 0B 74 65
11:Fm DSOKBG To DSOKBG <UI C PideFO Lens222> [1253.07R) 141 > 00 00 00 0
1AD CoF @AFYIY 8 12l BT 10" 161 > FF 80 00
181 > FE FF FE
BABA 201 > FF FF FF
221 > 01 00 00
MyCal  [DestCal  [Status  [Sentpkts [Sentbytes [Revdpkts [Revdlf | | 281 > 81 €O

1> CO 00 88 A6 60 96 84 B8E EO 88 A6 60 96 84 BE 61 03 FO C!

C OF
6 11 00 00 00 16 03 A2 03 F8 03
D 63

41 > EC 02 46 03 E8 82 40 03 F1 03 FF 62 46 03 FF 02 49 02 D

[242 Bytes KISS Frame (without CRC)]
84 8E EO 88 A6 60 96 84 BE 61 03 FO CC OF
61 01 00 66 11 00 00 00 16 03 A2 03 F8 03

40 03 F1 03 49 02 DD 03
38 03 B4 03 7 02 8h 00
83 00 A8 01 A9 81 60 00
hD 34 61 OC F9 05 85 06
o 80 00 00

FF FF FF FF

o4 FF EF 16

FF FF FF FF

00 00 00 00

81 08 24 B9

Options
W TimeStamp (UTC)

AGW winsock connection made

I™ Decode KISS Frame

40

new fle

¥ Genetate Time Frames




4.2.4 Far-field E|~E A3

Far-field BIAEE 3 11 o A Al Axte] upe} A3dstay AEd
(KHAO)ol| 9|3k A AF=oll A °F 0.4 km, 8.7 km "o & oA W&ttt 0.4

km AzlelM HIAES S3lE weds dE Sl A4d& AT
At BAlse WA o7 sholch ey B $ake] izolzh At o)

FEU7E A R vol 87 km HolX Aol {AIF AtolM HAEES

19 23 Farfield HHAE A 77K AXAY (K= 3 dlo|H)

A9 i AxE T AG=oEFH s W gl dl"H= 720 km
= EZ St b 12 oA AAE Al wE
AgEtEd e Fusiede wW, 04 km AgolMdE A 6506 dB,
B o] 77t F7tE FBQskal 8.7 km AgledE d¥A
3 dB ol #AA7E F7hE Fesit uebA

HIAEoAE Ao EWAH S FUNcube Dongle © #Z47]5 F7t=2
s}

Adstel f4ae BA olnE HAsh of W, Fiaii FUFTEQ

4



145210 MHz, 435780 MHz = AAsqtk. 7 A3 04 km AgelA=
g o] A ¢Sl 23y dE A= E 13 3 2] 65 dB 9
TH71E F7EsE AER] 13278 dB o] A WHEE FAES
AeNA HE  Fale]  HA ekrh T 87 km AFAlA d"W=A
BlAEo| 40 dB & #4715 F71sE 13453 dB o9 FdelM EH
Falo] B X kokth o]z 720 km M=ol A o] AE A A IhEA FEl 132.84
dB Bt} w7 o), stElu FHEFel At e AENE moly
FHe AR, Aor Emel @or 3t Axr dusigdth whebA

91430l AAl ArelM 282 wol= A= FElVe o] otk

E 13 AFEiEded g HAE A3 (0.4 km)

Uplink Commands Downlink Data
Attenuation (dB)  (Uplink) Attenuation (dB) (Downlink)
97.78 Received 107.33 Received
117.78 Received 127.33 Received
122.78 Partially received  132.33 Received
132.78 Not received 142.33 Received
142.78 Not received 152.33 Received
152.78 Not received 162.33 Received
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=3

14 AfrEdide] b gaE 23t (8.7 km)

Uplink Commands Downlink Data
Attenuation (dB) (Uplink) Attenuation (dB) (Downlink)
94.53 Received 104.08 Received

114.53 Received 124.08 Received

124.26 Received 134.08 Received

129.53 Received 139.08 Received

134.53 Not received 144.08 Received

144.53 - 154.08 Partially received
149.53 - 159.08 Partially received
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A4 et AR ol W 949 A

gadel $FlN AAE £8= W, 94 Axow Wt 49
G} AEEA @ge A¢E  ndHsel HAEsAt. WA 04
km Azeld 914 <Y AE olFe] wWE EHAE ANE E 15 o
Gehelth. 914l kel g ALEE 9]

el
FASRAT, AUt BF AEHA GG welt AY dolHu s

Ae ST GUE BE AZEA ks W EHo] €A g ol
7ol A RE, $14d 2] RSSI (Received Signal Strength Indication) #t-S Q131315
L

o
W B AleE ARG AFEEA o2 A9l 30 dB fAaE AoR
Kol 914do] o W Agel fAgHE Ad=Ie] FAle] oee Jow
of gt

B 15 94 ctHld A= o gl S Aol w2 A3} (0.4 km)

Variable Status Commands or Data
CubeSat Not deployed Partially received
Antenna Deployment ~ Deployed one side only Received
0° Received
CubeSat Attitude 307 Received
60 ° Received
90 ° Received
E15 o g RS 94 AAE WEE BFE 9o gAE Azl
a9 24 9 A -Z F5 7IFe®E 0 0 oA 90 7bA 30 A WS wHro]
WEs T, I Ay BE AgelA 89 AT ke Fa o FRE
s}<15t9)
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1% 24 Farfield HHAEA A FHYAD 2A 7]F

2o % 16 & 87 km Aol HAE ZAiolt} o] HAEAE
A= of7] <QHHUel 35 dB #A7IE AAT dHE Jdsdt. WA
A= QHEVE] EQIY Ztke| wE FFAl ofF-E gRlskgith. VHE, UHF
of7] <telUE fAol XS WEke] XI”I ARE V|EHeR i,
AT Falo]l wHA kg W7bA e tEHY ezt ERISAT (29 25).
1 A%, VHF <HHuYE JIEFHOoZHE oF + 5, UHF <HHU+=

Ve ORNE o £ 40 O WeAelM FgAle]l Zbedtglth. ol UHF
tElLtel 35 Aol7b VHF <tHlUe] = Hojwt o] F1¥ &4 &= <

WAL, FakE g o g Qg Qe Al ARFe] thE7] ot

N
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E 16 A= HElY AR A Aol wE A (8.7 km)
Commands Data
Variable  Status Status
(Uplink) (Downlink)
GS
42°—-126° ) 55°-65° )
Antenna Received Received
(center: 82 °) (center: 60 °)
Angle
-90° Received -90° Not received
-60° Partially received -60° Partially received
-45° Partially received -45° Partially received
-30° Partially received -30° Received
CubeSat ] )
) 0° Received 0° Received
Attitude . . )
30° Partially received 30° Received
45° Partially received 45° Partially received
60 ° Partially received 60 ° Not received
90 ° Received 90 ° Not received

Uplink (VHF Yagi antenna)

A=

25

A 7g= o]

46

AFE ]

SIGMA

44

EQIE e

Downlink (UHF Yagi antenna)
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Aol AT FHE FHASH AEE FATE w, A Fxol et
Aol A o] Al Fak4rE Wsksk Al "k A o] A= Tk AW SeAl
Tzt T4 FuFERY A3, oA W 4 Fie R Zoldnh A AR
A4 ABe =&Y WHrt A #AEskA AN AAE 449 A9 1
FFE FAE] o9

SIGMA &= A% §4dolm=& oA 157 720 km & wl =& @dof st

£ 17 9 720 km ALE AL 2ok webd g€ HAE
Aols A ERAMY Fu¢E 1 kHz G2 vy B93-S $A38% 0
th$-3 3 E]AE Ao FUNcube Dongle ¢ =41 F3}4=5 SDR Sharp Aol A 1
kHz @912 #pw o zRE v AsE FAlsith o A3, AXbst

CEe Fus W9T TE TGl £5AS BT FASG

17 =Z9 Fu94 fold ©E 4w

Field Distance (km) Frequency Range (MHz) Commands or Data
720 (Standard) 145.206 — 145.214

0.4 145.205 — 145.215 Received

8.7 145.199 — 145.221 Received

720 (Standard) 435.769 —435.791

0.4 435.764 — 435.792 Received

8.7 435.761 —435.782 Received
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43.1 HIAE /e 9 34

HAE ALg¥ 942 FO-29 (Fuji-OSCAR29, JAS-2)¢} SO-50 (Saudi-OSCAR

50, Saudisat-1C)°]th. F 914
A= VHF <,

(Transponder)®} FM 2| 3] E

e}
=42

A=,
SIGMA ¢} 7

of

o

Al 3F

- T

(FM  Repeater)=

E5F SIGMA ¢} o] ofufio} f& Fupa=oln

Y UHF tiels ARSath 5 94 2H2

H
A

R O gzl ale

:15‘_
9499 F3ts ul

¥ 18 SIGMA 9} HAE 2917449 vjw

1= ks

oY A=l A

7Fesith ¥ 18 o

List SIGMA FO-29 SO-50
Uplink 145.210 MHz Transponder: FM Repeater:
(AFSK) 145.900 — 146.000 MHz 145.850 MHz
(SSB, CW) (FM, 67 Hz PL Tone)
Downlink 435.780 MHz Beacon: FM Repeater:
(BPSK) 435.795 MHz (CW) 436.800 MHz (FM)
Transponder:
435.800 — 435.900 MHz
(SSB, CW)
Period 93 min 106.43 min 97.95 min
Perigee X 450 x 720 km 800 x 1323 km 603 x 713 km
Apogee
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A= AH] HAEO= TNC & A9st BE RF AW S0 AMEEHS A,

AFAFT. g 13k Ad=o] o] F= Afelzto] 10 © o]dd W HAES
Aysdh. oo 29 0 o HAE HAS =A3E3la, ® 14 o HAE

Satellite

Microphone Transceiver

Kenwood MC-90 Kenwood TS-790A

Yagi Antenna
VHF : CREATE 2X209

Receiver
SDR Sharp [« < UHF : CREATE 2X727
FUNcube Dongle Pro+

PC
Ham Radio Rotator Controller Rotator
Deluxe g Yaesu GS232B Yaesu G-5500

Ground Station

o

a9 26 A%F A HAE BEE

¥ 19 HAE dA

FO-29 SO-50
Maximum Inclination Maximum Inclination
Date Date
(deg) (deg)
2015. 12. 22 22.2 2016. 01. 15 13.7
2015. 12. 30 32.1 2016. 01. 19 40.9
2016. 10. 19 185 2016. 01. 27 40.2
2016. 10. 19 89.1 2016. 10. 19 29.2
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4.3.2 FO-29

A HofAq 7R3t FO-29 YA 1996 d WAL & AR L1
AL} ¥ BF SIGMA 9F L3t the S 7HX AlF ARES
¥ 20 ¥ 2o

¥ 20 FO-29 o] Atek

Name Fuji-OSCAR 29 (JAS-2)
NORAD 24278

COSPAR designation 1996-046-B

Inclination (degree) 98.542

RAAN 241.960

Eccentricity 0.0351436

ARGP 103.754

Orbit per day 13.52913747

Period 1 h46 m26s(106.43 Min)

Semi-major axis
Perigee x apogee
Drag factor
Mean anomaly
Weight

Frequency

Mode and
Antenna polarization

7440 km
800 x 1323 km
0.000002448 1/ER

260.297

50 kg

Uplink Transponder : 145.900 — 146.000 MHz
(SSB, CW)

Downlink  Beacon : 435.795 MHz (CW)

Transponder : 435.800 — 435.900 MHz

(SSB, CW)

V : RHCP

U : RHCP
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HAENA+= WA CW REQ] H

EJAZEHE o]&st 440

View #h= 2ZE o] S Abg-ste] A2 3 Adstdtt
6 SoR= v1.0.0.1378 - 1Q Imbalance: Gain = 1,000 Phase = 0000° - —— ) | S ]

=R #H0 435.845.480 m !

FUNcube Dongle Pros

NEM O AM O LSH O Ut
WEM O DSH @ LW O HAW

435.8622MHz

1% 27 SDR Sharp ©.% FO-29 9] H|A A 35 F43% 344
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Morse View

&

Input source Decoder settings

Decoder controller
stop | [ pause 0000:01: 18: 0400

Stream view

1% 28 Morse View = AA3E Bl A A5 92 of A

2 AT, SAg v A5 T ko] Hex HlolH = vpEt.
hihi20c288d5007700000960010170609894f187¢7e5e6e7eS

$1°9] Hex # 5% FUJI OSCAR 29 CW Telemetry Decoder ° 23hH FO-29
A4 AEizts 2" 29 9 o] 1Y 4 Qlth o] YT = DK3WN ©]
Mgt ZEjeofolty. wetaA A=A FAE v AE7F FO-29 EHH

A E 7)4\0]2. j@;l]-q_—g; 93\_71 o]% =3 x]ALg— Xl—tj]l;g] 1-1761—7(-]0 2 S
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EdAN ] Fogol WA F& dAsta, HRD & o|&3sto] 9142
ol Thsd W e TSR A Aol < 4=
Ad=o2RH 2 SANEE BEF FAH7] wite] HAES w FAS
425 E & Fdsto]of stk ABA O E SIGMA & AT o225 E FAlH
+441%+ FO-29 8 EWRAFEUE AA AFAoE oAl AT A
FAEAT. v AS FA w7k R o] A3E Fal Ad=e FH|7L
A glo] A AE He S @A = ik

File Info
hihi 20 7 101 £187e7e5e6e7eS
HIHI 20 C2 88 D5 00 77 00 00 09 60 01 01 70 60 98 94 F1 87 E7 E5 E6 E7 ES
System Status
& Main Relay ON " SAS OFF ¢ Digitaker OFF
C bM OFF e ON Cowc PASSIVE
" SRaM OFF  UVC Level 1 C CPU RUN
" Packet 3500 ¢ PCU Mode AUTO
" Packet 1200 ¢ PCU Level 103
CJTA ON ¢ PCU Level 1012
C J1D OFF " Battery Mode TUC
 GAS OFF € Battery Logic TUC
Analog
" Spin Period 0 ¢ Solar Current 10980 mA ¢ Stucture Temp. 1 ‘C
" Attitude Status 3 ¢ Battery Current 1184 mA ¢ Stucture Temp. 2 G
 SunAngle 805 " Battery Voltage 16.4 v ¢ Stucture Temp. 3 *C
(" Battery Middle Vokage |71 v " Stucture Temp. 4 e
 GASZ 4902 T " BusVokage 236 v " Battery Cell Temp. 6
 GASX |4%02 nT ¢ JTA Tx Power 779.4 mw
Main Relay
1.0
08
06
0.4
02
0.0
1
s man o, 3

I¥ 29 YIHE ARESEe] v HlolH
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4.3.3 SO-50

SO-50 (Saudi-OSCAR 50, Saudisat-1C)<> ARg-tjolepd|ole] S =E FM

g HE HAsk

glo} AgzAAe SHNE S5 Helo] Abssh

21 2 SO-50 o] tist Kot}

E 21 S0-50 &] ARk

Name Saudi-OSCAR 50 (Saudisat-1C)
NORAD 27607

COSPAR designation  2002-058-C
Inclination (degree) 64.56

RAAN 214.537
Eccentricity 0.0083184

ARGP 289.297

Orbit per day 14.72018183
Period 97.95 min
Semi-major axis 7033 km

Perigee x apogee 603 x 713 km
Drag factor 0.000302880 1/ER
Mean anomaly 69.905

Weight 10 kg

Frequency

Mode

Uplink FM Repeater : 145.850 MHz (FM, 67 Hz PL Tone)
Downlink FM Repeater : 436.800 MHz (FM)
V/U (J) FM Voice Repeater : Operational

4 3]0 YAE = A WA HAEHE o2 xAFE

33, FO-29 = A3k HlAES vHlwsle] Atjao=w

TAENT A FAHFTI5A 436.800 MHz &
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P Comect 5 Optors
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5-2000 s
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Y 121000 181500 182000 195000 19550 82000 082500 083000 100000 120500 101000
s 0% Defust o

Ready

18 30 HRD & %3 94 A" A7

¥4 SDR# v1.0.0.1349 - 1Q Imbalance: Gain = 1.000 Phase = 0.000°

=m0 i 435.810.500 w
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Shift 0
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AsA A

2479 74394 SIGMA = 2017 1 A7)l #]= Space X AF¢] Falcon 9 ©f
HAE o] vE oY 719 43 A TAME Y AA SIGMA 2] H|F EEle
2016 ' 1 AREZIe] 7ol ¥ Y "W A= T4F 9 145210 MHz =,
AFSK W zwa3 1200 bps o dHoly HAEE
T 435780 MHz & AAFEE BPSK WHEWAS AFEstal dolH
AEEEE 9600 bps ©Ith SIGMA o A= A3ldista HEd e
TFEo] Jlom. A= delAd {43 Faalel BF Jhsettt " as
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ABSTRACT

SIGMA (Scientific cubesat with Instruments for Global Magnetic fields and rAdiations)
is a 3-U size CubeSat that will be operated in Low Earth Orbit (LEO). The SIGMA
communication system uses a Very High Frequency (VHF) band for uplink and an Ultra
High Frequency (UHF) band for downlink. Both frequencies belong to an amateur band.
The ground station that communicates with SIGMA is located at Kyung Hee Astronomical
Observatory (KHAO).

For reliable communication, we carried out a laboratory (lab) test and far-field tests
between the CubeSat and a ground station. In the field test, we considered test parameters
such as attenuation, CubeSat antenna deployment, CubeSat body attitude, and Doppler
frequency shift in transmitting commands and receiving data. In this paper, we present the
communication system and a performance test of SIGMA, a link budget analysis. We also
compare the link budget with the field test results of transmitting commands and receiving
data. In addition, we carried out a verification test of the ground station to check RF
equipment.

As a result, it is expected that the reliable communication between SIGMA and the
ground station. And we can verify the payloads in a space level and study the near-Earth

space environment.
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APPENDIX

Ay 2 FAA7|EAAT (ITU) Aaqte] w2, Aot “dFF<l

T At o) Aste]  “First come, first served” G o 23
A ol gl TAE FAHA FAHS
ol mE Tz AHE AAH ITU o FF3ko]o
gr7t 7hsstth aEu 2SR Qlo]l Al BAY Af Ad FuF Y
o

el wek SA] 914 85 TEsteloF ohr, v 9149 &4

ST FATEE s MU A FIE AsAS fele

ITu  d% A 4 FA G573 (Administrative  Regulations) ©. =
= A 7 71 A1 7+ 2 (International - Telecommunication Regulations) ¥} % 3} 2] (Radio
Regulation, RR) .2 -3t ITU 7 9 ok} Fd e HELAE 33T
ITU-R A3t 2 & 4902 ¥t
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ITU A AA olntgo] FA§ F3

A 144 A 244 A 3AS

(&, ok=2)7t) (&, &1) (oFA] o}, 2 Aol o}
1.8 MHz 1.81 - 2 MHz 1.81 - 2 MHz 1.81 - 2 MHz
3.5 MHz 3.5 - 3.8 MHz 3.5 - 4MHz 3.5 - 3.9MHz
7 MHz 7 - 73MHz 7 - 73 MHz 7 —-71MHz
10 MHz 10.1 - 10.15 MHz 10.1 - 10.15 MHz 10.1 - 10.15 MHz
14 MHz 14 - 14.35 MHz 14 — 14.35 MHz 14 - 14.35 MHz
16 MHz 18.068 — 18.168 MHz 18.068 — 18.168 MHz 18.068 — 18.168 MHz
21 MHz 21 — 21.45 MHz 21 — 21.45 MHz 21 — 21.45 MHz
24 MHz 24.89 — 24.99 MHz 24.89 — 24.99 MHz 24.89 — 24.99 MHz
28 MHz 28 — 29.7 MHz 28 — 29.7 MHz 28 — 29.7 MHz
50 MHz 50 — 54 MHz 50 — 54 MHz
144 MHz 144 — 146 MHz 144 — 148 MHz 144 — 148 MHz
220 MHz 220 — 225 MHz
430 MHz 430 — 440 MHz 430 — 440 MHz 430 — 440 MHz
900 MHz 902 - 928 MHz
1.2 GHz 1.24 - 1.3GHz 1.24 - 1.3GHz 1.24 - 1.3 GHz
2.3 GHz 2.3 — 245GHz 2.3 — 245GHz 2.3 — 245GHz
3.3 GHz 3.3 - 35GHz
5.6 GHz 5.65 — 5.85 GHz 5.65 — 5.925 GHz
10 GHz 10 - 10.5 GHz 10 - 10.5 GHz 10 - 10.5 GHz
24 GHz 24 — 24.25 GHz 24 — 24.25 GHz 24 — 24.25 GHz
47 GHz 47 — 47.2 GHz 47 — 47.2 GHz 47 — 47.2 GHz
75 GHz 75.5 — 81 GHz 75.5 - 81 GHz 755 — 81 GHz
142 GHz 142 — 149 GHz 142 — 149 GHz 142 — 149 GHz
241 GHz 241 — 250 GHz 241 — 250 GHz 241 — 250 GHz
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122, $ute} ool Fupgr)of
3.5,7.0, 14.0, 18.068, 21.0, 24.890 MHz %! 144 MHz ¢] =35t AldT% A4S
=

S ¢ Mtk 2.4, 565 GHz 3l 24 GHz o Fobrdh= %], e}, w8 AH U
71eF Anjef o8k fall gk 418 gQlsto]of gt

$eubet ool T AT

Ao +&F I Ao 8T
1,812.5 kHz 1,800 — 1,825 1.28 GHz 126 - 1.3
3,525 kHz 3,500 — 3,800 2.425 GHz 2.4 - 245
3,795 kHz 3,790 — 3,800 3.45 GHz 34 -35
7,050 kHz 7,000 — 7,100 5.75 GHz 5.65 — 5.85
10,125 kHz 10,100 - 10,150 10.457 GHz 10.45 - 10.5
14,175 kHz 14,000 - 14,350 24.025 GHz 24 — 24.05
18,118 kHz 18,068 — 18,168 47.1 GHz 47 — 47.2
21,225 kHz 21,000 — 21,450 75.75 GHz 755 - 76
24,940 kHz 24,890 — 24,990 77.75 GHz 775 - 78
28,850 kHz 28,000 — 29,700 78.5 GHz 78 - 79
54 MHz 50 — 54 80 GHz 79 - 81
145 MHz 144 — 146 135 GHz 134 - 136
435 MHz 430 - 440 143 GHz 142 — 144
249 GHz 248 - 250
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1) AFd ¥ 3 (API, Advanced Publication Information)

- A S EREtA; sk FEHAES AuarA] Al 9 29 Aol w88kt
sk 1A ARl ARE ITU o A=) (dat3] 54 X))

- ITU A3EAANES (BR, Bureau)> A& Ax HE & FAFTIGFHRIH
(IFIC, International Frequency Information Circular)E &3l 3 3£ttt

- 9 8 INLERE 7T AT E Thsst 2 dA7MA] A& SR

CFRd e FARAL AE A% 6 ol WMAT: 49 MEY AAFE
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3|
fua

ro (A5t

AHE ITU O A=

A 0]
—

A

- ITU BR

i

- A=

sto] IFIC &

PN
=

25E 6719 ol
| 2AARE ABHA FS A% T

—r

il

o

Al

%

=8|
Mo
&7

T

A

of met oo A

J_,NO

]

24 L

<
T

K
B

3) &A= (Part 1, II, I, Notification)
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L F7go] A%S FuAnsl BR o A4 Al 9F wAow Fpie

4) B2 o]BA K =7 (DDI, Due Diligence Information)

-ITU A opat2] A9 49 o whet A&t

- AA A S13AE AlFe] gl A (Paper Satellite) WA & S8 $1/49 ] AL
BR ol A=akA atar 1o, 71§ el DDI & AEsHA s 4-¢

2w AedzEE 7d ool AlEste]of dh
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ARAE Awshs 9499

- AlE QR

A AL A w: A A, Ak R, delivery window, 7] 945
SRR AL B BALS| ALY, AlehRE Y, WA Y, BAAIE, A T

5) H] -4+ (Cost Recovery)
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1.4. BR Software2] A&
ZASEARY S Y= ITU oA A F3= Z 213 (BR Software)<
AFE-3b, 2013 ' 1 € 1 Y o] K E] = BR Software Version 7.0 o] 42 ARg-afof

st

o

1.4.1. BR Software 7] &

52 FA4 S A ZAdo HQdh =8 AXEQojo|t],

- SpaceCap: 9173 /A 7= Al 2] 42| (Capture)

- SpaceVal: 1= #12] #H<Z (Validation)

- SpaceQry: A< A3 X4 FAE (Query and exact systems)
- SpacePub: Al A 2. &2 (Publication)

- SpaceCom: Al5f 214 el st o] 2] 4] 7] (Comment)

- AP7Capture: Al 7= A& Al ¥

-GIBC: A= 9% 47 (Graphical Interface for Batch Calculations)
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1.4.2. A= W

-1ITU 3o #] (www.itu.int) 5 <5
- W+ % Radiocommunication — Databases & e-Services — Space Services Software

— Online database

Committed to connecting the world &

""
L SHICTASD

. K N -
B3 Espafiol Frangais H
%

woukd you ke to

Sesomminesen

Events Databases & e-Services Publications Space Terrestrial Study Groups Regional Presence Join ITUR

Space networks and related software

YOUAREHERE HOME >ITU-R > SOFTWARE se QOO

Space networks and related software

Antenna Patierns

APTCapture AP7Capture - Capture system for AP7 Input parameters SpaceCom - Capture system for on_Special Sections
Software package which allows the capture and modification of data  SpaceCom software package is a stand-alone application
BR-SIS thatis relevant to the AP7 Analysis. designed to assist administrations and the Bureau in the
management of the comments on four types of Special Sections:
EPFD CRIC, APUIA, AP30(30A) Part A, AP30-30A/FIC
BR-SIS - BR-Space Information System
GiBC All BR Soft applications will be rewritten in the BR Space Information
System. The first BR application to be integrated in the BR-SIS, is SpacePub - Space Publication
GIvs SpaceQry Software package for printing satellite netwarks / Earth stations

from the SRS database.

GIMS Exercises & Videos
Electronic submission of graphical Data

Description of the format for electronic submission of graphical data SpaceQry — Space Query and Extract System

s related to satellite networks. Software package which provides access to the
SpaceCap Radiocommunication Bureau's Space Radiocommunication
GIBC - Graphical Interface for Batch Calculations Stations database
spaceCom Software package which provides the user with the ability to carry out
calculations on satellite networks which allow determining the
SpacePub coordination requirements. SpaceRefdb — Space Reference Tables
Software to install an up-to-gate copy of the BR Reference tables
SpaceQry GIMS - Graphical Interference Management
Software package which allows the capture and modification of Spaceval Space Flings Val calion Sofware
SpaceRefdb graphical data relating to the electronic notification of satellite Software for valigating slecionic nofies captursd by he 5]
Spaceval netwarks. SpaceCap software; provides interactive validation facility in
SAM - Space Applications Manager SpaceCap
SPS (MSPACEQ) This software provides the user with a unigue tool to easily run all
installed BR Space Applications software from a global, menu-driven SPS - Space Plans System (MSPACEg
SRS list, rather than searching for and starting applications individually.

The SPS computer system has been developed to allow
detarmination of the coordination requirements for the Plans for
SNL — Space Network List space networks in Appendices 30 and 30A of the Radio

The SNL is a group of 20 lists of data concerning planned or existing  Regulations.

space stations and eartn stations giving information on the use of the

i frequency spectrum, the occupancy of the geostationary orbit, as well
SNS software V& Beta auency se pancy E " SRS - Space Radiocommunications Stations on DVD-ROM

as on non-geostationary orbits. N N
As of January 2012, the Space Radiocommunications Stations
(SRS) on DVD-ROM is replaced by the BR International Frequency

SRSConvert

SRSFixDB

SNS - Space Network Systems Information Circular (BR IFIC) - Space Service. For mare
Qnline data-retrieval system containing AP4 data of geostationary information please refer to BR IFIC Space Services.
satellite filings, non-geostationary satellite filings and earth station

filings.

SRSConvert - Database Conversion Utility

Utility which allows the user to convert the data contained in an
SpaceCap - Space data capture existing SRS-formatted database from an old version database into
Data capture software for electronic nofification of satellite networks 3 new version database:
and earth stations in the space radiocommunications services.

SRSFixDB — Fix Electronic Notification Database Utility
Utility that was created to correct certain information in electronic
notification databases that were sent to the BR.

ITU E5°]# ¢ BR Software th&2E @& Ho|X]
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DS20 — DS99(50)

DS70 — DS99(30)

HL20 — HL59(40)

6K20 — 6K29(10)

HL60 — HL99(40)

6K30 — 6K39(10)

6K40 — 6K49(10)

6K50 — 6K59(10)

6K 60 — 6K69(10)

6K70 — 6K79(10)

DT200 — DT349(150)
6K200 — 6K299(100)

DT350 — DT449(100)

DT550 — DT649(100)
6K200 — 6K299(100)

DT450 — DT549(100)

DT650 — DT749(100)

DT750 — DT849(100)

DT850 — DT949(100)

DT950 — DT999(50)

DT20 — DT99(80)/
HL200 — HL299(100)
D800 — D899(100)

HL300 — HL849(550)/
DS200 — DS699(500)
6K400 — 6K999(500)/
6M800 — 6M999(200)

HL920 — HL939(20)/
DS750 — DS799(50)
6K80 — 6K99(20)

HL850 — HL899(50)/
DS700 — DS749(50)
6120 — 61.39(20)

HL940 — HL959(50)/
DS800 — DS849(50)
6L40 — 6L.59(20)

HL960 — HL979(50)/
DS850 — DS899(50)
6L60 — 6L79(20)
HL900 — HL919(50)/
DS900 — DS949(50)
6L80 — 61.99(20)
HL980 — HL999(50)/
DS950 — DS999(50)
6M20 — 6M39(20)

6L200 — 6L.299(100)/
6L650 — 6L749(100)
6L850 — 6L949(100)/
D7000 — D7699(700)
6L300 — 61.349(50)/
6M200 — 6M299(100)
D7700 — D7999(300)/
D8000 — D8199(200)
6L400 — 6L449(50)/
6L750 — 61.849(100)
6M400 — 6M499(100)/
D8200 — D8699(50)
6L350 — 6.399(50)/
6M300 — 6M399(100)
D8700 — D8999(300)
6L450 — 6L499(50)/
6M500 — 6M599(100)
D700 — D799(100)/
6N200 — 6N499(300)
6L500 — 6L549(50)/
6M600 — 6M699(100)
6N500 — 6N699(200)
6L550 — 6L599(50)/
6M700 — 6M799(100)
6N700 — 6N899(200)
6L600 — 6L649(50)/
6L950 — 6L999(50)
6N900 — 6N999(100)

80 7

140 7Y

1,000 7}

2,700 7

4,300 7l
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